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;1'! 1'! -i21.1-! C2)'*! )*! .1*! +CC1! C7$! 1'! )%! )C).1(+-C:! (1$! )*! .1'! 1'! -*&'1!!
C&((1',+1221! O1'-O1C*+f1'! +! )$)2A-1! &3! (&.1221'+$3! )%! +$.+f+.71221!
(1$$1-C12+31! B1fg312-1-(h$-*'1E! I&'(i21*! (1.! .1**1! O'&j1C*! 1'! .1'%&'! )*!
7.f+C21! 1$! (1*&.1! *+2! (&.1221'+$3! )%! +$.+f+.71221! (1$$1-C12+31!
B1fg312-1-(h$-*'1E! D'&j1C*1*! *)31'! 7.3)$3-O7$C*! +! .1$! -7BO&O72)*+&$! .1'!



 
 
!

L!

7.3h'1-! )%! ;X^-! )$-)**1! &3! -*7.1'1$.1! &3! .1'1-! B1fg312-1-(h$-*'1! +$.1$%&'!
;X^-!,)(O7-! +!@A$3BAE!;)*)3'7$.2)31*!1'!&B-1'f)*+&$1'!3j&'*!)%!G8KL!B'731'1!
Oi! ;X^-! ,)(O7-! +! O1'+&.1$! %')! /)$.)3! .E! "Gm?9="?99! *+2! ()$.)3! ]mH="?99E!
;)*)-g**1*-! %),*-011*! %h231'! 01'7$.1'! &3! A.1'2+31'1! +$%&'()*+&$! C)$! %+$.1-! +!
)OO1$.+J!6E!
!
P($.-%##.!10,!2"*W6(.(-X.!!

• U)(O2+$3!%'1Cf1$-N!,)E!9!-)(O2+$3!O'E!9?!(+$!
• \$*)2!),,1--O&+$*-N!G8?!
• \$*)2!B'731'1N!G8KL!
• ZB-1'f)*+&$-!O1'+&.1N!/)$.)3!.E!"Gm?9="?99!*+2!()$.)3!]mH="?99!
• X'i.2h-*1C$&2&3+N!a+I+!
• ZB-1'f)*+&$-!%&'()*N!&B-1'f)*+&$-!*+.!+!-1C7$.1'!-+.1$!9E!n)$7)'!9]L?!&3!

O&-+*+&$!+!%&'(!)%!),,1--O&+$*!UU#;!
• ;)*)!%&'()*N![&(()!U1O1')*1.!R)271-!4[UR5!
• T1$$1(-$+*2+3*!)$*)2!,01,C=+$-!O'E!B'731'!+!&B-1'f)*+&$-O1'+&.1$N!H]]!
• T1$$1(-$+*2+3*! )$*)2! B1-h3*1! ),,1--O&+$*-! O'E! B'731'! +!

&B-1'f)*+&$-O1'+&.1$N!">!
!
Wg'fg'1$.1! ')OO&'*! 1'! -*'7C*7'1'1*! Oi! %h231$.1! (i.1E! Ih'-*! %h231'! )%-$+**1'!
X1&'1*+-C!3'7$.2)3!+!0f+2C1*!(1*&.1'!*+2!)$)2A-1!&3!(&.1221'+$3!)%!(1$$1-C12+31!
B1fg312-1-(h$-*'1! B1-C'+f1-! &3! 1%*1'O'hf1-! Oi! ;X^=.)*)-g**1*! &3! .1*!
*1&'1*+-C1! &f1'B2+C! 1($1*! (1$$1-C12+31! B1fg312-1-(h$-*'1! .)$$1-E! _1'1%*1'!
%h231'! )%-$+**1*! D'g.+C*+&$-! (&.1221'! D//! &3! DU//! *+2O)--1*! ;X^+ .1'! 1'! 1$!
B1-C'+f12-1! )%! 1*! C&$C'1*! 1C-1(O12! Oi! (&.1221'+$3! )%! ;X^=O&O72)*+&$1$! (1.!
7.3)$3-O7$C*!+!(&.1221'$1!D//!&3!DU//E!;1'!%h231-!&O!Oi!'1-72*)*1'$1!)%!.1**1!
(&.1221'+$3-! %&'-h3! +! )%-$+**1*! Mf)271'+$3! )%! '1-72*)*1'! &3! 1$.12+3! )%'7$.1-!
&O3)f1$!(1.! 1$! -)(21*! C&$C27-+&$! +! )%-$+**1*! <&$C27-+&$E!^.! &f1'! ')OO&'*1$-!
&'.+$g'1! )%-$+*! %h231'! )OO1$.+J! \:! 6:! [! &3! ;:! .1'! +$.10&2.1'! B1-C'+f12-1! )%!
01$0&2.-f+-! -*7.+1'$1!)%!(1$$1-C12+31!B1fg312-1-(h$-*'1! +!<)-*'7O!@7%*0)f$:!
;X^=.)*)-g**1*! &3! +$.-)(2+$3! )%! -O)*+&*1(O&')2! .)*)! Oi! ;X^! f+)!
(&B+2)OO2+C)*+&$:! -)(*! C+2.1C&.1$! *+2! .1*! ! O'+(g'1! DU//=(&.1221'+$3-! -,'+O*!
4DA*0&$5E!



 
 
!

>!

8" 9-:'-&6%;*7'.345(7*
\221! (1$$1-C1'! B1fg31'! -+3! -&(! *+.2+31'1! $gf$*! '7$.*! +! -*h''1! 1221'! (+$.'1!
&(%)$3!0f).!1$*1$!.1*!%&'13i'!f1.!131$!C')%*!+!3)$3:!2hB!1221'!Oi!,AC12!1221'!f1.!
B'73!)%!*')$-O&'*0jg2O1(+.21'!-&(!B+21':!*&3!1221'!%2AE!;1**1!)%-$+*!1'!.1.+C1'1*!*+2!
-*7.+1*! )%! -O)*+&*1(O&')21! (1$$1-C12+31! B1fg312-1-(h$-*'1:! )2*-i! +$.+f+.1*-!
O&-+*+&$!+!'7((1*!-&(!%7$C*+&$!)%!*+.E!;1*!1$.12+31!(i2!+!$g'fg'1$.1!O'&j1C*!1'!
-&(! )221'1.1! $gf$*! )*! B2+f1! +! -*)$.! *+2! )*! (&.1221'1! (1$$1-C12+31!
B1fg312-1-(h$-*'1! &3! 01'%')! O'g.+C*1'1!(1$$1-C12+3! B1fg312-1:! 0f&'%&'! )221!
-*7.+1'!f+2!B2+f1!B1*')3*1*!+!.1**1!O1'-O1C*+fE!!
!
I&'!)*!C7$$1!-C)B1!1$!(&.12! *+2! %&'7.-+312-1! !)%!(1$$1-C12+3!B1fg312-1!1'!.1*!
$h.f1$.+3*!)*!7$.1'-h31!0f+2C1!%)C*&'1'!.1'!0)'!+$.%2A.12-1!Oi!.+--1!B1fg312-1'!
&3! 0f&'.)$E! @).! &-! -*)'*1! (1.! )*! +$..121! (1$$1-C12+31! B1fg312-1'! +! *&!
C)*13&'+1'! (+C'&=! &3! ()C'&=B1fg312-1'E! /+C'&=B1fg312-1'! &(%)**1'! C&'*! -)3*!
C&'*1!B1fg312-1'!+!*+.!&3!'7(:!(1$!C)$!C)')C*1'+-1'1-!f1.!&%*1!)*!fg'1!.+'1C*1!
'1)C*+&$1'!Oi!.1*!hj1B2+CC12+31!$g'(+2jhE!MC-1(O12f+-!B1*')3*1-!1*!C&'*!-*&O!%&'!
)*!f1$*1!Oi!)*!1$!B+2!O)--1'1'!%h'!1$!f1j!C'A.-1-!1221'!1$!(1*1'!)%f+312-1!%')!.1$!
.+'1C*1!f1j!(1221(!*&!O7$C*1'!%&'!)*!7$.f+31!1$!'13$OA*:!-&(!(+C'&=B1fg312-1'E!
I&'7.-+312-1!)%!.1$$1!*AO1!B1fg312-1'!1'!7.1$%&'!(i21*!(1.!.1$$1!&O3)f1!&3!
f+2!B2+f1!.1'%&'!+CC1!B2+f1!-*7.1'1*!A.1'2+31'1!+!.1$$1!&O3)f1E!/)C'&=B1fg312-1'!
1'!(&.-)*!.1%+$1'1*!-&(!B1fg312-1'!)%!2g$31'1!7.*'gC$+$3!+!*+.!&3!'7(!&3!C)$!
.1-7.1$! C)')C*1'+-1'1-! f1.! 0)f1! 1*! -O1,+%+C*! %&'(i2! 7.! &f1'! &O*+(1'1! .1$!
hj1B2+CC12+31! +$*1')C*+&$!(1.! $g'(+2jh1*E! M*! 1C-1(O12! C7$$1! fg'1! )*! 3i! *+2! 1*!
-7O1'!()'C1.!$1.1!)%!f1j1$!%&'!)*!ChB1!.)32+3f)'1!()$.)3!1%*1'(+..)3!1221'!)*!
,AC21! *+2!1$!'1-*)7')$*! %'1.)3!)%*1$:! %&'!-O+-1!(1.!1$!f1$E!61fg312-1'!)%!.1$$1!
*AO1!)%!+$*1'1--)$*1!)%!*&!3'7$.1!%&'!.1*!%&'!.1!%h'-*1!%&'.+!!.1*!1'!%&'7.-+312-1!)%!
B1fg312-1'! +!.1**1!-*h''12-1-%&'0&2.!.1'!0)'!1$!fg'.+! +! %&'B+$.12-1!(1.!BA=!&3!
*')%+CO2)$2g3$+$3:!(7$.!*+2!(7$.!+$%&'()*+&$--O'1.$+$3:!-A3.&(--O'1.$+$3!&3!
(131*!(1'1E!I&'!.1*!)$.1*!3h'!.1$!%&'(i2-.'1f$1!C)')C*1'!)%!.+--1!B1fg312-1'!
(72+301.1'$1!%&'!%&'7.-+312-1!2)$3*!-*h''1E!
!
/1.!+$.-$gf'+$31$!*+2!()C'&=B1fg312-1'!C)$!f+!$7!B13A$.1!)*!&f1'f1j1!0f+2C1!
%)C*&'1'! .1'! Oif+'C1'! .+--1! %&'(i2-.'1f$1! B1fg312-1'! &3! 0f&'.)$E! ;1'! 1'!
)2(+$.12+3!1$+301.!&(!)*!2)$3*!.1!%21-*1!(1$$1-C1'!0)'!-*g'C1!-O)*+&*1(O&')21!
'1312(g--+301.1'! 499E! /)'*)! [E! T&$o)! p21oE! 1*! )2E5:49?E! n7A&$3! D)'CE! 1*! )2E5:! 4LE!
M7$j&&$![0&E!1*!)2E5E!;1!%21-*1!C)$!1C-1(O12f+-!$+CC1!31$C1$.1$.1!*+2!B1%+$.1!-+3!
-)((1!-*1.!.1!%21-*1!()$.)3!(&'31$1'!C2E!]!4Oi!)'B1j.1*5!1221'!*+'-.)3!$)*!C2E!8!
40j1((15:!0f+2C1*!*A.1'!Oi!)*!*+.-O7$C*1*!Oi!.)31$!&3!1221'!731$!0)'!)%3h'1$.1!
+$.%2A.12-1!Oi!1*!+$.+f+.-!O&-+*+&$!&3!)*!.1'!.1'7.&f1'!%+$.1-!1*!B13'g$-1*!)$*)2!
2&C)*+&$1'!.1'! %'1Cf1$*1'1-!(131*!&%*1E!^.!&f1'!.1!-O)*+&*1(O&')21! %)C*&'1'!1*!
.1!%21-*1!1$+31!&(!)*!1*!(1$$1-C1-!B1fg312-1'!Oif+'C1-!)%!)$.'1!(1$$1-C1'!&3!+!
-g'2+3!3').!)%!1*!B13'g$-1*!)$*)2!O1'-&$1'!.1'!Oi!.1$!1$1!1221'!)$.1$!(i.1!0)'!
1$! -&,+)2! 1221'!O'&%1--+&$12! '12)*+&$! *+2! +$.+f+.1*E!;1'! %+$.1-! -i21.1-!)221'1.1!1$!
.12!-*7.+1'!)%!-)((1$0g$31$!(1221(!-O)*+&*1(O&')21!-)((1$%)2.!&3!f1$-C)B:!



 
 
!

]!

-)(*! 7$.1'-h312-1'! -&,+)21! '12)*+&$1'-! +$.%2A.12-1! Oi! 1*! +$.+f+.-! B1fg312-1-!
(h$-*1'!4]E! n7-*+$![')$-0)QE!1*!)2E5:4LE!M7$j&&$![0&E!1*!)2E5:4HE!;)-07$!a)$3E!1*!
)2E5498E!W)*0)$!M)321E!1*!)2E54KE!;)f+.!nE![')$.)22)E!1*!)2E54GE![0+)')!6&2.'+$+E!1*!)2E5!
!
n13! f+2! +! .1*! %h231$.1! 3i! +! .AB*1$! (1.! 1*! 7.f)23! )%! .+--1! -*7.+1':! 01'7$.1'!
-O)*+&*1(O&')21!'7*+$1':!-)((1$0g$31$!(1221(!-O)*+&*1(O&')2!.)*)!&3!-&,+)21!
'12)*+&$1'! &3! -&,+)21! '12)*+&$1'-! +$.%2A.12-1! Oi! (1$$1-C12+31!
B1fg312-1-(h$-*'1E!
;1'7.&f1'! f+2! j13! -1! $g'(1'1! Oi! 0f+2C1!(1*&.1'! .1'! Oi! $7fg'1$.1! *+.-O7$C*!
)$f1$.1-!*+2!)$)2A-1!&3!(&.1221'+$3!)%!(1$$1-C12+3!B1fg312-1E!M$.12+3!-*7.1'1-!
1$!(1*&.1!*+2!B1-*1((12-1!)%!.1$!*1&'1*+-C!()C-+()21!%&'7.-+312-1-O'g,+-+&$:!)%!
1$!B'731'-!B1fg312-1':!.1'!1'!(72+3!(1.!1*!3+f1$*!.)*)3'7$.2)3E!!
!

8"!" <-=>7-5%-%/?3%&'-*:7*%:)6(5-*'-5(&6:3-'*
_f+-!()$!-Oh'31'!-+3!-12f!c!_)'!(+$1!-&,+)21!'12)*+&$1'! +$.%2A.12-1!Oi!0f&'.)$!
j13! B1fg31'! (+3! '7$.*q! M'! .1*! +$.2A-1$.1! -f)'! c! n)r! Zf1'f1j! B2&*!
-)$.-A$2+301.1$! %&'!)*!.7!-C7221!B1%+$.1!.+3!Oi!1$!O1'-&$-!O'+f)*!).'1--1!0f+-!
.1$$1!+CC1!1'!.+$!f1$:!1*!%)(+2+1(1.21(:!Cg'1-*1!1221'!Oi!)$.1$!(i.1!1$!-&,+)2!
'12)*+&$!c!.1**1!f+2! +!.1! %21-*1! *+2%g2.1!fg'1!7-)$.-A$2+3*E!Xg$C!A.1'2+31'1!&f1'!
0f&'!&%*1!.7!131$*2+3!B1%+$.1'!.+3!Oi!1$!-&,+)2!'12)*+&$-!).'1--1!7.1$!B1B&1'1$!
1'! *+2! -*1.1! c! #31$! f+2! .1! %21-*1! $i! %'1(! *+2! )*! .1**1! +CC1! -C1'! '1*! &%*1E! #$*7+*+f*!
f+'C1'!.1*!-i21.1-!+$.2A-1$.1!)*!.1'!C)$!fg'1!1$!-)((1$0g$3!(1221(!+CC1!B)'1!
0f&':!(1$!&3-i!0f&'$i'!1*!+$.+f+.!B1%+$.1'!-+3!Oi!1$!3+f1$!2&C)*+&$!&3!+$.+f+.1*-!
-&,+)21! '12)*+&$1'E! UOh'3-(i21*! 1'! -i! B2&*! &(! .1**1! C)$! f+-1-! Cf)$*+*)*+f*! &3!
0f&'.)$! .1*! C)$! 7.$A**1-! +! %&'7.-+312-1! )%! 1$! O1'-&$-! 31&3')%+-C1! O2),1'+$3E!
;1'7.&f1'! %&'12+331'! 1$.$7! 1$! 7.%&'.'+$3! +! &3! (1.! ;X^=.)*)-g**1*! +CC1!
+$.10&2.1'! $&31$! 1C-O2+,+*! +$%&'()*+&$! &(!.1*! 7$.1'2+331$.1! -&,+)21! $1*fg'CE!
;1*! 1'! -i21.1-! $h.f1$.+3*! )*! C&$-*'71'1! .1*! h$-C1.1! -&,+)21! $1*fg'C! %')! .1$!
*+23g$312+31!-O)*+&*1(O&')21!.)*):!%&'!)*!C7$$1!31$$1(%h'1!.1'!h$-C1.1!-*7.+1'E!
_1'7$.1'! f+2! j13! O'g-1$*1'1! 1$! 'gCC1! -*7.+1'! )%! -)((1$0g$31$! (1221(!
-O)*+&*1(O&')2!.)*):!-&,+)21!'12)*+&$1'!&3!B1fg312-1-(h$-*'1E!!
!

8"!"!" @:)6(5-*'-5(&6:3-'*:7*A:B:)).'-3)-%*

_f1'! .)3:! 7.21.1-! )$*)312-1'! &(! .1$! -&,+)21! f1'.1$! %')! 7%72.-*g$.+31!
&B-1'f)*+&$1'!)%!B13+f1$01.1'!&(C'+$3!&-E!M$!-g'2+3!C)*13&'+!)%!.+--1!)$*)312-1'!
1'! B)-1'1*! ,&=&,,7'1$,1-! #! *+.! &3! '7(! 4&3-i! C)2.1*! -O)*+&*1(O&')21! ,&=
&,,7'1$,1-5!c!0f&'!-&,+)21!'12)*+&$1'!(1221(!*&!+$.+f+.1'!B)-1'1-!Oi!)*!.+--1!0)'!
B1%7$.1*!-+3!Oi!-)((1!2&,)*+&$!Oi!,)E!-)((1!*+.-O7$C*E!;1**1!1'!7.&f1'!)*!fg'1!
+$*7+*+f*! %&'$7%*+3*:! 1$! )2(+$.12+3*! )$f1$.*! )$*)312-1! #! O-AC&2&3+-C1! -*7.+1'! )%!
BA2+f! (25. Milgram)! &3! '1*-2+3! )$)2A-1! )%! %)'1'$1! f1.! s37+2*! BA! )--&,+)*+&$l!!
(26)(27)E! Di! *'&.-! )%! .1$! 0AOO+31! )$f1$.12-1! )%! -)((1$0g$3! (1221(! ,&=
&,,7''1$,1! &3! -&,+)21! '12)*+&$1'! 1'! .1*! +CC1! %h'! (6. David J. Crandalla. et al.)!
4"?9?5! )*! .1$$1! -)((1$0g$3! 1'! B21f1*! 7$.1'-h3*! Cf)$*+*)*+f*! B)-1'1*! Oi!
1(O+'+-C! .)*)E! n13! f+2! 01'! 31$$1(3i! .1! -*&'1! 2+$j1'! 7$.1'-h312-1-$!
%'1(3)$3-(i.1!&3!.1!f+3*+3-*1!'1-72*)*1'E!;1$!7.%h'*1!Cf)$*+*)*+f1!7$.1'-h312-1!



 
 
!

9?!

*)31'!-i21.1-!7.3)$3-O7$C*!+!.)*)!+$.-)(21*!%')!.1*!-&,+)21!(1.+1:!I2+,C'!(28):!1$!
&$2+$1!-1'f+,1!*+2!.12+$3!)%!O'+f)*!B+221.()*1'+)21E!;1*!-O)*+&*1(O&')21!121(1$*!+!
I2+,C'! +$*'&.7,1'1-! +! %&'(! )*! 31&*)33+$3:! 1$! %7$C*+&$! .1'! 3+f1'! B'731'$1!
(72+301.! %&'! )*! )$3+f1! 0f&'! &3! 0f&'$i'! 1*! B+221.1! 1'! B21f1*! *)31*E! I2+C,'! 0)'!
.1-7.1$! 1$! -&,+)2! C&(O&$1$*! .1'!(72+33h'! 1C-O2+,+*! '13+-*'1'+$3! )%! f1$-C)B1'!
(1221(!B'731'1E!
!
M$!,&=&,,7''1$,1!.1%+$1'1-! -i21.1-! -&(!.1$!-+*7)*+&$!0f&'! *&!B'731'1! *)31'!1*!
B+221.1!,)E!-)(1!-*1.!Oi!,)E!-)((1!*+.-O7$C*E!#!O')C-+-!+$..121-!j&'.1$!+!1*!3+**1'!
)%!,1221'!0f1'!(1.!1$!-+.1!2g$3.1!Oi!3!2g$3.1=!&3!3!B'1..13').1'E!X&!+$.+f+.1'!\!
&3!6!0)'!-i21.1-!1$!,&=&,,7''1$,1!+!,1221![!0f+-!.1!B1331!0)'!*)31*!1*!B+221.1!01'!
+$.1$!%&'!.1$!*1(O&')21!.+-*)$,1!)%!-!.)31E!(6. David J. Crandalla. et al.)!-h31'!$7!
)*!B12A-1!-Oh'3-(i21*N!_f).!1'!-)$.-A$2+301.1$!%&'!)*!.1'!1'!1$!-&,+)2!'12)*+&$!
(1221(! *&! +$.+f+.1':! 3+f1*! )*! .1'! &B-1'f1'1-! ,&=&,,7'1$,1-! (1221(! .1(! +! 7!
7$+CC1! ,1221'! +$.1$! %&'! .1$! *1(O&')21! O1'+&.1! -E! Uf)'1*! 01'Oi! )%0g$31'! )*! *'1!
O)')(1*'1!)$*)221*!)%!7$+CC1!,&=&,,7''1$,1=2&C)*+&$1'!7:!.1'!3+f1'!(g$3.1$!)%!
B1f+-! ()*1'+)21! %&'! 1$! -&,+)2! '12)*+&$:! -)((1$! (1.! -*h''12-1$! )%! 3! &3! -:! .1'!
B1-*1((1'!O'g,+-+&$1$!)%!.1**1!B1f+-()*1'+)21E!
!
^$.1'-h312-1'$1! Oif+-1'! .1$! %&'f1$*1.1! -)((1$0g$3!(1221(! ,&=&,,7''1$,1-!
&3!-&,+)21!'12)*+&$1'!$1(2+3!)*!-)$.-A$2+301.1$!%&'!1$!-&,+)2!'12)*+&$!f&C-1'!-&(!
%7$C*+&$! )%! )$*)221*! )%! ,&=&,,7'1$,1-E! ;1*! &f1'')-C1$.1! 121(1$*! 01':! 1'! 0f&'!
07'*+3*! .1$$1! -)$.-A$2+301.! f&C-1'E! X&! *+2%g2.+3*! 7.f)23*1! I2+,C'=B'731'1! 0)'!
?E?98Gt! -)$.-A$2+301.! %&'! )*! 0)f1! 1$! -&,+)2! '12)*+&$:! .1$$1! -)$.-A$2+301.!
f&C-1'! -+3$+%+C)$*! $i'! *&! B'731'1! 0)'! 1*! )$*)2! -O)*+&*1(O&')21! ,&=&,,7'1$,1-E!
MC-1(O12f+-! 0)'! *&! B'731'1! $g-*1$! K?t! -)$.-A$2+301.! 4&f1'! H???! 3)$31!
B)-12+$1!-)$.-A$2+301.1$5!%&'!)*!0)f1!1$!-&,+)2!'12)*+&$!Oi!I2+,C'!$i'!.1!0)'!H!,&=
&,,7'1$,1-! +$.1$%&'!1$!*1(O&')2!O1'+&.1!Oi!1$!.)3:! #!H!7$+CC1!,1221'!(1.!-+.1!
2g$3.1'! Oi! 01$0&2.-f+-! 9! B'1..1=! &3! 9! 2g$3.13').! 4-f)'1$.1! *+2! ,)E! >?! C(:! +!
$g'01.1$!)%!gCf)*&'5E!Z3!-12f!(1.!B)'1!8!,&=&,,7''1$,1-!(1.!-)((1!fg'.+1'!
)%!-!&3!*:!1'!-)$.-A$2+301.1$!%&'!1$!-&,+)2!'12)*+&$!,)E!Ht!0f+2C1*!1'!(1'1!1$!8??!
3)$31!0hj1'1!1$.!.)*)-g**1*-!B)-12+$1E!
!
(6. David J. Crandalla. et al.)!%&'*-g**1'!(1.!)*!%&'%+$1!(1*&.1$!f1.!)*!j7-*1'1!%&'!
,1221'$1-! f)'+1'1$.1! -*h''12-1! &f1'! j&'.1$-! &f1'%2).1! &3! f1.! )*! +$*'&.7,1'1!
%&'-C122+31!(1*&.1'! *+2!&O*g22+$3!)%!7$+CC1!,&=&,,7'1$,1-E!;1! %+$.1'!)*!.1'!(1.!
O)--1$.1!j7-*1'+$31'!C)$!%)-*-2i-!1$!O'&O&'*+&$)2+*1*!(1221(!-*h''12-1$!)%!3!&3!-!
&3!-+3$+%+C)$-1$!)%!)$*)221*!)%!,&=&,,7''1$,1-E!<&$C27-+&$1$!%&'B2+f1'!+(+.21'*+.!
.1$!-)((1!$1(2+3!)*!.1'!1'!1$!-*g'C!O'&O&'*+&$)2+*1*!(1221(!,&=&,,7''1$,1-!&3!
-&,+)21!'12)*+&$1'E!
!

8"!"+" @6736C6;(3%*(C*):B:)).'-3)-%*

(9. Justin Cranshaw. et al.)! B1-C'+f1'! +! .1'1-! O)O1'! <,'E/'./+ -P*+ /(B+ ;*-Y**.+
BPF3'&()+)%&(-'%.+(.E+%.)'.*+3%&'()+.*-Y%,73!1$!(1*&.1!0f&'(1.!.1*!1'!(72+3*!)*!
*)31! 0hj.1! %&'! )*! +CC1! )221! ,&=&,,7''1$,1-! 0)'! -)((1! -+3$+%+C)$-:! +!
-O)*+&*1(O&')21! .)*)-g*! (1.! 0hj1'1! &B-1'f)*+&$-! &O2h-$+$3! 1$.! .1*! f)'!
*+2%g2.1*! %&'! I2+,C':! +! %&'0&2.! *+2! )*! )$*A.1! 1*! f1$-C)B! (1221(! *&! +$.+f+.1'E!



 
 
!

99!

MC-1(O12f+-!1'!1$!&B-1'f)*+&$!)%! *&! +$.+f+.1'!Oi!1$!O'+f)*!).'1--1!7.1$!)$.'1!
O1'-&$1'-!*+2-*1.1fg'12-1!1$!2)$3*!(1'1!B1*A.$+$3-%72.!+$.+C)*&'!)%!1*!f1$-C)B!
1$.! 1$! &B-1'f)*+&$! )%! .1! -)((1! *&! O1'-&$1'! +! C)$*+$1$! Oi! 7$+f1'-+*1*1*E! ;1!
)$f1$.1'!1$*'&O+1$!)%!.1$!2&C)*+&$!0f&'!1$!,&=&,,7'1$,1!%+$.1'!-*1.!-&(!1*!(i2!
%&'!-+3$+%+C)$-1$!)%!.1$$1!,&=&,,7''1$,1E!_f&'!1$!2)f!1$*'&O+!)%!2&C)*+&$1$!0f&'!
1$! ,&=&,,7'1$,1! %+$.1'! -*1.! )$3+f1'! 1$! -+3$+%+C)$*! ,&=&,,7''1$,1:!(1$-! 1$! 0hj!
1$*'&O+!)$3+f1'!1$!7-+3$+%+C)$*!,&=&,,7''1$,1E!M$!2&C)*+&$-!1$*'&O+!1'!3+f1*!f1.E!
!
AYZ(.'0&!8!

! !

! 

" Pl (u)log2 Pl (u)( )
u#Ul

$ !

!
0f&'!I)J2L!1'!.1$!*&*)21!)$.12!)%!)221!,01,C=+$-!Oi!2&C)*+&$!):!%&'1*)31*!)%!B'731'!2Z!
&3!W)+ -g**1*! )%! -)(*2+31! B'731'1-! ,01,C=+$-! Oi! 2&C)*+&$! )E! Di! I+37'1! 9! -1-! .1*!
0f&'.)$! 2&C)*+&$-! 1$*'&O+1$! %&'! 1*! 31&3')%+-C! &('i.1! &(C'+$3! 1*! 7$+f1'-+*1*!
%&'.121'!-+3E!I+37'1$!1'!2)f1*!Oi!B)33'7$.!)%!.1'1-!&B-1'f)*+&$1'!)%!G>]!B'731'1!
&B-1'f1'1*!+!1$!31$$1(-$+*2+3!O1'+&.1!Oi!LG!.)31E!!
!
(9. Justin Cranshaw. et al.)! &B-1'f1'1'! 1$! -+3$+%+C)$*! %&'B1.'+$3! #! .1'1-!(&.12-!
1f$1!*+2!)*!%&'7.-+31!f1$-C)B!(1221(!.1!&B-1'f1'1.1!O1'-&$1'!$i'!.1$$1!*'g$1-!
Oi!1*!.)*)-g*! !)%!,&=&,,7''1$,1!.)*)!fg3*1*! +! %&'0&2.!*+2! 2&,)*+&$-!1$*'&O+:! %'1(!
%&'!*'g$+$3!B)-1'1*!Oi!.1!'i!,&=&,,7''1$,1!.)*)E!
!
 
 

!
P'7Z,#!8[! \1'7Z,#&! .')! +#&-.,#! #,! )]&.! 1,(! (9. Justin Cranshaw. et al.)^! "')! +#&-.,#! -#-! #.! 40,.! 0+#,! #.!
(3#,'4(&-4!Z&'+#,-'.#.-$(3_Z-!07!6#!034,'&7)'77#&6#!'&64`a-W!07!a0)'703,]6#,9!A.!03,]6#-!1(,+#!
(&7'+#,! 6#.-! #&.,0_'9! :1! 1'7Z,#&! 1,#37],!6#.! (.! $(3_Z-! 07! '&64`a-03,]6#.! %(,! %`b! #&.,0_'! \,`6^c!
3#&-! a)9(9! a0)'703,]6#.! %(,! )(+! #&.,0_'! \a)]^9! "')! %`b,#! -#-! #.! .')-+(,#&6#! _)0.! 10,! 2"*! %#,! #,!
'&6'4#,#! #&! $',4#)! -(3)'&7#&! (1! ($$#--_0'&.-! _]! #&! 7'+#&! 7#07,(1'-4! )04(.'0&9! >',4)#&-! -.`,,#)-#!
(&7'+#,! $%#$4W'&! 1,#4+#&-#&! _]! )04(.'0&#&! \-.0,#! $',4)#,! a#./6#,!3(&7#! $%#$4W'&-^c!3#&-! 1(,+#&!
)'7#-03!_]!_)0..#.!.')!+#&-.,#!(&7'+#,!)04(.'0&#&-!#&.,0_'9!2(!6#&!6(.(!1'7Z,#&!.')!+#&-.,#!#,!a(-#,#.!
#,!'&6-(3)#.!1,(!a,Z7#,&#-!-/&-_Z&4.c!3#&-!2"*W6(.(-X..#.!#,!'&6-(3)#.!1,(!&#.+X,4#.-!-/&-_Z&4.!
#,!6#,!&07)#!(17`,#&6#!10,-4#))#9!P0,!6#.!1`,-.#!#,!(&.())#.!(1!3Z)'7#!_0-'.'0&#,!)(&7!3#,#!a#7,X&-#.!
'! 2"*W-X..#.! 6#,Z60+#,! '&6#%0)6#,! 2"*W-X..#.! 4Z&! 6(.(! 1,(! $(3_Z-9! 544#! 6#-.0! 3'&6,#! #,! 6#!



 
 
!

9"!

0a-#,+#,#6#! #&.,0_'! 10,-4#))#! '&6#&10,! 2"*d-! $(3_Z-! -.(6'7! '&.#,#--(&.#! 07! 6#.! #,! ./6#)'7.! (.!
10,-4#))'7#!)04(.'0&#,!%(,!10,-4#))'7!#&.,0_'!07!6#,3#6!(.!6#,!#,!7,Z&6!.')!(.!'&4)Z6#,#!6#..#!3])!&],!
#.!-0$'()!&#.+X,4!-4()!Z6)#6#-!1,(!6#!-_(.'0.#3_0,()#!6(.(9F(+!#+.9!

 

8"!"1" @:)6(5-*'-5(&6:3-'*:7*/:$65&-5-C:3-'*

MP*+H*()'-F+K'.'./+$-2EF! (13. Nathan Eagle. et al.)! 1'!1$!7$.1'-h312-1!7.%h'*!Oi!
/#X:!0f&'!]G!O1'-&$1'!B21f!7.-*A'1*!(1.!(&B+2*121%&$1'!(1.!1$!O'1=+$-*)221'1*!
)OO2+C)*+&$! *+2! +$.-)(2+$3! )%! .)*)E! \OO2+C)*+&$1$! +$.-)(21.1! ,)22! 2&3-:! -A$2+31!
6271*&&*0!.1f+,1-!+$.1$%&'!,)E!H!(1*1'-!)%-*)$.:!,122!*&Q1'!#;:!)OO2+C)*+&$-!B'73:!
&3!*121%&$!-*)*7-:!&f1'!1$!O1'+&.1!Oi!]!(i$1.1'E!;1!7$.1'-h3*1!+$.+f+.1'!f)'!)221!
%')! -)((1!7$+f1'-+*1*!(1$! %723*1!"! %&'-C122+31! -*7.+1! '1*$+$31'!&3! +$C27.1'1.1!
Bi.1! -*7.1'1$.1! &3! )$-)**1E!;1! .12*)31$.1! O1'-&$1'! B21f! .1-7.1$! B1.*! &(! )*!
7.%A2.1! -C1()1'! (1.! +$%&'()*+&$! &(! 0f1(! +B2)$.*! .1! )$.'1! .12*)31'1! .1!
&O%)**1.1!-&(!f1$$1':!0f&'!&3!0f&'$i'!.1!B1%)$.*!-+3!+!$g'01.1$!)%!.+--1:!-)(*!
.1'1-!*+2%'1.-01.!(1.!.1'1-!)'B1j.-3'7OO1'E!
!
;1'!B21f!-i21.1-!%&'1*)31*!*'1!)$)2A-1'!)%!.+--1!.)*)E!I&'!.1*!%h'-*1!B21f!%&'0&2.1*!
(1221(! .12*)31'$1-! -12f=')OO&'*1'1.1! .)*)! &3! .1$! Cf)2+*)*+f1! .)*)! +$.-)(21*!
f1.!0jg2O!)%!(&B+2*121%&$1'$1E!I&'!.1*!)$.1*!B21f!.1*!7$.1'-h3*!&(!f1$-C)B!C)$!
7.21.1-! )%! .1! Cf)2+*)*+f1! .)*)! &3! 1$.12+3! -)((1$0g$31$! (1221(!
&B-1'f)*+&$1'$1!#!.1$!Cf)2+*)*+f1!.)*)!&3!.1$!+$.+f+.71221!.12*)31'-!*+2%'1.-01.E!
!
n13! f+2! 01'! C7$! -1! $g'(1'1! Oi! '1-72*)*1'$1! )%! )$)2A-1! $7((1'! *&:! $1(2+3!
0f&'f+.*!.1*!1'!(72+3*!)*!7.21.1!f1$-C)B!(1221(!O1'-&$1'!Oi!B)33'7$.!)%!.1$!
+$.-)(21.1!.)*)E!(13. Nathan Eagle. et al.)!+$.21.1'!.1'1-!7$.1'-h312-1!(1.!)*!-2i!
%)-*! )*! &B-1'f)*+&$! )%! C&3$+*+f1! %&'0&2.:! -&(! f1$-C)B! &3! Cg'2+301.! 1'! 1$!
%7$.)(1$*)2*!)$.1'21.1-!7.%&'.'+$3!1$.!)*!&B-1'f1'1!&(!*&!O1'-&$1'!B1%+$.1'!
-+3! #!$g'01.1$!)%!0+$)$.1$E!MC-1(O12f+-!C)$!*&!O1'-&$1'!-)3*1$-!fg'1!f1$$1'!
7.1$! )*! .1'! 1'! $&31$! 4(1.! .1$! )$f1$.*1! )OO2+C)*+&$5! &B-1'f1'B)'1!
+$*1')C*+&$1'!(1221(! .1(! #! 1$! 2g$31'1f)'1$.1! O1'+&.1E! #CC1! .1-*&!(+$.'1! 1'!
C&$*1C-*! :!&3!+-g'!.1$!-O)*+&*1(O&')21!C&$*1C-*!-)$.-A$2+3f+-!1$!3&.!+$.+C)*&'!
%&'!%&'-C122+31!*AO1'!)%!-&,+)21!'12)*+&$1'E!_f+-!&B-1'f)*+&$1'!)%!-O)*+&*1(O&')21!
-)((1$%)2.!(1221(! %&'-h3-.12*)31'! .121-! &O! +!%.+ &(:B23! 4&B-1'f)*+&$1'! 3j&'*!
(1221(!>E??!&3!"?E??5!&3!%66+&(:B23!4&B-1'f)*+&$1'!3j&'*!(1221(!"?E??!&3!>E??5!
f+-1'!.1*!-+3!)*!.1*!1'!(72+3*!)*!7.21.1!]Ht!)%!)221!f1$-C)B1'!&3!]Kt!)%!)221!+CC1=
f1$-C)B1'!Oi!B)33'7$.!)%!B2&*!%66+&(:B23!-)((1$%)2.E!;1*!&B-1'f1'1-!.1-7.1$!
)*! .)*)-g**1*! +$.10&2.1'! -*&'1! (g$3.1'! '1.7$.)$*! .)*)! &3! -i21.1-! )*! .1*! 1'!
(72+3*! (1.! -*&'! O'g,+-+&$! )*! '1O'&.7,1'1! '1-72*)*1'$1! B)-1'1*! Oi! ]!(i$1.1'!
.)*)!f1.!0jg2O!)%!B2&*!*&!731'-!.)*)E!
!
M$!)$.1$!7$.1'-h312-1!%&'1*)31*!)%!Dashun Wang. et al.!(5. Dashun Wang. et al.)!
f+-1'!2+3121.1-!)*!-)((1$%)2.!+!*&!+$.+f+.1'-!B1fg312-1-(h$-*'1!3+f1'!1$!-*g'C*!
%&'h31*! -)$.-A$2+301.! %&'! 1$! -&,+)2! '12)*+&$! (1221(! .1! *&E! _1'! 1'!
7$.1'-h312-1'$1! B)-1'1*! Oi! -O)*+&*1(O&')2! .)*)! %')! K!(+22++&$1'!(&B+2*121%&$=
B'731'1!
!
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8"!"8" <-=>7-5%-%/?3%&'-*:7*%:)6(5-*'-5(&6:3-'*

;1*! 2+331'! $7! %)-*! )*! f+! (1.! 1*! -&2+.*! f+.1$-C)B12+3*! 3'7$.2)3! C)$! %&'f1$*1! )*!
C7$$1! *+2$g'(1! .1*! 7$.1'2+331$.1! -&,+)21! $1*fg'C! Oi! ;X^! (1.! .1$! '1**1!
7.$A**12-1! )%! +$%&'()*+&$1$! +! .1$! *+23g$312+31! -O)*+&*1(O&')21! .)*):! (1$!
0f&'.)$! C)$! .1**1! 7.$A**1-! +! O'g.+C*+&$! )%! 1$! B'731'-! %'1(*+.+31! B1fg312-1'E!
Eunjoon Cho. et al.!(7. Eunjoon Cho. et al.)!7$.1'-h31'!"!%&'-C122+31!(i.1'!0f&'Oi!
-&,+)21! '12)*+&$1'! Oif+'C1'! 1*! +$.+f+.-! (&B+2+*1*E! I&'! .1*! %h'-*1! -1'! .1! Oi!
-)$.-A$2+301.1$!%&'!)*!B1-h31!1$!-&,+)2!'12)*+&$l-!0j1((1=2&C)*+&$!-&(!%7$C*+&$!
)%! '1j-1)%-*)$.1$! 4.1$! )%-*)$.! 1$! O1'-&$! B1fg31'! -+3! (1221(! *&! ,01,C=+$-5E!
;1'$g-*!7$.1'-h31'!.1!0f&'.)$!.1*!Oif+'C1'!-)$.-A$2+301.1$!%&'!)*!%&'1*)31!1*!
,01,C=+$! Oi! 1$! 3+f1$! 2&C)*+&$! )*! 1$! -&,+)2! '12)*+&$! 0)'! ,01,C1*! +$.! Oi! 2&C)*+&$!
%h'-*E! ;1$! 1(O+'+-C1! .)*)! .1'! 2+331'! *+2! 3'7$.! %&'! .+--1! 7$.1'-h312-1'! 1'!
-O)*+&*1(O&')2=:!-)(*!1C-O2+,+*!-&,+)2!$1*fg'C-.)*)! %')!01$0&2.-f+-!9]K:H]9!&3!
H>:"">!B'731'1!)%!.1!*&!2&C)*+&$-!B)-1'1.1!$1*fg'C!T&Q)22)!(23.)!&3!6'+30*<+*1!
(24.)!
!
;1*! f+-1'! -+3! (&.! %&'f1$*$+$3! )*! .1$! '12)*+f1! -)$.-A$2+301.! %&'! )*! B1-h31! 1$!
-&,+)2!'12)*+&$-!0j1((1=2&C)*+&$!f&C-1'! +! *)C*!(1.!.1$!'1j-*1!)%-*)$.:!$i'!()$!
*)31'!+!B1*')3*$+$3!.1*!f&C-1$.1!)$*)2!(72+31!B1-h3-2&C)*+&$1'E!;1*!f+-1'!-+3!)*!
.1'! +! .1*! B1$A**1.1!.)*)-g*! 1'!9?! 3)$31! -*h''1! '12)*+f! -)$.-A$2+301.! %&'! )*! 1$!
B'731'! B1-h31'! 1$! -&,+)2! '12)*+&$! f1.! '1j-1)%-*)$.!Oi! 9???! C(! +! %&'0&2.! *+2! 1$!
'1j-1)%-*)$.!Oi!G?!C(E!
!
Wi'! .1*! C&((1'! *+2! 7$.1'-h312-1$! )%! 0f&'.)$! 1$! -&,+)2! '12)*+&$-! B1-h3! *+2! 1$!
2&C)*+&$!Oif+'C1'!B'731'1$-!-)$.-A$2+301.!%&'!)*!'1j-1!*+2!.1$$1:!-i!&B-1'f1'1!(7. 
Eunjoon Cho. et al.):!+!.1'1-!*&!.)*)-g*:!C7$!01$.0&2.-f+-!G:9t!&3!]:Kt!*+2%g2.1!
0f&'!1$!-&,+)2! '12)*+&$!0)f.1!B1-h3*!1$! 2&C)*+&$!.1'!7(+..12B)'*!01'1%*1'!B21f!
B1-h3*!)%!B'731'1$E!;1!%&'*-g**1'!(1.!)*!7$.1'-h31!-)((1$0g$31$!(1221(!1$!
0hj! 3').! )%! -)((1$%)2.! +! B1-h3*1! 2&C)*+&$1'! &3! f1$--C)B! &3! %+$.1'! )*! 1*! G?t!
'7((12+3*!-)((1$%)2.!+!,01,C=+$-!4)2*-i!7)%0g$3+3*!)%!0f&'$i'!.+--1!,01,C=+$-!
0)'!%7$.1*!-*1.5:!'1-72*1'1!+!1$!1$!8?t!-)$.-A$2+301.!%&'!1*!f1$-C)BE!Di!*'&.-!)%!
.1$! Oif+-*1! -*g'C1! '7((12+31! -)((1$0g$3! (1221(! B1-h3*1! 2&C)*+&$1'! &3!
f1$-C)B!1'!.1*!&3-i!$h.f1$.+3*!)*!.1'!1'!1$!0f+-!*1(O&')2!&f1'1$-*1((12-1!%&'!
-&,+)21!'12)*+&$1'!C)$!B'731-!*+2!)*!3+f1!(1$+$3-%72.!+$%&'()*+&$!&(!1$!B'731'l-!
hjB2+CC12+31! 2&C)*+&$E!;1!7$.1'-h31'!.1'%&'! %&'!0f1'!B'731'!0f&'.)$!)$*)221*!)%!
*+2%g2.1!0f&'!1$!f1$!B1-h31'!1$!2&C)*+&$!7(+..12B)'*!%h'!B'731'1$!%&'.121'!-+3E!
;1*! f+-1'! -+3! )*! >Gt! )%! B'731'$1:! +! "?t! )%! .1'1-! B1-h3! *+2! 1$! 2&C)*+&$:! %h231'!
7(+..12B)'*!1%*1'!1*!B1-h3!%')!1$!f1$E!;1'7.&f1'!B21f!.1*!&B-1'f1'1*!)*!H"t!-21*!
+CC1!0)f.1!$&321!'13+-*'1'1.1!*+2%g2.1!0f&'!.1!B1-h3*1!1$!2&C)*+&$!7(+..12B)'*!
1%*1'!1$!f1$E!
!
Di! B)33'7$.! )%! .1! O'g-1$*1'1.1! .)*)! 1'! .1*! -fg'*! )*! .')31! )$.'1! 7$+f1'-12*!
3g2.1$.1!C&$C27-+&$1'!1$.!.1$!)*!-&,+)21!'12)*+&$1'!*+2!1$!O1'-&$!.1'!B1%+$.1'!
-+3! *g*! Oi! .1$$1! +! *+.! &3! '7(! 2).1'! *+2! )*! 0)f1! 1$! O&-+*+f! *+2*'gC$+$3-C')%*! Oi!
O1'-&$1$E! ;1$! 1C-)C*1! B1-C'+f12-1! )%! .1$$1! *+2*'gC$+$3-C')%*! %&'! -&,+)21!
'12)*+&$1'!(i!+!-*1.1*!7.21.1-!%&'!.1$!C&$C'1*1!7$.1'-h3*1!O&O72)*+&$E!
!



 
 
!

9G!

8"!"D" E:3;5.%6:3*FG*$-=>7-5%-%/?3%&'-*:7*%:)6(5-*'-5(&6:3-'*

;1*! C)$! C&$C27.1'1-! )*! .1'! %+$.1-! 1*! -*g'C*! f+.1$-C)B12+3*! 3'7$.2)3! %&'! )*!
7.21.1!-&,+)21!'12)*+&$1'! %')!-O)*+&*1(O&')2!.)*)E!;1*!C)$!-)(*+.+3!C&$-*)*1'1-!
)*! f+.1$! &(! -&,+)21! '12)*+&$1'! +! $&31$! 3').! C)$! B'731-! *+2! )*! B1-*1((1! 1$!
B'731'-!O&-+*+&$:!&(!1$.!.1!1C-)C*1!'1*$+$3-2+$j1'!%&'!0f&'.)$!.1**1!3h'1-!1'!1$!
-(721! 7-+C'1! &3! (i! %&'f1$*1-! )*! f)'+1'1! %')! .)*)-g*! *+2! .)*)-g*E! `.1'2+31'1!
7$.1'-h312-1'! )*! .1**1! 1($1! %h231'! .1'%&'! +! B1-C'+f12-1$! )%! .1$! C&$C'1*1!
+(O21(1$*1'1.1!(&.1221'+$3-!&3!O'g.+C*+&$-(&.12E!!
!

8"+" 2346=64.-55-*/-33-%;-567-*$-=>7-5%-%/?3%&'-**
Di!*'&.-!)%!)*!f+.1$!&(!(1$$1-C12+31!B1fg312-1-(h$-*'1!-&(!*+.2+31'1!$gf$*!1'!
1--1$*+12! +$.1$%&'!1$! 2)$3!'gCC1!f+.1$-C)B12+31! %12*1'!1'!.1*! %h'-*! +$.1$!%&'!.1!
-+.-*1! O)'! i'! .1'! 1'! B21f1*! 3j&'*! -+3$+%+C)$*1! &O.)312-1'! +$.1$%&'! %12*1*E! ;1**1!
-CA2.1-! +CC1!()$321$.1! +$*1'1--1! +$.1$%&'! %12*1*!(1$! -$)'1'1! )*! .1*! +$.*+2! $7!
+CC1!0)'!fg'1*!(72+3*!)*!-*7.1'1!1*!-*&'*!)$*)2!+$.+f+.1'-!B1fg312-1!C&$*+$71'2+3*!
&f1'! 1*! -*h''1! &('i.1E! /1.! .1$! -*+31$.1! O&O72)'+*1*! &3! B'73! )%! O1'-&$2+31!
121C*'&$+-C1! .1f+,1-! (1.! *'i.2h-! $1*fg'C-%&'B+$.12-1! &3m1221'! TDU:! -&(!
(&B+2*121%&$1':!-()'*O0&$1-:!D;\l1'!&3!2)O*&O-!1'!.1*!31$$1(!.1!-+.-*1!O)'!i'!
B21f1*!(72+3*!)*!31$1'1'1!-*&'1!.)*)-g*!(1.!.1$!%&'$h.$1!-O)*+&*1(O&')21!.)*)E!!
!
;1*! 1'! -i21.1-!$7!B21f1*!(72+3*! )*! *1-*1!f)2+.+*1*1$!)%! 1$! 'gCC1!)%!.1!(&.1221'!
-&(! C2)--+-C! 1'! B21f1*! )$f1$.*! +! B1-C'+f12-1$! )%! (1$$1-C12+31!
B1fg312-1-(h$-*'1!-i!-&(!@ufA!%2+30*!&3!')$.&(!Q)2C!(15. H. Eugene Stanley. et 
al.)E! /1$-! .+--1! (&.1221'! .1'! -g.f)$2+3f+-! B'731-! *+2! (&.1221'+$3! )%!
O)'*+C12B1fg312-1'!&3!-7,,1-%72.*!C)$!B'731-!*+2!)*!B1-C'+f1!B2E)E!3)-!.+%%7-+&$!+!
'7((1*!&3!()$31!)$.'1!%A-+-C1!-A-*1(1':!-i!f+-1'!(11. Marta C. Gonza !lez. et al.)!
)*! .+--1!(&.1221'! +CC1! 0)'! -)((1! -7,,1--! $i'! .1*! C&((1'! *+2! B1-C'+f12-1$! )%!
(1$$1-C12+3!B1fg312-1E!^$.1'-h312-1'$1!1'!B)-1'1*!Oi!*&!.)*)-g*!1*!B1-*i1$.1!
)%!O&-+*+&$-.)*)!%')!9??E???!(&B+2*121%&$!B'731'1!+!1$!O1'+&.1!Oi!K!(i$1.1'!.1*!
)$.1*! )%! .)*)! %')! "?K! B'731'1! &f1'! 1$! O1'+&.1! Oi! 1$! 731E! I&'! B'731'$1! +! .1*!
%h'-*1!.)*)-g*!B21f!.1'1-!O&-+*+&$!0f1'!3)$3!.1'!B21f!%&'1*)31*!1221'!(&.*)31*!1*!
&OC)2.! ! 1221'! B21f! -1$.*! 1221'! (&.*)31*! 1$! -(-E! #! .1*! )$.1*! .)*)-g*! B21f!
B'731'$1-!O&-+*+&$!'13+-*'1'1*!'1312(g--+3*!(1.!"!*+(1'-!(1221('7(E!
!
n13!f+2!01'!31$$1(3i!.1!1--1$*+1221!7$.1'-h312-1'!&3!B1'13$+$31'!.1'!21.1'!(11. 
Marta C. Gonza !lez. et al.)!*+2!)*!)%f+-1!@ufA!%2+30*!&3!')$.&(!Q)2C!-&(!O)--1$.1!
(&.1221'!*+2!B1-C'+f12-1!)%! +$.+f+.712!(1$$1-C12+3!B1fg312-1E!M$!+$*1'1--)$*!&3!
1--1$*+12!&O.)312-1!3j&'*!)%!499E!/)'*)![E!T&$o)!p21oE!1*!)2E5!1'!)*!-*h''12-1$!Oi!.1*!
&('i.1!1*!+$.+f+.!B1fg31'!-+3!+$.1$%&'!2).1'!*+2!)%!fg'1!B13'g$-1*!1221'!+!0f1'*!
%)2.! C7$! f&C-1'! 1C-*'1(*! 2)$3-&(*! -&(! %7$C*+&$! )%! *+.1$! -E! ;1$! &O.)312-1! 1'!
f+3*+3!+!.1*!.1$!-*i'!+!-C)'O!C&$*')-*!*+2!@ufA!%2+30*!&3!')$.&(!Q)2C!(&.1221'$1:!
0f&'! .1$! %&'f1$*1.1! %&'-CA.$+$3! 1221'! '1j-1)%-*)$.! )%! 1$! O)'*+C12! f&C-1'!
7B13'g$-1*! -&(! O&2A$&(+1'! )%! *+.1$! -+ (15. H. Eugene Stanley. et al.)E! I&'! )*!
1%*1'O'hf1! &(! .1! $g'fg'1$.1! ;X^! *')j1,*&'+1-! C)$! %&'f1$*1-! )*! fg'1!
%72.-*g$.+3!*+2%g2.+31!&3!.1'%&'!B1.-*!B1-C'+f1-!f1.!1$!)%!&f1$-*i1$.1!(&.1221'!
1221'!&(!.1!+$.10&2.1'!1$!-O)*+&*1(O&')2!'1312(g--+301.!.1'!C)$!7.$A**1-!+!1$!



 
 
!

9H!

(1'1! )f)$,1'1*! O'g.+C*+&$-(&.12:! 7.'13$1-! ').+7-! &%! 3A')*+&$! &3!
'1j-1)%-*)$.-%&'.12+$31$!01'7$.1'E 
 
Y).+7-! &%! 3A')*+&$! 1'! .1%+$1'1*! -&(! .1$! 31$$1(-$+*2+31! 2+$1g'1! )%-*)$.! ,/! 1*!
.1f+,1!B1fg31'!-+3!%')!&B-1'f)*+&$1'$1-!*A$3.1O7$C*!

! 

rcm
a !!*+2!&B-1'f)*+&$-!-*1O!-+

! !
AYZ(.'0&!@!

  

! 

rg
a (t) =

1
nc
a (t)

(ri
a " rcm

a )2
i=1

nc
a

#  

!
0f&'!

! 

ri
a ! '1O'g-1$*1'1! .1$!

  

! 

i = 1,!,nc
a (t){ }! O&-+*+&$! '13+-*'1'1*! %&'! .1f+,1! (! &3!

&B-1'f)*+&$1'$1-!*A3$.1O7$C* 

! 

rcm
a !!1'!3+f1*!f1.!!

! ! !
AYZ(.'0&!D!

! !

! 

rcm
a (t) =

1
nc
a (t)

ri
a

i=1

nc
a

" !

!
Di!.1!*&!O2&*-!01'7$.1'!-1-!0f&'.)$!').+7-!&%!3A')*+&$!7.f+C21'!-+3!-&(!%7$C*+&$!
)%!*+.1$!%&'!01$.0&2.-f+-!9?!&3!9???!;X^!.1f+,1-E!
!

!
P'7Z,#!@[!M)0..#.!+'-#,!8T!2"*!a,Z7#,#-!,(6'Z-!01!7/,(.'0&!-03!1Z&4.'0&!(1!.'6#&!'!.'3#,9!M)0..#.!+'-#,!
(.!,(6'Z-!01!7/,(.'0&!10,!6#!1)#-.#!a,Z7#,#!#,!-.(a')'-#,#.!())#,#6#!#1.#,!$(9!@TT!.'3#,!#))#,!)'6.!0+#,!
#&!Z7#9!

 



 
 
!

9K!

!
P'7Z,#! D[! B#6! 8TTT! a,Z7#,#! -#,! +'! -(33#! .#&6#&-! .')! %Z,.'7.! -.(a')'-#,'&7! 03! #&6! 6#.! -+X,.! (.!
-4#)&#!6#!#&4#).#!a,Z7#,#!1,(!%'&(&6#&!'!_)0..#.9!

Di!B)33'7$.!)%!.1$!07'*+31!-*+3$+$3!1%*1'%723*!)%!$g-*1$!%72.-*g$.+3!7.%2).$+$3!
&B-1'f1'1*! +! 7.f+C2+$31$! )%! ').+7-! &%! 3A')*+&$! -&(! %7$C*+&$! )%! *+.1$! -+ 4-)((1!
*1$.1$-!C)$!-1-!%&'!;X^!+$.+f+.1'!Oi!I+37'1!"!&3!I+37'1!85Z+-)(*!C&$-*)*1'+$31$!
(131*! 0hj1! B1-h3-%'1Cf1$-1'! )%! 2+221! )$*)2! 2&C)*+&$1':! -i! -&(!0j1(!&3! )'B1j.1'!
C&$C27.1'1'!(11. Marta C. Gonza !lez. et al.)!)*!(1$$1-C12+31!B1fg312-1-(h$-*'1!
+$.10&2.1'!1$!0hj!3').!)%!'1312(g--+301.E!
!
499E!/)'*)! [E! T&$o)! p21oE! 1*! )2E5! 7$.1'-h31'! 01'1%*1'! 0f&'.)$! '1j-1)%-*)$.1$ !
3+f1*! f1.! )%-*)$.1$! (1221(! *&! Oi! 0+$)$.1$! %h231$.1! B'731'! '13+-*'1'+$31'!
%&'.121'!-+3!&f1'!0121!O&O72)*+&$1$E!;1*!f+-1'!-+3!)*!O&O72)*+&$1$-!'1j-1)%-*)$.1!
*+2$g'(12-1-f+-! C)$! B1-C'+f1-! f1.! 1$! *'7$C1'1*! O&*1$-=2&f! 4-1! I+37'1! G! %&'! 1*!
0+-*&3')(! &f1'! ;X^! O&O72)*+&$1$-! '1j-1)%-*)$.1:! -)(*! 1$! )OO'&C-+()*+&$! *+2!
.1$$1!%&'.12+$3!f1.!1$!*'7$C1'1*!O&*1$-=2&f!5!
 
AYZ(.'0&!I!

   
 
0f+2C1*!O131'!+!'1*$+$3!)%!)*!+$.+f+.1'$1!01'+!B1fg31'!-+3!1%*1'!1$!*'7$,)*1.!@ufA!
%2+30*! (&.12! Oi! *'&.-! )%! .1$! $1*&O! )$f+-*1! '1312(g--+301.! 0&-! .1! 1$C12*1!
+$.+f+.1'E! ;1$$1! &O%h'-12! C)$! .&3! %&'C2)'1-! f1.! )*! %&'-CA.$+$3-.+-*'+B7*+&$1$!
%&'! .1$! -)(21.1! O&O72)*+&$! +! f+'C12+301.1$! 1'! '1-72*)*1*! )%! 1$! %&2.$+$3! )%! .1!
+$.+f+.71221! *')j1,*&'+1-! C)')C*1'+-*+C)! &3! .1$! -)(21.1! O&O72)*+&$-!
01*1'&31$+*1*E!!
!
M$.12+3! 7$.1'-h31-! 1$-)'*1*01.1$! )%! (1$$1-C12+31! B1fg312-1-(h$-*'1! %&'! )*!
B12A-1!(72+301.1'$1!2)f1!1$!31$1'12!(&.12!%&'!O'g.+C*+&$!)%!1*!+$.+f+.-!O&-+*+&$!
Oi! B)33'7$.! )%! 0+-*&'+-C! -O)*+&*1(O&')2*! B1fg312-1-.)*)E! ;1! 1$C12*! B'731'1!
B1fg31'!-+3!-12f-)3*!+!%&'-C122+31!&('i.1'!&3!.+--1!&('i.1'!-*h''12-1:!3+f1*!f1.!
').+7-!&3!3A')*+&$:!f)'+1'1!2+3121.1-E!;1$!+$*1'1--)$*1!&B-1'f)*+&$!.1!3h'!-+3!01'!
)*! )$+-&*'&O+1$:! )2*-i! '1*$+$3-B1-*1(*01.1$! )%! 1$! B'731'! B1fg312-1'! 1'!
O'&O&'*+&$)2!(1.!.1$$1-!').+7-!&%!3A')*+&$E!;1*!f+2!-+31!)*! +$.+f+.1'!.1'!'1j-1'!

! 

"r

! 

P("r) = ("r + "r0)
#$ exp(#"r /k)



 
 
!

9L!

2)$31! )%-*)$.1! )2(+$.12+3f+-! 3h'! .1*! +! 1$! B1-*1(*! '1*$+$3! (1$-! +$.+f+.1'! .1'!
B1fg31'!-+3!+$.1$!%&'!1*!(+$.'1!&('i.1!B1fg31'!-+3!(1'1!&($+.+'1C*+&$12*E!;1!
f+-1'! -+3! )*! 1$! '1-C)21'+$3! +! %&'0&2.! )$+-&*'&O+:! &3! ').+7-! &3! 3A')*+&$! 3h'!
-)$.-A$2+301.-%&'.12+$31'$1! -*&'*! -1*! 1$-! Oi! *fg'-! )%! .1*! (131*! &(%)**1$.1!
.)*)-g*:! 0f+2C1*! A.1'2+31'1! %&'B1.'1'! (72+301.1'$1! +! 1$! 31$1'12! O&-+*+&$-!
O'g.+C*+&$-(&.12E!;X^l-!'12)*+f*!B13'g$-1.1!31&3')%+-C1!7.-*'gC$+$3!B1*A.1'!
)*! f+! C)$! -1! B&'*! %')! %&'-C1221! +! )$+-&*'&O+! +! .1$! +(O21(1$*1'1.1!
O'g.+C*+&$-(&.12E!
!
<&$C27-+&$1$! Oi! (11. Marta C. Gonza !lez. et al.)! 7$.1'-h312-1! )%! +$.+f+.712!
(1$$1-C12+3! B1fg312-1! B2+f1'! -i21.1-! )*! (1$$1-C12+31! B1fg312-1-(h$-*'1!
+$.10&2.1'!1$!0hj! 3').!)%! -O)*+)2! &3! *1(O&')2! '1312(g--+301.E! U&(!1*! '1-72*)*!
01')%!1'!C2)--+-C1!O)'*+C12!%&'-CA.$+$3-(&.1221'!-&(!@ufA!%2+30*!&3!')$.&(!Q)2C!
.1'!)$*)31'!)*!.1*!(&.1221'1.1!&Bj1C*!B1fg31'!-+3! *+2%g2.+3*:! +CC1!13$1.1! *+2!)*!
B1-C'+f1!+$.+f+.712!(1$$1-C12+3!B1fg312-1E!

!
P'7Z,#! I[! U'-.07,(3! 0+#,! ,#b-#(1-.(&6# c! 7'+#.! +#6! (1-.(&6#&!3#))#3! .0! _]! %'&(&6#&! 1`)7#&6#!
,#7'-.,#,'&7#,c! 10,! ())#! 6#+'$#-! '! 2"*! _0_Z)(.'0&#&c! -(3.! #&! (__,04-'3(.'0&! .')! 10,6#)'&7#&! (1!
10,3#&!7'+#.!'!AYZ(.'0&!I9!

!

8"+"!" H67-3/:4-*(3(5I%-*(C*/-33-%;-567*$-=>7-5%-**

R+! $7! f1.! )*! +$.+f+.712! (1$$1-C12+3! B1fg312-1! +$.10&2.1'! 1$! 0hj! 3').! )%!
-O)*+&*1(O&')2! '1312(g--+301.! &3! )*! C2)--+-C1! (1*&.1'! *+2! B1-C'+f12-1! )%!
O)'*+C12! B1fg312-1! $1*&O! )%! .1$$1! 3'7$.! +CC1! 1'! 13$1.1! *+2! )*! B1-C'+f1!
(1$$1-C12+3! B1fg312-1E! ;1*! 1'! -i21.1-! $h.f1$.+3*! )*! %+$.1! (1'1! 13$1.1!
(1*&.1'! *+2! )$)2A-1! &3! &3! B1-C'+f12-1! )%! (1$$1-C12+3! B1fg312-1E! M$! -i.)$!
(1*&.1!1'!1+31$(&.1!)$)2A-1!.1'!(1.!7.3)$3-O7$C*!+!/)'C&f!O'&,1--1'!.1'!%&'!
.1*! %h'-*1! %&'-h31'! )*! B1-*1((1! ,27-*1'-! +! -O)*+&*1(O&')2! .)*)! &3! .1'$g-*!
)$)2A-1'1!*')$-+*+&$-!*1$.1$-1'!(1221(!.+--1!,27-*1'-E!
!
#!.1$$1!*+23)$3!*+2!)$)2A-1!)%!(1$$1-C12+31!B1fg312-1-(h$-*'1!%h'-*!O'g-1$*1'1*!
)%!(10. Juyong Park. et al.)!*)31-!-&(!-)3*!7.3)$3-O7$C*!+!/)'C&f!D'&,1--1$!(18. 

! 

"r



 
 
!
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Weisstein):! 1$! %7$.)(1$*)2! &3! 77$.fg'2+3! (1*&.1! )$f1$.*! +! -*7.+1'! )%!
-*&C)-*+-C1! O'&,1--1'! +$.1$%&'! 1$! 2)$3! 'gCC1! f+.1$-C)B12+31! %12*1'! -i! -&(!
2+$3f+-*+C:!B+&+$%&'()*+C:!3')%*1&'+:!&3!+$%&'()*+&$-*1&'+!(E%2E!M$!/)'C&f=,0)+$!1'!
1$! *+.-.+-C'1*! -*&C)-*+-C! O'&,1-! (1.! /)'C&f131$-C)B1$E! ;1*! f+2! -+31:! )*!
O'&,1--1$-! %&'2hB! C)$! B1-*1((1-! 7.! %')! .1$-! $7fg'1$.1! *+2-*)$.! 7.1$!
C1$.-C)B! *+2! *+.2+31'1! *+2-*)$.1E! M$! /)'C&f! O'&,1--! 1'! 1$! *+.-C&$*+$71'2+3!
/)'C&f=,0)+$E!n13!f+2! +!.1*!%h231$.1!31$$1(3i!&3!1%*1'O'hf1!.1!,1$*')21!.121!)%!
.1!)$f1$.*1!)$)2A-1!(1*&.1'!Oi!;X^!.)*)-g**1*!&3!-)((1$2+3$1!&3!1f)271'1!+!
%&'0&2.!*+2!'1-72*)*1'$1!O'g-1$*1'1*!)%!(10. Juyong Park. et al.)E!Ih'-*!C&$-*'71'1-!
.1$!/)'C&f!*')$-+*+&$-!()*'+J!%')!.)*)-g**1*:!0f+-!1+31$(&.1-!.)$$1'!3'7$.2)3!
%&'!.1!1%*1'%h231$.1!)$)2A-1'E!
!
/)'C&f! 1221'! *')$-+*+&$-! ()*'+,1$! /:! 1'! 3+f1*! ! f1.!

! 

M = {mij " mi# j 1$ i, j $ K}:!
0f&'!

! 

K " N :!)$*)221*!)%!,01,C=+$-!%&'!.1$!3+f$1!B'731'!&3!

! 

mij
!1'!-)$.-A$2+301.1$!

%&'!)*!B'731'1$!,01,C1'!+$.!f1.!),,1--O&+$*!'!7(+..12B)'*!1%*1'!)*!0)f1!,01,C1*!
+$.! f1.! ),,1--O&+$*! [! 7.1$! )$.'1! ,01,C=+$-! .1'! +(1221(E!

! 

mij
! 7.'13$1-! -i21.1-!

f1.!

! 

nij /n j
0f&'!

! 

nij !1'!)$*)221*!)%!.+--1!'!Oi![!%h231$.1!,01,C=+$-!&3!

! 

n j
!.1*!-)(21.1!

)$*)2!,01,C=+$-!Oi!),,1--O&+$*![!+!&B1'f)*+&$-!O1'+&.1$E!/)*'+,1$!/:!C&$-*'71'1*!
Oi! .1$$1! (i.1! 7.f+-1'! %h231$.1! ()*1()*+-C1! 131$-C)B1'E! I&'! .1*! %h'-*1!
-7((1'1!0f1'!)%!()*'+,1$-!-hj21'!*+2!9!+.1*!

! 

mij = nij /n j =1
i

"
i

" E!;1*!-)((1!3h'!
-+3! +CC1! 3g2.1$.1! %&'! ()*'+,1$-! 'gCC1'! .)! /! 1'! )-A((1*'+-CE! I&'! .1*! )$.1*!
3g2.1'! .1*! +%h231! D1''&$=I'&B1$+7-! *1&'1(1*! (19. Weisstein):! )*!/! )2*+.! 0)'! 1$!
%h'1$.1!1+31$fg'.+!!8\#:!0f+-!*+20h'1$.1!1+31$f1C*&'!1'!*8\B:!0f&'!B\]B#ZB5Z^ZB7Z_+
'1O'g-1$*1'1'! .1$! -*)*+&$g'1! -)$.-A$2+301.! B':! %&'! )*! %+$.1! B'731'1$! Oi! 1*!
3+f1$*! ),,1--O&+$*! ':! B'\.'`aE! ;1**1! C)$! %&'C2)'1-! f1.! .1%+$+*+&$1$! )%! .1$!
-*)*+&$g'1!-)$.-A$2+301.!.1'!1'!3+f1*!f1.

! 

pi = mij p jj
" :!0f+2C1*!&3-i!C)$!-C'+f1-!

-&(!B\!KB+(1.!!\#E!M$.12+3!&O%A2.1'!)221!1+31$fg'.+1'!

! 

"i #1:!1221'!(1.!)$.'1!
&'.!)221!1+31$fg'.+1'!B1%+$.1'!-+3!+$.1$!%&'!1$01.-,+'C21$!+!.1*!C&(O21C-1!O2)$E!
!
R1.! )*! &O-*+221! 1*! 7.*'AC! 4Mv7)*+&$! H5! %&'! 7.f+C2+$31$! )%! 1$! B'731'-! ').+7-! &%!
3A')*+&$!-&(!%7$C*+&$!)%!*')$-+*+&$--C'+.*1*!3:!2ACC1-!.1*!(10. Juyong Park. et al.)!
)*!Oif+-1!)*!7.f+C2+$31$!)%!').+7-!&%!3A')*+&$!B1-*1(*!f1.!.1**1!7.*'AC!C&((1'!
*g*! .1$! 1(O+'+-C! %7$.$1! ').+7-! &%! 3A')*+&$! &3! -)(*+.+3! 2)$3*! %')! 1$! 61'$&722+!
-+(72)*+&$!)$f1$.*!-&(!-)((1$2+3$+$3-3'7$.2)3!!+!7$.1'-h312-1$!4-1!I+37'1!H5E!
_1'%')! 2)f1'! (10. Juyong Park. et al.)! -27*$+$31$! )%! 0+-*&'+-C! .)*)! 1'! f+3*+3! +!
B1-C'+f12-1$!)%!(1$$1-C12+3!B1fg312-1!+.1*!1$!61'$&722+!/)*'+J!1'!3+f1*!f1.!.1!
-*)*+&$g'1!-)$.-A$2+301.1'!%&'!)*!B1%+$.1!-+3!Oi!1$!2&C)*+&$!7.1$!01$-A$-*)31$!
*+2! B'731'1$-! $7fg'1$.1! O&-+*+&$E! ;1$! )$f1$.*1! f1'-+&$! )%! /)'C&f! ()*'+,1$!
*)31'! +(+.21'*+.!0hj.1! %&'!$1*&O!.1**1:!0f+2C1*!C)$!B1*')3*1-!-&(!)*!(1.*)31!1*!
0+-*&'+-C!-C'+.*E!!!
!
\%!Mv7)*+&$!H!%'1(3i'!.1*!)*!.1$!Cf).'1'1.1!').+7-!&%!3A')*+&$!1'!3+f1*!f1.!1$!
-7(!)%!21.!.1'!0f1'!+-g'!C7$!)%0g$31'!)%!1$!1$C12*!1+31$(&.1!7E!;1*!7$.1'-h31-!
$7! 0f+2C1! 1+31$fg'.+1'! .1'! 3+f1'! .1$! -+(721'+$3! )%! ').+7-! &%! 3A')*+&$! .1'!
C&((1'!*g**1-*!Oi!.1$!+(O+'+-C1!.)*)!&3!.1*!f+-1'!-+3!)*!1+31$fg'.+1'!0f+-!'11221!



 
 
!

9]!

fg'.+! 1'! *g*! Oi! 9! &3! C&(O21C-1! fg'.+! *g*! Oi! ?! 3+f1'! .1*! B1.-*1! '1-72*)*! 4-1!
I+37'1!H5E!!!
!

8"+"+" ,(46.%*:C*7I'(&6:3*:7*&'(3%6&6:3%*/(&'6)-3*

M$!B'731'-!').+7-!&%!3A')*+&$!C)$!7.'13$1-!-&(!%7$C*+&$!)%!-C'+.*!-:!+!*')$-+*+&$-!
()*'+J!/!f1.!7.*'ACC1*E!!
!!
AYZ(.'0&!?!

! !

! 

rg
2(s) = "kF(#k,s)

k=1

K

$ !

0f&'! .1$! -iC)2.*1! (&.1! Q1+30*! "7! 1'! .1%+$1'1*! f1.

! 

"k # (ax
kbx

k + ay
kby

k ) E! "7! 1'!
+$f)'+)$*!+!-:!1221'!(1.!)$.'1!&'.!7)%0g$3+3!)%!0f+2C1$!*')$-+*+&$-!-*)*1!B'731'1$!
B1%+$.1'!-+3!+E!;1*!3g2.1'!.1-7.1$!)*!
+
+ +

! 

R"1Px = {ak
x}+ + (.E+ +

! 

xTL"T = {bk
x}T +

+
+ +

! 

R"1Py = {ak
y}+ + (.E+ +

! 

yTL"T = {bk
y}T +

+
01'!1'!@!&3!Y!.1!f1$-*'1!&3!0hj'1!1+31$f1C*&'=()*'+,1'!*+2!*')$-+*+&$-()*'+,1$!/:!
$&'()2+-1'1*! -i.)$! )*! Y@X! w! #! &3! J! w! xJ9:! E! E! E! :! J<! y! &3! ! A! w! xA9:! E! E! E! :! A<! y! 1'!
C&&'.+$)*1'$1!Oi!.1!<!7$+CC1!),,1--O&+$*-!B1-h3*!)%!B'731'1$E!

! 

F("k,s) !1'!3+f1*!
f1.!
+

+ +

! 

1" 1+ #k
1" #k

$ 

% 
& 

' 

( 
) 
1
s

+
2#k (1" #k

s )
(1" #k )

2

$ 

% 
& 

' 

( 
) 
1
s2
+

+
0f&'!!7!1'!1+31$fg'.+!7+*+2!*')$-+-*+&$-()*'+,1$!/E!!
+
+
+

!
P'7Z,#! ?[! 2#! .,#! _)0.! %#,0+#,! #,! )]&.! 1,(! (10. Juyong Park. et al.)9! M]! _)0..#.! .')! +#&-.,#! -#-! #&!
-(33#&)'7&'&7! (1! Z6+'4)'&7#&! (1! ,(6''! 01! 7/,(.'0&! 10,! 6#&! #3_','-4#! 6(.(! \a)]^! 3#6! B(,40+!
-'3Z)(.'0&#&!\7,`&^!07!;#,&0Z))'!-'3Z)(.'0&#&!\a#'7#^9! 5!6#!.0!_)0.-!.')!%`b,#!-#,!+'!(.!6#&!`&-4#6#!
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"?!

,(6'Z-!01! 7/,(.'0&!Z6+'4)'&7! -.(33#,! 1,(!#'7#&306#-!3#6!#'7#&+X,6'#,!3#6!,##)!6#)! .X.!_]!8!07!
'3(7'&X,!6#)!.X.!_]!T9!!

M%*1'!)*!0)f1!%)-*-2i1*!)*!1+31$(&.1-!(1.!1+31$fg'.+1'!0f+-!'11221!.12!1'!*g*!Oi!
9! &3! +()3+$g'! .12! *g*! Oi! ?:! 7$.1'-h31'! (10. Juyong Park. et al.)! 0f&'.)$!
+$%&'()*+&$1$! +! $1*&O! .+--1! 1+31$(&.1-! C)$! B'731-! *+2! )*! B1-C'+f1! 1$! B'731'-!
B1fg312-1-(h$-*1'E! ;1'! -1-! B&'*! %')! .1$! %h'1$.1! 1+31$fg'.+!!8! w9:! .1'! +%h231!
D1''&$=I'&B1$+7-!*1&'1(1*!)2*+.!f+2!fg'1!)*!%+$.1!+!B2)$.*!1+31$fg'.+1'$1!%&'!1$!
/)'C&f!*')$-+*+&$-!()*'+J!4.)!)221!121(1$*1'!1'!+CC1!$13)*+f15!.)!.1$!*+20h'1$.1!
1+31$f1C*&'! +$.10&2.1'! .1! -*)*+&$g'1! -)$.-A$2+301.1'! .1'! +! .1$$1!
-)((1$0g$3!1'!7+$*1'1--)$*1E!^$.1'-h312-1$!)%!1+31$(&.1-!.121-!&O!+!'11221!&3!
C&(O21C-1!1+31$fg'.+1'E!!
!
=##))#!#'7#&306#-!
M$! 1+31$(&.1! B1-*i'! )%! 1*! -)((1$0h'1$.1! O)'! )%! 1+31$fg'.+! &3! 1+31$f1C*&'E!
I&'!'11221!1+31$(&.1-!C)$!121(1$*1'$1!#!1$!1+31$f1C*&'!)$*)31!fg'.+1'!.1'!1'!
1$*1$!O&-+*+f1!1221'!$13)*+f1!-f)'1$.1!*+2!)*!0)f1!+()3+$g'1!.121!2+3!?!1221'!!E!#!1$!
1+31$(&.1! )$)2A-1! B1*A.1'! .1*! )*! 121(1$*1'$1! &3! .1! *+2-f)'1$.1! ),,1--O&+$*-!
C)$! +$.121-! #! *&! ,27-*1'-! 1$! %&'! O&-+*+f1! &3! 1$! %&'! $13)*+f1E! I&'-C122+31!
1+31$(&.1-! C)$! &3! f+2! &%*1! 3+f1! %&'-C122+31! ,27-*1'-! 0f&'%&'! .1*! C7$! 1'!
1+31$(&.1-!(1.!.1!0hj1-*1!'11221!1+31$fg'.+!.1'!*)31-!+!B1*')3*$+$3!
!
(10. Juyong Park. et al.)!f+-1'!)*!0f+-!*')$-+*+&$1'!+$..121-!#!+$*')=!&3!+$*1',27-*1'!
*')$-+*+&$1':! 1'! .1*! 1+31$fg'.+1$! *+20h'1$.1! .1$! 1+31$(&.1! .1'! 2+331'! B)3!
,27-*1'=+$..12+$31$!.1'!)%3h'!0f+2C1$!)%!.+--1!.1'!1'!(1-*!-)$.-A$2+3E!;1*!3g2.1'!
-i21.1-!)*!.1'!%&'!1+31$fg.+1'!!7!z?!1'!-*h'-*!-)$.-A$2+301.!%&'!)*!B'731'1$!f+2!
%&'B2+f1! +$.1$! %&'! .1$! $7fg'1$.1! ,27-*1'E! I&'! !7! z?! ! 3g2.1'! .1*! (&.-)*! )*!
B'731'$1! 0)'! -*h''1! -)$.-A$2+301.! %&'! )*! -C+%*1! ,27-*1'! +! .1$! C&((1$.1!
*')$-+*+&$E!
!
M+31$fg'.+1'-! +$.%2A.12-1! Oi! ,27-*1'! *')$-+*+&$! 0)'! .1-7.1$! .1$! -+.1! 1%%1C*! )*!
,27-*1'-!.)$$1*!Oi!B)33'7$.!)%!1+31$(&.1-!(1.!-*&'1!O&-+*+f1!1+31$fg'.+1'!0)'!
-*&'! -)$.-A$2+301.! %&'! )*! +$.10&2.1! B'731'1$! +31$$1(! 1*! -*h''1! )$*)2! Oi!
0+$)$.1$! %h231$.1! *')$-+*+&$1'E! #! .1*! -*&'1!O&-+*+f1! 1+31$fg'.+1'! j&! B1*A.1'! )*!
-C+%*!(1221(! .1! .1%+$1'1.1! ,27-*1'-! 1'! -jg2.$1! &3! .1'(1.! )*! .+--1! ,27-*1'-! 1'!
*1(O&')2*!f12.1%+$1'1.1E!
!
K03_)#4-#!#'7#&306#-!
#!.1*!C&(O21C-1!*+2%g2.1!3g2.1'!&f1'&'.$1*!-1*!-)((1!1+31$(&.1!*&2C$+$3!.&3!
C)$!.1!+()3+$g'1!.121!$7!)$*)31!)221!fg'.+1'!#!+$*1'f)221*!!{?:!"|{E!;1**1!B1*A.1'!
)*!),,1--O&+$*1$1!$7!C)$!+$.121-!#!(1'1!1$.!"!,27-*1'-E!;1**1!.1(&$-*'1'1-!Oi!1*!
-+(O12*! 1C-1(O12! (1.! *'1! ,1221'! -1! I+37'1! KE! _1'1%*1'! 7$.1'-h31'! (10. Juyong 
Park. et al.)!&(!.1$$1!8=O1'+&.1!-*'7C*7'!C)$!31$%+$.1-!+!f+'C12+31!.)*)!-1!I+37'1!
LE!;1**1! f+-1'! -+3! )*! fg'1! *+2%g2.1*! +! .1'1-! .)*):!(1$!.1*! 1'! +CC1!(72+3*! Oif+-1!
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!
!
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!

!
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.X.!_]!&Z)!6#.!-(33#!7`,!-'7!7X)6#&6#!10,!2"*!-X..#.!.')!%`b,#9!M)0..#.!.')!%`b,#!-&/6#,!)'6.!'6#.!(.!
6#.! '44#! )(6#,! .')! (.! '&6#%0)6#! #&! #&#-.#! #'7#&+X,6'! 3#6! '3(7'&X,#! 6#)! 0+#,! T9@! 6#..#! #,! '44#!
.')1X)6#.c! 6#! #,!a)0.! -]! 1]!07! -]! -_,#6.#!0+#,!6#.!403_)#4-#! -_#4,Z3!(.!6#! '&7#&! -.#6#,!0_&],!#&!
40&$#.,(.'0&!6#,!#,!%`b!&04!.')!(.!1,#37]!(1!40&.Z,_)0..#.9!!2#.!4(&!607!3#6!-'44#,%#6!40&4)Z6#,#-!
(.!6#&!%`b#!40&$#&.,(.'0&!(1!#'7#&+X,6'#,!3#6!'3(7'&X,#!+X,6'#,!034,'&7!8@T!6#,!'&6'4#,#,!#&!DW
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(1!6#!,#7'-.,#,#6#!2"*!'&6'+'6#,!'44#!Z6+'-#,!-(33#!DW_#,'06#!0_1`,-#)!-03!(10. Juyong Park. et al.)!
0a-#,+#,#,!'!6#,#-!6(.(-X.9!
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M+31$(&.1! )$)2A-1! f+-1'! (131*! +$*1'1--)$*1! &3! 2&f1$.1! *)C*1'! +! %&'0&2.! *+2!
)$)2A-1! &3! C)')C*1'+-1'+$3! )%! B'731'1! +! (+$.'1! C&(O21C-1! -A-*1(1':! -&(! .1*!
O'g-1$*1'1*!+!I+37'1!KE!#!.1$!*AO1!-A-*1(1'!1'!.1*!(72+3*!)*! +$..121!1$!B'731'-!
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-O)*+&$*'1(O&')21!.)*)!+!,27-*1'-!(1.!f12.1%+$1'1.1!*')$-+*+&$--)$.-A$2+301.1'!
+$.1$%&'! &3! (1221(! ,27-*1'-E! /1*&.1'$1! C)$! .1-fg''1! +CC1! 7(+..12B)'*!
31$1')2+-1'1-!*+2!(1'1!C&(O21C-1!-A-*1(1'!&3!C)$!.1'%&'!+CC1!)$f1$.1-!Oi!;X^=
.)*)-g**1*E! #! (1'1! C&(O21C-! .)*)! 1'! .1*! -&((1*+.1'! (72+3*! )*! +.1$*+%+,1'1!
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<(%-4*@:)6(5*P-&Q:';%*
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!
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7'1312(g--+3! $i'! .1! B1%+$.1'! -+3! Oi! ,)(O7-E! @h-$+$31$! Oi! .1$! ()$321$.1!
+$%&'()*+&$!&(!B'731'1!.1'!B1%+$.1'!-+3!7.1$!%&'!,)(O7-!2h-1-!f1.!)*!+$.%h'1!1$!
2&C)*+&$!C)2.1*!%66+&(:B23:!0f&'!B'731'1$!)$*)31-!)*!B1%+$.1!-+3!0f1'!3)$3!.1$$1!
+CC1!1'!)*! %+$.1!Oi!,)(O7-E!;1$!7'1312(g--+31! -)(O2+$3! %'1Cf1$-! 2h-1-!f1.!)*!
*g221!)221!,01,C=+$-!.1'!%)2.1'!+$.1$!%&'!1$!3+f1$!C2&CC1!*+(1!&3!3+f1!B'731'1$!1$!
-)(21*! O&-+*+&$! +! 0121! .1$$1! *+(1! .1'! -f)'1! *+2! .1$! ,01,C=+$! O&-+*+&$! .1'!
'13+-*'1'1*!&%*1-*!+!.1$!3+f$1!*+(1E!_f+-!+$31$!,01,C=+$-!1'!'13+-*'1'1*!+$.1$%&'!1$!
3+f1$!C2&CC1*+(1!B1*')3*1-!B'731$'1$l-!O&-+*+&$!-&(!fg'1$.1!%66+&(:B23E!U&(!
.1*! %'1(3i'! )%! I+37'1! 99! &3! I+37'1! 9"! -i! %)2.1'! .1$! %)C*+-C1! &3! 7C&''121'1.1!
1$*'&O+!3)$-C1!B1*')3*12+3*:!(1$-!.1$!*+2%g2.+31!1$*'&O+!1'!$g-*1$!7g$.'1*!$i'!
%66+ &(:B23+ '13+-*'1'+$31'! (1.*)31-! +! 1$*'&O+! B1'13$+$31'$1E! ;1$$1! &O%h'-12!
3+f1'!3&.!(1$+$3!+.1*!.1$!*+2%g2.+31!1$*'&O+!C7$!)%0g$31'!)%!)$*)221*!)%!7$+CC1!
B1-h3*1! 2&C)*+&$1'! .1'! %&'! .1! %21-*1! B'731'1! 2+331'!(1221(! 9?! &3! 9??! 0f&'%&'!
*+2%hj12-1$! )%! 1$! 1$C12*! 1C-*')! 2&C)*+&$! 1%*1'! 2&3)'+*(1$! )%! .1**1! )$*)2! 1'! B21f1*!
B1'13$1*! C7$!3+f1'! 1$!(131*! 2+221! %&'h312-1E!Wi'!.1*! C&((1'! *+2! .1$! *1(O&')2*!
7C&''121'1.1!B1*A.1'!*+2%hj12-1$!)%!1$!1C-*')!2&C)*+&$!(1.!-i!0hj!B1-h3-%'1Cf1$-!



 
 
!

">!

-&(! %66+ &(:B23+ 1$! 2)f1'1! 1$*'&O+E! Q66+ &(:B23! 0)'! +CC1! B)'1! 1$! 0hj!
B1-h3-%'1Cf1$-:! (1$! &3-i! 1$! (131*! '1312(g--+3! *1(O&')2! &O%h'-12! +.1*! %66+
&(:B23+ '13+-*'1'+$3! &%*1-*! f+2! %)2.1! +! 2)$31! 7B'7.*1! -1'+1'! +! )%*1$! &3! $)**1!
*+(1'$1:! 0f+2C1*! %&'C2)'1'! .1$! 2)f1'1! %)C*+-C1! 1$*'&O+! $i'! %66+ &(:B23!
'13+-*'1'+$31'!(1.*)31-E!
!

!
!
P'7Z,#! 88[! 2#! .,#! #&.,0_'W3])!

! 

Si, Si
unc og Si

rand ! -03! 6#! 10,6#)#,! -'7! 10,! 6#! IDHQ! a,Z7#,#! '!
6(.(-X..#.9!U#,!#,!!""#$%&'()!,#7'-.,#,'&7#,!Z6#)(6.!_]!.,06-!(1!6#&!)'))#!1#b)1(4.0,!6#,!'&.,06Z$#,#-!
+#6! (.! 6#&! 1`,-.#! ,#7'-.#,'&7#,! .',-6(7! 30,7#&! a#.,(7.#-! -03! 1`)7#&6#! )'7#! #1.#,! 6#&! -'6-.#!
,#7'-.,#,'&7!3(&6(7!#1.#,3'66(79!

!
P'7Z,#!8@[!U#,!#,! 10,6#)'&7#&!(1!6#! .,#!#&.,0_'!3])! 10,!%#)#!6(.(-X..#.! '7#&!(1a'))#6#.c!3#&!6#&&#!
7(&7!#,!!""#$%&'()#!,#7'-.,#,'&7#,!07-]!'&4)Z6#,#.9!



 
 
!

"]!

!

8"8"+" J.34(/-3&(5-*7'>3%-'*C:'*C:'.4%67-567K-4*

/1.!1$*'&O+!B1'13$+$31'$1!f12!7.%h'*!B1fg31'!f+!&-!$7!f+.1'1! *+2!.1*!131$*2+31!
(i2!$1(2+3!)*!%)-*-2i!.1!hf'1!3'g$-1'!%&'!%&'7.-+312+301.1$!)%!1$!*+.--1'+1E!(12. 
N. Navet. et al.);1$! $1.'1! 1$*'&O+3'g$-1! 1'! O1'! .1%+$+*+&$! $\8! .1$$1! 1$*'&O+!
*+2-*)$.!C)$!*&2C1-!-&(!%72.-*g$.+3!&'.1$:!0f+2C1*!+!*+2%g2.1*!0f&'!f+!%&'-h31'!)*!
%&'7.-+31! 1$! B'731'-! O&-+*+&$! B1*A.1'! %72.! %&'7.-+312+301.E! #! .1$! )$.1$! 1$.1!
*&OO1-!-C)2)1$!)%!

! 

S = Srand = log2(N) !.1'!B1-C'+f1'!*+2%g2.1*!$i'!1$!B'731'-!B)$1!
1'! %72.-*g$.+3! *+2%g2.+3!(1221(!a! 2&C)*+&$1'E! #!.1**1! *+2%g2.1!1'!.1$!()C-+()21!
%&'7.-+312-1-O'g,+-+&$!Oi!#`aE!;1*!1'!(1221(!.+--1!*&!1C-*'1(1'!2)$3*!.1!%21-*1!
4-)$.-A$2+3f+-! )2215! B'731'1! -C)2! %+$.1-! 0f+2C1*! +$.+C1'1'! )*! .1! B10)$.21.1!
B1fg312-1-(h$-*'1! +$.10&2.1'! 121(1$*1'! )%! *+2%g2.+301.:! (1$! &3-i!
'1312(g--+301.! .1'! C)$! 7.$A**1-! *+2! )*! %&'7.-+31! 1$! B'731'-! O&-+*+&$E! #! .1*!
%h231$.1! f+2! j13! O'g-1$*1'1! 1$! (1*&.1! *+2! )*! Cf)$*+%+,1'1! 3'g$-1'$1! %&'!
%&'7.-+312+301.1$!)%!1$!B'731'-!B1fg312-1-(h$-*1':!Oi!B)33'7$.!)%!1$*'&O+1$!+!
.1**1!(h$-*1'E!/1*&.1$!-*)((1'!%')!(3. Chaoming Song. et al.)!&3!1'!B)-1'1*!Oi!
I)$&l-!72+301.!(12. N. Navet. et al.)(14. Fano)E!/1*&.1$!3+f1'!1*!(i2:!

! 

"Max :!%&'!.1$!
hf'1!3'g$-1!%&'!%&'7.-+312+301.1$!)%!1$!B'731'-!O&-+*+&$!Oi!B)33'7$.!)%!.1$$1-!
0+-*&'+-C1! B1fg312-1-(h$-*1'! 3+f1*! 1$! )23&'+*(1! .1'! &O*+()2*! C)$! 7.$A**1!
+$%&'()*+&$!+!.1**1!(h$-*1'E!

! 

"Max (S,N) !1'!3+f1*!f1.!2h-$+$31$!Oi!2+3$+$31$!
!
AYZ(.'0&!8H!

! ! !

! 

S = " #Max log2(#
Max ) + (1"#Max )log2(1"#

Max )[ ] + (1"#Max )log2(N "1)!
!
0f&'!$!1'!1$*'&O+1$!+!B'731'1$-!0+-*&'+-C1!B1fg312-1-(h$-*1'!&3!a!1'!)$*)221*!)%!
7$+CC1! ),,1--O&+$*-! B1-h3*! )%! .1$$1! B'731'E! Mv7)*+&$! 9K! C)$! +CC1! 2h-1-!
)$)2A*+-C:!0f&'%&'!.1*!1'!$h.f1$.+3*!$7(1'+-C!)*!7.'13$1!fg'.+1'$1!)%!

! 

"Max !%&'!
0f1'! )%! .1! *'1! 1$*'&O+(i2!$,(.EZ$2.&+ %/+ $"+;)! .1! $7(1'+-C1! 7.'13$+$31'$1!

! 

"Max !
+CC1!B2&*!-C)2!7.'13$1-!1$!1$C12*!3)$3!%&'!0f1'!B'731'!&3!0f1'!1$*'&O+! *AO1!&3!
+CC1! 31$*)31$.1! 3)$31! +! .1$! 1$.12+31! O'g.+C*+&$-(1*&.1! f)23*1! j13! -12f! )*!
+(O21(1$*1'1! 1$! $7(1'+-C! 2h-$+$3-! )23&'+*(1! B)-1'1*! Oi! M721'! (1*&.1$(1. 
Ascher. et al. & Petzold)! E!\%!I+37'1!98!&3!I+37'1!9G!%'1(3i'!.1*!)*!.1*!(1.!.1$!
'1**1! )23&'+*(1! f+2! fg'1! (72+3*! C&''1C*! ! %&'7.-+31! 1$! ;X^! B'731'-! O&-+*+&$! +!
31$$1(-$+*2+3*!>Ht!)%!*+.1$!$i'!.1$$1!B1%+$.1'!-+3!Oi!,)(O7-E!_f+-!%66+&(:B23+
(1.*)31-!B2+f1'!.1**1!*)2!+!.1$!0hj1!1$.1!)%!0)2f%1(-1'$1E!;1*!B1*A.1'!+CC1!)*!.1*!
B2+f1'! $1((1'1! )*! %&'7.-+31! 1$! B'731'-! O&-+*+&$! Oi! ,)(O7-! 0f+-! %66+ &(:B23!
'13+-*'1'+$31'! (1.*)31-! (1.! B2&*! .1$! -)(21.1! -)$.-A$2+301.! %&'! C&''1C*! )*!
%&'7.-+31! 1$!B'731'-!O&-+*+&$!B2+f1'!0hj1'1! +! C')%*! )%! )*! 1$!B'731'!(1.!$g-*1$!
9??t!$hj)3*+301.!C)$!%&'7.-+31-!)*!fg'1!%66+&(:B23!+!)%*1$=!&3!$)**1*+(1'$1E!



 
 
!

8?!

!
P'7Z,#!8D[!2#.!-#-!./6#)'7.!(.!6#,!#,!-.0,!10,-4#)!_]!6#&!3(4-'3()#!10,Z6-'7#)'7%#6!(1%X&7'7!(1!03!
#&! a,Z7#,! a#+X7#)-#-3`&-.#,! a#.,(7.#-! -03! .')1X)6'7#! a#+X7#)-#! 3#))#3! #.! (&.()! ($$#--_0'&.-!
\a)]^c! 03! -_(.'()#! ,#7#)3X--'7%#6#,! .(7#-! 3#6! \7,`&^! #))#,! a]6#! -_(.'()#! 07! .#3_0,()#!
,#7#)3X--'7%#6#,!'&4)Z6#,#-!\7Z)^9!

!

!

!
P'7Z,#! 8I[! :1! _)0..#.! 4(&! +'! -#! (.! 10,Z6-'7#)'7%#6#&! (1! a,Z7#,&#c! a#,#7&#.! Z6! 1,(! 6#&! .#3_0,().!
Z40,,#)#,#6#!#&.,0_'!07!6#&!1(4.'-4#!#&.,0_'c!-.'7#,!a#.,(7.#)'7.!&],!!""#$%&'()!,#7'-.,#,'&7#,!.(7#-!
3#6! '! a#,#7&'&7#,&#9! 57#&! -#,! +'! (.! '&4)Z6#,'&7#&! (1! !""# $%&'()! ,#7'-.,#,'&7#,! '44#! %(,! &07#&!
a#3X,4#)-#-+X,6'7! #11#4.! _]! 6#&! .')1X)6'7#! #&.,0_'! 07! 6#,10,! %#))#,! '44#! _]! !B(g! a#,#7&#.! _]!
a(77,Z&6!%#,(19!



 
 
!

89!

D" R'>46;&6:3%*/:4-55-'*RLL*:7*
R@LL*&65F(%%-&*V9N*

#!.1**1!)%-$+*!B1-C'+f1-!0f&'.)$!DU//!-&(!B1-C'1f1*!+!)%-$+**1*+I'+1$.-0+O!)$.!
/&B+2+*AN!^-1'!/&f1(1$*! #$!@&,)*+&$=6)-1.!U&,+)2!W1*Q&'C-:!g$.'1-:! *+2O)--1-!
&3!&O*+(1'1-! *+2! )*!C7$$1!(&.1221'1!;X^=.)*)-g**1*E!\%-$+**1*! +$.10&2.1'!Bi.1!
*1&'1*+-C!&3!O')C*+-C!B1-C'+f12-1!)%!.1$!+(O21(1$*1'1.1!f1'-+&$!)%!DU//:!-)(*!
1f)271'+$3! )%! (&.1221$-! O1'%&'()$,1! +! O')C-+-E! \%-$+**1*! 1'! BA331*! &O! Oi!
%h231$.1! (i.1! %h'-*! O'g-1$*1'1-! .1$! '1$*! O1'+&.+-C1! (&.12! D//:! .1'$g-*!
%h231'! 1$! O'g-1$*)*+&$! &3! .+-C7--+&$! )%! 0f&'.)$! .1$! -&,+)21! C&(O&$1$*!
C&$-*'71'1-!&3! *+2%hj1-! *+2!D//!%&'!)*!.)$$1!.1$!-)(21.1!D1'+&.+-C1!&3!-&,+)21!
(&B+2+*1*-! (&.12E! _1'1%*1'! %h231'! 1$! B1-C'+f12-1! )%! O)')(1*1'! &O*+(1'+$3! %&'!
DU//!&3!1$.12+3!%h231!'1$!1f)271'+$3!)%!(&.1221$-!O1'%&'()$,1!+!O')C-+-E!
!

D"!" V-3*F-'6:46%;-*/:$656&-&%*/:4-5*SRLLT*
;1$! O1'+&.+-C1! (&B+2+*1*-! (&.12! 1'! -&(! $gf$*! +! )%-$+**1*+ I'+1$.-0+O! )$.!
/&B+2+*AN! ^-1'!/&f1(1$*! #$! @&,)*+&$=6)-1.! U&,+)2! W1*Q&'C-Z! 1$!(1*&.1! *+2! )*!
C&$-*'71'1! -)$.-A$2+301.-%&'.12+$31$!

! 

P[xu(t) = x] ! .1'! *+2! *+.1$! -Z+ 3+f1'!
-)$.-A$2+301.1$!%&'!)*!%+$.1!B'731'!2!Oi!1$!3+f1$!O&-+*+&$!c"!/&.1221$!1'!B)-1'1*!
Oi!a! -*)*1-!4-*)*1-!f+2!01'1%*1'!&3-i!B2+f1!&(*)2*!-&(!2&C)*+&$1'5!.1'!0f1'! +-g'!
0)'!1$!O&-+*+&$!&3!7.-*'gC$+$3! +! *+.!&3!'7(E!MC-1(O12f+-!C7$$1!1$!-*)*1!fg'1!
&('i.1*! &(C'+$3! C)$*+$1$! Oi!;X^!(1.!(+.*1$! )%! -O+-1-)21$! -&(! -+$! -O)*+)21!
O&-+*+&$:! (1$-! .1*! *1(O&')21! 7.*'gC$+$3! C7$$1! fg'1! "! *+(1'! &(C'+$3! .1$!
*1(O&')21!O&-+*+&$!C2E!9"!4(1'1!&(!.1%+$+*+&$!&3!C&$-*'7C*+&$!)%!-*)*1-!-1$1'15E!
/&.1221$! B1-*i'! -i21.1-! )%! 1$! -O)*+)2! &3! 1$! *1(O&')2! C&(O&$1$*:! 0f&'! .1$!
*1(O&')21! C&(O&$1$*! B1-*1((1'! .1$! -O)*+)21! -)((1$-g*$+$3! )%! -*)*1-! *+2! 1*!
3+f1$*!*+.-O7$C*E!U)$.-A$2+301.-%&'.12+$31$

! 

P[xu(t) = x] !1'!3+f1*!f1.:!!!
!
AYZ(.'0&!8Q!

! 

P[xu(t) = x] = P[xu(t) = x | cu(t) = Lii=1

N
" ]# P[cu(t) = Li] !

!
0f&'!

! 

c(t) !1'!B+.')31*!%')!-*)*1!V'!*+2!*+.1$!-+&3!a!1'!)$*)221*!)%!-*)*1-E!Mv7)*+&$!9L!
1'!1$!(&.+%+C)*+&$!Mv7)*+&$!K!31$1')2+-1'1*!%')!"!*+2!a+-*)*1-E!
!

D"!"!" 965F(%3637*:7*:F&6/-'637*(C*RLL*6*C:'K:54*&65*:F'634-567*C:'/*

;)! j13! h$-C1'! -i! .1*)2j1'1*! (&.1221'+$3! )%! 1$! B'731'-! B1fg312-1-(h$-*1'! Oi!
,)(O7-! -&(! (72+3*! 0)'! j13! f)23*! )*! 31$1')2+-1'1! %')! .1! &O'+$.12+31! "! *+2! 1*!
f+2Ci'2+3*! )$*)2!(&.1221'1.1! -*)*1-E!^.&f1'! h$-C1*! &(!h31*! .1*)2j13').! -CA2.1-!
31$1')2+-1'+$31$!)*!.1*!+CC1!7(+..12B)'*!1'!(72+3*!)*!)'37(1$*1'1!%&'!1*!B1-*1(*!
)$*)2! -*)*1-! .1'! f+2! fg'1! $)*7'2+3*! )*! (&.1221'1! ;X^=O&O72)*+&$1$! &f1'E! #!



 
 
!

8"!

)%-$+**1*!X'g$+$3!)%!(&.12!c!MJO1,*)*+&$!/)J+(+o)*+&$!%+$.1-!1$!B1'-C'+f12-1!)%!
0f&'.)$!)$*)221*!)%!(&.1221'1.1!-*)*1-!B1-*1((1-!%&'!.1$!1$C12*1!B'731'E!!
!
#!C')%*!)%!.1$!731$*2+31!O1'+&.+,+*1*!.1'!+$*7+*+f*!%+$.1-!0&-!.1!%21-*1!(1$$1-C1'!
.1'!0)'!%)-*!)'B1j.1!1221'! %h231'!1*! %72.*+.--*7.+1!4-1!I+37'1!8H5!&3!%&'!.1$!-)3-!
-CA2.! .1! %21-*1! )$.'1! (1$$1-C1':! 0)'! j13! .1-7.1$! f)23*! )*! C&$-*'71'1! 1$!
*1(O&')2!(&.12!.1'!(&.1221'1!1$!%72.!731!%'1(!%&'!.1*!1$1!.h3$!.1'!f)'!*+2%g2.1*!
+!.1$!&O'+$.12+31!(&.12E!!
!

D"!"+" 9-/F:'(5*;:/F:3-3&*(C*RLL*

*+2!*+.1$!*!B1%+$.1'!1$!B'731'!-+3!+!-*)*1!V'+(1.!-)$.-A$2+301.1$!

! 

P[cu(t) = Li]!.1$!
*1(O&')21!%&'.12+$3!

! 

P[cu(t)] !.1'!B1-C'+f1'!.1$!*+.-)%0g$3+31!-)$.-A$2+301.!%&'!
)*!B1%+$.1!-+3!+!0f1'!)%!.1!.1%+$1'1.1!-*)*1-!1'!3+f1*!f1.!!!
!
AYZ(.'0&!8L!

! 

P[cu(t) = Lx ] =
NLx

(t)

NLi
(t)

i=1

N
"

!

!
0f&'!

! 

NLx
(t) !1'!3+f1*!f1.!

!
AYZ(.'0&!8R!

! 

NLx
(t) =

DLxi
PLx

2"
#Lx i

v

$ 

% 
& 

' 

( 
) 

2
exp *

"
12
$ 

% 
& 

' 

( 
) 
2 (t *+Lx i)

2

2
#Lx i

v

$ 

% 
& 

' 

( 
) 

2

, 

- 

. 

. 

. 

. 

. 

/ 

0 

1 
1 
1 
1 
1 

i=1

7

2 !

!
-&(! .1*! %'1(3i'! )%! &f1$-*i1$.1! .1%+$+*+&$! )%!

! 

NLx
(t) ! 1'! .1$$1! 3+f1*! f1.! 1$!

-)((1$-)*! %7$C*+&$!)%!L!7$+CC1!3)7--%&'.12+$31':! 1$! %&'!0f1'!)%!731$-!L!.)31E!
_f1'! .)32+3! 3)7--%&'.12+$3! )%0g$31'! )%! *'1! O)')(1*'1! .1'! 1'! 7$+CC1! %&'! .1$!
)C*71221! 731.)3:! $1(2+3! !

! 

"Lx :!

! 

"Lx
! &3!

! 

DLxi
! :! -)(*! *&! O)')(1*'1!

! 

PLx ! &3! =! .1'! 1'!
7)%0g$3+3! )%! 731.)31$E!

! 

"Lx 1'! .1*! 31$$1(-$+*2+31! *+.-O7$C*! Oi! .)31$! 0f&'!
B'731'! 2! B1%+$.1'! -+3! +! ! -*)*1!

! 

Li :! (1$-! !

! 

"Lx
1'! .1$! *+20h'1$.1! -O'1.$+$3E! #!

7.'13$+$31'! )%! *1(O&')2*! 31$$1(-$+*! &3! -O'1.$+$3! B1*')3*1-! 0f1'! .)3! -&(!
,AC2+-C:! 0f+2C1*! B1*A.1'! )*! .1'! (1221(! C2E! "8EH]! &3! ??E?9! C7$! 1'! *&! (+$7**1'-!
*+.-%&'-C12E!T1$$1(-$+*!&3!-O'1.$+$3!B2+f1'!-i21.1-!7.'13$1*!-&(!f)'!,01,C=+$!
*+.1'$1!f+$C21'!+!1$!1$01.-!,+'C12E!;1$$1!B10)$.2+$3!1'!$h.f1$.+3!%&'!)*!C7$$1!
0i$.*1'1!31$$1(-$+*!.1'!2+331'!+!$g'01.1$!)%!-C+%*1*!(1221(!*&!.)31!4C2E!"GE??5E!
MC-1(O12f+-! f+2! 1$! +CC1=,AC2+-C! B10)$.2+$3! )%! 1$! B'731'! (1.! '1312(g--+31!
,01,C=+$-! Oi! 1$! 3+f1$! 2&C)*+&$!(1221(! C2E! "?E??! &3! ?KE??! 41*! *+.-'7(! 0f&'! .1!
%21-*1!f+2!B1%+$.1!-+3!+!.1'1-!0j1(5!f1.!)2(+$.12+3!7.'13$+$3!3+f1!1*!31$$1(-$+*!
&(C'+$3! C2E! 98E??:! 0f+2C1*! *A.12+3f+-! +CC1! -*1((1'! &f1'1$-!(1.! .1*! &O%)**1.1!
31$$1(-$+*-*+.-O7$C*!%&'!&O0&2.!+!0j1((1*E!R1.!)*!B1*')3*1!.)31$!-&(!,AC2+-C!



 
 
!

88!

&3! 7.'13$1! 31$$1(-$+*! +! &f1'1$--*1((12-1! 01'(1.! B2+f1'! 31$$1(-$+**1*! +!
-*1.1*!C2E!?9E??:!0f+2C1*!O)--1'!B1.'1!(1.!f&'1-! +$*7+*+&$E!

! 

DLxi
!1'!1$!O)')(1*1'!

.1'! B'731-! *+2! )*! fg3*1! .1$! 1$C12*1! .)3! +! %&'0&2.! *+2! )$*)221*! )%! ,01,C=+$-! Oi!
2&C)*+&$

! 

Lx ! .1'! %)2.1'! Oi! $1*&O! .1$$1! 731.)3! +! %&'0&2.! *+2! .1*! -)(21.1! )$*)2!
,01,C=+$-!Oi

! 

Lx E!

! 

PLx 1'!1$!fg3*$+$3!)%!.1$!1$C12*1!2&C)*+&$1$!Vc:!3+f1*!f1.!)$*)221*!
,01,C=+$-! *+2! .1$$1! 2&C)*+&$! +! %&'0&2.! *+2! .1*! -)(21.1! )$*)2! ,01,C=+$-! Oi! )221!
2&C)*+&$1'E! M$.12+3! 1'! .1'! O)')(1*1'! =! -&(! 1'! 1$! C&$-*)$*! *+2! j7-*1'+$3!
%&'.12+$31$-!-O'1.$+$3!1%*1'!-C+%*1*!*+2!.1$!"G!*+(1'-!,AC2+-C1!O1'+&.1E!
!
Mv7)*+&$! 9>! &3! Mv7)*+&$! 9]! 1'! B)-1'1*! Oi! Mv7)*+&$! LE! Mv7)*+&$! 9>! 1'!
31$1')2+-1'1*! %')! "! *+2!a+ -*)*1-:! (1$-! Mv7)*+&$! 9]! 1'! (&.+%+,1'1*! %')! )*! +! .1$!
&O'+$.12+31!%&'(!4Mv7)*+&$!L5!C7$!)*!(&.1221'1!1$!B'731'-!*1(O&')21!%&'.12+$3!
&f1'!1*!1$C12*!.h3$!*+2!)*!(&.1221'1!1$!731E!
!
;)!.1*!B1$A**1.1!.)*)-g*!+CC1!+$.10&2.1'!+$%&'()*+&$!&(!B'731'$1-!B1fg312-1'!
7.1$!%&'!;X^l-!,)(O7-!0)'!.1*!-&(!*+.2+31'1!$gf$*!fg'1*!$h.f1$.+3*!)*!+$.%h'1!
1$!l%66+&(:B23f12&C)*+&$!0f&'!B'731'1$!)$*)31-!)*!fg'1!O&-+*+&$1'1*!$i'!1$!0f+-!
*g'-C12!1'!&f1'-C'1.1*!%&'!*+.1$!-+.1$!-+.-*1!,01,C=+$E!;1$$1!2&C)*+&$!0)'!+!C')%*!
)%! .1$! ()$321$.1! +$%&'()*+&$! +$31$! 31&3')%+-C! O&-+*+&$:! (1$! %7$31'1'!
7.127CC1$.1!-&(!1$!*1(O&')2!-*)*1E!;1!C7$-*+3*!31$1'1'1.1!l%66+&(:B23l!,01,C=
+$-!1'!()'C1'1*!(1.!2+22)!Oi!I+37'1!9HE!
!

!
!
!

D"!"1" WCC*)(/F.%*5:;(&6:3-3*

;)! ;X^=.)*)-g**1*! C7$! +$.10&2.1'! &B-1'f)*+&$1'! )%! ;X^=B'731'$1! $i'! .+--1!
B1%+$.1'!-+3!Oi!,)(O7-!1'!.1*!$h.f1$.+3*!)*! *)31!-*+22+$3!*+2!B10)$.2+$31$!)%!.1!
2g$31'1f)'1$.1! *+.-'7(! (1221(! &B-1'f)*+&$1'! .1'! &O-*i'! +! B2E)E! )%*1$=! &3!
$)**1*+(1'$1!$i'!B'731'$1!+CC1!B1%+$.1'!-+3!Oi!,)(O7-E!n13!0)'!-i21.1-!f)23*!)*!
.1%+$1'1! 1$! -*)*1! C)2.1*! %66+ &(:B23:! 0f&'+! B'731'1$! %&'1-*+221-! +$.10&2.*! $i'!

! !
P'7Z,#!8?[!"')!+#&-.,#!-#-!6#&!.#3_0,()#!403_0&#&.!(1!#&!a,Z7#,-!$%#$4W'&-!-03!6#!
10,6#)#,!-'7!0+#,!Z7#&-!8HL!.'3#,9!U#,!#,!6#!10,6#).!.')1X)6'7.!3#))#3!.,#!)04(.'0&#,!(&7'+#.!
3#6!,`6c!7Z)!07!./,4'-9!2#&!-_#$'#))#!011!$(3_Z-!)04(.'0&!#,!(&7'+#.!3#6!)'))(9!M]!_)0..#.!.')!
%`b,#!-#-!%+0,6(&!AYZ(.'0&!8L!.,(&-10,3#,#,!6#&!.#3_0,()#!6(.(!.')!6#&!.'6-(1%X&7'7#!
-(&6-/&)'7%#6-!10,6#)'&7!6#,!7'+#,!-(&6-/&)'7%#6#&!10,!(.!a#1'&6#!-'7!_]!#&!7'+#&!)04(.'0&!
.')!.'6#&!*+#



 
 
!

8G!

.1$$1! +CC1! C)$! &B-1'f1'1-! Oi! ,)(O7-E! ;)! .1'! +CC1! %+$.1-! $&31$! *+23g$312+3!
+$%&'()*+&$! &(! B'731'$1-! O'+f)*! ).'1--1':! 1'! .1'! +CC1! $&31*! 3'7$.2)3! %&'! )*!
.1%+$1'1! .1$$1! %66+ &(:B23+ -*)*1! +! '7((1*E! ;1'%&'! 0)'! j13! f)23*! )*! B1*')3*1! %66+
&(:B23+ -&(! 1$! 7.127CC1$.1! *1(O&')2! 2&C)*+&$! 7.1$! 0f1'C1$! O&-+*+&$! 1221'!
7.*'gC$+$3!+!'7((1*E!_1'(1.!7$.3i-!.1*!)*!%66+&(:B23!2&C)*+&$1$!Oif+'C1'!.1$!
-O)*+)21!%.+&(:B23=-)$.-A$2+301.-%&'.12+$3E!!
!
Q66+ &(:B23! 2&C)*+&$1$! 1'! f+3*+3*! 121(1$*! +! .1$! *1(O&')21!
-)$.-A$2+301.-%&'.12+$3!&3!1'!)%3h'1$.1!%&'!0f&'$i'!D//!&3!DU//!B1-*1((1'!
1$!B'731'-!O&-+*+&$!-&(!fg'1$.1!&$!1221'!&%%!,)(O7-E!;)!%66+&(:B23!2&C)*+&$1$!
-C)2! +$.3i! +! 1*! .)*)-g*! .1'! B1-*i'! )%! .+-C'1*1! &B-1'f)*+&$1'! )%! 1$! B'731'-!
O&-+*+&$! +! *+.! &3! '7(! 1'! .1*! $h.f1$.+3*! )*! 1%*1'2+3$1! ! .1$$1! -*'7C*7'! +! .1!
-+(721'1.1!%66+&(:B23!&B-1'f)*+&$1'E!#!O')C-+-!B2+f1'!1$!B'731'!-i21.1-!B1*')3*1*!
-&(!fg'1$.1!%66+&(:B23!0f+-!.1$$1!+!(1'1!]?!(+$7**1'!+CC1!1'!B21f1*!&B-1'f1'1*!
Oi!,)(O7-E!_1'1%*1'!'13+-*'1'1-!1$!$A!%66+&(:B23+&B-1'f)*+&$!0f1'*!]?E!(+$7*! +!
.1$!)2(+$.12+31! -*7.+1=!&3! )'B1j.-*+.!(1221(!C2E! >E??!&3!C2E! "?E??E! &3!0f1'*!8?!
(+$7*! 7.1$%&'! .1$$1! O1'+&.1E! ;1$$1! -C12$1$! (1221(! )2(+$.12+3! -*7.+1=! &3!
)'B1j.-*+.!1'!+$.%h'*!%&'!)*!$1.*&$1!1%%1C*1$!)%!-+*7)*+&$1'!0f&'!1$!B'731'!)%!.1$!
1$1!1221'!)$.1$!3'7$.!B1%+$.1'!-+3!Oi!,)(O7-:!(1$!+CC1!0)'!1*!)C*+f*!a+I+!.1f+,1!
+!$g'01.1$E!
!

D"!"8" @F(&6(5*;:/F:3-3&*(C*RLL*

;1$! *+.-7)%0g$3+31! '7((12+31! C&(O&$1$*! )%! D//! (&.1221'1-! f1.! 1$! "=
.+(1$-+&$12! T)7--%&'.12+$3! .)! .1**1! 1'! 1$! )2(+$.12+3! B'73*! (1*&.1! *+2! )*!
(&.1221'1! (1$$1-C12+3! B1fg312-1! &(C'+$3! 1*! O7$C*! +! '7((1*! (30. D. 
Brockmann. et al.)(31. M. C. Gonzalez et al.):!!
!
AYZ(.'0&!@T!(17. Weisstein)!

! 

P[xu(t) = xi | cu(t)] =
1

2"# x1# x2 1$ %
2
exp $

z
2(1$ %)

& 

' 
( 

) 

* 
+ !

0f&'!

! 

z =
(xi1 " µLx1

)2

#Lx1
2 "

2$Lx (xi1 " µLx1
)(xi2 " µLx 2

)
#Lx1

# Lx 2

+
(xLx 2 " µLx 2

)2

# Lx 2
2 !

&3!
!

! 

" =
cov(XLx1

,XLx 2
)
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#Lx 2

!

!
!
-*)'*1$.1! %')! B7$.1$! 0)'! f+!

! 

XLx1
! &3!

! 

XLx 2
! .1'! '1O'g-1$*1'1! %h'-*1! &3! )$.1$!

C&&'.+$)*1'$1! Oi! )221! ,01,C=+$-! %')! B'731'! 2! Oi! 2&C)*+&$

! 

Lx E!

! 

"Lx1
! &3!

! 

"Lx 2
! 1'!

-O'1.$+$31$!)%!.+--1!,01,C=+$-! %h'-*1!&3!)$.1$!C&&'.+$)*:!(1$-!

! 

µLx1
!&3!

! 

µLx 2
!1'!

.1!C&''1-O&$.1'1$.1!(+..12fg'.+1'E!!
!



 
 
!

8H!

Di! I+37'1! 9K! -1-! 1*! 1C-1(O12! Oi! .1$! '1-72*1'1$.1! -O)*+)21!
-)$.-A$2+301.-%&'.12+$3!*+2!1*!3+f1$*!*+.-O7$C*!-Z!-)(*!.1$!*+20h'1$.1!*1(O&')21!
%&'.12+$3E!
!
!
!

!
P'7Z,#! 8H[! "')! +#&-.,#! -#-! #.! $0&.0Z,_)0.! (1! -(&6-/&)'7%#6-10,6#)'&7#&! 10,! #&! a,Z7#,-! _0-'.'0&! _]!
$(3_Z-! .0,-6(7! )'7#! 034,'&7! 1,040-.9! U+'-! +'! -(33#&)'7&#,! 3#6! 6#&! .#3_0,()#!
-(&6-/&)'7%#6-10,6#)'&7! 1,#37],!6#.!(.!6#&!-_(.'()#!-(&6-/&)'7%#6-10,6#)'&7-!./&76#_Z&4.!#,!+#6!
(.! 1)/..#! -'7! 1,(! )04(.'0&! @! \7Z)^! .')! )04(.'0&! D! \./,4'-^9! :1! $0&.0Z,_)0..#.! \+#&-.,#^! 4(&! 6#.! -#-!
%+0,6(&! 6#&! -_(.'()#! -(&6-/&)'7%#6-10,6#)'&7! .')! 6#.! 7'+&#! .'6-_Z&4.! #,! -(33#&-(.! (1! .0! @W
6'3#&-'0&#))#!7(Z--W10,6#)'&7#,!#&!$#&.,#,#.!'!)04(.'0&!@d-!$#&.,0'6#!\7Z).!4,/6-^!07!#&!$#&.,#,#.!'!
)04(.'0&!Dd-!$#&.,0'6!\./,4'-!4,/6-^!'!0+#,#&--.#33#)-#!3#6!6#&!.#3_0,()#!10,6#)'&7!\%`b,#^9!!

!

D"+" @:)6(5*/:4-5*
U&(!$gf$*!+!)%-$+**1*!D1'+&.+-C!(&B+2+*1*-!(&.12!4D//5!7.$A**1'!.1$!D1'+&.+-C1!
(&B+2+*1*-!(&.12!D//!.1!-O)*+)21!&3!*1(O&')21!'7*+$1'!.1'!%+$.1-!+!-*&'*!-1*!)221!
(1$$1-C1'-! 0f1'.)3-B1fg312-1-(h$-*'1E! \*! B)-1'1! 1$!(&.12! Oi! .+--1! '7*+$1'!
3+f1'! Oi! -)((1! *+.! 1*! (131*! -*g'C*! 3'7$.2)3! %&'! %&'7.-+312-1! )%! 1$! B'731'-!
'7*+$1=B1fg312-1'! &3! 1*! (131*! '+$31! 3'7$.2)3! %&'! )*! %&'7.-+31! }+CC1='7*+$1}=
B1fg312-1'E!#!1*!%&'-h3!Oi!)*!3h'1!(&.1221$!(1'1!'&B7-*!&f1'%&'!B1fg312-1'!.1'!
%)2.1'!7.1$!%&'!.1!)2(+$.12+31!'7*+$1'!f1$.1'!f+!B2+CC1*!(&.!)$.'1!'7*+$1'!.1$$1!
3)$3!+CC1!+!*+.!&3!'7(!(1$!-$)'1'1!+!.1$!-&,+)21!.+(1$-+&$E!I&'!2+31!-i!f12!-&(!
.1! %21-*1! (1$$1-C1'! 0)'! 1$! *1$.1$-! *+2! )*! B1-h31! .1! -)((1! 31&3')%+-C1!
2&C)*+&$1'!-)((1!*+.!Oi!.)31$!1221'!731$!0)'!f+!)2(+$.12+3f+-!&3-i!1$!*1$.1$-!*+2!
)*!&O0&2.1!&3!B1fg31!&-!(1.!1$!B13'g$-1*!3'7OO1!)%! -&,+)21! '12)*+&$1'E!_f).!
1$*1$!.+--1!1'!f1$$1':!%)(+2+1!1221'!C&2213)1'!C)$!f+!B'731!.+--1!-)((1$%)2.!*+2!)*!
%&'7.-+31! B'731'1$-! B1fg312-1'! 7.! %')! .1! -&,+)21! '12)*+&$1'-l! B1fg312-1E!
#$..')312-1$!)%!-&,+)21!'12)*+&$1'!+!(&.1221$!%&'7.-g**1'!*'1!C'+*1'+1'!1'!&O%A2.*!
%&'!)*!C7$$1!!)$f1$.1-!-7,,1-%72.*!+!(&.1221$!
!



 
 
!

8K!

! <9E!! #$%&'()*+&$!&(!.1*!-&,+)21!$1*fg'C!1$!B'731'!+$.3i'!+!
! <"E!! #$%&'()*+&$!&(!.1!-&,+)21!'12)*+&$1'-!O&-+*+&$!+!*+.!&3!'7(!+!!
! ! O1'+&.1$!0f&'!B'731'1$-!B1fg312-1'!-C)2!%&'7.-+31-!!

! <8E! 6'731'$1:!(&.1221$!)'B1j.1'!(1.:!!-C)2!%&'1*)31!1$!)$-12+3!.12!)%!
! ! .1'1-!}+CC1='7*+$1}!B1fg312-1'!-)((1$!(1.!.1'1-!-&,+)21!!
! ! '12)*+&$1'!

!
#$%&'()*+&$!&(!.1*! -&,+)21!$1*fg'C!&3!.1'(1.!&O%A2.12-1$!)%! C'+*1'+7(!9!C)$!
&O%A2.1-!Oi!*&!(i.1'!1$*1$!1JO2+,+*!0f&'!B'731'1$!-12f!')OO&'*1'1'!-+$1!-&,+)21!
'12)*+&$1'! -&(! .1*! C1$.1-! %')! &$2+$1! -&,+)21mO'&%1-+&$1221! $1*fg'C! -&(!
I),1B&&C:!T&&321F:!@+$C1.#$:!(E%2E!M221'!+(O2+,+*!%')!.1$!*+23g$312+31!+$%&'()*+&$!
&3! -*'7C*7'! +! .1*! B10)$.21.1! .)*)E! #! ;X^! *+2%g2.1*! %+$.1-! .1'! +$31$! 1JO2+,+*!
+$%&'()*+&$!&(!-&,+)21!'12)*+&$1'!0f&'%&'!1*!+(O2+,+*!)OO'&),0!1'!f)23*E!/1$-!1$!
+(O2+,+*!31$1'1'+$3!)%!.1*!-&,+)21!$1*fg'C!B)-1'1*!Oi!-O)*+&*1(O&')21!.)*)!C)$!
0)f1!-fg'*!f1.!)*!+.1$*+%+,1'1!'12)*+&$1'!.1'!O'+(g'*!.A'C1-!7.1$!%&'!;X^!1221'!
&O'1*0&2.1-! 31$$1(! .+-*)$,1! C&((7$+C)*+&$! -i! 0)'! .1*! .1$! %&'.12! )*! -&,+)21!
'12)*+&$1'! B2+f1'! +.1$*+%+,1'1*! (1.! %&'(i21*! )*! B+.')31! *+2! B1-*1((12-1$! )%! 1$!
B'731'-! O&-+*+&$! %&'! hj1E! ;1**1! %j1'$1'! B10&f1*! %&'! 7.fg231! .1!(1-*! '121f)$*1!
-&,+)21!'12)*+&$1'!-)((1$!(1.!B10&f1*!%&'!)*!-C12$1!(1221(!%&'-C122+31!%&'(1'!
%&'!-&,+)21!'12)*+&$1'!-&(!%E1C-E!f1$$1'!&3!C&2213)1'E!!
!
_f+-!()$!%&'1-*+221'!-+3!)*!.1$!)$f1$.*1!O1'+&.+-C1!&3!-&,+)21!(&B+2+*1*-!(&.12!
4DU//5!-C)2!)$f1$.1-! *+2! )*! %&'7.-+31!B'731'!B1fg312-1! %'1(! +! *+.1$!f+2!.1'!)%!
3&.1! 3'7$.1! +CC1! fg'1! -O)*+&*1(O&')2! +$%&'()*+&$! *+23g$312+3! %&'!
%&'7.-+312-1-O1'+&.1$E! /)$! C7$$1! %&'1-*+221! -+3! 1*! )OO'&),0! 0f&'! .1! -&,+)21!
'12)*+&$1'-!O&-+*+&$!2+3121.1-!B21f!1-*+(1'1*!%'1(!+!*+.1$:!(1$!+!C')%*!)%!)*!.1$$1!
1-*+(1'+$3! $h.f1$.+3f+-! f+221! fg'1! 31$1'1'1*! (1.! D//! (&.12! f+2! )221! }+CC1=
'7*+$1}! B1fg312-1'! %&'-f+$.1! %')! (&.1221$! &3! .1'(1.! 0121! +.11$! (1.! )*!
+$*'&.7,1'1! .1$! -&,+)21! .+(1$-+&$E! _f+-! ()$! .1'+(&.! h$-C1'! )*! (&.1221$!
B'731-!*+2!)*!B1-*1((1!1$!B'731'-!O&-+*+&$!+!'1)2!*+(1!0f&'!.1$$1-!O&-+*+&$!+CC1!
1'! C1$.*:! 1$*1$! OE3E)E! ()$312! Oi! )C*+f*! a+I+! .1f+,1! 1221'! ()$321$.1! a+I+=
.gC$+$3! C)$! .1**1! 2).1! -+3! 3h'1! +! &3! (1.! .1! -&,+)21! '12)*+&$1'-! O&-+*+&$! 1'!
C1$.*1! &O! *+2! B1-*1((12-1-*+.-O7$C*1*E! #! .1*! O'g-1$*1'1.1! *+2%g2.1! 1'! .1*!
%&'12+331$.1!;X^=.)*)-g*!B21f1*!.12*!+!*&!1$!.12!*+2!*'g$+$3!)%!(&.1221$!&3!1$!*+2!
1f)271'+$3:! 0f+2C1*! B1*A.1'! )*! -O)*+&*1(O&')2! .)*)! %&'! 1$! B'731'-! -&,+)21!
'12)*+&$1'! 1'! *+23g$312+31! +! 1f)271'+$3-m%&'7.-+312-1-! O1'+&.1$! &3! .1'(1.! )*!
C'+*1'+7(!"!1'!&O%A2.*E!
!
@).!&-!$7! *g$C1!&f1'! '+(12+301.1$! +! )*!C'+*1'+7(!8!-C7221!fg'1!&O%A2.*!f1.!)*!
&f1'f1j1!0f+2C1!-+*7)*+&$1'!.1'!C)$!)$-1-!%&'!-)$.-A$2+31!i'-)31'!*+2!)*!)%f+31!%')!
0f1'.)31$-!-O)*+)21!&3!*1(O&')21!'7*+$1'!-&(!-*7.1'1$.1!1221'!)$-)*!Oi!;X^E!!!

• MC-*')&'.+$g'*! -&,+)2*! 1221'! %)32+3*! 1f1$*! -i! -&(!(1--1:! %1-*:! 7.-*+22+$3:!
1C-*')&'.+$g'!%&'12g-$+$3E!!

• \%2A-$+$3!1221'!g$.'+$3!)%!%&'12g-$+$3!1221'!)$.1$!7$.1'f+-$+$3E!!
• I'&C&-*!Oi!$A!2&C)*+&$!-)((1$!(1.!1$!-&,+)2!'12)*+&$!
• Zf1')'B1j.1! &3! 1C-*')! 3'7OO1)'B1j.1! &O! *+2! )%21f1'+$3-.1).2+$1-! &3!

1C-)(+$1'!!
!



 
 
!

8L!

_f1'! )%! .1! &f1$-*i1$.1! B13+f1$01.1'! f+2! (1.! '+(12+3! -)$.-A$2+301.! %&'13i!
-)((1$!(1.!1$!-&,+)2! '12)*+&$E!/1$-!.1**1!Oi! +$31$!(i.1!1'!1$!7.*h((1$.1!
2+-*1! &f1'! (72+31! i'-)31'! *+2! '7*+$1B'7.! -i! 1'! )221:! O2)7-+B21! -+*7)*+&$1'!
+$f&2f1'1$.1!-&,+)21!'12)*+&$1'!-&(!C)$!%&'-)31!'7*+$1B'7.E!#!.1*!%h231$.1!f+2!f+!
-1!$g'(1'1!Oi!0f&'.)$!-&,+)21!'12)*+&$1'!C)$!B1-*1((1-!%')!1*!-O)*+&*1(O&')2*!
.)*)-g*! &3! 0f&'.)$!.+--1! '12)*+&$1'! C)$! )$f1$.1-! *+2! )*! B1-*1((1! 1$!B'731'-!
O&-+*+&$!7$.1'!.+--1!'7*+$1B'7.E!
!

D"1" 2/F56)6&* $-%&-//-5%-* (C* %:)6(5-* '-5(&6:3-'* FG* $(77'.34*
(C*%F(&6-&-/F:'(5&*4(&(%>&*

;1$! %h'-*1! B)-)21! )$*)312-1! .1'! 1'! $h.f1$.+3! %&'! +(O2+,+*! )*! C7$$1! B1-*1((1!
-&,+)21! '12)*+&$1'! %')! 1*! -O)*+)2=*1(O&')2*! .)*)-g*! 1'! )*! .1'! 1'! -)((1$0g$3!
(1221(! .1! -&,+)21! '12)*+&$1'! ! (1221(! *&! +$.+f+.1'! &3! -)((1$%)2.! +! .1'1-!
O2),1'+$3!+!*+.!&3!'7(E!;1**1!1'!1$!)2(+$.12+3!)$1'C1$.*!)$*)312-1!.1'!1'!B21f1*!
Oif+-*! +! 1$! 'gCC1!f+.1$-C)B12+31!)'*+C21'! +!.1! -1$1-*1!i'! (9. Justin Cranshaw. et 
al.):!(6. David J. Crandalla. et al.)!&3!-&(!B1-C'1f1*!++)%-$+**1*+U&,+)21!'12)*+&$1'!&3!
[&=&,,7'1$,1-E! #! f&'1-! (&.1'$1! f1'.1$! %+$.1-! .1'! $)*7'2+3f+-! *)2'+31!
C&((7$+C)*+&$-'1.-C)B1'! -i! -&(! *121%&$:! ()+2:! ,0)*:! &$2+$1! -&,+)21! $1*fg'C:!
(E%2E! .1'! 3h'! .1*! (72+3*! )*! %7$31'1! +! -&,+)21! &3! O'&%1--+&$1221! '12)*+&$1'! Oi!
)%-*)$.:!(1$!.+--1!'12)*+&$1'!f+2! +!.1$$1!&O3)f1!B2+f1!-1*!B&'*! %')E!;1-7.1$!3h'!
.1$! 31&3')%+-C1! )%3'g$-$+$3! )%! .1*! &B-1'f1'1.1! &('i.1! 4;X^l-! ,)(O7-! +!
@A$3BA5:! )*! 2)$3.+-*)$,1! '12)*+&$1'! +CC1! B2+f1'! '121f)$*1! +! %&'0&2.! *+2! .1**1!
.)*)-g*E!
*

D"1"!" A:B:)).'-3)-%*

T'7$.2)31*! %&'! )*! B1-*1((1! 1$! -&,+)2! '12)*+&$!(1221(! *&! B'731'1! +(O2+,+*:! %')!
-O)*+&!*1(O&')2!.)*):!1'!O2),1'+$3--)((1$%)2.! +! *+.!&3!'7(!(1221(!.+--1!*&E!M*!
-i.)$!-)((1$%)2.!B1*13$1-!01'1%*1'!,&=&,,7'1$,1!4B1-C'1f1*!++)%-$+**1*+U&,+)21!
'12)*+&$1'! &3! [&=&,,7'1$,1-5:! &3! .1%+$1'1-! %&'! ;X^=.)*)-g**1*! -&(!
&B-1'f)*+&$1$! )%! *&! B'731'1! Oi! -)((1! ),,1--O&+$*! (1.! (+$.'1! 1$.! K?!
(+$7**1'-!(1221('7(E!Q66+&(:B23!,&=&,,7''1$,1-!(1.'13$1-!+CC1E!
!

D"1"+" A:B:)).'-3)-*%6736C6;(3%*:7*J'6-34%):'-*

#! 1'C1$.12-1! )%! )*! 1$! ,&=&,,7'1$,1! (1221(! *&! B'731'1! C2E! "! *&'-.)3! $)*! +! 1$!
.)*)B)'!1'!(1'1!-+3$+%+C)$*!+!%&'0&2.!*+2!1$!1f1$*712!-&,+)2!'12)*+&$!(1221(!.1!*&!
1$.! 1$! ,&=&,,7'1$,1! ()$.)3! C2E! 9"E8?! +! C)$*+$1$:! f+2! 0f1'! '13+-*'1'1*! ,&=
&,,7'1$,1! B2+f1! *+2.12*! 1$! fg3*! B)-1'1*! Oi! 1*! *+.-)%0g$3+3*! 1$*'&O+(i2!

! 

Entropi(A,t) :! *+20h'1$.1! .1*! +$f&2f1'1.1! ),,1--O&+$*E! D.-,%B'JhZ-L! 1'! 1$!
*+.-)%0g$3+3! f1'-+&$! )%! .1*! 2&C)*+&$-1$*'&O+! 7.*'AC! O'g-1$*1'1*! )%! (9. Justin 
Cranshaw. et al.)4-1!)%-$+*!U+3$+%+C)$-!)%!,&=&,,7'1$,1-5:!.1'!+CC1!B2&*!*)31'!0hj.1!
%&'! 0f&'! 1$! ,&=&,,7''1$,1! %+$.1'! -*1.!(1$! &3-i! 0f&'$i'E!

! 

Entropi(A,t) ! 1'! 3+f1*!
f1.:!
!



 
 
!

8>!

! !
AYZ(.'0&!@8!

!

! 

" PA (u,t)# log2 PA (u,t)( )
u$UA

% !
!
0f&'! IhJ2Z-L! 1'! .1$! *&*)21! )$.12! )%! )221! ,01,C=+$-! Oi! ),,1--O&+$*! h! %&'1*)31*! +!
*+.-'7((1*!-Z!)%!B'731'!2!&3!Wh!-g**1*!)%!)221!.1f+,1!,01,C=+$-!Oi!),,1--O&+$*!h!

!
!
!
I'+1$.-,&'1!B2+f1'!-i21.1-!-7((1$!)%!.+--1!*+.-)%0g$3+31!),,1--O&+$*!1$*'&O+1'!
.+f+.1'1*! (1.! )$*)221*! )%! ,&=&,,7''1$,1-! 1221'! B)'1! .1*! 31$$1(-$+*2+31! ,&=
&,,7''1$,1!1$*'&O+E!
!! !
AYZ(.'0&!@@!

! !

! 

FS( f ) CO
Entropi(A,t)

(A ,t )"CO
#

!

!
!
01'!1'!0Q!-)(2+$31$!)%!)221!,&=&,,7''1$,1-!(1221(!B'731'1$!&3!-&,+)2!'12)*+&$!6!
3+f1*!f1.! *+.-O7$C*!&3!),,1--O&+$*! %&'!0g$.12-1$E! #!.1*!C&$C'1*1! *+2%g2.1:!0f&'!
O&+$*1$!(1.!)*!+.1$*+%+,1'1!-&,+)21!'12)*+&$1'!1'!)*!C7$$1!B1-*1((1!1$!B'731'-!
O&-+*+&$!7.!%')!O&-+*+&$1$!)%!.1$$1-!-&,+)21!'12)*+&$1'E!<)$!()$!)'37(1$*1'1!%&'!
)*!.1*!1'!(1-*!01$-+3*-(g--+3*!)*!2).1!B'731'1$!Oif+'C1!C')%*+3-*!)%!.1$!'12)*+&$!
.1'!0)'!.1$!0hj1-*1!'i!-)$.-A$2+301.!4)$*)221*!)%!,&=&,,7''1$,1-5!%&'!)*!B1%+$.1!
-+3! -)((1$!(1.!B'731'1$E! \*! j13! )22+31f12! fg231'! )*! B1$A**1! %'+1$.-,&'1! *+2! )*!
-*A'1!-*A'C1$!)%!1$!-&,+)2!'12)*+&$!-CA2.1-!%h231$.1!'g-&$$1(1$*!B)-1'1*!Oi!.1!
*&!0AO&*1-1':!!
!
_9N!U&,+)21!'12)*+&$1'!(1.!()$31!,&=&,,7''1$,1-:!(1$!(1.!2)f!%'+1$.-,&'1:!3#Z+
1'! O1'-&$1'! 1C-1(O12f+-! %')! -)((1! -*7.+1'1*$+$3:! -&(! %h231'! -)((1! C7'-1'!
(1$!1221'-!+CC1!0)'!$&31$!-&,+)2!'12)*+&$!*+2!B'731'1$E!U&,+)21!'12)*+&$1'!(1.!0hj!

! !P'7Z,#!8Q[!_]!_)0..#.!.')!+#&-.,#!-#-!($$#--_0'&.!#&.,0_'#&!10,!H!Z6+()7.#!($$#--_0'&.-!0+#,!#&!
_#,'06#!_]!@I!.'3#,9!2#.!-#-!./6#)'7.!%+0,6(&!#&.,0_'#&!#,!%`b#-.!'!6#!.,(+)#!.'3#,!3'6.!_]!
6(7#&!3#&-!6#&!#,!)(+#-.!'!6#!-#&#!(1.#&W!07!.'6)'7#!30,7#&.'3#,9!M]!_)0..#.!.')!%`b,#!-#-!
($$#--_0'&.!#&.,0_'#&!10,!6#!-(33#!H!($$#--_0'&.c!3#&!%#,!0+#,!#&!_#,'06#!_]!8HL!.'3#,!\8!
Z7#^9!U#,!-#-!'7#&!%`b#!#&.,0_'!+X,6'#,!'!6#!()3'&6#)'7#!(,a#b6-WiZ&6#,+'-&'&7-.'3#,!10,!6#3!?!
%+#,6(7#!07!&X-.#&!10,-+'&6#&6#!#&.,0_'!10,!?!(1!6#!H!($$#--_0'&.-!'!j##4#&6#&c!_]!6#.!-'6-.#!
($$#--_0'&.!#,!6#,!10,.-(.!,#)(.'+.!%`b!(4.'+'.#.!07!6#,3#6!%`b!#&.,0_'!)`,6(7!07!-`&6(79!



 
 
!

8]!

%'+1$.-,&'1:! 35Z! 1'! .1'+(&.! O1'-&$1'! -&(! B'731'1$! 1C-O2+,+*! f+2! )$3+f1! -&(!
f1$$1'E!!
!
_"N!Y7*+$1!B'7.!)%!*AO1$!B1-C'1f1*!7$.1'!C'+*1'+7(!<8!0)'!-*h''1!-)$.-A$2+301.!
%&'!)*!-C1!(1.!1$!'12)*+&$!)%!*AO1$!35!1$.!(1.!1$!'12)*+&$!)%!*AO1$!3#+.1'!B2&*!0)'!
()$31!C7'-1'!*+2!%g221-!(1.!B'731'1$E!
!
42+3$1$.1!1C-1(O21'!C)$!3+f1-!%&'!O1'-&$1'!.1'!1'!%)-*)$-)**1!Oi!;X^:!(1$!.+--1!
1'!7.12).*!OE3E)E!C&'*%)**1.01.5!
!
T+f1*!)*!_9!&3!_"!1'!-)$.1!0)'!f+!)*!Oi!*'&.-!)%!)*!1$!3+f1$!B'731'!(72+3f+-!0)'!1*!
-*h''1! )$*)2! ,&=&,,7''1$,1-! *+2! %g221-! (1.! '12)*+&$1'! )%! *AO1$! 3#:! -i! 1'!
-)$.-A$2+301.1$! -*h''1! %&'! %+$.1!B'731'1$! -)((1$!(1.! '12)*+&$1'!)%! *AO1$! 35+
7$.1'!'7*+$1B'7.E!Z3!.)!.1*!1'!+!$1*&O!.+--1!-+*7)*+&$1'!f+!h$-C1'!)*!.1$!-&,+)21!
C&(O&$1$*!-7OO21'1'!.1$!O1'+&.+-C1:!fg231-!%'+1$.-,&'1!%'1(!%&'!)$*)221*!)%!,&=
&,,7''1$,1-!-&(!.1$!-*A'1$.1!%)C*&'!%&'!-*A'C1$!)%!-&,+)21!'12)*+&$1'E!
!

D"1"1" 9>'%;5-'*:7*$-7'>3%3637-'*

I&'!)*!),,1O*1'1!1$!-&,+)2!'12)*+&$!(1221(!*&!+$.+f+.1'!-C)2!)$*)221*!)%!'13+-*'1'.1!
,&=&,,7'1$,1-!-f)'1!*+2!(+$.-*!"?t!)%!.1*!-)(21.1!)$*)2!'13+-*'1'+$31'!%&'!.1$!)%!
.1! *&!.1'!0)'! %g''1-*! '13+-*'1'+$31'E!I)-*-g**12-1$!)%!.1$$1!3'g$-1!-C1*1!1%*1'!
1$! f7'.1'+$3! )%! )*! 1$! 31$$1(-$+*2+3! ;X^=B'731'! 0)'! 1$! &(3)$3-C'1.-! 4)$.'1!
;X^!B'731'1!.1'!-1-!Oi!.)32+3!1221'!731$*2+3!B)-+-5!Oi!(1221(!9?!&3!"?!O1'-&$1'E!
M%*1'! l*'+)2! )$.! 1''&'l=O'+$,+OO1*! C&(! j13! %'1(! *+2! )*! $1*&O! .1**1! +$*1'f)2! )%!
31$$1(-$*+2+31! '12)*+&$1'! B21f! &O$i1*! f1.! 1$! ,&=&,,7'1$,1! *g'-C12! Oi!(1221(!
,)E! 9Ht=8?tE! n13! f)23*1! -i21.1-! "?t! %&'.+! .1*! -f)'1! *+2! )*! .121! 9! 7.! )%! .1! H!
0f1'.)31!(1.!B'731'1$!&3!3)f!1*!31$$1(-$+*2+3*!)$*)2!f1$$1'!Oi!,)E!9"E!I&'!)*!
7$.3i!-+*7)*+&$1'!0f&'!.1'!B1-*1((1-!1$!-&,+)2!'12)*+&$!(1221(!*&!+$.+f+.1'!.1'!
1C-1(O12f+-!%h231'!C7'-1'!+!*&!*+2-*h.1$.1!%&'1.')3-2&C)21'!.1'!.121'!),,1--O&+$*:!
(1$!.1'7.&f1'!+CC1!0)'!$&31*!*+2!%g221-:!(i!0hj-*!>?t!,&=&,,7'1$,1-!(1221(!*&!
+$.+f+.1'!-*)((1!%')!-)((1!),,1--O&+$*E!
!

D"8" 23;5.4-'637* (C* %:)6(5-* '-5(&6:3-'* 6* 4-3* R-'6:46%;-*
/:$656&-&%*/:4-5*

I&'!)*!C7$$1!7.$A**1!.1$!-&,+)21!.+(1$-+&$!+!1$!B'731'-!B1fg312-1-(h$-*1'!*+2!
)*! %&'B1.'1! O'g,+-+&$1$! )%! D//! 1'! .1*! $h.f1$.+3*! )*! 3h'1! -+3! 1$! 'gCC1!
&f1'f1j12-1'!+!%&'B+$.12-1!(1.!.1$$1!7.f+.12-1E!;1!f+3*+3-*1!)%!.+--1!&f1'f1j12-1'!
C)$!&O-7((1'1-!-i21.1-!
!

• _f&'.)$!.1%+$1'1-!&3!31$C1$.1-!1$!-&,+)2!B13'7$.1*!B1fg312-1!
• _f&'.)$!(&.1221'1-!&3!&O*+(1'1-!.1$!-&,+)21!-)$.-A$2+301.-%&'.12+$3!
• Z3!1$.12+3!0f&'.)$!fg3*1-!.1$!-&,+)21!-)$.-A$2+301.-%&'.12+$3!+!%&'0&2.!

*+2!.1$!O1'+&.+-C1!
!



 
 
!

G?!

D"8"!" X=:'4(3*4-C63-'-%*:7*7-3;-34-%*-3*%:)6(5*$-7'.34-&*$-=>7-5%-*B*W.&56-'%*

_f+-!f+!f1$.1'!*+2B)31!*+2!(&*+f)*+&$1$!%&'!)*!+$*'&.7,1'1!.1$!-&,+)21!.+(1$-+&$!+!
O'g.+C*+&$-(&.1221$!f)'!.1$$1!)*!%&'B1.'1!%&'7.-+312-1'!.1'!%)2.1'!7.1$!%&'!.1!
O1'+&.+-C1! B1fg312-1'E! I')! 1*! -*)*+-*+-C! -A$-O7$C*! -f)'1'! .1**1! *+2! )*! %+$.1!
&7*2+1'-!*+2!.1$!O1'+&.+-C1!(&.12E!#%h231!(8. Grubbs)!1'!&7*2+1'-!.1%+$1'1*!-i21.1-!
!
 “An outlying observation, or outlier, is one that appears to deviate 
 markedly from other members of the sample in which it occurs” 
!
;1'! %+$.1-!()$31! %&'-C122+31!()*1()*+-C1!(1*&.1'! *+2! )*! C&$C'1*! )*! B1-*1((1!
&7*2+1'-! :! j13!0)'!f)23*!)*!B1$A**1![0)7f1$1*l-!C'+*1'+7(!(16. Taylor)!.)!.1**1!1'!
+$*7+*+f*!&3!C)$!7.'13$1-!%')!fg'.+1'!)221'1.1!C1$.*!+!(&.1221$E!
!
AYZ(.'0&!@D!

! ! ! ! ! ! ! !!

! 

outlier(X) =1 if f (X)" N < 0.5# x < µoutlierThreshold else outlier(X) = 0 !
!
0f&'! i! 1'! .1$! &B-1'f)*+&$! +! *+.! &3! '7(! .1'! *1-*1-:! a! 1'! .1*! *&*)21! )$*)2! )%!
&B-1'f)*+&$1'! &3! ! 6+ 1$! $&'()2%&'.12+$31$! 01'7$.1':! (1.! µ%2-)'*,MP,*3P%)E! &3!
$%2-)'*,MP,*3P%)E+fg'1$.1!01$0&2.-f+-!31$$1(-$+*!&3!-O'1.$+$3!)%!&B-1'f)*+&$1'$1E!
! !
AYZ(.'0&!@I!

! !

! 

f (x) =
1

2"# outlierThreshold
2

exp $
(x $ µoutlierThreshold )

2

2# outlierThreshold
2

% 

& 
' 

( 

) 
* !

!
<&$C'1*!B1-*1((1-!&7*2+1'-!f1.!)*! 2).1!.1$!%g'.+3*'g$1.1!(&.12!31$$1(2hB1!
*'g$+$3--g**1*! +31$!&3! '13+-*'1'1!(&.1221$-! -)$.-A$2+301.-!&7*O7*! %&'!0f1'!)%!
.1! C1$.*1! ,01,C=+$-E! _1'1%*1'! B1'13$1-! 31$$1(-$+*! ! &3! -O'1.$+$3! )%! .1!
'13+-*'1'1.1! &7*O7*-E! ;+--1! *&! fg'.+1'! 7.3h'! 01$0&2.-f+-! µ%2-)'*,MP,*3P%)EZ+
$%2-)'*,MP,*3P%)E! ! +! Mv7)*+&$! "8:! (1$-! )$*)221*! )%! ,01,C=+$-! +! *'g$+$3--g**1*! 3+f1'!
a%2-)'*,MP,*3P%)E"! ;1*! )$.1$! B13'g$-$+$3! +! Mv7)*+&$! "8! -+C'1'! )*! .1*! C7$! 1'!
1J,1O*+&$12*! -(i! &3! fg'.+1'! )%! c! .1'! C2)--+%+,1'1-! -&(! &7*2+1'-! &3! +CC1! .1!
7)2(+$.12+3*!-+C'1!&3!.1'(1.!-*&'1!fg'.+1'!)%!c"!
!

D"8"+" X=:'4(3*/:4-55-'-%*4-3*%:)6(5-*%(34%I3567K-4%C:'4-5637*

I&'! )*! B1-*1((1! 0f&'.)$! .1! -&,+)21! '12)*+&$1'-! Oif+'C$+$3! )%! B'731'$1! B1.-*!
(&.1221'1-!+!*+.!&3!'7(!7$.1'-h31-!1*!*1(O&')2*!&3!1*!-O)*+)2*!(i2!%&'!.1!-&,+)21!
'12)*+&$1'-!B1fg312-1'!+!%&'0&2.!*+2!B'731'1$!%&'!9??!*+2%g2.+3*!7.f)23*1!B'731'1E!
;1*! *1(O&')21! (i2! -C)2! B1-*1((1! 0f+2C1$! +$.%2A.12-1! *+.1$! -+.1$! 1$! -&,+)2!
'12)*+&$!-+.-*!%&'1*&3!1*!,01,C=+$!Oi!1*!),,1--O&+$*!0)'!Oi!-)$.-A$2+301.1$!%&'!)*!
1$! ,&=&,,7''1$,1! %+$.1'! -*1.! Oi! $1*&O! .1**1! ),,1--O&+$*E! ;1**1! (i2! .1%+$1'1-!
-i21.1-!-&(!.1$!*1(O&')21!)%-*)$.!(1221(!1$!,&=&,,7''1$,1!&3!.1$!+$f&2f1'1.1!
-&,+)21! '12)*+&$-!-+.-*1!,01,C=+$!Oi!-)((1!),,1--O&+$*E!;1*! -O)*+)21!(i2!0)'! *+2!
%&'(i2! )*! B1-*1((1!0f&'.)$! )%-*)$.1$!(1221(!B'731'1$! &3! 1$! -&,+)2! '12)*+&$!
0)'! *+2! +$.%2A.12-1! Oi! -)$.-A$2+301.1$! %&'! 1$! ,&=&,,7''1$,1! &3! .1%+$1'1-! -&(!



 
 
!

G9!

)%-*)$.1$! (1221(! B'731'! &3! -&,+)2! '12)*+&$! f1.! .1'1-! '1-O1C*+f1! ,01,C=+$-!
7(+..12B)'*!%h'!1$!,&=&,,7''1$,1!%+$.1'!-*1.E!
!

!
P'7Z,#!8L[!M)0..#.!.')!+#&-.,#!+'-#,!(&.())#.!(1!$0W0$$Z,,#&$#-!3#))#3!a,Z7#,!07!-0$'()#!,#)(.'0&#,!
-03!1Z&4.'0&!(1!.'6#&!-'6#&!6#&!'&+0)+#,#6#!-0$'()#!,#)(.'0&!-'6-.!10,#.07!#.!$%#$4W'&!_]!6#.!
($$#--_0'&.!%+0,!$0W0$$Z,,#&$#&!1(&6.!-.#69!M)0..#.-!/W(4-#!#,!)07(,'.3'-49!"')!%`b,#!-#-!#.!%'-.07,(3!
0+#,!(&.())#.!(1!$0W0$$Z,,#&$#-!-03!1Z&4.'0&!(1!(1-.(&6#&!3#))#3!a,Z7#,!07!-0$'()!,#)(.'0&!+#6!
6#,#-!,#-_#4.'+#!-'6-.#!$%#$4W'&-!1`,!#&!$0W0$$Z,,#&$#9!/W(4-#&!#,!'7#&!)07(,'.3'-49!

!
\%! I+37'1! 9>! C)$! .1*! -1-! )*! 0+-*&3')((1*! *+2! f1$-*'1! *+2$g'(12-1-f+-*! C)$!
B1-C'+f1-!f1.!1$!)%*)31$.1!'1*!2+$j1!+!.1*!-1(+2&3)'+*(+-C1!O2&*!0f+2C1*!B1*A.1'!)*!
-)$.-A$2+301.1$! %&'! 1$! ,&=&,,7'1$,1! %)2.1'! -&(! 1$! O&*1$-%7$C*+&$! )%! *+.1$!
-+.1$! .1$! -&,+)21! '12)*+&$! -+.-*! ,01,C1.1! +$.! Oi! .1*! '121f)$*1! ),,1--O&+$*E! #!
O2&**1*!*+2!0hj'1!1'!.1'!-fg'1'1!)*!-1!1$!.+'1C*1!-)((1$0g$3!(1221(!)%-*)$.1$!
(1221(!B'731'!&3!-&,+)2!'12)*+&$!&3!-)$.-A$2+301.1$!%&'!1$!,&=&,,7''1$,1!.1*!1'!
.&3! B1(g'C12-1-fg'.+3*! )*! .1'! f1.! 1$! )%-*)$.! Oi! ?! (1*1'! 1'! ,)E! 1$! %)C*&'!
07$.'1.1!-*h''1!-)$.-A$2+301.!%&'!1$!1%*1'%h231$.1!,&=&,,7'1$,1!1$.!f1.!$&31$!
)$.'1!)%-*)$.1E!n13!fg231'!.1'%&'!)*!(&.1221'1!.1$!-O)*+)21!)%-*)$.-!+$.%2A.12-1!
Oi!-)$.-A$2+301.1$!%&'!1$!,&=&,,7'1$,1!-&(!1$!.12*)!%7$C*+&$!(1.!fg'.+!9!$i'!
f1$!&3!-&,+)2!'12)*+&$!B1%+$.1'!-+3!Oi!-)((1!'7((12+31!O&-+*+&$!&3!?!+!)221!)$.'1!
*+2%g2.1E! /1$-! .1*! 1'! 1$! f+3*+3! &B-1'f)*+&$! )*! -)$.-A$2+301.1$! %&'! 1$! ,&=
&,,7''1$,1! 1'! B1*A.12+31! 0hj1'1! 7(+..12B)'*! 1%*1'! 1$! B'731'! 1'! &B-1'f1'1*! Oi!
-)((1! ),,1--O&+$*! -&(! 1$! -&,+)2! '12)*+&$! 1'! .1*! .&3! Oi! +$31$! (i.1!
&f1'')-C1$.1E! \*! ()$! 0)'! -*h''1! -)$.-A$2+301.! %&'! )*! B2+f1! -)((1$! (1.! 1$!
-&,+)2!'12)*+&$!()$!)221'1.1!1'!+!C&$*)C*!+!-*1.1*!%&'!-O&$*)$*!)*!B1fg31!-+3!'7$.*!
(1221(! -&,+)21! '12)*+&$1'! Oi! %&'-C122+31! O&-+*+&$1'! +! '7((1*! -*1((1'! %+$*!
&f1'1$-!(1.!0f).!().!f+221!%&'f1$*1!)%!1$!)2(+$.12+3!(1$$1-C12+3!).%g'.E!
!
\%!I+37'1!9>!0)'!f+!-i21.1-!)*!-&,+)21!'12)*+&$1'-!Oif+'C$+$3!)%!1$!B'731'!B1.-*!
(&.1221'1-!-&(!O&*1$-%7$C*+&$!+!*+.!&3!1$!.12*)!%7$C*+&$!+!'7((1*E!;1*!-)(21.1!
7.*'AC!%&'!.1!-&,+)21!'12)*+&$1'-!Oif+'C$+$3!)%!1$!B'731'!B2+f1'!-i21.1-E!
! !
AYZ(.'0&!@?!

! !

! 

t j " t
(t j ,x j )#J f

$
"%
& 'xi x j

!

!
0f&'!
!



 
 
!

G"!

! !

! 

"xi x j =
1, if xi = x j

0, if xi # x j

$ 
% 
& 

!

!
!
#!D')C-+-!B1*A.1'!.1$$1!(&.1221'+$3!)%!-&,+)21!,01,C=+$-!)*!1$!B'731'!0)'!-*h''1!
-)$.-A$2+301.! %&'!)*! ,01,C1! +$.!Oi!1*! ),,1--O&+$*!.1'!B1%+$.1'! -+3! *g*:! +! *+.!&3!
'7(:!Oi!1$!f1$E!!
!
/&.1221$! %&'! -&,+)21! '12)*+&$1'! )%f+31'! +! .1$! -O)*+)21! C&(O&$1$*! %')!(&.1221$!
)$f1$.*! +! (7. Eunjoon Cho. et al.)E! ;1$$1! )%f+312-1! -C1'! Oi! B)33'7$.! )%!
&B-1'f)*+&$1'$1! +! .1*! -O)*+)21! O2&*! I+37'1! 9>! &3! C)$! 0)f1! %21'1! i'-)31'E! ;1! *&!
(1-*! $g'2+331$.1! 1'! %&'! .1*! %h'-*1! )*! .1*! 31&3')%+-C1! &('i.1! 4;X^l-! ,)(O7-5!
0f&'! .)*)+$.-)(2+$31$! 1'! B13'g$-1*! *+2! 1'! -i! '12)*+f*! 2+221! )*! )221! -&,+)21!
'12)*+&$1'! .1'! B1%+$.1'! -+3! +$.1$! %&'! .1*! &B-1'f1'1.1! &('i.1! 1'! +$.1$! %&'! 1$!
&f1'-C712+3!)%-*)$.!0f+2C1*!B1*A.1'!)*!.1!C)$!&3!+%h231!&B-1'f)*+&$1'!+!I+37'1!9>:!
B2+f1'!&O-h3*!7)%0g$3+3*!)%!)%-*)$.1$!*+2!.1(E!;1$!)$.1$!$g'2+331$.1!i'-)3!*+2!
.1$!&B-1'f1'1.1!)%f+312-1!2+331'!+!.1*!-&,+)21!$1*fg'CE!_f&'!.1'!0&-!(7. Eunjoon 
Cho. et al.)! 1'! *)21! &(! 1C-O2+,+*! .1%+$1'1*! -&,+)2*! $1*fg'C! .1'! (i! %&'f1$*1-!
O'+(g'*!)*!+$.10&2.1!-&,+)21!'12)*+&$1'!)%!*AO1$!()$!f+2!B1*')3*1!-&(!f1$$1':!1'!
.1*! +! ;X^! *+2%g2.1*! 1*! +(O2+,+*! 31$1'1'1*! $1*fg'C! 0f&'! .1! %21-*1! +.1$*+%+,1'1.1!
'12)*+&$1'! (i! %&'f1$*1-! )*! fg'1! -*7.+1C)((1')*1'mC&2213)1'E! ;1*! 1'! +CC1!
7*g$C12+3*! )*! B1fg312-1(h$-*'1! (&*+f1'1*! )%! f1$$1'! 1'! %&'-C122+31! %')!
B1fg312-1-(h$-*'1!(&*+f1'1*!)*!-*7.+1C)((1')*1'mC&2213)1'E!
!

D"D" X=:'4(3* =>7&-%* 4-3* %:)6(5-* %(34%I3567K-4%C:'4-5637* 6*
C:'K:54*&65*4-3*F-'6:46%;-*

/1.! Bi.1! 1$! O1'+&.+-C=! &3! 1$! -&,+)2=C&(O&$1$*! *+2! )*! B1-*1((1! 1$! B'731'-!
O&-+*+&$! 1'! .1*! )%! )%3h'1$.1! B1*A.$+$3! )*! B1-*1((1! &(! .1! *&! (&.1221'! -C)2!
B'731-! O)')2212*! &3! .1'(1.! 0f&'$i'! .1$! O1'+.&.+-C1=! &3! 0f&'$i'! .1$! -&,+)21=
C&(O&$1$*! -C)2! )$f1$.1-E! M221'! &(! .1! *&! C&(O&$1$*1'! -C)2! B'731-! -1'+12*! &3!
.1'(1.!0f&'.)$!.1!*&!(&.1221'!-C)2!fg3*1-!+!%&'0&2.!*+2!0+$)$.1$E!<&'*!-)3*!C)$!
()$! -+31! )*! .1$! -1'+1221! -)((1$-g*$+$3! )%! .1$! O1'+&.+-C1=! &3! -&,+)21! (&.12!
3+f1'! 1$! %2A.1$.1! C&$*+$71'*! &f1'3)$3! (1221(! .1! *&! C&(O&$1$*1':! (1$-! .1$!
O)')221221! -)((1$-g*$+$3! 3+f1'! 1$! &f1'3)$3! .1'! C)$! B1-C'+f1-! f1.! 1$!
.12*)%7$C*+&$E! 61331! %'1(3)$3-(i.1'! 0)'! -+$1! %&'.121! &3! 721(O1':! 0f&'%&'!
B1331!f+2!B2+f1!%&'%723*!*1&'1*+-C!&3!+(O21(1$*1'1*!+!(&.1221$!!%&'!Oi!.1$!(i.1!)*!
7$.1'-h31!0f+2C1$!)%!.1!*&!.1'!3+f1'!DU//!.1$!B1.-*1!O1'%&'()$,1E!
!

D"D"!" R('(55-5*;:/$63(&6:3*(C*F-'6:46%;*:7*%:)6(5*;:/F:3-3&*

_f+-! f+! +31$! f1$.1'! *+2B)31! *+2! (&*+f)*+&$! %&'! )*! +$*'&.7,1'1! .1$! -&,+)21!
.+(1$-+&$! 0f&'! +.11$! f)'! )*! %+$.1! 1$! )2*1'$)*+f! (&.12! *+2! )*! B1-C'+f1! +CC1=
O1'+&.+-C1!B1fg312-1'!1'!.1*! +$*7+*+f*!)*!fg231!1$! 2h-$+$3!0f&'! +CC1!O1'+&.+-C1!
B1fg312-1'!+.1$*+%+,1'1-:!7.fg231-!&3!(&.1221'1-!7.127CC1$.1!(1.!.1$!-&,+)21!
C&(O&$1$*:! )2*-i! 1$! O)')2212! 2h-$+$3E! ;1'(1.! C&((1'! ()$! &3-i! 7.1$! &(!



 
 
!

G8!

7.%&'.'+$31$! .1'! 2+331'! +! )*:! f+.1$-C)B12+3*:! -C7221! B1-*1((1! 1*! fg3*! %&'0&2.!
(1221(! .1$! O1'+&.+-C1! &3! -&,+)21! C&(O&$1$*E! U&(! .1*! 1'! B21f1*! 3j&'*! C2)'*!
31$$1(!0121!(&.12!B1-C'+f12-1$!-i!1'!.1!O1'+&.+-C1!B1fg312-1'!&3!.1'(1.!.1$!
O1'+&.+-C1!C&(O&$1$*!.1*!O'+(g'1!(1*&.1!*+2!B1-C'+f1!1$!B'731'-!B1fg312-1'E!
;1'%&'! 1'! .1*! &3-i! -&(!7.3)$3-O7$C*! .1$! O1'+&.+-C1!(&.12! -&(!B'731-! *+2! )*!
B1-*1((1! 1$! B'731'-! O&-+*+&$E! X+2! )*! B1-*1((1! 0f&'$i'! 1$! O&-+*+&$-!
B1-*1((12-1!-C)2!B1*')3*1-!-&(!-&,+)2!)$f1$.1-! +31$!&7*2+1'!C&$,1O*1*E!;1*!f+2!
-+31!)*!-i%'1(*!1$!O&-+*+&$-B1-*1((12-1!f1.!B'73!)%!.1$!O1'+&.+-C1!C&(O&$1$*!
f7'.1'1-! *+2! )*! fg'1! -i!7-+CC1'!)*!.1$!B1*')3*1-! -&(!1$!&7*2+1':! f+2!.1$! -&,+)21!
C&(O&$1$*! B2+f1! )$f1$.*! *+2! B1-*1((12-1$E! T'g$-1$! %&'! 0f&'$i'! 1*!
O&-+*+&$-3g*! B1*')3*1-! -&(! 1$! &7*2+1'! )$*)31-! )*! fg'1! .1$! -)((1! -&(! .1$!
3'g$-1!.1'!B21f!7.'13$1*!7$.1'!+.1$*+%+C)*+&$1$!)%!&7*2+1'-!+!*'g$+$3--g**1*E!
!

D"D"+" @-'6-5*;:/$63(&6:3*(C*F-'6:46%;*:7*%:)6(5*;:/F:3-3&*

Di!.1$!)$.1$!-+.1!0)'!.1$!-1'+1221! 2h-$+$3! !C)$!&3-i!-+$1!%&'.121! %&'!.1*! %h'-*1!
%&'.+!()$!C)$!7$.3i!)*! -C7221! %+$.1!1*!C'+*1'+7(!.1'!C)$! 2+331! *+2! 3'7$.! %&'!1$!
-C)'O!f7'.1'+$3!)%!&(!.1*!O1'+&.+-C1!3g*!1'!1$!&7*2+1'E![0)7f1$1*l-!C'+*1'+7(!1'!
B2&*! 1$! (1*&.1! *+2! B1-*1((12-1! )%! &7*2+1'-! .1'! (i-C1! &3! (i-C1! +CC1! C)$!
B1-*1((1! (1$+$3-%72.1! &7*2+1'-! +! %&'0&2.! *+2! DU/=(&.1221$-! B10&fE! I&'! .1*!
)$.1*! %&'.+! )*! ()$! +! 0f1'*! O&-+*+&$-B1-*1((12-1! %i'! 1*! B+.')3! %')! Bi.1! .1$!
O1'+&.+-C1! &3! -&,+)21! C&(O&$1$*! 0f+2C1*! C)$! fg'1! 1$! %&'.12! +! 1$! 'gCC1!
-+*7)*+&$1'E!MC-1(O12f+-!$i'!Bi.1!.1*!O1'+&.+-C1!&3!.1*!-&,+)21!B+.')3!1'!(131*!
7-+CC1'*:! 1221'! $i'! .1*! O1'+&.+-C1! B+.')3! 1'! '12)*+f*! 7-+CC1'*:!(1$! )CC7')*! +CC1!
$&C!*+2!)*!0)f1!C'A.-1*!&7*2+1'=*g'-C21$:!(1$-!.1*!-&,+)21!B+.')3!1'!(131*!-+CC1'*!
4-+C'1! &3! 7-+C'1! '1%1'1'1! *+2! ! (1$1'! j13! 01$0&2.-f+-! 0hj1! &3! 2)f1! ()C-+()21!
-)$.-A$2+301.-fg'.+1'!-1!D&-+*+&$-1-*+(1'+$3!%')!DU//=-)$.-A$2+301.5E!!
!
I&'! )*! B1-*1((1! 1*! O)--1$.1! fg3*%&'0&2.! (1221(! .1$! -&,+)21! &3! O1'+&.+-C1!
C&(O&$1$*!+!DU/=(&.1221$:!f1$.1'!f+!+31$!*+2B)31!*+2!%&'(i21*!(1.!)*!+$.%h'1!1$!
.1$!-&,+)21!C&(O&$1$*E!#.11$!f)'!)*!.1$!-&,+)21!(&.12!-C7221!fg'1!.&(+$1'1$.1!
+! .1! -+*7)*+&$1'! 0f&'! .1$! O1'+&.+-C1! (&.12! f)'! 7-+CC1':! &3! .1*! 1'! (1.! $1*&O!
.1**1!(i2!%&'!hj1!)*!fg3*%&'0&2.1*!(1221(!.1!*&!C&(O&$1$*1'!B1-*1((1-E!R+!-C)2!
)2*-i!%+$.1!1*!fg3*%&'0&2.!.1'!Oi!.1$!1$1!-+.1!3h'!.1$!-&,+)21!C&(O&$1$*!-*g'C!
$&C! *+2! )*! fg'1! .1$! -*A'1$.1! C&(O&$1$*! f1.! &7*2+1'-! (1$:! -)(*+.+3! +CC1!
%&'-*A''1! .1$! O1'+&.+-C1! C&(O&$1$*! 7$.1'! B1-*1((12-1$! )%! O1'+&.+-C1!
B1fg312-1'E! #! O')C-+-! B2+f1'! fg3*%&'0&2.1*! +$.%h'*! -&(! %)C*&'1$! d3%&'()! .1'!
3)$31-!Oi!B+.')31*!%')!.1$!-&,+)21!C&(O&$1$*E!!
!
Z7*2+1'-!*+2!.1$!O1'+&.+-C1!(&.12!1'!*+.2+31'1!B21f1*!B1-*1(*!%&'!*'g$+$3--g**1*!
&3! .1$! 7fg3*1.1! ')*+&! ,%2-)'*,! (1221(! B+.')31*! %')! .1$! O1'+&.+-C1! &3! -&,+)21!
C&(O&$1$*! C)$! $7! 7.'13$1-! %&'! 0f1'! &7*2+1'E! ;1*! -)(21.1! -g*! )%! ,%2-)'*,! C)2.1-!
H%2-)'*,! &3! 3+f1'! &-! -*h''12-1-%&'0&2.1*!(1221(! B+.')31$1! %')! .1$! O1'+&.+-C1! &3!
.1$! -&,+)21! C&(O&$1$*! +! .1! *+2%g2.1! 0f&'! f+! h$-C1'! )*! 0)f1! .1$! -&,+)21!
C&(O&$1$*!-&(!.1$!-*A'1$.1E!!!!
! !



 
 
!

GG!

AYZ(.'0&!@H!

! !

! 

Routlier =
Pperiodisk[xu(t) = coutlier]
Psocial[xu(t) = coutlier ]coutliers"Coutlier

# !

!
_f&'!0%2-)'*,! 1'! -g**1*! )%! )221! ,01,C=+$-! :&%2-)'*,:C2)--+%+,1'1*! -&(! &7*2+1'-E! U)((1!
')*+&!7.'13$1-! %&'!.1!O1'+&.+-C! f12B1-C'1f$1!O7$C*1':! &3!B1$gf$1-! ,B*,'%E'37! &3!
-g**1*!)%!O1'+&.+-C1!')*++!HB*,'%E'37E!!
!
AYZ(.'0&!@Q!

! !

! 

R =
Pperiodisk[xu(t) = c]
Psocial[xu(t) = c]c"C

# !

!
_f&'!0! 1'! -g**1*! )%! )221! O1'+&.+-C! f12B1-C'1f$1! ,01,C=+$-! :&E! Ui21.1-! C1$.1'! f+!
&3-i! %&'0&2.1*! (1221(! .1! O1'+&.+-C1! &3! -&,+)21! B+.')3! +! .1! *+2%g2.1! 0f&'! f+!
h$-C1'! )*! .1$! O1'+&.+-C1! C&(O&$1$*! -C)2! fg'1! -*A'1$.1E! I&'! Bi.1! H%2-)'*,! &3!
HB*,'%E'37!%j1'$1-!B+.')3!0f&'!I3%&'()!w!?E!
!
W7! 7.'13$1-! 31$$1(-$+*!µ%2-)'*,! &3!µB*,'%E'37! &3! -O'1.$+$3!"&7*2+1'! &3!"O1'+&.+-C! %&'!
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H!3)$31!1f)271'1-!(&.1221$!-&(!'1$*!O1'+&.+-C:!.)!.1$!*+23g$312+31!.)*)!%&'!.1!
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I')!µ%2-)'*,!&3!µB*,'%E'37!&3!"&7*2+1'!&3!"O1'+&.+-C!!C&-*'71'1-!$&()2%&'.12+$31'$1!a%2-)'*,!
&3! aB*,'%E'37! &3!d3%&'()+ .1%+$1'1-! -&(! -Cg'+$3-O7$C*1*! (1221(! .+--1! -i%'1(*! 1*!
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f1.! )*! B1-*1((1!(+..12fg'.+1$! -&(! -Cg'+$3-O7$C*1*!(1221(!.1$!O1'+&.+-C1!
%&'.12+$3! &3! &7*2+1'! %&'.12+$31$! %+$.1-! $1*&O! .1*! fg3*%&'0&2.! .1'! 0)'! -*h'-*!
-)$.-A$2+301.! %&'! &7*2+1'! ,01,C=+$-! B2+f1'! B1-*1(*! (1.! 1$! -*A'1$.1! -&,+)2!
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-*A'1$.1!O1'+&.+-C!C&(O&$1$*E!
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!
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! 

P[xu(t) = x] = Psocial[xu(t) = x]" outlier(x, t) + Pperiodisk[xu(t) = x]" (1# outlier(x,t)) !
!
1221'!
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P[xu(t) = x] =Wsocial " Psocial[xu(t) = x]+ Pperiodisk[xu(t) = x] !
!
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0f&'!

! 

xu(t)!%&'-h31-!B1-*1(*E!O!1'!-)(2+$31'!)%!g6!!%&'!)221!1$!B'731'-!f1$$1'E!&+&3+
'!1'!O)')(1*'1!.1'!B1-*1((1-!7$.1'!*'g$+$3!)%!(&.1221$!4-1!)%-$+**1*!X'g$+$3!
)%! (&.12! c! MJO1,*)*+&$! /)J+(+o)*+&$L"+
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FS( f ) ! 4Mv7)*+&$! ""5! 1'! .1$! -iC)2.*1!
%'+1$.-,&'1!.1'!%7$31'1'!-&(!1$!fg3*$+$3!)%!0f1'!1$C12*!f1$!)%0g$3+3!)%!)$*)221*!
)%!,&=&,,7''1$,1-!(1221(!!B'731'!&3!f1$!-)(*!-+3$+%+C)$-1$!)%!.+--1E+
!

D"Z" 9'>3637*(C*/:4-5*[*H\F-)&(&6:3*L(\6/6](&6:3*
;1$!D1'+&.+-C1!&3!-&,+)21!(&B+2+*1*-!(&.12!+$.10&2.1'!)2*!1%*1'!)$*)221*!)%!*+22).*1!
2&C)*+&$1'!(1221(!""!&3!(1'1! 1$.!9??!O)')(1*'1!.1'! -C)2! %+**1-! %h'!(&.1221$!
C)$! *)31-! +!B'73E!;1$! *1(O&')21!C&(O&$1$*!)%!D//!+$.10&2.1'!O'E! 2&C)*+&$! !L!
.)32+31! fg3*1!
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DLx
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PLx ! &3! 9! *1(O&')2*! 31$$1(-$+*!
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"Lx &3!
*+20h'1$.1! -O'1.$+$3!
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"Lx
E! ;1'7.&f1'! .1$! %g221-! O)')(1*1'! =Z+ *+2!
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µy
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! 
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5! %&'! 0f1'! )%! .1! *&! .+(1$-+&$1':! -)(*!

,&f)'+)$-! (1221(! .+(1$-+&$1'$1!

! 

cov(x,y) E! ;1$! -&,+)21! C&(O&$1$*! 0)'! K!
O)')(1*'1! 7)%0g$3+3*! )%! )$*)221*! )%! 2&C)*+&$1'E! X'1! O)')(1*'1! .1'! +$.3i'! +!
+.1$*+%+C)*+&$1$! )%! &7*2+1'-:!µ%2-)'*,MP,*3P%)EZ+$%2-)'*,MP,*3P%)E+&3!a%2-)'*,MP,*3P%)E:! -)(*! *'1!
O)')(1*'1!.1'!+$.3i'!+!.1$!-&,+)21!-)$.-A$2+301.-%&'.12+$3!&Z+'!&3!O$!%&'!0f1'!)%!
.1$!3+f$1!B'731'-!-&,+)21'12)*+&$1'E!
!
/1.! 7$.*)312-1! )%! =+ &3! O$! %+**1-! )221! O)')(1*'1! f1.! 0jg2O! )%! 1$! f)'+)*+&$! )%!
MJO1,*)*+&$!/)J+(+o)*+&$! C1$.*! -&(! 0)'.! M/E! D)')(1*'1$1! %+**1-! )%! *&! 3)$31!
%h'-*!%+**1-!D/=(&.1221$!&3!.1'1%*1'!.1$!-)(21.1!DU/=(&.12E!I+**+$3!-C1'!Oi!1*!
*'g$+$3--g*! .1'! 7.3h'! >! 7.! )%! .1! 98! 731'-! .)*)! .1'! 1'! *+23g$312+31! %&'! 0f1'!
B'731'E!M/!1'!1$!+*1')*+f!(1*&.1!(1.!*&!&f1'&'.$1.1!-*1O!+!0f1'!+*1')*+&$!
!

• _f1'!2&C)*+&$-!O&-+*+&$!&3!7.*'gC$+$3!+!*+.!&%!'7(!7.'13$1-!%')!.1!
+$.10&2.*1!,01,C=+$-!

• \221!,01,C=+$-!&(%&'.121-!*+2!.1!2&C)*+&$1'!0f&'!.1!+%h231!(&.1221$!0)'!
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cov(x,y) !7.!%')!.1!,01,C=+$-!
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GL!

0)'!.1*! -*g'C1-*1! *+20h'-%&'0&2.! +! *+.! &3! '7(E! U*A'C1$! )%! 1*! *+20h'-%&'0&2.! )%! 1*!
,01,C=+$!c:!*+2!2&C)*+&$!Vc:!1'!3+f1*!f1.!!
!
AYZ(.'0&!D8!

! !

! 

P[xu(t) = x] = P[xu(t) = x | cu(t) = Lx ]" P[cu(t) = Lx ] !
!
Mv7)*+&$!89!1'!1$!-+(O2+%+,1'1*!f1'-+&$!Mv7)*+&$!9L!C7$!+$.10&2.1$.1!1*!1$C12*!
121(1$*! -f)'1$.1! *+2! 9! 2&C)*+&$! VcE! ;1! *&! -*1O! 31$*)31-! +$.*+2! (1*&.1$!
C&$f1'31'1'E!I+**+$3(1*&.1$-!-*h'-*1!-f)301.!1'!)*!.1$!C7$!C&$f1'31'1!(&.!1*!
2&C)2*! ()J+(7(! -&(! 1'! (131*! )%0g$3+3*! )%! -*)'*! *+2-*)$.1$E! ;1'%&'! +$..121-!
,01,C=+$-:! %h'! %+**+$3! )23&'+*(1$-! -*)'*:! *+2%g2.+3*! (1221(! 1*! 3+f1$*! )$*)2!
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1221'!2+3!)$*)221*!)%!2&C)*+&$1'!+!7.3)$3-O7$C*1*!&3!)2*+.!fg'1!-*h''1!1$.!?E!
!
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AYZ(.'0&!D@!

! !
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P[xu(t) = xi]
i"CT
# !

!
0f&'!

! 

P[xu(t) = x] ! 1'! 3+f1*! f1.! Mv7)*+&$! 9L! &3! 0M+ 1'! -g**1*! )221! ,01,C=+$-! +!
*'g$+$3-g**1*E!!
!
M%*1'!D/=(&.1221$-!O)')()(1*'1!1'!B21f1*! %+**1*:! %+**1-!.1$!-&,+)21!C&(O&$1$*E!
\*! 7.12).1! .1$! -&,+)21! C&(O&$1$*! %')! .1$! +*1')*+f1! %+**+$3! )%! D//:! 1'! 1*! f)23!
*'7%%1*!Oi!B)33'7$.!)%!.1$!-&,+)21!C&(O&$1$*-!'&221!-&(!}-C')2.1-O)$.}!%&'!.1$!
O1'+&.+-C1!+!-+*7)*+&$1'!O&-+*+&$-!B1-*1((12-1!f1.!D//!1'!%&'!7-+CC1'*E!;1*!1'!
.1'%&'! &3-i!$)*7'2+3*! %h'-*! )*! &O*+(1'1!.1$!O1'+&.+-C1!(&.12! -i! f+.*!(72+3*! &3!
.1'1%*1'!+.1$*+%+,1'1!.1!-f)31-*1!O7$C*1'!+!(&.1221$!&3!%+**1!.1$!-&,+)21!(&.12!*+2!
)*! -7OO21'1! +! $1*&O! .+--1! -+*7)*+&$1'E! I+**+$3! )%! .1$! -&,+)21! C&(O&$1$*! -C1'!
-i21.1-! f1.! )*! 2).1! .1$! %g'.+3*'g$1.1! D/=(&.12! 31$$1(2hB1! *'g$+$3--g**1*!
+31$! &3! B1'13$1! &7*2+1'-! -&(! B1-C'1f1*! +! )%-$+**1*! R=%,E(.+ E*6'.*,*3+ %/+
/*.7*.E*3+ *.+ 3%&'()+ ;*/,2.E*-+ ;*=>/*)3*+ T+ Q2-)'*,3+ &3! .1'1%*1'! 7.'13$1!
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O)')(1*1'!+!.1$!-&,+)21!C&(O&$1$*:!O$:!1'!7)%0g$3+3!)%!D/=(&.1221$!&3!)$*)31-!
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a)#+#.! '6#&.'1'$#,#.! 10,! %+#,! (1! )04(.'0&#,&#! 07! -(3)#.! '! #&! 1X))#-! #4-.,(! )04(.'0&! \a)]^9! 2#.! -#-!
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(17,X&-&'&7!#1.#,!6#..#!'&67,#a9!



 
 
!

G]!
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D"^"1" HL*[*@F(&6(5*C:'4-5637*
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_]!6#!D!)04(.'0&#,!\./,4'-c!7Z)c!,`6^!7'+#,!D!-.0,.!-#.!#&-!)04(.'0&#,!'!,Z33#.!)'7#!-]+#)!-03!6#.!+(,!
.')1X)6#.!'!.'6!\P'7Z,#!@T^9!M)0..#.!`+#,-.!.')!%`b,#!+'-#,!%+0,6(&!)04(.'0&#,-!-_(.'()#!7#&&#3-&'.!
\3(,4#,#.!3#6!4,/6-^!07!.')%`,#&6#!$%#$4W'&-!10,6#)#,!-'7!'!3#,#!#))#,!3'&6,#!-4(,_.!(17,X&-#6#!
$)Z-.#,-!'!,Z33#.9!FX&7-.!.')!%`b,#!-#-!%+0,6(&!0Z.)'#,!'6#&.'1'4(.'0&#&!-#,!Z6!1,(!#.!-_(.'().!
-/&-_Z&4.c!5!6#..#!.')1X)6#!#,!6#.!4)(,.!(.!1)#,#!(1!6#!'6#&.'1'$#,#6#!0Z.)'#,-!3]!+X,#!0Z.)'#,-!'!4,(1.!(1!
6#,#-!.#3_0,()#!403_0&#&.!-&(,#,#!#&6!6#&!-_(.'()#!-'6#&!6#!a#1'&6#,!.X.!_]!)04(.'0&#,&#-!
-_(.'()#!3'6._Z&4.9!

!
!
!
!



 
 
!

H9!

*

D"`" R:%6&6:3%-%&6/-'637*C'(*R@LLB%(34%I3567K-4*
R+!0)'!$7!1$!*'g$1*!DU/=(&.12:!.1'!7.&f1'! +$%&'()*+&$!&(!-&,+)21!'12)*+&$1'-!
O&-+*+&$!+!&3!7(+..12B)'*!%h'!O'g.+C*+&$-!hj1B2+CC1*!C7$!*)31'!*+.1$!-+-&(!+$O7*E!
Z7*O7**1*! )%! (&.1221$! 1'! 1$! *+.-7)%0g$3+3! -)$.-A$2+301.-%&'.12+$3! %&'!
B'731'1$-! O&-+*+&$! +! '7((1*E! #! O')C-+-! 1'! f+! +(+.21'*+.! +$*1'1--1'1*! +! 1*! )*!
(&.1221$!3+f1'!1$!C&$C'1*!O&-+*+&$!i/2*33:!+!-*1.1*!%&'!1$!-)$.-A$2+301.-%&'.12+$3!
-&(!&7*O7*E!;1'%&'!B1-*1((1-!.1$!(1-*!-)$.-A$2+31!B'731'O&-+*+&$!*+2!*+.1$!-8:!
f1.!)*!%+$.1!.1*!32&B)21!()C-+(7(!)%!-)$.-A$2+301.-%&'.12+$31$E!!
!
AYZ(.'0&!DD!

! 

P[xu(t0) = xi] =
1

2"# xi1
# xi 1

1$ %2
exp $

zi
2(1$ %)

& 

' 
( 

) 

* 
+ 

i=1

N

, + FS( f ) t j $ t
(t j ,x j )-J f

,
$.
/ 0xi x j

1 

2 
3 
3 

4 

5 
6 
6 

J f -F
, !

!
!
Mv7)*+&$!88! 1'! .1$! *+.-7)%0g$3+31! -)((1$-g*$+$3! )%! .1$! -O)+*)21! O1'+&.+-C1!
C&(O&$1$*! Mv7)*+&$! "?! &3! .1$! -&,+)21! C&(O&$1$*! Mv7)*+&$! 8?E! ;1*! 1'! +CC1!
(72+3*! )*! B1-*1((1! .1*! 32&B)21! ()C-+(7(! )%! Mv7)*+&$! 88! )$)2A*+-C:! 0f&'%&'!
.1**1!(i!B1-*1((1-!$7(1'+-CE!X+2!%&'(i21*!)$f1$.1-!1$!OA*&$!+(O21(1$*)*+&$!
)%!@=6ITU=6!)23&'+*(1$!(20. R. H. Byrd. et al.)(21. C. Zhu. et al.)E!
!
U)$.-A$2+301.-%&'.12+$31$:!B1-C'1f1*!+!Mv7)*+&$!88:!.1'!21.1'!*+2!B1-*1((12-1$!
)%!i/2*33!1'!1$!C&$*+$71'*!%7$C*+&$!)%!O&-+*+&$1$!c':!(1$-!.1!(i2B)'1!O&-+*+&$1':!+!
%&'(!)%!),,1--O&+$*-:!1'!.+-C'1*1E!;1**1!B1*A.1'!)*!i/2*33!-*&'*!-1*!)2.'+3!f+2!fg'1!
O'g,+-!()31$! *+2! .1$! .+-C'1*1! O&-+*+&$! .1*! -)((1$2+3$1-!(1.:! -12f! 0f+-!i/2*33!
C7$! 1'! %i! (1*1'! %')! 1$! .+-C'1*! O&-+*+&$! &3! .1'! +CC1! %+$.1-! )$.'1! .+-C'1*1!
O&-+*+&$1'! +! $g'01.1$E! I&'! .1$$1! &f1'3)$3!(1221(!C&$*+$71'*! &3! .+-C'1*! '7(!
-)((1$2+3$1-!i/2*33!(1.!)221!*+.2+31'1!B1-h3*1!),,1--O&+$*-!&3!O&-+*+&$1$!)%!.1*!
*g**1-*1!),,1--O&+$*!)$f1$.1-!-&(!.1*!1$.12+31!O&-+*+&$-3g*!!i6'.()E!!
!
AYZ(.'0&!DI!

! !

! 

X final = argmin Xguess,Xaccess( )!
!
0f&'! i(&&*33! 1'! -g**1*! )%! )221! ),,1--O&+$*-! B1-h3*! )%! B'731'1$! &3

! 

Xguess,Xaccess !
-AB&2+-1'1!)%-*)$.1$!(1221(!i/2*33!&3!i(&&*33E!
!



 
 
!

H"!

Y" H=(5.-'637*(C*/:4-5*
^$.1'!1f)271'+$3!)%!DU//!h$-C1'!j13!)*!B12A-1!1$!'gCC1!)-O1C*1'!)%!(&.1221$-!
O')C*+-C1!O1'%&()$,1E!I&'!.1*! %h'-*1!f+2! j13!7$.1'-h31!0f+2C1$!1%%1C*!.1*!0)'!)*!
7.f+.1! %')!.1$!'1$*!O1'+&.+-C1!(&.12!D//:! *+2!DU//!+$C27.1'1$.1!.1$!-&,+)21!
C&(O&$1$*E!_1'7$.1'!f+2!j13!&3-i!-1!$g'(1'1!Oi!&(!.1$!O)')221221!1221'!-1'+1221!
f1'-+&$! DU//! 0)'! B1.-*! O1'%&'()$,1! +! O')C-+-E! ;1'$g-*! f+2! j13! 7$.1'-h31!
DU//l-!1f$1!*+2!)*!B1-C'+f1!&3!%&'7.-+31!1$!;X^=B'731'-!B1fg312-1-(h$-*1'!&3!
1$.12+3!f+2!j13!-)((1$2+3$1!DU//!(1.!1$!B)-12+$1(&.12!C)2.1*!/&-*!I'1v71$*!
@&,)*+&$E!
!
;1$! 3'7$.2g331$.1! %'1(3)$3-(i.1! +! 1f)271'+$3! DU/=(&.1221$-! O1'%&'()$,1!
1'! %&'!0f1'!B'731'!)*! *'g$1!(&.1221$!Oi!.1$$1!B'731'-!>!731'-! *'g$+$3-g*!&3!
.1'1%*1'!31$$1(2hB1!)221! f%.+&(:B23f=,01,C=+$-!+!.1$$1!B'731'-!1f)271'+$3--g*E!
I&'!0f1'!)%!.+--1!,01,C=+$-!-)((12+$3$1-!.1$!%)C*+-C1!,01,C=+$=O&-+*+&$1$!i6(7-'37!
(1.! (&.1221$-! 3g*! i6'.()+ + *+2! ,01,C=+$! *+.1$! &3! 01'%')! B1'13$1-! .1$! -O)*+)21!
)%-*)$.!(1221(!i6(7-'37!&3!i6'.()!01'1%*1'!C)2.1*!)%-*)$.-%1j21$E!;1'7.&f1'!B1'13$1-!
)$*)221*!)%!1C-)C*1!()*,0!(1221(!i6(7-'37!&3!i6'.()E!/&.1221$-!1f$1!*+2!)*! %&'7.-+31!
&(!B'731'1$!B1%+$.1'!Oi!1221'!7.1$%&'!,)(O7-!1f)271'1-!f1.!)*!B1'13$1!)$*)221*!
)%! ()*,0! (1221(! 1f)271'+$3--g**1*! &3! DU//l-! l%.`%66+ &(:B23f=3g*E! _1'!
B1*')3*1-!)221!,01,C=+$-!+!1f)271'+$3--g**1*!.1'!1'!%&'-C122+31!%')!%66+&(:B23Z!-&(!
%.+ &(:B23E! DU//! 3g**1*! B1-*1((1-! 01'! 7.127CC1$.1! )%! .1$! *1(O&')21!
C&(O&$1$*:! &3! 1$! B'731'! B1*')3*1-! -&(! fg'1$.1! %66+ &(:B23+ $i'! %66+ &(:B23+
7.3h'!H?t!1221'!(1'1!)%!.1$! *1(O&')21! -)$.-A$2+301.-()--1! 4-1!1C-1(O12!Oi!
A,,0,k!=#1#,#&$#!-0Z,$#!&0.!10Z&695E!^$.1'!)2(+$.12+3!B'73!f+2!DU//!%h'!1*!&$!
,)(O7-!O&-+*+&$3g*!7$.1'-h31!&(!.1'!1'!-*h'-*! *1(O&')2! -)$.-A$2+301.! %&'!)*!
B'731'1$!B1%+$.1'!&$!1221'!&%%!,)(O7-:!&3!C7$!+!.1*!%h'-*1!*+2%g2.1!%&'*-g**1!(1.!
1$! 131$*2+3! 31&3')%+-C! O&-+*+&$-B1-*1((12-1E! #! .1$$1! 1f)271'+$3! f+2! %.`%66+
&(:B23! &3! .1*! 131$*2+31! O&-*+&$-3g*! B2+f1! 1f)271'1*! 0f1'! %&'! -+3E! Ui21.1-! f+2!
DU//!B2+f1!*f7$31*!*+2!)*!C&((1!(1.!1*!&$=,)(O7-!O&-+*+&$-3g*!+!-f)'1$.1!*+2!
0f1'! ,01,C=+$! +! 1f)271'+$3--g**1*! 7)$-1*! &(! DU//! f7'.1'1'! )*! .1'! 1'! -*h'-*!
-)$.-A$2+301.!%&'!)*!B'731'1$!+CC1!B1%+$.1'!-+3!Oi!,)(O7-E!
!

Y"!"!" R'(;&6%;-*.4C:'4'637-'*=-4*4-3*6/F5-/-3&-'-4-*=-'%6:3*(C*R@LL*

;1$! +(O21(1$*1'1.1! f1'-+&$! )%! DU//! +$.10&2.1'! *&! 121(1$*1'! .1'! C'gf1'!
'12)*+f!(131*!B1'13$+$3-C')%*E!;1*!%h'-*1!1'!M/=&O*+(1'+$3:!0f&'!0f1'!)%!.1!&%*1!
%21'1! *7-+$.1! ,01,C=+$-! +! *'g$+$3--g**1*! -C)2! %&'.121-! *+2! .1! 2&C)*+&$1'! .1!(1.!
-*h'-*! -)$.-A$2+301.! *+20h'1'E! ;1**1! -C1'! 31$*)3$1! 3)$31! +$.*+2! (1*&.1$!
C&$f1'31'1E! M/=&O*+(1'+$31$! 31$*)31-! 01'1%*1'! 1*! )$*)2! 3)$31! %')! %&'-C122+31!
7.3)$3-O7$C*1'! %&'! )*! &O$i! .1$! B1.-*!(72+31!(&.1221'+$3! )%! 1$! B'731'E! _f1'!
Ch'-12! )%! &O*+(1'+$3-! (1*&.1$! *)31'! ,)E! 9! (+$7*! (1.! .1$! *+23g$312+31!
'13$1C')%*E!;1'$g-*!-C)2!(&.1221$!1f)271'1-!(&.!&%*1!1*!O)'!07$.'1.1!,01,C=+$-!
+! 1f)271'+$3-! -g**1*E! I&'! 0f1'! )%! .+--1! ,01,C=+$-! -C)2! (&.1221$-! O&-+*+&$-3g*!



 
 
!

H8!

B1-*1((1-! f1.! 0jg2O! )%! 1$! $7(1'+-C! &O*+(1'+$3-! )23&'+*(1! -&(! &(*)2*! +!
)%-$+**1*! D&-+*+&$-1-*+(1'+$3! %')! DU//=-)$.-A$2+301.! 0f+2C1*! *)31'! 1*! O)'!
-1C7$.1'E!U)(21*!-1*!B1*A.1'!1$!1f)271'+$3-!*+.!O'E!B'731'!Oi!,)E!9?!(+$:!0f+-!M/!
-C)2! 0)f1! 2&f! )*! -*)'*1! %')! B)'1! H! %&'-C122+31! 7.3)$3-O7$C*1'E! Di! 3'7$.! )%!
(&.1221$-! 1f)271'+$3-&(C&-*$+$31'! 0)'! j13! .1'%&'! f)23*! C7$! )*! 1f)271'1!
(&.1221$! Oi! 1*! -7B-g*! B1-*i1$.1! )%! 9??! ;X^=B'731'1! *+2%g2.+3*! 7.f)23*:! (1$!
(1.! .1$! B13'g$-$+$3! )%! .1! -C7221! 0)f1! (+$.-*! "???! '13+-*'1'1.1! ,01,C=+$-!
*&*)2*!+!*'g$+$3-=!&3!1f)271'+$3--g**1*E!
!

Y"!"+" H=(5.-'637%*F5:&*

I&'!)221!O2&*-!+!1f)271'+$3-)%-$+**1'!3g2.1'!.1*!)*!.)*)3'7$.2)31*!1'!.1!9??!$1*&O!
7.f)23*1! ;X^=B'731'1E! #! O2&*-! (1.! 1*! 2)f*! )$*)2! .+-C'1*1! J=fg'.+1'! -&(!
1C-1(O12f+-! I+37'1!"8! 4$1.1'-*5! f+2! .1'!()$31! 3)$31! fg'1! 1*! )$*)2! %&'-C122+31!
%7$C*+&$-! fg'.+1'! %&'! 0f1'! J=fg'.+E! ;1'%&'! )$f1$.1-! 31$$1(-$+**1*! )%! )221!
%7$C*+&$-fg'.+1'!*+20h'1$.1!1$!3+f1$!J=fg'.+!+!.+--1!*+2%g2.1!
!

Y"+" R@LL*=%"*RLL*:7*F('(55-5*=%"*@-'6-5*
\%! I+37'1! "8! %'1(3i'! .1*! )%! )221! *'1! O2&*-! )*! D//!&3! .1$! O)')221221! &3! -1'+1221!
f1'-+&$!)%!DU//!)221!%h231-!(131*!*g*:!.1'!1'!)2*-i!+CC1!*)21!&(!(131*!()'C)$*1!
%&'-C1221!+!O1'%&'()$,1!%')!.1*!*'1!(&.12!f1'-+&$1'E!Wi'!.1*!1'!-)3*!1'!.1'!.&3!1$!
3)$-C1!C2)'!*1$.1$-!*+2!)*!DU//!O)')2212!$g-*1$!7.1$!7$.*)312-1'!0)'!1$!(+$.'1!
)%-*)$.-%1j2! 1$.! D//:! &3! )*! D//! +31$! (1.! 3)$-C1! %i! 7$.*)312-1'! O1'%&'(1'!
B1.'1! 1$.! DU//! -1'+12E! _1')%! C)$! f+! C&$C27.1'1! *&! *+$3! %&'! .1*! %h'-*1! )*! .1$!
O)')221221!f1'-+&$!)%!DU//!+!O')C-+-!1'!1*!B1.'1!f)23!1$.!.1$!-1'+1221!f1'-+&$!&3!
.1'$g-*!)*!*+2%hj12-1$!)%!.1$!-&,+)21!C&(O&$1$*!4+!O)')2212!(1.!.1$!O1'+&.+-C15!+!
O')C-+-! 3+f1'!$g-*1$!]t!B1.'1!O1'%&'()$,1!(i2*!Oi! )%-*)$.-%1j2! 1$.!.1$! '1$*!
O1'+&.+-C1E!/1.!.1**1!-2i1*!%)-*!f+2!'1-*1$!)%!1f)271'+$3-!)%-$+**1*!&(0)$.21!.1$!
O)')221221!f1'-+&$!)%!DU//:!.1'!01'1%*1'!B2&*!f+2!B2+f1!&(*)2*!-&(!DU//E!
!

!



 
 
!

HG!

!
!

P'7Z,#!@D[!5!())#!.,#!_)0.-!-#-!6#&!_(,())#))#!M<BB!+#,-'0&!\a)]^c!6#&!-#,'#))#!M<BB!+#,-'0&!\7,`&^!07!
6#&!,#&.!_#,'06'-4#!306#)!MBB!\,`6^9!l+#,-.!.')!+#&-.,#!-#-!(1-.(&6-1#b)#&!-03!1Z&4.'0&!(1!,(6'Z-!01!
7/,(.'0&9!l+#,-.!.')!%`b,#!(1-.(&6-1#b)#&!-03!1Z&4.'0&!(1!(&.())#.!(1!Z&'44#!)04(.'0&#,!#&!a,Z7#,!%(,!
a#-`7.9!E#6#,-.!-#-!(1-.(&6-1#b)#&!-03!1Z&4.'0&!(1!(&.())#.!306#))#,#6#!)04(.'0&#,!'!M<BB9!

!

Y"1" R@LL*F-'C:'/(3)-*
@).!&-! %h'-*! -1!$g'(1'1!Oi!0f&'! *g*!1*!O&-+*+&$-3g*! %')!DU//!C&((1'!Oi!1$!
B'731'-! %)C*+-C1! O&-+*+&$! f1.! )*! C+331! Oi! )%-*)$.-%1j21$E! #! 31$$1(-$+*! 2+331'!
.1$$1!Oi!,)E!999!(1*1':!0f+2C1*!)2*!1%*1'!1$!B'731'-!31$$1(-$+*2+31!'1j-1)%-*)$.!
1'! 1*! (1'1! 1221'! (+$.'1! *+2%'1.--*+221$.1! '1-72*)*E! n13! $&'()2+-1'1! .1'%&'!
)%-*)$.-%1j21$!(1.!.1$!1$C12*1!B'731'-! ').+7-!&%!3A')*+&$:!.1'! j&!$1*&O!1'!.1$!
31$$1(-$+*2+31! '1j-1)%-*)$.:! &3! %i'! $g-*1$! ?EK9E! R+! 0)'! )2*-i! )*! DU//! +!
31$$1(-$+*!C)$!B1-*1((1!1$!B'731'-!O&-+*+&$! +$.1$! %&'! 2+.*!&f1'!0)2f.121$!)%!
.1$!)2(+$.12+31!'1j-1)%-*)$.E!;1**1*!*A.1'!Oi!)*!(&.1221$!0)'!-fg'*!f1.!)*!-C12$1!
*&! Oi! 0+$)$.1$! %h231$.1! ,01,C=+$! 2&C)*+&$1'! %')! 0+$)$.1$:! (1$! +! &3! (1.!
(&.1221$! )2*+.! '1**1-! +$.! *+2! 1$! 1C-)C*! ),,1--O&+$*! 2&C)*+&$! +$.+C1'1! .1$$1!
31$$1(-$+*2+31!)%-*)$.-!%1j2!$&C!-$)'1'1!)*!,)E!0)2f.121$!)%!.+--1!O&-+*+&$-3g*!1'!
1C-)C*1!(1$-!.1$!)$.1$!0)2f.12!1'!%&'C1'*1!(1.!1$!)%-*)$.-%1j2!-f)'1$.1!*+2!0121!
B'731'1$-!').+7-!&%!3A')*+&$E!;1$$1!*&2C$+$3!B1C'g%*1-!)%!)*!DU//!1'!+!-*)$.!*+2!
)*!B1-*1((1!1$!B'731'-!1C-)C*1!O&-+*+&$! +! ,)E!K?t!)%!)221! %&'-h3E!Di!I+37'1!"G!
-1-! 0f&'.)$! -)$.-A$2+301.1'! %&'! 1$! 1C-)C*! O&-+*+&$-! B1-*1((12-1! 401'1%*1'!
B1$gf$*! D{1C-)C*~5! %&'.121'! -+3! %&'! .1! 1$C12*1! B'731'1E! ;1*! %'1(3i'! )*! .1'! 1'!
-*&'! %&'-C12! %')!B'731'! *+2!B'731':!0f&'%&'! j13!$7!f+2! -1!$g'(1'1!Oi! !i'-)31$! *+2!
.1$$1! %&'-C12E! \%! I+37'1! "H! %'1(3i'! .1*! )*! DU//-! 1f$1! *+2! )*! %&'7.-+31! 1$!
B'731'-!1C-)C*1!O&-+*+&$!1'!&(f1$.*!O'&O&'*+&$)2!(1.!-if12!B'731'1$-!').+7-!&%!
3A')*+&$! -&(! 1$*'&O+1$! +! .1$$1-! B1fg312-1-(h$-*1'E! Ui21.1-! C)$! .1*!
C&$-*)*1'1-! )*!DU//:! -&(! %&'f1$*1*:! O1'%&'(1'!B1.-*!Oi!B'731'1!.1'!B1fg31'!
-+3! +$.1$! %&'! 1*! '12)*+f*! 2+221! 31&3')%+-C! &('i.1! &3! 0f+-! B1fg312-1-(h$-*1'! 1'!
(131*!O1'+&.+-CE!



 
 
!

HH!

!
P'7Z,#!@I[!U'-.07,(3!0+#,!10,6#)'&7#&!0+#,!M<BB-!-(&6-/&)'7%#6!10,!40,,#4.!(.!10,Z6-'7#!#&!
a,Z7#,-!_0-'.'0&!

!

!
P'7Z,#!@?[!"')!+#&-.,#!-#-!#.!_)0.!0+#,!-(33#&%X&7#&!3#))#3!M<BB-!#+&#!.')!(.!10,Z6-'7#!#&!
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from __future__ import division
import os
import csv
import numpy as np
import math
from pylab import *
import matplotlib.mlab as mlab
import matplotlib.pyplot as plt
from hcluster import pdist, linkage, dendrogram, centroid,fclusterdata
from scipy.cluster.vq import *
from scipy.stats import norm
from scipy import *
import scipy.optimize
from scipy.optimize import fsolve
import random
import copy
import time
import exceptions

def getWeekHour(CV):
    t1 = (CV-startTraining)/(7*24*3600)
    t2 = (CV-startTraining)//(7*24*3600)
    t = int(math.floor((t1-t2)*168))    
    return t
    
def getWeekHourFromStep(CV):
    t2 = (CV)//(7*24)
    t = int(math.floor(CV-t2*168))  
    return t
    
def getWeekDay(CV):
    t1 = (CV-startTraining)/(7*24*3600)
    t2 = (CV-startTraining)//(7*24*3600)
    t = int(math.floor((t1-t2)*7))  
    return t
    
def getWeekDayFromStep(CV):
    t2 = (CV)//(24)
    t = int(t2) 
    return t
    
def getDayHour(CV):
    t1 = (CV-startTraining)/(7*24*3600)
    t2 = (CV-startTraining)//(7*24*3600)
    t = int(math.floor((t1-t2)*168)-math.floor((t1-t2)*7)*24)   
    return t
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    return t
    
def getWeekHourFromStep(CV):
    t2 = (CV)//(7*24)
    t = int(math.floor(CV-t2*168))  
    return t
    
def getWeekDay(CV):
    t1 = (CV-startTraining)/(7*24*3600)
    t2 = (CV-startTraining)//(7*24*3600)
    t = int(math.floor((t1-t2)*7))  
    return t
    
def getWeekDayFromStep(CV):
    t2 = (CV)//(24)
    t = int(t2) 
    return t
    
def getDayHour(CV):
    t1 = (CV-startTraining)/(7*24*3600)
    t2 = (CV-startTraining)//(7*24*3600)
    t = int(math.floor((t1-t2)*168)-math.floor((t1-t2)*7)*24)   
    return t
    

def getDayHourFloat(CV):
    t1 = (CV-startTraining)/(7*24*3600)
    t2 = (CV-startTraining)//(7*24*3600)
    t = (t1-t2)*168-math.floor((t1-t2)*7)*24    
    return t
    
def getDayHourFromStep(CV):
    t2 = (CV)//(24)
    t = int(math.floor((CV-t2*24))) 
    return t
    
def getHour(CV):
    t1 = (CV)//(24)
    t = math.ceil(CV-t1*24)
    return t
    
def getDay(CV):
    t1 = CV//24
    t2 = 1//7
    t = t1-t2*7
    return t
        
def getTime(iterNumber):
    day = getDay(iterNumber)+1
    hour = getHour(iterNumber)
    now = "Day "+str(day)+" hour "+str(hour)
    return str(now)
    
def imageNameGenerater(i):
    if i < 10:
        name = "00"+str(i)
    elif i < 100 and i >= 10:
        name = "0"+str(i)
    else:
        name = str(i) 
    return name
    
def variance(a):
    if len(a) > 1:
        Ea = mean(a)
        n = len(a)
        var = sum([(x-Ea)**2 for x in a])/(n)
        if var < 0.0000001:
            var = 0.0000001
    else:
        var = 0.00004
    return var
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def getDayHourFloat(CV):
    t1 = (CV-startTraining)/(7*24*3600)
    t2 = (CV-startTraining)//(7*24*3600)
    t = (t1-t2)*168-math.floor((t1-t2)*7)*24    
    return t
    
def getDayHourFromStep(CV):
    t2 = (CV)//(24)
    t = int(math.floor((CV-t2*24))) 
    return t
    
def getHour(CV):
    t1 = (CV)//(24)
    t = math.ceil(CV-t1*24)
    return t
    
def getDay(CV):
    t1 = CV//24
    t2 = 1//7
    t = t1-t2*7
    return t
        
def getTime(iterNumber):
    day = getDay(iterNumber)+1
    hour = getHour(iterNumber)
    now = "Day "+str(day)+" hour "+str(hour)
    return str(now)
    
def imageNameGenerater(i):
    if i < 10:
        name = "00"+str(i)
    elif i < 100 and i >= 10:
        name = "0"+str(i)
    else:
        name = str(i) 
    return name
    
def variance(a):
    if len(a) > 1:
        Ea = mean(a)
        n = len(a)
        var = sum([(x-Ea)**2 for x in a])/(n)
        if var < 0.0000001:
            var = 0.0000001
    else:
        var = 0.00004
    return var
    

def covariance2(a,b):
    Ea = mean(a)
    Eb = mean(b)
    c = [i*j for i, j in zip(a,b)]
    Eab = mean(c)
    cov = Eab-Ea*Eb
    return cov
    
def covariance(a,b):
    Ea = mean(a)
    Eb = mean(b)
    n = len(a)
    cov = sum([(i-Ea)*(j-Eb) for i, j in zip(a,b)])/(n)
    return cov
    
def mean(a):
    m = sum(a)/len(a)
    return m
    
# returns the unique elements of a list
def f5(seq, idfun=None):  
    # order preserving 
    if idfun is None: 
        def idfun(x): return x 
    seen = {} 
    result = [] 
    for item in seq: 
        marker = idfun(item) 
        if marker in seen: continue 
        seen[marker] = 1 
        result.append(item) 
    return result
    
def getDistance(p1,p2):
    distance = 0
    if ((p1[0]-p2[0])**2+(p1[1]-p2[1])**2)**(0.5) != 0:
        """
        Calculate the great circle distance between two points 
        on the earth (specified in decimal degrees) and returns 
        the distance in kilometers
        """
        lon1 = p1[0]
        lat1 = p1[1]
        lon2 = p2[0]
        lat2 = p2[1]
        # convert decimal degrees to radians 
        lon1, lat1, lon2, lat2 = map(radians, [lon1, lat1, lon2, lat2])
        # haversine formula 
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    hour = getHour(iterNumber)
    now = "Day "+str(day)+" hour "+str(hour)
    return str(now)
    
def imageNameGenerater(i):
    if i < 10:
        name = "00"+str(i)
    elif i < 100 and i >= 10:
        name = "0"+str(i)
    else:
        name = str(i) 
    return name
    
def variance(a):
    if len(a) > 1:
        Ea = mean(a)
        n = len(a)
        var = sum([(x-Ea)**2 for x in a])/(n)
        if var < 0.0000001:
            var = 0.0000001
    else:
        var = 0.00004
    return var
    

def covariance2(a,b):
    Ea = mean(a)
    Eb = mean(b)
    c = [i*j for i, j in zip(a,b)]
    Eab = mean(c)
    cov = Eab-Ea*Eb
    return cov
    
def covariance(a,b):
    Ea = mean(a)
    Eb = mean(b)
    n = len(a)
    cov = sum([(i-Ea)*(j-Eb) for i, j in zip(a,b)])/(n)
    return cov
    
def mean(a):
    m = sum(a)/len(a)
    return m
    
# returns the unique elements of a list
def f5(seq, idfun=None):  
    # order preserving 
    if idfun is None: 
        def idfun(x): return x 
    seen = {} 
    result = [] 
    for item in seq: 
        marker = idfun(item) 
        if marker in seen: continue 
        seen[marker] = 1 
        result.append(item) 
    return result
    
def getDistance(p1,p2):
    distance = 0
    if ((p1[0]-p2[0])**2+(p1[1]-p2[1])**2)**(0.5) != 0:
        """
        Calculate the great circle distance between two points 
        on the earth (specified in decimal degrees) and returns 
        the distance in kilometers
        """
        lon1 = p1[0]
        lat1 = p1[1]
        lon2 = p2[0]
        lat2 = p2[1]
        # convert decimal degrees to radians 
        lon1, lat1, lon2, lat2 = map(radians, [lon1, lat1, lon2, lat2])
        # haversine formula 

        dlon = lon2 - lon1 
        dlat = lat2 - lat1 
        a = sin(dlat/2)**2 + cos(lat1) * cos(lat2) * sin(dlon/2)**2
        c = 2 * math.atan2(sqrt(a), sqrt(1-a)) 
        distance = 6367 * c
    return distance
    
def getCoordinates(a):
    filePath20 = '/Users/Raaby/Desktop/Master/DTUWiFi/DTU_Buildings_coordinates_v2.csv'
    fileReader20 = csv.reader(open(filePath20, 'rb'), delimiter=';', quotechar='|')
    accesspointPositions = []
    
    for row20 in fileReader20:
        accesspointPositions.append(row20)
    
    b = []
    for i in a: 
        if i[1] == "off_campus":
            b.append([i[0],55,12])
        else:
            for row in accesspointPositions:
                string = str(row[0])[1:-1]
                if string == i[1]:
                    b.append([i[0],float(row[1])/1000000,float(row[2])/1000000])
    return b
    
def getAccesspoints(locationCheckIns):
    filePath2 = '/Users/Raaby/Desktop/Master/DTUWiFi/DTU_Buildings_coordinates_v2.csv'

    coordinatesXY = []
    if (55.792,12.51) in locationCheckIns[0]:
        for accesspoint in locationCheckIns:
            coordinatesXY.append((accesspoint[0][0],accesspoint[0][1],accesspoint[1]))
    else:
        for accesspoint in locationCheckIns:
            fileReader2 = csv.reader(open(filePath2, 'rb'), delimiter=';', quotechar='|')
            if accesspoint[0] == "off_campus":
                coordinatesXY.append((55.792,12.51,accesspoint[1]))
            else:
                for row2 in fileReader2:
                    string = str(row2[0])[1:-1]
                    if string == accesspoint[0]:
                    
coordinatesXY.append((float(row2[1])/1000000,float(row2[2])/1000000,accesspoint[1]))

    sortedCoordinatesXY = sorted(coordinatesXY, key=lambda item: item[2], reverse=True)

    return coordinatesXY,sortedCoordinatesXY
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def covariance2(a,b):
    Ea = mean(a)
    Eb = mean(b)
    c = [i*j for i, j in zip(a,b)]
    Eab = mean(c)
    cov = Eab-Ea*Eb
    return cov
    
def covariance(a,b):
    Ea = mean(a)
    Eb = mean(b)
    n = len(a)
    cov = sum([(i-Ea)*(j-Eb) for i, j in zip(a,b)])/(n)
    return cov
    
def mean(a):
    m = sum(a)/len(a)
    return m
    
# returns the unique elements of a list
def f5(seq, idfun=None):  
    # order preserving 
    if idfun is None: 
        def idfun(x): return x 
    seen = {} 
    result = [] 
    for item in seq: 
        marker = idfun(item) 
        if marker in seen: continue 
        seen[marker] = 1 
        result.append(item) 
    return result
    
def getDistance(p1,p2):
    distance = 0
    if ((p1[0]-p2[0])**2+(p1[1]-p2[1])**2)**(0.5) != 0:
        """
        Calculate the great circle distance between two points 
        on the earth (specified in decimal degrees) and returns 
        the distance in kilometers
        """
        lon1 = p1[0]
        lat1 = p1[1]
        lon2 = p2[0]
        lat2 = p2[1]
        # convert decimal degrees to radians 
        lon1, lat1, lon2, lat2 = map(radians, [lon1, lat1, lon2, lat2])
        # haversine formula 

        dlon = lon2 - lon1 
        dlat = lat2 - lat1 
        a = sin(dlat/2)**2 + cos(lat1) * cos(lat2) * sin(dlon/2)**2
        c = 2 * math.atan2(sqrt(a), sqrt(1-a)) 
        distance = 6367 * c
    return distance
    
def getCoordinates(a):
    filePath20 = '/Users/Raaby/Desktop/Master/DTUWiFi/DTU_Buildings_coordinates_v2.csv'
    fileReader20 = csv.reader(open(filePath20, 'rb'), delimiter=';', quotechar='|')
    accesspointPositions = []
    
    for row20 in fileReader20:
        accesspointPositions.append(row20)
    
    b = []
    for i in a: 
        if i[1] == "off_campus":
            b.append([i[0],55,12])
        else:
            for row in accesspointPositions:
                string = str(row[0])[1:-1]
                if string == i[1]:
                    b.append([i[0],float(row[1])/1000000,float(row[2])/1000000])
    return b
    
def getAccesspoints(locationCheckIns):
    filePath2 = '/Users/Raaby/Desktop/Master/DTUWiFi/DTU_Buildings_coordinates_v2.csv'

    coordinatesXY = []
    if (55.792,12.51) in locationCheckIns[0]:
        for accesspoint in locationCheckIns:
            coordinatesXY.append((accesspoint[0][0],accesspoint[0][1],accesspoint[1]))
    else:
        for accesspoint in locationCheckIns:
            fileReader2 = csv.reader(open(filePath2, 'rb'), delimiter=';', quotechar='|')
            if accesspoint[0] == "off_campus":
                coordinatesXY.append((55.792,12.51,accesspoint[1]))
            else:
                for row2 in fileReader2:
                    string = str(row2[0])[1:-1]
                    if string == accesspoint[0]:
                    
coordinatesXY.append((float(row2[1])/1000000,float(row2[2])/1000000,accesspoint[1]))

    sortedCoordinatesXY = sorted(coordinatesXY, key=lambda item: item[2], reverse=True)

    return coordinatesXY,sortedCoordinatesXY

    
def getFriends(currentDevice):
    tempFilename = "social_relations_"+str(currentDevice)
    pathsocial =
'/Users/Raaby/Desktop/Master/DTUWiFi/Python/supportingDataAnalysis/Data/SocialRelations'
    filePathSocial = os.path.join(pathsocial, tempFilename)
    fileReader = csv.reader(open(filePathSocial, 'rb'), delimiter=',', quotechar='|')
    
    marker = 'name'
    friends = []
    coocs = []
    friendScore = []
    locations = []
    counter = -1
    first = True
    for row in fileReader:
        if first == False:
            if marker == 'name':
                friends.append(str(row))
                marker = 'cooc'
            elif marker == 'cooc':
                coocs.append(str(row)[2:-2])
                marker = 'entropy'
            elif marker == 'entropy':
                friendScore.append(row)
                marker = 'hours'
            elif marker == 'hours':
                marker = 'numlocations'
            elif marker == 'numlocations':
                marker = 'locations'
            elif marker == 'locations':
                counter += 1
                locations.append([])
                f = True
                for location in row:
                    if f:
                        locations[counter].append(str(location)[1:-1])
                    else:
                        locations[counter].append(str(location)[2:-1])
                        f = False
                marker = 'name'
        else:
            if marker == 'name':
                marker = 'cooc'
            elif marker == 'cooc':
                maxCooc = str(row)[2:-2]
                marker = 'entropy'
            elif marker == 'entropy':
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    seen = {} 
    result = [] 
    for item in seq: 
        marker = idfun(item) 
        if marker in seen: continue 
        seen[marker] = 1 
        result.append(item) 
    return result
    
def getDistance(p1,p2):
    distance = 0
    if ((p1[0]-p2[0])**2+(p1[1]-p2[1])**2)**(0.5) != 0:
        """
        Calculate the great circle distance between two points 
        on the earth (specified in decimal degrees) and returns 
        the distance in kilometers
        """
        lon1 = p1[0]
        lat1 = p1[1]
        lon2 = p2[0]
        lat2 = p2[1]
        # convert decimal degrees to radians 
        lon1, lat1, lon2, lat2 = map(radians, [lon1, lat1, lon2, lat2])
        # haversine formula 

        dlon = lon2 - lon1 
        dlat = lat2 - lat1 
        a = sin(dlat/2)**2 + cos(lat1) * cos(lat2) * sin(dlon/2)**2
        c = 2 * math.atan2(sqrt(a), sqrt(1-a)) 
        distance = 6367 * c
    return distance
    
def getCoordinates(a):
    filePath20 = '/Users/Raaby/Desktop/Master/DTUWiFi/DTU_Buildings_coordinates_v2.csv'
    fileReader20 = csv.reader(open(filePath20, 'rb'), delimiter=';', quotechar='|')
    accesspointPositions = []
    
    for row20 in fileReader20:
        accesspointPositions.append(row20)
    
    b = []
    for i in a: 
        if i[1] == "off_campus":
            b.append([i[0],55,12])
        else:
            for row in accesspointPositions:
                string = str(row[0])[1:-1]
                if string == i[1]:
                    b.append([i[0],float(row[1])/1000000,float(row[2])/1000000])
    return b
    
def getAccesspoints(locationCheckIns):
    filePath2 = '/Users/Raaby/Desktop/Master/DTUWiFi/DTU_Buildings_coordinates_v2.csv'

    coordinatesXY = []
    if (55.792,12.51) in locationCheckIns[0]:
        for accesspoint in locationCheckIns:
            coordinatesXY.append((accesspoint[0][0],accesspoint[0][1],accesspoint[1]))
    else:
        for accesspoint in locationCheckIns:
            fileReader2 = csv.reader(open(filePath2, 'rb'), delimiter=';', quotechar='|')
            if accesspoint[0] == "off_campus":
                coordinatesXY.append((55.792,12.51,accesspoint[1]))
            else:
                for row2 in fileReader2:
                    string = str(row2[0])[1:-1]
                    if string == accesspoint[0]:
                    
coordinatesXY.append((float(row2[1])/1000000,float(row2[2])/1000000,accesspoint[1]))

    sortedCoordinatesXY = sorted(coordinatesXY, key=lambda item: item[2], reverse=True)

    return coordinatesXY,sortedCoordinatesXY

    
def getFriends(currentDevice):
    tempFilename = "social_relations_"+str(currentDevice)
    pathsocial =
'/Users/Raaby/Desktop/Master/DTUWiFi/Python/supportingDataAnalysis/Data/SocialRelations'
    filePathSocial = os.path.join(pathsocial, tempFilename)
    fileReader = csv.reader(open(filePathSocial, 'rb'), delimiter=',', quotechar='|')
    
    marker = 'name'
    friends = []
    coocs = []
    friendScore = []
    locations = []
    counter = -1
    first = True
    for row in fileReader:
        if first == False:
            if marker == 'name':
                friends.append(str(row))
                marker = 'cooc'
            elif marker == 'cooc':
                coocs.append(str(row)[2:-2])
                marker = 'entropy'
            elif marker == 'entropy':
                friendScore.append(row)
                marker = 'hours'
            elif marker == 'hours':
                marker = 'numlocations'
            elif marker == 'numlocations':
                marker = 'locations'
            elif marker == 'locations':
                counter += 1
                locations.append([])
                f = True
                for location in row:
                    if f:
                        locations[counter].append(str(location)[1:-1])
                    else:
                        locations[counter].append(str(location)[2:-1])
                        f = False
                marker = 'name'
        else:
            if marker == 'name':
                marker = 'cooc'
            elif marker == 'cooc':
                maxCooc = str(row)[2:-2]
                marker = 'entropy'
            elif marker == 'entropy':

                marker = 'hours'
            elif marker == 'hours':
                marker = 'numlocations'
            elif marker == 'numlocations':
                marker = 'locations'
            elif marker == 'locations':
                marker = 'name'
                first = False
                    
    placeFriendAll = []
    timeAndPlaceTrainingFriendAll = []
    timeAndPlaceTrainingFriend_offcampusAll = []
    timeAndPlaceEvalFriendAll = []
    timeAndPlaceEvalFriend_offcampusAll = []
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        tempFilename = str(friend).strip("'[]")
        pathTrajectory = '/Users/Raaby/Desktop/Master/DTUWiFi/trajectories_full_semester'
        fileTrajectory = os.path.join(pathTrajectory, tempFilename[0:-27]+".txt")
        fileReaderTrajectory = csv.reader(open(fileTrajectory, 'rb'), delimiter=' ',
quotechar='|')
        
        placeFriend = []
        timeAndPlaceTrainingFriend = []
        timeAndPlaceTrainingFriend_offcampus = []
        timeAndPlaceEvalFriend = []
        timeAndPlaceEvalFriend_offcampus = []
        
        first = True
        for row in fileReaderTrajectory:
            if first:
                currentCheckIn = float(row[0])
                first = False
            
            nextCheckIn = float(row[0])
            if nextCheckIn-currentCheckIn > 3*3600:
                while nextCheckIn-currentCheckIn > 90*60:
                    if getDayHour(currentCheckIn) > 3 and getDayHour(currentCheckIn) < 23 and
getWeekDay(currentCheckIn) < 6: # lower concetration of off_campus check-ins in the regualar
workhours
                        currentCheckIn = currentCheckIn + 90*60
                    else:
                        currentCheckIn = currentCheckIn + 30*60
                    row = (currentCheckIn,"off_campus")
                    if float(row[0]) > startTraining and float(row[0]) < endTraining:
                        placeFriend.append(row[1])
                        timeAndPlaceTrainingFriend_offcampus.append([row[0],row[1]])
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        dlon = lon2 - lon1 
        dlat = lat2 - lat1 
        a = sin(dlat/2)**2 + cos(lat1) * cos(lat2) * sin(dlon/2)**2
        c = 2 * math.atan2(sqrt(a), sqrt(1-a)) 
        distance = 6367 * c
    return distance
    
def getCoordinates(a):
    filePath20 = '/Users/Raaby/Desktop/Master/DTUWiFi/DTU_Buildings_coordinates_v2.csv'
    fileReader20 = csv.reader(open(filePath20, 'rb'), delimiter=';', quotechar='|')
    accesspointPositions = []
    
    for row20 in fileReader20:
        accesspointPositions.append(row20)
    
    b = []
    for i in a: 
        if i[1] == "off_campus":
            b.append([i[0],55,12])
        else:
            for row in accesspointPositions:
                string = str(row[0])[1:-1]
                if string == i[1]:
                    b.append([i[0],float(row[1])/1000000,float(row[2])/1000000])
    return b
    
def getAccesspoints(locationCheckIns):
    filePath2 = '/Users/Raaby/Desktop/Master/DTUWiFi/DTU_Buildings_coordinates_v2.csv'

    coordinatesXY = []
    if (55.792,12.51) in locationCheckIns[0]:
        for accesspoint in locationCheckIns:
            coordinatesXY.append((accesspoint[0][0],accesspoint[0][1],accesspoint[1]))
    else:
        for accesspoint in locationCheckIns:
            fileReader2 = csv.reader(open(filePath2, 'rb'), delimiter=';', quotechar='|')
            if accesspoint[0] == "off_campus":
                coordinatesXY.append((55.792,12.51,accesspoint[1]))
            else:
                for row2 in fileReader2:
                    string = str(row2[0])[1:-1]
                    if string == accesspoint[0]:
                    
coordinatesXY.append((float(row2[1])/1000000,float(row2[2])/1000000,accesspoint[1]))

    sortedCoordinatesXY = sorted(coordinatesXY, key=lambda item: item[2], reverse=True)

    return coordinatesXY,sortedCoordinatesXY

    
def getFriends(currentDevice):
    tempFilename = "social_relations_"+str(currentDevice)
    pathsocial =
'/Users/Raaby/Desktop/Master/DTUWiFi/Python/supportingDataAnalysis/Data/SocialRelations'
    filePathSocial = os.path.join(pathsocial, tempFilename)
    fileReader = csv.reader(open(filePathSocial, 'rb'), delimiter=',', quotechar='|')
    
    marker = 'name'
    friends = []
    coocs = []
    friendScore = []
    locations = []
    counter = -1
    first = True
    for row in fileReader:
        if first == False:
            if marker == 'name':
                friends.append(str(row))
                marker = 'cooc'
            elif marker == 'cooc':
                coocs.append(str(row)[2:-2])
                marker = 'entropy'
            elif marker == 'entropy':
                friendScore.append(row)
                marker = 'hours'
            elif marker == 'hours':
                marker = 'numlocations'
            elif marker == 'numlocations':
                marker = 'locations'
            elif marker == 'locations':
                counter += 1
                locations.append([])
                f = True
                for location in row:
                    if f:
                        locations[counter].append(str(location)[1:-1])
                    else:
                        locations[counter].append(str(location)[2:-1])
                        f = False
                marker = 'name'
        else:
            if marker == 'name':
                marker = 'cooc'
            elif marker == 'cooc':
                maxCooc = str(row)[2:-2]
                marker = 'entropy'
            elif marker == 'entropy':

                marker = 'hours'
            elif marker == 'hours':
                marker = 'numlocations'
            elif marker == 'numlocations':
                marker = 'locations'
            elif marker == 'locations':
                marker = 'name'
                first = False
                    
    placeFriendAll = []
    timeAndPlaceTrainingFriendAll = []
    timeAndPlaceTrainingFriend_offcampusAll = []
    timeAndPlaceEvalFriendAll = []
    timeAndPlaceEvalFriend_offcampusAll = []
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        tempFilename = str(friend).strip("'[]")
        pathTrajectory = '/Users/Raaby/Desktop/Master/DTUWiFi/trajectories_full_semester'
        fileTrajectory = os.path.join(pathTrajectory, tempFilename[0:-27]+".txt")
        fileReaderTrajectory = csv.reader(open(fileTrajectory, 'rb'), delimiter=' ',
quotechar='|')
        
        placeFriend = []
        timeAndPlaceTrainingFriend = []
        timeAndPlaceTrainingFriend_offcampus = []
        timeAndPlaceEvalFriend = []
        timeAndPlaceEvalFriend_offcampus = []
        
        first = True
        for row in fileReaderTrajectory:
            if first:
                currentCheckIn = float(row[0])
                first = False
            
            nextCheckIn = float(row[0])
            if nextCheckIn-currentCheckIn > 3*3600:
                while nextCheckIn-currentCheckIn > 90*60:
                    if getDayHour(currentCheckIn) > 3 and getDayHour(currentCheckIn) < 23 and
getWeekDay(currentCheckIn) < 6: # lower concetration of off_campus check-ins in the regualar
workhours
                        currentCheckIn = currentCheckIn + 90*60
                    else:
                        currentCheckIn = currentCheckIn + 30*60
                    row = (currentCheckIn,"off_campus")
                    if float(row[0]) > startTraining and float(row[0]) < endTraining:
                        placeFriend.append(row[1])
                        timeAndPlaceTrainingFriend_offcampus.append([row[0],row[1]])

                    if float(row[0]) > endTraining and float(row[0]) < evalEnd:                 
                        timeAndPlaceEvalFriend_offcampus.append([row[0],row[1]])
                currentCheckIn = nextCheckIn
                
            else:
                if float(row[0]) > startTraining and float(row[0]) < endTraining:
                    placeFriend.append(row[1])
                    timeAndPlaceTrainingFriend.append([row[0],row[1]])
                if float(row[0]) > endTraining and float(row[0]) < evalEnd:                 
                    timeAndPlaceEvalFriend.append([row[0],row[1]])
                    timeAndPlaceEvalFriend_offcampus.append([row[0],row[1]])
                currentCheckIn = nextCheckIn
        
        placeFriendAll.append(getCoordinates(placeFriend))
        timeAndPlaceTrainingFriendAll.append(getCoordinates(timeAndPlaceTrainingFriend))
    
timeAndPlaceTrainingFriend_offcampusAll.append(getCoordinates(timeAndPlaceTrainingFriend_offca
pus))
        timeAndPlaceEvalFriendAll.append(getCoordinates(timeAndPlaceEvalFriend))
    
timeAndPlaceEvalFriend_offcampusAll.append(getCoordinates(timeAndPlaceEvalFriend_offcampus))
        
    return
friends,friendScore,timeAndPlaceEvalFriend_offcampusAll,timeAndPlaceTrainingFriendAll
    
def angularAverage(c):
    if c == []:
        result = 'nan'
    else:
        vx = []
        vy = []
        for element in c:
            radianElement = element*(math.pi/12)
            vx.append(math.cos(radianElement))
            vy.append(math.sin(radianElement))
        avx = sum(vx)/len(vx)
        avy = sum(vy)/len(vy)
        result = math.atan2(avy,avx)*(12/math.pi)
        if result < 0:
            result = 24 + result
    return result
    
def angularVariance(a):
    if len(a) > 1:
        Ea = angularAverage(a)
        n = len(a)
        var = sum([(min((24) - abs(x - Ea), abs(x - Ea)))**2 for x in a])/(n)
        if var < 1:
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    return b
    
def getAccesspoints(locationCheckIns):
    filePath2 = '/Users/Raaby/Desktop/Master/DTUWiFi/DTU_Buildings_coordinates_v2.csv'

    coordinatesXY = []
    if (55.792,12.51) in locationCheckIns[0]:
        for accesspoint in locationCheckIns:
            coordinatesXY.append((accesspoint[0][0],accesspoint[0][1],accesspoint[1]))
    else:
        for accesspoint in locationCheckIns:
            fileReader2 = csv.reader(open(filePath2, 'rb'), delimiter=';', quotechar='|')
            if accesspoint[0] == "off_campus":
                coordinatesXY.append((55.792,12.51,accesspoint[1]))
            else:
                for row2 in fileReader2:
                    string = str(row2[0])[1:-1]
                    if string == accesspoint[0]:
                    
coordinatesXY.append((float(row2[1])/1000000,float(row2[2])/1000000,accesspoint[1]))

    sortedCoordinatesXY = sorted(coordinatesXY, key=lambda item: item[2], reverse=True)

    return coordinatesXY,sortedCoordinatesXY

    
def getFriends(currentDevice):
    tempFilename = "social_relations_"+str(currentDevice)
    pathsocial =
'/Users/Raaby/Desktop/Master/DTUWiFi/Python/supportingDataAnalysis/Data/SocialRelations'
    filePathSocial = os.path.join(pathsocial, tempFilename)
    fileReader = csv.reader(open(filePathSocial, 'rb'), delimiter=',', quotechar='|')
    
    marker = 'name'
    friends = []
    coocs = []
    friendScore = []
    locations = []
    counter = -1
    first = True
    for row in fileReader:
        if first == False:
            if marker == 'name':
                friends.append(str(row))
                marker = 'cooc'
            elif marker == 'cooc':
                coocs.append(str(row)[2:-2])
                marker = 'entropy'
            elif marker == 'entropy':
                friendScore.append(row)
                marker = 'hours'
            elif marker == 'hours':
                marker = 'numlocations'
            elif marker == 'numlocations':
                marker = 'locations'
            elif marker == 'locations':
                counter += 1
                locations.append([])
                f = True
                for location in row:
                    if f:
                        locations[counter].append(str(location)[1:-1])
                    else:
                        locations[counter].append(str(location)[2:-1])
                        f = False
                marker = 'name'
        else:
            if marker == 'name':
                marker = 'cooc'
            elif marker == 'cooc':
                maxCooc = str(row)[2:-2]
                marker = 'entropy'
            elif marker == 'entropy':

                marker = 'hours'
            elif marker == 'hours':
                marker = 'numlocations'
            elif marker == 'numlocations':
                marker = 'locations'
            elif marker == 'locations':
                marker = 'name'
                first = False
                    
    placeFriendAll = []
    timeAndPlaceTrainingFriendAll = []
    timeAndPlaceTrainingFriend_offcampusAll = []
    timeAndPlaceEvalFriendAll = []
    timeAndPlaceEvalFriend_offcampusAll = []
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        tempFilename = str(friend).strip("'[]")
        pathTrajectory = '/Users/Raaby/Desktop/Master/DTUWiFi/trajectories_full_semester'
        fileTrajectory = os.path.join(pathTrajectory, tempFilename[0:-27]+".txt")
        fileReaderTrajectory = csv.reader(open(fileTrajectory, 'rb'), delimiter=' ',
quotechar='|')
        
        placeFriend = []
        timeAndPlaceTrainingFriend = []
        timeAndPlaceTrainingFriend_offcampus = []
        timeAndPlaceEvalFriend = []
        timeAndPlaceEvalFriend_offcampus = []
        
        first = True
        for row in fileReaderTrajectory:
            if first:
                currentCheckIn = float(row[0])
                first = False
            
            nextCheckIn = float(row[0])
            if nextCheckIn-currentCheckIn > 3*3600:
                while nextCheckIn-currentCheckIn > 90*60:
                    if getDayHour(currentCheckIn) > 3 and getDayHour(currentCheckIn) < 23 and
getWeekDay(currentCheckIn) < 6: # lower concetration of off_campus check-ins in the regualar
workhours
                        currentCheckIn = currentCheckIn + 90*60
                    else:
                        currentCheckIn = currentCheckIn + 30*60
                    row = (currentCheckIn,"off_campus")
                    if float(row[0]) > startTraining and float(row[0]) < endTraining:
                        placeFriend.append(row[1])
                        timeAndPlaceTrainingFriend_offcampus.append([row[0],row[1]])

                    if float(row[0]) > endTraining and float(row[0]) < evalEnd:                 
                        timeAndPlaceEvalFriend_offcampus.append([row[0],row[1]])
                currentCheckIn = nextCheckIn
                
            else:
                if float(row[0]) > startTraining and float(row[0]) < endTraining:
                    placeFriend.append(row[1])
                    timeAndPlaceTrainingFriend.append([row[0],row[1]])
                if float(row[0]) > endTraining and float(row[0]) < evalEnd:                 
                    timeAndPlaceEvalFriend.append([row[0],row[1]])
                    timeAndPlaceEvalFriend_offcampus.append([row[0],row[1]])
                currentCheckIn = nextCheckIn
        
        placeFriendAll.append(getCoordinates(placeFriend))
        timeAndPlaceTrainingFriendAll.append(getCoordinates(timeAndPlaceTrainingFriend))
    
timeAndPlaceTrainingFriend_offcampusAll.append(getCoordinates(timeAndPlaceTrainingFriend_offca
pus))
        timeAndPlaceEvalFriendAll.append(getCoordinates(timeAndPlaceEvalFriend))
    
timeAndPlaceEvalFriend_offcampusAll.append(getCoordinates(timeAndPlaceEvalFriend_offcampus))
        
    return
friends,friendScore,timeAndPlaceEvalFriend_offcampusAll,timeAndPlaceTrainingFriendAll
    
def angularAverage(c):
    if c == []:
        result = 'nan'
    else:
        vx = []
        vy = []
        for element in c:
            radianElement = element*(math.pi/12)
            vx.append(math.cos(radianElement))
            vy.append(math.sin(radianElement))
        avx = sum(vx)/len(vx)
        avy = sum(vy)/len(vy)
        result = math.atan2(avy,avx)*(12/math.pi)
        if result < 0:
            result = 24 + result
    return result
    
def angularVariance(a):
    if len(a) > 1:
        Ea = angularAverage(a)
        n = len(a)
        var = sum([(min((24) - abs(x - Ea), abs(x - Ea)))**2 for x in a])/(n)
        if var < 1:

            var = 1
    else:
        var = 1
    return var
    
def temporalGuassian(t,p,tauSigWeek,dailyWeights):
    weekGauss = 0
    for day in range(len(tauSigWeek)):
        if str(tauSigWeek[day][0]) != "nan" and tauSigWeek[day][1] != 0:
            #weekGauss +=
(dailyWeights[day]/math.sqrt(2*math.pi*tauSigWeek[day][1]**2))*math.exp(-((math.pi/12)**2)*((t
tauSigWeek[day][0])**2/(2*tauSigWeek[day][1]**2)))
            
            weekGauss +=
dailyWeights[day]*(p/math.sqrt(2*math.pi*tauSigWeek[day][1]**2))*math.exp(-((math.pi/12)**2)*(
t-tauSigWeek[day][0])**2/(2*tauSigWeek[day][1]**2)))
    #tempGauss =
(p/math.sqrt(2*math.pi*rho**2))*math.exp(-((math.pi/12)**2)*((t-tau)**2/(2*rho**2)))
    
    return weekGauss
    
def
temporalDistribution(t,dailyAveragesLocal,dailyWeights,locations,currentAccesspoint,offCampusW
ekProbs):
    p = []
    tau = []
    sig = []
    tauSigWeek = []
    locationCounter = -1
    for location in locations:
        locationCounter += 1
        dp = float(location[1]/sum(locations))
        #if dp < (1/len(locations)):
        #   dp = 1/len(locations)
        #dp = 1
        p.append(dp)
        tau.append(dailyAveragesLocal[locationCounter][getWeekDayFromStep(t)][0])
        sig.append(dailyAveragesLocal[locationCounter][getWeekDayFromStep(t)][1])
        tauSigWeek.append(dailyAveragesLocal[locationCounter])
    temporalGuassianArray = []
    for i in range(len(p)):
        if str(tau[i]) != "nan" and sig[i] != 0:
        
temporalGuassianArray.append(temporalGuassian(t,p[i],tauSigWeek[i],dailyWeights[i]))
        else:
            temporalGuassianArray.append(0)
    if sum(temporalGuassianArray) == 0:
        tempDist = 0
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def getFriends(currentDevice):
    tempFilename = "social_relations_"+str(currentDevice)
    pathsocial =
'/Users/Raaby/Desktop/Master/DTUWiFi/Python/supportingDataAnalysis/Data/SocialRelations'
    filePathSocial = os.path.join(pathsocial, tempFilename)
    fileReader = csv.reader(open(filePathSocial, 'rb'), delimiter=',', quotechar='|')
    
    marker = 'name'
    friends = []
    coocs = []
    friendScore = []
    locations = []
    counter = -1
    first = True
    for row in fileReader:
        if first == False:
            if marker == 'name':
                friends.append(str(row))
                marker = 'cooc'
            elif marker == 'cooc':
                coocs.append(str(row)[2:-2])
                marker = 'entropy'
            elif marker == 'entropy':
                friendScore.append(row)
                marker = 'hours'
            elif marker == 'hours':
                marker = 'numlocations'
            elif marker == 'numlocations':
                marker = 'locations'
            elif marker == 'locations':
                counter += 1
                locations.append([])
                f = True
                for location in row:
                    if f:
                        locations[counter].append(str(location)[1:-1])
                    else:
                        locations[counter].append(str(location)[2:-1])
                        f = False
                marker = 'name'
        else:
            if marker == 'name':
                marker = 'cooc'
            elif marker == 'cooc':
                maxCooc = str(row)[2:-2]
                marker = 'entropy'
            elif marker == 'entropy':

                marker = 'hours'
            elif marker == 'hours':
                marker = 'numlocations'
            elif marker == 'numlocations':
                marker = 'locations'
            elif marker == 'locations':
                marker = 'name'
                first = False
                    
    placeFriendAll = []
    timeAndPlaceTrainingFriendAll = []
    timeAndPlaceTrainingFriend_offcampusAll = []
    timeAndPlaceEvalFriendAll = []
    timeAndPlaceEvalFriend_offcampusAll = []
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        tempFilename = str(friend).strip("'[]")
        pathTrajectory = '/Users/Raaby/Desktop/Master/DTUWiFi/trajectories_full_semester'
        fileTrajectory = os.path.join(pathTrajectory, tempFilename[0:-27]+".txt")
        fileReaderTrajectory = csv.reader(open(fileTrajectory, 'rb'), delimiter=' ',
quotechar='|')
        
        placeFriend = []
        timeAndPlaceTrainingFriend = []
        timeAndPlaceTrainingFriend_offcampus = []
        timeAndPlaceEvalFriend = []
        timeAndPlaceEvalFriend_offcampus = []
        
        first = True
        for row in fileReaderTrajectory:
            if first:
                currentCheckIn = float(row[0])
                first = False
            
            nextCheckIn = float(row[0])
            if nextCheckIn-currentCheckIn > 3*3600:
                while nextCheckIn-currentCheckIn > 90*60:
                    if getDayHour(currentCheckIn) > 3 and getDayHour(currentCheckIn) < 23 and
getWeekDay(currentCheckIn) < 6: # lower concetration of off_campus check-ins in the regualar
workhours
                        currentCheckIn = currentCheckIn + 90*60
                    else:
                        currentCheckIn = currentCheckIn + 30*60
                    row = (currentCheckIn,"off_campus")
                    if float(row[0]) > startTraining and float(row[0]) < endTraining:
                        placeFriend.append(row[1])
                        timeAndPlaceTrainingFriend_offcampus.append([row[0],row[1]])

                    if float(row[0]) > endTraining and float(row[0]) < evalEnd:                 
                        timeAndPlaceEvalFriend_offcampus.append([row[0],row[1]])
                currentCheckIn = nextCheckIn
                
            else:
                if float(row[0]) > startTraining and float(row[0]) < endTraining:
                    placeFriend.append(row[1])
                    timeAndPlaceTrainingFriend.append([row[0],row[1]])
                if float(row[0]) > endTraining and float(row[0]) < evalEnd:                 
                    timeAndPlaceEvalFriend.append([row[0],row[1]])
                    timeAndPlaceEvalFriend_offcampus.append([row[0],row[1]])
                currentCheckIn = nextCheckIn
        
        placeFriendAll.append(getCoordinates(placeFriend))
        timeAndPlaceTrainingFriendAll.append(getCoordinates(timeAndPlaceTrainingFriend))
    
timeAndPlaceTrainingFriend_offcampusAll.append(getCoordinates(timeAndPlaceTrainingFriend_offca
pus))
        timeAndPlaceEvalFriendAll.append(getCoordinates(timeAndPlaceEvalFriend))
    
timeAndPlaceEvalFriend_offcampusAll.append(getCoordinates(timeAndPlaceEvalFriend_offcampus))
        
    return
friends,friendScore,timeAndPlaceEvalFriend_offcampusAll,timeAndPlaceTrainingFriendAll
    
def angularAverage(c):
    if c == []:
        result = 'nan'
    else:
        vx = []
        vy = []
        for element in c:
            radianElement = element*(math.pi/12)
            vx.append(math.cos(radianElement))
            vy.append(math.sin(radianElement))
        avx = sum(vx)/len(vx)
        avy = sum(vy)/len(vy)
        result = math.atan2(avy,avx)*(12/math.pi)
        if result < 0:
            result = 24 + result
    return result
    
def angularVariance(a):
    if len(a) > 1:
        Ea = angularAverage(a)
        n = len(a)
        var = sum([(min((24) - abs(x - Ea), abs(x - Ea)))**2 for x in a])/(n)
        if var < 1:

            var = 1
    else:
        var = 1
    return var
    
def temporalGuassian(t,p,tauSigWeek,dailyWeights):
    weekGauss = 0
    for day in range(len(tauSigWeek)):
        if str(tauSigWeek[day][0]) != "nan" and tauSigWeek[day][1] != 0:
            #weekGauss +=
(dailyWeights[day]/math.sqrt(2*math.pi*tauSigWeek[day][1]**2))*math.exp(-((math.pi/12)**2)*((t
tauSigWeek[day][0])**2/(2*tauSigWeek[day][1]**2)))
            
            weekGauss +=
dailyWeights[day]*(p/math.sqrt(2*math.pi*tauSigWeek[day][1]**2))*math.exp(-((math.pi/12)**2)*(
t-tauSigWeek[day][0])**2/(2*tauSigWeek[day][1]**2)))
    #tempGauss =
(p/math.sqrt(2*math.pi*rho**2))*math.exp(-((math.pi/12)**2)*((t-tau)**2/(2*rho**2)))
    
    return weekGauss
    
def
temporalDistribution(t,dailyAveragesLocal,dailyWeights,locations,currentAccesspoint,offCampusW
ekProbs):
    p = []
    tau = []
    sig = []
    tauSigWeek = []
    locationCounter = -1
    for location in locations:
        locationCounter += 1
        dp = float(location[1]/sum(locations))
        #if dp < (1/len(locations)):
        #   dp = 1/len(locations)
        #dp = 1
        p.append(dp)
        tau.append(dailyAveragesLocal[locationCounter][getWeekDayFromStep(t)][0])
        sig.append(dailyAveragesLocal[locationCounter][getWeekDayFromStep(t)][1])
        tauSigWeek.append(dailyAveragesLocal[locationCounter])
    temporalGuassianArray = []
    for i in range(len(p)):
        if str(tau[i]) != "nan" and sig[i] != 0:
        
temporalGuassianArray.append(temporalGuassian(t,p[i],tauSigWeek[i],dailyWeights[i]))
        else:
            temporalGuassianArray.append(0)
    if sum(temporalGuassianArray) == 0:
        tempDist = 0

    else:
        tempDist = temporalGuassianArray[currentAccesspoint]/sum(temporalGuassianArray)
#remember to change locations when changing back
        #tempDist =
((offCampusWeekProbs[t-2]+offCampusWeekProbs[t-1]+offCampusWeekProbs[t]+offCampusWeekProbs[t+1
+offCampusWeekProbs[t+2])/5)*(temporalGuassianArray[currentAccesspoint]/sum(temporalGuassianArr
y))
    return tempDist 
    
def getDailyTemporalAverages(L,L_off):
    variance_mod = 3
    dailyAverages = []
    dailies = []
    dailyWeights = []
    accesspointCounter = -1
    L_all = []
    for l in L:
        L_all.append(l)
    L_all.append(L_off[0])
    
    for location in L_all:
        dailyAverages.append([]) #list of locations
        dailies.append([]) #list of accesspoints
        dailyWeights.append([]) #list of accesspoints
        accesspointCounter += 1
        checkIns = [[],[],[],[],[],[],[]]
        for checkIn in location[0]:
            weekDay = getWeekDay(float(checkIn))
            checkIns[weekDay].append(getDayHourFloat(float(checkIn)))
            
        dayCounter = -1
        for day in checkIns:
            dayCounter += 1
            dailyAverages[accesspointCounter].append([]) # list of days in accesspoint
            dailies[accesspointCounter].append([])
            for item in day:
                dailies[accesspointCounter][dayCounter].append(item)
            dailyAverages[accesspointCounter][dayCounter] =
(float(angularAverage(dailies[accesspointCounter][dayCounter]))+dayCounter*24,((angularVarianc
(dailies[accesspointCounter][dayCounter]))**(0.5))/variance_mod)
        
dailyWeights[accesspointCounter].append(len(dailies[accesspointCounter][dayCounter]))
    return dailyAverages,dailies,dailyWeights
    
# Weisstein, Eric W. "Bivariate Normal Distribution." From MathWorld--A Wolfram Web Resource.
http://mathworld.wolfram.com/BivariateNormalDistribution.html
def bivariateGaussianProabilityDistribution(x,y,sigmax,sigmay,mux,muy,cov):
    rho=cov/(sigmax*sigmay)
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                friendScore.append(row)
                marker = 'hours'
            elif marker == 'hours':
                marker = 'numlocations'
            elif marker == 'numlocations':
                marker = 'locations'
            elif marker == 'locations':
                counter += 1
                locations.append([])
                f = True
                for location in row:
                    if f:
                        locations[counter].append(str(location)[1:-1])
                    else:
                        locations[counter].append(str(location)[2:-1])
                        f = False
                marker = 'name'
        else:
            if marker == 'name':
                marker = 'cooc'
            elif marker == 'cooc':
                maxCooc = str(row)[2:-2]
                marker = 'entropy'
            elif marker == 'entropy':

                marker = 'hours'
            elif marker == 'hours':
                marker = 'numlocations'
            elif marker == 'numlocations':
                marker = 'locations'
            elif marker == 'locations':
                marker = 'name'
                first = False
                    
    placeFriendAll = []
    timeAndPlaceTrainingFriendAll = []
    timeAndPlaceTrainingFriend_offcampusAll = []
    timeAndPlaceEvalFriendAll = []
    timeAndPlaceEvalFriend_offcampusAll = []
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        tempFilename = str(friend).strip("'[]")
        pathTrajectory = '/Users/Raaby/Desktop/Master/DTUWiFi/trajectories_full_semester'
        fileTrajectory = os.path.join(pathTrajectory, tempFilename[0:-27]+".txt")
        fileReaderTrajectory = csv.reader(open(fileTrajectory, 'rb'), delimiter=' ',
quotechar='|')
        
        placeFriend = []
        timeAndPlaceTrainingFriend = []
        timeAndPlaceTrainingFriend_offcampus = []
        timeAndPlaceEvalFriend = []
        timeAndPlaceEvalFriend_offcampus = []
        
        first = True
        for row in fileReaderTrajectory:
            if first:
                currentCheckIn = float(row[0])
                first = False
            
            nextCheckIn = float(row[0])
            if nextCheckIn-currentCheckIn > 3*3600:
                while nextCheckIn-currentCheckIn > 90*60:
                    if getDayHour(currentCheckIn) > 3 and getDayHour(currentCheckIn) < 23 and
getWeekDay(currentCheckIn) < 6: # lower concetration of off_campus check-ins in the regualar
workhours
                        currentCheckIn = currentCheckIn + 90*60
                    else:
                        currentCheckIn = currentCheckIn + 30*60
                    row = (currentCheckIn,"off_campus")
                    if float(row[0]) > startTraining and float(row[0]) < endTraining:
                        placeFriend.append(row[1])
                        timeAndPlaceTrainingFriend_offcampus.append([row[0],row[1]])

                    if float(row[0]) > endTraining and float(row[0]) < evalEnd:                 
                        timeAndPlaceEvalFriend_offcampus.append([row[0],row[1]])
                currentCheckIn = nextCheckIn
                
            else:
                if float(row[0]) > startTraining and float(row[0]) < endTraining:
                    placeFriend.append(row[1])
                    timeAndPlaceTrainingFriend.append([row[0],row[1]])
                if float(row[0]) > endTraining and float(row[0]) < evalEnd:                 
                    timeAndPlaceEvalFriend.append([row[0],row[1]])
                    timeAndPlaceEvalFriend_offcampus.append([row[0],row[1]])
                currentCheckIn = nextCheckIn
        
        placeFriendAll.append(getCoordinates(placeFriend))
        timeAndPlaceTrainingFriendAll.append(getCoordinates(timeAndPlaceTrainingFriend))
    
timeAndPlaceTrainingFriend_offcampusAll.append(getCoordinates(timeAndPlaceTrainingFriend_offca
pus))
        timeAndPlaceEvalFriendAll.append(getCoordinates(timeAndPlaceEvalFriend))
    
timeAndPlaceEvalFriend_offcampusAll.append(getCoordinates(timeAndPlaceEvalFriend_offcampus))
        
    return
friends,friendScore,timeAndPlaceEvalFriend_offcampusAll,timeAndPlaceTrainingFriendAll
    
def angularAverage(c):
    if c == []:
        result = 'nan'
    else:
        vx = []
        vy = []
        for element in c:
            radianElement = element*(math.pi/12)
            vx.append(math.cos(radianElement))
            vy.append(math.sin(radianElement))
        avx = sum(vx)/len(vx)
        avy = sum(vy)/len(vy)
        result = math.atan2(avy,avx)*(12/math.pi)
        if result < 0:
            result = 24 + result
    return result
    
def angularVariance(a):
    if len(a) > 1:
        Ea = angularAverage(a)
        n = len(a)
        var = sum([(min((24) - abs(x - Ea), abs(x - Ea)))**2 for x in a])/(n)
        if var < 1:

            var = 1
    else:
        var = 1
    return var
    
def temporalGuassian(t,p,tauSigWeek,dailyWeights):
    weekGauss = 0
    for day in range(len(tauSigWeek)):
        if str(tauSigWeek[day][0]) != "nan" and tauSigWeek[day][1] != 0:
            #weekGauss +=
(dailyWeights[day]/math.sqrt(2*math.pi*tauSigWeek[day][1]**2))*math.exp(-((math.pi/12)**2)*((t
tauSigWeek[day][0])**2/(2*tauSigWeek[day][1]**2)))
            
            weekGauss +=
dailyWeights[day]*(p/math.sqrt(2*math.pi*tauSigWeek[day][1]**2))*math.exp(-((math.pi/12)**2)*(
t-tauSigWeek[day][0])**2/(2*tauSigWeek[day][1]**2)))
    #tempGauss =
(p/math.sqrt(2*math.pi*rho**2))*math.exp(-((math.pi/12)**2)*((t-tau)**2/(2*rho**2)))
    
    return weekGauss
    
def
temporalDistribution(t,dailyAveragesLocal,dailyWeights,locations,currentAccesspoint,offCampusW
ekProbs):
    p = []
    tau = []
    sig = []
    tauSigWeek = []
    locationCounter = -1
    for location in locations:
        locationCounter += 1
        dp = float(location[1]/sum(locations))
        #if dp < (1/len(locations)):
        #   dp = 1/len(locations)
        #dp = 1
        p.append(dp)
        tau.append(dailyAveragesLocal[locationCounter][getWeekDayFromStep(t)][0])
        sig.append(dailyAveragesLocal[locationCounter][getWeekDayFromStep(t)][1])
        tauSigWeek.append(dailyAveragesLocal[locationCounter])
    temporalGuassianArray = []
    for i in range(len(p)):
        if str(tau[i]) != "nan" and sig[i] != 0:
        
temporalGuassianArray.append(temporalGuassian(t,p[i],tauSigWeek[i],dailyWeights[i]))
        else:
            temporalGuassianArray.append(0)
    if sum(temporalGuassianArray) == 0:
        tempDist = 0

    else:
        tempDist = temporalGuassianArray[currentAccesspoint]/sum(temporalGuassianArray)
#remember to change locations when changing back
        #tempDist =
((offCampusWeekProbs[t-2]+offCampusWeekProbs[t-1]+offCampusWeekProbs[t]+offCampusWeekProbs[t+1
+offCampusWeekProbs[t+2])/5)*(temporalGuassianArray[currentAccesspoint]/sum(temporalGuassianArr
y))
    return tempDist 
    
def getDailyTemporalAverages(L,L_off):
    variance_mod = 3
    dailyAverages = []
    dailies = []
    dailyWeights = []
    accesspointCounter = -1
    L_all = []
    for l in L:
        L_all.append(l)
    L_all.append(L_off[0])
    
    for location in L_all:
        dailyAverages.append([]) #list of locations
        dailies.append([]) #list of accesspoints
        dailyWeights.append([]) #list of accesspoints
        accesspointCounter += 1
        checkIns = [[],[],[],[],[],[],[]]
        for checkIn in location[0]:
            weekDay = getWeekDay(float(checkIn))
            checkIns[weekDay].append(getDayHourFloat(float(checkIn)))
            
        dayCounter = -1
        for day in checkIns:
            dayCounter += 1
            dailyAverages[accesspointCounter].append([]) # list of days in accesspoint
            dailies[accesspointCounter].append([])
            for item in day:
                dailies[accesspointCounter][dayCounter].append(item)
            dailyAverages[accesspointCounter][dayCounter] =
(float(angularAverage(dailies[accesspointCounter][dayCounter]))+dayCounter*24,((angularVarianc
(dailies[accesspointCounter][dayCounter]))**(0.5))/variance_mod)
        
dailyWeights[accesspointCounter].append(len(dailies[accesspointCounter][dayCounter]))
    return dailyAverages,dailies,dailyWeights
    
# Weisstein, Eric W. "Bivariate Normal Distribution." From MathWorld--A Wolfram Web Resource.
http://mathworld.wolfram.com/BivariateNormalDistribution.html
def bivariateGaussianProabilityDistribution(x,y,sigmax,sigmay,mux,muy,cov):
    rho=cov/(sigmax*sigmay)

    if abs(rho) < 1 and rho != 0:
        z = (x-mux)**2/(sigmax**2) - (2*rho*(x-mux)*(y-muy))/(sigmax*sigmay) +
(y-muy)**2/(sigmay**2)
        p = 1/(2*math.pi*sigmax*sigmay*(1-(rho)**2)**(0.5)) * math.exp((-z)/(2*(1-rho**2)))
    else:
        p = 0
    
    pnorm = p/(1/(2*math.pi*sigmax*sigmay*(1-(rho)**2)**(0.5)))
    return pnorm
    
# hey man kan da ogsaa bare goere det paa den nemme maade
def faerdigRet(x,y,sigmax,sigmay,mux,muy,cov):
    p = mlab.bivariate_normal(x,y,sigmax,sigmay,mux,muy,cov)
    pnorm = p/(1/(2*math.pi*sigmax*sigmay*(1-(cov/(sigmax*sigmay))**2)**(0.5)))
    return pnorm

def
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold):
    allProbs = []
    for item in origArray:
        t = getWeekHour(float(item[0]))
        p = []
        for location in range(len(locations)-1):
            x = item[1]
            y = item[2]
        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
        allProbs.append(sum(p))
        
    mu = mean(allProbs)
    sigma = (variance(allProbs))**(0.5)
    n = len(allProbs)
    outliers = []
    withOutOutliers = []
    # Chauvenet's criterion (almost)
    for prob,item in zip(allProbs,origArray):
        if mu-prob > 1.5*sigma:
        
        #c = mlab.normpdf(prob,mu,sigma)
        #print "c*n",c
        #if c < OutlierThreshold:
            outliers.append(item)
        else:
            withOutOutliers.append(item)
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                marker = 'hours'
            elif marker == 'hours':
                marker = 'numlocations'
            elif marker == 'numlocations':
                marker = 'locations'
            elif marker == 'locations':
                marker = 'name'
                first = False
                    
    placeFriendAll = []
    timeAndPlaceTrainingFriendAll = []
    timeAndPlaceTrainingFriend_offcampusAll = []
    timeAndPlaceEvalFriendAll = []
    timeAndPlaceEvalFriend_offcampusAll = []
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        tempFilename = str(friend).strip("'[]")
        pathTrajectory = '/Users/Raaby/Desktop/Master/DTUWiFi/trajectories_full_semester'
        fileTrajectory = os.path.join(pathTrajectory, tempFilename[0:-27]+".txt")
        fileReaderTrajectory = csv.reader(open(fileTrajectory, 'rb'), delimiter=' ',
quotechar='|')
        
        placeFriend = []
        timeAndPlaceTrainingFriend = []
        timeAndPlaceTrainingFriend_offcampus = []
        timeAndPlaceEvalFriend = []
        timeAndPlaceEvalFriend_offcampus = []
        
        first = True
        for row in fileReaderTrajectory:
            if first:
                currentCheckIn = float(row[0])
                first = False
            
            nextCheckIn = float(row[0])
            if nextCheckIn-currentCheckIn > 3*3600:
                while nextCheckIn-currentCheckIn > 90*60:
                    if getDayHour(currentCheckIn) > 3 and getDayHour(currentCheckIn) < 23 and
getWeekDay(currentCheckIn) < 6: # lower concetration of off_campus check-ins in the regualar
workhours
                        currentCheckIn = currentCheckIn + 90*60
                    else:
                        currentCheckIn = currentCheckIn + 30*60
                    row = (currentCheckIn,"off_campus")
                    if float(row[0]) > startTraining and float(row[0]) < endTraining:
                        placeFriend.append(row[1])
                        timeAndPlaceTrainingFriend_offcampus.append([row[0],row[1]])

                    if float(row[0]) > endTraining and float(row[0]) < evalEnd:                 
                        timeAndPlaceEvalFriend_offcampus.append([row[0],row[1]])
                currentCheckIn = nextCheckIn
                
            else:
                if float(row[0]) > startTraining and float(row[0]) < endTraining:
                    placeFriend.append(row[1])
                    timeAndPlaceTrainingFriend.append([row[0],row[1]])
                if float(row[0]) > endTraining and float(row[0]) < evalEnd:                 
                    timeAndPlaceEvalFriend.append([row[0],row[1]])
                    timeAndPlaceEvalFriend_offcampus.append([row[0],row[1]])
                currentCheckIn = nextCheckIn
        
        placeFriendAll.append(getCoordinates(placeFriend))
        timeAndPlaceTrainingFriendAll.append(getCoordinates(timeAndPlaceTrainingFriend))
    
timeAndPlaceTrainingFriend_offcampusAll.append(getCoordinates(timeAndPlaceTrainingFriend_offca
pus))
        timeAndPlaceEvalFriendAll.append(getCoordinates(timeAndPlaceEvalFriend))
    
timeAndPlaceEvalFriend_offcampusAll.append(getCoordinates(timeAndPlaceEvalFriend_offcampus))
        
    return
friends,friendScore,timeAndPlaceEvalFriend_offcampusAll,timeAndPlaceTrainingFriendAll
    
def angularAverage(c):
    if c == []:
        result = 'nan'
    else:
        vx = []
        vy = []
        for element in c:
            radianElement = element*(math.pi/12)
            vx.append(math.cos(radianElement))
            vy.append(math.sin(radianElement))
        avx = sum(vx)/len(vx)
        avy = sum(vy)/len(vy)
        result = math.atan2(avy,avx)*(12/math.pi)
        if result < 0:
            result = 24 + result
    return result
    
def angularVariance(a):
    if len(a) > 1:
        Ea = angularAverage(a)
        n = len(a)
        var = sum([(min((24) - abs(x - Ea), abs(x - Ea)))**2 for x in a])/(n)
        if var < 1:

            var = 1
    else:
        var = 1
    return var
    
def temporalGuassian(t,p,tauSigWeek,dailyWeights):
    weekGauss = 0
    for day in range(len(tauSigWeek)):
        if str(tauSigWeek[day][0]) != "nan" and tauSigWeek[day][1] != 0:
            #weekGauss +=
(dailyWeights[day]/math.sqrt(2*math.pi*tauSigWeek[day][1]**2))*math.exp(-((math.pi/12)**2)*((t
tauSigWeek[day][0])**2/(2*tauSigWeek[day][1]**2)))
            
            weekGauss +=
dailyWeights[day]*(p/math.sqrt(2*math.pi*tauSigWeek[day][1]**2))*math.exp(-((math.pi/12)**2)*(
t-tauSigWeek[day][0])**2/(2*tauSigWeek[day][1]**2)))
    #tempGauss =
(p/math.sqrt(2*math.pi*rho**2))*math.exp(-((math.pi/12)**2)*((t-tau)**2/(2*rho**2)))
    
    return weekGauss
    
def
temporalDistribution(t,dailyAveragesLocal,dailyWeights,locations,currentAccesspoint,offCampusW
ekProbs):
    p = []
    tau = []
    sig = []
    tauSigWeek = []
    locationCounter = -1
    for location in locations:
        locationCounter += 1
        dp = float(location[1]/sum(locations))
        #if dp < (1/len(locations)):
        #   dp = 1/len(locations)
        #dp = 1
        p.append(dp)
        tau.append(dailyAveragesLocal[locationCounter][getWeekDayFromStep(t)][0])
        sig.append(dailyAveragesLocal[locationCounter][getWeekDayFromStep(t)][1])
        tauSigWeek.append(dailyAveragesLocal[locationCounter])
    temporalGuassianArray = []
    for i in range(len(p)):
        if str(tau[i]) != "nan" and sig[i] != 0:
        
temporalGuassianArray.append(temporalGuassian(t,p[i],tauSigWeek[i],dailyWeights[i]))
        else:
            temporalGuassianArray.append(0)
    if sum(temporalGuassianArray) == 0:
        tempDist = 0

    else:
        tempDist = temporalGuassianArray[currentAccesspoint]/sum(temporalGuassianArray)
#remember to change locations when changing back
        #tempDist =
((offCampusWeekProbs[t-2]+offCampusWeekProbs[t-1]+offCampusWeekProbs[t]+offCampusWeekProbs[t+1
+offCampusWeekProbs[t+2])/5)*(temporalGuassianArray[currentAccesspoint]/sum(temporalGuassianArr
y))
    return tempDist 
    
def getDailyTemporalAverages(L,L_off):
    variance_mod = 3
    dailyAverages = []
    dailies = []
    dailyWeights = []
    accesspointCounter = -1
    L_all = []
    for l in L:
        L_all.append(l)
    L_all.append(L_off[0])
    
    for location in L_all:
        dailyAverages.append([]) #list of locations
        dailies.append([]) #list of accesspoints
        dailyWeights.append([]) #list of accesspoints
        accesspointCounter += 1
        checkIns = [[],[],[],[],[],[],[]]
        for checkIn in location[0]:
            weekDay = getWeekDay(float(checkIn))
            checkIns[weekDay].append(getDayHourFloat(float(checkIn)))
            
        dayCounter = -1
        for day in checkIns:
            dayCounter += 1
            dailyAverages[accesspointCounter].append([]) # list of days in accesspoint
            dailies[accesspointCounter].append([])
            for item in day:
                dailies[accesspointCounter][dayCounter].append(item)
            dailyAverages[accesspointCounter][dayCounter] =
(float(angularAverage(dailies[accesspointCounter][dayCounter]))+dayCounter*24,((angularVarianc
(dailies[accesspointCounter][dayCounter]))**(0.5))/variance_mod)
        
dailyWeights[accesspointCounter].append(len(dailies[accesspointCounter][dayCounter]))
    return dailyAverages,dailies,dailyWeights
    
# Weisstein, Eric W. "Bivariate Normal Distribution." From MathWorld--A Wolfram Web Resource.
http://mathworld.wolfram.com/BivariateNormalDistribution.html
def bivariateGaussianProabilityDistribution(x,y,sigmax,sigmay,mux,muy,cov):
    rho=cov/(sigmax*sigmay)

    if abs(rho) < 1 and rho != 0:
        z = (x-mux)**2/(sigmax**2) - (2*rho*(x-mux)*(y-muy))/(sigmax*sigmay) +
(y-muy)**2/(sigmay**2)
        p = 1/(2*math.pi*sigmax*sigmay*(1-(rho)**2)**(0.5)) * math.exp((-z)/(2*(1-rho**2)))
    else:
        p = 0
    
    pnorm = p/(1/(2*math.pi*sigmax*sigmay*(1-(rho)**2)**(0.5)))
    return pnorm
    
# hey man kan da ogsaa bare goere det paa den nemme maade
def faerdigRet(x,y,sigmax,sigmay,mux,muy,cov):
    p = mlab.bivariate_normal(x,y,sigmax,sigmay,mux,muy,cov)
    pnorm = p/(1/(2*math.pi*sigmax*sigmay*(1-(cov/(sigmax*sigmay))**2)**(0.5)))
    return pnorm

def
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold):
    allProbs = []
    for item in origArray:
        t = getWeekHour(float(item[0]))
        p = []
        for location in range(len(locations)-1):
            x = item[1]
            y = item[2]
        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
        allProbs.append(sum(p))
        
    mu = mean(allProbs)
    sigma = (variance(allProbs))**(0.5)
    n = len(allProbs)
    outliers = []
    withOutOutliers = []
    # Chauvenet's criterion (almost)
    for prob,item in zip(allProbs,origArray):
        if mu-prob > 1.5*sigma:
        
        #c = mlab.normpdf(prob,mu,sigma)
        #print "c*n",c
        #if c < OutlierThreshold:
            outliers.append(item)
        else:
            withOutOutliers.append(item)
            

    return outliers,withOutOutliers 
    
def
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov):
    allProbs = []
    for item in withOutOutliers:
        t = getWeekHour(float(item[0]))
        p = []
        for location in range(len(locations)-2):
            x = item[1]
            y = item[2]
        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
        allProbs.append(sum(p))
        
    mu = mean(allProbs)
    sigma = (variance(allProbs))**(0.5)
    n = len(allProbs)
    
    return mu,sigma,n
    
def calcTimeDecay(origArray):
    # run through all training check-ins
        # find last time each friend checked in to that same location
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
    
    temporalDistance = []
    my_counter = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating temporal decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            time = 0
            for checkIn in friend:
                if float(userCheckIn[0])-float(checkIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[checkIn[1],checkIn[2]] and
float(userCheckIn[0])-float(checkIn[0]) > 0 and getWeekDay(float(userCheckIn[0])) ==
getWeekDay(float(checkIn[0])):
                    time = float(userCheckIn[0])-float(checkIn[0])
            if time != 0 and time < 24*3600:
                temporalDistance.append(time/3600)
    
    if temporalDistance != []:  
        plt.figure(1)
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        timeAndPlaceTrainingFriend = []
        timeAndPlaceTrainingFriend_offcampus = []
        timeAndPlaceEvalFriend = []
        timeAndPlaceEvalFriend_offcampus = []
        
        first = True
        for row in fileReaderTrajectory:
            if first:
                currentCheckIn = float(row[0])
                first = False
            
            nextCheckIn = float(row[0])
            if nextCheckIn-currentCheckIn > 3*3600:
                while nextCheckIn-currentCheckIn > 90*60:
                    if getDayHour(currentCheckIn) > 3 and getDayHour(currentCheckIn) < 23 and
getWeekDay(currentCheckIn) < 6: # lower concetration of off_campus check-ins in the regualar
workhours
                        currentCheckIn = currentCheckIn + 90*60
                    else:
                        currentCheckIn = currentCheckIn + 30*60
                    row = (currentCheckIn,"off_campus")
                    if float(row[0]) > startTraining and float(row[0]) < endTraining:
                        placeFriend.append(row[1])
                        timeAndPlaceTrainingFriend_offcampus.append([row[0],row[1]])

                    if float(row[0]) > endTraining and float(row[0]) < evalEnd:                 
                        timeAndPlaceEvalFriend_offcampus.append([row[0],row[1]])
                currentCheckIn = nextCheckIn
                
            else:
                if float(row[0]) > startTraining and float(row[0]) < endTraining:
                    placeFriend.append(row[1])
                    timeAndPlaceTrainingFriend.append([row[0],row[1]])
                if float(row[0]) > endTraining and float(row[0]) < evalEnd:                 
                    timeAndPlaceEvalFriend.append([row[0],row[1]])
                    timeAndPlaceEvalFriend_offcampus.append([row[0],row[1]])
                currentCheckIn = nextCheckIn
        
        placeFriendAll.append(getCoordinates(placeFriend))
        timeAndPlaceTrainingFriendAll.append(getCoordinates(timeAndPlaceTrainingFriend))
    
timeAndPlaceTrainingFriend_offcampusAll.append(getCoordinates(timeAndPlaceTrainingFriend_offca
pus))
        timeAndPlaceEvalFriendAll.append(getCoordinates(timeAndPlaceEvalFriend))
    
timeAndPlaceEvalFriend_offcampusAll.append(getCoordinates(timeAndPlaceEvalFriend_offcampus))
        
    return
friends,friendScore,timeAndPlaceEvalFriend_offcampusAll,timeAndPlaceTrainingFriendAll
    
def angularAverage(c):
    if c == []:
        result = 'nan'
    else:
        vx = []
        vy = []
        for element in c:
            radianElement = element*(math.pi/12)
            vx.append(math.cos(radianElement))
            vy.append(math.sin(radianElement))
        avx = sum(vx)/len(vx)
        avy = sum(vy)/len(vy)
        result = math.atan2(avy,avx)*(12/math.pi)
        if result < 0:
            result = 24 + result
    return result
    
def angularVariance(a):
    if len(a) > 1:
        Ea = angularAverage(a)
        n = len(a)
        var = sum([(min((24) - abs(x - Ea), abs(x - Ea)))**2 for x in a])/(n)
        if var < 1:

            var = 1
    else:
        var = 1
    return var
    
def temporalGuassian(t,p,tauSigWeek,dailyWeights):
    weekGauss = 0
    for day in range(len(tauSigWeek)):
        if str(tauSigWeek[day][0]) != "nan" and tauSigWeek[day][1] != 0:
            #weekGauss +=
(dailyWeights[day]/math.sqrt(2*math.pi*tauSigWeek[day][1]**2))*math.exp(-((math.pi/12)**2)*((t
tauSigWeek[day][0])**2/(2*tauSigWeek[day][1]**2)))
            
            weekGauss +=
dailyWeights[day]*(p/math.sqrt(2*math.pi*tauSigWeek[day][1]**2))*math.exp(-((math.pi/12)**2)*(
t-tauSigWeek[day][0])**2/(2*tauSigWeek[day][1]**2)))
    #tempGauss =
(p/math.sqrt(2*math.pi*rho**2))*math.exp(-((math.pi/12)**2)*((t-tau)**2/(2*rho**2)))
    
    return weekGauss
    
def
temporalDistribution(t,dailyAveragesLocal,dailyWeights,locations,currentAccesspoint,offCampusW
ekProbs):
    p = []
    tau = []
    sig = []
    tauSigWeek = []
    locationCounter = -1
    for location in locations:
        locationCounter += 1
        dp = float(location[1]/sum(locations))
        #if dp < (1/len(locations)):
        #   dp = 1/len(locations)
        #dp = 1
        p.append(dp)
        tau.append(dailyAveragesLocal[locationCounter][getWeekDayFromStep(t)][0])
        sig.append(dailyAveragesLocal[locationCounter][getWeekDayFromStep(t)][1])
        tauSigWeek.append(dailyAveragesLocal[locationCounter])
    temporalGuassianArray = []
    for i in range(len(p)):
        if str(tau[i]) != "nan" and sig[i] != 0:
        
temporalGuassianArray.append(temporalGuassian(t,p[i],tauSigWeek[i],dailyWeights[i]))
        else:
            temporalGuassianArray.append(0)
    if sum(temporalGuassianArray) == 0:
        tempDist = 0

    else:
        tempDist = temporalGuassianArray[currentAccesspoint]/sum(temporalGuassianArray)
#remember to change locations when changing back
        #tempDist =
((offCampusWeekProbs[t-2]+offCampusWeekProbs[t-1]+offCampusWeekProbs[t]+offCampusWeekProbs[t+1
+offCampusWeekProbs[t+2])/5)*(temporalGuassianArray[currentAccesspoint]/sum(temporalGuassianArr
y))
    return tempDist 
    
def getDailyTemporalAverages(L,L_off):
    variance_mod = 3
    dailyAverages = []
    dailies = []
    dailyWeights = []
    accesspointCounter = -1
    L_all = []
    for l in L:
        L_all.append(l)
    L_all.append(L_off[0])
    
    for location in L_all:
        dailyAverages.append([]) #list of locations
        dailies.append([]) #list of accesspoints
        dailyWeights.append([]) #list of accesspoints
        accesspointCounter += 1
        checkIns = [[],[],[],[],[],[],[]]
        for checkIn in location[0]:
            weekDay = getWeekDay(float(checkIn))
            checkIns[weekDay].append(getDayHourFloat(float(checkIn)))
            
        dayCounter = -1
        for day in checkIns:
            dayCounter += 1
            dailyAverages[accesspointCounter].append([]) # list of days in accesspoint
            dailies[accesspointCounter].append([])
            for item in day:
                dailies[accesspointCounter][dayCounter].append(item)
            dailyAverages[accesspointCounter][dayCounter] =
(float(angularAverage(dailies[accesspointCounter][dayCounter]))+dayCounter*24,((angularVarianc
(dailies[accesspointCounter][dayCounter]))**(0.5))/variance_mod)
        
dailyWeights[accesspointCounter].append(len(dailies[accesspointCounter][dayCounter]))
    return dailyAverages,dailies,dailyWeights
    
# Weisstein, Eric W. "Bivariate Normal Distribution." From MathWorld--A Wolfram Web Resource.
http://mathworld.wolfram.com/BivariateNormalDistribution.html
def bivariateGaussianProabilityDistribution(x,y,sigmax,sigmay,mux,muy,cov):
    rho=cov/(sigmax*sigmay)

    if abs(rho) < 1 and rho != 0:
        z = (x-mux)**2/(sigmax**2) - (2*rho*(x-mux)*(y-muy))/(sigmax*sigmay) +
(y-muy)**2/(sigmay**2)
        p = 1/(2*math.pi*sigmax*sigmay*(1-(rho)**2)**(0.5)) * math.exp((-z)/(2*(1-rho**2)))
    else:
        p = 0
    
    pnorm = p/(1/(2*math.pi*sigmax*sigmay*(1-(rho)**2)**(0.5)))
    return pnorm
    
# hey man kan da ogsaa bare goere det paa den nemme maade
def faerdigRet(x,y,sigmax,sigmay,mux,muy,cov):
    p = mlab.bivariate_normal(x,y,sigmax,sigmay,mux,muy,cov)
    pnorm = p/(1/(2*math.pi*sigmax*sigmay*(1-(cov/(sigmax*sigmay))**2)**(0.5)))
    return pnorm

def
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold):
    allProbs = []
    for item in origArray:
        t = getWeekHour(float(item[0]))
        p = []
        for location in range(len(locations)-1):
            x = item[1]
            y = item[2]
        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
        allProbs.append(sum(p))
        
    mu = mean(allProbs)
    sigma = (variance(allProbs))**(0.5)
    n = len(allProbs)
    outliers = []
    withOutOutliers = []
    # Chauvenet's criterion (almost)
    for prob,item in zip(allProbs,origArray):
        if mu-prob > 1.5*sigma:
        
        #c = mlab.normpdf(prob,mu,sigma)
        #print "c*n",c
        #if c < OutlierThreshold:
            outliers.append(item)
        else:
            withOutOutliers.append(item)
            

    return outliers,withOutOutliers 
    
def
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov):
    allProbs = []
    for item in withOutOutliers:
        t = getWeekHour(float(item[0]))
        p = []
        for location in range(len(locations)-2):
            x = item[1]
            y = item[2]
        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
        allProbs.append(sum(p))
        
    mu = mean(allProbs)
    sigma = (variance(allProbs))**(0.5)
    n = len(allProbs)
    
    return mu,sigma,n
    
def calcTimeDecay(origArray):
    # run through all training check-ins
        # find last time each friend checked in to that same location
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
    
    temporalDistance = []
    my_counter = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating temporal decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            time = 0
            for checkIn in friend:
                if float(userCheckIn[0])-float(checkIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[checkIn[1],checkIn[2]] and
float(userCheckIn[0])-float(checkIn[0]) > 0 and getWeekDay(float(userCheckIn[0])) ==
getWeekDay(float(checkIn[0])):
                    time = float(userCheckIn[0])-float(checkIn[0])
            if time != 0 and time < 24*3600:
                temporalDistance.append(time/3600)
    
    if temporalDistance != []:  
        plt.figure(1)

        plt.clf()

        sortedTemporalDistance = sorted(temporalDistance)
        n, bins, patches = plt.hist(sortedTemporalDistance,bins=100,log=False)

        n2 = len(n)
        xmin = 1#min(temporalDistance)
        alpha = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if alpha < 0:
            alpha = -alpha
        #plt.plot(bins,bins**(-alpha),color='g')
        #expalpha = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),[expalpha*math.exp(-expalpha*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(temporalDistance)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Time dacay histogram outliers.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:
        alpha = 0   
    return alpha        
        
def calcDistanceDecay(origArray):
    # for each cooccurence with a friend get distance between user and friend at their last
respective check-ins if within threshold
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
        
    spatialDistanceCurPrev = []
    spatialDistancePrevPrev = []
    my_counter = 0
    previousUserCheckIn = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating spatial decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            distCurPrev = -1
            distPrevPrev = -1
            previousFriendCheckIn = 0
            for friendCheckIn in friend:
                if float(userCheckIn[0])-float(friendCheckIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[friendCheckIn[1],friendCheckIn[2]] and
float(userCheckIn[0])-float(friendCheckIn[0]) < 3600 and
float(userCheckIn[0])-float(friendCheckIn[0]) > 0:
                    if previousFriendCheckIn != 0 and previousFriendCheckIn[1] != 'off_campus':
                        distCurPrev =
getDistance([float(userCheckIn[1]),float(userCheckIn[2])],[float(previousFriendCheckIn[1]),flo
t(previousFriendCheckIn[2])])
                        if previousUserCheckIn != 0:
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                    if float(row[0]) > endTraining and float(row[0]) < evalEnd:                 
                        timeAndPlaceEvalFriend_offcampus.append([row[0],row[1]])
                currentCheckIn = nextCheckIn
                
            else:
                if float(row[0]) > startTraining and float(row[0]) < endTraining:
                    placeFriend.append(row[1])
                    timeAndPlaceTrainingFriend.append([row[0],row[1]])
                if float(row[0]) > endTraining and float(row[0]) < evalEnd:                 
                    timeAndPlaceEvalFriend.append([row[0],row[1]])
                    timeAndPlaceEvalFriend_offcampus.append([row[0],row[1]])
                currentCheckIn = nextCheckIn
        
        placeFriendAll.append(getCoordinates(placeFriend))
        timeAndPlaceTrainingFriendAll.append(getCoordinates(timeAndPlaceTrainingFriend))
    
timeAndPlaceTrainingFriend_offcampusAll.append(getCoordinates(timeAndPlaceTrainingFriend_offca
pus))
        timeAndPlaceEvalFriendAll.append(getCoordinates(timeAndPlaceEvalFriend))
    
timeAndPlaceEvalFriend_offcampusAll.append(getCoordinates(timeAndPlaceEvalFriend_offcampus))
        
    return
friends,friendScore,timeAndPlaceEvalFriend_offcampusAll,timeAndPlaceTrainingFriendAll
    
def angularAverage(c):
    if c == []:
        result = 'nan'
    else:
        vx = []
        vy = []
        for element in c:
            radianElement = element*(math.pi/12)
            vx.append(math.cos(radianElement))
            vy.append(math.sin(radianElement))
        avx = sum(vx)/len(vx)
        avy = sum(vy)/len(vy)
        result = math.atan2(avy,avx)*(12/math.pi)
        if result < 0:
            result = 24 + result
    return result
    
def angularVariance(a):
    if len(a) > 1:
        Ea = angularAverage(a)
        n = len(a)
        var = sum([(min((24) - abs(x - Ea), abs(x - Ea)))**2 for x in a])/(n)
        if var < 1:

            var = 1
    else:
        var = 1
    return var
    
def temporalGuassian(t,p,tauSigWeek,dailyWeights):
    weekGauss = 0
    for day in range(len(tauSigWeek)):
        if str(tauSigWeek[day][0]) != "nan" and tauSigWeek[day][1] != 0:
            #weekGauss +=
(dailyWeights[day]/math.sqrt(2*math.pi*tauSigWeek[day][1]**2))*math.exp(-((math.pi/12)**2)*((t
tauSigWeek[day][0])**2/(2*tauSigWeek[day][1]**2)))
            
            weekGauss +=
dailyWeights[day]*(p/math.sqrt(2*math.pi*tauSigWeek[day][1]**2))*math.exp(-((math.pi/12)**2)*(
t-tauSigWeek[day][0])**2/(2*tauSigWeek[day][1]**2)))
    #tempGauss =
(p/math.sqrt(2*math.pi*rho**2))*math.exp(-((math.pi/12)**2)*((t-tau)**2/(2*rho**2)))
    
    return weekGauss
    
def
temporalDistribution(t,dailyAveragesLocal,dailyWeights,locations,currentAccesspoint,offCampusW
ekProbs):
    p = []
    tau = []
    sig = []
    tauSigWeek = []
    locationCounter = -1
    for location in locations:
        locationCounter += 1
        dp = float(location[1]/sum(locations))
        #if dp < (1/len(locations)):
        #   dp = 1/len(locations)
        #dp = 1
        p.append(dp)
        tau.append(dailyAveragesLocal[locationCounter][getWeekDayFromStep(t)][0])
        sig.append(dailyAveragesLocal[locationCounter][getWeekDayFromStep(t)][1])
        tauSigWeek.append(dailyAveragesLocal[locationCounter])
    temporalGuassianArray = []
    for i in range(len(p)):
        if str(tau[i]) != "nan" and sig[i] != 0:
        
temporalGuassianArray.append(temporalGuassian(t,p[i],tauSigWeek[i],dailyWeights[i]))
        else:
            temporalGuassianArray.append(0)
    if sum(temporalGuassianArray) == 0:
        tempDist = 0

    else:
        tempDist = temporalGuassianArray[currentAccesspoint]/sum(temporalGuassianArray)
#remember to change locations when changing back
        #tempDist =
((offCampusWeekProbs[t-2]+offCampusWeekProbs[t-1]+offCampusWeekProbs[t]+offCampusWeekProbs[t+1
+offCampusWeekProbs[t+2])/5)*(temporalGuassianArray[currentAccesspoint]/sum(temporalGuassianArr
y))
    return tempDist 
    
def getDailyTemporalAverages(L,L_off):
    variance_mod = 3
    dailyAverages = []
    dailies = []
    dailyWeights = []
    accesspointCounter = -1
    L_all = []
    for l in L:
        L_all.append(l)
    L_all.append(L_off[0])
    
    for location in L_all:
        dailyAverages.append([]) #list of locations
        dailies.append([]) #list of accesspoints
        dailyWeights.append([]) #list of accesspoints
        accesspointCounter += 1
        checkIns = [[],[],[],[],[],[],[]]
        for checkIn in location[0]:
            weekDay = getWeekDay(float(checkIn))
            checkIns[weekDay].append(getDayHourFloat(float(checkIn)))
            
        dayCounter = -1
        for day in checkIns:
            dayCounter += 1
            dailyAverages[accesspointCounter].append([]) # list of days in accesspoint
            dailies[accesspointCounter].append([])
            for item in day:
                dailies[accesspointCounter][dayCounter].append(item)
            dailyAverages[accesspointCounter][dayCounter] =
(float(angularAverage(dailies[accesspointCounter][dayCounter]))+dayCounter*24,((angularVarianc
(dailies[accesspointCounter][dayCounter]))**(0.5))/variance_mod)
        
dailyWeights[accesspointCounter].append(len(dailies[accesspointCounter][dayCounter]))
    return dailyAverages,dailies,dailyWeights
    
# Weisstein, Eric W. "Bivariate Normal Distribution." From MathWorld--A Wolfram Web Resource.
http://mathworld.wolfram.com/BivariateNormalDistribution.html
def bivariateGaussianProabilityDistribution(x,y,sigmax,sigmay,mux,muy,cov):
    rho=cov/(sigmax*sigmay)

    if abs(rho) < 1 and rho != 0:
        z = (x-mux)**2/(sigmax**2) - (2*rho*(x-mux)*(y-muy))/(sigmax*sigmay) +
(y-muy)**2/(sigmay**2)
        p = 1/(2*math.pi*sigmax*sigmay*(1-(rho)**2)**(0.5)) * math.exp((-z)/(2*(1-rho**2)))
    else:
        p = 0
    
    pnorm = p/(1/(2*math.pi*sigmax*sigmay*(1-(rho)**2)**(0.5)))
    return pnorm
    
# hey man kan da ogsaa bare goere det paa den nemme maade
def faerdigRet(x,y,sigmax,sigmay,mux,muy,cov):
    p = mlab.bivariate_normal(x,y,sigmax,sigmay,mux,muy,cov)
    pnorm = p/(1/(2*math.pi*sigmax*sigmay*(1-(cov/(sigmax*sigmay))**2)**(0.5)))
    return pnorm

def
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold):
    allProbs = []
    for item in origArray:
        t = getWeekHour(float(item[0]))
        p = []
        for location in range(len(locations)-1):
            x = item[1]
            y = item[2]
        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
        allProbs.append(sum(p))
        
    mu = mean(allProbs)
    sigma = (variance(allProbs))**(0.5)
    n = len(allProbs)
    outliers = []
    withOutOutliers = []
    # Chauvenet's criterion (almost)
    for prob,item in zip(allProbs,origArray):
        if mu-prob > 1.5*sigma:
        
        #c = mlab.normpdf(prob,mu,sigma)
        #print "c*n",c
        #if c < OutlierThreshold:
            outliers.append(item)
        else:
            withOutOutliers.append(item)
            

    return outliers,withOutOutliers 
    
def
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov):
    allProbs = []
    for item in withOutOutliers:
        t = getWeekHour(float(item[0]))
        p = []
        for location in range(len(locations)-2):
            x = item[1]
            y = item[2]
        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
        allProbs.append(sum(p))
        
    mu = mean(allProbs)
    sigma = (variance(allProbs))**(0.5)
    n = len(allProbs)
    
    return mu,sigma,n
    
def calcTimeDecay(origArray):
    # run through all training check-ins
        # find last time each friend checked in to that same location
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
    
    temporalDistance = []
    my_counter = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating temporal decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            time = 0
            for checkIn in friend:
                if float(userCheckIn[0])-float(checkIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[checkIn[1],checkIn[2]] and
float(userCheckIn[0])-float(checkIn[0]) > 0 and getWeekDay(float(userCheckIn[0])) ==
getWeekDay(float(checkIn[0])):
                    time = float(userCheckIn[0])-float(checkIn[0])
            if time != 0 and time < 24*3600:
                temporalDistance.append(time/3600)
    
    if temporalDistance != []:  
        plt.figure(1)

        plt.clf()

        sortedTemporalDistance = sorted(temporalDistance)
        n, bins, patches = plt.hist(sortedTemporalDistance,bins=100,log=False)

        n2 = len(n)
        xmin = 1#min(temporalDistance)
        alpha = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if alpha < 0:
            alpha = -alpha
        #plt.plot(bins,bins**(-alpha),color='g')
        #expalpha = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),[expalpha*math.exp(-expalpha*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(temporalDistance)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Time dacay histogram outliers.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:
        alpha = 0   
    return alpha        
        
def calcDistanceDecay(origArray):
    # for each cooccurence with a friend get distance between user and friend at their last
respective check-ins if within threshold
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
        
    spatialDistanceCurPrev = []
    spatialDistancePrevPrev = []
    my_counter = 0
    previousUserCheckIn = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating spatial decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            distCurPrev = -1
            distPrevPrev = -1
            previousFriendCheckIn = 0
            for friendCheckIn in friend:
                if float(userCheckIn[0])-float(friendCheckIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[friendCheckIn[1],friendCheckIn[2]] and
float(userCheckIn[0])-float(friendCheckIn[0]) < 3600 and
float(userCheckIn[0])-float(friendCheckIn[0]) > 0:
                    if previousFriendCheckIn != 0 and previousFriendCheckIn[1] != 'off_campus':
                        distCurPrev =
getDistance([float(userCheckIn[1]),float(userCheckIn[2])],[float(previousFriendCheckIn[1]),flo
t(previousFriendCheckIn[2])])
                        if previousUserCheckIn != 0:

                            distPrevPrev =
getDistance([float(previousUserCheckIn[1]),float(previousUserCheckIn[2])],[float(previousFrien
CheckIn[1]),float(previousFriendCheckIn[2])])       
                previousFriendCheckIn = friendCheckIn
            if distCurPrev != -1:
                spatialDistanceCurPrev.append(distCurPrev*1000)
            if distPrevPrev != -1:
                spatialDistancePrevPrev.append(distPrevPrev*1000)
        previousUserCheckIn = userCheckIn
                
    #if spatialDistanceCurPrev != []:           
    #   plt.figure(2)
    #   plt.clf()
    #   sortedSpatialDistance = sorted(spatialDistanceCurPrev)
    #   n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
    #   n2 = len(n)
    #   xmin = 1#min(spatialDistance)
    #   beta = 1+n2/sum([log((x+0.01)/xmin) for x in n])
    #   if beta < 0:
    #       beta = -beta
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistanceCurPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - CurPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    #else:
    #   beta = 0
    
    if spatialDistancePrevPrev != []:           
        plt.figure(2)
        plt.clf()
        sortedSpatialDistance = sorted(spatialDistancePrevPrev)
        n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
        n2 = len(n)
        xmin = 1#min(spatialDistance)
        beta2 = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if beta2 < 0:
            beta2 = -beta2
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta2),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistancePrevPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - PrevPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:
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def angularAverage(c):
    if c == []:
        result = 'nan'
    else:
        vx = []
        vy = []
        for element in c:
            radianElement = element*(math.pi/12)
            vx.append(math.cos(radianElement))
            vy.append(math.sin(radianElement))
        avx = sum(vx)/len(vx)
        avy = sum(vy)/len(vy)
        result = math.atan2(avy,avx)*(12/math.pi)
        if result < 0:
            result = 24 + result
    return result
    
def angularVariance(a):
    if len(a) > 1:
        Ea = angularAverage(a)
        n = len(a)
        var = sum([(min((24) - abs(x - Ea), abs(x - Ea)))**2 for x in a])/(n)
        if var < 1:

            var = 1
    else:
        var = 1
    return var
    
def temporalGuassian(t,p,tauSigWeek,dailyWeights):
    weekGauss = 0
    for day in range(len(tauSigWeek)):
        if str(tauSigWeek[day][0]) != "nan" and tauSigWeek[day][1] != 0:
            #weekGauss +=
(dailyWeights[day]/math.sqrt(2*math.pi*tauSigWeek[day][1]**2))*math.exp(-((math.pi/12)**2)*((t
tauSigWeek[day][0])**2/(2*tauSigWeek[day][1]**2)))
            
            weekGauss +=
dailyWeights[day]*(p/math.sqrt(2*math.pi*tauSigWeek[day][1]**2))*math.exp(-((math.pi/12)**2)*(
t-tauSigWeek[day][0])**2/(2*tauSigWeek[day][1]**2)))
    #tempGauss =
(p/math.sqrt(2*math.pi*rho**2))*math.exp(-((math.pi/12)**2)*((t-tau)**2/(2*rho**2)))
    
    return weekGauss
    
def
temporalDistribution(t,dailyAveragesLocal,dailyWeights,locations,currentAccesspoint,offCampusW
ekProbs):
    p = []
    tau = []
    sig = []
    tauSigWeek = []
    locationCounter = -1
    for location in locations:
        locationCounter += 1
        dp = float(location[1]/sum(locations))
        #if dp < (1/len(locations)):
        #   dp = 1/len(locations)
        #dp = 1
        p.append(dp)
        tau.append(dailyAveragesLocal[locationCounter][getWeekDayFromStep(t)][0])
        sig.append(dailyAveragesLocal[locationCounter][getWeekDayFromStep(t)][1])
        tauSigWeek.append(dailyAveragesLocal[locationCounter])
    temporalGuassianArray = []
    for i in range(len(p)):
        if str(tau[i]) != "nan" and sig[i] != 0:
        
temporalGuassianArray.append(temporalGuassian(t,p[i],tauSigWeek[i],dailyWeights[i]))
        else:
            temporalGuassianArray.append(0)
    if sum(temporalGuassianArray) == 0:
        tempDist = 0

    else:
        tempDist = temporalGuassianArray[currentAccesspoint]/sum(temporalGuassianArray)
#remember to change locations when changing back
        #tempDist =
((offCampusWeekProbs[t-2]+offCampusWeekProbs[t-1]+offCampusWeekProbs[t]+offCampusWeekProbs[t+1
+offCampusWeekProbs[t+2])/5)*(temporalGuassianArray[currentAccesspoint]/sum(temporalGuassianArr
y))
    return tempDist 
    
def getDailyTemporalAverages(L,L_off):
    variance_mod = 3
    dailyAverages = []
    dailies = []
    dailyWeights = []
    accesspointCounter = -1
    L_all = []
    for l in L:
        L_all.append(l)
    L_all.append(L_off[0])
    
    for location in L_all:
        dailyAverages.append([]) #list of locations
        dailies.append([]) #list of accesspoints
        dailyWeights.append([]) #list of accesspoints
        accesspointCounter += 1
        checkIns = [[],[],[],[],[],[],[]]
        for checkIn in location[0]:
            weekDay = getWeekDay(float(checkIn))
            checkIns[weekDay].append(getDayHourFloat(float(checkIn)))
            
        dayCounter = -1
        for day in checkIns:
            dayCounter += 1
            dailyAverages[accesspointCounter].append([]) # list of days in accesspoint
            dailies[accesspointCounter].append([])
            for item in day:
                dailies[accesspointCounter][dayCounter].append(item)
            dailyAverages[accesspointCounter][dayCounter] =
(float(angularAverage(dailies[accesspointCounter][dayCounter]))+dayCounter*24,((angularVarianc
(dailies[accesspointCounter][dayCounter]))**(0.5))/variance_mod)
        
dailyWeights[accesspointCounter].append(len(dailies[accesspointCounter][dayCounter]))
    return dailyAverages,dailies,dailyWeights
    
# Weisstein, Eric W. "Bivariate Normal Distribution." From MathWorld--A Wolfram Web Resource.
http://mathworld.wolfram.com/BivariateNormalDistribution.html
def bivariateGaussianProabilityDistribution(x,y,sigmax,sigmay,mux,muy,cov):
    rho=cov/(sigmax*sigmay)

    if abs(rho) < 1 and rho != 0:
        z = (x-mux)**2/(sigmax**2) - (2*rho*(x-mux)*(y-muy))/(sigmax*sigmay) +
(y-muy)**2/(sigmay**2)
        p = 1/(2*math.pi*sigmax*sigmay*(1-(rho)**2)**(0.5)) * math.exp((-z)/(2*(1-rho**2)))
    else:
        p = 0
    
    pnorm = p/(1/(2*math.pi*sigmax*sigmay*(1-(rho)**2)**(0.5)))
    return pnorm
    
# hey man kan da ogsaa bare goere det paa den nemme maade
def faerdigRet(x,y,sigmax,sigmay,mux,muy,cov):
    p = mlab.bivariate_normal(x,y,sigmax,sigmay,mux,muy,cov)
    pnorm = p/(1/(2*math.pi*sigmax*sigmay*(1-(cov/(sigmax*sigmay))**2)**(0.5)))
    return pnorm

def
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold):
    allProbs = []
    for item in origArray:
        t = getWeekHour(float(item[0]))
        p = []
        for location in range(len(locations)-1):
            x = item[1]
            y = item[2]
        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
        allProbs.append(sum(p))
        
    mu = mean(allProbs)
    sigma = (variance(allProbs))**(0.5)
    n = len(allProbs)
    outliers = []
    withOutOutliers = []
    # Chauvenet's criterion (almost)
    for prob,item in zip(allProbs,origArray):
        if mu-prob > 1.5*sigma:
        
        #c = mlab.normpdf(prob,mu,sigma)
        #print "c*n",c
        #if c < OutlierThreshold:
            outliers.append(item)
        else:
            withOutOutliers.append(item)
            

    return outliers,withOutOutliers 
    
def
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov):
    allProbs = []
    for item in withOutOutliers:
        t = getWeekHour(float(item[0]))
        p = []
        for location in range(len(locations)-2):
            x = item[1]
            y = item[2]
        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
        allProbs.append(sum(p))
        
    mu = mean(allProbs)
    sigma = (variance(allProbs))**(0.5)
    n = len(allProbs)
    
    return mu,sigma,n
    
def calcTimeDecay(origArray):
    # run through all training check-ins
        # find last time each friend checked in to that same location
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
    
    temporalDistance = []
    my_counter = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating temporal decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            time = 0
            for checkIn in friend:
                if float(userCheckIn[0])-float(checkIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[checkIn[1],checkIn[2]] and
float(userCheckIn[0])-float(checkIn[0]) > 0 and getWeekDay(float(userCheckIn[0])) ==
getWeekDay(float(checkIn[0])):
                    time = float(userCheckIn[0])-float(checkIn[0])
            if time != 0 and time < 24*3600:
                temporalDistance.append(time/3600)
    
    if temporalDistance != []:  
        plt.figure(1)

        plt.clf()

        sortedTemporalDistance = sorted(temporalDistance)
        n, bins, patches = plt.hist(sortedTemporalDistance,bins=100,log=False)

        n2 = len(n)
        xmin = 1#min(temporalDistance)
        alpha = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if alpha < 0:
            alpha = -alpha
        #plt.plot(bins,bins**(-alpha),color='g')
        #expalpha = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),[expalpha*math.exp(-expalpha*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(temporalDistance)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Time dacay histogram outliers.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:
        alpha = 0   
    return alpha        
        
def calcDistanceDecay(origArray):
    # for each cooccurence with a friend get distance between user and friend at their last
respective check-ins if within threshold
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
        
    spatialDistanceCurPrev = []
    spatialDistancePrevPrev = []
    my_counter = 0
    previousUserCheckIn = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating spatial decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            distCurPrev = -1
            distPrevPrev = -1
            previousFriendCheckIn = 0
            for friendCheckIn in friend:
                if float(userCheckIn[0])-float(friendCheckIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[friendCheckIn[1],friendCheckIn[2]] and
float(userCheckIn[0])-float(friendCheckIn[0]) < 3600 and
float(userCheckIn[0])-float(friendCheckIn[0]) > 0:
                    if previousFriendCheckIn != 0 and previousFriendCheckIn[1] != 'off_campus':
                        distCurPrev =
getDistance([float(userCheckIn[1]),float(userCheckIn[2])],[float(previousFriendCheckIn[1]),flo
t(previousFriendCheckIn[2])])
                        if previousUserCheckIn != 0:

                            distPrevPrev =
getDistance([float(previousUserCheckIn[1]),float(previousUserCheckIn[2])],[float(previousFrien
CheckIn[1]),float(previousFriendCheckIn[2])])       
                previousFriendCheckIn = friendCheckIn
            if distCurPrev != -1:
                spatialDistanceCurPrev.append(distCurPrev*1000)
            if distPrevPrev != -1:
                spatialDistancePrevPrev.append(distPrevPrev*1000)
        previousUserCheckIn = userCheckIn
                
    #if spatialDistanceCurPrev != []:           
    #   plt.figure(2)
    #   plt.clf()
    #   sortedSpatialDistance = sorted(spatialDistanceCurPrev)
    #   n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
    #   n2 = len(n)
    #   xmin = 1#min(spatialDistance)
    #   beta = 1+n2/sum([log((x+0.01)/xmin) for x in n])
    #   if beta < 0:
    #       beta = -beta
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistanceCurPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - CurPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    #else:
    #   beta = 0
    
    if spatialDistancePrevPrev != []:           
        plt.figure(2)
        plt.clf()
        sortedSpatialDistance = sorted(spatialDistancePrevPrev)
        n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
        n2 = len(n)
        xmin = 1#min(spatialDistance)
        beta2 = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if beta2 < 0:
            beta2 = -beta2
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta2),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistancePrevPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - PrevPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:

        beta2 = 0
        
    return beta2    
    
def socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore):
    # outliers bruges bare til at lave den temporale fordeling og en gang for alle (laes. hver
bruger) bestemme alpha og beta
    # naar der skal bestemmes gat efter fitting har social delen en temporal del ligesom
off-campus 
    # og naar denne har den hoejeste sadnsynligehd anvendes nedenstaaende fordeling til at
komme med et gaet
    # maaske skal alpha og beta ogsaa kun fittes efter 24 timer check-in
    # the sum of all friends check-ins with-in the last 12 or 24 hours (since 12 midnight)
times the friends score of each friend
    # for friend in frieds
        #friendScore * sum(timeDist**(-alpha) * spatDist**(-beta))
    score = 0
    scoreDelta = 0
    friendCounter = -1
    scoreNormalizer = 0
    scoreNormalizerDelta = 0
    for friend in approvedCheckIns:
        friendCounter += 1
        for checkIn in friend:
            spatDist = getDistance([X[0],X[1]],[float(checkIn[1]),float(checkIn[2])])
            tempDist = abs(t-float(checkIn[0]))
            if spatDist < 1:
                scoreNormalizer += float(friendScore[friendCounter][0])
                if spatDist == 0 and tempDist == 0:
                    score += float(friendScore[friendCounter][0])
                elif spatDist == 0:
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha)
                elif tempDist == 0:
                    score += float(friendScore[friendCounter][0]) * spatDist**(-beta)
                else:   
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha) *
spatDist**(-beta)
            #
            if spatDist < 0.01:
                scoreNormalizerDelta += float(friendScore[friendCounter][0])
                if tempDist == 0:
                    scoreDelta += float(friendScore[friendCounter][0])
                else:   
                    scoreDelta += float(friendScore[friendCounter][0]) * tempDist**(-alpha) 
                    
    if scoreDelta != 0:
        scoreDelta = scoreDelta/scoreNormalizerDelta
    if score != 0:
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            var = 1
    else:
        var = 1
    return var
    
def temporalGuassian(t,p,tauSigWeek,dailyWeights):
    weekGauss = 0
    for day in range(len(tauSigWeek)):
        if str(tauSigWeek[day][0]) != "nan" and tauSigWeek[day][1] != 0:
            #weekGauss +=
(dailyWeights[day]/math.sqrt(2*math.pi*tauSigWeek[day][1]**2))*math.exp(-((math.pi/12)**2)*((t
tauSigWeek[day][0])**2/(2*tauSigWeek[day][1]**2)))
            
            weekGauss +=
dailyWeights[day]*(p/math.sqrt(2*math.pi*tauSigWeek[day][1]**2))*math.exp(-((math.pi/12)**2)*(
t-tauSigWeek[day][0])**2/(2*tauSigWeek[day][1]**2)))
    #tempGauss =
(p/math.sqrt(2*math.pi*rho**2))*math.exp(-((math.pi/12)**2)*((t-tau)**2/(2*rho**2)))
    
    return weekGauss
    
def
temporalDistribution(t,dailyAveragesLocal,dailyWeights,locations,currentAccesspoint,offCampusW
ekProbs):
    p = []
    tau = []
    sig = []
    tauSigWeek = []
    locationCounter = -1
    for location in locations:
        locationCounter += 1
        dp = float(location[1]/sum(locations))
        #if dp < (1/len(locations)):
        #   dp = 1/len(locations)
        #dp = 1
        p.append(dp)
        tau.append(dailyAveragesLocal[locationCounter][getWeekDayFromStep(t)][0])
        sig.append(dailyAveragesLocal[locationCounter][getWeekDayFromStep(t)][1])
        tauSigWeek.append(dailyAveragesLocal[locationCounter])
    temporalGuassianArray = []
    for i in range(len(p)):
        if str(tau[i]) != "nan" and sig[i] != 0:
        
temporalGuassianArray.append(temporalGuassian(t,p[i],tauSigWeek[i],dailyWeights[i]))
        else:
            temporalGuassianArray.append(0)
    if sum(temporalGuassianArray) == 0:
        tempDist = 0

    else:
        tempDist = temporalGuassianArray[currentAccesspoint]/sum(temporalGuassianArray)
#remember to change locations when changing back
        #tempDist =
((offCampusWeekProbs[t-2]+offCampusWeekProbs[t-1]+offCampusWeekProbs[t]+offCampusWeekProbs[t+1
+offCampusWeekProbs[t+2])/5)*(temporalGuassianArray[currentAccesspoint]/sum(temporalGuassianArr
y))
    return tempDist 
    
def getDailyTemporalAverages(L,L_off):
    variance_mod = 3
    dailyAverages = []
    dailies = []
    dailyWeights = []
    accesspointCounter = -1
    L_all = []
    for l in L:
        L_all.append(l)
    L_all.append(L_off[0])
    
    for location in L_all:
        dailyAverages.append([]) #list of locations
        dailies.append([]) #list of accesspoints
        dailyWeights.append([]) #list of accesspoints
        accesspointCounter += 1
        checkIns = [[],[],[],[],[],[],[]]
        for checkIn in location[0]:
            weekDay = getWeekDay(float(checkIn))
            checkIns[weekDay].append(getDayHourFloat(float(checkIn)))
            
        dayCounter = -1
        for day in checkIns:
            dayCounter += 1
            dailyAverages[accesspointCounter].append([]) # list of days in accesspoint
            dailies[accesspointCounter].append([])
            for item in day:
                dailies[accesspointCounter][dayCounter].append(item)
            dailyAverages[accesspointCounter][dayCounter] =
(float(angularAverage(dailies[accesspointCounter][dayCounter]))+dayCounter*24,((angularVarianc
(dailies[accesspointCounter][dayCounter]))**(0.5))/variance_mod)
        
dailyWeights[accesspointCounter].append(len(dailies[accesspointCounter][dayCounter]))
    return dailyAverages,dailies,dailyWeights
    
# Weisstein, Eric W. "Bivariate Normal Distribution." From MathWorld--A Wolfram Web Resource.
http://mathworld.wolfram.com/BivariateNormalDistribution.html
def bivariateGaussianProabilityDistribution(x,y,sigmax,sigmay,mux,muy,cov):
    rho=cov/(sigmax*sigmay)

    if abs(rho) < 1 and rho != 0:
        z = (x-mux)**2/(sigmax**2) - (2*rho*(x-mux)*(y-muy))/(sigmax*sigmay) +
(y-muy)**2/(sigmay**2)
        p = 1/(2*math.pi*sigmax*sigmay*(1-(rho)**2)**(0.5)) * math.exp((-z)/(2*(1-rho**2)))
    else:
        p = 0
    
    pnorm = p/(1/(2*math.pi*sigmax*sigmay*(1-(rho)**2)**(0.5)))
    return pnorm
    
# hey man kan da ogsaa bare goere det paa den nemme maade
def faerdigRet(x,y,sigmax,sigmay,mux,muy,cov):
    p = mlab.bivariate_normal(x,y,sigmax,sigmay,mux,muy,cov)
    pnorm = p/(1/(2*math.pi*sigmax*sigmay*(1-(cov/(sigmax*sigmay))**2)**(0.5)))
    return pnorm

def
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold):
    allProbs = []
    for item in origArray:
        t = getWeekHour(float(item[0]))
        p = []
        for location in range(len(locations)-1):
            x = item[1]
            y = item[2]
        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
        allProbs.append(sum(p))
        
    mu = mean(allProbs)
    sigma = (variance(allProbs))**(0.5)
    n = len(allProbs)
    outliers = []
    withOutOutliers = []
    # Chauvenet's criterion (almost)
    for prob,item in zip(allProbs,origArray):
        if mu-prob > 1.5*sigma:
        
        #c = mlab.normpdf(prob,mu,sigma)
        #print "c*n",c
        #if c < OutlierThreshold:
            outliers.append(item)
        else:
            withOutOutliers.append(item)
            

    return outliers,withOutOutliers 
    
def
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov):
    allProbs = []
    for item in withOutOutliers:
        t = getWeekHour(float(item[0]))
        p = []
        for location in range(len(locations)-2):
            x = item[1]
            y = item[2]
        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
        allProbs.append(sum(p))
        
    mu = mean(allProbs)
    sigma = (variance(allProbs))**(0.5)
    n = len(allProbs)
    
    return mu,sigma,n
    
def calcTimeDecay(origArray):
    # run through all training check-ins
        # find last time each friend checked in to that same location
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
    
    temporalDistance = []
    my_counter = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating temporal decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            time = 0
            for checkIn in friend:
                if float(userCheckIn[0])-float(checkIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[checkIn[1],checkIn[2]] and
float(userCheckIn[0])-float(checkIn[0]) > 0 and getWeekDay(float(userCheckIn[0])) ==
getWeekDay(float(checkIn[0])):
                    time = float(userCheckIn[0])-float(checkIn[0])
            if time != 0 and time < 24*3600:
                temporalDistance.append(time/3600)
    
    if temporalDistance != []:  
        plt.figure(1)

        plt.clf()

        sortedTemporalDistance = sorted(temporalDistance)
        n, bins, patches = plt.hist(sortedTemporalDistance,bins=100,log=False)

        n2 = len(n)
        xmin = 1#min(temporalDistance)
        alpha = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if alpha < 0:
            alpha = -alpha
        #plt.plot(bins,bins**(-alpha),color='g')
        #expalpha = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),[expalpha*math.exp(-expalpha*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(temporalDistance)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Time dacay histogram outliers.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:
        alpha = 0   
    return alpha        
        
def calcDistanceDecay(origArray):
    # for each cooccurence with a friend get distance between user and friend at their last
respective check-ins if within threshold
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
        
    spatialDistanceCurPrev = []
    spatialDistancePrevPrev = []
    my_counter = 0
    previousUserCheckIn = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating spatial decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            distCurPrev = -1
            distPrevPrev = -1
            previousFriendCheckIn = 0
            for friendCheckIn in friend:
                if float(userCheckIn[0])-float(friendCheckIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[friendCheckIn[1],friendCheckIn[2]] and
float(userCheckIn[0])-float(friendCheckIn[0]) < 3600 and
float(userCheckIn[0])-float(friendCheckIn[0]) > 0:
                    if previousFriendCheckIn != 0 and previousFriendCheckIn[1] != 'off_campus':
                        distCurPrev =
getDistance([float(userCheckIn[1]),float(userCheckIn[2])],[float(previousFriendCheckIn[1]),flo
t(previousFriendCheckIn[2])])
                        if previousUserCheckIn != 0:

                            distPrevPrev =
getDistance([float(previousUserCheckIn[1]),float(previousUserCheckIn[2])],[float(previousFrien
CheckIn[1]),float(previousFriendCheckIn[2])])       
                previousFriendCheckIn = friendCheckIn
            if distCurPrev != -1:
                spatialDistanceCurPrev.append(distCurPrev*1000)
            if distPrevPrev != -1:
                spatialDistancePrevPrev.append(distPrevPrev*1000)
        previousUserCheckIn = userCheckIn
                
    #if spatialDistanceCurPrev != []:           
    #   plt.figure(2)
    #   plt.clf()
    #   sortedSpatialDistance = sorted(spatialDistanceCurPrev)
    #   n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
    #   n2 = len(n)
    #   xmin = 1#min(spatialDistance)
    #   beta = 1+n2/sum([log((x+0.01)/xmin) for x in n])
    #   if beta < 0:
    #       beta = -beta
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistanceCurPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - CurPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    #else:
    #   beta = 0
    
    if spatialDistancePrevPrev != []:           
        plt.figure(2)
        plt.clf()
        sortedSpatialDistance = sorted(spatialDistancePrevPrev)
        n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
        n2 = len(n)
        xmin = 1#min(spatialDistance)
        beta2 = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if beta2 < 0:
            beta2 = -beta2
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta2),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistancePrevPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - PrevPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:

        beta2 = 0
        
    return beta2    
    
def socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore):
    # outliers bruges bare til at lave den temporale fordeling og en gang for alle (laes. hver
bruger) bestemme alpha og beta
    # naar der skal bestemmes gat efter fitting har social delen en temporal del ligesom
off-campus 
    # og naar denne har den hoejeste sadnsynligehd anvendes nedenstaaende fordeling til at
komme med et gaet
    # maaske skal alpha og beta ogsaa kun fittes efter 24 timer check-in
    # the sum of all friends check-ins with-in the last 12 or 24 hours (since 12 midnight)
times the friends score of each friend
    # for friend in frieds
        #friendScore * sum(timeDist**(-alpha) * spatDist**(-beta))
    score = 0
    scoreDelta = 0
    friendCounter = -1
    scoreNormalizer = 0
    scoreNormalizerDelta = 0
    for friend in approvedCheckIns:
        friendCounter += 1
        for checkIn in friend:
            spatDist = getDistance([X[0],X[1]],[float(checkIn[1]),float(checkIn[2])])
            tempDist = abs(t-float(checkIn[0]))
            if spatDist < 1:
                scoreNormalizer += float(friendScore[friendCounter][0])
                if spatDist == 0 and tempDist == 0:
                    score += float(friendScore[friendCounter][0])
                elif spatDist == 0:
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha)
                elif tempDist == 0:
                    score += float(friendScore[friendCounter][0]) * spatDist**(-beta)
                else:   
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha) *
spatDist**(-beta)
            #
            if spatDist < 0.01:
                scoreNormalizerDelta += float(friendScore[friendCounter][0])
                if tempDist == 0:
                    scoreDelta += float(friendScore[friendCounter][0])
                else:   
                    scoreDelta += float(friendScore[friendCounter][0]) * tempDist**(-alpha) 
                    
    if scoreDelta != 0:
        scoreDelta = scoreDelta/scoreNormalizerDelta
    if score != 0:

        score = score/scoreNormalizer
    return score,scoreDelta 
    
def getRandomStartingPoint(origArray,numLocations):
    L = []  
    for i in range(numLocations):
        L.append([[],[],[]])
    # put all check-ins in "random" piles   
    marker = 0
    size = len(origArray)
    whileCounter = 0
    while size:
        size -= 1
        index = random.randint(0, size)
        item = origArray[index]
        origArray[index] = origArray[size]
        whileCounter += 1

        jazzy = whileCounter-numLocations*(whileCounter//numLocations)
        L[jazzy][0].append(item[0])
        L[jazzy][1].append(item[1])
        L[jazzy][2].append(item[2])
    return L    
    
def getFixedStartingPoint(origArray,uniqueCheckInCoords):
    L = []  
    for i in range(len(uniqueCheckInCoords)):
        L.append([[],[],[]])
    
    for item in origArray:
        coords = [item[1],item[2]]
        index = uniqueCheckInCoords.index(coords)
        L[index][0].append(item[0])
        L[index][1].append(item[1])
        L[index][2].append(item[2])

    needSpecialVar = True
    return L,needSpecialVar 
        
def
expectationMaximization(origArray,offcampus,num_locations,evalArray,offCampusWeekProbs,uniqueC
eckInCoords):
    varianceModifier = 0.01
    spatialImportance = 1
    OutlierThreshold = 0.5
    exceptionCounter = 0
    delta = True
    draw = False
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    p = []
    tau = []
    sig = []
    tauSigWeek = []
    locationCounter = -1
    for location in locations:
        locationCounter += 1
        dp = float(location[1]/sum(locations))
        #if dp < (1/len(locations)):
        #   dp = 1/len(locations)
        #dp = 1
        p.append(dp)
        tau.append(dailyAveragesLocal[locationCounter][getWeekDayFromStep(t)][0])
        sig.append(dailyAveragesLocal[locationCounter][getWeekDayFromStep(t)][1])
        tauSigWeek.append(dailyAveragesLocal[locationCounter])
    temporalGuassianArray = []
    for i in range(len(p)):
        if str(tau[i]) != "nan" and sig[i] != 0:
        
temporalGuassianArray.append(temporalGuassian(t,p[i],tauSigWeek[i],dailyWeights[i]))
        else:
            temporalGuassianArray.append(0)
    if sum(temporalGuassianArray) == 0:
        tempDist = 0

    else:
        tempDist = temporalGuassianArray[currentAccesspoint]/sum(temporalGuassianArray)
#remember to change locations when changing back
        #tempDist =
((offCampusWeekProbs[t-2]+offCampusWeekProbs[t-1]+offCampusWeekProbs[t]+offCampusWeekProbs[t+1
+offCampusWeekProbs[t+2])/5)*(temporalGuassianArray[currentAccesspoint]/sum(temporalGuassianArr
y))
    return tempDist 
    
def getDailyTemporalAverages(L,L_off):
    variance_mod = 3
    dailyAverages = []
    dailies = []
    dailyWeights = []
    accesspointCounter = -1
    L_all = []
    for l in L:
        L_all.append(l)
    L_all.append(L_off[0])
    
    for location in L_all:
        dailyAverages.append([]) #list of locations
        dailies.append([]) #list of accesspoints
        dailyWeights.append([]) #list of accesspoints
        accesspointCounter += 1
        checkIns = [[],[],[],[],[],[],[]]
        for checkIn in location[0]:
            weekDay = getWeekDay(float(checkIn))
            checkIns[weekDay].append(getDayHourFloat(float(checkIn)))
            
        dayCounter = -1
        for day in checkIns:
            dayCounter += 1
            dailyAverages[accesspointCounter].append([]) # list of days in accesspoint
            dailies[accesspointCounter].append([])
            for item in day:
                dailies[accesspointCounter][dayCounter].append(item)
            dailyAverages[accesspointCounter][dayCounter] =
(float(angularAverage(dailies[accesspointCounter][dayCounter]))+dayCounter*24,((angularVarianc
(dailies[accesspointCounter][dayCounter]))**(0.5))/variance_mod)
        
dailyWeights[accesspointCounter].append(len(dailies[accesspointCounter][dayCounter]))
    return dailyAverages,dailies,dailyWeights
    
# Weisstein, Eric W. "Bivariate Normal Distribution." From MathWorld--A Wolfram Web Resource.
http://mathworld.wolfram.com/BivariateNormalDistribution.html
def bivariateGaussianProabilityDistribution(x,y,sigmax,sigmay,mux,muy,cov):
    rho=cov/(sigmax*sigmay)

    if abs(rho) < 1 and rho != 0:
        z = (x-mux)**2/(sigmax**2) - (2*rho*(x-mux)*(y-muy))/(sigmax*sigmay) +
(y-muy)**2/(sigmay**2)
        p = 1/(2*math.pi*sigmax*sigmay*(1-(rho)**2)**(0.5)) * math.exp((-z)/(2*(1-rho**2)))
    else:
        p = 0
    
    pnorm = p/(1/(2*math.pi*sigmax*sigmay*(1-(rho)**2)**(0.5)))
    return pnorm
    
# hey man kan da ogsaa bare goere det paa den nemme maade
def faerdigRet(x,y,sigmax,sigmay,mux,muy,cov):
    p = mlab.bivariate_normal(x,y,sigmax,sigmay,mux,muy,cov)
    pnorm = p/(1/(2*math.pi*sigmax*sigmay*(1-(cov/(sigmax*sigmay))**2)**(0.5)))
    return pnorm

def
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold):
    allProbs = []
    for item in origArray:
        t = getWeekHour(float(item[0]))
        p = []
        for location in range(len(locations)-1):
            x = item[1]
            y = item[2]
        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
        allProbs.append(sum(p))
        
    mu = mean(allProbs)
    sigma = (variance(allProbs))**(0.5)
    n = len(allProbs)
    outliers = []
    withOutOutliers = []
    # Chauvenet's criterion (almost)
    for prob,item in zip(allProbs,origArray):
        if mu-prob > 1.5*sigma:
        
        #c = mlab.normpdf(prob,mu,sigma)
        #print "c*n",c
        #if c < OutlierThreshold:
            outliers.append(item)
        else:
            withOutOutliers.append(item)
            

    return outliers,withOutOutliers 
    
def
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov):
    allProbs = []
    for item in withOutOutliers:
        t = getWeekHour(float(item[0]))
        p = []
        for location in range(len(locations)-2):
            x = item[1]
            y = item[2]
        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
        allProbs.append(sum(p))
        
    mu = mean(allProbs)
    sigma = (variance(allProbs))**(0.5)
    n = len(allProbs)
    
    return mu,sigma,n
    
def calcTimeDecay(origArray):
    # run through all training check-ins
        # find last time each friend checked in to that same location
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
    
    temporalDistance = []
    my_counter = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating temporal decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            time = 0
            for checkIn in friend:
                if float(userCheckIn[0])-float(checkIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[checkIn[1],checkIn[2]] and
float(userCheckIn[0])-float(checkIn[0]) > 0 and getWeekDay(float(userCheckIn[0])) ==
getWeekDay(float(checkIn[0])):
                    time = float(userCheckIn[0])-float(checkIn[0])
            if time != 0 and time < 24*3600:
                temporalDistance.append(time/3600)
    
    if temporalDistance != []:  
        plt.figure(1)

        plt.clf()

        sortedTemporalDistance = sorted(temporalDistance)
        n, bins, patches = plt.hist(sortedTemporalDistance,bins=100,log=False)

        n2 = len(n)
        xmin = 1#min(temporalDistance)
        alpha = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if alpha < 0:
            alpha = -alpha
        #plt.plot(bins,bins**(-alpha),color='g')
        #expalpha = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),[expalpha*math.exp(-expalpha*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(temporalDistance)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Time dacay histogram outliers.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:
        alpha = 0   
    return alpha        
        
def calcDistanceDecay(origArray):
    # for each cooccurence with a friend get distance between user and friend at their last
respective check-ins if within threshold
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
        
    spatialDistanceCurPrev = []
    spatialDistancePrevPrev = []
    my_counter = 0
    previousUserCheckIn = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating spatial decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            distCurPrev = -1
            distPrevPrev = -1
            previousFriendCheckIn = 0
            for friendCheckIn in friend:
                if float(userCheckIn[0])-float(friendCheckIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[friendCheckIn[1],friendCheckIn[2]] and
float(userCheckIn[0])-float(friendCheckIn[0]) < 3600 and
float(userCheckIn[0])-float(friendCheckIn[0]) > 0:
                    if previousFriendCheckIn != 0 and previousFriendCheckIn[1] != 'off_campus':
                        distCurPrev =
getDistance([float(userCheckIn[1]),float(userCheckIn[2])],[float(previousFriendCheckIn[1]),flo
t(previousFriendCheckIn[2])])
                        if previousUserCheckIn != 0:

                            distPrevPrev =
getDistance([float(previousUserCheckIn[1]),float(previousUserCheckIn[2])],[float(previousFrien
CheckIn[1]),float(previousFriendCheckIn[2])])       
                previousFriendCheckIn = friendCheckIn
            if distCurPrev != -1:
                spatialDistanceCurPrev.append(distCurPrev*1000)
            if distPrevPrev != -1:
                spatialDistancePrevPrev.append(distPrevPrev*1000)
        previousUserCheckIn = userCheckIn
                
    #if spatialDistanceCurPrev != []:           
    #   plt.figure(2)
    #   plt.clf()
    #   sortedSpatialDistance = sorted(spatialDistanceCurPrev)
    #   n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
    #   n2 = len(n)
    #   xmin = 1#min(spatialDistance)
    #   beta = 1+n2/sum([log((x+0.01)/xmin) for x in n])
    #   if beta < 0:
    #       beta = -beta
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistanceCurPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - CurPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    #else:
    #   beta = 0
    
    if spatialDistancePrevPrev != []:           
        plt.figure(2)
        plt.clf()
        sortedSpatialDistance = sorted(spatialDistancePrevPrev)
        n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
        n2 = len(n)
        xmin = 1#min(spatialDistance)
        beta2 = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if beta2 < 0:
            beta2 = -beta2
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta2),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistancePrevPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - PrevPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:

        beta2 = 0
        
    return beta2    
    
def socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore):
    # outliers bruges bare til at lave den temporale fordeling og en gang for alle (laes. hver
bruger) bestemme alpha og beta
    # naar der skal bestemmes gat efter fitting har social delen en temporal del ligesom
off-campus 
    # og naar denne har den hoejeste sadnsynligehd anvendes nedenstaaende fordeling til at
komme med et gaet
    # maaske skal alpha og beta ogsaa kun fittes efter 24 timer check-in
    # the sum of all friends check-ins with-in the last 12 or 24 hours (since 12 midnight)
times the friends score of each friend
    # for friend in frieds
        #friendScore * sum(timeDist**(-alpha) * spatDist**(-beta))
    score = 0
    scoreDelta = 0
    friendCounter = -1
    scoreNormalizer = 0
    scoreNormalizerDelta = 0
    for friend in approvedCheckIns:
        friendCounter += 1
        for checkIn in friend:
            spatDist = getDistance([X[0],X[1]],[float(checkIn[1]),float(checkIn[2])])
            tempDist = abs(t-float(checkIn[0]))
            if spatDist < 1:
                scoreNormalizer += float(friendScore[friendCounter][0])
                if spatDist == 0 and tempDist == 0:
                    score += float(friendScore[friendCounter][0])
                elif spatDist == 0:
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha)
                elif tempDist == 0:
                    score += float(friendScore[friendCounter][0]) * spatDist**(-beta)
                else:   
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha) *
spatDist**(-beta)
            #
            if spatDist < 0.01:
                scoreNormalizerDelta += float(friendScore[friendCounter][0])
                if tempDist == 0:
                    scoreDelta += float(friendScore[friendCounter][0])
                else:   
                    scoreDelta += float(friendScore[friendCounter][0]) * tempDist**(-alpha) 
                    
    if scoreDelta != 0:
        scoreDelta = scoreDelta/scoreNormalizerDelta
    if score != 0:

        score = score/scoreNormalizer
    return score,scoreDelta 
    
def getRandomStartingPoint(origArray,numLocations):
    L = []  
    for i in range(numLocations):
        L.append([[],[],[]])
    # put all check-ins in "random" piles   
    marker = 0
    size = len(origArray)
    whileCounter = 0
    while size:
        size -= 1
        index = random.randint(0, size)
        item = origArray[index]
        origArray[index] = origArray[size]
        whileCounter += 1

        jazzy = whileCounter-numLocations*(whileCounter//numLocations)
        L[jazzy][0].append(item[0])
        L[jazzy][1].append(item[1])
        L[jazzy][2].append(item[2])
    return L    
    
def getFixedStartingPoint(origArray,uniqueCheckInCoords):
    L = []  
    for i in range(len(uniqueCheckInCoords)):
        L.append([[],[],[]])
    
    for item in origArray:
        coords = [item[1],item[2]]
        index = uniqueCheckInCoords.index(coords)
        L[index][0].append(item[0])
        L[index][1].append(item[1])
        L[index][2].append(item[2])

    needSpecialVar = True
    return L,needSpecialVar 
        
def
expectationMaximization(origArray,offcampus,num_locations,evalArray,offCampusWeekProbs,uniqueC
eckInCoords):
    varianceModifier = 0.01
    spatialImportance = 1
    OutlierThreshold = 0.5
    exceptionCounter = 0
    delta = True
    draw = False

    training = True
    pBest = 0; 
    for numLocationsStart in range(10,11):#range(0,num_locations-1):
        numLocations = numLocationsStart#num_locations-numLocationsStart
        print numLocations
        
        for trythis in range(10):
            numLocations = numLocationsStart#num_locations-numLocationsStart
            print "Attempt:",exceptionCounter+1,"of 5"
            
            L_off = [[[],[],[]]]
            for item in offcampus:
                L_off[0][0].append(item[0])
                L_off[0][1].append(item[1])
                L_off[0][2].append(item[2])
            
            needSpecialVar = False
            L = getRandomStartingPoint(origArray,numLocations,)
            #L,needSpecialVar = getFixedStartingPoint(origArray,uniqueCheckInCoords)
            
            
            locationSizes_old = [0,0,0]
            locationSizes_new = [1,1,1]
            centroids_old = [[0,0]]
            centroids_new = [[1,1]]
            iterationCounter = 0
            pTotalOld = 0
            pTotalNew = 1
            try:
                while pTotalNew > pTotalOld: #locationSizes_old != locationSizes_new and
centroids_old != centroids_new:
                    iterationCounter += 1
                    print "EM iteration",iterationCounter
                    locationSizes_old = locationSizes_new
                    centroids_old = centroids_new
                    pTotalOld = pTotalNew
                    
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'

                    # calculate mean, variance, and covariance for the "piles"
                    locationSizes_new = []  
                    centroids_new = []      
                    sigmax = []
                    sigmay = []
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    else:
        tempDist = temporalGuassianArray[currentAccesspoint]/sum(temporalGuassianArray)
#remember to change locations when changing back
        #tempDist =
((offCampusWeekProbs[t-2]+offCampusWeekProbs[t-1]+offCampusWeekProbs[t]+offCampusWeekProbs[t+1
+offCampusWeekProbs[t+2])/5)*(temporalGuassianArray[currentAccesspoint]/sum(temporalGuassianArr
y))
    return tempDist 
    
def getDailyTemporalAverages(L,L_off):
    variance_mod = 3
    dailyAverages = []
    dailies = []
    dailyWeights = []
    accesspointCounter = -1
    L_all = []
    for l in L:
        L_all.append(l)
    L_all.append(L_off[0])
    
    for location in L_all:
        dailyAverages.append([]) #list of locations
        dailies.append([]) #list of accesspoints
        dailyWeights.append([]) #list of accesspoints
        accesspointCounter += 1
        checkIns = [[],[],[],[],[],[],[]]
        for checkIn in location[0]:
            weekDay = getWeekDay(float(checkIn))
            checkIns[weekDay].append(getDayHourFloat(float(checkIn)))
            
        dayCounter = -1
        for day in checkIns:
            dayCounter += 1
            dailyAverages[accesspointCounter].append([]) # list of days in accesspoint
            dailies[accesspointCounter].append([])
            for item in day:
                dailies[accesspointCounter][dayCounter].append(item)
            dailyAverages[accesspointCounter][dayCounter] =
(float(angularAverage(dailies[accesspointCounter][dayCounter]))+dayCounter*24,((angularVarianc
(dailies[accesspointCounter][dayCounter]))**(0.5))/variance_mod)
        
dailyWeights[accesspointCounter].append(len(dailies[accesspointCounter][dayCounter]))
    return dailyAverages,dailies,dailyWeights
    
# Weisstein, Eric W. "Bivariate Normal Distribution." From MathWorld--A Wolfram Web Resource.
http://mathworld.wolfram.com/BivariateNormalDistribution.html
def bivariateGaussianProabilityDistribution(x,y,sigmax,sigmay,mux,muy,cov):
    rho=cov/(sigmax*sigmay)

    if abs(rho) < 1 and rho != 0:
        z = (x-mux)**2/(sigmax**2) - (2*rho*(x-mux)*(y-muy))/(sigmax*sigmay) +
(y-muy)**2/(sigmay**2)
        p = 1/(2*math.pi*sigmax*sigmay*(1-(rho)**2)**(0.5)) * math.exp((-z)/(2*(1-rho**2)))
    else:
        p = 0
    
    pnorm = p/(1/(2*math.pi*sigmax*sigmay*(1-(rho)**2)**(0.5)))
    return pnorm
    
# hey man kan da ogsaa bare goere det paa den nemme maade
def faerdigRet(x,y,sigmax,sigmay,mux,muy,cov):
    p = mlab.bivariate_normal(x,y,sigmax,sigmay,mux,muy,cov)
    pnorm = p/(1/(2*math.pi*sigmax*sigmay*(1-(cov/(sigmax*sigmay))**2)**(0.5)))
    return pnorm

def
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold):
    allProbs = []
    for item in origArray:
        t = getWeekHour(float(item[0]))
        p = []
        for location in range(len(locations)-1):
            x = item[1]
            y = item[2]
        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
        allProbs.append(sum(p))
        
    mu = mean(allProbs)
    sigma = (variance(allProbs))**(0.5)
    n = len(allProbs)
    outliers = []
    withOutOutliers = []
    # Chauvenet's criterion (almost)
    for prob,item in zip(allProbs,origArray):
        if mu-prob > 1.5*sigma:
        
        #c = mlab.normpdf(prob,mu,sigma)
        #print "c*n",c
        #if c < OutlierThreshold:
            outliers.append(item)
        else:
            withOutOutliers.append(item)
            

    return outliers,withOutOutliers 
    
def
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov):
    allProbs = []
    for item in withOutOutliers:
        t = getWeekHour(float(item[0]))
        p = []
        for location in range(len(locations)-2):
            x = item[1]
            y = item[2]
        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
        allProbs.append(sum(p))
        
    mu = mean(allProbs)
    sigma = (variance(allProbs))**(0.5)
    n = len(allProbs)
    
    return mu,sigma,n
    
def calcTimeDecay(origArray):
    # run through all training check-ins
        # find last time each friend checked in to that same location
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
    
    temporalDistance = []
    my_counter = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating temporal decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            time = 0
            for checkIn in friend:
                if float(userCheckIn[0])-float(checkIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[checkIn[1],checkIn[2]] and
float(userCheckIn[0])-float(checkIn[0]) > 0 and getWeekDay(float(userCheckIn[0])) ==
getWeekDay(float(checkIn[0])):
                    time = float(userCheckIn[0])-float(checkIn[0])
            if time != 0 and time < 24*3600:
                temporalDistance.append(time/3600)
    
    if temporalDistance != []:  
        plt.figure(1)

        plt.clf()

        sortedTemporalDistance = sorted(temporalDistance)
        n, bins, patches = plt.hist(sortedTemporalDistance,bins=100,log=False)

        n2 = len(n)
        xmin = 1#min(temporalDistance)
        alpha = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if alpha < 0:
            alpha = -alpha
        #plt.plot(bins,bins**(-alpha),color='g')
        #expalpha = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),[expalpha*math.exp(-expalpha*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(temporalDistance)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Time dacay histogram outliers.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:
        alpha = 0   
    return alpha        
        
def calcDistanceDecay(origArray):
    # for each cooccurence with a friend get distance between user and friend at their last
respective check-ins if within threshold
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
        
    spatialDistanceCurPrev = []
    spatialDistancePrevPrev = []
    my_counter = 0
    previousUserCheckIn = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating spatial decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            distCurPrev = -1
            distPrevPrev = -1
            previousFriendCheckIn = 0
            for friendCheckIn in friend:
                if float(userCheckIn[0])-float(friendCheckIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[friendCheckIn[1],friendCheckIn[2]] and
float(userCheckIn[0])-float(friendCheckIn[0]) < 3600 and
float(userCheckIn[0])-float(friendCheckIn[0]) > 0:
                    if previousFriendCheckIn != 0 and previousFriendCheckIn[1] != 'off_campus':
                        distCurPrev =
getDistance([float(userCheckIn[1]),float(userCheckIn[2])],[float(previousFriendCheckIn[1]),flo
t(previousFriendCheckIn[2])])
                        if previousUserCheckIn != 0:

                            distPrevPrev =
getDistance([float(previousUserCheckIn[1]),float(previousUserCheckIn[2])],[float(previousFrien
CheckIn[1]),float(previousFriendCheckIn[2])])       
                previousFriendCheckIn = friendCheckIn
            if distCurPrev != -1:
                spatialDistanceCurPrev.append(distCurPrev*1000)
            if distPrevPrev != -1:
                spatialDistancePrevPrev.append(distPrevPrev*1000)
        previousUserCheckIn = userCheckIn
                
    #if spatialDistanceCurPrev != []:           
    #   plt.figure(2)
    #   plt.clf()
    #   sortedSpatialDistance = sorted(spatialDistanceCurPrev)
    #   n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
    #   n2 = len(n)
    #   xmin = 1#min(spatialDistance)
    #   beta = 1+n2/sum([log((x+0.01)/xmin) for x in n])
    #   if beta < 0:
    #       beta = -beta
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistanceCurPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - CurPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    #else:
    #   beta = 0
    
    if spatialDistancePrevPrev != []:           
        plt.figure(2)
        plt.clf()
        sortedSpatialDistance = sorted(spatialDistancePrevPrev)
        n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
        n2 = len(n)
        xmin = 1#min(spatialDistance)
        beta2 = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if beta2 < 0:
            beta2 = -beta2
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta2),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistancePrevPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - PrevPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:

        beta2 = 0
        
    return beta2    
    
def socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore):
    # outliers bruges bare til at lave den temporale fordeling og en gang for alle (laes. hver
bruger) bestemme alpha og beta
    # naar der skal bestemmes gat efter fitting har social delen en temporal del ligesom
off-campus 
    # og naar denne har den hoejeste sadnsynligehd anvendes nedenstaaende fordeling til at
komme med et gaet
    # maaske skal alpha og beta ogsaa kun fittes efter 24 timer check-in
    # the sum of all friends check-ins with-in the last 12 or 24 hours (since 12 midnight)
times the friends score of each friend
    # for friend in frieds
        #friendScore * sum(timeDist**(-alpha) * spatDist**(-beta))
    score = 0
    scoreDelta = 0
    friendCounter = -1
    scoreNormalizer = 0
    scoreNormalizerDelta = 0
    for friend in approvedCheckIns:
        friendCounter += 1
        for checkIn in friend:
            spatDist = getDistance([X[0],X[1]],[float(checkIn[1]),float(checkIn[2])])
            tempDist = abs(t-float(checkIn[0]))
            if spatDist < 1:
                scoreNormalizer += float(friendScore[friendCounter][0])
                if spatDist == 0 and tempDist == 0:
                    score += float(friendScore[friendCounter][0])
                elif spatDist == 0:
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha)
                elif tempDist == 0:
                    score += float(friendScore[friendCounter][0]) * spatDist**(-beta)
                else:   
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha) *
spatDist**(-beta)
            #
            if spatDist < 0.01:
                scoreNormalizerDelta += float(friendScore[friendCounter][0])
                if tempDist == 0:
                    scoreDelta += float(friendScore[friendCounter][0])
                else:   
                    scoreDelta += float(friendScore[friendCounter][0]) * tempDist**(-alpha) 
                    
    if scoreDelta != 0:
        scoreDelta = scoreDelta/scoreNormalizerDelta
    if score != 0:

        score = score/scoreNormalizer
    return score,scoreDelta 
    
def getRandomStartingPoint(origArray,numLocations):
    L = []  
    for i in range(numLocations):
        L.append([[],[],[]])
    # put all check-ins in "random" piles   
    marker = 0
    size = len(origArray)
    whileCounter = 0
    while size:
        size -= 1
        index = random.randint(0, size)
        item = origArray[index]
        origArray[index] = origArray[size]
        whileCounter += 1

        jazzy = whileCounter-numLocations*(whileCounter//numLocations)
        L[jazzy][0].append(item[0])
        L[jazzy][1].append(item[1])
        L[jazzy][2].append(item[2])
    return L    
    
def getFixedStartingPoint(origArray,uniqueCheckInCoords):
    L = []  
    for i in range(len(uniqueCheckInCoords)):
        L.append([[],[],[]])
    
    for item in origArray:
        coords = [item[1],item[2]]
        index = uniqueCheckInCoords.index(coords)
        L[index][0].append(item[0])
        L[index][1].append(item[1])
        L[index][2].append(item[2])

    needSpecialVar = True
    return L,needSpecialVar 
        
def
expectationMaximization(origArray,offcampus,num_locations,evalArray,offCampusWeekProbs,uniqueC
eckInCoords):
    varianceModifier = 0.01
    spatialImportance = 1
    OutlierThreshold = 0.5
    exceptionCounter = 0
    delta = True
    draw = False

    training = True
    pBest = 0; 
    for numLocationsStart in range(10,11):#range(0,num_locations-1):
        numLocations = numLocationsStart#num_locations-numLocationsStart
        print numLocations
        
        for trythis in range(10):
            numLocations = numLocationsStart#num_locations-numLocationsStart
            print "Attempt:",exceptionCounter+1,"of 5"
            
            L_off = [[[],[],[]]]
            for item in offcampus:
                L_off[0][0].append(item[0])
                L_off[0][1].append(item[1])
                L_off[0][2].append(item[2])
            
            needSpecialVar = False
            L = getRandomStartingPoint(origArray,numLocations,)
            #L,needSpecialVar = getFixedStartingPoint(origArray,uniqueCheckInCoords)
            
            
            locationSizes_old = [0,0,0]
            locationSizes_new = [1,1,1]
            centroids_old = [[0,0]]
            centroids_new = [[1,1]]
            iterationCounter = 0
            pTotalOld = 0
            pTotalNew = 1
            try:
                while pTotalNew > pTotalOld: #locationSizes_old != locationSizes_new and
centroids_old != centroids_new:
                    iterationCounter += 1
                    print "EM iteration",iterationCounter
                    locationSizes_old = locationSizes_new
                    centroids_old = centroids_new
                    pTotalOld = pTotalNew
                    
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'

                    # calculate mean, variance, and covariance for the "piles"
                    locationSizes_new = []  
                    centroids_new = []      
                    sigmax = []
                    sigmay = []

                    mux = []
                    muy = []
                    cov = []
                    for i in range(len(L)): 
                        locationSizes_new.append(len(L[i][1]))
                        if needSpecialVar:
                            sigmax.append((0.000000000001)**(0.5)/varianceModifier)         
                            sigmay.append((0.000000000001)**(0.5)/varianceModifier)
                            needSpecialVar = False
                        else:
                            sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
                            sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
                        mux.append(mean(L[i][1]))
                        muy.append(mean(L[i][2]))
                        cov.append(covariance(L[i][1],L[i][2]))
                    centroids_new = [mux,muy]   
                    print cov
                    print sigmax
                    print sigmay
                    print "locationSizes",locationSizes_new
                    #print "centroids",centroids_new

                    # t should be given i weekhour 0 - 167
                    # locations is the 3 piles and should just hold the total number of
check-ins in that pile
                    # currentAccesspoint is just a number idicating which pile's
temporaldistribution that is wanted
                    # dailyAverages i a mother fucker!!!
                    dailyTemporalAverages,dailies,dailyWeights =
getDailyTemporalAverages(L,L_off)

                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])

                    if draw:
                    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,str(iteration
ounter))

                    # redistribute check-ins 
                    L = []  
                    for i in range(numLocations):
                        L.append([[],[],[]])
                    pTotalNew = 0
                    for item in origArray:
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        accesspointCounter += 1
        checkIns = [[],[],[],[],[],[],[]]
        for checkIn in location[0]:
            weekDay = getWeekDay(float(checkIn))
            checkIns[weekDay].append(getDayHourFloat(float(checkIn)))
            
        dayCounter = -1
        for day in checkIns:
            dayCounter += 1
            dailyAverages[accesspointCounter].append([]) # list of days in accesspoint
            dailies[accesspointCounter].append([])
            for item in day:
                dailies[accesspointCounter][dayCounter].append(item)
            dailyAverages[accesspointCounter][dayCounter] =
(float(angularAverage(dailies[accesspointCounter][dayCounter]))+dayCounter*24,((angularVarianc
(dailies[accesspointCounter][dayCounter]))**(0.5))/variance_mod)
        
dailyWeights[accesspointCounter].append(len(dailies[accesspointCounter][dayCounter]))
    return dailyAverages,dailies,dailyWeights
    
# Weisstein, Eric W. "Bivariate Normal Distribution." From MathWorld--A Wolfram Web Resource.
http://mathworld.wolfram.com/BivariateNormalDistribution.html
def bivariateGaussianProabilityDistribution(x,y,sigmax,sigmay,mux,muy,cov):
    rho=cov/(sigmax*sigmay)

    if abs(rho) < 1 and rho != 0:
        z = (x-mux)**2/(sigmax**2) - (2*rho*(x-mux)*(y-muy))/(sigmax*sigmay) +
(y-muy)**2/(sigmay**2)
        p = 1/(2*math.pi*sigmax*sigmay*(1-(rho)**2)**(0.5)) * math.exp((-z)/(2*(1-rho**2)))
    else:
        p = 0
    
    pnorm = p/(1/(2*math.pi*sigmax*sigmay*(1-(rho)**2)**(0.5)))
    return pnorm
    
# hey man kan da ogsaa bare goere det paa den nemme maade
def faerdigRet(x,y,sigmax,sigmay,mux,muy,cov):
    p = mlab.bivariate_normal(x,y,sigmax,sigmay,mux,muy,cov)
    pnorm = p/(1/(2*math.pi*sigmax*sigmay*(1-(cov/(sigmax*sigmay))**2)**(0.5)))
    return pnorm

def
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold):
    allProbs = []
    for item in origArray:
        t = getWeekHour(float(item[0]))
        p = []
        for location in range(len(locations)-1):
            x = item[1]
            y = item[2]
        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
        allProbs.append(sum(p))
        
    mu = mean(allProbs)
    sigma = (variance(allProbs))**(0.5)
    n = len(allProbs)
    outliers = []
    withOutOutliers = []
    # Chauvenet's criterion (almost)
    for prob,item in zip(allProbs,origArray):
        if mu-prob > 1.5*sigma:
        
        #c = mlab.normpdf(prob,mu,sigma)
        #print "c*n",c
        #if c < OutlierThreshold:
            outliers.append(item)
        else:
            withOutOutliers.append(item)
            

    return outliers,withOutOutliers 
    
def
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov):
    allProbs = []
    for item in withOutOutliers:
        t = getWeekHour(float(item[0]))
        p = []
        for location in range(len(locations)-2):
            x = item[1]
            y = item[2]
        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
        allProbs.append(sum(p))
        
    mu = mean(allProbs)
    sigma = (variance(allProbs))**(0.5)
    n = len(allProbs)
    
    return mu,sigma,n
    
def calcTimeDecay(origArray):
    # run through all training check-ins
        # find last time each friend checked in to that same location
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
    
    temporalDistance = []
    my_counter = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating temporal decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            time = 0
            for checkIn in friend:
                if float(userCheckIn[0])-float(checkIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[checkIn[1],checkIn[2]] and
float(userCheckIn[0])-float(checkIn[0]) > 0 and getWeekDay(float(userCheckIn[0])) ==
getWeekDay(float(checkIn[0])):
                    time = float(userCheckIn[0])-float(checkIn[0])
            if time != 0 and time < 24*3600:
                temporalDistance.append(time/3600)
    
    if temporalDistance != []:  
        plt.figure(1)

        plt.clf()

        sortedTemporalDistance = sorted(temporalDistance)
        n, bins, patches = plt.hist(sortedTemporalDistance,bins=100,log=False)

        n2 = len(n)
        xmin = 1#min(temporalDistance)
        alpha = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if alpha < 0:
            alpha = -alpha
        #plt.plot(bins,bins**(-alpha),color='g')
        #expalpha = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),[expalpha*math.exp(-expalpha*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(temporalDistance)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Time dacay histogram outliers.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:
        alpha = 0   
    return alpha        
        
def calcDistanceDecay(origArray):
    # for each cooccurence with a friend get distance between user and friend at their last
respective check-ins if within threshold
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
        
    spatialDistanceCurPrev = []
    spatialDistancePrevPrev = []
    my_counter = 0
    previousUserCheckIn = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating spatial decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            distCurPrev = -1
            distPrevPrev = -1
            previousFriendCheckIn = 0
            for friendCheckIn in friend:
                if float(userCheckIn[0])-float(friendCheckIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[friendCheckIn[1],friendCheckIn[2]] and
float(userCheckIn[0])-float(friendCheckIn[0]) < 3600 and
float(userCheckIn[0])-float(friendCheckIn[0]) > 0:
                    if previousFriendCheckIn != 0 and previousFriendCheckIn[1] != 'off_campus':
                        distCurPrev =
getDistance([float(userCheckIn[1]),float(userCheckIn[2])],[float(previousFriendCheckIn[1]),flo
t(previousFriendCheckIn[2])])
                        if previousUserCheckIn != 0:

                            distPrevPrev =
getDistance([float(previousUserCheckIn[1]),float(previousUserCheckIn[2])],[float(previousFrien
CheckIn[1]),float(previousFriendCheckIn[2])])       
                previousFriendCheckIn = friendCheckIn
            if distCurPrev != -1:
                spatialDistanceCurPrev.append(distCurPrev*1000)
            if distPrevPrev != -1:
                spatialDistancePrevPrev.append(distPrevPrev*1000)
        previousUserCheckIn = userCheckIn
                
    #if spatialDistanceCurPrev != []:           
    #   plt.figure(2)
    #   plt.clf()
    #   sortedSpatialDistance = sorted(spatialDistanceCurPrev)
    #   n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
    #   n2 = len(n)
    #   xmin = 1#min(spatialDistance)
    #   beta = 1+n2/sum([log((x+0.01)/xmin) for x in n])
    #   if beta < 0:
    #       beta = -beta
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistanceCurPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - CurPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    #else:
    #   beta = 0
    
    if spatialDistancePrevPrev != []:           
        plt.figure(2)
        plt.clf()
        sortedSpatialDistance = sorted(spatialDistancePrevPrev)
        n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
        n2 = len(n)
        xmin = 1#min(spatialDistance)
        beta2 = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if beta2 < 0:
            beta2 = -beta2
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta2),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistancePrevPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - PrevPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:

        beta2 = 0
        
    return beta2    
    
def socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore):
    # outliers bruges bare til at lave den temporale fordeling og en gang for alle (laes. hver
bruger) bestemme alpha og beta
    # naar der skal bestemmes gat efter fitting har social delen en temporal del ligesom
off-campus 
    # og naar denne har den hoejeste sadnsynligehd anvendes nedenstaaende fordeling til at
komme med et gaet
    # maaske skal alpha og beta ogsaa kun fittes efter 24 timer check-in
    # the sum of all friends check-ins with-in the last 12 or 24 hours (since 12 midnight)
times the friends score of each friend
    # for friend in frieds
        #friendScore * sum(timeDist**(-alpha) * spatDist**(-beta))
    score = 0
    scoreDelta = 0
    friendCounter = -1
    scoreNormalizer = 0
    scoreNormalizerDelta = 0
    for friend in approvedCheckIns:
        friendCounter += 1
        for checkIn in friend:
            spatDist = getDistance([X[0],X[1]],[float(checkIn[1]),float(checkIn[2])])
            tempDist = abs(t-float(checkIn[0]))
            if spatDist < 1:
                scoreNormalizer += float(friendScore[friendCounter][0])
                if spatDist == 0 and tempDist == 0:
                    score += float(friendScore[friendCounter][0])
                elif spatDist == 0:
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha)
                elif tempDist == 0:
                    score += float(friendScore[friendCounter][0]) * spatDist**(-beta)
                else:   
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha) *
spatDist**(-beta)
            #
            if spatDist < 0.01:
                scoreNormalizerDelta += float(friendScore[friendCounter][0])
                if tempDist == 0:
                    scoreDelta += float(friendScore[friendCounter][0])
                else:   
                    scoreDelta += float(friendScore[friendCounter][0]) * tempDist**(-alpha) 
                    
    if scoreDelta != 0:
        scoreDelta = scoreDelta/scoreNormalizerDelta
    if score != 0:

        score = score/scoreNormalizer
    return score,scoreDelta 
    
def getRandomStartingPoint(origArray,numLocations):
    L = []  
    for i in range(numLocations):
        L.append([[],[],[]])
    # put all check-ins in "random" piles   
    marker = 0
    size = len(origArray)
    whileCounter = 0
    while size:
        size -= 1
        index = random.randint(0, size)
        item = origArray[index]
        origArray[index] = origArray[size]
        whileCounter += 1

        jazzy = whileCounter-numLocations*(whileCounter//numLocations)
        L[jazzy][0].append(item[0])
        L[jazzy][1].append(item[1])
        L[jazzy][2].append(item[2])
    return L    
    
def getFixedStartingPoint(origArray,uniqueCheckInCoords):
    L = []  
    for i in range(len(uniqueCheckInCoords)):
        L.append([[],[],[]])
    
    for item in origArray:
        coords = [item[1],item[2]]
        index = uniqueCheckInCoords.index(coords)
        L[index][0].append(item[0])
        L[index][1].append(item[1])
        L[index][2].append(item[2])

    needSpecialVar = True
    return L,needSpecialVar 
        
def
expectationMaximization(origArray,offcampus,num_locations,evalArray,offCampusWeekProbs,uniqueC
eckInCoords):
    varianceModifier = 0.01
    spatialImportance = 1
    OutlierThreshold = 0.5
    exceptionCounter = 0
    delta = True
    draw = False

    training = True
    pBest = 0; 
    for numLocationsStart in range(10,11):#range(0,num_locations-1):
        numLocations = numLocationsStart#num_locations-numLocationsStart
        print numLocations
        
        for trythis in range(10):
            numLocations = numLocationsStart#num_locations-numLocationsStart
            print "Attempt:",exceptionCounter+1,"of 5"
            
            L_off = [[[],[],[]]]
            for item in offcampus:
                L_off[0][0].append(item[0])
                L_off[0][1].append(item[1])
                L_off[0][2].append(item[2])
            
            needSpecialVar = False
            L = getRandomStartingPoint(origArray,numLocations,)
            #L,needSpecialVar = getFixedStartingPoint(origArray,uniqueCheckInCoords)
            
            
            locationSizes_old = [0,0,0]
            locationSizes_new = [1,1,1]
            centroids_old = [[0,0]]
            centroids_new = [[1,1]]
            iterationCounter = 0
            pTotalOld = 0
            pTotalNew = 1
            try:
                while pTotalNew > pTotalOld: #locationSizes_old != locationSizes_new and
centroids_old != centroids_new:
                    iterationCounter += 1
                    print "EM iteration",iterationCounter
                    locationSizes_old = locationSizes_new
                    centroids_old = centroids_new
                    pTotalOld = pTotalNew
                    
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'

                    # calculate mean, variance, and covariance for the "piles"
                    locationSizes_new = []  
                    centroids_new = []      
                    sigmax = []
                    sigmay = []

                    mux = []
                    muy = []
                    cov = []
                    for i in range(len(L)): 
                        locationSizes_new.append(len(L[i][1]))
                        if needSpecialVar:
                            sigmax.append((0.000000000001)**(0.5)/varianceModifier)         
                            sigmay.append((0.000000000001)**(0.5)/varianceModifier)
                            needSpecialVar = False
                        else:
                            sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
                            sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
                        mux.append(mean(L[i][1]))
                        muy.append(mean(L[i][2]))
                        cov.append(covariance(L[i][1],L[i][2]))
                    centroids_new = [mux,muy]   
                    print cov
                    print sigmax
                    print sigmay
                    print "locationSizes",locationSizes_new
                    #print "centroids",centroids_new

                    # t should be given i weekhour 0 - 167
                    # locations is the 3 piles and should just hold the total number of
check-ins in that pile
                    # currentAccesspoint is just a number idicating which pile's
temporaldistribution that is wanted
                    # dailyAverages i a mother fucker!!!
                    dailyTemporalAverages,dailies,dailyWeights =
getDailyTemporalAverages(L,L_off)

                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])

                    if draw:
                    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,str(iteration
ounter))

                    # redistribute check-ins 
                    L = []  
                    for i in range(numLocations):
                        L.append([[],[],[]])
                    pTotalNew = 0
                    for item in origArray:

                        t = getWeekHour(float(item[0]))
                        p = []
                        # remember that the last part of most of the list is offcampus that are
not to count in the spatial distribution
                        for location in range(len(L)):
                            x = item[1]
                            y = item[2]
                        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
                        pTotalNew += max(p)
                        L_index = p.index(max(p))
                        L[L_index][0].append(item[0])
                        L[L_index][1].append(item[1])
                        L[L_index][2].append(item[2])
                    #
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'
    
                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])
                    print "loc",len(locations)
                    print "daily",len(dailyTemporalAverages)
                    print "sigmax",len(sigmax)

                    print pTotalNew
                    print pBest
                    if pTotalNew > pBest:
                        pBest = pTotalNew; locationsBest = locations; dailyTemporalAveragesBest
= dailyTemporalAverages; dailyWeightsBest = dailyWeights; sigmaxBest = sigmax; sigmayBest =
sigmay; covBest = cov;numberoflocations = numLocations

            except ValueError:
                print "value exception"
                exceptionCounter += 1
        
    #if exceptionCounter == 10:
    #
    dailyTemporalAverages = dailyTemporalAveragesBest; locations = locationsBest; dailyWeights
= dailyWeightsBest; sigmax = sigmaxBest; sigmay = sigmayBest; cov = covBest;
    print "pBest",pBest
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    if abs(rho) < 1 and rho != 0:
        z = (x-mux)**2/(sigmax**2) - (2*rho*(x-mux)*(y-muy))/(sigmax*sigmay) +
(y-muy)**2/(sigmay**2)
        p = 1/(2*math.pi*sigmax*sigmay*(1-(rho)**2)**(0.5)) * math.exp((-z)/(2*(1-rho**2)))
    else:
        p = 0
    
    pnorm = p/(1/(2*math.pi*sigmax*sigmay*(1-(rho)**2)**(0.5)))
    return pnorm
    
# hey man kan da ogsaa bare goere det paa den nemme maade
def faerdigRet(x,y,sigmax,sigmay,mux,muy,cov):
    p = mlab.bivariate_normal(x,y,sigmax,sigmay,mux,muy,cov)
    pnorm = p/(1/(2*math.pi*sigmax*sigmay*(1-(cov/(sigmax*sigmay))**2)**(0.5)))
    return pnorm

def
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold):
    allProbs = []
    for item in origArray:
        t = getWeekHour(float(item[0]))
        p = []
        for location in range(len(locations)-1):
            x = item[1]
            y = item[2]
        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
        allProbs.append(sum(p))
        
    mu = mean(allProbs)
    sigma = (variance(allProbs))**(0.5)
    n = len(allProbs)
    outliers = []
    withOutOutliers = []
    # Chauvenet's criterion (almost)
    for prob,item in zip(allProbs,origArray):
        if mu-prob > 1.5*sigma:
        
        #c = mlab.normpdf(prob,mu,sigma)
        #print "c*n",c
        #if c < OutlierThreshold:
            outliers.append(item)
        else:
            withOutOutliers.append(item)
            

    return outliers,withOutOutliers 
    
def
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov):
    allProbs = []
    for item in withOutOutliers:
        t = getWeekHour(float(item[0]))
        p = []
        for location in range(len(locations)-2):
            x = item[1]
            y = item[2]
        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
        allProbs.append(sum(p))
        
    mu = mean(allProbs)
    sigma = (variance(allProbs))**(0.5)
    n = len(allProbs)
    
    return mu,sigma,n
    
def calcTimeDecay(origArray):
    # run through all training check-ins
        # find last time each friend checked in to that same location
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
    
    temporalDistance = []
    my_counter = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating temporal decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            time = 0
            for checkIn in friend:
                if float(userCheckIn[0])-float(checkIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[checkIn[1],checkIn[2]] and
float(userCheckIn[0])-float(checkIn[0]) > 0 and getWeekDay(float(userCheckIn[0])) ==
getWeekDay(float(checkIn[0])):
                    time = float(userCheckIn[0])-float(checkIn[0])
            if time != 0 and time < 24*3600:
                temporalDistance.append(time/3600)
    
    if temporalDistance != []:  
        plt.figure(1)

        plt.clf()

        sortedTemporalDistance = sorted(temporalDistance)
        n, bins, patches = plt.hist(sortedTemporalDistance,bins=100,log=False)

        n2 = len(n)
        xmin = 1#min(temporalDistance)
        alpha = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if alpha < 0:
            alpha = -alpha
        #plt.plot(bins,bins**(-alpha),color='g')
        #expalpha = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),[expalpha*math.exp(-expalpha*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(temporalDistance)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Time dacay histogram outliers.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:
        alpha = 0   
    return alpha        
        
def calcDistanceDecay(origArray):
    # for each cooccurence with a friend get distance between user and friend at their last
respective check-ins if within threshold
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
        
    spatialDistanceCurPrev = []
    spatialDistancePrevPrev = []
    my_counter = 0
    previousUserCheckIn = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating spatial decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            distCurPrev = -1
            distPrevPrev = -1
            previousFriendCheckIn = 0
            for friendCheckIn in friend:
                if float(userCheckIn[0])-float(friendCheckIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[friendCheckIn[1],friendCheckIn[2]] and
float(userCheckIn[0])-float(friendCheckIn[0]) < 3600 and
float(userCheckIn[0])-float(friendCheckIn[0]) > 0:
                    if previousFriendCheckIn != 0 and previousFriendCheckIn[1] != 'off_campus':
                        distCurPrev =
getDistance([float(userCheckIn[1]),float(userCheckIn[2])],[float(previousFriendCheckIn[1]),flo
t(previousFriendCheckIn[2])])
                        if previousUserCheckIn != 0:

                            distPrevPrev =
getDistance([float(previousUserCheckIn[1]),float(previousUserCheckIn[2])],[float(previousFrien
CheckIn[1]),float(previousFriendCheckIn[2])])       
                previousFriendCheckIn = friendCheckIn
            if distCurPrev != -1:
                spatialDistanceCurPrev.append(distCurPrev*1000)
            if distPrevPrev != -1:
                spatialDistancePrevPrev.append(distPrevPrev*1000)
        previousUserCheckIn = userCheckIn
                
    #if spatialDistanceCurPrev != []:           
    #   plt.figure(2)
    #   plt.clf()
    #   sortedSpatialDistance = sorted(spatialDistanceCurPrev)
    #   n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
    #   n2 = len(n)
    #   xmin = 1#min(spatialDistance)
    #   beta = 1+n2/sum([log((x+0.01)/xmin) for x in n])
    #   if beta < 0:
    #       beta = -beta
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistanceCurPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - CurPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    #else:
    #   beta = 0
    
    if spatialDistancePrevPrev != []:           
        plt.figure(2)
        plt.clf()
        sortedSpatialDistance = sorted(spatialDistancePrevPrev)
        n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
        n2 = len(n)
        xmin = 1#min(spatialDistance)
        beta2 = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if beta2 < 0:
            beta2 = -beta2
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta2),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistancePrevPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - PrevPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:

        beta2 = 0
        
    return beta2    
    
def socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore):
    # outliers bruges bare til at lave den temporale fordeling og en gang for alle (laes. hver
bruger) bestemme alpha og beta
    # naar der skal bestemmes gat efter fitting har social delen en temporal del ligesom
off-campus 
    # og naar denne har den hoejeste sadnsynligehd anvendes nedenstaaende fordeling til at
komme med et gaet
    # maaske skal alpha og beta ogsaa kun fittes efter 24 timer check-in
    # the sum of all friends check-ins with-in the last 12 or 24 hours (since 12 midnight)
times the friends score of each friend
    # for friend in frieds
        #friendScore * sum(timeDist**(-alpha) * spatDist**(-beta))
    score = 0
    scoreDelta = 0
    friendCounter = -1
    scoreNormalizer = 0
    scoreNormalizerDelta = 0
    for friend in approvedCheckIns:
        friendCounter += 1
        for checkIn in friend:
            spatDist = getDistance([X[0],X[1]],[float(checkIn[1]),float(checkIn[2])])
            tempDist = abs(t-float(checkIn[0]))
            if spatDist < 1:
                scoreNormalizer += float(friendScore[friendCounter][0])
                if spatDist == 0 and tempDist == 0:
                    score += float(friendScore[friendCounter][0])
                elif spatDist == 0:
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha)
                elif tempDist == 0:
                    score += float(friendScore[friendCounter][0]) * spatDist**(-beta)
                else:   
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha) *
spatDist**(-beta)
            #
            if spatDist < 0.01:
                scoreNormalizerDelta += float(friendScore[friendCounter][0])
                if tempDist == 0:
                    scoreDelta += float(friendScore[friendCounter][0])
                else:   
                    scoreDelta += float(friendScore[friendCounter][0]) * tempDist**(-alpha) 
                    
    if scoreDelta != 0:
        scoreDelta = scoreDelta/scoreNormalizerDelta
    if score != 0:

        score = score/scoreNormalizer
    return score,scoreDelta 
    
def getRandomStartingPoint(origArray,numLocations):
    L = []  
    for i in range(numLocations):
        L.append([[],[],[]])
    # put all check-ins in "random" piles   
    marker = 0
    size = len(origArray)
    whileCounter = 0
    while size:
        size -= 1
        index = random.randint(0, size)
        item = origArray[index]
        origArray[index] = origArray[size]
        whileCounter += 1

        jazzy = whileCounter-numLocations*(whileCounter//numLocations)
        L[jazzy][0].append(item[0])
        L[jazzy][1].append(item[1])
        L[jazzy][2].append(item[2])
    return L    
    
def getFixedStartingPoint(origArray,uniqueCheckInCoords):
    L = []  
    for i in range(len(uniqueCheckInCoords)):
        L.append([[],[],[]])
    
    for item in origArray:
        coords = [item[1],item[2]]
        index = uniqueCheckInCoords.index(coords)
        L[index][0].append(item[0])
        L[index][1].append(item[1])
        L[index][2].append(item[2])

    needSpecialVar = True
    return L,needSpecialVar 
        
def
expectationMaximization(origArray,offcampus,num_locations,evalArray,offCampusWeekProbs,uniqueC
eckInCoords):
    varianceModifier = 0.01
    spatialImportance = 1
    OutlierThreshold = 0.5
    exceptionCounter = 0
    delta = True
    draw = False

    training = True
    pBest = 0; 
    for numLocationsStart in range(10,11):#range(0,num_locations-1):
        numLocations = numLocationsStart#num_locations-numLocationsStart
        print numLocations
        
        for trythis in range(10):
            numLocations = numLocationsStart#num_locations-numLocationsStart
            print "Attempt:",exceptionCounter+1,"of 5"
            
            L_off = [[[],[],[]]]
            for item in offcampus:
                L_off[0][0].append(item[0])
                L_off[0][1].append(item[1])
                L_off[0][2].append(item[2])
            
            needSpecialVar = False
            L = getRandomStartingPoint(origArray,numLocations,)
            #L,needSpecialVar = getFixedStartingPoint(origArray,uniqueCheckInCoords)
            
            
            locationSizes_old = [0,0,0]
            locationSizes_new = [1,1,1]
            centroids_old = [[0,0]]
            centroids_new = [[1,1]]
            iterationCounter = 0
            pTotalOld = 0
            pTotalNew = 1
            try:
                while pTotalNew > pTotalOld: #locationSizes_old != locationSizes_new and
centroids_old != centroids_new:
                    iterationCounter += 1
                    print "EM iteration",iterationCounter
                    locationSizes_old = locationSizes_new
                    centroids_old = centroids_new
                    pTotalOld = pTotalNew
                    
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'

                    # calculate mean, variance, and covariance for the "piles"
                    locationSizes_new = []  
                    centroids_new = []      
                    sigmax = []
                    sigmay = []

                    mux = []
                    muy = []
                    cov = []
                    for i in range(len(L)): 
                        locationSizes_new.append(len(L[i][1]))
                        if needSpecialVar:
                            sigmax.append((0.000000000001)**(0.5)/varianceModifier)         
                            sigmay.append((0.000000000001)**(0.5)/varianceModifier)
                            needSpecialVar = False
                        else:
                            sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
                            sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
                        mux.append(mean(L[i][1]))
                        muy.append(mean(L[i][2]))
                        cov.append(covariance(L[i][1],L[i][2]))
                    centroids_new = [mux,muy]   
                    print cov
                    print sigmax
                    print sigmay
                    print "locationSizes",locationSizes_new
                    #print "centroids",centroids_new

                    # t should be given i weekhour 0 - 167
                    # locations is the 3 piles and should just hold the total number of
check-ins in that pile
                    # currentAccesspoint is just a number idicating which pile's
temporaldistribution that is wanted
                    # dailyAverages i a mother fucker!!!
                    dailyTemporalAverages,dailies,dailyWeights =
getDailyTemporalAverages(L,L_off)

                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])

                    if draw:
                    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,str(iteration
ounter))

                    # redistribute check-ins 
                    L = []  
                    for i in range(numLocations):
                        L.append([[],[],[]])
                    pTotalNew = 0
                    for item in origArray:

                        t = getWeekHour(float(item[0]))
                        p = []
                        # remember that the last part of most of the list is offcampus that are
not to count in the spatial distribution
                        for location in range(len(L)):
                            x = item[1]
                            y = item[2]
                        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
                        pTotalNew += max(p)
                        L_index = p.index(max(p))
                        L[L_index][0].append(item[0])
                        L[L_index][1].append(item[1])
                        L[L_index][2].append(item[2])
                    #
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'
    
                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])
                    print "loc",len(locations)
                    print "daily",len(dailyTemporalAverages)
                    print "sigmax",len(sigmax)

                    print pTotalNew
                    print pBest
                    if pTotalNew > pBest:
                        pBest = pTotalNew; locationsBest = locations; dailyTemporalAveragesBest
= dailyTemporalAverages; dailyWeightsBest = dailyWeights; sigmaxBest = sigmax; sigmayBest =
sigmay; covBest = cov;numberoflocations = numLocations

            except ValueError:
                print "value exception"
                exceptionCounter += 1
        
    #if exceptionCounter == 10:
    #
    dailyTemporalAverages = dailyTemporalAveragesBest; locations = locationsBest; dailyWeights
= dailyWeightsBest; sigmax = sigmaxBest; sigmay = sigmayBest; cov = covBest;
    print "pBest",pBest

    print "finding outliers"
    
    print "get outliers here in you know"
    print "locations number",len(locations)
    print "len daily averages",len(dailyTemporalAverages)
    print "sigmax",len(sigmax)
    
    outliers,withOutOutliers = 
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold)     
    print "calculating outlier distribution"
    alpha = 0
    beta = 0
    socialWeight = 0
    if len(outliers) != 0:
        alpha = calcTimeDecay(outliers)
        beta = calcDistanceDecay(outliers)

        # for outliers calculate periodic guess and social guess and find ratio between
guesses.
        # calculate mean of all ratios and use as weight
        print "calculating social weight"
        socialWeight,muIn,muOut =
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng)
        print socialWeight
        if muOut > muIn:
            print "socialWeight exception!"
            exceptionCounter = 0

        print "redistributing check-ins"
        # redistribute check-ins 
        L = []  
        for i in range(len(locations)):
            L.append([[],[],[]])
            
        print "get outliers here in you know"
        print "locations number",len(locations)
        print "len daily averages",len(dailyTemporalAverages)
        print "sigmax",len(sigmax)
        for item in withOutOutliers:
            t = getWeekHour(float(item[0]))
            p = []
            # remember that the last part of most of the list is offcampus that are not to
count in the spatial distribution
            for location in range(len(L)-1):
                x = item[1]
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            x = item[1]
            y = item[2]
        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
        allProbs.append(sum(p))
        
    mu = mean(allProbs)
    sigma = (variance(allProbs))**(0.5)
    n = len(allProbs)
    outliers = []
    withOutOutliers = []
    # Chauvenet's criterion (almost)
    for prob,item in zip(allProbs,origArray):
        if mu-prob > 1.5*sigma:
        
        #c = mlab.normpdf(prob,mu,sigma)
        #print "c*n",c
        #if c < OutlierThreshold:
            outliers.append(item)
        else:
            withOutOutliers.append(item)
            

    return outliers,withOutOutliers 
    
def
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov):
    allProbs = []
    for item in withOutOutliers:
        t = getWeekHour(float(item[0]))
        p = []
        for location in range(len(locations)-2):
            x = item[1]
            y = item[2]
        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
        allProbs.append(sum(p))
        
    mu = mean(allProbs)
    sigma = (variance(allProbs))**(0.5)
    n = len(allProbs)
    
    return mu,sigma,n
    
def calcTimeDecay(origArray):
    # run through all training check-ins
        # find last time each friend checked in to that same location
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
    
    temporalDistance = []
    my_counter = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating temporal decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            time = 0
            for checkIn in friend:
                if float(userCheckIn[0])-float(checkIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[checkIn[1],checkIn[2]] and
float(userCheckIn[0])-float(checkIn[0]) > 0 and getWeekDay(float(userCheckIn[0])) ==
getWeekDay(float(checkIn[0])):
                    time = float(userCheckIn[0])-float(checkIn[0])
            if time != 0 and time < 24*3600:
                temporalDistance.append(time/3600)
    
    if temporalDistance != []:  
        plt.figure(1)

        plt.clf()

        sortedTemporalDistance = sorted(temporalDistance)
        n, bins, patches = plt.hist(sortedTemporalDistance,bins=100,log=False)

        n2 = len(n)
        xmin = 1#min(temporalDistance)
        alpha = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if alpha < 0:
            alpha = -alpha
        #plt.plot(bins,bins**(-alpha),color='g')
        #expalpha = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),[expalpha*math.exp(-expalpha*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(temporalDistance)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Time dacay histogram outliers.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:
        alpha = 0   
    return alpha        
        
def calcDistanceDecay(origArray):
    # for each cooccurence with a friend get distance between user and friend at their last
respective check-ins if within threshold
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
        
    spatialDistanceCurPrev = []
    spatialDistancePrevPrev = []
    my_counter = 0
    previousUserCheckIn = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating spatial decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            distCurPrev = -1
            distPrevPrev = -1
            previousFriendCheckIn = 0
            for friendCheckIn in friend:
                if float(userCheckIn[0])-float(friendCheckIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[friendCheckIn[1],friendCheckIn[2]] and
float(userCheckIn[0])-float(friendCheckIn[0]) < 3600 and
float(userCheckIn[0])-float(friendCheckIn[0]) > 0:
                    if previousFriendCheckIn != 0 and previousFriendCheckIn[1] != 'off_campus':
                        distCurPrev =
getDistance([float(userCheckIn[1]),float(userCheckIn[2])],[float(previousFriendCheckIn[1]),flo
t(previousFriendCheckIn[2])])
                        if previousUserCheckIn != 0:

                            distPrevPrev =
getDistance([float(previousUserCheckIn[1]),float(previousUserCheckIn[2])],[float(previousFrien
CheckIn[1]),float(previousFriendCheckIn[2])])       
                previousFriendCheckIn = friendCheckIn
            if distCurPrev != -1:
                spatialDistanceCurPrev.append(distCurPrev*1000)
            if distPrevPrev != -1:
                spatialDistancePrevPrev.append(distPrevPrev*1000)
        previousUserCheckIn = userCheckIn
                
    #if spatialDistanceCurPrev != []:           
    #   plt.figure(2)
    #   plt.clf()
    #   sortedSpatialDistance = sorted(spatialDistanceCurPrev)
    #   n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
    #   n2 = len(n)
    #   xmin = 1#min(spatialDistance)
    #   beta = 1+n2/sum([log((x+0.01)/xmin) for x in n])
    #   if beta < 0:
    #       beta = -beta
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistanceCurPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - CurPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    #else:
    #   beta = 0
    
    if spatialDistancePrevPrev != []:           
        plt.figure(2)
        plt.clf()
        sortedSpatialDistance = sorted(spatialDistancePrevPrev)
        n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
        n2 = len(n)
        xmin = 1#min(spatialDistance)
        beta2 = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if beta2 < 0:
            beta2 = -beta2
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta2),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistancePrevPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - PrevPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:

        beta2 = 0
        
    return beta2    
    
def socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore):
    # outliers bruges bare til at lave den temporale fordeling og en gang for alle (laes. hver
bruger) bestemme alpha og beta
    # naar der skal bestemmes gat efter fitting har social delen en temporal del ligesom
off-campus 
    # og naar denne har den hoejeste sadnsynligehd anvendes nedenstaaende fordeling til at
komme med et gaet
    # maaske skal alpha og beta ogsaa kun fittes efter 24 timer check-in
    # the sum of all friends check-ins with-in the last 12 or 24 hours (since 12 midnight)
times the friends score of each friend
    # for friend in frieds
        #friendScore * sum(timeDist**(-alpha) * spatDist**(-beta))
    score = 0
    scoreDelta = 0
    friendCounter = -1
    scoreNormalizer = 0
    scoreNormalizerDelta = 0
    for friend in approvedCheckIns:
        friendCounter += 1
        for checkIn in friend:
            spatDist = getDistance([X[0],X[1]],[float(checkIn[1]),float(checkIn[2])])
            tempDist = abs(t-float(checkIn[0]))
            if spatDist < 1:
                scoreNormalizer += float(friendScore[friendCounter][0])
                if spatDist == 0 and tempDist == 0:
                    score += float(friendScore[friendCounter][0])
                elif spatDist == 0:
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha)
                elif tempDist == 0:
                    score += float(friendScore[friendCounter][0]) * spatDist**(-beta)
                else:   
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha) *
spatDist**(-beta)
            #
            if spatDist < 0.01:
                scoreNormalizerDelta += float(friendScore[friendCounter][0])
                if tempDist == 0:
                    scoreDelta += float(friendScore[friendCounter][0])
                else:   
                    scoreDelta += float(friendScore[friendCounter][0]) * tempDist**(-alpha) 
                    
    if scoreDelta != 0:
        scoreDelta = scoreDelta/scoreNormalizerDelta
    if score != 0:

        score = score/scoreNormalizer
    return score,scoreDelta 
    
def getRandomStartingPoint(origArray,numLocations):
    L = []  
    for i in range(numLocations):
        L.append([[],[],[]])
    # put all check-ins in "random" piles   
    marker = 0
    size = len(origArray)
    whileCounter = 0
    while size:
        size -= 1
        index = random.randint(0, size)
        item = origArray[index]
        origArray[index] = origArray[size]
        whileCounter += 1

        jazzy = whileCounter-numLocations*(whileCounter//numLocations)
        L[jazzy][0].append(item[0])
        L[jazzy][1].append(item[1])
        L[jazzy][2].append(item[2])
    return L    
    
def getFixedStartingPoint(origArray,uniqueCheckInCoords):
    L = []  
    for i in range(len(uniqueCheckInCoords)):
        L.append([[],[],[]])
    
    for item in origArray:
        coords = [item[1],item[2]]
        index = uniqueCheckInCoords.index(coords)
        L[index][0].append(item[0])
        L[index][1].append(item[1])
        L[index][2].append(item[2])

    needSpecialVar = True
    return L,needSpecialVar 
        
def
expectationMaximization(origArray,offcampus,num_locations,evalArray,offCampusWeekProbs,uniqueC
eckInCoords):
    varianceModifier = 0.01
    spatialImportance = 1
    OutlierThreshold = 0.5
    exceptionCounter = 0
    delta = True
    draw = False

    training = True
    pBest = 0; 
    for numLocationsStart in range(10,11):#range(0,num_locations-1):
        numLocations = numLocationsStart#num_locations-numLocationsStart
        print numLocations
        
        for trythis in range(10):
            numLocations = numLocationsStart#num_locations-numLocationsStart
            print "Attempt:",exceptionCounter+1,"of 5"
            
            L_off = [[[],[],[]]]
            for item in offcampus:
                L_off[0][0].append(item[0])
                L_off[0][1].append(item[1])
                L_off[0][2].append(item[2])
            
            needSpecialVar = False
            L = getRandomStartingPoint(origArray,numLocations,)
            #L,needSpecialVar = getFixedStartingPoint(origArray,uniqueCheckInCoords)
            
            
            locationSizes_old = [0,0,0]
            locationSizes_new = [1,1,1]
            centroids_old = [[0,0]]
            centroids_new = [[1,1]]
            iterationCounter = 0
            pTotalOld = 0
            pTotalNew = 1
            try:
                while pTotalNew > pTotalOld: #locationSizes_old != locationSizes_new and
centroids_old != centroids_new:
                    iterationCounter += 1
                    print "EM iteration",iterationCounter
                    locationSizes_old = locationSizes_new
                    centroids_old = centroids_new
                    pTotalOld = pTotalNew
                    
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'

                    # calculate mean, variance, and covariance for the "piles"
                    locationSizes_new = []  
                    centroids_new = []      
                    sigmax = []
                    sigmay = []

                    mux = []
                    muy = []
                    cov = []
                    for i in range(len(L)): 
                        locationSizes_new.append(len(L[i][1]))
                        if needSpecialVar:
                            sigmax.append((0.000000000001)**(0.5)/varianceModifier)         
                            sigmay.append((0.000000000001)**(0.5)/varianceModifier)
                            needSpecialVar = False
                        else:
                            sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
                            sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
                        mux.append(mean(L[i][1]))
                        muy.append(mean(L[i][2]))
                        cov.append(covariance(L[i][1],L[i][2]))
                    centroids_new = [mux,muy]   
                    print cov
                    print sigmax
                    print sigmay
                    print "locationSizes",locationSizes_new
                    #print "centroids",centroids_new

                    # t should be given i weekhour 0 - 167
                    # locations is the 3 piles and should just hold the total number of
check-ins in that pile
                    # currentAccesspoint is just a number idicating which pile's
temporaldistribution that is wanted
                    # dailyAverages i a mother fucker!!!
                    dailyTemporalAverages,dailies,dailyWeights =
getDailyTemporalAverages(L,L_off)

                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])

                    if draw:
                    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,str(iteration
ounter))

                    # redistribute check-ins 
                    L = []  
                    for i in range(numLocations):
                        L.append([[],[],[]])
                    pTotalNew = 0
                    for item in origArray:

                        t = getWeekHour(float(item[0]))
                        p = []
                        # remember that the last part of most of the list is offcampus that are
not to count in the spatial distribution
                        for location in range(len(L)):
                            x = item[1]
                            y = item[2]
                        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
                        pTotalNew += max(p)
                        L_index = p.index(max(p))
                        L[L_index][0].append(item[0])
                        L[L_index][1].append(item[1])
                        L[L_index][2].append(item[2])
                    #
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'
    
                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])
                    print "loc",len(locations)
                    print "daily",len(dailyTemporalAverages)
                    print "sigmax",len(sigmax)

                    print pTotalNew
                    print pBest
                    if pTotalNew > pBest:
                        pBest = pTotalNew; locationsBest = locations; dailyTemporalAveragesBest
= dailyTemporalAverages; dailyWeightsBest = dailyWeights; sigmaxBest = sigmax; sigmayBest =
sigmay; covBest = cov;numberoflocations = numLocations

            except ValueError:
                print "value exception"
                exceptionCounter += 1
        
    #if exceptionCounter == 10:
    #
    dailyTemporalAverages = dailyTemporalAveragesBest; locations = locationsBest; dailyWeights
= dailyWeightsBest; sigmax = sigmaxBest; sigmay = sigmayBest; cov = covBest;
    print "pBest",pBest

    print "finding outliers"
    
    print "get outliers here in you know"
    print "locations number",len(locations)
    print "len daily averages",len(dailyTemporalAverages)
    print "sigmax",len(sigmax)
    
    outliers,withOutOutliers = 
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold)     
    print "calculating outlier distribution"
    alpha = 0
    beta = 0
    socialWeight = 0
    if len(outliers) != 0:
        alpha = calcTimeDecay(outliers)
        beta = calcDistanceDecay(outliers)

        # for outliers calculate periodic guess and social guess and find ratio between
guesses.
        # calculate mean of all ratios and use as weight
        print "calculating social weight"
        socialWeight,muIn,muOut =
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng)
        print socialWeight
        if muOut > muIn:
            print "socialWeight exception!"
            exceptionCounter = 0

        print "redistributing check-ins"
        # redistribute check-ins 
        L = []  
        for i in range(len(locations)):
            L.append([[],[],[]])
            
        print "get outliers here in you know"
        print "locations number",len(locations)
        print "len daily averages",len(dailyTemporalAverages)
        print "sigmax",len(sigmax)
        for item in withOutOutliers:
            t = getWeekHour(float(item[0]))
            p = []
            # remember that the last part of most of the list is offcampus that are not to
count in the spatial distribution
            for location in range(len(L)-1):
                x = item[1]

                y = item[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
            L_index = p.index(max(p))
            L[L_index][0].append(item[0])
            L[L_index][1].append(item[1])
            L[L_index][2].append(item[2])

        for item in outliers:
            L[-1][0].append(item[0])
            L[-1][1].append(item[1])
            L[-1][2].append(item[2])    
            
        for i in L:
            if i == [[],[],[]]:
                L.remove(i)
                numLocations = len(L)
                print 'something has been removed'  

    # calculate mean, variance, and covariance for the "piles"
    locationSizes_new = []  
    centroids_new = []      
    sigmax = []
    sigmay = []
    mux = []
    muy = []
    cov = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
        sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
        sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
        mux.append(mean(L[i][1]))
        muy.append(mean(L[i][2]))
        cov.append(covariance(L[i][1],L[i][2]))
    centroids_new = [mux,muy]
    
    locations = []
    for location in L:
        locations.append([0,len(location[0])])
    for location in L_off:
        locations.append([0,len(location[0])])

    locationSizes_new = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
    print "locationSizes",locationSizes_new
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    return outliers,withOutOutliers 
    
def
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov):
    allProbs = []
    for item in withOutOutliers:
        t = getWeekHour(float(item[0]))
        p = []
        for location in range(len(locations)-2):
            x = item[1]
            y = item[2]
        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
        allProbs.append(sum(p))
        
    mu = mean(allProbs)
    sigma = (variance(allProbs))**(0.5)
    n = len(allProbs)
    
    return mu,sigma,n
    
def calcTimeDecay(origArray):
    # run through all training check-ins
        # find last time each friend checked in to that same location
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
    
    temporalDistance = []
    my_counter = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating temporal decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            time = 0
            for checkIn in friend:
                if float(userCheckIn[0])-float(checkIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[checkIn[1],checkIn[2]] and
float(userCheckIn[0])-float(checkIn[0]) > 0 and getWeekDay(float(userCheckIn[0])) ==
getWeekDay(float(checkIn[0])):
                    time = float(userCheckIn[0])-float(checkIn[0])
            if time != 0 and time < 24*3600:
                temporalDistance.append(time/3600)
    
    if temporalDistance != []:  
        plt.figure(1)

        plt.clf()

        sortedTemporalDistance = sorted(temporalDistance)
        n, bins, patches = plt.hist(sortedTemporalDistance,bins=100,log=False)

        n2 = len(n)
        xmin = 1#min(temporalDistance)
        alpha = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if alpha < 0:
            alpha = -alpha
        #plt.plot(bins,bins**(-alpha),color='g')
        #expalpha = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),[expalpha*math.exp(-expalpha*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(temporalDistance)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Time dacay histogram outliers.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:
        alpha = 0   
    return alpha        
        
def calcDistanceDecay(origArray):
    # for each cooccurence with a friend get distance between user and friend at their last
respective check-ins if within threshold
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
        
    spatialDistanceCurPrev = []
    spatialDistancePrevPrev = []
    my_counter = 0
    previousUserCheckIn = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating spatial decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            distCurPrev = -1
            distPrevPrev = -1
            previousFriendCheckIn = 0
            for friendCheckIn in friend:
                if float(userCheckIn[0])-float(friendCheckIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[friendCheckIn[1],friendCheckIn[2]] and
float(userCheckIn[0])-float(friendCheckIn[0]) < 3600 and
float(userCheckIn[0])-float(friendCheckIn[0]) > 0:
                    if previousFriendCheckIn != 0 and previousFriendCheckIn[1] != 'off_campus':
                        distCurPrev =
getDistance([float(userCheckIn[1]),float(userCheckIn[2])],[float(previousFriendCheckIn[1]),flo
t(previousFriendCheckIn[2])])
                        if previousUserCheckIn != 0:

                            distPrevPrev =
getDistance([float(previousUserCheckIn[1]),float(previousUserCheckIn[2])],[float(previousFrien
CheckIn[1]),float(previousFriendCheckIn[2])])       
                previousFriendCheckIn = friendCheckIn
            if distCurPrev != -1:
                spatialDistanceCurPrev.append(distCurPrev*1000)
            if distPrevPrev != -1:
                spatialDistancePrevPrev.append(distPrevPrev*1000)
        previousUserCheckIn = userCheckIn
                
    #if spatialDistanceCurPrev != []:           
    #   plt.figure(2)
    #   plt.clf()
    #   sortedSpatialDistance = sorted(spatialDistanceCurPrev)
    #   n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
    #   n2 = len(n)
    #   xmin = 1#min(spatialDistance)
    #   beta = 1+n2/sum([log((x+0.01)/xmin) for x in n])
    #   if beta < 0:
    #       beta = -beta
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistanceCurPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - CurPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    #else:
    #   beta = 0
    
    if spatialDistancePrevPrev != []:           
        plt.figure(2)
        plt.clf()
        sortedSpatialDistance = sorted(spatialDistancePrevPrev)
        n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
        n2 = len(n)
        xmin = 1#min(spatialDistance)
        beta2 = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if beta2 < 0:
            beta2 = -beta2
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta2),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistancePrevPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - PrevPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:

        beta2 = 0
        
    return beta2    
    
def socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore):
    # outliers bruges bare til at lave den temporale fordeling og en gang for alle (laes. hver
bruger) bestemme alpha og beta
    # naar der skal bestemmes gat efter fitting har social delen en temporal del ligesom
off-campus 
    # og naar denne har den hoejeste sadnsynligehd anvendes nedenstaaende fordeling til at
komme med et gaet
    # maaske skal alpha og beta ogsaa kun fittes efter 24 timer check-in
    # the sum of all friends check-ins with-in the last 12 or 24 hours (since 12 midnight)
times the friends score of each friend
    # for friend in frieds
        #friendScore * sum(timeDist**(-alpha) * spatDist**(-beta))
    score = 0
    scoreDelta = 0
    friendCounter = -1
    scoreNormalizer = 0
    scoreNormalizerDelta = 0
    for friend in approvedCheckIns:
        friendCounter += 1
        for checkIn in friend:
            spatDist = getDistance([X[0],X[1]],[float(checkIn[1]),float(checkIn[2])])
            tempDist = abs(t-float(checkIn[0]))
            if spatDist < 1:
                scoreNormalizer += float(friendScore[friendCounter][0])
                if spatDist == 0 and tempDist == 0:
                    score += float(friendScore[friendCounter][0])
                elif spatDist == 0:
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha)
                elif tempDist == 0:
                    score += float(friendScore[friendCounter][0]) * spatDist**(-beta)
                else:   
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha) *
spatDist**(-beta)
            #
            if spatDist < 0.01:
                scoreNormalizerDelta += float(friendScore[friendCounter][0])
                if tempDist == 0:
                    scoreDelta += float(friendScore[friendCounter][0])
                else:   
                    scoreDelta += float(friendScore[friendCounter][0]) * tempDist**(-alpha) 
                    
    if scoreDelta != 0:
        scoreDelta = scoreDelta/scoreNormalizerDelta
    if score != 0:

        score = score/scoreNormalizer
    return score,scoreDelta 
    
def getRandomStartingPoint(origArray,numLocations):
    L = []  
    for i in range(numLocations):
        L.append([[],[],[]])
    # put all check-ins in "random" piles   
    marker = 0
    size = len(origArray)
    whileCounter = 0
    while size:
        size -= 1
        index = random.randint(0, size)
        item = origArray[index]
        origArray[index] = origArray[size]
        whileCounter += 1

        jazzy = whileCounter-numLocations*(whileCounter//numLocations)
        L[jazzy][0].append(item[0])
        L[jazzy][1].append(item[1])
        L[jazzy][2].append(item[2])
    return L    
    
def getFixedStartingPoint(origArray,uniqueCheckInCoords):
    L = []  
    for i in range(len(uniqueCheckInCoords)):
        L.append([[],[],[]])
    
    for item in origArray:
        coords = [item[1],item[2]]
        index = uniqueCheckInCoords.index(coords)
        L[index][0].append(item[0])
        L[index][1].append(item[1])
        L[index][2].append(item[2])

    needSpecialVar = True
    return L,needSpecialVar 
        
def
expectationMaximization(origArray,offcampus,num_locations,evalArray,offCampusWeekProbs,uniqueC
eckInCoords):
    varianceModifier = 0.01
    spatialImportance = 1
    OutlierThreshold = 0.5
    exceptionCounter = 0
    delta = True
    draw = False

    training = True
    pBest = 0; 
    for numLocationsStart in range(10,11):#range(0,num_locations-1):
        numLocations = numLocationsStart#num_locations-numLocationsStart
        print numLocations
        
        for trythis in range(10):
            numLocations = numLocationsStart#num_locations-numLocationsStart
            print "Attempt:",exceptionCounter+1,"of 5"
            
            L_off = [[[],[],[]]]
            for item in offcampus:
                L_off[0][0].append(item[0])
                L_off[0][1].append(item[1])
                L_off[0][2].append(item[2])
            
            needSpecialVar = False
            L = getRandomStartingPoint(origArray,numLocations,)
            #L,needSpecialVar = getFixedStartingPoint(origArray,uniqueCheckInCoords)
            
            
            locationSizes_old = [0,0,0]
            locationSizes_new = [1,1,1]
            centroids_old = [[0,0]]
            centroids_new = [[1,1]]
            iterationCounter = 0
            pTotalOld = 0
            pTotalNew = 1
            try:
                while pTotalNew > pTotalOld: #locationSizes_old != locationSizes_new and
centroids_old != centroids_new:
                    iterationCounter += 1
                    print "EM iteration",iterationCounter
                    locationSizes_old = locationSizes_new
                    centroids_old = centroids_new
                    pTotalOld = pTotalNew
                    
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'

                    # calculate mean, variance, and covariance for the "piles"
                    locationSizes_new = []  
                    centroids_new = []      
                    sigmax = []
                    sigmay = []

                    mux = []
                    muy = []
                    cov = []
                    for i in range(len(L)): 
                        locationSizes_new.append(len(L[i][1]))
                        if needSpecialVar:
                            sigmax.append((0.000000000001)**(0.5)/varianceModifier)         
                            sigmay.append((0.000000000001)**(0.5)/varianceModifier)
                            needSpecialVar = False
                        else:
                            sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
                            sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
                        mux.append(mean(L[i][1]))
                        muy.append(mean(L[i][2]))
                        cov.append(covariance(L[i][1],L[i][2]))
                    centroids_new = [mux,muy]   
                    print cov
                    print sigmax
                    print sigmay
                    print "locationSizes",locationSizes_new
                    #print "centroids",centroids_new

                    # t should be given i weekhour 0 - 167
                    # locations is the 3 piles and should just hold the total number of
check-ins in that pile
                    # currentAccesspoint is just a number idicating which pile's
temporaldistribution that is wanted
                    # dailyAverages i a mother fucker!!!
                    dailyTemporalAverages,dailies,dailyWeights =
getDailyTemporalAverages(L,L_off)

                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])

                    if draw:
                    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,str(iteration
ounter))

                    # redistribute check-ins 
                    L = []  
                    for i in range(numLocations):
                        L.append([[],[],[]])
                    pTotalNew = 0
                    for item in origArray:

                        t = getWeekHour(float(item[0]))
                        p = []
                        # remember that the last part of most of the list is offcampus that are
not to count in the spatial distribution
                        for location in range(len(L)):
                            x = item[1]
                            y = item[2]
                        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
                        pTotalNew += max(p)
                        L_index = p.index(max(p))
                        L[L_index][0].append(item[0])
                        L[L_index][1].append(item[1])
                        L[L_index][2].append(item[2])
                    #
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'
    
                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])
                    print "loc",len(locations)
                    print "daily",len(dailyTemporalAverages)
                    print "sigmax",len(sigmax)

                    print pTotalNew
                    print pBest
                    if pTotalNew > pBest:
                        pBest = pTotalNew; locationsBest = locations; dailyTemporalAveragesBest
= dailyTemporalAverages; dailyWeightsBest = dailyWeights; sigmaxBest = sigmax; sigmayBest =
sigmay; covBest = cov;numberoflocations = numLocations

            except ValueError:
                print "value exception"
                exceptionCounter += 1
        
    #if exceptionCounter == 10:
    #
    dailyTemporalAverages = dailyTemporalAveragesBest; locations = locationsBest; dailyWeights
= dailyWeightsBest; sigmax = sigmaxBest; sigmay = sigmayBest; cov = covBest;
    print "pBest",pBest

    print "finding outliers"
    
    print "get outliers here in you know"
    print "locations number",len(locations)
    print "len daily averages",len(dailyTemporalAverages)
    print "sigmax",len(sigmax)
    
    outliers,withOutOutliers = 
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold)     
    print "calculating outlier distribution"
    alpha = 0
    beta = 0
    socialWeight = 0
    if len(outliers) != 0:
        alpha = calcTimeDecay(outliers)
        beta = calcDistanceDecay(outliers)

        # for outliers calculate periodic guess and social guess and find ratio between
guesses.
        # calculate mean of all ratios and use as weight
        print "calculating social weight"
        socialWeight,muIn,muOut =
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng)
        print socialWeight
        if muOut > muIn:
            print "socialWeight exception!"
            exceptionCounter = 0

        print "redistributing check-ins"
        # redistribute check-ins 
        L = []  
        for i in range(len(locations)):
            L.append([[],[],[]])
            
        print "get outliers here in you know"
        print "locations number",len(locations)
        print "len daily averages",len(dailyTemporalAverages)
        print "sigmax",len(sigmax)
        for item in withOutOutliers:
            t = getWeekHour(float(item[0]))
            p = []
            # remember that the last part of most of the list is offcampus that are not to
count in the spatial distribution
            for location in range(len(L)-1):
                x = item[1]

                y = item[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
            L_index = p.index(max(p))
            L[L_index][0].append(item[0])
            L[L_index][1].append(item[1])
            L[L_index][2].append(item[2])

        for item in outliers:
            L[-1][0].append(item[0])
            L[-1][1].append(item[1])
            L[-1][2].append(item[2])    
            
        for i in L:
            if i == [[],[],[]]:
                L.remove(i)
                numLocations = len(L)
                print 'something has been removed'  

    # calculate mean, variance, and covariance for the "piles"
    locationSizes_new = []  
    centroids_new = []      
    sigmax = []
    sigmay = []
    mux = []
    muy = []
    cov = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
        sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
        sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
        mux.append(mean(L[i][1]))
        muy.append(mean(L[i][2]))
        cov.append(covariance(L[i][1],L[i][2]))
    centroids_new = [mux,muy]
    
    locations = []
    for location in L:
        locations.append([0,len(location[0])])
    for location in L_off:
        locations.append([0,len(location[0])])

    locationSizes_new = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
    print "locationSizes",locationSizes_new

    
    dailyTemporalAverages,dailies,dailyWeights = getDailyTemporalAverages(L,L_off)
    muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold =
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov)

    print "drawing temporal plots"
    if draw:
    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,"IsolatedOutl
ers")

    print "evaluating model"
    meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedD
st,meanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRa
io,exactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCa
pusCounter,socialCheckInCounter =
evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight)
    print "check-ins on/off campus:",onCampusCheckIns,"/",actualOffCampusCounter
    print "percentage of offcampus check-ins successfully guessed:",offCampusSuccessRatio
    print "average distance between guess and actual position in meters
(meanDistCombined):",1000*meanDistCombined,1000*meanAccesspointParallel
    print "average distance between guess and actual position in meters
(meanDistPeriodic):",1000*meanDistPeriodic,1000*meanAccesspointGuess
    print "average distance between guess and actual position in meters
(meanDistSocial):",1000*meanDistSocial
    print "average distance between guess and actual position in meters
(meanDistSocialDelta):",1000*meanDistSocialDelta
    print "average distance between guess and actual position in meters
(meanCombinedWeigthedDist):",1000*meanCombinedWeigthedDist,1000*meanAccesspointGuessWeighted
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitCombinedRatio):",exactFitCombinedRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitPeriodicRatio):",exactFitPeriodicRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitSocialRatio):",exactFitSocialRatio
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
                    

    
def
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def calcTimeDecay(origArray):
    # run through all training check-ins
        # find last time each friend checked in to that same location
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
    
    temporalDistance = []
    my_counter = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating temporal decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            time = 0
            for checkIn in friend:
                if float(userCheckIn[0])-float(checkIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[checkIn[1],checkIn[2]] and
float(userCheckIn[0])-float(checkIn[0]) > 0 and getWeekDay(float(userCheckIn[0])) ==
getWeekDay(float(checkIn[0])):
                    time = float(userCheckIn[0])-float(checkIn[0])
            if time != 0 and time < 24*3600:
                temporalDistance.append(time/3600)
    
    if temporalDistance != []:  
        plt.figure(1)

        plt.clf()

        sortedTemporalDistance = sorted(temporalDistance)
        n, bins, patches = plt.hist(sortedTemporalDistance,bins=100,log=False)

        n2 = len(n)
        xmin = 1#min(temporalDistance)
        alpha = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if alpha < 0:
            alpha = -alpha
        #plt.plot(bins,bins**(-alpha),color='g')
        #expalpha = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),[expalpha*math.exp(-expalpha*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(temporalDistance)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Time dacay histogram outliers.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:
        alpha = 0   
    return alpha        
        
def calcDistanceDecay(origArray):
    # for each cooccurence with a friend get distance between user and friend at their last
respective check-ins if within threshold
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
        
    spatialDistanceCurPrev = []
    spatialDistancePrevPrev = []
    my_counter = 0
    previousUserCheckIn = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating spatial decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            distCurPrev = -1
            distPrevPrev = -1
            previousFriendCheckIn = 0
            for friendCheckIn in friend:
                if float(userCheckIn[0])-float(friendCheckIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[friendCheckIn[1],friendCheckIn[2]] and
float(userCheckIn[0])-float(friendCheckIn[0]) < 3600 and
float(userCheckIn[0])-float(friendCheckIn[0]) > 0:
                    if previousFriendCheckIn != 0 and previousFriendCheckIn[1] != 'off_campus':
                        distCurPrev =
getDistance([float(userCheckIn[1]),float(userCheckIn[2])],[float(previousFriendCheckIn[1]),flo
t(previousFriendCheckIn[2])])
                        if previousUserCheckIn != 0:

                            distPrevPrev =
getDistance([float(previousUserCheckIn[1]),float(previousUserCheckIn[2])],[float(previousFrien
CheckIn[1]),float(previousFriendCheckIn[2])])       
                previousFriendCheckIn = friendCheckIn
            if distCurPrev != -1:
                spatialDistanceCurPrev.append(distCurPrev*1000)
            if distPrevPrev != -1:
                spatialDistancePrevPrev.append(distPrevPrev*1000)
        previousUserCheckIn = userCheckIn
                
    #if spatialDistanceCurPrev != []:           
    #   plt.figure(2)
    #   plt.clf()
    #   sortedSpatialDistance = sorted(spatialDistanceCurPrev)
    #   n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
    #   n2 = len(n)
    #   xmin = 1#min(spatialDistance)
    #   beta = 1+n2/sum([log((x+0.01)/xmin) for x in n])
    #   if beta < 0:
    #       beta = -beta
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistanceCurPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - CurPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    #else:
    #   beta = 0
    
    if spatialDistancePrevPrev != []:           
        plt.figure(2)
        plt.clf()
        sortedSpatialDistance = sorted(spatialDistancePrevPrev)
        n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
        n2 = len(n)
        xmin = 1#min(spatialDistance)
        beta2 = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if beta2 < 0:
            beta2 = -beta2
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta2),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistancePrevPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - PrevPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:

        beta2 = 0
        
    return beta2    
    
def socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore):
    # outliers bruges bare til at lave den temporale fordeling og en gang for alle (laes. hver
bruger) bestemme alpha og beta
    # naar der skal bestemmes gat efter fitting har social delen en temporal del ligesom
off-campus 
    # og naar denne har den hoejeste sadnsynligehd anvendes nedenstaaende fordeling til at
komme med et gaet
    # maaske skal alpha og beta ogsaa kun fittes efter 24 timer check-in
    # the sum of all friends check-ins with-in the last 12 or 24 hours (since 12 midnight)
times the friends score of each friend
    # for friend in frieds
        #friendScore * sum(timeDist**(-alpha) * spatDist**(-beta))
    score = 0
    scoreDelta = 0
    friendCounter = -1
    scoreNormalizer = 0
    scoreNormalizerDelta = 0
    for friend in approvedCheckIns:
        friendCounter += 1
        for checkIn in friend:
            spatDist = getDistance([X[0],X[1]],[float(checkIn[1]),float(checkIn[2])])
            tempDist = abs(t-float(checkIn[0]))
            if spatDist < 1:
                scoreNormalizer += float(friendScore[friendCounter][0])
                if spatDist == 0 and tempDist == 0:
                    score += float(friendScore[friendCounter][0])
                elif spatDist == 0:
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha)
                elif tempDist == 0:
                    score += float(friendScore[friendCounter][0]) * spatDist**(-beta)
                else:   
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha) *
spatDist**(-beta)
            #
            if spatDist < 0.01:
                scoreNormalizerDelta += float(friendScore[friendCounter][0])
                if tempDist == 0:
                    scoreDelta += float(friendScore[friendCounter][0])
                else:   
                    scoreDelta += float(friendScore[friendCounter][0]) * tempDist**(-alpha) 
                    
    if scoreDelta != 0:
        scoreDelta = scoreDelta/scoreNormalizerDelta
    if score != 0:

        score = score/scoreNormalizer
    return score,scoreDelta 
    
def getRandomStartingPoint(origArray,numLocations):
    L = []  
    for i in range(numLocations):
        L.append([[],[],[]])
    # put all check-ins in "random" piles   
    marker = 0
    size = len(origArray)
    whileCounter = 0
    while size:
        size -= 1
        index = random.randint(0, size)
        item = origArray[index]
        origArray[index] = origArray[size]
        whileCounter += 1

        jazzy = whileCounter-numLocations*(whileCounter//numLocations)
        L[jazzy][0].append(item[0])
        L[jazzy][1].append(item[1])
        L[jazzy][2].append(item[2])
    return L    
    
def getFixedStartingPoint(origArray,uniqueCheckInCoords):
    L = []  
    for i in range(len(uniqueCheckInCoords)):
        L.append([[],[],[]])
    
    for item in origArray:
        coords = [item[1],item[2]]
        index = uniqueCheckInCoords.index(coords)
        L[index][0].append(item[0])
        L[index][1].append(item[1])
        L[index][2].append(item[2])

    needSpecialVar = True
    return L,needSpecialVar 
        
def
expectationMaximization(origArray,offcampus,num_locations,evalArray,offCampusWeekProbs,uniqueC
eckInCoords):
    varianceModifier = 0.01
    spatialImportance = 1
    OutlierThreshold = 0.5
    exceptionCounter = 0
    delta = True
    draw = False

    training = True
    pBest = 0; 
    for numLocationsStart in range(10,11):#range(0,num_locations-1):
        numLocations = numLocationsStart#num_locations-numLocationsStart
        print numLocations
        
        for trythis in range(10):
            numLocations = numLocationsStart#num_locations-numLocationsStart
            print "Attempt:",exceptionCounter+1,"of 5"
            
            L_off = [[[],[],[]]]
            for item in offcampus:
                L_off[0][0].append(item[0])
                L_off[0][1].append(item[1])
                L_off[0][2].append(item[2])
            
            needSpecialVar = False
            L = getRandomStartingPoint(origArray,numLocations,)
            #L,needSpecialVar = getFixedStartingPoint(origArray,uniqueCheckInCoords)
            
            
            locationSizes_old = [0,0,0]
            locationSizes_new = [1,1,1]
            centroids_old = [[0,0]]
            centroids_new = [[1,1]]
            iterationCounter = 0
            pTotalOld = 0
            pTotalNew = 1
            try:
                while pTotalNew > pTotalOld: #locationSizes_old != locationSizes_new and
centroids_old != centroids_new:
                    iterationCounter += 1
                    print "EM iteration",iterationCounter
                    locationSizes_old = locationSizes_new
                    centroids_old = centroids_new
                    pTotalOld = pTotalNew
                    
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'

                    # calculate mean, variance, and covariance for the "piles"
                    locationSizes_new = []  
                    centroids_new = []      
                    sigmax = []
                    sigmay = []

                    mux = []
                    muy = []
                    cov = []
                    for i in range(len(L)): 
                        locationSizes_new.append(len(L[i][1]))
                        if needSpecialVar:
                            sigmax.append((0.000000000001)**(0.5)/varianceModifier)         
                            sigmay.append((0.000000000001)**(0.5)/varianceModifier)
                            needSpecialVar = False
                        else:
                            sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
                            sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
                        mux.append(mean(L[i][1]))
                        muy.append(mean(L[i][2]))
                        cov.append(covariance(L[i][1],L[i][2]))
                    centroids_new = [mux,muy]   
                    print cov
                    print sigmax
                    print sigmay
                    print "locationSizes",locationSizes_new
                    #print "centroids",centroids_new

                    # t should be given i weekhour 0 - 167
                    # locations is the 3 piles and should just hold the total number of
check-ins in that pile
                    # currentAccesspoint is just a number idicating which pile's
temporaldistribution that is wanted
                    # dailyAverages i a mother fucker!!!
                    dailyTemporalAverages,dailies,dailyWeights =
getDailyTemporalAverages(L,L_off)

                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])

                    if draw:
                    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,str(iteration
ounter))

                    # redistribute check-ins 
                    L = []  
                    for i in range(numLocations):
                        L.append([[],[],[]])
                    pTotalNew = 0
                    for item in origArray:

                        t = getWeekHour(float(item[0]))
                        p = []
                        # remember that the last part of most of the list is offcampus that are
not to count in the spatial distribution
                        for location in range(len(L)):
                            x = item[1]
                            y = item[2]
                        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
                        pTotalNew += max(p)
                        L_index = p.index(max(p))
                        L[L_index][0].append(item[0])
                        L[L_index][1].append(item[1])
                        L[L_index][2].append(item[2])
                    #
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'
    
                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])
                    print "loc",len(locations)
                    print "daily",len(dailyTemporalAverages)
                    print "sigmax",len(sigmax)

                    print pTotalNew
                    print pBest
                    if pTotalNew > pBest:
                        pBest = pTotalNew; locationsBest = locations; dailyTemporalAveragesBest
= dailyTemporalAverages; dailyWeightsBest = dailyWeights; sigmaxBest = sigmax; sigmayBest =
sigmay; covBest = cov;numberoflocations = numLocations

            except ValueError:
                print "value exception"
                exceptionCounter += 1
        
    #if exceptionCounter == 10:
    #
    dailyTemporalAverages = dailyTemporalAveragesBest; locations = locationsBest; dailyWeights
= dailyWeightsBest; sigmax = sigmaxBest; sigmay = sigmayBest; cov = covBest;
    print "pBest",pBest

    print "finding outliers"
    
    print "get outliers here in you know"
    print "locations number",len(locations)
    print "len daily averages",len(dailyTemporalAverages)
    print "sigmax",len(sigmax)
    
    outliers,withOutOutliers = 
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold)     
    print "calculating outlier distribution"
    alpha = 0
    beta = 0
    socialWeight = 0
    if len(outliers) != 0:
        alpha = calcTimeDecay(outliers)
        beta = calcDistanceDecay(outliers)

        # for outliers calculate periodic guess and social guess and find ratio between
guesses.
        # calculate mean of all ratios and use as weight
        print "calculating social weight"
        socialWeight,muIn,muOut =
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng)
        print socialWeight
        if muOut > muIn:
            print "socialWeight exception!"
            exceptionCounter = 0

        print "redistributing check-ins"
        # redistribute check-ins 
        L = []  
        for i in range(len(locations)):
            L.append([[],[],[]])
            
        print "get outliers here in you know"
        print "locations number",len(locations)
        print "len daily averages",len(dailyTemporalAverages)
        print "sigmax",len(sigmax)
        for item in withOutOutliers:
            t = getWeekHour(float(item[0]))
            p = []
            # remember that the last part of most of the list is offcampus that are not to
count in the spatial distribution
            for location in range(len(L)-1):
                x = item[1]

                y = item[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
            L_index = p.index(max(p))
            L[L_index][0].append(item[0])
            L[L_index][1].append(item[1])
            L[L_index][2].append(item[2])

        for item in outliers:
            L[-1][0].append(item[0])
            L[-1][1].append(item[1])
            L[-1][2].append(item[2])    
            
        for i in L:
            if i == [[],[],[]]:
                L.remove(i)
                numLocations = len(L)
                print 'something has been removed'  

    # calculate mean, variance, and covariance for the "piles"
    locationSizes_new = []  
    centroids_new = []      
    sigmax = []
    sigmay = []
    mux = []
    muy = []
    cov = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
        sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
        sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
        mux.append(mean(L[i][1]))
        muy.append(mean(L[i][2]))
        cov.append(covariance(L[i][1],L[i][2]))
    centroids_new = [mux,muy]
    
    locations = []
    for location in L:
        locations.append([0,len(location[0])])
    for location in L_off:
        locations.append([0,len(location[0])])

    locationSizes_new = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
    print "locationSizes",locationSizes_new

    
    dailyTemporalAverages,dailies,dailyWeights = getDailyTemporalAverages(L,L_off)
    muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold =
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov)

    print "drawing temporal plots"
    if draw:
    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,"IsolatedOutl
ers")

    print "evaluating model"
    meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedD
st,meanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRa
io,exactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCa
pusCounter,socialCheckInCounter =
evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight)
    print "check-ins on/off campus:",onCampusCheckIns,"/",actualOffCampusCounter
    print "percentage of offcampus check-ins successfully guessed:",offCampusSuccessRatio
    print "average distance between guess and actual position in meters
(meanDistCombined):",1000*meanDistCombined,1000*meanAccesspointParallel
    print "average distance between guess and actual position in meters
(meanDistPeriodic):",1000*meanDistPeriodic,1000*meanAccesspointGuess
    print "average distance between guess and actual position in meters
(meanDistSocial):",1000*meanDistSocial
    print "average distance between guess and actual position in meters
(meanDistSocialDelta):",1000*meanDistSocialDelta
    print "average distance between guess and actual position in meters
(meanCombinedWeigthedDist):",1000*meanCombinedWeigthedDist,1000*meanAccesspointGuessWeighted
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitCombinedRatio):",exactFitCombinedRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitPeriodicRatio):",exactFitPeriodicRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitSocialRatio):",exactFitSocialRatio
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
                    

    
def

evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight):
    distSocialError = []
    distSocialDeltaError = []
    combinedWeigthedDistError = []
    distCombinedError = []
    distPeriodicError = []
    exactFitsCombined = 0
    exactFitsPeriodic = 0
    exactFitsSocial = 0
    actualOffCampusCounter = 0
    guessOffCampus = 0
    offCampusSuccess = 0
    checkInCounter = 0
    accesspointGuessWeightedError = []
    accesspointGuessError = []
    accesspointParallelError = []
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)
    training = False
    socialCheckInCounter = 0
    onCampusCheckIns = 0
    for checkIn in evalArray:
        onCampus = True
        checkInCounter += 1
        print "eval check in",checkInCounter,"of",len(evalArray)
        t = getWeekHour(float(checkIn[0]))
        actualPosition = [float(checkIn[1]),float(checkIn[2])]
        
        if actualPosition == [55.0,12.0]:
            actualOffCampusCounter += 1
            actualPosition = "off_campus"
        
        if
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,len(locations)-1,offCampus
eekProbs) > 0.6: #len(locations)-1 is the last element since 0 also counts          
            onCampus = False
            guessOffCampus += 1
            guess = "off_campus"
            if actualPosition == guess:
                offCampusSuccess += 1
        else:
            if actualPosition != "off_campus":
                offCampusSuccess += 1
        
        if actualPosition != "off_campus":
            onCampusCheckIns += 1
            socialCheckIn = False
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        plt.clf()

        sortedTemporalDistance = sorted(temporalDistance)
        n, bins, patches = plt.hist(sortedTemporalDistance,bins=100,log=False)

        n2 = len(n)
        xmin = 1#min(temporalDistance)
        alpha = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if alpha < 0:
            alpha = -alpha
        #plt.plot(bins,bins**(-alpha),color='g')
        #expalpha = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),[expalpha*math.exp(-expalpha*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(temporalDistance)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Time dacay histogram outliers.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:
        alpha = 0   
    return alpha        
        
def calcDistanceDecay(origArray):
    # for each cooccurence with a friend get distance between user and friend at their last
respective check-ins if within threshold
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
        
    spatialDistanceCurPrev = []
    spatialDistancePrevPrev = []
    my_counter = 0
    previousUserCheckIn = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating spatial decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            distCurPrev = -1
            distPrevPrev = -1
            previousFriendCheckIn = 0
            for friendCheckIn in friend:
                if float(userCheckIn[0])-float(friendCheckIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[friendCheckIn[1],friendCheckIn[2]] and
float(userCheckIn[0])-float(friendCheckIn[0]) < 3600 and
float(userCheckIn[0])-float(friendCheckIn[0]) > 0:
                    if previousFriendCheckIn != 0 and previousFriendCheckIn[1] != 'off_campus':
                        distCurPrev =
getDistance([float(userCheckIn[1]),float(userCheckIn[2])],[float(previousFriendCheckIn[1]),flo
t(previousFriendCheckIn[2])])
                        if previousUserCheckIn != 0:

                            distPrevPrev =
getDistance([float(previousUserCheckIn[1]),float(previousUserCheckIn[2])],[float(previousFrien
CheckIn[1]),float(previousFriendCheckIn[2])])       
                previousFriendCheckIn = friendCheckIn
            if distCurPrev != -1:
                spatialDistanceCurPrev.append(distCurPrev*1000)
            if distPrevPrev != -1:
                spatialDistancePrevPrev.append(distPrevPrev*1000)
        previousUserCheckIn = userCheckIn
                
    #if spatialDistanceCurPrev != []:           
    #   plt.figure(2)
    #   plt.clf()
    #   sortedSpatialDistance = sorted(spatialDistanceCurPrev)
    #   n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
    #   n2 = len(n)
    #   xmin = 1#min(spatialDistance)
    #   beta = 1+n2/sum([log((x+0.01)/xmin) for x in n])
    #   if beta < 0:
    #       beta = -beta
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistanceCurPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - CurPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    #else:
    #   beta = 0
    
    if spatialDistancePrevPrev != []:           
        plt.figure(2)
        plt.clf()
        sortedSpatialDistance = sorted(spatialDistancePrevPrev)
        n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
        n2 = len(n)
        xmin = 1#min(spatialDistance)
        beta2 = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if beta2 < 0:
            beta2 = -beta2
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta2),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistancePrevPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - PrevPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:

        beta2 = 0
        
    return beta2    
    
def socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore):
    # outliers bruges bare til at lave den temporale fordeling og en gang for alle (laes. hver
bruger) bestemme alpha og beta
    # naar der skal bestemmes gat efter fitting har social delen en temporal del ligesom
off-campus 
    # og naar denne har den hoejeste sadnsynligehd anvendes nedenstaaende fordeling til at
komme med et gaet
    # maaske skal alpha og beta ogsaa kun fittes efter 24 timer check-in
    # the sum of all friends check-ins with-in the last 12 or 24 hours (since 12 midnight)
times the friends score of each friend
    # for friend in frieds
        #friendScore * sum(timeDist**(-alpha) * spatDist**(-beta))
    score = 0
    scoreDelta = 0
    friendCounter = -1
    scoreNormalizer = 0
    scoreNormalizerDelta = 0
    for friend in approvedCheckIns:
        friendCounter += 1
        for checkIn in friend:
            spatDist = getDistance([X[0],X[1]],[float(checkIn[1]),float(checkIn[2])])
            tempDist = abs(t-float(checkIn[0]))
            if spatDist < 1:
                scoreNormalizer += float(friendScore[friendCounter][0])
                if spatDist == 0 and tempDist == 0:
                    score += float(friendScore[friendCounter][0])
                elif spatDist == 0:
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha)
                elif tempDist == 0:
                    score += float(friendScore[friendCounter][0]) * spatDist**(-beta)
                else:   
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha) *
spatDist**(-beta)
            #
            if spatDist < 0.01:
                scoreNormalizerDelta += float(friendScore[friendCounter][0])
                if tempDist == 0:
                    scoreDelta += float(friendScore[friendCounter][0])
                else:   
                    scoreDelta += float(friendScore[friendCounter][0]) * tempDist**(-alpha) 
                    
    if scoreDelta != 0:
        scoreDelta = scoreDelta/scoreNormalizerDelta
    if score != 0:

        score = score/scoreNormalizer
    return score,scoreDelta 
    
def getRandomStartingPoint(origArray,numLocations):
    L = []  
    for i in range(numLocations):
        L.append([[],[],[]])
    # put all check-ins in "random" piles   
    marker = 0
    size = len(origArray)
    whileCounter = 0
    while size:
        size -= 1
        index = random.randint(0, size)
        item = origArray[index]
        origArray[index] = origArray[size]
        whileCounter += 1

        jazzy = whileCounter-numLocations*(whileCounter//numLocations)
        L[jazzy][0].append(item[0])
        L[jazzy][1].append(item[1])
        L[jazzy][2].append(item[2])
    return L    
    
def getFixedStartingPoint(origArray,uniqueCheckInCoords):
    L = []  
    for i in range(len(uniqueCheckInCoords)):
        L.append([[],[],[]])
    
    for item in origArray:
        coords = [item[1],item[2]]
        index = uniqueCheckInCoords.index(coords)
        L[index][0].append(item[0])
        L[index][1].append(item[1])
        L[index][2].append(item[2])

    needSpecialVar = True
    return L,needSpecialVar 
        
def
expectationMaximization(origArray,offcampus,num_locations,evalArray,offCampusWeekProbs,uniqueC
eckInCoords):
    varianceModifier = 0.01
    spatialImportance = 1
    OutlierThreshold = 0.5
    exceptionCounter = 0
    delta = True
    draw = False

    training = True
    pBest = 0; 
    for numLocationsStart in range(10,11):#range(0,num_locations-1):
        numLocations = numLocationsStart#num_locations-numLocationsStart
        print numLocations
        
        for trythis in range(10):
            numLocations = numLocationsStart#num_locations-numLocationsStart
            print "Attempt:",exceptionCounter+1,"of 5"
            
            L_off = [[[],[],[]]]
            for item in offcampus:
                L_off[0][0].append(item[0])
                L_off[0][1].append(item[1])
                L_off[0][2].append(item[2])
            
            needSpecialVar = False
            L = getRandomStartingPoint(origArray,numLocations,)
            #L,needSpecialVar = getFixedStartingPoint(origArray,uniqueCheckInCoords)
            
            
            locationSizes_old = [0,0,0]
            locationSizes_new = [1,1,1]
            centroids_old = [[0,0]]
            centroids_new = [[1,1]]
            iterationCounter = 0
            pTotalOld = 0
            pTotalNew = 1
            try:
                while pTotalNew > pTotalOld: #locationSizes_old != locationSizes_new and
centroids_old != centroids_new:
                    iterationCounter += 1
                    print "EM iteration",iterationCounter
                    locationSizes_old = locationSizes_new
                    centroids_old = centroids_new
                    pTotalOld = pTotalNew
                    
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'

                    # calculate mean, variance, and covariance for the "piles"
                    locationSizes_new = []  
                    centroids_new = []      
                    sigmax = []
                    sigmay = []

                    mux = []
                    muy = []
                    cov = []
                    for i in range(len(L)): 
                        locationSizes_new.append(len(L[i][1]))
                        if needSpecialVar:
                            sigmax.append((0.000000000001)**(0.5)/varianceModifier)         
                            sigmay.append((0.000000000001)**(0.5)/varianceModifier)
                            needSpecialVar = False
                        else:
                            sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
                            sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
                        mux.append(mean(L[i][1]))
                        muy.append(mean(L[i][2]))
                        cov.append(covariance(L[i][1],L[i][2]))
                    centroids_new = [mux,muy]   
                    print cov
                    print sigmax
                    print sigmay
                    print "locationSizes",locationSizes_new
                    #print "centroids",centroids_new

                    # t should be given i weekhour 0 - 167
                    # locations is the 3 piles and should just hold the total number of
check-ins in that pile
                    # currentAccesspoint is just a number idicating which pile's
temporaldistribution that is wanted
                    # dailyAverages i a mother fucker!!!
                    dailyTemporalAverages,dailies,dailyWeights =
getDailyTemporalAverages(L,L_off)

                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])

                    if draw:
                    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,str(iteration
ounter))

                    # redistribute check-ins 
                    L = []  
                    for i in range(numLocations):
                        L.append([[],[],[]])
                    pTotalNew = 0
                    for item in origArray:

                        t = getWeekHour(float(item[0]))
                        p = []
                        # remember that the last part of most of the list is offcampus that are
not to count in the spatial distribution
                        for location in range(len(L)):
                            x = item[1]
                            y = item[2]
                        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
                        pTotalNew += max(p)
                        L_index = p.index(max(p))
                        L[L_index][0].append(item[0])
                        L[L_index][1].append(item[1])
                        L[L_index][2].append(item[2])
                    #
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'
    
                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])
                    print "loc",len(locations)
                    print "daily",len(dailyTemporalAverages)
                    print "sigmax",len(sigmax)

                    print pTotalNew
                    print pBest
                    if pTotalNew > pBest:
                        pBest = pTotalNew; locationsBest = locations; dailyTemporalAveragesBest
= dailyTemporalAverages; dailyWeightsBest = dailyWeights; sigmaxBest = sigmax; sigmayBest =
sigmay; covBest = cov;numberoflocations = numLocations

            except ValueError:
                print "value exception"
                exceptionCounter += 1
        
    #if exceptionCounter == 10:
    #
    dailyTemporalAverages = dailyTemporalAveragesBest; locations = locationsBest; dailyWeights
= dailyWeightsBest; sigmax = sigmaxBest; sigmay = sigmayBest; cov = covBest;
    print "pBest",pBest

    print "finding outliers"
    
    print "get outliers here in you know"
    print "locations number",len(locations)
    print "len daily averages",len(dailyTemporalAverages)
    print "sigmax",len(sigmax)
    
    outliers,withOutOutliers = 
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold)     
    print "calculating outlier distribution"
    alpha = 0
    beta = 0
    socialWeight = 0
    if len(outliers) != 0:
        alpha = calcTimeDecay(outliers)
        beta = calcDistanceDecay(outliers)

        # for outliers calculate periodic guess and social guess and find ratio between
guesses.
        # calculate mean of all ratios and use as weight
        print "calculating social weight"
        socialWeight,muIn,muOut =
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng)
        print socialWeight
        if muOut > muIn:
            print "socialWeight exception!"
            exceptionCounter = 0

        print "redistributing check-ins"
        # redistribute check-ins 
        L = []  
        for i in range(len(locations)):
            L.append([[],[],[]])
            
        print "get outliers here in you know"
        print "locations number",len(locations)
        print "len daily averages",len(dailyTemporalAverages)
        print "sigmax",len(sigmax)
        for item in withOutOutliers:
            t = getWeekHour(float(item[0]))
            p = []
            # remember that the last part of most of the list is offcampus that are not to
count in the spatial distribution
            for location in range(len(L)-1):
                x = item[1]

                y = item[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
            L_index = p.index(max(p))
            L[L_index][0].append(item[0])
            L[L_index][1].append(item[1])
            L[L_index][2].append(item[2])

        for item in outliers:
            L[-1][0].append(item[0])
            L[-1][1].append(item[1])
            L[-1][2].append(item[2])    
            
        for i in L:
            if i == [[],[],[]]:
                L.remove(i)
                numLocations = len(L)
                print 'something has been removed'  

    # calculate mean, variance, and covariance for the "piles"
    locationSizes_new = []  
    centroids_new = []      
    sigmax = []
    sigmay = []
    mux = []
    muy = []
    cov = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
        sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
        sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
        mux.append(mean(L[i][1]))
        muy.append(mean(L[i][2]))
        cov.append(covariance(L[i][1],L[i][2]))
    centroids_new = [mux,muy]
    
    locations = []
    for location in L:
        locations.append([0,len(location[0])])
    for location in L_off:
        locations.append([0,len(location[0])])

    locationSizes_new = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
    print "locationSizes",locationSizes_new

    
    dailyTemporalAverages,dailies,dailyWeights = getDailyTemporalAverages(L,L_off)
    muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold =
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov)

    print "drawing temporal plots"
    if draw:
    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,"IsolatedOutl
ers")

    print "evaluating model"
    meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedD
st,meanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRa
io,exactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCa
pusCounter,socialCheckInCounter =
evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight)
    print "check-ins on/off campus:",onCampusCheckIns,"/",actualOffCampusCounter
    print "percentage of offcampus check-ins successfully guessed:",offCampusSuccessRatio
    print "average distance between guess and actual position in meters
(meanDistCombined):",1000*meanDistCombined,1000*meanAccesspointParallel
    print "average distance between guess and actual position in meters
(meanDistPeriodic):",1000*meanDistPeriodic,1000*meanAccesspointGuess
    print "average distance between guess and actual position in meters
(meanDistSocial):",1000*meanDistSocial
    print "average distance between guess and actual position in meters
(meanDistSocialDelta):",1000*meanDistSocialDelta
    print "average distance between guess and actual position in meters
(meanCombinedWeigthedDist):",1000*meanCombinedWeigthedDist,1000*meanAccesspointGuessWeighted
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitCombinedRatio):",exactFitCombinedRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitPeriodicRatio):",exactFitPeriodicRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitSocialRatio):",exactFitSocialRatio
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
                    

    
def

evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight):
    distSocialError = []
    distSocialDeltaError = []
    combinedWeigthedDistError = []
    distCombinedError = []
    distPeriodicError = []
    exactFitsCombined = 0
    exactFitsPeriodic = 0
    exactFitsSocial = 0
    actualOffCampusCounter = 0
    guessOffCampus = 0
    offCampusSuccess = 0
    checkInCounter = 0
    accesspointGuessWeightedError = []
    accesspointGuessError = []
    accesspointParallelError = []
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)
    training = False
    socialCheckInCounter = 0
    onCampusCheckIns = 0
    for checkIn in evalArray:
        onCampus = True
        checkInCounter += 1
        print "eval check in",checkInCounter,"of",len(evalArray)
        t = getWeekHour(float(checkIn[0]))
        actualPosition = [float(checkIn[1]),float(checkIn[2])]
        
        if actualPosition == [55.0,12.0]:
            actualOffCampusCounter += 1
            actualPosition = "off_campus"
        
        if
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,len(locations)-1,offCampus
eekProbs) > 0.6: #len(locations)-1 is the last element since 0 also counts          
            onCampus = False
            guessOffCampus += 1
            guess = "off_campus"
            if actualPosition == guess:
                offCampusSuccess += 1
        else:
            if actualPosition != "off_campus":
                offCampusSuccess += 1
        
        if actualPosition != "off_campus":
            onCampusCheckIns += 1
            socialCheckIn = False

            
            # if guess from the periodic model is not confident enough according to the
Chauvenet's criterion the check-in will be treated as a social checkin
            p = []
            for location in range(len(locations)-2):
                x = checkIn[1]
                y = checkIn[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
            outlierProb = sum(p)
            # Chauvenet's criterion (almost)
            #c = mlab.normpdf(outlierProb,muOutlierThreshold,sigmaOutlierThreshold)
            if muOutlierThreshold-outlierProb > 1.5*sigmaOutlierThreshold:
            #if c < OutlierThreshold:   
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                if maxScore > outlierProb:
                    socialCheckIn = True
                    socialCheckInCounter += 1
            
            socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
            if socialCheckIn:
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                socialguess,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,False)
                #calculate distance error
                distSocial =
getDistance([float(socialguess[0]),float(socialguess[1])],actualPosition)
                distSocialDelta =
getDistance([float(socialguessDelta[0]),float(socialguessDelta[1])],actualPosition)
            
            guess,maxScore =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #calculate distance error
            distPeriodic = getDistance([float(guess[0]),float(guess[1])],actualPosition)
            
            combinedWeigthedGuess =
[(guess[0]+socialWeight*socialguessDelta[0])/(socialWeight+1),(guess[1]+socialWeight*socialgue
sDelta[1])/(socialWeight+1)]
            combinedWeigthedDist =
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    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
        
    spatialDistanceCurPrev = []
    spatialDistancePrevPrev = []
    my_counter = 0
    previousUserCheckIn = 0
    for userCheckIn in origArray:
        my_counter += 1
        #print "calculating spatial decay parameter",my_counter,"of",len(origArray)
        for friend in friendTraining:
            distCurPrev = -1
            distPrevPrev = -1
            previousFriendCheckIn = 0
            for friendCheckIn in friend:
                if float(userCheckIn[0])-float(friendCheckIn[0]) < 0:
                    break
                if [userCheckIn[1],userCheckIn[2]]==[friendCheckIn[1],friendCheckIn[2]] and
float(userCheckIn[0])-float(friendCheckIn[0]) < 3600 and
float(userCheckIn[0])-float(friendCheckIn[0]) > 0:
                    if previousFriendCheckIn != 0 and previousFriendCheckIn[1] != 'off_campus':
                        distCurPrev =
getDistance([float(userCheckIn[1]),float(userCheckIn[2])],[float(previousFriendCheckIn[1]),flo
t(previousFriendCheckIn[2])])
                        if previousUserCheckIn != 0:

                            distPrevPrev =
getDistance([float(previousUserCheckIn[1]),float(previousUserCheckIn[2])],[float(previousFrien
CheckIn[1]),float(previousFriendCheckIn[2])])       
                previousFriendCheckIn = friendCheckIn
            if distCurPrev != -1:
                spatialDistanceCurPrev.append(distCurPrev*1000)
            if distPrevPrev != -1:
                spatialDistancePrevPrev.append(distPrevPrev*1000)
        previousUserCheckIn = userCheckIn
                
    #if spatialDistanceCurPrev != []:           
    #   plt.figure(2)
    #   plt.clf()
    #   sortedSpatialDistance = sorted(spatialDistanceCurPrev)
    #   n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
    #   n2 = len(n)
    #   xmin = 1#min(spatialDistance)
    #   beta = 1+n2/sum([log((x+0.01)/xmin) for x in n])
    #   if beta < 0:
    #       beta = -beta
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistanceCurPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - CurPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    #else:
    #   beta = 0
    
    if spatialDistancePrevPrev != []:           
        plt.figure(2)
        plt.clf()
        sortedSpatialDistance = sorted(spatialDistancePrevPrev)
        n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
        n2 = len(n)
        xmin = 1#min(spatialDistance)
        beta2 = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if beta2 < 0:
            beta2 = -beta2
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta2),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistancePrevPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - PrevPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:

        beta2 = 0
        
    return beta2    
    
def socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore):
    # outliers bruges bare til at lave den temporale fordeling og en gang for alle (laes. hver
bruger) bestemme alpha og beta
    # naar der skal bestemmes gat efter fitting har social delen en temporal del ligesom
off-campus 
    # og naar denne har den hoejeste sadnsynligehd anvendes nedenstaaende fordeling til at
komme med et gaet
    # maaske skal alpha og beta ogsaa kun fittes efter 24 timer check-in
    # the sum of all friends check-ins with-in the last 12 or 24 hours (since 12 midnight)
times the friends score of each friend
    # for friend in frieds
        #friendScore * sum(timeDist**(-alpha) * spatDist**(-beta))
    score = 0
    scoreDelta = 0
    friendCounter = -1
    scoreNormalizer = 0
    scoreNormalizerDelta = 0
    for friend in approvedCheckIns:
        friendCounter += 1
        for checkIn in friend:
            spatDist = getDistance([X[0],X[1]],[float(checkIn[1]),float(checkIn[2])])
            tempDist = abs(t-float(checkIn[0]))
            if spatDist < 1:
                scoreNormalizer += float(friendScore[friendCounter][0])
                if spatDist == 0 and tempDist == 0:
                    score += float(friendScore[friendCounter][0])
                elif spatDist == 0:
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha)
                elif tempDist == 0:
                    score += float(friendScore[friendCounter][0]) * spatDist**(-beta)
                else:   
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha) *
spatDist**(-beta)
            #
            if spatDist < 0.01:
                scoreNormalizerDelta += float(friendScore[friendCounter][0])
                if tempDist == 0:
                    scoreDelta += float(friendScore[friendCounter][0])
                else:   
                    scoreDelta += float(friendScore[friendCounter][0]) * tempDist**(-alpha) 
                    
    if scoreDelta != 0:
        scoreDelta = scoreDelta/scoreNormalizerDelta
    if score != 0:

        score = score/scoreNormalizer
    return score,scoreDelta 
    
def getRandomStartingPoint(origArray,numLocations):
    L = []  
    for i in range(numLocations):
        L.append([[],[],[]])
    # put all check-ins in "random" piles   
    marker = 0
    size = len(origArray)
    whileCounter = 0
    while size:
        size -= 1
        index = random.randint(0, size)
        item = origArray[index]
        origArray[index] = origArray[size]
        whileCounter += 1

        jazzy = whileCounter-numLocations*(whileCounter//numLocations)
        L[jazzy][0].append(item[0])
        L[jazzy][1].append(item[1])
        L[jazzy][2].append(item[2])
    return L    
    
def getFixedStartingPoint(origArray,uniqueCheckInCoords):
    L = []  
    for i in range(len(uniqueCheckInCoords)):
        L.append([[],[],[]])
    
    for item in origArray:
        coords = [item[1],item[2]]
        index = uniqueCheckInCoords.index(coords)
        L[index][0].append(item[0])
        L[index][1].append(item[1])
        L[index][2].append(item[2])

    needSpecialVar = True
    return L,needSpecialVar 
        
def
expectationMaximization(origArray,offcampus,num_locations,evalArray,offCampusWeekProbs,uniqueC
eckInCoords):
    varianceModifier = 0.01
    spatialImportance = 1
    OutlierThreshold = 0.5
    exceptionCounter = 0
    delta = True
    draw = False

    training = True
    pBest = 0; 
    for numLocationsStart in range(10,11):#range(0,num_locations-1):
        numLocations = numLocationsStart#num_locations-numLocationsStart
        print numLocations
        
        for trythis in range(10):
            numLocations = numLocationsStart#num_locations-numLocationsStart
            print "Attempt:",exceptionCounter+1,"of 5"
            
            L_off = [[[],[],[]]]
            for item in offcampus:
                L_off[0][0].append(item[0])
                L_off[0][1].append(item[1])
                L_off[0][2].append(item[2])
            
            needSpecialVar = False
            L = getRandomStartingPoint(origArray,numLocations,)
            #L,needSpecialVar = getFixedStartingPoint(origArray,uniqueCheckInCoords)
            
            
            locationSizes_old = [0,0,0]
            locationSizes_new = [1,1,1]
            centroids_old = [[0,0]]
            centroids_new = [[1,1]]
            iterationCounter = 0
            pTotalOld = 0
            pTotalNew = 1
            try:
                while pTotalNew > pTotalOld: #locationSizes_old != locationSizes_new and
centroids_old != centroids_new:
                    iterationCounter += 1
                    print "EM iteration",iterationCounter
                    locationSizes_old = locationSizes_new
                    centroids_old = centroids_new
                    pTotalOld = pTotalNew
                    
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'

                    # calculate mean, variance, and covariance for the "piles"
                    locationSizes_new = []  
                    centroids_new = []      
                    sigmax = []
                    sigmay = []

                    mux = []
                    muy = []
                    cov = []
                    for i in range(len(L)): 
                        locationSizes_new.append(len(L[i][1]))
                        if needSpecialVar:
                            sigmax.append((0.000000000001)**(0.5)/varianceModifier)         
                            sigmay.append((0.000000000001)**(0.5)/varianceModifier)
                            needSpecialVar = False
                        else:
                            sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
                            sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
                        mux.append(mean(L[i][1]))
                        muy.append(mean(L[i][2]))
                        cov.append(covariance(L[i][1],L[i][2]))
                    centroids_new = [mux,muy]   
                    print cov
                    print sigmax
                    print sigmay
                    print "locationSizes",locationSizes_new
                    #print "centroids",centroids_new

                    # t should be given i weekhour 0 - 167
                    # locations is the 3 piles and should just hold the total number of
check-ins in that pile
                    # currentAccesspoint is just a number idicating which pile's
temporaldistribution that is wanted
                    # dailyAverages i a mother fucker!!!
                    dailyTemporalAverages,dailies,dailyWeights =
getDailyTemporalAverages(L,L_off)

                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])

                    if draw:
                    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,str(iteration
ounter))

                    # redistribute check-ins 
                    L = []  
                    for i in range(numLocations):
                        L.append([[],[],[]])
                    pTotalNew = 0
                    for item in origArray:

                        t = getWeekHour(float(item[0]))
                        p = []
                        # remember that the last part of most of the list is offcampus that are
not to count in the spatial distribution
                        for location in range(len(L)):
                            x = item[1]
                            y = item[2]
                        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
                        pTotalNew += max(p)
                        L_index = p.index(max(p))
                        L[L_index][0].append(item[0])
                        L[L_index][1].append(item[1])
                        L[L_index][2].append(item[2])
                    #
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'
    
                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])
                    print "loc",len(locations)
                    print "daily",len(dailyTemporalAverages)
                    print "sigmax",len(sigmax)

                    print pTotalNew
                    print pBest
                    if pTotalNew > pBest:
                        pBest = pTotalNew; locationsBest = locations; dailyTemporalAveragesBest
= dailyTemporalAverages; dailyWeightsBest = dailyWeights; sigmaxBest = sigmax; sigmayBest =
sigmay; covBest = cov;numberoflocations = numLocations

            except ValueError:
                print "value exception"
                exceptionCounter += 1
        
    #if exceptionCounter == 10:
    #
    dailyTemporalAverages = dailyTemporalAveragesBest; locations = locationsBest; dailyWeights
= dailyWeightsBest; sigmax = sigmaxBest; sigmay = sigmayBest; cov = covBest;
    print "pBest",pBest

    print "finding outliers"
    
    print "get outliers here in you know"
    print "locations number",len(locations)
    print "len daily averages",len(dailyTemporalAverages)
    print "sigmax",len(sigmax)
    
    outliers,withOutOutliers = 
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold)     
    print "calculating outlier distribution"
    alpha = 0
    beta = 0
    socialWeight = 0
    if len(outliers) != 0:
        alpha = calcTimeDecay(outliers)
        beta = calcDistanceDecay(outliers)

        # for outliers calculate periodic guess and social guess and find ratio between
guesses.
        # calculate mean of all ratios and use as weight
        print "calculating social weight"
        socialWeight,muIn,muOut =
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng)
        print socialWeight
        if muOut > muIn:
            print "socialWeight exception!"
            exceptionCounter = 0

        print "redistributing check-ins"
        # redistribute check-ins 
        L = []  
        for i in range(len(locations)):
            L.append([[],[],[]])
            
        print "get outliers here in you know"
        print "locations number",len(locations)
        print "len daily averages",len(dailyTemporalAverages)
        print "sigmax",len(sigmax)
        for item in withOutOutliers:
            t = getWeekHour(float(item[0]))
            p = []
            # remember that the last part of most of the list is offcampus that are not to
count in the spatial distribution
            for location in range(len(L)-1):
                x = item[1]

                y = item[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
            L_index = p.index(max(p))
            L[L_index][0].append(item[0])
            L[L_index][1].append(item[1])
            L[L_index][2].append(item[2])

        for item in outliers:
            L[-1][0].append(item[0])
            L[-1][1].append(item[1])
            L[-1][2].append(item[2])    
            
        for i in L:
            if i == [[],[],[]]:
                L.remove(i)
                numLocations = len(L)
                print 'something has been removed'  

    # calculate mean, variance, and covariance for the "piles"
    locationSizes_new = []  
    centroids_new = []      
    sigmax = []
    sigmay = []
    mux = []
    muy = []
    cov = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
        sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
        sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
        mux.append(mean(L[i][1]))
        muy.append(mean(L[i][2]))
        cov.append(covariance(L[i][1],L[i][2]))
    centroids_new = [mux,muy]
    
    locations = []
    for location in L:
        locations.append([0,len(location[0])])
    for location in L_off:
        locations.append([0,len(location[0])])

    locationSizes_new = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
    print "locationSizes",locationSizes_new

    
    dailyTemporalAverages,dailies,dailyWeights = getDailyTemporalAverages(L,L_off)
    muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold =
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov)

    print "drawing temporal plots"
    if draw:
    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,"IsolatedOutl
ers")

    print "evaluating model"
    meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedD
st,meanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRa
io,exactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCa
pusCounter,socialCheckInCounter =
evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight)
    print "check-ins on/off campus:",onCampusCheckIns,"/",actualOffCampusCounter
    print "percentage of offcampus check-ins successfully guessed:",offCampusSuccessRatio
    print "average distance between guess and actual position in meters
(meanDistCombined):",1000*meanDistCombined,1000*meanAccesspointParallel
    print "average distance between guess and actual position in meters
(meanDistPeriodic):",1000*meanDistPeriodic,1000*meanAccesspointGuess
    print "average distance between guess and actual position in meters
(meanDistSocial):",1000*meanDistSocial
    print "average distance between guess and actual position in meters
(meanDistSocialDelta):",1000*meanDistSocialDelta
    print "average distance between guess and actual position in meters
(meanCombinedWeigthedDist):",1000*meanCombinedWeigthedDist,1000*meanAccesspointGuessWeighted
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitCombinedRatio):",exactFitCombinedRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitPeriodicRatio):",exactFitPeriodicRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitSocialRatio):",exactFitSocialRatio
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
                    

    
def

evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight):
    distSocialError = []
    distSocialDeltaError = []
    combinedWeigthedDistError = []
    distCombinedError = []
    distPeriodicError = []
    exactFitsCombined = 0
    exactFitsPeriodic = 0
    exactFitsSocial = 0
    actualOffCampusCounter = 0
    guessOffCampus = 0
    offCampusSuccess = 0
    checkInCounter = 0
    accesspointGuessWeightedError = []
    accesspointGuessError = []
    accesspointParallelError = []
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)
    training = False
    socialCheckInCounter = 0
    onCampusCheckIns = 0
    for checkIn in evalArray:
        onCampus = True
        checkInCounter += 1
        print "eval check in",checkInCounter,"of",len(evalArray)
        t = getWeekHour(float(checkIn[0]))
        actualPosition = [float(checkIn[1]),float(checkIn[2])]
        
        if actualPosition == [55.0,12.0]:
            actualOffCampusCounter += 1
            actualPosition = "off_campus"
        
        if
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,len(locations)-1,offCampus
eekProbs) > 0.6: #len(locations)-1 is the last element since 0 also counts          
            onCampus = False
            guessOffCampus += 1
            guess = "off_campus"
            if actualPosition == guess:
                offCampusSuccess += 1
        else:
            if actualPosition != "off_campus":
                offCampusSuccess += 1
        
        if actualPosition != "off_campus":
            onCampusCheckIns += 1
            socialCheckIn = False

            
            # if guess from the periodic model is not confident enough according to the
Chauvenet's criterion the check-in will be treated as a social checkin
            p = []
            for location in range(len(locations)-2):
                x = checkIn[1]
                y = checkIn[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
            outlierProb = sum(p)
            # Chauvenet's criterion (almost)
            #c = mlab.normpdf(outlierProb,muOutlierThreshold,sigmaOutlierThreshold)
            if muOutlierThreshold-outlierProb > 1.5*sigmaOutlierThreshold:
            #if c < OutlierThreshold:   
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                if maxScore > outlierProb:
                    socialCheckIn = True
                    socialCheckInCounter += 1
            
            socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
            if socialCheckIn:
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                socialguess,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,False)
                #calculate distance error
                distSocial =
getDistance([float(socialguess[0]),float(socialguess[1])],actualPosition)
                distSocialDelta =
getDistance([float(socialguessDelta[0]),float(socialguessDelta[1])],actualPosition)
            
            guess,maxScore =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #calculate distance error
            distPeriodic = getDistance([float(guess[0]),float(guess[1])],actualPosition)
            
            combinedWeigthedGuess =
[(guess[0]+socialWeight*socialguessDelta[0])/(socialWeight+1),(guess[1]+socialWeight*socialgue
sDelta[1])/(socialWeight+1)]
            combinedWeigthedDist =

getDistance([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],actualPosition)
            combinedWeigthedDistError.append(combinedWeigthedDist)
            if draw:
                text = 'periodic'
            
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter)

            accesspointGuessWeighted =
getNearestKnownAccesspoint([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],a
tualPosition)
            dist1 =
getDistance([float(accesspointGuessWeighted[0]),float(accesspointGuessWeighted[1])],actualPosi
ion)
            accesspointGuessWeightedError.append(dist1)
            accesspointGuess =
getNearestKnownAccesspoint([float(guess[0]),float(guess[1])],actualPosition)
            dist2 =
getDistance([float(accesspointGuess[0]),float(accesspointGuess[1])],actualPosition)
            accesspointGuessError.append(dist2)
            if socialCheckIn:
                accesspointParallel =
getNearestKnownAccesspoint(socialguessDelta,actualPosition)
            else:       
                accesspointParallel = accesspointGuess
            dist3 =
getDistance([float(accesspointParallel[0]),float(accesspointParallel[1])],actualPosition)
            accesspointParallelError.append(dist3)  
            
            if socialCheckIn:
                distCombined = distSocialDelta
                distSocialError.append(distSocialDelta)
                distSocialDeltaError.append(distSocialDelta)
                distCombinedError.append(distCombined)  
                if distSocial < 0.010:
                    exactFitsSocial += 1
                
            else:
                distCombined = distPeriodic
            
distPeriodicError.append(getDistance([float(guess[0]),float(guess[1])],actualPosition))
                distCombinedError.append(distCombined)  
            
            if dist3 < 0.010:
                exactFitsCombined += 1
            
            if dist2 < 0.010:
                exactFitsPeriodic += 1      
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                            distPrevPrev =
getDistance([float(previousUserCheckIn[1]),float(previousUserCheckIn[2])],[float(previousFrien
CheckIn[1]),float(previousFriendCheckIn[2])])       
                previousFriendCheckIn = friendCheckIn
            if distCurPrev != -1:
                spatialDistanceCurPrev.append(distCurPrev*1000)
            if distPrevPrev != -1:
                spatialDistancePrevPrev.append(distPrevPrev*1000)
        previousUserCheckIn = userCheckIn
                
    #if spatialDistanceCurPrev != []:           
    #   plt.figure(2)
    #   plt.clf()
    #   sortedSpatialDistance = sorted(spatialDistanceCurPrev)
    #   n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
    #   n2 = len(n)
    #   xmin = 1#min(spatialDistance)
    #   beta = 1+n2/sum([log((x+0.01)/xmin) for x in n])
    #   if beta < 0:
    #       beta = -beta
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistanceCurPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - CurPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    #else:
    #   beta = 0
    
    if spatialDistancePrevPrev != []:           
        plt.figure(2)
        plt.clf()
        sortedSpatialDistance = sorted(spatialDistancePrevPrev)
        n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
        n2 = len(n)
        xmin = 1#min(spatialDistance)
        beta2 = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if beta2 < 0:
            beta2 = -beta2
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta2),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistancePrevPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - PrevPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:

        beta2 = 0
        
    return beta2    
    
def socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore):
    # outliers bruges bare til at lave den temporale fordeling og en gang for alle (laes. hver
bruger) bestemme alpha og beta
    # naar der skal bestemmes gat efter fitting har social delen en temporal del ligesom
off-campus 
    # og naar denne har den hoejeste sadnsynligehd anvendes nedenstaaende fordeling til at
komme med et gaet
    # maaske skal alpha og beta ogsaa kun fittes efter 24 timer check-in
    # the sum of all friends check-ins with-in the last 12 or 24 hours (since 12 midnight)
times the friends score of each friend
    # for friend in frieds
        #friendScore * sum(timeDist**(-alpha) * spatDist**(-beta))
    score = 0
    scoreDelta = 0
    friendCounter = -1
    scoreNormalizer = 0
    scoreNormalizerDelta = 0
    for friend in approvedCheckIns:
        friendCounter += 1
        for checkIn in friend:
            spatDist = getDistance([X[0],X[1]],[float(checkIn[1]),float(checkIn[2])])
            tempDist = abs(t-float(checkIn[0]))
            if spatDist < 1:
                scoreNormalizer += float(friendScore[friendCounter][0])
                if spatDist == 0 and tempDist == 0:
                    score += float(friendScore[friendCounter][0])
                elif spatDist == 0:
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha)
                elif tempDist == 0:
                    score += float(friendScore[friendCounter][0]) * spatDist**(-beta)
                else:   
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha) *
spatDist**(-beta)
            #
            if spatDist < 0.01:
                scoreNormalizerDelta += float(friendScore[friendCounter][0])
                if tempDist == 0:
                    scoreDelta += float(friendScore[friendCounter][0])
                else:   
                    scoreDelta += float(friendScore[friendCounter][0]) * tempDist**(-alpha) 
                    
    if scoreDelta != 0:
        scoreDelta = scoreDelta/scoreNormalizerDelta
    if score != 0:

        score = score/scoreNormalizer
    return score,scoreDelta 
    
def getRandomStartingPoint(origArray,numLocations):
    L = []  
    for i in range(numLocations):
        L.append([[],[],[]])
    # put all check-ins in "random" piles   
    marker = 0
    size = len(origArray)
    whileCounter = 0
    while size:
        size -= 1
        index = random.randint(0, size)
        item = origArray[index]
        origArray[index] = origArray[size]
        whileCounter += 1

        jazzy = whileCounter-numLocations*(whileCounter//numLocations)
        L[jazzy][0].append(item[0])
        L[jazzy][1].append(item[1])
        L[jazzy][2].append(item[2])
    return L    
    
def getFixedStartingPoint(origArray,uniqueCheckInCoords):
    L = []  
    for i in range(len(uniqueCheckInCoords)):
        L.append([[],[],[]])
    
    for item in origArray:
        coords = [item[1],item[2]]
        index = uniqueCheckInCoords.index(coords)
        L[index][0].append(item[0])
        L[index][1].append(item[1])
        L[index][2].append(item[2])

    needSpecialVar = True
    return L,needSpecialVar 
        
def
expectationMaximization(origArray,offcampus,num_locations,evalArray,offCampusWeekProbs,uniqueC
eckInCoords):
    varianceModifier = 0.01
    spatialImportance = 1
    OutlierThreshold = 0.5
    exceptionCounter = 0
    delta = True
    draw = False

    training = True
    pBest = 0; 
    for numLocationsStart in range(10,11):#range(0,num_locations-1):
        numLocations = numLocationsStart#num_locations-numLocationsStart
        print numLocations
        
        for trythis in range(10):
            numLocations = numLocationsStart#num_locations-numLocationsStart
            print "Attempt:",exceptionCounter+1,"of 5"
            
            L_off = [[[],[],[]]]
            for item in offcampus:
                L_off[0][0].append(item[0])
                L_off[0][1].append(item[1])
                L_off[0][2].append(item[2])
            
            needSpecialVar = False
            L = getRandomStartingPoint(origArray,numLocations,)
            #L,needSpecialVar = getFixedStartingPoint(origArray,uniqueCheckInCoords)
            
            
            locationSizes_old = [0,0,0]
            locationSizes_new = [1,1,1]
            centroids_old = [[0,0]]
            centroids_new = [[1,1]]
            iterationCounter = 0
            pTotalOld = 0
            pTotalNew = 1
            try:
                while pTotalNew > pTotalOld: #locationSizes_old != locationSizes_new and
centroids_old != centroids_new:
                    iterationCounter += 1
                    print "EM iteration",iterationCounter
                    locationSizes_old = locationSizes_new
                    centroids_old = centroids_new
                    pTotalOld = pTotalNew
                    
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'

                    # calculate mean, variance, and covariance for the "piles"
                    locationSizes_new = []  
                    centroids_new = []      
                    sigmax = []
                    sigmay = []

                    mux = []
                    muy = []
                    cov = []
                    for i in range(len(L)): 
                        locationSizes_new.append(len(L[i][1]))
                        if needSpecialVar:
                            sigmax.append((0.000000000001)**(0.5)/varianceModifier)         
                            sigmay.append((0.000000000001)**(0.5)/varianceModifier)
                            needSpecialVar = False
                        else:
                            sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
                            sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
                        mux.append(mean(L[i][1]))
                        muy.append(mean(L[i][2]))
                        cov.append(covariance(L[i][1],L[i][2]))
                    centroids_new = [mux,muy]   
                    print cov
                    print sigmax
                    print sigmay
                    print "locationSizes",locationSizes_new
                    #print "centroids",centroids_new

                    # t should be given i weekhour 0 - 167
                    # locations is the 3 piles and should just hold the total number of
check-ins in that pile
                    # currentAccesspoint is just a number idicating which pile's
temporaldistribution that is wanted
                    # dailyAverages i a mother fucker!!!
                    dailyTemporalAverages,dailies,dailyWeights =
getDailyTemporalAverages(L,L_off)

                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])

                    if draw:
                    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,str(iteration
ounter))

                    # redistribute check-ins 
                    L = []  
                    for i in range(numLocations):
                        L.append([[],[],[]])
                    pTotalNew = 0
                    for item in origArray:

                        t = getWeekHour(float(item[0]))
                        p = []
                        # remember that the last part of most of the list is offcampus that are
not to count in the spatial distribution
                        for location in range(len(L)):
                            x = item[1]
                            y = item[2]
                        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
                        pTotalNew += max(p)
                        L_index = p.index(max(p))
                        L[L_index][0].append(item[0])
                        L[L_index][1].append(item[1])
                        L[L_index][2].append(item[2])
                    #
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'
    
                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])
                    print "loc",len(locations)
                    print "daily",len(dailyTemporalAverages)
                    print "sigmax",len(sigmax)

                    print pTotalNew
                    print pBest
                    if pTotalNew > pBest:
                        pBest = pTotalNew; locationsBest = locations; dailyTemporalAveragesBest
= dailyTemporalAverages; dailyWeightsBest = dailyWeights; sigmaxBest = sigmax; sigmayBest =
sigmay; covBest = cov;numberoflocations = numLocations

            except ValueError:
                print "value exception"
                exceptionCounter += 1
        
    #if exceptionCounter == 10:
    #
    dailyTemporalAverages = dailyTemporalAveragesBest; locations = locationsBest; dailyWeights
= dailyWeightsBest; sigmax = sigmaxBest; sigmay = sigmayBest; cov = covBest;
    print "pBest",pBest

    print "finding outliers"
    
    print "get outliers here in you know"
    print "locations number",len(locations)
    print "len daily averages",len(dailyTemporalAverages)
    print "sigmax",len(sigmax)
    
    outliers,withOutOutliers = 
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold)     
    print "calculating outlier distribution"
    alpha = 0
    beta = 0
    socialWeight = 0
    if len(outliers) != 0:
        alpha = calcTimeDecay(outliers)
        beta = calcDistanceDecay(outliers)

        # for outliers calculate periodic guess and social guess and find ratio between
guesses.
        # calculate mean of all ratios and use as weight
        print "calculating social weight"
        socialWeight,muIn,muOut =
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng)
        print socialWeight
        if muOut > muIn:
            print "socialWeight exception!"
            exceptionCounter = 0

        print "redistributing check-ins"
        # redistribute check-ins 
        L = []  
        for i in range(len(locations)):
            L.append([[],[],[]])
            
        print "get outliers here in you know"
        print "locations number",len(locations)
        print "len daily averages",len(dailyTemporalAverages)
        print "sigmax",len(sigmax)
        for item in withOutOutliers:
            t = getWeekHour(float(item[0]))
            p = []
            # remember that the last part of most of the list is offcampus that are not to
count in the spatial distribution
            for location in range(len(L)-1):
                x = item[1]

                y = item[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
            L_index = p.index(max(p))
            L[L_index][0].append(item[0])
            L[L_index][1].append(item[1])
            L[L_index][2].append(item[2])

        for item in outliers:
            L[-1][0].append(item[0])
            L[-1][1].append(item[1])
            L[-1][2].append(item[2])    
            
        for i in L:
            if i == [[],[],[]]:
                L.remove(i)
                numLocations = len(L)
                print 'something has been removed'  

    # calculate mean, variance, and covariance for the "piles"
    locationSizes_new = []  
    centroids_new = []      
    sigmax = []
    sigmay = []
    mux = []
    muy = []
    cov = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
        sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
        sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
        mux.append(mean(L[i][1]))
        muy.append(mean(L[i][2]))
        cov.append(covariance(L[i][1],L[i][2]))
    centroids_new = [mux,muy]
    
    locations = []
    for location in L:
        locations.append([0,len(location[0])])
    for location in L_off:
        locations.append([0,len(location[0])])

    locationSizes_new = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
    print "locationSizes",locationSizes_new

    
    dailyTemporalAverages,dailies,dailyWeights = getDailyTemporalAverages(L,L_off)
    muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold =
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov)

    print "drawing temporal plots"
    if draw:
    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,"IsolatedOutl
ers")

    print "evaluating model"
    meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedD
st,meanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRa
io,exactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCa
pusCounter,socialCheckInCounter =
evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight)
    print "check-ins on/off campus:",onCampusCheckIns,"/",actualOffCampusCounter
    print "percentage of offcampus check-ins successfully guessed:",offCampusSuccessRatio
    print "average distance between guess and actual position in meters
(meanDistCombined):",1000*meanDistCombined,1000*meanAccesspointParallel
    print "average distance between guess and actual position in meters
(meanDistPeriodic):",1000*meanDistPeriodic,1000*meanAccesspointGuess
    print "average distance between guess and actual position in meters
(meanDistSocial):",1000*meanDistSocial
    print "average distance between guess and actual position in meters
(meanDistSocialDelta):",1000*meanDistSocialDelta
    print "average distance between guess and actual position in meters
(meanCombinedWeigthedDist):",1000*meanCombinedWeigthedDist,1000*meanAccesspointGuessWeighted
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitCombinedRatio):",exactFitCombinedRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitPeriodicRatio):",exactFitPeriodicRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitSocialRatio):",exactFitSocialRatio
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
                    

    
def

evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight):
    distSocialError = []
    distSocialDeltaError = []
    combinedWeigthedDistError = []
    distCombinedError = []
    distPeriodicError = []
    exactFitsCombined = 0
    exactFitsPeriodic = 0
    exactFitsSocial = 0
    actualOffCampusCounter = 0
    guessOffCampus = 0
    offCampusSuccess = 0
    checkInCounter = 0
    accesspointGuessWeightedError = []
    accesspointGuessError = []
    accesspointParallelError = []
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)
    training = False
    socialCheckInCounter = 0
    onCampusCheckIns = 0
    for checkIn in evalArray:
        onCampus = True
        checkInCounter += 1
        print "eval check in",checkInCounter,"of",len(evalArray)
        t = getWeekHour(float(checkIn[0]))
        actualPosition = [float(checkIn[1]),float(checkIn[2])]
        
        if actualPosition == [55.0,12.0]:
            actualOffCampusCounter += 1
            actualPosition = "off_campus"
        
        if
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,len(locations)-1,offCampus
eekProbs) > 0.6: #len(locations)-1 is the last element since 0 also counts          
            onCampus = False
            guessOffCampus += 1
            guess = "off_campus"
            if actualPosition == guess:
                offCampusSuccess += 1
        else:
            if actualPosition != "off_campus":
                offCampusSuccess += 1
        
        if actualPosition != "off_campus":
            onCampusCheckIns += 1
            socialCheckIn = False

            
            # if guess from the periodic model is not confident enough according to the
Chauvenet's criterion the check-in will be treated as a social checkin
            p = []
            for location in range(len(locations)-2):
                x = checkIn[1]
                y = checkIn[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
            outlierProb = sum(p)
            # Chauvenet's criterion (almost)
            #c = mlab.normpdf(outlierProb,muOutlierThreshold,sigmaOutlierThreshold)
            if muOutlierThreshold-outlierProb > 1.5*sigmaOutlierThreshold:
            #if c < OutlierThreshold:   
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                if maxScore > outlierProb:
                    socialCheckIn = True
                    socialCheckInCounter += 1
            
            socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
            if socialCheckIn:
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                socialguess,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,False)
                #calculate distance error
                distSocial =
getDistance([float(socialguess[0]),float(socialguess[1])],actualPosition)
                distSocialDelta =
getDistance([float(socialguessDelta[0]),float(socialguessDelta[1])],actualPosition)
            
            guess,maxScore =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #calculate distance error
            distPeriodic = getDistance([float(guess[0]),float(guess[1])],actualPosition)
            
            combinedWeigthedGuess =
[(guess[0]+socialWeight*socialguessDelta[0])/(socialWeight+1),(guess[1]+socialWeight*socialgue
sDelta[1])/(socialWeight+1)]
            combinedWeigthedDist =

getDistance([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],actualPosition)
            combinedWeigthedDistError.append(combinedWeigthedDist)
            if draw:
                text = 'periodic'
            
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter)

            accesspointGuessWeighted =
getNearestKnownAccesspoint([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],a
tualPosition)
            dist1 =
getDistance([float(accesspointGuessWeighted[0]),float(accesspointGuessWeighted[1])],actualPosi
ion)
            accesspointGuessWeightedError.append(dist1)
            accesspointGuess =
getNearestKnownAccesspoint([float(guess[0]),float(guess[1])],actualPosition)
            dist2 =
getDistance([float(accesspointGuess[0]),float(accesspointGuess[1])],actualPosition)
            accesspointGuessError.append(dist2)
            if socialCheckIn:
                accesspointParallel =
getNearestKnownAccesspoint(socialguessDelta,actualPosition)
            else:       
                accesspointParallel = accesspointGuess
            dist3 =
getDistance([float(accesspointParallel[0]),float(accesspointParallel[1])],actualPosition)
            accesspointParallelError.append(dist3)  
            
            if socialCheckIn:
                distCombined = distSocialDelta
                distSocialError.append(distSocialDelta)
                distSocialDeltaError.append(distSocialDelta)
                distCombinedError.append(distCombined)  
                if distSocial < 0.010:
                    exactFitsSocial += 1
                
            else:
                distCombined = distPeriodic
            
distPeriodicError.append(getDistance([float(guess[0]),float(guess[1])],actualPosition))
                distCombinedError.append(distCombined)  
            
            if dist3 < 0.010:
                exactFitsCombined += 1
            
            if dist2 < 0.010:
                exactFitsPeriodic += 1      

            

    if offCampusSuccess != 0:
        offCampusSuccessRatio = offCampusSuccess/len(evalArray)
    else:
        offCampusSuccessRatio = 0
    meanDistCombined = mean(distCombinedError)
    meanAccesspointParallel = mean(accesspointParallelError)
    meanDistPeriodic = mean(distPeriodicError)
    meanAccesspointGuess = mean(accesspointGuessError)
    meanDistSocial = mean(distSocialError)
    meanDistSocialDelta = mean(distSocialDeltaError)
    meanCombinedWeigthedDist = mean(combinedWeigthedDistError)
    meanAccesspointGuessWeighted = mean(accesspointGuessWeightedError)
    if onCampusCheckIns != 0:
        exactFitCombinedRatio = exactFitsCombined/onCampusCheckIns
        exactFitPeriodicRatio = exactFitsPeriodic/onCampusCheckIns
    else:
        exactFitCombinedRatio = 0
        exactFitPeriodicRatio = 0
    if socialCheckInCounter != 0:
        exactFitSocialRatio = exactFitsSocial/socialCheckInCounter
    else:
        exactFitSocialRatio = 0
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedDist,
eanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRatio,
xactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCampus
ounter,socialCheckInCounter

def getNearestKnownAccesspoint(bestguess,actualPosition):
    shortestDist = 10000000
    for coords in uniqueCheckInCoords:
        distance = getDistance(coords,bestguess)
        if float(distance) < shortestDist:
            shortestDist = float(distance)
            bestCoords = coords
    return bestCoords

def probDist(X,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    p = 0
    for location in range(len(locations)-2): #excluding offcampus and outliers
        p +=
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampusWeekProb
)*faerdigRet(X[0],X[1],sigmax[location],sigmay[location],mux[location],muy[location],cov[locati
n])
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        #tempFilename = str(device)+' - Distance decay histogram outliers - CurPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    #else:
    #   beta = 0
    
    if spatialDistancePrevPrev != []:           
        plt.figure(2)
        plt.clf()
        sortedSpatialDistance = sorted(spatialDistancePrevPrev)
        n,bins,patches = plt.hist(sortedSpatialDistance,bins=100,log=False)
        n2 = len(n)
        xmin = 1#min(spatialDistance)
        beta2 = 1+n2/sum([log((x+0.01)/xmin) for x in n])
        if beta2 < 0:
            beta2 = -beta2
        #expbeta = 1/(sum([x for x in n])/n2)
        #plt.plot((bins+0.01),(bins+0.01)**(-beta2),color='g')
        #plt.plot((bins+0.01),[expbeta*math.exp(-expbeta*(x+0.01)) for x in bins],color='r')
        #plt.axis([0,max(spatialDistancePrevPrev)+1,0,max(n)+10])
        #tempFilename = str(device)+' - Distance decay histogram outliers - PrevPrev.pdf'
        #filename = os.path.join(pathOut, tempFilename)
        #plt.savefig(filename)
    else:

        beta2 = 0
        
    return beta2    
    
def socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore):
    # outliers bruges bare til at lave den temporale fordeling og en gang for alle (laes. hver
bruger) bestemme alpha og beta
    # naar der skal bestemmes gat efter fitting har social delen en temporal del ligesom
off-campus 
    # og naar denne har den hoejeste sadnsynligehd anvendes nedenstaaende fordeling til at
komme med et gaet
    # maaske skal alpha og beta ogsaa kun fittes efter 24 timer check-in
    # the sum of all friends check-ins with-in the last 12 or 24 hours (since 12 midnight)
times the friends score of each friend
    # for friend in frieds
        #friendScore * sum(timeDist**(-alpha) * spatDist**(-beta))
    score = 0
    scoreDelta = 0
    friendCounter = -1
    scoreNormalizer = 0
    scoreNormalizerDelta = 0
    for friend in approvedCheckIns:
        friendCounter += 1
        for checkIn in friend:
            spatDist = getDistance([X[0],X[1]],[float(checkIn[1]),float(checkIn[2])])
            tempDist = abs(t-float(checkIn[0]))
            if spatDist < 1:
                scoreNormalizer += float(friendScore[friendCounter][0])
                if spatDist == 0 and tempDist == 0:
                    score += float(friendScore[friendCounter][0])
                elif spatDist == 0:
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha)
                elif tempDist == 0:
                    score += float(friendScore[friendCounter][0]) * spatDist**(-beta)
                else:   
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha) *
spatDist**(-beta)
            #
            if spatDist < 0.01:
                scoreNormalizerDelta += float(friendScore[friendCounter][0])
                if tempDist == 0:
                    scoreDelta += float(friendScore[friendCounter][0])
                else:   
                    scoreDelta += float(friendScore[friendCounter][0]) * tempDist**(-alpha) 
                    
    if scoreDelta != 0:
        scoreDelta = scoreDelta/scoreNormalizerDelta
    if score != 0:

        score = score/scoreNormalizer
    return score,scoreDelta 
    
def getRandomStartingPoint(origArray,numLocations):
    L = []  
    for i in range(numLocations):
        L.append([[],[],[]])
    # put all check-ins in "random" piles   
    marker = 0
    size = len(origArray)
    whileCounter = 0
    while size:
        size -= 1
        index = random.randint(0, size)
        item = origArray[index]
        origArray[index] = origArray[size]
        whileCounter += 1

        jazzy = whileCounter-numLocations*(whileCounter//numLocations)
        L[jazzy][0].append(item[0])
        L[jazzy][1].append(item[1])
        L[jazzy][2].append(item[2])
    return L    
    
def getFixedStartingPoint(origArray,uniqueCheckInCoords):
    L = []  
    for i in range(len(uniqueCheckInCoords)):
        L.append([[],[],[]])
    
    for item in origArray:
        coords = [item[1],item[2]]
        index = uniqueCheckInCoords.index(coords)
        L[index][0].append(item[0])
        L[index][1].append(item[1])
        L[index][2].append(item[2])

    needSpecialVar = True
    return L,needSpecialVar 
        
def
expectationMaximization(origArray,offcampus,num_locations,evalArray,offCampusWeekProbs,uniqueC
eckInCoords):
    varianceModifier = 0.01
    spatialImportance = 1
    OutlierThreshold = 0.5
    exceptionCounter = 0
    delta = True
    draw = False

    training = True
    pBest = 0; 
    for numLocationsStart in range(10,11):#range(0,num_locations-1):
        numLocations = numLocationsStart#num_locations-numLocationsStart
        print numLocations
        
        for trythis in range(10):
            numLocations = numLocationsStart#num_locations-numLocationsStart
            print "Attempt:",exceptionCounter+1,"of 5"
            
            L_off = [[[],[],[]]]
            for item in offcampus:
                L_off[0][0].append(item[0])
                L_off[0][1].append(item[1])
                L_off[0][2].append(item[2])
            
            needSpecialVar = False
            L = getRandomStartingPoint(origArray,numLocations,)
            #L,needSpecialVar = getFixedStartingPoint(origArray,uniqueCheckInCoords)
            
            
            locationSizes_old = [0,0,0]
            locationSizes_new = [1,1,1]
            centroids_old = [[0,0]]
            centroids_new = [[1,1]]
            iterationCounter = 0
            pTotalOld = 0
            pTotalNew = 1
            try:
                while pTotalNew > pTotalOld: #locationSizes_old != locationSizes_new and
centroids_old != centroids_new:
                    iterationCounter += 1
                    print "EM iteration",iterationCounter
                    locationSizes_old = locationSizes_new
                    centroids_old = centroids_new
                    pTotalOld = pTotalNew
                    
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'

                    # calculate mean, variance, and covariance for the "piles"
                    locationSizes_new = []  
                    centroids_new = []      
                    sigmax = []
                    sigmay = []

                    mux = []
                    muy = []
                    cov = []
                    for i in range(len(L)): 
                        locationSizes_new.append(len(L[i][1]))
                        if needSpecialVar:
                            sigmax.append((0.000000000001)**(0.5)/varianceModifier)         
                            sigmay.append((0.000000000001)**(0.5)/varianceModifier)
                            needSpecialVar = False
                        else:
                            sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
                            sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
                        mux.append(mean(L[i][1]))
                        muy.append(mean(L[i][2]))
                        cov.append(covariance(L[i][1],L[i][2]))
                    centroids_new = [mux,muy]   
                    print cov
                    print sigmax
                    print sigmay
                    print "locationSizes",locationSizes_new
                    #print "centroids",centroids_new

                    # t should be given i weekhour 0 - 167
                    # locations is the 3 piles and should just hold the total number of
check-ins in that pile
                    # currentAccesspoint is just a number idicating which pile's
temporaldistribution that is wanted
                    # dailyAverages i a mother fucker!!!
                    dailyTemporalAverages,dailies,dailyWeights =
getDailyTemporalAverages(L,L_off)

                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])

                    if draw:
                    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,str(iteration
ounter))

                    # redistribute check-ins 
                    L = []  
                    for i in range(numLocations):
                        L.append([[],[],[]])
                    pTotalNew = 0
                    for item in origArray:

                        t = getWeekHour(float(item[0]))
                        p = []
                        # remember that the last part of most of the list is offcampus that are
not to count in the spatial distribution
                        for location in range(len(L)):
                            x = item[1]
                            y = item[2]
                        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
                        pTotalNew += max(p)
                        L_index = p.index(max(p))
                        L[L_index][0].append(item[0])
                        L[L_index][1].append(item[1])
                        L[L_index][2].append(item[2])
                    #
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'
    
                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])
                    print "loc",len(locations)
                    print "daily",len(dailyTemporalAverages)
                    print "sigmax",len(sigmax)

                    print pTotalNew
                    print pBest
                    if pTotalNew > pBest:
                        pBest = pTotalNew; locationsBest = locations; dailyTemporalAveragesBest
= dailyTemporalAverages; dailyWeightsBest = dailyWeights; sigmaxBest = sigmax; sigmayBest =
sigmay; covBest = cov;numberoflocations = numLocations

            except ValueError:
                print "value exception"
                exceptionCounter += 1
        
    #if exceptionCounter == 10:
    #
    dailyTemporalAverages = dailyTemporalAveragesBest; locations = locationsBest; dailyWeights
= dailyWeightsBest; sigmax = sigmaxBest; sigmay = sigmayBest; cov = covBest;
    print "pBest",pBest

    print "finding outliers"
    
    print "get outliers here in you know"
    print "locations number",len(locations)
    print "len daily averages",len(dailyTemporalAverages)
    print "sigmax",len(sigmax)
    
    outliers,withOutOutliers = 
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold)     
    print "calculating outlier distribution"
    alpha = 0
    beta = 0
    socialWeight = 0
    if len(outliers) != 0:
        alpha = calcTimeDecay(outliers)
        beta = calcDistanceDecay(outliers)

        # for outliers calculate periodic guess and social guess and find ratio between
guesses.
        # calculate mean of all ratios and use as weight
        print "calculating social weight"
        socialWeight,muIn,muOut =
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng)
        print socialWeight
        if muOut > muIn:
            print "socialWeight exception!"
            exceptionCounter = 0

        print "redistributing check-ins"
        # redistribute check-ins 
        L = []  
        for i in range(len(locations)):
            L.append([[],[],[]])
            
        print "get outliers here in you know"
        print "locations number",len(locations)
        print "len daily averages",len(dailyTemporalAverages)
        print "sigmax",len(sigmax)
        for item in withOutOutliers:
            t = getWeekHour(float(item[0]))
            p = []
            # remember that the last part of most of the list is offcampus that are not to
count in the spatial distribution
            for location in range(len(L)-1):
                x = item[1]

                y = item[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
            L_index = p.index(max(p))
            L[L_index][0].append(item[0])
            L[L_index][1].append(item[1])
            L[L_index][2].append(item[2])

        for item in outliers:
            L[-1][0].append(item[0])
            L[-1][1].append(item[1])
            L[-1][2].append(item[2])    
            
        for i in L:
            if i == [[],[],[]]:
                L.remove(i)
                numLocations = len(L)
                print 'something has been removed'  

    # calculate mean, variance, and covariance for the "piles"
    locationSizes_new = []  
    centroids_new = []      
    sigmax = []
    sigmay = []
    mux = []
    muy = []
    cov = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
        sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
        sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
        mux.append(mean(L[i][1]))
        muy.append(mean(L[i][2]))
        cov.append(covariance(L[i][1],L[i][2]))
    centroids_new = [mux,muy]
    
    locations = []
    for location in L:
        locations.append([0,len(location[0])])
    for location in L_off:
        locations.append([0,len(location[0])])

    locationSizes_new = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
    print "locationSizes",locationSizes_new

    
    dailyTemporalAverages,dailies,dailyWeights = getDailyTemporalAverages(L,L_off)
    muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold =
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov)

    print "drawing temporal plots"
    if draw:
    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,"IsolatedOutl
ers")

    print "evaluating model"
    meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedD
st,meanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRa
io,exactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCa
pusCounter,socialCheckInCounter =
evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight)
    print "check-ins on/off campus:",onCampusCheckIns,"/",actualOffCampusCounter
    print "percentage of offcampus check-ins successfully guessed:",offCampusSuccessRatio
    print "average distance between guess and actual position in meters
(meanDistCombined):",1000*meanDistCombined,1000*meanAccesspointParallel
    print "average distance between guess and actual position in meters
(meanDistPeriodic):",1000*meanDistPeriodic,1000*meanAccesspointGuess
    print "average distance between guess and actual position in meters
(meanDistSocial):",1000*meanDistSocial
    print "average distance between guess and actual position in meters
(meanDistSocialDelta):",1000*meanDistSocialDelta
    print "average distance between guess and actual position in meters
(meanCombinedWeigthedDist):",1000*meanCombinedWeigthedDist,1000*meanAccesspointGuessWeighted
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitCombinedRatio):",exactFitCombinedRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitPeriodicRatio):",exactFitPeriodicRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitSocialRatio):",exactFitSocialRatio
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
                    

    
def

evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight):
    distSocialError = []
    distSocialDeltaError = []
    combinedWeigthedDistError = []
    distCombinedError = []
    distPeriodicError = []
    exactFitsCombined = 0
    exactFitsPeriodic = 0
    exactFitsSocial = 0
    actualOffCampusCounter = 0
    guessOffCampus = 0
    offCampusSuccess = 0
    checkInCounter = 0
    accesspointGuessWeightedError = []
    accesspointGuessError = []
    accesspointParallelError = []
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)
    training = False
    socialCheckInCounter = 0
    onCampusCheckIns = 0
    for checkIn in evalArray:
        onCampus = True
        checkInCounter += 1
        print "eval check in",checkInCounter,"of",len(evalArray)
        t = getWeekHour(float(checkIn[0]))
        actualPosition = [float(checkIn[1]),float(checkIn[2])]
        
        if actualPosition == [55.0,12.0]:
            actualOffCampusCounter += 1
            actualPosition = "off_campus"
        
        if
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,len(locations)-1,offCampus
eekProbs) > 0.6: #len(locations)-1 is the last element since 0 also counts          
            onCampus = False
            guessOffCampus += 1
            guess = "off_campus"
            if actualPosition == guess:
                offCampusSuccess += 1
        else:
            if actualPosition != "off_campus":
                offCampusSuccess += 1
        
        if actualPosition != "off_campus":
            onCampusCheckIns += 1
            socialCheckIn = False

            
            # if guess from the periodic model is not confident enough according to the
Chauvenet's criterion the check-in will be treated as a social checkin
            p = []
            for location in range(len(locations)-2):
                x = checkIn[1]
                y = checkIn[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
            outlierProb = sum(p)
            # Chauvenet's criterion (almost)
            #c = mlab.normpdf(outlierProb,muOutlierThreshold,sigmaOutlierThreshold)
            if muOutlierThreshold-outlierProb > 1.5*sigmaOutlierThreshold:
            #if c < OutlierThreshold:   
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                if maxScore > outlierProb:
                    socialCheckIn = True
                    socialCheckInCounter += 1
            
            socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
            if socialCheckIn:
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                socialguess,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,False)
                #calculate distance error
                distSocial =
getDistance([float(socialguess[0]),float(socialguess[1])],actualPosition)
                distSocialDelta =
getDistance([float(socialguessDelta[0]),float(socialguessDelta[1])],actualPosition)
            
            guess,maxScore =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #calculate distance error
            distPeriodic = getDistance([float(guess[0]),float(guess[1])],actualPosition)
            
            combinedWeigthedGuess =
[(guess[0]+socialWeight*socialguessDelta[0])/(socialWeight+1),(guess[1]+socialWeight*socialgue
sDelta[1])/(socialWeight+1)]
            combinedWeigthedDist =

getDistance([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],actualPosition)
            combinedWeigthedDistError.append(combinedWeigthedDist)
            if draw:
                text = 'periodic'
            
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter)

            accesspointGuessWeighted =
getNearestKnownAccesspoint([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],a
tualPosition)
            dist1 =
getDistance([float(accesspointGuessWeighted[0]),float(accesspointGuessWeighted[1])],actualPosi
ion)
            accesspointGuessWeightedError.append(dist1)
            accesspointGuess =
getNearestKnownAccesspoint([float(guess[0]),float(guess[1])],actualPosition)
            dist2 =
getDistance([float(accesspointGuess[0]),float(accesspointGuess[1])],actualPosition)
            accesspointGuessError.append(dist2)
            if socialCheckIn:
                accesspointParallel =
getNearestKnownAccesspoint(socialguessDelta,actualPosition)
            else:       
                accesspointParallel = accesspointGuess
            dist3 =
getDistance([float(accesspointParallel[0]),float(accesspointParallel[1])],actualPosition)
            accesspointParallelError.append(dist3)  
            
            if socialCheckIn:
                distCombined = distSocialDelta
                distSocialError.append(distSocialDelta)
                distSocialDeltaError.append(distSocialDelta)
                distCombinedError.append(distCombined)  
                if distSocial < 0.010:
                    exactFitsSocial += 1
                
            else:
                distCombined = distPeriodic
            
distPeriodicError.append(getDistance([float(guess[0]),float(guess[1])],actualPosition))
                distCombinedError.append(distCombined)  
            
            if dist3 < 0.010:
                exactFitsCombined += 1
            
            if dist2 < 0.010:
                exactFitsPeriodic += 1      

            

    if offCampusSuccess != 0:
        offCampusSuccessRatio = offCampusSuccess/len(evalArray)
    else:
        offCampusSuccessRatio = 0
    meanDistCombined = mean(distCombinedError)
    meanAccesspointParallel = mean(accesspointParallelError)
    meanDistPeriodic = mean(distPeriodicError)
    meanAccesspointGuess = mean(accesspointGuessError)
    meanDistSocial = mean(distSocialError)
    meanDistSocialDelta = mean(distSocialDeltaError)
    meanCombinedWeigthedDist = mean(combinedWeigthedDistError)
    meanAccesspointGuessWeighted = mean(accesspointGuessWeightedError)
    if onCampusCheckIns != 0:
        exactFitCombinedRatio = exactFitsCombined/onCampusCheckIns
        exactFitPeriodicRatio = exactFitsPeriodic/onCampusCheckIns
    else:
        exactFitCombinedRatio = 0
        exactFitPeriodicRatio = 0
    if socialCheckInCounter != 0:
        exactFitSocialRatio = exactFitsSocial/socialCheckInCounter
    else:
        exactFitSocialRatio = 0
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedDist,
eanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRatio,
xactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCampus
ounter,socialCheckInCounter

def getNearestKnownAccesspoint(bestguess,actualPosition):
    shortestDist = 10000000
    for coords in uniqueCheckInCoords:
        distance = getDistance(coords,bestguess)
        if float(distance) < shortestDist:
            shortestDist = float(distance)
            bestCoords = coords
    return bestCoords

def probDist(X,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    p = 0
    for location in range(len(locations)-2): #excluding offcampus and outliers
        p +=
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampusWeekProb
)*faerdigRet(X[0],X[1],sigmax[location],sigmay[location],mux[location],muy[location],cov[locati
n])
        

    return -p
    
def getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    params = [t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov]
    maxcoords,maxScore,otherStuff =
scipy.optimize.fmin_l_bfgs_b(probDist,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords, maxScore

#needs to be there for the optimization function to work...
def fcons(X,t,alpha,beta,approvedCheckIns,friendScore):
    return X[0]

def socialMaxhelp(X,t,alpha,beta,approvedCheckIns,friendScore):
    score,scoreDelta = socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore)
    return -score 

def
getSocialFuncMax(t,alpha,beta,training,friends,friendScore,friendActualLocation,friendTraining
delta):
    if training:
        friends = friendTraining
    else:
        friends = friendActualLocation
        
    approvedCheckIns = []                       
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        approvedCheckIns.append([])                     
        for checkIn in friend:
            if t-float(checkIn[0]) < 0:
                break
            if t-float(checkIn[0]) > 0 and t-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                approvedCheckIns[friendCounter].append(checkIn)
    params = [t,alpha,beta,approvedCheckIns,friendScore]
    if delta:
        coordScores = []
        for coords in uniqueCheckInCoords:
            score,scoreDelta =
socialDistribution(coords,t,alpha,beta,approvedCheckIns,friendScore)
            coordScores.append((coords,scoreDelta))
        maxcoords = max(coordScores, key=lambda x: x[1])[0]
        maxScore = max(coordScores, key=lambda x: x[1])[1]
    else:
        maxcoords = scipy.optimize.fmin_cobyla(socialMaxhelp,[55.7865,12.52],fcons,args=params)
        maxScore = -socialMaxhelp(maxcoords,t,alpha,beta,approvedCheckIns,friendScore)
    #maxcoords,maxVal,otherStuff =
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        beta2 = 0
        
    return beta2    
    
def socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore):
    # outliers bruges bare til at lave den temporale fordeling og en gang for alle (laes. hver
bruger) bestemme alpha og beta
    # naar der skal bestemmes gat efter fitting har social delen en temporal del ligesom
off-campus 
    # og naar denne har den hoejeste sadnsynligehd anvendes nedenstaaende fordeling til at
komme med et gaet
    # maaske skal alpha og beta ogsaa kun fittes efter 24 timer check-in
    # the sum of all friends check-ins with-in the last 12 or 24 hours (since 12 midnight)
times the friends score of each friend
    # for friend in frieds
        #friendScore * sum(timeDist**(-alpha) * spatDist**(-beta))
    score = 0
    scoreDelta = 0
    friendCounter = -1
    scoreNormalizer = 0
    scoreNormalizerDelta = 0
    for friend in approvedCheckIns:
        friendCounter += 1
        for checkIn in friend:
            spatDist = getDistance([X[0],X[1]],[float(checkIn[1]),float(checkIn[2])])
            tempDist = abs(t-float(checkIn[0]))
            if spatDist < 1:
                scoreNormalizer += float(friendScore[friendCounter][0])
                if spatDist == 0 and tempDist == 0:
                    score += float(friendScore[friendCounter][0])
                elif spatDist == 0:
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha)
                elif tempDist == 0:
                    score += float(friendScore[friendCounter][0]) * spatDist**(-beta)
                else:   
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha) *
spatDist**(-beta)
            #
            if spatDist < 0.01:
                scoreNormalizerDelta += float(friendScore[friendCounter][0])
                if tempDist == 0:
                    scoreDelta += float(friendScore[friendCounter][0])
                else:   
                    scoreDelta += float(friendScore[friendCounter][0]) * tempDist**(-alpha) 
                    
    if scoreDelta != 0:
        scoreDelta = scoreDelta/scoreNormalizerDelta
    if score != 0:

        score = score/scoreNormalizer
    return score,scoreDelta 
    
def getRandomStartingPoint(origArray,numLocations):
    L = []  
    for i in range(numLocations):
        L.append([[],[],[]])
    # put all check-ins in "random" piles   
    marker = 0
    size = len(origArray)
    whileCounter = 0
    while size:
        size -= 1
        index = random.randint(0, size)
        item = origArray[index]
        origArray[index] = origArray[size]
        whileCounter += 1

        jazzy = whileCounter-numLocations*(whileCounter//numLocations)
        L[jazzy][0].append(item[0])
        L[jazzy][1].append(item[1])
        L[jazzy][2].append(item[2])
    return L    
    
def getFixedStartingPoint(origArray,uniqueCheckInCoords):
    L = []  
    for i in range(len(uniqueCheckInCoords)):
        L.append([[],[],[]])
    
    for item in origArray:
        coords = [item[1],item[2]]
        index = uniqueCheckInCoords.index(coords)
        L[index][0].append(item[0])
        L[index][1].append(item[1])
        L[index][2].append(item[2])

    needSpecialVar = True
    return L,needSpecialVar 
        
def
expectationMaximization(origArray,offcampus,num_locations,evalArray,offCampusWeekProbs,uniqueC
eckInCoords):
    varianceModifier = 0.01
    spatialImportance = 1
    OutlierThreshold = 0.5
    exceptionCounter = 0
    delta = True
    draw = False

    training = True
    pBest = 0; 
    for numLocationsStart in range(10,11):#range(0,num_locations-1):
        numLocations = numLocationsStart#num_locations-numLocationsStart
        print numLocations
        
        for trythis in range(10):
            numLocations = numLocationsStart#num_locations-numLocationsStart
            print "Attempt:",exceptionCounter+1,"of 5"
            
            L_off = [[[],[],[]]]
            for item in offcampus:
                L_off[0][0].append(item[0])
                L_off[0][1].append(item[1])
                L_off[0][2].append(item[2])
            
            needSpecialVar = False
            L = getRandomStartingPoint(origArray,numLocations,)
            #L,needSpecialVar = getFixedStartingPoint(origArray,uniqueCheckInCoords)
            
            
            locationSizes_old = [0,0,0]
            locationSizes_new = [1,1,1]
            centroids_old = [[0,0]]
            centroids_new = [[1,1]]
            iterationCounter = 0
            pTotalOld = 0
            pTotalNew = 1
            try:
                while pTotalNew > pTotalOld: #locationSizes_old != locationSizes_new and
centroids_old != centroids_new:
                    iterationCounter += 1
                    print "EM iteration",iterationCounter
                    locationSizes_old = locationSizes_new
                    centroids_old = centroids_new
                    pTotalOld = pTotalNew
                    
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'

                    # calculate mean, variance, and covariance for the "piles"
                    locationSizes_new = []  
                    centroids_new = []      
                    sigmax = []
                    sigmay = []

                    mux = []
                    muy = []
                    cov = []
                    for i in range(len(L)): 
                        locationSizes_new.append(len(L[i][1]))
                        if needSpecialVar:
                            sigmax.append((0.000000000001)**(0.5)/varianceModifier)         
                            sigmay.append((0.000000000001)**(0.5)/varianceModifier)
                            needSpecialVar = False
                        else:
                            sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
                            sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
                        mux.append(mean(L[i][1]))
                        muy.append(mean(L[i][2]))
                        cov.append(covariance(L[i][1],L[i][2]))
                    centroids_new = [mux,muy]   
                    print cov
                    print sigmax
                    print sigmay
                    print "locationSizes",locationSizes_new
                    #print "centroids",centroids_new

                    # t should be given i weekhour 0 - 167
                    # locations is the 3 piles and should just hold the total number of
check-ins in that pile
                    # currentAccesspoint is just a number idicating which pile's
temporaldistribution that is wanted
                    # dailyAverages i a mother fucker!!!
                    dailyTemporalAverages,dailies,dailyWeights =
getDailyTemporalAverages(L,L_off)

                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])

                    if draw:
                    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,str(iteration
ounter))

                    # redistribute check-ins 
                    L = []  
                    for i in range(numLocations):
                        L.append([[],[],[]])
                    pTotalNew = 0
                    for item in origArray:

                        t = getWeekHour(float(item[0]))
                        p = []
                        # remember that the last part of most of the list is offcampus that are
not to count in the spatial distribution
                        for location in range(len(L)):
                            x = item[1]
                            y = item[2]
                        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
                        pTotalNew += max(p)
                        L_index = p.index(max(p))
                        L[L_index][0].append(item[0])
                        L[L_index][1].append(item[1])
                        L[L_index][2].append(item[2])
                    #
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'
    
                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])
                    print "loc",len(locations)
                    print "daily",len(dailyTemporalAverages)
                    print "sigmax",len(sigmax)

                    print pTotalNew
                    print pBest
                    if pTotalNew > pBest:
                        pBest = pTotalNew; locationsBest = locations; dailyTemporalAveragesBest
= dailyTemporalAverages; dailyWeightsBest = dailyWeights; sigmaxBest = sigmax; sigmayBest =
sigmay; covBest = cov;numberoflocations = numLocations

            except ValueError:
                print "value exception"
                exceptionCounter += 1
        
    #if exceptionCounter == 10:
    #
    dailyTemporalAverages = dailyTemporalAveragesBest; locations = locationsBest; dailyWeights
= dailyWeightsBest; sigmax = sigmaxBest; sigmay = sigmayBest; cov = covBest;
    print "pBest",pBest

    print "finding outliers"
    
    print "get outliers here in you know"
    print "locations number",len(locations)
    print "len daily averages",len(dailyTemporalAverages)
    print "sigmax",len(sigmax)
    
    outliers,withOutOutliers = 
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold)     
    print "calculating outlier distribution"
    alpha = 0
    beta = 0
    socialWeight = 0
    if len(outliers) != 0:
        alpha = calcTimeDecay(outliers)
        beta = calcDistanceDecay(outliers)

        # for outliers calculate periodic guess and social guess and find ratio between
guesses.
        # calculate mean of all ratios and use as weight
        print "calculating social weight"
        socialWeight,muIn,muOut =
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng)
        print socialWeight
        if muOut > muIn:
            print "socialWeight exception!"
            exceptionCounter = 0

        print "redistributing check-ins"
        # redistribute check-ins 
        L = []  
        for i in range(len(locations)):
            L.append([[],[],[]])
            
        print "get outliers here in you know"
        print "locations number",len(locations)
        print "len daily averages",len(dailyTemporalAverages)
        print "sigmax",len(sigmax)
        for item in withOutOutliers:
            t = getWeekHour(float(item[0]))
            p = []
            # remember that the last part of most of the list is offcampus that are not to
count in the spatial distribution
            for location in range(len(L)-1):
                x = item[1]

                y = item[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
            L_index = p.index(max(p))
            L[L_index][0].append(item[0])
            L[L_index][1].append(item[1])
            L[L_index][2].append(item[2])

        for item in outliers:
            L[-1][0].append(item[0])
            L[-1][1].append(item[1])
            L[-1][2].append(item[2])    
            
        for i in L:
            if i == [[],[],[]]:
                L.remove(i)
                numLocations = len(L)
                print 'something has been removed'  

    # calculate mean, variance, and covariance for the "piles"
    locationSizes_new = []  
    centroids_new = []      
    sigmax = []
    sigmay = []
    mux = []
    muy = []
    cov = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
        sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
        sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
        mux.append(mean(L[i][1]))
        muy.append(mean(L[i][2]))
        cov.append(covariance(L[i][1],L[i][2]))
    centroids_new = [mux,muy]
    
    locations = []
    for location in L:
        locations.append([0,len(location[0])])
    for location in L_off:
        locations.append([0,len(location[0])])

    locationSizes_new = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
    print "locationSizes",locationSizes_new

    
    dailyTemporalAverages,dailies,dailyWeights = getDailyTemporalAverages(L,L_off)
    muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold =
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov)

    print "drawing temporal plots"
    if draw:
    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,"IsolatedOutl
ers")

    print "evaluating model"
    meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedD
st,meanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRa
io,exactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCa
pusCounter,socialCheckInCounter =
evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight)
    print "check-ins on/off campus:",onCampusCheckIns,"/",actualOffCampusCounter
    print "percentage of offcampus check-ins successfully guessed:",offCampusSuccessRatio
    print "average distance between guess and actual position in meters
(meanDistCombined):",1000*meanDistCombined,1000*meanAccesspointParallel
    print "average distance between guess and actual position in meters
(meanDistPeriodic):",1000*meanDistPeriodic,1000*meanAccesspointGuess
    print "average distance between guess and actual position in meters
(meanDistSocial):",1000*meanDistSocial
    print "average distance between guess and actual position in meters
(meanDistSocialDelta):",1000*meanDistSocialDelta
    print "average distance between guess and actual position in meters
(meanCombinedWeigthedDist):",1000*meanCombinedWeigthedDist,1000*meanAccesspointGuessWeighted
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitCombinedRatio):",exactFitCombinedRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitPeriodicRatio):",exactFitPeriodicRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitSocialRatio):",exactFitSocialRatio
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
                    

    
def

evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight):
    distSocialError = []
    distSocialDeltaError = []
    combinedWeigthedDistError = []
    distCombinedError = []
    distPeriodicError = []
    exactFitsCombined = 0
    exactFitsPeriodic = 0
    exactFitsSocial = 0
    actualOffCampusCounter = 0
    guessOffCampus = 0
    offCampusSuccess = 0
    checkInCounter = 0
    accesspointGuessWeightedError = []
    accesspointGuessError = []
    accesspointParallelError = []
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)
    training = False
    socialCheckInCounter = 0
    onCampusCheckIns = 0
    for checkIn in evalArray:
        onCampus = True
        checkInCounter += 1
        print "eval check in",checkInCounter,"of",len(evalArray)
        t = getWeekHour(float(checkIn[0]))
        actualPosition = [float(checkIn[1]),float(checkIn[2])]
        
        if actualPosition == [55.0,12.0]:
            actualOffCampusCounter += 1
            actualPosition = "off_campus"
        
        if
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,len(locations)-1,offCampus
eekProbs) > 0.6: #len(locations)-1 is the last element since 0 also counts          
            onCampus = False
            guessOffCampus += 1
            guess = "off_campus"
            if actualPosition == guess:
                offCampusSuccess += 1
        else:
            if actualPosition != "off_campus":
                offCampusSuccess += 1
        
        if actualPosition != "off_campus":
            onCampusCheckIns += 1
            socialCheckIn = False

            
            # if guess from the periodic model is not confident enough according to the
Chauvenet's criterion the check-in will be treated as a social checkin
            p = []
            for location in range(len(locations)-2):
                x = checkIn[1]
                y = checkIn[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
            outlierProb = sum(p)
            # Chauvenet's criterion (almost)
            #c = mlab.normpdf(outlierProb,muOutlierThreshold,sigmaOutlierThreshold)
            if muOutlierThreshold-outlierProb > 1.5*sigmaOutlierThreshold:
            #if c < OutlierThreshold:   
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                if maxScore > outlierProb:
                    socialCheckIn = True
                    socialCheckInCounter += 1
            
            socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
            if socialCheckIn:
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                socialguess,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,False)
                #calculate distance error
                distSocial =
getDistance([float(socialguess[0]),float(socialguess[1])],actualPosition)
                distSocialDelta =
getDistance([float(socialguessDelta[0]),float(socialguessDelta[1])],actualPosition)
            
            guess,maxScore =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #calculate distance error
            distPeriodic = getDistance([float(guess[0]),float(guess[1])],actualPosition)
            
            combinedWeigthedGuess =
[(guess[0]+socialWeight*socialguessDelta[0])/(socialWeight+1),(guess[1]+socialWeight*socialgue
sDelta[1])/(socialWeight+1)]
            combinedWeigthedDist =

getDistance([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],actualPosition)
            combinedWeigthedDistError.append(combinedWeigthedDist)
            if draw:
                text = 'periodic'
            
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter)

            accesspointGuessWeighted =
getNearestKnownAccesspoint([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],a
tualPosition)
            dist1 =
getDistance([float(accesspointGuessWeighted[0]),float(accesspointGuessWeighted[1])],actualPosi
ion)
            accesspointGuessWeightedError.append(dist1)
            accesspointGuess =
getNearestKnownAccesspoint([float(guess[0]),float(guess[1])],actualPosition)
            dist2 =
getDistance([float(accesspointGuess[0]),float(accesspointGuess[1])],actualPosition)
            accesspointGuessError.append(dist2)
            if socialCheckIn:
                accesspointParallel =
getNearestKnownAccesspoint(socialguessDelta,actualPosition)
            else:       
                accesspointParallel = accesspointGuess
            dist3 =
getDistance([float(accesspointParallel[0]),float(accesspointParallel[1])],actualPosition)
            accesspointParallelError.append(dist3)  
            
            if socialCheckIn:
                distCombined = distSocialDelta
                distSocialError.append(distSocialDelta)
                distSocialDeltaError.append(distSocialDelta)
                distCombinedError.append(distCombined)  
                if distSocial < 0.010:
                    exactFitsSocial += 1
                
            else:
                distCombined = distPeriodic
            
distPeriodicError.append(getDistance([float(guess[0]),float(guess[1])],actualPosition))
                distCombinedError.append(distCombined)  
            
            if dist3 < 0.010:
                exactFitsCombined += 1
            
            if dist2 < 0.010:
                exactFitsPeriodic += 1      

            

    if offCampusSuccess != 0:
        offCampusSuccessRatio = offCampusSuccess/len(evalArray)
    else:
        offCampusSuccessRatio = 0
    meanDistCombined = mean(distCombinedError)
    meanAccesspointParallel = mean(accesspointParallelError)
    meanDistPeriodic = mean(distPeriodicError)
    meanAccesspointGuess = mean(accesspointGuessError)
    meanDistSocial = mean(distSocialError)
    meanDistSocialDelta = mean(distSocialDeltaError)
    meanCombinedWeigthedDist = mean(combinedWeigthedDistError)
    meanAccesspointGuessWeighted = mean(accesspointGuessWeightedError)
    if onCampusCheckIns != 0:
        exactFitCombinedRatio = exactFitsCombined/onCampusCheckIns
        exactFitPeriodicRatio = exactFitsPeriodic/onCampusCheckIns
    else:
        exactFitCombinedRatio = 0
        exactFitPeriodicRatio = 0
    if socialCheckInCounter != 0:
        exactFitSocialRatio = exactFitsSocial/socialCheckInCounter
    else:
        exactFitSocialRatio = 0
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedDist,
eanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRatio,
xactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCampus
ounter,socialCheckInCounter

def getNearestKnownAccesspoint(bestguess,actualPosition):
    shortestDist = 10000000
    for coords in uniqueCheckInCoords:
        distance = getDistance(coords,bestguess)
        if float(distance) < shortestDist:
            shortestDist = float(distance)
            bestCoords = coords
    return bestCoords

def probDist(X,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    p = 0
    for location in range(len(locations)-2): #excluding offcampus and outliers
        p +=
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampusWeekProb
)*faerdigRet(X[0],X[1],sigmax[location],sigmay[location],mux[location],muy[location],cov[locati
n])
        

    return -p
    
def getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    params = [t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov]
    maxcoords,maxScore,otherStuff =
scipy.optimize.fmin_l_bfgs_b(probDist,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords, maxScore

#needs to be there for the optimization function to work...
def fcons(X,t,alpha,beta,approvedCheckIns,friendScore):
    return X[0]

def socialMaxhelp(X,t,alpha,beta,approvedCheckIns,friendScore):
    score,scoreDelta = socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore)
    return -score 

def
getSocialFuncMax(t,alpha,beta,training,friends,friendScore,friendActualLocation,friendTraining
delta):
    if training:
        friends = friendTraining
    else:
        friends = friendActualLocation
        
    approvedCheckIns = []                       
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        approvedCheckIns.append([])                     
        for checkIn in friend:
            if t-float(checkIn[0]) < 0:
                break
            if t-float(checkIn[0]) > 0 and t-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                approvedCheckIns[friendCounter].append(checkIn)
    params = [t,alpha,beta,approvedCheckIns,friendScore]
    if delta:
        coordScores = []
        for coords in uniqueCheckInCoords:
            score,scoreDelta =
socialDistribution(coords,t,alpha,beta,approvedCheckIns,friendScore)
            coordScores.append((coords,scoreDelta))
        maxcoords = max(coordScores, key=lambda x: x[1])[0]
        maxScore = max(coordScores, key=lambda x: x[1])[1]
    else:
        maxcoords = scipy.optimize.fmin_cobyla(socialMaxhelp,[55.7865,12.52],fcons,args=params)
        maxScore = -socialMaxhelp(maxcoords,t,alpha,beta,approvedCheckIns,friendScore)
    #maxcoords,maxVal,otherStuff =

scipy.optimize.fmin_l_bfgs_b(socialDistribution,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords,maxScore

def
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter):
    colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]

    #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
    loc = -1
    plt.figure(10)
    plt.clf()
    for l,MUX,MUY in zip(L,mux,muy):    
        loc += 1
        plt.scatter([x+0.0001*random.uniform(-1,1) for x in
l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')
    plt.scatter(guess[0],guess[1],s=120,color='c',marker='s',label='guess')
    #plt.scatter([x[1]+0.0001*random.uniform(-1,1) for x in
approvedCheckIns],[y[2]+0.0001*random.uniform(-1,1) for y in
approvedCheckIns],s=20,color='c',marker='o',label='friends')

    Z = []
    for location in range(len(locations)-2): #excluding offcampus
    
Z.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*mlab.bivariate_normal(X,Y,sigmax[location],sigmay[location],mux[location],muy[locati
n],cov[location]))

    Zet = Z[0]
    first = True
    for i in Z:
        if first:
            first = False
        else:
            Zet += i
    plt.contour(X, Y, Zet)

    legend(loc="upper right",shadow=True, fancybox=True)
    leg = plt.gca().get_legend()
    ltext  = leg.get_texts()  # all the text.Text instance in the legend
    plt.setp(ltext, fontsize=6)    # the legend text fontsize       
    plt.axis('scaled')      
    plt.axis([55.792,55.778,12.51,12.53])
    plt.title('Time independent spatial distribution')
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            spatDist = getDistance([X[0],X[1]],[float(checkIn[1]),float(checkIn[2])])
            tempDist = abs(t-float(checkIn[0]))
            if spatDist < 1:
                scoreNormalizer += float(friendScore[friendCounter][0])
                if spatDist == 0 and tempDist == 0:
                    score += float(friendScore[friendCounter][0])
                elif spatDist == 0:
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha)
                elif tempDist == 0:
                    score += float(friendScore[friendCounter][0]) * spatDist**(-beta)
                else:   
                    score += float(friendScore[friendCounter][0]) * tempDist**(-alpha) *
spatDist**(-beta)
            #
            if spatDist < 0.01:
                scoreNormalizerDelta += float(friendScore[friendCounter][0])
                if tempDist == 0:
                    scoreDelta += float(friendScore[friendCounter][0])
                else:   
                    scoreDelta += float(friendScore[friendCounter][0]) * tempDist**(-alpha) 
                    
    if scoreDelta != 0:
        scoreDelta = scoreDelta/scoreNormalizerDelta
    if score != 0:

        score = score/scoreNormalizer
    return score,scoreDelta 
    
def getRandomStartingPoint(origArray,numLocations):
    L = []  
    for i in range(numLocations):
        L.append([[],[],[]])
    # put all check-ins in "random" piles   
    marker = 0
    size = len(origArray)
    whileCounter = 0
    while size:
        size -= 1
        index = random.randint(0, size)
        item = origArray[index]
        origArray[index] = origArray[size]
        whileCounter += 1

        jazzy = whileCounter-numLocations*(whileCounter//numLocations)
        L[jazzy][0].append(item[0])
        L[jazzy][1].append(item[1])
        L[jazzy][2].append(item[2])
    return L    
    
def getFixedStartingPoint(origArray,uniqueCheckInCoords):
    L = []  
    for i in range(len(uniqueCheckInCoords)):
        L.append([[],[],[]])
    
    for item in origArray:
        coords = [item[1],item[2]]
        index = uniqueCheckInCoords.index(coords)
        L[index][0].append(item[0])
        L[index][1].append(item[1])
        L[index][2].append(item[2])

    needSpecialVar = True
    return L,needSpecialVar 
        
def
expectationMaximization(origArray,offcampus,num_locations,evalArray,offCampusWeekProbs,uniqueC
eckInCoords):
    varianceModifier = 0.01
    spatialImportance = 1
    OutlierThreshold = 0.5
    exceptionCounter = 0
    delta = True
    draw = False

    training = True
    pBest = 0; 
    for numLocationsStart in range(10,11):#range(0,num_locations-1):
        numLocations = numLocationsStart#num_locations-numLocationsStart
        print numLocations
        
        for trythis in range(10):
            numLocations = numLocationsStart#num_locations-numLocationsStart
            print "Attempt:",exceptionCounter+1,"of 5"
            
            L_off = [[[],[],[]]]
            for item in offcampus:
                L_off[0][0].append(item[0])
                L_off[0][1].append(item[1])
                L_off[0][2].append(item[2])
            
            needSpecialVar = False
            L = getRandomStartingPoint(origArray,numLocations,)
            #L,needSpecialVar = getFixedStartingPoint(origArray,uniqueCheckInCoords)
            
            
            locationSizes_old = [0,0,0]
            locationSizes_new = [1,1,1]
            centroids_old = [[0,0]]
            centroids_new = [[1,1]]
            iterationCounter = 0
            pTotalOld = 0
            pTotalNew = 1
            try:
                while pTotalNew > pTotalOld: #locationSizes_old != locationSizes_new and
centroids_old != centroids_new:
                    iterationCounter += 1
                    print "EM iteration",iterationCounter
                    locationSizes_old = locationSizes_new
                    centroids_old = centroids_new
                    pTotalOld = pTotalNew
                    
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'

                    # calculate mean, variance, and covariance for the "piles"
                    locationSizes_new = []  
                    centroids_new = []      
                    sigmax = []
                    sigmay = []

                    mux = []
                    muy = []
                    cov = []
                    for i in range(len(L)): 
                        locationSizes_new.append(len(L[i][1]))
                        if needSpecialVar:
                            sigmax.append((0.000000000001)**(0.5)/varianceModifier)         
                            sigmay.append((0.000000000001)**(0.5)/varianceModifier)
                            needSpecialVar = False
                        else:
                            sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
                            sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
                        mux.append(mean(L[i][1]))
                        muy.append(mean(L[i][2]))
                        cov.append(covariance(L[i][1],L[i][2]))
                    centroids_new = [mux,muy]   
                    print cov
                    print sigmax
                    print sigmay
                    print "locationSizes",locationSizes_new
                    #print "centroids",centroids_new

                    # t should be given i weekhour 0 - 167
                    # locations is the 3 piles and should just hold the total number of
check-ins in that pile
                    # currentAccesspoint is just a number idicating which pile's
temporaldistribution that is wanted
                    # dailyAverages i a mother fucker!!!
                    dailyTemporalAverages,dailies,dailyWeights =
getDailyTemporalAverages(L,L_off)

                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])

                    if draw:
                    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,str(iteration
ounter))

                    # redistribute check-ins 
                    L = []  
                    for i in range(numLocations):
                        L.append([[],[],[]])
                    pTotalNew = 0
                    for item in origArray:

                        t = getWeekHour(float(item[0]))
                        p = []
                        # remember that the last part of most of the list is offcampus that are
not to count in the spatial distribution
                        for location in range(len(L)):
                            x = item[1]
                            y = item[2]
                        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
                        pTotalNew += max(p)
                        L_index = p.index(max(p))
                        L[L_index][0].append(item[0])
                        L[L_index][1].append(item[1])
                        L[L_index][2].append(item[2])
                    #
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'
    
                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])
                    print "loc",len(locations)
                    print "daily",len(dailyTemporalAverages)
                    print "sigmax",len(sigmax)

                    print pTotalNew
                    print pBest
                    if pTotalNew > pBest:
                        pBest = pTotalNew; locationsBest = locations; dailyTemporalAveragesBest
= dailyTemporalAverages; dailyWeightsBest = dailyWeights; sigmaxBest = sigmax; sigmayBest =
sigmay; covBest = cov;numberoflocations = numLocations

            except ValueError:
                print "value exception"
                exceptionCounter += 1
        
    #if exceptionCounter == 10:
    #
    dailyTemporalAverages = dailyTemporalAveragesBest; locations = locationsBest; dailyWeights
= dailyWeightsBest; sigmax = sigmaxBest; sigmay = sigmayBest; cov = covBest;
    print "pBest",pBest

    print "finding outliers"
    
    print "get outliers here in you know"
    print "locations number",len(locations)
    print "len daily averages",len(dailyTemporalAverages)
    print "sigmax",len(sigmax)
    
    outliers,withOutOutliers = 
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold)     
    print "calculating outlier distribution"
    alpha = 0
    beta = 0
    socialWeight = 0
    if len(outliers) != 0:
        alpha = calcTimeDecay(outliers)
        beta = calcDistanceDecay(outliers)

        # for outliers calculate periodic guess and social guess and find ratio between
guesses.
        # calculate mean of all ratios and use as weight
        print "calculating social weight"
        socialWeight,muIn,muOut =
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng)
        print socialWeight
        if muOut > muIn:
            print "socialWeight exception!"
            exceptionCounter = 0

        print "redistributing check-ins"
        # redistribute check-ins 
        L = []  
        for i in range(len(locations)):
            L.append([[],[],[]])
            
        print "get outliers here in you know"
        print "locations number",len(locations)
        print "len daily averages",len(dailyTemporalAverages)
        print "sigmax",len(sigmax)
        for item in withOutOutliers:
            t = getWeekHour(float(item[0]))
            p = []
            # remember that the last part of most of the list is offcampus that are not to
count in the spatial distribution
            for location in range(len(L)-1):
                x = item[1]

                y = item[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
            L_index = p.index(max(p))
            L[L_index][0].append(item[0])
            L[L_index][1].append(item[1])
            L[L_index][2].append(item[2])

        for item in outliers:
            L[-1][0].append(item[0])
            L[-1][1].append(item[1])
            L[-1][2].append(item[2])    
            
        for i in L:
            if i == [[],[],[]]:
                L.remove(i)
                numLocations = len(L)
                print 'something has been removed'  

    # calculate mean, variance, and covariance for the "piles"
    locationSizes_new = []  
    centroids_new = []      
    sigmax = []
    sigmay = []
    mux = []
    muy = []
    cov = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
        sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
        sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
        mux.append(mean(L[i][1]))
        muy.append(mean(L[i][2]))
        cov.append(covariance(L[i][1],L[i][2]))
    centroids_new = [mux,muy]
    
    locations = []
    for location in L:
        locations.append([0,len(location[0])])
    for location in L_off:
        locations.append([0,len(location[0])])

    locationSizes_new = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
    print "locationSizes",locationSizes_new

    
    dailyTemporalAverages,dailies,dailyWeights = getDailyTemporalAverages(L,L_off)
    muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold =
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov)

    print "drawing temporal plots"
    if draw:
    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,"IsolatedOutl
ers")

    print "evaluating model"
    meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedD
st,meanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRa
io,exactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCa
pusCounter,socialCheckInCounter =
evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight)
    print "check-ins on/off campus:",onCampusCheckIns,"/",actualOffCampusCounter
    print "percentage of offcampus check-ins successfully guessed:",offCampusSuccessRatio
    print "average distance between guess and actual position in meters
(meanDistCombined):",1000*meanDistCombined,1000*meanAccesspointParallel
    print "average distance between guess and actual position in meters
(meanDistPeriodic):",1000*meanDistPeriodic,1000*meanAccesspointGuess
    print "average distance between guess and actual position in meters
(meanDistSocial):",1000*meanDistSocial
    print "average distance between guess and actual position in meters
(meanDistSocialDelta):",1000*meanDistSocialDelta
    print "average distance between guess and actual position in meters
(meanCombinedWeigthedDist):",1000*meanCombinedWeigthedDist,1000*meanAccesspointGuessWeighted
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitCombinedRatio):",exactFitCombinedRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitPeriodicRatio):",exactFitPeriodicRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitSocialRatio):",exactFitSocialRatio
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
                    

    
def

evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight):
    distSocialError = []
    distSocialDeltaError = []
    combinedWeigthedDistError = []
    distCombinedError = []
    distPeriodicError = []
    exactFitsCombined = 0
    exactFitsPeriodic = 0
    exactFitsSocial = 0
    actualOffCampusCounter = 0
    guessOffCampus = 0
    offCampusSuccess = 0
    checkInCounter = 0
    accesspointGuessWeightedError = []
    accesspointGuessError = []
    accesspointParallelError = []
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)
    training = False
    socialCheckInCounter = 0
    onCampusCheckIns = 0
    for checkIn in evalArray:
        onCampus = True
        checkInCounter += 1
        print "eval check in",checkInCounter,"of",len(evalArray)
        t = getWeekHour(float(checkIn[0]))
        actualPosition = [float(checkIn[1]),float(checkIn[2])]
        
        if actualPosition == [55.0,12.0]:
            actualOffCampusCounter += 1
            actualPosition = "off_campus"
        
        if
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,len(locations)-1,offCampus
eekProbs) > 0.6: #len(locations)-1 is the last element since 0 also counts          
            onCampus = False
            guessOffCampus += 1
            guess = "off_campus"
            if actualPosition == guess:
                offCampusSuccess += 1
        else:
            if actualPosition != "off_campus":
                offCampusSuccess += 1
        
        if actualPosition != "off_campus":
            onCampusCheckIns += 1
            socialCheckIn = False

            
            # if guess from the periodic model is not confident enough according to the
Chauvenet's criterion the check-in will be treated as a social checkin
            p = []
            for location in range(len(locations)-2):
                x = checkIn[1]
                y = checkIn[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
            outlierProb = sum(p)
            # Chauvenet's criterion (almost)
            #c = mlab.normpdf(outlierProb,muOutlierThreshold,sigmaOutlierThreshold)
            if muOutlierThreshold-outlierProb > 1.5*sigmaOutlierThreshold:
            #if c < OutlierThreshold:   
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                if maxScore > outlierProb:
                    socialCheckIn = True
                    socialCheckInCounter += 1
            
            socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
            if socialCheckIn:
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                socialguess,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,False)
                #calculate distance error
                distSocial =
getDistance([float(socialguess[0]),float(socialguess[1])],actualPosition)
                distSocialDelta =
getDistance([float(socialguessDelta[0]),float(socialguessDelta[1])],actualPosition)
            
            guess,maxScore =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #calculate distance error
            distPeriodic = getDistance([float(guess[0]),float(guess[1])],actualPosition)
            
            combinedWeigthedGuess =
[(guess[0]+socialWeight*socialguessDelta[0])/(socialWeight+1),(guess[1]+socialWeight*socialgue
sDelta[1])/(socialWeight+1)]
            combinedWeigthedDist =

getDistance([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],actualPosition)
            combinedWeigthedDistError.append(combinedWeigthedDist)
            if draw:
                text = 'periodic'
            
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter)

            accesspointGuessWeighted =
getNearestKnownAccesspoint([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],a
tualPosition)
            dist1 =
getDistance([float(accesspointGuessWeighted[0]),float(accesspointGuessWeighted[1])],actualPosi
ion)
            accesspointGuessWeightedError.append(dist1)
            accesspointGuess =
getNearestKnownAccesspoint([float(guess[0]),float(guess[1])],actualPosition)
            dist2 =
getDistance([float(accesspointGuess[0]),float(accesspointGuess[1])],actualPosition)
            accesspointGuessError.append(dist2)
            if socialCheckIn:
                accesspointParallel =
getNearestKnownAccesspoint(socialguessDelta,actualPosition)
            else:       
                accesspointParallel = accesspointGuess
            dist3 =
getDistance([float(accesspointParallel[0]),float(accesspointParallel[1])],actualPosition)
            accesspointParallelError.append(dist3)  
            
            if socialCheckIn:
                distCombined = distSocialDelta
                distSocialError.append(distSocialDelta)
                distSocialDeltaError.append(distSocialDelta)
                distCombinedError.append(distCombined)  
                if distSocial < 0.010:
                    exactFitsSocial += 1
                
            else:
                distCombined = distPeriodic
            
distPeriodicError.append(getDistance([float(guess[0]),float(guess[1])],actualPosition))
                distCombinedError.append(distCombined)  
            
            if dist3 < 0.010:
                exactFitsCombined += 1
            
            if dist2 < 0.010:
                exactFitsPeriodic += 1      

            

    if offCampusSuccess != 0:
        offCampusSuccessRatio = offCampusSuccess/len(evalArray)
    else:
        offCampusSuccessRatio = 0
    meanDistCombined = mean(distCombinedError)
    meanAccesspointParallel = mean(accesspointParallelError)
    meanDistPeriodic = mean(distPeriodicError)
    meanAccesspointGuess = mean(accesspointGuessError)
    meanDistSocial = mean(distSocialError)
    meanDistSocialDelta = mean(distSocialDeltaError)
    meanCombinedWeigthedDist = mean(combinedWeigthedDistError)
    meanAccesspointGuessWeighted = mean(accesspointGuessWeightedError)
    if onCampusCheckIns != 0:
        exactFitCombinedRatio = exactFitsCombined/onCampusCheckIns
        exactFitPeriodicRatio = exactFitsPeriodic/onCampusCheckIns
    else:
        exactFitCombinedRatio = 0
        exactFitPeriodicRatio = 0
    if socialCheckInCounter != 0:
        exactFitSocialRatio = exactFitsSocial/socialCheckInCounter
    else:
        exactFitSocialRatio = 0
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedDist,
eanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRatio,
xactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCampus
ounter,socialCheckInCounter

def getNearestKnownAccesspoint(bestguess,actualPosition):
    shortestDist = 10000000
    for coords in uniqueCheckInCoords:
        distance = getDistance(coords,bestguess)
        if float(distance) < shortestDist:
            shortestDist = float(distance)
            bestCoords = coords
    return bestCoords

def probDist(X,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    p = 0
    for location in range(len(locations)-2): #excluding offcampus and outliers
        p +=
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampusWeekProb
)*faerdigRet(X[0],X[1],sigmax[location],sigmay[location],mux[location],muy[location],cov[locati
n])
        

    return -p
    
def getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    params = [t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov]
    maxcoords,maxScore,otherStuff =
scipy.optimize.fmin_l_bfgs_b(probDist,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords, maxScore

#needs to be there for the optimization function to work...
def fcons(X,t,alpha,beta,approvedCheckIns,friendScore):
    return X[0]

def socialMaxhelp(X,t,alpha,beta,approvedCheckIns,friendScore):
    score,scoreDelta = socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore)
    return -score 

def
getSocialFuncMax(t,alpha,beta,training,friends,friendScore,friendActualLocation,friendTraining
delta):
    if training:
        friends = friendTraining
    else:
        friends = friendActualLocation
        
    approvedCheckIns = []                       
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        approvedCheckIns.append([])                     
        for checkIn in friend:
            if t-float(checkIn[0]) < 0:
                break
            if t-float(checkIn[0]) > 0 and t-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                approvedCheckIns[friendCounter].append(checkIn)
    params = [t,alpha,beta,approvedCheckIns,friendScore]
    if delta:
        coordScores = []
        for coords in uniqueCheckInCoords:
            score,scoreDelta =
socialDistribution(coords,t,alpha,beta,approvedCheckIns,friendScore)
            coordScores.append((coords,scoreDelta))
        maxcoords = max(coordScores, key=lambda x: x[1])[0]
        maxScore = max(coordScores, key=lambda x: x[1])[1]
    else:
        maxcoords = scipy.optimize.fmin_cobyla(socialMaxhelp,[55.7865,12.52],fcons,args=params)
        maxScore = -socialMaxhelp(maxcoords,t,alpha,beta,approvedCheckIns,friendScore)
    #maxcoords,maxVal,otherStuff =

scipy.optimize.fmin_l_bfgs_b(socialDistribution,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords,maxScore

def
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter):
    colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]

    #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
    loc = -1
    plt.figure(10)
    plt.clf()
    for l,MUX,MUY in zip(L,mux,muy):    
        loc += 1
        plt.scatter([x+0.0001*random.uniform(-1,1) for x in
l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')
    plt.scatter(guess[0],guess[1],s=120,color='c',marker='s',label='guess')
    #plt.scatter([x[1]+0.0001*random.uniform(-1,1) for x in
approvedCheckIns],[y[2]+0.0001*random.uniform(-1,1) for y in
approvedCheckIns],s=20,color='c',marker='o',label='friends')

    Z = []
    for location in range(len(locations)-2): #excluding offcampus
    
Z.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*mlab.bivariate_normal(X,Y,sigmax[location],sigmay[location],mux[location],muy[locati
n],cov[location]))

    Zet = Z[0]
    first = True
    for i in Z:
        if first:
            first = False
        else:
            Zet += i
    plt.contour(X, Y, Zet)

    legend(loc="upper right",shadow=True, fancybox=True)
    leg = plt.gca().get_legend()
    ltext  = leg.get_texts()  # all the text.Text instance in the legend
    plt.setp(ltext, fontsize=6)    # the legend text fontsize       
    plt.axis('scaled')      
    plt.axis([55.792,55.778,12.51,12.53])
    plt.title('Time independent spatial distribution')

    plt.xlabel('longitude')
    plt.ylabel('latitude')
    tempFilename = str(device)+'_Eval_Spatial_'+str(text)+"_"+str(checkInCounter)+'.pdf'
    filename = os.path.join(pathOut, tempFilename)
    plt.savefig(filename)
    #plt.show()

def
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng):
    # ratio when social score is highest on the users position and ratio when the social score
i lowest
    # friend attraction should not allways add up to one but depend on the average co-occurence
ratio.
    # I guess one could say that this is somehow worked into the weighting though i would seem
that it is kind of opposite
    
    ratioOut = []
    socialArray = []
    periodicArray = []
    for outlier in outliers:
        t = getWeekHour(float(outlier[0]))
        approvedCheckIns = []                       
        friendCounter = -1
        for friend in friendTraining:
            friendCounter += 1
            approvedCheckIns.append([])                     
            for checkIn in friend:
                if float(outlier[0])-float(checkIn[0]) < 0:
                    break
                if float(outlier[0])-float(checkIn[0]) > 0 and
float(outlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                    approvedCheckIns[friendCounter].append(checkIn)
        #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
        #socialguessDelta,scoreSocial =
getSocialFuncMax(float(outlier[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
        jimmy,scoreSocial =
socialDistribution([outlier[1],outlier[2]],float(outlier[0]),alpha,beta,approvedCheckIns,frien
Score)
        score =
probDist([outlier[1],outlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,
ux,muy,cov)
        if scoreSocial > 0.01:
            socialArray.append(scoreSocial)
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        score = score/scoreNormalizer
    return score,scoreDelta 
    
def getRandomStartingPoint(origArray,numLocations):
    L = []  
    for i in range(numLocations):
        L.append([[],[],[]])
    # put all check-ins in "random" piles   
    marker = 0
    size = len(origArray)
    whileCounter = 0
    while size:
        size -= 1
        index = random.randint(0, size)
        item = origArray[index]
        origArray[index] = origArray[size]
        whileCounter += 1

        jazzy = whileCounter-numLocations*(whileCounter//numLocations)
        L[jazzy][0].append(item[0])
        L[jazzy][1].append(item[1])
        L[jazzy][2].append(item[2])
    return L    
    
def getFixedStartingPoint(origArray,uniqueCheckInCoords):
    L = []  
    for i in range(len(uniqueCheckInCoords)):
        L.append([[],[],[]])
    
    for item in origArray:
        coords = [item[1],item[2]]
        index = uniqueCheckInCoords.index(coords)
        L[index][0].append(item[0])
        L[index][1].append(item[1])
        L[index][2].append(item[2])

    needSpecialVar = True
    return L,needSpecialVar 
        
def
expectationMaximization(origArray,offcampus,num_locations,evalArray,offCampusWeekProbs,uniqueC
eckInCoords):
    varianceModifier = 0.01
    spatialImportance = 1
    OutlierThreshold = 0.5
    exceptionCounter = 0
    delta = True
    draw = False

    training = True
    pBest = 0; 
    for numLocationsStart in range(10,11):#range(0,num_locations-1):
        numLocations = numLocationsStart#num_locations-numLocationsStart
        print numLocations
        
        for trythis in range(10):
            numLocations = numLocationsStart#num_locations-numLocationsStart
            print "Attempt:",exceptionCounter+1,"of 5"
            
            L_off = [[[],[],[]]]
            for item in offcampus:
                L_off[0][0].append(item[0])
                L_off[0][1].append(item[1])
                L_off[0][2].append(item[2])
            
            needSpecialVar = False
            L = getRandomStartingPoint(origArray,numLocations,)
            #L,needSpecialVar = getFixedStartingPoint(origArray,uniqueCheckInCoords)
            
            
            locationSizes_old = [0,0,0]
            locationSizes_new = [1,1,1]
            centroids_old = [[0,0]]
            centroids_new = [[1,1]]
            iterationCounter = 0
            pTotalOld = 0
            pTotalNew = 1
            try:
                while pTotalNew > pTotalOld: #locationSizes_old != locationSizes_new and
centroids_old != centroids_new:
                    iterationCounter += 1
                    print "EM iteration",iterationCounter
                    locationSizes_old = locationSizes_new
                    centroids_old = centroids_new
                    pTotalOld = pTotalNew
                    
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'

                    # calculate mean, variance, and covariance for the "piles"
                    locationSizes_new = []  
                    centroids_new = []      
                    sigmax = []
                    sigmay = []

                    mux = []
                    muy = []
                    cov = []
                    for i in range(len(L)): 
                        locationSizes_new.append(len(L[i][1]))
                        if needSpecialVar:
                            sigmax.append((0.000000000001)**(0.5)/varianceModifier)         
                            sigmay.append((0.000000000001)**(0.5)/varianceModifier)
                            needSpecialVar = False
                        else:
                            sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
                            sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
                        mux.append(mean(L[i][1]))
                        muy.append(mean(L[i][2]))
                        cov.append(covariance(L[i][1],L[i][2]))
                    centroids_new = [mux,muy]   
                    print cov
                    print sigmax
                    print sigmay
                    print "locationSizes",locationSizes_new
                    #print "centroids",centroids_new

                    # t should be given i weekhour 0 - 167
                    # locations is the 3 piles and should just hold the total number of
check-ins in that pile
                    # currentAccesspoint is just a number idicating which pile's
temporaldistribution that is wanted
                    # dailyAverages i a mother fucker!!!
                    dailyTemporalAverages,dailies,dailyWeights =
getDailyTemporalAverages(L,L_off)

                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])

                    if draw:
                    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,str(iteration
ounter))

                    # redistribute check-ins 
                    L = []  
                    for i in range(numLocations):
                        L.append([[],[],[]])
                    pTotalNew = 0
                    for item in origArray:

                        t = getWeekHour(float(item[0]))
                        p = []
                        # remember that the last part of most of the list is offcampus that are
not to count in the spatial distribution
                        for location in range(len(L)):
                            x = item[1]
                            y = item[2]
                        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
                        pTotalNew += max(p)
                        L_index = p.index(max(p))
                        L[L_index][0].append(item[0])
                        L[L_index][1].append(item[1])
                        L[L_index][2].append(item[2])
                    #
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'
    
                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])
                    print "loc",len(locations)
                    print "daily",len(dailyTemporalAverages)
                    print "sigmax",len(sigmax)

                    print pTotalNew
                    print pBest
                    if pTotalNew > pBest:
                        pBest = pTotalNew; locationsBest = locations; dailyTemporalAveragesBest
= dailyTemporalAverages; dailyWeightsBest = dailyWeights; sigmaxBest = sigmax; sigmayBest =
sigmay; covBest = cov;numberoflocations = numLocations

            except ValueError:
                print "value exception"
                exceptionCounter += 1
        
    #if exceptionCounter == 10:
    #
    dailyTemporalAverages = dailyTemporalAveragesBest; locations = locationsBest; dailyWeights
= dailyWeightsBest; sigmax = sigmaxBest; sigmay = sigmayBest; cov = covBest;
    print "pBest",pBest

    print "finding outliers"
    
    print "get outliers here in you know"
    print "locations number",len(locations)
    print "len daily averages",len(dailyTemporalAverages)
    print "sigmax",len(sigmax)
    
    outliers,withOutOutliers = 
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold)     
    print "calculating outlier distribution"
    alpha = 0
    beta = 0
    socialWeight = 0
    if len(outliers) != 0:
        alpha = calcTimeDecay(outliers)
        beta = calcDistanceDecay(outliers)

        # for outliers calculate periodic guess and social guess and find ratio between
guesses.
        # calculate mean of all ratios and use as weight
        print "calculating social weight"
        socialWeight,muIn,muOut =
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng)
        print socialWeight
        if muOut > muIn:
            print "socialWeight exception!"
            exceptionCounter = 0

        print "redistributing check-ins"
        # redistribute check-ins 
        L = []  
        for i in range(len(locations)):
            L.append([[],[],[]])
            
        print "get outliers here in you know"
        print "locations number",len(locations)
        print "len daily averages",len(dailyTemporalAverages)
        print "sigmax",len(sigmax)
        for item in withOutOutliers:
            t = getWeekHour(float(item[0]))
            p = []
            # remember that the last part of most of the list is offcampus that are not to
count in the spatial distribution
            for location in range(len(L)-1):
                x = item[1]

                y = item[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
            L_index = p.index(max(p))
            L[L_index][0].append(item[0])
            L[L_index][1].append(item[1])
            L[L_index][2].append(item[2])

        for item in outliers:
            L[-1][0].append(item[0])
            L[-1][1].append(item[1])
            L[-1][2].append(item[2])    
            
        for i in L:
            if i == [[],[],[]]:
                L.remove(i)
                numLocations = len(L)
                print 'something has been removed'  

    # calculate mean, variance, and covariance for the "piles"
    locationSizes_new = []  
    centroids_new = []      
    sigmax = []
    sigmay = []
    mux = []
    muy = []
    cov = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
        sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
        sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
        mux.append(mean(L[i][1]))
        muy.append(mean(L[i][2]))
        cov.append(covariance(L[i][1],L[i][2]))
    centroids_new = [mux,muy]
    
    locations = []
    for location in L:
        locations.append([0,len(location[0])])
    for location in L_off:
        locations.append([0,len(location[0])])

    locationSizes_new = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
    print "locationSizes",locationSizes_new

    
    dailyTemporalAverages,dailies,dailyWeights = getDailyTemporalAverages(L,L_off)
    muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold =
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov)

    print "drawing temporal plots"
    if draw:
    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,"IsolatedOutl
ers")

    print "evaluating model"
    meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedD
st,meanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRa
io,exactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCa
pusCounter,socialCheckInCounter =
evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight)
    print "check-ins on/off campus:",onCampusCheckIns,"/",actualOffCampusCounter
    print "percentage of offcampus check-ins successfully guessed:",offCampusSuccessRatio
    print "average distance between guess and actual position in meters
(meanDistCombined):",1000*meanDistCombined,1000*meanAccesspointParallel
    print "average distance between guess and actual position in meters
(meanDistPeriodic):",1000*meanDistPeriodic,1000*meanAccesspointGuess
    print "average distance between guess and actual position in meters
(meanDistSocial):",1000*meanDistSocial
    print "average distance between guess and actual position in meters
(meanDistSocialDelta):",1000*meanDistSocialDelta
    print "average distance between guess and actual position in meters
(meanCombinedWeigthedDist):",1000*meanCombinedWeigthedDist,1000*meanAccesspointGuessWeighted
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitCombinedRatio):",exactFitCombinedRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitPeriodicRatio):",exactFitPeriodicRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitSocialRatio):",exactFitSocialRatio
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
                    

    
def

evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight):
    distSocialError = []
    distSocialDeltaError = []
    combinedWeigthedDistError = []
    distCombinedError = []
    distPeriodicError = []
    exactFitsCombined = 0
    exactFitsPeriodic = 0
    exactFitsSocial = 0
    actualOffCampusCounter = 0
    guessOffCampus = 0
    offCampusSuccess = 0
    checkInCounter = 0
    accesspointGuessWeightedError = []
    accesspointGuessError = []
    accesspointParallelError = []
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)
    training = False
    socialCheckInCounter = 0
    onCampusCheckIns = 0
    for checkIn in evalArray:
        onCampus = True
        checkInCounter += 1
        print "eval check in",checkInCounter,"of",len(evalArray)
        t = getWeekHour(float(checkIn[0]))
        actualPosition = [float(checkIn[1]),float(checkIn[2])]
        
        if actualPosition == [55.0,12.0]:
            actualOffCampusCounter += 1
            actualPosition = "off_campus"
        
        if
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,len(locations)-1,offCampus
eekProbs) > 0.6: #len(locations)-1 is the last element since 0 also counts          
            onCampus = False
            guessOffCampus += 1
            guess = "off_campus"
            if actualPosition == guess:
                offCampusSuccess += 1
        else:
            if actualPosition != "off_campus":
                offCampusSuccess += 1
        
        if actualPosition != "off_campus":
            onCampusCheckIns += 1
            socialCheckIn = False

            
            # if guess from the periodic model is not confident enough according to the
Chauvenet's criterion the check-in will be treated as a social checkin
            p = []
            for location in range(len(locations)-2):
                x = checkIn[1]
                y = checkIn[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
            outlierProb = sum(p)
            # Chauvenet's criterion (almost)
            #c = mlab.normpdf(outlierProb,muOutlierThreshold,sigmaOutlierThreshold)
            if muOutlierThreshold-outlierProb > 1.5*sigmaOutlierThreshold:
            #if c < OutlierThreshold:   
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                if maxScore > outlierProb:
                    socialCheckIn = True
                    socialCheckInCounter += 1
            
            socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
            if socialCheckIn:
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                socialguess,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,False)
                #calculate distance error
                distSocial =
getDistance([float(socialguess[0]),float(socialguess[1])],actualPosition)
                distSocialDelta =
getDistance([float(socialguessDelta[0]),float(socialguessDelta[1])],actualPosition)
            
            guess,maxScore =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #calculate distance error
            distPeriodic = getDistance([float(guess[0]),float(guess[1])],actualPosition)
            
            combinedWeigthedGuess =
[(guess[0]+socialWeight*socialguessDelta[0])/(socialWeight+1),(guess[1]+socialWeight*socialgue
sDelta[1])/(socialWeight+1)]
            combinedWeigthedDist =

getDistance([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],actualPosition)
            combinedWeigthedDistError.append(combinedWeigthedDist)
            if draw:
                text = 'periodic'
            
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter)

            accesspointGuessWeighted =
getNearestKnownAccesspoint([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],a
tualPosition)
            dist1 =
getDistance([float(accesspointGuessWeighted[0]),float(accesspointGuessWeighted[1])],actualPosi
ion)
            accesspointGuessWeightedError.append(dist1)
            accesspointGuess =
getNearestKnownAccesspoint([float(guess[0]),float(guess[1])],actualPosition)
            dist2 =
getDistance([float(accesspointGuess[0]),float(accesspointGuess[1])],actualPosition)
            accesspointGuessError.append(dist2)
            if socialCheckIn:
                accesspointParallel =
getNearestKnownAccesspoint(socialguessDelta,actualPosition)
            else:       
                accesspointParallel = accesspointGuess
            dist3 =
getDistance([float(accesspointParallel[0]),float(accesspointParallel[1])],actualPosition)
            accesspointParallelError.append(dist3)  
            
            if socialCheckIn:
                distCombined = distSocialDelta
                distSocialError.append(distSocialDelta)
                distSocialDeltaError.append(distSocialDelta)
                distCombinedError.append(distCombined)  
                if distSocial < 0.010:
                    exactFitsSocial += 1
                
            else:
                distCombined = distPeriodic
            
distPeriodicError.append(getDistance([float(guess[0]),float(guess[1])],actualPosition))
                distCombinedError.append(distCombined)  
            
            if dist3 < 0.010:
                exactFitsCombined += 1
            
            if dist2 < 0.010:
                exactFitsPeriodic += 1      

            

    if offCampusSuccess != 0:
        offCampusSuccessRatio = offCampusSuccess/len(evalArray)
    else:
        offCampusSuccessRatio = 0
    meanDistCombined = mean(distCombinedError)
    meanAccesspointParallel = mean(accesspointParallelError)
    meanDistPeriodic = mean(distPeriodicError)
    meanAccesspointGuess = mean(accesspointGuessError)
    meanDistSocial = mean(distSocialError)
    meanDistSocialDelta = mean(distSocialDeltaError)
    meanCombinedWeigthedDist = mean(combinedWeigthedDistError)
    meanAccesspointGuessWeighted = mean(accesspointGuessWeightedError)
    if onCampusCheckIns != 0:
        exactFitCombinedRatio = exactFitsCombined/onCampusCheckIns
        exactFitPeriodicRatio = exactFitsPeriodic/onCampusCheckIns
    else:
        exactFitCombinedRatio = 0
        exactFitPeriodicRatio = 0
    if socialCheckInCounter != 0:
        exactFitSocialRatio = exactFitsSocial/socialCheckInCounter
    else:
        exactFitSocialRatio = 0
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedDist,
eanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRatio,
xactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCampus
ounter,socialCheckInCounter

def getNearestKnownAccesspoint(bestguess,actualPosition):
    shortestDist = 10000000
    for coords in uniqueCheckInCoords:
        distance = getDistance(coords,bestguess)
        if float(distance) < shortestDist:
            shortestDist = float(distance)
            bestCoords = coords
    return bestCoords

def probDist(X,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    p = 0
    for location in range(len(locations)-2): #excluding offcampus and outliers
        p +=
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampusWeekProb
)*faerdigRet(X[0],X[1],sigmax[location],sigmay[location],mux[location],muy[location],cov[locati
n])
        

    return -p
    
def getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    params = [t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov]
    maxcoords,maxScore,otherStuff =
scipy.optimize.fmin_l_bfgs_b(probDist,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords, maxScore

#needs to be there for the optimization function to work...
def fcons(X,t,alpha,beta,approvedCheckIns,friendScore):
    return X[0]

def socialMaxhelp(X,t,alpha,beta,approvedCheckIns,friendScore):
    score,scoreDelta = socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore)
    return -score 

def
getSocialFuncMax(t,alpha,beta,training,friends,friendScore,friendActualLocation,friendTraining
delta):
    if training:
        friends = friendTraining
    else:
        friends = friendActualLocation
        
    approvedCheckIns = []                       
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        approvedCheckIns.append([])                     
        for checkIn in friend:
            if t-float(checkIn[0]) < 0:
                break
            if t-float(checkIn[0]) > 0 and t-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                approvedCheckIns[friendCounter].append(checkIn)
    params = [t,alpha,beta,approvedCheckIns,friendScore]
    if delta:
        coordScores = []
        for coords in uniqueCheckInCoords:
            score,scoreDelta =
socialDistribution(coords,t,alpha,beta,approvedCheckIns,friendScore)
            coordScores.append((coords,scoreDelta))
        maxcoords = max(coordScores, key=lambda x: x[1])[0]
        maxScore = max(coordScores, key=lambda x: x[1])[1]
    else:
        maxcoords = scipy.optimize.fmin_cobyla(socialMaxhelp,[55.7865,12.52],fcons,args=params)
        maxScore = -socialMaxhelp(maxcoords,t,alpha,beta,approvedCheckIns,friendScore)
    #maxcoords,maxVal,otherStuff =

scipy.optimize.fmin_l_bfgs_b(socialDistribution,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords,maxScore

def
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter):
    colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]

    #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
    loc = -1
    plt.figure(10)
    plt.clf()
    for l,MUX,MUY in zip(L,mux,muy):    
        loc += 1
        plt.scatter([x+0.0001*random.uniform(-1,1) for x in
l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')
    plt.scatter(guess[0],guess[1],s=120,color='c',marker='s',label='guess')
    #plt.scatter([x[1]+0.0001*random.uniform(-1,1) for x in
approvedCheckIns],[y[2]+0.0001*random.uniform(-1,1) for y in
approvedCheckIns],s=20,color='c',marker='o',label='friends')

    Z = []
    for location in range(len(locations)-2): #excluding offcampus
    
Z.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*mlab.bivariate_normal(X,Y,sigmax[location],sigmay[location],mux[location],muy[locati
n],cov[location]))

    Zet = Z[0]
    first = True
    for i in Z:
        if first:
            first = False
        else:
            Zet += i
    plt.contour(X, Y, Zet)

    legend(loc="upper right",shadow=True, fancybox=True)
    leg = plt.gca().get_legend()
    ltext  = leg.get_texts()  # all the text.Text instance in the legend
    plt.setp(ltext, fontsize=6)    # the legend text fontsize       
    plt.axis('scaled')      
    plt.axis([55.792,55.778,12.51,12.53])
    plt.title('Time independent spatial distribution')

    plt.xlabel('longitude')
    plt.ylabel('latitude')
    tempFilename = str(device)+'_Eval_Spatial_'+str(text)+"_"+str(checkInCounter)+'.pdf'
    filename = os.path.join(pathOut, tempFilename)
    plt.savefig(filename)
    #plt.show()

def
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng):
    # ratio when social score is highest on the users position and ratio when the social score
i lowest
    # friend attraction should not allways add up to one but depend on the average co-occurence
ratio.
    # I guess one could say that this is somehow worked into the weighting though i would seem
that it is kind of opposite
    
    ratioOut = []
    socialArray = []
    periodicArray = []
    for outlier in outliers:
        t = getWeekHour(float(outlier[0]))
        approvedCheckIns = []                       
        friendCounter = -1
        for friend in friendTraining:
            friendCounter += 1
            approvedCheckIns.append([])                     
            for checkIn in friend:
                if float(outlier[0])-float(checkIn[0]) < 0:
                    break
                if float(outlier[0])-float(checkIn[0]) > 0 and
float(outlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                    approvedCheckIns[friendCounter].append(checkIn)
        #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
        #socialguessDelta,scoreSocial =
getSocialFuncMax(float(outlier[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
        jimmy,scoreSocial =
socialDistribution([outlier[1],outlier[2]],float(outlier[0]),alpha,beta,approvedCheckIns,frien
Score)
        score =
probDist([outlier[1],outlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,
ux,muy,cov)
        if scoreSocial > 0.01:
            socialArray.append(scoreSocial)

        if score != 0:
            periodicArray.append(-score)
        if scoreSocial > 0.01 and score != 0:
            ratioOut.append(-score/scoreSocial)         
    if socialArray == [] or ratioOut == []:
        xOpt = 0
        muOut = 0
        muIn = 1
    else:
        muOut2 = mean(ratioOut)
        muOut = mean(periodicArray)/mean(socialArray)
        print "meanOut",muOut
        sigmaOut = variance(ratioOut)**(0.5)*(muOut/muOut2)         

        ratioIn = []
        socialArray = []
        periodicArray = []  
        for inlier in withOutOutliers:
            t = getWeekHour(float(inlier[0]))
            approvedCheckIns = []                       
            friendCounter = -1
            for friend in friendTraining:
                friendCounter += 1
                approvedCheckIns.append([])                     
                for checkIn in friend:
                    if float(inlier[0])-float(checkIn[0]) < 0:
                        break
                    if float(inlier[0])-float(checkIn[0]) > 0 and
float(inlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                        approvedCheckIns[friendCounter].append(checkIn)
            #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #socialguessDelta,scoreSocial =
getSocialFuncMax(float(inlier[0]),alpha,beta,training,friends,friendScore,friendActualLocation
friendTraining,True)
            jimmy,scoreSocial =
socialDistribution([inlier[1],inlier[2]],float(inlier[0]),alpha,beta,approvedCheckIns,friendSc
re)
            score =
probDist([inlier[1],inlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mu
,muy,cov)
            if scoreSocial > 0.01:
                socialArray.append(scoreSocial)
            if score != 0:
                periodicArray.append(-score)
            if scoreSocial > 0.01 and -score > 0.01:
                ratioIn.append(-score/scoreSocial)      
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def getFixedStartingPoint(origArray,uniqueCheckInCoords):
    L = []  
    for i in range(len(uniqueCheckInCoords)):
        L.append([[],[],[]])
    
    for item in origArray:
        coords = [item[1],item[2]]
        index = uniqueCheckInCoords.index(coords)
        L[index][0].append(item[0])
        L[index][1].append(item[1])
        L[index][2].append(item[2])

    needSpecialVar = True
    return L,needSpecialVar 
        
def
expectationMaximization(origArray,offcampus,num_locations,evalArray,offCampusWeekProbs,uniqueC
eckInCoords):
    varianceModifier = 0.01
    spatialImportance = 1
    OutlierThreshold = 0.5
    exceptionCounter = 0
    delta = True
    draw = False

    training = True
    pBest = 0; 
    for numLocationsStart in range(10,11):#range(0,num_locations-1):
        numLocations = numLocationsStart#num_locations-numLocationsStart
        print numLocations
        
        for trythis in range(10):
            numLocations = numLocationsStart#num_locations-numLocationsStart
            print "Attempt:",exceptionCounter+1,"of 5"
            
            L_off = [[[],[],[]]]
            for item in offcampus:
                L_off[0][0].append(item[0])
                L_off[0][1].append(item[1])
                L_off[0][2].append(item[2])
            
            needSpecialVar = False
            L = getRandomStartingPoint(origArray,numLocations,)
            #L,needSpecialVar = getFixedStartingPoint(origArray,uniqueCheckInCoords)
            
            
            locationSizes_old = [0,0,0]
            locationSizes_new = [1,1,1]
            centroids_old = [[0,0]]
            centroids_new = [[1,1]]
            iterationCounter = 0
            pTotalOld = 0
            pTotalNew = 1
            try:
                while pTotalNew > pTotalOld: #locationSizes_old != locationSizes_new and
centroids_old != centroids_new:
                    iterationCounter += 1
                    print "EM iteration",iterationCounter
                    locationSizes_old = locationSizes_new
                    centroids_old = centroids_new
                    pTotalOld = pTotalNew
                    
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'

                    # calculate mean, variance, and covariance for the "piles"
                    locationSizes_new = []  
                    centroids_new = []      
                    sigmax = []
                    sigmay = []

                    mux = []
                    muy = []
                    cov = []
                    for i in range(len(L)): 
                        locationSizes_new.append(len(L[i][1]))
                        if needSpecialVar:
                            sigmax.append((0.000000000001)**(0.5)/varianceModifier)         
                            sigmay.append((0.000000000001)**(0.5)/varianceModifier)
                            needSpecialVar = False
                        else:
                            sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
                            sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
                        mux.append(mean(L[i][1]))
                        muy.append(mean(L[i][2]))
                        cov.append(covariance(L[i][1],L[i][2]))
                    centroids_new = [mux,muy]   
                    print cov
                    print sigmax
                    print sigmay
                    print "locationSizes",locationSizes_new
                    #print "centroids",centroids_new

                    # t should be given i weekhour 0 - 167
                    # locations is the 3 piles and should just hold the total number of
check-ins in that pile
                    # currentAccesspoint is just a number idicating which pile's
temporaldistribution that is wanted
                    # dailyAverages i a mother fucker!!!
                    dailyTemporalAverages,dailies,dailyWeights =
getDailyTemporalAverages(L,L_off)

                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])

                    if draw:
                    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,str(iteration
ounter))

                    # redistribute check-ins 
                    L = []  
                    for i in range(numLocations):
                        L.append([[],[],[]])
                    pTotalNew = 0
                    for item in origArray:

                        t = getWeekHour(float(item[0]))
                        p = []
                        # remember that the last part of most of the list is offcampus that are
not to count in the spatial distribution
                        for location in range(len(L)):
                            x = item[1]
                            y = item[2]
                        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
                        pTotalNew += max(p)
                        L_index = p.index(max(p))
                        L[L_index][0].append(item[0])
                        L[L_index][1].append(item[1])
                        L[L_index][2].append(item[2])
                    #
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'
    
                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])
                    print "loc",len(locations)
                    print "daily",len(dailyTemporalAverages)
                    print "sigmax",len(sigmax)

                    print pTotalNew
                    print pBest
                    if pTotalNew > pBest:
                        pBest = pTotalNew; locationsBest = locations; dailyTemporalAveragesBest
= dailyTemporalAverages; dailyWeightsBest = dailyWeights; sigmaxBest = sigmax; sigmayBest =
sigmay; covBest = cov;numberoflocations = numLocations

            except ValueError:
                print "value exception"
                exceptionCounter += 1
        
    #if exceptionCounter == 10:
    #
    dailyTemporalAverages = dailyTemporalAveragesBest; locations = locationsBest; dailyWeights
= dailyWeightsBest; sigmax = sigmaxBest; sigmay = sigmayBest; cov = covBest;
    print "pBest",pBest

    print "finding outliers"
    
    print "get outliers here in you know"
    print "locations number",len(locations)
    print "len daily averages",len(dailyTemporalAverages)
    print "sigmax",len(sigmax)
    
    outliers,withOutOutliers = 
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold)     
    print "calculating outlier distribution"
    alpha = 0
    beta = 0
    socialWeight = 0
    if len(outliers) != 0:
        alpha = calcTimeDecay(outliers)
        beta = calcDistanceDecay(outliers)

        # for outliers calculate periodic guess and social guess and find ratio between
guesses.
        # calculate mean of all ratios and use as weight
        print "calculating social weight"
        socialWeight,muIn,muOut =
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng)
        print socialWeight
        if muOut > muIn:
            print "socialWeight exception!"
            exceptionCounter = 0

        print "redistributing check-ins"
        # redistribute check-ins 
        L = []  
        for i in range(len(locations)):
            L.append([[],[],[]])
            
        print "get outliers here in you know"
        print "locations number",len(locations)
        print "len daily averages",len(dailyTemporalAverages)
        print "sigmax",len(sigmax)
        for item in withOutOutliers:
            t = getWeekHour(float(item[0]))
            p = []
            # remember that the last part of most of the list is offcampus that are not to
count in the spatial distribution
            for location in range(len(L)-1):
                x = item[1]

                y = item[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
            L_index = p.index(max(p))
            L[L_index][0].append(item[0])
            L[L_index][1].append(item[1])
            L[L_index][2].append(item[2])

        for item in outliers:
            L[-1][0].append(item[0])
            L[-1][1].append(item[1])
            L[-1][2].append(item[2])    
            
        for i in L:
            if i == [[],[],[]]:
                L.remove(i)
                numLocations = len(L)
                print 'something has been removed'  

    # calculate mean, variance, and covariance for the "piles"
    locationSizes_new = []  
    centroids_new = []      
    sigmax = []
    sigmay = []
    mux = []
    muy = []
    cov = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
        sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
        sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
        mux.append(mean(L[i][1]))
        muy.append(mean(L[i][2]))
        cov.append(covariance(L[i][1],L[i][2]))
    centroids_new = [mux,muy]
    
    locations = []
    for location in L:
        locations.append([0,len(location[0])])
    for location in L_off:
        locations.append([0,len(location[0])])

    locationSizes_new = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
    print "locationSizes",locationSizes_new

    
    dailyTemporalAverages,dailies,dailyWeights = getDailyTemporalAverages(L,L_off)
    muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold =
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov)

    print "drawing temporal plots"
    if draw:
    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,"IsolatedOutl
ers")

    print "evaluating model"
    meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedD
st,meanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRa
io,exactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCa
pusCounter,socialCheckInCounter =
evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight)
    print "check-ins on/off campus:",onCampusCheckIns,"/",actualOffCampusCounter
    print "percentage of offcampus check-ins successfully guessed:",offCampusSuccessRatio
    print "average distance between guess and actual position in meters
(meanDistCombined):",1000*meanDistCombined,1000*meanAccesspointParallel
    print "average distance between guess and actual position in meters
(meanDistPeriodic):",1000*meanDistPeriodic,1000*meanAccesspointGuess
    print "average distance between guess and actual position in meters
(meanDistSocial):",1000*meanDistSocial
    print "average distance between guess and actual position in meters
(meanDistSocialDelta):",1000*meanDistSocialDelta
    print "average distance between guess and actual position in meters
(meanCombinedWeigthedDist):",1000*meanCombinedWeigthedDist,1000*meanAccesspointGuessWeighted
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitCombinedRatio):",exactFitCombinedRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitPeriodicRatio):",exactFitPeriodicRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitSocialRatio):",exactFitSocialRatio
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
                    

    
def

evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight):
    distSocialError = []
    distSocialDeltaError = []
    combinedWeigthedDistError = []
    distCombinedError = []
    distPeriodicError = []
    exactFitsCombined = 0
    exactFitsPeriodic = 0
    exactFitsSocial = 0
    actualOffCampusCounter = 0
    guessOffCampus = 0
    offCampusSuccess = 0
    checkInCounter = 0
    accesspointGuessWeightedError = []
    accesspointGuessError = []
    accesspointParallelError = []
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)
    training = False
    socialCheckInCounter = 0
    onCampusCheckIns = 0
    for checkIn in evalArray:
        onCampus = True
        checkInCounter += 1
        print "eval check in",checkInCounter,"of",len(evalArray)
        t = getWeekHour(float(checkIn[0]))
        actualPosition = [float(checkIn[1]),float(checkIn[2])]
        
        if actualPosition == [55.0,12.0]:
            actualOffCampusCounter += 1
            actualPosition = "off_campus"
        
        if
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,len(locations)-1,offCampus
eekProbs) > 0.6: #len(locations)-1 is the last element since 0 also counts          
            onCampus = False
            guessOffCampus += 1
            guess = "off_campus"
            if actualPosition == guess:
                offCampusSuccess += 1
        else:
            if actualPosition != "off_campus":
                offCampusSuccess += 1
        
        if actualPosition != "off_campus":
            onCampusCheckIns += 1
            socialCheckIn = False

            
            # if guess from the periodic model is not confident enough according to the
Chauvenet's criterion the check-in will be treated as a social checkin
            p = []
            for location in range(len(locations)-2):
                x = checkIn[1]
                y = checkIn[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
            outlierProb = sum(p)
            # Chauvenet's criterion (almost)
            #c = mlab.normpdf(outlierProb,muOutlierThreshold,sigmaOutlierThreshold)
            if muOutlierThreshold-outlierProb > 1.5*sigmaOutlierThreshold:
            #if c < OutlierThreshold:   
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                if maxScore > outlierProb:
                    socialCheckIn = True
                    socialCheckInCounter += 1
            
            socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
            if socialCheckIn:
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                socialguess,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,False)
                #calculate distance error
                distSocial =
getDistance([float(socialguess[0]),float(socialguess[1])],actualPosition)
                distSocialDelta =
getDistance([float(socialguessDelta[0]),float(socialguessDelta[1])],actualPosition)
            
            guess,maxScore =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #calculate distance error
            distPeriodic = getDistance([float(guess[0]),float(guess[1])],actualPosition)
            
            combinedWeigthedGuess =
[(guess[0]+socialWeight*socialguessDelta[0])/(socialWeight+1),(guess[1]+socialWeight*socialgue
sDelta[1])/(socialWeight+1)]
            combinedWeigthedDist =

getDistance([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],actualPosition)
            combinedWeigthedDistError.append(combinedWeigthedDist)
            if draw:
                text = 'periodic'
            
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter)

            accesspointGuessWeighted =
getNearestKnownAccesspoint([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],a
tualPosition)
            dist1 =
getDistance([float(accesspointGuessWeighted[0]),float(accesspointGuessWeighted[1])],actualPosi
ion)
            accesspointGuessWeightedError.append(dist1)
            accesspointGuess =
getNearestKnownAccesspoint([float(guess[0]),float(guess[1])],actualPosition)
            dist2 =
getDistance([float(accesspointGuess[0]),float(accesspointGuess[1])],actualPosition)
            accesspointGuessError.append(dist2)
            if socialCheckIn:
                accesspointParallel =
getNearestKnownAccesspoint(socialguessDelta,actualPosition)
            else:       
                accesspointParallel = accesspointGuess
            dist3 =
getDistance([float(accesspointParallel[0]),float(accesspointParallel[1])],actualPosition)
            accesspointParallelError.append(dist3)  
            
            if socialCheckIn:
                distCombined = distSocialDelta
                distSocialError.append(distSocialDelta)
                distSocialDeltaError.append(distSocialDelta)
                distCombinedError.append(distCombined)  
                if distSocial < 0.010:
                    exactFitsSocial += 1
                
            else:
                distCombined = distPeriodic
            
distPeriodicError.append(getDistance([float(guess[0]),float(guess[1])],actualPosition))
                distCombinedError.append(distCombined)  
            
            if dist3 < 0.010:
                exactFitsCombined += 1
            
            if dist2 < 0.010:
                exactFitsPeriodic += 1      

            

    if offCampusSuccess != 0:
        offCampusSuccessRatio = offCampusSuccess/len(evalArray)
    else:
        offCampusSuccessRatio = 0
    meanDistCombined = mean(distCombinedError)
    meanAccesspointParallel = mean(accesspointParallelError)
    meanDistPeriodic = mean(distPeriodicError)
    meanAccesspointGuess = mean(accesspointGuessError)
    meanDistSocial = mean(distSocialError)
    meanDistSocialDelta = mean(distSocialDeltaError)
    meanCombinedWeigthedDist = mean(combinedWeigthedDistError)
    meanAccesspointGuessWeighted = mean(accesspointGuessWeightedError)
    if onCampusCheckIns != 0:
        exactFitCombinedRatio = exactFitsCombined/onCampusCheckIns
        exactFitPeriodicRatio = exactFitsPeriodic/onCampusCheckIns
    else:
        exactFitCombinedRatio = 0
        exactFitPeriodicRatio = 0
    if socialCheckInCounter != 0:
        exactFitSocialRatio = exactFitsSocial/socialCheckInCounter
    else:
        exactFitSocialRatio = 0
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedDist,
eanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRatio,
xactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCampus
ounter,socialCheckInCounter

def getNearestKnownAccesspoint(bestguess,actualPosition):
    shortestDist = 10000000
    for coords in uniqueCheckInCoords:
        distance = getDistance(coords,bestguess)
        if float(distance) < shortestDist:
            shortestDist = float(distance)
            bestCoords = coords
    return bestCoords

def probDist(X,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    p = 0
    for location in range(len(locations)-2): #excluding offcampus and outliers
        p +=
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampusWeekProb
)*faerdigRet(X[0],X[1],sigmax[location],sigmay[location],mux[location],muy[location],cov[locati
n])
        

    return -p
    
def getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    params = [t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov]
    maxcoords,maxScore,otherStuff =
scipy.optimize.fmin_l_bfgs_b(probDist,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords, maxScore

#needs to be there for the optimization function to work...
def fcons(X,t,alpha,beta,approvedCheckIns,friendScore):
    return X[0]

def socialMaxhelp(X,t,alpha,beta,approvedCheckIns,friendScore):
    score,scoreDelta = socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore)
    return -score 

def
getSocialFuncMax(t,alpha,beta,training,friends,friendScore,friendActualLocation,friendTraining
delta):
    if training:
        friends = friendTraining
    else:
        friends = friendActualLocation
        
    approvedCheckIns = []                       
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        approvedCheckIns.append([])                     
        for checkIn in friend:
            if t-float(checkIn[0]) < 0:
                break
            if t-float(checkIn[0]) > 0 and t-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                approvedCheckIns[friendCounter].append(checkIn)
    params = [t,alpha,beta,approvedCheckIns,friendScore]
    if delta:
        coordScores = []
        for coords in uniqueCheckInCoords:
            score,scoreDelta =
socialDistribution(coords,t,alpha,beta,approvedCheckIns,friendScore)
            coordScores.append((coords,scoreDelta))
        maxcoords = max(coordScores, key=lambda x: x[1])[0]
        maxScore = max(coordScores, key=lambda x: x[1])[1]
    else:
        maxcoords = scipy.optimize.fmin_cobyla(socialMaxhelp,[55.7865,12.52],fcons,args=params)
        maxScore = -socialMaxhelp(maxcoords,t,alpha,beta,approvedCheckIns,friendScore)
    #maxcoords,maxVal,otherStuff =

scipy.optimize.fmin_l_bfgs_b(socialDistribution,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords,maxScore

def
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter):
    colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]

    #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
    loc = -1
    plt.figure(10)
    plt.clf()
    for l,MUX,MUY in zip(L,mux,muy):    
        loc += 1
        plt.scatter([x+0.0001*random.uniform(-1,1) for x in
l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')
    plt.scatter(guess[0],guess[1],s=120,color='c',marker='s',label='guess')
    #plt.scatter([x[1]+0.0001*random.uniform(-1,1) for x in
approvedCheckIns],[y[2]+0.0001*random.uniform(-1,1) for y in
approvedCheckIns],s=20,color='c',marker='o',label='friends')

    Z = []
    for location in range(len(locations)-2): #excluding offcampus
    
Z.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*mlab.bivariate_normal(X,Y,sigmax[location],sigmay[location],mux[location],muy[locati
n],cov[location]))

    Zet = Z[0]
    first = True
    for i in Z:
        if first:
            first = False
        else:
            Zet += i
    plt.contour(X, Y, Zet)

    legend(loc="upper right",shadow=True, fancybox=True)
    leg = plt.gca().get_legend()
    ltext  = leg.get_texts()  # all the text.Text instance in the legend
    plt.setp(ltext, fontsize=6)    # the legend text fontsize       
    plt.axis('scaled')      
    plt.axis([55.792,55.778,12.51,12.53])
    plt.title('Time independent spatial distribution')

    plt.xlabel('longitude')
    plt.ylabel('latitude')
    tempFilename = str(device)+'_Eval_Spatial_'+str(text)+"_"+str(checkInCounter)+'.pdf'
    filename = os.path.join(pathOut, tempFilename)
    plt.savefig(filename)
    #plt.show()

def
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng):
    # ratio when social score is highest on the users position and ratio when the social score
i lowest
    # friend attraction should not allways add up to one but depend on the average co-occurence
ratio.
    # I guess one could say that this is somehow worked into the weighting though i would seem
that it is kind of opposite
    
    ratioOut = []
    socialArray = []
    periodicArray = []
    for outlier in outliers:
        t = getWeekHour(float(outlier[0]))
        approvedCheckIns = []                       
        friendCounter = -1
        for friend in friendTraining:
            friendCounter += 1
            approvedCheckIns.append([])                     
            for checkIn in friend:
                if float(outlier[0])-float(checkIn[0]) < 0:
                    break
                if float(outlier[0])-float(checkIn[0]) > 0 and
float(outlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                    approvedCheckIns[friendCounter].append(checkIn)
        #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
        #socialguessDelta,scoreSocial =
getSocialFuncMax(float(outlier[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
        jimmy,scoreSocial =
socialDistribution([outlier[1],outlier[2]],float(outlier[0]),alpha,beta,approvedCheckIns,frien
Score)
        score =
probDist([outlier[1],outlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,
ux,muy,cov)
        if scoreSocial > 0.01:
            socialArray.append(scoreSocial)

        if score != 0:
            periodicArray.append(-score)
        if scoreSocial > 0.01 and score != 0:
            ratioOut.append(-score/scoreSocial)         
    if socialArray == [] or ratioOut == []:
        xOpt = 0
        muOut = 0
        muIn = 1
    else:
        muOut2 = mean(ratioOut)
        muOut = mean(periodicArray)/mean(socialArray)
        print "meanOut",muOut
        sigmaOut = variance(ratioOut)**(0.5)*(muOut/muOut2)         

        ratioIn = []
        socialArray = []
        periodicArray = []  
        for inlier in withOutOutliers:
            t = getWeekHour(float(inlier[0]))
            approvedCheckIns = []                       
            friendCounter = -1
            for friend in friendTraining:
                friendCounter += 1
                approvedCheckIns.append([])                     
                for checkIn in friend:
                    if float(inlier[0])-float(checkIn[0]) < 0:
                        break
                    if float(inlier[0])-float(checkIn[0]) > 0 and
float(inlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                        approvedCheckIns[friendCounter].append(checkIn)
            #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #socialguessDelta,scoreSocial =
getSocialFuncMax(float(inlier[0]),alpha,beta,training,friends,friendScore,friendActualLocation
friendTraining,True)
            jimmy,scoreSocial =
socialDistribution([inlier[1],inlier[2]],float(inlier[0]),alpha,beta,approvedCheckIns,friendSc
re)
            score =
probDist([inlier[1],inlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mu
,muy,cov)
            if scoreSocial > 0.01:
                socialArray.append(scoreSocial)
            if score != 0:
                periodicArray.append(-score)
            if scoreSocial > 0.01 and -score > 0.01:
                ratioIn.append(-score/scoreSocial)      

        if socialArray == [] or ratioIn == []:
            xOpt = 0
            muOut = 0
            muIn = 1
        else:
            muIn2 = mean(ratioIn)
            muIn = mean(periodicArray)/mean(socialArray)
            print "meanIn",muIn
            sigmaIn = variance(ratioIn)**(0.5)*(muIn/muIn2)     

            if muIn > muOut:    
                myMin = muOut
                myMax = muIn
            else:
                myMin = muIn
                myMax = muOut       

            xOpt = fsolve(lambda x : mlab.normpdf(x,muOut,sigmaOut) -
mlab.normpdf(x,muIn,sigmaIn),(muIn+muOut)/2)
            if xOpt < myMin or xOpt > myMax:
                xOpt = (muIn+muOut)/2

    print xOpt,muIn,muOut
    return xOpt,muIn,muOut  
                    
def
drawTemporalPlots(sortedAccesspoints,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,post
ix):    
        plt.figure(1)
        plt.clf() 
        plt.figure(2)           
        plt.clf() 
        plt.figure(3)           
        plt.clf()
        
        print "der tegnes temporale plots... Vaersgooo!!!"
        # spatial distribution of training set
        colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]
        
        #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
        loc = -1
        plt.figure(10)
        plt.clf()
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter([x+0.0001*random.uniform(-1,1) for x in
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    training = True
    pBest = 0; 
    for numLocationsStart in range(10,11):#range(0,num_locations-1):
        numLocations = numLocationsStart#num_locations-numLocationsStart
        print numLocations
        
        for trythis in range(10):
            numLocations = numLocationsStart#num_locations-numLocationsStart
            print "Attempt:",exceptionCounter+1,"of 5"
            
            L_off = [[[],[],[]]]
            for item in offcampus:
                L_off[0][0].append(item[0])
                L_off[0][1].append(item[1])
                L_off[0][2].append(item[2])
            
            needSpecialVar = False
            L = getRandomStartingPoint(origArray,numLocations,)
            #L,needSpecialVar = getFixedStartingPoint(origArray,uniqueCheckInCoords)
            
            
            locationSizes_old = [0,0,0]
            locationSizes_new = [1,1,1]
            centroids_old = [[0,0]]
            centroids_new = [[1,1]]
            iterationCounter = 0
            pTotalOld = 0
            pTotalNew = 1
            try:
                while pTotalNew > pTotalOld: #locationSizes_old != locationSizes_new and
centroids_old != centroids_new:
                    iterationCounter += 1
                    print "EM iteration",iterationCounter
                    locationSizes_old = locationSizes_new
                    centroids_old = centroids_new
                    pTotalOld = pTotalNew
                    
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'

                    # calculate mean, variance, and covariance for the "piles"
                    locationSizes_new = []  
                    centroids_new = []      
                    sigmax = []
                    sigmay = []

                    mux = []
                    muy = []
                    cov = []
                    for i in range(len(L)): 
                        locationSizes_new.append(len(L[i][1]))
                        if needSpecialVar:
                            sigmax.append((0.000000000001)**(0.5)/varianceModifier)         
                            sigmay.append((0.000000000001)**(0.5)/varianceModifier)
                            needSpecialVar = False
                        else:
                            sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
                            sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
                        mux.append(mean(L[i][1]))
                        muy.append(mean(L[i][2]))
                        cov.append(covariance(L[i][1],L[i][2]))
                    centroids_new = [mux,muy]   
                    print cov
                    print sigmax
                    print sigmay
                    print "locationSizes",locationSizes_new
                    #print "centroids",centroids_new

                    # t should be given i weekhour 0 - 167
                    # locations is the 3 piles and should just hold the total number of
check-ins in that pile
                    # currentAccesspoint is just a number idicating which pile's
temporaldistribution that is wanted
                    # dailyAverages i a mother fucker!!!
                    dailyTemporalAverages,dailies,dailyWeights =
getDailyTemporalAverages(L,L_off)

                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])

                    if draw:
                    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,str(iteration
ounter))

                    # redistribute check-ins 
                    L = []  
                    for i in range(numLocations):
                        L.append([[],[],[]])
                    pTotalNew = 0
                    for item in origArray:

                        t = getWeekHour(float(item[0]))
                        p = []
                        # remember that the last part of most of the list is offcampus that are
not to count in the spatial distribution
                        for location in range(len(L)):
                            x = item[1]
                            y = item[2]
                        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
                        pTotalNew += max(p)
                        L_index = p.index(max(p))
                        L[L_index][0].append(item[0])
                        L[L_index][1].append(item[1])
                        L[L_index][2].append(item[2])
                    #
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'
    
                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])
                    print "loc",len(locations)
                    print "daily",len(dailyTemporalAverages)
                    print "sigmax",len(sigmax)

                    print pTotalNew
                    print pBest
                    if pTotalNew > pBest:
                        pBest = pTotalNew; locationsBest = locations; dailyTemporalAveragesBest
= dailyTemporalAverages; dailyWeightsBest = dailyWeights; sigmaxBest = sigmax; sigmayBest =
sigmay; covBest = cov;numberoflocations = numLocations

            except ValueError:
                print "value exception"
                exceptionCounter += 1
        
    #if exceptionCounter == 10:
    #
    dailyTemporalAverages = dailyTemporalAveragesBest; locations = locationsBest; dailyWeights
= dailyWeightsBest; sigmax = sigmaxBest; sigmay = sigmayBest; cov = covBest;
    print "pBest",pBest

    print "finding outliers"
    
    print "get outliers here in you know"
    print "locations number",len(locations)
    print "len daily averages",len(dailyTemporalAverages)
    print "sigmax",len(sigmax)
    
    outliers,withOutOutliers = 
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold)     
    print "calculating outlier distribution"
    alpha = 0
    beta = 0
    socialWeight = 0
    if len(outliers) != 0:
        alpha = calcTimeDecay(outliers)
        beta = calcDistanceDecay(outliers)

        # for outliers calculate periodic guess and social guess and find ratio between
guesses.
        # calculate mean of all ratios and use as weight
        print "calculating social weight"
        socialWeight,muIn,muOut =
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng)
        print socialWeight
        if muOut > muIn:
            print "socialWeight exception!"
            exceptionCounter = 0

        print "redistributing check-ins"
        # redistribute check-ins 
        L = []  
        for i in range(len(locations)):
            L.append([[],[],[]])
            
        print "get outliers here in you know"
        print "locations number",len(locations)
        print "len daily averages",len(dailyTemporalAverages)
        print "sigmax",len(sigmax)
        for item in withOutOutliers:
            t = getWeekHour(float(item[0]))
            p = []
            # remember that the last part of most of the list is offcampus that are not to
count in the spatial distribution
            for location in range(len(L)-1):
                x = item[1]

                y = item[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
            L_index = p.index(max(p))
            L[L_index][0].append(item[0])
            L[L_index][1].append(item[1])
            L[L_index][2].append(item[2])

        for item in outliers:
            L[-1][0].append(item[0])
            L[-1][1].append(item[1])
            L[-1][2].append(item[2])    
            
        for i in L:
            if i == [[],[],[]]:
                L.remove(i)
                numLocations = len(L)
                print 'something has been removed'  

    # calculate mean, variance, and covariance for the "piles"
    locationSizes_new = []  
    centroids_new = []      
    sigmax = []
    sigmay = []
    mux = []
    muy = []
    cov = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
        sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
        sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
        mux.append(mean(L[i][1]))
        muy.append(mean(L[i][2]))
        cov.append(covariance(L[i][1],L[i][2]))
    centroids_new = [mux,muy]
    
    locations = []
    for location in L:
        locations.append([0,len(location[0])])
    for location in L_off:
        locations.append([0,len(location[0])])

    locationSizes_new = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
    print "locationSizes",locationSizes_new

    
    dailyTemporalAverages,dailies,dailyWeights = getDailyTemporalAverages(L,L_off)
    muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold =
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov)

    print "drawing temporal plots"
    if draw:
    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,"IsolatedOutl
ers")

    print "evaluating model"
    meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedD
st,meanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRa
io,exactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCa
pusCounter,socialCheckInCounter =
evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight)
    print "check-ins on/off campus:",onCampusCheckIns,"/",actualOffCampusCounter
    print "percentage of offcampus check-ins successfully guessed:",offCampusSuccessRatio
    print "average distance between guess and actual position in meters
(meanDistCombined):",1000*meanDistCombined,1000*meanAccesspointParallel
    print "average distance between guess and actual position in meters
(meanDistPeriodic):",1000*meanDistPeriodic,1000*meanAccesspointGuess
    print "average distance between guess and actual position in meters
(meanDistSocial):",1000*meanDistSocial
    print "average distance between guess and actual position in meters
(meanDistSocialDelta):",1000*meanDistSocialDelta
    print "average distance between guess and actual position in meters
(meanCombinedWeigthedDist):",1000*meanCombinedWeigthedDist,1000*meanAccesspointGuessWeighted
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitCombinedRatio):",exactFitCombinedRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitPeriodicRatio):",exactFitPeriodicRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitSocialRatio):",exactFitSocialRatio
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
                    

    
def

evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight):
    distSocialError = []
    distSocialDeltaError = []
    combinedWeigthedDistError = []
    distCombinedError = []
    distPeriodicError = []
    exactFitsCombined = 0
    exactFitsPeriodic = 0
    exactFitsSocial = 0
    actualOffCampusCounter = 0
    guessOffCampus = 0
    offCampusSuccess = 0
    checkInCounter = 0
    accesspointGuessWeightedError = []
    accesspointGuessError = []
    accesspointParallelError = []
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)
    training = False
    socialCheckInCounter = 0
    onCampusCheckIns = 0
    for checkIn in evalArray:
        onCampus = True
        checkInCounter += 1
        print "eval check in",checkInCounter,"of",len(evalArray)
        t = getWeekHour(float(checkIn[0]))
        actualPosition = [float(checkIn[1]),float(checkIn[2])]
        
        if actualPosition == [55.0,12.0]:
            actualOffCampusCounter += 1
            actualPosition = "off_campus"
        
        if
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,len(locations)-1,offCampus
eekProbs) > 0.6: #len(locations)-1 is the last element since 0 also counts          
            onCampus = False
            guessOffCampus += 1
            guess = "off_campus"
            if actualPosition == guess:
                offCampusSuccess += 1
        else:
            if actualPosition != "off_campus":
                offCampusSuccess += 1
        
        if actualPosition != "off_campus":
            onCampusCheckIns += 1
            socialCheckIn = False

            
            # if guess from the periodic model is not confident enough according to the
Chauvenet's criterion the check-in will be treated as a social checkin
            p = []
            for location in range(len(locations)-2):
                x = checkIn[1]
                y = checkIn[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
            outlierProb = sum(p)
            # Chauvenet's criterion (almost)
            #c = mlab.normpdf(outlierProb,muOutlierThreshold,sigmaOutlierThreshold)
            if muOutlierThreshold-outlierProb > 1.5*sigmaOutlierThreshold:
            #if c < OutlierThreshold:   
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                if maxScore > outlierProb:
                    socialCheckIn = True
                    socialCheckInCounter += 1
            
            socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
            if socialCheckIn:
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                socialguess,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,False)
                #calculate distance error
                distSocial =
getDistance([float(socialguess[0]),float(socialguess[1])],actualPosition)
                distSocialDelta =
getDistance([float(socialguessDelta[0]),float(socialguessDelta[1])],actualPosition)
            
            guess,maxScore =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #calculate distance error
            distPeriodic = getDistance([float(guess[0]),float(guess[1])],actualPosition)
            
            combinedWeigthedGuess =
[(guess[0]+socialWeight*socialguessDelta[0])/(socialWeight+1),(guess[1]+socialWeight*socialgue
sDelta[1])/(socialWeight+1)]
            combinedWeigthedDist =

getDistance([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],actualPosition)
            combinedWeigthedDistError.append(combinedWeigthedDist)
            if draw:
                text = 'periodic'
            
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter)

            accesspointGuessWeighted =
getNearestKnownAccesspoint([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],a
tualPosition)
            dist1 =
getDistance([float(accesspointGuessWeighted[0]),float(accesspointGuessWeighted[1])],actualPosi
ion)
            accesspointGuessWeightedError.append(dist1)
            accesspointGuess =
getNearestKnownAccesspoint([float(guess[0]),float(guess[1])],actualPosition)
            dist2 =
getDistance([float(accesspointGuess[0]),float(accesspointGuess[1])],actualPosition)
            accesspointGuessError.append(dist2)
            if socialCheckIn:
                accesspointParallel =
getNearestKnownAccesspoint(socialguessDelta,actualPosition)
            else:       
                accesspointParallel = accesspointGuess
            dist3 =
getDistance([float(accesspointParallel[0]),float(accesspointParallel[1])],actualPosition)
            accesspointParallelError.append(dist3)  
            
            if socialCheckIn:
                distCombined = distSocialDelta
                distSocialError.append(distSocialDelta)
                distSocialDeltaError.append(distSocialDelta)
                distCombinedError.append(distCombined)  
                if distSocial < 0.010:
                    exactFitsSocial += 1
                
            else:
                distCombined = distPeriodic
            
distPeriodicError.append(getDistance([float(guess[0]),float(guess[1])],actualPosition))
                distCombinedError.append(distCombined)  
            
            if dist3 < 0.010:
                exactFitsCombined += 1
            
            if dist2 < 0.010:
                exactFitsPeriodic += 1      

            

    if offCampusSuccess != 0:
        offCampusSuccessRatio = offCampusSuccess/len(evalArray)
    else:
        offCampusSuccessRatio = 0
    meanDistCombined = mean(distCombinedError)
    meanAccesspointParallel = mean(accesspointParallelError)
    meanDistPeriodic = mean(distPeriodicError)
    meanAccesspointGuess = mean(accesspointGuessError)
    meanDistSocial = mean(distSocialError)
    meanDistSocialDelta = mean(distSocialDeltaError)
    meanCombinedWeigthedDist = mean(combinedWeigthedDistError)
    meanAccesspointGuessWeighted = mean(accesspointGuessWeightedError)
    if onCampusCheckIns != 0:
        exactFitCombinedRatio = exactFitsCombined/onCampusCheckIns
        exactFitPeriodicRatio = exactFitsPeriodic/onCampusCheckIns
    else:
        exactFitCombinedRatio = 0
        exactFitPeriodicRatio = 0
    if socialCheckInCounter != 0:
        exactFitSocialRatio = exactFitsSocial/socialCheckInCounter
    else:
        exactFitSocialRatio = 0
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedDist,
eanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRatio,
xactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCampus
ounter,socialCheckInCounter

def getNearestKnownAccesspoint(bestguess,actualPosition):
    shortestDist = 10000000
    for coords in uniqueCheckInCoords:
        distance = getDistance(coords,bestguess)
        if float(distance) < shortestDist:
            shortestDist = float(distance)
            bestCoords = coords
    return bestCoords

def probDist(X,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    p = 0
    for location in range(len(locations)-2): #excluding offcampus and outliers
        p +=
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampusWeekProb
)*faerdigRet(X[0],X[1],sigmax[location],sigmay[location],mux[location],muy[location],cov[locati
n])
        

    return -p
    
def getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    params = [t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov]
    maxcoords,maxScore,otherStuff =
scipy.optimize.fmin_l_bfgs_b(probDist,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords, maxScore

#needs to be there for the optimization function to work...
def fcons(X,t,alpha,beta,approvedCheckIns,friendScore):
    return X[0]

def socialMaxhelp(X,t,alpha,beta,approvedCheckIns,friendScore):
    score,scoreDelta = socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore)
    return -score 

def
getSocialFuncMax(t,alpha,beta,training,friends,friendScore,friendActualLocation,friendTraining
delta):
    if training:
        friends = friendTraining
    else:
        friends = friendActualLocation
        
    approvedCheckIns = []                       
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        approvedCheckIns.append([])                     
        for checkIn in friend:
            if t-float(checkIn[0]) < 0:
                break
            if t-float(checkIn[0]) > 0 and t-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                approvedCheckIns[friendCounter].append(checkIn)
    params = [t,alpha,beta,approvedCheckIns,friendScore]
    if delta:
        coordScores = []
        for coords in uniqueCheckInCoords:
            score,scoreDelta =
socialDistribution(coords,t,alpha,beta,approvedCheckIns,friendScore)
            coordScores.append((coords,scoreDelta))
        maxcoords = max(coordScores, key=lambda x: x[1])[0]
        maxScore = max(coordScores, key=lambda x: x[1])[1]
    else:
        maxcoords = scipy.optimize.fmin_cobyla(socialMaxhelp,[55.7865,12.52],fcons,args=params)
        maxScore = -socialMaxhelp(maxcoords,t,alpha,beta,approvedCheckIns,friendScore)
    #maxcoords,maxVal,otherStuff =

scipy.optimize.fmin_l_bfgs_b(socialDistribution,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords,maxScore

def
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter):
    colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]

    #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
    loc = -1
    plt.figure(10)
    plt.clf()
    for l,MUX,MUY in zip(L,mux,muy):    
        loc += 1
        plt.scatter([x+0.0001*random.uniform(-1,1) for x in
l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')
    plt.scatter(guess[0],guess[1],s=120,color='c',marker='s',label='guess')
    #plt.scatter([x[1]+0.0001*random.uniform(-1,1) for x in
approvedCheckIns],[y[2]+0.0001*random.uniform(-1,1) for y in
approvedCheckIns],s=20,color='c',marker='o',label='friends')

    Z = []
    for location in range(len(locations)-2): #excluding offcampus
    
Z.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*mlab.bivariate_normal(X,Y,sigmax[location],sigmay[location],mux[location],muy[locati
n],cov[location]))

    Zet = Z[0]
    first = True
    for i in Z:
        if first:
            first = False
        else:
            Zet += i
    plt.contour(X, Y, Zet)

    legend(loc="upper right",shadow=True, fancybox=True)
    leg = plt.gca().get_legend()
    ltext  = leg.get_texts()  # all the text.Text instance in the legend
    plt.setp(ltext, fontsize=6)    # the legend text fontsize       
    plt.axis('scaled')      
    plt.axis([55.792,55.778,12.51,12.53])
    plt.title('Time independent spatial distribution')

    plt.xlabel('longitude')
    plt.ylabel('latitude')
    tempFilename = str(device)+'_Eval_Spatial_'+str(text)+"_"+str(checkInCounter)+'.pdf'
    filename = os.path.join(pathOut, tempFilename)
    plt.savefig(filename)
    #plt.show()

def
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng):
    # ratio when social score is highest on the users position and ratio when the social score
i lowest
    # friend attraction should not allways add up to one but depend on the average co-occurence
ratio.
    # I guess one could say that this is somehow worked into the weighting though i would seem
that it is kind of opposite
    
    ratioOut = []
    socialArray = []
    periodicArray = []
    for outlier in outliers:
        t = getWeekHour(float(outlier[0]))
        approvedCheckIns = []                       
        friendCounter = -1
        for friend in friendTraining:
            friendCounter += 1
            approvedCheckIns.append([])                     
            for checkIn in friend:
                if float(outlier[0])-float(checkIn[0]) < 0:
                    break
                if float(outlier[0])-float(checkIn[0]) > 0 and
float(outlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                    approvedCheckIns[friendCounter].append(checkIn)
        #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
        #socialguessDelta,scoreSocial =
getSocialFuncMax(float(outlier[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
        jimmy,scoreSocial =
socialDistribution([outlier[1],outlier[2]],float(outlier[0]),alpha,beta,approvedCheckIns,frien
Score)
        score =
probDist([outlier[1],outlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,
ux,muy,cov)
        if scoreSocial > 0.01:
            socialArray.append(scoreSocial)

        if score != 0:
            periodicArray.append(-score)
        if scoreSocial > 0.01 and score != 0:
            ratioOut.append(-score/scoreSocial)         
    if socialArray == [] or ratioOut == []:
        xOpt = 0
        muOut = 0
        muIn = 1
    else:
        muOut2 = mean(ratioOut)
        muOut = mean(periodicArray)/mean(socialArray)
        print "meanOut",muOut
        sigmaOut = variance(ratioOut)**(0.5)*(muOut/muOut2)         

        ratioIn = []
        socialArray = []
        periodicArray = []  
        for inlier in withOutOutliers:
            t = getWeekHour(float(inlier[0]))
            approvedCheckIns = []                       
            friendCounter = -1
            for friend in friendTraining:
                friendCounter += 1
                approvedCheckIns.append([])                     
                for checkIn in friend:
                    if float(inlier[0])-float(checkIn[0]) < 0:
                        break
                    if float(inlier[0])-float(checkIn[0]) > 0 and
float(inlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                        approvedCheckIns[friendCounter].append(checkIn)
            #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #socialguessDelta,scoreSocial =
getSocialFuncMax(float(inlier[0]),alpha,beta,training,friends,friendScore,friendActualLocation
friendTraining,True)
            jimmy,scoreSocial =
socialDistribution([inlier[1],inlier[2]],float(inlier[0]),alpha,beta,approvedCheckIns,friendSc
re)
            score =
probDist([inlier[1],inlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mu
,muy,cov)
            if scoreSocial > 0.01:
                socialArray.append(scoreSocial)
            if score != 0:
                periodicArray.append(-score)
            if scoreSocial > 0.01 and -score > 0.01:
                ratioIn.append(-score/scoreSocial)      

        if socialArray == [] or ratioIn == []:
            xOpt = 0
            muOut = 0
            muIn = 1
        else:
            muIn2 = mean(ratioIn)
            muIn = mean(periodicArray)/mean(socialArray)
            print "meanIn",muIn
            sigmaIn = variance(ratioIn)**(0.5)*(muIn/muIn2)     

            if muIn > muOut:    
                myMin = muOut
                myMax = muIn
            else:
                myMin = muIn
                myMax = muOut       

            xOpt = fsolve(lambda x : mlab.normpdf(x,muOut,sigmaOut) -
mlab.normpdf(x,muIn,sigmaIn),(muIn+muOut)/2)
            if xOpt < myMin or xOpt > myMax:
                xOpt = (muIn+muOut)/2

    print xOpt,muIn,muOut
    return xOpt,muIn,muOut  
                    
def
drawTemporalPlots(sortedAccesspoints,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,post
ix):    
        plt.figure(1)
        plt.clf() 
        plt.figure(2)           
        plt.clf() 
        plt.figure(3)           
        plt.clf()
        
        print "der tegnes temporale plots... Vaersgooo!!!"
        # spatial distribution of training set
        colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]
        
        #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
        loc = -1
        plt.figure(10)
        plt.clf()
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter([x+0.0001*random.uniform(-1,1) for x in

l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        loc = -1        
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')    
        #legend(loc="upper right",shadow=True, fancybox=True)
        #leg = plt.gca().get_legend()
        #ltext  = leg.get_texts()  # all the text.Text instance in the legend
        #plt.setp(ltext, fontsize=6)    # the legend text fontsize      
        plt.axis('scaled')      
        plt.axis([55.792,55.778,12.51,12.53])
        plt.title('spatial distribution')
        plt.xlabel('longitude')
        plt.ylabel('latitude')
        tempFilename = str(device)+'_EM_FIG_'+str(postfix)+'.pdf'
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
        
        # temporal function distribution
        xet = range(168)
        ca = 0
        for ca in range(len(dailies)):
            plt.figure(2)
            if ca == (len(dailies)-1):
                ca = -1
        
plt.plot(xet,[temporalDistribution(x,dailyTemporalAverages,dailyWeights,sortedAccesspoints,ca,
ffCampusWeekProbs) for x in xet],color=colors[ca])
        tempFilename = str(device)+"temporal_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.axis([0,170,0,1.1])
        plt.title('time dependant location probability')
        plt.xlabel('weekly hour')
        plt.ylabel('probability')
        plt.savefig(filename)
        
        
        # temporal distribution of training set
        for ca in range(len(dailies)):
            yet = []
            xerne = []
            icounter = -1
            for i in dailies[ca]:
                icounter += 1
                for j in i:
                    xerne.append(j+icounter*24)
                    yet.append(1*ca)
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            centroids_new = [[1,1]]
            iterationCounter = 0
            pTotalOld = 0
            pTotalNew = 1
            try:
                while pTotalNew > pTotalOld: #locationSizes_old != locationSizes_new and
centroids_old != centroids_new:
                    iterationCounter += 1
                    print "EM iteration",iterationCounter
                    locationSizes_old = locationSizes_new
                    centroids_old = centroids_new
                    pTotalOld = pTotalNew
                    
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'

                    # calculate mean, variance, and covariance for the "piles"
                    locationSizes_new = []  
                    centroids_new = []      
                    sigmax = []
                    sigmay = []

                    mux = []
                    muy = []
                    cov = []
                    for i in range(len(L)): 
                        locationSizes_new.append(len(L[i][1]))
                        if needSpecialVar:
                            sigmax.append((0.000000000001)**(0.5)/varianceModifier)         
                            sigmay.append((0.000000000001)**(0.5)/varianceModifier)
                            needSpecialVar = False
                        else:
                            sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
                            sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
                        mux.append(mean(L[i][1]))
                        muy.append(mean(L[i][2]))
                        cov.append(covariance(L[i][1],L[i][2]))
                    centroids_new = [mux,muy]   
                    print cov
                    print sigmax
                    print sigmay
                    print "locationSizes",locationSizes_new
                    #print "centroids",centroids_new

                    # t should be given i weekhour 0 - 167
                    # locations is the 3 piles and should just hold the total number of
check-ins in that pile
                    # currentAccesspoint is just a number idicating which pile's
temporaldistribution that is wanted
                    # dailyAverages i a mother fucker!!!
                    dailyTemporalAverages,dailies,dailyWeights =
getDailyTemporalAverages(L,L_off)

                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])

                    if draw:
                    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,str(iteration
ounter))

                    # redistribute check-ins 
                    L = []  
                    for i in range(numLocations):
                        L.append([[],[],[]])
                    pTotalNew = 0
                    for item in origArray:

                        t = getWeekHour(float(item[0]))
                        p = []
                        # remember that the last part of most of the list is offcampus that are
not to count in the spatial distribution
                        for location in range(len(L)):
                            x = item[1]
                            y = item[2]
                        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
                        pTotalNew += max(p)
                        L_index = p.index(max(p))
                        L[L_index][0].append(item[0])
                        L[L_index][1].append(item[1])
                        L[L_index][2].append(item[2])
                    #
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'
    
                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])
                    print "loc",len(locations)
                    print "daily",len(dailyTemporalAverages)
                    print "sigmax",len(sigmax)

                    print pTotalNew
                    print pBest
                    if pTotalNew > pBest:
                        pBest = pTotalNew; locationsBest = locations; dailyTemporalAveragesBest
= dailyTemporalAverages; dailyWeightsBest = dailyWeights; sigmaxBest = sigmax; sigmayBest =
sigmay; covBest = cov;numberoflocations = numLocations

            except ValueError:
                print "value exception"
                exceptionCounter += 1
        
    #if exceptionCounter == 10:
    #
    dailyTemporalAverages = dailyTemporalAveragesBest; locations = locationsBest; dailyWeights
= dailyWeightsBest; sigmax = sigmaxBest; sigmay = sigmayBest; cov = covBest;
    print "pBest",pBest

    print "finding outliers"
    
    print "get outliers here in you know"
    print "locations number",len(locations)
    print "len daily averages",len(dailyTemporalAverages)
    print "sigmax",len(sigmax)
    
    outliers,withOutOutliers = 
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold)     
    print "calculating outlier distribution"
    alpha = 0
    beta = 0
    socialWeight = 0
    if len(outliers) != 0:
        alpha = calcTimeDecay(outliers)
        beta = calcDistanceDecay(outliers)

        # for outliers calculate periodic guess and social guess and find ratio between
guesses.
        # calculate mean of all ratios and use as weight
        print "calculating social weight"
        socialWeight,muIn,muOut =
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng)
        print socialWeight
        if muOut > muIn:
            print "socialWeight exception!"
            exceptionCounter = 0

        print "redistributing check-ins"
        # redistribute check-ins 
        L = []  
        for i in range(len(locations)):
            L.append([[],[],[]])
            
        print "get outliers here in you know"
        print "locations number",len(locations)
        print "len daily averages",len(dailyTemporalAverages)
        print "sigmax",len(sigmax)
        for item in withOutOutliers:
            t = getWeekHour(float(item[0]))
            p = []
            # remember that the last part of most of the list is offcampus that are not to
count in the spatial distribution
            for location in range(len(L)-1):
                x = item[1]

                y = item[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
            L_index = p.index(max(p))
            L[L_index][0].append(item[0])
            L[L_index][1].append(item[1])
            L[L_index][2].append(item[2])

        for item in outliers:
            L[-1][0].append(item[0])
            L[-1][1].append(item[1])
            L[-1][2].append(item[2])    
            
        for i in L:
            if i == [[],[],[]]:
                L.remove(i)
                numLocations = len(L)
                print 'something has been removed'  

    # calculate mean, variance, and covariance for the "piles"
    locationSizes_new = []  
    centroids_new = []      
    sigmax = []
    sigmay = []
    mux = []
    muy = []
    cov = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
        sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
        sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
        mux.append(mean(L[i][1]))
        muy.append(mean(L[i][2]))
        cov.append(covariance(L[i][1],L[i][2]))
    centroids_new = [mux,muy]
    
    locations = []
    for location in L:
        locations.append([0,len(location[0])])
    for location in L_off:
        locations.append([0,len(location[0])])

    locationSizes_new = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
    print "locationSizes",locationSizes_new

    
    dailyTemporalAverages,dailies,dailyWeights = getDailyTemporalAverages(L,L_off)
    muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold =
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov)

    print "drawing temporal plots"
    if draw:
    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,"IsolatedOutl
ers")

    print "evaluating model"
    meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedD
st,meanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRa
io,exactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCa
pusCounter,socialCheckInCounter =
evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight)
    print "check-ins on/off campus:",onCampusCheckIns,"/",actualOffCampusCounter
    print "percentage of offcampus check-ins successfully guessed:",offCampusSuccessRatio
    print "average distance between guess and actual position in meters
(meanDistCombined):",1000*meanDistCombined,1000*meanAccesspointParallel
    print "average distance between guess and actual position in meters
(meanDistPeriodic):",1000*meanDistPeriodic,1000*meanAccesspointGuess
    print "average distance between guess and actual position in meters
(meanDistSocial):",1000*meanDistSocial
    print "average distance between guess and actual position in meters
(meanDistSocialDelta):",1000*meanDistSocialDelta
    print "average distance between guess and actual position in meters
(meanCombinedWeigthedDist):",1000*meanCombinedWeigthedDist,1000*meanAccesspointGuessWeighted
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitCombinedRatio):",exactFitCombinedRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitPeriodicRatio):",exactFitPeriodicRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitSocialRatio):",exactFitSocialRatio
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
                    

    
def

evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight):
    distSocialError = []
    distSocialDeltaError = []
    combinedWeigthedDistError = []
    distCombinedError = []
    distPeriodicError = []
    exactFitsCombined = 0
    exactFitsPeriodic = 0
    exactFitsSocial = 0
    actualOffCampusCounter = 0
    guessOffCampus = 0
    offCampusSuccess = 0
    checkInCounter = 0
    accesspointGuessWeightedError = []
    accesspointGuessError = []
    accesspointParallelError = []
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)
    training = False
    socialCheckInCounter = 0
    onCampusCheckIns = 0
    for checkIn in evalArray:
        onCampus = True
        checkInCounter += 1
        print "eval check in",checkInCounter,"of",len(evalArray)
        t = getWeekHour(float(checkIn[0]))
        actualPosition = [float(checkIn[1]),float(checkIn[2])]
        
        if actualPosition == [55.0,12.0]:
            actualOffCampusCounter += 1
            actualPosition = "off_campus"
        
        if
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,len(locations)-1,offCampus
eekProbs) > 0.6: #len(locations)-1 is the last element since 0 also counts          
            onCampus = False
            guessOffCampus += 1
            guess = "off_campus"
            if actualPosition == guess:
                offCampusSuccess += 1
        else:
            if actualPosition != "off_campus":
                offCampusSuccess += 1
        
        if actualPosition != "off_campus":
            onCampusCheckIns += 1
            socialCheckIn = False

            
            # if guess from the periodic model is not confident enough according to the
Chauvenet's criterion the check-in will be treated as a social checkin
            p = []
            for location in range(len(locations)-2):
                x = checkIn[1]
                y = checkIn[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
            outlierProb = sum(p)
            # Chauvenet's criterion (almost)
            #c = mlab.normpdf(outlierProb,muOutlierThreshold,sigmaOutlierThreshold)
            if muOutlierThreshold-outlierProb > 1.5*sigmaOutlierThreshold:
            #if c < OutlierThreshold:   
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                if maxScore > outlierProb:
                    socialCheckIn = True
                    socialCheckInCounter += 1
            
            socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
            if socialCheckIn:
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                socialguess,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,False)
                #calculate distance error
                distSocial =
getDistance([float(socialguess[0]),float(socialguess[1])],actualPosition)
                distSocialDelta =
getDistance([float(socialguessDelta[0]),float(socialguessDelta[1])],actualPosition)
            
            guess,maxScore =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #calculate distance error
            distPeriodic = getDistance([float(guess[0]),float(guess[1])],actualPosition)
            
            combinedWeigthedGuess =
[(guess[0]+socialWeight*socialguessDelta[0])/(socialWeight+1),(guess[1]+socialWeight*socialgue
sDelta[1])/(socialWeight+1)]
            combinedWeigthedDist =

getDistance([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],actualPosition)
            combinedWeigthedDistError.append(combinedWeigthedDist)
            if draw:
                text = 'periodic'
            
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter)

            accesspointGuessWeighted =
getNearestKnownAccesspoint([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],a
tualPosition)
            dist1 =
getDistance([float(accesspointGuessWeighted[0]),float(accesspointGuessWeighted[1])],actualPosi
ion)
            accesspointGuessWeightedError.append(dist1)
            accesspointGuess =
getNearestKnownAccesspoint([float(guess[0]),float(guess[1])],actualPosition)
            dist2 =
getDistance([float(accesspointGuess[0]),float(accesspointGuess[1])],actualPosition)
            accesspointGuessError.append(dist2)
            if socialCheckIn:
                accesspointParallel =
getNearestKnownAccesspoint(socialguessDelta,actualPosition)
            else:       
                accesspointParallel = accesspointGuess
            dist3 =
getDistance([float(accesspointParallel[0]),float(accesspointParallel[1])],actualPosition)
            accesspointParallelError.append(dist3)  
            
            if socialCheckIn:
                distCombined = distSocialDelta
                distSocialError.append(distSocialDelta)
                distSocialDeltaError.append(distSocialDelta)
                distCombinedError.append(distCombined)  
                if distSocial < 0.010:
                    exactFitsSocial += 1
                
            else:
                distCombined = distPeriodic
            
distPeriodicError.append(getDistance([float(guess[0]),float(guess[1])],actualPosition))
                distCombinedError.append(distCombined)  
            
            if dist3 < 0.010:
                exactFitsCombined += 1
            
            if dist2 < 0.010:
                exactFitsPeriodic += 1      

            

    if offCampusSuccess != 0:
        offCampusSuccessRatio = offCampusSuccess/len(evalArray)
    else:
        offCampusSuccessRatio = 0
    meanDistCombined = mean(distCombinedError)
    meanAccesspointParallel = mean(accesspointParallelError)
    meanDistPeriodic = mean(distPeriodicError)
    meanAccesspointGuess = mean(accesspointGuessError)
    meanDistSocial = mean(distSocialError)
    meanDistSocialDelta = mean(distSocialDeltaError)
    meanCombinedWeigthedDist = mean(combinedWeigthedDistError)
    meanAccesspointGuessWeighted = mean(accesspointGuessWeightedError)
    if onCampusCheckIns != 0:
        exactFitCombinedRatio = exactFitsCombined/onCampusCheckIns
        exactFitPeriodicRatio = exactFitsPeriodic/onCampusCheckIns
    else:
        exactFitCombinedRatio = 0
        exactFitPeriodicRatio = 0
    if socialCheckInCounter != 0:
        exactFitSocialRatio = exactFitsSocial/socialCheckInCounter
    else:
        exactFitSocialRatio = 0
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedDist,
eanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRatio,
xactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCampus
ounter,socialCheckInCounter

def getNearestKnownAccesspoint(bestguess,actualPosition):
    shortestDist = 10000000
    for coords in uniqueCheckInCoords:
        distance = getDistance(coords,bestguess)
        if float(distance) < shortestDist:
            shortestDist = float(distance)
            bestCoords = coords
    return bestCoords

def probDist(X,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    p = 0
    for location in range(len(locations)-2): #excluding offcampus and outliers
        p +=
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampusWeekProb
)*faerdigRet(X[0],X[1],sigmax[location],sigmay[location],mux[location],muy[location],cov[locati
n])
        

    return -p
    
def getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    params = [t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov]
    maxcoords,maxScore,otherStuff =
scipy.optimize.fmin_l_bfgs_b(probDist,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords, maxScore

#needs to be there for the optimization function to work...
def fcons(X,t,alpha,beta,approvedCheckIns,friendScore):
    return X[0]

def socialMaxhelp(X,t,alpha,beta,approvedCheckIns,friendScore):
    score,scoreDelta = socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore)
    return -score 

def
getSocialFuncMax(t,alpha,beta,training,friends,friendScore,friendActualLocation,friendTraining
delta):
    if training:
        friends = friendTraining
    else:
        friends = friendActualLocation
        
    approvedCheckIns = []                       
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        approvedCheckIns.append([])                     
        for checkIn in friend:
            if t-float(checkIn[0]) < 0:
                break
            if t-float(checkIn[0]) > 0 and t-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                approvedCheckIns[friendCounter].append(checkIn)
    params = [t,alpha,beta,approvedCheckIns,friendScore]
    if delta:
        coordScores = []
        for coords in uniqueCheckInCoords:
            score,scoreDelta =
socialDistribution(coords,t,alpha,beta,approvedCheckIns,friendScore)
            coordScores.append((coords,scoreDelta))
        maxcoords = max(coordScores, key=lambda x: x[1])[0]
        maxScore = max(coordScores, key=lambda x: x[1])[1]
    else:
        maxcoords = scipy.optimize.fmin_cobyla(socialMaxhelp,[55.7865,12.52],fcons,args=params)
        maxScore = -socialMaxhelp(maxcoords,t,alpha,beta,approvedCheckIns,friendScore)
    #maxcoords,maxVal,otherStuff =

scipy.optimize.fmin_l_bfgs_b(socialDistribution,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords,maxScore

def
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter):
    colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]

    #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
    loc = -1
    plt.figure(10)
    plt.clf()
    for l,MUX,MUY in zip(L,mux,muy):    
        loc += 1
        plt.scatter([x+0.0001*random.uniform(-1,1) for x in
l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')
    plt.scatter(guess[0],guess[1],s=120,color='c',marker='s',label='guess')
    #plt.scatter([x[1]+0.0001*random.uniform(-1,1) for x in
approvedCheckIns],[y[2]+0.0001*random.uniform(-1,1) for y in
approvedCheckIns],s=20,color='c',marker='o',label='friends')

    Z = []
    for location in range(len(locations)-2): #excluding offcampus
    
Z.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*mlab.bivariate_normal(X,Y,sigmax[location],sigmay[location],mux[location],muy[locati
n],cov[location]))

    Zet = Z[0]
    first = True
    for i in Z:
        if first:
            first = False
        else:
            Zet += i
    plt.contour(X, Y, Zet)

    legend(loc="upper right",shadow=True, fancybox=True)
    leg = plt.gca().get_legend()
    ltext  = leg.get_texts()  # all the text.Text instance in the legend
    plt.setp(ltext, fontsize=6)    # the legend text fontsize       
    plt.axis('scaled')      
    plt.axis([55.792,55.778,12.51,12.53])
    plt.title('Time independent spatial distribution')

    plt.xlabel('longitude')
    plt.ylabel('latitude')
    tempFilename = str(device)+'_Eval_Spatial_'+str(text)+"_"+str(checkInCounter)+'.pdf'
    filename = os.path.join(pathOut, tempFilename)
    plt.savefig(filename)
    #plt.show()

def
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng):
    # ratio when social score is highest on the users position and ratio when the social score
i lowest
    # friend attraction should not allways add up to one but depend on the average co-occurence
ratio.
    # I guess one could say that this is somehow worked into the weighting though i would seem
that it is kind of opposite
    
    ratioOut = []
    socialArray = []
    periodicArray = []
    for outlier in outliers:
        t = getWeekHour(float(outlier[0]))
        approvedCheckIns = []                       
        friendCounter = -1
        for friend in friendTraining:
            friendCounter += 1
            approvedCheckIns.append([])                     
            for checkIn in friend:
                if float(outlier[0])-float(checkIn[0]) < 0:
                    break
                if float(outlier[0])-float(checkIn[0]) > 0 and
float(outlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                    approvedCheckIns[friendCounter].append(checkIn)
        #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
        #socialguessDelta,scoreSocial =
getSocialFuncMax(float(outlier[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
        jimmy,scoreSocial =
socialDistribution([outlier[1],outlier[2]],float(outlier[0]),alpha,beta,approvedCheckIns,frien
Score)
        score =
probDist([outlier[1],outlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,
ux,muy,cov)
        if scoreSocial > 0.01:
            socialArray.append(scoreSocial)

        if score != 0:
            periodicArray.append(-score)
        if scoreSocial > 0.01 and score != 0:
            ratioOut.append(-score/scoreSocial)         
    if socialArray == [] or ratioOut == []:
        xOpt = 0
        muOut = 0
        muIn = 1
    else:
        muOut2 = mean(ratioOut)
        muOut = mean(periodicArray)/mean(socialArray)
        print "meanOut",muOut
        sigmaOut = variance(ratioOut)**(0.5)*(muOut/muOut2)         

        ratioIn = []
        socialArray = []
        periodicArray = []  
        for inlier in withOutOutliers:
            t = getWeekHour(float(inlier[0]))
            approvedCheckIns = []                       
            friendCounter = -1
            for friend in friendTraining:
                friendCounter += 1
                approvedCheckIns.append([])                     
                for checkIn in friend:
                    if float(inlier[0])-float(checkIn[0]) < 0:
                        break
                    if float(inlier[0])-float(checkIn[0]) > 0 and
float(inlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                        approvedCheckIns[friendCounter].append(checkIn)
            #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #socialguessDelta,scoreSocial =
getSocialFuncMax(float(inlier[0]),alpha,beta,training,friends,friendScore,friendActualLocation
friendTraining,True)
            jimmy,scoreSocial =
socialDistribution([inlier[1],inlier[2]],float(inlier[0]),alpha,beta,approvedCheckIns,friendSc
re)
            score =
probDist([inlier[1],inlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mu
,muy,cov)
            if scoreSocial > 0.01:
                socialArray.append(scoreSocial)
            if score != 0:
                periodicArray.append(-score)
            if scoreSocial > 0.01 and -score > 0.01:
                ratioIn.append(-score/scoreSocial)      

        if socialArray == [] or ratioIn == []:
            xOpt = 0
            muOut = 0
            muIn = 1
        else:
            muIn2 = mean(ratioIn)
            muIn = mean(periodicArray)/mean(socialArray)
            print "meanIn",muIn
            sigmaIn = variance(ratioIn)**(0.5)*(muIn/muIn2)     

            if muIn > muOut:    
                myMin = muOut
                myMax = muIn
            else:
                myMin = muIn
                myMax = muOut       

            xOpt = fsolve(lambda x : mlab.normpdf(x,muOut,sigmaOut) -
mlab.normpdf(x,muIn,sigmaIn),(muIn+muOut)/2)
            if xOpt < myMin or xOpt > myMax:
                xOpt = (muIn+muOut)/2

    print xOpt,muIn,muOut
    return xOpt,muIn,muOut  
                    
def
drawTemporalPlots(sortedAccesspoints,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,post
ix):    
        plt.figure(1)
        plt.clf() 
        plt.figure(2)           
        plt.clf() 
        plt.figure(3)           
        plt.clf()
        
        print "der tegnes temporale plots... Vaersgooo!!!"
        # spatial distribution of training set
        colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]
        
        #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
        loc = -1
        plt.figure(10)
        plt.clf()
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter([x+0.0001*random.uniform(-1,1) for x in

l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        loc = -1        
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')    
        #legend(loc="upper right",shadow=True, fancybox=True)
        #leg = plt.gca().get_legend()
        #ltext  = leg.get_texts()  # all the text.Text instance in the legend
        #plt.setp(ltext, fontsize=6)    # the legend text fontsize      
        plt.axis('scaled')      
        plt.axis([55.792,55.778,12.51,12.53])
        plt.title('spatial distribution')
        plt.xlabel('longitude')
        plt.ylabel('latitude')
        tempFilename = str(device)+'_EM_FIG_'+str(postfix)+'.pdf'
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
        
        # temporal function distribution
        xet = range(168)
        ca = 0
        for ca in range(len(dailies)):
            plt.figure(2)
            if ca == (len(dailies)-1):
                ca = -1
        
plt.plot(xet,[temporalDistribution(x,dailyTemporalAverages,dailyWeights,sortedAccesspoints,ca,
ffCampusWeekProbs) for x in xet],color=colors[ca])
        tempFilename = str(device)+"temporal_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.axis([0,170,0,1.1])
        plt.title('time dependant location probability')
        plt.xlabel('weekly hour')
        plt.ylabel('probability')
        plt.savefig(filename)
        
        
        # temporal distribution of training set
        for ca in range(len(dailies)):
            yet = []
            xerne = []
            icounter = -1
            for i in dailies[ca]:
                icounter += 1
                for j in i:
                    xerne.append(j+icounter*24)
                    yet.append(1*ca)

            plt.figure(3)   
            if ca == (len(dailies)-1):
                ca = -1     
            plt.scatter(xerne,[b+0.2*random.uniform(-1,1) for b in yet],color=colors[ca])
        plt.title('temporal distribution')
        plt.xlabel('weekly hour')
        plt.axis([0,170,-1,max(yet)+1])
        tempFilename = str(device)+"check_in_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
            

def buildMFLModel(timeAndPlaceTraining):
    checkInCoords = getCoordinates(timeAndPlaceTraining)
    uniqueCheckInCoords = []
    for checkIn in checkInCoords:
        if [checkIn[1],checkIn[2]] not in uniqueCheckInCoords:
            uniqueCheckInCoords.append([checkIn[1],checkIn[2]])
    locations = []      
    locationCounter = -1
    for coords in uniqueCheckInCoords:
        locationCounter += 1
        locations.append([])
        for checkIn in checkInCoords:
            if [checkIn[1],checkIn[2]] == coords:
                locations[locationCounter].append(checkIn)
    weeklyCheckIns = []
    locationCounter = -1
    for location in locations:
        locationCounter += 1
        weeklyCheckIns.append([])
        for i in range(168):
            weeklyCheckIns[locationCounter].append(0)
        for checkIn in location:
            weekHour = getWeekHour(float(checkIn[0]))
            weeklyCheckIns[locationCounter][weekHour] += 1
    
    return weeklyCheckIns,uniqueCheckInCoords
            
def MostFrequentedLocation(timeAndPlaceTraining,timeAndPlaceEval):  
    #very like temporal model
    weeklyCheckIns,uniqueCheckInCoords = buildMFLModel(timeAndPlaceTraining)
    distCombinedError = []
    evalCheckIns = getCoordinates(timeAndPlaceEval)
    exactFits = 0
    totalCheckInsEval = 0
    for checkIn in evalCheckIns:
        totalCheckInsEval += 1
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                    mux = []
                    muy = []
                    cov = []
                    for i in range(len(L)): 
                        locationSizes_new.append(len(L[i][1]))
                        if needSpecialVar:
                            sigmax.append((0.000000000001)**(0.5)/varianceModifier)         
                            sigmay.append((0.000000000001)**(0.5)/varianceModifier)
                            needSpecialVar = False
                        else:
                            sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
                            sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
                        mux.append(mean(L[i][1]))
                        muy.append(mean(L[i][2]))
                        cov.append(covariance(L[i][1],L[i][2]))
                    centroids_new = [mux,muy]   
                    print cov
                    print sigmax
                    print sigmay
                    print "locationSizes",locationSizes_new
                    #print "centroids",centroids_new

                    # t should be given i weekhour 0 - 167
                    # locations is the 3 piles and should just hold the total number of
check-ins in that pile
                    # currentAccesspoint is just a number idicating which pile's
temporaldistribution that is wanted
                    # dailyAverages i a mother fucker!!!
                    dailyTemporalAverages,dailies,dailyWeights =
getDailyTemporalAverages(L,L_off)

                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])

                    if draw:
                    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,str(iteration
ounter))

                    # redistribute check-ins 
                    L = []  
                    for i in range(numLocations):
                        L.append([[],[],[]])
                    pTotalNew = 0
                    for item in origArray:

                        t = getWeekHour(float(item[0]))
                        p = []
                        # remember that the last part of most of the list is offcampus that are
not to count in the spatial distribution
                        for location in range(len(L)):
                            x = item[1]
                            y = item[2]
                        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
                        pTotalNew += max(p)
                        L_index = p.index(max(p))
                        L[L_index][0].append(item[0])
                        L[L_index][1].append(item[1])
                        L[L_index][2].append(item[2])
                    #
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'
    
                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])
                    print "loc",len(locations)
                    print "daily",len(dailyTemporalAverages)
                    print "sigmax",len(sigmax)

                    print pTotalNew
                    print pBest
                    if pTotalNew > pBest:
                        pBest = pTotalNew; locationsBest = locations; dailyTemporalAveragesBest
= dailyTemporalAverages; dailyWeightsBest = dailyWeights; sigmaxBest = sigmax; sigmayBest =
sigmay; covBest = cov;numberoflocations = numLocations

            except ValueError:
                print "value exception"
                exceptionCounter += 1
        
    #if exceptionCounter == 10:
    #
    dailyTemporalAverages = dailyTemporalAveragesBest; locations = locationsBest; dailyWeights
= dailyWeightsBest; sigmax = sigmaxBest; sigmay = sigmayBest; cov = covBest;
    print "pBest",pBest

    print "finding outliers"
    
    print "get outliers here in you know"
    print "locations number",len(locations)
    print "len daily averages",len(dailyTemporalAverages)
    print "sigmax",len(sigmax)
    
    outliers,withOutOutliers = 
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold)     
    print "calculating outlier distribution"
    alpha = 0
    beta = 0
    socialWeight = 0
    if len(outliers) != 0:
        alpha = calcTimeDecay(outliers)
        beta = calcDistanceDecay(outliers)

        # for outliers calculate periodic guess and social guess and find ratio between
guesses.
        # calculate mean of all ratios and use as weight
        print "calculating social weight"
        socialWeight,muIn,muOut =
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng)
        print socialWeight
        if muOut > muIn:
            print "socialWeight exception!"
            exceptionCounter = 0

        print "redistributing check-ins"
        # redistribute check-ins 
        L = []  
        for i in range(len(locations)):
            L.append([[],[],[]])
            
        print "get outliers here in you know"
        print "locations number",len(locations)
        print "len daily averages",len(dailyTemporalAverages)
        print "sigmax",len(sigmax)
        for item in withOutOutliers:
            t = getWeekHour(float(item[0]))
            p = []
            # remember that the last part of most of the list is offcampus that are not to
count in the spatial distribution
            for location in range(len(L)-1):
                x = item[1]

                y = item[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
            L_index = p.index(max(p))
            L[L_index][0].append(item[0])
            L[L_index][1].append(item[1])
            L[L_index][2].append(item[2])

        for item in outliers:
            L[-1][0].append(item[0])
            L[-1][1].append(item[1])
            L[-1][2].append(item[2])    
            
        for i in L:
            if i == [[],[],[]]:
                L.remove(i)
                numLocations = len(L)
                print 'something has been removed'  

    # calculate mean, variance, and covariance for the "piles"
    locationSizes_new = []  
    centroids_new = []      
    sigmax = []
    sigmay = []
    mux = []
    muy = []
    cov = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
        sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
        sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
        mux.append(mean(L[i][1]))
        muy.append(mean(L[i][2]))
        cov.append(covariance(L[i][1],L[i][2]))
    centroids_new = [mux,muy]
    
    locations = []
    for location in L:
        locations.append([0,len(location[0])])
    for location in L_off:
        locations.append([0,len(location[0])])

    locationSizes_new = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
    print "locationSizes",locationSizes_new

    
    dailyTemporalAverages,dailies,dailyWeights = getDailyTemporalAverages(L,L_off)
    muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold =
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov)

    print "drawing temporal plots"
    if draw:
    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,"IsolatedOutl
ers")

    print "evaluating model"
    meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedD
st,meanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRa
io,exactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCa
pusCounter,socialCheckInCounter =
evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight)
    print "check-ins on/off campus:",onCampusCheckIns,"/",actualOffCampusCounter
    print "percentage of offcampus check-ins successfully guessed:",offCampusSuccessRatio
    print "average distance between guess and actual position in meters
(meanDistCombined):",1000*meanDistCombined,1000*meanAccesspointParallel
    print "average distance between guess and actual position in meters
(meanDistPeriodic):",1000*meanDistPeriodic,1000*meanAccesspointGuess
    print "average distance between guess and actual position in meters
(meanDistSocial):",1000*meanDistSocial
    print "average distance between guess and actual position in meters
(meanDistSocialDelta):",1000*meanDistSocialDelta
    print "average distance between guess and actual position in meters
(meanCombinedWeigthedDist):",1000*meanCombinedWeigthedDist,1000*meanAccesspointGuessWeighted
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitCombinedRatio):",exactFitCombinedRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitPeriodicRatio):",exactFitPeriodicRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitSocialRatio):",exactFitSocialRatio
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
                    

    
def

evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight):
    distSocialError = []
    distSocialDeltaError = []
    combinedWeigthedDistError = []
    distCombinedError = []
    distPeriodicError = []
    exactFitsCombined = 0
    exactFitsPeriodic = 0
    exactFitsSocial = 0
    actualOffCampusCounter = 0
    guessOffCampus = 0
    offCampusSuccess = 0
    checkInCounter = 0
    accesspointGuessWeightedError = []
    accesspointGuessError = []
    accesspointParallelError = []
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)
    training = False
    socialCheckInCounter = 0
    onCampusCheckIns = 0
    for checkIn in evalArray:
        onCampus = True
        checkInCounter += 1
        print "eval check in",checkInCounter,"of",len(evalArray)
        t = getWeekHour(float(checkIn[0]))
        actualPosition = [float(checkIn[1]),float(checkIn[2])]
        
        if actualPosition == [55.0,12.0]:
            actualOffCampusCounter += 1
            actualPosition = "off_campus"
        
        if
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,len(locations)-1,offCampus
eekProbs) > 0.6: #len(locations)-1 is the last element since 0 also counts          
            onCampus = False
            guessOffCampus += 1
            guess = "off_campus"
            if actualPosition == guess:
                offCampusSuccess += 1
        else:
            if actualPosition != "off_campus":
                offCampusSuccess += 1
        
        if actualPosition != "off_campus":
            onCampusCheckIns += 1
            socialCheckIn = False

            
            # if guess from the periodic model is not confident enough according to the
Chauvenet's criterion the check-in will be treated as a social checkin
            p = []
            for location in range(len(locations)-2):
                x = checkIn[1]
                y = checkIn[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
            outlierProb = sum(p)
            # Chauvenet's criterion (almost)
            #c = mlab.normpdf(outlierProb,muOutlierThreshold,sigmaOutlierThreshold)
            if muOutlierThreshold-outlierProb > 1.5*sigmaOutlierThreshold:
            #if c < OutlierThreshold:   
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                if maxScore > outlierProb:
                    socialCheckIn = True
                    socialCheckInCounter += 1
            
            socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
            if socialCheckIn:
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                socialguess,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,False)
                #calculate distance error
                distSocial =
getDistance([float(socialguess[0]),float(socialguess[1])],actualPosition)
                distSocialDelta =
getDistance([float(socialguessDelta[0]),float(socialguessDelta[1])],actualPosition)
            
            guess,maxScore =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #calculate distance error
            distPeriodic = getDistance([float(guess[0]),float(guess[1])],actualPosition)
            
            combinedWeigthedGuess =
[(guess[0]+socialWeight*socialguessDelta[0])/(socialWeight+1),(guess[1]+socialWeight*socialgue
sDelta[1])/(socialWeight+1)]
            combinedWeigthedDist =

getDistance([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],actualPosition)
            combinedWeigthedDistError.append(combinedWeigthedDist)
            if draw:
                text = 'periodic'
            
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter)

            accesspointGuessWeighted =
getNearestKnownAccesspoint([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],a
tualPosition)
            dist1 =
getDistance([float(accesspointGuessWeighted[0]),float(accesspointGuessWeighted[1])],actualPosi
ion)
            accesspointGuessWeightedError.append(dist1)
            accesspointGuess =
getNearestKnownAccesspoint([float(guess[0]),float(guess[1])],actualPosition)
            dist2 =
getDistance([float(accesspointGuess[0]),float(accesspointGuess[1])],actualPosition)
            accesspointGuessError.append(dist2)
            if socialCheckIn:
                accesspointParallel =
getNearestKnownAccesspoint(socialguessDelta,actualPosition)
            else:       
                accesspointParallel = accesspointGuess
            dist3 =
getDistance([float(accesspointParallel[0]),float(accesspointParallel[1])],actualPosition)
            accesspointParallelError.append(dist3)  
            
            if socialCheckIn:
                distCombined = distSocialDelta
                distSocialError.append(distSocialDelta)
                distSocialDeltaError.append(distSocialDelta)
                distCombinedError.append(distCombined)  
                if distSocial < 0.010:
                    exactFitsSocial += 1
                
            else:
                distCombined = distPeriodic
            
distPeriodicError.append(getDistance([float(guess[0]),float(guess[1])],actualPosition))
                distCombinedError.append(distCombined)  
            
            if dist3 < 0.010:
                exactFitsCombined += 1
            
            if dist2 < 0.010:
                exactFitsPeriodic += 1      

            

    if offCampusSuccess != 0:
        offCampusSuccessRatio = offCampusSuccess/len(evalArray)
    else:
        offCampusSuccessRatio = 0
    meanDistCombined = mean(distCombinedError)
    meanAccesspointParallel = mean(accesspointParallelError)
    meanDistPeriodic = mean(distPeriodicError)
    meanAccesspointGuess = mean(accesspointGuessError)
    meanDistSocial = mean(distSocialError)
    meanDistSocialDelta = mean(distSocialDeltaError)
    meanCombinedWeigthedDist = mean(combinedWeigthedDistError)
    meanAccesspointGuessWeighted = mean(accesspointGuessWeightedError)
    if onCampusCheckIns != 0:
        exactFitCombinedRatio = exactFitsCombined/onCampusCheckIns
        exactFitPeriodicRatio = exactFitsPeriodic/onCampusCheckIns
    else:
        exactFitCombinedRatio = 0
        exactFitPeriodicRatio = 0
    if socialCheckInCounter != 0:
        exactFitSocialRatio = exactFitsSocial/socialCheckInCounter
    else:
        exactFitSocialRatio = 0
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedDist,
eanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRatio,
xactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCampus
ounter,socialCheckInCounter

def getNearestKnownAccesspoint(bestguess,actualPosition):
    shortestDist = 10000000
    for coords in uniqueCheckInCoords:
        distance = getDistance(coords,bestguess)
        if float(distance) < shortestDist:
            shortestDist = float(distance)
            bestCoords = coords
    return bestCoords

def probDist(X,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    p = 0
    for location in range(len(locations)-2): #excluding offcampus and outliers
        p +=
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampusWeekProb
)*faerdigRet(X[0],X[1],sigmax[location],sigmay[location],mux[location],muy[location],cov[locati
n])
        

    return -p
    
def getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    params = [t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov]
    maxcoords,maxScore,otherStuff =
scipy.optimize.fmin_l_bfgs_b(probDist,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords, maxScore

#needs to be there for the optimization function to work...
def fcons(X,t,alpha,beta,approvedCheckIns,friendScore):
    return X[0]

def socialMaxhelp(X,t,alpha,beta,approvedCheckIns,friendScore):
    score,scoreDelta = socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore)
    return -score 

def
getSocialFuncMax(t,alpha,beta,training,friends,friendScore,friendActualLocation,friendTraining
delta):
    if training:
        friends = friendTraining
    else:
        friends = friendActualLocation
        
    approvedCheckIns = []                       
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        approvedCheckIns.append([])                     
        for checkIn in friend:
            if t-float(checkIn[0]) < 0:
                break
            if t-float(checkIn[0]) > 0 and t-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                approvedCheckIns[friendCounter].append(checkIn)
    params = [t,alpha,beta,approvedCheckIns,friendScore]
    if delta:
        coordScores = []
        for coords in uniqueCheckInCoords:
            score,scoreDelta =
socialDistribution(coords,t,alpha,beta,approvedCheckIns,friendScore)
            coordScores.append((coords,scoreDelta))
        maxcoords = max(coordScores, key=lambda x: x[1])[0]
        maxScore = max(coordScores, key=lambda x: x[1])[1]
    else:
        maxcoords = scipy.optimize.fmin_cobyla(socialMaxhelp,[55.7865,12.52],fcons,args=params)
        maxScore = -socialMaxhelp(maxcoords,t,alpha,beta,approvedCheckIns,friendScore)
    #maxcoords,maxVal,otherStuff =

scipy.optimize.fmin_l_bfgs_b(socialDistribution,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords,maxScore

def
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter):
    colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]

    #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
    loc = -1
    plt.figure(10)
    plt.clf()
    for l,MUX,MUY in zip(L,mux,muy):    
        loc += 1
        plt.scatter([x+0.0001*random.uniform(-1,1) for x in
l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')
    plt.scatter(guess[0],guess[1],s=120,color='c',marker='s',label='guess')
    #plt.scatter([x[1]+0.0001*random.uniform(-1,1) for x in
approvedCheckIns],[y[2]+0.0001*random.uniform(-1,1) for y in
approvedCheckIns],s=20,color='c',marker='o',label='friends')

    Z = []
    for location in range(len(locations)-2): #excluding offcampus
    
Z.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*mlab.bivariate_normal(X,Y,sigmax[location],sigmay[location],mux[location],muy[locati
n],cov[location]))

    Zet = Z[0]
    first = True
    for i in Z:
        if first:
            first = False
        else:
            Zet += i
    plt.contour(X, Y, Zet)

    legend(loc="upper right",shadow=True, fancybox=True)
    leg = plt.gca().get_legend()
    ltext  = leg.get_texts()  # all the text.Text instance in the legend
    plt.setp(ltext, fontsize=6)    # the legend text fontsize       
    plt.axis('scaled')      
    plt.axis([55.792,55.778,12.51,12.53])
    plt.title('Time independent spatial distribution')

    plt.xlabel('longitude')
    plt.ylabel('latitude')
    tempFilename = str(device)+'_Eval_Spatial_'+str(text)+"_"+str(checkInCounter)+'.pdf'
    filename = os.path.join(pathOut, tempFilename)
    plt.savefig(filename)
    #plt.show()

def
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng):
    # ratio when social score is highest on the users position and ratio when the social score
i lowest
    # friend attraction should not allways add up to one but depend on the average co-occurence
ratio.
    # I guess one could say that this is somehow worked into the weighting though i would seem
that it is kind of opposite
    
    ratioOut = []
    socialArray = []
    periodicArray = []
    for outlier in outliers:
        t = getWeekHour(float(outlier[0]))
        approvedCheckIns = []                       
        friendCounter = -1
        for friend in friendTraining:
            friendCounter += 1
            approvedCheckIns.append([])                     
            for checkIn in friend:
                if float(outlier[0])-float(checkIn[0]) < 0:
                    break
                if float(outlier[0])-float(checkIn[0]) > 0 and
float(outlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                    approvedCheckIns[friendCounter].append(checkIn)
        #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
        #socialguessDelta,scoreSocial =
getSocialFuncMax(float(outlier[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
        jimmy,scoreSocial =
socialDistribution([outlier[1],outlier[2]],float(outlier[0]),alpha,beta,approvedCheckIns,frien
Score)
        score =
probDist([outlier[1],outlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,
ux,muy,cov)
        if scoreSocial > 0.01:
            socialArray.append(scoreSocial)

        if score != 0:
            periodicArray.append(-score)
        if scoreSocial > 0.01 and score != 0:
            ratioOut.append(-score/scoreSocial)         
    if socialArray == [] or ratioOut == []:
        xOpt = 0
        muOut = 0
        muIn = 1
    else:
        muOut2 = mean(ratioOut)
        muOut = mean(periodicArray)/mean(socialArray)
        print "meanOut",muOut
        sigmaOut = variance(ratioOut)**(0.5)*(muOut/muOut2)         

        ratioIn = []
        socialArray = []
        periodicArray = []  
        for inlier in withOutOutliers:
            t = getWeekHour(float(inlier[0]))
            approvedCheckIns = []                       
            friendCounter = -1
            for friend in friendTraining:
                friendCounter += 1
                approvedCheckIns.append([])                     
                for checkIn in friend:
                    if float(inlier[0])-float(checkIn[0]) < 0:
                        break
                    if float(inlier[0])-float(checkIn[0]) > 0 and
float(inlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                        approvedCheckIns[friendCounter].append(checkIn)
            #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #socialguessDelta,scoreSocial =
getSocialFuncMax(float(inlier[0]),alpha,beta,training,friends,friendScore,friendActualLocation
friendTraining,True)
            jimmy,scoreSocial =
socialDistribution([inlier[1],inlier[2]],float(inlier[0]),alpha,beta,approvedCheckIns,friendSc
re)
            score =
probDist([inlier[1],inlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mu
,muy,cov)
            if scoreSocial > 0.01:
                socialArray.append(scoreSocial)
            if score != 0:
                periodicArray.append(-score)
            if scoreSocial > 0.01 and -score > 0.01:
                ratioIn.append(-score/scoreSocial)      

        if socialArray == [] or ratioIn == []:
            xOpt = 0
            muOut = 0
            muIn = 1
        else:
            muIn2 = mean(ratioIn)
            muIn = mean(periodicArray)/mean(socialArray)
            print "meanIn",muIn
            sigmaIn = variance(ratioIn)**(0.5)*(muIn/muIn2)     

            if muIn > muOut:    
                myMin = muOut
                myMax = muIn
            else:
                myMin = muIn
                myMax = muOut       

            xOpt = fsolve(lambda x : mlab.normpdf(x,muOut,sigmaOut) -
mlab.normpdf(x,muIn,sigmaIn),(muIn+muOut)/2)
            if xOpt < myMin or xOpt > myMax:
                xOpt = (muIn+muOut)/2

    print xOpt,muIn,muOut
    return xOpt,muIn,muOut  
                    
def
drawTemporalPlots(sortedAccesspoints,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,post
ix):    
        plt.figure(1)
        plt.clf() 
        plt.figure(2)           
        plt.clf() 
        plt.figure(3)           
        plt.clf()
        
        print "der tegnes temporale plots... Vaersgooo!!!"
        # spatial distribution of training set
        colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]
        
        #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
        loc = -1
        plt.figure(10)
        plt.clf()
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter([x+0.0001*random.uniform(-1,1) for x in

l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        loc = -1        
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')    
        #legend(loc="upper right",shadow=True, fancybox=True)
        #leg = plt.gca().get_legend()
        #ltext  = leg.get_texts()  # all the text.Text instance in the legend
        #plt.setp(ltext, fontsize=6)    # the legend text fontsize      
        plt.axis('scaled')      
        plt.axis([55.792,55.778,12.51,12.53])
        plt.title('spatial distribution')
        plt.xlabel('longitude')
        plt.ylabel('latitude')
        tempFilename = str(device)+'_EM_FIG_'+str(postfix)+'.pdf'
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
        
        # temporal function distribution
        xet = range(168)
        ca = 0
        for ca in range(len(dailies)):
            plt.figure(2)
            if ca == (len(dailies)-1):
                ca = -1
        
plt.plot(xet,[temporalDistribution(x,dailyTemporalAverages,dailyWeights,sortedAccesspoints,ca,
ffCampusWeekProbs) for x in xet],color=colors[ca])
        tempFilename = str(device)+"temporal_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.axis([0,170,0,1.1])
        plt.title('time dependant location probability')
        plt.xlabel('weekly hour')
        plt.ylabel('probability')
        plt.savefig(filename)
        
        
        # temporal distribution of training set
        for ca in range(len(dailies)):
            yet = []
            xerne = []
            icounter = -1
            for i in dailies[ca]:
                icounter += 1
                for j in i:
                    xerne.append(j+icounter*24)
                    yet.append(1*ca)

            plt.figure(3)   
            if ca == (len(dailies)-1):
                ca = -1     
            plt.scatter(xerne,[b+0.2*random.uniform(-1,1) for b in yet],color=colors[ca])
        plt.title('temporal distribution')
        plt.xlabel('weekly hour')
        plt.axis([0,170,-1,max(yet)+1])
        tempFilename = str(device)+"check_in_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
            

def buildMFLModel(timeAndPlaceTraining):
    checkInCoords = getCoordinates(timeAndPlaceTraining)
    uniqueCheckInCoords = []
    for checkIn in checkInCoords:
        if [checkIn[1],checkIn[2]] not in uniqueCheckInCoords:
            uniqueCheckInCoords.append([checkIn[1],checkIn[2]])
    locations = []      
    locationCounter = -1
    for coords in uniqueCheckInCoords:
        locationCounter += 1
        locations.append([])
        for checkIn in checkInCoords:
            if [checkIn[1],checkIn[2]] == coords:
                locations[locationCounter].append(checkIn)
    weeklyCheckIns = []
    locationCounter = -1
    for location in locations:
        locationCounter += 1
        weeklyCheckIns.append([])
        for i in range(168):
            weeklyCheckIns[locationCounter].append(0)
        for checkIn in location:
            weekHour = getWeekHour(float(checkIn[0]))
            weeklyCheckIns[locationCounter][weekHour] += 1
    
    return weeklyCheckIns,uniqueCheckInCoords
            
def MostFrequentedLocation(timeAndPlaceTraining,timeAndPlaceEval):  
    #very like temporal model
    weeklyCheckIns,uniqueCheckInCoords = buildMFLModel(timeAndPlaceTraining)
    distCombinedError = []
    evalCheckIns = getCoordinates(timeAndPlaceEval)
    exactFits = 0
    totalCheckInsEval = 0
    for checkIn in evalCheckIns:
        totalCheckInsEval += 1

        t = getWeekHour(float(checkIn[0]))
        a = []
        for i in range(len(uniqueCheckInCoords)):
            a.append(weeklyCheckIns[i][t])
        guess = uniqueCheckInCoords[a.index(max(a))]
        dist = getDistance([float(guess[0]),float(guess[1])],[checkIn[1],checkIn[2]])
        distCombinedError.append(dist)
        if dist < 0.010:
            exactFits += 1
    totalCheckInsEval = len(evalCheckIns)
    meanDist = mean(distCombinedError)*1000
    exactFitRatio = exactFits/totalCheckInsEval
    print "mean MFL",meanDist
    print "exactfits MFL",exactFitRatio
    return meanDist,exactFitRatio
    
def offCampus(allCheckIns):
    startTraining
    weekCounter = -1
    weeks = []
    for i in allCheckIns:
        if float(i[0]) > startTraining+7*24*60*60*(weekCounter+1):
            weeks.append([])
            weekCounter +=1         
        elif float(i[0]) > startTraining:
            weeks[weekCounter].append(i)
    weekProbs = []
    for i in range(168):
        weekProbs.append(0)
    for week in weeks:  
        #print "new week"
        weeklyCheckIns = []
        for i in range(168):
            weeklyCheckIns.append(0)
        for checkIn in week:
            weekHour = getWeekHour(float(checkIn[0]))
            weeklyCheckIns[weekHour] += 1
        for i in range(168):
            if weeklyCheckIns[i] > 0:
                #print weekProbs[i]
                weekProbs[i] += 1

    for i in range(168):
        weekProbs[i] = weekProbs[i]/weekCounter 
    return weekProbs

def calculateRadiusOfGyration(coords):
    Xoncamp = []
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check-ins in that pile
                    # currentAccesspoint is just a number idicating which pile's
temporaldistribution that is wanted
                    # dailyAverages i a mother fucker!!!
                    dailyTemporalAverages,dailies,dailyWeights =
getDailyTemporalAverages(L,L_off)

                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])

                    if draw:
                    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,str(iteration
ounter))

                    # redistribute check-ins 
                    L = []  
                    for i in range(numLocations):
                        L.append([[],[],[]])
                    pTotalNew = 0
                    for item in origArray:

                        t = getWeekHour(float(item[0]))
                        p = []
                        # remember that the last part of most of the list is offcampus that are
not to count in the spatial distribution
                        for location in range(len(L)):
                            x = item[1]
                            y = item[2]
                        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
                        pTotalNew += max(p)
                        L_index = p.index(max(p))
                        L[L_index][0].append(item[0])
                        L[L_index][1].append(item[1])
                        L[L_index][2].append(item[2])
                    #
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'
    
                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])
                    print "loc",len(locations)
                    print "daily",len(dailyTemporalAverages)
                    print "sigmax",len(sigmax)

                    print pTotalNew
                    print pBest
                    if pTotalNew > pBest:
                        pBest = pTotalNew; locationsBest = locations; dailyTemporalAveragesBest
= dailyTemporalAverages; dailyWeightsBest = dailyWeights; sigmaxBest = sigmax; sigmayBest =
sigmay; covBest = cov;numberoflocations = numLocations

            except ValueError:
                print "value exception"
                exceptionCounter += 1
        
    #if exceptionCounter == 10:
    #
    dailyTemporalAverages = dailyTemporalAveragesBest; locations = locationsBest; dailyWeights
= dailyWeightsBest; sigmax = sigmaxBest; sigmay = sigmayBest; cov = covBest;
    print "pBest",pBest

    print "finding outliers"
    
    print "get outliers here in you know"
    print "locations number",len(locations)
    print "len daily averages",len(dailyTemporalAverages)
    print "sigmax",len(sigmax)
    
    outliers,withOutOutliers = 
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold)     
    print "calculating outlier distribution"
    alpha = 0
    beta = 0
    socialWeight = 0
    if len(outliers) != 0:
        alpha = calcTimeDecay(outliers)
        beta = calcDistanceDecay(outliers)

        # for outliers calculate periodic guess and social guess and find ratio between
guesses.
        # calculate mean of all ratios and use as weight
        print "calculating social weight"
        socialWeight,muIn,muOut =
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng)
        print socialWeight
        if muOut > muIn:
            print "socialWeight exception!"
            exceptionCounter = 0

        print "redistributing check-ins"
        # redistribute check-ins 
        L = []  
        for i in range(len(locations)):
            L.append([[],[],[]])
            
        print "get outliers here in you know"
        print "locations number",len(locations)
        print "len daily averages",len(dailyTemporalAverages)
        print "sigmax",len(sigmax)
        for item in withOutOutliers:
            t = getWeekHour(float(item[0]))
            p = []
            # remember that the last part of most of the list is offcampus that are not to
count in the spatial distribution
            for location in range(len(L)-1):
                x = item[1]

                y = item[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
            L_index = p.index(max(p))
            L[L_index][0].append(item[0])
            L[L_index][1].append(item[1])
            L[L_index][2].append(item[2])

        for item in outliers:
            L[-1][0].append(item[0])
            L[-1][1].append(item[1])
            L[-1][2].append(item[2])    
            
        for i in L:
            if i == [[],[],[]]:
                L.remove(i)
                numLocations = len(L)
                print 'something has been removed'  

    # calculate mean, variance, and covariance for the "piles"
    locationSizes_new = []  
    centroids_new = []      
    sigmax = []
    sigmay = []
    mux = []
    muy = []
    cov = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
        sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
        sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
        mux.append(mean(L[i][1]))
        muy.append(mean(L[i][2]))
        cov.append(covariance(L[i][1],L[i][2]))
    centroids_new = [mux,muy]
    
    locations = []
    for location in L:
        locations.append([0,len(location[0])])
    for location in L_off:
        locations.append([0,len(location[0])])

    locationSizes_new = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
    print "locationSizes",locationSizes_new

    
    dailyTemporalAverages,dailies,dailyWeights = getDailyTemporalAverages(L,L_off)
    muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold =
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov)

    print "drawing temporal plots"
    if draw:
    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,"IsolatedOutl
ers")

    print "evaluating model"
    meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedD
st,meanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRa
io,exactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCa
pusCounter,socialCheckInCounter =
evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight)
    print "check-ins on/off campus:",onCampusCheckIns,"/",actualOffCampusCounter
    print "percentage of offcampus check-ins successfully guessed:",offCampusSuccessRatio
    print "average distance between guess and actual position in meters
(meanDistCombined):",1000*meanDistCombined,1000*meanAccesspointParallel
    print "average distance between guess and actual position in meters
(meanDistPeriodic):",1000*meanDistPeriodic,1000*meanAccesspointGuess
    print "average distance between guess and actual position in meters
(meanDistSocial):",1000*meanDistSocial
    print "average distance between guess and actual position in meters
(meanDistSocialDelta):",1000*meanDistSocialDelta
    print "average distance between guess and actual position in meters
(meanCombinedWeigthedDist):",1000*meanCombinedWeigthedDist,1000*meanAccesspointGuessWeighted
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitCombinedRatio):",exactFitCombinedRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitPeriodicRatio):",exactFitPeriodicRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitSocialRatio):",exactFitSocialRatio
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
                    

    
def

evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight):
    distSocialError = []
    distSocialDeltaError = []
    combinedWeigthedDistError = []
    distCombinedError = []
    distPeriodicError = []
    exactFitsCombined = 0
    exactFitsPeriodic = 0
    exactFitsSocial = 0
    actualOffCampusCounter = 0
    guessOffCampus = 0
    offCampusSuccess = 0
    checkInCounter = 0
    accesspointGuessWeightedError = []
    accesspointGuessError = []
    accesspointParallelError = []
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)
    training = False
    socialCheckInCounter = 0
    onCampusCheckIns = 0
    for checkIn in evalArray:
        onCampus = True
        checkInCounter += 1
        print "eval check in",checkInCounter,"of",len(evalArray)
        t = getWeekHour(float(checkIn[0]))
        actualPosition = [float(checkIn[1]),float(checkIn[2])]
        
        if actualPosition == [55.0,12.0]:
            actualOffCampusCounter += 1
            actualPosition = "off_campus"
        
        if
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,len(locations)-1,offCampus
eekProbs) > 0.6: #len(locations)-1 is the last element since 0 also counts          
            onCampus = False
            guessOffCampus += 1
            guess = "off_campus"
            if actualPosition == guess:
                offCampusSuccess += 1
        else:
            if actualPosition != "off_campus":
                offCampusSuccess += 1
        
        if actualPosition != "off_campus":
            onCampusCheckIns += 1
            socialCheckIn = False

            
            # if guess from the periodic model is not confident enough according to the
Chauvenet's criterion the check-in will be treated as a social checkin
            p = []
            for location in range(len(locations)-2):
                x = checkIn[1]
                y = checkIn[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
            outlierProb = sum(p)
            # Chauvenet's criterion (almost)
            #c = mlab.normpdf(outlierProb,muOutlierThreshold,sigmaOutlierThreshold)
            if muOutlierThreshold-outlierProb > 1.5*sigmaOutlierThreshold:
            #if c < OutlierThreshold:   
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                if maxScore > outlierProb:
                    socialCheckIn = True
                    socialCheckInCounter += 1
            
            socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
            if socialCheckIn:
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                socialguess,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,False)
                #calculate distance error
                distSocial =
getDistance([float(socialguess[0]),float(socialguess[1])],actualPosition)
                distSocialDelta =
getDistance([float(socialguessDelta[0]),float(socialguessDelta[1])],actualPosition)
            
            guess,maxScore =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #calculate distance error
            distPeriodic = getDistance([float(guess[0]),float(guess[1])],actualPosition)
            
            combinedWeigthedGuess =
[(guess[0]+socialWeight*socialguessDelta[0])/(socialWeight+1),(guess[1]+socialWeight*socialgue
sDelta[1])/(socialWeight+1)]
            combinedWeigthedDist =

getDistance([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],actualPosition)
            combinedWeigthedDistError.append(combinedWeigthedDist)
            if draw:
                text = 'periodic'
            
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter)

            accesspointGuessWeighted =
getNearestKnownAccesspoint([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],a
tualPosition)
            dist1 =
getDistance([float(accesspointGuessWeighted[0]),float(accesspointGuessWeighted[1])],actualPosi
ion)
            accesspointGuessWeightedError.append(dist1)
            accesspointGuess =
getNearestKnownAccesspoint([float(guess[0]),float(guess[1])],actualPosition)
            dist2 =
getDistance([float(accesspointGuess[0]),float(accesspointGuess[1])],actualPosition)
            accesspointGuessError.append(dist2)
            if socialCheckIn:
                accesspointParallel =
getNearestKnownAccesspoint(socialguessDelta,actualPosition)
            else:       
                accesspointParallel = accesspointGuess
            dist3 =
getDistance([float(accesspointParallel[0]),float(accesspointParallel[1])],actualPosition)
            accesspointParallelError.append(dist3)  
            
            if socialCheckIn:
                distCombined = distSocialDelta
                distSocialError.append(distSocialDelta)
                distSocialDeltaError.append(distSocialDelta)
                distCombinedError.append(distCombined)  
                if distSocial < 0.010:
                    exactFitsSocial += 1
                
            else:
                distCombined = distPeriodic
            
distPeriodicError.append(getDistance([float(guess[0]),float(guess[1])],actualPosition))
                distCombinedError.append(distCombined)  
            
            if dist3 < 0.010:
                exactFitsCombined += 1
            
            if dist2 < 0.010:
                exactFitsPeriodic += 1      

            

    if offCampusSuccess != 0:
        offCampusSuccessRatio = offCampusSuccess/len(evalArray)
    else:
        offCampusSuccessRatio = 0
    meanDistCombined = mean(distCombinedError)
    meanAccesspointParallel = mean(accesspointParallelError)
    meanDistPeriodic = mean(distPeriodicError)
    meanAccesspointGuess = mean(accesspointGuessError)
    meanDistSocial = mean(distSocialError)
    meanDistSocialDelta = mean(distSocialDeltaError)
    meanCombinedWeigthedDist = mean(combinedWeigthedDistError)
    meanAccesspointGuessWeighted = mean(accesspointGuessWeightedError)
    if onCampusCheckIns != 0:
        exactFitCombinedRatio = exactFitsCombined/onCampusCheckIns
        exactFitPeriodicRatio = exactFitsPeriodic/onCampusCheckIns
    else:
        exactFitCombinedRatio = 0
        exactFitPeriodicRatio = 0
    if socialCheckInCounter != 0:
        exactFitSocialRatio = exactFitsSocial/socialCheckInCounter
    else:
        exactFitSocialRatio = 0
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedDist,
eanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRatio,
xactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCampus
ounter,socialCheckInCounter

def getNearestKnownAccesspoint(bestguess,actualPosition):
    shortestDist = 10000000
    for coords in uniqueCheckInCoords:
        distance = getDistance(coords,bestguess)
        if float(distance) < shortestDist:
            shortestDist = float(distance)
            bestCoords = coords
    return bestCoords

def probDist(X,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    p = 0
    for location in range(len(locations)-2): #excluding offcampus and outliers
        p +=
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampusWeekProb
)*faerdigRet(X[0],X[1],sigmax[location],sigmay[location],mux[location],muy[location],cov[locati
n])
        

    return -p
    
def getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    params = [t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov]
    maxcoords,maxScore,otherStuff =
scipy.optimize.fmin_l_bfgs_b(probDist,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords, maxScore

#needs to be there for the optimization function to work...
def fcons(X,t,alpha,beta,approvedCheckIns,friendScore):
    return X[0]

def socialMaxhelp(X,t,alpha,beta,approvedCheckIns,friendScore):
    score,scoreDelta = socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore)
    return -score 

def
getSocialFuncMax(t,alpha,beta,training,friends,friendScore,friendActualLocation,friendTraining
delta):
    if training:
        friends = friendTraining
    else:
        friends = friendActualLocation
        
    approvedCheckIns = []                       
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        approvedCheckIns.append([])                     
        for checkIn in friend:
            if t-float(checkIn[0]) < 0:
                break
            if t-float(checkIn[0]) > 0 and t-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                approvedCheckIns[friendCounter].append(checkIn)
    params = [t,alpha,beta,approvedCheckIns,friendScore]
    if delta:
        coordScores = []
        for coords in uniqueCheckInCoords:
            score,scoreDelta =
socialDistribution(coords,t,alpha,beta,approvedCheckIns,friendScore)
            coordScores.append((coords,scoreDelta))
        maxcoords = max(coordScores, key=lambda x: x[1])[0]
        maxScore = max(coordScores, key=lambda x: x[1])[1]
    else:
        maxcoords = scipy.optimize.fmin_cobyla(socialMaxhelp,[55.7865,12.52],fcons,args=params)
        maxScore = -socialMaxhelp(maxcoords,t,alpha,beta,approvedCheckIns,friendScore)
    #maxcoords,maxVal,otherStuff =

scipy.optimize.fmin_l_bfgs_b(socialDistribution,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords,maxScore

def
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter):
    colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]

    #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
    loc = -1
    plt.figure(10)
    plt.clf()
    for l,MUX,MUY in zip(L,mux,muy):    
        loc += 1
        plt.scatter([x+0.0001*random.uniform(-1,1) for x in
l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')
    plt.scatter(guess[0],guess[1],s=120,color='c',marker='s',label='guess')
    #plt.scatter([x[1]+0.0001*random.uniform(-1,1) for x in
approvedCheckIns],[y[2]+0.0001*random.uniform(-1,1) for y in
approvedCheckIns],s=20,color='c',marker='o',label='friends')

    Z = []
    for location in range(len(locations)-2): #excluding offcampus
    
Z.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*mlab.bivariate_normal(X,Y,sigmax[location],sigmay[location],mux[location],muy[locati
n],cov[location]))

    Zet = Z[0]
    first = True
    for i in Z:
        if first:
            first = False
        else:
            Zet += i
    plt.contour(X, Y, Zet)

    legend(loc="upper right",shadow=True, fancybox=True)
    leg = plt.gca().get_legend()
    ltext  = leg.get_texts()  # all the text.Text instance in the legend
    plt.setp(ltext, fontsize=6)    # the legend text fontsize       
    plt.axis('scaled')      
    plt.axis([55.792,55.778,12.51,12.53])
    plt.title('Time independent spatial distribution')

    plt.xlabel('longitude')
    plt.ylabel('latitude')
    tempFilename = str(device)+'_Eval_Spatial_'+str(text)+"_"+str(checkInCounter)+'.pdf'
    filename = os.path.join(pathOut, tempFilename)
    plt.savefig(filename)
    #plt.show()

def
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng):
    # ratio when social score is highest on the users position and ratio when the social score
i lowest
    # friend attraction should not allways add up to one but depend on the average co-occurence
ratio.
    # I guess one could say that this is somehow worked into the weighting though i would seem
that it is kind of opposite
    
    ratioOut = []
    socialArray = []
    periodicArray = []
    for outlier in outliers:
        t = getWeekHour(float(outlier[0]))
        approvedCheckIns = []                       
        friendCounter = -1
        for friend in friendTraining:
            friendCounter += 1
            approvedCheckIns.append([])                     
            for checkIn in friend:
                if float(outlier[0])-float(checkIn[0]) < 0:
                    break
                if float(outlier[0])-float(checkIn[0]) > 0 and
float(outlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                    approvedCheckIns[friendCounter].append(checkIn)
        #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
        #socialguessDelta,scoreSocial =
getSocialFuncMax(float(outlier[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
        jimmy,scoreSocial =
socialDistribution([outlier[1],outlier[2]],float(outlier[0]),alpha,beta,approvedCheckIns,frien
Score)
        score =
probDist([outlier[1],outlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,
ux,muy,cov)
        if scoreSocial > 0.01:
            socialArray.append(scoreSocial)

        if score != 0:
            periodicArray.append(-score)
        if scoreSocial > 0.01 and score != 0:
            ratioOut.append(-score/scoreSocial)         
    if socialArray == [] or ratioOut == []:
        xOpt = 0
        muOut = 0
        muIn = 1
    else:
        muOut2 = mean(ratioOut)
        muOut = mean(periodicArray)/mean(socialArray)
        print "meanOut",muOut
        sigmaOut = variance(ratioOut)**(0.5)*(muOut/muOut2)         

        ratioIn = []
        socialArray = []
        periodicArray = []  
        for inlier in withOutOutliers:
            t = getWeekHour(float(inlier[0]))
            approvedCheckIns = []                       
            friendCounter = -1
            for friend in friendTraining:
                friendCounter += 1
                approvedCheckIns.append([])                     
                for checkIn in friend:
                    if float(inlier[0])-float(checkIn[0]) < 0:
                        break
                    if float(inlier[0])-float(checkIn[0]) > 0 and
float(inlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                        approvedCheckIns[friendCounter].append(checkIn)
            #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #socialguessDelta,scoreSocial =
getSocialFuncMax(float(inlier[0]),alpha,beta,training,friends,friendScore,friendActualLocation
friendTraining,True)
            jimmy,scoreSocial =
socialDistribution([inlier[1],inlier[2]],float(inlier[0]),alpha,beta,approvedCheckIns,friendSc
re)
            score =
probDist([inlier[1],inlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mu
,muy,cov)
            if scoreSocial > 0.01:
                socialArray.append(scoreSocial)
            if score != 0:
                periodicArray.append(-score)
            if scoreSocial > 0.01 and -score > 0.01:
                ratioIn.append(-score/scoreSocial)      

        if socialArray == [] or ratioIn == []:
            xOpt = 0
            muOut = 0
            muIn = 1
        else:
            muIn2 = mean(ratioIn)
            muIn = mean(periodicArray)/mean(socialArray)
            print "meanIn",muIn
            sigmaIn = variance(ratioIn)**(0.5)*(muIn/muIn2)     

            if muIn > muOut:    
                myMin = muOut
                myMax = muIn
            else:
                myMin = muIn
                myMax = muOut       

            xOpt = fsolve(lambda x : mlab.normpdf(x,muOut,sigmaOut) -
mlab.normpdf(x,muIn,sigmaIn),(muIn+muOut)/2)
            if xOpt < myMin or xOpt > myMax:
                xOpt = (muIn+muOut)/2

    print xOpt,muIn,muOut
    return xOpt,muIn,muOut  
                    
def
drawTemporalPlots(sortedAccesspoints,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,post
ix):    
        plt.figure(1)
        plt.clf() 
        plt.figure(2)           
        plt.clf() 
        plt.figure(3)           
        plt.clf()
        
        print "der tegnes temporale plots... Vaersgooo!!!"
        # spatial distribution of training set
        colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]
        
        #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
        loc = -1
        plt.figure(10)
        plt.clf()
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter([x+0.0001*random.uniform(-1,1) for x in

l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        loc = -1        
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')    
        #legend(loc="upper right",shadow=True, fancybox=True)
        #leg = plt.gca().get_legend()
        #ltext  = leg.get_texts()  # all the text.Text instance in the legend
        #plt.setp(ltext, fontsize=6)    # the legend text fontsize      
        plt.axis('scaled')      
        plt.axis([55.792,55.778,12.51,12.53])
        plt.title('spatial distribution')
        plt.xlabel('longitude')
        plt.ylabel('latitude')
        tempFilename = str(device)+'_EM_FIG_'+str(postfix)+'.pdf'
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
        
        # temporal function distribution
        xet = range(168)
        ca = 0
        for ca in range(len(dailies)):
            plt.figure(2)
            if ca == (len(dailies)-1):
                ca = -1
        
plt.plot(xet,[temporalDistribution(x,dailyTemporalAverages,dailyWeights,sortedAccesspoints,ca,
ffCampusWeekProbs) for x in xet],color=colors[ca])
        tempFilename = str(device)+"temporal_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.axis([0,170,0,1.1])
        plt.title('time dependant location probability')
        plt.xlabel('weekly hour')
        plt.ylabel('probability')
        plt.savefig(filename)
        
        
        # temporal distribution of training set
        for ca in range(len(dailies)):
            yet = []
            xerne = []
            icounter = -1
            for i in dailies[ca]:
                icounter += 1
                for j in i:
                    xerne.append(j+icounter*24)
                    yet.append(1*ca)

            plt.figure(3)   
            if ca == (len(dailies)-1):
                ca = -1     
            plt.scatter(xerne,[b+0.2*random.uniform(-1,1) for b in yet],color=colors[ca])
        plt.title('temporal distribution')
        plt.xlabel('weekly hour')
        plt.axis([0,170,-1,max(yet)+1])
        tempFilename = str(device)+"check_in_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
            

def buildMFLModel(timeAndPlaceTraining):
    checkInCoords = getCoordinates(timeAndPlaceTraining)
    uniqueCheckInCoords = []
    for checkIn in checkInCoords:
        if [checkIn[1],checkIn[2]] not in uniqueCheckInCoords:
            uniqueCheckInCoords.append([checkIn[1],checkIn[2]])
    locations = []      
    locationCounter = -1
    for coords in uniqueCheckInCoords:
        locationCounter += 1
        locations.append([])
        for checkIn in checkInCoords:
            if [checkIn[1],checkIn[2]] == coords:
                locations[locationCounter].append(checkIn)
    weeklyCheckIns = []
    locationCounter = -1
    for location in locations:
        locationCounter += 1
        weeklyCheckIns.append([])
        for i in range(168):
            weeklyCheckIns[locationCounter].append(0)
        for checkIn in location:
            weekHour = getWeekHour(float(checkIn[0]))
            weeklyCheckIns[locationCounter][weekHour] += 1
    
    return weeklyCheckIns,uniqueCheckInCoords
            
def MostFrequentedLocation(timeAndPlaceTraining,timeAndPlaceEval):  
    #very like temporal model
    weeklyCheckIns,uniqueCheckInCoords = buildMFLModel(timeAndPlaceTraining)
    distCombinedError = []
    evalCheckIns = getCoordinates(timeAndPlaceEval)
    exactFits = 0
    totalCheckInsEval = 0
    for checkIn in evalCheckIns:
        totalCheckInsEval += 1

        t = getWeekHour(float(checkIn[0]))
        a = []
        for i in range(len(uniqueCheckInCoords)):
            a.append(weeklyCheckIns[i][t])
        guess = uniqueCheckInCoords[a.index(max(a))]
        dist = getDistance([float(guess[0]),float(guess[1])],[checkIn[1],checkIn[2]])
        distCombinedError.append(dist)
        if dist < 0.010:
            exactFits += 1
    totalCheckInsEval = len(evalCheckIns)
    meanDist = mean(distCombinedError)*1000
    exactFitRatio = exactFits/totalCheckInsEval
    print "mean MFL",meanDist
    print "exactfits MFL",exactFitRatio
    return meanDist,exactFitRatio
    
def offCampus(allCheckIns):
    startTraining
    weekCounter = -1
    weeks = []
    for i in allCheckIns:
        if float(i[0]) > startTraining+7*24*60*60*(weekCounter+1):
            weeks.append([])
            weekCounter +=1         
        elif float(i[0]) > startTraining:
            weeks[weekCounter].append(i)
    weekProbs = []
    for i in range(168):
        weekProbs.append(0)
    for week in weeks:  
        #print "new week"
        weeklyCheckIns = []
        for i in range(168):
            weeklyCheckIns.append(0)
        for checkIn in week:
            weekHour = getWeekHour(float(checkIn[0]))
            weeklyCheckIns[weekHour] += 1
        for i in range(168):
            if weeklyCheckIns[i] > 0:
                #print weekProbs[i]
                weekProbs[i] += 1

    for i in range(168):
        weekProbs[i] = weekProbs[i]/weekCounter 
    return weekProbs

def calculateRadiusOfGyration(coords):
    Xoncamp = []

    Yoncamp = []
    for checkIn in coords:
        Xoncamp.append(float(checkIn[1]))
        Yoncamp.append(float(checkIn[2]))

    n = len(Xoncamp)    
    averageX = sum(Xoncamp)/n
    averageY = sum(Yoncamp)/n
    
    rgSum = 0
    for x,y in zip(Xoncamp,Yoncamp):
        dist = getDistance([x,y],[averageX,averageY])
        rgSum += dist**2
    rg = (rgSum/n)**(0.5)

    return rg   

def calculatePhiMax(S, N):
    print S
    print N
    try:
        def funcPi(x):
            if x <= 0 or x >= 1:
                func = 5
            else:
                func = -(x*log2(x)+(1-x)*log2(1-x))+(1-x)*log2(N-1)
            return func

        xOpt = fsolve(lambda x : S-funcPi(x),0.8)
    except TypeError:
        print "something fucked up in the pimax calculation"
        xOpt = 0
    print xOpt
    return xOpt[0]

def calculatePredictability(timeAndPlaceTraining,uniqueCheckInCoords):
    timeseries = []
    for j in timeAndPlaceTraining:
        timeseries.append(j[1])
        
    N = len(uniqueCheckInCoords)
    n = len(timeAndPlaceTraining)
    
    knownSubseries = [] 
    sumOfSubseries = 0
    #print "time 6.1",str(time.clock()-base)
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                        t = getWeekHour(float(item[0]))
                        p = []
                        # remember that the last part of most of the list is offcampus that are
not to count in the spatial distribution
                        for location in range(len(L)):
                            x = item[1]
                            y = item[2]
                        
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
                        pTotalNew += max(p)
                        L_index = p.index(max(p))
                        L[L_index][0].append(item[0])
                        L[L_index][1].append(item[1])
                        L[L_index][2].append(item[2])
                    #
                    for i in L:
                        if i == [[],[],[]]:
                            L.remove(i)
                            numLocations = len(L)
                            print 'something has been removed'
    
                    locations = []
                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])
                    print "loc",len(locations)
                    print "daily",len(dailyTemporalAverages)
                    print "sigmax",len(sigmax)

                    print pTotalNew
                    print pBest
                    if pTotalNew > pBest:
                        pBest = pTotalNew; locationsBest = locations; dailyTemporalAveragesBest
= dailyTemporalAverages; dailyWeightsBest = dailyWeights; sigmaxBest = sigmax; sigmayBest =
sigmay; covBest = cov;numberoflocations = numLocations

            except ValueError:
                print "value exception"
                exceptionCounter += 1
        
    #if exceptionCounter == 10:
    #
    dailyTemporalAverages = dailyTemporalAveragesBest; locations = locationsBest; dailyWeights
= dailyWeightsBest; sigmax = sigmaxBest; sigmay = sigmayBest; cov = covBest;
    print "pBest",pBest

    print "finding outliers"
    
    print "get outliers here in you know"
    print "locations number",len(locations)
    print "len daily averages",len(dailyTemporalAverages)
    print "sigmax",len(sigmax)
    
    outliers,withOutOutliers = 
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold)     
    print "calculating outlier distribution"
    alpha = 0
    beta = 0
    socialWeight = 0
    if len(outliers) != 0:
        alpha = calcTimeDecay(outliers)
        beta = calcDistanceDecay(outliers)

        # for outliers calculate periodic guess and social guess and find ratio between
guesses.
        # calculate mean of all ratios and use as weight
        print "calculating social weight"
        socialWeight,muIn,muOut =
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng)
        print socialWeight
        if muOut > muIn:
            print "socialWeight exception!"
            exceptionCounter = 0

        print "redistributing check-ins"
        # redistribute check-ins 
        L = []  
        for i in range(len(locations)):
            L.append([[],[],[]])
            
        print "get outliers here in you know"
        print "locations number",len(locations)
        print "len daily averages",len(dailyTemporalAverages)
        print "sigmax",len(sigmax)
        for item in withOutOutliers:
            t = getWeekHour(float(item[0]))
            p = []
            # remember that the last part of most of the list is offcampus that are not to
count in the spatial distribution
            for location in range(len(L)-1):
                x = item[1]

                y = item[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
            L_index = p.index(max(p))
            L[L_index][0].append(item[0])
            L[L_index][1].append(item[1])
            L[L_index][2].append(item[2])

        for item in outliers:
            L[-1][0].append(item[0])
            L[-1][1].append(item[1])
            L[-1][2].append(item[2])    
            
        for i in L:
            if i == [[],[],[]]:
                L.remove(i)
                numLocations = len(L)
                print 'something has been removed'  

    # calculate mean, variance, and covariance for the "piles"
    locationSizes_new = []  
    centroids_new = []      
    sigmax = []
    sigmay = []
    mux = []
    muy = []
    cov = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
        sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
        sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
        mux.append(mean(L[i][1]))
        muy.append(mean(L[i][2]))
        cov.append(covariance(L[i][1],L[i][2]))
    centroids_new = [mux,muy]
    
    locations = []
    for location in L:
        locations.append([0,len(location[0])])
    for location in L_off:
        locations.append([0,len(location[0])])

    locationSizes_new = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
    print "locationSizes",locationSizes_new

    
    dailyTemporalAverages,dailies,dailyWeights = getDailyTemporalAverages(L,L_off)
    muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold =
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov)

    print "drawing temporal plots"
    if draw:
    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,"IsolatedOutl
ers")

    print "evaluating model"
    meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedD
st,meanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRa
io,exactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCa
pusCounter,socialCheckInCounter =
evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight)
    print "check-ins on/off campus:",onCampusCheckIns,"/",actualOffCampusCounter
    print "percentage of offcampus check-ins successfully guessed:",offCampusSuccessRatio
    print "average distance between guess and actual position in meters
(meanDistCombined):",1000*meanDistCombined,1000*meanAccesspointParallel
    print "average distance between guess and actual position in meters
(meanDistPeriodic):",1000*meanDistPeriodic,1000*meanAccesspointGuess
    print "average distance between guess and actual position in meters
(meanDistSocial):",1000*meanDistSocial
    print "average distance between guess and actual position in meters
(meanDistSocialDelta):",1000*meanDistSocialDelta
    print "average distance between guess and actual position in meters
(meanCombinedWeigthedDist):",1000*meanCombinedWeigthedDist,1000*meanAccesspointGuessWeighted
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitCombinedRatio):",exactFitCombinedRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitPeriodicRatio):",exactFitPeriodicRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitSocialRatio):",exactFitSocialRatio
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
                    

    
def

evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight):
    distSocialError = []
    distSocialDeltaError = []
    combinedWeigthedDistError = []
    distCombinedError = []
    distPeriodicError = []
    exactFitsCombined = 0
    exactFitsPeriodic = 0
    exactFitsSocial = 0
    actualOffCampusCounter = 0
    guessOffCampus = 0
    offCampusSuccess = 0
    checkInCounter = 0
    accesspointGuessWeightedError = []
    accesspointGuessError = []
    accesspointParallelError = []
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)
    training = False
    socialCheckInCounter = 0
    onCampusCheckIns = 0
    for checkIn in evalArray:
        onCampus = True
        checkInCounter += 1
        print "eval check in",checkInCounter,"of",len(evalArray)
        t = getWeekHour(float(checkIn[0]))
        actualPosition = [float(checkIn[1]),float(checkIn[2])]
        
        if actualPosition == [55.0,12.0]:
            actualOffCampusCounter += 1
            actualPosition = "off_campus"
        
        if
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,len(locations)-1,offCampus
eekProbs) > 0.6: #len(locations)-1 is the last element since 0 also counts          
            onCampus = False
            guessOffCampus += 1
            guess = "off_campus"
            if actualPosition == guess:
                offCampusSuccess += 1
        else:
            if actualPosition != "off_campus":
                offCampusSuccess += 1
        
        if actualPosition != "off_campus":
            onCampusCheckIns += 1
            socialCheckIn = False

            
            # if guess from the periodic model is not confident enough according to the
Chauvenet's criterion the check-in will be treated as a social checkin
            p = []
            for location in range(len(locations)-2):
                x = checkIn[1]
                y = checkIn[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
            outlierProb = sum(p)
            # Chauvenet's criterion (almost)
            #c = mlab.normpdf(outlierProb,muOutlierThreshold,sigmaOutlierThreshold)
            if muOutlierThreshold-outlierProb > 1.5*sigmaOutlierThreshold:
            #if c < OutlierThreshold:   
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                if maxScore > outlierProb:
                    socialCheckIn = True
                    socialCheckInCounter += 1
            
            socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
            if socialCheckIn:
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                socialguess,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,False)
                #calculate distance error
                distSocial =
getDistance([float(socialguess[0]),float(socialguess[1])],actualPosition)
                distSocialDelta =
getDistance([float(socialguessDelta[0]),float(socialguessDelta[1])],actualPosition)
            
            guess,maxScore =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #calculate distance error
            distPeriodic = getDistance([float(guess[0]),float(guess[1])],actualPosition)
            
            combinedWeigthedGuess =
[(guess[0]+socialWeight*socialguessDelta[0])/(socialWeight+1),(guess[1]+socialWeight*socialgue
sDelta[1])/(socialWeight+1)]
            combinedWeigthedDist =

getDistance([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],actualPosition)
            combinedWeigthedDistError.append(combinedWeigthedDist)
            if draw:
                text = 'periodic'
            
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter)

            accesspointGuessWeighted =
getNearestKnownAccesspoint([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],a
tualPosition)
            dist1 =
getDistance([float(accesspointGuessWeighted[0]),float(accesspointGuessWeighted[1])],actualPosi
ion)
            accesspointGuessWeightedError.append(dist1)
            accesspointGuess =
getNearestKnownAccesspoint([float(guess[0]),float(guess[1])],actualPosition)
            dist2 =
getDistance([float(accesspointGuess[0]),float(accesspointGuess[1])],actualPosition)
            accesspointGuessError.append(dist2)
            if socialCheckIn:
                accesspointParallel =
getNearestKnownAccesspoint(socialguessDelta,actualPosition)
            else:       
                accesspointParallel = accesspointGuess
            dist3 =
getDistance([float(accesspointParallel[0]),float(accesspointParallel[1])],actualPosition)
            accesspointParallelError.append(dist3)  
            
            if socialCheckIn:
                distCombined = distSocialDelta
                distSocialError.append(distSocialDelta)
                distSocialDeltaError.append(distSocialDelta)
                distCombinedError.append(distCombined)  
                if distSocial < 0.010:
                    exactFitsSocial += 1
                
            else:
                distCombined = distPeriodic
            
distPeriodicError.append(getDistance([float(guess[0]),float(guess[1])],actualPosition))
                distCombinedError.append(distCombined)  
            
            if dist3 < 0.010:
                exactFitsCombined += 1
            
            if dist2 < 0.010:
                exactFitsPeriodic += 1      

            

    if offCampusSuccess != 0:
        offCampusSuccessRatio = offCampusSuccess/len(evalArray)
    else:
        offCampusSuccessRatio = 0
    meanDistCombined = mean(distCombinedError)
    meanAccesspointParallel = mean(accesspointParallelError)
    meanDistPeriodic = mean(distPeriodicError)
    meanAccesspointGuess = mean(accesspointGuessError)
    meanDistSocial = mean(distSocialError)
    meanDistSocialDelta = mean(distSocialDeltaError)
    meanCombinedWeigthedDist = mean(combinedWeigthedDistError)
    meanAccesspointGuessWeighted = mean(accesspointGuessWeightedError)
    if onCampusCheckIns != 0:
        exactFitCombinedRatio = exactFitsCombined/onCampusCheckIns
        exactFitPeriodicRatio = exactFitsPeriodic/onCampusCheckIns
    else:
        exactFitCombinedRatio = 0
        exactFitPeriodicRatio = 0
    if socialCheckInCounter != 0:
        exactFitSocialRatio = exactFitsSocial/socialCheckInCounter
    else:
        exactFitSocialRatio = 0
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedDist,
eanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRatio,
xactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCampus
ounter,socialCheckInCounter

def getNearestKnownAccesspoint(bestguess,actualPosition):
    shortestDist = 10000000
    for coords in uniqueCheckInCoords:
        distance = getDistance(coords,bestguess)
        if float(distance) < shortestDist:
            shortestDist = float(distance)
            bestCoords = coords
    return bestCoords

def probDist(X,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    p = 0
    for location in range(len(locations)-2): #excluding offcampus and outliers
        p +=
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampusWeekProb
)*faerdigRet(X[0],X[1],sigmax[location],sigmay[location],mux[location],muy[location],cov[locati
n])
        

    return -p
    
def getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    params = [t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov]
    maxcoords,maxScore,otherStuff =
scipy.optimize.fmin_l_bfgs_b(probDist,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords, maxScore

#needs to be there for the optimization function to work...
def fcons(X,t,alpha,beta,approvedCheckIns,friendScore):
    return X[0]

def socialMaxhelp(X,t,alpha,beta,approvedCheckIns,friendScore):
    score,scoreDelta = socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore)
    return -score 

def
getSocialFuncMax(t,alpha,beta,training,friends,friendScore,friendActualLocation,friendTraining
delta):
    if training:
        friends = friendTraining
    else:
        friends = friendActualLocation
        
    approvedCheckIns = []                       
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        approvedCheckIns.append([])                     
        for checkIn in friend:
            if t-float(checkIn[0]) < 0:
                break
            if t-float(checkIn[0]) > 0 and t-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                approvedCheckIns[friendCounter].append(checkIn)
    params = [t,alpha,beta,approvedCheckIns,friendScore]
    if delta:
        coordScores = []
        for coords in uniqueCheckInCoords:
            score,scoreDelta =
socialDistribution(coords,t,alpha,beta,approvedCheckIns,friendScore)
            coordScores.append((coords,scoreDelta))
        maxcoords = max(coordScores, key=lambda x: x[1])[0]
        maxScore = max(coordScores, key=lambda x: x[1])[1]
    else:
        maxcoords = scipy.optimize.fmin_cobyla(socialMaxhelp,[55.7865,12.52],fcons,args=params)
        maxScore = -socialMaxhelp(maxcoords,t,alpha,beta,approvedCheckIns,friendScore)
    #maxcoords,maxVal,otherStuff =

scipy.optimize.fmin_l_bfgs_b(socialDistribution,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords,maxScore

def
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter):
    colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]

    #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
    loc = -1
    plt.figure(10)
    plt.clf()
    for l,MUX,MUY in zip(L,mux,muy):    
        loc += 1
        plt.scatter([x+0.0001*random.uniform(-1,1) for x in
l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')
    plt.scatter(guess[0],guess[1],s=120,color='c',marker='s',label='guess')
    #plt.scatter([x[1]+0.0001*random.uniform(-1,1) for x in
approvedCheckIns],[y[2]+0.0001*random.uniform(-1,1) for y in
approvedCheckIns],s=20,color='c',marker='o',label='friends')

    Z = []
    for location in range(len(locations)-2): #excluding offcampus
    
Z.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*mlab.bivariate_normal(X,Y,sigmax[location],sigmay[location],mux[location],muy[locati
n],cov[location]))

    Zet = Z[0]
    first = True
    for i in Z:
        if first:
            first = False
        else:
            Zet += i
    plt.contour(X, Y, Zet)

    legend(loc="upper right",shadow=True, fancybox=True)
    leg = plt.gca().get_legend()
    ltext  = leg.get_texts()  # all the text.Text instance in the legend
    plt.setp(ltext, fontsize=6)    # the legend text fontsize       
    plt.axis('scaled')      
    plt.axis([55.792,55.778,12.51,12.53])
    plt.title('Time independent spatial distribution')

    plt.xlabel('longitude')
    plt.ylabel('latitude')
    tempFilename = str(device)+'_Eval_Spatial_'+str(text)+"_"+str(checkInCounter)+'.pdf'
    filename = os.path.join(pathOut, tempFilename)
    plt.savefig(filename)
    #plt.show()

def
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng):
    # ratio when social score is highest on the users position and ratio when the social score
i lowest
    # friend attraction should not allways add up to one but depend on the average co-occurence
ratio.
    # I guess one could say that this is somehow worked into the weighting though i would seem
that it is kind of opposite
    
    ratioOut = []
    socialArray = []
    periodicArray = []
    for outlier in outliers:
        t = getWeekHour(float(outlier[0]))
        approvedCheckIns = []                       
        friendCounter = -1
        for friend in friendTraining:
            friendCounter += 1
            approvedCheckIns.append([])                     
            for checkIn in friend:
                if float(outlier[0])-float(checkIn[0]) < 0:
                    break
                if float(outlier[0])-float(checkIn[0]) > 0 and
float(outlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                    approvedCheckIns[friendCounter].append(checkIn)
        #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
        #socialguessDelta,scoreSocial =
getSocialFuncMax(float(outlier[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
        jimmy,scoreSocial =
socialDistribution([outlier[1],outlier[2]],float(outlier[0]),alpha,beta,approvedCheckIns,frien
Score)
        score =
probDist([outlier[1],outlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,
ux,muy,cov)
        if scoreSocial > 0.01:
            socialArray.append(scoreSocial)

        if score != 0:
            periodicArray.append(-score)
        if scoreSocial > 0.01 and score != 0:
            ratioOut.append(-score/scoreSocial)         
    if socialArray == [] or ratioOut == []:
        xOpt = 0
        muOut = 0
        muIn = 1
    else:
        muOut2 = mean(ratioOut)
        muOut = mean(periodicArray)/mean(socialArray)
        print "meanOut",muOut
        sigmaOut = variance(ratioOut)**(0.5)*(muOut/muOut2)         

        ratioIn = []
        socialArray = []
        periodicArray = []  
        for inlier in withOutOutliers:
            t = getWeekHour(float(inlier[0]))
            approvedCheckIns = []                       
            friendCounter = -1
            for friend in friendTraining:
                friendCounter += 1
                approvedCheckIns.append([])                     
                for checkIn in friend:
                    if float(inlier[0])-float(checkIn[0]) < 0:
                        break
                    if float(inlier[0])-float(checkIn[0]) > 0 and
float(inlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                        approvedCheckIns[friendCounter].append(checkIn)
            #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #socialguessDelta,scoreSocial =
getSocialFuncMax(float(inlier[0]),alpha,beta,training,friends,friendScore,friendActualLocation
friendTraining,True)
            jimmy,scoreSocial =
socialDistribution([inlier[1],inlier[2]],float(inlier[0]),alpha,beta,approvedCheckIns,friendSc
re)
            score =
probDist([inlier[1],inlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mu
,muy,cov)
            if scoreSocial > 0.01:
                socialArray.append(scoreSocial)
            if score != 0:
                periodicArray.append(-score)
            if scoreSocial > 0.01 and -score > 0.01:
                ratioIn.append(-score/scoreSocial)      

        if socialArray == [] or ratioIn == []:
            xOpt = 0
            muOut = 0
            muIn = 1
        else:
            muIn2 = mean(ratioIn)
            muIn = mean(periodicArray)/mean(socialArray)
            print "meanIn",muIn
            sigmaIn = variance(ratioIn)**(0.5)*(muIn/muIn2)     

            if muIn > muOut:    
                myMin = muOut
                myMax = muIn
            else:
                myMin = muIn
                myMax = muOut       

            xOpt = fsolve(lambda x : mlab.normpdf(x,muOut,sigmaOut) -
mlab.normpdf(x,muIn,sigmaIn),(muIn+muOut)/2)
            if xOpt < myMin or xOpt > myMax:
                xOpt = (muIn+muOut)/2

    print xOpt,muIn,muOut
    return xOpt,muIn,muOut  
                    
def
drawTemporalPlots(sortedAccesspoints,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,post
ix):    
        plt.figure(1)
        plt.clf() 
        plt.figure(2)           
        plt.clf() 
        plt.figure(3)           
        plt.clf()
        
        print "der tegnes temporale plots... Vaersgooo!!!"
        # spatial distribution of training set
        colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]
        
        #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
        loc = -1
        plt.figure(10)
        plt.clf()
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter([x+0.0001*random.uniform(-1,1) for x in

l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        loc = -1        
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')    
        #legend(loc="upper right",shadow=True, fancybox=True)
        #leg = plt.gca().get_legend()
        #ltext  = leg.get_texts()  # all the text.Text instance in the legend
        #plt.setp(ltext, fontsize=6)    # the legend text fontsize      
        plt.axis('scaled')      
        plt.axis([55.792,55.778,12.51,12.53])
        plt.title('spatial distribution')
        plt.xlabel('longitude')
        plt.ylabel('latitude')
        tempFilename = str(device)+'_EM_FIG_'+str(postfix)+'.pdf'
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
        
        # temporal function distribution
        xet = range(168)
        ca = 0
        for ca in range(len(dailies)):
            plt.figure(2)
            if ca == (len(dailies)-1):
                ca = -1
        
plt.plot(xet,[temporalDistribution(x,dailyTemporalAverages,dailyWeights,sortedAccesspoints,ca,
ffCampusWeekProbs) for x in xet],color=colors[ca])
        tempFilename = str(device)+"temporal_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.axis([0,170,0,1.1])
        plt.title('time dependant location probability')
        plt.xlabel('weekly hour')
        plt.ylabel('probability')
        plt.savefig(filename)
        
        
        # temporal distribution of training set
        for ca in range(len(dailies)):
            yet = []
            xerne = []
            icounter = -1
            for i in dailies[ca]:
                icounter += 1
                for j in i:
                    xerne.append(j+icounter*24)
                    yet.append(1*ca)

            plt.figure(3)   
            if ca == (len(dailies)-1):
                ca = -1     
            plt.scatter(xerne,[b+0.2*random.uniform(-1,1) for b in yet],color=colors[ca])
        plt.title('temporal distribution')
        plt.xlabel('weekly hour')
        plt.axis([0,170,-1,max(yet)+1])
        tempFilename = str(device)+"check_in_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
            

def buildMFLModel(timeAndPlaceTraining):
    checkInCoords = getCoordinates(timeAndPlaceTraining)
    uniqueCheckInCoords = []
    for checkIn in checkInCoords:
        if [checkIn[1],checkIn[2]] not in uniqueCheckInCoords:
            uniqueCheckInCoords.append([checkIn[1],checkIn[2]])
    locations = []      
    locationCounter = -1
    for coords in uniqueCheckInCoords:
        locationCounter += 1
        locations.append([])
        for checkIn in checkInCoords:
            if [checkIn[1],checkIn[2]] == coords:
                locations[locationCounter].append(checkIn)
    weeklyCheckIns = []
    locationCounter = -1
    for location in locations:
        locationCounter += 1
        weeklyCheckIns.append([])
        for i in range(168):
            weeklyCheckIns[locationCounter].append(0)
        for checkIn in location:
            weekHour = getWeekHour(float(checkIn[0]))
            weeklyCheckIns[locationCounter][weekHour] += 1
    
    return weeklyCheckIns,uniqueCheckInCoords
            
def MostFrequentedLocation(timeAndPlaceTraining,timeAndPlaceEval):  
    #very like temporal model
    weeklyCheckIns,uniqueCheckInCoords = buildMFLModel(timeAndPlaceTraining)
    distCombinedError = []
    evalCheckIns = getCoordinates(timeAndPlaceEval)
    exactFits = 0
    totalCheckInsEval = 0
    for checkIn in evalCheckIns:
        totalCheckInsEval += 1

        t = getWeekHour(float(checkIn[0]))
        a = []
        for i in range(len(uniqueCheckInCoords)):
            a.append(weeklyCheckIns[i][t])
        guess = uniqueCheckInCoords[a.index(max(a))]
        dist = getDistance([float(guess[0]),float(guess[1])],[checkIn[1],checkIn[2]])
        distCombinedError.append(dist)
        if dist < 0.010:
            exactFits += 1
    totalCheckInsEval = len(evalCheckIns)
    meanDist = mean(distCombinedError)*1000
    exactFitRatio = exactFits/totalCheckInsEval
    print "mean MFL",meanDist
    print "exactfits MFL",exactFitRatio
    return meanDist,exactFitRatio
    
def offCampus(allCheckIns):
    startTraining
    weekCounter = -1
    weeks = []
    for i in allCheckIns:
        if float(i[0]) > startTraining+7*24*60*60*(weekCounter+1):
            weeks.append([])
            weekCounter +=1         
        elif float(i[0]) > startTraining:
            weeks[weekCounter].append(i)
    weekProbs = []
    for i in range(168):
        weekProbs.append(0)
    for week in weeks:  
        #print "new week"
        weeklyCheckIns = []
        for i in range(168):
            weeklyCheckIns.append(0)
        for checkIn in week:
            weekHour = getWeekHour(float(checkIn[0]))
            weeklyCheckIns[weekHour] += 1
        for i in range(168):
            if weeklyCheckIns[i] > 0:
                #print weekProbs[i]
                weekProbs[i] += 1

    for i in range(168):
        weekProbs[i] = weekProbs[i]/weekCounter 
    return weekProbs

def calculateRadiusOfGyration(coords):
    Xoncamp = []

    Yoncamp = []
    for checkIn in coords:
        Xoncamp.append(float(checkIn[1]))
        Yoncamp.append(float(checkIn[2]))

    n = len(Xoncamp)    
    averageX = sum(Xoncamp)/n
    averageY = sum(Yoncamp)/n
    
    rgSum = 0
    for x,y in zip(Xoncamp,Yoncamp):
        dist = getDistance([x,y],[averageX,averageY])
        rgSum += dist**2
    rg = (rgSum/n)**(0.5)

    return rg   

def calculatePhiMax(S, N):
    print S
    print N
    try:
        def funcPi(x):
            if x <= 0 or x >= 1:
                func = 5
            else:
                func = -(x*log2(x)+(1-x)*log2(1-x))+(1-x)*log2(N-1)
            return func

        xOpt = fsolve(lambda x : S-funcPi(x),0.8)
    except TypeError:
        print "something fucked up in the pimax calculation"
        xOpt = 0
    print xOpt
    return xOpt[0]

def calculatePredictability(timeAndPlaceTraining,uniqueCheckInCoords):
    timeseries = []
    for j in timeAndPlaceTraining:
        timeseries.append(j[1])
        
    N = len(uniqueCheckInCoords)
    n = len(timeAndPlaceTraining)
    
    knownSubseries = [] 
    sumOfSubseries = 0
    #print "time 6.1",str(time.clock()-base)

    
    for i in range(len(timeseries)):
        subseries = []
        subseries.append(timeseries[i])
        subseriesLength = 0
        #print "time 6.2",str(time.clock()-base)
        
        while subseries in knownSubseries and i+subseriesLength < n:
            subseriesLength += 1
            if i+subseriesLength < n:
                subseries.append(timeseries[i+subseriesLength])
        #print "time 6.3",str(time.clock()-base)
                
        knownSubseries.append(subseries)
        sumOfSubseries += len(subseries)
    #print "time 6.4",str(time.clock()-base)
    
    estimatedIndividualEntropy = 1/(1/n*sumOfSubseries)*math.log(n) #estiamted according to
equation xxx
    
    phiMax = calculatePhiMax(estimatedIndividualEntropy,N)
    print "entropy",estimatedIndividualEntropy
    print "phiMax",phiMax  
    return estimatedIndividualEntropy,phiMax
    
#
def doIT():
    try:
    
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest =
expectationMaximization(getCoordinates(timeAndPlaceTraining),getCoordinates(timeAndPlaceTraini
g_offcampus),i,getCoordinates(timeAndPlaceEval_offcampus),offCampusWeekProbs,uniqueCheckInCoord
)
    except IndexError:
        doIT()
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
        
# choose individual that i going to be tracked
#device = "5ae2c6776f5b3d638e0770cf85ed6cdaaac727ac"
    
numberOfAccesspoints = 10
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                    for location in L:
                        locations.append([0,len(location[0])])
                    for location in L_off:
                        locations.append([0,len(location[0])])
                    print "loc",len(locations)
                    print "daily",len(dailyTemporalAverages)
                    print "sigmax",len(sigmax)

                    print pTotalNew
                    print pBest
                    if pTotalNew > pBest:
                        pBest = pTotalNew; locationsBest = locations; dailyTemporalAveragesBest
= dailyTemporalAverages; dailyWeightsBest = dailyWeights; sigmaxBest = sigmax; sigmayBest =
sigmay; covBest = cov;numberoflocations = numLocations

            except ValueError:
                print "value exception"
                exceptionCounter += 1
        
    #if exceptionCounter == 10:
    #
    dailyTemporalAverages = dailyTemporalAveragesBest; locations = locationsBest; dailyWeights
= dailyWeightsBest; sigmax = sigmaxBest; sigmay = sigmayBest; cov = covBest;
    print "pBest",pBest

    print "finding outliers"
    
    print "get outliers here in you know"
    print "locations number",len(locations)
    print "len daily averages",len(dailyTemporalAverages)
    print "sigmax",len(sigmax)
    
    outliers,withOutOutliers = 
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold)     
    print "calculating outlier distribution"
    alpha = 0
    beta = 0
    socialWeight = 0
    if len(outliers) != 0:
        alpha = calcTimeDecay(outliers)
        beta = calcDistanceDecay(outliers)

        # for outliers calculate periodic guess and social guess and find ratio between
guesses.
        # calculate mean of all ratios and use as weight
        print "calculating social weight"
        socialWeight,muIn,muOut =
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng)
        print socialWeight
        if muOut > muIn:
            print "socialWeight exception!"
            exceptionCounter = 0

        print "redistributing check-ins"
        # redistribute check-ins 
        L = []  
        for i in range(len(locations)):
            L.append([[],[],[]])
            
        print "get outliers here in you know"
        print "locations number",len(locations)
        print "len daily averages",len(dailyTemporalAverages)
        print "sigmax",len(sigmax)
        for item in withOutOutliers:
            t = getWeekHour(float(item[0]))
            p = []
            # remember that the last part of most of the list is offcampus that are not to
count in the spatial distribution
            for location in range(len(L)-1):
                x = item[1]

                y = item[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
            L_index = p.index(max(p))
            L[L_index][0].append(item[0])
            L[L_index][1].append(item[1])
            L[L_index][2].append(item[2])

        for item in outliers:
            L[-1][0].append(item[0])
            L[-1][1].append(item[1])
            L[-1][2].append(item[2])    
            
        for i in L:
            if i == [[],[],[]]:
                L.remove(i)
                numLocations = len(L)
                print 'something has been removed'  

    # calculate mean, variance, and covariance for the "piles"
    locationSizes_new = []  
    centroids_new = []      
    sigmax = []
    sigmay = []
    mux = []
    muy = []
    cov = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
        sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
        sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
        mux.append(mean(L[i][1]))
        muy.append(mean(L[i][2]))
        cov.append(covariance(L[i][1],L[i][2]))
    centroids_new = [mux,muy]
    
    locations = []
    for location in L:
        locations.append([0,len(location[0])])
    for location in L_off:
        locations.append([0,len(location[0])])

    locationSizes_new = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
    print "locationSizes",locationSizes_new

    
    dailyTemporalAverages,dailies,dailyWeights = getDailyTemporalAverages(L,L_off)
    muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold =
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov)

    print "drawing temporal plots"
    if draw:
    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,"IsolatedOutl
ers")

    print "evaluating model"
    meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedD
st,meanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRa
io,exactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCa
pusCounter,socialCheckInCounter =
evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight)
    print "check-ins on/off campus:",onCampusCheckIns,"/",actualOffCampusCounter
    print "percentage of offcampus check-ins successfully guessed:",offCampusSuccessRatio
    print "average distance between guess and actual position in meters
(meanDistCombined):",1000*meanDistCombined,1000*meanAccesspointParallel
    print "average distance between guess and actual position in meters
(meanDistPeriodic):",1000*meanDistPeriodic,1000*meanAccesspointGuess
    print "average distance between guess and actual position in meters
(meanDistSocial):",1000*meanDistSocial
    print "average distance between guess and actual position in meters
(meanDistSocialDelta):",1000*meanDistSocialDelta
    print "average distance between guess and actual position in meters
(meanCombinedWeigthedDist):",1000*meanCombinedWeigthedDist,1000*meanAccesspointGuessWeighted
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitCombinedRatio):",exactFitCombinedRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitPeriodicRatio):",exactFitPeriodicRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitSocialRatio):",exactFitSocialRatio
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
                    

    
def

evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight):
    distSocialError = []
    distSocialDeltaError = []
    combinedWeigthedDistError = []
    distCombinedError = []
    distPeriodicError = []
    exactFitsCombined = 0
    exactFitsPeriodic = 0
    exactFitsSocial = 0
    actualOffCampusCounter = 0
    guessOffCampus = 0
    offCampusSuccess = 0
    checkInCounter = 0
    accesspointGuessWeightedError = []
    accesspointGuessError = []
    accesspointParallelError = []
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)
    training = False
    socialCheckInCounter = 0
    onCampusCheckIns = 0
    for checkIn in evalArray:
        onCampus = True
        checkInCounter += 1
        print "eval check in",checkInCounter,"of",len(evalArray)
        t = getWeekHour(float(checkIn[0]))
        actualPosition = [float(checkIn[1]),float(checkIn[2])]
        
        if actualPosition == [55.0,12.0]:
            actualOffCampusCounter += 1
            actualPosition = "off_campus"
        
        if
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,len(locations)-1,offCampus
eekProbs) > 0.6: #len(locations)-1 is the last element since 0 also counts          
            onCampus = False
            guessOffCampus += 1
            guess = "off_campus"
            if actualPosition == guess:
                offCampusSuccess += 1
        else:
            if actualPosition != "off_campus":
                offCampusSuccess += 1
        
        if actualPosition != "off_campus":
            onCampusCheckIns += 1
            socialCheckIn = False

            
            # if guess from the periodic model is not confident enough according to the
Chauvenet's criterion the check-in will be treated as a social checkin
            p = []
            for location in range(len(locations)-2):
                x = checkIn[1]
                y = checkIn[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
            outlierProb = sum(p)
            # Chauvenet's criterion (almost)
            #c = mlab.normpdf(outlierProb,muOutlierThreshold,sigmaOutlierThreshold)
            if muOutlierThreshold-outlierProb > 1.5*sigmaOutlierThreshold:
            #if c < OutlierThreshold:   
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                if maxScore > outlierProb:
                    socialCheckIn = True
                    socialCheckInCounter += 1
            
            socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
            if socialCheckIn:
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                socialguess,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,False)
                #calculate distance error
                distSocial =
getDistance([float(socialguess[0]),float(socialguess[1])],actualPosition)
                distSocialDelta =
getDistance([float(socialguessDelta[0]),float(socialguessDelta[1])],actualPosition)
            
            guess,maxScore =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #calculate distance error
            distPeriodic = getDistance([float(guess[0]),float(guess[1])],actualPosition)
            
            combinedWeigthedGuess =
[(guess[0]+socialWeight*socialguessDelta[0])/(socialWeight+1),(guess[1]+socialWeight*socialgue
sDelta[1])/(socialWeight+1)]
            combinedWeigthedDist =

getDistance([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],actualPosition)
            combinedWeigthedDistError.append(combinedWeigthedDist)
            if draw:
                text = 'periodic'
            
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter)

            accesspointGuessWeighted =
getNearestKnownAccesspoint([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],a
tualPosition)
            dist1 =
getDistance([float(accesspointGuessWeighted[0]),float(accesspointGuessWeighted[1])],actualPosi
ion)
            accesspointGuessWeightedError.append(dist1)
            accesspointGuess =
getNearestKnownAccesspoint([float(guess[0]),float(guess[1])],actualPosition)
            dist2 =
getDistance([float(accesspointGuess[0]),float(accesspointGuess[1])],actualPosition)
            accesspointGuessError.append(dist2)
            if socialCheckIn:
                accesspointParallel =
getNearestKnownAccesspoint(socialguessDelta,actualPosition)
            else:       
                accesspointParallel = accesspointGuess
            dist3 =
getDistance([float(accesspointParallel[0]),float(accesspointParallel[1])],actualPosition)
            accesspointParallelError.append(dist3)  
            
            if socialCheckIn:
                distCombined = distSocialDelta
                distSocialError.append(distSocialDelta)
                distSocialDeltaError.append(distSocialDelta)
                distCombinedError.append(distCombined)  
                if distSocial < 0.010:
                    exactFitsSocial += 1
                
            else:
                distCombined = distPeriodic
            
distPeriodicError.append(getDistance([float(guess[0]),float(guess[1])],actualPosition))
                distCombinedError.append(distCombined)  
            
            if dist3 < 0.010:
                exactFitsCombined += 1
            
            if dist2 < 0.010:
                exactFitsPeriodic += 1      

            

    if offCampusSuccess != 0:
        offCampusSuccessRatio = offCampusSuccess/len(evalArray)
    else:
        offCampusSuccessRatio = 0
    meanDistCombined = mean(distCombinedError)
    meanAccesspointParallel = mean(accesspointParallelError)
    meanDistPeriodic = mean(distPeriodicError)
    meanAccesspointGuess = mean(accesspointGuessError)
    meanDistSocial = mean(distSocialError)
    meanDistSocialDelta = mean(distSocialDeltaError)
    meanCombinedWeigthedDist = mean(combinedWeigthedDistError)
    meanAccesspointGuessWeighted = mean(accesspointGuessWeightedError)
    if onCampusCheckIns != 0:
        exactFitCombinedRatio = exactFitsCombined/onCampusCheckIns
        exactFitPeriodicRatio = exactFitsPeriodic/onCampusCheckIns
    else:
        exactFitCombinedRatio = 0
        exactFitPeriodicRatio = 0
    if socialCheckInCounter != 0:
        exactFitSocialRatio = exactFitsSocial/socialCheckInCounter
    else:
        exactFitSocialRatio = 0
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedDist,
eanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRatio,
xactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCampus
ounter,socialCheckInCounter

def getNearestKnownAccesspoint(bestguess,actualPosition):
    shortestDist = 10000000
    for coords in uniqueCheckInCoords:
        distance = getDistance(coords,bestguess)
        if float(distance) < shortestDist:
            shortestDist = float(distance)
            bestCoords = coords
    return bestCoords

def probDist(X,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    p = 0
    for location in range(len(locations)-2): #excluding offcampus and outliers
        p +=
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampusWeekProb
)*faerdigRet(X[0],X[1],sigmax[location],sigmay[location],mux[location],muy[location],cov[locati
n])
        

    return -p
    
def getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    params = [t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov]
    maxcoords,maxScore,otherStuff =
scipy.optimize.fmin_l_bfgs_b(probDist,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords, maxScore

#needs to be there for the optimization function to work...
def fcons(X,t,alpha,beta,approvedCheckIns,friendScore):
    return X[0]

def socialMaxhelp(X,t,alpha,beta,approvedCheckIns,friendScore):
    score,scoreDelta = socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore)
    return -score 

def
getSocialFuncMax(t,alpha,beta,training,friends,friendScore,friendActualLocation,friendTraining
delta):
    if training:
        friends = friendTraining
    else:
        friends = friendActualLocation
        
    approvedCheckIns = []                       
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        approvedCheckIns.append([])                     
        for checkIn in friend:
            if t-float(checkIn[0]) < 0:
                break
            if t-float(checkIn[0]) > 0 and t-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                approvedCheckIns[friendCounter].append(checkIn)
    params = [t,alpha,beta,approvedCheckIns,friendScore]
    if delta:
        coordScores = []
        for coords in uniqueCheckInCoords:
            score,scoreDelta =
socialDistribution(coords,t,alpha,beta,approvedCheckIns,friendScore)
            coordScores.append((coords,scoreDelta))
        maxcoords = max(coordScores, key=lambda x: x[1])[0]
        maxScore = max(coordScores, key=lambda x: x[1])[1]
    else:
        maxcoords = scipy.optimize.fmin_cobyla(socialMaxhelp,[55.7865,12.52],fcons,args=params)
        maxScore = -socialMaxhelp(maxcoords,t,alpha,beta,approvedCheckIns,friendScore)
    #maxcoords,maxVal,otherStuff =

scipy.optimize.fmin_l_bfgs_b(socialDistribution,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords,maxScore

def
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter):
    colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]

    #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
    loc = -1
    plt.figure(10)
    plt.clf()
    for l,MUX,MUY in zip(L,mux,muy):    
        loc += 1
        plt.scatter([x+0.0001*random.uniform(-1,1) for x in
l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')
    plt.scatter(guess[0],guess[1],s=120,color='c',marker='s',label='guess')
    #plt.scatter([x[1]+0.0001*random.uniform(-1,1) for x in
approvedCheckIns],[y[2]+0.0001*random.uniform(-1,1) for y in
approvedCheckIns],s=20,color='c',marker='o',label='friends')

    Z = []
    for location in range(len(locations)-2): #excluding offcampus
    
Z.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*mlab.bivariate_normal(X,Y,sigmax[location],sigmay[location],mux[location],muy[locati
n],cov[location]))

    Zet = Z[0]
    first = True
    for i in Z:
        if first:
            first = False
        else:
            Zet += i
    plt.contour(X, Y, Zet)

    legend(loc="upper right",shadow=True, fancybox=True)
    leg = plt.gca().get_legend()
    ltext  = leg.get_texts()  # all the text.Text instance in the legend
    plt.setp(ltext, fontsize=6)    # the legend text fontsize       
    plt.axis('scaled')      
    plt.axis([55.792,55.778,12.51,12.53])
    plt.title('Time independent spatial distribution')

    plt.xlabel('longitude')
    plt.ylabel('latitude')
    tempFilename = str(device)+'_Eval_Spatial_'+str(text)+"_"+str(checkInCounter)+'.pdf'
    filename = os.path.join(pathOut, tempFilename)
    plt.savefig(filename)
    #plt.show()

def
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng):
    # ratio when social score is highest on the users position and ratio when the social score
i lowest
    # friend attraction should not allways add up to one but depend on the average co-occurence
ratio.
    # I guess one could say that this is somehow worked into the weighting though i would seem
that it is kind of opposite
    
    ratioOut = []
    socialArray = []
    periodicArray = []
    for outlier in outliers:
        t = getWeekHour(float(outlier[0]))
        approvedCheckIns = []                       
        friendCounter = -1
        for friend in friendTraining:
            friendCounter += 1
            approvedCheckIns.append([])                     
            for checkIn in friend:
                if float(outlier[0])-float(checkIn[0]) < 0:
                    break
                if float(outlier[0])-float(checkIn[0]) > 0 and
float(outlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                    approvedCheckIns[friendCounter].append(checkIn)
        #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
        #socialguessDelta,scoreSocial =
getSocialFuncMax(float(outlier[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
        jimmy,scoreSocial =
socialDistribution([outlier[1],outlier[2]],float(outlier[0]),alpha,beta,approvedCheckIns,frien
Score)
        score =
probDist([outlier[1],outlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,
ux,muy,cov)
        if scoreSocial > 0.01:
            socialArray.append(scoreSocial)

        if score != 0:
            periodicArray.append(-score)
        if scoreSocial > 0.01 and score != 0:
            ratioOut.append(-score/scoreSocial)         
    if socialArray == [] or ratioOut == []:
        xOpt = 0
        muOut = 0
        muIn = 1
    else:
        muOut2 = mean(ratioOut)
        muOut = mean(periodicArray)/mean(socialArray)
        print "meanOut",muOut
        sigmaOut = variance(ratioOut)**(0.5)*(muOut/muOut2)         

        ratioIn = []
        socialArray = []
        periodicArray = []  
        for inlier in withOutOutliers:
            t = getWeekHour(float(inlier[0]))
            approvedCheckIns = []                       
            friendCounter = -1
            for friend in friendTraining:
                friendCounter += 1
                approvedCheckIns.append([])                     
                for checkIn in friend:
                    if float(inlier[0])-float(checkIn[0]) < 0:
                        break
                    if float(inlier[0])-float(checkIn[0]) > 0 and
float(inlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                        approvedCheckIns[friendCounter].append(checkIn)
            #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #socialguessDelta,scoreSocial =
getSocialFuncMax(float(inlier[0]),alpha,beta,training,friends,friendScore,friendActualLocation
friendTraining,True)
            jimmy,scoreSocial =
socialDistribution([inlier[1],inlier[2]],float(inlier[0]),alpha,beta,approvedCheckIns,friendSc
re)
            score =
probDist([inlier[1],inlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mu
,muy,cov)
            if scoreSocial > 0.01:
                socialArray.append(scoreSocial)
            if score != 0:
                periodicArray.append(-score)
            if scoreSocial > 0.01 and -score > 0.01:
                ratioIn.append(-score/scoreSocial)      

        if socialArray == [] or ratioIn == []:
            xOpt = 0
            muOut = 0
            muIn = 1
        else:
            muIn2 = mean(ratioIn)
            muIn = mean(periodicArray)/mean(socialArray)
            print "meanIn",muIn
            sigmaIn = variance(ratioIn)**(0.5)*(muIn/muIn2)     

            if muIn > muOut:    
                myMin = muOut
                myMax = muIn
            else:
                myMin = muIn
                myMax = muOut       

            xOpt = fsolve(lambda x : mlab.normpdf(x,muOut,sigmaOut) -
mlab.normpdf(x,muIn,sigmaIn),(muIn+muOut)/2)
            if xOpt < myMin or xOpt > myMax:
                xOpt = (muIn+muOut)/2

    print xOpt,muIn,muOut
    return xOpt,muIn,muOut  
                    
def
drawTemporalPlots(sortedAccesspoints,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,post
ix):    
        plt.figure(1)
        plt.clf() 
        plt.figure(2)           
        plt.clf() 
        plt.figure(3)           
        plt.clf()
        
        print "der tegnes temporale plots... Vaersgooo!!!"
        # spatial distribution of training set
        colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]
        
        #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
        loc = -1
        plt.figure(10)
        plt.clf()
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter([x+0.0001*random.uniform(-1,1) for x in

l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        loc = -1        
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')    
        #legend(loc="upper right",shadow=True, fancybox=True)
        #leg = plt.gca().get_legend()
        #ltext  = leg.get_texts()  # all the text.Text instance in the legend
        #plt.setp(ltext, fontsize=6)    # the legend text fontsize      
        plt.axis('scaled')      
        plt.axis([55.792,55.778,12.51,12.53])
        plt.title('spatial distribution')
        plt.xlabel('longitude')
        plt.ylabel('latitude')
        tempFilename = str(device)+'_EM_FIG_'+str(postfix)+'.pdf'
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
        
        # temporal function distribution
        xet = range(168)
        ca = 0
        for ca in range(len(dailies)):
            plt.figure(2)
            if ca == (len(dailies)-1):
                ca = -1
        
plt.plot(xet,[temporalDistribution(x,dailyTemporalAverages,dailyWeights,sortedAccesspoints,ca,
ffCampusWeekProbs) for x in xet],color=colors[ca])
        tempFilename = str(device)+"temporal_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.axis([0,170,0,1.1])
        plt.title('time dependant location probability')
        plt.xlabel('weekly hour')
        plt.ylabel('probability')
        plt.savefig(filename)
        
        
        # temporal distribution of training set
        for ca in range(len(dailies)):
            yet = []
            xerne = []
            icounter = -1
            for i in dailies[ca]:
                icounter += 1
                for j in i:
                    xerne.append(j+icounter*24)
                    yet.append(1*ca)

            plt.figure(3)   
            if ca == (len(dailies)-1):
                ca = -1     
            plt.scatter(xerne,[b+0.2*random.uniform(-1,1) for b in yet],color=colors[ca])
        plt.title('temporal distribution')
        plt.xlabel('weekly hour')
        plt.axis([0,170,-1,max(yet)+1])
        tempFilename = str(device)+"check_in_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
            

def buildMFLModel(timeAndPlaceTraining):
    checkInCoords = getCoordinates(timeAndPlaceTraining)
    uniqueCheckInCoords = []
    for checkIn in checkInCoords:
        if [checkIn[1],checkIn[2]] not in uniqueCheckInCoords:
            uniqueCheckInCoords.append([checkIn[1],checkIn[2]])
    locations = []      
    locationCounter = -1
    for coords in uniqueCheckInCoords:
        locationCounter += 1
        locations.append([])
        for checkIn in checkInCoords:
            if [checkIn[1],checkIn[2]] == coords:
                locations[locationCounter].append(checkIn)
    weeklyCheckIns = []
    locationCounter = -1
    for location in locations:
        locationCounter += 1
        weeklyCheckIns.append([])
        for i in range(168):
            weeklyCheckIns[locationCounter].append(0)
        for checkIn in location:
            weekHour = getWeekHour(float(checkIn[0]))
            weeklyCheckIns[locationCounter][weekHour] += 1
    
    return weeklyCheckIns,uniqueCheckInCoords
            
def MostFrequentedLocation(timeAndPlaceTraining,timeAndPlaceEval):  
    #very like temporal model
    weeklyCheckIns,uniqueCheckInCoords = buildMFLModel(timeAndPlaceTraining)
    distCombinedError = []
    evalCheckIns = getCoordinates(timeAndPlaceEval)
    exactFits = 0
    totalCheckInsEval = 0
    for checkIn in evalCheckIns:
        totalCheckInsEval += 1

        t = getWeekHour(float(checkIn[0]))
        a = []
        for i in range(len(uniqueCheckInCoords)):
            a.append(weeklyCheckIns[i][t])
        guess = uniqueCheckInCoords[a.index(max(a))]
        dist = getDistance([float(guess[0]),float(guess[1])],[checkIn[1],checkIn[2]])
        distCombinedError.append(dist)
        if dist < 0.010:
            exactFits += 1
    totalCheckInsEval = len(evalCheckIns)
    meanDist = mean(distCombinedError)*1000
    exactFitRatio = exactFits/totalCheckInsEval
    print "mean MFL",meanDist
    print "exactfits MFL",exactFitRatio
    return meanDist,exactFitRatio
    
def offCampus(allCheckIns):
    startTraining
    weekCounter = -1
    weeks = []
    for i in allCheckIns:
        if float(i[0]) > startTraining+7*24*60*60*(weekCounter+1):
            weeks.append([])
            weekCounter +=1         
        elif float(i[0]) > startTraining:
            weeks[weekCounter].append(i)
    weekProbs = []
    for i in range(168):
        weekProbs.append(0)
    for week in weeks:  
        #print "new week"
        weeklyCheckIns = []
        for i in range(168):
            weeklyCheckIns.append(0)
        for checkIn in week:
            weekHour = getWeekHour(float(checkIn[0]))
            weeklyCheckIns[weekHour] += 1
        for i in range(168):
            if weeklyCheckIns[i] > 0:
                #print weekProbs[i]
                weekProbs[i] += 1

    for i in range(168):
        weekProbs[i] = weekProbs[i]/weekCounter 
    return weekProbs

def calculateRadiusOfGyration(coords):
    Xoncamp = []

    Yoncamp = []
    for checkIn in coords:
        Xoncamp.append(float(checkIn[1]))
        Yoncamp.append(float(checkIn[2]))

    n = len(Xoncamp)    
    averageX = sum(Xoncamp)/n
    averageY = sum(Yoncamp)/n
    
    rgSum = 0
    for x,y in zip(Xoncamp,Yoncamp):
        dist = getDistance([x,y],[averageX,averageY])
        rgSum += dist**2
    rg = (rgSum/n)**(0.5)

    return rg   

def calculatePhiMax(S, N):
    print S
    print N
    try:
        def funcPi(x):
            if x <= 0 or x >= 1:
                func = 5
            else:
                func = -(x*log2(x)+(1-x)*log2(1-x))+(1-x)*log2(N-1)
            return func

        xOpt = fsolve(lambda x : S-funcPi(x),0.8)
    except TypeError:
        print "something fucked up in the pimax calculation"
        xOpt = 0
    print xOpt
    return xOpt[0]

def calculatePredictability(timeAndPlaceTraining,uniqueCheckInCoords):
    timeseries = []
    for j in timeAndPlaceTraining:
        timeseries.append(j[1])
        
    N = len(uniqueCheckInCoords)
    n = len(timeAndPlaceTraining)
    
    knownSubseries = [] 
    sumOfSubseries = 0
    #print "time 6.1",str(time.clock()-base)

    
    for i in range(len(timeseries)):
        subseries = []
        subseries.append(timeseries[i])
        subseriesLength = 0
        #print "time 6.2",str(time.clock()-base)
        
        while subseries in knownSubseries and i+subseriesLength < n:
            subseriesLength += 1
            if i+subseriesLength < n:
                subseries.append(timeseries[i+subseriesLength])
        #print "time 6.3",str(time.clock()-base)
                
        knownSubseries.append(subseries)
        sumOfSubseries += len(subseries)
    #print "time 6.4",str(time.clock()-base)
    
    estimatedIndividualEntropy = 1/(1/n*sumOfSubseries)*math.log(n) #estiamted according to
equation xxx
    
    phiMax = calculatePhiMax(estimatedIndividualEntropy,N)
    print "entropy",estimatedIndividualEntropy
    print "phiMax",phiMax  
    return estimatedIndividualEntropy,phiMax
    
#
def doIT():
    try:
    
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest =
expectationMaximization(getCoordinates(timeAndPlaceTraining),getCoordinates(timeAndPlaceTraini
g_offcampus),i,getCoordinates(timeAndPlaceEval_offcampus),offCampusWeekProbs,uniqueCheckInCoord
)
    except IndexError:
        doIT()
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
        
# choose individual that i going to be tracked
#device = "5ae2c6776f5b3d638e0770cf85ed6cdaaac727ac"
    
numberOfAccesspoints = 10

minimumVisitsToAccesspoint = 0.01   
stackAccesspoints = True    
delta = 0.00025
xx = np.arange(55.792, 55.778, -delta)
yy = np.arange(12.51, 12.53, delta)
X, Y = np.meshgrid(xx, yy)
startTraining = 1297033200
endTraining = 1301868000    #the training set runs from February 7, 2011 12:00:00 AM to April
3, 2011 11:59:59 AM
evalEnd = 1303077600 #1303077600    #the evaluation set runs from to April 4, 2011 12:00:00 AM
to April 17, 2011 11:59:59 AM

pathIn = '/Users/Raaby/Desktop/Master/DTUWiFi/trajectories_full_semester/'
pathIn2 = '/Users/Raaby/Desktop/Master/DTUWiFi/highActivity100/'
pathsIN =
[pathIn2]#['/Users/Raaby/Desktop/Master/DTUWiFi/prunedUsers10/','/Users/Raaby/Desktop/Master/D
UWiFi/highEntropy/','/Users/Raaby/Desktop/Master/DTUWiFi/randomHighActivity/']
pathADDONs = ["highActivity100"]#["prunedUsers10","highEntropy","randomHighActivity"]
for pathIn2,pathaddon in zip(pathsIN,pathADDONs):
    pathBase = os.path.join(os.getcwd(), "Data")
    pathOut = os.path.join(pathBase, pathaddon) 
    pathOutMachine = os.path.join(pathBase, "machine")      
        

    if not os.path.exists(pathBase):
        os.mkdir(pathBase)
    if not os.path.exists(pathOut):
        os.mkdir(pathOut)
    if not os.path.exists(pathOutMachine):
        os.mkdir(pathOutMachine)

    listing = os.listdir(pathIn2)
    listing2 = os.listdir(pathOutMachine)

    fileCounter = 0
    for device in listing:
        simulationActive = False
        tempFilename = "model_success_machine"+str(device)
        if device.startswith('.'):
            print "joker file filtered"
        elif tempFilename in listing2:
            fileCounter += 1
            print str(tempFilename)+" already created"
        else:#if fileCounter > 5:
            fileCounter += 1
            print "current file is: " + device +" "+str(fileCounter)+" of:"+str(len(listing)) 
            friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                
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    print "finding outliers"
    
    print "get outliers here in you know"
    print "locations number",len(locations)
    print "len daily averages",len(dailyTemporalAverages)
    print "sigmax",len(sigmax)
    
    outliers,withOutOutliers = 
getOutliers(origArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,O
tlierThreshold)     
    print "calculating outlier distribution"
    alpha = 0
    beta = 0
    socialWeight = 0
    if len(outliers) != 0:
        alpha = calcTimeDecay(outliers)
        beta = calcDistanceDecay(outliers)

        # for outliers calculate periodic guess and social guess and find ratio between
guesses.
        # calculate mean of all ratios and use as weight
        print "calculating social weight"
        socialWeight,muIn,muOut =
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng)
        print socialWeight
        if muOut > muIn:
            print "socialWeight exception!"
            exceptionCounter = 0

        print "redistributing check-ins"
        # redistribute check-ins 
        L = []  
        for i in range(len(locations)):
            L.append([[],[],[]])
            
        print "get outliers here in you know"
        print "locations number",len(locations)
        print "len daily averages",len(dailyTemporalAverages)
        print "sigmax",len(sigmax)
        for item in withOutOutliers:
            t = getWeekHour(float(item[0]))
            p = []
            # remember that the last part of most of the list is offcampus that are not to
count in the spatial distribution
            for location in range(len(L)-1):
                x = item[1]

                y = item[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
            L_index = p.index(max(p))
            L[L_index][0].append(item[0])
            L[L_index][1].append(item[1])
            L[L_index][2].append(item[2])

        for item in outliers:
            L[-1][0].append(item[0])
            L[-1][1].append(item[1])
            L[-1][2].append(item[2])    
            
        for i in L:
            if i == [[],[],[]]:
                L.remove(i)
                numLocations = len(L)
                print 'something has been removed'  

    # calculate mean, variance, and covariance for the "piles"
    locationSizes_new = []  
    centroids_new = []      
    sigmax = []
    sigmay = []
    mux = []
    muy = []
    cov = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
        sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
        sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
        mux.append(mean(L[i][1]))
        muy.append(mean(L[i][2]))
        cov.append(covariance(L[i][1],L[i][2]))
    centroids_new = [mux,muy]
    
    locations = []
    for location in L:
        locations.append([0,len(location[0])])
    for location in L_off:
        locations.append([0,len(location[0])])

    locationSizes_new = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
    print "locationSizes",locationSizes_new

    
    dailyTemporalAverages,dailies,dailyWeights = getDailyTemporalAverages(L,L_off)
    muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold =
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov)

    print "drawing temporal plots"
    if draw:
    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,"IsolatedOutl
ers")

    print "evaluating model"
    meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedD
st,meanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRa
io,exactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCa
pusCounter,socialCheckInCounter =
evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight)
    print "check-ins on/off campus:",onCampusCheckIns,"/",actualOffCampusCounter
    print "percentage of offcampus check-ins successfully guessed:",offCampusSuccessRatio
    print "average distance between guess and actual position in meters
(meanDistCombined):",1000*meanDistCombined,1000*meanAccesspointParallel
    print "average distance between guess and actual position in meters
(meanDistPeriodic):",1000*meanDistPeriodic,1000*meanAccesspointGuess
    print "average distance between guess and actual position in meters
(meanDistSocial):",1000*meanDistSocial
    print "average distance between guess and actual position in meters
(meanDistSocialDelta):",1000*meanDistSocialDelta
    print "average distance between guess and actual position in meters
(meanCombinedWeigthedDist):",1000*meanCombinedWeigthedDist,1000*meanAccesspointGuessWeighted
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitCombinedRatio):",exactFitCombinedRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitPeriodicRatio):",exactFitPeriodicRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitSocialRatio):",exactFitSocialRatio
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
                    

    
def

evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight):
    distSocialError = []
    distSocialDeltaError = []
    combinedWeigthedDistError = []
    distCombinedError = []
    distPeriodicError = []
    exactFitsCombined = 0
    exactFitsPeriodic = 0
    exactFitsSocial = 0
    actualOffCampusCounter = 0
    guessOffCampus = 0
    offCampusSuccess = 0
    checkInCounter = 0
    accesspointGuessWeightedError = []
    accesspointGuessError = []
    accesspointParallelError = []
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)
    training = False
    socialCheckInCounter = 0
    onCampusCheckIns = 0
    for checkIn in evalArray:
        onCampus = True
        checkInCounter += 1
        print "eval check in",checkInCounter,"of",len(evalArray)
        t = getWeekHour(float(checkIn[0]))
        actualPosition = [float(checkIn[1]),float(checkIn[2])]
        
        if actualPosition == [55.0,12.0]:
            actualOffCampusCounter += 1
            actualPosition = "off_campus"
        
        if
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,len(locations)-1,offCampus
eekProbs) > 0.6: #len(locations)-1 is the last element since 0 also counts          
            onCampus = False
            guessOffCampus += 1
            guess = "off_campus"
            if actualPosition == guess:
                offCampusSuccess += 1
        else:
            if actualPosition != "off_campus":
                offCampusSuccess += 1
        
        if actualPosition != "off_campus":
            onCampusCheckIns += 1
            socialCheckIn = False

            
            # if guess from the periodic model is not confident enough according to the
Chauvenet's criterion the check-in will be treated as a social checkin
            p = []
            for location in range(len(locations)-2):
                x = checkIn[1]
                y = checkIn[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
            outlierProb = sum(p)
            # Chauvenet's criterion (almost)
            #c = mlab.normpdf(outlierProb,muOutlierThreshold,sigmaOutlierThreshold)
            if muOutlierThreshold-outlierProb > 1.5*sigmaOutlierThreshold:
            #if c < OutlierThreshold:   
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                if maxScore > outlierProb:
                    socialCheckIn = True
                    socialCheckInCounter += 1
            
            socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
            if socialCheckIn:
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                socialguess,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,False)
                #calculate distance error
                distSocial =
getDistance([float(socialguess[0]),float(socialguess[1])],actualPosition)
                distSocialDelta =
getDistance([float(socialguessDelta[0]),float(socialguessDelta[1])],actualPosition)
            
            guess,maxScore =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #calculate distance error
            distPeriodic = getDistance([float(guess[0]),float(guess[1])],actualPosition)
            
            combinedWeigthedGuess =
[(guess[0]+socialWeight*socialguessDelta[0])/(socialWeight+1),(guess[1]+socialWeight*socialgue
sDelta[1])/(socialWeight+1)]
            combinedWeigthedDist =

getDistance([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],actualPosition)
            combinedWeigthedDistError.append(combinedWeigthedDist)
            if draw:
                text = 'periodic'
            
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter)

            accesspointGuessWeighted =
getNearestKnownAccesspoint([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],a
tualPosition)
            dist1 =
getDistance([float(accesspointGuessWeighted[0]),float(accesspointGuessWeighted[1])],actualPosi
ion)
            accesspointGuessWeightedError.append(dist1)
            accesspointGuess =
getNearestKnownAccesspoint([float(guess[0]),float(guess[1])],actualPosition)
            dist2 =
getDistance([float(accesspointGuess[0]),float(accesspointGuess[1])],actualPosition)
            accesspointGuessError.append(dist2)
            if socialCheckIn:
                accesspointParallel =
getNearestKnownAccesspoint(socialguessDelta,actualPosition)
            else:       
                accesspointParallel = accesspointGuess
            dist3 =
getDistance([float(accesspointParallel[0]),float(accesspointParallel[1])],actualPosition)
            accesspointParallelError.append(dist3)  
            
            if socialCheckIn:
                distCombined = distSocialDelta
                distSocialError.append(distSocialDelta)
                distSocialDeltaError.append(distSocialDelta)
                distCombinedError.append(distCombined)  
                if distSocial < 0.010:
                    exactFitsSocial += 1
                
            else:
                distCombined = distPeriodic
            
distPeriodicError.append(getDistance([float(guess[0]),float(guess[1])],actualPosition))
                distCombinedError.append(distCombined)  
            
            if dist3 < 0.010:
                exactFitsCombined += 1
            
            if dist2 < 0.010:
                exactFitsPeriodic += 1      

            

    if offCampusSuccess != 0:
        offCampusSuccessRatio = offCampusSuccess/len(evalArray)
    else:
        offCampusSuccessRatio = 0
    meanDistCombined = mean(distCombinedError)
    meanAccesspointParallel = mean(accesspointParallelError)
    meanDistPeriodic = mean(distPeriodicError)
    meanAccesspointGuess = mean(accesspointGuessError)
    meanDistSocial = mean(distSocialError)
    meanDistSocialDelta = mean(distSocialDeltaError)
    meanCombinedWeigthedDist = mean(combinedWeigthedDistError)
    meanAccesspointGuessWeighted = mean(accesspointGuessWeightedError)
    if onCampusCheckIns != 0:
        exactFitCombinedRatio = exactFitsCombined/onCampusCheckIns
        exactFitPeriodicRatio = exactFitsPeriodic/onCampusCheckIns
    else:
        exactFitCombinedRatio = 0
        exactFitPeriodicRatio = 0
    if socialCheckInCounter != 0:
        exactFitSocialRatio = exactFitsSocial/socialCheckInCounter
    else:
        exactFitSocialRatio = 0
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedDist,
eanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRatio,
xactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCampus
ounter,socialCheckInCounter

def getNearestKnownAccesspoint(bestguess,actualPosition):
    shortestDist = 10000000
    for coords in uniqueCheckInCoords:
        distance = getDistance(coords,bestguess)
        if float(distance) < shortestDist:
            shortestDist = float(distance)
            bestCoords = coords
    return bestCoords

def probDist(X,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    p = 0
    for location in range(len(locations)-2): #excluding offcampus and outliers
        p +=
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampusWeekProb
)*faerdigRet(X[0],X[1],sigmax[location],sigmay[location],mux[location],muy[location],cov[locati
n])
        

    return -p
    
def getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    params = [t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov]
    maxcoords,maxScore,otherStuff =
scipy.optimize.fmin_l_bfgs_b(probDist,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords, maxScore

#needs to be there for the optimization function to work...
def fcons(X,t,alpha,beta,approvedCheckIns,friendScore):
    return X[0]

def socialMaxhelp(X,t,alpha,beta,approvedCheckIns,friendScore):
    score,scoreDelta = socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore)
    return -score 

def
getSocialFuncMax(t,alpha,beta,training,friends,friendScore,friendActualLocation,friendTraining
delta):
    if training:
        friends = friendTraining
    else:
        friends = friendActualLocation
        
    approvedCheckIns = []                       
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        approvedCheckIns.append([])                     
        for checkIn in friend:
            if t-float(checkIn[0]) < 0:
                break
            if t-float(checkIn[0]) > 0 and t-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                approvedCheckIns[friendCounter].append(checkIn)
    params = [t,alpha,beta,approvedCheckIns,friendScore]
    if delta:
        coordScores = []
        for coords in uniqueCheckInCoords:
            score,scoreDelta =
socialDistribution(coords,t,alpha,beta,approvedCheckIns,friendScore)
            coordScores.append((coords,scoreDelta))
        maxcoords = max(coordScores, key=lambda x: x[1])[0]
        maxScore = max(coordScores, key=lambda x: x[1])[1]
    else:
        maxcoords = scipy.optimize.fmin_cobyla(socialMaxhelp,[55.7865,12.52],fcons,args=params)
        maxScore = -socialMaxhelp(maxcoords,t,alpha,beta,approvedCheckIns,friendScore)
    #maxcoords,maxVal,otherStuff =

scipy.optimize.fmin_l_bfgs_b(socialDistribution,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords,maxScore

def
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter):
    colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]

    #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
    loc = -1
    plt.figure(10)
    plt.clf()
    for l,MUX,MUY in zip(L,mux,muy):    
        loc += 1
        plt.scatter([x+0.0001*random.uniform(-1,1) for x in
l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')
    plt.scatter(guess[0],guess[1],s=120,color='c',marker='s',label='guess')
    #plt.scatter([x[1]+0.0001*random.uniform(-1,1) for x in
approvedCheckIns],[y[2]+0.0001*random.uniform(-1,1) for y in
approvedCheckIns],s=20,color='c',marker='o',label='friends')

    Z = []
    for location in range(len(locations)-2): #excluding offcampus
    
Z.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*mlab.bivariate_normal(X,Y,sigmax[location],sigmay[location],mux[location],muy[locati
n],cov[location]))

    Zet = Z[0]
    first = True
    for i in Z:
        if first:
            first = False
        else:
            Zet += i
    plt.contour(X, Y, Zet)

    legend(loc="upper right",shadow=True, fancybox=True)
    leg = plt.gca().get_legend()
    ltext  = leg.get_texts()  # all the text.Text instance in the legend
    plt.setp(ltext, fontsize=6)    # the legend text fontsize       
    plt.axis('scaled')      
    plt.axis([55.792,55.778,12.51,12.53])
    plt.title('Time independent spatial distribution')

    plt.xlabel('longitude')
    plt.ylabel('latitude')
    tempFilename = str(device)+'_Eval_Spatial_'+str(text)+"_"+str(checkInCounter)+'.pdf'
    filename = os.path.join(pathOut, tempFilename)
    plt.savefig(filename)
    #plt.show()

def
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng):
    # ratio when social score is highest on the users position and ratio when the social score
i lowest
    # friend attraction should not allways add up to one but depend on the average co-occurence
ratio.
    # I guess one could say that this is somehow worked into the weighting though i would seem
that it is kind of opposite
    
    ratioOut = []
    socialArray = []
    periodicArray = []
    for outlier in outliers:
        t = getWeekHour(float(outlier[0]))
        approvedCheckIns = []                       
        friendCounter = -1
        for friend in friendTraining:
            friendCounter += 1
            approvedCheckIns.append([])                     
            for checkIn in friend:
                if float(outlier[0])-float(checkIn[0]) < 0:
                    break
                if float(outlier[0])-float(checkIn[0]) > 0 and
float(outlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                    approvedCheckIns[friendCounter].append(checkIn)
        #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
        #socialguessDelta,scoreSocial =
getSocialFuncMax(float(outlier[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
        jimmy,scoreSocial =
socialDistribution([outlier[1],outlier[2]],float(outlier[0]),alpha,beta,approvedCheckIns,frien
Score)
        score =
probDist([outlier[1],outlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,
ux,muy,cov)
        if scoreSocial > 0.01:
            socialArray.append(scoreSocial)

        if score != 0:
            periodicArray.append(-score)
        if scoreSocial > 0.01 and score != 0:
            ratioOut.append(-score/scoreSocial)         
    if socialArray == [] or ratioOut == []:
        xOpt = 0
        muOut = 0
        muIn = 1
    else:
        muOut2 = mean(ratioOut)
        muOut = mean(periodicArray)/mean(socialArray)
        print "meanOut",muOut
        sigmaOut = variance(ratioOut)**(0.5)*(muOut/muOut2)         

        ratioIn = []
        socialArray = []
        periodicArray = []  
        for inlier in withOutOutliers:
            t = getWeekHour(float(inlier[0]))
            approvedCheckIns = []                       
            friendCounter = -1
            for friend in friendTraining:
                friendCounter += 1
                approvedCheckIns.append([])                     
                for checkIn in friend:
                    if float(inlier[0])-float(checkIn[0]) < 0:
                        break
                    if float(inlier[0])-float(checkIn[0]) > 0 and
float(inlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                        approvedCheckIns[friendCounter].append(checkIn)
            #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #socialguessDelta,scoreSocial =
getSocialFuncMax(float(inlier[0]),alpha,beta,training,friends,friendScore,friendActualLocation
friendTraining,True)
            jimmy,scoreSocial =
socialDistribution([inlier[1],inlier[2]],float(inlier[0]),alpha,beta,approvedCheckIns,friendSc
re)
            score =
probDist([inlier[1],inlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mu
,muy,cov)
            if scoreSocial > 0.01:
                socialArray.append(scoreSocial)
            if score != 0:
                periodicArray.append(-score)
            if scoreSocial > 0.01 and -score > 0.01:
                ratioIn.append(-score/scoreSocial)      

        if socialArray == [] or ratioIn == []:
            xOpt = 0
            muOut = 0
            muIn = 1
        else:
            muIn2 = mean(ratioIn)
            muIn = mean(periodicArray)/mean(socialArray)
            print "meanIn",muIn
            sigmaIn = variance(ratioIn)**(0.5)*(muIn/muIn2)     

            if muIn > muOut:    
                myMin = muOut
                myMax = muIn
            else:
                myMin = muIn
                myMax = muOut       

            xOpt = fsolve(lambda x : mlab.normpdf(x,muOut,sigmaOut) -
mlab.normpdf(x,muIn,sigmaIn),(muIn+muOut)/2)
            if xOpt < myMin or xOpt > myMax:
                xOpt = (muIn+muOut)/2

    print xOpt,muIn,muOut
    return xOpt,muIn,muOut  
                    
def
drawTemporalPlots(sortedAccesspoints,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,post
ix):    
        plt.figure(1)
        plt.clf() 
        plt.figure(2)           
        plt.clf() 
        plt.figure(3)           
        plt.clf()
        
        print "der tegnes temporale plots... Vaersgooo!!!"
        # spatial distribution of training set
        colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]
        
        #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
        loc = -1
        plt.figure(10)
        plt.clf()
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter([x+0.0001*random.uniform(-1,1) for x in

l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        loc = -1        
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')    
        #legend(loc="upper right",shadow=True, fancybox=True)
        #leg = plt.gca().get_legend()
        #ltext  = leg.get_texts()  # all the text.Text instance in the legend
        #plt.setp(ltext, fontsize=6)    # the legend text fontsize      
        plt.axis('scaled')      
        plt.axis([55.792,55.778,12.51,12.53])
        plt.title('spatial distribution')
        plt.xlabel('longitude')
        plt.ylabel('latitude')
        tempFilename = str(device)+'_EM_FIG_'+str(postfix)+'.pdf'
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
        
        # temporal function distribution
        xet = range(168)
        ca = 0
        for ca in range(len(dailies)):
            plt.figure(2)
            if ca == (len(dailies)-1):
                ca = -1
        
plt.plot(xet,[temporalDistribution(x,dailyTemporalAverages,dailyWeights,sortedAccesspoints,ca,
ffCampusWeekProbs) for x in xet],color=colors[ca])
        tempFilename = str(device)+"temporal_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.axis([0,170,0,1.1])
        plt.title('time dependant location probability')
        plt.xlabel('weekly hour')
        plt.ylabel('probability')
        plt.savefig(filename)
        
        
        # temporal distribution of training set
        for ca in range(len(dailies)):
            yet = []
            xerne = []
            icounter = -1
            for i in dailies[ca]:
                icounter += 1
                for j in i:
                    xerne.append(j+icounter*24)
                    yet.append(1*ca)

            plt.figure(3)   
            if ca == (len(dailies)-1):
                ca = -1     
            plt.scatter(xerne,[b+0.2*random.uniform(-1,1) for b in yet],color=colors[ca])
        plt.title('temporal distribution')
        plt.xlabel('weekly hour')
        plt.axis([0,170,-1,max(yet)+1])
        tempFilename = str(device)+"check_in_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
            

def buildMFLModel(timeAndPlaceTraining):
    checkInCoords = getCoordinates(timeAndPlaceTraining)
    uniqueCheckInCoords = []
    for checkIn in checkInCoords:
        if [checkIn[1],checkIn[2]] not in uniqueCheckInCoords:
            uniqueCheckInCoords.append([checkIn[1],checkIn[2]])
    locations = []      
    locationCounter = -1
    for coords in uniqueCheckInCoords:
        locationCounter += 1
        locations.append([])
        for checkIn in checkInCoords:
            if [checkIn[1],checkIn[2]] == coords:
                locations[locationCounter].append(checkIn)
    weeklyCheckIns = []
    locationCounter = -1
    for location in locations:
        locationCounter += 1
        weeklyCheckIns.append([])
        for i in range(168):
            weeklyCheckIns[locationCounter].append(0)
        for checkIn in location:
            weekHour = getWeekHour(float(checkIn[0]))
            weeklyCheckIns[locationCounter][weekHour] += 1
    
    return weeklyCheckIns,uniqueCheckInCoords
            
def MostFrequentedLocation(timeAndPlaceTraining,timeAndPlaceEval):  
    #very like temporal model
    weeklyCheckIns,uniqueCheckInCoords = buildMFLModel(timeAndPlaceTraining)
    distCombinedError = []
    evalCheckIns = getCoordinates(timeAndPlaceEval)
    exactFits = 0
    totalCheckInsEval = 0
    for checkIn in evalCheckIns:
        totalCheckInsEval += 1

        t = getWeekHour(float(checkIn[0]))
        a = []
        for i in range(len(uniqueCheckInCoords)):
            a.append(weeklyCheckIns[i][t])
        guess = uniqueCheckInCoords[a.index(max(a))]
        dist = getDistance([float(guess[0]),float(guess[1])],[checkIn[1],checkIn[2]])
        distCombinedError.append(dist)
        if dist < 0.010:
            exactFits += 1
    totalCheckInsEval = len(evalCheckIns)
    meanDist = mean(distCombinedError)*1000
    exactFitRatio = exactFits/totalCheckInsEval
    print "mean MFL",meanDist
    print "exactfits MFL",exactFitRatio
    return meanDist,exactFitRatio
    
def offCampus(allCheckIns):
    startTraining
    weekCounter = -1
    weeks = []
    for i in allCheckIns:
        if float(i[0]) > startTraining+7*24*60*60*(weekCounter+1):
            weeks.append([])
            weekCounter +=1         
        elif float(i[0]) > startTraining:
            weeks[weekCounter].append(i)
    weekProbs = []
    for i in range(168):
        weekProbs.append(0)
    for week in weeks:  
        #print "new week"
        weeklyCheckIns = []
        for i in range(168):
            weeklyCheckIns.append(0)
        for checkIn in week:
            weekHour = getWeekHour(float(checkIn[0]))
            weeklyCheckIns[weekHour] += 1
        for i in range(168):
            if weeklyCheckIns[i] > 0:
                #print weekProbs[i]
                weekProbs[i] += 1

    for i in range(168):
        weekProbs[i] = weekProbs[i]/weekCounter 
    return weekProbs

def calculateRadiusOfGyration(coords):
    Xoncamp = []

    Yoncamp = []
    for checkIn in coords:
        Xoncamp.append(float(checkIn[1]))
        Yoncamp.append(float(checkIn[2]))

    n = len(Xoncamp)    
    averageX = sum(Xoncamp)/n
    averageY = sum(Yoncamp)/n
    
    rgSum = 0
    for x,y in zip(Xoncamp,Yoncamp):
        dist = getDistance([x,y],[averageX,averageY])
        rgSum += dist**2
    rg = (rgSum/n)**(0.5)

    return rg   

def calculatePhiMax(S, N):
    print S
    print N
    try:
        def funcPi(x):
            if x <= 0 or x >= 1:
                func = 5
            else:
                func = -(x*log2(x)+(1-x)*log2(1-x))+(1-x)*log2(N-1)
            return func

        xOpt = fsolve(lambda x : S-funcPi(x),0.8)
    except TypeError:
        print "something fucked up in the pimax calculation"
        xOpt = 0
    print xOpt
    return xOpt[0]

def calculatePredictability(timeAndPlaceTraining,uniqueCheckInCoords):
    timeseries = []
    for j in timeAndPlaceTraining:
        timeseries.append(j[1])
        
    N = len(uniqueCheckInCoords)
    n = len(timeAndPlaceTraining)
    
    knownSubseries = [] 
    sumOfSubseries = 0
    #print "time 6.1",str(time.clock()-base)

    
    for i in range(len(timeseries)):
        subseries = []
        subseries.append(timeseries[i])
        subseriesLength = 0
        #print "time 6.2",str(time.clock()-base)
        
        while subseries in knownSubseries and i+subseriesLength < n:
            subseriesLength += 1
            if i+subseriesLength < n:
                subseries.append(timeseries[i+subseriesLength])
        #print "time 6.3",str(time.clock()-base)
                
        knownSubseries.append(subseries)
        sumOfSubseries += len(subseries)
    #print "time 6.4",str(time.clock()-base)
    
    estimatedIndividualEntropy = 1/(1/n*sumOfSubseries)*math.log(n) #estiamted according to
equation xxx
    
    phiMax = calculatePhiMax(estimatedIndividualEntropy,N)
    print "entropy",estimatedIndividualEntropy
    print "phiMax",phiMax  
    return estimatedIndividualEntropy,phiMax
    
#
def doIT():
    try:
    
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest =
expectationMaximization(getCoordinates(timeAndPlaceTraining),getCoordinates(timeAndPlaceTraini
g_offcampus),i,getCoordinates(timeAndPlaceEval_offcampus),offCampusWeekProbs,uniqueCheckInCoord
)
    except IndexError:
        doIT()
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
        
# choose individual that i going to be tracked
#device = "5ae2c6776f5b3d638e0770cf85ed6cdaaac727ac"
    
numberOfAccesspoints = 10

minimumVisitsToAccesspoint = 0.01   
stackAccesspoints = True    
delta = 0.00025
xx = np.arange(55.792, 55.778, -delta)
yy = np.arange(12.51, 12.53, delta)
X, Y = np.meshgrid(xx, yy)
startTraining = 1297033200
endTraining = 1301868000    #the training set runs from February 7, 2011 12:00:00 AM to April
3, 2011 11:59:59 AM
evalEnd = 1303077600 #1303077600    #the evaluation set runs from to April 4, 2011 12:00:00 AM
to April 17, 2011 11:59:59 AM

pathIn = '/Users/Raaby/Desktop/Master/DTUWiFi/trajectories_full_semester/'
pathIn2 = '/Users/Raaby/Desktop/Master/DTUWiFi/highActivity100/'
pathsIN =
[pathIn2]#['/Users/Raaby/Desktop/Master/DTUWiFi/prunedUsers10/','/Users/Raaby/Desktop/Master/D
UWiFi/highEntropy/','/Users/Raaby/Desktop/Master/DTUWiFi/randomHighActivity/']
pathADDONs = ["highActivity100"]#["prunedUsers10","highEntropy","randomHighActivity"]
for pathIn2,pathaddon in zip(pathsIN,pathADDONs):
    pathBase = os.path.join(os.getcwd(), "Data")
    pathOut = os.path.join(pathBase, pathaddon) 
    pathOutMachine = os.path.join(pathBase, "machine")      
        

    if not os.path.exists(pathBase):
        os.mkdir(pathBase)
    if not os.path.exists(pathOut):
        os.mkdir(pathOut)
    if not os.path.exists(pathOutMachine):
        os.mkdir(pathOutMachine)

    listing = os.listdir(pathIn2)
    listing2 = os.listdir(pathOutMachine)

    fileCounter = 0
    for device in listing:
        simulationActive = False
        tempFilename = "model_success_machine"+str(device)
        if device.startswith('.'):
            print "joker file filtered"
        elif tempFilename in listing2:
            fileCounter += 1
            print str(tempFilename)+" already created"
        else:#if fileCounter > 5:
            fileCounter += 1
            print "current file is: " + device +" "+str(fileCounter)+" of:"+str(len(listing)) 
            friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                

            
            if len(friends) > 0:
                filePathTrajectories = os.path.join(pathIn, str(device)[0:-27]+".txt")
                fileReaderTrajectories = csv.reader(open(filePathTrajectories, 'rb'),
delimiter=' ', quotechar='|')
                fileReaderTrajectories2 = csv.reader(open(filePathTrajectories, 'rb'),
delimiter=' ', quotechar='|')

                allCheckIns = []
                for row in fileReaderTrajectories2:
                    if float(row[0]) > startTraining and float(row[0]) < endTraining:
                        allCheckIns.append(row)
                offCampusWeekProbs = offCampus(allCheckIns)
        # temporal model
                print "calculating temporal distribution"
                place = []
                timeAndPlaceTraining = []
                timeAndPlaceTraining_offcampus = []
                timeAndPlaceEval = []
                timeAndPlaceEval_offcampus = []

                first = True
                for row in fileReaderTrajectories:
                    if first:
                        currentCheckIn = float(row[0])
                        first = False

                    nextCheckIn = float(row[0])
                    if nextCheckIn-currentCheckIn > 3*3600:
                        while nextCheckIn-currentCheckIn > 90*60:
                            if getDayHour(currentCheckIn) > 8 and getDayHour(currentCheckIn) <
20 and getWeekDay(currentCheckIn) < 6: # lower concetration of off_campus check-ins in the
regualar workhours
                                currentCheckIn = currentCheckIn + 90*60
                            else:
                                currentCheckIn = currentCheckIn + 30*60
                            row = (currentCheckIn,"off_campus")
                            if float(row[0]) > startTraining and float(row[0]) < endTraining: 
                                place.append(row[1])
                                timeAndPlaceTraining_offcampus.append([row[0],row[1]])
                            if float(row[0]) > endTraining and float(row[0]) < evalEnd:
                                timeAndPlaceEval_offcampus.append([row[0],row[1]])
                        currentCheckIn = nextCheckIn

                    else:
                        if float(row[0]) > startTraining and float(row[0]) < endTraining: 
                            place.append(row[1])
                            timeAndPlaceTraining.append([row[0],row[1]])
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max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng)
        print socialWeight
        if muOut > muIn:
            print "socialWeight exception!"
            exceptionCounter = 0

        print "redistributing check-ins"
        # redistribute check-ins 
        L = []  
        for i in range(len(locations)):
            L.append([[],[],[]])
            
        print "get outliers here in you know"
        print "locations number",len(locations)
        print "len daily averages",len(dailyTemporalAverages)
        print "sigmax",len(sigmax)
        for item in withOutOutliers:
            t = getWeekHour(float(item[0]))
            p = []
            # remember that the last part of most of the list is offcampus that are not to
count in the spatial distribution
            for location in range(len(L)-1):
                x = item[1]

                y = item[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
            L_index = p.index(max(p))
            L[L_index][0].append(item[0])
            L[L_index][1].append(item[1])
            L[L_index][2].append(item[2])

        for item in outliers:
            L[-1][0].append(item[0])
            L[-1][1].append(item[1])
            L[-1][2].append(item[2])    
            
        for i in L:
            if i == [[],[],[]]:
                L.remove(i)
                numLocations = len(L)
                print 'something has been removed'  

    # calculate mean, variance, and covariance for the "piles"
    locationSizes_new = []  
    centroids_new = []      
    sigmax = []
    sigmay = []
    mux = []
    muy = []
    cov = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
        sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
        sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
        mux.append(mean(L[i][1]))
        muy.append(mean(L[i][2]))
        cov.append(covariance(L[i][1],L[i][2]))
    centroids_new = [mux,muy]
    
    locations = []
    for location in L:
        locations.append([0,len(location[0])])
    for location in L_off:
        locations.append([0,len(location[0])])

    locationSizes_new = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
    print "locationSizes",locationSizes_new

    
    dailyTemporalAverages,dailies,dailyWeights = getDailyTemporalAverages(L,L_off)
    muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold =
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov)

    print "drawing temporal plots"
    if draw:
    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,"IsolatedOutl
ers")

    print "evaluating model"
    meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedD
st,meanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRa
io,exactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCa
pusCounter,socialCheckInCounter =
evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight)
    print "check-ins on/off campus:",onCampusCheckIns,"/",actualOffCampusCounter
    print "percentage of offcampus check-ins successfully guessed:",offCampusSuccessRatio
    print "average distance between guess and actual position in meters
(meanDistCombined):",1000*meanDistCombined,1000*meanAccesspointParallel
    print "average distance between guess and actual position in meters
(meanDistPeriodic):",1000*meanDistPeriodic,1000*meanAccesspointGuess
    print "average distance between guess and actual position in meters
(meanDistSocial):",1000*meanDistSocial
    print "average distance between guess and actual position in meters
(meanDistSocialDelta):",1000*meanDistSocialDelta
    print "average distance between guess and actual position in meters
(meanCombinedWeigthedDist):",1000*meanCombinedWeigthedDist,1000*meanAccesspointGuessWeighted
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitCombinedRatio):",exactFitCombinedRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitPeriodicRatio):",exactFitPeriodicRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitSocialRatio):",exactFitSocialRatio
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
                    

    
def

evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight):
    distSocialError = []
    distSocialDeltaError = []
    combinedWeigthedDistError = []
    distCombinedError = []
    distPeriodicError = []
    exactFitsCombined = 0
    exactFitsPeriodic = 0
    exactFitsSocial = 0
    actualOffCampusCounter = 0
    guessOffCampus = 0
    offCampusSuccess = 0
    checkInCounter = 0
    accesspointGuessWeightedError = []
    accesspointGuessError = []
    accesspointParallelError = []
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)
    training = False
    socialCheckInCounter = 0
    onCampusCheckIns = 0
    for checkIn in evalArray:
        onCampus = True
        checkInCounter += 1
        print "eval check in",checkInCounter,"of",len(evalArray)
        t = getWeekHour(float(checkIn[0]))
        actualPosition = [float(checkIn[1]),float(checkIn[2])]
        
        if actualPosition == [55.0,12.0]:
            actualOffCampusCounter += 1
            actualPosition = "off_campus"
        
        if
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,len(locations)-1,offCampus
eekProbs) > 0.6: #len(locations)-1 is the last element since 0 also counts          
            onCampus = False
            guessOffCampus += 1
            guess = "off_campus"
            if actualPosition == guess:
                offCampusSuccess += 1
        else:
            if actualPosition != "off_campus":
                offCampusSuccess += 1
        
        if actualPosition != "off_campus":
            onCampusCheckIns += 1
            socialCheckIn = False

            
            # if guess from the periodic model is not confident enough according to the
Chauvenet's criterion the check-in will be treated as a social checkin
            p = []
            for location in range(len(locations)-2):
                x = checkIn[1]
                y = checkIn[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
            outlierProb = sum(p)
            # Chauvenet's criterion (almost)
            #c = mlab.normpdf(outlierProb,muOutlierThreshold,sigmaOutlierThreshold)
            if muOutlierThreshold-outlierProb > 1.5*sigmaOutlierThreshold:
            #if c < OutlierThreshold:   
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                if maxScore > outlierProb:
                    socialCheckIn = True
                    socialCheckInCounter += 1
            
            socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
            if socialCheckIn:
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                socialguess,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,False)
                #calculate distance error
                distSocial =
getDistance([float(socialguess[0]),float(socialguess[1])],actualPosition)
                distSocialDelta =
getDistance([float(socialguessDelta[0]),float(socialguessDelta[1])],actualPosition)
            
            guess,maxScore =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #calculate distance error
            distPeriodic = getDistance([float(guess[0]),float(guess[1])],actualPosition)
            
            combinedWeigthedGuess =
[(guess[0]+socialWeight*socialguessDelta[0])/(socialWeight+1),(guess[1]+socialWeight*socialgue
sDelta[1])/(socialWeight+1)]
            combinedWeigthedDist =

getDistance([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],actualPosition)
            combinedWeigthedDistError.append(combinedWeigthedDist)
            if draw:
                text = 'periodic'
            
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter)

            accesspointGuessWeighted =
getNearestKnownAccesspoint([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],a
tualPosition)
            dist1 =
getDistance([float(accesspointGuessWeighted[0]),float(accesspointGuessWeighted[1])],actualPosi
ion)
            accesspointGuessWeightedError.append(dist1)
            accesspointGuess =
getNearestKnownAccesspoint([float(guess[0]),float(guess[1])],actualPosition)
            dist2 =
getDistance([float(accesspointGuess[0]),float(accesspointGuess[1])],actualPosition)
            accesspointGuessError.append(dist2)
            if socialCheckIn:
                accesspointParallel =
getNearestKnownAccesspoint(socialguessDelta,actualPosition)
            else:       
                accesspointParallel = accesspointGuess
            dist3 =
getDistance([float(accesspointParallel[0]),float(accesspointParallel[1])],actualPosition)
            accesspointParallelError.append(dist3)  
            
            if socialCheckIn:
                distCombined = distSocialDelta
                distSocialError.append(distSocialDelta)
                distSocialDeltaError.append(distSocialDelta)
                distCombinedError.append(distCombined)  
                if distSocial < 0.010:
                    exactFitsSocial += 1
                
            else:
                distCombined = distPeriodic
            
distPeriodicError.append(getDistance([float(guess[0]),float(guess[1])],actualPosition))
                distCombinedError.append(distCombined)  
            
            if dist3 < 0.010:
                exactFitsCombined += 1
            
            if dist2 < 0.010:
                exactFitsPeriodic += 1      

            

    if offCampusSuccess != 0:
        offCampusSuccessRatio = offCampusSuccess/len(evalArray)
    else:
        offCampusSuccessRatio = 0
    meanDistCombined = mean(distCombinedError)
    meanAccesspointParallel = mean(accesspointParallelError)
    meanDistPeriodic = mean(distPeriodicError)
    meanAccesspointGuess = mean(accesspointGuessError)
    meanDistSocial = mean(distSocialError)
    meanDistSocialDelta = mean(distSocialDeltaError)
    meanCombinedWeigthedDist = mean(combinedWeigthedDistError)
    meanAccesspointGuessWeighted = mean(accesspointGuessWeightedError)
    if onCampusCheckIns != 0:
        exactFitCombinedRatio = exactFitsCombined/onCampusCheckIns
        exactFitPeriodicRatio = exactFitsPeriodic/onCampusCheckIns
    else:
        exactFitCombinedRatio = 0
        exactFitPeriodicRatio = 0
    if socialCheckInCounter != 0:
        exactFitSocialRatio = exactFitsSocial/socialCheckInCounter
    else:
        exactFitSocialRatio = 0
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedDist,
eanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRatio,
xactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCampus
ounter,socialCheckInCounter

def getNearestKnownAccesspoint(bestguess,actualPosition):
    shortestDist = 10000000
    for coords in uniqueCheckInCoords:
        distance = getDistance(coords,bestguess)
        if float(distance) < shortestDist:
            shortestDist = float(distance)
            bestCoords = coords
    return bestCoords

def probDist(X,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    p = 0
    for location in range(len(locations)-2): #excluding offcampus and outliers
        p +=
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampusWeekProb
)*faerdigRet(X[0],X[1],sigmax[location],sigmay[location],mux[location],muy[location],cov[locati
n])
        

    return -p
    
def getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    params = [t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov]
    maxcoords,maxScore,otherStuff =
scipy.optimize.fmin_l_bfgs_b(probDist,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords, maxScore

#needs to be there for the optimization function to work...
def fcons(X,t,alpha,beta,approvedCheckIns,friendScore):
    return X[0]

def socialMaxhelp(X,t,alpha,beta,approvedCheckIns,friendScore):
    score,scoreDelta = socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore)
    return -score 

def
getSocialFuncMax(t,alpha,beta,training,friends,friendScore,friendActualLocation,friendTraining
delta):
    if training:
        friends = friendTraining
    else:
        friends = friendActualLocation
        
    approvedCheckIns = []                       
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        approvedCheckIns.append([])                     
        for checkIn in friend:
            if t-float(checkIn[0]) < 0:
                break
            if t-float(checkIn[0]) > 0 and t-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                approvedCheckIns[friendCounter].append(checkIn)
    params = [t,alpha,beta,approvedCheckIns,friendScore]
    if delta:
        coordScores = []
        for coords in uniqueCheckInCoords:
            score,scoreDelta =
socialDistribution(coords,t,alpha,beta,approvedCheckIns,friendScore)
            coordScores.append((coords,scoreDelta))
        maxcoords = max(coordScores, key=lambda x: x[1])[0]
        maxScore = max(coordScores, key=lambda x: x[1])[1]
    else:
        maxcoords = scipy.optimize.fmin_cobyla(socialMaxhelp,[55.7865,12.52],fcons,args=params)
        maxScore = -socialMaxhelp(maxcoords,t,alpha,beta,approvedCheckIns,friendScore)
    #maxcoords,maxVal,otherStuff =

scipy.optimize.fmin_l_bfgs_b(socialDistribution,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords,maxScore

def
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter):
    colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]

    #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
    loc = -1
    plt.figure(10)
    plt.clf()
    for l,MUX,MUY in zip(L,mux,muy):    
        loc += 1
        plt.scatter([x+0.0001*random.uniform(-1,1) for x in
l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')
    plt.scatter(guess[0],guess[1],s=120,color='c',marker='s',label='guess')
    #plt.scatter([x[1]+0.0001*random.uniform(-1,1) for x in
approvedCheckIns],[y[2]+0.0001*random.uniform(-1,1) for y in
approvedCheckIns],s=20,color='c',marker='o',label='friends')

    Z = []
    for location in range(len(locations)-2): #excluding offcampus
    
Z.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*mlab.bivariate_normal(X,Y,sigmax[location],sigmay[location],mux[location],muy[locati
n],cov[location]))

    Zet = Z[0]
    first = True
    for i in Z:
        if first:
            first = False
        else:
            Zet += i
    plt.contour(X, Y, Zet)

    legend(loc="upper right",shadow=True, fancybox=True)
    leg = plt.gca().get_legend()
    ltext  = leg.get_texts()  # all the text.Text instance in the legend
    plt.setp(ltext, fontsize=6)    # the legend text fontsize       
    plt.axis('scaled')      
    plt.axis([55.792,55.778,12.51,12.53])
    plt.title('Time independent spatial distribution')

    plt.xlabel('longitude')
    plt.ylabel('latitude')
    tempFilename = str(device)+'_Eval_Spatial_'+str(text)+"_"+str(checkInCounter)+'.pdf'
    filename = os.path.join(pathOut, tempFilename)
    plt.savefig(filename)
    #plt.show()

def
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng):
    # ratio when social score is highest on the users position and ratio when the social score
i lowest
    # friend attraction should not allways add up to one but depend on the average co-occurence
ratio.
    # I guess one could say that this is somehow worked into the weighting though i would seem
that it is kind of opposite
    
    ratioOut = []
    socialArray = []
    periodicArray = []
    for outlier in outliers:
        t = getWeekHour(float(outlier[0]))
        approvedCheckIns = []                       
        friendCounter = -1
        for friend in friendTraining:
            friendCounter += 1
            approvedCheckIns.append([])                     
            for checkIn in friend:
                if float(outlier[0])-float(checkIn[0]) < 0:
                    break
                if float(outlier[0])-float(checkIn[0]) > 0 and
float(outlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                    approvedCheckIns[friendCounter].append(checkIn)
        #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
        #socialguessDelta,scoreSocial =
getSocialFuncMax(float(outlier[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
        jimmy,scoreSocial =
socialDistribution([outlier[1],outlier[2]],float(outlier[0]),alpha,beta,approvedCheckIns,frien
Score)
        score =
probDist([outlier[1],outlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,
ux,muy,cov)
        if scoreSocial > 0.01:
            socialArray.append(scoreSocial)

        if score != 0:
            periodicArray.append(-score)
        if scoreSocial > 0.01 and score != 0:
            ratioOut.append(-score/scoreSocial)         
    if socialArray == [] or ratioOut == []:
        xOpt = 0
        muOut = 0
        muIn = 1
    else:
        muOut2 = mean(ratioOut)
        muOut = mean(periodicArray)/mean(socialArray)
        print "meanOut",muOut
        sigmaOut = variance(ratioOut)**(0.5)*(muOut/muOut2)         

        ratioIn = []
        socialArray = []
        periodicArray = []  
        for inlier in withOutOutliers:
            t = getWeekHour(float(inlier[0]))
            approvedCheckIns = []                       
            friendCounter = -1
            for friend in friendTraining:
                friendCounter += 1
                approvedCheckIns.append([])                     
                for checkIn in friend:
                    if float(inlier[0])-float(checkIn[0]) < 0:
                        break
                    if float(inlier[0])-float(checkIn[0]) > 0 and
float(inlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                        approvedCheckIns[friendCounter].append(checkIn)
            #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #socialguessDelta,scoreSocial =
getSocialFuncMax(float(inlier[0]),alpha,beta,training,friends,friendScore,friendActualLocation
friendTraining,True)
            jimmy,scoreSocial =
socialDistribution([inlier[1],inlier[2]],float(inlier[0]),alpha,beta,approvedCheckIns,friendSc
re)
            score =
probDist([inlier[1],inlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mu
,muy,cov)
            if scoreSocial > 0.01:
                socialArray.append(scoreSocial)
            if score != 0:
                periodicArray.append(-score)
            if scoreSocial > 0.01 and -score > 0.01:
                ratioIn.append(-score/scoreSocial)      

        if socialArray == [] or ratioIn == []:
            xOpt = 0
            muOut = 0
            muIn = 1
        else:
            muIn2 = mean(ratioIn)
            muIn = mean(periodicArray)/mean(socialArray)
            print "meanIn",muIn
            sigmaIn = variance(ratioIn)**(0.5)*(muIn/muIn2)     

            if muIn > muOut:    
                myMin = muOut
                myMax = muIn
            else:
                myMin = muIn
                myMax = muOut       

            xOpt = fsolve(lambda x : mlab.normpdf(x,muOut,sigmaOut) -
mlab.normpdf(x,muIn,sigmaIn),(muIn+muOut)/2)
            if xOpt < myMin or xOpt > myMax:
                xOpt = (muIn+muOut)/2

    print xOpt,muIn,muOut
    return xOpt,muIn,muOut  
                    
def
drawTemporalPlots(sortedAccesspoints,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,post
ix):    
        plt.figure(1)
        plt.clf() 
        plt.figure(2)           
        plt.clf() 
        plt.figure(3)           
        plt.clf()
        
        print "der tegnes temporale plots... Vaersgooo!!!"
        # spatial distribution of training set
        colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]
        
        #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
        loc = -1
        plt.figure(10)
        plt.clf()
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter([x+0.0001*random.uniform(-1,1) for x in

l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        loc = -1        
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')    
        #legend(loc="upper right",shadow=True, fancybox=True)
        #leg = plt.gca().get_legend()
        #ltext  = leg.get_texts()  # all the text.Text instance in the legend
        #plt.setp(ltext, fontsize=6)    # the legend text fontsize      
        plt.axis('scaled')      
        plt.axis([55.792,55.778,12.51,12.53])
        plt.title('spatial distribution')
        plt.xlabel('longitude')
        plt.ylabel('latitude')
        tempFilename = str(device)+'_EM_FIG_'+str(postfix)+'.pdf'
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
        
        # temporal function distribution
        xet = range(168)
        ca = 0
        for ca in range(len(dailies)):
            plt.figure(2)
            if ca == (len(dailies)-1):
                ca = -1
        
plt.plot(xet,[temporalDistribution(x,dailyTemporalAverages,dailyWeights,sortedAccesspoints,ca,
ffCampusWeekProbs) for x in xet],color=colors[ca])
        tempFilename = str(device)+"temporal_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.axis([0,170,0,1.1])
        plt.title('time dependant location probability')
        plt.xlabel('weekly hour')
        plt.ylabel('probability')
        plt.savefig(filename)
        
        
        # temporal distribution of training set
        for ca in range(len(dailies)):
            yet = []
            xerne = []
            icounter = -1
            for i in dailies[ca]:
                icounter += 1
                for j in i:
                    xerne.append(j+icounter*24)
                    yet.append(1*ca)

            plt.figure(3)   
            if ca == (len(dailies)-1):
                ca = -1     
            plt.scatter(xerne,[b+0.2*random.uniform(-1,1) for b in yet],color=colors[ca])
        plt.title('temporal distribution')
        plt.xlabel('weekly hour')
        plt.axis([0,170,-1,max(yet)+1])
        tempFilename = str(device)+"check_in_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
            

def buildMFLModel(timeAndPlaceTraining):
    checkInCoords = getCoordinates(timeAndPlaceTraining)
    uniqueCheckInCoords = []
    for checkIn in checkInCoords:
        if [checkIn[1],checkIn[2]] not in uniqueCheckInCoords:
            uniqueCheckInCoords.append([checkIn[1],checkIn[2]])
    locations = []      
    locationCounter = -1
    for coords in uniqueCheckInCoords:
        locationCounter += 1
        locations.append([])
        for checkIn in checkInCoords:
            if [checkIn[1],checkIn[2]] == coords:
                locations[locationCounter].append(checkIn)
    weeklyCheckIns = []
    locationCounter = -1
    for location in locations:
        locationCounter += 1
        weeklyCheckIns.append([])
        for i in range(168):
            weeklyCheckIns[locationCounter].append(0)
        for checkIn in location:
            weekHour = getWeekHour(float(checkIn[0]))
            weeklyCheckIns[locationCounter][weekHour] += 1
    
    return weeklyCheckIns,uniqueCheckInCoords
            
def MostFrequentedLocation(timeAndPlaceTraining,timeAndPlaceEval):  
    #very like temporal model
    weeklyCheckIns,uniqueCheckInCoords = buildMFLModel(timeAndPlaceTraining)
    distCombinedError = []
    evalCheckIns = getCoordinates(timeAndPlaceEval)
    exactFits = 0
    totalCheckInsEval = 0
    for checkIn in evalCheckIns:
        totalCheckInsEval += 1

        t = getWeekHour(float(checkIn[0]))
        a = []
        for i in range(len(uniqueCheckInCoords)):
            a.append(weeklyCheckIns[i][t])
        guess = uniqueCheckInCoords[a.index(max(a))]
        dist = getDistance([float(guess[0]),float(guess[1])],[checkIn[1],checkIn[2]])
        distCombinedError.append(dist)
        if dist < 0.010:
            exactFits += 1
    totalCheckInsEval = len(evalCheckIns)
    meanDist = mean(distCombinedError)*1000
    exactFitRatio = exactFits/totalCheckInsEval
    print "mean MFL",meanDist
    print "exactfits MFL",exactFitRatio
    return meanDist,exactFitRatio
    
def offCampus(allCheckIns):
    startTraining
    weekCounter = -1
    weeks = []
    for i in allCheckIns:
        if float(i[0]) > startTraining+7*24*60*60*(weekCounter+1):
            weeks.append([])
            weekCounter +=1         
        elif float(i[0]) > startTraining:
            weeks[weekCounter].append(i)
    weekProbs = []
    for i in range(168):
        weekProbs.append(0)
    for week in weeks:  
        #print "new week"
        weeklyCheckIns = []
        for i in range(168):
            weeklyCheckIns.append(0)
        for checkIn in week:
            weekHour = getWeekHour(float(checkIn[0]))
            weeklyCheckIns[weekHour] += 1
        for i in range(168):
            if weeklyCheckIns[i] > 0:
                #print weekProbs[i]
                weekProbs[i] += 1

    for i in range(168):
        weekProbs[i] = weekProbs[i]/weekCounter 
    return weekProbs

def calculateRadiusOfGyration(coords):
    Xoncamp = []

    Yoncamp = []
    for checkIn in coords:
        Xoncamp.append(float(checkIn[1]))
        Yoncamp.append(float(checkIn[2]))

    n = len(Xoncamp)    
    averageX = sum(Xoncamp)/n
    averageY = sum(Yoncamp)/n
    
    rgSum = 0
    for x,y in zip(Xoncamp,Yoncamp):
        dist = getDistance([x,y],[averageX,averageY])
        rgSum += dist**2
    rg = (rgSum/n)**(0.5)

    return rg   

def calculatePhiMax(S, N):
    print S
    print N
    try:
        def funcPi(x):
            if x <= 0 or x >= 1:
                func = 5
            else:
                func = -(x*log2(x)+(1-x)*log2(1-x))+(1-x)*log2(N-1)
            return func

        xOpt = fsolve(lambda x : S-funcPi(x),0.8)
    except TypeError:
        print "something fucked up in the pimax calculation"
        xOpt = 0
    print xOpt
    return xOpt[0]

def calculatePredictability(timeAndPlaceTraining,uniqueCheckInCoords):
    timeseries = []
    for j in timeAndPlaceTraining:
        timeseries.append(j[1])
        
    N = len(uniqueCheckInCoords)
    n = len(timeAndPlaceTraining)
    
    knownSubseries = [] 
    sumOfSubseries = 0
    #print "time 6.1",str(time.clock()-base)

    
    for i in range(len(timeseries)):
        subseries = []
        subseries.append(timeseries[i])
        subseriesLength = 0
        #print "time 6.2",str(time.clock()-base)
        
        while subseries in knownSubseries and i+subseriesLength < n:
            subseriesLength += 1
            if i+subseriesLength < n:
                subseries.append(timeseries[i+subseriesLength])
        #print "time 6.3",str(time.clock()-base)
                
        knownSubseries.append(subseries)
        sumOfSubseries += len(subseries)
    #print "time 6.4",str(time.clock()-base)
    
    estimatedIndividualEntropy = 1/(1/n*sumOfSubseries)*math.log(n) #estiamted according to
equation xxx
    
    phiMax = calculatePhiMax(estimatedIndividualEntropy,N)
    print "entropy",estimatedIndividualEntropy
    print "phiMax",phiMax  
    return estimatedIndividualEntropy,phiMax
    
#
def doIT():
    try:
    
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest =
expectationMaximization(getCoordinates(timeAndPlaceTraining),getCoordinates(timeAndPlaceTraini
g_offcampus),i,getCoordinates(timeAndPlaceEval_offcampus),offCampusWeekProbs,uniqueCheckInCoord
)
    except IndexError:
        doIT()
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
        
# choose individual that i going to be tracked
#device = "5ae2c6776f5b3d638e0770cf85ed6cdaaac727ac"
    
numberOfAccesspoints = 10

minimumVisitsToAccesspoint = 0.01   
stackAccesspoints = True    
delta = 0.00025
xx = np.arange(55.792, 55.778, -delta)
yy = np.arange(12.51, 12.53, delta)
X, Y = np.meshgrid(xx, yy)
startTraining = 1297033200
endTraining = 1301868000    #the training set runs from February 7, 2011 12:00:00 AM to April
3, 2011 11:59:59 AM
evalEnd = 1303077600 #1303077600    #the evaluation set runs from to April 4, 2011 12:00:00 AM
to April 17, 2011 11:59:59 AM

pathIn = '/Users/Raaby/Desktop/Master/DTUWiFi/trajectories_full_semester/'
pathIn2 = '/Users/Raaby/Desktop/Master/DTUWiFi/highActivity100/'
pathsIN =
[pathIn2]#['/Users/Raaby/Desktop/Master/DTUWiFi/prunedUsers10/','/Users/Raaby/Desktop/Master/D
UWiFi/highEntropy/','/Users/Raaby/Desktop/Master/DTUWiFi/randomHighActivity/']
pathADDONs = ["highActivity100"]#["prunedUsers10","highEntropy","randomHighActivity"]
for pathIn2,pathaddon in zip(pathsIN,pathADDONs):
    pathBase = os.path.join(os.getcwd(), "Data")
    pathOut = os.path.join(pathBase, pathaddon) 
    pathOutMachine = os.path.join(pathBase, "machine")      
        

    if not os.path.exists(pathBase):
        os.mkdir(pathBase)
    if not os.path.exists(pathOut):
        os.mkdir(pathOut)
    if not os.path.exists(pathOutMachine):
        os.mkdir(pathOutMachine)

    listing = os.listdir(pathIn2)
    listing2 = os.listdir(pathOutMachine)

    fileCounter = 0
    for device in listing:
        simulationActive = False
        tempFilename = "model_success_machine"+str(device)
        if device.startswith('.'):
            print "joker file filtered"
        elif tempFilename in listing2:
            fileCounter += 1
            print str(tempFilename)+" already created"
        else:#if fileCounter > 5:
            fileCounter += 1
            print "current file is: " + device +" "+str(fileCounter)+" of:"+str(len(listing)) 
            friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                

            
            if len(friends) > 0:
                filePathTrajectories = os.path.join(pathIn, str(device)[0:-27]+".txt")
                fileReaderTrajectories = csv.reader(open(filePathTrajectories, 'rb'),
delimiter=' ', quotechar='|')
                fileReaderTrajectories2 = csv.reader(open(filePathTrajectories, 'rb'),
delimiter=' ', quotechar='|')

                allCheckIns = []
                for row in fileReaderTrajectories2:
                    if float(row[0]) > startTraining and float(row[0]) < endTraining:
                        allCheckIns.append(row)
                offCampusWeekProbs = offCampus(allCheckIns)
        # temporal model
                print "calculating temporal distribution"
                place = []
                timeAndPlaceTraining = []
                timeAndPlaceTraining_offcampus = []
                timeAndPlaceEval = []
                timeAndPlaceEval_offcampus = []

                first = True
                for row in fileReaderTrajectories:
                    if first:
                        currentCheckIn = float(row[0])
                        first = False

                    nextCheckIn = float(row[0])
                    if nextCheckIn-currentCheckIn > 3*3600:
                        while nextCheckIn-currentCheckIn > 90*60:
                            if getDayHour(currentCheckIn) > 8 and getDayHour(currentCheckIn) <
20 and getWeekDay(currentCheckIn) < 6: # lower concetration of off_campus check-ins in the
regualar workhours
                                currentCheckIn = currentCheckIn + 90*60
                            else:
                                currentCheckIn = currentCheckIn + 30*60
                            row = (currentCheckIn,"off_campus")
                            if float(row[0]) > startTraining and float(row[0]) < endTraining: 
                                place.append(row[1])
                                timeAndPlaceTraining_offcampus.append([row[0],row[1]])
                            if float(row[0]) > endTraining and float(row[0]) < evalEnd:
                                timeAndPlaceEval_offcampus.append([row[0],row[1]])
                        currentCheckIn = nextCheckIn

                    else:
                        if float(row[0]) > startTraining and float(row[0]) < endTraining: 
                            place.append(row[1])
                            timeAndPlaceTraining.append([row[0],row[1]])

                        if float(row[0]) > endTraining and float(row[0]) < evalEnd:
                            timeAndPlaceEval.append([row[0],row[1]])
                            timeAndPlaceEval_offcampus.append([row[0],row[1]])
                        currentCheckIn = nextCheckIn
                
                if len(timeAndPlaceTraining) != 0 and len(timeAndPlaceEval) != 0:
                    
                    checkInCoords = getCoordinates(timeAndPlaceTraining)
                    uniqueCheckInCoords = []
                    for checkIn in checkInCoords:
                        if [checkIn[1],checkIn[2]] not in uniqueCheckInCoords:
                            uniqueCheckInCoords.append([checkIn[1],checkIn[2]])

                    if len(uniqueCheckInCoords) > 3:
                        totalCheckIns = len(place)
                        uniqueAccesspointsTrajectories = f5(place)
                        sortedAccesspoints = []
                        for accesspoint in uniqueAccesspointsTrajectories:
                            sortedAccesspoints.append((accesspoint,place.count(accesspoint)))
                        sortedAccesspoints = sorted(sortedAccesspoints, key=lambda item:
item[1], reverse=True)      

                        entropy,phiMax =
calculatePredictability(getCoordinates(timeAndPlaceTraining),uniqueCheckInCoords)

                        score = []
                        data = []
                        icounter = -1
                        for i in range(5,6):#Fiterlen(sortedAccesspoints)):
                            icounter += 1
                        
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest = doIT()
                        
data.append([meanDistCombined,meanDistPeriodic,meanDistSocial,exactFitCombinedRatio,exactFitPe
iodicRatio,exactFitSocialRatio,onCampusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,me
nDistSocialDelta,meanCombinedWeigthedDist,meanAccesspointParallel,meanAccesspointGuessWeighted,
eanAccesspointGuess])
                            if data[icounter][0] < data[icounter][1]:
                                meanDist = data[icounter][0]
                            else:
                                meanDist = data[icounter][1]
                            score.append(meanDist)

                        rg = calculateRadiusOfGyration(getCoordinates(timeAndPlaceTraining))
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                y = item[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*(faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[lo
ation]))**spatialImportance)
            L_index = p.index(max(p))
            L[L_index][0].append(item[0])
            L[L_index][1].append(item[1])
            L[L_index][2].append(item[2])

        for item in outliers:
            L[-1][0].append(item[0])
            L[-1][1].append(item[1])
            L[-1][2].append(item[2])    
            
        for i in L:
            if i == [[],[],[]]:
                L.remove(i)
                numLocations = len(L)
                print 'something has been removed'  

    # calculate mean, variance, and covariance for the "piles"
    locationSizes_new = []  
    centroids_new = []      
    sigmax = []
    sigmay = []
    mux = []
    muy = []
    cov = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
        sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
        sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
        mux.append(mean(L[i][1]))
        muy.append(mean(L[i][2]))
        cov.append(covariance(L[i][1],L[i][2]))
    centroids_new = [mux,muy]
    
    locations = []
    for location in L:
        locations.append([0,len(location[0])])
    for location in L_off:
        locations.append([0,len(location[0])])

    locationSizes_new = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
    print "locationSizes",locationSizes_new

    
    dailyTemporalAverages,dailies,dailyWeights = getDailyTemporalAverages(L,L_off)
    muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold =
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov)

    print "drawing temporal plots"
    if draw:
    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,"IsolatedOutl
ers")

    print "evaluating model"
    meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedD
st,meanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRa
io,exactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCa
pusCounter,socialCheckInCounter =
evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight)
    print "check-ins on/off campus:",onCampusCheckIns,"/",actualOffCampusCounter
    print "percentage of offcampus check-ins successfully guessed:",offCampusSuccessRatio
    print "average distance between guess and actual position in meters
(meanDistCombined):",1000*meanDistCombined,1000*meanAccesspointParallel
    print "average distance between guess and actual position in meters
(meanDistPeriodic):",1000*meanDistPeriodic,1000*meanAccesspointGuess
    print "average distance between guess and actual position in meters
(meanDistSocial):",1000*meanDistSocial
    print "average distance between guess and actual position in meters
(meanDistSocialDelta):",1000*meanDistSocialDelta
    print "average distance between guess and actual position in meters
(meanCombinedWeigthedDist):",1000*meanCombinedWeigthedDist,1000*meanAccesspointGuessWeighted
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitCombinedRatio):",exactFitCombinedRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitPeriodicRatio):",exactFitPeriodicRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitSocialRatio):",exactFitSocialRatio
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
                    

    
def

evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight):
    distSocialError = []
    distSocialDeltaError = []
    combinedWeigthedDistError = []
    distCombinedError = []
    distPeriodicError = []
    exactFitsCombined = 0
    exactFitsPeriodic = 0
    exactFitsSocial = 0
    actualOffCampusCounter = 0
    guessOffCampus = 0
    offCampusSuccess = 0
    checkInCounter = 0
    accesspointGuessWeightedError = []
    accesspointGuessError = []
    accesspointParallelError = []
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)
    training = False
    socialCheckInCounter = 0
    onCampusCheckIns = 0
    for checkIn in evalArray:
        onCampus = True
        checkInCounter += 1
        print "eval check in",checkInCounter,"of",len(evalArray)
        t = getWeekHour(float(checkIn[0]))
        actualPosition = [float(checkIn[1]),float(checkIn[2])]
        
        if actualPosition == [55.0,12.0]:
            actualOffCampusCounter += 1
            actualPosition = "off_campus"
        
        if
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,len(locations)-1,offCampus
eekProbs) > 0.6: #len(locations)-1 is the last element since 0 also counts          
            onCampus = False
            guessOffCampus += 1
            guess = "off_campus"
            if actualPosition == guess:
                offCampusSuccess += 1
        else:
            if actualPosition != "off_campus":
                offCampusSuccess += 1
        
        if actualPosition != "off_campus":
            onCampusCheckIns += 1
            socialCheckIn = False

            
            # if guess from the periodic model is not confident enough according to the
Chauvenet's criterion the check-in will be treated as a social checkin
            p = []
            for location in range(len(locations)-2):
                x = checkIn[1]
                y = checkIn[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
            outlierProb = sum(p)
            # Chauvenet's criterion (almost)
            #c = mlab.normpdf(outlierProb,muOutlierThreshold,sigmaOutlierThreshold)
            if muOutlierThreshold-outlierProb > 1.5*sigmaOutlierThreshold:
            #if c < OutlierThreshold:   
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                if maxScore > outlierProb:
                    socialCheckIn = True
                    socialCheckInCounter += 1
            
            socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
            if socialCheckIn:
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                socialguess,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,False)
                #calculate distance error
                distSocial =
getDistance([float(socialguess[0]),float(socialguess[1])],actualPosition)
                distSocialDelta =
getDistance([float(socialguessDelta[0]),float(socialguessDelta[1])],actualPosition)
            
            guess,maxScore =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #calculate distance error
            distPeriodic = getDistance([float(guess[0]),float(guess[1])],actualPosition)
            
            combinedWeigthedGuess =
[(guess[0]+socialWeight*socialguessDelta[0])/(socialWeight+1),(guess[1]+socialWeight*socialgue
sDelta[1])/(socialWeight+1)]
            combinedWeigthedDist =

getDistance([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],actualPosition)
            combinedWeigthedDistError.append(combinedWeigthedDist)
            if draw:
                text = 'periodic'
            
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter)

            accesspointGuessWeighted =
getNearestKnownAccesspoint([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],a
tualPosition)
            dist1 =
getDistance([float(accesspointGuessWeighted[0]),float(accesspointGuessWeighted[1])],actualPosi
ion)
            accesspointGuessWeightedError.append(dist1)
            accesspointGuess =
getNearestKnownAccesspoint([float(guess[0]),float(guess[1])],actualPosition)
            dist2 =
getDistance([float(accesspointGuess[0]),float(accesspointGuess[1])],actualPosition)
            accesspointGuessError.append(dist2)
            if socialCheckIn:
                accesspointParallel =
getNearestKnownAccesspoint(socialguessDelta,actualPosition)
            else:       
                accesspointParallel = accesspointGuess
            dist3 =
getDistance([float(accesspointParallel[0]),float(accesspointParallel[1])],actualPosition)
            accesspointParallelError.append(dist3)  
            
            if socialCheckIn:
                distCombined = distSocialDelta
                distSocialError.append(distSocialDelta)
                distSocialDeltaError.append(distSocialDelta)
                distCombinedError.append(distCombined)  
                if distSocial < 0.010:
                    exactFitsSocial += 1
                
            else:
                distCombined = distPeriodic
            
distPeriodicError.append(getDistance([float(guess[0]),float(guess[1])],actualPosition))
                distCombinedError.append(distCombined)  
            
            if dist3 < 0.010:
                exactFitsCombined += 1
            
            if dist2 < 0.010:
                exactFitsPeriodic += 1      

            

    if offCampusSuccess != 0:
        offCampusSuccessRatio = offCampusSuccess/len(evalArray)
    else:
        offCampusSuccessRatio = 0
    meanDistCombined = mean(distCombinedError)
    meanAccesspointParallel = mean(accesspointParallelError)
    meanDistPeriodic = mean(distPeriodicError)
    meanAccesspointGuess = mean(accesspointGuessError)
    meanDistSocial = mean(distSocialError)
    meanDistSocialDelta = mean(distSocialDeltaError)
    meanCombinedWeigthedDist = mean(combinedWeigthedDistError)
    meanAccesspointGuessWeighted = mean(accesspointGuessWeightedError)
    if onCampusCheckIns != 0:
        exactFitCombinedRatio = exactFitsCombined/onCampusCheckIns
        exactFitPeriodicRatio = exactFitsPeriodic/onCampusCheckIns
    else:
        exactFitCombinedRatio = 0
        exactFitPeriodicRatio = 0
    if socialCheckInCounter != 0:
        exactFitSocialRatio = exactFitsSocial/socialCheckInCounter
    else:
        exactFitSocialRatio = 0
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedDist,
eanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRatio,
xactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCampus
ounter,socialCheckInCounter

def getNearestKnownAccesspoint(bestguess,actualPosition):
    shortestDist = 10000000
    for coords in uniqueCheckInCoords:
        distance = getDistance(coords,bestguess)
        if float(distance) < shortestDist:
            shortestDist = float(distance)
            bestCoords = coords
    return bestCoords

def probDist(X,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    p = 0
    for location in range(len(locations)-2): #excluding offcampus and outliers
        p +=
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampusWeekProb
)*faerdigRet(X[0],X[1],sigmax[location],sigmay[location],mux[location],muy[location],cov[locati
n])
        

    return -p
    
def getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    params = [t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov]
    maxcoords,maxScore,otherStuff =
scipy.optimize.fmin_l_bfgs_b(probDist,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords, maxScore

#needs to be there for the optimization function to work...
def fcons(X,t,alpha,beta,approvedCheckIns,friendScore):
    return X[0]

def socialMaxhelp(X,t,alpha,beta,approvedCheckIns,friendScore):
    score,scoreDelta = socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore)
    return -score 

def
getSocialFuncMax(t,alpha,beta,training,friends,friendScore,friendActualLocation,friendTraining
delta):
    if training:
        friends = friendTraining
    else:
        friends = friendActualLocation
        
    approvedCheckIns = []                       
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        approvedCheckIns.append([])                     
        for checkIn in friend:
            if t-float(checkIn[0]) < 0:
                break
            if t-float(checkIn[0]) > 0 and t-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                approvedCheckIns[friendCounter].append(checkIn)
    params = [t,alpha,beta,approvedCheckIns,friendScore]
    if delta:
        coordScores = []
        for coords in uniqueCheckInCoords:
            score,scoreDelta =
socialDistribution(coords,t,alpha,beta,approvedCheckIns,friendScore)
            coordScores.append((coords,scoreDelta))
        maxcoords = max(coordScores, key=lambda x: x[1])[0]
        maxScore = max(coordScores, key=lambda x: x[1])[1]
    else:
        maxcoords = scipy.optimize.fmin_cobyla(socialMaxhelp,[55.7865,12.52],fcons,args=params)
        maxScore = -socialMaxhelp(maxcoords,t,alpha,beta,approvedCheckIns,friendScore)
    #maxcoords,maxVal,otherStuff =

scipy.optimize.fmin_l_bfgs_b(socialDistribution,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords,maxScore

def
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter):
    colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]

    #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
    loc = -1
    plt.figure(10)
    plt.clf()
    for l,MUX,MUY in zip(L,mux,muy):    
        loc += 1
        plt.scatter([x+0.0001*random.uniform(-1,1) for x in
l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')
    plt.scatter(guess[0],guess[1],s=120,color='c',marker='s',label='guess')
    #plt.scatter([x[1]+0.0001*random.uniform(-1,1) for x in
approvedCheckIns],[y[2]+0.0001*random.uniform(-1,1) for y in
approvedCheckIns],s=20,color='c',marker='o',label='friends')

    Z = []
    for location in range(len(locations)-2): #excluding offcampus
    
Z.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*mlab.bivariate_normal(X,Y,sigmax[location],sigmay[location],mux[location],muy[locati
n],cov[location]))

    Zet = Z[0]
    first = True
    for i in Z:
        if first:
            first = False
        else:
            Zet += i
    plt.contour(X, Y, Zet)

    legend(loc="upper right",shadow=True, fancybox=True)
    leg = plt.gca().get_legend()
    ltext  = leg.get_texts()  # all the text.Text instance in the legend
    plt.setp(ltext, fontsize=6)    # the legend text fontsize       
    plt.axis('scaled')      
    plt.axis([55.792,55.778,12.51,12.53])
    plt.title('Time independent spatial distribution')

    plt.xlabel('longitude')
    plt.ylabel('latitude')
    tempFilename = str(device)+'_Eval_Spatial_'+str(text)+"_"+str(checkInCounter)+'.pdf'
    filename = os.path.join(pathOut, tempFilename)
    plt.savefig(filename)
    #plt.show()

def
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng):
    # ratio when social score is highest on the users position and ratio when the social score
i lowest
    # friend attraction should not allways add up to one but depend on the average co-occurence
ratio.
    # I guess one could say that this is somehow worked into the weighting though i would seem
that it is kind of opposite
    
    ratioOut = []
    socialArray = []
    periodicArray = []
    for outlier in outliers:
        t = getWeekHour(float(outlier[0]))
        approvedCheckIns = []                       
        friendCounter = -1
        for friend in friendTraining:
            friendCounter += 1
            approvedCheckIns.append([])                     
            for checkIn in friend:
                if float(outlier[0])-float(checkIn[0]) < 0:
                    break
                if float(outlier[0])-float(checkIn[0]) > 0 and
float(outlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                    approvedCheckIns[friendCounter].append(checkIn)
        #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
        #socialguessDelta,scoreSocial =
getSocialFuncMax(float(outlier[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
        jimmy,scoreSocial =
socialDistribution([outlier[1],outlier[2]],float(outlier[0]),alpha,beta,approvedCheckIns,frien
Score)
        score =
probDist([outlier[1],outlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,
ux,muy,cov)
        if scoreSocial > 0.01:
            socialArray.append(scoreSocial)

        if score != 0:
            periodicArray.append(-score)
        if scoreSocial > 0.01 and score != 0:
            ratioOut.append(-score/scoreSocial)         
    if socialArray == [] or ratioOut == []:
        xOpt = 0
        muOut = 0
        muIn = 1
    else:
        muOut2 = mean(ratioOut)
        muOut = mean(periodicArray)/mean(socialArray)
        print "meanOut",muOut
        sigmaOut = variance(ratioOut)**(0.5)*(muOut/muOut2)         

        ratioIn = []
        socialArray = []
        periodicArray = []  
        for inlier in withOutOutliers:
            t = getWeekHour(float(inlier[0]))
            approvedCheckIns = []                       
            friendCounter = -1
            for friend in friendTraining:
                friendCounter += 1
                approvedCheckIns.append([])                     
                for checkIn in friend:
                    if float(inlier[0])-float(checkIn[0]) < 0:
                        break
                    if float(inlier[0])-float(checkIn[0]) > 0 and
float(inlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                        approvedCheckIns[friendCounter].append(checkIn)
            #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #socialguessDelta,scoreSocial =
getSocialFuncMax(float(inlier[0]),alpha,beta,training,friends,friendScore,friendActualLocation
friendTraining,True)
            jimmy,scoreSocial =
socialDistribution([inlier[1],inlier[2]],float(inlier[0]),alpha,beta,approvedCheckIns,friendSc
re)
            score =
probDist([inlier[1],inlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mu
,muy,cov)
            if scoreSocial > 0.01:
                socialArray.append(scoreSocial)
            if score != 0:
                periodicArray.append(-score)
            if scoreSocial > 0.01 and -score > 0.01:
                ratioIn.append(-score/scoreSocial)      

        if socialArray == [] or ratioIn == []:
            xOpt = 0
            muOut = 0
            muIn = 1
        else:
            muIn2 = mean(ratioIn)
            muIn = mean(periodicArray)/mean(socialArray)
            print "meanIn",muIn
            sigmaIn = variance(ratioIn)**(0.5)*(muIn/muIn2)     

            if muIn > muOut:    
                myMin = muOut
                myMax = muIn
            else:
                myMin = muIn
                myMax = muOut       

            xOpt = fsolve(lambda x : mlab.normpdf(x,muOut,sigmaOut) -
mlab.normpdf(x,muIn,sigmaIn),(muIn+muOut)/2)
            if xOpt < myMin or xOpt > myMax:
                xOpt = (muIn+muOut)/2

    print xOpt,muIn,muOut
    return xOpt,muIn,muOut  
                    
def
drawTemporalPlots(sortedAccesspoints,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,post
ix):    
        plt.figure(1)
        plt.clf() 
        plt.figure(2)           
        plt.clf() 
        plt.figure(3)           
        plt.clf()
        
        print "der tegnes temporale plots... Vaersgooo!!!"
        # spatial distribution of training set
        colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]
        
        #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
        loc = -1
        plt.figure(10)
        plt.clf()
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter([x+0.0001*random.uniform(-1,1) for x in

l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        loc = -1        
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')    
        #legend(loc="upper right",shadow=True, fancybox=True)
        #leg = plt.gca().get_legend()
        #ltext  = leg.get_texts()  # all the text.Text instance in the legend
        #plt.setp(ltext, fontsize=6)    # the legend text fontsize      
        plt.axis('scaled')      
        plt.axis([55.792,55.778,12.51,12.53])
        plt.title('spatial distribution')
        plt.xlabel('longitude')
        plt.ylabel('latitude')
        tempFilename = str(device)+'_EM_FIG_'+str(postfix)+'.pdf'
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
        
        # temporal function distribution
        xet = range(168)
        ca = 0
        for ca in range(len(dailies)):
            plt.figure(2)
            if ca == (len(dailies)-1):
                ca = -1
        
plt.plot(xet,[temporalDistribution(x,dailyTemporalAverages,dailyWeights,sortedAccesspoints,ca,
ffCampusWeekProbs) for x in xet],color=colors[ca])
        tempFilename = str(device)+"temporal_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.axis([0,170,0,1.1])
        plt.title('time dependant location probability')
        plt.xlabel('weekly hour')
        plt.ylabel('probability')
        plt.savefig(filename)
        
        
        # temporal distribution of training set
        for ca in range(len(dailies)):
            yet = []
            xerne = []
            icounter = -1
            for i in dailies[ca]:
                icounter += 1
                for j in i:
                    xerne.append(j+icounter*24)
                    yet.append(1*ca)

            plt.figure(3)   
            if ca == (len(dailies)-1):
                ca = -1     
            plt.scatter(xerne,[b+0.2*random.uniform(-1,1) for b in yet],color=colors[ca])
        plt.title('temporal distribution')
        plt.xlabel('weekly hour')
        plt.axis([0,170,-1,max(yet)+1])
        tempFilename = str(device)+"check_in_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
            

def buildMFLModel(timeAndPlaceTraining):
    checkInCoords = getCoordinates(timeAndPlaceTraining)
    uniqueCheckInCoords = []
    for checkIn in checkInCoords:
        if [checkIn[1],checkIn[2]] not in uniqueCheckInCoords:
            uniqueCheckInCoords.append([checkIn[1],checkIn[2]])
    locations = []      
    locationCounter = -1
    for coords in uniqueCheckInCoords:
        locationCounter += 1
        locations.append([])
        for checkIn in checkInCoords:
            if [checkIn[1],checkIn[2]] == coords:
                locations[locationCounter].append(checkIn)
    weeklyCheckIns = []
    locationCounter = -1
    for location in locations:
        locationCounter += 1
        weeklyCheckIns.append([])
        for i in range(168):
            weeklyCheckIns[locationCounter].append(0)
        for checkIn in location:
            weekHour = getWeekHour(float(checkIn[0]))
            weeklyCheckIns[locationCounter][weekHour] += 1
    
    return weeklyCheckIns,uniqueCheckInCoords
            
def MostFrequentedLocation(timeAndPlaceTraining,timeAndPlaceEval):  
    #very like temporal model
    weeklyCheckIns,uniqueCheckInCoords = buildMFLModel(timeAndPlaceTraining)
    distCombinedError = []
    evalCheckIns = getCoordinates(timeAndPlaceEval)
    exactFits = 0
    totalCheckInsEval = 0
    for checkIn in evalCheckIns:
        totalCheckInsEval += 1

        t = getWeekHour(float(checkIn[0]))
        a = []
        for i in range(len(uniqueCheckInCoords)):
            a.append(weeklyCheckIns[i][t])
        guess = uniqueCheckInCoords[a.index(max(a))]
        dist = getDistance([float(guess[0]),float(guess[1])],[checkIn[1],checkIn[2]])
        distCombinedError.append(dist)
        if dist < 0.010:
            exactFits += 1
    totalCheckInsEval = len(evalCheckIns)
    meanDist = mean(distCombinedError)*1000
    exactFitRatio = exactFits/totalCheckInsEval
    print "mean MFL",meanDist
    print "exactfits MFL",exactFitRatio
    return meanDist,exactFitRatio
    
def offCampus(allCheckIns):
    startTraining
    weekCounter = -1
    weeks = []
    for i in allCheckIns:
        if float(i[0]) > startTraining+7*24*60*60*(weekCounter+1):
            weeks.append([])
            weekCounter +=1         
        elif float(i[0]) > startTraining:
            weeks[weekCounter].append(i)
    weekProbs = []
    for i in range(168):
        weekProbs.append(0)
    for week in weeks:  
        #print "new week"
        weeklyCheckIns = []
        for i in range(168):
            weeklyCheckIns.append(0)
        for checkIn in week:
            weekHour = getWeekHour(float(checkIn[0]))
            weeklyCheckIns[weekHour] += 1
        for i in range(168):
            if weeklyCheckIns[i] > 0:
                #print weekProbs[i]
                weekProbs[i] += 1

    for i in range(168):
        weekProbs[i] = weekProbs[i]/weekCounter 
    return weekProbs

def calculateRadiusOfGyration(coords):
    Xoncamp = []

    Yoncamp = []
    for checkIn in coords:
        Xoncamp.append(float(checkIn[1]))
        Yoncamp.append(float(checkIn[2]))

    n = len(Xoncamp)    
    averageX = sum(Xoncamp)/n
    averageY = sum(Yoncamp)/n
    
    rgSum = 0
    for x,y in zip(Xoncamp,Yoncamp):
        dist = getDistance([x,y],[averageX,averageY])
        rgSum += dist**2
    rg = (rgSum/n)**(0.5)

    return rg   

def calculatePhiMax(S, N):
    print S
    print N
    try:
        def funcPi(x):
            if x <= 0 or x >= 1:
                func = 5
            else:
                func = -(x*log2(x)+(1-x)*log2(1-x))+(1-x)*log2(N-1)
            return func

        xOpt = fsolve(lambda x : S-funcPi(x),0.8)
    except TypeError:
        print "something fucked up in the pimax calculation"
        xOpt = 0
    print xOpt
    return xOpt[0]

def calculatePredictability(timeAndPlaceTraining,uniqueCheckInCoords):
    timeseries = []
    for j in timeAndPlaceTraining:
        timeseries.append(j[1])
        
    N = len(uniqueCheckInCoords)
    n = len(timeAndPlaceTraining)
    
    knownSubseries = [] 
    sumOfSubseries = 0
    #print "time 6.1",str(time.clock()-base)

    
    for i in range(len(timeseries)):
        subseries = []
        subseries.append(timeseries[i])
        subseriesLength = 0
        #print "time 6.2",str(time.clock()-base)
        
        while subseries in knownSubseries and i+subseriesLength < n:
            subseriesLength += 1
            if i+subseriesLength < n:
                subseries.append(timeseries[i+subseriesLength])
        #print "time 6.3",str(time.clock()-base)
                
        knownSubseries.append(subseries)
        sumOfSubseries += len(subseries)
    #print "time 6.4",str(time.clock()-base)
    
    estimatedIndividualEntropy = 1/(1/n*sumOfSubseries)*math.log(n) #estiamted according to
equation xxx
    
    phiMax = calculatePhiMax(estimatedIndividualEntropy,N)
    print "entropy",estimatedIndividualEntropy
    print "phiMax",phiMax  
    return estimatedIndividualEntropy,phiMax
    
#
def doIT():
    try:
    
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest =
expectationMaximization(getCoordinates(timeAndPlaceTraining),getCoordinates(timeAndPlaceTraini
g_offcampus),i,getCoordinates(timeAndPlaceEval_offcampus),offCampusWeekProbs,uniqueCheckInCoord
)
    except IndexError:
        doIT()
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
        
# choose individual that i going to be tracked
#device = "5ae2c6776f5b3d638e0770cf85ed6cdaaac727ac"
    
numberOfAccesspoints = 10

minimumVisitsToAccesspoint = 0.01   
stackAccesspoints = True    
delta = 0.00025
xx = np.arange(55.792, 55.778, -delta)
yy = np.arange(12.51, 12.53, delta)
X, Y = np.meshgrid(xx, yy)
startTraining = 1297033200
endTraining = 1301868000    #the training set runs from February 7, 2011 12:00:00 AM to April
3, 2011 11:59:59 AM
evalEnd = 1303077600 #1303077600    #the evaluation set runs from to April 4, 2011 12:00:00 AM
to April 17, 2011 11:59:59 AM

pathIn = '/Users/Raaby/Desktop/Master/DTUWiFi/trajectories_full_semester/'
pathIn2 = '/Users/Raaby/Desktop/Master/DTUWiFi/highActivity100/'
pathsIN =
[pathIn2]#['/Users/Raaby/Desktop/Master/DTUWiFi/prunedUsers10/','/Users/Raaby/Desktop/Master/D
UWiFi/highEntropy/','/Users/Raaby/Desktop/Master/DTUWiFi/randomHighActivity/']
pathADDONs = ["highActivity100"]#["prunedUsers10","highEntropy","randomHighActivity"]
for pathIn2,pathaddon in zip(pathsIN,pathADDONs):
    pathBase = os.path.join(os.getcwd(), "Data")
    pathOut = os.path.join(pathBase, pathaddon) 
    pathOutMachine = os.path.join(pathBase, "machine")      
        

    if not os.path.exists(pathBase):
        os.mkdir(pathBase)
    if not os.path.exists(pathOut):
        os.mkdir(pathOut)
    if not os.path.exists(pathOutMachine):
        os.mkdir(pathOutMachine)

    listing = os.listdir(pathIn2)
    listing2 = os.listdir(pathOutMachine)

    fileCounter = 0
    for device in listing:
        simulationActive = False
        tempFilename = "model_success_machine"+str(device)
        if device.startswith('.'):
            print "joker file filtered"
        elif tempFilename in listing2:
            fileCounter += 1
            print str(tempFilename)+" already created"
        else:#if fileCounter > 5:
            fileCounter += 1
            print "current file is: " + device +" "+str(fileCounter)+" of:"+str(len(listing)) 
            friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                

            
            if len(friends) > 0:
                filePathTrajectories = os.path.join(pathIn, str(device)[0:-27]+".txt")
                fileReaderTrajectories = csv.reader(open(filePathTrajectories, 'rb'),
delimiter=' ', quotechar='|')
                fileReaderTrajectories2 = csv.reader(open(filePathTrajectories, 'rb'),
delimiter=' ', quotechar='|')

                allCheckIns = []
                for row in fileReaderTrajectories2:
                    if float(row[0]) > startTraining and float(row[0]) < endTraining:
                        allCheckIns.append(row)
                offCampusWeekProbs = offCampus(allCheckIns)
        # temporal model
                print "calculating temporal distribution"
                place = []
                timeAndPlaceTraining = []
                timeAndPlaceTraining_offcampus = []
                timeAndPlaceEval = []
                timeAndPlaceEval_offcampus = []

                first = True
                for row in fileReaderTrajectories:
                    if first:
                        currentCheckIn = float(row[0])
                        first = False

                    nextCheckIn = float(row[0])
                    if nextCheckIn-currentCheckIn > 3*3600:
                        while nextCheckIn-currentCheckIn > 90*60:
                            if getDayHour(currentCheckIn) > 8 and getDayHour(currentCheckIn) <
20 and getWeekDay(currentCheckIn) < 6: # lower concetration of off_campus check-ins in the
regualar workhours
                                currentCheckIn = currentCheckIn + 90*60
                            else:
                                currentCheckIn = currentCheckIn + 30*60
                            row = (currentCheckIn,"off_campus")
                            if float(row[0]) > startTraining and float(row[0]) < endTraining: 
                                place.append(row[1])
                                timeAndPlaceTraining_offcampus.append([row[0],row[1]])
                            if float(row[0]) > endTraining and float(row[0]) < evalEnd:
                                timeAndPlaceEval_offcampus.append([row[0],row[1]])
                        currentCheckIn = nextCheckIn

                    else:
                        if float(row[0]) > startTraining and float(row[0]) < endTraining: 
                            place.append(row[1])
                            timeAndPlaceTraining.append([row[0],row[1]])

                        if float(row[0]) > endTraining and float(row[0]) < evalEnd:
                            timeAndPlaceEval.append([row[0],row[1]])
                            timeAndPlaceEval_offcampus.append([row[0],row[1]])
                        currentCheckIn = nextCheckIn
                
                if len(timeAndPlaceTraining) != 0 and len(timeAndPlaceEval) != 0:
                    
                    checkInCoords = getCoordinates(timeAndPlaceTraining)
                    uniqueCheckInCoords = []
                    for checkIn in checkInCoords:
                        if [checkIn[1],checkIn[2]] not in uniqueCheckInCoords:
                            uniqueCheckInCoords.append([checkIn[1],checkIn[2]])

                    if len(uniqueCheckInCoords) > 3:
                        totalCheckIns = len(place)
                        uniqueAccesspointsTrajectories = f5(place)
                        sortedAccesspoints = []
                        for accesspoint in uniqueAccesspointsTrajectories:
                            sortedAccesspoints.append((accesspoint,place.count(accesspoint)))
                        sortedAccesspoints = sorted(sortedAccesspoints, key=lambda item:
item[1], reverse=True)      

                        entropy,phiMax =
calculatePredictability(getCoordinates(timeAndPlaceTraining),uniqueCheckInCoords)

                        score = []
                        data = []
                        icounter = -1
                        for i in range(5,6):#Fiterlen(sortedAccesspoints)):
                            icounter += 1
                        
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest = doIT()
                        
data.append([meanDistCombined,meanDistPeriodic,meanDistSocial,exactFitCombinedRatio,exactFitPe
iodicRatio,exactFitSocialRatio,onCampusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,me
nDistSocialDelta,meanCombinedWeigthedDist,meanAccesspointParallel,meanAccesspointGuessWeighted,
eanAccesspointGuess])
                            if data[icounter][0] < data[icounter][1]:
                                meanDist = data[icounter][0]
                            else:
                                meanDist = data[icounter][1]
                            score.append(meanDist)

                        rg = calculateRadiusOfGyration(getCoordinates(timeAndPlaceTraining))

                        MFLmeanDist,MFLexactFitRatio =
MostFrequentedLocation(timeAndPlaceTraining,timeAndPlaceEval)

                        tempFilename = "model_success_machine"+str(device)
                        filename = os.path.join(pathOutMachine, tempFilename)           
                        FILE = open(filename,"w")
                        FILE.writelines("Device name," + str(device))
                        FILE.writelines("\n")
                        FILE.writelines("total number of check-ins (training and evaluation
set),"+str(totalCheckIns))
                        FILE.writelines("\n")
                        FILE.writelines("check-ins (training
set),"+str(float(totalCheckIns)-float(data[0][6])-float(data[0][7])))
                        FILE.writelines("\n")
                        FILE.writelines("check-ins on/off campus (evaluation
set),"+str(data[0][6])+","+str(data[0][7]))
                        FILE.writelines("\n")
                        FILE.writelines("number of friends,"+str(len(friends)))
                        FILE.writelines("\n")
                        FILE.writelines("number of unique visited
locations,"+str(len(uniqueCheckInCoords)))
                        FILE.writelines("\n")
                        FILE.writelines("radius of gyration,"+str(rg))
                        FILE.writelines("\n")
                        FILE.writelines("calculated maximum predictability,"+str(phiMax))
                        FILE.writelines("\n")
                        FILE.writelines("distribution likellihood,"+str(pBest))
                        FILE.writelines("\n")
                        FILE.writelines("entropy,"+str(entropy))
                        FILE.writelines("\n")
                        FILE.writelines("MFL mean dist
error,"+str(MFLmeanDist)+","+str(MFLmeanDist/(rg*1000)))
                        FILE.writelines("\n")
                        FILE.writelines("MFL exact on campus fit ratio,"+str(MFLexactFitRatio))
                        FILE.writelines("\n")
                        icounter = 0
                        for i in data:
                            icounter += 1
                            FILE.writelines("number of used locations,"+str(numberoflocations))
                            FILE.writelines("\n")
                            FILE.writelines("percentage of offcampus check-ins successfully
guessed,"+str(i[8]))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters
(meanDistCombined),"+str(float(i[0])*1000)+","+str(float(i[0])/rg)+","+str(float(i[11])*1000))
                            FILE.writelines("\n")
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    sigmax = []
    sigmay = []
    mux = []
    muy = []
    cov = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
        sigmax.append((variance(L[i][1]))**(0.5)/varianceModifier)          
        sigmay.append((variance(L[i][2]))**(0.5)/varianceModifier)
        mux.append(mean(L[i][1]))
        muy.append(mean(L[i][2]))
        cov.append(covariance(L[i][1],L[i][2]))
    centroids_new = [mux,muy]
    
    locations = []
    for location in L:
        locations.append([0,len(location[0])])
    for location in L_off:
        locations.append([0,len(location[0])])

    locationSizes_new = []
    for i in range(len(L)): 
        locationSizes_new.append(len(L[i][1]))
    print "locationSizes",locationSizes_new

    
    dailyTemporalAverages,dailies,dailyWeights = getDailyTemporalAverages(L,L_off)
    muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold =
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov)

    print "drawing temporal plots"
    if draw:
    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,"IsolatedOutl
ers")

    print "evaluating model"
    meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedD
st,meanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRa
io,exactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCa
pusCounter,socialCheckInCounter =
evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight)
    print "check-ins on/off campus:",onCampusCheckIns,"/",actualOffCampusCounter
    print "percentage of offcampus check-ins successfully guessed:",offCampusSuccessRatio
    print "average distance between guess and actual position in meters
(meanDistCombined):",1000*meanDistCombined,1000*meanAccesspointParallel
    print "average distance between guess and actual position in meters
(meanDistPeriodic):",1000*meanDistPeriodic,1000*meanAccesspointGuess
    print "average distance between guess and actual position in meters
(meanDistSocial):",1000*meanDistSocial
    print "average distance between guess and actual position in meters
(meanDistSocialDelta):",1000*meanDistSocialDelta
    print "average distance between guess and actual position in meters
(meanCombinedWeigthedDist):",1000*meanCombinedWeigthedDist,1000*meanAccesspointGuessWeighted
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitCombinedRatio):",exactFitCombinedRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitPeriodicRatio):",exactFitPeriodicRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitSocialRatio):",exactFitSocialRatio
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
                    

    
def

evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight):
    distSocialError = []
    distSocialDeltaError = []
    combinedWeigthedDistError = []
    distCombinedError = []
    distPeriodicError = []
    exactFitsCombined = 0
    exactFitsPeriodic = 0
    exactFitsSocial = 0
    actualOffCampusCounter = 0
    guessOffCampus = 0
    offCampusSuccess = 0
    checkInCounter = 0
    accesspointGuessWeightedError = []
    accesspointGuessError = []
    accesspointParallelError = []
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)
    training = False
    socialCheckInCounter = 0
    onCampusCheckIns = 0
    for checkIn in evalArray:
        onCampus = True
        checkInCounter += 1
        print "eval check in",checkInCounter,"of",len(evalArray)
        t = getWeekHour(float(checkIn[0]))
        actualPosition = [float(checkIn[1]),float(checkIn[2])]
        
        if actualPosition == [55.0,12.0]:
            actualOffCampusCounter += 1
            actualPosition = "off_campus"
        
        if
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,len(locations)-1,offCampus
eekProbs) > 0.6: #len(locations)-1 is the last element since 0 also counts          
            onCampus = False
            guessOffCampus += 1
            guess = "off_campus"
            if actualPosition == guess:
                offCampusSuccess += 1
        else:
            if actualPosition != "off_campus":
                offCampusSuccess += 1
        
        if actualPosition != "off_campus":
            onCampusCheckIns += 1
            socialCheckIn = False

            
            # if guess from the periodic model is not confident enough according to the
Chauvenet's criterion the check-in will be treated as a social checkin
            p = []
            for location in range(len(locations)-2):
                x = checkIn[1]
                y = checkIn[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
            outlierProb = sum(p)
            # Chauvenet's criterion (almost)
            #c = mlab.normpdf(outlierProb,muOutlierThreshold,sigmaOutlierThreshold)
            if muOutlierThreshold-outlierProb > 1.5*sigmaOutlierThreshold:
            #if c < OutlierThreshold:   
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                if maxScore > outlierProb:
                    socialCheckIn = True
                    socialCheckInCounter += 1
            
            socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
            if socialCheckIn:
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                socialguess,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,False)
                #calculate distance error
                distSocial =
getDistance([float(socialguess[0]),float(socialguess[1])],actualPosition)
                distSocialDelta =
getDistance([float(socialguessDelta[0]),float(socialguessDelta[1])],actualPosition)
            
            guess,maxScore =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #calculate distance error
            distPeriodic = getDistance([float(guess[0]),float(guess[1])],actualPosition)
            
            combinedWeigthedGuess =
[(guess[0]+socialWeight*socialguessDelta[0])/(socialWeight+1),(guess[1]+socialWeight*socialgue
sDelta[1])/(socialWeight+1)]
            combinedWeigthedDist =

getDistance([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],actualPosition)
            combinedWeigthedDistError.append(combinedWeigthedDist)
            if draw:
                text = 'periodic'
            
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter)

            accesspointGuessWeighted =
getNearestKnownAccesspoint([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],a
tualPosition)
            dist1 =
getDistance([float(accesspointGuessWeighted[0]),float(accesspointGuessWeighted[1])],actualPosi
ion)
            accesspointGuessWeightedError.append(dist1)
            accesspointGuess =
getNearestKnownAccesspoint([float(guess[0]),float(guess[1])],actualPosition)
            dist2 =
getDistance([float(accesspointGuess[0]),float(accesspointGuess[1])],actualPosition)
            accesspointGuessError.append(dist2)
            if socialCheckIn:
                accesspointParallel =
getNearestKnownAccesspoint(socialguessDelta,actualPosition)
            else:       
                accesspointParallel = accesspointGuess
            dist3 =
getDistance([float(accesspointParallel[0]),float(accesspointParallel[1])],actualPosition)
            accesspointParallelError.append(dist3)  
            
            if socialCheckIn:
                distCombined = distSocialDelta
                distSocialError.append(distSocialDelta)
                distSocialDeltaError.append(distSocialDelta)
                distCombinedError.append(distCombined)  
                if distSocial < 0.010:
                    exactFitsSocial += 1
                
            else:
                distCombined = distPeriodic
            
distPeriodicError.append(getDistance([float(guess[0]),float(guess[1])],actualPosition))
                distCombinedError.append(distCombined)  
            
            if dist3 < 0.010:
                exactFitsCombined += 1
            
            if dist2 < 0.010:
                exactFitsPeriodic += 1      

            

    if offCampusSuccess != 0:
        offCampusSuccessRatio = offCampusSuccess/len(evalArray)
    else:
        offCampusSuccessRatio = 0
    meanDistCombined = mean(distCombinedError)
    meanAccesspointParallel = mean(accesspointParallelError)
    meanDistPeriodic = mean(distPeriodicError)
    meanAccesspointGuess = mean(accesspointGuessError)
    meanDistSocial = mean(distSocialError)
    meanDistSocialDelta = mean(distSocialDeltaError)
    meanCombinedWeigthedDist = mean(combinedWeigthedDistError)
    meanAccesspointGuessWeighted = mean(accesspointGuessWeightedError)
    if onCampusCheckIns != 0:
        exactFitCombinedRatio = exactFitsCombined/onCampusCheckIns
        exactFitPeriodicRatio = exactFitsPeriodic/onCampusCheckIns
    else:
        exactFitCombinedRatio = 0
        exactFitPeriodicRatio = 0
    if socialCheckInCounter != 0:
        exactFitSocialRatio = exactFitsSocial/socialCheckInCounter
    else:
        exactFitSocialRatio = 0
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedDist,
eanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRatio,
xactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCampus
ounter,socialCheckInCounter

def getNearestKnownAccesspoint(bestguess,actualPosition):
    shortestDist = 10000000
    for coords in uniqueCheckInCoords:
        distance = getDistance(coords,bestguess)
        if float(distance) < shortestDist:
            shortestDist = float(distance)
            bestCoords = coords
    return bestCoords

def probDist(X,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    p = 0
    for location in range(len(locations)-2): #excluding offcampus and outliers
        p +=
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampusWeekProb
)*faerdigRet(X[0],X[1],sigmax[location],sigmay[location],mux[location],muy[location],cov[locati
n])
        

    return -p
    
def getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    params = [t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov]
    maxcoords,maxScore,otherStuff =
scipy.optimize.fmin_l_bfgs_b(probDist,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords, maxScore

#needs to be there for the optimization function to work...
def fcons(X,t,alpha,beta,approvedCheckIns,friendScore):
    return X[0]

def socialMaxhelp(X,t,alpha,beta,approvedCheckIns,friendScore):
    score,scoreDelta = socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore)
    return -score 

def
getSocialFuncMax(t,alpha,beta,training,friends,friendScore,friendActualLocation,friendTraining
delta):
    if training:
        friends = friendTraining
    else:
        friends = friendActualLocation
        
    approvedCheckIns = []                       
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        approvedCheckIns.append([])                     
        for checkIn in friend:
            if t-float(checkIn[0]) < 0:
                break
            if t-float(checkIn[0]) > 0 and t-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                approvedCheckIns[friendCounter].append(checkIn)
    params = [t,alpha,beta,approvedCheckIns,friendScore]
    if delta:
        coordScores = []
        for coords in uniqueCheckInCoords:
            score,scoreDelta =
socialDistribution(coords,t,alpha,beta,approvedCheckIns,friendScore)
            coordScores.append((coords,scoreDelta))
        maxcoords = max(coordScores, key=lambda x: x[1])[0]
        maxScore = max(coordScores, key=lambda x: x[1])[1]
    else:
        maxcoords = scipy.optimize.fmin_cobyla(socialMaxhelp,[55.7865,12.52],fcons,args=params)
        maxScore = -socialMaxhelp(maxcoords,t,alpha,beta,approvedCheckIns,friendScore)
    #maxcoords,maxVal,otherStuff =

scipy.optimize.fmin_l_bfgs_b(socialDistribution,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords,maxScore

def
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter):
    colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]

    #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
    loc = -1
    plt.figure(10)
    plt.clf()
    for l,MUX,MUY in zip(L,mux,muy):    
        loc += 1
        plt.scatter([x+0.0001*random.uniform(-1,1) for x in
l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')
    plt.scatter(guess[0],guess[1],s=120,color='c',marker='s',label='guess')
    #plt.scatter([x[1]+0.0001*random.uniform(-1,1) for x in
approvedCheckIns],[y[2]+0.0001*random.uniform(-1,1) for y in
approvedCheckIns],s=20,color='c',marker='o',label='friends')

    Z = []
    for location in range(len(locations)-2): #excluding offcampus
    
Z.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*mlab.bivariate_normal(X,Y,sigmax[location],sigmay[location],mux[location],muy[locati
n],cov[location]))

    Zet = Z[0]
    first = True
    for i in Z:
        if first:
            first = False
        else:
            Zet += i
    plt.contour(X, Y, Zet)

    legend(loc="upper right",shadow=True, fancybox=True)
    leg = plt.gca().get_legend()
    ltext  = leg.get_texts()  # all the text.Text instance in the legend
    plt.setp(ltext, fontsize=6)    # the legend text fontsize       
    plt.axis('scaled')      
    plt.axis([55.792,55.778,12.51,12.53])
    plt.title('Time independent spatial distribution')

    plt.xlabel('longitude')
    plt.ylabel('latitude')
    tempFilename = str(device)+'_Eval_Spatial_'+str(text)+"_"+str(checkInCounter)+'.pdf'
    filename = os.path.join(pathOut, tempFilename)
    plt.savefig(filename)
    #plt.show()

def
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng):
    # ratio when social score is highest on the users position and ratio when the social score
i lowest
    # friend attraction should not allways add up to one but depend on the average co-occurence
ratio.
    # I guess one could say that this is somehow worked into the weighting though i would seem
that it is kind of opposite
    
    ratioOut = []
    socialArray = []
    periodicArray = []
    for outlier in outliers:
        t = getWeekHour(float(outlier[0]))
        approvedCheckIns = []                       
        friendCounter = -1
        for friend in friendTraining:
            friendCounter += 1
            approvedCheckIns.append([])                     
            for checkIn in friend:
                if float(outlier[0])-float(checkIn[0]) < 0:
                    break
                if float(outlier[0])-float(checkIn[0]) > 0 and
float(outlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                    approvedCheckIns[friendCounter].append(checkIn)
        #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
        #socialguessDelta,scoreSocial =
getSocialFuncMax(float(outlier[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
        jimmy,scoreSocial =
socialDistribution([outlier[1],outlier[2]],float(outlier[0]),alpha,beta,approvedCheckIns,frien
Score)
        score =
probDist([outlier[1],outlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,
ux,muy,cov)
        if scoreSocial > 0.01:
            socialArray.append(scoreSocial)

        if score != 0:
            periodicArray.append(-score)
        if scoreSocial > 0.01 and score != 0:
            ratioOut.append(-score/scoreSocial)         
    if socialArray == [] or ratioOut == []:
        xOpt = 0
        muOut = 0
        muIn = 1
    else:
        muOut2 = mean(ratioOut)
        muOut = mean(periodicArray)/mean(socialArray)
        print "meanOut",muOut
        sigmaOut = variance(ratioOut)**(0.5)*(muOut/muOut2)         

        ratioIn = []
        socialArray = []
        periodicArray = []  
        for inlier in withOutOutliers:
            t = getWeekHour(float(inlier[0]))
            approvedCheckIns = []                       
            friendCounter = -1
            for friend in friendTraining:
                friendCounter += 1
                approvedCheckIns.append([])                     
                for checkIn in friend:
                    if float(inlier[0])-float(checkIn[0]) < 0:
                        break
                    if float(inlier[0])-float(checkIn[0]) > 0 and
float(inlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                        approvedCheckIns[friendCounter].append(checkIn)
            #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #socialguessDelta,scoreSocial =
getSocialFuncMax(float(inlier[0]),alpha,beta,training,friends,friendScore,friendActualLocation
friendTraining,True)
            jimmy,scoreSocial =
socialDistribution([inlier[1],inlier[2]],float(inlier[0]),alpha,beta,approvedCheckIns,friendSc
re)
            score =
probDist([inlier[1],inlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mu
,muy,cov)
            if scoreSocial > 0.01:
                socialArray.append(scoreSocial)
            if score != 0:
                periodicArray.append(-score)
            if scoreSocial > 0.01 and -score > 0.01:
                ratioIn.append(-score/scoreSocial)      

        if socialArray == [] or ratioIn == []:
            xOpt = 0
            muOut = 0
            muIn = 1
        else:
            muIn2 = mean(ratioIn)
            muIn = mean(periodicArray)/mean(socialArray)
            print "meanIn",muIn
            sigmaIn = variance(ratioIn)**(0.5)*(muIn/muIn2)     

            if muIn > muOut:    
                myMin = muOut
                myMax = muIn
            else:
                myMin = muIn
                myMax = muOut       

            xOpt = fsolve(lambda x : mlab.normpdf(x,muOut,sigmaOut) -
mlab.normpdf(x,muIn,sigmaIn),(muIn+muOut)/2)
            if xOpt < myMin or xOpt > myMax:
                xOpt = (muIn+muOut)/2

    print xOpt,muIn,muOut
    return xOpt,muIn,muOut  
                    
def
drawTemporalPlots(sortedAccesspoints,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,post
ix):    
        plt.figure(1)
        plt.clf() 
        plt.figure(2)           
        plt.clf() 
        plt.figure(3)           
        plt.clf()
        
        print "der tegnes temporale plots... Vaersgooo!!!"
        # spatial distribution of training set
        colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]
        
        #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
        loc = -1
        plt.figure(10)
        plt.clf()
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter([x+0.0001*random.uniform(-1,1) for x in

l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        loc = -1        
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')    
        #legend(loc="upper right",shadow=True, fancybox=True)
        #leg = plt.gca().get_legend()
        #ltext  = leg.get_texts()  # all the text.Text instance in the legend
        #plt.setp(ltext, fontsize=6)    # the legend text fontsize      
        plt.axis('scaled')      
        plt.axis([55.792,55.778,12.51,12.53])
        plt.title('spatial distribution')
        plt.xlabel('longitude')
        plt.ylabel('latitude')
        tempFilename = str(device)+'_EM_FIG_'+str(postfix)+'.pdf'
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
        
        # temporal function distribution
        xet = range(168)
        ca = 0
        for ca in range(len(dailies)):
            plt.figure(2)
            if ca == (len(dailies)-1):
                ca = -1
        
plt.plot(xet,[temporalDistribution(x,dailyTemporalAverages,dailyWeights,sortedAccesspoints,ca,
ffCampusWeekProbs) for x in xet],color=colors[ca])
        tempFilename = str(device)+"temporal_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.axis([0,170,0,1.1])
        plt.title('time dependant location probability')
        plt.xlabel('weekly hour')
        plt.ylabel('probability')
        plt.savefig(filename)
        
        
        # temporal distribution of training set
        for ca in range(len(dailies)):
            yet = []
            xerne = []
            icounter = -1
            for i in dailies[ca]:
                icounter += 1
                for j in i:
                    xerne.append(j+icounter*24)
                    yet.append(1*ca)

            plt.figure(3)   
            if ca == (len(dailies)-1):
                ca = -1     
            plt.scatter(xerne,[b+0.2*random.uniform(-1,1) for b in yet],color=colors[ca])
        plt.title('temporal distribution')
        plt.xlabel('weekly hour')
        plt.axis([0,170,-1,max(yet)+1])
        tempFilename = str(device)+"check_in_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
            

def buildMFLModel(timeAndPlaceTraining):
    checkInCoords = getCoordinates(timeAndPlaceTraining)
    uniqueCheckInCoords = []
    for checkIn in checkInCoords:
        if [checkIn[1],checkIn[2]] not in uniqueCheckInCoords:
            uniqueCheckInCoords.append([checkIn[1],checkIn[2]])
    locations = []      
    locationCounter = -1
    for coords in uniqueCheckInCoords:
        locationCounter += 1
        locations.append([])
        for checkIn in checkInCoords:
            if [checkIn[1],checkIn[2]] == coords:
                locations[locationCounter].append(checkIn)
    weeklyCheckIns = []
    locationCounter = -1
    for location in locations:
        locationCounter += 1
        weeklyCheckIns.append([])
        for i in range(168):
            weeklyCheckIns[locationCounter].append(0)
        for checkIn in location:
            weekHour = getWeekHour(float(checkIn[0]))
            weeklyCheckIns[locationCounter][weekHour] += 1
    
    return weeklyCheckIns,uniqueCheckInCoords
            
def MostFrequentedLocation(timeAndPlaceTraining,timeAndPlaceEval):  
    #very like temporal model
    weeklyCheckIns,uniqueCheckInCoords = buildMFLModel(timeAndPlaceTraining)
    distCombinedError = []
    evalCheckIns = getCoordinates(timeAndPlaceEval)
    exactFits = 0
    totalCheckInsEval = 0
    for checkIn in evalCheckIns:
        totalCheckInsEval += 1

        t = getWeekHour(float(checkIn[0]))
        a = []
        for i in range(len(uniqueCheckInCoords)):
            a.append(weeklyCheckIns[i][t])
        guess = uniqueCheckInCoords[a.index(max(a))]
        dist = getDistance([float(guess[0]),float(guess[1])],[checkIn[1],checkIn[2]])
        distCombinedError.append(dist)
        if dist < 0.010:
            exactFits += 1
    totalCheckInsEval = len(evalCheckIns)
    meanDist = mean(distCombinedError)*1000
    exactFitRatio = exactFits/totalCheckInsEval
    print "mean MFL",meanDist
    print "exactfits MFL",exactFitRatio
    return meanDist,exactFitRatio
    
def offCampus(allCheckIns):
    startTraining
    weekCounter = -1
    weeks = []
    for i in allCheckIns:
        if float(i[0]) > startTraining+7*24*60*60*(weekCounter+1):
            weeks.append([])
            weekCounter +=1         
        elif float(i[0]) > startTraining:
            weeks[weekCounter].append(i)
    weekProbs = []
    for i in range(168):
        weekProbs.append(0)
    for week in weeks:  
        #print "new week"
        weeklyCheckIns = []
        for i in range(168):
            weeklyCheckIns.append(0)
        for checkIn in week:
            weekHour = getWeekHour(float(checkIn[0]))
            weeklyCheckIns[weekHour] += 1
        for i in range(168):
            if weeklyCheckIns[i] > 0:
                #print weekProbs[i]
                weekProbs[i] += 1

    for i in range(168):
        weekProbs[i] = weekProbs[i]/weekCounter 
    return weekProbs

def calculateRadiusOfGyration(coords):
    Xoncamp = []

    Yoncamp = []
    for checkIn in coords:
        Xoncamp.append(float(checkIn[1]))
        Yoncamp.append(float(checkIn[2]))

    n = len(Xoncamp)    
    averageX = sum(Xoncamp)/n
    averageY = sum(Yoncamp)/n
    
    rgSum = 0
    for x,y in zip(Xoncamp,Yoncamp):
        dist = getDistance([x,y],[averageX,averageY])
        rgSum += dist**2
    rg = (rgSum/n)**(0.5)

    return rg   

def calculatePhiMax(S, N):
    print S
    print N
    try:
        def funcPi(x):
            if x <= 0 or x >= 1:
                func = 5
            else:
                func = -(x*log2(x)+(1-x)*log2(1-x))+(1-x)*log2(N-1)
            return func

        xOpt = fsolve(lambda x : S-funcPi(x),0.8)
    except TypeError:
        print "something fucked up in the pimax calculation"
        xOpt = 0
    print xOpt
    return xOpt[0]

def calculatePredictability(timeAndPlaceTraining,uniqueCheckInCoords):
    timeseries = []
    for j in timeAndPlaceTraining:
        timeseries.append(j[1])
        
    N = len(uniqueCheckInCoords)
    n = len(timeAndPlaceTraining)
    
    knownSubseries = [] 
    sumOfSubseries = 0
    #print "time 6.1",str(time.clock()-base)

    
    for i in range(len(timeseries)):
        subseries = []
        subseries.append(timeseries[i])
        subseriesLength = 0
        #print "time 6.2",str(time.clock()-base)
        
        while subseries in knownSubseries and i+subseriesLength < n:
            subseriesLength += 1
            if i+subseriesLength < n:
                subseries.append(timeseries[i+subseriesLength])
        #print "time 6.3",str(time.clock()-base)
                
        knownSubseries.append(subseries)
        sumOfSubseries += len(subseries)
    #print "time 6.4",str(time.clock()-base)
    
    estimatedIndividualEntropy = 1/(1/n*sumOfSubseries)*math.log(n) #estiamted according to
equation xxx
    
    phiMax = calculatePhiMax(estimatedIndividualEntropy,N)
    print "entropy",estimatedIndividualEntropy
    print "phiMax",phiMax  
    return estimatedIndividualEntropy,phiMax
    
#
def doIT():
    try:
    
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest =
expectationMaximization(getCoordinates(timeAndPlaceTraining),getCoordinates(timeAndPlaceTraini
g_offcampus),i,getCoordinates(timeAndPlaceEval_offcampus),offCampusWeekProbs,uniqueCheckInCoord
)
    except IndexError:
        doIT()
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
        
# choose individual that i going to be tracked
#device = "5ae2c6776f5b3d638e0770cf85ed6cdaaac727ac"
    
numberOfAccesspoints = 10

minimumVisitsToAccesspoint = 0.01   
stackAccesspoints = True    
delta = 0.00025
xx = np.arange(55.792, 55.778, -delta)
yy = np.arange(12.51, 12.53, delta)
X, Y = np.meshgrid(xx, yy)
startTraining = 1297033200
endTraining = 1301868000    #the training set runs from February 7, 2011 12:00:00 AM to April
3, 2011 11:59:59 AM
evalEnd = 1303077600 #1303077600    #the evaluation set runs from to April 4, 2011 12:00:00 AM
to April 17, 2011 11:59:59 AM

pathIn = '/Users/Raaby/Desktop/Master/DTUWiFi/trajectories_full_semester/'
pathIn2 = '/Users/Raaby/Desktop/Master/DTUWiFi/highActivity100/'
pathsIN =
[pathIn2]#['/Users/Raaby/Desktop/Master/DTUWiFi/prunedUsers10/','/Users/Raaby/Desktop/Master/D
UWiFi/highEntropy/','/Users/Raaby/Desktop/Master/DTUWiFi/randomHighActivity/']
pathADDONs = ["highActivity100"]#["prunedUsers10","highEntropy","randomHighActivity"]
for pathIn2,pathaddon in zip(pathsIN,pathADDONs):
    pathBase = os.path.join(os.getcwd(), "Data")
    pathOut = os.path.join(pathBase, pathaddon) 
    pathOutMachine = os.path.join(pathBase, "machine")      
        

    if not os.path.exists(pathBase):
        os.mkdir(pathBase)
    if not os.path.exists(pathOut):
        os.mkdir(pathOut)
    if not os.path.exists(pathOutMachine):
        os.mkdir(pathOutMachine)

    listing = os.listdir(pathIn2)
    listing2 = os.listdir(pathOutMachine)

    fileCounter = 0
    for device in listing:
        simulationActive = False
        tempFilename = "model_success_machine"+str(device)
        if device.startswith('.'):
            print "joker file filtered"
        elif tempFilename in listing2:
            fileCounter += 1
            print str(tempFilename)+" already created"
        else:#if fileCounter > 5:
            fileCounter += 1
            print "current file is: " + device +" "+str(fileCounter)+" of:"+str(len(listing)) 
            friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                

            
            if len(friends) > 0:
                filePathTrajectories = os.path.join(pathIn, str(device)[0:-27]+".txt")
                fileReaderTrajectories = csv.reader(open(filePathTrajectories, 'rb'),
delimiter=' ', quotechar='|')
                fileReaderTrajectories2 = csv.reader(open(filePathTrajectories, 'rb'),
delimiter=' ', quotechar='|')

                allCheckIns = []
                for row in fileReaderTrajectories2:
                    if float(row[0]) > startTraining and float(row[0]) < endTraining:
                        allCheckIns.append(row)
                offCampusWeekProbs = offCampus(allCheckIns)
        # temporal model
                print "calculating temporal distribution"
                place = []
                timeAndPlaceTraining = []
                timeAndPlaceTraining_offcampus = []
                timeAndPlaceEval = []
                timeAndPlaceEval_offcampus = []

                first = True
                for row in fileReaderTrajectories:
                    if first:
                        currentCheckIn = float(row[0])
                        first = False

                    nextCheckIn = float(row[0])
                    if nextCheckIn-currentCheckIn > 3*3600:
                        while nextCheckIn-currentCheckIn > 90*60:
                            if getDayHour(currentCheckIn) > 8 and getDayHour(currentCheckIn) <
20 and getWeekDay(currentCheckIn) < 6: # lower concetration of off_campus check-ins in the
regualar workhours
                                currentCheckIn = currentCheckIn + 90*60
                            else:
                                currentCheckIn = currentCheckIn + 30*60
                            row = (currentCheckIn,"off_campus")
                            if float(row[0]) > startTraining and float(row[0]) < endTraining: 
                                place.append(row[1])
                                timeAndPlaceTraining_offcampus.append([row[0],row[1]])
                            if float(row[0]) > endTraining and float(row[0]) < evalEnd:
                                timeAndPlaceEval_offcampus.append([row[0],row[1]])
                        currentCheckIn = nextCheckIn

                    else:
                        if float(row[0]) > startTraining and float(row[0]) < endTraining: 
                            place.append(row[1])
                            timeAndPlaceTraining.append([row[0],row[1]])

                        if float(row[0]) > endTraining and float(row[0]) < evalEnd:
                            timeAndPlaceEval.append([row[0],row[1]])
                            timeAndPlaceEval_offcampus.append([row[0],row[1]])
                        currentCheckIn = nextCheckIn
                
                if len(timeAndPlaceTraining) != 0 and len(timeAndPlaceEval) != 0:
                    
                    checkInCoords = getCoordinates(timeAndPlaceTraining)
                    uniqueCheckInCoords = []
                    for checkIn in checkInCoords:
                        if [checkIn[1],checkIn[2]] not in uniqueCheckInCoords:
                            uniqueCheckInCoords.append([checkIn[1],checkIn[2]])

                    if len(uniqueCheckInCoords) > 3:
                        totalCheckIns = len(place)
                        uniqueAccesspointsTrajectories = f5(place)
                        sortedAccesspoints = []
                        for accesspoint in uniqueAccesspointsTrajectories:
                            sortedAccesspoints.append((accesspoint,place.count(accesspoint)))
                        sortedAccesspoints = sorted(sortedAccesspoints, key=lambda item:
item[1], reverse=True)      

                        entropy,phiMax =
calculatePredictability(getCoordinates(timeAndPlaceTraining),uniqueCheckInCoords)

                        score = []
                        data = []
                        icounter = -1
                        for i in range(5,6):#Fiterlen(sortedAccesspoints)):
                            icounter += 1
                        
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest = doIT()
                        
data.append([meanDistCombined,meanDistPeriodic,meanDistSocial,exactFitCombinedRatio,exactFitPe
iodicRatio,exactFitSocialRatio,onCampusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,me
nDistSocialDelta,meanCombinedWeigthedDist,meanAccesspointParallel,meanAccesspointGuessWeighted,
eanAccesspointGuess])
                            if data[icounter][0] < data[icounter][1]:
                                meanDist = data[icounter][0]
                            else:
                                meanDist = data[icounter][1]
                            score.append(meanDist)

                        rg = calculateRadiusOfGyration(getCoordinates(timeAndPlaceTraining))

                        MFLmeanDist,MFLexactFitRatio =
MostFrequentedLocation(timeAndPlaceTraining,timeAndPlaceEval)

                        tempFilename = "model_success_machine"+str(device)
                        filename = os.path.join(pathOutMachine, tempFilename)           
                        FILE = open(filename,"w")
                        FILE.writelines("Device name," + str(device))
                        FILE.writelines("\n")
                        FILE.writelines("total number of check-ins (training and evaluation
set),"+str(totalCheckIns))
                        FILE.writelines("\n")
                        FILE.writelines("check-ins (training
set),"+str(float(totalCheckIns)-float(data[0][6])-float(data[0][7])))
                        FILE.writelines("\n")
                        FILE.writelines("check-ins on/off campus (evaluation
set),"+str(data[0][6])+","+str(data[0][7]))
                        FILE.writelines("\n")
                        FILE.writelines("number of friends,"+str(len(friends)))
                        FILE.writelines("\n")
                        FILE.writelines("number of unique visited
locations,"+str(len(uniqueCheckInCoords)))
                        FILE.writelines("\n")
                        FILE.writelines("radius of gyration,"+str(rg))
                        FILE.writelines("\n")
                        FILE.writelines("calculated maximum predictability,"+str(phiMax))
                        FILE.writelines("\n")
                        FILE.writelines("distribution likellihood,"+str(pBest))
                        FILE.writelines("\n")
                        FILE.writelines("entropy,"+str(entropy))
                        FILE.writelines("\n")
                        FILE.writelines("MFL mean dist
error,"+str(MFLmeanDist)+","+str(MFLmeanDist/(rg*1000)))
                        FILE.writelines("\n")
                        FILE.writelines("MFL exact on campus fit ratio,"+str(MFLexactFitRatio))
                        FILE.writelines("\n")
                        icounter = 0
                        for i in data:
                            icounter += 1
                            FILE.writelines("number of used locations,"+str(numberoflocations))
                            FILE.writelines("\n")
                            FILE.writelines("percentage of offcampus check-ins successfully
guessed,"+str(i[8]))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters
(meanDistCombined),"+str(float(i[0])*1000)+","+str(float(i[0])/rg)+","+str(float(i[11])*1000))
                            FILE.writelines("\n")

                            FILE.writelines("average distance between guess and actual position
in meters
(meanDistPeriodic),"+str(float(i[1])*1000)+","+str(float(i[1])/rg)+","+str(float(i[13])*1000))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters (meanDistSocial),"+str(float(i[2])*1000)+","+str(float(i[2])/rg))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters (meanDistSocialDelta),"+str(float(i[9])*1000)+","+str(float(i[9])/rg))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters
(meanCombinedWeigthedDist),"+str(float(i[10])*1000)+","+str(float(i[10])/rg)+","+str(float(i[1
])*1000))
                            FILE.writelines("\n")
                            FILE.writelines("percentage of exact (less than 10 meters on
campus) guesses (exactFitCombinedRatio),"+str(i[3]))
                            FILE.writelines("\n")
                            FILE.writelines("percentage of exact (less than 10 meters on
campus) guesses (exactFitPeriodicRatio),"+str(i[4]))
                            FILE.writelines("\n")
                            FILE.writelines("percentage of exact (less than 10 meters on
campus) guesses (exactFitSocialRatio),"+str(i[5]))
                            FILE.writelines("\n")
                            FILE.writelines("number of social
check-ins,"+str(socialCheckInCounter))
                            FILE.writelines("\n")
                        FILE.close()

                        tempFilename = "model_success_"+str(device)
                        filename = os.path.join(pathOut, tempFilename)          
                        FILE = open(filename,"w")
                        FILE.writelines("Device name: " + str(device))
                        FILE.writelines("\n")
                        FILE.writelines("total number of check-ins (training and evaluation
set): "+str(totalCheckIns))
                        FILE.writelines("\n")
                        FILE.writelines("check-ins (training set):
"+str(float(totalCheckIns)-float(data[0][6])-float(data[0][7])))
                        FILE.writelines("\n")
                        FILE.writelines("check-ins on/off campus (evaluation set):
"+str(data[0][6])+"/"+str(data[0][7]))
                        FILE.writelines("\n")
                        FILE.writelines("number of friends: "+str(len(friends)))
                        FILE.writelines("\n")
                        FILE.writelines("number of unique visited locations:
"+str(len(uniqueCheckInCoords)))
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    dailyTemporalAverages,dailies,dailyWeights = getDailyTemporalAverages(L,L_off)
    muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold =
getOutlierThreshold(withOutOutliers,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay
mux,muy,cov)

    print "drawing temporal plots"
    if draw:
    
drawTemporalPlots(locations,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,"IsolatedOutl
ers")

    print "evaluating model"
    meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedD
st,meanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRa
io,exactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCa
pusCounter,socialCheckInCounter =
evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight)
    print "check-ins on/off campus:",onCampusCheckIns,"/",actualOffCampusCounter
    print "percentage of offcampus check-ins successfully guessed:",offCampusSuccessRatio
    print "average distance between guess and actual position in meters
(meanDistCombined):",1000*meanDistCombined,1000*meanAccesspointParallel
    print "average distance between guess and actual position in meters
(meanDistPeriodic):",1000*meanDistPeriodic,1000*meanAccesspointGuess
    print "average distance between guess and actual position in meters
(meanDistSocial):",1000*meanDistSocial
    print "average distance between guess and actual position in meters
(meanDistSocialDelta):",1000*meanDistSocialDelta
    print "average distance between guess and actual position in meters
(meanCombinedWeigthedDist):",1000*meanCombinedWeigthedDist,1000*meanAccesspointGuessWeighted
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitCombinedRatio):",exactFitCombinedRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitPeriodicRatio):",exactFitPeriodicRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitSocialRatio):",exactFitSocialRatio
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
                    

    
def

evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight):
    distSocialError = []
    distSocialDeltaError = []
    combinedWeigthedDistError = []
    distCombinedError = []
    distPeriodicError = []
    exactFitsCombined = 0
    exactFitsPeriodic = 0
    exactFitsSocial = 0
    actualOffCampusCounter = 0
    guessOffCampus = 0
    offCampusSuccess = 0
    checkInCounter = 0
    accesspointGuessWeightedError = []
    accesspointGuessError = []
    accesspointParallelError = []
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)
    training = False
    socialCheckInCounter = 0
    onCampusCheckIns = 0
    for checkIn in evalArray:
        onCampus = True
        checkInCounter += 1
        print "eval check in",checkInCounter,"of",len(evalArray)
        t = getWeekHour(float(checkIn[0]))
        actualPosition = [float(checkIn[1]),float(checkIn[2])]
        
        if actualPosition == [55.0,12.0]:
            actualOffCampusCounter += 1
            actualPosition = "off_campus"
        
        if
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,len(locations)-1,offCampus
eekProbs) > 0.6: #len(locations)-1 is the last element since 0 also counts          
            onCampus = False
            guessOffCampus += 1
            guess = "off_campus"
            if actualPosition == guess:
                offCampusSuccess += 1
        else:
            if actualPosition != "off_campus":
                offCampusSuccess += 1
        
        if actualPosition != "off_campus":
            onCampusCheckIns += 1
            socialCheckIn = False

            
            # if guess from the periodic model is not confident enough according to the
Chauvenet's criterion the check-in will be treated as a social checkin
            p = []
            for location in range(len(locations)-2):
                x = checkIn[1]
                y = checkIn[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
            outlierProb = sum(p)
            # Chauvenet's criterion (almost)
            #c = mlab.normpdf(outlierProb,muOutlierThreshold,sigmaOutlierThreshold)
            if muOutlierThreshold-outlierProb > 1.5*sigmaOutlierThreshold:
            #if c < OutlierThreshold:   
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                if maxScore > outlierProb:
                    socialCheckIn = True
                    socialCheckInCounter += 1
            
            socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
            if socialCheckIn:
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                socialguess,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,False)
                #calculate distance error
                distSocial =
getDistance([float(socialguess[0]),float(socialguess[1])],actualPosition)
                distSocialDelta =
getDistance([float(socialguessDelta[0]),float(socialguessDelta[1])],actualPosition)
            
            guess,maxScore =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #calculate distance error
            distPeriodic = getDistance([float(guess[0]),float(guess[1])],actualPosition)
            
            combinedWeigthedGuess =
[(guess[0]+socialWeight*socialguessDelta[0])/(socialWeight+1),(guess[1]+socialWeight*socialgue
sDelta[1])/(socialWeight+1)]
            combinedWeigthedDist =

getDistance([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],actualPosition)
            combinedWeigthedDistError.append(combinedWeigthedDist)
            if draw:
                text = 'periodic'
            
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter)

            accesspointGuessWeighted =
getNearestKnownAccesspoint([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],a
tualPosition)
            dist1 =
getDistance([float(accesspointGuessWeighted[0]),float(accesspointGuessWeighted[1])],actualPosi
ion)
            accesspointGuessWeightedError.append(dist1)
            accesspointGuess =
getNearestKnownAccesspoint([float(guess[0]),float(guess[1])],actualPosition)
            dist2 =
getDistance([float(accesspointGuess[0]),float(accesspointGuess[1])],actualPosition)
            accesspointGuessError.append(dist2)
            if socialCheckIn:
                accesspointParallel =
getNearestKnownAccesspoint(socialguessDelta,actualPosition)
            else:       
                accesspointParallel = accesspointGuess
            dist3 =
getDistance([float(accesspointParallel[0]),float(accesspointParallel[1])],actualPosition)
            accesspointParallelError.append(dist3)  
            
            if socialCheckIn:
                distCombined = distSocialDelta
                distSocialError.append(distSocialDelta)
                distSocialDeltaError.append(distSocialDelta)
                distCombinedError.append(distCombined)  
                if distSocial < 0.010:
                    exactFitsSocial += 1
                
            else:
                distCombined = distPeriodic
            
distPeriodicError.append(getDistance([float(guess[0]),float(guess[1])],actualPosition))
                distCombinedError.append(distCombined)  
            
            if dist3 < 0.010:
                exactFitsCombined += 1
            
            if dist2 < 0.010:
                exactFitsPeriodic += 1      

            

    if offCampusSuccess != 0:
        offCampusSuccessRatio = offCampusSuccess/len(evalArray)
    else:
        offCampusSuccessRatio = 0
    meanDistCombined = mean(distCombinedError)
    meanAccesspointParallel = mean(accesspointParallelError)
    meanDistPeriodic = mean(distPeriodicError)
    meanAccesspointGuess = mean(accesspointGuessError)
    meanDistSocial = mean(distSocialError)
    meanDistSocialDelta = mean(distSocialDeltaError)
    meanCombinedWeigthedDist = mean(combinedWeigthedDistError)
    meanAccesspointGuessWeighted = mean(accesspointGuessWeightedError)
    if onCampusCheckIns != 0:
        exactFitCombinedRatio = exactFitsCombined/onCampusCheckIns
        exactFitPeriodicRatio = exactFitsPeriodic/onCampusCheckIns
    else:
        exactFitCombinedRatio = 0
        exactFitPeriodicRatio = 0
    if socialCheckInCounter != 0:
        exactFitSocialRatio = exactFitsSocial/socialCheckInCounter
    else:
        exactFitSocialRatio = 0
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedDist,
eanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRatio,
xactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCampus
ounter,socialCheckInCounter

def getNearestKnownAccesspoint(bestguess,actualPosition):
    shortestDist = 10000000
    for coords in uniqueCheckInCoords:
        distance = getDistance(coords,bestguess)
        if float(distance) < shortestDist:
            shortestDist = float(distance)
            bestCoords = coords
    return bestCoords

def probDist(X,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    p = 0
    for location in range(len(locations)-2): #excluding offcampus and outliers
        p +=
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampusWeekProb
)*faerdigRet(X[0],X[1],sigmax[location],sigmay[location],mux[location],muy[location],cov[locati
n])
        

    return -p
    
def getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    params = [t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov]
    maxcoords,maxScore,otherStuff =
scipy.optimize.fmin_l_bfgs_b(probDist,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords, maxScore

#needs to be there for the optimization function to work...
def fcons(X,t,alpha,beta,approvedCheckIns,friendScore):
    return X[0]

def socialMaxhelp(X,t,alpha,beta,approvedCheckIns,friendScore):
    score,scoreDelta = socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore)
    return -score 

def
getSocialFuncMax(t,alpha,beta,training,friends,friendScore,friendActualLocation,friendTraining
delta):
    if training:
        friends = friendTraining
    else:
        friends = friendActualLocation
        
    approvedCheckIns = []                       
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        approvedCheckIns.append([])                     
        for checkIn in friend:
            if t-float(checkIn[0]) < 0:
                break
            if t-float(checkIn[0]) > 0 and t-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                approvedCheckIns[friendCounter].append(checkIn)
    params = [t,alpha,beta,approvedCheckIns,friendScore]
    if delta:
        coordScores = []
        for coords in uniqueCheckInCoords:
            score,scoreDelta =
socialDistribution(coords,t,alpha,beta,approvedCheckIns,friendScore)
            coordScores.append((coords,scoreDelta))
        maxcoords = max(coordScores, key=lambda x: x[1])[0]
        maxScore = max(coordScores, key=lambda x: x[1])[1]
    else:
        maxcoords = scipy.optimize.fmin_cobyla(socialMaxhelp,[55.7865,12.52],fcons,args=params)
        maxScore = -socialMaxhelp(maxcoords,t,alpha,beta,approvedCheckIns,friendScore)
    #maxcoords,maxVal,otherStuff =

scipy.optimize.fmin_l_bfgs_b(socialDistribution,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords,maxScore

def
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter):
    colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]

    #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
    loc = -1
    plt.figure(10)
    plt.clf()
    for l,MUX,MUY in zip(L,mux,muy):    
        loc += 1
        plt.scatter([x+0.0001*random.uniform(-1,1) for x in
l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')
    plt.scatter(guess[0],guess[1],s=120,color='c',marker='s',label='guess')
    #plt.scatter([x[1]+0.0001*random.uniform(-1,1) for x in
approvedCheckIns],[y[2]+0.0001*random.uniform(-1,1) for y in
approvedCheckIns],s=20,color='c',marker='o',label='friends')

    Z = []
    for location in range(len(locations)-2): #excluding offcampus
    
Z.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*mlab.bivariate_normal(X,Y,sigmax[location],sigmay[location],mux[location],muy[locati
n],cov[location]))

    Zet = Z[0]
    first = True
    for i in Z:
        if first:
            first = False
        else:
            Zet += i
    plt.contour(X, Y, Zet)

    legend(loc="upper right",shadow=True, fancybox=True)
    leg = plt.gca().get_legend()
    ltext  = leg.get_texts()  # all the text.Text instance in the legend
    plt.setp(ltext, fontsize=6)    # the legend text fontsize       
    plt.axis('scaled')      
    plt.axis([55.792,55.778,12.51,12.53])
    plt.title('Time independent spatial distribution')

    plt.xlabel('longitude')
    plt.ylabel('latitude')
    tempFilename = str(device)+'_Eval_Spatial_'+str(text)+"_"+str(checkInCounter)+'.pdf'
    filename = os.path.join(pathOut, tempFilename)
    plt.savefig(filename)
    #plt.show()

def
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng):
    # ratio when social score is highest on the users position and ratio when the social score
i lowest
    # friend attraction should not allways add up to one but depend on the average co-occurence
ratio.
    # I guess one could say that this is somehow worked into the weighting though i would seem
that it is kind of opposite
    
    ratioOut = []
    socialArray = []
    periodicArray = []
    for outlier in outliers:
        t = getWeekHour(float(outlier[0]))
        approvedCheckIns = []                       
        friendCounter = -1
        for friend in friendTraining:
            friendCounter += 1
            approvedCheckIns.append([])                     
            for checkIn in friend:
                if float(outlier[0])-float(checkIn[0]) < 0:
                    break
                if float(outlier[0])-float(checkIn[0]) > 0 and
float(outlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                    approvedCheckIns[friendCounter].append(checkIn)
        #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
        #socialguessDelta,scoreSocial =
getSocialFuncMax(float(outlier[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
        jimmy,scoreSocial =
socialDistribution([outlier[1],outlier[2]],float(outlier[0]),alpha,beta,approvedCheckIns,frien
Score)
        score =
probDist([outlier[1],outlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,
ux,muy,cov)
        if scoreSocial > 0.01:
            socialArray.append(scoreSocial)

        if score != 0:
            periodicArray.append(-score)
        if scoreSocial > 0.01 and score != 0:
            ratioOut.append(-score/scoreSocial)         
    if socialArray == [] or ratioOut == []:
        xOpt = 0
        muOut = 0
        muIn = 1
    else:
        muOut2 = mean(ratioOut)
        muOut = mean(periodicArray)/mean(socialArray)
        print "meanOut",muOut
        sigmaOut = variance(ratioOut)**(0.5)*(muOut/muOut2)         

        ratioIn = []
        socialArray = []
        periodicArray = []  
        for inlier in withOutOutliers:
            t = getWeekHour(float(inlier[0]))
            approvedCheckIns = []                       
            friendCounter = -1
            for friend in friendTraining:
                friendCounter += 1
                approvedCheckIns.append([])                     
                for checkIn in friend:
                    if float(inlier[0])-float(checkIn[0]) < 0:
                        break
                    if float(inlier[0])-float(checkIn[0]) > 0 and
float(inlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                        approvedCheckIns[friendCounter].append(checkIn)
            #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #socialguessDelta,scoreSocial =
getSocialFuncMax(float(inlier[0]),alpha,beta,training,friends,friendScore,friendActualLocation
friendTraining,True)
            jimmy,scoreSocial =
socialDistribution([inlier[1],inlier[2]],float(inlier[0]),alpha,beta,approvedCheckIns,friendSc
re)
            score =
probDist([inlier[1],inlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mu
,muy,cov)
            if scoreSocial > 0.01:
                socialArray.append(scoreSocial)
            if score != 0:
                periodicArray.append(-score)
            if scoreSocial > 0.01 and -score > 0.01:
                ratioIn.append(-score/scoreSocial)      

        if socialArray == [] or ratioIn == []:
            xOpt = 0
            muOut = 0
            muIn = 1
        else:
            muIn2 = mean(ratioIn)
            muIn = mean(periodicArray)/mean(socialArray)
            print "meanIn",muIn
            sigmaIn = variance(ratioIn)**(0.5)*(muIn/muIn2)     

            if muIn > muOut:    
                myMin = muOut
                myMax = muIn
            else:
                myMin = muIn
                myMax = muOut       

            xOpt = fsolve(lambda x : mlab.normpdf(x,muOut,sigmaOut) -
mlab.normpdf(x,muIn,sigmaIn),(muIn+muOut)/2)
            if xOpt < myMin or xOpt > myMax:
                xOpt = (muIn+muOut)/2

    print xOpt,muIn,muOut
    return xOpt,muIn,muOut  
                    
def
drawTemporalPlots(sortedAccesspoints,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,post
ix):    
        plt.figure(1)
        plt.clf() 
        plt.figure(2)           
        plt.clf() 
        plt.figure(3)           
        plt.clf()
        
        print "der tegnes temporale plots... Vaersgooo!!!"
        # spatial distribution of training set
        colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]
        
        #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
        loc = -1
        plt.figure(10)
        plt.clf()
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter([x+0.0001*random.uniform(-1,1) for x in

l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        loc = -1        
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')    
        #legend(loc="upper right",shadow=True, fancybox=True)
        #leg = plt.gca().get_legend()
        #ltext  = leg.get_texts()  # all the text.Text instance in the legend
        #plt.setp(ltext, fontsize=6)    # the legend text fontsize      
        plt.axis('scaled')      
        plt.axis([55.792,55.778,12.51,12.53])
        plt.title('spatial distribution')
        plt.xlabel('longitude')
        plt.ylabel('latitude')
        tempFilename = str(device)+'_EM_FIG_'+str(postfix)+'.pdf'
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
        
        # temporal function distribution
        xet = range(168)
        ca = 0
        for ca in range(len(dailies)):
            plt.figure(2)
            if ca == (len(dailies)-1):
                ca = -1
        
plt.plot(xet,[temporalDistribution(x,dailyTemporalAverages,dailyWeights,sortedAccesspoints,ca,
ffCampusWeekProbs) for x in xet],color=colors[ca])
        tempFilename = str(device)+"temporal_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.axis([0,170,0,1.1])
        plt.title('time dependant location probability')
        plt.xlabel('weekly hour')
        plt.ylabel('probability')
        plt.savefig(filename)
        
        
        # temporal distribution of training set
        for ca in range(len(dailies)):
            yet = []
            xerne = []
            icounter = -1
            for i in dailies[ca]:
                icounter += 1
                for j in i:
                    xerne.append(j+icounter*24)
                    yet.append(1*ca)

            plt.figure(3)   
            if ca == (len(dailies)-1):
                ca = -1     
            plt.scatter(xerne,[b+0.2*random.uniform(-1,1) for b in yet],color=colors[ca])
        plt.title('temporal distribution')
        plt.xlabel('weekly hour')
        plt.axis([0,170,-1,max(yet)+1])
        tempFilename = str(device)+"check_in_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
            

def buildMFLModel(timeAndPlaceTraining):
    checkInCoords = getCoordinates(timeAndPlaceTraining)
    uniqueCheckInCoords = []
    for checkIn in checkInCoords:
        if [checkIn[1],checkIn[2]] not in uniqueCheckInCoords:
            uniqueCheckInCoords.append([checkIn[1],checkIn[2]])
    locations = []      
    locationCounter = -1
    for coords in uniqueCheckInCoords:
        locationCounter += 1
        locations.append([])
        for checkIn in checkInCoords:
            if [checkIn[1],checkIn[2]] == coords:
                locations[locationCounter].append(checkIn)
    weeklyCheckIns = []
    locationCounter = -1
    for location in locations:
        locationCounter += 1
        weeklyCheckIns.append([])
        for i in range(168):
            weeklyCheckIns[locationCounter].append(0)
        for checkIn in location:
            weekHour = getWeekHour(float(checkIn[0]))
            weeklyCheckIns[locationCounter][weekHour] += 1
    
    return weeklyCheckIns,uniqueCheckInCoords
            
def MostFrequentedLocation(timeAndPlaceTraining,timeAndPlaceEval):  
    #very like temporal model
    weeklyCheckIns,uniqueCheckInCoords = buildMFLModel(timeAndPlaceTraining)
    distCombinedError = []
    evalCheckIns = getCoordinates(timeAndPlaceEval)
    exactFits = 0
    totalCheckInsEval = 0
    for checkIn in evalCheckIns:
        totalCheckInsEval += 1

        t = getWeekHour(float(checkIn[0]))
        a = []
        for i in range(len(uniqueCheckInCoords)):
            a.append(weeklyCheckIns[i][t])
        guess = uniqueCheckInCoords[a.index(max(a))]
        dist = getDistance([float(guess[0]),float(guess[1])],[checkIn[1],checkIn[2]])
        distCombinedError.append(dist)
        if dist < 0.010:
            exactFits += 1
    totalCheckInsEval = len(evalCheckIns)
    meanDist = mean(distCombinedError)*1000
    exactFitRatio = exactFits/totalCheckInsEval
    print "mean MFL",meanDist
    print "exactfits MFL",exactFitRatio
    return meanDist,exactFitRatio
    
def offCampus(allCheckIns):
    startTraining
    weekCounter = -1
    weeks = []
    for i in allCheckIns:
        if float(i[0]) > startTraining+7*24*60*60*(weekCounter+1):
            weeks.append([])
            weekCounter +=1         
        elif float(i[0]) > startTraining:
            weeks[weekCounter].append(i)
    weekProbs = []
    for i in range(168):
        weekProbs.append(0)
    for week in weeks:  
        #print "new week"
        weeklyCheckIns = []
        for i in range(168):
            weeklyCheckIns.append(0)
        for checkIn in week:
            weekHour = getWeekHour(float(checkIn[0]))
            weeklyCheckIns[weekHour] += 1
        for i in range(168):
            if weeklyCheckIns[i] > 0:
                #print weekProbs[i]
                weekProbs[i] += 1

    for i in range(168):
        weekProbs[i] = weekProbs[i]/weekCounter 
    return weekProbs

def calculateRadiusOfGyration(coords):
    Xoncamp = []

    Yoncamp = []
    for checkIn in coords:
        Xoncamp.append(float(checkIn[1]))
        Yoncamp.append(float(checkIn[2]))

    n = len(Xoncamp)    
    averageX = sum(Xoncamp)/n
    averageY = sum(Yoncamp)/n
    
    rgSum = 0
    for x,y in zip(Xoncamp,Yoncamp):
        dist = getDistance([x,y],[averageX,averageY])
        rgSum += dist**2
    rg = (rgSum/n)**(0.5)

    return rg   

def calculatePhiMax(S, N):
    print S
    print N
    try:
        def funcPi(x):
            if x <= 0 or x >= 1:
                func = 5
            else:
                func = -(x*log2(x)+(1-x)*log2(1-x))+(1-x)*log2(N-1)
            return func

        xOpt = fsolve(lambda x : S-funcPi(x),0.8)
    except TypeError:
        print "something fucked up in the pimax calculation"
        xOpt = 0
    print xOpt
    return xOpt[0]

def calculatePredictability(timeAndPlaceTraining,uniqueCheckInCoords):
    timeseries = []
    for j in timeAndPlaceTraining:
        timeseries.append(j[1])
        
    N = len(uniqueCheckInCoords)
    n = len(timeAndPlaceTraining)
    
    knownSubseries = [] 
    sumOfSubseries = 0
    #print "time 6.1",str(time.clock()-base)

    
    for i in range(len(timeseries)):
        subseries = []
        subseries.append(timeseries[i])
        subseriesLength = 0
        #print "time 6.2",str(time.clock()-base)
        
        while subseries in knownSubseries and i+subseriesLength < n:
            subseriesLength += 1
            if i+subseriesLength < n:
                subseries.append(timeseries[i+subseriesLength])
        #print "time 6.3",str(time.clock()-base)
                
        knownSubseries.append(subseries)
        sumOfSubseries += len(subseries)
    #print "time 6.4",str(time.clock()-base)
    
    estimatedIndividualEntropy = 1/(1/n*sumOfSubseries)*math.log(n) #estiamted according to
equation xxx
    
    phiMax = calculatePhiMax(estimatedIndividualEntropy,N)
    print "entropy",estimatedIndividualEntropy
    print "phiMax",phiMax  
    return estimatedIndividualEntropy,phiMax
    
#
def doIT():
    try:
    
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest =
expectationMaximization(getCoordinates(timeAndPlaceTraining),getCoordinates(timeAndPlaceTraini
g_offcampus),i,getCoordinates(timeAndPlaceEval_offcampus),offCampusWeekProbs,uniqueCheckInCoord
)
    except IndexError:
        doIT()
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
        
# choose individual that i going to be tracked
#device = "5ae2c6776f5b3d638e0770cf85ed6cdaaac727ac"
    
numberOfAccesspoints = 10

minimumVisitsToAccesspoint = 0.01   
stackAccesspoints = True    
delta = 0.00025
xx = np.arange(55.792, 55.778, -delta)
yy = np.arange(12.51, 12.53, delta)
X, Y = np.meshgrid(xx, yy)
startTraining = 1297033200
endTraining = 1301868000    #the training set runs from February 7, 2011 12:00:00 AM to April
3, 2011 11:59:59 AM
evalEnd = 1303077600 #1303077600    #the evaluation set runs from to April 4, 2011 12:00:00 AM
to April 17, 2011 11:59:59 AM

pathIn = '/Users/Raaby/Desktop/Master/DTUWiFi/trajectories_full_semester/'
pathIn2 = '/Users/Raaby/Desktop/Master/DTUWiFi/highActivity100/'
pathsIN =
[pathIn2]#['/Users/Raaby/Desktop/Master/DTUWiFi/prunedUsers10/','/Users/Raaby/Desktop/Master/D
UWiFi/highEntropy/','/Users/Raaby/Desktop/Master/DTUWiFi/randomHighActivity/']
pathADDONs = ["highActivity100"]#["prunedUsers10","highEntropy","randomHighActivity"]
for pathIn2,pathaddon in zip(pathsIN,pathADDONs):
    pathBase = os.path.join(os.getcwd(), "Data")
    pathOut = os.path.join(pathBase, pathaddon) 
    pathOutMachine = os.path.join(pathBase, "machine")      
        

    if not os.path.exists(pathBase):
        os.mkdir(pathBase)
    if not os.path.exists(pathOut):
        os.mkdir(pathOut)
    if not os.path.exists(pathOutMachine):
        os.mkdir(pathOutMachine)

    listing = os.listdir(pathIn2)
    listing2 = os.listdir(pathOutMachine)

    fileCounter = 0
    for device in listing:
        simulationActive = False
        tempFilename = "model_success_machine"+str(device)
        if device.startswith('.'):
            print "joker file filtered"
        elif tempFilename in listing2:
            fileCounter += 1
            print str(tempFilename)+" already created"
        else:#if fileCounter > 5:
            fileCounter += 1
            print "current file is: " + device +" "+str(fileCounter)+" of:"+str(len(listing)) 
            friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                

            
            if len(friends) > 0:
                filePathTrajectories = os.path.join(pathIn, str(device)[0:-27]+".txt")
                fileReaderTrajectories = csv.reader(open(filePathTrajectories, 'rb'),
delimiter=' ', quotechar='|')
                fileReaderTrajectories2 = csv.reader(open(filePathTrajectories, 'rb'),
delimiter=' ', quotechar='|')

                allCheckIns = []
                for row in fileReaderTrajectories2:
                    if float(row[0]) > startTraining and float(row[0]) < endTraining:
                        allCheckIns.append(row)
                offCampusWeekProbs = offCampus(allCheckIns)
        # temporal model
                print "calculating temporal distribution"
                place = []
                timeAndPlaceTraining = []
                timeAndPlaceTraining_offcampus = []
                timeAndPlaceEval = []
                timeAndPlaceEval_offcampus = []

                first = True
                for row in fileReaderTrajectories:
                    if first:
                        currentCheckIn = float(row[0])
                        first = False

                    nextCheckIn = float(row[0])
                    if nextCheckIn-currentCheckIn > 3*3600:
                        while nextCheckIn-currentCheckIn > 90*60:
                            if getDayHour(currentCheckIn) > 8 and getDayHour(currentCheckIn) <
20 and getWeekDay(currentCheckIn) < 6: # lower concetration of off_campus check-ins in the
regualar workhours
                                currentCheckIn = currentCheckIn + 90*60
                            else:
                                currentCheckIn = currentCheckIn + 30*60
                            row = (currentCheckIn,"off_campus")
                            if float(row[0]) > startTraining and float(row[0]) < endTraining: 
                                place.append(row[1])
                                timeAndPlaceTraining_offcampus.append([row[0],row[1]])
                            if float(row[0]) > endTraining and float(row[0]) < evalEnd:
                                timeAndPlaceEval_offcampus.append([row[0],row[1]])
                        currentCheckIn = nextCheckIn

                    else:
                        if float(row[0]) > startTraining and float(row[0]) < endTraining: 
                            place.append(row[1])
                            timeAndPlaceTraining.append([row[0],row[1]])

                        if float(row[0]) > endTraining and float(row[0]) < evalEnd:
                            timeAndPlaceEval.append([row[0],row[1]])
                            timeAndPlaceEval_offcampus.append([row[0],row[1]])
                        currentCheckIn = nextCheckIn
                
                if len(timeAndPlaceTraining) != 0 and len(timeAndPlaceEval) != 0:
                    
                    checkInCoords = getCoordinates(timeAndPlaceTraining)
                    uniqueCheckInCoords = []
                    for checkIn in checkInCoords:
                        if [checkIn[1],checkIn[2]] not in uniqueCheckInCoords:
                            uniqueCheckInCoords.append([checkIn[1],checkIn[2]])

                    if len(uniqueCheckInCoords) > 3:
                        totalCheckIns = len(place)
                        uniqueAccesspointsTrajectories = f5(place)
                        sortedAccesspoints = []
                        for accesspoint in uniqueAccesspointsTrajectories:
                            sortedAccesspoints.append((accesspoint,place.count(accesspoint)))
                        sortedAccesspoints = sorted(sortedAccesspoints, key=lambda item:
item[1], reverse=True)      

                        entropy,phiMax =
calculatePredictability(getCoordinates(timeAndPlaceTraining),uniqueCheckInCoords)

                        score = []
                        data = []
                        icounter = -1
                        for i in range(5,6):#Fiterlen(sortedAccesspoints)):
                            icounter += 1
                        
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest = doIT()
                        
data.append([meanDistCombined,meanDistPeriodic,meanDistSocial,exactFitCombinedRatio,exactFitPe
iodicRatio,exactFitSocialRatio,onCampusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,me
nDistSocialDelta,meanCombinedWeigthedDist,meanAccesspointParallel,meanAccesspointGuessWeighted,
eanAccesspointGuess])
                            if data[icounter][0] < data[icounter][1]:
                                meanDist = data[icounter][0]
                            else:
                                meanDist = data[icounter][1]
                            score.append(meanDist)

                        rg = calculateRadiusOfGyration(getCoordinates(timeAndPlaceTraining))

                        MFLmeanDist,MFLexactFitRatio =
MostFrequentedLocation(timeAndPlaceTraining,timeAndPlaceEval)

                        tempFilename = "model_success_machine"+str(device)
                        filename = os.path.join(pathOutMachine, tempFilename)           
                        FILE = open(filename,"w")
                        FILE.writelines("Device name," + str(device))
                        FILE.writelines("\n")
                        FILE.writelines("total number of check-ins (training and evaluation
set),"+str(totalCheckIns))
                        FILE.writelines("\n")
                        FILE.writelines("check-ins (training
set),"+str(float(totalCheckIns)-float(data[0][6])-float(data[0][7])))
                        FILE.writelines("\n")
                        FILE.writelines("check-ins on/off campus (evaluation
set),"+str(data[0][6])+","+str(data[0][7]))
                        FILE.writelines("\n")
                        FILE.writelines("number of friends,"+str(len(friends)))
                        FILE.writelines("\n")
                        FILE.writelines("number of unique visited
locations,"+str(len(uniqueCheckInCoords)))
                        FILE.writelines("\n")
                        FILE.writelines("radius of gyration,"+str(rg))
                        FILE.writelines("\n")
                        FILE.writelines("calculated maximum predictability,"+str(phiMax))
                        FILE.writelines("\n")
                        FILE.writelines("distribution likellihood,"+str(pBest))
                        FILE.writelines("\n")
                        FILE.writelines("entropy,"+str(entropy))
                        FILE.writelines("\n")
                        FILE.writelines("MFL mean dist
error,"+str(MFLmeanDist)+","+str(MFLmeanDist/(rg*1000)))
                        FILE.writelines("\n")
                        FILE.writelines("MFL exact on campus fit ratio,"+str(MFLexactFitRatio))
                        FILE.writelines("\n")
                        icounter = 0
                        for i in data:
                            icounter += 1
                            FILE.writelines("number of used locations,"+str(numberoflocations))
                            FILE.writelines("\n")
                            FILE.writelines("percentage of offcampus check-ins successfully
guessed,"+str(i[8]))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters
(meanDistCombined),"+str(float(i[0])*1000)+","+str(float(i[0])/rg)+","+str(float(i[11])*1000))
                            FILE.writelines("\n")

                            FILE.writelines("average distance between guess and actual position
in meters
(meanDistPeriodic),"+str(float(i[1])*1000)+","+str(float(i[1])/rg)+","+str(float(i[13])*1000))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters (meanDistSocial),"+str(float(i[2])*1000)+","+str(float(i[2])/rg))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters (meanDistSocialDelta),"+str(float(i[9])*1000)+","+str(float(i[9])/rg))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters
(meanCombinedWeigthedDist),"+str(float(i[10])*1000)+","+str(float(i[10])/rg)+","+str(float(i[1
])*1000))
                            FILE.writelines("\n")
                            FILE.writelines("percentage of exact (less than 10 meters on
campus) guesses (exactFitCombinedRatio),"+str(i[3]))
                            FILE.writelines("\n")
                            FILE.writelines("percentage of exact (less than 10 meters on
campus) guesses (exactFitPeriodicRatio),"+str(i[4]))
                            FILE.writelines("\n")
                            FILE.writelines("percentage of exact (less than 10 meters on
campus) guesses (exactFitSocialRatio),"+str(i[5]))
                            FILE.writelines("\n")
                            FILE.writelines("number of social
check-ins,"+str(socialCheckInCounter))
                            FILE.writelines("\n")
                        FILE.close()

                        tempFilename = "model_success_"+str(device)
                        filename = os.path.join(pathOut, tempFilename)          
                        FILE = open(filename,"w")
                        FILE.writelines("Device name: " + str(device))
                        FILE.writelines("\n")
                        FILE.writelines("total number of check-ins (training and evaluation
set): "+str(totalCheckIns))
                        FILE.writelines("\n")
                        FILE.writelines("check-ins (training set):
"+str(float(totalCheckIns)-float(data[0][6])-float(data[0][7])))
                        FILE.writelines("\n")
                        FILE.writelines("check-ins on/off campus (evaluation set):
"+str(data[0][6])+"/"+str(data[0][7]))
                        FILE.writelines("\n")
                        FILE.writelines("number of friends: "+str(len(friends)))
                        FILE.writelines("\n")
                        FILE.writelines("number of unique visited locations:
"+str(len(uniqueCheckInCoords)))

                        FILE.writelines("\n")
                        FILE.writelines("radius of gyration: "+str(rg))
                        FILE.writelines("\n")
                        FILE.writelines("MFL mean dist error:
"+str(MFLmeanDist)+"/"+str(MFLmeanDist/(rg*1000)))
                        FILE.writelines("\n")
                        FILE.writelines("MFL exact on campus fit ratio:
"+str(MFLexactFitRatio))
                        FILE.writelines("\n")
                        icounter = 0
                        for i in data:
                            icounter += 1
                            FILE.writelines("number of used locations:
"+str(numberoflocations))
                            FILE.writelines("\n")
                            FILE.writelines("percentage of offcampus check-ins successfully
guessed: "+str(i[8]))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters (meanDistCombined):
"+str(float(i[0])*1000)+"/"+str(float(i[0])/rg)+"/"+str(float(i[11])*1000))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters (meanDistPeriodic):
"+str(float(i[1])*1000)+"/"+str(float(i[1])/rg)+"/"+str(float(i[13])*1000))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters (meanDistSocial): "+str(float(i[2])*1000)+"/"+str(float(i[2])/rg))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters (meanDistSocialDelta): "+str(float(i[9])*1000)+"/"+str(float(i[9])/rg))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters (meanCombinedWeigthedDist):
"+str(float(i[10])*1000)+"/"+str(float(i[10])/rg)+"/"+str(float(i[12])*1000))
                            FILE.writelines("\n")
                            FILE.writelines("percentage of exact (less than 10 meters on
campus) guesses (exactFitCombinedRatio): "+str(i[3]))
                            FILE.writelines("\n")
                            FILE.writelines("percentage of exact (less than 10 meters on
campus) guesses (exactFitPeriodicRatio): "+str(i[4]))
                            FILE.writelines("\n")
                            FILE.writelines("percentage of exact (less than 10 meters on
campus) guesses (exactFitSocialRatio): "+str(i[5]))
                            FILE.writelines("\n")
                        FILE.close()    
                    else:
                        print device, "has less than 4 unique check-in positions"
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    print "average distance between guess and actual position in meters
(meanDistPeriodic):",1000*meanDistPeriodic,1000*meanAccesspointGuess
    print "average distance between guess and actual position in meters
(meanDistSocial):",1000*meanDistSocial
    print "average distance between guess and actual position in meters
(meanDistSocialDelta):",1000*meanDistSocialDelta
    print "average distance between guess and actual position in meters
(meanCombinedWeigthedDist):",1000*meanCombinedWeigthedDist,1000*meanAccesspointGuessWeighted
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitCombinedRatio):",exactFitCombinedRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitPeriodicRatio):",exactFitPeriodicRatio
    print "percentage of exact (less than 10 meters on campus) guesses
(exactFitSocialRatio):",exactFitSocialRatio
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
                    

    
def

evaluateModel(L,evalArray,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,c
v,alpha,beta,muOutlierThreshold,sigmaOutlierThreshold,nOutlierThreshold,OutlierThreshold,delta,
raw,socialWeight):
    distSocialError = []
    distSocialDeltaError = []
    combinedWeigthedDistError = []
    distCombinedError = []
    distPeriodicError = []
    exactFitsCombined = 0
    exactFitsPeriodic = 0
    exactFitsSocial = 0
    actualOffCampusCounter = 0
    guessOffCampus = 0
    offCampusSuccess = 0
    checkInCounter = 0
    accesspointGuessWeightedError = []
    accesspointGuessError = []
    accesspointParallelError = []
    friends,friendScore,friendActualLocation,friendTraining = getFriends(device)
    training = False
    socialCheckInCounter = 0
    onCampusCheckIns = 0
    for checkIn in evalArray:
        onCampus = True
        checkInCounter += 1
        print "eval check in",checkInCounter,"of",len(evalArray)
        t = getWeekHour(float(checkIn[0]))
        actualPosition = [float(checkIn[1]),float(checkIn[2])]
        
        if actualPosition == [55.0,12.0]:
            actualOffCampusCounter += 1
            actualPosition = "off_campus"
        
        if
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,len(locations)-1,offCampus
eekProbs) > 0.6: #len(locations)-1 is the last element since 0 also counts          
            onCampus = False
            guessOffCampus += 1
            guess = "off_campus"
            if actualPosition == guess:
                offCampusSuccess += 1
        else:
            if actualPosition != "off_campus":
                offCampusSuccess += 1
        
        if actualPosition != "off_campus":
            onCampusCheckIns += 1
            socialCheckIn = False

            
            # if guess from the periodic model is not confident enough according to the
Chauvenet's criterion the check-in will be treated as a social checkin
            p = []
            for location in range(len(locations)-2):
                x = checkIn[1]
                y = checkIn[2]
            
p.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*faerdigRet(x,y,sigmax[location],sigmay[location],mux[location],muy[location],cov[loc
tion]))
            outlierProb = sum(p)
            # Chauvenet's criterion (almost)
            #c = mlab.normpdf(outlierProb,muOutlierThreshold,sigmaOutlierThreshold)
            if muOutlierThreshold-outlierProb > 1.5*sigmaOutlierThreshold:
            #if c < OutlierThreshold:   
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                if maxScore > outlierProb:
                    socialCheckIn = True
                    socialCheckInCounter += 1
            
            socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
            if socialCheckIn:
                socialguessDelta,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
                socialguess,maxScore =
getSocialFuncMax(float(checkIn[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,False)
                #calculate distance error
                distSocial =
getDistance([float(socialguess[0]),float(socialguess[1])],actualPosition)
                distSocialDelta =
getDistance([float(socialguessDelta[0]),float(socialguessDelta[1])],actualPosition)
            
            guess,maxScore =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #calculate distance error
            distPeriodic = getDistance([float(guess[0]),float(guess[1])],actualPosition)
            
            combinedWeigthedGuess =
[(guess[0]+socialWeight*socialguessDelta[0])/(socialWeight+1),(guess[1]+socialWeight*socialgue
sDelta[1])/(socialWeight+1)]
            combinedWeigthedDist =

getDistance([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],actualPosition)
            combinedWeigthedDistError.append(combinedWeigthedDist)
            if draw:
                text = 'periodic'
            
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter)

            accesspointGuessWeighted =
getNearestKnownAccesspoint([float(combinedWeigthedGuess[0]),float(combinedWeigthedGuess[1])],a
tualPosition)
            dist1 =
getDistance([float(accesspointGuessWeighted[0]),float(accesspointGuessWeighted[1])],actualPosi
ion)
            accesspointGuessWeightedError.append(dist1)
            accesspointGuess =
getNearestKnownAccesspoint([float(guess[0]),float(guess[1])],actualPosition)
            dist2 =
getDistance([float(accesspointGuess[0]),float(accesspointGuess[1])],actualPosition)
            accesspointGuessError.append(dist2)
            if socialCheckIn:
                accesspointParallel =
getNearestKnownAccesspoint(socialguessDelta,actualPosition)
            else:       
                accesspointParallel = accesspointGuess
            dist3 =
getDistance([float(accesspointParallel[0]),float(accesspointParallel[1])],actualPosition)
            accesspointParallelError.append(dist3)  
            
            if socialCheckIn:
                distCombined = distSocialDelta
                distSocialError.append(distSocialDelta)
                distSocialDeltaError.append(distSocialDelta)
                distCombinedError.append(distCombined)  
                if distSocial < 0.010:
                    exactFitsSocial += 1
                
            else:
                distCombined = distPeriodic
            
distPeriodicError.append(getDistance([float(guess[0]),float(guess[1])],actualPosition))
                distCombinedError.append(distCombined)  
            
            if dist3 < 0.010:
                exactFitsCombined += 1
            
            if dist2 < 0.010:
                exactFitsPeriodic += 1      

            

    if offCampusSuccess != 0:
        offCampusSuccessRatio = offCampusSuccess/len(evalArray)
    else:
        offCampusSuccessRatio = 0
    meanDistCombined = mean(distCombinedError)
    meanAccesspointParallel = mean(accesspointParallelError)
    meanDistPeriodic = mean(distPeriodicError)
    meanAccesspointGuess = mean(accesspointGuessError)
    meanDistSocial = mean(distSocialError)
    meanDistSocialDelta = mean(distSocialDeltaError)
    meanCombinedWeigthedDist = mean(combinedWeigthedDistError)
    meanAccesspointGuessWeighted = mean(accesspointGuessWeightedError)
    if onCampusCheckIns != 0:
        exactFitCombinedRatio = exactFitsCombined/onCampusCheckIns
        exactFitPeriodicRatio = exactFitsPeriodic/onCampusCheckIns
    else:
        exactFitCombinedRatio = 0
        exactFitPeriodicRatio = 0
    if socialCheckInCounter != 0:
        exactFitSocialRatio = exactFitsSocial/socialCheckInCounter
    else:
        exactFitSocialRatio = 0
    
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanDistSocialDelta,meanCombinedWeigthedDist,
eanAccesspointParallel,meanAccesspointGuessWeighted,meanAccesspointGuess,exactFitCombinedRatio,
xactFitPeriodicRatio,exactFitSocialRatio,offCampusSuccessRatio,onCampusCheckIns,actualOffCampus
ounter,socialCheckInCounter

def getNearestKnownAccesspoint(bestguess,actualPosition):
    shortestDist = 10000000
    for coords in uniqueCheckInCoords:
        distance = getDistance(coords,bestguess)
        if float(distance) < shortestDist:
            shortestDist = float(distance)
            bestCoords = coords
    return bestCoords

def probDist(X,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    p = 0
    for location in range(len(locations)-2): #excluding offcampus and outliers
        p +=
temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampusWeekProb
)*faerdigRet(X[0],X[1],sigmax[location],sigmay[location],mux[location],muy[location],cov[locati
n])
        

    return -p
    
def getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov):
    params = [t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov]
    maxcoords,maxScore,otherStuff =
scipy.optimize.fmin_l_bfgs_b(probDist,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords, maxScore

#needs to be there for the optimization function to work...
def fcons(X,t,alpha,beta,approvedCheckIns,friendScore):
    return X[0]

def socialMaxhelp(X,t,alpha,beta,approvedCheckIns,friendScore):
    score,scoreDelta = socialDistribution(X,t,alpha,beta,approvedCheckIns,friendScore)
    return -score 

def
getSocialFuncMax(t,alpha,beta,training,friends,friendScore,friendActualLocation,friendTraining
delta):
    if training:
        friends = friendTraining
    else:
        friends = friendActualLocation
        
    approvedCheckIns = []                       
    friendCounter = -1
    for friend in friends:
        friendCounter += 1
        approvedCheckIns.append([])                     
        for checkIn in friend:
            if t-float(checkIn[0]) < 0:
                break
            if t-float(checkIn[0]) > 0 and t-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                approvedCheckIns[friendCounter].append(checkIn)
    params = [t,alpha,beta,approvedCheckIns,friendScore]
    if delta:
        coordScores = []
        for coords in uniqueCheckInCoords:
            score,scoreDelta =
socialDistribution(coords,t,alpha,beta,approvedCheckIns,friendScore)
            coordScores.append((coords,scoreDelta))
        maxcoords = max(coordScores, key=lambda x: x[1])[0]
        maxScore = max(coordScores, key=lambda x: x[1])[1]
    else:
        maxcoords = scipy.optimize.fmin_cobyla(socialMaxhelp,[55.7865,12.52],fcons,args=params)
        maxScore = -socialMaxhelp(maxcoords,t,alpha,beta,approvedCheckIns,friendScore)
    #maxcoords,maxVal,otherStuff =

scipy.optimize.fmin_l_bfgs_b(socialDistribution,[55.7865,12.52],args=params,approx_grad=True)
    return maxcoords,maxScore

def
contourPlot(L,t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov,guess,t
xt,checkInCounter):
    colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]

    #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
    loc = -1
    plt.figure(10)
    plt.clf()
    for l,MUX,MUY in zip(L,mux,muy):    
        loc += 1
        plt.scatter([x+0.0001*random.uniform(-1,1) for x in
l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')
    plt.scatter(guess[0],guess[1],s=120,color='c',marker='s',label='guess')
    #plt.scatter([x[1]+0.0001*random.uniform(-1,1) for x in
approvedCheckIns],[y[2]+0.0001*random.uniform(-1,1) for y in
approvedCheckIns],s=20,color='c',marker='o',label='friends')

    Z = []
    for location in range(len(locations)-2): #excluding offcampus
    
Z.append(temporalDistribution(t,dailyTemporalAverages,dailyWeights,locations,location,offCampu
WeekProbs)*mlab.bivariate_normal(X,Y,sigmax[location],sigmay[location],mux[location],muy[locati
n],cov[location]))

    Zet = Z[0]
    first = True
    for i in Z:
        if first:
            first = False
        else:
            Zet += i
    plt.contour(X, Y, Zet)

    legend(loc="upper right",shadow=True, fancybox=True)
    leg = plt.gca().get_legend()
    ltext  = leg.get_texts()  # all the text.Text instance in the legend
    plt.setp(ltext, fontsize=6)    # the legend text fontsize       
    plt.axis('scaled')      
    plt.axis([55.792,55.778,12.51,12.53])
    plt.title('Time independent spatial distribution')

    plt.xlabel('longitude')
    plt.ylabel('latitude')
    tempFilename = str(device)+'_Eval_Spatial_'+str(text)+"_"+str(checkInCounter)+'.pdf'
    filename = os.path.join(pathOut, tempFilename)
    plt.savefig(filename)
    #plt.show()

def
calculateSocialWeight(outliers,withOutOutliers,dailyTemporalAverages,dailyWeights,locations,si
max,sigmay,mux,muy,cov,alpha,beta,training,friends,friendScore,friendActualLocation,friendTrain
ng):
    # ratio when social score is highest on the users position and ratio when the social score
i lowest
    # friend attraction should not allways add up to one but depend on the average co-occurence
ratio.
    # I guess one could say that this is somehow worked into the weighting though i would seem
that it is kind of opposite
    
    ratioOut = []
    socialArray = []
    periodicArray = []
    for outlier in outliers:
        t = getWeekHour(float(outlier[0]))
        approvedCheckIns = []                       
        friendCounter = -1
        for friend in friendTraining:
            friendCounter += 1
            approvedCheckIns.append([])                     
            for checkIn in friend:
                if float(outlier[0])-float(checkIn[0]) < 0:
                    break
                if float(outlier[0])-float(checkIn[0]) > 0 and
float(outlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                    approvedCheckIns[friendCounter].append(checkIn)
        #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
        #socialguessDelta,scoreSocial =
getSocialFuncMax(float(outlier[0]),alpha,beta,training,friends,friendScore,friendActualLocatio
,friendTraining,True)
        jimmy,scoreSocial =
socialDistribution([outlier[1],outlier[2]],float(outlier[0]),alpha,beta,approvedCheckIns,frien
Score)
        score =
probDist([outlier[1],outlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,
ux,muy,cov)
        if scoreSocial > 0.01:
            socialArray.append(scoreSocial)

        if score != 0:
            periodicArray.append(-score)
        if scoreSocial > 0.01 and score != 0:
            ratioOut.append(-score/scoreSocial)         
    if socialArray == [] or ratioOut == []:
        xOpt = 0
        muOut = 0
        muIn = 1
    else:
        muOut2 = mean(ratioOut)
        muOut = mean(periodicArray)/mean(socialArray)
        print "meanOut",muOut
        sigmaOut = variance(ratioOut)**(0.5)*(muOut/muOut2)         

        ratioIn = []
        socialArray = []
        periodicArray = []  
        for inlier in withOutOutliers:
            t = getWeekHour(float(inlier[0]))
            approvedCheckIns = []                       
            friendCounter = -1
            for friend in friendTraining:
                friendCounter += 1
                approvedCheckIns.append([])                     
                for checkIn in friend:
                    if float(inlier[0])-float(checkIn[0]) < 0:
                        break
                    if float(inlier[0])-float(checkIn[0]) > 0 and
float(inlier[0])-float(checkIn[0]) < 24*3600 and getWeekDay(t) ==
getWeekDay(float(checkIn[0])):
                        approvedCheckIns[friendCounter].append(checkIn)
            #guess,score =
getfuncMax(t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mux,muy,cov)
            #socialguessDelta,scoreSocial =
getSocialFuncMax(float(inlier[0]),alpha,beta,training,friends,friendScore,friendActualLocation
friendTraining,True)
            jimmy,scoreSocial =
socialDistribution([inlier[1],inlier[2]],float(inlier[0]),alpha,beta,approvedCheckIns,friendSc
re)
            score =
probDist([inlier[1],inlier[2]],t,dailyTemporalAverages,dailyWeights,locations,sigmax,sigmay,mu
,muy,cov)
            if scoreSocial > 0.01:
                socialArray.append(scoreSocial)
            if score != 0:
                periodicArray.append(-score)
            if scoreSocial > 0.01 and -score > 0.01:
                ratioIn.append(-score/scoreSocial)      

        if socialArray == [] or ratioIn == []:
            xOpt = 0
            muOut = 0
            muIn = 1
        else:
            muIn2 = mean(ratioIn)
            muIn = mean(periodicArray)/mean(socialArray)
            print "meanIn",muIn
            sigmaIn = variance(ratioIn)**(0.5)*(muIn/muIn2)     

            if muIn > muOut:    
                myMin = muOut
                myMax = muIn
            else:
                myMin = muIn
                myMax = muOut       

            xOpt = fsolve(lambda x : mlab.normpdf(x,muOut,sigmaOut) -
mlab.normpdf(x,muIn,sigmaIn),(muIn+muOut)/2)
            if xOpt < myMin or xOpt > myMax:
                xOpt = (muIn+muOut)/2

    print xOpt,muIn,muOut
    return xOpt,muIn,muOut  
                    
def
drawTemporalPlots(sortedAccesspoints,dailyTemporalAverages,dailies,dailyWeights,L,mux,muy,post
ix):    
        plt.figure(1)
        plt.clf() 
        plt.figure(2)           
        plt.clf() 
        plt.figure(3)           
        plt.clf()
        
        print "der tegnes temporale plots... Vaersgooo!!!"
        # spatial distribution of training set
        colors = [[1,0,0],[1,1,0],[0,1,1],[0,0,1],[1,0,1]]
        
        #colors =
[[1,0,0],[1,0.33,0],[1,0.66,0],[1,1,0],[0,1,0.66],[0,1,1],[0,0,1],[0.33,0,1],[0.66,0,1],[1,0,1
]
        loc = -1
        plt.figure(10)
        plt.clf()
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter([x+0.0001*random.uniform(-1,1) for x in

l[1]],[y+0.0001*random.uniform(-1,1) for y in
l[2]],s=20,color=colors[loc],marker='o',label='check-ins')
        loc = -1        
        for l,MUX,MUY in zip(L,mux,muy):    
            loc += 1
            plt.scatter(MUX,MUY,s=120,color=colors[loc],marker='x',label='Centroid')    
        #legend(loc="upper right",shadow=True, fancybox=True)
        #leg = plt.gca().get_legend()
        #ltext  = leg.get_texts()  # all the text.Text instance in the legend
        #plt.setp(ltext, fontsize=6)    # the legend text fontsize      
        plt.axis('scaled')      
        plt.axis([55.792,55.778,12.51,12.53])
        plt.title('spatial distribution')
        plt.xlabel('longitude')
        plt.ylabel('latitude')
        tempFilename = str(device)+'_EM_FIG_'+str(postfix)+'.pdf'
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
        
        # temporal function distribution
        xet = range(168)
        ca = 0
        for ca in range(len(dailies)):
            plt.figure(2)
            if ca == (len(dailies)-1):
                ca = -1
        
plt.plot(xet,[temporalDistribution(x,dailyTemporalAverages,dailyWeights,sortedAccesspoints,ca,
ffCampusWeekProbs) for x in xet],color=colors[ca])
        tempFilename = str(device)+"temporal_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.axis([0,170,0,1.1])
        plt.title('time dependant location probability')
        plt.xlabel('weekly hour')
        plt.ylabel('probability')
        plt.savefig(filename)
        
        
        # temporal distribution of training set
        for ca in range(len(dailies)):
            yet = []
            xerne = []
            icounter = -1
            for i in dailies[ca]:
                icounter += 1
                for j in i:
                    xerne.append(j+icounter*24)
                    yet.append(1*ca)

            plt.figure(3)   
            if ca == (len(dailies)-1):
                ca = -1     
            plt.scatter(xerne,[b+0.2*random.uniform(-1,1) for b in yet],color=colors[ca])
        plt.title('temporal distribution')
        plt.xlabel('weekly hour')
        plt.axis([0,170,-1,max(yet)+1])
        tempFilename = str(device)+"check_in_distribution_"+str(postfix)+".pdf"
        filename = os.path.join(pathOut, tempFilename)
        plt.savefig(filename)   
            

def buildMFLModel(timeAndPlaceTraining):
    checkInCoords = getCoordinates(timeAndPlaceTraining)
    uniqueCheckInCoords = []
    for checkIn in checkInCoords:
        if [checkIn[1],checkIn[2]] not in uniqueCheckInCoords:
            uniqueCheckInCoords.append([checkIn[1],checkIn[2]])
    locations = []      
    locationCounter = -1
    for coords in uniqueCheckInCoords:
        locationCounter += 1
        locations.append([])
        for checkIn in checkInCoords:
            if [checkIn[1],checkIn[2]] == coords:
                locations[locationCounter].append(checkIn)
    weeklyCheckIns = []
    locationCounter = -1
    for location in locations:
        locationCounter += 1
        weeklyCheckIns.append([])
        for i in range(168):
            weeklyCheckIns[locationCounter].append(0)
        for checkIn in location:
            weekHour = getWeekHour(float(checkIn[0]))
            weeklyCheckIns[locationCounter][weekHour] += 1
    
    return weeklyCheckIns,uniqueCheckInCoords
            
def MostFrequentedLocation(timeAndPlaceTraining,timeAndPlaceEval):  
    #very like temporal model
    weeklyCheckIns,uniqueCheckInCoords = buildMFLModel(timeAndPlaceTraining)
    distCombinedError = []
    evalCheckIns = getCoordinates(timeAndPlaceEval)
    exactFits = 0
    totalCheckInsEval = 0
    for checkIn in evalCheckIns:
        totalCheckInsEval += 1

        t = getWeekHour(float(checkIn[0]))
        a = []
        for i in range(len(uniqueCheckInCoords)):
            a.append(weeklyCheckIns[i][t])
        guess = uniqueCheckInCoords[a.index(max(a))]
        dist = getDistance([float(guess[0]),float(guess[1])],[checkIn[1],checkIn[2]])
        distCombinedError.append(dist)
        if dist < 0.010:
            exactFits += 1
    totalCheckInsEval = len(evalCheckIns)
    meanDist = mean(distCombinedError)*1000
    exactFitRatio = exactFits/totalCheckInsEval
    print "mean MFL",meanDist
    print "exactfits MFL",exactFitRatio
    return meanDist,exactFitRatio
    
def offCampus(allCheckIns):
    startTraining
    weekCounter = -1
    weeks = []
    for i in allCheckIns:
        if float(i[0]) > startTraining+7*24*60*60*(weekCounter+1):
            weeks.append([])
            weekCounter +=1         
        elif float(i[0]) > startTraining:
            weeks[weekCounter].append(i)
    weekProbs = []
    for i in range(168):
        weekProbs.append(0)
    for week in weeks:  
        #print "new week"
        weeklyCheckIns = []
        for i in range(168):
            weeklyCheckIns.append(0)
        for checkIn in week:
            weekHour = getWeekHour(float(checkIn[0]))
            weeklyCheckIns[weekHour] += 1
        for i in range(168):
            if weeklyCheckIns[i] > 0:
                #print weekProbs[i]
                weekProbs[i] += 1

    for i in range(168):
        weekProbs[i] = weekProbs[i]/weekCounter 
    return weekProbs

def calculateRadiusOfGyration(coords):
    Xoncamp = []

    Yoncamp = []
    for checkIn in coords:
        Xoncamp.append(float(checkIn[1]))
        Yoncamp.append(float(checkIn[2]))

    n = len(Xoncamp)    
    averageX = sum(Xoncamp)/n
    averageY = sum(Yoncamp)/n
    
    rgSum = 0
    for x,y in zip(Xoncamp,Yoncamp):
        dist = getDistance([x,y],[averageX,averageY])
        rgSum += dist**2
    rg = (rgSum/n)**(0.5)

    return rg   

def calculatePhiMax(S, N):
    print S
    print N
    try:
        def funcPi(x):
            if x <= 0 or x >= 1:
                func = 5
            else:
                func = -(x*log2(x)+(1-x)*log2(1-x))+(1-x)*log2(N-1)
            return func

        xOpt = fsolve(lambda x : S-funcPi(x),0.8)
    except TypeError:
        print "something fucked up in the pimax calculation"
        xOpt = 0
    print xOpt
    return xOpt[0]

def calculatePredictability(timeAndPlaceTraining,uniqueCheckInCoords):
    timeseries = []
    for j in timeAndPlaceTraining:
        timeseries.append(j[1])
        
    N = len(uniqueCheckInCoords)
    n = len(timeAndPlaceTraining)
    
    knownSubseries = [] 
    sumOfSubseries = 0
    #print "time 6.1",str(time.clock()-base)

    
    for i in range(len(timeseries)):
        subseries = []
        subseries.append(timeseries[i])
        subseriesLength = 0
        #print "time 6.2",str(time.clock()-base)
        
        while subseries in knownSubseries and i+subseriesLength < n:
            subseriesLength += 1
            if i+subseriesLength < n:
                subseries.append(timeseries[i+subseriesLength])
        #print "time 6.3",str(time.clock()-base)
                
        knownSubseries.append(subseries)
        sumOfSubseries += len(subseries)
    #print "time 6.4",str(time.clock()-base)
    
    estimatedIndividualEntropy = 1/(1/n*sumOfSubseries)*math.log(n) #estiamted according to
equation xxx
    
    phiMax = calculatePhiMax(estimatedIndividualEntropy,N)
    print "entropy",estimatedIndividualEntropy
    print "phiMax",phiMax  
    return estimatedIndividualEntropy,phiMax
    
#
def doIT():
    try:
    
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest =
expectationMaximization(getCoordinates(timeAndPlaceTraining),getCoordinates(timeAndPlaceTraini
g_offcampus),i,getCoordinates(timeAndPlaceEval_offcampus),offCampusWeekProbs,uniqueCheckInCoord
)
    except IndexError:
        doIT()
    return
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest
        
# choose individual that i going to be tracked
#device = "5ae2c6776f5b3d638e0770cf85ed6cdaaac727ac"
    
numberOfAccesspoints = 10

minimumVisitsToAccesspoint = 0.01   
stackAccesspoints = True    
delta = 0.00025
xx = np.arange(55.792, 55.778, -delta)
yy = np.arange(12.51, 12.53, delta)
X, Y = np.meshgrid(xx, yy)
startTraining = 1297033200
endTraining = 1301868000    #the training set runs from February 7, 2011 12:00:00 AM to April
3, 2011 11:59:59 AM
evalEnd = 1303077600 #1303077600    #the evaluation set runs from to April 4, 2011 12:00:00 AM
to April 17, 2011 11:59:59 AM

pathIn = '/Users/Raaby/Desktop/Master/DTUWiFi/trajectories_full_semester/'
pathIn2 = '/Users/Raaby/Desktop/Master/DTUWiFi/highActivity100/'
pathsIN =
[pathIn2]#['/Users/Raaby/Desktop/Master/DTUWiFi/prunedUsers10/','/Users/Raaby/Desktop/Master/D
UWiFi/highEntropy/','/Users/Raaby/Desktop/Master/DTUWiFi/randomHighActivity/']
pathADDONs = ["highActivity100"]#["prunedUsers10","highEntropy","randomHighActivity"]
for pathIn2,pathaddon in zip(pathsIN,pathADDONs):
    pathBase = os.path.join(os.getcwd(), "Data")
    pathOut = os.path.join(pathBase, pathaddon) 
    pathOutMachine = os.path.join(pathBase, "machine")      
        

    if not os.path.exists(pathBase):
        os.mkdir(pathBase)
    if not os.path.exists(pathOut):
        os.mkdir(pathOut)
    if not os.path.exists(pathOutMachine):
        os.mkdir(pathOutMachine)

    listing = os.listdir(pathIn2)
    listing2 = os.listdir(pathOutMachine)

    fileCounter = 0
    for device in listing:
        simulationActive = False
        tempFilename = "model_success_machine"+str(device)
        if device.startswith('.'):
            print "joker file filtered"
        elif tempFilename in listing2:
            fileCounter += 1
            print str(tempFilename)+" already created"
        else:#if fileCounter > 5:
            fileCounter += 1
            print "current file is: " + device +" "+str(fileCounter)+" of:"+str(len(listing)) 
            friends,friendScore,friendActualLocation,friendTraining = getFriends(device)                

            
            if len(friends) > 0:
                filePathTrajectories = os.path.join(pathIn, str(device)[0:-27]+".txt")
                fileReaderTrajectories = csv.reader(open(filePathTrajectories, 'rb'),
delimiter=' ', quotechar='|')
                fileReaderTrajectories2 = csv.reader(open(filePathTrajectories, 'rb'),
delimiter=' ', quotechar='|')

                allCheckIns = []
                for row in fileReaderTrajectories2:
                    if float(row[0]) > startTraining and float(row[0]) < endTraining:
                        allCheckIns.append(row)
                offCampusWeekProbs = offCampus(allCheckIns)
        # temporal model
                print "calculating temporal distribution"
                place = []
                timeAndPlaceTraining = []
                timeAndPlaceTraining_offcampus = []
                timeAndPlaceEval = []
                timeAndPlaceEval_offcampus = []

                first = True
                for row in fileReaderTrajectories:
                    if first:
                        currentCheckIn = float(row[0])
                        first = False

                    nextCheckIn = float(row[0])
                    if nextCheckIn-currentCheckIn > 3*3600:
                        while nextCheckIn-currentCheckIn > 90*60:
                            if getDayHour(currentCheckIn) > 8 and getDayHour(currentCheckIn) <
20 and getWeekDay(currentCheckIn) < 6: # lower concetration of off_campus check-ins in the
regualar workhours
                                currentCheckIn = currentCheckIn + 90*60
                            else:
                                currentCheckIn = currentCheckIn + 30*60
                            row = (currentCheckIn,"off_campus")
                            if float(row[0]) > startTraining and float(row[0]) < endTraining: 
                                place.append(row[1])
                                timeAndPlaceTraining_offcampus.append([row[0],row[1]])
                            if float(row[0]) > endTraining and float(row[0]) < evalEnd:
                                timeAndPlaceEval_offcampus.append([row[0],row[1]])
                        currentCheckIn = nextCheckIn

                    else:
                        if float(row[0]) > startTraining and float(row[0]) < endTraining: 
                            place.append(row[1])
                            timeAndPlaceTraining.append([row[0],row[1]])

                        if float(row[0]) > endTraining and float(row[0]) < evalEnd:
                            timeAndPlaceEval.append([row[0],row[1]])
                            timeAndPlaceEval_offcampus.append([row[0],row[1]])
                        currentCheckIn = nextCheckIn
                
                if len(timeAndPlaceTraining) != 0 and len(timeAndPlaceEval) != 0:
                    
                    checkInCoords = getCoordinates(timeAndPlaceTraining)
                    uniqueCheckInCoords = []
                    for checkIn in checkInCoords:
                        if [checkIn[1],checkIn[2]] not in uniqueCheckInCoords:
                            uniqueCheckInCoords.append([checkIn[1],checkIn[2]])

                    if len(uniqueCheckInCoords) > 3:
                        totalCheckIns = len(place)
                        uniqueAccesspointsTrajectories = f5(place)
                        sortedAccesspoints = []
                        for accesspoint in uniqueAccesspointsTrajectories:
                            sortedAccesspoints.append((accesspoint,place.count(accesspoint)))
                        sortedAccesspoints = sorted(sortedAccesspoints, key=lambda item:
item[1], reverse=True)      

                        entropy,phiMax =
calculatePredictability(getCoordinates(timeAndPlaceTraining),uniqueCheckInCoords)

                        score = []
                        data = []
                        icounter = -1
                        for i in range(5,6):#Fiterlen(sortedAccesspoints)):
                            icounter += 1
                        
meanDistCombined,meanDistPeriodic,meanDistSocial,meanAccesspointParallel,meanAccesspointGuessW
ighted,meanAccesspointGuess,exactFitCombinedRatio,exactFitPeriodicRatio,exactFitSocialRatio,onC
mpusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,meanDistSocialDelta,meanCombinedWeigt
edDist,numberoflocations,socialCheckInCounter,pBest = doIT()
                        
data.append([meanDistCombined,meanDistPeriodic,meanDistSocial,exactFitCombinedRatio,exactFitPe
iodicRatio,exactFitSocialRatio,onCampusCheckIns,actualOffCampusCounter,offCampusSuccessRatio,me
nDistSocialDelta,meanCombinedWeigthedDist,meanAccesspointParallel,meanAccesspointGuessWeighted,
eanAccesspointGuess])
                            if data[icounter][0] < data[icounter][1]:
                                meanDist = data[icounter][0]
                            else:
                                meanDist = data[icounter][1]
                            score.append(meanDist)

                        rg = calculateRadiusOfGyration(getCoordinates(timeAndPlaceTraining))

                        MFLmeanDist,MFLexactFitRatio =
MostFrequentedLocation(timeAndPlaceTraining,timeAndPlaceEval)

                        tempFilename = "model_success_machine"+str(device)
                        filename = os.path.join(pathOutMachine, tempFilename)           
                        FILE = open(filename,"w")
                        FILE.writelines("Device name," + str(device))
                        FILE.writelines("\n")
                        FILE.writelines("total number of check-ins (training and evaluation
set),"+str(totalCheckIns))
                        FILE.writelines("\n")
                        FILE.writelines("check-ins (training
set),"+str(float(totalCheckIns)-float(data[0][6])-float(data[0][7])))
                        FILE.writelines("\n")
                        FILE.writelines("check-ins on/off campus (evaluation
set),"+str(data[0][6])+","+str(data[0][7]))
                        FILE.writelines("\n")
                        FILE.writelines("number of friends,"+str(len(friends)))
                        FILE.writelines("\n")
                        FILE.writelines("number of unique visited
locations,"+str(len(uniqueCheckInCoords)))
                        FILE.writelines("\n")
                        FILE.writelines("radius of gyration,"+str(rg))
                        FILE.writelines("\n")
                        FILE.writelines("calculated maximum predictability,"+str(phiMax))
                        FILE.writelines("\n")
                        FILE.writelines("distribution likellihood,"+str(pBest))
                        FILE.writelines("\n")
                        FILE.writelines("entropy,"+str(entropy))
                        FILE.writelines("\n")
                        FILE.writelines("MFL mean dist
error,"+str(MFLmeanDist)+","+str(MFLmeanDist/(rg*1000)))
                        FILE.writelines("\n")
                        FILE.writelines("MFL exact on campus fit ratio,"+str(MFLexactFitRatio))
                        FILE.writelines("\n")
                        icounter = 0
                        for i in data:
                            icounter += 1
                            FILE.writelines("number of used locations,"+str(numberoflocations))
                            FILE.writelines("\n")
                            FILE.writelines("percentage of offcampus check-ins successfully
guessed,"+str(i[8]))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters
(meanDistCombined),"+str(float(i[0])*1000)+","+str(float(i[0])/rg)+","+str(float(i[11])*1000))
                            FILE.writelines("\n")

                            FILE.writelines("average distance between guess and actual position
in meters
(meanDistPeriodic),"+str(float(i[1])*1000)+","+str(float(i[1])/rg)+","+str(float(i[13])*1000))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters (meanDistSocial),"+str(float(i[2])*1000)+","+str(float(i[2])/rg))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters (meanDistSocialDelta),"+str(float(i[9])*1000)+","+str(float(i[9])/rg))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters
(meanCombinedWeigthedDist),"+str(float(i[10])*1000)+","+str(float(i[10])/rg)+","+str(float(i[1
])*1000))
                            FILE.writelines("\n")
                            FILE.writelines("percentage of exact (less than 10 meters on
campus) guesses (exactFitCombinedRatio),"+str(i[3]))
                            FILE.writelines("\n")
                            FILE.writelines("percentage of exact (less than 10 meters on
campus) guesses (exactFitPeriodicRatio),"+str(i[4]))
                            FILE.writelines("\n")
                            FILE.writelines("percentage of exact (less than 10 meters on
campus) guesses (exactFitSocialRatio),"+str(i[5]))
                            FILE.writelines("\n")
                            FILE.writelines("number of social
check-ins,"+str(socialCheckInCounter))
                            FILE.writelines("\n")
                        FILE.close()

                        tempFilename = "model_success_"+str(device)
                        filename = os.path.join(pathOut, tempFilename)          
                        FILE = open(filename,"w")
                        FILE.writelines("Device name: " + str(device))
                        FILE.writelines("\n")
                        FILE.writelines("total number of check-ins (training and evaluation
set): "+str(totalCheckIns))
                        FILE.writelines("\n")
                        FILE.writelines("check-ins (training set):
"+str(float(totalCheckIns)-float(data[0][6])-float(data[0][7])))
                        FILE.writelines("\n")
                        FILE.writelines("check-ins on/off campus (evaluation set):
"+str(data[0][6])+"/"+str(data[0][7]))
                        FILE.writelines("\n")
                        FILE.writelines("number of friends: "+str(len(friends)))
                        FILE.writelines("\n")
                        FILE.writelines("number of unique visited locations:
"+str(len(uniqueCheckInCoords)))

                        FILE.writelines("\n")
                        FILE.writelines("radius of gyration: "+str(rg))
                        FILE.writelines("\n")
                        FILE.writelines("MFL mean dist error:
"+str(MFLmeanDist)+"/"+str(MFLmeanDist/(rg*1000)))
                        FILE.writelines("\n")
                        FILE.writelines("MFL exact on campus fit ratio:
"+str(MFLexactFitRatio))
                        FILE.writelines("\n")
                        icounter = 0
                        for i in data:
                            icounter += 1
                            FILE.writelines("number of used locations:
"+str(numberoflocations))
                            FILE.writelines("\n")
                            FILE.writelines("percentage of offcampus check-ins successfully
guessed: "+str(i[8]))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters (meanDistCombined):
"+str(float(i[0])*1000)+"/"+str(float(i[0])/rg)+"/"+str(float(i[11])*1000))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters (meanDistPeriodic):
"+str(float(i[1])*1000)+"/"+str(float(i[1])/rg)+"/"+str(float(i[13])*1000))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters (meanDistSocial): "+str(float(i[2])*1000)+"/"+str(float(i[2])/rg))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters (meanDistSocialDelta): "+str(float(i[9])*1000)+"/"+str(float(i[9])/rg))
                            FILE.writelines("\n")
                            FILE.writelines("average distance between guess and actual position
in meters (meanCombinedWeigthedDist):
"+str(float(i[10])*1000)+"/"+str(float(i[10])/rg)+"/"+str(float(i[12])*1000))
                            FILE.writelines("\n")
                            FILE.writelines("percentage of exact (less than 10 meters on
campus) guesses (exactFitCombinedRatio): "+str(i[3]))
                            FILE.writelines("\n")
                            FILE.writelines("percentage of exact (less than 10 meters on
campus) guesses (exactFitPeriodicRatio): "+str(i[4]))
                            FILE.writelines("\n")
                            FILE.writelines("percentage of exact (less than 10 meters on
campus) guesses (exactFitSocialRatio): "+str(i[5]))
                            FILE.writelines("\n")
                        FILE.close()    
                    else:
                        print device, "has less than 4 unique check-in positions"

                else:   
                    print "no on campus check-ins in evaluation period" 
            else:
                print device,"has no friends"
            


