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2 ]
ØbÇcÛ

9;IKJ19cP?PHÀ=È�@

E[X] = 0 ∧D[X] = Σ =
[

Σ11 Σ12

Σ21 Σ22

] Ø �kÛ

É�> G?Ê
Σij ∈ <

mixmj
9;IKJ

Σij = ΣT
ji,∀i, j = 1, 2

ØYÆ;Û
9;IKJ
I=ÂcIxÖYPH> I=ÃcÀ=AC9;<�Ò

¿ @�É�ÂcÀ=ACJ1A > Ì;@�G?ÂEÕKIKJ
G?Ê=@�G?<�9;IKPNÄÐÂc<?È¥P

y1 = aT
1 x1

y2 = aT
2 x2

Ø �kÛ

É�> G?Ê

D{Y } = ΣY =
[ V ar[y1] Cov[y1,y2]
Cov[y2,y1] V ar[y1]

]

=
[

aT
1 Σ11a1 aT

1 Σ12a2

aT
2 Σ21a1 aT

2 Σ22a2

] Ø�äkÛ

À=IKJx@B<�G?Ê=@�Á�ÂcIKPNG?<�9;> IkG�P
V ar[y1] = 1
V ar[y2] = 1

ØNÅ�ékÛ

PHÀKÁ�Ê
G?ÊK9�G�G?Ê=@�Á�Âc<?<?@BAC9�G?> ÂcI

ρ = Corr[y1,y2] =
Cov[y1,y2]

√

V ar[y1]V ar[y2]
= aT

1 Σ12a2

ØNÅcÅ\Û

>CP�È¥9�âx> È�> áB@�J(Ò



� i�UBm S?XYXNdrS?X�UBmÍ�

� @lG
λ1/2

9;IKJ
λ2/2

:n@ � 9;Ãc<�9;I=Ãc@±ÈvÀ=A G?> Ë=A > @B<�P�> IcG?<?Â=JxÀKÁ�@�J
> I

ψ = aT
1 Σ12a2 −

λ1

2
(aT

1 Σ11a1 − 1)−
λ2

2
(aT

2 Σ22a2 − 1).
ØNÅ\ÙcÛ

¿ @�É�ÂcÀ=ACJ1A > Ìc@�G?Â¥È¥9�â=> È�> áB@
ψ
É�> G?Ê°<?@�PHËn@�ÁlG�G?Â

a1

9;IKJ
a2

ÒKÏ±À=@&G?Â¥G?Ê=@vPHàVÈ�È�@�G?<?à
Á�ÂcIKJx> G?> ÂcIì> IìO �kÀK9�G?> ÂcI ÆVÔ�G?Ê=@1ÄÐÂcA A Â�É�> I=Ã%È¥9�G?<?> âìJx> èn@B<?@�IkG?>C9�G?> ÂcIìË=<?ÂcËr@B<HGNà¦ÁB9;Iì:r@
9;Ë=Ë=A > @�J

∂(aT
i Σiiai)

∂ai

= 2Σiiai

ØNÅ�ÚkÛ

9;IKJ©G?Ê=@&ËK9;<HG?>C9;AaJx@B<?> Ñ�9�G�> Ñ;@�P�Â;Ä
ψ
É�> G?Ê¯<?@�PHËr@�ÁlG�G?Â

a1

9;IKJ
a2

9;<?@

∂ψ

∂a1

= Σ12a2 − λ1Σ11a1

ØNÅBßVÛ

∂ψ

∂a2

= Σ21a1 − λ2Σ22a2

ØNÅ\ÇcÛ

� Â;G?@�G?ÊK9�GgO �kÀK9�G?> ÂcIKP"ÅBß�9;IKJ¯Å\Ç&Á�ÂcÀ=ACJ¥9;ACPHÂ&:r@"Âc:xG�9;> I=@�J�:VàE<?@BÉ�<?> G?> I=Ã&O �kÀK9�G?> ÂcI
Å\ÙvÉ�> G?Ê

λ1

9;IKJ
λ2

9cP"Jx@BËr@BIKJx@BIkG±Ñ�9;<?>C9;:=A @�PBê
λ1

>CP"Jx@B<?> Ñ;@�J1É�> G?Ê°<?@�PHËr@�ÁlG�G?Â
a1

9;IKJ
λ2

Ô\É�> G?Êv<?@�PHËr@�ÁlG�G?Â
a2

��G?Ê=@�Jx@B<?> Ñ;9�G?> Ñc@�Â;Ä=G?Ê=@��kÀ=Â;G?> @BIkG^9;IKJ&G?Ê=@�PHàVÈ�È�@�G?<?à&Á�ÂcIKJx> G?> ÂcI
ÆE>CP±9;ËxË=A >C@BJ°9;IKJ1G?Ê=@vÊkÀ=Ãc@�@�âxË=<?@�P?PH> ÂcIKP�Âc:xG�9;> I=@�J°ÁB9;I°@�9cPH> A à
:r@vPH> È�Ë=A > ÕK@�J¯:n@�ÁB9;ÀKPH@
G?Ê=@&È¥9;> I¯Ë=9;<HG"Â;Ä�@�9cÁ�Ê1ÂcI=@�>CP�ÂcI=A à

λ1

9;IKJ
λ2

<?@�PHËr@�ÁlG?> Ñc@BA àcÒ

çV@lG?G?> I=Ã1G?Ê=@�ËK9;<HG?>C9;A^Jx@B<?> Ñ�9�G?> Ñc@�P�Â;Ä
ψ
G?Â¯áB@B<?Â¯9;IKJFÈvÀ=A G?> Ë=A àV> I=Ã¯<?@�PHËn@�ÁlG?> Ñ;@BA à°:Và

aT
1

9;IKJ
aT

2

Ô=Ég@&ÊK9�Ñc@
aT

1 Σ12a2 − λ1a
T
1 Σ11a1 = 0

ØNÅ��kÛ

aT
2 Σ21a1 − λ2a

T
2 Σ22a2 = 0.

ØNÅ�Æ;Û

Ï±À=@�G?Â
a1

9;IKJ
a2

9;<?@�P?ÁB9;AC9;<�P�Ô�G?Ê=@^ÄÐÂcA A Â\É�> I=Ã�Ë=<?ÂcËr@B<HGNà±ÁB9;I�:r@g9;Ë=Ë=A > @�J
aT

1 Σ12a2 =
(aT

1 Σ12a2)
T
Òr×�Ê=@�G?<�9;IKPHËrÂkPH@&Â;Äg9¥Ë=<?Â=JVÀKÁlG�>CP�G?Ê=@vË=<?Â=JxÀKÁ�G�Â;Ä�G?Ê=@�G?<�9;IKPHËnÂkPH@�P�É�> G?Ê

> IVÑ;@B<HG?@�J�Âc<�Jx@B<�Ôc9;IKJ�ÀKPH> I=Ã�O �kÀK9�G?> ÂcI1ÆVÔ;G?Ê=@±Á�Âc<?<?@BAC9�G?> ÂcI
ρ
:r@�GNÉg@B@BI¥G?Ê=@�G?<�9;IKPNÄÐÂc<?È�@�J

Ñ�9;<?>Í9;:xAC@BPgG?À=<?IKP�G?Â�:r@

ρ = aT
1 Σ12a2 = aT

2 Σ21a1 = λ1 = λ2

ØNÅ��kÛ

çVÀ=:KPNG?> G?ÀxG?> I=Ã¥O �VÀ=9�G�> ÂcI%Å��E> I1O �kÀK9�G?> ÂcIKP�ÅBß�9;IKJ%Å\Ç

Σ12a2 − ρΣ11a1 = 0
ØNÅ�äkÛ

Σ21a1 − ρΣ22a2 = 0
ØbÙ;ékÛ

9;IKJ
ÈvÀ=A G?> Ë=A àV> I=Ã¥O �kÀK9�G?> ÂcIFÙ;év:Và
Σ−1

22

Ãc> Ñc@�P

ρ = Σ−1
22 Σ21

a1

a2

.
ØbÙxÅ\Û
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� <?@�Ö|ÈvÀ=A G?> Ë=A àV> I=ÃFO �kÀK9�G?> ÂcIÜÅ�ä¯É�> G?Ê
ρ
Ô�PHÀ=:KPNG?> G?ÀxG?> I=ÃF> GvÉ�> G?Ê¦O �kÀK9�G?> ÂcIîÙxÅ©9;IKJ�<?@�Ö

É�<?> G?> I=Ã�@BÑc@B<?àkG?Ê=> I=ÃEÉ�> G�Ê¯<?@�PHËr@�ÁlG�G?Â
a1

Ég@&ÊK9\Ñ;@

Σ12Σ
−1
22 Σ21a1 = ρ2Σ11a1,

ØbÙcÙcÛ
É�Ê=>CÁ�Ê%>CP�<?@�Á�ÂcÃcI=> áB@�J¬9cP&9;I¬@B> Ãc@BIVÑ;9;A À=@EË=<?Âc:=A @BÈ¯Ò���IFG?Ê=@¥Â;G?Ê=@B<&ÊK9;IKJ(Ô(ÈvÀ=A G?> Ë=A àV> I=Ã
O �kÀK9�G?> ÂcI�Å�äv:Và

Σ−1
11

Ãc> Ñc@�P

ρ = Σ−1
11 Σ12

a2

a1

.
ØbÙ;ÚkÛ

çVÀ=:KPNG?> G?ÀxG?> I=ÃvO �kÀK9�G?> ÂcI
Ù;Ú&> I�Ö�Ë=<?@BÑV> ÂcÀKPHA àvÈvÀ=A G?> Ë=A > @�J¥:kàEG?Ê=@±P?ÁB9;AC9;<
ρ
Ö�O �kÀK9�G?> ÂcI
Ù;é

É�@�ÊK9\Ñc@
Σ21Σ

−1
11 Σ12a2 = ρ2Σ22a2.

ØbÙ�ßVÛ
ï�@BÉ�<?> G?> I=Ã�O �kÀK9�G?> ÂcIKP�ÙcÙ&9;IKJ
Ù�ß�Ég@±ÊK9\Ñc@�G?Ê=@±Ãc@BI=@B<�9;A > áB@�JE@��kÀK9�G?>CÂcI=P�Â;Äa@B> Ãc@BIVÑ�9;A À=@�P
9;IKJ
@B> Ãc@BIVÑc@�ÁlG?Âc<�PBê

[Σ−1
11 Σ12Σ

−1
22 Σ21 − ρ

2I]a1 = 0
ØbÙcÇcÛ

9;IKJ
[Σ−1

22 Σ21Σ
−1
11 Σ12 − ρ

2I]a2 = 0.
ØbÙ �kÛ

×�Ê=@vPH@�G�P
y1

9;IKJ
y2

9;<?@�Âc:xG�9;> I=@�J¯:Và¯Ë=<?Â;MY@�ÁlG?> I=Ã¥G?Ê=@EPH@�G�P
x1

9;IKJ
x2

ÂcIcG?Â©G?Ê=@
PHÀ=:KPHËK9cÁ�@�P�PHËK9;I=I=@�J%:Và¬G?Ê=@©@B> Ãc@BIkÑc@�ÁlG?Âc<�P

a1

9;IKJ
a2

<?@�PHËr@�ÁlG?> Ñc@BA à¬É�> G?Ê�G?Ê=@
Á�Âc<?<?@�Ö
PHËrÂcIKJx> I=Ã�AC9;<?Ãc@�PNG�@B> Ãc@BIVÑ�9;ACÀx@�@��kÀK9;AnG?ÂEG?Ê=@�P �kÀK9;<?@&Á�Âc<?<?@BAC9\G?> ÂcIaÒ

í|Ä
m1 = m2

G?Ê=@
y1i, i = 1, ...,m1

9;<?@
Âc:xG�9;> I=@�J¦:Và¦Ë=<?Â;MY@�ÁlG?> I=Ã
x1

ÂcIkG?Â¬G?Ê=@
PHÀ=:KPHËK9cÁ�@�P�PHËK9;I=I=@�J©:Và�G?Ê=@�@B> Ãc@BIVÑc@�ÁlG?Âc<�P

a11, ...,a1m1

Á�Âc<?<?@BPHËnÂ;IKJx> I=Ã�G?ÂEG?Ê=@�@B> Ãc@BIxÖ
Ñ�9;ACÀx@�P

ρ2
1 ≥ ... ≥ ρ2

m1

Â;Ä
Σ12Σ

−1
22 Σ21

Ô�9;IKJëG?Ê=@
y2i, i = 1, ...,m2

9;<?@
Âc:xG�9;> I=@�J
:VàFË=<?ÂcMY@�ÁlG?> I=Ã

x2

ÂcIcG?Â1G?Ê=@©PHÀ=:KPHËK9cÁ�@�P&PHËK9;I=I=@�J¬:VàFG?Ê=@¥@B> Ãc@BIkÑc@�ÁlG?Âc<�P
a21, ...,a2m2Á�Âc<?<?@�PHËrÂcIKJx> I=Ã
G?Â¯G?Ê=@©P?9;È�@�@B> Ãc@BIVÑ�9;A À=@�PBÒ(í|Ä

m1 ≤ m2

G?Ê=@©@B> Ãc@BIkÑ;9;A À=@EË=<?Âc:=A @BÈ > I
O �kÀK9�G?> ÂcI©ÙcÙ�Jx@BÃc@BI=@B<�9�G?@�P�PH> IKÁ�@�G?Ê=@�AC9cPNG^@B> Ãc@BIVÑ;9;A À=@�É�> A A=@��kÀK9;A=áB@B<?Â�É�> G?Ê

(m2−m1)ÈvÀ=A G?> Ë=A >CÁ�> GYàkÒ

� �
	��
��� '������ �E¹�!^·&%
	�º�¹��

Ý"Ãk9;> IaÔkÄÐÂc<�Á�ÂcÈ�Ë=A @�G?@BI=@�P?PBÔkA @�G�ÀKPgÄÐÂcA A Â�É ã ÅcÅ�årÄÐÂc<�Jx@�P?Á�<?> :=> I=Ã�G?Ê=@&DëÒ Ý�Ò ÏvÒ=×�<�9;I=PNÄÐÂc<?È¯Ò
� @�G

X1

9;IKJ
X2

:r@EGNÉgÂ°PH@�G�P�Â;Ä�Ñ�9;<?>Í9;:xAC@BP�Â;Ä�Jx> È�@BIKPH> ÂcIKP
m1

9;IKJ
m2

<?@�PHËr@�ÁlG?> Ñc@BA àcÔ
É�> G?Ê

m1 ≤ m2

Ô
E{X1} = E{X2} = 0

G?<�9;IKPNÄÐÂc<?È�@�JFÉ�> G?Ê¬G?Ê=@©Á�ÂV@�
©Á�> @BIkG�P±ÄÐ<?ÂcÈ 9
PNG�9;IKJ=9;<�J1ÁB9;IxÂcI=>CÁB9;AaÁ�Âc<?<?@BAC9�G?> Â;I19;IK9;A àxPH>CP

a1

9;IKJ
a2

> I

Y1i = aT
1iX1, i = 1, ...,m1

Y2i = aT
2iX2, i = 1, ...,m2.

ØbÙkÆ;Û

Ó=À=<HG?Ê=@B<�Ô
Y1

9;IKJ
Y2

9;<?@vËnÂkPH> G?> Ñ;@BA àFÁ�Âc<?<?@BAC9�G?@�J°9;IKJFÉ�> G?Ê¬À=I=> G&Ñ;9;<?>C9;IKÁ�@cÔrPHÀKÁ�ÊFG?ÊK9�G
G?Ê=@&Ñ�9;<?>C9;IKÁ�@�Â;Ä�G?Ê=@B> <"Jx> èn@B<?@BIKÁ�@&>CP�È¥9�âx> È�> áB@�J(Ò

V ar[aT
1 X1 − aT

2 X2] =
ØbÙ �kÛ
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V ar[aT
1 X1] + V ar[aT

2 X2]− 2Cov[aT
1 X1,a

T
2 X2]

ØbÙ;äkÛ

= 2(1− Corr[aT
1 X1,a

T
2 X2])

Ø�ÚcékÛ
×�Ê=@�DëÒ Ý�Ò ÏvÒ\×0<�9;IKPNÄÐÂc<?È Á�ÂcIKPH>CPNG�P(Â;ÄVG?Ê=@�Ñ;9;<?>C9�G?@�PnÂc:xG�9;> I=@�J�É�Ê=@BI�G?Ê=@gÁ�Âc<?<?@�PHËrÂcIKJVÖ

> I=Ã�ÁB9;I=ÂcI=>CÁB9;ArÑ�9;<?>C9�G?@�P�9;<?@�PHÀ=:xG?<�9cÁlG?@�J¥> I1<?@BÑ;@B<�PH@±Âc<�Jx@B<�ÔcÉ�ÊK9�G�È�@B9;IKPgG?ÊK9�G�G?Ê=@
mth

1Jx> èn@B<?@BIKÁ�@¥PHÊ=Â�É"P�È¥9�âx> È�À=È Ñ�9;<?>C9;IKÁ�@�9;È�ÂcI=Ã¯PHÀKÁ�Ê%Ñ;9;<?>C9;:=A @�PBÔn9;IKJFG?Ê=@
(m1 − j)thJx> èn@B<?@BIKÁ�@�PHÊ=Â�É"P�È¥9�âx> ÈvÀ=È Ñ;9;<?>C9;IKÁ�@�PHÀ=:xMY@�ÁlG^G?Â�G?Ê=@"Á�ÂcIKPNG?<�9;> IkG�G?ÊK9�G^G?Ê=>CP�Jx> èn@B<?@BIKÁ�@

>CP�I=Â;G�Á�Âc<?<?@BAC9�G?@�J¥É�> G?Ê
G�Êx@&Ë=<?@�Ñx> ÂcÀKP
j
ÂcI=@�PBÒx×�Ê=@&DëÒ Ý�Ò ÏvÒxÑ;9;<?>C9�G?@�P�9;<?@�> IkÑ;9;<?>C9;IcG�G?Â

A > I=@�9;<�9;IKJ©9 
¥I=@�P?ÁB9;A > I=ÃKÔkÉ�ÊK9�G�>CP�I=Â;G�G?Ê=@�ÁB9cPH@"Â;ÄaG?Ê=@ � <?> IKÁ�> ËK9;A0ÞgÂcÈ�ËrÂcI=@BIkG�PBÒV×�Ê=@
Jx>CPHËr@B<�PH> ÂcI1È¥9�G?<?> â
Â;Ä0G?Ê=@�DëÒ Ý�Ò ÏvÒKÑ�9;<?>C9�G?@�P�>CP

D[aT
1 X1 − aT

2 X2] = 2(I − R)
Ø�Ú=Å\Û

É�Ê=@B<?@
I
>CP�G?Ê=@

m1×m1

À=I=> G�È¥9�G?<?> â¥9;IKJ
R
>CP�G?Ê=@

m1×m1

È¥9�G?<?> â©Á�ÂcIcG�9;> I=> I=Ã�G?Ê=@
PHÂc<HG?@�J1ÁB9;I=ÂcI=>CÁB9;A(Á�Âc<?<?@BAC9�G?> ÂcIKPgÂcI
G?Ê=@�Jx>C9;ÃcÂcIK9;A(9;IKJ1áB@B<?ÂkP�Â;èFG?Ê=@�Jx>C9;ÃcÂcIK9;AbÒ

� � ��%V¼&�Y¸�%(!^·±» � ¾+%V½(¼&% %V¾Nºg·

íYI�Âc<�Jx@B<�G?Â°@BÑ;9;A ÀK9�G?@vG?Ê=@
Á�ÂcA Âc<�:K9;IKJ�Á�ÂcIcG?<?> :=ÀxG?> ÂcI�> I%G?Ê=@�G?@�âVG?À=<�9;A�Á�ÊK9;I=Ãc@�Â;Ä�G?Ê=@
A @�PH> ÂcIKPBÔ�G?Ê=@�ÄÐÂcA A Â�É�> I=Ã&@�âxËr@B<?> È�@BIkG�É�9cP�Jx@�PH> ÃcI=@�J(Òc×�Ê=@±PH@�GgÂ;Ä�Å�Æ;Ç�ÁB9;ËVG�Àx<?@�P^Âc:xG�9;> I=@�J
9�G�8�@BIkG?Â;ÄÍG?@�� PgÎ"ÂkPHË=> G�9;Ar9;A A Â\É�@�JvG?Ê=@±Á�ÂcIKPNG?<?ÀKÁlG?> ÂcI¥Â;Ä��kÇ;é�ËK9;> <�P^Â;ÄaÁB9;ËxG?À=<?@�P^É�> G?Ê¥G?Ê=@
P?9;È�@&G?> È�@�> IKÁ�<?@BÈ�@BIkG±Â;Ä^ÂcI=@�É�@B@BÌ1:r@�GNÉg@B@BI°G?Ê=@BÈ¯ÒnÓ=Âc<"@�9cÁ�Ê°> È¥9;Ãc@&Â;Ä�9¥Ãc> Ñc@BI°ËK9�Ö
G?> @BIkG"9;IKJ
A @�PH> ÂcIaÔV@�9cÁ�Ê
ÂcI=@�Â;ÄaG?Ê=@�ÕKÑ;@�> È¥9;Ãc@�P�Â;Ä0G?Ê=@�I=@�âVG"PH@�P?PH> ÂcI
Ég@B<?@�9cP?PHÂ=Á�>C9�G?@�J(Ò
Ó=Âc<E@�9cÁ�Ê¦ÂcI=@
Â;Ä"G?Ê=@%Å�Æ;Ç°> È¥9;Ãc@�PBÔaG?Ê=@1Ê=>CPNG?ÂcÃc<�9;È Â;Ä�G?Ê=@1Ë=> â=@�AÍPv:r@BA ÂcI=Ãc> I=ÃFG?Â¬G?Ê=@
9;<?@�9�Â;Ä0G?Ê=@�G?Ê=@BÈ¥9�G?>CÁ�È¥9;Ë1> IKJx>CÁB9�G?> I=Ã�9EA @�PH> ÂcI
É�9cPgÕK<�PNG�@��kÀK9;A > áB@�J(ÒxÓ=Âc<�@�9cÁ�Ê¯PH> I=ÃcA @
> È¥9;Ãc@cÔn9©G?Ê=<?@B@E:K9;IKJ¬PHàVIkG?Ê=@�G?>CÁB9;A�> È¥9;Ãc@vÂ;Ä�ÙcÇ �©:kà%ÙcÇ �¥Ë=> âx@BACP�É�9cP�Á�ÂcIKPNG?<?ÀKÁlG?@�JF> I
G?Ê=@vÄÐÂcA A Â\É�> I=Ã©É�9\ànê=ÄÐÂc<�@�9cÁ�ÊFPH> I=ÃcA @v:K9;IKJ(ÔKG?Ê=@EÁ�Â;Ö|Â=ÁBÁ�À=<?<H@BIKÁ�@&È¥9�G?<?> â°Â;Ä^G?Ê=@v<?@BÃc> ÂcI
> IKJx>CÁB9�G?> I=ÃEG?Ê=@�PH> I=ÃcA @�A @�PH> ÂcI1> IKÁ�A ÀKJx@�J1É�9cP�Á�ÂcIKPNG?<?ÀKÁlG?@�J19;IKJ
I=Âc<?È¥9;A > áB@�J(Ò

×0ÉgÂ1PH@�G�P"Â;Ä �kÇ;é¥ËK9;> <�P"Â;Ä�> È¥9;Ãc@�P�É�@B<?@�ÀKPH@�J¯G?Â19;Ë=Ë=A à1G?Ê=@vË=<?@�PH@BIkG�P?Á�Ê=@BÈ�@cêKG?Ê=@
ÕK<�PNG�PH@�G�É�9cP�Ãc> Ñc@BI%:kàFG?Ê=@¥Âc<?> Ãc> IK9;A�> È¥9;Ãc@�P �rG?Ê=@©PH@�Á�ÂcIKJ%PH@�G�Ô(:Và°G?Ê=@¥> A A À=È�> IK9�G?> ÂcIxÖ
Á�Âc<?<?@�ÁlG?@�J¬> È¥9;Ãc@�P¥Ø�PH@B@©Ó�> ÃcÀ=<?@�P�Å�Ú
G?Â¬ÙxÅ�>CI/ã Å�é�åÐÛlÒ0Ó=Âc<&@�9cÁ�Ê�PH> I=ÃcA @¥> È¥9;Ãc@cÔnG?Ê=@
Á�Â;Ö
ÂxÁBÁ�À=<?<?@BIKÁ�@¯È¥9�G?<?> âìÂ;Ä�G?Ê=@°@��kÀK9;A >Cá�@�Jì<?@BÃc> ÂcIì> IKJx>CÁB9�G?> I=Ã¦PHÌV> I/É�9cP¥Ãc@�I=@B<�9�G?@�J(ÒgÓ=Âc<
@�9cÁ�Ê
Ë=9;>C<�Â;Ä0Âc<?> Ãc> IK9;An9;IKJ©> A A À=È�> IK9�G?> ÂcIxÖYÁ�Âc<?<?@�ÁlG?@�J¥> È¥9;Ãc@�PgÂ;ÄaG?Ê=@&P?9;È�@�ÁB9;ËxG?À=<?@cÔkG?Ê=@
P?9;È�@FG?Ê=@BÈ¥9�G?>CÁFÈ¥9;Ë > IKJx>CÁB9�G?> I=ÃìPHÌV> I É�9cP©ÀKPH@�J ØbçV@B@�Ó�> ÃcÀ=<?@BP¯Ù%G?Â �¦> I ã ä�åÐÛlÒ�íYI
Âc<�Jx@B<�G?Âv<?@�JxÀKÁ�@"G?Ê=@±> I��KÀ=@BIKÁ�@�Â;ÄaÑc@B<?àEÊ=> ÃcÊ©Ñ;9;A À=@�PBÔcA ÂcÃk9;<?> G?Ê=È¥P�É�@B<?@±9;Ë=Ë=A > @�J�G�Â�G?Ê=@
I=Âc<?È¥9;A > áB@�J
Á�Â;Ö|Â=ÁBÁ�À=<?<H@BIKÁ�@�È¥9�G?<?> â
Ñ�9;A À=@�PBê

y[r, c, b] =
x[r, c, b]

∑

r

∑

c x[r, c, b]
.

Ø�ÚkÙcÛ

Ý�ÄÍG?@B<�G?ÊK9�G�ÔxG?Ê=@&Ñ�9;A À=@�P�É�@B<?@&9;Ãk9;> I
I=Âc<?È¥9;A > áB@�J(ê

z[r, c, b] =
(log(y[r, c, b] ∗map[r, c, 1] + (1−map[r, c, b])) + β[b]) ∗map[r, c]

∑

k,l(z[k, l, b] ∗map[k, l, b]) Ø�ÚcÚkÛ
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É�Ê=@B<?@
map[r, c, b]

>CP
1
> Ä
y[r, c, b] > 0

9;IKJ
0
Ô=Â;G?Ê=@B<?É�>CPH@cÔx9;IKJ

β[b] = max(|z[r, c, b]|)
Ø�Ú;ßVÛ

∀r, c
Ò

×�Ê=@±È¥9�G?<?> â�>CPgI=Â\É 9;I©> È¥9;Ãc@cÒkÓ=Âc<g@�9cÁ�Ê¥ËK9;> <gÂ;Ä0PHàVIkG?Ê=@�G?>CÁB9;Ar> È¥9;Ãc@�PgÁ�ÂcIKPNG?<?ÀKÁlG?@�J
> I
G?Ê=@�É�9\à¥È�@BIcG?> ÂcI=@�J(ÔxG?Ê=@&DëÒ Ý�Ò ÏvÒxG?<�9;IKPNÄÍÂc<?È,É�9cP�9;Ë=Ë=A > @�J(Ò=Ó=Âc<�G?Ê=>CP�PNG�9;Ãc@cÔV> G�É�9cP
Ê=@BA ËxÄÐÀ=A0G?Â
ÀKPH@&G?Ê=@�ÄÐÂcA A Â�É�> I=Ã©Ëx<?ÂcÃc<�9;È¥PBê

fhist
ã Ù\å|Ô

gclm
ã Ù\å�ã ÅBß;å�9;IKJ

maf
ã Ç\å|ÒrÓ=Âc<

@�9cÁ�Ê�ËK9;> <�Â;Ä�> È¥9;Ãc@�P&Â;Ä�G?Ê=@1J=9�G�9�ÖYPH@lG\Ô(G?Ê=@©À=I=> ÂcIëÂ;Ä�G?Ê=@©È¥9;ËKP�> IKJx>CÁB9�G?> I=Ã°ËnÂkPH> G?> Ñc@
Ñ�9;ACÀx@�P�ÄÐÂc<�@�9cÁ�Ê¯Á�Â;ÖbÂ=ÁBÁ�À=<?<H@BIKÁ�@±È¥9�G?<?> â
É�9cP�Ãc@BI=@B<�9�G?@�J��kG?Ê=@&DëÒ Ý�Ò ÏvÒK×�<�9;IKPNÄÍÂc<?È,É�9cP
ÂcI=A à¥9;Ë=Ë=A > @�J¥G?Â�G?Ê=@�Ë=> âx@BACPg> IKÁ�A ÀKJx@�J©> I©G?ÊK9�G�È¥9;ËaÒV×�9;:=A @�P±Å�9;IKJ
Ù�PHÊ=Â�É/G?Ê=@�<?@�PHÀ=A G�P
Âc:xG�9;> I=@�J�ÄÐÂc<^G?Ê=@"PH@lGlP�Â;ÄnÂc<?> Ãc> IK9;AV> È¥9;Ãc@�PBÒ�×�9;:=A @�P^Ú&9;IKJvß&PHÊ=Â�É¦G?Ê=@�<?@�PHÀ=A G�P�Âc:xG�9;> I=@�J
ÄÐÂc<�G?Ê=@�PH@�G�P�Â;Ä�> A A À=È�> IK9�G?> ÂcIxÖYÁ�Âc<?<?@�ÁlG?@�J©> È¥9;Ãc@�P���Ò

Og9cÁ?ÊëPH> I=ÃcA @�Á�@BA A^Ñ;9;A À=@�> I�×�9;:=A @�P�Å¥9;IKJ%Ú
>ÍP�G?Ê=@¥9\Ñc@B<�9;Ã;@�9;:KPHÂcA ÀxG?@�Á�Âc<?<?@BAC9�G?> ÂcI
Ñ�9;ACÀx@�:r@�GNÉ�@B@BIEG?Ê=@"I=Âc<?È¥9;A > áB@�JEÁ�Â;ÖbÂ=ÁBÁ�À=<?<H@BIKÁ�@�È¥9�G?<?> âEÂ;ÄrG?Ê=@

b− th
Á�ÂcA Âc<�:K9;IKJ=P�9;IKJ

G?Ê=@
m − th

DFÝ±Ï3Á�ÂcÈ�ËrÂcI=@BIkG�P�Â;Ä�9;A A^ËK9;> <�P�Â;Ä�> È¥9;Ãc@�P�Â;Ä�G?Ê=@
l − th

A @�PH> ÂcI%Â;ÄgG?Ê=@
p− th

ËK9�G?> @BIcG�Ò=í|G">CP"Á�ÂcÈ�Ë=ÀxG?@�J
> I1G?Ê=@�ÄÐÂcA A Â�É�> I=Ã�É�9\ànê

E[ρp,l,b,m] =
1

(ns − δt)n2
c

ns−δt
∑

s=1

nc
∑

i=1

nc
∑

j=1

ap,l,s,i,δt,j,b,m

Ø�ÚkÇcÛ

É�Ê=@�<?@

ap,l,s,i,δt,j,b,m =
1

2
(|ρ[Xp,l,s,i,b,MADp,l,s,i,δt,j,b,m]|+|ρ[Xp,l,s+δt,j,b,MADp,l,s,i,δt,j,b,m]|)Ø�Ú��kÛ

9;IKJ
ρ
>CP�G?Ê=@vÁ�Âc<?<?@BAC9�G?> ÂcI¯Á�ÂV@�
©Á�> @BIkG�Ô

δt
>CP�G?Ê=@&G?>CÈ�@�> IKÁ�<?@BÈ�@BIcGEØÐ> I¯G?Ê=>CP±ÁB9cPH@cÔ

δt>CP�ÂcI=@�Ég@B@BÌ=ÛlÒ=×�Ê=@�> IKJx@�âx@�P
i
9;IKJ

j
> IKJx>CÁB9�G?@�G?Ê=@&ÁB9;ËxG?À=<?@�IkÀ=Èv:r@B<�É�> G?Ê=> I¯9EPH@�P?PH> ÂcIaÒ

MADp,l,s,i,δt,j,b,m

@��kÀK9;ACPgG?Â
MAD[Xp,l,s,i,b, Xp,l,s+δt,j,b,m]

Ò

Og9cÁ?ÊFPH> I=ÃcA @�Á�@BA A0Ñ�9;A À=@�> IF×�9;:=A @�P±Ù�9;IKJ¯ß¥>CP�G?Ê=@vPNG�9;IKJ=9;<�J1Jx@BÑV>C9�G?> ÂcI¯Â;Ä�G?Ê=@v9\ÑkÖ
@B<�9;Ãc@�J�9;:KPHÂcA ÀxG?@�Á�Âc<?<?@BAC9\G?>CÂ;I¥Ñ�9;A À=@�P�:r@�GNÉ�@B@BI¥G?Ê=@±I=Âc<?È¥9;A > áB@�J¥Á�Â;Ö|ÂxÁBÁ�À=<?<?@BIKÁ�@�È¥9�G?<?> â
Â;Ä(G?Ê=@

b− th
Á�ÂcA Âc<�:K9;IKJ=P�9;IKJEG?Ê=@

m− th
DFÝ±Ï Á�ÂcÈ�ËrÂcI=@BIkG�P�Â;Äa9;A ArËK9;> <�P^Â;Äa> È¥9;Ãc@�P

Â;Ä�G?Ê=@
l − th

A @�PH> ÂcI1Â;Ä0G?Ê=@
p− th

ËK9�G?> @BIcG\Òxí|G">CP"Á�ÂcÈ�Ë=ÀxG?@�J1> I
G?Ê=@�ÄÐÂcA A Â�É�> I=Ã�É�9\ànê

S[ρp,l,b,m] =

√

√

√

√

1

(ns − δt)n2
c

ns−δt
∑

s=1

nc
∑

i=1

nc
∑

j=1

(a2
p,l,s,i,δt,j,b,m

)− E[ρp,l,b,m]2
Ø�ÚVÆ;Û

É�Ê=@B<?@�G?Ê=@�PHàVÈv:rÂcACP�ÊK9�Ñc@�G?Ê=@�P?9;È�@�È�@�9;I=> I=Ã¥9cP�:r@�ÄÐÂc<?@cÒ
� q�jkS�]BWNd o�d [VUBma²�`����E_C]BWNZ�U�XYXNSlh©d Z�UBo�S�f�£�S?WNS ¨ fYSlh¥d [
e�]�Z��kd [VU�XNd ]�[¥£�d XNj©XNjkS�q�`��	�¬_C]�WYz
Z�U�XYXNSlh�d m m ¨ Z&d [VU�XNd ]�[E_ ¨ [ke?XNd ]�[EXN]�TcWN];h ¨ e�S�XNjkS�d m m ¨ Z&d [VU�XNd ]�[cz�e�]BWYWNS�e?XNSlhvd Z�UBo�S�f�d [�²�`����
_C]BWNZ�U�Xl�rq�jkS�fYS&d Z�UBo�S�f�£�S?WNS�S §�¨ UBm d ´�Slh1UB[Vh©XNjkS�[©XNjkS�e�]Bz�]�e�e ¨ WYWNS�[ke�S�Z�U�XYWNd ¤¥£^UBf"e�]�Z�z
T ¨ XNSlh=�



} i�UBm S?XYXNdrS?X�UBmÍ�

� �V��� ���V¡ ªrt\S?WHUBo�Sgªg�kfY]�m ¨ XNS���]BWYWNS�m U�XNd ]�[	�0U�m ¨ S�f�TxS?W��KS�fYd ]�[�]B_ RGB
fYw;d [�hkU�XHU�£�d XNj�XNjkS�d W

WNS�fYTxS�e?XNd t\S±i
� ª"� R��
��]�Z&Tx]�[kS�[�XNf

« �nU�XNd S�[�Xlp �KS�fYd ]�[x­ « �"p i�ªgR���­�«�
±p i�ª�R���­�«��gp i�ªgR���­
«���p ª�­ ~;� � � ��~ ��� ~;� �l}�����{ � ~;� ~ ��{ � } �
«���p �^­ ~;� ~ � � � �;{ ~;� {�� � ~�� � ~;� �l~ � ~ � �
«���p �^­ ~;� ���B~ ��{ � ~;� � ��� � �B} ~;� � � � � ��}
«�{�p ª�­ ~;� ��� � � ��� ~;� �����l} ��� ~;� �l} � ��}��
«�{�p �^­ ~;� ~ � � ����~ ~;� { ��~\{B} � ~;� � ��~ � } �
«�{�p �^­ ~;� �������B~ � ~;� � � �\{ � � ~;� �l}\{�{\{ �
« �;p ª�­ ~;� ~ ��}�} �\} ~;� � � � � � ~ ~;� � � � � ��~
« �;p �^­ ~;� ~ �\{ � ��� ~;� {B~ � � �\~ ~;� {B~ � � � �
« �;p �^­ ~;� ~ � ��} � � ~;� {�{B} ��{�{ ~;� � � } � � �

« �nU�XNd S�[�Xlp �KS�fYd ]�[x­ « �"p i�ªgR"{�­�«�
±p i�ª�R±{�­�«��gp i�ªgR"{�­
«���p ª�­ ~;� � � � � � � ~;� ~�} ������{ ~;� �l}�}\{�~�~
«���p �^­ ~;� { � � ~ ��} ~;� ~�} � �B~ � ~;� ��� � ��~�~
«���p �^­ ~;� { � �l~ � � ~;� � ����� � � ~;� � �B} � � }
«�{�p ª�­ ~;� { ��} � �\~ ~;� � � � ��{ � ~;� ~�}�~ � � �
«�{�p �^­ ~;� { � �B}\{�} ~;� ~ ��{ � � � ~;� � � ~�} � �
«�{�p �^­ ~;� { � ��} � � ~;� ~ � }\{ � � ~;� ~�}\{�{ ���
« �;p ª�­ ~;� { ��{B} ��} ~;� ~ � {B}\{�� ~;� ��� � � ���
« �;p �^­ ~;� {B}�~ � � � ~;� �l~ � � � � ~;� ~ ��� ~ � {
« �;p �^­ ~;� {B} � � � � ~;� ~�} � ���l~ ~;� ��{ � ��� �

« �nU�XNd S�[�Xlp �KS�fYd ]�[x­ « �"p i�ªgR �\­�«�
±p i�ª�R �\­�«��gp i�ªgR �\­
«���p ª�­ ~;� � � ��� � { ~;� � �B~ � � � ~;� � � } �;{B}
«���p �^­ ~;� �l} � � { � ~;� � � ��~ � � ~;� � � � ��{ �
«���p �^­ ~;� {�{ � ��}\~ ~;� { ��{ � ~\{ ~;� { �\~ � � �
«�{�p ª�­ ~;� { � � �B~\~ ~;� { � ��� � � ~;� { � ~ � } �
«�{�p �^­ ~;� � � {�� � } ~;� � � �B} � { ~;� {B~�~�~ � �
«�{�p �^­ ~;� { � � ��~ � ~;� { � � {B} � ~;� {B} � � ���
« �;p ª�­ ~;� � � � ��{ � ~;� �l}�� � �B} ~;� �l}�~ � � �
« �;p �^­ ~;� {B~ ��� � � ~;� {�� � }�}\{ ~;� {�� � � � �
« �;p �^­ ~;� � � { � � � ~;� {B~\{ �B~�� ~;� {B~\{B} � �



`H� i
� i
�xqKS�eHjk[kd elUBm��gS�Tx]BWYX�� ¨ Z��xS?W�} �

� �V��� ���=¡ ��XHUB[VhkU�WHhFR�S�t;d U�XNd ]�[¬]B_�XNjkS�ªg�kfY]�m ¨ XNS ��]BWYWNS�m U�XNd ]\[ �0UBm ¨ S�f&TxS?W��KS�fYd ]�[¬]B_�XNjkS
RGB

fYw;d [�hkU�XHU±£�d XNjEXNjkS"i
� ª"� R�� ��]�Z&Tx]�[kS�[�XNf

« �nU�XNd S�[�Xlp �KS�fYd ]�[x­ « �"p i�ªgR���­�«�
±p i�ª�R���­�«��gp i�ªgR���­
«���p ª�­ ~;� ~\{ � � ��� ~;� ~�� � � � � ~;� ~ ��~ � � �
«���p �^­ ~;� ~\{B} � ��� ~;� ~�� � ��~ � ~;� ~\{ � � } �
«���p �^­ ~;� ~ ��� � � � ~;� ~�� � � � � ~;� ~�� � }�{B~
«�{�p ª�­ ~;� ~ � � } � � ~;� ~ ��~\{ � � ~;� ~�� � � � �

«�{�p �^­ ~;� ~ �\~\{ ��{ ~;� ~��l~�} � ~ ~;� ~\{ � ��~ �
«�{�p �^­ ~;� ~ �B~��l~ � ~;� ~ ��{B~�} � ~;� ~ � � } �\{
« �;p ª�­ ~;� ~���{���{�~ ~;� ~��l~ � ~ � ~;� ~�� � �\} �
« �;p �^­ ~;� ~�� � � � � ~;� ~�~ � �B~ � ~;� ~�� � � � �
« �;p �^­ ~;� ~\{ � � � � ~;� ~�� � � � � ~;� ~\{ ��~\} �

« �nU�XNd S�[�Xlp �KS�fYd ]�[x­ « �"p i�ªgR"{�­�«�
±p i�ª�R±{�­�«��gp i�ªgR"{�­
«���p ª�­ ~;� ~\{B} � �\{ ~;� ~\{ � � � � ~;� ~�� � � � �

«���p �^­ ~;� ~\{ � }�~�� ~;� ~ � � � � � ~;� ~�� � � � �
«���p �^­ ~;� ~\{�{ � {�� ~;� ~\{ � �\} � ~;� ~\{B~ � � �

«�{�p ª�­ ~;� ~ � � � ��~ ~;� ~\{ ��� � � ~;� ~\{ ��{ � �
«�{�p �^­ ~;� ~��l} � � � ~;� ~\{ � � ~ � ~;� ~\{ � �\{ �
«�{�p �^­ ~;� ~ � � � � � ~;� ~ �\{�� ��{ ~;� ~ � � ��}��
« �;p ª�­ ~;� ~���� � � � ~;� ~�� � � � � ~;� ~�~�}�� ���
« �;p �^­ ~;� ~�� � � ��} ~;� ~�� � � � � ~;� ~ ��~�~ � �

« �;p �^­ ~;� ~\{�{ � { � ~;� ~ �\{B~�} � ~;� ~ � � � ���
« �nU�XNd S�[�Xlp �KS�fYd ]�[x­ « �"p i�ªgR �\­�«�
±p i�ª�R �\­�«��gp i�ªgR �\­
«���p ª�­ ~;� ~�� ��} �\{ ~;� ~���{B} ��� ~;� ~���{�� � }
«���p �^­ ~;� ~\{ � � � � ~;� ~\{ � ����{ ~;� ~\{B}\{ � �

«���p �^­ ~;� ~���� � ~\~ ~;� ~�� � �B} � ~;� ~�� � ��� �
«�{�p ª�­ ~;� ~ ����{ � � ~;� ~ ��� ��{ � ~;� ~ � � � � �
«�{�p �^­ ~;� ~�� ��{B} � ~;� ~�� � � �B~ ~;� ~�� ����} �

«�{�p �^­ ~;� ~ ��} � � � ~;� ~ � ��~\{B~ ~;� ~ � � {�~ �
« �;p ª�­ ~;� ~\{�� �B} � ~;� ~\{���� � � ~;� ~\{�{�{ � �
« �;p �^­ ~;� ~\{���� � � ~;� ~\{ � � � � ~;� ~\{ � ��~ �

« �;p �^­ ~;� ~���{ � � � ~;� ~�� ��{�{ � ~;� ~�� � � ���
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� �V��� ���=¡ ªnt\S?WHUBo�S�ªg�kfY]�m ¨ XNS ��]BWYWNS�m U�XNd ]�[ ��UBm ¨ S�faTxS?W��KS�fYd ]�[&]B_xXNjkS^d m m ¨ Z&d [VU�XNd ]�[cz�e�]BWYWNS�e?XNSlh
RGB

fYw;d [�hkU�XHU±£�d XNjEXNjkS�d W�WNS�fYTxS�e?XNd t\S±i
� ª"� R��
��]�Z&Tx]�[kS�[�XNf

« �nU�XNd S�[�Xlp �KS�fYd ]�[x­ « �"p i�ªgR���­�«�
±p i�ª�R���­�«��gp i�ªgR���­
«���p ª�­ ~;� � �B~�~ � � ~;� � � � }\{�� ~;� ~ � ��� � }
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Jx> <?@�ÁlG?> ÂcIKP�É�@B<?@¥ÄÐÂc<?È�@�J%ÄÐÂc<E@�9cÁ?ÊîPH> I=ÃcA @©:K9;IKJëÑ�9;A À=@cÒ�Og9cÁ?Ê¦ËK9;> <v>CPvÀKPH@�J¦9cP�> IKJx@�â
> I¬9¥É�@B> ÃcÊkG?> I=Ã¥ÄÐÀ=IKÁlG?> ÂcIFÃc> Ñc@BI°:Và
G?Ê=@E9;:KPHÂcA ÀxG?@�Ñ;9;A À=@�Â;Ä^G?Ê=@�ÕK<�PNG�DëÒ Ý�Ò ÏvÒ(Á�ÂcÈ�ËrÂ;Ö
I=@BIkG�Òr×�Ê=>CP�É�9cP�JxÂcI=@cÔ=:r@�ÁB9;ÀKPH@&ÂcI=A à©G?Ê=@�È¥9;ÃcI=> G?ÀKJx@&Â;Ä�G?Ê=@vÁ?ÊK9;I=Ãc@&É�9cP"Á�ÂcIKPH>CJx@B<?@�J
Â;Ä�> IkG?@B<?@�PNG�Ò=Ó=Âc<"9EÃc> Ñc@BI
Ë=> âx@BAbÔxG?Ê=@&DëÒ ÝvÒ ÏvÒK9;:KPHÂcA ÀxG?@�Ñ;9;A À=@�P�Á�Âc<?<?@�PHËnÂ;IKJx> I=ÃvG?Â�@�9cÁ?Ê
Á�Â;Ö|ÂxÁBÁ�À=<?<?@BIKÁ�@�ËK9;> <�ÄÐÂc<?È�@�J¥:kàEG?Ê=@±Ë=> âx@BArÉ�> G?Ê©> G�PgIx@B> ÃcÊV:rÂc<�P�Ë=> âx@BAK> I ��ÖYÁ�ÂcI=I=@�ÁlG?> ÑV> GNà
� Ô09;<?@¥PHÀ=È�È�@�J�9;IKJ%P?9\Ñ;@�J¬> Ië9¯PHàVIkG?Ê=@�G?>CÁB9;A�> È¥9;Ãc@cÒ(×�Ê=@¥Ê=>CPNG?ÂcÃc<�9;È Â;Ä�G?Ê=>CP&> È¥9;Ãc@
>CP�ÕKIK9;A A à©Jx> ÑV>CJx@�J
> I
GNÉ�ÂEËK9;<HG�P�:Và
9vÀKPH@B<�PH@�G�G?Ê=<?@�PHÊ=ÂcACJ(Òx×�Ê=@&PH@BÃcÈ�@BIkG�9�G?> ÂcI©ÂcÀxG?Ë=ÀxG
� ���VUB[Vhcf^��uE}�TVUBd WNf�o�d t\S�f�{ ��£�S�d o�j�XNf
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Âc:xG�9;> I=@�J�>CPvÁ�ÂcÈ�ËrÂkPH@�J�:kàë9°<?@BÃc> ÂcI�> IKJx>CÁB9�G?> I=ÃFÈ�Âc<?@�G?@�âVG?À=<�9;A�Á�ÊK9;I=Ãc@©9;IKJ�<?@BÃc> ÂcI
> IKJx>CÁB9�G?> I=Ã�A @�P?P�G�@lâxG?À=<�9;AaÁ?ÊK9;I=Ãc@cÒ

×�Ê=@°ÂcÀxG?Ë=ÀxG1Â;Ä�G?Ê=@F:K9cÁ?ÌVÖbË=<?ÂcMY@�ÁlG?> ÂcI/P?Á�Ê=@BÈ�@FË=<?ÂcËrÂkPH@�Jî>CP
PHÊ=Â�É�IìÄÐÂc<¥GNÉ�Â¦@�âVÖ
9;È�Ë=A @�PBênG?Ê=@�A @�PH> ÂcIKP

(1, A)
9;IKJ

(1, B)
ÒaíYI%:rÂ;G?Ê�ÁB9cPH@�PBÔrG?Ê=@�> A A À=È�> IK9�G?> ÂcI�Á�Âc<?<?@�ÁlG?@�J

> È¥9;Ãc@�P&É�> G?ÊëG?Ê=@
A @�PH> ÂcI�<?@BÃc> ÂcI�@��kÀK9;A > áB@�J�Ég@B<?@©ÀKPH@�J(Ò�×�Ê=@
ÂcÀVG�ËxÀxGEÂ;Ä�G?Ê=@1DëÒ Ý�Ò ÏvÒ
×0<�9;IKPNÄÐÂc<?È
É�9cP�:K9cÁ?ÌkÖ|Ë=<?ÂcMY@�ÁlG?@�JëG?Â�G?Ê=@°Âc<?> Ãc> IK9;A�J=9�G�9%> IìG?Ê=@°É�9\à¦Ë=<?@BÑV> ÂcÀKPHA à¦Jx@�Ö
P?Á�<?> :r@�J(Ò � Â;G?@"> I¥@�9cÁ?Ê©ÁB9cPH@�G?ÊK9�G�ÄÐÂc<�@�9cÁ�Ê¥> È¥9;Ãc@�Â;ÄnG?Ê=@"ËK9;> <�Ô�G?Ê=@±PH@BÃcÈ�@BIkG?@�J�<?@BÃc> ÂcIKP
PHÊ=Â�É�> I=Ã¯È�Âc<?@¥9;IKJ%A @�P?P�G?@�âVG?À=<�9;AgÁ�ÊK9;I=Ãc@¥9;<?@¥9;Ë=Ë=<?Â�â=> È¥9�G?@BA àFÁ�Âc<?<?@�PHËrÂcIKJx> I=ÃKÒ(×�Ê=>CP
Ãc> Ñc@�PvG?Ê=@°@BÑV>CJx@BIKÁ�@1G?ÊK9�G©> G¥>CP�ËnÂkP?PH> :=A @
G?Â¦9�ÑcÂc>CJëG?Ê=@F9;A > ÃcI=È�@BIkG©9;IKJî<?@BÃc>CPNG?<�9�G?> ÂcI
Â;Ä�> È¥9;Ãc@�P"9;Ë=Ë=A àV> I=Ã�G?Ê=@�DëÒ ÝvÒ ÏvÒ=G?<�9;IKPNÄÐÂc<?È,G?Â©È�À=A G?> ÖYPHËn@�Á�G�<�9;AaJx@�P?Á�<?> ËxG?Âc<�P�G?ÊK9�G�9;<?@
> IVÑ�9;<?>C9;IkG�G?Â¥<?Â;G�9�G?> ÂcIKP�9;IKJ©G?<�9;IKPHAC9�G?> ÂcIKPBÒ

��� � ¡��V¡ �cWN]�Z XNjkS"i
� ª"� R��VqKWHUB[kf|_C]BWNZ7XN]�XNjkS��gWNd o�d [VUBmrR�U�XHU;�
�cWN]�Z7m S?_ X�XN]�WNd o�j�X �ke�]Bz�]�e�e ¨ WYWNS�[ke�S�Z�U�XYWNd ¤=pc�VUBeHw�z�TcWN]B¢bS�e?XNd ]�[�f|uc[�XNjkS?XNd elUBmKZ�UBTKp;WNS�o�d ]�[kf
£�d XNj�Z&]BWNS�XNS?¤;X ¨ WHUBm=eHjVUB[ko�S"UB[VhvWNS�o�d ]�[kf^£�d XNj�m S�fYf�XNS?¤;X ¨ WHUBm=eHjVUB[ko�S�� �cWN]�Z XN]�TEXN]
�=]BXYXN]�Z �;XNjkS��kWNf|X^Xb£�]�WN]l£�f�U�WNS"hkU�XHU±_C]BW�XNjkS�elUBfYS

(1, A)
«CXNjkS��kWNf|X�d Z�UBo�S�f�]B_(XNjkS�XNjkd WHh

UB[Vh�_C] ¨ WYXNj�fYS�fYfYd ]�[x­�UB[Vh�XNjkS�m UBf|XgX�£�]�WN]�£�f�pk_C]�W�XNjkS�elUBfYS (1, B)
«CXNjkS��kWNf|Xgd Z�UBo�S�f�]B_nXNjkS

�kWNf|XgUB[VhEfYS�e�]�[VhvfYS�fYfYd ]�[x­H�
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Î"Â\É�@BÑc@B<�Ô\> G�ÊK9cP0G?Â�P?9;>CJ&G?ÊK9�G�Ô;> IEÃc@BI=@B<�9;AbÔ�G?Ê=@�ÂcÀxG?Ë=ÀxG�Â;ÄKG?Ê=@�:K9cÁ?ÌkÖ|Ë=<?ÂcMY@�ÁlG?> ÂcIE9;ËxÖ
Ë=<?Âk9cÁ�Ê&É�9cP0I=Â;G�P?9�G?>CPNÄ�9cÁlG?Âc<?àcÒ�Og9cÁ�ÊvPNG?@BËE9;IKJ�Á�ÂcI=PNG�<�9;> IcG�P0PH@�G0ÄÐÂc<0G?Ê=@g:K9cÁ�ÌkÖ|Ë=<?ÂcMY@�ÁlG?> ÂcI
PHÊ=ÂcÀ=ACJ&:n@�<?@BÑV>CPH@�J(Ò�×�Ê=@gÕK<�PNG^DëÒ Ý�Ò ÏvÒ�Á�ÂcÈ�ËnÂcI=@BIcG�>CPaG?Ê=@�Jx> èn@B<?@BIKÁ�@�Â;ÄrÁB9;I=ÂcI=>CÁB9;AcÑ�9;<?> Ö
9;:=A @�P�Â;Ä�G?Ê=@vÁ�Â;Ö|Â=ÁBÁ�À=<?<H@BIKÁ�@�È¥9�G?<?> âx@�PBÔxG?ÊK9�G�ÔK> I¯Ä�9cÁlG�ÔrÁ�Âc<?<?@�PHËrÂcIKJ©G?Â
9¥I=@BÉ G?@�âVG�Àx<�9;A
Ñc@B<�PH> ÂcIîÂ;Ä�G?Ê=@°Âc<?> Ãc> IK9;A�> È¥9;Ãc@�PBÒ�Ó=Âc<�G?Ê=@°:K9cÁ�ÌkÖ|Ë=<?Â;MY@�ÁlG?> ÂcIaÔ�9�Á�ÂcÈv:=> IK9�G?> ÂcIìÂ;Ä�G?Ê=@
Âc<?> Ãc> IK9;A�J=9�G�9
9;IKJ¯G?Ê=@vÕK<�PNG�DëÒ Ý�Ò ÏvÒ(Á�ÂcÈ�ËrÂcI=@BIkG�É�9cP±ÀKPH@�JnÔnÉ�ÊK9�G�Á�ÂcÀ=ACJ°ÊK9\Ñc@v:r@B@BI
9;I¯À=IK9;Ë=Ë=<?ÂcË=<?>C9�G?@�È�> âVG�Àx<?@&Â;Ä^> IxÄÐÂc<?È¥9�G?> ÂcIaÒ=Ý±P�> G±É�9cP�È�@BIkG?> ÂcI=@�J1> I�ã Å\Ù\å|ÔxG?Ê=@�PH> ÈEÖ
Ë=A @FJx> èn@B<?@BIKÁ�@¯Â;Ä�G?Ê=@FPHËr@�ÁlG?<�9;A�:K9;IKJ=PBÔ�G?À=<?IKP�G?Â�:n@°Jx> 
©Á�À=A G©G?ÂëPHÊ=Â�É3G?Ê=@FÁ�ÊK9;I=Ãc@
> Iì9;A AgG?Ê=@1:K9;IKJ=P�PH> È�À=A G�9;I=@BÂcÀKPHA àkÒ�×�ÊVÀKPBÔ�È¥9\à�:r@cÔ�ÄÐÂc<�PH> È�Ë=A >CÁ�> GNàcÔ�> IîÂc<�Jx@B<�G?Â%Âc:xÖ
G�9;> I°9EÈ�Âc<?@&PHÀ=> G�9;:=A @&:K9cÁ?ÌkÖ|Ë=<?ÂcMY@�ÁlG?> ÂcI1P?Á?Ê=@BÈ�@cÔxG?Â©PNG�9;<HG�É�> G?Ê°9�PH> I=ÃcA @&Jx> èn@B<?@BIKÁ�@&Â;Ä
ÂcI=@�ËK9;> <�Â;ÄrÁ�Â;Ö|ÂxÁBÁ�À=<?<?@BIKÁ�@�È¥9�G?<?> âx@�P�Á�ÂcÀ=ACJv:r@�È�Âc<?@�9±È�Âc<?@�ÄÐÂc<HG?À=IK9�G?@�É�9\à�G?Â�ÄÐÂcA A Â\É&Ò

� �%ºg·±½��H¼&%V¾Nºg·&%

×�Ê=@�9;Ë=Ë=A >CÁB9�G?> ÂcI¥Â;Ä(G?Ê=@�D°À=A G?> Ö|Ñ�9;<?>C9�G?@±Ý"A G?@B<�9�G?> ÂcI©Ï±@�G?@�ÁlG?> ÂcI
×0<�9;IKPNÄÐÂc<?È G?Â�G?Ê=@±I=Âc<HÖ
È¥9;A > áB@�J¯Á�Â;ÖbÂ=ÁBÁ�À=<?<H@BIKÁ�@�È¥9�G?<?> â
Â;Ä�A @�PH> ÂcIKP�É�> G?Ê¯ËKPHÂc<?>C9cPH>CP�ËK9�GHG?@B<?IKP�>CP"9�PHÀ=> G�9;:=A @�9;ËxÖ
Ë=<?Âk9cÁ�ÊvÄÐÂc<�Jx@�G?@�ÁlG?> I=Ã&G?@�âVG?À=<?@"Á?ÊK9;I=Ãc@�P�> I�G?> È�@�G?ÊK9�G�9\Ñ;Âc>CJ=P�G?Ê=@"> IcG�@�<�9cÁlG?>CÂcIEÉ�> G?Ê�G?Ê=@
ÀKPH@B<g9;IKJvG?Ê=@"A @�PH> ÂcI�ËK9�GHG?@B<?I�<?@BÃc>CPNG?<�9�G?> ÂcIaÒ;×�Ê=@�È�ÂkPNG�PH> ÃcI=> ÕrÁ�9;IkGgÁ�ÂcIkG?<?> :=ÀxG?> ÂcI�> I�G?Ê=@
G?@�âVG?À=<?@©Á?ÊK9;I=Ãc@¥Â;Ä�A @�PH> ÂcIKP&É�> G?Ê�ËKPHÂc<?>C9cPH>CP�>CP&Ãc> Ñc@BI¬ÖbÄÐÂc<�G?Ê=@¥Ë=> A Â;GvJ=9�G�9�ÖYPH@�GHÖ":VàFG?Ê=@
Ãc<?@B@BI¬9;IKJF:=A À=@E:K9;IKJ=PBÒ(×�Ê=@B<?@E>CP±@BÑV>ÍJV@BIKÁ�@vG?ÊK9�G&> G�>CP�ËrÂkP?PH> :=A @vG?Â1:K9cÁ?ÌkÖ|Ë=<?ÂcMY@�ÁlG±G?Ê=@
DëÒ Ý�Ò ÏvÒK×0<�9;IKPNÄÐÂc<?È,ÂcÀxG?Ë=ÀxG�G?ÂEG?Ê=@&Âc<?> Ãc> IK9;A(J=9�G�9=Ô=PHÀKÁ?Ê1G?ÊK9�G"Á�Âc<?<?@�PHËnÂ;IKJx> I=ÃE<?@BÃc> ÂcIKP
PHÊ=Â�É�> I=Ã¥È�Âc<?@v9;IKJ¯A @�P?P�G?@�âVG?À=<�9;A�Á�ÊK9;I=Ãc@�ÁB9;I°:n@vJx@BA > I=@�9�G?@�J(ÒnÎ"Â�Ég@BÑc@B<�Ô=> IFÂc<�Jx@B<�G?Â
:r@E9;:=A @&G?Â©Ãc@BI=@B<�9;A > áB@�G?Ê=@E9;Ë=Ë=<?Âk9cÁ?ÊaÔxG?Ê=@vÂcËxG?> È�> á�9�G?> ÂcI°Â;Ä^@�9cÁ�ÊFPH> I=ÃcA @vPNG�9;Ãc@&Â;Ä^G?Ê=@
É�Ê=ÂcA @�Ë=<?ÂxÁ�@�JxÀ=<?@�ÊK9cP�G?Â�:r@�Á�ÂcIKPH>CJx@B<?@�J(Ò

'î½���·"º�� �$�0» � � �0·g¸�%

×0Â%G?Ê=@FçVíN×�O � <?Â;MY@�ÁlG�ÄÐÀ=IKJx@�Jì:Vàî9¬Ãc<�9;IkGEÄÐ<?ÂcÈ
G?Ê=@°Ï�9;I=>CPHÊ/×0@�Á�Ê=I=>CÁB9;A"ï�@�PH@B9;<�Á�Ê
Ó=ÂcÀ=IKJ=9�G?> ÂcI©Ø � <?Â;MY@�ÁlG � À=È�:n@B<��������
Ç ��ÖYécé\ÖYé=Å�Ù;ÚcÛKÄÐÂc<0PHÀ=Ë=ËrÂc<HG?> I=Ã�G?Ê=@�Ë=<?@�PH@BIkGaÉ�Âc<?ÌnÒ
×0Â�G?Ê=@&Jx@B<?È¥9�G?ÂcA ÂcÃc>CPYG�P � ÂcI=@&çVÌ;Â�Ñ¥9;IKJ
L�ÂEL�9;I=ÃvÂ;ÄaG?Ê=@&8�@BIcG?Â;ÄÍG?@&Î"ÂkPHË=> G�9;ArÂ;Ä�Ï±@BIxÖ
È¥9;<?ÌF9;IKJ°G?Â
G�Êx@¥9;I=ÂcIVàVÈ�ÂcÀKP±ËK9�G?> @BIkG�PBÔnÄÐÂc<�G?Ê=@B> <&Á�ÂcA AC9;:nÂc<�9\G?> ÂcI¬JxÀ=<?> I=Ã
G?Ê=@�> È¥9;Ãc@
9cÁ �kÀ=>CPH> G?> ÂcI¯PH@�P?PH> ÂcIKPBÒ
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Session:1 PATIENT:1 LESION:A

Session:2

Session:3

Session:4

��� � ¡ �=¡ �gS�o�d ]�[kf1d [Vhcd elU�XNd [koëXNjkS°fYS�m S�e?XNSlhÜm S�fYd ]�[ ª�]B_�TVU�XNd S�[�X �¬d [ìXNjkSFd m m ¨ Z&d [VU�XNd ]�[cz
e�]BWYWNS�e?XNSlhEd Z�UBo�S�f��

Session:1 PATIENT:1 LESION:B

Session:2

Session:3

Session:4

��� � ¡ �=¡ �gS�o�d ]�[kf1d [Vhcd elU�XNd [koëXNjcSFfYS�m S�e?XNSlhÜm S�fYd ]�[ �,]B_vTVU�XNd S�[�X �¬d [/XNjkSFd m m ¨ Z&d [VU�XNd ]�[cz
e�]BWYWNS�e?XNSlhEd Z�UBo�S�f��
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Session:1 PATIENT:1 LESION:C

Session:2

Session:3

��� � ¡ �r¡ �gS�o�d ]�[kf
d [Vhcd elU�XNd [koëXNjkSFfYS�m S�e?XNSlhÜm S�fYd ]�[ �3]B_vTVU�XNd S�[�X �Fd [/XNjkSFd m m ¨ Z&d [VU�XNd ]�[cz
e�]BWYWNS�e?XNSlhEd Z�UBo�S�f��

Session:1 PATIENT:2 LESION:B

Session:2

Session:3

Session:4

��� � ¡ �=¡ �gS�o�d ]�[kf1d [Vhcd elU�XNd [koëXNjcSFfYS�m S�e?XNSlhÜm S�fYd ]�[ �,]B_vTVU�XNd S�[�X°{�d [/XNjkSFd m m ¨ Z&d [VU�XNd ]�[cz
e�]BWYWNS�e?XNSlhEd Z�UBo�S�f��
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� �%º��\º�½(½(¼"¹=¹��0·±½�� � !�¸x¹K¾*� º 	 % ���$�0½n¸ �0» �&!^¾N¹�%¦º 	¯¾ � !�� ��% !^·±»
¸�	��0¾N¹ � ' � �E¹�!^·&%
	�º�¹��

1Aa1 1Ab1 1Ac1 1Ad1

MAD(1Aa1,1Ab1) MAD(1Ab1,1Ac1) MAD(1Ac1,1Ad1)

��� � ¡ �=¡ ��]Bz�]�e�e ¨ WYWNS�[ke�S�Z�U�XYWNd ¤cS�f�UB[Vh¥i
� ª"� R��
��]�Z&Tx]�[kS�[�XNf�_C]BW�XNjkS�elUBfYS (1, A)
�

q�jkS ¨ TkTxS?W�TVU�WYX�fYjk]l£�f�XNjkS�e�]Bz�]�e�e ¨ WYWNS�[ke�S"Z�U�XYWNd ¤cS�f^]B_nXNjkS�m S�fYd ]�[�WNS�o�d ]�[¥]B_(fYS�m S�e?XNSlh
d m m ¨ Z&d [VU�XNd ]�[cz�e�]BWYWNS�e?XNSlhEd Z�UBo�S�f�]B_�« �(U�XNd S�[\X ��px�KS�fYd ]�[¥ª�­��;_ WN]�Z7XN]�TvXN]��x]BXYXN]�Z�p;XNjkS�WN]l£�f
e�]BWYWNS�fYTx]�[VhvXN]�XNjkS�WNSlh=pkoBWNS�S�[¥UB[VhE�cm ¨ S��VUB[Vh�WNS�fYTxS�e?XNd t\S�m u\�Vq�jkS�m ]l£�S?W�TVU�WYX�fYjk]l£�f�XNjkS
i�ªgRìe�]�Z&Tx]�[kS�[�XNf�]B_nTVUBd WNf^]B_ne�]�[kfYS�e ¨ XNd t\S�e�]Bz�]�e�e ¨ WYWNS�[ke�S�Z�U�XYWNd ¤cS�f���_ WN]�Z XN]�T�XN]±�x]BXYXN]�Z¥p

XNjkS�WN]l£î[ ¨ Z��xS?W^d fgUBfYfY]�e�d U�XNSlhE£�d XNjEXNjkS±iEªgRÜe�]�Z&Tx]�[kS�[�X^[ ¨ Z��xS?Wl�
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1Ba1 1Bb1 1Bc1 1Bd1

MAD(1Ba1,1Bb1) MAD(1Bb1,1Bc1) MAD(1Bc1,1Bd1)

��� � ¡ �x¡ �0]�z�]�e�e ¨ WYWNS�[ke�S�Z�U�XYWNd ¤cS�f�UB[Vh¥i
� ª�� R��
��]�Z&Tx]�[kS�[�XNf�_C]BW�XNjkS�elUBfYS (1, B)
�

q�jkS ¨ TkTxS?W�TVU�WYX�fYjk]l£�f�XNjkS�e�]Bz�]�e�e ¨ WYWNS�[ke�S"Z�U�XYWNd ¤cS�f^]B_nXNjkS�m S�fYd ]�[�WNS�o�d ]�[¥]B_(fYS�m S�e?XNSlh
d m m ¨ Z&d [VU�XNd ]�[cz�e�]BWYWNS�e?XNSlhEd Z�UBo�S�f�]B_^« �(U�XNd S�[�X ��pV�KS�fYd ]�[ �^­��c_ WN]�Z XN]�TEXN]��x]BXYXN]�Z�p;XNjkS�WN]l£�f
e�]BWYWNS�fYTx]�[VhvXN]�XNjkS�WNSlh=pkoBWNS�S�[¥UB[VhE�cm ¨ S��VUB[Vh�WNS�fYTxS�e?XNd t\S�m u\�Vq�jkS�m ]l£�S?W�TVU�WYX�fYjk]l£�f�XNjkS
i�ªgRìe�]�Z&Tx]�[kS�[�XNf�]B_nTVUBd WNf^]B_ne�]�[kfYS�e ¨ XNd t\S�e�]Bz�]�e�e ¨ WYWNS�[ke�S�Z�U�XYWNd ¤cS�f���_ WN]�Z XN]�T�XN]±�x]BXYXN]�Z¥p

XNjkS�WN]l£î[ ¨ Z��xS?W^d fgUBfYfY]�e�d U�XNSlhE£�d XNjEXNjkS±iEªgRÜe�]�Z&Tx]�[kS�[�X^[ ¨ Z��xS?Wl�



{�{ i�UBm S?XYXNdrS?X�UBmÍ�

1Ca1 1Cb1 1Cc1

MAD(1Ca1,1Cb1) MAD(1Cb1,1Cc1)

��� � ¡ �=¡ ��]Bz�]�e�e ¨ WYWNS�[ke�S"Z�U�XYWNd ¤cS�f�UB[Vh�i
� ª"� R�� �0]\Z&Tx]�[kS�[\XNf^_C]BW�XNjkS�elUBfYS (1, C)
�

q�jkS ¨ TkTxS?W�TVU�WYX�fYjk]l£�f�XNjkS�e�]Bz�]�e�e ¨ WYWNS�[ke�S"Z�U�XYWNd ¤cS�f^]B_nXNjkS�m S�fYd ]�[�WNS�o�d ]�[¥]B_(fYS�m S�e?XNSlh
d m m ¨ Z&d [VU�XNd ]�[cz�e�]BWYWNS�e?XNSlhEd Z�UBo�S�f�]B_�« �(U�XNd S�[�X �\pV�KS�fYd ]�[ �^­��c_ WN]�Z7XN]�TvXN]��x]BXYXN]�Z�p;XNjkS�WN]l£�f
e�]BWYWNS�fYTx]�[VhvXN]�XNjkS�WNSlh=pkoBWNS�S�[¥UB[VhE�cm ¨ S��VUB[Vh�WNS�fYTxS�e?XNd t\S�m u\�Vq�jkS�m ]l£�S?W�TVU�WYX�fYjk]l£�f�XNjkS
i�ªgRìe�]�Z&Tx]�[kS�[�XNf�]B_nTVUBd WNf^]B_ne�]�[kfYS�e ¨ XNd t\S�e�]Bz�]�e�e ¨ WYWNS�[ke�S�Z�U�XYWNd ¤cS�f���_ WN]�Z XN]�T�XN]±�x]BXYXN]�Z¥p

XNjkS�WN]l£î[ ¨ Z��xS?W^d fgUBfYfY]�e�d U�XNSlhE£�d XNjEXNjkS±iEªgRÜe�]�Z&Tx]�[kS�[�X^[ ¨ Z��xS?Wl�



`H� i
� i
�xqKS�eHjk[kd elUBm��gS�Tx]BWYX�� ¨ Z��xS?W�} { �

2Aa1 2Ab1 2Ac1 2Ad1

MAD(2Aa1,2Ab1) MAD(2Ab1,2Ac1) MAD(2Ac1,2Ad1)

��� � ¡��=¡ ��]Bz�]�e�e ¨ WYWNS�[ke�S�Z�U�XYWNd ¤cS�f�UB[Vh¥i
� ª"� R��
��]�Z&Tx]�[kS�[�XNf�_C]BW�XNjkS�elUBfYS (2, A)
�

q�jkS ¨ TkTxS?W�TVU�WYX�fYjk]l£�f�XNjkS�e�]Bz�]�e�e ¨ WYWNS�[ke�S"Z�U�XYWNd ¤cS�f^]B_nXNjkS�m S�fYd ]�[�WNS�o�d ]�[¥]B_(fYS�m S�e?XNSlh
d m m ¨ Z&d [VU�XNd ]�[cz�e�]BWYWNS�e?XNSlhEd Z�UBo�S�f�]B_�« �(U�XNd S�[\X�{�px�KS�fYd ]�[¥ª�­��;_ WN]�Z7XN]�TvXN]��x]BXYXN]�Z�p;XNjkS�WN]l£�f
e�]BWYWNS�fYTx]�[VhvXN]�XNjkS�WNSlh=pkoBWNS�S�[¥UB[VhE�cm ¨ S��VUB[Vh�WNS�fYTxS�e?XNd t\S�m u\�Vq�jkS�m ]l£�S?W�TVU�WYX�fYjk]l£�f�XNjkS
i�ªgRìe�]�Z&Tx]�[kS�[�XNf�]B_nTVUBd WNf^]B_ne�]�[kfYS�e ¨ XNd t\S�e�]Bz�]�e�e ¨ WYWNS�[ke�S�Z�U�XYWNd ¤cS�f���_ WN]�Z XN]�T�XN]±�x]BXYXN]�Z¥p

XNjkS�WN]l£î[ ¨ Z��xS?W^d fgUBfYfY]�e�d U�XNSlhE£�d XNjEXNjkS±iEªgRÜe�]�Z&Tx]�[kS�[�X^[ ¨ Z��xS?Wl�



{ � i�UBm S?XYXNdrS?X�UBmÍ�

2Ba1 2Bb1 2Bc1 2Bd1

MAD(2Ba1,2Bb1) MAD(2Bb1,2Bc1) MAD(2Bc1,2Bd1)

��� � ¡����K¡ ��]Bz�]�e�e ¨ WYWNS�[ke�S�Z�U�XYWNd ¤cS�f�UB[Vh¥i
� ª"� R��
��]�Z&Tx]�[kS�[�XNf�_C]BW�XNjkS�elUBfYS (2, B)
�

q�jkS ¨ TkTxS?W�TVU�WYX�fYjk]l£�f�XNjkS�e�]Bz�]�e�e ¨ WYWNS�[ke�S"Z�U�XYWNd ¤cS�f^]B_nXNjkS�m S�fYd ]�[�WNS�o�d ]�[¥]B_(fYS�m S�e?XNSlh
d m m ¨ Z&d [VU�XNd ]�[cz�e�]BWYWNS�e?XNSlhEd Z�UBo�S�f�]B_^« �(U�XNd S�[�X�{�pV�KS�fYd ]�[ �^­��c_ WN]�Z XN]�TEXN]��x]BXYXN]�Z�p;XNjkS�WN]l£�f
e�]BWYWNS�fYTx]�[VhvXN]�XNjkS�WNSlh=pkoBWNS�S�[¥UB[VhE�cm ¨ S��VUB[Vh�WNS�fYTxS�e?XNd t\S�m u\�Vq�jkS�m ]l£�S?W�TVU�WYX�fYjk]l£�f�XNjkS
i�ªgRìe�]�Z&Tx]�[kS�[�XNf�]B_nTVUBd WNf^]B_ne�]�[kfYS�e ¨ XNd t\S�e�]Bz�]�e�e ¨ WYWNS�[ke�S�Z�U�XYWNd ¤cS�f���_ WN]�Z XN]�T�XN]±�x]BXYXN]�Z¥p

XNjkS�WN]l£î[ ¨ Z��xS?W^d fgUBfYfY]�e�d U�XNSlhE£�d XNjEXNjkS±iEªgRÜe�]�Z&Tx]�[kS�[�X^[ ¨ Z��xS?Wl�



`H� i
� i
�xqKS�eHjk[kd elUBm��gS�Tx]BWYX�� ¨ Z��xS?W�} { �

2Ca1 2Cb1 2Cc1 2Cd1

MAD(2Ca1,2Cb1) MAD(2Cb1,2Cc1) MAD(2Cc1,2Cd1)

��� � ¡�� �V¡ ��]Bz�];e�e ¨ WYWNS�[ce�S"Z�U�XYWNd ¤cS�f�UB[Vh�i
� ª"� R�� ��]�Z&Tx]�[kS�[�XNf�_C]BW�XNjkS�elUBfYS (2, C)
�

q�jkS ¨ TkTxS?W�TVU�WYX�fYjk]l£�f�XNjkS�e�]Bz�]�e�e ¨ WYWNS�[ke�S"Z�U�XYWNd ¤cS�f^]B_nXNjkS�m S�fYd ]�[�WNS�o�d ]�[¥]B_(fYS�m S�e?XNSlh
d m m ¨ Z&d [VU�XNd ]�[cz�e�]BWYWNS�e?XNSlhEd Z�UBo�S�f�]B_�« �(U�XNd S�[�X�{;pV�KS�fYd ]�[ �^­��c_ WN]�Z7XN]�TvXN]��x]BXYXN]�Z�p;XNjkS�WN]l£�f
e�]BWYWNS�fYTx]�[VhvXN]�XNjkS�WNSlh=pkoBWNS�S�[¥UB[VhE�cm ¨ S��VUB[Vh�WNS�fYTxS�e?XNd t\S�m u\�Vq�jkS�m ]l£�S?W�TVU�WYX�fYjk]l£�f�XNjkS
i�ªgRìe�]�Z&Tx]�[kS�[�XNf�]B_nTVUBd WNf^]B_ne�]�[kfYS�e ¨ XNd t\S�e�]Bz�]�e�e ¨ WYWNS�[ke�S�Z�U�XYWNd ¤cS�f���_ WN]�Z XN]�T�XN]±�x]BXYXN]�Z¥p

XNjkS�WN]l£î[ ¨ Z��xS?W^d fgUBfYfY]�e�d U�XNSlhE£�d XNjEXNjkS±iEªgRÜe�]�Z&Tx]�[kS�[�X^[ ¨ Z��xS?Wl�



{ � i�UBm S?XYXNdrS?X�UBmÍ�

3Aa1 3Ab1 3Ac1 3Ad1

MAD(3Aa1,3Ab1) MAD(3Ab1,3Ac1) MAD(3Ac1,3Ad1)

��� � ¡�� �=¡ ��]Bz�]�e�e ¨ WYWNS�[ke�S�Z�U�XYWNd ¤cS�f�UB[Vh¥i
� ª"� R��
��]�Z&Tx]�[kS�[�XNf�_C]BW�XNjkS�elUBfYS (3, A)
�

q�jkS ¨ TkTxS?W�TVU�WYX�fYjk]l£�f�XNjkS�e�]Bz�]�e�e ¨ WYWNS�[ke�S"Z�U�XYWNd ¤cS�f^]B_nXNjkS�m S�fYd ]�[�WNS�o�d ]�[¥]B_(fYS�m S�e?XNSlh
d m m ¨ Z&d [VU�XNd ]�[cz�e�]BWYWNS�e?XNSlhEd Z�UBo�S�f�]B_�« �(U�XNd S�[\X �;px�KS�fYd ]�[¥ª�­��;_ WN]�Z7XN]�TvXN]��x]BXYXN]�Z�p;XNjkS�WN]l£�f
e�]BWYWNS�fYTx]�[VhvXN]�XNjkS�WNSlh=pkoBWNS�S�[¥UB[VhE�cm ¨ S��VUB[Vh�WNS�fYTxS�e?XNd t\S�m u\�Vq�jkS�m ]l£�S?W�TVU�WYX�fYjk]l£�f�XNjkS
i�ªgRìe�]�Z&Tx]�[kS�[�XNf�]B_nTVUBd WNf^]B_ne�]�[kfYS�e ¨ XNd t\S�e�]Bz�]�e�e ¨ WYWNS�[ke�S�Z�U�XYWNd ¤cS�f���_ WN]�Z XN]�T�XN]±�x]BXYXN]�Z¥p

XNjkS�WN]l£î[ ¨ Z��xS?W^d fgUBfYfY]�e�d U�XNSlhE£�d XNjEXNjkS±iEªgRÜe�]�Z&Tx]�[kS�[�X^[ ¨ Z��xS?Wl�



`H� i
� i
�xqKS�eHjk[kd elUBm��gS�Tx]BWYX�� ¨ Z��xS?W�} { �

3Ba1 3Bb1 3Bc1 3Bd1

MAD(3Ba1,3Bb1) MAD(3Bb1,3Bc1) MAD(3Bc1,3Bd1)

��� � ¡�� �=¡ ��]Bz�]�e�e ¨ WYWNS�[ke�S�Z�U�XYWNd ¤cS�f�UB[Vh¥i
� ª"� R��
��]�Z&Tx]�[kS�[�XNf�_C]BW�XNjkS�elUBfYS (3, B)
�

q�jkS ¨ TkTxS?W�TVU�WYX�fYjk]l£�f�XNjkS�e�]Bz�]�e�e ¨ WYWNS�[ke�S"Z�U�XYWNd ¤cS�f^]B_nXNjkS�m S�fYd ]�[�WNS�o�d ]�[¥]B_(fYS�m S�e?XNSlh
d m m ¨ Z&d [VU�XNd ]�[cz�e�]BWYWNS�e?XNSlhEd Z�UBo�S�f�]B_^« �(U�XNd S�[�X �;pV�KS�fYd ]�[ �^­��c_ WN]�Z XN]�TEXN]��x]BXYXN]�Z�p;XNjkS�WN]l£�f
e�]BWYWNS�fYTx]�[VhvXN]�XNjkS�WNSlh=pkoBWNS�S�[¥UB[VhE�cm ¨ S��VUB[Vh�WNS�fYTxS�e?XNd t\S�m u\�Vq�jkS�m ]l£�S?W�TVU�WYX�fYjk]l£�f�XNjkS
i�ªgRìe�]�Z&Tx]�[kS�[�XNf�]B_nTVUBd WNf^]B_ne�]�[kfYS�e ¨ XNd t\S�e�]Bz�]�e�e ¨ WYWNS�[ke�S�Z�U�XYWNd ¤cS�f���_ WN]�Z XN]�T�XN]±�x]BXYXN]�Z¥p

XNjkS�WN]l£î[ ¨ Z��xS?W^d fgUBfYfY]�e�d U�XNSlhE£�d XNjEXNjkS±iEªgRÜe�]�Z&Tx]�[kS�[�X^[ ¨ Z��xS?Wl�



{B} i�UBm S?XYXNdrS?X�UBmÍ�

3Ca1 3Cb1 3Cc1 3Cd1

MAD(3Ca1,3Cb1) MAD(3Cb1,3Cc1) MAD(3Cc1,3Cd1)

��� � ¡�� �r¡ ��]Bz�];e�e ¨ WYWNS�[ce�S"Z�U�XYWNd ¤cS�f�UB[Vh�i
� ª"� R�� ��]�Z&Tx]�[kS�[�XNf�_C]BW�XNjkS�elUBfYS (3, C)
�

q�jkS ¨ TkTxS?W�TVU�WYX�fYjk]l£�f�XNjkS�e�]Bz�]�e�e ¨ WYWNS�[ke�S"Z�U�XYWNd ¤cS�f^]B_nXNjkS�m S�fYd ]�[�WNS�o�d ]�[¥]B_(fYS�m S�e?XNSlh
d m m ¨ Z&d [VU�XNd ]�[cz�e�]BWYWNS�e?XNSlhEd Z�UBo�S�f�]B_�« �(U�XNd S�[�X �cpV�KS�fYd ]�[ �^­��c_ WN]�Z7XN]�TvXN]��x]BXYXN]�Z�p;XNjkS�WN]l£�f
e�]BWYWNS�fYTx]�[VhvXN]�XNjkS�WNSlh=pkoBWNS�S�[¥UB[VhE�cm ¨ S��VUB[Vh�WNS�fYTxS�e?XNd t\S�m u\�Vq�jkS�m ]l£�S?W�TVU�WYX�fYjk]l£�f�XNjkS
i�ªgRìe�]�Z&Tx]�[kS�[�XNf�]B_nTVUBd WNf^]B_ne�]�[kfYS�e ¨ XNd t\S�e�]Bz�]�e�e ¨ WYWNS�[ke�S�Z�U�XYWNd ¤cS�f���_ WN]�Z XN]�T�XN]±�x]BXYXN]�Z¥p

XNjkS�WN]l£î[ ¨ Z��xS?W^d fgUBfYfY]�e�d U�XNSlhE£�d XNjEXNjkS±iEªgRÜe�]�Z&Tx]�[kS�[�X^[ ¨ Z��xS?Wl�
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�xqKS�eHjk[kd elUBm��gS�Tx]BWYX�� ¨ Z��xS?W�} { �

� �V��� � �=¡ ��]BWYWNS�m U�XNd ]\[°tBUBm ¨ S�f"�xS?Xb£�S�S�[
XNjkS ��]�m ]BW���UB[Vhcf±UB[Vh©XNjkS�WNS�fYTxS�e?XNd t\S �kWNf|X�i�ªgR
e�]�Z&Tx]�[kS�[�X�_C]BWgXNjkS�d Z�UBo�S�f�]B_aTcWNS�t;d ] ¨ f �nd o ¨ WNS�f

�����;` � �
t1 t2 RED(t1) GREEN(t1) BLUE(t1) RED(t2) GREEN(t2) BLUE(t2)�lª U�� � � zb~;� ~ � � � � � zb~;� {B}��l~ � � ~;� � � } � {B~ ~;� ~ � � }\}\{ ~;� { � � ��� � zb~;� � � � ��} �

�lª � � e�� ~;� ��� � � � � ~;� { � � ��} � zb~;� �\~��l~ � � zb~;� ~\~ � } � � zb~;� {B}���� � � ~;� {B}�~�� � �
�lª e�� h � ~;� ~ � { � � � zb~;� { � ��{ � � ~;� { ��{B~ � � ~;� � � ~ � � � zb~;� ~�} � ���l} zb~;� {B}�~ � ��{
� � U�� � � ~;� ��~ � � � � zb~;� { ��~ � � � ~;� ~ � � � � � zb~;� �B{ � ��{ � zb~;� � � } �\{�{ ~;� � � ��~ � �

� � � � e�� ~;� ~�}�} �B~ � zb~;� ��� � { � � ~;� { �B} � � � ~;� �\{B~�}\~�~ zb~;� ~ � } � � � zb~;� { � � � �B}
� � e�� h � ~;� ����{ � �\{ zb~;� { ��{ � � � ~;� ~���� ��{ � ~;� � � � � ~�~ zb~;� { � ~ � }�} ~;� {B~ �\}�}\~
� � U�� � � ~;� ~�~�� � ~�� zb~;� � �B}�~ � { ~;� ���l~\{�� � zb~;� ~ ��� ��� � ~;� � � ~ � � � zb~;� � �\~�}�} �
� � � � e�� zb~;� ~�~ � �\} � zb~;� � � ��� ��� ~;� � � ~\{�{ � ~;� ~�~��l}\} � ~;� � � � � �l} zb~;� � ��{ � � �

{Bª U�� � � zb~;� ~ � ��~ � � ~;� { � � �B} � zb~;� �l} � � ��{ ~;� {�� � ~�� � zb~;� � � �l} � � ~;� ~ � � ��� ~
{Bª � � e�� ~;� �\{ � � � � zb~;� ~�} � ��{�� zb~;� ~��l} � � � zb~;� ~\~�� �B~\{ ~;� {���� � ��� zb~;� {��l~ �B} �
{Bª e�� h � ~;� ~ ��{B~�� � zb~;� {�{ � ��� � ~;� �l} �B} � � ~;� { � ��� � � zb~;� � ��~ � � { ~;� ~ � � � � �

{ � U�� � � zb~;� ~�~ � ��} � ~;� � � � �B~ � zb~;� � � � � {B} ~;� ~�� � � � � ~;� � ��}�} � � zb~;� { � � � ��}
{ � � � e�� ~;� ~�~���� ��} ~;� � � � ����� zb~;� { ��{ � � � zb~;� ~ � �B~ � ~ zb~;� � ��� }�}�} ~;� � ��� � � �
{ � e�� h � zb~;� ~\{B} � � � ~;� �B~�~ � �\~ zb~;� � � ~ � � � zb~;� ~ � � { ��� zb~;� � � � � � � ~;� � � ��} � �
{�� U�� � � zb~;� ~���� ��{�� zb~;� � � �\~ � { ~;� {�{ ��� � } ~;� � � �\} ��~ ~;� �l~�� � ��} zb~;� �l} � } � �
{�� � � e�� ~;� ~ ��}�} � � ~;� � � � � � � zb~;� � ��� � � � ~;� ~ �\}�}\} � ~;� � � �\}\~�� zb~;� { � � ��� �
{�� e�� h � ~;� ~ ��� ����} ~;� � � �B~�} � zb~;� {�{�� � � � ~;� ~ �\}�}\~\{ zb~;� {�� � {B~ � ~;� � ��} ��{ �
��ª U�� � � ~;� ~�} ��~���} zb~;� {�� � � � � ~;� � � � � ��� ~;� ��� � ��� � zb~;� { ��� �B~ � ~;� � � �B} ���
��ª � � e�� ~;� ~�} �B~�~�� zb~;� {�{ �\}�� � ~;� � � � � � � ~;� � � � ��� � zb~;� {�� � � ��{ ~;� �����B~�~ �
��ª e�� h � ~;� �l~�~ � { � zb~;� {�{�{ ��� � ~;� � � � � � � zb~;� ~\} � � � � ~;� {�{ � } � � zb~;� � � ��� � �

��� U�� � � ~;� ~\{ � � � � zb~;� {�{ ��� ��~ ~;� {�{�{B} � � zb~;� ~\~�� � ��� ~;� {�{ �B~\~�} zb~;� {�{ � � � �

��� � � e�� zb~;� ~\{ �\{�{B} ~;� { � � {�{�� zb~;� �l} ��} � � zb~;� ~���� � � � zb~;� �l} � � � � ~;� � � ����{ �
��� e�� h � ~;� ~�~ � � � � zb~;� � � � � ~�~ ~;� �l} � � � } ~;� ~���� �\{ � ~;� � � {�� � � zb~;� {B~ �\}�~ �
��� U�� � � ~;� ~ � � � � � ~;� � � ����� � zb~;� { �\}�~ � { zb~;� ���l~�� � � ~;� { � {�� � � zb~;� � � � � � �
��� � � e�� ~;� ~ � {B}�} � zb~;� { � � � �B} ~;� � ��� � �B~ ~;� �l~ �B~\~ � zb~;� {�{ �\} � � ~;� ���B} � � �
��� e�� h � ~;� ~ � ��~ �\{ zb~;� { �\{�{ � � ~;� � � � � � � ~;� � � � ��} � zb~;� { � � � �B} ~;� � ��� ��}\~



��~ i�UBm S?XYXNdrS?X�UBmÍ�

� � 	 �a¹��0·±½���%

���±i
�kª ¨ o ¨ f|XNS�d ¢b[EUB[VhE�a����m S�Z&S�[kf��aª¦TxS?WY_C]BWNZ�UB[ke�S�S�tBUBm ¨ U�XNd ]�[�]B_rXNS?¤;X ¨ WNS�Z&SlUBf ¨ WNS�f�_C]BW
d Z�UBo�S&e�m UBfYfYd �VelU�XNd ]\[FUB[Vh1fYS�o�Z&S�[�XHU�XNd ]�[ ¨ fYd [ko�XNjkS&elUBfYelU�hcS?z�e�]BWYWNS�m U�XNd ]\[FU�WNeHjkd XNS�e?X ¨ WNS��
�������������
	�����
���������
�����������	���	�����	�������	� !��
��"��	���#$����%�&�'(�������*)����+� ,-�����!.���	�&�&����
����/102 !�3
���������
��4�����
	+�5� � .6	�����	Hp � � � ��~�~�7 � �\~ �;p � ��� �c�

{���8c� ��U�WNf|XNS�[kfYS�[K�:9;	�&+�+��� 02�������<
���,>=?�5/( �� 
��������@���-AB�5&� �
��C�
	�D��� !��	H� �ajkR XNjkS�fYd f�p
`H� i
� �x� �±� �"� pVqrS�eHjk[kd elUBmKs�[kd t\S?WNfYd Xbuv]B_(R�S�[kZ�U�WNwxpk�=uc[ko���u\pkªgTcWNd m � ��� {��

�;� �"�=²�U�WHUBm d eHwx� ��XHU�XNd f|XNd elUBm�UB[Vh©f|XYW ¨ e?X ¨ WHUBmaUBTkTcWN]\UBeHjkS�f�XN]vXNS?¤;X ¨ WNS���E$������	�	�,��5�!.�&F���;�5G�	
��������p � �;«���­ � �B} � 7�}�~ �cpKi�U�u � � � � �

�c��y��B²�d m o�S?Wl�4�HD�0�� ����
��3����I�JK��
�� I�&��5&K����LM ?� ���5A�
�����
��
	N9�
��3
B� �ajK� h=�BXNjkS�fYd f�p�`b[c_C]BWNZ�U�XNd e�faUB[Vh
i�U�XNjkS�Z�U�XNd elUBm=iE];hcS�m m d [koc�kqrS�eNjk[kd elUBmxs�[kd t\S?WNfYd Xbu�]B_rR�S�[kZ�U�WNwx� p�y�o�f��c�=uc[ko���u\p ��]�t\S�Z�z
�xS?W�{B~�~����

��� �"�(�rU�WNfYS�[K�°i�U�_�UB[Vh°]BXNjkS?W�XYWHUB[kf|_C]BWNZ�U�XNd ]�[kf&UBTkTcm d Slh¯XN]¥WNS�Z&]BXNSvfYS�[kfYd [koc�°i�UBf|XNS?Wl³ f
XNjkS�fYd f�pK`b[kf|XNd X ¨ XNS"_C]BW�i�U�XNjkS?ZvU�XNd elUBmaf|XHUBf|XNd f|XNd e�f±UB[Vh ��TxS?WHU�XNd ]�[kf �gS?fYSlU�WNeHj%«Í`Yi � � ��­Hp
qKS�eHjk[kd elUBmrs�[kd t\S?WNfYd Xbu�]B_aR�S�[kZ�U�WNwxp;R�q�s±p � ��� ����TkTK�;¤cd d O � ��~PO�{B~ ���

� ��8c�g�Kd WHU¬UB[Vh¦�a� �cW ¨ m m U;� ªg[¦U ¨ XN]�Z�U�XNSlh�WNS�o�d ]�[îoBWN]l£�d [ko�UBm o�]BWNd XNjkZ _C]�W¥fYS�o�Z&S�[\XHU�z
XNd ]�[°]B_�XNS?¤;X ¨ WNS�WNS�o�d ]�[kf�d [°fNU�W�d Z�UBo�S�f��Q���?�
	��+�2
���������
��SR!�� !����
��S���(T"	�/F���
	U=4	���&��5�!.Bp
� � «��l}\­ � � � � ��7 � � ~ � p�� ��� };�

����8c���Kd WHUFUB[Vh 
±�giEU�m SHXYXNdÍ� ª f ¨ TxS?WNt;d fYSlh�e�m UBfYfYd �VS?W�_C]BW�Z ¨ m XNd fYTxS�e?XYWHUBm�UB[Vh%XNS?¤;X ¨ WNSlh
d Z�UBo�S�f^�VUBfYSlhv]�[�UB[�U ¨ XN]�Z�U�XNSlh&WNS�o�d ]�[�oBWN]l£�d [ko&U�m o�]BWNd XNjkZ��$�$ !����0�	�
��V=�0?
P��	WJ�.6	����+I
E$ �X�� ����
���������&Np � �(z � � � � ��� ��7�����};p�� ��� };�

};��8c�a�Kd ¨ pay�� ��]l£^u�S?WlpaR�� 
�]�m hco�]B_bp�UB[Vh �V� �cU�WNw�U�Wl�°ª e�]�Z&TVU�WHU�XNd t\Svf|X ¨ h;u¯]B_gXNS?¤;X ¨ WNS
Z&SlUBf ¨ WNS�f�_C]BWEj ¨ Z�UB[¬fYw;d [¬XYWNSlU�XNZ&S�[�Xl�Y�����
	�����
���������
��;��������	���	����+	Z���[�����+����/F
���������'
����/(/( !������
���������&�
���,�=�� .���
��4E$���B��	�&�&��5�!.Bp�� � � �B~�7�� � �cp �;S�TcXNS�Z��xS?W � ��� ����` ��` � �x³ � ���

� � 
±�ci�UBm S?XYXNd=UB[Vh �g� �(WNfY��\�m mÍ�nªëjkd S?WHU�WNeHjkd elUBmxe�m UBfYfYd �VelU�XNd ]\[vfYeHjkS�Z&S�]B_rTkfY]BWNd UBfYd f^d Z�UBo�S�f��
qKS�eHjk[kd elUBm �gS�Tx]BWYX � p�R�S�TVU�WYXNZ&S�[�XK]B_k`b[c_C]BWNZ�U�XNd e�f(UB[Vh±i�U�XNjkS�Z�U�XNd elUBmciE];hcS�m m d [koc��qrS�eHjcz
[kd elUBmKs�[kd t\S?WNfYd Xbuv]B_(R�S�[kZ�U�WNwx� pcy�o�f��V�=uc[ko���u��;R�S�[kZ�U�WNwx� pVi�U�WNeHj©{B~�~ �;�

�l~;� 
±��i�UBm S?XYXNdcUB[Vh �g� �(WNfY��\�m mÍ�c`bm m ¨ Z&d [VU�XNd ]�["e�]BWYWNS�e?XNd ]�[�d [±TkfY]BWNd UBfYd f(m S�fYd ]�[kfad Z�UBo�S�f��;qrS�eHjcz
[kd elUBm �gS�Tx]BWYX��;p�R�S�TVU�WYXNZ&S�[�Xa]B_=`b[c_C]BWNZ�U�XNd e�f0UB[Vh&i�U�XNjkS�Z�U�XNd elUBmxiE];hcS�m m d [koc�;qrS�eHjk[kd elUBm
s�[kd t�S?WNfYd Xbuv]B_aR�S�[kZ�U�WNwx� p;y�o�f��x�=uc[ko��\u��cR�S�[kZ�U�WNwx� pki�U�WNeHj©{B~�~ �;�

�����"ª"� ��d S�m fYS�[K�]JK��
�� I�&��5&"���$TK	�.� ?� 
��+� I(
���,^������	�.� ?� 
��+� I�&+
�/10�� 	�,^&�0?
�����
�� '_/( ?� ���5A�
�����
��
	�'`
���,
/( !����a��
	�/10?����
��N,P
��3
B� �ajkR XNjkS�fYd f�pn`b[kf|XNd X ¨ XNS�]B_�i�U�XNjkS�Z�U�XNd elUBm�iE]ch;S�m m d [koc�aqrS�eHjk[kd elUBm
s�[kd t�S?WNfYd Xbuv]B_aR�S�[kZ�U�WNwx� p;y�o�f��x�=uc[ko��\u��cR�S�[kZ�U�WNwxp ��e?XN]��xS?W � ��� �c� �g]k� � �

��{��"ª"� ��d S�m fYS�[Kp�y�� ��]�[cWHU�hcfYS�[Kp�UB[Vhb8c� �;d Z&TkfY]�[K��i ¨ m XNd t�U�WNd U�XNS¬UBm XNS?WHU�XNd ]�[ hcS?XNS�e?XNd ]�[
«ÍZ�� U;� h=� ­�UB[Vh
Z�� U;� _b�KTx]�f|XNTcWN]�e�S�fYfYd [ko¥d [1Z ¨ m XNd fYT=S�eHXYWHU�mÍpK�kd XNS�Z&Tx]BWHUBm(d Z�UBo�S&hkU�XHU ����S?£
UBTkTcWN]\UBeHjcS�f�XN]�eHjVUB[ko�S�hcS?XNS�e?XNd ]�[�f|X ¨ hcd S�f��STK	�/F���
	^=4	���&�c_�$��AB�5�����4c p � � � �+7�� � p�� ��� };�

� �;�"q�� ��¢|UBm U;p�i
� �nS?d XNd w�dBd [kS�[Kp�UB[Vh"R���²�U�WY£�]�];h=�cªFe�]�Z&TVU�WHU�XNd t\S�f|X ¨ h;u�]B_cXNS?¤;XYWNS�Z&SlUBf ¨ WNS�f
£�d XNj±e�m UBfYfYd �VelU�XNd ]�[��kU�fYS�h"]�["_CSlU�X ¨ WNS^hcd f|XYWNd � ¨ XNd ]�[kf���ES
����
	����FTK	�����.����5�������kp�{ � «���­ � ���+7 � � p
� ��� � �

� �c� �x� �nS�eHw;d [kTVU ¨ o�jK�cªg[±d Z&TcWN]�t\Slh�Z&S?XNjk];h�_C]BW0e�]�Z&T ¨ XNd [ko�oBWHU�u;z�m S�t\S�m;e�]�]�e ¨ WYWNS�[ke�S^Z�U�XYWNd ¤
�VUBfYSlh©XNS?¤;X ¨ WNS�Z&SlUBf ¨ WNS�f��VeN��
�0�G6����
��fLV�B,6	+� &�
���,g��/F
B.6	(E$���B��	�&�&��5�!.Bp � �c« � ­ � � � ��7 ��}�~cp
��]�t�S�Z��xS?W � ��� ���

�����"�a��h°UB[koc� �aS�e?XN]BW�eNjk]�d e�S±d [¥XNjkS�XNS?¤;X ¨ WNS�fYTxS�e?XYW ¨ Z UBTkTcWN]\UBeHjK�^�����
	�����
���������
��fR!�� !����
��
���"TK	�/F���
	^=4	���&��5�!.Bp ���;«��l}\­ � ��}\{ ��7 �\}\{ � p�� ��� �c�

� � �"�a�Ph¯UB[ko�UB[Vh�R���²�S��rqKS?¤;X ¨ WNSge�m UBfYfYd �VelU�XNd ]\[ ¨ fYd [ko�XNS?¤;X ¨ WNSgfYTxS�e?XYW ¨ Z��_ES
����
	����CTK	�����.�a
���5�������kpV{ �c«Ð}\­ � � ~ �B7 � �l~;p�� ��� ~;�

� ����8c�!h¯S�fY´�wBUcp ��jK�cR�u�S?WlpcUB[VhEª"� �g]�fYS�[c_CS�m h=�0ª¦e�]�Z&TVU�WHU�XNd t\S�f|X ¨ h;u&]B_nXNS?¤;X ¨ WNS�Z&SlUBf ¨ WNS�f
_C]BW�XNS?WYWHUBd [1e�m UBfYfYd �VelU�XNd ]�[K�g��������i���
���&+
P�+��������&U����=�I�&��
	�/(&�'SLV
���'"
���,j�fIPX+	����4	������+&Np
�ki��0z � « ��­ � { ��� 7;{B} ��p=ªgTcWNd m � � � � �


