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Context-free Grammar

BNF-notation

<ul> - <ul> + <u2> 0O <u2?>
<u2> - <u2> 0O <u3> O <u3>
<u3> - ( <ul>) Oadb

Derivation

Substitute all occurrences of nonterminal symbols with a right hand side of a
BNF-rule for the non-terminal:

<ul> [0 <ul> + <uy2> [0 <u2> + <u2> [

<u3> + <u2> [ <u3> + <u22> [ <u3> [

<u3> + <u2> [Ja [ <u3> + <u3> [Ja [
<u3>+ b O0a 0 a+ b da
t  the substitution has terminated

From this the names terminal/non-terminal:

<ul>, <u2>,<u3> are non-terminal symbols

a, b, (,), +, O |ae termina symbols

Context-Free Grammar

G=(V1,Vn,SP)
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* V1 :the Terminal Alphabet, the set of terminal symbols
* Vy : the Nonterminal Alphabet, the set of Nonterminal symbols

V= <.ﬂ ] <Z
e S: startsymbol, SV

» P: afinite non-empty set of productions
A production has the form
A= a,whereAd Vy, alV*

Example:
<4HAQ.U.A.V.+_*W
Vy={ETF
S=E
P= E-E+T

E-T
T - TUOF
T-F
F- (E)
F-a
F-b
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Derivation (formal definition)
Consider a context-free grammar G=(V1,Vn,S,P), V=V O Vy

Relationsin V' :

O  derivesinone step
definition;
oAB O ayp
iff (A-y)OP, a, BOV*

0% derivesinoneor more steps
definition:
Leta,,ay, ..., a, OV* suchthat
o0 a,d az0...0 ap, (n>1), aderivation of a,from a;
then

o, 0% ap, or O derivesin one ore more steps o,

0" derivesinzero or more steps
definition: a 0" B iff a O Bora=p

The Language defined by G
G=(V1,Vn,SP), V=V O Vy
SO0 a, a OV, aisasentential form
SO x, x O V1, x isasentence
L(G)={x|SO*xOxOVr}, theset of all sentences
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Context-Free Grammar

Derivation

!
m * +
~ n -
T

i

T = m
i
—~ 4 m

Derives in one step O
T+F*alT+( E)* a

Dm:<mm50:mo$32mm$cmD+
T+F*alOT+(E)>alOT+(E+T)*al
T+(E+F)>alT+(E+b) *a

isaderivationof T+( E+ b ) * a from T+F*a so

T+F*a O T+( E+b) * a

Sentential Form, Sentence

EJE+TOT+TOF+TOa+T0O
a+T*FOa+F*FOa+b*FO
a+b*b

sentence 'sentential form |




HB&LEC/GRAMMERS-PARSERS/5

Leftmost & Rightmost Derivations, Parse Trees

L eftmost derivation:
In every derivation step expand leftmost nonterminal:

SO, wABO ,wyBO, wx, (A-yOP, wdVs*, BOV*

O, leftmost derivesin one step A
O leftmost derivesin one or more steps
Oy leftmost derives in zero or more steps A B
SO, a «aisaleft sentential form
v
\
w X

Rightmost derivation:
In every derivation step expand rightmost nonterminal :

SO, aAwO, aywd, xw, (A-yOP, wOVs*, aOV*

O, rightmost derivesin one step %
O, rightmost derivesin one or more steps

O, rightmost derivesin zero or more steps

SO, a «isaright sentential form

A

X W

A sentence x[JL(G) usualy has many derivations
including SO, X (the leftmost derivation), ST, X (the rightmost derivation).
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L eftmost Derivations, Parse Trees

ED E
R AN - z
E  + T \// \//
T+TO ﬂ * T ﬂ ' !
E
T
T
E+TO E _ \\%W///
VAR FE o T
2o ] \q// ,4
T f * X E _ﬂ
a+TOFD | \// |
_H
_ _7m + T a
a \/
a+FUOFO .ﬂl T * =
\m | P
VS
E + T a
a+bOF O 7 \//
| //
a+b0dal _ ﬂ ﬂ \\/W///
a
b H T
Grammar: = i _
E_E+T|T | F a
T T*F|F a P
F_ (E)|alb




Rightmost Derivations, Parse Trees
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mmHm \//
E+TUOFO + ._.\// \//
E+T0al m\m//a 4\// \//
4\/*/n \m// ,_,Uﬂ
E m __u W E +._.\/*/_u
E+b0al m\//q _i” 7
T+bOal .__. ._.\*/_u w_u m
A
F+bDal I 74 \/
UL ]
AT
mlm+__.._. _ o
qu_”___u M " W
F_ (E)|alb |
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One L anquage, Several Grammars
A language may be defined by several different grammars:

S

Example: the Expression Language
Gl: E-E+T|T

T-T*F|F
F- (E)|alb \ / /
E T E
Operators have different priority, .7_. \ /
pr(D) > pr(+) . | ._i. F
Operators are left associative . F 7
| ] a
a |
b
a + b * a + b
N

('
\

G2 E- E+T|EOT|T
T-(E)|alb

Operators have same priority.

b
Operators are left associativ. 7
T b
|
a + b * a + b
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Grammar s Defining the Same L anguage

E_- E+T| T + has lower priority than *
T T*F]| F +and * areleft associative
F- (E)|

al b
E - E _ +and * have same priority

E T + and * are left associative
T ( E) |

al b
E- T+E]| T + has lower priority than *

*

T- F*T|F +and * areright associative
F- (E)|

al| b
E- E+T]| T + has lower priority than *

*

T- F*T]F +is|eft associative, * isright associative
F - (E) |

al b
E - TEm Transformed grammar for top-down syntax-
Em - + T Em| analyses (left recursion removed)
T - FTm
Tm - OF Tm| ¢
F - ( E) |

al b
E - E+ E| riority ?

E* E | b .W\H. -

( E) | associativity “

al b
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Ambiguous Grammars
E - E +

E |
i =

UOr E+ EOrRE+ EDE Or
+ EJa g E+a Oa Or
a+ala a

A
)

m
Q

m

a

)

m

DmemDmm_H_m.Dm
+ E0a g E+a Oa Or
a+ala

m

Two different rightmost-derivations of the same 7

expression, and hence two different parse-trees!! a

Notice, it isthe grammar that is ambiguous, not the language.

If (in alanguage reference) alanguage is defined by an ambiguous grammar,
disambiguating rules must be added, e.g.:

E - E+ E Disambiguating rules:

|
Am W v_m _ The operators + and [lare left associative.
al| b The operator [Jhas greater priority than +
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Ambiguous Grammar s (dangling else)

stat - if cond then stat |
if cond then stat el se stat
id = expr |

cond -

Unambiguous statements:
if Cythenif C,then S,

if C; then S, else if C,then S,
A 4

if Cythen if C, then S; else S, else S;
|+| A~ X %

Ambiguous statements:

if C; then if C, then S; else S,
7 S

A A7
if C,thenif C, then if C;then S, else S, else S;
4 t » 2

Disambiguating rule:
An el se should always be paired with the previous unmatched t hen

Ambiguous Grammar s (dangling else)

if 88_ then
OH
if oosa
ON
if C1l then if C2
if oosa then
n”
! oosa
ON
if C1 then if C2

AR
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//

then mmH

then

wN

else S2
else M
S
else S2
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Grammar s Defining the Same L anguage

Operator Priority/ Binding Strength

u4 - u4*
u5 - (uo

Gl: u0 - if uO then uOelseul|ul
ul - ul & u2|u2
u2 - u3=u3|u3
u3d - u3+u4|u4d

u5 |ub
) |1 d]|Const

lowest priority/
binding strength

highest priority/
binding strength

at(ifa=b&c=dthen2elsea+tb+cld) +e

—

—

,J\|\

/J\|\

G2: u0 - u0
ul - u2

& ul|ul
=u2|u2

u2 - u2+u3|u3
u3 - u3* u4|u4
ud -~ if uO then uOelseud|u5
uS5 - (u0)|Id]|Const

lowest priority/
binding strength

highest priority/
binding strength

at(ifa=b&

ou@;m: 2el se

a+b+cO
-
_

—

) +e
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TopDown Parsing
Consider a context-free grammar G=(V+1,Vn,S,P), V=V O Vy
Let x(V', find leftmost derivation S ™ x .

The genera step:
SO, wWABO,wap O, wy=x,
N . y
mm_QOﬁA>leDA>|VQH_>IVQN. ....>IVQ:.W
suchthat a B "y S

[C ] rinput

A grammar isLL(1)
if it is possible to determine the production A - a
from A and the lookahead symbol ¢

LL (1) ~L eft to Right Parse, L eftmost-derivation, 1-symbol |ookahead.

Necessary conditions for LL(1):

* No left recursive symbols (e.g. u2 - u2 +u3 |u3 )
» No alternatives starting with same symbol (e.g. u2 - u3 + u2 |u3)




TopDown Parsing, L eft Factoring

A - af|aB|...laBm]yalYz2]... [ ¥a

a
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S

y

&@Oﬁsb» e Qm__H_ﬁsD» g Qﬁw“_.‘> e Qmm_
Defer decision until the difference appears:

A afBulBaf-[Bm)lvilYal | ¥n
Atail

U
A - o Atal [yr|Y2]...|Yn

Atail - B1|B2]... | Bm

.y A > 0B}, impossible !

Example:

S-if CthenSelseSfi |[if CthenSfi
O

S-if CthenS(elseSfi |[fi )
O

S - i1f CthenSlftail

Iftail - elseSfi |fi
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Recur sive Descent TopDown Parsing

Using EBNF:
X1 = X2 [Rel Qprt X2 ]
Rel Cprt = ">" | ">="
X2 = X3{ "-" X3}
X3 = X4 { "/" X4}
X4 ="(" Xx")" | lc| Id
X1
X
X3 - X3 - X3
X4 ] 4 X4 X4
d /xp ) Id lc
a XN/ a 2
Xw/. Xiw
X4 Xﬂ
_ﬂ Ic
a | ( |b|- 2 ) - a - 2
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Recursive Descent Parser -top down ()

Command = "quit" | "show' X0 | "eval" XO

nextCommand()
{ Input new command from user;

Find firstToken:

switch(firstToken)
{ case EOF_T: break; //lempty command line

case QUIT _T: //quit if nextToken is EOF
case SHOW_T:{ findNextToken(); ep= x0P();

nextToken should be EOF_T
Print ep to screen;} break;

case EVAL_T: {findNextToken(); ep= xOP();
nextToken should be EOF_T;
print value of ep;} break;

default: syntaxerror;
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Recursive Descent Parser ()

X0 = X1 { "-" X1}

X1 = X2 { "I" X2}

X2 ="(" X0 ")" | Const | Id
XOP()

{ ep=x1P();

while(currentToken == MINUS_T)
{ findNextToken(); rop= x1P();
ep= Sub(ep,rop);
}

return ep;

}

x1P()
{ ep=x2P();
while(currentToken == DIV_T)
{ findNextToken(); rop= x2P();
ep= new Div(ep, rop);
}

return ep;

}

x2P()
{ switch(currentToken)
{ case LeftP_T: findNextToken; ep= x0P();
nextToken should be a right parenthesis;
return ep;

case ICONST_T:
return the value of the constant;

caseID T:
{ 1d= Sc.getText; findNextToken;
return Value of ‘Id’; }

default: syntaxerror();




