CMSC 330: Organization of
Frogramming Languages

Context-Free Grammars

Feview

« Why should we study CFGs?

» What are the four parts of a CFG?

 How do we tell if a string is accepted by a CFG?

» What's a parse tree?
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Heview

A senfential form is a string of terminals and non-
terminals produced from the start symbaol

Inductively:
— The start symbod

— If oAl s & sentential form for & grammar, where (a
and & « (M|Z)*), and A - yis a production, then ayb
is & sentential form for the gramenar

« In this cas2, wa £ay that oAb derkas ayd In ane s1eg, which
s writien as oAbl » ayb
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Leftmost and Rightmaost Denvation

Example: 5 - a8 | SbS Siring: aba 5
™,
L efimost Derfvstion Rightmost Derivation | = |
S = 5bS = abS = aba S = 5bS = Sba = aba 0
A% =very step, apply prodechon Al syery step, 2pply produciion
to =fimost non-t=mrinal b Fighimaost non-t=mminal

* Both derivations happen to have the same parse tres

* A parse free has a unigue leftmost and a unique
rightmaost dervation

* Mot every siring has a unique parse tree

Parse trees don't show the arder productions are
appled
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Another Example (cont'd)

S —a|Shs
= |5 ababa in this language?

A leftmost derivation Another leftrost derivation
2 »30Z »aD3 » 2 3 5bS » 5bSES »

3bELS »ababs » ababa a=nE » ababs » ababa

g e

5

E b z B b s a
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Ambiguity

» A string is ambiguows for a grammar if it has
more than one parse tree

— Equivalent to more than one leftmaost {or more than
one rightmost) desivation

« A grammar is ambiguous if it generates an
ambiguous siring

— If's can be hard to see this with manusal inspecton

» Exercise: can you create an unambiguous
grammar for s -a| sbs ?
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Are these Grammars Ambiguous?

(1) S—-aS|T
T—=bT|U
U—-cl|E

() S—=T|T
T-Tx|Tx|x|x

(2] S—=33| 0115

Ambiguity of Grammar (Example 3)

= 2 different parse trees for the same siring: (J(K)
= 2 distinct lefimost dervations :

S =» 55 —» 555 )55 (5 —H)(H)
5 -85 —= ()5 =55 {05 W0

AXD O XX

= \WWe need unambiguous grammars to manage
programming language semantics
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Maore on Leftmost/Rightmost Derivations

» |5 the following derivation lefirmast or rightmost?
S=aS=zal 2al zacll=ac

— There's at most one non-terminal n each sentential
form, so there's no choice betwesn left or nght non-
terminals to expand

» How about the following derivation?

- 5 »3b5 » 5bEDS »ShAbs »3babs » ababa

Tips for Designing Grammars

1. Use recursive productions to generate an

arbitrary number of symbols
Axh|E Zero or more x's
Ayh |y Cine or mare y's

2. se separate non-terminals o generate
disjoint parts of a language, and then combine
in a production

G=5=AB
A—ab|E
B—~hbB|E

LiG)=ab’
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Tips for Designing Grammars (cont'd)

3. Togenerate l[anguages with matching, balanced,
or related numbers of symbaols, write productions
which generate strings from the middle

{a"b™ | n 2 0} {not a regular language!)
o —+aSh| e
Example: S = aSh = aaShb = aabhb

{atbdn | n = 0}
S —+asbb| &

Tips for Designing Grammars (cont'd)

fa"o™ | me2n, n=0)
S —+85Sbb|B|E
B—-bB|b

The followsng grammar also works:
5 —+aSbb | B
B-+bB|E

How about the following?
S —8Sbb | bS | £
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Tips for Designing Grammars (cont'd)

{a"b™a™M | n 20 m 20}
Rewrte as a"b™a™a", which now has maitching
superscripis (bwo pairs)

Would this grammar work?

S —+a83a| B Doesn't allow m =0
B -+ bBa | ba
Corrected: )
Sl (P eadde
B—+bBa|c
ThabC 250 =

Tips for Designing Grammars (cont'd)

4. For a language that's the union of other
languages, use separate nonterminals for each

part of the union and then combine
{ ab™M|c™) | m = n 0}
Can be rewriiten as

{a"e™ | m=n2=0}uw
{a"c™ | m>n 20}
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Tips for Designing Grammars (cont'd)

fab"|m=nz0iuv{a"c™|m=nz0}
S-T|U
T—=aTb|Th|b T generates the first st
U—sale|lUe|e L generates the second sat

5

= What's the parss free for
string abbb™ ;/
- Ambiguous! . $ . f b
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Tips for Designing Grammars (cont'd)

fabmm=nz0u{acm|m=nz 0}

Will this fix the ambiguity?
S=T|U

T—=alb|bT|b
W—salle|cl|e

» |f's not amgiguous, but it can generate invalid
strings such as babb
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Tips for Designing Grammars (cont'd)

CFGs for Languages

fabmm=nz0fu{ancm|m=nz0}

|nambiguous version
S=T|V
T—=aTb|U
U-=Ub|b
W ale | W
W-We|c
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« Recall that our goal is to describe programming
languages with CFGs

» We had the following example which describes
limited arithmetic expressions
E .a|b|c|E+E| E-E|E*E|(E)

» What's wrong with using this grammar?
— If's ambiguous!
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