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Context-Free Grammars Context-Free Grammars

Terminal: Final symbol of the language (lower case letters)

« Non-terminal: Structure that can be transformed (upper case letters)
 Sentence: Sequence of terminals of the language

- Sentential form: Sequence of terminals and non-terminals (Greek letters)
« Context-free grammar: List of rules making up the language

P—E (P is the start symbol)
E—-X+Y

. X —int

Y — float

s> BN 2
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Group Exercise Context-Free Grammars

« Perform a top-down derivation of 4 * foo + 1 using grammar G,.
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Group Exercise

« Perform a top-down derivation of 4 * foo + 1 using grammar G,.

Michael Kuhn

Sentential form | Rule

P P—E

E E—E+T
E+T E—>T
T+T T—TxF
T«F+T T—F
F«F+T F — int
intx F+ T F — ident
int «ident+ T T—F
int x ident + F F — int

int % ident + int
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Group Exercise Context-Free Grammars

+ Perform a bottom-up derivation of 4 * foo + 1 using grammar G,.
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Group Exercise

« Perform a bottom-up derivation of 4 % foo + 1 using grammar G,.

Michael Kuhn

Sentential form | Rule

int « ident +int | F — int
int « ident + F T—>F
int «ident+ T F — ident
intx F+T F — int
FxF+T T—F
T«F+T T—>T=xF
T+T E—-T
E+T E—E+T
E P— E

P
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Group Exercise Context-Free Grammars

« Perform a bottom-up derivation of 4 * foo + 1 using grammar G;.
Sentential form | Rule

int x ident +int | F — int
int x ident + F T—>F
int xident+ T F — ident

e intxF+T T—F
intxT+T E—-T
int« E+ T E—E+T
int* E P—E
int = P 7
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Group Exercise Context-Free Grammars

« Write out two possible parse trees using grammar Gs for the sentence:
if E then if E then other else other
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Group Exercise Context-Free Grammars

« Modify grammar G;s to prevent the dangling-else problem.
(Hint: Prevent the inner S from containing an if without an else.)
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Group Exercise Context-Free Grammars

« Modify grammar G;s to prevent the dangling-else problem.
(Hint: Prevent the inner S from containing an if without an else.)
e P—>S
« S—if Ethen S
e S5 Y
« §" — if Ethen S’ else S
« S’ — other
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LL Grammars LL Grammars

o LL(T) grammars are a subset of context-free grammars
« They can be parsed considering only one non-terminal and the next token

« Remove ambiguity
o Eliminate left recursion

« Eliminate common left prefixes
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Group Exercise LL Grammars

« Eliminate left recursion for grammar Gy;.
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Group Exercise LL Grammars

« Eliminate left recursion for grammar Gy;.
« E—>idFE
« E — integer E’
« E/ — +EF’

« Fl > €
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Group Exercise LL Grammars

« Eliminate common left prefixes for grammar Gi;.
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Group Exercise LL Grammars

« Eliminate common left prefixes for grammar Gi;.
« S — if E then SS’

e S > €

« S —>elseS
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Group Exercise LL Grammars

« P> S

« P— SP

« S — if E then SS’
o S — while ES

« S — begin P end
o« S— print E

« S—FE

e S —>e¢

e S —elseS

« E—idE

+ E — integer E’
« E' — +EF’

e F > €
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Group Exercise LL Grammars

« Determine the FIRST sets of the previous grammar.
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Group Exercise

« Determine the FIRST sets of the previous grammar.

Michael Kuhn

« P = {if, while, begin, print, id, integer}

S = {if, while, begin, print, id, integer}

S = {else, €}
E = {id, integer}
E' ={+, ¢}
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Group Exercise LL Grammars

« Determine the FOLLOW sets of the previous grammar.
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Group Exercise LL Grammars

» Determine the FOLLOW sets of the previous grammar.
- P={$}
« S ={8$,if, while, begin, print, id, integer, else}
- § = {9, if, while, begin, print, id, integer, else}
« E = {then, if, while, begin, print, id, integer, $, else, +}
« E’ = {then, if, while, begin, print, id, integer, $, else, +}

Michael Kuhn Parsing (Part 1) 11/12



Outline

Parsing (Part 1)
Context-Free Grammars
LL Grammars

Summary



Summary Summary

» Context-free grammars are more powerful than regular expressions
« They are described using multiple rules that replace non-terminals
o LL(1) are a subset of context-free grammars without ambiguities

« They also eliminate left recursion and common left prefixes
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