


A Substitution Rule
Equivalent
grammar
SA_) aiA S—aBl|ab
— a
A s abBe Substitute \ A—>aaA
o B—-b A — abBc | abbc
= B — aA
B—ob




A Substitution Rule

S—aBlab)

A — aaA
A — abBc | abbc
B—aA

Substitute
B — aA

S —> 2R | ab | aaA
A — aaA

A— c|abbc|abaAc

Equivalent
grammar




In general:
A — xBz
B— Y1
Substitute
B— Y1
A o equivalent
— XBZ| xy,Z grammar




Nullable Variables

A — production: A—> A

Nullable Variable: A= ...=> A




Removing Nullable Variables

Example Grammar:

S - aMb
M — aMb
\V/ =

/

Nullable variable




S —> aMb
M — aMb

Substitute
M > A

Final Grammar

S —>aMb
S —ab
M — aMb
M — ab




Unit-Productions

Unit Production: A—>B

(a single variable Iin both sides)




Removing Unit Productions

Observation:

A—> A

Is removed iImmediately




Example Grammar:

S —>aA
A— a
A—B
B—> A
B —bb




S —aA
~ S—>aAlaB
A— a

Substitute A —> a
E ? Bi A—>B

B3y A B— A|B
~ B —bb
B —bb




S—>aAlaB S—>aAlaB

A—a Remove A—a
B—>Alg | 828 B A
B —Dbb B —Dbb




S—aAlaB
A— a

B —bb

Substitute
B—> A

S—aAlaB|aA
A—>a
B —Dbb




Remove repeated productions

S—>aA\aB\§><
A—a
B —Dbb
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Final grammar

S—aAlaB
A—a
B —Dbb




Useless Productions
S —5'ash
S—>A
S— A

Useless Production

Some derivations never terminate...

S=>A—=aA—=aaA=...—aa...aA=>...
-




Another grammar:

S>> A
A — aA
A A

Useless Production

Not reachable from S




In general: contains only
terminals

1T S=>..=XAy=...=>w

\
w e L(G)

then variable A is useful

otherwise, variable A is useless




A production A — X is useless
IT any of Its variables Is useless

S —>aSb
S—>4 Productions
Variables useless
useless useless
useless useless

@ useless
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o

useless




Removing Useless Productions

-xample Grammar:

S—aS|A|C
A—a

B — aa
C —»>aChb




N\

First: find all variables that can produce
strings with only terminals

S s>aS|AlCc  found i {AB}
A— a

Boaa

C — aCh Round 2 {A,B,S}

S—>A
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Keep only the variables
that produce terminal symbols: {A, B, S}

(the rest variables are useless)

A>3 S—)&S‘A
B aa > A—a

M B — aa

Remove useless productions
21




Second: Find all variables
reachable from S

Use a Dependency Graph

S —>aS|A )

A—> a (S—(A)

B — aa

22

Not
reachable




Keep only the variables
reachable from S

(the rest variables are useless)

Final Grammar

S—aS|A
A g S—aS|A

M A— a

Remove useless productions




Removing All







Chomsky Normal Form

—ach productions has form:

A— BC or A—>a

/N |

variable variable terminal




Examples:

S —> AS S — AS
S—a S —>
A — SA A— SA
A—b A—@a
Chomsky Not Chomsky

Normal Form Normal Form
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Convertion to Chomsky Normal Form




I ntroduce variables for terminals: Ta’Tb ,TC
S — ABT,
S —> ABa A= Talalp
A—aad ) B Al
B— Ac Ta—a
T, —>Db
T, —>cC




Introduce intermediate variable: Vq
S > AV

S — ABT, V, - BT,
A= Talalb AT.T.T,
5> Al mmm) B AT,
la—a T, >a

To =D T, —>Db
fe>c T. >C




Introduce intermediate variable:  V»
S — AV]_
S —> AV]_
Vi — BT,
V; = BT,
ATV,
A—T,T5T5 Ve T
%
B — AT, s O
B — AT,
T, —>a
T, —>a
Tb —>Db
Tb —>Db

T_)C“



Final grammar In Chomsky Normal Form:
S—> AV,
V; - BT,
N A—>TV,
Initial grammar V2 _>TaTb
S — ABa B —> AT,
A — aab T, >a
B— Ac T, >b

- Ig=mc



In general:

From any context-free grammar
(which doesn’t produce A)
not In Chomsky Normal Form

we can obtain:
An equivalent grammar
In Chomsky Normal Form




The Procedure

First remove:

Nullable variables

Unit productions




Then, for every symbol a:

Add production T, —>a

In productions: replace a with T,

New variable: T




weplace any production A— CyCy---C,

with - A— C]_Vl
Vl —> C2V2

V-2 = CpaCy

New intermediate variables: V1, Vo, ...,V




Theorem: For any context-free grammar
(which doesn't produce A )
there Is an equivalent grammar
In Chomsky Normal Form




Observations

 Chomsky normal forms are good
for parsing and proving theorems

e It Is very easy to find the Chomsky normal
form for any context-free grammar




Greinbach Normal Form

All productions have form:

A—aVV,--V, k >0
symbol variables




Observations

e Greinbach normal forms are very good
for parsing

e It Is hard to find the Greinbach normal
form of any context-free grammar







Machine Code

____________ Program




Compiler

Lexical
analyzer

—* parser

Input /

output

machine
code




A parser knows the grammar
of the programming language




Parser

PROGRAM — STMT HST




['he parser Tinds the derivation
of a particular input

derivation
Parser
Input E S E+E E=>E+E
<@_ e
| INT => 10 + E*E
=>10+2*E

=>10+2*5




derivation tree

S
= &

derivation

E=>E+E
=>E+E*E
=> 10 + E*E
=>10+2*E
=>10+2*5

a




derivation tree

/;2\ machine code
E ‘ mult a, 2,5
10

add b, 10, a
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Parser

grammar

derivation




Example:

Parser
. S 5SS derivation
input
S —aSbh
:
S — bSa
S—> A




Exhaustive Search

S — SS|aSh|bSa|A

Phase 1: S = SS Find derivation of
S = aSh aabb
S = bSa
S=> A

All possible derivations of length 1




S=SS aabb




S —>SS|asSb|bSal|A

S = SS = SSS
S = SS = aShS aabb

/m

S = SS S=SS =S

S=aSbh 3§ — aSh—= aSSh
\ S = aSb = aaShb
S Sab

S=ash=ab



S —>SS|asSb|bSal|A

S =SS = SSS
S = SS = aSbS aabb
S=>SS5=S5

S = aSbh = aSSb
S = aSh = aaSbb

\

S = aSh = aaShb = aabhb



Final result of exhaustive search
(top-down parsing)

Parser
| S —>SS
b S —5 aSh
<@ S —> bSa
S—>A

\ derivation
:S = aSh = aaSbmy




['iTme complexity of exhaustive search

Suppose there are no productions of the form

A—>A
A—>B

Number of phases for string W : approx. |w]|




—or grammar with K rules

[Fime for phase 1: Kk

k possible derivations




lime for phase 2: k2

k2 possible derivations




Fime for phase |w]| is klwl:

A total of kIWl possible derivations




Total time needed for string W:

K+k*+---+ k™
phase 1 prlse 2 phase |w|

Extremely bad!!
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For general context-free grammars:

There exists a parsing algorithm
that parses a string |W|
in time \W\3

The CYK parser




