Normal Forms Normal Forms

Normal Forms
What is a normal form?

A class of context free grammars with
restrictive properties on the structure of a
CFG in the class.

Why normal form?
Easier to parse a CFG in normal form.
How normal form?

Transformations that maintain equivalent
grammars — grammars that generate the
same language.
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Normal Forms

Normal Forms

Overview of Transformations

1. Eliminate recursion on the start symbol:

A—aSh

2. Eliminate )\ rules:

3. Eliminate chain rules:

4. Eliminate useless symbols:

S — Sb|A

5. Attain Chomsky normal form:

A— )\

A— B

A — a

1. A— BC', where B#= S and C £ S,

2. A—a;
3. S— .
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Normal Forms Eliminating Recursion on Start Symbol

Eliminating Recursion on
Start Symbol

Lemma 5.1.1 Let G=(V,X,P,S) be a CFG.
Then there is a CFG G' = (V' 2, P, 5"
equivalent to G such that every rule of G’ is
of the form

A — w,

where A€ V' and w e ((V — {S'}) U £)*.

Proof. If S does not appear on the
right-hand side of any rules in P, then G' = G.
Otherwise, choose S’ € V U X, and set

VI = vu{s}

P’ PuU{Ss' — S}.
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Normal Forms Eliminating Recursion on Start Symbol

Example

S — SS|(S)]|A

Add new start symbol S’ and obtain:

s — 8

S — SS|(S)]|A
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Eliminating A Rules

Example 5.1.2

ACA
aAa | B|C
bB | b

e

cC | A

A nullable variable is one that can derive \.
Example: {C,A,S}.

A noncontracting grammar has no X\ rules.

An essentially noncontracting grammar
has no nullable variables except perhaps S.
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Normal Forms Eliminating A Rules

Finding Nullable Variables
Algorithm 5.1.2

Find Nullable(G)
>G=(V,X,PNS)
NULL «+ {A|(A—)\) € P}

repeat
PREV < NULL
for AcV
do for (A—w) e P
do if w € PREV*
then NULL « NULLUA
until NULL = PREV

return NULL

Run on Example 5.1.2
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Constructing a
Noncontracting Grammar

Delete every A rule.

For any rule A— w, where w contains
nullable variables, add rules A — w’, where

w’ #£= X\ and some of the occurrences of
nullable variables have been deleted.

Example 5.1.2

S — ACA|AC |CA|AA|A|C| A
A — aAalaa|B|C

B — bB|Db

C — cClc

Really need an essentially noncontracting
grammar
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EXxercise
Chapter 5, Exercise 5:

Construct an equivalent essentially
noncontracting grammar for

S — ABC |aBC
A — aA | BC

B — bB | A

C — cC| A
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Eliminating Chain Rules

e Start with an essentially noncontracting
grammar G = (V, X, P, S).

e For each A €V, compute

CHAIN(A) = {BeV| A:;>B}.
e Delete all chain rules from P.

o If A=;>B and B —s w is not a chain rule,

then include rule A — w.
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Normal Forms Eliminating Chain Rules

Example

Example 5.2.1

Find the CHAIN sets for this grammar:
S — ACA|CA|AA|AC |A|C| A
A — aAalaa|B|C
B — bB|Db

C — cClc

and construct an equivalent grammar without
chain rules.
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Normal Forms Eliminating Chain Rules

Example (continued)

Algorithm: Build a graph whose arcs are the

chain rules:
(S)y=(D)—(B)

and read off the chain sets:

CHAIN(S) = {S,A,B,C} CHAIN(B)

= {B}
CHAIN(A) = {A,B,C}  CHAIN(C)

1C}

Construct the equivalent grammar
without chain rules:

S — ACA|CA| AA| AC | aAa | aa
| DB | b|cC|c| A

aAa|aa|bB|b|cC|c

bB | b

cC | c

AN

CS 4114 Lecture Notes 11



Normal Forms Eliminating Chain Rules

T heorem on Chain Rules

Theorem 5.2.3 Let G be an essentially
noncontracting CFG. Then there is a CFG G’
equivalent to G such that G’ has no chain
rules.
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Eliminating Useless Symbols

Eliminating Useless Symbols

Let G = (V,X,P,S) be a CFG. A symbol
x € (VUX) is useful if

G

Séuwvéw,

G

for some u,v € (VUX)* and w € X*. If
x € (V UX) is not useful, then it is useless.

Example (page 129):
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A

AC | BS | B
aA | aF
CF |b
cC | D
aD | BD | C
aA| BSA
bB | b
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Algorithms

1. Algorithm 5.3.2. Construct

TERM = {A|A£~w with wEZ*}.

G

2. Delete variables that do not generate
terminal strings:

G = {V-TERM,XZ, P S}

3. Algorithm 5.3.4. Construct

REACH = {A | S%UAU} .

4. Delete variables that are not reachable:

G" = {V-TERM - REACH, x, P" s}.
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Variables That Derive
Terminal Strings

e Example (page 129):
G: 5 AC | BS | B

aA | aF

CF|b

cC | D

aD | BD | C

aA| BSA

bB | b

L

0T 3 O QW

e Fin aia le a ei e e minal ing
a m p ea

E BFSAEFE

° a i G




Rea hable Variables

e e |ing g amma:

G : S — BS|B
A — aA|aF
B — b
E — aA|BSA
F — bB|b
e Fin ea ale aia le a ea
a inga S
E




The rem n Useless S mb Is

e G ea F en ee
i a F G e i1 alen G a G a
n ele m |



Ch ms N rmal rm

F Gi in i all
le a e ne e e m

1 A— BC eeB San C S ( ina

le)
2 A—a
S —
F e e F e el
m n mal m g amma a

gene a e



Creating Binar R les

e Example 1:
S — aABC|a
A — aAla
B — beB | be
C — cClc
e ee ne aia le an le :
S — A Ja
A — a
— A
— BC
A — AAla
B — B |BC
— CB
C — CC|c
B — b
C — c



Rea hing Ch ms

rm
1 Elimina e e I N n e
A— aSh
2 Elimina e le : A—

N rmal

Elimina e ain le : A— B

Elimina e ele m | :
S — Sb|

A — a

ain m n mal

elimina ing n n ina le



dap €

E er ise

=
S — AB|BCS
A — aA|C
B —» bbB|b
C — cC|
an e i alen F g amma

Exe ie 12 an 22)



