CS 301 - Lecture 10
Chomsky and Greibach
Normal Forms
Fall 2007

Review
¥ Languages and Grammars
D Alphabets, strings, languages
¥ Regular Languages
b Deterministic Finite and Nondeterministic Automata
B Equivalence of NFA and DFA
B Regular Expressions
b Regular Grammars
b Properties of Regular Languages
B Languages that are not regular and the pumping lemma
¥ Context Free Languages
b Context Free Grammars
D Derivations: leftmost, rightmost and derivation trees
B Parsing and ambiguity
B Simplifying Context Free Grammars
¥ Today:
B More Simplifications
B Normal Forms

Nullable Variables

"1 production A" !

Nullable Variable: A" K" !

Which Variables are Nullable?
0) Nullable Variables= V,, =0

For every production A — A
Add A to V,

1) For every variable B ¢V,
check each pr oduction B — A;A,...A,

2) 1 f step 1 added any Bto V,,
repeat step 1




Removing Nullable Variables
Example Grammar:

S" aMb
M" aMb
M*" !

/

Nullable variable

Final Grammar

\ S! aMb
S" aMb
Substitute . S! ab
M" aMb M® 1)
M! aMb

—‘/
1 , //
M! ab

Unit-Productions

Unit Pr oduction : Al B

(a single variable in both sid es)

Removing Unit Productions
Observation:

Al A

I s removed immediately




Example Grammar:

S! aA S! aA
Al a Ala S!I hlep
Al B Sljok‘)!stltuBte A; a
Bl A Bl A —L EI s\b| B
B! bb B! bb
S! aAlaB F S! aAlaB S! aAlaB \SI aa|aB|as
Al a Remove Al a Al a Substitute  \ 5
Bl Al% B! B JoBIA M Bl A / Al a
Bl bb B! bb Bl bb |/ Bt bb




Remove repeated productions

S! aAlaB|a&

Al a >
B! bb

Final grammar

S! aA|aB
Al a
B! bb

Removing All

¥ Step 1. Remove Nullable Variables
¥ Step 2: Remove Unit-Productions

¥ Step 3. Remove Useless Variables

Normal Forms
for

Context-free Grammars

Chomsky Normal Form

Each productions has f orm:

Al BC or Al a

AN

variable variable ter minal




Examples:

S! AS S! A§
S! a S! (AAS)
A! SA Al SA
Al b Al @a)
Chomsky Not Chomsky

Nor mal Form Nor mal Form

Conversion to Chomsky
Normal Form

S! ABa
¥ Example: Al aab
B! Ac

Not Chomsky
Nor mal Form

I ntr oduce variables f or ter minals: Ty, Tp, T

S! ABT,
S ABa Al T,T.T,
Al aab — Bl Al
B! Ac Tal @

T,! b

T.! c

| ntr oduce inter mediate v ariable: V4

S— AV
S! ABT, V| — BT,
Al T,T.T, A—T,TT,
B! AT, B> AT,
T,! a T, >a
T,! b T b
T.! ¢

T.—c¢C




| ntr oduce inter mediate v ariable: Vs

Final grammar in Chomsky Nor mal Form:

|
S AV S— AV S! AV
- v, — BT, Vil BT,
vt Bla A—T.N, Al TN,
Al TTT, | nitial gr ammar |
Vo —=T.T, V2. TaTb
Bl AL :> 82 A?I'b St ABs Bl AT,
Ty! a T ac Al aab L1 a
Tp! b 2 B! Ac
T, —b Th! b
T.! ¢ b iy
TC%C cC- C
| ngeneral: The Procedure

From any contex t-f ree grammar
(which d oesn® produce /)
not in Chomsky Normal Form

we can obtain:
A n equivalent gr ammar
in Chomsky Normal Form

Fir st r emove:
Nullable variables

Unit pr oductions




Then, for every symbol a:

Add production  T,! a

| n productions: replace a with Ta

New variable: Ty

Replace any production Al C,C,L C,

with A" CM
it GV,
K
V2" CniaCy

New inter mediate v ariables: V11V21 K ’Vn! 2

Theorem: For any contex t-f ree grammar
(which d oesn® produce I )
ther e is an equivalent gr ammar
in Chomsky Normal Form

Observations

¥ Chomsky normal f orms are good
f or parsing and proving theor ems

¥|tisveryeasytof ind the Chomsky normal
f orm for any contex t-f ree grammar




Greibach Normal Form

All pr oduction s have f orm:

Al aV\,L Ve k! O
b\
\\
symbol variables

Examples:

S! cAB

S! absSt
Al aA|bB|b

S! aa
B! b
Greibach Not Greibach

Nor mal Form Nor mal Form

Corversion to Greibach Normal Form:

S! aT,Sh
S! abSt SI aTa
S! aa T,! a

! b

Greibach

Nor mal Form

Theorem: For any contex t-f ree grammar
(which d oesn® produce /)
ther e is an equivalent gr ammar
in Greibach Normal Form




Observations

¥Greibach normal forms are very good
f or parsing

¥|tis har d tof ind the Greibach normal
f orm of any contex t-f ree grammar

What® Next

Read
D Linz Chapter 1,2.1, 2.2, 2.3, (skip 2.4), 3, 4, 5, 6.1, 6.2, (skip 6.3), and 7.1
D JFLAP Chapter 1, 2.1, (skip 2.2), 3,4, 5, 6.1, 7
Next Lecture Topics from Chapter 7.1
B Nondeterminstic Pushdown Automata
Quiz 2 in Recitation on Wednesday 9/26
D Covers Linz 2, 3, 4 and JFLAP 3, 4

B Closed book, but you may bring one sheet of 8.5 x 11 inch paper with any
notes you like.

B Quiz will take the full hour
Homework

B Homework Due Today

B New Homework Available Friday Morning
B New Homework Due Next Thursday




