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Chomsky Normal Form

Chomsky Normal Form

Grammar G = (V, X, P,S) is in CNF iff G has the form (i.e. the G
rules have the form:)

» A—BC
» A—a

» (S—e; in this case S doesn't appear on the right hand side of
a rule)

for AB,Ce V,ae .
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Sample Grammar

Grammar

Grammar G = (V, X, P,S) where
» V={S,A/B,C,D E,G HI}
» Y={c, d, e f g h i}

» and P:
S—ABC D—e
S—e E—deE

A—DEF E—e
B—GHI F—eff

B—e F—e
C—cC G—g
C—e H—gh

D—cdD |— hi
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Transformation

1. New unary rules

» Y={c, d, e f g h i}
> unary rules
Xe—c  Xg—g

Xd—>d Xh—>h

Xe—>e X,'-)f

Xf—>f

> replacement

S—ABC D—e
S—e E—XgXeE
A—DEF E—e
B—GHI F—XXeF
B—e F—e
C—X.C G—Xg
C—e H—Xg Xp

D—X.X4D 1—Xp X;



Transformation

2. New pair of symbols rules

> new pair rules
XAB—>AB Xcd—)XCXd
XDE—>DE Xde_>XdXe
XGH—>GH Xef—>XeXf
» replacement
5*>XABC D—e
S—e E—X4E
A—)XDEF E—e
B—Xgul F—Xer F

B—e F—e
C—X.C G—Xg
C—e H—Xg X

D—X4D [= Xp Xi



Transformation

3. S-¢ rule

> new rules
S’ =S S'—e

» result: (+ new rules from steps 1 and 2)

S'>S D—X.4D
S'—e D—e
5—>XAB C E—>XdeE
S—e E—e
A—)XDE F F—)Xef F
B—Xgul F—e
B—e G—Xg
C—X.C H— Xz X,

C—e /—>XhX,'
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Transformation

4. A-¢ rules (first pass)

> reject rules S—e D—e
B—e E—e¢
C—e F—e

> add rules (for B, C, D, E, F) Xag—A Xpe—D
C—)XC Xpe—e
5_>XAB E—)Xde
XDE—>E F—>Xef
D—>Xcd A—)XDE

> result: (4 terminal rules)

’
XAB—>AB S'—=S C—)XCC

XAB*)A S'—e CX F*)XefF
Xpe—DE 5—>XABC ‘ F—Xer
D—X.qD
Xpe—D S—>XAB D—X G—)Xg
Xpe—E A—XpeF cd H—Xg X
Xpe— A X E=XeE XX
DE £ DE E_>Xde h/\j

XGH*)GH B*)XGH/

11 /17



Transformation

4. A-¢ rules (second pass)

> reject rules Xpg—e
> add rules (for Xpg) A—F A—e

> result: (4 terminal rules)

S'=S

B—Xenl
! GH
Xag=AB - Si—e C—X.C F—XerF
XAB*)A SHXABC

C—X. F—Xer
Xpe—DE 5_>XAB

D—X.q4D G—=Xg
XDE—)D A—)XDEF

D— X H—)Xth
XDE—>E A—F
o o E—X,.E =X, X

GH DE E_>Xde

A—e
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Transformation

4. A-¢ rules (third pass)

> reject rules A—e
> add rules (for A) Xap—B Xag—e

> result: (4 terminal rules)
XAB—>AB

S'—S B—Xeyl
i“‘ﬁg S e CoX.C FXF
XAB_>5 S—XagC C— X, F—Xer
XAB_> DE S—Xas D—XeqD G—X,
XDE =D A—XpeF D— Xy H— Xy Xp,
XDE e A—F E—XyE 1= Xp X;
DE—? A Xpe E—Xye

XGH‘> GH
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Transformation

4. A-¢ rules (fourth pass)

> reject rules Xap—e
> add rules (for Xag) S—C S—¢

> result: (4 terminal rules)

§'—S
XAB—>AB S'—e B—)XGH/
XAB*)A SHXABC C—)XCC F%XefF
Xag—B 5—C C—X. F—Xer
Xpe—DE 5_>XAB D— XD G—>Xg
Xpe—D S—e D— X H—>Xth
XDE—>E A—)XDEF E—)XdeE I—>XhX,'
XGH_> GH A—F E—)Xde

A—)XDE
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Transformation

4. A-¢ rules (fifth pass)

> reject rules S—e
> add rules (for S) 0

> result: (4 terminal rules)

S'=S

XAB—>AB S e B—)XGH/

Xag—A o XanC C—X.C F—X.F
Xag—B P CAB C—oX. F—Xer
Xpe— DE S X D—X.4D G—>Xg
Xpe—D A XAB F D— Xy H— Xy Xp,
Xpe—E s FDE E—XyE 1= Xp X;
XGH_> GH E—}Xde

A*)XDE
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Transformation

5. Chain rules

> replace rules
XAB—)A XAB_>XDEF1 XAB—>XeXf, XAB—>XefF, XAB—)DE
XAB—>B XAB—>XGH/
XDE%D XDE%Xch, XDEHXcdD
Xpe—E  Xpe—XgXe, Xpe—X4eE
§5'—S §5'—XagC, S'—=X.C, S'—c, S'—AB
S—C 5—X.C, S—c
5—>XAB S—AB
ASF AsXXr, A X F
A—)XDE A—DE
C—X. C—c
D— X D—X X4
E—)Xde E—>XdXe
F—>Xef F—)XeXf
G—Xg G—g
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Transformation

Result
Xap—AB 2:§D>E<F|X F
Xag— Xpe F| XeX¢|Xer F| DE e/t | Ref
A—DE
XAB_>XGHI B—s Xl F—)XefF
Xpe— DE o XGZ F—X.Xr
XDE_>Xch|XcdD ¢ G—>g
C—c
XDE—>XdXe‘XdeE D—X..D H—)Xth
Xen— GH D XC‘& = Xy X;
/ c/\d
g/:fABC‘XCC|C|AB E-)XdeE

E—=XgXe
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