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7. Property of Context Free Language

Normal Forms for CFL * Simple parse tree

i * Easy for
Pumping lemma for CFL programming
Ex) L={ 0"1"2" | n=0 } is not CFL. » Simple proof for

theoretical results

Closure property of CFL
Ex) While L,={ 0"1"2™ | n,m=0} and L,={0m1"2" | n,m=0} are CFLs,
L,NL,isnotaCFL.

Decision problems for CFL

—  Membership problem can be solved efficiently (but not so
simple...)

— Undecidable problems
 Isgiven CFG ambiguous?
e Isgiven CFL inherently ambiguous?

 Aretwo CFLs the same language? 2/54
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7. 1. Normal forms for CFL

A,B,C: Nonterminal
a: Terminal

» Two major normal forms o : 0 or more nonterminals
1. Chomsky Normal Form
« consists of the following two types:{ﬁzgc
= Simple parse tree

2. Greibach Normal Form

 consists of the following type: A—ad
— number of derivations = length of the word

[ Theorem] For any CFL L, there are the normal

forms that generate L—{ € }.
(Constructively proved) -
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7.1. XAkEH S ENDIE:
(ChomskytZ £ #2)

> CFGIZBEALT. ERALFE
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2. € -8 e -production) DR ZE:
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

» Useful techniques for general CFG

1. Remove useless symbols:
Remove the symbols which have no relation to any derivation
*
‘Start symbol = Terminals’

2. Remove & -productions:
Remove the production ‘A— &’

3.  Remove unit productions:
Remove the production ‘A—B’
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7.1. XkBEHEEDE:
(Chomsky1Z#E#2)

7.1.1. R EE 5 (useless symbol) D & x
[E ]K&G (V,T,P.S)IZHT, "
© S X (SVUT) A A(UseR) ThE S

BHSS aXB 2w (ET)MNEETS
S=aXB(DFYS=X) D aXB=wHLEFENLIRITER

def
e EE X(eVUT)ME (useless) TH S &
XMA BTN
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7. 1. Normal forms for CFL
(Chomsky Normal For

7.1.1. Remove useless symbols
[Definition]
For a grammar G=(V,T,P,S),
. Symbol X (€VUT) is useful &

There exists a derivation S = a X8 = w (€T
Note: S can be a X 3 (or S=X), and a X3 can be w.

] def .
e Symbol X (€VUT)isuseless & X 1s not useful.
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7.1. XAREHASEDIEXERS

(ChomskyiZ ££ %)

7.1.1. R EE 5 (useless symbol) DR &
[ ]XE,JEG (V. T,P.S)IZHT,
e FF X (EVUT) DA B (generating) Téhd © g

BH XD w(ET)NEETS
e X=WwHEEFNDREIZTIEE

. E X(SVUT)HEZETEE(reachable) T B &
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

7.1.1. Remove useless symbols
[Definition] For a grammar G=(V,T,P,S),
« Symbol X (€VUT) is generating 8
There is a derivation X = w for some weT*
Note: X can be w

def
« Symbol X (€VUT) is reachable S

There is a derivation S = aXpB

* Useful symbol = generating & reachable symbol
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DO—Q0DIE:
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7. 1. Normal forms for CFL
(Chomsky Normal Form)
7.1.1. Remove useless symbols
[Outline of Algorithm] For a CFL G=(V,T,P,S),

(D Remove non-generating symbols
@ Remove non-reachable symbols

% We cannot exchange (M and @).

[Ex] S—AB | a, A—b D—Q2: 2—-Q):
@: remove ‘S—AB’, @ has no effect
Generating: S, A, a, b and we have @: remove ‘S—AB’,
Reachable: S, A,B,a,b  S—a& A—D and we have
) S—a [AZH.
just S—a. 12/54

A and b are useless



7.1.1. R EE 5 (useless symbol) D& &
[EIH] CFG G=(V,T,P,S) IZBWWT.L(G)Z D LT 5,
1. GHERMITEWREEZESLHL, TDEEFE. TDEEE

2 CHRAZHIBRT 5, BRELTHEONSIXET
G,=(V,,T,,P,.S)&T %,

2. G, CHIZFEMEETRHWRETZHRET D, faRELTHRLN
B3 E%EG,=(V,,T,,P,,S)ET 5,

CDEEGITE

it B ZE2%9 . L(G)=L(G)TH 5,

*L(G)ZD&KY. G, G, DHIREEEILS DEETH S,
* ERRITEWE S ORI ZEREETHWVWESTZEHIPDT
RDOFHM, EWNVSEIEER,
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7.1.1. Remove useless symbols
[Theorem] Let G=(V,T,P,S) be a CFG with L(G)#= .

1. Remove all non-generating symbols and the rules
containing them if G contains. Let G,=(V,,T,,P,,S) be the
resultant grammar.

2. Remove all non-reachable symbols in G,. Let
G,=(V,,T1,P4,S) be the resultant grammar.

Then, G, contains no useless symbols and L(G)=L(G,).

% Since L(G)# ®, the start symbols of G, and G, are still S.
Y We will consider how can we find those symbols, later.
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7.1.1. R EE 5 (useless symbol) D& &
[EIH] CFG G=(V,T,P,S) ICBWLZ\T.L(G)#d LT 5,
1. GHLERITIEWESE, TDREZESTRAIZHIRR
95, faRELTHEONDSEE G,=(V,,T,P,,9¢,T 5,

2. G, CHIZEM[EETRHWRETZHRET D, faRELTHRLN
B3 EEG,=(V,,T,,P.,S)ET S,

CDEEGIFBALREETZEFT . L(G)=L(G,)TH b,

[ BH (HEER)]
@ V,UT, DEZEDESXIFEMMITELEMRETHI I L.
@ L(G)=L(G)&AtETREILELLY,

@ X1 THREINGEHSTZDT. G TERM,
L=M>T G, THERMM, &2 T G, THAERH,
F1- 2 THRESNGMNOT-D T, G, TRZEMEE,
L=A>T G, THEIERGE, K> T XX G, THEH.
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7.1.1. Remove useless symbols
[Theorem] Let G=(V,T,P,S) be a CFG with L(G)#= .

1. Remove all non-generating symbols and the rules
containing them if G contains. Let G,=(V,,T,,P,,S) be the
resultant grammar.

2. Remove all non-reachable symbols in G,. Let
G,=(V,,T1,P4,S) be the resultant grammar.

Then, G, contains no useless symbols and L(G)=L(G,).

[Proof (Sketch)] We show
M Any symbol X in V, UT, is generating & reachable, and

@ L(G)=L(G)).

@ Since X was not removed in step 1, that is generating in G,
and hence so is in G, . Thus X is generating also in G,.
Since X was not removed in step 2, that is reachable in G,,
and hence so is in G,. Thus X is useful in G;.
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7.1.1. R EE 5 (useless symbol) D& &
[FEI] CFG G=(V,T,P,S) [TBL\T.L(G)# D LT 5,
1. GHoEMMITLHEWESE, ZORSTSTHAAZHIRR
95, faRELTHEONDSEE G,=(V,,T,P,,9¢,T 5,
2. G, CEERGRETLHVRSZERET S, BRELTHRELN
B3 EEG,=(V,,T,,P.,S)ET S,
CDEEGIFBALREETZEFT . L(G)=L(G,)TH b,

[RIEBA (1L RE)]
@ V,UT, DEZEDESXIFEMMITELEMRETHI I L.
@ L(G)=L(G)&%B L% L(G)SL(G)EL(G,)SL(G) TRY

@ L(G)ESL(G): RAIZHIBRLTLSEIFED T, L(G,)SL(G) B,
L(G)SL(G): EED WEL(G) N WEL(G,)) &= &&ETT,
REKY. S=w EGD, COEBHFERTENSESIET AT
E R THOIETEETHED T, COBEH L G, DEHELTE
BNTHD, LI=h-T SE*TW ThY.weL(G,),
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7.1.1. Remove useless symbols
[Theorem] Let G=(V,T,P,S) be a CFG with L(G)#= .

1. Remove all non-generating symbols and the rules
containing them if G contains. Let G,=(V,,T,,P,,S) be the
resultant grammar.

2. Remove all non-reachable symbols in G,. Let
G,=(V,,T1,P4,S) be the resultant grammar.

Then, G, contains no useless symbols and L(G)=L(G,).
[Proof (Outline)] We show

(D Any symbol X in V, UT, is generating & reachable, and
@ L(G)=L(G,) by proving L(G)SL(G,) and L(G,) SEL(G).

@ L(G)<SL(G): Since rules are just removed, hence L(G,) S L(G) is clear.
L(G) & L(G,): We show any wEL(G) satisfies wWEL(G,).
By assumption, Sﬁw. All symbols appearing on this derivation are
generating and reachable. Hence the derivation is also available in G,.
Hence S%lw, and weL(G,),

18/54



7.1. XIkEHSEDEER
(ChomskyiZ £ %)
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

7.1.2. Computation of [generating symbols] & [reachable
symbols]

1. Generating symbols:
1. ForaCFG G=(V,T,P,S),

1. Base: Each element in T is generating (since it generates itself). Hence,
the set GS of generating symbols is initialized by T; GS =T

2. Induction: If all symbols in « is generating in a rule A— o/, we update
GS:=GS U {A}.
Note: It is applied for =€ .
3. Repeat step 2 while it can be applied.
[Theorem] The algorithm surely computes the set of generating symbols.

[Proof (Sketch)]

Only generating symbols are added to GS.
Any generating symbol is added to GS.




7. 1. XAkEESEDIEER
(Chomsky1Z#E %)

7.1.2. [£

= IS EE T E[BIE R RS EE B DET R

Ak

2. EI
1.

[BSEE] 2

EDEERRELEEFE RSICMALONSZE

ERRELEEEDETE

G=(V,T,P,S)IZxL T,

1. ERE:SIEEAIOEDANEERRE, K2 T RS :={S} &
HA1k

2. JHIN: AEVUTTANEZERgERG S, FRE| A~ a THH TN
TH aFDEEEIXEHEREE, DFEY
RS=RS U {a}forallain «.

(F] LD AU LA E AR S EHAT 5.

o

ZERIREFREZZH A RSICMADNDIE [ma
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

7.1.2. Computation of [generating symbols] & [reachable
symbols]

2. Reachable symbols:

1. ForaCFG G=(V,T,P,S),
1. Base: Since S is reachable from S to S, initialize RS := {S}.

2. Induction: For reachable A€V UT, all symbols in « forarule A— «
Is reachable. Namely,

RS:=RS U {a}forallain «.

Note that & can be €.
3. Repeat 2 while it can be applied.

[ Theorem] The algorithm surely computes the set of reachable symbols.
[Proof (Sketch)]
Only reachable symbols are added to R.S.
Any reachable symbol is added to ‘R.S.
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7.1. XAkE B S EDIZER
(ChomskytiZZE#2)

7.1.2. [£ERBITGEE B E[ZIZER GG EB|DETE
ik
{5) G=(V={S,A,B}, T={a,b},P,S) T
P: S—AB|a, A—b
e HHMEEEDIE:
1. ablXHERH],

2. A—b &Y A TERBY, S—a &Y S [THEREY,
".GS5={S,A,a,b}

G,=({S,A},{a,b}P’,S} TP S—a, A—b &35,

o E|ER[RELEEEDEE:
— SIXEE
- S—adkt 23/54
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

7.1.2. Computation of [generating symbols] & [reachable
symbols]
Ex) For a CFG G=(V={S,A,B},T={a,b},P,S) with
P: S—AB|a, A—b
Computation of generating symbols:

1. aand b are generating.

2. A—Db implies that A is generating. S—a implies that S is generating.
-.GS5={S,A,a,b}

We have G,=({S,A}{a,b},P’,S} with P: S—a, A—b.
Computation of reachable symbols:

— Sisreachable.
— S—aimplies that a is reachable. .". RS={S,a}

We have G,=({S},{a},P",S) with P”": S—a.
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7.1. XAkE B S EDEER
(Chomsky#1Z#Efi2)

7.1.3. € -FREIDRE

BiE: TEEBLACFLES ., L—{ e Y2 E /KT 5 ¢ -3RAIZHET-
HUWCFGHIFET DI EETT,

o e -FRANEEREZA KEM TG, (FILT X LY
R L LTULDIF >SS EE)

+ EEBUFTHELOSLTHREALLEZVLOTHNIL, F#ELL
L7= CFG G=(V,T,P,S)IZ S— & ZHIs HIZBmMmdT hifk
LY,
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

7.1.3. Remove & -productions

Goal: We show ‘for any CFL L, there is a CFG that generates
the language L—{ € }, and it has no & -productions.’

e & -production is useful, but it is not essential for languages.
(From the algorithmic viewpoint, handling € -production is
troublesome.)

* You can add the special rule ‘S— €’ to the standardized
CFG G=(V,T,P,S) as an exception rule to add &€ to the

language.
26/54
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7.1. XkB B S iED1R:
(Chomsky1Z#E#2)

7.1.3. € -FRBIDFRE f
(%] A HSEETEE(ullable) © AS &

i

SHERRELEHMEKRDHTILI) X L:

[ ]A—>£ b\GOD%EEIJ&in AlXEEFTRE,

[JF#H] B—C,C,...C.AGOHRAIT, I RXTHCHHETEE
f&bB(i/ﬁi_.rﬁbo

[EE] EEROT7ILIA)XLIFELSEERIGELSE S ZETE I 5,
[BZEILE]
SHERIRELGEESEITNRDIToNDZE(RONBIEEICET 2IFHE)
EDHEHERRLGESHERONSGIE(EHDREIIZCET SIFMNE)
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

7.1.3. Remove & -productions
— . _ def
[Definition] A nonterminal A is nullable & ASe

Algorithm for finding nullable rules:
[Base] A is nullable if A— € isarule of G.
[Induction] B is nullable
If B—C,C,...C, is arule of G, and all C;are nullable.

[Theorem] The algorithm surely computes all nullable nonterminals.

[Proof (Sketch)]
Only nullable nonterminals are found (induction for the order of found)

Any nullable nonterminal is found (induction for the number of derivationsz)S/54



7.1. XAREHASEDIEXERS

(ChomskyiZ ££ %)

7.1.3. € -FRBIDFRE .
[E2] ZTHA ASEETEE(nullable) & AD ¢

SHETRELRE#MEZ RD=HE. ¢ - BFAZESFLLESE
BT S

* EHANEETEETEH, ADwW EWSHBRIZETLENH S

[7AT 7] BEARELGEHAICKHLT, FIZIE

B—CAD, A— ¢, (AIZEE9 2t #FAI)
ELVSFRANE

B—CD, B—CAD, (A— ¢ [ZHIR), (AIZBEE9 5t DR AI)
IEFMZAONELHD,

~ 3
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

7.1.3. Remove & -productions
— . _ def
[Definition] A nonerminal A is nullable S ASe

After finding all nullable nonterminals, we construct a CFG
that contains no € -productions:

% We have to remain the rule A=w even if A is nullable.

[Idea] For a nullable nonterminal A, for example, we have to replace
B—CAD, A— &£, (Other rules for A)
by
B—CD, B—CAD, (Remove A— € ), (Other rules for A).
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7.1. XIkEHASENE:
(Chomsky1Z2#E %)

7.1.3. e -FHEIDFEE o
[E5] A ASEETTRE(nullable) © AS ¢

HETRRGERZRO-HE. ¢ -RAZEFLRVEE

BT B!

1. A—=XX,.. X (kZ1) Z P IZET HFRAIEL.
M=K{EDXHHERIGETH21=LT 5, 2D
EE2"BYDAIREIEXDEEFEETEAZ.
NoDRAZIT NTEMT S,

2. A— e DIZORATT NTHIFRT S

i

~ 3
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

7.1.3. Remove € -productions
— : : def
[Definition] A nonterminal A is nullable S AS¢

After finding all nullable nonterminals, we construct a CFG
that contains no € -productions as follows:

1. Let A—XX,...X, (k=1) be arule in P such
that m=k X:s are nullable. Then, we apply all
possible 2™ ways to remove X:s, and add them
as new rules.

2. Remove therule A— €.
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(ChomskyiZ ££ %)

7.1.3. e -FHEIDFEE
SEETMBEL T HERDO-HE. ¢ HAEZESFEHOES
¥R T A%

1. A—=X X X (k=21 ZPIZETHHRAIEL. m=KkED
XHDVHERIBETH 26T b, cDES, 2MEY DAIREZLR
XDBEEAEEEZ. CNDORAZINTEMT D,

2. A— e DOROHRAITT XTHIFRIT S

[EIE]|CFG GO EENT7ILIYXLTe -FREFZEFL
LN CFG G, 19 5&. L(G)=L(G)—{ e }TH5,

[GEEA] BB
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

7.1.3. Remove & -productions

After finding all nullable nonterminals, we construct a CFG
that contains no € -productions as follows:

1. Let A—XX,...X, (k=1) be arule in P such that m=k
Xis are nullable. Then, we apply all possible 2™ ways to
remove X;s, and add them as new rules.

2. Remove the rule A— €.

[ Theorem] For any given CFG G, construct the CFG G,
without € -production by the algorithm. Then we have

L(G)=L(GC)—{ €}
[Proof] Omitted.
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7.1. XAREHEEDEER

(ChomskytZ£E#2)
7.1.3. € -FRB|DIFRE ATy F2: ARDRADE=HZ

{51]) %8 8l HY g S;Ai S—B. S—AB
@ i:?uiBl ] > A—adB
& B—bBB| € 5 Bi—b>§|,3A—>aA, ATas ATaAB
DA B—b, B—bB, B—bBB
ATYI1L ATV T3 RARHITIRE

HEARREHERDOITS

S—A|B|AB
é:/fB’ b€ "'Q’B A—a|aA | aB|aAB
' B—b | bB | bBB

.SABIEHETRIREE #
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

7.1.3. Remove & -productions

Ex.) For the rules Step 2: Replace rules:
modified S—AR » S—AB
sample A—aAB | & S—A, S—B, S—AB
in text B—bBB | ¢ > A—aAB
A—a, A—aA, A—aB, A—aAB
» B—bBB
B—b, B—bB, B—hbBB
Step 1:
Find all nullable nonterminals:  Step 3: Final rules:
A—e ,B—¢€ ...AB S—A|B|AB
S—AB .S A—a|aA|aB | aAB

.".S,A,B are nullable. B—Db | bB | bBB
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7. 1. XARE B E 5B DRER
(ChomskytZZ£E#2)

7.1.4. BEAFRBIDRRE

A—BD Rz D E413R Bl (unit production)ZfrET HE=.

« A—B,B—C,C—A tlL\of-. BRI —ANH S

+ A—BC,C— e 1D ADB Y53

DT BIZERBEALTHIBRT AT TIIOEIMIEWNZEAH S,
[#f] TEABAIEITEE-T ADB £45<F(AB)]
(BERLART (unit pain) EMER)E LT D HETIRTRDITS:
[BEE EQOZHAIZDWVNTHAA)IFEERT

[IE4H] (AB)YMNEFRTDEE,
BoCHOEAIIRAILS (A C)BLEAERT

37/54



7. 1. Normal forms for CFL
(Chomsky Normal Form)

7.1.4. Remove unit productions
When we remove unit production A—B, we have:
« Cyclic case: A—B, B—C, C—A
+ It can be ASB when A—BC and C— ¢
Hence, ‘simple expansion and remove’ do not work.

[Preparation] We first find all unit pairs, which are pairs (A,B)
such that A=B by only using unit productions:

[Base] (A,A) is a unit pair for any nonterminal.

[Induction] For a unit pair (A,B), if B—C is unit production,
(A,C) is also unit pair.
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7.1. XARBHEZEDEETR

(ChomskytZZEH2)

7.1.4. BARRAIDOKRE
[#f] TEABAIEITEE->TADB £45XF(AB)]
(ALY (unit painNEMES)Z LT D AETIRNTRDITS:
[ EDQOERAIZDODVTHAA)TEFELRT

[1E5R] (AB)DEERTDEE,
B—oCHAVEAIFRAIGS(AC)HEMNRT

[EHE]|CFG GTLREDTITURXRLTTRTHOHERMERT
FRDOITBHIENTES,

[ERA] & HS

39/54



7. 1. Normal forms for CFL
(Chomsky Normal Form)

7.1.4. Remove unit productions

[Preparation] ¥Ve first find all unit pairs, which are pairs (A,B)
such that A=B by only using unit productions:

[Base] (A,A) is a unit pair for any nonterminal.

[Induction] For a unit pair (A,B), if B—C is unit production,
(A,C) Is also unit pair.

[Theorem] For any CFG G, the algorithm finds all unit pairs.

[Proof] Omitted.
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7.1. XAREHASEDIEXERS
(ChomskyiZ ££ %)

7.1.4. BRIFRBIDFRE

[E G RR A DFRZE]
1. BRRTZEIANTRDITS
2. IRTD
o H{HIART(AB)
o HAIRAITIEAZLRAIB— «
IZX LT, RAA— aZEMNT S
3. BARAIZHIFRT S

[EI] CFG Ghb LD T7ILT) X LTHEAKRAZFEE
IFLNCFG G, ZHER 9 5 &, L(G)=L(G)TH %,

[EEEA] BB
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

7.1.4. Remove unit productions

[Remove unit productions]

1. Find all unit pairs

2. For all possible
e unitpair (A,B)
e non-unit production B— o
add the rule A— «.

3. Remove all unit productions.

[Theorem] Let G, be the CFG obtained from a CFG G by
the algorithm. Then, we have L(G,)=L(G).

[Proof] Omitted
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7.1. XAkE RS EDIZEER
(ChomskytZZEiZ)
o =
7.1.4. BREE|DBRE ;;T vJ2: BINT ANSHRA
: (F,)&Y
) $RAIH S
| —a|(E) > (E,F)&kY
F—=FXI|I E—F X |
E—E+F|F > (E,&Y
DX E(RE—EEILE) E— a|(E)
A7 UL 25973 BB
BRTERDITS T a@
F—1, E=F ... (F1), (E,F) FFx1|a|(E)
SHIZ(ED ¥

— E
(R, (EF), (ENDEEXT E— e |lml i)
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

7.1.4. Remove unit productions Step 2: rules should be added

: > (F,I) implies

Ex) For a grammar with rules ( )FI_)pa | (E)
| —a|(E) > (E,F) implies
F—FXxI|I E—>FX|
E—E+F|F > (E,1) implies

(start symbol; E) E—a|l (E)

Step 1:
Find all unit pairs
F—I, E—F ... (F,0), (E,F)
and (E,I) Is.
.(F,1), (E,F), (E,I) are unit pairs.

Step 3: Final rules
|—a | (E)
F—FXIl]|a]|(E)
E—E+F|FXI|a]|(E)
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

7.1.1~7.1.4. Summary

[Outline of Simplify Algorithm]

Perform the following operations in the following ordering,
1. Remove & -productions

2. Remove unit productions

3. Remove useless symbols

we have the following theorem.

[Theorem] Let G be a CFG that generates at least one word
except €. Then, the CFG G1 obtained from G by the algorithm

satisfies (1) L(G,)=L(G)—{ € }, (2) no & -productions, (3) no
unit productions, and (4) no useless symbols.

[Proof] Omitted (Note that the ordering is crucial.) 46/54



7.1. XARBEHEZENDEER

(Chomsky1ZZEF2)
AB,C: EfRimEE B
i ppza s
7.1.5. Chomsky 124 . OELLL (3t 5

A—BC

A—a

1. F3aLRF—(Chomsky)tEZ 2
ROZDODERBAILMNEELLN: {

711.~714.0FED: Bfti{kLT=CFG G (%
A— & EA—BDEDOIRAIEXEFELLY

Bifli{b L= CFG G=(V,T,P,S) M#RAI P (&
(1) A—a X. € VUT
(2) A=XXo X 1S,

DDA DAHZEED,

CNZChomskyDEZERIZEIRT S,
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

A,B,C: Nonterminals

a: terminal
7.1.5. ChomSky Normal Form @ : 0 or more nonterminals
1. Chomsky Normal Form
] _ A—BC
« consists of the following two types: A—q

7.1.1.~7.1.4. Summary: Simplified CFG G has no rules
with form A— € and A—B

Simplified CFG G=(V,T,P,S) has the set of rules P,
which has just two types of rules:

(1) A—a <JOK) [ x evuT
(2) A= X X,... X, l (>0
We modify them to Chomsky Normal Form.t ~—
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7. 1. XAIkEHSEDIRER
(ChomskytZZEH2)

A,B,C: IEXRiImEE B

a: RImEe &
7.1.5. Chomsky 1Z##2 a: OfE L E DI IEE S5

1. F3aLRXF—(Chomsky)tEZ 2 {

A—BC

A—a

« RDZODEFBKAILAEZFLRLY:

X:eVUT
(2) A—X,X,...X '
17\2 k kZZ
[FEL] X AN &imEEBats s, - IERIGEEEX ZEAL,
A—=X Xy X XX X
Xi'—a
T 5, COMBEITARTOXITEBALTIRNILEDITMASLE...

(2)) A—>X1X2...Xk{ Xif v
k=2 L1355, 49/54




7. 1. Normal forms for CFL
(Chomsky Normal Form)

A,B,C: Nonterminals

a: terminal
7.1.5. ChomSky Normal Form @ : 0 or more nonterminals
1. Chomsky Normal Form
: _ A—BC
« consists of the following two types: A—q
(2) A=X.X,..X, 4 Ki EVUT
k=2

[Step 1] If X is a terminal a, make a new nonterminal X", and add
A—=X XKoo X X Keg o X
Xi'—a
After applying the step to all X;, relabel them, and we have...

(2) A=X,X,.. X 4 N EV

s AT
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7.1. XARBEHEZENDEER

(Chomsky1ZZEF2)
AB.C: FiRimiC 5
3
7.1.5. Chomsky 1222 Z%O;Iﬁﬁlﬁuzméli%&‘ﬁ”ﬁﬁ

A—BC

A—a

1. F3aLRXF—(Chomsky)tEZ 2
o RODZODEMIRBILMEEELN: {

(2)) A—>X1X2...Xk{ X €V

k=3
[FIR2] #i- IR IHEEDYLY, . Y EEAL,
A—X,Y,
Y12 Koo Yo XgYa s Vg™ Xy Vi
Y2 XXy
ET B,

N TTRT Chomsky DIEEHDELLNDALTIZEMTET-,

=5l
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

A,B,C: Nonterminals
a: terminal

7.1.5. ChomSky Normal Form @ : 0 or more nonterminals
1. Chomsky Normal Form ABC
o consists of the following two types.{ A—q

; X. eV
(2) A=XX,.. X 4 N
1722 k k;3

[Step 2] Make new nonterminals Y,,Y,,...,Y,_,, and rewrite
A—X,Y,

Y12 KoY Yo XaYa s Vg™ Xy Vi

Yo X1 Xy

Now all rules are one of two types in Chomsky Normal Form.
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7.1. XAREBHA S5 D1E:
(ChomskytZ#E %)

AB,C: EfRimic &
a: Rimic =
7.1.5. Chomsky 1R ft o OfE LLE ) 3ER 125 2 5

1. FaLRAF—(Chomsky)iZ#EH {A—>BC

ROZDODERBRALNEFTGLY: Aoa

[EED]EED CFLLICHLT. L—{e}YF&E/RT S
ChomskyiZZ#RH, D CFG M FEET 5.

7~

[BETF]EEDCFLLIZHLT. L—{e}Y=r&ErT S
GreibachiZ#E2 D CFG M\ 1FHET B,

(R R T CEMTES, )
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

A,B,C: Nonterminals

a: terminal
7.1.5. Chomsky Normal Form 500 ) G e rErErT Al
1. Chomsky Normal Form
. _ A—BC
« consists of the following two types: A—sg

[Summary] For any CFL L, there exists a CFG of
Chomsky Normal Form that generates L—{ € }.

[Note] For any CFL L, there exists a CFG of Greibach
Normal Form that generates L—{ € }.

(Similar constructive proof is given.)
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