7. XAREHRSENME

XIREHEAOEEY e
2. XIREBEEOREMFE - XA B
) L={ 0M"2" | n=0 } I[XCFLTIXALY - FaTSLIZkD
3. XiREHBEEOHaM o
- BRIIRDS
H) L={ 0"1"2" | n,m=0} % L,={0"1"2" | n,m=0 P S T
) L11FELZI1CF|ITQIIKI}L‘0 R
4. XIRBBEEDREME
- FEMRREESERIEITD DY, BHTIEEND)
- REFHLGEELHD
o Bzbht- CFG [FEBEEA 2
«  Bxibhf- CFL IEAEMICERM 2
« ZO0OCFLRZHLLM?

=

1/54

7. Property of Context Free Language

« Simple parse tree
1. Normal Forms for CFL « Easy for

2. Pumping lemma for CFL programming
Ex) L={ 0"1"2" | n=0 } is not CFL. * Simple proof for
3. Closure property of CFL theoretical results
Ex) While L;={ 0"1"2" | n,m=0} and L,={0™1"2" | n,m=0} are CFLs,
L,NL,isnotaCFL.
4. Decision problems for CFL

— Membership problem can be solved efficiently (but not so
simple...)
— Undecidable problems
Is given CFG ambiguous?
Is given CFL inherently ambiguous?
Are two CFLs the same language?
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7.1 XARBEHEEDIZER

AB,C: EfRIREEH

_ \ a fRigEs

> ZOMIEZ#ER o OfELL E DIEEIERE S
ROEFBAILHSELL: Aoad

1. F3LRF—(Chomsky)iZ#ER
. m@:owiﬁmauLﬁxazm\{ﬁ_’m
=> 38 H R DT AVE i

2. 'S4 \ys\(Greibach) B4 -

= BHOEIH=BOES

[EE]FE®DO CFLLIZHLT. L—{e}=4ERTS
FhZhDIZERD CFG NEET 5.
(ERICHERTIENTED,)
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7. 1. Normal forms for CFL

A,B,C: Nonterminal
a: Terminal

» Two major normal forms @: 0 or more nonterminals

1. Chomsky Normal Form
{A—>BC

« consists of the following two types: A—a

= Simple parse tree

2. Greibach Normal Form
« consists of the following type: A—a o/
= number of derivations = length of the word

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

forms that generate L—{ € }. -

(Constructively proved)

7.1 XAIRBHEZEDIZER
(ChomskytZ#£ %)

> CFGICBELT.HRLGFE
1. #ER7E85 (useless symbol)DERZE:
B S S i i S5 IR A SR S DRI AR ET S

2. & -38](€ -production) DR ZE:
A— e DRORAIERET S

3. BAGFRA|(unit production) DR Z:
A—BORDHRANZERES S
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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 XREHREEDELER
(ChomskytZ#£ )

7.1.1. #4505 (useless symbol) DER 2=
[E %] X% G=(V,T,PS)IZHBULT. ot
« BB X(EVUT) BB H(useful) THD
HHSSD aXB Sw(ET)HHFELETS
o S=aXB(DFEYS=X) ® aXB=wHEFLIHRITEE

o EE X(EVUT)AER (useless) TH S g
XHE AT

7154

7. 1. Normal forms for CFL
(Chomsky Normal For

7.1.1. Remove useless symbols
[Definition]
For a grammar G=(V,T,P,S),
e Symbol X (EVUT) is useful ¥
There exists a derivation S = aXB = w (€T
« Note: Scanbe aXp (or S=X), and @ XA can be w.

def o, -
«  Symbol X (EVUT) is useless & Xis not useful.
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7.1 XAREHREEDELER
(Chomsky1Z#E %)
7.1.1. #7505 (useless symbol) DBR 2=
[ ] X% G=(V,T,P,S)IZHLT. ot

+ FEE X(EVUT) AR (generating) THD =4
B XD w(eT) NEETS
- XwABELBAICEE

. EE X (SVUTSEE AL (reachable) T S
WSS axB NEETS

* ARSI DEIERIAE

9/54

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 (EVUT) is generating g
There is a derivation X = w for some weT*
* Note: X can be w

def
« Symbol X (EVUT) is reachable
There is a derivation S = axXp

Y Useful symbol = generating & reachable symbol
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7.1 XARE B EZDIZER
(ChomskytZ#Eft5)
7.1.1. #7505 (useless symbol) DBR 2=
[7 LT R LDOBEE] 30E G=(V,T,P,S)IZHENT.
D £ERMTHRWESEKRETS
@ BIEMEETRHRVESERET D
*DEQIFIEFEANE X DESELDELY

S—AB|a, A—b D—QnIE: @—-DOnIE:
i . DDHER QDIHERIEITE

'S—AB #RREL, ODHER

S—a, A—b &1i5,
Q@DHER.

S—a#H5,

ERE:S, A a b
Z;ETHE: S, A, B, a,b

ADbI3#EH

‘S—AB’ ZBREL .

S—»a,; B,
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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),

@ Remove non-generating symbols
@ Remove non-reachable symbols

* We cannot exchange D and @.

[Ex] S—AB | a, A—b D—@: @-:
@: 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—b and we have
: S—a,
just S—a.

A and b are useless
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7.1.1. #7550 B (useless symbol) DFR
[EH] CFG G=(V,T,P,S) IZBL\T.L(G)Z= D LT B,
1. GHERMTRVWEBZETHL. ZDREL. TOR
ZETHBZHIRT %, BRELTEONDEE
Gy=(Vy, TP, S)EF %,

=
=

2. G, CHEWRTRVESZERET 5. ERELTHLN

B3EEG,=(V,,T,,PL.S)ET B,
COLEGIFEALGESEEFET. L(G)=LG)TH 5,

*L(G)# P LY. G, G, DEIRERILS DFEETHD,
kA THEVEEOEEARETHVETEESIP>T
BOtah., EWVSEIdki,
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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,,T;,P,,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.
* We will consider how can we find those symbols, later.
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7.1.1. #7505 (useless symbol) D BR 2=
[EH] CFG G=(V,T,P.9) IZBL\T.LG)= D ET S,
1. GHLEMMTHEVESE, TORSEELRAZEHIER
T 5. FERELTHEONDIEE G,=(V,,T,P,9)ET B,
2. G, CEIEFBETHRVESZERET D, BRELTHESN
B3EEG,=(V, T,P.S)ET B,
COLEGIFERALGRETEEET . L(G)=LG)TH 5,

[REEA (HERE)]
@ V,UT, DIEEDREXZERMCIZTEETHDILL.
@ L)=L(G)ELBIEEREF L,

D XIF1TRESNENSE=DT, G TERM,
L=m>T G, THAEMM, £oT G, THERM,
£ 2 TRESIEMO-DT. G, TIEAHE,
LtzhtoT G, THEEMEE, &> T X £ G, THA.
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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,,T;,P,,S) be the resultant grammar.

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

[Proof (Sketch)] We show
@ Any symbol X in V, UT, is generating & reachable, and
@ LG)=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,.
16/54

7.1.1. #7505 (useless symbol) DBR 2=
[FE#] CFG G=(V,T,P,S) IZBL\T. L(G)= P LT 5B,
1. GHLEMMTHEVESLE, TDORSEELRAZEHIER
T 5. FERELTHEONDIESE G,=(V,,T,P,9)ET B,
2. G, CEIEFBETHRVESERET S, BRELTHESN
B3EEG,=(V,,T,P.S)ET B,
COLEGIFERALGRETEEET . L(G)=LG)TH 5,
[IE A (18R 8%) ]
D V,UT, DEEDREXITERM TR EARETHD I LL.
@ L(G)=L(G)EtBHIEE L(G)EL(G,)EL(G)EL(G) TR

@ L(G,)SL(G): RBIZHIBRLTLAEITED T, L(G,) SL(G)IZEMHA,
L(G)SL(G,): ERD wEL(G) K WEL(G,) ElT=§ CEETT,
RELY. S2w &b, COBBRPTRNIETIFTAT
EFMTHDEEARETHEOT, COEEIE G, DBEHELTE
BMTHD, LI=htoT Séw 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,,T;,P,,S) be the resultant grammar.

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

[Proof (Outline)] We show
@ Any symbol X in V, UT, is generating & reachable, and
@ L(G)=L(G,) by proving L(G)EL(G,) and L(G,) EL(G).
@ L(G,)SL(G): Since rules are just removed, hence L(G,)SL(G) is clear.
L(G)EL(G,): We show any wEL(G) satisfies wEL(G,).
By assumption, S=w. All symbols appearing on this derivation are

generating and reachable. Hence the derivation is also available in G,.
Hence S%w, and WeL(G,)o
1
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7.1. XARE B SEDERER
(ChomskytZ#E 1)

712 [ERBEEBE[FERREL L B|NHE
Bk
1. ERMRSOHE
1. G=(V,T,PS)IZxtL T,

1 EETORERIERMBERIEERTHDT), £2T
ERMRESDERE 6S& T THHIL; 65 =T

2. JEH: RA A—a D a PDRSMNT R TERMES,
G§:=GS U {A}

EE WS TOve Py dNER IR R
[REFE] £ REVRRESZITAY GS ITMA BN HIE
EDERBIBESE GSICMALNEIE
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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 o is generating in a rule A— a/, we update
G8:=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. 054

7 1 IHIRE EE =] nl:la)*gg—ﬁﬁ/
(Chomsky#i—‘;_i"iﬂ,)

7.1.2. [ERMGRS]E[EE
Ak

2. FENREGRERDFE
1. G=(V,T,PS)IZxfLT.
1. BB SEBEADSEPANFIZETEE, &K>T RS :={S} &4
#1k
2. R AEVUTTADEIZETREL S, RAI A— o THHTA
TH o hOESIEEZEATEE, DOFY
RS:=RSU {a}forallain a.

(23] LRI S Ly AR AR S E AT 5,

[BEEE] BIERREARRSZHA RS ITMA LMD &
EDFEFRELRESD RSITMASNDE

E "?]o)n-l-ﬁ
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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 « for arule A— 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 RS.
Any reachable symbol is added to RS. 20/54

7.1. XAREHEEDELER
(ChomskytZ#E#2)

702 ARG R B L[EERELGEBIDEE
ik
5) G=(v={S,A,B},T={a,b}P.S) T
P:S—AB|a, A—b
. ERMESOHE:
1. ablEEmRH,

2. A—b &Y A IZERE, S—a &Y S [(FERMK.
.GS={S,Aa,b}

G,=({S,A}.{a,b},P',S} T P: S—a, A—b &%,

o IEVREARESDARE:
— SIZEIE
— S—ad&kl
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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—b implies that A is generating. S—a implies that S is generating.
..GS={S,Aa,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 XREHREEDELER
(ChomskytZZE )
7.13. e -FRAIDRE

BiZ: TS EBLACFLAD, L—{e Y24/ % ¢ -iRAZEE-
HWCFGAFHET HITEETRT,

o e-RBIIEREN. REMTEEL (FILTVXLE
BEDDFROAITF>ISEE)

e EEEBUEBELESLTHLRELEVLOTHNIE. 2L
L1= CFG G=(V,T,P,S)IZ S— € #fIs B BT L&
LYo
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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.’

« & -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.
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7.1 XAREHREEDELER
(ChomskytZ#Ef2)

7.1.3. e -HRAIDKRE
(5] ZTHA AEETEEOullable) S AS &

HERRELREHE RO DT ILTUX L

[EFE] A— e NCORAIESIE, AIXEERTEE,

[/@#H] B—C,C,...C I GDHRAIT, TRTDHCHHETEE

BBIXHETTHE,
[EHE] LEOT7ILITIVXALEELGEETREGESZHET 5,

[&EE]
SHERRERRE S INRDITENBIE(RONSIEEICET 2RHE)
EDHETREATEELRONDIE(EHORSICET 3IRHE)
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

7.1.3. Remove ¢ -productions
o . . def x
[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,...Cisarule 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)g/54

7.1 XAREHREEDELER
(ChomskytZ#Ef2)

7.1.3. e -HRAIDKRE
(5] ZTHA AEETEEOUllable) S A &

HEFIREGEREROHE. e -RAUEZEFRIEE
BT %

* EHALEEREETH, ADW EVSHRBIEETVRENHS

[7AT7]BETREAERAICKHLT, FIXE
B—CAD, A— ¢, (AIZBS 9 5 fth D #RAI)
ELSFRANE
B—CD, B—CAD, (A— ¢ [ZHIER), (AIZEAT Sth D #RAl)
ICEEBRZDBLENDH D,
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

7.1.3. Remove € -productions
o . . def  x
[Definition] A nonerminal A is nullable E Ade

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

s 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 XREHREEDELER
(ChomskytZ#£ )

7.1.3. € -HRAIDKRE
(5] THA ASEETEEOullable) S A €

HEFRRELGEREROHE. ¢ -HRAZEFLVEE

BT %!

1. A=XX,.. X (k21) & P IZETHRAIEL.
M=KkEDXAHERRETH1=ET %, CD
EE 2"BYDFREGXDEEFEEER.
ChoDHAEST RTEMT 5.

2. A—e OMORAIFTRTHIBKRT S

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

7.1.3. Remove ¢ -productions
i . . def
[Definition] A nonterminal A is nullable S ade

After finding all nullable nonterminals, we construct a CFG
that contains no € -productions as follows:
1. Let A—X.X,...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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7.1 XAREHREEDELER
(ChomskyZ#£1t)

7.1.3. e -HRAIDKRE

HERRELERERDIHLE. € -RAUEEFLEE

BT EHE:

1. A=X X X (k21) # P ICB Y ZRAIEL. m=KED
XHAVHERIBETH>1-ET B, CDEE, 2MEY DATREL:
XDHEREEEZ. ChODRBNETXTEMT B,

2. A— e DEORBIFT RTHIFRT S

[E#]CFG GMB LREDT7IITIRX LTe -FRAEEEL
L)NCFG G, 29 5L, L(G)=L(G)—{e}TH S,
[FEBA] &R
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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—X;X,...X, (k=1) be a rule 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— €.

[Theorem] For any given CFG G, construct the CFG G,
without & -production by the algorithm. Then we have
L(Gy=L(G)—{e}.

[Proof] Omitted.
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7.1 XAREHREEDELER
(ChomskyZ#£1t)

7.1.3. e -HRAIDKRE 27T HRDFROEEHE

1) AN A > S—AB
S—AB S_’A, S_’B, S—AB
A—ahB| € > A—aAB
B—bBB | & A—a, A—aA, A—aB, A—aAB
. » B—bBB
DA B—b, B—bB, B—bBB
ATV =
T3 BRHAEE
HETRTREROHE 27 RRNGRA
A—e,B—e ... AB S—A|B|AB
S—>AB‘ S’ A—a|aA|aB|aAB
; e g B—b | bB | bBB
C.SABIEEE T EEE R
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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:

> S—AB

S—AB S—A, S—B, S—AB

A—anB| & > A—aAB

B—bBB | £ A—a, A—aA, A—aB, A—aAB
> B—bBB

B—b, B—bB, B—hBB
Step 1:

Find all nullable nonterminals:  Step 3: Final rules:
A—e,B—€e ...AB S—A|B|AB
S—AB ...S A—a|aA|aB|aAB

.".S,A,B are nullable. B—b | bB | bBB
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7.1 XREHREEDELER
(ChomskytZ#£7)

7.14. B RAI DR E

A—B®D Ttz D E A8 Bl (unit production)Z#BR AT 5 EE.

*«  A—B,B—C,C—A Ll otz BERMNET—ADHD

« A—BC,C—e 155 ASB E4Y53

DT, BIZERALTHIBRT 3T TIESE WD BN ENDH S,
(%] TEARBIFTEFE->T ADB ERBART(AB))
(BRI T (unit pain) EMES)ELL T D AETTRTRDITS:
[E#E] EDEHAICDOVTHAA)TEHERT

[IFfH] (AB)WERIRT D EE,
BoCANBGRANAS(AC)LEMRT srse

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
« ltcan 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 XAREHREEDELER
(ChomskytZ#Ef2)

7.1.4. BAEIRBIDRRE
] TEARAEFEFE->T ADSB EHBXT(AB))
(BALART (unit painEMER)EUT D AETIRTRDITS:
[EHE] EDEHAICDVTHAA)TEERT
[JR4H] (AB)MBEGIRT D EE,
B—CHEARAIA S (A C)HELRT
[[E¥] CFG GTLREDTZILTYRXLTTRTDEMRT
ERDOIFBIENTES,
[SEBA] 4B
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

7.1.4. Remove unit productions

[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.

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

[Proof] Omitted.
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7.1 XAREHREEDELER
(ChomskytZ#Ef2)

7.1.4. BB DR E

[BEAEIER A DR E]
1. BERF7ETRTREDITS
2. IRTO
o HRIRT(AB)
o BifFAITEAVRAIB— o
IZ®L T, RAIA- aZEBMNT S
3. BAIFAIFHEIRT S

[EH] CFG GO LD TITYXLTEMAIRAEEE
LN CFG G, 218/ 95 &, L(G)=L(G)TH 5.

[RERA] &HE
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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. Forall possible
* unit pair (A,B)
¢ non-unit production B— a
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 XARE HEEDORER
(ChomskytZZE )
714 BEIRBIOBE (AL

L
1) 330 ¢ “EE e
I—al(E) > (EF)&Y
F—=FxI|I E—F x1
E—E+F|F > (E&Y
DX (R A—EEILE) E—a|(E)
ATV = 2. B4R A
AR xTIJj:'. (in).‘[@E’miEEIJ
F—l, E=F ... (Fl), (EF) F—Fx1|al|(E)
SHIZEDH

E— E+F|FxI|a|(E)
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'.'(Frl)r (E,F), (E,')b§$1ﬁ/\°7

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

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

Ex) For a grammar with rules > (F'I)Flip:;?S(E)
I—al(E) > (E,F) implies
FoFxI]I E—F x|
E—E+F[F > (E,l) implies

(start symbol; E) E—a|(E)
Step 1: . Ei
Find all unit pairs Steplizlln(aé)rules
F—I, E—F ... (F)1), (EF)
and (E.I) s. FoPxilal®

E— E+F|FxI|a|(E)

44154

..(F.D), (E,F), (E,1) are unit pairs.

7.1 XAREHREEDELER
(ChomskytZ#Ef2)
701~7.14. F&D

[BEAET LT )X LEED]

1. e-RAZEIRTS

2. BARAIZHEIRY S

3. BARESZEMR]

EVSIEETEREERAT 5L UTOEELSFLOND,

[EX2] CFG G H' € NN DEZDIKELIDERT SHET B,
CDEELRO7ILT)RXLEBERLTIERLT CFG G, &,
L(G)=L(G)—{eITHY. ¢ -RAILHELIRA XIH=F . &A
HREBLEHEL,

[FEER] ERRGERIERF I RUITHAHIEITEE)
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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.) w65

7.1 XIREHREEDIRER
(ChomskytZ#E 1)

A,B,C:m iﬁﬁéﬂﬁ%ﬂ%
7.1.5. Chomsky 47 e

a: O LD IR ESI
1. FILRF—(Chomsky)iZ#ER

. RoO—ooERmAILraEsL: A BC

A—a
711.~714.DFEED: Effi{tLT= CFG G 1%
A— & EA—BDORZDRBITEFLLY

Bk L7z CFG G=(V,T,P,S) ®#RAI P [
(1) A—a {60 X, € VUT
@) A=XXo X s

DHOBAOHEEST, =

ChEChomskyDIZERIZLEHT B,
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

A,B,C: Nonterminals

a: terminal
7.15. ChomSky Normal Form a: 0 or more nonterminals
1. Chomsky Normal Form A—BC

« consists of the following two types:{A_,a

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 0K X, € VUT
(2) A—X X, X =2
We modify them to Chomsky Normal Form. - ==
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7.1. XARE B SEDEER
(ChomskytZZEH)
AB.C: R IREE S
. Rz e
7.1.5. Chomsky 124 a s
1. FaLRF—(Chomsky)iZ#H; ASBC
ROZDODERBAILME TR {A—n’:\
X € VUT
k=2
[FIEL] x; pMf&mEEarai, Hr-HIERHEEXEHAL.
A=X X XX Ky X

(2) A—=X,Xy... X, {

X{—a
E5 %, :a)m%!&ra)x,l:i@m LTSRILEDIINZDE.

@) A—>X1X2...Xk{ X eV
k=2 1B,

a: OfE LA E D IERIRFE S 51
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

A,B,C: Nonterminals
a: terminal
a: 0 or more nonterminals

7.1.5. Chomsky Normal Form

1. Chomsky Normal Form A—BC
« consists of the following two types:{A_,a

X, € VUT

k=2

[Step 1] If X; is a terminal a, make a new nonterminal X;’, and add
A-X Koo X X XX
X{—a

After applying the step to all X;, relabel them, and we have...

o i ie2isalinoK |

>
k=2 50/54

(2) A—=X,Xy... X, {

@) A—>X1X2...Xk{

7.1 XAREHREEDIZER
(ChomskytZ#E 1)

AB,C: JEf&IREC S
. R
7.1.5. Chomsky 1E#£ et
1. F3LRF—(Chomsky)iZ#E A—BC
¢ ROZOOAEFRAILAEALY {A_)a

y X eV
(27) A—=XX,...X i
1732 k k;3
[FE2] $i1=A2 IR IFBEYLY,, . VT EAL,
A=X,Y,
Y12 XoYa Yoo XeYa, oo Vi ™ X Yo
Yia™ X1 X '

ET %,
ChTFART Chomsky DIRERDELLH DAL T IR TES-,

a: 0fA Ll L DI IREE S5

51/54

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

A,B,C: Nonterminals
a: terminal
a: 0 or more nonterminals

7.1.5. Chomsky Normal Form

1. Chomsky Normal Form

- . A—BC
« consists of the following two types: A—a

X, €V

@) A—>X1X2...Xk{ .

[Step 2] Make new nonterminals Y,,Y,,...,Y,_,, and rewrite
A—X,Y,
Y12 Xo Yo Yoo Xg Yoo Vg™ X Vi '
Yia ™ XXy

Now all rules are one of two types in Chomsky Normal Form.
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7.1 XAREREEDIEER
(ChomskytZ#EHt)

ABC: iﬁ#@ﬂﬁ%ﬁ%

7.1.5. Chomsky 2 et
1. F3LRF—(Chomsky)iZ#E ABC

¢ ROZODERBAILASELLN {

A—a

[FEED]EEDCFLLIZHLT. L—{e}=4%/T S
ChomskytZ#f5 0 CFG NN EHRT 5.

[BEFIEEDCFLLICHLT. L—{e}2ERTS
GreibachiZ# D CFG WNETET %,
(RHRITHB R RS et TED,)

a: 0fA Ll L D IF#IREE S5
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7. 1. Normal forms for CFL
(Chomsky Normal Form)

A,B,C: Nonterminals
a: terminal
a: 0 or more nonterminals

7.1.5. Chomsky Normal Form

1. Chomsky Normal Form

- . A—BC
« consists of the following two types: A—a

[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 generatesL—{ € }.

(Similar constructive proof is given.)
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