5. XARBHESGEEEEEQ):
(FFRR5.1)

5.1. XAk B B 30;% (CFG; Context Free Grammar)
- IERIESZEIFEREELTETRLERIREENEE
TWBEXE R,
#l) L={ 0" | n=0} ... {€,01,0011,000111,...}
L={{FM O3 G MNERNTNDEEY ...
OO, (O OO, OO
% ))6N0, (O -
- HHOBBIFREDIEEITLLEDEEAD
¢ BEX(XEDANFIEE)
« HTML, LaTeX, C, ...
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5. Context Free Grammar (1):
(Text5.1)

5.1. Context Free Grammar (CFG)
— Regular language is not enough to represent some
languages
Ex)L={0"1"|n=0} ...{&,01,0011,000111,...}
L={Words with balanced parentheses} ..x
O (0. (). OO (OO,
D) O (QI(Op
— The latter example is necessary for real languages.
« complex sentences (including sentences recursively)
* HTML, LaTeX, C, ...
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5. XAREHEXEEEIEQ):
(FHFRI5.1)

5.1. Xfik B B 3% (CFG; Context Free Grammar)

5.1.1. E MBI

[El3X (Palindrome): BIA\5ERA THEAMSEHRATHRIL
Bl) FzF R0, FATHT AL BHOLNTETETHALLEG
2={0,1} m&E... €,0,1,00, 11, 000, 010, 101, 111, 0000,...
BRI, .. L={w | w=w"}

LIFERISHETRAL,

2={0,1} LOEIXDOBEIRMES:
- £,0,11F@X,
— [EX wIZ*LTOowo, 1wl [£[EX,
- COHRBTERTELDLDEITAEX,
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5. Context Free Grammar (1):
(Text 5.1)

5.1. Context Free Grammar (CFG)

5.1.1. Simple example

Palindrome: word that reads the same backwards as forwards
Ex) Madam I'm adam, rotator, Nurses run...
When £={0,1}... €,0, 1,00, 11, 000, 010, 101, 111, 0000, ...
Formally, L ={w|w=w"}

L, is not a regular language.

A recursive definition of palindromes over X ={0,1}:
— &,0,and 1 are palindromes.
— For a palindrome w, Ow0 and 1w1 are palindromes.

— There are no other palindromes.
4127

5. XARE BXGEEEEEL):
(FFAF5.1)

5.1. Xk B B 3% (CFG; Context Free Grammar)
5.1.1. ERHH
2={0,1} LOEIXDBERNESE:
- €,0,11FEX,
— [EXX wIZxLTowo, 1wl [FEIX,
- COMBITERTERLOE I AEX.
B X% 4 B9 % AR B B 30E
P—e
P—0
P—1
P — 0PO
. P—1P1

[
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5. Context Free Grammar (1):
(Text 5.1)

5.1. Context Free Grammar (CFG)

5.1.1. Simple example

A recursive definition of palindromes over X ={0,1}:
— &,0,and 1 are palindromes.
— For a palindrome w, Ow0 and 1w1 are palindromes.
— There are no other palindromes.
A CFG that generates palindromes:
1. P—e
2. P—0
3. P—1
4. P—0PO
5

. P—1P1
6/27




5. XARB HXEEFFE):
(TFAR5.1)

512 XAREHXEDER
CFGG=(V,T,P,S)
V: EM(E GRS XEHS
- BERZLIRERS
T: RIGES
- BWETHEEERTHTILIFAYL
P: &R
- Eiﬁ@ﬂﬁﬁ%~3kﬁ§ﬂﬁﬁa§&#@ﬂﬁiﬂ%®Ellil&t\’)%%iﬁifﬁﬁll0)%
)

S: iSRS
- RYICHFES SRS

ey

5. XARB HAEEEFEQ):
(TFRF5.1)
5.1.2. XARBHESGEDEE
i) L={a,+,() IR INHH}
(at+a), ((at+a)tata), (((@)))...-
BIRMEER:
1. alE=s
2. EANRAS, (BE) ® E+E B
G ={{P}{a.+.()}. A P}

L (p_,a
A:<P—(P)
P—>P+P .

5. XARE BXEESEEQ):
(TFR5.1)
5.1.3. 3EICKDEH
EERBIZEZONBEEICDNT, ..

o BIREIHER
XFFIEE=RIFRS TN Dt F i S FERIRES)

- B
RS RIS M DX FII(EE
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5. Context Free Grammar (1):
(Text 5.1)

5.1.2. Formal Definition of CFG
CFGG=(V,T,P,9S)

V: Variable (or Nonterminals,
Syntactic category)

— The symbols that have to be rewritten.

T: Terminals

—  The alphabets for the language.

P: Productions

—  Aset of rewriting rules with a form ‘Nonterminal — Sequence of
Nonterminals and Terminals’

S: Start symbol

—  The productions start from this nonterminal

8127

5. Context Free Grammar (1):
(Text 5.1)

5.1.2. Formal Definition of CFG
Ex) L={Formulas consisting of a,+,(,)}
(at+a), ((at+a)+ata), ((()))....
Recursive definition:
1. aisaformula
2. For aformula E, (E) and E+E are formulas.
G ={{P}{a,+.()} A, P}, where

P—a
A:{P—(P)
P—>P+P
27

5. Context Free Grammar (1):
(Text 5.1)

5.1.3. Derivation by grammar
For a Grammar and given word,

* Recursive inference

From the word (=sequence of terminals), we reach to the
start symbol (nonterminal)

—  Derivation

From the start symbol, we obtain the word (=sequence of
terminals)

12/27




5. XAREHEXEEEEEQ):
(TFAR5.1)
5.1.3. EICKDEH

BAfRES[=]
a DHRIZHDHIFERIMBEE— D, UECH LA
[CEDWTESHALEZITANEONDLEE o 2 B
EE GO TWWSEE (T a= B LEL

MR e>]
BB EARFIZHLTH o % a
BiF: a:_?B, Bgrfcifo, a%ro

G M2 TWBEE(TERET S,
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5. Context Free Grammar (1):
(Text5.1)

5.1.3. Derivation by grammar

Relationship [=]
We denote by o 2 B when we obtain 8 from a by
replacing a nonterminal symbol in & with a rule in G.
If G is clear from the context, we simply write &= 5.
Relationship []
Base: For any sequence, &>
Recursion: If 01%/3 and Bgr, aGér.
If G is clear, it can be omitted.
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5. XAREHEXEEEIEQ):
(FHFRI5.1)
5.1.3. SUEIC L B!

451)

Xi& G ={{P}{a+()}, P—a|(P)| P+P, P}
IZxtl.

& (a+((at+a)+a))
DEHIELTOREY:

P=(P)=(P+P)=(a+P)=(a+(P))= (a+(P+P))
=(a+((P)+P))=(a+((P+P)+P))=(a+((a+P)+P))
=(a+((a+a)+P))=(a+((a+a)+a))

PS (at((a+a)+a)) 15027

5. Context Free Grammar (1):
(Text 5.1)

5.1.3. Derivation by grammar

Ex)
Fora CFG G ={{P}{a+.()}, P—a| (P) | P+P, P},
A derivation for the word a+((a+a)+a)) is as follows:

P=(P)=(P+P)=(a+P)=(a+(P))= (a+(P+P)
= (@ ((P)+P)= (@+((P+P)+P))=(a+(@+P)+P)

=(a+((ata)+P))=(a+((a+a)+a))

5. XARE BXGEEEEEL):
(FFAF5.1)

514 REEHEFAEY
RIS A ERH OB AT, EOFRIFTENDAE
AIRAIEERT HH
REHE. oL EICHHIFRIFE SN SERARNEZER
RAEE.. £oL3BICHIIERIFTSHNSERBREZER
) P=(P)=(P+P)=(a+P)=(a+(P))=> (a+(P+P))
=(a+((P)+P))=>(a+((P+P)+P))=>(a+((a+P)+P))
=(a+((a+a)+P))=(a+((a+a)+a))

17127

5. Context Free Grammar (1):
(Text 5.1)

5.1.4. Leftmost and rightmost derivations

When a sentential form consists of two or more nonterminals,
how can we apply a production rule?
Leftmost derivation... we apply a rule to the leftmost nonterminal.

Rightmost derivation...we apply a rule to the rightmost
nonterminal.

EX) P=(P)=(P+P)=(a+P)=(a+(P))= (a+(P+P)
=(a+((P)+P))= @+((B+P)+P))= (a+((a+P)+P))
= (a+((a+a)+P) =(a+((a+a)+a)

18/27




5. AR B H3CEETEEQ):
(THAN5.1)

5.15. HHXEDEE
5% 51 1CFG G=(V, T, P, S) IZLT. G I2&>T
KHSNDHEFE L) [F
L@)={weT*|sPw}
EEETES,

SELAHD CFGG LT L(G)=L LigbLE,
L IEXARE S E&H B & CFL (Context Free
Language)&MFIEN S,

5. Context Free Grammar (1):
(Text5.1)

5.1.5. Language defined by grammar
For a given CFG G=(V, T, P, S), the language L(G)
represented by G is defined by
LE)={weT*[SPw}

A language L is called Context Free Language (CFL)
if there exists a CFG G with L(G)=L.

20127

5. XAREHEXEEEEQ):
(FHFRI5.1)

5.15. HAXENEE
Xk G,=({P},{0,1}, P— €| 0|1|0PO|1P1, P) £ 5,
[EE]L(G,) FEXNEATHD.
[FEBR] LT D Z2%FEEHATNIE &KLY,
1. w=wR S PRHWTHZIE
2. PBWHD w=wR THBIE
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5. Context Free Grammar (1):
(Text 5.1)

5.1.5. Language defined by grammar
Let G, be a grammar defined by
G,=({P},{0.1}, P— €| 0|1|0PO | 1P1, P).

[Theorem] L(G,)) is the set of all palindromes.
[Proof] It is sufficient to show the following:
1. w=wR implies PSw.
2. P3w implies w=wR.

2227

515 H5XENDEERE
X% G,=({P}, {0.1}, P— £ |0 1| OPO| 1PL1, P) &35,
[EE] LG, FEXDEETHD.
[FE8H] 1. w=WR 25, P=2wTHDHE
\WIZBE 3 IRMEIZ & B,
[EHE] Wi=0 DEEE w=e , [W=1 DEFIT 0D 1 THY,
WFhEEXTHD,
[#F#] w=n>1 EL T, W<n O EEFEIXWIEG, THHT
EHLRTE,
w=wWRZD T, HEXFIHIXDTFEL.
@ w=1x1 H w=0x0 AREILL ., M2
@ x=xR PRI T D,
CTT =W — 2<nBOT, QEBMEDRE LY.
PSx BRILT B,
LE=A2TD&LY
P=>0P00x0=w E7=(& P=1P131x1=w A FITo s

5.1.5. Language defined by grammar
Gp=({P}, {0,1}, P—&|0]|1|0PO|1P1, P)
[Theorem] L(G,,) is the set of all palindromes.
[Proof] 1. w=wR implies P=w:
Induction for |w]|.
[Base] When |w|=0, we have w=& . When |w|=1, we have
w=0 or w=1. Thus we have palindromes.
[Inductive step] We suppose that |w|=n>1, and any
palindrome w’ with [w’|<n can be derived by G,..
Since w=wR, there is a word x such that
@ w=1x1 or w=0x0, and
@ x=xR.
Now, since |x| = |w| — 2 < n, by the inductive hypothesis
with @), we have P=x.
Hence by @, we have
P=>0P0=0x0=w or P=1P131x1=w. 2arzr




5.15. HAXENEE
5% G,=({P}, {0.1}, P~ €0 1| OPO | 1P1, P) £ ¥ B,
[EE]L(G,) FEXNEATHD.
[EEBA] 2. P=wW 78D, w=wR THDHZL

BHOBRHKICET2IRMEICED,

[ EHoEENIEOEEEw=¢,0,1THY. LWTFh
{LEXTHD,

RN w ZE I 5-HITRAZnER(n>1)BERALIZET 5,
HAZE N —1EAFEFTERALIGEE ERXNERSh L
RET 5,
n>1 ED T, HDHXFF x BFFEFEL.

@ P=1P131x1=w A> P=>0P0=>0x0=w ASFZ3IL. ™D
@ xIZP D n—1EDOBETEIND,
CITQLRMMEDIRTE &Y. x=xR BRLILT B,
L= 2> TD&Y w=wR ASEE 3L, 25021

5.1.5. Language defined by grammar
G,=({P}, {0,1}, P—¢€|0]1|OPO|1P1, P)
[Theorem] L((*;p) is the set of all palindromes.
[Proof] 2. P=>w implies w=wR.
Induction for the number of derivations.

[Base] When the number of derivations is 1, we have w=¢€ , 0,
or 1, and hence they are palindromes.

[Inductive step] We assume that we apply the rules n (n>1)
times to derive w. We suppose that we have palindromes
when we apply the rules at most n —1 times.

Since n>1, tllere exists a string x Euch that
@ P=1P1=>1x1=w or P=0P0=>0x0=w, and

@ x can be derived from P with applying the rules n—1
times.

By @ with the inductive hypothesis, we have x=xR.
Hence, by @, we have w=wr. 26127

Brot
c SHOATARTI—IFHER
(8) XARBHMSGELEEFE(2)
Information
e Today's Office Hour: Lecture

(8) Context Free Grammar/Language (2)

27127




