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@ H=3TE: Formal grammars

© [EHRSTE: Regular Grammars

© XBRBEHSGE: Context Free Grammars

Q XIRBEHBS:E%SIEY 5 NPDA: NPDA Accepting CFL

©Q EX% v U TEIEY S NPDA ICHEY B XARBHE: CFL
corresponding to NPDA
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F.3E: Formal grammars

5B ¥ 3E: Languages and grammars

=

o EFBDWEMES: Elements of languages
o X%: Grammars
o &: Words
e X: Sentences
e X&: Grammars
o FBDEZERA: Rules for arranging words
o XDAREFAI: Rules for generating sentences
o HERIIE: Generative Grammars
N. Chomsky, Syntactic Structure, 1957.
o BRA—FI b Fy2ad U A — I M UORIEERE
S0 9 B3E L 1 Grammars describing languages accepted by
finite automata and pushdown automata?
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F.3E: Formal grammars

F2 3% Formal Grammar

SGED—HRRIETIN{E: General formalization of grammars

G = (N,%, P, S,) (1.1)

o N: IHRIZETILT 7Ry b: 3CEDER (MFALY) ITHEHH:
Non-terminal alphabet

o M #iIFTFTIT 7R w b: FRICHE: Terminal alphabet

o P: &RFRAI: Productions

e Sy € N: FIgEE S Start symbol

Y SLE (Generative Grammars) EHE S

o FHMREE S H SiRiIRECE DT Z EMK: Generate a sequence of

terminal symbols from the start symbol
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IF#3%: Regular Grammars

IE}R3CE: Regular Grammars

o IEMRKRNICHIG LIIERMEFEZEM: Generate regular
languages corresponding to regular expressions

o & REFRAI: Productions
P:N— 2N|Z (2.1)

o TcT2L. BELRBIES) —» c bHFBTS: Sy — € is allowed if
necessary
o JERIREE SN, —DDKRIERS. Xl —DDRIERSL—D
DIFRIHIESDINICEETHD D
o 55 | I&. or Z5RT: | represents or
o HAD LN HEFREID#EDIRLZRIEEL T3 TN on the right

side allows infinite repetition
A—aAla (2.2)
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IERSE: Regular Grammars

N:{SO,Sl,SQ}, Z:{a},
P = {SQ — 6|331,Sl — aSQ, Sg — aSO|a}

So = aS1 = aaSy = aaald
= aaaaSl = aaaaaS; = aaaaaa

QO

3"[n € NU {O} = (aaa)”
prCIE eIy 6/36



IERSE: Regular Grammars

N ={S,A},¥ ={a,b}
P={S—¢|aA,A—DbS}
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IERSE: Regular Grammars

IERSGEDERRIVEFAFTHB L

Regular grammars are equivalent to regular

expressions

o REMBRA— b b ZIEREICHIRTET S L: DFAs
can be translated to regular grammars
o ERSEME EMMRANICEIR
o IERIEZIEREMABRA— MY M UICBIRRTES C &
Regular grammars can be translated to NFAs
o HERARAIZE BREIRICEIR
o —RRILENERIRAIN H B Z L HEE: Existence of general

translation rules is important
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IERSE: Regular Grammars

REMEBRA— b b2 S IERRSGEN:

From DFA to regular grammar

Algorithm 1 M = (Q,%,0,40, F) = G = (N, %, P q0)

N=Q > NERIRAEZ IR IREE S ICTAE X D
for all ¢ =6 (q,a) do > ERAMDEZEEZ X
P2 q— aq %Z3EM
if ¢’ € I then > RREADEBBDIZRIE. RIKELSDHAN
Pl qg— a%ZiBM
end if
end for
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IERSE: Regular Grammars

o IF#RFKIA: regular expression
(a+b)(a+b))a
o X9 B IERMNEDIFRIREE S L #&iKEdS: Non-terminal and

terminal symbols of the corresponding regular grammar

N = {QO7 q2, QI}
prCIE eIy ¥ = {a,b} 10/36



IF#3%: Regular Grammars

BTSN LAY
0(g0,a) = g2 | qo — agela
6(q0,b) = a1 | @0 — bq
5(611, 3) =dqo | g1 —7 aqo
0(q1,b) = qo | 1 — bgo
0(q2,2) = qo | g2 = aqo
d(q2,b) = qo | g2 — bgo

UEFEDHT

P = {QO — aQ2‘bC]1|a,Q1 — aqo|bqo, g2 — 36]0“3%}
EHFl: Derivation example

qo = agy = abqy = abbg;
= abbagy = abbaa
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IERSE: Regular Grammars

IERSGED S IEREMERRA— RV F oA

From regular grammar to NFA

Algorithm 2 G = (N, X, P, So) = M = (Q, %, 0, So, )

Q=N > FERIREE S Z NEPREICHAE R S

F={qs}

for all A — aB do > iR Sz I CHE
Be (A a)

end for

for all A — a do > IRIBEE S DA DB ITIIKEA
4 € 6(A,a)

end for

if Sy — € € P then
qf € ) (So.e)

end if
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IERSE: Regular Grammars

5 2.4

N - {q07QQJQI}
¥ = {a,b}
P = {q0 — agz|albgi, ¢1 — aqo|bgo, g2 — aqo|bgo}
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IF#3%: Regular Grammars

CFG NFA

q — agz2|albg: | 6(qo,a) = {q1,qs}
(g0, b) = {2}

q1 — aqo|bgo 6(q1,2) = {q}
5((11, b) - {QO}

g2 — aqo|bgo 6(q2,2) = {qo}
5((12, b) - {QO}
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MARBEHXGE: Context Free Grammars

Y ARBHBIE: Context Free Grammars

o EMRA: IERIRFEES HIFRIRECS o ISRIFECSDRT 0 X
L DFYA ¥ Z#:: Non-terminal symbols are replaced by a
sequence of terminal and non-terminal symbols

P:N = (SUN) (3.1)
o ffl: example

N ={Sy}, ¥={a,b}
P = {SO — €|aS()b}
Sy = aSyb = aaSybb = aaaSybbb = aaabbb
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MARBEHXGE: Context Free Grammars

T TXAREHE) BDh:

Why they are called context free

o EMMRAIDADIF. FEMRIFEES—2: A single non-terminal
symbol on the left side of a production rule

o BIRDIFIFEES PIIRECS L DEND (XARK) =R

Ignoring the context of the surrounding symbols
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MARBEHXGE: Context Free Grammars

Z—DDIEZEHS: Standard forms

o F3LRAF—IEER, (Chomsky normal form, CNF)
o A BC(B,C € N)
o A—alael)
o S—ebHA

o 74\ /\FZER, (Greibach normal form, GNF)
o A—aa(a€X,ac N¥)
o S—ebHH
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XIREBSE%ZE T3 NPDA: NPDA Accepting CFL

PDA @ 3 TEEDZIE:

Three types of acceptance by a PDA

o AJMRTEIC XA WU HZE: Empty stack at the end of input
La(M)={weSs|(guw2) F (gad} (A1)
o AR THEFICHIREE: Reaching the final state at the end of input
La(M)={weXx*|(q,w,Z)F" (q,¢,7),g€ F}  (4.2)

o AJHERTHEIC AR Y UHZE. HhDFIKRE: Empty stack and
reaching the final state at the end of input

La(M)={weX«*|(q,w,Z) " (q,¢€),q € F} (4.3)
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XIREBSE%ZE T3 NPDA: NPDA Accepting CFL

YIREHRSE L =189 3 NPDA:

NPDA Accepting CFL L

G = (N,3,P,S) (4.4)

o LN{e} =0: BATHIC e 2RIET S5 EZPR<: Except when ¢
is explicitly accepted

o Greibach 1Z#Efl2: GNF

o RAEEH (—EHEEDIFRIFEESH SEMMRAZEA): leftmost
derivation

o FHfi7Z: NPDA: AT TERHI R A IDZEIZ/RB: Accepting by
the empty stack at the end of input

= ({¢},%,N,6.4,5,0) (4.5)
3 ol Rl Nl S 19/36



XIREBSE%ZE T3 NPDA: NPDA Accepting CFL

o RAEH: Leftmost derivation
S = alAwl = CL16L2A2’)/2 =7 aiasg - - - an—lAn—l = a1a9 - Ay
o XHIt9 BENE: Relating transitions

(q, a1G2 - - Qp, S) = (Qa ag - - Qp, Aﬂl)
- (qaas"‘an,Aﬂz)

I_ (Qa Ap, An—l)
F (g, €, €)

o EFERAEN: Transition functions

o ERRAIA — ay BB D DDOEDIRD: If and only if there is
a production rule A — avy

(¢,7) € 6(g,a,4)
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XIREBSE%ZE T3 NPDA: NPDA Accepting CFL

5 4.1

G=({{S,A B}, {a,b},P,S)
P ={S — a|blaSA|bSB, A — a, B — b}

S = aSA = abSBA = abaSABA = abaaABA
= abaaaBA = abaaabA = abaaaba
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XIREBSE%ZE T3 NPDA: NPDA Accepting CFL

BEME - A— R Ry

M = ({q},{a,b} . {S, A, B},5,85,0)

S —alaSA&D
S b |bSB&D
A—adkb
S —bdkb
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XIREBSE%ZE T3 NPDA: NPDA Accepting CFL

(q, abaaaba, S) I (¢, baaaba, SA)
q,aaaba, SBA)

q,aaba, SABA)
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corresponding to NPDA

XY TRIET S NPDAICKIGT B

A B B 3GE

CFL corresponding to NPDA accepting by empty stack

M= <Q727Fa57 QOaZ, ®>
G=(N,%,PS)
7, € Q,AeTICRLT[gA¢] e N
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corresponding to NPDA

e VgeQICXLTS — [qZq) Z1ED
o (41, Br--By) €5 (0, A) KR LT
o Vg, -, qry1 IEXLT

[qAqk+1] = a[q1B1g2] [¢2B2q3] - - - (45 BrQre+1)
o o2l (q1,¢) €6(q,a, A) ICR LTI

[qAq1] — a
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M = {qo, ¢} {a,b} . {A, Z},6,q0. Z,0)

6 (qo,a,Z) = {(q0, AZ)}, 6 (qo,a, A) = {(q, AA)},
6 (q0,b, 4) = {(q1, )},
6 (q1,b,A) = {(q1,€)}, 6 (qu,6,Z) = {(q1,€)}.
a,Z/AZ b,A /e
a,A/AA €Z/e

(0)==(=)

prCIE eIy 26/36



corresponding to NPDA

(qo, aaabbb, Z) = (qo, aabbb, AZ)
o, abbb, AAZ)
o, bbb, AAAZ)

= (
= (
= (
- (g1, bb, AAZ)
= (
= (
= (
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corresponding to NPDA

X9 % CFG Z#8FX: Corresponding CFG

G = (N,{a,b},P,S)

o BABRECS: Start symbol
S = [q0Zqo] | [90Z 1]
3] (Qm a, Z) = {(qO,AZ)} J: D

[90Zq0) = a[q0Aqo] [90Zq0) |a [q0Aq] (91 Zq0]
[0 Zq1) — alqAq] [@Zq1]|alewAq] (g Za]
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corresponding to NPDA

° d(q0,2,4) ={(q,AA)} &D

[90Aqo] = a[q0Aqo] [q0Aqo) |a [q0Aq] [¢1Aq]
[90Aq] — a[q0Aq0] [gAq] |a[g0Aq] (g1 Ag:]
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corresponding to NPDA

o 0§ (qo,textb,A) = {(qr,€)} &D

[90Aq] — b
o §(qp,textb,A) = {(qr,€)} & D

[nAq] —b
° d(q,6,2) ={(q,6)} &

(1 Zq1] — €
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orresponding to NPDA

EEERFRBAI: Temporary production rules

S = [0 Zq) | [00Zq]
90Zq] — alg90Aq] [90Zq0] |a [goAq

[90Z o] |a | 1240
G Zq1] — alqAq) [90Zq1] |alqpAqn

[90Aqo] [a

[90Aq] [a]

[ | la1Zqo]
[ | @1 Zqi]
[ ] [g1Aqo]
[ | lg1Aq]
[
[

]
QOAQO] [QOAQO] qoAqo ]a 9oAq] [q1Aqo
qoAqi] — a [quQO] qoAq]|agoAq] [q1Aq] |b
Q1AQ1]
] —

hZq
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corresponding to NPDA

ERRAID 5 1RimEc 5 |- E B FEifumac

w9

Finding non-terminal symbols leading to terminal symbols

0 ERERIREEESICESAILEES: Non-terminal symbols leading

directly to terminal symbols
[wAq], [Aq], [ Za]

Q LtEWbh ol LTI SICESAAEES: Non-terminal

symbols leading to terminal symbols based on the above results
[90Zq1]

Q@ LtiEhbhhofc L THRImEESICESAAEES: Non-terminal

symbols leading to terminal symbols based on the above results

S
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corresponding to NPDA

Q LEhbh o7 LTHRIFRSICES LA SHET D, Mi-iEE
SHRDOH 54 Finding non-terminal symbols leading to
terminal symbols based on the above results, but no new symbols
are found
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corresponding to NPDA

Rimse S Z2E< N DER

o RIFFEEESZTEL N DEZ: Elements of N leading to terminal
symbols

[wAq], [mAq], [mZa], (g Zaq], S

o HIREEEZEN LUV N DEZ: Elements of N not leading to
terminal symbols

[90Zq0) » [11Zq0] » [90Aq0] , [q1-Aqgo]
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orresponding to NPDA

R FRBI: Productions

S — [QOZQI]
G Zq1) = algpAq] [ Zq]
quq1 — a [quqll [q1Aq] [b
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corresponding to NPDA
B Derivation example

S = [qZq]
= alqAq] [ Zq]
= aa [qoAq] [ Aq] [ Zqi]
= aaa [ Aq] [1Aq] [ Aq) [(1 Zq1]
= aaab (1 Aq1] (g1 A1) [¢1Z 1]
= aaabb [¢1Aq1] [ Zq/]
= aaabbb [¢; Z¢]
= aaabbb
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