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3 . . . . . . . . . . . . . . . . . . . . . . . . . . s_vt |=yCQ=@a |RQ=sy 3»1»3
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7 . . . . . . . . . . . . . . . . . . . . . . . . . xDi=}s}taD Cr=L QPo h=Qo
8 . . . . . . . . . . . . . xO=U |=ywor= h}YwD QO s_vt |=yCQ=@a OQ@ Q=m 3»2»3

9 s_vt |=yQt=Qo 3»3
10 . . . . . . . . . . . . |y=vDt uwD=twD; |wQ R= CU=Q R= |]N Qt=Qo CN=U 1»3»3
11 . . . . . . . . . . . . CU=Q R= |]N Qt=Qo |wQ R= |y=vDt uwD=twD; CN=U 2»3»3
12 . . . . . . . . . . . . . . . . . . . . . s_vt |=yu=@ R w AJ |]N Qt=Qo 3»3»3
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?

13 . . . . . . . . . . . . . . . . . . . . . . . . . . . s_vt u=@ R w s_vt Qt=Qo 4»3»3

13 =yQt=Qo |wQ p}O@D OvJ 4»3

13 s_vt |=yu=@ R h}YwD |=Q@ hrDNt |=yVwQ 5»3

14 u}W=t w Qt=Qo ’u=@ R %xU ‘wv |=yu=@ R |xO=wv=N 6»3
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s_vt |=yQt=Qo w s_vt |=yu=@ R
Regular Languages and Regular Grammars 3
"OW=@ OwHwt (FA) |y=vDt |xOvQ}PB l} u; |=Q@ xm CU= |v=@ R s_vt u=@ R l} ◭

"OwW h}YwD NFA =} DFA l} \UwD Ov=wD|t s_vt u=@ R Qy ◭

s_vt |=yCQ=@a 1»3

uOw@ dwrW ’=yv; QDW}@ pmWt =t= ’OQ=O OwHw |vwo =vwo |=yVwQ ’s_vt u=@ Rl} |=yxDWQV}=tv |=Q@
"Ovm|t O=yvW}B s_vt |=yu=@ RV}=tv |=Q@ ?U=vt |WwQ ’s_vt |=yCQ=@a "CU= |}=tvR=@

s_vt CQ=@a |tUQ h} QaD 1»1»3

%OW=@ xOW xO=O |=@ir= l} Σ xm s}vm|t ZQi "(regular expression) s_vt CQ=@a h} QaD
"“|}=OD@= s_vt C=Q=@a” OvDUy s_vt |=yCQ=@a (a ∈ Σ) a w λ ’∅ “1

’OvW=@ s_vt CQ=@a wO r2 w r1 Qo = “2

r1 + r2 •

r1.r2 •

r∗1 •

(r1) •

"OvDUy s_vt C=Q=@a sy

|Q}oQ=m@ =@ |}=OD@= s_vt C=Q=@a?}mQD R= =Q u; u=wD@ Qo = \ki w Qo = ’CU= s_vt CQ=@a xDWQl} “3
"OQw; CUO x@ 2 uwv=k |y=vDt O=OaD

H
p=Ft

%CU= Σ = {a, b, c} |=@ir= |wQ s_vt CQ=@a l} ’Q} R OQ=wt R= l} Qy

(a + bc)∗, (a + bc)∗(c + ∅)

N

1



s_vt |=yCQ=@a 2

s_vt CQ=@al} =@ Q_=vDt u=@ R 2»1»3

%OwW|t h} QaD Q} R pwOH j@=]t w CU= r =@ \@DQt u=@ R L(r) ’OW=@ s_vt CQ=@a l} r Qo =

L(∅) = ∅

L(λ) = {λ}

L(a) = {a} , a ∈ Σ

L(r1 + r2) = L(r1) ∪ L(r2)

L(r1.r2) = L(r1).L(r2)

L((r)) = L(r)

L(r∗) = (L(r))∗

"OwW|t h} QaD r + λ CQwY x@ r? s_vt CQ=@a w r.r∗ CQwY x@ r+ s_vt CQ=@a QmPD ◭

\w@ Qt sOkD u} QDq=@ %s}vm|t xO=iDU= =yQorta sOkD R= ’O=} R |=y} Q=PoRDv=QB R= ?=vDH= |=Q@ QmPD ◭
"OW=@|t ‘=tDH=TBU w j=Lr= u; R=TB w |=xQ=DU Q=DU@ x@

H
p=Ft

%R= CU= CQ=@a a∗.(a + b) s_vt CQ=@a =@ Q_=vDt u=@ R

L(a∗.(a + b)) = L(a∗).L(a + b) = (L(a))∗.(L(a) ∪ L(b)) = {a}∗.{a, b}

N

H
p=Ft

h}YwD Q} R s_vt CQ=@a =@ ’OvwW|t sDN bb =} a x@ xm {a, b} |=@ir= |wQ |=yxDWQ s=tD |xawtHt
%OwW|t

(a + b)∗(a + bb)

N

H
p=Ft

O=OaD x@ u; R= TB w OvwW|t R=e; a |HwR O=OaD =@ xm {a, b} |=@ir= |wQ |=yxDWQ s=tD |xawtHt
%OwW|t h}YwD Q} R s_vt CQ=@a =@ ’OvwW|t sDN b |OQi

(aa)∗(bb)∗b

N
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3 s_vt |=yQt=Qo w s_vt |=yu=@ R

H
p=Ft

=@ ’OQ=O OwHw =yu; QO |r=wDt QiY GwR l} pk=OL xm {0, 1} |=@ir= |wQ |=yxDWQ s=tD |xawtHt
%OwW|t h}YwD Q} R s_vt CQ=@a

(0+ 1)∗00(0+ 1)∗

%OwW|t u=}@ Q} R CQwY x@ s_vt CQ=@a u}= =@ Q_=vDt u=@ R

L = {w100w2 : w1, w2 ∈ {0, 1}∗}

N

H
p=Ft

CQ=@a =@ ’OQ=Ov OwHw =yu; QO |r=wDt QiY GwR I}y xm {0, 1} |=@ir= |wQ |=yxDWQ s=tD |xawtHt
%OwW|t h}YwD Q} R s_vt

(1+ 01)∗(0+ λ)

N

s_vt |=yCQ=@a |RQ=sy 3»1»3

=@ Q_=vDt |=yu=@ R Qo = \ki w Qo = Ov} wo “pO=at” RQ=sy =Q s_vt CQ=@a wO "s_vt CQ=@a wO |RQ=sy h} QaD
"OvW=@ Q@=Q@ =yv;

r1 = r2 iff L(r1) = L(r2)

H
p=Ft

"CU= |w=Ut =yv; =@ Q_=vDt |=yu=@ R =Q} R ’OvDUy RQ=sy Qo}Om} =@ Q} R s_vt CQ=@a wO

(1+ 01)∗(0+ λ) = (1∗011∗)∗(0+ λ) + 1∗(0+ λ)

"OW=@ xDW=O OwHw Ov=wD|tv =yxDWQ u}= QO |r=wDt QiY wO xm Ovvm|t u=}@ =yCQ=@a u}= |wO Qy

N
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s_vt |=yCQ=@a 4

|=@ir= |wQ s_vt |=yCQ=@a s w r s}vm|t ZQi s_vt |=yCQ=@a |RQ=sy |=Q@ x]@=Q OvJ
"OvW=@ Σ

• (r + s)∗ = (r∗ + s∗)∗

• (r + s)∗ = (r∗ + s)∗

• (r + s)∗ = (r + s∗)∗

• (r + s)∗ = (r∗s∗)∗

• (r + s)∗ = r∗(sr∗)∗

• (r + s)∗ = s∗(rs∗)∗

• (r + s)∗ = (r∗s + rs∗)∗

• (rs)∗r = r(sr)∗

• r∗r∗ = r∗

• (r∗)∗ = r∗

• L(s) ⊆ L(r) ⇒ (r + s)∗ = r∗

• L(s) ⊆ L(r) ⇒ s∗ ⊆ r∗

• r+ = r.r∗

• r∗ = r+ + λ

• (r+)∗ = (r∗)+ = r∗

• r? = r + λ

• r + ∅ = r

• r∅ = ∅

• ∅
∗ = λ

• (r + s)R = rR + sR

• (rs)R = sRrR

• (r∗)R = (rR)∗

Kazim Fouladi <kazim@fouladi.ir>, 3rd Edition, Spring 2015



5 s_vt |=yQt=Qo w s_vt |=yu=@ R

s_vt |=yu=@ R w s_vt |=yCQ=@a u=}t \=@DQ= 2»3

s_vt CQ=@al} =@ Q_=vDt |y=vDt uwD=twD; u}}aD 1»2»3

"OQ}PB|t =Q L(r) xm OQ=O OwHw λfflNFA l} u; |=Q@ ’OW=@ s_vt CQ=@a l} r Qo = x}[k

%s}vm|t pta Q} R pwOH j@=]t s_vt CQ=@a |wQ R= |yD QPo =@ NFA CN=U

Regular expression Finite automaton

∅

0q 1q

λ
0q 1q

a (a ∈ Σ)

a
0q 1q

r

( )M r

r1 + r2

1( )M r

2( )M r

r1.r2

1( )M r 1( )M r

r∗

( )M r

"CU= s_vt L(r) u=@ R ’OW=@ s_vt CQ=@a l} r Qo = xH}Dv

Kazim Fouladi <kazim@fouladi.ir>, 3rd Edition, Spring 2015



s_vt |=yu=@ R w s_vt |=yCQ=@a u=}t \=@DQ= 6

|y=vDt uwD=twD;l} =@ Q_=vDt s_vt CQ=@a u}}aD 2»2»3

"L = L(r) xm |Qw] x@ OQ=O OwHw r s_vt CQ=@a x=ou; ’OW=@ s_vt u=@ R l} L Qo = x}[k

"OQ}PB|t =Q u; xm OQ=O OwHw NFA l} s_vt u=@ R Qy |=Q@ ◭

"OQ=O OwHw u; =@ Q_=vDt s_vt CQ=@a l} NFA Qy |=Q@

|y=vDt uwD=twD;l} =@ Q_=vDt s_vt CQ=@a uDi=} |=Q@ s_vt CqO=at x=oDUO pL

|y=vDt uwD=twD; l} =@ Q_=vDt s_vt CQ=@a u}}aD |=Q@

"s}U} wv|t s_vt |xrO=at l} Cr=L Qy |=Q@ •

s_vt |xrO=at ’s}DW=O =Q q2 ∈ δ(q, b) w q1 ∈ δ(q, a) |=yQPo w q 6∈ F Qo = –

q = aq1 + bq2

"s}vm|t xi=[= x=oDUO x@ =Q

s_vt |xrO=at ’s}DW=O =Q q2 ∈ δ(q, b) w q1 ∈ δ(q, a) |=yQPo w q ∈ F Qo = –

q = aq1 + bq2 + λ

"s}vm|t xi=[= x=oDUO x@ =Q

"s}@=}|t =Q q0 w s}vm|t pL |Q=Po}=H =@ w xrO=at l} R= ‘wQW =@ =Q pY=L x=oDUO •
"s}vm|t pL Arden |xOa=k ltm x@ =Q u; ’Ow@ |DWoR=@ CQwY x@ xrO=at Qo =

"OQ=O Q=Qk q0 QO |y=vDt uwD=twD; =@ Q_=vDt s_vt CQ=@a •

Arden |xOa=k

x = ax + b ⇒ x = a∗b , λ 6∈ L(a)

H
p=Ft

%s}vm|t x@U=Lt =Q Q} R |a]kQ}e |y=vDt uwD=twD; =@ Q_=vDt s_vt CQ=@a

q0 q1 q2

a

a

b

b b a, b
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7 s_vt |=yQt=Qo w s_vt |=yu=@ R

%OW=@|t Q} R CQwY x@ jwi uwD=twD; |=Q@ s_vt CqO=at x=oDUO

q0 = bq0 + aq1

q1 = bq1 + aq0 + bq2

q2 = (a + b)q2 + λ

CQ=@a |Q=Po}=H =@ "q2 = (a + b)∗ s} Qw;|t CUO x@ swU |xrO=at |wQ uOQ; |xOa=k p=ta= =@ xm
%s} Q=O q1 Cr=L |xrO=at QO q2

q1 = bq1 + aq0 + b(a + b)∗

%CW=O s}y=wN u; |wQ uOQ; |xOa=k p=ta= =@ xm

q1 = b∗(aq0 + b(a + b)∗)

= b∗aq0 + b∗b(a + b)∗

%s} Q=O q0 Cr=L |xrO=at QO q1 CQ=@a |Q=Po}=H =@

q0 = bq0 + ab∗aq0 + ab∗b(a + b)∗

= (b + ab∗a)q0 + ab∗b(a + b)∗

%s}UQ|t ZwQit uwD=twD; w q0 |=Q@ Q} R s_vt CQ=@a x@ ’uOQ; |xOa=k p=ta= =@ xm

q0 = (b + ab∗a)∗ab∗b(a + b)∗

N

|y=vDt uwD=twD;l} =@ Q_=vDt s_vt CQ=@a uDi=} |=Q@ xDi=}s}taD Cr=L QPo h=Qo

Cr=L QPo h=Qo "(generalized transition graph: GTG) xDi=}s}taD Cr=L QPo h=Qo h} QaD
s_vt CQ=@a l} =@ u; |=yp=} xm Cw=iD u}= =@ ’CU= |O=a Cr=L QPo h=Qo Ovv=ty ’xDi=}s}taD

"OwW|t |Q=Po?UJQ@

H
p=Ft

%OyO|t u=Wv =Q xDi=}s}taD Cr=L QPo h=Qo l} Q} R pmW

ab + λ

a + b a

N

"OQm xO=iDU= |y=vDt uwD=twD;l} =@ Q_=vDt s_vt CQ=@a uDi=} |=Q@ u=wD|t xDi=}s}taDCr=L QPo h=Qo R=

Kazim Fouladi <kazim@fouladi.ir>, 3rd Edition, Spring 2015



s_vt |=yu=@ R w s_vt |=yCQ=@a u=}t \=@DQ= 8

H
p=Ft

Cr=L xU =@ Q} R Cr=L QPo h=Qo

q1 q q2

a

d

e

b

c

%OQm p}O@D Cr=L wO =@ Q} R |xDi=}s}taD Cr=L QPo h=Qo l} x@ u=wD|t =Q

q1 q2

ae∗b

ce∗d

ae∗d ce∗b

N

sUQ p=} ’h=Qo Tw�Q s=tD u}@ "s}vm|t ‘wQW |}=yv Cr=L l} =@ NFA QPo h=Qo R= ’|rm Cr=L QO
h=Qo QO xm |}=yp=} "CW=O Oy=wN “=yxkw] pt=W” p=} |V |2 ’OW=@ xDW=O T-=Q |V | h=Qo Qo = "OwW|t
xU Qy u}@ ’jwi p=Ft x@=WtTBU "OvwW|t |Q=Po?UJQ@ ∅ s_vt CQ=@a =@ ’OvQ=Ov OwHw |rY= QPo
%s}UQ@ qf w q0 Cr=L wO =@ |i=Qo x@ =D OwW|t Q=QmD QOk u; Q=m u}= "OwW|t hPL |v=}t Cr=L ’Cr=L

q0 qf

r2

r3

r1 r4

%OwW|t h=Qo u}= =@ Q_=vDt s_vt CQ=@a ’CQwY u}= QO

r = r∗1r2(r
∗

4 + r3r
∗

1r2)
∗

%OwW xDWwv sy Q} R CQwY x@ Ov=wD|t s_vt |=yCQ=@a |RQ=sy X=wN T=U= Q@ xm

r = r∗1r2(r4 + r3r
∗

1r2)
∗

xO=U |=ywor= h}YwD QO s_vt |=yCQ=@a OQ@ Q=m 3»2»3

Qr}=Bt=m l} QO |wer Qop}rLD •

“UNIX QO grep ’sed |=yxt=vQ@” wor= j@=]D •

. . . •

Kazim Fouladi <kazim@fouladi.ir>, 3rd Edition, Spring 2015



9 s_vt |=yQt=Qo w s_vt |=yu=@ R

s_vt |=yQt=Qo 3»3

QO =Q x ∈ T ∗ w A,B ∈ V =@ G = (V, T, S, P ) Qt=Qo "AJ R= |]N w CU=Q R= |]N |=yQt=Qo h} QaD
"s} Q}o|t Q_v

"OW=@ Q} R CQwY x@ u; Oa=wk |xty xm CU= |Qt=Qo (right linear) CU=Q R= |]N Qt=Qo

A → xB =} A → x

"OW=@ Q} R CQwY x@ u; Oa=wk |xty xm CU= |Qt=Qo (left linear) AJ R= |]N Qt=Qo

A → Bx =} A → x

"OW=@ AJ R= |]N =} CU=Q R= |]N xm CU= |Qt=Qo ’s_vt Qt=Qo "s_vt Qt=Qo h} QaD

OwHw Q}eDt l} QFm =OL u; Oa=wk |xty CU=Q CtU QO xm CU= |Qt=Qo |]N Qt=Qo QmPD ◭

"OW=@ xDW=O

u}= xwqa@ w OwW|t Qy=_ xOa=k Qy CU=Q CtU QO Q}eDtl} QFm =OL ’s_vt Qt=Qol} QO QmPD ◭
"OW=@ CU=Q CtU O=tv u}rw= =} O=tv u} QN; xQ=wty O}=@ Q}eDt

"“S → aSb | λ Ovv=t”CU}v s_vt,=twRr|]N Qt=Qo Qy =t= &CU=|]N,=tDL ’s_vt Qt=Qo Qy QmPD◭

H
p=Ft

%CU= CU=Q R= |]N Qt=Qo l} Q} R Qt=Qo

S → abS | a

%CU= AJ R= |]N Qt=Qo l} Q} R Qt=Qo u}vJty

S → Aab

A → Aab | B

B → a

"OvDUy s_vt =yQt=Qo u}= |wO Qy h} QaD j@=]t w

N

Kazim Fouladi <kazim@fouladi.ir>, 3rd Edition, Spring 2015



s_vt |=yQt=Qo 10

H
p=Ft

%CU}v s_vt Qt=Qo l} Q} R Qt=Qo

S → A

A → aB | λ

B → Ab

"CU= |]N Qt=Qo u}= xD@r= "CU= AJ R= |]N xv w CU=Q R= |]N xv =Q} R

N

"CU= s_vt u=@ R l} L(G) x=ou; ’OW=@ CU=Q R= |]N Qt=Qo l} G = (V, T, S, P ) Qo = x}[k

"L = L(G) xm OQ=O OwHwG Ovv=tCU=Q R=|]N Qt=Qol} x=ou; ’OW=@Σ|=@ir= |wQ Q@ s_vtu=@ Rl}L Qo = x}[k

|y=vDt uwD=twD; |wQ R= CU=Q R= |]N Qt=Qo CN=U 1»3»3

"s} Q}o|t Q_v QO =Q Ai xv=}=B=v l} (0 ≤ i ≤ |Q| − 1) qi ∈ Q Cr=L Qy |=Q@ •

"s} Q}o|t Q_v QO A0 CQwY x@ q0 x}rw= Cr=L =@ Q_=vDt =Q S ‘wQW O=tv •

Ai → aAj |xOa=k x=ou; ’“a hQYt” (a ∈ Σ) CW=O OwHw QPo ‘@=D QO qj ∈ δ(qi, a) Qo = •
"“a O}rwD” s}}=Ri=|t Qt=Qo x@ =Q

"s}}=Ri=|t Qt=Qo x@ =Q Ai → Aj |xOa=k x=ou; ’CW=O OwHw QPo ‘@=D QO qj ∈ δ(qi, λ) Qo = •

"s}}=Ri=|t Qt=Qo x@ =Q Ai → λ |xOa=k x=ou; ’qi ∈ F Qo = •

H
p=Ft

h} QaD Q} R CQwY x@M = ({q0, q1, q2, qf}, {0, 1}, δ, q0, {qf}) |NFA |=Q@ Cr=L QPo ‘@=D
%CU= xOW

δ(q0, a) = {q0, q1}

δ(q1, a) = {q2}

δ(q2, b) = {q2}

δ(q2, a) = {qf}

%CU= Q} R CQwY x@ uwD=twD; u}= =@ pO=at CU=Q R= |]N Qt=Qo
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11 s_vt |=yQt=Qo w s_vt |=yu=@ R

G = ({A0, A1, A2, Af}, {a, b}, A0, P )

δ P

δ(q0, a) = {q0, q1} A0 → aA0 | aA1

δ(q1, λ) = {q2} A1 → A2

δ(q2, b) = {q2} A2 → bA2

δ(q2, a) = {qf} A2 → aAf

qf ∈ F Af → λ

N

CU=Q R= |]N Qt=Qo |wQ R= |y=vDt uwD=twD; CN=U 2»3»3

k x@ =Q (A ∈ V, a1, a2, . . . , ak ∈ T ) k ≥ 2 =@ A → a1a2 . . . ak CQwY x@ xOa=k Qy •

pmW x@ xOa=k

A → a1B1, B1 → a2B2, B2 → a3B3, . . . , Bk−1 → ak

"OvDUy O}OH |=yxv=}=B=v Bk−1 ’. . . ’B2 ’B1 u; QO xm s}vm|t p}O@D

=Q (A,B ∈ V, a1, a2, . . . , ak ∈ T ) k ≥ 2 =@ A → a1a2 . . . akB CQwY x@ xOa=k Qy •

pmW x@ xOa=k k x@

A → a1B1, B1 → a2B2, B2 → a3B3, . . . , Bk−1 → akB,

"OvDUy O}OH |=yxv=}=B=v Bk−1 ’. . . ’B2 ’B1 u; QO xm s}vm|t p}O@D

pmW x@ xOa=k wO x@ =Q (A ∈ V, a ∈ T ) A → a CQwY x@ xOa=k Qy •

A → aB, B → λ

"“CU= |Q=}DN= p}O@D u}= ’xD@r=” CU= O}OH |xv=}=B=v l} B u; QO xm s}vm|t p}O@D

"s} Q}o|t Q_v QO =Q qi Cr=L l} ’Qt=Qo QO OwHwt Ai |xv=}=B=v Qy |=R= x@ •

"s} Q}o|t Q_v QO “A0” S ‘wQW O=tv =@ Q_=vDt =Q q0 x}rw= Cr=L •

"s} Q}o|t Q_v QO =Q qf |}=yv Cr=L l} •

"s}}=Ri=|t F |}=yv Cq=L |xawtHt x@ =Q qi Cr=L ’Ow@ OwHwt Qt=Qo QO Ai → λ |xOa=k Qo = •

"s}}=Ri=|t δ ‘@=D x@ =Q qj ∈ δ(qi, a) QPo ’Ow@ OwHwt Qt=Qo QO Ai → aAj |xOa=k Qo = •

"s}}=Ri=|t δ ‘@=D x@ =Q qf ∈ δ(qi, a) QPo ’Ow@ OwHwt Qt=Qo QO Ai → a |xOa=k Qo = •

"s}}=Ri=|t δ ‘@=D x@ =Q qj ∈ δ(qi, λ) QPo ’Ow@ OwHwt Qt=Qo QO Ai → Aj |xOa=k Qo = •
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H
p=Ft

xOW xO=O Q} R O}rwD Oa=wk =@ G = ({S,A,B,D,E}, {a, b, c, d}, S, P ) CU=Q R= |]N Qt=Qo
%CU=

S → aS | bA

A → abA | cB

B → cdD | λ

D → a | E

E → abE | a

%CU= Q} R CQwY x@ u; =@ pO=at |y=vDt uwD=twD;

M = (Q, {a, b, c, d}, δ, qS , {qf})

S → aS S → aS δ(qS , a) = {qS}

S → bA S → bA δ(qS , b) = {qA}

A → abA A → aX δ(qA, a) = {qX}

X → bA δ(qX , b) = {qA}

A → cB A → cB δ(qA, c) = {qB}

B → cdD B → cY δ(qB, c) = {qY }

Y → dD δ(qY , d) = {qD}

B → λ B → λ δ(qB, λ) = {qf}

D → a D → a δ(qD, a) = {qf}

D → E D → E δ(qD, λ) = {qE}

E → abE E → aZ δ(qE , a) = {qZ}

Z → bE δ(qZ , b) = {qE}

E → a E → a δ(qE , a) = {qf}

Q = {qS , qA, qB , qD, qE , qX , qY , qZ}

N

s_vt |=yu=@ R w AJ |]N Qt=Qo 3»3»3

"CU= s_vt u=@ R l} L(G) x=ou; ’OW=@ AJ R= |]N Qt=Qo l} G = (V, T, S, P ) Qo = x}[k

"L = L(G) xm OQ=O OwHwG Ovv=tAJ R=|]N Qt=Qol} x=ou; ’OW=@Σ|=@ir= |wQ Q@ s_vt u=@ Rl}L Qo = x}[k
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s_vt u=@ R w s_vt Qt=Qo 4»3»3

"L = L(G) xm OW=@ xDW=O OwHw G Ovv=t |t_vt Qt=Qo Qo = \ki w Qo = CU= s_vt L u=@ R x}[k

=yQt=Qo |wQ p}O@D OvJ 4»3

p}O@D G′ AJ R= |]N Qt=Qol} x@ u=wD|t =Q ’Ovm|t O}rwD =Q L xm G CU=Q R= |]N Qt=Qo Qy •

"Ovm O}rwD =Q LR xm OQm

G QO Q} R sQi x@ Oa=wk xm CQwY u}= x@

A → xB, A → x

%OwW|t p}O@D G′ QO Q} R sQi x@ |Oa=wk x@ ?}DQD x@

A → BxR, A → xR

p}O@D G′ CU=Q R= |]N Qt=Qol} x@ u=wD|t =Q ’Ovm|t O}rwD =Q L xm G AJ R= |]N Qt=Qo Qy •

"Ovm O}rwD =Q LR xm OQm

G QO Q} R sQi x@ Oa=wk xm CQwY u}= x@

A → Bx, A → x

%OwW|t p}O@D G′ QO Q} R sQi x@ |Oa=wk x@ ?}DQD x@

A → xRB, A → xR

s_vt |=yu=@ R h}YwD |=Q@ hrDNt |=yVwQ 5»3

%OQ=O OwHw s_vt |=yu=@ R h}YwD |=Q@ |vwo =vwo |=yVwQ xm s}OQm xOy=Wt

(DFA) |a]k |y=vDt |xOvQ}PB •

(NFA) |a]kQ}e |y=vDt |xOvQ}PB •

s_vt CQ=@a •

“AJ R= |]N =} CU=Q |]N Qt=Qo ” s_vt Qt=Qo •

x�=Q= s_vt |=yu=@ R R= |t=y@= R= |r=N w pt=m |=yh} QaD w OvQ=O |v=Um} CQOk =yVwQ u}= |oty
"OQm p}O@D |Qo}O x@ u=wD|t =Q jwi OQ=wt R=l} Qy ’OW |UQQ@ xm |}=ysD} Qwor= R= xO=iDU= =@ "OvyO|t
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u}W=t w Qt=Qo ’u=@ R %xU ‘wv |=yu=@ R |xO=wv=N 6»3
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‘H=Qt
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