
minexciletd zty

eze` milawn l`nyl oinin e` oinil l`nyn dze` mi`xew m`y dlin - mexcilet
.xac

.mexcpilet - abba .mexcpilet `l - abb
.mexcpilet `id m`d rixkdl mivex ep` ,dlin ozpida

df z` dyery bpixeih zpekn

avnl qpkipe ,(epwca xaky ze`xdl)dze` wgnp ,dpey`xd ze`d lr mi`vnp ep`yk
z` mb wgnp ,ok m` .seqa z`vnp `id m` wceae ,seqd cr jled ,dze` xneyy

.dpey`xd dwegn `ld ze`l cr dxfg xfegy avnl xearpe ,dpexg`d ze`d

?mihxq ipye miy`x ipy epl eid m` dne

epgp`y dn eilr aezkl xyt`e ,dlgzda wix `edy ,xfr hxq epl yi hxql zgzn
.xwa eze`l mixaegn miy`xd ipye ,elyn y`x yi hxq lkl .mivex

:jk zi`xp ycgd lcend ly dlahd
avn I ı̈ëåú II okez ùãç áöı̂ I dlert II äı̀åòô

q0 qacc
q0 a q1 a a
q0 b q1 b b
q1 a a q1 R R
q1 b b q1 R R
q1 a q1 a a
q1 b q1 b b
q1 q2 L
q2 a q2 L
q2 b q2 L
q2 q3 L R
q3 a a q3 L R
q3 b b q3 L R
q3 qac
q3 a b qrej
q3 b a qrej

dxcbd

:xy`k M = (Q,Σ,Γ, δ, q0, qac, qrej) diriay dpid (MTk lcen)mihxcq k mr h"n

iteq miavn sqe` Q

hlw a"` Σ

dpekn a"` Γ

dlgzd avn q0 ∈ Q
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xy`n avn qac ∈ Q

dgec avn qrej ∈ Q

mixarn ziivwpet δ

δ : (Q− {qac, qrej})× Γk → Q× (Γ ∪ {L,R})k

lk , oey`xd hxqa hlwd .mipeeikd ipya miiteqpi` mihxq migipn MTk lcena
.miwix miligzn mihxqd x`y

?iaeyig gek eptqed m`d

-iw m`d ?T lcen ,iqiqad lcendn (xzei ylg e`)xzei wfg ycgd lcend m`d
lcena lawl e` rixkdl xyt` i`e MTk lcena lawl e` rixkdl xyt`y dty zni

?iqiqad

htyn

.milewy MTke T milcend ,k lkl

dgked

.Tl lewy MTky lawp .Bl lewy Ty recie ,Bl MTk oia zeliwy gikep

Bn ylg `l MTk - oey`x oeeik

.Ml dlewyy MTk lcena h"n Mk dpap .B lcena bpixeih zpekn M idz
lkl .Mk = (Q,Σ,Γ, δk, q0, qac, qrej) if` M = (Q,Σ,Γ, δ, q0, qac, qrej) m`
.δ (q, α1, ...αk) = (p, β, α2, ...αk) f` δ (q, α) = (p, β) m` ,α1, α2, ...αk ∈ Γ ,q ∈ Q

MTkn wlg `l B - ipy oeeik

MB = dpap .dxegyd dpeknd - MTk lcena h"n Mk =
(
Qk,Σ,Γk, δk, q

k
0 , q

k
ac, q

k
rej

)
.dnec`d dpeknd - Mkl dlewyy B lcena

(
QB ,Σ,ΓB , δBq

B
0 , qBac, q

B
rej

)
ixewnd avnd z` liki QBa avn lk ,MTk lcena B lcen ly zecewt bviil ick

:zelert ke ,mixbe` k ,Qkn

QB = Qk × Γk
k × (Γk ∪ {L,R})k

zvayn lky ,zia sl`d z` licbdl xyt` ,cg` hxqa mihxqd lk z` bviil ick
.zevayn k ly zifhxw dltkn bviiz

a"`l siqep - hxqd lr y`xd mewin z` xenyp ,miy`xd ieaix z` bviil ick
.my `vnp y`xdy oniq ,ug yi m` - y`x lkl zgzn ug miyl zexyt`

,mdn cxtpa hxqd lr ff `ed - miy`xd kn cg` s` bviin `l izin`d y`xd
.hxqd lr ugd df zixewnd dpeknd ly miy`xd z` bviiny dne
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Γ↑ =

{
α
↑

∣∣∣∣α ∈ Γk

}(
α
↑ ,

β
↑ ,

_
↑ , ...

)

ΓB = (Γk ∪ Γ↑)
k ∪ Σ

ly mihxqd lka yi dn zrcl dkixv dnec`d dpeknd ccea crv zeyrl liaya
ely jxrd z` xenyp ,y`x `vnpy mrt lke hxqd z` wexqp .dxegyd dpeknd
z` `lnpy cr dpini fefpe ,il`ny ikd ugdn ligzp cinzy jkl b`cp .(avn)oexkifa
`lnp df itle ,ycgd avnd z` oexkifa meyxp ,mze` ep`liny xg`l .zenewnd k
ikd ugl xefgp f`e ,zelertd z` rvape hxqd lr aey xearp df ixg` .zelertd z`

.il`ny
.QB ly qrej e` qacl mixaer ,qrej z` e` qac z` likn avnd xbe` m`

MB zelert

legz` .1

crv cg` crv divleniq .2

...,"II okez" ,"I okez" mixbe`d ieline oinil l`nyn dwixq (`)

mixbe`de "dpekn avn" xbe`d oekcr ,Mk ly mixarnd zlah jnq lr (a)
(okezd ixbe` qeti`e) ...,"II dlert" ,"I dlert"

.zelertd reviae l`nyl oinin dwixq (b)

okez m` .qBac avnl zxaer MB if` qkac epid "dpekn avn" xbe` okez m` (c)
.(a)l dxfg ,zxg` .qBrej avnl zxaer MB if` qkrej epid xbe`d

icnin ec hxq
dpini e` dl`ny ,dhnl ,dlrnl zkll xyt` aly lka - icnin ec hxq epl yiy gipp

?T lcenl lewy df m`d .seqpi` cr
epl yi MTka ik - dira df la` ,MTk lcena ynzydl `ed iaih`ehpi`d oeirxd

.yd cnina seqpi` epl yi o`k eli`e ,mihxq ly iteq xtqn
ecd hxqd z` bviil jxhvp oey`x xac ,T lcena dycgd dpeknd z` ulnql ick

.dlxitq zervn`a eze` bviil xyt` .icnin cg hxq jeza icnin
okle ,iteqpi` hxq jeza `ed mewind .eply mewind z` xekfl jxcl miwewf ep`
mihxqa ynzydle ,MTk lcena ynzydl lkep df liaya avna eze` xekfl lkep `l

.oexkif xeza mitqepd
eze` bviil xyt` .xtqnd z` bviil jxc jixv ,oexkifa mewind z` xenyl ick
- zix`pe` dxeva eze` bviil heyt ikd la` ,zix`pia dxeva e` zipexyr dxeva
zelwa xyt` dkk .xtqnd df miieqn xtqn mda meyxy hxqa mi`zd xtqn

.ltke xeqig ,xeaig ly zelert rval
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hlw `ll dpekn
lk z` zg` zg` hxq lr meyxze ,hlw lawz `ly bpixeih zpekn zepal dvxp

.#a zecxten ,dtya milind
ea xg` hxqe ,hltd z` aezkz dpeknd eilr cg` hxq - mihxq ipy epl eidi

.dly mikxvl ynzyz `id

dnbec

:{a∗} − {ε} dtya milind lk z` zazeky dpekn
avn èı̀ô oexkif ùãç áöı̂ hlt dlert ı̈åøëéæ äı̀åòô

q0 q1 a
q1 a q1 R
q1 q2 L
q2 a q2 a a
q2 a a q2 R L
q2 q2 #
q2 # q1 # R
q1 # a q1 # R
q1 # q1 R a

dxcbd

hxq)oey`xd hxqa xy`k ,mihxq ipy zegtl mr h"n dpid zety ly dipnl bpixeih zpekn
hxqa sqepae .dl`ny fefl dleki `le migeex lr wx aezkl dleki dpeknd (hltd

.Σ ∪ {#} jezn zeize` wx aezkl dleki dpeknd oey`xd
,w ∈ Σ∗ dlin xear .miwix mihxqd lk xy`k ligzn dipnl h"n ly aieyig
ly aeyiga d`lde aly edydfi`n m` w z` zhlet M ik xn`p ,dipnl M dpekne

.M ly hlt hxqa zei# ipy oia z`vnp w dlind M
Mw ∈ Σ∗ lkl m` L z` dpen M ik xn`p ,dipnl M dpekne Σ∗ ⊇ L dty xear

w ∈ L m"n` w z` zhlet

zexrd

dlin lk la` ,hxqd lr dtyd lk z` d`xp `l mlerl f` ,ziteqpi` dtyd m` •
.miieqn alya hxqd lr ritez dtya

.milind ly xcqd lr zeaiigzd oi` •

.zg` mrt wx ritez dlin lky zeaiigzd oi` •

dxcbd

.dze` dpeny M dpekn yi m` dipnl zpzip L dty
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htyn

.iedifl zpzip `id m"n` dipnl zpzip L dty

dgked

.iedif⇐ dipn :oey`x oeeik

dpeknd - L z` ddfny ML dpap .dxegyd dpeknd - L z` dpeny dpekn ME idz
.dnec`d

dpekndy rbxa .hlwd hxq z` mbe ,dxegyd dpeknd z` lelkz dnec`d dpeknd
,ok m` .hlwd `id z`fd dlind m` zwcea dnec`d dpeknd ,dlin zhlet dxegyd

.milin witdl dkiynn `id ,zxg` .qaccl zxaer `id
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