MUHENDISLIK FAKULTESI
BIiLGISAYAR MUHENDISLIGIi BOLUMU

BIL 2010 OTOMATA TEORISI
DERS NOTLARI

HASRET SUNA DIZDAR

2015-2016 Bahar Donemi




X \mtroduchon to Compudier “theory

(D Conen)
OTOMATA TEoRis]

1IS.02.00\k
‘Réx\ulqr Expressions (eg)

Tles  4onimlourken  al (:obegl

“5" Tle Hemstl cderit
Ezéﬁlb} E:éOg'}

a¥ = Majaa caa .

boz
&'h’;'y
i
d 2 b alea lana LT L4 |of Lode

" = {a ,ob , abb , qbbb, ... }
(ab = ?7\, ab, obkok, ababseb, ‘}

(a+b)* —a vep b'den oluzobilecey m  LE'(ler Mﬂ eder
(o¢b) = { o, b7}

_ sinirlt soyldo  credim cpes
(a+b)(atb) =4 aa, ab, ba Job | } Bl 1

*
[(o.-\-b)(a-\-\o)] —taift sobucb kelime oreter RE

(O+b)[(°*b)(o+b)]* — ek soyls lkelime Oneten BE

a(e+tb)*h - e Tle bagLo\don b Tlé_ bitea telimeler
Fintte Autorctqg (FR)

@—tboalonqm durumu  — e ifocde ednlir ( —’@)

@“' bty durumu +  Te Tiede édﬂir- (@)

Q
D -
: = Lo Z
b\‘ /b
@ e
% & | & Z
B e
e
* (o+p)*

& (a+b) (o+b)* + (obp)]

ol O @Dk

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar
2



% olothb)?®
a 2 Y nondetes minstic  ¥A 4o kit o
O__ t de  bir ducopn tain T4 ayrt  gsse
b |

=1 dx\\w dJo olusu e

ol

% ola+b)b + blotk)*e - aTle borlayip bTe blen veya b e
boelo-ﬁ\? Q le biea.

o R’
G b
Lt @/8—————@ A=
ol b | @b\) L "
’ \9__“@ 9 5

[=N% -} s
L Detesmni-ic
Man -~ Dedecoinii¥ic T e
FA

& Gif+ soa\do a v b lder olun o lelimelesn TP N cizinide
b =
@' "*O @—‘ Bop sting ()

5 [ \a
s

V 2t ‘den TR'e qeamer o oldugu tain BT - NEA - FA
sevtinde  loulucoa.

% N dalnil  aift sogt vausludu  ve  wauslugu & soyine  ~em
bslopmeyer  tom  keliveleis <kl Tain FA  cainia

EEn CTD_O‘-*”@*—"."”" BESZICESC el Re
. | - | |
© (b

o b o 123 Jo
@ e :O q-—_)® O;; s 4®a 7?,__;//\d2hﬂ

chr
&% b 4o tem  be\ones yercie 4 olowon.

A cift soulgras + ver  fokot e min tom  Eotannds ok

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
3



AR TR

-

i

Yy

),

3

NFA to FA
& < !
—t3 “ (Pt b4 4
Nomdeterministic ir, Qonkd)
b Q = 2 dunvmundes &  selince fjem teadine
& hem 3'e gidrgern
— 3 duvmunds qelince nereye qT‘th&
Q C@“;“* | belli | depili 4
{

JYukordoi TR, determinictic TA'dir. By FA ‘de  bosengiq
feiad [34AR | sesilAf | ook - R  oroince g€ geanil vodhir,
Bitip iain | de 4% oulundugu botan el\eronle~  seailiyor,

NFEA 'doki  belratia durumlor Tein o TR bor  komeue e -

A Mond 3'de  ven b geldiginde  bir  duums | gitmediGi
iain 133 dvomunds | b getdiginde | bop | Lomeye qicles,

Gecielert  tomomle dikton sonfe  bic duume  gests goksa

bu ducimlert  Silewkilirit. | Bu durumds 471 ve 21,23 duumlonal

silebiliria,. cone enlow | he~ hengl | B dunsendon aelen B
Tl qoletur,

Sinov Sonuiy |
Sib
G ey AR el
L Q Qb
aB m
&) ) £t

L7

& .
@ 3 e
o i @
w
< b

L )-1} ! ?{13}, 1203 duwmison  Sinince 577 e ¢ ‘Al e boglortiior
slindi §i  tan  olords s\ ndwor ve 2 Surem aoligar,

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar

4



Qb

)
* _’@—‘Q_‘“‘"@T——’@ = ole+n)ib

* Baglanqie,  chrumioming
bosko dursmler o~ Tkl
geimeye (\P=Y sﬂem&a;n_

/ A.D 1 Il

X | [

— I"

=

(= r Il

<3 ) et

- Quu; duumlert  hiabim durum e g olovor o yuider nlom  dimte sileAs. —
- oo sowo <bperdency  afof clailir bunu Sa  corpr olwaun We -
Tlrkiden  bolovook u-\eaea-ﬁm-pm@‘ ' -,
'bocumcgwf I & Isség "

~Dependency grof cirerken  boslubtoki e kuty  AD oluyor bu
Juumda A O'd ikea B ‘ye D O'dd ixea Dye g - Bu doumd

AD O'd kea BiD ye gidyor. . A 4 kea - ye D.iliikea | DYe

| rdnor o yoadea 20 4 ‘de CD ‘'ue gidayor Angons ¥

- DD, A A, vb bl dunwre Qidiqor o gastermeye qect  Yoktur

- Her dumm  Tcin bunler  gqescelledipinde  Carpr o lvogan duromar

ey cdeger duvmumle oliver.

Fs Defeor DPotoumicr = ?B(C?l ?EuF‘f'

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
5



<
)
|

AT BB DG

v
CH b durumiu H4om FA'lerden lroqgqiles mivimiie  edile bilir, bulup
£kt dosyesine YoauUocok . (Tow sone b(ouged@‘- Qidlea 'D‘k/lb‘\‘\

— Minimiae  edlimiz kol

P

Bu grofn mnr@"\;e .e;L((}nq
ll %TJQ jl/ To holt ' rouildir?

Hdve | El&.F b

ol X X XA X ]

8l/& | Xl X [

26 AB—
X\ X X

G A Iy .}

éijP‘;(AXu

Ay

e;{&

Fx x

el X

Dt

£5 Deger Duumle: (AEY TRl e, fen}
g i o 15 0 i e 155

tAFIET o]

(f S B30 [ .e'
‘*”";\\g iy

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar

6



YIEENE'S -THEORLEM
Bu Adexem R bSomden  o\upul

L. ¥a 0Ne Adoumloon kit a1l Ta@in  oym  semondo trenfition &’“’?”‘
oubun weolto ALl

2. Teanstiion ﬁm?h de Aonvmionen  bir &l Tadn  requlee expressien
bulun wolc tocur.

3. Requler exprersion Tle toamloon bie i idia etonote
teorisy bulsnnoktodie.

3. Babdm
Hual 2: THL T cequlor expreasion ‘u L e ve FAL ‘@in N_qu\w

ex pression ‘U fa jdire . FAg [ ans requlor  expresiion ‘U L $fa e
T+l de~ 2, ke & loluatarulebilin

<+ FAs : FAa

Sreaa™ | P00
~— )]s
Y3 /’\)@

&)

b
«WM
+ T Ea €3
258 Ty €5 Zuox.'DLuwm g »
€ 6 £ TAl Duurm &ﬁm X 2 Duum Soyw
+ Zy za Zg e X y
Zc e 210 = {12
6 te EATe) //
skl T, Ty €n
+ g T Ty Y FAl+FR2 = FAL+ FAL v
Zq Tu p
Zio T s
2 4 Rl | 2
VL 23 €3
FeU = AL oor N¢° _
2l —y s K2 [fol- N2 Se ol €2 s a' Kz or ™M = +By
2y bl Yl o Nd = %3 Za— ! Xi o Ny= 2§
Zri—a! Az or Ny = ¥ Ty—a. X2 or Ya=+2Z3
Tz =1 Xy oF Yy = 24 2y b X3 or Yo - +3&
Zsaa! Ko of Mol =l&sg Ze —ma! X3 o Vo= Es
s bt X or N3 =Zlo e balbt M lor ¥ ol = 2l

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
7



€x QX3 _lon Yug=iTy g —a! Xa or Ny=Z2u
Tr— B X3 ol Yy =+ 24 € —b! X3 or N2 =2y
Zgs s at!Najlot Yyl=ldu Lo ha! %l or Vi £+ Zn
€3 s bl Wi b Y =|2] o ol Nl or Yy = les
€l qi | Xa lad Nal-|%8 El2llal Xa o |¥3 3 23
2l bt X3 or N3= 24 Zhol bl 1%L o My 2% 3

: Q ' 2
:; ~ T 7
@) -G
bb i . b = i =
(=@,
st

(=}

— FAR = FAL +TR2 -

*‘Otug_on FO3 , FAr ve FAL 'nin _ Aoplomt oldugu iain
FAl de kT (ansaa . vel) duumlonr oo,  FAa ' deld  (ane o b b )
durumlo« da icermek sorun<odir. _E'E;er Teermiyorse  hotol  olur.

- - v
- Requlor eapression ¢ ‘in| danmlod§t i | lobul  edea
TR, requlor  expressian rat fin toumlad@l  Sili kobul | ecea  FAL

p FiIfaL  geklndeli yonT MIn weuns ra'yi | erleamiy bholin ook,

. requlor  expresdion  fain FA3 ot Virlnel  FAlde | gng qetdiy imide
ikinci FA'de poro oMuSumuiu kobul edorur  Elkfeme bu sekilde

p olur:

. z8y

— A

B G wog

e o

ﬂ FA2
ANAN

ﬂ ~N o b o)

IS DT

L ]

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar
8



Fal = FAlx TR

= 2 €2 < FAN *TA2 # FA2 * Tl
E €2 Z|
23 ea Ty
+ €y ; €3 <4y
— 2\ = )\1
il ]

22 = X3 oc Yi (‘F{m Py o FA2 leoa )
€3 ol Walor Wi| = Za
€2~ Xzor Nor Na = 4 7y

Z2 duumunda X2 ve Ni  durumlorint boptrol edhyomui Y
diq‘zncb Xa'de! ken  Xz'e qider ve %3 Qe ¥( 'de Yoot
Miide o geldipinck Mi'e qider folet Hekporce~ Ny YA rOMNS
Qoelr oktuf. Yb geldipinde e X3 'de Tker X2 'e Qqide~ bu
dunm b Yi'de | elledr NI ‘de b geldiginde Y2'uye qgider bu
Yo den unu  elkleny  ve yeal Fy  Quumu  olugur. Matelea
d,oLC’&t do + 2y olur.

qe{ -

~Fa = Fal * FR2 —

&
b
a@b
& -
ARRA

b Qa QUib
,/“\_ o
‘T
b

g

s
e
P
-
i
e
i
comm—
e
qmiion
L
st
wmmn
-
w—

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
9



1R R R R R R R R R0 1200121)

ok

FA3 = FA2 % FA( r_\/&w\/\/\

—Z¢ x|
T £
€3 2y
it ey €y
+ %S €6
+Z6 Zy
=2 = N

€=My o XY
g lapal Yidomd, =ES
Toledily Moloe b | s

Zz—a: Yy or Xz = +%Y
Ea a bt Naior Xil=i€2

tQay el (Y

b

b
o

o b

5

- FAl= FAg % FA1 —

€2
e
(¥
£
s

Ty = a Y or X2 =+ 7y
Yy — b N2 of Xy oF X2 = 4+ =S

G5 syat-YroriXa. oc &3

)

+ T
Zs mbiNMaorX or K3 = +2Zs5

Te— ! Nior X3 =+ 7y
ZTo bl ¥Yolog Xt log X3 = 4+ 2¢

X TR 'nin . sSohd b cuomek
qeMnre - FAL tin

i iz, ﬁ@%@DQ

b

@Ders

b

_é‘@@wk :

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar

10

Loyt & Gmeluyn.,



* Boe\omam durumu qerine S odli yed  bir  bojlonqu  dummy,
bTis duumu  yerine e odlt yerl bir b¥y duumu olupthensp.
oolre €& geaizt gopliyor: Doko  sonre v Navoy diges  dunmlor
sﬂ\'n(\_,or-

g

3 Qb
a@—é——% * DénqL ol\dudu Taia ¢ (@? : )
(@+hb)* gopiliyor b'de Sorpim
| * ;‘op\lu{cr, el
b(a+b) ol

— 4% | Silenel
* Sthnen  durum  reAndel:  durumictde

—-»@ e @ Ve o yulun Duumlo- o3 dbrgdler
a*bla+b)¥ cerpire dwrumunds  goallr

5 FA'tni RE‘'ye ddagtewoaor
. b /q
b

ST
_9@ \//,

(l) L IS jve &qeanéim qyopitd.
\D,\.Qq

igic 4l
Fas

bb g
2): L nolu durum silindr.

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
11



e @ alb+ aq)*

b+q(b+m)x (a+ba)(b10a )+ @
N 2-R oon £y

bb + (a4ba) (btea)*a b

(3): 2 nolu  durum | sfiadl,

51— (u(qa+b)*ab+b)((ba+ﬂ(co+b)*ob +bb)*((q+bq)(b+oq) ) ’O
(4)- Requiar &xpfe.mn bkt

o /___._b\’ |
b Falial LE e cnphoreaa.
a Q & Q

% 3 ve Q- elerr. ¢ qestler
fafirlesd s, b

A 2 polu  duncm | gilini/s

4 2 nolu  cdurum | SNinie

@ / alb+ bq

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar
12



5@ £ @ ‘_"—‘*. % 4 holu durum sUnte

bb+aa + Lbo-(-nb) (a@Hob)* (bovch )

- »d

. @ (bb+aa +(ba+ab) + (ca+bb)* (votao)) € 7

209ly
S SoORUSU

« 92,92, swosnwyle s i

v 9%, 9119 " BIPIER
iR, 9390 u L
Raly Ra 0 \ "
b - B T 7 O P S
SRl "Lx.‘l; w i u

o(o-»b\'
Y G L @ L G®

]g(o-& o)

O, —é-—a@ alolare))®

b+ a(ale +b)>*bLo&b},

___)@ L(o+a(o.(e+b))*b(owﬂ\tako(o-&b))* )@

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
13



> @ SE >g —=
olo#b) + b (atb)b¥a
2 § @ bro [aletb)+blosn)e® al¥

qb
s —)@ 2 @-————D.

_e@g*_o_,g_@

a+bblailatb)

e @ b*a [a+bbta (crb) T ;@

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar
14



‘3@ __é_——) @ Oda(a(ub)(q(g.{b)]*a :
&

b+{alo#0) [alo+6)] ¥ b]

it @ (b*jrg(c-&-b\[a(oi'b\] . b;\j *(a+q(c+b),£\e (o4)] *q): |

o

e'—a@ £ —:@ - —‘@ EA*

\ /

a(a-ﬂo)

‘-)@ ko /‘

a+ bk a
b“a(o&k @ /

alotb) + bb¥alot0)
ke @ b + b*alotb) [alatb)+bb*a (o +b))*a +bb”q_}
& —£.@
iy [ eta [ LG __e___,

at bb*o
aik

®

'F-———;@ g ~:

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
15



° _)@

galato) v

Qa + bb*q

&
&y

(a+ buta)(o+p)

S b¥e+ (b*alotb) [b4bbdlc+)]* a +bk*a ) >

03.03, 20Lb

FA with Output (Glali  Sonlu  Ofopota)

—Moore. | Machipe

s
SR CHERIBE Y

o

b Lq
SEENCTION

= Mml\\j Machine

®

a/o

\) 5 '

g

L

e

T

b/y

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar
16




Moore — Meally Doaddmd

8/o al %
b/

-*e*—é X 90 'a qeler deferler © e L oldipu
iacin hewn SQof4 hen Qoo dusumion
elavgon

bl blo
* qQi's qelen degarieAn awato~t A
= ldugu @in  sodece UL o lur,
q)/QJ & G2 ‘ye qelen degul®in clcgo1 ©
= oldefu isin  satece 92/0 olun
LL?.Q“H
Q

o

@

Q

Moore

? Moore — Ueally danpomonce dumm  seyin eqnt  kelr . Fora+t
Me_ou:, -+ Moo d3n>.omonde durom Soyu | artekilic

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
17



<

Bbnl Qbh
.

" fy m
. N R R A
aasRee s
i S

— __@

74
e a \ 14
i
2

- EEETT

Moore 4o | haltal ‘cu\um

£

Q
CONTEXT. ~ FREE »+ GRAMMAR - (cra)
terminals ¢ §q b, ’1? - c.&iacm bitirint  soglar,

wikia,

non+esrmirol s :% i Blafd X N, %,l } - afeca cevambht  saglor

- S — oS
(start)
S——)rll
" .
. s — as|A
Grayo)
w— [ 1 o 5 )
N S — af — d\ —a
S lasSl—laal |— e l—s ga
S“’QS\)QQS“-}QQO§—¥QOOPI\-—QQQQ
/ﬁ\/
/\
/ qrse. éree

A

a \S
|
g

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar
18



%  (a+b)¥ iain S+iasibslalbinN

% (atb)? lcin S — as\bs\qlb

—Ambisuous Gramme Herbeng' | bir steinp  Fain bicden o
pase  afoct  caebiliyerek o qromeT  ambiquouws Ceeticsin )

qrvmm-e)‘
deain
s 1+b as lskda
x Yiaa Yedn ‘Q_fkne. e ogqact worsiue !
3 /s\
VN veya
Q < S S
| |
a Q
Y CF& —3 7N Yob Etme ——> CNF| > [ CYX w
= N Nob  Eme Tqorttral
& N lot  silnin, ( S — 98 \Q\b\‘?{)
& Productionloan  soq Acofinch - N oloblecek. | nonterminolles
Nerse  ofnu  Sipla.
Xt} X ve' N nulleble nonterminal;
N =N
N al i Xl—= Y= A
\_/’
H S| q\\b\a\lq % ve Y nuloble wvontermimol: : ¢
X—= N
X — NIxX [ N X A «
Y= % |a

S nulloble olwed cned X v Y'nin yaands @b wr

Orqinal  Produckion Mew Produckon

S— Xb S— b
S =aYa S = ax
K=y nothing
X= X nothing
Y— X r\a\'h\nj

SﬁQIXblaYQ‘leq — Grommes 'in son kel

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
19



o~

[

- |5 b %I XY
= W ve X AQE‘ rndon nulloole
J X |l—h [z ll9
e ‘ S, XNdea Sloyr nulovle
r Y — wWalgq
g : €, WX da  Dlayt nuldble.
o 2 — wxlat|zb
m:.] — 5 wl X, S 1 { hu\,\obb-
W — X¥% Jbra 1K
- Original  Production New  Production
‘ . ‘S —a X no+hiuq
s =Xy S— Y
K= & nothing
® N — Wa N e
€ — WX Gaw € =X rothing
€t 4 T b L = b
W—= XN =% w—= Y= W= XE w-Y
W — bYa w — bea
Geormes Tn  son  eli
S — XIXxXyl=z1Y
Xi— |Z&
VI — Wa( Q ;
z — wXxlaz |z X lwlalb
W — XMZ lbxal N2 (XY |VY|be
-
& Orqial  procduction'a  inde A olabdetel (nullable) honterminolless
Yosap  dosetiyonas. Diseslerten de hulloble  nontermiolless  sivpos,
* Subset : 503 toohndski tom  dejerler nomkermirol e  nullckle
nontermirollerden  Snce birinei snre | ikinel- @n sonunds  hepnini
d s‘hk\{mn v kolony “PayoUt.
- — CNF 'ye | adhirme
:.lr-w Asouabli T Prmcn  birl olvok  dspundodir
- : * Nopterminel — Stine of ° «e%@cﬂd two  nonderminals
— S = -AXIX\!‘Q\].‘\"HB
y “ = ” o Nopermiro\ — one ﬂamif%;i
:‘ y R 4ea eu
g Sab

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar
20



("
ok S 4 aXX v
S'deli kool a'yr bBOyok Plye , X'kl
X = asl{bSla LSeod awe byt boyl R Me B'ye -
: | dons oo 3 : y !
A= a i} w
&b | -
S =t BXX ‘ ? S Lymugo s, Conkd 3 tone naovermirol Yo wea a‘e)\'\gq.. L :
X = Aslesla d
A — a !
B —w b - . ‘:I
don  holi = S |l— AR ‘..
2 — XX ) 2 " :
CNF ye uyar, 2 . &
X — Pslasla g
(]
A —-q
o M
'6 — b I
Il
Ra
P il
&% S — AXXBA 1
W lll
o
il
S — By ll;
7 |
R =X Ra S bu hale aelince CNF ‘ye Uy, v
- {l
Ra 5 XRa <4 ‘l
- i
R31 40P

~ G YR Per.sirxs Plgoritrod |

3 = o8 lak (b

X — BX las]q h

I
A - g 5 =0
& - b -

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
21



)

PUTTRTTRARAA

1
)

W\

W\

\

=

)

'

>

A

|

-

\

1

\

J

A

\

A

\

|

-

\

|

-

\

|

LA

3
J

!l- SChun .t koot o v blledn  bulundugu nontermirclesr NRTV
\mxreﬁe L{OM\\\{QT‘

Ty sShun)! SoWwnde\l | e aW coProundsll | deforler | cppheiloadn

Bs}xs xa,‘ns

X (oolodsel 2 DRouhuon @ cenl.
W g e 0 s i
‘S‘Q’ 7{ ssis8 . BB

5.& ’? St S ,@,gg
X
3“3} R S , a8

X

M. sStun! 2 tene coprealono  goPil | Solundsbi I . sShun | deferind
ve alt coprosany; Tlaayy DE | solundll  defzs MNe  Bidnci Sotundsk
G ad corpreoint oproalon. {

0T x5, @)

ve
SK,%} " IRB
“5\"37( S‘L‘@
)
ve
s
A‘93sx,ﬁs
>
e
o X
X
i fXS,xg

. sShun | 3 Hoe  coproalavo weptuf  I. sShvoun A elevorn Sle
Tl alt  carprody, L. sChuaun e elevory Me T sovaun ki ol

carpros v T sShomun VCdaed elervon t  Ne | I 30 honon Sel oLk
CrPrOR 5 X
A S\p
X8 Fxx (X 127 sk @Y
e ve.
' s
T oxx | m f\‘ SX
e e
X X
lgﬁxx,xg S|B}XS.XG

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar
22



V. ossunt L “4ove copmalove terdini I sStunun  TGL elevont e
V. sStunun e oW Cor'?l'g3\ ;L sStunun Tl S\ @/ Ne
g gstunua Wl e\t cerprodt e suhunun ML eleront “i o
sThunun O et corproAt , T sSkunun Tk clevert TNe L.

SChonun st ol Corprott .

X, ok
x“}xx D)
wve
X
X"(xx
ve
R

(V.
S ss, SR
5,57( {

+* Pose Tree 4t

S
4 IN
A | X
BRI .
b i O O B ¢
| LEZ1ON
b R X
I3 A &\
- S
PRI
Bl b

#* <SS |pcleplesl BAlb

Fo o Sy

FH 4 r \ | 3
i u b [sg([SC|sic Sf_(
Dssa boba
e —
bisR|SiIC{sSD
Al— & bulvwnuy ,\
b S3 s\P
25 b s
. Sl de]
T, SSthun IIAS\}‘\JV\ s s
5 L. 45 sie ) s, 88 a0
5\\; é@ SG 5!2 = 'Sc'l. S ; ac 21D -
m}s ) S8 80 ke &) \ S.c 'Qg

2 = =
sl e sc @,@: ¢s,c@
S8
© | 3
Acio]
R

\ )

.
—.
-—
.
-
-—
—
-—
—
—_
=
—
—
—
=
-
—
—
—
-
-—
—
-
-—
"1
—1
q
=
g

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
23



PERRRRE LR

*

AW

SRR RRRRRERARERRN

“
)

LA

t

(4

W, Sohn |

AN
99\
A

25 V
si&  )Ee) sD,as,S

S )
i ) * 3 sthuown 4. corpron -
6 p sl B lovolot  Sonucu  =Re
3’ / N TARN I N ecd(len <Goslordlc v son
s A s SB (A ss * doyelim nerdea or-eiﬂm‘(
N 3 MW r R onun  ©-b el - kuluow
’ S b b b g lods +om coproxismolo~
o ST $.s|— Lontroll  eatiif
b
T BD =
= S % Yuvorlob Rincder S
7% AN i sekllde =\d=
S S e MASEL Tedn 2 e
[ \ | \ poue o.?eC| ortoy K
b 5y f b 8 D aemee olum,
\ k. /N
b & A 8 & | A
[l P
b \/‘ 3 T
- Winel | S8 |—
" .
@ s~ nP
Ao Psl aglprlg 3 babaca 2 e limesinin pooe
Soc.nt bulunu?,
B b - I el TR T QS? =
[ S &) S | S
of | S tats
g
cl A S
ol A

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar
24



£.1.3 jlcans

Sk s

@/\ @/\

a A
AN LAN AN AN
a8 A~ S (3.2 A B8 A S
(B4 AN T AEERINEN
a e A B 2 lal b lalal | A
L] sl 1 18 M 1 |
Pl8 |o & = % o a a

MV

V At Lelieler deptlen  oluspuruton ool chqo- S durumleredir.
Ontordb  4elk fer  lontrol edilir  ve  hu incelemeyle  embiguou s
olwp Olrvxod\?mq &é\e toror veAlir.

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
25



AARARARRRRRRRARARY

W\

J

J

W

J

J

RARERRRRR

WAL

J

|

W\

J

J

(

\

U

\

118!

6.1.5  Tain:
s S S S
4N AN N \
® = ® -~ (Fj a | A
21N 1Y /1N ( ZN\ | | / \ [f
L) B A la | (s44) 88 |a (A |s ¢ | (a3)@) s o
\ |/ 1/ VN /N 4NN
b A b A R _e|d A (34)8 P Ap
/N AN /TN a LN | IR AmN
A RBA A(g2.2) QA Alkadl) ap 2 - A s B
Lt (A 7 % 3 Vo )
B lalal & B na b q e
it 3
sl &
S
4 3 V don durumds olwpon  k3ton  durumlord
=) © Tndelyorur,  Bylece  poie  agpslommia  orous
/\ | alkar. a2z doumlor  2'ye oynieklier
(5‘1.‘3)® Y baylece  birdea oale efog . omode
/l /\ Suyor. 'roPlcm == [ Afone PafJe, aifoc:
(ad2)p B3 A cikmot toclsr,
A ey |
8/nl % e a
&8
b a
PusH PownN' AutompATA (PDA)
-~ q‘o@e’(}q ool ]afalaT- .. zh'\or pe 'in deraminn bczlokww
1) FuUnU  §53%eric,

PON 'mn o\t blerenles;

olur,

? Tope'in | ke glnt

’f POP ‘nin  bwslogicl
N 4
—@ccern) 9 ST T kobul ertipt dommaur

{
Q&ECE) ?S'ﬂﬁr\(‘} kobul  etmediipl | dusamaivey

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar
26



Yigzin PDA e

* PDP ‘lore stock  evedigmade m\\mca@\mw bilerenler;

Yigindan  clewonior
sermer win kullonlr,

T M gine elewron  Thwek tZen >
ko, 2 ve b pereve | gidececleint
bl QSrxerrrek ein %ou\rn\z;hr (okuro ks foar TH\E.—«)

* A= %ghbh > n>,o'f PDA "Y1 ghusair -
L \fm POl 2)
b soaire cait

-~<§-»

tope{ [a lIaMbIBIAIA = EE

V PPA ' P)CCEPT durumu:. 4 Aoredic. 2EIECT dummlotnt  goimueva.
o

¥ Oncelfcle dope 'dekt o'lor  owunw o okundukse Puh e
dlq(h@ etiir. @'lor  bBAlp: b oSludupunce (Po? @) qoptp c{\pr\cbt\
a d‘egq-lé/\t\du Bl sharst b okundukse @  sidinte. En son A°

bu  stringe qeldigihde stock Aomomes A oline.  Qetmp olue &

* 0P yopmochn cxcepi'e  gidebiliyorol Sncednde  pwh  Pproyabiling. Toret
TP iporodn accept'e ojdemiyorok  ncesinde | Mutloke | push - goperoligids

-
i
—
—
=t
=t
st
-
-
—

1

Friranh

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
27



3

PEERRRRR LR

\

1

1

A

\

%1%}

I

1111551531155151155%

21.03, 20l b

H J_‘-’%b oL b) 3?1'\"& JT=|,1“3,..,‘L'.:‘(‘1'1,...?
a)y ) W)

|

o 4
@ PERD ——s pop < » ?\a /PoP\
" 4 T U N
s (=) 1
Puit b | L[Pwa a] , | (ChecerD)

b l o
e D
AT TN
= ,
Tope [EIEATAAX AL ZEla
}l/ *Sonu@n U‘T‘Y‘d‘ topede. bor kel
2 v
¥
‘ﬂqm 7
, =
|
ALd=|f|blolnb |, | yrel2il+b+l |, 1
Gy ) ()
2 b+l b

i
b |a Q | e

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar
28



e TE[e[ala[e[o[o[B6] B[4 -/

& Toolodon 2 fone pwh a wardw. Shnen W 2 a
HonoL ain Lallontler |

; Biyv  pep

% Sondo\h  POP-a yi keldictrok  Tain  PustH- &' dea Lidai slesr

4 pwdukc®  Agpe ‘cen: Slerr . Pudh e Y(Fo otonr Pop Tle
dzpnqb« seAn . e

<

<

<

& s ek | w PUSHIPOP fe oyl varfles qgie Gedn,

A - BaIag : - tope ‘dell ol hrerflen ReAD e <Surur "
B - apl|lalb
ramwes i o ) "
ambxxafotu 7]

o1&
AEEEED

s
e
.
i
s
P
s

L : :
£ —f——-—a

ls lﬂ» —[& :
[Pwe B | Jpuowg |  [Pwina]

{ {
‘?ua&é, B_U_JE_@J _@_ﬁn :

xPOP'do 2 yol oldupu itin  non-determinfistiktHr, PDA  non-cletrming—
tie o ldugu fain ‘ye table 4o do  pane afgec bise veAmelidic

RRRRRRRAR R AR

51;"—;1'9 i STReK TR =
c €
START VAN 1 baoce b MH\»
PUustH s s beaalb -
PO P A bacalo “ﬂ
Puse B |23 boae b ,ﬂ
PusH A 2 /R baocolo -
POPLEY fo s | 2 2 , boaob =T
PUSH B -8R basch e N
POS B —geRE ‘b.aash .
POP BB basob ‘Hﬁ
LEAD 3 88 PABEE ﬂ
PoP B boco b J = ¥ "
Pustp e LY 2Y boaaaok ﬁ
kA - pRR bacsé b —
20.£ BR boock

()

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
29



\

'm-‘

’(4

..‘4

L a-r -

La = sTRTE STRCY. T™PE
w—— rEADI 25N Jbaaab
.,4' Po? 2 baao b
P 2EAD2 3 be ocolo
w PO P A bowvnab
"4 Puon & =3 bogo b
— PUOH B - AR bace b
.,_' TofP = bagob
I VIS 8 beoacb
W PoP A booo b
L2 - ReRDR A bage b
— PoP A baogb:
-l — PEAbY A booob
~|‘ - AccepT A booon
)

it

& TTobloden poe egect |, pane  eGEUnddn do - bi | dokle alkertlr,

S
J = Y. & Agon olugtururken her puwshi’de cace eldeve
J | = A 15} eplmotedir. Agoco  coculklars yooitlurkea
W ZN 4N Seckia  ssinde  olen | sol  gocuk  othinds
W B B.CA LB ooy So§ GocurMr. PoP yopidiginde T\
.'W* | /N l t srocbkl POP  weplir. Mo W swodbtine Goot
' ° A 2 =kledit: (PP yopllere cotul evlenir.)

I.oy. 20lb
TURING  MACHING (TM)
Gxrsel olarck TR ‘e ook vepaedic. TRPE kullarmoll <&  PDA

Te loenaer bzc\ugTdir. Duumler ve  duumlar  arast seaizl  olan

bir yepiy®  sahiptic,

Topele ; ,
q:’::f\\ql\*_\ q) - A TAPT kulovwe  Qaisindon
/"\a‘o Ihareket - TAPEle (patlur,
Tope'dea | YonS — TAPE Wieince hen saox
b il @ ; hem s\ hoeret edlileilic,
(q

4 1L Lkorokder otundulian sonta
L, sola goidilnesa. Mutloke | sefa
e Sdilmelids. Opdon sone  solan  gidilelsi,

%M claerken hes Bio string ain Tl o fi A qoplp en sna
gitmeli  son bojtuiden  oncekt karfi A ppp e~ boze  gelmelidir. Bglon
kootterler A oldukton Sorne  HALT | olun

d

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar
30



o |dlc} ol L, =0 L, 2 - § lan TM  gelehdnia.
(Q_lqlfa')

Lane) J
(AtAtywﬁﬁ@ (b.b.&)‘

(a.a10) (Ada 1)
oAl &

CQ(Q(I—)
(biblL)

Uo, A L)

[aTslalelelblala - -

#* TM' e yi1g\n Spltue.

alalad b bbb A
A g q bbibl|A
Adol ol o BEIA
A Alg v b ALA
A lAla b A ALA
A LAl A b iadAl A
A _lAlA A NALIA A )
AANSL | L 2 U |Tle 2 aooandks gesx colipwen .
4 Tle HALT ocooanakkl gerls colipu
StAnpl Laolu\ edes.
o _L:?Q{\Iol",n:o,l(z,-...} ( )
\ QiR
PR B o8
(A: ‘—7@
(A Ar) t(A AL
.u 4
( auq|L (b,A ) (b, A,L)
(o,b1L)
o bbbk 4 # 5 polu duromde 3 toe gesip
A loal bbb iAl A A So2  bopusuduyf, Gesitlesde duauam
A AL b Al A KX be wrtmae 2o n=oyi3.
A AL AN DNACIN
1u N

(s

=

{

188

€

EEEEEYRYYYY

{

Yith

[

Yhity

POTTTTRNNT:

{

—

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
31



R R R AR RN RRRRRRRRRY

i

{1

i
ot L:%Q\n,bln* /n:O,l.Q,“.%

[elale| plb)blpla -- -
Alalblb|BIA|AA
AAb b AAA
AlAlb|lAIAIALAIA

¢

Q(q,ma)
(b)) (aAlR) (i)
() "“’_—"@
(A e) (An,R) (AB L)
C/ éb,md (b,A,_L)®
CQLQU_)
(b\bl—)
s 1
o ,.-L:%an o S n:ol(.ll‘..?
" a2 4l tone k'Yl @ weuer ve Q™0 dge oot
X b b oA
Ao b baad.
A g ko wala A
Alallh @ AIAA
A Ald e ALAA
A A A AAANA

(CUQ(R) (o, b (R)

(oA )m (i 2) m (@ L)
(A:A:P.)/‘- (Srhar ) 125 (2) Rt Q) == (D)
- (b@ )
C/@ (a,n0) @ (O,ALL)®(.AA.|_3. Ca, o,e\@

(&(Ql L)
(oo, L) CICIY)

4 5-6 erosadkt domum oslinda  a'ya Gewllnz Byl gesme rlemialir, Opu
Ostiten | sonre | chger Q" | cbagosd | yerteaBrlir

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar
32



PP (mQ ) (bbie)

9.5% o (AAW (@ fk\&)@ (bib2) @ Q(Q(L @ Quigicy @ &.04y. 2018

(A:A,ﬂ) g 'I (AaR) bia,e)
(b1 a)k . (eraL) @wm»)@cwu @ () @

@ (0(0\\—) (AIAH—) (A Ay 2)
( 1Q
(amp) l o A \/ e

e
]

o
# Donqales a" g fodelee denlt  celmertedir.

n

_L:% oL ban“ b / n},O}

& STPET! 'in | sol toofi Gsket oloot yoades 4} 'leA helhriweldeaic. (ba'@)
Buroda, tek kullowlen b'yTl  STARTL "in sl toofinde lfode edipni

A a b bbb a (dy gsonce solo ottt 2 b ' i da'ig\z\-“\rdi')
Ao bbeaeaa b

Qlﬂﬂb\blb\b\q\quu s

A bbald AAb (Pezpae 3 ayt bt yopryovr)
AlAlcaelalAIAIAl B
A AAAAAAA B
Sl 2 sy
\‘.3) LQQQ(Q) Lblbtk)

QN\MC@ (ange) (biq )

B R O ere OL o R 1O

(ql Q IL) (AIALL) (aAR)
u’lb;L) (Q'Q‘p')

e
ﬁi\:’?iy_ (K_“"ff)_ (a/A ) @ Cotoye) !® s(e.d,o

(Aﬂhﬂ)

xloa tanel b My @ ‘4o qeviriyprask oipin SN e gbre
cfegl“(xgaﬁ 2 tone | o lo'lgya ceuontigeras il LN oluyer.

.L;{ N bnuqzn e L n7=0}

A
o

o Dl 1 tore byl l g ya qevifiyowi ve <ongd SNunde 3
tme a'gr A’ a gevidpnoe B o208 lolyr, EQeri D! dne b ‘yi e'ye
geirmy olioyahlk B" o olurdu ampg  ast  toplomwen 2 slpexcir

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
33



(ﬂ‘ 1Q2) (bR )
g‘o\s Sow \ l

“5 & ((Mbte- e Cﬁﬁola) (blblliao Caral), @ Lblql‘—) O
(a,A.e.]
(AA&)C

(o1 ?-)

7

(b‘bla) (mma) : L
| 9) ¢ ¢
- @ (CH ST z“-'“‘b) O layaiL) @ (oyeL) @
(A.Ale.)l

O

(G(Qlt_) (A:Au,) (A/Al\'l)
(b\bl(r>

[@[=]slelblblblblalalo)A -

A Qg bbbaaaa b

A agaabbbadAAb
AAabaoageaeAAAdb

L/_ZS/@)\Q AAALAA b
+1 AA®A L AAAA@Z)
oar 443/(9 O—’@

(siar)

{
4= g o™l b2n+ al ® N=C, L2+ - 'i-

oD
s (@
g_pﬁ P (o..Ou?.) (w.w.) ( PS:"? )
oy
¥ (bl (q.q,g)\@(blblgl@ (mqa.)@ (COR @ (@) @ bm\a) .
i D) 1enar) ’
p! (R
¢
(b[bll—)
(rore)

@ (AAIR) _'
(MA2) J (s,8,0) ® ""@ - ; @ oo ((O.nu,) @

(CH SN (Ria2) (aa0)
(QiaiL) (Am“-)
bikiL)

N+l 3n+l
.L:_S\q. bl a2 sbd b ASjo Z’

N

ot erbir donge bir & " ‘e denkfir.

¢ ek ek b lhrf soniu Do kadkor Sd-qe q’\’*ﬁ\cﬂ'\\a‘l enqe,l\e,-,
DEAgONOD  devamlhgnt  Sqlame <lur.

% Soyt Gaerindekl  en  son  cbegiden ol b o sore b tain
geadmiykar. Meselg 2015 2.85 'da (5 - |6 connti (b,b/ 8] dildeti
Son b an Sol.km;\w«r \

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar
34



Lo
’lﬁ\oqsoq)’su :ﬂ
P (Sl :
A= gb' QU by- 5 J.:.—T'(’k 2O ,\L>O?‘ Tain bic TM qe\z‘h'rini@‘ e I
(b1 L) : . e I
PRRCNTNTY (Q‘QM i @:)(A-,mv) ey iﬁ" .
\ a0y gH
(a.a,e) Lo i) RS -
(b,b‘{l\ ‘ L‘H
Lbnb«ﬁ)\ _Q_ (@) }OJ (Li:zt(;l’ '_,::H
\am (biti2) (acipipe) @ | ;‘—.
. —7@ v (A;AHZ) JH
) UgioiL) (A.m\,\ L- 'I
LQ(Q\{’-) i T
(ra2) . P |
@ Ca@iL) D(A'A“") .H
Couq.L)

[

FEEEERY

fh

PosT MAcHTNES (PM)

f

Gosterim  oerok  POA'ywe  benzer  ppidedie. YiGn  kulioutror
TAPE'e yoama yetbiui var  Afokot okudugu Tnale Yerovoa. Strinpin
Sopure  Yoatlekslic. ADD Jdurumu Prmo  Rieming o L

&

TRPE'e oo elemi

gaaD X L, mniﬂ v I”%’ﬂ"
EEseamAmRTrs

l

]

1

X S‘tr‘m@ onunde X Lulowleo  sebebt - ellenen strinple  oqut etmel
Tein  soyle ki; <@aabbbX qa bb -

—-—

¥ IPD  fonksiyonu  okunon yere leFil strigp'in soruna goaigor.
tem obuso  hem  yooma kefor  verchi '

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
35



{Lq

W

W

W

(RRRRRER

|

Y

X 1= Ea“bn

‘L,

B DZO,i.Q, iy F

)
XY

String sonure ekler. Poopece gelea g stirpt  ayitt etmel
Taini  kalordun

* A er tone alyl byl shd;,

I%F\laflol ol bl%| | TAL obeydh A deasceiht |
\ T
'3 W —4yoINe kodoal
owéo kofedi L
~O\
‘ .

QG abbbXaabbX¥ab XX
A A 2 Al el Lele e e
w W ww W

R Rleie R elnlwwiw
A A

RbD

a

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar
36



1)

SIMULATING A PM ON R TM

LQ\Q‘ Z)

e Cb|b|2)
—r3 ADB Y. jepeas | [T >© (€ 9% 9 5)

‘{(Aﬁgu;)

PU deled
ADD 2leminmn
Tlh'de ki
fdczluqx

(4 o
Ll [ R (A,Aaz) da) PM' detr
ey o e g =T ( EEPrD Qlemmm
(a@\L) ) Ecrahp-l
Lb|b(\-)
(X"*\L)
¥ |dl= é a" kY B 5. 5.9 } PU hin  eadeger TM sial il
&
d
ABD &

@ CHWiT) @ Ut‘*tg.'@w,m_el‘

(X/AHZ) Lbllab\‘%) bebu‘—\ (aar)
X‘/% &) R
(ane) ‘ (b,a2) (s ) alak)
@&‘—-—H‘ (bllb\“.-)

&&klﬂll—)
(baﬂlﬁ) (Alﬁqﬁ)

(&,b) @ (am@ L)

VCG a2)
(e10:0) Ly
Lblb ‘a) éb\b(z))
Gk, % @) oW

[

‘I-‘M

lll

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
37



A

EERRRRR

}

\

{1\

\

|

i

AERRER)

—
%

IRRRRRR

AT

E

N

it ~ A ) (bibiL)
' (b A 2)
Uciblﬁ)
| QJ@Y' Lblb;l_—) %

<°!Q\|—3 (.Q,O\L.)

(AmAR) LAIA;_L.)
@ aabaob
A cbAch

AlbAAL
C L sl e geldipinde b'nin Oresndeqr
bled okuyup HALT edier

- - L - - [od [ L 2o - - g R - L =g @A -

= = e - &5 [ 1 o=t Lt —— P s N

< o = qnb an " h20|(|2/-”' } :
! (a,9,r) (aAw)
1) M ae)

(bibi2) eret C)-8A ) ;@ Uqb:‘ll),@ a.Aie) @KJ ’

oy =

- w e

25.04, 20Lb

Variations on the TM

4. Mo - In - Stode  Machine

a ‘*;, i 1] r)i’,';;
% : i
M_@L}rq . 3lb % DEE
ofy ]\A/b
%C) 5/ A. f/’f;

blo

ibovAAAA'- 3

gy a A b

baa AbA

bXxa lAbea

ba oAb alA

baiX Abaa

Laa Abas
K-».l-.s‘\ﬁ/f:mu

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar

38



A Duum jserdineblh. By L ' ler  soyes\nde tope de =80 ye@ ab  sole
@Td.h,lOﬂJ al, Bir Suwumcen i ?*5‘ clururvo ?q E*Q by Eed,(er e TD‘B&’
olon qlHtoki ise tope ‘e yeoloctok  olon  diye  kokhul edlirs (O atr)

2. Mowe —ln - Stoke - TM

ofn @ Bial, Ao | | (uae —In-STok):

(AlblL)
@ew) L (D) « (oaL) (Tah e scdeges)

# Bir sncekl roverin-stole ‘Tn . tm eadeges ?

plor &)
to:m\ @ua 2)

@ (a,a02) @ Cob,e)
](Q.)L;Z) 5 tAlQ(L) :

(oA ) a (b) (2. ‘L)
‘ - Cq(b.z) @J (bion)

(a.ae)

@ B () Aoy’
’
@ (a LK) J (awie)

(o2 D
(.Q\Ql& +
(oo

3. TM = Mowe - In- stote

(ooip) RESTANN ~
L
(Qx 1L)
(biai2)

. : bls
blk
e bla &l

GO

o Bir cum. rednde  ter L (2 yeorsa 2 oyrt durum acilyor,

(a L)

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
39



AREELEL LRV ARV A,

STRY —OPTION MACHINE

e ®—

%»@

* Stoy-Option  Uochine 'de ssfe ye ' de ole | gime oldupun

Taddte | Lol Aunsrmu | meueuttar. (a,q, 8) bR i

o
1%

a#(a,a,8) 1 Q yor ;o ov w oech ka\:

1 @ Cxian 8) @ e @ (xiyie) @C‘"’g;al-)@

. TAL ' eadeperdir. TM de
#TM'den Stoy-Option '© s yob. mulolleol sops  veue
solo  qidilr.

* | {0dL0 (o) 100 (@) s } i SoYywnwn &‘mo«\é clecrementer (—=)
goloj4lid| 4 |\F bic ceNpt

Tope 'se Qb yedine Ol oldgpu  wriogls ve  en lote | &
O(AuPM vomo&xurﬂ

B E R e e

(*,Ok’{ll) o) (llAlL)*
W Geiclein omaci, tope 'de
: © '0000' qiki bir syt
(#[t]o] t]o]o] (|o] o\ ofa olmod!  Suvmundd  negotf
T (‘I‘ll) ; b\,—':ot“ :bﬂcé cdleme —
] (4, +h 2) Yecegincen cboloy S1£lr-
l{lo]olo\olololo(ola (Q,012) (014 o i§o  Gelrlwesial
o e VO S R . saglor

AAAAAAAAA

K -—TRACK TM

4 Bicden foolo  tope | veordir. Ayni ende  her ikidnce de  Qluma
A ria-
eamo pslolind -

“
Yol ot ok
TePEl |$lblelal & - Syw
2 \
Tapea [¢lolefals - - - TRACE T M ] O
A

theE] | S QIB b mug, L

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar

40



lzu.):»

> A6 P ol

-

K/"\/“ ‘/_\
P TP "o
},'thP"'E') ;0-0
I w +
v; \\_/\_/
T— T T
:~—0P OWP Q0 -~

Q- © e ' ' -
(M ) (e ) el eTe
e C A,O A, D
a ==
Q(%‘ i S "${q{313)l§lﬁ
=y L -'b%\ q \ Q L ?’l < L ‘
Qé'eﬁ&:,a__ A4 ; A © , $|A\A}A
/"u,.‘ *’SL; 113 b |2 ;
CompPuTERS -
o P
* Tt hullorook 2 seyigt eplope |, alkerve |, o olount  bulunncyr. :‘h
Pl LD, G =me =1
A =i ="
(qiair) (a.012) _“‘*
G*bG.‘ _—_—? of‘ bs!:/ =) Qn a OLm—‘ _A
bopioanl - teploxn 5 =
aaa b aeaeQe b, o'4e Geumds _‘A
5 s © Yoadea -l odu. .-d-i
* $lo+)¥ $(040Y  bir sy ke digei  otocsk .
Decr ement [rerenneat } .
P Toploon :

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
41



AT

—
—
—
—
—
—
—
—
—
—
=
—"
—"
—"
—
—"
— "
—"
—"
="
—"

VA

= Increment by e S0+ Y (Tepe 'nin ieigi)
($,$.2LO (A.A.L).O (oml—)\
W,
(0,57) (KoL)
((/‘52)
folte (11 “% 'eA O yopor - T rostod@i
{1O00000 'O, 4L yoper:
= Decremodt by 4 $o+)*§ \ _ }ﬁ'é‘,?)
' ($‘$‘l)\O (S|$1L) : O (OI(IL) (SNQ‘R)_} O/>
2 o
PO R0, Eo,l.z) (Low) (o.%,?:,) l“.inu)
1.9,R) Qad 1e)

% Olot L yoper: Tl rostlochiGy O ) d eper

% 7L a\gorttnonn birlesticing e\l |

; (t.4.2) | /D o
(3,%.:2) i @

/\ ((l(ll—) ol 1] {12

(o0ib) Stepa: 3-%F
CL i) Sep 31 F -9

Stepll 19-1
($.:¢.0)

ORI

($|$| L)
D (llO;o_)
l(o‘(‘b) (010,2)
‘(l.l,g)
O ($.$,2) @?
b G EW5)
(O| oqL) u
bl &f‘o‘:ﬁ (AaL)

U. H3L) @ (o 41) k)((«o,L_)

(O,o,;) LU!‘D! <)
Leodee) @ Lpde )

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar
42



-
L
O
—
<
>
> {

[°)
$lolils Yurallor

'f B | o
31dold s 4. i.-soaud\ O mi diye denteol et
$l0laigoltlloa bolon w24 sy L Ade Edemve ve

o > W mdu.(g 1  jelle ! calore  iqin Q.
$ O | SO_{i i i toe TAM.
418
$0l0|l$old L L
f

$010 8 4 golo

[ 02.08.2016 )
le PALSTN G </\a{+ —to —eff,ht POfJTI\S) P - B 9N ;

* 1R2(k) sexlinde gdtedlic. bk soyisy  stinpi olwhwon arflesin
soyuinin - her leiri deret tir,

# LR(o) ! Bir sonroki koot ool olmwysr.

4 Le() © Bic sonoki oouter ditkote  slinp  Hablo siflin

|
0 |5/ —|S% | #8 dempde stdrplan YN \eelivhic, .

(L) B i —_—

A
2 Sl— X Y dl— LS s i
# Gomerimia  osinde  1'den  bozloyerok goaiur. Folot bueye Odo « A
=k leck — s_*ﬁ'?“‘“ bixial enletral | Tein. Bu =ay ilore uru.(e 4 odi wedlim ‘2 - t
® Non- drmireller byl Vofle—, Jermiroler  (oscl hofler , meterohlsel gﬂ"w
ifodeler, ' cemollerdin ﬂ
4 Gromerden  bir  duum  diyegremi Glordi . Duum dijeq romn der <o A

Far‘”’:ﬂ teblosu  oluyhenslur,

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
43



RRRRRRRRRRRRRRRRRRRRRRRRRRERERRRRR!

HHU

RRERR!

* Noltanin  Lopurmuro gore  dunum  olturugonr. Nokte sz  Qeldy~
Se veya roktockn  sno $ sembold gelivena o duumu | dobe Hoala
Terletmyowt. Fokot | nokie en bosto veye | orkodn | sonro
non—Hdermicol | vorse | duromu nerletigont. | Acroc, reteyi  sone gelesm
kode~ Nerletreb. Menl duvm | clyzhuurkes de | roktodbn  sonmokld Teda:
bir sonrol dunvmo | aiden ol OoesSne | Yodmyaour Mewelo 1L — L., S
duvmunce | iken | vieqol (4) geldiginde deytp L — L, 5 ! Audimunu
Qalyoryr . Borutn  didoqromnt | ol baleten SNCO e deblo  olus tucsyonssy .

( ) X J $ Gl g2
1 53 s2 94

w3 52 5998

(3N owdupu duwm )

t—ird e 1 cA A

F 3 r3 3 r3 r3
s3 s2 39

*# Toblocbki s Ve g ipir duvmdon diger bir curumo gesial | goierin
Honinaboic Soyr - Be  duum  dyegreminds hon Qi duwme gestipgInt
betitir. <5:8)

& Tablodl: ' 1se  onloon dowmu  loelictic. | Yasndsii soy1  qromer-
deli hogi gromerin Seatordifin:.  oelietiyor,

< (XJ (xD,1X ) % |, ifodesint  poing  Hoblosunun kebdl | edip  etredising

lontro | e =i . : <
?- {
AN
SE 3 } ] “’«- .
2,1 (3,13 c2 |3 3 is ol sicy |afr2 fsiry | el
8 ’8 g 28 & 8 (=
2 e 5 S 5 S 5 S S
3 3 3 3 3 |3 3 3 3 i
L LT TR T e el T | 1
(x (X ) 2% ) $

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar
44



* Arlocdi stock  ‘oblodure oi&re  posie agoct Siorslalirrs.

AN

( - Y- . % Steckielh ule'\ore gére  itlem  depilise
i 1 €nrsen cule fl olduga Gin | gromersiel |
/ \ el direlet (ot TS non = ermviro\ler~
£ Sl ermiret  oldgunce  perse  afpc  iter.
=L J 23 X [ |
\ Sonunde reney & karfind S yoporsmmiag ;ﬂ
/ \ sSye celirteir! tlongi del Meinde Dek o i,
S =l sonlesmmochn diger blo  gesmivardi. =
IRL ) - -
X

e l_
X F1R(O)'db duum Acblounce poktadon soamaince H
nor —Hermirel vema © ron—ermicol 'tn gromes ko — e H

- lh',

—

HWlo— b qEetc. Sine ren-tomirol  \WUe  dewon - A e

X 12(0) 'in  uetersa  kaldEt i dunm  vorda =
- Shift+/ Cecluce  Conflict
- Reduce [ Reduce Conflict )

i E = T.+E Ishif+ 2.0 Vel
E = T: R redue € =

X Le(l) Lkaoldednt obuturmol  EiINn L 2 doe Lome ol turroma gqee —
Lyor FRST SET ve Fouvlow  SETS

& Le(l) formorilelil Jwvm“ndp I re 19‘3&‘!\1'0)\ q%\e__ﬁé‘\h@ S 10M

getirmelckeddir - =
ol 3! alsld 3 B~ = Y
1| S = M=€ y (Vo= Y =

2l § = s V—¥E P "

2 | S 4 ‘ﬂ

\}s‘—-» s.8 121 S=vVi=E 8[ = |s—=v=,e 8 3 "
ts A £ — Vi $ £l vV $ =

sl.v=fe 8| e dlsde.] (3] N i ) 5 ——

slope | Wl > s VE 8 —

oy | & EENMERY REEREAD = By
Vi X $,= " € 13 — .
Voite 8= \'—"l\/ —| X, ‘$/='J e V =%, € $ — ‘-'
3 2 1, |

Vv b up | I\ sl 3 D* ——

Vi ¥ el 3.8 [v —x, 3| &= [y= .x 3 —
*C ElaiN $= 1, 12 A S e = B i

Vo.x == l‘E_‘V‘ $Q:J Ve ! = ”
V = %E $,= = 1o Vi ¥ .l |3 *“_ |

\A\“(—)AE i:‘, > !

- L N

e '~

-

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
45



VAT

|

WA

A

RRRRRRRRRRRRRRRRRRRRER

% = = $ S S %
I-1—is8 s6 s2 s5 s3
2f o] o
3 % =
4l sH 513 s9 s3
Sf r2
bl s& sb6 slo sl2
3 r3
& S
9 -4
10 | 5t 1§

f | 4

1 G e

Bt sh sl3 sty | %
Iy s

a xx& LR e gqore pove edelim .

X

< = me

™
/

X< e

* Tersen Sdilect  pove  ofact

gl A4, |12 13 || rS)| | 3 r2
6 G b 3 S 2
{ 1 ! f { {

c,l“:"ﬂobmf“‘

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar

46



¥

Duvmiod  stock ‘e atme  olgoitast )

Shift Tedochla s rorflen  shitt  eeltrtmelctedir, SN goraopd -
mogde N olon  soqy swck ‘e otonr.

deduce! Eger Jduum grofiinde gidlecel yeim ol sa
qrdﬂece\u diumu  olare  koder sledT ve o doumdn | follt bir yol

Seqp flerdeir Reduce dunanlonin  soyw: ise  toblodeki duumlorn
larsiktlornden bunur. rbh ‘dea.

Accept! Bu duoum divogemincbs  S'—.S$ duvmudur 3y
duvma  geldigimhide ecept qopmty oluvd Persing  durdundlur.

Ecrort Pasing durduulur, Hataler ropor edilir

03.05. 20l b
MINSLY TEoeem{

(sTa 2T) 'Yumswj teocremine gére 2

yiginh - PDA = TM ‘.

) :Eq“b“o“ L n>¢}

X POP{ ve PUSH { , stock-1'e ar#
[elefo]eJafc]a - islemiengiir. POP2 | ye PusH 2,
Stock -2 ‘ye ait emlerdin

[ |
13 _(‘
!. 4

e
| &

5

m

\

I

mn

.

1

A

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1

47



?

=
=
e

W

W

El

-

RRRER

(ARRRRARA

>

M-

A d\\‘\iﬁ.‘ 3
o o L
‘Ooi'(*"' o

e 5%
o \a_(ff"r

w B B &
[a]xiDexal# e e Mol 8] | alt]ala]- -

1
Y
Yo
¥a €
Yy [:51
\s ~1t 3
(le.ﬁ,’ = L)

(=)

L

(L) @Q (eqbily=-1)

(rye)

(L)
(Q(b:ﬂ}:ja)l @
i
Stree X I(Q(b(ﬂj :})I
Simulahion ‘
Srote Y
Simulciion
£eRD VTR .
a
2EAD b
+ :
Por |

Q

-1§><£§

7

“HHerbir nlemde  oluuro ~

y=o | kofounmn | H'de o lduduny
Varoyetogit

& 1y d\ﬁ\n oL Wie  dope
OleANcke Sino\e  eallic.

& #® ednde  olduguma
Tein  tope loowo  qidena.
(L dwvmuy )

@ + Tope ‘cea | alualupu Sl

A yopiyarvt (2 duvvu)

J/ 4 DSnaolerie sabe qré‘\-

e (BU duama )

Sle 2 s
Simulotion o & qadnce  sola qidl -

a_ sovre  =a§a.
(326 , 4hH 3 duumlor)

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar

48



e aselse
O;;‘.le gee solef®

(EXCHE) @ (#,-&.(z! (9:'-=‘L2 @ (Q;\a;—_-:)
A/@‘ (#I#,m;@ (biby ), @L#,at‘z)} ELE (eny=, ) e |
(Sltlv") Leieit) @(#lﬁa)) ‘DELETG i(i‘&—éﬂb) <

« \qinde a veokli olekpunu —’)'-L:?t veoinde YiFn L boy mu depil my

Yordopeok 23 oma aoleur, )2, 5 Niu - bontrol  eder

* Ccn’d; =,L), kafe neyin Oiednde  olune obun sele it el
en ooze (#) gSwdr.

DELETE

% Hagi (focb&i Silecebsel ! o n; o
_leleli TelMD AT~ Hodenin  Sstonce \la‘aoa\\j:ﬂ:’-F sf\?ia@mw(

ifodeyt 4  opupvt Ve  sopincblki ifockler
Shift  yepuyot ,

_Irlile[nin]a ¥ Lowlderleri  shift yophbse boslulea

. ceuirijonut: Yooretre ol
- .
biee voraver 4
sO\@ LlroXop\s 4 Olvmo  kofodt e~ son sidipgimi s
Indiste  degil  bir  sof Wwdivle  loun
(a\b.c;:-P.) X #H e ocered Tain 2 tone (.a\&;:,\_)
(o) Yeprrotedar .
(bwe) .

e

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
49



Pust

] — womes — O 22 [ O e

#'nin O2erine gele~
blmel ‘icin 2 Les
(oy; =.1)  Yepiyonn.

4 Sonsud Oyl Y@Gin Voo bo3 ok elsa : L)
dolu = ol INSERT yopwgnnt. Yitin Enne Vo (NMERT! yophiL. Sovo
YWwe NI e bofe Tioetr ecer.
INSERT X

ab"

clofbfa[elalblelbla]

* Poametre  |lelirtmesi  loaim .

¥ Bllenecek defer AN e agvony
lexim sonro A'a gidip Q'ye [es

l_b\kﬂﬂﬂa]‘?\ﬂb]b\ﬂ_— dbneceg’™ « G'yu b Yopocap ¥
[elefelalefale|ofblo] A Blleyecegimiy ifodeys Srel bin

bootiore ceverta Q) qen  gqelcen
nerede c\uroco(sm\\\ el Te\n.

o ® -

B

C ) Qotqul)
b - (.Ala 12)

OID D

(xixi)

KTU Bilgisayar Miihendisligi Boliimii — BIL2010 Otomata Teorisi Ders Notlar
50



alad xefxa [ad 4 1Y | Yol Yol Y 18] & [0 | m] 0] - -

@ noefi 1 qigindn  sania.
¢ ldugund  gexetuyor,

& Tl PP \.(op\\ocob l\v‘l@nl

1 cErmaelice (qngrm—ﬁj =)

Rerie . Q (o) (y;=Y),
eege] || e (el ] s U RO
(ai\sn ; / (ong-ron-ti= 1)

_“O $.3.2) O CbibyL) O (&,3,2) 6@&‘#&2 O(oy;:,t.)

sk T atiel . G #R), (oy; =)
CJAIJAIL).}/ (‘-tClL) O R O :

(a"\.‘i non=# ;=)

# O2zAn=k
(aham’ﬂ}" @O #'e qc;:\ kool |
[ oprer. AN 23
j (#ehe)
l(ﬁr\dj =1 L)
PusH 2

"_)l PLOHZ X

(onyron -4, = .2)

8 (3i20) ' m (t+iR) Loy =)
i e Ty [INSERT X = O = O >
Yoo

$ 'a
ary

Lmsm -t =)

*'e qe’
el fein

Qeqeceqir ove H'e qed  gelecesht

KTU Bilgisayar Miihendisligi Béliimii — BIL2010 Otomata Teorisi Ders Notlar1
51



