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Theory of computation

Lecture 2: Finite State Machine
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Front pad Rear pad

Door
1%@”’3@zmﬁ@”'amuﬂmwaziluan']m(state) “OPEN” %38 “CLOSED”

Li’]W‘]J’J’]ﬂJ?llanaL?ll’](lnput)mﬂuvlﬂvl,@ 4 951999 state VaILATOIDL
Lﬂaﬂu(mamwaumw) WRIN bAIL input

FRONT : ‘ﬁll’]ilﬂ\‘lﬂ%il%%%dﬂ%‘ﬂ Front pad

REAR : #anafisnuiiunitefi Rear pad
BOTH : wanafisaniiufl pad naaas
NEITHER : wangfalddlastind pad lawae
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State transition table mam”amuqmﬂﬁzgé’miuﬁa

Input signal
NEITHER FRONT REAR BOTH
state CLOSED CLOSED OPEN CLOSED CLOSED
OPEN CLOSED OPEN OPEN OPEN

mmmm clasnananuenite lanannus durui input 71

lesnduasls

o lialszaasluan us CLOSED uarlasy input .1 NEITHER %38 REAR {442
mmaﬂgfuamm CLOSED &1 input L% BOTH d%43zti3A9 CLOSED LW31231N3
Lﬂ@ﬂiw@]mﬂd‘ﬂ%wvl,ﬂ?j%ﬂ%‘ﬂEJ‘LLQEI‘Y] Rear pad wain" input 1% FRONT duazgng
annuzLili OPEN

o luanue OPEN #if a3y input Lﬂu FRONT REAR BOTH asgi3ndifla udiila
1850 input 1T NEITHER 9:1/aswinanusiiln CLOSED
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TJJ‘LLLiElﬂ’J’] state diagram a3 M
start state q, 3 @il state AanATBTA LT dwNg

Q.I

accept state d, 3 slaanidn state NAIIRDIVITEUNG

1, 43 state 3J°]ja .05,

=

Qﬂm‘mjﬁnﬂ state %uavl,ﬂaﬂ state %ﬁ\‘l 139NN transitions
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.18 automaton 83U input string tT% 1101 NUaz@LHUANIANY string
IHL output aanun Lo output Hule accept %38 reject

NITUIBNITVNUVEI M, 32L3091N start state q.

automaton U symbols 917 input string fiaz@331ns8 w1 naIan
duleiaz symbol M, 9881370 state wWika bi/an state witana
transition NATINY symbol

148811 symbol @T’Jq@ﬁm M, 92191 output I@ﬂﬁﬂ%g@ﬁ accept state
19 output W accept UaN bk reject
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183U input string 0% 1101 1470 M, azvinanuasi

1.

2.

3.

Sl q,

8% 1, 188w transition 271 q, 14 q,

8% 1, 1188w transition 91N q, 14 q,

8% 0, 1U/88%w transition 271 q, 14 q,

8% 1, 1188w transition 91N q, 14 q,

Accept LWT1221 M, a%ﬂu accept state q, gla input AR
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NARBINY machine % @28 input @a bit

1, 01, 11, 010101010101

00, 10, 110, 11000

100, 1100, 110000
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L3IWUIN M, accept string NaINa8 1

#aNANHIIMNLIN M, accept string Nadvineeie 0 ludwingoinadis 1
28NUBY 1 6N

LIIWUIN M, reject string L1T% 0, 10, 101000

a tdl 1 1 A
13719:05UN8NBIN M, accept 118819136
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Formal Definition of a Finite Automata

e Formal definition ¥in lugadil

o lNBANNDNFRS precision

+ Notation
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Formal Definition of a Finite Automata

A finite automata is a 5-tuple (Q, ) , 5, do, F), where

1. Q is a finite set called the states,

2. 2 is a finite set called the alphabet,
3 0:(Q X X is the transition function,
4. (o € Q is the start state, and

5. F € ( is the set of accept states.
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Transition function: 6

Transition function L%‘Elﬂ’i’]l,ﬂuﬂglumi ej¢) state

aaaetatf state g L& BT input L% 1 NBRLINDL

fhe 'l state p:

6(q,1) =p

A91h% O LUWINTUINN set VDI state WAz set VDY input 1
(~f Y
Wil la lies set uas state
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IsNInesuie M, dremadisuw M, = (Q, X, 0, qo, F) lawn

1

2.

3.

Q =1{91, 92,93}, 0

q q q
L= {0'1}’ 42 43 42
0 asunelaaay a3 |42 ]9

d1 14 start state,
F =142}
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01 A L Julreuad string NIRNAN machine M accept 131321580 A 90
1w language of machine M Ao laidn L(M) = A

U1971L3192U8N31 M recognizes A #38 M accepts A

Machine 1138 accept L@WaNe string WANUAZ recognizes babNed

1 language

01 machine accept no strings N recognize 1 language N7

empty language (Z)
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ANMNNIDEITh LA

A = {w|w contains at least one 1 and
an even number of Os follow the last 1}

9z lé7n L(M,) = A %30 M, recognizes A
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29108 formal description U8J machine M,
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31l state diagram 483 machine M,

Mw1a b3 M, recognize
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31l state diagram a4 machine M,

Mw1a b3 M, recognize
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31 state diagram 283 machine M,

M, R8N M, G19NUATIALAIIVES accept state

Ta§ING L9370 start state LIu accept state M, 39813713930
empty string & +@

Machine M, accepts empty string #3a string 1@ ¢) Anarhedas 0
L(M;3) = {w|w is the empty string € or ends in a 0}
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Machine M, recognize ez s
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g'ﬂ state diagram 183 machine M,

Machine M, { 2 accept state g, Waz r, GULAUNTURLTAAIBNYTL
> = {a, b} Lﬁaaaal,mumgwmmvu accept string a, b, aa, bb, aba LL§

reject string ab, ba, baa

Hiasnagd 9 zwudn M, accepts 1N string ATNABUAZAIN LS

ANVITZAUNALING
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2,<RESET=

0,<=RESET=

1,<RESET=

AL bn M, recognize
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2,<RESET=

0,<=RESET=

1,<RESET=

Machine M, & input symbol 4 61 X = {< RESET >,0,1,2} lagi3188431 <RESET>
L 1 symbol

Machine M, 9:LLa108INATINYEY input MLDuaLa2 modulo 3 uazilia lsNIu
<RESET> 2ztafgsavutdn 0 1wl

33z accept NaTINTILLY 0, modulo 3(HFana NI usUInLYINVES 3)
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N1383UNY finite automaton @28 state diagram U9ATITN
: A . a £ A , D A A

Tilaluunansth aaulngaziiaduile diagram lnnwiad

anly adratu M, lunsdiisaz e formal description

L1

fnInudas i >=1 1A A 1 JUN1s118INN strings NHATINVEI

éﬁ%’)%Lﬂ%é’]%'ﬁ%Lﬁ'}ﬂaﬁ i ﬂﬂL{%Nﬂﬁﬁwﬁlzg}ﬂﬂﬁJLﬂ% 0 Lﬁa
165U <RESET>
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RN TLLARS A 191194 finite automaton B, recognize A

Ad1K Machine B, 811638 B; = {Q;, %, 8, qo, {90}} tHB Q
uteraued i state {qg, gy, .., G;_1} LA 92194 Transition
function &; éwiLudaz j i1 B, agflu g Wasawiiuj 9 mod |
AMILuGaz q 1%

6:(q;,0) = q;

5i(qj, 1) = (j, \ila k=+1 modulo i,

5i(qj, 2) = )y 48 k=j+2 modulo |,

8;(q;, < RESET >) = q,,

Computer Science, CMU




Formal definition of computation

1% M = (Q,X,0,q,, F) 11l3 finite automaton

ezl w = wyw, ... w,, 1w string Ausiaz W; Liluaundn
VDILTADNVIZ X A3 M accept w 0181ALBY state

da ¥ o oy e ¥
ToTq --- Ty W Q NMiAadudiianla 3 5o luaidk
1. To ={(p
2 0(T;,Wjp1) = Tjyq,fori=0,1, ..., n-1 Uaz
3 1, EF
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5w lUN 1 UanI1 machine LSUewN start state

5w lUN 2 UanI1 machine LUA8®AN state Wikd LUBN state Witd oW

transition function

9w kN 3 Uanin machine accept input VBINWENNUAILUN accept state

We

13193 U8N21 M recognize language A 2l A={w| M accept w}

A language is called a regular language if some finite automaton recognizes

it.
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#IN#1La1 machine M, I iduarads 1 w il string
10<RESET>22<RESET>012

zWUIN M, accept w @1 formal definition of computation LNINZINRAL DY
state NTUNLN AW LTI

ST DRV IR e B Do A Ao e
P by o A &

TIFOAARDINULIDW LUNI 3

A¥1284 machine M, Ao

L(M,) = {w| the sum of the symbols in w is 0 or modulo 3, except that

<RESET> resets the count to 0}

AT M, recognizes A h waztdn regular language
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Designing Finite Automata

e A9t T% automaton

o ULGRZATI TU input Nazen
;a 1 v o dl dl Y A v 1 )% le

o AaTuNdasdazluienazldandulaldatriandas (duas
1 set V89 state)
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Designing Finite Automata

o muNdsznavlddienn string N8 1 1JudwIuA
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Designing Finite Automata

@ ' AL A @ o . A A
AAVUNNRUNUNINULDAVDIDNUIS {0,1} LLN&ﬂ’]‘]&P’]ﬂiZﬂQU@’JU‘VJﬂ strlng Nna 1
INWIBAN
13192 NNBONLUL finite automata E1 9 recognize A%

v a & A o g A o & A A oW v
L3NG DIANAININVCLNUKRIDUUINN WY 1 mwmmﬂuﬂmam%amﬂi

ndndudadiin string Nasuraulng 239 e]vl,aja‘mﬂwmﬁ’]vlé’{iwal 9 lasis
231NN UHIIUIL 1 Lﬂuﬂmaﬂm fN81% symbol HU&INID 1 131N
Lﬂﬂﬂ%ﬁﬂﬁ%w(ﬂvlﬂﬂ‘ﬁﬁaﬂvtﬂﬂ Lathawae 0 Alailasu

lwn1saanuuy E1 FRLEE mwamaﬂswmmaom LmemwmmaJLsmo
Aduwldler W’JE]EIWG%LT]S“‘UVL@‘I

. Lﬂuﬂmﬂau

[~ dl 1
o WUANINAY
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o (1azimiua state inuudazanuzidulule (g, ud g, 1ud)

o INNWUITUAAUA transition IINNNTVBINITNTLUREUINN
P2 A & A v
RONUZRILI b Anan MR b 3L symbol

0

0
(L —~02

1
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o m”u@iavlﬂizq start state 3181 bid symbol #3810 empty string a2
aglj'ﬁ state 1A%

o A18t9lk start state fimaaAdaIne g, Wz 0 udwing

° Giavlﬂizq accept state
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2988NLUL finite automata E2 71 recognize regular language

941N string A% 001 1w substring #1@89LT 0001, 1001,

001, 101110101100101 nnm”aﬁminmagﬂumm el 11,
000 'lailx
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Regular operations

e Operation SMILELHUNIINL Language

e L1 toolbox &1WIL
U/ t:il Q/ U g
¢ R313 machine NousauUH

* Lﬂumﬂﬁmqwaﬁu class U84 machine
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A Set and operations

Set azﬁ@;mawﬂ'ﬁﬂ@m o L AN IR BUNITUN 889D RUITNY B

Ve v

LTANIALAUNITAN Ellﬁﬂ’ﬁ@i’] LU IHWLEINE ﬁwﬁ: vL(ﬂﬂ AN EleL‘lzLLsﬁ(ﬂ

G0 EHNILTW LTAVDITTWIUDTITNTG mawﬁa%m Ellﬁﬂ’ﬁﬂm
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Regular Operations

Let A and B be languages. We define the regular operations

union, concatenation, and star as follows.

«Unionn AUB ={x|x € Aorx € B}
« Concatenation: A o B = {xy|x € Aand y € B}

e Star: A =
{x1x, ...x; |k = 0 and each x; € A}
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@081 2 1 UaIaNHINENBINGBAEN 26 97 {a, b,..., Z} T
A={good, bad}az B={boy, girl}

A U B = {good, bad, boy, girl}
A o B = {goodboy, goodgirl, badboy, badgirl}
A" = {€,good, bad, goodgood, goodbad, badbad, badgood, ... }
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Irregular Language

Azt irregular f b4l finite automaton 9 recognize Ul

Li'm:mgmse‘i’]Lﬁumsﬁam‘”’a LIUN union

o A, uaz A, Lu regular ad A, U A 1TJu regular?

A89ARQININIY string ANFINIILE? 9ziRanld machine 63148
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PRIIAN A UA

FNNAIIIE M1 11 recognize A, kaz M2 1 recognize A, La7

88Nz recognize A, U A,

v . A °% %
194 M, accept string NaINaaIY 1

19 design

M, accept String NaIN18aIE 100

19 design
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PRIIAN A UA

FNNAIIIE M1 11 recognize A, kaz M2 1 recognize A, La7

88Nz recognize A, U A,

v . A °% %
194 M, accept string NaINaaIY 1

M, accept String NaIN18aIE 100
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1 1
§9931L802R U dadd10x 15t ax lsneasdnnae liiu state
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@ P A A A A &V o
@nﬁa{]aq"ﬂ"ﬂzﬂ%ﬂ r1 2P12 r2 1201 r3 2P I’4 ﬂvl,@

o | o
e AIUINALN q,

e AIUINAYN g, AINBIBNILBLN r, BIB r, WIB 1, WIB I, N e
q] q]

SERET SPREN
SERp) SPRP)
SERE SPRE
SERP d, 1,

Computer Science, CMU




Computer Science, CMU




0

Computer Science, CMU




Computer Science, CMU




)
=
@)
@
O
c
Q
o
w
8
=
o
£
o
@)




Machine M i recognizing A, U A

fua i Machine M, = (Q1,2,84, 91, F1) recognize A,
Machine M, = (QZ, 2, 52, (-, Fz)ﬁ recognize A,

Machine M =(Q1, ) ) 5, do, F)‘ﬁ
Q = Q1x0Q>
2 HIAILRNDULAY
0 fenulay
5((7”1» 12), a) — (51 (ry,a), 67 (12, a))
q, = (9,,9,)
F={(r,r,)IT1 € F10r 1, € Fy}
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