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* Finite automata(FA/DFA)

« EXP: Automatic door of supermarket, Digital
Watch, elevator, Markov Chain etc.
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“Read once” , “no write” procedure.
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on input “0110” , the machine goes:
q: >0y >Qq, > 0qy > gz = “reject”
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oninput “101” , the machine goes:
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010: reject

11: accept
010100100100100: accept
010000010010: reject

e: reject
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Definition 2.1 A deterministic finite automaton
(DFA) 1s defined by a 5-tuple (Q,2,0,9,,F)
1. Q: finite set of states JRAEE

2. X:finite alphabet  FHEE

3. §: transition function 5:QxX—Q ¥4 1% P4

4. qyeQ: start state AR

5. FcQ: set of accepting states RN e

@ Define of NFA
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EXP2-1:

; 5. transition function &:

A N\, e i B R R 2
o)A@ ) )

0 1
1. states Q ={q4,9,,93} G 9 %
4 |4 G
alphabet > = {0,1}
d; 14 G

start state q;

W N

accept states F={q,}




A HIPEZKIES

€
-

The language recognized by a finite automaton M
Is denoted by L(M). We say that M recognizes A.

Def 2.2 Aregular language 1s a language for which there
exists a recognizing finite automaton.

LJ)—”JID 5, 3ANES ée%ﬁFAitﬁXEmlmg

Def 2.3 %M, MooWFA. W1SRL (M) =L (M,) , WK H Zh#L
M, S5 M AH B 5507
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EXP2-2:

M1: 0 1 1
O
q1 Q
L(M,)={w| w contains at least 1 and an even
number of Os follow the last 1}

EXP2-3:
M2: }@

L(M,)={w| w is the empty string € or ends
in a 0}
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A creative process , using “Read as Automata”
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(3) 25 Htransitions

@ BB NN NeHPIRES, faEN

start state
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EXP2-4; uﬁ*‘”ﬁﬁamfﬁiﬁ?ﬁ HZIHIM, MiRBHE S
L(M)={w € {0, 1}*| wHONEAEE (& 0) } .
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Regular operations

EXP2-5: #it—/"DFA, EfIHINES
L(M)={w € {a, b} | wHaf ] M E23rEE (F0) )
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What’s NFA (Nondeterministic Finite Automaton) ?
0.1 0.1

..._.g B /\8

Difference between NFA and DFA

 NFA has zero, one or more exiting arrows
for each input. — A%

« NFA can deal with the € ([ 2)Z1%)

 NFA works as parallel computation or Tree

@ P i+ %
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> The NFA works as a TREE

»L (N1) ={w| w contains either ‘101’ or’ 11’ as substring}
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EXP2-6:

L(N3) = {w| w =0, k is a multiple of 2 or 3}

e A LA T BRI

NFA is sometimes easier than DFA, constructing
or understanding .
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Def 2.5 A nondeterministic finite automaton (NFA)
N 1s defined by a 5-tuple N=(Q,2,9,q,,F), with

1. Q: finite set of states

2. 2: finite alphabet

3. 0O: transition function 0:Qx2e—P (Q)

4. qy€Q: start state

5. FcQ: set of accepting states

> Xe=3 U/{¢g}
> P(Q): all subsets of Q, called Power set (&%) of Q.

@ Define of DFA
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1. The function 0:Qx2Ze—P (Q) 1s the crucial
difference from DFA. It means:
“When reading symbol “a” while in state q,
one can go to one of the states in 6(q,a)cQ.”

£ g iza , Al 2Bl 8(q , a)F IR

2. The € in 2e = 22U {e} takes care of the empty
string transitions.

e TLHIABRELIRZS, FEORA ] o JH K
3. DFARITHE 22 MERT, NFARITHE LW TR .
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1. Q ={q4,92,93,94}

2. ={0,1}

3. is given as 0 1 €
d: | {dq} {d.,92} ®
dz | {ds} ® {ds}
q; | P {d4} ®
ds | {da} {da} ®

4. q, is the start state, and
3. F = {q4}
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2.3 DFASNFARZH#H
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Theorem 2.1 NFAS5DFARZMH .

Proof idea:

1. FAZH I X?

2. DFARITHEEERELER, NFARITHERMIZH .
3. RER: WTNERITTEZRRBRESLERTE.
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bh)

1. M\ EHEBIBF58RE, DFA MEPIRESSERR
EstR—RNFANFIIRSEESHIFE, BfPower

Set (F£).
2. HENFAFPREQEEN/IRE, T |P(Q)| = 2n,
AT L

@ 'ﬁNFA%ﬁ‘H'JDFAH’J«H(j‘ NFARZS )
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@ — ki, DFAELE S HINFAE B Z4(
REZT);
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0 EKERMIME:

E(R) ={q | q can be reached from R by traveling
along O or more € arrows, q € R, RcEQ}.

E(d4)={q+,93}
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Proof: Let N =(Q,>,0,q4,F) be the NFA , recognizing
language A. Now , we CO uct a DFA M recognizing A.

ConstructM=(Q" ,>, &8 ,q,” ,F’ )
1.Q7 =P (Q)
2.0° (R,a) ={qeQ]|qeE(d(r, a))forr eR}

3.do° = E({qo})
4. F° = {ReQ’ | R contains an accept state of N }

8. L(M)=L(N), DFAENFAIRFIAFKIES, FrLL,
DFASNFARZHr i .
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NFA—DFA (FHHMiEX)
1. First, determine D’ s states.
2. Next, we determine the start and accept states
of D.
3. Finally, we determine D’s transition function.
4. Optionally, simplify the machine D, removing

unnecessary states.
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Let N1=(Q1, 2,61,CI1,F1) recognize A1,N2 =(Q2,
>,02,02,F2) ) recognize A,

Construct N=(Q, >,0,90,F) to recognize AU A,. N1
1Q={qo}UQ1UQ2 4 /v.
2.The State qq is the start state of N. O

O
3.The accept state F=F, U F, ‘
4. ~—04(q,a) », QqEQ N2

6(qg,a)= < 0yq,a) » qEQ, Xﬁ. .
{91,92} » 9=qoand a=¢ ® ‘
] , 0=(o and a#¢ @

Hr: qeQ,ae}
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EXP 2-10: #&iT— & iR 5 Eialweb Ml ebayHNFA,
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Bob: WHEFRIDFARE, THHEDFA KRS

L X TFEREES Q@ pepy), FEENATRERRAx, WERLE
NFARFFAEREHQ=0(;, x), N, YEDFAH, #EFEH 197=0 (Q, %)
2y ﬁﬂ%?ﬁfwﬂf’c@pi&ﬁ%%m@%%, W, FEDFAR, HEFFE 1),
0(q;, 0}=0Q, x);
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EXP3-11 ¥ T INFA# AL N4 IDFA.
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N: D- 1 0
0.1 Start m m

SM@O@I

FiE—: 1RBBEIE2. 14#934EDFA D. 1

step1: M{qo} 15
6 ({90}, 0) = {q0,d1}> 8 ({do}> 1) = {qo}
step2: X T H IR {q0,q4), FFREERL RZL:
0" ({90,d1}> 0) = {q0-q1}> 6 ({90,q1}> 1) = 1q0-92}
steps: X TH I IR {Q0,q0),  FREEHE PR
0" ({90,92}> 0) = {q0,d1}> 6 ({902} 1) = {qo}
2, AT ARG, FrSREIDFAILA {q0)
(o1}~ {9002} 3TIRES, W EEPIR.
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N: D- 1 0
o Start <)
Start m@ 0 >@ 1

FiEZ: Y50k FEEEIIEDFA D,
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E X 2.6 —Mooretlj&—~/STod
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EXP2. 13 25 HH—1N0, 1HEMESS, ZESH M EEILL00
B4 . BRI — 1N REWNNRHAS (A={y,n})
fiMealyHl, M BB THESSHER, fidy, ®RrEZ;
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EX 2.8 HMoorefll
M =(Q, X, A, 84, Ay, qg)
Mealy#l
My =(Qy X, A, 84, Ay, qpy)
XTvxe X*, AT (x)=A(qy) Ty (x) L, FRENTZSE
iR
Horp, Ty(x), Ty (x) 79 038 7-M AN, FA) i
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B Moore. Mealy#LA]H T &1+ 2 58 2%

inputs —————)| Next-State | ycitation State current state
Logic p—-— Memory |F—r—
— F

clock input

Moore (FR) RS

>
inputs —————)| Next-State | oycitation State surrent state
Logic F——»| Memory F—=—"7"=-—>

> F

clock input

Mealy (HRR) REHL

Output
Logic

Output
Logic
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2.0 (instantaneous description, ID)
e B BIHLIEI Z 1 —A> “HRIE” . IRAFE 80 H 3L

EHPIRAS . G NS SR E. 8%, M2 AKFE (

configuration) .

WO xqy, #100119,01100, Hrix, yes*, qeQ, H.

5(q0’x)=q°

001101100 ... ...
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2. DFA. NFAX [a)#t) 3= 25 X 5]

FoRCt o R SN
~ar= ~@=




Z NN AN

0] 5. AW FHIFARDFA, i©&NFA? 4HRATAES

0
i O
M1ZENFA, L(M1) = &
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3. FA (DFA/NFA) #2ZFiES£IENES (Regular
Language) -

4. MEHNMFAREZFIIESHE, Ba, XHPFAREN
.

5. ¥NFARZAL ADFARI T IER WA, Bl FEMEEMNE
TEH3.1 (NFAMIDFASEN) WIAE, WERFMH.
6. Mooret/lLf1Mealy & % Hi 1A 35 B 3L




