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Nl 2Z&t. Finite Automata

E_—Il il-gEH

Finite Automata=
O)ioliersl = =9 ;T%aﬂo St

No temporary storage

Stoel 13 (014 220l Jlt)
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Deterministic Finite Accepters (DFA)

DFA2| & 2| 2} transition graph

DFAJ} acceptot= A 01 - regular language
Nondeterministic Finite Accepters (NFA)

NFA2| & 2|2 nondeterminisml 224

Equivalence of DFA & NFA
Reduction of Number of States in FA

mark & reduce algorithm
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Deterministic Accepters 2z, =< oo

-Def. DFA M =(0Q, 2., 9, q,,F)
Q :internal states
2. . input alphabet
0 :0Ox 2, — QO transition function
q, € O :initial state
F < O :final states

( : w accepted if q. € F
go —> g, end of string { Z

we "

— 1 input
L 5(q01a) = q:L

rejected
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DFA : Transition Graph

-vertex: states 0| q.
edge: transition
(label: input symbol)
-Initial state

-final states: @

Ex.2.1
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- Extended transition function 6* : Q x 2* 2 Q




. DFAJ} acceptot= A2 &2l 2
DFA - I—anguages Transition graph2+2| 2t H| 0| ol
L(M) ={w | M2 inputstringwE 25 &1 1)

. accepting state0ll =01 ZFCH}
LM)={we X 0 (q,,w) e F

- Nonacceptance? Trap state
- Ex 2.2 : multiply labeled edges

_»8 b =@ a, b

-Thm:M=(Q, 2 6,9, F) €2 G,

_ -> induction on |w|
5(q, W) = g iff 0,3 g,

- & : simple table-lookup, sequence of “if” statements
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DFA : (il =
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DFA : Regular Languages rm, = ooe o

- L : regular iff there exists some DFA M such that L = L(M)
- To show L = regular - find a DFA for it
-Ex2.5:L={awa: win{a, b}*} is regular?

*Point : no explicit way of testing the end of string
SHM alt L= [HOICH & Et final state2 Jt=C

a,b

-Ex 2.6 : L2is regular ->Point : aall 2™ SR DFAZ
> 18 2.7 2 L=regular -> L2, L3, ... is regular
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b2 90 L= ClAlol= DFAE & HotAIL.
L ={x|x = binary =0/ ( e {0, 1}*), x mod 3 = 0}

SIE: 0| DFAS idea= Y82 =

HAOM XSIA &2 =0l CHst

GraphOl Al state &2 == XIZXl HHIIOIEP.
KSRl A2 =0 tier HHXIE i ct it)t je {0,1}
OlH, LIHXI= (2i + j) mod 3 OICt. etk i &0lA je {01} E

0'90_4, AFEH (2i + j) mod 3 2 JIE 2 5}



DFA : Exercises (2.1)

-2 : grammar2t 2 EHIELO| CHEE J1=0lall 2 Xl
-7 : DFAO &/t modular counting & (& 11: 1.2& 2| Exercise 14)
-11, 12 : regular A 0{ &t > oHE DFA 2=0ot)|!1!

22 (20) : 3L EH(4E) S =28t closure property0fl CHet ZAl
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NFA: g o Unique moveCH &1 0l set of possible move &1 &

a,b
M=(0,3, 5, 40, F) b (g0)
O e
40

—5: 0% (2 U{A}) — 29 —

. Zpo]
—0°] range (29): subset of states

ex) (g a)={40,9,}
—input symbol ©] 1 ¥
~5(g;,a)”} empty

unique move — a set of possible states
accept a string if 3 sequence of possible moves to a final state
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NFA: O

a7
—(g,) {a*}U{a® |n>1}

\ a
i /\
~_ 7
a

0
{(10)" | n >0}
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NFA : Extended Transition Function

A9
0" (g;,w) contains ¢, iff 3 a walk in transition graph

from g, to g, labeled w
o]

A
S N
_,_a,_k,

0" (91, @) = {490, 41+ 92}
0°(qy, A) = {90, 42}
0"(q,, aa) = {90 ¢1r 95}
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NFA : Language Acceptance

e
L(M) ={we X5 (45, W) F ¢}

-A method for computing 5 (g,, w)
@ evaluate all walks of length at most A + (1+ A) | w|originating at v,
@ select from them labeled w
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- 1o o 20l NFAZ AIE0tdd
NFA: Nondeterminism? .= o tisr ois 2 o

:search —and — backtrack without exhaustive search

— helpful in solving problems easily
@@
y’
Y
~~—_ 7
a
- B39 A0)F A
ex) S —>aSh| A

— DFAET} NFAZE A A" 7}5 gk AR &4
ex) theorem, lemma

= Simplify formal arguments without affecting the generality of conclusion
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NFA: Exercises (2.2)

-2 : DFA2} NFAZ| equivalence il CHSt AF& OI oH
-12~15 (11~14) : NFAQ} A0 0fl CHE D1 == Q1 0l o

116 (15) : 22 A2 SR FO| HES ZESHH 0l5HE =
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Equivalence of DFA & NFA

M, =(0,,2,0,,9y F)) MN:(QN’215N’QO1FN)
0,:0x2—>Q0 Sy 1 Ox(ZUA}) — 2°

Def. M,=M, iff L(M,)=L(M,) 0.1

P R LIS
\1_/,—" _’\1/—’
T T

0

- Ex

{(10)" :n > 0}

- powerfulness :
YwelL(M,), 3IM,>welL(M,)
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NFA - DFA

-NFA — DFA
Q| — 2°

Ex2.12) a

*L—“ *\L’
b
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Theorem for NFA->DFA (1)

Thm: L=L(M,)—>3M,, > L=L(M,)

pf.) | nfa—dfa
@ {q,}: initial state
@ repeat

{99, . g,y of G, for ae .
0*(q,, a)Ud*(q,, a)U---Ud*(q,, @) >{q, ¢,
99 @3 — 49 4 > 4.3
®{q, € F,} in G, final state
@ 21elLM,) — {q,} final state
- terminate : G, has at most 2! | ¥ | edges
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Theorem for NFA>DFA (2) |, dcion e

induction (8:20)

-induction on |input string |
1) n=1 true
Su(go:w) €F — 65(qe,w) e F
Qi
ii)( Vivisn  qo——g¢, in Gy ={g}—>{q-}in G,
w=va  q——¢;——q =>{q%}—90—1. 4, }
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NFA->DFA : (4

— (a)
7\
A
@ Y N o
P o

- L(M,) : regular O 0,1

NFAZ acceptT/= AHNH L regular!
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NFA->DFA : Exercises (2.3)

-1 AR Hs=Hl
5:01&2 E2,8:2rulelll 2/61H...2

-13: =0 & HOIF RARIA SN LFerE A

=9
R
9
B
i
-
ad
T
*
. @
59
e
-~ 9
- @
- 2
= @




Reduction of Number of States

Simplicity, Storage efficiency

Inaccessible
Ex2.14: p.63 { S

-Def: (p,q): indistinguishable if Ywe’
S(pw)eF -8 (gw)eF
S(pweF -8 (gw)eF

cf) distinguishable & (p,w)e F =& (g,w) ¢ F,or vice versa
cf) equivalence relation (p,q)(q,7) = (p,r)
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- Distinguishable statesE 25 & O}
Mark Algorithm jZe5:=

-ldea: finding & combining indistinguishable states

mark | distinguishable pairs

@ remove all inaccessible

@ Y(p,q) > pe F &q ¢ F —> mark(p,q) distinguishable states
® repeat V(p,q) &a €.

o(p,a)=p,, 6(q,a)=q, (p,.q,):distinguishable —» mark(p,q)

-Thm : mark terminates & determines all distinguishable states

> 3549 :8:20
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- HO| o &l = £ DO
Reduce Algorithm 50 S 2iaess =

TT= =

.| reduce | indistinguishable state M, =(Q, ¥, 8, ¢y, F) > M =(0, X, 8, G,, F)

@ find all pairs of distinguishable state with mark algorithm
find indistinguishable states {g,,---,q.}, {9,,-**.4,}
. N —
® o(q,,a)=q, In M a state
5(j--ka)=Im--n in M —q, e{q,q.}
9, €44, 4,}
@ initial state g, including ¢,
@ final states F containing ¢, € F
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State Reduction : Ol

distinguishable pairs - ( 6(q,.1) =4,
(40.94) (Gorq) — \ @D =4;
(91,494) (90, 9)
(42:94) (40,495)
(93, 9,)

= indistinguishable pairs

(41,9,) (91.95) (95,95)
= ¢, 4, 4, Indistinguishable

0 0,1
_,@ %Cg;a 1 8) = {490} {01, 92,95} {a.}

o ( Given M, reduce yields M > L(M)=L(M)
M minimal 5 =04 - 1) £215+D}12 8:2© by induction

p.67 2) Minimal? Ol Xl == 8:20%7?

T
= J
K
el
-
- 9
*
—
*
2
-
e
- @
- 2
o




State Reduction : Exercises (2.4)

1
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