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FF&#: Introduction

F—FY b2 EEE:

Automata and Formal Languages

o F— k< k2 (Automaton)
o STEHDMHKRETIL: Abstract model of computation
o T—THE5DANICE BIKEEER: Transition based on input
from tape
o MEHET 3. idfAN%ZEE X S: What does it mean to
compute?
o automata |\3HEHHAZ: automata is plural
o XL EFE (Formal Language)
o A=Y FUHFIBYI S SEE: Language accepted by automaton
o MEZHEMICHH: Mathematical Analysis of grammars
mathematically
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REMHRA — kT k> Deterministic Finite State Automata

REMERA—FT R

Deterministic Finite State Automata: DFA

M = (Q,%,6,q, F) (2.1)
o Q: NEPIREEDHBIREESR: Finite set of internal states
e Y: AMATINT7RY k. DEDANELEESDERES: Finite

set of input alphabets
§:Q x Y — Q: IKEEBFEEL: Transition function
o 5(q,2) = p: BERKE ¢ TXFT a #HC L. RES p 1B
9 %: At a state g, transition to a state p by reading character a
qo € Q: #IHAIKEE: Initial state
F CQ: SIIREDESR: Set of accepting states
o € FICRIETBANZEZIET S: Accept inputs that reaches
qeF
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REMHRA — kT k> Deterministic Finite State Automata

5 2.1

Q = {0, 01, ¢}
\\\ b Y ={a,b}
@ F={g)}
a,b
ab 3 EFEBAEK (transition function) &
' al|b
@ qo || 92 | ©1
q1 || 90 | 90
qz2 || 90 | 40
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REMHRA — kT k> Deterministic Finite State Automata

F{EL X—: Images of Operation

T—IANY RHBEILT. T—7LOXFZFHAI D, : Reading
an alphabet on the tape and moving the tape head.

albla|b|b|ala]
qO (qO, ababbaa) l_M (QZ, babbaa)

E[b[a[6[b[a]5]
2 (g2, babbaa) Fy; (qo, abbaa)

[a[b[a[b]b[a]a]
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REMHRA — kT k> Deterministic Finite State Automata

(qo, ababbaa) ks (g2, babbaa)

B 0

al|b
Q|| 92 | 1
g1 || 90 | 9o
q2 || 90 | 4o

e i Rl Sl S

Far (o, abbaa)
Fur (ge, bbaa)
Far (o, baa)
Fv (@1, aa)
(
wm (

IRT0DXFINZERT

€ represents a string of length 0
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REMHRA — kT k> Deterministic Finite State Automata

f5:2.1 AD A 77 bbaba

B - A— hT Y 8/29



ZIESEE: Accepted Languages

-y DR E ZIBEE

Transitive Closure of -3, and Accepted Languages

o AN weX (X ik Y OEBRD AU EDNT) IC&>T. #IHA
REE ¢ DSREE ¢ ABBL. T—FITFZ->TVLBXFIID o
ThHdHET
When the input w € ¥* (3* is a sequence of 0 or more elements
of X) causes a transition from the initial state ¢y to the state ¢,
and the remaining string on the tape is w’

(90, w) 3y (g, ') (3.1)
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FIEEEE: Accepted Languages

o MH AN w ZZIB: M accepts the input w

(q07 'U)) |_?\/I (QF; 6) ) qr S F (32)
o FIEEFE: Accepted Language

L(M) ={w e X" | (qo,w) Fis (gr,€), qr € F'} (3-3)
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ZIESEE: Accepted Languages

2.1 D5E

(2, aaba) - (qo, aba)

(
(q2,ba) = (qo,a) F (g2, ¢€)
(
(

(qo, aaaba)

|_

l_
(qo, babaa) F (g1, abaa) - (qo, baa)

|_

q1,3a) F (qo,a) F (g2, €)
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ZIESEE: Accepted Languages

RIET B ATDH

Example of Accepted Inputs

a, aaa, aba, baa, bba,
aaaaa, aaaba, abaaa,
babaa, babba, bbbaa,
bbbba
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ZIESEE: Accepted Languages

Q = {q07 q1, 42, QS}

¥ = {a,b}
F={g}
B 5
alb
Q || 92 | @1
q1 | 93 | 90
q2 || 4o | 93
g3 || 41 | 92
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ZIESEE: Accepted Languages

5 3.1: EN{ERI: Example of Operation

(qo, aaaaab) F (g2, aaaab) F (qo, aaab) I (g2, aab)
= (g0, ab) (g2, b) F (g3, €)

(qo, abbaba) F (g2, bbaba) F (g3, baba) F (g9, aba)
= (g0, ba) = (q1,2) I (g3, €)
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ZIESEE: Accepted Languages

Bl 3.1: FEBIBXFIH (RS5ET)

Example of Accepted Strings (up to length 5)

ab ba aaab aaba abaa abbb baaa babb bbab bbba
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FIEEEE: Accepted Languages

Q= {QO>C]1,C]2,Q3,Q4}

Y. =4{0,1}
F = {qu}
ETERIE 0
01
qo || 92 | ©1
qQ q3
42 qa
qs || 92 | 90
q4 || 94 | 44
ZERICER
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FIEEEE: Accepted Languages

5 3.2: EN{ERI: Example of Operation

(g0, 1110101) F (gq, 110101) F (g3, 10101) - (go, 0101)

= ( )

(g2, 101) F (g4,01) = (4, 1) & (qu, €)
(qo,1101010) F (¢1,101010) + (g3, 01010) F (¢s, 1010)

= (q4,010) = (q4,10) = (q4,0) = (qu, €)
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ZIESEE: Accepted Languages

Bl 3.2: FEBIBXFIB (RST5ET)

Example of Accepted Strings (up to length 5)

01, 010, 011, 0100, 0101, 0110, 0111, 1101, 01000, 01001, 01010,
01011, 01100, 01101, 01110, 01111, 11010, 11011, 11101

B - A— hT Y 18/29



IEREMHRA — k< k>: Non-deterministic FA

IEREERRA—FY b

Non-deterministic Finite State Automata: NFA

M = <Q72757 QO7F> (41)

o : NEPIREEDE SR Finite set of internal states

e X: AZI7ILT 7R w k: Input alphabet

0 §:Q x Y — 29 KEEEREAE: Transition function

0 291F. QDRIESR. DFD Q DENEADIR. BBEHLE

BTHRILEHARTDILITEE, : 29 is the power set of
(. Note that it allows multiple transition possibilities.

® ¢y € Q: #IHAIKEE: Initial state

o ' C Q: ZIRIKAE: Accepting states

B - A— hT Y 19/29



IEREMHRA — k< k>: Non-deterministic FA

5 4.1

0.1 01
) )
~(@——(——

Q= {QO;QI7Q2}7 Y= {07 1}7 F= {Q2}

et e 4L )
0 1
qo {QO} {CIO, Q1}
o 0 {a}
@ | {e} | {e}
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IEREMHRA — k< k>: Non-deterministic FA

Eh{EH: A771010110

°®
@ 0 @ 1 @ 1 accept!

N1 0
@
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IEREMHRA — k< k>: Non-deterministic FA

IR Accept conditions

o ANNEIETRITKREERDS BT, RIEREICESZHZEN—
D2THHNIE. TOANZRIET B,
If there is at least one state transition caused by the input that
reaches an accepting state, the input is accepted.
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IEREMHRA — k< k>: Non-deterministic FA

RESUTOREAN

11, 011, 110, 111, 0011, 0110, 0111, 1011, 1100, 1110, 1111, 00011,
00110, 00111, 01011, 01100, 01110, 01111, 10011, 10110, 10111,
11000, 11011, 11100, 11110, 11111
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IEREMHRA — k< k>: Non-deterministic FA

B - A — PRy

) 0 1

Q || 191, 2} {q0}
a1 0 {Q1793}
q2 {as} {2}
q3 0 0
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IEREMHRA — k< k>: Non-deterministic FA

RESUTOREAN

00, 01, 010, 011, 100, 101, 0110, 0111, 1010, 1011, 1100, 1101,
01110, 01111, 10110, 10111, 11010, 11011, 11100, 11101
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IEREMHRA — k< k>: Non-deterministic FA

Eh{EHI: AF111011
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IEREMHRA — k< k>: Non-deterministic FA

Q - {QO7Q1;QQ7Q37(]4}72 - {a7 b}7F - {Q4}
a b

do {?{1, q}z} {qma}
> q1 q3

pezc ek @) 0 0 (0}
q3 0 {Clza Q3}
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IEREMHRA — k< k>: Non-deterministic FA

ZN{ERI: A7J aabba
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EER3: Questions

SEf: Questions

o F—hI FUNRIETINFIIDEGZEIRT D57E: How to
describe the set of strings accepted by an automaton
o XFHINR—>%FEM T B757E: How to describe string patterns
o NFA ¥ DFA IIAERIICEL S DH": Are NFA and DFA
fundamentally different?

o RIBIBINFINERIZELDDH: Are the sets of accepted
strings different?
o BESIIIER B D" Are their capabilities different?
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