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t
(Automaton)
(Abstract Machine) (Automaton)
. 6 )
1
t
(Language)
( 5
(Grammar)
G G = (N,Z,P,S)
o N (nonterminal symbol)
o2 (terminal symbol) (Nn Z=0)
oP (production rule)
{A-pIA (N D)+, p (N 2)*}
oS (start symbol) (S N)

G

L(G)

LG ={o|S *o

(Regular Language, RL)
p Z*N =*

A N

(Regular Expression, RE)

(Regular Language, RL)

{6173

(Regular Grammar, RG)

P2,P7 )
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(Context Free Language, CFL)
A N
(Context Free Language, CFL)

(Context Sensitive Language, CSL)

AL el
CSG A CSG

Language, CSL) L(G_CSG) {A}

(Recursively Enumerable Set)
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(Context Free Grammar, CFG)

(Context Sensitive Grammar, CSG)
(Context Sensitive

(Recursively Enumerable Language)

{a,b,c}
RL - {a™n|n 0}={A,a,aa,...}
CFL - {a™~nb™n|n 0}={A,ab,aabb,...}
CSL - {a™~nb”™~nc™n|n 0}={A,abc,aabbcc,...}

( 6 P3,P4 )
M C
M c(M)
F_™M
F_mn= M (computation, trace)
M = (Q,%,0,q9_0,F)
°Q
o X
o0 ( )
o0 (initial state, start state) q_ 0 Q
oF (final state set, accepting state set) F Q

(tape configuration)

2 T=3 {<,>}

> <,> (
[p.x]
op
o X
o [1, x]
o [Ix]+1, x]

(nondeterministic)
)

(Finite State Automaton, FSA)
FSA

[ CRE—

o(p.x)

(deterministic)

( 6 P4,P5

( 7 P2 )
(A-transition) NFA
P2,P3 )

(Deterministic Finite state Automaton, DFA)
(Nondeterministic Finite state Automaton, NFA)
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DFA M = (Q,%,0,q_0,F)
NFA M = (Q,Z,A,q_0,F)
Lppa=Lyra

(state transition function) & (q,0)-¢’

0={(q.0.9)la.9" Q.0 =}
(state transition relation) A

A={(q9,0,9)]q,9" Q,0 =*}

a q g
o A
M C = (a.[p.xD
q Jp.x]
(9ol L=])F ae(fill]+1,2])
f M X (accept)
M X (reject)
9 p2
DFA
NFA
NFA DFA
NFA - DFA 10 DFA NFA
o NFA M=(Q, 2,A,q0,F)
a.
M 1=(Q_1,3, A 1,q.0,F_1)
b.
M_2=(Q_2,2,A_2,90,F_2)
C. (subset construction) DFA
M_3=(Q_3, 2,0_3, {q_0}, F_3)
Q3 Q_2
M_3 q_0 {a_0}
F3={Q1Q Q3 Qn F2z ¢( )}
0_3

(Pushdown Automaton, PDA)
(push down stack)

(Deterministic Pushdown Automaton, DPDA)
(Nondeterministic Pushdown Automaton, NPDA)
DPDA M = (Q,2,0,q_0,F)
NPDA M = (Q,Z,A,q_O,F)
Lpppa CLNPDA

5 (9,t,8) - (q',i,d)
A

A={(q,t,s,q".i,d)|q,.9" Q,s,t Z T,i {o,+},d {o,pop} {pushala Z}}
ACHREpx Hpxdxfe,+}x[{=popU{push a|c T}

q q t s

i {o,+} d {o,pop} {push ala Z}
X Z* C = (a,[p.x1.[1.yD

q [p.x] [1.y] ( )

(E'Q:[lsxjs[l!jl])kEf(.ﬂ[l“"'l"’lsf]![l:’ﬂ]

f F M X (accept)

M X (reject)
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(Turing Machine, TM)

(Deterministic Turing Machine, DTM)
(Nondeterministic Turing Machine, NTM)
DTM M = (Q,2,5,9_0,F)
NTM M = (Q,2,A,q_O,F)
Lprar=LnTis

% (g,a,b)-(qg',d_1,c,d_2)
A

A={(q,a,b,q',d_1,c,d 2)|q,9° Q,a,b,c X T,d 1,d 2 {+1,0,-1}}
AC QR Epx Hexde 41,0, -1} x Zrx {41,0,—1}

q q a b
c b d1,d2 {+1,0,-1}
x Z* C = (a.[p.x].[w.y])
q [p.x] [w.y]
(Cﬁ'rgs[ls“'"]![ls"l])'_ ul ALl [ke])=Cy
f

JeF M X (accept)

fﬁ?F M x (reject)
FSA
PDA ( )
™ ( )

Loy DLesr D Lopr DLRE

Chomsky hierarchy - Wikipedia

Type-0 - TM(Turing Machine)

Type-1 LBA(Linear Bounded Automaton)
Type-2 PDA(Pushdown Automaton)
Type-3 FSA(Finite State Automaton)

0 [#]=0
0 |z|=10

empty string
empty language

{4}
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[=]
X
Ly={ab,a
Lol =ial

()~

= E
E=(Eq|E,) - L(E)
E—
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£ n Ih z0=4

a # (1) # (caabad) =4

eR (R)R=z, (zy)F = yRek

aaabogh = aoabab Iﬂy%yor
AR=A Acx=rod=zx

X
b3 L1,La L
bb},Lg = (8,506} — LioLg= {abbb,abbhb,cbbbbb)

=0, Le{a}={AYeL=1L, {}'=0"=1{4}
reversal L& LE={rBre L}
b E L(E)

LIE)=1, 0" - L{E)=1"={4}

L(EUL[Ej)

(E1Eq) - L(;EJZ L(E4)eL(Ey)

(

h

(afp) ({fa3u{s})’ {a,5}"

concatenation operation)

=4

n_ g0 :
=1 ot = goxt (120)

L?"J

=143

o [20 |
S1LH = Loli (i >0)

star-

L'=r0u

2002

(star-closure, Kleene star)
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LWLy - .= | J Li
:'L‘_}CI
G
2002.11.26 "
122837 43651
6 2 7 2 8 2 9 2 10 2 11 2 12
13 1 14 1 15 1 16 1 17 2 18 2 19
20 2 21 2 22 1 23 1 24 2 25 2 26
27 2 28 2 29 1 30 1 31 2 32 1 33
34 2 35 1 36 2 37 2 38 2
i
L1 L2

L-l:{ﬂ}'., Loy= {13 ]

L={0ili 20}, £y={17); >0}
Ly=1{4,0,00,000,. . ) Lo={A,1,11,111,.. .}
LyeLy=14,0,1,00,11,01,000,111,001,011,. . .}
LgpeL1=14,0,1,00,11,10,000,111,110,100,. . .}



{$$3|$E {D,l}*}
r 01
ok

34 {P'=i"={43 {}=0
35 (0°1*)" = {4,0,1,00,11,01,10, - -}
36 0"n1* = {47 0" = {A!D!DD!. ) }
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.I'R

0,1
1{*’:

37 0’01 ={4,0,1,00,11,000,111,- - -}

38 0"(0"u1")=0"{0,1}"

(palindrome)

1 ={4,0,1,00,11,01,10," - -}

10

{4,111, -}
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2002

2003.01.14 "

1 1223442546273

31 1 32 2 33 8 345

11
14
17
20
23
26
29

r © ©

© ©

12
15
18
21
24
27
30

r © ©

© ©

10
13
16
19
22
25
28

N~ © © N ©o O b

™

Wikipedia Church-Turing thesis Halting problem Traveling Salesman Problem

1FSA o*

2 DPDA

1). 0

2). 1 11
(final configuration)

3T™

4 DPDA
02
1).0 0
2).1
3).2 0

5T™M



)]

NFA
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6 DPDA
DPDA
1.0 1
2). 2
3).0 1
7 NPDA
DPDA
state| a B c
10} [{0} {07 {01}
a4 (303 {23
2 [y iy O3
{0,1} {0} {0} {0,1,2}
{0,2% {0} {0} (0,1}
{L2} |13 ¢y 12}
{0,1,2}|{03} {03 {0,1,2}
(q_0,a_i,q) A_2 ({9_0%}.,a_i,Q)
0 {0}
(0,a,00 A ({0}.a{0}) O
(0,b,0) A ({03}.b.{0}) O
0,c,0) A ({0}.c{0}) ©
0,c,1) A {0},c.{0,1p) 1
{0,1}
{0,1} 01
a (0,a,0) ({0,1},a,{0})
b (0,b,0) ({0,1},b,{0})
c (0,¢,0)(0,c,1)(1,c,2) ({0,1%},c,{0,1,2})
{0,1,2}
({0,1,2},a,{0}) ({0,1,2},b,{0}) ({0,1,2},¢,{0,1,2})
{0}
{0} {0}.{0,1}.{0,1,2}
2 {0,1,2}

(parse tree)

b R L

S o
[ |

E T T*F F*F a*F a*a
E T T*F T*a F*a a*a

DFA
Q a

7/12

(a]b]c)*cc

2003

2004.01.27 '
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1 1 3 4 1
8 8 3 8 9
8 10 8 11 8 12 9
13 114 1 15 7 16 1
17 1 18 1 19 4 20 9
21 8 22 8 23 3 24 9
25 126 127 7 281
29 8 30 8 31 8 32 9
33 1 34 7
35 4 36 2 37 2 38 2 39 1 40 2 41 3 42 4
43 1 44 9 45 5 46 3
NFA DFA
NFA
7 P5,6
D. A {ayA{b}{c}
(a,0,b) a 0 b
( a 0 b -
{a} A (a,0,a).(a,1,a),(a,2,a).(a,2,b)
{b} A (b,2,c)
{c} ( )
0,1,2
2). {a}.{b}.{c}
{a,b,c} a b c
{a} {b} {c}
{a} {a}.{a,b}.{a,b,c}

10 DFA NFAP7

10 DFA NFA

DFA M =(Q,5,8,q4,F)

P5,6
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Q={{a},{a,b}, {a,b,c}} Z= {D,l,?} fg= {0} F={{ab,c}}
= {(1a},0,{a}),({a2,1,{a2), {a},?-,{a b},

{ fo,b3,0,{a}), {a },1,4a3), {a b},2,{a,b,c}),
({a,ﬁ,c},ﬂ,{a} {C!,El,ﬁ},l,{ﬂ} {a,ﬁ,c},?,{a,b,c}

37 DPDA. (1) O -> no operation. (2) 1 -> push. (3) 2 -> pop.
38 DPDA. (1) 0 -> push. (2) 1 -> pop. (3) 2 -> no operation.
39 FSA. Regular Expression: 0*1*2*

40 and 41 @see < 15 DPDA NPDA P7>

42 TM. use Queue.

(derive) 17 P2
(derivation) (sentence)
(sentential form)
3(p,a)=p' p-ap’

43 {A,ub,aabb,aaabbl,- - -}

S=2 A 5=2aSb=2ab S2aSb2aaSbb = aabb
44 {A,ubba,abad,baba,abba,baad, - -}
aabb,bbaa -> reject!

45 {A,a,b,00,b8,ab,aoo,bbb,aab,abb,- - -}
46 {Ao0,bb,a000,bbbb,abba,baad, - -}

2004

2005.01.08 '

1227 3643566267183

9 210 2 11 2 12 2 13 2 14 2 15 1
16 1 17 1 18 1 19 1 20 2 21 2 22 1
23 224 225126 127 228 2 29 2
30 231 2321331342351362
37 9 38 3 39 1 40 8
i.
2002 2002.11.26
i
2002 2002.11.26
iii.
>={0,1}
&) 1*(01*01*)* 0
@) ©O|1D)*11 11
©)) (0(00]11)*1]1(00]11)*0)(00]11](01]10)(00]11)*(01]10))*
01 1+2n
(€] (11)* 1

40 -> (1), (2) 4) acceptI
1

(Y
2o =0ONEE O OX0
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1
(1)
1
0\( )AJ
0,1
1
2004 2005.02.01 "
1929394959617 981
9 1 10 1 11 ?
12 1 13 3 14 9
15 3 16 5 17 1
18 1 19 1 20 9
21 3 22 5 23 1
24 1 25 3 26 9
27 3 28 5 29 9
30 3 31 5 32 9
33 2 34 5
35 9 36 9 37 9 38 9 39 9 40 1 41 9 42 1
43 9 44 1 45 1 46 1 47 3 48 1 49 2 50 9
NFA
b(a|b)*b b
NFA
. . . . _
> 0 {------ > 1 - 5002 0
. — _
1
a b! |
e
O
10 DFA NFA P5 ,P9 11 FSA P3 12
FSA p2
NFA - DFA

Subset construction
Regular Expression
(state transition diagram)
M A
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{03 {13.{2} NFA
O b (0,b,0) 0 a,c
1 a,c (1,a,1),(1,c,1) 1
1 b (1,b,1)(1,b,2)
( ) {1.2}
2 A ( )
DFA Q {03 {13.{2}
0 2 O
O (trap state)
(dead state)
( )
{0x.{13.{2> {0,1}.{1,2},{2,0}.{0,1,2}
{0,1} 0 1 {0y {13}
(L1 L2 )
NFA 0( ) DFA {0}( )
0 {0,1}
NFA 0 DFA
0
0 e ° e-NFA NFA
> {0}

{0 {13.{1,2}
NFA {3

DFA

b(a|b)*b b

2006 2007.01.29 "

10 11 1 12 1

a N NN

13 14 5 15 5 16 5
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17 1
19
21

~oN

[ay

23
25
27
29
31
33

N 0 00 N A

34 1 35 5 36 3 37 6 38 2

39 2 40 6 41 3 42 3 43 2 44 1 45 3

46

18
20
22
24
26
28
30
32

N NN

12/12

iv.
V.
DPDA @ @
@
(1) CFG 0101
(2)?7?
@

*1
igmimeTeX mimetex.inc.php LaTeX
“ NFA__ DFA €A
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