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of Zol= o EvlEHO|ET AojRol2g THEch QEUIEIIEE FBEOE B Ao
(computability)o. 2 ¥Asta, Adojo]2 FA|(problem)?t A grE(set theory)o =z ©HASH
C}. @ EO}E} o]20A] Finite State Automata(FA)3), Pushdown Automata(PDA)4, Turing
Machine(TM)® 5 Thgst AF9 QEUrERet FWH(grammar)s A7[gICh. @ EOERO| &3
dojolze we oz o £ sk olze BWAS Ty, AW Jbssithe A
(computable)zt A4t B71535tcH= Zl(incomputable)2(Turing-Church’s Thesis) 3435}
1 Bo2 NP-complete &AS 7HH3] 47|t

1.1.1 Hdojo]&x} @ Enteto] o] WAL
1900 &8 =2] £ f5toz Bl 4 gv YA(Es A E= =A)7E A=7H
AT =07t FESYTE o] wolo] AR 20000 W A Ie]A 28 mepuetast 22
V22 WUSHRN ANHILE, 189090] Cantor/} AHei4 YUY 471 A 4 gl
L= ste Z9sta, 19009t X Russelo] Aodr £ gl g
(Russel’s paradox)2 H 91, 19314¥ Godelo] £33 Ae2l(Incompleteness Theorem)”t

el A 0] o]0 silo] Bestoisict,

=2 ol £ A= A FoFT £ Pt wA9 f+22 computer(Ei= program)’f
g 2 Qe 41t & & gE 48 pEste AW 22 7102 WolEo XA programo] &

= %
(=2])o] o= #79 277t H7]= stal, A2 o] 4-20] computer?] 7o](Turing
Machine; Chap. 8)2 WolSolzlth. LatAolAE AR S Hso] & & 9l UAv} &
2 Q=  «E, recursively enumerable®(RE; computable, programmable)dt
non-recursively enumerable(non-RE; non-computable, non-programmable)o|2t= &

of2 THEIC oo Wk ALNIFH =0l o] SV (Chap. 8)o|A chEct.

Non-RE ZA|E0] 582 2% Aplo] thet £4of 7Ixsta Qlt}. Cantoro] diagonal
argument(1891), Russelo] paradox(1901), Hilbert T2 7380] &X|5IX] U=rCh= AR,
Godelo] 2=t/ 2], Halting =2 70| gltf= APAR 25 22 FAolal #2 59O

=y

>

stH  1940-50@ o= finite state automatagt= 7FHst 717417 UERdCh Finite state
automata(FA)~= regular language(RL), regular expression(RE), regular grammar(RG)
et R& Fg70lil, ol 9 AW (Chap. 2, 3, 4)olA ©Eth. 55| g3 Wop27] A
L deterministic finite state automataz® siZAEFHEZ, T2 I3 DT 2AE 1-10A AA=
ng s 2 Aot

© EulElautomata, an automaton)= 7|7 5& A57|A2 HA=CH

ddoj(Language)= wAME(strung)e] Hgo =z 7ojgiet.

Chomsky®] @ &0}, B9, <109 ﬁl%(hierarchy) % type 3.

. A9 Alg(hierarchy) & type 2.

, 91019] AlZ(hierarchy) % type O.

’% CRSSHA AtA = AAS et RledE 4 9ot

E), —ErHJ(RGM N2 g Jhsstone mT 2re A F(hierarchy)o] i,
o AF9 type 38 Aolstirt.

1
2
3

Hﬂ Hﬂ H
EmEm

E
o o

Chomskyq Q EO}E}
‘Recursively enumera
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T 195080 & N. Chomsky+ grammar(#%: context-free grammar)o] st =05 4]
AFstil o]= finite automata©f stacko]z2}= ZHASH A AF4A(memory)?’t F7Fe pushdown
automata® A°|sl9ir}. Chomskyo] A47+e Qlojstat MAlSt Bro] 2 Qg £9ltt. of
Bro 7+o] ZdiY(Chap. 5, 6, 7)oA TFoXH, E3| context-free grammar?®]
deterministic parsing2 Tz 729 oo AntUeio LFEM(syntax analysis)ofA] o] &L]
oz AEgAo= U Fe¥sitt, m2Id ZIAE 1-2004 olF AA=E T2 I = 7

olc},

RE(recursively enumerable) 2A|= ZHEE g 7300 Euli=(terminate; =& recursive,
decidable) 73 %9t BUA] %E(non-terminate =& undecidable; RE but not recursive)
A= Uet. e BU=(recursive) Aol #Ail(algorithm)o] Weow, Bue= FAE
w24 = 4 9Y=(tractable; polynomial) 732 ®wWZ2A = 4 QE(intractable;
exponential) 4= 1969¢ Cooko] st on, w27 Z7] ojz{x NP o 7P oy
2 2AE NP-complete?t 8ol 7bgstn] 7ol M2 opxluh WEol chojzlct.

o] @& FA|=, non-RE, RE, recursive, context-free, regular?] oAl 7§ Qo] AZFo=z
e} 49)elo] Azo] shejelol A5e Axs] Eek(proper inclusion)sts HYH A
E1xE JHXYW, non-RES A|Qstn Qo EE X2 REE type 092 recursives=
type 12, context-free:= type 2& regular+= type 392 Chomsky’} 3001 o]Z

Chomsky’s languages hierarchyzti H&r}

Chomsky?] #%¥(grammar)yt 1of(language, Al). 7|Al(automata)s2] ASTLE

=9 o] automata
non-type O(type -1) Non Recursively Enumerable  No automata
No grammar Non-computable

non-programmable

type 0 (unrestricted) grammar Recursively Enumerable Turing Machine
Computable, Programmable (FA + memory(tape))
type 1 context-sensitive Recursive, decidable(algorithm) 777
type 1.H NP-complete intractable(Exponential?)
type 1.L tractable(Polynomial)
type 2 context-free context-free Pushdown Automata

(FA + stack)

type 3 regular regular Finite Automata

regular expression (FA + no memory)

8) Top-down parsing 9¥19l LL1} Bottom-up ¥l LRZ BFE 0, LRQ W LALRo| E2] At
8=l H(yacc).
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Non-RE(-1) < » No program(-1)
recursivelv enumerable(0)_ —» TM=FA+memory(0)
recursive(l) —_ L 000

NP-complete(??)

3 PDA=FA+stack(2)

)/ \ﬂ@

Languages Automata

context-free(2)e

regular(3) \: \

H 1.1 Chomsky’s hierarchy

1.1.2 739l+A

Fel+= AAte] 5= gEA, 2% AREH o A2 Fd Zolo. (1) A=
2-3%% QEDERS) Qlojol 2 TFEY] glsto] 231 J1AE AR oItk o7lME AT,
HAl(relation), 22 Z(graph), 4(function), A F7|(cardinality of set), &gho] Z&
(set isomorphism), FetAjat Sotye, A 4 9l F3Hcountably infinite)d} A 4 g

L

= DshHuncountably infinite)¥} Cantor’s diagonal argument T Russel’'s paradoxZ
o=t 28hd of dj2 o]4tssH(Discrete Math.) & Q EOFERO|Zut HHH H5olt. 22
2 Qojo]&of] o]z 47[jof Z&&of(terminology)?l 7]==AHvocabulary), =XHsymbol),
=/t (string), ?10](language)E 270 7ol

()9 += ®Alz doj(language) AE & 7P 22 A5 type 3 A<dol(regular
language)S 4~5%of ZX &}t Deterministic finite state automata(DFA)Z A< 0]
= Aojstal, oz ¥ oz v|ZAA M (non-deterministic)S §]-85h= thFst Ef9o] Finite
automata(FA)E2 Atz A7|stH, Ao = g BA YA AAl(regular
expression, RE)E A7lota, FASY REZ 2% Zr&(equivalent) A0S BJsH= 7
Hole d"olth Aol7t non-regulardl S ZWH3sl= pumping lemma= context-free(lll)=
ZH|sta, opxjaro 2 Abef(state)’l 7F AF2 minimal state DFA(m-DFA)S AJ|sta, =
203 n2AE ]-10A] HZ Wol*7] Q BEUENmDFA)S T2 733t F(table)2 A +
ol 2},

(INA] HM =2 context-free +H(CFG)C 2 context-free A0J(CFL)E Aolsitt £ Q=
(useful) =HTF 7= HES 81, o] A oA loop invariance®} loop terminationo]
et 7iES A7ietH0. CFLZ 9%t pushdown Q EOFEHPDA)S ZAestil, CFLZ #gh

9) (1) DFA, (2) 2E3t4~E 5] 835t= DFA, (3) Non deterministic FA(NFA), (4) e-moveS & &5t=
e-NFA, (5) &= FA(XFA; eXtended FA)Q] 57x]o]ct.
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pumping lemma®} Chomsky-Normal Form(CNF)& A7§stH, ¥49j9] FAtEo] FojAl o
oo &sh=A] st EAIE! (1) LEHHo|1 deterministic sHA|TH o] = (O(n’))
CYK(Coke, Younger, Kasami) &12]&3 (2) CFGE st non-deterministic o}A](parser
22 PDA)Y & 7R tjmAQl WsgQl &t/9 mhA(Left/Right parser)g A7t &}/% mt
9] deterministic version® 2 WE(0(n)) LLT} LR A S 73] A7[stcH2), 2oz
oA Hl¥ FHAS mDFAR 11X 12|53 = (tool: lex®} yaccld)E o] &sto] mg
O n2AE 1-2014 A =2 262

(V)4 ¥IA1 2 Turing machine(TM)z} TMQ] c}
(3]

2oz sfE¥ 4 AXRE) = +Al(non-

o
&
rE
ook
o
=T
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uju
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o
=
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ot
rlo
I=!

=
o
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535k,  Churcho] A3zel
A 7014951 Turing¥t Churcho]
ghofl opxjaz, (V)opx]er o=

opxlct.

primitive recursive 349t p(mu)-recursive Y23t S
Mzro] Zrth= Turing-Church’s Thesiso] ZH7HX]E 3%

o8

ol
o
=
o}
19

NP-completeS 47f5h= Cook’'s Theorem& %

1.1.3 7}9] 9A
[ . Mathematical Preview

Chap. 1 and handout!® 2%
II. DFAQF FAS] &t&} Regular expression, Pumping Lemma for RL, mDFA

Chap. 2, 3, 4 and handout type 3 472
I. CFG, Pushdown Automata, Left/Right Parser, and CNF¥ CYK ¥¢12]&

Chap. 5, 6, 7 and handout type 2 4%
IV. Turing Machine, non-RE and Church’s thesis

Chap. 8, 9 and handout type 0 3%
V. NP-complete

Chap. 10 type 1 1%

9 cie)

oA e &AW meAE 25%, F7RAF 25%, JTLRA 25%, B4 25%= wAPUT
F42 Qs FAHU A AHL 2ol oF Wi, AMRElL 25% WY olH H4
of 2ol& A Uttt A9 &, AAL2 Ap4lo] #WEIsHAlY] vyt

Ao spgel Age BB SAl0) AAlol: QRol7tAl FUCh FAZt Fof olH
= A3 #QGPYch ARo| Low o2 R WA o] A+ Koz e, ARo| A9 9
o shdol F Zoz iz 2gych

10) 2Tl oLt U F03 2H022 handout AEsHAIL.

11) Membership problemo]2}i 3tct.

12) LL2 left-recursivedt #H2 E7155HA|T, LR TfEE0] 23514 F2(unambiguous) +H&
O(n)oll THgg 4 gl

13) watAjo= Qoo 2 UNIX manual AE5HAQ.

14) A ojl= ¢glou 2 handout2 FRSHA|Q.

15) handout& @ @apole glooa thg Moli} =2oly 7Hxe 7o) Ayt
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A) o] ZolxE0] Y& o} ofsst ML o] Zolg 5¢ Wast gaUnh 1k B2k
o] Geych. (B) Zeiu 7o) Aol SR, sy BEe] Zojrt By Hoj o] Zoi
rRRol 82 olshEthy, 1 SIS of wBoA o HAL we AYUch 53 of
ol AF Fo| = gojuAly] ulUch £2 Felet AW 2AIZ AN & AL A
(€) 22t 7ol Fol= olsistal Ratchw, o] ZelolA Bje Zlo] gick: Syt

Ze @Al Alo] Aol FUCh APF U wabR WA 9 E9bRAY] shiUch el

of A% EETste] Ko] geolo] RESt He ol
shrych AE B2t A2 Ynelgstala Ui, EEEENEeeRoE s
wnei9lskAl 7] vhatych,

A

> > o |4 z2 o |m g
T
o

to N

L o2 Ax olct

(2771 28 %) ZAHALTF) ol stol(2i) Mo} maid]
0|22 A0, 1 o2 olu] Hej o|Se] opct.

(%1%, % %) LAHET) 297

16) o] 7ol kw7t ol Achmrbuct
17) 8Pgo] m2gl el ARRCh: WAl Aol o FUch @A} AR slesche
18) 7Mg U shge BERAE obk Ashh AR Zern sguct

»A
o
B

CS322 Formal Languages and Automata Theory 5 2016 8 31

=



