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> FREZ - 47— b N VOES®IZ, CO&DREEFE
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> WRAEE - T — b M UDERIE, COLDREHEFE
TRSHD(ER)EENRADD, FHEFRICE->TH
AEWIRZ, o, MYFZABLWVWD, ZLT, EDELD
BRESIOEENEDL D ICRHHOTONZDENRET
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> ZOEHIE, FERTYIVAASOERE L TEERED
T, BEHRABFICSITIERNRATIO—FEETD
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BMEORS W

> WRAEE - T — b M UDERIE, COLDREHEFE
TRSHD(ER)EENRADD, FHEFRICE->TH
AEWIRZ, o, MYFZABLWVWD, ZLT, EDELD
BRESIOEENEDL D ICRHHOTONZDENRET
2FETH 3.

> ZOEHIE, FERTYIVAASOERE L TEERED
T, BEHRABFICSITIERNRATIO—FEETD
INAAREEEE RN ETOREFDO NEY 7 TH 5.

> IDEIBEBEND, BRASHE - 47— b MV OEROE
BB ITHIExBIFEET 5.
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> HRE
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M.SipserZ
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» RZ(L lntroduction to the Theory of Computation ]
“Theory of Computation”"—HAFETIE TEtEDER]. 15
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EE TRV OO
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> HRE
ETEEROERE] 1] A—bT bV EERE

M.SipserZ
AHMX, APFENER
HITH R

» RZ(L lntroduction to the Theory of Computation ]
“Theory of Computation”"—HAFETIE TEtEDER]. 15

WOBFOEMBIERDLD.
> FERIE3AM[1]~[3]IC7e> T W 3.
EE TRV OO
7z, BRI IEBZRERICT, 2MRQO—EOARICHA
n3¥E.

> JEEE(2023F4A)IC, MROFHAHRINE L. =B
ELART 2HRER, BR(AEZF226R)TEFRTEEL
TtA. B, FRTGEMENEAR(2.48)F, N\,
EETIEEVWEEA.
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b EBODY S EANICIE, BRER)ICRETYY %
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> SEBEEE | AR S SIEDUR(2160).
> EZOP YA EANICIE, BRER)ICIRETYY X
T(SEIDHEILHIS)
> BROBMEERZVWCONARBLET.
> BEA—LAR—Y
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LEY, BREN, SEDRSA K, EFLL.
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HREE RN S(1)

> S OREA :
> 0E. Fim - (BENL) %EilF
> 1Z [FIREE
> 2% NiREHERE
> ZDBEBEDOXAVORAIK, TEHRSE] & XREAHS
Z) D2fELE.
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HREE RN S(1)

> HRORE :
> 0. Fif- (BENL) e
> 1Z EHREE
> 25 iﬂmamnun
> ZDEZEDXAAVOARIE, TEHRSE] & [XREHE
FE| D2fEdE.
> ZZTWD TFEE] &Ik
> EELE, XTHOEEDI & (SMRE).
> BIREFEDEES, fl: {a,b,c}
> (ERHME LNhiw) XFIDES, fl: {a aa, aaba,...}
> EREASTH, AEXTEY O)EJr%#E (EBE(D)JEE#FEEJ’C
7 ARY A AN, 32
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> SEDEE :
L, = {a,ba,bba,...}
L, = {ab, aabb, aaabbb, ...}
Ly = “a&kbZ{fo7cXFIE£E"
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> SEDEE :
L, = {a,ba,bba,...}
L, = {ab, aabb, aaabbb, ...}
Ly = “a&kbZ{fo7cXFIE£E"

> L&Y, LAY, BHICHAZD. (7)

> Lok V), LyDAN, BHICHZD. (7)

> L&Y, CEREOTOTSLDEEDAN, BHICHZ
5(7)
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L, = {ab, aabb, aaabbb, ...}

Ly = "a&bZfEo7cXFILER"
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Lok Y, LyDAED, B¥ICHZD. (7)
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MEFREE] c XIREHBEE]
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> MAREHBSEE
> FREZBLIVEVRIRD (FWWBWBREEZED)
> FEAEDTOVSIVIEREIZ (1FI1X) XIREBHBHSE
> O35 LD
> AAXFIMNSTOT T LELTOESEME
> EENTEE (N—H—) : QN1 S DOBED—ER
> R—H—JaxL—% (yacc) : SRR BHNSNX—HF =70
75 L% BEERK
> L AVWLNZLREXEITEIL, EREEEFELRER

> COXIRBBASEG Ty adovi—rT by End

YU UTHEOLNS
> COXIREBEES XMEBAXE &\ RRTHREAD T
5N3

> “RUWHEIR, EFRSFELY DAL,

15/28



HRIEBRDS(5)

> [2LBPMOEE
> [ : SHEEEEMDER
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> [FEHRSE c XIREBSE]
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> TOVSLDMEORE &I,
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> cECDRXEH
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> 1EEE{1,2,3}Dm(FiF, BREEHEWD)
> £E5{1,2}13EE{1,2, 3} DEWAESE
> EEDELSRBRERNMALHNTRES :
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> cECDOXE
1€{1,2,3}& {1,2} C {1,2,3}
> 1EEE{1,2,3}Dm(FiF, BREEHEWD)
> £E8{1,2}I3EE{1,2,3}DH2EE
> EEDEFELSFERDVALHTRES :
1,2} = {1,1,2} = {2,1}
> KL
N (0ZEFXBWV)BEARABLEOES {1,2,...}
Z BLHOES {...,-2,-1,0,1,2,...}
Z,=10,1,2,...,m —1}
{TRUE,FALSE} 7 —JL{&
0 Z=EE {J&BES
ANBE&SE
AUB M&E&
AWHEE

VVVVVYYVYYVYY
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> F BRZIEFICENTZED
> 7,21,57
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> 1,1,1,1,... 4ER5
> (1,2) #(2,1)
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5l & #E

> Fl: BRZIRFICHERTZED
> 7,21,57
> (7,21,57)
> 1,1,1,1,... R
> (1,2) #(2,1)
> #8 : BRODFI
> (7,21,57) 3fEfE
> (1,2) fEfH(EE, &)
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5l & #E

> J BRZIRFRICENTZED
> 7.21,57
> (7,21,57)
> 1,1,1,1,... #ER7I
> (1,2) #(2,1)
> #H : BRDFI
> (7,21,57) 3fEfE
> (1,2) fEfH(EE, &)
» [BE7&(Cartesian product) : #l2EE=EROEE
> {172} x {l‘,y,Z} = {(17I)7 (lay)7 (132)7 (2355)7 (27y)v (272)}
> {12} x{z,y,2} x{1,2} ={(1,2,1),(1,2,2),...}
> Ax Ax A= A3
> N x N ={(i,j) |1 <1i,j}
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>
> LN XN =N
> abs: Z— Z
> f: A BDEE, ARERE, BEEEE KA.
> B5IREEN, £5EH, 2EHNEK
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B & Bk

> R
> N XN o N
> abs: Z —+ Z
> f: A BDEE, ARERE, BEEEE KA.
> BHEH, 2R, 2BEHEK
> WHhEHRERTEVWTERZRERT 2 0D 2 (HHE
15']0.8,@']0.9)
> BAHIEIALENDEZERETEL I L THERDOES.

abs = {(0,0), (1,1), (~1,1),(2,2), (~2,2),...}

CDEZE, absC Zx Z
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B & Bk

> ER
> AC Zx ZRRDEHEA%®, ZED2ERARKRE LA
DF Y, ZED2EFERIL, BHONEBRICEDES
> < ={(0,1),(0,2),...,(1,2),(1,3),...,}
<, ZEm21EERK%
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B & Bk

> ER
> AC Zx ZRRDEHEA%®, ZED2ERARKRE LA
DF Y, ZED2EFERIL, BHONEBRICEDES
> < ={(0,1),(0,2),...,(1,2),(1,3),...,}
<, ZEm21EERK%
> BRI, RFEEERRES.

0<1=TRUE
0<2=TRUE
0 < 0 =FALSE
1 < 0 =FALSE

<:Z x Z — {TRUE, FALSE}
» iZE f:A— {TRUE,FALSE}7: % B%k
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B & Bk

> ER
> AC Zx ZRRDEHEA%®, ZED2ERARKRE LA
DF Y, ZED2EFERIL, BHONEBRICEDES
> < ={(0,1),(0,2),...,(1,2),(1,3),...,}
<, ZEm21EERK%
> BRI, RFEEERRES.

0<1=TRUE
0<2=TRUE
0 < 0 =FALSE
1 < 0 =FALSE

<:Z x Z — {TRUE, FALSE}
» iZE f:A— {TRUE,FALSE}7: % B%k
> REE, WE, HBE, RERR
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727
> |BES ST, BRI, INIVLGEERT ST
°v° K
> ER(EIR), 8, /NX(IRE)

> (BE)YS 7 0Rt
G=({1,2,3,4},{(1,2),(1,3),(1,4),(2,3),(2,4), (3,4)})

b

B g
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> E|ESST, BAYS7, SNUEERSS T

> BER(EIR), 8, /SNA(FRES
> (BM)J > 7 O

G =({1,2,3,4},{(1,2),(1,3),(1,4),(2,3),(2,4),(3,4)})
> K(tree), M(root), FE(leaf)

1
2/ \5
/ N\ /N
3 4 6 7
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XF5 &S5
> PILT7 7Ry N [HRBETEEHLES
> XF(ET) TILI77Xy NOER
> 7ILT7 7Ry MDA

> ¥, ={0,1}
> 3, ={a,b,...,z}
> F5

> ¥, EDIFHDHI : 01,000,10101,. ..
> ¥, EDOXFFDF : abe, alphabet, abracadabra, . ..
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XF5 &S5
> PILT7 7Ry N [HRBETEEHLES
> XF(ET) TILI77Xy NOER
> 7ILT7 7Ry MDA

> ¥, ={0,1}
> ¥, ={a,b,...,z}
> F5

> ¥, EDIFHDHI : 01,000,10101,. ..

> ¥, EDOXFFDF : abe, alphabet, abracadabra, . ..

> EYPF  (BRABEDIC) cEEL
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XF5 &S5
> PILT7 7Ry N [HRBETEEHLES
> XF(ET) TILI77Xy NOER
> 7ILT7 7Ry MDA

> ¥, ={0,1}
> 3, ={a,b,...,z}
> F5

> ¥, EDIFHDHI : 01,000,10101,. ..
> ¥, EDOXFFDF : abe, alphabet, abracadabra, . ..

EXFH (RA2&LDHI0) &L
lw| XFHwDRE, fl:|abc| =3, |¢|=0

VY
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XFh & S

>
>
>

TIL7 7Ry & FRBESEEDEES
XF(iE8) TILI7Ry NDEHR
TILT 7Ry kDl

> ¥, ={0,1}
> 3, ={a,b,...,z}
X5

> ¥, EDIFHDHI : 01,000,10101,. ..
> ¥, EDOXFFDF : abe, alphabet, abracadabra, . ..

EXFH (RA2&LDHI0) &L
lw| XFHwDRE, fl:|abc| =3, |¢|=0

XZHDERE wy = 001, we = 10072 5, wyws = 001100.

we = w = cwHh WD TEH KL
B UXFEIOERE w=0175, w’=010101
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XFh & S

>
>
>

\ 4

v

TIL7 7Ry & FRBESEEDEES
XF(iE8) TILI7Ry NDEHR
TILT 7Ry kDl

> ¥, ={0,1}
> 3, ={a,b,...,z}
X5

> ¥, EDIFHDHI : 01,000,10101,. ..
> ¥, EDOXFFDF : abe, alphabet, abracadabra, . ..

EXFH (RA2&LDHI0) &L
lw| XFHwDRE, fl:|abc| =3, |¢|=0

XZHDERE wy = 001, we = 10072 5, wyws = 001100.

we = w = cwHh WD TEH KL
B UCXZEHOERE w=01725, w3 =010101
A XFEF 111E, 001100DERD X FFI
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XFF & B

>
>
>

TIL7 7Ry & FRBESEEDEES
XF(iE8) TILI7Ry NDEHR
TILT 7Ry kDl

> ¥, ={0,1}
> 3, ={a,b,...,z}
X5

> ¥, EDIFHDHI : 01,000,10101,. ..
> ¥, EDOXFFDF : abe, alphabet, abracadabra, . ..

EXFH (RA2&LDHI0) &L
lw| XFHwDRE, fl:|abc| =3, |¢|=0

XZHDERE wy = 001, we = 10072 5, wyws = 001100.

we = w = ewh WD TE KL

B LCXFFOERE w=01%5, w?=010101
X FF 111F, 001100DERD X F5
XFEHDRER 110007 = 00011
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XFh & S

>
>
>

A2 A /

vVvyyvyy

TIL7 7Ry & FRBESEEDEES
XF(iE8) TILI7Ry NDEHR
TILT 7Ry kDl

> ¥, ={0,1}
> 3, ={a,b,...,z}
X5

> ¥, EDIFHDHI : 01,000,10101,. ..
> ¥, EDOXFFDF : abe, alphabet, abracadabra, . ..

EXFH (RA2&LDHI0) &L
lw| XFHwDRE, fl:|abc| =3, |¢|=0

XZHDERE wy = 001, we = 10072 5, wyws = 001100.

we = w = ewh WD THMKIL.

B LCXFFOERE w=01%5, w?=010101
X FF 111F, 001100DERD X F5
XFEHDRER 110007 = 00011

EfRE XFHNDEEDZ L
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BOOLE:RIE

> anEEsm IR
> HIE{E(7—/L{E) {TRUE,FALSE}

({TRUE, FALSE}DHbH W IC{1,0} & E>7=W £ 9 3)
BE(-), MEBEHE(A), WEH(V), HHERREN(e), &
(=), (o)

A B|AAB A B|AVB
Al-A 1 1] 1 L 1] 1
110 1 0| 0 1 0| 1
0] 1 0 1] 0 0 1] 1
0 0] 0 0 0] 0

A B|AeB A B|A—>B A B|A+< B
I 1] 0 11 1 11 1
1 o] 1 1 0| 0 1 0| 0
0 1] 1 0 1 1 0 1 0
0 0] o0 0 0 1 0 0 1
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£, I, FEA (HRE0.36)
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£, T, 5
> EE EMEEMTEERT 2HORR(LRANS, 1
AT DNIE, EOLBEHADDRNY)NREED>T
LESDT, EHEETHES. )
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£, T, 5
> EE EMRENSIEERT 2HOORR(LUKLND,
AT DNIE, EOLBEHADDRNY)NREED>T
LESDT, EHEETHES. )
> HEHHE RERCTTRTE ZSH
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o2
R,

1¥, EIEBAH

> EE BFRESAEEKT 2 HORE(LAALD, ©
EAEDIE, BEOLEMAD DR )PNLBED>T
LESDT, EHEETHES. )

> HEMAE REXTRBTEZSH

> EHE BICEBTHEI L ERALLVRSNAES, &
B L.

> BE EEOFRD O ICHENICRT RENAEE R
e LA

il

Iy
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==
Fy
>

EI2, EIFAA

EE FMAREMIZEKRT 2D0OHR(BALNL L, ©
RAZDONIE, FEOTEMBDDOANY )DL EDL - T
LED>DT, ERIFETHEER. )

HEmE WRER TR TZ S5

FE RBILEETHIZIEE2MALELVWVEENGESRZ, ©
e KR,

e EEDOFFAD O ICEBINIC AT HFENREL
BE LR
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