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Turing Machines ER#1

Turing machine B R #
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Turing Machines ER#1

e-BR (Alan Turing)

X8-ER (Alan Turing)

June 23, 1912 — June 7, 1954 (aged 41)

REHER. BEER
“HENRZZR”
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BRI — D TPRICEVRTAE A TTBR 7%
o EFA—MEBX, BERNH LIL. EMAERTER.
o EIRMAEFIIBTIIER, KIFE LRBWMANE, ittt 5HE2TAM.
o MRFERHFREE, ERXMEEREALRT L.

control

|a|b|a|b|u|u|u|%...
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Turing Machines ER#1

ERHLA— TR TEE A T RF .
o ATHEZETHMEER, EFNRELEE®NEIXME2AERN
E.
o HIBEAMEMITE, EE~EMEB AL
o HIZFEME THEFZFFIEEBIMAT, MRANXBEIMRE, sir-Limt
$ % (accept)FnIE4E (reject).
o MRNREHENEMIEZ SRR, MBLEHITRE, A TFL.

control

|a|b|a|b|u|u|u|g...
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Turing Machines ER#1

THEZEFEINSERNZER XS]
RHERS LIRS,
RUBIEE KB REEA BN BEERA ).
RILHVRT R FIRKE.

RN FIEZAIRZSREILEMEN.
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Turing Machines ER#1

Example (Turing machine M)
BREERNL M, EREIES B MERKR

B ={w#w | w € {0,1}*}

HlE it My, (R IMARMA R B G, Bk, SR

2022 9 /44
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Turing Machines ER#1

Example (B R L M)
B = {w#w | w e {0,1}*}

XTI TR # w:
Q TE # P N AL R B R Bl e ok S 5xk W o7 B 75 B 2 AR R] Y
5, AR, BEERAE #, MHEL. e MRS, HEE
KA TS
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Q TE # P N AL R B R Bl e ok S 5xk W o7 B 75 B 2 AR R] Y
5, AR, BEERAE #, MHEL. e MRS, HEE
KA TS

Q I # EIUHIPFTARF SHBIHEN, & # KWALRREATTS, W
R, MAELE, BN,
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Turing Machines ER#1

Turing Machines ER#1

Example (R AL M)
TEZ My fEFIN 0110004011000 462 fa, My 480 LA AR 2R

A

B
011000#011000u
Sy
x11000#0110000u

x11000#x11000u ...

xx1000#x11000u ...
3

X XXX XX #FXIXXXXXU ...
accept
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BRI AL E X

Definition (TM (KR H))
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Turing Machines BIR# ~ BERHAFRUEX

BRI AL E X

Definition (TM (KR H))
B R A (TM)%—‘/I\ 7-7uH (Qv ¥, T, 9, qo, Qaccepta(Ireject)y ﬁ\:EF'Q, 5T #k
f %S, A
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Turing Machines BIR# ~ BERHAFRUEX

BRI AL E X

Definition (TM (KR H))
B XA (TM)2—4 7-708 (Q, %, T, 6, q0, Gaccepts Greject), T+HQ, 5, T #B
RAFEE, JFH

Q Q HIREE,
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BRI AL E X

Definition (TM (KR H))
B R (TM)RE A 7-784H (Q, B, T, 6, 40, Gaccept, Greject), FeH1Q, X, T #f
f %S, A

Q Q HIREE,

Q X RMIANTFRER, MFERHRT BT L,

Q@ I 24Uk, Hfuel, ZCT,

Q 0:QxT = QxT x{L R} REMEH,
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f %S, A

Q Q HIREE,

Q X RMIANTFRER, MFERHRT BT L,

Q@ I 24Uk, Hfuel, ZCT,

Q 0:QxT = QxT x{L R} REMEH,

9 ¢ € Q RIEIHRE,

Q Gaccept € Q BILZIRE,

Yajun Yang (TJU) #—Z The Church-Turing Thesis E7-EIRi 2022 12 / 44



Turing Machines BIR# ~ BERHAFRUEX

BRI AL E X

Definition (TM (KR H))
B Zm (TM)E A 7- 788 (Q, 5, T, 6, g0, Gaccept, Greject), F2HQ, X, T AL
rATES, IR

Q Q HIREE,

Q X RMIANTFRER, MFERHRT BT L,

O I BAUH¥HR, K uel, X CT,

Q 0:QxT = QxT x{L R} REMEH,

Q ¢ € Q REIHRE,

Q Gaccept € Q RIS,

Q Greject € Q BIFLURTE, B qaccept # dreject-
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BRI R

& R 89 4& F (configuration):
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BRI R

& R #HLHI4E /i (configuration):
o HETIKRES
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BRI R

& R #HLHI4E /i (configuration):
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Turing Machines BIR# ~ BERHAFRUEX

BRI R

& R 89 4& F (configuration):
o HHIMATS
o HPIRFTAR

o EEXLYHIE
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Turing Machines BIR# ~ BERHAFRUEX

B RHLAVHE /5

& R #HLHI4E /i (configuration):
o HEPRZS
o HAIKTAR
o IEELYFUE
Bl RHLAVHE /5
uqu
o HAMRESA ¢
o HEIRTAEA w
o EELHFNER v NE—IHFS
KFEL v NRE—NHFSUBHHFSHEZBEH.
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B RHLAVHE /5

& R 89 4& F (configuration):
o HEPRZS
o HAIRAHFHE
o EELYFE
ElRHLHIAE S
uqu
o HAMREA ¢
o HAIKTARTA uv
o MELLFINER v NE—IFS
FE Lo WEFE—IMHFSURNFSHEZAF. 1011¢,01111
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B RHLAVHE /5

& R #1189 1%& F(configuration):

[E RHLEVE /S
uqu

o HAETKEH ¢
o HATRHTHNAENAN w
o EBLLFNER v NE—IEFS

KFELE v NERE—NHFSUBHNHTSHEZBEM.
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Turing Machines BIR# ~ BERHAFRUEX

B RHLAVHE /5

& R #1189 1%& F(configuration):

[E RHLEVE /S
uqu

o HAETKEH ¢
o HATHKTHEN uv
o EELYUFINER v NE—IFS

KFELE v NRE—NMHFSUBHNFSEHEZEM. 1011¢,01111

a7

[tfofe]efola[e]e]1]o]u]uf...
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Turing Machines BIR# ~ BERHAFRUEX

BRI ERN

&/ C1 F=45 (yields) #&/F Co
o MREIRVEEBSEMMIER C1 —HHN Cs.

AL E X
Wabel, u,vel* ¢,q €Q
e uaq;bv I ugjacv
if 6(¢i,b) = (g5,¢,L)
o uag;bv FFHEE wacq;v if 8(g;,b) = (gj, ¢, R)
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Turing Machines BIR# ~ BERHAFRUEX

BIRHAHEL N

&/ Cy FFE (yields) 1 F Oy
o MNREIRHEEBEEMMIER C1 —HHNA Co.
HiEELATRENANmRZ—, S&EFFFRTL.
o XFZimas,
o EEMBEN: ¢bv FFHE gjcv
o [EIAMEN: qbv FFE cq;v
o XTAimm
o uaq; FNT uag;U
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Turing Machines BIR# ~ BERHAFRUEX

BRI ERN

EIRH M IENBMANFRFE w

o HTIAIEF(start configuration): gow

o 1&F 1% /S (accepting configuration): - - - Gaccept * * -

o FELEIE S (rejecting configuration): - - greject - -
B IRESMIELRTSERZIENAEF(halting configurations), ENIEAH
FEFTRRE.
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Turing Machines BIR# ~ BERHAFRUEX

BRI ERN

EIRH M IENBMANFRFE w
o HTIAIEF(start configuration): gow
o 1%F1&F(accepting configuration): - - qaccept * * -
o FELEIE S (rejecting configuration): - - greject - -
B IRESMIELRTSERZIENAEF(halting configurations), ENIEAH
FEEFRHIIE .
E AN 28 RERZSIEERES T A EH, EL AT AN S & 50
7
0 0:Q xT = Q xT x{L,R}, where Q" = Q — {gaccept; Greject }
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Turing Machines BIR# ~ BERHAFRUEX

BRI ERN

B R M $#5Z (accepts)iIN\ w, MREFEHEEBHIFS C1,Cy,...,Cp F
15

o C1 = M TEHAN w LHIEIAIRSS,

o B—IC ¥ Ciyy,

o O =FeFIESR.
M EBEZHNFHENESHRA M WIS, S MIRAIMNIES, 1I2Ah
L(M).
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Turing Machines BIR# ~ BERHAFRUEX

Turing-recognizable &R A]1H 5l

Definition (Turing-recognizable PR ] iR %)
WER—NE T Res R — B R AL, WFRZE S 2 B R TR A

UEl=]

# (Turing-recognizable)

S—Z The Church-Turing Thesis E&-ER1
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Turing Machines BIR# ~ BERHAFRUEX

Turing-recognizable &R A]1H 5l

Definition (Turing-recognizable R 1] iHjj)
WUR —ME T REEE — B RALR A, WIFRIZE S 2 B X TR A
# (Turing-recognizable)

(B R FTIRATE S R AT FR A YA R M2 E S (recursively enumerable
language).) TEIAN LITIT— M EIRHLE, AIgEHEI=FLER.

0 B%

Q #h#

(s JEIEZR

X BRI (loop)(XIEHLEETIZH.
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Turing Machines BIR# ~ BERHAFRUEX

Turing-decidable &R B] ¥ E /Y

MF—MaA, BRI M BAMARFIEZE, —MRENELRTST
e, Z—MRENER
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Turing Machines BIR# ~ BERHAFRUEX

Turing-decidable &R B] ¥ E /Y

MF—MaA, BRI M BAMARFIEZE, —MRENELRTST
e, Z—MRENER
o ARMEREXSHR[RAN T BIFEEFERLEKAERETT
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Turing Machines BIR# ~ BERHAFRUEX

Turing-decidable &R B] ¥ E /Y

MF—=MaA, BRI M BRMARFIEZE, —MRENELRTS

e, Z—MRENER
o ARMEREXSHR[RAN T BIFEEFERLEKAERETT
Eitt, AMNEERAAMABEINER, ENXAER.

Yajun Yang (TJU) #—& The Church-Turing Thesis E27-ER1 2022
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Turing Machin L B RHAFER U E X

Turing-decidable &R B] ¥ E /Y

HF—MEN, BRI M BRHARTEZTE, —MEHFANELRTST
BT, H—FRENER
o BIHEREXDHBEHANT BHLREEFRBZKITENIEIT
Eit, AMTEERSERMABEHNE R, ENXKTEI.
o XFHHLERIE R A FIE 2] (deciders), I AENREERERIEZT T EIE
.
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Turing Machin L B RHAFER U E X

Turing-decidable &R B] ¥ E /Y

MF—MaA, BRI M BAMARFIEZE, —MRENELRTST

BBE, B—HRANER
o ARMEREXSHR[RAN T BIFEEFERLEKAERETT
Eitt, AMNEERAAMABEINER, ENXAER.
o XTPHLBF AR AFIEBF (deciders), EIAENERERERIEZLERIE
4.
HIFIERS, FREFIRE (decide)iZIES .

MNE=

o WFAILURAIFEMES

2022 20 / 44

$—Z The Church-Turing Thesis EZ&-ER1

Yajun Yang (TJU)



Turing Machines BIR# ~ BERHAFRUEX

Turing-decidable &R B] ¥ E /Y
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Turing Machines BIR# ~ BERHAFRUEX

Turing-decidable &R B] ¥ E /Y

o XFNHLBF AR A FIE BE (deciders), FIAENSREREREZ LRI
4.
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Turing Machines BIR# ~ BERHAFRUEX

Turing-decidable &R B] ¥ E /Y

o XM IR AFIE SR (deciders), EAENRERERETITRIE
4.

o IEMIMAEENHERN, XHIRADEHNHERN, 2IEHE
RBHWIRAEE.
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Turing Machines BIR# ~ BERHAFRUEX

Turing-decidable &R B] ¥ E /Y

o IXFIHL ISR 9 2 88 (deciders), EATNREERE ZETERIE
4.

o SHEMMNEENMERH, XHFRARENNERYL, BISHLHE
RHVBHFRAEE.

o ST AILURBIRNMES M0 E, FREFIE (decide)iZiBE.
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Turing Machines BIR# ~ BERHAFRUEX

Turing-decidable &R B] ¥ E /Y

o IXFIHL ISR 9 2 88 (deciders), EATNREERE ZETERIE
4.

o SHEMMNEENMERH, XHFRARENNERYL, BISHLHE
RHVBHFRAEE.

o ST AILURBIRNMES M0 E, FREFIE (decide)iZiBE.

Definition (Turing-decidable [& & 7] 52 [17)
AR —ANE S REBCE — R RHLAE, MIFRE 2 B R T H -
#9 (Turing-decidable), ;T #| % &) (decidable).
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Turing Machines BIR# ~ BERHAFRUEX

Turing-decidable &R B] ¥ E /Y

o XM IR AFIE SR (deciders), EAENRERERETITRIE
4.

o IEMIMAEENHERN, XHIRADEHNHERN, 2IEHE
R BEFRAEE.

o XMFAILURBEMES MFIESE, FREFIRE (decide)iZIES .

Definition (Turing-decidable [& & 7] 52 [17)
AR —ANE S REBCE — R RHLAE, MIFRE 2 B R T H -
#9 (Turing-decidable), ;T #| % &) (decidable).

(BIRTHIEIES iR AIBYAIE S (recursively language).)
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Turing Machines BIR# ~ BERHAFRUEX

Turing-decidable &R B] ¥ E /Y

o XM IR AFIE SR (deciders), EAENRERERETITRIE
4.

o IEMIMAEENHERN, XHIRADEHNHERN, 2IEHE
R BEFRAEE.

o XMFAILURBEMES MFIESE, FREFIRE (decide)iZIES .

Definition (Turing-decidable [& & 7] 52 [17)
AR —ANE S REBCE — R RHLAE, MIFRE 2 B R T H -
#) (Turing-decidable), T&i%5 T $) 2 & (decidable).

(BIRFTHIEIE S I FR A1 YAIE S (recursively language).)
o B— 1 EIRFHIEIES =B R AR AIHY.
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Turing Machines BIR# ~ BERHAFRUEX

FRAES ZEHIXRF
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Turing Machines BIR# ~ BERHAFRUEX

BERIES ZEXRFR

e
[ regular ) / /
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Turing Machines ER#1 B RALE BT

Example (1515 B RHL Mo, EFIEMIET A A = {02"|n > 0})
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Turing Machines ER#1 B RALE BT

Example (F43& IR Mo, BHEMIESH A= {0%"|n > 0})
Mo X FRNTFATER w:
O WA APRMEAUMN, B—IFRHEE—0.
Q WRAER 1B )5, 4y bR THE—r—"1 0, MEL.
Q MR 1 B2 )E, 4 L& ALE—10, IH 0 M EUE T4,
] 4B 2.
Q 15 Kk [ 4R Y #5 /e i
Q ¥EF 1D
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Turing Machines ER#1 B RALE BT

Example (#i& E RHL My, BHIERIEZAN A= {0*"|n > 0})
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Turing Machines ER#1 B RALE BT

Example (f4i& B RHL Mo, BEHEMES N A = {0*"|n > 0})
THEGH My PR RHER: My = (Q,%,T, 8,91, qaccept Greject)
Q Q= {q1,%, 33,9, 95, Gaccept, Ireject }
o ¥ = {0}
@ I'={0,z|]}
Q ¥ 6 IR NREH

9 %ﬁﬁ\ *%%*ME?@%%?%%’J% Q1, Qaccept ﬂ:‘n qreject
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Turing Machines ER#1 B RALE BT

Example (143& B R AL Mo, FIEIES A = {0%"|n > 0}, HiA\: 0000)
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Turing Machines ER#1 B RALE BT

Example (#4i& B R ML Mo, HIEIET A = {0*"|n > 0}, %iA\: 0000)

q10000 Lgsx0xu LX@5XXU
ug2000 qsux0xu L5 XX XU
Lxq300 ugox0xu ¢5UXXXU
ux0q40 uxqo0xu LIgaXXXU
ux0xq3u UXX(g3XU UX@2XXU
ux0gsxu UXXXQq3U LUXX(@oXU
uxqs0xu UXX(@5XU LUXXX(oU
LUXXXU(accept
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Turing Machines ER#1 B RALE BT

Example (fi& B RAL My, BHERITES A B = {w#w | w € {0,1}*})
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Turing Machines ER#1 B RALE BT

Example (fi& B RAL My, BHERITES A B = {w#w | w € {0,1}*})
Ml E‘Jﬂ%fﬂ{ﬁﬁﬁ Ml = (Qa 2, Fa 5a 41, Qaccept; Qreject)

QO Q={q1, " s, Gaccept; Greject }

Q@ X ={0,1,#}

Q@ I'={0,1,#,z|[]}

Q ¥ & IR NIREH K

Q JFifi. BRZAHELURE D AZ ¢1, qaccept T Greject
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Turing Machines ER#1 B RALE BT

Example (143& B RHL My, BEHEMIESA B = {w#w | w € {0,1}*},
i \: 0110004:011000)
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Outline

O ERHMER

@ Multitape Turing Machines Z# &R #l

@ Nondeterministic Turing Machines 3EF&E B E R
e Enumerators %25

o SHMRAMFM4
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EIR#LAZER  Multitape Turing Machines Z i E R4

Multitape Turing Machines % & Bl R AL

o ZHE R (multitape Turing machine)RIGEHBE RN, REEE R
T, BRATHEECHILSLATIEME. FIE6, MALIE
B 1RRAT L HERAHFHI2EAM.
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EIR#LAZER  Multitape Turing Machines Z i E R4

Multitape Turing Machines % & Bl R AL

° %m E R #(multitape Turing machine)RIGEBEIRH, RREZFK
BRATHHEACHIEELABTIEMNE. FRET, MALIE
% 1 % KL, HibKHEEH2= A

o BBEM: 6:QxI" 5 QxIFx (L R S} XE & RAFNHE.
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EIR#LAZER  Multitape Turing Machines Z i E R4

Multitape Turing Machines % & Bl R AL

° %m.AﬁL(multltape Turing machine)RIGEBEIRH, RREZE
BRATHHEACHIEELABTIEMNE. FRET, MALIE

% 1 % KL, HibKHEEH2= A
o BEREH: 0:QxTF - QxT*x{L,R,S}* XE k BRFEHEKS.

o (;(Qi,al’-.- 7“1@):(%7()1,"' ,bk,L,R,“‘ 7L)
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EIR#LAZER  Multitape Turing Machines Z i E R4

Multitape Turing Machines % & Bl R AL

° %m E R #(multitape Turing machine)RIGEBEIRH, RREZFK
BRATHHEACHIEELABTIEMNE. FRET, MALIE
%I%Eml;ﬁﬂ%mﬂaﬁﬁm
o BEREH: 0:QxTF - QxT*x{L,R,S}* XE k BRFEHEKS.

o 5((]1',(11,-.- 7a]€):(qj7b1;"' ,bk,L,R,“‘ ’L)

v

AN Z i B RIEMN TR A8 A R
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EIR#LAZER  Multitape Turing Machines Z i E R4

Multitape Turing Machines % [E R 1l

HNZH A IMEN TR AL HE R
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EIR#LAZER  Multitape Turing Machines Z i E R4

Multitape Turing Machines % [E R 1l

HA % i B RIFN T E AL FE R

IEFRREE: H— 1S HERI M FRA—NE5ZFNHEHFER S.
KBEERRH S REY M.
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EIR#LAZER  Multitape Turing Machines Z i E R4

Multitape Turing Machines % [E R 1l

ﬁ_

HNZH A IMEN TR AL HE R

IEFRREE: H— 1S HERI M FRA—NE5ZFNHEHFER S.
KEREHER S FIEHL M.

(#lol1folt[of#[alala]#][b]al#]u]...
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Multitape Turing Machines % [E R 1l

A5 B ZEM TR AW E R
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Multitape Turing Machines % [E R 1l

A5 B ZEM TR AW E R

JERR:
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Multitape Turing Machines % [E R 1l

A5 B ZEM TR AW E R

HERR: S JFMNE—FFFR w = wy - - - wy:
0 S EECHKT LM
F1ws - - WAL - - - F
HERFRT M L L NMTHAE
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EIR#LAZER  Multitape Turing Machines Z i E R4

Multitape Turing Machines % [E R 1l

A5 B ZEM TR AW E R

HUERR: S S FHMNE—FFFE w =wy - wp:
0 S EBRCCHET LA
F1ws - - WAL - - - F

ERXRRT M L L NMEEFHASR

QO ATHERWMEZHNM—2#Ha, S EHAT ENFIEEmSE—
# R, —ERERRICAmRSINE L+ 11 #, EENERE
RENEEL TS, RE S HITE R, HiRIE M RS
AR RBITHAREMEKT.
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EIR#LAZER  Multitape Turing Machines Z i E R4

Multitape Turing Machines % [E R 1l

_

HANZ i B RIEN TR —AFHE R

HERR: S MTFMNE—FFFE w = w; - wy:

O EfIiHE, RE S EENEMEIELEABBIEN # LE RE
KE M E¥BECHNMIEELBE THMENRKTHHNTARX
Wk, BRI BT X L. Fit, S EXNMRGTHELEETE
AT, XM GBI RGNS N RETHEPNASEEA
Ba—1. RERG R — SR
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EIR#LAZER  Multitape Turing Machines Z i E R4

Multitape Turing Machines % & Bl R AL

BA% B RAFN ™A B R AL

A% B ZMERTE—A%HE A

HEER: S MTFMANE—FFE w=w - w,

O EfIiHE, RE S EENEMEIELEABBIEN # LE RE
& M ERECHENEE LB THMENREPHNTAKX
Wk, IR AIREXE L. Eit, S EXNMMEHRLEE TS
B, XM R T A RARARNE MRS HIEFHNAREEEG
Ba—1. RERG R — SR

— MBS ZER IR, HENSFESTERIIAANE.
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EIR#LEIZER  Nondeterministic Turing Machines IERERLE R

Nondeterministic Turing Machines JEffE R E R A,

0 0:QxI'>P(QxT x{L,R})

FNAEH R B RAARF TR AN AR R A
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Nondeterministic Turing Machines JEffE R E R A,

FAAEA A B AR F AT XA A A R \
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EIR#LEIZER  Nondeterministic Turing Machines IERERLE R

Nondeterministic Turing Machines JEffE R E R A,

_

FHAAEA A B RAERF N T XA A E R

RS AfERERI D REMAEHER E R N AOERR R 2:
it DRI N WIEMER T ENRBERRES Y. & D EEE M ZEE
BEIRE, MIEF, N D RN Kk ALK IE.
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EIR#LEIZER  Nondeterministic Turing Machines IERERLE R

Nondeterministic Turing Machines JEffE R E R A,

FAAEA A B AR F AT XA A A R

IEFRREE: AFRAEREIRI D RRMIEHEREIRH N HIIERAEREE:
it DRI N WIEMERTENMBARRES . B D BAERN 7 ZEiL
EZRE, Wiz, BN D BRI KL

nﬂﬂ ... inputtape

lxlx‘#|0|1|x|u| ... simulation tape

[1]2]3]3]2]3]1]2]1]1]3]c]... addresstape
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Nondeterministic Turing Machines JEffE R E R A,

FHA AR E RIARFN T E A LA E R, \

Yajun Yang (TJU) #—2 The Church-Turing Thesis E7F-EIRi 2022 35 / 44
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Nondeterministic Turing Machines JEffE R E R A,

FHA AR E RIARFN T E A LA E R,

iERA: D sk
O FFHART, BE—REHEEAEHMAN v, B EKEENE=RKEAHRETH
H.
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Nondeterministic Turing Machines JEffE R E R A,

FHA AR E RIARFN T E A LA E R,

WERR: D BRI T
O TR, E—HFAFTEEMAN v, B ERTME=LKKTEHREZH

B
Q ME—XATEFBNE_RRKTLE HBEE=FRKTHEFRIE
LA e
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EIR#LEIZER  Nondeterministic Turing Machines IERERLE R

Nondeterministic Turing Machines JEffE R E R A,

AR 2 B RAERF TR AT AR R A

WERR: D BRI T
O TR, E—HFAFTEEMAN v, B ERTME=LKKTEHREZH

B
Q ME—XATEFBNE_RRKTLE HBEE=FRKTHEFRIE
LA e

QO AE_KEHEEM N ENAN v EMIEREHENEN . &
N MB—LEZH], BEE=ZFHAT LN T —IMEF, LUREE
N BYRERS R B BT 2 1T R IE £ P AT i 3.
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Nondeterministic Turing Machines JEffE R E R A,

AN A A B RARFIN T E AN R E R A
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EIR#LEIZER  Nondeterministic Turing Machines IERERLE R

Nondeterministic Turing Machines JEffE R E R A,

AN A A B RARFIN T E AN R E R A

IERR: D IR AN T
QO MRFB=ZFRT LXBMSHT, X MEMERREFI TR,
WH#L¢%§Z%@%4J MRIBRIELIRFWILRIE 4 5. W
BEERZARE, MEZXTEA.
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EIR#LEIZER  Nondeterministic Turing Machines IERERLE R

Nondeterministic Turing Machines JEffE R E R A,

BAIEH 7 A B AT £ — A A A R AL

JUERA: D B9 an T
O MRF=FLKHELRAFSHET, XXM EHERMEERTH,
)”U?ESIﬁi‘.’l‘ﬁi 2R E 4 5. MRERIELEIEFHBLIERE 4 2. W0
BEEZRE, MR A
QO EE=FAW L, AFFRINFHT—PEREREBNE. 25
F 28, LUER N Wi ENT—1M o %
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Nondeterministic Turing Machines JEffE R E R A,

G R B ZAE N T E AR AE R
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EIR#LEIZER  Nondeterministic Turing Machines IERERLE R

Nondeterministic Turing Machines JEffE R E R A,

AN A A B AR FN T E AN AR E R A

—MESRERAIRA, HENSFEERERERHIAAE.
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EIR#LEIZER  Nondeterministic Turing Machines IERERLE R

Nondeterministic Turing Machines JEffE R E R A,

AN A A B AR FN T E AN AR E R A

—MESRERAIRA, HENSFEERERERHIAAE.

IEFR: AERERIBARAR— M ERERERN, L —1 73 EH
I ZIFIE. F—NFHEATHEE 3.10 fFiE.
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Nondeterministic Turing Machines JEffE R E R A,

BAIEH R A B AT £ — A A A R A

—MESRERAIRA, HENSFEERERERHIAAE.

IEFR: AERERIBARAR— M ERERERN, L —1 73 EH
I ZIFIE. F—NFHEATHEE 3.10 fFiE.

—MES REIRTHIER, SANSFEFEHERERNFIEE.

Yajun Yang (TJU) #—Z The Church-Turing Thesis E7-EIRi 2022 37 / 44
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Nondeterministic Turing Machines JEffE R E R A,

BAIEH R A B AT £ — A A A R A

—MESRERAIRA, HENSFEERERERHIAAE.

IEFR: AERERIBARAR— M ERERERN, L —1 73 EH
I ZIFIE. F—NFHEATHEE 3.10 fFiE.

—MES REIRTHIER, SANSFEFEHERERNFIEE.

JEBR: &4 EIE 3.10 BUIERR, R N EIHHENM A S X &=L, N
D B EEfEHL.
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Enumerators $Z5s88

KERE— F HERN, RE—FERMES

o
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B R AL Enumerators #2588

Enumerators $Z5s88

WEBE— L HERN, RE—SENMLE. KHERTENES:
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Enumerators $Z5s88

KERZ—N L HERN, RE—HENMET. KERSENES:
L(M) = {w|w € T*, wheE MITENEME T £, # ¢ T}
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B R AL Enumerators #2588

Enumerators $Z5s88

KERE— FHERN, RE—HERMET. MEHFTENES:

L(M) = {w|w € T*, wheE MITENEME T £, # ¢ T}

aa
baba
abba

printer

nnn ... work tape

control
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B R AL Enumerators #2588

Enumerators $Z5s88

KERZ—N L HERN, RE—HENMET. KERSENES:
L(M) = {w|w € T*, wheE MITENEME T £, # ¢ T}

aa
baba
abba

printer

of[t]ofo]u]... worktape

control

—ANEFREZTRAM, % ARG A EHERHKE
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B R AL Enumerators #2588

Enumerators $Z5s88

—AMETREAXTIRAG, 5 ARE AEMBEZEFC.
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Enumerators #4488

Enumerators $Z5s88

— /BT AR RTIRANG, LR Y A AR R

UERR: BSCIERR: WNRAEMER EHMZES A WAREBRM M85 A

E R M SFFHEN w:
Q@ EITE, BH PHE—/1 8, ¥2z5 w i
Q MR wEBAHE F ML HHINT, MIEZ.
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E RHNAITR Enumerators #4488

Enumerators $Z5s88

—AMETREAXTIRAG, 5 ARE AEMBEZEFC.

MERR: ESCUERR: MRAMEESE F MEES A NAERH M iR5 A.
ERH M 3FFHN w:

O EITE, BY FH—1 &M, ¥x5 vtk

Q MR w BAE E it LI, M.
MAUERARZ— N, 1’ s1, 52,53, & L* PEAIAARERN SR, GRER
ML MIRFES A, A AWEKRZR EWT:

Q Xi=1,23,---, EETIITE.

Q Xf 51,892, -+, PRIET—1 i, M LEERBMNEIT .

O MRBUEREST, MIFTENHMERAY s;.
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SHEMERFN

W@ T 5 E R
ZKEIRH
SHEIRH
HEER
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HEMEX  AREFER

#ll (Church—-Turing thesis)

7 /RABHEEE 10 Bl § AR — N EEREN— N SR E B BER.
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HEMEX  AREFER

#ll (Church—-Turing thesis)

7 /RABHEEE 10 Bl § AR — N EEREN— N SR E B BER.

Intuitive notion
of algorithms

Turing machine

equa Is a [ g‘m‘[ﬂ? s

The Church-Turing Thesis Ef&7-[E R BRI
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HEMEX  AREFER

#ll (Church—-Turing thesis)

7 /RABHEEE 10 Bl § AR — N EEREN— N SR E B BER.

Intuitive notion
of algorithms

Turing machine

equals .
1 algorithms

The Church-Turing Thesis Ef&7-[E R BRI

FRAEER T BEERBEFN. |
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HEMEN  mRERNMAE

ik E RABIARIE

HIREIFRIEE B =M
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HEMEN  mRERNMAE

ik E RABIARIE

R R =

0 E—MERA iR BFRMEHERINIRTS, BEHREF,
XRREREX.
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HEMEN  mRERNMAE

ik E RABIARIE

R B IEAZ R A5 =
0 BE—MERRMAME MERMSEERMNMRE, BN
XERIKER
0 B MEMANMSKTES L, FRSTIHA.
o HSEER ARESRSRERNOIE MEABDHESK, &
KIS LR
o IR MIHAIR A H RS AT
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HEMEN  mRERNMAE

ik E RABIARIE

HIREIFRIEE B =M
0 F—MEEA MR, MERMEHEIRNARTS, BBEREF,

XEHKER.
Q FE-MimA Sk TFES L, FRASKIEA.
o XMTTEEM BEES RMABRRNAENE MEAKIIZEL, E
ATERE L EEEIE,
o XTIERE IR IR B LA BRSNS R A AT
0 E=MESERHE EtE2EMAEESHAEEEL B2RTX
INHY 2R
o RXMIEEATNBFERLNFWNAEEENRTETRIRE L.
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HEMEN  mRERNMAE

ik E RABIARIE

SENE
WA BRI REELHERHEERITES, A= {(G)|G &IHEEK},
THAREAE A BRI M B —m R R
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HEMEN  mRERNMAE

ik E RABIARIE

SENE
B A s RN EBE L AR R RRITE S, A= {(G)|G REHIEEE},
THZFE A KERIL M B—m R
M xRN EE G KIS (G):
Q i G I M, HhridZ.
Q HE NIPPIR, HENZA BT AW ERR L.
Q X T G BN, IREEWIEN — %0 HER 57— CHhr
AT, RS IC I
Q 1 G AR, #E el B el i, R, Mgz,
R,
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