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Abstract

We investigate “Church’s Thesis” and “Turing’s Thesis”, which are commonly
considered as equivalent foundations of computability theory or recursion theory in
mathematical logic and computer science. A careful historical and logical analysis of
Godel's recursiveness, Church’s A -definability and Turing computability should
distinguish between Church’s Thesis and Turing’s Thesis.
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A 2745 A (computability, effective calculability)S # 33k 71414 A&} (finite mechanical
procedure)®} Aol 9 FALAT wEgA AP L wiE g F(algorithm) 3 ##
d FEAold, &g FTAsE 3y QA B Al @3 FA ot daFoldt
Lol Ea 9gA7] o}ge %2R Abu Abdullah abu Jafar Muhammad ibn Musa
al-Khowarizmi®] ©)&dA #d8 Aoz 5= A4ibEXHcomputational procedure)9}
e 9uiz A& €}

2 g9 299 dugFEe EFAte AFg=(c. 330 B.C)Y greatest common divisor
algorithmoll A} HALA 7|8 FHolE F Utk ga, b, c7t 4 AFoln WAY
ax+by+c=00°] x, yol s AFAE 7+ 5 & W JLREX(c. AD. 250)9 o &
€ &} Diophantine equation©]@l 3=d] o] EA o] ¥ decidable algorithmo] &34
ge Ao A Uk YA o] ¥ L AFe FAU ABHUS o 1AL 2R
g F e AAARE T FA, & W EEHibert)d 1048 A di3stE ‘A
7vs A3 & Al (Entscheidungsproblem)'d]l thgh 3jvte] Q1 Atel= AAldoh 1920dd &
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AW75Y oJE Y AA9 Church’s Thesis 9} Turing’s Thesis

HE2EE First-order logicol di# @R A7t EA3tH 2 A WelA o] 5= = g
Avalidity)S 243E + AL A2 BE}Ah 22y o183 7| 1931d Hdo &
A4 A s AL F &0 UG

25 AFEFAG o)&F 7|27t HE A47H5 A o] &(computability theory)e 19304
el FeEl=gdA JAHAeH 1 FAREo] HAA(Kurt Godel), A 2 (Alonzo Church),
Z ¥ (Stephen Kleene), 7 ¥ (Alan Turing), £ AE(Emil Post)9} 2L $al&a]staSo| Y}
(12]. Fo =YHQ olE9 AYL BF FHFHo 2 XA Aoz AU 28 o
Aol 2]AA FX(extensional equivalence)® 9"&¥ ¥ W ¥AH % (intensional
equivalence)& 2 mjstE AL ofYrH9) £ LadME A n33) =y EMS £
A 2 o, A% FH9 F3(Thesis)S LA 2 E534 HF71g 4 Adut= AL Ho)
1z g

2AH AMTHsgol&9 FAE VAR ANEE R, & Yoz AR
Aol g st A o)AL AP/ EAYd HAEEH EAd 3 =gz
AvEn ¥ ¢ ok 2y 1960dY olFdE oz Bisdgan & 4 o
A AgrREe] AN dAHo2 T 9% FA(tractable problems)9} T
°]2| ¥ & Al(intractable problems)& ¥ Ao g AF3tE= Complexity theory2 2Astgoh
A7 4ol 8L Al FelzgdA F2oF § REL o|T 3 Qo 3 HFE o)A
olgd AN u¢ dFHAJYE FAE dF2 Uk

& 239 4788 E Ads N& dA=2 3 w-computability theorydl] #A5w =3
19303t 1 o]8o] FAHEY AAAHQA d4Ee P9 A, A, FYo] YA T4 2
M. 2 Zstel wel Church’'s Thesis® Turing’s Thesis®) 48tAM4 o)njg} 6 o3t
Il FEsoof ok RS Fxenz s,

e off

1. Church’s Thesis

1.1 1930 djell AAE A-calculusE ©) 43t AX54He Aodstux Qo oA
79 72E olFE FHEA 9 dte AFEI] 9% RAo2 MW collection IR}
operation Aol ZAF AYo|At. ol& 3ty F4H Aol A-operators] F A
-abstraction BRI )AL FFE TSI AT dF9 HIHWOZ Axy, 1,49
22 Yoz Hol gtk 97l At 5T Ao WY =F(term)oltt. 28 n o)
§ A-abstraction® AH-¥ % (arguments)d) e =3 Ad o FHHE giAoz Wy
A7l #5E Add F= At 48 BW, koplace ¥4 £ NNoN=e
f=Ax, 0 [ Rxy, -, x)] 2 EHET A-operator’t A4WEL T3y Y= FHS
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el g8 YedlE 802 uiFo] F3 9l o]R A ¥+ E A-operator2 A o) &=
A-abstractione] &A¢ o 2 4= A-definablestcl i 3o},

1.2 19309t 27 AXY AANSA AFE A-definability®) Hd oteiA AP Uc)
1% A-definable &7 38 o2 A5 3 Fr(effectively computable function)z}il
Botd Aol a2y Church’s Thesist ZE AM5d 488 FE 37 < (partial
recursive functions)el= FAolth ez FAl9 AL Church’s Thesis7t AH4lo] A 2
& A-definability7} ofbulet ¥ do] 1934do] A8 3] A (recursiveness){4]o] <& o] F
oz ol & a3t Aol

A= AT Hdol EHHAY AYUE Wy A& AHdIAW s xIAYS
(primitive recursive function)& #7338 Ao P9l [4]9] §94d <3t Herbrand?) Al
b2 AT Aol I A%E Ackermann function Anx[F,(x)] & & o|F7 37
d 9% g AWEsIAR 7128 AH g4t okveks Aot afuz IFAgF
of th3t A7} Ackermann function®} Z2 S A AT F glojof = A
ojAutt. URtEAYF+E Herbrand-#de] A% AP = ATTren R oL
DAAX (V7R 8 Foge d5E 723 Adret ot

(D successor Ax[x+1]1;
(I) constant functions Ax;...x,[%];

(II) projections Ax;.-x,[2;];
(IV) composition Ax;.-X,[@(hy(x1, s Xp)s ooy B 214 oo X N5

(V) primltive I‘ecuI'SiOIl /‘x1--~xn[g(x1, "',xn)] & Ayle---xn[h(yvz’xl’ "':xn)]-

oj2}3t 71%x3]A g9 Ackermann function®d % FFEL Edste FAH IAAFS
7F Gubg) Aol o] AL L9 (VDE F7138 A# gr)

(VI) minimalization (least number operator) (uv)[g(x,y)=0], where g(x,y) is total
and is in the smallest class of partial function.

a3 AT 718 Ade 4% 9 equation systemE A&t AAsMsAd g 7}
A AdE Aoste Aotk 2y Ad AL ol # IAF £A43 ANMte
A9 AN AFL @A e “213 YA (heuristic principle)”dl E#3tvtn H %
. & o AdAdL AR AL AdAsA kv n ¥ 3l
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A5y olE YA Church’s Thesis S} Turing’s Thesis

1.3 Church’s ThesisE €93 19353d 4¥ 19¥ 7& AldA 9d3d v =353y 3 (the
American Mathematical Society)e] 83]ejA GFEHUT 28 oA &A% Fefo =
o] American Journal of Mathematicsol T ¥ ¥ Ho] 193639 [1]o] it}

add 19359 119 X9 HAWLAA 19349 Eol A7 HdA R AL& &
9tk 19343 2€9A SE7AE #deo] EZI2YY 1FEEATFA(Institute for
Advanced Study)olA EXHZYE A A7t 2 At ZAFH o2 AN FThE A
& ut2  A-definability$} Gk oA 8]

Az o] g Algte] i P9 ¥bEE tfdd] FAZ oI ALL HA Y At
‘943 BurE 2| $(thoroughly unsatisfactory) Rolgti Frtgl7] wEoltH8l. Qo)
Brlole WA A9A AsrtsAde Add dEiA radoer 89 e £48 BoAof
sled AXE o] AAS AHFY A A-definabilityE A7 e A dAA7)\ 22} SAhE
Aot} FA9 o] HlBE AAH Aot AZEY A= HA= AAA Aibsdte
A7 A-definability?] FXAd dg AL FJ& 7 + AU

1.4 AAE A-definability®} A FXNE T Fo AN FHE ¢HEI Ao
oyl T AMde XL 19359 6€% 19 AA FTA o Mo FHE Aol
tH10]. o] A#+= Church’s Thesis7t A& LEHIUY 1936 4¥Y o]F9 dolAY. EE
9% 19349 999 AgE &R [4)= 19 2M(]B. Rossen)dl o3 A€ 71503
t}. a8B g @3] Church’'s ThesisgtE B A 2= Church-Kleene's Thesis#ls % A o]
B} Fastn AT FHolgn & 4 Uvh HAJF 19359 49 LEHRA A HAA B
B 27t A% A-definability iAol 2 @o] FoJ¥ recursivenessE A=At A5
& Astna 3 AxEEe ¢Add" o] oYUt

15 =24 BhelA Ae) gl ZUe ool AHY 4 UuHo, 1], 1= 7z
A7 eAdoz HAHed AAAA AAHoIE AL wFARA S et A
A= drA FzuAe HAYE AARE B 2R FLHAANE B ane
Church’s Thesisel = =4 %ol £AsHA "k olgfe 7zwAs 974 £ &
o os) A8 e Yo theol

2. Turing’s Thesis
2.1 Turing's Thesist oW <7t vy H o2 AAb7te 8 (informally computable),

3 e Turing-AAZMs3td s 40t & ofd 71 f39 714143 AR (a finite
mechanical procedure) =+ algorithmo] <98 A" < gloed 1 <4+ Turing
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machined] & AA7lEstis Aol oo gulds AL RE FA@AR AT
= Turing machined 23] A lssitts Aol wely axy oz ALlzbs3ices
& & Turing-AA7Hs3itE Aol

PRI
S
A

2.2 H5¥& AA AAstE A2k human computer)d] 93 FYHE A4AEL EAFHY
AL FAsEA. oA ZEtd ALY ALE EFEHA Z1AFEQ WP o R o)At n
2 s Aot zrFEA wAE 7HY) ANL thE9 7FA 820 oEiA HBEE
4 gltbe= Aotk (D) a list of states(Turing—configurations); (II) a finite alphabet of
symbols; (II) a finite list of instructions. ] 4l 712 Q4o 93 Hoe ANRHe) &
Y Turing machine®. 2 B & FAAA Y o ¢34 AYgs &3 Fo.

Let X be a finite set of symbols, including Blank 0 and Stroke 1, and let g, g, ***

be symbols of states not in X. Then a Turing machine 7TM is a finite set of
quintuples (g¢;, 0,7,®,4q;), where 0,7 are in X and @ is one of the symbols “ D

(don’t move)”, “ R(move one right)”, or “ L{(move one left)”, such that no two distinct

quintuples have the same first two members. The symbol ¢, stands for state 1.

w2t Turing machine2 X84 nd dso o&3 2L sy g2 Fdgd 5 A
. T™M: {1,2,---,n}x{0,1} — {0,1} x{L,R,D}x{1,2,-*-, n}.

23 FHL AXgE A v Yo AWbsdd AdE AUt £338 7
o] 1936 AEA 1937d B7HA ZI2WA AR AEE Pgtoy a7t ¢HAF 24
Ax71A el Ao Ao Mddl did BALE 533 AolAd. aiA AL A
Ao AR BEFEE Aaz Htoy 7Y AL §& Aoz WY F UYL RO
oo FAY Ad 5P dUE HE vhd do] i

AN FAHe Axugrt AXojvhe AHY Wi FH 27 A77F ZI2EAA
ojFo]x Aoz ¥ I AL FAXE Rod F3I [2]19 ¥ Fd e Turing
computability®} A X 2] A-definability®] FX& FHI}E HNERAE 27t =& W)
Ao ¢4E Aol EFU Qustd FEo] =& Frhd dAr 1936d 849 28U o)A vt
FHo] ZA2ELE Fat =8 W dake 949 239 olU7] HECITh

24 F9& ‘BAF olgts F8 94 AR AWIRE $% WA Ade Turing
machineol 2} S¥HA FAAANN HFHo2 FHAA 4Pk 2D 2 Ao
49)% Turing machine® 2 A4S 743 7124 Gels 7124 gAZEY ddsss] o
2o AA9) wxel AUR A =AHA AR IRl AA) £F3E MY & A
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AN sY olE §YA*A9 Church’s Thesis $ Turing's Thesis

A71E Fde Aok B3 A7 Ao A7z BAPE andEA gn AdrtsA 9
Ade APstzn & Agds 28, RIS A7 AIRIE ZAZ FAFH A9
A AA Ade EdA dE AGdE AZAA AN AY A9 SdRE Ao
olgld 79 THL vy FREH 19 AYL EFE Aok

2.5 H9e o] Aol AR ANNsHE HoWTn AztaN g THA
A UL FHE AAYIT golT AWML dnjas Ros AN st w
Wol 1k o] AMsbeAd te AT AHe kol WAL RUACD $8¥ vy
Ades ARaAY. 5 o TAlo e @ Hde Ade Feuckes Ko Ao} o
Azt AAsRon oW /1531 Heit 29 BROS 6 7). A4 95w
99 $H3 74 3L Bobgolo} s AN AMFSATH AMASReol @
Aoy Foz Prsok Bk,

Turing’s work gives an analysis of the concept of mechanical procedure (alias
“algorithm” or “computation procedure” or “finite combinatorial procedure”). This
concept is shown to be equivalent with that of a “Turing machine”(Postscriptum, 3
June 1964 (4)).

Ad# FYL ANteR' & APsAY Zd3t=d 23 ‘FHl ol ‘S AGFE )
& 8o g AHE3A skt

3.4 9

A9 A-calculus®] MEE& AFAFT A LISPY oj&3d 7]x7F HAUR Turing
machine® At} AFE S o84 23Po] =t Church’'s Thesis® Turing’s Thesist &
d AFEREGHY Fel=este 7EF A2 wolgdXn vt 28y Faatet =23
AN F FAL A3 554 3ot 4 Qo

Church’s Thesisdl 9&H & A4lo] /Nd3tdr A -definability2hs 23 di4l 3 Po)
A& MY recursivenessgte FAE MEstd ‘AMrtFAolgte AdE FYgstua
Aok g Kol Aol Fe oW wpE &A3F] EI|F Aol ofyE @ e gL A
A3t Zo|quth o] AL aF 9 o] FA did ATEH st EIHPEA Moty
Bus 43 AN HARE EFAIIS AN 43S AFSA wAE Aol HUh o)
H) 3t Turing’s Thesist TFZASZ o] HAF 7% YoM ‘At 'oldt EAS
43t BHHor F£4% $ gl&vwa MEAE AFAYG HAY ¢+ Ao 19 FHFL
F3A 29 A Yol Aol HoF T & o]FojHtE HoAN o] B
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259 AHNA Erbd Church’'s Thesis® Turing’'s Thesist 2%d JEiE AlLE 5
T Q. a#A <aE$E, effective procedure, computability® HdE E¥ Turing
computable®= = recursiveness@ AW H 3 ok, a2y T AR F3o] AHE AL
TAYY Foez B w, F FFE FEA HYE = vk 433 AW Turing's
Thesist €A P2} Church’s Thesist® EA8A &t thgt Kleene's Thesis7t &A1
© Aoj},
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