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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.

0. A <

A A 75 A (computability, effective calculability) S §-3+8 71414 A2} (finite mechanical
procedure)®] EA 93 FAAY. WA ALtEA L v2 g3 F(algorithm) 3 #&
¥ EAlolH, #8& FAs = st 4 W Azl # FA . dueFeld
g0l B 9A4l7] ol £3kx Abu Abdullah abu Jafar Muhammad ibn Musa
al-Khowarizmi®] ©)&oA fald Aoz 2E4ddE A4 A (computational procedure)<}
2L 9ul2 ALgE

2 W89 SHdA dnElFY FAE fE8=(c. 330 B.C.)Y greatest common divisor
algorithmelj Al HALH  719& ZFotE F JYrh g, b, ¢c7t ¥ AFo)m WA
ax+by+c=00°] z yol & FFAE T 5 YL @ JRAEX(c. AD. 2509 &
& w2} Diophantine equation®]2} d}&d] o] Ao thdt decidable algorithmo] &xz)31%)
we Ao gEX ot a#WA o] HFAL AFH EA I HEHUS W 2R FA
g F e AdARE Fae 4, F YW ZE(Hilbert)d 1084 EAol #dst= 4y
7}6 78 & Al (Entscheidungsproblem)’dl W& 3tite] ¥ A A2 AAjdch 192080 ¥

» 2 ATE B9ARY A7 AU olFold A
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A N5 H o] E Y ANA 2] Church’s Thesis ¢} Turing's Thesis

W2 E+= First-order logico]l W3t AAARZF EAstA 1 A A oA Fo] HE &
A(validity)e 238 4 & A2 HId gy ogd 7de 1931d #{de &
AQ Ao g8 dd4d F 3ol FEAU

25 AFEAF o283 727t HE A4S A o] E(computability theory)< 1930d
ol Fa=addy FAd=den o FARECl HP(Kurt Godel), AR (Alonzo Church),
Z A (Stephen Kleene), ¥ (Alan Turing), £2E(Emil Post)% 22 Fd=8statgoldth
[12]. Fo E@dAHQ o]E9] AL EF FHgHoz FXQ Aoz AQFHJAY. 28} 9
Rol ¢d7 FA(extensional equivalence)E r|¥ ¥ WEH FX (intensional
equivalence)E 9 nj3te AL olUTHIL B A3ME A 1@ =3 £4L T3
A B, A% 599 FH(Thesis)E IFo2 FFsA H71E + e RS Ko
1zt g

RAA AArEAHolg FAE VAFcE AMNNEY A, & JAFHozw AR
Aol g Aot ZAYc) o)A A A sFdEET A e =83
dAxga & ¢ Jdoh. 2y 19609 ofFolE =gFozE BTty & 4 flov
A AdFRze FHAA dAFH o2 bdF7] $£9F A (ractable problems)9t ©F7]
o] & A (intractable problems)E& Fd Ao 2 A= Complexity theory2 A3 th
AAZs 08 dd FElEddA F83 & REE olF1 Jon T3 AFE AT
o237 AAG vi$ FFHAJE FAE ©hF U

2 219 AFHYE (494 N& AAZ § w-computability theoryol 3I¥AHHT 53]
1930t 2 o] 80] FAHEY FAAHL IS Hd Y, AX, FH 434 FF&
gk, 1 dad wel Church’s Thesis®t Turing's Thesis®l 8HAHE 9Jn) 9} 14 oidt
G717b Fd ook gtk AL AxsnA s

L
L

o

de off

ol

e

1. Church’s Thesis

1.1 1930 e} A& A-calculusE ©143ld Arts8 L Astaa e AL
589 7125 o)F& B st dieks AFEHI] 4 A2 A collection MR T
operation 7Adel ZAT A Foith olE Yo P Aol A-operatord] 93 A
-abstraction WOt olRAL FFE EQE7] AT 4dFY EVHORE Axy, -, x,AS%
Ze gHoz Hoj gtk Ul Ae EFT Ao W = (term)oltt. 2 n= o]
& A-abstractionZ Afr¥ & (arguments)®] #& =3 A4 & FIHE= ddos ¥E
AAE @48 Aold F= Atk 4% T9, koplace ¥+ f NoNE
=A%, %[ K%y, 201 2 EAEY A-operator’t AHEFS T UE TS
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htel g UElls Ed o= ubite] Fa . oA ¥FE A-operator2 A e
A-abstraction®] 4% W 2 F¥4= A-definabledtttn gt

1.2 1930 7] Ax9 AMteAR dFE A-definability®] 71d ofelA A=,
1E A-definable 7t E#HH o2 AL/ 5 3 S (effectively computable function) g}
Bgw Held, a8y Church’s Thesiss ZE A47sd - EL 2237 S (partial
recursive functions)gt= F&o|th, 1822 FA9 4L Church’s Thesis7t AH4lo] A 9
& A-definability7} ofuzt F o] 1934do] Ao s 3] #J(recursiveness)[4]o] s o] F
o o] & siEsts Aol

A8 IAFgFE Adol EFAAN AYE FWsrl Y& FAdSAd sixgAPSs
(primitive recursive function)& &% ZAo=Z 99 [4]9 §99 <98t Herbrand®] A
r8 AT AolUrt. 2 A Ackermann function Anx[F,(x)] & 2L o|F3F 3
o 9% g AMVFSIART Z128AH g4t ofdE: Aok aznz IAFs
o digt Be7t Ackermann function@ #& @& A I 5 lojor = A
ol w3 AEsE Herbrand-Ado] A3t ARS =& FATFHD HEY o
(Do A (ViZtA o g8 Aose 48 7|23 Agsa o)

(D successor Ax[x+1];
(ID constant functions Axj...x,[ k] ;

(II) projections Axj...x,[x:1;
(IV) composition Ax;..x,[g(h (21, -, %), -, B2y, o, 2, D15

(V) primitive recursion Ax;...x,[g(x), -, %,)] & Ayzx;..x, [y, 2,2, -, 2,)].

olee 71287 ol Ackermann function® & FFEE TS Fgd IS
7 AusAGLolTh o) Re e (VDE F71# A 2o,

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

23 A 718 Ade d%9 equation systemE AHE3dtd AL Bhdk s}
F gubEel AdE Fdste Aolth 2y Y AL o3 A £437 ALstE
Ao dAANITIE FAYL A Uy “@13A & (heuristic principle)”el E#3itin H ok
o & I AA8L Qs AL A=A gdva B ¢ et
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ANTFs4 o2 YA HA 2 Church’s Thesis 9} Turing's Thesis

1.3 Church’s Thesist= gz 1935d 4¥ 19¥ wF& AdA A u]Z8g3](the
American Mathematical Society)®] & 3]ojx LEHAT, g o]A9 &A% e 3=
¥90] American Journal of Mathematicsol]l 2 ¥ ¥ Ao] 19369 [1]lo)At}.

o 19359 1149 A9 HAWEA 1934d B X7 fdgA Fd AL &
T Aok 19349 2€eA 5¥7A= o] ZY2Y IAFIHE AT A(nstitute for
Advanced Study)dlAd W72 E AW A7|Hdh. 2 A%E aRFH o2 Aidstssides A
& ulZ A-definability®} 4= 3tckE Aol ArHS].

XX 2} o] g Al¢te] oid Aol wrgL drs] FAFUCE AAL A9 A|to
‘@A 3 B9rE22)#(thoroughly unsatisfactory) Aojgti #7lg7] wEojch8]. 3 Qo)
Brlde A4 a3F ALY Jidd didiM 2o £48 Wk S8 Boof
ted AX = o] HAL AFI A A-definabilityES AAMs AT A7) 22} dPgUE
Aoty FAI9 o] uj#L HAZ Ho|dvtn AZEY. A= X aH44 Aitsddde
A3} A-definability®] FXA oig Ade] F9& 78 & At

1.4 AR & A-definabilitys} BAFY FTAE THIF T A4eg F4E 4% °
btk F e TXAL 19359 6¥L 19 Az -4 g8 HLoeq: F9
10} °] d#+= Church’s Thesis7t A& LXHAJWA 19359 49¥9 o]F 9] oYy, &8
EUE 19343 #Hd9 ZgE EJL 4= 29 ZA().B. Rossen)dl 93] A€ 7]E oA
o}, 2882 &3] Church’s Thesisghs WA B tlE Church-Kleene's Thesis#ts 3 o]
Bl FEsin TN FHelglm & 4 vk AArL 19359 49 HEHE AJHAA Erg
A 27F A3t A-definability tHalol} #)do] A9 g recursivenessE st AArHEA
& AYstazal & AEE SA4" Aol ofyurt.

—_—

(e}

P Y

do e

15 =23 #3AM AR FHAE= T FHol AHE & d9, 11]. 2F 7|2
Azt dAA R FAHolH AAMAA] A olgds AL E=FsnA FJrh 2yt A
A Aq7]dA 7149 AR E AAYESE B IAE AR E XYY, 13e
Church’s Thesisoll & =84 @3] EAsHA €l ojzigh 7xdAle] AN e 7
o o M3 tE LAoR vFofHh

2. Turing’s Thesis
2.1 Turing’s Thesist ©oJ® <7t v Ho 2 A475 8 (informally computable),

1 = Turing-AL7bsside FFolth § oJu 57t #3819 7iAA AR (a finite
mechanical procedure) X algorithmdl 298] A" 4 Yo a1 g5+ Turing
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machine?] 93 A7FssttE Rolth oAl dmste AL EE F
@<= Turing machined] 93 Ad7bssitte Aotk wetx 344
A& & Turing-A47Hssds Aol

#Ho2 AN
o2 AMbssite

22 F4& 94 AdsE Azt human computer)dl & FHEHE AAEL EAHEo
AL FAstetATh g #etd A7k AALE &4 J1AIFHS wie g ojAdgsln
2 St RY Aotk hEE A AW A7te AL thg9 371X 84 A M=
F & Aolth () a list of states(Turing-configurations); (II) a finite alphabet of
symbols; (III) a finite list of instructions. ©] Al 7}A 840 9& Feg AnEde o2&
d Turing machine® 2 £ A Aol a1 ¢34 o= 3 g}

Let 2 be a finite set of symbols, including Blank 0 and Stroke 1, and let ¢y, g3, ***

be symbols of states not in X, Then a Turing machine TM is a finite set of
quintuples (g;, 0,7,9,q;), 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 7.

wetA Turing machine® A4 nol digtd & Z& e d5-2 AHod & 9l
o TM: {1,2,,m%x{0,1} = {0, 1} x{L,R, D} x{1,2,--, n}.

23 7EX AA e A3 & $Aoz AMteAY Ade Adsgn. £33 59
o] 1936 9EA 1937d B7A] TA2EYA A9 AEEZ wgtoy a7 BAHe 2H
A7 A L Aeoje} Adrtse Add d B4 534 Hodnh A ALe A
A9 AgE BEFEY Aoz Bgtoy RIYY B4 & A0 AFY F YUY RO
oo gAY Jd FYPL dE A2 vhgd do] gigith

AR FH Axmert AAevte AHd Wi ] FHY 27 771 TA2WAA
ojFojx Ao U HA AL AFRH AHolth 53 [2]19 RZd UQeE Turing
computability® #3219 A-definability®] & $H3= HERAE 271 9L {7y
Aol @4d Aol EYQUt A3t HEo] =& 3719 IR 19363 89 28 o] A wh
ool Zd28E I d5¢ wd Iake 99 23Y 07| GEolnh

24 53 ady ojgb: F3t 9F Add Awold: 3% WA MYL Turing
machine®l#He £33 FAAANM AFHer EFAA dhdAg. aegln 2k 2o
A olg Turing machine® 2 A 714 7125 @99 7|24 GAZ2Y A9sdr] o
o AAY =Fo] AR U= =A< ¢S FESAY (A =5 /HF F FFE
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A sY olE AN A2 Church’s Thesis 9} Turing’s Thesis

A7e 8L Ao B AA Aze) AWTERY) BHE nSA &3 AWAEA
Ade AsEn & A%E 2o, FIL ARe ANEYL A2 FUH AXTHA
A3 A4 AN Bl oig Ade AZAA AN AYe R ol
qee FIo THL $ Foae 19 AAL BAE Aol

25 P2 Aol FYF Aol AWeAE AAddtun AZ4EA Fyt. 2HA
Ad AL AR FAAE ol & AW L Irlste Aoz AHEEA st v
"ol 2e 7P AW7sAd g 243 dE-E %ol Blsta R oR £4% w4
Agez AASAY. & of EA A3 & AIL AN AHoroe 7Y A7t o
AAsidn AZstgen oJyS 78S duig 3] UGS, 6, 7. ADd A R
P 4% F4E 3R wolgoof Y JAH AT EH AMIs Gl fid
‘A Aoz FYrisof st

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 [4D).

A3 B AMASAE APSAY BHskEd 23 A0l Y AAR5E )
& goi@ AbgaA @sieh

3. d o

%9 A-calculus®] NEL AFAF Aol LISPY &3 7]1x7} HUSXL Turing
machine2 Al HAFE Y o]8F EFo] HYTh Church’s Thesis¥ Turing’s Thesis= &
U AFEHIAEH Fe=edty J1EF AAZ golgdAn ok 2y FEALSG =83
BANN T F4e 43 534 F42 & Ak

Church’s Thesisol 93t & o] Add§ A-definabilityshs ZX dj4l # Qo]
AFe /MdQ recursivenessgt= FAE AEste ‘AidrtsAolgts AdE Bzt
Ak o] Aol FF& oW ulE @Az TG RAo] ofE ©X e AdS A
A3k Ao} o)A L 19 o] FAY o AFFFA g3 EYPE Aoty
BoE 43 A9 AHE BEHAIR Y 43S AFsHA ERE Aol HAUu. o]
H]5}9 Turing’s Thesis® FRALZ zpile] FLd 7z YA ‘Airtsdolad EAE
Ml BEAoR £48 ¢ J&ud Mde AT Hg £ vk 29 FHL
FFaA 229 A YoM ZANo] Fjt £ T & o]FojFHuE HoA Eo] FE
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gH3}ot,

959 BAHAA Er}W Church’'s Thesis® Turing’s Thesist® 238 d el AH8E F
T 9ok a#A guglE, effective procedure, computability® /MdE X5 Turing
computable £ recursiveness2 AWH I gth 2t T ALY FHo] FAHE A S
AN For B o, F F£4& F53 #g £ ok 443 LA™ Turing's
Thesist AR SY Church’s ThesisE EA&A &skth thet Kleene's Thesis7t £A§]
© zel},
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