Journal of Historia Mathematica Vol. 8. No. 1, (1995), 6 - 13.

2047 Seleelste s 58

1. M ¢ 58

Jon

Godel 0] %
BEZE=

LR N

B

AMdEE SHX XFHE

21 =

FregeOil M GodetX| 2| 42| =2| &}
Fel=clse XMeat

2| & (Non-standard Logic) 2}

oI ZRIS(Al - Artificial Intelligence)

5. & O :
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204|716 E QWA F8e] Ak W-8-E9
o] obd 43} xfAle] T2 HAAAL &
Hel7] A% 29 7Y AV 23
Aoz AZIHWUA Fal=gs (P2 ¢
Eol 87289 T8 WY EolA xA 9
A7 dAE 2= 559 stEe= 53]
HAY. =g gAE o] Al71= C. S. Peirce
(1839-1914)2] Hz9] %43tA}L quantifier 7] &
9] =91, E. Schroder (1841-1902)2] <%F3}A}e
N A A PGA A L 53 &0
Al4tpredicate calculus® A7), =z28lx F. L.
G. Frege (1848-1925)¢] 4% 7|qto] H& =
g AA DAL 4% F23 axiomatization
5ol A= &ol=a Predicate logic
7} 48D AIZ7IF Y Freges FWAT F
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A2l G. Peano (1858-1932)& %= A4
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t g9 JF2ol T FAES JH v
Fazx JHA G Cantor (1845-1918)¢) <))
A ZEo] 3o ZTH Aol FXFH WHEE
7FA LA 5o} Burali Forti o) szl
(1897),2 Cantor®] 2% 2(1899),3 Russell

1) E. W.Beth, The Foundations of Mathematics
(1968), pp. 67-69., 1. M. Bochenski, A History
of Formal Logic, pp.226-272(1961), A.
Grzegorczyk, An Outline of Mathematical
Logic (1974), pp. 571-574.
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2. 1. Frege, Russell?} *=2]F9](Logicism)

F. L. G. Freget= Begriffsschrift (1879)5 %
8 £43 Ao XL 3 FAAdojz A
o] =38 AZE AAE AJad. 19
AZre 718A =2 EHo 2 3 U &9
59 =93 72E ¥ ¥ 5 JedyHde A
olitt, o1& Y3 € FE HWAZYFE By
WSS A=Y H YA sl §
2= formal logic2] AAE TSI 2ha2]
AYEL =29 Yo 2R =& t5gS
B Fqo "AeAA e 71%, Die Grund-
lagen der Arithmetik (1884)ol A& 4l&& =
el A FIE AYE 2o FAx o] 4
o] AL 3 HAAF FA= 9 AAT
gesita A "Aee iz 93,
Grundgesetze der Arithmetik (1893-1903)¢]]
Ae 283 Ao AgE AIAA HYoh

B.Russell& "43%t2] 93 ,Principles of
Mathematics (1903)9ll4]  Frege2] A&

4 R={x|x¥x}, ReR iff R¢R

Peano®] Y& ZFAIA A A <} 5389
RE EolER =g #dE F vy By
a3 FA=ae HAE AFedn. 19
Al Cantor®] JFE9 7125 A3} 294
HA o dHE2E DA (1903) o] =es
A 2373 2 ramified type theory 2 3| 3
Astax 8tgth (Theory of Type ,1908). ©]
% 3% A. N Whitehead9}®] TA "$3t9d
£, Principia Mathematica (1910-1913)oll A&
BA = AANANA AEsFEEL AH83
o =225 H Fgo] AF 7M5ES Holn
2l 39 th E.L.Poste 8U&9 A=
g AA ZeAdH SH4E I o5
AW3tAIZ ok ("Introduction to a general
theory of elementary propositions, 1921)5). 1
Hu} o]813t =2 F 9= Russelle]l F3H3g
infinity  axiom,  <47%¥3d] extensionality
axiom, $-AZd reducibility axiomE 3712
Aggo 2 olul I FAE WAL U
t}.

2. 2. Brouwers} 2 3F2](Intuitionism)

L. Couturat= 919 =gl gdz+slA 3+
Eol FAde] H#ALZ  J1EIAY (Les
principes des mathématiques 1905). ©]d o
3la] H. Poincarés =8 Y302 RE $3-&
a4g3 d F SS Fx3H =T o
g wiErg o=z =Ao] AFEFEYC
(Science et méthode 1908, Derniéres pensées
1913). L.E. J. Brouwer (1881-1966)= 4A}3}

A=E “45t9 JlZxo] /3t (Over de
grondslagen der wiskunde, 1907)"olA

Russelle] 428t =2ld] A7 A wig)
3P E3F Cantor naive set theoryell o
3+ Hilbert9] 3213 Zermelo2] 314 o) o 3)

5) J.van Heijenoort (ed),
Gadel, pp. 265-283.
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AMx yith3led 4] e] Formalismee) #3
g =] AFHAY. I JSAZHE
9] zFoA F8e] 2APAS udY e
Poincaré®] o)A ©] Joprt =389} 43}
o] B3-S F339 ) o)+ L. Kroneckerd)
TAF] FFH F3te] A R A
o Ath= AZbe A v EH AolAdt. 1908
‘=g A el HAZPA  (De onbetrouw-
baarheit der loglsche principes)”’-& F3l9 <
F33%o) wlEE (law of the excluded
middle)& A-8-3= Aol FFIFozRE 9
233 FAolaln B olE ZAR 4383
FEA e RAGE WFE F Lo u3lY
ok olelgt JFolA JAFE (1918), T4
(1923)2 ATt 5 89 7239
Stato = AKX e 4L F Ao Hrd
o =2 Fort de 529 A 2L A
YA A@F e A s XU Y&
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H Weyl2 Z&F9 ¢33 A JdAou 4
FAAE (AEA)S TF AL A44L 9
& AAgdl B3 Peanod] AEAAES £&3)
A7) W&o wrER@Foo] 43} ujlFE
o] EAE F4o2F Hilberte] Az}
Brouwer®] #5929 104dq] 23 =42
82 Hilberte] A &G 7} 2@ T3
A Weyldl g3l G342 v &< Ale] 2
St <l hutel T AFe] REHA AT
AL 83o 2 vhe Wy (1927).

2. 3. Hilbert$} ¥ 4] F2] (Formalism)

D. Hilbert (1862-1943)2] % & Beweisth-
eorie - W E}l=3} Metamathematics-2 1904
HollA] 1928 Bt WA sidelnt 1900
Holl Eoj9} 7]518te) 7128 FAg3= A

6) Weylel urzlgzole] Bat AT Wee 3
AE, 87128, pp. 22-272 FxEE

gA] BE 82 93 A theoremse} T8
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EAE A O SAANAE oM A7
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+ =233 #A3A F=3he] PYAsiel 2w
£/ consistencyo] W FTHEo] Fe stk
B3tk 534 43 534 Ao o3
FA finitistic H 2.2 A A A e
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2]ste] W7 JFEL sty oy 7
Zro] FAIELS FAAA oA Zdd 3
A= ool sikm FA3Y . Hilbert T2
a0l ulE FAAAL FE4A consist-
ency, AA7}5A decidability, 2832 ¢4AA
completeness< %3t Aol t}. Hilbert9:
Ackermann (1896-1962)2 7]&E 7% <ol=g,
& Hede EReAdLS P9
(Grundziige der theoretischen Logik 1928),
23] EZvkeliA9] “Problem der Grundlag-
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W59t W. Ackermann, J. von Neumann S
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7) H. Wang,“Godel’s and Some Other Examples
of Problem Transmutation,” pp. 103-104
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EA3) &3 AN g FHAA &

AAZE2A,
£A14) 141+=¢8) First-order logic®] <24
A,

1Al=8 o] A4 A= Godel(1906-1978)
d o3 AR (1930) =3 19 5
AA RG] 93| Hilbert ¥Ui% AY2 AA
Hu gk 2y 2310] BSoA L% F
A-g uistes AL obd = Uk 7HE A&
2 Fr$A  Z9relative consistency
proof’ 9] B} AL 3] KA} g A
El3tS RS g AR A QA FHE
€ 583 o2 (D Hilbert & P.Bernays,
Grundlagen der Mathematik I, 1934 A &) =
B 7158 Ax BEL 53] 49| a9
APolNF G. Gentzen (1909-1945) o) Hilbert
o] ol A=Y E gsty wAH
AAe] #FHFHY transfinite mathematical
induction®. & Ag42e R RoeAL Z=dd)
22 1A= FEEAE THE A F5
T "8/ AthDie Widerspruchsfreiheit der
reinen Zahlentheorie, 1936). Hilbert 7% ¢
R2EH A9 B3 A7E LEGNA AL
i AT

3. Godel °|F Fe]=2]se] AHF
3.1. Godel®] E¢3A A (Incomplete-
ness Theorems)$t #H4] Az

(Limitative Theorems)

K. Godel & 193041 H] QI thate) whayets)

8) FEE ®Yg =EoRE
Interpreting Godel’'s Second  Theorem,”
Journal of Philosophical Logic 8, pp.
297-313.& F=zsteh zAR Yee AAE
r=8l7|28,, pp. 37-43.2 #F=8 A

M. Detlefson,”On

B ‘=g A5ke] SAA o #8to Uber die
Vollstéindigkeit des Logikkalkiils"®o| A 14]
=99 442 =93 o = Hilbert?} A7) %+
S ZEA F A BAE fAsA
283 #%2 42 number theoryoll 9% 4
29 BER&Y FTHIH Fo oA Mg
analysis®] 254 S-S FEIAA g7
of gt} Bl o) Uit Mgt Al A
244 the relative consistencyS &A1
I 23 /F38E == JAEEL 2= A
F2 A 2R 5 e BAV SATS
Fagstd AFEY 1Y FAE £E U
A 23T & LS THIAT. Godeld
Al 544 A2 EE o He &%
% Peano ArithmeticH| Ald)] 333t o w gk
FAANAT} o7} BRE w— inconsistento)
d ARZEISR AV EA%uE AL S
B Aot (‘AR AHAAAES] B4
z AARB7Vs PAl #3” Uber formal
Satze der  Principia
Mathematica und verwandter Systeme I,
1931).10 A= 2= Hilbert?} AAIF 4714 9
o g EAe dislA 23(1,23)F IR
2 BE g A, olRAL &4731A)
FEA o) 7123 vielests) A S
2t A8l zF A E Hilberte] A8 o] Godel] &
A4 Ze (193Dl o3l HHE-2 sy
k. 204171 Sele=el g o] dold = &
B 74T FAANA e A4, 28 BE
Aol 2R7MsAol BUAE dnsle gAL
Aelct. EgHd g o dutsl 2L ]
B.Rosserdl] 93 B2R4A4 =79 Aoz
A2+ E] o] (“Extensions of Some Theorems of

ot

unentscheidbare

9) g9l=Fo AREL “Die Vollstandigkeit der
Axiome des logischen Funktionenkalkiils”
(1930), in From Frege to Gédel, pp.582-591.

10} J.van Heijenoort (ed) From Frege to

Gddel, pp. 596-617.
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Godel and Church”, 1936), L. Henkin®] 1952
d St A AriSE s e A4
A 719} olo] tF 19553 MHLsbe] 2=
Lobe] A= Godeld] A2B A Helst &
A2 golEo AA HUT

PA=g9 IAE AAsc AYEZE
“#384 HF&A2A}effective finite procedure”
Z ZAAAZz} decision procedure’} E7) 81

Z2E 93 1A=de ARV SAEA
Entscheidunsproblemy 81 28 7}5 unsolv-

abledlth= A2 BoFE A Church(1936)2] 3
g eHD QS Fhe) 78 A 0 Ecategoricall
yi2 3EE 4 e FERs A= &
A 4+ 58 HQ ThSkoleme g
(Skolem," 482 BA o] FH/bs AT 54
o o3 =g-=zF3y 1T
kombinatorische Untersuchungen iiber die
Erfilllbarkeit oder Beweisbarkeit mathe-
matischer Sitze, 1920)137} 0.2 A Tarski
AR 9 FAEIMsAE FH3 onjE
A JAE EBHAFZIE SFHAT(“Der
Wahrheitbegriff in den  formalisierten
Sprachen”, 1936)

Godel®] B&AA A olF Fe=dd F
8 AL e Sy FAZ JFHAG. 2
F el 52e 584 HIEL FAHE
EA YRS B ATZA ANEA
computability A&} Z2AE-71'54 undecid-
abilityol] &3 ZAE dFUL, & 52
FAA S 2o B FHh

Logisch-

3.2. A7 A o] & (Computability
Theory)

11) A Church, “An Unsolvable Problem of
Elementary Number Theory,” “A Note on
the Entscheidungsproblem,” in M. Davis(ed)
The Undecidable (New York Raven
Press, 1965), pp.89-107, pp.110-115.

J. Herbrand(1908-1931) ¢} Godelol 2l A
718 ALt A EAE GodelZt B3 43
AgrPrimitive Recursive Function® X}
34" Herbrand-Godel-Kleene A A4l A
o4 A3 AGeneral  Recursive
Function® A ATH1936).19  Church
Thesisdll 23A  “HE A effective” o)zt
A2l gHy sld o] “3lH A recursive” ol &
3t g AZE=HA 8 FaAd ANteA
< 3] AArecursive@ el S ATH1936). §
#H A. Turing Turing Machine®e] 2} A4t
7Fe A& Aeldta ool & F&EA ALt
TN YL FRHATH(1936).17 2
AATT S FEANGT FXAF0) THH
Aok 2P A A4S 3 g4 (Church)

FH71A(Turing) ol 243 AAHUR F
AtZe] J3 Thesis2 =2 AARAHT o},
T g2 FAAAQ Turing Machine F4%
ol o] Herbrand-Godel-Kleene# Al ¢+ &) ¢ o]
FHE Folth oY THMEAY EAle

12) 7yl HCategorical ol 2 32A|Ale]
2E »do] 53 Hisomorphicd-& 2wl gt

13) 1&e] <d9ke From Frege to Godel,
pp.252-263. 3%

14) A.Grzegorczyk, An Outline of Mathematical
Logic, pp.577-578. M Kline& ©]Fd B4R
5 7MXe) F93 rjdd EA=Z (1) nAg
A HHgE J{EY FEEAEEA Q)
AAZ ARBFolA 7o ZAF S8 A

Aol Agel ZAL AXHT UTh
MKline, Mathematical Thought vol.3,
p.1209.

15) S.C.Kleene, “General Recursive Functions
of Natural Numbers”, The Undecidable,
pp. 236-253.

16) H.Delong, A Profie
Logic, pp.193-195.

17) A.Turing, “On Computable Numbers, with
an Application to the Endscheidungspro-

blem,” The Undecidable, pp.116-151.

of Mathematical
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ARsA el BAIS Bste], Faleast

23 27, ANEDY FHAA, F29
¥, 28la LISP (J. McCarthy, Recursive
Functions of Symbolic Expressions and their
Computation by Machine, 1960)% PROLOG
5 AFH A9 JxEA o5 AFEHY
gta} Q1F AT @A g FAL A
=t

3.3. 22| E(Model Theory)

Fdolgd  #3 AF= Skolem,
Lowenheim, Godelel 23} 7|95ty &
= Qon A el FHA satisfaction?}  174]
=9 ¢AA completenesse]l 1 FH FA
Ak olBEE dF T2 A4 A
ot Ao 2 o)n) FHE Ao 3 A
BE ¢ e FIH 49L 2= Aol K Hol
At 28 ER 2ol FAL AR
HHAE dolM HEEE FEANL = A= F
g9 gH e FFd A} 71& = AA
AZ2E A4 Q2 EF& F7I8tes 4
E9] tgFojz<=H,  completeness®Al,
compactness w4, Mostowski®] %3IA} & uk
3} £A (On a generalization of quantifiers,

1957), 2A4lx=de =RdEAH, Lindstrome]
characterization &2} (On extensions of

elementary logic 1969), Interpolation 2] %}
A—closure #A)|, Hanf numbers® A5 2
ATE B3 LAEH HH1d JFE =
olgd T3 JUFY =ZVE ARG ZF
(Zermelo-FraenkeD Al 9} 44 32

3 VBG (Von Neumann-Bernays-Godel)Al
9] o] R4 /7t e H Wang

18) ]. Barwise, "Model-Theoretic Logics :
Backgrounds and Aims,” ] Barwise and
S.Feferman (eds), Model-Theoretic Logics,
(New York:Springer Verlag,1985), pp. 3-23.

< 5 AAY FAALAELE FHIAY (“On
Zermelo’s and von Neumann’s Axioms for
Set Theory,” 1949). 53] Godel®] 4=)-32] 9}
AutAL A7 o] F71E ZFAIY RFEEA
%% (“The Consistency of the Axioms of
Choice and of the Generalized Continuum
Hypothesis,” 1938)3 P. Cohen®] 41&i-3g] ¢}
HA43 dutd LA rtdel RAo) FUHE ZF
Aol BREAA TP 53 AT gy
AEAN7MLE ZFAS ERAHolEde AL
H39H(“The  Independence of  the
Continuum Hypothesis,” 1963). o224 &t
S8l 7124 AAIQ ZFAZL Holx F 71K
Fd o) B3 F AL 1A ZA HAYX E£F
T JYUEHEH AFELE ZFEd ] 4F £A4
o T o7 dFE°] ALHT Ao

~
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4. ¥ & =32 ¥H(Non-standard
Logic)3 <13%]5(Al: Artificial
Intelligence)

A= kclassical logice]l WA=l
propositional logicg 2jujsta dd)=z) st
%0] =] 8} predicate logic & ¢lnjgctm &
g, ¥ =8%-e ¥ F+=2 %} standard logic-&
olF1 1 9o =gdtEL HEFE=T e
Ao ¥FEd. nESE=ALe BFE =T
gte] Aol £3H= Y= Modal logic, Al
A:=32] Tense logice} EEx=Tde] ticte
43 thX+=8 Multi-valued logic, ¥ A=
g Fuzzy logic 522 EFEHTG19

Y A4 necessity/l'd®  7H5 A possibility
NEL gFes H=dde o #4071
Aristotleo] 4] FE A2 g Ale] FAb=

19) R. Turner, Logics for Artificial Intelligence
(Chichester : Ellis Horwood Limited, 1984),
pp.11-17.
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o] AYPL C.LLewis(A Survey of
Symbolic Logic, 1918)¢ll 2l3l A|&AEHA, &
W3] Provability logice ¥=gldlA 233}
3 Fd=de S-S T S, Kripke(“A
Completeness Theorem in Modal Logic,
"1959)l & - U R.C. Moore= ¥
Aed s Al 2950 2 T8t HHAF
TH1984). AIZHA QA0 9% F2& AxF
AlAl=ele gqulEd A2 W.V. 0. Quine
(Word and object, 1960)3 AJA Q4He 3+

2234 29 A N Prior(Time and
Modality, 1957)l 23] A= Q 1 J.F. Allen
(1981)¢} D. McDermott (1982) 54l 2]3] AJA]
=37 Ald =gHA

}x] =2]+= E. Post2] m-valued logic(1921)
9} &3] 3xj=dAANA2 ] Luckasiewicz
(On 3-valued logic, 1920), D.Bochvar(On
three-valued logic and its application to the
analysis of contradictions, 1939), 281 S.
Kleene(Introductions of Metamathematics,
1952)2] Al 7}A AAE T3 HMH gt
L. AZadeholl 23l FAE HA=g= 23=
geol FAE FEs A A7 A9 A3, A
k] HA3skE B3 =gl digdA] Al
A B EAES aHFHoZ Ao F
2wty itk (Fuzzy logic and its application
to approximate reasoning,1974).

QA AFFH =g & 2o Many-sorted
logic, Weak second-order logic, Infinitary
logicgol F8% AF FAESo|Y A=Y
higher-order logicE 913 Azl5% 9 243t
U AIY 28 AAREHES 7] 93 vjg=z
+=4d] Nonmonotonic  logice} & 3}j20
Default =22, 2}7]1914)+=2] Autoepistemic
logic22), 33 +=32] Circumscription logic23)7}
2)a, 44! common sense?] 8L = A
3+3=2] Context logic2d5o] &3] 4T Fo

200 SES'AIF(SHFASHF)

At

5. 2 of: 2= A

AZFe] Atz AL EHE § =eldte] 94
ol E7hsEH AMRE FAs ALHo=R
AEE Aolth 204171 Feled et Arte
a21g FYfls =9 2dn A B4
< R F3 Q. ZIldE AR 948
A7) A ot HE3 LY E o
I ZYH AR AZHR e B3 Y
el et = F2, AaFe, F4F 9, w3y
#Foe AMEH 2ES FAsdd 3
g F3lo & TP ECIESE o) &
g3 el 7128 Avua A9 =3
T2 FA4F A A=EL Godeld B4A
4 Al & 2 FAVL FEEHJALH o=
=93 g FA¢ o = T
< Fost= Aol FAH MY W§
A A9 BEUAE B FFE YA =d
AA N BSHAde] LS B FI7] A&
olt}. o]% SEl=ddto] drly EEHOR
$871s3H, dolhv B3g 498 g2

21) R.Reiter, “A Logic for Default Reasonin,”
Artificial Intelligence 13 (1980), pp.81-132.

22) B.Moore, “Semantical considerations on
nonmonotonic logic”, in Proceedings of
Eighth International Joint Conference on

Artificial Intelligence (1983), pp.272-279.
23) J.McCarthy, “Circumscription- a form of

non-monotonic reasoning”, Artificial
Intelligence 13 (1980), pp.27-39. “Applications
of circumscription in formalizing common
sense knowledge” Artificial Intelligence 28
(1986), pp.89-116.

24) J.McCarthy, “Notes on formalizing context”,
in Proceedings ofthe Thirteenth International
Joint Conference on Artificial Intelligence
(1993)
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