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2] g A A5 32 FA|(Entscheidungsproblem, decision
problem)
1928'd @ = A| 5=3A4f) 2 (ICM)

Gottried Leibniz(-1716) Gottlob Frege(-1925) David Hilbert(-1943)

> BE BAEY F/AS VAR R98E 5
=7k

> FA BE BASE VIAROR" BEofd £
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ZE A F8 33
> % uncle(a,0) 59 F& 73

male(u) father(f,i) brother(f,u)
uncle(u, 7)

father(c,a) father(c,b)
brother(a, b)

SNU 046.016 (© |32 (Hzegsto] of= A7, olatelE, 2015)



FE2 A 8 FA
> % uncle(a,0) 59 322 32

male(u) father(f,i) brother(f,u)
uncle(u, i)

father(c,a) father(c,b)
brother(a, b)

> {91, g0, N)ES FE A1 F

(r,F) (I, —f)
o mplet Y O
T f) (@ f) (T finfo)
(T, fu A f2) (T, fr)
(I fiV fa)
(', f1) Tu{fitfs) CU{f}, fs)
(T fiv fa) (T, f3)
Tu{fi}.f2) T fi=f) @A)
(T, fr = f2) (I f2)
Tu{shr T f @-f)
(', =f) (', F)
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ON COMPUTABLE NUMBERS, WITH AN APPLICATION 10
THE ENTSCHEIDUNGSPROBLEM

By A M. Tuaso,

(Becived 28 oy, 1936—Fead
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numbers whose expressions as . decimal are caloulable by fiite means.
Ahough te ubfct ibl nputable numbers

it i almost equally easy to dofine and investigate computablo functions
of an integral variable or a real or computable variable, computable
predicates, sad o forth. The fundamental problems involved are,
: at

for xplici treatment a3 invalving the least cumbrovs techniaue. 1 hope
shortly ta give an aceount of the relations of the computable numbers,
ok, and o ot nw sshr. Tl e ¢ devlspoet
e theory of functions of & real variable expressed in e
pu coning o my dfuiton, & number R
ifits decimal oan be written down by
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e ~ tain Iargo olas
of numbers aro computable. They e b s s kot
all algebraio mumbers, the re of the oo of the Bewel unetions.
all Cefinable numbers, and an example is given of s
which 35 ot computable

Although the clas of computable nunibers is 50 great, and in many
ways similar to the class of seal numbers, it is nevetheless enumersble.

By the correct appliation of o rguments, conclusions aro
St et el b e e il

o unentchidha St doe Princip Mathemticn wnd ot
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Hilbertian Entschoidungsproblem can havo o solution.

In. recent paper Alonzo Church hs ntroduced an dea of “eflective

calculabilty”,
diffrently defined.  Church
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iy " and “eflotive caleulabil

e

1. Computing machines.
have said that the computable n
e caloulable by fnite. means.
detnition.
ntil wo.

L shall only
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computa
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ther more explicit
Norwlwempt il bo s i usiy th defnti
o that the
o i th o that e M, ey 18 esesnly i

given
Justification
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e machine is supplied with
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cquare
symbol . The “scanned symbl
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thus the configuration determi
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‘machine may siso change th
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“On Computable Numbers, with an Application to
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the Entscheidungsproblem”

Proceedings of the London Mathematical Society, ser.2, vol.42 (1936-37).

corrections, Ibid, vol 43(1937) pp.544-546
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ON COMPUTABLE NUMBERS, WITH AN APPLICATION T0
THE ENTSCHEIDUNGSPROBLEM

By A. M. Tuaso.
(i 26 oy, 1936—Read 12 Novenias, 1006

The *computable” mumbers may be described briefly as the
‘numbars whose oxpressions s & decimal are caloulable by finito means.
Although the subject of this paper s ostensibly the computable nambers.

it s almost equally easy to define and investigate computable functions
of an integral variable or a real or computable variable, computahle
predicates, sad so forth. The Inndnmemnl problems involved are,

ot g i e o bt T
shortly to give an account of the relations of the computable numbers,
fanton, and o o v sndhr. T vill e o derlpment

e theory of functions of a ral variable expressed in torms of com-
b ol el byl i
it doimal s b i dovn by o macin

1 §§9. 107 givo somo argumenta with tho intention of showing that the
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which is ot computable

Althongh the clas of computable numbers is <0 great, and in many
ways similat €0 the clas of real numbers, it is nevertheless enumerable.
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havo valuable applications. Tn pactculr, it is shown (§11) that tho
Hilberin Enocheiimgprobem can ave nosotion.
I en puer Ao Churh? s nodce n o of “eflstine
equivalent to my *computabilty ", but s very
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preent paper.

1. Computing machines.

‘We have said that the computable numbers are thoe whose decimals
ther more explicit

Wworeach 0. For the pres any Mention
Jie i the fct that the human memry s necessarly limited.
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' Mlonto Grareh, An nstvable prbianof sty i
.o o 58 (1938}, 45-305
s oo Ghueh, A note on the Entschadungaproblem”, J. o Symbic Logic, |

pp.230-265;



“1. Computing Machines”,

2
» 73k
> 3k
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“2. Definitions”
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“3. Examples of computing machines”

A7 AL =S

»01010101.--E ¥l== =374
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“4. Abbreviated tables”

“skeleton tables”

=) A A}§E ol Hel e/ Husd
==
» rules for finding the left most symbol

» rules for writing a symbol at the end of the first symbol
» etc.
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“5. Enumeration of computable sequence”
TR A AA S R R8s, FARE BAk

SEidE {A B, C}
Blojlz A& {* 5}

Al*X|*¥|>| A
Al$|$ | >|B
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“5. Enumeration of computable sequence”
FH 7 Awh A SR BdVMe. FAEE Bk
deidE {A,B,C}

Hlo]Z A&

2 {So, S, 52}
ZAE {x§} 2

{16, 11}

s
*
*

> A
Al$|$|>|B
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“5. Enumeration of computable sequence”
TR A AA S R R8s, FARE BAk

AR A8 {A B,CY & {5y, 5,5}
HolzAE [« $} = {To, 11}

AlX|*]|>

AlS|S$]>

|

gty QY B85

A = x > A T A $ $ > B
SO T0O T0o > S0 X S0 T1 T1 > S1

ér S>T70a"' 797<7>7 ”7)(E Eaé‘]— D%_]_—/l\—

LY
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“6. The universal computing machine”, “7.

Detailed description of the universal machine”
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SO |TO|T2| > |SI
SI|TI|T8| < |S2
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SO |TO|T2| > |SI
SI|TI|T8| < |S2

|

'X |SO|TO|TZ| > |SI|X |SI|TI|T8| < |SZ|X|
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ol &2 3E 3t “Univeral Turing Machine”

Roman Verostko, 1998, www.verostko.com/manchester/manchester.html
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W & E A (Halting Problem)E £ 4= & §3 74 &
= AL HY

» BE FHIIAE £ A9 ot HolE 7hs:

949

L\ |13

FIM | 11]0
F My 1|01
AlM | 1]0]1
Al ]

7+ E 2 (Georg Cantor)e] ThzhA =4 (|N| < |2))
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“8. Application of the diagonal process”

—

%% £ A (Halting Problem) & % 4 9= 5274+ gt

949
L\ |13
FIM | 11]0
F My 1|01
A My | 1 1
Al R
» B 9y RE FHIAS o2 79714 D7

7+ & 2 (Georg Cantor)e] ThzhA =4 (|N| < |2V))
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W & E A (Halting Problem)E £ 4= & §3 74 &
= AL HY

» BE FHIIAE £ A9 ot HolE 7hs:

99
L L]
=l 110
g M|1]0]1
AlMy|1)0]1
Al ]
» B 9y RE FHIAS o2 79714 D7

> A HEEAE € 5 de T34 HE flelok

7+ & 2 (Georg Cantor)e] ThzhA =4 (|N| < |2))
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W & E A (Halting Problem)E £ 4= & §3 74 &
= AL HY

» BE FHIIAE £ A9 ot HolE 7hs:

99
L L]
=l 110
g M|1]0]1
AlMy|1)0]1
Al ]
» B 9y RE FHIAS o2 79714 D7

> A HEEAE € 5 de T34 HE flelok

7+ & 2 (Georg Cantor)e] ThzhA =4 (|N| < |2))
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W & E A (Halting Problem)E £ 4= & §3 74 &
= AL HY

» BE FHIIAE £ A9 ot HolE 7hs:

99
L L]
=l 110
g M|1]0]1
AlMy|1)0]1
Al ]
» B 9y RE FHIAS o2 79714 D7

> A HEEAE € 5 de T34 HE flelok

7+ & 2 (Georg Cantor)e] ThzhA =4 (|N| < |2))
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99
L|L|IL
=110
g M|1]0]|1
21 My |1 1
Al :
B 29 RE 537 74]3%?} w3714 D7t
AtH
D(n) = UM (M,, I,) x H(M,,1,) + 1

wetd BEEAE = 7 e FY71A He flolok

7+ & 2 (Georg Cantor)e] ThzhA =4 (|N| < |2))
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“9. The extent of the computable numbers”

> A3 07| o} 37}
R EE EE - s
» Hilbert's restricted functional calculus = Turing

computable

» O FA A7s e o WAV H Ao He
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“10. Examples of large classes of numbers which

are computable”

> AAZESE SR 2E AR s AL
> ANER FEE T AT BEE AN
> AT o) FRRL AW
> 5%
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“11. Application to the
Entscheidungsproblem” (1/3)

IAAQA AF oz FAS FANS A = a7
S o
1
AR Aoz BE A BAE e d = 9lS
Vi

> Eb5aTh 9ure,

» b STha ARSI A9 R E meo] Zu et
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“11. Application to the
Entscheidungsproblem” (2/3)

EE A BAE Heoldle w3714 A

Z9EE: Az £ASA e
A A EASE HAL 2R,
AL  2AEA o

mebA A= 2R A et
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“11. Application to the
Entscheidungsproblem” (3/3)

A A7} EASE H7b EA g

AE FEo2 AA HE A Bs 5 A7d =

B21A M

=

- F BAE W gle] BE R
s (FYA ME WEY) = (FEAA M
Wy 2 e Al s Aot

UMo] %=+ 39 WA=, WAl tfs WA 7} obd 1418 A (first-order predicates)# 2 s %t}

“(Meo] METH: FAZS & 4 gith)’ & 1AE A7 obdth
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» Fermat: AAF n > 29 th3hA] a™ 4 b" = ¢ AAFa, b, c=
Aok

AR T

> Goldbach: B E ¢t F 449] Flo|r}
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A4 n > 20

» Fermat:

ol T},
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= T S e
REEATE F 279

» Goldbach:

0

o
g
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40049 %2: AFE B4

» 5 A =89 AEIH71AE
, Leibniz, Frege, Cantor, Hilbert, Godel, Turing
» FHEAY EVFs ASTH =AM U &%

B A T52] 7] Al(universal machine)
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» 1600 d o] AFE Ak
2}o] L 1 = (Leibniz)

i)

27+ (Pascal),

2
d
—~

HH 2w

59 A ARG AL
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» 3t
> 1600 th AR A4k

2}o] L 1 = (Leibniz)
> 1830 T} AHZ 1 4Fo] Ak 1 1] 7] (Babbage)

i)

27+ (Pascal),

2
d
—~

HH 2w

59 A ARG AL
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> 1600t AFE A4k
2}o] L 1 = (Leibniz)

> 1830 dth AF= <14ko] A} wlH] X](Babbage)

> 1920 d tf o] & 3] A ZHF(IBM), 5 A A AHABC)

2~ Z+(Pascal),

2
d
i)

59 A ARG AL

A B
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» 1600t AFR A4k 9k ZH(Pascal),

g}o] = 1] % (Leibniz)

18301 AF=2] A 4ko] /4t wlH] 2] (Babbage)
1920t} o] % 3] A ZFH(IBM), & 7 Al 2HABC)
AN &S 2 FJH 2 Mark(Harvard U),
ENIAC(U Penn)

B wEnse AAd A7

v

v

v
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» 1600 T A2 A AE 3}k ZH(Pascal),

2}o] L 1 = (Leibniz)

1830 dth A= A 4to] 4 vl v] 2] (Babbage)
1920 d ] o] & 3] A ZH(IBM), 5 A Al 2HABC)
AN &S 2 FJH 2 Mark(Harvard U),
ENIAC(U Penn)

A7 Baeso 7 A6 AR

v

v

v

- F3: Fol 9 Aol 23,
» PR 2B A 7@ AE0] A%3 $UF
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3 SW, A7 A= AA
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