| - PROGRAMMY UNWERS‘F%H
s ?M PLOYLE AL mha-hmz,w tele du?_
_#(?J 4 e ma 4{/()(%1) 'x_n) Lo |
- umEbue ( partialweute alenlabiss,) caﬂcméaﬁu
do %

- f o?u n>o., dszmaw.o :

Ly, o n)
o ‘é@- (’Jtt;).'.f.)xn, ﬂ_) "_:'. ’LV

_CP C”f’{_,_. .-.)_ct,, )w“g-f‘#(@‘

.-

' '*JTEOREMA
m.‘r'_?@\ sattum’ n>o Lo {UM%Ibyu_ H)/_’n, v_,_,g'\,
| PQ'R%{F}LMEMTE' CALeOLARILE.
o Ouptvezows . .
L owiouzs de uu{-sa,& iﬁmw,a., chie €tz
d.& rowttel coutals oelfe. esua dellis
GQQC&QQJQL&J‘O» DAL AR QH‘CL&D ”m%ﬁlﬂ
Ll ot el e & abberfeuze sornes JML,;
- PER oaml wm , TUTIE LE FONHONMI P A
uﬁﬂlp,gu_{ SonD a@tcoa%m MEDIBNTE VN
s MCo PRpGRAMMA . o Ju_
U (Ricoidande for et FaL ,waéo a, atbe -
e (Mc,e@éza&"ﬁm PO’M'W w%%c« o i vlengan
Wﬁ {uu%?bbfi LLLOMWW adébbzamo
Cop gubiade e ESISTE WV PROG-RAMAM A

oHE GALCoLA QUnLﬁ ASl FUNZIONE
g :@QLG@LA giLE . -




o o

aouusm QEMERME | S
Vel coupo ditla leoiie Al coteatabilibo
Cubte. oudeie we Livello di wug&zfmﬁa ‘.
(0 di Mnicclote. delle Vemrinl) el Sha 2o
il Gherats uow cle aleusa Wéﬂ".
de  avuahare u,e—bmmw;&e Qe_ afeaua‘
qualuvgue  Me &b"'caa. uon mﬁw

.Q;me Y .e«vw..

- 'mcab.e%f&u_ d&@@.a. J«'—om d_f ey P@L&wnuw

QOu.o {wo{nw Mrmﬁ-fﬂﬁ e. @w/hbl@m—%tbm S
|l e Mo qutt e sugecs <
'vaéwaauo W ng,w_wxm d—» uc%c,e.
b.uf‘z@&@au%s_ htifaale e quegls”

do,w_ Suze (e a&eﬁ&_ PQCa—eadeqa,.)

| MODELL[ WPumaoﬂxﬂ-Lz zvgz.m ME/UTE_.

Por dxuw%wm 0 umd'w lawu.ua_ mmw
 GowL edfuiae | pu RuMA N >0 e
ng%&w,u.u_ umwwa,& 1Lg_” ctmcaQQ&_ .&50
Goe” +ale Cﬁu. o | e

/(]VC'%") | Sy, T T
| @L’) )9(,1 q"*& Q'--@")"jx"'ﬂhﬁ) S

o 1
e



7 - Xpig + 1

o

§' <= W (pz;) X!
i=1
K ¢«- 1
[C] IFK=Lt(Z})+1 v K-O GOTOF
U = r({Z)g) S

P < priuyet
S IFNU) = 0 GOTO N
IF I(U) =~ 1 GOTO A
IF ®J(P [ 5) GOTO N
IF I(U) =2 GOTO M
K ¢<-- ‘min i£Lt(2) [ 1((2]1} + 2 - HUJ ]

GOTO C
IMI s «- [s/p]
GOTO N

[A] S<~§.P

IN K¢«--K+1
GOTO ¢C

[FI ¥ «- (5)

 PROGRAMMA UNIVERSALE W,



Qe o dmwt.l&z 1s«hu%mu_ Rec 45&«4%119%
@ propemiuie. che risilie o Pwé&m..

Coumlnawo 4 pa/m ’Puuapaﬁ. c&;f@é&?wjﬂtaﬂ

deve o iene

I.

—_—

1.

&) '\E\A e

=)

Dete. Memony z2are 0 numene

Dewe

- Dete

el propiouimmne. e —22_
varmabi 2 | 06: u,g/m% :

Pol-bz, %l}um quale. dﬁa&zba_e_
ol propewiwia. ovaanLv

Hm_%&&umdo

- polei f{ie,&Lua/e,e 4?. MJ‘La?-m s

wl gbwa?uuu,w_a %WQJ—O"
Muodo Comwéa “coer Z?I&"

W WWM&P,«,O e
.POL?/L Pwm a_-ﬁé zmaﬁu%zbu E

uceerrre  dil pq,omuwm

. -mméanfv | .

di -de,gzu)v_ 'mﬂ‘e Lo 45@-21%114

dUZ progpreciue. - Ozm.uc@o.-ﬁo
e {pw,u 2 valore. avmvéﬁo
-Aelln una,&ée_ . ébw-fz:.;__,:.



Tha Lo vouiabils awelioue ue mﬁmw dug
che | in cornoge. alls ferres. Zgpe ok cliaiare
&mab«& @l wome dzaéa.-&rwea.%@pazda., L
veouLe audicate o k e e S. '

K e dined qwa,ﬂe, 2 st zpimne che S-FaL bea
Lmoe.  2repite. | | _

5 eowPMrL&, Do shato abuale aod-cﬁt&%o az.adaau\ie. )
numena ol @om eoui Qepir I

= QUUMLLUD diLL come &l olito, -&Waéi'&

DZzenate. )
-—  LRALAC aws.(pa.e. L' MMW{D 26t
Y Xa 2y KXo Be ...
doe ey o wede che /QLMQ&.@
i ampumo oLt pono - M pons netbs Losh. .
lwbece di Bouidonene wn cwplouce
equamd i \=w3 | Cousicltrensune dieelnuste

W s el GEel [, .. 0] ke
mpwmﬂomm -

o siluezbue wizmle dil progromms. U,
e eolesfane B fuuzwwe Y= BYWE, . X, X )
| Sonc”  dumgue : g s
- Xneq = #—’(?) (nwweno def puofw_mmj
= [9,X4,0,.., %] (steto 4m~?:1¢12&—) N
o G

'” - K= | (deve sere |
: ' briae. astrizmsneY .



Vediouwio di mfm@m qu 4&%0’%%’129“4{

A ashu%muu ol ’6(,,,,

- Nov w;@.a,tu,o @OMW ar d!:é’z‘nﬁ@,o&
shuzows o o seguinde  quicie
dobbiouwo pamane < dad rumsro o 59
- ally @oob{—m_ dﬁﬁ@@_ 4S<ILLu.~2'1bu4 .
#2) = ), #22), . oIt
Quiids  auewo L |
[ (5, 4 (L), - #@m?j X *+ 7

ney

Diouwuo  questo Kalme ad wive
Ua)ua,éqﬁe_ a,ug,am Z S

A 7&4-—*)( _4.«-1-‘4
‘Dobb«a_m a,oLE/w-o dare. adS’&mu

VQQOJ‘UL b? HA«LW d.«. Gva(,eﬁ deﬁe,o

Lo, X")OJX?—)-" (2 ??n'] =" U CP.%) -"5?

R w.;;'

4 Vat‘.ec'-"‘-fa 'ﬂ-z.

' f . ;m
A S “i_""_‘$ (Pag) fﬁ%om




.[?am«a,um a_o@m—o ad 45@%?:444 du. »u

shoue 2inu

Queste— pcw{'z dane” puw” ok ffrecle ferebs dotnetio -
paolone i Matua%mm queloran’ ofuetu,
qualaon  oweeribue  pousrica. i 45'0’7-%-2229"/!« |

f'a‘shuawa WL L. €
4. [E:T t= k—L%:[z;)M vV k_-o GoTo F

Cou. quast ' istwmbue maminizne b easo

e U poseiuue. Hmubado o Jewue. .
Quest s avvewnne  puche’, aupsto
' whhame. Astunvue , clovubbe 'Wéa/zeép
olhe ot perelie” pi bt coudiEbka
fo nimma ad luwe Asdutvue feniAlewde.

He. Q;mu.w eoso & fuoywdua&; ‘

. dallamepuons o le mémah&[z—j_(—«;

1o a,ecouoﬁa Yo iz Qe &

o o e ralorwe  Quieta. Lot C!;v’?&%i?—m_—ﬁa

SR ey GEW/JJ-[ ear, ¥ Popeatuius

e niunate ad s ASFLL-BD .
E (fuat) che o poudena” Cura &
%aﬁum alla. Vnluabyle i J,M,cuqla_l/'

W oalore mbg/swymwm e
. audadto taleplocdo _



A m((m_._f -

P 2 quauto abb«awo do,Hv P*uuuL QMJA-’a_ zsham;
mevel  alhivada oo e K<L~&(z)+4 be”

Qo &1 Soww AstuEdous d;eQ {:w?w_wuu_ ‘? d»u?. 9:”
poSgDALO aimalarg. . 3
B Ww,a_ @eaa_ 1&&?—&%% d? ?;u&bargasuo

RO C’Z)k, :
: &cm,oam cle

-% =T #(T), .- #(I“')j 'e, w-z.mtmmod«é}odu

= £ funtvue (EZI) Qpp,&ca,{p_ ad iy LR
i Godel s 44.9_ e’ 4—-%@: v[&taum
QUAW{* (f)z( e LP nuumo drl@@z_ Je- Emm_
ASWURD WL d»LQ (PLOMW, ' L

Rc&o‘w{uw.w aucehe G&L LP eacace_ da ! lfv‘tuﬁz
vmw_ oL o Cowae,

<a, <b,<:>>
2 dhe R pu_uw(tz &.Wd&m"u-d«.‘/ﬂ&
rutwe , |
R wels

’t(c%)k) <5 C>
L rshuswue 5 e dics i wittere 3 f"
wL U eoaace M’zman—:‘o m
dove P/w_aa_ %e,pw—%o '



Abby auue qu/éuou
Falam,ouaw,o du. b m&ﬁmelfﬁuﬁbm
che dove enere m,@u,.ﬁg wouste. ¢

eodifica. La. pgaiabrle mw-zwu,a%—
e’ Fshurzvuse.,

Tudiviolusawe  bume Ga lannbile
. Ricodiauce che - ¢ #(V) 4
Copor e #%V)nca+4 |
Mme. @ = ’Z—(U) e qu.ww&
H) = n(U)+1

| aﬂuo&au,w QQ&-«;@_P@[U)M)—%W hu mero
e e cliawe %aﬁeoaéouap

(0 P e—b
| )+ 4
- (Rieondo :
o Nel umdie aree sulo @odaeﬁca_ 7
velee ol Wmma&n& siewe - -
Hiadadte eowmr  e'enpousule a? quals
& ehoato P u@%_giwmu%ruamhaéu
muu,m Puuu 2 2% S‘) |



1%@4,0(0 444.0&4310&«(,6\}0 Lo wvariabib W&m
oure.  yolls k-enriiie tntutyue.  dobbraw
L adime  puidene . w ezoute el astwnpue
che cove emeng - Leepilite. '

Quente & eodificatn da. b, éb@ aﬂﬂg(u)
emawde U= <b,c>

S gurbbo {o&wa%o d,a,@o_ Lw.ého ,es«ﬂuzﬂ:w
 Sequeud cpauunenol 2’45@%}:@ ead(ﬁca«‘a_

do. b= B[U)a&m am_{afuz MW%W?

7 Tr:;ﬂ/u) o Gom- e

% b=8(U)=0. ablora. -efas\luc%fom 2
- do bouale l/<—-\/e_uou X lfu&u."a.ého
do e 0e wow. pamare ol wrtuzibue.

L ULAE A B M pwjno_oum oimulats.

W popewiune. wwiremale deve - me
o Al Lue usteon e 4sa°u4~:*—mu,e.;;:,’:f
e aveuds dy 4 c? COUJEVUJ:{'D '

de ¢ @ou%&m"

. Q' 45@-’21}3&.& /U fm A

NI k= K+ L
la mm‘eu-c%zm,o Frikeonon mz.We. M
MALE- po‘)—a%lbw_ oppm%ucm -



o. IF LlU)=1 com A

Se b=2(U)=1 allora 2'pdusine

& V < V+1 .

Qo che clone . fore & propuewme. &

Ay aumendane de wwe et

£ oponsute al quale & cwate P .

wlle  decoutpornzbue iw follen’ prowed

i S.

L' tpdwzoue A alle quate vemiauis

Baunob  dese  Quiued gfa/ua propro €T
Ea:j_ S%S.P . |

OSSERYAZIDNE | | e

 Muke Lshuzoue F & ha niiinats
donsouneute afl' dStuwzvue che auueuta

W valpe deft' drdwwue del progprovlils—

C mmuledo couteruto oL & 2o 3w Lo
. 9 fa ook G 8 dotwbbmeo poi’
ubione. — dado che tpue ofalk effelfusad —
©all' sstwzbhe @ by riCoutierare X
L pwwmo: (2 ¢ %Puc -alhe duEous
%Muuam-) orrens e audare afl'dStwzpag

LI o questo dotuuwo dusne coido metom-

Covnweule el odiuare  opprrhune wectle

o shuzbw N A ed Qe Qe seEOhC)luD

M



3. I‘Fm@ﬂ’ls] @OTON-f N
QQ Hauo g,w.w{—; a gquert! ,gmﬁbm
vl dine che 2(v) mm%a& we
¢ 0 ua [F’“fd‘-b &_?’-a&,gmww

Mow%mu.w,t_b_ ad. - A ol N MW"
e tte. mueteoripe wieudte ), '

Quarto 6wl dine oke 2 mdwazpm sam |
ww_ delle . duiié »’uu,w_aw%v

S V V-1
e | VO GOTO L

P awhoutbe - guesle du.a MME-mw
.dxg{’twgwuw dug  Cary Vno e.V.f:-o

So. V=0 ur w&uamb—t N easi uou_ di’ffaw
- nulle (2 qwma pa/;oa/m ado! intutp
ﬁfﬂi&mm -5173 P’LOW_ %nwéa-!-@ ?)

" Ma V=o0 ’H?UAIL!CO_ c&.e_ P uwow. ca.u_éwz,&
.‘ e Uln d‘emm%lw an f&ﬁ_m QS’MLLL. d.S
L il w(pls) L
L ishuzmue 9 qw.wa e dcce. dm_

TIQQ,I/ O wow cleT Mcu{z da_gfmz 2e..
/ywu_cux_wmfnw. &l -&-b@ua&&.

e o olee Oﬂ.pfna,aao f,uz./ ‘fa_,
taScf‘u»é?:;buL' /'/ | 8



2 ow g[b) 9

e quarb earo 2" ardusous @ownb@w.%n. P
bo V e«— -1, |
O ok bisopue Guiwdy {a)w_ e dt,u,u#
e Qa_ woowakile ol e weddes

o quutp o euen ollenuts Ay neendo
b 1 ¢ opowsuiz el quale ¥ Goucjare
nalls  docoutjon Tbue uiL T pss 'S
@y o ;w.pwﬂwﬁai'o da,ééubﬁafwaw.

10, IF ew =9 GoTo M N
che niwwia.  afl' arbwwvue M

] s <|s/ef

R ashuanue P do Goumdeirgne & dols '
Sfouws-  [FOVED GO L e V#o‘

WWQ&MM Lplbwf“l

: ‘Q_Q@ﬂ’fzsd'u‘(%;bw_ L ?
L Amepuaudo @l Cocdwine & A @lbre
L umerico comuspouceutz alls. ?”%M, -
L Ashubue ehchethate. L w@ TR

s



Qobfmww qwmo& a,wzf{um &—k :ﬂ [u.,u,

8( @) = #(L)

(wobo. @ o MPMW ’pu.u."
- asdwEmvus Cout Do Slewn @ﬁmamp |

45@.{%& F V+0 G‘OT?D/ g 600&74?227‘3_
e batTn quud R
#H() = b2 = 6’[0)-2
_a quiads  ((2y) = L) fl
- fomiawo q;um mw .

A K ae——-mtw j-Feﬁ(&}{)ﬁ—@ﬁa‘%@ﬂ--- -

Edﬂ&}‘mfaww&wwoww&awmn&
' ¢ ney wods aLouu.—A- |

Tw . quaatp caso quLLaH-r adoue. o mmma&%%a&ba
Riuitate amume U f O).Qn-M Quiudy awzpu
ale @ valne O) 8o 42 nimaude @ C.cke, @
-"MWMW&_MF cevendo k=0,
,-LQ_FMWW,W{-Q_@Q&W@&LWW@Y

“ma o Oa D"Jﬂ}?.ﬂn



vou & mwaue ademe che owdewcare
e odiul opporhume e 73 -’42&744%129%"
Stutle. me  Laneiate . wWpes0

Mivms M1 S=[S/P]

Appmngy [AT] S= 8-F

vl ekt

Ao dofe Lo M che dofo L A brisopue
vomgne alle N o oubito dofo rdmkes
Tals  1shuwzous  prnone berean™ ot nans
Crute  <egun ! | : ,

1%, M0 &= Ls/Pl

L4, GoTh N
a5, TAl § = S°F
g, Tad we ke
Mauca odo ! ubhams rfmsbis i

9 TED el =P

' .. -@MG{"U—QHM reue. athvete 9»-80 anQQp_ € quauoto

U ealeslo & buito e Cog o quaude abbrawto

| saunite tifle £ Ashuzpw ¥

. da Sablbo eotdi Ny wedo e he riudato ol eeer! rS&f—:ﬁbq

o e due fo Lo 18 e~ Qu,u.uie i {aw./m ad V fa

Uf:écazbz& d, wits, U
o MRhabily A UM -

vlore Cowcewnto s (5‘)1;&%7
steto che ¢ Guello cle

. 45 -



@oumbMQM & «pw@«.&mm v
0 e wawie oo 845, 3% 5%y

- Vediowe @ Ga,Qx‘Al:-Qa_ P%»%;:‘.‘Z,'

A—Www JITS

| Z‘é—-—-i .35 5"46‘ |

S (e )

ok = A | 3 .

U (@) [ 49«="-<“5)""ﬂ
.P <-_’E‘(U)M jﬂﬁ(ﬁﬁ)ﬂ:g“:t‘:a]

TF Lw=0 GoTo N ‘[13(44‘):‘2].
TE L(U)=1 GO A

TF a(efs) G N . BPIS)= ’M”“’

TF P,CU) 9 C—FOTD M

J_}w] S < Ls/P] L 3] .
. GoTo N

vl < kid =2



Gom e - | g
Cpolchs k=9 C ¢0)
Ve fz([z—) ) ’: (245‘ 2 ) __.rc(_z).-,'

Ut PrccU)M £= 4 ':E""ﬁ-“:ﬂ]
- IF Ja(u) o GoToN - [Jac«MJ "
. TE )= Gom A
] S=—S.P [ “93]
f’-i%——k—tfi E* 3]

Go"DC
oider k=3 C:M a%@)

. U <= m((%)g [*z@éj%_ Q%I
B JP (U)M E Eltza)+d: E‘*”:Eé‘ %]

- - - = =



S - L S/P| E 2:3/3 = 2] |

K =— 2

¥ ?2(034—4-. E‘B - 2]

ﬂ: z(o) 1 Gom A o
7] s=-s® [==2]

— - - - -



Pw-mukm& |
(A1 X < X-1 .-Uﬂ’-' -

oy e=vYe1 o ( -y

1E xto @0 A (3:5)
#(f) <a, <b e>> = <'4-)“ <},2'-J "7>:
o<y > = 4F | N

oaghs <2, 4> 9.(9 4+4)4 253~ 4 M
e <4, 44> 9;"(2 M) -4 =2 23~ 1-. 43

fj:z—) = <o,<1,0>> =40, z(a+4)—4a>ﬂ~‘-‘
—‘<O 9- 4>=<01>—-2(24+«)4 3rd= g_

iﬁ:(j:5) = <0y LB A>> = <o 2 (24{-4) 17‘- —-40,2':
= QO.:(‘Z‘."ZB +1) -4 —5\46._ .

' - :’EF(P) EH:CJ%) #sz))#("%)j ’{*'m.'
=[45,8,46]-1= =
g% .;3 -"546;'? 4

A

I S



9. Decodi «ftdu_ ' -

Sevirou o mp&'&‘hmw’t W pq.o«\%a_mw,a_
d o numew o : 499.
Abbrawe 1 #HF)=199 = C.:‘-‘,} LT

quwdi [Ty, T,3 = 200 =2°-5°

QQQ.O’?.Q, [:3 o)zj‘ =200

Dobbicwre hovrane b f’)‘L"U»‘ET??”-c 1. &u
R U FOUO MOMH"WWS 0,2

r1 : 3 —-<Q,O> = <QQ) o>
T, 0.=<0,0> =<0®, 05>
‘Ig -9 = <¢0), AS = <Q}<’15 D >>.

@ ha dua_

I, 1 Y<Y
Ye Y
Y <Y+

(& ca,QeoQa_ i mgole mou um;&a_ &_‘Iluu/ﬁ; )




i : e g i - : — W N
. . e unj
. U(n.m) = T,{m) - o : sue
1 for cach (n, m) for wiich T, is a correctly specifics! Turing machine.® The. . unj
P machine U, when first fed with the number n, prcmcly imitates the n""l'unng . SHE
' machinel . (ini
Since Uisa Turing machine, it will itself have a number; i.e. we have : ;1‘-“
U="T. pos
¢ -for some number w. How big is 1! In [act we cn take precisely M ' “-\- my
: r 1 == 724485533533931757719839503961571 123795236067 255655963 1. 10‘114479-‘ Oné
660650505940424 10903104836 136323593650444434 5838 2226883278767626556 -
1446928141177150178425517075540856576497533463 564424 784885970469347 -
257399885822838277952946834G052 1061 1GYR3594593879 IRR554632644002552 1

’;‘; 550582055598945189071653741489603309675302043 1 553625034984529832320°
4 - '6515830476641421307088193297 1723415 1056980262 73468642992 18381721573
p 3 33482823073453T13421475059740345 1 8437235059300064002432 107734217885 -
3 " 1492760797597634415123079586396354492269 1594796546 1471 1345700145048 .
% L 1673375621725734645227310544 82980784965 1 26988 7889645697609066342044 .
] T798502191443793283001949357096392 17039048332 708K ZSV6201301 773727205+ |
% 271862591991442827543742235 13556751 34084 2222998893744 10534305471044 .
¢ " 368695876405178128019437530813870639942772823 1564252892375 145654438 | . | §
: 9052780793241 144826 142357286193 1 18332610656 12275553 181020751108533 1.
: 7mgnﬁnm08236167504563585216421436954234713742643754442879(»62435 5

¢ §2709124042207653875426445413345 17485662915742999(}95026230097337381 Co
STT24162172747TT236102067868540028935660856068226201 4198248621 698902.
' |60913094029857 06001 7430067008680675M3447341741 2’?874255812015493663 :

or
* frumi

! 9704509681841906299443656()15145490488()92"’(184480()3482249’.2137730403043
4y 188429899393 135266882349662 1019471619 1070146 196852319284 74820344958

 9T70955356110702758174873332729667899879847328409819076485127263100
17401667873634‘77605857 245036964434897992034489997455 662402937487 668
| 83975140445166570775006051388399 16688140725455446652220507242623923

79211525318162512536305093 172863 142200406457 13052758023076651 833519
95689139748137504926429605() I{X)L%S 1980 13694‘3639498
{orsome . other possibility of at [east that kind of snze) : This numbcr na don.bt _
seems aIarmmgly large! Indeed it is alarmingly large, but [ have pot been able .
. to see how it could have been made smmﬁcanny smaller. “The codmg o
rocedures and specifications that { have given for Turing machines-are quite.” .
reasonable and simple ones; yet one-is ihevitably led to 2 number of this kmd o
" ofsize for the coding of an actual uiriversal Turing’ ‘machine.” T
I have said that all modern general purpose computers dre, .in effect; .
universal Turing machines. I do not ‘mean to.imply that the logical design of | '
such computers need resemble at all «.Imely the kind of. description for a
_universal Turing machine that I have just given. The point is simply that, by e
supplying any universal Turing machine lirst with an appropriate program:
(initial part of the input-tape), it-can be made to mimic the behaviour of any .
- Turing machine whatever! In the description above, the program simply takes -
the form of a single. numbér (the number n),- but other. procédures’ are -~ "
+  possible, there being-many variations on Tucing's original theme! In fact in -

" my own descriptions 1 have deviated somewluit -from those that Turing -~
originally gave. None of these dilfercnces is important for our presentneeds. + .
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