‘O)ec oL mpoomaBelec Tic oToleEC KAVAUE TEPOKELLEVOL VA LOY UPOTLOLNCOULE TLC

M.T., émecav oto kevod.

O¢on twv Church-Turing: H pnyovr Turing mou teppatiCel yiow OAeg
TLC ELOOBOVC ATIOTEAEL TNV VO TNPT) TUTTOTIOINGN TNE dLatoBNTIKNC EvvoLag Tov

‘aAyoplBuov’.

H B¢on twv Church-Turing dev sivan Bedpnua, ko emopévee dev umopsl va
arodetytel. Etvan (Bewpntikd) duvatd va Bpebel oto péAAov kdTolo Loyupd
LovTéAO uTtoAoYLopoU, To otmolo Ba katapplper tn Béon twv Church-Turing.
KétL tétolo duwe Bewpeltal ofuepa amiBavo.



Mmopodue va Bpolue TPoPAUATA Tal oTtola Vo NV TLAVOVTAL XTIO KAVEV
aAy6pLBuo;

Tétolo TpoPAfuaTa OTtwe Efpoupe UTLEPYOLV: OAOL OL YOPPAALCUOL TTOV £-
XOUME £€£TAOEL (KAVOVKES YADOOES, YAWOOEC XWplC OUUPPaCOUEVAL, UNYLVEC
Turing, KATT), MTOPOYV VO OVATIAPAOTHOOUV HETPNOLU &TeLpeC TO TIAHBOC
YAwooec. [vwpllovpe Suwe 6TL To cdvolo OAWV TV YAWOOMV £VOL |N-
LETPTOULO XLTIELPO.

[Mwe pmopolue Suwe var Ppoldie Lot YAOooo 1) oTtolal val [n opel val atto-
(POOLOTEL oTLO [LaL nyovn Turing;

[l val eTiTOYoUME TO TTapaTdvw, Ba Ypelaotel v oplooupe pnyavée Turing
OV TALPVOUV W €l00B0 KWILKOTOLNOELS UMY aveV Turing.



Qo oploovpe o unyovny Turing n ool 4Tay TAlPVEL WE €l0OJO TNV TEPL-
Ypopn rog punxavine M, Ba cuumeplpépeton dmwe n M.

[Lot voU UTTOPOUME VAU GVATIXPOOTT)COVE Lo OTtOLdNTOTE nyovn) Turing,
Oa mpémelL v Bpovpe TPOTO val KWOLKOTIOLOOUUE TIC KATXOTAOELC KL T
oVpPola Tavlag TNe ypnoLuoTolvTag éva TtpokaBoplopevo adpdafnto.

AvaoploTodue KATaoTAoES oTn popyh quw, émov w € {0, 1}*. Ouolwg, Ta
oOuBora Tawviog otn popen aw, démov w € {0, 1}*.



M = (K,%,6,s,{h})

K = {87 q, h}
¥ ={a,U,>}
Katdotoon ¢ XOpuBoro 0 MetdBoon d(q,0)
S a (q,U)
S L (h,U)
S > (s,—)
q a (Sv CL)
q L (37 _>)
q > (g, —)



AVTIOPLO TOVE TIC KATAOTAOELC KO TaL oTolyela Tou adgafritov tne M w¢
e€Nc:

Kataotaon Avamoapdotoon
q00
q01
qll
a000
a001
a010
a011
a100

@lTV[D@m

H avamapdotaon < M > tnc unxavic Turing siva n oupforooelpd:

< M >= (q00, a100, q01, a000), ..., (q01,a001, q01, a011)



Mmopolue Tdpa va optoovpe e kaBodkny pnyovry Turing U, n omola £yel
dVo oplopato: TNV Teptypopn) K M > g pmyaving M kot Tnv TepLypoy)
< w > Jog ovpPoroocelpdc w.

Oelovpe N U va teppatiCel pe gloodo < M > w > av ko poévo av n M
TeppatiCel pe locodo w.

Elvaw oxetikd amAd v oxedidoovpe T U e TETOLO TPOTO OTE VA T(POCO-
polvel T Asttovpylor tng M (elvarl amhoVotepo av ) U xpnowuotolel Tpeic
TOUWVLEC).



‘Eotw 6Tl éyouue kaTowepel val ypdupouue éva mpdypappo halts(P,X) 1o
OTLOLO MOLC ETILOTPEPEL TNV ATtAVTNON ‘yes av To P teppatiCel ue sioodo X kal
No’ SLOLPOPETLKA.

OewpnoTe TOPA TO £ENC TPSYPOLAL:
diagonal(X){ | : if halts(X,X) then goto | else halt}
TeppatiCel To diagonal (diagonal);
TeppoatiCel av ko puovo av to halts(diagonal ,diagonal) emoTpépel ‘no’,

dNAad” av kol pdvo dv to diagonal pe eloodo diagonal dev teppatilel
(&tomo). Tupmépaopa: dev vTtdpxel TETOLo TPOYPapMe halts.



Me odnyd tov mponyoduevo cuiloyiopod, Ba Bpoldue o yAoooo Tou siva
avadpoptkd ataptBunolun aAA& oxL avadpoulkt. ‘Eotw n yAdooo:

H={< M > w>:nunyavi Turing M teppoatiCel tav éyxel eloodo w}

H yAoooa H elvar mpopavoe avadpoukd omoplBunoiun kaboce nuiamo-
paotCetal ard TN pnyovny U. Etvo dpwe n H avadpopik;

‘Eotw 6t n H elvon aovadpopukn. Téte, To 1dlo Ba loydel ko yLa T YAOOo:

Hi = {< M >:n pnyavy Turing M teppatiCer dtav éxel eloodo < M >}

Apov n Hy elva aovadpopitkt), TOTE T 18L0 Lo VEL KOL YL TO CUUTIATIPWUA TNC:

H; = {w:n w dev elvar kwdikotolnon unyavic Turing
M elval kwdikoTolnon uog pnyoevng Turing M
Tov dev teppatiCel dtav £xel eloodo < M >}



‘Ouwe, 1 Hy dev elvo odte kowv QLVOLBPOMLK AL aLTEaLpLBT LN éor(o_l\/l* L
unyovy Turing mov nuuaogaotilel v Hi. Aviker n < M* > otnv Hy;

ATté tov oplopd Tne Hi, < M* >>€ Hy av kol pévo av 1 M* 8ev Séyetal
ovpPorooslpd K M* >

‘Ouwe, 1 M* nuuamogaotlel tnv Hy, ko étol < M* >>€ H; av kot pévo av
n M* 8éyetal ) oupfolooelpd < M* >

Katadféape os dtomo, kol emopevwe N H Sev eival aovadpoplikn.



Oewpnuo: H kAdoN TwV avadpoplk®v YAWSOWV £lval €va YVNAOLO UTtooUVOo-
A0 TNC KAKONC TWV AVAIPOMLIKE ATTXPLOUNOUUWY YAWOOOV.

ErumtAéov, dmwe eldaue, n yAwooo Hi sival aovadpoulkd amtoplBunotun eve
TO CUUTIANPWUA TN dev elval. Katd ovvemela:

Oedenua: H kAdon twv avadpopikd amaplbunoluwy YAwoowy dev elvot
KAELOTN WC TPOC TO CUUTIANPWLL.



To TPWTO CUPTEPAOUA TIOU TPOKVTITEL ATtd TNV Tponyovuevn ocu(nTnon l-
voll OTL dev vTtdpyel aAyoplBuoc o omoloc yiaw k&Be unyavn) Turing M ko
oupPorooelpd eloddou w, va amoaotlel av 1 M dexetan T w 1) OXL.

[MpoAuata dTtwe To Tapamdvew Ba Ta ovoudovpe pn emAOOLUA.

Ilpocoyr: To mpdPAnua Tou TEPUATIOMOU PTopel Vo AVVETOL OE KATOLEG
eldlkéc mepLmTOoelc. Autd Tou £youus amodeléel sival OTL Sev LTLAPYEL LA
vevikT) péBodoc n omola va atowaol(el cwWoTA O OAEC TIC TEPLTTTWOELC.



Mwe pmopolue v amodeiéoupe bt évar TPdPANUa etval un eTAvopo (xwplc
VO XPTOULOTIOLOOUE TNV TEXVLKT TIou akoAouBrooe yia tnv H;)

AvowoOntikd, Bo delyvoupe 6TL av o yYAwooo Ly Atav avadpopikn, tote
To B0 Ba toyve kol yra T YyAwooo Ly n omola eival yvwotd btL dev elva

avadpopkn). Mmopolue va Teptypdidoupe o TUTILk TN Sadlkaolor VTN e
TOV TIXPUKATW OPLOLO:

Optouode: ‘Eotw L, Ly C X* dbo yAwooeg. M aovarywyr) amd tnv Ly otnv
Lo elvarl lae atvocdpopilkny ouvaptnon 7 @ XF — XF tétol wote w € Ly av ko
uévo av 7(w) € Ls.



Oewpnuo: Av i) L dev elval avadpopikT) Kol UTTEPXEL (Lo avaywyn amd
v L1 otnv Ly, 10Te ko n Ly Sev elvail oovardpopik).

Anooegn: ‘Eotw ot n Ly elvor aovadpopukn kol €0Tw 6Tl actopaoileTon
amd e pnyovy Turing My, ‘Eoctw T n pnyxovry Turing ov vtodoytlel tnv
oaovaywyn 7. Téte n pnyxovh) Turing TMy Ba amogaoiler tnv Ly (yioti;).
Emtopévie kataAéape os dtoTo.

Me tn xpfion avaywy®v pmopolue va amodseiéouvpe 6Tl TOAE TpoPANuaTA
glval un eTAOOLUAL.



Oedenua: To Tapakdtw TpdPAnua etval pn eTmAdoLuo:
‘Aebouévne utac unxavne Turing M, tepuatiCet n M ue kev) tawia;’

Anooein: Me avaywyh and to mpdPAnua Tou Teppatiopol. ‘EoTtw o
unyavn Turing M ko o cupBorooelpd w.

H avaywyn poc kataokevd el o pnyavn Turing My n omolar Eekvder T
AstToupylor TNG pe kevn Tovia. Apéowe petd, 1 My ypdel To w oTtnv Touvia
NG KoL EEKWVAEL VAL TIPOCOPOLWVEL TN HnYavh M.

Av elyope eva alyoplBuo o omoloc amoyaoilel av pa pnyov) Turing Tep-
uatiCel pe kevh) touvia, TOTe Bor pmopoVoape va amopacicovus av 11 My

TeppatiCel, kol emopévwe va amogacioovpe oov N M e eloodo w teppatilet.

Etva e0kodo va detl kavelc 6TL | Tapamdve dadlkaola slval avorywym.



Oedenua: To Tapakdtw TpdPAnua etval pn eTmAdoLuo:
‘Aebouévne utac unyavne Turing M, vrtdpyel éotw kat uia ouuforooceipd
yta tv omola n M tepuatier;’

ATooegin: Av to mpdPAnua awtd oy emAvoLuo, ToTE To (Blo Dar loyve
KOLL YLOL TO XECWC TLPONYOVEVO TIPOPANUAL.

Mo ouykekpeva, Ba pmopoVoape VoL ATOPYACLOOUUE AV Lot nyavh) Turing
M tepuatilel pe kevi) cupBolooelpd, we e&Ac: kataokevdlovue pnyovy M’
omola offjvel omoladnmote elcodo Tne dlvetal kol UeTd TrpooopoLlvel TNy M
e eloodo Tnv kevn oupfolooelpd.

Mo T véow oot pnyoeviy M Loydet to €€ 1 M’ teppactilel yior o Sedopévn
ouuPorooelpd av ko pévo av 1 M’ Tepuatilel yio kéBe ouuPoroocelpd av
kol uovo av M teppatiCetl yror TNV kevh) oupolooelpd.

Emopévwe, Ba pmopovoapue va eAéyéovue av 1 M tepuatiCel pe sioodo tnv
kevl) oupPorooelpd oTIAG EAEYYOVTUC OV UTTAPYEL OUPOAOCELPE YLaL TNV
omola 1 M Teppatilet.



Oedenua: To Tapakdtw TpdPAnua etval pn eTmAdoLuo:
‘Aebouévne uiac unyavne Turing M, tepuatiCer n M yia kd 0e ovuforooeipd
gloédov;’

AnodelEn: H amddelén mou TopovoLdoaUE YLa TO XECWS TPONYOUUEVO
/

EPOTNUO MeTaEpeTol Kot €30 (yiati 1 M déxeton kdmowx elcodo av ko

uovo av deyetal k& Be eloodo).



Oedenua: To Tapakdtw TpdPAnua etval pn eTmAdoLuo:
‘Aebouévwv 0o unyavaov Turing My kar My, tepuatiCovv ue tic (blec ouu-
PoAooepéc eiobdov;’

Andoeén: ‘Eotw 61l umopoldue va amopaciooupe av 300 pnyavég Teppati-
Couv e Tic (dlec ouuBorooslpéc eloddov.

OEToupe TN Pl oTtd AUTEC Vol elvall Lee TETPLLUEVT) YV TTov TeppatiCel
vl dAec T TuBovéc eloddouc.

Emtopévac, Todpa £xoupe evar adyoplBuo o otmoloc aopaotel av L ool dm-
mote unyovr) Turing tepuatiCel pe k&Be elcodo.

‘Onwce, yvwpilouvue Hdn 6Tl To TPOPANUA avTd giva un eAVoLUO.



Oewpnuo: Mia yAwoow L elvar oovadpopkn av kol [hévo oty Kol otuTh) Kot
TO CUUTANPWHAE TN elvall otvaSpopLkd Tt pLBNOLUEC.

Anddein: H katebbBuvon (=) eva tpoyavic (yiatt;)

Mo tnv katevBuvon (<) Ba kataokevdoovue ot pnyoavyy Turing M 800
Towwv Tov aropaoilel v L. ‘Eotw otv n L nuamopaciCeton amd o
punyocv) Turing My kol n L atd ptor unyoevry Turing M.

Aedopévne Lo ovpPorooeipdc w, 1 M mpoywpdiel oTNV TPAOTN TAWLX TNC
6mwe Ba poywpolos N My ue elcodo w, kol ot dedTepn Tl TNEC OTIWC 1
My e eloodo w.

Kamola oTiypn o vtohoyloudc oe piar amd Tig dvo tawieg Ba teppatiost. Téte
ko N M teppatiCer otnv katdotaon y f) n (vEAOY QL [hE TO AV O UTTOAOYLOMOC
0 OTolOC TEPUATLOE NTOV AUTOC TNE TPDOTNG TUWLKC 1) TNC deVTEPNC TOUVLOC
avTloTOLY AL ).



Optopog: M punyavh Turing M amtaplBuetl tn yAdooo L av ko pévo o,
Yo k&Tolx TpokaBoplouivn katdoTaon q tne M,

L=A{w:(s,>U) g (a, >Lw)}

Mo yYAbooo eivar amaplBunoiun katd Turing av kol Vo av LTTEPYEL [l
unyovn Turing ou tnv acttatplBet.

AroucOnTixd: ‘Otav n M eloépyeton otnv katdoToon q T6TE ONUATOJOTEL
6TL 1) ovPoroocelpd Tov PplokeTal AluUTH TN CTLYPN OTNV TAWlo TNG, VHKEL
otnv L. H M akoro0Bwc pmopel va auprjoel Tnv q kol var etorveABelL apydtepa
he eval &AMNo ENoc Tne L.

Ilpocoy®: Ta péAn tng L pmopoidv va mapatebolvv oe omoladnmote oelpd
KoL e eTtovaAneLc.



Oedenua: Mio yAdooa L elval avadpopuka atoptBunioun ov kol Hovo ov
elvall amoplBunowun kotd Turing.

Anddeln: (<) Mpdro aodeikvioupue dtL av xouple o pmxovry Turing E
ov amopOuet tTnv L, téte vtdpyel o punyovn) Turing M mou nuuactogpactCel
v L. H M SovAedel we e€nc:

[l oupPBolooelpd eloddou w, 1 M apxiCer va ‘Tpexel’ tn unyavn E. Ké&Be
wop& Tov N E etogpyeTan oty eldikn) katdotaon tne, N M cuykpiver Tn w e
™ ovpPorooelpd Tov poAc £xel ‘mopayBel’ amd tnv E. Av elvan 1dieg, téTE
n M amodeyeton Tn w. AlopopeTikd, cuveyiel Tnv Tapamdve diadikaolo.

Etvaw tpopavée 6t 1 M déyetan akplpaoc skelvec Tic oupforooslpéc oL otolec
eppaviCovtol otnv atopiBunon tnc E.



ATmooelln (ocuvéyela): (=) ‘Eotw 6t éxovue o pmxovhy Turing M ttov
nuiatopaoiCel Tnv L. Mmopolue va kataokevdoovpe e unyovny Turing E
mov amapeBuel Tnv L. ‘Eotw s1, 59, . .. o akoAouBioe attd dAec Tic oupolo-
ospéc Tov 1. H E Aettovpyel we €€hc:

Ertavédafe tar akdrovBa Prupata yroe 2 = 1,2, 3, .. ..

1. Tpéée’ v M yia ¢ Brjpactar v Tig ovpBolooslpéc sq, s, . . ., S;.

/ / / / / / /
2. Av k&Tola ovuBolooelpd s; yivetal SekTt), N E mnyaivel oty eldikt| katdo-
TOON  HE S; OTNV TVl

Av n M amodeyetal o ovpPorooelpd w, téte oruTth) B gupovioTel apyd M
Yenyopa otnv akodovBia Twv oupPforocslpodv Tov amtaptBuet 1 E.



Optopdg: M pnxovry Turing M atocplBpel Aeikoypapikd tn yAdooo L
av, Yo k&mola TpokaBoplopévn katdotaon q tne M, Loxlel to akdiovbo.
‘Omote éyoupe:

(q, >Lw) I—IJ\F/I (q, >Lw')

t61e W Pploketal Ae€ikoypopikd petd amd tnv w. Mia yAwooo eival Ae€iko-
Yook amoplBunolun katd Turing av kol OVO oV UTLAPYEL Lol Y ovi
Turing Tov v amapBuel Aeéikoypapikd.



Oepnuo: Mo yAddooo L etva avadpopukn av kol pbévo ov glvait Ae€iko-
Yoopikd amaplBunouun katd Turing.

Anddein: (=) Apod n L eval avadpopukty, téte umdpyet pnyxavy Turing
M mou tnv amopaoilel. Katookevdlovue pio umxovyy Turing M’ n omola
amtoplBuel Aeéikoypagikd OAec Tic ovpPorooslpéc Tou adpaBniTou tTne L. N
kaBe plo amd TIc ovuPorooelpec ‘Tpéxel v M. ‘Omote n M déxetal tnv
elood0, N M’ tapovoidlel T ouuBorooelpd kot cuvexilel otV emdpevn.

(<=) Aol n L etva Ae&ikoypargikd artoplBufjoun, Uopolpe VoL KATOOKEVE-
oovue pia pnyovy Turing M’ touv v aopactlet. H M’ e elooSo w Eekivdiet
v amaplBunon e L kol mepyuével éwc Otou elte N w TtapovolaoTel gite
CEMEPAOTEL AEELKOYPUPIKA. 2 TNV TPAOTN TEPITTWOT SEXETAL TNV W EVD OTN
de0TEPN TNV ATLOPELTLTEL.



