Mnxavec Turing
Kal YOoAoyIoIHOTNTA

AnunNTenG PwWTAKNG

>X0AN HAekTpoAOYWV Mnxavikwv
Kal Mnxavikwv YNoAoyloTwV

EBviko MeTooBio MoAuTtexveio




Oewpia YnoAoyiouou

O TaTi kanoia npoBAnuaTa dev AuvovTal ano UNOAOYIOTEC;
O Hilbert (1900): nAnpoTNTA KAl auTopATONOINON TWV PHABNUATIKWYV.

B 10° npoBAnua: AAyopiBuoc via AlogpavTikec eEI0WOEIC.
OO0 AAyopiBuoc: diatunwon kal anodeiEn opboTNTAC.

0 Aev unapxel aAyopiOuoc;

B OpiouoC «aAyoplOuou» PHECW UMOAOYIOTIKOU HOVTEAOU, KAl

anodeci&n oTI unap&én aAyopibuou odnyei o avTigpaaon.

O Godel: yabnuaTtika Oev €ival nAQpn!

O Turing: paénuatika 0ev auToparonoiouvTal!
B Yndapyouv npoBAnuata nou d&v €ival unoAoyioiya.

O Matijasevic (1970): 'Ox1 aAyopiOuoc yia AiopavTikec eEICWOEIC.

B [1a kaBe aAy. A, unapxel e€iowon nou o A anavta Aaboc!
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YnoAoyioTiko MpoBAnua
Kal AAyopiBpuoc

O (YnoAoyioTiko) npoBAnua: opilel NETAOXNUATIONO
dedoueEVWY €10000U o dedopeva EO0OOU.

B AlaioOnTika: opileTal ano €pWTNON Yia OTIydIoTUNA €10000U.

0 >TIyUIOTUNO: AVTIKEIMEVO NOU AVTIOTOIXEl O€
dedopeva 10000U.

B AIQTUNWVOUME EpWTNON KAl NEPIJEVOULE anavTnaon.
B Ancipo oUVOAO OTIYHIOTUNMWV.

O AAyopiBuoc: ocagpwc opiopyevn 61adikaoia yia Tnv eniAuon
NpoBANUATOC O NENEPACHEVO XPOVO AMO UMOAOYIOTIKN
unxavn (Turing).

B YnoAoyilel ynxavioTika TNV oWoTH anavrnon o<
NENEPACTUEVO XPOVoO.
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[MpoBANuaTa BeATioTonoinong

O [MpoBAnua BeATioTonoinonc /7:
B >UVOAO OTIYMIOTUNWV 2,
B >Uvolo anodekTwv AUoewv: Yo € Xy, Ap(o)
B AvTikelpeviki ouvaptnon: Yo € XYy, f, : Ap(o) —» R
00 Aedopevou oTiypIoTunou g, dnteital A% € Ap(o):
VA€ An(o), [fo(A5) = fo(A)  modBAnuo peyroromoinong
VA e Ap(o), fo(Ar) < f,(A) mEoPAuo ehaytotomoinong

¥ Béhtiotn Avon »ot f,(AX) BéATioTn avrireypevinn Tipy
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[MpoBAnuaTa Anopaonc

O MpoBAnua anogaonc [1:
B >UVOAO OTIYMIOTUNWV 2,
B >0volo (anodektwv) Aucewv: Yo € Xy, Ap(o)
B Asdopévou o € X, Ap(o) #0;

O Emodexeral yovo duo anavtnoewyv: NAI n 'OXI.
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NapadeiypaTa MpoBAnuaTwY

O NpoBAnua MpooneAacipoTnTac:
B Zmiypiotruno: Kateubuvopevo ypapnua G(V, E),
KOpUPEC S, t € V.
B Epwrtnon: Yndapxel s - t yovonarti;

O NpoBAnupa ZuvrtopoTepou MovonaTiou:
B Zriypioruno: KateuBuvouevo ypapnua G(V, E),
uNkn oTic akpec w: E > R, kopupec s, t € V.
B Epwrtnon: lNoio €ival To ouvTOUOTEPO S — t povonaTi;
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NapadeiypaTa MpoBAnuaTwY

O NpoBAnua kukAou Hamilton:
B Zmiypioruno: papnua G(V, E).
B Epwrtnon: Ynapxel kKukAoc Hamilton oto G;

O MNpoBAnua MAavodiou NMwANnTA:
B Zmiygiotuno: 2uvodo N = {1, ..., n} onueiwy,
anootaceiGd : N x N> R, .

B Epwtnon: MNoia nepiodeia EAaXIOTONOIEI CUVOAIKO HNKOC N
icoduvapa, noia perabeon n Tou N eAaxioTonolei TO:

2 d(m(i), 71 + 1)) + d(w(n), w(1))
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MpoBANnuaTa kal Tunikec FAWOOEC

O

MNpoBAnua BeATioTonoinonc — nNpoBAnua ano®acnc Je ppaypa
B EAayxiotonoinon: Je@ikTh AUon e KOOTOC < B;
B MeyloTonoinon: Je@ikTn Auon pe kEpdog > B;

B [1poBAnua BeATioTonoinong AUVETAl 0€ NOAUWVUMIKO XpOVO avv
avTioToIX0 NPOoBANUa anopaonc AUVETAlI O NOAUWVUUIKO XPOVoO.

MpoBAnua anogaonc — Tunikn yAwooa PJe kwdikonoinon.

B >TIiydioTUNO: oupBoAooelipd aApapnTou 2.

B [IpoBAnua: yAwooda, unoguvoio *.

B EuAoyn kwdikonoinon, n.x. duadikn, Xwpic «onatain» cupBoOAwV.
MNpoBAnua /1 kail kwdikonoinon e: yAwooa L(f1, €) ye cuuB/pec
nou avTioToixouv o€ NAI-oTiyupioTuna Tou /1.

L(l,e) ={e(z) € ¥* : x € 11}

B.
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NTETEPUIVIOTIKEC MNxavec Turing

O NterepuivioTikn Mnxavn Turing (DTM) M = (Q, 2, §, q,, F)
B (Q OUVOAO KATAOTACEWV.
2 aAgapnto gi00dou kail I' = X U {u} aAgapnTo Taiviag.
do, € Q apxikn karaoTaon.
F < Q TeAikn kaTtaoTaon (ouvnBwc YES, NO, HALT).
§: (Q\F)xI'—=Q xT x{L,R,S} cuvaptnon perapaonc.
(kaTtaoTtaon g, oiapalsl a) —
(vea kaTaoTaon q’, ypagel a’, kepaAn petakiveital L, R n S).
0 AneplopioTn Taivia avayvwaonc / eyypapnc Kal
KEPAAN NOU PETAKIVEITAlI OTIC BECEIC TIC TAlviac.
B AiagBadel eicodo ano Taivia.
B 'EEodoc: TeEAIKN KATAOTAON KAl MEPIEXOHUEVO Talviac.
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NTETEPUIVIOTIKEC MNxavec Turing

0 YnoAoyiopoc DTM pnopel va unv Tepuatidel!
B ... oc avtibeon n.x. ue DFA.

O ZuvoAikh kataoTtaon ) diapoppwon (configuration): (g, opao,.)

B (TpExOuOoa KATAOTAON g, CUPB/pa apioTeEPAa KEPAANG o,

ouuBoAo og Beon ke@aAAng, oupB/pa Oe€ia KEPAANG O,).

B ApxIKn d1IapOpeWan HE €i0000 X = X;X5...X,: (g0, Z1%2 ... Tp)

B TeAikn dIapOpPWOn HE 5080 Y = Y,Y,..Y,: (HALT, Y1Y2 . .. Yn)
0 YnoAoyiopyoc DTM M : cuvaptnon |- kai oxeon |-* .

B |- : diauopPpwaon Nou NPOoKUMNTElI Ano TpEXoUuaa o€ £va Bnua.

B |-": JlauOpPWOEIC NOU NPOKUNTOUV O€ KAMNOIO #BNUATWV.

['a (g0, 122 ... 2,) F* (YES, . ..) yodgovue M (x) = YES

T (go, 2122 ... zp) F* (NO, . . .) YoGgpouvue M (z) = NO

I'o (go, T1Z3 - - - ) F* (HALT, Y192 - - - Yn) YOOQoOUUE M () =y
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Napadeiyua Mnxavnc Turing

O > DTM pe >~ = {0, 1} ynopoUUE va avTIOTOIXIOOUME
uepikn cuvaptnon f : IN — IN onou €icodoc kal e£000¢
KwodlkonolouvTal oto duadiko cuoTnua.

O «AAyopiBuoc» DTM nou e €i00d0 x unoAoyilel x+1:

B Kdave TpExov TO KUTTAPO PE TEAEUTAIO GUUBOAO TNC €10000U X;
B repeat
O Av TpeExov KUTTAPO €XEl L1, Ypawe 1 kal oTapara;
O Av Tpexov kUTTApo €xel 1, ypawe 0, KAVE TPEXOV TO ANECWC
apIOTEPOTEPO KUTTAPO, KAl KPATOUHEVO = 1;
O Av Tpexov kutTapo €xei 0, ypaywe 1, KAve TPEXOV TO AUECWC
apIOTEPOTEPO KUTTAPO, KAl KpaToupevo := 0;
B until kpaToupevo = 0;
B Kave TpEXOV TO KUTTAPO PE NpwTO CUPPBOAO ToU X+1 kal oTapaTa;
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Napadeiyua Mnxavnc Turing

0 Mnxavn Turing nou pe €icodo x unoAoyilel x+1:

Q = {40, ¢1, 42, HALT} 0 1 =
2= {O’ 1} qo (QO7O7R) (QO7 ]-7R) (Q17|—|7L)
10 q1 (q27 ]-7L) (91707L) (HALT7 175)
F = {HALT}

q2 (QZ707L) (QZ7 ]-7L) (HALTal—laR)

B [lapadeiypa Asitoupyiac pe €icodo x = 1011:

(40,1011 F (g1,1011) F (q1,1010) F (g1,1000) F
(q2,1100) = (q2,51100) = (HALT, 1100)
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NTETEPUIVIOTIKEC MNxavec Turing

[0 NTETEPHIVIOHOCG: unoAoyliopdoc M(x) eEeAiooeTal Ye
npodiayeypappevo Tpono ( |- €ival cuvapTnon ).
B M(x) TepuaTilel o TeEAIKN kKaTaoTaon N 0gv TepuaTilel.
B M(x) = YES : M anodexeTai X. — =
B M(x) = NO : M anoppinTel Xx. LM —e xS WIE = VES}
B M(x) =y : MunoAoyilel y = f(x).
O KaBoAikn Mnxavn Turing U: U(M; x) = M(x).
B U npooopoiwvel kaBe aAAn DTM yia onoladnnoTe €icodo.
B U diaBalel wc eicodo nepiypapn DTM M kai €icodo x yia M.

B U npooopoiwvel unoAoyiopgo M(x) kal kKaTtaAnyer o€
010 anoTeAEoUd.
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YnoAoyioiuoTnTa

O T[Awooa (npoBAnua) L anokpioiun (decidable),

B 1 unoAoyioiyn (computable), v L M(z) = YES
avadpouikn (recursive), 4DTM M. {V:c Z L,ngg N
enitAuoiun (solvable): & ’ r) =NO

O TAwooa (npoBAnua) L anodektn (acceptable),

B 1 nuianokpioiun (semidecidable),

avadpopika anapibunoiun Vz € L, M(z) = YES

Ve ¢ L, M(x)

(recursively enumerable), JDTM M: {
kataypawiun (listable):

O (Mepikn) ocuvaptnon f unoAoyioiun:

M@=y ovflz)=y
4DTM M: {M(ZL‘) :/t oV f(:c) OEV OQ@S‘COLL
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YnoAoyioiuoTnTa

0 Na o€iéeTe OTI:

B KaBe anokpiolun YAwooa €ival Kal nuianokpioiyn.
B Av yAwood L anokpioign, TOTE CUUNANPWHATIKN anoKpioiyn.

B [Awooa L anokpioiyn avv

L kal cupdnAnpwpaTikn TG L nuianokpioiyec.
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©®con Church - Turing

[0 DTM noAuU 1oXUpO UNOAOYIOTIKO HOVTEAO!

0 [MpoonaBeia evioxuonc e eninAgov duvaToTnTeC. M.X.
B [loAAanAec Talviec.
B Taivia duo (n yevikoTepa d) dlaoTaocewv.
B [loAAanAec KepaAec.
B Mn VTETEPUIVIONOC (OXEON PETABAONC).
[0 Mnopei EUKOAOTEPOC OXEDIATUOC KAl «MIKPN» €NITaxuvon.
B <«Evioxupevec» (D, N)TM npooopolwvovTal ano Tunikec DTM,
[0 Agv €vVIOXUETAlI TO UMOAOYIOTIKO HOVTEAO!
B 'Id1a KAGon anokpicigwy Kal NUIanokKpioigwy YAWOOWV.
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©®con Church - Turing

[0 Aev undapyel UNOAOYIOTIKO HOVTEAO IO0XUPOTEPO TwV DTM.
B [1.x. avadpopikec ouvaptnoeic, RAM, Church, Post, Markoy, ...

O ©O&on twv Church - Turing:
YnoAoyioigo avv DTM anokpioiuo!

B Aigio0nTika: aAyopiOuog sival DTM nou TteppaTilel navta
(HE OWOTO anoTeAeoua).

B Ocon Church - Turing 8&v punopei va anodeixOei.

O Eival BewpnTika duvaTtov, aAAd npakTika anibavo va
dlaTunwBei oTO HEAAOV IOXUPOTEPO UMOAOYIOTIKO HOVTEAO.
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MnN-YnoAoyIoIuoTnTa

0 Ynapxouv un sniAucipga npoBAnpata (un anokp. YAWOOEC).
B [Awooec un apiBunoipyec, DTM apiBunoipec!

O MNpoBAnupa reppartiopou (halting problem):
B Acdopevnc DTM M kal oupB/pac x, M(x) Teppartiler;

B Ynapxel(;) DTM / npoypappa H nou dexeTal wc €icodo
(onoiadnnote) DTM / npoypappa M kai Tnv €icodo x yia M, kai
anavTa YES av M(x) Teppartilel kai NO av M(x) dev Tepuarilel.

O [MpoBAnua TepHATIONOU €ival BN EnIAUCIHO!
B Anodci&n pe diaywvionoinaon.
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MnN-YnoAoyIoIuoTnTa

O MpoBAnua TepuaTiopyou €ival pn EN1AUGIHO!
B 'EoTtw OTI unapxel DTM H nou yia kaBe DTM M kai €i0od0 X,
H(M; x) anogaailel av M(x) Tepuartilel n oxl.
| YBS av M(z) teppoartiCel
= == {NO av M(x) dev tepuotiCel
B Me Baon DTM H, kataokeualoupe DTM D(M):
if H(M; M) = YEs then run forever clse halt
B Ek kataokeunc, D(M) Tepuartilel avv M(M) dev Tepuarilel!

B Aokipaloupe D pe eicodo Tov £auTO TNC:
O D(D) tepuartilel avv D(D) d€v Teppartilel! ‘Atono!!!

0 Ynapyxouv noAAa aAAa pn eniAucipa npoBAnuara.
B [1.x. eniAuon Alo@avTiIKwV €EICWOEWV.
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