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TTpoTaoiakdc Aoyiopoc

>TOV TPOTACLAXO AOYLOUO OVOUACOUUE aToMLXOUg TUTOUS Tig otabepéc
TRUE xoav FALSE »xab6¢ xoar 1i¢ mpotaciaxés uetaBintés n.y. 1, Za, . - .
O mpotaclaxol TonoL opllovial ERAYGYLHA

1. Ov atouxol tomor elvor tUToL.
2. Av @ slval tOnog téte xou 0 =P elvar tinoC.
3. Av ov @ xar ¥ elvon, TOmoL téte xo oL (P AT) xon (P V ) elvan, toHToL.

4. O,nd%note dev oplletan ue Bdomn ta (1)—(3) dev elvar npotactaxbds Tinog.



o Mepuxég opeg mapaieinoups tapevisoels xal unobétouue aplotepd Tpo-
OETALPLOMO T.Y. T1 A T2 A T3

¢ Mnopolue va oplagouus vEOUS TUTOUS WS CUYTOUOYEAMIA GAAWY YVW-
OTOV T.Y.:
( ) = (—ldj vV ';p')
(@<—>)IP (@ > U)A (P> V)



Ov mpotaotaxol tinol elvar ouUVTAXTIXES TUBOAOGELRES TIOU QWS EYOuV
xanow anuacia (onuaciohoyia) dnrhadh elvar ainbelc % Peudelc avdroya ue
T aAnbotuéc ou €youy anoveunbel otic npotactaxég uetafanteg. Ilo ou-
YxexpUEva ainfotyiéc Tov Tutdy —@, P(AY) xa (P V V) bpllovtar and Tig
arnfomuéc Tov D,V bnwg galvetar atov mapaxdte mivaxa ainbelag (truth

table):

b 1 —P (PAW) | (PVVY)
TRUE | TRUE | FALSE | TRUE | TRUE
TRUE | FALSE FALSE | TRUE
FALSE | TRUE | TRUE | FALSE | TRUE
FALSE | FALSE FALSE | FALSE




Evag timog Aéyetar éyxupog (valid) f tautohoyio av slvar aAnbhic v
%éBe anovounR ainfotudy otig yetafAntec. 'Evag TUmog Afyeton LxavOToLT)-
ousog (satisfiable) av undpyel anovour ainfotiudy Tou Tov xablatd ainb.
Aga @ elvon ueavomorioluos &y xot wovo edv o =@ dev elvar Tautohoyia.

M mpotacraxty uetaBAnTY A} dpynor npotactaxic UeTABANTAC ovoudlsTon
Aéxetnua (literal). Mua gpdor (clause) elvon wa St@leuin and literals (m.y.
1V 2o VgV _'1134)-



Kéabe timog tne npotaciaxiic Aoy elvar LoodUvauog e xdnotoy tou Bpet-
oxetal og SLLELUXTIXY xavovixh woper (conjunctive normal form) dnhad?
elyar o oUCeuln and gpdoelc. Avtiotolya elvar enlong Loodlvauiog ue tuno
mou Bploxeton og  draleuntinry xavowxh nopoy (disjunctive normal form)
OnAadh elvar e oUleuln and SuleuxTixeg YpAOELC.

M @pdorn Aeyetar  epdon Horn av €ys. to moAU €va Bestixd literal

dnhady) elvon g HOpYPAS:
(2o V1 Vo V.. Vzy) K (o) § (021 Ve V.oV —y,)
TOU YRPAQPETAL LGOSUVALLAL!
(ZL AZa A+ Ay — Zg), (TRUE — ), (g A1 Ao A ... A X, — FALSE),

avtioTolya.



['a va oploouue cuvtaxmixd Tig mpotdoeg slvan avayxalo tpdTa va opl-
coUuE Toug Gpoug (o omolot dtay Toug anodobel onuaala Ba epunvelovton
ooy avTixeieva and xdnow olvoro). Ou bpor opllovtar enaywyixd:

1. O uetoffinteg xor ov otabepeg elvar Opot.

2. Aviq, 1, ..., 1, slvor Opot xan f elvar oiufBoio cuvdptnorg n Béoswy 161e
(1,12, ..., 1)) elvor enlone bpog.

3. Tirnote dAlo dev elvan bpog.



Ov TPOTAGELS TOU XATNYORPTMATIXOU AOYLONOU opllovTal enay®yixd:

1. Aviq,1a, ..., 1, slvar GpoL xar P elvar olufBoio xatnyopfuatog n Oéoswy
161 P(t1, %2, ..., 1) elvar tpbtaon (atouxh tpdtacm).

2. Av oL @ xor ¥ glvor npotdasts xon x elvat uetafBinth téte xow ot =P, (P A
V), (@ VV¥), Vb, Ixd elvar npotdoeic.

3. Tinote diho dev elvan npdtaon.



Ov otabepec xon oL ueTaBAnTEC gpumnvevovTal oav atolyela evdg cuvdiou
A. Ta cuvaptnolaxd cuufola spunvedoviar cay cuvapthoeg: A" — A. 'Etol
xd8e bpog epunvelsTal gav €va atotyelo Tou A,

Ta xatnyopfiuata spunveloviar gav unocuvoia tou A", H npdtaon
P(t1,ts, ..., t,) elvar adnBhc avy (s1, 82, ..., 8,) € R 610v s1, 89, ..., 8, elvor Tat
ototyela Tou A ue ta omola gpunvelovtal oL dpot 1y, 1s, ..., T, o R 10 unoay-
Yoo UE TO omolo gpunvedetar o P. O ainfotiuéc 1ov =@, (PAV ) ko (P VYY)
optlovtar and Tig ainfotiues TV @ xar ¥ Onwg XAl TNV TROTACLAXY] AoYLXH.
H npdtaon VP elvar ainbic av n npdtaor @ elvor ainbrc yio onoladrinote
gpunvela tng MeTaBANTASC z, evdd N tpdtaon dzxP elvar ainbfhc av n @ ainbele
Y xd&nola spunvela e .



Ov gpdosg Horn yia tov xoatnyopnuatxd Aoyioud oplloviar Onwg xon
OTNV TEOTACLAXT AOYLXY) av avil YId TpoTACLOXES METABANTES YENOLLOTOLOUUE
atouwéc mpotdosc. ‘Eva npbypauua Prolog slvar Baowd ula obgsulrn and
ppdoelg Horn.



dAa ta oUUBOAA TTOU TIEPLEYEL O TIPOTAGLAXOS AOYLOMAS
emtmAgov oUUBoAd v ouvapTAoelg xor otabepeg, n.y. f, g, h,c1,¢a, ...,
cUufoia yia xatnyophuata n.y. P Q,=, ...

XL TOUS Togodelxteg @ xaboixd V xar unapdlaxd .



H euférewa touv Vz (| dz) otov tino Vz@ (f avtlotorya Jxd ) elvar o
unoTtoToC P.

EAelOepr eupdvion tng LetafANTAC £ otov TUno @ ASYSTUL ML ELOAWLOT)
e MeTaBANTAC = mou dev elvar yeoa oty eufdhela evoc nocodelxtn YV A dz.

Ascpsuuévn spgdvior g T elvor uéca otny euf3Eieia evog TocodelxnTy
f xar axpBés deZid tou cuufBbiou V (4 3).

'Evag tinog AéyeTtal xAeLoTOC av dev mepLtéyel eAelbepeg supavioelg Ueta-
BAnTdy.



H onuacioloyia TUTOY TOU XATNYopTUaTiXol Aoyiouol Slvetal ue tny
BoAbera Ty aAveBpdy doudy A mou ovoudlouus WovTEAA. XNy nepintwaon
TOU TpoTaoLaxol Aoyiouol to medlo A elvan {True, False}, e8¢ Suwe unopel
va elval onolodAmote UR xevd, TeEnepaoUuevo | xar dnelpo, agUvoio. EdG Aot-
16V SV EYOULE ATOVOUY aAnBoTudy aAld spunvela (interpretation) Tov uey
otafepdy xon ueTABANTOY e ototyela Tou Tedlou A, TV 3 CUVAETNOLAXGY
XOL XOTNYOPNMATIXGOY CUUBOAWY UE TIPAYUATIXES ATELXOVIGELS XUl GYECELS
uetall TV otolyelwy tou Tedlou A. Me tétowa onuactoroyia xdbe opog ep-
unveletar e atotyelo tou A xor xdfe xiewotéde tinog ainbeler (f 6xL) oo
LOVTIEAO A.



YuuBoilloupe I' = @ 10 yeyovde 4T 0 TUNOG @ ATOSELXVIETUL GUVTAXTLU
amd Toug TUToUS Tou ouvdiou I

YuuBoillouue I' = @ 10 yeyovée 6T 0 Timog @ ainbelel oe 6Aa Ta LOVTEAX
dmou ainfedouy oL oL TunoL Tou guvdiou 1.

To meplonuo Bedpnua tAnedTnTag Tou Godel Acer:
I'ce aw I'kE®



A’ etépou To OBsdpnua wn ntinedTrTas Tou Godel Adew:
Acev unopel vo undpgel TANENS ASLOUATIXOTOLNGT) ALY TwY AATEGY TU-
Ty e AptBuntixic.



O Baoweg Aettoupyleg wrag TM elvon:

o AgBaoe 10 TEpleYOUEVO TOU TREYOVTOS XUTTAROU

o I'pcade 1 4 0 oto tp€yoy xitTago

o Kdéve tpeyov 10 augows aptatepdtepo N 10 auEaws dedtdTepo XUTTURO

H TM éye. éva nenepaouévo aptbud eowtepixdy xataotdoswy (internal
states):

Q= {QO,G_’l,---}

‘Eva npbypauua oo (o T'M elvon €val oUvoro and tetpddes NS HOpOAS
¢i.e,d,q; 6mou ¢;,9; € Qe € £, d € A = Z|J{L, R} ye tov e€¥c ouvap-
nowaxd (vietepuivionind) neptoprand: [a xdbe < g;,e > undpyet To TOAU
gva < d,q; > €10l QOote N tTeTpdda < g5, e,d,q; > Vo AVAXEL OTO TPOYEILL-
Lo, dnAady mpdxeltal i Ul ouvdpTtnon uetdBaocng (transition function)
d:QxXYX—=>AxQ.



cUuPBacT 1 unYavA oTauaTdel 0To Celyog xatdotaonc-cuufdiou < ¢;, e > ot
nepintwor mou N WA d(g;, e) dev elvar oplagvy,.

>e x@8e T'M unopoUue va ayTLOTOLYAOOUUE Lo UeptxT) ouvdptnoT and to N
oto N. H eloodoc n € N naplotdvetar e n + 1 cuveydueva 1 (£tot o aptbude
0 magrotdveton we 1). Xav apyxd otiyldTUTO £Youues TNV XEQAAY (Tpéyov
xUTTopo) va delyver oto aplatepdtepo 1 xar va BploxeTtar otny xatdotaon go.
Yav €€0do AauBdvoune to ouvolxd apliud and 1 nou Beloxetar oty Towvia,
ATAV XOL EAV 1) MNYOVY CTALOTACEL.




Iopaderyua 5.1.1. Na xataoxsuaotel ua I'M nou unoroyllel 1o 2 xz. H
TM Ba epydZletar alUOGYE LE TO Topaxdte tpdypauua (To onolo ypdoeton
TAVTA TEGTA 08 ATUNTY YAGooR LPNAOU eTtTESOL):

apxLromolinon; (BLaypapy Tou mpdtov 1) while el{ocodog<>0 do
begin
SLéypage €va 1 and £locodo;
MHETOK [ ynNoe HEPAAT DL d mEpa oand £locodo uuL £E0do;
npdcbeoce dVo 1 otnyv €E€0do;
METOML VNOE HEPAAN apLoTeEpd TEpa and £Zodo Hal £locodo
end



gz > | halt yia < ¢ 0 >

o= O OO OO =D
=v R el G S = s~ = o R
&
V

[ivaxag 5.1: T'M mpdypouua.



do d1 qd2 ds g4 ds 6 i as
R/g, | halt | Rfqs | Rfgs | 1/g6 | 1/g7 | L/gs | R/
0/q: 0/¢s Rfgs | Rfgs | R/qe | L/ar | L/gs
Hivaxac 5.2: TM oe yopon nivaxa.
1 —- R
start @ T 0— R :\-% 0— R .
1—0 1—0
0
" 00— R - + halt
00— R
0— L

1L U B)



Koouag evtoang | Awevbuvon
1. LOAD operand
2. STORE operand
3. ADD operand
4. SUB operand
5. MULT operand
6. DIV operand
7. READ operand
8. WRITE operand
9. JUMP operand
10. JGTZ label

11. JZERO label

12. HALT label

Iivaxac 5.3: Tunxd oVvoro esvtoA®dy RAM.



Hpoypauua RAM

AvtioTowyr Yeudoyivooa

pos:

while:

continue:

endwhile:
endelse:

READ 1
LOAD 1
JGTZ pos
WRITE =0
JUMP endelse
LOAD 1
STORE 2
LOAD 1

SUB =1
STORE 3
LOAD 3
JGTZ continue
JUMP endwhile
LOAD 2
MULT 1
STORE 2
LOAD 3

SUB =1
STORE 3
JUMP while
WRITE 2
HALT

read rl

if r1 <= 0 then write 0

else begin
7241l

r3<«—7rl—1

while 73 > 0 do begin

r2<+—rlxrl

r3«—r3—1

write r2

Iivaxag 5.4: Tumxd npdypauus RAM.




H Xulhoyiomix) Tou ApltoToTEAY) AMOTEAEGE TNY TEOTY Tpoondbeia Beue-
Mwong e Aoy xar tev pabnuatnxdy. O Leibni(t)z mpbtewe 1o el

TROY UL

1. Na dnurovpynBel o tuxh yhidooao (formal language), ue tny onola va
UTIOROULE VU TERLY PAPOUME OAES T MABNUATIXES EVVOLEC XL TIPOTACELS.

2. Na dnuroupynfel ta pabnuatel fswpla (SnAady Eva alvoro ané aZio-
LOTOL XAl QUUTIERROUATIXOUS XAVOVES oUVETaYWYHS), ME TNV onola va
UTOROULE VO ATOSELXYIOUUE OAES TG opbec uabnuatixés tpotdaostc.

3. Na anodetyfel 6t auth n Bewpla elvar ouvenf (consistent), (Snaadh 6t
n npdTaan «A xar 6yt A» (A A —A) dev elvor duvatdy va anodetybel o
auty T Bewpla).



H mpayudtwon autol Tou TpoYpdUMaToS dpyloe TOAU apydtepd, TEoOg TO
t€hog tou 190u awdva. lloirol emotAuoveg aoyorBnxay ue tov oploud Tng
evialag yadooac tne uabnuatiic (f ouuBoiuhic) Aovixhic (Boole, Frege, x.a).
Addot aoyorfiBrxay ue tov optaud g evialag Beoplag twv ocuvéiwy (Cantor,
X.0.) XL Aol Ue Ty tapayweyy (derivation) 6AwY TV aAnBOY LabnUATIXOY
Tpotdoewy LE Yphoy Tne Luvolobewplag (Russel, Whitehead, x.a.).

Yny apyn autol tou awdve o Hilbert 3dAOnxe va mpoayuatonotfost 1o
30 uépoc tou Tpoypduuatos Tou Leibni(t)z, dnhadh va Bpel évav aiydplbuo
Tou va anoxeivetar (decides) yw tny opbbtrta k80 uabnuatxic npdtaoTg.



Tehud, duee, 10 1931 0 Godel anedele om:

o Acv undpyel tol0¢ ahydpLbuoc.
o Elvan adUvaroy va anodetybel n ouvérela tne Luvohobemplag.

o Emmiéov, onowdfmote (Snhadh by ubvo n XuvohoBewpla) aliopanxd
Bewpla Ty Mabnuatxdy, tou tepuhaulavel TouAdyiotov Tny Apibuobe-
opla, Ba tepthapBdver xaL un anoxplowies (undecidable) npotdaeis.

o Kodixonoudyrag npotdoeis Le guatxots agtBuolc (auth n xedxonolnoy
Aéyetar ofiuepd «[xeviehonolnam: Godelization) undgeoe va togouod-
OEL UL GUYXEXPLIEVT TpOTaan Tou elval U amoxplowy.



To anoteieoua autd tou Gaodel Atav n avtla wag onuavtixig xplone ota
XAQOOME LOOTUATIXNG, MO CUYYEOVOS XAL 1) ATORYY] TV LOVIERY®Y SUVIULXGOY
uabnuatixdy. To xevipuxd spotnua dev elvan ma anid av wa npdtacy slvar
aAnBhc 1 Peudic, ahid av elvar «amoxplown A un anoxplowtn», SnAadh av elvar
«unohoyroth (computable) f dyw». Autd axpBde elvar xar o avixeluevo tng
Ozwpiag s Yroloyiotétntas (computability). Av dofel 6T o cuvdp-
oy f elvar unoioyioth, moro elval Tto xbdotoc i ta ayabd (resources) mou
xeerdlovtar yia va unohoyloouue v f; Autéd elvar to Baowxd epdtnua g
Ozwpiag g IIohunhoxbéTtntag (complexity) .



Avdopopor emathiuoves (Turing, Church, Kleene, Post, Markov, x.a.) B&\-
Onpeay va Eexabaploouy g évvoteg: unohoyiatd K emhlowto (solvable) ue
AAYORLOUO, UTOAOYLOTY GUVAETNOTY) XxaL anoxplowio TedBinua. Katéaniay, Aot-
7OV, OE SLAQPOPETLXY UTOAOYLOTIXG MOVTEAL, Ta Oola Ouwe anodelynxay dha
LOOSUVAULY METASY TOUS.

H neplonun @€om (thesis) Tov Church Aéel howndy anhovoteuuéva: «'O-
AOL TO YYOOTE 3o T “dyvwota” MOVIEAR Mg Evvolag “umoioyiotdg” elvar
unYavtoixd toodlvaua (effectively equivalent)». Aniad?, dobBévtoc evéc ah-
YoplBuou o £va LOVTEAO YLU MO GUYXEXPLUEVT GUVAETNGTY] [, UTOPOUUE Un Yo~
viatixd (e ™ Borbera unyavic) va xataaxeudoouue aiybplBuo os éva GANO
HOVTEAD Yo TNy (St auvdptnaon f.



e Yndpyouv dmnelpa Uev, adrd ubvo apBurorua (countable) Siagpopetind
npoyeduuatd. Extég autol UTopouus YETOUWLOTOOVTAS XwilXonolna
va. tol amaplBufoouus unyaviotixd (effectively enumerate)®

o ATd TV AAAT uepLd Seg, EEpouue OTL uTdpyouy Y aptbufouues drelpeg
(uncountable) Swapopetixég ouvapTRoeS. AuTd ATOIEXVUETAL LUE SLaYw-
vionolnon (diagonalization), av@Aoyn UE AUTH TIOU XETOULOTIOLOULE YL
va delfouue 4Tt To oUvoro IR elvan un aptbuiowo



Oedpnua 6.1.1. To halting problem (HP) clvar un anoxploiuo.

Arnddeién. 'Eotw 6w my, m, Mo, ... elvor tta pmyavionxd anopiBunon (effec-
tive enumeration) 6Awv TV TpoYpaUudTwY. Ac utoféoouue 6Tt to HP elva
emtAlotto. Tote xataoxeudlouue €va TRdYLUUUA T, TOU EAEYYEL AV TO TPO-
YPOUMA T, ME 0000 7 OTUNATAEL 7 OYL XaL AVAAOYA UE TNV ATAVINOT OF
QUTOY TOV EAEYYO, TO TEOYEAMUO T OTAUATIEL AV TO Ty, (n) SV aTOUATAEL, Xat
AVTLOTEOOWCS:

7: read(n); if m,(n) terminates then loop_forever else halt

Puond autd To npdypauua T xdnou Ba eugavileTal oty TapaTdve aplb-
unoy. Ag mouue 01t o delxtng yia to  oelvar ¢, dnhadh m = m;. H da g
Swywyvtonolnang elvar va ddoouue o delxtn ¢ v input oo m;. Téte 1o m4(4)
OTAMOTAEL Ay XoL MOVo av To (1) atauatdel xar autd ouBalvel av xaL ubvo
av 10 (%) dev otauatdet. Avtioaon,. 1



OpLoudg 6.1.2. 'Eva gUvoro S Aéyetar anoxploylo ) unoioylotd 1) emAloyio
(decidable, computable, solvable) av xaL uévo av undpyet evac aAybplbloc tou
OTOMATAEL 1) L UTIOAOYLOTLXY] Unyavy) Tou dlvel €£odo «valy yia x&fe sloodo
a € 5 xar 2030 «byb» v %46 eloodo a € S.

Optouédg 6.1.3. 'Eva olvoro S Aéyetar xataypdduro (ue unyavotixyh yevh-
tera) (listable, effectively generatable) av xar uévo av undpyet wa yevvhted
dwadixacio | Unyavh mou xataypdeel dAa ta ototyela tou S. X1y, mbaveg
arepn, Mota e€8dou emtpénovTal oL emavaifdelg xor dey undpye. TEpLOpLOUOCS
Yoo Ty ddtaln twv otoLysloy.



Ay 1o S elvor anoxplowo téte xon 10 S elvan anoxplouso.
Av 1o S elvan anoxplowo tote 10 S elvar xaL xataypddiuo.
Av 10 S xat 10 S elvar xataypddiua téte To S elvar anoxplowso.

Av to S slvar xataypddruo e yvnolog adlovoa dudtaln td61e 10 5 elvan
anoxplollo.



npoypduuata Pascal

npoypduuata Pascal yople avadpour, (aoalpeon avadpoufic ue yphon
otolfac)

npoypduuata Pascal yopls avadgour xar ywpelc dhioug tinoug dedoué-
Vv eXT6C and toug Quoxols aptBiuolc (ETLTUY YAVETOL UE XOSXOTOMA-
OELS)

npoypduuate WHILE ( uévn dour eréyyou to WHILE )
npoyeduuata GOTO o [F

Assembler-like RAM (random access machine), URM (universal regis-
ter machine)

SRM (single register machine) €vac xataywenThc

Mryavfi Turing (npdofacr ubvo oe o xupérn "cell” tne towviag x46e
popd)



To yopaXTNELOTIXG TWY TULATIAVE LOVTEAWY slvar:
® VISTEPULVLOTIXN TOAUTAOXOTNTA OF SraxpLtd Bruata

® TETNEQUCMEVO GUVOAO EVTIOADY TOU EXTEAOUVTOL and enelepyaoty)

e ATEQLORLATY) VAU



Alha povtERa elva:

¢ mopaAAayEc and unyaveg Turing

o Thue: xavéveg enaveyypagh (re-writing rules)

o Post: xavovixd cuatiuata (normal systems)

e Church: oywouéde A (A-calculus)

o Curry: ouvduaonxh hoywxt (combinatory logic)

e Markov: M. ahyodgiBuon

¢ Kleene: yewxd avadpouwd oyfuata (general recursive schemes)
e Shepherdson-Sturgis, Elgott: URM, SRM, RAM, RASP

o Yyfuata McCarthy (if ... then ... else ... = LISP)



Oesdpnua 6.2.1. f clvar TM vroloyioty avy
o [ elvayr WHILE-urodoyioth
o [ elvat GOTO-vurodoyioty
o [ elvat PASCAL-urodoyioth

o f elvar uepixd avadpouixy (partial recursive)



Haparrayéc Mnyavey Turing mou €youy tny Bia utohoyLotxy) Suvatotn-
T, O)L OuLS xon anodotixdtnta (efficiency) elvar:

e TOAAES Tawvieg, uvAun tAéyuatos (grid memory), uvAun TEpLOCOTERPGY
oo TAOEWY

e ueyahUtepo X

® TOMAES TUPAAANAES HEQAAES

® U VIETEQMIVLOTIXES UeTa3QOELS

o ulag xateubivoeswg, anclpou uRxoug Tarvia

e cyypaoh xoar xlynon e xepaifc o xd4be [Shua



M dadn (o povtépva) taZwbunor tpolinudtey (YAwoody, auvéiny)
ot xhdaoewg unopel va yivel Ue XpLThpto 1o Tocedy twy ayabdy (ypbvog, ydeoc,
eNEZepyYAOTES, X.0.X.) TOU Yperdletar évac PEATioTog aAybpBuoc o va o
emAloeL (avayvoploet).



Yuvhbeg uetpdue To xdoTog NG YeLedTepE Teplntwong yia eloodo ueyeboug
n. 'Etov 1o xbotoc tou alyoplBuou A(n) slvor To max tou xbdotoug Tou
airyoplBuou A and dieg tig Suvatég etoddoug ueyeboug n.

To xbéatoc C(n), tdpa, evéc mpofifiuatos m(n) elvar to min(A(n)) and
dAhoug Toug aiyopluoug A mou Advouy To TEdBANUA T. LUVETGOS YA VA TEOo-
Sroploouus 10 xbotog C(n) evée npolifuatos m(n) yeeralduaote €va dve
6pro (upper bound) dnAad¥ évav aiydplbuo A mou €xel xbéotog C(n) arré
ol Ve xdTw 6pLo (lower bound), dnhadh ua anddeldn 6t 1o xaAlTepo
Suvatd x60T0¢ UE TO TEEYoY ovTEro elvar C(n). 'Etal, 1., N Yponx Ttoiu-
TAoxétrTa TaZvéunoTg ue auyxploss (6nou wovtého elvar Tpdypauua Pascal,
xoll METEAME Tov apbud auyxploswy) elvar O(nlogn).



Yuvibwg ovoudlouue anodotixd gva ahydpliuo av o ypdvog Tou elval no-
auovouée (nPM) we mpog To uéyebog trg eobédou. P Aéyetar 1 xAdom ToV
TEOBANUATOY TOU AUVOVTAL UE VIETEPUIMOTIXG ahydpbuo o Ypdvo TOAUWYU-
wxo. NP heyetor ) xAdorn tov npoBAnudtov Tou AOVOVTOL Je WY VIETERULYL-
o ahyopbuo ae ypdvo moAuwmvuULXd. Ague OTL EVag Un VIETEQMAVOTINGS
ahyopbuog A Aover €va TedBAnua m edy UTdpYEL TOVAGYLOTOY ULd OO TS SU-
vateg exteréoels Tou A mou Abvel to 7. [pogavds wayder P C NP ahid €36

xoL TPLAVTa YpowLa Tapauével dAuTo To TpdBAnua «P # NPy,



PSPACE Jévyetor 1 XxAQoT TV TRoBANUAT®Y Tou AUVOVTOL UE (VIETERUL-
VOTLXS | U VIETEPUVLOTIXS aAYOpLOU0) o ToAuwYLLXS Y Geo (uviAun).

Tehog NC Aéyetor 1 xAdon TeY TpolAnudToy tou AUvovtar e aiydplbuo
Tou Yenouwonotel toAuhoyapBuxs yedvo (log®M n) o moluwvuuxs apBud
EMECERYATTOV.



Mepud yvwotd TpoBARUATE O QUTES TS XAJOELS!

Yty xidan NP: 1o npbfinua (SAT) wavonomaubtntac TOmwy g
npotactaxhic Aoyixic, to nedBinua (TSP) tou TAavéslou TwANTh, X.T.A.

Yy xhdan PSPACE: 1o npéfinua (QBF) anotlunong tinwy tne xa-
tyopnatixhic (boolean) Aoyixic, To TEdBANUR oTpaTNYIXTC OF SLEPopa,
Ty vidia, 2. T.A.

Yty xhdon NC: 1o npdfinua (GAP) npbofaong (dnhadh Unaping uo-
voTaTtol) ot eva Ypdoo G uetall duo xoufoy.

To mpdBinua LavoToLNoWOTNTAC TUTWY TNG XATNYOLNMATIXAC AOYLXAS
elvar Uun emAUoLLO AAAG xataygddiuo.



Loy er:
NCCPCNP CPSPACE C REC C R.E.
Hapathipnon:
REC = recursive = decidable
R.E. = recursively enumerable = listable



Ta¢ivounon TTpopAnpdaTwy

OAA TA NMPOBAHMATA

YNOAOTIIZTA

MPOZITA (E®PIKTQZ YNOAOTIIZTA

NMAPAAAHAOIMNOIHZIMA



Divide and Conquer

1984 A B T A
< 6713 19 84 o7 13
5952 AT' = 19x067 = 1273
1984 AAN+BT = (A+B) (I'+A) -AT'-BA = 5875
13888 BA = 84x13 = 1092
11904 | 1 TmTmT——===
________ 13318592
13318592
1.59
O(n?) O(n'>?)




ACUUTITWTIKA 2ZUUTTEPIPOPA

logn n n2 2"
3.322 10 100 1024
6.644 100 10000 1267650600228229401496703205376

9.966 1000 1000000 (1267650600228229401496703205376) 10



AVAOPOUIKEC 2 XETEIC

» T(n) = T(n/2) + ¢ O(logn)
(Binary Search)

- T(n) =2T(n/2) + ¢ O(n)
(EUpeon peyioTou)

- T(n) = 2T(n/2) + ¢n O(n logn)
(Mergesort)



Oéon 2 cipiakwy YToAoyiopwy
(Sequential Computation Thesis)

OAa 1a «AoyIKd» UTTOAOYIOTIKd LIOVTEAQ
Eival ToAVWVULIIKA OUOXETIOUEVA WE
TOOC TNV ATT000TIKOTNTA TOUC.



O©éon TTapaAAnAwyv YmoAoyiopuwy
(Parallel Computation Thesis)

O xpovoc¢ mou amaiTeital o€ mapdAAnAo
UTTOAOYIOLIO Eival TTOAUWVULIKA
OUOXETIOUEVOC LIE TOV XWPO TToU amaiTeiTal
OE OEI0IAKO UTTOAOYIOLIO.
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