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MoXumhokdTnTar K\doeig MolumhokéTntag

K\doeig MNMorvmhokdtntocg |

o Ocewpioc TToloylopov: Mag evliapépel pévov av éva TtpdBANUa ivor
uTtoAoyiolpo 14 OxL.

o Ocwpioe MoAvmAokdTNTOLg: Ocwpovpe Lévo uTtoroyioya TpoPAfLaLTL Ko
mpoomabolpe v Sodue av pmopoldv var eTuiuboldv e TEpLOPLOROUG GTOVG
SlaBéoovg VTtOAOYTLOTIKOUG TTOPOVG, OTIWG O XPSVOC UTLONOYLOMOV, O ETULTINEOV
XOPOG LVANG TCOU OLTLALLTELTOW YLOL EVOLAHECO ALTLOTENEOUOLTOL KOLTE TNV ETEAUOT, Kow
AXhot.

Avutol ou meptopiirol, KaBMG Ko AN YOLPAKTTPLOTLKE TV UTLONOYLOMMY opilouv KAGoeLg
TOAUTAOKSTNTOLG LECQL OTLG OTtoleg ToTofeToUpe T SLdpopa TpofATuaTa.

Mopdt Tig ouveyeic kol LokPOXPOVLEC TIPOOTIAOELEG TTOMDV ETLOTNUOVWY, UTIEPYOVV
aPKETE avolyTd epwthporta. [1.y., vtdpyouv TpofAfuoTer yLow TaL oTolar, oV Ko
avikouv oto NP, 8ev éyel Bpebel TorvwVUUIKEG oy dpLBog, O olTe amddelin étu
stvaw NP-complete.
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MoXumhokdTnTar K\doeig MolumhokéTntag

K\doeig MNMorumhokdtntoc I

o GRAPH ISOMORPHISM (to o yvwotd avorxtd mpdBinua): Acdopévaov dbo
Ypdpwv eivou toopopgikol; (Ttopdfohe pe to SUBGRAPH ISOMORPHISM to omolo
glvo Yvwoté 6t elvo NP-complete)

o LINEAR PROGRAMMING (mopépeve yia xpdvio acvorytd): Sedopévou svdg
CUOTHOLTOG YPOUILKOV £ELOMOEWY KO OLVLOOTNHTWV KO MLOLG Y POULULKTG
ALVTLKELUEVIKTIG ouvdptnone (peyiotoToinon 1 ehaxlotomoinon) va supebel pia
BéNTIOTN £PikT Ao

o MéBodog Simplex (Dantzig): Itn xeipdtepn mepintwon ypealdtov ekbetikd xpbvo.

o EX\ewpoetdiig péBobdog (Khachiyan): O mpdtog mohvwvupikdg oy dplbuog yio Tov
YPOURLKS Tpoypoupotiopd. Aev giye peydho TpokTikd evdlapépov.

o AX\yépBpog Karmarkar: MNovwvupikde akydpibuog Tou eixe ko TpokTikd
amoteNéopata koutepa amd tn puébodo Simplex.

o PRIMALITY: Aivetou évag aképatog. Eivow mpddtog 1 éxy;
Mpbdogato (2002 ard toug Agrawal, Kayal, Saxena — AKS) amedeiyfn kou étL to
TPSPANUAL auTS, TTOU TaLpEpLEVE YLl LpKETO Kapd avolktd, eiva oto P.
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Mo\vtmhokdtnTo K\&oeig MohumhokdtnTog

Baoikoi Opiopot |

Oplopdc

Ytnv kh&on TIME(#(n)) (f DTIME(#(n))) aviikouv ta TtpofAfuota Tou uiopodv veu
eTmAvbodv amd veeteppvioTikiy punxov Turing oe xpbvo #(n).

Oplopdc

Ytnv khéon NTIME(#(n)) aviikouv tal TpoPAAOTaL TIOu UTtopolv val eTulvBodv amd pn
veeteppvioTiki pnyov Turing oe xpévo (n).

Oplopég

Ytnv kKh&on SPACE(s(n)) ( DSPACE(s(n))) aviikouv ta TrpofAfpate Tov propodv vau
eTmAvfodv amd veeteppvioTiky punxov Turing xpnouLoToLdvTaG ETLTAéoV XWpo s(1).

Optopég

>tnv k\don NSPACE(s(n)) aviikouv to TtpofAfiartor Ttou propodv var etthubolv amd
VTETEPRIVLOTLKY P oV Turing XpNoLLoToLdvTog eTthéov Xhpo s(n).
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Mo\vtmhokdtnTo K\&oeig MohumhokdtnTog

Bawoikoi Oplopol 1l

Me Bdion ta Tapadvew, optlouvue:

e P =PTIME = | J, DTIME(n')

e NP = NPTIME = | J., NTIME(r')
o PSPACE = | ., DSPACE(n')

© NPSPACE = | J,., NSPACE(n')

o L = DSPACE(logn)

NL = NSPACE(logn)

o EXP = | J.., DTIME(2")

EXPSPACE = | J., DSPACE(2")
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Mo\vtmhokdtnTo K\&oeig MohumhokdtnTog

Baowkol Opiopoi 111

Mopoctripnon

Miow cuvdiptnom f ovopdletow ouvdptnon Tolumhokdtntog (constructible) av vitdpyst
piae TM tétowa dote: V input x pe x| = n, anodéyetan To input ot xpdvo O(n + f(n))
(time-constructible) 1 working space O(f(n)) (space-constructible).

Av 1 f elvail ploe ouvéptnon TorutmhokdTnTag TOTE LOYVOLV:

o DSPACE(f(n)) = NSPACE(f(n))
o DTIME(f(n)) < NTIME(f(n))

BuéTL kdbe vreTeppuvio Tk pxovh Turing wopetl va OswpnBel wg un vteteppuvio Tk e
pio pévo emhoyn oe k&Be Brpa.
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Baoikot Opiopol 1V

o DTIME(f(n)) < DSPACE(f(n))
e NTIME(f(n)) < DSPACE(f(n))

duétL oe xpbdvo f(n) dev pmopel va e&etaotel xdpog (apBpdc Béoswv otnv Touvio Tng
T.M.) toparndve ard f(n).

o NSPACE(f(n)) € DTIME(K°"+/())
Av f(n) > logn téte:

o DSPACE(f(n)) < DTIME(cf(n))
o NTIME(f(n)) < DTIME(™)
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Baoikoi Oplopol V

To mopokdtew Bedpnua opeieton otov Savitch (1970):

Oempnuoe
Av f(n) = logn téte NSPACE(f(n)) < DSPACE(f?(n)). J

Apcoa ard to Bewpnua Tov Savitch tpokitter étt PSPACE = NPSPACE.

AT Tig Tapamdve oyéoelg TpokiTTEL M £&H¢ Lepapyio
L € NL € P € NP < PSPACE = NPSPACE

MvopiCoupe étL L # PSPACE ko NL # PSPACE (awtéd mpokidmrel and to fsdpnpa
LEPALPIOG YLOL XWPLKEG KAKOELG TTOAUTIAOKOTNTALG, TLOU GVALPEPETOU TIALPALKETW).

Avouytd Tapopévouy oL TTPoBALOTOL:

L 2 NL =2 P 2 NP 2 PSPACE
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Baoikot Opiopol VI

O kéopog potdlet, wg TOpa, va eivorl Twg oTo ToPokETw oy

PSPACE = NPSPACE

NP

Yxnuo: KN&oglg ToaumhokdTnTog

Adéokwv: Ytébne Zdyoc ( CoRelab - NTUA) Troh. & Mo\umh. Ampiiog 2017 10 / 32



Baowkol Opiopot VII

Emtiong, mpémel va avarpépoupie OTL OL TTOPATIAVW KAXLOELG TTOAUTIAOKOTTTOLG OLYOPOUV
TpofAfipato amépoong. Mmopolue emiong vor oplooupe KAGOELG TTOAUTIAOKSOTNTOG YLOL
pnyovég Turing ou utohoyilovv evveptioetg. ‘Eva yopoktnplotikd Topdderypo stvon
N TOPOUKATW KA&ON:

Opropdc

FP = to cl0volo Twv cuvapticewv Ttou urtoroyileton amd vteteppwiotiky pnxavy Turing
O€ TIOAVWVUHLKS Ypovo.

H kX\&on FP 8o povel yprioyun Ttopokditw oTov oplopd Twv ovaywyov, agpov
TephopBdivel Tig “sdkola’ utooyLldpeveg cuvapTHOELG.

Miow 8T eTtiong xpHOUN KAAOT TTOAUTIAOKOTNTOC TEOL aLpopd cuvapTHoels stval 1 e€Hc:

Oplopdc

FL = to oOvolo Twv cuvapThoewv Tou uttoroy{letow amd vreteppvioTiky punyovy Turing
oe AoyopLBuukd ywpo.
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Ocwpnuata tepapyiog |

loxbouv tar Tapokdtw Bewpfuotor yiow To povtéro TNg veeteppuvtotikfig unyoavic Turing
pe Tpewg Touvieg (Bewpolpe TéVTOTE CUVAPTNOELS TTONUTINOKSTNTAG t, f2, S1, S2):

Oswpnua (Fiirer, 1982)

‘Eotw t2(n) > n. Téte vmdpyer yYAdooa mov yivetar amodektij oe xpévo fa, adrd Syt oe
xPdvo t1 yia omowodiirote t1 = o(t2(n)).

Oehpnuee (Hartmanis, Lewis, Stearns, 1965)

‘Eotw s2(n) > logn. Téte undpyer yAdooa mov yivetar amoSektij oe xdpo s2, aldd 6y
og xdpo s1 yia omotodijrote s1 = o(s2(n)).

O teyvikéc amodeifeic Tapoheitovta.

Mopdpotar BewprLortor LOYVOUV KO YLoL N VIETEPHILOTIKEG pnyovég Turing. Ou amtodeiZelg
MOALOTOL £lVOlL TILO EUKONEG.
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Ocwpnuota tepapyiog I

O sppoviy pag o constructible ouvaptosilg ToAuT OKOTNTOG OPeileTOL OTO YeYOVdG bTL
av gutpédoupe omoladnrote cuvdptnon otnv Béon twv #(n), s(n), Té6te TPOKHTTOULY
Budpopal TToLBohoyLIkE PouvopEVeL, OTLWG TO TLALPOLKALTW:

Oedpnua (Gap theorem)

Trdpxet avadpopikt ouvdptnon (n), tétora dote TIME(1(n)) = TIME(2'™).
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Mo\vtmhokdtnTo K\&oeig MohumhokdtnTog

Y UUTIAPOROTIKEG KAGOELG TTOAVTIANOKOTTTOC |

Oplopdc
‘Eotw yAdoow L. Q¢ yvwotév, To cupmafpopa Thg YAdooog oupBorileton kow opileton
w¢ e&hc: L= {x | x ¢ L}. Tapa, yia pia kh&omn yhwoodkv C, optlovpe (ne tnv Bordeia Tou
CULTIANPOMOLTOG):

coC={L|LeC}.

Mapdderypor: n kAGon coNP amoteheiton and Ti¢ YADOOEG OV £ivoll CUUTIANPOULALTOL
YAwoodv oToNP. ‘Eva mpdPAnua Tov aviiket otnv kA&om coNP givan to SAT 1) to otevd
ovoyetildpevo pe autd TpdPANUA TG Tawwtoroyiog, av dnhadn évag Noyikdg TUTOG TToL
Bivetaw givow Torutohoyia.
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MoXumhokdTnTar K\doeig MolumhokéTntag

2 UUTIAPWOATIKES KAGLoELG TToAvTIAokSTNTOC ]

‘ExeL evBiapépov var Solpe Toleg kKAELOELG TTOAUTIAOKSOTNTAG elvall KAELOTEG 10G TEpOG
SURTAGPORe, SMAadh yia Toleg kKh&oelg C Loy del C = coC.

Mevikd, oL VTETEPUIVOTIKEG KAGLOELG TIOAUTIAOKSTNTOG (slTe Ypovikée, eite Ywpikég) stvon
KAELOTEC wg Ttpog oupTAfpwpe, d\ad™, oo DTIME(t(n)) xouw DSPACE(s(n)) elvow kKhelotég
WG TPOG CUUTIANPWUAL.

Av Bewprooupe pn vieteppviopd, To TpdPANUa siva avorytd oTnv TepiTtTwon TN
xpovikfig ToxuThokdtntac. Mo TapdSerypa Sev yvwpiloupe av coNP # NP. Méhiotal, to
Tehevtodo ouvBéetan ko pe to TPSPANUA av P # NP, aupo¥ mpoyavidg ov coNP # NP,
toéte P # NP.
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Mo\vtmhokdtnTo K\&oeig MohumhokdtnTog

Y UUTIANPOROATIKEG KNG osLg TToruT okdTNTog ||

Oedpnue (Immerman-Szelepcsényi)
H kXdon NSPACE(s(n)) eivat khetoth we mpog cuumAfpwua. J

Mo s(n) = n éxoupe TV KAGON TPoPANUA&TWV Tou eTuhbovtan amd unyovi Turing Tov
XPMOYLOTOLEL YpappuLkd YXMOPO, AANOG YVwoTd ko wg LBA (linearly bounded automaton),
omdte TO ToPATEVL Bedpnua ENuoEe Kol £val, YLoL TTOAAG YXpOVLAL, ALVOLKTO TPOBANUAL, oV
dmadn n kK\don twv LBA (1) .oodivapa 1 kKA&om Twv context sensitive YAwoomv, atd
évar amtotédeopa Tou Kuroda, tou 1964) sivou kKAELOTN w6 TPoG CULTIATpwUL.
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:
Avarywyég |

H évvolal g avery wy g os Tohvwvupkd Xpdvo Tpétel var ouvdéel petadd Toug
TPOPAAALTOL e UTIONOYLOTIKA “g0koN0" TpdTO. Oewpolpe e0koreg ouvaptrioels (kow
TpofAfarte) Tou uttohoyilovton os ToAVwVUULKS KPSVO.

Qo Bé\aue:

@ Av oL cuvapthioeig f ko g elvon “sdkoec”, TéTE Ko N o0VBeo Toug f o g slvon
“g0koAn".

o Av 1 f eivaw umohoyiowm oe ypévo O(n?), Téte Bewpeitan e0koA.

Apo Bewpoipe gdkoro TpoPAfator (ko cuvaptioelg) outd Ttov uTtoroyilovtan ot
TOAVWVULLKS XpbVo (0Tw kaw og O(n'??)). Mo Touc Tapamdve Aéyoue, opilouvpe TV
avarywyn kot Karp:

Opropde (Avarywyt katéd Karp)

A<l B: 3feFP Vx(xe A «— f(x)€B)
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Avarywryéc Il

Trdpyouv kot dANeG xpHoleg avarywyég, dTwg 1 Aeyduevn log-space, Tou ypnouoToLet
AoyoplBuikd x®po, kow M oTolal sivoll YPHOUN YL ovory wy £ TpoPANUdTwy ot pkpdtepeg
KA&oeLG TToOAVTTAOKOTNTOG, OTtwe M P:

Optopde (Log-space Avarywyt)

A<, B: 3feFLVx(xe A < f(x) € B)

loyver: A <t B — A <l B, ad\& éx1 1o avtiotpoyo.

Mio euBupnty WBidtno plog avarywyhg stvon vau etva kKAeLoTh wg Tpog Sidpopeg kKA&oeLg
YAWOOOV:

Oplopéde

Aépe 6L pioe kKA&oM YAwoo®v C sival KAELGTYH 0 TIPog pict avarywyh < ov

A<BABeC = AeC.
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P
Avarywyég I
Mepikég aTtd TIG KAGOELG TTOAUTEAOKSTNTOG TEOV £lVOl KAELOTEG WG TIPOG TNV ovarywy N

kotd Karp (<)) eivow ov e€%¢: P, PSPACE, EXP, EXPSPACE (BA\éme Tapamdive Lo Toug
opLopole Toug).

Opropde (Hardness)

Aépe étL A givow C-hard (C-80okoho), w¢ Tpog TNV <, av:

VBe C:B<A.

H évvoia tng hardness Sivel éval kdtw dpLo ylaw TNV TTOAUTIAOKSTNTAL EVOG TipofATLaTog,
dedopévou 4t to TPdPANUa A siva TourdyloTov Téoo Shokoro oo oTolodnToTE
TpSPANa piog khdong C.

Opropéde (Completeness)

Aépe étL A givow C-complete (C-TAfipec), ¢ Tpog TV <, av:

A givaw C — hard w¢ mpog < A AeC.
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Avarywyég IV

Mapokdite Stvoupe TAAPT TPOPAT LT VLol LEPLKEG ALTEO TLG OMUALVTIKOTEPEG KAALOELG
TLOAUTEAOKOTNTOLG:

@ NL: to mpéfinpo Reachability (log-space avorywyéc).

o P: Circuit-Value kou Linear Programming (Tt pe log-space avarywyéc).
@ NP: to 3SAT.

o PSPACE: to QBF (Quantified Boolean Formula satisfiability problem).

e EXP: 1o n x n Go.

EXPSPACE: to RegExp(u, -, *, 2), Tov givail To TPORANMA eEXEYYOL Looduvapiog

regular expressions, Tov xpNoLLOTOLOVV Toug TeXeoTéG U (évwon), - (Ttapdbeon), =

(&otpo tou Kleene) kaw 2, émov ? = a - a.
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Mo\vtmhokdtnTo K\&oeig MohumhokdtnTog

MopdpueTpol yLow OpLopd KAACEWV TTOAUTIAOKSTTTOG |

@ Concrete Complexity: Oswpolpe kK&TOLO oUYKeKOLULEVO LOVTEND UTLONOYLOMOV,
K&TIOLO OUYKEKPLLEVO TIPOBANUOL KOl K&TIOLOV ouykekpLiLévo oy dplBo yial To
TpSPANpa og autd To povtého. ‘Etol kabopifoupe tnv akpLfr) TodumhokbTnTa TOov
akyopibuov (o otabepéc puokd dev mailouv pdXo).

o Abstract 1 a\\¢ structural complexity: Oewpolpe kKA&oELG TTOAUTIAOKOTNTOG [UE
Budpopeg umoAoyLloTikéc Tapa LETPOUS KoL OUYKPIVOURE TG KA&OELS peTagd Toug (wg
TPOG eYKAELOMS, Blorxwplopd K.T.X.). Xpfhowo yia Tig ouykpioeig eivow vor Bpodpe
avarywy£g Kol TTPoBAUoTaL TTou givor TAPT 0 ALUTEG TLG KAGLOELG WG TIPOG QLUTEG TLG
oLVOLY WYEG.
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MoXumhokdTnTar K\doeig MolumhokéTntag

Mopdpuetpol YLt oplopd KAACEWV TTOAVTTAOKSTTTOG ]
AVoLpEPOULE ETILY POLLLOLTIKEL LEPLKEG TLOLPALULETPOVG e TLG oToleg opilovTtal kKh&oELg
TLOAUTINOKOTNTOLG:

o povtélo vroloyiopod: Mnyavn Turing (TM), Random Access Machine (RAM),
Temepoopévo awtdpato, Linearly Bounded Automaton (LBA), Mopddhinin RAM
(PRAM), povétova kukhopoto (monotone circuits)-

o péBodog Aertovpyiog/aATodOYNG: VIETEPUIVLOTIKTY, UN VTETEPUIVLOTIKTY, TOBaVOTLKY,
gvolkocoodpevn (alternating), TtapdAANAY-

o cidog povtélov/Aertovpyiog: amopaoiotic (decider), amodéktng (acceptor),
yevwntpia (generator), petatpotéo (transducer)-

@ oryoBd: aplbudg Bnpdtwy, aplbude ouykpioswv, aplduds TOANATIALCLAOUGDV,
xpdvog, x®pog pviung, TAHBog eteepyaotdv, oplbuds evarharyv 6to
uTtohoyLoTikd 8évdpo, péyebog (size) kukhdpatog, Bdbog (depth) kukhdpatog:

@ &k epyaleio: tuyadtnta (randomness), povteior (oracles), Stahoyiki
oMATAeTtiBpaon (interactivity), utéoyxeon (promise), teheotéc (operators)-

o gp&ypota (bounds) wg Tpog To wiKkog TG ELodBov: Yix Tap&derypa O(n®) 1
TIOAVWVULKS, time/space (1(n), s(n)) tradeoff (avtiotdbuiopa), Probabilistic
Checkable Proofs: PCP(r(n), q(n)) (ne xption r(n) tuxaiwv bits ko g(n) queries,
epwthoewv, otnv anddeln).
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Movtéla 8évBpwv vtoroyLopov yioe TM |

o lNo va peketfiooupe Tnv ouvutepupopd pnxovev Turing, B kwdikoTotiooupe Toug
uTtohoyLopo¥¢ piog unyovig Turing pe éva 8évepo vTtOAOYLOROY.
o O vnohoyiopde Eskwd oty pifa Tou dévdpov.

@ Otewpolpe 6TL oLV 0 KATOLO ONUEID TOV UTIONOYLOPROU £XOUME Mo N} VTETEPUIVIOTIKT
emhoy 1 téte éxouue pio Srakh&dwon oto dévdpo.

@ Ytor @A tng unyovic TM éyouue tig aavtfiosig tTng pmxovic Turing. Kébe
povoTtdtt ard Ty pila Tou SévBpou péypt k&Tolo PUANO eTopévwg kKwdikoTolel évorv
Thovd vtohoylopd

o Xwpic PA&PN TNg vevikdTNTOg, TtoBéToupEe bTL To §évBpo stvar Suadikd, TApeg ko
Yepdto. dHha T PUNI Tov eivow oTo idlo emimedo.
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MoXumhokdTnTar K\doeig MolumhokéTntag

Movtéha 8évBpwv vtoroyLlopov yioe TM I

yés no o yés yes

Yyfuo: Movtého 8évdpwv uTtoroyiopol

Eniong, éxeL evBiopépov to pfikog Tou uTtohoyloTikol povoTtatiol artd Thv pilo péxpL To
PONNO VoL £XEL TIOAVOVURLKS PAKOG (G TPOG TO WIKOG TNG £L06dou (Vo avTiotouysl
dMhadn to kdbe povomdTL ot KATOLOV «EUKONO», SNAAST TTOAVWVUILKS, UTLONOYLOWS).

OewpivTog To TapaTdvw povtého, Bo opiooupe peptkéc attd TG YVWOTEC KAKOELS
UTLONOYLOWOV, KaBG Kol peptkég kavoupleg. Mo ouykekpuyuéva, Oa xpnotpomoltooupe
Tooodeikteg (3, V) oto povomdrtia. Emeldr evvositon mdvtote o Teploplopds Tou prikoug
TwV LovoTaTl, Ba ypdpoupe t.y. Ty, avti yie Iy: |y| < p(|x|), dmov y: petafrnTi yro
o povoTdTial, x: HeTafANT Yl TV eloodo, p: ToAvdvupo.
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Movtéha 8évBpwv vtoroyLopov yioe TM I

Mo Topdderypoa, 1 kKA&on P umopel va oplotel wg e&fg:

x€L = VYyR(x,y)

LeP < JReP:
x¢ L = VYy—R(x,y)

Mepioodtepo evdiapépov éxel n kKAdon NP mou propel va oplotel wg e€hg:

x€L = 3IyR(x,y)

LeNP < JReP:
x¢ L = Vy—R(x,y)

Amhadty, av x € L uTtdpxeL TOUNEYLOTOV Vol UTTONOYLOMSG TIOU ALTtoBEXETAL, EVGY AV X ¢ L
Kavévog UTtoONOYLoWOG dev autodéyeTau.
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Movtéha 8évBpwv vtoroyLlopov yioe TM IV

Mapopoing, N kKA&on coNP opileton we e€hc:

LecoNP «— 3Rep: {¥EL = MRxY)
x¢ L = Iy—=R(x,y)

MNaportnpolpe dtL oL TocodelkTeC TOV YPNOLLOTIOLOVVTOL KAl ALVTLOTOLXOUV 0TO «x € L»
kol 0To «x & Ly kabopilovv TAHpwe tTnv avtioTolyn kh&omn Torvumhokdtnrag. ‘Etot,
ELOOLY QY OVE TOV TLOLPALKATW CUKBONLOUO:

P=(V,V), NP=(3,V), coNP=(V,3).
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Mpooeyyiotikol AXydplBuot |

‘Eva tpdPAnpa Behtiotomoinong eivow: (7, S, v, goal).

o [ ToL oTLyoTUTIAL TOV TpoPAfialTog:
o S: ploe ouvdptnon mou avtiotoryilel o kdbe oTLyLSTUTIO TIG £PLkTéG NDoELG-

@ v: 1 avTikelpevik ouvdptnoT- aviioTolyilel oe k&Be ikt Aoom, évav Betikd
OKEPOLLO-

@ goal: min § max, yu TpdBANUA eEharyloToToinomg N peyLoToToNoMG TN
OLVTLKELLEVLKTG OUVAPTNONG, OLVTIoTOLY L.

H i tng avtikeuevikic ouvdptnong yioe tnv Bértiotn Abom pe eloodo x cupforileton
pe OPT(x) ko eivou fom pe goal{v(y) | y € S(x)}.
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Mpooeyyiotikol AlydpBuo Il

Etnlong, opiCoupe Yo kdbe TpdBrnua Behtiotomoinoneg to avriotoryo (underlying)
TPSPANpa atdpaong we &7g:

Aibetatr sTumhéov tng £L0ddov x va pdrypa k.
Epdtnon: sivow OPT(x) > k;
(yror TPSPANIAL peyLoToTolNoMG — atvdhoye yLa TtpdBANUa ehaytoToTolnong.)

Motpdderypo

¥ 1o mpdPAnuo MAX-CLIQUE to otuydtuto sivou évog ypdpog x, oL e@iktéc AUOELG
elvor dhou oL TTpeLg uTtoYpdpoL Tou X (KAKES), N ALVTLKELUEVLKT UVAPTNOT lvou TO
TAN00¢ Twv kéuBwv TS KAikog ko goal = max. To avtiotolyo TpdBANUa atdpaong
etvou o yvwoté CLIQUE.
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Mpooeyyiotikol AXydpibuol Il

Opiloupe T TTopakATw Pototkég KAAOELG TIOAUTIAOKSTNTALG VLo TLPOBAHLALTOL
BehtioTomoinong:

Opiopde

NPO: n kA&on twv TpofAnudtwv BerTiotomoinong, Yo To oTolal To avTioToLXo
TpdPANHa amtdpaong etva oto NP (pe tnv mtpoimdheon bt umtdpyouv epktéc Mool Yo
k&be oTLypLéTLTO).

Opwopde
PO: 1 k\&on Twv TpofAnudtwy Bertiotomoinong, yla To ool To avtioTolyo TpdBANUa
amdpaone sivow oto P.
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Mpooeyyiotikol ANydpiBuot 1V

MoX\& mpofrfuata BertiotoToinong stvow NP-dvokoha. Mo autd avalmrolpe
TPOOEYYLOTIKOUG TIOAVWVUMLKOUG a\ydpLBpoug Tou etthbouv Tétota TtpofAfaTa.

Optopdg
‘Evalg ToAvwvupLkdg oy dpLbpog M etval p-tpooeyyloTikdeg vl éva TtpdPAnuo
peyloTomoinong av i k&be x € I eTuotpépel o Aoon M(x) € S(x) tétol dote:

vM() _

OPT(x) ~7°

Avtiotolyo opiletal p-pooeyyLoTikdg alydpibog yio TpdBANUa eharytotoToinong.
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Mpooeyyiotikol ANydpibuol V

Ou o yvwoTég uokhdoelg Tng NPO, ektdg tng PO, eivon o e€1ic:

@ poly-APX: mepiéxel TpofAfato yia Tow otolo uttdpyeL p(n)-TpooeyyLoTikdg
oY OPLOLOG yLaL KATIOLO TLOAUGVULO p (6Ttov 1 glvow To pfkog Tng ewoddou: n = |x|).

o log-APX: Tepiéyel TtpoPAfijarta yrow Tow omolal uttdpyel log n-TpooeyyLoTikdg
a\yopLBpog (dmov 7 eivon To pikog TG sloddou: n = |x|).

o APX: mepLéyel TtpofAfuaTal yial ToL oTtolal UTLApXEL P-TtpooEeyYLoTIkOG ohySpLBpog yio
kérola otabepd p > 0.

o PTAS: mepiéyet TpofAfpoTaL yLow ToL ool UTLAPYEL TTOAUWVULLLKOU YPEVou
npooeyyloTiké oxrua, Sniadn (1+¢)-TpooeyyloTikds ohydplBuog yia kd e otobepd
e>0.

o FPTAS: mepiéxer mpofAfuoTar yLow Tow ool VTdpXEL TATHowS TTOAUwVUULKOU YpbVou
npooeyyloTiké oxnua, Snhadn (1+¢)-tpooeyyioTikde ahydpLBuog Yo k&be otabepd
€ > 0, movu eumAéov o xpdvog Tou xpeldleTal £ivoll TTOAVWVULKOG KOl WG TPOG TO
1/e.
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Mpooeyyiotikol A\ydpBuol VI

NPO

poly-APX

log-APX

APX

PTAS

FPTAS

Txhuo: Khdoeig tpofAnudtev Betiotonoinong
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