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Evyaprotisg

H oloxkpwon g Atopkng Amiopotikng Epyoocioag amotelel évav oamd Tovg
ONUOVTIKOTEPOLS GTOYOVS VOGS TpoTTLYLOKOD PortNnTh. [T 0wTd VidBm TV voypEwaon
Vo eKQpao® TG EVOEPUES OV EVLYOPIOTIEG TTPOC TO. ATOMO EKEIvOL TOL Omoid, OTMC
TOTEL, OOPUUATICOV CNUAVTIKO POAO OTNV EMITELEN AVTOV TOV TPOGMOTIKOV OV

G6TOY0V.

Apywcd, 8o n0ela va gvyaprotiom Beppd tov K. ['dvvn Anpomovio, o omoiog HEG® TOV
polov TOL ¢ emPAEmovTag KOONYNTNG NG OWMAMUATIKNG HOL €pyociog, e
kaBodnyovoe kot pe cupPovreve oe kdbe onueio g ddikaciog avtng, otnpilovag

pe o€ KaBe duckoAia.

Emiong, Oepuéc gvuyopiotieg ek@pdl®m 6TO GUVOLO TOVL OKAONUAIKOD TPOCHOTIKOD TOL
[Mavemomuiov Kompov yio 6Aa ta amapaitnto €podia. Tov Hov mopeiyov Kab’ OAn
dugpkelr TV omovd®dv pov oto Tpiua [TAnpogopikng. Ot yvdoelg mov améKTno
Katéotnoay OLvvoTn TN OEKTEPAIMOT) TNG OIMAMUATIKNAG OV EPYUGTOC, EVO TAPAAAN AL

Oa e cLVOOEVOVY BTNV PETEMELTA ETAYYEALOTIKT OV TOPETQL.

Téhog, emBLUD Vo TO £Va TEPACTIO KEVYOPICTM» GTO GTOUO TO OTTOL0, TAPOLO TOL dEV
ocuvdfovtal Gueca pe Tov KAAS0 poc, n non kot cuvousOnuatiky Toug vrosTpEn
OTOTEAEGE TOV CNUOVTIKOTEPO TOPAYOVTIO GTNV OAOKANPOGT TOL KUKAOV GTTOLOMDV HLOV.
Avtd T dropa dev ivan dAAa amd Tovg PIAOLG OV Kot TNV OKOYEVELD Lov. MEcm TG
avidroteAovg PonBetdg Toug NpHa avTipétomog Pe pio PeyaAn aAndeia: apketd and to
amopoitnTo €QOdIa Yo Vo, SompEyove oe pio Kotvavio, 0gv elvat LVAIKA, LETPNCIUL, 1

opatd.



IHepiinyn

H «Emysipnuoatoroyion omotedel oviikeipnevo HEAETNG OPKETOV  KAAO®V NG
[TAnpogopikng onwg m Texyvmty Nonmupoovvn, n Oswpic Ymoloyiopod, o Aoyikdg
[Tpoypoppoatiopnds, n Bliominpogopikn kin. Opiletonr o¢ 1 dwdikocio kotd tnv omoio
ekdnAaveror vroompiEn N anadioon yo pio cvykekpyévn B€on mov agopd Kdmolo
0éua, péow g mapdbeong TV AdY®V ekeivewv mov odnyobv 6TV GTAGN ALTY], Kol TN
onuovpyia cvoyeticewv cVYKpovong 1| VTooTNPENS, Letald toug. To dwypovikd avtd
Bépa €xel pedetnBet oe peydro Pabud, kKabmg pnopet vo avamapacticet pio TAndopa
TPAYUOTIKOV TpoPfAnudtmv. Kadnueptvd mapadelypota ntyeipnuotoroyiog oamoteAovy
N GLVEAELOTN TOL KOWOPROLAIOL KO TOL OKAGTNPIOV, Ol TOAMTIKES AvTITOPaEcELg
(debates) kot yevikd omotadnmote mPAEN avTOAAOYNC OTOYEDY Kol GTOLEI®V, OV

oKomd £Youv va eVioyOGoLV T0 KOPOgS piog Béong, Evavtt dAL®V.

Xto mAaiolo ovtg g epyaciag Oa aoyoAnBoldue pe TO AQOPETIKO KOUUATL TNG
Emyeipnuotoroyiog, divoviag EUQocTt GTO GLUGTATIKA OV TNV OATOTEAOVV, ONAAON TO
eEMyEPNUOTO Kot TS HeTa&y Tovg ovoyeticels. Oa  peietnbovv  mpofinuoto
Ixavomoinong Iepopiopadv oty Emyeipnuatoroyia, HEc® ¢ LOVTIEAOTTOINGNG TOVG,

1660 otV Ilpotaciaxn Aoyikr|, 6co kot oto ['poappuxod Tpoypappaticud.

Meyardtepn onpacio Ba 600el oto mpoPinpa g Evotaboidc Eméktaomg, katd to
omoio Ba Ppiokovpe gvotabeig opddeg emyelpnudtov mov Bo Katappintovv avtimalo
emyepnuota. Emiong 0o peiemBei m Mn-Ikavomomowpdtmro ota  mpofAnuato
Evotafovg Enéktaong kot 016popot Tpdmot [Le TOLG 0TOI0VG UTOPEL VO AVTILETOTIOTEL,
wote va emtevydel n eEedpeon g kaAdTEPNG dLVATHG AVoNG HEc® cuuPifacumy, ite
avtd amortel apaipeor otoryeimv and to TPOPANUA (0TS EMYEPLATA 1] CVCYETICELS),

glte pHOUIoN TOV TIWOV avdbeong.
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Kepararwo 1

Ewcayoyn

1.1 Kivntpo Authmpatikig Epyaciog 1
1.2 Yxomog Ammhopotikng Epyaciog 2
1.3 Aopn Authopotikng Epyaciog 3

1.1 Kivytpo Avmhopatikig Epyaciog

H «Emygpnpatoroyio» amoterel ) JSwdikacio katd v omoid ekdNAMVETOL
vrootpién N anoaéioon yu pia cvykekpyévn Béon mov apopd kdmoro OEpa, PEcm g
Tapdbeong TV AOY®OV EKEIVOV TOL 001YOUV OTNV GTACT OVTH Kol Tn Onpovpyio
ocvoyeticemv oOyKpovons N vrootpEng, peta&d tovg. Ot Adyor awtoi ovoudlovton
CEMYEPNLOTOY Kot 0KOTOG Tovg elvan va meicouy yuo TV opBOTTO TOV OTOYEDV TOL
ek@paoti Toug. H artioAdynom g opBotnrag g vrostnplopevng Béong, kabmg kot n
npoomdfelo peiwong Tov KVpovg piog avtimaAng 0éomg, elvar ov cuyvotepes Ko
AMOTELECUATIKOTEPEG KATNYOPIEG EMYEPNUATOV. ANPOTEPEG Ol TPOCEYYIoES (N eV
dueca, ko m dgv Eupeca) tpoomafodv vo emtthyovv v emikpdnon piog 6éong, Evavtt

piog TAn0opag dAAwv Bécemv Tov v aviayovilovtat.

Otov n ypopun peta&d ocmotod kot AovBoouévov TpOmov TPOCEYYIoNS  €VOG
mpoPAnpatog eivar apketd BoAn (AOY® AGLVETMOV 1)/Kot ATEADY TANPOPOPLDOV) 1] TEAIKN
amoeaon telvel va gvomoketal, 1 £01® va Pociletor Katd Kdpov, oTnv AoykoTEPN €K
TV mpoceyyicemv. H ékppaon emyeipnudtov Kot 1 EXKPATNOT TOV TEWGTIKOTEP®VY €5’
aVTOV, omoterel Tov amlovotepo TPOTO eEehpeon piog kavomomTikng kot (Kotd
mieloymoein) omodekTNg AoNG o€ avToL ToL €idovg mpoPfAnuota. Me Alya Adywa, 1
Emyeipnuotoroyia mpoomabel va efoieiyer ad1E€oda mov £yovv va KAvovv e
mpoPAquato ot omoia dev  vmapyovv Cexdbapa  «opBicy M «havBaouEVESH

npoceyyicels.



H op86tra ¢ Emysipnpatoroyiog PaciCetor oto 411 1 Adon oe mpofAnpato mov
opiloviatl 6TO YMPO NG, Elval TANPWS TEKUNPLOUEVT). AVTO TPOKVATEL OO TO YEYOVOG
OTL OPKETA 1OYVPES, KOl GUVEKTIKEG LETAED TOVC, YVOUES, OKATAPPUTTEG OO avTifeTeg
ATOYELS, OLOOOTOLOVVTOL KOl KOTOUPEPVOVV VO, EVIGYDGOLV TO KVPOG TNG KOwvng 0éong

oL VLOGTNPIlovV.

H onupaviikomra g Emyeipnuatoroyiog paptopeiton omd v €popuoyr g o€
AAPOoPOovG KAAOOVE OIS 1 VOLIKY, 1| TOALTIKY, I BloAoyia, N TANPOQOPIKY, 1| AOYIKN, 1
QUAOGOQI0L KOl YEVIKOTEPA OTOLONTOTE VPIGTAVTAL TPOPANUATE, TO OTolo deV Elvar
kabopopéva oe Eexdbopa mAaicla Kot amoitovv v mopdbeon emyyelpnubtov omd

€101KOVG, Mot va Anedel pio amdpao.

Ymv gpyoocia avty Ba peietnBoldv ddpopeg Evvoleg, €PAPUOYES, TPOPANMOTO Kot
nmpooeyyicels mov oyetiCovron pe v Emyeipnuotoloyia, pe wovpidtepo omnpeio

avaeopds va aroterel To TpoPAnpa g «Evotabotc Enéktaono».

To mpoPnua g «Evotabovg Eméktoonc» amotedel €va apketd onuovtikd €idog
[MpofAnpdrov  Ikavomoinong  Ilepopiopmdv,  opiopévo  G6T0 YOPO NG
Emyeipnuotoroyiog, péow tov omoiov eEdyovpe ta emyeipnpato twv onoimv 1 0éom
TOVG OMOTEAEL TNV EMKPOTESTEPN TOV GLVOAOL TV Bécewv. Oa dovpe TV YpNon
GYETIK®V gpyareinv, Omm¢ o TIpotaciaxog Aoyiopds, o I'pappikdg Ipoypoppotiopnog
kot ot Emdvtég [poPfAnuatov Ikavoromoipdmrag, yio Tov opiopod, T LOVIEAOTOINGN
Kot TNV emiAvon Tov ovykekpiuévov mpoPinpatoc, ¢ IlpoPinua Ikavomoinong
[Tepropiopmv. Akdun, Ba pereTnBovv kot kdmoto vd-TpoPAnpata mov cyetilovton e
mv Ikavomomoomrta npofinudtov «Evetabovg Eméktaoncy, kot tovg tpoémovg pe
TOVG omoiovg YePWOHOoTE TEPIMTMGELS TOV amoteAovv «Mn-Ikavomomoipeg», pe

oKkomd TV €Vpeon GLUPPACTIKOV AVGEMV.

1.2 Ykomog Authopatikis Epyaciog

2KOTOG TG TOPOVGOS SIMAMUOTIKNG EpYOciog eitval 1) ekTevig HEAETN TTPOPANUATOV TTOV

opifovtar oto yopo ¢ Emyeipnuatoroyiag, pe kopidtepn ugoocn oty mpoomdbeio



e€evpeong ovvorwv Evotabolc Eméxtaong, kot v poviehomoinom Tovg HECH

dwpopav teyvikmv [poypoppatiopot Ikavomroinong [eplopiopudmv.

[T ovykekpéva, mapovotdletal To TpdPAnua ™ e&evpeong Evotabovg Enéktaong
o¢ TpoPAnua Ipotaciakng Ikavoromopdtrag (Propositional Satisfiability) péow g
xpNong tov SAT emivtn Lingeling, eved mapdAinia 0o peretioovpie To 1010 TpdPAnua,
povieAomomuévo g mpoPAnuo Axépoatov [pappikov Ilpoypoppoticpov (Integer
Linear Programming), péo® g ypnong tov emAvty intlinprog mov mpooepépel 1

Matlab.

EmumAéov, yivetar avapopd 6Tovg TpOTOVS HECH TMV OTOIMV UTOPOVLE VO YEPLGTOVUE
TEPUTTAOGELG Mn-Ikavomomcipwv npofAnpdtov Evotafoig Enéxtaong.
INUovTikotepol amd  avTovg amoteAoLV M xpnion g Méywome Ilpotaciokmg
Ixavomomowpottog pe Bapn (Weighted, MAXSAT problems) péow tng ypriong tov
MAXSAT eriloty Maxino, kot o Mewktog-Aképarog I'pappikodg Tpoypappatiopog
(Mixed-Integer Linear Programming, MILP) péow g ypnong tov emivty intlinprog
ov mpoopépel 1 Matlab. Téhog, Oa peletnoovpe 10 TMOG S16POPEG PEATIOTOTOMCELS
TV AGE®V oL {NTOVVTOL OO TOVG EMAVTES, TPOCSPEPOVY SLUPOPETIKA ATOTEAEGLATA.
H napovcioon anotelecpdtmv Kot ETEENYNGN TOVS, TPOS TO XPNOTN, YiveTal HEG® eVOg
TPOYPAUNOTOS GTN YA®GGa Ttpoypappaticpod JAVA, 1o omolo avarntoydnke e1dwd yio

TOVG GKOTOVG TNG EPYNGING QVTNG.

1.3 Aop Authopatiknig Epyaciag

210 Kepdiaro 1 mapovcidcaye, oe yevikd mhaicia, To BEpa g epyaciag, Tovg GKOTOVS
6ToV¢ omoiovg eotidlel Kabdg emiong kot To péca (epyareio, TEYVIKEG, TPOYPALLUOTO)

mov Ba Pondncovv oty emitevén TovC.

210 Kepdhawo 2 yiveror avagopd 6to Oswpntikd Ynofabpo mov omorteitor yio va
KOTOVONCOVUE TANPMOG TIC oNUovTIKOTEPEG €vvoleg ¢ Emyyeipnuatoroyiag, kot Tig
10O10UTEPOTNTEG TTOL JETOLV TO YWDPO TNG (OPIGUOL, YPOPIKY] AVATOPACTOCT], OTOAPOLTTES

dopég dedopévarv, epyoireior k.AT.). Tavtdypova, opiletar t0 mpoPAnua «Evotaboic



Enéktoong», 1o omoio amotedel 10 KLPLOTEPO oMuEio EVOLPEPOVTOG TNG €V ADY®

UEAETTG.

>10 Kepdioo 3 mapovoidletar o tpoémog pe tov omoio o Ilpotaciokds Aoyiopog
YPNCLOTOIEITOL Y10 TOV OPLoUO, TNV HEAETN Kot TNV emilvomn TpofAnudtov «Evotadoie
Enéktaong», poviehomomuévov og Ilpopiuata Ikavomoinong Ilepropiopwv. O
TPOTOg YeWPopov TtV Mn-Ikavoromowwy mepimttocemy, Pacer tov Ilpotaciokon

Aoyiopov, meprypdeetal oto Kepdioo 4.

210 Kepdrawo 5 mapovsialetor o tpomoc pe tov onoio o I'pappikdg Ipoypappoticpog
YPTCLOTOLEITOL Y10 TOV OPIOUO, TNV UEAETN Kot TNV emidvomn TpoPfAinudtov «Evotaboig
Enékroong», poviehomomuévov og Ilpopiquata Ikavomoinong Ilepropiopmv. O
TPOTOG  YEPIOHOV TV Mn-Ikavomomoiuwv mepmtocemv, Pdcel tov  [pappkon

[Ipoypappatiopod, meprypdopeton oto Kepdiawo 6.

Kot ota 4 npoavagepbévia kepdioa (3, 4, 5, 6) yiveton ektevig avaeopd oe OAa ta

epyoreia, TEYVIKEG YVADOELG KOt SIEPYOGIES TOV ATALTOVVTOL.

210 Kepdrawo 7 mapatifevror moapadeiypato, HEC® TEPAUATOV, Y0, TANPT KoTavonon
TV 0cwv Tapovotdloviol ota Tponyovpeva kepdaioa. H epyacio olokinpdvetatl 6to
Kepdrowo 8, pe v mopovciocn copnepacudtmv, Kobng exiong Kol LEPIKMOV CKEYEWDV

YloL LEAAOVTIKEG EMEKTAGELS TNG.

Me 10 téhog NG epyaciag, mapatiBetar n PpAoypapia, pe OAe TIG amapaitnTeg TNYES
OV TEKUNPLOVOLV TO. GLUEPALOUEVA, OTMOC Kol TOPOPTLOTO TOV TEPLEYOLV TOV
KOOIKOL TOV  TPOYPAUUOTOS 7OV  ovomtOyOnke, Omwg Kot  GAAEG  OmopoiTnTEG

TANPOPOpPIES.
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2.1 Ozopia

2.1.1 Xpiowot Opwopoi [9, 11]

Emyeipnuo: Xto medio g Aoywkng, éva emiyeipnua (argument) givat £vog GLAALOYIGUOG
N wo oMiwon, Paciopévn ot QLGN YA®GGA, M omoio vrootpilel KAmOO
ocvumépacpo. [Ipoxvntel amd v Tpoypatikdtnto Kot omoterel oTdfmote o umopovce
va ompiéel pio ovykekpipuévn Béomn, OT®G M.y, amodeKTIKO otoryeio (amoteAéouata
EPELVAV, TEKUNPLL, HOPTUPIEG K.AT.), EOPULOUEVO KOl OTOOEKTO YeEYOVOS (VOUOL NG
@OONG K.AT.) , ] 0KOUN KOl TPOCMTIKY Aoy (To teAevtaio dev @épet Tov idto Paduod

TMEICTIKOTNTAG, OGO 01 AAAES KOTNYOPIEC).



Ovdéétepo Emyeipnua (neutral argument): Emyeipnuo to omoio dev épyetan o€

avTuropdeon e AALO ETLYEPTLATA.

Emyeipnuotoroyia: Xto medio g Aoyikng, n emyepnuotoroyia (argumentation) givon
0 UNYOVICHOG HEGO oTOV Omoio gvepyolv ta emyepnpato. Evidg tov ywpov g,
EMYEPNUOTO OLAOOTO0VVTAL 1] OAANAOGVYKPOVOVTOL, PACEL GUUPEPOVI®V, UE GKOTO
v emKpatnon kdmowog 0éong. Amotehel yévvnuo TG TAONG HOg G dvBpwmol va
TPOCTOOOVUE VO SIKOOAOYGOVLE TNV EMAOYN UOG, TPOKEWEVOL Vo, amodeiovpe 6Tt

glvol opO1 kot Aoyi).

Mmnopovpe vo. QaVTOGTOVUE TNV EMYEPNUATOAOYIO MG £VOL PLGIKO YMPO GTOV OTOI0
oeEdyetar évag dudhoyog avtumapadécewv (debate). Xe avtd TO YOPO OKOVYOVTOL
amoyelg (emyeipnuota) omd Sipopovg TAPAYOVTEG, €K TMV OMOI®V Ol JVVATOTEPESG
(ovvBwg ot melTIKOTEPES) GLUPBAAAOVY dpapaTikd oty emkpdtnon g Béong mov
acmalovtat, évavtt GAAwv. Eva amd ta tumkdtepa mopadsiypata eivor n cuvédevon
oL KowvoBovAiov, 6mov Puoikég ovtotnteg (fovievtéc) mapabitovy andyels, otoryeia

KOl yEYOVOTO, TPOKEWEVOL VO, YNOIOTEL 1] KOADTEPT OLVOTH OVTIUETOMION EVOG

TpoPAILATOG.

2.1.2 Evotodg Enékraon [10]

Evotafng Emnéktaon: H onuovikotepn €vvola, 6Gov apopd avtiv v gpyacia. H
«Evotofng Enéxtaon» (Stable Extension) amotehel éva vTOGUVOAO EMUYEPNUATOV, T
omoia e&umnpeToHv KAmolo kowvd 610yo. Ta péAn tov GuvoroL avTol Yapaxtnpilovtol
amd TV petabd Tovg aAinAotmootnpiEn Kot v avienibeon tovg, o¢ opdda, oe KGO

EMLYEIPT UL TTOV EVOVTIOVETOL GTO GUVOAO TOVG,.

[Two ovykekpyéva, To cuvoro T Evotabotg Enéktaong diémetot amd toug akdAovBoug

TEPLOPIoUOVG:

1) Kavéva amd to emyepnuate Tov cuvoAoL dev emtifeton o€ GAAo emyeipnpa

TOV GLVOAOV, OVTE GTOV €0VTO TOV: ATOJEKTH EMYEPNUOTO OEV PAGKOVV KOl



avtipaokovv. Edv kdmowo emiyeipnpo «ovopel» tov 1010 TOL TOV €0WTO
(avtipaon) N evavtidveTon o€ emyelpnpate mov otnpilovv v 1d1a Béon, 10TE
etvan ava&omoto, Kabhg Eppeca avtitifetor otov 1610 okomd mov TpooTabel va

vrootnpiget.

2) KadOe emyeipnuo mov dgv ovikel 610 6UVOLO, d&yETOL TOVAGYIoTOV 1 €mibeon
amd Kamolwo emyeipnuo mov PpiokeTon €vidog Ttov cuvorov: Bdoer tov
npovmobécemy, emyyelpiuata mov ogv oavikovv otnv Evotadn Eméktoaon,
avtitifevror ota «uéAn» e Emopévoc, v va Bewpeital €ykvpo Kamolo
gvotabég ovvoro, mpémer va unv sivon exteBeipévo oe embéoelg mov Oa
avapovcav v oxd tov. Etol, xopio emiBeon evavtiov g Evotabovg
Enéktoong dev mpénet va pével avamdvinty, kabmng kdbe avtitaro emyeipnua
TpEmEL va d€XETAL «avTeTIfeon» amd KAmOlo PEAOG TNG, LE GKOTO T SloTpn o

™G OKEPALOTNTAS TOV GLVOAOVL.

3) Aev vmdpyet Adon mov vo amoterel VWOoHLVOAO piog GAANG Avong: Kdabe
emyeipnuoa k1o g Evotabotvg Enéktaong amotehel «avtimalo» tg. [V awtd
dev duvartol 1 cuvomapEn 6vo AbcemV, €K TV omoimv 1 pia va kablotd kdmolo
emyelpnuo g PEAOG, evad M GAAN va kaBioTd To 1010 emyeipnua O Un-HEAOGC

(Gpa ko «avTimadoy).

w.x. AEN dvvator va cuvomdpyovv ot AOGELS S1 Kol Sp, Yo TIG

OToleC VoL 1oYVEL OTL:

s1= {a1, a2, as}, So= {a, az, as, ag} 2 S1ES2

Avto o kabiotovoe To emyyeipnpo 8g ¢ Un-perog (Baoet S1)
KAI o¢ pérog (Bdoet S2) g Evotabovg Enéktaong, tavtoypova,

KATL TOL OoTEAEL AVTIPOOT.

To mpoPAnua g e€evpeong Evotaboic Eméktaong katatdooetal ota [lpofAnuata
Ixavomoinong Ilepopiopmv, kot mo ovykekpyéva, oto  &idog «IIpofAnudrtov

Ixavomomoipdmrac» (SAT problems).



H onpoavtikomta g «Evotabovg Enéktaoncy €ykettor 6to yeyovog OtL amotehel to
«tekunplo» g opbottag pioag 0éong mov emikpatel Evavit dAlwv. H emkpatéotepn

0éom o10 YOpo, etvar v TV omoia oTNPifovV TOl EMLYEPHUATO-UEAN TNG.

2.1.3 Mpopmparta Ikavoroinong Mepropiopdv [4]

[TpopAnuata Ikavoroinong Ilepopiopmv (ITLIL): Eidog mpofAnudtov pe 1o omoio
acyoieitat 0 kKAAdoc ¢ ITAnpoeopiknig, Kot To cuykekpiéva, o Topéag g Texvntng
Nonpoovvng. Ta mpopinuota avtd opiloviar Bdoet evdg mAnBovg petafAntodv, evog
mANBovg meplopicudv (mov cvvnBmg exepdlovtol pe YpappiKés avicotntes/ eE1I0AD0ELG
N Hpotaciokn Aoywn) kot evog mediov opiopov (éva yia kébe petafinty)). Adon octo
mpOPAnua aroterel n avadeon Tindv (o1 omoieg amoppéovy amd 10 mEdI0 0PIGHOV) OTIC
HETAPANTES, TKOVOTOIOVTAG TOLTOYXPOVA, OA0 TO TAN00G TV TTepropicpudv. Mia tétola
avdBeon ovopdaletar «poviého Avono». Advvapio gopeong evog HOVTEAOL ADOMNG
kabwotd 0 TPOPANHe «Mn-  Ikavomowmoyo». Eivor g tééng tov NP-Hard
TpofAnudtev, Kabmng adénon tov petafAntedv €16660v Tpokaiel exbetikny avénon
otov ypovo emilvong tov mpoPAnpatoc. o peyding kiipokag I1.LIL., n enilvon tovg
amd Tov avOpwmo Kabictatol ypovoPopa, £mg Kot adHVITY], KOl OTOTEAOVY TEPITTAOCELS
GTIG OTOIEG OVOYKOGTIKA XPNCLOTOIOVVTOL EOIKE TPOYPALLATO Yol TV £E€VpEDT Hiog

Adong, ta omoio ovopdlovtal «EMAVTESY.

Bdaon I'vioong: To «tt yopaxtpiotikd yvopilovpe» yio Kamoto tpdPAnLLo, 00GHEVa amd
TOVG TEPLOPICUOVG oL TO d€movv. Mia «Bdon ['voone» yw kdmoio mpofinua,
OVLGLOCTIKG, Eval OAOL 01 TEPLOPIGLOL TTOVL TO OEMOVV, GLYKEVIPOUEVOL GE €va, apyeio 1|

pio Baon dedopuéEvmv.

2royeio Evotafovg Enékraong wg IT.LIL:
1) Metapintég (Problem Variables/ Literals): Ta emyeipnpoata/xoéppot tov ypdeov

gtvan ot petafAntéc otic onoieg Oa avatebovv Téc and to Iledio Opiopov.

2) Iledio Opiopod (Domain): {0,1}, yw kdabe petofinti. Xpron AlyeBpoag

Boolean, 6émov:



I.  a =1-> To emyeipnua a; eivon péhog e Evotabodc Enékraonc

ii. & =0 - To emyeipnua a; dev givar pérog g Evotabovg Enékraong

3) Ilepropouoi (Constraints as Clauses): E&ayovtar omd Tovg Opovg mOL
weptypagovtar  otov  optopd ¢ Evotobodg Eméktaonc, agod mporta

petappactovv o [potaciakn popen M I'pappkés Avicotreg/ EElomoers.

4) Ixoavomomowudtnra (Satisfiability): Emtvyia avdBeone tipndv oe dAovg tovg

KOUPOVG, IKOVOTOIDOVTOG TOPAAANAN OAOVS TOVG ATOPOLTTOVS TEPLOPLGHOVG,.

5) Mn-Ikavoromowotnra (Unsatisfiability): Amotvyio avdBeong tipumv, Adym

adLVOLTOG TKOVOTTOINGNG OA®V TOV ATOPUITTOV TEPLOPIGUMV.

2.2 T'pagun Avamapdotoon)

2.2.1 Aopn T'pagov [5, 6, 10]

Mo va pmopécovpe va KOTavo|GOVUE EVKOAOTEPO TO YDPO TNG ETLYELPNUATOAOYINGS,
ypnoonoovue neBddovg ypapikng avorapdotaons. ITo cuykekpiéva, uropovue va.
QOVTAGTOOUE OPAIPETIKA, OAOKANPO TO GUOTNUO NG EMYEPNUATOAOYING ™G &va

KateELBLVOUEVO YPAPO Y10 TOV OTTO10 1IGYVOVV TO AP KATM:

1) Koppoc (koxhog) = Emyeipnuo pe deiktm N
2) Axun (Béhog pe katevBuvon) = Zvoyétion Enibeong

[TpoTtipovpe TV OQOPETIKN TPOGEYYIOT OTNV YPOPIKY OVOTOPACTACY, KoODS €101
amOKAIVOUIE OO TNV EKTEV] TOPOVCINCT TEPUITOV TEPLYPUPDOV KOl GYOAM®V,
€0T1ALOVTOG £TGL GTIC O ONUOVTIKEG TANPOPOPIES TOL UITOPOVLE VA eEAYOLUE e pio
TPOTN HoTd omd £vo GYUOL ETYEPNUATOAOYIOG (.. TUKVOTNTA YpAPoL, HEYEBOg TOv
YDPOV, OUAOOTOMCELS Kot avTITOPATAEels HeTasy emyepnpdtov k.At.). EE’ ov kot n

Omapén povo 600 ToAD amAmv oynudTeVv (KOKAog = kOpPoc, PBéAog = akun).



Inuoacio Axung: H vmopén axung and tov koppo 1 mpog tov kéuPo 2 epunvevetatl og:
«To emyeipnua 1 avirtifetar/emrifetar oto emyyeipnuo 2» (PA. Zynua 2.2.1.1).

Yympa 2.2.1.1 Xvoyétion Enifeong

AxorovBel mapdoetypo gupeong tov cvvorlov Evotabolc Eméxtacng, do0évtog evig
katevBouvopevov ypaeov (PA. Zynpa 2.2.1.2), pe okond v meportépm Katavonon,
t060 TOL OpOL AVTOV, OGO KOU TNG epuUNveing paG YPOPIKNG OVOTAPAGTACNG

Emyeipnpotoroyiog.

Yympoa 2.2.1.2 Mlapaderypo: EQappoyn oty moltikn (6€ TEPLOPIoPEVI KAMpPOKA)

Emyepnpora:
1: «®a ompifovpe tov moATikdO A 10Tt givar veapds Kot ovTIAAUPAVETOL TaL
mpofAquata TV VEmV, o avtiBeon Le ToV NAMKIOUEVO TOATIKO By.
2: «®a ompitovue ToV TOMTIKO A S10TL O€V EVETAGKY TOTE GE OMOLOLONTOTE
€ldovg oKdvoaa, KATL Yo To omoio KaTnyopeitol o ToAMTIKOG By.
3! «®a otmpi&ovpe Tov moMTikd B, o omoiog sivon apketd éunelpog oe BEpata
EKTEALECTIKNG €E0VGINOG, TOUENS GTOV OMOi0 VOTEPEL 0 TOAMTIKOG A AOY® TOL

veapov NG nAkiog Tovg.
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[Mopatnpnoeis:
Téco o kéuPog 1, 660 kar o kOuPog 2, emrifevrar otov kopPfo 3. Tavtdypova, o
KOuPoc 3 amovtd, pe ok Tov emifeon, otov kOuPo 1. Iapartnpovue 6t dev vVIdpPyEL

emifeon petabd kouPov 1 ko 2.

Xounepdopato

OrkopPor 1 ko 2 etvan ta emyepnpato mov anoptiCovv v Evetadn Enéktaon tov ev
AOy® mpoPAnpoatoc. Ztnpifovv Tov 1010 anmTePo oKomd (TnV oTNPIEN TOL TOMTIKOD A),
dgv avtitiBevron To €va To dALo, kot Tavtdypova emttiBevtor otov KOpPo (emyeipnua) 3,
0 omoiog gvavtioveTtoar ot 0éon mov ompiler 1o emyeipnua 1 (epdcov otnpilel v
VITOYNPLOTNTO  S1OPOPETIKOV TOMTIKOV B, pe emiyeipnuo mov €pyetor o€ Gueom
avtimapdBeon pe avtd mov ekepaletat otov kOpPo 1 (Betikd/ apvntikd Tov veapov g

NAiog Tov ToAlTKov A)).

2.2.2 Xpiowa Xtoyyeia Aopg I'pagov [5, 6]

[Mokvomta: [paypotcodg apBudc-cuviereotg (pe medio tiwmv d > 0.0). Asiyver to
n6co  mukvog  elvar o ypdopog, Ocov  apopd TO0 TWANOOG OKUDV OV
gloépyovtav/eépyoviar, oe/amd kOuPovs. H mokvémro, oty emyeipnuotoroyia,
umopel va gpunvevtel kot ©¢ 10 péyefog g ocvykpovong UETAED TV dopOp®V
EMYEPNUATOV TOV YOPOV. XPNOCLUOTOLEITOL KUPIMS Yo TNV €VPECT] AKUAOV GE KATOL0

TUYOLOTOMUEVO, KATELOLVOEVO YPAPO, 000£VTOC TOV apBoD TV KOUPwV:

Ddoppovia 2.2.2.1: Ap. Axpov = Ap. Képpav * (Ap. KopPov - 1) * TTukvdémra
Inuovtikn Xnueioon: INa to tpdéPAnua g Evotaboig Enéktaonc, o péyiotog aptBuodg
OKHOV, VOl 0VTOC TOV TPOKVTTEL OO TNV TEPinT®OT 6oL KAOE emuyeipnpa emtiBeton

o€ Ka0e aAlo emyeipnpa, OnAodn:

Ddopuovia 2.2.2.2: Méyiotog ApBpog Axpav = Ap. KopuPov * (Ap. Kopupov - 1)
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H mépa mwhve onueiowon Paciletor oto 0T dev eivar duvoTtdv EMYEPNUOTA VL
emtifevior otov gowtd tovg (avtipaon), eved BEhovpe TOVTOXPOVE VO OTOPVYOVUE
ePTTA otoreion oTovV Yphpo (.. 2 akpég va eE€pyovtol amd KAmolo KOUPo Kot vo
gloépyovtar Kot ot 2, o€ 1010 KOpUPo). Avtd onuaivel 6Tt 0 ApOuog AKpmv, OTmg avTdg
pokvTTEL amd ) PoOpuovia 2.2.2.1, mpénet va givar pkpdtepog 1 icog and to Méyioto
AplOud Axuov, O6mwg ovtdg mpokvmrel omd T Doppovia 2.2.2.2. Emopéveg,
TPOKELUEVOD VO S10UGPAMSTOVV TO TAPQ TAV®, B0 TPETEL 1| TIUN TNG TUKVOTNTOG VO EYEL

éva v Oplo, TETO0 DOTE:

doppovia 2.2.2.3: ApBudc Akudv < Méyiotog AptOpog Akuamv

Tetprupévo Ipaonpa: Ipdonpa pe éva kot povadikd koppo, yopig akpés. Adym g
EMewyng A ov emyspnudtov/koppov, dev vrdpyovv cvoyeticelg emibeong, pe
QOTELECUO VO ETIKPATEL, OVOYKAGTIKA, 1) B€0m TNV omoia otnpilel T0 éva Kot Lovadtkd

emyeipno TOL GYNUATOG.

Babuédg Eisddov KopPov: To mAnbog akpdv mov gieépyoviol 6€ Kamolo kopupo. Xtov
TOUEN TNG EMYEPNUOTOAOYIOG, HeYAAOg PaBlog 16050V Yo kdmolo kOpPo/emyeipnpo
VTodNA®VEL OTL TO &v AOY® emyeipnua teivel peydang apgiofrimong, kabng avtd

cuVETAyETOL LE OTOOOYN TOAADV EMBEGEWV EVAVTIOV TOV.

BaBpog EEd6oov Koppov: To minbog akumv mov e€épyovion amd kdmoto kOpPo. Xtov
Topén TG emyyelpnpatoroyiog, Hikpog Pabuog e£60ov oo Kamowo koOpPo/emyeipnpo
VTOdNA®VEL OTL TO &v AOY® emyeipnua ogv emtifeton oe peydAo aplOud GAiov
EMYEPNUATOV, KATL TOL pmopel va onuoivel 6Tt moAv mBavov vo yperdleton v

VROGTNPIEN AAA®V EMYEPNUATOV, Yo TV ETKpATNON TS 0Eomg Tov vmooTnpilet.
2.2.3 Movtehomoinon I'paeipatog [5, 6]

Ot ypheor mov avoamapiotovy mpoPAnuota  Emyeipnuatoroyiog pmopodv  va
povtedomomBodv pécm SoddoTaTOV TIVAK®V oKkepoiov aplfumv, pe medlo TH®V

{0,1}. 2 Bewpia tov ['phowv, or mivaxes avtoi ovopdalovtar «Ilivakeg 'ertviaonc»

(Adjacency Matrices) ka1 moapovotdlovv T axpéc/cvoyetioel petald koppaov. O
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[Tivaxoag Tertviaong €xet ico apBud otAdv-ypouudv, pe péyedog NXN, omov N eivar
10 TAN00G TV KOUPOV TOL YPaPNUATOG. XvyKeKplpéva, yia Ttivaka yertviaong TN kot

v k@Oe i, K 1oyvet ot

1. AvIIITi][K] =1 2> o kéuPoc i &xet akun mov e€€pyetal amd avTOV KOl ELGEPYETAL
otov kopuPo k 2> T 1o mpdPfinua e Evotabodc Enéktaonc woydel 0t «o

koupoc i emtibeton otov kOuPo K».

2. AvIIITi][K] = 0 = o xo6upog i AEN éyet axun mov va e&€pyetatl amd avtdv Kot
va gteépyetal otov kouPo kK 2> T to mpoPAinua g Evotaboig Eméktaong

oyveL 0t «o kouPog i AEN emtibetar otov koufo k».

3. MITi][] = 0, yia 10 mpoPAnua ¢ Evotaboldc Eméktoong, epoécov kavévag
kOopupog dev pmopel vo emrebel otov 1610 Tov TOV €0LTO. Avtd B Bewpeito

avtiQaon, £POCOV TO EMLXEPNUOTA OEV TPEMEL VO AvVaLPOLV TO. 1010 TOLG T

cupepaloueva.

Hoapdderypa 2.2.3.1 — I'paguci) Avarapdctoon

001
100
010
Mapaderypa 2.2.3.1 — Avrictoryog Ilivakag I'errviaong
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2.3 Emivtég ko Adra Epyaieia

2.3.1 Ewayoyn etovg «kEmiivtécy [19]

Epocov kabopiotovv ta mhaicio Tov TpoPANHOTOC, GEPA £XEL 1| EMIAVOT TOV, Yo TNV
omoia apuodla eivar ta mpoypaupate «Emivtéey (Solvers). Afvovtog o¢ €i6000 TOLG
TEPLOPIoUOVE KOt TIG LETAPANTEG TOV TPOPANUATOC, O EMAVTNG LOG TOPEYEL EVOL LOVTEAO
Adong, omAaon pio kKaTtdAANAN avdabeon tiuov otic petaPintéc, mov o wkovomotet

OAOVG TOVG TTEPLOPITUOVC.

H Aon epunvedetar katdAinia dote va e€ayBobv, TG0 T0 GOVOLO EMYEPNUATOV TNG
Evotafovc Enéktaong, 660 Kot onpavtikd cuumepdopote mov a@opovv To TpoBAnua
Kol Tov TpOmo  emidvong (my. yxpdvor avalftnong kot E€miAvomng, KatdoTtoom

IKOVOTONGUOTNTAG K.AT.).

2.3.2 Inpavrikétnre Xpiong Emivtov [19]

H ypnon tov emdvtov avikebiotd ™ ypovoPopo, KOLpaoTIK Kol OOVGKOAN
enoAnBevoiun dadkacio enilvong pe to xépt. H avamtuén toug aroterel £va omovdaio
enitevypa g Texvntig Nonpoosivng kabmg 1 xpNon TOVG EMTPETEL TV OMOKEVTPMOT)
pog amd ™ dwdwkacio enthvong, divovrog pog €16t TV gukopio Vo E0TIAGOVUE TNV
EVEPYELDL KOL TO EVOLOPEPOV WOG OTO 1010 TO. amoTeAéopata, Kabmg emiong Kol ot
CLUTEPAGHOTO TOL  eEdyovtal oamd  ovTd. XPNGLOTOOVVTIOL EVPEMS, TOCO Yo
KON UATKoVS, 660 Kot Yo Blopnyovikods 6Komovg Kot OmOTEAOVVY, Ue Ay Adyla, TiG

«OTOAOYIGTIKEG UNYOVES) TOL KAADoL NG Ikavomoinong [eplopioumv.

2.3.3 Emvtég mov ypnoiporomiOnkay [8, 12, 15]

1) Lingeling: SAT Solver (Johannes Kepler University, Linz, Austria). EriAvon
[MpoPAinudtov Ikoavomomoidmrag (SAT) péoo Ilpotacioknig AoyKNc.
Amnéonace apketd PpaPfeioc oe dwywviopods avamtvéng emivtov  SAT
npofAnudtev. Atavépetor dwpedv kol omoutel TNV XPNOT  GLOGTNHOTOS

Linux/UNIX, kafdc to exteréopo givar apyeio aviikeyévov (object file e
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EMEKTAOT] .0), Y10 TO OTOI0 Ol EVTOAEG IOV YPNOLUOTOLOVVTOL Y10 THV dtoyeipion
TOV  €KTEAOVVTOL OTO TEPUOTIKO TOV  TPOOVOQEPHEVI®OV  AELITOVPYIKMV
ocvoTnuatev. ['a oKomohg GLYYPUPNG TOL KEWWEVOL OVTOV YPNCLOTOMONKE N
vedtepn €kdoomn «atsly», mn omoio KATd TNV EKTUTMOON TOV OTOTEAECUATOV
EKTUTTAVEL KO YEVIKES TTANPOPOPIES Y10 TOV EMALTH KOt TN dladiKacio eniAvonc.
o oKOTOVG TEPAUATIKOV SOKIU®Y ¥PNOIHoTomOnke 1 madaidtepn €Kooom
276-6264d55-100731, n omoio eKTLIOVEL UOVO KOTAOTOON KOl LOVTELO, XMPIC
emmAéov mAnpoeopieg (minimal version). ITapdia avtd, yevikd cuviotator M

yxpNoN Tov «atsl» Kabwg mepiéyet apketég PEATIOCELC.

2) Maxino: MAXSAT Solver (Mario Alviano - Department of Mathematics and
Computer Science, University of Calabria, Italy). ExniAvon IIpofAnudtmv
Méywotg Ixkavomomowdmrog (MAXSAT) péoow Ilpotaciaxng Aoyikinc.
Xpnon Popodv yio kaBopGHO  YOAUPDOV/IGKVPAOV TEPLOPICUOV. AtovEpEeTan
dwpedv kot amortel v xpfon cvotuatog Linux/UNIX, kabdg 1o exteléoyio
gival éva apyeio avtikewévov (object file pe eméktaon .0), yio 10 omoio ot
EVIOAEG TOL  ypnoilpomolovvtal yw v dwayeipton Ttov exteAoHVTOL GTO
TEPULOTIKO TV TPOUVUPEPHEVTMV AEITOVPYIKAOV CLGTNUATOV. [0 TOVG GKOTOVG

™G EpYOoiag oVTG ypnoipomoteitat o emlvtic maxino-2015-k16-static.

3) Intlinprog: Linear Programming solver (mpoogépetan péocw g MATLAB).
Enidvon IpoPfinudtov Ikavomomowodttog (SAT) povieAomomuévov og
npofAquata  Ipappikod Ilpoypoppatiopod (péow  ypnong [poppikov

Avicotntov/ E&ichoswv).
2.3.4 Emumiéov Epyoleia [7, 13, 16, 18]
1) Eclipse: Java IDE (Developed by Eclipse Foundation). ITepiBadiiov avdmtuéng
TPOYPUUUATOV, KUpimg o€ YA®Goa mpoypappaticpuov JAVA. Xpnotporombnke

n éxdoon Neon, vy v avdntoén Tov  TPOYPAUUATOS TNG  ATOMKNG

Avumhopotikng Epyocioc.
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http://fmv.jku.at/lingeling/lingeling-276-6264d55-100731.tar.gz

2)

3)

4)

MATLAB: Numerical Computing Environment (Developed by MathWorks).
[MepipdArov  avamntvéng  mPoypappdTev — aplOunTikod  VITOAOYIGHOV.
Xpnowonombnke n ékdoon MATLAB R2018b w¢ «mapoyfac» tov emivty

«intlinprog».

Draw.io (https://www.draw.io/): Iotocelido mov mpooeépel T duvatdTTa

OMUOVPYING YPUPIKAOV aVATOPUCTAGEMY/ SLOYPAUUATOV/ GYEILOYPAUUATOV.

Microsoft Excel: Spreadsheet (Developed by Microsoft). Aoyioukd
Anpovpyiog Aoyotikov/ Zrtatiotikedv DOOAAw@vV. Xpnowomomdnke yioo v
GLYKEVTIPOOT, EMECEPYOCIN KL YPAPIKT) OVOTAPAGTOCT] OMOTEAEGLATOV YPOVOV
EKTEAEONC, TOV TTPOEKLYAV OO TNV EKTEAECT] TEPAUATOV. [0 GKOTOVS o TNG

™G epyaoiag ypnoyomombnke n ékdoon «Microsoft Office Excel 2007»
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3.1 Apyucn Idéa [1, 10]

‘Evog apxetd anmddg tpdmog va opicovpe Tovg TEPLopIoovs Tov SEmovV Eva TpoOPANUa

Evotafovg Enéktaong eivan n ypnion tov Ipotaciokod Aoyiopod. Me v a&lomoinon
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TPOTUCIOKAOV TEAECTOV Kot PeTABAnTdv, dnAdvovue mpdaelc o dAyefpa Boole, ot
omoieg avtiotoryovv oe mepoptopots. H ovulevén 6Awv Tov TEPLOPIGUOY, ONANON 1|
onuovpyia piag eviaiag mpotaong oe Xvlevktikr Koavoviky Mopen (CNF), tg omoiog
OpOol aOTELOVY 01 TTEPLOPIGHOL, amoTeLEl TV TTpdTacT oL BEAOVUE Vo tKavoToleiTal,
wote to TPOPAua va givarl Ikavomomoyo. Movtéda avabeong tipadv True (= 1) 1
False (= 0) otig petaPfintég, pe t€tolo TPOTO (OGTE VO 1KOVOTOOUVTOL OAOL Ol
TEPLOPIoUOL, AMOTEAODV AVGCELS TOL TPOPANUOTOC. ZVUTANPOUOTIKY] OVOALCT TNG
texyvikng mroyng tov KepoAaiov 3 vmdpyet oto ITlapdpmua A (vmokepdioio

[Mopaptiuatoc A: A.1).

3.2 Xpion Emivtov

3.2.1 Emwrtég Mpotacriokig Ikavoromaeipotntog [12, 19]

Ta mieiota mpoypappota enilvong SAT mpoPfinudtov (SAT solvers) ypnoiyLomolovv
¢ Baon tovg Vv [Ipotaciaxn Aoywn. o v ev Aoym epyacia Ba ypnoipomombei o
emivtg «Lingeling». O ev Adym emAvtig AopPdvel o¢ gicodo €va mpdTLIO apyEio
>vlevktikng Kavovikng Mopoerg (CNF file pe enéktaon .cnf) to omoio mepiéyel toug
[Tpotaciokovg meproptoovs Tov TpoPAnpatog, oe Xulevktikn Kavovikn Mopoen. Avtod
onuaivel 0Tt TEPLEYEL TOVS TEPLOPIGUOVS MG TPOTAGELS, OMOTEAOVUEVES OMOKAEIGTIKA
amd 010evEelg LeTAPANTOV 1)/Kal OPVICEDY TOVS, Ol OTOTEG LETAED TOVG CLUVOEOVTAL LE

ovlevEelg.

O Lingeling kével T1¢ amapoitnteg LEUOGEIS TEPLOPICUOV KOl TESI®OV TIUDOV DGTE VAL
KATOANEEL O KOMOW0 HOVTEAO OvAOEONG TIUADV TOL VA KOVOTOlEl OAOVG TOVG
TEPLOPIOUOVGS. € TEPIMTMOT EMTLYING EMOTPEPETOL TO LOVTELO e pio daPePaimon OTL
t0 mpOPAnua eivar «Ikavomomopo» (SATISFIABLE), aAMac emotpépetor pio
SwPePaiwon 6t to TpOPANpa givar «Mn- Ikavonomopo» (UNSATISFIABLE).

3.2.2 Apyeio Xvlevktucnig Kavovikiig Mopoig [17, 20]

Ta apyeio pe enéktaon .cnf amoteAobv v emionun LOPPY| TPOTLTOL apPYElOV E1GOO0V

mov omodéyovtar ot emAvtéc SAT IlpoPAnpdrov. Ileprypdoovv éva mpdPAnpa
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neplopiop®v 1o omoio ekepdletar oe Xvlevktikn Kavoviky Mopoer [Ipotaciokig

Aoyimg, g omoiag 0 kébe €vag amd Tovg Opovg mov amaptitovv Tig cVLeVLEELS TG,

ATOTEAEL TEPLOPIOUO TOV TPEMEL VO, TKOVOTONOEL.

AxoAiovBohv ot cuvtoktikol kavoves tov apyeiov .cnf, kabBdg Kot ot avtictolyeg

ekppdoeig [potaciokng Aoyikng, otn LOpPT TOL ATALTOVVTOL:

1)

2)

3)

4)

Metapinti/ Opog (literal): O petapintéc oto apyeio .cnf givon oe popen
aképotwv aplumv, pe T peyoAddtepn amd 1o 0. O apBudg 0 eivon
OECUEVUEVOG YOPOKTHPOC, O OTOI0C YPNOIUOMOLEITAL YIoL TNV EMCHUAVGY] TOV

TEAOVG piag Ypappng.

Apvnon 1 ZvurAnpopo MetafAntig (complement): H mapovsion Tov

(3

YOPOKTNPOL umpootd  oamd  kémowe  petafAnty  OnAdver 1O
GLUTANPOLLO/APVNON TNC.
I[Ty. Zvpporiwkn Mopon: -1

[Ip6tumn popen .onf apyeiov: -1

Aoyun Aalevén (Logical Disjunction): Avamapiotaton pe éva kevo (space)
petald petafAntov dlog ypappung KEEVoL.
ITy. Zvpporiwn Mopon: 1v2v a3

[Tpotumn popen .onf apyeiov: 12-30

Aoy, X0Cevén (Logical Conjunction): Avamopictator pe v oAloyn
YPOUUNG, M omoia VTOONAGVEL XVCEVEN PETAED TOV TPOTACEWDY TOV 2 YPUUUDV

KEWWEVOL TToL dtaympilet.

ILy. Zvppoin Mopoen: 1A2A =3
[Tpotumn popen .onf apyeiov: 10
20
—30
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3.3 Mpotacwoxoi [epropropoi [1, 10]

Méoa and tov opiopd g Evotabovg Enéktaong nnydlovv ot amapaitntol meplopiopot,

o1 omoiot gtvon ot e€Ng:

1. Amoxiewopog Kowng Zvppetoyng Avtinolov Emyeipnpdtov: Edv kdmoto

emyeipnuo 0€yeton enifeon and kdmoro dAAo emyeipnua, TdtE OV Elvan duvatoOV

Vo 0oTEAOVV, Kot ToL 000, péEAN ¢ Evotaboig Enéktaonc.

Xympa 3.3.1 Xvoyétion Enifeonc

[Na kéBe cvoyétion emiBeong petald dvo emyepnudtov, OTov 10 emyeipnua A

oéxetan emifeom and to emyyeipnua B, 1oydovv o1 hpa Kdtw meplopiouoi:

[lepropiopog (oe Ipotaciaxn Aoykn):

(A -B) A (B> -A)

-AV -B
[Tepropiopog (o popery CNF Apyeiov):
-A-BO

Eneénynon:

Edv to A eivon pédog g Evotabovg Enéitaong, to B dev eivon KAI €dv 10
B &ivan péhog g Evotabovg Enéktaong, to A dev tvat.
Ta emyspnuata A kot B dev etvon kot ta 000 pali, Tavtoypova, AN g

Evotabovc Enékraong.
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Kpumpo Zoppetoyng: Mo kdbe emyelipnuo woyvet 6t eite to 1010, eite
0mO106OMTOTE aPOUOG Omd EMYEPALOTO TOV TOV emttifevTal, amoTeAovV HEAN

¢ Evotabovg Enéxtaong.

o [lepropionog (o€ Ipotacioxny Aoyikn):
(~A 2 attA; v ... vV attA,)

(AvattAy Vv ... VattAy)

*Enuelowon: X Béon TV «...», Tomobetodvtal OAo TO ETLYEPNLATO TOV
emrtiBovton oto emyeipnua A, dStouywpiopéva ond copporo ddlevéng (v'). O

delktng 1 amoteAel To0 TAN00G TV eMyEPNUATOV TOV emitifovTon 6To A.

o Ilepropiopdg (o popon CNF Apyeiov):
AattA; ... attA, 0

Omnov:
A: emyeipnua

attA;: 1o 1-oot6 enyeipnua mov emtiBetan oto emyeipnua A

*Enueioon: T Béon tev «...», Tomofetovvtal OAL TO ETMLXEPNUATO TOV
emrifovrar oto emyyeipnua A, dayopiopéva ond éva kevo dwotmua. O

delktng n anoterel o TAN00G TV enyyepnubtov Tov emtifoviot oto A.

 Eme&iiynon:

Edv to A dev givan péhog e Evotabotg Enéktaonc, tote oiyovpa eivan

HEAOG TNG KAmo10/a amd Tol EMYEPN AT TTOV EMLTiOevTaL 6TO A.

Eite 1o A, eite kdmoo/a and ta emyepiuato mov tov emtifevion, givon

pérog/pérn g Evotabovg Enékroong.
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[Topdoetypa:

[Mo Teportépo KATOVONOT TOL TEPLOPIGHOV aWTOV, opilovpe Tor akoOAovOa

EMYEPNUOTO, UE TIG LETOED TOVG CLGYETICELG:

o

A: emyeipnuo Tov déyeton enibeomn amd to emyeipnua B.

o

B: emyeipnua mov emitibetan 6to emyyeipnua A.

o attA;: Kabe emyeipnuo mov emtibeton oto emyeipnuo A

O

attB;: KaOe emyeipnua mov emribetar oto emyeipnua B

Ag OMovpyNoovLE £va GYNLLOL TTOV VO AVOTOPLOTE ToL TAPQ TAve ctoryeio:

Xyfqpa 3.3.2 Molhamréc Xvoyetioeg

IMa A, B, attA4, attAy, attB,, attB,, attBs, ioybovv ot akdAovbor tepropicpoi:

o Ilepropiopoi mov mpokvmtovy (oe [potaciakn Aoywkn):

(-A > BV attA; v attA;) A (=B - attB; Vv attB, V attB3)

(Av BV attA; v attAy) A (B Vv attB; Vv attB, Vv attB3)

o Ilepropiopoti (oe poper) CNF Apyeiov):

A B attA; attA, 0
B attB; attB, att83 0



3. Terpypévn Zoppetoyn Ovoétepwv Emyeipnudtov : Eqv kdmoo emyeipnpo dev
déxetal, ovte e€amoAvel, enibeon oand/ce omolodmote A0 emyeipnua, TOTE

teTpupéva avikel oty Evotadn Enéktoaon.

O meplopiopdc avtdg dev ebumnpetel witepa 10 cHvoro g Evotabovg
Enéktoaong oto va avTipeTonicet 11 amethéc Tov d€xetan (epOGoV Eva ovdETEPO
emyeipnuo oev emrifeton og GAla emyeipnuata). [lapora avtd, o optopdc Tov
ev AMOym meplopiopod Paciletar kvupimg o10 yeyovog OTL oVvTE TPOPARUOTO

onuovpyet n cvppeToyn £vog ovdétepov kopuPov otnv Evotabn Enékraon.

Yypae 3.3.3 Ovoétepo Emycipnpo

Mo KAG®E ovdétepo emyeipnua N, 1oydet o mapa kdtm povadiaiog meplopiouic:

o [lepropiopog (o€ Ipotacioxny Aoyikn):

N
o [lepropiopodg (oe popen CNF Apyeiov):

NO

o Eneinynon: To ovdétepo emyeipnuo N elvar péhog g Evotabovg

Enéxtaong.

e XYnueimon: O &v Ady®m TeEPLOPIOUOG TPOKVTTEL OO TOV TEPLOPIGUO LT
apBpd 2 (Kpumpuo Zoppetoyns), epocov yio kdBe ovdétepo emiyeipnpo
woyvEL OTL, €lte TO 1010, €lTE KAMOLN OO TOL EXLYEIPTLLOLTA TTOV TOV EMTIOEVTOL,
etvor puén g EvotaBovg Eméktaong. To yeyovog Opmg 0Tl tor ovdétepa
emyEPpNUaTO gV d€YovTol EMOECELS, TA KOTATAOOEL, OVOYKAOTIKA, OTO

ovvoro ¢ Evotafotc Enékraomnc.
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3.4 Amnoteléoparto

3.4.1 Epeavien Anoteleospatov [17, 20]

H emrtuyng kAnon tov emidvt) odnyel oty £€£000 TV OmMOTEAEGUATOV, €VTOC TOV
tepuatikov. Exel avaypdeovtal d1dpopes mANpopopieg oxeTikd e Tov emivty (m.y.
£€K00oM, TANPOPOpieg ekTEAEOTG K.AT.) KaBMG emiong Kot oToryEio oV apopovv 1o 1010
T0 TPOPANUa (1. TANO0C peTafANTOV Kol TEPLOPIGUOY, [kavoromaodtta, HoviELo
enthvong, mocootd YpOVov amlomoinong kot avalnmong K.Am). EE avtov,
Eeyopilovpe TIG ONUOVTIKOTEPES TANPOQOPIES, Ol omoieg ivan To HOVTEAO avaBeong

TV (Aon TpofAuatog) kot 1 Katdotaor tov tpofinuotos (Ikavoromoipudmra).

Mmnopovpe va dtakpivovpe to €100G TS TANPOEOPING OV HaG TaPEYXEL | KAOE ypapun

KEWEVOD, NG €£600V TOV EMAVTN, LEG® TOV TPAOTOV YOPUKTNPA TNG KAOE YPOUUNG:

[pappég mov Eekivovv pe tov yopaktipa ‘C’ (comment): mepiéyovv ool Ko

TANPOPOPIES GYETIKA LE TOV ETAVTY| KOl TO TPOPAN QL.

Mia povadiky ypapupn mov Eekwvd pe tov yapoktmpa ‘S’ (satisfiability): mepiéyer mv

Katdotaon Ikavoromoipndmrog tov pofAnpatog.

[pappéc mov Eekvovv pe tov yapoaktipa vV’ (variables): mepiéyovv to Movtédo Avong

ToV TpoPANHaTOG (eGv Kot epocov glvar Ikavomomoipo).

3.4.2 Eppnveia Anotereopdtov

Koatdotaon Ikavormomoiuodémrog Ipopinuatoc: Edv emotpapsi «SATISFIABLE»,
to1e T0 TPOPANUa glvan Ikovomom oo kot axolovBel To poviého avabeong tipmv. Edv
emotpoaeel «KUNSATISFIABLEy, toéte 10 mpoPAnua dev givar Ikavomomoipo kot dev

EMOTPEPETOL KATOLO0 LOVTEAO avaBeonc TH®V, AdYm NG advvapiag evpeong evog.

Movtého AvaBeonc Tyumv: Ot tipég mov avatiBeviot otig petafAntég Exovv g eéng:
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Metafinm = True (1), edv dev vapyet TpoécNUO - umpootd and T0 GVOU TNG.

Metapint = False (0), edv vrdapyet tpdonpo -* urpoctd omd 10 OVOUd TNG.

3.5 Mopadciypato Awodikaciog
3.5.1 Ikavomomoipo Tpéfinpa

3.5.1.1 I'pagwkn Avorapdotacn

-
p.

Xyqpa 3.5.1.1 Ixavorowmopo Mpopinpa

3.5.1.2 Mivaxag I'evrrviaong
0011
0001
0100
1000

3.5.1.3 Ilepropropoi
[Ipotaciokn Mopoen:

(3VAL)AE4AV-)A(EV2)A(REAV-2)AAVAARYIIABVI)A
(4viv?2)
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Mopon Apyeiov CNF:

-1
-1
-2
-2
0
0
0
2

0
0
0
0

3.5.1.4 Anoteréopata

Xyfqpa 3.5.1.2 Movtého Avong

3.5.1.5 Eppnveio Anotereopdrov

Katdotaon [pofinparog: IKANOIIOIHZEIMO (SATISFIABLE)

Movtého Avong: 12 —3 —40 =» Evotabhg Enéxktaon = {1,2}

Epunveia: Ta emyyepripoto 1 kot 2 opadomotodvonl yio vo. aVILETOTICoVY Ta.
emyepnuoata 3 Ko 4, eved Tantdypova dev emtifevtor 1o £va 610 dALO.

3.5.2 Mn-Ikavoroujoipo wpofinpa

3.5.2.1 T'pagwn Avomapdactacn

Yype 3.5.2.1 My-Ikavoromoipo Mpépinpa
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3.5.2.2 Mivaxag I'errviaong
0010
1000
0100
0000
3.5.2.3 Ilepropropoi
[Ipotaciokn Mopoen:
(F2Vv-DAE3BVAL)AGE3BV-2D)ALV2DARVYIIABVI)AD

Mopoen Apyeiov CNF:

-2 -1 08
-3 -1 8
-3 -2 08
1280
230
3160
4 0

3.5.2.4 Anoteréopata
s UNSATISFIABLE

Xympa 3.5.2.2 Advvapio Evpeong Movtéhov Aveng

3.5.2.5 Eppnveio Anotereopdrov
Katdotaon IMpopinuaroc: MH-IKANOITOIHXIMO (UNSATISFIABLE)
Movtého Avong: Asv vmapyet Avon = Evotabrig Enéktaon = {}

Epunveia: Agv vdpyovv emyepnpato mov vo propovv va opodorombodv poli,
(MOOTE VO OVTIUETOTICOVY OAOL TO  OVTITOAC EMLYEPNUATO, KOL TOVTOXPOVO,
HETOED TOVG VO UnV LITdpyel cuoyétion enifeong. Agv vdpyel onAadt, dSvvatd
VTOGVUVOAO TOV GLVOAOL TOV EMXEPNUATWV, TO OTOI0 VO IKOVOTOLEL TOV OPIGHO

¢ Evotabovg Enéktacng, yio 1o cvykekpipuévo mpdpanua.
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4.1 Apywun I8éa [8, 14]

[Tapédo mov oe apketéc mepumtwoelg mpoPAnudtov  «Evotabovg Eméktaong»
kabiotaton advvatov va eEgupedel pio AV, LITAPYOVY TPOTOL YEPIGLLOV TOVG Ol OTTO10L,
HEG® NG €AdIoTNG OLVOTNG YOAAPMONG TEPLOPICUDY, TPOCOEPOVY TNV KOADTEPT

dvvartn) cvpuPifactikny Aor 6to TPOPAN L.

Y& apKETO TPOPALOTO TOV TPOYLOTIKOD KOGLOV, OPKETE IKOVOTOMTIKEG Eivorl Kol Ot
Moelg o1 omoieg etvar «oyedov» 1660 KOAES, 0G0 M «doviki» Avon. TToArég eopéc,
KOO0 0pYAVIoHOG AVTILETMOTILEL TOV KIVOLVO VO Unv TETOYEL OAOVG TOV TOVG GTOYOVC,
omwg avopevotay (. youniod képdog/ Heyaho KOGTOG). XTo. GEVAPLY aVTA, apKeiton
GTO VO TETVYEL OGO TO JVVATOV TEPIGGOTEPOVG OO TOVS GTOYOVG TOV, VITOKVLITOVIOG,

0G0 T0 dLVATOV AYOTEPO, GE AVAYKOGTIKOVS, OAAL Pirdoiovg cupPiacoie.

H dwdwaocio xepiopod Un-1kovoTomGoI®V TEPUTTOCEMY VoL OPKETA GNUOVTIKY,
kabhg eCareipel v dvadwkdtnTo mov OEmel v IkavomomowotnTa (dnAadn Tig
emAoyég «lkavomomowyo» = emrvyia kot «Mn- Ikoavomomowo» = oamotvyia),
TPOGPEPOVTOG KO EVOLAUESES TEPUTTAGELS, KATL TOV YopaKTNpilel Tov TOAVTAELPO,

TOAOTAOKO TTPOYLATIKO KOGO.

[1Ly. Otav kdmoo mpoPAnua yiveton Ikovomomoio pécm g aeaipeong eAdylotmv
TEPLOPICU®V, TOTE EYovpe emituyio eAdyiotov cvpuPipoacpod. Otav kamolo TpdPANUa
yiveton Ikovomomoipo pEcm G apoipeong TOAADY TEPLOPICUADV, TOTE TANGLALOVLLE

ota TAaiotla g amotvyiag, kabmg yvav moAloil copPiacpot.

SOUTANPOUATIKY avdAlvon g TeVIKNG mTuyng tov Kepalaiov 4 vrmapyet oto
[Moapdptnua A (vrokepaiaio [Hapaptiuotog A: A.2).

4.2 Tpomor Xeipiopov péom Ipotacroxnig Aoyung [1, 14, 21]

Epdcov 100 mpoPAquata  Ikovomomouotnrog, yYpOQIKA, —OvOmopioTOVTOl G

KatevBLVOEVOL YPAPOL, UTopohV va, akoAovONBoLV 600 Tpoceyyicelc.
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Ot ypdoot yopaktnpifovior amd Tovg KOUPOLG (KETXEPNUATAY, GTNV TEPIMTTOON TNG
Evotaboic Enéktaong) mov toug amaptilovv, Kot Tig HETAED TOVG GUGYETIOELS, ONANOT|
TIc okuég («embéoeicy, oty mepimtwon ¢ Evotabovg Eméktaonc). Emopévemg
UTOPOVLE VO «TPOTOMOCOVUE» TO TPOPANUA o éva TPOPANUO. OPKETE OpOLG
HOPONG, OAAGL HE TO YOAQPOVS TEPLOPIGUOVGS, OPUPAOVINS, €1TE KATOLOLG Omd TOVG

KOpPovg, eite KAmOEG AO TIC OKUES TOV ATTOTEAOVV TO YPAPO.

[Ipoxvmtovv, Aoutdv, ot OVO TAPO KAT® OVVOTEG TPOCEYYIoES YOAAP®ONG TOL

TpoPAUaTOG:

1) Agaipgon tov Mydtepmv duvoT®dV oKV (cvoyeticemv enibeonc) and Kamolo
«Mn- Ikavomomoo» mpdfinue, tov omoiwv M amovcio Oa 10 KabioTA

«lxovomomaoyLo».

2) Aogaipeon tov Ayotepmv duvatdv KOpPov (extyeipnudtov) and Kamnoo «Mn-
Ikavomomowo» mpoPAnpa, twv omoiwv m  amovcio Oo 10  KabioTd

«lxovomomaoyLo».

4.3 Innacio Bektistotnrog [2, 21]

AvoeepdocTte mAVTOTE oTNY €0PESN KOl £EAYMOYN TOL EAGYIGTOL OLVATOV TANBOLG
akpov 1 kOuPov, kabng okomds pag eivar n gvpeon piog ocvykatafotikng, PEATIOTNG

Aong n omoia amoutel To pikpotepo Pabud cuuPifacuov.

AVO BempnTiKég, aALG KOBOAOL TPUKTIKEG, TPOGEYYIOELS, TIG Oonoieg amoppinTovpe, Ha
NTOV 01 akOAOVOEG:
1) Aogaipeon OAwv TOV aKUOV amd TO YPAPO, SloypAPOVIONS £T6L OAOVG TOLG

nepropiopotg e Bdong I'vivong mov vroonAmvovy v vmapén enifeong.

2) Agoaipgon 6A0vV TV KOUPoOV amd TO YpAeo, Sloypaeovtag €16t OAOLG TOLG

nepropiopoBg g Baong I'vioong.
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Ta mépa mave elvar TOAD omdéG mpooeyyicels, ®woTOG0, AMOTEAODV TPOIOVIO TNG
HEYOADTEPTG SVVATHG VTTOXDPNONG oL Ba pmopovoe va cupPel, kdtt To omoio dev gival
emBounto 6tV 0 KOOGS HOg EIvVOL VO TPOGEYYIGOLUE TNV «TEAELON AVOT, dNAAON va
@TAcOoLHE 000 MO KOVTa Yyiveton oty mepintmon Omov OAOl Ol TEPLOPIGHOL

IKOVOTTOLOVVTOL.

4.4 Xpion Emivtov

4.4.1 Emdvtég [potacrioxig Ikavoromaeipotntag pe Bapn [8]

Epocov o emivtig Lingeling emotpépet povtéra emidvong poévo yio Ikavomomopo
(SATISFIABLE) mpofAifuata, kot 0ev vmdpyet TpOmMOg XPNONG TOL Yo TEPULTEP®
perétn tov Mn-Ikavoromowwv (UNSAT) mpoPAnudtov, Oa  ypnoipomomfovv
emmAéov epyaieio, oe cuvovacpod pe tov Lingeling, o omoiog Oa ypnopomombet kupimg
v erainBevoets. o 116 avdrykeg avtod Tov pépovg g epyaciog Ba ypnoiponombei o

«Maxino».

O «Maxino» givar évag emivtig mov acyoieitar pe MAXSAT, dnAadn v ekdoyn
TPOPANUATOV  1KOVOTOMGIHOTNTOS, TOV ONOIMV  OTATEPOS OKOMOG OMOTEAEL M
KOVOToinon TV 060 T0 duvatdV TEPIOCOTEP®V TEPLOPICUAOV, UE EUEOCT) GTNV
KOVOTOINGT TV O «CNUAVTIKOVY €57 auTdv, ®¢ Tpotepandtnta. H «onuavtikdtnton
evog mepropiopov (clause) mopovoialetar pe kamolo Papog (weight), To omoio 660 Mo
HEYAAN TN €YEL, TOGO MO CNUOVTIKY OmoTEAEL I kavomoinon tov. Bdoet avtdv tov
Bapadv, ot MAXSAT solvers avayvopilovv v onuovtikdtnto, TPOcTod®OVTOS Vo
KOVOTIO|GOVV TTEPLOPIGLOVS TV 0oimV T0 dfpotcua TV Papdv Tovg ivol 1o Péyloto

ouvaro.

To mheovéktuo tov Maxino évovtt Tov Lingeling, 66ov apopd v gpappoyn tov o1
perétn Mn-Ikavomomoipwv mpoPAnudtov, £ykeltar 610 yeEYOVOg OTL umopel va
EMOTPEPEL HOVTEAD AVcEwV Y  mpoPAnuata mov givor Mn-Ikavomomowo. Avtd
yivetal mPAyUOTOTOIOVTAS TIG omopoitntes (EAAyoteg OVVOTEG) YOAUPADGCES OF

TEPLOPIGHOVS, CTAUATOVTAS TN Oladikacio eniAvong oto onueio dmov edv tpoomadnost
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VO IKOVOTOWOEL €0TM Kot €va oKOH TEPLOPIOUO, TO TPOPANua yiveror «Mn-

Ixavomowmcipo».

O ev AMym emdotg eivan Baciopévog otov Tlpotaciokd Aoyiopd, pe amodektn £i6odo
dedopévov va amotehel m popen apyeiov .cnf, ywo to omoio £ywve avagopd oe
TPONYOVHEVO KEPAAOLO, HE KOAMOEG OUMG TPOTOTMOGELS, (DOTE VO OEYOVIOL TNV
avéBeon Popdv oe mePopopovc. Amoutel T YPNON  AEITOLPYIKOD GLGTHUOTOG
Linux/UNIX kafwng sivor dtobéoipog g apyeio tomov .o (object file), ekteAéoipov

pécm teppoTikcoy (terminal).

4.4.2 Apyeio Xvlevktikig Kavovikiig Mopong pe Bapn [17]

Or emivtég MAXSAT déyovtor wg gicodo apyxeion CNF, ta omoia dpwg tuyydvovv
TPOTOMOMCEMV OGTE Vo VtooTnpilovv avdbeon Papdv ce mepropiopots. Emopévag, ta
apyelo avtd démovtor amd ta idto YopaKIPIoTIKd Tov Teptypdpovtal oto Kepdioto 3

(BA. vrokepdiato 3.2.2) ya o apyeic CNF, pe kdmola emmAéov otoyyegia.

Méywoto Avvatd Emutpentd Bdapog (Maximum Possible Weight): v oapyn tov
apyeiov, ot ypauun 6mov opifovrot ta ctoryeion Tov TPoPANLOTOS (YPOUU| OV EEKIVA
pe 1o yapaxktnpo p), kabopifovpe kot to péyioro Papog mov pmopel va avartebel oe

kamoto mepropiopd. Etot, yio ta Weighted CNF apyeia, n ypopun avt éxet og eéng:

p EidocApycsiov #Meraffintov #0pwviv{csiicwyv MiyiotoBipog

Yy mepintoon pog wyvel: EidocApysiov = wenf, 1o onoio vrodnhdver 6tL 10
tpéyov apyeio mepiéyetl éva mpdPAnua Ipotacioxng Ikavomromoyodttog, docHéEVO e

popon CNF, pe Bapn.

Inuoavtikotnto Ilepopiopod — Ioyvpoi/Xoarapoi ITlepropiopoi (Hard/Soft Clauses):
Yrdpyovv mepropiopol or omoiot givor amapaitnto va wovomonfodv, kabdg sivol
YOPOKTNPIOTIKOL TOL TpoPAnpatos. Avtoi ot meplopiopol ovoudlovtor «loyvpoi»
(Hard) kot Tovg avatifetar 1o péyioto duvatd Bapog dote vo kabiotator onuavtikiy n

kavomoinom tovs. 'Etot, o1 emivtég divouv peyardtepn Eueacn o€ avtoig,.
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AT’ Vv GAAN €xovpe TEPLOPICUOVS Ol OO0l SVVATAL VO TOYOLV YAAUPMONG, DCTE VO
emAvlel 10 TPOPANUO oKOHO Kol av pEPIKOL amd avTovg Oev €ivar dvuvatdv va
woavorombovv. Ovopdlovrar XaAapoi (Soft) meplopiopoi kot Tovg avorifetor opketd
younAn T PBapovg (oe oxéon pe to péyisto duvatd Papog) wote va gvvonbei m
HELOUEVT OTLOVTIKOTNTO TOVG EVOVTL TOV IOYVPOV TEPOPIoU®V. 'ETotl ot emlvtéc, edv
Bpebovv otn dVGKOAN BECT TOL VO TPETEL VO YOAUPMDGCOVY KATO0 TEPLOPIGUO DGTE TO
mpofAnua va yiver Ikoavomomowo, Ba to mpdEovv yorlapdvovTag KATO YoAUPO
TEPLOPICUO, TPMOTO. ALTH 1 OpAdH TEPOPICUDOV GLVNOWOG TePtypdoel embupio Yo
BeAtiotomoinon mpoPAquatog (mwy. uéyom/ehdylotn avabeon koOpPov oe kdmolo
oLUVOAO) Kol Oyt TEPLOPIoUOVS mov Tyalovv oamd opiopovs, Kob®G dvvatdtTnTa
YOAAPWOONG TTEPLOPICUOV OpIoHoD Ba onpove Tapafiocn avaykaiov Kot omapoitnTov

npovimofécemv.

Bdpog ITepropiopot (Clause Weight): Ta Bapn tov meplopioudv, oto apysio Weighted
CNF ewcbdyovior oty apyf TG YPOUUNG TOV TEPLOPIGUOV GTOV OMOI0 OVIKOULV.
Awympiloope pe kevd to PBépoc, amd v vmdAouwn TPOTACT, OGTE Vo Yvopilel o
EMAVTNG OTL TO TPADTOG YOUPAKTNPOS KAOE Ypapung eivar to Papog g mpoOTOcNS TOV

ONADVETOAL GTNV YPOLLUY OVTT).

[Ly. T'w Méyioto Avvatd Emtpentd Bapoc = 100

e 14-10
«Me onpaviwkomra 1, eméleée eite ) petafant 4, ite ™ petafant 1, ahdd oyt
Kot Tig dvo poli»

- Badpog =1 2 Xolapog [leplopiopog

e 100 —4 —-20

«Me onpovtikotra 100, enédele eite ™ petaPintn 4, site ) petafant 2, oAld
Oy Ko T1G 6vo pali»

- Bdpog = 100 = Méyioto Avvotd Emtpentd Bapog =2 Ioyvpodg Iepropiopodg
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4.5 Mpocéyyion #1: E€ayoyn Mupiva [potaccov [14, 17, 22]

4.5.1 Kivnrpo [14, 17, 22]

Mio péBodog yepopod twv  Mn-Ikavomomoiuwv  mpoPfAnudtov  «Evotaboic
Enéktaong» sivon n e€aymyn evog eAGIGTOL VTTOGLVOLOL TOV TEPLOPICUDY TOVG, TMOV
omoimv 1 apaipeon tovg amd ™ Bdon ['voong 6o odnynoet 1o mpdfAnua o€ katdotoon
Ixavomomodttag. IMa yaptv cvvtopiag Bo ovopdoovpe v teyvikn avt) «E&aywyn

[Mupnva [potdcewv» (Extraction of Core of Clauses).

[a v &fevpeon tov erdyotov duvatdv mpotdcewv/neplopiondv (clauses) mov
TpoKaAovv v Mn-Ikavomromowyotnta tov mpoPAnuatog, Oa mpémer mpoTOL VL
OKEPTOVE TOl0L TTTVYN TOV TPOPANUOTOS TPOKOAED TEPLOPICUOVS TOV €ivol apKETA
TEPLOPIOTIKOL, MOTE VO OOTEAOVV TOV TOPAyovIo TTov BETel KAmolo TpofANUHOTO MG

Mn- Ikavorowmcipa.

2y Ok UG TEPIMTMOT, Ol TEPLOPIGHOl Tpoomabodv va Tpocdiopicovy pia opddo
oL va gumintel otov opopd g «Evotabovg Enéktacngy, emopévag sivar vtevbouvol
Yo ToV Sy mpiopd Kot Ty opadomoinon emyelpnudrov. To yeyovog mov dupeca Btet
o¢ avtimaia dVo emyelpnpate eivor n emiBeomn Tov €vog evavtiov Tov dALOL, ONAOT|

(o agopetikd) N VTOPEN arKus LETAED TOVG.

Aoppdvovtag v’ oy vty TN oKEYT, UTOPOVUE VO GOVTAGTOOUE OTL QQOPAOVTOG
GLYKEKPLUEVOLG TTEPLOPIGLOVG OO TO TPOPANLL, Ol 00101 TEPTYPAPOLY TNV VITAPEN Kot
v WmMTa okp®Vv, T0 TPOPANua Bo amaAloybel amd avtd To oTokEio. mOL TO

kafiotohv «Mn- Ikavoromoior.

4.5.2 1é0 [14, 17, 22]

Mmnopobue, apywkd, vo mpoomafnoovpe vo emALGovue To TPOPANUO HECE® TOV

Lingeling. To omotélecpo tov B0 pog evUeEP®OEL €AV TO OpyIKO TPOPAnua elval

Ixavomowmcipo 1 Ot
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To 1610 CNF apyeio, o omoio mepdoape mg €icodo otov Lingeling, pmopode va to
TPOTOTOCOVE KATAAANAQ TpocBétovtag Papn oTovg TEPLOPICUOVS, DOTE VO TO

TEPAGOLIE MG £l0000 6TOV Maxino.

[To cvykekpipéva, enedn emBLUOVUE VO OVIXVEDGOVUE OKUEG Ol OmOieg AmOTEAOVV
gUmoOdo otV IkavomomoodtnTo ToV TPOPANUATOG, Bo TPEMEL VAL YAAUPDCOVUE TOVG
TEPLOPICUOVE OV LITOINADVOLV TNV VIapEn akumv (ONAadn cvoyetioelg emiBeong
UETOED EMYEPNUATOV), KPATDOVTOS LGYVPOVE OAOVG TOVG VITOAOUTOVE TEPLOPIGUOVG,.

Me avt ™V mpocéyyion, mpokaAoOue Tov Maxino vo AVcel to TPOPANHO wov
neprypaeetal 6to apyeio, gite avtd elvarl Ikavomomoo, €ite L, VWOKVTTOVIOG GOTIC
EMIYLOTEG OLVOTES YAAAPDCELS TEPLOPICUOV KAOE opd, Kat ot omoieg Ba epapudlovtan

KOTA TPOTEPALOTNTA, TAVE® GE TEPLOPIGUOVS OKLLDV, OUPYLIKAL.

2KOTmOC oG elvar va Bpodpe Toovg €€’ oVTOV TOV TEPLOPIGUAOV YoAdpwaee 0o Maxino,
wote vo yvopilovpe moteg akpes ayvondnkav. Ot meplopicpol avtol o amoterécovv

tov «llvpiva llpotacemwvy.

Yropén axpung petacd ovo kopPov, A kKo B, vmodniaovetol HEG® TOV TEPIOPIGUAOV TNG
Hopeng:
-A-BO0

=> Avtictoyog [Ipotaciakog [epopiopog: =4 v = B

AvTtd OV EMOOKOLUE EIVOL VO OVOKOAVWOLE TTOL0L ETLYEPNLOTO EIVAL TOVTOYPOVA
uéAn g Evotafovg Enékraoncg, cOppwva pe t Avon mov pog tapéyet o Maxino, evo
TapAAAN AL VOioTOTOL O TAPO TAVED HETAED TOVG TEPLOPIGUOG OTO apyEio €1GOJ0V. TNV
nepintoon avt) €yovpe aviipaon, kol avtd onuoivel 6Tt 0 &v AOY® TEPLOPIOUOG
«oyvonnke» (YaAGpw®GON TEPLOPICUMY), Y0 GKOTOVE TPOCEYYIOTIKNG EMIALGNG TOV

TPOPALATOG, ATd TOV ETIAVT.
H agaipeon tov mpoovapepBévtog meplopiopon givol avtictoryn pe TV aeoipeon g

petad-tmv-ovo-emyelpnudtov akung on’ tov ypaeo. 'Etot eEaleipetor n povadikn

Kavn cuvOnKN Tov glxe TV duvatotnta va B€cel To TPOPANUa g Mn-Ikavoromoio.
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Mo emaAnBevon, pmopodpue vo tpé€ovpe to mpdPAnua péswm tov Lingeling, epocov

TPOTO. dlarypdyovpe omd To apyeio 16600V TOVG TEPLOPIGLOVS TOL ETVYOV XUALPMONG

(Onradn awtovg mov emotpiépovtal o¢ «ITvpnvag Ilpotdoemvy) Kabdhg emiong kot dAa

T oTotyEla oLV avapépovion o€ Bapn (m.y. Pdpn mepropiou®v, pHéEyoto Papog K.AT.).

4.5.3 AlyépOpog [14, 17, 22]

1)

2)

3)

4)

Anovpyovpue 1o .cnf apysio mov weptypdpet to TPOPANUQ

Aivovpe 10 apyeio Tov Prjnatog 1 g eicodo otov Lingeling kot tpéyovue tov
emtiwt]. To amotédecpa Oa poc evnUeEPOOEL GV TO OpyIKO TPOPANUA eivon

Ixavomowmcipo 1 Ot

[Maipvovpe 10 apyeio mov elonydnke oto Lingeling, aAldlovpe o €idog Tov 0o

«cnf» oe «wenfy», dnddvovue o¢ péytoto Bapog v Ty 1000 kot avabétovpue

Bapn otovg meplopiopole, g eENG:

) [Ma kB mepropiopd axung avadétovpe Papog 1 (xaropdc meplopiopog)
Avaveopévn Mopon Iepopiopcdv Axung: 1 -A-B 0

i) o kabe alo meplopiopd avobétovpe Papoc 1000  (1oyvpdc
TEPLOPIGUOG)
Avaveopévn Mopon [epropiopadv Zoppetoyne: 1000 A attA; ... 0

Ewcdyovue 10 avavempévo apyeio otov Maxino kot Tpéyovpe tov mALTY

Amo 10 povtého Adong mov mpokvmrel amd Tov Maxino, amopovdvovue Ta.
emyepnpoto/péAn g Evotabovg Eméktaong. Anpiovpyovue cupPorocelpéc
Yy OA0VG, TOVG HETAED TOVS, MOAVOVE GLVOLAGOVG TOV AVTITPOCOTELOVY TO
dvadikd meproptopd vrapéng akpne (1 —A —B 0), amopevyovtag ) dnuovpyio
SMAOTVTT®V, OTMG AKOAOVOMC:

Il.y. Evorafng Emextaons = {1,2,5}

2 Napayodpsvor Neproptopol = {«1 —1 —20s, «1 —1 —50», «1 —2 — 50,
«l —2 —10» «1 —5 —10» «1 —5 —20»}
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5) EMéyyovpe to apyeio €16000v dote va Ppoldue, TOWOVG OO OVTOVG TOLG
TePOPIoHovS Tov moapdydnkov oto Prua 4, mepi€yxel. OEtovpe ®¢ PEAN TOL

[Tupnva [Ipotdoemv 6G0VG amd AVTOVG TEPLEXOVTOL GTO apYEio

6) Emotpépovpe tov [Mupnva [potdcemv

7) Tlpoaipetikd, agaipovue tovg TEPLOopIoons tov TTupnva Ilpotdoswv omd 10
apyeio €16660v Tov Maxino, pvOuifovue To otorEion TOV APYEiOV, OPULPOVUE
oA ta Bapn, oAralovpe to €idoc Tov apyeiov amd «wenfy oe «cnf» kot
eMADOVUIE TO TPOPANUO 7OV TEPLYPAPEL TO EVNUEPOUEVO apyelo, HECH
Lingeling. ®a mapatnpicovpe 61t 10 TpdPAnUa TAéov givar Ikavomomoo ko

EMOTPEPETAL KAVOVIKA TO LOVTELD ADONC.

4.5.4 Mopdaoerypo dwodkaciog

BHMA 1:
[Tivaxog I'errviaong 'pdepov
010
001
100

I'pagpikr Avarapdotoon [Tepropiopol Apyeio CNF

(—=2v 1) p cnf 3 6
A -2 -
(—|31'u"'—|1) -3 -

A -3 -
(—|31'u"'—|2)
A
av3y)
A
2v1])
A
3v?2)

DD 3w

(TN LN ]
Pd =i A
232 D M e

Yympo 4.5.4.1 Mn-Ikavoroujoipo Mpopfinpa
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BHMA 2:

KAnon Lingeling ywa eriAvon tov mpofAnuatog — ZVAA0YN ATOTEAEGULATOV

s UNSATISFIABLE

BHMA 3:

Evnuépwon tov CNF apyeiov g1c660v yia avébeon Papmdv

¢ LingelingInput.cnf
p cnf 3 6

-2 -1 0
e

0
-3 -2 0

(W L e
P = Ll
= R B LS B

—

<

Core0fClausesWeighted.cnf
wcnt 3 6 1000

Xypa 4.5.4.2: KiMjon Maxino ko Enidven wpofinpatog

./maxino-2015-klb6-static CoreOfClausesWeighted.cnf

ub 3
1
ub 1

1
OPTIMUM FOUND
1 -2 3

7N

maxino-2015-
k16-static CoreOfClausesw

eighted.cnf

Tympo 4.5.4.3: Amoteléopata Maxino

BHMA 4:

E&aymyn Evotafotc Enéktaong kot dnpovpyio cuBoAOGEP®OV TEPLOPIGUDV OKUNG:

Evotabng Enéktaon = {1, 3}

Avvaroti [epropiopol Akung peta&o enyelpnudrov Evetabodg Enéktaong

={«1-1-30» «1-3-10»}
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BHMA 5:
Oocot meplopiopot veiotavial, 1060 6T0 GHVOALO GLUPBOAOGEP®Y TOV ONLUOVPYNCOUE
(Bnuo 4), 6co kor oto apyeio tov mpoPAnuatoc, mpootiBevion otov ITuprva

[Ipotdoemv.

Edv 6vtwg vdpyovv 1£10101 TEPLOPICHOTL TOV VA GLVOEOVV dVO EMYEPNUATA, LEAT TNG
Evotabovg Eméktaonc, t101e onpaivel 0Tl ot avtiotolyeg OokUEG MTOV OUTEG TTOL
npokarovoay T Mn-Ikavoromoipudtnta Tov TPOPANUOTOS, GUVETMG Ol TEPLOPIGHOL
avtoi, NTav ekeivol mov ayvondnkav omd tov Maxino Yo, 6KOTOVS TPOGEYYIGTIKNG

emiAvong.

Apyeio Hpofifnatog IIBavoi Ispropropoi

no Ezayon
¢ Core0fClausesWeighted.cnt

p wenf 3 6 1000 1.1-30

-1 6
1 -3 -1468
o 1-3-10

Yympa 4.5.4.4: E€ayoyn Ivpiva Hepropiopdv

BHMA 6:
Emotpoon Iupnva IIpotdocemv

UNSAT CORE OF CLAUSES: [1 -3 -1 0]

BHMA 7 (erai@gvon):
Awypbooope tovg meplopiopovg tov Tlvpnve Ilpotdoewv ond to apyeio ot

dropbmdvoupe tov apBud tpotdoswv (number of clauses) ota otoyeio Tov apysiov.
AxoAoVBmg apatpolpe amd to apyeio 16650V, OAN Ta GTOLXEID TTOV AVAPEPOVTOL GTNV

omapén Papav (petatponn gidovg apyeiov and wenf oe enf, dtaypaen péyiotov Papovg

Kol Bopdv TEPLOPICUDV).
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1) Apysio Apyikov 2) Apyeio llpofinnatoc (cnf pe
Ipopinqpatoc (wenf) EZoyoyy Huvpiva I potacemy)

¢ Core0fClausesWeighted.cnf ¢ e0fClausesWeighted.cnf

p wenf 3 6 1000 p @3@

1 -2-1690 .. =210

TIT=S—=ru .. -3 -20

1-3-20 1360

l600 1 3 @ 210

1600 2 1 0 320

1600 3 2 0

Yympo 4.5.4.5: Ahhayég oto apyeio WCNF
TPA®IKH
TPA®IKH .
ANATIAPAETATH _L\‘%i_ﬁ}ﬁEH

(ITPIN)

‘ 7
Yypa 4.5.4.6: Ahhayég oty I'paguki) Avarapaotacn

Amotéleopa Lingeling yuo 1o evnuepopévo apyeio €10000v, HETE TNV aQaipesT TOL

[Mupnva Ipotdoemv amd T0 GHVOAO TV TEPLOPIGLMY TOV TPOPANLOTOC:

./lingeling Core0fClausesWeighted.cnf

ATISFIABLE

s S
v 1

Yyqno 4.5.4.7: Anoteléopora Lingeling petd amé e€ayoyn Mupiva epropiopdv
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Hapatypioesis: To mpofinua €ywve Ikavomomoipo (SATISFIABLE) kot emotpépet
éva LovTéAo emiAvong pe TV avdfeon ToV KATAAANA®V TILOV 6€ peTafAntés. Avtd
ovpPaiverl d10TL TAEoV 10 emyeipnua 3 dev emtiBetan oto emyeipnua 1, Ko Tt Tor 6vo
TOVG UTOPOVV VO, OLAOOTOMBOVV DGTE VO AVTILETOTIGOVV TO OTEIANTIKO EMyEipnua 2,
t0 omoio emtifeton oto emyyeipnua 3 aAAG pEVEL OPOCTATELTO OO TV €MiBEGN TOL

emyepnuotog 1.

Amotéleopa:
>Hvoro Evotabovg Enéxtaong = {1, 3}

Yvvoro [Mupnva Ipotdoewv = {attacks(3,1)}

Xy6ha: Me toug eAdyiotovg duvatovs cLUPBAGHOVS PTACALE GTNV KOADTEPN dLVATY|
AOoN. XNV TPOKEWEVT TEPITTWOT, EPOCOV JEV VTLAPYEL AVGT| TOL VO, IKAVOTOLEL OAOVG
toug NV apykovg mepropiopove, n emdpevn Kahvtepn, couPifoactikn Adon elvar oot
OV 1KOVOTOLEL 6YEdOV OAOVG TOug N apytkovg eploptopove, ektdg amd Evav. Anaaon

wavoroovvtar N — 1 meplopiopol.

455 Inpavrikéc Inpardosaig [14]

O mnOwdc apBpdg tov «Erdyiotov TTuprva Ipotdoewv» gvdéyeton va dapepet amod
TpoOPANUa 6 TPOPANUa. AVTO onpaivel OTL VIAPYOLV TPOPANUATO TOV OTMOI®V 1|
ocvuPifactikyy Avon omoutel v €aywyn TmEPGGOTEP®V amO oG TPAOTAOTG
nepropiopoV. To ev AOYm yeyovog vmodnAmvel OTL TOAAATALG (Kot Ol LOVO pia) aKUES,
mOavov va mpokaiovv v Mn-Ikovoromoipndmta tov TpoPfAUATOS, ONHOVPYDOVTOS
€TGL TNV aVAYK 0QaipeCNg TEPIGGOTEP®V GTOLKEIMV, MOTE Vo umopel vo yiver 10

mpoPAnua Ikavoromopo.

Tetpupéva, ta Ikavomomoipa tpofAnpata (dniadn avtd TV omoimv OAOL Ot apyikol
epopopol Nrav dvvatodv va kavomombovv) Exovv og EAdyioto TTupnva Ipotdoemv
10 kevo ovvoro (Core of Clauses = { }). To yeyovdg avtd ogeiletal oto Ot1, YOPIC KOV
TV aQOiPEST] OTOLOVONTOTE OO TOVS TEPLOPIGLOVG, VTAPYEL 01 KATAAANAO LOVTELO

avaBeons TILAV Y TIG LETAPANTEG TOVG,.
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4.6 TIpocéyyion #2: E€aymyn Hupnive Emysipnpatov

4.6.1 Kivnrpo [14]

Mia dg0tepn TPOGEYYIoN GTO YEWPIGUO TG Mn-Ikavormomoipdtntog vog TpofAnpatog,
n omoia emiong PacileTar oty aaipeon otoyyeimv amd 10 apykd TPOPANua, ival M

e€aywyn tov Mupnva Emyeipnuatov (Core of Arguments).

Ocov agopd TV YpOoEIKN oVOTOPACTACYT, 1 OldIKaGio oVT OVIIGTOYEL otV

agaipeon Koufwv amd to Ypaeo Tov TEPLYPAPEL TO TPOPAN L.

O1 ovoyetioelg emiBeong petald emtyelpnudtov givor ovtég mov dvvatol va BEcovy éva
mpoPAnua g Mn-Ikavoromoio, kabmg meplopilovy T GLUUETOYN EMYEPNUATOV GTO

ovvoro ¢ Evotafovg Enéktaong.

Evtonilovtag T1g «tpoPANUATIKES) AVTEG GUGYETIGELS, UTOPOVUE AVTL VO APOLPECOVLLE
T1G 101EC 0md 10 TPOPANUA, VO aparpécovpe KAmoov and Tovg KOpPovs/ emyepnuato
mov 115 anaptiCovv. 'Etor Ba eodelyovpe Ta emyeipiuota, TV OToi®V 1 GUUUETOYN

610 TpOPAnua Tpokarel v Mn-Ikavornomoidtnd TOV.

4.6.2 T5¢a [14]

H évvoln g eayoyng emyeipnudtov dnpovpyel vEES OIGTACELS GTO UEXPL TAOPOL
Yvootd tpofanpa Ikavoromopomrog g Evotabovg Enéktaong. o cvykekpiuéva,
amotel TV VIOPEN evOg emmALOV GuVOLOL, LECH TOL omoiov Ba avayvmpilovie mol
elvan Ta emyyelpruata To omoia tiBevtol KTOG TPOPANLLATOG, TPOKEUEVOL VO emtteLyDel

N Ikavoromoipdmra.
Emopévog, dev avapepopacte TAEOV GE OTAT) GUUUETOYY)/ UN-CUUETOYN EMLYEPNUATOV

oto obvoro ™¢ Evotobovg Eméktoonc, oAdd kou o€ ocvppetoyn/ Un-GLUUETOYN

EMYEPNUATOV GTOV 1010 TOV 0p1oUO TOL TPOPANLOTOG.
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Bdoel tov ndpo mdveo okéyewv, TpokOnTTOLY To. aKOAoLOBo GHVOLD EMYEPNUATOV UE

T1G €&Ng 110N TEG:

1) Zvvoro A: Xvppetoyn oty Evotabn Enéktaon
2) Xvvoio B: Zoppetoyn oto mpofanuoa

Mnopodpe vo  @oviaotoopue To TPOPANUO pog o¢ €va TpoPAnue Méyiotng
Ixavomromopdttag (MAXSAT). Mécw autov tov €100V TPOPANUATOV, LTOPOVLE VO,
opioovpe TV £€vvola NG «UEYIGTNG GUUUETOYNG EMYEPNUATOV GTO TPOPANUA» (Apa
KOl GUUUETPIKE, TNG «EAAYLOTNG €E0YMYNG EMYEPNUATOV OO TO TPOPANUAY), UE TN

¥PNOM YoAop®OV TEPLOPIGUOV (Soft clauses).

[a v ev AMyo mpocéyyion Ba ypnowonombei o0 MAXSAT emidvtig Maxino, ctov
omoio Ba mapéyeton £va apyeio .cnf pe Papn (weighted CNF file) kan Ba emotpépet

AboN TOV TPOPANUOTOS TOL TEPLYPAPETOAL EVTOG TOV apyEiov.

4.6.3 Metapintéc

Mo «éBe emyyeipnuo Bo ypelacTolv 2 S10POPETIKEG HETOPANTES, HLECH TOV OTOI®V
LOVTEAOTOLOVLE TV GUUUETOYN/ UN-CUUUETOYN TOV EXLXEIPNUATOV, 0TA 2 GOVOAN TOV

TpoavaPEpOnKay Tpa TAV®.

Ot MAXSAT emivtéc avayvopiloov Tic petofAntés ¢ axépaiovg aptBpovg,
peyaAvtepovg tov 0. Oa amovépovpe 2 dtapopeTikovg aptBots, avicovg tov 0, oe KaOe

emyeipnpo g akorovbwg:

Lo mpdPinuo ue k petofintéc (emiyeipiuaza), yio kabe exiyeipnua pe deikty i, 1oyveL:
1. Merofinti Zouuetoyns tov | otnv Evotabn Enéxtaon:
i
2. Metafinti Zouuctoyng tov | ato mpdfinua:
i+ k
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2OUUETPIKG, N GPVIGI TOV UETOLINTOV DTV ONAWDOVEL TNV AVTIOETN COUTEPLPOPT. OGOV
aAPoPa. TH GOUUETOYN/ ATOVGIA TT0 OVTIOTOLYO GOVOAO OV TEPLYPOPETAL, Yio TNV KGOE

uetofinT.

ILy.
Fovedo Emysipnudatwy ote npoffiinua = 4

L0 1o emiyeipnua 3 1ox0OVY 01 TAPO KATW UETOPINTEG:

3 2  Toemyeipnua 3 eivau pérog e Evotaboic Enéxtaonc

-3 2 To emyeipnua 3 AEN eivau uérog e Evotabois Enéxtaong

7 2 To emyeipnua 3 Ppioketal eviog Tov opiouod tov TpofAuatogs

-12>  To emyeipnua 3 AEN Ppioketor eviog tov opiopod tov TpofAuoatos kot

ppioxetor eviog tov Ivpnvo Emiyeipnuorov

4.6.4 Mepropopoi [14, 17, 22]

Me Baon ™ oMAwon g T 1000, og péyteto Papog meplopicpumv oto wenf apyeio

€160000V, £(OVUE TOVG TAPA KAT® TEPLOPIGLOVG:

4.6.4.1 Ioyvpoi Ilepropropoi [17, 22]

1. Xvvoeon tov 2 Tovohov: O meploptolog avTdG ONADVEL TNV VITOYPEMOT| TNG
GLUUETOYNG, TOL KABe pérovg g Evotabovg Eméktaong, kot 6tov opiopd tov
mpoPAquatog. Aev vogitor n Ymapén ocvvorlov Evotabotg Eméktaonc, mov va

TEPLEYEL EMYEIPNLATO TTOV BPicKOVTOL EKTOC TOV TPOPANUOTOG.

Ta mpofinua ue k covolikd emyeipijuara, yio kabe exiyeipyua i \yoOEL

o Tlgpropiopoc (o€ Ipotaocioxn) Aoyikn):

i 2+ k)

—i v (i+k)
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o Avtiotoyym WCNF Mopoe1] (tapaleinovral ol mapevOicels 6to apyeio):

1000-i(i+ k)0

2. Ilepropropoi Xvoyeticemv Enifeong Eqv kamolo emyeipnua déxeton enibeon
amd Kamolo dAo emyeipnua, tote dev elvar duvatdv vo amoTeAOVV, Kot To 000,

péin g Evotabovg Enéktaong.

Xypa 4.6.4.1.1: Xvoyétion Enifeong

[Na kéBe cvoyétion emiBeong peta&y dvo emyelpnudtwv, 6ToLv To emtyeipnuo A

oéyxetan emifeom and to emyeipnuo B, 1oydovv o1 mhpa kdtw meplopiopoi:

o Ilepropropdg (o€ lpotacriaxn Aoyun):

(A2 —B) A (B2 —4)

-4 vV =B

o Ilepropiopog (og popeny WCNF Apyeiov):

1000-A-B0

e Enclijynon:

Edv to A eivon pédog g EvotaBoivg Enéxtaong, to B dev eivor KAI €dv 1o
B eivon pérog g EvotaBovc Enéxraong, 1o A dev giva.
Ta emyspfuoata A kot B dev etvar kot ta 000 padi, Tovtoypova, AN g

Evotabovg Enéxrtaong.
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3. Kpwmipwo Zvppetoymc: Ta kpiriplo cvppetoyng entyeipnudtov oty Evotadn
Enéktaon mpocapuolovtar 6to yeyovog e DmapEng dV0 TEMKMV GUVOA®DY GTNV
mpocEyyon avth. Eropévmg, n duvatdtro anovciog evog EXYEPHLOTOS OO TO
ovvoro ¢ Evotabovg Enéktaomg dev cuvendyetol amapaitnto HOvo UE amAn
amovsio. amd T0 GVVOAO, OAAG pmopel vo onuaivel aKOUn Kot TANPN amovsio

amo Tov 1010 TovV 0piopd TOL TPOPANUATOG.

o Aextixyy Mopoij:
1) Edav to i dev givar péhog g Evotaboic Enéktaonc, tote 1oyvel tovddyiorov
éva, amod To Thpo KAT:
a. TovAdyotov éva ek TV emyelpnudtov mov emtifevion 6to i, amotedet
nérog g Evotabovg Enékraong

b. To i tifetar eviehdg exktdg mpoPinpatog (ewodystor otov Ivprva

Emyeipnuatov)

o Ilgpropiopoc (o€ Ilpotacioxn) Aoyikn):

Omnov: attim = 10 m-10676 enyeipnuo oV emitiOeTON OGTO EMLYEPTLLOL 1

-1 2> =(i+k) Vv attiy v atti; v ... V atti,

IV =(i+k) Vv attiy v atti, v ... V attiy,
*Iyucioon: Tt 0éon tOV «...», TomobeTovvTol OAN TO ETLYEPTUOTO TOV
emrtiBovton oto emyeipnua i, dSyopiopéva and cvpporo ddlevéng (V). O

deiktng 1 amotelel 1o TAN00G TV EMYEPNUATOV OV emttiBovtal 6To L.

o Tlepropropog (og popeny WCNF Apyeiov):

1000 i —(i+k) attiy attiy ... attiy O
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*Lpucsioon: T 0éon TV «...», TomoBeTovVTOL OAO TO ETLYEIPTLOTA TOV
emrtifovtal oto emyeipnua i, daywpiopuéva amd €va Kevd odotnuo. O

deiktng 1 amotedel 10 TAN00OG TV EMYEPNUATOV OV enmttiBovTal 6To .

4, Terpypupévny Xvppetoyn Ovoétepov Emyeipnuatov : Edv kdnowo enyyeipnua
dev déyetat, 00te eEAMOAVEL, eMifeon amd/ce omolodNToTe AAAO Emyeipnua, TOTE

teTpupéva avinkel oty Evotadn Enéktaon 1 otov [uprva Emyeipnudtov

*YHMEIQXH: H ovpupetoy] ovdétepov emyepnudtov otov  [Tupniva
Enyeipnuatov amoxieieton, péom g OMA®ONG YOAOPDOV  TEPLOPIGUAOV
apyotepo, ot omotot {nrovv M péytomn ovdbeon  pn-mpoPAnpaTiKdV

EMYEPNUATOV EVTOS TOV OPIGUOV TOL TPOPANLATOC.

Xyna 4.6.4.1.2: Ovoétepo Emyeipnpa

[Na KAGE ovodétepo emyeipnuo N, 1oydet o mdpa kdtm povadiaiog meploptopog

(oe TPOPANLO pe K GLVOMKE ETXEPHLATA):

o Ilepropiopoc (og Illpotaciaxn) Aoyikn):
=N 2N+ k)

NV =(N+k)

o Ilepropiopdg (o€ popeiy WCNF Apyeiov):

1000N —(N+k)O

e Enclijynon:

To ovoétepo emyeipnua N eivar pérog g Evotabodg Enéxraong i tov

[Muprva Enyeipnudrov.
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e Xnueioon:

O &v MOYy® TEPLOPICUOC TPOKVTTEL OO TOV TEPLOPICUO VT aplOpd 2
(Kpuiplo Zoppetoync), epodcov yio KaBe ovdétepo emyeipnuo 1oyvet
ot1, gite 10 1010, €ite KAmMOWL OO TO EMYEPNUOTO TOL TOV €miTiBevVTOL,
elvar péA g Evotabotg Enéktaonc, eite to 1610 avrkel otov [Mupnva
Enyepnuatov. To yeyovog OUmG OTL TO 0DOETEPA ETLYEPNUOTO OEV
o&yovrar emBécelg, TO. KOTATAGGEL, OVAYKOOTIKA, GTO GUVOAO 1TNG

Evotabovc Enéktaong i otov [Tuprva Emyeipnudtov.

4.6.4.2 Xalapoi Ilepropiopoi [17, 22]

1. Méywotn amovsio emyeipnudatov and tov Hupnve Emyepnpuarov: Epocov
embopovpe v eaymyn TOV EAAYIOTOV OLVOTAOV ETYEPNUATOV omd TO
TPOPANUO, OTOCGKOTOVUE OTNV  €UPECT, TOL EAGYIOGTOV OLVATOV TLPNVA
EMYEPNUATOV. AVTO UTOPOVUE VO TO AVGOVUE GUUUETPIKE, (NTdOVTOG 0md TOV
MAXSAT emdvty], HEGO YOAUPDOV TEPLOPICUMDV, VO OVOOEGEL TOL TEPIGGOTEPQL

dvvatd emyepnpato ENTOX tov mpopAnuotoc.

O yalapol meplopiopoi Ba kavomomBobv 6to PEYIOTO, KOl GE TEPIMTMOOT TOL
Ba ypewaotel va yivouv omolecdnmote YoAap®GELS Yo va. emAVOE] To TpOPAN O,
0 emALTNG Oa ayvoNGEL KATO0VG €5 ALTOV TOV TEPIOPIGUAV, UE OMOTELECLAL

va 1000V £KTOG TPOPALATOC, OGO TO duvaTo YIvETOL, AYOTEPO ETLYEPTLLALTOL.

Ta mpofinua ue k cvvoiikd emyeipfuara, yia kabe exiycipyua i icyver:

o Ilgpropiopoc (og Ilpotacroxn) Aoyikn):

i+ k
o Ilgpropiopog (e popeny WCNF Apyeiov, mopaieirovior o1 mopevléoeig

oT0 OpxElo):

1(i+k)0
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4.6.5 AlhyopOpog [14]

1)

2)

3)

4)

5)

Anpovpyovpe to .cnf apyeio mov meprypdpel to TPOPAnUe mov BEAovue vo

AOGOLLE, YPNCUOTOIDOVTAS TOVE AP TAVE® TEPLOPIOUOVS LE Pap).

Aivovpe 10 apyeio Tov Pruatog 1 o¢ eicodo otov Maxino kot tpéyovpe tov

EMALTN.

Amd 10 poviélo Aong mov mpokvmTel omd Tov Maxino e€dyovue Tig petaPAntég

avé ovvoro. Ta TpdPANue pe k cuvolkd emtyeipnpoata 1oyveL OTL:

e Ot mpmtec k netafANTEG TOL HOVTELOL JElXVOLY TNV KOTAGTAGT GUUUETOXNG

EMYEPNUATOV 6TO0 GVVOAO TG Evotabovg Eméxktaong

e Ot televtaieg k petofAntéc tov poviélov deiyvovy TNV KoTaoTOoM

TOPOVGIOG ETLYELPNUATOV GTOV OPIGUO TOL TPOPANUOTOG

o 10 mpoPAnua K GLUVOMK®OV ETYEPNUATOV, aVOOETOVUE GTO KOTOAANAO

GLVOAO 70 Kdbe emiycipnua a, oG ENG:

o EvotuOnc Enéktacn

= Edv vmdpyet n i) @ oto povtéro (ko OXI n - a)

o TTvpnvoc Emysipnuatmv

= Edv vrnapyet n tipn - (a + k) oto poviédo (kar OXI 1 (a + x))

[Mpoarpetikd, Yoo okomovc emaAnfevong, onuovpyodue to .cnf apyeio tov
avtioTolov Ypaeov, Yoo To amAd mpdPAnua g Evotabotg Enéktaong (0mmg
neptypapmke oto Kepdrawo 3). Atvovpe 10 &v Adym apyeio o¢ €icodo otov
Lingeling ot moipvovpe to amotélecpo. ‘Emerta, agapovue tov TTuprva
Emyeipnuatov and ™ Bewpio tov mwhpo mave TpoPANHaTog Kol EMAVVOLUE

Eava to TpoPAnua, Pdost e véag, evnuepwuévng Bempiag, péow Lingeling. Oa
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TapoTnprcovpe 0Tt To TPOPANUe TAEoV givor Ikavomomoipo kot emoTpEépeTon

KOVOVIKA TO HovTéALO ADoNG.

*YHMEIQXH: H dwypagn enyyelpnudtov amd Tov opiopid ToV TPoPANUOTOS
yivetor €vtog Tov apyeiov ypheov, undeviloviag to oTolXElol GTNAMV Kot
YPOUU®OV TV OTolMV 01 deikTeG TOVG eivan deikTeg emyelpnUdT®V OV TEOM KAV

EKTOG TPOPANUOTOC.

4.6.6 Iopdadsrypa drdikaciog

BHMA 1:

[Taipvoope 10 mpoPAnua Evotabovg Eméktaong to omoio ypnoilomomoope og
TAPASELYILO KO GTNV TEPIMTMOOT TOV XEPIGUOV UN-1KAVOTOMGILOTNTOS, LECWH EEQYMYNG
[Mupnva Ilpotdoewv (Ilpocéyyon #1, PA. vmokepdiawo 4.5.4). T'vopiloope MoM Ot

gtvon Mn-Ikavomoiouo.

[Tivaxog I'ettviaong I'pdeov
010
001
100

['pagikn Avoarapdotoon Avrtiototyo CNF apyeio pe Bapn

¢ UNSATCoreOfNodes.cnf
p went 6 12 1000

1480

1600 -1 4 ©
1660 -1 -2 @
1600 -1 -3 ©
1600 1 -4 3 0
15680

1660 -2 5 0
le00 -2 -3 O
1600 2 -5 160
1660

1660 -3 6 ©

Yympa 4.6.6.1 Mn-Ikavorn. [Ipofinpa 1000 3 -6 2 0
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BHMA 2:

Kinon Maxino ywo enidvon tov tpofAnqpotoc — ZuAhoyn Amotelecudtomv

BHMA 3:

c ub 3
ol
ub 1

1
OPTIMUM FOUND
-1 -2 34 -56

Yypa 4.6.6.2

Eayoyn Movtélov and anotéieopa

Movrtého Avong = {-1, -2, 3, 4, -5, 6}

Metapintéc Zoppetoyng oty Evotadn Exéktoon = {-1, -2, 3}

MetoafAntég ZOUUETOYNG GTOV OpIopd Tov TpoPAnuatog = {4, -5, 6}

BHMA 4:

AvdBeon tov emrelpnUATOV 6TO GHVOAO GTO OO0 AVIIKOLY

1) STABELE EXTENSION: [3]
2) IN PROBLEM & OUT OF STABLE EXTENSION: [1]
3) UNSAT CORE of NODES/ARGUMENTS: [2]

Xyfqna 4.6.6.3 Amoteréopata poypappatog yia Iupnve Emyeipnpdrov

Ta mépo mhve amoteAéspato TPoKOHTTOVY amd TIG ££1G TAPATNPNGES OGOV 0POpd TO

HOVTELO ADONG:

Ané Merafintéc 3 ko 6 > 10 emyyeipnua 3 aviKEL GTO GUVOAO TNG
Evotofo0c Enéktaonc.

Ano Metofintéc 4 ko —1 = 1o enyeipnua 1 (apov 1 + 3 = 4) Bpioketon
eviog tov mpoPAnpatog, oAAd dev  amotedel péhog g Evotaboig
Enéktoong, apod oto povtédo dev vdpyet n petafintn 1, eved vmdpyet n
dpynon g (—1).

Amé Merapinti —5 2 10 emyeipnuo 2 (apod 2 + 3 = 5) dev Ppioketon

€VTOC TOL TpoPAnuartog, dpa eivarl pérog tov [upnva Emyeipnudrov.

o1



BHMA 5:

I'pagoc IIPIN v I'pagoc META v
UQUiIPECT] TOL AQUIPECT] TOV
IMupriva Mupiva
0 1 0 0 0 0
0 0 1 0 0 0
1 0 0 1 0 0

Yympa 4.6.6.4: EEayoy lvpive Emyeipnpatov

Mndevicape to otoryeia tng 2™ otAng kot g 2™ ypouung, kadmg to emyeipnuo 2
té0nKe exTtOg TPOPANUOTOG, GUVEMMDC, Ol GUCYETICELS OTI ONMOIEC GULUUETEXEL,

dypapovtadt.

I'pogun) Avanepacstacny IIPIN mv
a@uipecn tov ITuvpijvae

T I'pooua Avamapdotaon
META v a@uipson Tov
IMupive Emysipnpatov
—
IIYPHNAZX
EINIXETPHMATON
—

Yympa 4.6.6.5: EEayoy Ivpive Emyepnpatov (I'pagikd)
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Apysio CNF IIPIN v Apysio CNF META v

a@aipson tov Hupiva apaipeon tov [Muprvae
¢ LingelingInput.cnf ¢ LingelingInput.cnf
p cnf 36 p cnf 3 4

-2 -180 -3 -1 0

-3 -10 1360

-3 -2 0 20

130 30

2160

3260

Yympoa 4.6.6.6: Evnuépmon Apyeiov

Amotéieopa Lingeling ITPIN v
agaipecr) tov IHoprva

s UNSATISFIABLE

Yynpe 4.6.6.7 Aroteréoparo Lingeling ITPIN

Amoteiecpa Lingeling META v
aouaipeor tov Huopiva

s SATISFIABLE

v -1 230
Yyna 4.6.6.8 Anoteréopata Lingeling META

*YHMEIQXH: And to povtého Abong, ayvoolue v Vmopén TV ETYEPNUATOV TOV
apopétnkay amd 10 mTPoOPAnue oto Tponyovueva Prpote. Eeocov €yve agaipeon
OA®V TOV OLOOIKAOV TEPLOPIGUADV GTOVS OTOIOVG GLUUETEIYOV TO ETLYEPNUOTO TOV

Topnva, dev pag ennpedlel n ayvonon Tovg.

Hopatnpioeig: To mpoPAnua €ywve Ikovomomoylo Kot eMOTPEPEL €val LOVTELO
emiAvong pe v avdbeon TV KOTIAANA®V TILOV og peTaPAnTtés. Avtd copPaivet 10Tt
A éov to emyeipnua 2 dev veiotatal oto TpdPAnua. ‘Etot, to emyeipnua 3 emitiBeton
oto emyeipnua 1, eved dev pével mALov ampootdtevto omd TV emifeon TOL

EMYEPNUOTOG 2.
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Amotéleopa:
2Hvoro Evotaboig Enéxtaong = {3}

[Tuprvag Emyepnudtov = {2}

Yy6ha: Me tovg eldylotovg duvatovg cuuPipacpovg (omv mepintwon pog €ywve

agaipeon MONO &vog ek TOV ETYEIPTNUATOV), PTACALE GTNV KAAVTEPT duvath AHON.

4.6.7 Iqpoavtikéc Inuaroosig [14]

O mAn0dg apBpde tov eddytotov «ITvpnva Emyeipnudtovy dagpépet amd mpdPinua
oe TPOPANUa. Avtd onuaivel 6Tt vVapPyoLV TPOoPANULOTA TV OTOi®V 1 GLUPPACTIKY
AOon amortel v e€aymyn TEPIGCOTEPMVY TOL £VOG EMYEPNLOTOC, 0nd TOV OPIGUO TOVG.
Avtd vmodnimvel 6Tt moAlamAol (kat Oyl Lovo £vac) KOUBol Tov avticToyov YpaQov,
mBoavév  vo  mpokadoOv  mpoPAnuotiké  ocvoyetioel, Gpo kot v Mn-

Ikavomomoipudtra tov TpoPfArHatoc.

Terpupéva, ta Ikavoromoa mpoPfAnuato Evotabodg Eméktaong €xovv eldyioto
[Muprva Emepnudtov to kevo odvoro (Core of Arguments = { }). O Adyog givar d16tL
Bpiokovtor Non oe Ikavomomoyn KOTAGTAGN, EMOUEVMG 1 apaipecn akpPmg undév
EMYEPNUATOV amd TOV OpIoUO TOov TPOoPANHaTOS B 0dMyNoel 6to 1010 amotéleoua,

OnAadn v opOn e&evpeon evog LoviELOL emiivong.
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5.1 Apyun Idéa [1, 10]

O Tlpotaciaxog Aoyiopdg dev amotehel 10 Hovadikd epyaieio opiopol mpoPfAnudtmv
Ixavomoinong Iepropiopmv. Ot mepropiopol mov di€movv 10 TPoPAnua g Evotabovg
Enéktaong pmopodv va oplotodv Kot 68 LOPON YPOUUK®OV OVIGOTHTOV Kol EEIGDCEWMY,

dtvovtog pog €tot T duvaTdTnTa Vo XPNCLOTOGOVUE €va GALO, aPKETH YPNOLO,
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gpyodeio poviehomoinong mpoPAnudtov Ikavomoinong Ileplopiopudv, tov Ipappikod

[Ipoypappotiopo.

O «I'paupixos Ilpoypauuaticuosy yopokmmpiletor amd ™ OMA®ON TOV TEPIOPIGUAOV
WG YPOUUIKES avicOTNTES N/KOL €EIGMOELS, TNV OVTIUETOTION TOV UETAPANTOV TOL
TPOPANUATOG MG OpoLG TOV TPALewv avTOV Kot TV Vmapén oG OVTIKEWEVIKNG

cuvaptnong, n omoia cvoyetilel T1¢ peTaPfAnTég peTa&d TovG.

Avt0 MoV emdiwketar givol 1 €Ee0peon evOC KATAAANAOL HOVTEAOL avAOEONG TILOV
OTIG UETAPANTEG MOTE, Ol LOVO VO IKAVOTOI0OVTOL OA0L Ol TEPLOPLOUOTL, AL KOl VO
«Pelnioromoigitary 10 omotélecua TS ovTikeeVIKNS ovvaptnons. H o évvola g
BekticTonoinong angvBivetar otV elayiotomoinon 1 v ueyIoTOTOINGH TNG TEMKNG
TIUNG NG OVTIKEWEVIKNG ovuvaptnong kot e&optatar kaboapd oamd to. TAOiGo TOV
npoPAquatog (my. m €Opeon pEYIoTOL SvvOlov Evcotabovg Eméktacng amortel

LEYLOTOMOINGT TNG TEMKNG TIUNG TNG OVTIKEULEVIKNG GLVAPTNOTNG).

SOUTANPOUATIK) avéilvon g TtEYVIKNG mTuxns tov Kepalaiov 5 vmapyet oto

[Moapdptnua A (vrokepaiaio [Hapaptiuatog A: A.3).

5.2 Xpnon Emivtov

5.2.1 Emwtig Aképarov I'pappikoe?d IMpoypappoticpod [15]

[a ™ Miwon mpofinudrov poppkov IIpoypoppaticpod Ba ypnoomombetl to
gpyaieio Matlab, péow tov omoiov mapéyeton o emdvtrg intlinprog. KoAgiton péow g

uebodov intlinprog() evidc tov apyeiov mov meptypdpet To TPOPANUQ.

O ovykekpyévog emAvTAG mopEyel TN duvatdtto enilvong mpofAnudtov Miktov-
Axéparov I'pappkov Ipoypappaticpod (Mixed-Integer Linear Programming, MILP).
Ta &nc mpoPuota  poappukod Ilpoypoappotiopod yapokmmpilovror oamd Vv
emmpocben dvvotdtnTa ovabeonc, TOG0 OKEPOL®Y, OGO KOl TPAYUATIKOV TIUDV, G

peTaPANnTES.
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5.2.2 Aoywn Emivti [15]

H Aoyikip pe v omoia evepyei o emdvthg intlinprog, odugove pe tov odnyd

tekunpioong tov (https://www.mathworks.com/help/optim/ug/intlinprog.html), givon n

eéng:

r . 5 .
x(1ntcon) are integers 2
1

fTx subject t JArxsb 3
min X subject to
x ! Aeq-x=beq 4

L Ib<x<ub. 5

Yyna 5.2.2.1 Tpomog Asrrovpyiog Emivt) intlinprog

Eneénynon (Paogr mapa mave vwopvipatog):
1) Tlpocmafel vo elayiotomoiost TV TN TNG GVTIKEWEVIKNG GLVAPTNONG, Yot OGO

T0 SVVATO TEPIGGOTEPO TO EMTPEMOVY 01 TEPLOPIGHOT GTOVE OTOTOVE VITOKELTOL.

2) AauPaver v’ oy v embopio avabeong axépaimv TUOV 6€ KOTOLES amd TIC
petaPAntég (dvvatar akdun ko va {nnoei n avabeon axépaiwv THOV, € OAES

TIG LETAPANTEG TOV TPOPANUOTOG).

3) Emdiovkel vo avobécel Tipég o Ohec Tic petafintég, yw TG OTOiEg
KOVOTOlo0vVTaL OAOL Ol YPOUUIKOL TEPLOPICUOL avicoTHTWV, GTN HOPPT TOV

TopovctaleTal.
4) Emdwdkel va ovabécel Twég o Oleg TIC UETOPANTEG, Yoo TIC OTOiEg
1KOVOTO100VTaL OAOL Ol YPOUUIKOL Teplopiopol eliowoewv, Gt HOPEY| TOV

TopovctaleTal.

5) Emdubkel vo meplopicel Tig THéG mov ovatibevtol otig peTafAnTtéc, doTE Vol

EUTUTTOVV EVTOC KATOL®OV 0piwV.
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5.2.3 Apysio Exs6d0v (Script File) [15, 23]

Ta apyeio pe KatdAnén «.m» omoteAobV TNV EXIGTUN LOPPN TPATLTOL aPYEIOV E16OO0V

nov amodEyetan | Matlab (Matlab Script file). Ileprypapovv Eva npdPAnua mepropiopmy

T0 01010 EKPPALETaL OE YPUUMKEG OVICOTNTEG EEICMOELS, HECH TNG YPNONG AOYIGLOV

mwvakov  (Matrices Computation). AxolovBodv ot cvvictdoeg peTaPANTEG KoL

oldkacieg Tov apyeiov, TV OomoimV 1M YPNON OGS ETTPEMEL VO, LLOVIEAOTOU|COVE

KataAANAa, TpoPAruata «Evotaboivg Enéktaonc» o I'pappikod [poypappatiopo:

f: 1 avuxewevikn ovvdptnon, Yo v omoia O (ntRcovue Vv Peltictonoinon
™me. AnAdvetar o¢ mivakag (Matrix) kot wapovoidlel To mAnbog, oAl Kol TOVG
OLVTEAECTEG TOV UETOPANTOV TOL GUUUETEYOVY GTO TPOPANLA. ZTNV TEPITTMOON
LOG, OVTIKEWEVIKN cuvdptnon amotedel 10 dBpowcpo TtV petafintdv pog,
dNAAON TOV TILOV TOV ETLEPNUATOVY, 1| akoun Kot 1 cuvaptnon =0, avoldywc
edv Béhovpe péyioto N eddyioto obvoro Evotabovg Enéktaonc. O petafAntég
OTOTEAOVVTAL OTTO TOL ETLYELPTLOTO TOV TPOPANUOTOG

intcon: didvuopa (Vector) mov vVTodekvyEL TOlEG €K TV uetafintdv Oa eivol
OKEPALES. XTIV TEPIMTMOOT LOG, OAES O1 LETAPANTES ivor akEPAIES.

A: mivakag (matrix) mov mepiEyel T0VG GLVTEAEOTEG TOV HETABANTOV 7OV
GUUUETEYOVV GTO. PIOTEPG LEPT] TMV TEPLOPIGLOV AVIGOTHTMY.

b: wivakag (matrix) mov mepiéyet Tig Tég mov Ppiokovian ota delid uépn TV
TEPLOPICUDV AVIGOTHTOV.

Aeq: mivakag (matrix) mov mEPEXEL TOVG GLVIEAECTEG TOV UETOPANTOV OV
GUUUETEYOVV GTO, APIOTEPG LEPT) TV TEPLOPICUDV EELCAGEMV.

beq: wivaxag (matrix) mov mepiéyel Tig TipéC mov Ppickovian ota Jelid péPN TV
TEPLOPICUOV EELOADGEMV.

Ib: kérw ppayua tyuov (lower bound). Anidvetar og divoopa (vector). Xty
nepintwon pag, OAeg ot LETAPANTEG ExouV MG KAT® Qpdypra v Tiun 0.

ub: dve gpayuo tuov (upper bound). Andodvetor g didvououa (vector). Xty
nepintowon pag, OAeg ot LETAPANTEG XYoLV MG KATO Qpayra v Tiun 1.

[x, fral] = intlinprog(f.intcon,A,b,Aeq,beq,lb,ub) : rxljoy emivtp

intlinprog, Aopfdvoviag v’ Oywv OAEG TIG TAPO TAV® TOPOUETPOVS OV
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NAoONKav, emoTpéPovtag 10 HoviEAo emilvong otn petafAnt X, poll pe v

TN ™G PEATIGTOMOMUEVIC AVTIKEILEVIKTG GLVAPTNONG, ot petafint fval.

5.3 I'pappikoi Mepropropoi [1, 10]

Méoa and tov opiopd g Evetabotc Enéktaong mydlovv ot anapaitntol eptopiopol

oL 0pifovv aVTOV TOL £idOVG TPOoPAaTA, 01 0OTToiot etvan o1 €€NG:

4. Axépareg Twég mov Amovror amé Avaowkotnta: To mpodfinuoa g
Evotafoug Eméktaong amortel v avabeon emiyeipnudtov ce éva cOVOAO,
emopévag yapaktnpileral amd v avabeon tipwmv True v False, avéioya pe
ocvppetoyn/ amovcio emtyelpnudToV and 10 v Ady®m chvoro. [V avtd 10 Adyo Ta
nedia TIHOV TV petafintdv Bo mpénel vo mEPLOPIoTOVY MOOTE Vo Aapfavouy

uovo tig tég 1 (= True) ko 0 (= False).

Avto emrvyybvetal pe tov cuvovacud TEPOPIGU®V TTov BETovv TV Vmapén
dve Kot KAT® QPAYyLaTOS TL®V, HE Ave payuo vo arotedel n tiun 1 kot kdto
opaypo vo amoterel m tun 0. Tavtdypova, mpokeyévov va amoeevydel m
avdBeon mpoaypatikdv aplBuav, mepropilovpe emmAéov to mEdiOL TIUOV TOV
petafAntav, dote vo Aappdvouy povo axépaieg Tyéc. Emopuévmg, mpoxvmtovy

ot akoAlovbot meplopiopol:

['a KAOE emyyeipnua 1 woydet:

n € Z,(omov Z: ovvodo akspaiwv apiBuwnv)
n=1
n =0
Ot apa maveo meplopicpol emtvyyavovtar pe tig €€ng nimoelg (N = minbog
peTAPANTOV TPOPANLOTOG = apOUOS KOUP®V YPOPTLATOGC):
o intcon = 1:N

=2 AfAoor OA®V TOV PETARANTOV MG OKEPALES
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o ub = ones(N,1)

-2 AfAoon tov apBpod 1 g avdtato 6plo yio To Tedio TV HETOUPANTOV

e b = zeros(N,1)

- AfAoon tov apBpod 0 wg KatdToTo OP1o Yo To TESIN TOV UETAPANTOV

5. Amoxkieiopog Kowviig Zoppetoyng Avritoiov Emyaipnpuarov: Edv kdamolo
emyeipnuo 0€yeton enifeon and kdmoro dAAo emyeipnua, TdtE OV Eivan duvatoOV
Vo amoTeEAOVV, Kat To. 000, HEAN TG Evotabovg Enéktacng. Zuvovaletar pe Toug

nePLoplopoBg mov BEtovv ta Kprrpra Xoppetoyng (teplopiopoi v’ apBuodv 3).

Xynpa 5.3.1: Xvoyétion EniBeong

['a ka0e cvoyétion eniBeong peta&y 6vo emyepnUdTOY, OTOL TO Emyeipnua A
oéyeton emifeon amod to emyeipnua B, 1oyvovy o1 mhpa kAT TEPLOPIGHOL:

o [lepropiopoc (OS ypoppKy ovicoOTnTO):

A+B=1

e Enslijynon:

Edv 1o A givan péhog g Evotaboig Enéktaonc, to B dev eivar KAI gav
to B givan péhog e Evotabotg Enékraonc, to A dgv givar.

Ta emyspnuota A ko B dev givon ko ta dvo pali, tavtodypova, péAN
¢ Evotabovg Enéktaong.

To aBpowcpa TV THOV TOV emiyelpnudtov A kot B dev mpémel va
Eemepva v TN 1, ®ote va unv vrdpyel dvvatodtnTa avabeong g

TN 1 Kot 6t d00 EMYEIPLOTO, TOVTOYPOVAL.
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6. Kprmpwo Zvpperoyme: o kdbe emyeipnupo oyder ot gite 10 1010, €lte
0mO106OMTOTE aPOUOG Omd EMYEPALOTO TOV TOV emttifevTal, amoTeAovV HEAN

¢ Evotabovg Enéxtaong.

o Ilgpropiopoc (OC YpopKY ovicoOTnTO):
A+ attd=1

= LETATPOTH TTEPLOPICU®Y 6TN popen A * x = b ov amautei o intlinprog
—A-XL attd= -1
Omnov:
A: emyeipnua
attA;: emyeipnuo mov emtiBeton oto emyyeipnua A
L = minbog emyeipnudtov tov emribBeviol oto emyyeipnua A

M = mAn0o¢ emyepnudtov mov emtiBevion 6to enyeipnuo B

e Enslijynon:

Edv to A dev givan péhog e Evotabotg Enéktaonc, 10t oiyovpa eivon
HEAOG TNG KAmo1o/a amd ol EmyEpnpato Tov enttifevton oto A.

Eite to A, eite kdmowo/a and ta emyepnuoto mov tov emtifeviol, givon
pérog/puérn e Evotafotg Enékraonc.

Edv aBpoicovpe Tig Tipég v emyeipnudrov mov emtibevtal oto A, poali pe
mv T tov A, Ba mpénel to abpoopo va Eemepvd, 1| TOLAGIGTOV VL
wovtat, pe v T 1. Avtd onuaiver OtL éva M| TEPLGGOTEPA EK TAOV

EMYEPNUATOV QVTOV, 0moTeAOVV pEAN s Evotabovg Enéktaong.

Mo mepartépm kaTavonomn Tov meplopiopod ovtov, opilovpe to axodAovbo
EMYEIPNHOTA, LE TIG LETAED TOVG CLUGYETIOELS:
o A emyeipnua mov 0éyetan emiBeon omd to emyeipnua B.

e B: emyeipnua mov emtiBetan oto emyyeipnua A.
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e attA;: Kabe emyeipnua mov emribetan oto emyyeipnua A

o attB;: KaOe emyeipnua mov emribeton oto enyeipnuo B

Ag dNUIOVPYNGOLLLE VAl GYNLLOL TTOV VO OVOTTOPIGTE TOL TAPOL TAV® ETLYEPTLOTO

HeE TIG petah Toug GUGYETIoELS:
Xympa 5.3.2: Zvoyétion llorhariov EmOéceov

IMa A, B, attA;, attA,, attB,, attB,, attBs, ioybovv ot akdAovBor mepropiopioi:

A+ B +attA; + attA, > 1
Kat

B + attB; + attB, + attB; >1

= LETATPOTN TEPLOPICUAOV 6T Hopepn A*X < b mov amortei o intlinprog

-A -B -attA; -attA,; <-1
Ko

-B -attB, -attB, -attB; < -1
Terpyupévn Zoppetoyn Ovéétepov Emyeipnuatov : Edv kdnowo emyyeipnua

dgv déyeta, 00te eEAMOAVEL, enifeon amd/ce omolodNmote AAAO myeipnua, TOTE

tetpyupéva avinkel oty Evotadn Enéktaon.
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O meplopiopdc owtdg dev ebumnpetel 1dwitepa 10 oOvolo g Evotabovg
Enéxtaong 6to vo avTIHETOTIoEL TIG anellég Tov 0éxeTal (EQOGOV Eva 0VOETEPO
emyeipnuo oev emrifeton oe GAla emyepnuata). Ilapora avtd, o optopdc Tov
ev MOy meplopiopov Paciletar kvpiwg oto yeyovog 6t 0OTe mpoPAnpoTa

onuovpyet n cvppeToyn £vog ovdétepov kopuPov otnv Evotabn Enékraon.

Yypa 5.3.3: Ovoétepo Emycipnpo

['o KAGE ovdétepo emyeipnpa N woybdet o axdiovbdog povadiaiog meptoptopoc:

o Ilepropiopdg:

e Enslijynon:

To ovdétepo emyyeipnua N elvar pérog ™¢ Evotabovg Emékrtaomg,

EMOUEVOC OVOLYKOGTIKA TOV avotifeton n tiun 1.

e Xnueioon:

O &v My® meplopIGHOg mPOKHTTTEL OO TOV MEPLOPIGUO V1T’ apBud 3
(Kpupro Zoppetoync), epodcov yia Kabe ovdétepo emyeipnuo oyvet
0T, gite 10 1010, €ite KAmol amd TO EMYEPNHOTA TOV TOL emTiOEVTON,

elvan pén g Evotabotg Enéktaonc.

To yeyovdg OU®G OTL TO OVIETEPA. EMYEIPNUATO OEV dEyovTal embécelg,

TO, KOTATAGGEL, avVaYKOoTIKE, 610 cOhvoro g Evotabovg Enéktaong.
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5.4 Amoteléoporo [15]

To amoteAéopato MOTPEPOVTAL EVTOG Mg HETAPANTAG X. AvTh 1 petafAnt eivon
évag Movooldotatog Ilivaxag (€xet povo pion otmAn), o omoiog meplEyel pEGH TO
Movtého Abvonc. [To cvykekpiéva, o deiktng kb Ypopuung ovIrpoo®mmedEL TO dEIKTN
oV emyelpnpatog. Ot TIHéG oV TTEPEXOVTOL EVIOC TNG LOVOIIKNG GTHANG TOV TivoKa
glvol o1 TYES Tov avatiBevTol 6TO ETUYEPNLOTO LLE TOV OVTIGTOYO OEIKTN YPOUUNG, MG
oeiktn tovc. o mapdderypa, to emyeipnua 2 maipvel v tun 1, €dv 1 oA g

HETAPANTAG X, 0T Ypopuun 2, meptéyet mv Tiun 1.

Ta amoteléopata epunvedovtor pe tov 010 TpOTO TOL EPUNVELOVTOL Kol GTO. GAAQ

TpoPANaTO TTOV LEAETNCOLLE, ONAOON:
Av X[K][1] = 0 = 10 emyeipnua K dev avijrer oto cvvoro g Evotabfoig Enéktoong

Av X[K][1] = 1 = 7o enyeipnpo K avijrer 1o ohvoro g Evetaboig Enéktaong
Av X[K][1] = Kevo = dev veiotatar o entyeipno K, 6Tov opiopo tov TpofARUatos

5.5 IMopadeiypora

5.5.1 Ikavomoujopo Tpofinpa

5.5.1.1 T'pagwn Avarapdotaon
.
\ ’ ’

Xypa 5.5.1.1 Ixavorouopo pépinpa
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5.5.1.2 Hivaxag I'errviaong
0011
0001
0100
1000

5.5.1.3 Ilepropropoi

{f = min(xl + Xo+ X3+ X4),
X1, X2, X3, X4 € Z,
0 <Xj, X2, X3, X4 <1,
X1 +X3<1,
X+ X4 <1,
X2+ X3<1,
X2+ X3 <1,
X1 X4 <-1,
X2 X3 <-1,
X1 X3 <-1,

-X1 —Xp X4 < -1}
5.5.1.4 Amoteréopata,
Koartdotaon npopinuatog: IKANOITIOIHEIMO (SATISFIABLE)
Movtého Aong: F=2,X1=0,X2=0,X3=1,X4=1
Evotabng Enéktaong = {3, 4}
Epunveia: Ta emyeipriuota 3 Kot 4 opodorotodviot Yo Vo, aVTILETOTICOVY To
emyepnuota 1 kot 2, evd tavtdypova dOev emrifevtor 1o éva oto dAro. H

avtikelweviky oovaptnon f moipver v Tl 2, 816t 600 emyspnuata

araptilovv To chvoro g Evotabovg Enéktaonc.
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5.5.2 Mn-Ikavoroujoipo tpépinpno

5.5.2.1 T'pogwi Avorapdctacn

Xypa 5.5.2.1 My-Ikavoromoipo Mpépinpa

5.5.2.2 Mivokag I'evtviaong
0010

1000
0100
0000

5.5.2.3 Iepropropoi

{f = min(xy + X2 + X3 + X4),
X1, X2, X3, X4 € Z,
0<x1, X9, X3, X4 <1,
X1+ X2 <1,

X1+ X3<1,

X+ X3< 1,

-X1 X2 <-1,

“Xo X3 <-1,

-X1 X3 <-1,

X4 =1}
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5.5.2.4 Amoteiéopora
Katdotaon npopinuatoc: MH-IKANOITOIHEIMO (UNSATISFIABLE)
Movtého Aong: Aev vpiotatal
Evotobng Enéktaon = { }
Epunveia: Agv vmapyovv emtyelpnuato Tov vo propovv va, opadorotnfovv podi,
MOOTE VO OVTILETOTICOVY OAOL TO.  OVTIMOAQ EMLYEPNUOTO, KOl TOVTOXPOVA,
peta&hd Toug va punv vrdpyel cuoyétion emibeong. Agv vrdpyel dmAadt, dvvotod

VTTOGVVOAO TOV GLVOAOL TMV EMYEPNUAT®V, TO OTTOI0 VO IKOVOTOLEL TOV OPIGO

¢ Evotabovg Enéktacng, yio 1o cuykekpipévo tpopanuo.
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Epbécov Bécape ta amopaitnta Bepéia yio ™ povtelomoinomn, emilvon kot peAéT
npofAnudtwv Evotaboig Eméktaong oe poppxd Ipoypappatiopd, cepd €xet va

LEPLUVT|GOVLLE Y10 TOV YXEPIOUO TV M- [KavoTomGl®V TEpumTtdcE®V.
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O Tpappkdg Mpoypappatiopnds Hog TPocPEPEL SLVATOTNTES TIG OTOIEG O0EV UTOPEL M
ekQpaoTikn euPéreta tov Ilpotaciakod Aoyiouod, m omoio mepropiletar amd
ovadkoTNTe, Vo epunvevcel. H ypnon ypoUMK®V ovicoTHTOV Kol EEICMCEMV
onuovpyet véeg O100TAGELS OTIG EVOAAOKTIKEG EMAOYEC TOL €yovpe KABDG HOg

emuTpEnel MV avabeon TIUdV o€ PHeTaPANTES, TEPAV TV dvadtKadV Tiumv 0 kot 1.

‘Etor  umopobue va  peretnooope kot pio  GAAN  mToyn  xepopod  Mn-
Ixovomomowdtrag n omoia dev Paciletoar otV ayvonon ovoyeTicemv UETOED
emyepnudtov (0nwg omv mepintwon tov [lpotaciokod Aoyiopod), oAl otnv
TPOONTIKY PUOUONG TOV TIUAOV TOV avaTifEVTOL GTO EMYEPTULATA DOTE, SOTNPADOVIOG

TIG APYIKES CLGYETIGELS, va emtevyOel pia mposeyy1oTIKY AVGT 6T0 TPOPAN L.

ZOUTANPOUATIKY aviAvon NG TEYVIKNG mtuyng Tov Kepoiaiov 6 vrdpyer ot0

[Mapaptnpa A (vroxepdaiaro [Tapaptipatog A: A.4).

6.2 Tpomor Xepiopov péom I'pappikod [poypoppatiopod [1, 2]

AQap®dvtag Tovg TEPOPIGUOVS OV amottohV TNV avdbeon aképoulmV TIUAV OTIG
LETAPANTEG, GE GLVOLOCUO LE KATOLOVS EMTALEOV TEPLOPIGLOVS, UTOPOVUE VO, SDOCOVLLE
TIUEG OTO EMYEPNUATO HOG, TEPAV TOV OTOAVTOV TUYL®OV GUUUETOYNG TOV ElYOUE

ocvvavtoet £éog topa (0 = FALSE kot 1 = TRUE).

[T cvykekpyéva, UTOPOVUE VO EMTPEYOVUE TNV AVAOECT] TPAYUATIKOV TILOV TOL
gunintovv 610 medio Tdv [0, 1], otig petafantéc. 'Etor pmopodue vo avapepOLacTe G

CUEPIKES» ADGELS TOV TPOPANLATOC, GCOUPMVO, LE TIG OTOIES 1Y VEL OTL:

®  EMYEPNUATO TOV OToiwV N TIUN TANoLdlel TEPL6GOTEPO TO Ave Opro (Tyun 1)
€Youv ueyalvTepN TPoonTIKY va aroterécovv uéAn g Evotaboig Enéktaong.

o cmyepnuato pe tun ion pe 1 oopperéyovv, yopic apeiPoria, otnv Evotadn
Enéxtaon.

®  EMYEIPNUATO TOV OTOIWV 1 TN TANOLALEL TEPLOGOTEPO TO KAT® Opro (Tiun 0)

£YOuVV MIKPOTEPT TPOOTTTIKY Vo amoteAécovy puéAN ¢ Evotabodg Enéktaonc.
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o cmyepnuato pe tun ton pe 0 amovowalovv, ywpic apgiBorio, and v Evotadn

Enéxtaon.

6.3 E&gvpeon EvetaBoig Enéktaong pécom opfipacpdv [10]

[a va onuiovpynoovue éva ocbvoro Evotabodg Eméxtaong, vmd ocvuPifacpovg,
umopovue vo avabEécovpie, Ywpic EVOOLUGHOVE, OAOL TO ETLXEPTLOTO TOL £YOLV TIUN iom

pe 1.0, og pé.

XvveyiCooue pe v avdbeon emyepnudtov mov tAncldlovv tepiocdtepo to 1.0, avti
t0 0.0, pe mpotepardtmra va €govv ovTh pe TN peyoAvtepn TIU. Xe kdbe Pnuo,

npoomabovpe vo unv mapofidlovpe tov opiopd e Evotabodg Enéktaonc.

Téhog, av moapatnpnoovpe 6Tt T0 GLVOADO pog (To omoio amoteleite Amd EmMyEPNLOTO
omwg meptypdpetar whpo mhvew) dev pmopel vo avTLETORIoEL OAEG TIG AMENEG TTOL
déyxetal, Oa avaykaotobpe vo avabécovpe g HEAN, KoL ETYEPNUOTO TO OOl
mnodlovv apketd 10 kKdtw Opto. [Ipoimdbeon givar 6T1, 0 CLVOLACUOG ETLYEPNUATOV
ov oilyovpa givar péAN Tov cLVOAOL, PE OVTE OV givar o TOAVOV va ivor pEAN
(mAinoualovy 10 dved AKPO) Kot TO HUEPIKA EMLYEPNUATO TOL EXOLV UIKPN ThovoTnTo
oovppeToyng (minoidlovv 10 Kat® GKkpo) kol ta omoio emiégapne cvpuPipactikd, Oa

npénel va emtifeton o€ KaOe emyeipnua wov dev amoterel pEAOG TOL.

Me dAha AOyla, KOTOPEDYOVE GTNV EGYATN EMAOYN 1 ool gival Vo O1LOVPYCOVLE
Evotafn Enéktaon, n onoia mepiéyetl ko emyeipripata mov dev otnpilovv ce peydro
Babuod v amoyn tov cuvorov . [Tapodra avtd, n Tpocéyyion avtr) Bondd to 1o to
GUVOAO GTO VO OVTILETOMIGEL BALO ETLYEPTUOTO TTOV GIYOLPO TACCOVIOL EVAVTIOV TOV
(ovppoyio pe emyElpPNUOTO TOV EYOLV TIUES O KOVTA 610 0, Yo Vol OVTILETOTIGTOVV
EMYEPNUOTO TOV OTOlMV Ol TIEG Tovug 1oovvtal pe 0 n mAinoldlovv 6to pEYOADTEPO
ovvotd Pabud 10 kbt Gkpo). Emopéveg avapepouacte oe pia eAdylotn yoiopn
ocoppoyion pe kdmowov Ox-tdGo PUMKO TOPAyovTa, YL KOWIH OVTIUETOMION €VOG

AmOdEELYLEVDL EXOPIKOV TOPAyOVTa.
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Amoevyovpe va avabfécovpe emyeipnuata, 6to chvoro ¢ Evotabovg Enéktaonc, ta

omoia &yovv Tiun ton pe 0.

6.4 Emivtic Mewktov-Aképatov I'poppiko?d Ipoypappatiopov [15]

210 akoéAovBa Prpata Oa TpocéEovpe 0Tt ypetdleTon avdfeon TPAYLATIKOV TIULOV GTO
EMYEPNUOTO, VO O OAAEG, PonOntéc petofAntég ovoriBevior axépaieg TIUES.
Enopévmg, n mepintwon yepiopod Mn- Ikavoromoimv mpofinuatwv I'pappikon
[Tpoypoppoticpod mov peietdue amotedel mpoPAnua Mewktoh Axépatov I'poppikod

[Mpoypappatiopod (Mixed-Integer Linear Programming, MILP).

Mo mpoPAnpata Mewktod Axéparov I'pappkov Ipoypappoticpod ypnoylomoteito o
emhvtg intlinprog() thg¢ MATLAB, kabd¢ vrootpilet T duvatdtnTa ¥EPIoHoD, 1060

aKEPUL®V, OGO KO TPOYUATIKOV LETAPANT®OV, 6T TAAICO TOV {310V TPOPANLATOC.

[a 10 apyeio ewwodoov (Matlab Script File) ko 11g omoleodnmote 1d101TEPITNTEG,
amoltoelg kot Suvotdtnteg g Matlab, woyvovv ta doa emmmOnkoy Kot 6to Kepdrato 5

(BX. 5.2.3,5.2.4,5.2.5, TTapaptnua A: vrokepaioio 4).

6.5 Tlepropiopoi [1, 2, 10]

Ioyvovv ta 6ca mpoavaeépOnkayv oto Kepdrowo 5 (BA. 5.3), pe xamolovg emmAéov
nepropopove. o cvykekpipéva, Ba tpocteBodv mepropiopol mov Ba givor vrevBvvor
Yo TV ®Onon TGV Tpog ta dkpa tov mediov Tpmv [0, 1], dniaon eivar vrevBuvor yuo

™V avabeon TGV, Tov TANcdlovy 660 T0 duvatd o kovtd yivetar to 0 1) To 1.

H evépysia avt amookomel omv amopuyn avabeong g tyung 0.5 ota emyepnuara,
kabdg avtd odnyel oe advvapio vo Eekabapicovpe, pe PePordmra, t0 MO AKPO
npooeyyiletl to emyeipnua, Adym tov 6Tt N TN 0.5 amoteiel T pnéon Ty (mean value)

TOV TTEGIOV TIUADV Kot améyel amd To. Vo Akpa £’ io0v.

AxoAovBolv ot avicoTNTES:
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1-a-k-A <0
a,—-k,-A7 <0
0<k=<¢
MEA <2
ALAZeN
Omov:
e a; emyeipnuo pe deikm i
o k;: amdoTOoN EMLYEPNUATOC &; 0Td TO AKPO GTO OTTOI0 TEIVEL VO, OVIKEL
e Al petapint mov kabopilel €dv M Tiwf Tov emyEpOTOS &; Bo PpiokeTa
70 KOVTA 6TO v GKpo, e andotaon k; kdtw and avtd
e 7 petoPinth mov kabopilel v n Tur Tov emyyeppatog a; o Bpioketar
70 KOVTA 6T0 KAT® Gkpo, pe andotaon k; ndve and avtd
® = UEYIOTN EMTPENTY] AMOGTACT] EMYEIPNULATOS OO TOL Opto. AToTEAEL TO AV

epaypa TGV TG amdotacng k;, Tov kabe emyepHpoTog a;
Agrrovpyia Avicotntov:
1. 'QOnon Tipn@v Tpog To dve 6pro (1):
1-a-k-A <0
T ) A = 0: O gv Aoye meplopiopdg avabitel Tipf oto emysipnua a;, 1

omoia Ppioketar mo xovid oto dve 6po (1), ko amd 1o omoio améyer TO

TTOAY xatd k;. TLy.:

Ta: k-lZO_ZK(ul:ll= O0tot=:1—3,—02—-0=0 = 4a, =08

= [loAd mBavév 1o emyeipnua a; va eivon pédog g Evotabovg Eméktaonc,

kabdg BpiokeTor mo Kovtd 610 dve 6pto 1 (maipver Typég peta&d 0.8 ko 1).
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2. QOnon Tp@v 1pog 10 KATo 6pro (0):

al—kl—l-f =0

T T A7 = 0: O ev AOym Teploplopdc avadétel TR 610 emtxeipnuo &, 1
omoio PBpioketanr mo kovid oto Kdt®w 6pro (0), kot and to omoio améyer TO
ITOAY xatd k;. TLy.:

Tk, = 02k A2 = 0 16te:2,-02<0 = a, < 0.2
= [loA mBovov to emyeipnuo a; va unv eivor péhog g Evotabovg

Enéxtaong, kabmng Bpioketal mo xovid oto kdtw O0po 0 (maipver Tyég

peta&d 0 kon 0.2).

3. KaBopropdg amdéotacng amwd axpo.:

0<k <=

H ombotoon k;, tov kdbe emyepiuatog a;, amd 10 Gved 7 Katw Oplo,
nepopiletar amd to yeyovdg OtL 0ev givor emMTPENT 1 OvAOECST OPVNTIKNG
andotacnc. Tavtdypova, dve epdyua otnv Tiun tov k; arnotelel n otabepd €, n

omoia opilet T HEYIOTN EMTPENTH AMOGTAOT EXLXEPNUATOV OO TOL AKPOL.

4. Emioyn KoatevOvvong QOnong:

M+a<2

ALAEN

Ot avabéoelg Tywmv, eite avtég Ppiokoviot mo kovid oto dve dxpo (1), eite
Bpickovion 610 KGTtm dxpo (0), kobopilovrar amd Tig petapintéc AL, AT,
Opilovpe T1¢ peTafANTéC aVTEG G PLVOTKOVS, OKEPOLOVS aPlOIOVE, TV OToimV
10 dBpotopa dev pmopet va vepPaivel v tipn 2. Avtod onpaivel 6Tt uoévo pia
€K TV dVO LeTafANT®OV Ba mapet TV Tiun 1, LovTeAOToIOVTOG £TG1 TV 1010TNTO
TOV ENYEPNUATOV TOV TOVG EMTPEMEL VO, TANGLALOVV €lTE TO TAV, €iTE TO KATW®

dpo, Oy PG ko Ta 6vo dxpa pali, Tavtdypova.
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6.6 Xepropog Méywotng Emrpentic Anoctaong € [2]

H MATLAB mpoonmobel va emhdoer to mpoOPANUe, 1KAvOmoldvTog OAOVS TOLG
TEPLOPICUOVE LE OTTOLOONTOTE TPOTO UTOPEL VO TO TETVYEL OVTO. XVYVA, Ol avaBECELS
TILOV OTO HOVTEAO AVONG TOV EMGTPEPETAL SVVATOL VO UNV TPOGPEPOVY KATOLOL
ONUOVTIKY]  TANPOQOpic, OVOKOAEVOVTOG TNV EPUNVEIL TV  OTOTEAECUATMV.
Emilovovtog mpoPfAquata Mewtov Axépatov [pappikov Ilpoypappaticpov pe
ypnon tov emAvtng intlinprog(), Bo mapatnpricovue 0Tl ©C TPOKAOOPIGUEVN Ko
TPOTILMUEVN OVADEST] TILDV, GTNV OTTOI0 KATOPEVYEL OPKETE GLYVA O EMAVTIG, €lvar 1
avéBeon g Tyung 0.5 ota mAeiota (av Oyt kot o€ OA, PEPIKEG POPES) emyepnpata. To
YEYOVOGS avtd avéavetl o Babud afePardotnrag, kabmg 1 tipn 0.5 anéyet €&’ icov kot amd
Ta dVO AKpa, LE OmOTEAESHO Vo unv gtvon EekdBapn n «potipnom» mov divetar 6to

Kk&Oe emuyeipnua.

o va eloyotomomoovpe 10 Pabud  afefardottoag, mpoomabodue  va
EAMOYIOTOTOUCOVIE TNV TOPAUETPO €KEIV Tov umopel vo eMPEPEL  KOAAVTEPEC
avaféoelg, and T £ Topa «PoAkécy avabéoelg g tiung 0.5 Tho cvykekpuéva, 1
HEYIOTN EMTPEMTH OAMOGTACT Omd TO OPld, 1T ONOoio HOVTEAOTOlEITOL HECH NG
petafAntng €, mpénet va ghayiotonomBel. H aAloyn avty Bo emmpedost 11g TWHéS TV
OTOGTAGEMV TOV ETYEPNUATOV &; amd T0 Oplo 6T0 0moio TANGALovy (TIG TIES TV
petapintov k; onladh), @ote Ol OMOCTACELS EMEPHUOTOC-GVED  GKPOL KoL
EMYEPNUATOC-KATO AKkpov vo unv eivon ioeg. 'Etot amopevyeton n avadeomn g tiung
0.5 ota emyepnuota. o va yivel €piktd avtd, GTO GUVOAO TMV TEPLOPICUDV HOG
vroroyifovpe Kot Tov aKOAOLOO TEPLOPIGLO, O OTTOTOG AVOPEPETAL GTN LETOPANTN €, OG

TNV OVTIKEWLEVIKT cuvaptnon f mov BEAovpe vo EAOYIGTOTOMGOLLE, DOTE:

[Ipocéyyon #1 - Ehoyiotonoinon: f = & = min(e)

EvoaAloktikd, m ofePardtmra pmopel va aviyetomotel kot pe pio S10pOPETIKN
npocéyyon. Il ocvykekpipuéva, UTOpPOVUE VO ODGOVLUE TNV T TNG UEYIOTNG
EMTPENMTNG amOoTAONG & ¢ o otabepd. 'Etor o emivtig dev Ba ypewaotel va
ELOYIOTOTOUOEL TNV OVTIKEWEVIKY] cuvaptnon. Oa mpoomadnoel povo va ovoabécet

TIWEG OTO EMYEPNUATA, Ol OMoieg dev Ba améyovv omdGTOoN MEPAV TNG TYUNG TOL
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d00nKe Yo To €, amd o Op1o OV TTPoceyyilovv. Av Yo Tapdostypa dobel n T € = 0.2,
Kavévo emtyeipnuo dev Bo mhpel TéS kdtw amd 0.8 M mive ond 0.2, emopévemg
amokAgietoar apécmg n mOavotnTo péytotng afefardtntog, Omov oTo EMUYEPTLLOTO

vINPYE Kot 1 dvvatdTnTa avabeong g Tyung 0.5.
[Ipocéyyion #2 — AvaBeon Twnc: f = ¢ = ZTAOEPA_TIMH
6.7 Movtehomoinon [15, 16, 23]

Metd ™ OMAwon kot enenynon TV anapoitnTtov TEPOPIGU®V, OoKOAOLOEl 1
povteAomoinon tov mpoPAnuatog otnv Matlab. ®o mpémel 6Aa Ta TpoavapepHEvTa
ototyelo (OVTIKEWEVIKT) GLUVAPTNOT|, UETUPANTEG, TEPLOPIGUOL, AVO-KAT® GKPA TILDV,
entivon k.AT.) va datvmmbodv otn popen mov {nta m Matlab. Ioybovv 1o 6ca
mpoavaeépnkay oto Kepdrawo 5, mepl popeng tov apyeiov Kot 1ontepoTT®V TOU
gpyoreiov Matlab, pe kdmoleg emmAéov arlayég, mov mpocapudlovy To TPOPANUL GTO

véa {nrovpeva. [To cvykekpyéva, TpoKHTTOLY Ol TAPA KATM TOPATNPNCELS:

o f: n avrikeevikny cuvaptnon, ywo. v omoia O {ntRcovue v Peitictomoino
™e. Anldvetar og mivakag (Matrix) kot tapovcidlel To TAnbog, aALd Kot Tovg
GLVTEAECTEG TOV HETAPANTAOV TOLV GLUUETEYOVV GTO TPOPANLO. ZTNV TEPITTMOON
HOG, OVTIKEWEVIKY] OLVAPTNOTN OmoTeEAEl M UEYIOTN EMITPENT ATOGTOON
emyepnudToV, ond 10 6pto 6to omoio avinkovv (UeTaPANT) €). XKOmOG Hog

amotelel 1 EL01OTONTOINGT TG LETOPANTNG €.

Ot petapintég amotelovvror and (Le T oelpd TOL TAPOoLSLALoVTOL TP KATM):
1. v T tov kdBe EMYEPNUOTOS &; TOV TPOPANUOTOS

2. v k@Os anodotoon k;, Tov kabe emygpuatog a;, and kémoo 6plo

3. v k&b petaPint AL, Tov KGBe emyEppoToC a;

4, ™V k& petaPinti A7, Tov KaGOE ETYEPHUATOC &;
5

. TNV LEYIOTY EMTPENTY) ANOGTACT) €

Yvvoio Metapfintov:
4 petafintes ava smysipnpo + petafinti e = 4 # |Zovodo Emysipnuartwy| + 1
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e intcon: dudvuopo (Vector) mov vwodelkviel molEG €K TV petafintodv Oa sivol
OKEPUIEG. XTNV TEPIMTOON UG, EPOGOV EMOVUOVUE Kot aVAOEST) TPAYLOTIKOV
TILADOV OTO EMYEPNUATO KOl OTIS UETAPANTEG OV HOVTEAOTOLOVV OTOGTACELS,
Shdvovpe o aképateg povo Tig petaPintéc AL ko A (Yo kGOe emyeipnpa ;).

o A mivakag (matriX) mov mepLEYEL TOVG GLVIEAEGTEC TMOV UETUPANTOV 7OV
GUUUETEYOLV GTO, OPLOTEPA LEPT TOV TEPLOPICUDV AVIGOTTOV.

e b: mivakog (Matrix) mov mepiéyet Tig Tiuég mov Ppiockovian oto de€ld uépn TV
TEPLOPIGUDV UVIGOTITOV.

e Aeq: mivakag (matrix) mov mePEYEL TOVG GUVTEAESTEC TV UETAPANTOV TTOL
GUUUETEYOVV GTO OPLOTEP LLEPT) TOV TEPLOPICUADV EELCADGEMV.

e beq: mivakog (matrix) mov mepiéyet Tig TIEC oL Ppiokovtor ota deE1d uEPN TV
TEPLOPICUDV EELOAGEMV.

o Ib: kdtow epaypa tipwav (lower bound). Anidvetor og diavooua (vector). Xtnv
nepintowon pag, Oheg ot PeTAPANTEG Exouv MG KATM Qpdypa v Tiun 0.

e ub: ave epaypa Tuov (upper bound). Anldvetar wg didvoopa (vector). Xtnv
nepintowon pag, Oheg ot PeTAPANTEG Exouv G KATM Qpdypa v Tiun 1.

o [x fval] = intlinprog(f,intcon, A, b, Aeq,beq,lb,ub) : fon emdvm
intlinprog, AouPdvoviag va’ Oy OAEC TIG TAPO TAVEO TOPOUUETPOLS OV
OMADONKAY, EMGTPEPOVTOS TO LOVTELO ETIALGONG oTN pHeTaPANT) X, pall pe v
T g Peltiotomomuévng  avVTIKEWEVIKNG ovvaptnong (min(e)), o

petafin fval.
6.8 Amoteléopoaro [15]
Ta amoteléopata emoTpépovtal evtdg piog petafAntig X. Avti n petofAnt) etvon
évag Movodwdotatog Ilivakag (€xet pévo pion otiAn), o omoiog mepiéyel péoa To
Movtého Avong. [To ovykekpipuéva, Kae ypopp| g oTHANG aviiotolyyel oe pio

peTaPANT ToL TPOPANUATOG, LE TN oelpd avTh (Yia TA0og emyepnudtov N):

e N YpOoUUES TOV AVOPEPOVTOL OTIG TILES TV EMLYEPNUATOV Ay .. Ay

o N ypappég mov avapépovTal GTig OTOGTACELS EMLEPNUATOV, Ky ... ky
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e N ypoupéc mov avapépoviot 6T HeETaPANTY A tov EMYEIPNUATOV, AT .o Ay

o N ypoppéc mov avapépoviat 6T HETaPANTY A tov EMYEIPNUATOV, AT ... Ay

e | ypopun mov avoa@EPETaL GTNV UEYIOTH EMTPENTN ATOGTACT €

To amotelécpata epunvevovToL ®G eENG:

e Av X[K][1] = 0 = 1o emyeipnua k dev awvijrer 610 cvvoro g Evotabovg

Enéxtaong

e Av X[K][1] = 1 = 710 emycipnua K avirer oto odvoro ¢ Evotabovg
Enéxtaong

e Av X[K][1] = Kevdo > dev veictatar 10 emyeipnua K, otov opioud tov
TPOoPANLTOG

Av X[K][1] ®Ancialer to 1: to emyeipnuo K givor wo mbavov vo. avikel 6To

cuvoro ¢ Evotafotg Enéktaonc

Av X[K][1] ®Ancialet to 0: to emyeipnua K givar o mbovov vo uny avikel 6to

cuvoro ¢ Evotafotg Enéktaonc

6.9 Hopadciypata

6.9.1 Mn-Ikavomoujoo Tpofinua

6.9.1.1 I'pagwkn Avorapdotoon

Xypa 6.9.1.1 My-Ikavoromoipo Mpépinpa
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6.9.1.2 Iivekag I'errviaong

0010

1000

0100

0000

6.9.1.3 Ilepropropoi
{f = min(e),
0<a. k, A, AL, e<1,yiokePei: 1 <i<4
X1+ X2<1,
X1+ X3<1,
X2+ X3<1,
X1 Xz <-1,
X2 X3 < -1,
X1 X3 < -1,
Xq4 =1,

1-a;-k-A <0, yiokdbei: 1 <i<4
a,-k-A <0,yukdbei: 1<i<4
0=k =z yiaxdbei: 1 <i<4
MAEMN <2 yoxidei: 1<i<4
AL E N yokdle i 1 <i<4}

6.9.1.4 Emilvon, Amoteréopata kot Eppnveia

Yympa 6.9.1.4.1 Amoteréopato TIHAOV ERLYEPNRATOV

17 0.3333

Yo 6.9.1.4.2 Anotéheopno TIHNG EAAYLGTOTONUEVOV €
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Ta emyepnuato 1 ko 2 €xovv pikpn mbavotnta coppetoyng oty Evotadn Enéktoon
(a; = a, = 0.3333 2 mnowlel teplocdTEPO TO KAT® Op1o 0, avti To ave opro 1).
To emyeipnua 3 €yel peyaAvtepn mbavotnta va cvppetéyel oty Evotabn Enékraon

(az = 0.6667 2 mnocdler mepiocdTepo 10 Gved dpro 1, avti to kétw 6pio 0).

To emyeipnua 4 avhkel ciyovpa 6to cvvoro TG Evotabovg Enékroong emedn eivan

ovdétepo emyeipnua (ag = 1).

Eniong mapamnpovpe OtL o eMEPNUATO TNPOAV THES LE ATOGTOOT), OYL LEYOADTEPT

tov € (= 0.3333), and ta dpla ota omoio mo THAVOV Vo AviKOvV.

6.9.2 Ikavomoujowo [Mpépfinpa

6.9.2.1 I'pagwi) Avorapdactacy

-
.

Xympa 6.9.2.1 Ikavorouwopo pépinpa

6.9.2.2 Iivekag I'srrviaong

0011
0001
0100
1000
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6.9.2.3 Ilepropopoi
{f = min(g),
0<a, k, A, A e<l,yuukébei: 1 <i<4
X1+ X3<1,
X1+ X4<1,
X2+ X3< 1,
X2+ X4 <1,
-X1 X4 <-1,
X2 X3 <-1,
X1 X3 < -1,
X1 X2 —Xg < -1,
1-a,-k-A' <0, yuaxdbei: 1<i<4
a,-k-A7 <0,yakdbei: 1<i<4
0=k =g yiaxabei: 1 <i<4
M+ <2 yiokddei: 1 <i<4
ALAT EN yukdbeis 1 <i<4}

6.9.2.4 Emilvon, Amoteréopata kot Eppnveia

<:><:'}_’I

WM =

Yypa 6.9.2.4.1 Aroteréopnoto TINAV ETLYEPNUATOV

17 0

Yyqpo 6.9.2.4.2 Anotéheocno TIUNG EAAYLGTOTONUEVOD €
Ta emyepnuato 1 ko 2, pe tipég ioeg tov 1, eivan oiyovpa péAn tov GuvoAoL

Evotafovc Eméktaonc, evo ta emyeipnpata 3 ko 4, pe tpég ioeg tov 0, ciyovpa

amovotdlovy and avTo.
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[Mopatmpodpe v avédBeon oKEPULOV TIUAV OTO ETLYEPNUATO, KOl TOVTOYPOVO, TO
UNOEVIGUO TNG TN TNG HEYLOTNG dVVATNG OTOGTACTG EMLYEPNUATOV amd TO. OPLO. TOVG,
€. O Aoyoc eivan o €&ng: H mpoomdBeia emilvong evog mpofAnuatog Axépaiov
I'poppkod Ipoypappoticpov, Evotaboivc Enéktaong, to omoio givon Ikovomomoiuo,
ypnowonowwvtag Mewktd [pappikd [poypappatiopd, Bo odnynoetr oty €moeTpoen
ToV 1010V povTéhov AHoNG. Avtd 0QEILeETOL GTO YEYOVOC OTL, EPOGOV AVOPEPOLOCTE GE
éva Ixavomomoipo popinua, yivetoan avébeon tipuov AKPIBQY icowv pe 0 1 1, kdt
IOV GLVEMAYETAL PE UNOEVIKY amOoTOon omd To Opla. Emopévog, M aviikeypuevikn
GLVAPTNOT TOVL TPOGTOHOOVE VO ELOYLGTOTOIGOLVLE (£), 1 OTola AmOTEAEL TNV PEYIOTN
EMUTPENT) omdoTOON amd Ta Oplo, TLYXOVEL NON TIG HEYOADTEPNG  OLVOTNG
glaylotomoinong mov umopovoe va emdeydel, péom tov pundeviopod tmg. ‘Etol, ota
emyepnuota Oa avateBodv tég mov améyovv kotd 0 amd To Opla THDV, OMANOT

yiveton avdBeon tinov 0 1.
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7.1 Kivntpo Kol Znpavtikotnro

H nepopotikn a&oddynon omotedel ) dadikacio péow TG omoiag 10 BempnTikd
voPabpo piag ewaociag, 1W0éag 1 peAétne, odokaletor oty mpaén. Amotehel €va
ONUOVTIKO KOl OVOTOGTOGTO KOUUATL TNG EMGTNHOVIKNG £peuvag, KoM UEcw avThg
g dadtKaciog dvvatol va KatapplipBovv 10€ec, va fyovv 6To GG VEN EVPNLOTO TOL

mpokOTToLY 1 va  gmoAnBevtel n opBdmMTa TV OcwvV  vrootnpilovrot

ovuepaldpeva Tov BewpnTikod HEPOVC.
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[Mopdiinia, n mepapatiky agloddynon pmopel va aflomomBel wg epyoieio pétpov
ovykpicemg. Mia amd T1g ypnodtepes €€’ avT®v, mov deEdyovtal apécmG HETA TV
EPUNVEIDL TOV OTOTEAECUATOV €VOC TEPANOTOC, €lval 1 oOykpion UETAED OpOpmV
TOPOUETPOV E1GOO0V, GTO OGOV 0POPE TO TWG EXNPEALOVY TIG TAPAUETPOVS EEOJOV, Yo
Kamowo mpoPAnuo. ‘Eva apketd kodd moapdoetypo omotedel 1 oVYKPIoN (pOvVeV
extédeong mpoPfAnudatov Evetaboig Enéktaonc, pe dtopopetikd aptBpd koppwv 1 tiun

mokvotTog kdbe opd (pe ypriomn tov idov epyareiov).

Emumiéov, emrpénet Ol povo tn oOyKplon Hetald TopapéTpmyv evOg TpofAnatoc, oAid
Kol TN oOykplon HETOED SQOpeTIk®V epyaieimv emilvong. ‘Eva apketd kalod
Tapadelypo  omoteAel M oLykplon ypovev  emidvong mpofAnudreov  Evotafoic
Enéktoong, pe 1010 apiBud xoéupov kot Tiun mokvotntog, OU®G HE TN YpNom
dtopopeTikod epyaieiov kdbe popd (m.y. ocvykpion emidvong oe [potaciakd Aoyiopd

pe emidvon oe Axépaio I'pappuod [poypappotiopd).

7.2 X16y01

[Ipwro Prjpa aroteAel n avdbeon EekdBapwv otoOy®V. LTa TAAicIO TG EpYOGIOG ALTNG,

oTOYO1 HOG 0moTELOVV Ot ENG:

o [lwgn petapoin g mapapétpov «ApBpdc Koppov I'pagnuatog» emmpedlet to
GLUVOMKO YpOVo emilvong TV TPOPANUATOV 7OV TOPOVGLAGTNKOV GTO
TPONYOVLEVA KEQAAOLAL.

o [log n petaporn g mapapétpov «Ilvkvommta Ipagnuatog» emnpedlet to
GLVOMKO ¥pdVo  emiAvoNg TOV TPOPANUATOV TOL TOPOVCIAGTNKOY GTO
TPONYOVLEVA KEPAAOULAL.

e Jlog n emilvon t@v TPOPANUATOV 7OV TOPOVLGLAGTNKOV GTA TPONYOVLEVA
KeEQAAloto, HECH OPOPETIKOV epyaleiwv povielomoinong, emmpedlel To
GLVOMKO ¥pdvo emilvong, e otabepoi Toug mapdyovieg «ApBudc Koppmv»

Ko «[Tokvotnton.
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7.3 Anpuovpyia Astypatov

Agvtepo Ppo amotedel n onuovpyio Tuyaiov detypudtov (random samples) yi tnv

ektéleon mepapdtov. Ta delypoto amotelodv GTIYUIOTVTIO TOV S TPOPANUATOV TOV

peretnOnkav, ta onoio ektelovviol dote vo peletn el o ypdvog ektéleong tovg, Pdoet

TV Topapétpov tovs. H ev AMdyw dwdwaocia sivor kpioyn yio v adlomotio Tov

TEMKAOV OTOTELECUATOV, KOODS AavOUGHEVA 1] UN-EVOEIKTIKA delyata, 6€ GUVIVACUO

HE TNV TAVTOTE VIOPKTN THOVOTNTA OTATICTIKGOV AaBdV, Ba empépovy v e&aymyn

AavBacpévov ovumepacpdtov. Ilpokeiévou va omoeevybel avtd, ANEOnkav to

axoiovBa péTpa

Mo va peietnBel, pe mepiocdtepn axpifeta, n Swwpopd petald twv ypovov
EKTEAEONC, GLYKPIVOLUE TEG TOV TAPOUETPOV Y10 TI OTTOIES 1 dapopd avT)
B etvan draxpin. ITo cvykekpyéva, ypnoomodniay ot akdAovOes TES Yo

Kk&Oe mapapeTpo:

ApBuodg Koppov I'papruatog: 100, 200, 300
[Mukvémra Ipaerparog: 0.15, 0.20, 0.25, 0.30

E&qymon: H avénon tov xopPov, katd 100 kabe @opd, dacealrilet v
0VLGLOOTIKY dtpopd HETA) TV YpOveV eKTéEAEoNC oTa amoteAécpato. Ta
TPOPANLOTO. TOV UEAETNCAUE GTO TPONYOLUEV KEQAAaLa eivar TG Taéng NP-
Hard xon €yovv exBetikny molvmhokdtnra. Emopévoc, gdloyo pmopodue va
vroBécovpe 0TL 1 cLYKPLON apPBU®OY KOUPOV pe apketd pikpn dwaupopd (T.y. 2,
4, 6 xouPor) dev Ba TapovcLAcEL WAITEPA PLEYAAT ATOKAIOT GTO ATOTEAEGLLATAL,
EVD OF OPKETEG TEPUTTAOOCELS OVVOTOL VO EMLPEPEL OKOUN Kol TOPOHOLN
aroteAéopata (m.y. 1010¢ ¥pdvoc eKTéEALEONC TOGO Y10 2, 0G0 Kol Yo 8 KOUBovg).
H dpapotiky avénon tov ypdvev ektéleong eivor Olokpit o€ HeYOANG
KAMpokoag avénoelg tov apBpod tov KopPov, €€’ ov kot n avénon ava 100,
k& popd. H mokvotta emoéyetar avénon katd 0.5 kdbe popd, yio Tovg id100¢g

Adyoug.
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e [ vo peudoovpe, 660 TO SVVATOV TEPLGGATEPO, TNV EMIOPACT] TOV EMPEPOLYV
TUYOV OTOTIOTIKA AGOM, Ba dnpovpynbodv mepiocotepa omd 1 deiypota yo
KaOe ocvvovaoud <ApiBuov KouPwov, ITTvkvomnroc>. ISavikodtepn emiloyn

amotelel 1 nuovpyia 10 N tepiocdtepwv detypudtomv ové cuvdvacuo.

Epdcov emréEape 3 dwpopetikés tnéc koupov (100, 200, 300) o 4
dwpopetikég Tég mokvotntov  (0.15, 0.20, 0.25, 0.30), &povupe 12
dtpopeTikovg  cuvovaouovs mpoPfinudtov Evotabovc Eméktacng (100
koppor pe 0.15 moxvomta, 100 koéppot pe 0.20 mokvémra ... 300 kopPot pe

0.30 mokvoTa). Apa KATOANYOVLE GTO £ENG GUUTEPAGLOTA:

Ap. Fvvodikev Asiypudrwvy =N 34 =12 =N,
oTmov:
N:mwinfocg dayudrwy ava ovvdiaouo,

N =10

Eneénynon: H dnuwovpyla 10 M mepiocdtepmv  detypdtov yuo  kdbe
ocvvdvacud <ApiBuov Koppwv, IMokvomroac> anockonel otnv pHiouion tov
TEMKOV  OTOTEAECUATOV, HE TETOO TPOMO MOOTE VO VUL EVOEIKTIKAL.
I'vopilovpe 0tL 1 ekBetikn moivmlokotnTa TV TPoPfAnudtov Evctaboig
Enékraong xobwotd v emilvon mpoPAnpdtov, pe peyoddtepo aplBpod
KOuPBov, wg mo ypovoPopa. Ev tovtoig dev givor omdvio va mapovpe ypdvo
emiAvong mpoPAnpatoc pe my. 200 képpovg, pikpotepo amd ¥pdvo emiAvoNg
dArov mpoPAnuatog pe my. 100 kopPovg. Ipémet Opwc va avTiAneBodpue 41t
01 €V AOY® TTEPUTTAGCELG OEV EVOL EVOEIKTIKES, OAAL amoTEAOVV EEAPETELS, KoL
0Tl 0 POVOG TPOTOG VoL LNV EMNPEACOVY OPVNTIKA TO ATOTEAEGLLATO LG Eivarl
pe v moAlamAr] dstypoatoAnyio. Ot eAAYIOTEG TETOLEC TEPUTTOGCELS TTOV
TPOoKLITOVY, ol THYOVY «aTOGPEGNS» AO TI CLYVOTEPES, 0PBEC TEPUTTAOGELS,

HEG® TNG EVPESNC TOV LEGOV OPOV TMV AMOTEAEGLATOV TOVL KAOE delyaTog.

e Ta delypata eivor toyoaomompéva. o 10 k4be éva amd avtd, divovpe pdvo

aplOud kOpPov Kol TLKVOTNTO, KOl 1) GLVOEGIUOTNTO HETOEL TV KOUPoV
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onuwovpyeitan  toyaie, Pdost Tov  mopapétpov. ‘Etolr  dwac@odiletor m

apepoAnyio otnv OAN Sladikacia.

o AwnceaAilovpe 6Tl OAO TO TEPAUOTO EKTEAOVVTOL GTNV 1O10 UNyovy, Y1o. OAOVG
Toug  ocvvdvacuovs <AplBudg KopPwv, Ilukvommto>, 7y xkdabe €ldog
mpoPAquatog kot yio Kabe epyareio emidvonc. I'a v mepapatiky aloddynon
OV TEPLYPAPETAL OTY] GLVEYELWD, YpPNOomomOnke pior unyovn e&umnpetnn

(server) Dell Inc. PowerEdge R610

7.4 Extéleon eapopdrov facer Astypatov

Axolovbwg, cuveyilovpe e TNV EKTEAEGT TOV TEPAUATOV. ZNTOVUE A0 TOV OVAAOYO
EMALTY, VO EMAVGEL TO TPOPANUOTA OV TEPLYPAPOVIOL GTO Tuv)oia Ogiypota mov
ONUIOVPYNGALE GE TPONYOVUEVO OTASO, OTOONKEVOVTAG TOV OMOLTOVUEVO YPOVO
enthvong tov kdbe mpoPAnuartog. Ilpotipdrol, og povdda pétpnong ypovov, Ta

milliseconds (ms).

7.5 Enelepyacio Amotereopatov

o kéBe ocvvdvaocud <ApBpov KopPwv, TTvkvommtag>, 0élovpe va Ppovue Tig
KATOAANAEG EVOEIKTIKES TIUEG TTOV VO AVTIUTPOCMOTEDOVY TO GUVOAIKO TOVG OMOTEAEGLOL.
Ymdpyovv O14QOPES OTOTIOTIKES UETPIKEG MOV UTOPOVUE VO EQAPUOCOVUE GTO
delypota, d0Te vo. TPOKOWYOLUV T EVOEIKTIKA amOTEAESUATO 7OV omottovvtonl. H
ONUOVTIKOTEPT], OTNV TEPinTON pog, amoterei 0 Méoog Opog (Average) o omoiog yua
kdOe cvvovacuod, pog divel to Méso Xpovo Enidvong. Kowdg, to amotéleopa mov pog
EMOTPEPEL EPUNVEDETOL MG «O OVOLEVOUEVOG XPOVOG EKTEAEONC, €0V dMGOLUE N
KOpPovg kot d mukvotTa ®¢ £i60d0», KaBhg diverl pio yevikn €kOvVa TOV OO YPOVIKN
TN vo ovouévoupe, yuoo tov kafe ocvvovaopd. Extedeitar yioo kdbe ocvvdvaoud

Eexoprotd, emopévag Ba katainEovpe pe 12 S10QopeTikég TYES LECWOV OPMV.
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7.6 Eaymyn Agdopévov yio I'pagu) Avorapdctacn

[Tpoxeévou va KataAEOVUE GT ONUOVPYID EVKOAOVONTOV YPUPIKOV TOPUCTAGEMV,
B mpémer va peiwocovpe T 12 tnéc Méowv Opwv oe akdpa mo pukpod mAndoug
dedopéva, ta omoion Ba mpémer va e&axorovBovv va Pydalovv vomuo kot vo eivor

EVOEIKTIKG.

[a va 10 metvyovpe avtd, Bo mpénel mpmdTa voo Buounbovpe ovad TOVG GTOYOLE WG,
Epocov Béhovpe va peretnoovpe TG0 TV ENiOPOGT TOL 0p1BHoD TV KOUP®V, 660 Kot
NV eMdpAoT TNG TLKVOTNTOS, 0TO YPOVO emilvong, Oa Tpémel Ta Kavovpylo dedopéva
va avagépovtal EekaBapa oe ovtd ta dvo otoyeio. [Ma va yiver ovtd, Ba
ypMnoonomcovpe Kot toit o Méso Opo, 0 omoiog amotedel TV KAADTEPT GTATICTIKN
UETPIKT, HEC® NG omoiog ekPpdleTor 1 €vvoln TNG «EVOEIKTIKNG TIUNG» Yo KATO10
ovvoro apBuwv. TTo cvykekpyéva Ba Bpodue toug Mécovg Opovg tv akdiovBwv
otoyeimv:
e  Méoot Opot ypovev mukvotitov, yia kébe apOpd koppov (Tlapaderypa 7.6.1)

e  Méoot Opot ypovev mAnbodv kouPmv, yia kabe mokvotnta (Iapdderypo 7.6.2)

Kowg, Bpickovpe toug HEGOVG OpOLS, TOV HEGMY OpWV.

Mapaderypa 7.6.1 (Mécog Opog + IMvkvotnTta):
[Tapovcialovtar ot mukvotnteg (Le €viovo ypopa), otov mivaka. o v mokvotra
0.15, n Ty 79053.27 eivor 0 p€cog Opog TV YpOvVeV OAMV T®V GLVOLAGUAOV <Ap.
Koppwv, [MTukvoéttac™, mov meptéyovy v mTokvotnta autr|. AnAadn:

Mzoo¢ 'Opoc('OAot ot Kopfior,0.15)
= (Mfoog_Opo¢(100,0.15) + Mfogo¢_Opog(200,0.15)
+ Méoog¢_Dpog(300,0.15)) /3

Mioo Opo Xpovev (Evykpron Hukvorhitav, na dia o mixdn kopfiev)

0.15 0.20 0.25 0.30

7905327 1898888 17727 83 [48016.75

Xypa 7.6.1 Méoow Xpovor [Tvkvotitev
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[Ipdttovtag ovaioyo 7y TG LROAOWMEG TLKVOTNTEG, TOIPVOLUE TIG TUEC TOV
YPEWCOUOOTE Y100 TN YPOQIKN avamopdotact), Pdoel g omoiag Ba perletnBel 1o TAOC
emmpedlel to ypovo emidvong, o mapdyoviag «ITvkvotntay, aveoptntwg Tov TA0ovg

KOpuPwv.

Hopdderypa 7.6.2 (Méoog Opog + Ap1Opiég Koppov):
[Mapovcialovtar ta TANON KOpPov (e évtovo ypoua), otov mivaka. o To TAn0og
koppov 100, n tun 786.10 givar 0 pé€cog pog TV YPOVOV OADV TOV GUVILUGUMV
<Ap. KopPov, ITvkvémrac>, mov mepiéyovv to mAnboc koupwv ovtd. Anrodn:

Mzoo¢ '0pog(100,'04sc ot mukvoTnTESD)
= (Méoo¢_'Opoc(100,0.15) + Mégoc Opoc(100,0.20)
+ Mégog_Opog(100,0.25) + Méoo¢_0pog(100,0.30)) / 4

Meom Opn Xpivev (Zovykpron Hinbov Kopfov, o 6iec T TINES TOKVOTIITGV)
100,00 | 200.00 300.00

786.10 | 6463.65 [ 11559030

Xyqpa 7.6.2 Méoor Xpovor Képpov

[Ipdtrovtag avdioyo yw ta vwoéAouwwe 7ANON wOuPwv, maipvovpe TiG TWWESG TOL
ypeWlOLOOTE Yo TN YPAQIKY avamoapdotact), Pdcoel g onolog B pedetnOel 1o mog
emmpedlel 1o ypévo enilvong, o mapdyovrog «I[1AnBog Koppwvy, aveEapttmg e Tiung

TOV GUVTEAEGTI] TUKVOTNTOG.

7.7 Tlewpopatikny ASroroynon Hpofinparov
Mo ta 5 mpoPAfuata mov HEAETNCOUE GE TPOMYoLpEVO KepdAaia, Bo de&dyovpe

TEWPAPATIKY] aEloAOYNoN Y10 VO GUYKPIVOVUE TO TAG OLOPOPETIKOL TAPAUETPOL GOS0V,

o€ KaOe €idoc mpoPAnuartog, emnpedlovy TIg TaPAUETPOVS EEOJ0V.
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7.7.1 TIIporacwxn Ikavomomopotnra

Amnoteréopato [epapotikav Aokipov

NODES 10 0D 200.00
DENSITY | 0.15 | 0.20 | 0.25 0.30 0.15 0.20 0.25 0.30
1 | 442.00]635.00({516.00 | 2398.00 3751.00 | 3016.00 | 7587.00) 100584.00
2 |468.00|631.00{853.00| 571.00 21011.00 | 4505.00 | 3447.00 | 10681.00
3 |477.00|660.00{887.00| 1145.00 1981.00 | 2888.00 [5670.00 [ 10262.00
4 |487.00|656.00{861.00]| 1182.00 2488.00 | 13637.00 | 7023.00 | 10466.00
& |462.00|655.00( 84500 S75.00 1557.00 | 1059500 [ 8503.00 [ 1105%.00
# 6 |438.00|630.00(761.00| S46.00 275600 | 344400 | 3477.00] 10176.00
T |465.00|677.00(828.00 | 1021.04 4108.00 | 3042.00 [5826.00 [ 10152.00
° B |453.00|643.00{521.00| 1145.00 3028.00 | 4528.00 |6085.00) 10332.00
g 9 48200 664.00{751.00| 1168.00 JSEG.00 | 4148.00 | 3583.00) 8751.00
g 10 ) 467.00(732.00| 858.00 ) 1131.00 2842.00 | 75536.00 | 3665.00) 10082.00
a 11 453600 [ 646.00| 913.00| 1155.00 485,00 | 4330.00 |6786.00 | 11047.00
m | 1% |460.00[645.00]|907.00) 1055.00 3480.00 | 483200 |6034.00| 10353.00
B 13 | 466.00 [ 650,00 528.00 | 1022.00 171600 | 5760.00 [5371.00 [ 10150.00
1 14 147500 [ 650.00]| 913.00 | 532.00 197100 | 3418.00 [5683.00(10172.00
8 15 146200 [625.00| 577.00| 1134.00 3015.00 | 344400 | 6115.00) S630.00
16 J475.00(683.00] 855.00) 1021.00 3156.00 | 3168.00 |6586.00) 11320.00
17 146500 (617.00] S00.00 | 1142.00 2563.00 | 2797.00 | 3466.00| 10361.00
18 1 452.00(674.00| 751.00| 1158.00 J084.00 | 3487.00 |6014.00) S752.00
19 145500 [687.00| 596.00 | 1036.00 3153.00 | 5127.00 |6158.00) 12520.00
20 J453.00| 667.00) S07.00 [ 1072.00 3788.00 | 4124 .00 | 6686.00 | 1043500
Avg 468.40 | 650 55874 40| 1142.05 4196.10 | 469230 (620025 [ 10456.95

Yympa 7.7.1.1 Agtypoata 100 képpov Yyqpae 7.7.1.2 Asiypata 200 koppov

J04.00

0.15 020 015 030

30380.00 | 61873.00 |45575.00| 878580.00
33117.00 | S6200.00 | 50566.00 | 10556400
G6300.00 [ 30718.00 [47034.00( 78195.00
T0346.00 | T8698.00 |33517.00| 186610.00
195465.00 | 65811.00 [48605.00| 71020.00
G63057.00 | 28578.00 [65641.00 | 328503.00
266685.00 [ 74201.00 [85661.00( 51172.00
7046000 | 40606.00 |33822.00| 113630.00
126650000 [ 30806.00 [35340.00| 61285.00
26715500 | 28530.00 [36734.00 | 533638.00
88447.00 | 50076.00 |31843.00| 192233.040
1590640.00 | 64357.00 [42664.00) 135683.00
171908.00 | 53542.00 [56348.00| 64851.00
275680.00 [ 31767.00 [38505.00| 68588.00
226708.00 [ 45185.00 [38045.00| 21826.00
32308.00 | 18538.00 |54165.00| 47174.00
7733.00 1962500 [ 7545500 | 63477.00
10672400 | 35326.00 |33805.00| 26061 7.00
47870400 |125180.00(32704.00| 67785.00
130G82.00 | 25845.00 [37312.00] SG118.00
23249530 | 51314.80 |46099.85)132451.25

Yypa 7.7.1.3 Asiypata 300 koppov Mpotasioxig Ikavomomaeipdtyrag
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lNo v mepopotikn agordoynon tov mpoPinudtov Evotabovg Eméktoaong, wg
npofAnuata Ilpotaciaxng Ikavomomoipudmrog, ypnopomomdnikoy 20 SlapopeTikd
detypota, OTMC mopovctalovtol oTov Thpa v wivoaka. ['a Tov kdbe cuvovacud <Ap.

KopBawv, IMTukvétro> Bpiokovpe to Méco Opo twv 20 Tipudv tov detypdtomv Tov.

I'paguci MMopaotoon 7.7.1.1

90000.00

£0000.00 x
70000.00
£0000.00 \

Xpovog Exktéheong 50000.00 \.\ /‘

{ms) 40000.00 N —
20000.00 == MEooc Xpovog
20000.00 »;L—
10000.00
el T 0.20 0.25 0.30
—4— Méoog ¥pévog Enihuong| 79053.27 | 18988.88 | 17727.83 | 48016.75

MuKwaTNTO

Mopotnpiiosis/ Xopnepdopata

[Mopatmpodpe 6t, apyikd, n avénon tov cvviedeot [lvkvotntog empépet
OPOUOTIKY HEI®ON TOL ¥pOVOL emiAvoNG, OTWG PAIVETOL ATO TNV KATAKOPLON
TTOOT TNG YPOUUNG 0T Ypoeikn moapdotacn 7.7.1.1, ota onueia 6mov €yovpe
mokvotnto ond 0.15 péypr 0.20, pe avt ™ peioon va «eacbevel» andtopa,
ota onueia 0mov Eyovpe mokvotnta amwd 0.20 peypr 0.25. H ypoppr| avakaurtet,
EMPEPOVTAG OVENOT TOL YPOVOL EKTELECNC, GTO CTUEIR OTTOL EYOVLLE TLKVATNTO

amd 0.25 péypr 0.30.

H petaforn tg tung tov ovvieheotr [lukvomtog emmpedler 10 ypdvo
enidvong mpoPinuatev Ilpotaciokng Ikavomomoomtag, 6mmg poptupet n
ypapkn mapdotaon 7.7.1.1, opwg Oyl mhvta avaioya, 1 ovTIoTPOP®S aVAAOYAL.
Av16 onpaivel 6t avénon tov cvvieleot [ukvomntog dev avéavel maviote M
LELOVEL TTAVTOTE TO YPOVO EMIALONG, OO KOl OVTE HEIMON TOV GLVIEAECTN
[Tukvémrog Ba peidoel mdvrote 1 Ba avENoel Tavtote, 10 ¥POVO emiAVONG. X&
ovykekpipéva onueia, ovénon g [ukvomrag Ba empépel avénon tov ypodvov
extédeons (cuVNMBMGC Yoo LIKPEG TYES TLUKVOTNTOG), EVO 6€ dAL onpeia, mBavov

va empéPeL Peimon Tov (GLVHOMS Yo LEYAAES TILES TUKVOTNTOG).
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I'pagu) Mopdotaon 7.7.1.2

120000.00

100000.00 /.

20000.00
Xpovog Extéheong /

&0000.00
{ms) /

40000.00 / == MEoog Xpavog

20000.00

0.00

100.00 200.00 300.00
—#— MEoog Xpovog Emthuans 786.10 463 .65 115590.30

AprBpog Koppuww

HMoapatnpiosac/ Zopnepdopata

[Mopatmpodpe 6Tt 1 adénon tov apBpod TV KOUPOV EMPEPEL CNUOVTIKI
avénom tov ¥poévoL emilvong, OT®G EaiveTar amd TNV Gvodo NG YPOUUNS ot
vYpaoikn mapdotaon 7.7.1.2, ota onpeio pe apBpd koépPwov 100 pe 200, n kAion

¢ onoiag av&dveton ota onpeia pe apBpd kopPov amd 200 péypt 300.

H abdénon tov apBuod tov koppov emeéper avénon tov xpdvev emnilvong
npofinudatwv Ilpotacioxng Ikavoromoomras. H avéopeiowon tov apBuod
TOV KOUPOV EMOEPEL TAVTOTE OVOAOYEG UETAPOAEG OTIG TIEG TOV YPOVEDV
exTéAEONC, 0 ekBeTIKN KALOKO. XVVETMG, UTOPOVUE VO GUUTEPAVOLLLE OTL TO
[TAn0oc KépBov tov ypaenuatog amotedel éva dwitepa a&lOmMOTO KPLTHPLO
oVYKPIoNG TG moAvmAokotntoag mpoPAnudtov Evotafobg Eméktaong, otnv

[Ipotacokn Ikavoromootnra.
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7.7.2 E&aymyq Hupnve Ipotaccwv/ Mepropiopdv

Amnoteréopato [epapotikav Aokipov

NODES 100.00 200.00
DENSITY | 0.15 0,20 025 030 015 0.20 0.25 0.30
100 | 18700 (31400 33.00 | 24.00 445 00 T46.00 39 (0 261 .00
2.00 | 20,00 |188.00| 57.00 | 41.00 1517.00 | 2023.00 | 12093.00 [ 176.00
3.00 | 17.00 | 25.00 | 22.00 | 26.00 3034.00 | 785.00 72104 4500
4.00 | 65.00 | 2000 | 15.00 | 56.00 337.00 |21956.00( 48500 | 1300.00
5.00 | 3400 | 33.00 | 24.00 | 25400 2872.00 | 188500 | 179200 [22820.00
# | 600 |173.00] 25.00 | 37.00 | 2000 14655.00] 311.00 [1%%3s2.00| 67.00
T.00 | 25.00 | 32.00 | 20,00 | 37.00 44900 | 417400 | 279.00 | S67.00
‘; 8.00 | 2500 | 31.00 | 3400 | 22.00 30029.00| 7992.00 6704 446 (M)
9.00 | 15.00 | 147.00| 35.00 | 28.00 34500 |41926.00( 1352.00 | 1595.00
g |10.00] 45.00 | 18.00 | 24.00 | 31.00 623400 | 288700 | 122700 | 95.00
o |11.00) 15.00 | 32.00 [993.00] 20.00 30500 |10073.00( 3017.00 | 393.00
m |12.00] 12.00 | 22.00 | 24.00 | 47.00 316.00 | 320000 | 4835000 | 117.00
p |13.00] 17.00 | 21.00 | 78.00 | 34.00 155100 | 52800 | 83000 | s%s.00
1 |14.00)145.00) 21.00 | 61.00 | 30.00 1010.00 | 209200 | 607.00 | 1035.00
e |15.00]|132.00) 36.00 | 34.00 | 38.00 206158.00| 2862.00 | 7081.00 | 3772.00
16.00) 15.00 | 18.00 | 23.00 | 32.00 1128.00 | 1254.00 38.00 | 2283.00
17.000 15.00 | 22.00 | 27.00 | 22.00 37600.00| 1703.00 | 1204.00 | 654.00
18.000 28.00 |614.00| 24.00 | T63.00 3680.00 | 7243.00 | 22400 | 149200
19.00) 32.00 | 31.00 |116.00| 20.00 102100 | 24.00 1093.00 | 42000
20.00) 52.00 | 25.00 | 40.00 | 38.00 5376.00 | 263700 | 82500 | 473.00
Avg 3510 [ 85.90 | B9.75 | B1.50 674105 | 611810 | 1184435 | 1921.10
Yyqpa 7.7.2.1 Agiypoto 100 képpov Yo 7.7.2.2 Asiypata 200 koppov
NODES 300.00
DENSITY 0.1s 0.20 0,25 0.30
1oo || 7428200 | 15573300 | 11300 | 10737.00
200 | | 30473400 | 14511700 | 7139100 | S261.00
.00 | [11335885.00| 312300 | 1061800 | 71287.00
4.00 | | 275274.00 |1624827.00| 4564100 | 213.00
.00 | | 435458.00 | 362422.00 | 10282.00 | 9033.00
# oo |l 38711700 | 27032800 | 39357.00 | 11185.00
o0 | | 148602400 565378.00 | 110049.00( 4184.00
o Iean |l 123510000 | 240500 | 275500 | 32035.00
f oo [| 683528.00 | 3118700 | 352400 | 3765.00
1000l | #3085.00 | 1487500 | 7787.00 |104309.00
- 11.00] | 445518.00 | 336703.00 | 842500 | 66262.00
:1 1200l | 24028.00 | s0%4.00 | 53073.00 | 30351.00
» [13.00 838801.00 | 2345340.00 | 68453.00 | 91.00
1 [14.00] [ 246143.00 | 314087.00 | 1532.00 | 1681.00
o [15.00] | 556912.00 [5170222.00[ 12234.00 | 340.00
16.00] [ 1855285.00 2203300 | 219400 | 13216.00
1700l 351254100 190177200 | 193214.00| 63633.00
1500 | 73467.00 | 18%500.00 |135467.00( 3503.00
1o.00] [2531852.00| 5505000 | 355300 |1468%4.00
20000 | 25450500 | 7639500 | 231600 [ 5265100
Ave TO0786.65 | 564273.30 | 44716.15 | 33140.00

Yympa 7.7.2.3 Agiypoata 300 képpov
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Mo mv mepapotikn a&oddynon tov tpofinudatov egvpeong [upnva Ipotdoewv e

yphoove, péow Ilpotaciokrg Ikavomomowotntag pe  Papn  (MAXSAT),
ypnooromOnkayv 20 dlapopeTikd Oetypato, 6mmg Tapovctdloviol 6Tov Tapo Tave
nivoka. ['io tov kéBe suvdovaouo <Ap. Koppov, Iokvomro> Ppickovpe to Méco Opo

TV 20 TGOV TOV SEIYLATOV TOV.

EneCepyoacio Aedopévov ka [poctopacio yra I'pagiki) Avanapactoon

Méco Opo Xpiverv (Edrkpen Hukvonijtov, yie 6ha ta wiijbn kippov)

0.15 0.20 0.25 0.30
26586093 | 19015910 | 1888342 | 11714.20
M:soor Opor Xpovev (Evykpion IIigfov Kopfov, na ékec nic nipgs mokvonijtav)
100.00 200.00 300.00
78.06 6656.15 | 358229.03

Xympa 7.7.2.4 Méoow Xpovor

I'poagwn Mapdotaon 7.7.2.1

300000.00
250000.00 *‘\
200000.00 \

[ms) \
100000.00 \ +Mé|:|;|:.|:l Kpén“lc.q
50000.00 \?—\’
0.00
0.15 0.20 0.25 0.30
—#— IViEooc Xpdvog Emikuonc | 265860.93 | 190159.10 | 18883.42 | 11714.20
MukvoTnoo

MMopatnpiosis/ Toprepdopata
[Tapatnpovpe 6t1  avénon tov cvvtereot| [Mukvotntoag empépel dpapaTikn

Hel®o™ Tov XpoOvoy emiAvoNG, 0TS QAiveTol amd TNV KATAKOPLEN TTAOGCT NG
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YPOUUNG 0T YPapikn Tapdotaor 7.7.2.1, pe v kAMon g YPOUUNG, OUMGC, Va.

dpépet amd onpeio oe onpeio.

H petaforn ¢ tung tov ovviedeomn Ilvkvomroc emmpedler 10 ypdvo
enthvong mpoPAnudtov Ilpotacioxng Ikavomomowotntog pe Pdapn, Omog
paptupet n ypaeikny mopdotacn 7.7.2.1, dpmg 6yt mavtote pe tov 1010 pvbud
(BA. xAMom ypopung), KOTL TOL OV pOG EmTpEmEL Vo €£AYOLUE GOPN

GLUTEPACLOTA, (OG TPOS OVTO.

[Mapoéro mov  avéopeiwon g [Mukvotntog emeépet petaforés oTig TIHEG TV
YPOVOV EKTEAEGNC, OYL TAVTOTE LE TOV 1010 pLOWD, €V TOVTOLG Elval AVTIGTPOPMG
avaAoYeS GE 0T TNV TEPIMT®ON (). aDENCT TLKVOTNTOG EMPEPEL pelmon Tov

YPOVOL GTNV TEPIMTOON HOG).

I'poagui) Mapdotaon 7.7.2.2

400000.00
350000.00 /'
200000.00 ‘/
. . 250000.00
Xpovocg Extshsong /
200000.00
(ms) 150000.00 /
' /' ——MEoog Xpovog,
100000.00 /
50000.00
0.00 - J
100.00 200.00 300.00
—#— MeEoaog Xpovos Eniiuang 78.06 5656.15 358229.03
ApiBpoc Koppuv

Hopatnpiosg/ Xopnepdopata

[Hopatmpodpe 611, 1 avénon tov aplBod TV KOUPOV EMPEPEL OPOLLATIKY
avénon tov ypoévov emilvong, OO GoiveTon amd TNV €AAYLOT (VOJO NG
YPOUUNG OTN YPOQEIKN Tapdotaot 7.7.2.2, ota onueia pe opfud képpov 100 pe
200, n kAion g omoiag av&dvetarl SpapaTikd, Om®SG QaiveTal oTo onpeia pe

apBud kopPov and 200 uéypt 300.
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H avénon tov apiBuod tov képPov emeépet adénon tov ypoéveov emiAvong
npofAnudtwv Ipotaciokng Ikavomromowyomtag pe Bapn. H avéopeimon tov
aplBuod tv KOpPoOV emEPEPEL TAVTOTE OVAAOYEG UETOPOAEC OTIC TUES T®V
YPOVOV eKTELEONG, 0€ ekBeTKN KAlpaKa (avEnon eépel avénon, peimon eépet
peimon). ZUVERMG, Umopovue vo. cupmepavouvpe 0tt to I1AnBog Koupwv tov
ypaonuatog omotedel €va  wWwitepa  aSldMOTO  KPITNPLO  GVYKPIONG  TNG
moAvTAokoTNToG mpoPAnudtov  Evotabovc Eméktaong, omv Ilpotacioxn

Ixavomomoipotnta ue Bapn (MAXSAT).
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7.7.3 E&ayoyq Hupnve Emysipnpdtov

Amnoteréopata [epapoatikov Aokipov

NODES 100.00 200.00

DENSITY | 015 | 020 | 025 0.30 0.15 0.20 0.25 0.30

100 | 221.00 | 134.00 | 134.00] 12200 ) 55900 | 128600 | 774.00 144400
2.00 | 14200 123.00| 122.00| 371.00 | 139500 [ 376.00 304.00 339,00
200 | 12000 12400 [ 126.00 [ 14100 | 318100 | 2660.00 | 339500 | 1467.00
4.00 | 132,00 14200 [ 132,00 138,00 | 360000 | 132000 | 246400 | 990.00
5.00 | 12800 7400 | 13500 12700 | 637.00 | 202200 | 128600 | 1176.00

g 6.00 | 12700 14100 | 12400 | 12400 | 499300 | 426200 | 617.00 306.00
o T.00 | 120000 | 12400 | 148.00) 132,00 | 1161.00 | 1382.00 | 719.00 1050.00
f 8.00 ) 135.00 [ 118.00 [ 131.00 126,00 | 1087.00 | 1070.00 | 113400 | 1237.00

9.00 | 123.00 182,00 [ 130.00 [ 14700 | 2120000 | 1560.00 | 1186.00 | 663.00
S 10.00) 162,00 ) 14400 | 165.00| 143.00 | 1651.00 | 4361.00 | 113000 | 460,00
a 11.00) 14600 ) 15200 | 17400 132.00 | 30100 | 1530200 | 2061.00 | 326.00
m 12,000 12000 ) 13400 | 15500 12800 | 52200 | 550.00 1127.00 | 1204.00

13.00) 16200 ) 130,00 | 264.00 ) 126.00 | 170900 | 1027.00 | 300,00 1051.00
]1] 14000 14900 171.00 | 136.00| 157.00 | 205000 | 265.00 173000 | 1336.00
e |1500] 126.00) 162.00 | 175.00| 128.00 | 120900 | 142000 | 174500 | 1035.00

16.000 120000 ) 12800 | 13400 145600 | 24400 | 110400 | 33400 346.00
17.000 14300 ) 13900 | 118,00 141.00 | 244500 | 233500 | 33500 1101.00
18.000 13100 ) 158.00 | 356,00 123.00 | 2317.00 | 79875.00 | 467.00 1037.00
19.000 15100 ) 12100 | 15700 14600 | 298000 | 7563.00 | 381.00 200.00
2000 212.00| 136.00 | 127.00] 163.00 | 394600 | 119100 | S01.00 1127.00
Avg 14415 | 136.85 | 15695 | 148.05 | 191735 | 594040 | 1187.00 | 984.50

300.00
0.15 0.20 0.25 0.30

19562000 | 1029000 | 3810.00 1306.00
T7157.00 | 12806400 | 145200 | 415200
54839.00 3796.00 3728.00 | 2257.00
45361.00 | 14187300 | 473300 | 2488.00
22874300 | 44421400 | 286200 | 304300
0408.00 10717.00 | 33136.00 | 781.00
15266600 | 7437.00 14360.00 | 1757.00

288333.00 [ 2625.00 19607.00 | 4476.00
25014400 [ 42038.00 | 2035700 | 4736.00

Xypa 7.7.3.1

1450800 | 206600 | 136800 | 3503.00 Anote)fopate

23441100 | 32307.00 | 19483.00 | 4537.00

53892500 | 4305200 | 333100 | 2966.00 TEPapaTIKOV

4531400 | 351200 | 106000 | 3662.00 ) ]
1093.00 | 1268100 | 424200 | 2729.00 Aoxipdv ESaymyng
36683.00 | 6333.00 | 31106.00 | 3690.00 Topiiva Koppov

14531.00 2262.00 474500 | 2483300
12335200 | 470600 | 25580.00 | 3064.00

0663.00 18147.00 | 319500 | 2143.00
1703.00 2033400 | 417900 | 4010.00
70504.00 4900.00 10476.00 | 2362.00
12042660 | 4767820 | 1245500 | 3107.50
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Enelepyoacio Agdopévov ka Mpogtowpacio yro I'paguki) Avarapactaon

Mersrn Husvdmnroc oo kpropo obykpons wpofingpareoy Fverafoi: Extwraons

Meom Opo Xpovew (Zoywpron Mvsvertow, v ohoa to wiafn wopfav)

0.15 0.20 0.25 0.30

4082037 | 1792148 | 4599463 | 141333

Meigrny ApBpod Kopfov e kpmjpuo ovykpons rpofinparey Erveraboic Exéxroons

Méoo Opo Xpdvew (Zuywpron IDnBay Kopfev, no dies T1c TIPES TokvoTi|Tev)

100.00 200.00 J00.00

146.50 230956 | 45916.33

Xyfqpa 7.7.3.2 Méoor Xpovor

I'paguciy Mopaostaon 7.7.3.1

45000, 00
A0, DD
3500000

N\

30000.00 N\
¥ povor EKTEAEDTC 25000.00 \
(ms) 20000.00 5

s
15000.00
1000000 \\
) —

0.00
0.15 0.20 0.25 0.30
—#— MECD; Npdvog Enihuong | 40E28.37 | 1752148 | 4589.65 1413.35
MukvotnTo

Mopotnpiosis/ Topnepdopata

[Hopatnpodpe 61t  adEnon tov cvvieheot TTvkvoTTag EMEEPEL GNUAVTIKY
pelmon Tov Xpovoy emiAvong, Omwe QaiveTol and TNV KATOKOPLEN TTTMOCN TNG

YPOUUNG o1 Ypapikn Tapdotacn 7.7.3.1.
H petaforn mg tywng tov ovvtedeotn [Mukvomtoag emmpedlet 10 ypodvo

enthvong mpoPAnudtov Ilpotaciokng Ikavomomowodtag pe Pdapn, Onog

HOPTUPOVV Ol YPUPIKES TAPACTACELS, Yo TO €V AOY® TpoPAnua. H avEopeimon
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g [Tukvotntog emeépet avaioyeg HETAPOAEG OTIC TILEG TV XPOVOV EKTEAEONC,
v 10 wpoPAnua Eaymyng IMupnva Emyeipnudtov. Avtd oesiketor oto
yeyovog OtL o€ mpoPAnuata pe avénuévn mokvotnta, Ppiockovue Mo gVKOA,
dpo Ko GYETIKA YP1YOpa, EMLYEPNUOTO TOV TPOKAAOLV un-Ikavoromoipdtmro,

AOY® TNG TLKVNG GLVIECTUOTNTAG TOL YPOPNLLOTOG, KOl TMV GUCYETICEMY TOVG,.

I'pagui) Maopdotaon 7.7.3.2

SDD00.00
ASD00.00
35000.00 J/

¥povoc EKTEAETNC im'm

(ms)

5000.00 7
20000.00 _
15000.00 z,-"” —4=—MEzoc Xpovor Emilwong

1000000
S000.00 /
0.00 = —
100.00 200.00 300.00
e M EGOE XpOvog ETALIETG 146.50 250055 45916.83
AmBuoc KouBww

Hopatnpiosis/ Xopnepdopata

[Mopatmpodpe 6Tt 1 avénomn tov apBpod v KOuPov emeépel avénon tov
xpdvov emidvong, Omwg @aivetal amd TNV Avodo TNG YPOUUNG OTN YPOOIKN
napdotaon 7.7.3.2, ota onueia pe apBpd képPov 100 pe 200, n kiion g
omotog aw&dveral, Onwg @aivetar ota onueio pe aplpd kKoppov amnd 200 puéxpt
300.

H avénon tov apiBpod tov koppov emeépel ekbetikny avénomn tov ypdvov
emidvong  mpoPAnuatev  Ilpotacwokng  Ikavomomowotntag pe  Papn
(MAXSAT). H avéopeioon tov oapiBpod tov koOppov emipépel mdvtote

avaAoyes LETAPOAES OTIC TIUES TV YPOVOV EKTEAECTG, GE eKOETIKY KATLOKOA.
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7.7.4 Axépaog I'pappikdg Mpoypoppotiopdg

Amnoteréopato [epapotikav Aokipov

NODES 1040
DENSITY L15 0.2 0.25 0.3

1 22310405 62586311 132360 73858.803
#

2 18121.133 T3628.793 T8167.628 91732804
‘: 3 19363 835 - - T4157.846

4 14588.633 42725428 - 122572 652
: 5 21775688 - 61477.063 T4167.447
m L] 16328.433 - 112868.21 -
P 7 18565471 T641.504 65130384 63235497
1 ] 235884.15 - - 331595.668
8 o 20235372 - - -

10 21728672 - 73232584 71441.071

Xypa 7.7.4.1 Anoteréopato Mewpapdrov I'pappikoed Mpoypappoticpod

Mo v mepapotikn a&toldoynon tov tpofAnudtov eEevpeong Evotabovg Enéktaong,
oe Axéparo I'pappikd Ipoypappatiopd, ypnotpomombnkay 10 dapopetikd detypota
(otrypdtuma. awtod Tov €100V TPOPANUATOVY), dTWS TOPOLGIALOVTOL GTOV TTAPA TAV®
nivaka. O Adyog mov pewdOnke o apBuog twv derypdtov eivarl To peyoAo ypovikd
SloTiHoTe TOV XPEGLOVTOL Y10 TNV EKTEAECT] TETOL®V TPOPANUATOV and TOV EMALTY
intlinprog tg Matlab. To mAn0o¢ TV derypdtOV TOPOUEVEL OPKETE KOVOTOTIKO,
MOTE VO £(OVUE OVTIKEWEVIKG amoteAéopata 6to TEA0C. [ kdbe cvvovaouo <Ap.

Koéppav, [Mukvommre> Bpickovpe 10 Méco Opo tav 10 tipomv tov derypdtov tov.

Inuavtikn Xnueioon #1: Adyo tov vtepPoAiikd ypovoBopwv eKTEAECEDV TOV TAEICTOV
mpoPfAnudtov (1witepa yio peydio aptBud kopPwv), ta omoio mo cLYVA KATEAN YOV
oV «ouvTpiPn» (crashing) tov mpoypdppatog Matlab, ypnoonomnke o akdAovbog
yewpopog. Tébnke éva ypovikd Opro «avoyne» (timeout threshold) ota 30 Aemtd
(=1800000 ms), ywa 10 oOmoio, omoladNmoTE JSldwKacio (process) emilvong oev
OAOKANPOVOTOV €VTOC aLTOD, TUYXOIVE OKOPLOHOG OlOKOTNG, Kol TPOGOIOTOV GTO

mpoPAnpa n katdotaon «KUNKNOWN» (dyvmoto).
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Inuovtikny Znpeioon #2: To *-° avartiBeton oto deiypoto TV omoimv 0 TPoyUaTIKOS
xpovog Eemepvd tov mpokaBopiopévo ypovo dlakomng dlepyacidv (process timeout
threshold) twv 30 Aemtdv (=1800000 ms), oniadn ota TPoPANUOTE LE KOTAGTOON
«UNKNOWN»., Avtd yivetar yioo okomovg onpovpyiog ypoenudtov, xabong oev
UTOPOVUE VO, OPNOOVUE KEVES TIUEG, OVTE OUMG VO OVOAMCOLUE TEPACTIOL (Ko
aféPatov) peyébovg ypdvo, oty emiAvon TPoPANUATEOV pe TOAAOVSG KOUPBOVG (E101Kd
epocov amd v mepintwon tov 100 kouPov, epeaviCovtar NoN o1 TpdTeG EVOEIEELS

ypovoPopwv exkteréoewv). Omov -¢, vmoroyilovpe tnv Ty 1800000 ms.

Enelepyoacio Agdopévov ka [pogtopacio yro I'pagiki) Avanapactoon

Mioom Opom Xpovev (Eopwpoy [Tvevenjrev, ne ohe ra =il wopfav)

015 0.2 025 0.3
1206576727 1221631.703 | 1457579 | 1EHD6 i
Meoo O po Xpovey (Evrkpuon [LnBov Kopfev, no die: Tig TipEs mowvoritey)
100
281242 6029

Xyfqpa 7.7.4.2 Méoor Xpovor

I'pagu) Mopdotaon 7.7.4.1

1600000
1400000 =

_‘/’/ _‘-“"“\h
1200000

] . 1000000

XpovocEktéheong oo
(ms)

600000

400000

200000

0

Q.15 0.2 0.25 0.z
—4#—MEeoog Xpovog Emihuong|1206576.73 12216317 [1457578.53| 128920318

MukwaTnTO

Mapatnpiosic/ Tvpnepaopoto.
Xm ypoeik moapdotacn 7.7.4.1 pmopovue vo Olakpivovpe pio YPOLUIKN
avénomn TV ¥pdvev ektédeonc, avEdvovtag tnv mukvotnto and 0.15 og 0.2 ko

amd 0.2 o 0.25, onueio amd t0 omoio kot HETA, KAOE dadoyIK) avENCT TNG
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TIUNG TNG TUKVOTNTOG, LEIMVEL TO XPOVO EKTEAEOTG TOV TPOPANUATOS (YPOLUUIKT
peimon, PA. kAion kot KatevBvvon ypouung oto ddotnua and 0.25 péypt Kot
0.30). A&oonueimto elvar o yeyovog 0t €€ apymg, ol xpoOvol eKTEAEOTG Elval
apkeTA peyaror (PA. katakdpvpo a&ova Y), eved ot ypoOvVol EKTEAECNG OV

aLEAVOVTAL OPOUATIKG YioL TNV opyIkn avénon mukvotntog (amd 0.15 og 0.2).

Me v aAhayn g Tokvotntag evog mpofanuoatog Evotabovg Enéktaonc, otov
Axéparo I'poppkd Ilpoypoppotiopd, yivovior pn-avaroyeg petofoAés oTo
1POVO exTéAEONC, Ol OToieg eEapTOVVTOL Kol amd To onueio mov mpoomabel va
petafAnfet n mokvétta Ty, avénon TukvoOTTaG PE MO UIKPN T EMQEPEL
avénomn 1ov ¥povov emilvong, v avENom TLKVOTNTOS HE NON UEYAAN Tun

empépeL peimon Tov ypdvov entivonc.

I'paguci Mopaoctaon 7.7.4.2

2000000

1800000
1600000
1400000 //
. . 1200000
¥povog Exktédeonc 1000000 S
(ms) 500000 /
600000 /
400000 (f(
200000 1
0
100 200
|—¢—I'l.-'1é:r::|r, Xpovog Emiuong) 2812426029 1800000
ApBpog Koppuww

Hopatnpioag/ Xopnepdopata

2m ypaeikny mapactacn 7.7.4.2 mapotnpovue 6t 1 advénon tov TAndovg TV
KOuPoV emeépet Kar avénon tov xpovou enilvong (PA. didotua 100-200). 'Hon
and T TepmT®oelg TpoPfAnuatov pe 200 koppovg, 0 EMAVTNAG advVaTOVGE Vo
emivoel ta detypata, mpv o dtdotnuo tov 30 Aentdv. Agv eivar a&d6moTo To
amotéreopa Yo 200 ko 300 képuPove. Emopévmg, epdcov 101 ota mpofAnpota
200 xoéupov avatébnke g ypovog exktéleonc, N péylotn ovvorn tun (1800
seconds = 1800000 milliseconds), vmdpyet advvapio avabeong peyaddtepng
TG OTOVG XPOVOLG ekTéAEONC TpoPAnudtov pe meplocdtepovs KOUPovC.
Qo1660, €0A0Y0 €ival Vo OVOEEPOVUE OTL OTNV TPAYLOTIKOTNTA O YPOVOC
ektéleong mpoPAnudrov pe 300 kopuPovg avapévetar va Eemepdoet o xpdvo

ektéleong mpoPfAnudatwv pe 200 k6UPovE, COUPOVA e TNV AVENTIKT TAGT TOV
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napovctalel M ypagikny mopdotacn 7.7.4.2 (ayvomvrtag to ddotnuoe 200-300

KOUP@V) Kot T0 yeyovog 0Tt HeEeToVE TPpOPA ot EKOETIKNG TOAVTAOKOTNTOG.

H av&non tov mAn0ovg tov KOUPoV amoteAel Eva apketd aSlOMIGTO Kol GUVETEG
KPP0 GOYKPIoNG TG MOALTAOKOTNTAG HETOED TpoPAnudteov Evotaboig
Enéktoong, oe Axéparo [poppikd Ilpoypoppatiopd. Avtd o@eidetal 610
yeyovog OtL 1 awEoUEimoNn NG TOPAUETPOV GLTNG, CLVETAYETOL UE OVAAOYN
petaforn tov ypovov extéreonc. Ily. avénon opBuod koOpPwv emeépet
Tvtote (EKTOC OTIG EEQIPETIKEG TEPWMTMOOELS EUPAVIONG  TEPAUOTIKOD
GOAANOTOC) Kol avENCT TOL XPOVOL EKTEAEONC, v M pelwom tov aptBpov
KOUPoV empépel mavtote Kol UEI®ON TOVL XPOVOL EKTEAEOMG. XVYKPION LE

lingeling deiyvel, capmg, kalvtepeg emdocelg yo Tov lingeling.

7.7.5 Mewtoc-Aképarog I'pappikog [poypappatiopog
Amnoteréopata Hepapotik@v Aokipav
NODES 100 200
DENSITY 0.15 0.2 0.25 0.3 0.15 0.2 0.25 0.3
e=02| 1] 93311 | 6570 | 5086 | 10206 | 161921 [513.04 | 407.76 605.09
#
e=02| 2| 12164 | 6056 | 5312 | 13902 | 359351 | 36131 | 36537 1030.64
‘; e=02|3| 5559 | 10800 | 3464 | 8332 | 116776 | 37445 | 372.88 570.82
e=02| 4| 6799 | 6178 | 7346 | 113.04 | 173768 |1989.71| 129543 | 721.69
: e=02| 5| 14809 | so4s [ 58383 | s342 | 27160 [37030] 33089 450.65
m |mim=)] 6] 13666.67[94930.44( 5353.00 | 16787.87 - - - -
p |min)| 7]77141.64]13007 4361654 41] 4444647 - - |1247755.28] 1791784
1 |mint=)| 8] 11354 50(43479 49| 67164.55[131834.02 - - - 754757.04
o |min(e)| 8 |42347.67] 5504.14 [17287.74[ 5442663 - - |1009586.85] s00343.41
min(=)[10] 1350.02 [41590.80(29372.67] 34239.17 [ 334805.04] - |1871574.05] 124042696
300

015 0z 015 03

4837.50|5308.10| 865.76 | 783.15
438.58 |4615.87| 93026 | 873.45

315.404321.11) 77023 | §873.50

§]
l
LM

o |
(=]

[

3203 76| 367798 112713
42587.83 | 77208 [ T28.66

LA
LA
LA

Yympoa 7.7.5.1 Anoteréopora lewpopdrov Mektov I'pappikod Ipoypappatiopod
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Mo v mepapatikny agloloynon tov tpofAnudatov eEevpeong Evotabovc Enéktaong
kot Xepopod Mn-Ikavomomowodmrag, o Mewkto [pappikd Ilpoypappotiopod
(MILP), 1woybovv 6lo ta pétpo mov AGPape Kol ywo. TV TEPITTO®ON TOV AKEPALOV
[pappikod Ipoypappatiopod (PA. 7.7.4, Znuaviikég Inueidoelg). Tavtoypova, Adym
™G VOPENG EMITALOV UETAPANTOV, EVOLAPEPOV EXEL VO LEAETIIGOVLE TNV EMOPOCT] TOV
emPEPeL 610 ¥PpOVo emilvong, N mpoomabeln EAAYIGTOTTOIMONG TG MEYIOTNG OLVOTG
amooTaong and to dxpo (petafAn €), o€ oOykpion pe v anegvbeiog avabeon g
g e [T ovykekpéva 1oyvovy ot Thpo KAT® ETITALOV ONUEIDCELS, OF

GLVOLACUO HE AVTEG TOV LITOKEPOAaiov 7.7.4.:

Inuoavtikny Znpeioon #3: o va evioyvbel m apepoinyio kot va mapopeivouv
EVOEIKTIKA TO, TEAIKA ammoTEAECUATO, ONUovpyove Ta picd deiypata (5) pe otabepn
avaBeon Tiung yo. ™ peTaPAnT € (6mov € = 0.2) kot o GAA pcd detypota (VToAoTa
5) pe avaBeon g eAdylotng dvvatng TNG Yo v &v Adyo petafinty (6mov € =

min(e)).

Inuoaviikny Znueioon #4: o okomolhg OMUovPYiog YPOPIK®OV TOPUCTACEDY Kot
HEAETNG TNG EMOPAONG TV SUPOPETIKAOV TILADV TOV € (0TAOEPE KOl EAALYIGTOTOINUEVT)),
Bpiokovpe pécovg Gpovg Yo Tov Kabe cuvdvacud <Ap. Koppov, [Mukvomra, £, 6Tmg

eaivetal otov mivaxka whpo tive (Amotedéspata [epapoatikdyv AoKipuav).
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EneCepyoacio Agdopévov ka Mpogtopacio yra I'pagiki Avanapactaon

Meoor Opo Xpovev (Zorxpron [Tvsvomrov, o dio o =ity kopfov)

0.15 0.2 0,25 0.3
55634428 60753011 564065 | 515010
Meoor O por Xpovey (Evrxpron [Ligbeov Kopfav, no die: nis nipues mosvorijTey)
100 200 300
20253 45 761669 57091 001002
Meoor Opo Xpovey (Aobevros e =0.1)
100 200 300
120 41 78748 2003.32

Meoo O po Xpovev (Elenororompevor £)

100 00 300

40377 48 1522551.678 180000

Xympa 7.7.5.2 Mécor Xpovor

I'paguci Mapastaon 7.7.5.1

20

ff \\\\\“\..
E “‘\“'-.,__

Xpovog
Extsheans (ms)

~

L ]

[ R T T T R T R - - ]

(=]

==

o

G

o

0.15 0.2 0.25 03

e 00, Nipdwons 55634428 607580.11 S64064.74385 515910.4404

MuswdTrye

Mopatnpiesic/ Zvpnepdopoto

H avénon ™ tyung tovg cvvtedeotg [ukvomrag and 0.15 o 0.2 odnynoe og
avénon 1ov Ypovov extéreong (PA. KAion YPOUUNG, YPOQEIKY TOPAGTACT
7.7.5.1). TTopdra avtd, n kaBe petémeita avénon enépepe peiwon tov ypodvov

EKTEAEONC, OTMG LAPTLPEL 1] KOOOJIKT) TOPELDL TNG VPTG,

H mokvomta emmpedler 10 ypovo ektédeong ota mpoPAnuato Mewkton

Ipoppkod Tlpoypappaticpov, Oyt OUMC TAVTOTE OVAAOYR 1] AVIIGTPOP®G
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avaroyo, Kabhg eoptdror kot amd To onpeio oto omoio cvpPaivel n avénon/
peioon g Tng me. AvEnon piog MO HIKPNG TIUNAG TLUKVOTNTOC, EMPEPEL
avénon tov xpOvoL ekTEAEONS (KO OVTIGTOLY MG, LE Lelmon empEpeTal peiwon),
eV avénomn piog Mon HEYEANG TIUNG TUKVOTNTOG, EMPEPEL LEI®OT TOL YPOVOL
extédeong (Ko avtiotoiyms, pe peioon emeépetar avénon) (m.y. adénon oto
onueio 0.15 odnynoe oe ad&non tov ¥poVoL EMAVONG, EVED aENon 6To onueio

0.25 odnynoe o€ peiwon).

I'paguci Mopacstaon 7.7.5.2

Mpavos
Extsdeonsg (ms)

1ad 200 300
|-—C—r.-1iu:;3€uiv:; 2025345 7616695791 901001 6596
AmBuog Kopfuw

Mopatypiceis / Xopnepaopata
[Mapammpodpue 611 n avdénon tov apBuod Tov KOuUPwvV emEépel avENon tov
xpdvov emilvong, Omwg @aivetal amd TNV Avodo TNG YPOUUNG TN YPOOIKN

napdotaon 7.7.5.2, ka®’ OAn v mopeia TNC.

H avénon tov apiBpov tov koppov emeépet adénon tov ypdvov enilvong twv
mpofAnudtov Mewtov Axépaiov Ilpoypappatiopod. H avéopeiwon tov
aplBpod tev KOpPoV emeépel mAVTOTE OvAAOYES UETAPOAEG OTIG TIUES TV
xpOvov ektédeonsg (dnA. avénon emeépel avénon, peimon empépel peimon).
Yuvenwg, propovpe va copmepdvovpue 6tt to [TAR0oc KouPwv tov ypaenuatog

amotelel éva Wwoitepa a&LOTIGTO KPITHPLO GVYKPLOTG TG TOAVTAOKOTN TGS,
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I'paguc) Mapdotaon 7.7.5.3

2000000.00
1800000.00 /,..—
1600000.00
Xpdvog 1400000.00 /.’f.r
Exteheong (ms) /
1200000.00
1000000.00 /
E0D000.00 /
6500000.00 /
400000.00 /
200000.00 /
009 100 200 00
——hoBive=02 129.41 78748 2003.32
—— E\oyiotomoumnusvo £ 40377 .49 1622551 678 1200000
ApBpoc Koppuv

Mopotnpiesig / Tvpnepaoporo

o v mepintoon ™G €A IOTOTOMUEVNC TWUNG NG METOPANTNG UEYIOTNG
amoctoong (€), mapoatnpovue TV €volakpitn, eSopeTikd UEYAANG KAIpOKOG
avénon oto ypdvo emilvong, pe kabe avénon Tov apBuoy TV KOUPV.
AvEntikn 1don mapovstalel Kot 1 TEPITT®ON 0oV SvoTaV ¢ oTadepd, 1 TN
™G LETOPANTNG €, ®OTOGO dgv glval dlaKPITy 6T YPOEIkn mapdotoon 7.7.5.3
(dwakpivovtar Opwg otov mivaka, katwbev Tov Gfova X, ™G YPOOIKNG

napdotaong 7.7.5.3).

O AOYog OV EMAEYTNKE OVTA 1 LOPOY| YPOPIKNG TTapdoTacng eivar Ot1, and ™
otiyun mov Non yvopilovpe 6t 10 TAN00g TV KOPPwV ennpedlel avdioya To
YPOVO EKTEAEONG, HOG EVOLAPEPEL LOVO va dovpE TN cLYKplon kabapd petady
TOV TPOTOV YEPIGUOL NG HeTAPANTNG €. Me v gudidkpirn dwpopd peta&d
Tov 000 ypoupmv (M po mopovctdlel tepdotion peTABOAn, otV GAAN Ogv
dlakpivetor kav 1 HETABOAN TNG) WITOPOVUE VO, GUUTEPAVOVLE TTO10G YEPIGUOG

™G HeTaPANnTiG € elvar mo domavnpdg, yPOVIKA.

H mpoondBeia ehayiotomoinong g HEYIOTNG SLVATHG OmOGTACTG Amd T, GKpL
(tyn €), emeépel peydAo ypovikd kK66Tog (aEAVEL OMAadN TO ¥POVO EKTEAEGNG,

pe Kabe avénon twv kouPwv), ce vrepPolxd peyorvtepo Pabud amd v
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7.7.6

nepintowon g avabeong piog otabepds Tyng yopis PeAtictonomoels. Avto
opeiletor 010 YEYOVOG OTL 0 €MAVTNG domavel apkeTd ¥pdvo doTE vo Bpet TNV
BéATiotn Avon Yo To TPOPAN U, ONANOT] QVTH TTOL TEPLEYEL TV EAGYLOTN dLVATY|

TIUN YL TNV €.

Avtifeto, otV mepintwon g otabepnc avdbeong Tiung, opkeitol oTnV OmAn
avaBeon TILDV G€ EMYEPNUOTO, Ol OTOIEC EUMIMTOVY G€ O Yohapd Opta (opov
N TN TG € umopel va efvot apKeTd LEYAAN, dpa va EMTPETEL LEYOAVTEPO TEDIO
TILADV Yl0L TO ETLYEPNUATO), EPOCGOV NON Yvopilel ™MV TN ™G UETAPANTNG €

(0ev mpoomabel va tnv vwoloyicet).

Xvykpron Epyoieiov yio Evetadn Enékraon

Onwg avapépbnke ko oto onueio 7.1, n mepapatikn aloAdynon pmopel va
aflomomBei Ko yuoo T ovyKplon petalld epyoieiov mov emidvovv TapoOpoLo
mpofAnpata, cuvnlwg Yo va damotwdel To amodoTikdTEPO €5’ avtdV (0cOV

aPOpd To YPOVO EKTEAEGNG).

Xmyv mepintoon pag ypnoporomnkay 600 SopopeTKd epyareion Yoo TO
TpoPAnpa eEgbpeong g Evotaboig Enéktaong, pe mopdpoto tpodmo, OnAaon Le
an®OTEPO oKOTO TV €€edpeon amodektng Avong, pe avdbeon tuov 0 1 1 ota
emyepnuata. Avtd ta epyaieio eivar o [potaciakdg Aoyiouog (PA. 7.7.1) kou o
Axéparog T'poppuxoc IMpoypappatiopds (PA. 7.7.4). Ot 600 avtég mpooeyyicelg
Bo perenBodv ®g mPog TOVG YPOVOLS EKTEAEONG, TOCO YO TOV TAPAYOVTO.
«ApBpog Koppovy, 660 kot yio tov mapdyovta «Tukvomta I'pagnpotogy pe

GKOTO TN GLYKPLIOT] TOVG.
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7.7.6.1 Xdykpion Yo «Ap1Opo Koppov»

I'pogwkn Hapdotacn 7.7.6.1.1 Zoykpion Ipotas.Aoy./ I'pappikod.IIpoyp.

2000000

1800000
1600000
1400000 /
. v 1200000 j
Xpovoc Ektedeong i
1000000 _i"(
ImSI 200000 /
600000 }/
400000 ‘;
200000
a * —i
100 200
—— pappikoc Npoypopponopog| 281242 6029 1200000
—fli—MNporaouakas AoyLopos 786.10 5463.65
ApBpdg Kopfuww

HMoapatnpiosc/ Zopnepdopata

Toco oty mepintwon tov [Ipotaciokod Aoyiopod, 060 KOl TNV TEPIMTOGN
tov Axépatov I'pappikov [poypappaticpod, tapovsidleror Oetikn kiion g
YPOUUNG ot Ypagiky moapdotaon (PA. 7.7.6.1.1), wdtt mov vmodnAdvel
avtiotoyyn petaforn] Tov ypdvVoL EKTEAEONG, HE TNV OAAOYN TOL 0OPOUOV
KOpPov (avénon koppov emeépet avénon ypdvov emidvong, peimwon kOUPov
empépet peioon ypdvov emidvong). [opdia avtd OU®S, TOPATNPOVUE TIC TIUEG
tov d&ova Y, 6mov mapovcidloviar ot ypovor ektéreons. ITo ovykekpyéva,
omv mepintwon tov [Ipotaciakod Aoyiopov €yovpe mOAD pIKPOTEPEG TUUES
YPOVOV EKTEAEONC, GE KAOE GTAOIO TNG YPOUPIKNG TOPAGTACNS, O’ OTL GTO KAOE
avtiotolyo  otAdlo, otV mepimtwon  tov  Aképoaov  ['pappikov

[Ipoypappaticpov.

Apedtepeg o1 TEPTAOCELS TOPOVCIALOVV TOPOUO GLUTEPLPOPA, ONANON M
petafoAn tov mAnBovg TV KOUP®V emEépel avticToryn HeTOPOAN Kol GTO
xpovo ektédeons. Ounmg, o Axépatog I'poppkodg Ipoypappoatiopos domovet
TOAD TEPLOCOTEPO YPOVIKO OAGTNLLA Y10l VO EMAVGEL TPOPANUATA, TOV OTOI®V N
enthvon Ba NTav TOAD Mo cvvtoun pe ™ ypnon tov Ipotaciakod AoyiGupov.
Enopévmg, Pdost tov upnuiTOV KOTOANYOUUE GTO GULUTEPAGHO OTL M

povtedonoinon evog mpoPAnuatoc EvotabBolg Eméktaong oe Ilpotaciokm
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Aoy elvar kohOtepn emhoyn petald tov dvo, v okomdg sivar 1 eldyiom

duvatn YPoviKN domavn.

7.7.6.2 Loykpron yuo «I[lvkvotnra I'papipatos»

I'pagwn Mapdstacn 7.7.6.2.1 Zoykpion [potas.Aoy./ I'pappikoed.Ilpoyp.

1600000
1400000 S —
1200000 t"'/ ‘
1000000
XpovocEkteheong oo
(ms)
600000
400000
200000
? 0 H 025 _:.1.3
——T pappkds Npoypapponopsg1206576.727|1221631.703(1457578.529(1289203.177
=l potaouxkds AoyLuTpos 79053.Z7 | 18988.88 | 17727.83 | 4BD16.75
MuKwaTHTo

Mopotnpioesig / Tvpnepaocporo

H petafoln otig Tipég TV TUKVOTTOV EMPEPEL SOPOPETIKEG OALAYEG GTOVG
xPOVOLG emidvong, dnwg TopaTNPOVUE OO TN GLUTEPLPOPE TOV YPAUUOV (PBA.
7.7.6.2.1). Tlaporo avtd, ot ¥poOvol eKTEAEONS, KB’ OAN TNV TEPAUOTIKY
dwdkacio, £Yovv GuVEXMG UEYOADTEPN TIUN OTNV TEPIMTOON TOV AKEPULOV

[pappikod [poypappatiopov (BA. Katakdpveo dova Y).

O Axéparog I'pappikdc Hpoypappotiopdg damoavel moAd TepoGdTEPO YPOVIKO
SloTNUO Yo VO EMADGEL TPOPANLLATA, TV OToimV 1 eniAvon Ba NTav TOAD To
ocvvroun pe t xpnon tov Ilpotaciaxod Aoyicpov. Emopévec, Pdoer twv
ELPNUATOV  KOTOANYOVUE OTO GCULUTEPACHO OTL 1 HOVIEAOTOINOM  €VOG
npoPAquatog EvotaBoig Eméktaonc oe Ilpotacioxn Aoywn eivor xkaAdtepn

emAoyn petald Tmv 600, v GKOTOG elval 1 EAGYLOTN SLVOTY YPOVIKT OATAVY).
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7.8 I'evikd Zoprepaopata ko Znperdoeg [1]

Amo 6o Ta Thpa AV TEPApATO TYALoVV KOO0 YEVIK( CUUTEPAGLATO TOV 1GYVOVV

v KéOe £100g TpoPAnpaTog, Kot yio Kabe epyaleio emihvong.

To mAnbog tov petafintdv €66dov oe éva mpoPAnua Ikavomoinong Ilepropiopmv
amoteAel Tov Tapayova mov ennpealetl 1o xpdvo ektédeonc. ITo cvykekpuéva, epocov
T TpOPANUOTA TOL pEAETHONKAY Exovv ekOeTIKN TOALTAOKOTNTA (EPOCOV AVIIKOLY GT
NP-Hard mpopAqpata), n avénon tov aplfuod tov petafAntdv, 0mov oty O1K) Hog
epinToon, UETAPANTEG OmOTEAOVV Ol KOUPOL TOL YPOPNUOATOS, POIVETOL VO ETIPEPEL

oNUAVTIKY OENGN ToL YpdVoL EMIAVGTC.

Axoun, 66ov apopd TV TLuKVOTNTA, 1 ALEoUEimON TG EMPEPEL, OYL TAVTOTE OVALOYEC,
N TAVTOTE OVTIGTPOPMOS AVAAOYEG LETARBOAEG OTIC TIHES TOV YPOVAV EKTELECTG, EPOGOV

e€aptdrtar kot and moo onpeio yiveton  avéopeimon tg.

H Tlvkvomra eivor o mopdyovtag mov kKabopilel 10 mOCOGTO TWV OKU®OV GE €val
YPAOM U, HE TNV aENCT| TNG VA EMPEPEL TAVTOYPOVY avENGT Kot Tov TANO0VG aKUMV.
Ké&Be axpn mpocOéter emmiéov meplopicpovg otov opiopd tov mpofAnpatos. "Yroapén
eCapetid  pkpov apBpov akpodv (Gpa Kot moAd pkpng i IMukvomroc)
cuvemayeTon pe VIapEN eAdyoTOV TTEPopcp@V. Etot dgv €yovv ™ duvatodtnTa Vo
neplopicovv 10 TPOPANUE o€ T€To10 Pabpd, TOL VO UNV ETITPEMOVY GTOV EMALTY VO
EVTOMIGEL GUVTOUO KATMOWO OmodeKTO pHOVTEAOD Avong. Aniadn, moAd omdvia
eppaviCoviar avabéoelg TYmV mov empépovy Mn-Ikavomomoindtto, 6 TEPMTMOCELS
TOAD HKpoL cLVOAoL meplopicudv. To eawvdpevo avtd opiletar wg «lleplopioTikn

Avemdpketon (Under - Constrainedness).

Amd Vv GAA, dmapén eCoupetikd peydov opBpold akp®dv (Gpo Kol TOAD HEYAANG
g [okvomtog) cvvendyetat pe Vtapén VIEPPOAIKAE TOALDY TEPLOPICUAOV, 01 OTTOi0L
£€yovv TN dvvaTOTNTA VO TEPLOPIcOVV TO TPOPANUA o€ TETO0 PabUd OV Vo EMTPETOLY
GTOV EMADTI] VO EVTIOTIGEL E0KOAM, KOU GYETIKA GUVTOUW, TO UN- OTOOEKTH LOVTEAQ
Aone. Anlodn, speaviCovtor apketd cvviopa ot avafEécels mov emeépovy Mn-

Ixavomomoipdmra, Aoym g Vapén eEapeTikd LEYEAOV GUVOLOL TTEPLOPIGUAOY. AVTO
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EMTPENEL TV EYKaALPN AyvONGT TOVG KOl TNV EVOGYOANCT TOL EMAVTY UE KOVOVPYLES
avaféoelc Timvy, uéxpt Ty edpeon g KoTtdAANANG. To eawvdpevo avtd opiletor mg

«Ileproprotikny Yrép-Endpkeia» (Over - Constrainedness).

210 €VOlAUEGO TOV VO KOTOOTAGEWMV, VIAPYEL KOl TO €VOEXOUEVO VTAPENG HOALG
OPKETAOV TEPLOPIGUAV, MDOTE VO UMV SEVKOAVVETOL 1010UTEPO O OTOLOGINTOTE EMAVTNG,
KATL TOL €YEL AVTIKTLTIO GTOVG YPOVOVS emidvonc. Avtd cvupaivel KabmOG TEPMTOCELS
6TO Y®OPO avalNINoNG TOL EMIALTY, YO TIG OMOIEG OEV IKOVOTOIEITOL TO TPOPANL,
OVOKOADTITOVTOL GE TOAD HETEMELTA OTAO0, UETE omd MO OPKETES KATOAANAESG
avaféoelc TmV otic voloueg petafAntég, puéxpt va Bpebet n Tpd peTafAnt Yo
v omoia oV vdpyet kapio kKatdAANAN Tun. ‘Etot, autég o1 mepurtdoelg amokdmTovTon
amd to SEVIPO avalNTnong, VM £XOuV NON ATOCYOANGEL APKETO TOV EMALTI, OGTE VO

av&NGovVY onUAVTIKA TO XPOVOo EmiAvoNg.

Ta onueio 6mov mapatmpovvtor ta eavopeva «Under - Constrainedness» kot «Over -
Constrainedness» owa@épovv and epyoieio oe egpyareio. 'evikd,  cvoumeprpopd g
YPOPIKNG TOPACTACTG TS TUKVOTNTOAS GLVNOMC TapovctdleTon Mg €ENG: APy LKPOG

YPOVOG EKTEAEDTG, EMELTA GTOOLNKT AOENGN Kot akoAlovBel oTadiokn peiwon.
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Kegdiaro 8

YounepdopoTo
8.1 T'evikd Xvumepdopata kot [Tapatnpnoeig 112
8.2 Mellovtikég Bektiwoelg 114

8.1 I'evikd Xoprepaocpata ko Hopatypioeg [1, 2, 3, 9, 10, 11]

Me 1t perém onuavtikav tpofinudatov Emyeipnuotoroyiog, tn HOVIEAOTOINGT TOVG
oe dwpopa epyareio Ilpoypappaticpov Ikavoroinong Iepopiopuav ko ) deaywyn
TEPAUATIKNG AELOAIYNONG OTO OMOTEAEGHOTA TOVS, GE CLUVOLOCUO HE OAES TIG YPNOUES
YVOGES TOL pog mopeiye N PpMoypapia pog, pmopovue vo katoAnEovpe oto €ENg

YEVIKO GUUTEPAGLLATO.

Ta mpoPiuata  eEebpeong Evotabodg Eméktaong oe éva  ypdpo/ mlaicio
emyepnuatoroyiog, kabmg emiong kot o yepwopds towv  Mn-Ikavomomoipwv
TEPMTOGE®V TOVGS, etvar NP-d0ckoAa, kKabdg eunintovv oty Katnyopio tpofinudtov
Ixavoromowpdmtag. Téco oty mepintwon g [Ipotaciakng Ikavomomoipotnrag (eite
pe Bapn, eite yopic), 660 ko oty mepintwon tov ['pappkod [poypappatiopod (gite
Axéparov, gite Mewton), yevikdg okondg Nrav 1 e€edpeon piog katdAAning avadeong
TV, TpOPANU To omoio amartel ekBeTiKd YpoOvo enthvone. Avtd onpaivetl 0Tt avénon
TOV UETAPANTAOV £16000V (Kupiwg Tov apBrov TV KOUP®V), otn Bempio, emEEper Kot
ekBetikn avénon tov amapaitnTov YPOVOL EMIAVONG, UEPIKES POPES OKOUT KOl GE UN-
TPOoKTIKA enineda (m.y. mepintoon ['poappkod [poypappaticpov, émwov vmpéay ypdvot

emiluong, EKTOG TOL TANLGIOL JlaKomng dlepyact®mv/ process timeout threshold).

Inuoaviikd onueio avagopdg eivor 1 BEATIOT Tpocéyyion oty e&evpeon AVOTG, OTIG

TEPUTAOGELS YEPIWOCHOV TV Mn-Ikavomomoiudy mepmtdcemy TV TPoPANUATOV
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avTOV. Oélovpe ThvTo pio TPOGEYYIOTIKN ADGT OV VO TPOKLATEL OO TOV EAAYLOTO
duvatd PBobud cvuPifoacpod. Avtd cvvemdyston pe e&evpeorn €AAYIGTOL ZLVOAOL
[Tvprva ywoo v Tlpotacioky Ikavomomoipudétta (1600 Yoo TV TEPITTOON TOV
EMYEPNUATOV/KOUPOY, OGO KOU Yo TNV TEPIMTOON TEPLOPIGUAOV/OKUDV) Kol LUE
vToAoYIopd eAdyloTNG duvartng omdotaong amd T dkpo (8) Yo to [poappikd
[Tpoypappaticpd. H Bertictomoinon (= eloylotonoinor, 6Ty TepinTmon Hoc) EnpEPEL
KOl KATOLEG CLVETELEG, KLPIWG 0TO ¥POVO eKTEAEONG, EPOCOV Uiol «KOADTEPTN dvvaTnh
Aoon» yperdleton TePocoOTEPO YPOVO Yo va. eEgvpebel, amd ™ oTypn mov mpEmEL va
Npel Kol EMTAELOV KPUTHPLO, TEPAV TOV YEVIKOV TEPLOPICUDV (TEPIGGOTEPES OOKIUES
TIUOV = TePLocdTEPES MOAVES amoTuyieg Ko emavekkivinoels avalnmong). 'Etot, n

moAvTAOKOTNTA EEaPTATOL OO TNV £16000 dedopévav (LETAPANTES KO TEPLOPIGHOL).

Inuetodvetor 0Tt N Mn-Ikavomomoipomta dev emeépetar amd Vv avénomn twv
dedopévov  €16000v, oAAG Kupiwg amd Tovg EeymPloTovg, Yoo KAbe mpoPAnua,
cuvovaoovs mepopopmv. H Mn-Ikavoromoipdtro emeépetar kopiong and v
actafdn eHon KAmTolov YPAPNLLATOG, dNANON TN GLGYETION EMYEPNUATOV TOL UE TETOL0
TPOTO OGTE VO UMV VIAPYEL OHLVATOTNTO OUASOTOINGNG TOVS, TOV VO IKOVOTOLEL TOV

optopd g Evetabovg Enéktaong.

EmmAéov, ta mpofAnpota pelemOnkav 6e a@oipeTikod eminedo yio d1dpopovg AOYouG.
[Ipdtov, N HEAETN TNG OLPALPETIKNG TTTUYNG LOG ETETPEYE VO, ONUIOVPYTCOVE EVOL YEVIKO
Hovtéro, 10 omoio emAvel kb gidovg mapduota tpofAnpoata. EmmAéov, o ydpog g
Emyeipnuotoroyiog, omv  mpaypotikdmra, yopokmnpiletor  amd  ekQPACELS,
TEKUNPUDGELS, OMOYELS, CLVOICONUOTO K.AT., ONAadn OmeTOL amd T0 avOp®OMvVO,
evokd ototyeio (human/ natural element). Arogebvyovrag va avaeepbodue cg ovTd TO!
YOPAKTNPIOTIKA, Kol BAETOvVTOC TV Emyeipnuoatoloyio eVIEADS aoIpeTiKd, MG OmAd
éva cvotnue/ Ypaeo amd KOUPOVS Kol GLGYETICELS LETAED TOVG, YWPIG VO TPOGIIdETAL
Kol 1310TNTO 6TA 1010, T EMLYEPNLOTO, LTOPOVUE VO EGTIAGOVLE TO EVOLUPEPOV LLOG
oTlg HeTaEh TOVG GULGYETIGES KOl OTO OMOTEAEGUOTO TTOV TPOKLATOLV OO TOVLG
emAvtéc. 'ETol, TN YEVIKN GULUTEPLPOPA TMOV EMYEPNUATOV HTOPOVUE VO TNV
avTIANQ@OoVE HEGH TV GULGYETICEMV KOl OUAOOTOUCEMY TOVG, Kol Ol HECH TMV

EKQPPACENDY TOVG 1 GALDV 1010THT®V.
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8.2 Megihovtikég Behtidoelg

Axolovbohv Kdamoleg PEATIOOELS, €10MYNOELS KOl EMEKTAGES TOL B umopovcoav vo
viomomBovv, pe okomd, Oyt povo 1 Pertioon oty enilvon TV TPOPANUAT®V TOV
peAeToOE, 0ALL Ko 0TV YEVIKN Pedtioon g eumepiag xpnong ToL TPOYPAUIOTOS

OV aVOTTOYONKE Y10 TOVG GKOTOVS QLTS TNG EPYOCLOG.

Mio Beitioon mov Oo pmopovcoe va viomomnBel eivar m €vvola g «Tomkdtntog
[papnpatogy. Me amhd Aoy, va divetar 1 dvvatdotnTo 610 ¥pNotn va {ntinoet v
HEAET €vOg TPOPANUATOS GE TOMIKO €mMimedo, EMAEYOVTOG MOl «TEPLOYN»  TOL
yYpaonpatog, v omoio Bo amaptiCovv To EMYEPNUATO KO Ol GLOYETICES OV Oa
emAiéger o 100¢. Ilpoypappotiotikd, ovtd epunvevetor o¢ mpdfinue Evotaboic
Enéxtaong pe avabeon Poapov, mn omoia avdBeon ouwg Oa yivetor éupeca pe Tig
emhoyég Tov ypnotn. Ta Bapn Ba divovv mepiosdtepn Eupacn oty PérTiom emilvon
TOV TPOPANLATOG Y10l TNV TEPLOYN OV EMAEYXTNKE, LE TNV VITOAOITN TEPLOYT VAL AVVETAL
pun-pértiota. Xxomdg avtig g Pertioong etvar va Tapéyet T duvatdTTO EGTIOCTG TOV
EVOLPEPOVTOC GE 0L CLYKEKPUUEV TEPLOoYN Tov TAaiciov g Emyeipnuotoroyiog.
‘Evo mopdoctypa omd v mpoypoTikoOTnTo, TO OMOI0 OVIIGTOWXEL ©E OVTN TNV
mpocéyyion ¢ «TomkdTag» GTOV OPIGUO TOL TPOPANUATOG, £ivol 1) TPOEKAOYIKY|
exotpoteio, KOTA TNV omoio, TEPIGGOTEPO EVOPEPOV OIVETOL GTO KOUUATL OOV
aAAnAocvykpovoviol ot 000 EmMKPUTESTEPOL VIOYNEOL. Aniadn voeiotator Eva
TpOPANUa, omd to omoio BEAovE v peAeToOVUE £val LEPOS TOV, UOVO, Y®PIg va Hog
evolapépel Wwaitepa 10 VOO0 UEPOC. AVTO dVvVATOL VO EMPEPEL Kot TOPAAANAQ
peimon otov ypdvo ektédeoNC, KaBdS O LropoHoe T0 TPOYPOLLLLL VO ETMAVGEL BEATIOTA
TNV «TEPLOYN» EVOLAPEPOVTOG KOl VAL EMAVCEL TNV VIOAOUT TEPLOYN TOV YPOUPY|LOTOG
Yopig kdmowo Pertioronoinon. H peiwon tg moAvmtiokotnrag pe autd tov Tpomo, £6Tm
KOl 0€ UIKPN KMUOKO, EMPEPEL TEPAOTIEG, BeTiKEG aAhayéc ota ekBeTikd TpofAnuata

NP-Hard.

Mio apketd evolopépovco €mEKTOCT, 1 omoio. OU®G amoutel TV evacyOAnon
TEPLGGOTEPMV OTOU®Y UE SAPOPES YVAGELS oTov Topén TG [TAnpopopikng, eivor n
POy SVVATOTNTOS OVABESTG O EWIKAV YOPAKTNPIOTIKMOY GTO TPOYPOULLLL, DGTE VO,

Eepuyel and to aalpeTikd mAaiclo. H eméktaon ovt) Ba meprhapfdver to €€NG:
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duvatot T avabeons PaBIoD «GUUTAOEING Kol «OVTITAOEING) HETOED EMLYEPNUATOV,
duvatotto.  ovafeong  YVOUOV,  TEKUNPLOUEVOV — OTOYEMV Kol  EKQPOONG
ocuvvalcOnuatwv oe Kabe emyeipnua. Méow piag Paong dedopévov Ba puidyoviot To
dedopéva avtd kot Bo avaKkTovvTaL oo TO TPAYPOLLLLO, Yol Vo, dnpovpyeitol 1 Bewpia
TOV TPoPANUatOV, Bacel avtdv. Ty évvola g «avBpdOTIVNG, PLGIKNG GLUTEPLPOPEG»
7ov Oa Eyovv Ta emyepnuata, Oa ™ dwayepiletar éva Yvootikd cvotnua (cognitive
system), mov péow ¢ cvvepyasiog Tov pe To ypnotn Ba pmopel va TpocaprocTel ota
{nrovueva tov. ‘Etor 0 ypfiom¢ Oa umopel edkoAa va petappilel omolowdmoTe Un-
agalpeTikd otoyeio g Emyeipnpatoroyiog (exepdoelg, omdyels, ocvuvosOnupoto
KAT.), amd QUOIKY] YAOGGH o€ UETAPANTEC, TOPOUETPOVS KOl TEPLOPIGUOVS oL Ol
npénel vo wavomomBovv. Ta otoyyein ovtd Bo pumopovv va elGdyovtol HECH
ovuminpwong mediov piag eopuag (form filling), gite axoun kot pe pnt swoaywyn
(explicit input) ot evoik) YA®co0. Xkondc TG enékTaong ovthg eivan va a&lomomOel
N dvVOTOTNTA TOV TPOYPAUUOTOS, Oyt UOVO MG ETMIGTNUOVIKO, OQPUIPETIKO £PYUAEio,
QAL Kot ©G £vag TANPEG 00MYOG XPNOTN, £Vag TPOocopol®wTg (Simulator) mpaypatikmv
KATOOTAGEWYV, TOV Oa EMTPENEL KOL GE ATOUN LLE TEPLOPICUEVES YVAGELG TANPOPOPIKNG

Vo EPUNVEHGOVV TOL OTMOTEAEGLOTO TTOV OaL EMPEPEL 1] KATACTOGT) TTOL TOVG EVOLUPEPEL.

Téhog, Yo TepalTEP® €VioLON NG JAOPACTIKOTNTAG UETAED TPOYPAULOTOS YPNOTN
(human/program interaction) kot ™ PBeAtimon ¢ gumepiog xpnong, Ba pmropovce to
npdypappo va avartuoyfel oe ypaeikd mepiaiiov. Oleg ot eicodor (emhoyn
TpoPfANUATOV Kot BEATIOCTOTOMGE®MY, E1GAYWOYEG OEOOUEVOVY K.AT.) B pmopovoav vo
yivovton péocw cvpuminpwong mediov eopuag. Oreg ot £€odot (eppdvion Kot epunveio
amoTeAecUAT®V) ol UTOPOVGV VO TOPOVGLALOVTOL PE YPOPIKO TPOTO T.Y. CYEOLOGHOG
YPOPNLOTOG KO XPOUATIGUOG TOV EMYEPNUATOV KOl GUGYETIGEDV TOL OVIIKOVV GTO
ovvoro Evotafovg Eméxtaong n otov Ivpnva mov Oa efoybel (avdroyo pe to

TpOPANUa ToL EMALYONKE amd TO YPNOTN).

[evikd, vrdpyel peydin dvvotdmra Pedtioong g ev Adym gpyaciog, e SAQOpPES

10€€¢ amd O10POPETIKA TTEDTAL.
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Hopaptnpo A

Y10 [opdpmmuo A mapovcidlovior Odeopo, KLpimwg TEYVIKE, GCUUTANPOUATIKA
ototyeia Tov mTpofAnudtov mov peietOnkoyv. Epeacn divetor otnv mAnpn eneénynon
™G HOPENG ToV apyeimv €160d0v Yoo kKabe mpoPAnuoa, otnv mopovciocn o0dévov
EKTELEOTC KOl OMOTEAECUATOV TOV EMALTOV, KOODG KOl 6TV TANPN KOTAVONoN TV
WOLTEPOTHTOV TOV KAOE TPOPANUATOG, OGOV aPOPE To EPYUAELD KOL TOVS EMAVTES TOL

YPNOLOTOLOVVTOL.

2Komog gtvar va dtacapnvictody, Tepattépm, to svuepalopeva tov Keporaiov 3, 4, 5
Kol 6, HEGH TPAYHATIKOV TOPASEIYUAT®OV, GLVOEOVTOS £TOL TN BE@PNTIKY TPOGEYYIoN

LLE TNV TPOKTIKT EPOPLOYT].
A.1 Kegpdroro 3 — IIpotacioxn Aoy

2ta whaicta tov Kepoiaiov 3 peremOnke 1o mpdPinua ™e Evotabodg Enéktaomg
omv Ilpotaciokn Ikavomomowdtnta (Propositional SAT). ‘Eywve avagopd ot
onuovpyia apyeiov CNF, ta omoia mepieiyav tovg Ilpotaciakods meplopiopong ce
popen Xvlevktikng Kavovikng Mopoeng, ot yp1on Toug o¢ £16000 6TOVG ETAVTESG Ko
™V avdktnon kot epunveia amotelecpudtov. O emALTAG TOL ¥PNoILOTOONKE NTAY O

SAT emvtg, Lingeling.

A.1.1 Mopon Apyeiov Ewcodov [3, 20]

AxolovBel mapddetypo mov eneényel TANpwg TV TPHTLAN HOPPT TOL aKOAOLVOOLV TO
apyelo €16600v TV emivtodv Ilpotaciokng Ikavomomoodtrog (SAT Solvers). Ta
TPOTLTTOL KABOPIGTNKAY Y10, GKOTOVUG GUVETELNG E10O00V KOl OMOTEAEGUATOV GE OAOLG

TOVG EMAVTEG, OC TPOVTOOEGN Y100 GLUUETOYT GTOVG dty®VIoHovg SAT.

[Mapaderypa mpdtumov apyeiov CNF, pe v opbn pLop@1| mov amodéyetat 0 EMAVTNG:

A-1



1) ¢ LingelingInput.cnf
2)p cnf 4 7

(-4 -1 0

-3 -2 0

-4 -2 0

3) <

=N SO

W N =
N ©

Yympo A.1.1.1 Apyeio CNF

EINEEHTI'HXH:
1) Tpoppég oxoriov: Apyilovv e to yapaktipa ‘c’.

2) TI'pappéc mov meptypdeovy Tig 1010TTeS ToL apyeiov: Apyilovv pe TO YOpaKTHPQ

‘p’. Idd0NTEg pe ™ oEpd oL gpeaviCovon:

p EldocApyciov #EMetafintwv #0pwvEiv{svéswy

Enopévmg, 10 ev AOym apyelo eivor tomov «enfh», mepiéyer 4 S10popeTiKég
petaPAntég (e€apovpévon tov 0) Kot 7 SlopopeTIKES TPOTAGEIG/ LEAN/TEPLOPIoUOVG
mov omoaptilovv TG ovlevéelc g Xulevktikrg Kovovikng Mopoeng mov

TEPLYPAPETAL.

3) To apyeio meprypapet Tnv akdrovdn Bewpia ITpotaciakod Aoyiopov:

(m4v-a1)Aa(=3v-2)a(-4va2)al1aza(3v2)
Aldv1v2)

A.1.2 KMjon Emivti [12, 19]

O Lingeling kaAeiton péow tov tepuatikod (terminal) Linux/UNIX ypnoyonoudvtog

TIG AKOAOVOES EVIOAEC:

./lingeling LingelingResults/LingelingInput.cnf

Yympo A.1.2.1 Kijen Lingeling
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Omov:
o Jlingeling: evtoAdy m omoia. extehel TO apyEio  AVTIKEWUEVOL

(lingeling.o) tov emivt

o LingelingResults/Lingelinglnput.cnf:  povomdatt  apyeiov  €166d0v
(TopdpeTpog). XN cvykekpluévn mepintmon divovpe o¢ gicodo to CNF apyeio
«Lingelinglnput.cnf», to omoio Ppioketar otov @dkelo «LingelingResults», o

omoiog BpiokeTal 6T0 1010 LOVOTATL LE TOV EMALTY).

YHMEIQXH: H mopduetpog avty pmopel vo ovikotaotafel pe KATOO TANPES
LLOVOTLATL, £TGL LTOPOVUE VO ELGAYOVUE KATOL0 apyeio oav 16000, amd 0mTovdNmoTE Kot

av BplokeTor 6TOV NAEKTPOVIKO VITOAOYLIGTY.

Me v mapa Tave eVTOoAn ekteAeital To apyeio aviikelpnévou «lingeling.o», dtafdaleton
10 apyelo €66dov «Lingelinglnput.cnf», 10 omoio Ppiokeror &vidog tov @akEAov
«LingelingResults», amd Tov emAvLTY, KOl EMGTPEPETOL 1] AVGT TOV TPOPANLATOG TOV
neprypagetar. O eaxelog «LingelingResultsy mpémer va Ppicketor €viog tov 1610V
LOVOTATION UE TO EKTEAEGIUO aPYElO TOL EMAVTY|. €& dPOPETIKN TepimTwon Oa mpémet
va OfveTol ¢ TOPAUETPOG €600V TOL EMALTY, TO OAOKANPOUEVO OVOUO TOL

LLOVOTLOLTION IOV TTEPLEYEL TO ap)Elo 16650V oV eMBL OV LE.

EEQ

ngelmgﬂesults \‘\\ ||nge||ng //'
T Apyeio AVTIKEIPEVOU
Memeysn: | EmiuTnh
v
|
Lingelinglnput.cn
f

Yyquna A.1.2.2 Movoratt emivty lingeling/ CNF apygiov 16660v
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A.1.3 Epunveio Anoteheoparov Emivti [12, 19]

[Tapdoetypa e£6d0ov emivty Lingeling, yio tuoyaio tpopAnua Evotabotg Enéktoaonc:

c Copyright (C) 2010-2013 Armin Biere JKU Linz Austria.
c ALl rights reserved.

released Fri Feb 7 22:21:5
compiled Tue Jul 10 12:30

: gcec (GCC) 4.8.5 20150623 (Red Hat 4.8.5-28)
-Wall -03 -DNDBLSCR -DNLGLOG -DNDEBUG -DNCHKSOL -DNLGLPIC
Linux blO3ws2 3.10.0-862.3.2.el7.x86 64 x86 64

reading input file LingelingResults/LingelingInput.cnf

no embedded options

found 'p cnft 11 99' header

read 11 variables, 99 clauses, 337 literals in 0.0 seconc

seconds irredundant redundant clauses &
variables clauses conflicts large ternary binar

11 99 0 0 0 0

seconds irredundant redundant clauses &
variables clauses conflicts large ternary binar

FIABLE Kardoraon

N c _ _ - IKavoTToInaIpdTnTaC &
-345 -67 -8 -9 -10 -11 @ MovTEho AvaBeang
Tipgwy

0.000 88% simplifying
0.000 1% search

Tympa A.1.3.1 Mopoi Amotehespdrov Lingeling

EPMHNEIA ATIOTEAEEMATQN:
Koatdotaon [popinqpatog: Ikavoromoyo (SATISFIABLE)

Movtéro ={1, -2, -3, 4,5, -6, 7, -8, -9, -10, -11}
={1=T, 2=F, 3=F, 4=T, 5=T, 6=F, 7=T, 8=F, 9=F, 10=F, 11=F},
Omov:
F = False = unpootd amd ) petaffAnt vwdpyetl o yopokTipog ‘-’
T = True = unpootd amd T HETAPANTH OEV VITAPYEL O YAPAKTAPAS -

> Yvvoro Evotabovg Enéxtaong = {1, 4, 5, 7}
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A.2 Kepdraro 4 — My-Ikavomomopotnyra oty [potaciaxi Aoy

210 mhaiota Tov Kepaiaiov 4 peletnke n Mn-Ikavomomoipudtnta 6to TpdfAnUa e
Evotaboic Eméktaong, péow g Méywomg Ilpotaciokng Ikavomomodtntog
(Propositional MAXSAT), ue v eaywyn otoiyeiov and Tov opiopd Tov TPofARUATOS
(eaymyn emyepnudtov N mepopiopav). ‘Eywve avaeopd ot ompovpyia apyeiov
WCNF, ta omoio mepieiyav tovg Ilpotaciakodg mepropiopods pe to Pdpn ToVG, O
popoen Zvlevktikng Kavovikng Mopoeng, otn ¥pNion tovg o¢ 16080 GTOVG EMAVTESG Kot
™V avdxktnon kot epunveia amotelecpdtov. O emALTIG TOL YpMoioTomOnke frav o
MAXSAT ermthvtrg, Maxino.

A.2.1 Mopon Apyeiov Ewsodov [3, 17, 20, 21, 22]

AxorovBel mapdostypo mov enelnyel TANP®S ™V TPOTLTN LOPEN TOV AKOAOVOOLV TaL
apyela €16000v TV emivtov Méyiomg Ilpotaciokng Ikavoromowdtmrag pe Papn
(MAXSAT Solvers). Ta mpdotumo kafopiotnKov yio. 6KOTOVG GUVETELNS E1GOG0V Kot
OTOTEAECUATOV 0 OAOVG TOVG EMALTEG, G TPOLTODEST YL GULUUETOYN] OTOLG
Swyoviopovg MAXSAT. TMapdoetypa mpdtonov apyeiov WCNF, pe v opbn popon

Kot gloay®yn fopadv, Tov OmodEXETAL O EMAVTAG:

¢ UNSATCoreOfNodes.cnf
p went 6 12 1000

1460

1000 -1 4 ©
1600 -1 -2 O
1600 -1 -3 0
1000 1 -4 3 0
1580

1600 -2 5 0
1000 -2 -3 O
1600 2 -5 1 0
160

1000 -3 6 O
16000 3 -6 2 ©

EINEEHTI'HXH:
1) Tpappég oxoriov: Apyilovv pe to yapaktipo ‘c’.
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2) TI'pappéc mov meptypdeovv Tig 1010TTeg Tov apyeiov: Apyilovv pe o YopakTnpo

‘p’. [d0tNTEG e ™ oEPd oL eppavifovTot:

p EldocApyelov #Metafintawv #0pwvEiv{sifswrv #MeywotoAvvatoBapac

Emopévog, to mhpa mdve apyeio sivor tomov wenf (Weighted CNF), mepiéyet 6
petaPAntés, 12 mpotdoels/ mePLOPIGHOVE Kol TO HEYIGTO dvvatd PAapog, mov M

avdBeomn Tov kavel Kamolov meploptopd «loyvpor, etvon Ty 1000.

3) To apyeio meprypapet Tnv akdrovdn Bewpia ITpotaciakod Aoyiopov:

Ioyvpot [epropiopoi (Bépog = 1000):
(FIVHA(ELIY 2DQA(ELIV-3)AAY 4VI)A(2VE)A(H2V —3) A
v -5V A(-3VE)AQRBYV —6V?2)
A
Xoiapot [Tepropiopot (Bapoc = 1):
4AN5N6

4) Oocol ek TtV mEpOploudv &govv Papog ico pe 1000 eivar woyvpoi, Kot Exovv
TPOTEPOLOTNTA GTO Vo kovomomBovv mpmdtol. Ocol €K TV TEPLOPICUDV £XOVV
Bapog ico pe 1 etvon yorapoi, Kot ce mepintmon mov o emAVTNG Ba ypelacTel va
ayvonoel KAMOVS omd TOVG TEPOPICUOVS MOTE TO TPOPANUe va  yivel

Ikavomom oo, Ba emAEEEL TOVG AydTEPOLG dLVATOVG €57 VTMOV TPOTOA.

A.2.2 KMmjon Emivti [8]

O Maxino koleitor péom tov teppotikoy (terminal) Linux/UNIX ypnoipomoidviog Tic

aKOAovOeC EVTOALG:

./maxino-2015-kl6-static CoreOfClausesWeighted.cnf

Yympe A.2.2.1 Kijen Emivti maxino
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Omov:
o Jmaxino-2015-k16-static: evtoA; m omoia ekteAei 1O  Opyeio

avtikelévon (maxino-2015-k16-static.0) tov emAvt

o CoreOfClausesWeighted.cnf: Hovomart apyeiov €16000V
(Topdpetpog). X ovykekpuévn mepintwon divoope wg €icodo 1o CNF
apyeio «CoreOfClausesWeighted.cnf», to omoio Bpicketal 6to 610 povomdrt

LE TOV EMALTY.

YHMEIQXH: H mopduetpog avty pmopel vo ovikotaotafel pe KATOO TANPES
LLOVOTLATL, £TGL LTOPOVUE VO ELGAYOVUE KATOL0 apyeio oav 16000, amd 0mTovdNmoTE Kot

av BplokeTor 6TOV NAEKTPOVIKO VITOAOYLIGTN.

Me v mapa whveo evtoln ekteleitor to opyeio aviikewévov «maxino-2015-k16-
static.o», owpdlerar 10 apyeio €c6d0ov «CoreOfClausesWeighted.cnf», 1o omoio

Bpioketar 6to 1610 LOVOTATL e TOV EMAVTN KOl EMGTPEPETOL 1| AVGN TOL TPOPANLULATOG

@

CoreOfClausesw maxinn-2q15-
eighted.cnf k16-static

OV TTEPLYPAPETAL.

ympo A.2.2.2 Eaiotiis maxino kot apygio 166800
A.2.3 Epunveia Anoteheoparov Erivtg [2, 8, 14, 17, 21, 22]
AxoAiovBel mapovcioon kot epunveio. AmOTELECUATOV TOV EMGTPEPOVTOL Yot TA. VO
glon mpoPAnudrov mov peretnOnkav yoo ™ Mn-Ikavoromoodtnta oy [potaciokn
Aoy (e€aywyn TupVe TEPLOPIGUAV/ EXLYEPIUATOV).

A.2.3.1 Negpintwon EEayoyng Mupiva [epropiopdv/Axpav [2, 8, 14, 17, 21, 22]

To mpdypappa wov avartuyOnKe Yoo TOLG GKOTOVG TNG EPYOACING OVTNG, CLAAEYEL TIC

TANpoPopieg amd to apyeio mov wapdyel o emAVTNG Maxino kot eEAEYyeL Yo va fpet Tov
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[Mupnva Ileplopiopcdv amd 10 apyeio €660V (Ue TOV TPOTO TOL TEPLYPAPETAL GTO
Kepdhawo 4, vmokepdiaio 4.5.3). Emotpéper ™ Avon o to mpofAnua EEaymyng
[Tuprva [eproptopmv, pe v akdiovdn popen:

2C JC DC BC JC DR BC JC DR BC DC DRC JRC DC DRC JRC DC DRC JC DC DRC lC D oRC c DR oBC DC DR OBc DC DR ORC DC DR ORC D6C DR oRC Do DR R DR

RESULTS
b ok o o ok B o oo o R oo R ok R o A ok o o R ok o o kR

1) UNSAT CORE OF CLAUSES: [1 -29 -13 6]

Yympa A.2.3.1.1 Anoteréopoara Yo [lvpfva Hepropropov

EPMHNEIA AIIOTEAEZEMATQN:

[Muprvog [epropiopav/Axudv = {[1 -29 -13 0]} = {ovoyétion(29, 13)}

H ocvoyétion peta&d tov emyeipnudtov 29 kot 13 odnyovoe 10 mpdfinpa ot Mn-
Ixavomomodta, ko anaptifel Tov ehdyioto [Muprva Hepropiopmv. H apaipeon g

amd Tov optopd Tov TpoPAnpatog Oa emeépel v IkavomomoidTTA TOV.

A.2.3.2 Megpintoon EEayoyis Mupiva Emyeipnparov [2, 8, 14, 17, 21, 22]

To mpoOypappa mov avartiydnke Yo Tovg OKOTOVG TNG EPYUCING VTG EMCTPEPEL TN

Adon ywa 1o TpoPAnua EEaymyng Iupnva Emyeipnudtov, pe mv akdiovdn popen:

0 0 80 DT R D0 DT R D0 D 80 DT B DT DT 0 D0 DT D80 DT B DT DT 80 D0 AT DT DT R DT DT 8T DT AT DT DT R DT DT R DT O O
RESULTS

C 2 2 C RC B O RC JRC D C RC SR B BC JRC DR e DRC DR B DBC DRC DB e DRC JRC O DT DRC DR C DRC DD R DRC DRC DR ORC DRC DR DR DR
1) STABLE EXTENSION: [3]

2) IN PROBLEM & OUT OF STABLE EXTENSION: [1, 2]
3) UNSAT CORE of MODES/ARGUMENTS: [4]

Yypa A.2.3.2.1 Anoteréopata yo [vpiva Emyepnpatov

EPMHNEIA ATIOTEAEXMATQN:
2Hvoro Evotaboig Enéktaong = {3}
2Hvoro Enyeipnpdrtov ektog Evotabovg Enéktaong/ evtog mpofinquatoc = {1, 2}

[Mupnvag Emyeipnuatov/Koppov = {4}
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To emyeipnuo 4 coppeTelye 08 GUOYETIOELS e TETOLO TPOTO TOL 0dNYOVGE TO TPOPAN LA
ot Mn-Ikovoromowodtro, kot emouéveg amoptilel Tov  gddyioto  TTupnva
Emyeipnuatov. H apaipeon tov amd tov opiopd tov mpoPfAnuatog Bo empépel v

Ikavomomoipdtta tov.

A.3 Keparao 5 — Aképarog I'pappikog [poypoppatiopog

210 mhaictoe Tov Kepoahaiov 5 peretnOnke 1o mpdPfAnua g Evotaboivc Eméktaong,
péow tov Aképatov 'popukod Ilpoypappoatiopov (Integer Linear Programming).
‘Eywve avoagopd otn dnpovpyia apyeiov script Matlab (.m files), ta onoia mepieiyov
TOVG YPOLUIKOVG TEPLOPIGHOVS MG avicotntes/ eEiomoels. Emiong éywve avagopd ot
¥PNON TOVG MG €i60d0 otV KovoOAa Tng Matlab ko v avdxktmon kot epunveio
amoTELECUATOV 0o TOVG Tivakeg petafintav. O emALTAG OV YpnopomombnKe NTov

o LP emvtr|g, intlinprog, o onolog mopéyeton pésm g Matlab.

A.3.1 Iowtepotnres, Arontiosig kou Avvatotnteg Matlab [15, 16, 23]

AxoAoVBOHV LEPIKEG OTOLYELMIELS WOLNTEPOTNTES, AMOLTNGELS OAAL KOl SUVATOTNTEG TOV
gpyoieiov Matlab, tig omoieg Ba mpémer va yvopilovpe mpv mpoPovpe ot dnuovpyio

ToV apyeiov €160d0L:

1) AnAwon xevod mivaka yivetar pe xprion «[ [

[y Aeq = [];
2) O gmivtng intlinprog ypnowonolel mivakeg yior va Aboel mpofAnpoato g
Hopeng:
A*x=< b
Enopévmg, uetatpémovus GAOLE TOVE TEPLOPIGUOVE OVICOTHTOV GE OLTH TN

popon pe toug e€Ng TpdTOVG:
I.  ®épvoupe OAEG TIG LETOPANTES GTO APLOTEPH LEPOS TNG OVIGOTNTOC.

ILy. X1>X2-4 2> X1-X2>-4
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3)

4)

5)

6)

7)

ii.  Edv éovpe «=», molamiooidlovpe kol to. dVo uépn (opLotepd Kot
0e&ld) pe -1, ®oTE Vo LETOTPOTEL O TEAEGTNG CVUYKPIONC TNG AVICOTNTOG
GE «=.

ILy. X=Xz =-4 > Xy +X;<4

Epomuatiké (4;7) evtog evoc mivako SnAGVEL TV aAdayr avicOTnTag/eEicmaong,
(avéAoyo pe Tov TWivoKa), EMOUEVMG ONUAVEL TO TEAOC TNG ONMAmoNg &vog

TEPLOPIGULOVG.

Koppa (¢,’) evtdg evog mivako vmodnAdver v oaAloyn HETOPANTNG VIO TNG
Ot avicotnTac/eicmong, EMopEVOS LTOONADVEL 0Tt cuveyileTor 1) OAWGT TOL

{010V TEPLOPIGLLOV.

[pappég Zyoriwv (mpoarpetikn xpnon): Eekvoiv pe 1o xapaktnpo «%o»

Atdvoopo pmdevikdv: ypnorn evtoAng zeros(n,l), m omoio dnuovpyel éva
divocpa peyéboug n Bécemv, ol omoieg mepi€yovv OAeg péso v T 0. Xy
nepinton ¢ povieAomoinong tov mpofanuatog e Evotabovg Enéktaong, n
ev AOY® €VTOAN YpnoLomoteital yia Tr OMA®GT TOL KOTOTOTOL 0piov TIHOV TOV

pETAPANTAOV.

Aldvoopo povadmv: ypforn evtoAng ones(n,1), n oroio dnpovpyet Eva ddvocspa
peyéboug n Bécewv, o1 omoieg mepiEyovv OAeg pésa v tiun 1. Ty mepintwon
g poviedonoinong tov mpoPAnparog s Evotabodg Eméktaonc, n ev Adyw
EVIOM] YPNOWoOTOolEiTal Yoo T ONAMGCN TOL OVAOTOTOV OPIOL TIHAOV TOV

HETAPANTOV.

A.3.2 Avamapdactacn Apyeiov Exc6d0ov Matlab [15, 16, 23]

["a oxomovg mepantépm Katovonomg, okoAovbel mapdodetypa e Lopeng evOg TPOTLTTOV
apyeiov €10000v Yo T Matlab (Matlab script file: .m file), yio Tov Aképaro I'poappuod
[Ipoypoppatiopo:
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% Declare function
f=111; 1; 1; 1;

% Declare integer variables
intcon = 1:3;

% Declare the left parts of the inequalities
A=1[1,1,0;

1,0,1;

e.,1,1;

-1,0,-1;

-1,-1,0;

0,-1,-1;

1;

% Declare the right parts of the inequalities
b=([1;1;1;-1;-1;-1;1;

% Declare the left and right parts of the equalities
Aeq = [];

beq = [];

% Declare lower & upper bounds
lb = zeros(3,1);
ub = ones(3,1);

[%,fval] =intlinprog(f, intcon, A, b, Aeq, beq, lb, ub);

Yyna A.3.2.1 Apyeio o€ popon Matlab script file (eréktaon .m)

Eppnyveia:

o Avtkewyevikn Xovaptmon:  F=x1+x2 +x3

Y1606 BeAtiotomoinong: EAayiotomoinon (o intlinprog givonl pokabopiopévog

va Bpiokel AMoelg PAcEL TNG EAOYIOTOTOINOTG TNG AVTIKELLEVIKNG CLVAPTNONG)

o Axéporeg petafAntéc: intcon = {Xy, X2, X3}
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e Tlepopiopoi Avicotntov (Mopgpn: A* x =< b):

{x1 +x2<1,
Xy +X3<1,
X2+ X3<1,
-X1-X3<-1,
-X1 X2 < -1,

Xy X3 <-1 }

o Tlepopiopoi E&lodoewv (Mopgr): Aeq# x = beq):

Agv vopiotaviol 6to cuykekpipuévo apyeio (kevol ol mivakeg Aeq Kot beq)

e  Ave/ Kdato Opia Tudv (ub/lb):

<x1=<1
<x<1
0<x3<1

e Kion Emwti: O gmivtig koAeiton va Avoel 10 TpoPAnpa, cOUPOVO LLE T
mhpo move ototyeio. Q¢ oamotéAecpo, otV HETAPANT X EMOTPEPETOL TO
povtélo Aong, eved otn petafAnty fval emotpépetar n Pektiotomomuévn tun

NG OVTIKEWEVIKNG cvvaptnong f.

A.3.3 Enidvon [Hpofiparog ko Eppunveio Amotereopatov

Metd ™ ovykévipmon OA®V TV KOTAAANA®V TEPLOPIGUOV Yo, TO TPOPANUO 7OV
peretolpe, emdpeva Pripate amroteAoLV 1 ETIAVGT TOV TPOPANLATOC TOV TEPLYPAPEL TO
apyelo €10600v («.m» apyeio) Kot 1 ovAKTNON KOl EPUNVEIN TOV OTOTELECUATOV TOV
emotpéPel 0 emAvTS. [ TiIc akdlovbeg 000veg, g mapdderypo ypnoLoToleitat n
eMIAVOT KOl EPUNVEID TOV ATOTEAEGUAT®V TOL TPOPANUOTOS TOL TOPOVGLALETOL GTO

apyeio Tov vrokepaiaiov A.3.2 tov [Tapaptipatog avtoo.

A.3.3.1 Awdwacio Exidvong Ipopinpartog [15, 16, 23]
Avotyovpue to Aoyiopukd MATLAB (Ilpotewvopeveg Exdodoeig: R2018b, R2018a).
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MATLAE R2018b
Desktop app

Iyqna A3.3.1.1 Hpoypoppa MATLAB/ ékdoony R2018b

1) «Zvpovue» 1o .m apyeio (Matlab Script File) oto ITopdbvpo Eviordv (Command
Window). H MATLAB 6a koAéoetl avtopata t cvuvaptnon run(‘...”), n onoio Oa
EKTEAEGEL TOV KOJIKO TOV TEPLEXETOL EVTOG TOV OPYEIOL TOL dMGUUE MG 10000 KO

Bo emoTpéyet oToryela OV TEPLYPAPOLV TN drodikacio EKTELEOTG, GTNV KOVGOALL.

Command Window

== runi' shonesstudents s/ 20159y anglEDesktopMatlabInput.m' )
LP: Optimal objective walue is 1.000000.

Optimal solution found.
Intlinprog stopped at the root node because the ohjective walue

options.AbsoluteCapTolerance = O {(the default walue). The intcor
options.IntegerTolerance = 1e-05% (the default waluel.

Elapsed tine s 0.912462 seconds.
foos |

Xypa A.3.3.1.2 Mopon Anotereopdrov Eridveng ané koveéro MATLAB
2) To 0moTEAEGHOTO GVYKEVIPMOVOVIOL KOl TOPOVCIAlOVTOL HECH WUETAPANTOV, GTO
Xwpo Epyaciog (Workspace). IMatdvtoag Sumho-kAik ot petafint mov 0éhovpe va

emBewpnoovpe, Bo oavoier éva kawvovpylo mapdBvpo Tov TaPovclalEl TO

AmOTELEC A TG €V AGY® HETAPANTNG, GE LOPPN TIVOKAL.
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Workspace

Mame £ |‘nf'alue
o A Sx3 double
[ Aeg []
o b [LL-1,-1-1]
ljj beq {} WARIABLE
1 f [1:1;1] ;
i fval 1
H index 3 0 3%1 double
Hintcon [1,2,3] 1
i 1b [0;0;0] -
- StablaBxtension  [0;0;1] [ ; |:g|
i ub [1:1;1] S
o 001> §E 1
T4
5

Xypa A.3.3.1.3 Anoteréopata g peTafintég

A.3.3.2 Amoteréopara [1, 15, 16, 23]

H petopnm-nivakog x, n omoio ameikoviletar mapo MOV, OTOTEAEL TO TEAIKO
amoTELES LA TNG OladIKAGTOG aVTNG. Amotelel, ONAadn, TO LOVTELD avaBeoN S TYL®V TOV
emotpépel o intlinprog.
Axolovfohv oNUOVTIKE YopaKTNPIOTIKA Yo, 0pON EpUNVEID TV OTOTEAEGULATOV TNG:
i.  Eivar Movodudotatog ITivaxkag wg Moviého Adong (€xet pia kot pLovadtkn
GTiHAN)
ii. ApiBuogTpapung = AplBuoc smysipuartog
iii.  Twéc:
o 0=r1o emyeipnua dev avijkel 6to cvvoro ™ Evotaboivc Enékraong
o 1 =r1o emyeipnua avikel 6to cHvoro g Evotaboig Enékraong
o Kevo = dev voiotatar 10 emyeipnuo pe deiktn tov aplBud g

TPEYOVCOG YPUUUNG, OTOV OPIGUO TOV TPOPANULATOG

Bdoel tov mapa mhve odnyidv, EPUNVEVOVUE TO. OTOTEAECUOTA TNG WETAPANTAG X ©C

eENg (Y to TpoPAnua e Evotabotg Enéktaong mov pedetodue mdpa ndvo):

YHvoro Evotabotg Enéktaong = Zvoro Ipappdv g X mov mepiéyovv v tipn 1={3}

= To emyeipnua 3 anotelei To cuvoro g Evetabovg Exéktaomng
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A4 Kegpdroro 6 — Mewktog-Axéparog I'pappikég Ipoypappotiopnog

Y10 maicw Tov Kepoiaiov 6 peietnOnke to mpoPAnua g Evotabovg Eméxraong,
péow tov Mewktov-Axépaiov I'pappkod IIpoypappatiopod (Mixed-Integer Linear
Programming), xa0d¢ emiong kot 0 XEPIGHOG TV Mn-IKavoTomGIL®V TEPITTOCEDY
tov. 'Eywve avagopd ot onovpyio apyeiov script Matlab (.m files), to omoia
TEPLEDYOV TOVEC YPOUUKODS TEPLOPICUOVG MG ovicotnteg/ eSlomoels. Emiong éywve
avaQopd oTN YPNOoN TOVE ¢ £16000 TNV KovoOAa TG Matlab kot v avdéxtnon kot
epunvela  amoteleoudtov  amd Tovg mivakes petafAntov. O emAvtig  Tov
ypnoonomdnke Ntav o MILP emivtg, intlinprog, o omoiog mapéyetor HEC® TNG

Matlab.

A.4.1 Iowtepotnres, ATrontiosig kou Avvatotntes Matlab [15, 16, 23]

Ioybel 611 mpoavapépbnke oto vrokepdiao A.3.1

A.4.2 Avarapaoctacn Apyeiov Exe6dov Matlab [15, 16, 23]

[Mo oKomovg TepaITEP® KATOVONO™G, AKOAOVOEL TAPAdEY L TG LOPPONS EVOG TPOTVTTOV

apyetov e1od6d0ov Yoo T Matlab (Matlab script file: .m file), yio tov Mewto Axképoaro

I'poppxo Tpoypappoticpd:
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% Declare objective function
f=10;0; 0; 0; 0; 0; 0; 0; 171;
% Declare integer variables
intcon = 5:8;

% Declare the left and right parts of the inequalities
A=1[-1,0,-1,0,-1,0,0,0, O;
l1,0,-1,0,-1,0,0, 0;
1,0,0,0,-1,0, 0;

1,0,0,0,-1, 0;

-]_:

-]_;

1:1:0;0;1;1;0;0;1;1;:1;
t parts of the egualities

~+ =

1;1;1:

= 7zeros(9,1); % Declare lower bound

ub = ones(9,1); % Declare upper bound

[x,fval] =intlinprog(f, intcon, A, b, Aeq, beq, lb, ub);

oA oD DD

=iy I

Yympo A.4.2.1 Apygio MATLAB script (eméktaocn .m)

Eppnyveia:
e AvTiKelevikn Zuvaptnon:
f=0%a, +0%a, +0+k, +0+k, + 0+ +0=A3+0=A]+0=A3+1
g =g
e X1oy0¢ Behtiotomoinong: Ehayiotomoinon (o intlinprog sivot mpoxafopiopévog

va Bpiokel AMoelg Baoet TG EAOYIGTONTOINGONG TNG AVTIKELEVIKNG GUVAPTNONG)

o Axéporeg petafAntéc:
intcon = {A], A3, A3, A3}
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o TIlepropiopoi Avicotntov (Moppn: A#x < b):

(—a,—k, -2 =-1,
—a, -k, —A < -1,
a, —k, -A7 £0
a, —k, -23 <0,

k,-£=0,
k,-£<0,
-k, =0,
-k, <0,
A =1,
A<,
—A1 =0,
- =0,
A<,
A<,
—-A2<0,
-a2<0,
A+AI=1,
A +AZ<1}

e Tlegpopiopoi E&lomoewv (Moppt): Aeq* x = beq):

e  Avo/ Kdto Opwa Tiov:
0 i Hl’ H:-"kl’ k: !}Li.l' PL%! }"ir ?Lgr £ £ 1

e Kion Emwt: O emdvtig xoieiton va A0oel 10 TpdPfAnpa, cOUPOVO [LE TO
mhpo mave otoyein. Qg amotélecua, otV HETAPANTN X EMOTPEPETOL TO
povtélo Aong, eved otn petafant fval emotpépetar n Pektictomomuévn tun

NG OVTIKEWEVIKNG cvvaptnong f.
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A.4.3 Erilvon [popiquatog kar Epunveio Amoteleopatmv [15, 16, 23]

Metd 1t ovykévipmon OA®V TV KOTAAANA®V TEPOPICUOV, ETOUEVO Pripota
amoTEAOVV 1  EmAvOM TOL TMPOPANUATOC KoL T OVAKINON Kol epunveio TV

QTOTELECUATMV TOV EMAVTY.

To mapo KATO AmTOTEAECUOTO OEV OVOPEPOVTIOL GTO TOPAOELYLO apyeiov Tov d06OnKe
nponyovuéveg (vmokediato A.4.2), kabdc 1o TPOPANUO TOVL TEPLEYPAPE TTOV
Ikovomomoipo. X avTd TO VITOKEPAAOLO HOG EVOLUPEPEL Vo dOVUE Yo KAmoto Mn-
Ikavomomoipo mpdPANua, mmwg yiveTton 0 YEPIGUOG Kot 1 avAOEST] TPAYUATIKOV TILOV
OTIG LETOPANTEG KOl TOto LOPPT| £XEL 1) €£000G TOV OMOTEAEGLATOV. AEV AGYOAOVUOCTE
pe TN OdtKacio EMIAVGNG KATOOV GLYKEKPLUEVOL TPOPANUATOS, LOVO TAPOTNPOVLLE,
YEVIKA, ToV TpoOmo Aettovpyiag g MATLAB og tétota mpofAnpata. Ot dodikacieg

oL akoAovBovv (A.4.3.1-A.4.3.2) apopolv t0 £ENg Mn-Ikavomomoipo TpdfAnua:

Xypa A.4.3.1 Mn-Ikavorouopo [pépinpa

A.4.3.1 Awdwacio Exidvong Ipopinpartog [15, 16, 23]
1) Avoiyovpe 10 Aoyiopikdo MATLAB (Tlpotewvoueveg Exdoceic: R2018b, R2018a).

MATLAB R2018b

9
Desktop app

Yympo A.4.3.1.1 Mpoypappa MATLAB/ ékdoon R2018b
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2)

3)

«Xvpovue» to .m apyeio (Matlab Script File) oto [Tapabvpo Evrordv (Command
Window). H MATLAB 6a koAéoetl avtouata t cvuvaptnon run(‘...”), n onoio Oa
EKTEAECEL TOV KOOIKO TOV TEPLEYETOL EVTOC TOV OPYEIOV TOL dMCAUNE WG IGO0 Kol

Ba emoTpéyel aTotyeia Tov TEPLYPAPOVY TN SLUOIKAGIN EKTEAEGNC, OTNV KOVGOAQL.

Command Window

== runi' /hone/students/cs/20151v1ang0s,DesktopMatlabInput.m' )
LF: Optimal objective walue is O.000000,

Applied 2 mir cuts, and & Gomory cuts.
Lower bound is O.282051.

Cut Ceneration:

Found 1 solution using rounding.
Upper bound is 0.333333,
Relative gap is 2.85%.

Heuristics:

Applied 2 Comory cuts.
Lower bound s 0.288889.
Relative gap is 3.33%.

Cut Generation:

Xypo A4.3.1.2 Anoteréopata Enidvong amd koveoro MATLAB

Ta omMOTEAEGHOTO CLYKEVIPAOVOVTOL KOl TOPOLGLAlovTal HEC® UETAPANTOV, GTO
Xwopo Epyaciog (Workspace). Iatdvtoag Sumho-kAik ot petaffAnth mov 0éhovpe va

emBewpnoovpe, Bo oavoier éva kawovpylo mapdbvpo mov Tapovcslalel TO

AmOTELEC LA TG €V AGY® HETAPANTNAG, GE LOPPN TIVOKAL.

Waorkspace —
Marme £ |VaME —

I 12%1 doukl
|_—__|:_ig 2313 double o 13x1 double
I;i:_iﬁ\eq r] _ -

b I3x1 doukle 1 53333

%Eeq {[:Fg 1 doukl e 0,2333
x4 ol e

H fval 0.3333 3 0.6667

i index 3 4 0.3333

1 intcon [7,8,9,10,11,12] = 03333

tti Ik 13x1 double 6 0.3333
H StableExtension  [0.3333;0.3333;0.6667] ; ;
Huk 121 donfls . X

<Hx 131 double > X !
10 0

11 0

12 1

L [13 0.3333

Yyqpo A.4.3.1.3 Anoteréopata 6TI NETOPANTES
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A.4.3.2 Amoteléopoara [1, 15, 16, 23]

H petopnm-nivaxog %, n omoia ameikoviletor mopo mwhve, omoteAel TO TEMKO

amotéleoa TG dladtkaciog avtg. Amotelel, oniadn, T0 HOVTELD avaBeoNS TYL®Y TOV

emotpéeel o intlinprog. AKoAoOLOOVV GTUAVTIKA YOPOKTNPLGTIKA Yo, TNV 0pOn epunveio

TOV OTOTELECUATOV TNG, PACEL TOV TAPO TAVED TAPAOELYLATOG:

I

ii.

1ii.

Etvon Movoodidotatog ITivakag wg Movtélo Avong (€xet pio Ko Lovadikn

GTNAN)

Ot ypappég mapovstalovv ta €ENG otoryeia, Yoo mAnBog emyspnuitov N

(ne ™ oepd avt):

o N YpOopUEG TTOV AVOPEPOVTOL OTIG TYHEG TOV EMYEPTUATOV @y ... Ay

o N YpOpUEG TTOV OVAPEPOVTAL OTIC OTTOCTAGELS EMLyEpNUbTOV, Ky ... Ky

e N ypopupés mov avapépovtol otn HETAPANTN Al tov EMYEPNUATOV,
AL e Ay

e N ypopupés mov avapépovtol otn HeETAPANTN A2 tov EMUYEPNUATOV,
2.2

e | ypappun Tov avoQEPETAL GTNV PEYIGTN EMTPENTT ATOCTACT) €

Tiég v emyepnpota (niadn tipég Tov tpatov N ypaupmv, 6tov N to

TAN00Gg TV eMyEPNUATOV TOV TPOPANULATOG):

e Edav tun=0: to emyeipnuo dev avikel 610 cvvoro g Evcotaboic
Enéxtaong

e Ed&v tmyun=Il: to emyeipnuo avinker oto ocvvoro g Evotabovg
Enéxtaong

o Kevo = dev voiotator To emyeipnpa pe deiktn Tov aptBpud g tpéyovcag
YPOUUNG, GTOV OPIOUO TOL TPOPANLATOS

o Edv tyun minoiélet 1o 1: to emysipnua eival wo aBavev va avijkel 6to
ovvoro ¢ Evotafoig Enéxkraong

e Edv tyun mAncidlet to 0: 1o emyeipnpa eivol o mlavov va pnv avijkel

610 60volo ™ Evotafotg Enéktaonc
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Bdoet tov ndpa méve odnyidv Kot Tov TopadElYILOTOG TOV LEAETOVLE, EPUNVEDOVLE TO.

OTOTEAECUATO TNG LETOPANTNG X G EENG:

e Tyn Emyepnuotog og = 0.3333 > mo mbavov dev aviker otv Evotodn
Enéxtaon

e Tyn Emyepnuotog ap = 0.3333 > mo mbavov dev aviker oty Evotodn

Enéxtaon

o  Tuym Emyepniparog az = 0.6667 > mo mbavov avikel otnv Evotadn Enékraon

o Tuym andéotaong k1 = 0.3333 > To emyeipnua oy Exet andotacn 0.3333 and to
dpo 0

o Twn andotaong k2 = 0.3333 > To emyeipnua oy éxel andotacn 0.3333 and to
dxpo 0

o Twn andotaong k3 = 0.3333 > To emyeipnua oz &xet andotacn 0.3333 and to
dipo 1

e T andctaomg Ah=1->To emyeipnua oy wBeiton Tpog to dxpo 0

e T amdctaomg A=1>To emyeipnua oy ®Beiton Tpog to dicpo 0

e Ty amdctoong A3 =0 To emyyeipnpa oz dev wbeitan Tpog to dxpo 0

o Ty amdctoong A% =0 To emyyelpnpa og dgv wbeiton Tpog 1o dicpo 1

e Ty amdctoong A% =0 To emyyelpnpa oy dgv wbeiton Tpog 1o dicpo 1

e T amdctooNg A%3=1>To emyeipnua oz mBeiton Tpog to dxpo 1

e  Twn péyrotg dvvarmg amodotaong € = 0.3333 > Kavéva emyeipnua dgv €xel

amoOGTOCT ad TO AKPO TOV, peyoivtepn tov 0.3333
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Hopaptnpo B

B.1 Ewayoy

o okomolg mepopotikng o&oddoynone, oavaykoioo Mrav 1 avamtuén  evog
TPOYPAUUOTOC TOV VO LTOSTNPILEL TOV OPIGUO, T1 LOVIEAOTTOINGT Kol TV ETIALGT TOV
TPOPANUATOV TOL HEAETHONKOY GE QLT TN OUWTAMUATIKY €PYACI0, HE OTAO KOl GOOY|
TPOTO, MoTe va givor edypnoto kot katovontd. Emiong, m avdmtuén tov ev Aoym
TpoypappaTog ogv Ponnoe povo ot dekmepaimon g TEWPARATIKNG a&loAdynong,
aAld mpdopepe Kol TNV evkapio. va dodue TOov TPOMO HE TOV Omoio, OAO TO

ovpepaldpeva g BepnTIKNG TTLYNG TS EpYaciag, epapuoloviol 6Ty TPAsn.
B.2 T'svika Xroyeia Teyvikod Xapaxtipa [8, 12, 13, 15, 16, 17, 20, 23]

To gv Moy® mpdypappa avartdydnke ot yYAOcsa tpoypappaticpod JAVA, péow g
ThoTeopuag  avantuéng mpoypappdtov  Eclipse (ékdoon Neon). Xvothivetor 1
LETAYADTTION KOl  EKTEAECN 1TOV, ONMOKAECTIKO o€ TEPPAALOV  AEITOLPYIKOV
ocvotuatog Linux/Unix, kaBmg pépog g vAomoinong mepiéyel KANon apyeimv Tumov
avtikelpévovu (.o — object files), twv onoimwv 1 extéleon amortel T ¥PNON TG YPOUUNG

evtoh@Vv (command line/ terminal) twv gv A0y® AE1TOLPYIKOV GLGTNUATOV.
B.3 Amapaitnra Emumiéov Epyadeia [8, 12, 13, 15, 16, 17, 20, 23]

Amopaitntn elvor 1 egykoatdotaon tov emivtov Lingeling kot Maxino (2 apysia
OVTIKELLEVOD, «.0»), KOl 1 TOTOOETNOT TOVG GTO 1010 LOVOTATL LE TO TPOYPOULLLLL, KOODS

yivetal xprion Kot Tov 600, ®G LEPOG TG VAOTOINONG.

2 4

_ _ maxino-2015-
lingeling k16-static

Xyqpa B.3.1 Anapaitnror emAivtéc
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B.4 I'evika Xtovgeio Yromoinong [8, 12, 13, 15, 16, 17, 20, 23]

To mpoOypoappa eivor TANPOS TEKUNPLOUEVO KOONDE TEPLEXEL TOGO GYOAIUCUO YPOUUDV
KOOIKO, 000 Kol GYOMOCHO KAAcE®V, HeBOOwV Kol doU®mV OESOUEVOV, OTOL VT

BewpnOnke amapaitnro.

;xx

* Class which contains the main method of the program
3

* @author iyiang@5|

*
*/
public class Main {

// declare scanners for all user's choices
private static Scanner choice, choice2, choice3, choiced;

/**

* Static method "main", responsible for the execution of the program

E 3

* @param args

* arguments passed from command line

* @throws I0Exception

* Exception of Input/Output nature

*/

public static void main(String args[]) throws IOException {

try {

// print welcome messages
System_uut_print{“i+i++i++i+i++i++i+i++i++i+i\r“};
System.out.print(“STABLE EXTENSION MODELLING\R");
System_uut_print{“l+l++l++l+l++l++l+l++l++l+l\r“}:

Xyfqna B.3.2 Tekpnpioon I'pappov/Khdcemv/Med6dov K@dika péco Xyoriov

EmnmAéov, axolovBel 10 mpdéTtumo tov Aounuévov Ilpoypappoticpov, Kabang
TEPLEYEL XPNON TOAOTADV, LKPOV LeBOd®V Kal TN O14oTOcN TOV TNYNioL KMOOUKN

o€ moALUTTAG apyeia KAAGEWY, BACT 1010THT®V, dSNANOT|:

Main: kdpia khdon mpoypappatoc, ArgumentationGraph: kidon mov dnuiovpyel
ypapovg, Checker: kAdon mov die&dyel emkvpdoelg kar eAéyyovg, LogicHandler:
KAGom  yepopov  dwdikooidv Ilpotaciaxng Aoywng, MatlabHandler: «\don

YEWPLoHOL Sradkacidv I'pappicod [poypappaticpov.

‘Etolr  dwoc@oAileTon 1N oQOIPETIKOTNTO KOU 1 ETOVOYPNOLUOTOINGT  TOL

TPOYPAUUOTOS, OTWG ETIONG KOL 1] KOAN AVALYVOGIUOTNTO TOL TNYO{0V KOJSIKO.
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| == =l

ArgumentationGr  Checker.java LogicHandler.jav
aph.java a
| |
Main.java MatlabHandler.ja
va

Yympo B.3.3 Apyeia mov wepéyovv Tic KAAGES TOV Tpoypdppatos o JAVA

B.5 Emaogn pe to Xpiotn

B.5.1 Ieprypapn Mopoig Ileprfdriovroc Xpiiotn

To mpdypoppa eivar Paciopévo oty emkowvovia pécm keyévov (text-based use),
kaBmg TANclel TEPIGGOTEPO TA EMGTNUOVIKA TTPOTLTTA TTPOYpappdTov. Eropéveg,
onpacio dtvetar oty guypnotio Kot ™ HeBOOKOTNTA TOL TPOYPAULATOS, KOl GTO, 1010
To amoteAéopata, o€ ovtifeon pHe Ta MO EUTOPIKNG HOPPNG AOYICUIKA, TO OTOio

€0T1ALOVV GTOV TPOTO EUPAVIONS TOV OEOOUEVOV KO GTO YPOPIKO TEPIPAAAOV.

B.5.2 Merayrottion ko Extéleon Ilpoypapparog

H petayldttion tov mpoyplppotog yivetal HEGm NG EVTOANG:

javac #. java

=2 Mertaylottiler 0ha ta apyeio JAVA (.java files) tov tpéyovtog povomatiod.

H extéleon Tov mpoypappatog yiveror HEC® TG EVIOANG:

java Main

=> Exrtelel v kOpo péBodo (main) tov mpoypdupotog, n omoio Ppicketon

evtog g kKAdong Main.
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B.5.3 006vn Karooopiocpatoc/ Emioyn pofiipatog

Me v eKTELEST TOV TPOYPAULOTOS TOPOVGLALETOL 1| APYIKT 006V KOAMCOPIGUATOG,
péow ¢ omoiag o ypnotng tibetan vo emAééel €va ek Tv S5 dwbiciumv E0®OV
TpoPAnpdtwv, Tpog eniAvon. Avtd yivetal pe TV katoy®pnon evog apBpov petaéy 1
Kot 5 (ovumepirapfoavopévov) kot motoviog émeito Enter, dote vo ektedectel 1
aVTIGTOLYT) EVTOAT TOV TOPOLGLALETOL GTY AloTO ETAOYNG TPOPALOTOG.

STABLE EXTENSION MODELLING
o fr oo o opc o b e o jc 3o obc o 3o b oo Db b o of ojc oo ofc oo o o ofe

Select Problem:

Stable Extension (Propositional Logic)

Stable Extension (Integer Linear Programming)

Stable Extension (NON-Integer Linear Programming)
Extraction of UNSAT Core of Clauses for Stable Exten
Extraction of UNSAT Core of Nodes/Arguments for Stab

r choice (# of problem):
Yynpa B.5.3.1: 006vn «Karmwoopiocpatoo»

B.5.4 006vec Emioync MeB6dov ko Katayompnong Eiwcédov

2 ovvéxeln akoAovbel n emhoyn peBAOOL €16O00V KO 1 KATOYOPNCT TYLOV GTIG
petaPAntég e16000v. Ot dvo emAoyEg nebodov eivar ot €€NG:
1) Anuwovpyio Toyaiov T'papnpotog = amortetl ewoaywyn apBpod Koppomv kot
[Tukvétrog
Select Input Method:

1) Random Graph
2) Graph File

Submit your choice (# of input method): 1

Give Graph Elements:

1) Give # of nodes (integer): 100
2) Give graph density (real): B.EI

Yymna B.5.4.1: Anmmovpyia Toyaiov
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2) Avouypa Apyeiov I'papov =2 amattel elo0aymyn LOVOTATION, £YKVPOL Apyeiov

I'pagpov

Select Input Method:

1) Random Graph
2) Graph File

Submit your choice (# of input method): 2

Give Graph Elements:

1) Give a valid graph file: graphl.txtl

Yyqpa B.5.4.2: Avorypa Apysiov I'pagov

B.5.5 000veg Xroyyeiov I'pagipatog

Me v katoy®pnon e 16000V 0KOAOVLOEL 1| EUPAVION TANPOPOPIDOV GYETIKE LE TO
YPAPOo TOV OvVOTAPIOTA TO TPOPANL, OT®G 0 apBUoc KOUPOV Kol akpdV, 0 TPOTOG
VIOAOYIGHOV TOV OKUOV, KaBdg kot o Tivakog yettvioong (adjacency matrix) tov.

GRAPH INFO
0 of e o ofc oo of ofo o o ofc oo ob oo oo ofe obo o ofc o o of oo ohe b oo of o oo ofe b o of o oo of oo ofe ofe o ofe o o
a) Nodes in graph: 5
b) Edges in graph: 8
~) Edges calculated based on the following formula:

Edges (directed graph) = floor {d*n*(n-1)}
where:

d: density
n: number of nodes

d) Table of links in graph:

01100
00001
100160
600601
100160

Yympoa B.5.5.1 Iinpogopieg I'pagov IMpofifqpartog
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B.5.6 000vec Amotereopatv

Kotd ™ owbpkea g enilvong evoc mpoPANUATOC, TO TPOYPOUUN EVNUEPDVEL TO

YPNOTN HECH KATOAANA®V unvopdtov, yio ) owdikacio. Me tnv oAokAnpwon g

enthivong, TumdvovTol 6TV 000vn To KATOAANAG amoTEAéoUATO, OVAAOYQ HE TO

TPOPANa Tov enédeEe 0 yprotng oty apyn. Ilo cvykekpyéva, Yo ta S TPoPANHaTe

€yovpe T1g €€NG LOPPES AMOTEAEGUATOV:

1)

2)

Evpeon Xvvohov EvotaBoic Enéktaong Emyeipnpdrov, og mpépfinpa
Ipotacwkng Ikavomowmowpotnrog: Emotpépetor 1 Kotdotaon  tov
npoPAnuatog (SATISFIABLE 11 UNSATISFIABLE, avaAdymg), pall pe to
ocvvoro Evotafotc Enéxtaong kot v mAnBikdtmtd tov. Emiong emotpépetan o
GLVOMKOG XPOVOG EMIAVOTG.

IT.y.

1) PROBLEM STATUS: SATISFIABLE
2) RESULTS:

3) LINGELING EXECUTION TIME: 58ms

Xyqpa B.5.6.1 Amoteréopata Yo [Ipotacioxn Ikavomromoipétnra

Evpeon Xuvvohov EvotaBoig Enéktaong Emyeipnpdrov, og npépfinpa
Axéparov I'pappikod Ipoypoppatiopot: Emotpépetor n kotdotacn tov
npopanuatog (SATISFIABLE vy UNSATISFIABLE, avaidywc), kot odnyleg yo
10 g pmopel va a&omombei to apyeio elwddov Matlab (.m file), to omoio
onovpynOnke evtog tov 1810V LoVoTaTION.

IT.y.

4) APPLY THE RESULTS:

a) MatlabInput.m file has been created su
b) Load MatlabInput.m file on MATLAB's co

Yyqpa B.5.6.2 Anoteréopata Yo Ipappiké Hpoypappatiopd
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3)

4)

5)

Evpeon Xuvvohov EvotaBoig Enéktaong Emyeipnpdrov, og mpopinpa
Mewktov-Aképarov I'pappikod Hpoypappatiopod: Ipv va emotpagpovv ta
aroteAéoparta, {nreiton amd to ¥pNotn vo vrofdiel v embouio Tov, gite yio
elayrotomoinon g HEYIOTNG dvvaThg amodoTaong omd To dkpo (g), €lte yia
av@Beon plog otabepnc TG o€ ovty, TV omoia vmoPfdiAer o {d10G.
Emotpépovion mapopoa amoteléopata pe v nepintwon 2 (Ebpeon Xvvorov
Evotaboug Eméxtaong Emyeipnuatov, og¢ mpdpfinua Axépatov I'poppikod
[Tpoypoppotiopod).

Evpeon Ilvpiva Ilpotdccwv (Akp®dv) o mpofipoate  EvotaBoig
Enéktaong, og¢ mpopinpa Ipotacwukiis Ikavomomowpdétnrtog pe Papn:
Emotpépeton o [Tuprvag [potdoemv mov mpémet va aparpebodv and m Bewpia
oV TpoPAnuatog, pior emeENynon yw TN XPNOWOTNTO TOV OTOTEAEGUATOV,
Omwg emiong Kot ot ypoévol ektéheonc, téco tov kabe emivt (Lingeling kot
Maxino) Egxwpiotd, 060 Kot 0 GLVOMKOS YPOVOS EKTEAEOTG.

IT.y.

1) UNSAT CORE OF CLAUSES: [1 -3 -1 0]

) EXPLANATION:
By removing the clauses of the UNSA

LINGELING EXECUTION TIME:
) MAXINO EXECUTION TIME:
5) TOTAL EXECUTION TIME:

Xyfqpna B.5.6.3 Amotehéoparta yra Muprva Iepropiopav

Evpeon Ivupnve Emyepnpdatov (KopPov), oe mpofipoatra Evoetabovg
Enéktaong, og npofmpara [potasiwoxig Ikavomromoypotnrog pe papn:
Emotpépetoar 10 obvorlo Evotabodg Eméktaong emyeipnudtov, 1o cOVoro
EMYEPNUATOV TOL OVIKOVV GTOV OPIoUO TOV TPOPANUOTOS OAAL Ol oTNV
Evotabn Enéktoomn, kot 1o ovvoro tov TTupnva Emyeipnudtov mov mpénet va
apopefodv yia v enitevén g Ikavoromoipdtrog Tov TpofAnuatoc. Emiong
emotpépeTon  pion e€nynon yw. 10 OGS pmopovv  vo  aflomomBodv 1o

AMOTEAECUATO, KOL O XPOVOG oL Ypedotnke o Maxino yw vo €mMAVGEL TO

poPAnua. Iy,
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1) STABLE EXTENSION: [3]
2) IN PROBLEM & OUT OF STABLE EXTENSION: [1, 2]
3) UNSAT CORE of NODES/ARGUMENTS: [4]

4) EXPLANATION:
By removing the arguments of the UNSAT ¢

5) MAXINO EXECUTION TIME: 56ms
Yympo B.5.6.4 Aroteréopata yio [upive Emyepnpatov

B.6 EEaywyn Amoteieopdtov
Mo eportépm dlevkOAVLVON GTNV TEPAUOTIKY StodKaGio, OO TO ATOTEAEGLATO KO TOL

aropaitnto opyeio amobnkedoviar e &va AKELO, EVIOC TOL 1010V LOVOTTATION TTOV

TEPLEYETOL KO TO TPOYPOLUAL, OIS TOPOVGIALETOL 6TO aKOAOVOO Tynua.

Matlabinput.

LingelingResults exported_graph.t

Xynpa B.6.1 E€aymyn Anoteleopdtov 6€ 9aKeLo
B.7 Kodowkag
AxoAovBel 0 Tyaiog KOAKOG TOL TPOYPALUATOS, SIUPEUEVOS GE KAAGELS, GTO OVAAOYQL

apyeio Tomwov JAVA (.java). Zovodedetal pe TANpT TEKUNPImON, LECH GYOAMOCUOD

YPOUU®V, KAAGE®V, OOUOV dedoUEVOV Kol eBOd®V (ot aryyAKE).
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B.7.1 K)aon «Main» (kbpra kAGon Tov Tpoypapupetos)
import java.io.*;

import java.util.*;

/**

* Class which contains the main method of the program

*

* @author iyiang05
*/

public class Main {

/I declare scanners for all user's choices
private static Scanner choice, choice2, choice3, choice4;

/**

* Static method "main”, responsible for the execution of the program
*

* @param args

* arguments passed from command line

* @throws IOException

* Exception of Input/Output nature

*/

public static void main(String args[]) throws I0Exception {
try {

/I print welcome messages

Syste m.o ut p r i nt(' '***************************\n ' ') .

System.out.print("STABLE EXTENSION MODELLING\n");

Syste m.o ut p r I nt(' '***************************\n ' ') .

/I give options, to select from
System.out.printin("Select Problem:\n-------------------- ");
System.out.printin("'1) Stable Extension (Propositional Logic)");
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System.out.printIn("2) Stable Extension (Integer Linear
Programming)");

System.out.printIin("'3) Stable Extension (NON-Integer Linear
Programming)");

System.out.printin("4) Extraction of UNSAT Core of Clauses for
Stable Extension");

System.out.printIin("'5) Extraction of UNSAT Core of
Nodes/Arguments for Stable Extension™);

String problem = null;

/I ask user to give desired problem and keep validating choice
until
// a valid one is given
do {
choice2 = new Scanner(System.in);

System.out.print(*\nSubmit your choice (# of problem):

problem = choice2.nextLine();
} while (!Checker.isValidChoiceNumber(problem));

Il ask user to give desired input method and keep validating
choice
// until a valid one is given
System.out.printin("\nSelect Input Method:\n-----------=--=----- ");
System.out.printin("1) Random Graph\n2) Graph File™);
String input = null;
do {
choice3 = new Scanner(System.in);
System.out.print("\nSubmit your choice (# of input
method): ™);
input = choice3.nextLine();
} while (!Checker.isValidChoiceNumber(input) ||
Integer.parselnt(input) > 2);
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/I declare useful variables (number of problem, number of input,
I/ graph nodes and edges, graph density and the graph itself)

int probNum = Integer.parselnt(problem), inputNum =

Integer.parselnt(input), nodes, edges;

nodes);

double density;
ArgumentationGraph g = null;
System.out.printin("\nGive Graph Elements:\n-------------------- ");

/I case of Random Graph
if (inputNum ==1) {
String n, d;
do { // validate user's inputs until a valid one is given
choice4 = new Scanner(System.in);
System.out.print("'1) Give # of nodes (integer): ");
n = choice4.nextLine();
System.out.print("*2) Give graph density (real): ");
d = choice4.nextLine();
System.out.printin("""");
} while (!Checker.isAppropriateForRandom(n, d));

// build random graph, using collected information
nodes = Integer.parselnt(n);

density = Double.parseDouble(d);

edges = (int) Checker.extractEdgesFromDensity(density,

g = new ArgumentationGraph(nodes, edges, true, null);
/I case of Graph File
else if (inputNum == 2) {

String fileName = null;

try {
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Scanner fileScanner;
do { // validate user's inputs until a valid one is
given
choice = new Scanner(System.in);
System.out.print(*1) Give a valid graph
file: ™);
fileName = choice.nextLine();
fileScanner = new Scanner(new
File(fileName));
} while
(1Checker.checkGraphFileValidity(fileScanner));

// build graph using information from file given by
the user

fileScanner.close();

fileScanner = new Scanner(new File(fileName));

g = new ArgumentationGraph(0, 0, false,
fileScanner);

} catch (FileNotFoundException e) { // catch case of non-

/I existent file
System.out.printin("\nERROR: Could not read
input file'\nPROGRAM TERMINATED!");
System.exit(0);

¥
System.out.printin();

/1 print graph to file
g.printGraphToFile();

/**
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* PROCEED TO PROBLEM SOLVING
**/
/I case of classic Stable Extension (Propositional Logic solution)
if (probNum ==1) {
/1 solve using lingeling
g = LogicHandler.solveSE(args, g, probNum);
System.out.printin(
"3) LINGELING EXECUTION TIME: \t"
+ Long.toString(LogicHandler.lingelingExecutionTime) + "ms");
¥
/I case of Stable Extension as Integer Linear Problem
if (probNum == 2) {
/I solve using lingeling
g = LogicHandler.solveSE(args, g, probNum);
/[ create the equivalent Matlab input file based on
lingeling's

Il input file

MatlabHandler.createMATLABInputFile("LingelingInput.cnf", g, true, -1.0);
/I print results messages
System.out.printin(
"3) LINGELING EXECUTION TIME: \t"
+ Long.toString(LogicHandler.lingelingExecutionTime) + "ms");
System.out.printin("\n4) APPLY THE RESULTS:\n");
System.out.printin("\ta) Matlablnput.m file has been
created succesfully!™);
System.out
printin(*\tb) Load Matlablnput.m file on
MATLAB's console, press ENTER and wait for results");
System.out.printin(\tc) Check the variables for the Stable
Extension™);

¥

/[ case of Stable Extension as NON-Integer Linear Problem
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handling

bounds:\n

e)");

(e = user's input))\n");

epsilon

/I (Mixed Integer Linear Problem, MILP)
if (probNum == 3) {

/I create scanners to collect information from user
Scanner eScan = new Scanner(System.in);
Scanner eOption = new Scanner(System.in);
String epsilon = null, epsilonOption = null;
double e =-1.0;

/I print messages asking for user to input an epsilon
/I choice
System.out.printin(

"\nDetermine maximum distance from
System.out.printin(**1) Minimize maximum distance (min
System.out.printin(""2) Manually give maximum distance
do {

System.out.print(*Submit your choice (1 or 2): "),
/I collect user's submission for choice of handling
// and validate it until a valid one is given

epsilonOption = eOption.nextLine();

} while (epsilonOption.compareTo("1") 1= 0 &&

epsilonOption.compareTo("2") 1= 0);

/I case of epsilon given, manually, by user
if (epsilonOption.compareTo("2") ==0) {
do {
do{
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System.out.printin("\nGive the
maximum distance (epsilon) from upper/lower bounds "
+ "(real number
between 0.0 and 1.0, inclusive): *);
epsilon = eScan.nextLine();
} while (Yepsilon.matches("[0-1].\\d+"));

e = Double.parseDouble(epsilon);
} while (e > 1.0 e <0.0);

/1 solve using lingeling

g = LogicHandler.solveSE(args, g, probNum);

/[ create the equivalent Matlab input file based on
lingeling's

Il input file

MatlabHandler.createMATLABInputFile("LingelingInput.cnf", g, false, e);

/I print results messages
System.out.printin(
"3) LINGELING EXECUTION TIME: \t"
+ Long.toString(LogicHandler.lingelingExecutionTime) + "ms");
System.out.printin("\n4) APPLY THE RESULTS:\n");
System.out.printin(\ta) MatlabInput.m file has been
created succesfully!™);
System.out
Jprintin(*\tb) Load Matlablnput.m file on
MATLAB's console, press ENTER and wait for results™);
System.out.printin(\tc) Check the variables for the Stable
Extension");

eScan.close();
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eOption.close();
b
/I case of extraction of UNSAT Core of Clauses
if (probNum ==4) {
/1 solve using lingeling
g = LogicHandler.solveSE(args, g, probNum);

I solve using MAXSAT solver
LogicHandler.executeMAXSATSolver(g);

/I print results messages
System.out.printin(
"3) LINGELING EXECUTION TIME: \t"
+ Long.toString(LogicHandler.lingelingExecutionTime) + "ms");
System.out.printin(
"4) MAXINO EXECUTION TIME: \t" +
Long.toString(LogicHandler. MAXSATExecutionTime) + "ms");
Long totalTime = LogicHandler.lingelingExecutionTime
+ LogicHandler. MAXSATEXxecutionTime;
System.out.printin("5) TOTAL EXECUTION TIME: \t"
+ Long.toString(total Time) + "ms");
¥
/I case of extraction of UNSAT Core of Nodes
if (probNum ==5) {
try {
Il export core of nodes from given graph
LogicHandler.exportUNSATCoreOfNodes(Q);

/I print results messages
System.out.printin(
"5) MAXINO EXECUTION
TIME: \t" + Long.toString(LogicHandler. MAXSATExecutionTime) + "ms");
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} catch (IOException e) { // catch exception of
Input/Output
1
problem
System.out.printin("ERROR: COULD NOT
EXPORT CNF OUTPUT FILENnPROGRAM TERMINATED!");
System.exit(0);

/I print all important files of problem (problem graph, input file,
I/ results file) to a folder

File fd = new File("RESULTS");

fd.mkdir(); // create destination folder (as directory)

int files = fd.listFiles().length;

// send all files to folder
File newDirectory = new File("RESULTS");
newDirectory.mkdir();
/I create unique file names, based on the number of files in the
/I destination folder
File newDirectory2 = new File("RESULTS/" + files);
newDirectory2.mkdir();
Runtime run = Runtime.getRuntime();
try {
/I move files to created destination folder
Process proc = run
.exec("mv MatlabInput.m LingelingResults
MAXSAT core_nodes_output.txt MAXSAT _output.txt CoreOfClausesWeighted.cnf
UNSATCoreOfNodes.cnf exported_graph.txt ™
+" " + newDirectory?2);

try {
proc.waitFor(); // wait for process to finish, before
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I proceeding
} catch (InterruptedException e2) { // catch exception

related

/1 to the interruption of a

/I process
System.out.printin("ERROR: Could NOT MOVE
files to folder!" + "\nPROGRAM TERMINATED!");
System.exit(0);
¥
} catch (IOException el) { // catch exception related to the
1
input/output
System.out.printin("ERROR: Could NOT MOVE files to
folder!" + "N\nPROGRAM TERMINATED!");
System.exit(0);
¥
File gr = new File("EXP_RES/exported_graph.txt");
if (gr.exists()) {
// rename file
gr.renameTo(new File("EXP_RES/exported_graph" +
files + ".txt"));

} catch (Exception except) { // collect all possible, unhandled
Il exceptions
and terminate program
System.out.printin("ERROR FOUNDN\NnPROGRAM
TERMINATED!);
System.exit(0);
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}/ END OF FILE

B.7.2 K)aon «ArgumentationGraph» (khdon mov dnuiovpysi ko yeipileron
AVTIKEIPEVO «ypa@ovg mhatsiov Emvyeipnuaroroyios»)

import java.io.File;

import java.io.FileWriter;

import java.io.lOException;

import java.util.*;

/**

* Class responsible for creating ArgumentationGraph objects. An

* ArgumentationGraph object is a model of the Argumentation mechanism, with
* each node depicting an argument, and each edge depicting an attacking

* relationship between the two involved arguments.

*

* @author iyiang05
*/

public class ArgumentationGraph {

/I declare variables

int nodes, edges, clauses, links[][];

/**

* Constructor of ArgumentationGraph objects (argumentation models)
*

* @param n

* number of nodes in graph

* @param e

* number of edges in graph

* @param isRandom

* true if graph is random, false if not

* @param fs
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* scanner which reads the input graph file, in case the graph is

* not random

*/

public ArgumentationGraph(int n, int e, boolean isRandom, Scanner fs) {

/**

* CASE OF GRAPH BEING RANDOM (features manually given by

user)
*/
if (isRandom) {
// initialize graph features
this.nodes = n;
this.edges = e;
this.clauses = 0;
this.links = new int[n][n];
LogicHandler.graph_edges = e;
LogicHandler.graph_nodes = n;
// randomly connect nodes with edges
this.createLinksBetweenNodes();
}
[H*
* CASE OF GRAPH NOT BEING RANDOM (features given via an
input file)
*/
else {

int rows = 0;

ArrayList<String> temp = new ArrayList<String>();

while (fs.hasNextLine()) {
rows++; // find number of nodes by counting lines in file
temp.add(fs.nextLine());

¥

/I initialize graph features with information collected by the file

this.nodes = rows;

this.edges = 0;
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this.links = new int[rows][rows];

this.clauses = 0;

/I calculate number of edges in graph and save graph to array
for (inti=0; 1 <rows; i++) {
for (int k = 0; k < rows; k++) {
if (temp.get(i).charAt(k) =="1") {

this.edges++;

}
// turn chars into ints, by subtracting 48 from
ASCII codes
this.links[i][K] = temp.get(i).charAt(K) - 48;
¥
¥
LogicHandler.graph_edges = edges;
LogicHandler.graph_nodes = nodes;
this.printTables(); // print the adjacency matrix for observation
¥
}
[Hx

* Method which initializes the adjacency matrix and fills it with randomly
* created and randomly distributed links between nodes
*/
public void createLinksBetweenNodes() {

for (int i = 0; i < this.nodes; i++)

for (int k = 0; k < this.nodes; k++)
this.links[i][k] = 0;
createRandomLinksBetweenNodes(); // call function to create random

links

this.printTables(); // print the adjacency matrix for observation
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/**

* Method which is responsible for generating random links between 2 nodes
*inagraph
*/
public void createRandomLinksBetweenNodes() {
inti=0,x,Yy; //declare variables
Random r = new Random(); // create random-numbers' generator
while (i < this.edges) {
X = r.nextInt(this.nodes); // randomly picked attacker node
y = r.nextInt(this.nodes); // randomly picked attacked node
if (this.links[x][y] == 0 && x !1=y) {
this.links[x][y] = 1; // if nodes do not attack themselves,
link
I/ them

i++;

/**

* Method responsible for printing the graph's adjacency matrix to file
* @throws IOException
* error in case of anything going wrong with writing to file
*/
public void printGraphToFile() throws IOException {
FileWriter fw = new FileWriter(new File("exported_graph.txt"));
for (int i = 0; i < this.nodes; i++) {
for (int k = 0; k < this.nodes; k++)
fw.append(*" + this.links[i][K]); // print to file
fw.append("\n™);

}
fw.flush(); // flush file writer
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fw.close(); // close file writer in order to write to file

/**

* Method which prints all the information collected for the graph
*/
public void printTables() {

System.out.print(

"\n\n*******************************************\n\tG RAP H

*hkhkkhkhkhkhkhkhkhkhkhkkhkhkhkhhkhkhhkhhhkhhhkhhhkhhkhkhhikhiiiiii\n")-
INFO\n \n");

System.out.print(*a) Nodes in graph: \t" + this.nodes + "\nb) Edges in
graph: \t" + this.edges);
System.out.print(*\nc) Edges calculated based on the following formula:
\n\n\tEdges (directed graph) ="
+ "floor {d*n*(n-1)} ,\n\nwhere:\n d: density \n n:
number of nodes");
System.out.print(*\n\nd) Table of links in graph:\n\n");
for (inti = 0; i < this.nodes; i++) {
for (int k = 0; k < this.nodes; k++)
System.out.print(this.links[i][K]); // print adjacency matrix
System.out.print("\n");

}
}// END OF FILE

B.7.3 Klaon «Checker» (khdon mov dieldysr eEAEY)0VS KOL ETIKVPOVEL dEGONEVA)

import java.util.Scanner;

/**

* Class responsible for offering methods used for all kinds of validations and

* checks

*
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* @author iyiang05
*/
public class Checker {

/**

* Static method which checks if the user has given a valid choice for
* problem selection (must be a number between 1 and 5, inclusive)
*
* @param p
* user's choice
* @return true or false, accordingly
*/
public static boolean isValidChoiceNumber(String p) {
/I check if user's choice is a number, between 1 and 5, inclusive
if (isValidUserInput(p) && Integer.parselnt(p) < 6 &&
Integer.parselnt(p) > 0)
return true;

return false;

/**

* Static method which checks if user's choice is a number, using regular
* expressions
*
* @param input
* User's choice
* @return true or false, accordingly
*/
public static boolean isValidUserInput(String input) {
if (1(input.matches([0-9]+"))) // check if input is a number
return false;

return true;
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/**

* Static method, responsible for validating input given by user. Checks if
* the number of nodes and density co-efficient are valid integer, and real
* numbers, respectively. Also checks if they produce the right amount of
* edges for the given graph (really high density could mean 2 or more edges
* exiting one node and both entering the same node, which is considered
* redundant)
* @param n
* number of nodes
* @param d
* density co-efficient
* @return true or false, accordingly
*/
public static boolean isAppropriateForRandom(String n, String d) {
I check if any input is empty or invalid
if (n.compareTo("") ==0 || d.compareTo("") ==0 || n.length() <=0 ||
d.length() <=0
|| 'Checker.isValidUserInput(n) ||
IChecker.isRealNumber(d))
return false;
if (!Checker.isRelevantEdgeNum(
(int)
Checker.extractEdgesFromDensity(Double.parseDouble(d), Integer.parselnt(n)),
Integer.parselnt(n))) {
return false;

¥

return true;

/**

B-25



* Static method which checks if an input, passed as argument, is a real
* number, using regular expressions. Used to validate density given by
* user.
*
* @param input
* User's input
* @return true or false, accordingly
*/
public static boolean isRealNumber(String input) {

if (1(input.matches([0-1]*\\.[0-9]+"))) // validate input

return false;
return (input.matches("[0-1]*\\.[0-9]+")); // return result

/**

* Static method which checks if the number of edges, produced by a given
* number of nodes, is valid. Takes into consideration that no nodes can
* attack themselves and that no nodes attack another node twice. Those
* cases are considered redundant.
*
* @param edges
* number of edges in graph
* @param nodes
* number of nodes in graph
* @return true or false, accordingly
*/
public static boolean isRelevantEdgeNum(int edges, int nodes) {
Il check if edges number is greater than the value: nodes * (node-1)
if (edges > (nodes * (nodes - 1))) { // validate number of edges
System.out.printn("\n*** WRONG INPUT **=*"):
System.out.printin("Reason: Edges number is irrelevant to the

problem, which implies that:");

B-26



System.out.print("\ta) at least 1 node attacks itself \t\t-->
irrelevant \n\t");

System.out.print(b) at least 1 node attacks another node twice \t-
-> redundant\n™);

return false;

}

return true;

/**

* Static method which calculates the number of edges, based on given number

* of nodes and density co-efficient

* @param density

* density of graph

* @param nodes

* nodes in graph

* @return number of edges

*/

public static double extractEdgesFromDensity(double density, double nodes) {
return (density * (nodes * (nodes - 1.0)));

/**

* Static method which calculates the density co-efficient, based on given
* number of nodes and number of edges in graph.

* @param edges

* edges in graph

* @param nodes

* nodes in graph

* @return calculated density co-efficient

*/
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public static double extractDensityFromEdges(double edges, double nodes) {
return (edges / (nodes * (nodes - 1)));

/**

* Static method which checks the input graph file for validity
*
* @param fileScanner
* scanner which reads the file
* @return true or false, accordingly
*/
public static boolean checkGraphFileValidity(Scanner fileScanner) {
intn =0, c =0, numOfLines = 0;
while (fileScanner.hasNextLine()) { // keep reading the file
String currentLine = fileScanner.nextLine(); // collect current line
ifc==0){
/I get length of first line to compare with every other line
n = currentLine.length();
c=-1,
}
/I 1st case of invalid file: Graph is not a square because of
/I different column number on two or more rows (NxN)
if (currentLine.length() !=n)

return false;

I/ 2nd case of invalid file: contains characters other than 1 and 0
for (int p = 0; p < currentLine.length(); p++) {
if (currentLine.charAt(p) !='0" && currentLine.charAt(p)
I='1' && currentLine.charAt(p) '="\n")
return false;

}

numOfLines++;
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/Il continue 1st case of invalid file: Graph is not a square because of
/I number of rows not being equal to the number of columns
if (numOfLines !=n)
return false;
return true;

}
} // END OF FILE

B.7.4 Khlaon «LogicHandler» (khaon mov yeipilerar Sradikacisg mov oyetilovral
pe v lpotacioxn Aoy, 6Tmg: onpovpyia apyeiov CNF, koriéopata

EMAVTAOV, EPUNVEIN ATOTELECUATOV K.ATT.)

import java.io.*;

import java.util.*;

/**

* Class which offers methods, responsible for handling all processes related to
* Logical computation (creating input files for solvers, translating input to

* the correct form of clauses, calling solvers for solving problems,

* interpreting and displaying results on screen etc.)

*

* @author iyiang05

*

*/

public class LogicHandler {
/I declare static variables of class
static char problemStatus; // U if UNSAT, S if SAT problem
static String stableExtension;
static ArrayList<String> UNSAT_Core_static;
static int graph_edges, graph_nodes; // edges and nodes of graph
static double graph_density; // density of graph
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static long lingelingExecutionTime, MAXSATExecutionTime, startTime; //

execution

/I times

/**
* Static method responsible for calling other methods to solve the problem

* of Classic Stable Extension (Stable Extension defined as a problem of
* Propositional SATisfiability)

*

* @param args

* arguments passed from command line
* @param ¢
* the graph created from previous steps

*

* @param probNum
* number of problem selected by the user
* @return graph
*/
public static ArgumentationGraph solveSE(String args[], ArgumentationGraph
g, int probNum) {
if (9 !=null) { // if a correct graph is given, proceed
try {
Il export CNF statements from graph and solve
LogicHandler.exportCNFStatementLogic(g, probNum);
// move occurring filers to a folder
LogicHandler.moveFilesToFolder();
} catch (IOException el) { // collect input/output exception
System.out.printin("ERROR: Problem Exporting CNF
output fileN\nPROGRAM TERMINATED!);

System.exit(0); // terminated program
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return g; // return graph again

/**

* Static method responsible for calling other methods to extract the Core

* of Nodes from a problem described from a graph given

*

* @param ¢

* graph depicting the problem

* @throws IOException

* error of input/output nature

*/

public static void exportUNSATCoreOfNodes(ArgumentationGraph g) throws
IOException {

Il export logic in CNF (create all important clauses)
int vars = exportCNFForUNSATCoreOfNodesNew(qg);

/I execute MAXSAT solver for the CNF file created, to solve the

problem
executeMAXSATSolverForUNSATCoreOfNodes();
/I extract core of nodes from solution file and present it
extractUNSATCoreOfNodesFromFile(vars);
}
/**

* Static method responsible from extracting the Core of Nodes from a file
* of results returned by the MAXSAT solver

*

* @param vars

* number of variables in problem

*/
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private static void extractUNSATCoreOfNodesFromFile(int vars) {

/I model extracted from MAXSAT solver's results file
ArrayList<String> extractedModel = new ArrayList<String>();
/I set 1: arguments of Stable Extension

ArrayList<String> inSE = new ArrayList<String>();

I/ set 2: arguments outside of Stable Extension BUT part of the problem

ArrayList<String> outOfSE = new ArrayList<String>();

/I set 3: arguments entirely removed from the problem (UNSAT Core of

// Nodes)
ArrayList<String> outOfProblem = new ArrayList<String>();

try {
// read file and find model

Scanner fScan = new Scanner(new
File("MAXSAT _core_nodes_output.txt™));
boolean foundModel = false;
while (fScan.hasNextLine()) {
String currLin = fScan.nextLine();
if (currLin.charAt(0) =='v")
foundModel = true;
if (foundModel) { // collect and split strings
String stemp[] = currLin.split(" ");
for (String s : stemp)
extractedModel.add(s); // collect model

from splits of

/] strings

}

/I first remove 'v' character from position 0

extractedModel.remove(0);
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/I extract the 3 sets (inSE, outOfSE, outOfProblem)
/I trim strings from unwanted characters (*-' or spaces etc.)
intcv =1,
for (String ems : extractedModel) {
if (cv <= (vars/ 2) && ems.contains("-"))
inSE.add(ems + "");
else if (cv <= (vars / 2) && ems.contains("-"))
outOfSE.add(ems.replace(-", ™) + ™);

else if (cv > (vars / 2) && ems.contains("-"))

outOfProblem.add((Integer.parselnt(ems.replace("-", ")) - (vars / 2)) +"™;

CV++;

/I fix sets
for (String o : outOfProblem)

outOfSE.remove(0);

/1 print all results

System.out.printin(

"\n*******************************************\n \tR ES U LTS\n******

*************************************") .
)

System.out.printin("1) STABLE EXTENSION: " + inSE);

System.out.printin("2) IN PROBLEM & OUT OF STABLE
EXTENSION: " + outOfSE);

System.out.printin("3) UNSAT CORE of
NODES/ARGUMENTS: " + outOfProblem);

System.out.printin(

"\n4) EXPLANATION: \n\tBy removing the

arguments of the UNSAT core from an UNSATISFIABLE problem's knowledge base,
it becomes SATISFIABLE\n");

fScan.close();
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} catch (FileNotFoundException e) { // collect error of not finding file

/I to
read

System.out.printin("ERROR: Problem opening input
file\nPROGRAM TERMINATED!");

System.exit(0); // terminated program

/**

* Static method, from which the MAXSAT solver is called, to solve the
* problem of finding the UNSAT Core of Nodes (Arguments) in a graph
*/
private static void executeMAXSATSolverForUNSATCoreOfNodes() {
/I create a process builder
ProcessBuilder MAXSatExecutor = new ProcessBuilder(*./maxino-
2015-k16-static”, "UNSATCoreOfNodes.cnf");
// redirect results on terminal, to an output file, for later use
MAXSatExecutor.redirectOutput(new
File("MAXSAT _core_nodes_output.txt™));
try {
/[ start counting execution time
LogicHandler.startTime = System.currentTimeMillis();
/] start the process via the process builder
Process MAXSatProcess = MAXSatExecutor.start();

try {
System.out.print(

"\n\n*******************************************\n\tP ROCE D U R ES\n

*******************************************\n ' ') -
’

System.out.printin(*\n1) Running Maxino\n2) Results are
being written to file: Please wait . . .");
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MAXSatProcess.waitFor(); // wait process for completion,
before
I
proceeding

} catch (InterruptedException e) { // collect error which occurs

// with the interruption of the

/I process
System.err.print("\nERROR: MAXSAT Solver (maxino-
2015-k16-static) executable or ™);
System.err.printin("MAXSAT _core_nodes_output.txt file
NOT FOUNDN\NPROGRAM TERMINATED!);
System.exit(0); // terminate program
}
} catch (IOException e) { // catch error which occurs if the output file
/I is not found or
could not write to file
System.out.printin(
"ERROR: MAXSAT Solver executable or
MAXSAT _core_nodes_output.txt file NOT FOUND'\nPROGRAM TERMINATED!");
System.exit(0); // terminate program
}
/I calculate total execution time of process
LogicHandler. MAXSATEXxecutionTime = System.currentTimeMillis() -
LogicHandler.startTime;
/I print success message
System.out.printin(*\n2) MAXSAT _core_nodes_output.txt file has been

created succesfully!);

}

/**

* Static method, from which the MAXSAT solver is called, to solve the
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* problem of finding the UNSAT Core of Clauses (edges) in a graph

*

* @param ¢
* graph depicting the problem
*/

public static void executeMAXSATSolver(ArgumentationGraph g) {

/I create weighted CNF version of Lingeling's input file
LogicHandler.addWeightsToCNFFile(new
File("LingelingResults/LingelingInput.cnf"), g);

/I create process builder
ProcessBuilder MAXSatExecutor = new ProcessBuilder("./maxino-
2015-k16-static”, "CoreOfClausesWeighted.cnf");

I/ redirect results of MAXSAT Solver, from terminal, to an output file
MAXSatExecutor.redirectOutput(new File("MAXSAT _output.txt™));
try {

/[ start counting execution time

LogicHandler.startTime = System.currentTimeMillis();

/] start process

Process MAXSatProcess = MAXSatExecutor.start();

try {
System.out.print(

"\n\n*******************************************\n\tP ROCE D U R ES\n

*******************************************\n ' ') ’
System.out.printIn(*\n1) Running Maxino\n2) Results are
being written to file: Please wait . . .");

MAXSatProcess.waitFor(); // wait process for completion,
before

1
proceeding
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} catch (InterruptedException €) { // collect error of interrupted

/I process
System.err.print("\nERROR: MAXSAT Solver (maxino-
2015-k16-static) executable or ");
System.err.printin("MAXSAT _output.txt file NOT
FOUND'\NnPROGRAM TERMINATED!");
System.exit(0); // terminate program
¥
} catch (IOException e) { // collect error of not being able to find the
// output file, or
write to it
System.out.printin(
"ERROR: MAXSAT Solver executable or
MAXSAT _output.txt file NOT FOUND'\nPROGRAM TERMINATED!");
System.exit(0); // terminate program
¥
/I calculate total execution time of process
LogicHandler. MAXSATEXxecutionTime = System.currentTimeMillis() -
LogicHandler.startTime;
/I print success message
System.out.printin("3) MAXSAT _output.txt file has been created
succesfully!);
LogicHandler.extractMAXSATResults(); // extract results from output
file

[Hx
* Method responsible for extracting the solution model, from the results in
* the output file, returned by the MAXSAT solver.
*/
private static void extractMAXSATResults() {

try {
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/I create scanner to read the results file
Scanner fScanner = new Scanner(new
File("MAXSAT _output.txt™));

/I create model variables

ArrayList<String> maxsatModelSE = new ArrayList<String>();

ArrayList<String> maxsatModelNonSE = new
ArrayList<String>();
boolean startCollecting = false;
while (fScanner.hasNextLine()) {
String currentLine = fScanner.nextLine();
if (currentLine.charAt(0) =='v)

startCollecting = true;

/I collect clear models
if (startCollecting) {
String[] tempTokens = currentLine.split(" ");
for (String s : tempTokens) {
if (s.matches("[0-9]+"))
maxsatModelSE.add(s);

else if (!s.matches("v"))

maxsatModelNonSE.add(s.substring(1));
¥

}
Il extract UNSAT core process

LogicHandler. UNSAT _Core_static = null;
LogicHandler. UNSAT _Core_static =
LogicHandler.extractUNSATCore(maxsatModelSE);

/I print results

System.out.printin(
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"\n*******************************************\n \tR ES U LTS\n******

*************************************") .
1

System.out.printin("1) UNSAT CORE OF CLAUSES: " +
UNSAT _Core_static);
System.out.printin(

"\n2) EXPLANATION:\n\tBy removing the
clauses of the UNSAT core from an UNSATISFIABLE problem's knowledge base, it
becomes SATISFIABLE\n");

fScanner.close(); // close scanner
} catch (FileNotFoundException €) { // catch error, in case the results
I file
is not found
System.out.printin(

"ERROR: MAXSAT Solver executable or

MAXSAT _output.txt file NOT FOUND'\nPROGRAM TERMINATED!");

System.exit(0); // terminate program

/**

* Static method which returns the clauses removed to make the problem
* SATISFIABLE. Generates all possible clauses that can be removed.

*

* @param SE
* Stable Extension returned by the MAXSAT Solver
*/

private static ArrayList<String>
generatePossibleUNSATCoreClauses(ArrayList<String> SE) {
ArrayList<String> possibleUNSATCoreClauses = new
ArrayList<String>();

/1 to find the minimum UNSAT core of clauses that are needed to be

B-39



I/l removed, to set the problem to SATISFIABLE, we must extract the

least
// amount of clauses possible, which corresponds to the cases of an
/I argument attacking each other (those are the clauses which say: NOT
// BOTH arguments are in Stable Extension)
for (String s1 : SE)
for (String s2 : SE) {
possibleUNSATCoreClauses.add("1 -" +s1 + " -" + s2);
possibleUNSATCoreClauses.add("1 -" +s2 + " -" + s1);
¥
/1 call function to remove duplicate clauses generated
return removeDuplicateClauses(possibleUNSAT CoreClauses);
¥
[H*
* Private, auxiliary static method, which is used to remove duplicate
* clauses from a set of generated clauses.
*
* @param a
* set of clauses to reduce
* @return set of clauses, without duplicates
*/
private static ArrayList<String> removeDuplicateClauses(ArrayList<String> a)
{
for (inti = 0; i < a.size(); i++)
for (intk =i + 1; k < a.size(); k++)
if (a.get(i).compareTo(a.get(k)) == 0) // check for
duplicates

a.set(k, " "); // remove duplicate

return a; // return set of clauses, without duplicates

/**
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* Private, auxiliary static method which finds the Core of Clauses, by

* comparing the problematic, UNSATIsfiability-causing input file of the

* MAXSAT solver, and all the possible clauses created, that could cause the
* jssue. It removes the ones presented in both.

*

* @param SE

* Stable Extension, as returned by the MAXSAT Solver

*

* @return Core of Clauses (clauses that have to be removed from the

* original input file)

*/

private static ArrayList<String> extractUNSATCore(ArrayList<String> SE) {

/I generate clauses to discover the members of the UNSAT core
ArrayList<String> possibleUNSATCoreClauses =
LogicHandler.generatePossibleUNSAT CoreClauses(SE),
UNSAT_Core = new ArrayList<String>();
try {
/I create scanner to read file
Scanner fScanner = new Scanner(new
File("CoreOfClausesWeighted.cnf"));

while (fScanner.hasNextLine()) {
String curLin = fScanner.nextLine(); // collect current line
for (String pc : possibleUNSATCoreClauses)
if (curLin.compareTo(pc + " 0") ==0)
UNSAT_Core.add(curLin); // add to
UNSAT Core of Clauses,

/I all clauses present in both

/I the possible problematic
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/I clauses' set AND the input

I file
h
fScanner.close(); // close scanner
} catch (FileNotFoundException e) { // catch error if input file not
1

found

System.out.printin("ERROR: LingelingInput.cnf file NOT
FOUND'\NPROGRAM TERMINATED!);

System.exit(0); // terminate program

}

return UNSAT _Core; // return core of clauses

/**

* Private, auxiliary, static method which is responsible for creating the
* input file for the MAXSAT solver, in order to solve the problem of
* finding the UNSAT Core of Nodes (Arguments) in a graph.

* @param ¢

* graph depicting the problem

*

* @return number of variables needed for the problem

*

* @throws IOException

* exception which occurs if there is a problem while writing to
* the input file
*/

private static int exportCNFForUNSATCoreOfNodesNew(ArgumentationGraph
g) throws IOException {

/I create file write to write to file

B-42



FileWriter fw = new FileWriter(new File("UNSATCoreOfNodes.cnf"));

/I calculate number of clauses
g.clauses = g.nodes * 3;

for (inti = 0; i < g.nodes; i++)

for (int x =i + 1; x < g.nodes; x++)
if (g.links[i][x] == 1] g.links[x][i] == 1)

g.clauses = g.clauses + 1;

/1 append comment and information line to the problem
fw.append("c UNSATCoreOfNodes.cnf\np wenf * + (g.nodes * 2) + " "

+ g.clauses + " 1000" + "\n");

0\n™);

the

/I create constraints
for (inti=0; 1 < g.nodes; i++) {

/1 soft clause: try to add node to problem
fw.append(1 " + (i + 1 + g.nodes) + " 0\n");
/I if an argument is in Stable Extension, it remains in the problem
fw.append(1000 -" + (i +1) + " " + (i + 1 + g.nodes) + " 0\n");
/[ attack constraints (no two linked nodes can co-exist in Stable
I/ Extension)
for (int X =i + 1; X < g.nodes; x++)
if (g.links[i][x] == 1 || g.links[x][i] == 1)
fw.append("1000 -"+ (i+ 1) +"-"+ (x + 1) +"

/[ all arguments constraint (presence)

int indexAttacksA[] = new int[g.nodes];

/I call function to find all nodes attacking a specific node
findThreatNodes(i, g, indexAttacksA);

Il anode is either in Stable Extension OR is entirely out of

// problem OR any number of nodes attacking it are members of

/I Stable Extension
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fw.append(1000 " + (i+ 1) + " -" + (i + 1 + g.nodes));
for (int m = 0; m < g.nodes; m++)
if (indexAttacksA[m] ==1)
fw.append(" " + (m + 1));

fw.append(™ 0\n");
¥
fw.flush(); // flush file writer
fw.close(); // close file writer
return (g.nodes * 2); // return number of variables used for the problem

/I (2 for each argument)

/**

* Static method used to create the CNF logic of the classic Stable

* Extension problem, based on a graph given. The resulted theory is written
* to a file, which consists the input file for lingeling.

* @param ¢

* graph depicting the problem

*

* @param probNum

* number of problem selected by the user

*

* @throws IOException

* exception which occurs if there is a problem while writing to
* the input file
*/

public static void exportCNFStatementLogic(ArgumentationGraph g, int
probNum) throws IOException {

I/ create file writer to write theory to input file

FileWriter fw = new FileWriter(new File("Lingelinginput.cnf"));
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)

Extension

0\n™);

which

/I collect number of clauses and variables needed to describe the
// problem
g.clauses = g.nodes;
for (inti =0; i < g.nodes; i++)
for (int x =i + 1; x < g.nodes; x++)
if (g.links[i][x] == 1 || g.links[x][i] == 1)
g.clauses = g.clauses + 1; // (NOT a) OR (NOT b)
Il append comments and information line to file

fw.append(*'c Lingelinglnput.cnf\np cnf " + g.nodes + " " + g.clauses +

/I create CNF rules for attacking/attacked nodes
for (inti=0; i < g.nodes; i++)
for (int X =i + 1; X < g.nodes; x++)
if (g.links[i][x] == 1 || g.links[x][i] == 1)

/I no two connected nodes can co-exist in Stable

fwv.append("-" + (x + 1) + " "+ "+ (i + 1) + "

/I collect all nodes that attack to each node and create necessary
/I clauses
for (int x = 0; x < g.nodes; x++) {

int indexAttacksA[] = new int[g.nodes];

/I collect all nodes attacking to a specific node

findThreatNodes(X, g, indexAttacksA);

fw.append("™ + (x + 1));

for (int m = 0; m < g.nodes; m++)

if (indexAttacksA[m] ==1)
fw.append(" " + (m + 1));
/l a node is either in Stable Extension OR any number of nodes

/I attack it are members of Stable Extension
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fw.append(*" 0\n");
b
fw.flush(); // flush file writer
fw.close(); // close file writer
I execute lingeling solver to solve the problem described in the file
/I created by this method
if (probNum == 2 || probNum == 3)
return; // DONT SOLVE FOR PROBLEMS 2 AND 3 (where
MATLAB is needed)
LogicHandler.executeLingeling();

/**

* Static method which finds all nodes that attack a specific node

*

* @param nodeAttacked

* the node for which the method finds all nodes that attack it
* @param ¢

* graph depicting the problem

* @param threatNodes

* all nodes attacking nodeAttacked

* @return 0

*/

public static int findThreatNodes(int nodeAttacked, ArgumentationGraph g, int
threatNodes[]) {
for (inti=0; i < g.nodes; i++) {
threatNodesJi] = 0;
if (g.links[i][nodeAttacked] == 1)
threatNodes][i] = 1,
¥

return O;
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/**

* Static method which executes lingeling to solve the Classic problem of
* Stable Extension (Stable Extension as a problem of Propositional

* Satisfiability)

*/

public static void executeLingeling() {

/I create process builder for running lingeling with the specified input
I file

ProcessBuilder lingelingExecutor = new ProcessBuilder("./lingeling",
"LingelingInput.cnf");
// redirect results to an output file, for later use
lingelingExecutor.redirectOutput(new File("LingelingOutput.cnf"));
try {
/[ start counting for execution time calculations
LogicHandler.startTime = System.currentTimeMillis();

/] start process
Process lingelingProcess = lingelingExecutor.start();

try {
System.out.print(

"\n\n*******************************************\n\tP ROCE D U R ES\n

*******************************************\n ' ') -
)

System.out.printin("\n1) Results are being written to file:
Please wait . . .");

lingelingProcess.waitFor(); // wait until process
completion,

I
before proceeding

} catch (InterruptedException €) { // case of interruption of

/I process

System.out.printin(
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"ERROR: Lingeling executable or
LingelingInput.cnf file NOT FOUND OR process INTERRUPTED unexpectedly"
+"\nPROGRAM
TERMINATED!);
System.exit(0); // terminate program
h
} catch (IOException e) { // case of not being able to write to file
System.out.printin(
"ERROR: Lingeling executable or
LingelingInput.cnf file NOT FOUND OR process INTERRUPTED unexpectedly"
+ "\nPROGRAM
TERMINATED!");
System.exit(0); // terminate program
¥
// calculate total execution time for solution process
LogicHandler.lingelingExecutionTime = System.currentTimeMillis() -
LogicHandler.startTime;
/I print success message
System.out.printin("\n2) LingelingOutput.cnf file has been created
succesfully!);
LogicHandler.extractSATResults(); // extract results from returned

model

[H*
* Method which extracts the results (solution model and SATISFIABILITY
* status) from the output of lingeling
*/
private static void extractSATResults() {

/Il read lingeling's results which are redirected to an output file

File f = new File("LingelingOutput.cnf");

ArrayList<String> extractedModel = new ArrayList<String>();

try {
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System.out.printin(

"\n*******************************************\n \tR ES U LTS\n******

*************************************") .
1

Scanner fr = new Scanner(f);
while (fr.hasNextLine()) {
String buffer = fr.nextLine();
/I collected problems status (SAT or UNSAT)
if (buffer.matches("'s SATISFIABLE")) {
System.out.printin(*\n1) PROBLEM STATUS:\t
SATISFIABLE");
problemStatus ='S’;
} else if (buffer.matches(*'s UNSATISFIABLE")) {
System.out.printin(
"\n1) PROBLEM STATUS:\t

U N SAT I S F IAB LE\n*******************************************") .

extractedModel = null;
problemStatus = 'U";
}
/I collect model from output file
if (buffer.charAt(0) =='v') {
do {
extractedModel.add(buffer);
if (fr.hasNextLine())
buffer = fr.nextLine();
} while (buffer.charAt(0) I='c' &&
fr.hasNextLine());

¥

fr.close(); // close file scanner

/1 split model into tokens
if (extractedModel = null) {
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String[] tokens = null;
ArrayList<String> stableExtension = new
ArrayList<String>();
ArrayList<String> NONSstableExtension = new
ArrayList<String>();
int count = 0;
do {
tokens = extractedModel.get(count++).split(" ™);
for (String token : tokens)
if (token.matches("\\-[0-9]+"))

NONstableExtension.add(token.replace("-", "™));
else if (token.matches("[0-9]+"))
stableExtension.add(token);

} while (count < extractedModel.size());

/ remove terminal 0 from model

if (stableExtension.contains(0"))

stableExtension.remove(stableExtension.indexOf("'0"));

/I print final results
System.out.printin("2) RESULTS:\N-------=-=mmnmmmmmmmmmee-
----------------- \n\tStable Extension: "

+ stableExtension.size() + " nodes\n--------

+ stableExtension + "\n");

} catch (FileNotFoundException e) { // case of output file not found
System.out.printin("ERROR: LingelingOutput.cnf file NOT
FOUND!" + "N\nPROGRAM TERMINATED!);

System.exit(0); // terminate program
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/**

* Static method responsible for adding weights to a simple CNF file,
* turning it into a WCNF file, where each clause is assigned a weight.
* Creates soft and hard constraints from previously same priority

* constraints

*

* @param f

* CNF file to assign weights and turn to WCNF

* @param ¢

* graph describing the problem

*/

private static void addWeightsToCNFFile(File f, ArgumentationGraph g) {

Scanner fs = null;

try {
fs = new Scanner(f);// read file using a scanner

FileWriter fw = null;
int counter = 0;
try {
I/ write a new file out of the old one, with the addition of
Il weights
fw = new FileWriter("CoreOfClausesWeighted.cnf");
while (fs.hasNextLine()) {
counter++;
String currLin = fs.nextLine();
if (counter == 1)
Il append comment line
fw.append(“c
CoreOfClausesWeighted.cnf\n");

else if (counter == 2) {
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Il append problem information line
String[] splits = currLin.split(" "');
fw.append(p wenf " + splits[2] + ™ ™ +
splits[3] + " 1000\n™);
}else {
/I append weighted clauses
if (currLin.contains("-"))
Il append soft clause
fw.append("1 " + currLin + "\n");
else
// append hard clause
fw.append(**1000 " + currLin +
")

}
fw.flush(); // flush file writer to write to file

fw.close(); // close file writer
} catch (IOException e) { // case of not being able to write or
I/ create file
System.out.printin("ERROR: Could NOT create file
CoreOfClausesWeighted.cnfAnPROGRAM TERMINATED!");

¥
} catch (FileNotFoundException el) { // case of not being able to read

/I the input file
System.out.printin("ERROR: Could NOT read file
Lingelinglnput.cnfA\nPROGRAM TERMINATED!");

¥

/**

* Static method responsible for moving files created, to another folder
*/
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public static void moveFilesToFolder() {
// send all Lingeling files to folder
File newDirectory = new File(""LingelingResults");
newDirectory.mkdir(); // create directory
Runtime run = Runtime.getRuntime(); // get run time
try {
// run terminal process through JAVA
Process proc = run.exec("mv LingelingInput.cnf
LingelingOutput.cnf LingelingResults");
try {
proc.waitFor(); // wait for process completion before
proceeding
} catch (InterruptedException e2) { // case of interrupting process
System.out.printin("ERROR: Could NOT MOVE files to
folder!" + "N\nPROGRAM TERMINATED!");
System.exit(0); // terminate program
¥
} catch (IOException el) { // case of not being able to create new

/[ directory
System.out.printin("ERROR: Could NOT MOVE files to folder!"
+ "N\nPROGRAM TERMINATED!");

System.exit(0); // terminate program

}
} // END OF FILE

B.7.5 K,aon «MatlabHandler» (khaon mov yepileTor dradikacisg mov oyetilovran
pe tov I'pappiko Mpoypappatiopd, 0mms: «PETAPPAC)» E16000V GE YPUPPIKOVS
TEPLOPLEUOVGS, dnuiovpyia apyciov Matlab k.Ar.)

import java.io.*;

import java.util. ArrayList;

import java.util.Scanner;
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/**

* Class which offers methods, responsible for handling all processes related to

* Integer/Mixed-Integer Linear Programming computation (creating script files

* for MATLAB, translating input to the correct form of clauses using

* mathematical equalities/inequalities etc.)

*

* @author iyiang05

*

*/

public class MatlabHandler {

/-k-k
* Method responsible for creating script files for MATLAB, for the problem

* of Stable Extension, both as a problem of Integer Linear Programming

* (ILP), as well as a problem of Mixed-Integer Linear Programming (MILP)

*

* @param equivalentLingelingInput

* lingeling's input file to translate to MATLAB's accepted
* format

* @param ¢

* graph describing the problem

* @param intDesired

* true if creating file for Integer Linear Programming, false
* for Mixed-Integer Linear Programming

* @param epsilon

* maximum allowed distance of arguments' values from the bounds
*/

public static void createMATLAB InputFile(String equivalentLingelinglnput,

ArgumentationGraph g, boolean intDesired,

double epsilon) {
/I declare variables

boolean integerDesired = intDesired, equalityExists = false;
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int rightPartsInequalities[] = new int[g.clauses], v = 0, clauseCount = -1,
double nonintRightParts[] = new double[g.nodes * 9 + 1];
ArrayList<Integer> equalitylndexes = new ArrayList<Integer>();
FileWriter fw;

try {
Il create MATLAB input file and write comment lines first
fw = new FileWriter(new File("Matlablnput.m™));

fwappend (' '% **********************************\n") ’

fw.append("% STABLE EXTENSION PROBLEM\n%
*********************************\n ' ') ,
fw.append(% File\t: \tMatlablnput.m\n% Author: \tloannis

Yiangou\n");

fwappend (' '% *********************************\n\n") ’

/I re-open lingeling file to support MATLAB file creation
Scanner reopenedScanner = new Scanner(new
File("LingelingResults/" + equivalentLingelinglnput));

reopenedScanner.nextLine(); // skip the two (comment) lines of

file

reopenedScanner.nextLine();

[H*

* Case of creating script file for the Stable Extension as a

* problem of Integer Linear Programming (ILP = problem with
only

* integer-valued variables)
*/
if (integerDesired) {
I/ append declaration of objective function to file
fw.append(*% Declare function\nf = [");
for (v =0; v < g.nodes; v++)
fw.append("1; ");
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/I append declaration of integer variables (all of them) to
file
fw.append(*];\n\n% Declare integer variables\nintcon =

1:" + g.nodes + ";\n\n");

/I declare matrix A, which depicts the left parts of all
// inequality constraints

fw.append ("% Declare the left parts of the inequalities\nA

[™);

// read re-opened lingeling's input file
while (reopenedScanner.hasNextLine()) {
String buffer = reopenedScanner.nextLine();
I get expression type for each clauses
int exprType =
MatlabHandler.getExpressionType(buffer);

clauseCount++;

/I case of type 2 expression ((1-X1) + (1-X2) > =

1)
if (exprType ==2) {

buffer = buffer.replace("-", "™);

int index1 = Integer.parselnt(buffer.split("
")[0D);

int index2 = Integer.parselnt(buffer.split("
I1D);

for (int p = 0; p < g.nodes; p++) {

if ((p ==index1 - 1) || (p == index2

-1))

fw.append("1");
else

fw.append(*'0");
if (p + 1 ==g.nodes)
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fw.append(*;\n");
else
fw.append(™,");
}
// add result to an array, so that later we
can declare
/I the right parts of all inequality
constraints (matrix
I b)
rightPartsIinequalities[clauseCount] = 1;

/I case of type 3 expression (X1 + X2 + X3 +...>

else if (exprType == 3) {
int indexes[] = new int[g.nodes + 1], p = 0;
for (p = 0; p < g.nodes + 1; p++)
indexes[p] = 0;

String token[] = buffer.split(" ");
for (p = 0; p < token.length; p++)
indexes[Integer.parselnt(token[p])]

for (p =1; p<g.nodes + 1; p++) {
fw.append("" + indexes[p]);
if (p +1==g.nodes + 1)
fw.append(*;\n™);
else
fw.append(™,");
}
// add result to an array, so that later we

can declare
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/I the right parts of all inequality
constraints (matrix
/1'b)

rightPartsIinequalities[clauseCount] = -1;

/I case of type 1 expression (X1 =1)
else if (exprType ==1) {
// found an equality constraints
// handle it differently than the inequalities
(they are
// declared in separate matrices than the

inequalities)

equalitylndexes.add(Integer.parselnt(buffer.split(" *)[0]));

equalityExists = true;

}
fw.append(];\n\n");

/I append declaration of right parts of all inequality

/I constraints (matrix b) to script file

fw.append(*% Declare the right parts of the
inequalities\nb = [");

for (clauseCount = 0; clauseCount <
rightPartsinequalities.length; clauseCount++)

if (rightPartsinequalities[clauseCount] !=0)
/l declare matrix "b" using pre-collected

data

fw.append(rightPartsinequalities[clauseCount] + ";");
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equalities\nAeq = [");

fw.append("];\n\n% Declare the left and right parts of the

/I if an equality constraint exists, we have to also declare
I/ matrices Aeq (left parts of equality constraints) and beq
/I (right parts of the equality constraints)
if (equalityExists) {
int t = g.nodes;
for (int | = 0; | < equalitylndexes.size(); I1++) {
int temp = equalitylndexes.get(l) - 1;
for (int pp = 0; pp <t; pp++) {
if (temp == pp)
fw.append("1");
else
fw.append(*'0™);
if ((pp+1)1=1)
fw.append(™,");
else {
fw.append(";");

}
fw.append("\n");

}
fw.append(*'];\n\nbeq = [");
if (equalityExists)
for (int | = 0; | < equalitylndexes.size(); I++)
fw.append("1;");
fw.append("];\n\n");

I/ append declaration of lower and upper bounds for all

Il variables, to script file
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fw.append(*"% Declare lower & upper bounds\nlb =

zeros(" + g.nodes + ",1);\nub = ones(" + g.nodes
+",1);\n\n");

fw.append(“'tic;"); // begin execution time counting

/I call solver to solve problem

fw.append("\n[x,fval] =intlinprog(f, intcon, A, b, Aeq,
beq, Ib, ub);");

fw.append(*"\ntoc;"); // end execution time counting

fw.append("\n\nif(~isempty(x))\n\n\t% Extract Stable
Extension from results\n\t\tStableExtension=[");

/I create spare variable to collect the Stable Extension
from

I the model

for (int d = 0; d < g.nodes; d++)

fw.append("1;");

fw.append(*'];\n\n\tfor index = 1:" + g.nodes +

"\n\tStableExtension(index)=x(index);\n\tend\nend");

}

/**

* Case of creating script file for the Stable Extension as a
* problem of Mixed-Integer Linear Programming (MILP =
problem with
* poth integer-valued and real-valued variables)
*/
else {
I/ append declaration of objective function to file
fw.append(*"% Declare function\nf = [");
for (v=0; v <g.nodes * 4; v++)
fw.append(0; ™);
Il append declaration of integer-valued variables to file
fw.append("1;];\n\n% Declare integer variables\nintcon =

"+ (g.nodes * 2 + 1) + ":" + g.nodes * 4
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+"\n");

Il append declaration of matrix A (left parts of all
inequality

/I constraints) to script file

fw.append("% Declare the left parts of the inequalities\nA

// read re-opened lingeling's input file
while (reopenedScanner.hasNextLine()) {
String buffer = reopenedScanner.nextLine();
/I get expression type for each clause
int exprType =
MatlabHandler.getExpressionType(buffer);

clauseCount++;

/I case of type 2 expression ((1-X1) + (1-X2) > =

1)
if (exprType ==2) {

buffer = buffer.replace("-", "™);

int index1 = Integer.parselnt(buffer.split("
")I0D);

int index2 = Integer.parselnt(buffer.split("
1D;

for (int p=0; p < g.nodes * 4; p++) {

if ((p ==index1 - 1) || (p == index2

-1)

fw.append(*'1");
else
fw.append(*0™);
if (p + 1 ==g.nodes * 4)
fw.append(™, 0;\n");

else
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fw.append(™,");
}

rightPartsInequalities[clauseCount] = 1;

}
/I case of type 3 expression (X1 + X2 + X3 + ... >

else if (exprType ==3) {

int indexes[] = new int[g.nodes * 4 + 1], p

for (p =0; p <g.nodes * 4 + 1; p++)
indexes[p] = 0;

String token[] = buffer.split(" ");
for (p = 0; p < token.length; p++)
indexes[Integer.parselnt(token[p])]

for (p=1; p<g.nodes * 4 + 1; p++) {
fw.append(™" + indexes[p]);
if (p+1==g.nodes*4 +1)
Il fw.append(*, 0;\n");
fw.append(”, -1;\n");
else
fw.append(",");
}
rightPartsinequalities[clauseCount] = -1;
}
/I case of type 1 expression (X1 =1)
else if (exprType ==1) {

equalitylndexes.add(Integer.parselnt(buffer.split(" *)[0]));
equalityExists = true;
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& epsilon

bound

variable

int[cs];

int[cs];

int[cs];

/l CREATE CODE FOR arguments, k, lambdal, lambda2

/**

* ki : distance of argument ai from its specified bound on
* which it belongs (e.g. if ai = 0.8, ki = 0.2, as upper

*is1land 1-0.2=0.8

* lambdali: flag which determines if argument ai is near
* (belongs to) the lower bound

*

* lambdaz2i: flag which determines if argument ai is near
* (belongs to) the upper bound

*

* gpsilon: maximum possible distance value, that the

* Ki can be assigned with. Valid for all arguments ai.

*

*/

/I declare variables

int cs = g.nodes * 4 + 2, nIntRPC =0, p =0, n = g.nodes;
int IC1[] = new int[cs], IC2[] = new int[cs], IC3[] = new

int IC4[] = new int[cs], IC5[] = new int[cs], IC6[] = new

int IC7[] = new int[cs], IC8[] = new int[cs], ICI[] = new

for (p = 0; p <g.nodes * 4 + 2; p++) { // initialize
IC1[p] = IC2[p] = IC3[p] = IC4[p] = IC5[p] =

IC6[p] = 1C7[p] = IC8[p] = IC9[p] = O;

nonintRightParts[p] = 0.0;
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/l CLAUSE 1 (for every i):
/I 1-ai-ki-lambdali <= 0 -> -ai-ki-lambdali <= -1
for (p=0; p <n; p++) {
IC1[p] =IC1[p+n] =ICl[p+n*2] =-1;
for (intw=0; w<n*4; w++) {
fw.append(™ + IC1[w]);
if(wW+1l==n*4)
fw.append(™, 0;\n");
else
fw.append(",");
}
// re-initialize for next argument
IC1[p] =ICL[p+n] =ICl[p+n*2]=0;
noniIntRightParts[nIntRPC++] = -1.0;

Il CLAUSE 2 (for every i):
/1 ai-ki-lambda2i <= 0 -> ai-ki-lambda2i <=0
for (p=0; p <n; p++) {
IC2[p] = 1;
IC2[p+n]=IC2[p+n*3]=-1;
for (intw=0; w<n*4;w++) {
fw.append("™ + IC2[w]);
if(wW+1==n*4)
fw.append(™, 0;\n");
else
fw.append(™,");
}
// re-initialize for next argument
IC2[p] =IC2[p+n] =IC2[p+n*3]=0;
nonintRightParts[nIntRPC++] = 0.0;
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/l CLAUSE 3 (for every i):
II0<=ki<=e->ki-e<=0
for (p=0; p <n; p++) {
IC3[p+n]=1,;
for (intw=0; w<n*4; w++) {
fw.append(™ + IC3[w]);
if(wW+1l==n*4)
fw.append(”, -1;\n");
else
fw.append(",");
}
// re-initialize for next argument
IC3[p +n]=0;
nonintRightParts[nINtRPC++] = 0;

I/l CLAUSE 4 (for every i):

/I -ki<=0
for(p=0;p<n;p++){
ICA[p + n] =-1;

for (intw=0; w<n*4; w++) {
fw.append("™ + IC4[w]);
if(W+1==n*4)
fw.append(™, 0;\n");
else
fw.append(™,");
}
/I re-initialize for next argument
IC4[p +n] =0;
nonintRightParts[nIntRPC++] = 0.0;
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/l CLAUSE 5 (for every i):
// lambdali <=1
for (p=0; p <n; p++) {
IC5[p+n*2]=1;
for (intw=0; w<n*4; w++) {
fw.append("™" + IC5[w]);
if(wW+1l==n*4)
fw.append(™, 0;\n");
else
fw.append(",");
}
/l re-initialize for next argument
IC5[p+n*2]=0;
nonIntRightParts[nIntRPC++] = 1;

Il CLAUSE 6 (for every i):
/I -lambdali <=0
for (p=0; p <n; p++) {
IC6[p +n*2] =-1;
for (intw =0; w<n*4; w++) {
fw.append(™ + IC6[w]);
if(W+1==n*4)
fw.append(™, 0;\n");
else
fw.append(™,");
}
/I re-initialize for next argument
IC6[p+n*2]=0;
nonintRightParts[nIntRPC++] = 0;

/I CLAUSE 7 (for every i):
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Il lambda2i <=1
for (p=0; p <n; p++) {
IC7T[p+n*3]=1;
for (intw=0; w<n>*4; w++) {
fw.append("" + IC7[w]);
if (W+1==n%*4)
fw.append(™, 0;\n");
else
fw.append(",");
}
/l re-initialize for next argument
IC7[p+n*3]=0;
nonintRightParts[nIntRPC++] = 1;

Il CLAUSE 8(for every i):
/I -lambda2i <=0
for (p=0; p <n; p++) {
IC8[p +n*3]=-1;
for (intw=0; w<n*4;w++) {
fw.append("™ + IC8[w]);
if(wW+1l==n%*4)
fw.append(™, 0;\n");
else
fw.append(",");
}
// re-initialize for next argument
IC8[p+n*3]=0;
nonintRightParts[nIntRPC++] = 0;

/I CLAUSE 9 (for every i):
/l lambdali + lamdba2i <=1
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for (p =0; p <n; p++) {
IC9[p+n*2]=1,
ICO[p+n*3]=1;
for (intw=0; w<n>*4; w++) {
fw.append("™ + 1C9[w]);
if (W+1==n%*4)
fw.append(™, 0;\n");
else
fw.append(",");
}
// re-initialize for next argument
IC9[p+n*2]=IC9[p+n*3]=0;
nonintRightParts[nINtRPC++] = 1,

}
fw.append(*];\n\n");

/I append declaration of right parts of all inequality

/I constraints (in matrix "b"), to script file

fw.append(*% Declare the right parts of the
inequalities\nb = [");

for (clauseCount = 0; clauseCount <
rightPartsinequalities.length; clauseCount++)

if (rightPartsInequalities[clauseCount] != 0)

fw.append(rightPartsinequalities[clauseCount] + ";");

for (clauseCount = 0; clauseCount <
nonintRightParts.length - 1; clauseCount++)
fw.append((int) (nonintRightParts[clauseCount]) +

")

fw.append("];\n\n% Declare the left and right parts of the
equalities\nAeq = [");

B-68



/I if any equality constraints exists, matrices Aeq and beq
/I (which depict the left and right parts of those
constraints,
/I respectively) must be declared in the script file
if (equalityExists) {
intt=n>*4;
for (int | = 0; | < equalitylndexes.size(); I++) {
int temp = equalitylndexes.get(l) - 1;
for (int pp = 0; pp <t; pp++) {
if (temp == pp)
fw.append(1"™);
else
fw.append(*'0™);
if ((pp+1)1=1)
fw.append(™,");
else {
fw.append(*, 0;");

}
}
fw.append(*\n™);
}
}
if (epsilon >-1.0) {
intt=n>*4;

for (int pp = 0; pp <t; pp++) {
fw.append("0");

if((pp+1)!1=1)

fw.append(™,");
else {
fw.append(*, 1;");
break;
}
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}
fw.append("\n");

}
/I declare beq matrix
fw.append(*'];\n\nbeq = [");
if (equalityExists)
for (int | = 0; | < equalitylndexes.size(); I1++)
fw.append(*1;");
if (epsilon>-1.0) {
fw.append(epsilon + ";");
}
fw.append(*];\n\n");

/I declare upper and lower bounds for all variables

fw.append(*"% Declare lower & upper bounds\nlb =
zeros("+(n*4+1)+"1);\nub=ones("+(n*4+1)

+",1);\n\n");

fw.append(“tic;"); // start execution time counting

/[ call solver to solve problem

fw.append("\n[x,fval] =intlinprog(f, intcon, A, b, Aeq,
beq, Ib, ub);");

fw.append(*"\ntoc;"); // end execution time counting

/I extract results for Stable Extension

fw.append("\n%Extract Stable Extension from
results\nStableExtension=[");

for (intd =0; d <n; d++)

fw.append("1;");

fw.append("];\n\n");

fw.append(“if(exist('x’, 'var') ==1 && ~isempty(x))\n");

fw.append(“\tfor index = 1:" +n +
"\n\tStableExtension(index)" + " =" + "x(index);\n\tend\nend\n");

}
fw.flush(); // flush file writer to write to file
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fw.close(); // close file writer

} catch (IOException e) { // case of not being able to create the Matlab

/I script file
System.out.printin("ERROR: COULD NOT CREATE
Matlablnput.m FILE\WPROGRAM TERMINATED!");
System.exit(0);

/**

* Private, auxiliary, static method which returns the type of expression
* given as string, using regular expressions.
*
* Used in the translation of lingeling's CNF clauses to Matlab's
* mathematical equality/inequality clauses.
*
* @param expression
* string given to find its type
* @return type of expression
*/
private static int getExpressionType(String expression) {
if (expression.matches("[0-9]+ 0"))
return 1; // case of 1st type of expression (X1 0)
else if (expression.matches("\\-[0-9]+ \\-[0-9]+ 0™))
return 2; // case of 2nd type of expression (-X1 -X2 0)

else

return 3; // case of 3rd type of expression (X1 attX1i attX1j ...

¥
} // END OF FILE
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