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ABSTRACT

During the last decades, the flowshop sequencing problem has held the attention of many
researchers. The flowshop sequencing problem is a production scheduling problem in which

each one of N jobs must be processed in the same sequence on each one of M machines.

Since Johnson proposed optimal two and three-stage production schedules, many
heuristics have been suggested to solve this problem. Complete enumeration, branch and
bound techniques or integer programming determine the optimal sequence for very small

problems, but efficient heuristics are necessary in order to solve larger ones.

In this thesis two cases of the flowshop problem were dealt with. In the first case the
objective was to minimize the maximum completion time of the jobs C,,,,, whereas in the
second case each job was assigned a due date and the objective was to minimize primarily

the maximum tardiness and secondary the maximum completion time of the jobs.

The computational complexity of the flowshop sequencing problem does not allow the
development of computationally fast algorithms which could optimally solve it. In this
thesis taboo search techniques were studied and heuristic algorithms were developed to

suboptimally solve the flowshop sequencing problem.

Taboo search is a simple and flexible method for obtaining good solutions quickly and
has been successfully applied to NP-complete problems such as the flowshop problem. The
efficience of the method depends on the size of neighborhoods in the search space which
are iteratively examined in order to obtain local optimums. In case that the optimum in a

neighborhood is not unique the method can not determine the best path to continue the search.

To overcome the weaknesses of taboo search, a pruning path mechanism was developed

which proved effective for both the problems of flowshop that were studied. In the case of



the flowshop problem with the unique criteria of minimizing the maximum completion time
of the jobs, a tree search technique was developed which allows the evaluation of equivalent
search paths. Finally, the process of taboo search was parallelized which drastically improved

its running time.
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HMepiinym

To TpoPATLOITOL X POVIKOD TPOYPOUUATIGILOV GTOYO TOVE EXOVV TOV TPOYPOULOTIGUO
€vVOg GLVOAOL EPYOCLMOV KOTE TETOLOV TPOTO MGTE VO BEATIGTOTOLOVVTOL OPLGUEVDL KPL-
THPLOL KO VO 1TKOWVOTTOLOVVTOL KATTO101 TEPLOPLIGHUOL TOV GLVTBMG TiBevTol Omd avaTEPOL
GTAJLOL TOV TPOYPOUUATIGUOD NG Topaywyne. To mpoPAiuato ovtd mopovctdlovy
aitepo evalaeépov Kode mnydlovv and 1o y®po TG Plounyovikig Topoywyns, eV
TOPAAANAOL OTTOTEAOVY GTNV TAELOYN GO TOVG SVOKOAN GUVOIVOIGTIKE TPOPAT LATOL, KOTEL
kovovo, N P-dvokoho. (N P-hard).

H edikr} xotnyopion mpoBANUETOV XpOVIKOD TPOYPULUUATIGULOD TOV UEAETIONKOV
oV gpyocio ot aEopd TNV eneEepyocion EpYOCIOV O aALCIda unyovdv.  Goe
epyacio amotedeiton amd Hior LGTNPA SLOTETAYUEVT) OLKOAOLOTOL KOTEPYOLOL®YV, Ol OTTOlEG
eKTELOVVTOL OTIC Unyovéc. Emedi n po emnefepyaciog Tov Katepyooidv elval evioio
Yoo 6heg TIC epyacieg, To cvonua yapoktnpileton mg cvotnuo Poikng IMopoywyng
(Flowshop). H ekTéAe0T TOV KOTEPYUGLAV OTLC UNYOVEG OOiLTeEl EEGPUMOT TWV UNYOVAV.
Ot ypovot eEGpumong (setup time) Tov Unyovov eivon otodepol yio k6Oe Katepyosion kot

oveEGpTNnTol olkolovdioc.

v gpyacio avty pedetrionkay 600 TPOoRATLATO POLKTC TOPAYMYNG : OTNV TPATN
nepinton Lovadlkd KpTiptlo BeATIGTOL N TaV N EAXYLGTOTOINGT TOV XPOVOL TEPETMOONG
(Chnaz) TOL TPOYPEUUOTOC EPYOCLOV, VA GTN devTEPT TePinTmon o€ KGOe epyoacio elye
ovorteBel po mpobecuion TopEdooNc, OTdTE TPMTEVOV KPLTHPLO HTOV 1 EAYLOTOTOINON
™M WéYLotng KoBLoTEPNONG (Thiaz) TOV EPYOCLAV KOL | EVPECT] EPLKTOV TPOYPAULOTOG
(Trnae = 0), 6mOTE CLTO HTOV SLVALTOV, KO dELTEPEVOV KPLTNPLO NTOV 1 EALoTOTOINON

TOV LEYLGTOV XPOVOL TEPATMOONG TOL TPOYPEUUOTOS TMV EPYOCLAOV.

H vmoAoy1otikny TAoKN TV TPoRANUAT®Y pOikNC Toporymync deV EMTPENEL TNV CLVEL-
TTLEN T év odyopiBumy Yo T BEATIOT enidvon] Tovg. o To Adyo awtd 6TnV epyosio
ouTh ovomTOX Koy evpnuartikol adyopBuotl Tomikfig avalitnong He amoydpevon Ki-
viieewv (Tabu Search) yia tnv evpeon vroPérTiotwv Avcewy. H amddoon Tmv alyopibuwmv
otV eEapTdTol Kuping omd To HEYEH0g TOV VITOTEPLOY®Y TOV Y HPOL ovolHTNoNG TOL
eetdlovton oe KAOe Pripal ylor TNV €VPECT TOMKAV PeATiOTOV Ko od T0 TA00¢ TV
TOTKAV BEATIGTOV TOL VITEPYOVV GTLG VTOTEPLOYEC ALTES. OGO UEYAAVTEPEG VITOTEPLOYES
e€etdllovTon 1600 KOAVTEPES 01 AVGELG TOV TOPAYOVTOL OALG KO TTLO OLTOLTNTIKY| OE VTTO-
AoyLoTikS xpdvo N dradikacio g awvoalytnong. Eniong, oTig TepIntdoeLg Tov T TOTLKO

BéATioTOo VITOTEPLOY DV deV elvor LOVOLBLKG, I LLOTLKY AelTovpyic TG HeBddov dev -



cpaAilel 6t emAéyeton Tévto ) KoAHTEPT KortevOvvon Yo tn BeAtioon twv Avcewy. T'o
TNV OVTILETATLOT TOV TPOPANUETOY LT®OV Kot T BeAtimon tng anddoong tng uedddov
OYENGOTNKE EVOLG UNYOVICUOS OTOKAELGHOY KOTEVBVHVOEMV amd TO Y dpo avolTnong, o
omoiog omodeiy On ke omoTEAEGULOTIKOG KO Y10l TOL VO TPOPANUOTO POLKTC TOPOLY YT TTOL
peietrionkayv. Eldikd yior to povokplrinplokd tpoRANUo ovortoydnke €vog unyovicuog
devdpoeldovg avalnitnong, o onoiog enttpénel TNV aSloAGYNON 1003VVOU®OY KOTELOVV-
cewv PeAtioong Aooewv. TEAOC, n eUon TNng Aettovpylog g dtadikaciog ovolrtnong
oG 0dynce otnv mapoAAnionoincen g pe amotélecuo TN dpaotiky BeAtioon g
ondd061|C TG,

Enénng : TIdvog  ®wvVoTavTOTOLAOG
AvomAnpwtic adnyntic, Tuuotog Emotiung YroAoylotay
IMovemotiuio  p1ing
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eodAono 1

Elcoyoyn

1.1 Xpovikdg mpoypoULOTIGILOG

Ta TpoBALaTO X POVIKOV TPOYPOUUATIGLOV GTOYO TOVLG EXOVV TOV TPOYPOUUOTIGUS EVOG
GULUVOAOL EPYOCLHOV KOTE TETOLOV TPOTO MGTE VO BEATIGTOTOLOVVTOL OPLOUEVOL KPLTTPLOL
KO VOL TKOWVOTIOLOVVTON KATO101 TEPLOPLOIOL TOL GLVT|BMG TiBevTON Omd oLVATEPOL GTEILOL
TOVL TPOYPOUUATIGLOD TNG TopaywynS. Tow TpoPAiuata ovté Topovotdlovy dtoitepo
eviLaEépov KoOd¢ Tnyalovv od To xMpo NG PLoUN Y oVIKNG TapOy®YNS, VM Top GEAAN AL
omoTeELOVV oTNV TAELOYM GO TOVG dVGKOAN GLUVOLOIGTIKG TPOPATiLOTO, KOTE Kavovol
N P-dvoxolo. (N P-hard).

1.2 Togivounon npofAnudtev xpovikov TpoypoLLLOTIGLOD

Tow TPOPARUOTOL YPOVIKOV TPOYPOUUATIOHOV ToEvolovvTon pe Stépopo KPLTHipLo. O
kotnyopieg [GLLK79, Gra81, HC84]. To onpovtikdtepa kpttiplor to&ivounong ivor 1o
€1d0¢g Tov gpyootaciov, N VIOPEN KoL TO €160¢ TV YPOVOV EEGPUOONC KOl TO KPLTIPLO

BeAtioTOL TOL Y PNGYLOTOLOVUE GTOV TPOYPOUUOTIGUO.
To €1do¢ Tov gpyootaciov Kabopileton amd T GLYKPOTNOTN TNG SOSIKAGIOG TP~

yoyis. Fevikd, dtokpivovpe TE0GEPELS TEPITTHOCELS :

e Movooitkn Mnyovn ( Single Machine )

G0 epyoocio amotedeiton owd pio povodikn kotepyocio, n onoio ekteAeiton 6T

3



HOVOOLKT] UNYOvT] TOV EPYOGTOGIOV.

e IMopdAiinieg Mnyovég ( Parallel Machines )

Mmopel vou BempnBel ¢ enéktoon NG UovadLxng unyavis, Kobwg ol ePYNCieg
amOTEAOVVTOL 06 ol LovadikT) kotepyocio, 1 omolor umopel vor extedecOel Ge

omoladnmote omd €vor TANO0G UNYaVAOV TOL VTAPYOLY GTO EPYOCTAEGLO.

e Poixn Hopoywyn ( Flowshop )

O gpyacieg dtopovvion 6e Kotepyooieg, uio yior KAOE unyovi] Tov EpyosTaGiov.
G0e xatepyocio exteAeiton oe pior Uy oV Ko n oelpd SIEAELON G OIS TLG UMY OLVES

etvon otadepy.

e I'evikd Epyootdoro ( General Jobshop )

To YeviKO €pYOOTAGLO OVTITPOCMREVEL TO YEVIKADTEPO TPOPANUC.  Gbe epyacio
unopetl vo meptAaBAVeEL KOTEPYOIGTEG GE OTOLEGONTOTE UNYAVES TOV EPYOOTAGIOV.
O1 xortepyooieg LTopovV Vo eKTEAEGOOVV e OO0 TTOTE GELPA OTLC UNYOVES 1] Ol

duvartég aAnAovyieg vo kobopilovton omd pio peptkry dStdrtoén dradoyrc.

To devtepo KpLTipLo To&vounong etvoun n vropén ko 1o e180¢ xpovav eEGPUOON S TOV
unyovov (setup time). Xpévo e€Gprmong uog unyoviig ovoldoupe To xpovikd StdoTnio
OV OUTOLTELTOL OTE T UNYOVY| VO TPOETOUOGOEL, VoL vou ekTeAécel (o epyacio. O
xPOVOG eEGpumong oG unyovig Aéyeton 6t eivor aveEdptntog akolovbiog (sequence
independent) av eEoptdton uévo amd to eldog TG epyociog Tov Tpdkerton vo eKTeAeGOeL
otn unyovy. Av eéaptdron Kot omd To €i80¢ TG epyasiog g onolag N enegepyocio
nponynonke otn unyovi, téte Aéyeton 6t eivon e€aptnuévog akolovbiog (sequence

dependent).

To xpitriplo BeAticotov elvor évor otd ToL CNUOVTIKOTEPOL YOPOKTNPLOTIKE TOV TPO-
BANUETOV X pOoVIKOD TPOYPUUUOTIONO0V. To TEPIGGHTEPX KPLTHPLOL TOV OVOLPEPOVTHL GTN

BipAoypoapio aviikovy 6N kartnyopio Tv Aeyouévav Kovovik®y (regular) kprtnpiov.

‘Eva xputfiplo PeAtiotov Aéyeton kovovikd OToV 1KOVOTOLEL TG TOPOKET® TPELS

OULVONKES :

1. Etvou cuvéptnon tov ypovmv TepiTmong Tmv EpYOCLOV

2. H tiun 1ov mtpénel vo eAay1oTomoin Oet.



3. H tyun tov av&dvet, pévo v évog TouAd1otov omd Toug XpOvoug TEPETMOONG TMV

EPYOOLMOV OLLEN OEL.

Mepikd amd T ouVNBESTEPD, KAVOVIKE KpLTiipLo €lvait 0 xpOvog TepETmoNG TPOo-
YPopotog ( KPUtRPLo Cruae ), 0 HECOG XPOVOG TEPATMOONG TMV EPYOCLAV ( KPLTTPLO
SN C; ), oy mepintmon mov VREPXOVV TPoBesieg Topddoong N HEYLGTN KOBVOTE-
pnon ( kprip1o Thax ), M HéOM KaBVLSTEPNON ( Kprtiplo SN, T; ) ko To TA00C TV

KOOUGTEPUEVOV EPYUOLOV.

Ene1dn éva cuykekpiuévo mpoRANUo xpovikoy TPoYPOULKTIGULOY UTopel vou orviiKel
oe MOAMEC Kot yopieg Torutdypova, elvorl amapoitnto €vol YEVIKS OYMUOL YLl TN GULVO-
TTIKY| TEPLYPOLPT] T®V TPOPANUETOY. TTNV TOPOVGH EpYOcic. B0 X PN OILOTOITICOVE TOV

axéAovBo, evpitarta dtadedopévo cuufoioud [GLLK79, KK88] :

o/B/v/S

émov:

o, : 0 OPLOUOC TOV EPYUCLOV TPOG TPOYPOULOTIGUO
B : 0 oplBuUdE TV Unyxovov
Y : meploplopol oto dedopévo TOV TPORAUOTOC
o : 1o xprIiplo PerticTov

Now onuetmdet 6t 1o medio v evdéyeton vo elvor kevd, omdte dev €xovue KOvEVOL
TEPLOPLOUS 1 VO TEPLEYXEL TTEPLGGHTEPOLS O €var mepLopiopnovs. Emiong, to medio o
umopel va mepthouféivel meprocdtepo omd €vor kprtiipla BeAtiotov 1 vor elvon kevod
omoTe OVOLPEPOIOIGTE OE €vor omolodnmote Kpitiplo PBeitictov. O mopomdved TpOTOg

ToEvéunong ov Ko dev mopéyel OAEG TIG AETTOUEPELEG TOV GULVOETOLY €éval TPORANUOL

YPOVIKOV TPOYPUUULATIGUOV, SIVEL GUVOTTTIKE TOL GTOVAIOLOTEPL Y OLPOKTNPLETIKA TOV.

1.3 Oproudg tov npoPfAfquorog

H e8| kortnyopic TpoPANUdTov xpovikoh TPpoypoUUaTioioy mov eEetdlovton otnyv

Tapovoo epyasio apopd TNV enetepyosio epyaci®y 6e oAVGIda unyovay. e epyosio



omoTeELelTOl OO (Lo LGTNPE SLOTETOYUEVT 0LKOAOLOTO KOTEPYOIGL®V, Ol OTOleC eKTe-

Aovvton otig unyovés. Emetd n pon enelepyosiog Twv KOTeEPYOoI®V OTIC UNYOVES elvor

eviaio ylo OAeg TIG epyooieg, To cvoTnUe xopaktnpileTon Mg GHOTNUO POIKTG TaPOY M-

NG

o to TpoPANULOITOL TOV UEAETEUE GTNV TOPOVOOL EPYUGIOL KEVOLUE TIG TOPOKATM

VTOOECELG :

G0e epyacio ywpiletor oe M KoTeEPYOOIES, Ol OTTOIEG EKTEAOVVTON OE SLOPOPETIKY|
unyovi n koBepio. H celpd ektédeons Tov kotepyoot®v eivon n 1o yiow GAEG Tig

epyooiec.

Mo epyocio eivon dtabéoun oe por unyovr, uévo av m enefepyacio g €xel
oAOKANPWOEel otV oUéSmC TponyovuevT. OAec ot epyocieg elval dlabéciueg otnyv

TPTN UNY OV TOV GLGTHULATOC.

G0e unyovi unopei vo eneEepydleton to TOAH (o epyasion 6 So0oUEVT YPOVIKT
otiyuw. H extéleon pog epyociog de dtokomteton (non-preemption). H oelpd
eKTELEON G TV epYOOLAV elvon M 1dlo 68 OAEG TIG UNYOVEC TNG YPOUUN G TOPOY®YNS

(LETAOETLKG TTPOYPGLLLOLTOL).

O uévog kpicluog Tdépog Tov GLOGTHUOTOS lvor N unyovi. ‘OAot ot GAAol Tépot

BempovvTon eEmopKeic.

H enefepyoocio kdBe epyociog oe kKOs unyovi ev yével omontel eEGpuwon g

Uy ovig. Oy pdévorl eEGpUmonS TV UNYovdy BempoHvTon oveEdpTnTol olkoAoLOTaC.

Ot epyacieg ywpilovton oe B ondideg avérloya. Le To £160¢ ToVG. MeTa&h dodoyIKdV
gpyooldv ¢ 1dtog ouddag dev amonteiton e€dipumon unyovig. Ot onddeg twv

epyaciadv elvon 1d1eg yror GAEG TIC UNYOVEG,

Ot ypbévor eEGpU®ONG TV UNXoVAVY, ot xpSvol eneiepyaciog TOV EPYOCLAV KoL Ol

mpoBecpieg Tovg, OTOTE LTEG VAP OV, OE®POVVTOL YVWOTEC a priori.

Ty gpyacio v LEAETAVTOL dV0 TPOPATLOITOL POLKT|C TOP YWY,

N/ M/ F, Seq — Ind, perm/ Cpaz

10 TpOPANUa vt Bempove T ddtan N epyaoidv oe M unyowvés. Xto medio
TV TEPLOPLGUAV TO F' INADVEL OTL TPOKELTON Yol TPOPANLOL POTKTIG TOPOLY YT KOl
T0 perm 6TL 01 Aoelg meplopilovton oe petadetikd tpoypdppoto Lévo. Ymépyovv

xPOvoL eEGPU®ON G UNY VMV, Ol omoiot elvorn aveEdptntotl ockoAovbiog (Seq — Ind).



To kpitiiplo PeAtictov elvon n ehoytotomoinon tov ypdvou tepdtwong Coer TOL

TPOYPOUULOTOS EPYOCLMV.

i N/ M/ F7 Seg—]nda perm/ Tmama Cmax

10 devteEPo TPSPANUOL Bempovpe TAAL TN ddTaEN N epyocldv o€ M UNYOVEGS.
To mpdPAnUa lvor poikng ToPoy®YG Ko VAP OVV XPGVOL EEAPULOONC UNYOVHV,
ot omoiot elvor aveEdptntor akolovdiog kot ot Avoelg elvor petobetikéc.  Gbe
epyooio éxel pio mpobeouio mopddoonge, n onolo uropetl vo tng €xel ovotedel omd
OVAOTEPO GTAESLO TPOYPUUUATIGLOY. Ml epyacio €xel KoOLGTEPTNON OV 1) EKTEAECT]
™G oAOKANpdvVETONL HETE TNV Ttpobecuion TG 'Eva mpdypoppo 6to onoio dev v-
Tapyovv Kobvotepnuéveg epyacieg Aéyetar eprktd. Tlpmtevov Kkpttiipro BerticTov
elval n edogylotomoinom g UEYLoTNG KOBLGTEPNONG Thngr TOV EPYOCLHOV KO M
evpeoT ePLKTOV TPOYPAUUOTOS (T = 0). Aevtepevov kprtiplo PBeAtictov elvou 1

eAOYLOTOTOINGN TOV YPEVOL TEPATWONG TOV TPOYPAULLOLTOC.

1.4 Tlepreyouevo tng epyociog

H vroAoylotikn TAoK™ TV TPoBANUETOY POTKNC TOPOY®YTC KL O X OPOKTNPIGULOS TOVG
o¢ NP-tAfpwv [GI91] dev emttpénetl TNV avamtuEn Toémv olyopibumy yiow T BéATIo
eniAvon tovg. T o AGYo arvTd, M €pEVVOL GTPEPNKE GE TPOGEYYLGTIKOVS OAYopiOpovg
Ko 6TV €0pectn LIOPREATIOTOV AVCEWY.  0OdC, SUMG, TO UEYEBOSC TV TPOPANUAT®Y
ovEdvel ko 0 xpog avaltnong Tov PeAtiotov peyahdvel, N omdd00m TOAADY €VPN-
LOTIKAOV oAyopibumv petdveton, e omotélecua n AOon tov tpofAnudtov dGAA0TE Vo
unv eivon tkovomomtiky kot dAlote vo eivarl ypovoPopoc. H avémtuén mopdAiniov
UNYOVOV Ko 1 €Vpeio xpriom Tovg To TEAEVTIO Y POVID £dWoE MONOT GTNV OWVARTLEN
TOPGAANAWY aAyopiBu®V Ylor T Yp1yopmn, 6GOV 0Popd TOV LTOAOYLGTIKG XPOVO OV
oo TELTO, KOl OMOTEAEGUOTIKT], OGOV 0LPOPE. TNV TOLHTNTO TOV TOPOYOUEV®OV AVCEMV,
enilvon mpofAnUGT®V HeydAov LeEYEDOVS. ETNV TOPOVoO EPYUGIO TOPOVGLALOVUIE TTOL-
PAAANAEC LeBBSOVE EMOVOANTTIKTG BEATIWONC TPOYPUUUETOV LE TOYOPEVOT KIVI|GEWV
KOl 0VOTTOGCOVLE VEOLS EVPMNUATIKOVE 0AyopiBUovE, 01 0oiol ¥PNOIUOTOLOVV TIG Je-
0600v¢ owTég, YoL TN AVom TV tpoPAnudtwv N/ M/F, Seq — Ind, perm/Cpes KOL
N/ M/F, Seq — Ind, perm/T 4z, Crax

H pébodog emovornmrikic ferltimong Acewv e anorydpevon Kivijeewy (tabu search)

npotdonke omd Tov Glover [Glo90b, Glo89, Glo90a] Yo tn AVoT GLUVILOCTIKGY TPOPBAN UG-



TOV KO VIEPEYEL TOV YVOGTMOV LeBGdwV Tomikc avalrjtnong, H amorydpevon opiouévov
KWWoewv oe K6GBe Pritor KatevBHVEL TNV €PELVE GTO XMPO TOV AVGEMV OTTOPEVYOVTOG
KOKAOLG otV ovolTnon Kou amotpénoviog Ty moryidevon oe tomkd Bértioto. H
EQOPUOYH TNG OTN AVom TpoPAnubtav poikic tapoymync [WH89, LBG89, BLI1] édei&e

OTL VTEPTEPEL AAA®V EVPNUOTIKDOV LEOGOWV.

MeAeTdVTOG TNV €QOPUOYT TNG UEBGdOL TG 6T Abom TPOPANUAT®Y Poiknig
TOPOYOYNG, domotdooue 0Tt N anddoon g eaptdton kvpimg amd 10 péyedog g
VIOTEPLOYTG TOL X MPOL €pevvog oL eEeTdleTon o KAOe Prila ylor TNV €VPECT TOTLKOV
BeAtiotov Ko omd T0 TANO0GC TV TOTK®V BEATIGT®V TOL VIEPYOVY GTLC VIOTEPLOYEG
oTég. ‘Oo0 peyadiTepe; VITOTEPLOYEG eEeTALOVTOL TOGO KOAVTEPES 01 AVCELG TOV TP BLyo-
VIOl AAG KO TTLO OTOLTNTLKT) G€ DTTOAOYLGTLKG X pbvo M dradikacio avolitnong. Eniong,
OTLC TEPLNTMOOELS TOV TO TOMLKO EAGYLOTO LITOTEPLOYX MV OV IVOIL LOVAILKO, N LVOTLKY|
Aertovpyio TG Lebddov dev eEacparilel tL emAéyeTon N KoAHTEPN KOTEHOLYVON YIOL TN
BeAtiwon twv AVoemv. oL TNV OVTILETAOTLON TOV TPOPANUETOV ouTdV Kot TN PeAtioon
¢ omddoong TG LeBSd0V Oy edEGOLE EVOL UNYOVIGUO ATOKAELGULOV KATELOVVGEWY OO
T0 Y ®PO ovolLHTNONG, 0 0T010C KTOdEY ONKE OUTOTEAEGLOTIKOC KO Y10, TOL dV0 TPOPALOTOL
POIKNC Toporywyng mov peAetdie. Ewdikd yiooto mpdBAnuo N/ M/ F, Seq—Ind, perm/Craz
ovortogope évor Unxovicopnd devapoeldovg avolliTnong, o omoiog emTpénel TNV oELOAS-
ynomn 1eodbvoumv katevdivoewy Pedtiowong Avcewv. TELog, N eHoN T Aettovpyiog g
Stadikaciog avalitnong Log odynce oty TopoAANAOTOINGCTY TNG UE OMOTEAEGUOL TN
dpootikn| BeAtiowon g amddooN g TG,

EmAéEape og LéETpo a&loAdynong twv emdécemy TV aAyopibumy Tov tpoteivovTon
GTNV TOPoVoO EPYOCia, TOVG ahyopiBuovg Tov  omddkn [Kom93]. Odnynbnxape otnv
EMAOYN aLTH, OLPEVOC YTl 6TO LOVOKPLTNPLOKS TPSPANLULE TOV peEAeTAUE O OAYOPLOLLOG
ToVv  omddikn enpoavileton pe TIc KoAOTEPEG emdOcEL UETAED GAL®DV EVPMUOTIKOV
ueb6dwv [Naw83, WH89, Kom93], aupetépov yroti Yo o Stkprtnplokd mpOpAnLo omoteAet

TO LOVOLILKOS YVWOTO 0AYSp1OUo emiAVGNG TOV.

SVOTNUOTIKEG OOKIUEC TV GEPLOKDV aAyopibumv yior dtdipopor Heyeom tuyoimv
TPoPANUGTOV Ko peTaBaAldpeves TG TopoUéTpmy €del&ay OTL 0 oAyOpLBIog Tov
TPOTEIVOULLE Y10 TNV ENTALGN TOL LOVOKPLTNPLOLKOV TPOPALaTOG ep@ovileton vou Topdyet
AVOELC TOL0TIKG 166E1EC TV AVoE®V TOL aAyopiBuov tov  omddkn. H yprion tov
UNyovicot g devopoeldoVg avalnitnong Pedtidvel Ti¢ Taporydueveg AOoelg 1% Kotd,
Uéco 6po. 1o dkpLNpLokd TPOPANUE, 0 OAYSOPIOLOC TOL CVOTTUEE Yol TV ETIAVOT

0V vrepExel 16,7% Kotd LEGO OPO YOl TO TPWTEVLOV KPLTNPLo Kou 3,5% kotd uécso 6po



Yo TO OeVTEPEVOV, WG TPOG TOV CAYOPLOUO TOL  OMAAKT. O UNovVicUdg KMOKAELGIULOV
Kotevdiveemv and to xpo avalntnong peimce 25% xotd Lo 6po TOV VTOAOYLIGTLKG
XPOVO TNG EKTEAEDT|C TOVG, Y WPIg Vo emnpedleTon N TOLOTNTA TOV THPOYOUEV®Y AVGEWV.
Amd T1g SOKIUEG Ko TN GUYKPLOT TOV TUPAAANA®Y UE TOVLG GEPLOKOVS OAYopiOpovg
TPOEKVYE OTL UE TNV TopoAiiniomoinon g dodikociog avoltnong enttuyyaveton
oxedOV ypoupk) emtéryvvon (linear speedup). ZTuyKeKPUULEVOL, 1) EKTELECT) TV OAYOPIOU®V
o€ ToPGAANAN unyovt| Ue Téooepelg enelepyooTés Kol 0 SLOUEPIGUOC T®V VITOTEPLOY DV
nov e€etdlovton o dVo Ko Téocepa Lépn TPokGAese koTé uéco dpo emtdyvvon 1,9

kot 3,7 avtictouyo.

H dour| tng vndAomng epyociog akolovbel oe yevikéc YpOoUUES TN GEPA TOPOV-
cloong Tov Tapomdve Bepdtoy. XT0 KeQEAMLO 2 HEAETETHL T} @VOT TOV TPOPAULOTOG
POTKNG TopOy®yNG Kol ovoAVOVTOL Ol 1OOTNTEG TV AVGE®V TOV. XTN GULVEXELX, OTO
KEPAAOLO 3, TOPOLGLELOVTOL TOL ONUOVTIKOTEPO OWVOAVTIKG TOTEAECUOTO, TMV TPOPAN-
uétwv N/ M/F, Seq— Ind, perm/Ciay Ko N/ M/F, Seq— Ind, perm/Tmaz, Cmaz KO
Lo avaGKOTTN oM TOV YVOGTOTEPWV LEBSGOMV EMTAVOTIC TOVG. XT0 KEPAALO 4 oLVl HOVTOL
N Lé€B0d0G TG eEMOVOANTTIKNG PEATI®MONC TPOYPEUUATOS Ue TAPEUPOAT] EPYOCLAV KOl O
UNYOVIGULEG ooy OPELOTG KLVIIOEMV KOl OLVOTTHOGOVTOL OV0 VEOL EVPMNUTIKOL GELpLaKOol
oAy6piouotl ylor T Avon Tov TpoPAnUETov. Ot AGYol IOV LG MONCOY 0TNV aVETTLEN
TOPEAANAWY OAYOpiBU®Y TepLypdipovton 610 KePGAono 5. Avorvetor n HéBodog g
TOPEAANANG ENOVOANTTIKHG PeATioNS, ovomTOGGoVTOL Ol eVPNUATIKOT TOPGAANAOL
oAyép1Buol Kol cuyKpivovTon e TOVG CEPLOKOVE. XTO KEQAANLO 6 CLVOAVETOL TO TTPO-
BANUO TV TOALOTADY TOTK®OV PeAdTiotwv 0TI TEPLoyéc avaliTnong Ko TpoTeiveTol
N TEXVIKN NG deVIPOELdoVE ovallTNoNG Yol TNV OVTILETONLGY TOVL. Tol AmOTEAEGULOTOL
TOV TEWPOUOTIKAV oVYKpioemv Tov adyopibumy kot 1 aEloddynon Tev TeXVIKOV Tov
npotdinkoy mapovcotdleton 610 KePAAono 7. TEAOC, 6T0 Ke@dAolo 8 mapotiBevion Tow
GULUTEPEOULOLTO TNG EPYAGLOG YLOL TN GVUGT) TOL TPOPANULOTOS KOL TNV OO TEAEGULATIKOTI TOL

TV aAYopiOU®mV Tov avorTOXONKay, EVE TPOTEIVOVTOL ENEKTAGELS TOVC.
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Ileprypoonf tov mpofAfLotog

2.1 Yrolhoyloudg xpovov nepiTtmoNg mpoypOLOTog

370 TPOPANUO pOiKT G TOPOYWDYTS O YPOVOC TEPBATWONG EVOC TPOYPAUUOTOC N EPYOCLOV
oe M unyowvég, 1600TOL e TO UEYLOTO YPOVO EKTEAEGTG TMV EPYOCLAV GTNV TEAELTOLO

unyowvny. Av ovpPoAicovpe Chuae TO XPOVO TEPETOONG TOV TPOYPEUUATOS, TOTE oY VEL :

Car = max(Ciy), 1=1,2,..,N 2.1

Ané ) oxéon ovtr| yiveton @ovepd OTL Yol TOV VTOAOYIGUS TOL XPOVOL TEPAT®-
ong evég mPOYPEUUOTOS elvor amapodTnTog vog UNyoVIGLOS VTOAOYIGHOD TOV XPGVOL
TEPATOONG TOV EPYUCLMV GE KAOE Unyovt] Tov cvoethiuotoc. 'Evog tétoltog unyovicudg
nepLypdpetol otny PipAoypopic [Bak75, PGDI1], tov omoio Oor emextelvoupe yior vo
ovumeptAdfel ko Tovg ypovoug eEGpUmong Tmv unxovayv. No vrevivpicovpe 6t ot

xpovor eEGpumonc eivon oveEdptnTol okorovdioc.

oté TV GEEn Lo epyociog i 6e LoL Unyovy j TG YPOUUN G Toporywyng dtakpi-
voupe 00 TEPINTAOCELC :

e H unyovi j elvon amacyoAnuévn e Ty eKTEAECT) TNG TPOTYOVUEVNG EPYUGLOG TOV
TPOYPEUUOTOG 1) Ue TNV €EGPUMOOT TNG UNYOVIE YL TNV EKTEAECT TNG EPYOOLOG
i. XV mepintoon ot M epyacio i amobnkeveTol Héxpt v OAOKANPwOEl M
EKTELEOT TNG TPONYOVUEVNG EPYUGLOG KoL 1) EEAPU®ON TNG UNYX VIS YLOL TNV EPYOLOTLL
i. O ypo6vog mov uecorofel amd tn ypoviky oty Ci—i; mOL M eKTEAEOM NG

nponyovuevNG epyaciog oAokAnpdveTon otn unyxovy j , €éog tn xpovikny otyur Cj;

11



OV OAOKANPMOVETHL N EKTEAECT TNG EPYOTiag ¢ otV 0oL Uy o], 1600THL UE TO

Gopotoua TV ypdvmv eEbprmong Kot eneEepyociog TG EPYOCLOg i.

Enopévamg, 1oy ver :

Cij = Ci1j + sij + pij 22)

e H unyovii j elvon apécmg dtobéotun ylor tnv ektéleon g epyaciog i Kou 1 enetep-
yooiotng apyilel T xpovikn oTiyun Tov 1 eKTELEST TNG EPYOOIOG i OAOKANPADVETOL
GTNV TPONYOVUEVT UNYOVT. ZTNV TEPITTMOOT aLTH TPEMEL VoL €€l OAOKANPOEl Ko
N exTéleon NG TPONYOVUEVNG EpYOCiog Kot I eEGpUmon TNG UNYOVIG j YLoL TV

epyooio .

Enouévacg, toyver :

Cij = Cij—1+pij (2.3)

¥1n devtepn mepintmon elvor mBoviy N epedvion vekpov ypdvov ( idle time ) ot
unyovn j peto&d g ektéAeong Tov epyoctdv i — 1 kot i . otd To xpédvo ovuTo M

UNYovY| j LEVEL OLVEKUETAAELT.

Fuvaualovtog Tig (2) Kou (3) TpokOTTEL OTL GTN YEVIKT| TEPITTMON 0 X PGVOG TEPHTWONG

me epyociog i otn unyovn 7 dtveton omd tn oyxéon :
Cij = max(Ci—1; + sij, Cij—1) + pij (2.4)

And ™ oyéon (2.4) uTopovuE VoL VTOAOYIGOVUE TO XPOVO TEPATMOTNG TV EPYOCLHV OTLS

MNYOVES TNG YPOUUN G TOP Oy WYTG.

2.2 'Yrnopén vekpav Ypovev oTic unyoveg

Nekp6 xpovo (idle time) ovoudfovpe t0 xpovikéd SEoTNUO LEGH GTO OTOT0 ULoL Uy oV
TOL GLOTHHOTOG O xpnoonoteiton. Nekpog ypovog eppavileton TNy nepintmon Tov
poe unyoviy €xel odokAnpwoet 1660 Ty emefepyacio oG Kotepyoosiog, 660 Kot TV
e€dipumon oo TNV eKTédeon TG enduevne, evd M eneepyocio g emduevng dev €xet

oKOUN OAOKANP®OEL BTNV TPONYOVUEVT] UNY OV TOV GUGTHULOTOC.

'Eoto 6T M epyoacio i exktedeiton otn unyovny 7 — 1 ko m wponyovuevy g i — 1

exteleiton ot unyovy j. Av n ene€epyoacio g epyasiog i — 1 oAokAnpwOel otn unyovi



J xou n unyovy eEopumbel yioo v epyocio i, mpotov N emegepyocic TG TeEAELTOLOG
OAOKANPWOEL GTNV TpoNyo eV Unyovt|, TOTe TN Unyovr j Bo eueaviotel vexpog
xXpPOvog I;;, o omoiog toovton pe C; ;-1 — Ci—1j — ;5. ZINV 0vTiBETN TePinTOOT TOL M
eKTENEON NG £PYOGLOG i €xEL OAOKANPWOEL Gt unyoviy 7 — 1, evdd | unyowvn j dev eiva

érolun vo v eneEepyaotel, dev €govpe vekpo ypdvo. Ioyvet, Aowrdy, 6Tt :

Lij = max(Cjj—1 — Ci—1,; — sij, 0) (2.5)

v evotntoa 2.1 eldogle 6Tt 0 GVVOALKOS Y POVOC EKTEAEONG Crngr TOV N EPYOOLOV
EVOC TPOYPEUUOTOC LGOVTOL LLE TO LEYLGTO YPOVO EKTELECTC TAOV EPYOCLAOV GTNV TEAELTOLOL
unyovi tov ovotiuotog ( oxéon 2.1 ). Avtd onuoivel 6t 0 xpovog Chrer UTOPEL VO
VIOAOYLO0EL G TO GBpOLGULN TV XPSVOV eEGpUmoNG Ko enelepyaciog Tov N epyootdV
TAVO 6NV TEAELTOLO UMY OV GLV TO VEKPO YPSVO TS UNyoviig ovTic. Emopévac, 1oy et

ot :

N N N
Crmaz = Y_piv + D_sir + Y Lin (2.6)
i1 i1 i1

Ané 1 oxéon (2.6) PAEmOvUE OTL M EUEEVIOT VEKP®OV XPOVOV GTIG UNYOVEC TOV
GULOTHUOTOC €YEL G GLVETELD, TNV KOBLGTEPMON TNG PONG NS mopaymync. Ewdikdtepa,
1 €AO(LGTOTOINGT TOL VEKPOV XPOVOL TNG TEAELTHLOG UNY OV TNG YPOUUNG TTOPOY YIS

elo16TOTOlEl TO GUVOMKO YPSHVO EKTEAEGTG TMV EPYUGLAV.

2.3 Tloptioomoinom epyociov

AVO 1 TepLocdtepeg epyociec ovoudlovton opoeldeic ov Kotd ™ Sladoyikn Tovg EKTE-
Aeom dev amonteiton eEGpUmon TN UNYovic, oty onoio ektelovvton. H opodomoinon
OLOELBAV EPYUOLHOV MOTE VO eKTEAOVVTOU GLVEYSUEVES Y wpig eEGpLmon ovoudleton Top-

T1d0moinon. Mo opEd0L SLOLBOY KDY OLLOELIWY EPYOLCLHOV OVOUGLeTon TopTidaL.

H oxéon (2.4) mov YPNGLLOTOU|GULE YLO. TOV VTOAOYIGUS TOL XPOVOL TEPATMONG
eVOG TPOYPAUULOTOG, Ypetdleton vo Tportononbel dote vor Un GLUTEPLAOUPEVEL TOLG
xPOVoLG eEGpU®ONG METOED OLOEBDV epyaoidy. Ommg Kol oty mopdypogo 2.1, ot
xpévol e€bdipmong Bewpovvtol aveEdptntol okoAovdicc. Ondte, n oxéon (2.4) Taipvel T

Hope :

Cij = max(Ci—1; +s7;, Cij1) + pij 2.7)



0 oV Gi,1 = Gi
ue sfj =
Sij  OAANLDG

omov G; 1M ouddo otV omoiol viiKeL 1 epyociat i

Opolo tpomonoteiton ko n oxéon (2.6)

N N N
Craz = ZpiM + Zsi]M + ZIiM (2.8)
i=1 i=1 i=1

Amé T1¢ oyxéoelg (2.7) xou (2.8) PAémovpe GTL M TOPTIOOTOINGTN TOV EPYOCLMOV GLU-
BéArer otV Ao 1oTOTOINGM TOL YPOVOL TEPETMOONG Chgr EVOS TPOYPEUUOTOS, KOOWMS
UELDVEL TO GUVOAMKO YPOVO €EGPUMONG TOV UNXOVOV. XTo TPOPAALOTO UioG UNYOVIG
N /1] Seq— Ind/ m noptidonoincn TmV OULOELODV EPYACLAV OmOTEAEL TO KPLOLUATEPO
onueto. Xuvibwg, emdimxketon To UEYEDOC TV TaPTIdV Vo elvol HEYLGTo, MOTE 0 GLVO-
MKOC xpbévog eEGpumong Tov unyxovov vo eivon o eldyiotog duvotdc. To uéyebog Tmv
ToPTIdMV KUOMG Ko 1 GEIPE EKTEAECTC TOV £PYOOLMV Ge KAOE TapTido koBopiletot amd
10 Kp1LTiiplo BeAtioTou mov €yovue emAgEeL. Av ot epyaciec €gouvv Tpobecilieg Tapddoong
KoL To KpTipro PeAtiotov elvor n puéylotn kobvotépnon The: TOTE Ol pyaGieg oe KAOE
ToPTid0 EKTEAOVVTOL KOTA 0OEOVOOL GELPE TV TPOBESLLMOV TOVG [MP89], eved GTnV €181KN|
nepintwon mov To kpLtiplo Pertiotov eivor 0 ypdvog mepdtwong Crar TOL TPOYPEULLLO-
106, T0 UéYeB0g TV ToPTId®V elvol HéyloTo Ko 0 aplBndg Toug 16ovTon e To TA00G TV
ouddwv [HC84] .

10 TPOPANUO pOiKkNG TOPOYWYHS, OLMG, 1| TOPTIOOTOINGT TV OUOELIDV EPYOCLOV
dev amotelel Tov KpLoldTePo mopdryovio otnv avollntnomn Pértiotng Abong [Kom93] . Xe
TOAAEG TTEPITTAOELS M EEGPULMOOT MLog Uy oviiG Umopel var exTelecOel oe vekpd xpbdvo e
OOTEAEGLOL VoL UMV EMNPEALEL TO XPOVO TEPBETOONG TOV TPOYPEULOTOS, OTMOG POAVETOL
omd T oyéon (2.3). e GALEC MEPIMTMGELS 1) EAOYLGTOTOINGOT TV XPOVEV eEEPULOONG
evdéyeton vo v€NoEL TOVG VEKPOUS XPOVOLG OTIG UNYOVEC UE OmOTEAEGUD TNV avENGN

TOV GLUVOALKOD XPOVOL EKTEAEGTC TV EPYOCLAOV.

24 MetoBetikd npoypdupoto.

MetoBetikd (permutation schedule) ovopdllovpe To Tpdypoper 610 omoio 1 SdToEN Twv

epyaoidv elvor mn 1doe oe KAOBe unyovh. Aev emTpEmOVTONL, EMOUEVMOS, OAAOYEC OTN



oelpdl EKTELEONC TV EPYOCLAV OO UNYOVY] GE UNYOVH.  oTé GLVERELD, LGP oLV N'!
SLopopeTicéc LoTGEELG TV N epyooL®yV, KEBeUo amd TIg omoieg meplypaoel TAN PG €V

UETOOETLKO TPOYPOULLLOL.

Avtifeta, 6” évo un petoBeTikd tpodypopo (non-permutation schedule) emtpénovion
OAAOYEC OTN GELPE SEAEVON G TMV EPYOGLAV OTIG UNYavEC. ETopévmg, eltvatl mbavd n cetpd
EKTELEONG TV EPYOCLMOV VO SLOPEPEL OIS UNYOVT] OE UNYOVY]. 0T GUVETELDL, Y10l VOL
TePLYPOQEL Evor un UeToBeTIKO Tpdypoar omonteiton omd pio Stdtoén tov N epyoctmv

Yo KGBepor ord T M umyovéc. Apo vdpyovv (N)M un uetobetikd mpoypaupoto.

Yndpyovv, 6umg, d6o onuavtikd Bewpnuoto, To orolo teptopilovv to TA00¢ TV
un UeTabeTik®V Tpoypouudtov. Ot amodeielg Ppiokovton otovg Baker [Bak74] kou
Conway [CMM67].

Oedpnuo 1

e X710 TPOPANUO pOiK1C TOPOYWYNS, O KAOe BEATIGTO TPOYPUUUO OG TPOG OTOLON -
TOTE KOVOVIKO KpLT1iplo, dtortnpeiton 1 idtor Stétoén Tev epyocildv 6TLG dV0 TPHTEG

UMY OVEC TOV GLOTHLOITOG,
Oedpnuo 2

e X710 TPSPANUO POIKT|C TAPOYWOYTC, O KEOE TPSYPOULLLD TTOV EAVYLGTOTOLEL TO GLVO-
MKOS xp6vo ektédeons Craz , Olatnpeiton n idlo dtdtoén twv epyacidv otig 0o

TPATEC UNYOVEG Ko 1 18t StdTaEn otig 600 TelevToieg UNYOVEG TOV CVOTHLOTOC,
A6 T mopomdve Bewpriporto eEGyovTon 300 GUUTEPEOUOTO. :

1. ZrompéPAnuo. N /2/ F, Seq—Ind// 10 BEATIOTO TPOYPOULO G TPOS OTOLOONTOTE

KOVOVIKO KpLtriplo elvor petofetikd [GW64] .

2. Zto mpéPnuar N /3 / F, Seq — Ind | Cpar 10 PEATIOTO TTPOYPOLLD MG TPOG TO

GULVOAMKO XpOVO EKTEAEOTC TMV EPYOCLAV elvarl petaBeTiko [Joh54] .

Ot avopolopopeiec TV xpévav eEGPUL®ONG KoL ENEEEPYUCIOG TOV EPYUCLHOV elvorl
N outiot IOV T UETUOETIKG TPOYPEUUoTo. eL@avilovy VEKPOHE ¥pOVOUE OTILC UMY OVEC.
Avtibeto, M duvoTOTNTO TOL TOPEYXOLY TOL UM UETAOETIKE TPOYPEUUOTO YLol OAAOYT|

MG CEPAC EKTEAECT|C TOV EPYOOLAOV OTLG UNYOVEG EYXEL WG OMOTELEGUO TN OTAVIOTEPN



EULEBVION VEKPAV YpOVmV. Tor To AGY0 ovuTd 01 Un HetoBeTikéc AVGELS TOV TPOPAULOTOG

POLKN G TOPOY®YNC VITEPTEPOVV TMV LETOOETIKMOV.

v mopovoo epyacio, dmmg kol 6to TAeiotov TG PipAloypapiog, Log omasyoAovv

Uovo petabetikég Avoelc. Tpelg Adyor Log wBovv 6Tny emMAOYN CLLTH.

e AV KOl Ol U UETOOETIKEG AMVGELS VEPTEPOVV TV UETAOETIKDOV, €XOVUE AOYOVS VoL
MOTEVOLUE OTL 1 KOAOTEPT UETOOETIKY] AVo™ dev elval moAD yelpdtepn ond ™
Bértiom. 'Eoto (o gpyocio j, n omolo exteAeiton mp®dtn ot unyovi k. Av
otn unyxovi k — 1 extelovvton i GAleg epyacieg mpv Tnv epyacio j, TOTE QLTEG
ol i epyocieg Yoo Vo EKTEAEGOOVV OTN UNyowvT| k TPEMeEL Vo TEPUEVOLY UEYPL VOL
0AOKANPWOEL M emeEepyocio TG j KoL ot unyovin k£ — 1 kou ot unyxovy k£ H
UETOTOTLON TNG epyociog j amd T 6éon i + 1 otnv mpwtn Béon, elvar eavepd 0Tt
Kabvotepel T pori g mopoywync. Emopévog, gaiveton Aoyitkn n vndBeon ot éva
UETOOETIKG TPdYpoUo TOL Stortnpel opeTdPANTN TN SLETaEn TOV EPYUCLOV GTIG

unyovég k — 1 xou k, 0o ddoel Avon e£icov KaA| LE TO UN LETOOETIKS TPOYPOULLLOL.

e To GUVOAO TOV EPIKTAOV UETAUOETIKAV AVGE®V elvorl TOAD HKPATEPO Otd TO OVTi-
OTOLY0 GUVOAO T®V UN UETOOETIKAY AVcemv. Av Ko 1 e€€taon SAwv TV LeToOE-

TIKOV AOoEMV elvor TPaKTIKE adHVOTT, TO TEPLOPIGUEVO TATI00C TOVG SELKOAVVEL

mv avoltnon g PEATIOTNG,.

e Touun LETAOETIKE TPOYPAULLOTO, OTTOLTOVV OVOSLOTEEELS TMV EPYOLOLMV OO UNY OV
oe unyovn. TIoAd cuyvd, SU®e, N doUn TV OVPHOV ATOBNKELONG TV EVILEUECOV
TPOLOVTOV OTIC UNYOVES dev emtpénel Tétoteg avadiatdéelc. T mopdderya, oTLg
YPOUUEC Topory®wyNG He LeYGAO BoBUS crLTOUOTOTOINOMG Ol 0VPEG CmOBiKeELONG
etvon TOmov FIFO, pe omotéAecuo 1| po1} Topay®YNG VoL TOLPVEL OVOLYKOLGTIKGL TN
Hop@1 UETAOETIKOV TTPOYPEUUOTOC. XNV TPdiEn, eniong, LAGPYOVYV TEPLOPLOUOL
670 TANBOC TV EVOLEUECSHOV TPOIOVIWV TOL UTOPOVV VO KPaTtnOoHV GTIG 0VLPES
QOO KELONG TOV UNYUVAV, IUE ATOTEAECUO V' TOPEVYOVTOL Ol OVUSLOTAEELS TV

EPYOOLMV KO VO TPOTLLAOVTOL LETOUOETIKA TPOYPCLLLLOITOL.

2.5 TIIpoBecpuieg epyooLav

TToAAEG Popég elvon omopaiTnTo M EKTEAEST ULOC EPYOLOTOG VOL EYEL OAOKAN POEL TPV Ot

KEmOloL XPOVIKT] OTIYUN. ATOUTHGELS QLVUTNG TNG LOPPNG TPOEPYXOVTIAL OO TO YWPO TNG



Brounyovikng moporywync, OTov To ToporyGUEVOL TPOLOVTO GLVHOWE €XOVV GUYKEKPLUEVES
npobecuieg mopdidoong, ot onoieg Kabopilovton amd TI¢ TopoyyeAieg TV TEAXTOV. Xe
OPLOUEVEG TIEPITTMGELG 1| EKTPSOEGUN TOpOorywyn} EVOG TPOiOVTOC €xEl WG ATOTEAEGLLOL TNV
oKVpoN NG avtictoyng mopayyeiiog. Eivor, Aotmdv, eavepd 0Tt évog omd Toug KUPLOVG

GTOYOVE TOV TPOYPUUUATIGULOV TOPOymYN G elvon 1 €yKopn eKTELEGT TOV EPYOCLAOV.

Av 0 cuvoMKég xpOvog exTédeon HoG epyaciag ¢ vrepPaivel Tnv wpobecuio tng
dd; téte n epyacio €xel kabvotépnon T; , N onoio toovton pe C; — dd;. v owvtibetn
nePinTOON, M €pYUGIOl OMOKANPDOVETOL LEGO GTOL YPOVIKA TEPLOMPLOL TNG KO OEV VITEPYEL

KOOLOTEPTOT. ZVVETMG LGYVEL:

T; = max(C; — dd;, 0) (2.9)

omov C; = Cipr 0 Ypdvog TEPETOONG TNG EPYOSTOG 4.

To mpdPANU TG POikTC TOPay®YNG e TpoBeciec dev €xel neAetnOel ovaAVTIKG

ot BipAtoypaeio. Avtd ogeireton oe 300 Kvplmg Adyoug :

e H npwtondpog dovAeld tov Johnson [Joh54] xon 1 emAoyn Tov xpSvoL TepHTOONG
TPOYPOUUOTOS Chryar ©C KPLTNPLOL BeATioTOVL EMNPEniae TOAAOVG LETEMELTA EPEVVT -
TéC WoTE VoL LI0BETIGOVV TO 1810 KprTripro Bertictov. No onuelwbel Tt 10 KpLriplo
Crnaz €VOL TO EVKOAGTEPO OO TOL KpLTHipLor BeATiGTOL OV €YOUVV X PN OLLOTOINOel
[DPS92].

e O TTPOYPOUUATIOUSS EPYUOLOV UE TPpobeoies Tapdidoong tapovotdleton eEopetid
TOAVTAOKOG AOY® TNG SLGKOAOG 0tvEBEONC TPOBEGULDV GTLG EVOLOECES KOTEPYOL-

olec.

[Tpoxeévou vo TPoYPOUUOTIOTEL | XPOVIKT oTIyUn évopéng piog epyosiog otnyv
TPAOTN UMYV TOV GLGTHLATOG, €lvor ovorykaio vou TpoGdLoplGTOVY Ol TPoBecuieg
G YloL KEOEULOL UMY OVT TNG YPOUUNG Toporywyns. Avtd, dpmg, dev eivor duvortd
AOY® TNG ELPAVIONG VEKPDOV XPOVOV GTLG UNYOVES, Ol 0Ttoiol dev elvail YvwoTtol Ko
dev UmopovV VoL VTTOAOYLGTOVV €K TMV TPOTEPMV, KUOMG eEopTdvTon otd Tn oelpd,

EKTELEGNC TV EPYOCLOV.



2.6 XvuPoricuoti

AK0AOVOEL 0 KOTAAOYOG LE TOVG OPLOUOVE TMV UEYEODV KOl TV GLUPOA®V OV X PN OLULO-

TOLOVVTOL GTNV €pYOGio.

N : oplBudC epyOCLOV

M : op1Budg Uy ovev

IT : mpdypopo EpYOCLOV

pij : xpOvog emekepyosiog g epyaciog i 6T Unyovy j

Sij © XPOVOG EEGPUOONG TNG UNYOVIG J YIOL TNV EKTEAEGT TNG EPYOLGLOG i
I;j : vexpOg xpdvog otn unyxown j mpv Ty ektédeon e epyociog i
Cij 1 xpOVOGg TEPATOONG TNG EPYUCILOG ¢ TN UNXOVT| j

C; : xp6vo¢ TEPETOONG TNG EPYOOTLOG i

G; : ouddo oty omolo crviikel ) epyocict 7

B : op1OUOC SLOQPOPETIKMY OUEOMV EPYOOLHOV

dd; : mpoBeouio tng epyaciog i

T; : xoBvotépnon g epyociog i



eQGA0N0 3

Avookonnon oAyopioumyv

3.1 O oAiydép16uog tov Johnson yro 600 unyovég

To TpOPANUE TNG POTKTC TOPOYW YIS AVTILETOTIG TN KE Y10 TPATN PopE& ot Tov Johnson o
1954 [Joh54]. O Johnson Bedpnce N epyociec mov TPENEL VOL EKTEAEGTOVV GE OVO UMY OLVES
WoTe Vo eElaylotomonOel 0 GLUVOALKSG xpdvog emelepyociog Tovg. YnoBétoviog GTL ot
xPOvoL eEGpU®ONG TV UNxovadv elvorl oveEEPTNTOL 0lkoAOVBIOG KO VTOYPEWTIKOL YLoL

KG0e epyacico 0 Johnson T0VG EVOMUATOOE GTOVE Y POVOLG ENEEEPYOGIOG TOV EPYUOLMV.

O Johnson amédeige 11 n PéATIoTN AOon Tov TPoPAiUTOC N /2 /F [Chigr OlveTon
ond évor LeETOBETIKO TPOYpapLLl, 6TO Oolo o epyacio i mponyeiton pog epyociog j

uévo av

min(p;1, pj2) < min(pji, pi) (3.1)

Onw¢ VITOJEIKVHEL N TUPATAVE® TPATAGT, TNV OPYT TOV TPOYPEUUOATOS TOTOOETOVVTOL
Ol €pYOIGIeG TOL €YOVV TOVC WKPSTEPOVE XPOVOVG ENMEEEPYOIGIOG GTNV TPATN UNYOVY,
WoTE M OevTEPN UNY VT VO opyicel vopic v eneEepyocio toug. Ol epyacieg mov éxovv
TOVG UKPOTEPOLG XPOVOLG EMeCepyOoiog GTN dEVTEPT UNY VY|, TOTOOETOVVTOL GTO TEAOG
TOVL TTPOYPAUUATOS, MOTE 1 EKTEALEGT) TOL VOL OAOKANPWOEL Yp1 yopat. XPpNOLULOTOLOVTOG
oV Kavéva vt o Johnson SlotHNWGE TOV TOPOKAT® TOAVOVLULKS AYSP1OU0, 0 0ol0g

dlvel BéATioTeg AVGELS Yo TO TPOPBANUO TV SVO UMYX OVAV.

Bijno 1 TIpoodidploe Tov eAdy1oTo Y pdvo enelepyaoiog omd Toug Y pOvoug EKTELECTC TV

EPYOOLAOV.
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Biuo 2 Av 0 xp6vog avTog OVi|KEL GE KOTEPYUGIOL TNG TPATNG UNYOVIG TOTOOETNGE TNV
avtioTolym epyocio oTnv opy1 TOL TPOYPEUUOTOS. AV OVIKEL GE KOLTEPYOLGIOL TNG
de0TEPNC UNYOVIG TOTOOETNGE TNV ovTiGTOLYN EPYOLGIT GTO TEAOG TOV TPOYP GO

10G.

Bijuo 3 TIpocdidpioe Tov eEAEy1oTo XpGVO ENEEEPYOGTIOG OTTO TOVG X POVOVE EKTEAECTC TMV

EPYOOLAOV TTOL eV €XOVV LKOUOL TTPOYPOUUOTIOTEL.

Bino 4 Av 0 ypOvog avtig avi|KeEL GE KOTEPYAGIO TNG TPATNG UNYOVIG TOTOOETNGE TNV
avtiotoyym epyocio 6NV TP eAeHOepn B€oM OIS TNV OPYT} TOL TPOYPEUUOTOC,
Av aviKel 6e Kotepyosion TG 0eVTEPNG UNYOVIG TOTOBETNGE TNV OvTiGTOLYN €p-
yooio 6Tny mp@tn eAeVBepm B€om amd To TEAOG TOL TPOYPEUUOTOS. Xe TEPImTOON

166TNTOC X POVAV 1| EMAOYT TNG EpYOGiog elvarl orvbaipetn.
Bfijpo 5 Av vdpyovv GAAEG ampoypoUUETIOTEG EpYociec miyoive 6to Prina 3, aAAM®G

TéL0¢ TG Sradikociog.

10 péPAnua N /3 /F /Cpaz » OOV 0 TPOYPOUUATIGUOS TOV EPYOUOLMV YiVETOL OE
TpeLg Unyovég, o Johnson €3e1&e GTL 0 aAYOPLOUGS TOL divel Tn BEATIOTN AVOT 0TV E181KN
nepintmon mov ot ypovol emeLepyociog TV KaTePYooLdV ot devTepn unyxovi eivon
ULKpGTEPOL OGO GAOVG TOLG XPOVOLG eMeCepYasiog TMV KATEPYOSLHV GTNV TPATN Kot
otV Tpitn uUnyoviy. Ztnv nepintwon ovti 1 devTepn Uny v dev elvol n KpLotudTepm, g
TPOG TO POPTO EPYOGTIOS, UNYOVH TNG YPOUUN G Taporywync. Eropévac, av toyvel 6t

min p;; > max pp M min p;3 > max pp

t6te M BéATIoTN Abom tov TpoPAruatog diveton amd €va LETAOETIKG TPOYPOULLD, GTO
omoio o epyacio i mponyeitol pog epyociog j LOvo ov
min(p;1 + pi2, pj3 +pj2) < min(pj1 +pj2, pi3 + pi2) (3.2)

No onuelwbet 611 n oyéon (3.2) tpoxvmrel amd ™ oxéon (3.1) av Bécovpe

P = (k1 +pk2) KO Py, = (PR3 + Pr2).

Ot Burns ko Rooker €de1&ov 1o 1978 [BR78] 61t T0 TpOPANUO TPOYPOUUOTIONO0D N
EPYUOLAV OE TPELG UNyovég Avveton BéATioTa ad Tov adydplOpo tov Johnson Kot 6Ttnyv

nepintmon mov k&be epyoacio tkavomrolel tn GuvONKN :

pi2 < min(p;1, pi3)



3.2 Enéktoomn oce M unyovég

H npotondpog epyocic Tov Johnson £3woe MOMGM GTNV €PELVOL TOV YEVIKOTEPOL TPOPATY-
LOTOG TPOYPOUUOTIONOV N epyaclev 6e M unyovég kotd Bértioto tpdémo. H emAoyn
oandé tov Johnson ¢ xprtnpiov BeAtictov TOL GLVOALKOD XPOVOL eKTEAEONC Chpgr TOV
ePYOOLOV 001YNGE TOAAOVG €pELVNTEG VO LVIOBETHGOVY TO 1810 KpLT|pro. To wPpWTOL
OTOTEAEGLOTOL TNG EPELVOG TOV YEVIKOTEPOL TPOPANUOITOG POIKNG Taparymyic NToy ot
oAyOpIBUol cuVdLOOTIKTG BeATioTOoTOINONC, O OTTolol avamTHXONKOY TO 1964 0md TOVg
Dudek ko Teuton [DT64] xou 10 1967 omd tovg Smith kot Dudek [SD67]. Tnyv idta emoym
ot Giglio kot Wagner [GW64] dtotdmmooy 1o TpOBANUO TPOYPOUUOTIGULOD N €pYOCLAV
G€ TPELG UNYOVEG MG TPOPANUO dSLOBLKOD KEPULOV TPOYPOUUOTIGHOD, GTO OToio K6OE
dvadikny petoBAnT Z;; opileton vo modpver tnv Tun 1 ov n epyaocio i Bploketon ot
Béom j g dtdtalne. Xe kGbe GAAN mepinTwon N TWH TG Z;; elvon 0. Qg oVTUKELEVIKTY
ouvvaptnon opiletor o GLUVOALKSG veKPSG xpOVOC TNG TEAELTOLOG UNYOVIIG TOV GLGTN-
HoTog, M eAdloTonoinon Tov 0moiov 1G0dVVOUEL LE TNV €AOLGTOTOINGT TOL Y PSHVOL
TEPATMONG TOL TPOYPEUUaTos. H uébodog orutr|, OpUme, dev UTOpESE VO EQAPULOCTEL GTNV
TPGEN, KoODC amonteiton HeydAo TA00G TEPLOPIOUMY Ko UETUPANTAV arkOUN Ko yol

uiKpov peyétoug mpoPArjLoto.

TTopd TN GNUOVTLKT] TPOSTAOELD KOVEVH 0VGLAOTIKS Bripo dev TparyLoTomotomKe
TPOG TNV EMEKTOOT] TOV OTOTEAECUATOV TNG EpYaGiog Tov Johnson 6To Yevikdtepo npod-
BAnuo poikng mapoymync. H avémntuén tng empiog vroroylotikiic mhokmg emPePaimoe
TO GUUTEPOCUOL OTL TO YEVIKOTEPO TPOPANUOL €lvarl o TOAVTAOKO Omd oLTd TV VO
unyovov. Téco to npdéPinua. N/ M/F, Seq — Ind, perm/Cper; 660 ko T0 TPOPANUOL
N/ M/F, Seq — Ind, perm/Tmaz, Cmaz 0modelydnke 61t avijkovv oty Kortnyopio twv
NP-tApov tpofAnudtov. H amddelén yio tnv nepintmon mpoypouUETomy ympic Stokomég
(nonpreemtive) €ywve 10 1976 and tovg Garey, Johnson xou Sethi [GIS76], ev®d Yo TV
TePITTOON TOV TPOYPaUUETOV e StokoTég (preemtive) €ytve To 1978 amd toug Gonzalez
ko Sahni [GS78]. Eniong, 1o 1978 ot Bruno kot Downey [BD78] amédet&ov 6TL, otny mepi-
TTMOOT TOL Ol EPpYOieg €xovv Tpobecuiec TapAdoons, To TPOPANUOTH EVPECTIG EPLKTOV
TPOYPOULATOS (Thar = 0) Ko £0pEONC €QLKTOV TPOYPAUULATOG TTOV VO EAOYLOTOTOLEL
10 Ciuazr €lvol NP-mANpM. O YopaKTNPLOUOS TOV TPOPANUOTOC POIKTG TOPOymYNS WG
dvoeniAnto (intractable), eKTOC ELOIKOV TEPIMTMOGEMV, ElYE MG ATOTEAECLLOL | EPEVVITIKT
TPOOTEOELD VO OTPUQPEL TAEOV GTNV OVATTLEN EVPNUATIKAY OAYOPIBU®Y YioL TNV €0peEOT

TPOGEYYLOTIK®Y AVGEWV.



H mo onuovtiky tpoonddela ovAantuéng Hiog Yeviknig HeBddov ylor Tnv eVpecn
VIOPREATIOTOV AOoemV Ty M xprion NG TeXVIKNG dtopeptopov ko eporyiic (branch and
bound). Ot mpdTOl CAYOPIOLOL, TOV XPMGLULOTOLOVGOY LT TNV TEXVIKH YloL TN AHoM
TOVL TPOPANUATOG POIKTG TOPOAYWOYIS, ovomTOXONKowy, oveEdptntoa, outd tovg Ignall ko
Schrage [IS65] xou Lomnicki [Lom65]. piciwo onueio otnv andédoon twv adyopiOuwy
Slopeptoon Kol EPaynG omoteAel 0 VTOAOYLOUOSC PPAYULAT®V Yo TIG AVGELS, TOL OTTolo
nepropilouv 1o ydpo avaltnonc. H épeuva yior tnv avEmtuén Uny ovicu®y DVTOAOYLIOUOD
coLkTaV (sharp) epoyudtmv ylo Tig AVGELS TOPOVGLaGE EVOLOPEPOVTO OTTOTEAEGLOLTOL YLOL
ukpov peyébovg mpoPAiuato [MB67, Gup70, Szw73, Szw78, GR78, GSS87, Kim93]. Ta
OMOTEAEGULOTOL ALLTEL, OUMC, OV UTOPECOLY VO EMEKTOOOVV GE LeYGAOL HeYEBOVE TTPOPAT|-
poto. H e€orymyn 1810THTov Tov BEATIOTOV AVCEMY TOL TPOPANUOTOC GTN YEVIKT Lop@n
ToL amodeiytnke eEonpetikd dOGKOAN Adym Tng moAvmAokdtnTag Tov. H e€dptnon g
dvokoAiog Tov TPOPAYUATOC amd TOVG XPOVOLE EMEEEPYUOIOG TMV EPYUOLMY KOl TOVG
VEKPOUG XPOVOLG T®V UNYovaV Teptopilel onuovTiké Tig SuVaTHTNTEG LTOAOYIOUOD OTTO-
doTikav eporyudtmy [Ash70, HC84]. H awvdmtuEn mopGAANAwy olyopiOumy dtopeptopon
Ko @poryfG Oev €dmae OeoLaTIK G OTOTEAEGLOTOL, OV KO OVTILETMTLGE OPKETEG AdLVOLLIE]
¢ uebddov [JGAMSS, TOS8I].

3.3 Evpnuortikég Avoelg

3.3.1 O oAyéprOuog tov Palmer

To 1965 o Palmer dnuocievoce évav evpnuatikd odydplOpo yio Ty e0pect VIoPBEATIOTOV
AOGE®V TOL TPOPANUOTOG TPOYPOUUOTICUOY N €pYOCLRV G M UNYOVEG LLe KPLTHPLO TO
XPOVO TePETOOoNG Chgr TOL TPOYPAUUATOG [Pal65]. O ady6p1Bog Tov Palmer mpoypoippio-
tilel Tig epyacieg pe Béon Tig Sopopéc TV xpdvmv enelepyasiog TOVG OTIC UNYOVES TOV
ovotiuartog. ' To Adyo avtd, apytkd vroAoyileton évog deiktng kAiong (slope index)
Yo KGBE epyocion Ko 6To TEAMKO TPOYpOpLILe O EpYaGieg elvan dtoteToryéveg oe pBivovoo
celpé o¢ Tpog 1o delktn ovtd. O deiktng xAiong S; Mg epyosiog 7 vwoloyileton omd

m oyéon :



3.3.2 O oiyoépiOuog tov Dannenbring

O aAyép1Bpog mov mpotdbnke ord tov Dannenbring [Dan77] Aettovpyel 6e d00 PAoELC.
v TpdTn edon dnpovpyeiton évo texvnTto TpoPANU V0 UNY VAV, TO 0oio Ahveton
e tov oAyéplOpo tov Johnson. Xtn devtepn @domn PeATidverol M apyikn AVon UE
L0l ETOVOANTTTLIKT] OLOLOLKOIGTOL OLVTILETEOEGN G YELTOVIKMV €pyasLay. O alydplOpog tov
Dannenbring aviiKel 61 yevikr| kotnyopic tov adyopifuwv tomknig avalnitnong (local
search optimization), KoOdG e EVPNUOTIKS TPOTO TOPEYEL Lol apyLKTy AVOM, TNV onoio

BeATi®dvel 0T CLVEKELQL.

v evotnTol outr, 00 oG OMOGYOANGEL M| TPWTIN GACT TOL aAyopiBuov. Xtn
@Gom oTH T0 YeVIKO TPSPANUO avéyeton o€ TpdPANUo dvo unyovav vroAoyilovtog yio
KGOe epyocio dV0 otabucuévo abpoicuato Tmv xpovev eneepyocioc Tg, To. onoio
amoTeEAOVV TOLG VEOLG Y pdvoug emelepyocioc oto fondntikd mpdPAnue. Ot véor xpovol

VoAoYilovTol otd TIG TOPAKETM GYECELS :

KOl

M
Po = D ipij
j=1

6mov p; ko pl, ot xpdvor enelepyosiog TG epyaciog i GTNV TPATN KoL deVTEPT

unyowvi Tov fonéntiko tpoPAuortos.

3.3.3 O oAyoprBuog tng eAdrotng nopefoAng

O oalyép1Buog g eAdylotng mopeBoANg elvor eVPNUOTIKOG Ko ovomThyOnKe ylor T
AVOM TOL YVOOTOU GLVOLOCTIKOY TPORANUOTOS TOL TAOVOSov TwANTY ( Traveling
Salesman Problem ). H cuvdvaotikh @Uom Twv TpoBANUET®Y X pOoVIKOD TPOYPOUUUOTIGILOV
KOl Ol OMLOLOTNTEC TOV TAPOLGLALOVV e TO TPOPANUA ToL TAOVGIoL TOANTYH [LLKS85]
EMLTPEMOVV TNV EQUPLLOYT TOV AYOPIOUOVL EAGYLOTNG TOpEUPOATIC GTO TTPOPANOL POiKTIC
ToPOYOYNG.

O oAyop1Ouog KotookeLAlel oTUdLHKE TO TPOYPOUUO EKTEAECT|C TOV EPYOCLOV



OTIG UNYOWVEG TOV GLOTHUOTOG, UE KPLTHPLO TNV eAdyLoTn duvorth avEnon tov xpSévou
nePATMONG  Chrygr TOL TPOYPAUUOTOC 0 KAOe Prina. AkoAovBel M meplypogr] Tov

oAyopibuov :

Biuo 1 'Ectwa gpyocio ylo tnv onoio 1oy Vet :
N M
Y pej = minicicn (D pij)

TomoBétnce v epyocio a GTNV APy TOL TPOYPAUUOTOS, YL VO GYNUOTICELS TO

ueptké mpdypoppo I pe pfixog 1. Oéoe k = 1.

Bijuo2 Oco k£ < N, ywo xabeuio epyasia j, ond 1i¢ N — k + 1 mov dev €xovv

TPOYPOUUOTIOTEL OO, KAVE ToL ENG :

1. Mépe v epyacio j kot mopéuPoré Tnv dtodoylkd otig k& duvatég B€oelg
ToV peptkoV mpoypdupotog ITF~1 pikovg k& — 1. Amd to k moporydpevo
mpoypoupoto I ,ue A = 1,...,k (o1o pepkd npdypoppo I pe ufixogk n
epyooio j Bploketon otn Béon A ) dtdde€e avtd e to PikpoTePO Chngy -

2. Ofoe TIF =TI xou k = k + 1.

"E€0d0¢ Adoe ¢ TeAkn Adon to npdypapue. TV |

3.4 Tevetkoi oAdyopiOuot

O yevetikol adydpiBuot eivor otoxooTikég néBodol eEeAktikniig Pedtioong, ot omoiot
ovomtuxnkoy ko BepeMddnkay Bewpntikd ord tov Holland [Hol75]. Ot Aettovpyio twv
YEVETIK®V aAyopiBuwv Bocileton 01N YEVETIKY OVOmopoy®yn E0mV, 6N SlooTadpwon,
UeTEAAOEN Ko EMAOYT TOVG, dlodtkooieg Le TIg omoieg N @von eEéMée mpwTdyovoug e

TOAOTAOKOVE OPYOVIGULOVG.

[MopdAo oL VIEPYOVV TOAAEG TOUVEG TAPOAALYEC TOV PAGLKOV YEVETLKOV OAYO-
pibuov mov mapovcicce o Holland, 0 vroAavOGvwy unyovicuds, o omoiog epapudleton
ce évov TANOvoud v (individuals), mopopével otabepdc Ko amoteAeiton amd TPELg

Aertovpyleg

1. A&loAdynon tov e1d®v Ue Kémolo KPLTipLo.

2. IYMUOTIOUOG LLOG YEVETIKTG OLAdOG (gene pool).



3. Alootohpmon (crossover) Kot LETEAAOEN (mutation) TV ELOMV TNE YEVETIKT G OUAOOC.

To €ldn MOV TPOKVTTOVV O TIG AELTovpYieg avTég oyxnuatifovy Tov TANBLGUS NG
enduevng yevids. H dwadikoocio emovoloufdveton Léxpt 10 GOHOTNUO VO TAWEL VO
BeAtidvetol. Tto onueio ovtd 0 TANOLVOUGS omoTeAEiTON, GLUVIOWG, ot Alyo €idm, To
omoio emPrdvouv emeldny PeAtiddvoviar wg mpog tor kKprtiipio aftoddynong. O opiopdg
Kprtnpiov yoo tor €idn elvor onUovTIKOg Yior TNV omdd00T TV YEVETIK®V OAYOpiOUwY,
KoO®G Tor KPLTiplor cvTé Kobopilovv Ty emAoyn KoL TNV andppiym tov e10dv. Eidn ue
TPOOTTIKEG PEATIMONG GUUUETEYOVV UE TOAAUTAG ovTlYpO@O. GTN YEVETIKT OUGO0, EVHD
€ldn UE TPOOTTIKEC YELPOTEPEVOTNC GUUUETEXOVV LE MYOTEPOL KO GE OPLOUEVES TEPLTTWGELG

KOG OV.

>t cvvéyxela TopoLGLALOVUE TO BAGIKO GYHLLOL TMV YEVETIKOV OAYOPIOU®V :

Bijno 1 AtddeEe évoy emtOountd tAn0voud peyéboug S.
Bijno 2 A&loAdynce to €N Tov TANOVOUOV MG TPOG TaL KpLtipla feATioTonoinong.

Bijno 3 Tibavokpoatikd enideée optopévor a&téroyo €10n, yior vor GYNUOTIGELG oL YEVE-

TIKY| opGda peyéboug S.

Biuo 4 Oco to puéyebog tov mANBLOUOV NG eMOUEVNG YEVIGG lvarl pikpdtepo and S,
emile€e Tuyxaio éva yovéa amd tn yevetikt| ouddo. Me mbovétnta Py elodyorye Tov
Yovéd, uTO 6TOV TANOVOUS TNG EXSUEVNC YEVIAC, EVA Ue TOavOTNTOoL 1 — Py Sidee
KL évo Oe0TEPO YOVED, SOCTOOPMOE TOVG dVO YOVELG KOl ELGEYOYE TOV ATGYOVO TOVG

GTOV TANOLOUS TNG EMOUEVNC YEVIGLC.

Bijno 5 Me pikpr mbovémto P, eniheEe oplouévor €ldn g emduevng yevidg kot

UETEALOEE TOL.

Bfiuo 6 Av tor KpLTiplor TEPUOTIGHON 1KOVOTTOLOUVTOL TOTE dWCE MG TEAKT] AVOM TOV
TANOLOUS OV TPOEKLYE amd TO TPOMYOVUEVO Pripo Kol oTtoudtnoe.  AAM®G,

myouve oto Brina 2.

IYNUOTO YEVETIKOV AYOPIOU®V, OT®g otVTO TOV TOPOVOLEGUUE OAAG KO TTLO GUV-
Beto, xpnoLonorionkay yio T Avon tAndwpag tpofAnudtwy [Gol89, LH89]. Ot peydiot
xpOVoL Tov omontel M eKTEAEGT TOVE KOl 1| LVEPOYN TV AVGEWV ALV OAYOopiOU®V
[Sin93] mepidpioe v xprion tovg 6N AHomn TPoPANUETOV TOL dEV UTOPOVV VO CLVTL-

UETOMOO0VV 0KOAN Le CUUPATIKEG VITOAOYLOTIKEG LeBSdoVE. H epoployn Tovg Yo T



AOOM GLVILOCTIKOV TPOPANUETOY, dTMG TOL TPORANUOTO X POVIKOD TPOYPOULATIGILOV
TOV UEAETELLE GTNV TOPOVOO EPYOLCTLOL, OEV E0MCE 1KOVOTTOINTIKG omoteAéspato [LH89]. H
UEAETN TG UON G TOL TPOPAUOTOC pOiKNG Taparyy ¢ €de1&e Gt elvor 1dtaitepo SOGKOAN
N avomopdeTaoT TOV KoTd TPOTO TETOL0, MOTE YEVETIKOT OAYOPLOLLOL VO UTOPEGOVY TO

AOGOVV OO0 TLKEL.

O eyyeviig ToPOoAANMOUSC TV YeveTik®dv adyopibumyv [BD93, LH89] €de1&e 611 moA-
Aég amd TG odLVOLEG TOL TEPOLGLALOVY UTOPOVV Vo EEMEPUOTOVV UE TNV TOPOA-
AnAomoino1n tovg. Optouévo a&LloAoyo amOTEAECUOTO, OTMG 1 VTEPYPOUULKT| EMLTO-
yvvon (superlinear speedup) 7oL TOPOVSINGE O TOPEAANAOG YEVETIKOG AAYOPLOUOG TMV
Muehlenbein, Schleuter xon Kraemer [MGSK88] yiar tn A0Vom Tov TpoPALoTog TOV TAOL-
VOdl0v TOANTY|, C@iVOLV TOAAEG VITOGYECELS YLOL TNV OTOJOTIKY| EQOPUOYT GTO UEAAOV

YEVETIK®V 0AYopiBUmV Yo T AHoM TV TPoBANUETOV pOiKNG Toporywynis.

3.5 Simulated Annealing

H pébodog simulated annealing elvoi Lo oV ANtk 6ToX00TIKT LEBOSOG EVPECTG VTO-
Bértiotv AMvoemv, 1 omolo Bacileton oe 18€eg TG OTATIGTIKTC QUGLKNG KO TPOTAONKE
yuoL TPAdTN Qopd od Tovg Metropolis et al. [MRR'53], evd apydtepa o Kirkpatrick et al.
[KGV83] ko 0 Cerny [Cer85] tn ypnoiuonoincoy yio I A6 dVGKOAMY GLVIVOGTIK®OV

TpoANUET®Y.

H 1é00d0og avijKel 011 YevikOTEPT Kot yopio LeBGdwY TomK ¢ oovolliTnong, ol omoieg
TOPBAYOLV UE EVPMNUOTIKS 1 TUYOL0 TPOTO ULoV opyLKY) AVOT, TNV omoia 6T GLVEXELD
BeATIdIVOUV EMOVOANTTIKE.  aBdG N otddoon dAwv Tv LeBddwv Tomkm¢ avalitnong
e€aptdron amd ™ ocvyvéTNTa TOYideLoN G ToVG oe ToTKA BEATIOTO, ToL 0ol GLVHOWG
améyovv moAH amd 10 oMkO PéATioto, M uéBodog simulated annealing meploTOGLOKE
déxeton AMdoelg, ol omoieg amopokpHvouy TNV avolmmon and tomikd Bértioto. o o
oKOomd oTd, xpnoluonotleitol oe KGO Prino k£ o mOovoTNToL P Yol TNV EMAOYH TOV
AMocewv, N omoio e€aptdron amd to Adyo TG amdotoong AC wog Avong omd KEmolo
tomké BEATIGTO Tpog Uo peTaANTH eAéyyov O , M omoio mopadoctlakd ovoudleton
Bepuoxpoocio. H apytkn Tiun Oy tng Beprokpaciog EMAEYETOL VYNAT], DGTE M TOOVOTNTO
0 aAyopibuog simulated annealing va emAéyel oto mpwtor PiLatéd Tov AVGELS, Ol OToleg
améyouvv opkeTd omd TomKd PEATIoTA, Vo elvon HeYdAN.  oB®g, dUme, N Beproxpacio
O upewwveton oe k6Be Prina, 0 aAYOplOUOC GTOSLOKE KOTELOVVETOL G KETOL0 TOTLKG

eldiyroto ko tepportilel 6tov 1 Oeppokpacio técel KAtw and v iUl 0, (0, < ).



31N GULVEXELD TEPLYPAPOVUE TO Poictkd oo Tov alyopiBuov simulated annealing

Yo TO TPOPAN O EOPECTC TPOYPAULATOG EPYATLAV e EAGYLGTO Y POVO TEpEToNS Conas -

Eicodog H opyikn Oeppoxpocio ©g, n ekt Beprokpocio O, Ko 0 puoudc petaBoAnig
™G Bepuroxpaciog Aby.

Bfiuno 1 Anpovpynace e k&moto tpdmo v opyikn Avon Ily.

O¢oe Iy, = I xou k = 1.
Bijno 2 Waée oty vromeproyny U (T1x) yio To Tomikd eddyiorto I1;.

Biuo 3 Av Chuer(IT) < Cruer(TTg) t01€ 00 [y = IT;.
IT £ moovotnTo P
AMg Béoe Ty = ¢ M k
IT, pemOBovotnte 1 — Py

6mov P, = min(1, e=2C/Ok)

Kot AC = Cmax(nk) - Cmax(nl)'

Bf”.l0€4 ®foe ®k+1 = @k — Agk
Ko HBSM = min(HBsMa I).

Biino 5 ©éoe k = k+1.
Av O < O, 16t myouve oo Prina 2.

AMMOG, TEPUATIOE Kou dMOE G TEAKT AVom To Tpdypopor Mgy

yfiuota simulated annealing, 6Tw¢ 0L TO TOL TOPOVGLAGHUE OAAG KO TTLO GUVOETOL,
ovamTHxOnkKoy yior tn Avon tAnddpoc tpofAnudtov [Kird4, AK89, JAMSS9], eved a&16-
AoYeG elval o1 Tpoomdbeleg mopaiinionroinong g nebddov [ACS89, BLI3, MGPO89]. H
epoproyn odyopibumy simulated annealing yio Tn AOom TPoPANUAT®V XPOVIKOV TPOYPOLLL-
potiopov [LAL92] ko poikig mopoywyic [MSS89, 0S90, MRRI3] £det&e 61 | uéBodog
vreptepel oe akpifelo TOAADY ELPNUATIKGY KO YEVIK®V LeBOdwV AVong, omaittel, OUwG,

VIEPPOAKE LEYAAO XPOVO YLOL TNV EKTEAECT] TNG.

3.6 O olyopiOuog tTov o0omoGKN

To 1993 0  omddxng [Kon93] mpdterve d00 evpnUartikovg AYSpLOHovg Yo T AN TV
npoPAnuétwv N/M/F, Seq—Ind, perm/Cper ot N/M/F, Seq—Ind, perm/Tmaz, Cmaz



0l 0To101 YPMNGLUOTOLOVV TN UEB0SO OTAOOKTIC KOTHUOKELNG TNG TEALKTNC AOONG LE ToL-
pepuforny epyacidyv. Ot aAydplOpot owtol amoTeAOVV ENEKTOOT TOL OAYOPIOULOVL TTOL
npotdnke and tov Nawasz [Naw83] yio 1o mpoPANUo edaiotonoinong tov xpévou

ePATOONG Crigr TPOYPCLULOTOG,

11 cLVEXELD TTEPLYPAUPOVLE TO YEVIKS GYMNUO TOL OAYOPIBLOL TOV  OTIAKN :

Bfino 1 Anpiovpynce tnv opyikr ovpd TpoyPOoUULOTIGIOV TV EPYOCLOV

Bfno 2 Tomobétnoe tnv mpotn epyacio TNg ovpdg TPOYPOUULATIGUOV GTNV opXY| TOV

TPOYPOULLOTOC, YLOL VOL GYNULOTIGELS TO LEPLKS TPSYPOLLLLLOL Hém pe ufxkog 1.
Oéoe k = 2.

Bijpo 3 Tldpetnv k epyocio TG ovpac TpoypoUUATIGUOD Kot TopEUPaAE TV Stodoy ik
otlg k duvatég B€GELG TOL UEPLKOV TPOYPCUUOTOS 1'[’5;73T uikovg k£ — 1. And
T k moporyduevor ekt TpoypUUaTor StdAeEe ovTO e TO KPOTEPO Chpgr KO

ovépoct to TIg, .

Biuo 4 Av £ < N t6te 0éoe k = k+ 1 won extérece to frina 3. AAM®G THYHLVE GTO
prino 5.

Bijno 5 Awce og tedMkn Abom to Hé\ém )

o vo BeATIOGEL TNV TOLOTNTO TOV AVGE®V TOV TAPEYOVTOL OO TOV AAYOP1OU0,0  O-
TOEKN G ovERTLEE 31O UNYOVIOHOVG BEATIOONG TV AVGEWY : TO UNYOVIOUS amofiKeELoNG
GLVOLOV HUEPLKMV SOTAEEWV, VIO VO UTTOPEL 0 ahySp1OUog var oevofempel amo@Eoelg Tpon-
YOULUEV®V BNUETOV KO TO UNYOVIGULS ETOVOANTTIKN G TOPEUPOAN G LE TUYOLES OPYLKES OV-
PEC TPOYPOULLOTIOUOV, VLo VoL UTTOPEL 0 oA yOp1Ouog vou eEeTdilletl peydlo opldpd AMvoemv. O
deVTEPOC UMY AVIGUOS EPAPUOGTNKE LOVO 6T0 TPOPANua. N/ M/ F, Seq— Ind, perm/Chayz
evem 610 TpéPAnue N/ M/F, Seq— Ind, perm/ Taz, Crmaz M OPYLKH OVPA TPOYPOLULULOTL-
ouov oynuatileton pe ™ SGToEn TV EPYUoL®V o8 A¥E0VGH GELPE TWV TPOOBECULHY TOVG
(EDD). H evo®UETOON TOV VEOV 0LVTHOV UNYOVICU®Y GTOVS 0LAYOPTOLOVE KO 1) TELPOYLOL-

Tk Tovg aEloAdyNnon €0e1ée 6T BEATIOVOLV GNUOVTLKA TIG AOOELG TOV TP EyOVTOL.



QG A0n0 4

Tomix1) avolfitnon ue omoyépevon

KIV\CEQV

4.1 Ewcoyoym

H pébodog tomiknig oavolitnong epopudleton oe mpofAfuato feAtiotonoinong, to omoio
€XOVV TN LOPPT
min f(z), z€S

omov S éva HeYAAov LEYEDOVC TTEMEPOIGLEVO GUVOAO, TO O0TO10 OmoTeAEl TO YWPO CrvaL-
{itnong g PérTiotg Avong. T vor epopudcovpe nebddovg Tomknig avalnitnong
otor 800 TPOPANUATO POIKTG TOPOYWOYNS TOV UEAETAUE GTNV TOPOVGH epyacia, elvor
OOPITNTO VO TOL EKPPAGOVUE GTNV TOPOTEVE® HLOPQT|. XINV TEPINTOON TOL TPOPAN-
LOTOG EAOYLOTOTOIN GG TOL YPSHVOL TEPBTWONG Crgr N CVILKELUEVIKT) GLVAPTNON |,
n T g onoiog {nteiton vor elayiotoronBel, eivon o xpovog ovTdg, eV 0 YWPOG
avolrtnong eivor 1o GHVoA0 SA®V TV LETOBETIKAV TPOYpoUUdT@V. OToTE, TO TPOPANLLOL

N/ M/ F, Seq — Ind, perm/ Cpnae opileton ogeéig :
min Cmax(n)a ITe Sy (4.1)

6mov Sy = { Ta N! petobetikd npoypdupoata. N epyosidyv }.

Otoav ot gpyacieg €govv mpobeopuiec mopddoong 1éte 0 Ydpog avaltnong meplopi-
Cetot 6TO0 GHVOAD TMV EQLKTAOV TPOYPUUUETOV Kot {nteiton avtd pe Tov eEAEyLoTo YpEvo

nepdrtwonc. Emouévmg, o npépAnua. N/ M/ F, Seq — Ind, perm/ Tpaz, Cmaz Opileton og
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efng:
min Cpq (1), Tee(IT) = 0 4.2)

O meploploloS Tinmazr = 0 mTpoLTOOETEL HTL M EVPEST EPLKTOV TPOYPEUUOTOG Elvon TEVTOTE
duvortn. Ymépyxouvv, OUmS, TEPLTTMOOELS OOV O TEPLOPLOUOS OLTAG dev Umopel vor 1Kowvo-
nown el emeldn eite dev vGpyEL EPLKTO TPSYpoupe €iTe N UEBOSOG TOTKN G owvallyTnNong
oduvatel va to evtomicel. I'tot 1o AGY0 oruTd 0 TEPLOPIGUOS Y OAUPOVETOL KOL TO TPOPANLOL
OVOAVETOL GE VO EMUEPOVS TPOPANUOTOL APYLKE EMLILOKETOL 1 EAOYLGTOTOINGN TNG
UEYLOTNG KOOVOTEPTIONG TWV EPYUGLAV KOl GTT) GLUVEYELD 1 EAOYLGTOTOINGT TOL XPGVOL

TEPBATWONG TPOYPEUUOTOS. 'ExovUe, AOToV :
min Ty,q,(I1), I1€ Sy 4.3)
KOl OTT GUVEYELDL :

min Cmax (H)7 Tinaz (H) < T,

max

4.4)

6mov Ty .. M Adon tov 4.3 . Na onuewwdel 6Tt n omoitnon ywo v eniivon g 4.3
TpayToL KoL NG 4.4 €nerta, tepopyel Tor 000 KPLTPLoL BEATIGTOV TOL YPMNGLLOTOLOVVTOL.
'ET01, mpotevov kplrtriplo anotelel n elayiotoroinon g Héylotng KabvoTtépnong TV
EPYOOLOV, EVM OELTEPEVOV KPLTNPLO €lvorl M elaylotonoinon tov xpovov TeEPHT®ONG

TPOYPAULOTOC.

I'o Adyoug amAdTNToS, 6T0 VIOAOITO KEPAALO B0 TeplopicOLUE TN UEAETN NG
ued6d0v Tomknig avalitnong oto npdPanuo. N/ M/ F, Seq — Ind, perm/ Cpaz - O 6LO10G
Tpbémog, Le Tov omoio N néBodog avtinetonilel o 3o mpofArnata (oyéoelg 4.1, 4.3-4), to
emtpénel. Me 10 mpoPAnuoe. N/ M/ F, Seq — Ind, perm/ Tpaz, Cmar 00 00GY0AN000VUE
otV evotnta 4.9, 61ov Oo TEpLYpEyoLUE Eval YEVIKS aAyOp1Opo Tomk¢ avalitnong yio

v eniAvon| Tov.

4.2 Tomxm avolfitnon

H puébodog g tomiknig avalitnong (local search) eivou pior evpnuotikny LéBodog eHpeong
vroBértiotov Avoewv. H Aettovpylo tng Bacileton otn otadiokn Beitioon kdmolog
opPYLKIG Avong, M omolor mopdryeton pe tuxoio 1 evpnuatikd tpomo. Av Iy eivol 10
TPOYPOUUUO TTOV OmOTEAEL TNV opyIky AVom, Téte kotd tnv avalitnon eEetdlovton o

npoypaupato o meployng U(Iy) Tov x®pov Sy, Yo vo emAeyel évol TPOYPOLLLLOL



IT; pe v WO To Chuar(TT)) < Cruasz(Io). H meproyn U(ITy) ovoudlleton yertovid Tov
Iy Ko mepiéyel mpoypaupata, tor oroic, dtoépovy amd to mpdypouuna Iy, ®g TPog
TIg B€oelg evég ikpov opltOuov epyocidyv. H enavoAnmtiky e£€Taom YeLTovidy Ko M
eEMAOYN TOL eAayioToL KoBeUlog €xel MG OTOTEAEGLLD. TO OYNUOTICUS LG oeKoAoLOTaG
{TIx} mpoypopudtwv, énov Iy € U(Ig) kot Crar(Igs1) < Chae(ITg). H extédeon
™™g neBddov tepuatileton pe ToV eVTOTIOUS evOC Tomiko® elaryiotov IT* tov Ydpov Sy,
omdte M avolftnon dev umopel TAéov vor cuvexlotel KoOMG Char (ITF) < Chuge (IT) Y10
KGOe I1 € U(IT*). To tomikd eAdyloto IT* omoteAel Ko tnv TeEAKT] AN TNG TOMKNIG

ovolnong.

Mmopovue, Tpo, Vo TePLYPEWOLUE TO PBacikd odlyoptOukd oxfua e nebddov

tomKN¢ owvalTnong, 1o omoio Bo emextelvoLEe apyYOTEPQL.

Bfiuwo 1 Anpiovpynace pe toyoio 1 eopnuUotiko Tpomo €vol apyLkd TPpOYPOLO EPYOCLMOV.

Ovépooe to Tpdypoppo avtd Ily.
Bino 2 ©éoe gy, = Tlp xon k = 1.

Bijpo 3 Bpeg to IT; € U(Ig) , 6mov Cher(Il;) = min{ Cpuer (1), I1 € U(I)} Av 10

npdypoppor IT; dev elvort povodikd dStddeEe KAToLo Ue Tuy oo TpOTo.

Bf]u(l4 Av C’mam(Hl) < Cmax(nﬁem) T61e Béoe HBSM = II;.
AMLOG TEPUATLOE.

Biuo 5 ©éoe k = k+ 1 kol miyoive 6to Pripo 3.

'E&0d0g Adoe g telkn Adon to mpdypoppor Tlge:.

H anédoon 1ov adyopiBuov g TomKnig ovolTnong mov TopoVGLAGUHUE eE0PTETOL
oo T€0GEPLS TOPEYOVTES : TOV TPOTO TOPAYWYNG TNG oPYLIKTS AVoNG, TN UéB0do GyMUaL-
TIGLOU TV YELTOVI®V, TO TA100¢ TV A0)IOTOV TOL TEPLEXOVTOL GE QLTEG Ko TEAOG, TO

KPLTIPLO TEPUOTIGUODV TOL OAYOPIOULOV.

O aAy6pBuog g Tomkng avalntnong PeAtidvel Ty opylkny Adon, v omoia
nopdyel oto mpdto Pripo, e€etdilovag dtadoyikés yeltoviég Tpoypoundtov. Emeldny,
OLMC, T TPOYPEUUOTO TOV CVIIKOLV GE L0 YELTOVLE JE SLo@EPOLY ONUOVTIKA HeTOED
T0V¢, M PeAtimon mov emttvyydveton oe KEBe emovaAnym eivol cuviibwg pikpr|. To to
AOY0 0vTh, M UEBOBOC e TNV omola wopdyeton M opyLKyy AOomn Tov aAyopibuov eivor
ONUOVTIKY], KOOMOG M TotdTnTOL TG opy kNG Avong xabopilel oe peyddo PBobud v

ToLOTNTOL TNG TEMKN G AVOTG,



H uébodoc pe tv omoior oynuatifovton ot yertoviég avoltnong ko ediké 1o
Uéye0dg tovg, elvorl kKaBoploTikd Yo TNV anddoon Tov odyopibuov. 0Oco peyorvtepo
elval 10 uéyebog Log yertovidic 1660 amottnTIKOTEPN G VIOAOYLOTIKS Ypdvo yiveTon
n oavolinon oArd kot 1660 KaAvTtepn N TeEMKN AOon mov mopdyeton. Emopévac, M
emAoyy TG yertovidg mpénetl vo eEooporilel Tnv e€étoom evég 1KOVOTOIMTIKO) 0plOUov

TpoypouudTov ywpic vor emBopHVETOL X poviKE 1 eKTELECT) TOVL OAYOpiOHOvL.

2NV TEPITTOON TOL TO EAAYLOTO ULOLG YELTOVIAG eV lvorl LOVOLOLKS ETAEYETOL OLD-
Oaipeto évor omd orvTé yior T cuvéytom g avalitnong. H tuyxaio emAoyn kotevbuvong
dev eEaoporilel 6TLn avalritnon cuveyileton pe Tov koA vTepo duvatd Tpomo. Elvar, Aot-
név, amopoitn N aSloAdyNoN EUVOUEVIKE 1G0SOVOU®Y KOTELOVVOEMV Y10, TNV ETAOYN

¢ KoAOTEPTC.

H extéleon tov oAdyopibuov tepportileton pe TovV evTomopd Tomkoy eAayicTov.
Av xon dev umopovue vo, VTOAOYIGOLUE TOV oKPPT] aplOUd TOmK®Y eAd)IGT®V TOL
VEPYOVV OTO XOPO Sy VWOBETOLUE OTL 0 OPLOUGG TOVG TTPEMEL VoL elvorl ONUOVTIKOG,
AOY® TOL TEPAOTION UEYEBOLG TOL XMPOL aLTOV. Emouévmg, 1o TOmKS €AG)LGTO TOL
amotelel KoL TNV TEAMKT AVOM eVOEYETOL VO, OTEXEL OTNULOVTIKA 0t TO 0AKO. Tt 10 Adyo
oo, elvon amopaitnto N ovollyTNom VoL UMV OAOKATNPAOVETOL GTO TPMTO TOTLKS EAGYLGTO
nov evomileton oAl vo cuveyileton eEetdlovTog To Heyolhtepo duvatd aplOUd TOTIK®Y

eloyioTav.

4.3 M£00001 Topoy®YNG OPYLKOV TPOYPOLUULETOV

Apyikd TpoypAUUATO. OVOUALOVTOL TOL TPOYPEUUOTO TTOV TOPAYOVTOL LUE OO0 TTOTE
TPOTMO Kol omOTEAOVV opyLkéc AVoelg aAdyopiBuwy tomknig avaliitnong. Ot pébodot
TOPOYWYNG APYLKOV TPOYPOUUETOV elvor 1dloiTepa oNUOVTIKES, KOO®S cruTd KoBopilouv

oe LeydAo Bobud Ty TotdTNTo TV TEAIK®OV AVGEWV.

Apyikd mpoypbipoto LTopovv vor tapoyfovv eite pe tuyoio eite pe evpnuotikd
Tpémo. XNV TEPINTWON TOL TO OPYLKE TPOYPEUUOTO EMAEYOVTOL TVYOLOL OO TOL TPO-
YPOUUOTOL TOV XOPOV Sy, M TOLHTNTO TV aPYLK®OV AVCEWV eEopTdTon GUESH 0o TO
uéyedog Tov xOpov avtov. 0G0 peYoATEPO €lval TO TANOOG TV TPOYPOUUETOV TOV
TEPLEXOVTUL GTO Y WPO Sy TOCO KpATEPT Elvor 1 TOOVOTNTOL VOL ETAEYEL e TLY oo TpOTO
Ko apyikny Avom. H ovomoteAeGUaTikOTN T TNG LEBGS0V LTI G, KOOl KoL Yo LETPiov

peyéboug mpoPAnuato ( N > 6 ), el Mg ATOTELEGILOL VAL (PN CLLOTOLOVVTOL GTNV TPEEN



EVPNUOTIKEC LEBODOL YLOL TNV TOPOLYMYT) OLPYLKDV TTPOYPOUUATOV. AV KoL 6TV Kortnyopio
out mepLAopPéivovton 6Aol ol evpnuatikol alydpibuol mov €xouvv avomtuyOel yiow ™
AVOM TOV TPOPANUOITOG TNG POIKTIG TAPOYWYTC TPOKTIKG EVILOLPEPOV €XOVV Ol AlYSTEPO

OTOLTN TLKOT GE VTTOAOYLOTLKO X POVO.

H moAvmAokdtnTo Tov TPoPAUOTog TNG POiKNG Topary®wyng KabloTd SVGKOAN TNV
o&loAdynomn Tov Stéeopwv eVPNUOTIKAY HeBSSwY Kol TNV emAOYH TNG KOAVTEPNG VO
xpnoonoOel. 't To AGyo awtd 6TV Topovoa epyacion a§loloyiOnKoy TEPOUOTIKE
névie UEB0OOL, TOL OMOTEAECUOTO, TOV OTOiwV TopoLoldlovTal o610 ke@dAoto 7. Ot
Tpelg Tpwteg elvor ot Yvmwotol adyépiOpotl Tov Palmer, Dannenbring ko tng eAdiylotng

nopeUPoArnc. Ot adydplOpotl vTol, ToL TEPOVGLAGTNKAY GTO KEQAANLO 3, OVOITUY ONKOV

Yo TN AHoM Tov TPOPATLOTOS POiKNG Tapay™YT|C.

o Adyovg mAnpdtntog e MeAétng pog dokudotnkoy dvo okdun uébodot, ot
omolec oxedAGTNKAY OMOKAEIGTIKG VIOl TNV TOPOYWYN OPYLK®OV TPOYPOUUAT®Y @ M
uébodog tov Widmer kot Hertz, 1 omoior xpnolLomotOnKe ylor TNV mopory®yn opyLK@y
AVoE®V 0TOV OAYOpLOo Tomiknig avalritnong SPIRIT [WH89] ko n néB0dog Tmv vekpmv
xPOVOV, N omoio avorttydnke oto TAoiolo TnE Topovoag epyociog. ol ot 000 uéBodot
ovAyYoLV TN AH6M ToL TPORARUATOG TNG POIKNG TOPAYWYG GTO GLYYEVES GLUVILOOTIKO
TPSPANUO TOL TAAVOSOL TwANTH ( Travelling Salesman Problem ). T to 6xond ovTd
ot gpyociec avtiotoryilovton o TOAELG KO 1| €0PECT EVOC TPOYPEULOTOS e EAGYLOTO
XPOVO TEPATMONG OVALYETOL GTNV €VPECT] EVOC LOVOTOLTIOV UE EAGYLOTO Uikog. o vo

oAOKANpwOEl N ovarywyn, amonteiton va oprotel n andotoon dV0 epyocLdv.

Ot Widmer kon Hertz 6empnoov tnv amdcstocn d00 epyacladv ovEAOYN TOV dLopO-
pdv mov mopovctdllovv ot ypdvol eEGpumong Ko eneepyociog TOVG OTIG UNYOVES TOL
GLOTHUOTOG KO Oproay TNy ondotaon D;; d00 epyocidv i Kou j HE TNV okéAoven
oxéon :

M
Dij =t + Y (M —k) | ti, — tjp—1| +tjum
k=2

OmOV tim, = Sim + Dim-

>t UéB0d0 TV VEKPWV YPOvmV M andotacn dV0 epyociwv omotedel éva HéTpo
TOL VEKPOU XpOVOL TOV eUPovileTol oTnV TeEAevToior UNYXOVT] TOV GLOTHUOTOC 06 TN
dodoyikr| extéheon tov epyocidv owtdv. H andotaon D;; 00 epyocldv i Kot j
opileton wg 0 vekpdg xp6vog I , 0 omoiog Ba eppoviotel GTNV TEAEVLTOLO UMY VY| TOV
GLOTHUOTOG, O TN SLOdOYLKT EKTEAECT TMV EPYOCLMV i KO j OTLG 000 TpMTeg BécELg

omolovdmote mpoypdupotos. Now vrevBuvuicovpe Tl 1 EAOYLOTOTOINCT TV VEKPWY



APOVOV TNG TEAEVTOLOG UMY OVT|C TOL CUGTHLOITOC LGOSLVOLEL LLE TNV EAOYLGTOTOINGT| TOV

APOVOL TEPATMONG EVOG TPOYPAUUULOTOC,

44 Telrtoviég avolnmmong

H Aettovpylo tng nuebddov tomkng avalitnong omontel 10 YOPLoUS ToL YHdPov Sy
0LV TV TPOYPOUUETOV GE LIOTEPLOXES. 'Evog T€tolog xmpioudg mpovmobétel v
OmopEn Hog oxéong yertoviag tov tpoypaupndtmy, n onoio opiletan pe Ty anetkévion
U : Sy — 2. Me ) oyéon o, o k&e tpdypoppe I avtictoryileton évo vrosvvoro
U(IT) mpoypoppdtav, To oroio ovoudletal yertovid tov I1. Ot yertoviég meptypdpovton
emAéyovtog mpata éva €180¢ kivnong, pe tnv omolo umopovpe omd évo tpdypoppe. IT vo
nopdryovpe évo kovovplo. 'Emerta, m yertovid U(IT) opileton og 1o 6hvoAo SAwV TV
TPOYPOUUETOV, TOL 0TTol UTopo vV Vo, Top oy 8oy amd To I oe pio pévo kivnon. Aobeicog
kivnong K umopotue, Aowmdv, va opicovpe tn yertovid U(IT) evég mpoypdupartog IT wg
efng:

UMl = {ITeSy | T =K(T)}, MeSy (4.5)

Q¢ kivnom Bempovpe TN LETAOEOT LG EPYOGLOG EVOC TTPOYPEULOTOS GE OTTOLOONTOTE

0éom [Eva87, Wer93]. Zuykexpiuévo opilovue :

(1,2,...i—1,i+1,...547+1,....N) ovi<j

(1,2,...,5— i j,....i—1,i4+1,...,N) ovi>j
O napduetpor 4, j kou IT tng kivnong K;;(IT) 6o napodeinovion 6mtote o koBopiopnds

ToVG dev elval amopaitntog Ko 1 kivnon 0a avaeépeton oAl g K.

ATé tov oplopd g xkivnong K eEdyovion TpeLg xp1rioueg LOLOTNTEG,

6ol 11 = Kj;(K;; (1))
ATOOELEN

'‘Ecto N gpyocio a m omola Bploketon otn 0éom i TOL Wpoypdupotog 1. Av
IT' = K;;(IT) wou IT" = K;;(T1') O dei&ovpe 6t 117 = IL

‘Ectw i < j. Me v kivnon K;;(IT) napdyeton to npdypoupe IT, oto onoio n
epyacio a oamd 1 0éon 1 petoépeton otn 0éon j. To amoTéAecua TG Kivnong

ouTiG elvon oto TpoYpoppe IT ot epyacieg mov Bpickoviav otig Oécelg 7+ 1 €mg



Kol j tov mpoypdupotog IT vo oMceticouv kotd piow 6€om, eved dAec oL GAAAEG

epyocieg vo Topopeivouy oTIg opyLKES BEGELS.

Egapuélovrog v kivnon Kj; oto mpdypapuo IT' mopdyetan to npdypoppo IT”,
o710 onoio M epyocio a petopépeton omd Tn O€on j otn 6€om i. XT0 TPOYPOULLOL
IT" o epyacieg mov Ppiokoviav oTig Bécelg 7 €mg Ko 7 — 1 tov mpoypdupotog I
petotonilovton oTig Oécelg mov eiyov oto Tpdypope I, evd ot vTdAoireg epyocieg
Statnpovv Tig apyLKég Tovg Béoelg. BAEmove, Aomdv, 0Tt 1 SodoyLkn) EQAPLLOYT|
tov Kivijoeov K;;(IT) kon Kj;(IT') eiye og amotéreoua to npdypoppo I1”, oto onoilo
OAeg 01 epyaoieg dLatnpovV TeMKkd TIg Béoelg mov elyov oto Tpdypoppo T1. AnAod,
1= 11".

Me 6010 TPOTO OodeEIKVOETONL M| TPHTOON KoL Yo s > j. O

Imrto2 K, = Ky,

H diétnto vt elvon dpeon cuvénelo Tov oplopov g kivnong K.

It 3 Av K;(IT;) =TI, xou Kj(ITp) =113 t6te Ky, (I1;) = I3
ATO0elEn

o Adyovg amAdtntog, 6o omodeifovpe Ty 18OTNTO YlOL TNV TEPITTOON OV

i < j < k. Handdel&n TV VIOAOT®mY TEPINTMOCEMV YiveTon Le GLLoto TpOToO.
'Ecton epyacio a M onoio Bpioketon ot 6éom 7 oL TMpoypdiupotog I;.

Me v xivnon K;;(IT;) mopdyeton to mpdypoupc. I, oto onoio n epyacio a
ond ™ 6éon i petapépetarl otn 0éon 4. To anotéAecuo Tng Kivnong awtng eivon
oto poypappo Il ol epyocieg mov Ppliokoviay ot Béoelg 7+ 1 g Ko j TOV
mpoypdupoartog Iy vo oloBfcouvv kotd pio Béom, eved dAeg ol GAleG epyocieg va

TOPOUEIVOLV GTLG OPYLKESG TOVG BETELC.

Egapuélovtog v kivnon Kj; oto npdypopupo I, mopdryeton to mpdypopuor I3,
670 omoio M epyacion a peTaEépetol and Tn 0€on j otn Béon k. 10 TPOYPOULOL
13 ot epyaciec mov PBpiokovtav otig 6éoelg j + 1 €mg xal k& TOL TPOYPEUUOTOG
[T, oAlcBaivouv kotd pia Béom, evdd vTéAoineg epyocieg dtartnpovv TiIg O€GELG TOV

elyov oto Ils.

BAénovpe, Aowndv, 6T1 n Sradoyikn epopuoyn Tov kiviicenv K;;(ITy) ko Kj(I1))
elyxe og anotéAeouo to tpdypoppoe I3, 6to omoio 1 epyocia otn 6éon i tov I
puetopépbnke otn Béon k, ol epyociec otic Oéoelg i+ 1 émg 7 xou j+ 1 €mg k
oMobnoov katd pio 6éon Adyw tov Kivijoenv K;; kon Kj;, aviiotoyyo, evd OAeg

ol GAAeg epyoacieg dtatripnoov 6to mpdypoppe I3 Tig Béoelg mov eiyav oto I1;.



Oumg, and tov oploud ¢ kivnong K (oxéon 4.6) BAémovpe 61t 10 1810 TPOYPOULLOL
I3 O elye mopoyOel pe pio pévo kivnon, v K (I1;). O

Me ) xprion tnc kivnong K;; oynuotileton évo A 00¢ YELTOVIMY, 01 GNUOVTIKOTEPES

otd TIG OTOLES, TEPLYPAPOVTUL GTN GUVEYELDL

e Hysitonid UAP! (Adjacent Pairwise Interchange Neighbourhood)
H yertovid vt dnpiovpyeiton pe TNV ovTIUETAOeon Slado K@V EPYOCLOV TOV

npoypbpupotog IT wou opileton wg eéng :
UAPI(M) = {Ki; (M eSy | 1<i<N-—1}
AT TOV 0pLopS TG YELTOVIAG efvon govepd 6tL 1 yertovid UAYT mepiéyet N — 1
TPOYPGLLLOTOL.
e Hyertonid ULS (Left Shift Neighbourhood)
H yertovid vt oxnuotiletan pe tnv tomofétnon Hog epyaciog 1o Tpoypaotog
IT o€ omoladimote otd Tig BEGELS TOL TPONYOHVTOL TNG KNG TG Ko opileton mg
edng:
Uti(M) = {Kij(M) eSy | 1<j<i< N}

H yertovnid ULS mepieyel N (]gfl) TPOYPOUULOTOL.

Ané tov opioud g yertovidg BAémovpe 6t N epyocico mov Pploketon 6TNV TPMOTN
0éom Tov TPOYPAUUOTOG UTopel Vo TomoBetnOel o N — 1 droupopetikég B€oelc, n
epyoocia mov Bploketor otn devtepn 6éomn 6e N — 2 Kou YeVIKE M €pydGion TOL
Bpioketon otn 6éon ¢ unopel vo tonoBetnOel ce N — i dropopeTikég Oéoels. Emopué-
VOG, TOL SLOLPOPETLICE TPOYPEUUOTOL TOV UTOPOVV Vo Topory B0ty eivon STV (N —1i) .

Opaog,

, N N N(N -1
SWoi) = YN -3 = %
=1 =1 =1

e Hysitovid URS (Right Shift Neighbourhood)

H yertovid vt oynuortiCeton Le Ty TonofETnomn oG epYaciog ToL TPOYPEUILOTOS
[T oe omoladmote amd T1g Bécelg mov €movton TG kNG g kKo opileton kot

ovaloyio ue T yertovid U

URSM) = {K;;(IM €Sy | 1<i<j< N}



H yertovid. URS mopéyeton pe 6poto tpémo e m yertovid UXS kou nepiéyet (12—1)

TPOYPGLLLOTOL.

e Hysitovié U® (Shift Neighbourhood)

H yertovid vt onpiovpyeiton Le Ty Tomof€tnon UoG 0ToloGOTOTE EPYUGTOG

oV Tpoypupatog IT oe omoltadiimote 0éom ko opileton g eENg :

US(T) = {K;;(I) € Sy | 1<i,7<N,i#j}

Hyeitovid U® mepiéyer N2 — 2N + 1 mpoypOuuoto.

[pdypott, amd Tov optopd g yertovidg BAénovue 6Tl n epyocio mov Ppioketon
otn 6éon ¢ umopel vo TomoBetnOel oe omoladnimote amd TG i — 1 O€celg mov
TpoNnyovvVIoLl NG OkNG NG Kol 6€ ONMolodNmoTe omd T N — i 7wov €movIiot.
Enouévac, xobeuio omd 11¢ N epyooiec unopel vo tonobetndel e N — 1 GuvolKd
0éoeic, mopdyoviag N(N — 1) mpoypduuato. 10 TA00¢ TV TPOYPOUUETOV TOV
vroloyicope cuuneplAoUfévovton Ko ekeivor Tov TOPEYovVTol omd TIG KIVIOELG
K i1 xou Ky ;. Ot Kiviioelg autég avTiuetoldétony Tig epyocieg mov Bpickovion o€
dLodoyKég Béoelg Tov mpoypduportog IT kot omd tn devtepn 1O1OTNTOL TNG KivNnong
K yvopilovue 61t K; ;1 (IT) = Ky ,;(IT). aBdG 2(N — 1) Té€T01€C OVTIUETOOECELG
eivon duvatée omd Tic dVo avtég Kvioelg, otn yertovid U Ba mepiéyovion

N(N —1)— (N —1),MAady N? — 2N + 1 dogopetikd npoypdupoto. O

4.5 Avolnitnon ue onoy6pevon Kivijeewy

To kploldTepo onueio oTNV arddoomn Twv adyopiBu®y Tomikng avoliTnong, 6Tmg ovTov
OV TOPOLGLAGOUE oTNY evotnto 4.2, eivorl N moryldevon TOVE OE YELTOVIEG TOTLKMOV
elayiotwv. Ot olydépibuol tomkig avoalitnong eetdllovv 6e KAOe emOVEANY™N Lol
YELTOVLIE TPOYPOUUETOV TNG TPEXOVOOG AV G EMAEYOVTOGS TO EAAYLOTO TNG YELTOVIAG. Me
ToV TPOTO CrLTH M AVON PEATIAVETOL GTOSLOKE £WC VOL EVTOTILEOET KATTO10 TOTLKO EAGY1GTO.
1o onueio cvtd N avolTnon eykAoPileton 6N YELTOVIA TOL TOTLKOV EAYIGTOV, KOOMG
Kopia kivnon mpog xopio kortevbuvon de PeATimvel TAEov T AOoT). ZTnV TEPInTOON CLLTH
N tomkn avalitnon cuvibmg tepuartileTon Ko To TomKS eEAE1OTO OMOTEAEL TNV TEAMKN
AVoM. AEov t0 TIPdYpoppe ToL amoteAel T BEATIOTN AVoM, elvon éva omd TO TOTLKE
ely1otor ToL YWPOL Sy, M TOLOTNTA TNG TEMKNG AVONG TOL TAPAYOLV Ol OlyépLouot

tomikng ovaltnong o eEoptditon omd 10 TAN00C TV TomKdY eAoyicTwy.  oB®™M doun



TOV XOpoL Sy dev elvorl YvmoTr], T0 TA00G TV TOTIKAOV eEAXYIGTOV TOL TEPLEXOVTUL
e avtév dev umopel vor vtoAoylobel axpiPdg. Mmopel, dumg, vor Bewpnbel ovGAoyo
0V UeyéBoug Tov Y Mpov awtoV [Eva87], ne amotéhecua oe HeydAov UeYEBOLG Y DPOLG
vou TeplUévoue 0Tl T0 TANO0G TV TOomKWV eAoyiotmwv eival onuavtikd. Tt To Adyo
oVTO 0 TEPUOTIONSS TG avalriTnong e To TPp®MTO Tomkd eAGYLGTO ToL evtomileton dev
Kpiveton tkovoromtikdg ko Bewpeiton omopodtnn N cvvéyion g ovalnTnong dote

va eEetooTel 0 LeyoAvTEPOC dSUVOTOG aplBUGG ToTLKAY elarxioTmv [Glo89].

Ac¢ vrobécovpe 6t Kortd TV avalritnon evtonileton kémolo Tomiké eldyioto IT*.
Av IT' eivon o eAdyioto g yertovidg US (ITF) — {IT*} t61e eivon ovepd 6T Bow 1oy vEL
Crnaz (IT*) < Cpge (TT') < Chyae (), Yo omo108Mm0TE TPSYpOrpe: I € U (IT*). Zto onueio
ovto kopio kivnon mpog kopio kortehhvvon dev mpdketton vor BEATIDCEL TNV TPEXOVCOL
Avon. H avalitnon, dumg, umopel vor cvveylotel dexouevn Avon xepdtepn tov IT%,
ernilovtog 6t M xelpotépevon ot eivon Tpocwpiviy ko 6t peAlovtiké  Avon O
BeAtimBel. And Tow mpoypbuporta Tng yertovidg U (IT*) 1o mpdypopuo. IT eaiveton vo
omotelel TNV KOAVTEPN eMAOYY, KOOMDG TpokoAel Tn HKpdTePN oHENGN GTNV T TOV

Cinaz- EmAéyovtog to IT 800 mepintmoelg eivon dSuvortés :

o Noovrépyet II; € U(IT) — UIT*), pe v iéttoet Crrae(I1)) < Croas (IT%).

v nepinToon ot LIEEPYEL KOAVTEPT) AHOT) GTNV ELPVTEPT TEPLOYT] TOV TOTLKOV
ehoyiotov IT*, 0 evtomioudg g omoiog o€ B 1Ty duvortdg ywpig TNV EMLAOYT TOL
npoypbupotog IT. Tuviibwg, Tor Tomkd eAdyiota eLeaviovTon amoUOVOUEVO GTO

XOPO ovollTNONG, LE OTOTEAEGLOL 1] TEPITTMON OLLTY| VOL GLVOLVTATOL GTTEVLCL.

e No unv vndpyel tétoro npdypoppo I1;.

aBdg dev vrGpyel mpdypoupo I € U (IT'), 11010 d6Te Crigr (TT)) < Cryag (ITF)
00t 16YVEL 6T Crpgr (TT*) < Crnaz (TT) Y100 K60 TpGypappe I € U (IT). Eniong, omd
mv TpdTn Wit g kivnong K yvepilovue 6t ioyder K~ (K (I1)) = I, 6mov
K~ n avtiotpoen g kivnong K. Apa 1o Tomkd ediioto IT* Qo mepiéyeton otn
yertovid US(IT'), apo® 1o mpdypoppo. I avikel otn yertovid US (IT*). Enopévac,
Yo voL ouveXLoTel | oevollTnom Kol VoL omoploik pLVOEL omd Ty mePLoy i TV TOTLKOV
ehoyioTov, o mpémel va eEeTaotobv Ta mpoypdupote TG yertovidg US (IT) — {I1*}.

Atopopetikd n avalritnon Oo kivnoel ticw tpog to IT*.

060 N ovalTNoTn KTOUAKPVVETOL Ot TEPLOYES TOTLKMV EAXIOTOV TPEMEL LLTE VOL

eapotivton Twv Avcewv Tov eEetdlovton. Avtd pumopel vo emtevyOel omoryopevovTog



TG Kioelg exkelveg mov odnyovv ota tomkd eAdyioto [Glo89, Glo90a]. Oewpeicte
v TopddeLya, to Tomko eldyloto IM1*. 'Eotm axdun IT' 1o eAdy1oTo TG YELTOVIEC
US(IT*). Avt onuaiver 6t vedpyel kivnon K;; tétola dote I = K;;(I1*). Enouéva,
1o vou tepropiotel n ovaitnon ot yertovid US (IT) — {I1*}, apkei vo. omoryopevBel 1

ovtioTpoen xivnon Kigl(H’ ) a@ov Kigl(l‘[’) = IT*.

H onoydpevon pepovouévov Kivicewv dev eEac@olilel oOte Tov omeykA®BLond
oo TEPLOYEC TOTKMV eAoyioTmv 00Te amoTpénel KOKAOLG Kotd TV avoalytnon. 1o
nponyovuevo mapdderypa, Bempeiote 611 1" eivon 10 eAdyioto g yertovidg US(IT).
Eivon duvatd vo vrdpyetl kivinon Ky, Tétote dwote Ky (IT7) = IT*.  abdgn kivnon Ky,
dev elvan amaryopevuévn n ovalitnon Ba emotpéyel oto IT*, av ot yertovid US(117)
1

dev vrapyet kadvtepn Avon. Iapd my anoydpevon g kivnong K;;

doxomog kOkAog IT* — IT" — 1" — IT*. Erniong, av to tomkd eldyyioto IT* dev elvo

elval duvortdg o

LOVOadLKO TOTE OTT YELTOVLIA TOV B0 VTGP EL TOVAGYLOTOV Evor oLKOUN TPOYpoor T, yio
10 0moio Bo 1oyVeEL OTL Chygy (TTF) = Chpae (ITF). TNV mepintoon avty elvon mbovéd vou
vrdpyxeL emtpent kKivnon K, s, tétoto wote K4 (I1') = I1**, ue anotédecpuo n ovolritnon

vou Tory1dev0el 0TV TEPLOYT] TOV TOTLKOV EAOXIGTOV.

o vo amotpanoby dekonol KVKAOL elvor omopoditntn 1n omoydpevon GuvoAoL
KvNnoewv. Oempeiote 0Tt KOTd TNV otvolliTNoM TOL TPONYOVUEVOL TopadelyLoTOg dev
amoryopeveton p6vo n kivnon K;; ! m omoio 0dnyei 670 ToMKS EAyLoTO TT*, AAAG GAeC Ot
KIVAOELG IOV 09N YoUV oe 0wtd. Me Tov Tpémo ovvtd oynuortileton éva ovvolo T'L g (IT*)

OTTOLYOPEVUEVMV KIVI{oEMV, TO 0Ttoio opileton wg e&ng :
TLx(IT") = {K | K(I) ="}

Me TV amoryGpeLcT Tmv KIVI|Ge®V T0V GLUVOAOL T Lk (IT*) amopedyovton KOKAOL, GTT®G 0
I — I — 1" — IT*, aeoV Ky € T L (IT*). Aev eEacpoAileton, SUwe, N amoudKkpuven
™m¢ owvollHTnong omd TNV mePLoyx ToL Tomkov eAoyiotov, KoOde N kivnon K5 Yo
nopadeLyno Oev mepLéyeTail 610 GUVOAO T Lk (IT*). Eivor, Aowndv, anopodtntn 1 enéktoon
tov T Lk (IT*) ko 0 optopdg evég vEou GLUVOAOL, DOTE VoL KTTayOPEvOVTOL KIVIIGELS OTIWG

n KT'S'

"o 1o Adyo ot opiloupe 10 6Hvoro T Lk (ITF), dote vo meptéyet OAeg TIg KIVOELG
oL 00MNYOVV Ge TPOYPEUUOTO Ue XPOVOLG TEPETMONS {GOVE HE QLTOV TOL TOTLKOV

elayiotov IT*. To 6Ovoro T Ly (IT*) opileton pe tnv axkéiovdn oxéon :
TLrc(IT") = { K | Chea(K(IT)) = Cpae (IT7) }

omov IT* tomkd eldyioto. Evkola dtamiotdvoupe Tt 10 6Ovoro T'L ko (IT*) 1kovomotel



TG OOLTH|GELG IOV BECOLE, KOBNDG TEPLEYOVTAL GE CXLTO KLV|GELS, OTtmwg ot Ky xou K.
H amraydpevon twv Kiviicewv 100 cuvoAov T Lo (IT*) mepropilel tnv avalrjtnon ot
yertovid US — TLp(IT*), émov T Liy(IT*) 10 6HVOAO TV TPOYPOUUET®OV TOL TopEryovTon

pe omoryopevpéveg Kiviioels. To ovvoro T'L(IT*) pmopel va oprotel wg e€Ng :
TLn(IT*) = { K(M) € U® | K € TLgc(TT) }

O optopdg Tov Guvorov T Ly (IT*) nésm 1ov GuVOAOL T Lk (IT*) pe tnv mopomdve oxéon
etvou d0oypnotog otV TPEEN, KabMG oL KIVIGELG TOV 001 YOVV OE TOTLKE EAGYLOTO OEV
elvon Yvootég ek Twv TpoTtépwv. Eniong, 1o TA00¢ TV amoryopeuévmy KIVIiGEMV Vol G
TOAAEG TEPITTMOELG EEULPETIKA LEYAAO, UE TOTEAECILOL VOL ELVOL Y pOoVOPSpoc N Stadtkocion
eakpifoong av pio kivnon eivor emtpenty|. Exeld tor Tpoypappoto mov topdyovon
LE OToryOPEVUEVES KIVIIGELG TOV GUVOAOL T'L i (IT*) yopoxtnpilovon amd tnv idtétnto
vou €xouv xpovoug mepAT®oNS Chuae, OL Omolol elvor TOTKG €AG(LGTOL, UTOPOVUE VOL

opioovpe 10 cVvoro T'Lp(IT*) pe tnv oxdAiovdn oxéon :

TL]’[(H*) = {H ESN | Cmax(n) = Cmax(n*)} (47)

4.6 Ilepropropog tng ovolntnong

To péyeboc Tng yertovide U® elvon koBopioTikd Yo ToV VIOAOYIGTIKS Y PGVO IOV OO Tel
n ddikacio g avalitnone. To TA00¢ Twv Tpoypoundtov mov eEetdlovton oe KGO
enovEANYN 1oL aAyopiBuov Tomkrg avalitnong eivon TédEng O(N?). O ap18udg avtdg
elvo onuovtikég okdun ko yor petpiov peyébovg mpoPArjuota.  piveton, emouévamg,
omopiTNTOG €Vag UNYXOVIGUEG OTOKAELOHOD TTPOYpoUUdTOv and Tnv avalfitnon kot

TEPLOPLGLOV TOL LEeYEBOLG TV YeELTOVIMY oL eEetGlovTot.

A¢ Be@pfCOVUE TNV k — OTN €NOVAANYN TOL olyopibuov Tomikng avalritnong mov
TOPOLOLEGTNKE GTNV EVOTNTO 4.1 Ko TO TPpdYypoppa Iy, Tov amwotedel Tnv Tpéyovoo Avon.
H avalritnon 8o cuveylotel pe tnv edpeon 1ov tpoypdupoetog Iy, 10 onolo amoteAet
eA&yoto g yertovidg U9 (I1;). Avtd onuoivel 6TL vdpyel o epyosion a ot Oéon 4
0V poypdupartog I, n onolo petotiOéuevn otn B€om j mapdyel to mpdypoppor gy .
Ioyvet, iadny, K;;(TTx) = 1 1. Aeo¥ to Tl elvon eddiyroto yertovidc, n ovollritnon
8o cvveytotel e£eTELoVTOG T TPOYPEUUOTO TTOV TepLéyovTon 6T Yertovid U (T4 1). Ag
ocvpporicovpe UZ (g1 1) TO 6HVOLO TOV TPOYPOUUETOV TOL TopdryovTon omd To Ty,

Ue TN petdibeon g epyaciog a.  obmgM epyoacia a Pploketon ot 6éon 5 tov Ik, TO



cOvoro U2 (M) umopel va opiotet g eEfg :
Uy (Mg1) = U (Mgq) U UL (M)

Omov :
U (Mgyr) = {€Sy | M= Kj(M1) 1<j<k<N}

KOl
Ur®(Mgy1) = {MT€ Sy | M= Kg(My1) 1<k <j<N}

Ané v tpitn 1éTNTer g xivnong K evkola BAémovue 61t US (Mg, 1) C US(ITg).

Enopévme, 0o 1oy vet Ot :
Cinaz(Me11) < Cpmaa (1) VITE U (M41) 4.8)

ooV 1o I,y eivou eddyioto Tng yertovidg U (TTy,).

Av 1o mpdypoppe: Iy, o Sev elvorn Tomks eldi1oto (EA&ytoto T yertovidg U (I, 1)),
1618 10 eAGYLoTO TNG Yertovidg U°(Iyyi) — {Ixi1}, 10 omoio og cvuPoricovue II;,
omOTEAEL TNV KOAVTEPT EMAOYH YloL TN oLvéyion ¢ avalitnong kobmg 1oyvel 6t
Craz(Tl}) < Crae(Mgi1) . Amé ™ oxéon 4.8 mpoxvmtel 611 T0 Tpodypoupo I, dev
unopel vo, mepiéyeton 610 6Ovoro U (T4 1). AvtiBeto, ov To mpdypoppo T eivon
tomKd eAdyloto 1éte Yow to pdypoppa Il Bo woxvel 6tt Crar(Tlk11) < Chuae (IT)).
Ty mepintmon vt 1N KoAVTEPN Kortevhuvon yio vo, cuveylotel n avalritnon, elvon
ekelvn mov TNV amopokpOVEL Otd TN YELTOVIE TOL TOMKOV €AOXIGTOV TPOKUAMVTOG
avEnon otV T 10V Chaz. O, ko@dg U (M) C US(g) NUSIgy) To
TPOYPAOUUOTE TOV GLVOAOL UL (T, 1) 8¢ @aiveton vo amoTelovy TV KeAHTEP EMAOYN,
KoBwg dev ameykAmBilovv v avolRtnon omd Ty TEPLoYy TOL TOTKOV eAoyioTov.
Enouévmg, to Tpoypaiuato Tov topdyovion omd Ty Kivnon g epyociog a umopotvv
vo amokAeloTovy omd v eétoon g U (IT,4;) mepropilovtag v avalitnon ot
yerrovid, U® (Mg ) — UL (T4 1) ywpic vo ennpeootel onuovtikd n motdtnto ng TeAMKNG

AVON G IOV TOPEYETOL.

H enéktoien Tov Toporéve GLALOYIGHOD MGTE GE KAOE EMOVAAN YN TOL OlyopiBULov
vo ooryopeveton | kivnon P Tov apibud epyacidv, mopovctdlel 1dtodtepo evOlopEépov
yio évor okOpor AGY0o €KTOG oo ToV TEPLOPLOUS TOL LeYEBoVG TNG YeELTOVLAG avalriTnonc.
ExT6g otd e101KEG Ko GTAVIEG TEPIMTWGELG OL OPYLKEG AVGELG SLOLPEPOVY CTILOVTIKE, oIt
TIG TEMKEG MG TPOG TN BEoM TV EPYOCLOV OTOL OPYLKA Ko TeEAMKE mpoypdppoto. O
TEPLOPIOUES TNG avollTNOoNG 08 KIVIHGELG EVOG UIKPOV OPLOLOD EPYHCLAV EANTTMVEL TNV

OOV TNTO TOPOY WY G KOATG TEALKTG Ao, Emopévac, N omorydpevomn Tmv LETHBEGEDY



P 1oV oplBud epyocidv o€ KEOe emavEANYM ToL oAyopiOuov oevég eEocparilet
Vv e£€Toom SLOLPOPETIKMOV TPOYPOUUUETOV OLPETEPOV LELMOVEL TO UEYEDOG TMV YELTOVIDV,
KoBde N avalitnon mepropileton oe évo vrocHvoro USP g yertovidg U®. H emAoyn
KOTOAAANANG TIUN G YIoL TNV TTopdpeTpo P elvol kpioiun yio tnv omwddoon Tov aAyopifuov.
Ag onuelmBei 6tLov P =0 téte USP = U, eviddbav P = N t61e USP = ().

o TV 0ELOAGYNOT TOL TEPLOPLOUOV TOV LEYEDOVE TWV YELTOVIADV Y P1OLULOG Evor O
_ lutp

B
O axppric voroyloudg Tov Adyov R dev elvou dSuVaTOS KOOMG TO UEYEDOC TNG YELTOVLIGG

VTOAOYIGUSG TOV AGYOoL R ,6mov | USF | xon | U® | 1o, pueyédn tov 800 yertovidy.
USP §ev eEaptdron uévo omd tny T g mopopétpov P oAAé ko omd T Béom tov

EPYOOLMYV, TV 0oV M Kivnomn anayopedetal. Avto Oc To dei&ovpe Pe Eva TopEdeLyLOL.

'Ectm éva TpORANULO TPOYPUUUATIGLOV TEGGEP®Y EPYOCLOV KL TO TPSYPOULL abcd.
Onmg paiveton 6to oy 4.1, 6Tn YeLTovid Tov abed TEPLEXOVTOL EVVEQ TTPOYPCUUOTAL,
ond ta onmoia Tar €61 mopdryovton e pior pévo kivnonm kon to vedAoumo tpior pe 300
Kwnoelc. To mpdypoppo bead , yiow mop&deryuo, uropet vo mapoy et pévo pe tnv xivnon
K3(abed), eved ovtiBeta 1o mpdypoppa bacd unopel vo mopoyOel pe tig kivnoelg Ky, (abed)
Kou Ko (abed).

U* (abed)

itvnon epyoociog a

tvnon epyooiog b

tvnon gpyaciog ¢

itvnon epyooiog d

bacd

cabd

dabc

bead

acbd

adbc

beda

acdb

abdc

Tyfuo 4.1: H yertovid U (abed)

H anoyépevomn tov Tpldv duvatmv LETOOECEDV TNG EPYOCIOG a OmOKAEieL amd ™
yertovide US (abed) 860 uévo mpoypdupoto, 1o bead kou beda. Tow mpoypoupotor ovTé:
UTopovV vor ToporyBovv UOVO Le LETEBECT TNG EPYOCIOG a KOl GUYKEKPIUEVOL UE TG
Kwnoelg Kiz(abed) xkou Kig(abed) ovtiotoyyo. H omoydpevomn, Spme, tg xivnong
K13 (abed) dev amoxAeiel 1o mpdypoppar bacd , KBNS avtd umopel vo moporyOel Ko e tnv
kivnon Ky (abed), SnAoadn pe petdBeomn tng epyosiog b. Av cuuforicovue Ug (abed)
yertovid mov oynuotileton pe Tov tpéno ovtd 16te U (abed) = U® (abed) — {bead, beda}.

H nepintwon ot anetkovileton 6to oxfjuo 4.2 .



U? (abed)

itvnon epyoociog a

itvnon epyoociog b

tvnon gpyaciog ¢

itvnon epyoaciog d

bacd

cabd

dabc

acbd

adbc

acdb

abdc

Tyquo 4.2: H yertovide U2 (abed) . Amoryopedeton 1y kivnon g a

H amoydpevon, Oums, Tav TpLiv duvotov HETAOEcE®MY TNG epyaciog b amokAeiet
and ™ yertovid U (abed) éva uévo mpdypoppc, 10 acdb, Ko®OG LGVO TO TPEYPOULLLOL
oVTO TOPBEYETOL ATOKAELGTIKA e LETAOEST TNG EPYUGIOG b KO GUYKEKPUUEVOL LE TNV
Kivnon Ky4(abed). Ov &00 GAreg kivioelg, Koy (abed) xon Kpz(abed) mov amaryopedtnkay,
dev amokAelovy to TpoypaUpote bacd Kol acdb, KOOMS TO TPWTO TOPEYETOL KOL [LE TNV
kivnon Kz (abed), SNhodn pe petdBeon tne epyociog a, evd 10 deHTEPO TAPAYETOL KO LUE
v kivnon K3y (abed), niodn pe petdbeon g epyociog c. Av cupfoAiicovpue UES (abed)
TN YELTOVIA TOV TOPEYETOL UE TOV TPOTO VTS TOTE UES (abed) = US — {acdb}. H nepintomon

ot ametkovileton 6To oxfuo 4.3 .

Uy (abed)
itvnon epyocioc a | ivnon epyoaciog b | ivnon epyooiog ¢ |  ivnon epyaciog d
bacd cabd dabc
bead acbd adbc
beda abdc

Xyquo 4.3: H yertovid UES (abed) . Amaryopeteton n kivnon g b

BAémovpe, Aotmdv, OTL LE TNV ATOYOPELGT| TOV UETUOECEDV SLOPOPETIKDV EPYOICLMOV
MNULOVPYOVVTOL YELTOVIEG OloupopeTikoD UeyéBovg. H yertovid mov mpoékvye Ue TNV
OTAyOPELOT) TMV UETAOECEMV TNG EPYOCIOG a TEPLEXEL ENTA TPOYPCUUOT, EVA M YELTOVIAL
OV GYMNUOTIGTNKE UE TNV OTAYOPELOT TOV UETAOECEMY TNG epYUCiog b TEPLEYEL OKTM

TPOYPCLLLOTOL.

0BG Sev UmOpovUE VoL LTTOAOYIGOVUE TO akpiPég uéyeBog Tng yertovidg USP Oo

vroloyicovpe 300 PpayLoTd Tov.



Mpétoon4l N2> —(P+2)N+P+1 <|U% | < N2—(P+2)N+3P+1 ,é6nov
| USP | 10 TA00¢ TV Tpoypoudtov N epyocidv, To omoio mopdyovion GTov

omayopeEVLOVTON Ol LETOOESELS P TOV 0plOUd EPYOCL®V.
ATOoelEn

"Ecto éva tpdypoppo N epyactdv. And Tov opiopd tng yertovidg U yvopilovue
0Tl k&be epyocio Tov mPoypdupotog unopel vo tomobetnbel oe N — 1 6écelg
nopdyoviag N — 1 mpoypdupota. Emouévec, mn omaydpevon Tmv UeETHOEGEmV
P 1ov opouéd epyacidv pmopel vor omokAeicel omd tn yertovid U 10 mOAD
P(N — 1) mpoypbupoto. Apo m yertovid USF dev unopel vo mepiéyel Mydtepar
oné | U® | —P(N — 1) mpoypbupote. Ouwg, |US |= N? —2N + 1. Ondte épovue
N2 -2N+1— P(N—1) <|U®? | kawrc0dOvapo N> —(P+2)N+P+1 <|U°? |.

'Ectm N gpyoacio otn 0éon i evig mpoypdupotog N epyooctdv. And too N — 1
TPOYPOUULOTO. TTOL TTOPBEYOVTOL UE UETOOECELS TNG €PYOSIOG QLTS TOVAGYLGTOV
dvo moapdyovron pe tig kwvioelg K1 xou K1 (Av m gpyacio Bpioketon
GTNV TPMOTN 1 6TNV TeEAevToio BEom Tov TPOYPAUULATOG TOTE LOVo pia omd Tig 600
Kwnoelg elvon eeuktr} ).  0B®G TOL TPOYPOUULOTO TOV TOPBELYOVTOL LE TIG KIVI|GELG
OWTEG UTOPOVV VO TaporxBoVV Ko HE TIG avIioTpoPéG Tovg, Kivq,; kot K1,
ovtioTolyo, N amayOpeLoT TNG KIivnong NG GLYKEKPLUEVNG epyaciog evoéyeton
vou Uy amokAeioel tor mpoypaupuoTo avtd omd TN yertovid USP. Emouévac, M
omoyOPELOT TV UETOBECEOY P TOV 0plOUd epyocL®dv omoKAelel amd TN YELTOVIE,
U touh&yiotov P(N — 3) mpoypduuoto. Apo M yertovid USP  Sev pmopet
vo. tepiéyel meptocdtepa and | US| —P(N — 3) mpoypdupoto. Ondte €yovue
| USP |< N?—2N +1 — P(N —3) xou1codOvopo | US? |< N2 — (P+2)N +3P+1.

Apoo N?—(P+2)N+P+1<|U%|< N*—(P+2)N+3P+1 O

ATO TNV TOPOTAVE® TPOTOCT) TPOKVTTEL OTL :

N2 —(P+2)N+P+1 N2 —(P+2)N +3P+1

< R <
N2 —-2N +1 -~ N2 —-2N +1
KOl LlO0OVVOLLOL :
P(N —1) P(N —3)
1 - —— 7 <R<1-
N?2—-2N+1 = "~ — N2 —-2N +1



4.7  prtiplLo TEPULOTIGUOD

00d¢ e v amoyopevon Kiviicemv 1 avalitnon dev oAOKANpOVETOL TAEOV UE TNV
€VPEOT TOMLKOV EAYIGTOV, OTOLTOVVTOL VEEC GLVOTIKEG TEPUATIGLOD TNG EKTEAECTG TOV

oAyopibuov. Tpelg elval ol TeEPUTTOoELS TOV GLVIHOWE EMPEALOVY TOV TEPUATIGUS TNG

ovoliong :

1. Av U(IT) = TLy =0, 6mov T Ly 10 GYVOLO TOV TPOYPUUUATOV TOL TOPEYOVTOL LLE

OTOLYOPEVUEVEC KLVT|GELC.

H cuvonkn owt tkavomoteitol 6ty o€ KEmolor EmovEAN Y™ Tov olyopiBuov dAeg
ot dtoBéoieg Kivrioelg amaryopevovtor. Tote n avalritnon éxel 9tdoel o adié€odo
KOl 0 TEPUOTIOUSS TNG elvor LITOYPeWTIKOG. AdEE0do omdvia eppavilovtor, Kadg
T0 TAN00G TOV TPOYPUUUAT®Y TOV TEPLEYOVTOL OTLG YELTOVIEG awvollrjTnong eivou

GLVIOWE TOAD LeYOAVTEPO OIS TOV OPLOLLS TV OTTOLYOPELUEVOV KIVI|GEMV.

2. Av ekteAecB0VV maz_t TOV oplOUs emovolyelg xmpic vo BeAtiwbel n Avon.

H eV¥peon tomkon elaryiotov dev tepportilel tnv aovalytnon, avtifeto Ty oTpéeet
G€ KOTELOVVOELG TOL TNV KTMOUOKPHVOLV OItd TNV TEPLOYT TOV TOTLKOV EAAYIGTOL
UE TNV TPOONTIKY TNG EVPEON KOAVTEPNC AVoNG. OUmE, oV TO TOTKS eAGYLOTO
oL evtomiodnke elvon kot oAKS TéTE M GLVE Lo NG awvollTNong eivot GoKomn
ooV xopio Pedtiowon tng Abong dev elvon mAéov duvarth. H mepimtwon ovt
elvo omévio, GLVOVTATOL OUMG O WKPOV UeYEB0LG TPOPBANUOTO, OTOL O UIKPOG
oPLOUSS TPOYPOUUETOV TTOV TTEPLEXOVTOL GTO X DPO Sy EMLTPEMEL TNV EVPESCT] OALKOD

elayiotov.

To tepEoTLIO TAN00¢ TPOYPOUUETOV TOL XOPOL Sy KOO KoL Yo LeTpiov Heyébong
mpoPANUOTO, €XEl MG OMOTEAEGUOL TN GUYVI] ELOAVIOTN OTOUOVOUEVOV TOTLKWV
elayiotav, To omoiow otn Pipitoypaeior ovopdllovton Wkpég povpeg TpHIEG (Mini
black holes) [Ric83]. O ameykAmBlopdg g ovalitnong omd tétoleg meployEc omontel
vrepPoAlkd LeydAo aptBUd emovolyemv OoTe VoL KPIVETHL TPOKTIKE 0ldHVOITOC Kot

vo emPEAeTOL O TEPUATIGUOS TNC.

Me v e€étoomn TPOYPOUUET®V YeELTOVIDY dev eivon duvatd vo dltomotwdel ov
KEmo1o Tomko eAG16TO elvor OMKGS 1 OTOLOVOUEVO DGTE VO TEPUOTIEOEL OUEC MG
U AGKOTN Ko VITOAOYLOTIKE X povoBopog avalritnon. o to Adyo orvtd emAaéyeton
g KPLTHPLO TEPUATIGUOV €var 6plo max_t GTOV OPLOUS TOV ETOVOAYEWV TOV

ekTeAOVVTOL Y opic vo emtevyBel kopio BeAtioon g Abone. Na onuelwbel 6t n



GLVON KN 0VTT aToTEAEL TO GLVNBEGTEPO KPLTHPLO TEPUATIGLLOV CAYOPIOU®V TOTLKN G

ovollTNong Le amoryOpevon KIVIiGE®V.

3. Av exteAecB00OV max_k TOV 0plOUS ETOVOAYELS.

Me ) xprion tov dVo kprtnpimv mTov Tapovoitdotnkoy eEacpoiileTton 0 TEPUOTL-
OUOC eVOC olyopiBLov TOmKTC ovoll)TNONG e omoryGpeELOT) KIVI{GEWDY, X mpig SUmg
vo. Tpocdiopileton o axpiPrig aptbudg enavainyewy mov Oo ekteAecOoby. Xtn
XEWPOTEPN Tepintwon N avoljnon Bo oAokAnpwoel pe v e€etdion dAwv oyedov
TOV TPOYPOUUETOV TOL XOPOL Sy. ATt elvor duvortd, o Yo Topdderyla | Avon
Beltiddveton k6Oe mazr_t emavoAfyelS. Av Ko otnv Tpdén ot adlydplOuot orvtol
dev mopovctél{ovv 160 Goynun cvUenpleopd [WH89], cuyvé vidpyel éval xpoviko
6plo otnV ektéAect] Tovg. 't To Adyo orvtd xpnoyonoteiton Ko évol Tpito Kkpitiplo

TEPUOTIGUOV, 1) EKTEAECT) TO TOAD maz_k TOV OPLOUO EXAVOUANYEWV.

4.8 ALlyopiOuog 7S¢

O olybépibuog T'Sc amotelel evpnuUoTiKn LEB0SO TOomKTC avaliTnong Le anorydpevon
KIWWIGEWV KOl ovomtoxOnke otor mAoicla Tng mopovoos epyaciog ylior T AHo™m Tov
npoPAiuotog N/ M/ F, Seq — Ind, perm/ Cpaz, 670 0moio povadikd kprtiplo Bertictov

etvon 0 xpévog tepdtmong Chrar TPOYPEUUOTOS EPYOOLHOV.

Apyikd mpoypduporto umopovv var mapoyfovv pe pio omd TG mEVTE EVPMUOTIKES
UeBGB0VG TOL TOPOVCLECTNKOY GTNV evOTNTA 4.3. Amotedel mopdeTpo Tov adyopibuov
ol omd TG UeBGdovg awTég ypnotponoteiton KGBe @opd. Q¢ yertovid oavolitmong
emA€yOnKe M yertovid, U mov mopdryeton amd v kivnon K, n omoio opileton omd
oyéon 4.6 g evotnrtog 4.4. H extédeom tov adyopibuov tepportileton 6ty tkovomoteiton
évor TOLAGYLoTOV Omd ToL Tpior KPLThpLoL TOL TOPOVCLGTNKAY 6TV evéotnto 4.7. O
GUVOMKOG oplOUdg max_k emovOAYe®V Ko T0 TANO0C maz_t TV ENOVOAYEWV TOV
elvon duvartd vor exktedecBovv dixmg vor BeATiwbel 1 Ao, OTOTEAOVV TOPOUETPOVS TOV

oAlyopiBuov.

H anroyépevon g kivnong P 1oV oplOud epyaciav €xel g omOTEAEGUO. TOV
nepropiopd g avolitnong ot yertovid US? C US. Ot epyaciec, Twv omoiwv 1 kivnon
OTOLYOPEVETOL, KPOTMOVTOL G Ul KUKAMKNH Aloto, tnv omoior cvupoArilovue pe TLp
Ko eptéyel o moAy P 1o mAi00¢ otovxeia. To péyebog P amotelel TOPEUETPO TOL

oAyopibuov.



o TNV omarydpevoT) KIVIGEMVY TOL EVIEXOUEVMS 031 YOUV GE KVKAOLG 1| TorY1OeHOLV
mv avolnomn oe meployés Tomkmv elayiotwy, elvon amopaitnto To cvvoro 7Ly, T0
omoio opiletar amd 1N oxéon 4.7 tng evéttog 4.5. A6 tn oxéon 4.7 ntapotnpove Tt dev
elvon amwopodtnTo vou amofnkevovTol OAC TO TPOYPEULOTO TOV TEPLEYOVTOL GTO GUVOAO
T Ly, T0 TAN00¢ Twv omolmv evdéyeton vo elvon ueydho. A@ov Tol TPOYPGUUOTO OVTE
xopoxtpilovion amd v 1ddtTor 4Tt o1 XpOvol Chner TEPATOONG TOLG lvor TOTLKE
eLbiy1oTOL O KAMOLEG TTEPLOYEC TOV X DPOV avaltnong Sy, elval apketd vo kpotnHoHv
oe o Motoe T Lo ot xpdévol ovtol. Tnv mepintmon outr], ovti vor eA€yyove ov évo
npdypoppo IT mepiéyeton 610 GOVoAo T Ly, apkel vo eEetdioouvpe o 0 ypévog Chaq (IT)
TeEPATOONC TOV TEPLEYETHL 0TN AMotol T L. To uéyebog C tov HEYLGTOU TAT00VG GTOLYEL®V

¢ Alotog T Lo amotedel mopdpeTpo Tov adyopibuov.

MTOPOVUE TOPOL VO TOPOVGLACOVLE TOV aAYOp1Ouo T'Se :

Eicodoc To mAfifoc N 1tov gpyoci®v, 10 TAN00c M 1TV unyovov, ot ypdvor p
enelepyasiog TV pyasLdv, oL xpovol s eEAPULOONG TV UNYOVAY KoL Ot OUASEG

TOV EPYOCLAV.

Mopduetpor H evpnuortikny Hé€B0d0g Yo TNV Topaymyn opyikov TpoypEpLKTOS, O LEYL-
GT0G SLVOLTOG OPLOUOG ETOVOAYEWV max _k, 0 LEYLOTOG SLUVOTOG aPLOUES ETOVOAT -
Yewv max_t omd TNV 1eEAevtoio popd Tov PeATidIONKE N AVoT Ko To ueyédm P ko
C.

'E€0d0¢ To mpdypopor Tgeys

Bfijno 1 Anuiovpynce pe eopnuotikd tpomo €vo opyiko tpoypoppo Ilp.
Oéoe HB&M = Il.
Biuo 2 ©éce
o TLo =
e TLp =
e k£ =0.

o t = 0.

Bino 3 Av U°P(I1,) — TLp' = 0 16t tepudtioe.

'Ac pog emutpormet pios wiicpty Stopopomoinem, THrmv Kou dyt 0vsicg, 6Tov oplopd ToL GLVEAov T L omd
owtév g oxéong4.7. TLn = {I1 € Sy | Crmae(Il) € TLc }.



AMLOG :

Bpeg I, € USP(I1,) — T'Lyy , 1010 ddOTE

Cmax(Hl) < Cmax (H) ) VII € USP (Hk) - TLH
Av 10 Tpdypoppor IT; dev eivor povodikd tote dtdihee avbaipeta To TP®TO TOL OOt
Bpebel.
Bf”-la 4 AV Craz (Hl) < Crae (Hﬁskr) 1018

e Oéoe HBSM = 1II;.
e OQéoe t = k.
AMIUDG, 0V Chgo (TT)) > Chrae (TTg)

TonoBétnoe otn 0éon &k mod C g Alotag T' Lo 10 6totyelo Chaqr(IT).

Binwo 5 Av k > max-k | k—1t > max_t TOTE TEPUATIOE.

AMLOG :

'Ecto K;j(Il;) = I1;. TomoBétnoe ot Béon k mod P g AMotog TLp 10

otoyelo i.

®féoe Hk—l—l = Hl .

®éoe k = k+ 1.

M yonve oto Prino 3.

4.9 ALlyoprOuog T Syrc

O oAydépibuoc TSre omoteAel evpnuotiky HéBodo tomknig ovalTnong Ue omoryd-
peLON KIVNCEMV Ko ovomtoyOnke yio tn Avon tov mpoPAiuatog N/ M/ F, Seq —
Ind, perm/ Tmaz, Cmaz, 0TO 01010 0val{NTOOVTOL EPLKTE TPOYPEULATO OC TPOGS TLG TPOOE-
ouieg TV epyociav 1 6ToTe LT dev elvor SuVOTO, TPOYPEUULOTO e LLKPT) KOBLOTEPTION
TOV €PYOCLAV OV €rovv Tpobecuiec. To SkPLINPLOKO TPORANUO TPOYPOUUOTIGILOV
epyooLOV amoteAel, Onwg eldape oty evotnTa 4.1, TEPLOPLGUS TOL OVTIGTOLY OV LOVOKPL-
TNPLOKOD, UE ATOTEAECILOL TOL GUUTEPAGLOTOL TNG LEAETNG oG EOKOAD VOL EMEKTEIVOVTOIL
Ko og ovtd. O aAyopdpog T'Sye elvon enéktoon tov T'Se MOV TOPOVGLAGUUE GTNV

TPONYOVUEVT EVOTNTOL YOl T1 AVGT] TOL LOVOKPLTNPLOKOV TPOPALOTOC,



Avo onueia, Opwe, otov olyéplBuo T'Ste OmonTelton Vo, GYOAMOGTOVV 1dlaiTePOL.
To TpdTO CPOPE TN UEOOSO TAPOYWYTC OPYLKMV TPOYPOUUETOV. TNV evotnta 4.3 Tol-
POLGLACTNKOV TTEVTE ELPNUATIKEG LEBOSOL TOV YPMNOLUOTOLONKAY YOl TO GKOTS QLTO,
KOOMOS M TOAVTAOKATITOL TOV LOVOKPLTNPLOLKOV TPOPANLOITOC POLKT|C TOP ALY YT G KOOLOTA
dvokoAn v a&loAdynon tev Sdpopwv HEBGdmV. XTo dkprtnplokd TpoPAnua, Sumg,
N ovéBeoT TPOOBESULDV ToPASOONG GTIG EpYOCieg KoL M Bedpnon T UEYLOTNG KoBv-
oTépNoNG Tz TOV EPYUCLAV MG TPWTEHOVTOS KpLTtnpiov PeATioTov Hog emLTpénel vou
neplopiotove Lévo otn uebddo EDD (Earliest Due Date first) yior tnv moporywyn opyikdv
npoyoupdtomv. H uébodog EDD oynuortilel évor TpOypopo EpYOoLdV SLoTEoCOoVTOS TIG
epyooieg oe avEovoa GeEPE MG TPOG TIG TPOBECLieg Tovg. Me tov Tpdmo avTd epyacieg
Ue cOLKTEG TPoBecuieg TOTOOETOVVTOL VO, EKTEAEGTOVV TPWTES, EVA epyasieg ywpic 1 pe
xoAopéc Tpobeopuieg exkteAobvTon Tedevtoieg. Eldiké oe mpofAUoTa TPOYPOULATIGLOD
EPYOOLAV GE Uio UNY o] TO TPOYPOULLE TOL TapdyeTon Le T UéBodo ovutn eivon BéATioTo
[HC84]. Av ko 010 yevikd mpdfAnuUa poikng mopaymyne n uébodog EDD dev mopdyet
TAVTOTE TO BEATIOTO TPOYPOUUD OC TPOG TO KPITAPLO Tingz , M OLATOEN TOV EPYOOLHOV
Kotd ov&ovoa oelpd amoteAet o oA koA apyikn Avon [Kom93]. T to Adyo arvtd
otov aAYoplOpo T'Spe xpnolonoleiton n uébodog EDD yior TNV moporymyn opylkdv

TPOYPOLLLULETOV.

310 povokprtnplakd npépanuo. N/ M/ F, Seq — Ind, perm/ Cp ez TO TPOYPOYLLLLOTOL
yopoxtnpilovior pévo amnd 1o xpévo TepET®oNS TOVG Chgz. XTO NKPLTNPLOKS, OLOC,
npoPAnuo N/ M/ F, Seq — Ind, perm/ Thaz, Cmaz TO TPOYPAUULOTO XOpoKTNpilovTon
ond 10 LeVY0S (Thaz, Crmaz) TNG LEYLOTNG KOOVOTEPNONG TOV EPYOSLHV GTO TPOYP UL
KOl TOL XpOVOL TeEpETMOT|C ToVS. Emopévme, elvon amopaitnn n okdAovon enéktoom tov

ouvorov T Ly, to onoio opileton and tn oxéon 4.7 tng evéttog 4.5 :
TLH = {H € SN | (Tmax(n)a Cmax(n)) = (Tmax(n*)a Cmax(n*)}

omov IT* tomkd eAdyloTo.

Ty mponyovuevn evotnto eidoie 6t eivon xpriowun n vmopEn wog AMotog T Lc,
pe tn PonBero Tng omoiog elvon evkoAGTEPOC 0 EAeYY0G v vl Tpdypopo TT mepéyeton
670 6OVoAo T'Ly. To tov 1810 AGY0 Bt YpNOULOTOI|GOVIE GTOV OAYOpIBuo T'Ste Hio

KVKMKN AMoto T Lye, 6mov awobnkevovton Levyn (T ,., C

mazx’ max

) ToL lvor TIEG TOTLKAY
eloyloTv KEmol®v mePLoywv Tov xdpov Sy. To uéyebog TC TOL UEYLGTOV TANIBOVG

otolyelov g AMotag cvTig, amoTteLel TOPEUETPO TOVL OAYOpiOHOvL.

MnopoUUE THOPO VO TAPOVGLAGOVILE TOV AAYOP1Opo T'Sre.



Eicodoc To mAnifoc N 1tov gpyoci®v, 10 TAN00c M 1TV unyovov, ot ypdvor p
enelepyasiog TV EPYOoL®Y, 0L XpOvol s eEGPUMONG TMV UNYXOVAY, Ol OUAESES KoL

01 TpoBecuiec Twv epyocLOV.

Mopbuetpor O péylotog duvotdg oPlBUOS emovoAiyewy maz_k, 0 UEYIGTOG dVVOTOG
oPLOUOG EMOVOA eV max_t omd TNV TeEAevTOio Qopd TOL PEATIWONKE 1| AVOM Ko

To peyéom P xou TC' .
'E€0d0¢ To mpdypoppor Ty

Bijpo 1 Anpiovpynoe e  uébodo EDD évo opyikd mpdypoppor .

Oéoe HBSM = Il.
Biuo 2 ©éce

TLre = 0.

TLP = (Z)
e k£ =0.
e t =0.
Bino 3 Av UP(I1,) — TL = 0 t6Te tepudrioe.
AMLAG :

Bpeg I, € USP(I1,) — T'Lyy , 1010 ddOTE
Trnax (1) < Tpa (), VIT € USP(IT) — TLp
Av 1o mpdypoppa I1; dev eivon povodikd 1éte ddAeEe ovTo Le Tov ELGLOTO Y pSVo

ePGTOONG Crgz. AV TEAL TO TPOYPOUUD LTS dev elvorl Lovadikd téte ddhete

ovbaipeTo 10 TPDTO TOL O Ppedet.
Bino 4 Av Thae (1)) < Thnae (Tgens) 078
o ©foe Tlgy, = I, .
e Ofoe t = k.
AMLAG :
AV Tap (Th) = Tinaz (Mpens) KO Craz (Th) < Crar (Tens) T6T€
o ©foe llgy, = TII;.

e Oéoc t = k.



AMIDG, 0V Thnaz (1)) > Trnae (M) -

ToroBétnoe ot 6éon kmod T'C g Aictog T Lre 10 Leb0y0G (Thnaz (1), Crnaa (IT))).

Bino 5 Av k > max-k | k—1t > max_t TOTE TEPUATIOE.
AMLAG :
e 'Eotw K;j(Ily) = IT;. TonoBétnoe otn Béon k mod P g AMotog TLp 70
otoyelo i.
e Ofoe Iy = 1IT; .
e Oéoe k = k+ 1.

e IIMyouve oo Prina 3.
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IMopoiinionoinon g avolntnong

5.1 Ewcoyoym

piowo onueio otV amdooon TV OAYOPIOU®Y TOL TOPOVCLECOUE GTO KeEQGAono 4
amoteAel 10 UéyeBOg TV yertovidy avolntnong. Oco peyaditepog etvor o oplBpos twv
TPOYPOUUATOV TOV TEPLEYOVTUL GE L0 YELTOVIE TOGO KoAvTEPN elvon M TeMKkny Abon
OAAG KoL TTo xpovoBopog N dtadtkocicr TG oevolTnong. Zuvion neyédm yertovidv mov
YPNOLLOTOLOVVTOL GTNV TPGEN elvon TGENC N2, LE OmOTELEGILOL O SITAAGLAGUOC TOL OP16-
LoU TV EPYOOL®OV VOGS TPOPANLATOC VO GUVETGLYETOL TOV TETPOUTANGLOCUO TOV TATI00VE
TV TPOYPOUUUAT®V TOV TEPLEYXOVTUL O o YeLrTovid. Ta o Adyo avtd mpoPArpoto
TPOYPOUULATIGULOV HEYEAOVL OPIBUOV EPYOCLHOV OONTOVV VIEPPOAKE LEYEAO VTOAOYL-
oTLKO ApSVo, Yol vor AvBoHY. My avicuol Teploploot Tov LEYEOOVS TV YELTOVI®V, OTMG
oVTHG TOV AVOTTTUYONKE GTO KEQPAAOLO 4, OeV elvou TAVTOTE EMLTLYELS, KAODC 1 adppLym
UEPLKDOV TPOYPOUUATOV OO L0 YELTOVLA EVOEYETOL VO, XEPOTEPEVGEL TNV TEAMKT AVON
tov mpoPAipnatog. H mopaiinionoinon g ovalitnong Unopel vo LELOGEL CUOVTIKE,
TOV VTOAOYLOTIKG XpOVO Tov omontel m AVoM peydAwv TPoPANUGT®V He adyopiBuovg

TomKN ¢ owvollyTnong.

5.2 Topoiinionoinom tng ovolninong

'EoTo évo TpORANUC TPOYPUUUOTIONO) TEGOAPWY EPYUCLAV, TIG omoiec cuuporiloupe
UE ToL TEGOEPOL TPATAL YPEUUOTO TOV AXTIVIKOD 0AQOP1TOV. "EGT® 0kOUN TO TPOYPOULLLOL

abed. Téte ) yertovid U (abed) Bow mepiéyel evvéa mpoypupote. Ot KIVAGELG TOV EPYOL-
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owv a, b, ¢, d mapdyovv oviictorya to tpoypdupato {bacd, bead, beda}, {achd, acdb},
{cabd, abdc} xon {dabc, adbc}. TvuBoAiilovtog ue T, TOV LTOAOYLGTIKS XPOVO TOL OLTTOL-
telton Yoo TNV Toporymyn) Kobevog omd ouTé ToL eVVEX TPOYPEUUOTe, 1 oovolljTnom o1
yertovie U®(abed) yioo tTnv £0pecn TOV TPOYPOULOTOG E TOV EAGYLOTO YPOVO TEPOT®-
oNG Crar omontel xpovo ico pe 97,. Av eiyope d0o eneepyootés Ba umopovooe Vo
yopicovue oe §00 pépn  yertovid. U® (abed), avobétoviog 6Tov mpdto enctepyaot
v ovalitnon Tov ehoyictov HeTaED TMV TEVTIE TPOYPOUUGTOV TOV TOPEYOVTOL oItd
TIG KIVNOELG TOV EPYUCLAV a Kol b kot 6to devTepo v avalnitnomn tov eloyictov
UeTaED TV TEGOEP®V TPOYPOUUETOV TTOV TP EyovTon omtd TIG KIVI|GELG TMV EPYUCLAV ¢
ko d. Me v oAokAfpoon tng avolitnong otig §Yo meployéc g yertovidg US (abed)
KG0e enelepyooTic €xel evionicel To eEAGLOTO TNG TEPLOYNG TOL Ko ot V0 enelepyooTég
OUTOLTELTO VOL ETMKOLV@VIICOLV, Y10l VO SLOTIGTOGOLV TO10 omd Tor 300 eAdloTo elvart
eldyloto g yertovidg. Av cvuPoAiicouvpe e T, 10 XpOVO MOV CMOLTEITOL YLOL TNV
emkovovio ot Tov §Yo eneepyaotdv ToTe N TAPGAANAN avoljtnon amontel xpévo
5T, + T.. BAémovpe, Aoumdv, 6Tl 6TO CUYKEKPLUEVO TOPASELYD 1 SloipesT) TNG YELTOVIAG
oe 800 pépn emtayvver v avalrnon uévo av 57, + T, < 9T, | T, < 4T,. Av, dnhoodn,
0 XPGVOG TOL OMOLTEITOL Lo TNV ToPay®yn Kol eEETOION TECGEP®YV TPOYPOUUET®V TNG
yertovidig elvart LeYoAvTEPOG Otd TO YPGVO TOL OTOLTEL 1 EMKOIVOViD 000 EMECEPYOLOTHV
16Te M| TopoAANAonoinon g avalitnong eivor mPéAun. Ze 16c0 Hikpd TpoPALaTo,
0TS 0L TO TOV TOLPOOETYULOTOG LOLC, O LOUEPLOULAG TNG YELTOVLAG Ko 1| TopoAANAoToinon
¢ avalTNoNG LEAAAOV SeV TPOKELTOL VOL TNV ETLTOYHVOLV, KOOMG 0 Y pOVOG EMKOIVOVIOG

T, etvou otnVv Tpdi&n moAw LeyodvTepog omd 47),.

5.3 Amdooon ¢ nopoAiinionoinong

Onwg eldope otnv mponyovuevn evotnto, 1N mopdAANAN avoljtnon dev evdeikvutorn
yioo uikpd mpoPAfuoato.  T'to 1o Adyo ovtd B eEeTAGOVUE OE TOLEC TEPIMTAOCELC M

nopoAAnAomoinomn g avalitnong eivon amodotikm.

21 HeATn Uog KEvOoupE 000 VITOBEGELG :

e Ot doéoipot eneEepyaotéc eivor iong SLVOULKOTNTOG

e To mTAf{0o¢ TV mepLoy MV, oTIC omoieg droupeiton M yertovid avalitnong, eivol ico

LE TOV OPLOUS TV SLOOEGILOV EMEEEPYOOTAV.

Av 10 TAB0¢ TV TEploywv elvorn UIKPOTEPO OO TOV OPLOUS TV SOBEGIUWY



eneepyaotav TéTE vor PEPOC TNG VTOAOYLGTIKNG 10YV0G UEVEL OVEKUETAALELTO.
Avtifeto, ov elvorl ueyodvTepo TOTE M CLVICOKOTOVOUT, OOPTOL EPYAGIOG TOV €L~
eovileton otovg eneepyooTéc €xel WG OmMOTEAESUO TN Uel®oT TNG amdGdooNg NG

mopaAAnAonoinong.
O ypévog Tov oo TeiTon Yior TNV EKTEAECT) TNG CELPLOKTC ovalljTNON G TN YELTOVLGL
US Siveton omd tn oxéon :
Y, =|U°| T, (5.1)
6mov | U® | elvon to péyedog tng yertovidg U”.

O vrmoAoyloTiKég xpévog Yy mov ommonteltonl yior TNV eKTéAeon NG TOPAAANANG

avalinong dtonpdvtag t yertovid US oe E meproyée diveton amd tn oyéon :

| U]
E

Yo = | 1T, + [log,E| T 5.2)

omov | | mn ovvdptnon opoen (ceil).

T,
T,>

GLYKEKPIUEVT TOPEHAANAN Unyowvn, omo Tig oyéoelg 5.1 ko 5.2 maipvoue :

ntivtog Yy < Y, Kou AOvoviog o¢ Tpog To AGY0 0 omoiog eivon otabepdg Yo

S
L b
Tp [log,E |

(5.3)

Amd 1t oyxéon 5.3 BAEmovpe OTL M EMLTEYVVOT TOL EMLTLYYGVETOL UE TNV TOPOA-
AAornoinon g avalitnong eEoptdron and o péyedog tng yertovidig U ko omd To
uéyebog Tov SLapeptoov TS, MNAadr| Tov apldpd E tov dtebéouwv eneEepyootdv. o
cuykekpluévo dtapepiopnd, Aadn otabepd E, 10 péyedog tng yertovidg kobopilel v
onddoom NG TapoAANAOTOiNoNG. Xe WKpEC YeLTOVIEG elvon mBovO M oxéon 5.3 vo, unv
LKOWVOTIOLELTON [LE OLTOTEAEGILOLT) GELPLOKT) oovoll)Tnom va elvort Tory HTeEpN TNG TUPGAANANG,
oo ko o 1 yertovid dtonpedel oe 5o névo pépn. Xtovg mivakeg 5.1 ko 5.2 godveton
N 6xéomn NG GEPLOKNG LUE TNV TOPEAANAN ava{TNON Y10 SLOLPOPETIKE LEYEDT YELTOVIHDV

KO OLOUPOPETLKEG SLoePITELS.



Ap1Ouédg Epyociav | Méyebog I'ertovidic Avolnnon Yxéon 5.3
(mpoypduporto) | Zeprokhy | TTopGAANAn E=2
5 16 16T, 87T, +T. 7o < 8
10 81 81T, AT, +T. | 72 < 40
15 196 196 T,, 98T,+T. | 75 < 98
20 361 3617, | 181T,+T. | = < 180
25 576 576 T, | 2887T,+T. | ¢ < 288
30 841 841T, | £21T,+T. | 7= < 420

[Mivakog 5.1: Zyxéon oelplakig Tpog TopdAANAN avallritnon (Avo Enelepyaotéc)

Ap1BuSg Epyaciov | Méyebog I'ertovidg Avolfnon Yxéon 5.3
(mpoypdupata) | Zeprokny | TTopGAANAN E=4

5 16 16 T, AT,+2T. | ¢ <6

10 81 81T, | 21T,+2T. | 7= < 30

15 196 196T, | 49T,+2T, |72 < 735

20 361 3617, | 91T,+2T. | 72 < 135

25 576 576 T, | 144T,+2T. | 7= < 216

30 841 8417, |211T,+2T. | 7= < 315

[Mivokog 5.2: Zyxéom oelplokng tpog TapdAANAN avolijtnon (Téooepic Enelepyootéc)




54 OuvnopdAiiniot odyoproupot

2V evOTNnToL LT OVOTTOGGoVTOL dV0 ToPGAANAOL lySp1Opot : 0 adyopibuog ParT Sc,
0 omoiog amoteAel TNV TaPAAANAN €kdoy1| TOL aAyopibuov T'Sc TOL TOPOVCLAGTNKE
otV evétnrto 4.8 yioo T Adon tov mpoPriuatoc N/ M/ F, Seq — Ind, perm/ Cpay KOL O
olyép1Ouoc ParT Ste, 0 omolog amotedel TNV TopEAANAT €K80) 1 ToL aAyopibuov TSt
TOVL TOPOVCLAGTNKE GTNV evoTNnTa 4.9 Y100 TN Avomn tov mpoPAnuotoc N/ M/ F, Seq —
Ind, perm/ Thmaz, Crmaz-

e kabévov omd Toug 000 mopdAANAovg odyopiBuovg dtakpivovpe 60O TUNUOTO :
oVTd OV ekTEAELTON OELPLOKE KO eKEIVO OV eKTEAEITON TOPEAANAQ. XPTGLLOTOLDVTOC
™ ouvion oporoyia [CG90] ovoudlovpe cuvtovioth (master) T0 GePLOKO TURUO KO
epydtn (worker) to mopdAANAO TUpe. O cuvtoviotig avoiouBdvel TNy évapén, To
GLVTOVIGUO Ko TN AEN TNE Top GAANANG oovalliTnong, evd oe KGOe epyditn avatiBeton n

e€étoiom Kol 0 EVTOTIOUGS TOV EAOYIGTOV ULOG TEPLOYTIG TMV YELTOVLIMV.

oté TV évopEn g ovaliTNong 0 GLVTOVIGTHG TaPAYEL Le EVPMUOLTLKS TPOTO vl
OPYLKOS TPOYPOULLD KO OTT) GLVEYELD GLVTOVILEL TNV TOPEAANAN oevollijTnom LE TN XpTioN
unvopdtov epyociog. Ao elvor To UMVOROTO EPYOGLOG TOV O GLVTOVIGTHC OTEAVEL GTOVG

epYaTEC !

e To uiivupoa epyocioc ENAPEH EPTAXIAY.

To ufvopo VT GTEAVETOU GTOVG EPYATES, YLOL VO, TOVG EVIUEPHDTEL GTL M orvall)Tnom
ovveyileton oe o véo yertovid. 'Emerta ot epydteg AopPéivouv to TpdypogLLo
IT;, M yertovid tov omoiov mpénel vo eetaotel, ko Tig Moteg T Lo kol TLp, ot
omoiec kaBopilovv TiIc amoryopevpéveg KIviioels. AvTii eivou 6An n TAnpogopic Tov

OmOnTELTON, Y10L VO EETOGTOVV TOL TPOYPGUUOTO TG YerTovidg USP (I1},).

e To ufivupo epyocioc AHEH EPTAXIAX.

Me 10 UvVoud oVTé 0 GLVTOVIOTIC TANPOEOPEL ToLg epydteg 6TL M ovollTnon

OAOKANPAOONKE, MGTE VO TEPULATIGOVV TNV EKTEAECT] TOLG.

H emxovovio Tov epyotdv, 16o0 HeTod Toug 660 Kol PUE TO GLVTOVIOTY|, SlELKO-
Adveton ov Bewpricovpe 0Tt ot epyditeg elvor dtoteToryévol. AVt emLTLYYGVETONL LE TNV
ovébeon oe kGOe epyditn evig aképatov aHEoVTar KmAKoH €, 0 omoiog maipvel Tiég

petold 0 ko E — 1. 60e epydng e€etdilel Tor mpoypaUUOTO TOV TOPAYOVTOL Ol TIG
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ynupo 5.1: TIpoto Bripo emtkotvmviog

KIWWAGELG OPLOUEVOV EPYOGLAV. Me ToV TpoTo arutd 1 yertovid USP ywpileton oe meployéc

USF, ot omoieg eEetdlovton mopdAAnie. ( Ioyvel BéBona 1t UL USr = Usr).

Otav N ovalitnon olokAnpwdel oe kobeud meployry USP, ot epydreg amonteiton
VoL EMLKOVAOVIGOVV UETOED TOVG, Y10l VO SLUTLOTMOOEL TTO10 OTO TOL EAGYLOTOL TV TEPLOY DV
elvon To eAdyLoto NG yertovidc. H emxowvewvio E 10 mAN00g epyotwv omontel log, £
Priwota.  Xe kdbe Priwo €vog epydtng emikowvmvel pe kémolov GAA0, ov M dLadLKN
OVOTOPEOTOOT) TV KOIKAV TOVG € SLopépel Kotd évor ynoio. Avtd 6o govel kodlvtepo
Ue éval TopEOeELY L. OeMPEIGTE TNV EMKOLVOVIO TOV 0KTM EPYOTMOV TOL GYNUATOG 5.1, 1
omolo arortel Tpio friporta. Oa Guuforicovpe pe (€)r ™ SLOBLKY OLVOTOPAGTOCT TOL
Kodkov €. O gpydtng 0 (000), O emkovmvioel apylkd e tov epyden 1 (001),. Xto
devtepo Prina pe tov epydin 2 (010); (oxMuo 5.2) xon oto Tpito Pripe pe tov epyditn 4
(100), (oynpo 5.3). Me TNV 0OAOKAN PO TV TPL®V PNUETOV 0 TP®TOg epYATNng (¢ = 0) Bot

yvopilel 1o anotédecuo TN oovolTNoNG Kol B0 EVNUEPDGEL TO GLVTOVIGTH.

até v avoalfitnon ot wa neployfy US? 8o mepuntdoetg eivon duvatés : eite n
evpeom eroyiotou TG TEPLoyN ¢ lte M eLEEVION 0d1eEEHGE0V. O GLVTOVIGTIC EVILEPMVETOL

Yo TO amOTEAEGULO TNG avalriTnong Le tn fondeta 3o unvouudtov epyaciog :

e To uijvopo epyocioc AAIEEOAO_ANAZHTHZHX.

To Uvopo 0LTO GTEAVETOL GTO GLVTOVIGTN OV KOTE TNV ENLKOIVAOVIO TV EPYOTAV
StomotwOel 6t1 6Aot o1 epydteg xovv 0dNyNOel o adLéE0do. Tty mepintmwon ot 0
GULVTOVIOTIG OAOKAN p®VEL TNV 0voll)TNOT), KOO®S 1KOVOTOLEITON TO TPHTO KPLTHPLO

TEPUOTIGUOV.
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Sxquo 5.2: Aevtepo Brifa emtkovaviog
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yfuo 5.3: Tpito Prina emkotvoviog



e To uijvopa epyocioc EAAXIZTO_ANAZHTHXZHE.

Av évog TovAdylotov epydtng dev odnynonke oe adléEodo T0TE 0 GLVTOVIOTNG
TANPOQOPELTOL TOV EVTOTIGUS EAOYIOTOL YELTOVIGC UE OLTS TO VLU EpYOGLOG.
21 cvvéyero AapBaver To eddyoto IT; g yertovidig USP mov eEeTAoTNKE KoL TNV

kivnon K mov 1o mopdyel.

MnopoUUE THPO VO TAPOVGLEGOVLLE TOVG dV0 OAyopiBUOvG,.

54.1 O oiyopiOuog ParTSc

Eicodog To mAnboc N 1Twv epyocidv, 1o TAN06oc M Tov unyovaov, ot ypdvolr p
enelepyociog ToV epyacLdV, oL xpovol s €EGPULMOONC TOV UNXOVAOV KoL 0l OUEOES

TOV EPYOCLAOV.

Mopduetpor H evpnuortikny Hé€B0S0g yior TNV Topaymyn opyikov TpoypEpULaTOS, O LEYL-
GT0G dLVOLTOG OPLOUOG ETOVOAYEWV max _k, 0 LEYLOTOG SLUVOTOS aPLOUES ETOVOAT -
yewv maz_t ond v TeAevtoio opd Tov BeATidONKE N Ao, T0 LéYLoTo TAN00G
C xor P otowyeimv mov unopotv va €xovv ot Moteg T Lo xou TLp ovtiotoryo,

KoL T0 TA00¢ F TV Slo0écIU®Y eMeepyooTdv.

'E€0d0¢ To mpdypopor Tggys.

Lerproko Tuqpo Alyopifuov - Zvvrovietic (Master)
Bfijno 1 Anuiovpynce pe evpnuotikd tpomo €vor opyiko tpodypoppo Ilp.
O¢oe Iy, = Tlo.
Bijno 2 ©éoe
e TLe =10.
e TLp = 0.

o k£ =0.

o t = 0.

Bijno 3 Anuovpynoe E 1o TAN00¢ epydtec Kou oteile oe Kabévoy Tov ardovto kmdikd
e 0<e< BE).

Bfijno 4 Tteidle oe KGO epydn :



To uivopo epyocioc ENAPEH EPTAXIAY.

To wpdypoppror .

Tn Aot T'Le.

Tn Mot T'Lp.
Biuo 5 AdBe amd tov mpdTo epyditn TO WV EPYOCTOC.

Bfino 6 Av to ufijvopo epyaciog eivol 1o AAIEZEOAO_ANAZHTHZHYE tdte mjyouve 6To
Prina 9.

AAMDG, AGBe omd Tov TpdTO EPYATN :

e To npdypoppe I1;, eEddrioto tng yertovidg USP (I1},).

e Tnv kivnon K;;, ue tnv onoia napdryeton To npdypoupo I1;.
B 7 Av Cruae(Tlh) < Crngz(Tpeie) T0TE
o ©foe llgy, = TII;.
e Oéoe t = k.
AMAG, oV Craz (T1;) > Crnga (M)
TonoBétnce otn 0éon &k mod C g Alotog T'Le 10 6totyelo Cheqr (1),
Binwo 8 Av k > max_k | k—t > mazx_t 1téTE Myouve oto frina 9.

AMAG :

e 'Eotw K;;(Ily) = II;. TonoBétnoe otn Béon k mod P g AMotog TLp 70
otoyelo i.

®foe Hk—l—l = Hl.

Oéoe k = k+ 1.

M youve oto Prino 4.

Biuo 9 Xteile oe x&be epydin to urjvopo epyociog AHEH EPTAXIAY kot TEpUGTICE.

MopdAiinio Tuquo Arlyopiduov - Epydng (Worker)

Bijwo 1 AdBe ot 10 GuvTovieT ToV oVEovTa KOALKO .

Bijno 2 AGBe otd To GUVTOVIGTH TO U VUULOL EPYOGLOG.



Biijno 3 Av to ufivopa epyociog eivon 1o AHEH EPT'AXIAY t01e TepUTIOE.
AMLOG, MaPe amd To GLVTOVIOGT :
e To mpdypoppor TTy.
e Tn Alota TLc.
e Tn Alota T'Lp.
Biuo 4 Av U°F(I1;,) — TLp = § té1e nfjyonve 670 Pripa 5.
AMLAG :

Bpeg 1§ € USP (M) — T'Ln , tét010 doTe

Crnaz(TT) < Crnae (1), VIT € USP (1) — Ty
Av 1o mpdypapuo I1f dev elvon povadikd téte didiele avbaipeta To TpdTO MOV Bt
BpeOet.

Bfiuo 5 Emtkotvevnce pe Toug GAAOVE EPYATEC, Y10 VOL SLUTLGTMOEL TO10¢ €)Y EL TO EAAYLOTO
mc yertoviog USP 1 ov m ova{fitnomn €xetl gtéioet oe 0d1é€080 ( TpMdTO KPLTHPLO
TEPUOTIGULOV ).

Bfiuo 6 Av elcon 0 TpdTtog epydng toTe
AV 1K0VOTTOLEITOL TO TTPWTO KPLTHPLO TEPUOLTIGULOV, dSNAOST| 1oy VEL OTL
VPSP — TLy = 0
1Te 0TEIAE GTO GLVTOVIOTH] TO UMV epyaciog AAIEEOAO_ANAZHTHIHE.
AAMDG, 6TElAE GTO GLVTOVIOTY :
e To uijvopo epyocioc EAAXIZTO_ANAZHTHXZHX.

e To mpdypoppa I, 6mov

Cmax (Hl) = 021<HE Cma:v (Hle)

e Tnv xivnon Kj;j, pue v onoio mopdryeton to mpdypoppe: IT;.

Bijuo 7 TIjyouve oto Princ 2.



54.2 O oiyopiOuog ParT Src

Eicodog To mAnboc N 1Twv epyocidv, To TAN06oc M Tov unyovaov, ot ypdvolr p
ene€epyasiog TV EPYNoL®V, 0L XpOvol s eEGPUMONG TMV UNYX VAV, Ol OUAESES KoL

01 TPOOECUIES TMV EPYOOLAV.

Mopduetpor O péylotog duvotdg aplOUds enavaAiyemv mazx_k, 0 UEYLOTOG dSLVOTOG
opOuds emovaAiyewv max_t omd v televtoio opd mov PeATimOnke N Avon,
10 péyloto mAfi0og T'C' kou P mov umopotv vo €xovv ot AMloteg T'Lyc kou TLp

ovtiotolyo, kot 10 TAN00¢ E Twv Slo0écILmV enelepyaoTdy.

'E€0d0¢ To mpdypoppor Tlgeys.

Lerproko Tuqpo Adyopifuov - Zvvrovietic (Master)

Bfiuo 1 Anpiovpynace pe t nébodo EDD éva apyikd mpdypoppo. .
®foe HB&M = Ho.
Biuo 2 ©éce
® TLTC = (Z) .
® TLP = (Z) .
e k£ =0.
o t = 0.
Bijno 3 Anuovpynoe E 1o TAN00¢ epydteg Kou oteile oe Kabévoy Tov ardovto kmdikd
e 0<e<E).
Biuo 4 Xteile oe x&be epydin :
e To urvopo epyociocg ENAPEH _EPTAXIAY.
e To mpdypappor ITy.
e Tn Alotow T'Lyc.
e Tn Alotow T'Lp.
Biuo 5 AdBe amd tov TpdTo epyditn TO WV EPYOCTOC.

Biijpo 6 Av 1o purjvopo epyociog eivon 1o AAIEZOAO_ANAZHTHXIHY tdte mjyouve GTo
Prino 9.

AAMDG, AGPe omd Tov TpdTO EPYATN :



e To mpdypoppo IT;, eAdiy1oTo TG yertovidg USF (T1).

e Tnv kivnon K;;, ue tnv onoia napdryeton To npdypoupo I1;.
Biuo 7 Av Thas (Hl) < Thax (Hggm) To1E

e Ofoe HB&M = II;.

e Oéoe t = k.
AMMOG, 0V Trnaz (Tl;) = Trnas (Hﬁskr) Kot Crge (Iy) < Cmam(H[SsM) 1018
e Ofoe HB&M = Hl.
e Oéoe t = k.
AMLUDG, 0V Thnar (T1)) > Trnae (M) -
ToroBétnoe ot 6éon kmod T'C ™ Aictog T Lre 10 Leb0y0g (Thnaz (11;), Crnaz (IT))).
Binwo 8 Av k > max_k | k—1t > mazx_t 16TE Myouve oto frina 9.

AMLAG :

e 'Ectw K;;(Il;) = II;. TomoBétnoe ot Béon k mod P g AMotog TLp 10
otoyelo i.

e Oéoe Iy, = II;.

e Oéoe k = k+ 1.

e IIMyouve oo Prina 4.

Biuo 9 Xteile oe xdbe epydin to urjvopo epyociog AHEH EPTAXIAY kot TepUGTICE.

MopbéAiinio Tunuo Alyopifuov - Epydtng (Worker)

Biino 1 AGPe omd 10 cuvTovioT| Tov HEOVTO KOAKO €.
Bijno 2 AGBe otd To GUVTOVIGTH TO U VUULOL EPYOGLOG.

Bfino 3 Av to ufjvopa epyociog eivor to AHEH_EPT'AXIAY tdte TepUATIOE.
AMOG, AMAPe amd To GLVTOVIGT :
e To mpdypappor ITy.
e TnAlota T'Lrc.

e Tn Alota T'Lp.



Bruo 4 Av USP(Ig) — TLp = 0 té1e miyouve oto Briuc 5.

AMLOG :

Bpeg 1§ € USP () — T'Ln , tét010 doTe
Trnae () < Trnge (1), VIT € UZP (M) — TLn
Av 1o mpéypoppa ITf dev efvon povadikd téte dididele ovtd pe Tov EAGYLeTO XPEVo

TepATWONG Crnaz. AV TOAL TO TPOYPOpU LT dev elvar povadikd téte didhele

ovbaipeto 10 TPATO TOL O Ppedet.

Bijno 5 Emikotvadvnce Pe Toug GAAOLG EPYETES, Y10 VOL SLmLGTmOEL TO10¢ €) €L TO EAAYLGTO

me yertoviog USP 1 av  avalfytnon éxel gtéioet oe 0d1éE080 ( TpdTo KPLTHpLo

TEPUOTIOUOD ).

Bfiuo 6 Av elcon 0 mpdtog epydng toTe :

AV 1K0VOTTOLETOL TO TTPWTO KPLTHPLO TEPUOLTIGULOV, dSNAOST| 1o VEL OTL
uE U — TLp = 0
T0TE 6TEIAE GTO GLVTOVIGTN TO UvLua epyaciog AAIEEOAO_ANAZHTHXHY.
AMLGG, 6TEIAE GTO GLVTOVIGT :
e To uiivopo epyocioc EAAXIETO_ANAZHTHXEHX.

e To npdypoppo IT;, 6mov

(Tmax (Hl )7 Cmax (Hl)) = OglglE(Tmam (Hl )7 Cmax (Hl ))

e Tnv kivnon K;;, ue tnv onoia napdryeton To npdypoupo I1;.

Biuo 7 Ivyoave oto Prino 2.
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Aevopoertong Avolnnon

6.1 TIloAlomAd tomikd eldyloto

H andédoon twv alyopiBumv Tov mopouctédeTnkoy Kot 01K 1 TotdTnTo TV AVGE®Y
nov mopdyovton eEoptditon amd 1o TA00G TV TOTKAV EANYICTOV TOL VITEPYOLV OTLS
yertoviég avoalitnong. Avtd 0o govel kodOtepa pe éva mapddetyno. ‘Eoto évo
npdypoppa I Av 011 yertovid tov tpoypduportog IT vrdpyet évo LovodtkS TpoypoLLoL
I}, Tov onoiov 0 xpGvog TEPETWONG Cirngs (TT)) elvon o eldiyiotog ueta&d Tov xpévov
TV GAL®V TPOYPOUUETOV TNG YELTOVLAS TOTE N avalliTnon Oow cuveLoTeL 0T YELTOVIE
tov I1;. Av, 6LMG, TO TOTLKO EAGYLOTO TNG YELTOVIAG dev elvor Lovodikd ToTe o LITEPYEL
TOVAGYLoTOV €va ok Tpdypoppa Iy, Yo 1o 0moio 0a 1oy Vel 0Tt Chrgy (TTh) = Chpge (TTh).
>y mepintmon ovTr] VIEGPYoLVY dV0 1GOOVVOUES KOTELOVVGELS 1oL TN GUVEXLOT TNG
ovoliong, N e&étaon Tov TPOYPOUUATOV TNG YeELTovidg Tov TI; kou Tng yeLtovidig
tov I,  aB®g Lévo e TN oVYKPLON TV XPOVOV TEpAT®OoNS TV 300 TPOYPOUULETOV
dev glvon duvatd va dStomioTmOel moto amd TIg 800 YELTOVIEG elval KaAVTepT, uio omtd TG
Vo Bo emAey el pe Tuyoio Tpémo. O TLYoiog TPOTOC emA0YNG dev e€acpailel, Suwmc,
6t n avalitnon cvveyileton mpog v KoAvTepT KotevbOvvon. Ilpdyuott, éotw 6Tt
Toyaio emAéyeTon n yertovid Tov mpoypoupatog I xou éotm IT) T0 TomKS €Ad)1GTO
Mg yertovidig outfg. Av IT, 10 Tomiké eAGYLOTO TNG Yertovidg tov Il TdTe evdéyeton
Crnaz (1) < Cryaz (IT).

H ampocdiopiotio otny emAoy KotevBLVoN g AGY® TNG VTaPEN G TOAAXTA®Y TOTLKHV
elayiotwv oTig yertoviég ovalntnong epeovileton 1dtaitepa €vTovn 6To LOVOKPLTNPLHKO

mpopAnue N/ M/F, Seq — Ind, perm/Cpq, - H VmopEn mpobeciidv napddoong ko

67



N eleoyoyn e LEYLeTNG KoOLoTEPNONG Thae TOV EPYOCLAOV OC deVTEPOL KplLTnpiov
BeAtiotov €xel ®¢ omoTéAecua UEYOADTEPT) SLOGTOPA TMV TPOYPOUUETOV GTO YDPO

épevvoc Sy Ko KaAUTEPT SLoKPLTOTOINGT TOL XHOPOV CLVTOY.

O xdpog €pevvog ToLv dkpLTNPLoKoV TPOPANUATOS eLPovileTon TePLoGETEPO dOUN-
UEVOG 06 TOV OVTIGTOLXO XMPO TOV LOVOKPLTNPLOKOV TPoPAUaToc. 'Eva TpoypopLpo
IT* elvol Tomko eAGYLOTO UG YELTOVIAG TOV SLKPLTNPLHKOD XMPOL OV LKOVOTOLEL TIg
oVVONKEG : Thnae (IT*) < Trnae (T1) Ko Crpgz (TTF) < Chige (TT) Y100 0TOL0MTTOTE TPOYPOUULOL
IT tng yertovide. 'Eotm éva mpdypoppo Iy, 6mtmg avtd tov oyfpatog 6.1, yio to onoio
oVeL OTL Chpae (ITF) = Chuae (IT1). A@oV Tor 300 TpOoYpaupoTo. £ovv ToV 1010 Ypévo me-
phrtwong Ko 0 xpévog owTog elvor EAGYLGTOG GTN YELTOVIE GTNV OTol0 TEPLEXOVTOL, OTN
YELTOVLA 0LVTY|] TOVL LOVOKPLTNPLOKOD X MPOL VITEPYEL SITAG TOTKO eAG)10TO. OU®S, 6TO
dkprtnplakd xdpo 1o pdypoppa IT* elvorl o Lovodikd TomKd EAGYLOTO TNG YELTOVIAC,
0POV Tinas (IT*) < T (I1h).

T max
Tl ,,,,,,,,,,,, OHI
* o il
T ,,,,,,,,,,,,, O ,,,,,,,,,,, O 2
Cmax
*
c G

Synupo 6.1: Tomikd eAGY1oTO 6TO SLKPLTNPLUKO Y MPO

6.2 Aevopoeirdig ovolinon

'Eotm évo tpdypoppos IT, otn yertovid U2 (IT) 1o omoiov vidpyovy §90 Tpoypauueto;
IT; xon Iy, Twv omoimv o xpdvog tepdtmong elvor Tomikd eAdy1otoc. ' vo GuveyLloTel 1
ovalitnon Tpog TV KaAvTepN KartevBuvon amonteiton vo o§lodoynBovv ot YeLToviég Tov
nopdyovtol omnd to tpoypoppdrto Iy kou IT,. Emopévac, eivon amapaitnn n eEétaon tov
TPOYPOUUATOV TOL TtepieyovTaL Kou 6Tig 800 yertoviée. Av IT) kon IT, elvon avtictoryo ta
TOTLK G A LOTOL OTLG YELTOVIEG TV 1) Ko TTp ToTE M chYyKpLoN TOV XPOVOV TEPATMONG
TV dV0 TOTKAV eAayioTmV elvor GuVIOWOE OPKETN, VIO VO ATOPAGLOTEL GE TOLOL YELTOVLIE,

Bo otpagel  ovolritnon. o nopadetyuor, oV Cryoq (IT)) < Craa(ITh) t61E B0 EMAEY O



N yertovid tov IT}. Eneldn pe tov tpdémo owtd eEetdilletan €évor GHVOLO YELTOVIMY, TO 0oio

oynuotiler 8évdpo (oynua 6.2), n avoaltnon ovopdleton devopoetdric.

o 6.2: Aevopoeldig Avalitnon

H anédoon tng devdpoetdovg avalntnong eEoptdton and 00 TopoUéTpoug :

e To BéOog ¢ avalritnong

OewpeloTe TO TUPASELYIO TOV GYNUOTOC 6.2, OOV TN YeLTovid Tov IT vrdpyovv
&0 tomKd eAdlota, To Tpoypbupoto I kon I, , ko Iy, Ty elvor ovtictouyo
TOL TOTLK G EAAYLOTO OTLG YELTOVIEG TV TT; Kou TTh. AV Chrar (T111) = Cas (TTh1) T6TEM
e€étoon TV TPOYPOUUETOV 0TI YeELTOVIEC TV IT; ko I, amodetkvieTon avenapKnig,
Yo VoL SLomotwdel n koA vtepn Kortevbuvon avalitnone Ztnv nepintmon ot
eivou amapaitnn 1 e€étoon tov yertovidv U2 (IT;) ko U (ITy). Av i avalitnon
otig yertoviég U* (IMy;) xon U®(I1y1) 0dnyneet néA o moALomAS Tomicd eEAG1oTOL
TTE M deVIPOELd g orvalTNom Bor GLVEXLGTEL GTIG VEEC YELTOVIEG IOV TTPOKVTTOVV
uéxpt M eOPECT LOVOLOLKOD TOTLKOV €A0(iGTOV Vo Kpivel Tpog molo kotehovvon
0o otpagel N avalitnon. Eneldn n dtadikocio ovtr| elvon xpovoBépog dev umopet
vo emovolopPéiveton moAAEG eopéc. O péylotog duvartdg aptbuds emovorliyemv
koBopiler To BGOog TG avalnitnonc.

To BéBog etvar  TpdTn kpioun TapGUeTpos TG devopoeldotg avalitnone. Meydio
B&bog eEoocporilel kaAvTep OELOAGYNON TOV dLVOTOV KOTEVOVHVOEMY OMOLTEL,
Oumg, Wodtepal peydAo vwoAoyloTiKO Ypdvo. Avtibeto uikpd Pabog evoyetaon va
omodely el avenopkés yior vo Slmiotwdel 1 KoAvTEPT KotehHLVeN GUVEYLOT TNG

ovolninonge.
e To mAdtog TG avalritnong

Botw TE = {I1* € U(T) | Cppaz(IT*) < Crnaz(IT), VIT' € US(IT) }, 10 6OVOAO

OAOV TOV TOTK®OV eAoyioTv NG YeELTOVIAS ToL Tpoypdupotoc I1. H devdpoeldiig



ovolinon o eEetdoel OAeg TIG YELTOVIEG TV Tpoypoudtev tov TE. Emeld,
Oume, N avolryTnon oe o yertovid eivon eEonpetikd ypovoRdpog dev eivor mévtote
duvartd va eEetdlovton GAec ot YELTOVIEG T®V TOTK®V Aoy ioTwy, Wiaitepa dtov
T0 TA00¢ Tovg elvon peydho. Etnv mepintmon vt emAéyeton €va. VITOGVUVOAO
TEy, tov TE xo1mn ovolitnon cvveyileton oTig YELTOVIEC TV TPOYPOUUETOV TOV
VTOoVVOAOL oToV. To péyebog tov TE, xabopilel T0 TAGTOG TNG dEVOPOELSOVG

ovolninonge.

To TAGTOC omoteAel TN devTePT KpioLun TopdeTpo Tng devopoeldovg ovallyTnong.
Meydro mAdtog eEoo@orilel KOAVTEPEG TEALKEC ADOELS OMULTOVTOC, OUW®S, VTEP-
BoAtkd peydiho voAoyloTikd ypdévo, apot eEetdleton peydhog aptBUGg YELTOVIADY.
Avtifeto n emA0YT] LKPOV TAGTOVG €XEL WG AMOTEAEGLLOL TOV OLTOKAELGUO KATOLWY
TOTK®V ehoyioTmv omd TV avalnitnon pe mobovd kivovvo vo unv eetdlovton

TAVTOTE 01 KOAVTEPES KaTELOVVGELG oLvolL TNONG.

6.3 TITop&AAinin oevopoetdng ovoltnon

'Eotm 1 devopoeldiig avalnitnomn tov oxfuoatog 6.2 pe tAdtog 6vo ko Béog técoepa.
To &évdpo mov oynuotifeton amoteAeiton omd dexomévie KOUPOLS, L TOTEAEGILOL LE TN
devdpoeldn| avalitnon vo eEetdllovion deKaméve YEITOVIEG. AV 1) €EETOIOM TWV YELTOVI®V
oVTAV eKTEAECOEL OeIPLOKE TOTE O VTOAOYIGTIKOC YpOVOC Tov Bo amontnOel yiow TNV
avalnmon woobvton pe 15 | US | T, 6mov T, elvou o xpévog mov omornteiton yio Tnv
TOPOYWYH VO TPOYPAUUOTOS TNG YELTOVIAS. ENeld| ouTdg 0 VITOAOYLOTIKOG X pGVOG elvor
eCoupeTikd peydrog, 0o eEETAGOVE T SLVOTOTNTO TOPOAANAOTOINONG TNG SEVIPOELBOVG

ovolnong.

AT t0 oyfua 6.2 TopotnpoVUE 6Tt dev elvart Suvarti N TopPGAANAN eEétoom Kot TV
dexomévie yertovidv. ‘Eoto, yio mapdderypo, n yertovid U2 (IT), oty omoio viépyouvv
Vo eAddyioto, tao mpoyphupato IT; xou Il Env mepintwon owty 1 devopoeldnc
ovalitnon o cvveylotel eeTdlovTog To TPOYPEULOTO TTOV TEPLEYOVTOL OTLG YELTOVIEG
US(I1;) xou US(I1,). Eivor @ovepd 6TL 0 oynuationds kon 1 avolitnon otig 860 ovtég
yerroviég amontel TNy oAokAripwon g ekétaong g yertovidg US (IT), kobdg pévo téte
etvon yvwoté to tpoypdupata TI; wou Iy, to omoio mopdyovy Tig yertoviég US (IT;) wou
U®(I1,). BAénovpe, Aowndv, 611 avolftnon dev eivon Suvatd vo exterecdel mopGAAnAo:
otig yertoviég U (IT), U (ITy) xon U (I1,), KaBMOE T TpoypEupuota Tamv 800 TeAevtoimy

eCaptdvton amd To amoteAéonoTo TNG vl Tnong oy TpdN. Agv 16YVeL, OU®C, TO



{810 xon yioe i yertoviég U (IM,), U (I1), ot omoieg elvon aveEGPTNTES, UE OMOTELECUOL T

ovolntnomn oe auTég vor umopel vou extehecOel mopGEAANAQL.

To GLUTEPAGLOITOL TOV TTOLPODETYLLOLTOG CXLTOV YEVIKEVOVTOL EVKOAL,

Younépoouo 6.1 H avaliitnon oe yertoviég mov Ppickovion oe kEmolo eninedo ouwontet

NV OAOKAT poN TG ovollJTNONG YELTOVIMDY TOV CUEGHG TTPOTYOVUEVOL EMLTESOV.

Tounépoouo 6.2 H avalntnon oe yertoviég mov Bpickovton oto 180 eninedo unopet vou

exTeAecOel mopGAAN AL

6.4 Andéooom TG mopEAANANG 0EVOPOELOOVG orvoLTNONG

Av b 1o mAdtog Kot d To BGBog devdpoeldovg avalntnong 1éte 610 TPMTO EMinedo
e€etdleton Lo yertovid, 0to devtepo eminedo eEetdllovion b tov aplOud yertoviég, 6To
tpito b? ko yevikd oto eninedo d eetdllovton b Tov op1Bud yertovide. TvpPorilovtog

E(b,d) 10 6uvolMks oplBud yertoviwyv mov e€etdlovton kotd Ty avaljtnon ot 1é1e

b 1=l
E(b,d) = Y v = 3
k=1

(6.1)

Emouévacg, o xpovog Y, mov amontel 1 oelprokt| avalnitnon diveton od tnv ak6Aovom

oxéon:

Y, = E(b,d) | U() | T, (6.2)

Av 0 ap1Oudg Twv ooty enetepyaotdv elval 100G Le TO TAO0C T®V YELTOVIDY,
161e M mopoAAnAonoinon g devdpoeldog avalitnong elvarl Guect, Kabmg oe KbEbe
emelepyaot avotifeton n eEétoon oG yertovidg. obdc m ovalrtnon umopel vo
extelecOel TopGAANAOL LéVO oe yertoviég mov Ppiokovtol oto 1o eninedo, o xpovog
mov amonteiton you TV e€étoom GAov Twv yertovidv Ba eivon {oog pe d | US(TI) | T,. Ot
eneepyaoTéG MOV £0VV VOAGEPEL TNV EEETOIOM YELTOVIADVY SLOLBOY KDV EMTESMV oo TeETON
VOl ETMKOIVOVIIGOLV HeTOED TOVG oty opyh Kot 610 TéAog g aovalytnong. Tnv mpot
QOPG. YLOL VOL OLVOIOEGOVY GTOVG EMEEEPYOIOTEG TOV ENGUEVOL EMTESOV TN YELTOVIE TOL B0t

e€etdloouy, evad T devTEPN Yo voL AGBovv To amoTédeouo TG eE€Toon g v TG, Mmopovue



vo Bewpricovpie 6Tt o1 emeepyooTéC ovoBETOVY TAPAAANAD TIC TPOC EEETOLOT YELTOVIEG
0T0VG emMeEepyaoTEC TOV OUECWC emduevoL emmédov. Oumg, kobévog emelepyaotic
ovabétel oelplokd TI¢ b Tov apBud yertoviég mov Tapdiyel otovg b emelepyooTég
TOV E€MOUEVOV EMMEGOV, Ol OMOiol TOV avoAoyovv. Me tov 1810 Tpdmo Bempovue 6Tt
TPOLYLOTOTOLELTON 1) EMLKOTIV@VIO KO GTNV TEPIMTOOT TOL AXUPEVOVTOL TOL LTOTEAEGLOITOL
¢ ovalmonc. Enouévmg, oe KAOe eninedo amoteiton ETKovoviakdg xpovog 20T, Ko
GLUVOMKA 2b(d — 1)T,. Zanv mepinTtwon ovT| 0 VTOAOYLGTIKGG XPOVOS Y TOL ourontel 1

eKTELEOT TNG TOPEAANANG 0Vl TNONG LGOVTOL UE

Y = d|U°|T, + 2b(d— )T, (6.3)

ATO T1g o€oelg 6.2 ko 6.3 TpokvnTEL 0Tl Y < Y, av

T. E(b,d) —d ¢
Ze 27 U 6.4
Ty < 2b(d — 1) | | ©4)

H oyéon 6.4 woyxbel av 10 TA00¢ Tov Sabéoiuwy enetepyoctdv eivon {6o Ue To
TA00¢ TV Yertovidv mov eEetdllovton pe ) devdpoerdn avaljtnon. To mA6og ovtd,
OuwG, elvortl opreTd LeEYHAO OKOUOL KO GE GUVILAGLOVG ULKPDV TIULMV TOV TOPOUETPDV
d xou b g avolitnong. o mopddetyna, otn devdpoetdr| avaliTnon Tov GYNUOTOS
6.2, 6mov 10 PBdBo¢ elvarl téocepa Kol T0 TAATOG dV0, TO TANO0C TOV YELTOVIWYV TOL
eCetdllovton eivon {00 pe dexomévie. Av Kol OTIG UEPEC LOG VTEPYOVV TOPGAANAEG
UNYOVEG UEPIKMY EKOTOVTIAOMV EMEEEPYOOTMV, GE OPKETEC MEPIMTMOOELS EVOEYETOL Ol
Stabéouol eneEepyootéc vo elvor AyoTepol omd SeKUMEVTE. TNV TEPINTMOON OLLTY| OF
KG0Oe emelepyaoti) ovartifeTon N €ETOION LG OULABOG YELTOVIADY v Ti Lo LEVO YELTOVIGC.
AVGTLUY MG OUWS, 0 CYMNUOTICUOS TETOLMV OUGdwV eu@oviletol 1dioitepor SVGKOAOG e
OTOTEAEGLOL VO UMV VIIAPYEL GOONG LEBOSOC Y1l TO OKOTO aLTh. TeVIKA EMAWKETOL O
GYMUOTICUOG OUEO®YV KOTE TETOLOV TPOTO MOTE VO, IGOKATOVEUETHL O POPTOC EPYOCTOG
0T0VG eneEePYOUOTES, EVA TAHVTOYPOVOL VO EAOYLGTOTOLELTAL O XPGVOG TTOV oo TeiTon yol

myv emKOIVOVia TOVC.

Mo mopddetyno, Bewpeiote 6Tt Yo TNV avaliTnomn Tov GYHUOTOC 6.2 SLoBETOVUE
névte uovo emeepyootés. H amoitnon ylol 100KOTovoU] Tov @OpToL £PYOCIC OTOVG
enelepyaoTég Log 0O Yel GTO GYNUOTIGUO OUAS®Y TOV TPL®V YELTOVIAV. APOV EXLKOIVMVI

omonteiton uévo petaly emefepyaotdv mov e€etdllovv yertoviég mov Ppickovion o€



StapopeTikd eninedal, eivor AoylkO vo ETLOLOEOVE TNV OUOBOTOIN O™ TETOLWV YELTOVIDV,

Omm¢ eoivetol 6to oMo 6.3.

1_Illl 1_Ill2 1_[121 1_[122 1_1211 1_1212 1_1221 H222

o 6.3: TIopdAANAn Aevépoeldrig Avalritnon ( ITévte Eneepyoctéc )

O VTOAOYLOTIKGG XPOVOC TOL Ooltel 1 devOpoeldiig avaliTnon Tov GYNUaTog 6.3
wovton ue Yz (5) = 6 | U° | T, + 8T.. Av dlobétope dekomévie enelepyootés 10Te 1

avalnmon ot Bo omontovoe xpovo ico ue Yi(15) = 4 |U° | T, + 12T..

6.5 ALyoép1Ouog mopIAANANG 6EVOPOELOOVG OvolTiTnoNg
MmopOVUE TOPOL VO TAPOVGLAGOVUE TOV AYOpLOuo ParTrTSe :

Eico0d0og TomA1i00¢ N TV epyocidv, T0 TAN00¢ M Tmv unyovdv, ot ypoévor enelepyaciog

TOV EPYUOLAV KO EEAPUMONG TMV UNY VOV KO Ol OULAIES TWV EPYOLOLMV.

Mopduetpor Hevpnuortik éB0d0¢ yLor TV moporywyn apytkov TpoypaLotos, To Babog
d xou 10 TAGTOC b NG devopoeldovg avalntnong, o Uéylotog duvatdg aploudg
enavoOA eV max_k, 0 LEYLOTOG dSuVATOHG OPLBUOC ETOVOAYEDV maz_t ond TNV
tedevtoio eopd wov PeATimbnke N Avom ko tor peyéom C xou P tov TLeo xoi
TLp.

'E€0d0¢ To mpdypoppor Tlggys.

Yvvtoviortig (Master)

Bfijno 1 Anuiovpynce pe evopnuotikd tpomo €vo opyiko tpoypoppo Ip.



Of¢oe HB&M = H().
Bijno 2 ©éoe
o TLo = 0.
e TLp = 0.
e £k =0.
e t =0.

o [ = 1.

Bijno 3 Anuovpynce b to TAN00¢ epyditec-mtondid kot oteile 6e KoOEvaY

e Tov ab&ovto Kodko € (0 < e < b).
e To BGOog d tng devpoeldovg avalTnong.
e To Bé&Boc L (0 < L < d) tng devdpoeldong avalnitnong, 6to oroio Tomofetov-
vTot.
Bijuo 4 Av USP(I1y) — T Ly = () 161e myonve oto Bripo 12.
AMLOG :

Bpeg b 10 mA00¢ I1§ € USP (T1y,) — T'Ly , Té10100 HOTE

Crnaz (TT§) < Crnae (1), VIT € USP () — T'Lpy
Av vdpyovv teptocdtepo. omd b to TAN00g eAdyiotol ITf yertovidg Tote Sidihede
ovboaipeto Ta TpwTor b oL B BpeBovv.
Bjno 5 Tomobétnoe otn 6éon k mod C' tng Alotag TLE 10 6totyelo Cruaq(IT5).
Buo 6 'Ecto K;;(I1;) = ITj. ToroBétnoe otn 8éon kmod P tngAMotog T'L% T0 otoiyeio
1.
Bijno 7 Tteile oe KGO epydTn-mondi

e To uijvupo epyocioc ENAPEH EPTAXIAY.
e To mpdypoppon IT7.
e Tn Mota TLE.

e Tn Aot T'LS.

Bijno 8 AdBe ad tov mp®to epyditn-mondi To Uiivoua epyociog.



Biipno 9 Av 1o purjvopo epyociog eivon to AAIEZOAO_ANAZHTHXIHYE tdte mjyouve GTo
Briuo 12.

AMLOG AEPe otd TOV TP®TO EPYATN

e To npdypoppo IT;.

Tnv enavdAnym t;, 6rtov evioniotnke 1o npdypoppo IT;.

To npoypoppror Tly 4.

Tn Aot T'Le.

Tn Moto. T'Lp.
Bipno 10 Av Crae (IT)) < Criae (Tgens) T0TE

e Oéoe HB?JW = 1II

e Oéoe t = {.

Biuo 11 Av k& > mazk | k—1t > maz_t 1t6Te Miyove oto Pripo 12.

AMog

o Oéoe k = k+d.

e IIMyouve oo Prina 4.

Biuo 12 Xteide oe xébe epydn-modi o urjvopa epyociog AHEH _EPTATIAY ko tep-

LTIoE.

Epydéing (Worker)
Bino 1 AdBe and tov epydtn-notépo

e Tov HEOVTOL KOAKO € .
e To BGBog d tng devdpoeldotg avaliTnong.

e To BGOog L 1tng devdpoetdovg avalijtnong, 6to oroio €yel TomoOeTnOEl.

Bijno 2 Av L < d tdte dnuiovpynoe b 1o TA00¢ epydrtec-ntondid ko oteide o€ KOOEVOLY

e Tov abEovta kmdikd el (0 < e < b).
e To BGBog d tng devdpoeldotg avaliTnong.

e To BéBog L + 1 tng devdpoerdovg avolyTnong, 6To 0moio TotobeToHVTOL.



Biuo 3 AdBe amd tov epydtn-nortépol To UVOUOL EPYOCTOC.

Bfijno 4 Av to ufivoua epyociog eivon 1o AHEH EPTAXIAY t61e miyouve oto Bripo 12.

AMLOG AEPe otd ToV epYETN-TTOTEPOL

e To npdypoppor IT5.
e Tn Aot TLE.

e Tn Alotoe T'LY.

Bijuo 5 Av USP(I1S) — TLy = () t61e myyove 610 Pripe. 9.
AMLAG :

Bpeg b 10 TA1i00¢ HfL € USP(I1§) — T'Lyy , 1010 HOTE

Cras(TIE") < Conae(TT),  VIT € USP(ITS) — TLy

. 2 . . 2 L . . .
Av vrdpyovv meprocdtepo amd b To TANB0G eAdyioto I1f yertovidg Tote didihede

ovboaipeto Ta TpwTor b oL B BpeBovv.
Bijpo 6 TomoBétnoe otn Béon (k + L) mod C' tng AMotog TLECL 10 oTol)Elo C’mam(HfL).

BAuo 7 'Eoto K;;(I1}) = HfL. Tonobétnce ot B6éon (k + L) mod P tng AMotog TL;L 10

otoyelo i.

Bino 8 Av L < d 16t¢:

Bijuo 8.1 Xteile oe k6Oe epydn-mondi :

e To urvopo epyociocg ENAPEH _EPTAXIAY.
e To mpdypoppo HfL.

e Tn Alota TLECL.

e Tn Aicta TLS .

Bijno 8.2 AdPe omd tov mpdto epydn-mondl 1o Wvope epyaciag. AV TO WVOULO
epyooiogeivol 1o EAAXIETO_ANAZHTHXHE t6te AdPe otd Tov mpwto epyditn
moudt :

e To npdypoppo IT;.

e Tnv emovédAnym t;, 6mov evioniotnke 1o npdypoppo IT;.
e To npdypoppo I1y,.

e Tn Alota TLc.



e Tn Alotow T'Lp.

Biuo 9 Emkowvevnce Ue toug AAAOVG epydtec-tondid, ot omoiol €youvv onuiovpynoel
omd Tov 1810 epydan-moTépa, Y100 Vo SlamoTmbel o mola amd Tig yertoviég USP
evioniotnke eAdyLoto i) av 1 avallrjtnon éetooe oe adléE0d0.

Bfiuo 10 Av eioon o tpdytog EPTATHX t67€ :

AV 1KOVOTIOLELTON TO TPATO KPLTT|PLO TEPUATIGUOV TOTE OTEIAE GTOV EPYATN-TIOLTEPOL
o unvouo epyaciog AAIEZOAO_ANAZHTHXHE.

AM®G, otelde oTOoV epydtn-mortépa. (1 ovvtoviotnov L =1):

e To uijvopo epyocioc EAAXIZTO_ANAZHTHXZHX.

To npdypoppo IT;.

Tnv enavdAnym t;, 6rtov evioniotnke 1o npdypoppo IT;.

To npdypoppoe I1y,.

Tn Moto T'Le.
e Tn Alota T'Lp.
Bijuo 11 Tyyoave oto Prina 3.

Biuo 12 Av L < d 161e oteihe o€ KAOe epydtn-mondi To Wjvopa epyaciog
AHEH _EPT AZIAX.

Biuo 13 Tepudtioe.






QA0 7

Aox1uéc Emoocemv

7.1 Ewcoyoym

Ot ahyép1Oupot mov ovomtvxdnkoy oto TAaiclo TNG TopovGOS EpYOCiOG avViiKOvuV GTNV
Kotnyopic TV EVPNUATIKOV LEBGd®V Ylor TO TPOPANUA TNG POIKNG TaPOYy®YNS. 0BG
dev TPOoEKLYOV OTd TNV CVOALTIKT] LEAETN 1OLOTHTOV TV PEATIOTOV AVGEWDY, O LOVOLdL-
KOG TpOmOg Yiow TNV a§loAdyNon TV eTOOGEMY TOVG Elvol 1 0pYEVOCT GLGTNUOTIKMOV
SOKIUAV TV o€ PeydAo oplBud Tuxainv tpofAnudtov. Ot TEPOUATIKES SOKIUES TOV
ToPOVCLELoVTOL GTO KEQAAOLO VTS SlorkpivovTon G€ ALTEG TOV OELOAOYOVV TNV TOLHTNTOL
TOV TOPOYOUEVOV AOGEMV KOl GE EKEIVEG TOV EKTILOVV TNV EMTEYLVOT TNG EKTEAECTC TMV
oAyopiBumv. Apopovv de Ko Ta. 500 TPOPARUATH TOV EEETAGTNKOY GTNV EPYOGIO CLLTY :
o tpéPInua. N/ M/ F, Seq — Ind, perm/ Cypgz, OTOV ETOLOKETOL 1) ELOLYLGTOTOINGT) TOV
APOVOL TEPATM®ONG TTPOYPAUUOTOC KL TO TPSBANUOL N/ M/ F, Seq—Ind, perm/Tmazs Crazs
OOV ava{NTOVVTOL EPLKTE TPOYPEULLOTOL MG TTPOG TLG TPOOEGUIES TV EPYUCLAV 1], OTOTE
ovTo dev elvor dSuvoTd, TPOYPEUUOTO LE UIKPT] KOOVOTEPTION TWV EPYOCLHOV TOV €XOVV

npobeopiec.

¥t GuvéyeloL Tov KePoAaiov, o opicovpe KoTopyv Tor KPLTiplol EMOGGE®Y TWV
oAyopibumv, B0 cTIOAOYICGOVUE TIC EMAOYEC TOV CLPOPOVV TIG TIUES TMV TOPOUETPMV
TOVG KoL TOL OLG@opor UeYEOM mpoPANUATmY Ko Oor LEAETHCOVIE TNV OOd00T T®V
olyopiBumv ymplotd yior k&be mpdPANUa. TEAOC, Ba TapoKkoAoLOiGovE TN LeTOBOAN
TOV VTOAOYLGTIKOV XPOVOL TOL OOLTEITON YLOL TNV EKTEAEGT] TOVG GE GYXECT UE TIG TIUES
TOV TOPOUETPOV TOVE KOL TNV EMLTAYVVON TOV EMLTVYYAVETOL LUE TNV TAPOAANAOTOINGN

TOVC.
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7.2 pufplo emo0ceMV

o v KoATepT 0ELoAGYNON TV ETLOGGE®Y TMV OAYOPIOUL®MY TOV ovoTTOYON KoY GTOL
ThAoiolo TG Tapovoog epyaciog, elvor aumopoitnn 1 Vropén evég LETPOL GVYKPLONG TOV
nopoyouevmv AOcewv. T'a 1o 6Kond orvTd Bewprcopie o€ KABe TepinTon wg aAyoplopo
ovopopdig Tov aAyoptOuo tov  omiddikn [Kom93], tov omoiov 1o Yeviko oAyoplOuikd
oYNUO. TOPOVGLACOUE 6TV evotnTor 3.6. OdMYNONKOUE GTNV EMAOYH QLT €meELdN
oto povokprtnplokd mpdpAnuoe N/ M/ F, Seq — Ind, perm/ Cypar 0 0AyOplOROG TOV

omddikn eppavifeton e Tig KoAvTepe emdooelg petoEv dAlmv [Nawd3, WHE9, Leioo,
Komn93], eved topGAAN A0 oo Tedel To LGVO YVOOTS 0l ySp1OUo eTiALONG TOL SIKPLTNPLHKOV
npoBAfuotoc N/ M/ F, Seq— Ind, perm/ Tpazy Cmaz TNS OXETIKNG LE TN POIKT TOLPOY YT
Biproypoaoioc.

¥t0 mpoPanuo N/ M/ F, Seq — Ind, perm/ Cpar HOVOIKS KpLTiplo PBertictov
elvar o ypdévog mepdtmons Crar TPOYPOUULATOS. AV cuuPoiicovue pe Cuar(A) 1O
APOVO TEPATMONC TPOYPEULOTOS TOV TOPEYEL WG AVom 0 akydpbpog A xon C(K) tov
ovtioToryo xpévo MEPETOONG TOL TOPEYEL WG AVON 0 AAYOPLOUOG TOV  OTLOGKT TOTE

UTOPOVUE VOL OPIGOVUE TOL TOPAKETM KPLTHPLOL EMLOIGCEMV :

e AmoAvtn améKAlon adyopibuov A :

errory = Cpa(A) — C(K)

e Xyetikn amdxAion adyopibuov A :

relerrory, =

e Xyetikn| Bertioon odyopibuov A w¢ mpog alyépibuo B :

errorg — errory

IMPrvAB =

errorp

Yo mpOPAnuo N/ M/ F, Seq—Ind, perm/Tmaz, Craz TPOAYULOTOTOLOVUE SLKPLTNPLOKO
TPOYPOUUOTIOUS G TPOG TN UEYLGTN KOOLOTEPNON Tngs TOV EPYACLAOV UE TPOOECUIES
KoL T0 XPOVO mepATMONG Chugzr TPOYPOUUOTOS. Oe®POVIOS WG TPMTEVOV KPLTHPLo TO

Tp®TO B 0ELoAoyicovuE Evay oAYOopLlOHo A pe Béon Tig TopoKAT® LETPTOELG :

e AplOUGG TEPITTMOGE®Y TOL 0 OAYSPIOUOG A eVTOMIOE EPLKTEG AVGELG,.



e Ap1OUOG TEPIMTAOGE®Y IOV 0 AAYOPLOUOG A Uelwoe TN HEYLOTN KAOLOTEPNOT TOL

ToPOVGiaGE 1 AVOT) TOL aAyopiBrov Tov  OmddiK™.

e H oyetikn petwon g KoBueTtépnong Twv EpyocLoV :

Tynaz(A) — T(K)
T(K)

Trelerrory =

omov T(K) m UEYLOTN KOOLGTEPNON MOV TOPAYEL MG AVCT 0 OAYOpLOLOg TOV

OTTLOAKT).

e XyeTikn omdxAion Tov aAyopibuov A, relerror 4.

To, kprtiiplol EMOOCEMY TOV TOPOVOLECTNKOY TLO TAV® AELOA0YOVV TOVG aAyopio-
LOVG MG TPOG TNV TOLOTNTOL TOV AVGEMV TOL Topdryouv. Tow vor ekTiunBet n emtdyuvon
TOVL GLVETAYETAL M TOPOAANAOTOINGT TS avalliTnong Ko Yo vor LeAetnOel mmg o un-
YOVIGUOG TEPLOPLGULOV TOV UEYEDOVE TV YELITOVI®V eNNPEALEL TOV VITOAOYLOTIKO XPGVO
OV OMOLTEITOL YloL TNV €KTEAEON TV OAyopiOuwv, opilove To TOPUKETMO KPLTHPLOL

emdOCEWV :

e Emitdyyvvon alyopibuov A wg mpog aryépibpuo B

Yr

speedups p = Y.

6mov Y4, Yp 0 vmoAoylotikdg xpGvog Tov omontel 1) eKTEAECT) TV OAyopiBumy A,

B avtictouyo.

e Xyetikn Bedtioon (VTOAOYLGTIKOV XpOVOL) aAyopibuov A m¢ mpog aAyoplbuo B :
Y — Yy

Yimprvap = v
B

7.3 Hepopotikég sokipéc yrooto N/ M/ F, Seq — Ind, perm/ C, oy

I to mpokeinevo mPOPANUO GKOTOS TV TELPUUET®Y Ty 1 a§LoAdYNon TS amddoong
¢ TomKnig ovaltTnong Ue omorydpevon Kvicemv kot M ektiunon g Peitioong
TOL EMTLYYGVETOL LE TNV TEYVIKT TNG devdpoeldoHg avalytnone. I'a to okomd owtd

VAOTOUCOLE Ko GLYKpIvape Tovg eENg odyopiBuovg :

e Tov alyép1Ouo Tomikic ovolTnonG e oo yOPEVOT) KIVIIGEWY KOl TOKAELGUO TTPO-
YPOUUATOV OTtd TIG YELTOVIEG ovall1)TNONG, 0 0TO10¢ THPOVGLAGTNKE GTNV EVOTNTO

4.8 ko 070 £ ¢ O avopépeton wg T'Se.



e Tov aAyép1Ouo devdpoeldong ovolTnong, 0 0Toiog TOPOVOIECTNKE OTNV EVOTNTA

6.5 ko 670 €€N¢ B avapépetal g ParTrTSe.

Ot melpopotikés SoKUEG opyavadinkoy Ue Pootkéc emdmEelg T UeAétn ¢ emi-
dpoong AMGeopmv UEBOIWV TOPOYOYNS OPYLIKDV TPOYPUUUAT®Y GTNV TOLOTNTO TWV
TOPOYOUEVOV TEALKOV AVGEMV KoL T1) SLEPEVVIOT| TN CLUTEPLPOPES TWV AAYOPIBU®Y YioL
Stdipopor Leyédn mpoPANUETOV Ko SGPopeS TILEG TWV TOPOUETP®Y TOVGS. Xe KOBe mepi-
TTOOMN Ol TEAKEG AVGELG TOL TOPEYOVTOL OTd TOLG CLAYopPiBUOLE crvTOVE, GLuYKpivovToL

Ue T1g arvtioTolyeg AOoelg mov divel 0 aAyOptOog Tov  omLddK.

To petaPorAdpevo Leyétm tmv oK@V NTav GLVOMKE Tpia :

N : O oplBUdS TMV EPYOCLAOV TPOS TPOYPOUUATICUO.

>1ig mepapotikéc doxiuég 1o N mripe Tég oto ovvoro {6, 8, 10, 20, 30, 40, 50}.
IpoPAiuoto pe €61 1 oKTd epyacieg Oempovvion UIKpOV UEYEOOLS, eVE CVTA
pe déxo M elxoot Bemwpovivion petpiov. TTpoPAUoTa HE TEPIGCOTEPES EPYOCLES
Bewpovvtol peydAov peyédove. Xn oxetikn PipAoypaeion o péylotog aplOudg
epyooLiV TV TpoPAnudtov mov Abvovion cuviBwg dev vrepPaivel To copdvto
[Lei90, CB92, Kon93].

M : O aptBudg TV Unyovov.

O opOudég M tov unyovov kobopilel o TAN00¢ TV oTadiOV TOPAYOYH TOV
CLOTNUATOV POIKNG TOPOYOYNG Ko otV TpdEn dev Eemepvd cuviibmg To déKaL.
JuoTiUaTo e LEYOADTEPO CPIOUS UMY oV®Y BE®WPOVVTOL TOAVTAOKOL. ETIG TELPOYLOL-

Tikéc dokéc o M mrpe Téc 6to cvvoro {4, 8, 12, 16}.

T : To uéyebog 1oL cuvorov T L.

To uéyebog T 7tov cuvvérov TLc opilel 10 TANOOC TV TOMKAV eAdyioT®Y,
TPOG ToL omoia amoryopeveTon vo, Kivnoet n tomkn avalitnon (evétnto 4.5). ZTig
TELPaUOTIKEG S0KIUES TO T oplotnke vo maipvel Tinéc 6to ovvoro {3, 8, 13, 18, 23,28},
FHvoda Tov epLEyovy Tpia Lévo ototyeior Bewpovvtal Uikpov peyéboug, evd avtd
ue okt 1 dexortpior otoryeio Bempovivton petpiov. tnv tpdén 10 cbvoro T Lo dev

neptéyel meprocdtepa omd déka otoryeio [BLI1, LBG89, WHSI].

H e£dptnon tov emddoewv ond tor oplOunTikd dedopévo kébe mpoPAfuartog eiye
WG GLVETELDL TN UEYGAN SLOKOUOVOT) OTO KTOTEAEGUOTO TV aAyopibumy. To vo e€o-

HOAVVOOUV evieyOUEVEG OTOKAIGELG Ko vou evioyvBel N aflomiotio TOV TEPUUOTIK®OY



petpricewyv, kpibnke oamapoitntn n enilvon HeEYAAOL opPlBUOD SLOPOPETIK®V TUYOL®V
npofAnudtev. T To Adyo ovtd dnuovpyritnkoy ko Avenkoy 30 Tuyoio TpofAuoTo
v KGO Levyog Twdv (N, M) . To kprthiple emdOGewv Tov oEloAoyOnkoy a@opovcoy
TAVTO LEGOVG GpOoVG TGV Yo To 30 Stoupopetikd TpoPAfuata. Ot xpdvol eneepyaciog
TOV EPYOOLAV KO EEAPUOONG TV UNYXOVOV TITOV TUYOHOL LKEPOILOL OLLOTOIOP PO KOLTOVE-
unuévol oto atdotnuoe [0, 199] kou [0,49] avrtictoryyo. H emAoyn pueyddov dStoctinotog
TILAV EYLVE LE OKOT TN GUY VY| ELOEVIOT) OVOLLOLOLOPPWV X PSGVOV eneEepyooiog, ot omoiot
GUVETAYOVTOL VEKPOVG XPOVOLG GTIG UNYOLVES KO KABLOTEPT O GTNV EKTEAEGT TOV TTPO-
ypéupotoc. H oxéon 4:1 6to €0pog TGV TmV X povmy eneéepyociog kot eEdpumong opilet
o yevikt ovodoyio. Eivon @ovepd, dumg, 6t vaipov Kot Tepintdoelg 0mov ot xpdvot

e€biprmong Eemepvovoay ToOVG avTioTolyovg eneEepyociog.

v evotnta 7.3.1 cvykpivovion ot pébodot mapoywyng opyLKdV TPoYPOULATOV
TOV TOPOVGLAGTNKOY GTNV evOTNTA 4.3 KOl 6T GUVEXELDL SLEPEVVETOL M| GLUTEPLPOPE
t0v oAyopibuov T'Se g mpog TNV mapduetpo T (evotnta 7.3.2). H ermidpoom tov
UNYXOVIGLOU TEPLOPIGUOD UEYEBOVE YELTOVIAS GTNV TOLOTNTH TOV TAPOYOUEV®DV AOCEMV
eetdleton oty evotnta 7.3.3, evd oécmg petd peletdton o adyopiduog ParTrTSc
Ko ekTindTon N BeAtioon mov emttvyydveton Le Tt devdpoeld| avalnitnon (evétnto
7.3.4). Zmv evotnro 7.3.5 e€etdilleton n mepintwon HIopENG OLOELIDY EPYOCLMV KO TEAOG,
oty evotnta 7.3.6 mopovctdlovion To. omoTEAEGUATO TNG EMIALONG TPOPANUETOV Ue

SLOLPOPETIKEG KATAVOUEG GTOVG Y POVOLG eneepyociog kot eEGpUmonC.

7.3.1 XOykpilon vpnUOTIK@V HEBOS®V Topory ®YNG OpYLK®V TPOYPOLULULHTOV

H mpdt opddo Sokiudv opyovddnke pe kHplo emdimEn v o&loAdynomn evpnuotikdv
UEBOOWV TOPOYWYNG OPYLKDOV TPOYPOUUETOV KO TN UEAETN TNG ENIOPAGNG TOVG GTNV
TOLOTNTO TV TEMKADV AVGEWV ToL Tapdyovton and tov oAyépiOpo T'Sc. T to
oK0omé ot eEeTdotTnKa N LEB0d0g Tov Dannenbring ( 6To €£1g B0 TNV CLVOLPEPOVLLE EV
ovvtouics DANN), tov vekpav ypdvov (IDLE), tng eAdyiotng mopeufoing (MINS), tov
Palmer (PALM) kot toov Widmer kon Hertz (WIHE). Ot uébodot ouTtég mopouotéetnkoy

OVOALTIKE 6TIG evotnTeG 3.3 Ko 4.3.

oBéva, amd To Tuy oo TpoPA Lot AHONKE GUVOALKE TPLEVTO POPES, V1oL KOOEULE
oo TG mévTe HeBddoug Ko yio Tig €EL SoupopeTIKEG TIUEC TNG Topdiuetpov T, n omoio
KoBopilel o TANB0C TV anoryopevuévmv tomkdy ehayiotwv (T = 3, 8, 13, 18, 23,

28). Tl TNV KaAUTEPT GVYKPLON TMV TEVTE HEBGOMV dE XPNGULOTOIONKE O UNYXOVIGUEG



TEPLOPLGULOV TOL HEYEOOVE TNG YELTOVLAG orvolliTNONG, €101 MoTe Vo eEeTdleton oOAGKANpO
T0 GUVOAO TMV TPOYPUUUATMV TOL TEPLEYOVINL GE OLTEG.  OTE TN SLAPKELDL OLLTHOV
TOV TEPOUOTIKOV dOKIU®V KAOe epyacion oviike o SLOPOPETLKT) ouddoL, €101 MOTE Vo
UNv vrdpyovv oLoeldeic epyacieg ko 1 eEGpUOON TOV UNYavdy vo ektedeiton Tévto. H

emMAOYH VT LIOYYOPEVONKE atd TN VoM ! Ty evpnuaTKGY LEBGSwY OV GLYKpPivovTod.

NxM || DANN | IDLE | MINS | PALM | WIHE

6x8 0,01 | 000| 007 000]| 027
8x8 352 2,60| 2,12| 271| 3,00
10x8 413 | 3,13 | 258 | 442| 3,89
20x8 | 291| 356 028| -0,75| 3,12
30x8 || -8,56 | -10,57 | -4,57 | -8,67| 5,62
40x8 | -43,46 | -38,88 | -41,89 | -42,82 | -24,82
50x8 | 4,63 | 867 | 217| -3,69| -2,24
10x4 3,79 | 058| 1,11| 168 -0,06
10x8 413 | 3,13 | 258 | 442| 3,89
10x12 | 254 132] 098] -021| 480
10x16 | 422 187| 572| 471| -0,09

IMivakog 7.1: Metafoln andAivtng omdkAtone. Mécog 6pog g mpog 7. R = 100%.

Ytov wivoka 7.1 TopoBEToupe TOVE LEGOVE GPOVG TOKALONG Y10 TOL TPLEVTO TPOPAT-
portar Tov AHOmKoy yior KABe Héyedog Ko ylo TIG TYUEG TS Tapoétpov 7. ZInV TpdTn
GTHAN ToPOoKOAOVOOVUE TO HEYEBOC TOV TPpOoPATLaTog (NXM). Apyxiké puetoGAAeTOL O
oPLOUSG TOV EPYAGLAV YLOL OKTM UNYOVEG KO OTT GUVEYELD LETOPAAAETOL O OLPLOUOC TV
unyovav ylo déko epyocies. 'Etot, to pueyéom tov npofAnudtomv mov Avenkov eivorn 6x8,
8x8, 10x8, 20x8, 30x8, 40x8, 50x8, 10x4, 10x12, kor 10x16. T'toL TNV ELKOAGTEPT TAPOKO-
A0VON oM TG SLHKVUOVONG TNG OTOKALONG e ToL LeYEom M ko N, ToL mOTEAEGLOITOL V1O
mv Kotnyopio tpoPAnudtmv 10x8 emovadofévovion oty TéTapTn Ko TNV eVOEKoTN
YPOUUT. ZT1¢ 6THAEG 80 €mg kot €1 diveton n amdKALon ToL odyopiOuov T'Se Yo Kobeuio
omtd TIC TEVTE EVPMNUALTIKEG LEBGIOVE TOV Y PTCLULOTOIHON KAV YLOL TNV TOPOLY Y] OPY LKAV
TPOYPOUUETOV. TNV €vatn Ypouun tapotifeton o pécog 6pog (M.O.) TG amdKAMong Yo

MV TePinT®on mov LETOPEAAETOL O APLOUSS TV EPYOCLMV, EVEM GTNV TEAELTOLO YPOUUT

'Ané Tig mévte evpnuartiicé ueBdSovg mov ypnoLuomolienKay, ol uéBodot Tov Dannenbring, tov Palmer

Kot tov Widmer kou Hertz, Oepovv 611 1 eEGproon Tav unyovadv ektereiton ndvtote (evétnteg 3.3.1-2, 4.3).



Tov mivoko vtoAoyileTat o HEcog Gpog GTNV MEPITTMOT TOV UETOPANTOV CPIOUOV UNyoL-
vav. TMopduoto €k0eon NG TOGOCTINIG AUTOKAMONG Yo TIG TEVTE EVPMUATIKES LEBGSOVG
yiveton otov mivoka 7.2. AG onuelmOel 6Tl 6e TPOPANUOTO TPOYPOUUATIGULOV EPYAGLAV T

T0G0GTIOHO OTOKALOT) Bempeiton TEVTO TO XOPOKTNPLOTIKOTEPO KPLTTPLO ENLOOOMC,.

NxM || DANN | IDLE | MINS | PALM | WIHE

6x8 0,00 | 0,00 | 0,00 0,00 0,02

8x8 0,20 | 0,15 0,12 0,15 0,17
10x8 0,19 | 0,14 | 0,11 0,20 0,18
20x8 -0,08 | 0,11 0,01 -0,01 0,09
30x8 -0,20 | -0,24 | -0,11 -0,20 0,12
40x8 -0,64 | -0,56 | -0,61 -0,63 | -0,32
50x8 -0,07 | -0,12| 0,03 | -0,05| -0,03
10x4 0,37 | 0,06 | 0,08 0,12 0,01
10x8 0,19 | 0,14 | 0,11 0,20 0,18
10x12 0,11 | 0,05 0,03 | -0,01 0,18
10x16 0,14 | 0,06 | 0,19 0,16 0,00

[Mivaxkog 7.2: MetafoAn mocootiaiog andkionc. Méoog 6pog w¢ tpog 1. R = 100%.

o k60e TpdPANUO pHeTpr|Bnke N amdkAion Tng Avong tov alyopibuov T'Sc omd
Avom mov €dwaoe 0 aAydplOpog Tov  omddikn. H amdkiion eivon Btk 6ty ot AVceLg
T0V oAyopibuov T'Sc voTepoVV, evd elvor apvnTiKn 6TaV VIEPEYOLY, TOV AVGEWY TOV
olyopiBuov Tov  omddikn. o mopddetyno, otn devtepn GTAAN KoL TPiTN YpOoUU TOL
nivako 7.2 BPAETOVUE TNV TOGOGTIOHO OMOKALOT Yo TOL TPOPATLOTOL TPOYPOUUATIGLOD
0KTM EPYOLOLAV GE OKTM UNYOVES, GTOV YLOL TOL OLPYLKE TTPOYPAUUULOTO EXEL Y PN GUYLOTON Ol
N uébodog tov Dannenbring. Xtnv mepintmon ovTr| ot ypdvol TepETOong mov 36O Koy
¢ Aoomn amd tov alyépopo T'Sc eivorl peyodvtepol amd Toug YpSGHVouS oV €0MCE MG
AVoM 0 oAy6p1Oroc Tov  omddKN Katé 0,2%. Xtnv 10100 GTHAN CAAG OTNV €KTN YPOUUN
BAémovpe 6Tl 6TOL TPOPAT LT TPOYPOUUATIGLOV TPLEVTOL EPYOCLMV GE OKTM UNYOVES O
oAyopibuog T'Sc , Beltidverl katd 0,2% 11 TG TV AOGeE®V ToL divel 0 aAYOPLBILOC TOL

OTLOGKT).

A6 tov mivoko 7.2 mopotnpovpe eniong 6TL ) LEB0S0g TOL Y PNOLULOTOLELTOL VIO TNV

TOPOYWYH OPYIKAV TPOYPOUUETOV dev emnpedilel GNUAVTIKA TNV TOLOTNTH TOV AOGEMV
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ynupo 7.1: Metoforr| mocootioiog andkAtone. Mésog 6pog g tpog 1. R = 100%.

oL Tapdyovton ond Tov oaAyépiopuo T'Sc. H mapotripnon owtn, n onoio emPefoimdve-
TOL KOL OO TOL AMOTEAECULOLTOL TV VITOAOLTIMV TELPOUATIKAV dOKIU®Y, elval dloitepo
ONUOVTIKT a0V 1 0G300T TMV TEXVIK®V TOTKN G avalitnong e€aptdton Guviidmg on-
LOVTLKE 0t TNV TOLOTNTOL TV apYLKAdV Tovg Avoewv [Ric83, WH89]. Onw¢ paiveton ko
o710 oxfuo 7.1, 61ov mopovctdleTon N SKOUOVOT TNE TOGOGTIONOG OTOKALOTG G TPOG
10 U€yeBOC TOL TPOPANULOTOC, BTNV TEPITTMOOT TOL O APLOUSS TOV UNY VOV dtortnpeiton
otofepdc N amdkAlon HeToBEAAETOL opolSLOpPO, Y®PIg Ol TWEG TG Vo epeavilouv
OoNUaVTIKEG dopopés Hetod Twv uebddwv. E&aipeon amotedel n uébodog tv Widmer
ko Hertz yior tnv omoia 0 adyopiBpog T'Se epooavileton e tn xelpdtepmn amddoon, ywpic
OULmG oTNV TEPITTOON QLTH 1 SLAPOPA TNG ATGKALGTC TV TOPOAYOUEV®V AVGEMV OLTTO TWV

GAA@V HeBGSmV Vo elvon peyaditepn omd wion tocootiaic, Lovado.

IV TePInTOON TOL 0 UPLOUOS TOV UNYOVAV UETAUPAAAETOL 1| OTOKAION TOlKiAEL
ovéroyo pe tn 1éBodo ko To TAB0g TV otadiwv enetepyoociog. TTopatnpovue 6Tt 0
olyépBuog T'Se emtuyydvel v KoAvtepn onddoomn pe ™ uébodo twv Widmer ko
Hertz oto mpoPAfjuorto e Técoepelg Ko dekoéEl unyové, e m uébodo tng eAdyotg
nopeUPoOAc OTav Tor 6TAdL0 eneEepyaciog elvon okT® Ko Le T HéBodo tov Palmer dtov
etvorl dddexa. Now onpelwdel 0Tt pe Tig peBddovg ovtéc 0 alydpibuog 7'Se mopovotdlet

OMNUOVTIKEG SLOKVUAVOELG TNV 0TGS06T TOV, eV 0vTiBeTO T LEBODOG TV VEKPHDV X POV®V



TOPOVCLELEL TN LEYOAVTEPT) OTAOEPHTNTO OE GYEOT UE TIC VITOAOITES. Ot dloupopéc, SUmG,
7OV 01 HE€BOSOL GLVETAYOVTOL GTNV TOLHTNTO TV THPAYOUEVWY AVCEMV elvarl Ko TéAL

TOAD KpPEG a@oV dev vtepPaivouy T HiGT| ToGoGTIOHO LOVASAL.

7.3.2 A&rodoynon peyé0ovg T'

Ftnv evétnto v Tr| peAetdto ) LeTaforn} TG amddoong tov adyopifuov T'Se g Tpog TG
TIWEG T™NG TOPOETPOL T oTdl TN SLEPKELD TOV SOKIUADV KEOE TPOPANUO AVONKE Yol TIG
€€1 SLoQopeTIKEC TIUEC TN TOPOUETPOL T'. T'1oL TNV TP oy @y TV 0P LKAV TPOYPOUUETOV
xpnoonoidnkoy ot tévte uéBodotl mov eEeTdoTNKOY GTNV TPONYOvUEVT evdtnTa. Tl
AGYOLG OTAGTNTOG OOl TEPLOPLGTOVUE GTNV TOPOVGIHGT) TMV AMOTEAEGUATOV TOV SOKILDV
OTLC TEPIMTAOGEL TOV YO TOL UPYLKE TPOYPBULULOTO X pNoLLonotidnkay ot uébodot Tov
Dannenbring Kot Twv vekpav ypoévmv. Ol Tivakeg HE TIC AmOAVTEC KOl TOCOCTLOIES
amoxkAicelg tov adyopibuov yior tar dtdipopo ueyédn mpoPAnubitwv, OAeg TG HEBGSOVE
TOPAYOYNG OPYLKAV TPOYPOUUATOV KO TIG TIUES TNG Topoétpov T mopatifevion 6to

TopapTNUOL A.

DANN —&—
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ynquo 7.2: MetofoAr) mocooTtioiog amdkAlong g npog 7.

Ané 1o oxfjua 7.2, 6oV ToPOoLOLALETON 1 SLHKVUOVOT TNG TOGOGTLOHOG AMOKALONG
¢ TPOG TIG ddpopeg TIEG TOL T', TPt POVIE KOTOPYTV 6TL M 0GS0GT TOL 0LAYopiOov

petadAieton opotdpopeo Yo g dvo pedddovg. H mopatipnon avt emPePoudiverl to



GUUTEPGAOUOTOL TNG TTPOTYOVUEVN G EVOTNTOC, ONAODT] GTL 1| GUUTEPLPOPE. TOV CLAYOP1OOV
epoavileton oxetikd oveEaptnT TG LEBGS0V TOV YPNGLLOTOLEITON YLOL TNV TOPOyWwYN
opYLK®OV Tpoypoundtov. H xaddtepn oamdédoomn emtvyydveton yioo T = 8, evd tol
xewpotepo anmoteréopoto epeavifovion yioo 7' =3 xou T = 28 mov eivon ovtiotoryo n

nKpdTEPT Ko 1 LEYOADTEPN TIUT| TOV AaUPBEVEL 1) TAPGUETPOC.

H o1tioAdynomn Tov anoTeAecUETOV VTOV TPEnel vor oovalntnel oty tkavétnto
TOV OAYOPiBUOL VoL UMV ToryldeHETON OE TEPLOYES TOTKMV EAOXIGT®V TOL €X0VV EVTOTIL-
G0el, omaryopevoOVTOG TNV EXLOTPOPY] TOL OE CLTA. XTO onueio ot YPMNGLHo eivorl vo
vrevovpicove 6T TopdueTpog T kabopilel To HéyloTo TANO0C TOV TOTIK®OV EAX)ICTOV
Tpog ta. omoio 1 awvallrjtnon Sev emtpéneton vou kivneel 2 (evotnta 4.5). Otov AapuBévet
ULKPEC TIUES, STTG Yo TopEdELYLoL oTNV Tepintmon tov T = 3, t0te ovaAoyo uikpn elvon
N ddpkela Tov €val TOTKG eAG)LOTO Bempeiton amoryopevpévo, e omoTEAEGUO VoL Elvor
evKoAo M avalrtnon vo morydevtel otny meployn tov. Otav N mtopduetpog T AouPdvet
UeYAAES TIEG, TOTE orvEAoYoL LeyEAN elvon 1 dtépKela TOL €vor TOTLKS EAGYLOTO Ko OAL
to onueior Tov €rouvv Ty ion pe v Tun Tov Bewpovvton ooryopevpévo. Avtd odnyet
oe doynuo oamoteAéopoto, Koode okduo kot 6tav 1 ovoljtnon €xel amopokpuvoel omd
TNV TEPLOYT TOL TOMKOV AN IGTOV, TOL OTOIOV O EVIOMICUOG EIYE MG AMOTEAECLOL TNV
onaydpevon AV TV KIVIIGE®MV TOV 00N YOOV Ge ovTd, dAC TOL OMNUElD TOV XDPOL TOL
€xovuv TIUEG {om Ue TNV TN ekelvov TOV TOTLKOD A IOTOV TOPUUEVOLY OPOCLTOL, CLPOV

Ko €(0VV omaryopevbel Ko 01 KIVIJGELG TOV 03N YOV GE CLLTAL.

7.3.3 A&lodoynomn ueyé0ovg R

H amoitnon yio Tov meptopiod 1oL VTOAOYLGTIKOD XPOVOL EKTEAECTC TOV CAYOPIOUOL
00N YNGE OTNV AVATTLEN EVOG UNYOVIGULOV TEPLOPIGULOV TOV TAOOVE TV TPOYPUUUETMV
OV TEPLEYOVTOL OTLS YelToviEg avaltnong. H mopduetpog R kobopilel 10 T0GOGTO
TOV TPOYPOUUET®V TNG YeLTovidg mov e€etdllovtan (evotnta 4.6). Emeldr m e&étaon
UEPOLG 0tVTi TOL GLVOAOV ULOG YELTOVLIGG EVOEXETOL VO, ETLOPEGEL APVNTLKE GTNV TOLOTNTO
TOV TOPAYOUEVOV AVGE®V, OPYOVOONKOV TEPOUOTIKEG SOKIUEG e PBootkn| emdImEN Vo
peretnOel mmg emnpedlel 0 UNYOVIGUOC OTOKAEIGLOD TPOYPUUUAT®Y TNV TOLOTNTO TMV
AVoewV, T0 omolo amoTeAel avTIKEIEVO TNG EVOTNTOG QLTHG, Ko TAG LeTOPGAAEL TOV

VTOAOYLOTIKO Y pOVo, To omoio eEetdleton oty evéotnto 7.5.2.

20 xopoKTNPLOUGE EVOC TOTLKOD EAOIGTOV MG OmoryopeLIEVOL Sev mepropileton LOVO GTO GUYKEKPLUEVO
onueio oA emekteivetan oe 6Aa ta onueion Tov xdpov avalfnong mov xovv Tiun {on e v T Tov

tomko¥ edoyictov



oTd TN EPKELD TOV SOKIUAYV oVTOV AV ko tpofAriuato peyébovg 10x8, 20x8,
30x8, 40x8, 50x8, 10x4, 10x12 ko 10x16 (tprévto TpoPAripnota ové péyebog). O vToAoyt-
OTIKGG X POVOC TOL taLTeiTon Yo T AVom TpoBAnudtmy peyéboug 6x8 ko 8x8 1tav ToAD
UIKPOC BOTE 01 GVYKPIGELS TOV TPOYLHTOTOLOVVTOL VO UTOPOoVV Vo BewpnBovy aSidmi-
oteg.  Gbe mPOPANUOL AVONKE TEéoOEPELS POPEG UE TOV aAYOpOpo T'Se, eEetdllovtog To

100%, 80%, 70% w01 60% TV TPOYPOUUETOV TOL TEPLEXOVTOL OTLS YELTOVIEG otvoll1)TNONG.

o TNV Topayoyn opylKav TPOYPOULETOV YpNClLoro)énkoy ot uébodol Tov
Dannenbring Kot TV vekp®v xpovav. TleploploTikope o€ LTS TIG LEBGdOVE Yiow dV0
AGYOLG : 0lPEVOC OTLC TELPOUOTIKEG SOKIUEG 1| AGO0GT TOV OAYOPiBLov eAvnke vou elvar
oveEGPTNTN o6 TN UEBOSO TOV X PMNCLOTOLEITAL, APETEPOV UETOED TV TEVTE LEBGIWDV
oL GLYKPIOINKOY QVTEG TOPOVGIAGHY TO KAAVTEPO AMOTEAECUOTO. TUYKEKPUUEVOL M
uébodog tov Dannenbring epgovileton pe tnv KaAvTepn orddoon 6Tav o oplOuds Tmv
unyovav givon otadepds, evad 1 LEB0SOC TV VEKP®V YPOVOV TopoVGLALEL TIC LIKPOTEPEG

Stokvpdiveelg 6tov petofdArovton to otédio eneepyasio.

Ztnv evotnTo. 0wTH B0 TOPOVGLAGOVILE TOL ALTOTEAEGULOTOL TNV TEPITTOOT TOV XPM-
oluomolionke n LéBOSOG TV VEKPAOV Y POHVEOV YLOL TNV TOPOYWYT] TMV OPY LKAV TPOYPOULULEL-
Tv. Ot Tivorkeg e TIG ATOAVTEG KO TOGOTIOHEG OmOKAIGELS TV AVGEMY TOV ahyopiBuov
Yo ToL SLBpopor LEYEDN TPOPANUGTOV KOl TIG TIUES TV TOPOUETPMOV TOPOTIBEVTOL GTO

TOPAPTNU. A.

¥t0 oxynua 7.3 mopovctdleton N SKOUOVOT TOV TOGOGTIHHMV TOKAIGEMV T®V
AVceV ToV aAyopiBuov T'Se ¢ TPog T0 UéEYEBOS TOL TPOPANUOITOC, Yo TIG TIUEG TOV
R. Topatnpovue 6tL N enidoon tov aAyopibuov eivor avotepn yioo R = 80%, 70%.
Ftnv mepintmon mov kotd v awvollrjtnomn eetdleton 1o LIKpOTEPO LEPOG TS YELTOVLAG
(R = 60%) 1 dtopopd 6TV TOLHTNTO TV TOPOYOUEVOV AVGEDV Ot TNV TEPINTWON KOTE
Vv omoia M yertovid e€etdleton 6to 6HVOAS TG (R = 100%) eivon averoicOntn. TEAOG,
oG onuelmOet 6t Bedtimon Tov EMLTLYY EVETHL TOPOVOLELETHL OLVEEGPTN T TOV LEYEOOVG
T0V TPOPAUOTOC, 0oV eite LETOPAAAETOL O OPLOUGG TV epyaCL®V elte peTofGAleTon
0 oPLOUSG TV UNYOVOV M VIEPOYN TV AVGEWY oTNV mepintwon mtov R = 80% eivai
coeNG. AT tor Toporéve aroteAécato emPBeRotdveton 6Tt 0 UNYAVIGUOS TEPLOPLGULOV
TOL UEYEDOLG TNG YELTOVLAG AetTtovpyel amodoTIKA OmoKAEIOVTOG TTPOYPBLUOTOL, TOL OTTOTOL

dev amotelovv aELOA0YEG KOTELOVVGELG YLoL TN GLVE)LoT TNG avalriTnonc.
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o 7.3: Meta oA mocootioiog andkAtonc. [opaymyn opyLtk®dy TpoYPOUULETOVY LE TN

UEBOBO TWV VEKPHOV XPOVQV.

7.3.4 Amn6dooom 0evopoeLdovG ovoLTnong

Ot TEpOoUOTIKEG OOKIUEG TNG EVOTNTOG LTS OPYOVAONKOY HE GKOTSO TN HEAETN NG
OGd00N G TOL UNYOVIGULOV TNG deVIPOELdOVG avali TN oM. AlepeuviiOnKe N GLUTEPLPOPE
0V 0AYopiBuov ParTrTSc Kou o1 emldOGeLg TOL GLYKPION KOV e VTEG TOL aAyopiBuov
TSc. To mpoPfAfinato mov AvOnkav ftov peyédovg 8x8, 10x8, 20x8, 30x8, 40x8, 10x4,
10x12 o 10x16 (tprévto mpoPAfuorto arvé uéyedog). Ot Tapdietpotl mov kobopilouvv
Aertovpyio Tov adyopiBuov ParTrT S¢ eivor to BAOog d kot To TAATOS b TNG devOpoeLldovg
ovalitone. To TA0o¢ TV yertovidy tov e€etdllovton oe k6Oe Pripo tov ParTrTS¢
vroAoyileton amd T oxéom 6.1 TG evétntog 6.2.  atd TN SEpKELD TOV SOKIUDY KEOE
TpSPANUa AOONKe yiow tpior {evyn Twdv (b, d) @ (2,2), (4,2) ko (2,3), UE OTOTEAECLOL VOL

eetdlovtat avtiotolya 3, 5 Ko 7 YELTOVIEG TPOYPOUUETOV 0V BripLoL.

1o oxfua 7.4 mopovcidleton n tocootiaio edticon Tov oadlyopibuov ParTrT Sc w¢
pog Tov T'Sc, GTov Ylor TNV TOPOYwyT] TOV OPYLKDV TPOYPOUUETOV X PNOYLOTOIONKE N
UEB0SOC TV VEKP®V YPOVDV.  OTopyV ToportnpoVUE OTL M BEATI®ON TOL EMTLYYAVETOL
KOL Y10l TOVG TPELS GLUVOVOIGLONVE TILAV TMV TOPOUETPOV b Kol d UETOUPAAAETON GYETIKE

OLOLOLOPPOL G TTPOG TO UEYEBOS TOV TpoPArLatog. H peyolbtepn Bedtioon nopotnpeiton
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ynuo 7.4: Tlocootioio ertimon devopoerdog avalitnong

o€ poPAnuotor OOV elTe 0 OPLOUGS TV EPYOCLAOV elvon Hikpog (8x8, 10x8) eite 0 ap1OUdg

TV unxovov (10x4, 10x8).

To mAGtoc b eugovileton g M KPLGUOTEPN TOPAEUETPOS TNG deVIPOELSOVE CVOL-
tong. No vrevOvpicovpe 6t 10 TAGTOg KoBopilel Tov apltbud TV 160dVVoU®Y
Kortevfbvoewv mov e€etdllovton Ko agloloyohvton. Tty nepintwomn Tov 10 TA00G TV
KOTELOVHVOEMV OLTMV Elval KpOTEPO 0md TO TAGTOC, TOTE e€eTdloVTON O1 UECMC EMOLLE-
Veg KaAUTEPEG EMAOYEC. ME TOV TPOTO aLTH apeTon MG eva BaBUd 1N LLOTLKT AgtTovpyic

0V olyopiBuov, e amotédecuo T Bertioon g anddoong Tov.

Otov 10 TAdtog b g awvalynong drotnpeiton otobepd téte T0 PdOOg d eivon
KoBopLoTIKO Ylor TNV omddoom tov ParTrTSc. Meyolbtepo PEOog cuvendyeton peyo-
AOTEPO TANBOC YerTovidy Ttov eEetdlovton avé Prina ( Tperg yia to {evyog (2,2) Ko entd
vy to (2,3) ). Hopatnpodue 6t Yoo d=2 n amwédoon tov ParTrTSc mpooeyyilel v
anddoomn tov T'Se ko1 Bertioon mov emttvyydveton elvon otabepd pikpdtepn tov 0,2%,

ue e€aipeon to uéyebog mpoPAnuotog 20x8.



7.3.5 Ioptioomoincmn epyocLev

>y evétnTor vt LEAETATOL M GLUTEPLPOPE TOL OAyopibuov T'Se GTOv LVIEPYOLV
ouédeg epyaoidv, omoTe M eEGPUOON TOV UNXovev dev ektedeitonl HeTa&h oLoelddv
epyaoiav (evotnta 2.3). Anuovpyritnkoy kot Avenkav tpofArpota peyédovg 6x8, 8x8,
10x8, 20x8, 30x8, 40x8, 10x4, 10x12 xou 10x16 (Tprévto mpoPArLoTa oeve Léyebog). Xe kGe
TpOPANUO Ol epyocieg ywpioOnkav pe Tuoyxoio Tpdmo ce opuddes.  GBe opddo mepPLelye
0 TOAY N/4 epyoocieq. otd ™ SEpKeEX TOV SOKIUMV OQVTOV GTNV Tapduetpo T
d6omkoav o Tpég 3, 8, 13, 18, 23 xou 28, eved eEetdleton mEvVTo TO GUVOAO TNG YELTOVIGG
ovolmnong. Tow TV Topaymyr TOV opYLK®OV TPOYPOUUAT®Y YPNCILOTOUONKOV Kot
ot mévte evpNUaTIKEC LEBOSOL ToL e€eTdioTnKay otV evotnta 7.3.1. Et0 mopdpTnuo A
mopatifevTon ol TIVOKEG PE TIG OTOAVTEG KOl TOGOGTLOLEG OTOKALIGELS Y10 TOL SLELPOPOL

UEYEOM TPOPANUETOV KOl TIG TIUES TOV TOPUUETPWY TOV AAYOPiBOL.

(%)

Relative Error

-2 1 1 1 1
6x8 8x8 10x8 20x8 30x8 40x8 10x4 10x8 10x12 10x16

xnquo 7.5: Tloptidomoinon epyocLmy.

>10 oxnqua 7.5 mapovotdleton N SLoKHUAVOT TG TOGOGTIOL0G TOKALONG W TPOG
70 Héyebog Tov TPOoPANLOITOC dTOV LILEPYXOLY OUAdES EpYaGL®Y. TTapatnpovue OTL N GL-
UTEPLPOPE TOV CAYOPIOUOL OE PoiveTO VO SLOLPOPOTOLEITOL OE GYECT UE TNV TEPinTOON
KoTd TNV omoio KAOe epyacio avike oe doupopeTikr| ouddo. H amddocn Tov mopoével
oveEGPTNTN omd TN UEBOSO TOL YPNOLLOTOLEITOL VIO TNV TOPAYWYT OPYIKAOV TPOYPOLLL-

UETOV. ZUYKPIVOVTOG TO OTOTEAEGLOTOL TOV GYNUOTOG 7.5 e oruTd Tov oxfuortog 7.1 Yo



TIg TéVTE LEBBGSOVG , SLOMIOTAVOUUE OTL EEOUOAHBVOVTOL 01 SLOPOPEG TV ENLOGGEDMY TOVG.
AvTé Qoiveton KoAvTEPOL GTNV TEPITTMOOT TOL LETAPANTOV OP1LOUOV TV UNYaVAOV, GTOL

01 VILEPYOVOEG oPOPEG elvon averaicONTEC.

O alyép1Ouog eEakoAovOel va emtuyydvel KOAHTEPEC EMOOGELS GTOL TPOPALOTOL LUE
UEYAAO OPLBULS EPYUGLAV, EVE 1) LETAPBOAT TOV 0P1OLOV TV UNYovVAdVY dev TpoKoAel 1dLod-
TEPEG SLOLKVILAVOELS GTNV TOLTNTOL TV AVGEW@V. Tn xelpdtepn enidoon v epeavilel 6to
TpOPANU 8X8, GOV N TOGOGTIOAO OTOKALOT 0TS TLC OvTioTOLXEC AVGELS TOV CLAYOP1OUOL
T0V  omdGKN elvorl vVOTEPNON TEPIMOV WGTC TOGOOTION0G LOVEOOGS, EVA M KOADTEPN

eEMTLYYGvVETOL 6T0 TPOPANUa 40x8 Kot elvon vtepoyny 800 Tepimov TOGOGTIHIMY LOVASMV.

7.3.6 MetofoAn KOTOVOUGDY

v evomnto ot egetdleton n cuumepleopd Tov adyopibuov TS 6ty ol xpovol
enelepyaciog kon e€dprmong eivor Tuyxoiol aképoiot OLOLOLOPPO. KOTOVEUNUEVOL GTO
Sidlotnuo [0,99] xou [0,24] avtictoiyo. H yevikn avoroyio 4:1 dtotnpeiton, pe oddoyn
Ouw¢ TV opiwv Tov dtectnudtomy. o kdbe uéyedog tpoPAruatog (6x8, 8x8, 10x8, 20x8,
30x8, 40x8, 10x4, 10x12, 10x16) Av6nKov tpiévio TpoPAnuote Le Tov aAyéplopo 7S¢
KoL TNV mopduetpo T vo modpvel Tiég 3, 8, 13, 18, 23, 28. o TV maporywyn opyLK®v
TPOYPOUUETOV YpNGLLOTOLON KoY 01 LéEB0dOL Tov Dannenbring Ko TMV VEKPAV YpOVE®V.
370 TOPEPTNUO A TOPOTIOEVTOL Ol TIVOKEC LE TIG AMOAVTEG KOl TOGOGTIOLEG OMOKALIGELG

yioe ToL SLépopa Leyédn TpoPANUETOV Kot TIG TYES TV TUPOUETP®Y TOL OAYOPIOULOV.

310 oyfue 7.6 TopoLoLELeTon YPOPLKE I SLOKVULOVOT TNG TOGOOTLHIG AmOKALONG
pe 1o uéyedog tov mPoPANUOTOC. Tol GUUTEPGECUOTO TWV TPONYOVUEVOV EVOTNTWV ETL-
BePordivovion omd tor amOTEAEGUOTO. OVTAOV TOV TELPOUATIK®OV oKy, H petafoin
¢ Slok OIS Elvort OLOLOLOPON Yol TIG dV0 LEBGSOVE TOPOYWYG CPYLKAV TPOYPOUL-
pétwv. To TANO0G TV epYUCLAV TOPUUEVEL TO KPLOUATEPO UEYEDOG NG atdO0GME TOV
olyopiBuov. 'Etol, otor mpoPAnuoto He Hikpd aplbud epyoociov (6x8, 8x8, 10x8) mo-
potnpeitol votépnon pe uéytotn tuf mepinov 0,3% yio 1o TpdPAnuo 10x8, evad oto
TpoBALOrTO e LEYEAD apLOUS EPYOLCLMOV €YOVUE LITEPOYT|, T OTOLC OTOKTE LEYLOTN TIUN|

nepimov 0,25% o610 TpoPAnua 30x8.
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Synpo 7.6: MetofoAT| KOTOVOULDY.

7.4 Tepopotikég dokiués yroo 1o mpopinuo N/ M/ F, Seq —
Ind, perm/ Tz, Chas

310 SKPLTNPLOKS TPOPAN O TPOYPOUUATIGLOD EPYOCLMV TPOEYEL 1| EAOYLOTOTOINGN TG
UEYLOTNG KOOLOTEPNONG Tingr TOV EPYOCLAOV EVOVTL TNG EAOYLIGTOTOINGONG TOV XPGVOL
TeEPATMONG Crrgzr TOL TPOYPEUUOTOS. ZKOTOG TV TELPOUETOV fToy M a&loddynomn g

oGd00N ¢ TG TOTLKN G ovoll TNONG UE OO yOPEVOT KIVI|CEWV.

To, petoforAdueva LeYEOM TV SOKIULAY HTOV GLUVOALKE TECGEPO.

N : O oplBUdS TMV EPYOCLAOV TPOS TPOYPOUUATICUO.
M : O aplBudg TV Unyovoy.
T : To uéyebog tov cuvorov T L.
ddper : To TOGOGTO TV EPYUCLOV LE TPOBEGLIES el TOV GLVOAOL TMV EPYOCLAV.
H mopdbpetpog ddper xabopilel Tnv avoloyio Tov epyocidv e Tpobecuieg mpog

QVTEC TOL deV €YOVV TEPLOPLGUOVE GTO XPGVO TEPETOONG Tove. Ot TIéG Tov dOONKaY

otV ToPOUETPO ddper KoTE TG dOKIUEG fitov 70% ko 90%. Tiow kabeptd opdido



oKLV Tov dMUovpyonke, AvOnkav mpoPAnuoto peyébovg NxM : 6x8, 8x8, 10x8,
20x8, 30x8, 40x8, 10x4, 10x12 kou 10x16 (tpréva mpoPArpoto ové puéyedog). Ot ypdvol
emelepyaciog kol eEdpumong oy Tuyoiol dKEPOLOL OUOLGLOPPO. KOTOVEUNUEVOL GTO
didiotnuo [0,199] xou [0,49] avtictoyo. Xe kAOe epyocio 066nke npobeouio Topadoong
pe mhovotnTo iom e ddper. H mpobeouio piog epyociog i Mtov Tuyoiog oképonog
oto dwdotnua [Topt;, Cmaz(I1)], 6mov Topt; = Ej]‘/i1(1)z'j + sij) €EKQPOLEL TO GLVTOUOTEPO
XPOVO TEPATMONG TNG EPYAGLAGS i KO Chpgz (TT) 0 ypdvog mepdtwong tov npoypdiupatog I,
o7o onoio kopio epyocio dev elye mpobeouio. GO TPOPANUO AVONKE e TOV AAYOPLOUO
TStc, 0 omolog Topovoldotnke 6Ty evotnta 4.9. e KG0e mepintmon ol teMkég AOoeLg
mov mopdryovion ond tov T'Spe ovykpivovtol pe Tig avtictolyeg Avoelg mov divel o

oAyOpIOUOG TOV  OTLOGKT.

v evotnTa ot B0 0o 0ANB0VUE Le TNV OUada SOKIU®Y ddper =70%. Ot tivokeg
ue to omoteAéopota yioo ddper =90% mopotifevtol 6To TopdpTne B. Ztny mp®dn 6THAN
Tov ivoka 7.3 ToporkoAovBovLe To LEYEDOG TOL TPOPANUOTOC. ETIG EMOUEVES TPELG OTNAEG
nopovotdlovion dtadoyikd o aptdudc EA tv mpofAnudtmv yior tar onoion evionicOnke
EQLKTY) AVoM, 0 aplOuds BA tov mpofAnudtowv oto omoic 0 alydéprBuog T'Sre evidmioe
un €QLKTN AVoN pe uKpdTePT KabLoTéEPN oM amd oLUTHYV TG AVGNG TOV aAYopiOUoL TOoL

omddKn yio To 1810 TPOPANUO KoL o1 tocooTiodeg amokAicelg Trel kon Crel wg mpog ™
UéYLoT KaBLoTéPNON Thae KO XPOVO TEPATOONG Chrgr OVTIGTOLYOL [0 TOPAOELY LD OTT
yPouun 20x8 mopartnpoVe 6Tt 0 aAyOpIOuog T'Se eVTOTIGE e@LKTY] AOOT OE SEKOLOKTM
ond to TPLévTo TPoPANUOTe TOL AVONKOY. ATO TIG VTOAOLTEG OMOEKO TEPINTOCELS OE
évteka BeATImoE TO Thgz OV E0GE G AVOT 0 AAYOPIOUOGTOV  OTLOGKT). Ol TP aLyOUEVES
Avoelg Ntov Bedtiopéve Kotd 19,62% g Tpog 10 Thyg, KoL KOté 1,98% o mpog 10 Chyas

GTO GHVOAO TMV TPLEVTA TPOPANUETOV.

Ané to amoteAéopotor Tov Topovoldlovton otov mivoko 7.3 elvorl eovep| M VTe-
poyn Tov oAyopibuov T'Sre.  atd uéco 6po evtomilel ePikty AVOTM O SEKOOKTH KOl
enpovileton pe KoAvtepn AVon Ge évieko and Tor TPLEVToL TPOPANUOTO TOV AHOmKaL.
O1 mopaydueveg AMoelg vepéyovv Kotd 13,16% mg mpog 1o mpmwtevov Kol kotd 2,32%
™G TPOG TO OeLTEPEVOV KPLTNPLO TOVL TPOoYpoUpaTionoV. H vrepoyn ot eivol onuo-
VTIKTH, €0KA oV GLYKPLOel Ue Tig emddoelg Tov alyopifuov g tomikng avolytnong
Yo To povokpLTnplokd tpdAnUe 6tov n amdkAion dev Eemépaice TN ULOT| TOGOGTIOHO
povédo. EmBefonddvetar, Aoumtdy, n vrdbeon 61t n ovolliitnon 6to Skprtnplokd xmpo

elvor amodoTikdTEPN Otd GTL GTO LOVOKPLTNPLOKO.



NxM EA | BA Trel | Crel

6x8 7| 23 -26,68 | 4,53
8x8 200 9 -696|-1,00
10x8 19| 11 -12,98 | -1,00
20x8 18| 11 -19,62 | -1,98
30x8 23| 7 -723|-235
40x8 2| 5 -549|-3,08
M.O. || 18,16 | 11 -13,16 | -2,32
10x4 23| 6 -560|-040
10x8 19| 11 -12,98 | -1,00

10x12 17 13 -17,08 | -1,97
10x16 14 16 -21,65 | -1,76

M.O. || 18,25 | 11,5 -14,32 | -1,28

[Mivoxag 7.3: Atotedéoporto yio ddper = 70%



7.4.1 A&loAdynon ueyébovg T

v evétntor oruTr| HeAeTdTon M LeTaBOAT TG amGd00NE TOV OAYOPIBLOV WS TPOG TG
TG TG Topoétpov T.  aBéva TpoPANUa AHOnKe Yo Tig €61 TIUEG TS TOPOUETPOV
T. T AdYoug amAGTNTOG B0 TEPLOPLGTOVIE GTNV TAPOVGLACT] TWV OTOTEAECUETOV TMV
doxiu®v otnv mepintwon mov ddper = 70%. Ot TIVOKES UE TIC TOGOOTIHES OTOKAIGEL

0V oAyopiBuov Yo ddper =90% moportiBevion 6to mopdpTnuoe B.

T EA BA Trel | Crel

18,11 | 11,22 -13,64 | -1,92
8| 18,11 | 11,22 -13,72 | -2,02

13 || 18,11 | 11,22 -13,73 | -2,05
18 || 18,11 | 11,22 -13,72 | -2,01
23 || 18,11 | 11,22 -13,67 | -2,02
28 || 18,11 | 11,22 -13,68 | -2,00
M.O. || 18,11 | 11,22 -13,69 | -2,00

IMTivoxoag 7.4: MetofoAr| tng amddoong g npog 1. ddper = 70%

>tov mivoxka 7.4 mopovoidleton n petaforn TG anddoong Tov olyopiBUov yio Tig
€&1 Tipég TG mopoétpou 7. Toportnpovpe 6T n petoforn} Tov peyéboug T' dev ennpedlel
T0 TA00¢ TV EPLKTMV AVGE®V OV VTOTILOVTOL 0VTE TOV OPLOUS TOV TEPINTACEWMVY, GOV
BeATidveTol N LEYLGTN KOBLGTEPMNON TV EPYOCLOV e Tpobecuiec. H koA vtepn enidoon
émtuyydveton yioo T = 13(n avtictolyn yio to povoxprtnplokod tpdpAnuaftav 7 =8). H
Stapopéc mov epeoviCovton ot Tiég twv Trel kou Crel elvon pikpég kon dev viepfoivouy

70 0,3% ko 0,1% avtictouyo.

7.4.2 A&lodoynomn ueyéovg R

Tty evétnto vt e€etdileton n enidpoiom Tov UeEYEBOLE R OTNV TOLOTNTA TOV AOCEMV
oLV opdryovtol omd Tov odyoépbuo T'Ste. H petaoAn mov Guvendyetonl GToV VITOAO-
YIGTIKO Yp6VOo HeAeTdton oty evotTnTor 7.5.2.  0Té TN SLEPKELD TOV dOKIUDY AVONKOV
npoPAnuoto peyébovg 10x8, 20x8, 30x8, 40x8, 10x4, 10x12 ko 10x16. Eneldr) o vmoAoyt-

oTIKGG YpEVOG oL autotteiTon Yo T AHom TPOoPANUAT®Y HikpOTEPOL HeYEBoLE (68, 8x8)



elvort TOAV WKPOC, 0 UNYOVICUOC TEPLOPLOLOV LEYEDOVG YELTOVLIEC TOV EAEYYXETONL OO TNV

TOPGEUETPO R O XPNGLOTOIHONKE YLl TN AVOT TOVG,

G0e TpOPANUa AVONKe TéGOEPLC QOPEC UE TOV OAYSplOpuo T Sre  eetdloviog
Kk6&0e @opd t0 100%, 80%, 70% ko 60% TV TPOYPOULETOV TOV TEPLEYOVTOL GTLG YELTOVLEG
ovoalnong. v evotnto cuTr| 60 TOPOVGLAGOVE TOL LTOTEAEGILOITOL YLOL TNV TTEPITTMOT
nov ddper = 70% ko yior R = 60%. Ot TiVOKES LE TIG TOCOOTIONEG ATOKAIGELS TV AVGEMV

Y10l TLG GAAEC TILEG TOV TOPAUETP OV TOL alyopiBov tapoatiBevtol 6to mopdptnuo. B.

NxM R = 60 %

EA | BA Trel | Crel
10x8 19 11 -12,99 | -1,07
20x8 18 11 -19,62 | -2,06
30x8 23 7 723 |-234
40x8 22 5 -549 | -294

M.O. 20,5 | 85 -11,33 | -2,10

10x4 23 6 -5,60 | -0,27
10x8 19 11 -12,99 | -1,07
10x12 17 13 -17,27 | -2,11
10x16 14 16 -21,67 | -1,76

M.O. || 18,25 | 11,5 -14,38 | -1,30

IMivoxag 7.5: Anotedéoporto ywoo ddper = 70%, R = 60%

Juykpivovtog Tol AmoTeEAECUOTOL TOV VoK 7.5 e o Té TV ToPOoVotElovTon GToV
nivako 7.3 BAémovue 6Tl 0 TEPLOPIOUSE 0TV €EETOIGT TOL 60% T®V TPOYPOUUETOV TOV
nePLEYOVTOL 6TN YeLToVId avalritnong dev emnpedlel onuovtiké TIg EMEOOELS TOL OAYO-
pibuov. oatopynv TapoTnPovUEe 6Tl 0 OPLBUOC TV TEPITTOCEMY TOV EVTOTILETON EQLKTY|
Avom de petofaAreton yiow Kovéva uéyebog mpofAnuotoc. ‘Ocov a@opd TNV omdKALoN
Trel dev mapotnpeiton Kouio dopopd oTIg TIUEG TNG, EVA UIKPT €lvon 1 oK OUOVeN
¢ Crel, n onoia 610 TPSPANUa 20x8 BeAtiwveton 0,08 mocootiaieg LoVAdES KL GTO
mpoPANUa 40x8 eAattddveton 0,14. BAEmovpe, Aowndv, 6Tl 0 Uy oviGudg TEPLOPLOILOV TOV
UEYEOOLG YELTOVIAG EMLOPAL e SLLO1O TPOTO GTNV AmGI0CT TV OAYOPIBU®Y TOTIKNG OVOL-

{tnong 1660 610 LOVOKPLTNPLOKG 6GO KOl GTO SIKPLTNPLOKS TPORANUA, TPOKOAMVTOG



oavenaiotnteg Letaforég otny enidoomn Twv adyopibumv. Avtd teyvponolel TNV VOBECN
pog 6t Tl TPOYPEUUOTOL TOL ooKAelOVTOL amd TIG YELTOVIEG avaliTNoMNG OeV otoTeEAO VUV

0EL6A0YEC KOTEVOVVOELS,

7.4.3 Iloptioomoincmn epyocLev

IV evOTNTOL 0LUTH LEAETATOL 1| GUUTEPLPOPE TOL ahyopibuov T'Ste dtov VAP oLV
ouddec epyooiav, omdTe N eEAPUOON TV UNXovody dev exteleiton HeTOED OULOELOWY
epyaoLdv. Xe KGOe néyebog mpofAotog mov AVBNKe o1 epyacieg ympicOnkoy e Tuyxoio
TpOmo oe ouddec. Xe KOs ouddo ovikov to Moy N/4 epyociec. Evdeiktikd 6o
TOPOVGLAGOVUE TOL OTOTEAECLATO YO TNV TePinTon oL ddper = 70%. 1O TOPEPTNLLOL

B moportiBevton o mivorkeg Le Tig omokAloelc yiow ddper = 90%.

NxM EA | BA Trel | Crel

6x8 12 17 -29,32 | -5,09
8x8 21 9 753 |-217
10x8 17 10 -13,64 | -1,86
20x8 21 9 -22,62 | -232
30x8 23 7 9,18 | -2,34
40x8 18 10  -6,17 | -3,74

M.O. || 18,66 | 10,3 -14,74 | -2,92

10x4 20 & -6,75|-0,12
10x8 17 10 -13,64 | -1,86
10x12 21 9 -20,19 | -1,27
10x16 18 12 -22,14 | -1,63

M.O. 19 | 9,75 -15,68 | -1,22

[Mivoxag 7.6: [optidonoinon epyasidv Yo ddper = 70%.

Ané tov mivako 7.6 mopatnpovue Tt n YopEN OLOEd®MY epyacidv dev emnpedlel
TN GUUTEPLPOPE TOV oAyopiBuov T'Sre.  otd Héco 6po eviomicOnke e@Lkty AVoN o€
18,66 mpoPAjuortor eved M LEYLOTN KOOLOTEPNON TV epYoclwy Beltidinke oe 10,3. Ot

ovtioTol e TYWES 6TV TEPITTMON oL KAOE epYOcic: AVI|KE GE SLOLPOPETIKT) OULAdXL 1 TOLY



18,16 otnv mwpwtn kot 11 otn devtepn mepintwon. INopotnpeitor NAady wor wkpn
oHENON TOV TEPUTTMOCEMY TOV OAYOPLOOG EVIOTIOE EQPLKTEG AVOELG. AVAAOYOL LKPT) Elvor
Ko M petafoAr] tov Crel amd -2,32% o€ -2,92%, evd to Trel Beltidveton mepinmov xorto pio
nocootioio Lovado. BAEmovpe, Aowndv, 4Tl 1 cuunepLpopd Tov aAyopibuov T'Spe dev

emnpedleton oNUOVTIKA omd TNV VopEn OLOELd®Y EPYUCLHOV.

7.44 MetofoAn KoTOVOULGDY

Tty evotnto outh eetdlleton  GLUTEPLPOPE TOL aAyopiBuov TSt étov ot ypdvol
emelepyaciog kon e€dprmong eivor Tuyxoiol aképoot OUOIOLOPP KOTOVEUNUEVOL OTO
Stdlotnuo [0,99] kou [0,49] avtictoryyo. H yevikn avoroyio 4:1 drotnpeiton, pe aAroym
OUw¢ TV oplov Tev dotnudtmy. o Kdbe péyebog mpoPAruotog Avemkay TpLévIo
mpofAriLato Le Tov oAyoplopo T'Ste Yo ddper = 70% kou 90%. Xtow oyfuoto 7.7 Ko
7.8 mopovotélovion Ypoikd ot SloKVUEVOELS TV ToGooTIoimV amokAicewy Trel ko
Crel avtioctouy o, Le To uéyebog tov TPoPANUOTOC KoL Yo ddper = 70% . 10 TOPEPTNLLOL
B maportifeviol ovoduTikd ol Tvokeg e TIG TocooTiaieg amokAioelg yior Tar Sdipopo

UEYEOM TPOPANUATOV KO TIG TIUEC TOV TOPOUETPMV.

T T T T T T T T T T
5 | * [0 - 199] —<— A
\ [0 - 99] —+—

-10 F

(%)

-15 |

Tmax Relative Error

_25 |

6x8 8x8 10x8 20x8 30x8 40x8 10x4 10x8 10x12 10xlé6
NxM

Zxyquo 7.7: MetaBoAn katovopmy yio Trel ko ddper = 70%

To. GUUTEPBEGUOLTO, TOV TPONYOLUEV®Y EVOTHTOV EMPBERALOVOVTOL OO TOL AMOTEAE-

GLOTO QLLTOV TOV TELPOUATIKGY SOKIU®Y. Ot AVGELS TOL TaPAyovVTOoL Omd ToV AAYOPLOpo



T STc €£0K0A0VO0VV VO, VITEPEXOVY KoL G TTPOG ToL 00O KpLTiiple. H peyodvtepn PeAtimon
YO TO Thge EMTLYYXGVETOL TEAL Y100 TO HEYeBOC TpoPAfuartog 6x8 ko elvon mepimov 27
TOGOGTIOHEG LOVADES, EVD M UIKPOTEPT Ttapatnpeital 6To 10x4 Ko TEVTE TOGOGTIOHEG
povédeg. H petaforf g amdxiiong Trel mopopével oyetikd aveEdptntn tov oplopov
TV €PYOOL®V, evd avtifeto dtatnpeiton n eEGptnon g amd 1o TAO0G TV UNYOVAHY.
Ta 13t ovunepdopoto PAEmove 9Tt 1Y vOVY Ko Yo TN dtokvpoven tov Crel, Onwg

eoaivetol 6to oynuo 7.8.

(%)

Cmax Relative Error

-5 1 1 1 1 1
6x8 8x8 10x8 20x8 30x8 40x8 10x4 10x8 10x12 10xlé6
NxM

ynuo 7.8: Metoodr) katovoudv yio Crel ko ddper = 70%

7.5 Ymoloyrotikdg xpovog

Ot alyépibuot Tomikng ovoliTNong Ue omarydpevon KIVCEDY otontohyv cLviBwme omn-
LOVTLKO VTOAOYLOTIKS XPOVO Yo TNV eKTEAECT] TOVG. H emitdyyuvon g ekTéAecNC TOVG
amOTELEGE VO OO TOVG OTOYOVG TG TOPOVGUC Epyasiog. v evdtnto vt a&lolo-
yotHvton ot 0o PéB0SOoL TOV YPNCLOTOLONKAY Y10 TO GKOTO QLLTO : 1 ToPoAANAoToinoN

¢ ovollTNoNG KoL 0 UNYOVIGUES TEPLOPLGULOV TOV LEYEBOVG TNG YELTOVIAG.



7.5.1 Amnédoon mopEAANANG ovolitnong

O1 TTELPOUOTIKEG SOKIUEC TOV OpyovadNKoy okomd elyav T depedvnon g amddoong
TOV TOPEAANA®Y 0AYopiBUL®mVY TOV ovorTHY N KoY O TPOG T0 TAN00C E TmV SLoBEGLUL®Y
enelepyaotdv. YrlomomiOnkav o adkyépibuog ParTsc , 0 0molog TOPOVGLAGTNKE GTNV
evotnTo 5.4.1 ko oo teAel TNV TOPGAANAN €k80) 1) TOL OAYOPiBUOL T'S Ko 0 ol ydp1buog
ParTSpc , 0 onoiog mopovotdotnke otny evétnto 5.4.2 Ko omotedel TV mopGAANAN
exdoyn tov aAyopibuov T'Src. Tepropiléuevor amd TIg SuvaTOHTNTEG TS TOPEAANANG
UNYOVIG OV XPNOLLOTOMONKE YL TNV €KTEAEON TV CAYOpiOUWY, GTNV TAPGUETPO
E d60nkav ot Tég 2 ko 4. oté T SLOPKELD TOV TELPOUATIKGOV SOKIUDY AVON KO
npoBAruortor peyéfoug 20x8, 30x8 ko 40x8 (tprévia mpoPAripota avé nuéyebog), Le v

nopbpetpo T vo modpvel Tig Tiég 3, 13 xou 23.

linear <%—
speedup —+-

Speedup

2 proc 4 proc
Processors

Zxquo 7.9: Emtéyuvon mov EXLTuYyGVETOL LE TNV TopoAAnAomoino.

¥10 oxNUo 7.9 TopovclELeETOL YPOPIKE 1 EXLTEYVLVOT] TOL EMLTLYYGVETOL MG TPOG
™m ypouutkny (linear speedup) mov amoteAel xou ™ BéAtiotn. IMopotnpodue 6t o1
TopGAANAOL cAyOp1OuotL elvor 1dtaitepol amodoTikol Kobmg M EMLTAYLVOT] TOLG elvor TOAD
Kovté otn BéATIOT. Zuykekpuéva, Yoo E = 2 éxovue speedup = 1,9 xon yioo E = 4
éxovpe speedup = 3,7. Ol TVOKEG e TOVE VITOAOYLGTIKOVG X POVOLE TopaTiBevTon 6To

nopbdpTnuo I,



7.5.2 A&rodéynon unyoviopnot omokAELGILOD TPOYPOUULETOV 06 TG YELTOVIEG
avognmong

>INV evOTNTOL QLVUTY| LEAETATOL TG O UMY OVIGUOG TEPLOPLOUOV UEYEBOLS LeTOBGALEL TOV
VTOAOYLGTLKO XPOVO TOL oo TelTOn yior TV eKTédeon twv aAyopibuwv T'Sc xkou T Stc.
To uéyebog R amoterel TOPAUETPO EAEYY OV TNG AELTOLPYING TOL UNYOVIGULODV, KoBopilet
TO TOCO0O0TO NG YeLToVIdG ov e€etdleton.  atd T SEpKel TOV SoKIU®Y AvONKoy
nmpoPAruorto peyébovug 10x8, 20x8, 30x8 kot 40x8, evd e tov odyéplOpo T'Se AvOnkov
Kol TpoPArinator peyébovg 50x8. Ttnv mopduetpo R d6mkov ot tinég 100, 80 ,70 xou
60, ot onoieg AvVTIGTOLXOVV GTO TOGOGTH TNG YeLTovidg mov eEetdleton. Ot mivokeg e
TOVG VITOAOYLGTIKOVG XPOVOUG Y10 TOL SLEPOPOL LEYEOM TPOPANUGTOV KO TIC TYUES TMV

TOPaUETPOV TopotiBevTon 6to mopdpTnue I

90 T T T T T
R=100% —~—
R=80% -+--
80 |- R=70% -B8--
R=60% -

x o4
1

70

60 -

50

Time (avg)

40 -

30

20
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1 ) 20x8 30x8 40x8 50x8
NxM

yfiuoe 7.10: MetofoAry péoov vmoAoylotikoh xpoévov ywoo 10 N/ M/ F, Seq —

Ind, perm/ Cpag-

Yto oxfpoto 7.10 ko 7.11 mopoveidlleton Ypopikd n LeETHBOAT TOL €GOV VTTOAOYL-
oTiKoV xpbévov (ce CPU seconds) yioL TO LOVOKPLTNPLOKS KO TO SLKPLTNPLOKO TTPOBAN O
avtioTolyo Kol 6To oxfuo 7.12 n petofoAn} tng nocootiaiog PeAtimong. Topotnpovile,
KoTopyfv, 0Tt 0 VTOAOYLOTIKOG X POVOC LEYOAMVEL CTULOVTIKE KOOMG ctLEGVETOL 0 op1OUSg
N 1oV epyociev. AVTd NTaV AVOUEVOUEVO, 0PoD GE KAOE eTaVEAN YN TV aAyopiBuwy

N €E4Taon TOV TPOYPOUUGTOV HOG YELTOVIGG avalTnong amontel xpévo O(N?). Zto



peydAov peyébouvg mpoPfAaruoarto (40x8, 50x8), 6mov ot xpdvol eKTEAECG TV OAYOPiOU®V
etvo onpowvtikol, oiveton kKobapd n otadlokn Helmon Towv ypovmv Le Ty adénon g

TS TNG TOLPOUETPOL R.

50 T T T
R = 100 & —=—

R = 80 % -+
45 R =70 % O - ]
R = 60 % %

35

(avg)

Time

10x8 20x8 30x8 40x8
NxM

yiuoe 7.11:  MetofoAry péoov vroAoylotikoh xpoévov ywoo 10 N/ M/ F, Seq —
Ind, perm/ Thmaz, Crmaz-
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Iyquo 7.12: Metoorr) tocootiodog BeAtioong.







QG 00 8
EniAoyog

8.1 Amnéooon oiyopidumv tomikng avolnitnong

v mopovoo epyocion peAeT|ONKE TO0 TPOPANU TNG POIKTC TOPOYWYS, TO onoio Oe-
opeiton évor omd Tor SOOKOAN TPOPANUOTO XPOVIKOD TPOYPUUUATIGULOD. TUYKEKPIUEVOL
pog anocyoAncov dvo popeéc mpoPAnudtev @ to N/ M/ F, Seq — Ind, perm/ Cpaz,
OmOV EMOOKETOL 1 EAOYLOTOTOINGT TOV XPOVOL TEPHTOONG TPOYPEUUOTOS KOl TO
N/ M| F, Seq — Ind, perm/ Traz, Cmaz, 0OV 0volnToOVTOL TPOYPEUUOTO EQLKTE OG
TPOG TIC TPOBeCieC TV epyocL®V 1, 6moTe owTd dev elvor dLVOLTO, TPOYPBUUOTO LUE
HKp1) KaBvoTéPN oM TV EPYUCL®V Ue Tpobecuiec. H entAvon toug pe pebddovg TomKmg
ovolTnong Ue anorydpevomn KIVICEWV 001 yNCE GE 0LOLOOTIKEG TOPOTNPNOELS YLOL TN

@HOM TOL TPOPANUATOG KO TV LEBGSOV VTAV.

Ané v melpopatiky o&loddynon Tov aAyopifuwv 6to KeQAAMLO 7 SOTIGTOONKE
671 01 €MBSGELS TOVG EEXPTAVTOL KTtd TO TANO0C T®V EPYUCLHOV OV TPpoypoupotilovTot.
To KOAOTEPOL AMOTEAEGULOLTAL EMLTVYY EVOVTOL GE TPOPATLOTA, GTTOV 0 OPLOULGS L TOC elvor
UEYAAOG, eved o1 Yelpdtepeg eppavilovion oe mpoPAruoto 6mov 0 aplBros ovTdg elva
HKp6S. 10 Babd mov n anddoom Tmv oA yopiOumy amotedel évo LETPO TNG SOLOKOMOLC TMV
TPORANUATOV UTOPOVUE VO BE®PTIGOVILE MG EVKOAO TOL TTPOPATLOITOL TTPOYPOUULOITIOIOV

30, 40 ko 50 epyocidv kol wg dvokoio exeiva pe 8 kou 10 epyacies.

To. TPOPANUOTO. TPOYPUUUATIGULOD EPYOCLMV e TOAAEG UNYovEC BempovvTol 00-
GKOAQ, KOODC 1| ELPAVIOT] VEKPAV XPOVAOV OTIG UNYOVES TPOKOAEL ONUOVTIKES KOBL-
otepNoelg TNV ekTédeon TV gpyoctdv. H dvokoAia Tovg €ykelton oTnv oduvopio

VTOAOYIOUOU & priori VTV TV VEKPAV xpovmv. Ot alydpibuol tomknig ovolitnong
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e€etdlovTog TPOYPAUUOTO YELTOVIDY Kol EMAEYOVTOG K&OE POPE TO KOAVTEPO WG TPOG
ToL KPLTpLo BeATIGTOL TOL X PN GLULOTOLOVVTOL, AOUBAVOLY DTOYNV LTOVG TOVE VEKPOUG
xPOvous. T To Adyo owté N amddoo1| Tovg dev e€apTdTon SNUOVTIKE ortd Tov oplOnd

TOV UNYOVAV TOL TPORANLOITOC,.

H peAétn tng evong g uedddov tomkmg oevollitnong Lo 031 yNoe GTO GLUUTEPOLGLLOL
GTL 80 elval ol KPLOUOTEPOL TAPAYOVTEG TNG AMOGOOGT|C TNG & M TOLOTNTO TWV OPYLKMV
TPOYPOUUETOV TOV TOPBEYOVTOL Ko TO TAN00C TV AVGE®Y TOL TEPLEXOVTOL OE L0l
YELTOVIG KOl €lvorl 1600OVOES MG TTPOG TOL KPLTHPLOL TOV Y PMGLonotovvtol. H mpdtn
TePIMTOON OVTIUETOTIGONKE e TO OYESOGUS EVOG UNYOVIGUOV HTTOryOPELONG KIVI|GEWY,
WOTE VO Mo PeVYETOL M| TToryidevom Tng avalritnong oe meploy€g Tomk v PeAticotwy. O un-
YOVIGUOG ALTOG OLTOSELKVVETON ETLTUYT|C, LE AMOTEALEGLLOL T) GLUUTEPLPOPE TMV OAYOPIOUL®V
TOL OVOTTOYON KOV GTNV TOPOVSa epYaGic var elvor oveEEPTNTN TOV CPY KOV TPOYPOLL-
uétov. To ouvopevo g HopENg 1603HVOU®Y AOCEMV GE L0 YELTOVIE TopOoLGLALETON
toitepo évTOVOo GTO LOVOKPLTNPLOKS TPOPAN UL ToV peAeTONKE. Tl TNV VTILETHTLION
TOVL EMEKTEON KE M Slodikocio avalritnong, dote va eEetdlovton opddeg yertovidy. H véa
UéBodog ovoudotnke devopoeldnig avallrytnomn kot orodeiyonke a&idéioyn, oo Ko yio

WKPEG TULEC TMV TOPUUETPOV TNC.

Ot emddoelg TV aAyopiBumy cuykplonKoy He TI¢ avTioTOLYXES TOV OAYOPiBLOV TOL
omdGKN Ko Yo tow 00 TPOPALOT TOV LEAETION KOV XTO LOVOKPLTNPLOKO TPORAN UL,
070 0moio 0 OAYOPIOUOC TOV  OMEAKM Topovotélel Tig KaAHTEPES EMBOOELG UETUED
GAL®V 1EBBdwV, o1 AOoelg TV adyopibumv epeoavilovion mepinov od&lec. H Ovmopén
devTeEPOL KpLTNPiov, 6TO SKPLTNPLOKS TPOPANUA, UELWVEL TO TA00G TV 1GOSHVOU®V
AVoe@V, pe amoTédecua T Beoportikt] BeAtiowon g anddoong Tov alyopiOLov Ko yio
o0 §V0 kprtfiplo. Ny mepintmon ovTh N veepoy M} ToL aAyopiBuov Tomkg avalliTnong
elvon otoBepn kot Kotd Léco 6po iom pe 16,7% yiow to Tpwtedov Kprtriplo kot 3,5% yio 1o

devtepevov.

O VTOAOYLOTIKOG X POVOG TOL CMOLTELTON YLOL TNV EKTEAEGT T®V OAYOPIOU®V TOTIKTG
ovolTnong ovEAveton ONUOVTIKG HE TOV OPLOUO TOV €PYOCLOV TOL TPORAUOTOC.
¥16x0¢ ™G ePYOClOG AMOTELEGE O GYESNOOUOG OTOSOTIKWYV OAYopiOU®V ®¢ TPog ToV
VTOAOYLOTIKO XpOVO ToL amontovV. It 1o Adyo ovtd GYeddoTnKe €Vog UNYOVIGULOG
QTOPPLYNG TPOYPUUUAT®V KoTd TNV owvollyTnom, ®cote vo teploptodel to uéyebog tng
vertovide. H evomudtmomn Tov UnNyovicpov owtod 6Toug oAyopifpovg odfynce ot
peimon tov xpovou ekTéAecNig TOVE KATA 25%. XT0 LOVOKPLTNPLHKO TPOPANUO OV

UEAETNONKE, O UNYXOVIGUOS OVTOG TPOKAAEGE KPT) OAAG Gapn} Bedtimon oTig emddcelg



TV aAyopifuwv. H andppiyn TpoypopdTov omd (Ui YELTOVIA £XEL MG GUVETELD KO TOV
OTOKAELGUS 1GOFVVOUWY AVGEWV e OTOTEAEGULOL TNV KOADTEPT EMAOYT] KOTELOVOVOEWV.
ALOTOTOCOYE, TEAOG, GTLT VoM TNG AodLKOGToC oevoll1)TNON G OE YELTOVIE TPOYP OUUATOV
eMTPENEL TOV TOPOUAANAIGUS TG Ot mopdAANAOL OAYOPLOUOL TOVL TPOTELVOVTOL GTNV

ToPovoOL epYUGior omodeELKVHOVTOL EMLTVYELS, 0OV 1 EMLTEYLVON TOV TPOKOAOVV lvoil

G €SOV YPOUULKT.

8.2 IIpotdoelg PeAtidcE®V

To uéyebog ToV YWPOL TOV EPIKTMV AVoemV oL e&etdleton kot TNV awvallrjtnon eivon
KOOOPLOTIKG Y10l TNV OTOS00T TWV OAYOPIOU®Y TOV avortTOEoE. ENUOVTIKG LELOVEKTILLOL
TOV UNYOVIGULAOV GYNUOTIGULOD YELTOVI®V, OO VTOG TOV TOPOVCLAGTNKE GTNV EVOTNTO
4.4, elvor 1 EMKAAVYT TOV SLOO0Y LKAV YELTOVIDY. AVTO onuaivel 6Tl 6€ KEBe EmovEAN YN
TV 0AYopiOu®V éva LEPOG LEVO TV TPOYPUUUAT®Y TNG YELTOVIAG e€etdleTon yiow Tpdhn
QOpG. Xe OPKETEG MEPINTACELS SOMLOTWONKE OTL TO0 TANO0C TV VEWV TPOYPUUUETOV
elval wkpd. H ypnoonoinon yertovidv mov opilovion omd SoPOpPeETIKES KIVIGEL
eVOEXETOL VO OLVTILETMOMIOEL HMOTEAECUOTIKA TO TOPOTTEV® TPOPANUAL.  ALOPOPETIKEG
KWW GELG 00N Yo UV TNV oVl TNoM 68 SLoLPOPETIKEG KOTELOVVGELG, LLE LTOTEAEGILOL VOL ETVOIL

dvoKOAGTEPN M EMKEAVYN TOV YELTOVIAV TOV TOPBEYOVTOL.

To, aAYOPLOULK G GYNLOLTOL TTOV TTOPOVGLAGTN KAV, UTOPOHY EOKOAN VOL TPOTTOTTOLNO0VV
WOTE KOTE TNV 0volL1TNON VoL X PTCLULOTOLOVVTOL SLOPOPETIKEG KIVIGELG. TNV TEPINTMON
ot to €l80¢ TN¢ kivnomng umopel va oAAGLeL eite oe KGO emavAAN YN TOL OAyopidLov,
WOTE VO EAOLYLOTOTOLEITON ) EMLKEALYT) TV SLOBOYLKADV YELTOVIDY, elTe KAOE PopE TOL
evtomileton TomKd EAGY10TO, MGTE M| ovalliTNom vo KivnBel oe dtopopeTikn Kortevhuven

OTOULOLKPUVOLLEVT) OO TNV TEPLOYT] TOV.

EVOAAOKTIKT) TPOCGTAOELO OLVTILETMOTLIONG TOV TPOPAUTOC omoTeAel N ToPHAANAN
EKTELEOT TV OAYOPIBU®V e SLaQOPETIKEC TAPOUETPOVCS, OTMOS SLOLPOPETIKE OPYLKE TPO-
YPGUUOTOL, YELTOVIEG ovolL TNON G KoL LEYEDTM TOL GLVOAOL TV UTOYOPEVUEVOV KIVI|GEWV.
Ot alyép1Bpot Ba eMKOIVOVOUV 0tvE TAKTE SLOLGTILLOLTOL, YLOL VOL SLOTTLGTMGOLV TTOL0G €XEL
evtomioel TNV KoAOTEPN AVON Kol vor suveyicovy v avalritnon ond m Avon avti.
Me tov tpdémo avté eEocaiileton n eEETOoT SLOLPOPETIKMY TEPLOY DV TOV XMPOL TWV

EQLKTMV AVGEWV.



8.3 Enextdoelg

Ot ol y6p16uot TomKi ¢ vl TNONG LE OOryOPEVOT KLVIIGEMY TTOV TOPOVGLAGTN KOV GTNV
epyacio ovTr|, eQopUSGTNKAY GTO TPOPANU TN POIKNG TOPAYWYNS, TO 0ol0 otoTeAEl
évor d0OKOAO cuvdLOGTIKG TTPOPANUe. H Aettovpyior Ttovg Pocileton oty e€étaon
GUVOAWV TPOYPOUUATOV ETAEYOVTOG EKEIVOL TOV 1KOVOTTOLOVV TOVLG TEPLOPLGULOVE TOL
0étouv Ta KpLtripla BeAtioTon. AvTO TO CAYOPLOULKS OYMLLOL ETLTPETEL TN X PN OLLOTOINCT
TOVG Yoo TNV entAvon wpoPAnUdT®my, oto omoio eivor duvatdg 0 OpPLoUSG EVOS X MPOL

EQLKTMV AVGEMV KO oG LEBGSOL EMAOYNI G LEGO GTO Y WPO QLTO.

"Evol evOlopépov medio eQoplLoyc TmV aAyopiOuwy amotedel 0 TOALKPLTNPLOKOC TPO-
YPOUUOTIGUOS. TNV EPYOGIO ALTH OLVTIUETOTIGOUE TO SLKPLTNPLOKS TPOYPOLUUOTIGUS MG
TPOG TN LEYLOTN KOOVGTEPT|OT TMV EPYOLCLAV KOL TO Y POVO TEPATMOONG TV TPOYPOLUUETAOV.
IMopotnpAoope GTL 0 SKPLTNPLOKOS X OPOS Elvor o SOUNUEVOS Ot TO LOVOKPLTNPLHKO,
UE amOTEAEGHLOL O1 OAYOPLOUOL VOL AELTOVPYOVV KTOBOTIKOTEPOL GTNV TEPIMT®OT aLTH. Tl
70 AGY0 0TS VIOBETOVLE GTL O1 UEOODOL TOV TOLPOVGLAGULE, UTOPOVV VO AELTOVPYT|GOVV
OmOdOTLKA KOl Y1or AAAOVLG GLVELAGULOVE KpLtnpiov. Idtoitepo evilapépov Tapovctdlet

N peAétn g amddoong TV adyopiBuwy Yo Tpio 1 Ko TEPLGGATEPOL KPLTHPLOL.

Mo GAAN evalopépovoo Kartnyopio tpofAnudtav, oto onoio pmopel vo epaprootel
N Ué€B0d0¢ TNG TOTLKN G ovalliTNoNG Ue amorydpeLom Kviicemy, eivor tor tpoAfuato xpo-
VIKO¥) TPOYPOUUOTIGLOV GTO, 0Ttolo 01 Y povot eEGpumong elvart eEoptnuévorl okoAoLOiog.
To TpoPAfjuortor ovtd Tapovotdlovion 1dtoitepa SOOKOAN, oKOUN KoL OTNV TEPITTMON
™G LOVOOLKNG UNYoviG. OUmE, ot aAYOpLOUOoL TOL TAPOVGLAGOUE, KOOMS KIVOUVTOL
UECOL GTO YDPO TWV EPLKTMOV AVGEMV EMAEYOLV TPOYPEUUOTO AXUPEVOVTOC VTOWYT TOVG
e€aptnuévoug akolovdiog xpovoug eEGpUmONG Kol TPOSTOODVING VO 1KKVOTOIi GOV
o omolodote Kprtiplar PeAtiotov. T 10 AdYo owTd eVIEXETOL VOL AELTOVPY|GOLV

omOd0TIKA Yol TNV ENIALON TV TPORANUET®Y TNG KOoTnyopiog o Tnc.



Hopbptnuo A

N/ M/ F, Seq — Ind, perm/ Cmazx

NxM Dannenbring
3 8 13 18 23 28

6x8 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00

8x8 0,46 | 0,10 | 0,15 | 0,16 | 0,10 | 0,21
10x8 0,46 | 0,28 | 0,14 | 0,09 | 0,07 | 0,08
20x8 || -0,16 | -0,11 | -0,03 | -0,10 | -0,10 | 0,04
30x8 || -0,25 | -0,32 | -0,35 | -0,20 | -0,14 | -0,25
40x8 | -0,37 | -0,82 | -0,75 | -0,78 | -0,80 | -0,80
50x8 || -0,21 | -0,17 | -0,12 | -0,05 | 0,04 | 0,11
10x4 || 0,33 | 0,34 | 0,26 | 0,16 | 0,17 | 0,32
10x12 || 0,31 | 0,08 | 0,02 | 0,04 | 0,04 | 0,09
10x16 || 0,32 | 0,09 | 0,15| 0,09 | 0,09 | 0,09

[Mivoxog A.1: MetofoAr] oyetikig amdkMong wg tpog 7. TToporywyn opylKdv TpoypoL-
pétwv pe tn wébodo Dannebring. R = 100%.
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NxM Nekpov Xpdvov
3 8 13 18 23 28
6x8 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
8x8 0,38 | 0,11 | 0,11 | 0,05| 0,10 | 0,16
10x8 | 0,39 | 0,12 | 0,07 | 0,09 | 0,04 | 0,10
20x8 0,21 -0,02 | 0,16 | 0,11 | 0,12 | 0,11
30x8 || -0,20 | -0,29 | -0,29 | -0,21 | -0,22 | -0,20
40x8 | -0,28 | -0,63 | -0,70 | -0,65 | -0,59 | -0,51
50x8 | -0,17 | -0,22 | -0,12 | -0,06 | -0,08 | -0,10
10x4 | 0,34 |-0,02 | 0,07 | 0,00 | -0,05| 0,00
10x12 || 0,41 | 0,06 | -0,02 | -0,02 | -0,07 | -0,09
10x16 || 0,28 | 0,06 | 0,01 | 0,01 | 0,06 | -0,06

IMivakog A.2: MetofoAr] oxeTikng andxAong og npog 7'. TTaporywyn opyLKdv TPoypoipL-
uéTov e T néfodo vexkpov ypdvav. R = 100%.

NxM EAéiotng Mopepoing
3 8 13 18 23 28

6x8 || 0,02 | 0,00| 0,00 | 0,00| 0,00 | 0,00
8x8 | 021 0,11 | 0,10| 0,10 | 0,10 | 0,10
10x8 || 0,26 | 0,14 | 0,08 | 0,10 | 0,03 | 0,05
20x8 || 0,12 | -0,18 | -0,10 | 0,07 | 0,11 | 0,05
30x8 || -0,15 | -0,07 | -0,24 | -0,07 | -0,05 | -0,08
40x8 || -0,14 | -0,78 | -0,71 | -0,72 | -0,66 | -0,65
50x8 || 0,14 | -0,02 | -0,19 | 0,11 | 0,09 | 0,06
10x4 || 0,40 | 0,04 | 0,07 | 0,01 | -0,01 | -0,01
10x12 | 0,29 | 0,00 | -0,03 | -0,04 | 0,00 | 0,00
10x16 || 037 | 0,13 | 0,18 | 0,14 | 0,13 | 0,16

[Mivoxog A.3: MetofoAr] oyetikig amdkMong wg tpog 7. Tloporywyn opxlKdv TpoyPoLL-
pétwv pe t uébodo eAdytotng mopeufoinc. R = 100%.



NxM Palmer
3 8 13 18 23 28
6x8 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
8x8 0,23 | 0,21 | 0,10 | 0,13 | 0,13 | 0,10
10x8 | 0,49 | 0,30 | 0,16 | 0,14 | 0,03 | 0,08
20x8 | -0,02 | 0,05 | -0,04 | 0,05 | -0,07 | -0,05
30x8 || -0,31 | -0,17 | -0,16 | -0,12 | -0,30 | -0,13
40x8 | -0,26 | -0,80 | -0,80 | -0,59 | -0,78 | -0,54
50x8 | -0,07 | -0,19 | -0,17 | 0,04 | 0,01 | 0,08
10x4 | 0,38 | 0,18 | 0,09 | 0,03 | 0,03 | 0,04
10x12 || 0,28 | 0,01 | -0,09 | -0,06 | -0,09 | -0,08
10x16 | 0,35 | 0,21 | 0,09 | 0,12 | 0,09 | 0,09

[Mivoxog A.4: MetofoAr] oyetikig amdkMong wg tpog 7. Tloporywyn opylKdv TpoyPoLL-
uétwv pe ™ uébodo Palmer. R = 100%.

NxM Widmer - Hertz
3 8 13 18 23 28
6x8 0,06 | 0,04 | 0,00 | 0,00 | 0,00 | 0,00
8x8 0,44 | 0,25 | 0,06 | 0,05 | 0,19 | 0,05
10x8 041 | 0,22 0,13 | 0,07 | 0,10 | 0,13
20x8 0,14 | 0,01 | 0,05| 0,01 | 0,16 | 0,20
30x8 0,08 | 0,06 | -0,05| 0,11 | 0,32 | 0,19
40x8 0,05 | -0,44 | -0,52 | -0,41 | -0,17 | -0,41
50x8 || -0,03 | -0,08 | 0,00 | 0,04 | -0,11 | -0,01
10x4 || 0,11 | 0,03 | -0,05 | -0,05 | 0,01 | -0,01
10x12 || 0,38 | 0,25 | 0,09 | 0,11 | 0,11 | 0,12
10x16 | 0,17 | -0,01 | -0,02 | -0,02 | -0,06 | -0,05

IMivakog A.5: MetofoAr] oxeTikng andxAong og npog 7'. TTaporywyn opyLKdv TPOoypopL-
pétwv pe ™ uébodo Widmer - Hertz. R = 100%.



NxM Dannenbring

3 8 13 18 23 28
10x8 || 0,46 | 0,23 | 0,09 | 0,10 | 0,04 | -0,01
20x8 | -0,30 | -0,32 | -0,22 | -0,03 | -0,07 | -0,09
30x8 | -0,26 | -0,24 | -0,26 | -0,37 | -0,45 | -0,22
40x8 || -0,92 | -0,85 | -0,87 | -0,84 | -0,91 | -0,84
50x8 | -0,22 | -0,20 | -0,15 | -0,08 | -0,04 | -0,10
10x4 || 0,18 | 0,24 | 0,10 | 0,14 | 0,10 | 0,08
10x12 || 0,23 | -0,05 | 0,01 | 0,00 | 0,03 | 0,06
10x16 | 0,07 | 0,08 | 0,02 | -0,03 | -0,03 | -0,01

IMivakog A.6: MetofoAr] oxeTikn g andxAong og npog 7'. TTaporywyn opyLKdv TPOoypopL-
uétov pe tn uébodo Dannebring. R = 80%.

NxM Dannenbring
3 8 13 18 23 28

10x8 047 0,15 | 0,03 | 0,13 | 0,03 | 0,05
20x8 || -0,14 | -0,17 | -0,28 | -0,12 | -0,08 | -0,07
30x8 || -0,42 | -0,21 | -0,25 | -0,27 | -0,23 | -0,06
40x8 || -0,85 | -0,76 | -0,82 | -0,81 | -0,87 | -0,74
50x8 || -0,28 | -0,23 | -0,17 | -0,10 | -0,08 | -0,12
10x4 || 0,22 | 0,22 0,17 | 0,11 | 0,08 | 0,13
10x12 || 0,06 | 0,12 | 0,10 | -0,03 | 0,06 | -0,02
10x16 | 0,21 | 0,14 | 0,05 | 0,07 | 0,07 | 0,07

[Mivoxog A.7: MetofoAr] oxetikig amdkMong wg tpog 7. Tloporywyn opyxlKdv TpoyPoLL-
uétov pe tn uébodo Dannebring. R = 70%.



NxM Dannenbring
3 8 13 18 23 28

10x8 0,16 | 0,19 | 0,18 | 0,17 | 0,12 | 0,20
20x8 | -0,19 | -0,31 | -0,01 | -0,10 | 0,01 | 0,10
30x8 | -0,17 | -0,08 | -0,18 | -0,20 | -0,24 | -0,09
40x8 || -0,91 | -0,72 | -0,70 | -0,59 | -0,64 | -0,59
50x8 | -0,18 | -0,15 | -0,10 | -0,05 | 0,00 | -0,08
10x4 || 0,27 | 0,19 | 0,16 | 0,08 | 0,11 | 0,12
10x12 || 0,13 | 0,04 | 0,15 | 0,04 | 0,09 | 0,04
10x16 || 0,06 | 0,03 | 0,04 | 0,12 | 0,14 | 0,14

IMivoxog A.8: MetofoAr] oyetikig amdkMong wg tpog 7. TToporywyn opyxlKdv TpoyPoLL-
uétov pe t uébodo Dannebring. R = 60%.

NxM Nexpav Xpovov

3 8 13 18 23 28
10x8 || 0.27 | 0.15| 0.06 | 0.06 | 0.00 | 0.06
20x8 || -0.18 | -0.13 | 0.04 | 0.22 | 0.05| 0.25
30x8 | -0.28 | -0.36 | -0.41 | -0.45 | -0.31 | -0.34
40x8 || -0.74 | -0.77 | -0.72 | -0.74 | -0.68 | -0.70
50x8 || -0.27 | -0.17 | -0.05 | -0.01 | -0.05 | 0.01
10x4 | 0.13 ] -0.04 | 0.03 | 0.04 | 0.12| 0.13
10x12 || 0.05| -0.12 | -0.08 | -0.08 | -0.09 | -0.09
10x16 || 0.12 | -0.02 | -0.00 | -0.06 | -0.06 | -0.08

IMivakog A.9: MetofoAn] oxeTikng andxAong og npog 7'. TTaporywyn opyLKdv TPOoYPOiL-

pétwv pe t nébodo vexkpav xpévav. R = 80%.



NxM Nekpov Xpdvov

3 8 13 18 23 28
10x8 || 020 | 0.16 | 0.12 | 0.05| 0.12 | 0.11
20x8 | -0.16 | -0.04 | 0.06 | 0.20 | 0.21 | 0.28
30x8 || -0.41 | -0.32 | -0.34 | -0.35 | -0.42 | -0.36
40x8 | -0.76 | -0.77 | -0.65 | -0.69 | -0.62 | -0.53
50x8 | -0.07 | -0.08 | -0.14 | -0.06 | -0.04 | 0.02
10x4 | 024 | 0.05| 0.06 | 0.07 | 0.17 | 0.16
10x12 || 0.05 | -0.01 | -0.05 | -0.02 | -0.08 | -0.08
10x16 || 0.02 | 0.02 | -0.00 | -0.06 | -0.06 | -0.06

IMTivoxog A.10: MetofoAr] oxetikng andkAlong og mpog T'. TToporywyn) opyLKk®y TpoyPoL-

UGtV pe TN HEBodo vekpav xpévav. R = 70%.

NxM Nexpav Xpovov

3 8 13 18 23 28
10x8 || 0.20 | 0.12| 0.11 | 0.03 | 0.08 | 0.13
20x8 || 0.09 | -0.08 | 0.34 | 0.11 | 0.12 | 0.15
30x8 || -0.24 | -0.26 | -0.28 | -0.23 | -0.19 | -0.17
40x8 || -0.76 | -0.72 | -0.60 | -0.56 | -0.46 | -0.52
50x8 || -0.23 | -0.15 | 0.01 | 0.03 | 0.04 | 0.04
10x4 | 0.03 | -0.04 | -0.04 | 0.12 | -0.00 | 0.22
10x12 || -0.04 | -0.10 | -0.03 | -0.06 | 0.08 | 0.03
10x16 | 0.08 | 0.06 | 0.01 | -0.04 | -0.06 | 0.01

IMivakog A.11: MetoBoAn] oxetikng amdkAtong og tpog T'. Ioporyyn opy LK@V TPOYPOLpL-

pétwv pe tn néBodo vexkpav xpévav. R = 60%.



NxM || 22| 23| 42

8x8 || 0,10 | 0,20 | 1,15
10x8 | 0,12 | 0,38 | 1,27
20x8 || 0,28 | 0,56 | 1,40
30x8 || 0,09 | 0,28 | 0,47
40x8 || 0,10 | 0,20 | 0,30
10x4 || 0,11 | 0,28 | 1,75
10x12 || 0,11 | 0,26 | 0,75
10x16 || 0,11 | 0,17 | 0,53

[Mivokog A.12: AnGdoom devdpoeldovg avalrtnong. Zyetikn Peiticon

NxM Dannenbring
3 8 13 18 23 28
6x8 0,05| 0,04 | 0,04 | 0,04 | 0,04 | 0,04
8x8 0,65| 050 | 0,55 | 0,55 | 0,55 | 0,55
10x8 || 0,06 | -0,17 | -0,20 | -0,23 | -0,29 | -0,29
20x8 || -0,07 | -0,51 | -0,69 | -0,77 | -0,90 | -0,93
30x8 || -0,56 | -0,90 | -1,21 | -1,25 | -1,14 | -1,11
40x8 | -1,34 | -1,84 | -2,00 | -2,02 | -2,08 | -2,20
10x4 || 0,47 | 0,16 | 0,35 | 0,08 | 0,07 | 0,04
10x12 || 0,08 | -0,05 | -0,16 | -0,16 | -0,16 | -0,13
10x16 | 0,08 | -0,18 | -0,20 | -0,21 | -0,20 | -0,22

IMivakog A.13: Tloptidonoinon epyocidv. MetooAn oxetikng andxkione. IMopoywyn
OPYLKDV TPOYPUUUETOV LE TN LéB0do Dannebring. R = 100%.



NxM Nekpov Xpdvov
3 8 13 18 23 28
6x8 0,04 | 0,04 | 0,04 | 0,04 | 0,04 | 0,04
8x8 0,85 0,52 | 0,57 | 0,62 | 0,62 | 0,62
10x8 | -0,14 | -0,25 | -0,28 | -0,30 | -0,30 | -0,32
20x8 || 0,31 | -0,36 | -0,47 | -0,61 | -0,59 | -0,56
30x8 || -0,12 | -0,85 | -0,99 | -0,95 | -0,78 | -1,11
40x8 | -0,51 | -1,73 | -1,85 | -1,76 | -2,05 | -1,84
10x4 | 0,55| 0,17 | 0,22 | 0,03 | 0,17 | 0,20
10x12 | 0,21 | 0,04 | -0,15 | -0,18 | -0,20 | -0,20
10x16 | 0,16 | -0,15 | -0,15 | -0,22 | -0,20 | -0,20

IMivakog A.14: Tloptidoroinon epyocidv. MetooAn oxetikng andxione. IMopoywyn
OPYLKDOV TPOYPOUUATOV e TN LEB0SO Vekpwv xpovmv. R = 100%.

NxM EAéiotng Mopepfoing

3 8 13 18 23 28
6x8 || 0,05| 0,04 | 0,04 | 0,04 004 | 0,04
8x8 || 0,66 | 0,68 | 0,55| 0,55| 0,55 | 0,54
10x8 | -0,17 | -0,29 | -0,29 | -0,30 | -0,30 | -0,32
20x8 | -0,03 | -0,77 | -0,81 | -0,87 | -0,76 | -0,75
30x8 | -0,34 | -0,90 | -1,22 | -1,17 | -1,01 | -1,05
40x8 | -1,04 | -1,90 | -1,93 | -1,86 | -1,92 | -1,93
10x4 || 061 | 0,28 | 034 | 034 | 0,18 | 0,13
10x12 | 0,37 | 0,03 |-0,14 | -0,22 | -0,31 | -0,31
10x16 || 0,03 | -0,19 | -0,21 | -0,23 | 0,17 | -0,23

IMivaxkog A.15: Tloptidoroinon epyociav. MetooAn oxetikng andxione. IMopoywyn
OPYLKDV TPOYPUUUETOV LE TN UEB0S0 eAdy1oTNG TopeUPOoAnic. R = 100%.



NxM Palmer
3 8 13 18 23 28

6x8 0,04 | 0,04 | 0,04 | 0,04 | 0,04 | 0,04
8x8 0,70 | 0,54 | 0,55 | 0,55 | 0,55 | 0,55
10x8 0,29 | 0,01 | -0,07 | -0,14 | -0,27 | -0,17
20x8 0,13 | -0,51 | -0,72 | -0,70 | -0,69 | -0,76
30x8 || -0,64 | -0,95 | -1,21 | -1,20 | -1,26 | -1,33
40x8 || -1,42 | -2,00 | -1,95 | -2,06 | -1,91 | -1,98
10x4 0,57 | 0,16 | 0,37 | 0,25 | 0,09 | 0,09
10x12 || 0,04 | -0,07 | -0,19 | -0,19 | -0,24 | -0,24
10x16 || 0,13 | -0,14 | -0,26 | -0,19 | -0,18 | -0,18

IMivoxag A.16: TTaptidomoinon epyoct®dv. Metofolr| oxetikng oamdxkiiong. IMopoymyn
OPYLKOV TPOYpoUUdT@Y e TN uéBodo Palmer. R = 100%.

NxXM Widmer - Hertz
3 8 13 18 23 28

6x8 0,08 | 0,10 | 0,04 | 0,04 | 0,04 | 0,04
8x8 0,83 | 0,67 | 0,60 | 0,58 | 0,58 | 0,58
10x8 0,18 | -0,13 | -0,26 | -0,27 | -0,29 | -0,29
20x8 0,36 | -0,48 | -0,56 | -0,59 | -0,54 | -0,63
30x8 || -0,01 | -0,62 | -0,66 | -1,01 | -0,79 | -0,87
40x8 | -0,32 | -1,50 | -1,54 | -1,51 | -1,73 | -1,63
10x4 0,65| 024 | 022 | 0,22 | 0,21 | 0,17
10x12 || 0,38 | -0,19 | -0,17 | -0,20 | -0,21 | -0,22
10x16 || -0,03 | -0,20 | -0,23 | -0,27 | -0,24 | -0,24

IMivaxkog A.17: Tloptidoroinon epyocidv. MetooAn oxetikng andxione. IMopoywyn
OPYLK®V TPOYpopUd TV pe T uébodo Widmer - Hertz. R = 100%.



NxM Dannebring
3 8 13 18 23 28

6x8 0,11 | 0,11 | 0,09 | 0,09 | 0,09 | 0,09
8x8 0,40 | 0,26 | 0,23 | 0,16 | 0,16 | 0,16
10x8 0,49 | 0,29 | 0,26 | 0,24 | 0,26 | 0,24
20x8 || -0,02 | 0,12 | 0,08 | 0,13 | 0,15 | 0,15
30x8 || -0,31 | -0,31 | -0,31 | -0,14 | -0,12 | -0,11
40x8 | -0,16 | -0,18 | -0,17 | -0,12 | -0,01 | 0,06
10x4 0,07 | -0,02 | -0,04 | -0,02 | -0,02 | -0,02
10x12 | 0,25 0,18 | 0,12 | 0,10 | 0,13 | 0,14
10x16 | 0,34 | 0,17 | 0,17 | 0,15 | 0,08 | 0,12

IMivakog A.18: AAMoyn Kotavoudv. MetoBoAn] oxetiknig andxiionc. IMapoywyn opytkov
npoypoupndtev te T uédodo Dannebring. R = 100%.

NxM Nexpav Xpovov
3 8 13 18 23 28
6x8 0,11 0,11 | 0,11 | 0,11 | 0,09 | 0,09
8x8 0,40 | 0,27 | 0,22 | 0,20 | 0,17 | 0,17
10x8 || 0,27 | 0,17 | 0,31 | 0,28 | 0,31 | 0,23
20x8 || 0,04 | -0,26 | -0,15 | 0,03 | 0,06 | 0,04
30x8 | -0,17 | -0,35 | -0,25 | -0,08 | -0,01 | 0,03
40x8 || -0,08 | -0,03 | -0,08 | 0,03 | 0,03 | -0,00
10x4 || 0,13 | 0,06 | 0,04 | 0,04 | 0,02 | 0,03
10x12 | 0,30 | 0,13 | 0,18 | 0,11 | 0,13 | 0,11
10x16 | 0,31 | 0,16 | 0,17 | 0,07 | 0,09 | 0,13

IMivakog A.19: AAoyn Kotavoudv. MetoBoAn] oyetiknig andxiionc. IMapoywyn opytkov
TPOYPOUUETOV e TN UEBOSO VEKPAV X povwv. R = 100%.



NxM EAdyiotng Mopeufoing
3 8 13 18| 23| 28
6x8 0,11} 0,11 | 0,11 | 0,11 0,09 | 0,09
8x8 | 0,36 | 0,19 | 0,17 | 0,16 | 0,16 | 0,16
10x8 || 0,28 | 0,23 | 0,14 | 0,18 | 0,20 | 0,21
20x8 || 0,01 | -0,17 | -0,13 | -0,01 | 0,01 | 0,13
30x8 || 0,11 | -0,01 | -0,18 | 0,17 | 0,34 | 0,46
40x8 | 0,08 | -0,19 | 0,04 | 0,17 | 0,25 | 0,14
10x4 || 0,12 | -0,05 | -0,02 | 0,04 | 0,08 | 0,12
10x12 || 0,36 | 0,31 | 0,10 | 0,11 | 0,11 | O,11
10x16 || 0,33 | 0,15| 0,24 | 0,19 | 0,19 | 0,15

IMivakog A.20: AAoyn Kotavoudv. MetoBoAn] oyetiknig andxiionc. IMapoywyn opytkev

TPOYPOUUETOY e TN HéB0dOo eAdy1otng TopeUfornc. R = 100%.

NxM Palmer
3 8 13 18] 23 28
6x8 0,11| 0,11 | 0,11 | 0,11 | 0,09 | 0,09
8x8 0,41 0,18 | 0,19 | 0,22 | 0,22 | 0,21
10x8 045 0,31 0,17 | 0,15 | 0,07 | 0,13
20x8 0,20 | 0,01 | 0,06 | 0,35 | 0,45 | 0,25
30x8 0,02 | -0,05 | 0,12 | 0,26 | 0,27 | 0,20
40x8 || -0,00 | -0,08 | 0,12 | 0,17 | 0,23 | 0,20
10x4 || -0,00 | 0,00 | 0,03 | 0,06 | 0,07 | 0,08
10x12 || 0,31 | 0,23 | 0,11 | 0,12 | 0,14 | 0,14
10x16 || 0,36 | 0,18 | 0,21 | 0,21 | 0,21 | 0,17

IMivakog A.21: AAMoyn Kotavoudv. MetoBoAn] oxetiknig andxiionc. Iapoywyn opytkoy

mpoypouudtov e ™ uébodo Palmer. R = 100%.



NxM Widmer - Hertz
3 8 13 18 23 28

6x8 | 0,20 | 0,09 | 0,09 | 0,09 | 0,09 | 0,09
8x8& 1| 0,87 | 0,19 | 0,16 | 0,16 | 0,19 | 0,19
10x8 || 0,53 | 0,18 | 0,22 |0,15| 0,13 | 0,10
20x8 || 0,50 | 0,09 | 0,09 | 0,10 | 0,18 | 0,34
30x8 | 0,08 | 0,12 0,09 | 0,19 | 0,62 | 0,55
40x8 | 0,17 | -0,04 | 0,35 | 0,09 | 0,47 | 0,48

10x4 || 0,00 | -0,05 | 0,05 | 0,04 | -0,04 | -0,04
10x12 || 0,47 | 0,37 | 0,15 | 0,23 | 0,31 | 0,22
10x16 || 0,48 | 0,26 | 0,17 | 0,16 | 0,17 | 0,16

IMivoxog A.22: AAMayn Kortovoudv. MetafoAn oyetikng andxAiong. [opaymyn opyikdv
mpoypouudtov pe ™ uéBodo Widmer - Hertz. R = 100%.



Hopbptnuo B

N/ M/ F, Seq — Ind, perm/ Tmaz, Cmazx

NxM EA | BA Trel | Crel

6x8 7 23 -26,68 | -4,53
8x8 20 9 -696 | -1,00
10x8 19 11 -12,98 | -1,00
20x8 18 11 -19,62 | -1,98
30x8 23 7 -71,23 | -2,35
40x8 22 5 5,49 | -3,08

M.O. || 18,16 11 -13,16 | -2,32

10x4 23 6 -5,60 | -0,40
10x8 19 11 -12,98 | -1,00
10x12 17 13 -17,08 | -1,97
10x16 14 16 -21,65 | -1,76

M.O. || 18,25 | 11,5 -14,32 | -1,28

IMivoxog B.1: AroteAéoporta yio ddper = 70%, R = 100%.
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NxM R = 80 %
EA | BA Trel | Crel
10x8 19 11 -12,94 | -1,04
20x8 18 11 -19,62 | -2,21
30x8 23 7 7,23 | -2,39
40x8 22 5 -549 | -3,01
M.O. | 205| 85 -11,32|-2,16
10x4 23 6 -5,60 | -0,37
10x8 19 11 -12,94 | -1,04
10x12 17 13 -17,12 | -1,88
10x16 14 16 -21,65 | -1,79
M.O. || 18,25 | 11,5 -14,32 | -1,27

[Mivoxog B.2: AmoteAéopato yio ddper = 70%, R = 80%.

NxM R =170%
EA | BA Trel | Crel
10x8 19 11 -12,94 | -1,08
20x8 18 11 -19,62 | -2,04
30x8 23 7 7,231 -229
40x8 22 5 549 |-295
M.O. 20,5 | 8,5 -11,32| -2,09
10x4 23 6 -5,60 | -0,24
10x8 19 11 -12,94 | -1,08
10x12 17 13 -17,26 | -1,97
10x16 14 16 -21,67 | -1,82
M.O. || 1825 | 11,5 -14,36 | -1,27

[MTivaxkog B.3: AtoteAéoporta yio ddper = 70%, R = 70%.



NxM R = 60 %

EA | BA Trel | Crel
10x8 19 11 -12,99 | -1,07
20x8 18 11 -19,62 | -2,06
30x8 23 7 723 |-234
40x8 22 5 -549|-294

M.O. 20,5 | 85 -11,33 | -2,10

10x4 23 6 -5,60 | -0,27
10x8 19 11 -12,99 | -1,07
10x12 17 13 -17,27 | -2,11
10x16 14 16 -21,67 | -1,76

M.O. || 18,25 | 11,5 -14,38 | -1,30

[Mivaxkog B.4: Atotedéoporta yio ddper = 70%, R = 60%.

T EA BA Trel | Crel

18,11 | 11,22 -13,64 | -1,92
8 | 18,11 | 11,22 -13,72 | 2,02
13 || 18,11 | 11,22 -13,73 | 2,05
18 || 18,11 | 11,22 -13,72 | 2,01
23 || 18,11 | 11,22 -13,67 | -2,02
28 || 18,11 | 11,22 -13,68 | -2,00

M.O. | 18,11 | 11,22 -13,69 | -2,00

IMivoxag B.5: ArtoteAéopoto ¢ npog 1" yio ddper = 70%.



NxM EA BA Trel | Crel

6x8 6 23 -20,14 | -8,17
8x8 8 22 -14,09 | -5,29
10x8 7 23 -17,42 | -5,04
20x8 8 21 -23,81 | -6,38
30x8 6 24 -21,19 | 4,54
40x8 6 23 -25,06 | -3,49

M.O. || 6,83 | 22,66 -20,28 | -5,48

10x4 10 20 -14,32 | 4,32
10x8 7 23 -17,42 | -5,04
10x12 7 22 21,17 | -3,07
10x16 5 25 -20,12 | -4,37

M.O. || 7,25 | 22,50 -18,25 | -4,20

IMTivoxag B.6: AroteAéoporta yio ddper = 90%, R = 100%.

NxM R = 80 %

EA BA Trel | Crel
10x8 7 23 -17,54 | -6,17
20x8 8 21 -24,10 | -8,39
30x8 6 24 21,20 | -7,53
40x8 6 23 -26,49 | -5,10

M.O. || 6,75 | 22,75 -22,33 | -6,79

10x4 10 20 -15,60 | -4,43
10x8 7 23 -17,54 | -6,17
10x12 7 22 -2221 | -3,66
10x16 5 25 -20,65 | -4,23

M.O. || 7,25 | 22,50 -19,00 | -4,62

[Mivaxkog B.7: AtoteAéoporta yio ddper = 90%, R = 80%.



NxXM R =70 %

EA BA Trel | Crel
10x8 7 23 -17,55 | -6,19
20x8 8 21 -24,10 | -8,78
30x8 6 24 21,20 | -7,41
40x8 6 23 -26,59 | -5,84
M.O. || 6,75 | 22,75 -22,36 | -7,06
10x4 10 20 -15,60 | -4,78
10x8 7 23 -17,55 | -6,19
10x12 7 22 22,21 | -4,08
10x16 5 25 -20,65 | -4,74
M.O. || 7,25 | 22,50 -19,01 | -4,95

[MTivaxkog B.8: AnoteAéoporta yio ddper = 90%, R = 70%.

NxM R = 60%

EA BA Trel | Crel
10x8 7 23 -17,58 | -6,17
20x8 8 21 -24,74 | -9,12
30x8 6 24 22,04 | -7,84
40x8 6 23 -26,78 | -5,67
M.O. || 6,75 | 22,75 -22,29 | -7,20
10x4 10 20 -15,98 | -5,14
10x8 7 23 -17,58 | -6,17
10x12 7 22 2274 | -4,06
10x16 5 25 -21,18 | -4,76
M.O. || 7,25 | 22,50 -19,37 | -5,04

[MTivaxkog B.9: AtoteAéoporta yio ddper = 90%, R = 60%.



NxM EA | BA Trel | Crel

6x8 12 17 -29,32 | -5,09
8x8 21 9 -7,53|-2,17
10x8 17 10 -13,64 | -1,86

20x8 21 9 -22,62 | -232
30x8 23 7 9,18 | -2,34
40x8 18 10 -6,17 | -3,74
M.O. || 18,66 | 10,3 -14,74 | -2,92

10x4 20 8 -6,75 | -0,12
10x8 17 10 -13,64 | -1,86
10x12 21 9 -20,19 | -1,27
10x16 18 12 -22,14 | -1,63

M.O. 19 | 9,75 -15,68 | -1,22

IMivoxag B.10: Ioptidonoinon epyasidv yio ddper = 70%.



NxM || EA BA Trel | Crel

6x8 7 23 21,27 | -9,63
8x8 10 19 -12,84 | -7,04

10x8 9 21 -18,36 | -5,73
20x8 7 23 24,12 | 5,41
30x8 8 22 -20,20 | -6,86
40x8 7 22 -26,37 | -3,62
M.O. 8 121,67 -20,53 | -6,38

10x4 10 20 -15,46 | -4,03
10x8 9 21 -18,36 | -5,73
10x12 9 20 -20,53 | -3,32
10x16 6 24 22,14 | -3,94

M.O. || 8,5 | 21,25 -19,12 | 4,26

IMivoxag B.11: Moptidonoinon epyasidv yio ddper = 90%.



NxM EA | BA Trel | Crel

6x8 7 23 -27,00 | -3,65
8x8 20 9 -10,32 | -1,43
10x8 19 11 -10,85 | -1,14
20x8 18 11 -15,34 | -1,68
30x8 23 7 -6,82 | -2,00
40x8 22 5 -6,70 | -2,75

M.O. || 18,16 11 -12,83 | -2,11

10x4 23 6 -491|-0,70
10x8 19 11 -10,85 | -1,14
10x12 17 13 -16,74 | -1,85
10x16 14 16 -19,30 | -1,94

M.O. || 18,25 | 11,5 -12,95 | -1,40

IMivoxog B.12: AAAoyn) Kotovoldv yio ddper = 70%.



NxM EA BA Trel | Crel

6x8 6 24 -21,23 | -7,18
8x8 9 21 -13,84 | -6,83
10x8 8 22 -18,10 | -4,57
20x8 7 23 21,63 | -7,34
30x8 7 23 -19,38 | -4,03
40x8 6 23 -23,05 | -4,32

M.O. || 7,16 | 22,67 -19,54 | -8,57

10x4 10 20 -13,43 | 4,11
10x8 8 22 -18,10 | -4,57
10x12 8 21 -18,39 | -3,51
10x16 7 22 22,17 | -4,00

M.O. || 8,25 | 21,25 -18,02 | -4,05

IMivakog B.13: AAAoyn] Kotavoudv yio ddper = 90%.

T || EA BA Trel | Crel
712255 -19,65 | 4,79

8 712255 -19,73 | -4,95

13 712255 -19,71 | -4,92

18 712255 -19,70 | -4,89

23 712255 -19,67 | -4,80
28 712255 -19,66 | -4,82
M.O. 712255 -19,68 | -4,86

[MTivoxag B.14: Anotedéopoto og mpog T' yio ddper = 90%.






Hopbpuo I’

YnoAoyiotikog ypovog

NxM || DANN | IDLE | MINS | PALM | WIHE

6x8 0,10 | 0,12 0,12 0,12 0,12

8x8 0,24 | 026 | 0,26 0,26 0,27

10x8 0,50 | 0,55 0,48 0,53 0,53

20x8 3,42 | 3,81 3,66 3,60 3,95

30x8 12,58 | 12,89 | 11,48 | 11,28 | 13,05

40x8 32,68 | 36,11 | 34,22 | 35,46 | 40,27

50x8 70,04 | 72,85 | 76,46 | 78,06 | 83,88

10x4 0,30 | 0,33 0,36 0,35 0,36

10x12 0,59 | 0,63 0,62 0,65 0,66

10x16 0,71 | 0,75 0,76 0,73 0,78

IMivoxag I'.1: YroAoyiotikdg xpdvog oe CPU sec.
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NxM Dannenbring
100% | 80 % | 70 % | 60 %

6x8 0,10 - - -
8x8 0,24 - - -
10x8 0,50 | 042 | 0,38 | 0,34
20x8 342 | 3,11 | 2,79 | 2,51
30x8 12,58 | 11,25 | 9,85 | 8,75
40x8 32,68 | 27,66 | 25,39 | 21,90
50x8 70,04 | 65,90 | 61,72 | 58,18
10x4 0,30 | 027 | 025 | 0,21
10x12 059 | 053] 051 043
10x16 0,71 | 0,63 | 054 | 0,50

IMivakog T'.2: MetaoAr] vToAoyloTikoh xpévov g Tpog R. Tlopaymyn opylk®v mpo-

ypouudtwy e T uéBodo Dannebring.

NxM Nexpav Xpovov
100 % | 80 % | 70 % | 60 %
6x8 0,12 - - -
8x8 0,26 - - -

10x8 0,55 042 0,38 | 0,34
20x8 381 | 3,17 | 293 | 2,63
30x8 12,89 | 11,99 | 11,19 | 9,54
40x8 36,11 | 32,21 | 29,90 | 26,21
50x8 72,85 | 66,80 | 61,63 | 58,21
10x4 0,33 | 0,27 | 024 | 0,22
10x12 0,63 | 051 049 | 044
10x16 0,75 | 0,63 | 0,56 | 0,52

IMivakog T'.3: MetaoAr] vmoAoyloTikoh xpévov g mpog R. TTopaymyn opylk®v mpo-

YPOUUETOV LE TN UEBOSO TV VEKPAV YPOVOV.



NxM EDD
100% | 80 % | 70 % | 60 %

6x8 0,05 - - -
8x8 0,12 - - -
10x8 0,28 | 023 | 022 0,19
20x8 298 | 2,64 | 2,38 | 226
30x8 13,85 | 12,33 | 10,70 | 10,02
40x8 39,06 | 33,42 | 30,30 | 26,27
10x4 0,13 | 0,11 | 0,09 | 0,09
10x12 0,44 | 036 | 032 0,29
10x16 0,61 050 045 | 041

IMivakog I'.4: YroAoyltotikog xpovog oe CPU sec. TToparymyn opylk®y TpoYPOUUAT®VY UE
™ uébodo EDD.

NxM | EneEepyootég || DANN | IDLE | MINS | PALM | WIHE || EDD
1 133 141 143 140 153 115

20x8 2 67 72 72 71 78 58
4 34 38 37 36 38 30

1 482 | 478 440 433 483 || 457

30x8 2 243 241 221 217 243 || 229
4 126 125 112 109 122 116

1 1252 | 1339 | 1311 1315 | 1542 | 1495

40x8 2 632 676 662 664 778 || 755
319 352 333 335 392 | 380

[Mivakog I'.5: MetaBoAr] VToAOYIGTIKOD XpGVOUL LE TO TA00G T®V ENEEEPYUOTHOV.
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