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Mepiinyn

Ta ocvomiuate cvvdedspévov otabudv epyaciag o cuvdvacpd epappdlovral
gupiTate o diapopec mEploxEC mov Exouvv oxfon pe enefepyacic OmOL  gVEAIKTOL
eEumpeMTEC XPNOILOTO0VVTAL avaroya pe v {Rtnon Kot Tig cuvOnkeg Asttovpyiac.

Ze TV TV SWTA@UATIKT EPYACia KATOAMYOVUE 0TV BEATIOTN TOALTIKY Agttovpyiog
evog evéhktov e&umnpemnth. Idwitepa, Ba pog oamaoyoinost 10 Bépo g ev oepd
ouvdedepévov 600 otabudv epyaciag, 6mov o aplBuds Tav epyacidv mov Ppickovral Kotd
™mv évapEn AEITOVPYIEG TOV CVGTHNATOS Eivat oTaBePOG Kal dev emnpealetal amd eEmTepikéc

apielc.
Apyika, Sratumdvovpe T0 TpdPAnua kot avartbocovpe ™ pébodo. 1 omoia Pacileton
omv Mapkopiavi Osmpio.

Zm ouvvéyeln, pe ) Bonbewa mg yAdooog mpoypoppaticpon Fortran emitvovpe 1o
TPOPANUG KAl TAIPVOVLE TO UMOTEAEC AT,

Téhoc. epapudlovpe v péBodo emilvong GOOTE va KOADATEL TEPICCOTEPES
REPWTTOOELS Kal TO emAvOVUE Y1 dedopéva Sapopetikol peyédove. Katomy coykpiong tov
eEayOPEVOV OMOTEAEGUATOV TPOKVUATEL TO CLUTEPacpa 0Tt ) pEB0SOC Ae1TovpYEl cOOTA Kal
AMOTEAEGUATIKG, TapEyel T BEATIOTN OAMTIKY| Ag1ToUvpyiag Tov evEMKTOV EEVANPETNT Kat
eMOPEVMS Eival duvath 1 PeAAOVTIKY EQAPUOYT TNC OE CLGTHUATA EV OEPG CUVIEdEPEVOV
otabuov epyaociac.
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Kegdaiaro 1 Ercayoyn

e autd 10 KeQGAMIo, TAPOVGIAlOVUE TANPOPOPIES E10AYMYIKOD YUPAKTNPA OV
divouv 1o kivipo kat to vroPabpo avtng NG SMAMUATIKNG epyaciag, mapudéTovue pia
AVEOKOTNON TNG OYETIKAG, ME TNV epyacia, Pproypaging Kat TEPLYPAYOVUE CUVORTIKG TIg

Baoikég evOTNTEG TNG NIMAMUATIKNG EPYUCIAG.
1.1 Kivntpo kau YropaOpo

Ta cvoThuate Tov aroTeEloVVTOL 06 dV0 oTabpOUg Epyaciag £V GEpG GUVOESEUEVOUG
KO {PT)OLUOTO0VY EVEMKTOVS eEVANPETNTEG EIVOL CLUGTANATA TAL OTOIRL YPNOIUOTOLOVVIL GE
Blopnyavikés epappoyéc, OmMOV Ol EVEMKTOL MOPOL (EMOVOTPOYPUUHATIOUOS HNYAVAY,
molMamAd KaTapTiopévol epyalopevor — cross-trained workers) ypnoponoovviol KaTd
nepintoon, avdhoya pe v {RTnom kat Tig cuviikeg Asitovpyiag, pe okomd v Peitioon g

AmOd00TC TOV £V AV CUGTNHATOV.

O vroAOYIOHOC TNG TOMTIKTG AEITOVPYIRG TOV SVEMKTOV EEVANPETNTY KAl 1) EDPEGN
™6 PEATIOTNG QVTNG, EIVOL TPWTEVOVGUG CTHGING Y10l TOV OYESIGHO Kut TV AgtTovpyio evog
CUGTANATOG HE VO €V GElPd GUVOEdENEVOLG OTAONOVG £PYAOING Kot £XEL MG YEVIKOTEPO
amoTEAEOHO. TV CLUVOAKT BELTIoTOTOINGT) TN ATOS00TG TOV £V AOY® CUCTHHATOG.

H dvokohia edpeong g PEATIOTNG TOMTIKNG AstTovpyiag Tov gvéAKTOL eEuANPETNTN

£YKEITOL 6TO OTL Y10 APKETG peYdAo aptBuo epyacidv Kat 6Tovg 8Vo otabpoig epgavifoviot

o@dipata. Ta opdlpate opeiloviar o€ 800 OITiEG: TNV APYLTEKTOVIKT) TOV VAOAOYIGTT). GTOV



onoio exteAsiton Kabe @Opu 0 akyopilBuog mov pag diver v PEATIOTN MOATIKY. KUl &
S10popeg TPOYPAUUATICTIKEG aduVapies, 01 onoieg oyetilovtal pe v oelpd Tov npaewv, myv

GTPOYYUAOTOINGT) TV aplOU®V, TNV S1A000N TV GRUAUATOV KAT.

H ocvveicgopd ovtig g dmlopatikng epyaciog eivar 0T pog emPefarwvel mAnpwg
10 feopnTikd — podnuotikd amoteAéopata to omoin mpokVATOLY pEsH amd Tnv diebvn
Biphoypogion kot pog mopEYel i OAOKANPOUEVN ekove Yoo v PEATIOTH MOAITIKY

Aerovpyiog TOV EVEAIKTOV EELANPETNTY.

1.2 Biphoypogiki) Avackonnon

Yrapyovv opketés peréteg kot avagopés oty Oebvny Pifhoypogic mave oe
CUCTNHOTE 7OV omMOTEAOVUVIUL Omd &V0 oTaBpOVG epyucing v oelpd cuvdedeuivous Kat
xpnopomolovy gvéhiktovg eEumnpetntéc. Ot Narongwanich et al. [16] e&étaocay ) Béhtiom
Katavoun EmevdvcE®mV UETAE) QQOCIOUEVOV KOl OVOTPOCUPUOCIH®V CUCTHUATOV Yo
EMYEIPOELS TTOV TALPAYOLV TTPOTOVTH, Tet omoin Exovv tuyaic {iTnON Kat 6& cuoTHHATA OTTOV
TPOyHATOTOLEiTAL 1] VEQ TTapay®@yN TPOIdVIWV Ge Tuyaio peAloviikd yxpovo. Ot Hopp and Van
Oyen [13] mopéxovv éva mAaiclo yioo TNV aIToAdYNoT TOL £pyatikoy SUVOUIKOD Cross-
training, ce évav opyaviopd. Tekunpiwocav v oxéon petald cross-training oe évov
opyavicpo, 115 emdidEelg avtov xat culinmbnkav o1 koatdAinieg pébBodor yia
CUYKEKPIUEVN €Quppoyt). Moviéha Yy &v CEPd CLUCTHHOTO TOPOUYMYNS KE OKOMO TN
peyiotonoinon g anddoong avaibBnkav and toug Van Oyen et al. [23], Andradottiret al.
[4]. [5]. [6]. Gel etal. [10], [11], Hopp et al. [12], Iravani et al.. [15]. and Ahn and Righter [3].
Ta cvykexpipéva poviéha mepAapPavouy GUVEPYOTIKOVG Kl U~ CUVEPYUTIKOUG TOUELS
epyaciog. OovolKtd cvoTipoto pe eEwmtepikés o@ifelg mov eivar avedpmrta omd TNV

KATAGTACT TOU GUCTNUOTOC. KAEWTd cuoTuate (m.).. cvotiuoata CONWIP dmov o



avayopnorn. onuovpyel i véo agiEn). kabdg kol S1QOpPES UOPYEG TNG TOAAATANG

KOTAPTIONG, OTWG Y10 Tapadetypa TANPNG, {MdVNg 1 1EpapyIKNG TOAAATAN KATAPTION.

Yrdpyer éviovo epesuvnTikd evOl@EPoV Kat Yo TV PEATIO ¥PHON TOV EVEMKTOV
eEUINPETNTMV GE EV GEIPE CLOTNUATA OTC OMOiK VIAPYEL KOOTOC mapapovic. Emeidn ta
HAOMUATIKG HOVIEAD TOV YPNOCIHOTOOVVIAL Eivol OPKETA mepimhoka, Td TMEPIGCOTEP
amoteléopota  mephapPdvovy  cvothuata 600  otadimv Kol ekBETIKOVG  ¥poOvoug
gEvmnpétnong. Ot Rosberg et al. [20] Bewpoiv éve OGN OV 01 AQIEEIS TOV aKolovBoVV
v katavoun Poisson, évav e€umnpetnt mov £xet Evav otabepd pubud eEvanpénong ctov
otafpo mov AapPaver dedopéva-downstream, kot €vav eELANPETNTN HE Evav EAEYXOHEVO
puouod e&umnpémong oto otabud epyaciag mov otéiver dedopéva-upstream. Anédergav 6t o
BéhTiotog pubupog eEumnpétnong eivar pn-petovpevog kb OAn v Sidpken g TpOTNG
0Vpag Kot pn-avEavopevog kaf’ 6An v Sidpkea g devtepnc ovpds. Mapdiinia dpwme, ot
Weber and Stidham [24] Bsbpnoav éva chotnua To omoio omotelsitor and n otabpodc pe
a@igelg oe xabe otabpo, Omov €KTOG omd TO KUPTE KOGTY GVOUOVNG, Ol eEUMNPEINTEG
emPopOvoviol pPe AEITOVPYIKA KOOTN MOV €ival KUPTEC CLVEPTNCEK T®V PuBudv TOvg
g&umpémnong. Emiong, £éeiav o011 ) BEATIoT TOAMTIKY €ival yvnoimg povotovrn. Aniadn,
otav po epyacic amoywpei amd o ovpd, o PEATicTog puOUOG eEVINPEINOTG OTNV £V AOY®
ovpa dev aviaverar kat mapdAinia o PEATIOTOS pLBLOG EELINPETNONG OTIS VIOAOITES OVPEC,
dev perdverar. Or Duenyas et al. [7] xaBdg eniong kar o1 Iravani et al. [14], kabopioav T1g
BEATIOTEG TOMTIKEG Y10t HOVTIEAM HE A Kol dVO QACE®V GUGTAMOTO, OVIICTOUXO, MHE Evav
gvéMkTo e&unnpetnn Kot koot npoetopaciag. O Pandelis and Teneketzis [19] perétnoav
cvothpata 6Vo otadiov yopic apifelc. alhd pe Torlamhovg evéhktovg eEunnpetnTéc, OTov
ot gpyacieg eixav evrayBei oty Oedtepn ovpd pe mbavotnTa p, aeod OAOKANPGOONKE 1

enelepyacia Tovg and Tov upstream otabud. Koabdpwsav Tig cuvbnkeg vad 115 omoieg. M



TOALTIKT] IOV BiVEL TPOTEPUIOTNTU OTIC £PYUCIEG GTOV upstream oTabuo eivar 1 Pérnio. yw
yevikovg ypovoug eéumnpémong. 'a éva ovotpe. dvo ctadinv. yopig agiéels, o onoio £xel
&vo evéhiktovg eEumnpetntéc. o1 Ahn et al. [2], napéBecav Tig avég kat avaykaieg cuvonkeg
VIO TIC OMOIEC 10 TOMTIKT] TPOTEPAIOTITOG Yot TOV upstream 1} Tov downstream otafud eivat
Béhtiom. Mapduow anoteléopata eqednoay kot ard toug Ahn et al. [1] ya o povtého pe
agifec. Ta anoteréopata twv Ahn et al. [2] éyovv encktabel oe dvo axopd KatevbvVoELS.
[Mpdtov, o1 Schiefermayr and Weichbold [21] apoodopilovv ) PEATioTn ToAITIKN Yoo OAeg
15 TIHEG TOV KOGTOVG AVIOVTG Kot Toug xpdvoug eEummpétnongs. Agvtepov. ot Weichbold and
Schiefermayr [25], kafopisav 115 cuvBnkeg Yo T BeATioTONTA TOV QVOCTNPOV TOAMTIKAOV,

otav o1 epyacieg yperdlovtal In SeVTEPT GACT) EELANPETNONG LE Hiat OPIGHEV TBAvVOTNTA.

Me v eaipeon twv Rosberg et al. [20] oOmov vmapyer éva a@OCIWUEVOSG
gEvmmpetnng otov downstream otabpo. ta Tpoavagepbévia apbpa £xovv Bewphoer o1t dev
vadpyovv tétotor efvmmpetntés. O Farrar [8], [9] peiémoe dvo ekdoyég £vOg GLOTNUATOS
YOPIG aQiEelc, Le aQOCIMUEVOVS EEVMNPETNTEG Kol OTOVG OVO oTaBpovg epyaciag Kol £vav
gvéhikto efpmnpetnti. H exdoyf| omv omoia 1oydel owtds 0 MEPOPIGUOG, O EVEMIKTOG
e&umpetnng umopei povo va efuanpetel tov upstream otabpo, eved oty exdoyr) omov dev
10y0E1L VTG O TEPLOPIGUOG, 0 gvéhikTog e&umnpenng pmopei va e&umnpetel Kar Tovg dVo
otafpove. Kai yie tig 800 ekdoyéc. o Farrar £8eiée 011 ) Péhtiotn mohitikn yapaxtnpiletor
and pio evelhaoodpevn kapmodn. O gvéhiktog e&umnpetng eivan avevepyog 1 aQOSIOUEVOS
otov downstream otadud, 6tav o aplbpds v epyacidv exel vrepPaivel £vo OpIGUEVO OplO
mov sEaprdTal amd Tov aplBud TV EPYNCIdY oV TpdT ovpd. Emiong, £deiie 6T ) kAion
me KopmOAnG evalhoyfic eivar peyaddtepn 1 ion pe -1. O Pandelis [17] £€8eige mv
£YKLPOTNTO TWV OmOTEAESHATWY oV AapBdvovtar amd tov Farrar [8], [9]. yia v wepintwon

67OV 01 £pYAGIES PTOPEL VL amoywpooLY amd To GHGTNHA oD £xouV eEumnpebel an6 Tov




1p®dTo 61abud. Eniong. xabopioe ta vroovvola TOL ¥OPOV KUTAGTACEWY 0oL 1 PEATIoT
molTikf) pmopel va kabopiotel Aentopepie. Env idwe dopn ya v edpeomn g PElTio
rolTikfg katéAnEav kot or Wu et al. [27] yia éva cvotnua mov amoteAeital and pio cepd
amd gVEMKTOVG eEVTNPETTEG, UE TO TPOCHETO YOpaKINPLOTIKG, OT1 Ghot ot edumnpetntés
vrokewtal o€ PAAPes. Lto poviého tovg, vébeoay 6T o1 amartioelg enelepyaciag sivar idieg
Kol 6TOUG 800 oTaduove, pe amotéhecpua o1 TpaypoTikol xpovor enclepyaoiog va eEapthvat
and Tig TayvINTeg Tov edumpemtdv. Ot Wu et al. [26] édeilav v Pertiototnto pog
ywnolwg HoveTOVNG TOMTIKNG, Yt TO mPONYyoVueEvo HOviéro. pe a@ifelg kot ywpig

APOCIWHEVOVS eEVMNPETNTEG GTOV upstream oTaduo.

Téhog, o Pandelis [18] perémoe kon avéntuée éva pabnuotikd poviédo yo v
EDPECT] TOV EAGYLOTOV OVOUEVOUEVOD GUVOALKOD KOGTOUS GVOUOVAS Kol AErtovpyiog evog
OLOTNHATOG TO onoio amoteieital amd SVo oTabuovg epyaciag, &v GEIPA GUVOEIEUEVAOV. HE

00 aEOCIMUEVOLS EEVANPETNTES KUl Evay EVEMKTO EEVTMPETNTY). pE KOO Asttovpyiog.

1.3  Opyavoon Awmhopatikig Epyaciog

To vrdlomo autng NG SWAWUOTIKNG £pyaciag ywpiletal o T€0GEPU KEQAAULH.

ZUYKEKPIUEVQL

To Kepdlawo 2 weprhopfdver nv avalven yid vy gupect g PEATIGTNG TOMTIKNG
Aerovpying Tov £VEMKTOV eELANPETNTY 6 CVOTNUO €V GEPE OO0 oTabumdv epyaciug Kat

SNUTLTOVETAL HoBNpATIKG.

10 Kepdrato 3 yivetar avagopd ot S1dikacio mopaymyng TV amoTEAECUATOV e
mv Bondew g yhdooag npoypappatiopod Fortran. Eniong, napabétoviat to anotelécpata

NG EMAVONG TOL TPOPAALATOS KOl TO. CVUTEPACUATA TOV TPOKVITOVY QNG AUTEL.



Y10 0 mupovolaloviol Td TEAMKG CLHUTEPACHUTO TOU OTOKOUIGTNKUY GO TV

OUTAMUATIKT EPYUOic Kol KATEVBOVOELS VIO TEPULTEPM EPEVVAL.

Téhog, ota TNupaptiputa mapaBéTovpe 10 LIOAOYIOTIKG HOVIEAD OTMG wkpPig

ypnoonoteitot and vy Fortran kaBdg kat Kamoln SEO0HEVH LE TA ATOTEALCHOTA TOVG.

§



Kegdlaw 2 Avalven Ttov Ilpopinparog kv Avamtvény Tov

MaOnpatikod Movréhov Emilvong tov

Y10 ke@dhao avtd avarvovps 10 TPOPANUE Yo TNV 0peon TG PEATIOTNG TOATIKAG
Aertovpyiog Tov gvElikTov €EUANPETNTH GE GUGTNUA €V GEIPA dVo cTubudV epyaciag Kut
avortOocoVpE To katdhAnha Mabnuatikd Moviéha mov 10 di€movv pe oxond v enilvon

TOU.
2.1 MaOnpatikn dwatvTOG6T TOL TPOPAHATOG

Oswpovpe éva oHOTNUO 7OV oRoTeEleitarl omtd dVo otabupods epyaciag ev oepd
ocuvdedepévav. O aptBuoc Tov £pyacidy ToV VTEPOVY GTO CVOTNUO EIVOL GUYKEKPIUEVOS Ko
dev petapaiietar and efmtepikéc agifers. O epyacieg mov ohokAnpdvovial oTov upstream
(otabuog 1) petapépovion otov downstream otabud (otabuog 2) Omov LTOKEWVTUL Kol CE
ardn enclepyacio kal t€hog @evyouvy amd to cvotua. Kabe epyoacio amartei évav exbetika
KOTAVEUNUEVO YpOVO omomepdtmong o€ kabe otabpd. Ymdpyouv eEumnpemiéc mov
SwtiBeviar anoxkleoTikd ywoo tov kdbe éva otabud epyacioc, Leywpiotd, pe pvOpovC
Aertovpyiag 4, Kot £t . Avtoi ot eEumnpetnTég MPOPAETETHL VUL AEITOVPYOVV OTAV VIEPYOVY
gpyuocieg o kdbe évav and Tovg avitictoryoug otabuolg epyaciag. Emiong, vrapyer évag
EMMAEOV EEURNPETNTNG-EVENIKTOG, O Onoiog pmopel va eELANPETRGEL Kot TOVG dV0 6TaBpovg

gpyacioag. YmoBétoupe o1t owtdg o edumnpemmtig pmopel va petaxwnbei and v



sEumnpémon tov evog otabpov epyasiog otov GAhov oTrypaio yopig kovéva cmrpocheto

KOGTOG Kot Aettoupyei pe pubpovg v, kat v, 6to otabud | kot 2 avtictoyyo.

Kabe gpyacia otov otabud epyociog i, i=1, 2, emPapdverar pe £va ypoppkod KOGTOG
nopopovig A . EmmAifov, 0 evéhiktog eummpetntig emPapiveral pe k66T ¢, Kot ¢,. KoTd
mv ddpkela Tov ¥pdvou Aettovpyiag tov, 6Tovg cTabuovg epyaciog | kot 2, avrictoyya. O
OVTIKEWWEVIKOG HOG ©TOX0G, eivonr vo supebel pio oTpatnyikyn xpnomg Tou EVEMKTOV
sEumnpeth, 1 onoio Ba ghayioTomolel TA AVAUEVOUEVE GUVOAIKG KOGTN GVOUOVAS Kol
Aertovpyiog, £wg 0ToL T0 cvoTNUO anodecpevtel and Oheg T epyacies. Emrpémovrag v
«TPOKATOYY - preemption. 6Toug YPOVOUG OAOKANPWONG NG VANPEGINS Kol BempdVTag Tmg
N Epyooio TOV VANPYE WPO TNG OAOKANPMONG NG LANPEGIAG YAONKE., HOPPOTOOVUE TO
npéfinua oav pa Swdikacia Aqyne andeaonc tomov Markov pe xdpo kotocTdcE®V TO

{(x,, % )% 2 0} , Omov x, Kot x, eivat o aplOpds epyaciiv ctov otabud spyasiag I kot 2
avTioToyo, TEPAAUBAVOUEVOV KOl TOV EPYACIAV TOV EEVANPETOVVIOL. EEKIVOVTOG OO TNV
KOTAGTOCT) (x,, xl) , Beopovps ot V(x,, xl) givol 10 EAGYIOTO GVOPEVOUEVO GUVOAIKO
KOGTOG MAPAUOVIAG KOt As1Tovpyiog pe To omoio emPaplivetal T0 cOCTNHA, HEXPL QVTO va

oderdoer, pe V(0,0)=0.

‘Exovpe Bewprioet O0TL ot €EuanpenTéc otov id10 oTaBHO epyaciog HTOpOLV Kol
ocvvepyaloviarl peTatd T0vg TAve oTNV 1B epyacia kot EMOUEVES o1 Xpovol enciepyaciog

givan mpooBetikoi.

INa va petatpéyovpe to TPOPANUA. 0o TPOPANLE cLVEYOVS YPOVOL GTO 1G0SVVAUO

oV TPOPANua Swakprtov ypdvou epapudlovpe pa kavovikomoinon (Serfozo [22]). T v



eayoyq tov slichosov, £yovps Oeswprost 611 1M oYxéon Kavovikomoinomg  eivat

L+ i+ v+ va= 1.

Me Béon 1ig vrobéoeig mov mapabécape xar avardooue mapomdve ot PEATioTES

e€10(0E1g TOL pag divouv To EAGYI0TO KOGTOG GE KAOE Tepintmon eival ot akdlovdec.

T 25,218

V (%, %) =hx +hx, + uV (x, =1, , +1)+ @V (%, x,—1)
+min{(v, +v, )V (x. % )., +WV (%=1, x, +1) +v,V (x;, x,).
e+ vV (%, %, =1+l (x, %)} (EE 1)
O mpdTOg OpOg GTNV EAAYICTOTOINCT] AVTICTOLEL HE TO VO KPATAUE OVEVEPYO TOV

gvéhikto efumnpemtn. O Oedrepog O6pog oaviotorei omv avdbeon tov EvEAIKTOL

gEumnpetnt otov otabud epyaciag 1, evé o Tpitog oTov oTadpd epyaciag 2.

Na x,>1,x,=0:

/
; : : J nx Ax el .
V(x, 0)=minq—L, +¥{x =1, 1), (EE 2)
. W J”I -'“I +"I i I
lNa x, =0, x,>1:
v (0, x,)=min [y T vey }+V(O, %,=1), (E¢. 3)
}_ B TtV



Oswpovpe 011 T0 PECO Aertovpyikd KOOTOG Yo et epyacio mov eCuanpeteital oTov
otabuo epyaciag 2 amd Tov VEMKTO £EVMNPETNTY, BV EIVL TEPIGGOTEPO GO TO AVTICTOLYO
HECO KOOTOG TAPAMOVIG Kal Agitovpyiog mov emPopivetal Katd Tnv OlGPKEL TG

gEVTNPETNOTC TNG EPYOGING OO TOV AMOKAEICTIKA APIEPMUEVO EELTNPETNTY.
Ola ta mapoamdave dratumdvovtal pabnpatikd omny akdiovdn ZvvOnkn A:

¢ B

vy

‘Exer anodeybei 611 vitd v ZuvOnkn A, TO Vo KPUTHOOUUE OVEVEPYO TOV EVEAIKTO
g&umnpetnt dev eivor BEATIOTO dTOV LITAPYEL TOLVAAYIGTOV Mg EpYacia oTov oTabpd epyaciog
2 (Pandelis [18]). Zmv ovoia 1 Zuvbnkn A givar n ocuvBikn kdto arnd v omoio eivon
BEATIOTO VO YPNCILOTOGOVIE TOV EVEAIKTO EEVTNPETNTH OTAV SEV VILAPYOVY EPYATIES OTOV
otafué epyaciac 1. Avtd gaivetor amd 1o yeyovog 011, 6tav o otabuoc epyaciog 1 1 2 eivar
(0E10C AmO EPYUGCIES, TO VU KPATAUE OVEVEPYO TOV EVEMKTO e&umnpetnth eival BEATioTo Y

X, <X, ko x; <X, avrtictoa, émov X. = Gty X, =S, Aniodn, edv 1 Zvvlnkn A

hy, hy,

1OYVEL, TO VO KPATAUE avVEVEPYO TOV EVEMIKTO eEumnpeTnTy dev eivar BéAtioto dtav x, =0.

Bewpiviag Ot 1| ZVONKN A 1oYVEL KAl ¥PTOIHOTOIOVIAS TIS TUPUTAVL eEICMGELS,

wpoxvnTeL 1) PEATIOTN Eicman Yo TO EAAYIGTO KOOTOG.

8T 7 W e
V(x, x,)=hx +hx,+pV (x -1 x,+1)+ 1V (x,, x,-1)

+min {LZ +vV (%, x, =) +vV(x, x,),

¢+l (x =L x, +1)+vV (%, x,)}, (E¢ 4)

10



2.2

Mo x,>1,x,-0:

V(% 0)=min{ 5, M}H/(x,—l, 1), (E¢ 5)
K B

Mo x, =0, x,>1:

V(0. x,)=5%% Ly (0, 5, -1), (EE 6)
Hy+V,
Zupnepdopata

210 KEQAAQIO QVTO PEAETNOAME TO TPOPANHA Yo TV £VpeST] TG PEATIOTNG TOMTIKTG

Aettovpyiag Tov evEMKTOV EEURNPETNTH O CVOTNHA EV GEPG OV0 GTAORGV Epyaciog Kot

katonéape oo Mafnpoatikdé Moviélo 1o omoio 6a YPNGILOMOICOVUE TEAIKG YL TNV

gmilvom tov.



Kepdharo 3 Ap1Bpntikd Anoteréopata

Z10 ke@ahato auto mopovoidlovpe dedopéva yo o omoia £xel emivbel To TPOPin
KaBhg kol apBunTikd amoteAéouaTo amd TNV EQUPUOYN TOL aplBuntikod HoVIEAOL mOV

£YOoupEe avaAVOEL.

Ta apywkd dedopéva givar Tuyaia kot yia I dVO TEPIMIMGCELS, KATA TIG OMOieg &ite
100, &ite dev woyverL 1 LovBAkn A. kot oTnv cuvéyela ta aAldlovpe kotd mepintwon pe

oxomo va mapatnpoovpe Tig omoteg mbavég olapopomomosls Ba Tpokdhyouy.

H sioayoyn tov dedopévov mov kabopilel ypnotng yiveto eite angvbeiog amd to
TANKTPOAOYIO, eite amd éva apyeio, TOV SNUIOVPYEITAL QLTOHOTE YIKt TOV GUYKEKPIUEVO AOYO.
O1 Tipég tov op1Buod epyacidv ot kdbe oTabud epyaciag X, X, EIGEPYOVTOL WO TOV YPTOTT.
kaBdg eniong Kat o1 TIHEG TV N Kovovikomompévay petafintav i, A, ¢, ¢,, v,, V,, 4,
Kol 4, ot omoieg BEPara umopel va eivan Tuyaieg 1 cuykexpiuéves. Kat otig dvo nepintdoeig
ot TIHES TV petafintdv eivar Sming akpifewg yia v anoguyn mbavodv ceaipdtov. Ot
Tuyaieg TINEG TV PETAPANTOV TPOKVTTOVV amd Uit YEVVATPIL Yevdotuyainv apbuav mov
givan evoopatopévn oty Fortran 90/95, chugova pe 1o didotnua mov kabopilel ypnotng
K&Be popd.

lMa 1 ovykekpéve howmov dedopéva, to mpdypappe exteieitar, kar pe paon 1o

Mabnpatiké Movtého mov éxovpe avartiter oto Kepdhato 2, mpokimiel ) PEATIOTN TOALTIKY

Aewtovpylog  yio  tov  gVEAIKTO  efummpetnTh.  To  GMOTEAECUOTO OV TPOKVTTOLV



anofnkebovial ce TEGOEPIS OLPOPETIKOVG QoKEAOVG, Ol omoiot Ppiokovian 610 €8N

«povomatn, Cloutput|.

e O @dkelog pe t0 6vopa. Output Data, mepiéyel, o éva apyeio .ixt, ta Sedopéva,

KOVOVIKOTIOMEVE KO [T], OV YPTCILOTOI0VVIOL OO TO TPOYPUUUE HOG.

e O gdaxehog pe 1o Ovopa, Matrix_CH, mepiéyel, 6g éva apyeio .Ixt, Ta onueia oto oroin

0 guéhiktog eEumnpem g eAhdler TOMTIKY AE1TOVPYiNG Yo TPMTN POPE.

e O @daxehog ps to 6vopa. Matrix U, mepiéyel. oe éva apyeio .xls, yia kaBe cuvdvacuod
apibpol epyacidv, oToug oTabpovs epyaciag, TV aviictoyn PEATIOT) mOAITIKY TOV

gvéhiktov gEumnpenTi).

e O @dxelog pe 10 Ovopa. Matrix V. mepiéyel. o éva apyeio .Ixt, Yo kaOe cuvdvacuo
apifpod epyooidv, 6Tovg oTafpPovS EPYUCING TO OVTIGTOO EAGYIGTO GVOUEVOUEVO
GUVOMKO KOGTOG TOPOMOVAG Kol Agttovpyiog pe to omoio emiPapivetal 1o vad
e££1aoT CVOTN .

Ev ovveyeia, ta anoteréopata mov mpokHTOLY, Eival oty d1dbecn Tov ypNoTn pe
OKOTO TNV TEPAITEP® VOV TOVG Kal TNV e&aydyn ¥PRCIUOV CUUTEPUCUATOV HECH TG
YPOQIKAG avoropdotacne avtdv. H cvykexkpipévn dwdikacio axorovbnnke kar otnv

TOPOVGO. SIMAMUATIKY £pYRGI0 Kol 0PIGHEVE EVOEIKTIKG anoTeléopata eivat ta akdiovba.

3.1 Amoteléopara 6Tav dev 1oyveL 1 Lovonkn A

Apyika Oa. e£€TACOVUE TO TPOPANLUA Y100 TV TEPITTWON. KATA TNV Omoiw, 1 Zuvenkn
A, n onoia avolvbnke oto Kepdlawo 2 dev 1oydet. O apbuog epyaciov oe kabe otabuo

gpyaoiog siva:

x, =20 ko x, =20



Ta dedopéva yio KGAOE [ KavOVIKOTOMUEVT, LETOPANTT TOV EIGAYOVTHL TO TPOYPUPLIC

TOV EKTEAOVLUE EMAEYOVTAL TVYEI0 6TO akOAoVDO SrooThpaTe:

k:[075, 077], A

¢,:[7.53, 7.55], ¢
v, :[4.58, 4.6], vy
1, :[2.6. 2.75]. M,

[Na xabe petafinti to

;[2.6., 2.8]
[7.41. 7.43]
:[4.30. 4.32]

:[6.2, 6.4]

apOypappd pag eméhele toyaio po Tipn. Aviég ot Tipég

gpoavilovial 610 MOPUKATH Tiveko, OTOV Ol UN-KavovIKOTompéves PBpickoviar otnv

aPLOTEPT) GTNAT], EVH O1 KAVOVIKOTOMUEVEG GTNV OEELA.

Meraiirse Mn-xavo;:;g:rompévag K“"“"‘;‘::gg“lllé"ﬁg
h, 0.7690945 4.0090360E-02
h, 2.608206 0.1359572
o) 7.532834 0.3926618
& 7.427641 0.3871785
v 4.589133 0.2392164
v, 4.301105 0.2242024
Hy 2.677692 0.1395793
H 7.616096 0.3970020

MMivakag 3.1:  KavovikomompEéves Kal Un-KavoviKOTOMUEVES APYIKEG TUXUIEG TIHEG

ylo TV TEpinTon mov 6ev 1O0YVEL 1) Zuvinkn A

Avolutikd 0Ao to apBunTikd amoteréopata yi kGbe mepintwon Ppickovial oTo

Mapdppa 1. Ztoygdoviag oty mepoltépow emefepyacin TV OMOTEAECUATMV OV

npoékuyay, Ba mpofodue otV ovaTapdoTacT) Kot avaiveT) Tovg e 00 E8OV Sy pappaTa.


































3.2 Amotedéopata 6Tav ioyvel 1) Zovonkn A

Oa gfetdocovpe T0 TPOPANUE Yoo TNV TEPITTOON, KATA TNV omoin, 1) Zvvlnkn A, 1
omoio. avaivbnke oto Kegdaiao 2 1oyvel Mo v mepintoon kotd mv omoin oyvel 1
TovBnkn A exteréoope 10 mpoypappd pag yw 10,000 Sw@opetikés emaveAnyelg (to
TPOYpappnd pag €xer oyedlaotel ywo entoynelo oplfpd emavalnyemv). Xe Oheg TIG
TEPIMTACELG 1) KAUTUAN PEATIOMG amd@aong KaumOAn ahhayng g PEATIOTNG amd@aong Tov
gvéhktov efummpentn amd tov otabud epyuciag 1, otov otabud epyuciog 2 eivar pn
pBivovca, evd) amd TNV KATAGTOOT] OTOV O EVEMKTOG EELMNPETNTNG TOPAUEVEL VEVEPYOS
otov otafpo 2 1 kapumiAn PEATIOTNG amdpacng Tov gvélikTov eSumpent eivat otabepr). Ta
AmOTEAECHATA QLTG eival gp@aviy ota Awypdappata Alhayng Béitiomng Amdeaong tov

EVEMKTOV EEUMNPETNTY).
O ap1Bpog epyaociiv oe kabe otabuod epyuciag eivat:
x, =20 kat  x, =20

Ta dedopéva yia KAOe 1 KavoviKOTOMUEVT) LETAPANTY TOV E1GAYOVTUL TO TPOYPOLLLLLC,

OV EKTEAOVUE EMALYOVTAL TVY IO OTa akOAoVON dwoTNHATA:

h:[6.2. 6.5], h, :[10, 10.2]
¢ :[24. 24.2], ¢, :[5.1. 5.25]
v, :[5.45, 5.5]. v, :[8.64, 8.68]

M, :[l 1.2, 1 1.35]., 75 :[12.2, 12.4]



Mo k@Be petafint) to TPOYpappd pog eméhete toyxaia pia Tiun. AVTEG Ot TIHEG
gueavifovial 6T0 TEUPOKATO TivoKa, OTOL Ot pn-Kovovikomompéveg Ppickoviar otny

apIoTEPY) GTNAT], EVA O1 KAVOVIKOTOINUEVES OTNV deELAL.

Metaphntéc Mn-xavo; tl;;gompévsg Kavow;t::éo;qpévag
h, 6.317509 0.1680287
h, 10.18890 0.2709973
€ 24.09972 0.6409876
G 5.180889 0.13779717
v, 5.465436 0.1453658
v, 8.663159 0.2304167
H, 11.22580 0.2985759
M, 12.24341 0.3256416

Mivakag 3.2:  Kavovikomompuéves Kot fn-KavoviKOTOMHEVES APYIKEG TUYOIES TILES
Y10 TNV TEPITTWOT TOV toYVEL 1] ZuvOikn A

Avolutika Oha to apiBuntikd amotedfopata yo Kdbe mepintwon Ppiokovial oto
Mapdptmua 1. Ztoxevoviag oty REPUTEP® ENELEPYOCIO TV ORMOTEAECUATOV TOL
npoékuyav, 8a TpoPfovue oV avanapdotact Kot avahvon Toug o 300 eld®V Stypappota.
Lo mpmdTo BSdypappe cvvoyiletar m PékTiotn moMTIKY Aertovpyiog TOL EVEAMKTOL
g&umnpetnn Yot 6A0VG TOVG ap1BpovG EpyacIdV mov £xovpe w¢ dedopéva. Avtiotoya, oTo
SeTEPO  SIAYPOUME QVATAPICTAVTAL To. ONpeid adhayng g PEATIOTNG MOMTIKYG TOL

€VEAMIKTOU EEUANPETNTN.

1o Sdypappa 3.19 avamapiotatar n PEATIOT] mohTiKY Asttovpyiag TOL EVEMKTOV
efumnpetnn, yw O apykd dedopéve mov ypnolpomomcape. Me TO KOKKIVO YpmUQ

LTOdNAMVOVTOL Tot ONpEid eKeiva oTa OOl 0 EVEMKTOG EEVANPETNTAG TAPAUEVEL AVEVEPYOG.


































Kepalawo 4 ZTvvoyn Armhopatikig Epyaciag

Ze TV TNV SIMAOUATIKY Epyacio eEETACANE TOV TPOYPOUUATIONS EVOG EVEAIKTOV
gEommpetn oe éva ovotnua diywe agitelg kut o omoio amoteleitar and dVvo ctabpolg
EPYUOIOV e a@ootmpévoug eEumnpemtés oe KOs oTddo, 0oV 10 KOOTOG Asttovpyiag Kat

QVOLLOVIG TOVE GUUTTEPIAAUPAVETOL KOTA TT) SIAPKELNL TOV YPOVOL EPYATIAG TOUG.

Opioape ZovOnkn A mov 6tav dev kavomoleital, £ival TPOTIHOTEPO, Y10 KAMOIEG
CUYKEKPILEVEG MEPITTHOOELS TOL TPOPAUATOS, O €VEMKTOG €SUMMPETNTNG VO MAPAUEIVEL
avevepyos. Kataokevdoope Awypdppatoe Aldayng BéATiomg Amdgaomng tov gvélKTou
gEumnpetT and 0. onoio MPOKVATEL OTL 1] KAUTOAN PEATIOTNG QmOQACTS TOU EVEMKTOU
gEumnpemT amd TV avevepyn Katdotaon Aswtovpyiog. otnv ddbeon Tov ctov oTABUO
gpyaoiag 2 eivar pn adovoa. Avtibeta, 1 KaumOAn PEATIOMG amO@AOTG TOL EVEMKTOV
eEummpen TN 1000 amd TNV 01dbecT| Tov oToV oTABUO Epyaciag 1, OTNV AVEVEPYT KATAGTAC
Aerwovpyicg, 600 KOl N0 TNV HETOKIVION TOL amd Tov oTabud epyaociag 1, otov otabud
epyaciog 2 eivar pn @bivovoa. H povotovia avtdv twv kapumuddv dev £xel amoderydei

HoOnpaTiKd.

[Na ta cvompata, to omoio eetdoape, Exel O deybel Ot VIO TV Luvinkm A, 1)
ekydpnon tov gvéhiktov gbumnpemt otov downstream otabud yivetar Péltiom kabig o
ap1Bude tav epyacidv ekel avidvetar. BéBaw v avtiv v mepimtmorn o gvéMKTOg
eEUMNPETNTNG TAPUUEVEL OVEVEPYOS HOVO Y10 KOMOWEG OUYKEKPILEVEG MEPITTWOOELS TOV

mpoPfinpatoc. dniadn otav otov downstream otabud (otabuodg 2) dev £yovv petaepbei
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gpyaocieg ot omoieg £xovv ohokAnpwbei otov upstream otapo (otabuog 1). Oka ta ntapanave
nopovoldlovior kot oto Atoypappata Alloyng BEltiommg Amdeocmg Tou £VEMKTOL
eCummpetnt). An6 Ta AloypapIOTO VTG TPOKVATEL OTL 1) KAPTOAY PEATIOTG amd@acng Tov
EVEMKTOV EELATPETNTY OO TV AVEVEPYN KATAOTAON Aettovpyiag, otnv ddbeon tov otov
otafpo epyasciog 2, 0tav ovpPaiver eivar otabept]. Avtifeta, 1 Kopmodn BEATIOG andacnc
OV €VEMKTOV e&LANPETHTA amd TNV petakivion tov omd tov otabud epyaciag 1, ctov

otadpé epyaciag 2 givar pun gbivovoa.

Duoikd, oKOmMEG eival KATOIEG EMEKTACEIS TOV HOVIEAOL Y10 TNV EQUPUOYT TOV OF
éva gupvtepo mpoPAinuo. étor dote va AdPouvpe voyn Hog OAOLG TOVG MAPAYOVIES TTOU
pmopel va. emmpedlovv v edpeon g PErtiomg Adong. TMapdio avtd, 1 cvykekpiuévn
npoomabeln amotedel v mpTOP)KO Prpa yw v gopeon g PEATIOMG mMOMTIKNG
Aertovpyiag evog gvéhktov efumnpemt o€ évo cvoTnue d00 Tapdiinia cuvdedsuivmv

otabuov epyaciog kot Omwg OAa deiyvouv pumopet va Exel opbad kot abdmoto amote AécpaTa.

Mepikd amd 1o epoTipote moOv peivave avamdvinto kot Bo  pmopovoav v
OMOTEAECOVV AVTIKEINEVO TEPUITEP® epyuciag eival N ebpeon g PEATIOTNG cvumeppoplg
0V EVEMIKTOL £EUINPETNT OF £va oVOTHHA TO 0moio Bu amoteleitar maAt amd dVo oTabpovg
gpyaciv kat Bo Swegopomoreitarl 6o yeyovac 61t Bu déxeTan cuveymg véeg agiters. Téhog, ya
QUTNV ™V mepintwon okémo Bo NTav vo HEAETNOCOVUE Kul TNV Hovotovia g PEATIoTNG

TOMTIKT|G.
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HMapaptypa I

To npdypappa g Fortran mov viomomoope yio Ty £0peon g PEATIOTNG TOMTIKTG

Aertovpyiag Tov eVEAKTOV EELMNPETNTY SivETO TAPAKATM:

program thesis_implemantation

implicit none

! Variables

integer 1X1,X2

real ::hh1,hh2.ccl,cc2,nnl,nn2,mml,mm?2
real :hl,h2,cl.c2,nl,n2,ml.m2
real ::hhlstart,hhlend

real ::hh2start,hh2end

real ::eclstart,cclend

real :icc2start,cc2end

real :nnlstart,nnlend

real s:nn2start,nn2end

real ::mmlstart,mmlend

real ::mm2start. nm2end
real(8) =VO(3)VI(2).V2(2)
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real(8). allocatable  ::V(..:)

integer, allocatable  ::U(:,:)

integer, allocatable =CHI(:),CH2(:),CH3(2)

integer, allocatable  ::CH(:)

real(8) :p0.pl.p2

real, allocatable smatrix(:)

integer ::loops,condition

character(1) SBDE

integer sigtk.g.bly,s

character(*), parameter ::path_1— C:\Output\Output_Data\'
character(*), parameter ::path_2="C:\Output\Matrix_V\'
character(*), parameter mpath_3="C:\Output\Matrix_U\'
character(*), parameter ::path_4= C:\Output\Matrix CH\'
character(80) filename_|

character(80) filename_2

character(80) :filename_3

character(80) :filename 4

! Body of thesis implemantation

!Script for inserting the type of data

write  (*,*) ‘'Insert [R] for Random Data or [S] for Specified ones'
read (**) D

write (%) "
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!Script for inserting random data

if

(D==R"or.D=="r") then
write (*.*) 'Press [F] to insert data from File or [K] from Keyboard'
read (**) E
write (**) "
call random_seed()
!Script for inserting data from file entitled "Input_Data.dat"
if (E="F.or.E=='f)  then
allocate(matrix(20))
matrix=0.
open (10.file—Input_Data.dat')
write (10,%) "
write (10.,*) 'The number of jobs
write (10,*) 'X1='
write (10,%) "

write (10,%) "X2=

write (10.%) "

write (10.%) "

write  (10,*) 'The linear holding cost in station 1'
write (10,*) 'hhistart=

write (10.*%) "

write (10.*) 'hhlend—
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write

write
write
write
write
write

write

write
write
write
write
write

write

write
write
write
write
write

write

write
write
write
write
write

write

write
write
write

write

(10,%)

(10.*%) "

(10.%)
(10,%)
(10.%)
(10.%)

"The linear holding cost in station 2'
'hh2start—'

'hh2end='

(10,%) "

(10.%) *

(10,%)
(10,%)

"The linear operating cost of flexible in station |’
‘cclstart—

(10,%) "

(10.%)

'cclend—'

(10.%) "

(10,%) "

(10,%)
(10,*)
(10.%)
(10,*)
(10.*)

(10,%)
(10,%)
(10.%)

"The linear operating cost of flexible in station 2’

'cc2start='

"

'cc2end='

"

‘The processing rate for jobs of flexible in station 1'

'nnlstart='

(10.%) "

(10.*)

'nnlend='

(10,%) "

(10.%) *

(10.%)
(10.%)

"The processing rate for jobs of flexible in station 2'
'nn2start='

(10.%) "
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othewise enter ('

write
write
write
write
write

wrile

write
write
write
write
write

write
write
write
write

write

write

write

close

pause

open

do

(10,*) 'nn2end-

(10,*) '

(10,*) "

(10,*) "The processing rate for jobs in station I'
(10,*) 'mmlstart—'

(10,*) L]

(10,*) 'mmlend—'

(10,*) "

(10.*) "

(10,*) 'The processing rate for jobs in station 2’
(10,*) 'mm2start='

(10,*) "

(10,*) 'mm2end='

(10,*) "

(10,%) "

(10,*) 'Insert the number of loops'

(10,*) 'loops='

(10.*)

(10,*) 'If the conditional statement is true/valid
{10’*) il

(10)

(10.file="Input_Data.dat')

i=1,20,2

read

(10.*)

43

insert



read
read
read
read

read

enddo

close (10)

(10,%)

(10,%)

(10,*) matrix(i)
(10.%)

(10,*) matrix(i+1)

!Script for the allocation of the data comprising the problem:

'The number of jobs

X1=matrix(1)
X2=matrix(2)

1The linear holding cost

'hhl

hh|start=matrix(3)
hhlend=matrix(4)

thh2

hh2start=matrix(5)
hh2end=matrix(6)

!The linear operating cost

leel

cc | start=matrix(7)

cclend=matrix(8)

44



lec2

cc2start=matrix(9)

cc2end=matrix(10)

!The processing rate for jobs

'nnl

nnlstart=matrix(1 1)
nnlend=matrix(12)

'nn2

nn2start=matrix(13)
nn2end=matrix(14)

'mml

mm I start=matrix(15)

mm lend=matrix(16)

'mm2

mm?2start=matrix(17)

mm2end=matrix(18)

loops=matrix(19)

if (loops>0) then

condition=matrix(20)

endif
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!Script for inserting data from the keyboard

elseif (E=

'K.or. E=='k") then

!Script for the allocation of the data comprising the problem:

'The number of jobs

write (*.*) 'Give the number of jobs in station 1
write (**) XI=

read (**) Xl

write (**) "

write (*.*) 'Give the number of jobs in station 2
write (**) 'X2-

read (%% X2

write (**) "

The linear holding cost

write
write
read

write

write
write
read

write

write
write
read

write

**)
**
**)
**)

**)
(*\*)
(*.%)
(*\*)

**
*
&2
e

'Give the first linear holding cost in station 1'
'hhlstart='
hhlstart

'Give the last linear holding cost in station 1'
'hhlend='
hhlend

'Give the first linear holding cost in station 2'
'hh2start="
hh2start
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write
write
read

write

(*\*)
(*,*)
(*\%)
**)

'Give the last linear holding cost in station 2'
'hh2end-'
hh2end

The linear operating cost

write

write
read

write

write

write
read

write

write

write
read

write

write

write
read

write

(*.%)

**)
(*%)
*\*)

(**)
(*,%)
(*)
(*.%)
**)
5
(*s%)
(**)
(*.%)
]

e
*\%)

'Give the first linear operating cost of flexible in station

'cclstart='

cclstart

'Give the last linear operating cost of flexible in station

'cclend—'

cclend

n

'Give the first linear operating cost of flexible in station

‘cc2start='

cc2start

"

'Give the last linear operating cost of flexible in station

'cc2end='

cc2end

The processing rate for jobs
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station |'

station 1"

station 2'

station 2'

write

write
read

write

write

write
read

write

write

write
read

write

write

write
read

write

write
write
read

write

write
write
read

write

write

(*.%)

(*%)
**
(i)

**

**
*.®
(*%

¢

(**
(%)
(5.5

**

*®
(**)
(*\*)

(*.%)
(*\*)
**)
=D

**
(**
(*.*)
**

*.*

'Give the first processing rate for jobs of [lexible

'nnl start—

nnlstart

L

'Give the last processing rate for jobs of flexible

'nnlend—

nnlend

'Give the first processing rate for jobs of flexible

'nn2start—

nn2start

"

'Give the last processing rate for jobs of flexible

'nn2end-'

nn2end

n

'Give the first processing rate for jobs in station 1'
'mm | start—

mm | start

'Give the last processing rate for jobs in station 1’
‘'mmlend-

mmlend

'Give the first processing rate for jobs in station 2'
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write  (*,*) 'mm2start='
read (*,*) mm2start

write (**) "

write  (*,*) 'Give the last processing rate for jobs in station 1"
write  (*,*) 'mm2end-

read (**) mm2end

write (*.)*) "

write  (*.*) 'Insert the number of loops'

read (*.*) loops

write (*.,*) "

if (loops>0) then

write (*,*) 'If the conditional statement is true insert I
othewise enter 0'

read (*.*) condition
write (*,*) "
endif

endif

!Script for the specification of | matrices space
V,VO,VI,V2,CH,CHI,CH2,CH3,U

allocate (V(0:(X1),0:(X1+X2)))
V=0.
VO0=0.

V1=0.
V2=0.
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allocate(CH(0:X1))

CH=0

allocate (CH1(0:X1))

CHI=0

allocate (CH2(0:X1))

CH2=0

allocate (CH3(0:X1))

CH3=0

allocate (U(0:(X1),0:(X1+X2)))

if (loops=—0)  then

=1

elseif (loops>0) then

t=loops

endif

doi=1.t

!Specification of the linear holding cost in Station |

50



call random number(hhl)
hh1=hhlstart+(hh1*(hhlend-hh|start))

ISpecification of the linear holding cost in Station 2

call random_number(hh2)
hh2=hh2start+(hh2*(hh2end-hh2start))

!Specification of the linear operating cost of flexible in Station 1

call random_number(ccl)

ccl=cclstart+(ccl *(cclend-cclstart))

!Specification of the linear operating cost of flexible in Station 2

call random number(cc2)

cc2=cc2start+(cc2*(cc2end-cc2start))

!Specification of the processing rate for jobs of flexible in Station |

call random_number(nnl)

nnl=nnlstart+(nn1*(nnlend-nnlstart))

ISpecification of the processing rate for jobs of flexible in Station 2

call random_number(nn2)

nn2=nn2start+(nn2*(nn2end-nn2start))

!Specification of the processing rate for jobs in Station 1

call random_number(mm1)

mml=mmIstart+(mm *(mmlend-mm ] start))
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!Specification of the processing rate for jobs in Station 2

if (t==1) then

call random_number(mm2)

mm2=mm2start+(mm2*(mm2end-mm?2start))

elseif (t>1) then

do
call random_number(mm?2)
if (condition==1) then
mm2=mm2start+(mm2*(mm2end-mm2start))
if (mm2<=((hh2*nn2)/cc2))  exit
elseif (condition==0) then
mm2=mm?2start+(mm2*(hh2*nn2)/cc2)
if (mm2>((hh2*nn2)/cc2)) exit
endif
enddo

endif

'Script for the normalization of data

h1=hh1/(mm1+mm2+nnl+nn2)
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h2=hh2/(mm1+mm2+nnl+nn2)
cl=ccl/(mmIl+mm2+nnl+nn2)
¢2=cc2/(mml+mm2+nnl+nn2)
nl=nnl/(mml+mm2+nnl+nn2)

n2=nn2/(mml+mm2+nnl+nn2)

ml=mml/(mml+mm2+nnl+nn2)

m2=mm2/(mmI+mm2+nnl+nn2)

!Script for the creation of files which embody the value of the variables

write(filename_1,'(a,a.i7.7,a)")

open(unit=1, file=filename |,action—write')

write
write
write
write

write

write
write

write

write
write

write

write
write

write

write

write

(1.%)
(1)
(1.9

(1.%)
(1,*)
(1,%)

(1.*)
(1,%)
%)

(1)
(1.9

"The number of jobs in station 1’
X1=,X1

"

"The number of jobs in station 2'
'X2=',X2

"n

"The linear holding cost in station 1'

'hh1=',hh]

"The linear holding cost in station 2'

'hh2="hh2
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write (1,%) "

write (1.*) 'The linear operating cost of flexible in station 1'
write (1.*) 'ccl=,ccl

write (1.*) "

write (1,*) 'The linear operating cost ofiflexible in station 2'
write  (1.*) 'ce2=',cc2

write (1.*) "

write (1.*) 'The processing rate for jobs of flexible in station 1'
write (1.*) 'nnl=")nnl

write (1.*) "

write (1,*¥) 'The processing rate for jobs of flexible in station 2'
write (1.¥) 'nn2=".nn2

write (1.¥) "

write (1,*¥) 'The processing rate for jobs in station '
write (1.¥*) 'mml=",mml

write (1.*) "

write (1.*¥) 'The processing rate for jobs in station 2'
write (1.*) 'mm2=,mm2

write (1.%) "

write (1.*) "

write  (1.%) ‘- '

write  (1.*) '|''Normalized Data', |
write (1.%) 'emeeemeeeeeeee- '

write (1.¥) "

write (1.*) "

write (1.¥) 'The linear holding cost in station 1'
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write
write

write

write
write

write

write
write

write

write
write

write

write
write

write

write
write

write

write
write
write

write

(1%

(1)
(1)
(1)

(1,%)
(1,M)
(1,%)

(1,
(I‘.‘m)
{I‘-ll)

(1,%)
(1,%
(1.%)

(1,%)
(1.*)
(1,%)

(1,%)
(1%
(1,%)

(1,9
(1)
(1,%)
(1,%)

'h1-,hl

'The linear holding cost in station 2'
'h2=",h2

"The linear operating cost of flexible in station |’

'cl=¢cl

"

"The linear operating cost of flexible in station 2'
'c2—',c2

n

"The processing rate for jobs of flexible in station 1"

'nl="nl

"The processing rate for jobs of flexible in station 2'
'n2="n2

"The processing rate for jobs in station 1'

'ml=,ml

"The processing rate for jobs in station 2'

'm2=",m2

(loops==0)  then
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if ((cc2/nn2)<=(hh2/mm?2)) then

write (1,¥) 'Condition A is valid'

elseif ((cc2/nn2)>(hh2/mm?2)) then

write (1,*) 'Condition A is invalid'

endif

elseif (loops>0.and.condition==1) then

write (1,*¥) 'Condition A is valid'

elseif (loops>0.and.condition==0) then

write (1,¥) 'Condition A is invalid'

endif

/

!Script for the manipulation of data and allocation of the results in the
matrices V & U

do k=0,X1

do j=0,X2+X 1-k

if (k==0.and.j==0) then

V(kj)=0.

U(kj)=0

else if (k==0.and.j/=0) then
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V2(1)=(h2*j)/(m2)

V2(2)=((h2*j)+c2)/(m2+n2)

p2=minval(V2)

if (p2==V2(1)) then

U(k.j)=0

else if (p2==V2(2)) then

U(kyj)=2

endif

V(k)=p2 + V(kj-1)

else if (k/=0.and.j==0) then

VI(1)=(h1*k)/(m1)

V1(2)=((h1*k)+cl)/(ml+nl)

pl=minval(V1)

if (p1==V1(1)) then

U(k,j)=0

else if (p1==V1(2)) then

U(k)=1
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endif

Vikj)y=pl + V(k-1.1)

else if (k/=0.and,j/=0) then

VO(1)=((h1*k) + (h2%)) + (mI*V(k-14+1)) +
(m2*V(kj-1))/(1<(n1+n2))

VOQ)=((h1*k) + (h2%j) + (mI*V(k-1j+1))
(M2*V(kj-1)) + c1 + (n1*V(k-1j+1)))/(1-n2)

VOG3)=((hi*k) + (h2%)) + (mI*V(k-1j+1)) -
(M2*V(kj-1)) + €2 + (n2*V(kj-1)))/(1-n1)

pO=minval(V0)

if (p0==V0(1)) then

U(kyj)=0

else if (p0==V0(2)) then

U(kj)=1

else if (p0==V0(3)) then

Ukj)=2

endif

V(kj)=p0

endif

58



enddo

enddo

!Script for the creation of files which embody the values-data of the
matrices U & V

write(filename_2,'(a.a.i7.7.a)") path_2,'Matrix_V i, .txt'

open(unit=2, file=filename 2,action='write")

do y=0.X1

do s=0,X1+X2

write  (2,*) Y-8, V(y.s)
enddo
enddo
close(2)
write(filename_3.'(a,a,i7.7.a)") path_3,/Matrix U "i,"xIs'

open(unit=3, file=filename 3.action=write")

do y=0.X1

do s=0,X1+X2

write  (3,210) y.s.U(y,s)
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enddo

enddo

close(3)

'Script for the manipulation of data and allocation of the results in the
matrix CH

if (condition==1) then

!Script for the creation of file which embodies the values-data
of the matrix CH

write(filename_4,'(a,a,i7.7,a)")
path_4,'Matrix CH 'i,"txt'

open(unit=4, file=filename 4,action—write')

do b=0,X1

do j=0,((X1)H(X2))-b-1

if (U(b,j)/=U(b,j+1)) then

CH(b)=j+1

exit

endif

enddo

write (4.*) CH(b)
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enddo

close(4)

do g=1,(X1)-1

if (CH(g)>CH(g+1).and.CH(g+1)>0.) then

write  (1,¥) "

write  (1,*) 'Decreasing'

endif

enddo

close(1)

elseif (condition==0) then

IScript for the creation of files which embody the values-data of
the matrices CH1,CH2,CH3

write(filename 4,'(a,a,i7.7,a)")
path_4,'Matrix CH_',i,".txt'

open(unit=4, file=filename_4,action="write")

do b=0,X1

do j=0,((X1)+(X2))-b-1

if (U(b,j)==0.and.U(b.j+1)==2) then

CHI(b)=j+1
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elseif(U(b,j)==1.and.U(b,j+1)==0) then

CH2(b)=j+1

elseif (U(b,j)==1.and.U(b.j+1)==2) then

CH3(b)=j+1

endif

enddo

do g=0.X1

if(CH1(g)/=0.and.CH2(g)==0.and.CH3(g)==0) then

write(4,¥) CHI(g),, ‘

elseif(CH1(g)==0.and.CH2(g)/=0.and.CH3(g)==0) then

write(4,%) ' ,CH2(g).'

elseif(CH1(g)==0.and.CH2(g)==0.and.CH3(g)/=0) then

write(4.%)" " ""CH3(g)

elseif(CH1(g)/=0.and.CH2(g)/=0.and.CH3(g)==0) then

write(4,*) CH1(g),CH2(g)," '

elseif(CH1(g)/=0.and.CH2(g)==0.and.CH3(g)/=0) then
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loops

write(4,*) CH1(g), ''CH3(g)

elseif(CH1(g)==0.and.CH2(g)/=0.and.CH3(g)/=0) then

write(4,%) ' ,CH2(i),CH3(g)

elseif(CH1(g)/=0.and.CH2(g)/=0.and.CH3(g)/=0) then

write(4,*) CH1(g),CH2(g),CH3(g)

elseif(CH1(g)==0.and.CH2(g)==0.and.CH3(g)==0) then

write(4,%) '

endif

enddo

endif

close(4)

!Process to empty the V,U,CH matrices due to the fact of entering new

if (loops>0) then
V=0.
V0=0.

VI1=0.
V2=0.
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u=0
CH=0
CHI=0
CH2=0
Ch3=0
endif
enddo
!Script for inserting specific data
elseif (D=='S.or.D==%') then
write  (*,*) 'Press [F] to insert data from File or [K] from Keyboard'
read (5% E
write (*.)¥) "
IScript for inserting data from file entitled "Input_Data.dat"
if (E=='F'.or.E=="f") then
allocate(matrix(10))
matrix=0.
open (10,file=Input_Data.dat’)
write (10,%) "
write (10.*) "The number of jobs in station I’

write (10.*%) 'XI='
write (10.%) "



Wl '“.-
write
write

write

write
write
write

write

write
write
write

write

write
write
writle

write

write
write
write

write

write
write
write

Write

write
write

write

(10,*)

(10,*) "The number of jobs in station 2'
(10,*%) X2-'

(10,%) "

(10,*) "

(10,*) 'The linear holding cost in station I
(10,*) 'hhl-

(10,*) "

(10,%) "

(10.*) 'The linear holding cost in station 2'
(10,*) 'hh2='

(10,%) "

(10,¥) "

(10,*) 'The linear operating cost of flexible in station I'
(10,*) 'ccl='

(10.%) "

(10,*) "

(10,*) 'The linear operating cost of flexible in station 2'
(10,*) 'cc2='

(10,%) "

(10,%) "

(10.*) 'The processing rate for jobs of flexible in station |’
(10,*) 'nnl=

(10,%) "

(IO,*) LU}
(10,*) 'The processing rate for jobs of flexible in station 2'
(10.¥) "in2=
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write (10,*) "

write (10,*%) "

write  (10,*) 'The processing rate for jobs in station 1"
write  (10,*) 'mm|='

write (10,%) "

write (10,%) "

write (10,*) 'The processing rate for jobs in station 2'
write  (10,*) 'mm2-

write (10,*) "

close (10)

pause

open (10,file=Tnput Data.dat')

do i=1,10
read (10,%)
read (10,%)
read (10,*)

read (10,*) matrix(i)

enddo

close (10)

!Script for the allocation of the data comprising the problem:

!'The number of jobs

X I=matrix(1)

66



X2=matrix(2)

The linear holding cost

hh1=matrix(3)
hh2=matrix(4)

!The linear operating cost

cc I=matrix(5)

cc2=matrix(6)

'The processing rate for jobs

nnl=matrix(7)
nn2=matrix(8)
mm | =matrix(9)

mm2=matrix(10)

!Script for inserting data from the keyboard

elseif (E=='K'.or.E=='k") then

!The number of jobs

write (*,*) 'Give the number of jobs in station 1
write (*% XI=
read (**) XI

write (¥,*) "

write  (*,*) 'Give the number of jobs in station 2'
write (*,*) 'X2=
read (**) X2

write (*.*) "
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'The linear holding cost

write
write
read

write

write
write
read

write

(5%
(%
*
(57)

(*s%)
)
(*s*)
(*.*)

'Give the linear holding cost in station '
'hh1-
hhl

'Give the linear holding cost in station 2'
'hh2-'
hh2

!The linear operating cost

write
write
read

write

write
write
read

write

(**)
**)
**)
(*.*)

*.*)
(*,%)
.
G

'Give the linear operating cost of flexible in station 1’
‘tel=

ccl

'Give the linear operating cost of flexible in station 2'
‘ec2='

cc2

IThe processing rate for jobs

write
write
read

write

write

write

(%%
%)
"
**)

**)
(*.*)

'Give the processing rate for jobs of flexible in station 1'
'nnl=

nnl

"

'Give the processing rate for jobs of flexible in station 2'

'nn2-'
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read (**) nn2

write (¥*) "

write (*,*) 'Give the processing rate for jobs in station 1"
write (*,*) 'mml-=
read (*.*) mml

write (*.%) "

write  (*.*) 'Give the processing rate for jobs in station 2'
write (*.¥) 'mm2-
read (**) mm2

write (%Y "

endif

'Script for the normalization of data

h1=hh1/(mml+mm2+nnl+nn2)
h2=hh2/(mm1+mm2+nnl+nn2)
cl=ccl/(mmIl+mm2+nnl+nn2)
¢2=cc2/(mml+mm2+nnl+nn2)
nl=nnl/(mml+mm2+nnl+nn2)
n2=nn2/(mml+mm2+nnl+nn2)
ml=mml/(mml+mm2+nni+nn2)

m2=mm2/(mml+mm2+nnl+nn2)

!Script for the creation of files which embody the value of the variables

write(filename_1.'(a,a.a)’))  path 1.'Output_Data',".txt'

open(unit=1, file=filename _|,action— write")

write  (1.*) ‘'

write (1.*) ' 'Data.y
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write
write

write

write
write

write

write
write

write

write
write

write

write
write

write

write
write

write

write
write

write

write
write

write

write

write

(1,%)
(1,%)
(1,*)

(1.%)
(1,%)
(1,*)

(1,%)
(1,%)
(1,)

(1,%)
(1,%)
(1,*)

(1,*)
(1,%
(1,%)

(1,%)
(1,*)
(1,*)

(1,%)
(1,%)
(1,%)

(1,%)
(1.%

The number of jobs in station 1
X1="X1

"The number of jobs in station 2’
"X2-.X2

"The linear holding cost in station |
‘hh1="hhl

"The linear holding cost in station 2'
'hh2=",hh2

"The linear operating cost of flexible in station 1'

'cel—cel

"The linear operating cost of flexible in station 2'

'cc2="¢cc2

LL

"The processing rate for jobs of flexible in station 1

'nnl-",nnl

"The processing rate for jobs of flexible in station 2'

'nn2—'.nn2
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write

Write
write

write

write
write

wrile

write
write
write
write
write

write

write
write

write

write
write

write

write
write

write
write
write

write

write

(1%

(1,*)
(1.%)
(1,*)

(1%
(1,%)
(1,%)

(1,%)
(1,*)
(1,%)
(L%
(1,%)
(1,*)

(1,
(1.™)
(1,%)

(1,%)
(1,%)
(1,%)

(1,*)
(1.*)
(1.%)

(L,%)
(1,%)
(1.%)

(1.%)

"The processing rate for jobs in station 1"

'mml=",mml

n

"The processing rate for jobs in station 2'
'mm2=",mm2

'The linear holding cost in station 1'
'h1="hl

'The linear holding cost in station 2'
'h2=',h2

"The linear operating cost of flexible in station 1'

'cl=cl

"The linear operating cost of flexible in station 2'
'c2="c2

"The processing rate for jobs of flexible in station 1’
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write  (1,*) 'nl—,nl

write (|
write (1,*) 'The processing rate for jobs of flexible in station 2'
write  (1,*) 'n2=',n2
write (1.%)
write (1,*) 'The processing rate for jobs in station 1’
write  (1,¥) 'ml="ml
write (1,%) "
write (1,*) 'The processing rate for jobs in station 2’
write  (1,*) 'm2—',m2
write (1,*) "
write (1,*) "
if ((ce2/nn2)<=(hh2/mm2)) then
write (1,¥) 'Condition A is valid'
elseif ((cc2/nn2)>(hh2/mm?2)) then
write (1,*) 'Condition A is invalid'

endif

!Script for the specification of matrices
V.VO.V1.V2,CH,CH1,CH2,CH3,U

allocate (V(0:(X1),0:(X1+X2)))
V=0.
V0=0.
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Vi=0.
V2=0.

allocate (U(0:(X1),0:(X1+X2)))

allocate(CH(0:X1))

CH=0

allocate (CH1(0:X1))

CHI=0

allocate (CH2(0:X1))

CH2=0

allocate (CH3(0:X1))

CH3=0

!Script for the manipulation of data and allocation of the results in the matrices
V&U

do k=0.X1

do j=0,X2+X1-k

if (k==0.and.j==0) then

V(k.j)=0.
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U(k,j)=0

else if (k==0.and.j/=0) then

V2(1)=(h2*j)/(m2)

V2(2)=((h2*j)+c2)/(m2+n2)

p2=minval(V2)

if (p2==V2(1)) then

U(kj)=0

else if (p2==V2(2)) then

U(k4)=2

endif

V(k)=p2 + V(kj-1)

else if (k/=0.and.j==0) then

VI(1)=(h1*Kk)/(m1)

V1(2)=((h1*k)+cl)/(m1+nl)

pl=minval(V1)

if (p1==V1(1)) then

Ukj)=0
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else if (pI==V1(2)) then

Utkj)=I1

endif

V(kj)=p! + V(k-1,1)

else if (k/=0.and.j/=0) then

VO(1)=((h1*k) + (h2¥%) + (mI*V(k-1,j+1))
(m2*V(k,j-1))/(1-(n1+n2))

VO@2)=((h1*k) + (h2¥%)) + (mI1*V(k-1,j+1))
(m2*V(k,j-1)) + ¢l + (n1*V(k-1,j+1)))/(1-n2)

VO3)=((h1*k) + (h2%)) + (mI*V(k-1j+1))
(M2*V(k,j-1)) + c2 + (n2*V(k,j-1))/(1-n1)

pO=minval(V0)

if (p0==V0(1)) then

U(k,j)=0

else if (p0==V0(2)) then

U(k,j)=1

else if (p0==V0(3)) then

Ukj)=2

endif

75



&V

endif

enddo

enddo

!Script for the creation of files which embody the values-data of the matrices U

write(filename 2.'(a.a,a)’)  path_2.'Matrix V','txt'

open(unit=2, file=filename 2.action—write')

do y=0.X1

do s=0.X1+X2

write  (2,%) y,s,V(y.s)

enddo

enddo

close(2)

write(filename 3.'(a.a,a)’)  path 3,Matrix_U"'xIs'

open(unit=3, file=filename_3.action="write")

do y=0.X1

do s=0.X1+X2
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write (3,210) y.s,U(y,s)

enddo

enddo

close(3)

!Script for the manipulation of data and allocation of the results in the matrix
CH

if  ((cc2/nn2)<=(hh2/mm2)) then

!Script for the creation of file which embodies the values-data of the
matrix CH

write(filename_4.'(a,a.a)’)  path_4.'Matrix_ CH',".txt'

open(unit=4, file=filename 4.action—write")

do b=0,X1

do j=0,((X1)*+(X2))-b-1

if (U(b,j)/=U(b,j+1)) then

CH(b)=j+1

exit

endif

enddo
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write (4,*) CH(b)

enddo
close(4)
do g=1,(X1)-1
if (CH(g)>CH(g+1).and.CH(g+1)>0.) then
write (1.*) "
write  (1,¥) 'Decreasing'
endif
enddo
close(1)

elseif ((cc2/nn2)>(hh2/mmz2)) then

!Script for the creation of files which embody the values-data of the

matrices CH1.,CH2.CH3

write(filename_4,'(a,a,a)’))  path_4.'Matrix CH',".txt'

open(unit=4, file=filename 4.action—write")

do b=0,X1

do j=0,((X1)*+(X2))-b-1

if (U(b.j)==0.and.U(b.j+1)==2) then
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CHI(b)=j+1

elseif(U(b,j)==1.and.U(b,j+1)==0) then

CH2(b)=j+!

elseif (U(bj)==I.and.U(b,j+1)==2) then

CH3(b)=j+1

endif

enddo

do g=0,X1

if(CH1(g)/=0.and.CH2(g)==0.and.CH3(g)==0) then

write(4,*) CHI(g),'

elseif(CH1(g)==0.and.CH2(g)/=0.and.CH3(g)==0) then

write(4,%) ' ' CH2(g).

elseif{CH1(g)==0.and.CH2(g)==0.and.CH3(g)/=0) then

write(4,%)' "CH3(g)

elseif(CH1(g)/=0.and.CH2(g)/=0.and.CH3(g)==0) then

write(4,*) CH1(g).CH2(g)." '



elseif(CHI(g)/=0.and.CH2(g)==0.and.CH3(g)/=0) then

write(4,*) CHI(g),' ""CH3(g)

elseif(CH1(g)==0.and.CH2(g)/=0.and.CH3(g)/=0) then

write(4,%) ' ',CH2(i),CH3(g)

elseif(CHI(g)/=0.and.CH2(g)/=0.and.CH3(g)/=0) then

write(4,*) CH1(g).CH2(g),CH3(g)

elseif(CHI(g)==0.and.CH2(g)==0.and.CH3(g)==0) then

write(4,*) '

endifi

enddo

endif

close(4)

210 format(J4,(" ")J4,(" NJ2,( ")

endif

pause

end program thesis implemantation
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Hapaptypa 11

apuKiTm mopatifeTal To OHEVOL, KOUVOVIKOTOWMUEVE, Kol UY), YU DOEL
[MTapoxd: patid 0e00UEVE, KOVOVIKOTOWMUEV KOl [ o TIG MEPIMTOOE
Katd TG omoieg dev 1oyvEL N 1oyveL I} TuvOnxn A xou ta omoia ypnoiponolodvial and To

TPOYPOUHUE HOG YO THV EVPECT] TNG MOALTIKNG AE1TOVpYing TOV EVEMKTOV £EVMNPETNTY Kol

amobnkevoviat oTov pAaKelo pe To ovopa, Ouiput Data.

Otav dev 16y0eL n ZovOnkn A Oray 1oyvel n Zovonkn A
[Data Datal
/
Thic mumbScof jobs HFsGtion | The number of jobs in station |
Xl= 20

The number of jobs in station 2
X2= 20

The linear holding cost in station |
hhl= 0.7690945

The linear holding cost in station 2
hh2=2.608206

The linear operating cost of flexible in

station |
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Xl= 20

The number of jobs in station 2
X2= 20

The linear holding cost in station |
hhl= 6.317509

The linear holding cost in station 2
hh2=10.18890

The linear operating cost of flexible in




ccl= 7.532834

The linear operating cost of flexible in

station 2
cc2= 7.427641

The processing rate for jobs of flexible in
station |

nnl= 4.589133

The processing rate for jobs of flexible in
station 2

nn2= 4.301105

The processing rate for jobs in station |
mml= 2.677692

The processing rate for jobs in station 2
mm2=7.616096

The linear holding cost in station |
hl= 4.0090360E-02

The linear holding cost in station 2
h2= 0.1359572

The linear operating cost of flexible in
station |

| cl= 0.3926618

station |

ccl= 24.09972

The linear operating cost of flexible in
station 2

cc2= 5.180889

The processing rate for jobs of flexible in
station |

nnl= 5.465436

The processing rate for jobs of flexible in
station 2

nn2= 8.663159

The processing rate for jobs in station 1

mml= 11.22580

The processing rate for jobs in station 2

mm2=12.24341

The linear holding cost in station |
hl= 0.1680287

The linear holding cost in station 2
h2= 0.2709972

The linear operating cost of flexible in

station 1




station 2
c2= 0.3871784

The processing rate for jobs of flexible in
station |

nl= 0.2392164

The processing rate for jobs of flexible in
station 2

n2= 0.2242024

The processing rate for jobs in station |
ml= 0.1395793

The processing rate for jobs in station 2
m2= 0.3970020

Condition A is invalid

]J cl= 0.6409874
The linear operating cost of flexible in |

The linear operating cost of flexible in

| station 2

c2= 0.1377977

The processing rate for jobs of flexible in
station |

nl= 0.1453658

The processing rate for jobs of flexible in
station 2

n2= 02304166

The processing rate for jobs in station |
ml= 0.2985759

The processing rate for jobs in station 2
m2= 0.3256416

Condition A is valid
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Hapaptnpa 111

IMopakdten nopotibetal to anoteAéopoto, SNA0dY T oNUE OTO OMOIC O EVEMKTOC
gumpen g adhdalel moMTikY Agttovpyiag yia IpdT POPd, Yo TIg TEPMMTOGELS KOTA TIg
omoieg dev 1oyveL 1 woyveL 1 ZuvBikn A. Ta cuvykekpyéva anoteléopato e&dyovial amd 0
TPOYPAUMRL MOG Yo TNV EVPECT] TNG TOATIKNG Agttovpyiog Tov vEMKTOV eEUANPETNTH Kot

anobnkevovat oTov Qdkero e To dvopa, Matrix CH.

Otav dev 167081  ZovOnkn A O7ay 16081 n Zovhikn A
|

FCY [UCY KUV IV VY S S S N O S BN [ o

BB | DD DD | e | ot | ot | e

Wil | W || Ww|wWiw
B B2 B DY DD |t | [ [t | o [ o f o | o f e f e f ot | o | o | e | e
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Mopaptmpa IV

[Mopoxdtn mapatifetor xdmowr evoelKTIKG amoteAEcpate Yoo KAOE ocuvdvacpo
apBpod epyacidv, otovg otabpovg epyaciag, Tnv aviiotoyr PBEATIOTN MOMTIKY TOL
EVEMKTOV ECUANPETNTY, VIO TIG MEPIMTTMOELG KOTA TIG OMOIEG eV 1oYVEL 1) 1oyVEL 1) ZvOnKn A.
Ta ovykekpipéva amoteléopata eEdyovial amd 10 TPOYPOUUUA KOG YO TNV EVPECT NG
TOATIKNG Agttovpying Tov evEMkTOL e&uANPETNTY Kot anobnkedovial oToV QAKEAO HE TO

ovopa, Matrix U.

Ozay dev 1601  ZovOnkn A

0 0 0 7 0 ] 14 0 1
0 | 0 7 1 0 14 1 1
0 2 0 7 2 0 14 2 1
0 3 0 7 3 0 14 3 2
0 4 0 74 4 2 14 A 2
0 2 0 7 5 2 14 5 2
0 6 2 7 6 2 14 6 2
0 #) 2 7 7 2 14 7 2
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Orav 1oyder n ZovOnqkn A

14

14

14

14

14

14

14

0 0 0
0 1 2
0 2 2
0 3 2
0 4 2
0 5 2
0 6 2
0 7 2

14
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Hapaptypa V

Mapakdte mopoatifetor ta amotehéopata, oniadn yw kabe cvvovacpd oplopol
gpyacidv, otovg otabpolg epyaciog 10 ovIioTOO EAMAYIOTO UVAUEVOUEVO CUVOMKO KOGTOG
TOPOHOVAS Kot Agttovpyiog pe to omoio emPapldverar 1o vad eEétaon CVOTNUA, YO TIG
MEPWMTMCE KATG TIG omoieg dev 1oyber 1 woyxder n ZuvBnkn A. Ta ovykekpéva
amoteiécpata eEdyovial amd To TPOYPOLHO HOG YL TNV EUPECT) TNG MOAITIKNG AEITOLPYiNG

0V gvéMkTov eEumNPETNTH Kt amobnkevovial oTov Pakero pe o dvopa, Matrix V.

Orav dev woyveL 1) Zovonkn A

0.000000000000000E+000 |7 | O 11.0458596301672 14 10 31.5753557226311
0.342459704758799 11.6277957977561 14 32.4592497397745
1.02737911427640 12.7005532813360 14 33.9757898435588
2.05475822855279 14.2303815354165 14 35.8400332875878
3.42459704758799 16.1074680853136 14 37.9741097201908
5.13689557138199 18.2604360346966 14 40.3781306707852
7.07332985626397 20.6888023468589 14 43.0522286533648
9.22862476115364 23.3918584182611 14 45,9965537580349
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Orav 1oyver n Xoviikn A

0.000000000000000E+000 | 7 22.9149499956739 | 14 72.0677504877225
0.735165505346464 7 24.1136770531953 14 73.8557484069915
1.95768497518439 1 26.2238838516012 14 76.5684000722919
3.66755840951379 T 29.2040046145745 14 80.1976642123851
5.86478580833465 i 33.0118765081238 14 84.7327966714560
8.54936717164698 T 37.6060894065863 14 90.1603008650637
11.7213024994508 7 42.9470808032714 14 96.4640434375605
15.3805917917460 T 48.9979488558803 14 103.625511249756
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