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XPONOIMNMPOIPAMMATIZMOZ NMPAIMMATIKOY XPONOY

TO MNEPIOAIKO MONTEAO

STAMATIOZ A. AZHMHZ

Mavemiotuio @soaaliag, TuRua MnxavoAoywv Mnxavikwy, 2010

EmiBAéniwv Kadnyntg: Ap. Anunitplog MavieAig, Emikoupog Kabnyntrig ZT1oXooTiKwy
MpotuTiwv Emixeipnolokng Epevvag atn Blopnxavikn Aloiknaon

MepiAnyn

Ta CLOTHAPATO TIPAYHOTIKOU XPOVOU aTIoTEAOUV £va TIEdi0 OTO OTIoi0 EXEl aQlEPwOEi
MEYAAO PEPOC EPELVAC KOl PEAETNC, €IO0IKA Ta TEAeLTAiIa Xpovia. To QACUA EQPOPUOYWVY TWV
CUCTNUATWY AUTWV Egival, €ToNg, APKETA €upl. OTIWE ONAWVEL KAl TO OVOUA TOug, KUPIo
OTOIXEI0O OTA €V AOYW CULOTAUOTA €ival 0 XPOVOg Kal dladpauaTidel TOV TIPWTAYWVIOTIKO POAO
ge O Ta NTAUOTO TO OTIOIO £X0UV VA KAVOUV HE TOV GXEDIOOUA, TOV XPOVOTIPOYPUUUOTIOUO
KOl YEVIKOTEPO HE TNV OOUNCN TWV CUCTNUATWY OUTWY. € OUTHAV TN PETATITUXIOKN £pyaaoia
MEAETAPE TNV TIEPITTITWON TOU [MMEPIOSIKOU MOVTEAOU ETTIBIWKOVTOCG VO ETIRERAICOVPE M
BéATiotn oAtk Amogacn¢ MpotepaidtnTtag PETAED Twv U0 XPNoTwv HE TNV oLvEXN
EKTEAEDN €VOC OAyopiBuou Tou vTIoAOYilel TOV Avapevopevou ApIBuoL  Ertuxnuévng
EKTEAEONC TWV EPYACIOV TWV XPNOTWV diVOVTOC TUXAIEC TINEG OTO APXIKA OEDOUEVA.

ApPXIKA, OVATITOOCOUME TIC BACIKEG EVVOIEC TWV CUCTNHATWY TIPOAYHOTIKOU XPOVOU
KOBwW¢ Kal TNV KATNYOPIOTIOIiNaCr) TouG.

210 OeUTEPO KEPAAQIO, TTAPOUCIAeTal pia BIBAIOYPAPIKN — EPELVNTIKA OVACKOTINO
TOU OUYKEKPIPEVOU €PELVNTIKOV TIEDIOU.

21N OUVEXEID, avaTITUGCETAl AVOAUTIKA 0 OAYOPIOUOC TIOU XPNOIUOTIONONKE yia TOUG
MOaBNUOTIKOUG LTTOAOYIGHOUC TOU POVTEAOU.

TéAog, TtapovaoidovTal, CLYKPIVOVTAlI Kol avaAUovVTal Ta APIBUNTIKA OTIOTEAEGUOTA
TIOU TIPOEKLYAV OTIO TNV EKTEAECT TOL aAyopiBuouv.
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KegpdAalio 1 ZuoTtiuata TIpayuatikol Xpovou

1.1 Ellcaywyn

To KUPIO XOPOKTINPIOTIKO TWV CLOTNUATWY TIPAYUOTIKOU XPOVOU Eival Ol EIBIKEG
OTIOITACEI TOUC Ot TIpoBecuie¢ vLAomoinong (deadlines). Zuvemw¢ n amodoon, n
OTIOTEAECUOTIKOTNTA KAl 1 A&IOTIOTIO AUTWV TWV CUCTNUATWY dgv €E0PTATOl POVO aTo T
OKPIB aTIOTEAECUOTA TWV UTIOAOYIOHWY, OAAA KATA KOPIO AGyo amd Tov XpOvo OTOV OTIoio
mapdyovtal. KOplo¢ OKOTog, AoITov, TwV GCUOTNUATWY TIPAYUOTIKOU XPOvou Eival n

IKOVOTIOINGN TWV XPOVIKWV KAl AEITOLPYIKWVY ATIAITITEWY TWV EPYNOIWV TIOU EKTEAOUVTAL.

Kdé&Be epyacia (task) oto olOTNUa €xel pia TIpoBeouia LAOTIOINGNG, CTA XPOVIKA
TIEPIBwPIa NG OTtoiog Ba TIPETEl v OAOKANPwWOEL. TMivetal emopévwe KATAvoNnTto, TwE N
OTIOTEAECHOTIKOTNTA TWV CUCTNUATWY aUTWVY, 0EOPA TOV XPOVO TIOPAd0CNE €VOC OWGCTOU
OTTOTEAECUOTOG, O OTIoIoC Ba TIPETIElL VA IKOVOTIOIEI TOV TIEPIOPIOUO TIOU TOU EXel TEDEI.
eVIKOTEPA, O€ TETOIO CUCTAUOTA OVAUEVETAL Hia €€000¢, PEXPL TNV TIPoBeouia vAoTtoinang
TIOU €XEl OPIOTEl, N OToia €ival TO ATIOTEAECHA TNG AVTIOPACNC TOU CUCTAUOTOC OE KATIOI0
YEYOVOC Il € KATIOIO EVEPYEI TIOU OULVERN oto TePIBAANov. Il Xpoviki Tepiodoc amd TNV
OTIYUR] TIOU GUUPBOIVEL TO YEYOVOC HEXPL TO TEAIKO ATIOTEAEOHO (MEXPL dNAOdK TNV avtidpacn
TOU GUCTHMOTOC), OVOMAZETOl XPOVOC ATIOKPIONG KOl TIPETIEL VO IKOVOTIOIED €vav XPOVIKO

TIEPIOPICUO.

1
Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 11:02:45 EEST - 3.141.30.83



Ol EQOPUOYEC TWV CLOTNUATWY TIPAYUATIKOU XPOVOU EKTEivOVTal g€ £va eupl QACHA,
TO OTIoi0 TIEPIKAEiEl evowpatwuéva ocuotiuata (embedded systems), TNAETIKOIVWVIOKA
CUGTHMOTA, TIUPNVIKA CLUCTHAPATO ETTRAEWNC, POUTIOTIKI], TPATIECIKEC TUVOANAYEG, TIOAUUESO
(MeTa@OpPA €IKOVOCG KAl NXOUL), OTITIKOTIOINGN 1 ETIRAEWN YIO 1ATPIKEG OVAYKEC, CULOTHMOTA
OEPOTIOPIKNC TIAONYNONG, OPOUOAOYNGCN OMPOEOOTOIXIOV OTIC KOTAAANAEC pPAYEC. XTIC
EQOPUOYEC OUTEC €ival @avePO TIwC 0 XPOVOG Eival N TIOPAUETPOC TNV OTIoI0 TIPETIEL VA
AdBoupe LTIOYN TIEPICOOTEPO aTIO KABE AAAN, KOBWC Péow OUTAG, TEAIKA, OTIOTIUATAL N

ToI0TNTa UTtnpPEciag (Quality of Service Qo0S) TOU GUGCTHPOTOG.

1.2 Katnyoplotoinon Zuotnudtwy Mpayuatikoy Xpovou

Ol amaItNoel NG EKACTOTE E€PAPMOYNAC OANG KOl Ol CUVETIEIEC Of UTIOTIOEPEVN
QTIOTUXiO TOU CULCTAUATOG, 00NYyoUV OTNV KATNYOPIOTIOINGN TWV GUCTNUATWY TIPAYUATIKOD
Xpovou. 'ETal uTtdpxouv Ta auaTtnped, Tad XOAAPA Kol TO OTaBepd CLCTHUOTO TIPAYHOTIKOU

xpovou (hard / soft / firm real time systems).

1.2.1 Avoctnpd Zvotiuata MNpayuatikov Xpovou

‘Eva glotnua opidetal w¢ auotnpd oLOTNUA TIPAyHOTIKOU Xpovou (hard realtime
system) OTAV TO OTIOTEAECUA OE TIEPITITWAON HN IKOVOTIOINCNG NG Tipobecpiog LAoTIoiNONG
gival KaTaoTPOPIKO KAl Ol GUVETIEIEC TOU OAEOPIEC. Ta XPOVIKA TIEPIBWPIN TIOU TIBEVTAI OTO
CUCTAMOTO OLTOV TOU €idoL¢ ival aTTOAUTWE AVCTNPA KOl O€ KAUIa TIEPITITWON dgV TIPETIE VA
gemepaoToly, KABWC KATI TETOIO Ba onuaive Bavaciun KOTAOTPO®N Yo T0 GUCTNUO.

Mapadeiyyata TETOIWV CUCTNUATWY €ival n dpopoAdynon apa&ooToixXiv ae PAYEG N Ta
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NAEKTPOVIKA CUCTHUATO TOU OEPOTIAGVOUL. ZTO TIOPOKATW oxAua (Zxnua 1-1), eaivetal n
OpXIKN oTiyun (start time) otnv omoia cuyPaivel éva yeyovog oTo ocUCTNUO Kal N TipoBeopia
vAortoinong (deadline) pExpl TNV OTIoia TIPETIEI VO OAOKANPwWOEL. Q¢ value, opiletal n cupBoAn
TIOU €XEI I EKTEAOUIEVN EPYACIO OTOV YEVIKO QVTIKEIPEVIKO OKOTIO TOU CUCTNHUOTOC KOl UTTOPEI
va gival gite BTk (BETIKN TIPOo@OPA 0TO cLCTNUA) €iTe APVNTIKY (APVNTIKI) TIPOGPOPA OTO

oLOoTNUA dNAAdN KOTACGTPOPIKEC OUVETIEIEC).

ZxAua 1-1: MpoBeopia vAoTtoinong epyaciag e avatnPO cLATNO.

1.2.2 Xalapd Zvotiuata Mpaypatikov Xpovou

‘Eva xaAop6 olOTnUa TIpayuatikol Xpovou (soft real-time system) eival autd oto

OTI0i0 N N IKavoTtoinon Hiag TtpoBeapiag LAoTtoinong dev gival e BEoN va KATOOTPEYPEL TO
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oloTNUa oUTE va GCULVOAIPEL TNV OKEPAIOTNTA TOU. XTO0 ZXNMa 1-2 arelkovietal pia
TpoBeaia og XaAapo cvoTnua. OTWC @aiveTal, OKOUO KOl PETA TO TIEPAC TNC TIPOBECHIag
vAoTtoinang n oLUPoAnR NG epyaciag dev PNdevideTal yia TO cUOTNUA, AAAA EAQTTWVETAL ME
TO XPOVO KAl gival Ttavta B€TIK. Mia vTToTIBEUEVN aTToTUXia, AOITIOV, OTTAWC MEIWVEL TNV

TIOIOTNTA TWV TIOPAYOUEVWY ATIOTEAECUATWV.

Time
Start-time Deadline

Ixnua 1-2: NpoBeoyia vAoToinong epyaciag ae xaAapo cUOTNUO.

1.2.3 Z1a0egpd Zuotruata Mpaypatikov Xpovou

MeTaEL TWV QUOTNPWV KOl TWV XOAAPWV CUCTNUATWVY UTIAPXOLV Ta OTABepd
ouCTAUOTO TIPAYHATIKOD xpovou (firm real-time systems). ZTnv TEPITITWON TWV GUCTNHATWY
QUTWV, N TIPOBeTHia LAOTIOINONG dNAWVEL GLVNBWCE TOV XPOVO AVAMOVNC TIPIV artd TNV KOO0
KATIOIOL QTIOTEAEOUATOC. H pn KavoTioinon uiog TipoBecpiag uAoToinong Oev ETTIQEPEL
KOTOOTPOQPIKEG GUVETIEIEC, OAAG OTAV KATIOIO ATIOTEAECOUO AAUPBAVETAIl TIEPAV ALTAG, TOTE €ival

Aaxpnoto Kol Ot AauPBAveTal LTIOYN. ZUVETIWC, OTO OTABEPd CLOTAUATA Ol TIPOBECUIEC
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VAOTTOINONC PTIOPOUV Va TIAPARIOCTOUV XWPIC OAEBPIEC OLVETIEIEC, WOTOOO N TIOAVOTNTA aUTH
Ba TIpETIEl va gival apKETA MIKPR. OTwg @aivetal Kol oto XxAua 1-3, n Tpoceopd Tng
gpyaaiag oto ouoTNUa TEpav NG AENG TnNG TPobeopiag vAoToinong dev sival o0TE apvNTIKA
0oUTE OETIKI, OAAA PNdEVIKN. AUTO CNUAIVEI TIWC TO OTIOTEAECUO TIOU €XEl TTapaxOei amo tnv
OUYKEKPIYEVN epyaaoia Ba eTQPEPEl UNOEVIKI] GUUPBOANR OTo CUCTNPA, €POCOV N TPoBeouia
Exel xoBei. Mapadeiypota TETOIWV OLOTNUATWY €ival Ta TPATIEQKA CUOTAUATA 1 TA

CULCTNPOTA KPATNONG OEPOTIOPIKWVY EICITNPIWV.

Time

Start-time Deadline

ZxAua 1-3: MpoBeapia vAoToinong epyaaciac oe atabepd cLGTNUA.

1.2.4 YBp1dika Zuotuata MNpayuatikoy Xpovou

YTmdpxouv, waotdoo, EPOAPUOYEC Ol OTIOIEC UTIOPOUV VA TTAPOUCIAlouY LRPISIKY CUUTIEPIPOPA.
Ma mapadelypya oto Zxnua 1-4 vmdpyouv TPEIC TIpoBeapiec vAomoinong DI, D2 kot D3. H

TIPWTN QVATIOPIOTA TNV «PEYIOTN TIPN», N Oe0TEPN OVATIOPICTA TNV XPOVIKN TEPiodo atnv
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OTIOIO N TIPOCPOPA Ba €ival TOLAAXIOTOV BETIK] 0TO cUOTNUA, EVW N TPITN opilel TOo onueio

OTO 0TT0i0 Ba LTTAPEEL {NUIAG GTO oLCTNUA.

ZxAua 1-4: YBPIdIkd cOaTnua.

1.3 TeplodikEC Kol Mn TtePlodIKEC Epyaaieg

Katd tnv avAatttuén TTpoypoupaTwy Yia EQOPUOYECG, YIVETOI ouvnBwC avTIoToIXIoN TWV
XPOVIKWV OTIAITNCEWY PE TNV HOPQI XPOVIKWV TIpoBeopiv. To BEua tng IKAvoToinong Twv
XPOVIKWV TIPOBECUIWV ETTAPIETAI TTOV XPOVOTIPOYPAUMUOTIONO TWV EPYATiwY. YTIAPXOuV dU0

EEXWPIOTOI KOl ATIOPOVWHEVOI TUTTOI EPYATIWV AVAAOYA HE TNV TIEPIODIKOTNTA TOUC:

e TIEPIODIKEC EPYOTIEC

*  Un TIEPIOBIKECG EPYAOIEG

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 11:02:45 EEST - 3.141.30.83



1.3.1 Teplodikég Epyaaieg

OI TIEPIODIKEC EPYOTIEC, OTIWEG ONAWVEL KOl TO OVOUA TOUG, EKTEAOUVTAL TIEPIODIKA, KAl

Xapaktnpifovtal amo
1) TNV Tepiodo Toug 7) Kal
0) TOV OaTTaITOVEVO XPOVO eKTEAEONC TOUG (1 (avd TIEPINdO).

ZTIC EPYOOiEC OUTEC AVOPEVETOl PO EKTEAEDT YO KABE XPOVO 7) KAl YO XPOVIKEG
povadeg ioeg¢ pye Q. H mpoBeopia vAoroinong D, 1N epyaciag autig eival ion pe TNV
TEPiInd0. O XpOVOCg EKTEAEONC OeV UTIOPEL va €ival PEYOAUTEPOC TNE TIEPIOdOU, POV OE Mia
TETOIO TIEPITITWON Ba XavoTav OAeC Ol TIPoBeopieC LAOTIOINONCG KOl 1 AEITOUPYIO TOU
CUCTAMOTOC TIPAYHOTIKOU XpOvou ¢ Ba Ntav e@IKT. O xpOvog EKTEAECNC €ival 0 XpOvog TIou
QVOUEVETOL OTN XeIpotepn Tmepimtwaon (WCET - Worst Case Execution Time) 1mouv pttopei va
UTIAPXEl OTO OVUOTNUA, WOTE VA dIACPAAICTEL TTw¢ OAOI Ol LTTOAOYICMOI TIov yivovTal pe Bdon
OUTO TO XPOVOo Ba gival akpIPEiC w¢ TIPOC TIC XPOVIKEG TOLG TIPoBeapie¢. O XPOVOC EKTEAEONC
MTTOpEl va divetal w¢ TO ATIOTEAECPO €VOC HUECOUL OPOL METPNONG N/KAl TNG XEIPOTEPNC

TIEPITITWONC TOU XPOVOU EKTEAEGNC.

1.3.2 Mn TepIodIKEG Epyaaieg

H evepyoTttoinon piog pn mePIOdIKNG epyaaiag sival éva tuxaio yeyovog kKal auviowg
TIupodoTeital amd Hio €EWTEPIK OpAcn oto oclotnua. Ol un TEPIOSIKEG EPYATIEC €XOUV
ETTIONC XPOVIKOUG TIEPIOPIOUOUC TIOU TIG O@OPOULV, dNAadK a@oU EEKIVIIOOLV TNV EKTEAECH)

TOUC Ba TIPETIEI VA TNV OAOKANPWOOULV PECO OE Wia TIPOKABOPICUEVN XPOVIKN TIEPiodo. Zuxvd,
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OUTEC Ol EPYOTieq €XOUV VA KAVOULV PE CUPBAVTA PEca OoTO TEPIBAAAOV TOU CUOTAUOTOC KOl

€TCI1 Ol XPOVIKEC TOUG TIPOBECUIEG ival TNUOVTIKEC.

O1 gpyaoieg autég ouvhnBwg amokaAoLvTal event-driven / 0dnyoUUEVEG aTIO yeyovoTa,
AOYwW TOL OTI €ival amoéppola KATIOIAG AVETIIBVUNTNG EVEPYEIOG TIOL CULHPBAIVEL 0TO GUOTNUO.
Ta XOPOKTINPIOTIKA TOUG OV Eival YVWOTA €K TWV TIPOTEPWY KOI Wia pn TtePIOdIKN epyaaia

Xapaktnpidetal omno:

i. TOV XpOvo A@IENg NG Ah
0. TOV XpOVo eKTEAECTC NG C, Kal

iii. TNV MpoBeouia vAoTToiNONG TNC

O1 omopadikég epyaoieq (sporadic tasks) e€ival pia €10IK] KOTnyopio Twv N
TIEPIODIKWV EPYACIWV. AUTEC gp@avidovTal Tuxaio Kol arpOBAETITO OAAA LTTAPXEL EVA XPOVIKO
OpIo HETOED TWV XPOVWVY EUPAVIONC TOUC TO OTIoio dev JTTopEi va TtapaflooTei. e avtiBson
onNAadr HE TIC Un TIEPIODIKEC EPYOCIEC TIOLU N EUQEAVION TOUC €ival EVIEAWC OTIPORAETTTN,

UTTAPXEL £Va AVW OPIO GTOV PEYIOTO XPOVO ETTAVAANWNG.

Ol TIEPIOBIKEC €PYOOieC HPE QLOTNPEG TIPOOECHIEC ULAOTIOINONC E€ival QUTEC TIOU
KUPIOPXOUV OTA TIEPICOOTEPA AUCTNPEA GUOTIHUATO TIPAYUATIKOU XPOVOU, EVQ Ol U TIEPIOBIKEG

Epyaaieg KataAauBAvouv UIKPO XPOVO ETIEEEPYOTIAC EQPOTOV Eival HIKPOTEPEG aPIOUNTIKA [2].

1.4 XpovodpopoAoynon Epyaciwv oe Zuothiuata Mpayuatikoy Xpovou

141 Mepiypaen Epyaciwv

Ol gpyaoieg mpayhoTikoO Xpovou (tasks) eival o1 BAcIKEG EKTEAOUPEVEC OVIOTNTEQ

TIPOG XPOVOdPOUOAOYNGCN. MTopei va egival TIEPIODIKEG 1] PN TIEPIODIKEC KAl va €XOLV

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 11:02:45 EEST - 3.141.30.83



auoTNPEOUC N XaAapolC XPOVIKOUG TIEpIopIopoUC (time constraints). Mia epyaaia opiletal amo
XPOVIKEC TIOPAMETPOLC TIOU ONAWVOLV TIC KABLOTEPNOEIC KAl ATIO XPOVOUETPIKEC TIPAPETPOUC
TIoOU dNAWVOUV TOV XPOvo. TO POVTEAD TIEPIAAUPBAVEL BACIKEG KOl SLVOUIKEG TtapapéTpoug. Ol

BaoIKEG TTAPAUETPOI Eival:

e I, XpOvog avoKkoivwong Ttng epyaciag, €ival o Xpovo¢ OTOV OTIoiov
EVEPYOTIOIEITAI N aTtaitnon NG eKktéAeonC Tng (task release time 1 request
times ] ready times),

e C, 0 Xpovog €eKTEAEONC TNC €PyAciag OTnv XeEIPOTeEPN TEPITIIWAN, OTAV 0
ETIEEEPYNOTNG Eival TIANPWE APOCIWHEVOC GE AUTHV,

e D, n oxetkn mpoBeopio vAoToinong NG epyaociag, T.X. N MEYIOTN OTTOJEKTN
KaBuaTtépnan emegepyaaiacg g,

e T, n mepiodog g epyaaiag,

e« Otav n gpyaadia €Xel avatnPoULC XPOVIKOUG TIEPIOPICUOUCE, N OXETIKI] XPOVIKN)
TIpoBeopia ETUTPETIEL UTIOAOYIOUOUG TNC OTIOALTNG TipoBeouiag uAottoinong
(absolute deadline) d =r + D. Evdexouevn Toapafioon Tng ammoAUTng
TIPOBETHIOC LAOTTIOINONC EXEl WG CUVETIEIO XPOVIKO GOAAUQ.

H mapdpetpog T dev viotatal o€ pn TEPIODIKEC epyaacieq. Mia Tieplodikn epyaaia
MOVTEAOTIOIEITAl GUUPWVO PE TIC TEOOEPIC TIOPATIAVW TIOPAUETPOUC. ZUVIBWC XPNOIUOTIOIETOL
N TIOPOKATW avVaTIOPACTOCN VIO PO Epyaaia T:

o(r,C,D,T)

Kabe otiyuny otnv otoia pia gpyaoia sival €toiun, €€ayel éva meplodiko aitnua. Ot
OAAETTAAANAOL XPOVOI OVOKOIVWONE, YivovTtal araitnon yio Xpovo OovoKoivwang yivovtal o€

rk=r0 + KT omou r0 e€ival n mpwtn avakoivwaon Kal rk givai n (A + 1) oot avakoivwan. Ol
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OAAETIAAANAEC aTtOALTEG TIPOBEeaieq vAoTIoinong gival dk = rk + D. Av D = T, n 1epIodIKNA
epyaaia €xel OXETIKN TIpoBeapia vAottoinong ion pe TNV Tepiodo. Mia epyaoia gival opbwg
popeottoinuevn (well formed) edv 0 < C <D < T. H molomta ¢ XpovodpouoAdynong
eEapTaTal oo TNV OKPIBEIa TV TTAPATIAVW TIOPAUETPWY. ZUVETIWC 0 KOBOPIoOPOC Toug ival
€vag TTOAD GNUAVTIKOG TIAPAYOVTAG OTOV OXEQIOCUA CLOTNUATWY TIPAYHUATIKOU Xpovou. Av Ol
XPOVIKEG SIGPKEIEC AEITOUPYIWV OTIWG EVOANAYI] EPYOCIWV, KANTEIG AEITOUPYIKOU CUCTAUATOC,
OIOKOTIN eTeEepyaaiag | EKTEAEDNC dev UTIOPOUV va ayvonBouv, 1 avdAuan Tou oxedlacuol
TIPETIEL VO TIPOCOETEL AUTEC TIC XPOVIKEC SIGPKEIEC OTOLC XPOVOUCG LTIOAOYICHOU TWV EPYATIWV.
AULTOC €ival Kal 0 AOy0g yla TOV OTI0I0 OTTAITEITAl Hia VIETEPUIVIOTIKY GUUTIEPIPOPA, N OTToia

Ba eyyudtal HEYIOTEC TILMEG VIO QUTEC TIG AEITOLPYIEC.

AMEC ONUAVTIKEG TIOPAUETPOI Eival:

e U = p n XPNolJoToinon Tou €TEEEPYATTH] YIO TNV Epyacia, TIPETEI U < 1.

e ch= (—:, 0 QOPTOC ToUL eTeEepyaaTh, TipEmel ch < 1.

Ol TIOPOKATW OUVAMIKEC TIOPAUETPOI BonBolv oTnV TIAPOKOAOUONCON TNG EKTEAECNC

N¢ epyaaciac:

e s, €ival 0 Xpovog aTov 0TIoio apxiel N EKTEAECN TNC EPYAaiag.

e g, gival o XpOvoC OTOV OTI0I0 OAOKANPWVETAI N EKTEAEDT] TNC EPYATIaC.

e D(t) = d—t, €ival 0 UTIOAEITIOPEVOC XPOVOC HEXPI TNV TIPOBecpia bAoTToINaNC
NV TuXaia otiyun t: 0 < D(t) < D.

e C(1), €ival 0 EKKPEUNC XPOVOC EKTEAECTC TNV XPOVIKN oTiyun €: 0 < C(t) < C.

e L = D — C gival n ovopaoTikn xoAapotnta (laxity i slack time) ¢ epyaaoiag
Kal Ttpoodlopidel TN PEYIOTN KaBuoTéEPNON OTd TOV XPOVo €vapéng tTng otav

OTTOOXOAEI HOVO QUTH TOV ETIEEEPYOATTH).
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e L(t) = D(t) — C(£), €ival n UTIOAEITTOPEVN OVOUOCTIKA XaAapotnta (laxity)
NG €PYOCiag TNV XPOVIK CTIyur t Kol onuatodoTei TNV peyiotn kabuaotépnan
yla €TTAVEKKIVNON NG EKTEAEONC, OTOV N €Pyaoia OTIOOXOAEl povn Tng 1oV

enegepyaotn.
Emiong éxoupe L(t) =D +r — t — C(1).

e TR = e — r gival 0 Xpbdvog amokpiong tng gpyaciac. loxvel C < TR < D otav
OEV UTTAPXEl XPOVIKO CQAAUQ.

e CH(T) = S—gr)} gival o vTtoA&ITtOpEVOC POPTOC. 0 < CH(Y) <i— (€€’ opiopov, av
e = d, CH(e) = 0).

Ol TIePIOdIKEG  EPYOATIEC €VEPYOTIOIOUVTOL OAAETTOAANAQ  UE OTIOITNCEI XPOVWV
avokoivwang (release time requests) Kal ETIGTPEQPOLYV OTNV TIABNTIKN) KOTACTOON ME TNV
OAOKANPWON TOL AITAPATOC Toug. Ol un TIEPIODIKEG €Pyaaieq UTIOPE va €xouv TNV idla
CUUTIEPIPOPA OV €XOUV evePyoTIoINOel TIEPICCOTEPEG TNC HIOC @OpAC. MEPIKEG (QOPEG

dnuioupyoLVTaAl GTOV XPOVO OVOKOIVWanG.

Mia epyacia, epocov onuiovpynBei, ptopei va Ppioketal ce pia amo Tig dvo
KOTOOTACEIG. TIAONTIKI 1] EVEPYOTIOINUEVN. QOTOCO, 0 OIOUOIPACUOC TIOPWV 0dnyei o€

TIEPIOCOTEPEG KATACTACEIC VIO Wia epyaaia.

e elected/ekAeyuévn, évag eTeEePYaoTNG €XEl TIPOOBIOPICTEL yia TNV gpyacia. Ta
C(t) ka1 D(t) av&avovtal, evw 1o L(t) pewvetal.

e blocked/ pttAoKkapiopEvn, N Epyaaoia avapével yia TTOPOUC, YA €va PAVUUA N
yla éva onua cuyxpoviopol. Ta L(t) kal D(t) peiwvovral.

e ready/€tolun, n epyoaoia Trepipével va eTtAeyei. Ta L(t) kail O(i:)peiwvovrtal.

e passive/ TTadNTIKN, N epyacia dev €XEl KATIOIO TPEXOV aiTnua.
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non existed/ yn vTAPXoLCA, N Epyacia dev €xel dnuUIoLPyNOEi.

1.4.2 XapaKInpioTIKA Epyadciov

Ol epyacieg TEPa OO TIC XPOVIKEG TIOPAUETPOUC, TIEPIYPAQPOVTOl KAl amo GAAQ

XOPOKTNPIOTIKA.

MPOoEKXWPNTIKEC KAl PN TIPOEKXWPNTIKEC epyaacie¢ (preemptive and nonpreemptive

tasks).

Kartoleg epyaoieg amd Tn oTiyun Tou £X0UV EKAEXBEI dev gival duvatov va dIAKOTIOUV av dev
OAOKANPWOOLV TNV EKTEAEDT TOUC. AUTEG KOAOUVTOL PN TIPOEKXWPNTIKEG £PYaaieg I AUETEG.
Ev avtiBéael, Otav pia ekAeyuevn epyacio PTIOPE va OTAPATACEL TNV EKTEAECN NG Kal va
Tiepdoel oTNV Katdotaon ready, TIPOKEIMEVOL VO EKUETOAAEUTEL TOV €Te€epynoT TNC MHia

GAAN, ovopadeTal TIPOEKXWPNTIKA Epyaaia.

ZTATIKEC KAl QUVAUIKEG TIPOTEPAIOTNTEC EPYACIWV.

e KABe epyaaia, ge éva oUCTNUO TIPAYUATIKOU XPOVOU, AVOTIOETal Pia TTPoTEPAIOTNTA GE
oxéon ME TIC LTIOAOITIEC epyacieC. H eKTEAEDN TwV EKACTOTE €PYNOIWV XPOVODPOLIOAOYEITal
Baoel Twv TIPOTEPAIOTATWY TOUC. AUTEC Ol TIPOTEPAIOTNTEG PTIOPEI va €ival €iTe OTATIKEC Eite
OUVOUIKEG. ZTATIKEG €ival Ol TIPOTEPAIOTNTEG Ol OTIOIEC AVATIOEVTAI OTIC EPYOTieC GUUPWVA E
OTOOEPEG TIAPAPETPOLG TIOU TIC O@OPOUV OTIWC Eival TL.X. N TEPIOOOC TOUC (YIA TIEPIODIKEG
EPYOTIEC) KAl TIOPAPEVOLV OTABEPEC. AVVOUIKEG Eival Ol TIPOTEPAIOTNTEG Ol OTIOIEC aVaTiOevTal
OTIG EPYACieC BACEI QUVAUIKWY TIAPAUETPWVY TIOU TIG O@QOPOUV OTIWC TL.X. N ATIOAUTHN TIPOBETia
vAortoinong (absolute deadline) kol pmopoUv va HETARAAAOVTOL KOATA TN OIAPKEID NG

EKTEAEOTC.
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E&aptnon epyaociwv (dependency of tasks).

Ol gpyaaieg PTopolV va OAANAETIIOPOLV CUPEWVA PE €vav Kovova Tiou KaBopilstal 1
TIPOKOAEITOI OTIO YETAPOPA UNVUUATWVY I aTtd pnTd GLYXPOVIOUO. AUTO dNUIOLPYEL Yia axéan
TIPOTEPAIOTATWY METAEY TwV gpyaciav. Ol OXEOEIC TIPOTEPAIOTNTAC Eival YVWOTEC TIPIV TNV
EKTEAECN. MTopei T.X. va €ival OTOTIKEG Kol va PTIopolV va ovaTiapactabolv amo Eva
YPA@NUO CTOTIKWVY TIPOTEPAIOTATWY. Ol epyaaieg YTtopolv va polpdalovtal Kot GAAOUE TTOPOUG
TéPa amod Tov €TEeEEPYOOT] KOl PEPIKOI TIOPOI UTIOPED va €ival OTTOKAEICTIKOI 1 Kpigiuol
(critical), m.x. TPETEl va XpNoIPoTIoINBoUV Oe auolfaio atmokAelouo. H akoAouBia Ttwv
EVTOAWV TIOL Mia epyaaia TIPETIEI VO EKTEAETEL OE TIEPITITWON AUOIBAIOL ATIOKAEIGUOU KOAEITA
Kpiowo Tunua (critical section). MOvo ia epyacia eTUTPETIETAI VO EKTEAEI TO KPICIPO TUAMO

NG yia 0€AQ0UEVO TIOPO.

O JI0poIPACUOC TIOPWV TIPOKAAEL Jio dLVAMIKN GX€an OTavV N CEIPd XProng Tou TIO6POU
€€apTATAl ATO TNV CEIPA TWV EKAEYUEVWVY €pyaciev. ‘OTav Ol EPYACIEC £XOUV OTOTIKEC KOl
OUVOUIKEG EEOPTNOEIG, TIOU EVOEXOMEVWC VO TIC OlOTACCOULV OCEIPIOKA, XPNOCIUOTIOIEITal N
€Vvola TOU OAIKOU XpOvou aTokpiong, N ¢ end-to-end kaBuotépnong. Ol epyaaieg eival
QVEEAPTNTEG OTOV OEV UTIAPXOUV OXECEIC TIPOTEPAIOTNTAC METOED TOUC Kol Ogv polpalovTal

Kpioiuoug Ttopoug,.

1.43 XpovodpouoAoynon

210 CLCTAUATA TIPAYUATIKOU XPOVOU, Ol EPYATIEC £XOUV XPOVIKOUC TIEPIOPICHOUC KAl N

EKTEAEDT| TOUC TIEPIOPICETAI GE Hia PEYIOTN ETUTPETITH KOBLOTEPNON 1 OTIOIO TIPETTEL VA YivETAl

ETUTOKTIKA  OgPa0T) TO  OUXVOTEPO  duvatov. O  AVTIKEIPEVIKOC  OKOTIOC NG

XPOVOdpOoUoAGYNONG €ival va KaADTITOVTOI TIANPWCE Ol XPOVIKOI TIEPIOPICHOI OTAV N EQAPUOYT
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TPéXEl. Emiong, Tpémel va €Xel artodelxtei a priori, OTI OAOL Ol XPOVIKOI TIEPIOPICHOI
KaAuTttovtal. ‘Otav cuuPei pia PAGRN, €vOEXETAl va €vePYOTIOINOOUV KATIOIEC EPYOATIEC
ouvayeppol 1 KATIOIOl XPOVOol EKTEAECNG TIPOPOVWCG Ba auvéndolv, UTIEPPOPTWVOVTOC TNV
EQAPUOYN KAl ALEAVOVTOC TA XPOVIKG CEAAUATA. Z€ Hia KOTAOTOON UTIEPPOPTWAONG, 0 GKOTIOG
NG XPOVOdPOUOAOYNONC €ival va eTUTPETIEl KATIOIOU €id0ULC avoxn, TLX. VO ETUTPETIEL TNV
EKTEANEDT EPYOACIWV TIOU KPATOUV OG@OAN TOV ETIEEEPYACTH £€0TW KAl OTO EAAXIOTO ETUTIEDD

OTI0GXOANGNC.

Mia e@apuoyny TIPOyPOTIKOD XPOVOU UTIOPE va TIPOCdIOPICTED amd TNV OPAda Twv

EPYATIWV TNG.

MPOoOoJdEVTIKI) ) TAVTOXPOVN EvepyoTioinan (passive or simultaneous triggering).

Ol gpyaaieC IO €QAPPOYNC EVEPYOTIOIOLVTAl TOUTOXPOVA OTAV €XOUV TOUC idIoLG
OPXIKOUG XPOVOUG OVOKOIVWONG, OE AVTIBETN TEPITIIWAN €VEPYOTIOIOUVTAI TIPOOJEVTIKA. Ol

EPYOTIiEC Ol OTToIEC EVEPYOTIOIOUVTAI TOLTOXPOVA OVOoPAlovTal KAl epyaacieg oe @Aon.

Mapdayovtag xpnolpoTtoinong emneepyaotr) (processor utilization factor).

H XxpnoyoTttoinan Tou ETEEEPYOOTH] YIA UIa OpAada aTtd N TIEPIODIKEC EPYOATIEC Eival:

Mapdayovtag eOpTou Tou eTeEepyaatr] (processor load factor).

O mapdayovtog @OPTOU TOU ETIEEEPYATTH VIO Hia opdda atod n epyacieg sivail:
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XaAapOoTnta Tov eTeEepyaaTr] (processor laxity).

ESaitiag Twv XPOoVIKWVY TIPOBECUIWY, N XPNOILMOTIOINGN OAAG KOl O QOPTOG TOU ETIEEEPYOAOTN
0ev €ival OPKETOi TIPOKEIYEVOU va a&loAoynbolv Ol ETUTITWOEIC UTIEPPOPTWAONG OTOUC
XPOVIKOUC TrePIopIopoUC. 'ETOl, €I0AYETAl N XOAQPOTNTO TOL ETIEEEPYOOT) OTOV XPOVo t,
LP(t), oav 0 avmTatog Xpovog TIoU 0 ETTEEEPYATTHC UTIOPEI VO TTOPAUEIVEL AVEVEPYOC HMETA OTIO
t Xpovo, Xwpig va TIpokaAEl Tapapioon mtpodeouiag vAoToinong yia Karmola epyacia. H LP(t)
METABAAAETOI cuvapToel Tou t. MNa oAa Ta t Ba mpémel va oxvel LP() >0. MNa tov
UTTOAOYIOPO TNG XOAOPOTNTAC, Ba TIPETIEI va €ival yvwoTn 1 oelpd avdbeon Twv EPYATIV
oTov €TeEEPYAOTH] KAl Ba TIPETIEl va UTTOAOYIZeTal N LUTIO GUVONKN XaAapotnta (conditional

laxity) LQ(%) yia kabe gpyaaia i:

‘O10L TO GOPOICUO OTO j LTTOAOYICEI TOV UTIOAEITIOUEVO XPOVO EKTEAECNCG OAWV TWV
epyaaiwv (cudTepIAauBavopévng Kal TnNG pyaaiag i) ou ival evepyoTIOINUEVEG TNV XPOVIKNA
oTiyun t kai mponyouvTtal TNE epyaaciag i otnv oeipd avdbsong. H xaAapotnta LP(t) €ival n
MIKPOTEPN TIMN TNE LTIO oLVONKN XoAapotntag LCj(t).

Adpavng Xpovog Tou etteéepyaatn (processor idle time).

Eival 0 XpOvog oTOV OTI0io 1 XaAapOTNTa TOU £TIEEEPYATTH] €ival auoTnPA BETIKNA.
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Ke@aAaio 2 BiAloypa@ikry — Epguvntikr) AvooKOTnon

2.1 Elocaywyn

Ta OouoTAUOTO TIPAYUOTIKOU XpOvou acuvhBwg JSlaxwpilovial o€ d00 PACIKEC
Katnyopie¢. Ekeiva oTa oTTo0i0 01 XPOVIKEC ATIOITACEIC €ival pNnTa VIETEPHIVIOTIKEG KAl EKEIVA
OTO OTIOIO Ol XPOVIKEG ATIAITNCEIC €ival OTOXOOTIKEG (TIOAVOTIKEG). |OTOPIKA, TO cuoTAUATO
TIPAYHUOTIKOU XPOVou TIpoypaupati{otav pe tn PEBOOO NG KUKAIKAG eKTéEAean( (cyclical
executive), Kal TV KOTOOKELAGHEVA [E TIOAD €10IKO TPOTI0. KaTd T dEKAETIO TOL ‘70 Kol TOU
’80, LUTINPEE YIO AVATITUGCOUEVN Bewpia OTI AUTA N CTATIKI TIPOCEYYIOT], N TIPOCEYYIGN dNAASH)
TOU XPOVOTIPOYPOUUOTIOUOU TIAPAYWYIKWY CUCTNHATWY JEV NTAV ISIAITEPWC EVEAIKTN KAl ATAV

YEVIKA OUOKOAO VO TIPAYHATOTIOOEI.

Tn dekaetia tou ’80, pe TpwToTOPo 1oV Andre van Tilborg, odnynOnkaue otnv
ekt0&evon ¢ MpwTtofovAiag Twv Zvotnudtwv Mpaypatikol Xpovou amo 1o [pageio
Navutikwv Epsuvov twv Hvwpévwy MoArteiv. Ta TIEPIOCCOTEPA KAl TIIO CNUOVTIKA aTo T
OTIOTEAECOUATO TIOU Ba  ava@ePBOUV TIOPOKATW TIPOEKLUYOV OUGCIOCTIKA OTI0 OUTHV TNV
TIPWTOROVLAIO €peuvag. Tnv TEPIOdO EKEIVN, €vag PEYAAOC aPIOUOC PEPHOVWHEVWVY EPELVNTLV
KOBWC¢ Kal OAOKANPOI OpyavIoUOoi GUVEPYACTNKAV YIa VA ovaTttOEouV HIa VEQ LTTOAOYIOTIKNA
LTTOJOMN TIPAYMOTIKOU XPOvou, n oToia Ba Baci{otav oe Yo Bewpio XPOVOTIPOYPOUUOTICHOU
pe dedopévn Tpotepaiotnta (fixed-priority scheduling theory), o€ éva gOVOAO LTTOGTNPIKTIKWY

OVOIKTWV TIPOTOTIWV  UAICHIKOD KOl  AOYIOHIKOU, O€ ETIOTNUOVIKO KOl  ETIOYYEAUOTIKO
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EKTIAIOEVUTIKO UAIKO KOl G€ OlOBECIUO EUTIOPIKA EPYOAEID TIPOYPOUUOTIOTIKNC avAALoNG.
EtmumAéov, Tnv Tiepiodo ekeivn (EeKIvwvTag amo 1o 1979), EeKivnoe Pia OEIpa CLVAVTAOEWY TIOU
ME TNV TIAPOd0 TOL XPOVOUL WPETATPATINKOV Ot OlEBVEC ouvédplo. To IEEE Real-Time Systems
Symposium €xel €€eAixbei, Ta TeAevtaio 30 xpovia, TO MPEPOC OTIOL  ONPOCIELOVTOL

OTTOTEAEGUATO «KAEIDIG» TNC BEWpPIag XpovoTIpoypaUATICHOU |

ITC opxég TG OekaeTia¢ TOu  ’90, XPNMUOTOdOTNONKE €vag apIBPOC  AAAwWVY
TIPWTOROUAIY, CUUTIEPIACUBOVOUEVWY KOl HIOC OEIPAC ETIIOPACTIKGV OTIOLOWV ULTIO TNV
eMIPAePYn NG Euvpwralkng AlaoTnuikAg YTinpeoiog (European Space Agency). EmimAéov,
EEKIVNOE N EPEAVICT TWV TIPWTWVY YPATITWV PIBAIWY 0TIwC Yia TTapddelyua to PIBAio Twv Bums

ka1l Wellings to 1990.

H petafacon omd tnv uvmodoun Tou Atav Booiopévn oTnNV KUKAIKL EKTEAECN, OTNV
uTtodour) ToOU  ATav  Boociopévn Ot Bewpia XPOVOTIPOYPAUMATIONOU  PE  OedOuEVN
TIPOTEPAIOTNTA OTIOTEAECE TNV ATIOPXN MIOC TIPOOTIABEINC YO €VOTIOINUEVN €PeEuva Kal
TEXVOAOYIKN PETARaaN, n oToia gixe kaBodnyntr) Tov Lui Sha touv Carnegie Mellon University

Kal Tou Software Engineering Institute. H tpoomabeia avutr] amapt{otav amo:

e Tov TIPOCdIoPICUO TWV TIPORANUATWY TOUL POVTEAOU QTIO TIC TIPOKANCEIC TIOU
ETIPETIE VO AVTIUETWTIICTOOV KOTA TNV OVATITUEN IDIaITEPO  EEEAIYUEVWV
OULOTNUATWV,

e Tn dnuiovpyia BeWPNTIKWVY ATIOTEAECUATWY TWV TIPOPANPATWY TOL HOVTEAOU,

e Tnv Tapoxr GUPPBOULAELTIKNC LTTOCTHPIENG CTN PBloPNXavia KATA TNV EQApUoyn
TWV VEWV ATIOTEAECUATWV,

e Tnv avarmrtuén mayyeAUATIKOD EKTTAOEVTIKOU UAIKOU, OTIWG YIa TIAPAJEYUA TO

“The handbook for practitioners” touv Klein et al. To (1993) Kai
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e Tnv avaBewpncon TwV avoIXTWV TIPOTUTIWY OTOV UTIOAOYIGHO TIPAYUATIKOU
XPOVOoU yloa v UTTOOTAPIEN g EQPAPHOYNG g Bewpiag
XPOVOTIPOYPOUUATIOUOU pe dedouévn Tipotepaiotnta (fixed-priority scheduling

theory)

Baolopévn otnv e€aipeTikny dovAeld twv Liu kat Layland (1973), n &voTttoinuévn
TIPOCTIA0EI TIOPAYAYE TO KUPIO CWHO TWV OTIOTEAECUATWY TOU XPOVOTIPOYPOUUOTIOUOD ME
O0ED0OUEVN TIPOTEPAIOTNTA TIOU TIAPOUCIALETAl TIOPOKATW. ETITAéoV, UTINPEAV OEI0CNUEIWTEG
ETUTUXIEC OTNV €AoY AUTAG TNG Bewpiag oe eBVIKA £pya LWNARC TexvoAoyiag Twv H.IM.A.
oupTIEPIAOUBavVOPEVOL TNG avaBaduiong Ttou AoyIoPIKOU yia Tnv Maykoopia TotoBEtnon
Aopueopwv (Doyle and Elzey, 1994) kal Tou AldoTtnuikoU Xtadpol. To 1991, n dnuoaisuaon
€VOC OeATiou Tou TuUNPatog Software Technology Strategy ToU YToupyeiov Apuvag TwWV
Hvwpévwy  TIOMITEIOV  TIPOKAAECE TNV OVATITUEN  TNG  YEVIKELUEVNG  Bewpiag
XpovoTpoypauuatioyot Movotovikou PuBuovu (Rate Monotonic Scheduling theory) pe
ONUOVTIKA O@EAN OTNnV  €TIXopnyoluevn €peuva Tou YToupyeiou Apuvvag. To  deATtio
OUGIOOTIKA TIOPEBETE OTI «O0l OXESIOOTEC CUCTNUATWY Ba YTtopoloav va XPNOIUOTIOIGOoLVY TN
Bewpia aut yia va TIPOPRAETIOLY av TNPEOUVTAIL Ol TIPOBECHIEC LAOTIOINCONC TWV EPYACIWY TIPIV
&ekivrjoel n darmavnpr] @Aacn LAoToinong evog €pyou. ETmmAéov, dleukoAuve tn dladiKkaaoia
TIPAYUOTOTIOINCNC TPOTIOTIOINCEWY OTO AOYIOMIKO». 2TV OMIAid Tou o0 Aaron Cohen
(AvamAnpwTtng Alaxeiplotig ¢ NASA) tov OKTwRplo Tou 1992 pe Bepa «XapToypa@wVTaG
T0 MéMov: TpoKANCEIC Kal YTIOOXEoelC Katd Tnv E&epevvnon tou AICTAUOTOC» EiTte:
«...MECW TNC avATTuéng ToLv MovoTovikoU PuBuou Xpovorpoypauuatiopyol (Rate Monotonic
Scheduling), £€xoupe éva cOOTNUA TIOL ETUTPETTIEI GTOUG LTTOAOYICTEC TOU AlBvolg AlACTNHIKOU

2100uol “Freedom” va dlaxeipiovtal ToOV XpOvo TOUC, VO OIOAEYoLV PETOED €vOC OUVOAOUL
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OlOPOPETIKWVY EPYOCIWV KAl Vo aro@acifouv OXI HOvo TIola gpyaaoia 6o EKTEAEGOULV TIPWIN

OAAG Kal TT000 XPpOvo Ba darmavigouy og KABE diadIKaaion.

H emtuxia otnv mpdadn Tapeixe To KivnTpo yia TNV ovabewpnon Twv TPOTOTIWY
aVOIXTWV oLOTNUATWY (open systems standards) Kol va dnuIoLPYGOLY &va AOYIKO OUVOAO
UVAIOUIKQV KOl AOYIOUIK®WVY TIPOTUTIWV YIO VO UTIOOTNPIEOUV TOV UTIOAOYIGHO TIPAYUOTIKOU
Xpovou Paoiopévo otn Bewpia XpovoTipoypappoTiopol pe dedouevn Tipotepalotnta (fixed-

priority-theory-based real-time computing).

Mpiv amd aUTEC TIC OVAQPOPEC, TA TIPOTUTIO ULTIOAOYICHUOU TIPAYMOTIKOU XPOVoU HTav
€EEIOIKELUEVO. YOTEPOLOOV OTO QVTIOTPOMA TIPOPBANMOTO TIPOTEPAIOTHTWY (priority inversion
problems) kail gixav €évav averopkn apIiBuo eTUMEdWY TIPOTEPAIOTNTAC YIA VO LTTOCTNPIEOLV TIC
EQOPUOYEC TIPOAYHOTIKOU XPOVOU HE XPOVOTIPOYPOAUUOTIONO OEDOPEVNC TIPOTEPAIOTNTAC. 'EVag
METAOXNUOTIGUOC TNE LTTOBOWNG LTTOAOYICHOU TIPAYHOTIKOU XPOVOU 0dNyoUEVOC aTtd TTpOTUTIa
(standards-driven) &ekivnoe pe Tn AUON TOU TIPORAAUATOC AVTIOTPOENC TipotepaldtnTag (Sha
and Goodenough, 1990), KOl OUVEXIOTNKE HE TNV TIOPOXN TWV IKOVWV ETUTTEOWV
TipotepaIOTNTaC (Sha et al., 1991). Znuepa, Ta PEYAAUTEPO OVOIXTA TIPOTUTIA TOU UTTOAOYICHOD

TIPAYHUOTIKOU XPOVOU LTTIOGTNPI(OLV TOV XPOVOTIPOYPOUUATICUO YE OEDOPEVN TIPOTEPAIOTNTO.

Metd amo autr] TNV TPWToRoUAIa, vTApPge M AvBnaon Tou &vdIAPEPOVTIOG OTa
CUCTAUOTO TIPAYUATIKOD XPOVOU, OTNV €PELva Kol oTn dnUocieuan avoADCEWV TIAVW OTOV
XPOVOTIPOYPOMMOTIONO  TIPAYMOTIKOU  Xpovou. TMMapokKATw  TTapoucialdovial Ol TIEVTE

ONUOVTIKOTEPEC TIEPIOXEG TNC BEWpiag XpOoVOTIPOYPAUHOTIOHOU TIPAYUATIKOD XPOVOU:

e XpovoTrpoypappotionog dedopévng Tipotepalotnrtag (fixed-priority scheduling)

e XPOVOTIPOYPOUUATIONOG  duvadikng  mpotepaldtntag  (dynamic-priority

scheduling)
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EAa@pIEC epapuoyEC TTpayuaTIKoD Xpovou (soft real-time applications)
XpovoTtpoypapuatiopog avadpaonc (feedback scheduling)

Ektetapéva PJovteAa xpovortpoypapuatiopol (extended scheduling models)

2.2 XPOVOTIPOYPOUUOTIONOC doedopevng Tipotepalotntac (fixed-priority

scheduling)

H avtiAnywn ¢ TPOoTEpAIOTNTAC XPNOIYOTIOIETAl cuVRBWE Yo va UTIOJdEIEEl TNV
TIPOCPOCN OTOV ETEEEPYOATH] KOl 0 GAAOLC KOIVOUC TIOPOUC OTIWC T KAVAAIA ETTIKOIVWVIOC.
Kd&Be epyacia €xel éva xpovo évapéng (release time), évav Xpovo UTIOAOYIGHOU (computation
time) kal pia TpoBecpia oAokAnpwong (deadline). H mpoBeopia vAotoinong pTopEi va
OXETi(eTal PE TOV XPOVO €vapéng N ME €vav aToOAUTO XPOVO. XTO XPOVOTIPOYPOUUOTIOUO
TIPOTEPAIOTATWY, KABE epyacia emMI@POPTIETOl YE MHIO TIPOTEPAIOTNTA OO PECOU  KATIOIOG
TIOAITIKAG. O avTOywWVIOUOC YIO TNV XPRon Twv TIOpwV ETUAVETAL LTIEP TNC EPYACIAg PE TNV

LPNAOTEPN TIPOTEPAIOTNTO TIOU EivVal ETOIUN VO EKTEAECTEI.

Il @pAcn «XPOVOTIPOYPAUUATIOHOC OeSOUEVNC TIPOTEPUIOTNTAC» EXEl EQUPMOYN YEVIKA
ot gpyaoieq. Mia epyaaoia, n ormoia YHEPIKEC POPEC EP@AVIZETAI KAl w¢ dlEpyaaia (process) N w(
vAua (thread), sival pia duvntikn ATelpn aAAnAouxia vmoepyaciov. H didpKela Tou Xpovou
METAEL TV eVAPEEWV BIad0XIKWY LTIOEPYOCIWV PIOC Epyaaiag T, €ival yia atabepd 7), n oToia
QTIOKOAEITal TTEPIOdOC NG epyaciag. H TmpoBeouia oAokApwang kabe epyaaciag eival Dt

XPOVIKEG HOVASEC META ard TO XpOvo Evapéng.

2 TOV XPOVOTIPOYPAUMATIOUO EPYACIMV dESOOUEVNC TIPOTEPAIOTNTAG, OAEC Ol UTIOEPYATIEC
plag epyaaiag €Xouv TNV idla TIpoTePAIOTNTO. ZuvABwC, Ol EPYACieC sival apiBUnuUEveC, €10l

WOTE N gpyacia T*, €Xel MPOTEPAIOTNTA i, OTOL N TP «1» LTTOdNAWVEL TNV LYNAOTEPN
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TIPOTEPAIOTNTA KAl PEYOAUTEPOlI OKEPAIOl LTIOONAWVOLV XAWNAOTEPEC TIPOTEPAIOTNTEG. Ol
avOBETEIC TIPOTEPAIOTNTAC OfE ETNTEDO epyacniwv (task-level priority) e€ival yvwoTtég wq
XPOVOTIPOYPOUUOTIONOC «HOVOTOVIKOG YEVIKEUMEVOU puBuoL» (scheduling “generalized rate
monotonic”). Z& auTd TO CUCTNAPOTA, N TIPOTEPAIOTNTA KABE egpyaaciag uTTOTIOeTaN OTI €ival
O0ED0OMEVN, OAAG €va CUCTNUO PTIOPEI VO aVOAULBEL PE TNV LTIOBEC TWV EPYACICV OEDOUEVNG
TIPOTEPAIOTNTAC OV Ol OAAOYEC OTNV TIPOTEPAIOTNTA CULUHPAIVOLY OTIC PEYAAEC XPOVIKEC
TIEPIODOULC, N AV Ol AAAOYEG EQAPUOOVTal HOVO OTA GUVTIOUO XPOVIKA PHECOJIACTIHATO, OTIWG

TO Kpiolua TuRuarta.

2.2.1 AvdAvon Liu kat Layland

To 1973, ol Liu kot Layland odnuocicucav éva dpbpo TOVW GTOV
XPOVOTIPOYPOUUOTIOUO TIEPIODIKWY EPYACICV TIOU YEVIKA Bewpeital BEPEAINDEC Kal gival auTo
TIOU GIOKNOE TIC MEYOAUTEPEC ETIPPOEC TIAVW OTN Bewpia XPOVOTIPOYPAUUATIOHNOD JeB0UEVNG

TIPOTEPAIOTNTAC TIPAYUOATIKOU XPOVOU.

Ol Liu kail Layland &ekivnoav pe TIG TIAPAKATW VTTOBETEIC:

1. 'OAeg ol epyaaieg ival TTEPIOBIKEC

2. Oleg o1 gpyaacieg &ekivouv Otnv apxn TN TEPIOdOL Kal €XOuv TIpoBeopia
vAoTtoinong ion pe v TEPiodo TouC.

3. OAeg ol gpyaoieg gival aveEAPTNTEG, TO OTIOI0 CNUAIVEL OTI OEV £XOUV KOVEVO
TIOPO 1 OoXECN TIPOTEPAIOTNTAG.

4. 'OAec ol epyaaiec £Xouv OedOUEVO XPOVO UTIOAOYIGHOU 1} TO TOUAAXIOTOV éva
O0EO0UEVO OVWTEPO OPIO OTOUC XPOVOULC UTIOAOYIGHOU, Ol OTTOI0I Eival HIKPOTEPOL
] icol pg TNV TEPINdO TOULC.
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5. Kapia epyoaoia dev puttopei va dI0KOTIEI EBEAOVTIKA aTtO POV TNG.
6. 'OAeg Ol gpyaaieg eival TTAAPWC TIPOEKXWPNTIKEC
7. 'OAd 1O KOOTN LTTOBETOLUE OTI Eival Unodév

8. YTdpxel évag YOvVo ETIEEEPYNOTTIC

H 31dpKela TOU XpOvou HETAED TwV eVAPEEWV JIOOOXIKWY LTTOEPYACIWV TWV EPYOCIWV
TI, €ival pia otaBepd, 7), N OTIoio ATTOKOAEITAN TTEPiINdOC TNC epyaaiac. KABe epyaaia €xel pia
TipoBeapia vAoToinong Dh XPOVIKEC HOVAdEC HETA TOV XpOvo &vapéng. Mia epyacia €xel
auotnpr Tpobeouia vAoToinoNg, av KABe epyacia TIPETEL VO OAOKANPwOEl péoa atnv

TipoBeapia vAoTtoinoN ¢ TNC.

H avdiuon e@iktotntog (feasibility analysis) ouvnBidetal va TIpoBAETIEL XPOVIKEG
CUUTIEPIPOPEC PETW OOKIPWV Ol OTIoiEC KaBopidouv av Ol XPOVIKOI TIEPIOPICUOI TWV EPYATIWV
Ba eKTIANPWVOVTAlI KATA TOV XPOVO €KTEAECNC. TETOIO AVAAUCT WTIOPEI VO XAPAKTINPIOTE OO
€vav apiBuo TapAyOVIWY CUPTIEPIAGUPBAVOUEVWV TWV TIEPIOPICUWY TOU UTIOAOYIOTIKOU
MOVTEAOL (OTIWC YIO TIOPAJEIYUO, HOVOETIEEEPYOOTEC (Uniprocessor), avegaptnaoia epyaciwy
KATL.) KAl TNV KAAUYN Twv OOKIHWV €PIKTOTNTAC. Ol IKAVEC KOl Ol avayKaieC OOKIUEG gival
10OVIKEC, AAAA IO TIOAAG UTTOAOYIOTIKG POVTEAD TETOIEC DOKIMEG €ival aTeiBapxeg. Mpdyuatl, n
TIOAUTTAOKOTNTA TETOIWV OOKIUWV €ival Mn MoAuvvouiokry (NP-hard) yia ta pn €mouciodn
UTTOAOYIOTIKA HOVTEAQ (MIO YEVIKI] ETUOKOTINGN TWV OTIOTEAECUATWY TIOAUTIAOKOTNTOC OivETAl
amé toug Garey kal Johnson (1978)). Ol IKAVEG OAAG OXI OVOYKOIEG OOKIUEG €ival YEVIKA
AlyOTEPO  TIOAUTIAOKEC, OAAG TAUTOXPOVA OTIaIoI000&EC. H avaAuon e@IKTOTNTOC Eival
TIEPIOCOTEPO ETUTUXNMEVN OTA CUCTIAUOTO OTIOU Ol OXETIKEC TIPOTEPAIOTNTEC TWV EPYATIOV
(6TIw¢ OTO XPOVOTIPOYPOUMUOTIOHO HE OEDOOMEVN TIPOTEPAIOTNTA), I TOUAAXICTOV Ol €PYOTIEC
(6Ttw¢ pe TOoV XpovoTipoypapuatiopo EDI), dev mmoikidouvv. O1 Ha kai Liu (1993) £deiéav OTl

€AV éva oLOTNUO OVEEAPTNTWVY TIPOEKXWPNTIKWY EPYACIWV HE OEDOUEVOUCG XPOVOUC EVOPENC
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KOl OeQOUEVEC TIPOTEPAIOTNTEG EPYACIWV Eival EPIKTO HE TOUG XPOVOUG EKTEAECNCG TNG

XEIPOTEPNG TIEPITITWAOTNG, TIAPAEVEL EPIKTO OTAV Ol XPOVOI EKTEAECTC TWV EPYNCIOV HEIWVOVTAIL.

H Bepehiodng amodeign twv Liu kal Layland mou a@opovoe 1 €QIKTOTNTA TWV
OUVOAWV EPYOCIWV MPE OEdOPEVN TIPOTEPAIOTNTA Eival yvwoT w¢ 10 Oswpnua Kpioung
Z1uyung (Critical Instant Theorem). |1 Kpioiun oTiyun yia pia epyogia gival o Xpovog Evapéng
ylo TOV OTIOI0 0 XPOVOC aTIAVTNCNC MEYIoOTOTIOIETON (giTE LTIEPPAiVEL TO TIEPIBWPIO LAOTIOINCNC,
oTnV TIEPITITWON TIOU TO CUCTNUO EiVOl OPKETA UTIEPPOPTWHEVO KOl Ol XPOVOl ATIAVINCNG
au&davovtal Xwpig¢ o0plo). To Bewpnua ALel OTI yiAd €va OUVOAO TIEPIODIKWY EPYOCIOV HE
OEDOMEVEC TIPOTEPAIOTNTEG, MIO KPIOIUN CTIyUn yia Pl epyacio cupBaivel 0tav KaAgital yia
EKTEAEDT TAULTOXPOVA WE EPYATIEC LWNAOTEPWV TIPOTEPAIOTHTWY. AUTO TO YEYOVO( dNMIoLPYEI
Mo TTOAD OUCKOAN KOTAOTOON YIO TNV EPYyAcio T¢F OTE va EKTTANPWOEL TNV TIPOBECHIa
vAortoinong TNG. AUTO TO Bewpnua €xel amodeixBei OTl eival evpwaoto (robust) Kal
IKOVOTTOIEITAl OTAV Ol TIEPICCOTEPEC ATIO TIC AUVOTNPEG LTIOOECEIC OXETIKA UE TIC TIEPIODIKEC

EPYAOTIiEC, TTOL TIOPOLCIACTNKAV TIAPATIAVW, EIVAL XOAXPEG.

AV Kal N eTUTPOCOeTn €peuva Ba ERPICKE TIEPICCOTEPO OTIOTEAECUATIKEC TEXVIKEC,
T0 @ewpnua ¢ Kpiolung Zwvng Tapeixe Yia APEST Kol OTOADTWE avayKaio Kol IKavi
QOKIUN yIO TNV E€QIKTOTNTA, TETOIA WOTE VA EEOUOIWVEL TNV EKTEAECT TOU CULVOAOUL TWV
EPYOOIWV, LTTOBETOVTAC OTI OAEG APXIKA EEKIVAVE Padi, HEXPI TO ONUEIO OTIOL N Epyaaia He
N XOUNAOTEPN TIPOTEPAIOTNTO EITE OAOKANPWVEL TNV EKTEAECN TNG E€ITE XAVEL TNV TIPWTN
TIpoBeopia OAOKANPwWONG TNG. To GUVOAO TWV EPYOCIWV Eival IKAOVO av Kol HOVO av OAEC Ol
EPYOOieC €XOLV OAOKANPWOEl péoa oTIC TIPOOEoHIEC OAOKANPWONG TOuG. TO POVO TIOU
XPEIAZeTal N TIPOCOUOIWAN €ival va OKEPTOUE GNUEID TO XPOVO TIOU VO OVTIOTOLXOUV TIG

TIPOOECHIEC OAOKANPWONC TWV EPYOCINV HE TOUC XPOvoug &vapéng. E@doov urmdpxouv
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povo [Dn / Tj] t€tola onueia yia k&Be epyacia TS5 n TTOAUTTAOKOTNTA TNG TIPOCOU0IWONC

eival O(ZP=1Dn/T{).

Baolopyévol otnv 19éa ¢ Kpioung otiypng ot Serlin, Liu kol Layland to 1967
aTIEdEIEAV [io ETTIOPKI ULTIOBECN YO TNV E€QIKTOTNTO TOU YEYovoToC OTavV €va oUVOAO
EPYOCI®V OTO OTIoid  €XOuv avaTeDel TIPOTEPAIOTNTEC OCUPEPWVA  HE  HIO  TIOAITIKI)
MOVOTOVIKOU puBuol (rate-monotonic (RM)) dnAadr, 0tav oTnv €pyaacia Pe TNV MIKPOTEPN
TIEpiodo diveTal n LYNAOTEPN TIPOTEPAIOTNTA, OTNV EPYOCIia PE TNV ETIOUEVN MIKPOTEPN
TiEpiodo, n OelTEPN LYWNAOTEPN TIPOTEPAIOTNTA K.O0.K., N OToia €ival Paciouévn otn
agloroinon twv mopwv. H armoteAeopatikotnta NG RM avdBeang TIpoTEPAIOTATWY YIA TIC
TIEPIODIKEG EPYOTIEC €ixe TIpoTaBEl vwpitepa amo toug Liu kau Layland 1o 1973 kai toug Wyle
Kal Burnett 1o 1967, aAAG Xwpig¢ avdAvon i amodeign. Ol Liu kal Layland amédeiéav Ot ivai
N BEATIOTN OTOTIKN] avABEDT) TIPOTEPAIOTATWY TWV EPYACIWV, HE TNV Evvola OTI OV PIa pyaaia
MTTOPEL VO TIPOYPOUUOTIOTEL [IE OTIOIOONTIOTE avABECN TIPOTEPAIOTATWY Eival EPIKTO VA YiVEl
ME TNV avdBean RM. O Serlin Kai n €MMIOTNUOVIKI TOU OudAda, £O€IEaV ETTIONC OTI UE AUTAV TNV

TTOAITIKI] 0 XPOVOTIPOYPOUUATIOHOC EVOC GUVOAOU N TIEPIOBIKWVY EPYOOIWV EiVAl EQIKTOC EAV:

MNa mopadelyya, €va {evydpl €pyaoiwv E€ival €@IKTO €dv n OUVOULOOCTIKY TOUC
aélotoinon mopwv (combined utilization) dev eival peyaAitepn amd 82,84%. KabBwg 10 n
Tipoaeyyidel To drmelpo n Tiun tov N(2ly/n — 1) mpoceyyilel 10 1n(2) (TtpooeyyloTiKA 69,31%).

Mia Ttopavonaon ToU TTOPOATNPEITAl cuxva €ival OTI PE TOV XPOVOTIPOYPOUUATICUO ME

0edopéVN TIPOTEPAIOTNTA KOl EIBIKOTEPO HPE TOV XPOVOTIPOYPOUUOTIONO HMOVOTOVIKOU pubuou,

oev gival duvatd va gyyunBeic TNV €QIKTOTNTA YIA OTIOIOONTIOTE GUVOAO TIEPIODIKWY EPYACIMV
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pe aglotoinon tou eTegepyaaTr] PeyaALTEPN amd IN2. AUTO TO OPIO EiVAl «OQIKTO» HE TNV
€vvola OTI UTTAPXOULV KATIOIO HN €QIKTA GUVOAO EPYOCIWV HE OEIOTIOINGN TIOPpwV aubaipeta
Kovtd oto n(2P>h — 1), aAAd €ival YJovo pia ETTOPKNAC OLUVONRKN. AUTO CNUAIVEL, OTI TIOAAG
oU0VOAd epyaciov PE LPNAOTEPN afloTtoinon mopwv oamd auti Twv Liu kol Layland eival
OKOMO KaVA YIO va Tipoypapuatiotolv. To 1989, o Lehoczky Kal n €MIGTNHOVIKT TOU OUAda,
€0e1€av OTI N PEON TIPAYMUOTIKA €QIKT oO&loTtoinon Topwv eival Tepimov 88% yia peyAAa
oUVOAQ gpyaaciwy Tuxaiag eIAOyRC. Ol aTIOPEVOVTEC KUKAOI UTTOpoUV VA XPNoIUoTIoin8o0lv and
TNV EKTEAECT TWV EPYACIWV N TIPOAYHOTIKOD XPOVOU HE OEUTEPEVOVTEC TIPOTEPAIOTNTEC
(background priorities). H emiBuyia yia o akpiBei¢ JOKIUEG TIPOYPAUUATIOTIKAG 10XV0C
O0ed0OUEVNC TIPOTEPAIOTNTAC, dNACSK], UTIOBETEIC TIOU Eival IKAVEG KAl AvayKaieg, 0dynaav atnv

avAALCN EQIKTOTNTAC N OTIOIO TIEPIYPAPNKE VWPITEPQ.

Eival emiong onuavtiké va mapotnprioouhe OTI UTIOPED va gival eyyunuévn n vwnAn
aéloTtoinon TMopwY YE TNV KATAAANAN ETTIAOYH TWV TIEPIOOWV TWV EPYOCIWV. EIBIKOTEPA, av Ol
TIEPIODO0I TWV EPYOCIWV Eival apUOVIKEG (dNAadK, KABE TTEPiIndOC gival évag akpIPrC akEPAIOG
OpIBUOG, TTOANATIAAGCIO TNG ETIOUEVNC MIKPOTEPNC TIEPIODOUL), TOTE N TIPOYPAMMOTIOTIKN 10X0C
(schedulability) eival eyyuvnuévn yia aglomoinon mopwv Tavwv amd 100%. O Sha Kal
Goodenough 10 1990 £d¢1€av OTI pPeTaoXnNUATI{oVTaC TIC TIEPIODOUC OE TIEPITIOU APUOVIKEG (UE
MNOEV 1l MIKPO UTIOAOITIO TNC dlaipeong Twv TIEPIOdWVY), N TIPOYPAUPOTIOTIKN 10XV UTIOPEi va
BeATiwOei onuavtikd. Ma apadelyua, yia d0o epyacieg pe Teplodoug 10 kat 15, n epyacia pe
NV TIEPiodo 10 PTTopEi va PETATPATIEI O€ PIa vEa epyaaia Pe TEpiodo 5 Kal XpOVO EKTEAEDNC
io0 peE TO YICO TOL OPXIKOU TOL XPOVOUL €KTEAECNC. H TIPOYPOUMOTIOTIKN I0X0UC TwPa YIVETal
100%, d10TI TO UTIOAOITIO OTIO TN SIAIPEST) TWV TIEPIGdWV Eival undév. H TEXVIKN auTh, n oToia
KOAEITAl JETOOXNUOTIOUOC TIEPIOdWV, UTIOPEI VO TIPAYHOTOTIOOEL XwpIig va aAAXTEL 0 TTNyaiog

KWOIKAC aTé PECO XPNONG MIOC amod TIC TEXVIKEC XPOVOTIPOYPAUMUATIONOU Mn TIEPIOJIKOU
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€ELTINPETNTI OEDOPEVNC TIPOTEPAIOTNTAC, OTIWE €ival 0 ZTTOPAdIKOG E&umnpetntig (Sporadic
Server). YTdpxel wotd600, KATOIN a0&non oOTg  «dOTMAvVEG» TOU COuLOTAUATOC OTav

XPNOIUOTIOIEITAN O EEUTINPETNTAC.

2.2.2 Tepetaipw BeATIWOEIG

H emmtuxia Tou XpovoTpoypaupaTiopol dedopévng TIPOTEPAIOTNTAC TIPONABE amo TN
OOUAEIA HIOC TIOAD PEYAANC OUAdAG EPELVNTWVY, Ol OTIOIOI ETTEKTEIVAV TNV OPXIKA AVAALCT TWV
Liu kai Layland pe ttoikidoug tpoTIoUG. H OUVOAIKI] €pEUVO CUUTIANPWVETOL PE Eva HEYAAO
apIBuo dnuooieboewv. QoT6C00, UTIOPOUNE VA AVOAYVWPICOUPE OTNV ICTOPIKI OVAdOPOMN TV
Audsley 10 1995 kal twv Sha kail Goodenough 1o 1990, KATIOIO BOCIKA ATIOTEAEGUATO OANG
QUTNC NG £PELVAC.

1. AkpIBAg¢ avdAuon ee@IKTOTNTAGC - Ol IKOVEC KOl  OVOYKOIEC OOKIUEC
(Boolopéveg OTOV UTIOAOYIOUO TNG XEIPOTEPNC TIEPITITWANC TOL  XPOVOUL
aTIOKPIONG TNG EPYOOIag) TIOUL ETUTPETIOVV E€YYUNMEVO LYNAOTEPO ETTTIEDA
aélottoinong Tmopwv Kal 0dnyolv o€ TIEPETAIPW ETIEKTACEIC TIC Oewpiag, TETOIEG
WOTE VA uTtEPPBaivouv TNV avaiuon evalcONnaioag Kal TNV avAaALch TWV EPYATIOV
pe offsets xpovoug évapéng (tasks with start-time offsets)

2. AvAAuon OAANAETTIOPOCNC TWV €Pyaciwv — H gloaywyr] TNC OIKOYEVEIOG TWV
MPWTOKOAA WY KAnpovouidag Mpotepaiotntag  (Priority  Inheritance
Protocols) emétpeyav TOV TIEPIOPIOPO KOl TNV AVAAUCH  €VOEXOUEVOU

MTTAOKOpicHATOC.
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3. ZuuTEPIANYN TWV M TIEPIODIKWY €pyaciwv - H eoaywyr Twv un
TIEPIODIKWY EEUTINPETNTWY ETETPEYPaV TNV €ELTINPETNCT TWV MN TIEPIOSIKWV
EPYNOIWV EVIOG TOU QUCTNPOD POVTEAOUL TIEPIOBIKWVY EPYOTIWV.

4. Aloxeipion uTEPEOPTWONG — TEXVIKEC YIO TOV XEIPIOPO TwWV OIOKLUAVOEWVY
OTOUG XPOVOUG EKTEAECNC TWV EPYACICV TIOU ATAV TIIBAVOV VO XAAAPWOEL TIG
OTIAITACEIC TWV YVWOTWV XPOVWV EKTEAECNC TNG XEIPOTEPNC TIEPITITWONG KOl
ETUTIAEOV VO JlOCQAAITEL OTI VA KPIOIO LTTOGUVOAO £PYACIMV BA OAOKANPWOEI
oTnV wpa Tou.

5. E@appoyny armAovoTtevoewv - H  amddedn on  xpeladetal  yia  va
TIPAYUOTOTIOINOEl  TIPOKTIKA HOVO  €vag HIKPOC aplOPog €@apUOlOPEVWV
ETITIEOWV TIPOTEPAIOTNTOC VIO VO EQPOPUOCTEl EUPEWCE TOV XPOVOTIPOYPAUUOTIOUO
pe  Oedopévn  TIPOTEPAIOTNTA, TIEPIANAUPAVOVTOG TIC KOBLOTEPNOEIC TOU
AOYICUIKOU.

6. lMoAveTegepyaoTeéC KOl cuoThnuata dlavoung - [poocopuoyr TEXVIKWV

avaAuong o€ CUCTAUATO JIE TIOANATIAOUG ETIEEEPYOTTEG

21N ouvéxela Ba ouldnTrooULPE AUTA TA ATIOTEAECHATO Madi PE TO PETAYEVECTEPO

OTIOTEAECHATO TNE £PEVVAC TIOU TIPOEKLYE ATIO QUTA.

2.2.3 Avaiuon E@iktotntag

H doKIun EQIKTOTNTOG TOU OpioL agloTToINCNC TTOPWY TIOU TIEPIYPAPNKE TIOPATIAV® EiVal
OTIAN KOl 0To B€pa TNG cUAANWNC TNG 10€0C KOl OTNV LTTOAOYIOTIKN] TIOAUTIAOKOTNTA. Eival
EVPEWC OVAYVWPITUEVN KAl TIOPABETETAN oUXVA. QOTOCO, £XEl KATIOIOUG TIEPIOPICHOUC:

1. HuméBeon @IKTOTNTAC €ival IKOVI] aAAG OX1 avayKaio (dnAadr), artaiciodogn)
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2. EmBAAAEl Pn TIPAYMOTIKOUG TIEPIOPICHUOVE TIAVW OTO XPOVIKA XOPOKTNPIOTIKA
TWV gpyaalwv (dnAadn, D, = Tj)

3. O1 TIpoTEPAIOTNTEC TWV EPYOOIWV TIPETEL va avatebolv cUU@EWVO HE TNV
TIOAITIKI] PMOVOTOVIKOU puBuol (av ol TIPOTEPAIOTNTEC OV €XOUV QVATEDE pe

OUTO TOV TPOTIO TOTE N OOKIYN Eival AVETIAPKNG).

210 PEoa TNG OEKAETIOG TOL “80, avaTTUXBNKaAV TTI0 GUVOETEC DOKIPEC EQIKTOTNTAC VIO

V0O KOTATIIOGTOUV TIEPIOCCOTEPO [E TOUC TIOPATIAVW TIEPIOPICHOUC.

O Lehoczky pe tnv emioTnuUovikr touv oudda to 1989 agaipece TNV 10€a oW OO TN
QOKIUN TIPOCGOUOoIWONG EPIKTOTNTAC TNG Kpiolun Zwvng yia tov RM XpovoTtpoypauuatiouo,
TIAPATNPWVTAC €AV €va GUVOAO €PYOOCIQV EEKIVAEL Padli To xpovo undév, n epyacia Pe v
VPNAOTEPN TIPOTEPAIOTNTA i Ba OAOKANPWOEL TNV TIPWTN TNG EKTEAECN HPECO OTO TIEPIBWPIO
VAOTIOINONG TN av LTIAPXEL €vag Xpovog t, 6Tou 0 < t < 7), Tétolo¢ WoTe N {ATnon, oTov
enegepyaotr) ME(i:), TwV epyaciov Pe TNV LPNAOGTEPN TIPOTEPAIOTNTA 1, va gival PHIKPOTEPN N

ion tou t. AnAodn,

Otav 10 (t/T) auv&davetal auotnpd, €KTOC aTo TO onueia Evapeng Twv £pyaclwv, Ol
MOVEC TIMEC TOU t TIOU TIPETTEL VO EAEYXBOUV €ival T TIOAAATIAACIO TWV TIEPIOOWV TWV EPYATIWV
METAEL TOL PNAEVOC Kal Tou Tj. AUTH N OOKIUN €QOPUOLETAl ETTIONG O CUVOAA EPYOCIVV HE
avBaipeteg evioAég (orderings) dedOPEVNC TIPOTEPAIOTNTOC, WATOCO, OEV AVAYVWPIOTNKE PEXPI
ol Nassor kal Bres (1991) va €TTEKTEIVOLY TNV TIPOCEYYION HE TO VO ETUTPETIOVV OTA TIEPIBWPIA

VAOTIOINONG TWV EPYATIWV VA Eival MIKPOTEPA ATIO TNV TIEPIOAO TOUG.
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Katd tnv idla Xpovik Tepiodo, Hio AAAN opada €PELVNTWVY EEETOCE TO TIIO YEVIKO
TIPOPBANUA TOU KOBOPIoHOU TNC XEIPOTEPNC TIEPITITWOTC TOU XPOVOUL ATIOKPIoNG MIOG Epyaaiag,
onAadn, TOU PHEYOAUTEPOUL XPOVOU HETAEL TNG APIENG HIOG EPyAaiag Kal TNE OAOKANPwWaONCG TNG
ETOPEVNG. ATIOE KOl €ival yWwaoTOC 0 XPOVOG ATIOKPIoNG TNC XEIPOTEPNG TIEPITTITWONG HIOC
gpyaciag, UTopei va eAeyxBei Kal n €@PIKTIOTNTA HIOG EPYACIOG OULYKpPIivOVTAC TOV XPOvo

OTIOKPIONG TNE XEIPOTEPNC TIEPITITWONG TOL PE TNV TIPOBECUI LAOTIOINCONG TNC.

H avaAuon 1tou XpOvou aTtOKPIoNG OEOOMEVNC TIPOTEPAIOTNTAC &EKIiVNOE amd TOV
Harter 1o 1984 kol 1o 1987 0 0TI0i0¢ XPNOIUOTIOINCE €va ICTOPIKO AOYIKO GUCTNUA OTTOOEIENC
ylo va artodeigel tov AAyopiBuo Xpovikng AlactoAng (Time Dilation Algorithm). lod&ia
avdAuan avamtuxtnke avegaptnta Kal amd toug Joseph Kol Pandya to 1986 kai amo tov
Audsley kal TNV €peLVNTIK] TOL opada To 1991. O aAyopiBuoC LTIOAOYIlEl TOV XPOVO
QTIOKPIONC TNG XEIPOTEPNG TIEPITITWANG NG gpyaciag ly w¢ Tn ADCN TEAELTAIOL aTABEPOL

onpeiov (least-fixed-point solution) TNg akdGAoLBNG KLPTN (recursive) egicwang:

O1 Harter, Joseph Kal n €mMIOCTNUOVIKA TOULG OuAda, KaBw¢ Kal o Audsley pe tnv
ETTIIOTNUOVIKI TOL OUAda, TIAPATAPENCAV OTI TIPETIEI VA €EETACTOUV YIO TNV EQIKTOTNTA PHOVO Ol
XPOvol Evapéng evog LTTOCUVOAOU £PYOCIWV OTO JIACTNHA UNOEV €wg 7). AnAadr], N TTAPATIAVWL
e€iowaon pmopei va emAvBei emavaAnTiikd. O Audsley pe tnv €MICTNPOVIKI TOU OPAdA TO
1991 €dwoe €vav aAyoplOUo yia OUuTO HE TNV ETONUN MOABNUOTIKA TIOpouaiacn Tou

KOTaTtEONKE TO 1993.

O Leung 10 1982, HEAETNOE TOV XPOVOTIPOYPOUMOTIOHO OEDOOUEVNG TIPOTEPAIOTNTOG

OUVOAWV EPYOCIWV TIOL PTTIOPEI va £X0LV TIPOBECiEC LAOTIOINONG UIKPOTEPEG ATIO TNV TIEPI0dO
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Toug, dnNAadn, Q < Dt < 7). O Leung €d¢lée OTI N BEATIOTN TIOAITIKN YO TETOIO CUCTAUATA
gival va avaBETel OTIC EPYATiEC PE TIC CUVTOPOTEPEG TIPOBEGHIEC LAOTIOINGNC LWNAOTEPEC
TIPOTEPAIOTNTEG ATIO QUTEC ME MEYAAUTEPEC TIPOOeCpie¢ LAOTIOINONG KAl TNV 0OVOUacE
XPOVOTIPOYPAUUATIOUO HOVOTOVIKAG TipoBeapiag vAoroinong (Deadline Monotonic (DM)
Scheduling). O RM kot o DM XpoOvOoTIpOYypPOUUOTIONOC, GCUUTIITITOLV OTAV Ol XPOVOl
vAoTtoinong ival iool Pe TIg TIEPItdOLE KAl N ATIOSEIEN TNE BEATIOTOTNTAC OKOAOUOEI TOV idlo
TPOTIO CLAAOYIOHOU. OTaV Ol JOKIUEG TOU XPOVOUL ATIOKPIONC TIOU TIEPIYPAPNKAV TIOPATIAVW®,
0EV €EOPTWVTAL OTIO KATTIOI IDI0ITEPN aVABEDN TIPOTEPAIOTATWY, UTIOPEI va €@APUOCTOUV Kal

otov DM XpOovoTIpoypappaTIoHO, 0TIWG Kol oTov RM XpovoTtpoypauuaTIoHO.

To 1990 o Lehoczky peAétnoe pia AAAN €kdOxr TOU PovtéAou Twv Liu kal Layland,
OTIOU ETUTPETIETAl C€ MIA EPyOaia va €Xel UEYOAUTEPN TIpoBeapia LAOTIOINONG aATO TNV
TEPIOdO TNC. Z€ auT TNV TEPITTwan, o Lehoczky TipoTEIvE dU0 IKAVEG OAAG OXI OVOYKOAIEC
OOKIPEC e@IKTOTNTOC. Kal o1 d0o odokihyég Pacidovial ot aglomoinon Twv Topwv,
eTeKTEiVOVTAC TIC OOKIPEC afloTtoinong mopwv D; = 7) twv Liu Kot Layland. Ot doKIyEG
Tieplopiouv OAeC TIC epyaaieq T( va €xouv Di = kTh omou k eival otabepd yia OAeg TIC
epyacieq. H pia dokiun meplopidel 10 k va gival €vag akEPAIOG v TNV AAAN OV UTIAPXEL
TETOIOC TIEPIOPIOPOC. ZTIC APXEC TNG OeKkaeTiag tov '90, o Tindell (1994), eméKtElvE TNV
aVAALCTN TOU XPOVOUL OTIOKPIONC OTTOdEIKVOOVTOC Miol aKpIBry SOKIUN yia TIC €PYACieC HE
auBaipeteg TIpoBecUie¢ vAOTIOINONG. Z€ AVTIOEGN MPE TIC OOKIPEC TIOU TIPOTABNKOV aTO TOV
Lehoczky n avaivon tou Tindell dev €Bete kavévav TEPIOPIOPO OTIC TIEPIOdOUG TWV

ouoxeti{ouevwy epyaaciwv (relative task periods).

Mia eTumpoOcBeTn €KOOXI TOL POVTEAOL Twv Liu katl Layland amoteAei n mepintwon

OTIOU ETUTPETIETOI OTIC EPYOOIEC VO €XOUV CUYKEKPIUEVEG KAIMOKWOEIC (offsets (phasing)),

oTnv oTtoia ol gpyaaieg dev HolpAlovTal TIOTE Evav KOIVO XPOVO €vapeng Kol n Xelpotepn
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TIEPITITWON TIOU TIEPIYPA@ETAl amd Tou¢ Liu kou Layland (O0tav ol egpyacieg &ekivoluv
TAUTOXPOVA) Oev MTIOPEI TIOTE va couLPPeil. ‘Otav ol XPOvol OTTOKPIoNG Kal Ol UTIOBECEIC
EQPIKTOTNTAC TOL Opiov a&loTroinong mMopwyv Paacidovtal otV UTIO8eon NG KAIMAKWGNG TNG
XEIPOTEPNC TIEPITITWONG, UTTOPEL va €ival UTIEPPOAIKA aATIAICIOd0E0! YIa TETOIO CULGTHUATO.
MNa TIg TEPITTTWOEIC AUTWY TWV CUCTNUATWY, VIO VO KOBOPIOTEI N €QIKTOTNTA, PTTIOPEL va
XpnoigotroinBei n mpooéyyion twv Leung kait Merrill (1980) (dnAadr, n KOTOOKELN €VOG
TipoypAppatog yia 10 EAdxioto Koo TMOATIAGCIO Twv TIEPIOdWV TWV EPYATCIWV).
EvaAAaKTIKA, avartuxdnke amo tov Audsley (1994) yia Tpoogyylan Tou TIPOYUOTOTIOIE phia
IKaVI] Kol ovoykaia Jokidry, 1n oroio €ival 1o atmmodoTik amd TNV €KTiUNon Tou
TIPOypAUUaToC. QOTOC0, N HEBOBOC UE TIC YEVIKEUUEVEG KAIMOKWOEIC (offsets) Tapapével
Eva TIPORANUA yia va avoAuBei atmodoTiKd, €ISIKA av TIEPIEXOVTAl OTO OUCTNUO CTIOPASIKEG
EPYOOIEC. ALCOTUXWC, O TIOANG TIPOKTIKA TIPORAAUATA, £€va GUCTNUA UE KAIMAKWOEIC UTIOPEL
VO MPETOOXNMOTIOTEI 0 €va AANO XWPIC KAIMOKWOEIC Yo OKOTIoUg avdaAuvong (Bate Kai

Burns, 1997).

‘Otav 1oXVel N LTI6BEaN TwV KOABOPIOUEVWVY KAIHOKWGOEWY, Ogv gival BEATIOTOL Ol
OAYyOpPIBUOl TOU POVOTOVIKOU puBuol Kal PovoTtovikoU TiepiBwpiouv vAottoinong. O Leung 10
1982 avapwtAOnKe €dv LTIAPXEL EVAC OAYOPIBUOC TTOAUVOUIOKOU XPOVOUL TIOU va Bpiokel
BEATIOTN avABEG TIPOTEPAIOTITWY VIO TETOIO CUVOAQ €pyaaiwv. ApyoTepa, o Audsley (1993
Kal 1994) £d€1&e OTI N BEATIOTN AVABECT TIPOTEPAIOTATWY YIO AUTA TNV TIEPITITWAON UTIOPEI va
ETIITELXOEi pe TNV €€€TAON TAEIVOUNOEWY TIPOTEPAIOTATWY TIOAUVOUIAOKOU aplBpol (dnAadn,

oxin').

QoT1600, Ol HOPEPEC TNC AVAALGNC TIOU TIEPIYPAPNKAV TIOPATIAVW Eival OAEC OTTODOTIKEC

KOl UTIopolvV €DKOAQ VO EVOWHOTWOO0UV O€ EPYOAEIO TA OTIOIO XPNOIPMOTIOIO0V Ol EPELVNTEG YIa

VO OULVEXIoOUV TNV €pyaciao TOLC TIAVW GCGE OAYOpPIBUOLG KOl OTNV TIAPAYWYR TIEPICCOTEPO
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OTIO00TIKWV OXNUATWY (0TI ékavav ol Han kat Tyan 1o 1997, ol Sjodin kol Hansson to
1998 kai ol Bini kal Buttazzo 1o 2002). INa mapadelypa, 1o 2003 0 Bini Kal n €peuvnTIKn TOU
opada ERyalav TO TIOPICHO MIOC VEOC ETIOPKOUG OOKIUAG, N OTIoi0 €iXE TTOAUVOMIOKI)
TIOAUTIAOKOTNTO KOl ATOV AlYyOTEPO OTTAICI0d0EN amd autr] Twv Liu kar Layland kai
OTTOOEIKVLE OTI £va GUVOAO AT 1 TIEPIODIKEC EPYATIEC EIVAIL EPIKTO Qv

M(H-:

=TI

Emtiong amédei€av 0T avutr) n dokiun gival oiktr (tight).

2.2.4  AMNAcTtidpacn Epyaciov

To poviéAwv Twv Liu kal Layland uttoB€tel OT1 o1 gpyaaieg ival aveEdptnteg. Auto
OPWC dev GUPPAIVEL OTA TIPAYUATIKA GUCTHUOTA. YTIAPXOUV TIOPOI OTIWE Ol TIPOCWPIVEG HVIUEG
(buffers) kol ocuokeveg LAICPIKOU (hardware devices), OTIOU Ol epyaaieq TIPETIEL va E€XOUV
dlKaiwpa mpdoBacng Ye Evav TPOTIo auoIBaiov aTTOKAEITHOU. Ol UNXavIoPoi TTou ETIRAAAOLY
TOV OUOIBAiO OTIOKAEICUO, HEPIKEC POPEC TIPOKAAOUV HIA €PYOCia VO UTIAOKOPICTEL PEXPI MIa
GAAN va areAeuBepwael Tov Topo. MNa va gival eQIKTO éva cOOTNUA EPYACIwVY, Ba TIPETIEN va
oploBeteital n dlAPKEID aUTOV TO MTTAOKAPIoUOTOG. Aedopévou TETOIOUL Opiou, N avaAuvon
EQIKTOTNTOC UTTOPEL va un AABEl UTT OYIV TNC TNV ETTTITWAOTN NG XEIPOTEPNC TIEPITITWANC TOU
MTTAOKOpIouATOC.

2TA TIPOEKXWPNTIKA CUCTNUOTO XPOVOTIPOYPOUUATIOHNOD Oed0UEVNE TIPOTEPAIOTNTAG,
TO MTIAOKAPIOUO OTIOKOAEITAl KOl QVTIOTPO@N] TIPOTEPAIOTATWY, OIOTI KOTOANYEl GTNV
Tapapioon evog Kavova TOU XPOVOTIPOYPAUMUATIOHOD TIPOTEPAIOTATWY (avV N Epyaadia pPe tnv

VPNAOTEPN  TIPOTEPAIOTNTO  MUTIAOKOPIOTEl, BOa  €eKTEAECTEl IO AANAN  XOUNAOTEPNG
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TIpoTEPAIOTNTOG). O Sha tapatrpnaoe OTi N SIAPKEIA TNE AVTICTPOPNG TWV TIPOTEPAIOTITWY TIOU
O@EIAETOI OTO UTIAOKAPICHUA iow¢ va gival avBaipeta peydAn. MNa mapddelyua, Pia epyaaoia
VWNAAG TIPOTEPAIOTNTOC MTIOPEI va TIPOEKXWPNOEL TNV TIPOTEPAIOTNTA TNG CE MIA GAAN
XOUNAOTEPNC TIPOTEPAIOTNTOG. H  gpyacia  LYNANG TIPOTEPAIOTNTAC TOTE UTIOPEl  va
MTIAOKOPIOTEL OTaV TIPOCTIOBNOEl VO KAVEL XProT €VOC TIOPOU TIOU €ival 1dN aTIOCXOANUEVOC
amo i AAAN  XOPNAOTEPNC TIPOTEPAIOTNTOC KOl TOTE TNV  EPYOCIia  XOAUNAOTEPNG
TIPOTEPAIOTNTOCG UTIOPEI VA TNV TIPOAAPBOLV EPYATIEC EVOIAEDNC TIPOTEPAIOTNTAC, £TOI WOTE VA
pnv €ival duvatov va oTteAeuBepwBel 0 TIOPOG Kal va EEUTIAOKAPEL TNV epyacia vWNnANg
TIPOTEPAIOTNTOG. To 1987, 0 Sha Kol n €PELVNTIKI] TOU OPAdA EICTYAYE TNV OIKOYEVEID
TIPWTOKOAAWY KANPOVOUIAC TIPOTEPAIOTNTWV W MIA TIPOCEYYIoN TNG AVONG OTO TIPOPRANUO
QVTIOTPO®IC TIPOTEPAIOTNTWY (Sha, 1987, 1990, 1991 koai Rajkumar 1994). To MpwTOKOAAO
KAnpovouidg Mpotepaiotrtwv (Priority Inheritance Protocol (PIP)) ipodiaypd@el 0TI av pia
Epyaaia LYNANC TIPOTEPAIOTNTOC MTTAOKAPICTEL aTIO HIO GAAN XOUNANG TIPOTEPAIOTNTAC, N
EPYOCTia TIOU TIPOKOAEI TO WTTAOKAPIOUO TIPETIEL VO EKTEAECTEL PE TIPOTEPAIOTNTA N OTIOIO VO
gival To PEYIOTO NG OVOUACTIKNG TNG TIPOTEPAIOTNTAC KOl TNG LWNAOTEPNG TIPOTEPAIOTNTOG
TWV EPYATIWV TIOU €ival AN UTTAOKOPICHEVEG.

Qot600, 10 PIP dev amotpémel Ta oploTiKA KAsdwuata (deadlocks). AvtiBeta, pia
Epyaaia PTTopei va PTTAOKAPIOTEL TIOAAEC @opéc. Mia ADon €ival va TIpooTedel vEOC Kavovag
ot1o PIP: H glvdean piag TtpotepalOTnTOg PE KABE TI0PO, N OTIOI0 ATIOKOAEITAI N TIPOTEPAIOTNTA
- opoon (priority ceiling) Tou MOpov. Mia gpyaacia pmopei va punv eloaxOei 010 KPIoIPo TUNUaA
NG av N TIPOTEPAIOTNTA TNE €ival LYPNAOTEPN ATIO OAEC TIG TIPOTEPAIOTNTEG — OPOPI] TIOU €ival
Non KAEIOWMPEVEG aTtd AAANEG EpyaaieC. Me auTO Tov Kavova 0poeng, MO EPYACia, TIoU PTTOpPEI
VO JOIPOCTEL TOUC TIOPOUG TIOU NON A&IOTIOIONVTAL OTIO AAAEC EPYNOTIC, OEV UTIOPEL va EICENDEL

OTO KPIoIYo TUAMO TNG. AUTO OTIOTPETIEL T OPIOTIKA KAsidwuata (deadlocks). AvtiBeta, pe 10
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TIPWTOKOAAO TIPOTEPOIOTNTWY — O0POPNC, HIO €PYOCTia UTIOPEI va UTTIAOKOPIOTEI TO TIOAD pia
@opd. H 100 TwV TIPOTEPAIOTHTWY — 0pOPNG Eixe TIPOTabEl vwpitepa ota cupEPAlOUEVa TNG
TIPOYPOAUUATIOTIKNC YAwoaoag Mesa 1o 1980, amoé toug Lampson kai Redell, n omoia €ival n
Bdon Od1a@OpwWY TIPWIOKOAM®WY  KAEIDWUATOC GCUMTIEPIAAMPBOVOUEVOU TOU  [PWTOKOAAOL
MpotepaiotnTwyv — Opor¢ (Priority Ceiling Protocol (PCP)) (Sha to 1987, 1990 kat 1991 Kau
Rajkumar 10 1994 kai 1988), Tou MPWTOKOAAOL Zuaowpevpévwy MNnywv (Stack Resource
Protocol (SRP)) (Baker 1o 1991), TOU TIPWTOKOAAOU KAEIDWUATOC TNG TIPOYPOUUOTIOTIKNC
vAwooag Ada 95 (Baker kai Pazy 10 1991) ka1 toUu [MpwToKOAAOL POSIX mutex
PTHREAD PRIO PROTECT (IEEE PASC Committee 1o 2003).

H avaAuon e@IKTOTNTOC TIOU TIOPOULCIACTNKE TOPATIAVW, €XEl ETIEKTOOEl yia va
«AOYOOOTACE» YIO TO MUTTAOKAPIOUA TIOU PTIOPEI va UTIOCTOUV Ol £pyaaieC KATA TN OIAPKEIO
TOU XPOVOU EKTEAECNG. ZTOV UTIOAOYIOUO TNG EQ@IKTOTNTOC HIOG EPYOCIiag, 0 XPovog
UTTOAOYICPOU  @aiveTal va aTtapTideTal amd TOUuG XPOVOUC €EKTEAEONG TNG XEIPOTEPNC
TepimTwong ¢ H mapéufacn NG XEPOTEPNG TIEPITITWONG TIPOKUTITEL ATI6O TNV €pyaaia
VYNAGTEPNC TIPOTEPAIOTNTAG KOl TO XPOVO TNC XEIPOTEPNG TIEPITITWAONG VIO TOV OTI0I0 UTTOPE(
VO UTTAOKOPICTEI.

To va ETUTPETIEIC OTIC EPYOACIEC VO ETIIKOIVWVOUV KOl va cuyxpovidovial PEow
KOIVOXPNOTWY TIOPWV, E€ival PJOVO MIa HoP@R OAANAETTIOPOCNC TWV EPYACIV TIOU OV
ETUTPETIETAN YECO OTO HOVTEAO Twv Liu kai Layland. Mia GAAN pop@r €ival ol Tieplopicioi
TIPOTEPOIOTNTWY N Ol OXEOEIC METOEL Twv epyaaiwv. ‘Otav dUo epyaoieq €Xouv pia oxéaon
TIPOTEPAIOTNTAC METAED TOUC, N dlAdoXN epyaaoia dev UTIOpPEl va TIpofei otnv €vapen g
EKTEAEONC TIPIV TNV OAOKANPWON TNCG TIpoOTIAITOVUEVNG epyaciac. Evw n emmiAoyr Twv
KAIUOKWOEWV Kal TwV TIEPIOdWY Twv epyaaciwv (task offsets) pmopei va eviox0aoel autovonta

TIC OXEOEIC TWV TIPOTEPAIOTATWY, EUPAVIOTNKE OXETIKA HIKPOG OPIBUOC EPELVNTIKWV EPYATIWV
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ot BIBAIOYypagia ava@opika PE TNV KATNYOPNUATIKA avAAUGH TwWV EPYOCIWV TIOU OXETI(OVTal
ME TIC TIPOTEPAIOTNTEC PECO OTO CUOTAUOTA dedouEvng Tipotepalotntag. O Harbour kat n
ETIICTNUOVIKI] TOU OpAda TO 1991 peEAETNCAV TIC EPYOTIEC TIOU LTIOSIAIPEBNKAY COE KOUMATIO
TIEPIOPIOUOL TIpotepaldTNTOg (precedence constrained parts), 10 KoBéva e OIOQPOPETIKI)
TipotepaIoTNTa. To 1992, Audsley Kal n €TICTNUOVIKY] TOU OPAdO HPEAETNCOV TNV avAbeon
TIPOTEPAIOTNTWY PETW TWV EPYATIMV TIEPIOPICHOV TIPOTEPAIOTNTOC, OTIOU N TIPOTEPAIOTNTA HIOG
TIPOATIANTOVUEVNG EPYOTIag €ival TOUAGXICTOV auth OAwWV Twv dladoxwv TnG. EmMImpoobEtwg,
€Kavav ETTiONG M0 avaAuan Yylo OPAdEC EPYACIWV OTIOU KABE ouAda OTTOTEAEITAI Ao &va
oU0VOAO €PYOCIWV TIOU OULVOEOVTOl OTO €vav YPOAPUIKO TIEPIOPICHUO TIPOATIOITOUHEVGIV.

(Audsley, 1993).

2.3  XPOVOTIPOYPOUUOTIONOG AveEédptntwy Epyaciwv

21N OULVEXEID TIEPIYPAQPOVTAL Ol TEGTEPIC BATIKOI aAyOpIOUOl XPOVOTIPOYPAUHATIOHOU

TWV £py0Ciwv. AUTOI gival ot

e Movotovou puBuou, Rate Monotonic RM,
e Avriotpogncg mpobeopiag vAottoinong, Inverse Deadline 1D,
e ZuvTopOTEPNC TIPoBeopiag bAoTtoinong, Earliest Deadline First EDF,

e MIKpOTEPNG TIEPIGAOL XOoAapOTNTOC, Least Laxity First LLF.

AuTOi Ol aAyopiBuol €XOUV va KAVOUV HE OHOYEVEIC OUAdEC TIEPIODIKWV 1] UNn
TIEPIOBIKWV €pyaaiwy. Ol dUo TIPWTOI APOPOUV EPYACIEC PUE OTATIKEC TIPOTEPAIOTNTEC KOl Ol
000 ETIOUEVOl OQOPOUV EPYACIEC HE OULVOUIKEC TIPOTEPAIOTNTEC. QOTOCO Ol EPAPUOYEG

TIPAYHOTIKOU XPOVOU aTtaitolV, ouvhBwc, Kol Toug 000 TOTIOUG EPYACIWV.

YTtdpxouv 000 KAACEIC OAYOPIBUWY XPOVOTIPOYPAUUATIOHOU:
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e Offline. 'Evag aAyoplBuog XpovoTipoypauuatiopol XpnaotyoTioleital offline av
EKTEAEITAI O€ OAN TNV OPAdO EPYACIWV TIPIV TNV EVEPYOTIOINGN TWV EPYATIMV.
To Tpoéypaupa TIOU ONUIOUPYEITAL PJE AUTOV TOV TPOTIO OTIOONKEVETAL OE €va
THVOKO KOl OTNV CUVEXEID €KTEAEITAl OTIO €vav armocotoAéa. H opdda twv
EPYAOIWV TIPETIEL VA €ival yVwOTr Kol KOBOpPIoPEVN a priori, WOoTe OAEC Ol
EVEPYOTIOINTEIC TWV EPYATIWV VA PTIOpoUV va uTtoAoyiotouv offline. To kOplo
TIAEOVEKTNA QUTHC TNG TIPOCEyyIoNC €ival ot n emPBdpuvan (overhead) tou
XPOVOU EKTEAEDNC €ival XOUNAR KOl dgv EEAPTATAL ATIO TNV TIOAUTIAOKOTNTO TOU
OAYOPIBUOL XPOVOTIPOYPOUUATICHOL. MapdAa autd 10 cloTnua dgv Eival
EVEAIKTO O€ EVOEXOUEVEC AANAYEC OTO TIEPIBAANOV.

e Online. 'Evag aAyoplOuog TIpoypauUUOTIONOL XpnolgoTtolsital online av ol
OTIOQACEIC XPOVOTIPOYPAUMOTIOHOU AQUPBAVOVTOlL GTOV XPOVO EKTEAEONC KABE
QOopa TIOU Mio epyacdia €l0EPXETAlI OTO OUOTNUO 1] OTOV Hia EKTEAOUMEVN
epyacia teppartidel. Ztoug online aAyopiBuoug oe KABe epyaaoia armodidetal pia
TIPOTEPAIOTNTO  CUPPWVA HE TIC XPOVIKEC TIOPOUETPOUC TNG. AUTEC Ol
TIPOTEPAIOTNTEC UTIOPOULV va gival gite Tipokaboplouévec/otatikég (fixed) eite
OLVOUIKEC. Ol OTATIKEG TIPOTEPAIOTNTEC PBaacilovTal G OTATIKEG TIOPAUETPOVG
Kal atrodidovtal OTIC €PYACIEC TIPIV TNV EVEPYOTIOINGT Toug. Ol OUVAMIKEC
TIPOTEPAIOTNTEC Paaiovtal g€ SUVAUIKEC TIOPAPETPOUC Ol OTIOIEC EVOEXOUEVWC

va aAAGouV KATa TNV €EEAIEN TOU CUCTHUOTOG.
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2.3.1 Baolkoi online aAyopiBuol yia TIEPIOSIKEG EPYATIEC

O1 Baaoikoi online aAyopiBuol axedidlovtal Pe Evav OTIAG KavOva CUU@WVA JE TOV
OTtoio avartifevtal TIPOTEPAIOTNTEC ME PACT XPOVIKEC TIOPOUETPOUC TWV EPYACIWV. Z€
TIEPITITWON TIOU QUTEC Ol TIOPAUETPOL EiVal OTOTIKEC/KOBOPIOUEVEG, O OAyOpPIBUOG Eival
OTOTIKOG JIOTI Ol TIPOTEPAIOTNTEG EiVal OTATIKEC. Ol TIPOTEPAIOTNTEC AVATIOEVTAIl OTIC EPYATIEC
TIPIV TNV €KTEAECT] TOUC KOl gV PTTIOPOUV va aAAGEouv. Ol BacIKoi aAyOpIBUOL e OTATIKEG
TIPOTEPAIOTNTEG Eival O1 PJOVOTOVOU PuBUOL Kal avTioTpoEng Ttpobeauiag vAoroinong. ATo
NV AAAN, av 0 OAYOPIOUOG XPOVOTIPOYPaUUaTIoNoL Baoiletal og PETABANTEC TIAPAUETPOUC,

XOPOKTNPIZeTal SLVAPIKOC KOBWE Ol TIPOTEPAIOTNTEC PETABAAAOVTAL.

2.3.1.1 AAyOpIBuOl yIO EpYOCieC PUE OTATIKEG TIPOTEPAIOTNTEG

A) XpovodpouoAdynaon povotovou puBuou (Rate Monotonic RM)

O oAyOplOuog POVOTOVOL pPLUBPOL OaEOPA TIPOEKXWPNTIKEG TIEPIODIKEC E€PYOCIEC HE
OTOTIKEG TIPOTEPAIOTNTEG. AUTOC 0 OAYOPIBUOC OXEDIAOTNKE, OTIODEIXTNKE KAl ETTAANBEVTNKE
amo Toug C. L. Liu kot J. W. Layland 10 1973. Z& autrv TNV Katnyopio aAyopiBpwv €xouv

VIVEI TIOAEG JEAETEC KOl £XOLV TIPOTABEI APKETOI OAyOpIOOL.

ZINV TIO OTTAR TIEPITITWON, OTNV OTIoid OAEC Ol €PYACIEC TOU CUCTAUATOC Eival
TIEPIODIKEC, €XEl OTIOdEIXOEl OTI 0 AAYyOPIOUOC PHOVOTOVOU puBuoL eival n BEATIOTN WEBOOOG
XPOVOOPOUOAOYNONG YIO €va HOVTEAO OTOTIKWV TIPOTEPAIOTNTWY. Me TOV 0p0 «BEATIOTOC»
EVVOOUUE OTI «KOVEVOC AAAOC OTOTIKOG OAyOpIBUOCG Oev UTIOPEL va XPOVOOPOUOAOYNCElL Eva

o0VOAO JIEPYOCICV TIOU O  OAYOpPIBUOC MPOVOTOVOL pubuol dev  JTIOPEl  €Tiong va
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XPOVOOPOUOAOYNOE KOl TIWG OV UTIAPXEl EQPIKTO TIPOYPOUUA VIO Eva dedOUEVO GUVOAO aTd

Epyaaoieg, TOTE 0 AAYOPIOPOC PoVOTOVoU puBUoD UTIOPEN va TO TTaPAYEL.

2TV XPOVOdPOUOAOYNan HOvOTovou pubuol, KABE epyacia €ival TIPOEKXWPNTIKN
(preemptive) kal TG avaTiOeTal IO TIPOTEPAIOTNTO CUP@WVA PE TNV TIEPiIdO TG H o
VYNAR TIPOTEPAIOTNTO ATIOSIOETAl OTNV €PYyACiao YE TOV TTIO LWNASG pubuo, dnAadn ae aAUTHV
TIOU €XEL TN MIKPOTEPN TIEPIODO KOl EKTEAEITAI CLUXVOTEPA. H amddoaon TpoTeEPAIOTNTAC YiVETal
MOVO pia @opd aTtnv apxr Kol 8ev PTIopei va aAAAEEl, KaBw¢ KABe epyaaia Tn dlotnpei oe 6An
™ OJIAPKEID AEITovpyiag Tou couotnuatog. U AuTd avagEEPETal Gav  aAyopIOUog Tou

UTTIOCTNPI(El OTATIKEC TIPOTEPUIOTNTEG.

O aAyoplBpo¢ PJoVOTOVOU pubuol €xel 600 PEPN: TO TIPWTO ATtOPAaCilel av n dobeioa
OUAdO EPYACIWV UTIOPEL VO XPOVOTIPOYPAUUATIOTEl E TOV OAYOPIOUO HOVOTOVOU pubuol Kal
TO Oe0TEPO OTIOOIOEl OTATIKEG TIPOTEPAIOTNTEG OTIC EPYATIEC PE TNV AOYIKI] TIOU OVO@QEPONKE

TIAPATIAVW.

To TIPWTO HEPOCG TIOPEXEL XPOVOTIPOYPOAUMOTIOTIKOUS TIEPIOPICUOVUE OTNV OUAdA TWV

Epyaaoiwv. AiveTal wg:

‘OTI0V N, 0 APIBPOC TWV EPYATIWV.

U, N GLUVOAIKI] XPNOIUOTIOINGN TOU ETIEEEPYNOTH ATIO TIC EPYOTIEC WATE

Mo TIOAU peyAAo apIBUO EPYATiwV N, N XPNOIUOTIOINGN GUYKAiIVEl oTo 69%. 'ETol av

pia opdda epyaciiv €Xel XpnoldoToinan Alyotepn Tou 69%, eival eyyunuévo OTI PTIOPE va

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 11:02:45 EEST - 3.141.30.83



XPOVOTIPOYPOMUOTIOTEl PE TOV aAyOpIOUO povoTovou pubuol. QoTOc0, 0 TIEPIOPICHOC
XPOVOTIPOYPOUUATIOMOU €ival pia avaykaia aAAG Ox1 Kal IKkavry cuvenkn. AnAadr], LTTAPXOLV
OUAJdEC €PYOCIWV TIOU UTTOPOUV VO XPOVOTIPOYPOUUATIOTOUV HE TOV OAYOPIOUO HOVOTOVOU
PUBLIOL AAAG BeV IKOVOTIOIODV TO OPIO TNG XPNOIKOoTIoINoNG.

BpEObnke, AoITIOV, €vag IKAVOC KOl OVOyKOiog TIEPIOPICHOC XPOVOTIPOYPAUUATIGHOU.

H oudda epyaaiov TIEPIYPAPNKE TIAPATIAVW ATIOTEAEITAI OTIO 1 EPYATIEC.

{TI»T2 m<T)> mee»Tn}

OTIOU Ol EPYOTieC ival PE KATIOLOO CEIPA TIPOTEPAIOTNTAC. H TTEPiINdOC NG Epyaaiag T;
gival Tj. O @opto¢ epyaciag oto diaotnua t[0, t] (yia auvbaipeto t > 0) Adyw OAWV TwV

EPYOTIWV TIOU £X0ULV UIKPOTEPN N ioNn TIpoTEPAIOTNTA PE TNV T; diveTal WC:

=l LJJ

H epyaoia T; €ival XpovoTipoypappaTioIun av yia OAEC TIC EPYOOieC KATW aTIO AUTAV
loXVEl

Wij®

min(o<t<Tj) n

OAOKANPN N OPAda €PYOCIWV Eival XPOVOTIPOYPOUUATIOIUN av 1 TIOPOTIAVEW CGLVONKN

IOXVEL VIO OAEC TIG EPYOATIEC.

‘Eva akopun TpoBAnuUa PE TOV OAyOpIBUO POVOTOVOU puBuol eival OTI 0V ETTITPETIE
OUVOUIKEC OAAOYEC OTIC TIPOTEPAIOTNTEG TWV EPYACIWV. AV IO KATIOI0 AOY0 KOTA TN JIAPKELD
AEITOLPYIOG TOU CUCTNAUOTOC TIPAYMOTIKOU XPOVOU OAAAEEL N TIEPIOOOC EKTEAECNG MIOG
gpyaciag, 0 OAyoplBUOC HOVOTOVOU puBuol  dev  JTopel va KAvel Eavd avdabean

TIPOTEPAIOTATWY, KABWC KATI TETolo Ttapafiddel TNV Tapadoxn OTIL Ol TIPOTEPAIOTNTEC Eival
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OTOTIKEG. 'EXOUV TIPOTOBEI OPKETEC TIAPOAAAYEC TOU OAYOPIBUOU HOVOTOVOU pPuBuoU, OTWG
gival o aAyopiBuo¢ povotovng TpoBecuiag vAotoinong (deadline-monotonic scheduling

algorithm) ) o aAyopiBuog povotovou Bdapoug (weight-monotonic scheduling algorithm).

B) XpovodpopoAdynon aviiotpoeng 1N povotovng TpoBeouiag vAottoinong (Inverse

deadline or deadline monotonic algorithm)

O aAyopiBuog avtioTpo@ng TPoBeopiag vAOTIoINONG aTTOdIdEl TIPOTEPAIOTNTEC OTIC
gpyaaieC BACEl TV XPOVIKWV TOUC TIPOBECHIOV. ZTNV €PYOCIa HYE TNV MIKPOTEPN TIPoBeouia
vAoTTOINONC aTTOdIdETAl N PEYOADTEPN TIPOTEPAIOTNTA, EVW OTNV €PYOCia e TNV PEYOAUTEPN
TIpoBeopia vAoTIoinoNC aTTOdIdeTAl N XAUNAOTEPN TIPOTEPAIOTNTA. O OAYOPIBUOC aVTIoTPOPNC
TpoBeapiog vAoTtoinong ival BEATIOTOC, YE TNV €vvola OTI av KATIOI0C OAYOPIOUOC OTOTIKWY
TIPOTEPAIOTNTWY HTIOPEI VA XPOVOTIPOYPOAUMOTICEL Hia opuada €PYOCIOV HE TIPOBECUIEC
VAOTIOINONG MIKPOTEPEC TWV TIEPIOOWV, TOTE KAl O QOAYOPIOUOC avTioTPOo®NE TIPpoBeaiag
VAOTIOINONG WTIOPEi ETIIONG va XPOVOTIPOYPOUUOTIOEl QUTH TNV opada epyaciwv. MNa évav
TUXOi0 apIBuUO amod n EpyaaieC e TIPOOECUIEC LAOTTIOINCNC MIKPOTEPEG TWV TIEPIOOWV Hia IKAVI

ouvonkn sivai n egN¢:
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2.3.1.2 AAyOpIBuOl yIO EPYATiEC HE DUVAMIKEC TIPOTEPAIOTNTEC

A) ANYOpIBU0G ouvTouOTEPNC TTPoBeaiag bAoTtoinong (Earliest DeadlineFirst, EDF)

O aAyoplOuog auTtdg oxedIAOTNKE Kol €TOANOeVTNKE amo toug Liu kal Layland to
1973. ZOP@Wva PE AUTOV Ol TIPOTEPAIOTNTEC OTIC EPYNTiEC arttodidovTtal ye BAcn TNV ATIOAUTN
XPOVIKI| Toug TtpoBecpia. H epyacia pe tnv HIKPOTEPN TIPOBECHIa LAOTIOINONG €XEl TNV
pHEYaADTEPN TIpOTEPAIOTNTA. O aAyoplOpoC cival emiong PREATIOTOC PE TNV €vvold TIOU
avoALONke mopamavw. Otav pia véa epyacia @TAvel oTo oUCOTNUA, 0 XPOVOSPOUOAOYNTHC
EavalTIoAOYiEl TIC TIPOTEPAIOTNTEG OAWV TWV EPYOCIWV TIOU €iVal 0€ EKKPEUOTNTA KOl OTN
OUVEXEID avadIOPYOVMVEL TN CEIPA TNG ETMEEEpyaTiag. Eav n véa A@iEn €xel TNV TIO bPNAR
TIPOTEPAIOTNTO, I €PyOOia TIOU EKTEAEITAl €KEiv T OTIyMnR TipoekXwpeital (yivetal
preempted) kKal N véa epyaaia eEuTtnpeteital auécw. H epyaacia mou d1aKOTINKE Ba EEKIVIOEL

OpPYyOTEPA OTIO TO CGNEIO SIAKOTINC.

AlOQOPETIKA, OV N TIPOTEPAIOTNTA TNG VEAC APIENC gival PIKPOTEPN, Oa TOTIOBETNOEI o€
KOTAAANAN B€on OTn oelpd Twv epyaciov. Mia opada TEPIOdIKWY EPYATIWV, HE TIPOBETHIEC
vAoTToinoNC ioeC Pe TNV TIEPiINdO, €ival XpovoTipoypappaTioun pe tov EDF av Kal povo av n

XPNOIYOTIOINGN TOL ETIEEEPYATTH Eival MIKPOTEPN 1 ioN TN HOVAdAC:

Ta dV0 peyAAQ TIAEOVEKTAUOTO TOU aAyopiBuouv EDF eival agevog OTI YTtopei va
ETUTOXEl PEXPI Kal 100% XpnolhoTioinon Tou ETEEEPYOOT] KOl QQETEPOL OTI LTTOCTNPILE
OUVAMIKEC TIPOTEPAIOTNTEC. ETiong, o EDF aAyopiBuog dsv KAVEl Kapia uTtoBeon Tepi Twv
TIEPIOOWV TWV EPYOCIWV. ‘ETO1 PTTopEi va XpNOIPOTIOoIEITAl IO TOV XPOVOTIPOYPAUUATIONO TO00

TIEPIOSIKWV OCO0 KAl U TIEPIOSIKWV EPYATIWV.
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YTIAPXouv KOl G€ OUTAV TNV TIEPITITIWON HEAETEC TIOU ETIEKTEIVOUV TOV OPXIKO
OAYOPIOUO, OTIWC YiO TIOPAdElyMO O OAyoplBuog TPpORAedng Tpobeopiag uvAoToinang
(Predictive Deadline algorithm) 1 o TOAD evdl0@QEPWY OAYOPIBUOC TOU EEUTINPETNTI OAIKOU
evpoug (wvng (Total Bandwidth Server), o omoiog gival TTOAL anuAvTIKOG, YiaTi Baciletal oto
YEYOVOC OTI TIOAAA CUCTHUOTO TIPAYUOTIKOU XPOVOU ATIOTEAOUVTAI OTIO QLUOTNPEC TIEPIODIKEG

epyaacieg (hard periodic tasks) kal otaBepég un TePIodIKEG epyaaieg (firm aperiodic tasks).

B) AAYyOpIBu0C TNG MIKPOTEPNC TIEPIOdOL XaAapotntag (Least Laxity First, LLF)

O aAyoplBuog auTog sival pio TtapaAAayr] TOL aAyOpPIBUOL CLVTOUOTEPNC TIPOBeCHIag
vAortoinong (EDF). Eilodyel Tnv €vvola Tng TEPIOdOU XaAapOTNTOC. OTav AEUE TIEPIOSOG
XOAOPOTNTOG, EVWOOUME TN XPOVIKN OIAPKEIO PEXPI TN OTIYPN TIOU N €Pyacia 0ev €XEl GAAA
TIEPIBWPIA VO KOBLOTEPNOEL TNV EKTEAECT] TNC. OTIWG ETIICNUAVONKE Kal TTOPATIAVW 1N TIEPI0SOG
XoAapotnTag opidetal w¢ L — D — C. AnAadn €ival TO ATIOTEAECUA TNG AQAiPETNG TOL XPOVOU

UTTOAOYIOUOU XEIPOTEPNG TIEPITITWAONG PIOC EPYOTIAG, PEIOV TNV XPOVIKN TNC Tipobeayia.

D
XPOVIKN TIpoBsopia,

C L
—XPSGVOG LTTOAOYICHOD TIEPIOBOG XOAAPOTNTOC —........ ;

time

ZxNua 2-1: Mepiodog xarapotntag / laxity yia pia epyaaia.

O aAyopIBuog attodidel TNV LYWNAOTEPN TIPOTEPAIOTNTA OTNV EPYACIO YE TNV HIKPOTEPN
TIEPiIod0 XxaAapoOTNTAC. Eival BEATIOTOG YE TNV £VVOla TIOU OVOAUBNKE TTOPOTIAV®W KAl UTTOPEL va

XPOVOTIPOYPOUMATIOEl OTIOI0 OPAdO EPYOCIWV XPOVOTIPOYPAPUATIEl KOl 0 aAyopiBuog EDF.
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Mia Ttepiodog XaAapOTNTAC iy LTTOONAWVEL OTI AKOUA KAl AV | €pyacia KaBuaTtepnoEl
ylo ti XpOVIKEG povadeg, Ba PTTopETEl va TIPOAdPel T TpoBeopia vAotoinong ™G Av n
TIEPIOdOC XaAaPOTNTOG HIOG epyaaiag €ival 0, autd onuaivel OTL N EPyacia TIPETIEI VO PXICEl
VO EKTEAEITAl OUEOWC. €& OIOPOPETIKI TIEPITITWON N XPOVIKN TNC TipoBeouia dev Ba
IKOVOTTOINOEL. TOo PETPO TNC “TIEPIOOOL XOAAPOTNTAC” ETUTPETIEL TNV ATIOPPIYN TWV EPYACIOV

TIou oiyoupa o€ Ba TIPOAGPBAIVAV VO EKTEAECTOUV TIPIV OTIO T XPOVIKI TOUG TIPoBeaia.

H kOpla dlagopd petagl touv LLF kal tov EDF gival o1t o LLF AapBdavel umtéyn toug
XPOVoUC eKTEAEONC KABe epyaaiag. A&idel va onuelwdei 6Tl 0 aAyopIBUog autog TTapoLaIdlel
VYNAN  XPNOIYOTIOINON KOl GUPTIEPIPEPETAl KOAUTEpA amo tov EDF oeg katdotaon

UTIEPPOPTWONG TOU CLUCTAUATOG.

2.3.1.3 TMapadeiypata Twv RM kKal EDF aAyopiBuwv XpovodpopoAoynaong - Z0yKpIon

A) Mapadelypa RM aiyopibuou

‘Eotw 011 0¢ éva gUOTNUO TIPAYHATIKOD XPOVOU UTIAPXEL Eva GUVOAO aTiO 3 TIEPIODIKEC
TIPOEKXWPNTIKEG epyaaieg ]1, ]2 ka1 /3 pe TIEPIOBOLG KOl XPOVOUC EKTEAECTIC QVTIOTOIXO OTIWC

divovtal TTapaKaTw:

- A=(41)
- A=(52)
- A=(72

21O TIOPOKATW ZXNHO 2-2 @AIVETOI 0 XPOVOTIPOYPOUUATIONOC TWV EPYACIWV CUPPWVA [IE TOV

OAyopiBuo RM :

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 11:02:45 EEST - 3.141.30.83



Xauévn XPOVIKN TIpoBeapia

3) 10 15

ZXNHa 2-2: XpOVOoTIPOYPOUUATIOHOG EPYACiwV Pe Tov RM aAyopiBuo

H peyoAltepn TmpotepaidotnTa  PBdoel Tou  aAyopiBuouv (ammodoon uvPNAOTEPNG
TIPOTEPAIOTNTOG OTNV €PyACia PE TN MIKPOTEPN TIEPIodO) divetal atnv epyaaia Jx, N Heoaia
TIPOTEPAIOTNTA OTNV EPYOTia /2 Kal N XAUNAGTEPN TIPOTEPAIOTNTO OTNV Epyaaia /3, a@ol ol
Tiepiodol eival avtioToixa 4, 5 Kal 7. ZTnv apxn eKTEAETal n Jx Kal KOBWC 0 XpOVOC EKTEAECTIC
NG €ival pia XpOVIKr HovAda, ETTIAEYETOl PETA N ]2 H /2 €xEl XpOVO €KTEAECNG (00 HE 2
XPOVIKEC MOVAOEC KOl HOAIC TEAEIWCEL TNV EKTEAECH TN N HYOVN TIOU OTIOMEVEl €ival n /3,
KOBWC ol AANEC epyaaieC €Xouv O OAOKANPWOEL TNV EKTEAECT] TOUC YO TNV TPEXOUCO
TEPiIOdO Tou¢. Katd TN XPOVIKN oTiyuny 4 cupPaivel KATI ou dnuiovpyei TPoRAnuUa oto
olotnua. Evd n /3 dev €XEl OAOKANPWOEl TNV €KTEAECH NG, apXilel 0 VEOG KUKAOC NG
TIEPIOOOL yia TNV /5 omtdte AOyw ToU OTI €XEl HEYOAUTEPN TIpOTEPAIOTNTA OTIO TNV /3, B0 TNV
ektortioel (n /3 Oa yivel preempted) kal Ba apxioel tnv ektédean ¢ n ]1. MNa v /3 €xel
OTTOMEIVEL Pia XPOVIKT HOVAdA XPOVOU EKTEAEONG. QOTOCO, HOAIG TEAEIWOEL TNV EKTEAECT] NG
n EXEl EEKIVINOEL 0 OeVTEPOC KUKAOC yia TNV €KTEAEON TNC ]2 KAl KABWG EXEl PEYOAUTEPN
TIPOTEPAIOTNTA aTIO TNV ]3, Ba EEKIVIOEl TNV EKTEAEDT] TNG. ‘OTAV OAOKANPWVETAL N EKTEAEDT)

™NC ]2 PETA amo V0 XPOVIKEG HOVADEC, TN XPOVIKA OTIyun 7 €ival TTAéoV apyd yia TNV Epyaacia
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/3, KaBw¢ €xel EeTepaaTtei N TTpoBeopia LAOTIOINGNC TIOL EiXE IO TNV EKTEAECT TNC PECA OTNV
TIPWTN TNE TIEPiI0d0. @a utopolae va TIPORAEPOEi n xprion HIOG XPOVIKAG Povadag, yia va
TIPOAGPBEL VO EKTEAETTEL N/3, AAAA CUUEWVO IE TOV OAYOPIBUO Ol TIPOTEPAIOTNTEG AVaTIOevVTal

otnv apxn Kai dev Pumopolv va oAAGEouy.

B) Mapdadelyua EDF aAyopibuou

2710 TIOPOKATW OXAUO @AIVETAI 0 XPOVOTIPOYPOUUATIOHOC TWV EPYOCIWV HE TOV

OAyOpi6uo EDF:;

12(5,2)

J3(7,2)

ZXNUa 2-3: XpOovoTIPOYPOUUOTIOUOC Epyaaiwy e Tov EDF aAyopiBuo

210 OXAUO aUTO OEV LTIAPXOUV XOUEVEG TIPOBETHIEC LAOTIOINONG. ZTN XPOVIKNA oTiyun 0
OTTIOQAGICETAl N EKTEAECT) TNC EPYATiIag Jx OXl ETIEION EXEL TN MIKPOTEPN TIEPIODO, OAAA ETTEION
TO TEAOG NG TIPOBeoUiag LAOTIOINONCG TNG €ival OTN XPOVIKY OTIYUN 4, VM yIA TIC AAAEG OUO0
gival 5 kal 7 avtiotoixa. MNapopoiw otn de0TEPN XPOVIKI CTIyUN], ATIOQAGCIETAl N EKTEAEDN
NG epyaaoiag J2, emeldn N Jx €XEl OAOKANPWOEL TNV EKTEAECT] TNG KAl N TIPoOeauia bAOTIOINONG
¢ /3 apyei meploootepo. Mapatnpeital KATI TTOAD onuavTiko. Katd tn Xpovikr otiyur] 4 6a

EeKIVIOEL 0 VEOG KUKAOC yia TNV epyacia Jx. Qotdco, avtiBeta pe tov aAyopioyo RM, o¢
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OTaPOTA N eKTEAEON NG epyacoiag J3, aAAd cuvexiletal KOAVOVIKA, KaBwW¢ n Tpobeapia
vAoTttoinong NG epyaciag JI apyei TEPICOOTEPO. ZE€ QUTAV TNV TIEPITITWON N gpyacia Jx EXEI
MIKPOTEPN TTPOTEPAIOTNTA 010 TNV J3. MNapatnpeital AoiTtov Ot N epyaacia J3 €xel TIPOAAREl va
EKTEAECTE( TIPIV ATIO TO TIEPAC TNG TIPOBeCHiag LAOTIOINGNG KOl QUTO ETUTUYXAVETAL UE TN
OUVOUIKN aAAayn TipoTepaIOTNTAC. Evd otnv apxn (otn xpovikn otiyuny 0) n epyaoia J1 €xel
MEYOAUTEPN TIPOTEPAIOTNTA ATIO TNV J3, TA TIPAYHATA OAAA{OLY OTN XPOVIKN OTiyun 4, émou n

EPYACIAEXEL HIKPOTEPN TIPOTEPAIOTNTO ATIO TNV I3,

Mpétel va TIOUPE OTI 0 QAYOPIOUOC TNG MIKPOTEPNC “TIEPIOdOL  XaAapoTtnTag”
AEITOLPYE( Pe TOV D10 TPOTIO OTIWE Kal 0 EDF, pévo Tou avti yia va eAEyXETAL N TIpoBeapia

vAoTtoinang, EAEYXETAL N “TiEpiodoC XxaAapotnTaC™.

Oa urmopovoe aficoTa va e€axBei 10 cuumépacua OTI 0 OAyoplOuoc EDF eival
KaAUTEPOC amo Tov RM. Qo1600, dev TIAPEXEL TNV ATIAITOVUEVN TIPORAEPIYOTNTA KOl £XEI TO
TIPOPBANUO ToL VvIopivo (domino effect), KOBWC OC€ TEPITITWON ULTTEPPOPTWOEWY TOU
ouoTiuatog apxidouv JIOdBOXIKEC XOUEVEG TIPOBEapieg, KATI TTou d¢ Ba ywvotav pe tov RM,
OTIOU KATIOIEC EPYOTIEC €XOLV OTOOEPAE LWNAN TIPOTEPAIOTNTA KOl aiyoupa de Ba xAoouv Tn
TIpoBeopia LAoTIoiNONG Toug. AKOAOULBEI pia oUYKpIoN Twv dV0 PBACIKWY OAYORIBUWY, KATA

TNV OTToia YivovTal KOTAVONTA TO TIAEOVEKTAUOTO KOl TA PEIOVEKTIUATA TOUC.

N Zuykpion RM kot EDF

JUYKpivovTag Toug 600 auToUC aAyopIOUoUC SIOTIIOTWVEL Kavei¢ 0Tt o EDF givan mio
OLUVAMIKOG. TMPETIEl OPWC VO EKTEAEITOl GUXVA KOl £TC1 TIPOKOAEL PEYOAUTEPN XPOVIKN
eMPApuvan xpovodpouoAdynong. To TIAeovéKTNUA €ival  OTI  JTIOpEl  va  ETUTUXEL

Xpnolgortoinan tou emegepyactr] Kol PEXPL 100%, evwy 0 aAyoplOuo¢ RM péxpt 69%. O
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OAYOPIBUOC TOU POVOTOVOU pubuol avtiBeta €ival OTATIKOG, a@OU N TIPOTEPAIOTNTA TIOU
aTTodideTal OTIC EPYATieC LTTOAOYIZETAI POVO HIa POPA. AUTO OPWCE TIPOCDIdEl TIPORAEPILOTNTA
OTNV EKTEAECDN TWV EPYACIWV. ETEION Ol TIPOTEPAIOTNTEG aTT0didovTal CUPNPWVA PE TO PUBUO
aitnong Twv JIEPYACICV, TIEPIOCOTEPEC EVOAANAYEC TIEPIEXOUEVOL CUMPPBAIVOLV KATA TN
XpovodpopoAdynon povotovou pubuol Tapd otov EDF. Emedr] n XpovodpouoAdynaon
pMOVOTOVOL puBUoLU dev €lodyel KOBOAOU KOBUOTEPNGEIC XPOVOOPOUOAOYNONG Kal Egival
BEATIOTN YO TIEPIOBIKEC €PYATieq, €ival KATAAANAN YIO EQAPUOYEC auveXwv pecwv. O EDF
EXEl KOKI OUUTIEPIPOPA OE KOTAOTOON UTIEPPOPTWONG Tou cuotnuatog. O RM €xel amAn
UAOTIOINGN OKOPO KOl O€ CUOTAUATO XWPIC ca@r LTIOOTHPIEN YIO XPOVIKOUC TIEPIOPICHOUC

(Ttep10d0OLC Kal TIpoBeaieC uAoTToiNoNC).

2.4 XpOVOTIPOYPOUMATIONOC EEAPTNUEVWV EPYATIWV

MEXP! TWPA UIANCOUE VIO OVEEAPTNTEC EPYOATIEC Ol OTIOIEC OEV £XOUV OXETEIC UETAED
TOUG. OuwWC, Og TIAPA TIOAAG CUCTIAUATO TIPAYHATIKOU XPOVOU, Ol JIOEPYOTIOKEG €EAPTHOEIG
gival amapaittec. H dlagpyaciaKkn ETTIKOIVWVIA UTIOPEI VO EKQPACTEL pe dIAPOopPOouC TPOTIOUC:
KATIOIEC EPYOOie TIPETEI va GEROVTOl TNV CEIPA €TEEEPyaaiag, TNV AvIOAAAyr PNVUPATWY
METOED TWV €PYAOI®V, TNV XPNOIUOTIOINGN dlo@OopwV TOPWY. & €PYACieC TIPAYUOATIKOU

XPOVOU LTTAPXOULV BVO €idN TUTTIIKWV €EAPTACEWY TIOU UTIOPOUV VO OPICTOUV.

1. EZApTnon Twv TIEPIOPICHWY TIOU OVTIKOTOTITPIOVTIOI GTOV CLYXPOVIOUO 1 TNV
ETTIKOIVQWVIO PETAEY TWV EPYATIWV
2. ApolBaiol  OTIOYOPEUTIKOI  TIEPIOPICHUOI  yiad TNV TIPOCTOCIO  TWV

dlopoIpalOPEVWV TIOPWV.
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2.4.1 Epyaoieg pe oxXEOTEIC TIPOTEPAIOTNTOC

O TpWTO¢ TOTIOG TIEPIOPICHOU €ival Ol OXETEIC TIPOTEPAIOTNTAC METAEY TWV EPYATIWV
TIPAYHUATIKOU Xpovou. Opidoupe Evav TIEPIOPITUO TIPOTEPAIOTNTAC METAED dVUO EPYACIWV T; KAl
T;", ONUEIVOVTOC TOV WE T —> T;-, AV I EKTEAECT NG Epyaaiag Tl Tiponyeital amod avtn TN T;-.
Me GAAa AOylO N epyacia T; Ba TIPETIEL va TIEPIPEVEL TNV EKTEAECN TNG €pyaoiag T; Tpv
Eekivnioel TNV OIKN TNC EKTEAEDN.

AUTEC Ol oxéoelg JTopolV va TIEPIYPOA@OLY e €éva ypdenua OTou ol KouBol
OVATIOPIOTOUV TIC EPYATieC KAl TA BEAN TIC OXETEIC TIPOTEPAIOTNTAC METAEY TWV KOUPBWVY OTWC

@aiIVETAl OTO TIAPAKATW OXNAMO.

ZxNua 2-4: Mapddelypo YPOo@NUOTOG OE OXECEIC TIPOTEPAIOTNTAC OVAUESO OE 5 Epyaaieq

2.4.2 AlOPOIPOACUOC TIOPWY ATIO EPYATIEG

‘Otav ETTPETIETAN OTIC €pyaacie¢ va dlauolpaldovTal TIopoug, N TPOcBacn Toug o€

aUTOUC TIPETIEL VO EAEYXETAL. AG LTIOBEC0oLE Evav TIOPo R diapoipalopevo amd dU0 epyaaieg
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TY Kol T2, MpETmel va eEao@aAicoupe OTI N €KTEAEDT TwV 000 TIPOEKXWPNTIKWY EPYOCINV

TIAVW OTOV TIOPO YIVETAI KATW OTI0 GUVONKEG AUOIBAIOL OTIOKAEIGHOU.

A uTtoB£ooupE OTI N EPYOTia TY EVEPYOTIOIEITAI TIPWTN KAl XPNOIUOTIOIEL TOV TI6po R,
onAadr eKTeAEl TO Kpiowo TtuAPa ¢ Emerta n epyacia T2, €xouvod PEYAAUTEPN
TIPOTEPAIOTNTA, QITEITAl TNC XPNOIYOTIoINONG Toug TIopou. E@doov €xel  PeyaAUTEPN
TIPOTEPAIOTNTA OTIO TNV £pyaaia TI5 TIPOKOTITEI TIPOEKXWPNCT. H gpyaoia Ty YUTIAOKAPETAI KAl
n T2 apxidel tnv ektéAean) mC¢. Qotoco, Otav n T2 embupei pdoPBacn atov dlapolpalOPEVO
TOpo R, artokAgietal Adyw Ttou apoiBaiov artokAsIopoU. ETopévig n Ty PTTOPED va auvexioel
TNV €KTEAECT] TNG. OTaV N TY TEAEIWOElI TNV €EKTEAECHN TOU KPICIUOL TPAMOTOC NG, N
MEYOADTEPNG TIPOTEPAIOTNTAC EPYACIO T2 UTIOPEI VO EKTEAECTEL XPNOIUOTIOIVTOC TOV TIOPO.

AUTI n dlepyaaia PTtopei va 0dNynoel o€ AVEEEAEYKTO UTIAOKAPIOUO TNE EPYATiag T2.

MNa v IKavoToinon auoTNPWV ATIOITIOEWY TIPAYUATIKOU XPOvou, Mia e@apuoyn
TIPETIEL VO EAEYXETAI OTIO €VAV XPOVOTIPOYPOUUOTIOTIKO OAYOPIBUO 0 OTI0I0G va UTTOPEL TTavTa
va gyyunoei éva TIPOoBAEPIHO XPOVO QATIOKPIONC TOU CULCTNPOTOG. Eival €TITOKTIKN avAayKn
AOITIOV va Jlao@aAileTal €vag TIPOPRAEYINOC XPOVOCG ATIOKPIONG MECW €VOC TIPOEKXWPENTIKOU
XPOVOTIPOYPAUUATIOTIKOU OAyopiBuou, 0 oTtoiog va AauBAvel LTTIOYN TOUC TIEPIOPICHOVC TIOU

TiBevTal oo TOULC TTOPOUC.

2.4.2.1 dawvousvo avtotpoenc rtpotepaiotrtwv (Priority inversion phenomenon)

To @avOPeEVO TNG QVTIOTPOPNG TIPOTEPAIOTNTOG HTIopPei va  ouLuPBei  otov
TIPOEKXWPNTIKO XPOVOTIPOYPAUMOTIONO 0dNyoUUEVO OTIO KOBOPIOUEVEG TIPOTEPAIOTNTEG OTIOU
Ol Kpiolyol Ttepol TtpooTatelovTIal amd ToV PNXOVIoOUO Tou apoifaiou armokAeiouou (Kaiser,

1981, Rajkumar, 1990). Mpokelpévou va €Enynbei autd to TPOPANUA, O¢ UTTOBECOUUE pia
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opada EPYOCICV OTIOTEAOUMEVN aTIO TECOEPIC epyaoieC [T1, T2, T3 14) Pe MEIOVPEVN OEIpd
TIpoTEPaIOTHTWY. Ol epyaaiec T2 Kal T4 polpalovtal Evav Kpioiuo mopo, Rx, n mpoécfacn otov

OTIOIO €ival apoIBaiwg ATTIOKAEIOUEV.

AG ETTIIKEVTIPWOOULE TNV TIPOCGOXN HOG GTOV XPOVO aTIOKPIoNG TNG Epyaaiag T2. H oeipd
XPOVOTIPOYPOMUMOTIONOU @AIVETOlI OTO TIOPOKATW oOXNUa. H XaunAOTEPNG TIPOTEPAOTNTOG
gpyaaia T4 EEKIVA TIPWTN TNV EKTEAEGT] TNG KOl PETA aTIO KATIOIO XPOVIKO SIACTNHUA EICEPXETA
OTO KPIOIYO TUNUO TNG XPNOIYOTIOIWVTOG Tov TIopo Rx. ‘Otav n epyaocia 14 Ppioketal oto
KpioIJo TuApA ¢, N LWNAOTEPNC TIPOTEPAIOTNTAC EPYATia T2 EAELOEPWVETAI KAl TIPOEKXWPEI
NV gpyaoia 4. Katd tnv SIAPKEID TNG EKTEAEDNC TNG T2 EAEVOEPWVETAL N T3, OUWG AdYwW TNG
XOUNAOTEPNG TIPOTEPAIOTNTAC TNG OE OXECON ME TNV T2 LTTOXPEOUTAl va TIEPIYEVEL. ‘OTav n
Epyaaia T2 TIPETIEL VA EICEABDEI GTO KPIOIUO TUNAMO TNE TTOU CUVOEETAL PE TOV Kpiaiuo Toépo Rx
TOV OTI0i0 dlapOoIPAdeTal YE TNV T4, AVAKOADTITEL OTI 0 TIOpo¢ Rx deopevetal anod Tnv 4. ‘Etol,
MTTAOKAPETAl. H uPnAOTEPNC TIPOTEPAIOTNTOCG EPYOCTia N oTtoia €ival og BE0N va EKTEAECTEL

givain 13. Zuvemwe, N T3 decPEVEL TOV TIOPO KAl EKTEAEITAL.

R1J

T*(M> i)

| } K|Kifipou urtpou

< K T . .
K @lluo NITTO ek KPiaILO T AlliAiudtpuidil
[” fgovare

ZxAMUa 2-5: Mapddelypa TOL PAIVOUEVOL AVTIOTPOENG TIPOTEPAIOTNTOG
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Katd tn dI1dpKela autng TG €KTEAEONC N epyaoia T4 EUTIVAEL, PE QTIOTEAECUO N
gpyaaia T3 va avapAnBei kal o Topog va avatebei otnv epyacia T1. 1o TEAOG TNC EKTEAECNG
N¢ epyoaciog Ti5 n epyacia T3 PTopEi va ouvexioel TNV eKTEAECH TNC. TWpa POVO N epyacia
T4 JTIOPEl VO EKTEAECTEI, N OTIOION LTIECTN TIPOEKXWPNGCN OTO KPIoIWO TUAPA TNC. ZuveXidel
AOITIOV TNV  €KTEAECN] TNG MEXPI VO OTIEAELOEPWOElI TOV TIOPO YIO TNV HEYOADTEPNG
TIPOTEPAIOTNTAC €Pyaaia T2 'ETIEITA AUTH N €PYOACiO PTIOPEI VO CUVEXICEL TNV EKTEAECN TNG

KPOTWVTAC TOV TIOPO YIO TOV €QUTO TNC.

O pEéyIoTOC XPOVOCG UTIAOKOPIOUOTOC OTOV OTIOI0 UTIOKEITOL N €pyacia T2, €€aPTATOl
ottd TN OIAPKEID TWV KPICIHWV TUNUATWY TWV E€PYOCINV XOUNAOTEPNC TIPOTEPAIOTNTACG Ol
ottoieg dlapolpdlovtal KATIolov TTOpo padi NG, OTwe N T4, KAl armo TNV AAAN a1 Toug XPOvouc
EKTEAEDNC TWV EPYATIV LPNAOTEPNC TIPOTEPAIOTNTAC, OTIWE N T1. AUTOi 01 600 TIOPAYOVTEG
av&énong Tou XPOVoU ATIOKPICNC TNE Epyaciag T2 €ival amoAUTWC CUP@PWVOL JE TOUC KAVOVEC
XPOVOTIPOYPAUUATIOHOD. AAAG 1 gpyacia T3 TIOU €XEl XOUNAOTEPN TIPOTEPAIOTNTO KOl OEV
polpAdeTal KATIOIOV KPIOIPO TIOPO UE TNV €Pyacia T2, GUUUETEXEL 0TV aLENCN 1oL XPOVou
MTTAOKOPIoPaTOC TNG. AUTO OVOPAZETAl AVTIOTPOPI] TIPOTEPAIOTNTAC KOl OVTIKPOUETAI PE TOUG

XPOVOTIPOYPAUMOTIOTIKOUC OPIoHUOUC.

2A.2.2 dawvouevo adigg€odou (Deadlock phenomenon)

‘Ot1av KATIoIEC EPYaTieg poipadovTtal 800 1) TIEPICTOTEPOUC KPIoIUOLG TTOPOUE UTIOPEI va
EUQPAVIOTEl TO @AIVOUEVO TOU adIEE0O0V. TNV TIEPITITWAON OUTHA 1N EQAPUOYN TIPAYHOATIKOU

XPOVOUL ATIOTUYXAVEL.

Mpo¢g Katavonan Tou @OIVOUEVOU OiVOUHE TO TIAPOKATW TIOPAdEIYUA. AC OKEPTOUUE

OUO0 epyaaoieg, €0Tw Tl Kal T2 , Ol oToie¢ polpdlovtal dVo Kpiolpoug mopoug R1 Kal R2. Ol
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EPYOCieg T Kal T2 €XouV TIPOCPACT OTOUC KPICIHOUC TIOPOUC PE avTioTpoPn Gelpd. AKOUN N
gepyaaia Tl €xel peyaAlTEPN TIPOTEPAIOTNTO ATIO TNV €pyacia T2, AG LTTOBECOULME TWPA OTI N
gpyaaia T2 ekTeAsiTal TTPWTN Kol deapeVel Tov TOPO Rx. Katd tn JIApKEID TOU Kpiolhou
TMAMOTOG TNG €pYaaiag T2 N OToio XPNOIYOTIOIEl TOV TIOPO RX, n epyoacia T EUTTVAEL Kal
TIPOEKXWPEI TNV €pyaaia T2 TIpIv UTIOPETEl va deopeVaEl ToV TIOpo R2 H gpyaaia TX xpeladetal
TIPWTO TOV TIOPo R2 0 oroiog €ival eAe0Bepo¢ Kal £Tol Tov decopeVel. ‘ETelta, n epyooia Ty
XPEIAdeTal Tov TOpo Rx T1ou gival deopevpévoC amo tnv epyacia T2, 'ETol, n gpyacia T2
gavapyxicel kal {nta tov Mopo R2 0 oT1toiog dev gival eAeUBePOC. To TEAIKO OTIOTEAECUO Eival
OTI N gpyacia T2 €xel atnV dI1ABear TNE TOV TIOPO RX, aAAG TIEPIPEVEL yia TOV TIOpo R2 Kal n
gpyaaia T €xel otn d1A0ear] ¢ Tov TOpo R2, aAAd Tepipével Tov Rx. Kapia amo tig dvo
gpyaaieg oev gival dlaTEBEIPEVN VA OTTEAEUBEPWOEL TOV TIOPO TNG av Oev IKAVOTIOINBEL TO
EKKPEPEG aitnud TnG. Emopévwg, n Katdotaon autr] odnyei oe adlE€odo Kal yia Tig 600
gpyacieq. H katdotaon autr UTIOPEi va eTEKTABEL KOl g€ PEYAAUTEPO APIBUO €PYATIV Kal

TIOPWV 03NYWVTAC O€ OAUCIOWTA PUTIAOKOPIoUOTA.

< I-*} < f}
NOIEi0d0

(i Tr2>

1 | Epyuotu uoo LKtIAlltuL
1 Fpyonia ttou xpnailiottoili Tov 1tépo Hi

N7V VI Epvooia riou Xpil«ipoTtoif] 1ovitopo K2 <mi K2

ZxAua 2-6: Mapadelyua Tou PAIVOUEVOU ToU adIEE0d0U
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To @avOpeEVO TOU adIEEodou eival &va TIOAD ONUOVTIKO JATNUA VIO KPIOIUEG
EQOPUOYEC TIPAYHOTIKOU XPOVOU, YI' aUTO KOl TIOAEC MEAETEG £XOUV AQPIEPWOEi aTnVv €€glpeon
A0oNG yia 1o TPORAnua. Mia pébodog eival va dloo@aAICTED pia oelpd yia TNV TIpoafaocn
otou¢ TopouC (Havender, 1968). Aev eival Opw¢ mAVIO duvVOTO va €QAPUOLETOl QUTH N
TEXVIKN OIOTI €ival aTapaitnTo Vo yvwpi{ouye 0AOLC TOLG TTOPOUC TIOL Ba XPNOCIUOTIOINCEl Jia

gpyaaia Katd tn JIAPKEIA TNG dPACTNPIOTNTAC TNC.

Mia AGAAn TEXVIKN 1N oToia propei va xpnoidotomnBei on line €ival yvwaot w¢ o
oAyopiBuog tou tparedit (banker’s algorithm, Haberman 1969) ko artaitei kGBe epyaacia va
ONAWVElL €K TWV TIPOTEPWV TOV HEYIOTO OPIBPUO TIOPWV TIOU EVOEXETAI VO OECOUEVTEL

TAUTOXPOVO.

Mio GAAN pEBOdOC, €XEl va KAVEL E TNV XpNOoIJoTIoinon evog @UAAKO XPOVOUETPNTH
(watchdog timer). H xprion &€voc TETOIOL XPOVOUETPNTA ETUTPETIEL TNV AVOKAALYN adpaVWV
Epyaoinv, KabBw¢ yia adpavng epyaocia sival Bavwg pia epyacia ae adie€odo. ‘Etal, n Avon
gival va yivel emavekkivnon tng epyaaciag r Kot 0ANgG tng opadag Twv EPYACIV OTNV OToia
OVOKOAD@BNKav  adpaveic epyacie o@eINOPevEC 0t adlEgodo. H  TeXxviK  auTh
XPNOIUOTIOIEITOI APKETA cuXVA OTav Ta adlE€oda TIPOKUTITOUV OTIGVIA, WOTOC0 Oev €ival

OTI00EKTN Y10 cuoTAUATA LPNAOU BaBPOL KPICIUOTNTAC.

2.5 XpPovoTtpoypPaPUOTIOTIKEC HEBODOI 08 KATAOTACEIC (POPTOL

€ KOTOOTAOEIC (POPTOU €VOC TIPAYHOTIKOU CUCTHMOTOC 0 XPOVOC LTIOAOYIOHUOU Miag
opadag epyoaciwv uTepPaivel Tov dlaBECIHO XPOVO KOTA TOV OTIoio €ival dlaBéaiyog o
ETIEEEPYOOTIC, ME GCUVETIEID TNV HN IKAVOTIOINON XPOVIKWV TIPoBeouIicv. AKOUN Kal o€

TIEPITITWOEIG TIOU TO CUCTHHATA TIPAYUOTIKOU XPOVOU KOl Ol EQOPHOYEC TOUC £XOUV OXEDIOOTEI
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KOTAAANAQ, EVOEXETAl VO TIPOKOWOUV KABUOTEPNTEIC YIO dAPOPOLG AOYoULC, OTIWC Eival n
OTIWAEIO €VOG OFUOTOC EVEPYOTIOINCNC Miag epyaciog TOu O@EIAETOl G€ TOAAUO KATIOIOG
OUOKELNG, 1 N ETEKTACN TOU XPOVOU UTIOAOYICHOU KATIOIWV EPYOACIWV TIOU O@EIAETOI OTOV
TIAPAAANAO  JIOUOIPOCUO KPIoIWWVY TIOpwv. AKOMN, Ol TOUTOXPOVEG OEIEEIC TIOANQV N

TIEPIODIKWV EPYOCIWV UTIOPOUV VA 0dnNyHoouv To cUCTNUO O€ KATAGTOOT QOPTOU.

2NV TIEPITITWON TIOU TO CUCTNUAO Ogv €ival OXEDIONOUEVO VO QVTIMETWTTILEl TETOIEC
KOTOOTACEIG, TO OTIOTEAECUATA UTIOPE va gival kataoTtpo@ikd. Or Baacikoi alyopibuol (EDF
& RM), oOmw¢ avutoi avoALBnkav TOPOTIAVW, TIOPOLCIAJOLY @TWXEC OTI000CEIC OF
KOTOOTAOEIC POPTOL Kal Oev €ival cge Bean va OlaXEIPIOTOUV OPAdEC KOBLOTEPNUEVWV
EPYAOIwV. AKOUN TIEPIOCGOTEPO, HE AUTOUC TOUC OAYOpIBuoLC av pia egpyacia XAoel TNV

XPOVIKN TNG TIPOBECia TIPOKAAEL KOl TIG LTTOAOITIEC TNV idla KatevBuvaon (domino effect).

251 Alaxeipion epyaciwv TIPAYUATIKOU XPOVOU PE METAPBANTEC XPOVIKEC TIOPAUETPOULG

‘Eva gboTtnua TIpayudaTtikol xpovou SIaXEIpIdeTal TIOANEG Epyaaieg Kal N amo@aan Tng
EKTEAECTC TOUC Pagoiletal OTOV XPOVOTIPOYPOUUOTIOT). O XPOVOTIPOYPOUUATIOTAG, OTn
OLVEXEID, BacileTal aTNV YVWOT Yia TOV XPOVO LTIOAOYIOUOU TNG KABE Epyaciag, OTIC OXETEIC
€EAPTNONC TIOL EVOEXOUEVCG LTTAPXOUY PETAEY TOLG KOl OTIC TIPOBETHieq LAOTIOINONC, WAOTE Va
TIAPEL TIC OWOTEC XPOVOTIPOYPOUUATIOTIKEG aTIoQAcEel(. KATI TETOIO AITOLPYEi 0pBWC OGOV
0 XPOVOG €KTEAeONG TNC KaBe epyaoiag eival Tpokabopiopévog. Opwg,  évag
XPOVOTIPOYPAUMOTIONOC Baci{OPEVOC OE TIPOKOOOPICUEVEG TIOPAUETPOLG HAAAOV dev Ba ival
OTIOTEAECHOTIKOG YyIO €va OUVOUIKO TIEPIBAAAOV. T TNV OVTIMETWTION €VOC TETOIOL
TIEPIBAAAOVTOG, AOITIOV, O XPOVOTIPOYPOUMPOTIONOG EKTEAECNC EVOC GUOTHMATOC TIPAYHOTIKOU

XPOVOU TIPETIEI VA EiVal APKETA EVADYIOTOC.
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MNa mopddelyya, o€ GUOTHPATA TIOAVPECWY, Ol XPOVIKOI TIEPIOPICHOI UTTOPOUV va gival
TIOAU TTI0 €VAUYIOTOL KOl OUVOMIKOI OTT 0G0 ETUTPETIETAL. APOACTNPIOTNTEG OTIWG 1 dlaxEipion
EIKOVOCG KOl NXOU EKTEAOUVTOL TIEPIODIKA, OAAA Ol pubpoi Kol Ol XpOvol EKTEAECNCG TOU(
MTTOPOUV va PNV €ival Kol T000 auoTtnpoi 600 O AAAEG TIO QUOTNPEC EQAPUOYEC. Av dia
epyaoia dlaxelpileTal CUPTIECHUEVECG OOPEG, O XPOVOC CULUTIIEONC KOl OTIOCUMTIIECNC TNG KABE
O0ouNG METARAAAETAI aVAAOYO HE TNV TIOAUTIAOKOTNTO NG €lkovacg. 'Etol, pmopei va eival
MEYOAUTEPOC OTIO TOV HECO XPOVO EKTEAECNG. ZUVETIWG, O XPOVOC EKTEAEONC TNG XEIPOTEPNC
TIEPITITONG Mia epyaciag pTopel va €ival OpKETA PEYOAUTEPOC OTIO TOV HECO XPOVOo
EKTEAECNC. E@ooov o1 auotnpég epyaacieg TIpaypotikou Xpovou Paciovial otov Xpovo
EKTEAEONC TNG XEIPOTEPNG TIEPITITWONG, Ol dPACTNPEIOTNTEG TIOU C@OPOUV TA TIOALUECO
MTTOPOUV va 0dNyrjo0oLV O€ OTIOTAAN TWV ETIEEEPYOCTIKWV TIOPWY, AV OVTIPMETWTIICTOUV Cav

aUOTNPEG EPYACIEC TIPAYUOTIKOU XPpOvou.

‘Eva AAAO TTOPAdEIYUO EXEl VO KAVEI PJE TA CUCTHUOTA PAVIAP, OTIOU 0 APIBUOG TWV
OVTIKEIMEVWV TIOU OTITIKOTIOIOUVTAI UTTOPEL va PETARAAAETAL UE TOV XpOvo. ‘ETal, 0 @OpTog Tou
ETIEEEPYOOT] UTTOPEL va OAAAel AOyw TNG avénong tng JIAPKEIOG EKTEAEONC Miag epyaciog n
OTIOI0 CUVOEETAL PE TOV OPIBUO TWV AVTIKEIMEVWY. KATIOIEC QPOPEC, YIO TOLCG LTIOAOYIOHOUG
TIPAYUOTIKOU XPOVou, €ival KOAO va PNV ETUSIWKETAL N PEYIOTN duvaTH aKPiBeld, oUW WOoTE
0 XPOVOC Kal Ol TIOPOl va JI0@UAACCOVTAl TIPOKEIPEVOL VO XPNGCIYOTIOIB0o0V amd AAAEG

EPYACTIEC.

APKETEG €PELVEC €XOULV ETTIKEVIPWOEI ot dlaxeipion Twv €pyaciwv PE PETABANTONG
XPOVOULCG EKTEAEONG. TPEIC KUPIOL TPOTIOl YIO VO OVTIUETWTIOTEI TO TIPOPANPO auto €ival ol

g&nc:
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e €I0IKA HOVIEAQ EPYOOIWV IKOVA va OIOXEIPIOTOUV HETARBANTEG TIOPOAUETPOUG
EPYaciwV, OTIWC TIPOoBeoie¢ LAOTIOINONG, TIEPIOdOULC I XPOVOUC EKTEAECTC KOl
UTTOAOYIOHOU

e on-line TpocapudCIUO  HPOVIEAO, TIOU UTIOAOYICEl TIC HEYIOTEC TUBAVEG
TIOPOUETPOUC PiOg Epyaciag ae OTIolIovONTIOTE XPOVO.

e UNXOQVIOPOG OVEKTIKOTNTOC Of CQAAUOTA TIOU €EQT@OAILEl CLUPUOPPWON HE

TIPOKOBOOPIOUEVEG XPOVIKEG OTIAITHOEIG KATW OTIO OTIOI0dNTIOTE GUVONKN.

2.5.1.1 EISIKA PHOVIEAD YIO PETABANTH EKTEAECN

210 TIAQICIO TWV EIBIKWV POVIEAWV YIO €PYOCieC PE PETAPBANTOUC XPOVOU( EKTEAEDNC,

€xouv TtpotaBei dU0 TIpoCeyyicelg:

e OTOTIKOG XPOVOTIPOYPOUUATIOPOG HOVOTOVOU puBpol (statical rate monotonic
algorithm, Atlas & Bestavros 1998) kai
e TIOAUOOMIKO HOVTEAO VIO EPYOACIEC TIPAYHUOATIKOU Xpovou (multiframe model for

real-time tasks, (Mok & Chen 1997).

To TPWTO POVTEAO €ival Hia YEVIKELGN TOU KAAGIKOU OAYOPIBUOL HOVOTOVOUL puBuoU.
Mo kabe epyacia opiletal pia mtolotnTa vTnpeciag (Quality of Service) cav n TBavoTNTa OTI
o€ Mia auBaipetn POKPA TEPIOOO €KTEAEONG, €va TUXQIO COTYMIOTUTIO TNG gpyaciag Ba
IKOVOTIOINGCElL TNV XPOVIKI Tou TipoBeopic. O OTATIKOG XPOVOTIPOYPAUMATIONOG HOVOTOVOU
puBuoU artoteAeital amto duo PEPN: TNV €i00d0 NG EPyACiag Kal Evav XPOVOTIPOYPOUUOTIOTH.
O eAeyKINC €10000L TNG epyaaciog dlaxeipidetal TNV TIOIOTNTA LTINPEECIAC TIOU TTAPAdISETAI OTIC
METARANTEC epyaoie, pPEow piag emAoyng admit/reject Kol PECW ATIOPACEWVY TIOU ACUPBAVEL

TIOU £XOUV VO KAVOUV HE TO BEUa TwWV TIPOTEPAIOTHTWV. MO CUYKEKPIYEVA Oev OTIOTOAAEL
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KOBOAOL TIOPOUCG O€ EPYOCIEC Ol OTIOIEG TIPOPAVWG Ba XACOULV TIC XPOVIKEG TOLCG TIPOBECHIEC,
MElVOVTag TOV @Opto. O XPOVOTIPOYPOUMATIOTAC €ival €vag aTtAog, TIPOEKXWPNTIKOC
XPOVOTIPOYPOAPUATIOTAC KOBOPIoPEVWVY TIPOTEPAIOTTWY. O OTATIKOC XPOVOTIPOYPAUHATIONOG

HOVOTOVOU puBPOUL €ival ATTOAUTA KATAAANAOC VIO EQOPHOYEG TTIOAVHUEGWV.

To TIOAUOOMIKO MOVTEAO ETUTPETIEL OTOV XPOVO EKTEAECNG Miag epyaciag va
METABAAAETAL ATIO TO €VA OTIYUIOTUTIO OTO GAAO. ZTO HOVTEAO QUTO Ol XPOVOI EKTEAECNC TWV
OladOXIKWVY CTIYMIOTUTIWV  HIOG Epyaoiag kaBopidovtal amo €vav TIETIEPACHUEVO TTivaka
OKEPQiWV apIBPWVY Kol OXl OTI0 €vOV CUYKEKPIUEVO OpPIOPO 0 OTI0I0C AVTITIPOOWTIEVEl TOV
XPOVO EKTEAECNG TNG XEIPOTEPNG TIEPITITWONG, OTIWG CLMPBAIVEL OTO KAQOIKO POVIEAO. Brjpa
TIpoG¢ Priua, To Avw Oplo TNG XPNOIPOoTIoinong TOPAyeTal PECO OE Mia OTPATNYIKN
XPOVOTIPOYPUUMOTIOHOU TIPOTEPAIOTATWY UTIO TOV JIOOECIYO TIETEPACUEVO TTivaKa. 'ETOl, TO

MOVTEAO QUTO BEATIWVEL TNV YOPTO TNG XPNOILOTIOINOT G TOL £TIEEEPYATTH.

2.5.1.2 On-line pocappoOCIPo POVIEAO

210 TTAQiolo Tou on-line TTPOCOPUOCIPOL POVTEAOL TIPOTABNKAV dV0 TIPOCEYYICEIC: TO
EAAOTIKO poviédo epyaoiwv (Elastic task model, Buttazzo et.al.,1998) ka1 10
TIPOYPOMUMATIOTIKO TIPOCOPUOCIPNO PHoVvIEAD epyaoiwv (scheduling adaptive task model, Wang

& Lin, 1994).

>T0 €AOCTIKO HOVIEAO EPYOOIWV, Ol TIEPIOBOI TWV EPYOCINV OVTIPETWTII(OVTAlL W(

EANOOTIKEG ME OEOOPEVEG EAACTIKEG TIAPOUETPOUG: PEYIOTO KO EAAXIOTO PAKOG XPOVOUL Kal Evav

auoTNPO oLVTEAEDTH. OI TIEPIODIKEG EPYATIEC PTTOPOUV VA OAAA{OUV OKOTIUWG TIC TIEPIOSOUG

KOl TOV PLUBHPO EKTEAECTIC TOUC YIO VA TIAPEXOLY SIAPOPETIKN TIOIOTNTA LTINPECIOG, WOTE Ol

GAAEC €pyaoieg va PTIOpOoUV OUTOPOTO VA TIPOCOPPOCOULV TIG TIEPIOOOLC TOUC KPATWVTAG TO
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oVLOTNUO O OUVONKEC XaPNAOUL @OpTov. To MPOVTEAO QULTO €ival TIOAU XPNOIYO yia TNV
dloxeiplon €@OpUOywV KOl TIOAUPECWY, OTA  OTIoI0 Ol PUBUOI  EKTEAEONC KATIOIWV
UTTOAOYICTIKWV OpacTNPIOTATWY Ba TIPETEl va  €ival OUVAMIKA TIPOCOPUOCHEVOL HE TNV

EKAOTOTE KATACOTOON TOU CUCTAUOTOC.

MNa mopddelyya, a¢ OKEPTOUUE Mia opdda Tplwv epyaciwv Ti(ji,CiDi,Ti) e ta
TIOPAKATW Xapaktnpiotika ~(0,10,20,20), 1t2(0,10,40,40) ka1 t3(0,15,70,70). Me auteg TIG
TIEPIOOOLC N CUYKEKPIPEVN OUAdA EPYACIWV EiVAL XPOVOTIPOYPAUMATICIUN OTI0 TOV OAYOpPIBUOo

EDF epocov

10 10 15
+ - 0964 <1
20 + 40

Av n epyaacia T3 €AATTWVElI TOV PLUBUO eKTEAECNC TNG o 50 dev vEioTATAl EQPIKTOC

OAYyOpPIOPOG O@OU 0 POPTOC TOU ETIEEEPYATTH] Ba TIPETIEI va €ival HIKPOTEPOC TNE JOVAdAC:

10 10 15
--—h—+— 105>1
20 40 50

QOoT1000 10 CUOTNUAO MPTIOPED va aTtodeXTEl TOV LYNAOTEPO PLBPO NG epyaciag T3
MEIOVOVTOC TNV EKTEAECT TWV 0V0 GAAWV gpyaciwv. MNa pia 1epiodo g Taéewg oL 22 yIa
v gpyaocia Tl Kal 45 yia tnv pyacia T2 TIaipvouue @OPTO TOUL €TIEEEPYNOTH] MIKPOTEPO TNG
povadac:

10 10 15
=22+ 45 + 55=0977 <1
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2.5.1.3 MnNXaviohOg OVEKTIKOTNTOC o€ opaApata (Fault tolerant mechanism)

H Baolki 13€a TOU PNXAVIGPOU QVEKTIKOTNTOC 0 GQAAUATA, BACieTal GTO POVIEAO
TWV  OVOKPIBWY UTIOAOYIOPWY. AnAadry otnv  €€aywyr] OTIOTEAECHATWYV  QTWXNG OAAA
OTTOOEKTNC TIOIOTNTAG OTOV ETUOUUNTO XPOVOo, OTAV TA AKPIPI] OTTOTEAECHOTA OEV UTIOPOULV VO
Tapaxbolv eviog TOU KOBOPIGPEVOL XPOVOUL. 2TO TIAQICIO OUTO, €XOouv TIpoTaBei dUo
MNXOVIOUOi: TO POVIEAO MNXaviopoU TipoBeopiag vAoTtoinong (deadline mechanism model,
Campel et al., 1979, Chetto & Chetto, 1991) KOl TO HOVIEAO TWV OVOKPIBWV UTIOAOYIOUWYV

(imprecise computation model, Chung et al., 1990).

A) Movtélo unxaviopoL TipoBeopiog vAoTtoinong (deadline mechanism model)

To POVTEAO pNXaviopoL TipoBsopiag vAoTtoinang armaltei KABe epyacia T va €XEL Eva
Baoiko (primary) T\ Kol éva eVaAAOKIIKO (alternative) mipoypappa T O BagiKOg aAyopiBuog
TIOPEXEL KOANG TTOIOTNTOC UTINPECIA, N OTtoia €ival (UOIKA Kal TIEPICCOTEPO ETUIOLUNTH, OAAG
0€ AYVWOTO PNKOG XPOvou. TO EVOAAOKTIKO TIPOYPOAMMO TIOPAYEL EVO OTIOOEKTO OTIOTEAECHA,
OAANG 0a@WC AlyOTEPO ETIIOLPNTO, OE €va VIETEPMIVIOTIKO KOl YVWOTO MNKOC XPOVOoU. Z& €va
oUCTNUO EAEYXOU TO OTIOI0O XPNOIUOTIOIEL TOV PNXOVIOPO TIpoBeopiag uvAoTtoinong, o
XPOVOTIPOYPOAUUOTIOTIKOG OAYyOpPIBUOC Jlac@aAilel OTI OAeC Ol TIPOBeCpiec vAOTIOINONG

IKOVOTTOI0UVTAI EITE A0 TO BACIKO TIPOYPAUUA, EITE ATIO TO EVOAAAKTIKO TIPOYPOUUO.

To JOVTEAO PBPICKEl EPAPUOYN OTO CUCTIUOTO OEPOTIOPIKWY OKOPWV. 2ZTA CLCTIUOTA
auTd, €va ot Ta BEPaTa TIoUu POg EVOIA@EPEL ival 0 KaBoPIoUOS TNG BEoNnNg TOL aEPOTIAGVOU
KOt 1n OJlapkela tng Tmmong. H mo okpiri¢ péBodog eival va xpnolyoroindei pia
OOpPUPOPIKN ETIIKOIVWVIO PEOw TNG TeXVIKAC GPS (Global Position System). AAG To

TIPOYPOMPO TO OTIOI0 OVIOTIOKPIVETAI G’ QUTH TNV ASIToupyia, €xeEl pia Ayvwaotn JIapKEIX
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EKTEAEONC AOYW TTIOAAATIANG XPrioNg TOU d0PUPOPOL aTIO SIAPOPOUC XPFOTEG. ATIO TNV GAAN,
UTTAPXEL N TUOOVOTNTA TO OEPOTIAGVO va PpiocKeTal OTNV OwWaoTH B€on XPNOIUOTIOIWVTIAG TNV
Tiponyovuevn Kabopilopévn B€on tou, dedougvng TNG TaxVTNTAC Kal NG Katevbuvong Tou,
MEoO o€ £va KABOPIoPEVO XPOVIKO BAua. H TIpwIn TEXVIKN OVTIOTOIXEI OTO BACIKO TIPOYPAPU

EVM N OeVTEPN, OAAG KOI TIIO AVOKPIPNG, OTO EVOAAAKTIKO TIPOYPAMA.

B) Movteho avakpiwv uTtoAoyiopwy (imprecise computation model)

O XPOVOTIPOYPAUUATIOPOCG TIEPIODIKWY  EPYACIWV  HPE  AVOKPIPRN  OTIOTEAECUOTO
TIOPOUCIACTNKE ETTIOCNUA YIO TIPWTN opda arod tov Kwei-Jay Lin Kal Tou¢ OLVEPYATEC TOL TO
1987. Zto OULCTAUOTO TIPAYMOTIKOU XPOVOUL, €0TIAOUPE OTO YeEyovo(g OTI KABe gpyacia
OAOKANPWVEL TNV EKTEAECT TNG TIPIV TNV ANEN NG XPOVIKNG NG Ttpobsopiag. Opwg, didgopa
O@AOAMOTO KOl AGBn PItopouv va TIPOKOAECOUV [ IKAVOTIOINGT TWV XPOVIKWV TIPOBECHIWV.
‘Etol, €1onxOn n 100 NG EKPETAAAELONG HEPIKWV-AVOKPIBWY OTTOTEAEOUATWY, OTavV Td
aKpIPBr) dev WPTIOPOUV va TIapaxBolv OTO ETUTPETIONEVO XPOVIKO TIEPIBWPI0. Avamtuxonkav,
AOITIOV, EIOIKEC TEXVIKEC, Ol OTIOIEC WTTOPOUV VO TIOPAYOUV KOl VO XPNOIPMOTIoOIoUV HEPIKA
OTIOTEAECUOTA YIO CUCTHAMOTO TO OTIoi0 PTIOPOUV TA LTIOCTNPIEOLV TEXVIKEG OVOKPIBWV

UTTOAOYICHWV.

H €vvola Twv avakpiBwy LTTOAOYICHWY EICAYEL Jia TEXVIKN), OTNV oTtoia eEao@aAilstal
OTI éva HEPIKO OTIOTEAECHO OTTOOEKTNG TIOIOTNTAG €ival dlaBEoipo otov XpNoTn, Otav Ta
aKPIBN OTIoOTEAECHUOTA €V PTTIOPOUV va An@Bolv eykaipwg. Mo va vrtootnpiel avakpipeic
UTTOAOYICPOUCG €va CUCTNUO TIPAYHOTIKOU XPpOvou, KABE epyacia oTo clOTNUO TIPETIEL va
dounOei pe TETOI0 TPOTIO WOTE VO UTTOPEL va aTtoouvTeDei o€ dU0 AOYIKA PEPN: TO UTIOXPEWTIKO

(mandatory) Kai 10 TIpoaIPeTIKO (optional) pépog. To LTTOXPEWTIKO PEPOC Yia Hia epyaaia Ba
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TIPETIEL VO EKTEAEITAIL TIPIV TNV ANEN NG TIPOBECHIaG LAOTIOINONG, TIPOKEIUEVOU VA EXOUVUE Eva
OPKETA O&IOAOYO OTIOTEAECHO. TO TIPOAIPETIKO MPEPOC TNG €PYACIOG OTIAWCG BEATICOVEL TNV

TIOIOTNTA TOU TEAIKWG TIAPAYOUEVOL OTTOTEAECHOTOG.

Mia epyacia A€yetal OTl TIapAyel €va OKPIRBEC attotéAecpa (precise result), otav
EKTEAECTOUV TO UTIOXPEWTIKO KOl TIPOAIPETIKO PEPOC TIPIV OTIO TN TIpoBeopia vAoTToinoNC.
AVTIOeTa, AgyeTal OTI TIAPAYEl QVOKPIBEC/TIPOCEYYIOTIKO (imprecise) aTotéAecpa  OTav

EKTEAEITAL POVO TO UTIOXPEWTIKO PEPOG.

Epyoaoia oto cuPBATIKO PHOVTEAO Epyacia 0TO HOVTEAOQ OVOKPIBWY UTTOAOYIC WV

Zxnua 2-7: Epyacia 010 cupBatiko PJOVTEAO KOl OTO POVTEAO OVAKPIBWVY UTIOAOYICHWVY

H KevipiKn 18€0 TV aVOKPIBWY UTIOAOYICHWY, €ival n dOTIPAYHATEVOT TNG TTOIOTNTOG
yia Xdpn Tou XPOVOU, PE OKOTIO TNV ATIOQULYH TWV XOPEVWVY XPOVIKWV TIPOBECHIWY, TIAVTIA UE
N J100@AAICN OTI €Va TIPOCEYYIOTIKO OTIOTEAECHO MIAC OTIOOEKTIG TTOI0TNTAG E€ival TIAVTOTE
dlaB<oipo, Otav TO OKPIBEC aTtoTEAECUO dev PTTopPEl va e€axBei ota TTAaiola TnNg poBeouiag
vAortoinong. Ma va dSl100@OAICTEI KATL TETOIO, UTIAPXEl Mia co@ng TIPOTEPAIOTNTO TOU
UTTOXPEWTIKOU PEPOUC, TO OTIOIO TIPETIEL TIAVTA VO OAOKANPWVETAL, TIPIV APXIOEL N EKTEAECT] TOU
QVTIOTOIXOU TIPOAIPETIKOU PEPOULC. H Xprjon Tng TEXVIKNG TWV AVOKPIBWY LTTOAOYICHWV Eival
€Vag¢ TPOTIOC VO OTTOPEVYOVTOI TA XPOVIKA AABN KATA TN SIAPKEIA TIAPOSIKWY LTIEPPOPTWOEWV
TOL OLOTNMOTOC. AUTO TO TIETUXOIVEL PHE TOV TIPOWPO TEPUATIOUO 1] TNV OKUPWON EKTEAECNC
OAOKANPOUL TOU TIPOAIPETIKOU HEPOLCE, OTAV OEV LTTAPXOLV OPKETOI dlOBECIPOl TTOPOl OTO

oULoTNUa 1 OTav OEV UTIAPXOUV XPOVIKA TiePIOwPIa. AUTO (QUOIKA E€XEl WG OTIOTEAECUA
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XOPNAOTEPN TIOIOTNTA, OAAG QUTO PTIOPED VA YiIVEL OTTOOEKTO, OV OAOKANPWOEI TO LTTOXPEWTIKO
pépOC. 'ETOl, AoITtov, KePOIleTal TIOAUTIMOC XPOVOC HE TO OVOKPIBEC OAAA  XprOIUo

OTIOTEAECHA.

21O PHOVTIEAO TWV AVOKPIBWVY LTTIOAOYIGHWY LTIAPXOLV TA TIAPAKATW dVO €idN EPYATIWV:

e UovOTOVECG Epyaoiec (monotone)

e gpyaaieg pe eplopiopo 0/1 (0/1 constraint).

O d1oXwWpPIoHOG PETAEL TwV 00 TIOPATIAVW EYKEITAI OTNV TIOIOTNTA TOU ATIOTEAECHATOC
TIOU ETIPEPEL N EKTEAECT] TOU TIPOAIPETIKOU PEPOLC. Movotovn €ival pia epyacia otnv oroia
000 TIEPICCOTEPO EKTEAEITAI TO TIPOAIPETIKO PEPOC TOCO TIEPICOOTEPO PBEATIWVETAL 1 TIOIOTNTA
TOU OTIOTEAECUOTOC. ZAPWE, TO AKPIBEC OATIOTEAECHO ETUTLUYXAVETAL OTOV OAOKANPWOOLV Kal
Ta OU0 AOYIKA PEPN HIAC gpyaoiag. OuwE, OKOPO KAl av €KTEAECTEl &va HIKPO HEPOC TOUL
TIPOQIPETIKOU HEPOUC, OTIC POVOTOVEG EPYOTIEC, N TOIOTNTO TOU TEAIKOU ATIOTEAECOHOTOG

BeAtioveTal Kal oLVEXICEl VO BEATIWOVETAL OG0 CLVEXICETAL N EKTEAECT.

AVTIOeTa OTIC epyacieq pe TeEPIOPICHO 0/1 yia va £X0UPE BeEATiLaN NG TTOI0TNTAC TOU
QTIOTEAECHOTOC ATIO TNV EKTEAECT] TOUCG, OO TIPETIEL TO TIPOAIPETIKO PEPOC VA OAOKANPWOEI.
Mio pEPIKN) EKTEAEQT TOU TIPOOAIPETIKOU HEPOUC OEV TIPOOEEPEL TITIOTA OTNV TIOIOTNTA TOU
TEAIKA TIAPOYOHEVOU ATIOTEAECHUATOG. O XPOVOTIPOYPAUHOTIOHOCG OUTWY TWV EPYNCIWV YiveTal
ME OIO@OPETIKO TPOTIO OE OXEON ME TIC MOVOTOVEC £pYyaTieC Kal £€K0UV ONUOCIEVTED €10IKOI
OAYOPIOUOL XPOVOTIPOYPOUHATICHOU. TNV TIEPITITWAT OUTWV TWV EPYACIWV YIVETAI KATAVONTO
OTI TuOavry JIOKOTIR] OTNV €KTEAECN TOU TIPOAIPETIKOU MPEPOUC GCUVIOTA XOPEVO XPOVO

EKTEAEONC.
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Ke@aAaio 3 To Meplodikd MovtéAo

3.1 Elcaywyn

H evdexdpevn Xprjon TOu ACUPHOTOU PECOU Yyia Tov €Aeyxo OIktuwonc (networked
control) €xel pEPEI OTO TIPOCKIVIO TNV AVAYKI YIO €PELVA OTOV XPOVOTIPOYPAUUATICUO TwV
aocUPPOTWY CLOTNHATWY. Ol EPAPPOYEC TIPAYHATIKOU XPOVOU O&V OTTAITOUV HOVO IKavr Kal
a&lotuotn TapoAapry dedOPEVWY, OANG ETTiONG N eykolpotmnta (timeliness) eival vTEPTOTNG
ONUOVTIKOTNTOG, KABWC N ETIKOIVLWVIO TwV OEOOPEVWV E€ival guXVA HEPOC MIOG OLVOETING
S1000XNC KPIOIHWV XPOVIKA TIPAEEWY TIOU EKTEAOUVTOL ATIO TO GUCTNHA EAEYXOU BIKTUWONC OF
armavinon o€ €EWTEPIKA  yeyovota. TETOIOU €idOuC €YYyUNOEIC TIPOYHOTIKOL  XPOVOU
QTIAITOUVTAI ETIONG VIO EQAPPOYEC TIOAUPECWY O acUppata diktua Bpoxou (wireless mesh
networks). Ztov TTapadooioKO XPOVOTIPOYPOUHATIONO TIPAYUOTIKOU XPOVOoUu, TIAVw CGTOV OTIoI0
Baoiotnke 1O TEDIO TOU KAOQOOIKOU WYPN@IOKOU €AEYXOU, TIPOEKUYE TO TIPOPRANUO TOU
XPOVOTIPOYPOUHOTIOPOU TWV E€PYOOCIMV TIOU OTIAITOVCE TUYKEKPIPEVOULG (VIETEPMIVIOTIKOUG)
XPOVOUCG EKTEAECNC WOTE VO TNPNOOULV TIC ALOTNPEC TIPOOeoUIEC OAOKANPwaONG. QoTtooo,
e€attiag tng ava&loTiioTiag Tou acUPPATOL PECOL TIoU ogeiAeTal atn diaAspn (fading). Eivai
QTIOPAITNTO VA ETIIANPOOVUE TOL TIPORANMATOC TOU XPOVIKOU XPOVOTIPOYPOUHATIONOU yid TIG

EPyaoieg pe TOLC ABERAIOVG XPOVOUC EKTEAECNC.

Mopakivoupevol aTtd aVTO KAl XPrOIMOTIOIVTAC TO TIAQICIO TOU OTOXOOTIKOU €AEYXO0U,

MEAETACOUE TO TIPOPANUA TNG E€AAXIOTOTIOINCNG TOU OVAPEVOUEVOU AOYyOou aoToxiag Ttng
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TipoBeopiag vAoTtoinong (deadline miss ratio) yla TuXaioug XPOVOUC EKTEAECNG. ZUYKEKPIYEVQ,
MEAETNOOUE €Va KOVOVIKO TIPOYPAUHA XPOVOTIPOYPOAUHATICHOU IO aoUPHUOTA CLCTIUOTA HE
QATIAITACEIC EQAPUOYWVY TIPAYUOTIKOU XPOvou. Mapadoolokd, TETOIEC AAVOBAVOUCEC EYYUNOEIG
TIOPEXOVTOI KATA TN XPNOIPOTIoINoN TOU CUVIOVICHOU aviaywviouoUL Ttapadipwv (contention
window modulation) IEEE 802.11 kai tn didtaén mmAaiciwv (frame spacing). H emimtwon twv
OOUPHOTWY OTIWAEIWV KOl TNG TIOIKIAOPop®@iag tng dAaswpng (fading diversity) otov
OxXediOoUA TOUL  XPOVOTIPOYPOMUMATIOHOU TIPAYMOTIKOU XPOvVou €Xel ayvonBei kal Oa
TIPOOTIOBACOLUE VA  aVOTITUEOLPE  MIO  TEKPNPIWMPEVN  ATIoPn Yyl Tov  acUPPOTO

XPOVOTIPOYPOUUATIONO TIPAYHATIKOU XPAOVOou.

YTtapxouv d00 Baoikd Bpata og KABE oXediOOUA XPOVOTIPOYPAUHATIOHOU:

0) OXEJIOOUOC TWV BEATIOTWY TIOAITIKWY XPOVOTIPOYPAUUATICHOU Kal

B) OXEAGUOC TWV PNXOVIOHWVY TIPWTOKOAAWY SIAVOUNG

Epei¢ eonidocape o010 O€pa TV TIOAITIKWY, TIAPATNPWVTAG OTI N BEATIOTN TIOAITIKN
doun emnpeddel oNUOVTIIKA TOV PNXOVIOUO OXESIACHOU. EUAOYWC, N ONUAVTIKI] ovoKAALYn
otn douAsld twv Liu kail Layland mdvw oTtov auotnpO XPOVOTIPOYPOUHUOTIOUO TIPOYHOTIKOU
XpoOvou, Ntav n amodeign NG EMOPKEING TWV OTOTIKWV TIPOTEPAIOTATWY  UNXAVICUWVY
XPOVOTIpOYypaupaTIoHo0 CPU, e TO €TOKOAOLOO OTI TO CUCTAPOTA TIPAYUOTIKOD XPOVOU

KUPIWE XPNOCIUOTIOIOVV G UEPT XPOVOTIPOYPOUMOTIOHNO CTATIKAG TIPOTEPAIOTNTAC.

Twpa Ba TeplypAPovPE TIWE N AcVPPATN EKOOXI AUTOU TOU TIPOPRAAUOTOC JIOPEPEL
0TIO0 TO KAOGOIKO QUGCTNPO XPOVOTIPOYPOAUUOTICUO TIPAYHOTIKOU XpOvou. H TIpoypauuoTIoTIKA
OVOAUGCHN YO TO OUCTNPA CUCTAMOTO TIPAYUOATIKOU XPOVou E€ival TUTIIKA PaCIiopEvn OTO
KAOOOIKO TIAdiolo Twv Liu kot Layland. Eival yvwotd OTI 0 XPOVOTIPOYPOUMOTIOHOG

povotovikoU puBuoy (RM) KOl 1 TIPOCEYYyIon XPOVOJSPOPOAOYNONG TNnNg Evwpitepnq
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TipoBeopioag vAoToinong (earliest-deadline-first (EDF)) sival OTOTIKEG KOl SUVOUIKEG TTIOAITIKEG
TIPOTEPAIOTNTAC QVTIOTOIXO, ME TNV €vvola NG HMEYIOTOTIOINONG TNG TIPOYPOUUOTICTIKNG
TIEPIOXNG YO TIEPIODIKEG O@I&elG. To euvplTEPO TIAGIOIO plag TETold avdivong eival o
XPOVOTIPOYPAPPOTIONOG CPU Kal €ival amoAuTa VIETEPHIVIOTIKOC. A&V UTIAPXEL AITIOAOYNOT
yia TNV 1avotnta OTl €vag XPriotng va XPOVOTIPOYPOAUUATIOE GE IO XPOVIKI Tiepiodo (slot),
MTTOPEl KAl va PNV OAOKANPWOEl ae autr] Tn XPOVIKN Tepiodo e€aitiag, yia Tapadelyua, g
OTIWAEIOG €EVOC TIAKETOU. ATIO TNV GAAN, TA ACUPPOTO CLCTHHOTA €ival YVWOTA YO TETOIEG
OTIWAEIEC TIOU O@EIAOVTOlI Ot MEYAANG KAipokag e€aocBevnon Ttou oruatog (scale signal
attenuation), oe PIKPNG KAipakag dIGAsIPn twv TtoAvpovoTiatiwv (multipath fading) kot amo
@AIVOLEVO OCUPPATWY TIAPEPPBOAWY. 'ETOl, €ival KOva atnv TIpAgn Pn a&loTiota eVOIAPECNC
TIOI0TNTOG OULVOECEIG, €10IKA pe Ta diktua IEEE 802.11 koi 802.15.4. Mia Jd10ded0uEvVN
TEXVIKI] YIO TNV KATATIOAEPNON NG OIOKVPOVONG TG TIol0TNTAg TOU CUVOECHOUL Eival o
KOIPOOKOTIIKOG  XPOVOTIPOYpPOUMOTIoONOg (opportunistic  scheduling), otov omoio évag

OTIOOTOAEQC EKTTEPTIEL ETUAEKTIKA OTOUCG OEKTEC PE TO KAOAUTEPO TIOIOTIKA KOAVAAL.

MEeAeTNOOPE €va  KOVOVIKO  TIPOPANUO  OCUPUOTOU  XPOVOTIPOYPOUHOTIOHOU
TIPAYHATIKOU XPOVOU HE OUO XPHOTEC TIPAYUOATIKOU XPOVOU TIOU 0 KOBEVOC CUVOEETAL PE MIa
TipoBeopia vAoTtoinang. O €vag Xpriotng €ival Alyotepo «BIOCTIKOC» OO0 TOV AAAO KOl €XEl
HOKPUTEPN TIPOoBeopia vAOTIoINCONG.  YTIOBETOVTOC OTI 0 AlyOTEPO «PBIOCTIKOC» XPrOTNG EXEl
EVa «KOAO» aCUPPOTO KAVAAL KOl 0 TIO «BIOCTIKOGC» £XEl EVA «KOKO» QCUPHATO KAVAAL, OTIWG
@aivetal oto ZxAua 3-1. Oftoviag v gpwitnon: Mwg Ba TIPEMEl va TIPOYPOAUHOTIOOVUE
aUTOUC TOUG XPrOTEC WOTE VA EAAXIOTOTION|OOUHE TOV OVAPEVOUEVO OPIBUO TWV XOPEVWV
TipoBeouiov LAOTIOINONG, H Bewpia Tou TIPpayuaTIKOU XPOvou TIpoteivel Tn xprion tng EDF
TIPOOEYYIONG. ATIO TNV AAAN, n Bewpia Twv acLpPATwWV JSIKTUWV TIPOTEIVEL TN XPron Tou

KOIPOOKOTIIKOU XPOVOTIPOYPOUMATIOUOU. To TIPOPBANUa oV acUpUaTO
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XPOVOTIPOYPAUUOTIONOU  TIPAYHOTIKOU XPOVOU OTIAITEl MO avioAAayr] METaD Twv OUlo

oLVAYWVILOUEVWV BEWPIWV.

Kako KavaAl Koo KavaAl

Mo "BlaocTKOG" XPAOTNG AlyOTEPO *+BIOCTIKOC" XPNOTNG
Zxnua 3-1: A0O EQOPPOYEG TIPAYHOTIKOU XPOVOU OE £Va AoUPPOTO TIEPIBAAAOV PE

AVOMOoIOTNTA KOVOAIWV.

2TV Tapoloa EPYOCia PEAETIOOUE TO TIEPIODIKO MPOVIEAO, OTIOU Ol O@IEEIC €ival
TIEPIOBIKEG, dNAAdN, Ol epyaaoieg Tou XpProtn T KOTa@BAvouv KABE t, XPOVIKEC TIEPIODOUG HE
TIpoBeauia LAOTIOINONG ion PE TNV TEPIOdO, EeATTICOVTOC VO BPOUME TNV TIOAITIKK] TIOU

EAOXIOTOTIOIEI TOV OVAPEVOUEVO APIBUO TWV XAPEVWVY TIPOBECUIWY LAOTIOINCNC.
Ta KOpla artoteAegpata cuvoiovial AKOAOLOWC;

1. H BeATiotn TTOAIIKN €€apTtATal amod TIG TUBAVOTNTEG ETUTUXIOG KOl aTIO TN dlagopa
Twv OU0 TIPOBECHIV OAOKANPWONG. AnAadr, OTO0 CUYKEKPIYEVO TIPOPRANUO N
BEATIOTN TIOAITIKN] PTIOPEL va OAAAEEl PETOEU TWV XPNOTWV HOVO OTIC XPOVIKEG

TIEPIOOOUC TIOU €ival TTOAAATIAGCIA TNG MIAG 1] TNG GAANG TIEPIOSOU.
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2. H TOAMTIKN TIAVTIO ETIIAEYEL TO XPNOTN TIOU E€XEl TN MEYOAUTEPN TBAVOTNTA
ETUTLXIOC OTAV E€ival TIIO KOVTA OTN JIKI TOL TIPOBeCUia OAOKANPWONG G OXEON PE

TOV GAAO XproTn.

3.2 Mop@oTtoincon Tou TIPORANUATOC

MeAeTrioaue éva cOOTNUA HPE {0EC XPOVIKEG TIEPIODOUC KOl OLVOECAPE KABE XpNoTn HE
€va {evyog TINyNG-Tipoopicpol (source-destination pair). AnAadr, €va KOVOVIKO OEVApPIO HE
000 XPrOTEG TIPAYHOTIKOU XPOVOUL TIOU HolpalovTal E&va agUPHOTO KAVAAL, OTIWE PAivVETal OTO
ZxAua 3-2. KaBe epyaaia Tou Xprotn i €XEl pla TIPoBeoHia OAOKANPWONG KOl JIa araitnon
TOU XPOVOU €EUTINPETINCNG 00 OKPIBWCG ME MIO XPOVIKN TiEPiodo. Mia gpyacia a@rvel 1o
oVOTNUO OV TIPOYPOUUOTIOTE! YIO EKTIOUTI O€ Mia XPOVIKI TIEPIOd0 KOl OAOKANPWOEL ETUTUXWC

QUTI TN XPOVIKN TIEPIod0 1 av AN&el 0 TIPoBeapia OAOKANPWOTC TNC.

210 TIEPIODIKO HOVTEAO, KPATAME TO iXVOC TWV NAIKIWV TWV 0U0 XPNoTwVv KaBW¢ Kal

TWV £PYACIWV TOUC TIoU Bpiokovtal oTo ocLoTNUa.

2= r &> 10 11 12

Zxnua 3-2: A0 XpPHOTEG TIPAYHATIKOV XPOVOUL TI0U PoIpAdovTal Eva 0gUPUATO KAVAAL

67
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Sy TEpImIwon pag, €xouvpe 2 xpnoteg (i,j). O xpnotng i é€xel o TpoBeopio
vAoTtoinong ti = a XPOVIKEG TIEPIOdOUE KAl 0 XPNOTNG j €XEl TpoBeopia vAoToinong tj = b
XPOVIKECG TIEPIOOOLG. O KABe XProTng €XEl MIa THOAVOTNTA ETUTUXIOG EKTEAEONCG TNG EPYOTiag

TOL (pi yia TO XproTn i KAl pj ylo 10 Xprotn j).

3.3 AAYyOpIBuOC LTTOAOYICUOU.

TO OUYKEKPIPYEVO TIPOPRANUA dev XPEIALETAl va €EETACTEI 0 ATEIPO Opidovia KABWC
META OO TOV OpPIBUO TWV XPOVIKWV TEPIOdWV TIOU 1oovuTal Pe 10 EAaxioto Koo
MoAAOTIAGCIO Twv U0 TIPOBECUIV UAOTIOINGCNG ETTAVEPXOUOOTE GTNV OKPIBWG TNV apxIKA

KOTAOTOOT]. ZUVETIWG, TIPOKEITAL yIa pla Mapkofiavr) AAucida pe 4 duvaTeC KATAOTATEIC.

ApPXIKA, O@OU ONAWOCOUPE KOl OPXIKOTIOIOOULUE TIC METAPBANTEC TIoLu  Oa
XPNOIYOTIOI)COVUE OTO TIPOYPAUUO, TO TIPOYpaupa pag {nNtd va KOBOopPioCOUME TIC TIMEG TWV
TIEPIOOWV — TIPOBECUIV LAOTIOINCNG Twv dU0 Xpnotwv (Yt Kal T2) KabBwg Kal TIG TIBAVOTNTEQ
eTUTLYXIOG TWV BV0 Xpnotwv (PX Kal p2). Emiong, cuyPoAidovtag tnv KABe TIBavr) Katdotoon

pe (i, J), opidoupe TIg T€EooEPIC TBAVEC KOTAOTACEIC WG €ENG;:

e (0,0): Otav oUte 0 10¢ OAAG OUTE KOl 0 20¢ XPrjotng €XOUV €pyacia Tpog

eTnegepyaaia oto cLOTNUA

e (1,0): Otav o 1log Xpnoing €xel epyaoia mpog emegepyaoio oto c0OTNUA,

EVW 0 20¢ XPrjotng Ogv €XEL.

e (0,1): Otav 0 20¢ XpNotng €xel epyaocia Tpog emeéepyaoio 010 cVOTNUA,

evw 0 lo¢ Xprjotng oev €xEL.
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e (1,1): Otav kot o0 loc aAAd kol 0 20¢ Xpriotng €Xouv egpyaacia Tpog

gmnegepyaoia oto oLOTNUA.

EmumAgov, av BpIoKOPOOTE OTn XPOVIKA Tiepiodo t Kal ol XprioTteg Ppiockovial otnv

Katdotaan OULMPBOAICoLPE TOV Avapevopevo AplBpo Emtuxiov pe Vi(i,j).

To mpwTto PBrjga €ival o LTIOAOYICHOG Tou EAdxioTou KowvoU MoAAatmAaciov twv dUo

TEPLOdwv (7\ Kal T2) xpnolpoTIoiwvTag Tn ouvaptnon lem.

2T OUVEXEID , ONAWVOUME KOl OPXIKOTIOIOUPE (UNdevioupe OAEC TIC TIMEG) TOUG

TIOPOKATW TTIVOKEC:

1. Mivakag V: O Mivakag V €xel diaotacn lecm x 4, 6mou 10 lem €ival 10
EAdxioto Kowvo MOAAATIAGGCIO Twv TIEPIOdWVY — TIPOBECHIWV LAOTIOINCNG TwWV
o000 XPNOTWV KAl TO 4 €ival OVCIOCTIKA Ol TIIBOVEG KATACGTACEIC TIOL PTTIOPEI va
Bpioketal 0 kKABe Xpnriotng. MNa mapdadeyua, av o 1o¢ Xprotng £xel pobeapia
vAottoinong Ty = 3 KAl 0 20¢ Xprjotng €xel mpobeopia vAoTtoinong T2 = 4,
TOTe 10 EAdxioto Koo TMoANaTIAGCIO Twv dU0 TEPIddwv eival 12, apa o
Mivakag V Ba eivar didoctaong 12 X 4. O Tivokag autog Ba TIEPIEXEl TA
QATIOTEAECUOTA TWV UTIOAOYICHUWV TOU QOVOPEVOUEVOU aplBUol ETUTUXIWV YIA
KABe KaATAOTOON o€ KABe XPOVIKN TEPIOdO, OTav £@APPOLETAl O PBACIKOG
OAyOpiBuog BEATIoTNG MOAITIKNAG.

2. Mivakag Vk: O Mivakag VK €xel emiong didotaon lcm x 4, omou 1o lecm givail
T0 EAdxioto Kowvo MoAAATIAGCIO TwV TIEPIOdWV — TIPOBECHIOV LAOTIOINONG
Twv 800 XPNOoTwv KAl T0 4 €ival OUCIOCTIKA Ol TUBAVEC KATOOTAGCEIC TIOU
pTIopEl va PBpioketal o k&Be Xpriomg. O Tivokag autdg Ba TePIEXEl T

QTIOTEAECUOTA TWV UTIOAOYIOUWV TOU OVOMEVOUEVOU OpPIBPOU ETIITUXIWV VIO
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KAOe KOTAOTOON O€ KABE XPOVIKN TEPiodo, OTav €QAPUOLOLHPE WC MOAITIKN
ATIOQOONG TNV TIPOTEPAIOTNTA OTO XProtn 1 €dv €xel MIKPOTEPN TIPpoBeCia
vAoTtoinong Kat IoXVEL:
Pi > P2(I ~P2)k,

TIPOTEPAIOTNTO OTO XPNOoTN 2 €4V EXEl MIKPOTEPN TIPOBECHIa LAOTIOINONG KOl
IoXVEL:

P2 > PiI(1 — Pi)ft kot
otV TIEPITITWON OTIoL KAl Ol OV0 XProTeg €xouv TNV dla TpoBsouia
vAOTIOINONG, TIPOTEPAIOTNTA €XEl QUTOC MPE TNV  MPEYOAUTEPN TUOOAVOINTO
gTUTLXIOC,

3. Mivakag Apofasi: O TlMivakag Apofasi €ival évag PHovodidoTaTog TIiVOKOG
diactaong 1cm x 1, omou 1o lan €ival to EAdxioto Kowvo MoAAATIAGGCIO TwV
TIEPIOdWV — TIPOBECUIOV LAOTIOINONG TwV O00 XPNOTwv KOl Ba TIEPIEXEL TIG
OTIOQACEIC TIOU B0 TIPOKUTITOUV O€ KABE XPOVIKN TEPIOOO CUP@WVA PE TOUG
UTTOAOYIOHOUC TOU BacikoU aAyopiBuouv BEATiIoTNg MoOAITIKNG.

4. Mivakag Apofasi2: O Mivakag Apofasi2 eival emiong évag povodiaotatoq
Tiivakag dldotaong lcm X 1, omou 1o lom eival to EAaxioto Kowo
MOAAOTIAGCIO TWV TIEPIOOWV — TIPOBECHIOV VAOTIOINGNG TwV d00 XPNOTWV KAl
Ba TIEPIEXEl TIC OTIOQPACEIC TIOU Oa TIPOKUTITOUV O€ KABE XPOVIKN TEPiodo
oUP@WVO HPE TOUC UTIOAOYICHOUC TOU OAyopiBuou otav e@apuolouvpe Tnv
MoAItikr) ATtogaong cUPPEWVA HE TOV KaVOVA:

Pi =P2(1-P2)k

TI0U AVOAVGOWE TIOPATIAVW.
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5. Mivakeg Pollapl kot Pollap2 Mpoketal yia 00 PovodIAoTOTOUC TIIVOKEG
oV Ba TIEPIEXOLV TIC TIEPIOOOUC TIOU Ba €ival TIOAAQTIAdCIO Twv 7\ Kol T2,
Autoi o1 Tivakeg Ponbolv oe  dlAPOPOULE  LTIOAOYIOPOUE TIov  Ba

TIPAYHUATOTIOINB0UV G CUVEXELD.

To emopevo BAUa TIEPINAMPBAVEL TNV EKTEAECT TWV UTIOAOYIOHWV TOU OVOPEVOUEVOU
apiBpol  eTUTUXIOV O€ KABe Xpovikny Tiepiodo yia kKABe TmBav) kKataotacon. AUTO
TIPAYHOTOTIOIEITAl EEKIVOVTAC OTI0 TNV TEAELTAIO XPOVIKI TIEPIOdO (N XPOVIKN TIEPIOdOC TToU

lcoVTal Ye To EAGXI0TO Kovo MoAAATIAAGCIO Twv TX Kal T2) KAl TIPOXWPWVTAC aVTioTPOo@d.

2e aUTO TO onueio va Toviooupe OTI Otav 0 XProtng PBPICKETOl G PIA XPOVIKN
TIEPIOB0 TIOU OTTOTEAEL TIOAAATIAACIO NG TIEPIOAOL — TIPOOeopiag UAOTIOINGHG TOL, TOTE OE AUt
TN XPOVIKNA TIEPIOd0 aTtoKAEieTal va Bpioketal otnv katdotacn (0,0) kKAl oIV KATACTAGCT)
OTIOU TO AVTIOTOIXO i 1 J €ival ico pe 10 pndév (avaioya pe Tov Xpriotn) . MNa mapdadeypa
otav 0 Xpriomng 1 €xel mepiodo — mpobeapiag vAoTtoinong Ty = 3, TOTE TIG XPOVIKEG TIEPIOSOULG
3, 6,9, 12,... KATI, dev pTtopei va PBpioketal otig kataotaoelg (0,0) kat (0,1), OTOTE eKEIVEC

TIG XPOVIKEG TIEPIOdOUCG Ta avTiotoixa VE(i,j) Ba gival ica pe To Pndév.

SUVETIWG, vV PEAETAUE TO TIPORBANUA YIO N XPOVIKEG TIEPIOdouG, omou n = lem(Tt, T2),
TOTE yIa TN XPOVIKN oTiyun T Ba €xoupe: En(0,0) = 0, Vn(l,0) = 0, ~(0,1) = 0. Emiong, 61twg
€ival AoyIKO KOl 0 AQVOPEVOUEVOC apIBUOC ETTITUXIWV TN XPOVIKN TiEpiodo n Ba 1covTal PE TO

pndév, dnAaodn, 1°(1,1) = 0.

‘ETO1, OTO TIPOYPOUUA HOG, EQAPUOLOVUE €VaV ETTAVOANTITIKO PPOX0 amd tn XPOVIKA
oTiyu) N — 1 éwg N Xpovikn otiypn 0. Méoa OTO OUYKEKPIPEVO BPOXO KAl availoyd HE TN
XPOVIKN Tiepiodo Tov Pplokouaote Ba  TIPETIEl va  Yivouv  OIO@OPETIKOI  LTIOAOYICHOI.

ZUYKEKPIPEVA, MEAETOUUE TIC TIOPOAKATW TIEPITITWOEIC;
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1. Tnv TEPITTTWON OTIOU N XPOVIKI TIEPiIodo t TTou PBPICKOUACTE €ival TTIOAAATIAACIO
KOl TwV 00 TepIodwv Tt kat T2,
& autnv TNV TEpitwon €ivarl Tubavr) pévo n katdotaon (1,1). O avopevopevog

apIBUOC ETIITUXIWV OTN XPOVIKY TIEpiodo t Ba sivat:

Ft({l,1) = max

Av TO TIPWTO MEYEBOCG (TIPWTIN YyPOUMN) €ival PeyaAUTEPO, TOTE n ATTOQACH TN
XPOVIKN otiyur] t Ba gival n egumnpétnon tov Xpnotn 1. Av 10 de0TEPO pEYEBOC
(de0TEPN YPOMUN) €ival HEYOAUTEPO TOTE N ATIOPACH TN XPOVIKA oTiyun t Ba gival
n €€umnpetno”n Tov Xpriotn 2. OTwg €ival AOYIKO, C€ TIEPITITWAN 100TNTAG TWV 000
peyeBwv n amoégacn dev Ttaidel Kaveva poAo.

2. Tnv TePITTTWaN OTIOLU N XPOVIKN TIEPIOdOC t TTou PBPICKOPOCTE €ival TTIOANATIAAGIO
MOVO TNG TIEPIOdOL N Kal OX1 TNE TIEPIOSOL T2, AUTH TNV TIEPITITWAON TN MEAETOVUE
W¢ OVO JIAPOPETIKEG LTTOTIEPITITWOEIC;

0. Tnv TiepiTttwaon OTIou N XPOVIKN] Ttepiodog t + 1, dev gival TTOANATIAGGCIO TNG
TIeEpIodoL T2,
Se auTAV TNV TIEPITIIwan ival TBavég ol kataotdoelg (1,0) ko (1,1)-
MNa v kataotaon (1,0), 0 AVOPEVOUEVOC OPIBUOG ETUTUXIWY OTN XPOVIKNA

Tiepiodo t Ba eivat:

rt(1,0) = PI[I + Vt+i(0,0)] + (1 - PD[O + l/t+1(1,0)]
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Evw, yia tnv kataotacon (1,1), 0 avapeVOUEVOC apliBuog ETUITUXIWOV OTN

XPOVIKN Ttepiodo t Ba sivat:

PI[I + Et+1(0,D] + (1 - Pi)[0 + Vt+i(I»D)P
Et(l,1) = max
p2[1 + Vi+1(1,0)] + (1 — p2)[O0 + Et+1(1,D)]

OTnw¢ Kal otV TIPONyoUlEVnN TIEPITITWOT, N ammogaon €€APTATAl OTIO TO
TT010 OTIO0 Ta dVO HeYEON eival yeyaAlTePO,

b. Tnv mepimtwon O6mouv n XPOoVIKN Tepiodog t + 1, €ival TTOAAATIAGCIO NG
Tiepiodou T2,
& autnv TNV Tepinmtwon sival mulaveg ol kataotdaoelg (1,0) kan (1,1).
MNa v kataotaon (1,0), 0 AVOPEVOUEVOC APIBUOG ETIITUXIWV OTN XPOVIKN

Tiepiodo t Ba eivar:

Vi(1.O) = PI[1 + Et+1(0,D] + (1 — P[0 + W1.0)]

Evw, yia tnv katdotaon (1,1), 0 avapevoUevog apiBuog eTUTLXICV OTNn

XPOVIKN Tiepiodo t Ba sivat:

rPi[l + Nn+i(0,)] + (1 — P[0 + Kt+1(l1,1)]
vt (1,1) = max.

vP2[l + Vit+i(1,1)] + (1 — p2)[0 + Et+1(1,D]

Onw¢ KAl OTIC TIPONYOULEVEC TIEPITITWOEIG, N ATIOQOCn €€apTATAl ATIO TO

TIOI0 OTIO Ta OVO PEYEDN €ival PEYOAUTEPO.
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3. Tnv Tepimtwaon O1ou N XPOVIKN TIEPIOdOC t IOV BPICKOPOOCTE €ival TIOAATIANGCIO
MOVO NG TepIddou T2 Kal Oxl TG Tepiodov Tt. Opoiwg Pe TNV TIPOoNyoUlpEVN
TIEPITITWON KAl AUTNAV TN MEAETOUPE WG dUO0 DIAPOPETIKES LTTOTIEPITITWOEIC:

a. Tnv Tepittwon 610U N XPOVIKNA TiEpiodog t + 1, dev gival TTIOAATIAACIO NG
TIEPIOdOL TX
2& auTnV TNV Tepintwon eival mbavég ol kataotaoelg (0,1) ko (1,1).
MNa v katdotaon (0,1), 0 AVOUEVOUEVOC aPIBUOC ETUTUXIWY OTN XPOVIKNA

Tiepiodo t Ba eivat:

Kt(O,l) = p2[1 + Vi+1(0,0)] + (1 - p2)[O + Kt+1(0O,D]

Evw, yia Tnv katdotoon (1,1), o avapevopevog aplBuog eTITUXIWV GTN

XPOVIKI Tiepiodo t Ba eivat:

Et(l,1) = max

Kal gg autr] TNV TEPITITWON, OUOIWC HE TIG TIPONYOUPEVEG TIEPITITWOEIC, N
aro@aacn e€APTATAL OTIO TO TIOI0 aTtO Ta dVO HUEYEDN €ival yeyaAlTEPO,
b. Tnv mepimtwon o6mou n xpovikr Tepiodog t + 1, €ival TTOAOTIAAGCIO NG

Tiepiodou TX

Kal og autv Tnv mepimtwon eival mobavég ol kataotdoel (0,1) kai

(1.2).
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MNa v kataotaon (0,1), 0 AVOUEVOPEVOC APIBUOC ETIITUXIWVY OTN XPOVIKN

Tiepiodo t Ba sivat:

vt(0,i) = p2[1 + N+1(1,0)] + (1 - p2)[0 + VM(U)]

Evw, yia tnv katdotoaon (1,1), 0 avapyevopevog aplBudg ETITUXIWV OTNn

XPOVIKI Ttepiodo t Ba gival:

rPi[l + Vt+1(1,D] + (1 - PD[0O + WW)HT’
vt(l,I) = max
p2[1 + Vt+1(1,0)] + (1 — p2)[O + Et+1(l,D]

Kal og autr TNV TEPITITWOT, OPOIWG HPE TIC TIPONYOUMEVEG TIEPITITWUOEIC, N
aTToO@aCoN €EAPTATAL OTIO TO TIOIO OTIO TA dVO HPEYEDN €ival HeyaAUTEPO.

4. Tnv Tepimtwon OMoOu 1 XPOVIKA TiEpiodog t Tou PPIoKOUOoTE Ogv  gival
TIOAAOTTIAGCIO OUTE TNG TEPIOOOL Ta OAAG OUTE KOl TNG TIEPIOdoL T2. Autr tnv
TIEPITITWON TN MEAETOUUE WG OEKOEEl OIOQPOPETIKEC UTIOTIEPITITWOEIG (TECTEPIQ
TIEPITITWOEIG VIO KABe Katdotaon:

a. Tnv mepimtwaon o0mou Bplokopaote otnv kataotaon (0,0) kal n €mopevn
XPOVIKN Ttepiodog t + 1 dev gival TTOAAATIAGCIO OUTE TN TIEPIOd0OL T1 aAAG
oUTE Kal NG TIEPIOdOL T2,
2€ QU TNV TEPITITWAN, O AVOPEVOUEVOC OPIBUOC ETTITUXIWV OTN XPOVIKI)

Tiepiodo t Ba eivar:

Et(0,0) = Et+1(0,0) + 0
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b. Tnv mepintwon omou PBplokdpacte otnv kataotaon (0,0) Kal n €mOpevn
XPOVIKI TiEpiodog t + 1 €ival TTOAATIAGCIO NG TIEPIOdOL TX GAAA OXI TNG
TtepiodoL T2,
€ QUTIN TNV TEPITTIWAON, 0 AVAPEVOUEVOC ApPIBUOC ETIITUXIWV GTN XPOVIKI)

Tiepiodo t Ba eivat:

Tt(0,0) = yt+1(1,0) + 0

c. Tnv mepintwan o6mov PBplokdpacte otnv kataoctaon (0, 0) Kal n emopPevn
XPOVIKI TIEpiodog t + 1 dev €ival TIOAAGTIAACIO TNG TtepIodou T, aAAd givail
TIOAATIAGCI0 TNG TIEPIOodou T
€ QUTN TNV TEPITTIWAON, 0 AVAUEVOUEVOC OPIBUOC ETUTUXIWV OTN XPOVIKI)

Tiepiodo t Ba sivat:

I7(0,0) = IA+1(0,1) + O

d. Tnv mepintwaon o6mov Bplokopacte otnv katdotaon (0,0) Kal n emouevn
XPOVIKN Tepiodog t + 1 sival TTOAOTIAGCIO KAl TG TIEPIOS0L 7\ OAAA KOl
¢ Tepiodou T2
2 € QUTN TNV TEPITITWAN, 0 AVOPEVOUEVOC OPIOUOC ETUTUXIWV OTN XPOVIKN

Tiepiodo t Ba eivar:

I/£(0,0) = Kt+1(l,1) + O
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e. Tnv Tepimtwaon omou BploKoyaoTte otnv Kataotaon (1,0) KAl n €TTOuEvN
XPOVIKN Ttepiodog t + 1 dev gival TIOAAATIAGCIO OUTE NG TIEPIOSOL 7\ OAAG
oUTe KOl TNG TIEPIodoL T2,
€ aUTH TNV TIEPITITWON, 0 OVOPEVOUEVOC APIBUOG ETUTUXIWV OTN XPOVIKN

Tiepiodo t Ba ival:

Tt(1,0) = pa[l + Kt+1(0,0)] + (1 — P[0 + Kt+1(l,0)]

f. Tnv mepimtwon omou Bplokoyaote otnv kataotaon (1,0) KAl n €mOuevn
XPOVIKN Tiepiodog t + 1 eival TTOAATIAGGIO TNG TIEPIOdOL 7\ aAAG OXI TNG
Tiepiodou T2,
€ QUTN TNV TIEPITITWON, O AVOHPEVOPEVOSG APIBUOC ETTITUXIWV OTN XPOVIKN

Tepiodo t Ba sivat:

VE(1.0) = PI[1 + W1,0)] + (1 - P)[O + KE+1(1,0)]

g. Tnv Tepimtwon omou Bplokopaote otnv katdotaon (1,0) Kal n €mopevn
XPOVIKN Ttepiodog t + 1 dev gival TTOAAATIAGCIO TNG TIEPIOdOL 7\ OAAAG gival
TIOAAOTTAGCIO TNG TTEPIOdOL T2,
€ aUTH TNV TIEPITITWAT, 0 OVOUEVOUEVOG OPIBUOCG ETUTUXIWV OTN XPOVIKA

Tiepiodo t Ba eivat:

I/t(1,0) = PI[1 + Kt+1(0,1)] + (1 - P[0 + vt+la,i)]
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h. Tnv mepinmtwon 6mouv Bplokopacte otnv kataotaon (1, O) Kol n €mopevn
XPOVIKN TiEpiodog t + 1 €ival TTOAAATIAACIO KOl TNG TEPIOdOL 7\ OAAA Kal
g TePIodou T2,
€ QU TNV TIEPITITWOT], 0 AVOUEVOUEVOC OPIOPOC ETUTUXIWV OTI XPOVIKNA

Tiepiodo t Ba eivat:

Tt(1,0) = PI[1 + Kt+1(1,D] + (2 = PY[O + Vt+1(1,D)]

1. Tnv mepimtwon omouv Bplokdpaote otnv Katdotoaon (0,1) Kal 1 emouevn
XPOVIKN Ttepiodog t + 1 dev gival TTOAATIAACIO OUTE TNG TIEPIOSOU Tt aAAG
oU0Te Kal TN¢ TePIodou T2,

2& QUTN TNV TIEPITITWOT], O OVOUEVOUEVOCG APIOPOC ETUTUXIWV OTN XPOVIKN

Tepiodo t Ba eival:

VI(0,) = p2[1 + WO.0)] + (1 - p2)[0 + Kt+1(0,1)]

j.  Tnv Tepinmtwon omouv Bplokopaote otnv katdaotacon (0,1) kal n emouevn
XPOVIKN Tiepiodog t + 1 €ival TTOAATIAGCIO TNG TIEPIOdOU T, OAAG OXI NG
TIepIodou T2,

2& QUTA TNV TIEPITITWAOT, 0 AVOPEVOUEVOC OPIOPOC ETTITUXIWV OTN XPOVIKN]

Tiepiodo t Ba givai:

11£(0,1) = p2[1 + Tt+1(1,0)l + (1 — p2)[0 + Tt+1(l,1)]
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k. Tnv mepimttwon omou PBpliokopacte otnv kataotaon (0,1) Kol n €TTOuevn
XPOVIKN Tepiodog t + 1 dev gival TTOMATIAACIO TNG TIEPIOdOL 7\ aAAd gival
TIOMOTIAACIO TNG TIEPIOSOUL T2
€ QUTN TNV TEPITITWAN, 0 AVOPEVOUEVOC OPIOUOC ETUTUXIWV OTN XPOVIKN

Tiepiodo t Ba sivat:

I/t(0,1) = p2[1 + Kt+1(0,D] + (1 - p2)[0 + 1/t+1(0,D]

I.  Tnv mepimtwon 6mouv Bplokopaote otnv katdaotaon (0,1) KAl n €MOPEVN
XPOVIKI TIEPiodog t + 1 €ival TIOAAOTIAGCIO KOl TNG TIEPIODOU 71 AAAA KOl
g TepIddou T2,
2€ QUTN TNV TEPITITWAN, 0 AVOPEVOUEVOC OPIOUOC ETUTUXIWV OTN XPOVIKN

Tiepiodo t Oa eivat:

Vt(0,1) = p2[1 + V't+ICID] + (1 - p2)[0 + vi+la,D]

m. Tnv TepiTtwon o0mov BplokOpacte otnv Kataotaon (1,1) kal n €mopevn
XPOVIKN Tiepiodog t + 1 dev eival TTOAAATIAACIO OUTE TNG TIEPIOAOL T OAAA
oUTE KAl TN¢ TIEPIOdoL T2,

2& QUTN TNV TEPITITWAN, 0 AVOUEVOUEVOC OPIOPOG ETUITUXIWV OTN XPOVIKI)

Tiepiodo t Ba sivat:

Pi[1 + "£+1(0.1)] + (1 - P)[O + Vt+1(l,D]
vi(l,l) = max

P2[1 + v™+1a0)] + (1 — p2}0 + Vi+1(1,Q]
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Kol og oautr] v TEPITTIWON, OMOoIWG ME TIC OVIIOTOIXEC TIPONYOVUUEVEG
TIEPITITWOEIC, N OTIOPACN €EAPTATALl OTIO TO TIOI0 OTIO T dVO HEYEON E€ival
MEYOAUTEPO.

n. Tnv mepintwon omov Bplokopacte otnv Katdotoon (1,1) kal n emopevn
XPOVIKN Ttepiodoq t + 1 gival TIOAAATIAGCIO TNG TIEPIOSOU 7\ OAAG OXI NG
TiepIodou T2,
€ OUT TNV TEPITITWON, 0 AVOPEVOUEVOC OPIBUOG ETUTUXIWV OTN XPOVIKN

Tiepiodo t Ba sivau:

Kal og auti TNV TEPITTwan, OPoIwG MPE TIC OVTICTOIXEC TTPONYOUMEVEC
TIEPITITWOEIC, N ATIOQACT €€APTATAL OO0 TO TIOI0 OO T OVO MPEYEDN eival
MEYOAUTEPO.

0. Tnv Tepimtwon o0mov BploKoPacote otnv katdotaon (1,1) Kol n €Touevn
XPOVIKN TiEpiodog t + 1 dev ival TTOANATIAAGCIO TNG TIEPIOdOL 7\ aAAG givail
TIOAAOTTIAGGIO NG TIEPIOdOL T2,
€ QUTA TNV TEPITITWOT, 0 OVAPEVOUEVOC OPIOUOC ETIITUXIWV OTN XPOVIK)

Tiepiodo t Ba eivat:

Pitl + WO.1)] + (1 - P)[O+WUWU)HD

P2[1 + Kt+1(l,D] + (1 - p2)[0 + Ke+1(1,D)]I
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Kal og aut) v TEPITITWon, OPOoIwg PE TIC AVTIOTOIXEC TIPONYOUUEVEG
TIEPITITWOEIC, N aTIOPacn €€apTatal amd To Tolo amd Ta dVOo MPEYEBN eival
MEYOAUTEPO.

p. Tnv Tepittwaon Omou BpiokopaoTe otnv Katdotaon (1,1) KAl n €mouevn
XPOVIKN Ttepiodog t + 1 eival TTOAAQTIAGCIO KAl TNG TIEPIOSOL 7\ OAAG Kal
¢ TEPIOdoL T2,
€ QUTA TNV TIEPITITWAT, O AVOUEVOUEVOC OPIBPOC ETUTUXIWV OTN XPOVIKNA

Tiepiodo t Ba sivat:

ve(l,) = max:
P2 [i + V't+iai)] + (1 - p2)[0 + N+i(W)]

Kal gg autr] TNV TEPITTITIWATN, OMOoIWG MPE TIC OVTIOTOIXEC TIPONYOUMEVEQ
TIEPITITWOEIC, N aTIOPAC €EOPTATAI ATIO TO TIOIO OO Ta VO HEYEON e€ival

MEYOAUTEPO.
2Tov i0l0 ETTOVOANTITIKO [BPOX0 TIPOAYUOTOTIOIEITOl KOI O UTIOAOYIOHOG TOU
OVAPEVOPEVOL apPIBPOL ETUTUXIWV Yia KABs KaTAoTOon o€ KABe XPOVIKA TiEpiodo, Otav
e@appolouvpe w¢ MoAITikr) ATIO@AcoNg TNV TIPOTEPAIOTNTA OTO XPrjotn 1 €av €XEl UIKPOTEPN

TipoBeopia vAoTIoinOoNG KOl IOXVEL:

Pi > P2(I ~V2)k,

TIPOTEPAIOTNTA OTO XPOoTn 2 €AV €XEl MIKPOTEPN TIPOBETHIa LAOTIOINONG Kal I0XVEL:

P2 =P i(I-Pi)fcKai
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oTnNV TIEPITITWOT OTIoU KAl o1 dU0 XPNoTeg €xouv v idla TpoBecyia vAoToinoNC,
TIPOTEPAIOTNTA €XEl AUTOC PE TNV PEYOAUTEPN TIIOAVOTNTA ETUTUXIAC. Z€ QUTN TNV TIEPITITWON,
e€etadovtal Eava OAEC Ol TIOPATIOVW TIEPITITWOEIC KAl XPNOIPOTIOIOUVTAlI OAOL Ol TIOPATIAV®
TOTTOl PE TN dla@OPA OpwC OTL N MoAtikr ATo@acng e€aptdtal KabBapd amod Tov Kavovad
Pi > p2(1 — p2)ft kat OX1 amod TO TOI0 Ao TA VO HEYEDN €ival PEYOAUTEPO. ZUYKEKPIPEVA,
yla KABe TEPITITWON Kal yio KABE XPOVIKr TiEPiodo, LTIoAoyiloupe, yia KABe Xpnotn, Tov
OPIOPO TWV XPOVIKWY TIEPIOOWV HEXPL TNV ETIOUEVN TIPOBEGHIO LAOTIOINCNG TOU. AV 0 TIPWTOC
Xpriomng €xXel MIKPOTEPO OPIBUO  XPOVIKWV TIEPIOdWV HEXPL TNV ETOPEVN TIPoBeapia
vAoTtoinong TOu Kal IKavoTtoleital N ouvenkn pl =p2(l — p2)k, TOote 0 Xprotng ! €xel
TIPOTEPAIOTNTA. TNV TIEPITITWATN TIOU 0 OeVTEPOC XProTng EXEl MIKPOTEPO APIBUO XPOVIKWV
TIEPIOOWV HEXPL TNV €ETIOUEVN TIPOBECHia LAOTIOINONG TOU KOl IKAVOTIOIEITAL N OLVONKN
P2 > Pi(1 — Pi)k, 101€ 0 Xpriotng 2 €x&l IPOTEPAIOTNTA KAl TEAOC OTNV TIEPITITWON OTIOL KAl
Ol 300 XPNOTeG €XOLV TOV iOI0 APIBPO TIEPIOdWV PEXPL TNV ETIOUEVN TIPOBeCpia vAoTtoinong,
TIPOTEPAIOTNTA €XEl OUTOC HE TNV MPEYOAUTEPN TUBOVOTNTA ETUTLXIAC. AUTOC 0 EAEYXOCG
TIPAYUOTOTIOIEITAI PJE TNV XPFON TOL K TIOL OLCINCTIKA €ival N dlaEopd Twv dV0 TIPOBETHIWV
vAoTioinong Twv 000 XPNOTWV KAl TOU OTIoioL 1N amoOAUTN TIPN XPMNOIUOTIOIEITAl GTOV

UTTOAOYICHO TWV GUVONKWV TIOU TTOPOUCIACTNKAV TIOPATIAVW®.

META TNV OAOKANPWGON TOU UTIOAOYICTIKOU KOMPMOTIOU TOU OAyOopiBpou Kol a@ou
EKTUTIWOO0UV TO OTTOTEAECHOTA, OKOAOUBOUV OI €AEYXOl TNG opBOTNTAC TWV OTIOTEAECUATWV.
ZUYKEKPIPEVA, OPXIKA OKOAOUOE( 0 éAeyXog €av OAAACel N BEATIoTN MOAITIKN] a1t0QOCNC OTIC
XPOVIKEC TIEPIOOOUG TIOU OeV  €ival TIOAAATIAGCIO Twv 000 TEPIOdWV — TIPOBETUILV
OAOKANpwong (7\ kat T2). O JeUTEPOCG EAEYXOC TIOU TIPAYHOTOTIOIEITOl OPOPA TIC XPOVIKEG
TIEPIOOOUG OTIOL 0 XProTNG ME TN PEYOAUTEPN THOOVOTNTA ETUITLXIOC (E0TW 0 XPNatng A) €XEl

MIKPOTEPO OPIBUO XPOVIKWV TIEPIOdWV MPEXPI TNV €TOMPEVN TIPoBeouia vAoToinong Tou, Of
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Oxéon Me 1O Xprjotn B. & AUTEQ TIC XPOVIKEG TIEPIOOOUC EAEYXETAL €av 0 Xprjotng A €xel

TIPOTEPAIOTNTO OE OXEoN PE TO Xprjotn B.

Kal yio toug 300 eAéyxoug, yivetal Xprion €vog EMOVAANTITIKOU Ppoxou armod 10 0 £wq
To lcm (6mou lan, 1o EAdGxioto Kowvo MoAAaTAGCIo Twv 7\ Katl T2). INa 1oV TIpWTo EAEYXO
KOl CUYKEKPIYEVA YIO KABE XPOVIKN TePiodo Tou dev gival TIOAAATIAACIO TNG piag (TA) 1 ™G
GAANG (T2) TtepIOdOL, CULYKPIVETAlL N ATIOQOCN TIOU TIPOEKVWPE ATIO TOUC UTIOAOYIOPOUG, MHE
auTAvV NG TIPONyoUpevN( TIEPIOdOL. MO TO OeUTEPO EAEYXO KOl OULYKEKPIMEVA Yo KABE
XPOVIKN TIEPIod0 OTIOL 0 XPNOTNG PE TN PEYOAUTEPN TUBAVOTNTA eTUITVXIOG (€0TW 0 XPHoTng
A) EXEl MIKPOTEPO APIOPO XPOVIKWV TIEPIOdWV HEXPI TNV ETIOPEVN TIPOBECHIa LAOTIOINONC TOUL,
oc oxeon pe 10 Xpromn B, eAfyxetar €av n ommo@Ocn TIOU €XEl TIPOKOWEL ATO TOUCG

UTTOAOYIOUOUC TIPAYHOTI SiVEL TIPOTEPAIOTNTA 0TO Xprjotn A.

TENOG, aA@OU OAOKANPWOOUV o1 OU0 €Agyxol TIOU TIOPOUCIAOVTOl TIOPATIOVW,
EKTUTIVOVTAlI OTnVv 086vn ol Tiuég Mo(1,1) kar VkO(1,1) T1ou oOuclaoTIKA e€ival ol
Avapevopevol AplBpoi ETutuxiov Kal yia TiG 000 TIOAITIKEG ATIOQACNG TIOU OVO@EPOVTOL

TIOPOTIAV®.

O AAYOpIBuOoC ypagnke o yh\waooa C Kal Ttapouacialetal ato Mapdaptnua.
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Ke@dAaio 4 Zvuttiepdopata
ZTN OuveEXeld 6a TIOPOUCIOOTOUV OVOAUTIKA TO OTIOTEAECUOTA TIoU €EAYElL TO
TIPOYPOUHO OTAV VIO £Va TUXOIO apPIOUNTIKO TTOPASEIYHA.

ZUYKEKPIPEVA, TTOPOUCIA{OUVME TNV TIEPITITWON OTIoV 0 Xpraotng 1 €xel Tepiodo Ty = 3
Kal Tlavotnta emtuxiog pX = 0,6 kol 0 Xpriomng 2 €xel mepiodo T2 = 4 kal TuOavonta

emtuyiog p2 = 0,7.
O Tivakog Twv UTIOAOYIOHWV TNG BEATIOTNG MOAITIKN G TTOpOUCIALETAl TIOPOKATW:

Avopevopevog ApiBuog ETituxiwv

Mepiodog KataoTtdoelg

(0,0) (1,0) (0,1) a.1)
12 0 0 0 0
11 0 0,6 0,7 0,7
10 0 0,84 0,91 1,33
9 0 0,936 0 1,687
8 0 0 1.861 2,287
7 1.861 2,632 2,561 2,987
6 0 2,769 0 3,438
5 2.769 3,369 3,67 4,038
4 0 0 3,74 4,417
3 0 4,611 0 5,117
2 4,611 5,211 5,463 5,717
| 4,611 5,451 5,566 6,165
0 0 0 0 6,406

Mivakag 4-1: YToAoylopoi Tou Avaugvopevou ApiBuol ETituxiov cOu@wva Pe Tn BEATIOTN
MoAitikn - Vn(i,j)
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2T CULVEXEID TIOPOLCIAZETAL 0 TTIVOKOC TWV UTTOAOYICHWV TIOU £YIVOV KAVOVTAC XPron

mv ToAmikry ATmogacng Tou

TIOPOUCIACTNKE TIOPATIAV.

Mepiodog
(0.0)

12 0
11 0
10 0

9 0

8 0

7 1.859
6 0

5 2.699
4 0

3 0

2 4,445
| 4,445
0 0

egaptatal  amo

Avaopevouevog AplBuog ETtituxiwov

(1,0) (0,1)
0 0
0,6 0,7
0,84 0,91

0,936 0

0 1.859
2,459 2,559
2,699 0
3,299 3,537

0 3,65
4,445 0
5,045 5,145
5,285 5,355

0 0

Kataotdoelg

Tov kKavova Pi > P2(1 — V2)k T1ou

(1.1

0
0,7
1,33
1,678
1,859
2,559
3,159
3,759
4,137
4,445
5,045
5,705
6,095

Mivakag 4-2: YToAoyilopoi Tou Avapevopevou AplBuol Etutuxiov cOp@wva pe Tnv MoAItikn)

Amégacong amo tov kavova Touv Bambos - Vkn(i,j)
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O1 ammo@daelg Twv dU0 MOAITIKWY TTapoLcIalovial OTOV TIOPAKATW TTIVOKO.

Xpovikn Mepiodog

Amto@aon

BéATiotn MNoAtikn

ATtogpacon

Kavovag Bambos

0 Xprijomg ! Xpriomg !
1 Xpnrotg 1 Xpnotng !
2 Xpnrotmg 1 Xpnotng !
3 Xpnoing 2 Xprjotng !
4 Xpriomg ! Xprjotng 2
5 Xpnotng | Xprjotng !
6 Xprotg 2 Xpriomg !
7 Xprjomg 2 Xpnotng 2
8 Xprjong 1 Xpnotng 2
9 Xpriomg 2 Xpnotng !
10 Xpnoing 2 Xpriomg 2
11 Xpnoing 2 Xprjomg 2

Mivakag 4-3: Ol amo@acelq yio KaBe Xpovikr Mepiodo olu@wva He TIG dU0 MOAITIKEG

21N CULVEXEIO EAEYXETAL OV OE OAEC TIG XPOVIKEG TIEPIODOUC TIOU deV €ival TIOAAATIAACIO
Mg piag n g aAANg mepiodou (7\ Kat T2), GAAOEE N TIOAITIKI] aTIOQACNG OE OXECN ME TNV
amoe@aaon Touv gixe TAPOEi TNV TIponyolPEVN XPOVIKN TIEPiodo. AnAadn, Yio TO CUYKEKPIYEVO
TIOPABEIYPO, EAEYXETAL N OV AAANOEE N TIOAITIKI] ATTOQOCNG YO TIG XPOVIKEG TIEPIOdoLG 1, 2, 5,

7, 10 kou 11.

EmmmAgov, TIpAyUATOTIOIEITOl 0 EAEYXO0C TIPOTEPAIOTNTOC TOL XPHOTN HE TN MEYOAUTEPN
THOOVOTNTO ETTITLXIOC OTIC TIEPIOSOVE OTIOL OUTOC EXEl MIKPOTEPN N ion TtpoBecuia vAoTIoinoNG
o€ OX£QN ME TOV GAANO XProTn. ZTO CUYKEKPIPJEVO OpIBUNTIKO TIAPAdElypa 0 Xprjotng 2 sival
auTOC ME TNV MPeEYOAUTepn TUBOvOINTO emtuxiog (P2 = 0,7) KOl EAEyXETAl Qv  EXEL
TIPOTEPAIOTNTA OTIG XPOVIKEG TIEPIOdOUG 3, 6, 7, 9 Kol 11 OTIC OTIoiEC €XEl MIKPOTEPN

TipoBeopia vAoTIoinOoNG amo Tov Xprjot 1.
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Test

10
11
12
13
14
15

MNa va gAéy&ouvpe Kal va eTRERAIOCOVYE TNV 0PBOTNTA TWV CUPTIEPACUATWY HOC,

EKTEAECOPE TOV OAYOPIOPO TIAPA TIOAAEG POPEC KAVOVTOAG XPNON €VOC ETTOVAANTITIKOU Bpaoxou,

ME TOV aplBud ToV EMOVOAAYPEWVY TIOU €TIIBUPOVCAUE. ETTiong dIapop@WOOpE KOTOAAAWC Kl

TO OTIOTEAEOUOTA TNG EE000V WOTE VA PAC OiVEL CUVOTITIKA TO OTIOTEAECHATO TWV EAEYXWV.

ZTOV TIOPOKATW TTIVOKO TIOPOLCIAZovTal EVOEIKTIKA TA ATIOTEAEoPaTA Twv 100 TTpwTwv

OOKIJWV. ZUYKEKPIYEVA, Ttapouaidalovtal Ta apXIKa atoixeia (Tv T2, P1 kat p2), n otiAn EKI

TIEPIEXEL TO EAGXI0TO Koo TMOAAATIAGCIO Twv dU0 TiEPIddwv, oTn OTNAN «Task Max»

Ttapouoiddovtal yia KABe TEPITTwan 0 MPEYIOTOC apIBPOC €PYACIWV TIOU WTTOPOLV va

EKTEAEOTOUV, TIAPOUCIAZETAl dNAOd N TIEPITITWON TIoU Ogv XAVETOl KOMia gpyacia Kabwg

OAOKANPWVETAL N EKTEAECT] TNG TIPIV VA CUVAVTHOEL TNV TIPOBECUIO OAOKANPWAT|G TNG.

T

11

T2

A O© oo o o

10
11

EKI

66
12

28

70
30
99
15
30
10
36
15

P

0,8
0,4
0,9
0,8
0,4
0,6
0,7
0,3
0,7
08
0,3
0,4
0,6
0,4
08

P2

0,5
o,l
0,3
0,6

0O,l
0,6
o,l
0,5
0,4
0,4
0,8
0,6
0,8
0,5

17

13

20

11

13

3,943
10,294
4,621
3,964
5,530
2,129
1,861
10,668
12,651
19,953
5,199
10,420
2,972
11,781
7,181

Moococtiaia
Alagopa
Vn ue
Task Max

- 1,43%
- 39,45%
- 7,58%
- 0,90%
- 49,73%
- 29,03%
- 6,95%
- 37,25%
- 2,68%
- 0,24%
-35,01%
-527%
- 0,93%
- 9,38%
- 10,24%
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Vkn

3,943
9,675
4,564
3,964
4,767
2,129
1,861
9,850
12,496
19,928
4,999
10,122
2,909
11,488

6,891

MoocooTiaia
Alagpopd

VKn pe
Task Max

- 1,43%
- 43,09%
- 8,72%
- 0,90%
- 56,66%
- 29,03%
- 6,95%
- 42,06%
- 3,88%
- 0,36%
-37,51%
- 7,98%
- 3,03%
- 11,63%
- 13,86%

MoocooTtiaia
Ala@opa
VKkn pe vn

0%

- 6,01%
-1,23%
0%

- 13,80%
0%
0%
-7,67%
-1,23%
-0,13%
- 3,85%
- 2,86%
-2,12%
- 2,49%
- 4,04%



MooooTtiaia MoocooTiaia

, , MooooTiaia
Task Alogopd Alogopd

Test Tt 2 EKMO pi vi o Vn Vi pe vkn Vi pe Alagopd
Task Max Task Max VKN HE™
16 8 7 56 0,6 0,7 15 14,984 -0,11% 14,966 -0,23% -0,12%
17 10 8 40 0,5 0,6 9 8,983 -0,19% 8,972 -0,31% -0,12%
18 6 10 30 0,6 0,1 8 6,588 - 17,65% 6,498 - 18,78% - 1,37%
19 2 11 22 0,8 0,6 13 12,518 -3,71% 12,347 - 5,02% - 1,37%
20 8 3 24 04 0,3 11 7,257 - 34,03% 6,981 - 36,54% - 3,80%
21 11 5 55 0,1 0,2 16 8,877 - 44,52% 8,830 -44,81% - 0,53%
22 8 2 8 0,8 0,6 5 4,304 - 13,92% 4,298 - 14,04% -0,14%
23 3 10 30 0,7 04 13 12,535 - 3,568% 12,363 - 4,90% - 1,37%
24 8 5 40 0,3 0,2 13 8,593 - 33,90% 8,227 - 36,72% - 4,26%
25 10 4 20 0,7 0,9 7 6,999 - 0,01% 6,998 - 0,03% - 0,01%
26 5 7 35 05 04 12 11,230 -6,42% 10,965 - 8,63% - 2,36%
27 6 2 6 0,1 0,3 4 1,617 - 59,58% 1,617 - 59,58% 0%
28 5 8 40 09 09 13 13,000 0% 12,999 -0,01% -0,01%
29 6 4 12 0,7 0,7 5 4,953 - 0,94% 4,858 - 2,84% -1,92%
30 9 5 45 0,4 0,7 14 13,826 -1,24% 13,734 - 1,90% -0,67%
31 8 2 8 0,9 0,7 5 4,625 - 7,50% 4,624 - 7,52% - 0,02%
32 7 9 63 0,4 05 16 15,593 - 2,54% 15,411 - 3,68% -1,17%
33 3 4 12 09 0,8 7 6,963 - 0,53% 6,885 -1,64% - 1,12%
34 3 6 6 0,8 0,2 3 2,522 - 15,93% 2,522 - 15,93% 0%
35 9 3 9 0,8 0,7 4 3,915 -2,13% 3,915 -2,13% 0%
36 9 9 9 0,7 0,7 2 2,000 0% 0 - 100,00% - 100,00%
37 7 11 77 0,8 0,3 18 17,787 -1,18% 17,713 -1,59% -0,42%
38 3 10 30 0,6 0,8 13 12,351 - 4,99% 12,151 - 6,53% - 1,62%
39 8 2 8 0,7 0,9 5 4,941 -1,18% 4,941 -1,18% 0%
40 2 3 6 0,7 0,9 5 4,440 - 11,20% 4,119 - 17,62% -7,23%
41 2 11 22 0,4 0,9 13 8,970 -31,00% 8,687 -33,18% -3,15%
42 10 5 10 0,2 0,1 3 1,363 - 54,57% 1,280 - 57,33% - 6,09%
43 4 2 4 0,5 0,3 3 1,507 -49,77% 1,416 - 52,80% - 6,04%
44 6 2 6 0,7 0,1 4 1,441 - 63,98% 1,233 -69,18% - 14,43%

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 11:02:45 EEST - 3.141.30.83



Test

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

Tt

10

10

10

11

10

10

11

10
10

w

O

M2

11

10

11

11

10

1

10
11
11

10

EKIM

110

10

10
18
88
22
10
66

45
10

110

110
30
24
28

44
30
33
44

30
35
28

0,4
0,9
0,7
03
0,6
0,8
0,9
0,5
0,6
0,5
0,7
0,2
0,4
03
0,2
0,8
0,2
0,7
03
0,7
03
0,4
0,9
03
0,9
0,7
0o,l
0,8
0,8

0,5

P2

0,5
0,2
0,9
0,8
o,l
0,2
0,1
0,3
0,2
0,6
0,7
0,9
0,4
0,9
0,5
0,8
0,3
0,2
0,7
0,3
0,3
0,4
0,4
o,l
0,3
0,5
0,7
0,2
0,8

0,9

Task
Max

N N W

11
19
13

21

21
13
11
11

13
12
11
2

vin

20,882
2,565
2,000
1,935
1,730
9,724

14,057
9,429
2,262
16,811
1,996
10,896
3,782
2,943

19,774
1,971

18,634
7,595
10,130
10,193
2,095

13,179

12,893
8,000

14,807
1,260
5,442
9,420

10,987
1,996

MooooTtiaia

Ala@opda
Vn ue
Task Max

- 0,56%
- 14,50%
0%

- 3,25%
- 42,33%
- 11,60%
- 26,02%
- 27,47%
- 24,60%
- 1,11%
- 0,20%
-22,17%
- 36,97%
-41,14%
- 5,84%
- 1,45%
- 11,27%
-41,58%
-7,91%
- 7,34%
-30,17%
- 12,14%
- 0,82%
- 42,86%
-1,29%
- 37,00%
-58,14%
-21,50%
- 0,12%

- 0,20%
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20,818
2,565
2,000
1,935
1,721
9,584
13,845
9,246
2,257
16,724

0

10,636
3,662
2,919
19,583

0

18,336
7,173
9,930
9,991
1,697
12,752
12,839
7,673
14,748
1,260
5,325
9,110
10,956

1,996

MoocooTiaia

Alagopa

Vkn pe
Task Max

- 0,87%
- 14.50%
0%

- 3,25%
- 42,63%
- 12,87%
-27,13%
- 28,88%
-24,77%
- 1,62%
- 100,00%
- 24,03%
- 38,97%
-41,62%
- 6,75%
- 100,00%
- 12,69%
- 44,82%
- 9,73%
-9,17%
- 43,43%
- 14,99%
-1,24%
-45,19%
-1,68%
- 37,00%
- 59,04%
- 24,08%
- 0,40%
- 0,20%

MoocooTiaia

Alagopd
vkn pe vn

-0,31%
0%
0%
0%

0,52%

1,44%

- 1,51%

1,94%
- 0,22%
- 0,52%

100,00%
- 2,39%
-3,17%
- 0,82%

- 0,97%

100,00%
- 1,60%

5,56%

1,97%
- 1,98%
- 19,00%
- 3,24%
- 0,42%
- 4,09%
- 0,40%
0%
-2,15%
- 3,29%
- 0,28%

0%



Test

75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

T

11

10
11
11

o o N

A © o

T2

11

11
9

EKIT1

66
88
7
12
10
88
99
35
56
42
24
35
20
40
8
8
14
66
30
77
12
63
28
6
44
9

0,9
0,2
0,6
0,5
0,3
0,2
0,4
0,4
0,9
0,7
0,9
o,l
0,6
0,8
0,5
0,2
0,5
0,4
01
0,2
0,9
0,4
0,9
0,4
0,8
0,4

P2

0,9
0o,l
0,8
0,7
0,4
0,2
0,8
0,5
0,2
0,2
0,6
0,2
0,3
0,2
0,5
0,2
0,9
0,7
0,9
0,7
0,6
0,3
0,5
0,9
0,9
0,6

Task
Max

17
19

19
20
12
15
13
11
12

13

17
11
18
5
16
11
2
15
2

Vn

17,000
12,361
1,993
6,040
2,652
14,537
19,953
11,034
13,169
10,785
10,477
5,300
6,627
11,787
2,777
1,510
8,728
16,463
7,166
15,528
4,914
14,660
10,920
1,916
14,982
1,970

MoocooTtiaia
Alagopd
Vn pe
Task Max

0%
- 34,94%
- 0,35%
- 13,71%
- 11,60%
- 23,49%
- 0,24%
- 8,05%
- 12,21%
- 17,04%
-4,75%
- 55,83%
- 5,33%
- 9,33%
- 7,43%
- 49,67%
- 3,02%
-3,16%
- 34,85%
- 13,73%
-1,72%
- 8,38%
- 0,73%
- 4,20%
-0,12%
- 1,50%

vkn

17,000
11,766
1,993
5,686
2,652
13,581
19,928
10,727
12,716
10,310
10,279
5,156
6,559
11,620
2,563
1,122
8,590
16,302
6,497
15,263
4,868
14,336
10,863
1,916
14,963
1,970

MooooTiaia
Ala@opa

Vkn pe
Task Max

- 0,00%
- 38,07%
- 0,35%
- 18,77%
- 11,60%
- 28,52%
- 0,36%
- 10,61%
- 15,23%
- 20,69%
- 6,55%
- 57,03%
- 6,30%
- 10,62%
- 14,57%
- 62,60%
- 4,56%
-4,11%
- 40,94%
- 15,21%
- 2,64%
- 10,40%
- 1,25%
- 4,20%
- 0,25%
-1,50%

MoocooTtiaia
Ala@opd
Vkn pe vn

0%
-4,81%
0%

- 5,86%
0%

- 6,58%
-0,13%
-2,78%
- 3,44%
- 4,40%
-1,89%
-2,72%
- 1,03%
-1,42%
-7,71%
- 25,70%
-1,58%
- 0,98%
- 9,34%
-1,71%
- 0,94%
-2,21%
- 0,52%
0%
-0,13%
0%

Mivakag 4-4: AVOAUTIKA OTTOTEAECUOTO LTTIOAOYICHWV OAyopiBuou yia 100 SIa@OPETIKEG
TIEPITITWOEIG
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Mapatnprioeig ATTOTEAECUATWV:

1. ATO TO TIOPOTIAVW OTIOTEAECPOTO eTURERAIVETAl N BEATIOTN TMOAITIKA ATd@acnc,
onAadr OTI n amoé@acn Oev aAAALEl OTIC TIEPIODOUG TIOU OV €ival TIOAAATIAACIO TWV
Teplodwyv Tl kat T2, EmumAéov, smiBefaiwveral n vmobeon Ol 0 Xpriotng HeE TNV
MEYOAUTEPN TUOAVOTNTA ETUTLXIOG EXEl TIPOTEPAIOTNTA OTIC XPOVIKEG TIEPIOdOLC TIOU
EXEl MIKPOTEPN 1) ion TIPoBeouia LAOTIOINCNG O OXEON UE TOV AAAO XproTn.

2. To €0poC TWV XPOVIKWV TIEPIOOWV TIOU XPNOIPOTIONONKE ota  apIBuNTIKA
Tapadeiypata €ival anmd 1-11 kabwg ylo PEYOADTEPOLC aPIBPOVE 0 AVOPEVOPEVOC
ApiBuog Emituxicov tng BéAtiotng MoAmikng (Vn) Atav icog¢ peE 1O PEYIOTO aplBuo
EPYOCIWV TIOU UTIOPOUCOV VO EKTEAECTOUV OKOMO KOl YO MIKPEG TUOOVOTNTAC
eTUITLXIOC.

3. O Avapevopevog ApiBuog Emmmuxiov tng MoAmikfg Amog@aong oUU@wWVA PE TOV
Kavova Tov Bambos (Vkn) OTIC TIEPITITIWOEIC OTIOL O PEYIOTOC APIBUOC EPYATIWV TIOU
MTIOPOUV VO €KTEAECTOUV Egival TIOAD MHIKPOG (EIO0IKA OTIC TIEPITITWOEIC TIOU Ol 000
XproTeg €xouv TNV idla TIePindo) TTOAAEG QOopPEC va gival Kai 0.

4. H pgon mocootiaia dla@opd Tou Avapevopuevou ApilBuol Emituxicov tng BEATioTng
MoAitikng (V) ot oxéon pe 1O MEYIOTO apIOUd €Pyaoiwv TIOU UTIopoloOvV va
EKTEAEOTOLV €ival 18,95%.

5. H péon moococtiaia dlagopd tou Avapevopevou ApiBuoL Emituxiwv g MoATIKNAG
ATtIO@aong cOPEWVA PE TOV Kavova Tou Bambos (Vkn) o€ oxéon pe 10 PEYIOTO apIiBuo
EPYOOIWV TIOU PTTOPOVOAV VO EKTEAECTOUV gival 21,56%.

6. H péon mooootiaia dla@opd ToU Avauegvopevou AplBpol ETttituxicov g MOMTIKNG
ATté@acng olPPWVA PE TOV Kavova Tou Bambos (Vkn) oe oxéon Pe Tov AVOUEVOUEVO

Ap1Bu06 Emutuxiwv Tng BéAtiotng MoAtikng (E,,) eival 3,58%.
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Mapaptnua

#include <stdio.h>
#include<stdlib.h>
#include <math.h>

int 1cm (int a , int b);
int main()

inttl, t2, ekp, n, i,j, 1, m, sit, r, z, x, dll, dI2, deadlinel, deadline2, k, testl, test2, test3;
float pi 1, p22, pl,p2,riza,bskelos;

float dl, d2, Vn, ddl, dd2, maxll, maxl2, max21l, max22, max31l, max32, max41l, max42,
max51, max52, max61l, max62, max71l, max72, max81l, max82, max9l, max92, maxxll,
maxxl2, maxx21l, maxx22, maxx31, maxx32, maxx4l, maxx42, maxx51, maxx52, maxx61l,
maxx62, maxx71, maxx72, maxx81, maxx82, maxx91, maxx92;

FILE *f;
f=fopen("test.txt","w");

/*for (i=0;i<1000;i++)

{
tl=rand() % 10+2;
t2=rand() % 10+2;
pi l=rand() % 9+1;
p22=rand() % 9+1;
pl=(pl 1/10);
p2=(p22/10);

Ean theloume na to treksoume polles fores aytomata kai gia tyxaious arithmous */
printf("DWSE THN PERIODO TOY lou PAKETOY (TIH)\n\n");
scanf("%d",&tl);

printf("\nDWSE THN PITHANOTHTA EPITYXIAS GIA TO lo PAKETO\n\n");
scanf("%f",&pl);
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printf(\nDWSE THN PERIODO TOY 2ou PAKETOY (T2)\n\nl);
scanf("%d",&t2);

printf(\nDWSE THN PITHANOTHTA EPITYXIAS GIA TO 20 PAKETO\n\n");
scanf("%f',&p2);

ekp=lcm(tl,t2);

n=ekp;

sit=4;

r=sit;

float V[ekp][sit]; /* Dilwsi kai arxikopoiisi pinaka*/
for(I1=0;l<=ekp;l-H-)

{

for(m=0;m<=sit;m-H-)

VI[I][m]=0;

}

float Vk[ekp] [sit]; /* Dilwsi kai arxikopoiisi pinaka*/
for(I=0;l<=ekp;l++)

{

tbr(rn=0;m<=sit;m++)

VK[I][fm]=0;

}

int Apofasi[ekp]; /* Dilwsi kai arxikopoiisi pinaka*/
for(z=0;z<ekp+l ;z++)

{
Apofasi[z]=0;

}

int Apofasi2[ekp]; /* Dilwsi kai arxikopoiisi pinaka*/
for(z=0;z<ekp+l ;z++)

{
Apofasi2[z]=0;

}
int Pollapl[(ekp/t])]; /* Dilwsi kai arxikopoiisi pinaka*/
for(z=0;z<((ekp/t1)+1);z++)

{
Pollapl[z]=0;

}

for(z=I;z<((ekp/t))+1);z++)
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Pollapl[z]=z*tl;

int Pollap2[(ekp/t2)]; /* Dilwsi kai arxikopoiisi pinaka*/
for(z=0;z<((ekp/t2)+l);z++)
f

Pollap2[z]=0;

for(z=l;z<((ekp/t2)+|);z++)

{
Pollap2[z]=z*t2;

}

fprintf(f,"\nTI=%d\n\n",t 1);

fprintf(f,"p 1 =% 1,2fAn\n",p 1);

fprintf(f,"T2-%d\n\n",t2);

fprintf(f,"p2=%l .2f\n\n",p2);

fprintf(f,"EKP=%d\n\n",ekp);

/*printf("n=%d\n\n",n); Testing n */

for(n=(ekp-1);n>=0;n—)
/{* printf("n=%d\n\n",n); n indicator*/
if (N%6tlI=0 && N%t2=0)

/*Otan i xroniki stigmi n einai polaplasio kai tou tl kai tou t2 moni pitnani katastasi h (1,1) */

{ VI[n][0]=0;
V[n][l]=0;
VI[n][2]=0;
max11=(p1*(1 + V[n+1][2]))+((1-p1)* (0 + V[n+1][3]));
maxi2=(p2*(I + V[n+I][]))+((-p2)*(0 + V[n+1][3]));
if (maxi I>maxl|2)
{ V[n][3]= maxi 1,

Apofasi[n]=l;

if(max1l<max12)
{ V[n][3]= maxl2;
Apofasi[n]=2;

if (maxi I=maxl|2)
{ V[n][3]= maxll;
Apofasi[n]=0;

}

if (N%tl==0 && n%t2==0)
/*Otan i xroniki stigmi n einai polaplasio kai tou tl kai tou t2 moni pitnani katastasi h (1,1) */
{ Vk[n][0]=0;
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VK[n][1]=0;
VK[n][2]=0;
maxx! I=(pl*(l + VK[n+][2]))+((-pl)*(0 + VK[n+1][3]));
maxx12=(p2*(I + VK[n+I][1]))+((-p2)*(0 + VK[n+1][3]));

for (x=I;x<=ekp;x++)
r

if (n<=Pollapl[x])

{
deadlinel=Pollapl [X]-n;
/* fprintf(f,"\nPeriodos %4d: Deadline tou
user 1=%d\n",n,deadline 1); */
break;
}

}

for (x=I;x<=ekp;x++)

if (n<=Pollap2[x])
X
deadline2=Pollap2[x]-n;
/* fprintf(f,"\nPeriodos %4d: Deadline tou
user 2=%d\n",n,deadline2); */
break;

}

kl=deadlinel -deadline2;

k2=abs(kl);

/* fprintf(f,"\nk=%d\n" k); /Mesting k*/
riza=I-p2;

bskelos=p2*(pow(riza,k2));

if (k<O && pl>bskelos)
{ VK[n][3]=maxxl 1;
Apofas™MndN;

if (kl<O && pl<=bskelos)
{ VKINn][3]=maxx12;
Apofasi2[n]=2;

}

if (kI>0 && p2<=bskelos)

{ VK[N][3]=maxxl 1;
Apofasi2[n]=l;

if (kI>0 && p2>bskelos)
{ VK[n][3]=maxx12;
Apofasi2[n]=2;
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if (k1=0 &&pl=p2)
{ VKINn][3]=maxxiIl;
Apofasi2[n]=l;

if (kl—0 &&pl<p2)
{ VK[n][3]=maxxl|2;
Apofasi2[n]=2;

}

if (N%6tI=0 && n%t2!=0 && (N+1)%t2 != 0)
/*Otan i xroniki stigmi n einai polaplasio tou tl kai oxi tou t2 kai to n+1 den einai pollaplasio
tou t2 - pitnanes katastaseis (1,0) kai (1,1)*/
{ VI[n][0]=0;
VI[n][2]=0;
VIn][I=(p*( + VIn+I[0]))+((I-p)*(0 + VIn+I][ID);
max21=(pl*(l + V[n+I[2]D))+((-pD)*(0 + V[n+1][3]);
max22=(p2*(l + V[n+I][I)))+((I-p2)*(0 + V[n+1][3]));
if (max21>max22)
{ VI[n][3]=max21;
Apofasi[n]=I;

if (max21l<max22)
{ V[n][3]= max22;
Apofasi[n]=2;

}

if (max21==max22)

{ V[n][3]=max21;
Apofasi[n]=0;

}

if (N%tlI=0 && n%t2!=0 && (n+l)%t2 != 0)
/*Otan i xroniki stigmi n einai polaplasio tou tl kai oxi tou t2 kai to n+1 den einai pollaplasio
tou t2 - pitnanes katastaseis (1,0) kai (1,1)*/
{ VK[n][O]=0;
Vk[n][2]=0;
VKIn][l=(pl*( + VK[n+I][0]))+((I-p)*(0 + VK[Nn+I][I]));
maxx21=(pl*(l + VK[n+I][2]))+((-p)*(0 + VK[Nn+1][3]));
maxx22=(p2*(I + VK[n+I][1]))+((I-p2)*(0 + VK[n+1][3]));

for(x=l ;x<=ekp;x++)
{
if (n<=Pollapl[x])

{
deadline IHPollapl [X]-n;
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/* fprintf(f,"\nPeriodos %4d: Deadline tou
user 1=%d\n",n,deadlinel); */

break;

}

for(x=I ;x<=ekp;x++)
r

if (n<=Pollap2[x])

deadline2=Pollap2[x]-n;

/* fprintf(f,"\nPeriodos %4d: Deadline tou
user 2=%d\n",n,deadline2); */

break;

}

kl=deadline!l-deadline2;
k2=abs(kl);
/* fprintf(f,"\nk=%d\n" K); /*testing k*/
riza=l-p2;
bskelos=p2*(pow(riza,k2));

if (kl<O && pl>bskelos)
{ VK[n][3]=maxx21;
Apofasi2[n]=l;

}

if (kl<O && pl<=bskelos)

{ VK[n][B]=maxx22;
Apofasi2[n]=2;

}

it (kI>0 && p2<=bskelos)

{ VK[Nn][3]=maxx21;
Apofasi2[n]=l;

}

if (kI>0 && p2>bskelos)

{ VK[n][3]=maxx22;
Apofasi2[n]=2;

}

if (kl==0 &&pl>p2)

{ VK[n][8]=maxx21;
Apofasi2[n]=l;

}

if(k1=0 &&pl<p2)

{ VK[n][3]=maxx22;
Apofasi2[n]=2;
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if (N%tl=0 && n%t2!=0 && (n+1)%t2 == 0)
/*Otan i xroniki stigmi n einai polaplasio tou tl kai oxi tou t2 kai to n+1 einai pollaplasio tou
t2 - pitnanes katastaseis (1,0) kai (1,1) */
{ VI[n][0]=0;
VI[n][2]=0;
VIn][I* (e + VIn+][2])+((I-p)*(0 + V[n+1][3]));
max3l=(pl*(1 + V[n+1][2D))+((1-p1)* (0 + V[n+1]1[3]);
max32=:(p2*(l + V[n+I][3]))+((I-p2)*(0 + V[n+1][3]));
if (max3 I>max32)

{ V[n][3]= max31,;
Apofasi[n]=l;

if (max31l<max32)

{ VI[Nn][3]= max32;
Apofasi[n]=2;

]

if (max3 I==max32)

{ V[n][3]=max31;
Apofasi[n]=0;

}

}

it (N%tlI==0 && n%t2!=0 && (n+1)%t2 == 0)
/*Otan i xroniki stigmi n einai polaplasio tou tl kai oxi tou t2 kai to n+1 einai pollaplasio tou
t2 - pitnanes katastaseis (1,0) kai (1,1) */
{ Vk[n][0]=0;
Vk[n][2]=0;
VKIN]J[I=(pl*( + VK[n+1][2]))+((1-p1)*(0 + VK[n+1][3]));
maxx31=(pl*(l + VK[n+I][2]D))+((-pD)*(0 + VK[n+1][3]));
maxx32=(p2*( + VK[n+I][3]))+((I-p2)*(0 + VK[n+1][3]));

for(x=l ;x<=ekp;x++)

{
if (n<=Pollapl[x])
{
deadlinel=Pollapl [x]-n;
/* fprintf(f,"\nPeriodos %4d: Deadline tou
user 1I=%d\n",n,deadlinel); */
break;
}
}
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for(x=I ;x<=ekp;x++)

if (n<=Pollap2[x])

{ deadline2=Pollap2[x]-n;
/* fprintf(f,"\nPeriodos %4d: Deadline tou
user 2=%d\n",n,deadline2); */
break;
}
}
kl=deadlinel-deadline2;
k2=abs(kl);
/* fprintf(f,"\nk=%d\n",K); “esting k*/
riza=l-p2;

bskelos=p2* (pow(riza,k2));

if (kl<O && pl>bskelos)
{ VK[n][3]=maxx31;
Apofasi2[n]=l;

}

if (kl<O && pl<=bskelos)

{ VK[n][3]=maxx32;
Apofasi2[n]=2;

}

if (kI>0 && p2<=bskelos)

{ VK[Nn][3]=maxx31;
Apofasi2[n]=l;

}

if (kI>0 && p2>bskelos)

{ VK[Nn][8]=maxx32;
Apofasi2[n]=2;

}

if (kI=0 && pl>p2)

{ VK[n][3]=maxx31;
Apofasi2[n]=l;

}

if (kl==0 && pl<p2)

{ VK[n][3]=maxx32;
Apofasi2[n]=2;

}

if (n%tl '=0 && n%t2==0 && (N+1)%otl != 0)
/*Otan i xroniki stigmi n einai polaplasio tou t2 kai oxi tou tl kai to n+1 den einai pollaplasio
tou tl- pitnanes katastaseis (0,1) kai (1,1) */
{ VI[n][0]=0;
V[n][l]=0;
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VIn][2]=(p2*(I + V[n+1][0]))+((1-p2)*(0 + V[n+1][2]));
max41=(pl*(I + V[n+I][2]))+((I-p)*(0 + V[n+1][3]));
max42=(p2*(l + V[n+I][I))+((I-p2)*(0 + V[n+1][3]));
if (max41>max42)
{ V[n][3]= max41,;

Apofasi[n]=l;
/
if (max41l<max42)
{ V[Nn][3]= max42;

Apofasi[n]=2;

if (max41==max42)
{ VI[N][3]= max41;
Apofasi[n]=0;

it (n%tl I=0 && n%t2==0 && (n+I)%otl !=0)
/*Otan i xroniki stigmi n einai polaplasio tou t2 kai oxi tou tl kai to n+1 den einai pollaplasio
tou tl - pitnanes katastaseis (0,1) kai (1,1) */
{ Vk[n][0]=0;

VK[n][l]=0;

VKINn][2]=(p2*(I + VK[n+I][0]))+((I-p2)*(0 + VK[n+1][2]));

maxx41=(pl*(I + VK[n+I][2]))+((-pD)*(0 + VK[n+1][3]));

maxx42=(p2*(l + VK[n+1[ID)+((I-p2)*(0 + VK[N+1][3]));

for(x=Il ;x<=ekp;x++)

{
if (n<=Pollapl[x])
{
deadlinel=Pollap![x]-n;
/* fprintf(f,"\nPeriodos %4d: Deadline tou
user I=%d\n",n,deadlinel); */
break;
}
}
for(x=I ;x<=ekp;x++)
{
if (n<=Pollap2[x])
{
deadline2=Pollap2[x]-n;
/* fprintf(f,"\nPeriodos %4d: Deadline tou
user 2=%d\n",n,deadline2); */
break;
}
}
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kl=deadline!-deadline2;

k2=abs(kl);

/* fprintf(f, "\nk=%d\n" k); /"testing k*/
riza=l-p2;

bskelos=p2*(pow(riza,k2));

if (kl<O && pl>bskelos)
{ VKI[Nn][3]=maxx4l,
Apofasi2[n]=l;

}

if (kl<O && pl<=bskelos)

{ VK[n][3]=maxx42;
Apofasi2[n]=2;

}

if (kKI>0 && p2<=bskelos)

{ VK[n][3]=maxx41;
Apofasi2[n]=l;

}

if (kKI>0 && p2>bskelos)

{ VK[n][3]=maxx42;
Apofasi2[n]=2;

}

if(k1=0 &&pl=p2)

{ VK[n][3]=maxx41;
Apofasi2[n]=l;

}

if(k1=0 &&pl<p2)

{ VK[n][3]=maxx42;
Apofasi2[n]=2;

if (n%tl '=0 && n%t2==0 && (n+I)%tl = 0)
/*Otan i xroniki stigmi n einai polaplasio tou t2 kai oxi tou tl kai to n+1 einai pollaplasio tou
tl- pithanes katastaseis (0,1) kai (1,1)*/
{ VI[n][0]=0;
V[n][l]=0;
VIn][2]=(p2*(I + V[n+1][1]))+((1-p2)*(0 + V[n+1][3]));
max51=(pl*(I + V[n+Il][3]))+((I-p)*(0 + V[n+1][3]));
max52=(p2*(l + V[n+I][IN))+((I-p2)*(0 + V[n+1][3]));

if (max51>max52)

{ V[N][3]= max51;
Apofasi[n]=l;

}
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if (max51<max52)
{ V[n][3]= max52;
Apofasi[n]=2;

if (max51=max52)
{ V[n][3]=max51,;
Apofasi[n]=0;

if (N%tl =0 && n%t2==0 && (N+1)%tl == 0)

/*Otan i xroniki stigmi n einai polaplasio tou t2 kai oxi tou tl kai to n+1 einai pollaplasio tou
tl - pitnanes katastaseis (0,1) kai (1,1)*/
{ Vk[n][0]=0;

VK[n][l]=0;

VKIN][2]=(p2*(l + VK[n+1][1]))+((1-p2)*(0 + VK[n+1][3]));

maxx51=(pl*(1+ VK[Nn+1][3]))+((1-p1)*(0 + VK[n+1][3]));

maxx52=(p2*(1 + VK[n—+I][1]))+((I-p2)*(0 + VK[n+1][3]));

for(x=I ;x<=ekp;x++)

{
if (n<=Pollapl[x])

{ deadlinel=Pollapl[x]-n;
/* fprintf(f,"\nPeriodos %4d: Deadline tou
user I=%d\n",n,deadline 1); */
break;

}

for(x=l ;x<=ekp;x++)

{
if (n<=Pollap2[x])

{ deadline2=Pollap2[x]-n;
/* fprintf(f,"\nPeriodos %4d: Deadline tou
user 2=%d\n",n,deadline2); */
break;

}

klzdeadline}l -deadline2;

k2=abs(kl);

/* fprintf(f,"\nk=%d\n",k); [*testing k*/
riza=I-p2;

bskelos=p2*(pow(riza,k2));
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if (kl<0 && pl>bskelos)
{ VK[n][3]=maxx51;
Apofasi2[n]=l;

}

if (kl<O && pl<=bskelos)

{ VK[n][3]=maxx52;
Apofasi2[n]=2;

}

if (kI>0 && p2<=bskelos)

{ VKI[n][3]=maxx51;
Apofasi2[n]=l;

}

if (kI>0 && p2>bskelos)

{ VK[n][3]=maxx52;
Apofasi2[n]=2;

}

if (kl==0 && pl>p2)

{ VK[n][3]=maxx51;
Apofasi2[n]=l;

gf (kl—0 &&pl<p?2)
{ VK[n][3]=maxx52;
Apofasi2[n]=2;
}
}
it (n%tl '=0 && n%t2!=0)

{
for(r=0;r<sit;r++)
{
if(r=0 && (n+)%tl !'= 0 && (n+1)%t2 !'=0)
{ VIn][r]= V[n+l][r]+ 0;

}
else if (r=0 && (N+1)%tl == 0 && (N+)%t2 1= 0)
{ VIn]r]=VIn+][r+I] + O;

}
else if (r==0 && (n+)%tl =0 && (N+)%t2 —= 0)
{ VIn][r]=VIn+][r+2] + O;

}
else if (r=0 && (N+1)%tl == 0 && (nN+)%t2 = 0)
{ VIn]rl= VIn+I][r+3] + 0 ;

}

else if (r=1 && (n+)%tl =0 && (N+1)%t2 != 0)
{ VIn]ir]= (pI*( + VIn+I][r-1))+((I-p)*(0 + Vn+I][r]));

}
else if (r=I && (n+)%itl == 0 && (n+)%t2 != 0)

{ VIn]r]= (pI*( + VIn+][rD)+((1-p))*(0 + VIn+I][r]));
}
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else if (r==I && (n+1)%itl != 0 && (N+)%t2 = 0)
{ VIn][r]l= (pI*( + VIn+I][r+1]))+((I-pD)*(0 + V[n+I][r+2]));

else if (r==I && (n+)%tl —= 0 && (n+1)%t2 == 0)
{ VIn][rl= (pI*( + VIn+][r+2]))+((I-pD)*(0 + V[n+l][r+2]));

}

else if (r=2 && (n+)%tl != 0 && (n+1)%t2 != 0)
{ VIn]lr]= (p2*(I + V[n+I][r-2]))+((I-p2)*(0 + V[n+I][r]);

}
else if (r=2 && (n+)%tl = 0 && (N+1)%t2 = 0)

{ VIn][r]= (p2*(l + VI[n+1][r-1]))+((1-p2)*(0 + V[n+I][r+1]));
}

else if (r=2 && (n+)%tl 1= 0 && (N+1)%t2 = 0)

{ VIn][r]= (p2*(I + VIn+I][rD)+((I-p2)*(0 + VIn+I][r]);

}

else if (r==2 && (n+)%itl == 0 && (N+)%t2 == 0)

{ VIn]lr]= (P2*(l + VIn+I][H-ID)+((1-p2)*(O0 + V[n+I][r+I]));
}

else if (r=3 && (n+)%tl =0 && (n+l)%t2 !=0)

{ max6l=(p1*(1+ V[n+1][r-1]))+((1-p1)* (0 + V[n+1][r]));
max62=(p2*(l + V[n+I][r-2]))+((I-p2)*(0 + V[n+I][r]));
if (max61l>max62)

{ V[Nn][r]= max61;
Apofasi[n]=l;

if (max6l<max62)
{ V[n][r]= max62;
Apofasi[n]=2;

if (max61l==max62)
{ V[n][r]= max61,;
Apofasi[n]=0;
}
}

else if (r==3 && (n+)%tl == 0 && (N+1)%t2 != 0)

{
max71=(pl*(l + VIn+I][r1)+((-pD)*(0 + V[n+I][r]));
max72=(p2*(l + V[n+I][r-2]))+((I-p2)*(0 + V[n+I][r]));

if (max71>max72)
{ V[n][r]= max71,
Apofasi[n]=l;
}
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if (max71<max72)
{ V[n][r]= max72;
Apofasi[n]=2;

if (max7l==max72)
{ V[Nn][r]= max71;
Apofasi[n]=0;
}
}

else iIf (r==3 && (n+1)%tl !'= 0 && (n+l)%t2 = 0)

{ max81=(pl*(I + V[n+I][r-1D)+((I-p)*(0 + V[n+I][r]));
max82=(p2*(I + V[n+I][r))+((I-p2)*(0 + VIn+I][r]));
if (max81>max82)

{ V[n][r]= max81;
Apofasi[n]=l;

if (max8l<max82)
{ V[n][r]= max82;
Apofasi[n]=2;

}
if (max8l==max82)
{ V[n][rl=max81;
Apofasi[n]=0;
}
}

else iIf (r=3 && (n+1)%tl == 0 && (N+1)%t2 — 0)

{ max91=(pl*(I + V[n+I][r])+((I-p)*(0 + V[n+I][r]));
max92=(p2*(l + V[n+I][r)))+((-p2)*(0 + V[n+I][r]));
if (max91>max92)

{ V[n][r]= max91,;
Apofasi[n]=l;

if (max91<max92)
{ V[n][rl=max92;
Apofasi[n]=2;

if (max91==max92)
{ V[Nn][r]= max91,
Apofasi[n]=0;
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if (N%tl 1=0 && N%t2!=0)

for(r=0;r<sit;r++)

{
if(r==0 && (N+1)%tl = 0 && (n+[)%t2 != 0)

{ VKIn][r]= VKIn+I][r]+ 0;

else if r==0 && (N+1)%tl == 0 && (n+)%t2 !=0)
{ VKIN][r]= VK[n+I][r+I] + 0;

}
else if (r=0 && (N+1)%tl != 0 && (nN+)%t2 = 0)
{ VKIN][r]= VK[n+][r+2] + 0;

}
else iIf (r=0 && (N+)%tl == 0 && (N+)%t2 = 0)
{ VKIN][r]= VK[n+I][r+3] + O;

}

else if (r=1 && (n+1)%tl '= 0 && (N+1)%t2 = 0)
{ VKIn][r]= (pI*(l + VK[n+1][r-11))+((1 -p1)*(0 + VK[n+I][r]));

}
else if (r=I && (n+1)%tl == 0 && (Nn+)%t2 = 0)
{ VKIn][r]= (pI*(l + VKINn+I][rD))+((I-p)*(0 + VK[n+I][r]));

}
else if (r=1 && (n+1)%tl =0 && (n+)%t2 = 0)
{  VKIn]r]= (pI*( + VKIn+I][r+I]))+((-pD)*(0 + VK[n+I][r+2]));

}
else if (r==I && (N+)%tl == 0 && (N+)%t2 == 0)
{  VK[n][r]= (p1*(1 + VKINn+I][r+2]))+((I-p))*(0 + VK[n+I][r+2]));

}

else if —2 && (N+1)%tl '= 0 && (N+)%t2 = 0)
{ VKIn][r]= (p2*(l + VK[n+I][r-2]))+((I-p2)*(0 + VK[n+I][r]));

}
else if (r==2 && (n+I)%tl == 0 && (N+)%t2 != 0)
{ VK[n][r]= (p2*(I + VKIn+H][r-I]))+((I-p2)*(0 + VK[n+I][r+I]));

}
else if (r=2 && (n+1)%tl '=0 && (N+l)%t2 = 0)
{ VKINn][r]= (p2*(l + VK[n+I][r])+((I-p2)*(0 + VK[n+I][r]));

}
else iIf (r=2 && (n+)%tl = 0 && (N+)%t2 = 0)
{  VK[n][r]l= (p2*(I + VK[n+1][r+1]))+((1-p2)* (0 + VK[n+I][r+I]));

}
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else if (r=3 && (n+)%tl != 0 && (n+[)%t2 != 0)
I

maxx61=(pl*(I + VK[n+I][r-1D)+((I-pD*(O + VK[n+I][r]));
maxx62=(p2*(1 + VK[n+I][r-2]))+((I-p2)*(0 + VK[n+I][r]));

for(x=l ;x<=ekp;x++)

/
i
if (n<=Pollapl[x])
{ _
deadline I=Pollapl [x]-n;
/* fprintf(f,"\nPeriodos %4d: Deadline tou
user 1I=%d\n",n,deadline 1); */
break;
}
}

for(x=l ;x<=ekp;x++)

if (n<=Pollap2[x])

{ deadline2=Pollap2 [x]-n;
/* fprintf(f,\nPeriodos %4d: Deadline tou
user 2=%d\n",n,deadline2); */
break;
}
}
kl=deadlinel-deadline2;
k2=abs(kl);
/* fprintf(f,"\nk=%d\n",k); /*testing k*/
riza=I-p2;

bskelos=p2*(pow(riza,k2));

if (kl<O && pl>bskelos)
{ VK[n][3]=maxx61;
Apofasi2[n]=l;

}

if (kl<O && pl<=bskelos)

{ VK[n][3]=maxx62;
Apofasi2[n]=2;

i}f (kI>0 && p2<=bskelos)

{ VK[Nn][3]=maxx61;
Apofasi2[n]=I;

?f (kI>0 && p2>bskelos)

{ VK[Nn][3]=maxx62;
Apofasi2[n]=2;
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if (kI=0 && pl>p2)
{ VK[n][3]=maxx61;
Apofasi2[n]=l;

}

if (k=0 && pl<p2)

{ VK[n][3]=maxx62;
Apofasi2[n]=2;

}

else if (i=3 && (N+)%tl = 0 && (nN+1)%t2 != 0)

{
maxx71=(pl*(I + VK[n+I[rD)+((1-pD)*(0 + VK[n+I][r]);

maxx72=(p2*(1 + VK[n+I[r-2]))+((-p2)*(0 + VK[n+I][r]));

for(x=l ;x<=ekp;x++)

{
if (n<=Pollapl[x])
{
deadline lHPollap 1 [X]-n;
/* fprintf(f,"\nPeriodos %4d: Deadline tou
user I=%d\n",n,deadlinel); */
break;
}
}
for(x=I ;x<=ekp;x++)
{
if (n<=Pollap2[xj)
{
deadline2=Pollap2[x]-n;
/* fprintf(f,"\nPeriodos %4d: Deadline tou
user 2=%d\n",n,deadline2); */
break;
}
kl=deadlinel-deadline2;
k2=abs(kl);
/* fprintf(f,"\nk=%d\n",Kk); /*testing k*/
riza=l-p2;

bskelos=p2*(pow(riza,k2));

if (kl<O && pl>bskelos)

{ VK[Nn][8]=maxx71;
Apofasi2[n]=l,

i}f (kl<0 && pl<=bskelos)

{ VK[Nn][3]=maxx72;
Apofasi2[n]=2;
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7

if (kI>0 && p2<=bskelos)
{ VK[n][3]=maxx71;
Apofasi2[n]=l;

}

if (k>0 && p2>bskelos)

{ VKI[Nn][8]=maxx72;
Apofasi2[n]=2;

}

if (klI=0 && pl>p2)

{ VK[Nn][3]=maxx71;
Apofasi2[n]=l;

}

if (klI=0 &&pl<p?2)

{ VKI[Nn][8]=maxx72;
Apofasi2[n]=2;

else iIf (r=3 && (n+1)%tl = 0 && (N+)%t2 = 0)

{
maxx81=(pl*(I + VK[n+I][r-1]D)+((1-pD)*(0O + VK[n+I][r]));

maxx82=(p2*(l + VK[n+I][r]))+((I-p2)*(0 + VK[n+I][r]));

for(x=1;x<=ekp;x++)

{
if (n<=Pollapl[x])
{
deadline I=Pollapl [x]-n;
/* fprintf(f,"\nPeriodos %4d: Deadline tou
user I=%d\n",n,deadlinel); */
break;
}
}
for(x=l ;x<=ekp;x++)
{
if (n<=Pollap2[x])
{
deadline2=Pollap2[x]-n;
/* fprintf(f,"\nPeriodos %4d: Deadline tou
user 2=%d\n",n,deadline2); */
break;
}
}
kl=deadline!l-deadline2;
k2=abs(kl);
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/* fprintf(f,"\nk=%d\n",k); /"esting k*/
riza=I-p2;
bskelos=p2*(pow(riza,k2));

if (kl<O && pl>bskelos)
{ VK[Nn][B]=maxx81;
Apofasi2[n]=l;

}

if (kl<O && pl<=bskelos)

{ VK[Nn][3]=maxx82;
Apofasi2[n]=2;

}

if (kI>0 && p2<=bskelos)

{ VK[n][3]=maxx81,;
Apofasi2[n]=l;

}

if (k>0 && p2>bskelos)

{ VK[Nn][3]=maxx82;
Apofasi2[n]=2;

if (kI—0 &&pl=>p2)
{ VK[n][3]=maxx81;
Apofasi2[n]=l;

if (k=0 &&pl<p2)
{ VK[n][3]=maxx82;
Apofasi2[n]=2;

else if (r=3 && (n+1)%tl — 0 && (N+)%t2 — 0)

{
maxx91=(pl*(I + VK[n+I][r]D)+((I-pD*(0 + VK[n+I][r]));
maxx92=(p2*(1 + VK[N+I][rD))+((I-p2)*(0 + VK[N+I][r]));

for(x=I ;x<=ekp;x++)

if (n<=Pollapl[x])

{
deadlinel=Pollapl [X]-n;
/* fprintf(f,"\nPeriodos %4d: Deadline tou
user 1I=%d\n",n,deadlinel); */
break;

}

}
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for(x=l ;x<=ekp;x++)

{
if (n<=Pollap2[x])
{ _
deadline2=Pollap2[x]-n;
/* fprintf(f,"\nPeriodos %4d: Deadline tou
user 2=%d\n",n,deadline2); */
break;
) }

kl=deadlinel-deadline2;

k2=abs(kl);

/* fprintf(f,"\nk=%d\n",k); /*testing k*/
riza=I-p2;

bskelos=p2*(pow(riza,k?2));

if (kl<O && pl>bskelos)

{ VK[Nn][3]=maxx91;
Apofasi2[n]=l;

}

if (kl<O && pl<-bskelos)

{ VK[n][3]=maxx92;
Apofasi2[n]=2;

}

if (kI>0 && p2<=bskelos)

{ VK[n][3]=maxx91;
Apofasi2[n]=l;

}

if (kI>0 && p2>bskelos)

{ VK[n][3]=maxx92;
Apofasi2fn]=2;

}

if (klI=0 &&pl>p2)

{ VK[n][8]=maxx91;
ApofasiZ[n]=l;

}

if (kI=0 &&pl<p2)

{ VK[Nn][3]=maxx92;
Apofasi2[n]=2;
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fprintf(f,"\n\n");
for(n=ekp;n>=0;n—) /* array test print */
{ fprintf(f,"n=%d",n);

for(r=0;r<sit;r++)

fprintf(f,"%69.3f",V[n][r]);

if(r=3)
{ fprintf(f,"\n");
}

}

}

fprintf(f,"\n\n");

for(n=ekp;n>=0;n~) /* array test print */
{ fprintf(f,"n=%d",n);

for(r=0;r<sit;r++)

fprintf(f,"%9.3 F,VK[n] [r]);

if(r==3)
{ fprintf(f,"\n");
}
}
}
fprintf(f,"\n\n");
for(n=ekp;n>=0;n—) /* array test print */
{
fprintf(f,"Apofasi 1 kai 2 stin periodo %d : %d  %d\n",n,Apofasi[n],Apofasi2[n]);
}

fprintf(f,"\n\nPollaplasia periodou tou user 1 :\n");

for(n=I;n<=(ekp/tl);n++) /* array test print */
fprintf(f,"%d\n",Pollapl [n]);

fprintf(f,"\n\nPollaplasia periodou tou user 2:\n");

for(n=I ;n<=(ekp/t2);n++) /* array test print */

{
}

fprintf(f,"\n\n");

fprintf(f,"%d\n",Pollap2[n]);
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for(n=0;n<=ekp;n++)

/*Elegxos an h beltisth politikh den allazei sta shmeia pou den einai pollaplasia ths mias h ths
allhs periodou.*/
if (N%tl'=0 && n%t2!=0 && Apofasi[n]==Apofasi[n-I])

fprintf(f,"Periodos %4d: H beltisth polilikli den allakse ayth tin periodo pou den einai
pollaplasio ths mias h ths allhs periodou\n”,n);

}

if (N%tl I=0 && n%t2!=0 && Apofasi[n]==0)

fprintf(f,"Periodos %4d: H beltisth politikh den allakse ayth tin periodo pou den einai
pollaplasio ths mias h ths allhs periodou\n",n);

}

if (n%tl 1=0 && n%t2!=0 && Apofasi[n-]==0)

fprintf(f,"Periodos %4d: H beltisth politikh den allakse ayth tin periodo pou den einai
pollaplasio ths mias h ths allhs periodou\n™,n);

}

if (N%tl!=0 && n%t2!=0 && Apofasi[n]!=Apofasi[n-1] && Apofasi [n]'=0 && Apofasi [n-
1]1=0)

fprintf(f,"\nPeriodos %d: H beltisth politikh allakse tin periodo %d enw ayti den einai
pollaplasio ths mias h ths allhs periodou\n”,n,n);
test1=1,

}

if (testl 1=1)
{ fprintf(f,"\nH beltisth politikh den allakse stis periodous pou den einai pollaplasia ths
mias h ths allhs periodou\n");

}

for(n=0;n< ekp;n++)

{

/*An o user me th megaluterh piOanothta epituxias exei kai mikrotero deadline, exei
proteraiothta.*/

for(x=I;x<=ekp;x++)

{
if (n<Pollapl[x])

dli=Pollapl[x]-n;
if (dIl—O0)

{
dii=tl;
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/* fprintf(f,"\nPeriodos %4d: Deadline tou user 1=%d\n",n,dll); */

break;
}
for(x=l ;x<=ekp;x++)
{
if (n<Pollap2[x])
{
di2=Pollap2[x]-n;
if(dl2=0)
{
di2=t2;
/* fprintf(f,"\nPeriodos %4d: Deadline tou user 2=%d\n",n,dI2); */
break;
}
if (pI>p2 && dIl<=dI2 && Apofasi[n]==I)
{ fprintf(f,"\nPeriodos %4d: Epeidi o user ! (megalyteri pi8anothta epityxias)
exei mikrotero i iso deadline exei proteraiothta.\n",n);
}
if (plI>p2 && dll<=dI2 && Apofasi[n]==0)
{ fprintf(f,"\nPeriodos %4d: Epeidi o user 1 (megalyteri piSanothta epityxias)

exei mikrotero i iso deadline exei proteraiothta.\n",n);

if (plI>p2 && dll<=dI2 && Apofasi[n]==2)

{ fprintf(f, \nPeriodos %d: Enw o user 1 (megalyteri pi8anothta epityxias) exei
mikrotero i iso deadline DEN exei proteraiothta.\n",n);
test2=l;

}
if (p2>pl && dI2<=dll && Apofasi[n]=2)

{ fprintf(f,"\nPeriodos %4d: Epeidi o user 2 (megalyteri pi8anothta epityxias) xei
mikrotero i iso deadline exei proteraiothta.\n\n",n);

}

if (p2>pl && dI2<=dll && Apofasi[n]==0)

{ fprintf(f,"\nPeriodos %4d: Epeidi o user 2 (megalyteri pi8anothta epityxias)
exei mikrotero i iso deadline exei proteraiothta.\n\n",n);

}

if (p2>pl && dI2<=dll && Apofasi[n]==l)

{ fprintf(f,"\nPeriodos %d: Enw o user 2 (megalyteri pi8anothta epityxias) exei
mikrotero i iso deadline DEN exei proteraiothta.\n",n);

test3=l;
}
}
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/* fprintf(f,"\ntest2=%d\n",test2);
fprintf(f, "\ntest3=%d\n" ,test3); */

if (test2!l=l && pl>p2)
{ fprintf(f,"\nOtan o user ! (megalyteri pi8anothta epityxias) eixe mikrotero i iso
deadline eixe kai proteraiothta.\n\n");

1

if (test3!=l &&p2>pl)

{ fprintf(f,\nOtan o user 2 (megalyteri piSanothta epityxias) eixe mikrotero i iso
deadline eixe kai proteraiothta.\n\n");

}

if (pl=p2)

{ fprintf(f,"\nOi pithanotites epityxias kai gia tous 2 users einai ises\n\n");

}

fprintf(f,"\nTo WV (l,I) ti xroniki stigmi 0 einai: %1.3\n",V[0][3]);
fprintf(f,"\nTo VVk(l,I) ti xroniki stigmi 0 einai: %1.3f\n\nM,VK[O][3]);
1*}y*/

fclose(f);

system("pause");

}

int lcm(int a,int b)
{
int n;
for(n=I;;n++)
{
if(n%a — 0 && n%b == 0)
return n;
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