KepaAaio 5.
Eicaywyn otnv lNpocouoiwaon

TexViKEG EKTIHNONG YTTOAOYIOTIKWY CUCTNHATWY

[1avvne 'apopaAakng
KaBnyntng



"
[Mpoocouoiwon

TEXVIKEC XPNONG UTTOAOYICTWY YIA TN «MiUNan» Twv
AEITOUPYIWYV DIAPOPWV EIDWV

O1adIKATIWV 1 UNXaAVIOUWV

3

2Y2THMA

[0 va TO HEAETOOUNE, KAVOUME UTTOBETEIC YIA TO TTWG OOUAEUEI

YTTo0£0¢€IC (MABNUATIKES 1] AOYIKEC OXETEIQ)

d

MONTEAO
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Xpnoeig lNpooopoiwong
B 2UCTNMATO TTAPAYWYNC
m H/Y kal dikTua
m AJUVTIKO cuoTAuaTa
m [IwANOCEIC
m 2UCTAUATA JETAPOPWYV
m NoooKouEid, TAXUOPOUIKEC UTTNPECTIEC
m OIKOVOMIKQA KAl ETTIXEIPNUATIKA CUCTAUATO
m [1pOyvwon Kaipou, pUOIKWYV JETABOAWY
H ...
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2uaTnuaTa kKal MovTteAa
Oplopog 2uotnuatog (1)

2UaTnua gival yia guAAoyn ovroTNTwy
(TT.X. QvOPWTTOI | UNXAVEC) TTOU EVEPYOUV
KOl dAANAETTIOPOUV, JE OTOXO KATTOIO

AOVYIKO ATTOTEAEC Q.

Kataotaon 2ZuoTtnpartog : H cuAhoyn Twyv PJeTaBAnTwy
TTOU €ival aTTapaiTNTEG YyIa TNV TTEPIYPAPN TOU
OUCTAMUATOC O€ MIa XPOVIKA OTIYUN, AVA@POPIKA JUE TOUG
OTOXO0UG TNC MEAETNC



" S
2uaTnuaTa kKal MovTteAa
OpIOPOC 2ZuoTnHaTOC (2)

m [UTTOI CUCTNUATWY

AlakpITa (discrete)
m O1 yeETABANTEC KATAOTAONG MTTOPOUV VO OAAACOUV
0€ OIAKEKPIMEVEC OTIVMEG TOU XPOVOU
2.uvexn (continuous)
m O1 yetaBAnTéc Kardotaong aAAAouv CuveEXWC OTO
XPOVO
Aiya guoTAuaTa TNV TTPAEN €ival £C
OAOKANPOU BIAKPITA ] CUVEXN
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Tpotrol yeAETnc ouoTnuartoc (1)

Meipapa pe To Meipapa pe
Mpayuariké MovTéAo Tou
Z0oTnHa ZUOTAMATOG
duoikd MaOnuaTiké
MovtéAo MovtéAo
AvaAuTIKnA

Adon NMPOZOMOIQZH
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TpoTrol ueAETNC cuaTRMATOC (2)

m [leipapa pe 10 INpaypaTiko 2ZuoTnua i
[leipapa ye MovtEAO TOU 2UCTHNOTOC

®uaoikn TTPOCRaCN 0TO CUCTNHA KAl AEIToupyia
KATW ATTO TIC VEEC OUVONKEC

YWnAOG KOOTOG Kal TTBava TpoAnuaTa oTnv
KAVOVIKN AEITUPYia TOU CUCTAMOTOG.

KaTaokeun povreAou oUOTNPATOG KOTA TN @A
oxeOIOUOU TTOU avaTTapIioTa TO oUCTNUA KATA TN
UEAETN.

H eykupOTNTA JOVTEAOU TTAICEl ONUAVTIKO POAO.
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TpoTtrol ueAETNC cuoThpaToC (3)

m Quoikd MovtéAo A MaBnuaTtikd MovTéAo

‘Eva yabnuariko JOVTEAO avaTTapioTa TO
ouoTnUa e Baon AOYIKEC Kal TTOOOTIKEC
OXEOEIC Ol OTTOIEC XEIPICOMEVEC KAl
METABAANOPEVEC KATAAANAQ, ETTITPETTOUV VA
OOUME TTWC aVTIOPA TO MOVTEAO KAl KATA
OUVETTEIQ TTWG Ba avTidpouoe To ouoTnua, av
TO HOONUATIKO POVTEAO Eival EYKUPO.
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TpoTtrol ueAETNC cuoThuaTocg (4)

m AvaAuTik) Auon R Tpooopoiwon
AV TO JOVTEAO gival APKETA ATTAO, €ival duvaTo
va TTAPOUME Pia akpIBn, avaAuTtikn Auon.
Av UTTApXEl avaAuTiki AUon OTO paBnuartiko
LOVTEAO KalI €ival UTTOAOYIOTIKA ATTOOOTIKN,
ouvNOwc¢ TNV TTPOTIUOUUE ATTO TNV
TTPOCONOIWaN,.
AV TO JOVTEAO €ival TTOAUTTAOKO TTPETTEI VO
LMEAETNOEI uE TN XpNON TTPOCOUOIWONG
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TpoTtrol ueAETNC cuoTAPATOC (D)

[Tpocouoiwan

m H ekTEAEON apIBUNTIKWY TTEIPANATWY OTO UOVTEAO
YIQ TIC £10000UC (OedOUEVA) TTOU HOC EVOIQPEPOUY,
yia va OOUME TTWG auTta emTnpedlouv TIC £COO0UC
(METPO ATTOd00NG) TOU CUCTAMATOG
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Eidn yovréAwv trpocopoiwong (1)

m 270TIKO R Auvauikd MovTtéAa INpooopoiwong

‘Eva ararké poviéEAo TTpOoou0iwaong avaTrapioTd £va auaTnua

O€ Wia GUYKEKPIPEVN XPOVIKI OTIYUI, I] QVATTAPIOTA £Va
oUOoTNPO OTO OTT0I0 0 XPOVOC Oev £XEl onUaaTia.

‘Eva duvauiko JOVTEAO TTPOCONOIWONG AVATTAPIOTA £va
ouoTnUAa, OTTWG AUTO £€eAicoeTal UE TNV TTAPOOO TOU XPOVOU.

B NTeTEPUIVIOTIKA A 2TOXOOTIKA MovTéAa [pooopuoiwong

Av Eva JOVTENO Trpooopmwor]g Oev TrepIAapPavel moOavoTika
(dnAadn "tuxaia") THAMATA, OVOUALETAI VTETEQUIVITTIKO.

m 27O VTETEPUIVIOTIKA POVTEAQ, N £6000G €ival KaBopIiopevn, Ue

OeOOPEVO TO OUVOAO TWV TTOOOTATWYV KAl OXEOEWV €10000U TOU
OVTEAOU.

[TOAAG cuoTAUATA TTPETTEI VA XPNOIYOTIOINCOUV OTOXAOTIKA
LMOVTEAQ TTPOOOHOIWwaNG, dNAadr HOVTEAQ TTou Ba £xouv
TOUAQXIOTOV OpIOUEVA TUAMATa pE "Tuxaia” €i00do0.
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Eidn yovréAwv TTpocopoiwong (2)

m Auto-odnyoupeva R Ixvo-odnyouueva MovTtéAa
[Tpocopoiwong

2.€ £va auto-odnyouuevo (self-driven) yovteEAO, UTTAPXE!
Mid ECWTEPIKN TTNYNA TUXaiwV aplBuwyv. O1 Tuxaiol apiBuoi
OoOnyouv Ta TUAUATA TOU JOVTEAQU, dNAQON ,
XpnolyoTTolouvTal YIa TOV TTPOGdIOPICHO TWV OTIYHWV
EMPAVICEWV TWV YEYOVOTWY TOU CUCTNMATOC.

m ATTOTEAEI £EVa AUTAPKEG POVTEAO TO OTTOIO OEV XpEIadeTal
eCWTEPIKEC £10000UC (inputs) yia va AEITOUPYAOEL.
‘Eva l)(vo-oégyoUus\{o (trace-driven) yovtéAo kaBoodnyeital
OTTO AKOAOUBIEG £I0000U TTOU TTPOEPXOVTAI OTTO OEO0OUEVA
(trace data) TToU £xouv dnuioupynBel atmd Tn AsiToupyia

EVOC TTPAYUATIKOU CUCTAMATOC.

= ATTOQEUYOVTAI Ol OUOKOAIEG TNG TTIBAVOTIKNG avaAuong TTou
XPEIAZETAI YIa TN XPNON KATAVOUWY aTNV TTEPIYPAPN TWV EI000WV
TOU JOVTEAOU.

m Ta JovTéEAa auTd gival EUKOAO va eTTIBERaiwOoUv.
m MIKpO €UPOC £QAPUOYWY TTOU UTTOPOUV VA AVTIMETWTTIOOUV.
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Eidn povréAwv Tpooouoiwong (3)

m 2uvexn A Alakpitd MovtéAa lNpoocopoiwong

‘Eva 0I1aKPITO HOVTEAO OEV XPNOIMOTIOIEITAI HOVO YIa
TNV avaTTapacTaon evog OlaKPITOU CUCTAMATOC KAl
Eva OIOKPITO ouaTnua OgvV avaTrapIoTATAl JOVO ATTO
£va OlaKPITO MOVTEAO TTPOCOMOIWONC.

H amogaon yia tn Xprnon evog dIakpITou N EVOg
OUVEXOUC MOVTEAOU VIO £va OUYKEKPIMEVO oUOTNUA,
£CAPTATAI ATTO TOUG IDIAITEPOUC OTOXOUC TNG MEAETNC.
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Eidon yovrtéAwv TTpocgopoiwong (4)

TEAIKA:

m MovTeAa pooopoiwong AlakpITwy
['eyovoTwy (discrete event simulation models)

OIaKPITA, OUVAUIKA, OTOXAOTIKA KOl QUTO-
odnyouueva.

Ta VIETEPUIVIOTIKA JOVTEAQ UTTOPOUV VO
BewpnBouv EIOIKEG TTEPITITWOEIG TWV OTOXAOTIKWY
MOVTEAWYV, KOl OEV UTTAPXEI ATTWAEIQ TNG
YEVIKOTNTAG OTN MEAETN TWV POVTEAWV
TTPOCOMOoIwoNG.
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O Mnxaviouog e€€Aicne Tou xpovou (1)

m PoAoI rpocopuoiwong (simulation clock)

H peTaBAnTA Tou HOVTEAOU TTPOCOUOIWONG TTOU HOG OiVEl
TNV TPEXOUOQA TIUN TOU XPOVOU.

AGYw TOU OUVAMIKOU XOPAKTAPO TWV HOVTEAWV
TTPOCOHOIWONG DIOKPITWY YEYOVOTWY, TTPETTEI VA EXOUE
TN duvaTdTNTA ATTOBNKEUONG TNG TPEXOUTAG TIUNG TOU
TTPOCONOIWMEVOU XPOVOU, EVW XPEIOCOUAOTE KAl EVa
UNXOVIOUO aU¢nNONG TOU OTTO [ia TINR o€ Mia GAAN.

H povada xpovou TTou XpnoIPoTToIEl TO POAQI gival
ouvnBwg n idIa JE aUTA TTOU XPNCIPOTTOIOUV Ol
TTAPAMETPO! EI0000U.

Agv UTTAPXEI OXEON TOU XPOVOU TTOU KATAYPAPEI TO
POAOI, PE TO XPOVO TTOU OTTQITEITAI IO TNV EKTEAECN TOU
TTPOCOMOIWTN OTOV UTTOAOYIOTH.
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O Mnxaviouog £€EAICNC TOU XpOovou (2)

m AUO TPOTTOI VIO TNV £CEAIEN TOU POAOYIOU
TTPOCOMOIWONG:
E¢EAicn pe Baon To Xpovo Tou Etropévou
['eyovOoToC (next-event time advance).
m [1EpIOCOTEPO O1OOEDOUEVN
E¢EAicn 2T1aBepnc Aucnong Tou Xpovou
(fixed-increment time advance).

n MT1TOpEi va BewpnOBei 101K TTEPITTTWON TNG
TTPWTNG.
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E¢EAicn ue Baon To Xpovo Tou
ETTopevou [ eyovoTog

m To poAdI TTPOCGOUOIWONG APXIKOTIOIEITAI GTO UNdEV Kal kaBopidovTal ol
OTIYMEG ENPAVIONG TWV MEAAOVTIKWYV YEYOVOTWV.

m [0 POAOI TOTE AUEAVETAI OTO XPOVO EUPAVIONG TOU TTIO KOVTIVOU OTO
MEAAOV, OTTO TO YEYOVOTA AQUTA.

m H KOTAOTOON TOU CUCTAUATOG EVNUEPWVETAI WWOTE VA TTAPEI UTT OYn TNG
TO YEYOVOG TTOU EUPAVIOTNKE.

m  Evnuepwveral £TTioNG N yvwaon Pag yia TIG XPOVIKESG OTIYHEG EUPAVIONG
TWV JEAAOVTIKWYV YEYOVOTWV.

m [0 poAOI au€AveTal WOTE va OEIXVEI TN OTIYUI EMPAVIONS TOU VEOU TTIO
KOVTIVOU OTO JEAAOV YEYOVOTOCG.

m H katdoTaon Tou CUGTAPATOG EVNUEPWVETAI, KABOPICOVTAI Ol XPOVIKEG
OTIYMEG EMPAVIONG TWV PMEAAOVTIKWY YEYOVOTWV.

= H diadikacia ouvexidetal pexpl va IkavoTroindei katola mpokabopiopévn
ouVvOnkKn TEpMATIOPOU TNG TTPOCONOIWGNC.

m O1 evdidueoeg avevepyoi Trepiodol Oev AauBAavovTal UTT OYn Kail TO POAOI
METAKIVEITAI QUTOUATA OTN OTIVHA EMPAVIONS TOU ETTOUEVOU YEYOVOTOG.
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MEBODOC eceEAICNC oTABEPNC aucnong
TOU XPOvVOoU

m [0 POAOI TTPOgOUOIWONG E&EAIOTETAI UE OTOBEPEG
QugNOoEIC akpIBWG At HOVADWYV XPOVoU KABE popAa.

m MeTd ammo kabe evnuEpwaon Tou poAoyiou, YiveTal Evag
EAEYXOG YIa va ecaKPIBWOET edv Ba ETTPETTE VA £XOUV
eM@avICOEl KATTOIO YEYOVOTA KATA TO TTIPONYOUHEVO
XPOVIKO O1A0TNHA.

m Av gugavioBnkav yeyovota GTo OIA0TNHA aUTO,
Bewpolpe OTI QUTA EPPaviCovTal OTO TEAOG TOU
XPOVIKOU OIa0THUATOC.

m H KatdoTtaon Tou CUCTHMATOC EVNMEPWVETAI
KOTAAANAQ.
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2. UCTOTIKA KOl Opyavwaon evoC JOVTEAOU
TTPOCOMOIWONC JIOKPITWY XPOVWwY (1)

m [UAPATA JOVTEAWYV TTPOCOPO0IWONG
OIOKPITWYV YEYOVOTWYV .

KataoTtaon 2uoTtnuarog (system state)

s H ouAdoyn Twv PETABANTWY KATACTAONG TTOU €ival
QATTAPAITATEC YIA TNV TTEPIYPAPI) TOU CUCTAMATOC O€
Jid XpOVIKN OTIyUN.

PoAodI Npoocopoiwong (simulation clock)

s Mia yetaAnTr 1TOU TTEPIEXEI TNV TPEXOUOA TIWN TOU

TTPOCOUOIWMPEVOU XPOVOU.
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2. UCTOTIKA KOl Opyavwaon evoC JOVTEAOU
TTPOCOMOIWONC JIOKPITWY XPOVWY (2)

NioTa ['eyovoTwy (event list)
« Mia AioTa TTOU TTEPIEXEI TNV ETTOUEVN XPOVIKN
OTIYUN EMPAVIONG KABE TUTTOU YEYOVOTOG.
MeTpnTtec 2TaTioTIKWYV (statistical counters)

« MeTaBANTEC TTOU XPNOIMOTTOIOUVTAI VIO TNV
QATTOONKEUON OTATIOTIKWY PMETPNOEWY TNG
ATTO0000NC TOU CUCTAMATOC.
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2. UCTOTIKA KOl Opyavwaon evoC JOVTEAOU
TTPOCOMOIWONC JIOKPITWY XPOVWY (3)

PouTiva ApyikoTtroinong (initialization
routine)

« ‘Eva uttoTTpOypapua TTOU apXIKOTTOIEI TO
LOVTEAO TTPOCOMOIWONG TN XPOVIKN OTIYUN
LUNOEV.

PouTtiva Xpoviopou (timing routine)

« 'Eva uttoTrpOypappa TTou avayvwpidel 1o
ETTOMEVO YEYOVOC AQTTO TN AiOTA YEYOVOTWY KAl
OKOAOUBWC aucavel To POAOI TTPOCONOIWONG
OTn XPOVIKN OTIYUNA TTOU TO YEYOVOC auTo Ba
EMQPAVIOOE.
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2. UCTOTIKA KOl Opyavwaon evoC JOVTEAOU
TTPOCOHOIWONC JIOKPITWY XPOVWY (4)

PourTivec ['eyovoTwyv (event routines)

= YTTOTTPOYPAUMATA TTOU EVNMEPWVOUV TNV
KATAOTAON CUCTAMATOC OTAV EUPAViICETAI Eva
OUYKEKPIMEVO €i00OC YEYOVOTOG (UTTAPXEI Hia TETOIA
POUTIVa YIa KAOE €id0OC yEYOVOTOG).
PourTiveg BIAI0BrkNc (library routines)
m 2UVOAO UTTOTTPOYPAUUATWY TTOU dnuIoupyouv
TUXQIEC EYPAVIOEIC TIMWV ATTO TTIBAVOTIKEC

KATAVOWEG, TTOU £€XOUV OPIOBEI WC MEPOC TOU
LUOVTEAOU TTPOCONOIWONG.
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2. UCTOTIKA KOl Opyavwaon evoC JOVTEAOU
TTPOCOMOIWONC JIOKPITWY XPOVWY (5)

['evvnTpla Avagpopwyv (report generator)

= YTTOTTPOYPOUUA TTOU UTTOAOYICEI EKTIUNTEIC TWV
EMOUPNTWY PETPWYV ATTOO00NG ATTO TOUG UETPNTEC
OTATIOTIKWY KAl TTAPAYEI AVAPOPEC OTAV TEAEIWOEI
N EKTEAECN TOU TTPOCOMOIWTN.

Kupiwc Npoypapua (main program)

m TO TTPOYPAUMA TTOU KOAEI TN pOUTiva XPOoVIoUOoU Yia va
KABOPIOTEI TO ETTOUEVO YEYOVOG KAl JETA UETAPEPEI TOV EAEYXO
OTNV AVTIOTOIXN POUTIVA YEYOVOTOG YIA VO EVNUEPWOEI
KATAAANAQ N KATAOTOON TOU OUCTAMATOC. EAEyXEl €TTiONG AV
TTPETTEI VA TEPUATIOBEI N TTPOCONOIWAON KAl KAAEI TOTE TN
VEVVITPIO QVAPOPWV.
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2. UCTOTIKA KOl Opyavwaon evoC JOVTEAOU
TTPOCOMOIWONC JIOKPITWY XPOVWY (6)

m H opydvwaon Kal N AeItoupyia evog TTpoyPAaUUaTOg
TTPOCOUOIWONG OIOKPITWY YEYOVOTWY TTOU
XPNOIUOTIOIEI TO UNXAVIOUO €6EAIGNG PE BAON TO XPOVO
TOU ETTOMEVOU YEYOVOTOC:

TUTTIKA Y10 TNV AQVATITUGN TTPOCOUOIWTWY UE YAWOOEG

TTPOYPANMATIOMOU YEVIKOU okoTrou oTtwe N C, n Pascal kai
n FORTRAN.

Ovouadetal [Npoogyyion XpovodpouoAoynong Ieyovorwyv
(event-scheduling approach) otn povreAoTroinon Tng
TTPOOOHOoIWaoNG.

m Ol XPOVIKEG OTIVMEC EMPAVIONG TWV PHEAAOVTIKWYV YEYOVOTWYV

KWOIKOTTOIOUVTAI OTO MOVTEAO Kal TTpoypapuaTi(ovTal va
EMPAvVICOOUV OTO TTPOCOUOIWUEVO HEAAOV.
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2. UCTOTIKA KOl Opyavwaon evoC JOVTEAOU
TTPOCOMOIWONC JIOKPITWY XPOVWY (7)

m EVOAAOKTIKA TTPOCEYYION OTO BEAQ:

[Toooéyyion Aiadikaoiag (process approach)
m “‘BAETTEI" TNV TTPOCOMOIWGON O€ OXEON ME TIG CEXWPIOTEG
OVTOTNTEC TTOU EUTTAEKOVTAI.
O K(JL)6IKG§ TTOU vpacpsTou eOW, TTEPIYPAPEI TNV
"EUTTEIPIO” PIOG "TUTTIKAG" OVTOTNTAG KOBWG auTn
LMETAKIVEITAI Ol JECOU TOU OUCTHUATOG.
H KwoIKoTToinoNn €vO¢ TTPOYPAMMATOC TTPOCOU0IWONG
UE TNV TTpooEyyion diadikaaoiag, yiveral ouvBwc Je
XpNon €I0IKWYV YAWOOWYV TTPOYPAUMATIOMOU VI
TTpooopoiwon, oTTwe N SIMULA, n GPSS, n
SIMSCRIPT, n SIMAN, n SLAM k.a.



