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Iepiinyn

Xy epyacio ovt Swrtvmdvoviol mpofAinuoticpol Yoo T padnpo "AvAmtuEn €QUpHOYOV GE
TPOYPOLUATIOTIKO TEPPAALOV" TNG TEYVOLOYIKNG KatevBuvong Tov Eviaiov Avkeiov. Yrootpiletar 6Tt
N advvapia tov povtédov von Neumann, ®g TAAT@Oppa VAOTOMoNG g aAyoptpikng povielonoinong,
VO OVOTOPACTNOEL e EVKOAD TOPOAANA, achyyxpova Kol Kotovepnuéva cvothiuato meplopiletl Tig
duvatdtnteg emitevéng TV SMSOKTIKOV 6TOY®V Tov pobnuatog. o v avtipetdnion tov televtaion
wpoPAnpoTog mpoteivetatl 1 vVioBEmon TV TEPPAAAOVTIOV HOVTELOTOINGONG YEVIKOD GKOTOD SIKTOMV
Petri og mhat@oppo vioroinong tov pabnqpatoc.

AéEerg kKhewdrd: S100.0KaAi0, TPOYPOLUATIGHOD, HOVIEAOoTOinon cvotudtov, diktva Petri, poviélo
VTOAOYIGHOV von Neumann

Abstract

This paper is dealing with the limits that are imposed by the procedural programming paradigm to the
Greek Lyceum course "Application development in programming environment". The difficulties of the
Von Neumann computing architecture to model parallel and/or distributed and/or asynchronous systems
do not permit that kind of systems' use in teaching scenarios. In order to achieve the course goals the use
of Petri-nets is proposed as a general purpose modeling environment covering a wider range of systems.

1. Evoayoym
H avayvopion g exkrmodevtikng agiog g aiyoptBuikng povielomoinong npopfinpdtov £xet
OC OMOTELECUO TNV EHEAVIOT ovTioTol®V pobnudtov yevikng modelag ota ohyypova
EKTOOEVTIKA cLOTNHATA. XTH YDPO Hog SdayOnKe Yoo TPOTN Qopd T0 oYoAKd €tog 1999-
2000 to paOnuo pe titho "AvAnTtuén £QopUOYOV OE TPOYPOUUOTIOTIKO TEPIBAAAOV" otV
TEYVOAOYIKT] KOTELOVVON TOL €viaiov AvkeioL ®C VTOYPEMTIKO PAbNUa Yoo Tov KOKAO
Mmpogopikng kot Yanpeowdv. v mapovco epyocio Bo mapatebodv mpoPAnuotiopol
GYETIKG, L€ TOVG TEPLOPIGUOVG TOV TPOKLATOVY AO TNV EMAOYN TOV LOVIEAOV VTOAOYIGHOD
von Neumann ¢ TAATPOPLO LOVTEAOTOINGNG TV GAYOpiOnmV.
e B0 TEPOLGLUGTOVV APYIKE 01 GTOYOL TOL LAONIATOG OTTMG Eival S1OTVTOUEVOL GTO EVINTO
TPOYPOLLO 6TOVd®V Kot B avaivBodv daitepa avTol TOv €pYOVToL GE GUYKPOVOT| HE
v €mAoyn Tov povtélov von Neuman.

! Epyoocia véov epsuvnti
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e Tw mv avadeiln tov mpoPfinuatiopmdv, 6Oa dobBodv  katdAAnio ToapadeiypoTo
GUGTNUATOV 1 TPOPANUATIKT TOV OToimV dgv Pmopel vor avTipetomictel pe gukoiio amd
T1G S1UOIKOOTIKEG YAMGGES TPOYPOULATIGHOD TOV GLVOJELOLV TO LoVTELD von Neumann.

e Kotomv 6o mopovolaotel M MPOOTTIKN TNG HOVIEAOTOINONG YEVIKOL OKOTOU 7OV
TPOTEIVETOL VO EPOUPLOGTEL 0€ €va, Labnpo emilvong TPoPANUAT®VY YEVIKNG TOOELNS.

e Tehkd, 0o mpotabodv ta diktva Petri wg éva mepidAlov poviehomoinong yevikov
OKOTOO 7OV KOADTTEL TIG OLOSIKACTIKEG YADGCGES TPOYPOUUOTIOUOD Kol HTOpel va
vrooTNpi&el KOADTEPA TOVG SIOUKTIKOVG GTOYOVG TOV HHLLOTOG.

2. O To3ay®YIKOi 6TOY0L TOV HoORaTOS ""AVATTUEY EQUPUOYDOV OE TPOYPOPUUATIOTIKG
nepifpairov" ko o TEPLOPLopOi TOV eMParer To povrério von Neumann.

2.1 Mowdayowykoi otoHyor

210 gviaio TPOYPALE OTOVODV OV €xel £k600el omd o [adaywyikd Ivetitovto avaeépetan:

"O yevikog oKOTOG TOV UadHIOTOS Eival, vo. avorToéovy o1 uadntés oavalvtiky ko covleTiky

OKEYTN, VA OTOKTHEOVY IKOVOTHTES 1eB0O0L0YIKOD YOPOKTHPO. KoL VO, UTOPOVY VO, ETIADOVY ATAC

rpofliuata oe TpoypopueTIoTiKo TEPIfallov.”

Avagpépetar emiong kot o Pooikdg Tupnveg YvOoewv kol Og£l0TNTOV TOL TPEMEL VO

OTOKTNOOVV 01 LadNTEG Tov B0 TapoKoAovOGoOVY ETTLYDS TO PAON O

"O1 poOntég mov Go. Exovv maporxolovdnoel ue emtvyio T0 uaOnuo, TPETEL Vo

UTOPOOY Vo,  Ol0KPIVOLY  Kai Vo  avoyvawpilovy TPoPARUeTO. KOl  KOTOOTAOEIS OV

EMLDOVTOL/QVTIETWTILOVIOL OE TPOYPOLUUOTIOTIKO TEPIPAALOYV

UTOPOVY VO OTOPATILODY GYETIKG. e THYV TOAVTAOKOTHTO. TPOPANUATOV KOl KOATOOTATEDY

UTOPODY VO, OVOADOVY EVa, OTAG TPOPANUa Kar Vo oyedalovy ) Ao Tov

EYOVY avomTOEEL IKOVOTHTES LOVTEAOTOINONGS Kol OAYOpIOuIKNG ETIAVaNG Tpoflnudtwv

UTOPOVY Vo xpnoyomolody ovufolikés uedodovs yia v emilvon mpofAnudtv koi THv

emelepyaoio dedouévawv

UTOPOOY VO, YpHOYOTOIODY  GOYYPOVA.  TPOYPOLUUOTIOTIKG EPYOAEIa  pla. THY VAOTOINONH

ayopiQuwv

UTOPOVY Vo, TPoadiopilovy TovG OTOITODUEVOVS TOPOVS TOV GVOTHUATOG. "

H oflo tov mopondveo otdyov 0Oewpeiton oty gpyacio ovty oedopévn. o tov

EVOPEPOLEVO OVAYVAOGTN TTPoTEivovTal gpyacieg Ommg ot [1], [4], [5] wot [8] yw po wo

TEKUNPLOUEVN VTOGTAPIEN TG Today®ykng a&lag tng adyopdukng exilvong mpoPinudtwv

7660 oo JOAKTIKY OGO KOl OO ETIGTNUOAOYIKT] ATOY.

Eivor @ovepd amd v emoKOTNoN TV OOOKTIKGOV OTOY®V TOL HOOUOTOS OTL O TITAOG

«AVATTUEN €QUPUOYDY OE TPOYPOUUUOTIOTIKO TEPBAAALOVY dev amodidel e CAPIVELD TO

meplexOUevo Tov pobnpatoc. O TitAog mapaméumel o€ LobNUaTo EKUAONONG TPOYPAULATIGHOD

OV EUPAVILOVTOL OTIV EMAYYEAULATIKY EKTOIOELON Kot OEV OTOSIOEL TV TPEMOVGH EUGOCT|

otV akyopBkn enilvcn TpofAnUdtov Tov eivol TEAMKE TO S00KTIKO OVTIKEILEVO.

2.2 To povtého Von Neumann Kot 0 010.01KOGTIKOG TPOYPURNOTIGHOG

To povtéAo VTOAOYIGHOD TOL VAOTTOLEITAL OO T1) GUVTIPUTTIKNY TAEOYN®ia TV ynoewkov H/Y

YEVIKOU OKOTOU UEYPL onpepa €ivorl yvwotd pe to dvoua "von Neumann architecture". H

HeYaAn duddoorm Tov ouyvd omokpumTel TV VmapEN GAAOV HOVTEA®V vmoAoyiopov. Ot

Paowkég apyég Tov meptapfavouy [9]:

1. 'Eva kot povadikd otoryeio VTOAOYICUMV TOV EVOMUATOVEL EXEEEPYOOTY], EMKOWVMVIES
KO pviun

2. Xtafepod peyéBoug KeMA LVUNG YPOUUIKE OpYOVOUEVA

3. Xdpo dievhivoemv evog emmédov

4. Thoooca pnyovig yopniod emumédov (gvioAég mov ekTehoOV OmAEG Aettovpyieg oe
GTOLELDON opiopaTa)

5. AxoAovBl0KdG Kot KEVIPIKOTOMIEVOG EAEYXOG TOV VTOAOYIGHOV.
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To povtého vmoloyiopo¥ von Neumann €xet dexTel OpKET KPITIKN Yo TIG SVOKOMES OV
emPAarel 0TV EKUETAAAEVOT] TOPAAANA®Y VTTOAOYICUOV. Ot JuGKOAIEG 0PEiAovVTaL GTO Vol Kot
HOVOOIKO EMEEEPYUOTIKO OTOLYEIO KOL GTOV KEVIPIKOTOMUEVO KOl 0KoAovOaKkd €leyyo. ZTO
[2] vrootpiletan emmAéov Ot To poviédo Von Neumann Swatnpnfnke mapd v dpon tov
TEYVOLOYIKAOV YOPOKTNPIOTIKOV OV TO KOUOIGTOUGOV GTOd0TIKO Yio TNV MPOCTAGIo TV
EMEVOVOEMY GE AOYIOUIKO AOY® TOV KOGTOVG EKMOIOELONG TOV TPOYPOUUATIGTOV. ITi0
TEKUNPLOUEVT] KPLTIKT 610 Von Neumann HOVTELO KOl EVOAAOKTIKG HOVTELD VTOAOYIGUOV
omwg 1o kabodnyovpevo and ta dedopéva (Data Driven) kot to kot omaitnorn (Demand-
Driven) povtédo meptypdoovtat 6to [9]. H kpitikn Tov povtédov Von Neumann givol onpepa
TMEPIGOOTEPO EMIKOLPN LE TNV VTAPEN UEYOADV KATAVEUNUEVOV GUOTIIATOV OTTmg To Internet
KOLL T1] GLVELONTOTOINGT) TOV 0PI®V TV GEPIKAOV ENEEEPYASTAOV.

Ta vmodeiypato TPOYPOUUATIOHOD OO £xovv yvopicel peydin e&éMén, mépa amd To
S10d1kaoTIKO oL VioBeteitan 6To PABNUa. TTo cvykekpyéva:

&xovv  gueoviotel vrmodelypata (programming paradigms) OT®G:  TPOYPOUUUOTIGUOG
kafodnyovpevog amd yeyovoto (event driven programming), €KOVIKOG TPOYPOUUOTIGHOC
(visual programming), avTIKEWEVOSTPUPNS TPOYPOUUATIoUOG (object oriented programming),
AOYIKOG-OMAmTIKOG Tpoypappotiopds (logic-declarative programming), TpoypOUUOTIGHOS HE
mEPLOPIoUOVE (constraint programming) k.o £T0L AKOUO KOl 1| OQPEAUIOTIKY Oedpnon evog
KAOGGIKOD HOBNLLOTOG TPOYPAUUATIGHOD UTOPEL VoL apeioPntnOsi.

vIEapyeL M taon debvag va dobeil TpdcPact oty vIoAoyioTiKn oYY TV H/Y yopig va givar
avaykaio 1 PPN HE TIG AETTOUEPELEG TOV TPOYPUUUOTICUOY. ZTNV KoTeuhuvorn avtn £xovv
avantoybel mepifdilovta poviehomoinong vyniod emmédov  (Aiktva Petris, PowerSim,
Stella,) Kot yevikov GKOTOV OV EMITPENOVY GTOVG YPNOTEG VO LLOVTEAOTOWGOVV GUGTILLOTO
KOl VoL ETADGOVV TPOPALOTO Y®PIG TNV 11AITEPT YVADOT TEXVIKMOV AETTOUEPEIDV.

TMo ToAAG amd 10 TOPATAVE GLGTAHOTO LOVIEAOTOINONG 1 apyITeEKTOVIKT von Neumann dg
omotelel TO QLOWKOTEPO TEPIPAAAOV VAoToinong. H dvvatdtnto vo pocopoumvovtol ot
ONUACIOAOYIKES TOVG OMOUTCELS OO TIG CEPIKEG UNYOVEG LOG EMLTPETEL VO YOPOKTNPIGOVLLE
TNV YPNON TOVG OTNV EKTTOLIOEVON WG PEAMOTIKO GTHYO.

2.3 Ta 6pra TG EKQPUCTIKOTITUG TOV OLEOIKUGTIKOV YAOGGAOV

X ouvvéxew, Ba  avadeiovpe TG oduvopies TV SOSIKACTIKOV YA®GGHV Vo
LOVTEAOTIOMCOVY L€ €UKOAIDL cvoTHuate oto omoio e&glicooviar TopdAinio yeyovota
aveEapTnTo aAAG KOl [LE ATOLTGELS GUYYPOVIGHOD LE LEPIKE OTTAG TOPUSELYLATOL.
Hapaderypa 1. To @rioco@iké copmdcLo

Ilévte pilooopor  kdBoviar oe oTpoyyvlo Tpaméli Kou yeopotiovy uaxopovio. Ymapyer Eva
maro kou &va mipovvi yio. kabe @ilooopo. Kabe @iidcopos evallaooetor uetald 6vo
KOTOOTAOEDV a1l UIa TPWEL Kol oty 6AAn oxéptetor. Ta poxopovia yliotpody kai yio vo. pael
EVag PILA00000C TPETEL Vo YPNOIUOTOICEL KoL TO TIPOLVL 100 OwmAavod tov. Otav évog
P1.00090¢ TEIVATEL TPOTTAOEl Vo TIATEL TO. TPOVVIO. GTO, OPIOTEPC. KO 0T0. OEEIC, TOV TLAVOVTOS
&va kobe oriyun) pe omolaonmote oeipd. AV 10, KaTOPEPEL VA TAOEL KOl T0, 0DO TPOVVIA, TOTE
TPWEL Y10, AIYo KOl KOTOTIY TO. QQHVEL KATW Kol ovveyilel vo. oxépteton. To {tnuo. eivar vo.
YPAPEL EVOL TPOYPOLULUO TTOD VO, TEPIYPAPEL TH COUTEPIPOPO. KAOE PLAOTOPOD KO VO. UNV 00NYEL o€
ad1é€odo (kotaotoon omo Ty OTola OV UTOPODIE VO UETAPODUE UE KOVEVA TPOTO OE GAAN).

To mpoPAinua avtd mpotddnke Kot emivdnke to 1965 and tov Dijkstra yia vo avadeitetl
ADom ov glye eQeHPEL Y10l TO CLYYPOVIGUO JLEPYUCIDV GTO AEITOVPYIKA GUGTHLOTO. ATO TOTE
OAEG Ol OVTLETOTIGEIS TOV TPOPANLOTOG TOV GLYYXPOVIGHOD EMSEIKVOOVTAL Le Ao avTd TO
TPOPAN L.

Mo koA Teptypaen Tov TpoPfAipotoc poll pe TV Topovcioon g AVomng Tov Umopsl va
Bpebel oto [7]. Zto [7] mapovsidlovion emiong ta wpoPAnpata tov adieEddov (deadlock) tng
Mpokrtoviag (starvation) Kot TG EAATONG amdd0oNS TG XPNONG ONUATOPOPOV Yo THY AQYN
k&€ mpovvIoD.

Ot deumvoivieg GIAOGOPOL ATOTEAODV YOPOKTNPIOTIKO TAPAOEYLOL GUOTNUATOS TAPAAANAOL,
KOTOVEUNUEVOD, AcVYYPOVOL UE OmOITHOEL cvuyxpoviopol. Kdabe @pihdcopoc amotehel Eva
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aveEApTNTO LTOGVGTNLA HE O1KO TOV VIO EAEYYOL (acVYYpovo vrmochoTnua). O adydpiBpog
kiPe @ocdeov ekteEAgiTol o010 1010 vmocVoTuo  aveEdptnTa. omd T LVEOAOTO
(kataveunuévog vroroyiondg). Eival duvatd dvo yeyovota 6to 6o chotnue va cupfoivovv
TavToYpova (Tapariniia). Ot GIAOGOPOL TPETEL VO, GLYYPOVIGOUVY MG €vo. Pabud TIC evEPYELEG
ToVG, YWPig T Ponbeta KeVIpKoD EAEYXOV MOTE VAL SOUOLPACTOVY TOVS KOWVOVG TOPOVS TOVGS
(mpovviay) TpokeWEVOD va amo@vyovy To 0d1EE0d0 Kot T AlpokTovia. Alyn eumepio otov
S1OIKACTIKO TPOYPUUHOTICUO KOV Lo avaoKOTNoT Tov [7] eivotl opket Yo vo avTiAnebei
Kaveig Tn JUOKOAD OVTILETOMIONG TOL TPOPANHOTOG LE TOV TPOYPOUUOATICHO KAOGIKOD
ceplaxov H/Y.

Hopaderypa 2. To ApoAnpa TOV EKTEALECTIKOD UTOCTACLATOG.

10 [2] avopépetan To TPOPANLLO TOV EKTEAEGTIKOD OTOGTAGLLOTOG.

"Elote 0 EMKEPOING EVOS EKTEAEOTIKOD AMOCTAGUATOS TOV TO OTOTEAODY GIPOTIOTES
TAPOTETOYUEVOL OE UIO. ECOLPETIKG, UEYAAN YPOUUY, KOL TIPETEL VO, TOVG OWTETE TO TOPAYYEAUO. VO,
rwopoPfornoovv. H ypouun Eyxel 1000 UeyGAo unkKog wote eav oming pwvatete "mop" dev eivou
oVVoTo va. 060G akovaovy 0lot. Etal 0ev Eyete AAAN EmALOYN TOPO. VO OWCETE T OLOTOYH GOG OTOV
TPWTO TTPOTIOTH KAl VO TOV {THOETE VO, TRV EXOVOAGHEL 0TOV IImAOVO T0V K.0.K. 2T0 fabog
okxovyetal aTafepa. 0 poOUOS EVOS TOUTAVOD, OALG OEV UTTOPEITE VO, O10TALETE TOVS GTPATINDTES VO
TOPOPOANCOVY ETEITO. OO OCVYKEKPIUEVO OPLOUO KTOTHUATWV OEOOUEVOD OTI QYVOEITE TOOO1
otpatiteg amotelovv v ypouun. To mpofinua lowmov eivor va Ppebel évag tpomog vo
TUPOSoIGOVY 01 TTPATIAOTES TAVTOYPOVO. "

To mpoPAnua meptypdoet €vo cOYYPOVO KATOVEUNUEVO cVOTNUA (KOO TOUTOVO) e
mePLOPoPEVES duvaTotnteg emkovaviag. H Avon tov mpofAnipotog ovtod egivar moAd
€VKOAOTEPT OTOV  KAOE OTPOTIOTNG pOvIEAomOmOEl G MO UNYOVY  TETEPUCUEVOV
KOTOOTACEWDV TOV EMIKOWVMOVEL PE TIG SMAAVEG TG (0 TPADTOC KOl O TEAEVTOIOG GTPUTIOTNG
HUTOPOVV VO S10(pOPOTOLOHVTAL).

MMopadsiypota amwd oyxoiko irio ko ™y frprioypagio

Ao, TPOPAMHOTO TOV UTOPOVV VO, OVOOEIEOVY TOVG TEPLOPIGUOVG TOV HOVTEAOL Vvon
Neumann pmopodv va Bpebovv oto Pifiio Tov podnuatog "Teyxvoloyio LTOAOYIGTIK®V
ocvomudtov & Asuovpyikd XZvomuota” tg Texvoloyikng katevbvvong tov Eviaiov
Avkeiov, 610 KEQPAAOIO TOV APOPE GTNV GVOTOPAGTOCT] TAPGAANA®V SIEPYACIOV HE TOVG
YPAPoVS TPoPadicoTog. G MO TPUKTIKO TOPASELYLLO AVAPEPETOAL 1) TPOGOUOIOOT) THALLOTOG
KUKAOQOPLOKOD SIKTHOV pia TOANG (.3, VO GLVEYOUEVH GTOVPOSPOLLTL ).

v Piproypapio pmopel kaveig va Bpet ToALOVG TPOTOVG GVTILETDTIONG TOV TOPUTAVED
mpoPAnudtov ce oelplokés unyaves. To TpdPfAnpa ivat 0Tt | TPOGOUOI®OT TG TAPAAANALNG
OTIC GEIPIOKEG UNYAVES EIVOL LOL TTOAVTAOKOTNTO TTOL JEV SIKOMOAOYEITAL GTO TANIGLO EVOG
pHaOnpaTog YEVIKNIG madeiog oty emilvon mpoPAnudtov pe povtelomoinon. EmmAéov ta
modld  eivor cvvnOopéva vo TEPypaeovy oxéde pe mopdAAnio yeyovota, OTOV Yo
mopadetypa oyedtdlovv o enibeon o€ éva mouyvidl UmAoKeET K.0.

Emopévag to emieyuévo HOVTELO Elval TEPLOPIOTIKO GYETIKA LLE TOVG GTOYOVG TOV LOONOTOC.
ZUYKEKPIUEVO GE OYECN KE TOV TPAOTO TALOAYWOYIKO oTOYO €ivor duvatd ot pobntég vo puv
ovayvopilovy ®¢ EMADGYO GE VTOAOYIOTIKO TEPPAALOV mpoPAnaTe OV  aPOPOVV
Kataveunpuéva Kot mapdAinio cvotipote. Ot kavotnteg poviglomoinong mov B avartoéet
gvag nonTig apopovv 1o SadKacTIKO HOVo VITOdetypa poviehonoinong kot 1ot 0 4% 6tdy0g
dev umopei va emtevydel TANpC.

3. H povteromoinon ocvetnudrov pe to diktva Petri.

Yrdpyer Opwg kémolog TPOMOG Vo EMTPEYOLUE OTA TOWWE VO OTOKTHGOLV KOVOTNTES
povteromoinong Kot emiAvong mpoPANUdTeV pe TLMIKO TPOTO YWPIG TV YPNON TOV
SL0SKOOTIKMY YAWCCMV TPOYPOUUATIOUOD KOl TOL HovtéAov von Neumann UE TIG €YYEVNG
Tov advvapiec. O oKomdg ™G epyacio AVTAG Etvol VoL TPOTEIVEL OC KOTOAANAOTEPA Y10 TOVG
6TOYOVS TOL HOONUOTOG TO YEVIKOV 0KOTOU TTePIBaAiovta povtelomoinong tov Poaciloviol o€
KOO0 TLUTIKO PLOVTEAD OTT™G To. dikTva Petri.
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3.1 T givon 1o, dikTVO Petri;
AOY® TOL TEPLOPICUEVOL NG £KTOoNG TNG epyaciog dev eivan dvvatd va dobel o
oMoKANpOUEVT eloayyn ota diktva Petri. ['lo Tov 6K0OTO 0WTO TPOTEIVETOL GTOV OVAYVAGTN
70 [3] ko 0 k6pPog http://www.daimi.aau.dk/PetriNets.
Iotopkd ta diktva Petri mpoépyovror amd ™ datpipr| tov Carl Adam Petri mov vroPAnOnke
70 1962 oV oYoAN HOOMUOTIKOV KOl QUGIKNG TOV TEXVIKOL TOvEToTNUiov Tov Darmastadt
g Ieppaviag. Ta diktva Petri givan éva ypapud kot pabnpotikd epyoieio povieAomoinong
epapuoco og TANOOPo cuoTNUATOV. ATOTEAOLY £va TOALG VTOGYOUEVO EpYAAEID Yo TNV
TEPLYPAPT KOl TN HEAET cvotnudtov eneepyaciog TAnpoopiag mov yapaktnpilovial g:
ovveEehMoobueva  (concurrent), oocbOyypova (asynchronous), kotovepnuévo (distributed),
mapdAinia (parallel), un artioxpatikd (non deterministic), kaun otoyactikd (stochastic).
H ypoown yidooco tov dwtdov Petri pmopel va ypnowyomombel cav ontikd pECO
emkowvoviag mapopolo pe to daypdupata pong (flow charts), o Swypdpupoto TUNUATOV
(block diagrams) kot to diktva (networks). EmmAéov, oto  diktva Petri ypnoylomotovvion
neooot (tokens) yio TV TPOcoHoi®woN T®V SUVOIKOV Kot GUVEEEMGGOLEVOV dPOCTNPLOTHTOV
TOV GLOTNUATOV.
Zav podnupotikd epyoleio, ta diktva Petri, emtpémovv tov opiopd €£l6MGEMY KOTAGTAGEWV
(state equations), oAyePpikdv eflo®oemV KOl GAAOV  HOOMUOTIKOV HOVTEA®V Yo TN
CUUTEPLPOPA TV TEPLYPaPOUEVOV cvotnudteov. H pabnuatiky Bdaon tov dwtoov Petri
EMUTPENEL VO, ATTOdELYOOVV TUTIKA KATOL0, aTd TO YOUPAKTNPLOTIKE TOV TOPOYOUEVOV LOVIEA®V,
Yo Topdoerypa ivat duvoto vo amodeiEel Kovelg 0Tt 1 ADoT Tov TPOoTEiVEL Yo TOo TPOPANLQ
TOV JEMVOLVTOV PIAOGOPMV dev 001Yel o€ 0d1EE0d0.
To v omodotikn ypion tov Siktdev Petri  eivar emPePAnuévn n yprion AoyopiKmdv
epyodreiov. Etvar kown mpaxtiky kdbe epguvntikny opdado diktdmv Petri va opiler po kAdon
dwktowv Petri kol va kotookevdlel ko ta dkd TG epyoalreio yio tn Sayeipion tovg. Ta
terevtaio ypdvio yivovion Saféoio OAo kol mEPIGSATEPO AOYIGHIKG dtoyeiptong SkTOwV
Petri mov Oa pmwopovoov va ypnoiponombodv Kot 6ta GuvHON EPYOCSTAPLL TOV GYOAEIMV.
3.2 Opropdg 10V ami@v dSiktomvPetri
"Eva diktvo petri PN eivor po mevtado PN=(P,T,F,W,MO0) 6mov:
P={pl,p2,....pn} éva menepocuévo Kat Un kevo cuvoro Bécemv (places)
T={t1,t2,...,tn} éva menepocuévo un kevd cHvoro peTafdacev (transitions)
FO (PXT)O(TXP) éva memepacpévo Kot pn KeEVO GOVOAO TTPOGAVATOAGUEVOV GUVOEGEWMY
(arcs)
W:F-{1,2,3,...} wma cuvdpmon avabeong papadv otic cuvdéoelg tov PN.
MO: P - {0,1,2,3,....} éva apyud popkapicpo tov 8écemv tov PN Le tecc0vg.

‘Etot dote P n T=0.
2m ypaoikn ovamapdotacn tov diktoev Petri ot 0éogig amewoviovior pe kvxlovg, ot
petafacelg e opboydvia o1 GUVOEGELG e TPOCAVOTOMGOIEVEG OKUEG KOL Ol TTEGGOL [LE TTOLEG
teheieg péoa oTIg Béoers.
INo vo copmAnpwbel o opopds TV diktvmv Petri mpémel vo GuvodeVTEL KoL [e TOV Kavova
TLPOSOTNONG.
O kavévag TvpodoTNONG
H mopodotnon piag evepyomomuévng uetafoons t apaipei w(p,t) mecoods amd kale Oéon
E10000V p; THS t Kou mpoobéter w(tp,) meooois o kabe Oéon e£odov s t, omov W(p,t) Ko
w(t,p,) €ivor ta. fopn oTig avTioTOLYES CVVIETELG.
Muw petéfoon t ovopdleton gvepyomowmpuévny otav kdbe 0€om €10600v p; ™G t mEPLEEL
ToVAdyIoTOV  W(p;,t) TEGOOVG, OOV W(P;,t) etvar To Bapoc g ohvdeong e Béomg p; e v
petapaon t.
Mua gvepyomompévn petdfaon dev Tupodoteitor kot avaykn
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Epoppolovtag tov kavova mopodotnong oe €va diktvo Petri mpocopoidvovpe ™ Suvapikn
oV cvumepLpopd. o va yivouv mo caen ta mponyovueva Ba TOPOLGLUGTOVY HEPIKA AL
mopodelypata Siktowv Petri.

3.3 Hopoadeiypata dwktowv Petri

210 oynua 1 eaiveton éva diktvo Petri yio ™) ynukn avrtidpaon 2H,+0,-->2H,0. To povtéio
nepthapupaver: 1. 1 6éoeig: Hpy, O, xou HyO mov mepiéyouv TG GLYKEVIPMOGELS TMV
avTioToy®V oVTIOPOVIOV Kot Tpoioviey. 2. Tn petdfoon t mov aviieToy el oty mapaymyn
evog popiov H,O and 2 pope H, ot éva popo O, H amaitmon y db6o popo H,
avamapictatol pe to Bapog pe T 2 ot odvdeon omd v 0éon H, mpog v petdfaon t. 3.
Ta Bapn pe Ty 1 dev gpoaviovtor pnté move otg avtictoyeg ocvvdéoews. 4. Tpeig
ouvdéoels (dVo ouvdéselg eloddov oty t Kot pio €E0d0v) 5. Téooepig mecooic, 600 o KAbe
0éom €16000V TG t MOV onpaivovy OTL VIAPYoVV apykd omd 6vo popw H, kar O, ota

OVTIOPOVTO GTOLYELD.
H;
023

Zyqpa 1. 'Eva diktvo Petri yio T povielomoinon g ynukng avtidpaong: 2H,+0,-->2H,0
‘Oco agopd ctov kavova mopoddtnong, N petdfaon t eivar gvepyomomuévn yuori vépyet o
anopaitntog aplfudc tecomv oe kabe Bom elcddov. Eivar duvatd howmdv va mupodotn el kot
VoL TPOKVYEL HETA TNV TVPOdGTNGN TO dikTvo Petri Tov oynuoTog 2.

2 t H,0
H,
2
O@/

Xyqpa 2. To diktvo Petri tov oyfuotog 1 petd v mopoddton g t, £va poplo vepoo
yevviOnke.

Y10 diktvo Petri tov oypatog 2 dev vdpyeL LeTAPAOT EVEPYOTOMUEVT Kol KOVEVO YEYOVOG
d¢ pmopel o vo. AGPet ydpo apod 1 CUYKEVIPWOOT] TOV AVTIOPOVTOV deV €ival OPKETH Yo TNV
Tapaymyn Kot GALov popiov vepov.

Kotd mv gprion tov diktdmv Petri o1 B€oeig kot o1 petaffdcelg LTopovyv Vo avTIoTOr o0V G
S1apopeg £Vvoleg OTMG Y10 TOPASELY O GTOV ETOUEVO TIVOIKOL:

OEXEIX EIZXOAO0Y METABAZXEIX OEXEIX EEOAQY
IIpodmoBécerg (Precoditions) | T'eyovoc (Event) Néec ouvOnkec (Post conditions)
Agdopéva 16000V Ymoloylotiko Pripo Agdopéva e£650v

Znuota 16600V Eneéepyaoctnc onpatog | Zipata e£660v

Amortodpevol Tdpot Epyooia (Task, job) I16pot Tov dratifevran
XovOnKeg Aoy TpoTaoN oumeploUoTaL

Evéuapeon pvnun (Buffer) Eneéepyaotc Evéugpeon pvnun (Buffer)

MMivaxag 1. ZovnOng xpnon apopetikdv copPdcemv yio petafdaoelg kot 0écels.
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3.4 TIlapoAiiniia Ko 6LYYPOVIGHOG

1o oynpa 3 avoropictoaTol n vAomoinon g doung parabegin-parend mov gionyaye o Dijkstra
Yo TV TEPypoen  mopdAnAmv  mpoypoppdtov. Ta  diktva  Petri  pmopodv  va
OVATOPOCTCOVV LLE EVKOALO OTO0ONTTOTE GYECT YEYOVAT®OV GTO YPOVO.

Par Begin

T,

Tympa 3. Ioporiniia kot cuyypovicpog ota diktvo Petri

3.5 Aiktvoa Petri ko 010.01K0.0TIKOG TPOYPUPNOTIGNOG

Kabe dopn tov d1001K0GTIKOD TPOYPOUUOTIGHOD (akoAovBio, ETAOYY, ETOVIANYT) MTOpEL
va avoropactofel pe omiég dopéc diktdwv Petri. T mopddetypo to endpevo diktvo Petri
ovamoploTd ) doun «6c0 <ovvOnkn> emavéAaPer.

Eivon €101 @avepd Ot1 kdBe mpodypoppa mov pmopel vo ypapTel o€ S10dIKOoTIKY YAMGGO
mapoypappotiopov (n.y C, Pascal, Basic kAr), propel va StaturmBet kot og diktvo Petri.

begin

A/ not b

b

true block end

Yynpa 4. H doun oco <ovvOnin> emovélofe.
3.6 M£6odor avérvong

TNo kdBe diktvo Petri opifovtal didpopa yopoKTNPIOTIKG TOV givat duvaTd Vo avaAvBodv e
TomkéEG  pobnpoatikég pebodovg [3]. Mepwd amd to Packd yopoktnplotikd eivor: 1.
npocPacotnta (reachability): "Yropén akolovBicg mupodotice@y mov vo 0d1yel o€ KATO0
oLYKEKPIUEVO popkapiopa. 2. Ymapén maveo epdypotog (boundedness): "Yroapén @pdypotog
610 TAN00g TV TEGOMV Yo cuykekpipéveg Béoelg 3. Lovtavia (liveness): opifovtar didpopa
emimeda Ko aPopohv TNV dLVOTOTNTO EVEPYOTOINONG KATOIwV HETOPAcE®V KaODSG Kol TNV
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cuyvotta mupoddtons. Epmtioelg mov agopodv apoifaio amokieopd kot ta adEEoda
petappdloviat oe epotoels {ovidviac.

4. H gmidvon Tov mpofrpatos TV rhoco@ov pe éva diktvo Petri

v mpdén ta amid diktva Petri mapdyovv peydia povtéda akdpo Kol Yo, 0TAd GLGTHKATA,
Y T0 AOY0 0VTO XPNGYLOTOLOVVTOL 1IG0OVVANES OAAL IO EKQPACTIKES KAAGELS dikTumV Petri.
O deimvotivieg priocopot Ba avarapactabodv pe to diktvo Petri katnyopipatoc-petdpacng
(Predicate-Transition net) tov oyfpatog 5. Xta dikTva AVTE 01 TECGOT HETAPEPOVY dESOUEVA,
ot petapdoeig 6tav moPodoToVVTUL EKTEAODV SLOSIKAGTIKO KMOKA Yot TOV VIOAOYICUO TV
mecomv 5600V KOl Ol OKUEG TPOGOIoPIfovTaL e KATIYOPHLLOTO TOV TEPLYPAPOVY 1OTNTES
OV TPEMEL VO €YOVV Ol TECCOL 16000V TPOKEWEVOL e petdfoon va evepyomomBei. H
dapopd pe omodmoTe ADoT SdIKAGTIKOD TPOYPAUHATIONOV ival eavepn]. EmmAéov givan
duvaTd YPNOULOTOIDVTOG TIG HeBOdoVG avdAvorng Tmv diktdwv Petri vo amodeybei 6t 10
TPOTEWVOLEVO GVOTI LA dEV givan duvatd vo TeptEDeL o ad1EEodo [6].

, - YXKeQTOPEVOL
Aot 10 aproTepd Iape To oproTepd
<X>
<]>+...+<N
Mnpotvia <X>

Me to
apeTENO 2

Mzs 10
apeTeNo 1

-~ <(X med'N) +1> <(X motN) +1> -~

. 64 -
Aot 70 dedi TGpe to deki

Tpepopevor

Zyqpa 5. Aiktvo Petri yio to pofApa Tov Semvoiviav grhocoemv omd To EYYEPISI0 TOL
ovotipatog Prod (apyikd kot ot N @ihdcopot cképTovtar)

5. Zopmepaopato.

To pébnpo "Avamtoén eQoOpHOYOV GE TPOYPOUUOTIOTIKO mePPIrrov" gival pa TpdT™
nmpoondOelo yioo tn SwbackaAio tng pebodoroyioag g povielomoinong ywo TV emilvon
nmpofAnudtwv. H cOyypovn emiotnpoAoyio el avAayEL TV KATAGKELT] LOVIEAWMV GE KEVIPIKN
EMOTNUOVIKY] dpacTnPlOTNTO OV EPYETAL VO CUUTANPMOCEL TIS OVOATIKEG peBddovs. H
OKOTUOTNTO TOL HOBHOTOC KOl 1) Toudoywytk a&lo Tov S0aKTIK®Y TOL 6TOY®V GLVASOoVY
LE TIG CVYYPOVES KOVOTPOLKTIPIOTIKEG TOOOYWYIKES KO TY) GUCTNUIKNY EMGTHOAOYIO.

H emioynq 1oV S1adIKOGTIKGOV YAOCO®MV TPOYPUUUATIOUOD ®¢ TAUTEOPLE VAOTOINoNG TOV
TOPAYOUEVOV HOVTEA®DV TOV HoONTOV eMPALEL TEPLOPIGHOVE GTNV TOKIAIN TOV TPOPANLATOV
OV UTOPOVV VO TPOGEYYIGTOUV. Meydheg KAAGES CLOTNUATOV OTOG TO OoHYYPOVA
KATOVEUNUEVE KOl TOPAAANAC cvothipate dev mpooeyyilovior €0Kolo e OlOdIKOGTIKO
mpoypappotiopnd. H e€aipeon tov cvomudtov ovtg g Kotnyopiog omd To Bépata tov
pobnuatog givar ympig modaymywd emyeipnpo aeod To Todld eivar cvvnoicpéva va
EMAVOLV TETOL0V €i00VG TPOPAN AT oTNV KoBnpepv Tovg Lmn.



144 O1 Teyvoloyiec e Ilnpogopioc kor e Emikowvwvioc otny Exraidevon

TMo v dpon TV TOPATAVE TEPLOPICUMV TPOTEIVETOL 1 YPNON TVTIKOV TEPPUAALOVTIOV
povtelomoinong yevikod okomol onmg ta diktva Petri mov dev vmoBétovy T0 TMEPLOPIOTIKS
oelplokd povtéAo vroioywopov von Neumann mopd TO YeYovos OTL TPOGOUOIDVOVTOL OO
avtd. To diktva Petri: amotelodv epyodelo povielomoinong kot ovaALONG HE YPOPKO Kot
pofnuatikd Tpdno peydAov @AGHATOS TOAVTAOK®Y GUGTHHAT®V. YTootnpilovv v avéivon
TOV TOPOYOUEVOL LOVTEAOL WE 1oyvpd padnpatikd epyaieio 6mmg n Bewpio ypoenuiTomy Kot
n diyefpo mvikov. Emapénovv v aAANAETIOPACTIKY TPOGOWOIMOT TNG SUVOIKNG
CUUTEPLPOPE TOV HOVIEAOTOMUEVOL GCULGTNUATOS YTEPKOADTTOUV TIS OUVOTOTNTEG TV
SOIKACTIKOV  YAMGOMY  TPOYPOUUOTIOUOD Kol TEAOG OMOLTOVV  AOYIOUIKO  gpyodeio
ene€epynoiog yo TV amod0TIKT TOVG YPNOT.

Yy mapovoo epyacio dev mpoteivetal M e£OKEIDOT PEALOVTIKAOV TPOYPOUUATIOTAOV LE
TEYVIKEG AVATTUENG TAPAAANAWDV TPOYPAUUATOV OAAG 1| EVOOUAT®OCT 6TV Sd0cKOAI TOL
pafnpatog TpofANUATOV TOV aPopoVV TOPAAANAL AGVYXPOVA KOl KOTOVEUUEVO GUGTLLOTO.
H epyacioa avt) Oo cvveylotel peAloviikd pe to oyedloopd Kot T oK O100KTIKMV
TOpEUPACEDV Yoo TNV YpNoTn Tov diktdwmv Petri 6to puddnupa "Avdmrtuéng epappoydv oe
TPOYPOUUUOTIOTIKO TTEPBAAAOV" 0AAG Kol G GAAO YvoOTIKA avtikeipeva. Baouog otoyoc
glvan 1 ovadetn g emomporoyikng aéiog Tov H/Y yia v avBopun vioBétnon toug ot
SOOKTIKY Kol GAAOV OVTIKEWEVOV OTTM¢ cuuPaivel oty Tprtofaduo ekmoidevon. Xe o
TETOLOL TPOOTITIKY 1 LOVTEAOTIOINGT) £)XEL KEVIPIKO POAO.
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