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33&®0L JLINRISO — 303MBOK3S KRS
ObIR() 53MBS6IS()

390®0l  JLgegdol ob@m@os 1962 Fanowsb ofygds,
OmEe  2g@dobgeds  0bgobg@ds, oG ssd  3g@®od
o®Md IR0l Aa9dbogn® 9b0g90Lo@d g do 5033
Lo@mJ@mdm olg®@o300 09doby “30396035300
530™MIs>Bgdom”.

od  bodOMITo  Fob  JoMggmo  hodmoygomods o
©ooloYmS  0Egs M@0 goblibgoggdyeo Fodol 3g56dgdoms
©>  domo  ©sdsgegdodgdgeno  dodo@mymo @ goggdom
o390 g0 I9ds  Jlgangdols  dgliobgd, @mdengdoi  gOmo
Jogemols  Goda@gddo  ao5g0mosbgdes  3mbi@gH e s
SOLAMSJH e 3GM3gLgdl o dmbszgdgdl.

Lobgano  “39@®ol  Jbgengdo”  mgm@osd  dmagosbgdbom
doom  530mA0L  35@ogbsigde. mogolo  mgm@ools
Lbogggdgans 3gB®0d Lobdgeo s3@mds@dgdol, Lod®sgagms
> 2059950 Mmgm@ools gergdgb@goo aodmoygbs.

5O Lgdbmbols  44-Fanosbo  obGm@ool dobdognbyg  as0ds
3ogdodgdo  3gpGol  Jlgargdls s bbgs  d@ogoe
domgdo@ogn® 0y 5M5domgdo@ogy® ©olzodaobgdbmsb.

9omol  dbdog  39d@ol  Jlgemgdo  Rodmmgegds
0gm@ogmse,  bym  ga@dem  ddasg@o  bpgds  dolo
300 gdoBogndo  835M5@0, 0ddbgds  shogro  mgm@oyeo
geooligdo,  bmgoem  dgmégl  dbdog  ds@yemdl  3gBcol
JLgargdols 3B 090 aodmygbgdols Lobdomy
06gm®ds@ogzol  dmfobogg  dododmyegdgdmsb  ddo®m
05653dOMIamdols  Ygogasw,  Go3  bgds@ydse 11
bobobbgs aodmbobyano.



©30MMdgo0ls 609JH-0096@0® g0y
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bob.LL 3g@@ol Jlgargdo s dobo gomgdmgs

1.1.1. Loddsgemggdo

Lod@ogagms  mgm@os  3gd@ol Jlgergdols  gOmg@moO
dsbobos.  gobgobognme  Jmgamge  dobo  doGomswo
22 939b¢ 9d0-

Lo{golbo os@bodgbgdo:

N ={0,1,...} — 653 yPoey@ @oibgms Lod®sgany;

Z={...,-1,0,1,...} — 3o geo Goibgms Lod@sgang

Boolean = {true,false} — deols Lod@ogang

boddsgamg  oMoghmygodmgsb  mdogddms  gonme-
@omdss. dom boddsgmols gargdgb@gdo gfmwgds.

a oMol A-Loddogeols  gargdgbBo, myz0  Faomdl
0ngolgdsl  aeA  (,d0939mgbgds”).  Lod@sgang  dmozgds
90 9d9bGms hodmbomgomomn A = {ay, a3 ..., Ay}, 5b oG 339
p(a) 996059 YO bmdom, Omdgools ‘dgga0
Lod@sgerols 90 9d9b@Golongols Y3080 g g 30051
>g3doymx0agdl:

A={a|p(@)}.



(3o00gmo  Lod@ogemg B-Loddbmgmmo 5eobodbgds s
3odmoliobgds 30®Mmdomn @ = {a | afa}, GoEaob 306Mmds a#a

ymggeomgols dasmos.
Lod@ogergms  mgm@osdo  aobolabrmgdgds  dgdwgao

dJoMoms©o ©5dM 0 oY 9dgd0 > 39M5(30960:
dggbod@sgarg  (AcB), %993s@odo  Jggloddsgeng (AcB),
35900056985 (AUB), mobsyggms (ANB), ULbgomds (A\B),
bo@a(s:

ACB, @m@3s bgooldogHo aeA—mngol doGmgdyeos aeB

AcB, ®dm@s AcB s A#B

AUB={a|aeA >b aeB}

ANB={a|acA > acB}

A\B={a|acA > a¢B}

3oMogemo  Loddsgang  bgdoldog@o  os®dEM0 @0
Lbod@oganol  Jggloddsgmgs: OcA. A ©s B Lod®oganggdl
3ob3om 3939090 Loddogmggdo gfmwgds, myy ANB=0.

boddogaog  dgodargds  Fgogogegl  gegdgHool,
OmIgdoi mogoss  bod@sgmggdo. A-Lod@sgmols  yggas
‘dglodgoe  Jgglod@sgangms Lbod@ogarg P(A)-m0 500bodbgods,
bo@ydoy®d @ogbgms Loddsgamyg 0-ols homgemomn — N-om,
ema039®  360dgbgemdoms  (49ddodoBo  ob  IEpe@o)
Lbod@sgarg — B-mo.

ApAs. Ay (EN) Loldyga  Loddsgmgmns 3Gmegléo
(09350@ g0 bsdMsgan) gobolobmg@gds Jgdwgaboo®o:

AXA X XA, = { (31,32,...,an) | aeA; i=1,...,N }

3OmEYIHOL  gomggase  gegdgbdl  N-ge@dH g0
gVmgds. gmggamo 1-bmgol, Lowsi 1<i<n, ai-b jmé@Fggol
=900 geogdgbo  gforgds (A1, ---.an).  Fygomo
3obolobwg@gds, Mmam®A3 N-3mARg ol 390dm  dgdmbggge,
2-3003 990 (d0bs@yeno).

0 yggeos  Loddogang  A=Ar=L A=A dbpoglos,
3GmEadBo Bsofgngss A" Lobom. godps sdobs, A'= A s
A'=0.



1.1.2. 3y @oloddsgmggdo (3mI3egd@gdo)

I obod®sgmg gobolobmgmgds Lod@sgegdo g@mo
>  0dogg  gagdgbBol  Msdwgbxg®dg  slsbgobmgol.
dogooms,  3gd@ol  Jlgaol  3mbogosdo  @sdgbody
Ibaoglo do@gygmol sebsfg@sw.

Igm@oboddogmg B s@s3s@oge  Lodsbm A
Lboddogmgbyg, 9fmwgds gybiost:

B:A—N

booiz  bodobm A Lod@ogerols  gmggero  acA
g gdgbBol  Lobdodyg B  Ige@oboddsgengdo  solobgds
RmAds@om B(a). Lobdo®ol Lowowyg dgodargds 0-ol Gmeno
0geb. bod@ogemg I @obod@sgaols b3g(300e09@0
‘dgdonbggges, Lowsi Lobdodol d60dgbganmdgbdos 0 ob 1.

I Bolbod@sgaols sbobgol gogs®mmgdymo  gmEds
939200 [a,a5.,2,b,.0b, ], Lo@oi  ymggmo  gengdgb@o
0og0bo obdo@ols dobgogom Igm@dwgds.

9@ olod@ogmgmns Lod®sgay Lodobm A
Lod@ogagby omobodbgds pA-mo. Iga@obod@sgamyg obggy
dgodangds  godmolobml  Loddmay®o  xodol  Loboo,
Omdgemoiz  aeA  gegdgbdol  Lobdodgl s  Lobgaols

‘dgoioglL:
B=> B(a)a
aeA

0y B(a) =1, 35706 xodyg@ slbobgodo opo LogBmme
3odM0@Bmggds o 0fg@mgds Ibmerme a.

BepA 3ye@oloddogengdo, acA gangdgb@dl gfmegds
B-1 (300 o hoofgmgds aeB, oy B(a)>0 s 3od0jom, oy
B(a)<0, 35306 a¢B. 300090 IgaEoboddogmg @ (5690l
o dgoiogl: YaeA, O(a)=0.

Ige@dobod@sgmols  boddgooghy  (3oOE0bsay®™mds)
dolo  gggems  gangdgb@ol LobDodgms x8b gfmwgds @
aobolobwgds dgdgybso@sg:



BE Y B(@)
acA

0y B Loléygaos, d5dob  Igan@olod@sgamg  B-Us
Labeygao Igeolbod@sgeg 9fmwogods.

M@0 IgmEobod@sgmyg, By s By Gowmos (Bi=By), oy
YaeA, B(a)= By(a).

By bogmgdos ob Gmaos Br-ol (b9 B; dmoogh Bi-b)
0y YaeA, Bi(a)< By(a).

I Bolod®ogmggdby doM0mSE 390530901
Fomdmoagbls:

g3 90s: B=B+B,, my) YaeA, B(a) = By(a) + By(a)

aodmgmgds: B=B-B,;, my VaeA, ((Bi(a) = Bx(a)) A ((B(a)
= Bi(a) - By(a))

Lgomodgeo bsddsgeo: dya@Golod@sgmols BiepA oo
bodydsamy®o  @ogbgol neN  Lgogodygamo  bsd@ogeno
2obolobwg@gds @dmama (3 B=n*B;, my YaeA, B(a) = n*B,(a),
Lo@o “*” s@0mdg@oggeo 2sddsogemgdols m3g@sEoss.

1.1.3. 3g8Mol Jlgargdol doMmomswo (3693900

398®@ol  JLlgargdol bm@ozosl Lodmamm Lobg xg®
o doygwoos. dolo IGogogrdb@dogo gobgomsmgdols 3@m3gldo
Foddmodgs  dgylbododolmdgdol  dJmgero  @ogo, @
b oiools bbgowolibgobso® 063 9m30 9300 gdsls
9353300 goMs.

390®ol  Jlgangdols  LEsbos®@obsiEools  3GOME Y@
9a09m  (mpgdbgao  3Omgd® 15909-0b godpaagddo 1995
Veopseb  dodobodgmdl.  doldo  dmbsfommgmdgb  olgmo
5303 9B Y0 MG2560bs309d0, ORMO035S
bEobsMmE0b>E00l  Log@msdm@dolbm  m@asbobszos (ISO),
06gmadsgogm  Fgbmmmposms  ghmosbo  @gdbogndo
30308900 (JTC1) s Loghmsdmeobm gangd@®Om@gdbogsaco
3@3olos (IEC). 3dmg]@do 3 bofogmolasb dgopygds:



L. do@momo mbols 39d®ol  Jlgamgdo — 3mbizgnGos,
3oblobegMgdgdo o aMog0 Ym0 bo@sE0s;

2. 39660l JLgangdols 3O(33E0000 ROMAOISA0,
bogo@ogome XML-ol boboby;

3. dmygmmyg@o 3gB®ol  Jugamgdol jmblE®YJcogd0 —
09050 J0gemds, OHMomo s LEHMJSLH YO0 FoRsGmmgdgdo.

330900 doizgdgmos 39HGob  Jugeol bodozos 9350
RQoJH™OG03  LHobsd@om  ©sodizgoedgdymo 30090
15909*-1 3o@ggeo bofomol Logydgge by [5]

do®omoo (3bgdgdo:

bodobm  Loddsgeng (Basis Set). mdogdgdol ULafygobo
Lod@ogeng I @o-Lod®sgan ggdols (3330 gdBHgdol)
‘dgloJdbgeose.

g @Goboddogey o6y 333 gd@o (Multiset).
0509]Bgool  bogMgdo, Lowsi gomygodmgsbo mdogdgool
2obdgm@gds dgbodangdgenos.

Igm@Goloddogmol  jo@Eobsmy@dmds  (Cardinality).
Igeo@olod@sgamol gangdgb@gdol Log@mm omegbmds.

3mbo@gos  (Place). Jlganol  Hodobgdyaro  3g56do.
JLgeol g@oxdo Foom ob garoglbom godmobsbgds.

aoslobgmgmo (Transition). Jlgamol s@o@odobgdymo
3356do, @mdganoi oG mgmbgoom asdmolisbgds.

@gomo (Are). Jbgaool dododmygao 3ogdod@ols bobo,
Omdgenoi  5gOmgdl  3mboi3ogdl  powsbisligan gangdmsb
(gdogogo @goeo) ob 30GoJom (podmdsgsgmo @ joeno).

dgdogogo 3mboios (Imput Place). poobsligangarmsb
‘dgdogogo @go@om dgg@mgdoyao 3mbozos.

303035350 3mbozos (Output Place).
aoolioligangeomsob  godmdsgogro  @go@om  Jgg@mgdyeno
30bo300.

3mbogool  Bo3o  (Place  Type). 3mboioslonsb
©5353doMgdye  dmbsigdms  gangdgb@gdol  s@ooM0ger0
Lod@sgang.



do@ggmo (Marker). 3mbogoslosb  ©s3ogdomgdeeo
s dgbsdsdolo 3mboiools Bodol Jmbsigdms gangdgb@o.

do@gotgds (Marking). ygggens 3mbogosdo  Fgdogog
o390 m5 gANMOE0Mmdo.

Lbofgobo  dodgodgds  (Imitial  Marking).  ggges
3mbozosdo  dgdsgog  JoMgygOms  gOMMmomomds  Jlgarols
d9domdols wsbs(yolido.

3mbo@ool  ds@zomgds (Place Marking). 3mboiosdo
domogligdyge do@ggdms dgeBolod@sgeny.

aoslobgmgmols  goblbol  30@mds  (Transition
Condition). yoobobgmgmmsb ©s3sgdodgdygeo @maoig®o
(dge00l) Bodol godmbobyangds.

doslobgmgmol goblbol ®ggodo (Transition Mode).

(3o gdols  ogogd0@Mgds  aopsbsbgmmganols  aoblbols
300Mmésbmsb olsg, “md 3oslsliganganols aoblibs

bgdoo@myeo aobogl.

aoslobgmgmols  asblbols  bgds®mgs (Enabling a
Transition). aoEslolgergemo  G®I  go0blbol,  gmggaro
3mboiools  do@zodgds  gbs  s3degmyomgdegl  dobo s
oslioligamgeols  sdsgogdo@mgdgano @ ool dmmbemgbsl
(Agomol godmlobyagds), Goi3 bodbogl, @md o odgds
dgoogh  dodzgdgdols B0bodyd  0dsgg I eoBobod@sgagls,
@53 G3o@ol aodmbobyangdsbgs sbsbyano.

aoEslobgmgmols aoblbs (Transition Occurence). n<
aoslioligangemols  aoblibs  bgdoswo®myaos, ogo  dgodengds
2o0blbol. o3 @AMl gosloligergeols gymggao dgdsgogo
30boi00Esb  dmoblbgds  dodyzg®gdo  aoblbols  @gg0dols
dglododobow,  bomam  gmgga  aodmdsgs@  3mbozosdo
aodmdsgogo  @gomgdols  godmbobymgdoms  dgbsdsdolio
o390 950 hogds@gds. 3mboios dgodamgds gOMEEAMY@S©
Jgdogoeo s godmdsgoo oymls (BoMyggo)

aoslolgmgmols  (3gmo@gdo  (Transition Variables).
Ago@mgdols s aosbslgmgaol  asblbol  3o®mdsTo
dgdogomo (3geogdols ghmmdaomdes.
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A3omols sbm@sos (Are Annotation). 53mlobymgds,

amdgenoi dgodengds dgoegegl gmbLEsbGgol, (33mowgdls
5 M3gAGHMAGLL  @gomob  s3ogd0Mgd o 3mboiool

G030l g Bolbod@sgeowsb.

doe{ggoe0 354 30Mgds (Reachable Marking).
do® 30 9o, Omdgeno3 doowgds JLgarols Lo{golo
306300950056 Aoobsbigamgems yo@ 3390 dodwoggdmdols
aoblbols dgdwga.

dowPggoe Jodzodgdoms LodMogarg (Reachability Set).
LoPygobo o 30dgbdosb dom{ggee do®jo0gooms Lod@sgany
0gom Lsfyobo dodgod@gdols homgerom.

s 9d@s  (Algebra).  domgds@ogyg®o  LEHOYJH YOS,
amdgemoiz  dgogegl  Lodd@sgamgms  Lod@sgagl s
396J30oms  Lod@ogengl, @mdargdoi o3 Lod@sgengms
©mdgbgdls ©s Jggomdgbgdbyg ImJdgwgdl.

®030 (Sort). dmbsigdms LGB Mol Labgeno.

5M39dgbBol  Bodo (Argument Sort). ®3gHsEMAOL
5O 9d9bGol Bodo.

3odmdsgoemo  Bodo  (Output  Sort).  ™3g@Hs@m@ols
‘dgegaol Godo.

SHYmmds  (Arity) - 396J3z0sdo ‘dgdogogo
(60393963 9d0) s  aodmdsgogmo  (dgogan)  H03goo  (3sy.,
b0bo@ @0, N-s@@0).

G030bs300 (Typisation). Bo3ols 5353 dodgds
30boioslbomasb.

>{gdgdo (Declarations). as3mlobymgooms Lod®ogang
Lod@sgagmo, 30bLASbGgb0L;, 35M539H®gd0ls
db0dgbganmdbdoms, A030bgdgemo (3300 gdols ©S
396J30900L  aoblobwg@olbomgol, @mdmgdoiz  dowogno
©mbol 393@0l Jlgagdbg solsbgds.

m3g@s@m@o  (Operator). LoddomEMmmns  gOANM@OMbS
(53693058 9M>) B9bJd30ol Lobgarol Fo®dmbswagbsw.

35M5dgd®o  (Parameter).  dywedogs  (3mbLEH6HD),
amdgenoi  boddsgagdo  aoblobmgdygan  Lowopgms  o@gl
‘dgozogL.
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doboggds  (Assignment). 3dbodgbganmdols  dobodgds

(3300 gdols Lod®sgaols 3mbiMgBgmo 3gersobsmgol.

Loabs@y®ds  (Signature). osenagd@ygeo  LEOYJB .,
Omdgenoi  BHo3gool s ™m3gHeGmmgbol LodMsgan ggdoliaob
9900

ool Logbs@yds  (Bool Signature). Lopbs@ydo,
Omdgenoi ool (@myozy®) Godlb dgoizegl.

IdogomBodygdo  Lboabosgy®ds (Many-sorted Signature).
Lo bos@ s, Lowsi Go3gdol Lod@sgmols jo@obsaa@mds
9ombg dgBos.

(3goposbo  Logbs@yg®s (Signature with Variables).
Logbo@dyds, @mdgamoi  dgozogh  3geopgdols  Lobgangdls,
B0390L @o M3gHoGMm@gdl.

0ng®do (Term). Loabs@y®ol Loggydgzge by dgoygbogro
aodmbobyangds, @mdgaoi dgocegh I9edoggdl, 3gmewgdl
> M39A5RAMAYOL.

psbydgmo mg®do (Closed Term). 0g®do, Gmdgano
dg03ogL  gmblLESbGOL o  M3gAasAHMEAOL, dopa®sd oGS
CHEE

0ng®hdol  3603d3bgarmds  (Term Evaluation). dgegp0,
OmIgenoi3 doomgds 0g®dols (33 o gdomgols
d60dgbgermdgdols  dobodgdobs ©s @ybiosms gogygdols
aodmmgeols dgdwgy.

domomo mbol 3g@®ol Jugaro (High Level Petri Net).
SED A OO Y0 bAOYIH 9O, Omdgeno3 dgoiogUL:
30b030960L  Lod@sgagl;  gosbslgmgmms  Lbod@sgagls;
G03900L  LodMsgangl;  Go3gdol 3mboEogdby ©s @Godgdol

3osloligangergdbyg 0535353 doM gdgen 2996J(30901;
309996J3090L dgdogogo s 3mbER Y6 3090l aodmdsgsgmo
do030090900L goblobwg@dobomgol; Lofgol do®godgodsl.
390%0L JLgmol a@sqgo (Petri Net Graph). dods@nygao
M0 Ao Godol  3gobdgdoms  (3mbogogdo o
2osloligangemgdo) s Jomo Wsds3ogdoMgdgeno & o gdom.
©5dg9dmmos  3o3dodgoo  ,,3mboGos-gosbsligangano® o6
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»3oololigan gemo-3mboos™,  dopa@ed  s@s  ,3mbozos-
30b0305° 5b ,a0oboligan gemo-as@slisliga gano®.

domomo ©mbol 3g3®ol  Jlgamol aésxgo (High Level
Petri Net Graph). JLgarol g@ogols ©s  sbm@sEogool
(Voma§gmgdols) JOOMSE0MdS, GmIgeno ‘dgoiogb
30boooms G0390L, & 3o gdols Sbm@o30900,
aoslioligan genms aoblbols 300mdgol, ‘dglodsdols
2oblobmg®gdgol  goblobwg@gdoms  Losdo s  Jlganols
LoPygol dodgo@gdsl.

dow{ ggo0mdols 30550 (Reachibility Graph).
dodomyeo 30590, Lowoz 3356dgd0 doe§ 9350
doM3009090L  dgglododgds, @go@mgdo — aosbslgmgammms
3oblbol m3g@si0obs.

3505393 M0bgd o dspogmo mbol 3g@@al  Jlgemols
3®>0 (Parameterized High Level Petri Net Graph). dsmsgoo
©mbol 3gp®ol JLgemol a®ogo, GmIgedoi 3s®sdgB®gdo
3obolobwg@gde.

1.1.4. 3930l Jugemgdol Lgdsb@ogyto dmwgemo

39¢@ol  JLgaol  bgdsbBogyg®o  Imgmols s g@ols
30m39bdo godmoygbgds dgdwgao SdMgz05@ Y@ gdo: HLPN —
dowogno  mbol 3g3®ol  Jlgawo s HLPNG - domogro
©mbol 39@®ol Jlgamol a@sgo.

HLPN {o®3mo©ggbl LEegJdgoast

HLPN = (P, T, D; Type, Pre, Post, M,),

Looe:

e P-3mbogose (mwpgdgmo gmgdgb@gool baliGgmo
Lod@sgangs;

o T - popobobgagmgdore Torgogmo guwydgbdgdol
Loldgmo Lod@ogeg, oly, Gmd PNT=0;

o D-osd53500gmo ©mdgbgdol Lolidyamo Loddsgmg,
Amdaols ymgger 9 gdgbBl Bodo gfmwgds;
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e Type: PUTeD (omdmopagbls Bodgdol 3mboogdby
©ogogdodgdols o goslabgmgaols  goblbol  @ggodols
2oblobmg®ols 539bz0ol;

e Pre, Post: TRANS->pPLACE {o03mopp9696
Fobolifod  (powoboligmgmols  goblbsdeg)  ©s  Fgogaol
(powobsliganganols goblbols dgdwamd) sLobggdl, Lowss

0 TRANS = { (t;m) | tcT, mCType(t) }
0 PLACE = {(p,g) | pcP, gcType(p) }

e M,cpuPLACE Iy @olbod@sgm go, OMdgen o
JLgemol LoFyobo Fodgodgds gfmwgds;

e MCcpuPLACE I @olod®sgango, Amdgan o
JLgemols o godgds gfmwgds;

ooslobgmgmols 2093900l @ggodgdol  Lolidymo
Lbod@ogarg, T,epTRANS bgdspostmyeos M-3do® odgdsdo,
0y Pre(T,)=M, Lowsi Pre-l {@gogo aogstimmgds dgdogao
Loboboo:

Pre(T,) = Zyerrans mult(tr,T,)Pre(tr)

09 oalioligan gemols aoblbols Gg70dms
Igem@obod@sgamg T, bgboos®mygmos M do@z0®gdsdo,
35Tdob  aoalislgmmganols  goblbol  3@MmEgyGsl  doxo
9Vmpgds  ©s  dobo  Ygleygargdol  gogaoe  dowmgdyero
sboano do®30Mgds aodmolobgds gm@Igmom:

M’ =M - Pre(T,) + Post(T,)

dox ol  gm@dogny®o  sbobgs  dgoioglh  Lofgol o
g0l Jom3odgogdl, sadgmgg gowsbslgmgemms goblibols
©5dg9d 9o @9g0dg60L Igan@oliod@sgen gl:

M— s M
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1.1.5. 3s@smo mbol 3g@®Mol Jlgmols
a®og0 — HLPNG
do@omo ©embols 39B®ols Jugemols 35980
Foddmoagbl LE®y]@ymsl:

HLPNG = (NG, Sig, H; Type, AN, M),

bogo(s

e NG =(P,T;F) Jugeool a@ogs0 ofmegds, Gmdgendog
0 P 3356d9d0L Lalidgemo Lod@sgags (3mboE0gd0);
0 T - 33o6d9d0l Lobdgmo Loddsgarg (yopsbolgmmg-
mgd0) > PNT=0;
0 Fc(PxT)U(TxP) - d3oegdo (mwgdygemmo dods@ogeo
dmbs 33gmgdols Lod@ogengs

e Sig = (S, O, V) (o®dmopagbl a@ox0l  bo@y®ommy®-
@039 Logbs@y@dsb.

e H = (Suw On Logbodydobmgol  aoblobrg@aao
ID5g5@ MM 0560 dSena gd®ss;

e Type : P->Syg @odgool  3mbogogdby  ©sbodgbols
396730583

e AN=(A, TC) Jbgaol sbm@sEosms [ygomos, Lows(s:

e TC:T->TERM(OUV)g,, Fomdmowagbls 3963050,
Omdgeoi  gowsbslgmgmgdls  amgogy®o  aodmboby-
e gdoli Bodol sbm@o3z00m sBsMNMgdl;

o Mp:P->UycpuType(p), oly, ©md VpeP, My(p)enType(p)
LboFgobo dodz00930L  g6J300s, G™Igenoi do@g@rms
I Boloddsgan gl 4m3geo 3mboiools 303056

309]B 9o 5308d0@9dL.

30ox049mo©  3mbogos  [oggdom  ob  gemoxligdbom
aodmoliobgds. 3mboiool sbm@sios (Fo@Fgmgdo) dgwygds

dobodyd 3mboools Lobganols, 30bo0olbosb
5353 do® gdyeno G030l Lbobganols ©S LoFygobo
oM 300950L56. 0y Lofgolbo do@zo@gds (30M0geos, 00
‘dgodangds o@ godmobobml.
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oolobgmgml  Jodmgygmbgoo o6 Dogo  bobo
3odmbobogl; ao@abslgmgmol sbm@sEos dgoygds dobodyd
dolo Lobgaolpaob; oy ao@sbslgmgmol gsdggdol 300mds
dmgdgeos, ogo  do@mygmnbgeols  dopboom  sobobgds s
3odmoBmggds  dbo@me  d5dob, @m@Es  gmggemmgol
49ddo@o@oo.

Ogoml  Jgodamgds  3Jmbpgl  GmymeE  gom-  ob
m@IbG0gdodoGmymo  dmbszggmol,  sbggg  Jods@mgeo
da ool Loby.

09 9gO®mo ©s 03039 30bozools s gosloligangerols
535308 doMgdgen,  dgdogog s aodmdogogn @ omgdls
b oglo Sbm@o30900 >dgm, ®Ib@ogdodo@myeo
A 3o gdols godmbobgs o3 dgdmbgggsdo gm0 m@ol®osbo
@go@ol  bobomsi  bgos@s@mygmos. @ gogols  sbm@oosw
bgdmn s gdoao 0 g®Hdgdols g @oboddoge ggdo
20dm094gbgds.

503900 39d®ol  Jlgando  3mbogosms  Fo® odgdols
9 gdgbdl  Fo@dmopagbl  ©s  dgbsdsdolbsw,  3mboiools
33900bg (o6 dopbom) asdmoliobgds  dobo  dodgodgdols
QoG gddo boddmaa@o xsdol Loboom.

g@hboangdo  as5dmoygbgds  dodwobs®yg  do® oM gdsdo
o390l LobTodols (g@hboagdl ao®gm) ©s do@gygdols
3603369emdol (g@hboagdls dogbom) godmbsgmaysw.

398®@ol  Jlgangdol  bgdmmdmygobogno  bm@oiools
dogoomo dmi3gdygmos 1.2 bobsbby.

A t B
—> —>
X y P2
P1
r __________________ a
| > gdgd0
IA = {1,2,3,4};

|
|
|
|B = {3,4,5,6}; |
|<: ZxZ—Boolean s®omndgd oo :

|

{Ebdy\"{]?)m?)o 65b.1.2. HLPN'?)({)O(BO
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dm3gdgmos 2 3mboios (P1 ©s P2), 1 gopobsligmgano
(t1) ©> ©335353300gdgmo @goggdo. smofggds 2 Godo, A
> B, @mdmgdo Lodsbm Lod®sgmggdl (oddmowagbl wo
bo@ydomy®d  @ogbgms  Lbgopslbbgs  Jgglod@sgenggdls
dgoogl. @ggeoo X A-Godolss, Yy - B-godob.
aosbsligan gano ‘dgozogl 3oblbols 3060md51 x<y,
@obogoloi s@{ghgdol LosTdo 653 gdmbdols” Mm3g@s@m@o
2obolobwg@gds. @gombg (Pit) oGMP@os Sbm@siEos —
(3o©o X, bogm @goambyg (t,pz) Sbm@s@Eos — 3gmswo y.

3mbogos  p1 Godobgdgmos  A-Godom  ©s  aoohbos
Lofgobo  Bodgodgds  1+2(3), Gmdgmoiz  Fodmdmowygbls
I @Boloddsgen gl My(p1)={(1,1),(2,0),(3,2),(4,0)}, Lowoz
gymggeo  Fygoaol  3odggmo  gergdgb@o  bo@Gydogydo
@oibgos A={1,2,3,4} Lobdobm Lod@sgmmowsb, bmanm dgmeg
—  dobo  LobTomdg Ige@Golodd@sgergdo.  3mbogos  p2
B030bgdgmos  B-Hodom s dobo  Lofgobo  Bo@zodgds

GoG0ge g olod@ogmagl To®dmswygbls My(p2)={0}.
Lo{gobo do@3oMgdosb godmdpoboty, yopslsligamgao

t;  6gdosMmYmos  Aoobislgmmgarols  goblibols  ‘dgdwge
639089330 {(1,3), (1,4), (1,5), (1,6), G4, 3,5 BN} Lowog
gogamo  Fggogwol  3odggaro  gangdgbGo  X-ggeegols
db0dgbganmdbos, bowm dgm@g — y-ggeoswobs, olyg, @md
ymggeoo Fygoeolbongol x<y.

de 39970 JLgerdo 3o'dggools 697039000
3o@omgmobdog goJlodpgds.  dogomomse,  Mgg0dgdols
Iy @obod@sgmy (1,3)+2(3,5) t aoslioligan gemls
3o@oggang@o  bgdss@mymls  beol. dgodangds  sbgmo
dogoomols gobboangss: (1,5)+(3,4)5 (1,6)+(3,5)+(3,6).

09 3o0blibgds bgdoo@mmnygao dom 30 gds,
doqomomsw, (1,3) Mggodms dge@obod@sgegdo (Gmdgeno
od  dgdmbgggedo  dbmenme 1 Godol 1 ge0gdgbGolpasb
3903 905), 353ob  Yggyol  doM3oMgdgol  dgdwgyo  Lobg
9J6g0s:

M(p1)={(1,0),(2,0),(3,2),(4,0)};
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M(p2)={(3,1),(4,0),(5,0),(6,0)};

1,3)+2(3,5) 033030 e @olbod®sge 9o
aoslobgmgaols  goblibs  dgdwgy  dggaol do@godgdgdls
hodmogogrndgdls:

M(p)={®};

M(p2)={(391)’(4’0)9(532)7(690)} 5

1.2.1. 3g3®ol Jugemgdolb Jgggemsligdo

39¢®ol JLgangdols ggmayiools 3odggan 9@o3bg domo
3 ogo@oygmo  geoslbo aobolabemg@s (I, II s II @mbols
393®ol  JLgengdo), dopa®sd mgobsmgols domo @omEgbmds
MAodg hodmgops - gobolobmgMgds odsmo ©s doomo
mbols 39A®ol Jlgagdo, 5dsbmob dgm@g geoslo 30®ggenls
dmoogl.

43900 3esbogogsGos 3mboE0gdby, yomslsligm g go-
Lo o G3oegdbg 0gm m@ogbGodgdygemo s aobslibgeggos
doom  olgo  dobobosmgdangdl, @mam@oEss  do@ygOms
doJLodsgny@o O5mMEgbmds 3cbo05do, A 3o gdols
X gOsEMmbds s Lbge.

shogn  jansboggogoosdo  gy@omgds g dyseme
do@390ms LgdobBogobgs godobgom gdyaoo.

390dm, ©sdbsmo mbols 3gd®ol Jlgargddo ©s0dggds
dbmgome  “Ysgo”  FoM3gMgdo  ymggmags®o  dobogobo
bAOJH 9Ol godgdg, bmeoem  domsgo  mbol  39BM0L
JLgergdo 5353 gd0m Fobslifod 3oblobwg@dyano
LEA®YJB 6ol “@a@oE” doM3gmgobsi  dgogogh, 0gdige
9bs  500b0dbml, @3 Fg@mdobgdo “dogo” s “gg@oo”
Loddmeny@os ©S 0B gMo@Asdo dom b'do@ow
2oblbgoggogmo Lobgengdoom dmobligbogdgb.

o6 39000 > Lo 2oblobmg®agl ‘dgdamd
3mbo30gbols s gowobslbgmgemmgdol, sa®gmgg @ gogrgdols
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sbm@siools ‘doamaoglils. “dogdoM 39M056” JLgengddo
dbo@me  s@5@030b oo, gOmAgoMMgsbo 3mbozogdo s
aoslioligan gem 9dos 5dggdmmo,  “gg@swe” JLgengddo
ygges  3mboizoobmgol  boggmo®o  Godo  gobolsbmg@gds
dglodsdobo  Hodol  Jo@gg@ms  ©mdgbom. gOHmo  Bodol
30bo05do dgmey Go3dols dod 3g@ols 5O gdmds
059939098000,

aoabslgmgmmgdo FoBmmgegds  oslisliganganols
2odg960L 300Mmdgb00, Omdgeno3 020399
aodmbobyangdols Fomdmowygbls ©s dgodengds  49ddo@o@o
ob dawomo oyml.

A 3ools sbm@oEos odsao mbols 3g@@ol Jlgerdo
ob  Logdomme  aodmo@mggds  (Ggoedo  gom  25dg9doby
dbogme  gOmo  “dog0”  FoM gm0 AoEosEa0mgds)  ob
bo@y@omy® ®oibgl Fo@dmoaqbls, GmIgano3
aoolissaomgdgan  JoM3gOms  GomEgbmdsl  sbobogl
(Dgogol  xgBomds),  35T0b, Gm@Es  Jswsgo  @mbols
390®0l Jlgado @gogols sbm@s@os dgodangds dgozogegl
9RO oy dmbs3gdgdlsi, Gmdggdon  J3gdmm
aoboboangds.

sdoo  mbols 3g@®ol  Jlgergdol  Jggzenslgdo@asb
‘dgodangds  ogslobgmmm  sg@mds@y®o  3gBMol  Jlgargdo,
do@ 300 gdgao  aMsxgdo, 39d®ol  Jlgargdo  msgolygogo
>@hggobom, gangdgb@odymo  LobEgdydo  Jbgangdo, C/E-
Jbgemgdo, logdmbe ST Jlgagdo, SIT  (gewobogy®o)
Jgegdo s Lbgs, bmem  dswoemo  mbols  39@@0l
Jugemgdol - yggemoby - gotpor  pedoggegger o
2obbobmgdgm  Jgggasbl LobEgdgdo 3g@®ol  Jlgangdo
Foddmoagbls.

530™I>G Y@ 3900l Jlgangddo oby dpamds@gmdsms
dobJobgddo  (State  Machines) ymgger  aosbsbgangenls
dgodangds  3Jmbpgl  dolbodyd 1  glolgeogemo s 1

3odmbslgagano. 0po dgs@@se dgbsbgowo 3gH@ols Jlgemos
(30390950 Log@mem  @omegbmds  doLdo  s@sb@O™Ls

0330 gds).  o3B™AsG Yo 39@®ol  Jlgegdom  dgodangds
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306xmojdgools, dog ™53 NGN 35@o ge0bdols

JoEgeo@gos.
350300909  a®s5539630 (Marked Graphs) gmggao

3mboigos  bylbGoe 1 aoesbsbgmgmol dgboligangenls s
bybEoe 1 goesbolgmgmol godmbsbgmmganls Fo@dmowagbl.
030  mgoO0gmeE  o5gBmdsGydo  3gH®ol  JLgegdols
OO J Y000, sdmEgao®gol 3o@ o genobdls, dopg ™3
30b@odHgdb - ga@o.

530090 a®oggddo  oOLgomdl  3ogmgdo -
93090 (hoggdoeo) abs GMIgeody gooslbsligmgmowsb

03539  aoolioligamgensdpyg,  @mdgaeoi aosbsbgmgammms
3003399800 dodpgg@mdols  asblbom  doowgds.  ogmols

30d3900L  dgogaoe  doMgo®gdye  a@oxgdo  dod3g@mgdols
Log@mm  GomEgbmds  o®  03gergds, 0Ydize,  bmyowsw,
doM30@gdygao Moo  dgbsbgoo 0@  s@ol (oo
d9M 3909000 dogrosbo AomEgbmds ‘dgodangos
033 JOMRIL)-

3900l Jlgmgddo  mogolbyggsmo  s@hggsboo (Free
Choise Petri Nets) dstngs@o 3mbgmol@ols 36905 dgdmeols:
09 ®5dgbody yosobaobgmgals dgdsgogro 3mbogoobogols
30b6g@moddo  5JgL,  3gd®ol  JlgeTo  msgobyggsmo
s@hggobom olbobo yggas bgdoswodmymo gbes ogml, oby
bogmbgeoddg 3mbozos ghmswg®mo dgdsgogro 3mboios

9bos ogml yggens dmimbgmmoddg aowsbsbgaganolmgol.

bgdmn se{gdomo 3 Jgggesbol 3g@®ol  JLgengdols
bodydgdo dmiEgdygmos 13 bobobby.

S/T-Jbgeogdo  (State/Transition  Nets)  jansbogydo
393®ol  Jlgargdol  (o@dmdoagbgemos. oo dgoggde
Ibaogbo  do@yg@gdolyoeb, @mIgams @sBogYmo  BMAS
35@oms dogo [Hgs 3mboizools godyagddo.



P, L

P,

T] T2

P
T,
Ts
P
356306 gdgmo 3@sg0 ((30gegdom
T, T Ty, T4T5Ty, ToT4T5T(To)

l __________________ -

_________________________ 1
|r T] P2
|
| T;
: P1 \
I
I >
: T, P;
|

390®o0l Jbgeo mogolygsmo s@hggsbom

65b.13. odomo pmbol 3g@®mols Jbgmgdol 3 Jgggesto
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S/T-Jbgengddo  3mboios  dgodengds  gOmbg 9o
dom390L dgoiogegl, boam do®ggmgools oo mgbmdols
‘dgdmbgggodo 3mboEosdo dosmo Gompgbmds Gobmd®ogsw
hoo(g@gos.

doalioligangarols  09ggdol  oyEomgdgeo  30MMboS
ygges  dgdogogm  3mboosdo  @sdsgegdodgdgamo @ gogols
X gOomdoby SM5bo g gdo m©9bmdols dod39c9d0ls
Jmg@mggds. O3o@gbol xgOsmds bo@G o yo @oibgom
aodmoliobgds (bob.14).

g begaman 6l Ligda

oyl L b
rpnnd b

il gt s
Tl b

oLt gy o
dnpngde iyl bt s
dnpnba

S g bn-l Srregglin-l nggmnt e gln-Z npgenl S gln-Z
adEnyeine g nEng

bxhld PT {geaxhaiafing Igdnh Jhopan
~Aghoyibainh pahafrpagint sdegahnbognh
bogdobem  S/T-Jigagdol  3mboz0gddo  Jodggdms
MEgbmds 1-l 5@ ¥bs smgdo@gomegl.

90 g396¢o@gmo  LolGgdydo Jugergdo (Elementary
System Nets) S/T-Jlgangools dbgoglo @odsgno  mbols
390@0l  Jlgergdol gansldo dgool, @mama 3 yggems Lbgo
JLgano, @mIagddoz Fbmwme gOmygoMmgabo dod3g@gdos
sliodggdo. Lbgomds oboss, O™ gangdgb@ocdye  Loli@gdy®
JLgegddo  ghmo  3mboigos  Dgodangds  sGodgdgl 9O
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dodg39dl  googrgl.  Igbodsdobsw,  doldo  xg®owo
A3o@gdo 5@ sOLgdbmdl o @goo dogl (Fodfgdsl) o@
Loko®mgdl. sdobmob, gangdgbdodige Jugeynd Lol gdgddo
53Mdo@aos  aowsbaligamgeols godggods, my gOmo dsobgz
3odmdsgogo 3mboios doM39al 9339 dgoiegh [15].

dobaob 25blLbgoggdom glog@mbem S/T-Jlgengdolomgols
d60dgbgemmds oM ofgl godmdsgsao  3mboiogdols
o mdomgdsl, domdo oslobigangao go0dggds, 0y yggers
‘dgdogoe 3mboosTo dodgg@o 0bgds. 5dsbmsb, glosg@mnbm
S/T-Jbgangdo  3@dognsggh  3mboigosdo  gombg  dg@o
dom39M0L 5@Lgdmdsls [18]. ogosb aodmobody, ylog@mnbm
390@0l  Jlgendo  Fodyygol  s@Lgdmds  goslaligagaols
aoblbol  bgaols 390  ¢deol, gaogdgbBodye  Loli@gdy®
Jlgedo 3o 3o@odoo.

L5 bBobobby a@ogogymem  LEOyamgdom  dbysglo
a99HoGgo - bolihgdgdo  Jhgwo s S/T-Jlgewo
3oblbgogrgds ‘JgLA e gdols dobg@om: 306 ggendo
aoslioligemgemo T g9@  a50d39ds,  dgm@dgdo oo
bgdo@o@mgeos.

P1 P1

©O—_—0O @&—1 —0O

P, T P P, T P
90 999b@ o gamo Lol gdymo gLog@mnbm S/T-Jlgeno
Juaeo

65b.15. 3@sg059msre Fugsglbo s gbeamgdol Fgligdom
356Lbgeggdgmo 3g@cols Jugemgdo



23

Loldgdndo 3gddol  Jugangdo (System Petri Nets)
yggems  bgdmom{gdogo  Jgggensbolasb  aoblbgoggdom
dogo@o mbols 39@®ol Jugaol Jgg3esbl Fomdmowygbls.

dooao  mbols  3gd@ol  Jlgangdol  LEHSbsGE Yo
bo@doool msbsbdsw, LobEgdydo 3gd®ol  Jlgangdbobmgols
25b0Lobmgmgos  3mblESbBgdo, (gmorgdo s ByYbji309d0,
Omdgns  ghomdmomdsl  LobEgdygdo  3gd®ol  Jugarols
LE®9Jdgo0s  glmegds,  bomm  aseslsbgmgengdolmgols
aobolobwg@gds aoblbols 306Mds, Omdgeo o
“aoslsobgmgmol  ©sd3sgo  gybdios”  gfmwgds  [15].
Lob@gdyg®o 3g@®ol Jlgergdol dodomswo asblobwgmgdgdo
‘d93 g 00:

aobLobmg@gds—1l.  goggom X Jlgawos.  Z-LL A
9603960 L9d0 mommggeo PePs 3mboigoobmgol sgodlomgdls
doamdo@gmosms  Ap bod@ogegl, ®mdgeobsiz  A-do  p-U
©m3gbo gfmwgdo.

256LobEg@gde—2. gmigom T Jhgaros A 9bogg@liydom,
dodob

L 2l 8pamdstgmds a monmgymo 3mboigoolngols
3obbobg@Mogl Loddsgagls a(p)c A,,

2. gojgom teTs. Jdgrogds m mommgymo Inlbsbwghy
f=(p,t) o6 f=(t,p) A oeobogol goblobpgdogl
Lod@ogergls m(f) C A, .

9L 60dbogl, M®mI LoLEgdydo Jlgargdol 3mboiogddo
(3gsoEols d60dgbgenmdoms Lod@sgarols domogligds
‘dgodangos, (OBNGI NG 90 9396@ >0 3960l
JLgagdoligeb  aoblbgsggdom gambg dg@o d6odgbganmdols
2o@oMgds  ggdenos,  Go@3  dowogro  mbol  39Bgdol
JLgengdl sbolosmgdls.

Lol gdy®o 3960l JLbgengdols ‘doboo@lio
bAOYJH9Ogo0L  (36g0obgs  oggydbgdyemo. gobglobwgdmm
0530056 3mblAsbGols s gybiools (369d9d0.
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3obLodEg@gds—3. 537 dgom AgyeennAx >0l
J39Lod@sgengms Lod@sgang.

l. wogydgom aeA; @mdgmoesi 1<i<k - mgol. d5Tdob
a-l gfmegds  goblLEsbds Loddsogmmgdo Ap...,Ax ©> Al
9V megds a-l gaoslo.

2. iFL...,n+tl - mgol ©og9dgomn Bie{Ap...,Ax}, ©o
gmdgom, fiBix..xB,—=>By o0l gybjios.  35F0b -l
9Vmegds g9bdzos Ap..., Ak Lod®oganggdbyg. Loddsgenggdo
By,...,.B, (o03ms©a9bl f-oli oc9dgbBgdol BHo3gdl, boam
Bpi dgegaol Godl. ntl 3003 g50 (Biy...,Bpi) Fo@dmompagbls
f-ol s@gl o Ygdgyboodoe hso(gdgds Bix...xB,—By.

Lol gdy®o 393 ®ols JLgeols LbEOYJG M
30bLEbHgb0Ls o BybJ09d0l Loddmogegl gfmwgde.

3obLsbgmgds—4. 0537 dgom AgyennnAx Mo
J3gboddsgemmgms Lod@sganyg, ap...,a; gobLESbHIO0 A, Ax-
‘do > fiseeesfm 29630900 Ap..,Ar-by. dodob
A=(Aye. A2ty o fy)  (o@dmowagbls  LEeg]@gast.
AjsenAx 353 oM gdgemo Loddogem ggdos, Apye.0n2 -
306LES6B g0, beoaanm fi,....f, - g96]J30g00.

boG9IHaBgd0b Babdgooms dgdopgbgnmda
0g®Igdol  3bgdom  seolgdgds.  mg®dgdo  dgoiegls
Gg@oEgdl o  3mblLESbGgdl o  olggg  Omymeg
GOR2GYIRo Gawergdo,  gobgdghgee  Bedghdo
3063090 e 360d3bg@mdsl @gdaEmdls.

0g@dgdols s  3geogools 9390 Fo®dmbowagbsw
aobgobogomo  "dmmbmgbsms JmdLoby@gdol" Lol gds. oo

Jgopgds  dmbogdms 3 dJmdbdo@gdaobopsh  (u,v,w),
OmIgaEoms (3048096 dmdboby@gdsls o> o®dmgdls
dmbsgdms 2 dgbgxgdo (m s n).

LoPygol  dpymds®gmdsdo mommgyao  dmdbds@gogeno
0 3o y@ damdo®gmdsdos, bmem om3ggye Indgbddo
Jmdbds®gdgano dmombemgls dmbo3gdgols 0®0g9
d9bgxg®olasb s dbmegme ol gdwgy, o3 Mm@ogglysb
053d54mRoengds, oMb ds @ oy dymds®gmodsl.
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dmdboby@gdol 3oMggemom u 9dymmdl, dghg v ©o
domgoeml w. 1.6 bobobby  [o@dmpygbogros  LoliGgdydo
390®ol JLgemo dmEgdygemo LolEgdobsmgol.
od  dgdmbgggedo  39p®ol  Jlgaool  LEA@YHyasl
J99ga0 Lobyg gdbgde:
"3mmbmgboms dmBLoby@gds"=(users,managers,
usersxmanagers, managersxusers,u,v,w,m,n,succ)
bosi  suee  (obyeroliy@o  Lodygoesb  success -
"ToddsBgde")  dmobmgbol  [o@ds@gdom gy gdols
dogVggdgmo  ggbjioss, dobo  odyydgbdo X (33E0o©00,
Gmdganoz users Gosdobos s dglodsdobow, 360dgbgermdgdls
dbogme {u,v,w} Lod@sgmowsb omgdl, bogm msgoe suce-
ol 3d60dgbganmds  @opdo  ImIwggbm  saomsl  Jpys@o
dmdbds®gdgenos, Omdgeo3 396J300b dgdggmdom
39699 mob d0doGmgol B gdsls ©gdymmdl.
x 3bagss y-ob
dmdboby®g-
dolomgol

(y,x) (y,suce(x))
y 3959%9@0
3mgdlLobyyms x
() 0¥ Bebiseggemt

users = {u,v,w}
managers={m,n}
succ:users->users
succ(u) =v
succ(v) =w
succ(w) =u

var x:users

var y:managers

X geool y-b

o) (M) | (x,n)

X X

x ool

65b.16. LolEgdy@o 3gd@ol Jugemo
»d0nbmgboms dmdboby@gdols sdm3obobogols”
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LobRgdygd  Jlgenbg  @gomms  bmyogdhmo  Fodfgds
0 g@dos, dspomomsw, (X,m) s oao dgozegl Ggewlsg
(X) @o 3mblASbASLoE (M), GmamA 3 bgdmm swgbodbgm.

Lob@Rgdymo  Jlgeol  Igdomdols  3odggen  dox by,
5dm3obol 30MMbols Mobobdo, JMAboby@gdsl Mgdbymmdls
u  dmdbdo@gdgaro, ©ogydgocn m dgbgxg@olash.  d5dob
0ng®@do (y,x)=(m,u), og®do (X,m)=(u,m) ©s (330500 X=U.

0y X-b Lbgs 360dgbgenmdsls dogobod gdm, dopsmomsw
v-b,  aoEsbsbgmgmo  ,,dmdboby@gdols  dmmbmgbs" 3o
2o0blibgds, og@od mogow ,,dmdbaby@gds" - gg@s, @oyob
o3 AOmb (y,X) 0gddol dbodgbganmds (mv) 9gbws asbogl,
@0l bodgoamgdobsi  3mbogool  (y  dbswss  x-0l
dmdbaby@gdolmgol") Lofyolo JgdEggermds o@ odanggs o
dglododobow, Jlgao 5@ 0dydoggdl.

9RO OO0 ‘dgdmbggggdologols 0 g®dgdols
Lod@sgeng  dgdmo@obgds  (Lod@sgmg-mg@Mdgdo), GmIgeno
bado  Hodolbos:  3mblEsbs-mg@do, Kybjios-mg@do  ©o
(3380 >0-mgAdo.

306LEbBS-mgAhdo JLgedo NON (GO0 3J 00
3MbLASbGo0L,  o@8dg  JmbLESBF Gl (Bogomomsw,
bo@ydomy®o  @ogbggdol)  Lod®sgmgms  slsbgobmgols
20dm0yg4gbgds ©S od ‘dgdmbgggobmgols 3mboools
>0dbodgbgao kg oMo JmblLHobHgdol Lod®ogagl, s@Godge
Lod@ogaols  s@dbodgbgen  Loddmenml (o  @smoby®
sbmb) Fo@mdmoagbl, bmam  msgo  Lod@sgerg  Jlganols
LEA®YJA G0l aoblobmgBoms danmizdo s@ofg@mgds.

396J(300-m9@do A ool SbmEsE0ss, S@obodbgds d-
Loddmenmmo s 3gB@ol Jlgendo 3mblEsb@gdol (33eowo
A5mEgbmdol  AMSbL3m®E0M ool gdloby@gds oy xdghd-
(3gsoeol db0dgbgenmdols dglisdsdobsg.

(3§62 500-m 9@ do sbg3g @ gogols obm@oiosls
Fomdmoeagbls s Jlgando doaosbo Lod@sgamol b dols
J3gboddsgmmgms  gowobs@obo  godmoygbgds.  mg@dgdols
Lbod@sgmgms  Godgdol  dogogmomgdo  dmigdygmos 1.7
bobobby.
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o} Hbygle dmagigtol 3) Balpdle dmaglgbo
b - ok -
Gabe Bgte o
Homgbe
@b i
SEmzglgbe Eylgdljton gdmzglgbe @glgelgbon
__
&} B gbgBle Itmaglgbe
moddy- P={a} c}; G={riaeas); LrPo G
Bk

SEmzglgbe Eylgodljton

Bomgde

x: P godol gguzames la)=r(h)Fr; IbFric)Fry
KcFria)Frs:;

@ (2)={n}; P (h)= {r1, raf; Ple)={r1reas);
Y:G-L Eh]lw&‘)mub 603011 Bgeogo

bk 17 Ihoﬂ(ﬁbazga-matﬁﬂa&u wEglg@lgdal gobefomadols
sBmpzohameb™ o) geblgobfe-aghighe P mo Gy
L) mubdpee-ogede XY o) pgmome-oghde ¥
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1.2.2. 3s@omo mbol 39@®Mols Jlgangdols
03g9d0

39¢@ol  Jlgegdol  Jgggeslowsb  asbolobmg®gds
3900l JLgaol Godo. sbogo Bodol goblobwgdols sy
‘dgodengds  dBsgo@bso®o  ogmb. ygmgger  39Hcol  Jlganls
aoohbos dgdwgao Logthmm gengdgb@gdo:

- 3mbogogdo,

- ddobalgagmgdo

- ®gomygdo,

Amdangdoms 39BMol Jugeols a@sgo 0fdbgds.

390®ol  Jlgaol  sbogno  Godol  2oblobrg@olsl
Lbogggdgemo Limego 39800l Jlgmols adogos smgdyero
©s 00 dgdamdo sbsbggdoms ©o BybJiogdom 3gBE0l
Jogeeol 30bs@gdgm (03530 FoOMMGEIO.

39¢®ol JLgemol Lbgowolbgs Hodgdo gomdsbgmolysb
‘dgodangds  aoblbgoggomwgl  dodggBms  Godgdom  ©
domob  odmdwabomyg gOmosbo  do@go®gdol  LolFgdoom,
Jbgmob  gangdghGodel  swfgdom  (Rrggde)  ob/es
adoEslsligamgmms 3533900l Fglgdoom.

09900 393®0l  Jlgamols gargdgbBgdby, JoGomswsw
b [safgogdos ©s dgo3egl gengdgb@ol LobdsJul,
dog®@od  o®>  ULgdsbGogol. dglodedobsw, obobo  Jlgarols
JgbOgagdols  3OmEgldo  gg@exgdl  (33eol.  dwggdol
©560dbygangds 390®ol Jigemol Lob@odlymo jmb@@menos.

sdol dogbgosgow, obogno Godol kool goblsbrgds
9339 bogda@obos 0dobmgol, @md sbogno 39d@ol Jlgeols
A030 0dbgl aoblsbmg@yano.

30b03090bg,  goololigagmgdby  ob/s  @gomgdby
OOMOM0  ©oymgbgdols  aoblsbmg®sl  @@momo  3gBH®0L
Jugaool Bodo dgdmsdal, ©ogmgbgdol @OMMS  S@domy®
aobofoemgdols — LEmdsbGymo 3gd@ol  Jugemol Eodo o
SUHRCHIHS

39¢@ol  Jlgemgdoll  Godgdol  asblobwgdol  yRG™
RoOmm  asMgdm  dswsgno  mbols  3gBd@ol  Jlgargdols
J3930obgdos  (Fogomomsw, LobEgdyg®o 3gB@ol  Jlgangdo).
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Japdoo  Bogmge  o@glado  gggmoby oo
05373539090 s gogM3gegd g 39B®ol Jlgaol Gosdgdl.

Qgospo  3g@®ol  Jlgangdbo (Coloured Petri Nets)
doomo  mbol  39A®ol  Jlgangdol  geoslido  dgool s
bbgowolbgs @odol oby g@ol do@yzg®gdl  dgoiegl [7]
Gg®dobo »B YO>SO dbmemo BGswoioobmgols
2odm0yggbgds o Jlgendo  aoblbgoggdbymo o 3g@gdols
o@lgdmdobg  Joobodbgdl - s3agodo  Jlgangdols  sdsgno
ombols 398®0l  Jlgegdolash asdmbs@bggow, ®mdagdo
9JOMY350Mgab, ,, o3 Jo@3g®gdl dgoiegl. gg@swo 3gBHG0l

Jugeool LAOYJAYOS Logdome @myeos ©s 0go IAsgoeE0
Lobgmdol kwggdls dgoiogl (bob.18).
I'(1, ,orpBobob@gmbeyt  NUMcNAME (1, norBobolefmbo’)
L. et 2 ]
DA
1’64, wmdghafyeaio 3 3 N “afaaaﬁb

(L norgBoBiobyeGs o)

()
(n,u) P
n,u,
SESSTON (%2
Sa¥segol
B beghs
11
PRINTER
ga©hogma Sadegol P
- (n,u, p) wpoltprghs |—»| 3toblgtighe
SESSTON 2'(.HP Laser Jet 8050°)
laoEbabmgdgdgbo:

|
| Type NEM: Integer; Type NAME: String; Type NUMeMNAME: product NCM *NAME; I
|T3rpe PRINTER: String; Tvpe SESSTON. product NUMx MAME*PRINTER, |
|

|war m: MNETM; var w: NAME; var p: PRINTER; I
e

Boh LB madoema dgfial Jlgeea Ligkmgol moboghems
Bmﬂbbh'ﬂtﬁaanbﬁ bﬂmeEubmaob
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QgMoo 390®ol  Jlgeols gmggenr 3mboiosl goshbos
dobodygd m@o deg: Labgeo, GmIgmoi >@dbodgbgemo [@ol
ob geoglol dogbom ofgdgds s do@Bogo ob dgeggbogro
B030 (3mbozools 3390 om, gdlogom, aobomgdygdo Lodygs
Type o6 Color). dspomomo, 3mbogos ,,dmdbds®gdegdo™
NUMXNAME @odobos, @mdgamoi Fobslo@ysblsbmg@geno
NUM ©s NAME @odgéol  ©g3o0H 9o bod@osgerom
Fomdmodbgds.

QYN0 39660l JLgero ‘dgoiogb »BJO o
doM39M90l, @mImgdoz  Jmbgdgd g  Bodol  dglodanm
d60dgbgenmdoms Lod@sgagls ob I @olod@sgagls
(3m33g09JdL) Fo@dmowagbl.

3obolobwg@gds  3mblLGsb@gdo  (gobowgdyg®o  Lodygs
val), genogdo (var) ©o g9bjiogdo  (fum). ULbgoslbgs
G030l dmbsigdms  dm@ol  3ogdodgdol  sbsbgobmgol
2odmoygbgds  Lod@sgmgms  ©o  3md3egd@gdol  mgmmools
9299966900

3o0©s  dJmbsigdms  Godols,  gmggmo  3mboigools
33960©00  dgodgngds  solobml  3mboiosdo  dmgdye
dmdgb@do dgdogomo gg@oo dodgg@gdo.

Lsoboiosgobsiom dodgomgds babasldygao @gdlEolb
Loboo godmo@sbgds.

dogogomo,  Lofgol  Jpgmdsdgmdsdo  3mboios
,»d03bdo@gdemgdo®  dgoogh NUMXNAME  3odol  gg@ow
dodggems  dgdpgy  Loddsgangl  (Lsobogosgobsiom
ds@g30@9ds): { I'(1, ,,008060b@@SG@A0), 1'(2, ,,m3gGs@m@0-
1), '3, ,,m3905m@0-2%), 1'(4, ,,m3gG5¢m@0-3“) }

bogyg@opmgdms bofyobo ,,1%08b0 gmggero gangdgb@ols
obofyoldo (Bl gmgnoEogbdo  gfmwegds), @mdgemoi
900mgol, @md 3mbogos sG9dgBgl 1 dmEgdye Jmbsigdl
dg0Gogl (o569 5@Lgdmdl Ibmerme  gHmo dmIbds@gdgeo
Lobgenoo ,,003060L@@s@AMA0*, @mdeols Gogomo bmdgmos
). o3 9gdmbgggodo agsd3l  dmbozgdms  ge0gdgbBgools
Lbod@sgang, boam 2°(,HP Laser Jet 8050“) 60dbogl, ®md



31

Lob@gds dgoogh 2 gohmago®mgsb 3M0bdgal — gb 9339
Igen@obod@sganyg, 5by jmddengd@oo.

09 boobogosgobsiom do@godgdols GglbBo dsgnosh
3@dgemos  (dopomoms@  dJmbsigdms  dsbols  smslmdom
hobol gals aodmbabogl), doc 3901 3Lggombodo
3obgbobmg@gds,  @mIgamoi  HOooEoYms©  mobbgwgds
dom39M0l Bodols Lobgeols, dopa@sd 0fgdgds bobaslidom.

19 bobobby  glggombodo  TARGETs  sbobogl
Lodobbgms  1.M  Lod@ogaogl, oby o3  dgdmbgggsdo
bo@ydoy®  @ogbgms (bsdobbgms bmddmgdo) Lod@sgangls
l-ob 10-dg0g.

TARGETs-ols asdgnogno go®osbBo 0dbgds Lod@sgany
{1',12,13,1'4,1'5,16,1°7,1°'8,1'9, 1’10}

N

N 4 X N 0
) (e g
val M = 10,
N

| Color TARGETs int |
i with 1. :
| varm : TARGETS; !

E m TARGETSs
> ’X —_—
E

agboa

[}

N 0 = if ok TARGETs
= L then Emptsr
else m

Bob 1% athomgigddobodjbgera gydema Egddal
Jigrro L da%hebBo Liemmal® admppehalogol
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53539 bobobbgs  Sbobymo  s@oEgGg@dobod gdymoa
@ey047900  godmlbobymgds  (30Mmdols  dgmgo)  BgOowo
39000l Jlgaol @goengdby, Gmdgeoi yowsbslgmgmmms
30d3900L  Lbgoolbbgs 300690l s dgogagol  sbsbogl,
oby @ma049®0 300mbols §9ddo@o@gdolols yo@sbogm ganls
aobbgoggoymo db0dgbgenrmds dogfmegds (ob
aoslioligan gemoab goblibgsggoygemo 360dgbgenmds sdmgs),
d@s@mmdolols — aoblbgsggdygeno.

@MA039M0  J0Mmdols  3b0dgbgermds  Lbgowslbgs
‘d93mbg9390do Lbgowslibgobso®ow aobolsbrmgmgds.

063 g JBHoge Lodygans@m@gddo 49ddoB0@ gdo-
oMM [URBNI dmdbdomgdgano 3oblbobwg@agls,
53A™MIsA @0 Lodyeszoolsl —  dgdmbgggom  Lowowgms
39b9@5@A™MA0 s Sl dgdgy.

BaOoo  3gH@ol  JugergdBo  gggmoby  goMoEes
9oV gdgemo  39d@0l  Jlgegdols  ©s  ©o3MMYMsdgdols
(0g@s@ Jogammds,  Jmpygmydhmds —  wowo  LobEgdgdols
dogemo®gdolbogol) mgm@os, @o3 mgomaog@msb gHnsw
dob o  3M5]JHogue  @oM oy gdslioz  Aobsdo@mmdgdls
0obodg®mgg  0bgm@dsgoye  Bgdbmamyosms  Idsgom
bggOmdo, @mamegooEss bogmdybogsEom 3GmMEM M gbdo,
SYLOM/gogm- s M3gMs3ogeo  LolBgdgdo, S3s@o@ @0l
©s  3OMaM3dgd0lL  ©s3MMg]Egds, dobbgl-3Mmiglgdo s
Lbgo.

Eegolomgol  gg@opo  3gp®ol  Jbgamgdo s  dolio
3033093900 Agomobsios ,,CPN-Tools* dbmgmmomls 40
Jaggbol  400-bg  3g@  mOAbobsEosTo  godmoygbgds
LolBgdgdol dmegmomgdol oblE®yIgbHow (Bomasb 100-
dwg 303900 30335605T0) [9]. FJ0bsd@gdody
Loolg®@ogom bodydoml @opo 9Jl3g@0dgb@gdo LFm®go
od  0bLE®PdgbGol  @oigbbodgdbymo  gg@dLoom  odbs
‘gl gdyano.

EO®omo  3g3®Mol  Jlgmgdo  RoJHmdMogem  gmggmo
G030l 3g3®ol  Jlgeobogol  @Omomo  aonsGmmgdols
5353 gd0m doowgds. EAMOMO ASBSOMMGdS >3O JdgEr0s
Ago@9@o  bLad@mdagdm bgg@mlb dmpgeomgdolmgol, dol



33

2300999 398®0lL Jlgeo dbm@me LolEgdol Gosmgbmd@ogo
sbogobolingol godmeagds.

OHmomo  3g®ol  Jlgao 4 Fodol  s@Lgdml:
3mbogoyd-edmomo (Timed Places Petri Nets - TPPNs),
AHbbsJ30m-pdhmomno  (Timed Transition Petri Nets -
TTPNs), &3oeg@-oOmono ©s ds6 396G gm-pdmono [11].

3mbooygH-edmomno Ao3obmgols 2560Lobog@gds
©ogmgbgdol  gOmo s  0gogg  ©O®M  3mboiosdo
Jmmogligdygemo  gggems dodyg@ologol o @m0l smges
0{ 490> dgbodsdolo aosbslgmgamol assd@oydgdobmsbagy
(@m@s  dobo  goblbs  bgdowodmygao  begds).  yggens
‘dgdogomo 3mbo3ool oymgbgdols WMol aslgmols dgdwge
aoslioligangemo as50blibgods.

A®36bsJ30-BH™mom 396 @0l JLgergodo
©og4mgbgdol  OMm  yosbsbgmgmolngol  (B@sbbojiool-

0gol) gobobsbrg@mgds. 3g@d@ol  Jlgangdol gl Fodo 2
J39003L dgoizogl: Fobosbfsdo smbggsbobs ©s dgx0ddgdols
dogen gdls.

Fobosbfomo oMhggoboli dgdmbgggsdo  gowsbslbgageno
200]B0Mgo0bmsobogg 0@gdl Imbm3mmy@ R gdsl yggmrs
dgdogog  3mboiosdo  Jmmoglgdyer o 3gdgdol  od
M©9bmdoby, @53 dobo asblbolmgols syEoggdgaos (bbgs
3mb0(3090m56  3mbgmodddo  0doMxggdl). 5dol  Igdoymad
0{ 490> ©ogmgbgdol @@mol smgeos. dolbo golgmolbmsbsgy
aoolioligamgemo  a50dg9ds  3gd@ol  Jlgemols  Fgligdol
dobggom, oby aoslioligan ganols 350JBo®gosls
5930 goes© dJobo goblbs dmdgyggods.

x0d00lL g do Jmogo®o  EHMomo  FoJBmGos,
353300900 gggmes oJHog® yowsbobgmgal gygmabol @
20030l dol, @mdmols oymgbgdol ©OME YBO® Joanrg
g

3O YA-EAHM0M 393 ®ols JLgedo OAOMONO
5gmgbgdols Lowoggdo @goegdls gbodgds, aobolsobmg®gds
dod3gdols @ gogodo »303 DoA™ OO ©S
aoslioligangenols aoblibs dgbodengdgamos dbmame  dsdob,
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OmEe ggges dgdogogn @goendo dmddsgo do@zgdo 9F93L
aoslioligan geols.

400390005 ,,dmaboYOMES* AoEsbslgmmgaoljgb 0fygos
dbmeme dodob,  @AmEs>  gowsloligargarols oblbs
bgdoo@mygeo bpgds. goblbol dgdwymdsi gmggen @ gogols
960dbgds oo dod3g@ol  ,,3maboyg@mdol @AM, Lobsd
030 353mdsgoe 3mboiosls dosw(ggl.

354 39O 9E-EO MO0 396 @0l JLgemo Ymggeo
dom39M0bomgol o3y ©ogmgbgdol @m0l asblabmg@sl
dJomombemgl.  sdggodo  Godo  dmbgdbgoymmos  @GOMomo
300mA03 9@ 900l dnwgaodgdbobmgol.

OMomno 3980l Jugaol  Lbgowslbbgs  @odgdo 110
bobobbgs dmgdyano.

[T T T T T T To——=r— - ——————————————
| | |
| | I
| : :
I Pl, T Tl P: I Q I
| laplaule F=lnl - lnglnlrafel | I
Sobesont Sy | Tyt Ps !
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I
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Hfohbedmogm-pEmoma

ﬁjdbg{!‘al{j-;glﬁmnmo
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I

|
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L

Bob LI midmome g4 @l Jlgmol Godgia

gbowos, 39d®ol  Jlgangdols @AMmomo AogsGNMgdols
‘dgdm@obs Jmgeo®gdolsls shogn 3Odagdgdls
Foddmdmdl.  dogogoms, G@sbbsJaoygm-pemon  39B®ol
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JLgengddo  golbomygggos, 0y Gmame 9bos gdsGonmm od
aoslioligamgeoms  oymgbgbol  @Mmgdo,  @mIagdds3
»dgX00M0L*  Jgogas  JoM3gdo  ©ozoMas  ©s  bgmoboa
200]B0Mgosl garmegds aoboblibgms.

5O Lgombl sbogo AMomo sgmgbgdol aoblobwg@mols
2 go®osb@o:  ogoJlodwgds  dodyzgdol  ©sgedagoliols
o@dhgbogro  @m  (Continue) ©>  poEsloliganganols
g3 mdo 255]B0g@gd0lsl @Amol ,,hsdmy@ms* o@mbgbogno
OOMOESE 2oaMdgegds ob WOMoMo oymgbgdols Lofyolo
db0dgbgenmds  bganobens  asbolobmg®gds  (Restart). o3
350056@90bg  oydEbmbdom  dngosbs  BASbbS 0 ye-
OOMomo  39B®ol  Jlgergdomgol AMOm  goRSMNMYdSMS
Jm050300950L 3 bLEOSE R0 gobolisobwgmgds:

e Lhgmo  OgbdsdGo (Resampling) —  6gd0ldogdo
aoesbsligan ganols aoblbolmasbagy JLgenols 43905
aoslioligan gemols ogmgbgdols OO 0530056

2ob0bob@g@gds, sMobsoMo 06xmMIs30s 5@ 0bsbgds

* bofogmddogo @glgs@Bo (Enabling Memory) -
o 3907 o0mdgyeo  aowobsligangangdol oymgbgdol @™
0530056 2560L5bgMgds (GgLRs@B0), boam wsbs@hgbgdo

(M3 gdoz 3o5JB0YMgdymos) hggnmgd®ogoe sa@dgagdls
M0l ,,hodmy@sls.

* @m0l dgbsbgs (Age Memory) — gopsbslgangenols
30d3900Lol  gggems  goslioligangemols  dodwobodyg @™
0bobgds o goslaligargaols dgdamdo  aosdBoydgdolsl
EOMON0  ©sgmgbgds  dgbobgol  @momo  39bJBowsb
5pMdgergdls dgd0®gdsb.

9bps  o00b0dbml, @M  sLsdggdos  JodbBowymo
396@0l  Jlgangdol 53905  ©AMOMO  ©S  SMSAMOMO
9099963 9d00, @o3 bdodow LolEgdgdols dmwgmodmgdol ©s
sbogobol yggemoby 989JB 9@ 0bLEAMEdgbdl Fomdmowa gbls.

OAOMO0MASBSOMMYS0560, d0dM0EYo, BgBoo 3gBMols
JLganols 3M33@gdlydo dogoomo 111 bobobbygs
aodmbsbyano.
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INVIRESRCEEY S

INTxDATA (2, b o+ INT<DATA
(3, wgte ghogy
e beghs I8, g lodbe st Beabeghom gia
INEA \ =l
np) ) g:ff? ) ! ifn=k
100 (np)@twait H\H’xDATA @+lelay() B) andalse
Zoggiel pestop
then str™p
( ) aoms3gee
(up) else str
TIME ! -
! I [
| )
I
: Tent : FETR
| I ; aopboghe
i |
i Tent? : @17
I i
I L~ ifn=k
} then -+
D mobgmhals else k
] 1]
]m(s o | Bmiosgte ( )
| thenl'n @+ielayg T |
I else empty :
I
|
I
p3pbaghe : Jbaeze I 80303900
I
I \

color INT = int timed, color DATA = String, color INTXDATA = Product INT *DATA,
var nl: INT, var p,str : DATA; val stop="###",

color TenO = int with 1..10; coler Tenl = int with 1..10; var s: Ten0; var r:Tenl;

fun Okis:Ten0, r:Tenl) = (r<=gs),

color NetDelay = int with 25,75 declare ran; fun Delay() = ran'MetDelay(),

var walt: TIME;

Bob 11l momoma grdeme Sghtob Jugme ddgoze
Joamz gt Sdmgmgomobogol

BOSbbsJ30gm-@momn  39B@ol  Jlgangdl,  Lowsa
aoslioligan gemols ©ogmgbgdols OO ‘dgdmbgggom
aobofoa gdgan  9Jli3mbgbios@yd gybjiosl Fodmdmowagbls,
sSeEndomygdo obyy bEmPsbEygmo 3g@®ol Jigegdo (Stochastic
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