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IV Tavi  
petris qselis birTvis gamoyeneba ganawilebuli 

sistemebis modelirebisTvis 
 

4.1 petris qselebis axali amocanebi 

 
petris qselebi TiTqmis 40 welia gamoiyeneba 

mecnierebisa da teqnikis sxvadasxva sferoebSi 
dinamikuri procesebis modelirebisa da analizis 
amocanebis gadasawyvetad. gansakuTrebiT aqtualuri 
mniSvneloba SeiZina man Tanamedrove informaciuli 
teqnologebis ganviTarebasTan erTad. misi praqtikuli 
Rirebuleba sul ufro izrdeba bolo aTwleulSi - 
kompiuteruli qselebis ganviTarebis paralelurad.  

Tu adre petris qselebiT modelirebis ZiriTad 
sivrces operaciuli sistemebi, kompilatorebi da am 
tipis sxva sistemebi warmoadgenda, sadReisod es 
instrumenti warmatebiT gamoiyeneba sxva ganawilebuli 
algoriTmebis modelirebisTvisac, rogoricaa 
lokaluri da globaluri qselebi, ganawilebuli da 
centralizebuli monacemTa bazebis marTvis sistemebi, 
qseluri operaciuli sistemebi, server-klasteruli da 
virtualuri sistemebi da sxva, romlebSic amocanaTa 
paraleluri Sesruleba da procesebis sinqronizacia 
umTavres kriteriumebs warmoadgens.  

naSromSi warmodgenilia ramdenime cnobili 
algoriTmis transformirebuli varianti petris 
qselebSi. modelebis didi nawili petris qselis 
birTvis garemoSi iqna agebuli.  

Sesabamisi petris qselis modelebi da petris 
qselebis enaze gaformebuli PNML-dokumentebi wigns 
eleqtronuli danarTis (CD) saxiT axlavs Tan. 

 
 



 4

4.2 CrossTalk – Cixebis aRmofxvris  

algoriTmebi 

 
Tavidan operaciuli, xolo Semdeg qseluri 

sistemebis modelirebis procesSi erTerT mTavar 
problemas Cixuri situaciebis warmoSoba warmoadgens. 
ganawilebul sistemaSi Cixi warmoiSoba maSin, roca 
ori qvesistema erTdroulad urTierTlodinis 
mdgomareobaSi imyofeba an konfliqtia romelime 
resursisTvis.  

pirveli SemTxveva simptomaturia operaciuli 
sistemebis procesebisa da qseluri protokolebi-
sTvis. 4.1 naxazze mocemulia elementaruli petris 
qseli tipuri SemTxvevisaTvis (“cnobebis gagzavna-
miRebis amocana”).  

aq ori procesi (an qselis kvanZi) erTmaneTs 
cnobebs (mesijebs) ugzavnis informaciis gasacvlelad, 
amasTan informaciis morigi ulufis gasagzavnad 
aucilebeli pirobaa dasturis miReba wina 
Setyobinebis warmatebiT misvlis Sesaxeb.  

informaciis gagzavnisa da dasturis miRebis 
operaciaTa erTobliobas raundi vuwodoT. procesi 
(magaliTad L) gzavnis cnobas (gadasasvleli Act-L) da 
gadadis lodinis mdgomareobaSi (pozicia Pending-L).  

procesi R Setyobinebis miRebisTanave gamodis 
pasiuri mdgomareobidan (Quiet-R) da gzavnis miRebis 
dasturs (gadasasvleli Echo-R), ris Semdegac 
ubrundeba pasiur mdgomareobas (gadasasvleli Return-
R).  

dasturis mosvla gawyvitavs L-procesis lodinis 
mdgomareobas (gadasasvleli Terminate-L) da daabrunebs 
mas pasiur mdgomareobaSi (pozicia Quiet-L). orive 
procesis pasiur mdgomareobaSi dabrunebiT raundi 
sruldeba. 
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nax.4.1. a) “cnobaTa gagzavna-miRebis” amocanis  
sawyisi markireba; b) Cixi 
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amgvar sistemaSi Cixi warmoiSoba maSin, roca 
orive agenti erTsa da imave raundSi gadawyvets 
cnobis gagzavnas (nax.4.1-b). am dros orive procesi 
usasrulod elis adresatisgan dasturis mosvlas 
(petris qselis yvela gadasasvleli blokirebulia). 

Cixis Tavidan asacileblad SemuSavebulia 
algoriTmi CrossTalk, rac petris qselSi 2 specialuri 
gadasasvlelis Camatebas gulisxmobs (TiTo TiTo 
procesisTvis), romelTac sistemis Cixidan gamoyvana 
SeuZliaT (nax.4.2). 

 
 

nax.4.2. Cixis aRmofxvris CrossTalk-algoriTmi 
 

gadasasvleli CrossTalk erT process aZlevs 
uflebas meoris mdgomareoba Seamowmos da Tavad 
lodinis mdgomareobaSi myofma Tu daadgina, rom meore 
procesic icdis, gawyvitos lodini da pirdapir 
dasturis miRebis mdgomareobaSi gadavides. 
daprogramebis terminebiT es niSnavs, rom logikuri 
cvladi, romelic procesis mdgomareobis mniSvnelobas 
inaxavs, lokaluridan (mxolod Tavisi procesisTvis 
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gamoyenebadi) globalur cvladad unda gardaiqmnas, 
romelTan mimarTva (da saWiroebisamebr mniSvnelobis 
Secvlac) ramdenime process SeeZleba. 

4.2 naxazze mocemuli petris qselic “cnobebis 
gagzavna-miRebis” amocanis srulyofil models ver 
warmoadgens. qselSi Cixi ukve gamoiricxa, magram 
semantikurad igi jer kidev dasamuSavebelia. kerZod, 
rig sistemebSi (pirvel rigSi, kompiuterul qselebSi) 
monacemTa morigi paketis gagzavna akrZalulia manam, 
sanam wina paketis warmatebiT miRebis Sesaxeb dasturi 
ar mova, anu morigi raundis dawyebamde yoveli wina 
raundi  bolomde unda iqnas miyvanili.  

4.2 naxazze es wesi irRveva (raundis Secdoma), 
magaliTad, gadasasvlelTa Semdegi mimdevrobiT 
gaSvebisas "Act-L –> Echo-R –> Return-R –> Act-R –> 
CrossTalk-L". am dros poziciaSi "Sent-R" moxvedrili 
markeri ekuTvnis sistemis axal (meore) raunds (R-dan 
L-Si cnobis gagzavna) da igi aRwevs proces L-s manam, 
sanam es ukanaskneli pirvel raunds daasrulebdes 
(qvesistema L pasiur mdgomareobaSi jer kidev ar 
gadasula anu R-idan dasturi ar miuRia).  

pirveli raundi dausrulebeli darCeba, rac 
proces R-is mier dabrunebuli dasturis “dakargvas” 
niSnavs. problemis mosagvareblad qsels ori axali 
pozicia (Finished-L da Finished-R) emateba, romlebic 
"raundis dasasrulis" mdgomareobas gamosaxavs (nax.4.3). 
aq mocemul petris qselSi axali poziciebi ukve 
gamoricxavs procesis mier axali raundis dawyebas 
Zvelis dasrulebamde, amasTan mocemuli petris qseli 
procesebis paralelizmsac amodelirebs: L- da R-
procesebs cnobebis paralelurad gagzavna-miReba 
SeuZlia.  
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nax.4.3. raund-orientirebuli CrossTalk 

 
amasTan, modeli ver wyvets  sinqronizaciis 

amocanas, romelic daismeba im SemTxvevaSi, Tu 
procesebi cnobebis gagzavna-miRebisTvis ara 2 
urTierTdamoukidebel, aramed erT, saerTo gadacemis 
fizikur arxs iyenebs.  

Tu am dros orive procesi informacias 
paralelurad gagzavnis, isini gzaSi Sexvdeba da 
erTmaneTs daamaxinjebs, xolo damaxinjebis faqts 4.3 
naxazze mocemuli petris qseli ver asaxavs, amitom 
saWiroa prioritetebis SemoReba im mizniT, rom 
mocemul drois momentSi informaciis gadacema 
mxolod erTi procesisTvis iyos SesaZlebeli.  

martiv SemTxvevaSi erTi procesi meoris mimarT 
calsaxad prioritetulia, anu erTi procesis 
CrossTalk-gadasasvleli gaiSveba meorisaze adre da 
procesis mimdinare raundic meore sistemis Sesabamis 
raundze adre damTavrdeba.  
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ufro rTuli variantia petris qseli 
alternatiuli prioritetebiT, romelic 4.4 naxazzea 
gamosaxuli. alternatiul-prioritetebiani petris 
qselis modeli erTdroulad paralelizmisa da 
sinqronizaciis amocanebs wyvets, mxolod im pirobiT, 
rom qselis muSaobas L-procesi iwyebs. 
 

 
nax.4.4. “informaciis gagzavna-miRebis” sistema  

alternatiuli prioritetebiT 
 
orive procesis mxridan cnobebis erTdrouli 

gagzavnis SemTxvevaSi L-procesi kavSiris arxis 
monopoluri mflobeli xdeba da pirveli iyenebs 
alternatiul gadasasvlels (CrossTalk-L) R-procesis 
sakontrolo markeris miTvisebis xarjze (Sent-R 
poziciidan), Tavisi bijis SesrulebisTanave gadava 
Answered-L poziciaSi (“R-procesisgan cnoba 
miRebulia”) da “aiZulebs” R-process cnobis xelaxla 
gagzavnas (Quiet-R poziciidan, romelic am operaciebis 
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Sedegad markers xelaxla Rebulobs). am jerze L-
procesi cnobas Cixuri situaciis gareSe miiRebs da 
raunds daasrulebs, ris Semdegac mmarTveli funqcias 
ukve R-procesi aiRebs da morigi raundi daiwyeba. 

 
4.3. MUTEX – urTierTgamoricxvis  

algoriTmebi 

 
urTierTgamoricxvis problema yvelaze 

gamokveTilad operaciuli sistemebis, kompiuteruli 
qselebis da monacemTa bankebis marTvis sistemebis 
daproeqtebisas warmoiSoba, roca ramdenime procesi 
saerTo resursebs inawilebs. resursebTan erTdrouli 
mimarTva xSirad Cixur situaciebs warmoSobs an 
resursebis arasasurvel ganawilebas ganapirobs. 

urTierTgamoricxvis algoriTmebs MUTEX-
algoriTmebi maTi inglisuri saxelwodebis 
Semoklebuli variantis mixedviT ewodeba (MUTual 
EXclusion - "urTierTgamoricxva").  

algoriTmebis arsis gasagebad warmovidginoT 
sistema, romelic Sedgeba ori qvesistemisagan (an 
romelSic 2 procesi muSaobs) - L da R. TiToeuli 
procesis moqmedeba SemozRudulia sam mdgomareobaSi 
cikluri gadasvlebiT. esenia pasiuri, lodinisa da 
kritikul ubanze muSaobis mdgomareobebi.  

amasTan, pasiuridan lodinis mdgomareobaSi orive 
procesi urTierTdamoukideb-lad gadadis, xolo 
mdgomareobaSi kritikuli ubani orive procesis 
erTdroulad yofna ar SeiZleba (urTierTgamoricxvis 
Tviseba).  

vercerTi procesi lodinis mdgomareobidan 
pasiurSi ise ver dabrundeba, Tu kritikuli ubani ar 
gaiara (evoluciurobis Tviseba). 

arsebobs MUTEX-is 2 sawyisi algoriTmi 
resursebis “ukiduresad usamarTlo” da “ukiduresad 
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samarTliani” ganawilebisTvis. maT mxolod Teoriuli 
Rirebuleba gaaCniaT: 

konfliqturi MUTEX-algoriTmi (nax.4.5) erTi 
procesisgan saerTo resursis mudmivi miTvisebis 
SesaZleblobas asaxavs. suraTze key resursisaTvis 
procesebs konfliqti mosdiT da misi gadaWris 
saSualebac ar Cans, orive process SeuZlia miitacos 
resursi da kritikul ubanze ramdenjerac unda, 
imdenjer imuSaos. 

 
 

nax.4.5. konfliqturi MUTEX-algoriTmi 
 
alternatiul MUTEX-algoriTmSi (nax.4.6) 

resursebi yovelTvis samarTlianad nawildeba, 
zedmetad samarTlianadac. erTi procesi kritikuli 
ubnidan gamosvlisas meores acnobebs, rom kritikul 
ubanze muSaoba daasrula, ris Semdegac meore procesi 
valdebulia kritikul ubanze imuSaos, sxvagvarad 
pirveli procesi xelaxla ver moxvdeba kritikul 
ubanze da piriqiT.  
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nax.4.6. alternatiuli MUTEX-algoriTmi 
 

realuri sistemebis umravlesobisTvis amgvari 
midgoma (iseve, rogorc konfliqti saerTo 
resursisTvis) miuRebelia. 

problema gadawydeba, Tu avagebT mdgomareobis 
Semowmebis MUTEX-algoriTms (nax.4.7). masSi procesebs 
specialuri almebis noncrit-L da noncrit-R saSualebiT 
erTmaneTis mdgomareobis Semowmeba SeuZlia da roca 
kritikuli ubani Tavisufalia, TiToeul process masSi 
imdenjer SeuZlia moxvdes, ramdenjerac unda. 

 

 
 

nax.4.7. mdgomareobis Semowmebis  
MUTEX-algoriTmi 
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samive zemoaRniSnuli algoriTmi arasrulyofi-
lia. gacilebiT misaRebi iqneba, procesebs 
erTmaneTisagan kritikul ubanze muSaobis uflebis 
moTxovna da nebarTvis gadacema rom SeeZlos. amgvar 
sistemas markeruli MUTEX-algoriTmi aRwers (nax.4.8). 

 

 
 

nax.4.8. markeruli MUTEX-algoriTmi 
 
markeri kritikul ubanze muSaobis uflebas 

warmoadgens, romelsac drois mocemul momentSi 
mxolod erTi procesi flobs (markeri poziciaSi Avail-
L an Avail-R). process kritikul zonaSi moxvedra 
mxolod markeris flobis SemTxvevaSi SeuZlia, xolo 
Tu markeri ar gaaCnia, SeuZlia meore procesisgan misi 
moTxovna (pozicia Requested-L an Requested-R), romelic 
markeris mflobelma procesma SeiZleba daakmakofilos 
da TviTon umarkerod darCes (pozicia Granted-L an 
Granted-R) an ar daakmayofilos da isev TviTon gavides 
kritikul ubanze. 4.8 naxazze markers L-procesi flobs 
(pozicia Avail-L) da moqmedebis ori varianti aqvs: a 
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gadasasvleliT kritikul zonaSi moxvdeba (pozicia 
Critical-L) an c-Ti pasiur mdgomareobaSi gadava (Silent-L), 
raTa R-procesma moTxovnis SemTxvevaSi markeris 
miReba SeZlos. kritikul zonaSi momuSave L-procesi e 
gadasasvleliT sawyis mdgomareobas daubrundeba da 
amasTan markers Avail-L poziciaSi abrunebs.  

amiT erTi cikli dasrulebulia, xolo morig 
cikls is procesi iwyebs, romelsac markeri ara aqvs 
(markers moiTxovs). wina ciklis Sesrulebis Sedegis 
mixedviT momTxovni SeiZleba iyos isev R-procesi 
(Pending-R), Tu wina ciklSi markeri ar gadacemula an 
L-procesi  (Pending-L) – Tu gadaica. 

urTierTgamoricxvis amocanis kidev ufro moqnil 
variants pitersonis MUTEX-algoriTmi warmoadgens, 
sadac resursis misaRebad mzadmyofi procesis lodini 
sam mdgomareobadaa danawevrebuli – magaliTad, L-
procesisTvis Pend0-L, Pend1-L da Pend2-L (nax.4.9). Pend0-L 
pozicias Teoriuli Rirebuleba ar gaaCnia, pasiuri 
mdgomareobidan (Quiet-L) masSi gadasvla algoriTmis 
Sesrulebis saerTo struqturas ar arRvevs. 

magram am mdgomareobis arseboba mocemul petris 
qselSi mainc saWiroa, radgan masSi gadasvliT procesi 
gamoTqvams survils (da ara pretenzias) kritikul 
zonaSi muSaobis nebarTvaze (anu meore process 
jerjerobiT xels ar uSlis), rac realuri sistemebis 
daprogramebisas SeiZleba gaxdes saWiro.  

algoriTmSi 4 alami, igive sakvanZo poziciaa: 
Finished-L da Finished-R (raundis dasasruli),  At-L da At-R 
(kritikul zonaSi samuSao nebarTvis markerebi). 
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nax.4.9. pitersonis MUTEX-algoriTmi 

 
am oTx poziciaSi markerebis arseboba  

gansazRvravs procesebis kritikul zonaSi moxvedris 
mimdevrobas. kerZod, Tu kritikul zonaSi muSaobis 
survils mxolod erTi, L-procesi gamoTqvams (anu 
poziciaSi Finished-R markeri SenarCunebulia), maSin L-
procesi kritikul zonas daubrkoleblad aRwevs 
(gadasasvlelTa mimdevroba a-b-c-f), magram sakmarisia R-
procesma TviTonac moisurvos kritikul zonaSi 
muSaoba (gadasasvlelebi h-j), rom procesebs 
moqmedebaTa sinqronizacia mouwevs, oRond 
samarTlianad: procesebi erTmaneTs ver `gadauswrebs”, 
romeli procesic markers pirveli moiTxovs, kritikul 
zonaSic pirveli moxvdeba im garantiiT, rom misi 
kritikuli zonidan gamosvlisTanave meore procesic 
miiRebs masSi moxvedris markers (uflebas). 

dekeris MUTEX-algoriTmi pitersonisas 
garegnulad sakmaod hgavs (nax.4.10). 
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ZiriTadi Sinaarsobrivi gansxvaveba SemdegSia: 
pitersonis algoriTmSi At-L pozicia markers 
Rebulobs manam, sanam L-procesi kritikul zonaSi 
moxvdebodes, xolo dekerisaSi - piriqiT, L-procesis 
kritikul zonaSi moxvedris Semdeg. 

 

 
 

nax.4.10. dekeris MUTEX-algoriTmi 
 
aqamde ganxiluli yvela algoriTmi ori 

Tanaswori procesis urTierTqmedebas aRwerda.  
realuri sistemebis umravlesobaSi procesebs 

prioritetebi eniWebaT da saerTo resursebTan 
mimarTvisas maRalprioritetiani procesi ufleba-
mosilia dabalprioritetiani „gamoaZevos“.  

ovicki / lamportis MUTEX algoriTmSi amgvari 
sistemis modelia warmodgenili. masSi ganawilebuli 
cvladis wakiTxva-ganaxlebis operaciaTa 
urTierTqmedeba aisaxeba (nax.4.11). 
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nax.4.11. ovicki/lamportis MUTEX-algoriTmi 
 
sistema ori procesisgan Sedgeba: Camwerisa (Writer) 

da wamkiTxvelisgan (Reader), romlebic saerTo 
monacemTa cvladis mniSvnelobas cvlis (Camweri) an 
amoikiTxavs (wamkiTxveli). Camweri procesi 
prioritetulia. 

algoriTmi sam alams iyenebs: Writer Detached 
(Camweri moixsna), Writer Involved (Camweri Caeria) da 
Reader Detached (wamkiTxveli moixsna).  

pirveli da mesame alami Sesabamisad Camwer da 
wamkiTxvel procesebs moxsnis kritikuli ubnidan da 
meore process samoqmedo gzas uxsnis, meore alami ki 
Camweri procesis wamkiTxvelis moqmedebaSi Carevas 
amodelirebs.  

igi aRkveTs wamkiTxvelisgan cvladis wakiTxvis 
operacias, Tu imavdroulad Camweri cvladis 
ganaxlebas daapirebs. 

procesebis mimdevroba aseTia: Camwers 
momzadebuli aqvs cvladis axali mniSvneloba (pozicia 
Producing), romelic a-b-c gadasasvlelTa mimdevrobis 
gaxsniT unda gadaitanos kritikul zonaSi (pozicia 
Writing) da ganawilebuli cvladis mniSvneloba 
ganaaxlos.  
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davuSvaT, wamkiTxvelmac ukve waikiTxa da 
gamoiyena ganawilebuli cvladis wina mniSvneloba 
(pozicia Using) da moindoma Tavis kritikul zonaSi 
(pozicia Reading) e-f-g gadasasvlelebis gxsnis gziT 
gadasvla ganawilebuli cvladis axali mniSvnelobis 
wasakiTxad.  

warmoiSoba Cixuri situacia: g gadasasvlelis 
gaxsna akrZalulia, radgan poziciaSi Writer Detached 
(Camweri moixsna) markeri ar aris da verc c 
gadasasvleli gaixsneba, radgan poziciidan Reader 
Detached (wamkiTxveli moixsna) markeri wamkiTxvelma 
aiRo. Cixidan gamosavals pozicia Writer Involved 
(Camweri Caeria) warmoadgens, romelSic arsebuli 
markeris monawileobiT ixsneba j gadasasvleli da 
wamkiTxveli mdgomareobaSi Failed (wakiTxva CaiSala) 
gadadis, xolo Camweri daubrkoleblad aRwevs 
kritikul zonas, ganaaxlebs cvlads da d 
gadasasvleliT Tavis pirvandel mdgomareobas 
ubrundeba, ris Semdegac pozicias Writer Detached 
(Camweri moixsna) markeri ubrundeba da wamkiTxvels 
SeuZlia ganawilebuli cvladis wasakiTxad axali 
raundi wamoiwyos (gadasasvlelTa mimdevroba k-f-g). 

 
4.4 ganawilebul monacemTa bazebis ganaxlebis  

„Master-Slave“ algoriTmi 

 
ganawilebuli monacemTa bazebis marTvis 

sistemebSi procesTa paralelizmisa da sinqronizaciis 
uzrunvelyofa umniSvnelovanesi amocanebia. 
monacemebTan mimarTva da maTi damuSaveba ise unda 
ganxorcieldes, rom informaciis logikuri mTlianoba 
ar dairRves (monacemTa sxvadasxva bazebSi 
winaaRmdegobrivi informacia ar iqnes Senaxuli).  

samagaliTod petris qselis birTis garemoSi 
warmovadgenT maRali donis (sistemur) petris qsels 



 19

ganawilebul monacemTa bazebSi aqtualuri ganaxlebis 
amocanisTvis. modeli Seicavs erT serverul (“master”) 
process, romelic marTavs klientebis (“sleiv”) 
procesTa simravles, sadac TiToeuli klient-procesi 
erT monacemTa bazas ganaaxlebs.  

ganawilebuli algoriTmis piroba aseTia: Tu erTi 
mainc klient-procesi mzad ar aris ganaxlebis 
operaciis Sesasruleblad, ganaxlebis mTeli 
procedura uqmdeba (moixsneba). Sesabamisi petris qseli 
4.12 naxazzea mocemuli.  

 

 
nax.4.12. maRali donis petris qselis  

master-sleiv algoriTmisTvis  
 
amocanis modelirebisTvis petris qselis 

birTvidan maRali donis (sistemuri) petris qselis 
instrumentebi gamoiyeneba (nax.4.13-14). 
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nax.4.13. petris qselis monacemTa aRweris fanjara;  
 

 
nax.4.14. petris qselis cvladebis aRweris fanjara 
 
4.13-14 naxazebze petris qselis birTvis 

interfeisSi qselis sistemuri sqemis aRweraa 
mocemuli, saidanac Cans, rom qselisTvis ganisazRvreba 
erTi axali tipi Slaves (klient-procesebi), mudmiva U 
warmoadgens Slaves-tipis konstantas (yvela klient-
procesis simravle), xolo cvladi x – konkretul 
klient-process gamosaxavs. server-procesi erTia, 
amitom igi Savi markeriT gamoisaxeba. 

algoriTmis Sesrulebis dasawyisSi server- da 
klient-procesebi pasiur mdgomareobaSi imyofeba 
(poziciebi Master Inactive da Inactive Slaves Sesabamisad). 
ganaxlebis proceduras server-procesi iwyebs, 
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romelic pirvel etapze klient-procesebis 
„gamokiTxvas“ atarebs (pozicia Inquiries) 
ganaxlebisTvis maTi mzadyofnis dasadgenad.  

Tu yvela klient-procesma dadebiTi pasuxi 
daabruna (anu poziciaSi Accepting Slaves konstanta U 
moxvda), server-procesi ganaxlebis proceduras 
daiwyebs (gadasasvlelTa mimdevroba b-k-m), winaaRmdeg 
SemTxvevaSi (erTi mainc klient-procesi poziciaSi 
Refusing Slaves) ganaxlebis tranzaqcia uqmdeba da 
Sualeduri operaciebiT yvela klient-procesi 
gauqmebis poziciaSi iyris Tavs (pozicia Cancellations), 
saidanac isini pasiur mdgomareobas ubrundeba axali 
tranzaqciis inicirebamde server-procesis mxridan. 

SeiZleba davaskvnaT, rom petris qselis birTvi 
(PNK) mosalodnelia iqces erTerT yvelaze 
moxerxebul saSualebad sxvadasxva aqtualuri 
saproblemo sferoebis modelirebisTvis misi 
universalurobidan da moqnilobidan gamomdinare, rac 
mas potenciurad petris qselis dRes arsebul yvela 
tipTan momuSave instrumentad aqcevs.   
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4.5. qseluri servisebis modelireba  

korporaciul qselebSi 

 
amocanis dasma. korporaciuli qselebis (MAN – 

Metropolitan Area Network) ganviTareba bolo aTwleulSi 
Seuqcevad process warmoadgens da principulad axal 
amocanebs uyenebs informatikosebs. Tu lokalur 
kompiuterul qselebSi (LAN – Local Area Network) qselis 
administrirebis problema arcTu mwvave iyo, 
korporaciul qselebSi am saqmes sakmaod didi 
odenobis kvalificirebuli personali emsaxureba da 
organizaciis gamarTuli muSaoba maTze didadaa 
damokidebuli. 

CamovTvaloT ZiriTadi Tvisebebi, romlebic 
korporaciul qselebs gamoarCevs da amocanebi, 
romelTa gadaWra amgvari qselebis administra-torebs 
uwevT, raTa cxadi gavxadoT modelirebis efeqturi 
instrumentis (Cvens SemTxvevaSi petris qselebisa da 
petris qselis birTvis) gamoyenebis aucilebloba maTi 
daproeqtebisas. 

gavrcelebis geografia. korporaciuli qseli, 
rogorc wesi, didi qalaqis an megapolisis mTlian 
ares moicavs, xolo xSir SemTxvevaSi mis farglebs 
gareT gadis; 

momxmarebelTa didi raodenoba. lokalur qselSi 
Tu ramdenime aTeuli momxmarebeli muSaobs, 
korporaciuli qseli xSirad aTeul aTasobiT 
daregistrirebul da aranaklebi odenobis anonimur 
momxmarebels iTvlis. 

servisebis didi raodenoba. korporaciul 
qselebSi momuSaveni uamrav sxvadasxva serviss  da 
Sesabamis resursebs iyeneben. 

aparaturis mravalferovneba. gansxvavebiT 
lokalurisgan, korporaciuli qseli hetero-genul 
aparatul garemoSi muSaobs rogorc klientis 
(“Txeli” kleintebiT dawyebuli da didi samuSao 
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sadgurebiT damTavrebuli), aseve serveruli da 
qseluri aparaturis (koncentra-torebi, 
marSrutizatorebi, komutatorebi, Sluzebi, 
specializebuli serverebi, xisti diskebis masivebi, 
magnituri firebis biblioTekebi da sxva mravali) 
TvalsazrisiT.  

informaciis moculoba, usafrTxoeba da Senaxvis 
saimedooba. lokalur qselebSi informaciasTan 
muSaoba gansakuTrebulad rTuli ar aris. informaciis 
moculoba SedarebiT mcirea, cvlilebis dinamika – 
SezRuduli, xolo monacemTa sarezervo aslebis 
Sesaqmnelad xSirad lokaluri mowyobilobebis (firi, 
kompaqt-diski da sxva) gamoyeneba savsebiT sakmarisia.  

sxva suraTia korporaciul qselebSi, sadac 
sxvadasxva servisebis mier moxmarebuli informaciis 
jami aTobiT da asobiT terabaitebiT gamoixateba da 
momxmarebelTa simravlis wyalobiT informacia mudmiv 
modificirebas ganicdis, rac efeqts ukargavs naxseneb 
mexsierebis matareblebze monacemTa kopirebas. saWiroa 
informaciis mudmivi, dinamikuri dublireba da 
saWiroebis SemTxvevaSi misi droiTi dayovnebis gareSe, 
avtomaturad aRdgena. 

yvela zemoTCamoTvlili faqtori ZalaSi rCeba 
ara marto mTliani korporaciuli qselis ganxilvisas, 
aramed misi konkretuli servisis daproeqtebisa da 
agebis procesSi. marTlac, Tu gaviTvaliswinebT, rom 
korporaciul qselebSi administrireba da monacemTa 
Senaxva centralizebuli procesebia, davaskvniT, rom 
qselis nebismieri zogadi (intraneti, eleqtronuli 
fosta, programuli da failuri servisebi da sxva) da 
specifikuri (magaliTad, universitetebisTvis: 
studenturi portali, onlain-biblioTeka) servisebi 
saWiroebs mimarTvis saSualebebs korporaciuli 
qselis sxvadasxva kvanZebSi ganTavsebul resursebTan, 
rogoricaa qseluri programebi, monacemTa 
saqaRaldeebi, printerebi da a.S.  



 24

amrigad, nebismieri amgvari servisis modelireba 
Sromatevad saqmed unda miviCnioT da modelirebis 
specialuri instrumentebis saWiroeba unda 
davasabiToT. 

dasamodelirebeli saproblemo sferos saxiT 
warmovadgenT dasavleT evropis universitetebSi 
sakmaod gavrcelebul, CD ROM–serviss. servisi 
Seicavs sacnobaro kompaqt-diskebis (enciklopediebi, 
bibliografi-ebi, cnobarebi, kanonTa krebulebi da sxva 
masala mecnierebis yvela sferodan, romelic 
universitetis student-maswavleblebs muSaobis 
procesSi SeiZleba dasWirdeT) biblioTekas, romelic 
centralizebuli Senaxvis reJimSia gadayvanili 
(martivad Tu vityviT, kompaqt-diskebis ZiriTadi 
nawili xist diskebzea kopirebuli) da 
momxmareblebisTvis qselur reJimSi muSaobs. 

servisis daproeqtebisas saWiroa gadaiWras 
Semdegi amocanebi: 

• servisTan momxmarebelTa paraleluri SeerTeba, 
programebis centralizebuli da paraleluri 
Sesruleba, samuSao sesiebis uwyvetoba da 
centralizebuli marTva; 

• monacemTa saimedo mimarTva, Senaxva da arqivacia; 

• servisis gafarToebis SesaZlebloba. 
 
amocanis gadawyvetis meTodebi. 
servisis srulyofili modelis asagebad pirvel 

rigSi unda avagoT misi optimaluri aparatuli da 
programuli infrastruqtura zemoT CamoTvlili 
yoveli amocanisaTvis: 

1. programebis centralizebuli Sesrulebis-Tvis 
idealuri iqneboda super- an minikompiuteri, 
klientebis paraleluri mierTebisa da programebis 
paraleluri Sesrulebis SesaZleblobiT, rac did 
finansur danaxarjebs iwvevs. SezRuduli 
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dafinansebisas ukeTesia serverebad specialuri 
konfiguraciis mqone personaluri kompiuterebis 
gamoyeneba. kerZod, CD ROM-servisisTvis 2 programuli 
anu terminal-serveris gamoyeneba iqneboda 
mizanSewonili, romlebic kompaqt-diskebis gamSvebi 
programebis aslebs Seicavs da klientTa mimarTvebs 
Tanabrad inawilebs. terminal-serverebisTvis 
gamaerTianebeli programuli uzrunvelyofa arsebobs, 
romlis wyalobiTac isini erTmaneTs azRveven. kerZod, 
erTerTis mwyobridan gamosvlisas axali 
momxmareblebi sistemaSi registraciisas avtomaturad 
meore serverze moxvdebian. orive serveris mwyobridan 
erTdrouli gamosvlis albaToba mcirea. amgvarad, 
aRwerili midgomiT uzrunvelvyofT serverebze 
momxmarebelTa Tanabar ganawilebas da terminal-
serveris muSaobis faqtobriv uwyvetobas. 

2. korporaciul qselebSi, rogorc wesi, monacemebi 
programebisgan TiTqmis srulebiT izolirebulad 
inaxeba, kerZod, xisti diskebis masivebSi 
centralizebuli saxiT. sagangebo qseluri 
teqnologiebi uzrunvelyofen monacemTa sacavebis 
marTvas fail-serverebis mier. fail-serveris 
realizaciis yvelaze optimalur teqnologias 
sadReisod klasteruli arqiteqtura warmoadgens.  

klasteri 2 an meti kvanZisgan (kompiuterisgan) 
Semdgar Sida qsels warmoadgens, romelic aparatul 
da programul doneze erTi serveris saxiTaa 
gaformebuli. klasteri Seicavs winaswar 
gansazRvruli resursebis simravles (IP-misamarTebi, 
qseluri saxelebi, sistemuri servisebi, ganawilebuli 
saqaRaldeebi, gamoyenebiTi programebi da sxva). yoveli 
maTgani drois mocemul momentSi konkretuli kvanZis 
kuTvnilebaa, xolo kvanZis mwyobridan gamosvlis 
SemTxvevaSi specialuri klasteris sistemuri servisi 
mas avtomaturad gadaitans sxva moqmed kvanZze.  
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klientebs, drois yovel momentSi, erT 
kompiuterTan muSaobis STabeWdileba eqmnebaT, Tumca 
fizikuri suraTi SeiZleba sxvadasxva dros sxvadasxva 
iyos.  

monacemebTan mimarTvis usafrTxoeba klasterebSi 
uzrunvelyofilia kvanZebis (diskebis masivTan 
mimarTvis pirveladi da alternatiuli “gzebi” yoveli 
kvanZidan), klasteris (erTi kvanZis mwyobridan 
gamosvlisas diskebis sacavs meore kvanZi mimarTavs) da 
xisti diskebis sacavis (diskebis sarkiseburi asaxva) 
doneze, rac mTliani fail-serveris maRali 
saimedoobis garantiaa.  

sistemis praqtikuli realizacia. berlinis 
humboldtis universitetis biblioTekis CDROM servisi 
agebul iqna 2 terminal-serverisa da 2-kvanZiani 
(serverebi ormagi IntelXeon procesorebiT) klasteris 
bazaze jamuri 700 gigabaiti gare mexsierebiT xisti 
diskebis sacavidan da fizikuri kompaqt-diskebis 
amZravTa masiviT SCSI-interfeisis safuZvelze.  

petris sruli qseli mocemuli servisisaTvis 
disertacias eleqtronuli danarTis saxiT axlavs Tan. 
saerTo struqturis sirTulis gamo igi moduluri 
saxiTaa warmodgenili cnobili simulatoris, CPN-
Tools-is garemoSi.  

terminal-serveris mmarTvel programad sistema 
CItrix MetaFrame XP iqna SerCeuli, xolo klientebTan 
urTierTobisTvis imave sistemis klientis nawili Citric 
ICA-Client. klasteri agebulia operaciuli sistema 
Windows 2003-is klasteruli servisis bazaze, xolo 
xisti diskebis sacavis mmarTveli specializebuli 
serverebi (universitetis yvela servisisTvis) LINUX-
operaciuli sistemis bazaze aigo. 

4.15 naxazze mocemulia zemoaRniSnuli 
korpiraciuli qselis marTvis msgavsi sistemebis 
zogadi petris qselis modeli. 
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danarTi 
petris qselis moniSvnaTa enis gamoyenebis nimuSi 
ovicki-lamportis ganawilebuli algoriTmisTvis 

 
ovicki-lamportis algoriTmi (ixileT Tavi 4) 

ganawilebul sistemebSi procesebis prioritetebis 
modelirebisTvis gamoiyeneba. petris qseli mocemuli 
algoriTmisTvis agebulia petris qselis birTvis 
(PNK) kompiuteruli versiis garemoSi (nax.4.16.) 

 
nax.4.16. ovicki/lamportis MUTEX-algoriTmi 

petris qselis struqtura inaxeba Sesabamis PNML-
failSi, romelic 4.1 listingSia gamotanili. qvemoT 
mocemuli PNML-dokumentis mTavari elementebia: 
<pnml> - mTliani dokumenti 
<net> - petris qseli 
<place> - pozicia 
<transition> - gadasasvleli 
<arc> - rkali 
<name> - elementis saxeli 
<value> - elementis mniSvneloba 
<graphics> - grafikuli Tvisebebi 
<position> - elementis koordinatebi petris qselis grafze 
<offset> - Wdis koordinatebi Sesabamisi elementis mimarT. 
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PNML-struqtura ovicki-lamportis algoriTmisTvis: 
<?xml version="1.0" encoding="ISO-8859-1"?> 
 
<pnml> 
  <net id="n1" type="BlackTokenNet"> 
    <transition id="t1"> 
      <name> 
        <graphics> 
          <offset page="1" x="-3" y="-30" /> 
        </graphics> 
        <value>b</value> 
      </name> 
      <graphics> 
        <position page="1" x="89" y="37" /> 
      </graphics> 
    </transition> 
    <transition id="t2"> 
      <name> 
        <graphics> 
          <offset page="1" x="15" y="-12" /> 
        </graphics> 
        <value>a</value> 
      </name> 
      <graphics> 
        <position page="1" x="38" y="113" /> 
      </graphics> 
    </transition> 
    <transition id="t3"> 
      <name> 
        <graphics> 
          <offset page="1" x="-4" y="6" /> 
        </graphics> 
        <value>d</value> 
      </name> 
      <graphics> 
        <position page="1" x="88" y="188" /> 
      </graphics> 
    </transition> 
    <transition id="t4"> 
      <name> 
        <graphics> 
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          <offset page="1" x="-20" y="-12" /> 
        </graphics> 
        <value>c</value> 
      </name> 
      <graphics> 
        <position page="1" x="140" y="112" /> 
      </graphics> 
    </transition> 
    <place id="p1"> 
      <marking> 
        <graphics> 
          <offset page="1" x="-3" y="-12" /> 
        </graphics> 
        <value> </value> 
      </marking> 
      <name> 
        <graphics> 
          <offset page="1" x="10" y="-1" /> 
        </graphics> 
        <value>Prep1</value> 
      </name> 
      <initialMarking> 
        <graphics> 
          <offset page="1" x="20" y="32" /> 
        </graphics> 
        <value> </value> 
      </initialMarking> 
      <graphics> 
        <position page="1" x="37" y="62" /> 
      </graphics> 
    </place> 
    <place id="p2"> 
      <marking> 
        <graphics> 
          <offset page="1" x="-2" y="-12" /> 
        </graphics> 
        <value> 1</value> 
      </marking> 
      <name> 
        <graphics> 
          <offset page="1" x="-36" y="7" /> 
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        </graphics> 
        <value>Producing</value> 
      </name> 
      <initialMarking> 
        <graphics> 
          <offset page="1" x="11" y="-17" /> 
        </graphics> 
        <value> 1</value> 
      </initialMarking> 
      <graphics> 
        <position page="1" x="39" y="161" /> 
      </graphics> 
    </place> 
    <place id="p3"> 
      <marking> 
        <graphics> 
          <offset page="1" x="-3" y="-12" /> 
        </graphics> 
        <value> </value> 
      </marking> 
      <name> 
        <graphics> 
          <offset page="1" x="-47" y="-25" /> 
        </graphics> 
        <value>Writing</value> 
      </name> 
      <initialMarking> 
        <graphics> 
          <offset page="1" x="20" y="32" /> 
        </graphics> 
        <value> </value> 
      </initialMarking> 
      <graphics> 
        <position page="1" x="143" y="162" /> 
      </graphics> 
    </place> 
    <place id="p4"> 
      <marking> 
        <graphics> 
          <offset page="1" x="-3" y="-12" /> 
        </graphics> 
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        <value> </value> 
      </marking> 
      <name> 
        <graphics> 
          <offset page="1" x="-41" y="2" /> 
        </graphics> 
        <value>Prep2</value> 
      </name> 
      <initialMarking> 
        <graphics> 
          <offset page="1" x="20" y="32" /> 
        </graphics> 
        <value> </value> 
      </initialMarking> 
      <graphics> 
        <position page="1" x="139" y="59" /> 
      </graphics> 
    </place> 
    <place id="p5"> 
      <marking> 
        <graphics> 
          <offset page="1" x="-3" y="-12" /> 
        </graphics> 
        <value> </value> 
      </marking> 
      <name> 
        <graphics> 
          <offset page="1" x="10" y="-37" /> 
        </graphics> 
        <value>Writer 
Involved</value> 
      </name> 
      <initialMarking> 
        <graphics> 
 
          <offset page="1" x="20" y="32" /> 
        </graphics> 
        <value> </value> 
      </initialMarking> 
      <graphics> 
        <position page="1" x="237" y="37" /> 
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      </graphics> 
    </place> 
    <place id="p6"> 
      <marking> 
        <graphics> 
          <offset page="1" x="-3" y="-11" /> 
        </graphics> 
        <value> 1</value> 
      </marking> 
      <name> 
        <graphics> 
          <offset page="1" x="-31" y="5" /> 
        </graphics> 
        <value>Writer 
Detached</value> 
      </name> 
      <initialMarking> 
        <graphics> 
          <offset page="1" x="-34" y="-81" /> 
        </graphics> 
        <value> 1</value> 
      </initialMarking> 
      <graphics> 
        <position page="1" x="238" y="185" /> 
      </graphics> 
    </place> 
    <place id="p7"> 
      <marking> 
        <graphics> 
          <offset page="1" x="-3" y="-11" /> 
        </graphics> 
        <value> 1</value> 
      </marking> 
      <name> 
        <graphics> 
          <offset page="1" x="7" y="2" /> 
        </graphics> 
        <value>Reader Detached</value> 
      </name> 
      <initialMarking> 
        <graphics> 
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          <offset page="1" x="6" y="-24" /> 
        </graphics> 
        <value> 1</value> 
      </initialMarking> 
      <graphics> 
        <position page="1" x="312" y="186" /> 
      </graphics> 
    </place> 
    <transition id="t5"> 
      <name> 
        <graphics> 
          <offset page="1" x="-4" y="-30" /> 
        </graphics> 
        <value>h</value> 
      </name> 
      <graphics> 
        <position page="1" x="464" y="187" /> 
      </graphics> 
    </transition> 
    <transition id="t6"> 
      <name> 
        <graphics> 
          <offset page="1" x="14" y="-10" /> 
        </graphics> 
        <value>e</value> 
      </name> 
      <graphics> 
        <position page="1" x="537" y="111" /> 
      </graphics> 
    </transition> 
    <transition id="t7"> 
      <name> 
        <graphics> 
          <offset page="1" x="-18" y="-23" /> 
        </graphics> 
        <value>g</value> 
      </name> 
      <graphics> 
        <position page="1" x="386" y="116" /> 
      </graphics> 
    </transition> 
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    <transition id="t8"> 
      <name> 
        <graphics> 
          <offset page="1" x="-3" y="-30" /> 
        </graphics> 
        <value>f</value> 
      </name> 
      <graphics> 
        <position page="1" x="462" y="32" /> 
      </graphics> 
    </transition> 
    <transition id="t9"> 
      <name> 
        <graphics> 
          <offset page="1" x="4" y="-31" /> 
        </graphics> 
        <value>j</value> 
      </name> 
      <graphics> 
        <position page="1" x="424" y="103" /> 
      </graphics> 
    </transition> 
    <place id="p8"> 
      <marking> 
        <graphics> 
          <offset page="1" x="-3" y="-12" /> 
        </graphics> 
        <value> </value> 
      </marking> 
      <name> 
        <graphics> 
          <offset page="1" x="-15" y="6" /> 
        </graphics> 
        <value>Failed</value> 
      </name> 
      <initialMarking> 
        <graphics> 
          <offset page="1" x="20" y="32" /> 
        </graphics> 
        <value> </value> 
      </initialMarking> 
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      <graphics> 
        <position page="1" x="464" y="104" /> 
      </graphics> 
    </place> 
    <place id="p9"> 
      <marking> 
        <graphics> 
          <offset page="1" x="-3" y="-12" /> 
        </graphics> 
        <value> </value> 
      </marking> 
      <name> 
        <graphics> 
          <offset page="1" x="-26" y="-29" /> 
        </graphics> 
 
        <value>Pend2</value> 
      </name> 
      <initialMarking> 
        <graphics> 
          <offset page="1" x="20" y="32" /> 
        </graphics> 
        <value> </value> 
      </initialMarking> 
      <graphics> 
        <position page="1" x="387" y="61" /> 
      </graphics> 
    </place> 
    <place id="p10"> 
      <marking> 
        <graphics> 
          <offset page="1" x="-3" y="-12" /> 
        </graphics> 
        <value> </value> 
      </marking> 
      <name> 
        <graphics> 
          <offset page="1" x="14" y="-15" /> 
        </graphics> 
        <value>Reading</value> 
      </name> 
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      <initialMarking> 
        <graphics> 
          <offset page="1" x="20" y="32" /> 
        </graphics> 
        <value> </value> 
      </initialMarking> 
      <graphics> 
        <position page="1" x="388" y="162" /> 
      </graphics> 
    </place> 
    <place id="p11"> 
      <marking> 
        <graphics> 
          <offset page="1" x="-3" y="-12" /> 
        </graphics> 
        <value> 1</value> 
      </marking> 
      <name> 
        <graphics> 
          <offset page="1" x="-8" y="10" /> 
        </graphics> 
        <value>Using</value> 
      </name> 
      <initialMarking> 
        <graphics> 
          <offset page="1" x="11" y="-17" /> 
        </graphics> 
        <value> 1</value> 
      </initialMarking> 
      <graphics> 
        <position page="1" x="538" y="163" /> 
      </graphics> 
    </place> 
    <place id="p12"> 
      <marking> 
        <graphics> 
          <offset page="1" x="-3" y="-12" /> 
        </graphics> 
        <value> </value> 
      </marking> 
      <name> 
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        <graphics> 
          <offset page="1" x="-7" y="-29" /> 
        </graphics> 
        <value>Pend1</value> 
      </name> 
      <initialMarking> 
        <graphics> 
          <offset page="1" x="20" y="32" /> 
        </graphics> 
        <value> </value> 
      </initialMarking> 
      <graphics> 
        <position page="1" x="536" y="61" /> 
      </graphics> 
    </place> 
    <transition id="t10"> 
      <name> 
        <graphics> 
          <offset page="1" x="-4" y="-29" /> 
        </graphics> 
        <value>k</value> 
      </name> 
      <graphics> 
        <position page="1" x="504" y="106" /> 
      </graphics> 
    </transition> 
    <arc id="a1" source="t2" target="p1"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="-8" y="-11" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="37" y="87" /> 
      </graphics> 
    </arc> 
    <arc id="a2" source="p1" target="t1"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="-8" y="-17" /> 
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        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="61" y="48" /> 
      </graphics> 
    </arc> 
    <arc id="a3" source="t1" target="p4"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="-2" y="-3" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="112" y="46" /> 
      </graphics> 
    </arc> 
    <arc id="a4" source="p4" target="t4"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="4" y="-12" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="139" y="85" /> 
      </graphics> 
    </arc> 
    <arc id="a5" source="t4" target="p3"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="-9" y="-13" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="141" y="137" /> 
      </graphics> 
    </arc> 
    <arc id="a6" source="p3" target="t3"> 
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      <inscription> 
        <graphics> 
          <offset page="1" x="-6" y="-20" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="115" y="175" /> 
      </graphics> 
    </arc> 
    <arc id="a7" source="t3" target="p2"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="4" y="-16" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="63" y="175" /> 
      </graphics> 
    </arc> 
    <arc id="a8" source="p2" target="t2"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="-9" y="-11" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="38" y="137" /> 
      </graphics> 
    </arc> 
    <arc id="a9" source="t8" target="p9"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="-12" y="-15" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="424" y="45" /> 
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      </graphics> 
    </arc> 
    <arc id="a10" source="p9" target="t7"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="-8" y="-8" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="387" y="86" /> 
      </graphics> 
    </arc> 
    <arc id="a11" source="t7" target="p10"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="-8" y="-14" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="387" y="137" /> 
      </graphics> 
    </arc> 
    <arc id="a12" source="p10" target="t5"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="4" y="-16" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="425" y="176" /> 
      </graphics> 
    </arc> 
    <arc id="a13" source="t5" target="p11"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="-15" y="-14" /> 
        </graphics> 
        <value> 1</value> 
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      </inscription> 
      <graphics> 
        <position page="1" x="499" y="173" /> 
      </graphics> 
    </arc> 
    <arc id="a14" source="p11" target="t6"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="-7" y="-5" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="537" y="135" /> 
      </graphics> 
    </arc> 
    <arc id="a15" source="t6" target="p12"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="3" y="-9" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="538" y="86" /> 
      </graphics> 
    </arc> 
    <arc id="a16" source="p12" target="t8"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="3" y="-17" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="499" y="46" /> 
      </graphics> 
    </arc> 
    <arc id="a17" source="p9" target="t9"> 
      <inscription> 
        <graphics> 
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          <offset page="1" x="5" y="-4" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="408" y="65" /> 
      </graphics> 
    </arc> 
    <arc id="a19" source="t9" target="p8"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="-9" y="-13" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="446" y="86" /> 
      </graphics> 
    </arc> 
    <arc id="a21" source="t1" target="p5"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="6" y="-18" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="160" y="36" /> 
      </graphics> 
    </arc> 
    <arc id="a22" source="p5" target="t3"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="10" y="0" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="215" y="173" /> 
      </graphics> 
    </arc> 
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    <arc id="a23" source="p7" target="t8"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="52" y="23" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="287" y="2" /> 
      </graphics> 
    </arc> 
    <arc id="a24" source="t5" target="p7"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="-20" y="-19" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="387" y="188" /> 
      </graphics> 
    </arc> 
    <arc id="a25" source="t3" target="p6"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="8" y="-18" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="163" y="187" /> 
      </graphics> 
    </arc> 
    <arc id="a26" source="p6" target="t1"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="-29" y="12" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
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        <position page="1" x="226" y="50" /> 
      </graphics> 
    </arc> 
    <arc id="a27" source="p7" target="t4"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="-8" y="-14" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="214" y="161" /> 
      </graphics> 
    </arc> 
    <arc id="a28" source="t4" target="p7"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="6" y="-5" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="250" y="135" /> 
      </graphics> 
    </arc> 
    <arc id="a29" source="p6" target="t7"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="-19" y="-3" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="305" y="136" /> 
      </graphics> 
    </arc> 
    <arc id="a30" source="t7" target="p6"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="5" y="-17" /> 
        </graphics> 



 46

        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="329" y="163" /> 
      </graphics> 
    </arc> 
    <arc id="a18" source="p8" target="t10"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="-9" y="-11" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="480" y="83" /> 
      </graphics> 
    </arc> 
    <arc id="a20" source="t10" target="p12"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="-10" y="-12" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="521" y="81" /> 
      </graphics> 
    </arc> 
    <arc id="a31" source="t9" target="p5"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="-17" y="-17" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="323" y="50" /> 
      </graphics> 
    </arc> 
    <arc id="a32" source="p5" target="t9"> 
      <inscription> 
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        <graphics> 
          <offset page="1" x="-49" y="-30" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="345" y="92" /> 
      </graphics> 
    </arc> 
    <arc id="a33" source="t10" target="p6"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="-95" y="-115" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="484" y="350" /> 
      </graphics> 
    </arc> 
    <arc id="a34" source="p6" target="t10"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="-128" y="-58" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="562" y="271" /> 
      </graphics> 
    </arc> 
    <arc id="a35" source="t9" target="p7"> 
      <inscription> 
        <graphics> 
          <offset page="1" x="-18" y="-13" /> 
        </graphics> 
        <value> 1</value> 
      </inscription> 
      <graphics> 
        <position page="1" x="379" y="150" /> 
      </graphics> 
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    </arc> 
    <firingRule> 
      <value> </value> 
    </firingRule> 
    <name> 
      <value>MUTEX-Owicki-Lamport</value> 
    </name> 
  </net> 
</pnml> 

listingi 4.1. PNML-struqtura ovicki-lamportis 
algoriTmisTvis 
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