
Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS -  No 1(4),  2008 
 

 135 

qselur sistemebSi datvirTvis ganawilebis optimaluri meTodebi 
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damuSavebulia kompiuterul qselebSi maRali intensiobis klient-serveruli 

informaciiT Warbi datvirTvebis arsebobis dros sakomutacio kvanZebis gamosasvlel 

interfeisebze paketebis optimaluri ganawilebis meTodebi. 

sakvanZo sityvebi: kompiuteruli qselebi. sakomutacio kvanZebi. paketebis ganawileba. 

1. Sesavali 

nebismieri tipisa da daniSnulebis kompiuterul qselebSi hostebs Soris klient-

serveruli sainformacio paketebis eleqtronuli transportirebisas efeqtur gadawyvetebs 

didi mniSvneloba eniWeba. problemis aqtualuroba gansakuTrebuli simwvaviT igrZnoba didi 

zomis korporaciul, aseve globalur kavSirebSi qselis muSaobis pikis saaTebSi. aseT dros 

Zneldeba maRali intensiobis sainformacio nakadebis rigebis marTva, rac saboloo jamSi 

gavlenas axdens qselis muSaobis efeqturobaze. izrdeba momxmarebelTa mxridan lodinis 

dro ganacxadebis damuSavebaze, rasac mosdevs maTi samarTliani ukmayofileba. aRniSnuli 

problemis simZafre ganpirobebulia imiTac, rom rac dro gadis miT ufro izrdeba qseluri 

serverebis raodenoba da am serverebis momxmarebelTa saerTo ricxvi. problematurobas 

ganapirobebs is garemoebac, rom sainformacio gacvlebi (rogorc klient-serveruli, aseve 

server-serveruli xasiaTis) TandaTan rTuldeba. warmoiqmneba seansebs Soris sainformacio 

nakadebis intensiobis araprognozirebadi cvalebadoba, rac iwvevs trafikis SesamCnev 

pulsaciebs. yovelive amas ki Tavis mxriv mosdevs sakomutacio urTierTobebis 

(gansakuTrebiT satranzito xazebze) Sesabamisi garTuleba, rasac xels uwyobs qselis 

arxebSi rigebis gadanawilebis avtomatizaciis arasakmarisi donec. yovelive es ganapirobebs 

maRali intensiobis sainformacio nakadebis marTvaSi garkveul siZneleebs, rasac amZafrebs 

sakomutacio struqturebis iZulebiTi ierarqiulobis Semotanis aucileblobac. amis 

dasadastureblad moviyvanoT Semdegi magaliTebi: davuSvaT, rom romelime klientis 

kompiuteri korporaciis romeliRac erTi jgufidan uqmnis metad intensiur trafiks 

servers, romlis momsaxureobiTac sargeblobs agreTve meore jgufic. Tu gamovalT mxolod 

trafikis Sesabamisi donis SenarCunebis saWiroebidan, trafikis pulsaciebis Tavidan 
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asacileblad  es ori kvanZi (klientisa da serveris) sasurvelia gaaerTianos maRali 

warmadobis erTma komutatorma. magram yovelTvis es ver xerxdeba, vinaidan yvela 

daSorebuli muSa jgufebis SemaerTebeli kavnZebis aRWurva ZviradRirebuli komutatorebiT 

did finansur danaxarjebs moiTxovs da praqtikulad es SeuZlebelicaa satranzito kvanZebis 

didi raodenobidan gamomdinare (romlebic milionobiTaa qselur globalur gaerTianebebSi). 

amitom dRes-dReobiT maRali intensiobis sainformacio nakadebis marTvis gasaadvileblad, 

xSirad mimarTaven mikrosegmentacias. es niSnavs imas, rom calkeuli kompiuteri miuerTdeba 

ara romelime dayofil segments, aramed komutatoris calkeul ports (Tanac maRalsiCqarian 

ports). 

sainformacio nakadebis marTvisas paketebis gadaadgilebis amgvari meTodis 

naklovanebad unda CaiTvalos is, rom trafiki gadis ufro rTul gzas, e.i. monacemebma 

(sainformcio nakadma) unda gaiaros sxvadasxva jgufis ori lokaluri komutatori mainc da 

plius amas saWiroa kidev erTi damatebiTi komutatori, romelic hostis saboloo adgilze 

SearTebs am jgufebs. aseTi ~iZulebiTi ierarqia~ amgvari momentisaTvis aRmoCndeba ufro 

~mniSvnelovani~, vidre trafikis erT traeqtoriaze sruli gavla. amitomac aris, rom 

qselSi kvanZebis SesamCnevi zrda amgvari struqturebis gamoyenebis dros ~Tavsatexs~ uCens 

qselis integrators im TvalsazrisiT, rom man unda Seasrulos metad Sromatevadi amocana, 

romelic iTxovs mis xelT arsebul komutatorebze portebis damatebas (ra Tqma unda Tu 

mis  gankargulebaSi myofi sakomutacio mowyobilobebi iZleva mis teqnikur SesaZleblobas) 

an saWiroa damatebuli iqnas axali komutatori, rac aseve qmnis garkveul (finansuri 

xasiaTis) problemas. mas emateba is problemac, rom qselis mravaldoniani struqturebis 

siWarbe uzrunvelyofili unda iyos saWiro gamtarunarianobis mqone kavSirebiTac 

(SemaerTebeli arxebiTac). intensiuri trafikis dros (magaliTad, korporaciaSi samuSao 

datvirTvis pikur saaTebSi) rac ufro maRalia ierarqiuli done, miT ufro izrdeba 

monacemTa calkeuli nakadebis raodenoba qselis im arxebSi, romlebic akavSireben 

komutatorebs (e.i. satranzito komutatorebs). amisaTvis saWiroa damuSavdes iseTi 

proeqtebi, romlebic problemebs gadawyveten optimalurad. isini gaTvlili iqnebian 

trafikis ganawilebis nebismier xasiaTze da kavSiris arxebis warmadoba (da Sesabamisad 

komutatorebisa da marSrutizatorebis portebi) qselis zeda doneebisaTvis unda SeirCes 

ufro maRali, vidre dabali doneebisaTvis (amJamad Ethernet/Fas Ethernet/Gigibat Ethernet 

protokolebis ojaxi sTavazoben qselis integratorebs Sesabamisad 10/100/1000 mbit/wm 

siCqareebis ierarqias). [1] 
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gadatvirTuli calkeuli reJimebisaTvis aseve qselis muSaobis pikis saaTebSi 

pulsirebuli trafikis optimaluri regulirebisaTvis bolo periodSi xSirad mimarTaven 

komutatorebsa da marSrutizatorebs, romlebsac gaaCniaT moduluri Sesruleba (ufro 

zustad, Sesabamis mowyobilobebSi damatebiTi modulebis CaSenebis SesaZlebloba). es 

saSualebas aZlevs qselis integrators Secvalos portebis tipi da Sesabamisad arxebis 

siCqareebic. es gamowveulia, rogorc avRniSneT im garemoebiT, rom saWiro xdeba mimdinare 

trafikis intensiobis zusti Sesabamisobis miRweva portebis siCqareebTan (e.i. sakomutacio 

mowyobilobebis gamosasvleli interfeisis hortebis siCqareebTan). miuxedavad amisa, rogorc 

ityvian, problemebi mainc rCeba problemebad. maT dasaZlevad Zalze mniSvnelovania 

sakomutacio meurneobaSi axali midgomebis damuSaveba, romelTagan erT-erTis arsi 

gadmocemulia warmodgenili statiis momdevno (ZiriTad) nawilSi. 

2. ZiriTadi nawili 

warmodgenili statiis SesavalSi miTiTebuli problemis gadawyvetis erT-erT 

optimalur midgomad unda CaiTvalos kompiuterul qselebSi satranzito sakomutacio 

mowyobilobebiT qselur gaerTianebebSi paketebis mimReb-gadamcemi teqnologiuri xazebis 

(kvanZTaSorisi arxebis) maRali intensiobis sainformacio nakadebiT maqsimalur datvirTvisas 

(kvanZis mowyobilobebis swrafqmedebis gaTvaliswinebiT) gamosasvlel interfeisebze gasacemi 

paketebis optimaluri Tanmimdevrobebis SerCevis amocanis Teoriuli da praqtikuli 

aspeqtebis warmatebiT gadawyveta. es saSualebas mogvcems damuSavebuli iqnas sainformacio 

nakadebis qselSi eleqtruli transportirebis optimaluri gadawyvetis ufro efeqturi 

algoriTmebi, vidre es SeiniSneba dRes-dReobiT. ganvixiloT modeli, romelic aRwers 

satranzito sakomutacio kvanZis Sesasvleli (m) da gamosasvleli (m′ ) portebis 

urTierTkavSirs, aseve maRali intensiobis sainformacio nakadebSi Semavali n paketebis 

ganawilebis procedurebs gamavali interfeisis m′ xazebs Soris. nakadSi Semavali paketebis 

simravle aRvniSnoT, rogorc { },1, njgG j ≤≤=  amasTan winaswar vgulisxmobT, rom 

mravalarxiani kavSiris i – uri xazebisaTvis mi ,1=  ukve cnobilia maTi maqsimaluri 

gamtarunarianoba, e.i. drois erTeulSi gasatarebeli paketebis maqsimaluri raodenoba. 

avRniSnoT es rogorc ., iii nGG = amasTan iG  simravlidan sakomutacio sistemaSi paketebis 

rigSi S –iur adgilebze ganawilebisaTvis mocemulia Sesrulebis maqsimaluri dro 
si

β , 

inS ,1=  CamovayaliboT zogierTi moTxovna paketebis ganawilebis Sesaxeb, maT Soris mTavaria 
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is, rom TiToeuli jg  nj ,1=  ar unda wydebodes mis srulad damTavrebamde. amasTan 

vTvliT, rom kvanZTaSorisi kavSiris i-uri xazebi funqcionirebs erTmaneTisagn 

damoukidebliv. isini SesaZlebelia gansxvavdebodes an ar gansxvavdebodes erTmaneTisagan maTi 

swrafqmedebisa da gamtarunarianobiT. 

gazrdili trafikis (ZiriTad pikur droSi) regulirebis mizniT sakomutacio kvanZis 

ZiriTadi funqcia mdgomareobs imaSi, rom awarmoos paketebis gadanawileba gamaval portebs 

Soris iseTnairad, rom mimdinare momentSi kavSiris i-uri xazebi uzrunvelyofil iyos 

datvirTvis misaRebi doniT 
si

g raodenobis paketebis gasanawileblad 
si

γ droSi ;,1 mi =  

inS ,1= . 
si

γ drois ganmavlobaSi i-ur xazze gadaecema paketebis garkveuli simravle 
si

g  da 

maTi (paketebis) CabarebisTanave daniSnulebis adgilidan (es SeiZleba iyos mezobeli 

satranzito kvanZi an hostis sakomutacio mowyobiloba) ukumimarTulebidan (mimRebidan 

wyarosaken) dasturis Setyobineba 
si

η  drois ganmavlobaSi. es imas niSnavs, rom sakomutacio 

kvanZebSi morigi nakadis, e.i. paketebis morigi simravlis ganawileba ar SiZleba dawyebuli 

iqnes mezobel (uaxloes) kvanZSi maTi Cabarebis momentis damTavrebamde, e.i. sanam wyaro-

kvanZis mier ar iqneba miRebuli dadastureba uaxlesi mimRebi-kvanZis adgilidan, ixarjeba ra 

am ukugzaze 
si

η  drois erTeuli. es dadastureba SeiZleba Seicavdes rogorc dadebiT, ise 

uaryofiT Setyobinebebs paketebis Sesabamisad koreqtulad an arakoreqtulad (SecdomebiT an 

damaxinjebiT) miRebis Sesaxeb. am ukanasknelis SemTxvevaSi wyaro-kvanZi xelaxla agzavnis 

paketebs daniSnulebis adgilisaken. 

 

1, 2, . . . , i, . . ., m – sakomutacio kvanZis Sesasvleli portebi 
1`, 2 ,̀ . . . , i`, . . ., m` – sakomutacio kvanZis gamosasvleli portebi 

nax.1. satranzito sakomutaciis kvanZi 
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sakomutacio satranzito kvanZi, romelic Sesasvlel da gamosasvlel interfeisebze 

aregulirebs TiToeuli i -uri xazis datvirTvas,  naCvenebia 1-el naxazze. 

saWiroa ganvsazRvroT sakomutacio kvanZiT (sakomutacio mowyobilobebiT) kavSiris 

satranzito i-uri xazebis datvirTvis iseTi wesi, romelic uzrunvelyofs paketebis 

gadacemis minimalur dros Tavisi gamosasvleli portebidan mezobeli sakomutacio kvanZis 

Sesasvlel interfeisze. 

sainformacio nakadebis ganawilebis mocemul momentSi satranzito sakomutacio 

kvanZSi garkveuli prioritetuli niSnebiT formirdeba paketebis rigi sakomutacio 

mowyobilobebis gamosasvlel interfeisTan dakavSirebul i-ur xazebSi gadasacemad. paketis 

rigis formirebis teqnologiuri procesi mdgomareobs paketebis gadanacvlebaTa warmoqmnaSi 

(specialuri programiT). paketebis rigSi adgilmdebareobaTa cvlilebebis programa moicema 

π Tanmimdevrobis formirebisaTvis : ),,...,,...,,( 21 nk jjjj=π  sadac Gjk −  simravlis 

komponentebis indeqsebia. 

nebismierad formirebul π  gadanacvlebis TiToeul elements SevusabamoT parametri 





= ,
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β
 Tu K-uri paketi π -Si ekuTvnis iG -s ; winaaRmdeg SemTxvevaSi, 

maSin Cvens winaSe dasaxuli amocanis miznobrivi funqcia miiRebs saxes 
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am gamosaxulebaSi 
kk jj ηγ , da 

kjib - droiTi sidideebis gamomsaxveli mTeli 

arauaryofiTi ricxvebis simravlea. 

sakomutacio kvanZidan paketebis i -ur xazze (nax.1) miwodebis dro sakmaod rTuli 

gamosaTvlelia, romelic saWiroa ii nSmig
s

,1  ,,1  , ==  nakadis ganawilebisaTvis, vinaidan 

masSi gaTvaliswinebul unda iqnes rogorc tranzitis wyaro-kvanZidan mimReb-kvanZamde 

paketebis gadacemis drois parametrebi, aseve droiTi parametrebi i -uri xaziT gadacemuli 

paketebis daniSnulebis adgilisaken miRebis dasturis ukumimarTulebiT SetyobinebisaTvis. 

SesaZlebelia adgili hqondes tolobasac, e.i. paketebis Cabarebis dro emTxveodes dasturis 

Setyobinebis dros. amgvarad, sakomutacio kvanZSi SesaZeleblia iseTi ganawilebis miReba, 
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romlis drosac minimizirdeba funqcionali iii nSmiQ
ss

,1  ,,1  ,  ),( ===ηγπ  pirobebis dros 

[2,3]. 

amgvarad, sakomutacio kvanZSi paketebis ganawilebis teqnologiuri procesis mTavari 

amocana (droiTi danaxarjebis minimizaciis TvalsazrisiT) mdgomareobs π  gadaadgilebis 

(gasanawilebeli paketebis rigiTobis dadgenis) optimaluri saxis rigiTobis ( *π ) 

dadgenaSi, romelic Seesabameba )(πW  funqcionalis minimums, e.i. *π gadanacvleba unda 

moaxdinos 
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warmoadgens miznobriv saZiebel funqcias. 

mtkiceba 2. am mtkicebisaTvis ganvixiloT Semdegi SemTxveva. 

davuSvaT *π - iseTi Tanmimdevrobaa, rom  
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damtkiceba. qselSi gadasacemi paketebis sakomutacio kvanZis buferSi nebismieri 
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amiT es mtkiceba damtkicebulia. 

(1) gamosaxulebis minimizaciisaTvis sakmarisia TiToeuli jβ -sTvis, nj ,1=  

ganisazRvros ),0max( jj γβ −  da moiZebnos iseTi gadaadgileba, romelic mogvcems )(πV -is 

minimums. 

amgvarad, *
ss ππ = raRac V sazRvrisaTvis warmoadgens optimalur gadanacvlebas, 

romlis drosac ).()( *ππ WW =  

 

3. daskvniTi nawili 

 
kompiuteruli qseluri teqnikis ganviTarebasTan erTad ganuwyvetliv izrdeba 

qselTan mierTebuli kvanZebis (rogorc momxmarebelTa muSa sadgurebis - personaluri 

kompiuterebis, aseve serveruli meinfreimebis) ricxvi da maTi meSveobiT qseluri servisebis 
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momxmarebelTa saerTo raodenoba. es ukanaskneli Tavis mxriv iwvevs qselis arxebSi 

gadasacemi sainformacio nakadebis intensiobis mkacr cvlilebebs, kerZod mis amaRlebas, 

rasac qselis muSaobis pikuri drois momentSi Tan sdevs klient-serveruli paketebis 

mimReb-gadamcem rgolSi Warbi datvirTvebis warmoqmna. aseT dros qselSi sakomutacio 

sistemebis Sesasvlel interfeisSi warmoiqmneba hostis kompiuterebisaken qselis arxebSi 

gadasacemi paketebis garkveuli sigrZis rigebi. es ukanaskneli ki, rogorc warmodgenili 

statiis Sesaval nawilSi aRvniSneT, iwvevs qselis reaqciis daqveiTebas misi abonentebis 

mxridan sxvadasxva momsaxureobis ganacxadebze, rac ZiriTadad gamoixateba momxmarebelTa 

moTxovnebze pasuxebis dagvianebaSi. 

warmodgenil statiaSi damuSavebuli modelis safuZvelze naCvenebia kompiuterul 

qselebSi kvanZTaSorisi arxebis maRali intensiobis sainformacio nakadebiT maqsimaluri 

datvirTvisas trafikis optimaluri regulirebis axali midgomebi. ganxilulia komutatoris 

gamosasvlel interfeisebze gadasacemi paketebis optimaluri Tanmimdevrobis SerCevis 

amocanis Teoriuli da praqtikuli aspeqtebi, romlebic saSualebas iZlevian SemdgomSi 

SemuSavebuli iqnas paketebis ganawilebis efeqturi algoriTmi. 
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