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reziume

warmodgeni b1 naSromis saprobBemo sferos warmoadgens rTulli
topologiuri strugturis, didi ganzomi Bebis ganawi Bebulli
sistemebi, romBebic xasiaTdebian gse B Si materialuri nakadebis
arsebobiT. zogadad, aseT sistemebSi ar xerxdeba optimaluri
gadawyveti Bebis miReba, rac ZiriTadad ¥Funqcionirebis norma
Bur da avariull relJimebSi nakadebis optimaBur ganawi BebaSi
mdgomareobs.

naSromis mizans warmoadgens gseBSi materialuri nakadebis
marTvis modelebisa da algoriTmebis damuSaveba, xe B ovnuri
inteBeqtis meTodebis gamoyenebiT. an Tval sazrisiT, safuzvilad
aRebu Bia genetikuri allgoriTmi (ga), romelic sakmaod efeq
turia mravallegstremaBurobis pirobebSi. optimizaciis krite

riumad miRebulia saxeobaTa populaciis fitness fungcia anu
Semgueb Boba. aracxadi parallelizmis wyalBlobiT genetikur
algoriTmebs Seuzblia saZiebo sivrcis didi raodenobis areebis
erTdroulli testireba

SemuSavebu B ia genetikuri algoriTmis modiFficirebulli varianti,
romelic arsebulTan SedarebiT garkveuli upiratesobebiT,
kerZod amonaxsnis maRalli sizustiTa da iteraciebis SedarebiT
simciriT, xasiaTdeba sawyis etapze mimdinareobs populaciis
randomizebu i inicializacia da Sesabanmisi amonaxsnebis
Sefaseba anu gamoiTvBeba populaciis yoveli saxeobis fitness
Ffunqcig rombBis Semdegac Catardeba saxeobaTa kHNebadobiT
sortireba. Sesabamisad, xdeba populaciis ranJireba anu
TiToeulli saxeobisaTvis ganisazRvreba rangi, igive, adgili
popu BaciaSi.

Semdgom, seleqciis Sedegad, mocemuli popullacia iyofa sam
nawi Bad: maRali SemguebBobis mgone ew. ~“BiderTa jJguFfis-
saxeobebi, romBebic daeqvemdebarebian krosoveris operators;
daballi Semgueb B obis mgone, “autsaiderTa jJguFfi~ romlebic
Semdgom evoBuciaSi ukve aRar ganixillebian da saSuallo
Semgueb Bobis mgone saxeobebi, romBebic daeqgvemdebarebian
mxo B od mutaciis operators.

BiderTa  jgufis saxeobaTa krosoveris Semdeg yoveli
wyvi B isaTvis saukeTeso wyvetis wertilis povnis TvalsazrisiT
xdeba Sidawyvi Buri gadarCevis cikli, romlis drosac nmiiReba
krosoveris saukeTeso varianti anu ganisazRvreba ori saukeTeso
STamomavaBli. Tu STamomavalTa Sefaseba mSobelTa fitness
fungciaze uaresi aRmoCnda, maSin mSobe B Ta wyvi Bi SeinarCunebs
adgi Bs populaciaSi. saSuallo jgufis TiToeulli saxeobisaTvis
Sesrulldeba mxoBod mutaciis operatori. aRniSnulli iteracia
meordeba optimumis miRwevamde Tu Bideris Tfungciuri
mniSvne Boba aRar icvBeba, maSin wunda Catardes mocemuli



saxeobis mutacia, xoBo Tu mutaciis meSveobiT miznobrivi
Tungciis mniSvne Boba kvBav ar Seicvalla, algoriTmi amTavrebs
muSaobas, rac niSnavs, rom Ffungqciis optimumi napovnia.

modificirebuli genetikuri algoriTmis gamoyenebiT damu-
Savebu B ia nakadebis ganawi Bebis probBemis gadawyveta Xis
strugtura warmodgeni Bia doneebis saxiT, rac ganapirobebs
algoriTmis etapobriv muSaobas anu warmodgenili algoriTmi
mrava B etapobrivia. simartivisaTvis aRniSnulli xis struqtura
ganxi Bulia ellementarulli xeebis sistemis saxiT, ei. yoveli
donis yove Bi kvanZi misgan gamomdinare rkallebis CaTvRiT gmnis
ew. ellementarull xes. am proceduras SeiZleba vuwodoT
defragmentacia

algoriTmi muSaobs cikBSi yoveli avtonomiuri xis callkeuli
fragmentisaTvis daRmavalli principiT. yoveli elementarulli
xisaTvis nakadebis ganawi Bebis optimizaciis amocana
mdgomareobs nakadze moTxovnasa da ganawi Bebull nakads Soris
sxvaobaTa minimizaciaSi, mocemu B i SezRudvebis dros. amocana
wydeba genetikuri algoriTmebis gamoyenebiT, sadac TiToeuli
nakadi am SemTxvevaSi warmodgeni Bia nandvi Bi ricxvebis masivis
saxiT. Tavis mxriv, genetikuri allgoriTmi axorciellebs
seleqciis, Kkrosoverisa da mutaciis operaciebs. yoveli
operatoris win xdeba amocanis pirobebis Semowmeba. Fragmentull i
(NokaBuri) optimumis povnis Semdeg algoriTmi meordeba
cik B Si, vidre mTeli xisaTvis ar Sesru l deba

genetikuri algoriTmi poull obs nakadebis ganawi Bebis ramdenime
optimaBur amonaxsns, amis Semdeg miRebulli variantebidan
amoirCeva 1i1s erTi amonaxsni, romelBic iZBeva minimalur
ekonomikur maCvenebe I s.

avariull situaciaSi, roca irRveva romelime rkalis mT 0 ianoba
da Sesabamisad mocemulli rkalli ukve veRar ganixileba Tavis
struqgturaSi, an SemTxvevebSi, rodesac nakadebis gadanawi leba
ver aRadgens sistemis muSaobis normaBlur relJims, saWiro xdeba
alternatiulli variantebis gadarCeva saukeTeso struqturis
povnis mizniT. swored topo B ogiuri mogni Bobis TvallsazrisiT
ganpirobebulia gseBuri strugturis xisebr strugqturebad
dekompozicia da misi allgoriTmis Segmnis auci Beblloba
SemuSavebu i allgoriTms originaluroba mdgomareobs imaSi,
rom gselis dekompoziciis Sedegad miiReba ramdenime
avtonomiuri, urTierTSemavsebeli xe, romeBTa TFesvebs swored
sistemaSi Semomaval i wyaroebi warmoadgenen, xolo arc erTi
rkalli ar ikargeba ganxilBvis sferodan. gselis yoveli wibo
xasiaTdeba Sesabamisi woniTi koeFicientiT. dekompoziciis
Sedegad miRebuli1  xeebis mwvervallebis ganBageba xdeba
ierargiu i doneebis mixedviT.



dekompoziciis allgoriTmis meSveobiT moxdeba axali xeebis
regeneracia da misi reallizeba TiToeulli rkalis boll oebSi
arsebulli sarqvellebis an CamrTvelebis mier. marTvis sgema
warmoadgens aRniSnulli mowyobi B obebis binarulli mdgomareobis
masivs, romeBic gaicema dispetCerisaTvis rekomendaciis saxiT.
Semdgom nakadebis ganawi B ebis algoriTmis gamoyenebi T
ganisazRvreba nakadebis optimaBuri mniSvneBobebi axali
strugturebis pirobebSi.

sistemis operatiulli marTvisaTvis gamoyenebullia xeBovnuri
neironulli gsellebis meTodi da codnis bazebis warmodgenis
Treinuli modeli. obieqtis marTvisas mimdinareobs sistemnis
uwyveti monitoringi, rombis drosac xdeba gselis
komponentebis mimdinare mniSvne B obebis permanentu i Secnoba da
Sedareba codnis bazaSi arsebull etalonur modelB Tan Sesazllo
ganTanxmebis aRmoCenis TvallsazrisiT. codnis bazaSi Setanillia
warsulli marTvis gamocdileba gselBSi nakadebis ganawi Bebis
Taobaze anu sBotebis statistikuri simravle da Sesabamisi
miRebuBi1 gadawyveti Bebebis, marTvis wesebis anu TFreimebis
simravle sistenis uwyveti monitoringis Sedegad miRebulli
informaciis safuZvell ze xdeba konkretulli situaciis Secnoba.
codnis bazidan Sesabamisi Ffreimebis ‘“arCeva” Tu arsebulli
freimebis bazidan ver moxerxda msgavsi Freimis moZieba, xdeba
axali situaciis (Freimis) Tormireba mocemuli pirobebis
Sesabamisad.

codnis bazis ganswav B aganax Bebis procesi metad efeqturad
SeiZleba ganxorcielldes genetikuri algoriTmebis gamoyenebiT,
roca axalli informaciis Semosvlis dros aRmoCndeba, rom ar
arsebobs Sesabamisoba arsebull freimebsa da mocemull reall obas
Soris. am SemTxvevaSi, genetikuri algoriTmis amonaxsniT
moxdeba axalli Freimis Formireba, romelic daakmayofi lebs
zemoxsenebu I moTxovnebs.

warmodgeni B1 modeBebi mkveTrad amaRBebs qgseBis marTvis
operatiu B obis xarisxs, gansakuTrebiT pikuri datvirTvebisa da
avariulli situaciebis warmoSobis dros. garda amisa, igi Zalian
mosaxerxebeBia arasrulli informaciis SemTxvevaSi marTvis
TvallsazrisiT, rac gselis im monakveTis gansazRvris safuZvels
gmnis, sadac moxda sistemis muSaobis normaBuri reldimnis
darRveva, rasac dispetCerizaciis procesSi udidesi mniSvne I oba
eniWeba.

zemoTganxi Bull'i mode B ebis safuzve l ze damuSavebu I ia
operatiulli marTvis avtomatizebulli sistema, romBis Ffungcio-
nireba, ZiriTadad SeiZleba ganvixiloT, rogorc gadawyve
tillebis nmiRebis procesi, sadac mTavar sakiTxs konkretull
situaciaSi gadawyveti Bebis povna warmoadgens. obieqtis marTvis
procesSi mimdinareobs gselis uwyveti monitoringi. gselSi
mimdinare procesebis normalluri mdgomareobidan gadaxris



SemTxvevaSi, Tu moxda situaciis Secnoba, maSin codnis bazidan
marTvis Freimebis Sesabamisi mza gadawyveti Beba gaicema gsell ze
mmarTve b1 zemogmedebisaTvis. Tu mimdinare situaciis Secnoba ar
moxerxda, maSin nakadebis ganawi Beba unda moxdes modiFfici-
rebulli genetikuri allgoriTmisa da gselis xisebri strugtu-
rebis adapturi gadawyobis aBlgoriTmis gamoyenebiT.

Summary

Problem sphere of the presented work is big dimension distributed systems of
complex topological structure characterized with material fluxes in the network.
Generadly it becomes impossible to make optimum decisions in such systems
that mainly consist in optimum distribution of fluxes in normal and emergency
situations of functioning.

The aim of the work is to elaborate the models and algorithms of material
fluxes control in the network using the methods of artificial intellect. With this
view, the genetic algorithm (GA) is taken as a basis which is effective enough
in multi extreme conditions. Fitness function or adaptation of species
population is taken as optimization criterion. By means of nonexplicit
parallelism genetic agorithms may simultaneously test a great number of areas
of the research space.

A modified version of genetic algorithm is developed which, compared to the
existing one, has definite advantages, particularly, high precision of solution
and comparative shortage of iterations. At the initial stage randomized
initialization of population and estimation of the respective solutions are done
or fitness function of each type of population are calculated after which
downward classification of species is done. Respectively, population ranging is
done or the rank or place in population is determined for each species.

Afterwards, after selection the given population is divided into three parts: high
adaptation, the so called “leaders group” species which submit to crossover
operator; low adaptation “outsiders group” which are not considered in the
further evolution and middle adaptation species that submit only to mutation
operator.

After crossover of leaders groups species in order to find the best
discontinuity point for each pair the cycle of interpair selection occurs when the
best version of cross-over is received or two best descendants are determined. If
the estimation of the descendants appear to be worse than fitness function of
parents then parent pair will preserve the place in population. For each species
of middle group mutation operator will only be performed. The mentioned
iteration is repeated until optimum. If functional significance of the leader does
not changed any more then mutation of the given species should be done, but if



purpose functional significance is not again changed by mutation, algorithm
finishes the operation meaning that function optimum is found.

Using the modified genetic algorithm the solution of flux distribution problem
Is developed. Tree structure is presented in the form of levels which conditions
stage- wise operation of algorithm or the presented algorithm is many staged.
For simplicity the mentioned tree structure is considered as the system of
elementary trees i.e. each node of each level including the issuing arcs
constitutes the so caled elementary tree. This procedure may be called
defragmentation.

Algorithm operates in the cycle for separate fragment of each autonomous tree
in descending principle. For each elementary tree the problem of flux
distribution optimization consists of demands for fluxes and minimization of
differences between distributed fluxes at given limitations. The problem is
solved using genetic algorithms where each flux is presented as the massive of
real numbers. On its part genetic algorithm realizes the operations of selection,
crossover and mutation Before each operator the problem conditions are
tested. After finding fragmental (local) optimum the algorithm is repeated in
the cycle until isfulfilled for the whole tree.

Genetic algorithm finds several optimum solutions of flux distribution, and then
from the received versions the solution is chosen which gives minimum
economical factor.

In emergency situations when the integrity of any arc is broken and
respectively, the given arc cannot be considered in its structure, or in cases
when flow redistribution cannot renovate normal mode of system operation, it
becomes necessary to select alternative versions in order to find the best
structure. Just in the view of topological flexibility the decomposition of
network structures into tree structures and the indispensability of creation of its
algorithm are conditioned. The singularity the developed algorithm is that as a
result of network decomposition there is received several autonomous,
intercomplementary trees, the roots of which are the sources entering the
system while no arc falls out of consideration. Each edge of the network is
characterized with the respective weight coefficient. Tree tops received as a
result of decomposition are arranged according hierarchical levels.

With the help of decomposition algorithm the regeneration of new trees and its
realization by gates or switches existing at the ends of each arc will be done.
Control diagram represents the massif of binary state of the mentioned devices
that is given as a recommendation to the dispatcher. Then, using the distribution
agorithm of flows the optimum values of flows are determined in conditions of
new structures.

The method of artificial neuron networks and frame model of knowledge bases
representation are used for operative control. At object control the continuous
monitoring of the system is done when permanent identification and



comparison of network components current values happens with standard
model existing in knowledge bases with the view point of detection of the
possible discrepancy. The experience of past control about flow distribution in
network or statistical set of slots and the respective set of made solutions,
control rules or frames are introduced into knowledge basis. On the basis of
information received as a result of continuous monitoring of the system the
identification of concrete situation and “selection” of respective frames from
knowledge basis is done. If it is not possible to find the similar frames from the
existing frame basis a new situation (frame) is being formed.

The process of study and renewal of knowledge basis can be very effectively
realized with the help of genetic algorithms when new at incoming of new
information it appears that there is no adequacy between the existing frames
and given redlity. In this case, with the help of genetic algorithm solution the
formation of new frames will happen that will satisfy the above mentioned
requirements.

The presented models increase the quality of network control efficacy,
especially when peak loads and emergency situations arise. Besides, it is very
convenient in the case of incomplete information control which makes the basis
of determination of that section of the network where the norma mode of
system operation failed which has a great importance in the process of
dispatcherization.

On the basis of the above considered models automatic system of operative
control is developed the functioning of which can mainly be considered as the
process of decision making where the main problem is solution finding in
concrete situation. In the process of object control the continuous monitoring of
the network is done. In the case of deviation of the processes going on in the
network from standard state, if the situation is recognized, the ready solution
corresponding to control frames is delivered. If the current situation is not
recognized the flow distribution must be done using modified genetic algorithm
and adaptive redistribution algorithm of network tree structure.
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Sesaval i

Tanamedrove informaciulli tegno B ogiebis ganviTarebam
mniSvne Bovnad gaafarTova sxvadasxva sferoSi tegnoBogiuri
kvBevis horizonti. ukve didi xania kompiuteri aRar isazRvreba
mxo Bod egsperimentu B i monacemebis damuSavebisa da analizis
FungciiT. ZviradRirebuli da ZneBadreal izebadi Fundamenturi
Teoriulli Tu egsperimentu i gamokv Bevebis nacvlad sull ufro

TfarTod ikidebs fexs manganuri mode Birebis paradigma[3l].

naSromis interesebis sferos warmoadgens rTulli, kerZod,
ganawi Bebulli sistemebi, romBebic xasiaTdebian didi ganzo-
mi BebiT, rac ganpirobebulia sistemis mravall parametrull obiT,
strugturulli da tegnologiuri sirTulliT; dinaniurobiT,;

marTvis mrava ImiznobriobiT; optimumis Zebnis sirTulliT.

aRniSnulli kNBasis obiegtebs miekuTvnebian rTulli topo Bogiuri
strugturis mgone sakomunikacio, wyalmomaragebis, gazmo-
maragebis Tu e Beqtromomaragebis sistemebi, agreTve sxvadasxva
satransporto gse B ebi (sxva gse Bebisagan gansxvavebiT,
satransporto gsellebi xasiaTdebian ormxrivi nakadebiT, amdenad
igi ar warmoadgens mocenuli naSromis interesebis sferos).
aRniSnull obieqtebs aerTianebT sistemaSi nakadebis arseboba,
romelic SeiZlleba iyos materialuri, energetikulli an
informaciulli. CamoTvBil0 ganawi Bebull sistemebs saerTo agqvT
marTvis principebi, rac nakadebis ganawi BebaSi mdgomareobs,
Tumca TiToeulli maTgani xasiaTdeba nakadebis marTvis
speciFikiT. aseTi obieqtebis marTvis mizani, ZiriTadad,
nakadebis optimallur ganawi 0 ebaSi mdgomareobs. didi
ganzomi Bebisa da tegnoBogiuri sirTullis gamo aseTi donis

marTvis sistemebSi ar xerxdeba anaBitikuri gadawyveta da
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dispetCerizaciis probBemebi mxoBod momsaxure personalis

gamocdi Bebis xar jze wydeba.

agedan gamomdinare naSromis mizania, qselSi nakadebis
operatiulli marTvis allgoriTmebis da maT safuzZvel ze
materialuri nakadebis marTvis avtomatizebulli sistenmis
damuSaveba. am miznis misaRwevad ZiriTadi yuradReba eTmoba

Semdegi amocanebis gadawyvetas:

- modificirebulli genetikuri algoriTmis damuSavebas nakadebis

optimaluri ganawi BebisaTvis;

- avariull reJimSi marTvisaTvis da agreTve deficitis problenis
gadawyvetisaTvis gselis regeneraciis mizniT gsellis

dekompoziciis algoriTmis damuSavebas;

- warmodgeni i algoriTmebis bazaze nakadebis operatiulli

marTvis sistemis damuSavebas;

- sistemis operatiulli marTvisaTvis xelBovnuri neironuli
gselebis modelisa da codnis bazis warmodgenis Treimuli

mode B is damuSavebas;

- materialuri nakadebis marTvis sistemis informaciulli da
progranuli  uzrunve BlyoFfis damuSavebas monacemTa bazebis
marTvis sistemis - MS SQL Server da obieqt-orientirebulli

daprogramebis sistemis bazaze.
Catarebull1 kv B evis Sedegad damuSavda:

modificirebulli genetikuri allgoriTmi; gseBis dekompoziciis
allgoriTmi; nakadebis marTvis algoriTmi; operatiulli marTvis
sistenis modeli; damuSavda sistemis marTvis algoriTmuli,

informaciulli da progranulli uzrunve lyofa

14



pirvel TavSi warmodgeni Bia gselSi materialuri nakadebis
operatiulli marTvis problema da SemoTavazebu B ia am problenmis

gadawyveta genetikuri algoriTmis meTodiT.

Catarebullia evoluciuri, kerZod genetikuri modelirebis
meTodebis safuZvel ze Segmni Bi mravall1 samecniero proeqtisa
da disertaciis nmimoxillva, romelic cxadyofs evoluciuri
midgomis mizanSewoni Bobas. damuSavebu B ia nakadebis marTvis

avtomatizebu i sistenis argiteqtura.

meore  TavSi damuSavebuBlia  modificirebulli genetikuri
algoriTmi, romelic metad efeqturia mravalegstremalluri
optimizaciis amocanebis gadasawyvetad; avariull reJimSi gselis
regeneraciis probBemis gadawyvetisaTvis damuSavebulia gselis
dekompoziciis modeli; damuSavebulia xeBovnuri inteleqtis
meTodebiT sistemis marTvis model i, sadac sistemis operatiuli
marTvisaTvis gamoyendbulia xeBovnuri neironulli gselebis

meTodi da codnis bazebis warmodgenis freimulli model i.

mesame TavSi warmodgeni B ia: damuSavebu B i mode B ebis
algoriTmebi; monacemTa baza MS SQL Server da MS Access

sistemebis bazaze; nakadebis marTvis sistenis progranulli

uzrunve Byofa obieqt-orientirebulli sistemis — Delphi bazaze.

meoTxe TavSi damuSavebulia obieqtis imitaciuri modeli;
warmodgeni Bia naSromSi miRebuli Teoriull gamokvBevaTa

Sedegebis analizi.
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| Tavi. mode R irebis evo luciuri meTodebis
anallizi

$1.1. gqse B Si materialuri nakadebis operatiulli
marTvis amocana

gseBlur  ganawi Bebul obieqtebs, romBebic  warmoadgenen
mocemu B i naSromis interesebis sferos da romellTac
miekuTvnebian rTulli topo B ogiuri strugturis mgone,
wya Bmomaragebis, gazmomaragebis sistemebi, aerTianebT sistemaSi
materiaBluri nakadebis arseboba. gse Bebi gansxvavdebian rogorc
strugturullad, ise SemadgenBobiTa da maTematikuri mode BebiT.
maT saerTo agvT mxoBod marTvis anu nakadebis ganawi Bebis

principebi.

Tavis mxriv, TiToeulli tipis gseli xasiaTdeba nakadebis marTvis
speciFikiT, rac kidev ufro mravall ferovans xdis aseTi kHBasis
sistemebs modelirebis, procesebis organizaciisa da marTvis
algoriTmebis, agreTve programull saSuallebaTa +Ffunqcionirebis
I ogikis TvallsazrisiT. Tumca wya I momaragebisa da
gazmomaragebis sistemebi garkveulli principulli analogiurobiT
xasiaTdebian. andenad, materiaBuri nakadebis marTvis magaBiTis

saxiT sakmarisia ganvixi BOoT Tundac erTerTi maTgani.

marTvis TvalsazrisiT, galaqgis wya Imomaragebis sistema iTvHleba
rTull samarTav ekoBogiur obieqgtad mTeli rigi Tagto-rebis
gamo. sistenmis ZiriTadi komponenti _ wyal gamanawi BebeB i1 gseli
mudmivi eqsp B oataciisa da ganaxBebis procesSia. urbanistulli
procesebis dinamika, momsaxurebis permanentulloba da sirTulle,
wyBlis stogasturi danakargebi, wyBis xarisxobrivi Tu
raodenobrivi maCveneb Bebis kontroBlisa da marTvis probllemebi
gmnian perturbaciebs galagis wya I momaragebis sistenmis

TfungcionirebaSi [31].
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wya I momaragebis sistena, gselis topologiis didi ganzonmi-
BebiTa da tegnoBogiuri sirTulliT, agreTve sakmaod didi
inerciulobiT xasiaTdeba sakiTxs kidev ufro arTullebs
avariull  situaciaTa sixSire da maTi Bikvidaciis mizniT
marTvis operatiulobis maRalli xarisxi. rac mTavaria, obieqti
miekuTvneba sasicocxBo mniSvneBobisa da maRali riskis
ekoBogiur kBasis obieqtebs, rac kidev ufro amaRHlebs

gamokv B evebisadmi moTxovnebs.

wya Bmomaragebis marTvis avtomatizebuli sistemis Funqci-
onirebis xarisxis kvBeva SeuZBebelia sistemaSi gaerTianebull
el ementTa Tvisebebis, maT Soris arsebull urTierTkavSirebis

xasiaTisa da urTierTgmedebis meganizmebis Seswav B is gareSe.

wya Emomaragebis  sistemebisaTvis  damaxasiaTebeBia marTvis
struqgturis cvallebadoba damyarebulli wyBiT uzrunvellyofis
procesis Sesabamisad, marTvis parametrebisa da reJimnis
efeqturobis maCveneb Bebis “aramkaFioba~ da ganusazRvrell oba,
adamianTa  aucilebeli monawi Beoba  operatiulli marTvis
procesSi (rac Tavis mxriv damokidebulia individualuri
gadawyveti BebaTa miRebis “araerTgvarovnebasa~ da
“aramkaFiobaze~) da sxva. aRniSnullis gamo arc Tu iSviaTia
realuri sistemebis marTvis procesebSi probBemaTa arseboba
[18].

miuxedavad imisa, rom msofHBios mravall galBagSi warmatebiT
Fungcionireben wya B momaragebis mar Tvis avtomatizebulli
sistemebi, warmmarTveli roBi mainc adamians ekisreba, radgan
aseTi donis marTvis sistemnebSi rTullad reallizebadia
anal itikuri gadawyeta. dispetCerizaciis problemebi ZiriTadad
eyrdnoba momsaxure personallis gamocdi Bebas, ris gamoc xSirad

miuRweve B ia optimaBuri amonaxsnis povna.

gaBagis wya@momaragebis sistemaSi wydeba amocanaTa komp Begsi

daproeqtebis, dagegmvis, prognozirebis, kontrolisa da marTvis
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TvallsazrisiT. mocemuli naSromi ar 1isaxavs miznad mTeli
kompBegsis gadawyvetas, aramed 1iFfargBleba mxoBlod wyRiT
uzrunve Byofis procesis operatiulli marTviT, romBis mizani
ZiriTadad gselis mravall ricxovan ganStoebebSi wy B is nakadebis
optimalur  ganawi BebaSi mdgomareobs, muSaobis rogorc

normallur, ise avariull relJimebSi.

unda  aRiniSnos, rom wyBiT uzrunve Byofis procesis
operatiulli marTva warmoadgens didi ganzomi Bebis,
mrava Bparametrull amocanas, romelic efuZneba masSi mimdinare
sxvadasxva procesis modelirebas. zogadad, sistemis marTvis
xarisxi ganisazRvreba obiegqtis modeBuri uzrunvelyofis

adeqvaturobiT.

andenad, didi mniSvneBloba eniWeba gaBagis wyal@momaragebis
sistenmis komponentebis Ffungcionirebis Xarisxisa da

dispetCerizaciis strategiebis mode Bebis agebas.

gqse B is marTva mimdinareobs ZiriTadad or relJimSi: normalur da
avariull reJimebSi. sakiTxs kidev arTullebs avariull situaciaTa
sixSire da maTi HBikvidaciis mizniT marTvis operatiullobis
maRaBli1 xarisxi. BokaBuri anu callkeuli magistraluri
mi Bsadenis doneze datvirTvebisa Tu sxvadasxva parametrebis
cvalebadoba (sadReRamiso grafikebi, pikuri datvirTvebi da
sxva), wyaroebidan Semomaval i nakadebis cvliBebis SemTxveviTi
xasiaTi, agreTve avariulli situaciebis warmoSobis maRali
allbaToba gmnian gselis strugturaSi nakadebis optimaluri
gadanawi Bebis aucilebBobis pirobebs, rac mniSvnell ovnad

arTullebs marTvis prob ll emebs.

zemoT arRniSnulli argumentebidan gamomdinare, galagis
wya Bmomaragebis operatiuli marTvis gadawyveti Bebis miRebis
procesSi sull ufro nmkafiod ikveTeba xeBovnuri inteleqtis,
rogorc maRall i donis marTvis meTodis gamoyenebis

auci Beb B oba obieqtis sirTullisa da didi ganzomi Bebis gamo,
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agreTve arasrulli informaciis pirobebSi marTvis dros
gansakuTrebu l mniSvne B obas iZens marTvis procesSi xelovnuri
inte Beqtis meTodebis gamoyeneba [B5]. amrigad, naSromis ZiriTadi
amocana SeiZlleba Semdegi saxiT Camovayal iboT: nakadebis
operatiulli marTvis mode B ebis damuSaveba gselis
Ffungcionirebis normaluri da avariulli relimebisaTvis. am
mode Bebis bazaze operatiulli marTvis avtomatizebuli sistenmis

reall izeba

zogadad, galagis wyalmomaragebis sistemis kartografiuli

mode Bi warmodgeni Bia nax.lll-ze.

~ Morth Dover e o .L‘&,_‘! b
. olevated | LAKEWOOD TOWMNSHIP P T o A ™
iy Lo ; =3 e

T ) S
=7 Ry N

A ol
MANCHESTER e . 7 )
TSP Bt ; _ w
; -,i‘b- Holidag City . ., BRICK TOWHNSHIP
B F greund level T -
‘. &
- \‘~

i Route 37
- graund laval

=
R L i
. S ]
— N ...J == il
- e b _',(:J Windsor

el around lovel

N e e
e %{\g?l =
RS

Wl 33 YA EIR T s R o £
= 34,35 e ey L ) B oo
§ - - B -, = L A L
- i: i
Sl £ e = \ -
I BERKELEY TOWNSHIP o= N e . .
a e |~ South Toms River &=
ﬁ‘*"‘ .‘:ii: =1 alevate ﬁ o A
- olls 32 38 o E"\ N P Y 0
nax. 1.1.1

19



$1.2. evoRBuciuri model irebisa da misi pragtikulli

gamoyenebis mimoxi Bva

pragtikuli amocanebis optimizaciis sakiTxebis gadawyveta
seriozull probBemebTanaa dakavSirebulli. es ganpirobebullia,
Jer erTi amocanebis sakmaod didi ganzomi BebiT, meore realluri
procesebisaTvis damaxasiaTebeli arawrfivobiT da mesame -

rTulli saxis SezRudvaTa sistemnis arsebobiT [§].

didganzonmi Bebiani, mravalegstremaBuri amocanebis amoxsnisas
xSirad gamoiyeneba evristikulli algoriTmebi anu zogadad
evristika, maSin rodesac ar aris aucillebeli optimaluri
amonaxsni, aramed sakmarisia kargi amonaxsnis povna. samagierod
evristikulli algoriTmebi sakmaod swrafia da martivi, vidre
nebismieri cnobili zusti algoriTmi. "kargi amonaxsnis~ cneba
TviT amocanazea damokidebuli. cnobilli zusti algoriTmT
amocanis amoxsnas SeiZBeba dasWirdes sakmaod didi dro, maSin
roca optimaBurTan miaxBoebuli amonaxsni SeiZBeba napovni

ignas gaci BebiT mcire droSi [17]

evristikulli algoriTmebis aRweris universaluri strugturebi
ar arsebobs. evristikulli algoriTmebis agebis erT-erTi midgoma
SemdegSi mdgomareobs: unda CamoiTvalos zusti amonaxsnis
miRebisaTvis saWiro moTxovnebi, es moTxovnebi SeiZleba daiyos
kBasebad: moTxovnebi, romeBTa dakmayofilleba SedarebiT
martivia, da moTxovnebi, romelTa dakmayofilleba ar aris
martivi. SeiZlBeba gvgondes agreTve sxva SemTxvevac: moTxovnebi,
romlebic aucillebBad unda dakmayofiBdnen da moTxovnebi,
rome B Ta mimarT SeiZBeba kompromisze wasvBa Tumca es ar
niSnavs, rom meore moTxovnis dasakmayofi BebBad araviTari cda
ar keTdeba, aramed niSnavs, rom meore pirobis

dasakmayof¥i Beb Bad ar igneba mocemu B i araviTari garantia [10]



zemoTTgnmu B idan gamomdinare, roca Seigmneba algoriTmi,
romelic Bogikidan gamomdinare unda muSaobdes yveBa msgavs
amocanaze, magram sistemis speciFfikidan gamomdinare SeuZ B ebell ia
algoriTmis sisworis damtkiceba, am SemTxvevaSi algoriTmi

ganixi Beba rogorc evristikul'i [11].

evristikul-evoBuciurma Teoriam Tavisi gamoCenis momentidanve
Secvalla adamianTa msofEmxedveBoba. Tanamedrove etapze
mecnierull i codnis mravall i sfero xasiaTdeba azris
TavisuflebiT, romellic dayrdnobi Bia evo Bluciisa da
ganviTarebis Teoriaze. ganviTarebis safuZzvels warmoadgens
bunebrivi gadarCeva. ganviTarebis mTavar i meganizmi mdgomareobs
SemdegSi: gadarCeva cvlilBebebTan SerwymiT. es meganizmi Xsnis
bunebaSi arsebull sakmaod FfarTo speqtris mov Benebs. amitomac
kompiuterulli kvBevebiT dakavebullma mecnierebma mimarTes
evoBluciuri kanonebis anallogias kompiuterulli iImitaciis
TvallsazrisiT. evristikull-evo Buciuri midgomis sxvadasxvaobis
miuxedavad, TiToeullma maTganma Tavisi wvBilli Seitana
optimizaciis axali meTodebis Segmnasa da kompiuterul

reall izaciaSi [25,30.

bunebrivi gadarCevis principebze dafuZnebull amocanebSi am
sistenebiT sargebBobis mTavar sirTulles warmoadgens, rom
bunebrivi sistemebi sakmaod gaosuria, xolBo yvela Cveni
mogmedeba, Faqtiurad atarebs zust mimarTulebas. kompiuters
viyenebT Cvens mier FTormulBirebuli gansazRvrulli amocanebis
amoxsnis instrumentad, vamaxvi BebT wradRebas, rom minimaBuri
danaxar jebiT  miviRoT  Sesrullebis magsimaBuri siswrafe.
bunebriv sistemebs ara aqvT aseTi miznebi da SezRudvebi, yovel
SemTxvevaSi CvenTvis es ar aris cnobi Bi. bunebaSi “gadarCena” ar
aris TviTmizani anu mimarTulli raime Figsirebulli1 miznisaken,
anis nacvBlad evolBucia dgams nabijs win nebismieri SesaZllo
mimarTu BebiT [12]
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Za 0 isxmeva, romelic mimarTull ia bunebrivi sistemebis
analogebTan evoBuciis modelirebaze, SeiZleba daiyos or

kategoriad:

a) sistenmebi, romfBebic mode Birebulia biologiur
principebze. 1isini warmatebiT gamoiyenebian Fungcionalluri
optimizaciis tipis amocanebisaTvis da martivad aRiwerebian

arabio B ogiur enaze;

b) sistemebi, romBebic arian biologiurad ufro realuri,
magram romBebic ar aRmoCndnen gansakuTrebiT sasargebllo
gamoyenebiTi TvallsazrisiT. isini xasiaTdebian rTulli da
saintereso  qceviT, da swrafad Rebu Boben  pragtikull

gamoyenebas.

pragtikaSi ase nmkacrad ver gamovyofT am sakiTxebs. es
kategoriebi ubralod ori polusia, romelTa Soris devs
sxvadasxva gamoTvBiTi sistemebi. pirvel poBusTan axBosaa -
evolluciuri allgoriTmebi, 1iseTi rogoricaa evoluciuri
programireba (Evolutionary Programming), genetikuri algoriTmebi
(Genetic Algorithms) da evoBuciuri strategiebi (Evolution Srategies),
meore po BusTan ax B osaa sistemebi, romBebic kBasiFficirdebian,

rogorc xe lovnuri sicocxl¢e[12,30].
evo Buciuri mode B irebis pragtiku li gamoyenebis mimoxi 0 va.

unda aRiniSnos, rom amJamad evo Buciuri modelirebis meTodebi
didi popularobiT sargebBobs samecniero-sainJinro wreebSi,
ramac FarTo asaxva hpova sxvadasxva samecniero proeqtebsa da
disertaciebSi. bunebrivia, SeuZzlebelia mnTHianad moicva
samecniero pub B ikaciis srulli speqtri arRniSnu i
mimarTullebiT, magram Tundac qvemod moyvani Ri mcire

mimoxi Bvac ki cxadyofs evo Buciuri mode B irebisadmi interess.
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de. go B dbergma (1 Hinoisis universiteti) gazsadenis
sistemisaTvis daanuSava marTvis maswavBli algoriTmebi [26)].
gazsadeni komp Begsi Sedgeba mravalli ganStoebisagan, romBebSic
sxvadasxva raodenobis gazi gaedineba. marTvis erTaderTi
saSua Bl ebaa kompresorebi, romBebic =zrdian gazsadenis totebSi
wnevas da sarqve Bebi, romBebic sacavidan aregulireben gazis
nakads. gazis wneva miBebSi, sakmaod cvallebadia datvirTvis
cva B ebadobis gamo, rac moiTxovs kompresorebisa da sarqve Bebis
operatiull Ffunqcionirebas. gazsadenis marTvis amocanas ar
gaaCnia analBitikuri amonaxsni da dispetCeri gadawyveti Bebas
iRebs gamocdi Bebis safuZvel ze. go B dbergis sistema ara marto
ancirebs gazis eqsp B oataciis danaxar jebs, aramed gamoimuSavebs
ew. wesebis ierarqgias, romellsac unari aqvs arasruli
informaciis SemTxvevaSic adeqvaturi reagireba gaakeTos
gazsadenSi  mouBodneBlad warmogmni i probBemebis dros.
k BasiFikatori, romelic Seicavs minimum 8000 wess, gamoimuSavebs

gadawyveti Bebas operatiulli marTvisaTvis.

B. deivis “Tica Associates kompaniidan (kembriji, masaCusetis
Stati) sargebBobda anaBogiuri meTodebiT sakomunikacio
gse Bebis konstru-irebisaTvis; misi kompiuterulli programis
mizani mdgomareobs imaSi, rom minimaBuri gadamcemi xazebisa da
maTi damakavSirebeBi komutatorebis SemTxvevaSi gadaices

magsimaBuri informacia

mkv BevarTa jgufma “General Electric~ kompaniidan da agreTve
rense Berovskis po B iteqgnikuri institutidan, warmatebiT
gamoiyena genetikuri algoriTmi reaqtiulli Zravas turbinebis
konstruirebisaTvis. es turbinebi gamoiyeneba Tanamedrove
avia BainerebSi da metad ZviradRirebulia turbinebis
konstrugciaSi monawi Beobs minimum 100 cvBadi, romell Tagan

TiToeulli maTgani SeiZleba icvBebodes sxvadasxva diapazonSi.

Sesabamisad  saZiebo  sivrce Sesdgeba  10°*®*" werti I isagan.
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turbinis efeqturoba damokidebulia imaze, Tu ramdenad kargad
akmayoF¥i Bebs igi 50 SezRudvis simravles, iseTs, rogoricaa misi
Sida da gare konturebis sigBuve, agreTve wneva da aS. Cixuri
situaciidan gamosavalli napovni 1igna genetikuri alBgoriTmebis
gamoyenebiT. miRebull 1igna 3-Jer ufro ukeTesi konstrugcia,
vidre xeB 1T damuSavebis dros da Tanac gacillebiT mokle
drosSi.

genetikuri algoriTmebiT amoixsneba mravali reaBluri amocana
maga B iTad, igi gamoiyeneba xidis konstruqciis proeqtirebaSi,
simtkicisa da wonis magsimaBuri Tanafardobis ZiebisaTvis an
kidev qgsovillis Tormebad daWris optimaBuri variantis
ZiebisaTvis. 1gi gamoiyeneba agreTve procesis interagtiulli
marTvisaTvis, magaliTad qimiur garxanaSi, an mravallproceso-

rian kompiuterSi datvirTvis balansirebisaTvis.

israelis kompaniam “Sema~ daamuSava progranulli produgti
‘Channeling~ gseBuri kavSiris muSaobis optimizaciisaTvis.
programa irCevs optimalur sixSires, romell zec Seuferxeblad

mimdinareobs saubari.

genetikuri algoriTmebi mrava l parametriani fungciebis
optimizaciis saSuallebas 1iZBeva mravali realluri amocana
SeiZleba Formulirdes, rogorc optimaBuri mniSvne B obis Zieba,
sadac mniSvne B oba aris rTulli funqcia, damokidebulli zogierT
Semava i parametrebze. zogjer saWiroa im parametrebis
mniSvne Bobis povna, rombBis drosac miiRweva funqciis yve laze
zusti mniSvneBoba. zog SemTxvevaSi zusti optimumi ar
moiTxoveba, amonaxsnad SeiZl eba CaiTvall os nebismieri

mniSvne B oba, rome B ic ukeTesia rome I ime mocemu l sidideze [24].

genetikuri algoriTmis efeqturoba mdgomareobs imaSi, rom mas
agvs mravalli mrametris erTdroullad manipulirebis unari. am
TvisebaTa gamo genetikuri algoriTmebi sxvadasxva FTormiT

gamoiyeneba mravalli tegnikuri da samecniero probHlenebis
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gadasawyvetad. isini gamoiyeneba sxvadasxva gamoTvRiITi
struqturis Sesagmne Bad, rogoricaa, magalliTad, avtomatebi an
sortirebis qgsellebi. manganur swavBebaSi isini gamoiyenebian
xe Bovnuri neironulli gselebis proeqtirebisaTvis an robotebis
marTvisaTvis. aseve gamoiyenebian sxvadasxva sagnobriv sferoSi
ganviTarebis mode B irebisaTvis, bio Rl ogiuri (eko B ogia,
imuno B ogia da popuBaciuri genetika), socialluri (ekonomika da

po litikuri sistemebi), kognitiuri sistemebi.

mniSvne B ovani Sedegebi miiRo J. hintonma xe Bovnur neironul

gse B ebze Catarebu i neirofsigikuri gamokv BevebiT [29).

ganswav Badi manganebis Segmnisa da gamoyenebis sferos erTerT
Tval saCino mimarTu B ebad Camoya l ibda e.w. genetikur
algoriTmebze dafuznebuli rTulli adapturi sistemebi [24],
romBebic kompiuteruli egsperimentebis mixedviT gamosakv levi
obieqtis Sesaxeb codnis dagrovebis saSuallebas iZlBeva
bunebrivi SerCevis principze Seqmni Bi genetikuri aBlgoriTmebi
sakmaod efeqtur saSuallebas warmoadgens mravall ganzomi Bebiani
arawrFivi, mrava B eqgstremumiani sistemebis SemT xvevaSi.
grafikulli kompiuterull i progranmebis meSveobiT
mrava Bvariantiani gadarCevis Semdeg Fizikosma r.smolim SesZl o
wakveTi Bi ikosaedris struqturis mgone naxSirbadis

makromo Beku Buri kBasteris C60 modell is ageba [14].
genetikuri algoriTmebis gamoyenebis sFferoebi.

saxeTa Secnoba. Tanamedrove +telekomunikaciuri industria
xasiaTdeba Zalze maRali dinamiurobiT, rac umeteswillad
ganpirobebu ll ia xe EmomwerTa XSiri gadarTviT erTi
provaideridan meoreze maTi migraciis Sedegad. amis gamo
satransporto danaxar jebi mitanaze mkveTrad matullobs. yvella
kuriers gaaCnia kHNientebis Sesaxeb sakmaod didi moculobis
monacemTa baza, magram mudmivadmoZravi k I ientebis

identiFficireba reallur droSi metad rTul amocanas
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warmoadgens. am  TvalsazrisiT, genetikuri algoriTmebis
gamoyenebiT SesaZBebeli xdeba probBlemis gadawyveta ‘If-Then”
tipis wesebis krebulis generacia sistemis ganswavlisa da
k B ientTa sxvadasxva jgufebis moZraobis allbaTobis gansazRvris
mizniT [36] xeBovnuri intelleqtis sxva meTodebTan, kerzod
xe Bovnhuri neironull i gse B ebis, gadawyveti BebaTa xeze
dafuZnebull algoriTmebTan SedarebiT genetikuri aBlgoriTmebi

bevrad ufro zust amonaxsns iZHBevian.

maTematika da aBgoriTmebi. genetikuri algoriTmebi gamoiyeneba
agreTve maRali rigis arawrfivi kerZzo diferencialluri
ganto Bebebis amosaxsnellad da iZBeva TiTgnis zust amonaxsns.
garda amisa, kompiuterull mecnierebaSi, gamanawi Bebel qsel Si
monacemTa sortirebis amocana warmatebiT wydeba genetikuri

programirebis meSveobiT.

masaBebis inJineringi. erTerT TvallsaCino magaliTad SeiZlleba
CaiTvalos naxSirbadovani polimerebis ew. polRianilinis
sasurveli  Tvisebebis mgone (eleqtrullad gamtari) axali
mo Beku Bebis daproeqteba, romeBic metad rTull problemas
warmoadgens. maRalli reagtiullobis gamo naxSirbadis atomebs
SeuzBiaT wuamravi struqgturebis TFormireba, saidanac axali
mo Beku Bebis miznobrivi daproegqteba TiTgmis SeuZBebelia
initaciuri modelirebis gareSe. am TvallsazrisiT, genetikuri
allgoriTmebi SeucvBelia sawyisi popullaciis SemTxveviTi
generaciis Semdeg genetikuri operatorebis meSveobiT xdeba

sasurve b1 Tvisebebis mqone axalli mo Beku Bebis daproeqgteba.

geofizika. seismoBogiuri monacemebis bazaze miwisZvris
epicentris adgilis gansazRvra zedmiwevniT rTulli amocanaa.
genetikuri alBgoriTmebis gamoyenebiT  SesaZBebeBi  xdeba
swrafad ignas gansazRvrulli optimaBurTan miaxBoebuli

amonaxsni.
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ekonomika. bazris gaosurobidan gamomdinare, prognostulli
amocanebis gadawyvetis dros maRalli riskis gamo, metad

rTull deba gadawyveti Bebis miReba. am mxriv, sakmaod efeqturia

maragisa da miwodebis marTvis kBasifikaciis TvalsazrisiT  If-

Then”  tipis wesebis generacia genetikuri algoriTmebis

gamoyenebiT.

gimia Bazerull energias SeuZBlia rTulli molekullebi daSallos
martiv mo Beku Bebad. am process farTo gamoyeneba agvs organull
gimiasa da mikro-eBegtronikaSi. aRniSnulli reagciis sabol oo
produgtis miRebis procesis marTva Bazeris impullsis Tazis
cvlilebiT. didi moBekulBebis SemTxvevaSi sasurveli impullsis
modelis miReba anaBitikuri xerxiT ZalBlian rTullia, xollo
ganoTv B ebi metad Sromatevadia. amdenad, evo luciuri
algoriTmebis gareSe am probBemis gadawyveta pragtikullad
SeuZ B ebelia Ffarmacevtull industriaSi genetikuri
algoriTmebis gamoyenebam  dasabami daudo agreTve ew.
kombinatorull i gimiis Camoya B ibebas, rogorc axal da

perspeqtiull mimarTu Bebas.

robototegnika. robotebis rTulli gcevis marTvisa da ganswavl is
sistema  warmoudgeneBia xelBovnuri inte Beqtis, kerzod
genetikuri programirebis gamoyenebis gareSe. unda iTqgvas, rom am
mimarTu BebiT ZaBian bevri proegti aris Segqmni Bi da amdenad

Zne B i xdeba erT romellimeze yuradRebis SeCereba.

samxedro saqme. sabrZo B o gmedebebis tagtikuri gegmebis Sedgena
warmoadgens maRall i ganzonmi Bebis amocanas, xSirad
urTierTsawinaaRmdego cvBadebisa da kriteriumebis arsebobis
gamo. ase magaliTad, sakuTari msxverplis  minimizacia,
mowinaaRmdegis msxverp B is magsimizacia, teritoriis sasurveli
kontroli, resursebis SenarCuneba da sxva. am TvalsazrisiT,

metad aqtualuria trenaJori sistemis Segmna genetikuri
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algoriTmebis gamoyenebiT, rogorc gadawyvetiBebis miRebis

damxmare saSua ll eba.

mo BekuBuri bioBogia cocxall organizmebSi transmembranulli
cillebi asrulleben metad mniSvne Bovan TFungciebs, rogoricaa
ujredis gareT garkveulli substanciebis Secnoba da maTi
ujredSi transportireba. transmembranulli cillebis (cevis
gageba SesaZlebel ia mxo 1 od ci lebis im nawi B is
identifikaciiT, romelBic transmembranull ares warmoadgens.
garda amisa, yvelBla cilla aigeba ocamde aminomJavis kombinaciis
Sedegad. am mxriv aminomJavebis  Tanmimdevrobas udidesi
mniSvne B oba aqvs transmembranull i ares Tormirebis
TvalsazrisiT. an procesis mode BirebisaTvis swored genetikuri

algoriTmebi aris yve Baze xe B sayreli.

astronomia da astroFfizika genetikuri allgoriTmebi farTod
gamoiyeneba agreTve 1iseTi amocanebis amosaxsnelad, rogoricaa
magaliTad: galagtikis brunvis mrudis dadgena, cvBladi
varskvBavis pullsaciis periodis gansazRvra, mzis g@aris
magnitohidrodinamiku i modelisaTvis kritikuli parametrebis
amoxsna da sxva. metad aqtualuria agreTve axali ciuri
obieqtis identifikaciis problema, rac saxeTa Secnobis

genetikuri algoriTmebis meSveobiT wydeba.

akustika. optimaluri akustikuri Tvisebebis mgone
mrava B ganzomi Bebiani  obieqtebis daproegqtebis SemTxvevaSic
genetikuri algoriTmebis gamoyeneba ufro efeqturia, vidre

optimizaciis sxva meTodebi.

saswavBl O procesis dagegmva. am mxriv, metad saintereso
prob B emas warmoadgens iseTi mrava B ganzomi B ebiani da
mrava Bkriteriumiani  sistemis marTva rogoric umaR Besi
saswav B o dawesebu Bebaa. saswavB o kontingentis, Takull tetebis,
kaTedrebis, Sesabamisad speciall obebis, personall is raodenoba,

saswavBl O gegmebisa da programebis siuxve, SezRuduli
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auditorulli fondi da droiTi regBlamenti, sxva SezRudvebTan
erTad saswavBl o datvirTvebisa da ganrigis Sedgenis amocanas
warmoudgenBad arTulebs. aseT SemTxvevaSi, swored evo Buciur-
evristikuli meTodebi iZBeva optimaBurTan miaxBo-ebulli

amonaxsnis povnis saSua l ebas.

disertaciebi evoBuciuri model irebis Temaze.

s. gustafsoni (notingemis universiteti) sadogtoro diser-
taciaSi [37] ganixiBavs genetikuri meTodis gamoyenebis
perspeqtivebs avtomaturi daprogramebis TvallsazrisiT, kerZod
rogorc metaevristikulli Ziebis meTods, romeRic iyenebs cviladi
sigrZis kompiuterull programebis populacias. Zebnis strategia
efuzneba biolBogiuri evoluciis princips. cnobilia, rom
daprogramebis avtomatizaciis idea ukve karga xania warmoadgens
xeBovnuri intelleqtis mizans. swored genetikuri midgoma
ganapirobebs programis avtomaturad TandaTanobiT, evoBuciur
daxvewas. populacia dakavSirebullia genetikuri algoriTnmis
mrava Bganzomi Bebian  aspeqtTan. am  SemTxvevaSi variaciebi
gamoiyeneba popu Baciis aRweris, analizisa da  Zebnis
efeqturobisaTvis, xolo evoluciuri procesSi xorcieldeba
programnu i strugturebis amorCeva da gadawyoba. disertaciaSi
warmodgeni B Sedegebi aucillebBlad moitanen sargebl obas
evoluciasa da cvBadi sigrZis amonaxsnze dafuzZnebulli

meTodebis ganviTarebis sagmeSi.

r.p. vigendis (Jorj meisonis universiteti) disertacia eZRvneba
kooperatiull koevo Ruciur allgoriTmebs. pragtikidan cnobi lia,
rom koevoBuciuri algoriTmebis qceva xSirad probBlematuria
da garkveuBlad winaaRmdegobrivic. arsebobs garkveulli Teoria
da agreTve empiriulli analizic, raTa gairkves, Tu ra arsebiTi
gansxvaveba da msgavseba aris koevoBuciur da Cveullebriv

evolluciur allgoriTmebs Soris. am mxriv, disertaciaSi
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ganxi Bulia koevoBuciis allgoriTmebis gamoyenebis sakiTxebi

statikuri optimizaciis amocanebTan mimarTebaSi.

farid xolBaSxani (tarmiat modersis universiteti, Teirani)
disertaciaSi ganixi Bavs genetikur allgoriTmebs, rogorc Ziebis
erTerT metaevristikull meTods warmoebis marTvis prob Bemebis
gadawyvetis dros. agcenti keTdeba genetikuri algoriTnmis
SerCevis proceduraze, romelic efuZneba warmoebis procesSi
SesaZB 0 operaciebis bunebriv maxasiaTebBebs. an TvalsazrisiT,
genetikuri allgoriTmis seleqciis operatorSi Setanilia
garkveulli siaxBe, kerZod gas parametrebis gansazRvris
adapturi meTodi. warmodgeni B i meTodebis muSaoba
ganokvBeullia ori xerxiT: jer HRiteraturidan SerCeull igna
standartulli sacdeli Ffungciebi da maTze gakeTda Sedareba da
statistikuri analizi warmodgeni B meTodebsa da standartul

genetikur algoriTmebs Soris.

masaud jgamei (SeFi Bdis universiteti) disertaciaSi aRwers axal
genetikur meTodo B ogias simbiotikuri evoBRuciis gamoyenebiT
optimaluri aracxadi wesebis gamov Benis mizniT. am evo Buciuri
midgomiT SemTxveviT SerCeulli wesebis jJgufFze gamoTvHlebis
saFuZve I ze xdeba aracxadi daskvnebis sistemis awyoba, rodesac
yove I wess ekisreba proporciulli kontribucia-jarima. Sedegad,
gamoiTvleba popuBlaciaSi yoveli wesis srulli vargisianoba da
maTi sicocxBisunarianobis safuZvelze SeirCevian Semdeg
TaobaSi aRwarmoebisa da gadarCenisaTvis. gansxvavebiT
Cveullebrivi allgoriTmisagan, romelBic efuZneba generaciis
aracxad algoriTmebs, warmodgeni B midgomaSi erTi Taobidan
meoreSi gadasvlis wesi evoBuciurad yallibdeba da ara sabazo
wesiT. mocemulli allgoriTmi xorcieldeba ori versiiT:
TviTorganizebadi simbo Buri evo Buciisa (SOSE) da
TviTSeguebadi simboBuri evolBuciis (SASE) versiiT. SOSE
meTodSi dadgeni Bia wevrobis Ffunqciis parametrebi, da meTodi

gnnis mxo Bod aracxad wesebs, xoBlo SASE meTodSi algoriTmi
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axdens rogorc daskvnebis sistemis, ise wevrobis TFungciis

parametrebis optimizacias.

Jd noullzi (ridingis universiteti, gaerTianebulli samefo)
diser-taciaSi ganixillavs HBokaBuri Ziebisa da hibridul
evo Buciur allgoriTmebs pareto optimizaciisaTvis. ukanasknel
wBebSi garkveulad viTardeba mull timiznobrivi evoluciuri
allgoriTmebi (MOEAs) pareto optimizaciisaTvis. aRniSnul
naSromSi warmodgeni Bia Bokaluri Ziebis evo Buciuri
algoriTmebi pareto optimizaciisaTvis (PEAS), romelic ukve
sakmaod popuBlarull (MOEAs) —Tan SedarebiT ukeTesad asru llebs
Tfungcias da realluri samyaros telekomunikaciur problemebs.
garda amisa, PEAS —s elementebi aseve TarTod SeiZlleba
gamoyenebul  ignas sxva algoriTmebis proeqtebSic. kerZod,
BokaBuri Ziebisa da evolBuciuri meTodebis kombinirebiT
pareto optimizaciisaTvis miiReba axalli allgoriTmi, romelic
zogierTi mravaBkriteriumiani amocanis SemTxvevaSi sakmaod

karg Sedegebs iZleva

J.i. van hemertis (Beidenis universiteti, nider Bandebi)
disertacia eZRvneba evoBuciuri allgoriTmebis gamoyenebas
samTo  sagmeSi. sxvadasxva situaciebisaTvis SemuSavebull ia
algoriTmebi, orientirebuli saZiebo amocanebze, garkveuli
SezRudvebis dakmayofi Bebis pirobebSi. naSromSi xdeba
amonaxsnTa  Sefaseba da  Sedareba arsebul evo luciur

meTodebTan.

franc rotBaufi (beiruTis universiteti, germania) disertaciaSi
akeTebs genetikuri da evolBuciuri algoriTmebis (GEAS)
analizs da akeTebs daskvnas, rom GEAs sfero marTHlac
gadatvirTullia genetikuri operatorebisa da  testirebis
TeoriebiT da empiriulli kvBevebiT, magram TviT problenis
warmodgena xSirad rCeboda isev Zvel doneze. disertaciaSi

ganxi Bullia Ffundamenturi cnebebi, rogoricaa siWarbe,
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gansazRvravs mis adgi Imdebareobas da gavBenas GEAs-sS
muSaobaze. Teoriulli koncepciebi pragtiku lad igna
aprobirebulli mTelBricxva optimizaciis da agreTve gselebis

efeqturi daproeqtebis prob 1 emebis gadawyvetisaTvis.

akira oiama (tohokus universiteti, sendai, iaponia) Tavis
disertaciaSi ganixiBlavs TviTmFrinavis FfrTis daproeqgtebis
sakiTxebs evolBuciuri allgoriTmebis gamoyenebiT. sawarmos
organizaciulli marTvis sistemis argiteqturis daproeqtebis
garda evoBuciuri allgoriTmebi sull ufro popularulli gaxda
arodinaniuli  obieqtebis daproeqtebis sagmeSi. rogorc
cnobi K ia, aerodinamiulli obieqgtebi miekuTvnebian
mrava B parametrull obieqtTa kBass. magaBliTad, frTis TFforma
bgerasTan miax Bovebu B i siCgaris TviTmFrinavebisaTvis
Cveulebriv Seicavs asze met saproeqto parametrs. amgvarad,
probBema mdgomareobs mravalganzomi Bebiani  optimizaciis
amocanis gadawyvetaSi, rac dakavSirebulia Zalian didi
raodenobis ganoTv BebTan, rac mniSvne I ovnad aRemateba

daproeqtebis standartulli sistemebis SesaZl eb I obebs.

tomoxaru hakaSima (osakis prefeqturis universiteti, 1aponia)
Tavis disertaciaSi exeba genetikur principze dafuZnebul
manganuri swav Bebis sakiTxebs “saxeTa” SecnobisaTvis, kerZod
SemuSavebu Bia manganuri swavBebis ramdenime algoriTni,
romBebic gankuTvni Ini arian maRali ganzomiBebis sistemaTa

k BasiFikaciisaTvis.

Son HNiukis (merilendis Statis universiteti, aSS) disertacia
eZRvneba genetikuri programirebis kidev erT saitereso
gamoyenebas, kerZzod, im kompiuterulli programebis Zebnis
sakiTxebs, romBebic i1ZBevian saukeTeso amonaxsns. disertaciaSi
warmodgeni Bia axali, swrafgnedi genetikuri algoriTmebi,
romBlebic standartulli programebis Xis regeneraciis

saSua B ebas iZleva.
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ekart zitzleri (ciurixis tegno B ogiuri instituti, Sveicaria)
Tavis disertaciaSi ganixi Bavs mrava Emiznobrivi
optimizaciisaTvis evo luciur algoriTmebis gamoyenebis
meTodo Bogiis sakiTxebs. samecniero siaxBes warmoadgens ew.
eqsperimentul i meTodo B ogia, rogorc axali midgoma
mrava Emiznobrivi optimizaciis meTodebis Sedarebis
TvallsazrisiT. agreTve, heterogenu i aparaturull i da
progranuli  uzrunve Blyofebis sinTezis mnulltikriteriumiani
aplikacia da cifrulli signallebis procesorebis programnulli

uzrunve ByoTis mrava Bl ganzomi Bebiani gamokv l evebi.

tina i1us (Bondonis sauniversiteto koleji, didi britaneTi)
disertacia eZRvneba genetikuri programirebis problemebs
daprogramebis avtomatizaciis TvalsazrisiT. masSi ganxi Bullia
sxvadasxva TFungcionalluri daprogramebis meTodebi, romBebic
garkveuBlad aCgarebs programis ganviTarebis process. mraval
Ffungcionalur meTods Soris SerCeull igna sami meTodi:
po B imorTfizmi, aracxadi rekursia da maRali rigis TFungciebi.
aRniSnullis damtkicebis TvalsazrisiT, genetikuri
programirebis sistema gaZBierebull igna aRniSnulli meTodebis
CarTviT. egsperimentebis Sedegebma cxadyo Semdegt:
po B imorTfizmis meSveobiT genetikuri programirebis meTodi
geografiull -sainformacio sistemebis (GIS) amocanebs ufro
efeqturad wyvets, xolo maRali rigis Funqciebi da aracxadi
rekursia mniSvneBovnad zrdis genetikuri programirebis
SesaZz B eb B obebs maRalli xarisxis zogadi paritetulli amocanebis

amoxsnis SemTxvevaSi sxva cnobi B meTodebTan SedarebiT.

david a van ve B dhuizenis (sahaero Zalebis instituti, deitoni,
ass) disertacia Seexeba mu B timiznobriv evo luciur
algoriTmebs (MOEAs). HRiteraturaSi ganxillulli ramdenime
aseuli aplikacia Tungciuri testirebis sistenis meSveobiT
kBasificirebuli da katalBlogizebulli igna da  Semdgom

gamoyenebu B i mu B €imiznobrivi evo Rluciuri allgoriTmebis
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raodenobrivi da xarisxobrivi detalluri analizisaTvis.
disertaciaSi warmodgeni Bia eqsperimentuli Sedegebi, maTi

statistikuri kv Bevebi da sxva reBlevanturi dakvirvebani.

tim teiloris (edinburgis universiteti, didi britaneTi)
disertacia exeba xeBovnuri evoluciisa da xelovnuri
sicocx bis sferos, kerZzod cocxalli organizmebis ganviTarebis
sinTeturi modelis Segnnis probBemebs. aRniSnulli SeiZleba
ganxi Bull ignas rogorc biolBogiuri ganviTarebis Bogikuri
strugturis axsnis mcdel oba naSromis eqgsperimentulli nawi Bi
orientirebullia xelovnur evoBluciur sistemaze (ew. kosmosze),
romelic uzrunveBlyofs paralleBuri damuSavebis model irebisa
da mravalaTasiani TviTaRwarmoebadi kompiuterulli programebis
popuBaciis ganviTarebas. evoBuciuri dinamikis gamokv Bevis
mizniT Catarebullma mravall ferovanma eqgsperimentebma cxadyves,
rom xeBovnuri evolBuciis sistemebis ganxriT Jer kidev ar
arsebobs sakmarisi Teoriulli da meTodoBogiuri safuzZvlebi.
ganxi Bulia aracocxalli da bioturi garemos urTierTgmedebaTa
mode Bebi, agreTve saxeobaTa reproduqcirebis Fenotipuri
SesaZz B eb 0 obani.

ak srivastavas (banarasis universiteti, banarazi, indoeTi)
disertacia eZRvneba genetikur algoriTmebSi xeBovnuri
neironull 1 gselebis CarTvis, kerZod adamianis ynosvis sistemnis
mode B irebis prob N emebs. genetikuri algoriTnmebisa da
xeBovnuri neironulli qgsellebis kombinacia gmis efeqtur
inteleqtualur sistemas sunis identifikaciis TvalsazrisiT,
rac metad aqtualluria gazis probBemis gadawyvetis sagmeSi. aq
genetikuri algoriTmebi gamoyenebullia rogorc arawrTFivi
optimizaciis meTodi xeBovnuri neironulli gseBebis ganswavlis

mizniT.

J .k Fiueira pujoli (birmingemis universiteti, gaerTianebulli

samefo) Tavis disertaciaSi ganixiBavs xeBovnuri neironuli



gse Bebis evoBuciis sakiTxebs organzomi Bebiani warmodgenis
gamoyenebiT. am boBo periodSi SemuSavebulia evolRuciur
gamoTvlebze dafuznebuli xeBovnuri neironulli qgsellebis
sinTezis axalli meTodebi. Tumca amave dros gasaTvall iswinebe l ia
is Tagtic, rom xeBovnuri neironulli gsellebi warmoadgenen
organzoni Bebian strugturebs, rac iTxovs speciallizebul
evoluciur operatorebs. naSromSi SemoTavazebulia axali
midgoma, specializebuli TFormis evolBuciuri operatorebis
gamoyenebi T, romelic xe Bovnuri neironulli gse Bebis
arqgiteqturis ganviTarebasTan aTad cvlis callkeuli kavSiris

wonebs.

p.J. kenedi (sidneis tegqnoBogiuri universiteti, avstralia)
Tavis disertaciaSi exeba erTujrediani organizmebis evo Ruciis
mode B irebis sakiTxebs. naSromSi aRwerilia biolRogiuri
ujredis modeli, romelic upirveles yovlisa Sedgeba genomisa
da metabo Bizmisagan. genomebi da sawyisi qimiuri pirobebi
erTdroullad da erTad ganicdian evoBucias, iseTi ujredebis
warmoebisaTvis, romBebic SeZBeben gadarCenas garemoSi. genomis
evo Ruciis mode BirebisaTvis gamoiyeneba genetikuri

allgoriTmebi inversiis operatorebis bazaze.

J. gothibis (kBausTalis universiteti, germania) disertacia
eZRvneba mrava B ganzonmi B ebiani optimizaciis amocanebs
evoBuciuri algoriTmebis gamoyenebiT. naSromi atarebs ufro
Teoriul-analitikur xasiaTs da ar aris orientirebuli
realur obiegtze. miuxedavad amisa, miRebu B 1 Sedegebi ekuTvnis
komp Beqtaciis kombinatorull i amocanebis gadawyvetis
evristikulli meTodebis klBass, rac Tavis mxriv mravall sferoSi

gamoyenebis karg perspeqtivebze metyve l ebs.

patris kallegari (Bozanas tegnoBogiuri instituti, Sveicaria)
Tavis disertaciaSi ganixillavs paralleBlur popullaciaze

daftuznebu evo luciur algoriTmebs kombinatorull i



optimizaciis amocanebisaTVvis. paralelur- popu Baciuri
evoBuciuri algoriTmebi mniSvneBovnad amartivebs rTulli
kombinatorulli optimizaciis probBlemnaTa amoxsnas dasaSveb
droSi  paralleluri gamoTvBebis meSveobiT. evoluciuri
algoriTmebis Ffundamentur ingredients warmoadgens
k BasiFikaciis instrumenti ew. TEA (Table of Evolutionary Algorithms),
romelic uzrunvelyofs monacemTa mravall Jeradi nakadis,
ganawi Bebu Bi mexsierebis paraleBuri Ffungcionirebis marTvas.
aRniSnulli problemebi arsebobs mobiBuri kavSirgabmull obis

sistemebSi, sadac parallelizmis maRall i xarisxia.

devid britenis (bristolis universiteti, gaerTianebulli samefo)
diser-tacia eZRvneba teBekomunikaciuri gsellis optimizacias.
kB ientze orientirebulli te B ekomunikaciuri mimarTvis
optimizacia miiRweva gselis komponentebis mogni Bi1 gadawyobis
meSveobiT, risTvisac gamoiyeneba genetikuri algoriTmebi.
komponentebis mogni B1 gadawyoba xdeba rogorc statikuri ise

dinamikuri, agreTve ganusazRvre i mimarTvis TvalsazrisiT.

uve aikeBini (uoles svensis universiteti, gaerTianebulli
samefo) Tavis disertaciaSi ganixi Bavs genetikuri algoriTmebis
gamoyenebis sakiTxebs alternatiulli optimizaciis
amocanebisaTvis, kerZod didi ganzomiBebis mulltivariaciulli
situaciebis SemTxvevaSi, rodesac tradiciulli meTodebis

gamoyeneba ver iZBeva sasurvell Sedegebs.

patrik siureis (edinburgis universiteti, didi britaneTi)
disertacia eZRvneba problemur-orientirebulli evoluciuri
algoriTmebis agebis Formalizaciis  sakiTxebs. rogorc
cnobiBia, tradiciul evoluciur allgoriTmebs gaaCniaT
binarulli striqonebis saxiT warmodgenis tendencia, rac rigi
amocanebis SemTxvevaSi gmnis garkveull sirTulleebs standartulli
operatorebis gamoyenebis pirobebSi. naSromSi SemoTavazebull ia

warmodgenis Tormal izaciisadmi axali midgoma, sadac



mniSvne B oba eniWeba konkretull genetikur operators fithes —

Tfungciis Sesabamisad.

uilian mspirsi (Jorj meisonis universiteti, aSS) Tavis
disertaciaSi exeba evolBuciur algoriTmebSi mutaciisa da
rekombinaciis rolls. wlebis ganmavBl obaSi bundovnad rCeboda
sakiTxi  mutaciis an rekombinaciis droulli gamoyenebis
mizanSewoni Bobis Sesaxeb. naSromSi Catarebullia aRniSnulli
probBemis Teoriull-empiriulli gamokvBevebi am operatorebis

ukeT daxasiaTebis TvalsazrisiT.

darko grund Beris (zagrebis universiteti, xovatia)
disertaciaSi ganxi Bullia sawarmoo procesis mravaldoniani
aramkafio marTva genetikuri allgoriTmis gamoyenebiT.
optimizaciis amocana, energiis minimizaciis kriteriumiT
Sesabamisi sawarmoo SezRudvebis pirobebSi marTvis mrametris
aramkaFio gawyoba, xorcielldeba genetikuri allgoriTnis

meSveobiT.

peter bentBi (hadersfilldis universiteti, gaerTianebulli
samefo) Tavis disertaciaSi ganixilavs myari obieqtebis
evo Buciur konstruirebas genetikuri algoriTmebis gamoyenebiT.
evo Rluciuri konstruireba niSnavs sxvadasxva proeqtebis
krebulis Segmas evoBuciuri principiT. aRwerilia myari
obieqtebis genetikuri populacia, Sefasebis mravalmiznobrivi
meTodi da cvBadi sigrZis gromosomebi. eqsperimentull nawi B Si
warmodgeni Bia proeqtebi 1iseTi oObieqtebisaTvis, rogoricaa
maga l iTad, magidebi, gamaTbhob N ebi, navis korpusebi,

aerodinamiuri manganebi da sxva.

rogorc zemoT ganxiBulidan Cans, evoBuciuri modelireba
Zalian aqtiurad gamoiyeneba mravalBlegstremaBuri optimizaciis

amocanebis gadasawyvetad.
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$1.3. gse I Si materialuri nakadebis operatiulli

marTvis sistemis argiteqtura

nakadebis operatiulli marTvis sistenis Fungcionireba
ZiriTadad SeiZlleba ganvixiloT rogorc gadawyveti Bebis
miRebis procesi, sadac mTavar sakiTxs konkretull situaciaSi
gadawyveti Bebis povna warmoadgens. Cvens mier vreallizebul
marTvis sistemaSi, gadawyveti Bebis miRebis procesSi sull ufro
mkaFiod ikveTeba xeBovnuri inteleqtis, rogorc maRali donis
marTvis meTodebis gamoyenebis aucillebBoba materialluri
nakadebis marTvis sistemis zogadi argiteqtura warmodgenilia

nax. 1.3.1 —ze.

obieqtis marTvis procesSi mindinareobs gselis uwyveti
monitoringi, romBis drosac mTelli sistemis mdgomareoba da
komponentTa mimdinare mniSvne B obebi Sedis monacemTa bazaSi.
qgse BSi  mimdinare procesebis normaluri mdgomareobidan
gadaxris SemTxvevaSi, Tu moxda situaciis Secnoba, maSin codnis
bazidan marTvis Freimis Sesabamisi mza gadawyveti Beba, gaicema
qgselze mmarTveli zemogmedebisaTvis. Tu mimdinare situaciis
Secnoba ar moxerxda, maSin unda moxdes nakadebis operatiulli
ganawi Beba modiFficirebulli genetikuri algoriTnmisa da gsellis
xisebri strugturebis adapturi gadawyobis algoriTnmis

gamoyenebiT.

genetikur algoriTmebs gaaCnia mravall i parametris
erTdroullad manipuBlirebis unari, am Tvisebis gamo genetikuri
algoriTmebi sakmaod efeqturad gamoiyeneba ganawi Bebulli
sistemebis marTvisaTvis. amdenad, genetikuri algoriTmi metad
misaRebi meTodia nakadebis ganawi Bebis optimaBuri variantis

ZiebisaTvis.

gselis callkeuli magistrallebi, wyaroebis mixedviT SeiZlleba
warmovadginoT Xxisebri strugqturebis saxiT. avariulli relinis

SemTxvevaSi saWiroa dazianebulli ubnis 1i1zolireba radgan
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nakadebis gamanawi BebelBi gselis TFungcionireba damokidebulia
callkeu i ubnebis Fungcionirebaze, amitom callkeu i monakveTis
aRdgena an ganax Beba unda ganvixi BoT mTeli gselis muSaobis
konteqstSi. gselis xis strugturebad warmodgena amartivebs
gsebis vregeneraciis probBemas avariulli vrelJinis dros an
ZBlieri deficitis SemTxvevaSi, rodesac mocemulli wyaro
veranairad ver akmayofilebs minimaBur moTxovnebsac ki da
saWiroa deficitis Sevseba alternatiulli variantiT. gselis
dinamniur xeebad dekompozicia iZBeva saimedoobis garantias da

amartivebs saeqsp 1 oatacio procedurebs.

aRniSnulli algoriTmebis gamoyenebiT xorcielldeba ukve
axalli mmarTveli gadawyveti Bebebis gamomuSaveba. mocemulli
situacia da miRebu li Sedegebi Freimis saxiT Seitaneba codnis
bazaSi. garda amisa, daball sicocxBisunariani TFfreimebi,
romBebic TiTgnis aRar meordebian, codnis bazidan amovardnas
eqvemdebarebian anu xdeba codnis bazis ganax I eba.

nakadebis operatiulli marTvis sistemis reallizebisaTvis
ZiriTadi yuradReba eTmoba Semdegi amocanebis gadawyvetas:
- modiFficirebulli genetikuri algoriTmis damuSavebas nakadebis
optimaluri ganawi BebisaTvis;
- avariull reJimSi marTvisaTvis, gselBis regeneraciis mizniT
dekompoziciis algoriTmis danuSavebas;
- damuSavebu i mode Bebis bazaze nakadebis operatiulli marTvis
sistemis reall izebas;
- oObieqtis operatiulli marTvisaTvis xeBovnuri intelleqtis

meTodebis damuSavebas;

- sistenis marTvis informaciulli da progranulli uzrunve lyofis

damuSavebas.
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Il Tavi. materialuri nakadebis operatiuli
marTvis meTodebis damuSaveba
$2.1 sistemis mode Bebis analizi

nakadebis marTvis sistema SeiZleba warmovidginoT gseluri
grafis saxiT, sadac wiboebi asaxaven galagis callkeull raionebs

(an ubnebs), romBebic warmoadgenen sistemis momxmareb lebs.

gqse Bur ganawi Bebul obieqtebs, romel Tac miekuTvnebian rTulli
topo Bogiuri strugturis mgone wya Bmomaragebis, gazmomaragebis
Tu eleqgtroenergomomaragebis sistemebi, aerTianebT sistemaSi
materialuri nakadebis arseboba. aRniSnulli tipis qgselebi
gansxvavdebian rogorc struqturullad, ise SemadgenBobiTa da
maTematikuri modeBebiT, Tumca maT saerTo aqvT marTvis anu

nakadebis ganawi Bebis principebi.

Tavis mxriv, TiToeulli tipis gseli xasiaTdeba nakadebis marTvis
speciTikiT, rac kidev ufro mravall ferovans xdis aseTi kBasis
sistemebs mode B irebis, procesebis organizaciisa da marTvis
algoriTmebis, agreTve programull saSuallebaTa Funqcionirebis

B ogikis TvallsazrisiT.

ganvixi 1oT galBagis wya I momaragebis gsel i, rombis
strugturaSi CarTullia rezervuarebi, satumbo sadgurebi,
gqa B agSi Semomava B i hidromagistral ebi, adgi Bobrivi
hidroresursebi (arteziulli WaburRi Bebi), sarqvelebi da sxva
komponentebi, romeBTa urTierTSeTanxmebull muSaobaze aris

damyarebu 01 momxmarebe 8 Ta wy B iT uzrunve Byofa

gse 1 Si  wyal@momaragebis marTvis strategia Seicavs satumbo
sadgurebis, sarqvelTa  sistenis, rezervuarebis, agreTve
adgi Bobrivi hidroresursebis marTvis operaciebs. sawyis etapze,
SedarebiTi analizisa da marTvis strategiis SerCevis Tval -

sazrisiT, mizanSewoni B ia obieqtis determinirebulli mode Bebis

mimoxi W va [18,33]
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Tu qalagis wyalmomaragebis sistemas gaaCnia adgiBobrivi
hidroresursebis N wyaro (WaburRi Bebis saxiT), n=1, 2..., N.
yovel wyaros gaaCnia sadReRamiso anu 24-saaTiani mowodebis
mocu B oba. avRniSnoT isini rogorc Xx() (i=1,2,..,N,t=1,2, ...,
24), sadac | —wyaros nomeria, xolo t —dro (saaTi). sadReRaniso
Jamuri miwodeba igneba:

2

a x(t)=b, i=12,..,N 6))

t=1

imis mixedviT, Tu rogor Fungcionirebs i-uri wyaro, mowodebis

mocu B oba iRebs Semdeg mniSvne I obebs:

X(t)=0 an X £ X (1) £ X )

i min

Sesabamisad, miwodebis moculoba SeiZleba Caiweros Semdegi

veqtoris saxiT:

X=[X% D), X, (2),.... % (24),..., X (D% (2),..., % (24), ... Xy (D, ..., Xy (24)] ()

wya Bmomaragebis sistemis marTvis strategia mdgomareobs imaSi,
rom ganisazRvros wyaroebis mier wyBiT uzrunvelyoFa,
romelic daakmayofi B ebs TiToeul kvanZSi wnevebis

moTxovni Bebasa da wyBis donis SezRudvebs TiToeul
rezervuarsSi. ganvixi 1 oT mar Tvis mizani, rome I mac M

raodenobis kvanZis SemTxvevaSi unda daakmayoFfiBos wnevis

minimaBuri da magsimaBuri SezRudvebi:

Poin £ Pi(1) £ D e i=12,..,M, t=12..,24 4
sadac: P(t) - wyBiswneva i-ur kvanZSi t saaTze.

meore aseTi mizani mdgomareobs imSi, rom wyBis done T

rezervuarebSi unda akmayo¥i B ebdes Semdeg moTxovnebs:

L ELMEL, 0 1=12,..T; t=12,..,24 (5)

sadac: L;(t) - wyBis done J-ur rezervuarSi t saaTze
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zemoxsenebul  or mizanTan erTad, sawyisi (t=0) done
rezervuarSi SezRudullia doniT dRis bo B osaTvis (t=24):
L,(24)=L,(0) j=12...,T 6)

Pt) da L(t) aris x(t) amonaxsnis cvBadebis Tunqciebi,
romBebic miiRebian wyBis ganawi Bebis sistemis hidravlikuri
mode B irebiT, magram gselis sirTullis gamo Pt) da L)
Ffungciebis saxiT warmodgena SeuZ B ebe l 1a.

Tu t droSi i kvanZis wneva P(t) akmayoFillebs P.£ P{t)E Pra

pirobas, maSin ~jarima~ G() igneba G-is toli anu:

] 0 PrinE PMOE P
C.® ={[Pon - P (V)] P, () < P 0
OB B.() > Pra
andenad, " jarima” | kvanZisaTvis mTeBi dRe-Ramis ganmav il obaSi
igneba:
34
c, =a ¢l i1=12,...,M (8)
t=1

kvanZebis msgavsad, Tu t droSi ] rezervuarsi L;(t) wyBRis done
moTavsebu Bia minimumisa da magsimumis intervallSi, maSin

“Jarima” C,(t) igneba O-is toli anu:

.\I. O ijin £Lj(t)£|—1max
|
Cj (t) =_|. aT[ijin - Lj (t)] Lj (t) < I—jmin (9)
|
TaT[Lj(t)' ijax] Lj(t)>‘ L e

sadac: @; aris vrezervuarisaTvis jarimis~ Tfagqtori wylis

donis moTxovnis darRvevisaTvis. amdenad, “jarima” | -uri

rezervuarisaTvis mTel 1 dRe-Ramis ganmav B obaSi igneba:



4
C; =§_ c;(t) j=12,...,T (10)
t=1

Tu j -ri rezervuaris wylis done t=24 droisaTvis toli

igneba t=0 droisaTvis wylis donisa, maSin ganto Beba
dakmayofi Bebulia. winaaRmdeg SemTxvevaSi, jarimis TFTungcia

ganisazRvreba rogorc:

c; =an[L;(24) - L,(0)] j=12,...,T (11
sadac: ay, aris Jarimis faqtori (12) ganto Bebis
darRvevisaTvis.

optimizaciis problemis obieqgturi Funqcia ganisazRvreba

“jJarimis~ srulli funqciis saxiT:

& d
C=aC +acC, (12)

i=1 =1

sistenis optimaBuri marTvis strategia C=f(X) funqgciis saxiT

SeiZl eba Camoya B ibdes Semdegnairad:
f(X)Pp Min
& :
a X ) =b i=12,...,N (13)
t=1
X®)=0 o X EXMOEX,» 1=12,..,N; t=12,...,24

rogorc yoveli marTvis procesi, wyalmomaragebis sistenmis
marTvis strategiac ganisazRvreba ekonomikuri kriteriumiT, rac
danaxar jebis minimizaciaSi mdgomareobs. gselis operatiulli
marTva, romBis mizani ZiriTadad qgselBis ganStoebebSi wylis
nakadebis ganawi BebiT miiRweva, ZiriTadad satumbo sadgurebisa

da sarqve I Ta sistemnis meSveobiT xorcie B deba

sarqgve Bebis sistema mogni Bad gansazRvravs B okalBuri gselebis
konfiguraciasa da agreTve nakadebis parametrebs qgselis
ganStoebebSi. Tavis mxriv, satumbo sadgurebi aviTareben

garkveull wnevebs qsel Si nakadebis saWiro mniSvne I obebis



uzrunve ByoTfisa da rezervuarebis SevsebisaTvis, rac
elegqtroenergiisa da Sesabamisad materialur danaxarjebTan
aris dakavSirebulli.

amdenad, ekonomikuri kriteriumi ZiriTadad satumbo sadgurebis

ekonomiuri muSaobiT aris ganpirobebull i:

NoéJ NBPn X U .
a ea E,(1)C. (t)+ a Emx C (bp)gP mn (14)
n=1 @1t=0 bp =1 1]

aRniSnulli kriteriumisaTvis mocemulBia SezRudvebis Semdegi

sistema
Pminj £ F)j (t) £ Pmaxj ! j’" t (15)
Vk(t)E’Vmaxk "’ k’"t

TV, ETVL(O) ETV, 4
TV, - V| £DTV,
SW, £ SW, 0
"o o' ST s ={10
sadac: N — kompresorebis raodenoba;

T _ marTvis drois monakveTi:

C,(t) _n-uri kompresorisaTvis energiis erTeullis

Rirebulleba t droSi:
En(t) __energiis moxmareba tt+1 drois monakveTSi;
Emaxﬁp __N-uri kompresorisaTvis bp saangariSo periodi;

NBPn _ n-uri kompresorisaTvisbp-is nniSvne I oba;

P wneva



V _ nakadis mniSvne I oba;

TL _ rezervuarSi wylis dong;

TV _ rezervuarSi wylis raodenoba;

SW, _ satumbo sadgurSi CarTulli kompresorebis raodenoba.

amgvarad, marTvis operatiulobis TvallsazrisiT, sistemis didi
ganzomi Bebis SemTxvevaSi, sirTullis gamo xSirad araefeqturi
xdeba obieqtis determinirebu B i mode Bebis gamoyeneba, rac Tavis
mxriv, ufFro metad amtkicebs xeBovnuri intelleqtis meTodebis

upiratesobasa da mizanSewoni 0 obas.

xeBovnuri neironulli gsellebis modeli. marTvis obieqtis
Tfungcionirebis uwyveti monitoringis procesis intelleqtuali-
zacils, kerzod konkretull'i situaciis operatiulli
identifikaciis mizniT mizanSewoniBlia xeBovnuri neironuli
gse Bebis meTodis gamoyenebg37]. xeBovnur neironull gsells
gaaCnia ganswav B is, codnis Senaxvisa da agreTve reprezentaciis
unari. codnis SenaxvisaTvis gamoiyeneba sinapsuri KkavSiris
maxasiaTebeBi ew. “sinapsis wonebi”’, romeBic TFizikuri arsiT
eleqtrulli gantareb B obis eqvivallenturia. xeBovnuri neironis

zogadi saxe moyvani Bia nax. 2.11.-ze

Sesasv e Bebi sinapsebi neironis
ujredi
X1 O W1 J ]
gamosasvileli
X2 O agsoni
, O
Y
% O W

X|

nax. 2.1.1.



neironis mimdinare mdgomareoba ganisazRvreba rogorc Semaval i

sinapsebis woniTi koeFicientebis janmi:

n

S=Q x w (16)

i=1
neironis gamosasvBelli aris misi mdgomareobis Ffunqcia Yy=f(9).

magaB iTisaTvis SeiZBeba ganvixi BoT martivi mul tineironuli

perceptroni Sualleduri "farulli” TenebiT, sadac x gselis
Semava i parametrebia, xolo Y, gamomavalli parametrebi. kerZod,
Semava l'i parametrebia T1-Tn _ #1-#N rezervuaris done; M1-Mn -
#1-#n magistralis debeti; P1-Pn - #1-#n satumbo sadguris
sinzBavre; V1-Vn - #1-#n sarqve b is mdgomareoba;, VP1- VPn - #1-
#n sarqvelis wneva. gamomavalli parametrebias P1'-Pn’ - #1-#n

satumbo sadguris simZBavre; V1'-Vn' - #I1-#n sarqvelis

mdgomareoba.

Semavall da gamomavall parametrebs Soris damokidebu ll eba

ganisazRvreba:

yi = fgeén_ X xwijg; j=1..m (17)
€i=1 a

mull tineironuli perceptronis zogadi sgema warmodgenillia

nax.2.1.2-ze:

Y1

Y2

Ym

-/

Xn

Semava B 1 Fena T~ anomava B i Fena
farull1 Fenebi g
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nax. 2.1.2.

gqse B Si mimdinare procesi SeiZlleba matriculli FormiTac

Caiweros;

Y=F(XW) (18)
sadac: X da Y Sesabamisad Semavall i da gamomava i veqtorebia;

W - sinapsebis woniTi koeFicientebis matrica

gselis mimdinare mdgomareobis ganswav B a warmoadgens
D =(d;,d,,..,dm) sasurvel (etaBonur) gamomavall veqtorTan Y

veqtoris magsimaBur adaptacias anu miaxB oebas. amisaTvis

gamoiTv B eba Secdoma:
d=[v- D] (19

neironulli gselis ganswavlis TvallsazrisiT xdeba “faruli”
e Bementebis woniTi koeFicientebis gamoTvBa-awyoba. am mizniT
efeqturad migvaCnia genetikuri alBlgoriTmebis gamoyeneba, sadac
W wonebis veqtorebi gromosomTa registrebs gmnian. gselis
mimdinare mdgomareobis ganswavBis procesis sgema mocemullia

nax.2.1.3.-ze:

etalonuri nodeli D
codnis bazidan
o d
genetikuri
algoriTmebi ()
w
gselis mindinare
—_ model i —
X Y
nax. 2.13.

uwyveti monitoringis dros aucillebelia gsellis komponentebis

mimdinare mniSvne B obebis permanentuli Secnoba da Sedareba
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codnis  bazaSi arsebull etalonur modeBTan Sesazllo
ganTanxmebis aRmoCenis TvalsazrisiT, rac gselis im monakveTis
gansazRvris safuZvells gmnis, sadac moxda sistemis muSaobis

normaluri relimis darRveva.

codnis warmodgenis Ffreimulli modeli. obieqtis operatiul
marTvaSi xeBovnuri intelleqtis gamoyeneba eFfuZneba codnis
bazis warmodgenis Freimull mode N s[32]. Tfreimebis
Tformalizaciis erT-erTi koncepcia misi ierarqiulli struqturis
gse B is saxiT warmodgenas gull isxmobs. Freimebis “zeda doneebi”
Figsirebulia da Seicavs Tfagtebs, romBebic yovelTvis
WeSmaritia savaraudo situaciaSi. “qveda doneebi” Seicaven
mravall terminalls ew. sBotebs, romBebic wunda Seivsos

konkretu i FagtebiTa Tu monacemebiT.

aRsaniSnavia, rom erTi da igive terminalebis gamoyeneba xdeba
sxvadasxva Freimebis mier, rac gansxvavebulli wyaroebidan
Segrovebulli informaciis koordinirebis saSuallebas iZHBeva
meores mxriv, urTierTdakavSirebull i freimTa  jgutFebi
erTiandebian FreinTa sistemebad, romB ebSic aisaxebian

mogmedebebi, mizez-Sedegobrivi kavSirebi da aS.

gqse B Si nakadebis marTvis dros freimulli modelis strugtura

mocemu B 1a nax.2.1.4-ze:

L]

.Y .
gse bis komponentebis
situaciisa da marTvis

mniSvne B obebi

shotebi
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nax.2.1.4
davuSvaT, rom ukve gagvaCnia garkveumi1 codna, warsulli marTvis

ganocdi Beba qgseBSi nakadebis ganawi Bebis Taobaze anu
sBotebis statistikuri simravle da Sesabamisi miRebulli
gadawyveti Bebebis, marTvis wesebis anu TFfreimebis simravlec.
yovel saangariSo t=1T periodisaTvis gselidan miRebuli
informaciis safuZvel ze terminallebi axdenen situaciis tipis
identificirebas an iZBevian konkretulli situaciis parametrebs.
maTi erTobBioba gnmnis gansazRvrull situaciebisagan nebismieri
konkretull'i situaciis “gageba-Secnobis” safuzvel s.
gansakuTrebu Bl ad “gagebis”  procesi niSnavs  mexsierebaSi
arsebull i Sesabamisi wesebis agtivizacias da mis

SeTanxmebu B obas mimdinare situaciis terminallebTan.

warumateb Bobis SemTxvevaSi, mexsierebidan “airCeva” ukve sxva
freimi, romBis terminalebi aRmoCndnen erTmaneTs Soris ufro
Sesabamis damokidebu BebaSi gansaxi BvelBi situaciisaTvis. sxva
SemTxvevaSi anu, Tu arsebuli Freimebidan ver moxerxda msgavsi
freimis moZieba, xdeba axali wesis (Freimis) TFormireba
mocemu Bi pirobebis Sesabamisad, rac codnis bazis ganswavll &
ganax Bebis process warmoadgens. erTi TFfreimis nmeoreTi
Canacv il eba naT Bad vHEindeba bunebrivi intelegtis SemTxvevaSic
[27].

codnis bazis ganswavBlaganaxBebis procesi metad efeqturad
SeiZleba ganxorcieldes genetikuri algoriTmebis gamoyenebiT,
roca terminallebze axalli informaciis Semosvlis dros
aRmoCndeba, rom ar arsebobs Sesabamisoba arsebull freimebs anu
wesebis krebullsa da mocemull reallobas Soris. am SemTxvevaSi,
genetikuri algoriTnmis amonaxsni anu gadawyveti B eba
warmoadgens axall freims. axalli Tfreimis strugtura nmiiReba
arsebull Tfreimebze genetikuri algoriTmis oOperatorebis

gamoyenebiT.



axali Tfreimis Tormirebis Semdeg codnis bazaSi Freimebis
ganmeorebis sixSiris mTvBelis indikatoris mixedviT xdeba
Treimebis kBebadobiT sortireba, rac daball sicocxlisunariani
Treimebis, romBebic TiTgmis aRar meordebian, codnis bazidan

amovardnis saFfuZve Bi xdeba.

$2.2. genetikuri algoriTmebis meTodi

genetikuri algoriTmebi daFfuZnebulia memkvidreobiTobasa da
evo Buciis standartull modelebze. igi warmoadgens adapturi
meganizmebis modell's, romeBic gaaCniaT cocxall sistemebs. am

meganizmebSi mTavaria:
- agebul'i strugturebis mogmedebaze yuradRebis koncentracia;

Ziebis operatorebis erTobBioba, romBebic ikvBeven
strugturulli komponentebis simravles anu strugturul
konfiguraciebs, axali strugturebis warmogmnisaTvis da maTi
Semdgomi  kvBevisaTvis. am procesis wyalobiT, miRebuli
algoriTmebi gamoiyeneba probBlemebis TFarTo speqtrisaTvis,

rom B ebic gvxvdeba adapturi sistemebis konstruirebisas.

- genetikur algoriTmebSi populaciuri genetikis dinamika
xorcieldeba struqturaTa populaciebis organizaciis gziT,
romelic droTa ganmavBobaSi ganicdis evolBucias sanuSao
garemoSi misi struqturis qcevis Sesabamisad. TiToeuli
strugtura algoriTmSi warmodgeba, rogorc misi Semadgeneli
nawi Bebis (genotipis) mimdevroba, romelsac amuSavebs Ziebis

operatorebi.

strugturis konkretu i interpretacia alternatiulli

amonaxsnebis sivrceSi iZBeva erTaderT wertills gansaxiBveli
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prob BemisaTvis (Fenotipi), romebic Semdgom SeiZlBeba CairTos
evo luciur processSi da romellic SeiZ M eba miviRoT
sargeb Bianobis zomad. Zieba xorcieldeba mimdinare saZiebo
aredan strugturebis mudmivi amorCeviT, sargebl ianobis

xarisxis safuzvell ze.

arCeull strugturebze xorcielldeba genetikuri operaciebi,
romBebic evolRuciaSi gnnian axall struqturebs, STamomav Il obas.
genetikuri algoriTmebi =zogadad SeiZBeba aRiweros Semdegi

sgemis saxiT(nax.2.2.1).

o callkeul callkeul
sawylisi strugturaTa struqturaTa
popu Baciis sargeb I ianobis arCevis
Formireba zonis WeSmaritebis
gamoTvla gamoTvla
(]
cNu ©
om
0 > gadarCeva
c N
©
3 |
s ° -
X Sejvareba
mutacia
Sedegebis |
analizi
nax. 2.2.1.

arCevis WeSmaritebis gamoTvBa uzrunvelyofs selleqciur
SerCevas struqturebis sasargebBlod, mocemuli simravllidan
aiReba SedarebiT wukeTesi strugturebi. aseTi arCeviTobis
principiT kargi strugturebi TandaTan ikaveben met adgills

popu BaciasSi.

Ziebis adapturi strategiis arsi mdgomareobs ara callkeulli

strugturebis aprobaciaSi, aramed aprobaciis Sedegad miRebulli
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informaciis gamoyenebaSi. kargi strugturebi inaxeba. igi Tavis
mxriv gmnis ufro didi raodenobis msgavsi konFiguraciebis
Segmnis winapirobas. es strugturulli konfiguraciebi SeiZleba
ganvixi BOoT rogorc sivrceSi regullarulli. erTxell Tu Segvxvda,
isini  asrulleben ew.  “saSeni b B okebis~ rolls axali

struqturebis SegmnaSi [28].

axali strugturebis Segmnis procesi orientirdeba saZiebo
sivrcis metad perspeqtiull areze garda amisa sivrcis aseTi

gamokv Beva aracxadad mimdinareobs paraleBuri saxiT.

krosoveri gaxBeCs mocemull struqturull konfiguracias, Tu
arCeuli gaxBeCvis wertillebi moxvdeba am konFfiguraciis
komponentebis or mniSvneBlobas Soris. gaxBeCvebis dros
popu Baciebis Segmnis garkveu li tempis miRweva damokidebullia
in  komponentis mniSvne B obaTa konkretul konFiguraciaze,
romBebic gansazRvraven gaxBeCvas. agedan SesaZlebelia
danSHelli efeqtebis analizi, romBebic iwveven axali
popu Baciebis  warmogmnas. krosoveris operators gaaCnia
gadarcCevis garkveu i tempis SenarCunebis unarti, rac
ganpirobebu B ia gax BeCvis dros mcired gansazRvrull i

Fragmentebis SenarCunebiT.

arsebobs, agreTve gaxBeCvis dros didi ganmsazRvreli
Tragmentebis rRvevis tendencia, magram ramdenadac struqturebi,
romBebic ekuTvnian specifikur gaxBeCvas, uzrunvellyofen
Ffungcionirebis maRa il Xarisxs, mcire ganmsazRvre i
TragmantebiT TandaTan iwyeben damkvidrebas popu BaciaSi, xdeba
sxva gax BeCvebis ganmsazRvreli Ffragmentebis ricxvis efeqturi
Semcireba, rac asustebs krosoveris operatoris damSHel
mogmedebas. mutaciis operatori amorCevis Fagtorze ar axdens
mniSvne B ovan zegav Benas, ramdenadac mas ZiebaSi eniWeba mxo 1 od

Ffonuri roli.



aseT ZiebaSi SeiZBeba aRiZvras siZneBeebi, Tu arsebiTi gaxBeCva
moicavs grzel ganmsazRvre fragmentebs. es problema
warmosaxvasTan aris dakavSirebu I i da warmoiSveba
strugturulli komponentebis mimdevrobis warumatebe B i
amorCevisas. am SemTxvevaSi Ziebis produqgtiulloba inversiis
gamoyenebis gziT maR B deba. struqturaSi komponentebis
mimdevrobis SecvBlis wyaBobiT, misi gamoyeneba gmnis didi
sigrZis ganmsazRvrel TragmentebSi sigrzis Semcirebis
tendencias, amis wyallobiT Kkrosoveris gamoyenebis TFarTo
SesaZ B eb B obebi v I indeba.

ase rom, genetikuri algoriTmis SesaZlebl obebi dakavSirebullia
mis unarTan cxadi gamoTvBebisa da damaxsovrebis gareSe
parallelurad Seiswav 1 os strugturulli komponentebis
Tanmimdevrobis kombinaciaTa didi raodenoba amis daxmarebiT
mimdinareobs saZiebo ares koncentrirebulli Seswavla, yuradReba
maxvi Bdeba im areebze, romBebic Seicaven saSualloze maRali
sargeb Bianobis struqturebs. metnakBebad populacia xdeba
farTod gansazRvrulli sivrceSi, romelic Ziebas ar aZlevs

rome B ime BokaBur minimumze gaCerebis saSuall ebas.

marTallia genetikuri algoriTmebi gaTvall iswinebu lia
simbo B oebis striqonebTan muSaobisaTvis, magram is gamoiyeneba
agreTve TFfreimebze orientirebull warmodgenebSi. genetikuri
algoriTmi muSaobs did populaciebTan, romBebSic callkeuli

wevrebis simrav e mkveTrad ar gansxvavdeba erTmaneTisagan.

genetikuri allgoriTmi intensiurad ikvBlevs perspeqtiull an
miznobriv areebs saZiebo sivrceSi, ramdenadac mravall jeradi
gamrav Bebisa da Sejvarebis Sedegad am areSi grovdeba jaWvebis
kidev da kidev ufro didi raodenoba. mSobBis rangSi
algoriTmi irCevs saukeTeso mimdevrobas da am jgaWwvis mixedviT

Semdgom TaobaSi warmoiSveba ufro meti STamomavalli.



Zebnis adapturi strategiebis efeqturoba damokidebullia
specialuri tipis strugturebis, (Shema), anu msgavsobaTa
Sab B onebis arsebobaze, romBebic aracxadi saxiT Figurireben
ga-Si. yoveli SabBoni gansazRvravs | sigrZis binarul
strigonTa simravles imisda mixedviT Tu romeli biti imyofeba
TviT am SabBonis Sesabamis poziciaSi. SabBonebi maRali
Semgueb B obiT, dabali rigiT da mcire gansazRvrulli sigrZiT
gnnian ew. saSen bMNokebs~ axali struqturebis Segmnis
TvallsazrisiT. Ffagtiurad strigoni aris mocemulli SabBonis
warmomadgene Bi. magaliTad, 1*0*0 SabBons agvs 4 warmodgena :
10000; 10010; 11000; 11010. mocemu B i SabBonis warmomadgene I Ta

raodenoba Sualledur TaobaSi SeiZlleba Caiweros Semdegi
formuliT:
M(H, t + intermedi ate)= M(H, ) 102D
<f(t) > €
sadac: M(H,t) H SabBonis warmomadgenel Ta raodenobaa t

TaobaSi; f(H,t), H SabBonis Seguebadobaa t TaobaSi; xoBo <f(t)>,

t Taobis saSuall 0 Seguebadobaa.

ase rom, genetikuri algoriTmi, romelic manipulirebs
ramodenime aTasobiT JaWvisagan Semdgari popuBaciiT,
sinandvi BeSi akeTebs bevrad ufro didi ares testirebas. aseTi
aracxadi paralleBizmi genetikur allgoriTms aniWebs did

upiratesobas amocanis amoxsnis sxva meTodebTan SedarebiT[26].

genetikuri algoriTmebis gamoyeneba mizanSewonillia roca
saWiroa rTulli zedapiris gamokvBeva, raTa napovni ignas

magsima Bur SesaZlBeb B obaTa areebi.

genetikuri algoriTmebiT amocanis amoxsnisas pirvel rigSi
gamosakv Bevi obiegtebis kBasi zustad unda ignas warmodgeni I i.

aRniSnull  simravles SeiZleba vuwodoT obieqtebis sivrce.

sivrcidan unda airCes obieqtebis zogierTi S warmodgenebi.



srulli saZiebo sivrce ganisazRvreba, vTqvaT, S simravliT, rac,

igive, warmodgenebis sivrcea agedan gamomdinare SeiZleba

davweroT:

~

sl S (2

warmodgenebis simravle yoveB Tvis sasrulloa. S warmodgenebis
gamoyeneba, obieqtebis sivrcis Tvisebebisa da xasiaTis Sesaxeb
minimaBuri informaciis SemTxvevaSic ki Ziebis ganxorciellebis

saSual ebas iZ 0 eva

CvenTvis sainteresoa amocana, romel Sic moiTxoveba amonaxsnis
saukeTeso variantis povna, ramdenadac es SesaZlebelia es
niSnavs, rom oObieqtebis simravBlisaTvis unda ganisazRvros
miznobrivi f fungcia, romeBic amonaxsns aZlBevs optimalur
mniSvne Bobas. optimaBurobaze SeiZBleba visaubroT, roca

ganxi Buli igneba warmodgenaTa mTeBi Ssinravle.

Ssimravlis mimdevroba SeiZBeba ganisazRvros iseTi saxiT, rom
saukeTeso obieqtebis warmomadgen Bebs Seesabamebodes didi m

mniSvne Boba sadac M aris warmodgenaTa Sefasebis TFunqcia

ganxi Bulli saSuallebas iZBeva saukeTeso obieqtis Zieba S

simravl idan Formu B irdes Semdegi saxiT:

S_opt = MaX 3

sadac S opl S (4)
agedan gamomdinare, optimizaciis amocana SeiZlBeba Camoyall ibdes
Semdegi saxiT: unda miviRoT maxf(x), sadac X ekuTvnis saZiebo
ares f(X) miznobrivi Funqciaa, romel@sac SeiZBeba hgondes
ramodenine g BobaBuri egstremumi. amonaxsni igneba veqtori X=
(X1, X2,. + + 4 Xy). amocanis optimaBuri amonaxsni igneba X gy veqtori,

ronBis drosac f(X) miznobrivi +¥funqcia iRebs magsimalur
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mniSvne B obas. f(X)-is mravalBegstremaBurobis Sesazlebl obidan

gamomdinare, optimaBuri mniSvne B oba SeiZleba iyos ara erTi.

X parametri kodirdeba S binaruli strigoniT. miznobrivi  f(X)

funqciis gamoyenebiT SeizBeba aigos m(S) Funqcia, genetikur
algoriTmebSi igi iwodeba rogorc Seguebadobis Funqcia ase
rom TiToeuli1 S dasaSvebi amonaxsni, rome Bsac aqvs Sesabamisi
N(S) Seguebadoba, warmoadgens X amonaxsns. Cveu Bebriv,
parametrTa sivrcidan binarulli striqonis sivrceze gadasvla
xorcieldeba X, Xp,... , % cvBadebis kodirebiT saWiro sigrZis
orobiT strigonad. strigonis sigrZis SerCeva ganpirobebullia
sasurvelli sizustis uzrunvelsayofad. amisaTvis parametrebis
sivrce unda ignas diskretizebuli iseTi saxiT, ronm
diskretizaciis kvanZebs Soris daSoreba  Seesabamebodes

moTxovni B sizustes.

saZiebo sivrcis diskretizebisa da TiToeulli amonaxsnis S
strigonad kodirebisaTvis TiToeulli [a b] intervali davyoT

Tanabari sigrZis (b-a)/n nawiBad, sadac  nN-is mniSvne Bl obis
gazrda 1iwvevs strigonebis raodenobis 2zrdas. amis Sedegad
mocemu i intervalli daifareba gseBiT. gselis TiToeull kvanZs

SevusabamoT orobiTi sistemis anbani {0,1}, anu, badis TiToeul

kvanZs SeiZBeba mieniWos unikaBuri binarulli kodi | sigrZiT.
kodis sigris gazrda amonaxsnis sizustis

pirdapirproporciulia

TiToeulli S kvanZi SeiZBleba warmodgenil ignas Semdegi

Canawerebis wrFivi mimdevrobis saxiT (qromosoma):
S:(blva’:’bl) (5)

genetikuri allgoriTmis TiToeuli amonaxsni warmoadgens

Figsirebulli | sigrZis Shbinarull strigons, romellsac SeiZleba
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vuwodoT genotipi, romellic Sedgeba binarull i

mniSvne B obebisagan, rome B sac SeiZleba vuwodoT Fenotipi.

amonaxsni  Sefasdeba M sididiT, romelic Seesabameba

miznobrivi Ffungciis mniSvneBobas X wertillSi. es sidide

SeiZleba ganvixi BOoT rogorc genotipis Seguebadoba:
m = f(x) (6)

aseTi struqgtura genetikuri allgoriTmis TeoriaSi warmoadgens

saxeobas, xo B o saxeobebis erTob lioba gnnis popu Bacias [28].

popuBlaciis cxovrebis cikBi aris ramodenime SemTxveviTi
Sejvareba da mutacia, romBis Sedegadac populacias emateba
axali individumebis garkveuli raodenoba gadarCevis dros
xdeba Zve Bidan axalli popuBlaciis Formireba, romllis Sedegadac
Zveli populacia 1iRupeba. amis Semdeg axall populaciazec
vrceldeba krosowris, mutaciis da gadarCevis operaciebi.
momdevno popu Bacia Tformirdeba miznobrivi fungciis
Sesabamisad. rac ufro Seguebadia individumi, misi krosoversSi
monawi Beobisa da gamravBebis ufro meti WeSmariteba arsebobs.

ga-s gaCerebis kriteriumad CaiTv il eba popu Baciis
krebadoba(convergence), es is mdgomareobaa, rodesac yvella

strigoni Tavs moiyris optimumis areSi da Sesabamisad, maT aqvT

erTnairi mniSvne B oba(nax.2.3.1):

aRniSnulli mdgomareoba mia

T . . . .
i niShebs, rom miRweu l 1a opti-
r maBurTan miaxBovebulli amo-

/ \/’ naxsni. saboBoo amonaxsnad
SeiZ l eba

CaiTvall os bollo

W Taobis yve Baze maRall i

nax.2.2.2. Semgueb B obis mqone arseba.



seleqciis operatori (reproduction, selection) axorcielebs

gromosomebis SerCevas maTi Seguebis TFTunqciaTa mniSvne B obebis

Sesabamisad. ganirCeva seBeqciis Semdegi tipebi:

a) proporciulli gadarCeva, rulletis meTodi (Roulette-wheel

Slection), nax232, rodesac yoveli strugturisaTvis SerCeva

xdeba aBbaTobiT:;

f(0)

P (i) = (")
o .
a f()
sadac f(i) aris i-uri strugturis
Seguebadoba.

rulletis borblis yoveli seqtoris

nax.22.3. zoma P, (i)-is proporciullia SerCeva

xdeba ruletis N "gaSvebis~ meSveobiT.

b) saturniro SerCeva (Tournament Selection) n saxeobis SerCevis
mizniT axorciellebs N turnirs. yoveli turniri agebullia

popuBaciidan Kk elementis SerCevaze da maTgan xdeba ukve

saukeTeso saxeobis SerCeva.

0) “elituri- meTodebi, rombis drosac “gadarCeba~
popu Baciis saukeTeso wevri an wevrebi. amJamad yve Baze metad
gavrcellebulia mxoBod erTi saukeTeso saxeobis gadarCenis
procedura, maSinac ki roca man ver gaiara SerCevis, Sejvarebisa

da mutaciis etapebi.

TaobebSi ukeTesi strugturebis martivi gavrceBeba, Semdgomi
ufro srullyofilli struqturebis ZiebaSi araviTar biZgs ar
iZBeva. am miznebs emsaxureba Ziebis genetikuri operatorebi.
isini iReben mimdinare saZiebo aredan strugturebs da gmnian

axall struqturebs.
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mutacia inversia

100100101001010101 1001.0010.0101.1101
) 2 5 13
o =-1 ¢
100100100001010101 1001.0001.0101.1101
9 1 ] 13
o]
krosoveri
100100101001/010100 100100101001'101001

X /44"'/

por000101010/2101001 001000201010/010100

o
axal1 struqturebis agebisas maTi Semdgomi aprobaciisaTvis,
krosoveris operacia gamoiyenebs informacias, romellic arsebobs
mimdinare struqturebSi. Tu konkretuli informacia ar aris,
romelic SeiZleba daikargos wina iteraciis etapze gadarCevis
procesSi, maSin am operators ar SeuZBia Segmnas misi
Semcve B obis axalli struqtura populaciaSi axali informaciis
Sesatanad gaTvaliswinebulia mutaciis operatori, romelic
Tavisufali saxiT cvlis arCeulli struqturis erT an ramodenime
komponents.

Sejvarebis operatori (Crossover) axorciellebs jer gromo-somTa
dawyvi Bebas da Semdgom P, aBlbaTobiT maT Sejvarebas anu maTi

nawi Bebis wurTierTgacvBlas. ganirCeva krosoveris sxvadasxva

variantebi:

Sngle point crossover; Two point crossover; Uniform crossover;

Aritmetic crossover da sxva.

kBasikur ga-Si gamoyenebu B ia erTwertiliani krosoveri @ngle

point crossover). mSobeli striqonebisaTvis SemTxveviTi saxiT

airCeva gaxBeCvis erTi wertilli. STamomavBebi miiRebian

gaxBeCi b1 nawi Bebis urTierTgacvliT:



011010.01010001101 => 11110001010001101

111100.10011101001

> 011010.10011101001

mutaciis gamoyenebis mizanSewoni Boba ukavSirdeba populaciis
Bokaluri egstremumidan gamoyvanas, riTac TFaqtiurad icavs
populBacias naadrevi dasasrullisagan. mutaciis operatori

gamoiyureba Semdegi saxiT:
1110001010110 -> 1110001110110

mutaciis operatori mogmedebs, rogorc Fonuri operatori

WeSmariteba gaci BebiT mcirea.

= ga-s modelebidan originaluria ew.

genetikur allgoriTmSi, rac niSnavs, rom misi gamoyenebis
'SR

“kunZu B 'is mode Bi” (island model), nax.2.3.4.

. es aris paraleBurad mindinare

genetikuri allgoriTmebis mode 1.

\ . . j\ popu Bacia iyofa ramodenime

qvepopu Baciad, romeBTagan TiToeulli
M

nax.2.2.4.
rom arsebebi gansaxBdebian izoBirebull kunZuBebad. i1SviaTad,

viTardeba call-callke. SeiZlleba iTqvas,

(magaBiTad 5 TaobaSi) mimdinareobs migracia, es aris procesi,
roca kunZullebi awarmoeben ramodenime saukeTeso arsebaTa
urTierTgacvlas. marTalia “kunZullis modeli1” saukeTeso
amonaxsnis miRebis mizniT, gas erTdroullad ramodenimejer
Catarebis da TiToeulli kunZulis miRwevebis SeTavsebis
saSuallebas iZBeva, magram ramdenadac kunZu Bebze arc ise didia
“dasax B eba”, ris gamoc SeiZlleba moxdes qvepopu Baciebis
naadrevi krebadoba metad mniSvne Bovania sworad ganisazRvros

migraciis sixSire.

~Genitor~ mode BSi SemTxveviTi mSobBebis mxoBod erTi wyvilli

gnnis mxo B od erT STamomavalls, romeBic Secvlis ara mSobells
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aramed populaciis yveBlaze uares wevrs. marTallia TiToeul
etapze populaciaSi ganaxBdeba mxoBod erTi arseba, magram

k Basikur gasTan SedarebiT krebadoba ufro swrafad miiRweva.

Hybrid algorithm (Davis) mode B Si jer gamoyenebu Bia genetikuri
algoriTmi, Semdeg airCeva saukeTeso arseba, romBisTvisac
Sesru ldeba kBasikuri optimizaciis erT-erTi meTodi. es meTodi
aqveiTebs algoriTmis Ziebis unars, magram gBobaluri

egstremumis povnis WeSmaritebas amaR Nebs[21].

genetikuri algoriTmebis mode B ebis mrava I Ferovneba
ganpirobebullia kBasikuri genetikuri allgoriTmebis maRali
variaciu bl obis SesaZleb B obebiT. andenad, meTodis umniSvnell o
modiFficirebamac ki SeiZlBleba gamoiwvios Sedegebis mkveTrad

gaum j obeseba.

$2.3. modiFficirebu i genetikuri algoriTmi

Cvens mier SemuSavebu Bi modiFficirebulli genetikuri algoriT-mi
inarCunebs evoBuciur genetikuri Ziebis Teoriis ZiriTad
principebs, magram sakmaod gansxvavdeba tradiciulli sgemisagan.

igi SeiZ B eba warmovadginoT Semdegi etapebis saxiT [2]:

1. sawyisi populaciis Fformireba, anu mocemulli intervallidan

airCeva sawyisi genotipebis SemTxveviTi mniSvne B obebi. amave
dros cnobillia, rom X cvBadebi, anu saxeobebi, [a, b]

intervall Si Tanabrad arian ganawi Bebullni. bigi tolia

h=(b—a)/n; X =a+hx; i=@N) (1)

2. sawyisi amonaxsnebis Sefaseba. SeiZlBeba CaiTvaBlos, rom am

etapze t = 1. yoveli saxeobisaTvis gamoiTvBeba TFunqciis
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mniSvne B oba, miznobrivi Funqciis gamosaxu Bebis Sesabamisad. es
mniSvne Boba aris saxeobis Seguebadoba. igi gansazRvravs

saxeobis sicocx b isunarianobas momdevno iteraciaSi.

3. saxeobaTa sawyisi daxarisxeba. am etapze Catardeba saxeobaTa
sortireba, rac gulisxmobs saxeobebis dalagebas kHlebiT,

Seguebis maCveneb B is mixedviT.

4. saxeobaTa ranJdireba. rac iTvaliswinebs sortirebis Sedegebis

Sesabamisad yoveBi saxeobisaTvis rangis miniWebas. rangi anu

adgiBi populBaciaSi aRvniSnoT r; (j=4,M). Semdgom

ganoiTvleba TiToeulli saxeobis Seguebadobis albaToba,
formuliT.

P, (i) = — ) @)

a fa)

i=1
es aris TiToeuli saxeobis Semgueb B obis Sefardeba
popuBaciaSi Semavalli yela saxeobis jJamur Semgueb B obasTan

saxeobaTa ranJirebis xarisxis amaR Bebis mizniT gamoiTv l eba:
mM@)=P@/r; @(=1N; j=1M) @)

da SerCevis kriteriumi: mg,, :éN_ m'(i)/ N (4)
i=1

mocemuli kriteriumi saSuallebas iZBeva mTeli populacia
daiyos sam nawilBad: maRali SemguebBobis mgone ~HBiderTa
JgufFis~ saxeobebi, romBebic daeqvendebarebian krosoveris
operators; daballi Semgueb B obis mgone (CautsaiderTa jgufi-)
saxeobebad, rombBebic Semdgom evo BuciaSi ukve aRar
ganixi Bebian da saSuallo Semgueb B obis mgone saxeobebi, romlle-

bic daeqvemdebarebian mxo 1 od mutaciis operators.



5. krosoveri. am etapze xdeba WBiderTa jJgufis saxeobaTa
dawyvi Beba sortirebis Sesabamisad, aqg unda gaviTvaBiswinoT,
rom Tu popu BaciaSi kenti raodenobis wevrebia, maSin wyvilli

Seivseba saSuallo jgufidan.

yove i wyviBisaTvis saukeTeso wyvetis wertillis povnis

TvallsazrisiT xdeba Sidawyvi Buri gadarCevis |-1 cikli, romlis
drosac wyvill Ta nawi Bebi jJvaredinad SeicvBeba anu miiReba
STamomav B obis SesaZzBo variantebi, romBebic Sefasdeba
miznobrivi funqgciis mixedviT. Sida ciklis Sedegad
ganisazRvreba saukeTeso Sejvareba da ori STamomavali. Tumca,
Tu STamomavall Ta Fungciuri Sefaseba mSobe B Ta Sefasebaze

uaresi aRmoCnda, maSin maT mieniWebaT mSobe I Ta Sefaseba.

6. mutacia. saSuallo jguFis TiToeuli saxeobisaTvis tardeba |-1
Sida cikli, rombis drosac SerCeull poziciaSi Tanrigis
bituri mniSvneBoba SeicvBeba  Sida cikBis meSveobiT
gadarcCevis Sedegad ganisazRvreba mutacia TiToeulli

saxeobisaTvis.

7. daxarisxeba. Cvens mier Catarebuli SerCevaSejvarebamutaciis
Semdeg, kvBav xdeba saxeobaTa sortireba kBebis mixedviT,
rombBis drosac gamoikveTeba HBideri magsimaBuri Semgueb B obis

unariT.

8. algoriTmis dasrulleba. mocemull etapze mowmdeba HNideris

Ffungciuri mniSvneBloba. Tu momdevno iteraciaze HRideris
fungciuri mniSvneBoba Tu f,DnniSvne Boba izrdeba, maSin t=t

+1 da gadavdivarT momdevno etapze. Tu HRideris Tungciuri
mniSvne Boba aRar ganicdis zrdas an pirigiT iwyebs kHlebas,
maSin gadavdivarT mocemu B i saxeobis mutaciaze. Tu mutaciis
meSveobiT miznobrivi Fungciis mniSvne Boba ar gaizarda maSin
allgoriTmi amTavrebs muSaobas. rac niSnavs rom optimaluri

amonaxsni miRebu B ia. unda aRiniSnos, rom ramodenime iteraciis



Semdeg popu B aciis wevrebi mniSvne B obaTa erT aresSi
ganTavsdebian, es aris optimnumis are, saidanac moxdeba

optimaBuri amonaxsnis amorCeva.

allgoriTmis Rirsebad SeiZll eba CaiTvallos iteraciaTa
minimaBuri raodenoba da  amonaxsnis maRali sizuste.
warmodgeni Bi allgoriTmi, ra Tgma unda, ar aris Tavisufali
nak B ovanebebisagan, kerZzod kB asikur gasTan SedarebiT mas aqgvs
SedarebiT daballi gamoTvRiTi siCgare, rac ganpirobebulia
damatebiTi tardeba |-1 Sidacik Buri gamoTv B ebis auciBebBobiT
saukeTeso krosoverisa da mutaciis gamovBlinebis mizniT.
samagierod, aRniSnulli gadarCeva garkveulad ganapirobebs
saxeobis maRal 1 Seguebadunariani Sab BonebiT agebis al baTobas.
Cvens mier SemuSavebu B i modificirebull i genetikuri
allgoriTmisa da kWBasikuri genetikuri algoriTmis Sedegebis

analizi mocemulia $4.2.-Si.



$24. gse b is xisebr struqturebad dekompozicia

gselis marTvisas materiaBluri nakadebi nawiBdeba xe-grafis
strugturis mgone obieqtSi (wyaBmomaragebis, gazmomaragebis Tu

e leqgtromomaragebis sistemebi). zogadad, obiegqti warmoadgens

G=(X,U) grafs anu gsells, sadac X kvanZia, xoBlo U-rkallTa

simrav Be[9].

yoveBi Ul U rkali xasiaTdeba Cu = O gamtarunarianobiT.
gansakuTrebull pirobas gmnis daSveba, rom gsells gaaCnia
ramdenime wyaro (j Semomavalli nakadiT da mravalli minRebi,
romelic SeiZleba iyos yoveli rkalli Py moxmarebis moTxovniT

anu datvirTviT. obieqtSi Semavali nakadi ganisazRvreba

rogorc wyaroebSi Semomava B i1 nakadebis jami:

& :
Q=agq (=1k @
sadac: K —wyaroebis raodenobaa.

bunebrivia Semaval i nakadebi nawi B deba sistemaSi J u hakadebad,

j .E C, pirobis Sesabamnisad.

marTvis amocanis simartivis TvalsazrisiT davuSvaT, ronm

sistema daproegtebull ia magsima Buri datvirTvebis

gaTval iswinebiT anu Cu unda uzrunvelyofdes |, =Max p,

nakadis gatarebas. amdenad, gamtarunarianobis mxriv moxmarebis

moTxovnaze SezRudva ar unda arsebobdes. nakadebis marTvis
amocana mdgomareobs nakadebis iseT ganawi BebaSi, roca
rka l ebSi ganawi Bebu i nakadebis gami tolia kvanZSi Semosulli
nakadis raodenobisa. xolBo mTel sistemaSi ganawi Bebulli

nakadebi unda akmayo¥i B ebdes pirobas:



o .

al.t£Q @

u
(2) utoloba ganpirobebulia sistemaSi SesazBo danakargebiT.
obieqtis specifikidan gamomdinare misi gselBuri struqtura

unda gamoricxavdes cikBebisa da maryulebis arsebobas anu

sistema unda warmovidginoT K raodenobis xeebis saxiT, sadac

Fesvi igneba i-uri wyaro, xolo es xeebi ise unda avsebdnen
erTmaneTs, rom arc erTi rkalli ar unda daikargos ganxiBvis
sTerodan. es ar niSnavs grafebis TeoriaSi kargad cnobilli ew.
gadamfaravi (karkasulli) xis povnas, aramed qgseBuri grafis
dekompozicias zemoT aRniSnu ll xisebr strugturebad,
rome l TaTvisac avtonomiurad moxdeba nakadebis optimalur

mniSvne B obaTa gansazRvra.

Bokaluri datvirTvebisa Tu wyaroebidan Semomaval i nakadebis
T Rugtua-ciebi, agreTve avariulli situaciebi gmnian Xxisebri
strugturebis dinamiuri regeneraciis da Sesabamisad nakadebis
gadanawi Bebis pirobebs, rac bevrad arTullebs marTvis

prob I emebs.

andenad, yalibdeba gseBuri strugturis xisebr struqturebad
dekompoziciis probBema da misi algoriTnis Segmnis

auci B eb l oba.

warmodgeni Bi algoriTmi arsiT rekursiullia da garkveullad
eyrdnoba grafSi gadamfaravi xis moZebnis BFS (breadth-first

search) algoriTmis princips, Tumca mniSvne Bovnad gansxvavdeba

misgan.

upirvelesi Tavisebureba allgoriTmisa mdgomareobs imaSi, rom
gse lis dekompoziciis Sedegad miiReba ramdenime avtonomiuri,
magram urTierTSemavsebeli xe, romelTa Fesvebs swored
wyaroebi warmoadgenen. meore, gselis yoveli wibo xasiaTdeba

woniTi koeFicientiT (romBis Fizikuri anaBlogi SeiZleba iyos
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nakadi, wneva, eBegqtrodeni, datvirTva an elegtrowinaRoba da
aS). mesame, algoriTmi Sedgeba ew. bHNokebisagan, romBebic
konkretull Ffungcias asrulleben da meoTxe, algoriTmis Sedegad
miRebuBi Xxeebis mwvervallebis ganBageba xdeba ierarqiulli

doneebis mixedviT.

mocenu B ia: gse B is mwvervalebi {x}1 X, (i=1LN);

wiboebi: {u}T U, (=1M)

wiboTa incidenciis matrica, romBis elementi u,=1 Tu uy,

incidenturia x mwvervallis, xolo u, =0 Tu u, araincidenturia

x,  mwvervall isa

wyaroebi {g}1 Q, (i=1k), sadac: k — wyaroebis (igive xeebis)

raodenobag;

wiboTa wonebi {d,}T D, (I=1L,M), sadac: D -gsellis datvirTvaa.

- srulldeba modull'i "xis mwervall is SerCeva~. (sawyis iteraciaze
aseT mwvervallebad miiCneva wyaroebi). mwervallebi sortirdebian
{><1,X2,---,Xk} masivad wonis zrdadobis mixedviT. yovell bijze

SeirCeva morigi mwvervalli minimaBuri woniT. anu xdeba gadasvila
masivis Semdeg e Bementze. masivis ganxi Bvis damTavrebis Semdeg,

momdevno bijze kvBav masivis pirvell elementze davbrundebiT.

- srulldeba modulli “wibos SerCeva~. mocemu Bi xisaTvis SerCeull

mwvervall Tan incidenciis Sesabamisad SeirCeva wibo minimaBuri

woniT.

- srulldeba modulli "totis Semowmeba~. SerCeulli wibos bollo
mwervali mowmdeba pirobaze: x; =-1: Tu piroba mcdaria, maSin

wibo ixsneba ganxi Bvidan da gadavdivarT Semdeg wiboze mocemu i



mwvervall Tan incidenciis Sesabamisad darCenil wiboTa Soris
minimaBuri wonis KkriteriumiT. Tu piroba WeSmaritia, maSin
vubrundebiT ~XIS mwvervall is SerCevis~ modu I s, sadac

gadavdivarT morig mwverval ze.

- srulldeba modulli “xis +totis TFormireba~. mocemulli

Ul U wibo izZens rkallis saxes:

X
o =(xx) )

Semdeg xdeba mocemuli rkallis wonis gamoTvila
q; =¢q *+d )

amasTan, rkalisaTvis x;=-1 xolo TviTon vrkali U

ganicdis markirebas.

- srulldeba modulli 'xis donis testireba~. an dros mowmdeba
yovel1 xisaTvis mocemuli donis yvela totis Tormirebis
dasrullebis piroba. Tu piroba mcdaria maSin vbrundebiT ~xis
mwvervalis SerCevis~ modull ze da grZeBdeba xeebis Formireba
mocemull doneze. Tu piroba WeSmaritia, maSin xdeba gadasvla

Semdeg doneze da dabruneba “xis mwvervall is SerCevis~ modu I ze.

- algoriTmi wyvets muSaobas, roca yvela wibo gadaiqca rkallad

anu U, rkali markirebulia, rac niSnavs, rom gsellis xisebr

strugturebad dekompoziciis procesi dasrullda

ganvixi BloT gselis xisebr strugturebad dekompoziciis

magaBiTi:

gse i warmovadginoT grafis saxiT, nax. 241 romeBic Sedgeba

mwverva B ebisagan:
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{30 %0 %5, X4, X2 X5 X7 X, X, X0}

da wiboebisagan:

{pl’ pzi p3’ p41 p51 p61 p7’ p8’ p9’ plO’ pll’ p12’ p13’ p14’ p15}

mocemu B 1a wiboTa wonebi, Sesabamisad:

{9,12,7, 10, 14,9, 8§, 11, 10, 15, 12, 6, 9, 12, 10}

nax. 24.1.

CavTvaloT, rom X;, X da Xz aris wyaroebi, amitom SeiZleba

davuSvaT, rom X;-dan gamomavaBi wiboebia. P, Pg, Pg
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Xs-dan gamomavaBi wiboebia: P, P3, Py

xoBo Xg-dan gamomavall i wiboebia: Ps, Pg, P

gselis xisebr strugturebad dekompoziciis allgoriTnis

mixedviT SevadginoT wiboTa incidenciis matrica(cxr.24.1):

PL| PR | P| PA|P5|P6|P7 | PB| P| PIO | P11 | P12 | PI3 | PI4 | P15

X3 0 | #® 0 0 0 0 0 0 0 0 0 0 +1 0

X4 0 0 -1 -1 0 0 0 0 0 0 0 0 +1 0 0

X5 0 0 0 +1 | -1 0 0 0 0 0 0 0 0 0 0

X6 0 0 0 O|+1|+1| O 0 0 0 0 +1 0 0 0

X7 0 0 0 0 0 1| +1 0 0 4 0 0 0 0 0

X8 0 0 0 0 0 0 -1 -1 0 0 0 0 0 0 0

X9 0 0 0 0 0 0 0 0 1 +1 -1 0 0 0 0
X10 0 0 0 0 0 0 0 0 0 0 +1 -1 -1 -1 -1
CcXr. 24.1.

ganxiBuli algoriTmis Tanaxmad grafi unda daiSallos
urTierTSemavsebe B xeebad, romB Ta Fesvebs X;, X3 da Xgwyaroebi
warmoadgenen. SevadginoT mocemuli mwvervallebisaTvis wiboTa
mosazRvreobis matrica fagtiurad zemoT warmodgeni Bi wiboTa
incidenciis matrica daiSBeba wiboTa mosazRvreobis, sam
matricad, Sesabamisad Xi, Xz da Xe mwvervalebisaTvis (cxr. 242

CXr. 243. cxr. 24.4).
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P1

P2

P3

PZ

P5

P6

P7

P8

P9

P10

P11

P12

P13

P14

P15

X1

X2

X3

X4

X5

X6

X7

X8

X9

X10

CXr. 24.2.

P1

P2

P3

P4

P5

P6

P7

P8

P9

P10

P11

P12

P13

P14

P15

X1

X3

X4

X5

X6

X7

X8

X9

X10
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PL|P2| P3| P4 |P5[P6 | P/ | P8]| PO |PIO | PIL | P12 | P13 | P14 | P15
XL |0 |0 [0 [0 [0 [0 [0 |O |O |O 0 0 0 0 0
x2 [0 [o [o o [o [o [o o [o |o 0 0 0 0 0
X3 |0 [0 [0 [0 |0 [0 [0 O |O [O 0 0 0 0 0
X4 [0 [0 [0 [0 |0 [0 [0 O |O [O 0 0 0 0 0
x5 [0 [0 [o |1 [o [o [o |0 [o |o 0 0 0 0 0
X6 |0 |0 [0 [0 |1 [T [0 O |O [O 0 1 0 0 0
x7 [0 [o [o o [o [o [1 0o [o |o 0 0 0 0 0
x8 o |o |[o o [o |o [o]|]o |o |oO 0 0 0 0 0
X9 |0 |0 [0 [0 [0 [0 [0 |0 |O [O 0 0 0 0 0
X100 [0 [0 [0 [0 [0 [o [0 [o [o 1 0 0 0 0
CXr. 244,

Sesabamisad grafi daiS Beba sam xisebr struqturad, nax.24.2.

p15

x1

p8

x3

p2

nax. 2.4.2.

pl4

p12

X6

algoriTmi SevamowmoT wiboTa wonebis gaTvall iswinebiT:

X; xisaTvis, X;mwervallidan gamomavallia P, Pg da Pg wiboebi,

Pi1wibodan gamodis Pi5, xoBo Pg-dan Pjg wibo. gamoviTvaloT X;

xisaTvis wiboTa wonaTa jami: ;= S(Py, Py Pg, P15, P1g)= 55;

X; xisaTvis, Xgmwervallidan gamomavalia P,, P; da Py, wiboebi,

P; wibodan

ganodis Py3

wonaTa _janmi:

0s= S( Py P3 Py, P13)= 40;

gamoviTvaloT X;

xisaTvis wiboTa
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Xs xisaTvis, Xgmwvervall idan gamomavallia Pi,,Pg da Ps wiboebi,
Py,.dan gamomavalia P;; wibo, Pgdan - P, xolo PsdanPpP,

wibo. gamoviTvaBloT X xisaTvis wiboTa wonaTa janmi:

q6 = S( PlZl PG, P51 P111 P71P4): 59’
ganoviTvaloT mocemulli grafis wiboebis wonaTa  janmi:
15
Q= 601 P =154 . igi tolia callkeuli Xxeebis wiboTa wonebis
i=1
Jamisa
3

[«
rogorc vxedavT, Q=ad toloba sworia, rac niSnavs, rom
i=1

gse B is xisebr strugturebad dekompoziciam warmatebiT Caiara.

$2.5. nakadebis operatiulli marTva

gseluri strugqturis obieqtebis marTvis mizani ZiriTadad
gselis mravall ricxovan ganStoebebSi materiaBluri nakadebis
optimalur ganawi BebaSi mdgomareobs. gselis marTva ZiriTadad
mimdinareobs or reJinSi: normaBlur da avariull reJimebSi.
rogorc wesi, topo B ogiis didi ganzomi Bebisa da teqno B ogiuri
sirTullis, agreTve sistenis inerciullobis gamo aseTi donis
marTvis sistemebSi metad garTullebulia gadawyveti Bebis
miRebis procesi. sakiTxs bevrad arTullebs avariull situaciaTa
sixSire, rac ganapirobebs maTi HNikvidaciis mizniT marTvis

operatiu Bl obis xarisxis amaR 0 ebas.

rogorc ukve aRvniSneT gseluri obieqti SeiZ b eba

warmovadginoT grafis saxiT, sadac X mwvervall ebis (kvanZebis)
simravlea, xolo U — rkallebis sinravle. yoveli rkall i

xasiaTdeba Cu = 0 gantarunarianobiTa da agreTve pydatvirTviT.
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apriorulad davuSvaT, rom gseBi Sedgeba garkveul i raodenobis
avtonomiuri, Tanac urTierTSemavsebeli Xxisebri strugturebis
simravlisagan, romel Ta TFesvebs gare wyaroebi warmoadgenen.
amndenad, nakadebis marTva qseBSi xorcieldeba callkeulli Xxis
SemTxvevaSi damoukideb N ad, magram mT B ianobaSi
urTierTSeTanxmebu Bad, rac gselis erTiani marTvis sistenis

Fungcionirebis auci Bebe b'i pirobaal9]

BokaBuri anu callkeuli rkalis doneze datvirTvebisa Tu
sxvadasxva parametrebis cvallebadoba (sadReRamiso grafikebi,
pikuri datvirTvebi da sxva), wyaroebidan Semomavall i nakadebis
cvlilebis SemTxveviTi xasiaTi, gmnian Xis strugturaSi
nakadebis optimaluri gadanaw i Bebis pirobebs. rac

mniSvne B ovnad arTu Bebs marTvis prob ll emebs.

normallur reJimSi marTvisaTvis gamoiyeneba nakadebis
gadanawi Bebis allgoriTmi rogorc xis struqturis cvhilebis
gareSe, ise xisebr struqturaTa singronulli cvlillebebiT, rac

damokidebu B ia deFicitis xasiaTze.

ganvixi Bl oT nakadebis gadanawi Bebis algoriTmi erTi
avtonomiuri xis magaliTze, romBis ganzogadoebulli strugtura

naCvenebia nax.2.5.1-ze:
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________________________________ D

xis Fragmenti

nax. 25.1

Xis strugtura warmovadginoT doneebis saxiT, rac ganapirobebs
algoriTmis etapobriv muSaobas anu warmodgeniBi algoriTmi
mrava B etapobrivia. simartivisaTvis aRniSnulli xis struqtura
ganvixi BoT elementarulli Xxeebis sistemis saxiT, ei. yoveli
donis yove i kvanZi misgan gamomdinare rkalebis CaTvBiT gmnis
ew. elementarull xes. am proceduras SeiZlleba vuwodo

defragmentacial35].

allgoriTmi muSaobs cikBSi yoveli avtonomiuri xis callkeuli
TfragmentisaTvis daRmavali principiT anu nullovani donidan
queviT. yoveli elementarulli xisaTvis nakadebis ganawi Bebis
optimizaciis amocana mdgomareobs Semdegi miznobrivi Funqciis
Sesru BebaSt:

ap,-i,)® mn 0
o . _ O .

SezRudvebiT: Aa Ju= Aaj u (2)
ul w (i) uw (i)

P E] L EC, ®3)
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SezRudva (2) Tanaxmad G grafis yvela il X mwvervalBSi Semavalli

da gamomava B i nakadebi to i unda iyos.

algoriTmis mizania yoveli Fragmentis rkallebisaTvis ju

nakadebis iseTi mniSvne B obebis povna, romBis drosac (1) piroba
srulldeba (2) da (3) SezRudvebis gaTvall iswinebiT.

amocana wydeba genetikuri alBlgoriTmebis ($2.3) gamoyenebiT, sadac

TiToeuli | y nakadi am SemTxvevaSi warmodgeni Bia namdvi i

ricxvebis masivis saxiT. Tavis mxriv, genetikuri aBlgoriTmi
axorciellebs selegciis, krosoverisa da mutaciis operaciebs.
yove l1 operatoris win xdeba (2), (3) pirobebis Semowmeba.
fragmentulli (BokaBuri) optimumis povnis Semdeg aBgoriTmi
meordeba cikBSi, vidre nTHRianad xisaTvis ar Sesrulldeba.
Semdgom yove Bive Tavidan iwyeba da meordeba Semdegi xisaTvis
da aS. vidre mTeli gselisaTvis ar dasruldeba nakadebis

mniSvne B obaTa gamoTvBa bo B os xdeba pirobis Semowmeba:
o . ¢}
al.£EQ=aq @)
u

sadac gj —ca Bkeulli wyaros SemomavaBi nakadis mniSvne l obaa.

algoriTmi pou I obs nakadebis ganawi B ebis ramodenime
optimaBur amonaxsns, amis Semdeg miRebulli variantebidan

amoirCeva is erTi amonaxsni,
romelic iZBeva minimaBur ekonomikur maCvenebe ll s.

S(M)=4] 0,1 P min )

sadac E,(t) =1,y +Dh, b, (6)

S,(t) aris kvanZidan rkalebSi gamavali nakadebis jgamuri
danaxar ji.

E,t) _ erT rkalSi nakadis gatarebis danaxarjia;

7



Dh, mocemuli rkalBisaTvis doneTa sxvaobaa;

u
| —rkalis sigrzea

b,- erTeulli nakadis gadatanaa erTeull sigrZeze;

bz- erTeulli nakadis gadatanaa erTeull simaR Beze;

rogorc aRvniSneT, nakadebis ganawi Beba xdeba etapobrivad. jer
dakmayofi Bdeba pirveli done, rac nax.251-ze mocenulli xisaTvis

gamoiyureba Semdegi saxiT(nax. 252):

nax. 25.2.

da a.S. nakadebis ganawi B eba gagrZe B deba xis doneebis mixedviT.

Tu nakadebis gadanawi Bebam ver aRadgina sistemis mdgradoba,
maSin xorcielldeba gselis xisebr strugturaTa dinamikuri

regeneracia dekompoziciis algoriTmis gamoyenebiT.

avariull  redimSi saWiroa konkretulli rkalis izolacia da
avtomaturad wunda Seicvallos mocemuli xis konfiguracia
amisaTvis aucilebelia gselis strugturulli gadawyoba, radgan
konkretulli xis struqturis SecvBla TavisTavad gamoiwvevs

rogorc minimum momi jnave xeebis strugqturull cvlilebas.
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avariull situaciaSi, roca irRveva romellime rkallis mT lianoba
da Sesabamisad mocemulli rkalli ukve veRar ganixileba Tavis
strugturaSi, saWiro xdeba all ternatiulli variantebis gadarCeva

saukeTeso struqturis povnis mizniT.

zemoTganxi Bulli dekompoziciis algoriTmis meSveobiT moxdeba
axali xeebis regeneracia da misi realizeba rkallis bo I oebSi
arsebulli sarqvellebis (an CamrTveBebis) mier. marTvis sgema
warmoadgens aRniSnuli mowyobi B obebis binarulli mdgomareobis
masivs, romelBic gaicema dispetCerisaTvis rekomendaciis saxiT.
Semdgom ki nakadebis ganawi Bebis algoriTmis gamoyenebiT
ganisazRvreba nakadebis optimaBuri mniSvneBobebi axali

strugturebis pirobebSi.

Cvens mier ganxiBull gseBSi (na24l), davuSvaT p; rkallze

Seignna avariulli situacia el. unda moxdes aRniSnulli rkalis
izolBacia, ris gamoc nakadis gadanawi Beba Pis rkal Si, agreTve,
bBokirdeba. gseli strugturullad unda gadaewyos ise, rom pPis

rkal Si nakadis miwodeba ar Seferxdes. xis struqturulli

gadawyobisas gaTval iswinebu i unda ignas (2) da (3) SezRudvebi:

sadac: p, rkalis datvirTvaa, C, - gantarunarianoba, |, —

rkalB Si ganawi Bebu Bi nakadi.

xeebi, romelTa strugqtura TavdapirveBad warmodgenilia
Semdegi saxiT, nax. 25.3.

p3 p5
pl4 pl p6
p2

pL pt
pl13 p7

nax.2.5.3.

79



regeneraciis Semdeg miiReben aseT saxes, nax. 254.

Pl

x1

p1d

p8

p3

xeebis regeneraciis Semdeg

algoriTmT.

x3

pl4
p2

p1g
nax.2.5.4.

p5

p7

nakadebi ganawi B deba zemoaRniSnull'i



1l Tavi. materialuri nakadebis marTvis procesis
mode B irebisa da analizis algoriTmebi

$ 3.1 marTvis procesis inteleqtualluri

algoriTmebi

rogorc zemoT iyo aRniSnulli, garda genetikuri algoriT-mebisa,
gselis marTvis procesSi gansakuTrebull mniSvneBobas iZens
xe Bovnuri intelleqtis sxva meTodebis, kerZod xelovnuri
neironulli qgsellebisa da Freimebis sistemebis genetikur

algoriTmebTan erTob R ivi gamoyenebis auci Bebll oba.

nax3.1l-ze warmodgeni Blia gseBis marTvis zogadi algoriTmis
b B oksgema, sadac ZiriTad TFfungciur bHlokebs Seadgenen
monitoringisa da operatiulli marTvis inteleqtualluri
algoriTmebi, romBebic monacemTa bazebTan (statistikur
monacemebTan) erTad codnis bazebisa (Knowledge Bases), codnis
warmodgenis Ffreimulli modelisa da daskvnebis manganis
(Inference  Engine)  arsebobas efuZvneba. codnis baza
warmodgeni Bia wesebis erTobBiobis, “situaciagadawyveti leba”
struqturis Ffreimuli “gqromosomebis” simravlis saxiT, sadac
TiToeuli Freimis identifikators warmoadgens ew. fithess
indegsi, rac reallurad mocemuli konkretulli wesisaTvis
genetikuri algoriTmebisS “gromosomis” fitness-Fungciis
mniSvne Bobis equvivallenturia. amasTan, codnis bazaSi Freimebi

sortirebulia fitnessindegsis mixdviT[6,7]

bBoki 1 obieqtis marTvis procesis erT-erT umniSvne I ovanes
etaps Seadgens gselis uwyveti monitoringi, rac sakontrollo
intervaliT  mTeli sistenis avtomatur  skanirebas da
komponentTa mimdinare mniSvne B obebis monacemTa bazaSi Setanas

uzrunve Byofs.
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TiToeulli saangariSo t=1T periodisaTvis gselidan miRebulli

informaciulli masivi gmis axall “gqromosomas”, romBis “genebs”

warmoadgens qgselis komponentTa mimdinare mniSvne I obebi.

1. monitoringi.
axal i gromosomis Segmna

2. qromosonis fitness-indegsis

gansazRvra

3. fitness-indeqsis Sedareba c.b.-Si
arsebull fitnessindeqsTan

ara

diax
4. identuri indeqsisw
povna Sedga?

6. axali gromosonis
mixedviT
gadawyveti Bebis gamoTvla

9. miax Bovebu li fitness
indegsis amorCeva codnis

bazidan 5. codnis bazidan nza
gadawyveti Bebis miReba

; . . 10. neironuli nodelis
caxali gronosonis ganswav ll a.

da gadawyveti Bebis S bineba di ceri .

codnis bazaSi Setana etyobineba dispetlerisaTvis

8. mmarTveli zemogmedebis
gacema

nax. 3.1.L
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bBoki 2 genetikuri alBgoriTmebis meSveobiT, xdeba Seqmnili

axal i “qromosonis” fitness-indegsis gansazRvra.

bBoki 3. mindinareobs axalli “qromosonmis” fitnessindegsis

codnis bazaSi arsebuli Freimebis fitnessindegsebTan Sedareba
da Sesabamisad, winaswar dagrovi i “codnis” mixedviT mocemu Nl i

situaciis “Secnoba”.

bBoki 4. ganisazRvreba moxda Tu ara identuri indegsis povna

codnis bazaSi.

bBoki 5 Tu mimdinare situaciis Secnoba moxda, maSin mocemull i
fitness-indegsis mgone  marTvis freinmis Sesabamisi mza
gadawyveti Beba (anu sarqveBebis mdgomareobisa da satumbo

sadgurebis muSaobis relJimebis mniSvne B obebi) gaicema qsell ze

mmarTve B 1 zemogmedebisaTvis.

bBoki 6. Tu mimdinare situaciis Secnoba ar moxerxda, maSin
axal1 “gromosomis” mixedviT marTvis algoriTmebis (genetikuri
algoriTmebi, gselis xisebri struqturebis adapturi gadawyobis
algoriTmebi da sxva) gamoyenebiT xorcielBldeba ukve axali

mmarTve B i1 gadawyveti Bebebis gamomuSaveba.

bBoki 7. mocemuli situacia da miRebuBi Sedegebi axalli fithess
indegsis mgone TFfreimis saxiT Seitaneba codnis bazaSi. garda
amisa, codnis bazaSi, Freimebis ganmeorebis sixSiris mTvielis
indikatoris Sesabamisad, daball sicocxBisunariani Freimebi,
romBebic TiTgnis aRar meordebian, codnis bazidan amovardnas

eqvemdebarebian anu xdeba codnis bazis ganax I eba.

bBoki 8 gamoTvRilli mmarTveli gadawyveti Bebebi gaicema

obieqtze.

bBoki 9. dispetCerizaciis TvalsazrisiT, paralelurad, unda

moxdes anomaBiuri situaciis identifikacia, kerZzod gselis im



monakveTis gansazRvra, sadac moxda sistemis muSaobis

normaBuri reJimis darRveva an avariulli situaciis Segmna. am
mizniT codnis bazaSi xdeba axali “gromosonis” fithessindegsTan

magsima Burad miaxBoebuli fithessindegsis mgone ew. etalonuri

freimis povna, rome B Tanac ganTanxmeba minimaBuri igneba.

bBoki 10. axaBli “gromosomis” ganswavBis mizniT gamoiyeneba
xeBovnuri neironulli gselebis meTodi, rombBis drosac axali

“gromosoma” warmodgeni B ia neironull i model is saxiT.
ganswav B is procesSi mindinareobs Y vegqtoris magsimaBuri
adaptacia anu miaxBoeba D sasurvel (etallonur) gamomavall

veqgtorTan, roca Secdoma dbP O, rac xdeba “Faruli”
e Bementebis woniTi koeFicientebis ganoTv B aawyobiT genetikuri

algoriTmebis gamoyenebiT, sadac W wonebis veqtorebi

gromosomTa registrebs gmnian.

“gromosonis” neironu Bi mode Bis ganswav I is etapebi:

bigi 1 inicializacida sawyis etapze mocemulia “qromosonmis”
sigrZe ei. “genebis” raodenoba N, “genis” indegsis sawyisi
mniSvne B oba =0, gse B is komponentebis mniSvne BobaTa sinravle
X={x(i)}, axali “gromosoma” woniTi koeFicientebis simravlis
saxiT W={w(i)}, D sasurveli (etalonuri) gamomavalli veqtoris
mniSvne Boba, carieli simravle QQ={q(i)}, mutaciis koeFicienti

|, “gromosonis” fitness-Funqciis sawyisi mniSvne Boba Y (0).
biji 2. aiReba “qromosomis” i=i+1 “genis” mniSvne I oba.

bigi 3 gamoiTvBeba “gromosomis” fitness-Fungciis mniSvne I oba

Y=F(XW).



biji 4 mowmdeba piroba: Y=D. pirobis Sesrulebis SemTxvevaSi

gadavdivarT bijgi 5-ze. sxva SemTxvevaSi biji 6-ze

bigi 5 neironulli modelis ganswavBa dasrullebullia. gaicema
“genebis” anu gselis komponentTa simravBe {((i)}, sadac Seigmna
anoma B iuri situaciebi. miRebuli informacia  miewodeba

dispetCers da imavdroullad TFigsirdeba monacemTa bazaSi

anomall iaTa Jurnal izaciis mizniT.
biji 6. gamoiTvBeba Secdoma d =|Y- D|.

biji 7. mowndeba piroba: d(i)=d(i-1). pirobis Sesrulebis

SemTxvevaSi gadavdivarT biji 8-ze. sxva SemTxvevaSi biji 10-ze.

biji 8. mowmdeba piroba: Y>D.

biji 9. pirobis Sesrullebis SemTxvevaSi: W(i)= w()-l, xollo
sxva SemTxvevaSi: W(i)= w(i)+l; anu i-ur “genSi” srulldeba

mutaciis operatori. gadavdivarT biji 3-ze.

biji 10. mowndeba piroba: i=N. pirobis Sesrulebis SemTxvevaSi

gadavdivarT Dbiji 5-ze. sxva SemTxvevaSi biji 1l-ze
biji 11. Qsimravlis eBerenti: q(i)=d(i). gadavdivarT biji 2-ze.

warmodgeni B i inteleqtualuri algoriTmebi principullad
cvlian personallis anallizur da prognostull SesaZllebll obebs,
mkveTrad amaR Beben gadawyveti Bebis miRebis operatiull obis
xarisxs, gansakuTrebiT avariulli situaciebis warmoSobis dros.
garda amisa, sakmaod mosaxerxebelia arasrulli informaciis

SemTxvevaSi marTvis TvalsazrisiT.



$3.2. genetikuri algoriTmnisa da gselis dekompoziciis

algoriTmis aRwera

modificirebu i genetikuri algoriTmi warmodgeni Bia nax.
321-ze algoriTmi moicavs popullaciis FTormirebis, kodirebis,

dekodirebis krosoveris, mutaciis, ranJirebis bl okebs.

[ dasawyisi )

1. iteraciis nTvleli t=0

2. sawyisi populaciis fornireba

3. sawyisi amonaxsnebis Sefaseba

4.ga-s operator. Sesrulleba

diax

5. Sedegi
Seicvalla?

t=t+1

6. mutaciis Sesrulleba

diax

7. popu lacia
gaunm j obesda?

ara

8. Sedegis gamotana

( dasasrulli )

nax.3.2.1




bBoki 4 warmodgeniBia nax322-ze, romelic axorciellebs
genotipebis Seguebadobis gamoTvBas, genotipebisaTvis rangis
miniWebas, populaciis sortirebas kHBebis mixedviT, axali

popu Baciis Formirebas.

4.1 TiToeuli genotipisaTvis miznobrivi
Fungciis mniSvne Bobis ganoTvla

4.2, populaciis genotipebisaTvis
rangis miniWeba, sididis mixedviT

43. TiToeulli genotipis
Seguebadobis gamoTvla

4.4. Seguebadobis gadaangariSeba
rangTan mimarTebaSi

4.5, populaciis dalageba kBebiT
Seguebadobis maCveneb Bis mixedviT

4.6. axali populaciis formireba

nax. 3.2.2.
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bR oki 2. warmodgeni Bia Nnax. 323-ze, romelic axorciellebs saZiebo

ares dayofas 2' tol nawillad da dayofi i aredan N raodenobis |

Tanrigiani orobiTi S raodenobis strigonebis Formirebas.

&

saZiebo ares dayofa

popu Baciis wevrebis Formireba

é) nax. 3.2.3.

bBoki 3. warmodgeniBia Nnax. 324.-ze, vromeBic moicavs

dekodirebis Fungciis saSuallebiT TiToeulli striqonis ricxviT

©

1
striqonis inicializeba

|

dekodirebis FunqciiT strigonis
gadayvana ricxviT mniSvne I obad

mniSvne B obad gardagmnis b B okebs.

|

mondevno strigonze gadasvla
inc(i,1)

diax .
popu Baciis dasasr

Semowmeba

dekodirebis dasasrulli
|

©

nax. 3.2.4.




b B oki

4.1

TiToeulli

Fungciis mixedviT Seguebadobis gamoTv R is bl okebs.

warmodgeni Bia nax. 325-ze, romelic Seicavs

striqgonisaTvis anu genotipebisaTvis

strigonis inicial izeba

miznobrivi

genotipis Seguebadobis ganoTvla miznobrivi
Funqciis mixedviT

mondevno strigonze gadasvla

ara popu Baciis dasasr.

Semownmeba

[ Seguebadobis ganoTvlis ciklis }

dasruleba

nax. 3.2.5.
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bBoki 42 warmodgeni Bia nax326.-ze, romelic Seicavs sawyisi

rangis inicializaciis, callkeuli strigonisaTvis rangis

miniWebis b B okebs.

striqonis inicial izba
rangis iniciall izeba

magsimaBuri Seguebadobis strigonis anorCeva

striqonisaTvis Sesabamisi rangis miniWeba

mondevno strigonze gadaadgi Beba

ara

popu Bacia dasrullda?

diax

ranJirebis dasrulleba

nax. 3.2.6.




b B oki 43  warmodgeni Bia  nax327-ze, romelic Seicavs
poRulaciis Jamuri Seguebadobis gamoTvhis, populaciis

TiToeulli wevris Seguebis albaTobis gamoTvlis bl okebs.

strigonis inicializacia

|

popu laciis jJanuri
Seguebadobis gamoTv Ha

l

genotipis Seguebadobis gamoTvla
formuliT

(i)

p(i) =

Semdeg strigonze gadasvla

ara

popu Bacia
dasru B da?

genotipebis Seguebad. gamoTvlis dasasrulli

nax. 3.2.7.

91



bBoki 44 warmodgeniBia nax. 328-ze, romelBic aerTianebs
popu Baciis wevrebis rangis mixedviT Seguebadobis
gadaangariSebis bl okebs, rac warmoadgens populaciis daxa

risxebis winapirobas.

sawyisi strigonis iniciallizacia

striqonis Seguebadobis gadaangariSeba rangis mixedviT

m = pir;

momdevno strigonze gadasvla

ara
popu Bacia dasrullda?

diax

Seguebadobis gadaang. rang. mix. dasrullda

@

nax. 3.2.8.
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bBoki 45  warmodgeniBia nax.3.29-ze, romelic moicavs
popu Baciis wevrebis saSuall 0 Seguebadobis mixedviT populaciis

wevrebis sortirebis bl okebs.

sawyisi strigois inicializaciai=0

max (m) is gansazRvra, i =1, N

magsimaBuri Semgueb . genotipisaTvis

Sesabamisi | indegsis miniWeba

momdevno strigonze gadasvla
inc(i,1)

ara

popu Baciis Semowmeba
dasrullda?

popu Baciis sortirebis dasasrulli

nax. 3.2.9.
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bBoki 46 warmodgenilli nax 3210-ze, romeBic Seicavs
populaciis saSuallo Seguebadobis gansazRvris, populaciis

wevrebis daxarisxebis, krosoveris, mutaciis, bl okebs.

populaciis saSualo Semgueb B obis gamoTvla

r‘rgash: é. rr’(l)/n

i=1

popu laciis daxarisxeba Semgueblobis
mixedviT

maRall i Semgueb B obis striqgonebis
dawyvi B eba

saukeTeso gax BeCvis wertilis povnis
Sida cikBis Sesrulleba

wyvi Bi strigonebis krosoveri

saSuallo Semgueb B obis strigonebi-
saTvis saukeTeso mutaciis povnis
ciklis Sesrulleba
[

mutaciis operaciis Sesrulleba

dabali Semgueb Bobis strigonebisagan
popu Baciis ganTavisufBeba

axali populaciis Formirebis
proceduris dasasrulli

nax.3.2.10.



gse B is xisebr strugqturebad dekompoziciis algoriTmull1 sgema

mocemu B ia naxJ3.21l-ze, romelic Sedgeba wyaroebis anu

mwverva l ebis

SerCevis, doneebis inicializaciis,

SerCevis bl okebisagan.

C dasawyisi )

I
incidenciis matricis gansazRvra
(wyaroebi=mwvervall ebi, wiboebi)
I
doneebis, wyaroebis iniciallizacia
m=0;1=0;
I

ara

|
Semdeg doneze gadasvlam=m+1
I

wiboebis

I
Semdeg wyaroze gadasvlla =1+ 1
I

wibos SerCeva mininaBuri woniT d, =d™"

SerC. wibos hollo diax

mwvervall i XJ- =-1

Sendeg wiboze gadasvla q; = +d;; (Xj =-1)

yvela wyaro Semownda? ara

yvela done Semownda?

( dasasrulli )

nax. 3.2.11.
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$3.3. nakadebis marTvis algoriTmebi

sistemis operatiulli marTvis algoriTmis ganzogadoebuli

b B ok-sgema naCvenebia nax.3.3.1.—ze.

Tu moTxovna  dakmayofilebulia sistema  Funqcionirebs
Cveulebriv redimSi. Tu deficiti normis TFargBebSia, maSin
nakadebi gadanawi B deba genetikuri algoriTmebiT, XIS
struqgturebis cvlilebis gareSe, romblis modeli warmodgeni lia
$25-Si. Tu deficiti ar aris normis fargBlebSi, rac niSnavs rom
wyaro ver uzrunvellyofs moTxovnaTa dakmayofiBebas, an
avariulli reJimia, maSin jer mimdinareobs gselis struqturis
cvlilleba, romBis modeli warmodgeni Bia $24-Si, Semdeg Ki
axali strugturebis pirobebSi nakadebi gadanawi B deba
genetikuri algoriTmebiT[4].



Semava B'i monacenebi

avariis detegtireba

gsellis struqturis
cvlileba

sarqve Bebis
matrica

ara

moTx.dakmay

deficiti nornm
farglebSia?

diax

gse B Si nakadebis ganawi Beba genetikuri
algoriTmebis gamoyenehiT

wnevebis

matrica

nax. 3.3.1.
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nakadebis ganawi Bebis algoriTmis bBoksgema, normaBuri

reJimisaTvis, warmodgeni Bia nax.332.-ze,

doneebis inicial izaciis, doneebis

romelic moicavs XIS

mixedviT

algoriT-mebiT nakadebis ganawi Bebis bl okebs.

( dasawyisi )

gselis fragmentacia xis
strugturebad

genetikuri

xis donis inicializacia

genetikuri algoriTnis
gamoyenebi T nakadebis ganawi leba

Bokaluri optinumi
napovnia?

gadasvla xis Semdgom fragmentze

optimumis povna mTe-
Bi xisTv. dasrullda?

ara

momdevno xeze gadasvla

optinumis povna mTeli
gselisTvis dasrulda?

( dasasrulli )

nax. 3.3.2.




nakadebis marTvis algoriTmis bl oksgema, avariulli reJimisaTvis,
warmodgeni B ia nax. 33.3-ze, romellic moicavs avariis

deteqtirebis, axali Xxeebis generaciis, nakadebis etapobrivad

( dasawyisi )

ganawi Bebis b B okebs.

inicializacia: gselis mwvervalebi,
wiboebi, mwvervalebi

rkalis mT Bianobis
darRv. aRnoCeni Bia?

gselis xelBaxali dekompozicia

axall i xeebis generacia

nakadebis ganawi Beba etapobrivad

mTeli gselisaTvis
ganawi I. dasrufll da?

< dasasrulli >

nax. 3.3.3.
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$ 34 inFormaciulli uzrunve lyofa da

marTvis sistemis struqtura

monacemTa bazebis modelis arCevisas upiratesoba mieniWa

reBaciur monacemTa bazebs, romell Tac moTxovnebis Formirebis
Zhieri instrumentulli saSuallebani gaaCniaT SQL enis saxiT,

agreTve Tavsebadi arian GIS-is interfeisTan da codnis

bazebTan. monacemTa bazis strugturas aqgvs Semdegi saxe(nax.3.4.1):

Damage -
: g 10 amap Pipeline ! I“t'de“Fe
Dama_vid iy T B[ e | 10_Icderee :
B 10_ama i ™ byt - 10 Amim Junttmnsl
dmanekls ] 10 b | 10 hetion
|10 Fim Diameli . o
10 amaid E,qjlgmer[_rniq .\.ITU.IIZII'LTT'E
Py tmmen,_mami j
D:I=ﬂ W
Yalves Pumps
Pressute T {10 Rump
? 10 Pimsie e . Wum e _Pump
Tank L]
[ig_Hau 10 hundinn
T0 ke
Prmsyim
Pipeline State
Yalve State | 1 abmen Tanks State
B 0 Vobvm_Ste Tah B 10 Tam e Tanks waleryay
Tak Tal 110 Tant ﬂ ) [10_man wemy
Dig_Haun Dig_Ha Hfgtn ID_.IhrUJun
10 Vahe 10 Tant i el j (et
Gaphigm Lipymn Vakume ﬂ
Waterlay State
Wells State Wells B[ ey 5t
ATTE B/ 10 vl Tl
Tail P [ How
I[:_uil_\:T:l 10 umdimn Id_'|'|'3,g|'|'|'5r
[, b WateriWay Stat
nax. 3.4.1.
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monacemTa bazis Semadgene i cxrilebis strugturebi:

cxrilli 341 “kvanZi™
ve lis dasaxe I eba Field name Type Size
kvanZis kodi (Primary key) ID_Junction Num int
simaR e Altitude Num int
cxrilli 342 “Semomavall i magistrall i~
velis dasaxe Beba Field name Type| Size
kvanZis kodi ID_Junction Num int
magistralis kodi (Primary key) | ID_main waterway | Num | int
debeti Debit Num | longint
cxrilli 343 “milBsadeni”
velis dasaxe leba Field name Type | Size
mi B sadenis kodi (Primary key) ID_Pipeline Num | int
sigrie Length Num | int
dianetri Diametr Num | int
min. moTxovni Beba Requirement_min Num | int
nomin. moTxovni Beba Requirement_nominal [ Num | int
cxrilli 344. “incidencia”
velis dasaxelBeba | Fiedldname | Type | Size
kodi (Primary key) | ID_Incidence | Num | longint
mi B sadenis kodi | ID_Pipeline | Num int
kvanZis kodi ID_Junction | Num int
incidencia Incidencia bit 1
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cxrilli 345 “satumbo sadguri”

ve lis dasaxe I eba Field name Type | Size
satumbos kodi (Primary key) ID_Pump Num int
kompres. raodenoba Number of Pump | Num int
simzBavre Power Num | longint
kvanZis kodi ID_Junction Num int
cxrilli 346. ‘rezervuari”
velis dasaxe leba Field name | Type | Size
rezervuaris kodi (Primary key) | ID_Tank | Num | int
rezervuaris simaRle Heigth | Num | int
minimaBuri done min_Level | Num | int
rezerv. mocu loba Volume | Num | int
satumbos kodi ID_ Pump | Num | int
cxrilli 347 “adgi Bobrivi rezervi”:
velis dasaxe Beba Field name | Type | Size
WaburRilis kodi (Primary key) | ID_Well | Num int
warmadoba Pattern Num | longint
kvanZis kodi ID_Junction | Num int
cxrilli 348 “sarqvelli”
velis dasaxe leba Field name | Type | Size
sarque Bis kodi (Primary key) ID_Vave | Num | longint
saTave/bolo terminal bit 1
mi Bsadenis kodi ID_Pipeline | Num int
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cxrilli 349 “miBsadenis mdgomareoba”

velis dasaxelBeba | Field name | Type Size
kodi (Primary key) | ID_Dynamic | Num | longint
TariRi Dro Date | Date | ShortDate
dro Dro Hour | Time int
mi Bsadenis kodi | ID_Pipeline | Num int
wneva Pressure Num int
nakad i How Num | longint
moTxovni B eba Requirement | Num | longint

cxrili 3410. ‘rezervuaris mdgomareoba”:

velis dasaxeBeba | Field name | Type Size
kodi (Primary key) | ID_State | Num | longint
TariRi Dro _Date | Date | ShortDate
dro Dro Hour | Num int
rezervuaris kodi | ID_Tank | Num int
wyBis done Uroven | Num int

cxrili 3411 WaburRi lis ndgomareoba”

velis dasaxeleba | Field name| Type Size
kodi (Primary key) | ID_State | Num | longint
TariRi Dro Date | Dae | ShortDate
dro Dro Hour | Num int
WaburRi lis kodi ID_Well | Num int
warmadoba Pattern Num | longint
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cxrilli 3412 'magistrallis mdgomareoba”

velis dasaxeleba | Field name | Type Size
kodi (Primay key) ID_State Num  longint
TariRi Dro Date | Dae ShortDate
dro Dro Hour | Num int
magistralis kodi | ID_magistrali | Num int
debeti Debit Num  longint

cxrili 3413 “satumbo sadguris mdgomareoba”:

vellis dasaxelea Fddname Type Sz
kodi (Primary key) | ID_Func Command | Num |  longint
TariRi Dro Dae Dae | ShatDae
dro Dro Hour Num irt
satumhos kodi ID_Pump Num ire
sinZ Bavre Power Num| longnt

cxrilli 3414 “sarqve B ebis mdgomareoba™

vellis dasaxe Beba Hddrame Tye| Sz
kodi (Primary key) | ID_Sruct Commend | Num | longint
TariRi Dro Dae Dae | ShotDae
dro Dro Hour Num irt
sargwelis kodi ID_Vave Num| lognt
mdgomareoba Digohvagm Num irt
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cxrilli 3415

“avariull i situaciebi”

velis dasaxeleba | Field name | Type Size
kodi (Primary key) | ID_Damage | Num | longint
TariRi Dro Date | Date | ShortDate
dro Dro Hour | Num int
mi Bsadenis kodi | ID_Pipeline | Num int
avariis saxeoba |ID_Damavid | Num int

cxrili 3416. "avariis saxeobebi™

velis dasaxelBeba | Fieldname | Type | Size
kodi (Primary key) | ID_Dama_ vid | Num | int
dasaxe 0 eba dasaxeleba | char | 100

cxrilli 34.17. “wnevebi mi B sadenebSi”;

velis dasaxe B eba Field name Type Sze
kodi (Primary key) | ID_Struct_ Command | Num | longint
TariRi Dro _Date Date | ShortDate
dro Dro_Hour Num int
sarqve lis kodi ID_Valve Num | longint
wneva Pressure Num int
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monitoringis sakontro B o monacemTa informaciu i masivi:
D- TariRi (Primary key);

T - dro (saaTi) (Primary key);

FI - mdgomareobaTa Ffreimis fitness-indegsi;

T1 - #1 rezervuarSi wylis done;

Tn - #n rezervuarSi wylis done;

M1 - #1 magistrall Si wylis debeti;

Mn - #n magistrall Si wy B is debeti;

W1 - #1 WaburRi Bis paterni;

Wn - #n WaburRi Bis paterni;
Pl - #1 satumbo sadguris simZBavre;

Vn - #nsarqve 1 is ndgomareoba;

VPl - #1 sarqvelis wneva;
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garda monacemTa bazisa, informaciulli uzrunveByofa Seicavs
agreTve codnis bazas, romelic ZiriTadad ori cxrillis saxiT
warmodgeni Bi  Freimisagan Sedgeba: mdgomareobaTa Freimi da

marTvis Freimi.

mdgomareobaTa freimis struqtura Sedgeba Semdegi sHBotebis

anu “genebisagan”:

FI - mdgomareobaTa Freimis fitness-indegsi (Primary key);

Tl - #1 rezervuarSi wylis done;

Tn - #N rezervuarSi wy B is done;

M1 - #1magistrall Si wylis debeti;

Mn - #n magistrall Si wylis debeti;

W1 - #1 WaburRilis paterni;

Wn - #n WaburRi Bis paterni;

P1 - #1 satumbo sadguris simZBavre;

Vn - #N sarqve Bl is mdgomareoba;

VP1 - #1 sarqvell is wneva;

marTvis TFTreimis struqtura Sedgeba Semdegi sBotebis anu

“genebisagan”:
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FI'’- marTvis Freimis fitness-indegsi (Primary key);

Pl - #1 satumbo sadguris simZ B avre;

da aS.

mdgomareobaTa da marTvis Freimebi warmoadgenen erTnairi
fitness-indegsiT (1  asociaciuri kavSiri) dakavSirebu
cxrillebs, romBebic gnnian Bogikur mT B ianobas. mdgomareobaTa

da marTvis Freimebis strugturebi naCvenebia nax.3.4.2.-ze:

freinuli mdgomareobaTa Freinu B

' Qo fitness- i i
fitness-  Freinis struqtura indeasi marTvis freinis
indegsi g R strugtura

[]

r A

sl otebis statis tikuri
sinravlle
freinebis sinravlle

nax. 34.2.
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gvemoT mocemuBia mdgomareobaTa da marTvis TFreimebis
procedurebi:

Unit Frame;

interface

uses Windows, Messages, SysUtils, Classes, Graphics, Controls,
Forms, Diaogs, StdCitrls, Buttons;
type

TForml = class (TForm).

ListBox1 : TListBox;

ListBox2 : TListBox

procedure FormCreate (Sender : TObject);
procedure ListBox1(Sender: TObject);
procedure ListBox2Sender : TObject);
procedure M dg;

procedure Mart;

Procedure TForml.ListBox1Click (Sender: TObject);

var i integer;
begin
ListBox1.Clear;
for i := 0to Forml.MainMenul.ltems.Count-1 do

ListBox1.ltems.Add(Form1.MainMenul.ltemg[i].Caption);
ListBox1.Itemindex := 0;

Procedure Mdg;
var F1,T1,...TnM1,... MnW1,... Wn,P1,...,Pn: Longint;
V1,...,Vn: Boolean; VPL,...,.VPn : Integer;

Begin
if (F1) and(T1...Tn)and (M1...Mn) and (W1...Wn) and (P1...Pn)
and (V1...Vn) and (VPL...VPn) then Mart;

Procedure Mart;
var F1,P1,...,Pn: Integer;
V1,...,Vn: Boolean;
Begin
F1.=f1; PL:=p1;.....,.Pn:=pn; V1:=vl,...Vn:=vn;

Procedure TForm2.ListBox2Click(Sender: TObject);

var i: integer; begin

ListBox2.Clear;

for i:=0 to Forml.ManMenul.ltems[ListBox1.Iltemindex].Count-1 do

ListBox2.I1tems.Add(Form1.MainMenul.ltemg]
ListBox1.ltemindex].Iltemg[i].Caption);

ListBox2.Itemindex := O;
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cennnS€ IS marTvis sistenis strugtura.

s erver.

i

P T T w w M M
n 1 n n 1 n 1 n
S e n S o r e b i
Pl .. | P \Y
n 1 n
marTvis organoebi
nax. 3.4.3.

sakontrolo t=1T  intervaliT xdeba mTelBi sistenis

avtomaturi skanireba da komponentTa mimdinare mniSvne I obebis
(Cgenebis”) monacemTa bazaSi SetaniT informaciulli masivis anu

axall1 “gromosonmis” Formireba.
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$35. programu i komp Begsis struqtura da interfeisi

marTvis sistenmis programulli

warmodgeni B ia nax.35.1-ze

mTavari
programa

4 gselis
dekompozicia

2. codnis
bazis
Freimebi

axali strug-
turebis gener.

mza
gadawyveti leb
is Zebna

3. genetikuri
algoriTnmi

popu Baciis
iniciall izeba

popu laciis
analizi

qromos.
dawyvi Beba

axalli.

analizi

komp B egsis

krosoveri

popu Baciis

struqtura

1 gselis
monitoringi

axali
gromosonis
formireba

gromosonmis
fitness indegsis
gansazRvra

fitness indegsis
anallizi

5. Setyobineba
dispetCerisaTvis

neironulli nodelis
ganswav Ba

nax.3.5.1.

dasasrulli
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modu Bebis daniSnu B ebis aRwera:

programa dawerilia vizuallur, obieqt-orientirebul
progranirebis enaze — Delphi, progranulli moduBebis saxiT. es
ena mooni i da swrafgrnedia mTavari programis saxellia
MainGeneticProgram, romeBic Sedgeba Semdegi modu lebisagan:

1. gselis monitoringi, 2. codnis bazis Treimebi, 3. genetikuri
algoriTni, 4. gselis dekompozicia, 5. Setyobineba

dispetCerisaTvis.

1. gselis monitoringi Sedgeba procedurebisagan:

- axalli gromosonis formireba;

- gromosonis fitnessindegsis gansazRvra;

- fitness indegsis analizi anu fitnessindeqgsis Sedareba codnis

bazaSi arsebull fitnessindegsebTan;

2. codnis bazis Freimebi Sedgeba procedurisagan:
- gseBSi nmimdinare mdgomareobis Sesabamisi gadawyveti Bebis

Treimis Zebnis procedursyg;

3. genetikuri algoriTmi Sedgeba procedurebisagan:

- sawyisi populaciis Fornmireba;

- popu Baciis analizi anu sawyisi popu Baciis gadarCeva,
- gromosomTa dawyvi B eba;

- qromosomTa wyvi Bebis krosoverti;

- gromosomTa mutacia;

axall i populaciis analizi;

axall i1teraciaze gadasvla an dasasruli;

4. qse b is dekompozicia Sedgeba qveprogramisagan:

xeebis axall 1 struqturebis generireba;

5. Setyobineba dispetCerisaTvis Sedgeba procedurisagan:

neironull i model is ganswavlla, romelic moicavs mutaciis gziT

gqse B is dazianebu B'i ubnebis deteqtirebas.
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marTvis sistemis interfeisis struqtura
sistemasTan muSaobis diaBloguri procedurebis strugturull i sgema

warmodgeni B ia nax.35.2.-ze:

nTavri meniu
instrugcia
formebi
moTxovnebi
angariSebi
dasruleba
I [ [ |
instrugcia formebis meniu moTxovnebis meniu angariSebis meniu
satunbi sadgur avariebis
ndgomareoba | | | magistrali sarqve B ebi 1|  milsadeni ] Sesaxeb
rezervuarebis mindinare
mdgomareoba | | | sarqueBebi avaria T| rezervuarebi | || mdgomareoba
magistral is magistrali
ndgomareoba [ || WaburRili BB wnevebi | parametrebi
sarqve Bebis mi B sadenis satumbo
mdgomareoba mdgomareoba sadgurebi WaburRi ki
WaburRi Bebis
mdgomareoba | | | incidencia
satunbi
sadgurebi B wnevebi
rezervuari
avaria
nax.35.2.
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IV Tavi. materialuri nakadebis marTvis sistemis
eqsperimentull 1 Semowmeba
$4.1. operatiulli marTvis imitacia

operatiulli marTvis imitaciis mizniT, magaBiTisaTvis, obieqti

warmovadginoT Semdegi sgemiT, nax.4.1.1.

nax. 4.1.1.

Cvens mier warmodgeni B magaBiTze, qseli Sedgeba Semdegi
obieqtebisagan:

3-magistrali;

3-rezervuari;

3-satumbo sadguri;

18-mi B sadeni (rkal i),
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33-sarqvebi, romeBic ganTavsebullia Semomavalli wyaroebis
rkalebSi da TiToeulli rkallis Tavsa da bo 1 0Si.

sistemaSi Semavall i parametrebia
__nakadebis matrica;
__gamtarunarianobis matrica;
moTxovni BebaTa anu datvirTvis matrica,
kvanZebisa da rkalebis incindenciis matrica;
wnevebis matrica;
satumbo sadgurebi;
rezervuarebi;
adgi B obrivi hidroresursebi;
sarqve Bebis matrica;
dro (saaTi),
Semomava B 1 magistrali;
energiis xarjis erTeulli satumbo sadguris mier;

energiis moxmareba.

gamomava I i parametrebi, romellic dispetCers miewodeba
rekomendaciis saxiT:

__ sarqve Bebis mdgomareobaTa matrica;

__ satumbo sadgurebis mier ganviTarebu li wnevebis matrica;

_avariulli situaciis Sesaxeb informacia.

konkretull moTxovna asaxavs parametrebis cvlilBebis dinanikas
droSi, kerZzod dReRamis an sezonis ganmav I obaSi:

__ moTxovna “nakadi-dro”;

_ moTxovna ‘moTxovni Beba-dro”;

_ moTxovna “wneva-dro”;

_ moTxovna "rezervuaris donedro”;

_ moTxovna "Semomava Bl i nakadi-dro”;

_ moTxovna "adgi Bobrivi hidroresursi-dro”.
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$4.2. modiFficirebulli genetikuri algoriTmis Sedegebis
anall izi

SemuSavebu B i modificirebulli genetikuri algoriTmi
Semowmebu B igna programu B ad, sxvadasxva Funqciebis magaliTze.

SedarebiTi anaBizisaTvis moyvani Bia erT-erTi magaBiTi.

miznobrivi Ffungcia: f(x)=x+|sn32X|, sadac O£ X£4

programa agenerirebs sasurveli raodenobis SenTxveviT orobiT
strigonebs. magaBiTisaTvis aviReT 20 Tanrigiani strigoni.
CavatareT erTwertiBiani krosoveri. Sedegebi davaFigsireT. amis
Semdeg CavatareT amnorCeviTi krosoverti, Cvens mier
SemoTavazebu i modiFicirebulli genetikuri algoriTnis

mixedviT.

Sedegebma  uCvena, rom SemTxveviTi gaxBeCvis pirobebSi
optimaluri amonaxsni napovni igna 6 iteraciaSi da amonaxsnia
357358. sur. 4.21-ze warmodgeni Bia Sedegebi, romeBic miviReT
mocemu B i magaB iTis amoxsnisas genetikuri algoriTmT,
rome BSic Catarebullia erTwertilliani krosoveri. suraTze
naCvenebia, pirobiTad, bolBo iteraciis Sedegebi, sadac Cans,
rom amonaxsni Bokalizda erT areSi, rac niSnavs, ronm
iteraciebis Semdgomi gagrZelBeba amonaxsnis cvilillebas aRar
gamoiwvevs. Faqtiurad miRebu B ia optimaBuri amonaxsnis are, anu

Cvens SemTxvevaSi napovnia magsima Buri amonaxsni.
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SemTxveviTi gaxBeCvis pirobebSi

progranulli fanjara

optimaBuri amonaxsnis povnis

-oX

Tﬁmm

T O O VN R Ve i
[OUOHIEDNO00D  [00OIGRONODO0I0L  [ICKRIOUIO0N00 (L0000 [ O0I0I0WOLOLE
< Xu_'_qu m BOLTIRE TOAGOED ,15— T e e )

11010101001000110000 11010101001000110000 A Tm X DBDRLG0S

3.57356470956568 35735847 0956568 R D

11010101001000110000 11010101001000110000

3.5735847 0956965 35735847 0956965 TISETRAG

11010101201000110000 110101010010001 10000

3.57356470956965 35735847 0956965

11010101001000110000 11010101001000110000

35735847 0956965 35755547 0956965

11010101001000110000 11010101001000110000

3.57356470056968 357358470056968

11010101001000110000 11010101001000110000

3.57356470956968 35735847 0956968

11010101001000110000 11010101001000110000

3.5735847 0956965 35755847 0956965

11a10101801000110000 11a10101a0100a110000

3.57356470956965 3.57 358470956968

11010101001000110000 1101010100100011001

3.5755847 0956965 3.57524093281352

11010101001000110000 1101010100100011001

3.57356470056968 357324003261352

11010101001000110000 11010101001000110000

3.5795847 0956965 35755847 0956965

11010101001000110000 11010101001000110000

3.57356470956468 3.573584709564968

11010101001000110000 11010101001000110000

4 E79E 8470956350 3 £7708 170956960 I O e Ve ‘ BARSRIENT ‘

11010101001000110000 11010101001000110000 v Illlﬁﬁilll

BELEIENM
Btk

sur.4.z2.l.
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modiFicirebulli

cikBuri gadarCevis gaxBeCvis dros 2 an magsimum 3

miviReT

Sedegi,

genetikuri

algoriTnmis

ronelic udris 407803,

miax Boebu B ia optimaBurTan.

sur4z22-ze.

programull i

SemTXxvevaSi el.
i teraciaSi

gaci lebiT

naCvenebia

Y‘ Form1

=

|ﬂlﬂ[lllﬂlﬂlﬂlﬂllﬂﬂlﬂ[l |00110000111111011110 |01000110111011110000 |10000101101000110000 |00001111101010110000 ANEMLEIENM
|10110111100111000000 |00101100011001001101 |11010101101111000100 |110101010010[Il{!00011 |10010010100110101110 TAReEs
|{| X"::-|4 ’117 DobfORE0L T &0 ’457 dodL0osr a0 B0R0G0
11000101101000110000 01001101010101100100 & mompan DBOASEDS
40780356429753 2 03290465392574 T [ [
11000701101000110000 10110111100111000000

40760356429753 351196660206046 s

11001101010101100100 00110000111111011110

405206871613 1.36019464167379

11000710111011110000 00101100011001001101

3.98272293960766 0897955326 249628

11000110111011110000 01000110111011110000

3 9827229396076 189739761 866649

11000110111011110000 11010101101111000100

3.98272293960766 3393114872697

11010110111011110000 10000101101000110000

3 9656286435641 2 3508752640302

11010110111011110000 11010101001001000011

3 9656286435641 3571 40690762559

11010110111011110000 00001111101010110000

3 9656286435564] .24461207319843

10101101010101100100 10010010100110101110

367090700579922 315605827351 183

110707001 11011110000 00170111100111000000

366749781818317 .32146746712474

10110711110101100100 11001101010101100100 REOETRS

3593023036715 405206871613

11070701001000110000 01110111100111000000

3.57358470956968 1.98307402001009 ERHIARGDE Y R aNa)
11010701001001000011 woonomon N O

sur.4.2.2.
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$4.3. nakadebis ganawi B ebis Sedegebis anallizi

nakadebis ganawi Beba Semowmebul igna programullad, erTi
wyarosa da misi ganStoebebis magal iTze. programaSi Semavalli
monacemebia: wyarodan Semosulli nakadi; gselBis ganStoebebSi
minimaBuri  moTxovnebi da moTxovnebi drois mocemuli
momentisaTvis. programis Sesrullebis Sedegia ganawillebulli
nakadebi. nakadebis Semavalli da gamomavalli parametrebis

mniSvne B obebi mocemu B ia cxri B Si(cxr.43.l):

wyarodan Semosu li nakadi 445
ganStoebebi min. moTxovna mﬁg;(e?]\ilgit ganig;;di%l: b
pl 20 50 30
p2 30 65 45
p3 40 70 50
p4 25 55 35
pPS 35 65 45
p6 45 70 50
p7 95 70 52
p8 60 85 63
p9 35 50 32
pl0 45 60 41
cXr. 431
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sur43l-ze gamosaxu ll ia ganStoebebSi drois mocemull t momentSi

moTxovnaTa da ganawi Bebu Bi nakadebis diagramebi.

ganStoebebi xasiaTdebian gansxvavebu i SezRudvebiT. programa
SezRudvaTa gaTvaliswinebiT kvanZSi Semosull nakads anawi Bebs

moTxovnaTa kriteriumis Sesabamisad.

160
140 ~
120
100 ~
80 ~

60 - /\/—/\/
40 A
20 A

sur.4.3.1.
rogorc diagramidan Cans ganawi Bebulli1 nakadi miaxBoebullia

drois tmomentSi moTxovnasTan.
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daskvna

Catarebull i Teoriulli da egsperimentulli gamokv B evebis

safuZve I ze SeiZl eba gavakeTOT Semdegi daskvna:

1. damuSavebu B ia materialuri nakadebis optimaBuri ganawi Bebis

mode Bi modificirebulli genetikuri algoriTmis gamoyenebiT,;

2. dasmulia deficitis, aseve avariulli relimis problema da

SemoTavazebu B ia misi gadawyvetis optimaluri varianti. am
mizniT damuSavebuBia gselis dinamiur xeebad dekompoziciis

algoriTni;

3. sistemis operatiulli marTvis TvalsazrisiT damuSave-bull ia
inteleqtualuri algoriTmebi, kerZod konkretulli situaciis
operatiulli identifikaciis mizniT damuSavebullia xeBovnuri
neironulli gsellebis modeli, xoBo gadawyvetiBebis miRebis
operatiullobis TvallsazrisiT - codnis warmodgenis Freimulli
model i;

4. damuSavebu Bia materiaBuri nakadebis operatiulli marTvis

sistenis informaciulli da programulli uzrunveByofa MS SQL

Server, MS Access, obieqt-orientirebu l i sistenebis bazaze;

5. warmodgeni Bia nakadebis marTvis programulli Sedegebis

analizi.
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nakadebis marTvis sistemis interfeisi

Tormebis maketebs aqvT Semdegi saxe:

23>0

sgsthaat joga |

Jabogghab goma I = |
sgsthant bshgada | |

T

L8 T | R

Recard: I1| 14 || 1) [k |>||b*|ﬂ|>!_.l af 1

DEOHEIBGDY

abgamgigaak joga |
J38dak joga I 'I
dacmbamgbok joga I v|

Ugghnglal shbgheds B

Eiamabdsd |

Record: I1| L || 1k |>I|H&|ﬂ|i!..l of 1

L) HEAS

AT L3RIEDE IRAMNI>EIMTES

’ fogeb g | |
wboga || s [
batifageak joga |—;[

v [

ExbHaETE Y |

Record: I1| 1 || 1k |H |He|(3|l!_.| of 1

gt dgpedségudeh ompea | |
osfaga |— Lisma |—
dagmbapgbol goma I—;[
Foagze [ |
Gajampa I—
dambio sy ah guciogs I—

LY o [ R |

Record: Hl 1 || 1[JRE |H|>*|ﬂ|'!..| of 1

LydaAdan L>EATGD

kg giia bagagfak joga I
103 gbatial Seagghada |

Laddcrazty |

43da | j’

by DIRN L¥EADAHOE IRAMAIHIMD

Esfgdin bapaqhab dganidstigadet sbamgacea I
asfaga I basma I
bagdta bagagfab joga | :I
Laddczagrig I

LR T [ P |

Recard: H| 1 || 1/[[r |b| |He|ﬂ|>!..| of 1

LT S [ R |
Record: Ii| 4 || 1k |>I |H@|B|'!..I of 1
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HIBIAITOSH0

Sgdgeqmetab yoga |
baldsgeg |—
Baboldecga meby |
Lalen = 1 I_

aglo hegase [ ]

bAmRd3INT0E IEAMISHILS

ailyacab dypndshgadak joma I_I_
ashaga I kisma I
bafidyycak joma | K|

masiifands I_

miyamdbilas |

Record: H| 14 || 1k |>I |>*|B|P!..| of 1

p A 3T o] T kT |

Record: I1| 1 || 1k |H |H9|B|'!..| of 1

FIOASO0E MBI

Blgbqacat dppalsbgedek smpce |
mothaga I— bosna I_
Fulpinacab jaga I_;[
gada I—

kyrd 3020

b Mdmﬂll doga I

I j‘

Gagbopgfiab jogpa

L RSN [ 125 |
Record: I4| { || 1 |PI |P*|ﬂ|'!..| of 1

LT S | HERY |

Record: H| L) || 1 Lk |H |H9|13|'!..| of 1

BIBHEBHITH: 3RB0IIHIE

dgehpbocah dggnisbgniah bomgega |
o [ e [
e
wods |

bR Yok )

dsqabfiacat joga | |
agiahe |
4336 | G |

fb T o | % |

Record: I<| 1 || ]| - |>I |P*|B|>!..| of 1

Byuma6ds |

Record: HI 1 || 1 x |H|HF|B|P!..| of 1

RIHIARITMAOE IRBMDIHIM S

Hghgiaticl dpandsigndab sbamgacea I

B T

A [t | b1

ddghiqagat joga |

agigha |

3 I 'l

Sadghppethak jaga I :I'
qeby I
b EETE [ EES |

Record: I4| 1 || 1/ |PI|P*|B|'!..| of 1

Bh T RS

Record: HI i || 1) [k |>I |>*|ﬂ|'!..| of 1
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moTxovnebis maketebs agvT Semdegi saxe:

B Dam

a_vid

| * fall Columns)
|:| ID_Dama_vid
dasaxeleba

E Damage

v | ID_Damane
Dro_Dake

Dro_Hour
[w|ID_Pipeline
DID_Dama'-.fid
-
4 I I 3
Colurnn Alias | Table | Dutput | Sort Type -
| |Dwro_Dake Darmage W
| |Dro_Hour Damage W T
| |ID_Pipeline Damange 7
| |ID_Damage Damange W
| |dasaxeleba Dama_vid (¥ -
[« | Y

B ¥alve_State

- *(all Columns)

[v|1d valves

[

E ¥alves
|| (al Colurns)

Ml:nde

_Pipeline

& Pipelineg

- *(al Columns)
|| D_Pipeline
|:|Length

|:|Diametr

DRequirement_min
DRequirement_nl:umi

-

El

|| Calumn Alias | Table [Output | Sart Type | sort Order | Criteria
_ - Yalve_State W
| [Dro_Hour Yalve_Stake W
| [1d_Valves Yalves W
| [Mode Yalves v
| |ID_Pipeline Pipeline W'
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EH A aEer W ay  SESEE

| |* call Columns)

Dro_Hour
|:| Id_wwakeriawy
Dehit

EH Junctions

L |* fal Calumns)

ID_Tnction

S

EH waterway
| |* (Al Colurmns)

v [ ID_main waterway
DID_Junctic-n

[ |oehit

[ |akibude
4] | _>I_I
Column Alias |Tab|e Cukput | Sork Tvpe |S-:-r
| [ID_main waker wakerway W
| |Tariki Wiakervay _ W
| [Dro_Hour Wlaker ey _ W
| |Dehit Whakerwaw _ %
ID_Junction Junctions W
FY
B Pipeline_State B Pipeline H j
_[* (Al Columns) - | [* {all Columns)
|_|D_rkalmdgom ID_Pipeline
TaiRi Length
Drl:n Hour Diametr
DID_Plpellne ;I Requirement_min
Requirement_namil
-
< | LI_I
Colurmn Alias | Table [Dutput | Sort Tvpe
| [TaiRi Pipeline_Sta W
| [Dro_Hour Fipeline_5ta W
| |ID_Pipeline Pipeline W
| [Length Fipeline W
Diarnekr Fipeline W
Fequirement_m Pipeline W
Requirerment_ni Pipeline W
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H Pressure

| |* {all Columns)
|:|]D_Pr&nsu'e
[ Tariri
Dru:u_Hu:uur
DID_valve
F‘ressure

Mu:u:le

L |* all Colurns)
Id_'lul'dv&s

[ ]io_Pipeline

B Pipeline

ID_Pipeline

[TAELE: Fipeline

*{all Calumns)

DRequirement_min
DRequirement_nu:ur

.

4 I I
Caolurnn filias | Table [Output | Sort Type | Sort Order | Crikeric
| |1d_Valves Valves "
| |Mode Valves W
TariRi Pressure W
| |Dro_Hour Pressure W'
| |ID_Pipeline Pipeline "
Pressure Pressure W
H Tanks_State H EH Tanks
| * (Al Columins) ¥ Al Columns) -
| ID_Tank State ID_Tank
v |TariRi w|Heigth
v |Dra_Haur (v | miim_Level
| |ID_Tank Wolume hd
¥ | roven
-
4 | LIJ
Colurn Blias | Table | Qukput | Sort Type E
TariRi Tanks_Stake W
Crio_Hour Tanks_Skake W
Uroven Tanks_Skake W
ID_Tank Tanks W
Heigth Tanks W
min_Lewvel Tanks W
Yolume Tanks W
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B Pomp_State H
| |* ¢all Columns) | |*¢al Columns)
Dm_Pmp_m:lgmn ID_Pump
TariRi Mumber_Pump
Drl:u_H-:nur |:| Power
|:|ID_F‘um|:| DID_Junctinn
F'l:nwer -
4 | _'*IJ
Calurnn Alias | Table [output | Sort Type
|| TariRi Pomp_5State W
Dro_Hour Pomp_5State W
| [ID_Pump Pumps W
| [Mumber_Pump Pumps W
| |Power Pomp_State W

B Wells_State
| |* ¢all Columns)

X

L |* (Al Columns)
[v|ID_wel
DPattern

DID_JunctiDn

-

Colurnin Alias | Table [Cutput | Sort Type E
|| TariRi Wells_State W
| [Cro_Hour Wells_Skake W
| |Pattern Wells_Skake W
|| ID_Wel Wells W
ID_Junction Junctions W
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angariSebis maketebi:

avaria

TariRi

dro (sT)

mi Bsadenis kodi

dazianebis
dasaxe B eba

mimdinare mdgomareoba

TriRi dro (sT) sargvelis kodi diafragma wneva
parametrebi
satumbo
.- | dro .| simzBav | rezerv. magistr. | magistr. | Wabur | Wabur
TariRE 1 o1 Sa‘sg‘;'s re kodi | 9™ | kodi | deeti | kodi | debeti
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