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manqanuri swavlebis klasterizaciis algoriTmebSi

gamomavali informaciis formireba

zurab bosikaSvili, daviT WoxoneliZe

saqarTvelos teqnikuri universiteti

reziume

manqanuri swavlebis erT_erTi daniSnulebaa raime sistemaze dakvirveba. arsebobs

sxvadasxva tipis sistemebi: maTematikuri, biologiuri, kompiuteruli da a.S. misi erT-

erTi saxea inteleqtualuri sistema. isini moicaven sxvadasxva dargebs. manqanuri

swavleba inteleqtualuri sistemis erT-erTi mniSvnelovani nawilia, rac Tavismxriv

Seicavs iseT analizur sakiTxebs rogoricaa: Semavali da gamomavali informacia, sistemis

muSaobis ZiriTadi procesebi da principebi. aseTi sistemebis manqanur swavlebaSi

gansazRvrulia uamravi sxvadasxva tipis algoriTmi, romelTagan erT-erTia

klasterizacia. mniSvnelovania vicodeT, rogor da ra principiT davadginoT gamomavali

informacia aseTi tipis algoriTmebisaTvis. mimdinare statia ganixilavs klasterizaciis

tipis algoriTmebisaTvis gamomavali informaciis formirebas.

sakvanZo sityvebi: inteleqtualuri sistema. manqanuri swavleba. klasterizaciis

algoriTmebi.

1. Sesavali

inteleqtualuri sistemis erT-erTi umniSvnelovanesi nawilia manqanuri swavleba,

saSualebiT xdeba aRniSnul sistemaze garkveuli dakvirvebebi. inteleqtualuri sistema

Cveulebrivi sistemisagan gansxvavebiT xasiaTdeba TviTganviTarebiT, e.i axlis aTvisebis

unariT, axali informaciis swavliT. aseTi tipis sistemebi gamoirCevian garkveuli

specifikaciiT, kerZod is SeiZleba iyos daxuruli an Ria tipis. daxuruli tipis

sistemebSi ucnobia is principebi da algoriTmebi, romliTac aRniSnuli sistema muSaobs,

Sesabamisad dakvirvebebi xorcieldeba mxolod Semaval da gamomaval informaciaze. misgan

gansxvavebiT Ria tipis sistemebSi cnobilia ara mxolod Semavali da gamomavali

informacia, aramed is algoriTmebi da principebi, romelsac iyenebs aRniSnuli sistema.

manqanur swavlebaSi gamoyenebuli algoriTmebi dajgufebulia garkveuli saxiT. zogierTi

maTgania: klasifikaciis, klasterizaciis da asociaciis algoriTmebi. rogorc wesi, aseTi

tipis algoriTmebi calke aRebuli ver iZleva efeqtur Sedegs, amitom saWiro xdeba maTi

garkveuli wesiT Serwyma. am algoriTmebis kombinaciisaTvis erT-erT mniSnelovan faqtors

warmoadgens Semavali da gamomavali informacia. erTi algoriTmis gamomavali informacia

SeiZleba warmoadgendes  Semaval informacias meore algoriTmisTvis. konkretuli

algoriTmis SemTxvevaSi aucilebelia davadginoT gamomavali informaciis

dayvanis/warmodgenis wesi, romelsac Semdeg ukve gamoviyenebT rogorc:

 Semavali informacia sxva nebismieri algoriTmisTvis - saWiroa im SemTxvevaSi Tu

sistema awyobilia garkveuli algoriTmebis kombinaciiT;

 saboloo Sedegebis warmodgenisTvis.

gamomavali informaciis dayvanis/warmodgenis wesi SeiZleba gamoyenebul iqnas ara

mxolod iseT sistemebSi sadac manqanur swavlebaSi Cadebulia algoriTmebis kombinacia,

aramed calsaxad, nebismieri calke aRebuli algoriTmis SemTxvevaSi.
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2. klasterizaciis erT-erTi algoriTmi

klasterizaciis tipis algoriTmebi moicaven sxvadasxva algoriTmebs, romelTaganac

erT-erTia K-Means algoriTmi. mocemuli gvaqvs k koeficienti da garkveul werilTa

simravle, romelTaganac unda aigos klasteri. algoriTmi SegviZlia warmovadginoT

rogorc Semdegi bijebis erToblioba:

 davyoT obieqtebi k raodenobis ara cariel qvesimravleebad;

 vipovoT dayofili qvesimravleebis/klasterebis centroidebi;

 TiToeuli wertili/obieqti mivakuTvnoT konkretul klasters;

 gamovTvaloT manZilebi TiToeuli werilidan da am klasterisTvis gamoyofili

sxva mravali wertilidan klasteramde, sadac manZili centroidamde aris minimaluri;

 wertilebis gadanawilebis Semdeg (wina punqtis Sedegad xdeba garkveuli

wertilebis sxva klasterze miniWeba, radgan mis centroidTan ufro axlos aris es

wertili) vipovoT centroidi axal klasterSi [1].

nax.1. TiToeuli biji

SegviZlia warmovadginoT Sesabamisi maTematikuri modelic:

1. movaxdinoT klasteris centroidebis inicializacia;

2. vimeorebT qvemoT moyvanil bijebs manam sanam ar mivaRwevT optimalur ganawilebas:

a. yoveli i sTvis vpoulobT ( ): = arg || − || ;
b. yoveli j sTvis ki ∶= ∑ 1{ ( ) = } ( )∑ 1{ ( ) = } ;
am maTematikuri modelis safuZvelze saboloo jamSi vipoviT klasterebs, sadac

TiToeuli mocemuli wertili gankuTvnili iqneba konkretuli klasterisTvis. es

wertilebi ra Tqma unda gansazRvruli iqneba raime sididiT (mag. ricxviTi sididiT),

Tumca unda moxdes am Sedegebis garkveul formatSi warmodgena raTa Semdeg es



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 2(20), 2015

38

informacia gamoyenebul iqnas rogorc sxva algoriTmis Semavali informacia an/da

saboloo Sedegebis saCveneblad/warmosadgenad.

3. gamomavali informaciis formireba

zemoaRniSnuli maTematikuri modelis safuZvelze miviRebT konkretul Sedegebs

(mocemuls raime sididis saxiT) Tumca Sedegebis aseTi pirdapiri warmodgena yovelTvis

SesaZloa ar iyos swori. rogorc ukve aRvniSneT, inteleqtualuri sistema aris uamravi

saxis, masSi TiToeuli algoriTmi SesaZloa erTmaneTTan iyos dakavSirebuli da aqedan

gamomdinare gamomavali informacia SeiZleba gamoyenebul iqnas rogorc an sxva

algoriTmis Semaval informaciad an saboloo Sedegebis formirebisTvis/warmodgenisTvis.

aucilebelia winaswar iyos cnobili ra tipis unda iyos gamomavali informacia. aseTi

tipebi SeiZleba iyos: logikuri tipi (0 an 1), ricxviTi tipi, raime sxva obieqturi

tipi. xSir SemTxvevaSi saWiroa logikuri tipis gamomavali informacia. vTqvaT mocemulia

d koeficienti (ricxviTi saxis) da unda vipovoT raime elementebi (i=0,1....N, j=1....M)

misTvis SegviZlia gamoviyenoT Semdegi mimarTebiTi damokidebuleba:

=
0 ≤1 >

aRniSnul damokidebulebaSi saqme gvaqvs ori SesaZlo mniSvnelobis miRebasTan (0 an

1) Tumca imave gamomavali informaciis binaruli saxiT formirebisTvis SegviZlia

gamoviyenoT logikuri mimarTebis ufro kompleqsuri meTodebi, magaliTad raime

logikuri formula ((A&B)||(A&C)). aseTi kompleqsuri logikuri formula SeiZleba

moicavdes erTze met operands da sxvadasxva mimarTebebs maT Soris.

ricxviTi tipis SemTxvevaSic SeiZleba gamoyenebul iqnas mimarTeba igive d
koeficientTan mimarTebaSi, magram es midgoma kargi iqneba im SemTxvevaSi Tu misaRebi

ricxvebi aris winaswar gansazRvruli simravlis elementebi (mag. Tu simravleSi aris

ricxvebi {1,2,3,7,12}, mimarTebiT miRebuli ricxvic unda iyos am simravlis elementi). im

SemTxvevaSi Tu ricxvis mniSvneloba SeiZleba iyos nebismieri, aucilebelia ganisazRvros

formula, romelic mogvcems optimalur mniSvnelobas. aseTi funqciis gansazRvra

damokidebulia imazec es miRebuli informacia rogori tipis/konkretulad romeli

algoriTmisTvis iqneba gamoyenebuli rogorc Semavali informacia, rasac aq ar

ganvixilavT, ragdan is cildeba mimdinare statiis kvlevis sagans.

4. konkretuli magaliTi

ganvixiloT konkretuli magaliTi. vTqvaT mocemulia monacemebi, romlebic Seicavs

or cvladze raime ricxviTi tipis informacias [2]:

indeqsi A B
1 1.0 1.0

2 1.5 2.0

3 3.0 4.0

4 5.0 7.0

5 3.5 5.0
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6 4.5 5.0

7 3.5 4.5

mocemuli monacemebi davajgufoT or klasterad, pirvelad aviRoT 1 da me 4

indeqsis mqone striqonebi da vipovoT centroidebi (gamoviyenoT evklides formula):

indeqsi centroidi

jgufi 1 1 (1.0, 1.0)

jgufi 2 4 (5.0, 7.0)

TiToeuli klasteruli jgufisTvis ganvsazRvroT indeqsebis mimdevrobebi da

gamovTvaloT centroidebi (isev evklides meTodiT):

klasteruli jgufi 1 klasteruli jgufi 2

biji indeqsebi centroidi indeqsebi centroidi

1 1 (1.0, 1.0) 4 (5.0, 7.0)

2 1, 2 (1.2, 1.5) 4 (5.0, 7.0)

3 1, 2, 3 (1.8, 2.3) 4 (5.0, 7.0)

4 1, 2, 3 (1.8, 2.3) 4, 5 (4.2, 6.0)

5 1, 2, 3 (1.8, 2.3) 4, 5, 6 (4.3, 5.7)

6 1, 2, 3 (1.8, 2.3) 4, 5, 6, 7 (4.1, 5.4)

sawyisi klasteruli ganawileba Seicvala, aqedan gamomdinare gveqneba:

indeqsi centroidi

klasteri 1 1, 2, 3 (1.8, 2.3)

klasteri 2 4, 5, 6, 7 (4.1, 7.0)

amis Semdeg sabolood ar varT darwmunebulni rom TiToeuli obieqti swor

klasterul jgufSia, amitom vadarebT TiToeuli indeqsis Sesabamisi obieqtis sakuTar

klasterTan manZili naklebia Tu ara meore klasterTan manZilisa da Tu ara (e.i ufro

axlosaa meore klasterTan) unda gadavitanoT meore klasterSi:

indeqsi

manZili

pirvel

klasteramde

manZili

meore

klasteramde

1 1.5 5.4

2 0.4 4.3

3 2.1 1.8

4 5.7 1.8

5 3.2 0.7

6 3.8 0.6

7 2.8 1.1
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saboloo jamSi TiToeuli indeqsis Sesabamisi obieqti moxvdeba im klasterSi,

romelTanac ufro axlosaa (manZili Sesabamis klasteramde aris naklebi vidre sxva

klasteramde). aqedan gamomdinare gveqneba:

indeqsi centroidi

klasteri 1 1, 2 (1.3, 1.5)

klasteri 2 3, 4, 5, 6, 7 (3.9, 5.1)

saboloo jamSi iteraciuli gziT mivediT optimalur ganawilebamde, Tumca aris

SemTxvevebi rodesac aseTi iteraciebis raodenoba an Zalian didia, an usasrulod

grZeldeba. aseT SemTxvevaSi SegviZlia daveyrdnoT iteraciaTa konkretul raodenobas,

romelic miaxloebiT an zustad aris gansazRvruli konkretuli amocanisTvis.

gamomavali informacia sabolood aris indeqsebis Sesabamisi obieqtebi. am

SemTxvevaSi viciT, rom pirvel klasterSi aris 1 da 2- e indeqsis Sesabamisi obieqtebi,

xolo danarCeni ekuTvnis meore klasters. imisaTvis rom aRniSnuli monacemebi

gadaviyvanoT binarul formatSi, ganvsazRvroT mimarTeba d koeficientis monawileobiT,

kerZod:

=
0 ≤1 >

Tu d=1.1 maSin:

indeqsi A B
1 0 0

2 1 1

5. daskvna

aRniSnuli meTodologia warmoadgens erT-erT variants Tu rogor SeiZleba erTi

algoriTmis Sedegebis gamoyenebiT informacia miewodos meore algoriTms (Tu sistema

iseTnairadaa mowyobili, rom erTi algoriTmi damokidebulia meoreze da a.s). ra Tqma

unda SesaZlebelia gamomavali informaciis formirebis gansxvavebuli meTodologiis

SemuSaveba, magram aRniSnuli midgoma warmoadgens mcdelobas inteleqtualur sistemaSi

(sadac gamoyenebulia manqanuri swavlebis algoriTmebi) daixvewos sistemis warmadoba da

gaxdes ufro efeqturi da srulyofili.
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OUTPUT INFORMATION GENERATION IN MACHINE LEARNING
CLUSTERING ALGORITHMS

Bosikashvili Zurab, Chokhonelidze David
Georgian Technical University

Summary

One of the main purpose of machine learning is observating the system. There exists many

kinds of system: Mathmetical, Biological, Informational system and etc. One kind of this system is

intelligence system. Many industry uses these systems. Machine learning is one of the main part of

intelligence system which includes such questions: Input and output information, main processes of

system. Such systems' machine learning defines many kind of algorithms. One kind of algorithm of

this system is clustering. It's important to know how to generate output information for that kind of

algorithms. Current article discusses how to generate output information of clustering algorithms.

ФОРМИРОВАНИЕ ВЫХОДНОЙ ИНФОРМАЦИИ В АЛГОРИТМАХ
КЛАСТЕРИЗАЦИИ МАШИННОГО ОБУЧЕНИЯ

Босикашвили З., Чохонелидзе Д.
Грузинский Технический Университет

Резюме

Одно из назначений машинного обучения - наблюдение за какой нибудь

системой.Существуют разного типа системы:математические, биологические, компьютерные и

т. д.Один из видов систем- интеллектуальная система.Эти системы используются в разных

отраслях. Машинное обучение является важной частью интеллектуальной системы, которая

включает в себя такие вопросы анализа, как : входящая и выходящая информация, основные

процессы  и принципы работы системы. В машинном обучении такого типа систем определены

многие типы алгоритмов, один из которых - кластеризация. Важно знать, как и каким

принципом установить выходящую информацию для такого типа алгоритмов. Представленная

статья рассматривает формирование выходящей информации для алгоритмов типа

кластеризации.


