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manqanuri swavlebis  algoriTmebSi Semavali da  

gamomavali informaciis normalizacia 

zurab bosikaSvili, daviT WoxoneliZe 

saqarTvelos teqnikuri universiteti 

reziume 

manqanuri swavlebis ZiriTadi mizania raime sistemaze dakvirveba. arsebuli sistemebi 

SeiZleba iyos mravalnairi: maTematikuri, biologiuri, kompiuteruli da a.S. misi erT-erTi 

saxea inteleqtualuri sistema. es sistemebi moicavs sxvadasxva dargebs. manqanuri swavleba 

inteleqtualuri sistemis erT-erTi mniSvnelovani nawilia, rac Tavis mxriv moicavs Semdeg 

ZiriTad analizur sakiTxebs: Semavali da gamomavali informacia, sistemis muSaobis ZiriTadi 

procesebi da principebi. aseTi sistemebis manqanur swavlebaSi gansazRvrulia mravali 

sxvadasxva tipis algoriTmi. maTTvis, iseve rogorc mTliani sistemisaTvis aucilebelia 

informaciis adeqvaturad miwodeba. sistemam adeqvatur formatSi unda mogvawodos gamomavali 

informaciac. am yovelivedan gamomdinareobs informaciis normalizaciis saWiroeba. mimdinare 

statia ganixilavs informaciis normalizaciis erT-erT algoriTms. 

sakvanZo sityvebi: inteleqtualuri sistema. manqanuri swavleba. normalizacia. 

1. Sesavali 

manqanuri swavleba inteleqtualuri sistemis erT-erTi umTavresi komponentia. misi 

saSualebiT xdeba aRniSnul sistemaze garkveuli dakvirvebebi. aseTi tipis sistemebi iyenebs 

sxvadasxva algoriTmebs [1]. gamoyenebuli algoriTmebi SeiZleba iyos sxvadasxva tipis, aseve 

SeiZleba warmodgenili iqnas ramdenime algoriTmis kombinaciac, es yvelaferi ki mxolod 

imitom, rom gaumjobesdes inteleqtualuri sistemis warmadoba. rogoric ar unda iyos 

manqanuri swavlebis algoriTmebi, maT axasiaTebT ori ZiriTadi faqtori [2,3]: 

1. Semavali informacia – nebismieri saxis informacia, romelic adeqvaturad miewodeba 

Sesabamis algoriTms; 

2. gamomavali informacia – nebismieri saxis informacia. aucilebelia aRniSnuli 

informacia adeqvaturad iqnas warmodgenili, radgan is SeiZleba gamoyenebul iqnas rogorc 

sxva algoriTmis Semavali monacemebi an/da saboloo Sedegi, romelze dayrdnobiTac adamianma 

unda miiRos garkveuli gadawyvetileba. 

sawyis etapze xdeba informaciis kategoriis identifikacia (informacia SeiZleba iyos 

mravali saxis, aqedan gamomdinare pirvel rigSi aucilebelia imis garkveva Tu romel 

kategorias ekuTvnis is). Semavali iqneba informacia Tu gamomavali, aucilebelia is gardaiqmnas 

konkretul formatSi. aRniSnuli formats gamoiyenebs algoriTmi informaciis 

identifikaciisTvis. monacemTa warmodgena ise unda ganxorcieldes, rom saboloo Sedegis aRqma 

SeeZlos ara mxolod inteleqtualur sistemas, aramed adamiansac, romelic iyenebs aRniSnul 

sistemas garkveuli amocanebis Sesasruleblad. konkretul formatSi gardaqmna sxva araferia 

Tu ara monacemebis normalizacia/denormalizacia, romelsac ganvixilavT. calke sakiTxia 

ramdenad kargia SerCeuli normalizacia/denormalizaciis algoriTmebi Tumca zogadad 

normalizacia/denormalizaciis gareSe ver movaxdenT mTliani sistemis muSaobis adeqvaturobas. 
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2. monacemTa tipebis ZiriTadi kategoriebi 

arsebobs monacemTa sxvadasxva tipebi, romlebic gamoiyeneba nebismieri algoriTmisTvis. 

Semavali da gamomavali informacia miekuTvneba am tipebidan erT-erTs. ZiriTadad gansazRvulia 

Semdegi monacemTa tipebi: 

nominaluri – moicavs iseTi tipis informacias, romlis yvela SesaZlo mniSvneloba 

winaswar aris cnobili, Sesabamisad mimdinare mniSvneloba aucileblad iqneba am CamoTvlili 

mniSvnelobebidan erT-erTi. aRniSnulis klasikuri magaliTia sqesi, romelsac gaaCnia ori 

SesaZlo mniSvneloba: mamrobiTi an mdedrobiTi. 

ordinaluri – moicavs iseTi tipis informacias, romlis yvela SesaZlo mniSvneloba 

winaswar aris cnobili, mimdinare mniSvneloba ki xasiaTdeba cvalebadobiT raRac pirobebidan 

gamomdinare. aRniSnulis klasikuri magaliTia temperaturis sami SesaZlo kategoria: “cxeli”, 

“Tbili”, “civi”. pirvel jerze mimdinare mniSvneloba SeiZleba iyos “cxeli”, garkveuli 

periodis/pirobebis Sedegad ki misi mniSvneloba SeiZleba Seicvalos da gaxdes “Tbili” da a.S. 

aqedan gamomdinare ZiriTadi gansxvaveba nominalursa da ordinalur informacias Soris aris 

mimdinare mniSvnelobis cvalebadoba, (raime pirobis/mdgomareobis gaTvaliswinebiT) romelic 

axasiaTebs ordinaluri tipis informacias.  

intervaluri – moicavs ricxviTi tipis informacias, romelsac gaaCnia sawyisi 0. 

aRniSnulis magaliTia raime weliwadi, warmodgenili ricxviT formatSi (magaliTad, 2010 

weli da a.S).  

fardobiTi – moicavs ricxviTi tipis informacias, romelsac ar gaaCnia 0 ze dabali an 

toli mniSvneloba. aRniSnulis klasikuri magaliTia asaki (magalitad, 10 weli, ar arsebobs 

0 weli an Tundac -1 weli). 

rogoric ar unda iyos monacemebi, maT axasiaTebT garkveuli operaciebis mxardaWera. mag: 

Sekreba, gamokleba, gamravleba da gayofa. aseve SeiZleba axasiaTebdeT mimarTebiTi 

damokidebulebebic, mag: metia, naklebia, tolia da a.S.  

 

monacemTa tipebi                       cxr.1 

 
 

mocemul cxrilSi warmodgenilia oTxi sxvadasxva monacemTa tipi Tumca saboloo jamSi 

SeiZleba ganvsazRvroT ori ZiriTadi tipi, romelTaganac pirvelia raodenobrivi, xolo meore 
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xarisxobrivi. raodenobrivs ganekuTvneba yvela iseTi tipis informacia, romelic ricxviTi 

saxiT warmodgeba, xolo xarisxobrivs ki sxva danarCeni. informaciis 

normalizacia/denormalizacia gulisxmobs raime konkretuli algoriTmiT mimdinare 

informaciis gardaqmnas. arsebobs uamravi sxvadasxva algoriTmi, romelTaganac erT-erTia 

Equilateral Encoding. 

3. Equilateral Encoding algoriTmi 

aRniSnuli algoriTmisaTvis generirebuli informacia warmodgenilia matricis saxiT, 

romlis ganzomilebebia NxN-1 ze, sadac N aris kategoriebis raodenoba (N SeiZleba iyos 1 an 

meti, aRniSnulis ganxilvisTvis vigulisxmoT rom N>1), xolo TiToeuli striqoni Seicavs 

e.w encoding s mimdinare kategoriisaTvis [4]. algoriTmisaTvis aucilebelia raime 

winaswargansazRvruli Sualedi, romelSic movaxdenT monacemTa gradacias (rogorc wesi es 

Sualedi aris -1 dan 1 mde Tumca SeiZleba aRebul iqnas raime gansxvavebulic. aRniSnulis 

ganxilvisTvis gamoviyenoT Sualedi -1 dan 1 mde). algoriTmi SeiZleba warmovadginoT Semdegi 

bijebis saxiT:  

1. sawyisi matricis pirveli striqonis pirvel elementSi unda Caiweros Sualedis 

minimaluri mniSvneloba, xolo meore striqonis pirvel elementSi ki Sualedis maqsimaluri 

mniSvneloba. Sesabamisad gveqneba:  

𝑟𝑒𝑠𝑢𝑙𝑡⟦0⟧⟦0⟧ = −1; 

𝑟𝑒𝑠𝑢𝑙𝑡⟦1⟧⟦0⟧ = 1; 

2. vaxdenT iteracias me 2 kategoriidan zemoT N mde. (ugulebelvhyobT pirvels, radgan 

ar gvaqvs ganxiluli iseTi SemTxveva rodesac mocemulia mxolod 1 kategoria): 

𝑓𝑜𝑟 𝑘 𝑓𝑟𝑜𝑚 2 𝑡𝑜 𝑁 { 

3. viTvliT gradaciis koeficients. yoveli axlad agebuli matricis miReba xdeba wina 

matricis gamoyenebiT (aTvla meoredan daviwyeT, mesame kategoriisaTvis matricis miReba 

SegviZlia wina matricidan, romelic ukve generirebulia) 

𝑓 =
𝑠𝑞𝑟𝑡(𝑁 ∗ 𝑁 − 1)

𝑟
; 

4. vaxdenT matricis im nawilze iteracias, romelic ukve gamovTvaleT da movaxdineT 

misi gradacia: 

𝑓𝑜𝑟 𝑖 𝑓𝑟𝑜𝑚 0 𝑡𝑜 𝑘 { 

                                  𝑓𝑜𝑟 𝑗 𝑓𝑟𝑜𝑚 0 𝑡𝑜 𝑘 − 1 { 

                𝑟𝑒𝑠𝑢𝑙𝑡⟦𝑖⟧⟦𝑗⟧ ∗= 𝑓 

  } 

} 

5. gamovTvaloT matricis zRvari (veqtor-svetebis garkveuli mniSvnelobebi) 

𝑟 = −1/𝑁; 

       𝑓𝑜𝑟 𝑗 𝑓𝑟𝑜𝑚 0 𝑡𝑜 𝑘 { 

                 𝑟𝑒𝑠𝑢𝑙𝑡⟦𝑖⟧⟦𝑘 − 1⟧ = 𝑟 

} 

6. matricis bolo mniSvnelobaSi CavweroT 1 da gavagrZeloT me 2 bijze aRwerili 

cikli 
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𝑟𝑒𝑠𝑢𝑙𝑡⟦𝑘⟧⟦𝑘 − 1⟧ = 1; 

7. rodesac cikli mTlianad dasruldeba , unda movaxdinoT mTliani matricis gradacia 

[-1 , 1] SualedSi. 

 𝑑𝑎𝑡𝑎𝐿𝑜𝑤 = −1; 

 𝑑𝑎𝑡𝑎𝐻𝑖𝑔ℎ = 1; 

       𝑓𝑜𝑟 𝑟𝑜𝑤 𝑓𝑟𝑜𝑚 0 𝑡𝑜 𝑁 { 

              𝑓𝑜𝑟 𝑐𝑜𝑙 𝑓𝑟𝑜𝑚 0 𝑡𝑜 𝑁 − 1 { 

       𝑟𝑒𝑠𝑢𝑙𝑡[𝑟𝑜𝑤][𝑐𝑜𝑙] = (
𝑟𝑒𝑠𝑢𝑙𝑡[𝑟𝑜𝑤][𝑐𝑜𝑙]=𝑑𝑎𝑡𝑎𝐿𝑜𝑤

𝑑𝑎𝑡𝑎𝐻𝑖𝑔ℎ−𝑑𝑎𝑡𝑎𝐿𝑜𝑤
) ∗ (𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑𝐻𝑖𝑔ℎ − 𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑𝐿𝑜𝑤) +

𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑𝐿𝑜𝑤; 

                                         } 

                                       } 

konkretuli kategoriis sanaxavad (romelic ukve normalizebulia), unda amoviRoT 

Sesabamisi striqoni miRebuli/generirebuli matricidan. dekodirebisTvis (denormaliza-

ciisaTvis) ki unda vipovoT matricaSi iseTi striqoni, romelsac gaaCnia umciresi evkliduri 

manZili gamomaval veqtorTan (normalizebul veqtorTan) mimarTebaSi. 

4. konkretuli magaliTi 

zemoT aRwerili algoriTmis safuZvelze SegviZlia moviyvanoT konkretuli magaliTi: 

pirobiTad aviRoT Semdegi parametrebi: kategoriebis/klasebis raodenoba - 5, Sualedi - [-1,1]. 

algoriTmis safuZvelze miRebuli matrica Semdegnairad gamoiyureba: 

 

Fnax.2. miRebuli matrica (konkretuli magaliTi) 

 

5. daskvna 

kvlevis safuZvelze ganvixileT algoriTmi, romlis daxmarebiTac movaxdenT Semavali da 

gamomavali informaciis normalizacia/denormalizacias. aRniSnuls Zalian didi funqcia akisria 

inteleqtualur sistemaSi, radgan normalizaciis ar arsebobam an arasworma normalizaciam 

SesaZloa gamoiwvios mTliani sistemis ara adaeqvaturi muSaoba, aqedan gamomdinare 

aucilebelia normalizaciis gamoyeneba da Sesabamisi algoriTmis sworad SerCeva. 
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NORMALIZATION OF INPUT AND OUTPUT INFORMATION IN  

MACHINE LEARNING 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 such system is intelligence 

system. These systems are used in many industries. 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. Such systems' machine learning defines many 

kind of algorithms. For them, as well as the entire system it’s necessary to adequately supply the 

information. System must also adequately generate output information. Therefore information 

normalization is required. The following article discusses one of the algorithms of normalization. 

 

НОРМАЛИЗАЦИЯ ВХОДЯЩЕЙ И ВЫХОДЯЩЕЙ ИНФОРМАЦИИ В  

АЛГОРИТМАХ МАШИННОГО ОБУЧЕНИЯ 

Босикашвили З., Чохонелидзе Д. 

Грузинский Технический Университет 

Резюме 

Основная цель машинного обучения - это наблюдение за какой нибудь 

системой.Существующие системы могут быть многообразными: математические, биологические, 

компъютерные и т.д. Один из видов -интеллектуальная система. Эти системы включают в себя 

разные отрасли. Машинное обучение одна из основных  частей интеллектуальной системы, что, в 

свою очередь, включает в себя аналитические вопросы: входящая и выходящая информации, 

основные процессы и принципы работы системы. В машинном обучении для таких систем 

предусмотрены разного типа алгоритмы. Для них, как и для всей системы, обязательным условием 

является предоставление адекватной информации. Система в адекватном формате должна 

предоставить и выходящую информацию. Изо всего этого вытекает необходимость нормализации 

информации. В  статье рассматривается один из алгоритмов нормализации информации. 


