
Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS -  No 1(21), 2016 

CaSenebuli sistemebis saimedoobis gazrdis 

 axali meTodebis kvlevis Sedegebi   

giorgi CaCua, ia mosaSvili 

saqarTvelos teqnikuri universiteti 

reziume 

ganxilulia CaSenebuli sistemebis arqiteqtura da misi Semadgeneli komponentebi. 

daxasiaTebulia verifikaciisa da testirebis is meTodebi, romlebic yvelaze metad 

miesadageba maTi marTvis saimedoobis gazrdas da axali teqnologiebis SemuSavebas. 

gamoyenebulia axali meTodi - „damuSaveba testirebis Semdeg” (Test Driven Development).  
mocemulia misi ganxorcielebis TiToeuli etapi. warmodgenilia Spartan FPGA 
programirebad dafaze Sesrulebuli kvlevis Sedegebi. dabali donis programirebis 

VHDL-enaze Sedgenilia CaSenebuli sistemebis testirebis axali biblioTekebi. 
sakvanZo sityvebi: avtomobili. CaSenebuli sistema. testireba. Test Driven Development. 

avtomobilis saimedooba.  
1. Sesavali - CaSenebuli sistemebis arqiteqtura 

CaSenebuli sistema (Cs), rogorc wesi. gansazRvrulia konkretuli amocanebis 

Sesasruleblad, konkretul gamoTvliT garemoSi, romelic Sedgeba programuli da 

aparaturuli komponentebisagan. 1-el naxazze gamosaxulia aseTi sistemis tipuri 

Semadgenloba, mocemulia 4 fenis terminologia, romelTagan sami aris programuli 

uzrunvelyofa, xolo meoTxe - aparaturuli [1]. 

 
nax.1. CaSenebuli sistemis struqtura 

2. CaSenebuli sistemis verifikacia 

verifikacia procesia, romelic aCvenebs, rom programa Seesabameba Tavis 

maxasiaTeblebs. Tu maxasiaTeblebi an prognozirebadi testebi sakmarisad zusti da 

informaciulia. Semowmeba (verifikacia) SeiZleba iyos ufro obieqturi, vidre validacia- 

romelic gamoiyeneba mxolod momxmareblis moTxovnebis Sesamowmeblad. 

naSromSi ganxilulia verifikaciisa da testirebis is meTodebi, romlebic yvelaze 

metad miesadageba CaSenebuli sistemebis saimedo teqnologiebis SemuSavebas [2]. 
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3. CaSenebuli sistemebis testireba 

testireba procesis ganxorcielebaa, romliTac vrwmundebiT, rom is akmayofilebs 

arsebul moTxovnebs, raTa ganvsazRvroT gansxvaveba mosalodnel da faqtobriv Sedegebs 

Soris. Semavali monacemebi unda iyos mowodebuli obieqturi programisaTvis da 

programis reaqcia unda iyos dakvirvebadi. formaluri Semowmebisagan gansxvavebiT, 

romelic mimarTulia imisken, rom daamtkicos winaswar gansazRvruli maxasiaTeblebis 

Sesabamisoba. testirebis mizania iseTi SemTxvevis moZebna, rodesac reaqcia ar Seesabameba 

mosalodnel Sedegs da Cven aseT meTods vuwodebT prognozirebad testebs. 

CaSenebuli sistemis kvlevis didi nawili mimarTuli iyo droebiTi wyvetebisken, 

romlebic warmoiSoba maSin, roca sistemebs aqvs xisti moTxovnebi realur droSi. 

droiTi gaumarTavoba mniSvnelovania, magram praqtikaSi misi didi procenti CaSenebul 

sistemebSi modis funqcionalur qcevasTan, maT Soris algoriTmul logikur da 

konfiguraciul Secdomebze da kritikul seqciebSi resursebis aramiznobriv gamoyenebaze.  

iseTi midgomebis povna, romlis meSveobiTac ukeTesad SeiZleba momzaddes sistemis 

komponentebs Soris mimdinare urTierTzegavlenis gamocda da TviT am procesis 

avtomatizacia -  prioritetulia. 

amrigad, CaSenebuli sistemebis testirebisa da marTvis saimedoobis gazrdisaTvis 

Cvens kvlevaSi SerCeuli meTodia „damuSaveba testirebis Semdeg (Test Driven Development – 
TDD) [3]. 

4. damuSaveba testirebis Semdeg  

dResaTvis CaSenebuli sistemebis verifikaciis yvelaze efeqturi meTodi aris  

„damuSaveba testirebis Semdeg” (TDD), romelic programuli uzrunvelyofis damuSavebis 

teqnologiaa. igi efuZneba damuSavebis xanmokle ciklebis gameorebas. Tavidan iwereba 

testi, romelic moicavs sasurvel cvlilebebs, xolo Semdeg iwereba kodi, romelic 

saSualebas iZleva moxdes am testis gavla.  

bolos xdeba axali kodis Sesabamisi standartebis mixedviT refaqtoringi. kent 

berki, romelic iTvleba am teqnikis gamomgoneblad, 2003 wels amtkicebda, rom 

„damuSaveba testirebis Semdeg” amartivebs CaSenebuli sistemebis dizains da matebs mas 

saimedoobas [4]. 

1999 wels TDD-s gamoCena mWidrod iyo dakavSirebuli koncefciasTan – pirvelad 

testi (First Test), romelic gamoiyeneboda eqstremalur programirebaSi, Tumca SemdgomSi 

gamoiyo rogorc calke meTodologia. 

testi aris procedura, romelic adasturebs an uaryofs kodis vargisianobas, roca 

programisti amowmebs mis mier SemoSavebuli kodis vargisianobas, is testirebas akeTebs 

xeliT [5].  

TDD moiTxovs developerisagan avtomatur modulur testirebis Seqmnas, romlebic 

gansazRvravs moTxovnebs kodis mimarT, sakuTriv am kodis daweramde. testi Seicavs im 

pirobebis Semowmebas, romelic SeiZleba Sesruldes an ara. roca isini sruldeba – 

amboben, rom testi gavlilia. testis gavla adasturebs qmedebas, romelic programistis 

mier iyo gansazRvruli. developerebi xSirad iyeneben testirebebis biblioTekebs (Testing 
Frameworks), testebis Seqmnisa da gaSvebis avtomatizaciisaTvis. praqtikaSi moduluri  

testebi faravs kodis kritikul da aratrivialur ubnebs, es SeiZleba iyos kodi, 
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romelic ganicdis xSir cvlilebebs, kodi romlis muSaobazec damokidebulia didi 

raodenobiT kodebis gamarTuli muSaoba da sxva. 

damuSavebis garemo swrafad unda reagirebdes kodis mcire modifikaciaze. programis 

arqiteqtura unda efuZnebodes erTmaneTis mimarT jaWvurad sustad dakavSirebul 

komponentebs, ris gamoc kodis testireba mniSvnelovnad martivdeba. 

TDD ara marto kodis koreqtulobas amowmebs, aramed zegavlenas axdens programis 

dizainze. testebze dayrdnobiT developerebi swrafad warmoidgenen, Tu ra funqcionali 

aris aucilebeli momxmareblisaTvis. amrigad, interfeisis detalebi warmoiqmneba dizainis 

saboloo fazamde gacilebiT adre. 

 

 
nax.2. TDD-s ciklis grafikuli warmodgena blok-sqemebis saxiT 

 

5. testis damateba 

TDD procesSi yvela axali funqcionalis damateba programaSi iwyeba testis 

daweriT. TavisTavad programa am tests ver gaivlis pirvel etapze, radganac Sesabamisi 

kodi jer ar aris dawerili (Tu gaivlis tests, es imas niSnavs, rom es funqcionali 

ukve gaaCnia am programas an tests aqvs naklovanebebi). imisaTvis, rom daiweros testi, 

developers mkafiod unda esmodes axali funqcionalis mimarT wayenebuli pirobebi. 

amisTvis ganixileba gamoyenebis gansxvavebuli scenarebi da samomxmareblo istoriebi. 

axali moTxovnebi SeiZleba agreTve gulisxmobdes arsebuli testebis modifikacias. es 
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ganasxvavebs TDD-s iseTi teqnikisagan, roca testebi iwereba mas Semdeg, rac kodi ukve 

dawerilia, is aiZulebs developers fokusireba moaxdinos moTxovnebze kodis daweramde. 

kodis dawera – am etapze iwereba axali kodi ise, rom man gaiaros testi. es kodi 

ar aris aucilebeli iyos idealuri. dasaSvebia, rom man gaiaros testi ararelevanturi 

meTodiT. es misaRebia, radganac damuSavebis Semdeg etapebze is ufro gaumjobesdeba da 

daixveweba. mniSvnelovania daiweros kodi, romelic gansazRvrulia mxolod testis 

gasavlelad, ar aris saWiro zedmeti da Sesabamisad aratestirebadi funqcionalebi. 

testebis gaSveba – darwmuneba, rom programa testebs gadis. Tu programa yvela 

tests gaivlis, programisti darwmunebuli unda iyos, rom kodi akmayofilebs testirebis 

yvela moTxovnas, amis Semdeg SeiZleba ciklis daskvniT etapze gadasvla. 

refaqtoringi – roca miRweulia moTxovnili funqcionali. am etapze kodi SeiZleba 

iyos gawmendili. refaqtoringi aris programis Siga struqturis Secvlis procesi, 

romelic ar exeba mis gare qcevas da misi mizania kodis muSaobis Semsubuqeba, kodis 

dublirebis aRmofxvra, samomavlod cvlilebis Setanis gaadvileba da a.S. [6]. 

ciklis gameoreba – aRwerili cikli meordeba da axdens axal-axali funqcionalis 

realizebas, nabijebi unda iyos mcire Sualedebis, Tu axali kodi ver akmayofilebs axal 

testebs an Zveli testebi aRar funqcionriebs, programistma unda moaxdinos misi 

aRmofxvra da cvlilebebi Seitanos testis biblioTekebSi, romelsac Semdeg gamoiyenebs 

axali funqcionalis damatebisas. 

 

6. damuSavebis stili 

TDD xSirad dakavSirebulia dizainis etapis gamartivebis procesTan. iTvleba, rom 

amas aqvs ori upiratesoba: is exmareba developers darwmundes imaSi, rom funqcionali 

gamosadegia testirebisaTvis, radganac developerma Tavidan unda gansazRvros, Tu rogor 

unda moxdes misi testireba. es agreTve uzrunvelyofs imas, rom testebiT dafaruli 

iqneba kodis yvela funqcionali. 

TDD-s pirobebSi praqtikulma damuSavebam developerebi miiyvana axali teqnikis 

gamoyenebasTan, romelsac ewodeba damuSaveba misaRebi testirebis Semdeg (Acceptance TDD- 
ATDD), romelSic SemkveTis kriteriumis aRwera avtomatizirdeba testebSi da maT 

iyeneben Semdeg damuSavebis Cveulebriv procesSi moduluri testirebisas. es procesi 

iZleva imis garantias, rom aplikacia akmayofilebdes formirebul moTxovnebs. ATDD 

gamoyenebisas developerebis jgufi fokusirebulia konkretul amocanaze – 

daakmayofilos misaRebi testi, romelic asaxavs momxmareblis Sesabamis moTxovnebs [7]. 

 

7. kodebis nimuSebi VHDL enaze 

naSromis kvlevebis farglebSi mimdinareobda testirebis axali meTodis gamocda 

sxvadasxva modifikaciis programirebad FPGA-dafebze -  DigilenT Spartan 5 FPGA board, Zed 
board Zynq 7000 FPGA board, N mio rio board (nax.3).  
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nax.3. FPGA dafa. 

Seiqmna axali biblioTekebi, CaSenebuli sistemebis dabali donis programirebadi 

enis VHDL-is gamoyenebiT. moxda maTi testirebis Sesabamisi failis Seqmna, SemdgomSi misi 

simulaciur programaze testireba da sabolood programirebad dafaze implementacia.  

 

8. daskvna 

TDD gamoyeneba CaSenebuli programuli uzrunvelyofis sferoSi. igi dammuSaveblebs 

saSualebas aZlevs Seqmnan kargad testirebuli sistemebi. naSromSi warmodgenili 

meTodologia ar aris damokidebuli instrumenebsa da platformaze, romliTac TDD - 
meTods saSualebas aZlevs moaxdinos damuSavebis da testirebis realizacia, romliTac 

ixveweba programuli uzrunvelyofis damuSaveba, izrdeba xarisxi, rasac saboloo jamSi 

mivyavarT, saerTo danaxarjebis SemcirebasTan, mowyobliobebis eqspluataciis periodSi 

maTi defeqtebis Semcirebisa da funqcionalobis mudmivi daxvewis Sesaleblobebis gamo. 

dasawyisSi TDD-s gamoyeneba, dayeneba da instrumentuli saSualebebis SesabamisobaSi 

moyvana moiTxovs garkveul droiT danaxarjebs. Tumca misi gamoyenebiT miRebuli 

sargebeli, ramdenjerme aRemateba am danakargebs. mosalodnelia, rom sruli 

avtomatizacia testebisa, arasodes ar iqneba miRweuli, Tumca warmodgenili meTodebis 

gamoyeneba iZleva „moqnil“ midgomas, romelic uzrunvelyofs testirebis procesis 

misaReb Sedegs. 

kvlevis farglebSi Seqmnili biblioTekebi SemdgomSi warmatebiT SeiZleba iqnas 

gamoyenebuli, rogorc kvlevebis gagrZelebis axal mimarTulebebSi, ise praqtikuli 

daniSnulebiTac, kerZod misi meSveobiT SesaZlebelia Seiqmnes iseTi aparaturuli 

uzrunvelyofa, romelic pirvel etapze moaxdens samomxmareblo bazarze arsebuli 

wvrili da msxvili sayofacxovrebo teqnikaSi funqcionirebadi marTvis CaSenebuli 

sistemis swraf da efeqtur diagnostirebas da problemis aRmofxvras. 
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RESEARCH RESULTS OF NEW METHODS TO IMPROVE  
THE RELIABILITY OF EMBEDDED SYSTEMS 

Chachua Giorgi, Mosashvili Ia 

Georgian Technical University. 

Summary 

This article discusses the architecture and components of embedded systems (ES). 
Characterized by the methods of inspection and testing of the Armed Forces, which are the most 
suitable for their management in order to improve the reliability and the development of new 
technologies. For that in our study we used a new method - Test Driven Development - TDD. The 
paper presents each stage of the implementation of TDD. Given the results of studies on 
programmable FPGA Spartan board and  on VHDL programming language was created new libraries, 
which can then be successfully used as a practical purposes, as well as in research in new directions. 

 
НАУЧНЫЕ РЕЗУЛЬТАТЫ ИССЛЕДОВАНИЯ НОВЫХ МЕТОДОВ ДЛЯ  

ПОВЫШЕНИЯ НАДЕЖНОСТИ ВСТРОЕННЫХ СИСТЕМ   
Чачуа Г., Мосашвили И. 

Грузинский Tехнический Университет  

Резюме 

Pассматриваются архитектура и компоненты встроенных систем (ВС). характеризуется 
методы проверки и тестирования ВС, которые являются наиболее подходящими для их 
управления с целью повышения надежности и развития новых технологий. для этого в нашем 
исследовании использовалась новая методика - Разработка через тестирование - TDD. В Работе 
приведено каждый этап реализации TDD. Даны итоги исследований на программируемом  
плате FPGA Spartan и на языке программирования VHDL создано новые библиотеки, которые 
впоследствии могут быть успешно использованы в качестве практических целей, а также  в 
исследовании в новых направлениях. 
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