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VJIOCKOHAJIEHHS CTEHJY ABTOMATMU3AIIIl TECTYBAHHS
®YHKIINA FPGA KOMIIOHEHTIB ATTAPATHO-ITPOTPAMHUX
KOMIIJIEKCIB IIVIAT®OPMM RADICS

Y ecmammi noxazana ponv cmaodii mecmysanus i 8i01A200HCEHHS Y HCUM-
MEBOMY YUKIL NPOSPAMHUX NPOOYKMI8 npu oyinyi ix Haditinocmi. Buoineni emanu
Mecmy68ants anapamHo-npocpamuux komniexcis. Ilpoananizosani oocniodcenns,
CHPAMOBAHI HA ONMUMI3AYII0 cMAaOdii Mecmy8anHs i 8i01A200HCEHHS. NPOSPAMHUX
npoodykmis. Posenanymo xapakxmepucmuku ¢hakmopie, 8paxy8anHs aKux npu me-
CMYBaHHI NIOBUWYE MOYHICMb OYIHKU HAOIUHOCMI NPOSPAMHUX NPOOYKmie. Bu-
3HaueHi 0coOIUBOCMI MOOENI0BAHNS, CNPAMOBAHI HA CMBOPEHHs 3ac00ie mecm)y-
8aHHA NPOCPAMHUX NPOOYKmMi6. Buxouwano onuc apximexmypu niamgopmu
RadICS. IIpooemoncmposarno npuxnad po3pobku anieopummy OJisi NepesipKu sKo-
cmi ma naditnocmi gyukyiu o6nokie dioriomexu AFBL. Ilpoananizosano koni-
2ypayilo unpoOy8anbHO20 CMeHOy 3 PYUYHUM MeCmy8aHHAM ma 3anponoHO8AHO
1i020 MoOugirayito Ha OCHOBI 0ONIAOHAHHS MA NPOSPAMHO20 3aDe3nedenHs KoM-
nanii National Instruments.

KittouoBi cnoBa: sikicms ma naditinicms npoepamno2o 3abe3nedents, 6ai-
oayis, Application Logic, asmomamusayis npoyecy mecmyeanns, NI Test Stand,
acummesuti yuxkn npoepamuux npooykmis, FPGA, Radiy Platform Configuration
Tool, AFBL.

© O. A. Pyaenko, A. B. I'osioBko, 1O. JI. Ilono4oBHuii, 2020

ISSN 2521-6643 Cucrtemu ta texnodorii, Ne 2 (60), 2020 79



B cmamve nokasana pone cmaouu mecmupoanus U OMAAOKU 8 HCUHEH-
HOM YUKJIe NpOocPAMMHbBIX NPOOYKMOE NpU OYeHKe ux HaoexrcHocmu. Bvioenenvi
IManvl MecCmMuposanus annapamuo-npoSPaAMMHbIX Komniekcos. Ilpoananuzupo-
BAHBL UCCNIEO0BAHUS, HANPAGIEHHbIE HA ONMUMUZAYUIO CIAOUU MEeCMUPOBAHUsL U
OMAAOKU NPOSPAMMHBIX NPOOYKMO8. Paccmompenvl xapakxmepucmuku axkmo-
P08, yuem KOmopvix Npu mecmupo8aHuu noGbluden mo4HOCHb OYEeHKU HAOedHC-
HOCMU NPOSPAMMHBIX Npodykmos. Onpedenienvl 0COOEHHOCMU MOOeNUpOBaHUs,
HanpasieHHvle Ha CO30aHue cpedcme mecmupoBaHusi NPOSPAMMHBIX NPOOYKMOE.
Buvinonneno onucanue apxumexmypor niamgopmot RadICS. [Ipodemoncmpupo-
8aH npumep pazpabomKu ancopumma OJis NPOGepKU Kauecmed U HAOeICHOCmU
@yuxyuii 6nokos oudbruomexu AFBL. [Ipoananusupogarnvl KoHusypayuu ucnvi-
mamenbHO20 CMeHOd C PYYHbIM MeCmUposaHuem U npeoodiceHa e2o MoOupuKa-
Yus Ha 0cHoBe 0OOPYOOBANUS U NPOSPAMMHO20 obecneyeHuss komnanuu National
Instruments.

KitoueBble ciioBa: kauecmeo u Ha0elCHOCmb NPOcPAMMHO20 0becneyeHus,
sanudayus, Application Logic, asmomamuszayus npoyecca mecmuposarnus, NI
Test Stand, scuznennviii yukn npoepammuuix npooykmos, FPGA, Radiy Platform

Configuration Tool, AFBL.

The article shows the role of the testing and debugging stage in the life cy-
cle of software products in assessing their reliability. Stages of testing of hard-
ware and software complexes are allocated. The researches directed on optimiza-
tion of a stage of testing and debugging of software products are analyzed; in
which the characteristics of the method of accelerated testing of software reliabil-
ity for graphical interfaces are considered and generalized; the division into
stages of testing with comparison of results with model indicators is offered; the
influence of test information on the assessment of software reliability is consid-
ered and the function of test coverage in the form of the generalized logistic func-
tion is offered. The characteristics of the factors, the consideration of which dur-
ing testing increases the accuracy of assessing the reliability of software prod-
ucts, are considered. Features of modeling aimed at creating tools for testing
software products are identified. Describes the architecture of the RadICS plat-
form, which consists of a single instrument chassis containing a logic module, as
well as up to fourteen other input/ output and fiber-optic modules. Application
Logic for the RadICS platform are developed using a specialized Integrated De-
velopment Environment - Radiy Platform Configuration Tool. In this Integrated
Development Environment, each Application Logic Block is represented graph-
ically using visualization tools, which simplifies the management of functions
(logical, mathematical, etc.). The Application Logic Block set in the Radiy Plat-
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form Configuration Tool creates a function block library (AFBL) and consists of
more than one hundred block elements. An example of algorithm development for
checking the quality and reliability of AFBL library block functions is demon-
strated. The configuration of the test bench with manual testing is analyzed and
its modification on the basis of the equipment and software of the National In-
struments company is offered.

Keywords: software quality and reliability, validation, Application Logic,
test process automation, NI Test Stand, software lifecycle, FPGA, Radiy Platform
Configuration Tool, AFBL.

Beryn. BypxnuBuii po3BUTOK iHIyCTpii aBTOMAaTM30BaHUX CHUCTEM IOTpe-
Oye HOBUX MIXO/IIB 10 CTBOPEHHS TEXHOJIOT1H Ta BAOCKOHAICHHA HasBHUX. [Ipu
[bOMY 3POCTa€ POJIb MPOrPaMHOro 3a0e3MeUeHHs Ta BUMOTH JI0 Oro HaiiiHOCTI.
HagiiiHICTh € KIIFOUYOBOKO CKIIAJOBOIO SIKOCTI, IO PETIAMEHTYETHCSI PSIZIOM HOP-
MaTHBHHX JIOKYMEHTIB Ta MI>XKHApOJHUX CTaHIapTiB [1, 2].

Ha Bcix eramax »XUTTEBOTO MHKIY MPOTPAMHUX MPOIYKTIB MPOBOIATHCS
MpoIelypH, CIPSIMOBaHI Ha 3a0e3neueHHs iX HaAiiHOCTI, o MOTpedye MaTepia-
JTBHUX 1 YaCOBUX 3aTpar.

KitouoBuM eranom >KMTTEBOTO LHUKIY MPOTrPAMHUX MPOIYKTIB, B MpPOIEC]
3a0e3neueHHs HaIIHHOCTI, € CTals TecTyBaHHS 1 BianarokeHHs. Ctaais TecTy-
BaHHS Ma€, B 3araJibHOMY BHIIAJIKY, CBIM «KHUTTEBUU LIUKID», 10 MICTUTH PSJI iTE-
partiii:

— 3arajibHe TUIAaHYBaHHS 1 aHaITi3 BUMOT;

— YTOYHEHHS KPUTEPIiiB MPUHMaHHS;

— YTOYHEHHS CTpAaTerii TeCTyBaHHS;

— PO3pOOJICHHS TECT-KEHCIB;

— BUKOHAHHS TE€CT-KEHCIB;

— ¢ikcarllis BUSBIEHUX 1e(EKTIB,;

— aHaJi3 pe3yJibTaTiB TeCTYBaHHS;

— CKJIaJaHHs 3BITHOCTI.

Bumoru 10 mpoBeficHHsI TeCTyBaHHS Ta BiJIAaTODKCHHS MPOTPAMHUX IPO-
JYKTIB BU3HAYAIOTHCSI MIKHAPOJAHUMU CTaHaapTamu [3-6], METOAM 1 MPUHIUIN
TECTYBaHHsI ONIMCaH1 B psA/ll HaBYaJIbHUX MOCIOHUKIB [7, §].

[Tutanas omTuMmizamii cTajii TECTyBaHHS 1 BIJIArOJKEHHS MPOTPAMHHUX
MPOAYKTIB 3HAWIUIN BiJoOpaxkeHHs y poboTax [9-12], 30kpema, B [9] po3risiHyTi
Ta y3arajJbHEH1 XapaKTePUCTHUKU METOJy MPHUCKOPEHOr0 TeCTyBaHHS HAIINHOCTI
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porpamMHoOro 3abe3neueHHs s rpadivyaux intepdeiici; B [10] 3anpornonoBaHo
PO30OUTTS Ha eTany TECTYBaHHS 3 MOPIBHAHHSAM PE3YJIbTATiB 3 MOJICIILHUMH ITOKa-
3HHKaMHU; B [11] po3riisigaeThesi BIUIMB TECTOBOI iH(pOpMAIIii HA OLIHKY HaTIHOC-
Ti POrpaMHOTO 3a0e3nedeHHs; B [12] 3anponoHoBaHa (yHKIlisE TECTOBOTO IMOK-
PHUTTS y BUTJISIIL y3arajabHEHO1 JIOTICTUYHOT (QYHKITIT, IO ONUCY€E 3MiIHY TECTOBOTO
MOKPUTTS I1J] 4aC TECTOBOI MPOLIETyPH.

[Tutanns ypaxyBaHHS pi3HHX (DaKTOpiB, HEOOXITHUX IMPH IIPOBEICHHI TEC-
TYBaHHsI po3MIsAaroThes y podorax [13-18]. B [13] 3anponoHOBaHO BKIHOYEHHS
S-noxiOHuX (yHKUIA TECTyBaHHS B MOJEIb HAAIMHOCTI MPOTPaMHOTO 3abe3re-
YCeHHSI, 110 BPAXOBY€E HEAOCKOHANIE BimnarokeHHs. B [14] posrnsHyTe mpucso-
€HHA IMOBIPHICHHX THpPIOPUTETIB MEXaHI3My TECTYyBaHHSA, IO 3IIMCHIOETHCS 32
JIOTIOMOT0r0 po6odoro mpodiaro mporpamHoro 3abesmeueHHs. Lle mocmimkeHHs
CHpSIMOBaHE Ha CTBOPEHHS TECTOBUX KEWCIB Ta TECTOBUX HAOOPIB 3 TOUKH 30py
HMOBIpHICHOT HaIIHHOCTI, BAKOPUCTOBYIOUH 3aIPONOHOBAHY CTPYKTYpY, 3aCHO-
BaHy Ha pobodomy npodiiai nporpamMHoro 3ade3neueHHs Ta npodiiai TeCTyBaHHS.
B [15-18] po3rusinyTi pi3Hi MiIXOAU A0 OLIHKYA HAIIHHOCTI MPOrpaMHUX 3acO0iB,
10 BPaXxOBYIOTh (DAKTOp BTOPHHHUX JIEPEKTIB.

VY nocmimkeHHsx [7, 9] mokazaHo, 0 CKOPOYCHHSI TPUBAJIOCTI €TAIliB TeC-
TYBaHHS MOXUJIMBE a00 NUISIXOM CTBOPEHHS CHEIiaIbHUX YMOB BHIIPOOYBaHHS,
a00 yepe3 aBTOMATH3AIII0 Ta MPUCKOPEHHS BUKOHAHHS OKpeMHUX (pa3 TecTyBaHHS,
K1, SIK IPaBUII0, BUKOHYIOTHCS Y PYYHOMY PEXKHMI.

Merta. Meroro my6uikailii € BIOCKOHANEHHS CTEHAY TEeCTyBaHHS (YHKIIIN
FPGA xoMIoHeHTIB anapaTHO-IporpaMHuX KoMmIuiekciB iardopmu RadICS nns
MIJBUIICHHS CTYMEHs aBTOMAaTH3allii MPOLECiB TECTYBaHHS Ta CKOPOYEHHS iX
TPUBAJIOCTI.

1. Ananiz anapaTaux 3aco6iB miaargopmu RadICS. [Tnatdpopma RadICS
SIBJISIE COOOI0 MOJTYJIBHY TIIATGOPMY 1 MICTUTh CTaHJAAPTU30BaH1 MO, TaKi SIK
JIOTIYHUI MOZYJIb, IM(PPOBI Ta aHAJIOTOB1 MOyJli BBOy/BUBOAY (1/0), 0a3yroThes
Ha BUKOPHUCTaHHI MikpocxeM mporpamoanoi joriku (FPGA). OGnanHanHs 1uia-
thopmu RadICS BcTanoBneHo Oinbin HiXK B 70 OCHOBHHX cHCTeMaxX O€3MeKH Ta
yTpaBIliHHSA Ha J1F0YUX aTOMHUX enekTpocTaHuiax (AEC) pi3HUX KpaiH CBITY.

Apxitektypa mnatdopmu RadICS ckmamaeTbcs 3 €IMHOTO TPUIIATOBOTO
11aci, o MiCTUTh JoriuHuid Moaynb (LM), a Takox 10 14 iHIIUX MOIYJIiB BBOY-
BHBOJIy Ta ONTOBOJOKOHHOTO 3B’si3Ky. L[ onHOKaHanmpHa KOH(Irypaiis € 0a3o-
BOIO KOH(irypauieto iHpopmariitHo-kepytounx cuctem (IKC). lns cucrem aBa-
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piitHoro 3axucty AEC Taka koHirypauis mae ceptudikar piBas 6e3nexu SIL 3
BixnmoBigHo 10 BuMor IEC 61508. Cuctema Ha 6a3i muiargopmu RadICS moxke
OyTH CHpPOEKTOBaHA i BUTOTOBJICHA 1 B IHIIMX KOH(pIirypamisx (Hampukian, Uis
3abe3neueHHs BUMor kinacy 1E mis cucrem apapiitHoro 3axucty AEC CHIA Ta
Kanaawm). [Ipu 11boMy HE TUIBKH MIJBHUIYETHCS PiBEHb BUMOT J0 HEi, ajie 1 po3-
MIUPIOETHCS HAOIp QYHKIN, sAK1 muiargopMa MOBHHHA 3a0€3MeYuTH. AJle Ticis
PO3poOKM HOBUX a00 yJIOCKOHAJEHHS CTapux (YHKIIOHAIBHUX KOMIIOHEHT, He-
00X1THO 3HOBY BUKOHYBATH iX TECTYBaHHS, TOOTO MOTPIOCH yac Ta 3HAHHS.

Panime tectyBaHHs 3aiimMano OJIM3BKO TPbOX THIXKHIB BKIIIOYAIOYM CTBO-
PEHHS aJTOPUTMIB, HANAIITYBAHHS CHCTEMH, IEPEBIPKU Ta JOKYMEHTYBaHHS 3Bi-
Ty.

BpaxoBytoun, mo eran tecryBanHs ¢ynkuiii margopmu RadICS Gys Bia-
npanboBanuil npu ceprudikamii Bumor IEC 61508, nominbHO BUKOpUCTATH HOTO
HaIpaloBaHHS Ta PO3POOKH AJIs MOJANBIIOTO BIOCKOHAIEHHS TECTOBOTO CTEH/Ia
1 CKOpOUYEHHS Yacy TECTyBaHHS 0e3 BTPAT SIKICHUX XapaKTEPUCTUK (MIOBHOTHU TeC-
TOBOT'O MOKPUTTSI, TOIIIO).

2. AHani3 nporpamMHux 3aco0iB Ta TeCTOBOro CTEHJIa, 110 BUKOPHUCTO-
ByBasIMcs Ha erani iHTerpauiinoro tecryBanusi. Ockinbku IKC Ha 6a3i mat-
¢opmu RadICS ¢PyHKIIOHYE B aBTOHOMHOMY PEKHMIi, TO IHTETPAIlIHE TECTY-
BaHHS CHUCTEMHOI JioTiku nonatkiB (Application Logic), BUKOHY€TBCS JOTIYHIM
moayinem (LM) miei mmardgopmu y mpolieci AiarHOCTyBaHHS Mpare3JaTHOCTI
kommoHeHT IKC. logatku Application Logic mnst mnatdopmu RadICS po3pobiie-
Hi 3 BUKOPHCTaHHSIM CIIEI1aJi30BaHOTO0 IHTETPOBAHOTO CEPEIOBHUINA PO3POOKHU
(Integrated Development Environment, IDE) — Radiy Platform Configuration
Tool (RPCT). ¥ manomy IDE 3a gomomororo 3aco6iB Bi3yasizailii KOXKHHIA OI0K-
nonatok (Application Logic Block, ALB) npencrasnenunii y rpagpiuHOMY BUIJISAL,
IO CIPOILy€ KepyBaHHA (QYHKIISIMU (JIOTIYHUMH, MaTeMaTUYHUMHU, Toio). Ko-
xeH «rpadpiuaniiy AFB y cepenoBumii RPCT noB’s3anuil 3 anapatHo peani3oBa-
HuMm y FPGA xomnonentom AFB B noriunomy Moy miatdgopmu RadICS.
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Tuning
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LAN 1 - From Tuning
Station

tid:

LAN 2
LAN 1

LAN 2 - From MATS

RadICS Platform

Puc. 1. [TouaTkoBa KoH}Iryparis BUPOOYBaJIbHOTO CTEHAA IJIsi PyYHOTO TECTY-
BaHHs 0yiokiB AFBL

Mnuoxuna AFB y cepenoBumii RPCT ¢dopmye 610mi0Texy QyHKIIOHATBHUX
6mokiB (AFBL) ta cknagaerbes 3 6inbin Hik 100 enemenTiB-6mokiB. Li GpyHkIio-
HaJIbHI OJOKHM TaKOX MOXXYTh MaTH BEJUKY KUJIbKICTh MapaMeTpiB BBOAY/BUBOIY
a00 HaBiTh Pi3HI KOHPITypalii.

Jlnist mpoBeIeHHS MPOLEAYp IHTETPaliifHOTO TECTYBaHHS Y PyYHOMY PEKH-
Mi BUKOPHCTOBYBABCSI CHCIIAIbHUAN TecTOoBHA BUNpoOyBanpHuil cTen (Test Bad,
TB), 300pakeHuit Ha puc.l, 1m0 cknagaBcs 3:

— CTaHIII] HAJIAIITYBaHb (CTAl[lOHAPHUI KOMII IOTEp YM HOYTOYK 3 KIIIEHTOM
HaJalTyBaHb JUIs reHepanii BXigHuX gaHux B AFB);

— pob6ouoi cTaHuii (podoya craHis 3 mporpamoro Monitor ass 300py BUXi-
JTHUX JTaHUX);

— KOMyTaropa 3 opTaMu JUIs MiAKIIOYEHHs ONTOBOJIOKOHHUX JIIHIH;

— tecroBaHoi cucreMu SUT (System Under Test) muiatdopmu RadICS (ma-
ci matgpopmu RadICS 3 LM).
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Puc. 2. TecroBuii npukiiaza i nepeBipku koHgirypanii 6mokiB (AND, OR,
XOR, SWITCH_FP) 3 6i6mioreku AFBL

Jlnst 3abe3nedeHHsT HEOOXITHOIO TECTOBOI'O IOKPHUTTS ITJI Yac iHTErpa-
uiHOro TectyBaHHs 3a gornomoror RPCT mist okpeMoi koH(irypariii, ska Moxe
BKJIFOYATH OJIMH, abo aekiabka AFB po3po0iseTbest TecToBuid npukian (puc. 2),
SIKAWA BpPY4YHY IpoluBaeTbest A0 monyist LM uepe3 ontuunuii mopt LANI1. Pe-
3yJbTaTU TECTyBaHHs yepe3 Apyruil ontuuHuid nopt LAN2 monyns LM 3uury-
10ThCs1 poOouoro craniieto 3 [13 Monitor.

Takum ymHOM, iHTerpariiine TectyBaHHs Bci€i 0i0mioTekn AFBL BuKOHY-
BaJlach BPYYHY JBOMa iH)KeHEpaMHU-BHUIpOOyBadyamu (OIHA JIFOAWHA JUIS TECTY-
BaHH4, a 1HIIA JUJIS JOKYMEHTYBAaHHs pe3yJbTaTiB TECTyBaHHS) 1 3aiiMano aBa-Tpu
THXKHI.

3. Kondirypanisa moan(pikoBaHOro TeCTOBOr0 BUNPOOYBAJIBHOIO CTEH-
Aa 118 aBTOMATH30BAaHOI0 iHTerpaniliHoro tecryBanis. OCKilbkH y 0aratbox
npoektax RadICS Takox BUKOPHCTOBYIOThHCS amapaTHI CTEHAM Ta MPOTpPaMHI 3a-
cobu xommanii National Instruments (NI), 1 e o01agHaHHS MOKa3aj10 BUCOKY Ha-
JIUHICTh 1 TOYHICTh BUMIPIOBAaHb, OyJ0 NPUWHATO PILIEHHS BUKOPUCTATH HOTO
JUIE aBTOMATH30BAHOTO BHUIPOOYBAJIBHOTO CTeHIA. I mpoIenyp TeCTyBaHHS y
National Instruments po3po6uieni nporpamui naketu LabVIEW ta Test Stand. [13
Test Stand e crenianizoBaHUM caMe Ul aBTOMAaTU3allli TECTOBUX MpoLeayp. Ase
HOro BUKOPUCTAHHS BUMarae MoJaudikalii BUIpoOyBaJIbHOIO CTEHa, SIK MOoKa3a-
HO Ha puc. 3.
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Puc. 3. MoaudikoBanuii BUPoOYBabHHUI CTSH]T JIJIsl aBTOMAaTU30BAHOT'O TECTY-
BaHHs OJiokiB AFBL

Jlo xoHdirypariii MmoaudikoBaHOTrO TeCTOBOro crenja sxoautb SUT (rat-
¢dopma RadICS 3 xomyTaropoM ONTOBOJIOKOHHHUX JIiHIA Ta kKommn'iotep 3 IDE
RPCT) i TB (npeacrasnenuii cuctemoro 3060py aanux NI Data Analysis System,
DAS). Buxopucranas DAS no3Bosisie 34nTyBaTH peajbHi CUTHAIN 3 BUXOJIIB MO-
nyniB BBoy/BuBOAY margopmu RadICS i mum camMuM BiIMOBUTHCS BiJl MOHITO-
PHUHTY BipTyalnbHHX curHaiiB uyepe3 [13 Monitor y pyuHomy pexumi. [Ipu nipomy
KUTbKiCTh MOAyJiB y mmaci obnanHanHs NI 1 RadICS neBenuka (TUTbKH MO OHO-
MY MOJIYJIFO KO’KHOTO TUIY). Taka MiHIMi3alis JOCATHYTa HUIIXOM BUKOPUCTAHHS
He3aJleXHUX KOHQIrypawiil mporpaMHoro 3abe3nevyeHHs JUisi KOXKHOTO TECTOBOTO
npukiany. Lle o3nauae, mo LM Mmoske 30epiratu y cBoiil mam’siti 10 12 koHOIry-
pamiii maci 3 pi3HUM Ha0OpoOM amapaTHoro 3adesneueHHs. 3 iHmoro 6oky, I13
Test Stand no3Bossie po3poOHMKY TECTOBUX NpHUKIaAiB ¢opmatyBatu HW-
MOJ1yJIi Ta KaHaJIH 110 PI3HOMY Nepe/l KOKHUM TECTOM.

Buxopuctanns [13 NI Test Stand 103BonMI0 pO3pOOHUKY CTBOPIOBATH He-
3aJIe’KH1 TECTOBI MPHUKIAIH JUIs KOXKHOTO 010Ky 3 016mioTekn AFBL. OuikyBaHwuii
pe3yJbTaT 1 BXi/IHI 1aHi Ul KOKHOTO TeCTy OepyThCsl 3 30BHIIIHBOTO (aiimy na-
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HuX CSV 1 MOXyTh OyTH 3MiHEHI 1H)KEHEPOM-TECTYBAIBHUKOM, SIKOMY HE MOTpi-
OHO MaTW NPAKTUYHY MIATOTOBKY Ui POOOTH Yy CKJIAJHOMY CEpEeIOBHILI
LabVIEW (puc.4). BukoHaHHS TECTOBOI'O MPUKJIAAY TMOBHICTIO aBTOMAaTH4HE i
HOCITIJJOBHE.

AND_01.01.csv - Excel Anatolii Holovko @ ca} - o

- A = 5 | | EEVenosnae dopuamposanue - & P
i o Gy
Bydep | Wpudt | Beipasummanme | Hacno | oroPOSATE KAKTERAMY

Aueiin | Pegakmnposa »
oBnena * - -

[ Crinm aveex ~

Crmn ~

Al - f 100 ms v

100 ms .Xl X2 ouT1

H oo
orr o
o~ oo

AND 01.01

Puc. 4. CSV ¢aitn nanux

Kpim toro, I13 TestStand aBToMaTH4HO CKIIagae 3BECHUN 3BIT 3 pe3yyibTa-
TaMH BCIX TecTiB. 3BIT MOXXe OyTH TpeACTaBICHUH B pi3HHX (hopMaTax NaHHX,
takux sk HTML, XML.

Sk mokaszanm pe3yJbTaTH iHTerpamniifHoro tectyBanHs mwiatdopmu RadICS,
aBTOMaTU30BaHMi mporec 3a gornomororo NI Test Stand Bimmosizae BciM BUMO-
raM HOPMAaTHUBHOI Ta KEPIBHOI JJOKYMEHTAIIii.

BucHOBKM Ta mepcrneKTUBU MOAATBIIMX JOCTIIZKeHb Y TaHOMY HANPAMI.
Y po6oTi 3anpomnoHOBaHO MOJAM(DIKAI[I0 TECTOBOTO BUIPOOYBAIBHOIO CTEHJA
JUI aBTOMAaTH30BaHOTO TecTyBaHHs O50kiB AFBL mnatgopmu RadICS msixom
BUKOpUCTaHHS oOmamHanHs DAS Tta mporpamuoro 3abesmneuenns Test Stand
koMmmanii National Instruments.

ABTomaTH3alis TeCTyBaHHs JO3BOJIMJIA OTPUMATH HAcTyIHI nepeBaru (y
MOPIBHSHHI 3 TIOTIEPETHHOI0 BEPCIEI0 TECTOBOTO CTEH/IA 3 PYUYHUM PEKUMOM):

— ICTOTHO CKOPOYEHO Yac TeCTyBaHHs (3arajbHUI 4ac TECTyBaHHS MEHII K
10 XBUIMH y NOPIBHAHHI 3 2-3 THXXHAMH);

— BXIJHI 1 BUXiJIHI CHTHAJIM TOB’s3aHi 3 (i3MUYHUMHU KaHAaMU MOMIYIIB
BBOJ1y/BUBO/JlYy, @ HE 1X BIPTYaJIbHUM MOAAHHSAM Y JIOTITYHOMY Moyl LM;

— 3MEHIIEHO HEraTUBHUH BIUTUB (DAKTOPY JIOACHKHX MOMHIJIOK Ha Pe3yJib-
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TaTH MPOBEICHHS TECTIB;

— 3MEHILIEHO BUMOTH JI0 KBadiikalil iHKeHepa-TeCTyBalbHHUKA, 30KpeMa
710 IPAaKTUYHUX HAaBUYOK poboTH y cepenosumii LabVIEW.

HanpsiMmkaMu olanbInix TOCIiHKECHb €:

— PO3UIMPEHHS MHOXXWHH TECTOBHX NPUKIAIB MUIXOM iX HAKOIMWYEHHS
MIpU TECTYBaHHI pi3HUX KOH(Iirypamii mardopmu RadICS;

— HaKOIHMYEHHs Ta 00pOOKa pe3yJbTaTiB TECTyBaHHS JJIsi BU3HAYCHHS ajie-
KBaTHUX MOJIeJIeH OIIHIOBaHHS HaJiMHOCTI Ta QyHKIiHHOI O6e3neunocti 13 30k-
pema Ta IKC na 6a3i murarpopmu RadICS B nimomy.

Cnucox BUKOPUCTAHHUX JIZKEPEI:

1. ISO/IEC 25010:2011. Systems and software engineering — Systems and
software Quality Requirements and Evaluation (SQuaRE) — System and software
quality models. URL.: https://www.iso.org/standard/35733.html

2. IEC 60050-192:2015. International Electrotechnical VVocabulary (IEV) -
Part 192: Dependability. URL.: https://webstore.iec.ch/publication/21886

3. IEEE 829-2008 - IEEE Standard for Software and System Test
Documentation. URL: https://standards.ieee.org/standard/829-2008.html

4. IEEE Standard for System and Software Verification and Validation, in
IEEE Std 1012-2012 (Revision of IEEE Std 1012-2004) , vol., no., pp.1-223, 25
May 2012, doi: 10.1109/IEEESTD.2012.6204026.

5. IEEE 1016-2009 - IEEE Standard for Information Technology--Systems
Design--Software Design Descriptions. URL.: https://standards.ieee.org/standard/
1016-2009.html

6. IEC 61508-3:2010. Functional safety of electrical / electronic /
programmable electronic safety-related systems - Part 3: Software requirements.
URL.: https://webstore.iec.ch/publication/5517

7. bnaronarckux B.A. Bonaun B.A., [lockakanoB K.®. Crannaptusanus
pa3paboTKu MporpaMMHBIX cpeAcTB: Yued. mocoodue. [log pea. O.C. Pazymosa.
M.: ®unance! u ctatuctuka, 2005. 288 c.

8. ApytoB B.B., bypay H.W. HanexxHocTs 1 quarHoctuka npubopoB U CH-
creM: YueOHoe nmocodue. K.: HTYVY «KII», 2014. 156 c.

9. Liu, Q., Wu, Y., Lu , M. (2015). Study of GUI oriented software
reliability accelerated testing method. "Proceedings of the First International
Conference on Reliability Systems Engineering (ICRSE)", p.p. 1-6, DOI:

88 ISSN 2521-6643 Cuctemu Ta Texuouorii, Ne 2 (60), 2020



10.1109/ICRSE.2015.7366479.

10. Honda, K., Washizaki, H., Fukazawa, Y., Munakata, K., Morita, S.,
Uehara, T., Yamamoto, R. (2015). Detection of unexpected situations by applying
software reliability growth models to test phases. "Proceedings of the 2015 IEEE
International Symposium on Software Reliability Engineering Workshops
(ISSREW)". Ne 18, p.p. 2-5, DOI: 10.1109/ISSREW.2015.7392024.

11. Okamura, H., Takekoshi, Y., Dohi, T. (2015). Fine-Grained Software
Reliability Estimation Using Software Testing Inputs. "Proceedings of the 2015
IEEE International Conference on Software Quality Reliability and Security
(QRS)". Ne 20, p.p. 85-92, DOI: 10.1109/QRS.2015.22.

12. Zhou, B., Lei, H., Guo, W. (2015). Software reliability modeling with
the generalized logistic test coverage function. "Proceedings of the 2015 6th IEEE
International Conference on Software Engineering and Service Science
(ICSESS)". Ne 23, p.p. 106-109, DOI: 10.1109/ICSESS.2015.7339015.

13. Li, Q., Li, H., Minyan, L. (2015). Incorporating S-shaped testing-effort
functions into NHPP software reliability model with imperfect debugging.
"Journal of Systems Engineering and Electronics". Vol. 26, Ne 1, p.p. 190-207,
DOI: 10.1109/JSEE.2015.00024.

14. Ali-Shahid, M.M., Sulaiman, S. (2015). Improving reliability using
software operational profile and testing profile. "Proceedings of the 2015
International Conference on Computer Communications, and Control Technology
(I4CT)". Ne 18, p.p. 384-388, DOI: 10.1109/14CT.2015.7219603.

15. Maesckuii . A., Kexos O.I1. Mcnonb3oBaHue T€OpUU BPEMEHHBIX Psi-
A0B IJIA BBIACIICHUS BTOPHUYHBIX OIIMOOK Ha JTalle TCCTHUPOBAHUA ITPOIPAMMHOTIO
obecnieyenus. PagioenexkrponHi 1 komm totepHi cuctemu. 2011. Ne 2 (16). C. 82-
85.

16. Onapymenko O.H., Pynenko A.A., Xapuenko B.C. Merton onieHnBanus
HaJeKHOCTH MPOTPAaMMHBIX CPEJICTB C yU€TOM BTOPUYHBIX JedexToB. Panioenek-
TpoHHI 1 Komm ' foTepHi cucremu. 2012. Ne 7 (59). C. 294-300.

17. Rudenko O., Odarushchenko E., Rudenko Z., Rudenko M., “The
Secondary Software Faults Number Evaluation Based on Correction of the
Experimental Data Exponential Line Approximation®, Conference Proceedings of
2018 IEEE 9thinternational Conference on Dependable Systems, Services and
Technologies DESSERT 2018, Kyiv, 2018, pp. 401-405.

18. Pygenko O. A. OniHIOBaHHS KUTBKOCTI BTOPHHHHX JIe(DEKTIB Mporpam-

ISSN 2521-6643 Cucrtemu ta texnodorii, Ne 2 (60), 2020 89



HUX 3aC00IB HUIAXOM KOMIUIEKCYBaHHS MOIM(IKOBAHUX MOJeENel pocTy Haiii-
Hocti J[xeninceki-Mopanu 1 [lluka-Boneeprona / O. A. Pynenko, O. M. Ona-
pymenko, 3. M. Pyaenko, O. b. Onapymenko // Cuctemu ynpaBiliHHS, HaBiraiii
ta 3B's13Kky. 2020. Bumn. 1. C. 97-100.

References:

1. ISO/IEC 25010:2011. Systems and software engineering — Systems and
software Quality Requirements and Evaluation (SQuaRE) — System and software
quality models. URL.: https://www.iso.org/standard/35733.html

2. IEC 60050-192:2015. International Electrotechnical VVocabulary (IEV) -
Part 192: Dependability. URL.: https://webstore.iec.ch/publication/21886

3. IEEE 829-2008 - IEEE Standard for Software and System Test
Documentation. URL.: https://standards.ieee.org/standard/829-2008.html

4. IEEE Standard for System and Software Verification and Validation, in
IEEE Std 1012-2012 (Revision of IEEE Std 1012-2004) , vol., no., pp.1-223, 25
May 2012, doi: 10.1109/IEEESTD.2012.6204026.

5. IEEE 1016-2009 - IEEE Standard for Information Technology--Systems
Design--Software Design Descriptions. URL: https://standards.ieee.org/standard/
1016-2009.html

6. IEC 61508-3:2010. Functional safety of electrical / electronic /
programmable electronic safety-related systems - Part 3: Software requirements.
URL.: https://webstore.iec.ch/publication/5517

7. Blagodatskikh V.A., Volnin V.A., Poskakalov K.F. Standardization of
software development. Ed. O.S. Razumova. Moscow: Finance and Statistics,
2005. 288 p.

8. Avrutov V.V., Burau N.I. Reliability and diagnostics of devices and
systems. K .: NTUU "KPI", 2014. 156 p.

9. Liu, Q., Wu, Y., Lu , M. (2015). Study of GUI oriented software
reliability accelerated testing method. "Proceedings of the First International
Conference on Reliability Systems Engineering (ICRSE)", p.p. 1-6, DOI:
10.1109/ICRSE.2015.7366479.

10. Honda, K., Washizaki, H., Fukazawa, Y., Munakata, K., Morita, S.,
Uehara, T., Yamamoto, R. (2015). Detection of unexpected situations by applying
software reliability growth models to test phases. "Proceedings of the 2015 IEEE
International Symposium on Software Reliability Engineering Workshops
(ISSREW)". Ne 18, p.p. 2-5, DOI: 10.1109/ISSREW.2015.7392024.

11. Okamura, H., Takekoshi, Y., Dohi, T. (2015). Fine-Grained Software
Reliability Estimation Using Software Testing Inputs. "Proceedings of the 2015

90 ISSN 2521-6643 Cuctemu Ta Texuouorii, Ne 2 (60), 2020



IEEE International Conference on Software Quality Reliability and Security
(QRS)". Ne 20, p.p. 85-92, DOI: 10.1109/QRS.2015.22.

12. Zhou, B., Lei, H., Guo, W. (2015). Software reliability modeling with
the generalized logistic test coverage function. "Proceedings of the 2015 6th IEEE
International Conference on Software Engineering and Service Science
(ICSESS)". Ne 23, p.p. 106-109, DOI: 10.1109/ICSESS.2015.7339015.

13. Li, Q., Li, H., Minyan, L. (2015). Incorporating S-shaped testing-effort
functions into NHPP software reliability model with imperfect debugging.
"Journal of Systems Engineering and Electronics". Vol. 26, Ne 1, p.p. 190-207,
DOI: 10.1109/JSEE.2015.00024.

14. Ali-Shahid, M.M., Sulaiman, S. (2015). Improving reliability using
software operational profile and testing profile. "Proceedings of the 2015
International Conference on Computer Communications, and Control Technology
(I4CT)". Ne 18, p.p. 384-388, DOI: 10.1109/14CT.2015.7219603.

15. Maevsky D.A., Zhekov O.P. Using time series theory to isolate second-
ary errors at the software testing stage. Radioelectronic and computer systems.
2011. No. 2 (16). P. 82-85.

16. Odarushchenko O.N., Rudenko A.A., Kharchenko V.S. A method for
evaluating the reliability of software tools taking into account secondary defects.
Radioelectronic and computer systems. 2012. No. 7 (59). P. 294-300.

17. Rudenko O., Odarushchenko E., Rudenko Z., Rudenko M., “The
Secondary Software Faults Number Evaluation Based on Correction of the
Experimental Data Exponential Line Approximation®, Conference Proceedings of
2018 IEEE 9thinternational Conference on Dependable Systems, Services and
Technologies DESSERT 2018, Kyiv, 2018, pp. 401-405.

18. Rudenko O.A., Odarushchenko O.M., Rudenko Z.M., Odarushchen-
ko O.B. Estimation of the number of secondary defects of software by
complexing modified models of growth of reliability of Dzhelinski-Moranda and
Shika-Wolverton. Control, navigation and communication systems. 2020. vol. 1.
P. 97-100.

ISSN 2521-6643 Cucrtemu ta texnodorii, Ne 2 (60), 2020 91



