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METO/ AHAJII3Y BUMOI 10 ITIPOI'PAMHOI'O 3ABE3IIEYEHHSA HA IPEJIMET
IHOIIYKY 3HAYEHbBb ATPUBYTIB AKOCTI

PuHoOK riporpamHoro 3abesneqerHs (113) 3poctae gyxxe crpimko. 13 cTae Bce 6iribLy CKIafHIM, | Ha HbOIo MOK/IaAaEeTbCsa
Bce 6ifblia BAMNOBIAA/IbHICTb, 3i 3POCTAHHAM HAAIMHOCTI anapaTHoro 3abe3rneyeHHs Ta 3POCTA0Y0I CKIAAHICTIO MPOrpamMHoro
3abe3neyerHs SKICTb MporpamMHOro 3a0e3neYerHHs BUKIMKAE AEAAII OIfIbLIE 3GHENOKOEHHS K ¥ PO3POBHUKIB, TaK | y KOpUCTyBa4is,
LOHAVIMEHLLIE BUXOAAYN 3 MPArHEHHS JOCSITH 10CTaBJIEHI GI3HEC-LIIT,

Hapas3i icHye cyrnepeyHicTb MK 3DOCTar0H0I0 CKAGAHICTIO MPOrpamMHOro 3abesneyerHHs 1a BIAnoBIAaILHICTIO, IKa Ha HbOro
10K/IAAAETHCS, POSLINPEHHSIM BUMOI O SKOCTI [IPOrPaMHOro 3abe3reqeHHs, 3 04HOro 60Ky, | HEAOCKOHA/IICTIO MoAesies, METOgiB Ta
3acobiB MPOrHo3yBaHHA SAKOCTI [13 Ha paHHIX €eTarnax XWTTeEBOro uuK/y. BIATak, rporHo3yBarHs PIBHS SIKOCTI porpamMHoro
3abe3rneyerHHs1 Ha PaHHIX eTarnax XUTTEBOIroO UMKy Ha OCHOBI aTpubyTIB SKOCTI € aKTyallbHOK 3a4a4€r0.

Po3pobrerHa CTpykTypa creyn@ikayii sBumor 4o [13, npuaaTHoi 415 aBTOMATUYHOrO OfpPaLlOBaHHS CUCTEMOKO A1
IPOrHO3yBaHHS PIBHS SIKOCTI POrPamMHOro 3ab6e3re4YeHHs Ha OCHOBI BUMOI, HaK/IaAaE EBHI OBMEXEHHS Ha (OPMY IIOBAKHHS BUMOT,
LYO MICTSTE aTPUBYTH SKOCTI, Ta NPU3HaYeHa A/1s NO4a/IbLIOO MPENPOLECIHIY creundikauivii sumor 4o [13.

MeTtog aHasnizy BUMOr 40 PorpamMHOro 3a6e3reqYeHHs Ha MPEAMET IOLLYKY 3HaqYeHb aTpmubyTiB SIKOCTi 3abe3neqye Buoip
3HayqeHp atpubyTi skocTi 13 3 npupogomMosHoi crieymgikadli Bumor 4o 113, [Kki [4ani MOXyTe 6yTH BUKOPUCTaHI [/1 BU3HAYEHHS
3HAYEHb XaPaKTEPUCTUK SKOCTI 13 Ta A/19 KOMIIEKCHOIO OLiHIOBAHHS SKOCTI [13. PO3pobrieHmi METOL € BaxsmBuM LVis 1OBHOI
asTomMatn3auii orpaytoBaHHs BUMOI Ta OBHOMO YCYHEHHS Cy6'E€KTUBHOIO BI/IMBY [ y4acTi JIOAMHU Y MpoLecax OnpauytoBaHHs
[H@opmayli Ta 3406yTTa 3HaHb. MeToq aHasizy Bumor [0 [13 Ha MpegMeT MoLyKy 3HaYeHb arpubyTiB SIKOCTI € TEOPETUYHUM
MIAMPYHTAM U159 PO3POBTIEHHS MOAYIO GBTOMATUYHOIO aKHasizy BuMor 40 [13 rporoHOBaHoi aBTopamu CUCTEMU /151 MPOrHO3yBaKHHs
PIBHS SKOCTI [IPOrpamMHOro 3a6€3r1e4YeHHs Ha OCHOBI BUMOT.

Ktoqosi  ¢10Ba:  rporpamMHe 3a6€3MeYeEHHS, SKICTb POrpamMHOro 3a6e3reyerts, atpubyi SKOCTi porpamMHOro
3abe3rneyerHs, BUMOryt 40 MporpamMHoro 3a6e3e4YeHHs], aHas3 BUMOI 40 MporpamMHoro 3a6e3neYeHHs.

VOICHUR Yurii, MEDZATY| Dmytro

Khmelnytskyi National University

METHOD FOR ANALYZING THE SOFTWARE REQUIREMENTS FOR FINDING
THE VALUES OF QUALITY ATTRIBUTES

The software market is growing very rapidly. Software s becoming more and more complex, and more and more
responsibility is being placed on it. With the increasing reliability of hardware and the growing complexity of software, software
quality is a growing concern for both developers and users, at least in terms of achieving business goals.

Currently, there is a contradiction between the growing complexity of software and the responsibility it carries, the
expansion of software quality requirements, on the one hand, and the imperfection of models, methods and tools for predicting
software quality at early stages of the life cycle, on the other. Therefore, predicting the level of software quality at the early stages
of the life cycle based on quality attributes is an urgent task.

The developed structure of the software requirements specification, suitable for automatic processing by a system for
predicting the quality level of software based on requirements, imposes certain restrictions on the formulation of requirements
containing quality attributes and is intended for further preprocessing of software requirements specifications.

The method for analyzing the software requirements for finding the values of quality attributes provides the selection of
values of software quality attributes from the natural language specification of software requirements, which can then be used to
determine the values of software quality characteristics and for a comprehensive assessment of software quality. The developed
method is important for full automation of requirements processing and complete elimination of subjective influence and human
participation in the processes of information processing and knowledge acquisition. The method for analyzing the software
requirements for finding the values of quality attributes is the theoretical basis for developing a module for automatic analysis of
software requirements of the system proposed by the authors for predicting the level of software quality based on requirements.

Keywords: software, software quality, software quality attributes, software requirements, software requirements analysis.

IHocTanoBKa mpo0/1eMH y 3arajibHOMY BHIJISIAI
Ta ii 3B’f130K i3 Ba2KJINBHMH HAYKOBUMH Y4 NPAKTHYHUMH 3aBAAHHSAMHA
Punok mporpamHoro 3a6esnedenns (I13) 3pocrae ayxe crpimko. [13 crae Bce OUTBII CKIAAHMM, i Ha HBOTO
TIOKJIAZIAETHCST BCe OiIbIla BiAMOBIAATBHICTE. 31 3pOCTaHHSAM HAAIHHOCTI amapaTHOTO 3a0e3MEUeHHS Ta 3pOCTal0v0I0
CKJIQJIHICTIO TIPOTPAMHOTO 3a0e3MeueHHsI AKICTh MPOTPaAMHOTO 3a0e3MeueHHs] BUKIIMKAE Aealli OiIbIe 3aHEeTIOKOEHHS
AK Y pO3pOOHHMKIB, TaK 1 y KOPHUCTYBaviB, IOHAWMEHIIIE BUXO/IAYH 3 IPArHEHHS TOCATTH ITOCTaBIIeHI Oi3HEC-IIiIi.
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B nmanuii gac po3poOka mporpamMHOro 3abe3rneueHHs epeTBOPHIIACS B OJHY 3 HAHIOPOXKYHMX 1HAYCTPIH, i
Oy/b-sIKi By3bKi MiCLIl B TEXHOJIOTITYHOMY TIpolieci HOro CTBOPEHHSI MOXXYTh IPHU3BECTH 10 HeOakaHMX HACIIJKIB
(30iBLIEHHS TEPMIHIB PO3pOOKH IPOrpaMHOro 3abe3nedeHHs, mogopoxkyanus [13, 3HmkeHHs npoaykTuBHOCTI 113,
HEMOJJIMBICTh ~ BUKOHaHHS  HEOOXiZHMX  (YHKIIOHaJbHMUX  3amad  po3pobmenum  [13,  3HIDKEHHS
KOHKYPETHTO3JIaTHOCTI Ta peImyTanii KoMIaHii-po3poOHMKa, Hee(eKTHBHE NPUHHATTSA pilleHb iH(OpMaliiiHOO
TEXHOJIOTIEI0, CKJII0BOK0 YaCTHHOIO SIKOT € po3pobuere 13, Tomo) [1, 2].

CyuacHa ingyctpis 13 xapakrepu3yeTbcsi BHCOKOK KOHKYpEHIIi€r0. 3 3pocTanHsaM riiobaiizaliii Ta BUTbHUX
PHMHKIB KOPHUCTYBa4i MPOrPaMHOTO 3a0e31eUYeHHs CTA0Th BCe OB BINTMBOBUMH, MAfOYl MOXKIIMBICTh KYITyBaTH 200
BIZIMOBIISITHCS BiJ] IPOTPaMHOTO 3a0e3IeueHHs Yepe3 HOoro He3aJ0BITbHY SKIiCTh.

SAxicte 13 — me cryminp, B skomy [I3 BigmoBimae moTpebaM KOpHCTyBada IIPH HOTO 3aCTOCYBaHHI y
BI3HAYEeHUX yMOBax [3]. OueBHAHO, 1110 HAWOLIBII 3aI[iKaBICHUM Y SKOCTI MIPOTPAMHOTO 3a0e3MeUeHHS € KiHIIEeBHi
KOPHCTYBa4, SKHH BHKOPHCTOBYE MPOTPaAMHUHN MPOAYKT. YMMalo MpOrpaMHHX NPOEKTIB HE BiIMOBiNAroTh Oi3HEc-
BUMOTaM 1 IoTpebaM KOpHCTyBada i He BUKOHYIOTHCS y BCTAHOBJICHI YacOBI paMKH B paMKaX BHIUICHOTO OIODKETY,
TOOTO He € SIKICHUMH Ta ycmimHauMe [4]. YactoTa MosiBY Ta BiACOTKH BIUTMBY Ha sKicTh [13 dakTopis, moB’s3aHuX i3
paHHIMHU eTalaMy XUTTEBO-TO LUKIY, € HaiBUIIOK (TOpsaky TpeturH) [5]. ToMy, pO3BHTOK Cy4acHHX TEXHOJOTiiH
po3pobnenns [13 Bumarae TUHAMIYHOTO PO3BUTKY 3aCO0IB OILIHKH, a OCOOJHBO MPOTHO3yBaHHs sSKOCTI 13 Ha paHHIX
eTanax XHUTTEBOTO LMK (3 TOUKH 30py EKOHOMIYHOI Ta 4acoBOI IOIIIbHOCTI). CBO€UacHe MpOrHo3yBaHHs sikocTi 113
MOe OyTH BUKOPHCTAHO JJISI IPHHHATTS OY/Ib-KUX MPEBEHTUBHUX 3aXOJiB VI 3MEHIICHHs KUTbKOCTI 30018 13 mif
yac ioro poboTu. baxxaHo Bxke 3a HasiBHOCTI cnenudikauii Bumor 1o [13 po3ymity, 4 3a 1iero crienudikariero Moxe
Oyt pospobnene skicHe I13. Psx mposemenux mocmimkenb [6, 7] mokasamu, mo Bepcii I13, HammcaHi pisHEMEI
PO3pOOHMKAMH 332 OJHAKOBHMMH BHMOTaMH, MICTHIM psJl CIUIBHUX IIOMWJIOK, IIOB’SI3aHHX 13 IHOMWIKaMH abo
HETOYHOCTSMH BHMOT, 1 HaBmaku Bepcii 13, HammcaHi OmHMM 1 THM e KOJCKTHBOM PO3POOHHUKIB 32 PI3HUMHU
BUMOTaMH, CYTTE€BO PI3HIJINCH CBOEIO SKICTIO Ta YCHINIHICTIO. 3araJbHOBH3HAHO, IIO SKICHA iHXKCHEpPis BHUMOT
MPUBOJUTE JI0 MiIBHIIEHHS SIKOCTI IPO-TPAMHOTO 3a0€3MeUeHHs 1 3HAUHO 3HIXKY€E PU3HMK HeBJadi abo MepeBUTPATH
O10/DKETY TIPOEKTIB 3 PO3POOKHU MporpaMHOro 3abesmneueHHs [8].

OuinroBanHs sikocti [13 3a cranmaprom ISO 25010:2011 [3] 31iiiCHIOETBCS HACTYITHMM YHHOM: Ha OCHOBI 138
aTpuOyTiB sIKOCTI, 3a3HayeHuX B ISO 25023:2016 [9], OLiHIOIOTECS MiIXapaKTEPUCTHUKH Ta XapaKTEPUCTUKH SKOCTI,
sIKi, B CBOIO Uepry, HaIal0Th KOMIUIEKCHY OIHKY sikocTi [13. 3apa3 onjiHioBaHHs aTpuOyTiB 1Uisl OLiHIOBaHHS skocTi [13
BiZIOYBA€ETHCS, B OCHOBHOMY, JIMIIIC Ul TOTOBOTO MPOTrPaMHOT0 KOy, MPOTE BCI HEOOXiMHI aTpuOyTH 3aKJIAJCHO y
crerdikanii Bumor mo I13. Came y Bumorax no I13 omumcano mnoBeninky wmaiOytHboro I13, ¢yHKuioHanIbHI
MOXITHBOCTI Ta oOMexeHHs [13, #oro BmacTHBOCTI Ta aTpuOyTH. 3HAYCHHS aTPUOYTIB SKOCTI BPaXOBYIOTH i METy
MPOTPAMHOTO TIPOEKTY, 1 Horo Tum. SKmio arpuOyT(M) BIIMCAHO Y BUMOTH cHer(ikaii, BU3HAYCHO 3HAYCHHS TaKOTO
aTpuOyTy, BiITaK pO3pOOHUKH OyayTh 3000B’s13aHi 3a0€3MCUNTH HAasIBHICTh TAKOTO aTpuOyTy B cBoeMy 113 i 3a3HaueHe
y BEMOTax 3HaueHHs aTpuOyTy, iHakme I13 He mpoiiae Bepudikamii Ta Bamimarii. OTxe, Bke HAa OCHOBI 3Ha4eHb
aTpuOyTIB 3i crieruikarii BUMOT MOKHA TIPOTHO3YBaTH PiBEHB SKOCTI MPOTPaMHOTO 3a0e3MeUeHHS IS MPOTPaMHIX
MPOEKTIiB Oyb-SKOTO THITY.

IMposenennit y [10] amami3 Bimommx Mojeneil, METOAIB Ta 3acO0iB JUI TPOTHO3YBAHHS PIBHS SKOCTI
MPOrPaMHOro 3a0e3NeyYeHHs Ha PIHHX eTarax XUTTEBOTO LMKy I0Ka3aB, 110, X04a MpoaHalizoBaHi MOJeli, METOI!
Ta 3aC00M 1 MalOTh BEJIMKUI MOTEHI{AN JUIsl BAKOPUCTAHHS B PI3HUX KOHTEKCTAX, MPOTE BOHH HE 3aal0Th 3aJIE)KHOCTI
XapaKTEPUCTUK SKOCTI Big aTpuOyTiB, He 3a0e3MeUyOTh OOUHCIICHHS KiJbKICHMX 3HAYCHb XapaKTEPUCTHK SIKOCTI Ha
OCHOBI aTpuOyTiB, HE 3aJal0Th 3AIEKHOCTI SKOCTI Bl XapaKTEpUCTHK SKOCTI, He 3a0e3MmeuyloTh OOYHCIEHHS
KiJTBKICHUX 3HAYCHB SIKOCTiI HA OCHOBI XapaKTEPUCTHK Ta HE 3a0€3MeUyI0Th IPOrHO3yBaHH piBHA sKOcTi [13 Ha ocHOBI
OTPUMAHOTO KiJIbKICHOTO 3HAYEHHSI.

Omxe, Hapa3l ICHye CYNEpEeYHICTh MDK 3pOCTal0uOI0 CKIAMHICTIO MPOTPaAMHOTO 3a0e3ledeHHsS Ta
BI/ITIOBIIAJIBHICTIO, SIKa HAa HBOTO MOKJIANA€THCS, PO3LIMPEHHSAM BHMOT /IO SIKOCTI NPOTpaMHOro 3a0e3NeueHHs, 3
oqHOro OOKYy, 1 HEJOCKOHAIICTIO Mojenel, MeTOo/AiB Ta 3aco0iB INporHo3yBaHHsA skocti [I3 Ha paHHIX eramax
JKUTTEBOTO LMKITY. Binrak, mporHo3yBaHHs PIiBHS SIKOCTI MPOTPAMHOTO 3a0e3NeUeHHs] Ha paHHIX eTanax >KUTTEBOTO
IIUKJTy Ha OCHOBI aTpHUOYTiB SIKOCTI € aKTYaJILHOIO 3a/1a4ero.

V [11] po3pobiiena cuctema jist IPOrHO3YBaHHS PIBHS SKOCTI POrPaMHOTO 3a0e3MeUeHHs Ha OCHOBI BUMOT,
aye OHUM 3 1 MOAYJIB € MOIYJIb aBTOMATHYHOTO aHajiizy BuMmor no [I3 Ha mpeamer mouryky 3HaseHb aTpHOYTiB
SKOCTI, SIKAH TPAIIOBaTHME Ha OCHOBI METOAY aHaii3y BUMOT 1o [13 Ha mpeaMeT MomyKy 3HaueHb aTpuOyTiB SKOCTI,
KU € BOXIMBUM JUIsl TIOBHOT aBTOMATH3allii ONPAIOBaHHS BUMOI Ta MOBHOTO YCYHEHHs Cy0’€KTUBHOIO BILIMBY 1
y4acTi JIFOAMHM Y TPOIIeCcax OIpAIfoBaHHs iHpOpMAIlii Ta 3100yTTA 3HaHb, 1 PO3POOIICHHIO SKOTO 1 Oy/e MPUCBIYCHO
JlaHe JIOCIIIKEHHSL.

MeToa aHaJIi3y BHMOT 10 IPOrPaMHOro 3a0e3Me4yeHHsl Ha MpeJMeT NOIIYKY 3Ha4YeHb aTPUOYTIiB AKOCTI
BpaxoByroun atpulyTH skocti, 3a3HaueHi B ISO 25023:2016 [9], Ta BUKOPUCTOBYIOUM METOA ipeaizarii
(HakIaZeHHs MEBHUX OOMEXXEHb), pO3pOOMMO BiNOBIIHY CTPYKTYypy crenmdikamnii Bumor 1o [13 juist BUKOHaHHS
NpenpoNeciHry crenudikarii.
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Omxe, cnemudikaris BuMor mo [I3, mpuaarHa aJIT aBTOMATHYHOTO OTPAIIOBAHHS CUCTEMOIO JIS
MIPOTHO3YBaHHS PiBHS SKOCTI MPOrpaMHOTo 3a0e3NeyeHHs] Ha OCHOBI BUMOT, IIOBHHHA MicTUTH Taki 138 atpnOyriB
SKOCTI (aTpuOyTH MOXYTh OyTH HasBHI y crienu(ikarii BUMOT TiJIbKH, SIKIIO MICJIs Ha3BH aTpuOyTy B crienndikaii
HasiBHE 3HaueHHs aTpuOyTy): 1) KimbkicTh ¢yHkuiit (number of functions); 2) moBHOTa GyHKIIOHAIBHOT peaizaii
(functional implementation completeness); 3) ¢yHkuioHanpHa anekBatHicTh (functional adequacy); 4) mOKpUTTS
¢ynkiionansHoi peanmizanii (functional implementation coverage); 5) wac pobotu (operation time); 6) KUIbKICTh
HETOYHHMX OOYMCIICHb, 3 SKMMH CTHUKAIOThCS KOopHcTyBaui (number of inaccurate computations encountered by
users); 7) KiJbKICTh eeMeHTiB Janux (number of data items); 8) TouHicTh 00umMcneHs (computational accuracy); 9)
TouHICcTh (precision); 10) kinmbKicTh 3aBmaHp (number of tasks); 11) gac Bimryky (response time); 12) KinbkicTs
ominok (number of evaluations); 13) wac Biaryky (turnaround time); 14) wac BukoHaHHS 3aBmaHHA (task time); 15)
cepenHs TPOITyCKHa 37aTHICTh (mean amount of throughput); 16) kinmpkicte BiamMoB (number of failures); 17)
KUTBKICTh TIOMHJIOK, MOB'I3aHMX 3 BBogoM/BuBomoM (number of IO related errors); 18) wac ouikyBaHHS
KOPHCTYBadeM BHKOPHCTaHHS IPHUCTPOIO BBOAY/BHBOMY (user waiting time of 10 device utilization); 19) xinbkicTs
MOMUWJIOK, TMOB'si3aHUX 3 HaM'saTTio (number of memory related errors); 20) KUIBKICTH ITOMMWIIOK, IOB'S3aHHX 3
nepenauero naHux (number of transmission related error); 21) mpomyckHa 37aTHICTH KaHaly Hepenadi JaHUX
(transmission capacity); 22) 3aBaHTaeHICTb BBOXIy/BuBoAy (kimbkicTe OydepiB) (IO utilization (number of
buffers)); 23) kinbkicTh psaakiB 6e3mocepennbo koay (number of line of code directly); 24) mimiTu 3aBaHTaXXCHHS
BBoxy/BuBoay (IO loading limits); 25) MakcuManbHe 3aBaHTakKeHHs maM'sTi (maximum memory utilization); 26)
MaKCHMaJIbHE 3aBaHTa)XCHHs Iepenadi (maximum transmission utilization); 27) cepeiHss yacToTa BUHHKHEHHS
MMOMIJIOK Tepenadi (mean occurrence of transmission error); 28) KiJbKICTb OJHOYACHUX KOPHUCTyBadiB (number of
concurrent users); 29) mpoIryckHa 3JaTHICTH 3B's13Ky (communication bandwidth); 30) po3mip 6a3u manmx (size of
database); 31) kinpkicTh iHCTpYKLiK (number of tutorials); 32) KiNbKiCTh €IEMEHTIB TaHUX BBOAY/BUBOMY (number
of IO data items); 33) moBHoTa ommcy (completeness of description); 34) 3po3ymimicts ¢yHKIi# (function
understandability); 35) 3posyminicte BBomy/BuBoAy (understandable input and output); 36) nerkicTh BHBYCHHS
¢ynkmin (ease of function learning); 37) uwactora Hamanus momomoru (help frequency); 38) edekTuBHICTH
KOpHUCTYBalbKOi J0oKyMeHTauii Ta/abo cucremu gonomoru (effectiveness of the user documentation and/or help
system); 39) moctrymnicte momomoru (help accessibility); 40) moBHOTa KOPHCTYBaIbKOI JOKyMEHTaIi Ta/abo
noBifkoBoi cucremu (completeness of user documentation and/or help facility); 41) KiIbKICTH BHIPaBIEHHX
noMUIIOK (error correction); 42) KiNbKicTh ekpaHiB ado ¢popm (number of screens or forms); 43) KUIBKICTh NOMHJIOK,
3pobneHux kopuctyBauem (number of user errors or changes); 44) kinbKicTh cnpo0 HamamTyBaHHA (number of
attempts to customize); 45) kUIBKIiCTB omepariii (number of operations); 46) KUIBKiCTH €JIEMEHTIB, SKi MOXKHA
MepeBipuTH Ha JOCTOBipHICTH maHumx (number of items which could check for valid data); 47) xinpkicts
pearizoBaHuX MmoBimomieHb (number of messages implemented); 48) kinpKicTh exeMeHTIB iHTepdeticy (number of
interface elements); 49) ¢isuuna mpoctymHicTh (physical accessibility); 50) KiTbKicTB IETKO 3pO3yMLIHX
moBiomiieHb (number of easily understood messages); 51) KiUIbKicTP HEBIANIO BUPINICHUX cHUTyamii (number of
unsuccessfully recovered situation); 52) mepiox gacy po6oTH i 9ac cnocTepeskeHHs (operation time period during
observation); 53) KiNbKICTh BHIIQ/IKIB IIOMUJIKOBHX il KopuctyBada (number of occurrences of user’s human error
operation); 54) KUIbKICTh TIOMHJIOK BBEJICHHSI, SIKI KOPHCTYBay ycHimHo Bunpasus (number of input errors which the
user successfully corrects); 55) kinbKiCTh CrIp0OO BUIPABUTH MOMUJIKH BBeIeHHs (number of attempts to correct input
errors); 56) KiJbKiCTh MOMUIIKOBHX YMOB, SIKI KOPUCTYBau ycminrHo Bunpasus (number of error conditions which the
user successfully corrects); 57) 3aranpHa KiTbKIiCTh MIPOTECTOBAHHMX MOMHUJIKOBHX yMOB (total number of error
conditions tested); 58) kinpKicTh (QYHKIIIH, peaTi3oBaHUX 3 TOJEPAHTHICTIO IO MOMIJIOK KOpHcTyBada (number of
functions implemented with user error tolerance); 59) 3aranpHa KiTbKIiCTh (DYHKIIiH, IO BUMArarOTh TOJEPAHTHOCTI
(total number of functions requiring the tolerance capability); 60) 3arampHa KiNBKiCTh HEMPAaBHIBHHUX MIA0IOHIB
pobotu (total number of incorrect operation patterns); 61) KinbKicTh rpadiyHEX eneMeHTiB iHTepdeiicy (number of
interface graphical elements); 62) cryminb 30iLbIIEHHS 3pYyYHOCTI BHKOpPHCTaHHS Uil KopucryBaua (degree of
increase the pleasure of user); 63) crymiHb 30inbpLIEHHS 3a70BOJICHHs KopucryBaua (degree of increase the
satisfaction of user); 64) crymine eproHoMigaoi npuBabauBocTi (degree of ergonomic attractiveness); 65) cTymiHb
BUKOpUCTaHHS MeTadop peanpHOro cBity (degree of real world metaphors use); 66) cTymiHb MOXKIUBOCTI
BHKOPHCTAHHS IPOTPaAaMHOTO 3a0e3MeUYeHHs KOPHCTyBadaMH 3 OOMEXEHNMH MOXJIHBOCTAMH (extent to which
software can be used by users with specified disabilities); 67) edhekTuBHICTh POOOTH KOPUCTYBAUiB 3 OOMEKECHUMHU
moxmBocTaMu  (effectiveness of work of users with specified disabilities); 68) BincyTHicTE pH3MKY mIs
KOpHCTyBauiB 3 oOmexeHnmMu MoxxmmBocTAMH (freedom from risk for users with specified disabilities); 69)
3aJI0BOJICHICTh KOPUCTYBa4iB 3 0OMexkeHUMH MOXJIMBOCTAME (satisfaction of users with specified disabilities); 70)
HasBHICTH BJIACTHUBOCTEH, IO MiITPUMYIOTH JOCTYHHICTH (presence of properties that support accessibility); 71)
KiJIbKicTh 3001B (number of faults); 72) po3mip npoaykry (product size); 73) KiIbKicTh TecTOBUX KelciB (number of
test cases); 74) KUIbKiCTh ycyHyTHX BiaMoB (number of resolved failures); 75) kinbpkicTh BHUIpaBiieHUX 300iB
(number of corrected faults); 76) miTbHICTH BIIMOB 110 BiIHOIICHHIO JIO TecTOBHX KeiiciB (failure density against test
cases); 77) KiJbKicTh yCyHYTHX HecrpaBHocTel (failure resolution); 78) kinbkicTh ycyHyTHX 300iB (fault removal);
79) cepenniit vac mixk BinMoBaMu (mean time between failures); 80) 3pimicTs TecTiB (test maturity); 81) omineHa
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IIUTBHICT TPUXOBaHUX MOMWIOK (estimated latent fault density); 82) mimpHicTs momwmitok (fault density); 83)
3arajJbHUI 4yac, IPOTArOM SKOTO MporpaMHe 3a0e3rnedeHHs rnepedyBae y mpare3naTHoMy crasi (total time during
which the software is in an up state); 84) KijbKicTh cllOCTEpeXyBaHUX HecrpaBHocTel (number of observed
breakdowns); 85) 3aranpnuii uwac npoctoro (total down time); 86) kinmbkicTe HecmpaBHOcTeld (number of
breakdowns); 87) kinbKicTh HecaHKLIOHOBaHUX omepalii (number of illegal operations); 88) wac pemonty (time to
repair); 89) wac npocroro (down time); 90) kimbKicTh nepe3amyckiB (number of restarts); 91) KibKiCTh BiTHOBJICHB
(number of restoration); 92) BinHOBIIOBaHICTH (restartability); 93) kinmbKicTh GopMaTiB AaHUX, IO PO3MIIAAAIOTHCS
incTpyMmenToMm (number of data formats regarded by tool); 94) kxinbkicTh dopmariB gaHuX 11 oOMiHy (number of
data formats to be exchanged); 95) ximpkicTe iHTepdeficHux mpoTokoniB (number of interface protocols); 96)
oOMminHicTh nanmx (data exchangeability); 97) KinbKiCTh BHIIAQIKIB MOMIKOKEHHS HaHuWX (number of instances of
data corruption); 98) kinmpKicTh THIIB AocTymy (number of access types); 99) KUTBKICTh KOHTPOJIHOBAHMX BHMOT
(number of controllability requirements); 100) koHTpONBOBaHICTE HOCTyIy (access controllability); 101) kxinbkicTh
MpaBWIBHO  3ammM(pPOBaHUX/pO3MUPPOBAHUX  eleMeHTiB maHux (number of data items correctly
encrypted/decrypted); 102) KibKiCTh €JIEMEHTIB AaHUX, IO MOTPEOYIOTH MK pyBanHs/po3umppyBanHs (number of
data items to be required encryption/decryption); 103) KiJbKICTh MOJii, IO OOPOOJSIIOTECS 3 BHKOPHUCTAHHSIM
mudposoro mianucy (number of events processed using digital signature); 104) KibKICTh MOIH, 10 TOTPEOYIOTH
BJIAaCTHBOCTI HecnpocTyBaHH: (number of events requiring non-repudiation property); 105) KUIBKICTb AOCTYIIIB 10
CHUCTEMHU Ta JaHUX, 3aPCECTPOBAHUX Y CHCTEMHOMY XypHaii (number of accesses to system and data recorded in the
system log); 106) xinbkicTh pakTryHuX mocTymiB (number of accesses actually occurred); 107) kijbKicTh HagaHUX
MeToxiB aBTeHTH(iKamii (number of provided authentication methods); 108) kxinbkicTe 3po0neHHX MoAMGiIKAIii
(number of modifications made); 109) kimpkicTh 3MiHHHX (number of variables); 110) xinpkicTs MoaymiB (number of
modules); 111) c¢ynakuionansra croimeHICTE (functional commonality); 112) HedyHKIiOHaTbHA CIUIBHICTH
(nonfunctional commonality); 113) po3mairtss BapiatuBHOCTI (Vvariability richness); 114) 3acrocoBHicTH
(applicability); 115) mpucrocoBanicTs (tailorability); 116) 3amiHHicTE KOMIOHEHTIB (component replaceability);
117) wac momuiku (error time); 118) KiNbKICTh €1€MEHTIB, IO MiIAraloTh peectpalii (number of items required to
be logged); 119) kinbkicTh HEoOXiqHMX AiarHOCTUUHHMX (QyHKUIKH (number of diagnostic functions required); 120)
MOXIIMBICTh BeJICHHS KypHaiy ayauty (audit trail capability); 121) kijpkicTh nmeperyisiHyTHX Bepciii (number of
revised versions); 122) MOXIHMBICTH KOHTpoONIO 3a 3miHamu (change control capability); 123) kinbkicTb
HeclpaBHOCTel 3a meBHHMH mepiox uacy 10 Momudikanii (number of troubles within certain period before
modification); 124) kinbKicTh HecIpaBHOCTEH 3a Tol camuii nepion micis Mmoaudikaunii (number of troubles in same
period after modification); 125) kinmpKicTh HEOOXiTHHX BOYIOBaHHX TecTOBUX (yHKIiH (number of built in test
functions required); 126) KiTBKICTh TECTOBHX 3aJle)KHOCTEH Bix iHmuX cucreM (number of test dependencies on
other systems); 127) kinpKkicTs KOHTPOIBHUX TOUOK (number of checkpoints); 128) 3pyunicTs nepeHeceHHs (porting
user friendliness); 129) kimpKicTh cTpykTyp gaHux (number of data structures); 130) aganTHBHICTE CTPYKTYp JaHUX
(adaptability of data structures); 131) amantuBHicTE amapatHoro cepenosumia (hardware environmental
adaptability); 132) agantuBHICTE TporpaMHOro cepenoBuma (software environmental adaptability); 133) xinbkicTh
omnepaniiHux (yHKIIH, 3aBIaHHs SKUX He OyJiM BHKOHaHI abo HeaaekBaTHi (number of operational functions of
which tasks were not completed or adequated); 134) 3aranbHa KiUIbKiCTh QyHKIIH, sIKi OyJIM MPOTECTOBaHI B Pi3HUX
cepenouiax (total number of functions which were tested in different environment); 135) xinbKicTh omnepatiii 3
HanamtyBaHHs (number of setup operations); 136) kinbKicTh KpokiB iHcTamsinil (number of installation steps); 137)
npocrota iHcransnii (ease of installation); 138) kinbkicTh 00'ekTiB (number of entities).

Po3pobiena crpykrypa cnenudikauii Bumor no I3, mpupaTHOi mis aBTOMAaTHYHOTO OIPALFOBAHHS
CHCTEMOI0 JUIsi TPOTHO3YBaHHS PIBHS SIKOCTI NMPOTrpaMHOrO 3a0e3leueHHs Ha OCHOBI BHMOT, HaKJalae IeBHI
oOMexxeHHsT Ha (OPMYJIFOBAaHHS BHMOT, L0 MICTATh AaTPHOYTH SKOCTi, Ta MNpU3HAYeHa U1 HOJAIBLIOTO
TpernpoIleciHry crenudikaiiii sumor go I13.

Memoo ananizy eumoe 00 npoepamHozo 3abe3neyuenHs Ha npeomem NOwyKy 3HA4eHb ampubymia aKocmi
CKJIQIA€THCS 3 HACTYITHHUX €TalliB:

1) mpemnporecinr crienudikaiii BUMOT 10 MPOTPAMHOTO 3a0e3MeYeHHs] — MPEICTABICHHS BUMOT y BUTJISI,
NPUIATHOMY JUIsSi aBTOMATHYHOTO OIPAIfOBAHHS PO3POOJICHOI0 CHCTEMOIO JUIsi MPOTHO3YBAHHS PIBHS SKOCTI
MIPOTPaMHOTO 3a0e3nedeHHss Ha OCHOBI BHMOT, 3TiAHO i3 NPOIIOHOBAHOIO BHIIE CTPYKTYPOIO ITAHHX, HNPUIOMY
aTpuOyTH MOXKyTh OyTH HasBHi y criertudikariii BUMOT TUTBKH, SIKIIO IIiCJIsA Ha3BU aTpuOyTy B crierudikarii HasBHE
3HAa4YeHHS aTpUOyTYy,

2) aBTOMaTWuUHWI aHani3 cnerudikamii Bumor 10 13 — momryk KOXHOTO arpuOyTy SIKOCTi y pealbHHX,
MiATOTOBJICHUX JIS OTIPAIIOBAHHs, BUMorax o I13;

3) BuUOIp 3HAYEHb KOKHOTO aTPUOYTY SKOCTI Y PeallbHUX, MiATOTOBICHUX AJIS ONpPALFOBAaHHS, BUMOTaX JI0
3.

BxigHUMU HaHUMHU PO3POOJICHOrO METOAY € crenudikamis BHMOT JO HPOTrpaMHOrO 3a0e3leveHHS,
PE3yNBTYIOUNMH JaHHUMH — 3HaYeHHs aTpUOYTIB SIKOCTI, HAABHUX y BUMorax Jio [13.
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Etan npemnporniecinry y BUTJISAIAI HakjIaIaHHs MEBHUX OOMeXeHb Ha (popMyBaHHs crerudikaiii BUMOT 10
13 musXoM CTPYKTYpYBaHHS 3aCTOCOBYETHCS JIMIIE 0 TUX BUMOT, SIKI MICTATh aTpHOYTH sKOCTi. Pemita BuMor no
13 MOXyTh OyTH BUKJIAJICHI TOBUILHUM YHHOM.

Meroj aHaizy BUMOT /O NPOTPaMHOr0 3a0e3NeueHHs] Ha MpeaMeT IMOLIYKY 3HaueHb aTpHOYTIB SKOCTI
3abe3nedye BUOIp 3HaueHb aTpuOyTiB sikocTi [13 3 mpupomomoBHOi cnenundikanii Bumor xo 13, ski ganxi MOXyTbh
OyTH BHKOpHCTaHI JJIsl BU3HAYCHHS 3HA4Y€Hb XapaKTepUCTUK sKocTi [13 Ta 11l KOMIUIEKCHOTO OILHIOBaHHS SKOCTI
I13. Po3poOinieHunit MeToJ; € BaKIMBUM JUIs ITOBHOI aBTOMATH3allii ONpAIOBaHHS BHMOT Ta IIOBHOTO YCYHEHHS
cy0’eKTHBHOTO BIUIHBY 1 y4JacTi JIOAWHH Y TIpollecax OmpaIfioBaHHs iH(opmarii Ta 3100y TTs 3HaHE. MeTox aHalizy
BuMor 1o [13 Ha mpeaMeT MOITyKy 3HaueHb aTPUOYTIB SKOCTI € TEOPEeTHYHHM MIiATPYHTAM UIS PO3POOIICHHS
MOJIyJTII0 aBTOMaTHYHOTO aHaji3y BUMOT 70 [13 mpormoHoBaHO1 aBTOpaMu CHCTEMH UTS POTHO3YBAHHS PiBHS SKOCTI
MIpOTpaMHOTO 3a0e3MedyeHHs Ha OCHOBI BUMOT.

BHCHOBKH 3 JaHOT0 AOCTIZKeHHS i MepCNeKTHBH MOAAJBIINX PO3BIIOK Yy JaHOMY HanmpsaMi

1) Hapasi icHye CymnepevHiCTh MiXK 3pOCTAIOUOI CKIAJHICTIO MPOrpaMHOro 3abe3nedyeHHs Ta
BIZIMOBITAJIBHICTIO, SIKa Ha HBOT'O IIOKJIAIAETHCS, PO3IIMPEHHSIM BUMOT JIO SKOCTI MPOrpaMHOro 3a0e3leueHHs, 3
OIHOTO OOKY, 1 HEIOCKOHAIICTIO MOAEJed, MeToMIB Ta 3aco0iB mporHo3dyBaHHs sikocTi I13 Ha paHHIX eramax
KHUTTEBOTO LUKIY. BigTak, mporHo3yBaHHs PiBHS SKOCTI IPOrpaMHOTO 3a0€3MeUeHHs] Ha PaHHIX eTanax XUTTEBOTO
LIMKJTy Ha OCHOBI aTpuOyTiB SIKOCTI € aKTyalbHOIO 33/1a4€lO0.

2) Po3pobieHa ctpykrypa crermdikamnii Bumor go [13, mpumatHOl A aBTOMATHYHOTO OIMPAIFOBAHHS
CHCTEMOIO JUIS NPOTHO3YBAaHHS PIiBHS SIKOCTI IIPOTrpaMHOTO 3a0€3IMedeHHS Ha OCHOBI BHMOT, HAKJIaJa€ IEBHI
oOMekeHHSI Ha (OPMYIIIOBaHHSA BHUMOT, IO MICTATh aTpUOyTH SKOCTi, Ta TNpPH3HAYEHAa JUI1 MOAAIBIIOTO
MpeTpoIieciHry crenudikariiii sumor go I13.

3) Meron aHamizy BHMOT JO NPOTPAaMHOTO 3a0€3MEYCHHS Ha NpeAMET MOIIYKY 3HAa4eHb aTpUOyTiB
SIKOCTI 3abe3neuye BHOIp 3Ha4eHBb aTpuOyTiB skocTi I13 3 mpupomomoBHOi crerudikamii Bumor go 13, ski mami
MOXYTh OYTH BUKOPHUCTAHI /Il BU3HAUCHHS 3HAUCHb XapaKTEPHUCTHUK AKOCTI [13 Ta ik KOMIUIEKCHOTO OI[iHFOBaHHS
sxocrti [13. Po3poOnennii MeTos € BayKJIMBHUM ISl TIOBHOT aBTOMATH3alli{ OMPAIIOBaHHS BUMOT Ta MOBHOTI'O YCYHEHHS
cy0’€KTHBHOTO BIUTMBY 1 y4acTi JIFOJJMHHU Y TIpoLiecax omnpautoBaHHs iHpopMmaii Ta 3100y TTs 3HaHb. MeToJ aHamizy
Bumor sio I3 Ha mpeaMeT MOIIYKYy 3HAUYeHb aTpUOYTIB SKOCTI € TEOPETHYHUM MIATPYHTSIM Ul PO3POOJICHHS
MOJIYJII0 aBTOMAaTHYHOT'0 aHaltizy BUMor 110 [13 mpornoHoBaHOi aBTOpaMK CHCTEMH JJIsl TPOTHO3YBaHHSI PiBHS SKOCTI
MIPOrPaMHOTO 3a0e3MeUYeHHS Ha OCHOBI BUMOT.
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