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AHOTALS

Tonockokoéa A. O. Mopeni Ta iHQoOpMaLiiHa TEXHOJOTIS IUIAHYBaHHS
MOKpaIIEHHS SKOCTI MpoIlecy po3poOKHM MpOrpaMHOro  3a0e3MeUeHHS. —
Kgramidikariiina HaykoBa Ipalls Ha MpaBax PyKOIHUCY.

Hucepramis Ha 3100yTTS HAyKOBOTO CTYIEHS KaHAHMIATa TEXHIYHUX HayK
(moxTopa dinocodii) 3a crerianpHicTio 05.13.06 «IHpOpMariiitai TexHomori (122—
Kommtorepni Hayku). — HaiioHanbHUIA TEXHIYHUN YHIBEPCUTET «XapKiIBChbKUN
NOJITEXHIYHUNA IHCTUTYT», XapKiB, 2018.

O6'ekmom OocnidxcenHss € TPolLeC PO3pPOOKU MPOTpaMHOro 3abe3nedeHHs
(ITP IT13).

IIpeomemom OocniddicenHss € MoJel TOTOYHOTO IUIAHYBaHHS, JUHAMIYHA
Mozenb 1 iHdopmartiiftHa TexHosoris nokpamenas skocti [1P T13, sika 6a3yerbest Ha
METOJi KOB3HOTO TJIAHYBaHHS.

Jucepraiito NPUCBAYEHO BHUPIIMIEHHIO HAYKOBO-TIPAKTHUYHOI 3afadl —
po3po0b1ii Mozeneit 1 iHpopMalriitHOT TeXHOIOTIT TJIaHyBaHHS MTOKPAIEHHS MPOIECY
PO3pOOKH MPOTrpaMHOTro 3a0e3MeYeHHS.

Y BcTymi OOIpyHTOBaHO aKTyallbHICTh TEMHU JHMCEpTallidHOi poOOTH,
3a3HAUYEHO 3BSI30K 3 HAYKOBUMH TeMaMHu, Cc(QOpMylIbOBaHO MeTy 1 3ajaui
TOCITIKCHHS, BU3HAYEHO OO0’ €KT, MpeaMeT Ta METOIU JOCIIIKCHHS, ITOKa3aHO
HAyKOBY HOBH3HY Ta TNPaKTHYHE 3HAYCHHS OTPUMAHUX pE3yIbTaTiB, HABEICHO
iHboOpMalliI0 MPO TMPAKTUYHE BUKOPHCTAHHS, anpoOarfito pe3yapTaTiB Ta ix
BUCBITJICHHS y MyOJTiKaIIisX.

VY mepmioMy po3nuii MPOBEACHO aHami3 MPOIECy PO3POOKH MPOTPaMHOTO
3a0e3reueHHs K 00'€KTa JOCIIKSHHS 1 BUAUICH] TPoOIeMH, SIKi Ha JaHUH MOMCHT
qacy II¢ He BUPIIIEHI 1 € aKTyaJIbHUMHU 3 TOYKH 30py TOKPAIIEHHS SKOCTI PO3pOOKU
MporpaMHoOro 3ade3mneueHHs. J[eTanbHo pOo3MISIHYTI MeTa 1 3a7adi, sIKi CTOSITh TepeN
[P II3 1 HaBeAeH! BU3HAUEHHSI PI3HUX aBTOPIB IIOAO MPOrpaMHOI 1HXKEHepii Ta
camoro [IP I13. Bix3znaueno, mo meHTpaIbHUM OO0'€KTOM BHUBYEHHS MPOTPAMHOL
imxenepii € 1P I13. OcHOBHUM TUIAXOM HOTO YTOCKOHAJEHHS € CTaHIapTHU3AIlis.
PosrnanyTto pi3Hi Mozeni kutrteBoro mukiy 113 1 ix Heponiku. [IpoBeaenuit ananis
ICHYIOUMX MoOJeNIe 1 TEeXHOJIOTIA TMOoKa3aB, IO MNPAKTUYHO JIIYEHI HayKOBl
JOCHII)KEHHSI TIPUCBSIYEHI BUPIMIEHHIO MpoOieMu mokpamieHHsa sikocti [IP 113

HUISIXOM PO3POOKH MOro MaTeMaTHYHUX MOJIEIEH B yMOBaxX OOMEKEHUX PECYPCIB.



Po3rsiHyTo icHyroui mpobieMu, fAKi € B IHXEHepii MpOrpaMHOro
3a0€3MeYeHHs] CTOCOBHO TOKPAIICHHS SIKOCTI MPOIECYy PO3POOKH MPOrpaMHOTO
3a0e3neueHHs. 3a3HauyeHO, 1[0 OCHOBHHMMM MoaeilsaMHu oImiHKH sikocti [IP II3 €
CMMI (Capability Maturity Model Integration) ta SPICE (Software Process
Improvement and Capability Determination), sixi Ha BepOaJbHOMY PiBHI ONMUCYIOTh
axicte [IP I13. Ile He no3Bosisie PO3pOOUTH HA iX OCHOBI MareMaTH4HI MOAei
MIABULIEHHS PIBHA sKOCTL. Po3poOneHi Moneni Ta aidropuTtMH B ICHYIOUHX
norepeaHix podoTax He JTI03BOJISIIOTH BUPILIUTH 3a1a4y 3a IPHUHHATHH dJac.

CdopmylibOBaHO TOCTAHOBKY 3ajaul JOCTIIKEHHS THX TpoOsieM, siki Oyso
BUSIBJICHO TPHU aHali31 Mpouecy po3poOKH MPOTrpaMHOro 3a0e3Me4YeHHs B SKOCTI
00’exta mociimkeHHs. OCHOBHUMHU 3 IMX MNpOOJIeM € MiJIBUIICHHS aJIeKBaTHOCTI
po3pobnenux mopeineit peanpbHoMmy I[IP I13 Ta migBuIneHHS IIBUIKOCTI POOOTH
aJTOPUTMY TOCJIIIOBHOTO aHai3y BapiaHTIB.

VY apyromy poszaini 3anponoHoBaHo dopmanizaiiiro moaeai CMMI Ha ocHOBI
BBEJICHHS JUCKPETHUX 3MIHHHUX, 10 BU3HAYAIOTh PIBEHb MOMJIMBOCTI MPAKTUK 1
dokycHuX obyacTtei Mojeil 3puUToCTi. 3 METOI MOOYIOBH MOJENI MOKpalleHHS
axocti [TP TI3 3anponoHOBaHO BHKOPHCTOBYBaTH Teopit0 KopucHOcTi. Ha ocHOBI
i€l Teopii moOymoBauni (yHKIiT KoprcHOCTI (PK), sIKi € YACTUHHUMH KPHUTEPISIMH,
10 BU3HAYAIOTh CTYIMIHb JOCATHEHHS IIJILOBOrO TMpodaiina, SKUl BH3HAYA€E
3a/IaHUH PIBEHb MOXJIMBOCTI MPAKTHK 1 PokycHUX obnacreir moaemi CMMI.

Posrnsinyto mutanHs dopmyBanHs PK yacTHHHHX KpUTEpiiB, MOB'SI3aHUX 3
pecypcHuM 3a0esmeueHHsM. Ha iXx ocHOBI GopMyroTbCcs JBa KOMIUIEKCHUX
noka3zHuka. [lepmuii moB's3anuit 3 iHAHCOBUMHU BUTpaTamMu Ha iHOPACTPYKTYpY 1
OIUIaTy Tpalll CHiBpOOITHUKIB KOMTMAaHIi, SKi ONMAaHOBYIOTh HOBi 3HaHHA. Jpyruii
MOKa3HUK BU3HAYAE Yac, SIKUHA HEOOX1IHO BUTPATHTH CHIBPOOITHHKAM KOMIIaHIi Ha
OCBOEHHSI HOBHUX PIiBHIB MOXJIMBOCTI mIpakTuk. s moOymoBu DK pecypcHOro
3a0e3eueHHs BBOJATHCS OyleBl 3MiHHI, MOB'I3aH1 3 MEPEXO/IOM Ha HOBUHN pPIBEHb
MOKITUBOCTI OKPEMUX MPAKTUK (POKYCHUX 00IacTeH.

Po3rnsinyTo opMyBaHHS CTaTUYHHX MOJEJICH I OTOYHOTO TUIaHyBaHHS.
Jlani po3misigaloThesl TPU MOCTAHOBKHU 3ajjadl OaraTokpuTepiaabHOT ONTUMIZAIIT, SIK1
€ HAaOUTBII aKTyaJIbHUMU Ha MPAKTHILL.

Po3rnsHyTO  METOMONOTiF0  KOJIGKTHBHOTO  €KCIIEPTHOTO  OIIHIOBAHHS:
BuxijiHoro crany [1P 13, saxuii BKiItoyae piBHI MOXKIIMBOCTI BC1X MPAKTUK POKYCHUX

obnacreii; muiboBoro npodaiiny 1P I13; koedilieHTIB BaXKJIUBOCTI MPAKTHUK, LILIEH 1



(poxycHHX 00nacTeil; Koe(IIEHTIB BaKJIMBOCTI PI3HUX TUIIB (PYHKIIIM KOPUCHOCTI
moneni CMMIL

Tpertiii po3aia MPUCBSIYEHO PO3POOII JUHAMIYHOT MOJIET1 MOKPAIIEHHS IKOCTI
[P TI3 IT-xommnanii. LinmboBa ¢yHKuis Momem Qopmyerbess Ha ocHoBl DK
CTaTUYHOI 3a/a4l 1 BiOOpa)kae MPUPICT Ha IUJIAHOBOMY IMEPIONl IHTErPOBAHOTO
KOMITJIEKCHOTO KPUTEPito, KUl € 3ropTkoto DK cTymeHs AOCSITHEHHS I[iJIbOBOTO
npogailnny 1 pecypcHoro 3abesneueHns. L{impoBa ¢yHkiiga Moaeni € aautuBHowo. Ha
3MIHHI JWMHAMIYHOI MOJEJ HaKIaJarThes oOMmexeHHsa. [lepme moB’s3aHO 3
(¢iHAaHCOBUMHU BUTpaTamu, a JApyre BHU3HA4Ya€ T€, MO PIBEHb MOMIMBOCTI OKPEMOi
NPAKTUKA HE MOXKEe 3MCHIIYBATHUCS TPH TIEPEeXOAi Ha HACTYINHHUHN IMianepion
TUTAaHYBaHHSI.

VYnockonaneno aiaroput™m «KuiBChbKUN BIHUK», SIKUWA 0a3yeTbcs Ha METO.I
MIOCJTIZIOBHOTO aHaJli3y BapiaHTIB. Horo BUKOPHUCTAHHS B MOTEPEAHIX JOCIIIKEHHSIX
MoKa3ajio HeOOXIIHICTh MPUCKOPEHHS HOro poOOTH, BPAXOBYIOUM TE, L0 3ajla4ya €
NP-cxiagnoro. BpockonaneHHst anaroputmy 0a3yBajiocsi Ha JIBOX CKJIQJIOBHUX.
[lepma Oyna moB’si3aHa 3 (OPMYBaHHSIM Ha KOKHOMY HOTO KpOIll OCOOIMBUM
YUHOM JUCKPETHUX MHOXKHH 3 ypaxyBaHHSIM OOMEXEHb Ha PECYpCH, IO MPU3BEIO
710 3MEHILICHHS PO3MIPHOCTI 3aj1adi, a 3HAYWTh, Yacy Ha MOBHUU Iepelip BapiaHTIB
BUpIIIEHHs 3adadi. Jlpyra ckiajoBa TEXHOJOT1l MiABUIIEHHS MIBUJIKOCTI poOOTH
aJTOPUTMY TIOB’s13aHa 3 THM, Ha KO)KHOMY HOTO KpOIll BUPIIITYIOTCS ONTHUMI3alliiH1
3amaqi OylneBOro MpOrpaMyBaHHs 3aMiCTh TOBHOTO mepebopy BapianTiB. lle
JIO3BOJIMIIO HA TIOPSIOK 30UIBIIMTH MIBUAKICTE POOOTH aJTOPUTMY 1 BUPIIIYBATH
3a/1a4y Ha peaybHiil iHQopMmarllli y MpUuiHATHHHA Jac.

Po3pobneno Texnomnorito BupimeHHs 3aaadi nokpamenss skocti [1P 13, ska
0a3yeTbCcs Ha KOB3HOMY TIUIaHYBaHHI. TEXHOJOTII0 TPEACTAaBICHO Y BHUIVISII
MOCJIIOBHOCTI BUKOHAHHS OKPEMUX OI3HEC-TPOIIECiB 3 BUKOPUCTAHHSIM CTaHIAPTy
IDEFO0 na 6a3i nporpamuoro npoaykty CA ERWin Process Modeler. [Ipeacrasnena
TEXHOJIOTISI € OCHOBOIO Jisi PO3pOOKH 1H(MOPMAIIIHOT TEXHOJIOTIl CHCTEMH
MIATPUMKHU TIPUUHATTS PIllICHb.

B dyeTBepTOMy pO3AUII  OPEACTaBIEHO OCHOBHI €Talmud  PO3POOKH
iH(popmaniitHoi TexHonorii mokpameHHs: sikocti [P II3 Ha OCHOBI KOB3HOTO
IJIaHyBaHHS. 3TiIHO TexHousorii po3poOku 113 Ha mepmioMy erami po3poOisIOThCS
crenudikailli CHICTEMHUX BUMOT: (DYHKIIOHAJBHI 1 HE (QyHKIIOHAIbHI. Ha ocHOBI
(YHKIIOHAIBHUX BUMOT  (DOPMY€ThCSl  JllarpamMa  BaplaHTIB  BUKOPUCTAHHS.

Hactynuuii etan — po3poOka KOHIENTyallbHOI Mojeni 0a3u nanux. Ha ocHOBI



aHaji3y MOXKJIMBUX BapiaHTIB apXiTeKTypH I3 B poOoTi 0OpaHa «KIIi€HT-CepBEpHa»
apXiTeKTypa 3 BUAUICHUM CEPBEPOM JaHUX, sIKa MPEACTaBlIeHa Yy BUINISIL JlarpaMu
pPO3MIIIEHHS] KOMIIOHEHTIB MPOrpaMHOi  CHUCTeMHU. B  sSKOCTI  IpHUKIaaiB
MpEeACTaBICHO JEKUIbKa JlarpaM KjaciB KOMIIOHEHTIB Ta Jiarpamu  Jjist
JUHAMIYHOTO MpOeKTyBaHHA. OOIpyHTOBaHO BHOIp IHCTpYMEHTAJIbHUX 3aco0iB
peamizai [13.

Ha ocnoBi BuxigHoi iHdopmanii npo notounuit cran IIP I3 IT-komnanii
“Nix Solution” mpencTaBieHO pe3yabTaTH JOCIHKEHHS TUHAMIYHOT Ta CTaTHYHOI
3a]1a4 KOB3HOTO TUIaHyBaHHS mokpameHHs sikocti [P I13. Lli pe3ynbsraTi moka3zanm,
IO 3aBIsSKH PO3pOOJIeHI aBTopoM Moaudikaiii anroputMy «KuiBCbKuUM BIHHUK»
HEMa HEOOXIJHOCTI BUPIIIYBAaTH I’ ATh OKpeMUX MiA3anad (sk ue Oyino paxime). Ha
TENEepiHId Yac JIg i1 BHUPIMICHHS TpPHU MOBHOPO3MIpHINA BUXITHINA iHQopMarlii
noTpiOeH yac B MekaxX OfHi€l XBUJIWHU. Peaizallis cTaTM4HOi MO JT03BOJIMIIA
MiABUIIUTH aJIeKBaTHICTh MOJIEJI peajJbHOMY MIpOLIeCcy 1 KOperyBaTH CBOI IJIaHU Ha
HepIioMy MiANepioal IIaHyBaHHS CTOCOBHO TifBUIECHHS piHBs 3piaocTi [IP I13 B
3aJIE)KHOCTI BiJ 00cATy (piHAaHCYBaHHS 1 BAaroBUX KOEQIIIIEHTIB.

HaBeneno pesynbpratv BOpOBaKEHHS AMCEpTaliiHoro nociimkenus y IT-
xommaHisix TOB «Nix Solutions» (M. XapkiB) Ta TOB «Telesens-IT» (M. XapkiB), y
TEPKOIOKETHUX HAyKOBO-IIOCTITHUX poOOTaxX Ta HaBYAJIBHOMY Mpolieci Kadeapu

IporpaMHOi iHXXeHepii Ta iHpopMaIiiHux TexHoorii ynpasmiaas HTY «XTIIy.

Knrouosi cnosa: iHpopMmariiitHa TEXHOJIOT1s, TPOIEC PO3POOKH MPOTPAMHOTO
3a0e3IeueHHs, MOJIeb 3pPUTOCTI, KOB3HE IUIAHYBaHHS, IMHAMIYHA MOJIC)b, CTATHYHA

MOJIEJTh, TEOPisi KOPUCHOCTI.
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SUMMARY

Goloskokova A. O. Models and information technology for planning the
quality improvement of the software development process. — Manuscript.

Thesis for a candidate in technical science (Ph.D.), specialty 05.13.06
“Information technologies” (Computer Sciences). — National Technical University
“Kharkiv Polytechnic Institute”, Kharkiv, 2018.

Object of research is a software development process (SWDP).

Subject of research is current planning models, a dynamic model and an
information technology for the quality improvement of the SWDP, based on the
rolling planning method.

The dissertation is devoted to the solution of the scientific and practical
problem — development of the models and information technology for planning the
quality improvement of the SWDP.

The introduction substantiated the relevance of the topic of the dissertation,
specified the connection of work with scientific themes, formulated the purpose and
tasks of the research, defined the object, subject and research methods, showed the
scientific novelty and practical significance of the obtained results, provided
information about practical use, testing of the results and their coverage in
publications.

The first section delves into the analysis of the process of software
development as an object of research accentuating the problems that have not been
solved yet and are considered to be topical from the standpoint of improvement of
software development. A detailed consideration was given to the objective and
problems faced by those involved in the SWDP, providing the definitions of
software engineering and SWDP given by different authors. It was accentuated that
the SWDP is the key object of the studies of program engineering. And the
standardization is the basic tool of its improvement. Consideration was given to
different SW life cycle models and their drawbacks. The analysis of available
models and technologies showed that actually a few research papers are devoted to
the solution of the problem related to the SWDP quality improvement through the
development of mathematical models within the conditions of limited resources.

Consideration was also given to the problems available in the software
engineering with regard to the improvement of software development process. It

was noted that the basic models used for the assessment of SWDP quality are



CMMI and SPICE that describe the SWDP quality at a verbal level. As a result,
these cannot be used for the development of mathematical models that would assist
in the bringing of SWDE quality up to the standard. The developed models and
algorithms that were described in previous research papers fail to solve the problem
in a preset time.

The research problem was set for the challenges that were elucidated during
the analysis of the process of software development as an object of research. The
main challenges were to improve the level of adequacy of developed models to the
real SWDP and increase the algorithm operation speed for the sequential analysis of
variants.

The second section suggests the formalization of CMMI model based on the
introduction of discrete variables that define a capability level of the practices and
the focus domains of a maturity model. The utility theory was suggested for the
construction of the model that would improve the SWDP quality. Based on that
theory the utility functions (UF) were constructed that serve as partial criteria for
the definition of the level of achievement of a desired profile that specifies a
prescribed capacity level of the practices and the focus domains of CMMI model.

Consideration was given to the generation issue of the UF of partial criteria
related to the resource software. Two complex indices were generated on their basis.

The first one is related to financial expenditures for the infrastructure and
payment for the labor of company employees that gain new knowledge. Another
index defines the time that company employees are supposed to spend to master the
new capability levels of practices. To construct the UF for the resource software
Boolean variables were introduced when passing to a new capability level of some
practices of focus domains.

Consideration was given to the generation of static models for the current
planning. The three problem statements of multicriteria optimization that are the
most topical in practice have been examined.

Consideration was given to the methodology of shared expert estimate of the
output state of SWDP that includes equal opportunities for all the practices of focus
domains, the desired SWDP profile, the importance factors of practices, objectives
and focus domains and the importance factors of different types of the utility
functions used for the CMMI model.

The third section is devoted to the development of dynamic model that would

improve the SWDP quality for IT companies. The objective function of the model is



generated on the basis of UF for a static problem and it reflects an increment in the
function at the planning period of integrated complex criterion that is the UF
resultant for the level of achievement of a desired profile and the provision of
resources. The objective function of the model is additive. The restrictions are
imposed on dynamic model variables. The first restriction is imposed on financial
expenditures and the second restriction is imposed to define the fact that the
capability level of a special practice cannot be decreased when passing to the next
planning subperiod.

The algorithm “Kyivsky Vinyk™” that is based on the method of sequential
analysis of variants was improved. The use of it for previous investigations showed
the need for speeding up its operation taking into consideration the fact that the
problem is NP-compound. The algorithm improvement was based on the two
components. The first was related to the generation of discrete sets in a special
manner at each step of it taking into consideration the resource restrictions that
resulted in a reduction of the dimension of problem and time required for the
exhaustive scanning of variants. The second component of the technology used for
an increase in the algorithm operation speed is related to the fact that the
optimization problems of Boolean programming are solved at each step of it instead
of exhaustive scanning of variants. It enabled an increase in the algorithm operation
speed by one order of magnitude and allowed us to solve the problem using real
information in specified time.

The technique was developed for the solution of the problem of improvement
of SWDP quality that is based on the rolling planning. The technique is represented
in the form of the flow of execution of some business processes using the IDEF0
standard based on the CA ERWin Process Modeler program product. The given
technique serves as a basis for the development of information technology for the
decision-making support system.

The forth section describes the main steps of the development of information
technology for the improvement of SWDP quality based on the rolling planning.
According to the software development technique, the first step deals with the
development of the specifications for system requirements both functional and
nonfunctional. The use case diagram is generated on the basis of functional
requirements. The next step deals with the conceptual database model. Based on the
analysis of possible options of software architecture we selected for our research the

“client-server” architecture with the isolated data server that is given in the form of



the deployment diagram of software system components. Some diagrams of
component classes and diagrams for dynamic design were given as an example. The
choice of programming tools used for the software implementation has been
substantiated.

Based on the output information about the current state of SWDP of IT-
companies, in particular “Nix Solution”, the research data were obtained for
dynamic and static problems of rolling planning used to improve the SWDP quality.
These data showed that there is no need for the solution of five individual problems
(as it was done in the past) due to the modification of “Kyivsky Vinyk” algorithm
done by the author. Today, it takes just one minute to solve the problem provided
that the full-sized output information is available. The realization of static model
enabled an increase in the adequacy of the model to the real process and adjustment
of own plans at the first subperiod of planning to increase the SWDP maturity level
depending on the scope of financing and weight coefficients.

Thesis research data were implemented at IT companies in the city of
Kharkiv, in particular “Nix Solutions” LLC and “Telesens-IT” LLC and these were
used for some state-budgeted research papers including the teaching process at the

Department for Program Engineering and Information Management Technologies of
NTU “KhPI”.
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