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AHOTAIISA

Ipuiimax H.B. InpopmariiiiHa TEXHOIOTIS MOUIYKY acOLIaTUBHUX MPaBUI
OJI0 TPUBAJIOCTI PO3pOOKM mporpamHOTO 3abe3medeHHs. — Ksamidikariiina
HayKOBa Iparlsd Ha MpaBaxX PyKOIHCY.

Hucepraiiist Ha 3100yTTS HAYKOBOTO CTYTNEHs KaH/IWaTa TEXHIYHUX HAYK 32
cnemianpHicTIO  05.13.06  «IHdopmariiitHi  TexHOJOTi». —  BiHHUIBKUN
HalllOHAJIbHUM TeXHIYHUN yHIBepcuTeT, Binauiy, 2020.

HuceprarniitHa po6oTa NPHCBSAYCHA IIIJIBUINCHHIO TOYHOCTI BHU3HAYEHHS
TPUBAJIOCTI BUKOHAHHS 3aBJIaHHS PO3POOHUKOM, a TAKOX CKOPOUEHHIO TPUBAJIOCTI
noIryKy acoriatuBHuX mpaBuil (AIl) mono TpuBanocTi po3poOKU MPOTPAMHOIO
3a0e3neuenns ([13), skl s 1BOro BUKOPUCTOBYIOThCs. Lle mocsraeThcst 3a
paxyHOK BHUKOPHCTaHHS BiAMOBiaHOI 1HGopmariitHoi texnosorii (IT). Hana IT
0a3yeThCsl Ha yJIOCKOHAJICHOMY METOJ1 BU3HAUYEHHS YaCTUX MPEIMETHUX HaOOpIB
Frequent Pattern Growth (FP-Growth), cepen sikux 37iHCHIOETBCS MOIIYK TaKUX
npaBui. O0’€KTOM AOCHIHKEHHS € MPOIEC MOIUIYKY aCOI[IaTUBHUX MPABUJI 00
TPUBAJIOCTI PO3POOKH MPOTPAMHOTO 3a0e3MeueHHs. 3arajbHUi HAyKOBUU
pe3ynbTaT poOOTH — BUPIMICHHS aKTyalbHOI HAyKOBO-TIPAKTUYHOI 3ajadi
MIJBUIICHHS  TOYHOCTI  BH3HAUCHHS  TPUBAJIOCTI  BHKOHAHHS  3aBAaHHS
PO3POOHUKOM, a TAKOX CKOPOYECHHS TPUBAJIOCTI TOIIYKY aCOIIaTUBHUX MPaBUII
(AIl) momo TpuBanocti po3pobku mporpamuoro 3adesneuenns (I13), axi mms
[[OTO BHUKOPHUCTOBYIOTHhCS. Takuili pe3yJbTaT JIOCSATAEThCS 3a JIOMIOMOTOIO
BUKOPUCTAaHHS 3allpONOHOBAHOI 1H(POPMALIMHOI TEXHOJOrI TMOUIYKYy TaKHX
acolllaTUBHUX MPABUIL.

OckiIbKM TporpamMHe 3a0€3MEeUeHHs BIJIrPae BaXXJIUMBY POJIb B CYYaCHOMY
KUTTI JIIOJAWHU, TOMY ¥ Mpoliec Horo po3poOKu Ta 3aco0u, HEOOX1AHI IS I[LOTO,
MOCTIMHO YAOCKOHATIOIOTHCS 3 METOIO IMOKPAIIEHHS JaHOTO MPOIIECY.

B nepmomy po3aini nucepraniiHoro AOCIKeHHs OyJo 31HCHEHO aHai3

CY4acHOTO CTaHy pO3BUTKY NpOIECYy pPO3pOOKH TPOTPaMHOTO 3a0e3NedeHHS.
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BukoHaHO MOpIBHSAJIBHUM aHalli3 3ac001B, 1110 BUKOPUCTOBYIOTHCS JIJIsl YIIPABIIHHS
MPOLIECOM PO3POOKU MPOTPAMHOI0 3a0€3MEUEHHS, a TAKOXK PO3TISHYTO MOJENI
polecy po3poOKKM TporpamMHOro 3abe3neyeHHs. 3po0JIEeHO BHUCHOBOK, IO
BIJINOBIJIHI 3acO0M, HE JO3BOJISIIOTH CIPOTHO3YBATH TPHUBAJICTh BUKOHAHHS
3aBlaHHs, 0a3ylOYMCh HAa HAKOMMYEHMX JaHUX. Takoxk BCTAHOBIEHO, IO MpHU
pO3po0Ill MPOrpaMHOro 3a0€3MEeUeHHs], 3 BUKOPUCTAHHSIM PO3TIISTHYTUX MOJEJeH,
BpPaxOBYETHCS JIMIIIE TIPIOPUTET 3aBJAHHS, a TOMY ICHY€ HEOOX1HICTh Y CTBOPEHHI
1H(opMaIIiitHOT MO, 110 TaKOXK BPaXOBYE TaKl XapaKTEPUCTHKHU, K CKIAIHICTD,
KPUTUYHICTh Ta TPUBAJIICTh BUKOHAHHS 3aBJIaHHS.

Bymo jgocmipkeHO METOAM  1HTENEKTYallbHOrO  aHajildy JlaHWX, SKI
BUKOPUCTOBYIOTHCS IOJ0 PO3POOKU MPOTpaMHOTO 3a0e3MeuUeHHs, Ta JOBEICHO
JOIUTBHICTh 1X 3aCTOCYBaHHS IIiJi Yac TakOro Ipoiiecy. Takox MpOBEICHO
JOCIIJKEHHSI  METOJIIB  BU3HAYEHHS YacTHX MPEeIMETHUX HaOopiB, sKi
BUKOPUCTOBYIOTBCS JIJIsi TIONIYKY AacOI[laTUBHUX TMPABWJI WIOJI0 TPUBAIOCTI
po3po0KH mporpaMHoro 3abe3neueHHs. Beranosneno, mo FP-Growth € metonom,
KWW JOUUIBHO 3acTocOoBYBaTH aiisi nomryky All momo TpuBanocti po3pooku I13.
Januii MeTonx TMOTPIOHO YAOCKOHAIUTH 3 METOK IIJIBHMINCHHS TOYHOCTI
BU3HAYCHHS TPUBAIOCTI BUKOHAHHS 3aBIaHHS PO3POOHHUKOM, a TAKOK CKOPOUYEHHS
TPUBAJIOCTI TIONIYKY aCOIIaTHBHUX IMPaBUJI, SIKi TSl IBOTO BUKOPHUCTOBYIOTHCS; a
TaKoXX MOro ajamnraiii A0 BIAMOBIAHOI MpeAMEeTHOI 00JacTi. Y IOCKOHAJICHHS
noJyiirae 'y KiacuQikaiii 3aBlaHb 3aJIeKHO BIJl iX XapaKTEPUCTUK (CKJIAIHICTD,
KPUTUYHICTh, MPIOPUTET, TPUBAIICTh BUKOHAHHSA 3aBIaHHS) INEpell MNOLIYKOM
aCOIIaTMBHUX TMPaBWJ, IO JO3BOJUTH NPHINBHAINIUTH TIPOIEC TOIIYKY TaKUX
TIpaBuIL.

3niiiCHEHO  OOTpYHTYBAaHHS JOLUIBHOCTI TMOIIYKY 1 BUKOPUCTaHHS
acolllaTUBHUX MPaBWJI MO0 TPUBAJIOCTI PO3POOKH MPOrpaMHOrO 3a0e3MeUeHHS .
[linTBEpIKEHO AaKTyaJbHICTH HAyKOBOI Ta TMPaKTUYHOI 3aJadl  po3poOKu
1H(pOpMAIIiHOT TEXHOJIOTI] MOLIYKY acOLIaTUBHUX MPaBWJI WIOJI0 TPUBAJIOCTI

pO3pOoOKM  TpOrpaMHOro 3abe3mnedeHHs, 0 0a3yeThCsl Ha YIOCKOHAJIECHOMY



METO/II BU3HAYCHHS YaCTUX MpeaMeTHUX HabopiB mis nmomyky AIT FP-Growth.

Y Japyromy Ppo3aijii 3amporoHOBaHO iH(OpMAIiHY MOJENb TMpoIecy
MOIIYKY acCOI[IaTMBHUX TIPaBHJ IIOJ0 TPHUBAJIOCTI PO3POOKH MPOTPaMHOTO
3a0e3MeYeHHs], IKYy MOKHA TIOJIaTH Y BUTJISIL:

AR = (T, D, minsupp, minconf, u, ), NT, PT),

ne 1 — MHOXHHA 3aBJaHb, 10 OYyJIM BHUKOHAHI IIIJI Yac PO3POOKHU

mporpaMHoro 3adesnedeHHs; D — MHOXKHWHA pO3pOOHUKIB, SKI MOXXYTh BUKOHATH

HOCTaBJIEHE 3aBAanHsa; MINSUPP — MiHiMalbHe 3HAYEHHS ITIATPUMKH acOL[iaTHBHUX
npaswia; Minconf — minimMasbHe 3HAYEHHS JOCTOBIPHOCTI acOMiaTHBHUX IPABUIL;

— METOJ, 3a JOMNOMOIrOI0 SIKOro Oyjae 31MCHIOBATHCS TONIYK AacoI[iaTUBHUX

IIpaBUII; {1 — MHOXHHa 3HaﬁIIGHHX aCOI_IiaTI/IBHI/IX IIpaBUII; NT — mHoxuHa

3aB/IaHb, U SKUX HEOOXIJIHO BU3HAYUTU TPUBAIICTH iX peajizaiii po3poOHUKOM
NeBHOTO PiBHA KBamidikamii; PT — MHOXMHA 3aBTaHb 3 BU3HAYCHUM YacOM, SIKAN
HEOOXI1THUHM Ha 1X BUKOHAHHS PO3POOHUKOM, 1110 Maro MEBHY KBaji(iKaliko.

Bxigaumu nanumu ajist iHGoOpMaliitHOT MOJEN € MHOKHHA 3aBJaHb, Cepel
AKkuxX Oyzae 3A1MCHIOBATHCS TOLIYK acCOI[IaTUBHUX NPAaBWJI 3 BUKOPUCTAHHSIM
yIOCKOHAJICHOTO METOJy BU3HAYEHHS 4acTUX npeameTHux HabopiB FP-Growth;
BUXIIHUMU JaHUMU € MHOXHHA 3aBJIaHb 3 4acOM, HEOOX1THUM PO3POOHUKAM JIJIst
peanizalli Takux 3aB/IaHb.

Y10CKOHaIEHO METOJlT BU3HAUEHHS 4YacTUX MpeaMeTHux HabopiB FP-
Growth, 110 BUKOPUCTOBYIOTHCS ISl TIOIIYKY aCOIIaTUBHUX MPaBUII, 32 PaxyHOK
kimacudikaiii BXigHOI MHOXHHM 3aBJaHb Ha TPU KJacH, BIAMOBIAHO 0
XapaKTEePUCTUKW 3aBllaHb. 3aBAaHHS Kateropii 1 (3aBmaHHA, SKi  JIETKO
peamizyBaTu), 3aBIaHHS KaTeropii 3 (3aBOaHHsA, SKIi  BaXXKO peajli3yBaTH),
3aBJaHHS Kareropii 2 (3aBJaHHs, MO CKJIATHOCTI MIX JIETKUMH 1 BaKKUMH). Take
YAOCKOHAJIEHHS TiJIBUINWJIO TOYHICTh  BH3HAYEHHS dYacy, HEOOXIJIHOTO Ha
BUKOHAHHS 3aBJAaHHS 3 BUKOPUCTAHHSIM 3HANJICHMX aCOI[laTUBHHUX IMPaBWUJ, a

TaK0X CKOPOUEHHS TPUBAJIOCTI MOLIYKY TaKUX 3aJI€KHOCTEH.
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Jl1s BUBHAUYEHHS Yacy, HEOOX1THOTO Ha peasi3alliio 3aBJaHHs PO3POOHUKOM
neBHoi  kBamidikailii, po3poOJCHO aJIrOPUTM  BHKOPUCTAHHS  3HAMJICHHUX
acolllaTUBHUX MPABWII LI0JI0 TPUBAJIOCTI PO3POOKH MPOrpaMHOrO 3abe3reyeHHs .
[le monmomoske MeHemKepaM MPOEKTIB MPH IJIaHYBaHHI Ta YNPaBIiHHI MPOLECOM
po3poOku mporpamHoro 3adesneueHHs. HaBenmeno UML-miarpamy JisibHOCTI
MpolleCy BUKOPUCTAHHS AaCOI[IaTUBHHMX TMPaBWI, 3HAWACHUX IIOJ0 TPUBAIOCTI
PO3pOOKH MPOrpaMHOro 3a0e3neUeHHS.

Y TperboMy Ppo3aidi AucepTaliHHOTO JOCIIDKEHHS OyJio po3po0JIeHO
1H(}OopMaIIiHy TEXHOJIOTII0 TMONIYKY AacOLIaTUBHUX NPAaBWI IIOJAO0 TPUBAIOCTI
pPO3pOOKM MPOrpamMHOro 3abe3MeueHHs, L0 0a3yeTbCs Ha 3alpOolOHOBaHIM
1H(OopMaIiiHIi MOJIEINI TaHOTO MPOLIECY.

3miiicHeHO BioOpa)XeHHS TPOIIECY PO3POOKH MPOrpaMHOI0 3a0e3nedyeHHs
3a JIOMOMOT0I0 MAapKOBCHKUX JIAHITIOTIB 3 JUCKPETHUMU CTAaHAMH Ta JUCKPETHUM
yacoM. Take BiIoOpa)kK€HHS  JO3BOJIMJIO, 3  BHUKOPHUCTAHHSIM  €JIMHOTO
MaTEeMaTUYHOTO arapaty, BiI0Opa3uTH JaHUW Mpollec Ha PI3HUX PIBHIX MOTO
nerani3arii.

Takox 3M1ICHEHO MOJIEIIOBAHHS TMPOIIECY MOIIYKY acOIIaTUBHUX MPaBUII
[0JI0 TPUBAJIOCTI PO3POOKH MPOTrpaMHOro 3a0e3nedyeHHsT 3 BUKOPUCTAHHSIM
yIOCKOHAJICHOTO METOJy BU3HAYCHHS YacTuX npeaMetHux Habopie FP-Growth.
Pe3ynbTaT MOJENIOBaHHS MOKAa3aJd 3pOCTaHHs MBUAKOCTI nmomyky All mo 2%,
K0 KUTBKICTh 3aBIaHb JJisl aHamizy nepesuiiye 750. Takox Oyj0 BCTaHOBJICHO,
[0 TOYHICTh BU3HAYCHHS TPUBAJIOCTI BUKOHAHHS 3aBJlaHb 3QJICKUTh B1J] KIJTLKOCTI
3HAMJIEHUX acOLlaTUBHUX MPAaBHWII: TOYHICTh 3pocia y 2,3 pa3u npu 301IbLIECHHI
KUJIBKOCT1 acoliaTUBHUX MpaBuil y 11 pasiB. Pe3ynbTaT MojENIOBaHHS MPOLIECY
BUKOPHCTAHHS acOI[IaTUBHKX MPaBUJI 3 METOIO BU3HAYCHHS TPUBAIOCTI BUKOHAHHS
3aBJaHHS PO3POOHMKOM TMEBHOI KBai(ikamii MoKa3aau 3pOCTaHHSA IIBHJKOCTI
BU3HAUEHHS Yacy, He0OX1JHOTO Ha BUKOHAHHSI 3aBAAHHS PO3POOHUKOM 10 5 pa3iB.

Y 4erBepTOMY PpO3aidi AUCEpTAIIHHOTO JOCHIKEHHS PO3pOOJICHO

iH(poOpMaIlliiHy CcHCTeMy TMOIIYKY acCOLIaTUBHMX MpaBWJ IIOJAO0 TPHUBAJIOCTI
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pO3pOOKH MPOTrpaMHOro 3a0e3MeYeHHs] 3 BUKOPUCTAHHSAM 3alpONOHOBAHOL
iHopMmarriitHoi TexHosorii. [[ns mporo Oyjio HaBEIEHO peKOMEHAaIli momo ii
pO3pOOKH, 3ampONOHOBAHO ii CTPYKTYypYy Ta crhpoekToBaHo bJl BiamoBigHOTO
POrpamMHOro 3a0€3MeUEHHS.

AHaJl3 pe3ynbTaTiB  BOPOBAKCHHS Ta BUKOPHUCTaHHS 1H(OpMAIIHHOI
TEXHOJIOT1i TMOIIYKY AacOLlaTUBHUX TMPaBWJI MIOJI0 TPUBAJIOCTI PO3POOKHU
nporpaMHoro 3a0e3MedeHHs] TOKa3aB IMiJIBUIIEHHS TOYHOCTI BU3HAYEHHS
TPUBAJIOCTI BUKOHAHHS 3aBJaHHS PO3POOHUKOM, a TAKOK CKOPOYEHHSI TPUBAIOCTI
MOIIYKY acCOI[laTUBHUX TMpaBWJ, SKI JJIsi LIbOIO BUKOPHUCTOBYIOTHCS. A came:
30UIbIIIEHHSI TOYHOCTI BU3HAYEHHS TPUBAJIOCTI BUKOHAHHS 3aBlaHHs B 1,7 pasu
npu  30UIBIICHHI 3HAMACHUX acoliatuBHUX mpaBuid g0 100; ckopodeHHs
TpuBajocti mnomyky All nHa 1,2% sKIO KIUIBKICT 3amuCiB, cepell SKHX
3aiicHoeThes nomyk All, Big 500 mo 750, Ta Ha 2%, SKIIO KUIBKICTH 3aIIMCIB Bij
750 o 100; 3pocTaHHs MIBUIKOCTI BUSHAYEHHS Yacy HEOOX1JHOTO Ha BUKOHAHHS
3aBAaHHsl pO3pOOHMKOM TE€BHOI KBasi(ikarii Bix 2 A0 6 pas3iB B 3aJ€KHOCTI BiJl
KIJIBKOCTI 3aBAaHb, IS IKUX LIEH yac BU3HAYABCH.

KirodoBi ciioBa: mporpamue 3a0e3nedeHHs, IpoIec po3poOKH MPOrpaMHOIo
3a0e3nedeHHs, 1H(dopmalliiiHa TEeXHOJIOTIs, 1H(opMalliiiHa MOJENb, acOLIaTHBHI
npaBuia, meton FP-growth, knmacudikarisi, aepeBa pillieHb, IHTEJIEKTyaJbHUN

aHaJII3 JaHUX.



ABSTRACT

Pryimak N. V. The information technology of the associative rules search for
the duration of software development — Qualification research paper, manuscript
copyright.

Thesis for the degree of a candidate of technical sciences in specialty
05.13.06 «Information technology». — Vinnytsia National Technical University,
Vinnytsia, 2020.

The thesis is dedicated to the study of increasing the accuracy of determining
the duration of the task development, as well as of reducing the duration of the
associative rules search, which are used for this. It can be reached by the
development and implementation of relevant information technology. This
information technology is based on the advanced FP-Growth method of generating
frequent pattern sets, among which, the search of such rules is performed. The
object of the research is the process of the associative rules search for the duration
of software development. The general scientific result of the work is a solution for
the actual scientific and practical task of increasing the accuracy of determining the
duration of the task development, as well as of reducing the duration of the
associative rules search which are used for this, due to the development and
implementation of relevant information technology.

As the software plays a significant role in the modern life, the process of it
development and the tools necessary, used for this purpose, are constantly being
developed to improve this process.

In the first section of the thesis, an analysis of the current state of the
software development process has been performed.

A comparative analysis of the tools, used for the software management
process was done, and also the models of the software development process was
reviewed. It is concluded that the reviewed tools do not allow to predict the
duration of the task, based on the accumulated data. It was also found that usage of
considered models during the software development, take into account only the

priority of the task, and therefore there is a need to create an information model,
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which will also take into account such characteristics as the complexity, criticality
and the duration of task implementation.

It is established that during software development, usually several models
are used, and they have defined stages. Appropriate tools are used to manage this
process, but they do not allow to predict the duration of the task implementation,
based on the accumulated data.

The methods of the data mining, used during the software development,
were investigated, and the feasibility of their use was proved. Also, the methods of
generating frequent pattern sets, which are used for associative rules search for the
duration of software development, were studied. It was found that FP-Growth is
the method that should be used for associative rules search for the duration of
software development. This method needs to be improved in order to increase the
accuracy of determining the duration of the task development, as well as to reduce
the duration of the associative rules search which are used for this, and as well as it
adaptation to the relevant subject area. The improvement is based on the data
classification before the associative rules search, which will allow to accelerate the
process of such rules searching.

The feasibility of searching and using associative rules for the determining
the duration of software development is substantiated. The relevance of the
scientific and practical task of developing information technology of searching
associative rules for the software development duration, that is based on an
advanced method of determining frequent pattern sets FP-Growth, is confirmed.

In the second section an information model of the associative rules search
for the duration of software development is proposed. This model can be submitted
as a set:

AR = (T, D, minsupp, minconf, u, ), NT, PT),
where T is the set of tasks performed during the software development; D

is a set of developers, who can solve the task; minsupp is the minimum value of

the associative rules support; minconf is the minimum value of the associative
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rules confidence; u is a method which will be used to search the associative rules;
(1 is the set of the found associative rules; NT is a set of tasks, for which it is

necessary to determine the duration of their implementation by a developer with
particular level of proficiency; PT is a set of tasks with the defined time
necessary for their implementation by a developer with particular professional
skill.

The inputs for this information model is a set of tasks, among which the
associative rules will be searched by using the advanced FP-Growth method of
generating frequent pattern sets; the outcome data is a set of tasks with the defined
time necessary for developers to solve them.

The method FP-Growth of the generation of the frequent pattern sets used
for the associative rules search is improved by classifying the input set of tasks into
three classes, depending on their characteristics: tasks of category 1 (tasks that are
easy to implement), tasks of category 3, which are difficult to implement, tasks of
category 2 (tasks, with the complexity between category 1 and category 3). This
improvement helped to increase the accuracy of determining the duration of the
task development, as well as to reduce the duration of the search of the associative
rules, which are used for this.

To determine the time required for the task implementation by a specific
developer, an algorithm of using the found associative rules for the duration of
software development was created. It will help project managers with planning and
managing the software development process. The UML activity diagram, which
describes the process of using such associative rules, was introduced.

In the third section of the research, an information technology of the
associative rules search for the duration of software development was created. It's
based on the proposed information model of this process. The software
development process was demonstrated through the use of Markov chains with
discrete states and discrete time. Such simulation allows to use a single

mathematical apparatus to display this process at various levels of it details.
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The simulation of the associative rules searches for the duration of software
development by using the advanced FP-Growth method for generating frequent
pattern sets has been implemented. The simulation results showed an increase of
the speed of the associative rules search to 2%, in case the number of tasks for
analysis exceed 750. It was also found that the accuracy of predicting the tasks
duration depends on the number of found associative rules: accuracy increased in
2.3 times with an increase of associative rules number in 11 times. The results of
modeling the process of using associative rules to determine the duration of the
task development by the developer of a certain qualification, showed an increase of
speed to determine the time, required to complete the task, up to 5 times.

In the fourth section of the thesis the information system for the associative
rules search for the duration of software development was developed, using the
proposed information technology. To archive this, recommendations for its
development were given, its structure was proposed, and a database of the related
software was designed.

The analysis of the results of the integration and use of information
technology of the associative rules search for the duration of software development
showed: an increase of the accuracy of the prediction of the task implementation
duration in 1,7 times with the increase of found associative rules to 100; a decrease
of the search duration of the associative rules by 1.2% if the number of records,
among which they are searched, is between 500 and 750, and by 2% if the number
of records is from 750 to 1000; increase in the speed of determining the time
required to complete the task by the developer of a certain qualification from 2 to 6
times, depending on the number of tasks for which this time was determined.

Keywords: software, the process of software development, information
technology, information model, associative rules, method FP-growth,

classification, decision trees, data mining.



3MICT

PO3AI 1 CYYACHI MOJEJII, METOAU TA 3ACOBU IMIATPUMKNU
[MTPOLECIB PO3POBKU ITPOI'PAMHOI'O 3ABE3ITEYEHHA..................
1.1 Anami3 3aco0iB, IO BHUKOPUCTOBYIOTHCS ISl YHPABIIHHS IMPOIECOM
PO3POOKHU MPOTPAMHOTO 3A0C3TMEUCHHST ... vvneeeeennneeennneeennneennneeennneennns
1.2 CyuacHi Mozeni po3poOKH MPOTPAMHOTO 3a0€3MEUCHHS. .....cvveenveeneeeenee
1.3 Oco0GaMBOCTI BUKOPUCTAHHS METOMAIB 1HTEJIIEKTYaIbHOTO aHAIli3y JaHUX
1010 PO3POOKH MPOTPAMHOTO 3A0€3MEUCHHSI. ..« veeueeeeeeeneeneeaneennennnen.
1.4 OOrpyHTyBaHHSI JOLIBHOCTI MOWIYKY 1 BUKOPUCTAHHSA ACOLIATHUBHUX
IpaBuJI OO0 TPUBAIOCTI PO3POOKH MPOrPaMHOr0 3a0€3MEUEHHS. . ... ... . ......
1.5 TTOCTAHOBKA BAMAUL. . e e ueeeneeenteeeete et et et et e eeeeeeeeeeeaeans
1.6 BUCHOBKH JIO POBILTY 1..uineiiiiiii i e,
PO3A1JI 2 PO3POBKA TEOPETHUKO-METOAMYHUX 3ACAA
[TPOLECY TIIOLIYKY  ACOHIATMBHUX IIPABUJI  LIOHO
TPUBAJIOCTI PO3POBKU [TPOT'PAMHOI'O 3ABE3IIEUEHHA. .......
2.1 IndopmariitHa MOJIEIh MPOLIECY MOIIYKY aCOIIaTUBHUX MPAaBWII 11010
TPUBAJIOCTI PO3POOKH MPOTPAMHOTO 3a0€3TMEUCHHS . ..v'vvveneneeiieaieeasieens
2.2 Ynockonanenuii meron FP-Growth BH3HaueHHS YacTUX MpEeIMETHHX
HAOOPIB JJIS1 TOLIYKY ACOLIATUBHUX TPABIIT ...veeneeeenteneeenneanneeannennn.
2.3 ANropuT™ BUKOPUCTAHHS acOLIATUBHUX MPaBWJ JUIsl BU3HAYEHHS 4acy,
HEOOX1THOTO JJIsi BUKOHAHHS 3aBJAHHS PO3POOHUKOM. ........v'veeeeerreeennnnes
2.4 BUCHOBKH JIO POBIIIITY 2.\ttt ettt e eteeeeiteeeeneeeeaeeeaeeeennenreeennns
PO3ALI 3 ITIOIYK ACOLIATMBHUX  [IPABUJI  LIOHO
TPUBAJIOCTI PO3POBKU ITPOTPAMHOI'O 3ABE3IIEYEHHA 3
BUKOPUCTAHHAM IHOOPMALIIMHOI TEXHOJIOTTI....................
3.1 InpopmaiiiifHa TEXHOJIOTIS TIOLIYKY AacCOLIATUBHUX MpPaBUJ IIO0
TPUBAJIOCTI PO3POOKH MPOTPAMHOTO 320€3TMEUCHHST . ...'vveenreanreenneennnennnn
3.2 MopentoBaHHS TPpOIeCy po3poOKH MPOrPaMHOTO 3a0€3MEUYCHHS. . .. . ... ..
3.3 MogentoBaHHsl TPOIECYy TMOIIYKY acCOIIaTUBHUX TIPaBUI 1010
TPUBAJIOCTI PO3POOKKM MPOrPaMHOrO 3a0€3MEUEHHS 3 BUKOPUCTAHHSIM

yaockoHanaeHoro Metoy FP-Growth ...,

11

15
16

23

23
30

35

40

54

55

57

57

66

73

78

80

80

84

93



3.4 BUCHOBKH JIO PO3BIIIITY 3.\ttt ettt eetteeeieeeee e eieeeiee e eaeeanaenns
PO3 LT 4 IHOOPMAIIIITHA CUCTEMA [TOIIYKY
ACOLIATBHUX TIIPABUJI 1OJO TPUBAJIOCTI PO3POBKU
[MPOTPAMHOI'O 3ABE3ITEUEHHS ...
4.1 PexoMenpamii 110/10 po3poOKH 1HGOPMAIIMHOI CHCTEMH TIOIIYKY
acolllaTUBHUX TMPaBWJI IIOAO TPHUBAJIOCTI PO3POOKH  MPOTPAMHOTO
T (011 (S35 (203 ¢ S
4.1.1 CtpykTypa IHPOPMAIIITHOT CUCTEMH. .. .eueeeeeneanieaneanaenaenneennnnes
4.1.2 ba3za nmaHux MNporpamMHOTO 3a0€3MEeUeHHs TOIIYKY acOI[laTUBHHUX
MIPABUJI IIIO/I0 TPUBATOCTI POZPOOKH . ..envveenteeeneeeeteeeiteeaineeeaneennns
4.1.3 I'padiunuii iHTepdelic KopucTyBada 1HPOPMALIITHOT CUCTEMH MOLIYKY
ACOITIATUBHUX TIPABHIL. . .eeeeerreeennerreeennnseessssnseeessnseessnsssesssnsssssesasssessmsseeesnsnnees
4.2 Pe3ynpTaTd BIOPOBAKEHHA 1HQOpPMALIKHOI TEXHOJOTIi MONIYKY
acolLllaTUBHUX TMpaBWJI IIOJO TPHUBAJIOCTI PO3POOKH MPOTPamMHOIro
CT TUIC) 1 (e (53 13 ; (PP
4.3 BUCHOBKH JIO PO3IILY 4. .. ettt ettt e et e eiee e e eaeeenaas
BUCHOBK. ... e
CIIMCOK BUKOPUCTAHUX IKEPEJL. ..o
JOIATKH. .. e,
Honatox A AKTH BIPOBAPKEHHS PE3YJIbTATIB IUCEPTAT. .. uvveenereannnnn. ..
Honatox b Crincok myOJmiKaIii 3a TEMOIO TUCEPTAIT. .. uuvvrenneeeanneeennns..
Jlonatok B VIMoBipHOCTi TepexomiB Mik cTaHamMM st TpbOX piBHIB
JeTanizauli mpouecy po3poOKH MPOrpaMHOro 3a0€3MEUEHHS . ........uu.e......
Honmaroxk [I' JlictuHr mnporpamMHoi peanizalii OCHOBHUX MOJYJIB
nporpaMHOro  3a0e3meueHHs] TOMIYKY acOIlaTUBHUX TPaBHI OO
TPUBAJIOCTI PO3POOKH MPOTPAMHOTO 3a0€3MEUCHHS. ... vvveneenreennneannenns.
Honarox [| IHCcTpykiis kopucTtyBada iH(OpMAIIHHOT CUCTEMHU TMOIIYKY
acolllaTUBHUX TMPaBWJI IIOAO TPHUBAJIOCTI PO3POOKH  MPOTrpamMHOro
CT (01630 (512 () 1 - PP

Honatox E Bubipka 3aBaaHb Jisl OIIYKY aCOLIIaTUBHUX MPABUIL. .............

12
101

103

103

103

112

115

118

123

125

128
143

144
146

148

149



13
BCTYII

OOrpyHTyBaHHSI BHOOPY TeMH J10CJIi/IZKEHHSI

VY cywyacHoMy cBIiTI nporpamue 3a6e3nedyeHHs (I[13) BUKOpUCTOBY€EThCS st
po0OOTH, HABYAHHS, CIIUIKYBaHHS, JIJIS 3/IIHCHEHHSI TIOKYTIOK, IIATEXI1B, TTO0POKEN
tomo. [Iporpamue 3a0e3medeHHs Ma€ BaKJIMBE 3HAYEHHS IS PI3HHUX Taly3eu
0i13Hecy Ta BUPOOHMIITBA: BUKOPHUCTOBYETHCS B OaHKaX Ta CTPaXOBHX KOMIIAHISIX; B
CHepreTHlll Ta CUIbCbKOMY TOCTIOJAPCTBI; Y TOPTiBII, MEIUIIMH], HABYaHHI TOIIIO.

OckiIbKH TporpamMHe 3a0e3ledyeHHs CTa€ BCe OUIBII BaXKJIMBUM Y BCIX
rajiy3s;x MPOMHUCJIOBOCTI Ta TOCIYT, TO MPOIEC HOro po3poOKH Ta IHXKEHEPHI
3aco0u, HeOOX1THI JJIs 1IHOTO, MepeOyBarOTh Y MOCTIHHOMY po3BHUTKY [1]. Tak sk
MporpamMHi MPOAYKTH PI3HOMAHITHI Ta MalOTh PI3HUA KOHTEKCT BUKOPHCTAHHS:
3aCTOCYBaHHS NPUKIATHOTO TIpOorpaMHOro 3ade3nedyeHHs B 1H(opMaliitHii
CUCTEM1 YW MPOTrpaMHOro 3abe3neueHHs, BOYJOBAHOIO B 1HIIN MPOAYKTH, abo
ICPOBOTO IPOTPaMHOI0 3a0e3MEUEeHHSI TOINO, TO BUHHMKAE HEOOXITHICTH OIIHKH
BIIMOBITHOCTI CHUCTEMH, KOMIIOHEHTa YM TPOIECYy BH3HAYEHUMH BHUMOTAM:
(GYHKIIOHAILHUM YU He (QYHKIIIOHAIBHUM [2].

Opnniero 3 HePYHKIIOHAIBHMX BHUMOI JI0 3aCTOCYBaHHS MPOrPaMHOTO
3abe3mneuenHs, 3riqHo 31 crangaproM IEEE Computer 1985, € Bumora mo #oro
JKUTTEBOTO IUKJY: BU3HAYCHHSI 0OMEKEHB II0JI0 3aJITHUX JIIOJICBKUX PECYpPCIB Ta
TpuBajocTi mporecy po3podku Takoro 13 [3], [4]. Touna ominka rpadika
3aKIHUYCHHS PO3POOKH MPOrpaMHOro 3a0e3nedeHHs HeoOXiJHa MEHeKepaM s
IJIaHyBaHHS pOOOTH KOMaHIU PO3POOHMKIB Ta €(EeKTHUBHOTO YIIPABJIIHHS JaHUM
nporiecom. OKpiM BKa3aHOT BHMOTHM BaXXJIUMBHM TOKa3HUKOM € OpraHizalis
PoIIeCy PO3POOKH Ta SKICTh KIHIIEBOTO MPOTPAMHOTO 3a0€3MECUCHHS.

OnHuM 13 coco6iB MepeBIpKH, 10 MPOrpaMHe 3a0e3MeUeHHsT HaJliHe — €
KOHTPOJIb YCIX eTamiB #oro po3poOku. TpanuuiiiHa MoOAeNlb pPO3poOKU
porpamMHoOro 3abe3nedeHHs mepeadadaec TMEPeBIpKy KOXKHOTO €Tamy pPO3pOoOKH
(BUMOTH /10 JOKyMEHTAallli, MPOEKTyBaHHSA, aHalli3, KOJyBaHHS, IEpeBIpKa Ta

TECTyBaHHs) repej nepexoaom a0 HactymHoro [5]. CyyacHi mporpaMHi IpOCKTH
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PO3pOOIISIIOTHCS OUIBII JUHAMIYHO, 13 3aCTOCYBAaHHIM OUIBII THYYKHUX TEXHOJIOT1H
Ta METOJO0JIOTIH PO3pOOKH; aje eTamu, MepepaxoBaHi BHIIE, NMPUCYTHI B Oydb-
SKOMY TIPOIIECi, OCKIJIBKA yce TporpamMHe 3a0e3ledeHHs TOBUHHO OyTH
po3po0bIIeHe, IHTerpoBaHe, IepeBipeHe, BUITYIIICHE Ta BIPOBaKeHE [6].

VY 3B’A3Ky 3 THM, IO CKJIAJHICTh 1 PI3HOMAHITHICTh MPOrpaM MOCTIHHO
3pocTae, TO iX SKICTh Ma€ BaXJIWMBE 3HAUYCHHA NS cCloXkuBada. B mporeci
HAIMCaHHS TMPOTpaMHOro 3a0e3NeueHHs HWOro KOJ| 4acTO 3MIHIOETHCS 3 METOIO
MOJTIMIIIEHHS (PYHKIIIOHATLHOCTI a00 ISl BUMIPABIICHHS TIOMIJIOK, SIKI BUKJIUKAIOTh
301if y #oro po6oTi. BukopucTanHs cucTeM yHpaBiIiHHS BEPCIAMH MPOTPAMHOIO
kony Ta ©Oa3 npanux (bJl) 3aBmamb, mo craBiusATbes i 4yac po3podku 13,
JO3BOJISIIOTH  310paTH  1H(POpPMALII0 MpPO yCI 3MIHM MPOrpaMHOro Koay Ta
BUKOPHUCTATH 1i JJIs MOAabIIoro anamisy [7]. HasBui 6a3u maHuX MICATh 3HAYHY
KUIBKICTB 1HQOpMaIllii, 1Ky HEMOKJIMBO IPOaHaIi3yBaTU BPy4YHY, a, OT’KE, BUHUKAE
HEOOXITHICTh y aBTOMATH30BAaHOMY aHamizil. /[[nsg BupilmleHHs [OaHoi 3aj1adyi
BUKOPHCTOBYIOTh PI3HOMaHITHI METOJU IHTENEKTyallbHOTO aHamizy aaHux (IAJI)
JI0 SIKMX HAJIEKUTh 1 MOIIyK acouiatuBHUX mpaBui (All). Takuit meTon q03BOIISIE
3HAXOJWTH AaCOI[IaTUBHI 3aJIEKHOCTI, SIKI MOXHAa BUKOPHUCTATU JUIsl BU3HAYCHHS
yacy, HEOOXIHOTO JUIs peajizallii KOHKPETHOTO 3aBJaHHS PO3POOHUKOM.
OtpuMana iHdopmallis MoXKe OyTH 3aCTOCOBaHA MEHEKEpaMu IPOEKTIB Jis
IaHyBaHHS po3pooku I13.

Cy4acHi METOIM TIOIITYKY aCOI[IaTHBHUX MPABHII MO0 TPUBAIOCTI PO3POOKHU
IpOTrpaMHOTo 3a0e3neucHHs po3risiHyTi B podotax I'. [T’ steupkuii-1llamipo [8], B.
Koy [9], ®. XKanr [10], X. XKanr [11], IT. bxatauap’s [12], A. Jlamkauxdi [13], E.
[irep [14]. TluTaHHA MOMAETIOBAHHS CUCTEM IIPEACTaBICHO y poboTax A. A.
Mosuanosa [15], B.I. Ckypixina [16], H. Bycrnenko [17], B. M. TposHOBCbKOTO
[18], P. H. Keetnoro [19], B. M. [Iy6osoro [20], b. I. Mokina [21], B. b. Mokina
[22], O. B. Bicikana [23] Ta inmmx gociigaukiB. OJuH i3 MIXOIIB 10 BUPIIICHHS
3alayl  MPOTHO3YBAaHHA  TPYJIOMICTKOCTI  PO3POOKH  MPOTPAMHHUX  CHUCTEM
3arporoHoBaHo y pooorti C. 1. IlItosou [24].

OTtxe, HayKoBa 3a7a4a cTBopeHHs 1H(opmartiiinoi Texaomorii (IT) momyky
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acolllaTUBHUX MPaBUJI LI0JI0 TPUBAJIOCTI PO3POOKH MPOrpamMHOro 3a0e3MeUeHHs €
aKTyaJIbHOO, OCKIJIbKM BUKOPUCTAHHS Takoi 1H(OpMaIiitHOT TEXHOJIOT11 J03BOJIUTh
MIIBANMUTA  IMBUAKICTP  BXIWBOTO  MPOIECY  PO3POOKH  MPOTPaMHOTO
3a0€e3MeUeHHS.

3B's130K po00OTH 3 HAYKOBUMH MPOTrpaMamMu, IJIaHAMHU, TEMaAMH

Hucepraiiiiina po0OoTa BUKOHaHAa BIAMOBIAHO IO HANPSIMKY HAyKOBHX
JOCIIJKEHb Kadeapu KOMIT'IOTEpHUX HayK BIHHHMIIBKOTO HaIliOHAJIBHOIO
TexHiuHoro yHiBepcutrery 22 K1 «Mogeni, Meronu, TEXHOJOTii Ta MPUCTPOI
IHTEJIEKTyaIbHUX 1H()OPMAIIHHUX CUCTEM YIIpPaBJIIHHS, €KOHOMIKM, HaBYaHHS Ta
KOMYHIKaIii».

Pesynbraty  nucepTamiiHOTO — JOCHIDKEHHS  YBIMIIIM y  3BIT 3
JepKO0IKETHOT HAyKOBO-I0CTIAHOI poboTH Ha Temy «Po3pobka iHpopmMaiiitHoi
CUCTEMHU NOIIYKY aCOLIIaTUBHUX MPABHII 1010 TPUBAIOCTI PO3POOKH MPOTPAMHOTO
3abe3neueHHs» Ne 47/5B (Homep noroBopy npo TBopdy ciBmpaito Ned7/5 Big 15
ciyas 2018 poky), ne 3100yBay OyB y CKJIaJi aBTOPIB MPOMIKHHUX Ta 3aKIIOYHOTO
3BITIB. TakoX BIPOBAJKEHO 1H(OpPMALIHY TEXHOJOTII0 MOLIYKY acOLlaTUBHHUX
paBuJl 1010 TPUBAIOCTI po3poOku mporpamuoro 3adesneuenns B TOB «biznec-
[Tporpamuy». BianoBiiHI aKTH BOPOBAIKEHHSI HABEICHO B JI0JIaTKY A.

Mera i 3aBIaHHS JOCJTiIKEHHS

Memoro nucepTaIiiiHOTO TOCIIKEHHS € T1IBUIICHHS TOYHOCTI BU3HAUYCHHS
TPUBAJIOCTI BUKOHAHHS 3aBJAHHSA PO3POOHUKOM, a TAKOK CKOPOUYEHHS TPUBAJIOCTI
MOIIYKY acCOI[IaTUBHUX TPABWI, Kl IS IOTO 3aCTOCOBYIOTHCS, 32 PaXyHOK
BUKOPHWCTAHHS BIAMOBIIHOI 1H()OpMAIIHHOT TEXHOJIOTI].

JI71s1 AOCSITHEHHS! TTOCTaBJICHOI METH HEOOX1/THO PO3B’A3aTH TaKi 3a80AHHS:

1. Jlochiautu Cyd4acHHW CTaH PO3BUTKY MPOIECY PO3POOKH MPOTrpPamMHOTO
3a0€3MeUeHHs] Ta TMpoaHaNi3yBaTH ICHYIOUl METOAM BU3HAYEHHS YacTHX
NpeAMETHUX HaOOpIB I TIONIYKY AacOoIllaTUBHUX MPaBUI MIOAO0 TPUBAIOCTI
naHoro mporecy. Pospobutu iHpopmariiiny momens (IM) mporecy momryky
acolllaTUBHUX MPABWJI II0JI0 TPUBAJIOCTI pO3POOKH IPOrPAMHOIO 3a0€3MeYEeHHS.

2. YIOCKOHAaIUTH METOJ BU3HAUCHHS YacTUX MpeaMeTHuXx HabopiB FP-
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Growth s TOIIYKy acoIllaTUBHUX TPaBWJ IIOJ0 TPHUBAJIOCTI PO3POOKHU
POrpamMHOro 3a0e3MeUeHHH.

3. Po3pobutu iHdopMarlliiiHy TEXHOJOri0, SKa MPOBOJUTHUME TOIUIYK
acolllaTUBHUX MPABWJI IIOA0 TPUBAJIOCTI pO3POOKU MPOrpamMHOTO 3a0e3MEeUeHHS 3
METOI0 iXHBOTO TMOJAJBIIOrO BUKOPUCTAHHS TMpPU PO3pOoOIl MPOrpamMHOTO
3a0€3MeUeHHS.

4. IlpoBecTu MOAENIOBAaHHS MPOIECY MOUIYKY AacOLIaTUBHUX MPaBHI 3
BUKOPUCTAHHSAM yJI0OCKOHaIeHOro MeToy FP-Growth.

5. Po3pobutu iHboOpMaIliiiHYy CcHCTEMY IMOIIYKY AacOLIaTUBHUX MPaBUII
IIOJI0 TPHUBAJIOCTI PO3POOKM MPOrpaMHOro 3a0e3ledyeHHs, 10 O0a3yeTbCcsl Ha
3aMpONOHOBAHIN 1HPOPMALIHIN TEXHOJIOTII.

06 ’ekmom 0ocnidxcenHsi € TPOLEC TOIIYKY acOIIaTUBHUX TPABUII IOJI0
TPUBAJIOCTI PO3POOKHU MPOTPAMHOTO 3a0€3MEUEHHS.

Ilpeomemom  Odocnioxncenns € iHGOpMAIlIfHA TEXHOJIOTIS  MOUIYKY
acoLIaTUBHUX MPaBUII 1[0JI0 TPUBAJIOCTI pO3pOOKH MTPOrPaMHOTO 3a0€3MEUEHHS.

MeTtoau a0cCTiIKeHHS

Bukopucrano TteopeTudHi Ta 3MilllaHI METOAM, CEepell HHUX: METOAH
CUCTEMHOr0 aHami3y (MOpIBHSUIBHUNA Ta CTPYKTYpPHUW aHami3) JJIs BU3HAUYECHHS
BJIACTUBOCTEH MpolleCy TONIYKY acCOLIAaTUBHUX MpPaBUI IIOJ0 TPHUBAIOCTI
PO3pOOKH MTPOTPAMHOTO 3a0e3MEUCHHS; METOIM 1HTEICKTYaIbHOT'O aHAII3y JIaHUX
(momryk acoliaTUBHUX MpaBW Ta KilacU@IKalilo JaHUX) I PO3pOOKH
iH(opMmaIiiHoi MOJENl BHUIIEBKA3aHOTO MPOLECY Ta YAOCKOHAJIEHOTO METOMY
BU3HAYCHHS YaCTUX MPEAMETHUX HAOOPIB JIsl MOIIYKY aCOIlaTUBHUX MPABHII, 1110
0a3yeTbCcsl Ha LIA MOJENi; METOAM 00’ €KTHOTO MOJIEITIOBAHHS MPOLECY MOIIYKY
acoIllaTUBHUX TPaBWJ, a TaKOX PO3POOKHM MPOrpaMHOTO 3a0€3TMEUCHHS,;
KOMII FOTEpHE MOJEIIOBAHHS JJIsi PO3POOKH MPOTPaMHOTO 3a0€3MEUYCHHS MOITYKY
acolllaTUBHUX MPaBUIL.

HaykoBa HOBH3HA OTPMMAaHUX pPe3yJIbTATIB

1. Vmnepue 3amnpomnoHoBaHO iHGOpMAIIiHY MOJENIb MpPOILECYy MOUIYKY

aCOIIaTUBHUX TMPABHWII MI0JI0 TPUBAIOCTI PO3POOKH MPOTPAMHOTO 3a0e3MeUEeHHS,
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sKa, Ha BIAMIHY B1J] ICHYIOUHX, BPaXOBY€ TaKi XapaKTepUCTUKHU 3aBjaHb (3aB/IaHb,
SKi TMOTPiOHO BHPIIIMTH IPH PO3POOII MPOrpaMHOTO 3a0e3IMEUYCHHS), SK:
CKJIQJIHICTh, MPIOPUTET, KPUTUUHICTH Ta TPUBANICTh X BUKOHaHHS. Lle q03BOMMIO
MIJBUIIMTH TOYHICTh BU3HAYEHHS Yacy, HEOOXIJHOrO Ha BUKOHAHHS 3aBIaHHS
PO3pPOOHUKOM TIEBHOI KBami(iKarii.

2. YIOCKOHAJI€HO METOJ BH3HAYEHHS YacTHX MPEIMETHUX HaOOpiB IS
IOIIyKy acomiatuBHMX mpaBuin FP-Growth 1momo TpuBamocti  po3poOku
MIPOrpPaMHOTO 3a0€3MEeUeHHS 32 PaxXyHOK BBEJCHHS eTamy Kiacudikarii 3aBaaHb
BIIMOBIAHO JO TaKUX XapaKTePUCTUK 3aBJaHb: CKIQJHICTh, MPIOPHUTET,
KPUTUYHICTh Ta TPUBAIICTh I1X BHUKOHaHHS. lle M03BOJMMIO CKOPOTHUTH dHac,
HEOOXITHUN JUIsl TOLIYKY acOI[laTUBHUX NpaBWi IIOAO TPUBAIOCTI PO3POOKU
IPOrpaMHOro 3a0€3MEUYEHHsA, $KI B MOJAJbLIOMY BHUKOPHCTOBYIOTHCS — AJIs
BU3HAYECHHS YaCOBUX XapaKTEPUCTUK peanizalii 3aBJaHHS pO3POOHHKOM MEBHOI
KBaT(piKarii.

3. VYmepie po3pobiaeHo iHGOpMAIIITHY TEXHOJIOTIIO MOITYKY acOlIaTUBHUX
MIPABHJII III0JI0 TPUBAIOCTI PO3POOKH MPOTPaMHOTO 3a0e3MeueHHs] B OCHOBI SIKO1, Ha
BIJIMIHY BIJ ICHYIOYHMX, BHUKOPHUCTOBYEThCS iH(pOpMaliifHA MOJENb Ta
YJIOCKOHAJIGHUH METOJ] BU3HAYCHHSI YAaCTHX MPEIMETHUX HAOOpPIB A TOILIYKY
acomiatuBHux TnpaBuil  FP-Growth, 1o nmo3BomwiIo  301IBIIMTH  TOYHICTH
BU3HAYCHHS TPUBAJIOCTI BUKOHAHHS 3aBJIaHHA PO3POOHMKOM TEBHOI KBasidikarii
Ta CKOPOTUTH TPHUBAJICTh NOIIYKY AacOLIaTUBHUX MPAaBWJI IIOAO TPHUBAJIOCTI
PO3pPOOKH MPOTPAMHOTO 3a0e3MeUSHHS.

IIpakTHYHe 3HAYEHHS] OTPUMAHUX Pe3yJIbTATIB

[IpakTUyHa LIHHICTH PE3YJIbTATIB AUCEPTALIMHOIO TOCHIIKEHHS TMOJISITae B
TOMY, I110:

—  PO3pOOJIEHO aNTOPUTM, IO peati3y€e yAOCKOHAICHUH METO/I BU3HAUCHHS
YacTUX MPEAMETHUX HaOOPIB JIJIsl MOIIYKY aCOL[IaTUBHUX MPABWII IIOA0 TPUBAIOCTI
PO3pPOOKH MPOTPAMHOTO 3a0€3MEUYCHHS 32 PaXyHOK BBEJEHHS eTary Kiacudikarii
3aBJlaHb BIJIMOBIIHO JI0 iX XapaKTepUCTUK (CKIIAHICTh, MPIOPUTET, KPUTUIHICTh Ta

TPUBAJICTh iX BUKOHAHHS), IO JIO3BOJIUJIO CKOPOTUTH TPUBAIICTH MOIIYKY TAKUX
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acolliaTUBHUX MPaBUIT,

—  PO3pO0JICHO aNTOPUTM BUKOPUCTAHHS 3HAWICHUX aCOIIaTUBHUX MPABUIT
MIOJI0 TPUBAJIOCTI PO3POOKH TMPOTPaAaMHOTO 3a0E3MEUYEeHHs, IO JTO3BOJIUIIO
aBTOMATU3YBAaTU MPOIIEC PO3POOKU MPOTPAMHOTO 3a0e3MedyeHHS Ta IMiBHIIATH
TOYHICTh BHU3HAUEHHS TPHUBAJIOCTI BUKOHAHHS 3aBIaHHSI PO3POOHUKOM TEBHOI
KBasTi(ikarii;

—  po3po0ieHo 1HPOPMAIIIHY CUCTEMY IJIs IMONTYKY acOIlaTUBHUX MPaBUII
010 TPUBAJOCTI PO3POOKH TPOrpaMHOrO 3a0E3IMEUeHHs, [0 peall3ye
po3po0biieHy iHPopMaIliiiHy TEXHOJIOTIIO.

OTpumaHi Ha OCHOBI HAyKOBUX JOCHIKEHb TMPAKTUYHI pe3yibTaTH
BripoBapkeHo B TOB «biznec-IIporpamuy y Burisai iHGopmaiiiHoi cucteMu
MONITYKY aCOLIaTUBHUX MNpPaBUJI MPU PO3pOOIll MPOrpaMHOTO 3abe3nedeHHs (aKT
BrpoBaukeHHss Ne 47/5B Big 17 BepecHs 2018 poky), a Takox iH(opMaIiiHOi
TEXHOJIOTii TOIIYKy AacCOIaTHBHUX TMPaBWJI IOJI0 TPUBAJIOCTI PO3POOKHU
nporpamMHoro 3abesnedycHHs (akT BHpoBakeHHs Bin 27 munas 2018 poky). Lle
JIO3BOJTMIIO MpUWMATH €(PEeKTUBHI YIPABIMIHCHKI PIIICHHS MIOAO IUTAHYBaHHS Ta
YOPaBIIHHSI PO3POOKOI0 MTporpaMHOro 3abe3nedyeHHs. BrpoBamkeHHs pe3yIbTaTiB
JOCITIKEHHS TT1ITBEPPKCHO BIAMOBITHUMH aKTaMHM B JI0JIaTKy A.

Oco0ucTuii BHECOK 3100yBaya

OCHOBHI TEOpPETUYHI Ta EKCIEPUMEHTaJbHl JOCHI)KEHHS Ta BUCHOBKH
aucepTaliitHoi poboTu Oy OTpUMaHi aBTOPOM OCOOUCTO.

Y npykoBaHUX TMpansx, OMyOJIKOBaHMX Yy CIIBaBTOPCTBI, aBTOPY
JUcepTallil HaleXaTh: aHali3 JOLUIBHOCTI BUKOPUCTAHHS aCOLIATMBHUX MPaBHII
IIOJI0 TPHUBAJIOCTI PO3pOOKHM mporpamHoro 3adesmnedeHHs [25], [26], anami3
JOIUTBHOCTI  BUKOpHUCTaHHS MetodiB [AJ[ mpu TecTyBaHHI TPOTPAMHOTO
3abe3neueHus [27] — [29], anani3 gouiabHOCTI BUKOpHcTaHHs Metoay FP-Growth
IIOJI0 TPHUBAIOCTI Po3poOku mporpamuoro 3adesnedenns [30], [31], po3poOka
1H(opMaIIiitHOT MOJIeN TPOIIeCy MOIITYKY acOLIaTUBHUX MPAaBUJI 11010 TPHUBAIOCTI
po3poOKu mporpamuoro 3adesnedenns [32], [33], yaockoHaIEHHS METOLY MOIIYKY

acoriatuBHux TnpaBuin  FP-Growth, 3a paxyHok kimacudikaiii mganux [34],
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IPEJICTaBICHHS MPOIECY PO3POOKH MPOTPaMHOTO 3a0e3MeUeHHs 3 BUKOPUCTAHHIM
MapkoBchkux mporieciB [35], [36], po3poOka iHGopMaIiiHOT TEXHOIOrIT IpoIeCy
MONIYKY acCOI[iaTUBHUX TPABWJI IIOAO TPHUBAJIOCTI PO3POOKH MPOTPAMHOTO
3abesmeueHHs [37], [38], koM rorepHe MoaemoBanHs [39].

Anpobanisi maTepiajiiB quceprauii

PesynbpTaTi mpoBeaeHOTO A0CIIKEeHHs Oynu anpoboBaHi Ha 10-ii ta 11-ii
MDKHApOJAHUX HAYyKOBO-TIPAKTHUYHUX KoH(epeHuisx «Iarepuer — OcBita — Hayka»
(2016, 2018), XLV, XLVI, XLVIII HaykoBO-TEXHIYHHX KOH(EPEHIIIIX
podecopchbKO-BUKIAIAlIBKOTO  CKJIaay, CHiBpOOITHUKIB Ta cryaeHtiB BHTY
(2016, 2017, 2019), IX MiXHaApOaHIN HAYKOBO-NPAKTHUYHINA KOHGEpEHIl
['py3uHCBKOT MaremMaTmuHOi acomianii, Toimici, ['py3is (2018), Bceykpainchbkiii
HayKOBO-NPAaKTU4YHIN KOH(depeHli 3700yBayiB BUIIOI OCBITH W MOJIOJUX YYEHHX
«Komm’rotepHa iHxeHepiss 1 KkibepOesmeka: JIOCATHEHHS Ta 1HHOBAIii»,
Kponusuuipkuii (2018).

Myoaikanii

Marepianu gocnigpkeHb onyOaikoBaHi B 15 HaykoBUX mpansx: 1 crarts, mo
omyOJikoBaHa B 1HO3eMHOMY (axOBOMY IKypHajii, SIKAA BXOJUTH JIO
Haykomerpuunoi 6azu SCOPUS, 4 crarti, mo omyOJikoBaHI B HayKOBHX
BUJIAHHAX 3 Mepeniky (axoBUX BUJAHb YKpaiHH, 3 HUX, B TOMY YMCII, | CTaTTs y
KYpHaJll, SIKMA BXOAUTh N0 HaykoMerpuuHoi ©O0a3zu SCOPUS; pesynbratu
JIOCITIJIKEHHST anpoOOBaHO Ta OIMyOJIIKOBAHO y BUTIISIL 9 Te3 Ha MIICThOX HAYKOBO-
TeXHIYHUX KOoH(pepeHUisax (4 myOmikauii y 30ipHHMKax mpamb, | myOmikamisa y
30ipHHUKY MatepiaiiB KoH(epeHiii, 3 — y BUIVISAI Te3 JOMOBIACH) Ta OJHIN
HAyKOBO-TIPAKTUYHIN KOHGEpeHIli; oTpuMaHO 1 CBIIOIITBO Ha PEECTpaIliio
ABTOPCHKOTO TpaBa Ha KOMII' FOTEPHY mporpamy (104aTtok b).

Crpykrypa Ta 0o0csar auceprauii

Hucepramiitna po0OoTa CKJIaAaeTbecsi 31 BCTYMY, YOTUPHOX PO3IUIIB,
BHUCHOBKIB, CIMUCKY BHKOPHUCTAHHX JDHKepen Ta JoaaTkiB. OCHOBHUN 3MICT poOOTH
BukianeHo Ha 108 cTopiHkax IpyKOBaHOTO TEKCTy, MICTUTh 34 pucyHku Ta 16
Tabnuib. COMCOK BUKOPUCTAHUX JKepen MICTUTh 161 HaiimeHyBaHHS. 3arajibHUMA

o0cAr podoTH cTaHOBUTH 164 CTOpPIHKHU.
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