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Hucepramiitna poOoTa NPHUCBAYEHA BHPIMICHHIO Ba)XXJIMBOTO HAYKOBO-
MPaKTUYHOTO 3aBJAHHS TIJBUINEHHSA JIOCTOBIPHOCTI OI[IHIOBAHHS PO3MIPY
IPOrpaMHUX 3aCTOCYHKIB 3 BiAKpuTUM Kojgom Ha PHP 3a paxyHok moOynoBu
BI/IMOBITHUX MAaTEMAaTUYHUX MOJCIICH Y BUTJISAI HEMIHIMHUX PErpeciiHuX MoJIeIeH
Ta CTBOPEHHIO Ha iX OCHOBI 1HCTpyMeHTapito iHpopmariiinoi TexHosorii (IT)
0o0poOkM 1H(popMarllli Uisi OLIHIOBAHHS pPO3MIpY MpPOrpaMHUX 3aCTOCYHKIB 3
BiIKpUTUM KojioM Ha PHP Ha panHix cTagisx po3poOKu 3a METpUKamu Jiarpamu
KJIACIB.

AKTyanbpHICTh 1i€i poOOTH TOB'A3aHa 3 HacTynHuUM. [lo-mepie, oliHka
po3mipy TmiporpamHoro 3abesmeueHHs (I13) HeoOXimHa IS OIIHIOBAHHS
TPYJAOMICTKOCTI pO3pOOKH MPOTrpaMHOr0 3aCTOCYHKY, HAlPUKJIAJ, 33 JOMOMOTOIO
takoi Biomoi mojeni ik COCOMO Il. [To-apyre, panHe oriHtoBaHHs po3Mipy 113
€ CKJIQJTHUM 3aBJIaHHSM, OCKIJIbKH Ha IMOYATKOBUX (pa3zax CTBOPEHHS MPOTPAMHOTO
3aCTOCYHKY JOCTymHa oOMexxkeHa iHdopwmalsa. [lo-TpeTe, i1CHyrO4l MaTeMaTU4HI
MOJIEJI1 JJIsl OLIIHIOBAHHSI PO3MIpPY MPOTPaMHMX 3aCTOCYHKIB 3 BIIKPUTUM KOJIOM Ha
PHP sik npaBuiio He MICTATh y CBOEMY CKJIaJll BUMIAAKOBI 3MiHHI. Bee 1ie nmpu3BoauTh
JI0 HU3BKOI JTOCTOBIPHOCTI OIIIHIOBAHHS PO3MIPY NPOrPaMHHUX 3aCTOCYHKIB 3
BiikpuTuM KosioM Ha PHP Ha mouatkoBux eramax ix po3poOKH.

Mertorw auceprailiiinoi poOOTH € MIIABUIICHHS JOCTOBIPHOCTI OI[IHIOBAHHS
pO3MIpy MPOTPAMHUX 3aCTOCYHKIB 3 BiIKpuTHM KojaoM Ha PHP y dazax ananizy ta

MPOCKTYBaHHS 3a METPUKAMM JllarpaMyd KJIAciB 3a JIOTMIOMOTOK HEJIHIMHUX



perpeciiHuX MoJIeIeH.

P0o004010 HAyKOBOIO TiNOTE30K) TUCEPTAIIHHOTO JOCTIDKEHHS €
TBEPKCHHS, 10 MIIBUINECHHS JOCTOBIPHOCTI OIIHIOBAHHS PO3MIPY MPOTPAMHHUX
3aCTOCYHKIB 3 BiakpuTuM KojoM Ha PHP y ¢azax anamizy Ta mpoekTyBaHHA 3a
METPUKaMH JllarpaMH KJIaciB JOCITa€ThCA 3a paXyHOK 3aCTOCYBAHHS OaraToMipHUX
HEJIIHIMHUX perpeciiHux MOJCNEH, K1 JO3BOJISIOTH OMMCYBATH 3a3HAUYCHHUMN PO3MIp
SIK BUMAIKOBY BEJIMYUHY.

JI1s 1oOy10BM BKa3aHUX HEIIHIMHUX PEerpeciiHUX MOJIENICH MPOMOHYETHCS
BUKOPHCTOBYBATH BIAMOBITHUI METO/ HAa OCHOBI 0araTOBUMIPHUX HOPMaJI3yIOUHX
NEPETBOPEHDb, SIKI JO3BOJIAIOTH BPAXOBYBaTH KOPEJSALII0 MK 3aJE€KHOK 1
HE3aJIe)KHUMHU 3MIHHUMU.

JU1st TOCATHEHHS MOCTABIEHOT METH MOTPIOHO BUPIIIUTH TaKl 3aBAaHHS:

- MpoaHai3yBaTH ICHYIOUYl MaTeMaTHU4HI MOJIENI /IS OLIIHIOBAHHS PO3MIpy
MPOrpaMHUX 3aCTOCYHKIB 3 BIIKpUTUM KojioM Ha PHP;

- YVIOCKOHAJIUTU TPhOX-(AaKTOPHY PErpeciiiHy MOAENb Jsl OL[IHIOBAHHS
po3Mipy MPOTrpaMHUX 3aCTOCYHKIB 3 BIOAKpUTHM kogoM Ha PHP 3a merpuxamu
JlarpaMy KJ1aciB Ha OCHOBI YOTUPUBUMIPHOTO HOPMAJII3yIOUOTO ITEPETBOPEHHS;

- YAOCKOHAJIMTH PIBHIHHS JJIsl BU3HAYCHHS ITUPUH JOBIPUYOTO IHTEPBATY Ta
IHTepBaJy MepeadaYeHHs HEMIHINHOT perpecii po3Mipy MporpaMHUX 3aCTOCYHKIB 3
BiIKpUTUM KoaoM Ha PHP 3a wmerpukamum pgiarpamMu KjiaciB Ha OCHOBI
YOTUPUBHUMIPHOTO HOPMATI3yIOUOTO IEPETBOPEHHS;

- Ha MiACTaBl 3allPONOHOBAHOI TPbOX-(PAKTOPHOI HENIHIMHOI perpeciiHol
MOJIel PO3POOUTH THCTPYMEHTapid 1HPOpMAIiTHOT TEXHOJOTIT SISl OI[IHIOBAHHS
PO3MIipy MPOrpaMHUX 3aCTOCYHKIB 3 BiAKpUTHM KojoMm Ha PHP 3a merpukamwm
JiarpaMu Kiacis.

HayxoBa HOBH3HA 0/iepKaHUX PE3y/bTATIB MOJATA€ Y HACTYITHOMY.

1) VYnaockoHalieHO TpboX-(haKTOpHE PIBHSAHHS HETIHIHHOT perpecii s
OLIIHIOBAHHSI PO3MIPY MPOrPAMHUX 3aCTOCYHKIB 3 BIAKpUTUM Koiom Ha PHP nHa
MOYAaTKOBHUX €Tarax po3poOKH B 3aJIEKHOCTI BIJ TPhOX (PakTOpiB (KIIIHKOCTI KJIACiB;

CepellHbOI KIJIbKOCTI METOIIB Ha KJ1ac, cepeAHboro 3HaueHHs MeTpuku DIT Ha kiac)



Ha OCHOB1 YOTUPHUBHMIPHOTO HOPMAJi3yIO4Oro nepeTBopeHHs J»oHcoHa ciM’1 Sg.
[le mo3BOJSIE MIJBUIIUTH JOCTOBIPHICTH OIIIHIOBAHHSA BHOIPKOBOTO CEPEIHBOTO
3QJIEKHOI 3MIHHOT TphOX-(aKTOPHOI HENIHIMHOI perpecii po3Mipy MPOTrpaMHHUX
3aCTOCYHKIB 3 BiAkpuTUM KoaoM Ha PHP y mopiBHsSHHI 3 BUKOpHCTaHHSIM
OJIHOBUMIPHUX HOPMAJi3yIOUMUX TNEpeTBOpeHb. PiBHSHHSA, MO0 MOOYI0BaHO, B
MOPIBHSHHI 3 THITUMHU PErPECITHUMHU PIBHIHHSAMH, Ma€ MEHIIIC 3HAUCHHS CePEAHBOT
BEJIMYMHU BITHOCHOT MOXUOKH Ta MEHIII IIMPUHH JOBIPYOTO 1HTEPBATY HENMIHIHHOT
perpecii.

2) Otpumaino MmomaiblInii PO3BUTOK PIBHSHHS ISl BH3HAYCHHS TPAaHUILb
JIOBIPYOI0 IHTEPBANy HEIIHIMHOI perpecii po3Mipy MNpPOrpaMHHUX 3aCTOCYHKIB 3
BiIKpUTUM KojoM Ha PHP Ha OCHOBI YOTHPUBHUMIPHOTO HOPMAJI3yHOHOIO
neperBopenHs JIxoHncona cim’i Sg. lle y mOpiBHSAHHI 3 BUKOPHCTAHHAM
OJTHOBUMIPHHUX IEPETBOPEHDb J103BOJIAE€ B 0AaraThOX BUIAJKaX 3MEHIIMTU IIUPUHU
JIOBIPUOTO 1HTEPBANy HEJIHIMHOI perpecii po3mipy HpOrpaMHUX 3aCTOCYHKIB 3
BIAKpUTUM Koj0oM Ha PHP 1 TumM camMuM MiJABUIIUTH JTOCTOBIPHICTH OLIIHIOBaHHS
BUOIPKOBOTO CEPEAHBOTO 3ajie)KHOI 3MIHHOI HEJiHIAHOT perpecii, a came —
3a3HAYEHOTO PO3MIpY.

3) YiaockoHaneHO TpboX-(haKTOPHY HETIHIHHY perpeciiHy Mojaeidb s
OIIHIOBAHHS PO3MIPY MPOTpaMHUX 3aCTOCYHKIB 3 BIIKpUTUM Kojgom Ha PHP B
3aJIEKHOCT]I BIJ KUIBKOCTI KJIaciB; CEpPEAHBbOI KIIBKOCTI METOJIB Ha Kjac Ta
cepennboro 3HaueHHs MeTpukd DIT Ha kilac Ha OCHOBI YOTHPUBHUMIPHOTO
HOPMAJTI3yI0Uoro TepeTBOpeHHs J[OHCOHA ciM’i Sg, IO J03BOJISE IiIBHIIATH
JIOCTOBIPHICTh OLIHIOBAHHS PO3MIPY MPOrPAMHUX 3aCTOCYHKIB 3 BIIKPUTHM KOJOM
Ha PHP came sk HerayciBChbKOi BHITQJIKOBOi BEJIWYMHU Yy TIOPIBHSHHI 3
BUKOPUCTAHHSAM OJHOBUMIPHUX HOPMAaNi3ylOUUX MepeTBOpeHb. Mojenb, 110
noOy10BaHO, B IOPIBHSIHHI 3 THIITUMU PETPECITHUMU MOJIECTISAIMU (SIK JTIHIHHUMU, TaK
1 HeMHITHUME ), Ma€ OUTBIIINIA B1ICOTOK MPOTHO30BAaHUX 3HAYCHb, MEHIIE 3HAYCHHS
CepellHbOi BEJIMYMHM BIJIHOCHOI TMOXMOKM Ta MEHIIl IIUPUHU IHTEPBATY
nepeadoadeHHs HeIliHIMHOT perpecii.

4) Otpumayio TOAAJIBIIANA PO3BUTOK PIBHSHHS JJIi BU3HAYCHHS T'PaHMIIb



iHTepBally —mnepeadadeHHs TPboX-(DaKTOPHOI HENHIMHOI perpecii  po3Mipy
POrpaMHUX 3aCTOCYHKIB 3 BiAKpUTUM KoioM Ha PHP Ha ocHOBI 4OoTHpHUBHMIpHOTO
HOpMaJizyrouoro rieperBopeHHs Jlxoncona cim’i Sg. lle y mopiBHSHHI 3
BUKOPHUCTAHHAM OJHOBHUMIPHUX IMEPETBOPEHb J03BOJsIE B 0Oararbox BHIAJKax
3MEHIIIUTH IIUPUHU 1HTEpBATy MepeadaueHHs HEIIHIMHOI perpecii po3Mmipy
MPOrpaMHUX 3aCTOCYHKIB 3 BIIKpUTUM KojoMm Ha PHP 1 Tum camum miBUIIUTH
JIOCTOBIPHICTh OIIIHIOBAHHS 3a3HAUYEHOTO0 pO3MIpYy SK 3aJeKHOI BUIAJAKOBOI
BEJTUYUHH.

[IpakTiuHe 3HAYEHHS OAEPKAHMX PE3yJbTATIB IMOJATAE Yy HACTYITHOMY.
Po3pobneno iHctpymenTapiii [T 1ns  OWIHIOBaHHA pPO3MIpY MNPOrPaMHHX
3aCTOCYHKIB 3 BIIKpUTUM KojoMm Ha PHP y (aszax anamizy Ta mpoexkTyBaHHS 3a
METpUKaMH JiarpamMu knaciB. [[as 1bOoro BUKOpPUCTOBYBaJlacd CHUCTEMaA
mogemoBanHs Scilab (https://www.scilab.org/). Byno po3po6ieno Bianmosiaue I13
sci-moBoto i makety Scilab 6.0.0 Ta MeTo UKy OIiHIOBaHHS PO3MIpPY IPOTPAMHHUX
3aCTOCYHKIB 3 BIAKpUTUM KoaoM Ha PHP, sika po3paxoBaHa Ha BUKOPUCTaHHS
3a3HaueHoro II3. IIporpamy, mo po3poOieHO, MOKHAa BHUKOPUCTOBYBATH MJIsi
OLIIHIOBAHHS PO3MIPYy IPOrpaMHUX 3aCTOCYHKIB 3 BIAKPUTUM KojgoMm Ha PHP 3a
TphOMa METPUKAMHU JliarpaMu KJIaciB.

VY BcTymi ArcepTalii po3KpUTa CyTHICTh HAYKOBO-TIPAKTUYHOTO 3aBIaHHS Ta
HOro 3HauylIiCTh, OOIPYHTOBAHO HEOOXI1IHICTh MPOBEICHHS JOCIII>KEHHS, IToaHa
3arajbHa XapakTEepUCTHKA JAUCEpTallli B Takii MOCIIJOBHOCTI: aKTyaJbHICTh TEMU;
3B’SI30K pOOOTH 3 HAYKOBUMH MporpamMaMu, IjIaHaMH, TEMaMH; MeTa 1 3aBAaHHs
JOCIIIJIKEHHS; HAYKOBa HOBU3HA 1 MPAKTUYHE 3HAYEHHS OJEpP’KaHUX PE3YJIbTATIB;
0COOMCTHI BHECOK 3/100yBaua; arnpobaiiisi pe3yabTaTiB qucepTarlii Ta myOsikaiii.

VY nepiioMy po3aiai gucepTallii BUKOHAHO aHalli3 ICHYHOUHUX METOMAIB 1
MOJIeTIEH I OI[IHIOBaHHS PO3MIPYy MPOTPaMHHUX 3aCTOCYHKIB 3 BIAKPUTHM KOJOM
Ha PHP Ta 3miiicHeHO 0oOrpyHTYyBaHHS HEOOXITHOCTI MPOBENEHHS JOCHIKEHD 3a
00paHoI0 TEMOIO.

Y nmpyromy po3nuti aumcepTaii po3rVISIHYTO ICHYOUl B3a€EMO-3BOPOTHI

HOPMAJII3yI0oul MEePETBOPEHHS, 311MCHEHO BUOIp MEPETBOPEHHS JIi HOpMasli3allii



YOTUPUBUMIPHUX JAHUX 3 METPUK MIPOrPAMHUX 3aCTOCYHKIB 3 BIIKPUTUM KOJIOM Ha
PHP.

VY TperboMy po3aull AucepTailii moOyA0BaHO TPhOX-(aKTOpPHE HENiHIIHE
perpeciiiHe piBHSIHHS, HEJIHINHY perpeciiiny Mojelnb, IHTEpBaiu Nepe10adyeHHs Ta
JIOBIpY1 1HTEpPBAIM HEHIHHOI perpecii JJig OLIHIOBaHHS PO3MIPY IMPOTPAMHHX
3aCTOCYHKIB 3 BIIKpUTUM KojoM Ha PHP Ha OCHOBI 4OTHMpHBHUMIPHOTO
nepeTBopeHHs JI)KOHCOHa cimeiicTBa Sg; 3MA1MCHEHO TMOPIBHSIHHS PE3yJIbTaTIB
OILIIHIOBAHHS PO3MIpy MPOrpaMHUX 3aCTOCYHKIB 3 BIAKpUTUM KojoMm Ha PHP 3a
HETIHIMHUMH ~ pErpeciiHIMH  MOJENIsIMH, 10 ToOyJAOBaHI HAa  OCHOBI
YOTHUPUBHUMIPHOTO TIepeTBOpeHHs J[>kOoHCOHa cimelicTBa Sg Ta Ha OCHOBI
OJIHOBUMIPHHUX TIEPETBOPEHb.

VY uyerBepTOMy po3aULTI AucepTarlii 3ampornoHoBaHo [T s oliHIOBaHHA
pO3Mipy TpOrpaMHHMX 3aCTOCYHKIB 3 BiAkpuTuMm kojaom Ha PHP. Pospo6raeno
iHcTpyMmeHTapid [T 1ns OliHIOBaHHA pO3MIpYy MPOTrpaMHUX 3aCTOCYHKIB 3
BiIKpuTUM KofoM Ha PHP y ¢azax anami3y Ta npoekTyBaHHA 32 TPbOMa METPUKAMU
miarpaMu KiaciB. [l bOr0 BUKOPUCTOBYBajiacs cUCTeMa MojentoBaHHs Scilab.
Byno po3pobaeno Bignosigae [13 sci-moBoro s makery Scilab 6.0.0 Ta metoauky
OIIHIOBAHHSI PO3MIpY MPOrPaMHHUX 3aCTOCYHKIB 3 BIAKPUTHM Koiom Ha PHP, sxa

pO3paxoBaHa Ha BUKOPUCTaHHS 3a3HadyeHoro [13.

KurouoBi cioBa: oIfiHioBaHHS po3Mipy, mporpamHuii 3actocyHok, PHP, tppox-
(dakTopHa HeINiHIMHA perpeciiiHa MOJENb, JOBIpYM IHTEpBaJ, I1HTEpBAJ
nepeadayeHHs, HOpMaJi3yloue MEepEeTBOPEHHS, HErayCiBChbKl JaHl, 1H(opMaliiHa
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ABSTRACT

Vorona M.V. Mathematical models and information technology for
estimating the size of open source PHP-based applications. — Manuscript
qualification scientific work.

Thesis for the degree of philosophy doctor in specialty 122 "Computer
Science" (field 12 — Information technology). — Admiral Makarov National
University of Shipbuilding, Mykolaiv, 2021.

The dissertation is devoted to solving an important scientific and practical
problem of increasing the confidence of estimating the size of open source PHP-
based applications by building appropriate mathematical models in the form of
nonlinear regression models and creating information technology (IT) tool for
estimating the size of open source PHP-based applications in the early stages of
development according to the metrics of the class diagram.

The relevance of this work is related to the following. First, software size
(software) estimation is needed to estimate the effort of software application
development, for example, using a well-known model such as COCOMO II. Second,
early estimation of software size is a difficult task, as limited information is available
in the initial stages of software development. Third, existing mathematical models
for estimating the size of open source software applications in PHP generally do not
contain random variables. All this leads to low confidence in estimating the size of
open source software applications in PHP in the initial stages of their development.

The dissertation aims to increase the confidence of estimating the size of
open source PHP-based applications at the early stage using nonlinear regression
models.

The working scientific hypothesis of the dissertation research is that
increasing the confidence of estimating the size of open source PHP-based

applications in the phases of analysis and design according to the metrics of the class



diagram is achieved through multiply nonlinear regression models that describe this
size as a random variable.

To construct the above nonlinear regression models, it is proposed to use an
appropriate method based on multivariate normalizing transformations.

To achieve this aim we need to solve the following tasks:

- analyze existing mathematical models to evaluate the size of open source
PHP-based applications;

- to improve the three-factors regression model for estimating the size of
mobile application according to the metrics of the class diagram based on four-
variate normalizing transformation;

- improve the equation to determine the widths of the confidence interval and
the prediction interval of the nonlinear regression of the size of open source PHP-
based applications according to the metrics of the class diagram based on four-
variate normalizing transformation;

- to develop information technology tools to estimate the size of open source
PHP-based applications according to the metrics of the class diagram based on the
proposed three-factors nonlinear regression model.

The scientific novelty of the obtained results is as follows.

1) The three-factor nonlinear regression equation to estimate the size of open
source PHP-based applications at the initial stages of development depending on
three factors (number of classes; average number of methods per class, average value
of DIT metric per class) based on the four-variate normalizing Johnson
transformation of the Sg family has been improved. This allows increasing the
confidence of estimating the sample mean of the dependent variable nonlinear
regression of the size of open source PHP-based applications in comparison with the
use of univariate normalizing transformations. The constructed equation, in
comparison with other regression equations, has a smaller value of the mean
magnitude of the relative error and a smaller width of the confidence interval of

nonlinear regression.



2) The equation for determining the confidence interval of the nonlinear
regression of the size of developing open source PHP-based applications based on
the four-variate normalizing Johnson transformation of the Sg family has been
further developed. This, in comparison with the use of univariate transformations,
allows in many cases to reduce the width of the confidence interval of nonlinear
regression of size of open source PHP-based applications and thus increase the
confidence of estimating the sample mean dependent variable of nonlinear
regression of this size.

3) A three-factor nonlinear regression model for estimating the size of open
source PHP-based applications depending on number of classes, average number of
methods per class, and average value of DIT metric per class based on the four-
variate normalizing Johnson transformation of the Sg family, which increases the
confidence of estimating the size of open source PHP-based applications as a non-
Gaussian random variable using univariate normalizing transformations has been
improved. The constructed model, in comparison with other regression models (both
linear and nonlinear), has a higher percentage of predicted values, a smaller value of
the mean magnitude of the relative error and a smaller width of the prediction
interval of nonlinear regression.

4) The equation for determining the boundaries of the interval for predicting
three-factor nonlinear regression of the size of open source PHP-based applications
based on the four-variate Johnson transformation of the Sg family has been further
developed. This, in comparison with the use of univariate transformations, allows in
many cases to reduce the width of the prediction interval of nonlinear regression of
the size of open source PHP-based applications and thus increase the confidence of
estimating this size as the dependent random variable.

The practical significance of the obtained results is as follows. IT tools have
been developed to estimate the size of open source PHP-based applications in the
phases of analysis and design according to the metrics of the class diagram. The
Scilab modeling system (https://www.scilab.org/) was used for this purpose.

Appropriate software in sci-language has been developed for the Scilab 6.0.0



package. The developed program can be applied to evaluate the size of open source
PHP-based applications using three metrics of the class diagram.

The introduction of the dissertation reveals the essence of the scientific and
practical task and its significance, substantiates the need for research, presents the
general characteristics of the dissertation in the following sequence: relevance of the
topic; connection of work with scientific programs, plans, topics; purpose and
objectives of the study; scientific novelty and practical significance of the obtained
results; personal contribution of the applicant; approbation of dissertation and
publication results.

In the first section of the dissertation, the analysis of existing methods and
models for estimating the size of open source PHP-based applications is performed
and the necessity of researching the chosen topic is substantiated.

In the second section of the dissertation, the existing mutually inverse
normalizing transformations are considered, the choice of transformation for
normalization of four-dimensional data from metrics of open source PHP-based
applications is made.

The third section of the dissertation constructs a three-factor nonlinear
regression equation, a nonlinear regression model, prediction intervals, and
confidence intervals of nonlinear regression to estimate the size of open source PHP-
based applications based on the four-variate Johnson transformation of the Sg
family; a comparison of the results of estimating the size of open source PHP-based
applications by nonlinear regression models based on the four-variate Johnson
transformation of the Sg family and the basis of univariate transformations.

In the fourth section of the dissertation, IT is proposed to estimate the size of
open source PHP-based applications. IT tools have been developed to estimate the
size of open source PHP-based applications in the phases of analysis and design
according to the metrics of the class diagram. The Scilab modeling system was used
for this purpose. Appropriate sci-language software has been developed for the

Scilab 6.0.0 package.
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