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HEJIIHIMHI PET'PECIHHI MOJEJI AJIS1 OIIHIOBAHHS IKOCTI
3ACTOCYHKIB 3 BIIKPUTUM KOJAOM HA JAVA, 1O
CTBOPIOIOTHCH 3 BUKOPUCTAHHAM ®PEMMBOPKY HIBERNATE
[Tyxanesuu A.B., K.T.H., noi.'; Kosanernko B.B.?

' Hartionansuuit yHiBepcuTeT KOpabnebyayBaHHs iMeHi axmipana Makaposa
o Ykpaina, MukoJiais
" andrii.pukhalevych@nuos.edu.ua; * vk.130703@gmail.com

Anomauyia. B pobomi, euxopucmogyrouu nepemeopents bokca-Kokca, nobyoosano
Heninini peepecitini modeni RFC(CBO, WMC), CBO(WMC, RFC) ma WMC(RFC, CBO,).
IIpu nobyoosi 3acmocogysanuce emnipuuni daui 3 70 npoexkmis, docmynnux Ha GitHub.
Knrouoei cnosa: oyinosauns axocmi po3pooxu, HeliHiliHa pecpeciiina Mooeb, petimeopk
hibernate.

Bcmynna wacmuna. Y cydacHoMy CBIiTI Java mpoJoBXKye YTpUMYBAaTH TPOBiIHI MO3MIT
cepell MOB TMPOTpPaMyBaHHS 3aBASKHA CBOIH 1HHOBAILIMHOCTI, aJaiTUBHOCTI Ta MPOIYKTHBHOCTI.
3rigHO 3 HBOTOpIYHKMM 3BiTOM KommaHii Azul, maibke 70% i3 moHaa nBOX Tucs4 onutTanux IT-
¢axiBLiB y BChOMY CBITI 3a3HauMJIM, L0 OLJbIIE IOJIOBMHM IXHIX 3aCTOCYHKIB CTBOPEHO 3a
nonomororo Java abo mpamroroth Ha Java Virtual Machine (JVM) [1]. BpaxoByroun mupoxy
MOMYJSIPHICTh Java, a TaKoX PO3MOBCIOJKEHE BUKOpHCTaHHA (periMBopKy Hibernate — onnoro 3
HaWIOMMPEHIMNUX 1THCTPYMEHTIB mia pobotn 3 ORM (Object-Relational Mapping), cTBopeHHS
JIOCTOBIPHMX 3ac001B OIIHIOBaHHS SKOCTI BiJMOBITHOTO MTPOTPaAaMHOTO 3a0€3TMIEUCHHS € aKTYaTbHOIO
3ajavuero.

OniHIOBaHHS SKOCTI TPOrPaMHOTO 3a0e3MeUYeHHs € CKIAIHUM 3aBJIaHHSM 1HXCHepii
nporpamMHoro 3abe3neueHHs. [ BupimeHHs i€l 3aadi MOKYTh BUKOPUCTOBYBATHCS HENiHINHI
perpeciitai Mmoxerni, modynosani Ha ocHoBi MmeTpuk RFC, CBO ta WMC [2—4]. OgauMm 13 miaxoiB
JIO OIIIHIOBAHHS SIKOCTI 3aCTOCYHKIB 3 BIAKPUTUM KOJIOM € METOJ [5], sikuii nependavyae o0YNCIEHHS
MEX JIOBIpUMX Ta MPOTHO3HUX IHTEpBaNiB HENiHIMHUX perpeciit mans nokasHukiB RFC, CBO Ta
WMC Ha cucTeMHOMY piBHI JJIsl TPUBUMIPHHUX TOYOK JIaHUX.

OckinbKM CTBOpEHI paHimie Mozeni OyayBajauch Jisi OL[IHIOBAHHS SIKOCTI 3aCTOCYHKIB Ha
IHIIMX MOBax IporpamMyBaHHsS a00 3 BHKOPUCTAHHSAM IHIIUMX (QpPEeHMBOPKIB, BOHU MOXKYTh
MPU3BOANUTHU 10 3HM)KEHHS JJOCTOBIPHOCTI OLIIHIOBAHHS SIKOCTI 3aCTOCYHKIB 3 BIIKDUTUM KOJIOM Ha
Java, 10 cTBOPIOIOTHCS 3 BUKOpHUCTaHHAM (GpeiiMmBopKy Hibernate.

Memorwo oOocnioxcenna € 1oOyn0Ba HENIHIMHUX PErpeciiHUX MOJENeN HJisi OIIHIOBAHHS
SIKOCTI 3aCTOCYHKIB 3 BIJIKpDUTHM KOJIOM Ha Java, III0 CTBOPIOIOTHCS 3 BUKOPUCTAHHSAM (PpeMBOPKY
Hibernate.

Ocnoséna wacmuna. Jlns noOynoBu TpbOoX HEMiHIMHUX perpeciiinux moneneid RFC(CBO,
WMC), WMC(RFC, CBO) ta CBO(WMC, RFC), sskuMu OIiHIOBAaTUMYThCS BIAMOBITHI METPUKH
3aCTOCYHKIB 3 BIAKPUTHM KOJOM Ha Java, 10 CTBOPIOIOTHCS 3 BUKOPUCTAHHSAM (DperMBOpPKY
Hibernate, ma GitHub 06yro 316pano emmipuyni nadi 3 70 TpO€EKTIB aHATIOTIYHOT TeMaTUKKU. BuGipky
OyJ0o MOJIIEHO Ha HaBYallbHY Ta TecToBY: 64% BuOipku (45 3acTocyHkiB) Oyno BimiOpaHo i
noOynoBu Mojenei, a pemty 36% (25 3acTOCYHKIB) — JUIs IEPEBIPKU 1X SIKOCTI.

Cnouatky 310paHi 6araToBUMIpHI JaH1 0yJ0 IEPEBIPEHO HA HOPMAIBHICTh 3aKOHY PO3MOILITY
TecTtoM Mapis, 1mo 6a3yeThCcsl Ha po3paxyHKy HapamMeTpiB O0araToBUMIpHOI aCUMETpIi Ta eKcIlecy.
VY BUMaaKy, SKIIO X04a O OFHA 3 TECTOBUX CTATUCTHK MEPEBHUILYE KPUTUYHHUNA PIBEHb — PO3IMOJILI
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BBAXXAETHCS HE TayCiBCBKMM, a JaHI MalOTh OyTH HOpMali3oBaHi JJs MOOYAOBH perpeciiiHux
mojenel. Tak sk po3paxoBaHe 3HAUEHHsS acUMETpii NEPEeBUIMIO KpUTHYHE 3HaueHHs: 31,7609 >
25,1882, 6yno npuiHATO pilieHHs MPO HEOOXIAHICTh HOpMai3alil eMipuyHuX AaHux [1].

Jis Hopmamizamii Oyno BHMKOPHCTAHO OJHOBUMIpHE mepeTBopeHHs bokca-Kokca s
KO>KHOTo napametpy. Lle 103Boiuio nodyayBaTH JiHIMHI perpeciiiHi Mojeni s HopMali30BaHUX
3HaY€Hb METPUK Y KUIbKa KPOKIB.

[licnss BUKOHAHHA HOpMali3alii MepIIMM KpPOKOM Oyna mepeBipka BiJIMOBIAHOCTI
MEPETBOPCHUX JaHUX HOPMAIBHOMY 3aKOHY pO3MOAUTY. SIKIIO pO3Momia BUSIBISABCS HE
HOPMAaJIbHUM, 13 BUOIPKM BIWJIYYaBCS OJWH PANOK 13 HAHOUIBIIMM 3HAYCHHSM KBajapara BiJICTaHI
MaxananoOica, Miciist 4oro nepeBipka MoBTOPIOBAACh.

Jani, mo6 BUSBUTH MOIJIMBI BUKUIM, OYJIO 3aCTOCOBAHO TECT, IO IPYHTYETHCS Ha KBaJAparTi
BiJcTaHi MaxananoOica JiIs1 HOpMaIi30BaHUX JAaHUX. Y pa3i, KOJIH JJIsl IEBHOTO CIIOCTEPEKEHHS 115l
BIJICTaHb TE€PEBUIIYBala KPUTUYHUN MOpIr, 3 BUOIPKM BHUJIANABCS PAJOK 13 MaKCHUMaJIbHUM
3HAYCHHSIM KBajpara Ifi€i BIJCTaHi, MCJIS 4oro moOyaoBa MOENIEeH PO3MOYMHANIACH 3 TEPIIOTO
eramy.

HactynmauM kpokom Oysi0 BH3HA4Y€HHs OIIHOK IMapaMeTpiB JIIHIHHOI perpeciiHoi Mojesi Ta
MepeBipka HOPMAITBHOCTI PO3IOALTY BUITAIKOBOI MOXKOKH 3a kputepiem Ilipcona.

[ToGynoBa niHIHHUX perpeciiHuX Mojesel s HOpPMalli30BaHMX JaHWX BigOyBanacs 3a
opmynoro: Zy = by + biZx, + b Zx, + €, ne by, by, b, — OUIHKM TIAPAMETPIB JIIHIMHOTO PiBHIAHHS
perpecii, OTpuMaHi METOJIOM HalilMEHIITNX KBAJIPATiB, a € — BUIMAJKOBA MOXHOKA.

BignoBigHO 10 omucaHMX KpOKiB, NMpU MOOYMOBI JIHIMHUX perpeciiiHux Mmoneneir Oyio
BUSIBJICHO BIICYTHICTh BUKH/IIB Y 3arajibHiil BUOIPIIl eMIIpUYHHUX TaHHX.

Hnsa momeni RFC(CBO, WMC) 0Oyno oTprMaHO HACTYITHI 3HA4YCHHS OI[IHOK IapamMeTpiB
JiHIAHOTO piBHAHHSA perpecii: by = —0,3695,b; = 0,2539,b, = 1,2079.

st mogeni CBO(WMC, RFC) Oyio oTpuMaHO HACTYIHI 3HA4YSHHS OI[IHOK TapaMeTpiB
JiHIMHOTO PIBHAHHSA perpecii: by = 4,3834,b; = —0,3661, b, = 0,2870.

Hns mogeni WMC(RFC, CBO) Oyno oTpuMaHO HACTYIHI 3HAY€HHS OLIHOK MapaMmeTpiB
JiHIAHOTO piBHAHHS perpecii: by = 1,5336,b; = 0,2407,b, = —0,0645.

Mogpeni HenmiHIAHOI perpecii A OLIHIOBAHHS SIKOCTI 3aCTOCYHKIB 3 BIIKPUTHM KOJOM Ha
Java, o CTBOPIOIOTHCA 3 BUKOpHCTaHHIM (peiimBopKy Hibernate Oy moOyoBaHi 3a 3arajbHOO

dbopMyI010, 3 ypaxyBaHHSIM OJTHOBUMIPHOI HopMai3allii MmetogoM bokca-Kokca, o mae BUTIISI:
1
A A Ay
R 1X1 -1 X2 X2 1 Y
Y: b0+b1' +b2 'Ay
Ax, Ax

Mopens BukOHyeTbcs B Mexax wmerpuk RFC[1,6; 13,6222], CBOJ[2,5714; 9,0952] Ta
WMCJ2,1905; 16,2500]. Takox, 1st BCiX Mojemeil po3paxoBaHuil KBaapar BijcTani Maxananobica

2

HE Ma€ NePEeBULIYBATH KPUTUYHE 3HAYCHHS )(3’00 510 = 25,1882.

HactymHuM KpOKOM BHMKOHYEMO PO3PaxyHOK TIIOKa3HUKIB $KOCTI JUIsi 1MOOYJOBaHUX
HENIHIHHUX ~ perpeciiHuX Monened. AmnHamiz iX TOYHOCTI Ta TMepeBipKa aJeKBaTHOCTI
3IACHIOBAaTUMETHCS 3a JjoroMororo kputepiis sskocti MMRE ta PRED.

Pesynbratu ormintoBanus mozaen RFC(CBO, WMCO):

— HaBuanwna Bubipka: MMRE = 0,3215, PRED(0.25) = 0,5111.

— Tecrosa Bubipka: MMRE = 0,2434, PRED (0.25) = 0,6800.

Pesynbraru oninroBanus moaeni CBO(WMC, RFC):

— Hapuanbhna Bubipka: MMRE = 0,1929, PRED(0.25) = 0,8000.
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— TecroBa Bubipka: MMRE = 0,2504, PRED(0.25) = 0,6800.

Pesynbratu onintoBanus moaeni WMC(RFC, CBO):

— Hagpuanbhna Bubipka: MMRE = 0,3586, PRED(0.25) = 0,5111.

— Tecrosa Bubipka: MMRE = 0,2350, PRED(0.25) = 0,7200.

BianoBigHO 10 OTpUMaHMUX pe3yibTaTiB 0ysiI0 BU3HAYEHO, IO yCi TPH MOJEIi JEMOHCTPYIOTh
NpUKHHATHY SKICTh 3a KpuTepisMu MMRE ta PRED(0.25) s HaByasibHOI Ta TECTOBOT BUOIPOK.

Monens RFC(CBO, WMC) noka3ye MmoMipHy $IKICTb Ha HaBuaibHIN BuOIpLI Ta 3HAuHI
MOKpAILEHHs Ha TeCTOBIH, 1110 CBIIYUTH PO ii 31aTHICTh 100pe y3arajibHIOBATH JIaHI.

Monens CBO(WMC, RFC) xapakrepusyerbcs Haiikpamumu 3HaueHHsMu MMRE Ta
PRED(0.25) cepen Tppox Mojeneil, o poOuTh i1 HaiO1IbII TOYHOIO Ta CTAOUIBHOIO.

Mognens WMC(RFC, CBO), noai6HO 10 mepmioi MOAemi, JAEMOHCTPYE CepenHiil piBeHb
TOYHOCTI Ha HAaBYaJIbHIM BUOIpIIl Ta Kpallli IOKa3HUKH HA TECTOBIM, II0 TaKoX MIATBEPAXKYye i
NPAaKTUYHY NPUAATHICTD.

Bucnosexku. B pesynbraTi poboTu Oyno moOyaoBaHO MOJAENT JJisi OIHIOBAHHS SKOCTI
3aCTOCYHKIB 3 BIJKPUTUM KOJOM Ha Java, IO CTBOPIOIOTHCS 3 BUKOPHUCTaHHSIM (PEHMBOPKY
Hibernate. Otpumani 3nauenns kpurtepiie MMRE ta PRED(0.25) mponeMoHcTpyBayin 31aTHICTh
yCiX TpbOX Mojenel 3a0e3rnedyBaTd JOCTOBIPHE OIIHIOBAHHS, IO JIO3BOJIAE €()EKTUBHO
3aCTOCOBYBAaTH iX JUIs OLIHIOBAHHS SIKOCTI 3aCTOCYHKIB 3 BIAKpUTHMM KOJOM Ha Java, mio
CTBOPIOIOTHCS 3 BUKOpHUCTaHHAM (periMBopky Hibernate.
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A nonlinear regression models for assessing the quality of open source Java applications created using
the Hibernate framework

Abstract. In this paper, using Box-Cox transformations, nonlinear regression models RFC(CBO, WMC),
CBO(WMC, RFC) and WMC(RFC, CBO) were constructed. Empirical data from 70 projects available on
GitHub were used in the construction.
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