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MATEMATUYHE MOJAEJIOBAHHSA /11 OINIHIOBAHHSA
CKJIAAHOCTI OB’€EKTHO-OPIEHTOBAHOI'O ITPOEKTYBAHHAA
JAVA-3ACTOCYHKIB 3 BUKOPUCTAHHAM METPUK RFC TA CBO

Y pobomi poszensmymo npobremy oyinio8aHHA CKAAOHOCMI 00 €KMHO-OPIEHMOBAHO20 NPOEKMYGAHHSL
Java-3acmocynxis na ocnosi npocpamuux mempux REC (Response for a Class) ma CBO (Coupling Between
Objects). Axkmyanvuicms 0aHoi npobremu 3yMo81eHA HeOOXIOHICTNIO CBOEUACHO20 BUABTIEHHS APXIMEKMYPHUX
aHoManil i HAOMIPHOI CKIAOHOCI NPOSPAMHO20 3a0e3nedents Ha PAHHIX emanax po3pooKuy, OCKIIbKU MAaKi
BIOXULEHHS ICMOMHO NIUBAIOMb HA AKICMb, NIOMPUMYBAHICIb MA 8APMICMb NPOSPAMHUX NPOOYKmMIE. IcHy-
10Ul ni0X00u 00 aHANi3y CKIAOHOCMI NPOEKMYBAHHS HACMO He 3abe3neyyroms 00CmamHuboi 00CmogipHOCmi
pe3yIbmamie ma He 6paxogyioms CHMAMUCMUYHi 0cOONUBOCMI pO3NOOINY 3HAUEHL MEMPUK, WO MOJICE NPU3EO-
oumu 00 XUOHUX BUCHOBKIE W00 CMAHY apXimeKmypu 3aCmMOCyHKY.

3 memoro poss’azanns yiei npoonemu 8 pobomi 3anpONOHOBAHO MAMEMATNUYHY MOOENb 015 OYIHIOBAHHS
CKAAOHOCTI 00 €EKMHO-OPIEHIMOBAHO20 NPOEKMYBAHNS Java-3acmMOCyHKi8, aKa Oazyemuvcsa Ha noOyo06i eninca
npoerosyeanus y npocmopi mempux REFC ma CBO. [[na nioguujenHs 00CmosipHoCmi OYiHIOBAHHA 3ACMO-
cosano bazamosumipne nepemeopenns boxca—Kokca, wo 0o3eonse nopmanizysamu cmamucmuuni 0aHi, a
MAKOAIC 3ACTNOCOBAHO MEMOOU 0A2AMOBUMIPHO20 CIMAMUCIIUYHO2O AHANI3Y, 30KPeMd GUKOPUCMAHHSA Gi0-
cmani Maxananobica 01a 8usgnenHs uKudis. 3anponoHosanull nioxio oae 3moey Oiibul MOYHO i0eHmugiKy-
8amu 3aCMOCYHKU 3 AHOMATILHOIO APXIMEKMYPHOIO CKAAOHICIIO MA 3MEHWMUMU BNIUE WYMY 6XIOHUX OAHUX HA
pe3yromamu anHanizy.

Ha ocnogi pospodnenoi mamemamuunoi Mooeni cmeopeno npozpamue 3abesnedenss Ons asmomamuso-
eanoi oyinku ckraonocmi Java-3acmocynxia. Ilpogedene mecmysanms npoepamuo2o 3abesneuenns niomeep-
0uno egheKmusHiCmos 3anPoONOHOBAHO20 NIOX00Yy Mma U020 nepesasu NOPIGHAHO 3 MPAOUYIUHUMU MemOOaMU
AHATIZY MeMPUK, 30Kpemd y YacmuHi 8Us61eHHs BUKUOI8 M NIOBULYEeHHS OOCHOBIPHOCT OYIHIOBAHHS CKAAO-
HOCmi 00 €KMHO-OPIEHMOBAHO20 NPOEKMYBAHMS.

Ompumani pe3ynomamu MoxiCyms 6ymu GUKOPUCTIAHT PO3POOHUKAMU MA MEHE0IHCEPAMU NPOSPAMHUX HPO-
€KMIi8 OJisi KOHMPOJIIO apXimeKmypHoi cKiadHocmi Java-3acmocyHKie, onmumizayii npoyecie npoeKmy8aHHs
ma niOMpUMKU NPOSPAMHO20 3A0E3NEYEHHS, A MAKONC Ol SMEHWEHHS PUBUKIG, NO8 SI3AHUX i3 3DOCMAHHAM
CKIAOHOCTI MA 3HUNCEHHAM AKOCMI NPOZPAMHUX NPOOYKMIE.

Knwuogi cnosa: ckraonicms npockmyeanns, Java-sacmocynox, mempuxu RFC ma CBO, eninc npoznosy-
eanus, nepemsopenns boxca—Koxca, 6iocmans Maxananobica, eusenens 6ukuois.

© Makaposa J1.M., lNMyxanesny A.B., bpusranos M.B. 1a iH., 2026 (7)
CTaTTa NOLIMPIOETLCA HA YMOBAX NiLeHsii BigkpuToro goctyny CC BY 4.0 r@‘f,
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IlocTanoBka mpoOiaeMu. Y cydacHHMX YMOBax
AKTUBHOTO PO3BUTKY iH(QOpMamiHHUX TEXHOJOTIH
Ta IMPOKOTO 3aCTOCYBAHHS 00’ €KTHO-OPIEHTOBAHUX
MiIXOAIB y MpOrpaMyBaHHI, 3pOCTaHHA CKIJIQIHOCTI
IPOrpaMHUX 3aCTOCYHKIB CTa€ CYTTEBOIO IIPO-
O6nemotro. 30inbIIeHHS 00CATY KOMy Ta KUTBKOCTI
B3a€MO3B’SI3KIB MK KOMIIOHEHTAMH  3yMOBIIIOE
notpedy B OLTBII TOYHUX METO/AAX aHaji3y i MPOTHO-
3yBaHHS ApXITEKTypHUX XapaKTEPUCTUK MpPOrpam-
Horo 3a6e3nedeHns (I13) [1].

KitodoBy pons y IpbOMy TIpoOIleCi BiIlirparoTh
MmeTpukd 113, 30kpeMa NOKAa3HUKH 3B’SI3HOCTI Ta
BIAIIOBIAAABHOCTI KjaciB, $AKI HAHOLIbII IIOBHO
XapaKTepU3yIOTh CTPYKTYpHY CKJIAIHICTh 00 €KTHO-
opienToBaHux cuctem [2, 3]. Bomnouac, monpu
HAasBHICTh PI3HUX TIIXOIB JO OITIHIOBAHHS SKOCTI
MIPOEKTYBaHHS, cydacHa imkeHepis [13 He mae yHiBep-
canbHOi CHCTEMH NOKA3HHUKiB, 31aTHOI KOMILJIEKCHO
BPaxoByBaTH B3a€MO3AJEKHOCTI MK METPHUKaMH.
Le yckmagHioe TOUHE MPOTHO3YBaHHS CKJIaTHOCTI Ta
CBOEYACHE BHUABJICHHS apXITEKTYPHHUX aHOMATIH.

Curyarito T0oJaTKOBO YCKIIQIHIOE PO3poOKa Tpo-
TpPaMHHX TIPOAYKTIB Y CTUCI TEPMIHH 3 OPIEHTAIII€I0
NepeBakHO Ha O13HEC-BUMOTH, KOJIM BUOIp TEXHOMOT1H
4acTo 0a3yeThCcs Ha 30BHIIIHIX YMHHUKAX abo more-
peIHBOMY JOCBiI KomaHa. Takuil miaxia Moxe MpH-
3BOJIUTH JI0 HAAMIpHOTO ycKiaaaenus [13, mpobiem i3
CYIIPOBOJIOM 1 3pOCTaHHs BUTpAT Ha MiATPUMKY, 0CO-
OJIMBO B PO3MOAIJICHNX Ta BiJKPUTUX MPOEKTAX.

Icnyroui momeni ckiagHocTi mpoektyBanusa [13
31e01IBIIOr0 HEAOCTaTHHO BPaxoBYIOTh Oarato-
(axTopHi 3aJEKHOCTI MK METpUKaMH. TOMY aKTy-
AIIbHUM € BIOCKOHQJICHHS MiJXOAIB 0 OLIIHIOBAHHS
CKIIQIHOCTI 00’ €KTHO-OPiEHTOBAHOTO MPOEKTYBAHHS,
30KpeMa LUIIXOM 3aCTOCYBaHHS MOJENEH Ha OCHOBI
NoOyIOBU JBOX €JIICIB MPOTHO3YyBaHHS BiIOBIAHO.
Lle nae 3MoTy BHSABISATH aHOMAJIbHI 3HAYSHHST METPUK
1 KracuikyBaTH IPOEKTH 3a PIBHEM CKJIATHOCTI, TTiI-
BHIIYIOYH JOCTOBIPHICTH OIIHIOBAHHS CKJIATHOCTI
Java-3acToCcyHKiB.

AHaJli3 OCTaHHIX JOCTiuKeHb i myOmikamii.
OIiHIOBaHHS CKJIATHOCTI 00’ €KTHO-OPi€EHTOBAHOTO
npoektyBaHHs [13 € BayIMBUM eTamoMm y Ipolieci
aHami3y SKOCTI apXiTEeKTYpPH, OCKIJIBKH JO03BOJISIE
CBOEYACHO BUSBIIATH ITOTEHIIIMHI aHOMAJTII, 1110 Hera-
THBHO BIUIMBalOTh HAa MiATPUMYBaHICTh, MacImTabo-
BaHICTh Ta MOJAJBIINN PO3BUTOK MPOrPaMHUX IPO-
IyKTiB. J{71s1 po3B’A3aHHS LIBOTO 3aBJAHHS y CyYaCHUX
JOCTIIKEHHSIX 3aCTOCOBYIOTBCSl PI3HI MaTeMaTH4Hi
Ta CTaTUCTHYHI MOJEi, MoOyIoBaHI Ha OCHOBI IPO-
rpaMHux MeTpuk, 30kpema MeTpuk RFC ta CBO,
SKi € OJHUMH 3 KIIOUOBHX TOKa3HHKIB CKJIATHOCTI
00’exTHO-OpieHTOBaHOTO 13,

IcHyroul migXoaM 1O OLIHIOBaHHS CKJIAHOCTI
apxitektypu [I3 MoxHAa YMOBHO TIIOAUINTH Ha
JEeKiTbKa TPYT, AKi MICTAThH: JiHIHHI Ta HENiHIWHI
perpeciiini Moneni [4], CTaTUCTUYHI MOJEI BHUSB-
JICHHS BHKUAIB [5], MeToau OaraToBUMipHOTO aHa-
nizy [6], a Takok MOIETIl Ha OCHOBI MAalIMHHOTO
HapuanHsa [7]. KokeH i3 mmx MigxomiB Mae CBOI
repeBaru Ta 0OMEKEHHsI, SIKi BIUTMBAIOTh HA PE3YiIb-
TaTH aHajizy. 30Kpema, JiHIiHI perpeciiiHi Momeni
€ IPOCTUMH B IHTEpIIpeTaLii, OHAK YacTO HE 3/1aTHi
aJICKBaTHO OIMCYBAaTH CKJIAJHI B3a€EMO3B’SI3KH MiXkK
METpUKaMH 00’ €KTHO-OPI€EHTOBAHOTO  MPOEKTY-
BaHHS. JlOCTiKEHHS CBiAYaTh, IO PO3MOALIHA 3HA-
geHb MeTpuK RFC ta CBO, a Tako 3aJIe:KHOCTI MiXK
HUMH, y OINBIIOCTI BWITaIKiB MarOTh HENiHIHHUN
1 aCUMETpUYHHIA XapakTep, M0 3HUXKYE eEKTHUB-
HICTh KJIACUYHMX JIHIMHUX I1IXOMIIB.

VY Huswi pobiT 3anponoHOBaHO BUKOPUCTOBYBATH
CTaTUCTHYHI METOAM HOpMaJjizamii Ta OararoBUMIp-
HOTO aHami3y I MiABUINEHHS JOCTOBIPHOCTI OIi-
HIOBaHHA ckiaaHocTi mpoektyBanHs I13. 3okpewma,
y [8] npencTaBneHo yroCcKOHaICHUN MiAXid A0 CHiIb-
HOT craructuuHOl o1fiHku MeTpuk RFC ta CBO mns
Java-3aCTOCYHKIB 3 BIIKPUTHM KOJOM. 3alpOIOHO-
BaHa MOJAENb 0a3yeThCs HA 3aCTOCYBaHHI IEPETBO-
penns bokca—Kokca 3 MeTor0 HOpMarizaiii JaHuX Ta
oOy0BI €JIIINCIB NPOTrHO3yBaHHS 3 BUKOPUCTAHHIM
y*- Ta F-po3noninis. Takuil miaxija 103BOJSE Bpaxo-
BYBaTH KOPEJSIiI0 MK METpPUKaMH Ta €(EKTUBHO
BUSIBJLITH aHOMAJbHI 3HAYCHHS, IO CBiMYaTh TIPO
HaIMIpHY CKJIATHICTh OKPEMHX KOMITOHEHTIB IIPO-
TPaMHOI CHUCTEMH.

Pazom 3 THM, Monenb, 3anmponoHoBaHa B [8], He
BpPaxXoOBY€ BiJTHOCHE MEPETBOPCHHS 3HAUYCHb METPHUK
i3 BUKOPUCTAaHHSAM KijbkocTi kiaciB NCL, 110 Moxe
MPU3BOANTH 1O 3HAYHOI BapiaTUBHOCTI BXIJTHHUX
JaHux. B Hamomy Bunaaky, 3HaueHHs MeTpuk RFC
ta CBO 0e3 Takoro mepeTBOPEHHS MOXYTh HOCH-
raru abo nepepuiryBaru 1000, 1110 BUXOAUTH 32 MEXKi
Jiama3oHiB, A Akux Oyna anpoOOBaHA HaBEICHA
Mojeinb. Lle oOMexye 11 3aCTOCOBHICTh AJIs aHANi3y
BEIMKUX Java-3aCTOCYHKIB Ta YCKIQTHIOE TIOPiB-
HSIHHS PE3YJBTaTiB MK PI3HUMH MPOEKTAMHU.

TakuMm YWHOM, aHami3 ICHYHOYHX JOCIIKEHb
CBIJUUTH TIPO JOUUIBHICTH peaii3allii MaTemMaThd-
HOI MOAeml Uil OLIHIOBAHHSA CKJIAJHOCTI 00’ €KTHO-
OpIEHTOBAHOIO MPOEKTYBaHHs Java-3aCcTOCYHKIB, siKa
TIO€THAE TIEpPEeBarun BUKOPHUCTAHHS OaraTOBHMIpPHOTO
CTaTUCTUYHOTO aHalli3y, HOPMalli3yIOuhX IIePETBO-
peHb Ta BITHOCHOTO TpeacTaBieHHS MeTpuk RFC
i CBO. lle n103BONHTH BUSBUTH apXiTEKTYPHI aHOMa-
Jii Ta ajganTyBaTd MOJAEIH JI0 OCOOIMBOCTEH peab-
HUX MPOrPaMHUX MPOEKTIB.
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IocTranoBka 3aBaanus. Meroro po0oTH € mif-
BUIIICHHS JIOCTOBIPHOCTI OIIIHIOBaHHS CKJIAJHOCTI
00’€KTHO-OPIEHTOBAHOTO  TPOEKTYBaHHS  Java-
3aCTOCYHKIB 3a paxyHOK peai3allii MaTeMaTHJHOl
MOJIeTIi, sTka BUKOPUCTOBYE KIIFOUOBI MeTpukH [13 Ta
BpPaxOBY€ B3a€MO3AJICKHOCTI MiXK HUMH, IO 3a0e3-
MEYUTh OLIBII TOYHE MPOTHO3YBAHHS apXiTEKTYPHOI
CKJIQJIHOCTI Ta CBO€YACHE BHSIBIICHHS aHOMAJIii MPo-
€KTYBaHHSI.

Jns moCATHEHHSI TOCTaBIIEHOI METH HEOOXiJTHO
BHPIIITUTH TaKi 3a71adi:

— IpOaHali3yBaTH HASBHI MiIXOAH Ta METOIH OIli-
HIOBaHHS CKJIaJTHOCTi 00’ €KTHO-OpieHTOBaHOTO [13;

— JIOCIIIZINTH OCHOBHI METPHUKH Java-3aCcTOCYHKIB,
10 XapaKTepU3yIOTh 3B’SA3HICTh, BIMOBIJAIBHICTH
KJIaCiB Ta CTPYKTYPHY CKIaIHICTH [13;

— BU3HAUMTH B3a€MO3AIIEKHOCTI MK OOpaHUMH
METPUKAMH Ta iX BIUIMB HA 3araJibHUAN PiBEHb CKIIAJI-
HOCTI npoekTyBaHHs [13;

— po3poOUTH MaTeMaTHYHy MOIENb JJIS OIHIO-
BaHHA CKJIATHOCTI 00’ €KTHO-OpPIEHTOBAHOTO TIPO-
€KTyBaHHS Ha OCHOBI 0ararogpakTOpHOTO aHAJI3y Ta
moOyIOBH €JITICiB IPOTHO3YBaHHS;

— peatizyBaTu mporpamy JUis OI[iHFOBaHHS CKJIa-
HocTi Java-3acTOCYHKIB Ha OCHOBiI pPO3poOIeHOi
MOZIeTi Ta MepeBipuTH ii eeKTUBHICTD HA TPaKTHY-
HUX MPUKIIAax.

Bukaan ocHoBHOro Marepiany. Y mporeci orfi-
HIOBaHHS CKJIaJTHOCTiI 00’€KTHO-OPIEHTOBAHOTO TIPO-
€KTyBaHHSl Java-3aCTOCYHKIB B)KJIMBHM €TarioM
€ TIepeBipKa CTATUCTHYHUX BIACTUBOCTEH BUXITHUX
JaHUX. BinbIIicTh MeTOIB 0AraTOBUMIPHOIO CTATHC-
THYHOTO aHaJi3y, 30KpeMa IMoOyI0Ba eIITICiB IPOTHO-
3yBaHHS Ta BUKOPHUCTaHHS BinctaHi MaxananoOica,
IPYHTYIOTHCSl Ha TPUITYIIEHHI 0araToBUMIpHOI HOP-
MaJIbHOCTI PO3MOALTY AOCHIKyBaHUX AaHuX. [lopy-
IICHHS I[LOTO TPHITYIICHHS MOXE MPU3BOAMTU JO
BUKPHBJICHHS PE3YJIbTATIB 1 IOMIIKOBOI Kiacudika-
ITii CKJIaTHOCTI IPOEKTYBAHHS TPOTPAMHHMX ITPOEKTIB.

Y Mexax TaHoTo JOCIiKEHHS Tl aHaJi3y CKIIa/I-
HOCTI apXiTEeKTYpH BUKOPUCTOBYIOTHCS METPUKHU
RFC Ta CBO, sxi mepen moOyJqoBOI MareMaTud-
HOT MOJIEJII TIEPETBOPIOIOTHCSA Y BIAHOCHUH BUIIISI
IIISIXOM AliIeHHS Ha KinbkicTh KiaciB NCL. Taxke
MIEPETBOPEHHS JTO3BOJISIE 3MEHIIINTH BIUIUB PO3MIipy
MPOEKTY Ta 3a0€3MEeYUTH MOXKIIMBICTH ITOPiBHIOBATH
pe3ynbTaTi Pi3HUX NPOeEKTiB. OTKe, MOAATBIIAN
anami3 3aiiicHroeTbes g mokasHukis RFC/NCL ta
CBO/NCL. Lli MeTpuKH MOXKYTb OyTH BU3HAUYCHI BXKE
Ha PaHHBOMY €Talli IJIaHYBaHHS IMPOEKTY HA OCHOBI
KOHIIENITYaTbHOT MOJIETIi 3aCTOCYHKY.

Y nmaHoMy JOCHiKEHHI pO3MIAIacThes Hadip
nanvx i3 302 3HaueHs. HaOip JaHnX METPHUK KOy JUIS
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140 Java-3acTOCYHKIB irpOBUX pYIIiiB, pO3MIIICHUX
Ha miardopmi GitHub [9], OGymo 3i0pano aBTopammu.
i mani Oynmu oTpuMaHi 3a JOTIOMOTOIO0 CTaTHYHOTO
aHaJIi3y BUXIHOTO KOy 3 BUKOPHCTaHHSIM IPOTpaMu
SourceMeter for Java [10]. MeTtpuku 88 mpoekTiB
Oys10 B3sTO 3 JKepena [11] Ta 74 mpoekTiB — 13 JKe-
pena [12].

Jlst  TIepeBipKH  BiMMOBITHOCTI JTBOBUMIPHOTO
Ha0Opy MaHWX NPUIYIIEHHIO 0araToOBUMipHOI HOP-
MaJIBHOCTI 3aCTOCOBaHO KpuTepid Mapmia, sKuii
0a3yeThCsl Ha PO3PaxyHKy OaraTOBHMIpHOI acume-
Tpii Ta ekcuecy [13]. OOUnCIeHHS MOKa3HUKIB P1 Ta
B2 m103BOJISAE KiITBKICHO OI[IHUTH CTYITHB BiIXWJICHHS
EMITIPUYHOTO PO3MOIITY BiJ TayciBChKOTO. SKIO
xoua O omuH i3 KpUTEpiiB IMEpeBUIy€E BiJMOBIIHI
KPUTHUYHI 3HA4YCHHS, MPUITYLIEHHS Npo OaraTtoBu-
MipHY HOPMAJIBHICTh BBaXXA€ThCSI MOPYIICHUM, IO
YHEMOXIIUBIIIOE 0€3MOCepeIHE 3aCTOCYBaHHS KJia-
CUYHHX CTATUCTHYHHX MOJIEIEH.

3HayeHHs OararoBuUMipHOI acuMetpii i cTaHO-
BUTH 3,58, a BiJNOBi/IHA TECTOBA CTATHCTUKA JIOPiB-
Hioe 180,61, 1m0 3HaYHO NEPEBUIIY€E KPUTHYHE 3HA-
YeHHs y*-po3noniny 14,86 mpu 4OTUPHOX CTYMEHSX
cBoOoau Ta piBHI 3Hauymiocti 0,005. Lle cBigunTh
PO HASIBHICTH CYTTEBOI acUMETPii PO3MOALUTY Ta HE
J03BOJISIE BBA)XKAaTH HOTO 0araToOBHMIpHO HOpPMab-
HUM 33 KPUTEPiEM acCUMETPii.

3Ha4YeHHS 0AraTOBUMIPHOTO EKCIIECY B2 TOPiBHIOE
13,86, a BiAMOBIIHA TECTOBA CTATUCTHUKA CTAHOBUTH
12,75, mo TakoX TEepeBUIIYE KPUTUYHE 3HAUYEHHS
2,57. OTpumaHuii pe3ynbTaT BKa3zye HA HaAMIpHY
MIKOBICTh 200 TUIOCKICTh PO3MOALTY Ta MiATBEPIKYE
BiJXWJICHHS BiJl 0araTOBUMipHOI HOPMaJIbHOCTI.

VY 3B’s3Ky 3 UM JIJIs HOpMaui3allii JaHux Oyio
3aCTOCOBAaHO OaraToBHMIipHE HOpMai3ylode Iepe-
TBOpeHH:s bokca—Kokca, sike BUMarae cTporo noaar-
HUX 3Ha4Y€Hb yCix 3MiHHHX [14]:

X -1
A el A (1)
log(X),if A =0,

ne X mnpwuiiMae 3HAYCHHS BIATOBIAHHMX CTOBIIIIB
naaux RFC/NCL ta CBO/NCL.

OnTuManpHUE BEKTOp MapameTpiB A=[A;, A,]
OLIIHIOETBCS 32 JIOTIOMOTOI0 METOAY MaKCHMAallbHOT
npasaonoaionocti (MLE), npudomy dyHKuis npas-
JOTIONIIOHOCTI BKITIOYAE JIOTapr(M BH3HAYHHUKA KOBa-
piamiifHol MaTpuIli HOpMaTi30BaHUX JAaHUX Ta Iepe-
TBOpeHH: Sko6i [15]:

L(X)= —glog*det(Cov(Z))— (7»/. —l)ilog()(ij). 2)

Otpumano Bektop mapametpiB A = [0,276, 0,227].

P
J=
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VY mporneci HopMaitizaiii 31iiCHIOBaBCS iTePaTUB-
HUH MOIIYK 1 BUAATICHHS BUKHUIIB 13 BAKOPUCTAHHIM
KBajlpary BifacTaHi Maxananobica Ta HOPOTrOBOTO
3HAUEHHS CTATUCTUYHOTO TECTY, MOOYIOBaHOTO Ha
OoCHOBI F-po3mominy. PospaxyHok Ta BHIaICHHS
BUKHIIB Oyno omucaHo y [16, 17]. 3aramom Oyio
BUAAJCHO 4 TOYKH JaHuX. ONHMCOBa CTATUCTUKA OUH-
[IEHOTO HA0OPY aHWX MPHUBEACHA Yy Ta0mumi 1.

YV Mexax 3ampoIroHOBaHOI Mojeni 0yino moOymo-
BaHO J[Ba €JIIICH IPOTHO3YBAaHHSA 3 PI3HUMH PIBHIMH
3HAYYIIOCTI JJIi HOPMAaJIi30BaHUX Ta BUXITHUX 3HA-
yerb MeTpuk RFC/NCL ta CBO/NCL, mo g03Bossie
PO3IUTMTH NPOCTip METPUK Ha 30HH 3 Pi3HUM piBHEM
CKJIaJHOCTI apXiTeKTypH.

[epuii enine BiANOBINAE PIBHIO 3HAYYIIOCTI O =
0,05 1 Bu3Hayae 00J1aCTh TUIIOBOI a00 HU3LKOI CKJIa/I-
HOCTi (Low). 3HaueHHS METpHWK, IO MOTPAIUIIIOTH
yCepenuHy LbOro eJIirca, XapaKTepu3yloTh IPOEKTH
3 apXiTeKTypolo, ONM3bKOI0 IO CepelHbOCTATUCTHY-
HO1, 0€3 03HaK HaJMIPHOI CKJIAJHOCTI.

Hpyruit eninc, moOymoBaHWKA A PiBHSA 3HAYY-
mocTi o= 0,005, BU3HAUYa€e MKy BHCOKOT CKIIATHOCTI
(High). Ilpoctip mixk aBoma emincamu BiJIOBinae
TpaHUYHIN 30Hi, B SKill apXiTEKTypa MPOEKTY MOXKe
BBa)KaTHCS MOTEHIIHO CKiIaaHO0. JaHi, mo 3Haxo-
JATHCS 11032 Mexamu Jipyroro eiirnca (Out of range),
PO3IIIANAIOTHCS K TaKi, [0 HE MOXKYTh OyTH KOPEK-
THO IHTEPIIPETOBAHI B MEXKax JTaHOI MOJIEI.

3acToCyBaHHs JIBOX EIINCIB JIO3BOJISIE HE JIUIIE
BUSIBIIATA BUKUAM, ajie W OnbLI THy4Ko Kiacudi-
KyBaTH TPOEKTH 32 PIBHEM CKJIAIHOCTi, BUAUISIOUH
HOpMaJIbHY, TPaHHYHY Ta aHOMAaJbHY 30HU 3HaueHb
METpHK.

PiBHSHHS 171 HOpPMAaNTi30BaHOTO eJlifica MPOTHO-
3yBaHH:, OOYOBaHE B paMKax J1aHOi poOOTH:

(Z,-1,98) (2, - 2,82 0,64(Z,—1,98)(Z, -2,82)
0,82 0,31 0,32

PiBHSHHS Ui TpaHC(OPMOBAHOTO ellirnca Ipo-
THO3YBaHHS, TOOY0BaHE B paMKax JTaHO1 pOOOTH:

(W, (X)-L98 (v (X,)-2.82 _

=6,54.

Hns mepeBipku mpane3gaTHOCTI MoOyzoBaHOT
MoJiei Oysio MmpoaHaii3oBaHO 26 Java-TIpoeKTiB, sKi
BUKOPUCTOBYBJINCS SIK TecToBa BHOipka. [ani mpo-
€KTH Oynu B34Ti 3 BimkpuToro penosurapito GitHub
[9]. 15t KO>KHOTO MPOEKTY BUKOHYBAjIacs HopMaliza-
uis 3Ha4eHb MmeTpuk RFC/NCL Ta CBO/NCL i Bu3Ha-
yaBcs KBaJpar BijcTani MaxamaHoOica Bia HeHTpa
eNNCIB MPOTHO3YBaHHsA. Pe3ynsraTh mepeBipKH
MoOZIeTl Ta BH3HAYCHHS CKIAIHOCTI TPOEKTYBaHHS
HaBeneHo B Tabmwumi 2. IToOymoBaHi eIincH IpoOTrHO-
3yBaHHS JJI1 HOPMaJTi30BaHWX AAHWUX Ta TpaHc)op-
MOBaHI EJIICH MPOTHO3YBaHHS JJISl BUXITHUX JaHUX
HaBEICHO Ha pHUCyHKax 1-2.

Mopnenb Moxke OyTH 3acCTOCOBaHa Uil TPOEKTIB,
3HAUEHHS METPHK SIKUX MOTPAIUIIFOTh Y TaKi MEXi:
NCL Big 4 no 7874, RFC Big 3 no 37,278 Ta CBO Bizx
0,696 mo 22,417.

AHaii3 OTpUMaHUX pe3yJbTaTiB M TECTOBOI
BUOIpKM TOKa3aB, MO0 OUNBIIICTh MPOEKTIB MAIOTh
HHU3BKUH PIBEHb CKJIAAHOCTI 00’ €KTHO-OPi€EHTOBAHOTO
npoektyBaHHA. [IpoekTn, BimHEcEeHI O Kareropii
High, mMaroTh 3Ha4YeHHsSI OKpEeMHX METPHK, SKi CYyT-
TEBO BIAPI3HAIOTHECS BiJ CEpEelHIX MOKA3HUKIB, IO
MOXE BKa3yBaTH Ha HagMIpHY CKJIaJHICTh ab0 HasB-
HICTh HETHIIOBHX CTPYKTYp. [IpoexTH, BigHEeceHi 10
kareropiii Out of range, He MOXyTh OyTH aJ€KBaTHO
omucaHi MOOYTOBaHOIO MOJEIUTI0O Ta TOTPEOYIOTh
moOyIOBH OKPEMOi MOJIEITi IS X aHaTi3y.

Takum ynHOM, TOOYZIOBaHA MareMaTuyHa MOJIEIb
Ha OCHOBI [IBOX EIIIICIB IPOTHO3YyBaHHS JI03BO-
nsie e()eKTUBHO OIIHIOBATH CKIAIHICTh 00’ €KTHO-
OpIEHTOBAHOTO TPOEKTYBaHHS Java-3aCTOCYHKIB,
PO3PI3HATH iX 3a TUMAMU Ta BHUSBIATH aHOMAJbHI
poeKTH. [ aBTOMaTH3AaI1i1 pO3paxyHKiB MPAKTUIHA
peanizariis nodynoBaHoi Mozei Oyiia BHKOHAHA Y Bifl-
MOBiIHIM porpami Ta npeacrtasieHa y [18].

BucHoBku. Y po6oTi mo0y10BaHO MaTeMaTHIHY
MOJENb JUIS OL[HIOBAHHSA CKJIAJHOCTI 00’€KTHO-
OpPIEHTOBAHOTO TPOEKTYBaHHS Java-3acTOCYHKIB Ha
ocHoBi MeTpuk RFC Ta CBO. 3anporionoBanuii min-
Xiz BpaxoBye B3aeMo3zajexkHicTe MeTpuk [13 Ta cips-
MOBaHHIA Ha MiJBUIICHHS JTOCTOBIPHOCTI BUSBJICHHS

0,82 0,31 . .y
ApXITEKTYPHUX aHOMAJIIH.
_O, 64(y, (X1)_1s98)(\l’2 (Xz)—2,82) —6.54 VY xomi mocmipkeHHs Gya0 PO3IISIHYTO CydYacHi
0,32 T METOM OLIHIOBaHHs apxitexTypu 13 Ta Bu3HaueHO,
Tabmuns 1
OnucoBa CTATHUCTHKA OYUIIIEHOT0 HA0OPY naHux (/N=298)
Ha3Ba meTpuku MinimanbHe MakcumaJjbHe Cepenne Cepeml.LOKBazlpaanﬂe
BIIXWJICHHSA
NCL 4 7874 547,161 1025,952
CBO/NCL 0,696 22,417 5,865 3,678
RFC/NCL 3,000 37,278 12,636 5,609
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Tabmuug 2
TecToBi eMnipH4Hi 1aHi i3 OiHIOBAHHAM CKJIATHOCTI NPOEKTYBAHHS
HazBa CBO RFC NCL CBO/NCL RFC/NCL Conclusion
bookstore 92 210 26 3,53 8,07 Low
calculator-with-android-studio-Java 1 9 4 0,25 2,25 Out of range
cel-java 4947 12514 774 6,39 16,16 Low
Chat-App 84 331 52 1,61 6,36 Low
chess-ai 168 412 27 6,22 15,25 Low
glide-transformations 25 175 25 1 7 Low
glygen.cfde.generator 209 918 80 2,61 11,47 Low
java-tor 75 250 31 2,41 8,06 Low
JavaAsciiGenerator 1 15 2 0,5 7,5 High
JavaSudokuSolver 2 32 3 0,66 10,66 High
kroxylicious 3262 9936 1006 3,24 9,87 Low
logger 48 149 14 3,42 10,64 Low
logstash 2894 7391 737 3,92 10,02 Low
lombok 8438 15491 3604 2,34 4,29 Low
mcav 1017 2385 305 3,33 7,81 Low
misle-java 611 1622 94 6,5 17,25 Low
mockito 5988 12122 1825 3,28 6,64 Low
plantuml 30971 56076 3475 8,91 16,13 Low
presto 5182 16228 1186 4,36 13,68 Low
r2cloud 2319 7452 453 5,11 16,45 Low
recipe-app-java 30 51 14 2,14 3,64 High
Synapse 23 75 16 1,43 4,68 Low
TaskTracker 39 118 16 2,43 7,37 Low
TextAnalyzr 1 19 2 0,5 9,5 Out of range
webmagic 1130 2614 309 3,65 8,45 Low
yp-online-store-showcase 270 359 79 3,41 4,54 Low
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Puc. 1. Enincn nporsuo3yBaHHus JUIsl TpeHYBaJIbHUX AaHHX (N=298)
a) enincu npocHO3Y8aHHs OJis HOPMANIZ08AHUX OAHUX, 6) MPAHCHOPMOBAHT enincy NPOSHO3Y8aHHSL /i BUXIOHUX OAHUX

o metpuku RFC 1 CBO Haiikpaiie BiioOpaxkaroTh  BHOIPKH JUIsl TOOYIOBU Ta MEPEBIPKH MOJIEIII.

CKJIQJIHICTh CTPYKTYPH  B3aeMOJIit0 KiaciB y Java- [ToOynoBaHy MOJIENb TIOAAHO Y BUIIISA/I IBOX CJTIll-
3acTocyHKax. bymno 3i0paHo Ta mpoaHasi3oBaHO MaHi  CiB MPOTHO3YBaHHA. J{JIs1 iABUIIEHHS TOCTOBIPHOCTI
3 BIAKPHUTHX IDKEpeJ, Ha OCHOBI SKWX C(POPMOBAHO  OIIHIOBaHHS BHKOPHUCTAHO HOpMAaJi3allifo 3a Oararo-
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IndpopmaTuKa, 06uKCII0BAIbHA TEXHIKA Ta aBTOMAaTH3aLlis
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Puc. 2. Eqincu npor1o3yBaHHs A/l TECTOBUX JaHUX (/V=26)
a) enincu npozcHo3y8anHs O HOPMALI308aAHUX OAHUX; 6) MPanchopmosani enincu nPoOSHO3yY6aHHsL OISt BUXIOHUX OAHUX

BUMIpHUM mepeTBopeHHsAM bokca—Kokca, BHKHIH
BUJIAJISTUCS 32 IOTIOMOTOI0 KBajipara Bijcrani Maxa-
naHobica.

3aramoM, MmoOyaOoBaHA MOENb JTO3BOJISIE alleK-
BaTHO OIiHIOBaTH CKJIATHICTh apXITEKTYPHHUX PillIeHb
1 Moke OyTH BUKOPUCTaHA JJIsl aHANi3y CKIIATHOCTI

3aCTOCYHKIB. Pe3ynbrard TecTyBaHHA HiATBEpAMIH
il aJeKBaTHICTh 1 3/aTHICTb KOPEKTHO BUSBIISITH
AHOMaJIbHI MPOEKTU. Y Mexkax poOOTH TakokK pea-
JII30BaHO TPOTpaMy JJII aBTOMATH3aIlii OIliHIOBAaHHS
CKJIAJJHOCTI 00’€KTHO-OPIEHTOBAHOTO MPOEKTYBAHHS
Java-3acTOCyHKIB, IpaKTHYHY NPUAATHICTH SIKOT MiJ-

00’ €KTHO—Opi€HTOBaHOFO IMPOEKTYBAHHA Java- TBECPIXKCHO CKCIICPUMECHTAJIBHO.
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Makarova L.M., Pukhalevych A.V., Bryzgalov M. V., Kaminsky S.S. MATHEMATICAL MODELING
FOR ASSESSING THE COMPLEXITY OF OBJECT-ORIENTED DESIGN
OF JAVA APPLICATIONS USING RFC AND CBO METRICS

This paper addresses the problem of assessing the complexity of object-oriented design of Java applications
based on the software metrics RFC (Response for a Class) and CBO (Coupling Between Objects). The relevance
of this problem is driven by the need for timely detection of architectural anomalies and excessive software
complexity at early stages of development, since such deviations significantly affect the quality, maintainability,
and cost of software products. Existing approaches to design complexity analysis often fail to provide sufficient
reliability of results and do not take into account the statistical characteristics of metric value distributions,
which can lead to incorrect conclusions about the state of an application’s architecture.

To address this issue, the paper proposes a mathematical model for assessing the complexity of object-
oriented design of Java applications based on the construction of a prediction ellipse in the space of RFC and
CBO metrics. To improve the reliability of the assessment, a multivariate Box—Cox transformation is applied
to normalize the statistical data, along with multivariate statistical analysis methods, in particular the use of
the Mahalanobis distance for outlier detection. The proposed approach enables more accurate identification
of applications with anomalous architectural complexity and reduces the impact of noise in the input data on
the analysis results.

Based on the developed mathematical model, software for automated assessment of the complexity of Java
applications has been created. Testing of the software confirmed the effectiveness of the proposed approach
and its advantages over traditional metric analysis methods, particularly in terms of outlier detection and
improving the reliability of object-oriented design complexity assessment.

The obtained results can be used by developers and software project managers to control the architectural
complexity of Java applications, optimize design and maintenance processes, and reduce risks associated with
increasing complexity and declining software quality.

Keywords: design complexity, Java application, RFC and CBO metrics, prediction ellipse, Box—Cox
transformation, Mahalanobis distance, outlier detection.
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