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PAHHE ONIHIOBAHHA KUIBKOCTI PAJKIB KOAY BEB-3ACTOCYHKIB, IO
CTBOPIOIOTBHCA 3A JOITIOMOI'OIO PHP ®PEUMBOPKIB

B pobomi 3anpononosano ons pannbo20 oyino8anHa KilbKocmi psoKie Kooy 6e6-3aCMOCYHKI8, WO CIEOPIOI0MbCs
3a 0onomozoio 06ox gidomux PHP @petimeopkie (CakePHP ma Codeigniter), suxopucmogysamu pezpecitini mooeni &
3anedcHocmi 6i0 mpvbox hakmopis (Kinbkicmo Kiacie, cepedHs Kinbkicmb memooie na krac ma mempurxa DIT na pieni
3ACMOCYHKY), 3HAYEHH AKUX MOACYMb OYMu U3HAYEHI 3a 0iazpamoro Kacis.

Kniouoei crnosa: oyiniosarnns, paoku Kooy, eeb-3acmocynox, PHP @petimeopk, pespecitina mooens, nepemeopenHs
bokca-Koxca.
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RESEARCH OF STRUCTURAL AND MECHANICAL PROPERTIES
OF MEAT AS AN OBJECT OF PROCESSING IN MEAT COMMINUTOR

The problem of early estimation of lines of code count in software projects holds significant importance, as it directly influences
the prediction of software development effort, including web applications created using the well-known PHP frameworks, as the CakePHP
and Codeigniter. The object of the study is the process of early estimating the lines of code count of web applications created using the
CakePHP and Codeigniter frameworks. The subject of the study is the regression models for early estimating the lines of code count of web
applications created using the CakePHP and Codeigniter frameworks. The goal of the work is to build some regression models with three
factors for early estimating the lines of code count of web applications created using the CakePHP and Codeigniter frameworks depending
on the factors that can be found in the class diagram. In the work, we built one nonlinear and two linear regression models for early
estimating the lines of code count of web applications created using the CakePHP and Codeigniter frameworks depending on three factors:
the number of classes, the average number of methods per class, metric DIT (Depth of Inheritance Tree) on the application level. These
factors were chosen for two reasons. First, the values of these factors can be found from the class diagram, and, second, there is no problem
of multicollinearity for them. The parameter estimates of the obtained models were found by the method of least squares. The above models
are constructed based on splitting the four-dimensional data set (the actual size in thousands of lines of code, the number of classes, the
average number of methods per class, the DIT metric on the application level) into two clusters. This data of metrics for 88 open-source web
applications created using the CakePHP and Codeigniter frameworks was obtained using the PhpMetrics tool. These applications are hosted
on the GitHub platform. The comparison of the constructed models with the other non-linear regression models is performed. The constructed
regression models, in comparison with existing non-linear ones, allow us to describe all the four-dimensional data on which they were built.

Keywords: estimation, lines of code, web application, PHP framework, regression model, Box-Cox transformation.

ITocTaHoBKA Mpo0/1eMH y 3arajiIbHOMY BHIJISIAI
Ta ii 3B’#130K i3 BaXKJIMBUMH HAYKOBMMU Y MPAKTUYHHMH 3aBIaHHAMHI

3ajiaya paHHBOT'O OL[IHIOBAHHS KUJIBKOCTI PSJIKIB KOy mporpamHoro 3abesnedenss (I13), Bkiodaroun
i Be0-3aCTOCYHKH, € Ba)KIIMBOIO, OCKUIbKHM Il iH(GOpMAIlisi BUKOPHCTOBYEThCS MJISl BU3HAUSHHS 3YCHIIb
crBopenHs [13 3a 10MOMOroI0 Pi3HOMaHITHUX METOIB Ta Mojenei [1, 2]. BkazaHe ouiHIOBaHHS € HEOOXiJHOIO
YMOBOIO JUTS TUTaHyBaHHS npoekTy [13 Ta ckmagaHHs ioro Oromkerty [3, 4].

B Toit xe wac s po3poOkm BeO-3aCTOCYHKIB IIMPOKO BUKOPUCTOBYIOTH PHP dpelimMBopkH, siki
MPUCKOPIOIOTh CTBOPEHHS IHX 3acTOCyHKiB. Cepell TakMX BiOMHX ()PEHMBOPKIB IIHPOKOIO IMOIYJISIPHICTIO
kopuctytotecsi CakePHP (https://cakephp.org/) Ta Codeigniter (https://www.codeigniter.com/). Xoda mis
PaHHBOTO OLIIHIOBAHHS KIJBKOCTI CTPOK KOJy B€0-3aCTOCYHKIB, 10 CTBOPIOIOTHCS 3a JAOTIOMOTOI0 3a3HaYSHUX
¢dpeiimBopkiB CakePHP ta Codeigniter, Bxe Oynu 3ariponoHOBaHi BiAMIOBIIHI HEMiHIAHI perpeciiiHi Mozer - [5]
Ta [6], ae BOHH HE T03BOJISIOTH ONMCYBATH YACTUHY JaHMX, 110 OYJIN BiIKWHYTI K aHOMAJIbHI ITpH 1X Mo0Oy10Bi.
Ile moTpebye BUKOPUCTAHHS NEKIIBKOX MAaTEMaTUYHHUX MOJIENCH I PAHHBOTO OLIHIOBAHHS KiJTBKOCTI CTPOK
KOJy Be0-3aCTOCYHKIB, [0 CTBOPIOIOTHCS 3a oioMoroto gperimBopkiB CakePHP ta Codeigniter, siki 103BOIsUTH
6m orncyBaTH Beck Ha0ip naHux. [y moOymoBH 3a3HaYCHUX MOJIENICH MU CKOPHUCTAIIUCS pe3yIbTaTaMH poOoTH
[7], 3a ssKkuMH 3IACHIOETHCS PO3OUTTS YOTHPUBUMIPHOTO HAOOPY AaHUX ((PpaKTHIHUN po3Mip y TUCAIAX PAIKIB
KOJly; KUIBKICTh KJIaciB; cepe/iHs KuUIbKicTh MeToaiB Ha kiac; MeTpruka DIT (Depth of Inheritance Tree) na piBHi
3aCTOCYHKY) Ha JBa KJIaCTEpH.

AHaJi3 10caigKeHb Ta myOaikauin

B Ham yac He 3Baalouum Ha iCHYBaHHS JIOCTaTHHO BEJIMKOi KiJIBKOCTI METOMIB Ta MOJENeH Juis
OLIIHIOBAaHHS KUIBKOCTI cTpok koxy II3 Ha pauHiil crazaii po3poOKH, MiABUINEHHS TOYHOCTI OIIHIOBaHHS
3aJIMINAETRCS aKTyalbHOIO 3ajadero [8, 9]. Ilpum mpoMy A BiAIIOBIJHOTO OLHIOBAHHS BHUKOPHCTOBYIOTH
Pi3HOMaHITHI TiAXOH, SIKi, IK IPaBMIIO, 6a3yIOTHCS HA METPUKAX, III0 MOXKYTh OyTH BH3HAYEHI JO KOAYBaHH i3
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3aCTOCYBaHHSIM a00 KOHIENTyaiabHOi Moneni manux [10], abo miarpamm BapiaHTiB BukopuctanHs [11], abo
MoJiei mociitoBHocTi [12], abo miarpamu kiacis [5, 6].

He 3Bakaroum Ha MIMPOKE 3aCTOCYBaHHsS B HAlll JHI MAalIMHHOTO HaB4aHHs [1, 2, 13], MeTtomu sk
miniliHoro [14], Tak i HemiHifHOTO perpeciiHoro aHamizy [5, 6, 11] NpoIOBXKYIOTb BUKOPUCTOBYBATHUCS IS
BiJINIOBITHOTO OIliHIOBaHHs. Tak, Ha ChOTO/HI BIIOMI HEINiHINHHI perpeciifHi MOAENI JJi1 PAHHBOTO OIiHIOBAHHS
KUTBKOCTI PSJIKIB KOy Be0-3aCTOCYHKIB, SIKi CTBOPIOIOTHCS 32 mornoMororo nesaux PHP ¢dpeliMBopkiB, y TOMyY
yucini i CakePHP [5] Ta Codeigniter [6]. Ane po3po6iieni B pobotax [5] Ta [6] TpudakTopHi HeMiHINHHI perpeciiiHi
MOJIeNi Ha OCHOBI YOTHPHBHMIipHOTO IepeTBopeHHs bokca-Kokca xoda i MaroTh 100pi MOKa3HUKH SKOCTI JIIs
Habopy IaHUX, 3a SIKAM BOHHU OyIIM CTBOPEHi, OJJHAK IIi MOJIENi He JO3BOJIIOTH ONMMCYBAaTH YaCTHHY NaHUX, IO
Oyny BIIKWHYTH SK aHOMaJbHI mpu iX moOymoBi. lle mpu3BoanTs 10 HEOOXimHOCTI MOOYMOBH AEKIIBKOX
MozeneH, fKi HamaBanmd OW MOXKJIHMBICTH 3HIMCHIOBATH paHHE OIIHIOBAHHSA KUTBKOCTI PSAKIB KOOy BeO-
3aCTOCYHKIB, IIIO CTBOPIOIOTHCA 3a moromoroio ¢peiimBopkiB CakePHP Ta Codeigniter, mis Bcboro Habopy
JaHUX.

®opmya0BaHHA Wiseil cTaTTi

MeTor po6oTH €: MOOYIOBa ICKITBKOX PErPECitHUX MOJEINEH sl paHHBOTO OI[IHIOBAHHS KITBKOCTI
PAIKIB KOJy Be0-3aCTOCYHKIB, sIKi CTBOPIOIOTHCS 3a pomomororo ¢peiimBopkiB CakePHP Ta Codeigniter, B
3aJIeXKHOCTI BiJl (pakTOpiB, 1110 MOXKYTh OyTH 3Hal/IEH] 3a JAiarpaMoro KJacis.

BuxJiax ocHOBHOT0 MaTepiany

Crmouatky Oymo 37ificHeHO BHOIp TaHWX METPUK Be0-3aCTOCYHKIB, IIO CTBOPIOBAJMCS HA OCHOBI
¢peirimBopkiB CakePHP Ta Codeigniter. Mu B3suti maHi 3 po6ot [5] Ta [6] mis 88 BeO-3aCTOCYHKIB 32 TAKUMH
METpPUKaMH: PO3Mip BeO-3aCTOCYHKY Yy THCSYaX PAAKIB KOAY, KUTBKICTh KIIaciB Xi, cepeaHs KUTbKICTh METO/IIB
Ha ki1ac X> ta metpuka DIT Ha piBHI 3acTocyHKY X3. Mu BuOpanu HaBeneHi Bumie paxkropu Xi, X2 Ta X3 Tomy,
o, Mo-Tepiie, IX 3HAYCHHS MOXKHA OTPHUMATH 3 JiarpaMy KJIaciB, a, MO-Apyre, MDK HHMH BiJCYyTHS
MYJIBTHKOJIHEAPHICTB.

Haui 3rigHo 3 pe3ynbraTaMu pobotu [7] oOpaHi maaHi Oyiau po30uTi Ha nBa kiactepu. Jlo kimacrepy 1
yBi#nUI0 48 TOYOK AaHUX, a A0 KiIacTepy 2 — 40 TOUOK MaHWX 3a3HAYCHHUX BHIIC METPUK. SHAUCHHS 3a3HAYCHUX
MeTpuk i 48 BeO-3acTocyHKiB (kimactep 1) HaBeaeHi B Tabmuii 1. Ilpu womy B Tabmuii 1 B psakax 1-32
po3TaloBaHi J1aHi Be0-3aCTOCYHKIB, 1110 CTBOpIOBaiIics Ha ocHOBI ¢periMBopky CakePHP, a B psinkax 33-48 —
Codeigniter. 3naueHHs metpuk st 40 BeO-3acToCyHKIB (knactep 2) HaBeneHi B Tabmuui 2. [Ipu vomy B TabmuLi
2 B psaakax 1-34 po3TamioBani gaHi Be0-3aCTOCYHKIB, 1[0 CTBOPIOBAJIKMCS Ha OCHOBI (petimBopky Codeigniter, a
B psimkax 35-40 — CakePHP.

Ta6muns 1
Jani 3 kaacrepy 1

Y X X2 X3 SMD; | Ne Y Xi Xo X3 SMD,
0,448 4 4,75 1,4 533 ] 25 12,433 66 6,52 1,79 6,61
4,345 42 4,19 1,81 1,62 | 26 3,5 40 4,18 1,63 1,24
0,212 1 7 2 7,45 | 27 1,494 22 341 1,35 5,48
1,149 14 3,86 1,73 0,47 | 28 3,735 49 3,57 1,7 2,78
0,477 8 2,63 2,2 2,18 | 29 2,954 45 3,13 2,13 6,16
0,124 2 2,5 2 2,77 | 30 4,029 58 3,38 1,54 4,49
0,365 4 4 1,5 3,41 | 31 7,846 90 3,86 1,71 5,06
2,332 23 4 1,79 0,67 | 32 2,717 60 2,2 2,11 14,11
0,948 10 4,3 1,78 0,64 | 33 2,28 32 0,31 1,71 4,63
1,826 20| 4,15 1,6 0,24 | 34 2,265 31 0,19 1,75 5,30
0,131 3 2 1,67 3,46 | 35 32,39 97 13,31 1,26 3,52

2227 | 23| 422| 146 1,12 | 36 33368 | 101 | 1345] 125| 3,69
0906 | 5| 78 1,6 335]| 37 28333 | 83| 1341| 124 3,64

SNl N I P e e I e I I N
e e I N S N T N Y I I P A 2 = O B A L e g

2681 23| 478 1,71 043 | 38 2361 | 35 023 1,77 4,05
0,142 3 3 2| 428 39 0939 | 10 38| 1,67 0,62
1,717 26| 254 144] 3,08 40 28,653 | 83 134 ] 129 345
3486 | 29| 3.62 2 430 41 32,778 | 100 13,1 126 344
0358 | 2| 35 2 981 4 29738 | 94| 1284 | 124 3,39
1,538 | 11| 582 1,8 127 | 43 33373 | 97| 13,75] 126] 3,83
0,882 9] 3,56 1,6 1,45 | 44 3423 | 106 12,86 131 347
0,471 5| 38 2 1,91 | 45 2,097 | 30 02| 1,75] 456
22 0,521 2] 85 3] 13,69 | 46 2347 34 018 1,77 445
23 0,349 8| 225 138 8,14 47 31,365 | 98| 12,89 | 125 3,36
24 3567 | 23| 683 ] 124 6,11 48 32,836 | 101 | 13,19] 126 347

3a kpurepieM Map/ia 9oTUpUBUMIpHUIT po3monin nanux s 48 BeO-3acToCyHKIB (48 CTPOK JaHUX 3
Tabnmuii 1) BiIXWUISETHCS Bif TayCiBCBKOTO TOMY, IIO 3HAYEHHS TECTOBOi CTATUCTHKH Ui OaraTOBUMIipHOL
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PR 2 . .
acuMetpi OinblIe 32 KBAHTUIL Y5 (05 3 20 cTymeHsamu csoboam ta 0,005 piBHeM 3HaYylIOCTi, a caMme:

48,27>40,00. Tomy sl BH3HAUEHHS HAsSBHOCTI YOTHPUBHMIPDHUX BHUKHIIB y JaHWX TaOmuii 1 wMu
BUKOPUCTOBYBAIIM KPUTEpiii HA OCHOBI KBanmpary BifcTtaHi MaxamanoOica Ui HOpMali3oBaHUX AaHUX. s
HOpMamizalii JaHuX, sK 1 B [7], MM BHKOPHCTOBYBaJIM YOTHpHBUMIpHE mepeTBopeHHs bokca-Kokca 3
KOMITOHEHTaMH1
A .
(Xjf . it a0

Z;= 1
i , (1)
ln(Xj), if A, =0,
ne Z;  — Ue j-Ta BUNQAKOBA 3MiHHA 3 po3noniioM ['aycy (HopMarizoBaHa 3MiHHA), A; — mapameTp
neperBopeHHs: bokca-Koxca nng 3minnoi j, j = 1,2,3. KoMmnoHnenTa Zy BU3HauaeThCsl aHanoriyHo (1) 3 Toro

Ppi3HHUIIEIO, IO 3aMiCTh Zj, X; Ta Aj CIiJT TiZICTABUTH BiMIOBITHO Zy, Y Ta Ay .

Tabnuus 2
JaHi 3 kaacrepy 2

Y X] Xz X3 SMDZ N9 Y X1 Xz X3 SMDZ

54,052 187 | 11,41 1,29 9,09 | 21 41,347 150 10,49 1,34 0,40

128,355 341 | 11,38 1,20 7,68 | 22 38,654 | 132 11,10 1,29 1,35

127,696 330 | 11,52 1,19 8,03 | 23 39,817 | 152 10,33 1,32 0,34

119,424 274 | 12,70 1,17 9,07 | 24 41,236 150 10,49 1,30 0,22

42,068 142 | 11,66 1,33 2,48 | 25 38,867 | 135 11,01 1,31 0,69

37,940 132 | 10,89 1,29 1,79 | 26 39,404 | 146 10,44 1,33 0,32

39,073 138 | 10,80 1,31 0,64 | 27 38,763 134 11,01 1,31 0,84

40,487 143 | 10,76 1,33 0,42 | 28 44,253 155 11,25 1,31 2,62

38,994 140 | 10,72 1,31 048 | 29 39,205 148 10,26 1,31 0,28

39,269 146 | 10,38 1,30 0,41 | 30 39,191 142 10,62 1,35 0,60

41,850 142 | 11,23 1,30 0,48 | 31 39,611 143 10,65 1,31 0,36

155,74 420 | 11,33 1,21 10,79 | 32 39,565 142 10,89 1,31 0,45

38,912 141 | 10,60 1,31 0,52 | 33 38,184 | 135 10,79 1,30 1,12

38,326 134 | 10,85 1,31 1,10 | 34 41,800 | 154 10,49 1,33 0,49

39,699 139 | 10,81 1,31 0,63 | 35 47,610 | 289 5,33 1,33 ] 18,81

45,540 177 | 9,91 1,38 2,29 | 36 61,269 | 487 4,93 1,79 | 15,69

37,754 134 | 10,79 1,31 1,04 | 37 24,040 | 303 3,67 1,75 8,84

40,908 140 | 11,04 1,33 0,52 | 38 24,660 | 367 3,36 1,64 | 11,65

[t [t |t |t [t [t | et | et | et
S i N v i b ey I = R I BN TSN Y B I N e P 5

39,276 144 | 10,44 1,33 0,43 | 39 24,347 | 328 3,59 1,24 | 12,77

[\
[«

38,431 147 | 10,43 1,38 1,36 | 40 20,327 | 308 3,94 1,20 | 2291

B Tabnuui 1 HaBeeHi 3HaUeHHs KBaApaty BijncraHi Maxananobica (SMD) anst HopmaiizoBaHUX JaHUX
SMD;. Bci BOHH MeHIEe 3a KBaHTHIIb )(2‘0‘005 3 4 crynensmu cBobomm ta 0,005 piBHEM 3HAYYIIOCTi, IIO
nopiBHioe 14,86. Lle Bka3ye Ha BiICYTHICTh YOTHPUBUMIPHHUX BUKHIIB Y JaHUX Ta0mumi 1.

3a xpurepieM Mapia 9oTHpUBUMIpHHA po3noxin qanux it 40 BeO-3acTtocyHkiB (40 CTpOK HaHUX 3
TaOMUI 2) BiIXWISETHCS BiJl TayCIBCHBKOTO TOMY, IO 3HAYCHHS TECTOBOi CTATUCTHKH U 0araTOBUMIipHOL
acuMeTpi Oinblue 3a KBaHTHIb X300005 3 20 cTymensmu coGoau ta 0,005 piBHeM 3HadywIOCTi, a came:
298,88>40,00. Tomy [uisi BU3HAYEHHS HAasSBHOCTI YOTHPHBHUMIPHHX BHKHIIB y JaHWUX TaOJMII 2 MM TaKOX
BUKOPHCTOBYBaJIM KPUTEPid Ha OCHOBI KBaJpaTy Biicrani MaxanaHoOica aJisi HOpMalli3oBaHUX JaHuX. s
HOpMaimizalii JaHuX MH TakoXX BHKOPHUCTOBYBAJIM 4YOTHpPHBUMIpHE mepeTrBopeHHs bokca-Kokca 3
KoMIoHeHTaMu (1).

B tabmumi 2 takox HaBeneHi 3HaueHHs SMDy. [lani psaka 40 € YOTHPUBHMIPHAM BUKHIOM 1 BOHH
Oynu BUmaJeHi ToMy, o 3HaueHHS SMD7 i Hux Oinbine 3a 14,86 Ta € MakCHUMaIIbHUM Cepe]l iHIIIHX 3HAYCHD
SMDy. Iani Mu 3HOBY BUKOHATHM HOpMatizamiro st 39 To9ok nanux (psaku 1-39) 3 tabmumi 2 Ta o09ucimm
Juist HUX HOBI 3HadeHHS SMDy. Jlani psaxa 39 BUSBWINCS YOTHPHBUMIPHMM BHKH/IOM 1 BOHM OyJIM TakoX
BUAANCHI. | Tak MU MisUTH JTOKU HE BHJAIWIH 3 Tadmumi 1 Bei mricTh BUKHIIB: psaku 35-40. B pesynbrati
MepBUHHMH Ky1acTep 2 OyB moaisieHnit Ha AB1 yacTkH. [lepira gacTka MicTUTh 34 TOUKH naHUX 3 TabimIli 2 (pSAKH
1-34), a npyra — 6 Touok gaHux (psaku 35-40).

3a manumu Tabnuii 1 Ta JBOX 9acTOK AaHMX Tabmuii 2 Oynm moOymoBaHi TpHW JiHIMHI perpeciiHi
Mozemi

Y=V +4+e=Dby+b X, +Db,X,+ b X5+, ()

nie ouiskn napamerpis by, by, b, Ta by Bu3HAUATNCS 32 METOIOM HAWMEHIIHX KBaapaTis. [Ipuaomy B
(2) €, Aka xapakTepu3ye BIIXWICHHsS 3HA4YEHHs 3aJeXHOI BHIIAJKOBOI BEMWYMHM Y Bij JiHIl perpecii abo
YMOBHOTO BHGIPKOBOTO CEpefHEOT0 Y, MOBMHHA OYTH BMIAJKOBOIO BENMYMHOIO 3 posmojinom laycy 3
HYJIbOBUM MaTeMaTHYHHM CIHOJiBaHHAM Ta aucnepcieio a2, € ~N (0, 62).
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HynboBa rimoTe3a mpo HOPMaIBHICTh PO3MOAUTY € Uil TPhOX Mojenel Buny (2) Oyna mepesipena 3a
kpurepieM Kosnmoroposa-CmipHoBa. 3riJHO BKa3aHOT0 KpUTEpilo i Mozeni (2), sika moOyaoBaHa 3a JaHUMHU
Tabnuui 1, — 48 Toukamu naHux (Moaensb 1), s rimore3a BiAXWIseThes Ui piBHA 3Hauymocti 0,05. Te, mo B
miif Mozmemi 1 po3moxin € HE MOXE BBAXKATHUCS TAyCIBCHKHM, NPHU3BOIUTH IO BiJCYTHOCTI TEOPETUYHOTO
0OrpyHTYBaHHS 3aCTOCYBaHHS JiHIIHOT perpeciiiHoi Moneni (Moaeni 1) s ganux 3 tadiumi 1.

3rigHo kpurepito Konmvoroposa-CMipHOBa rinoTesa Ipo HOpMalIbHICTh PO3MOJILUTY € JUIS ABOX MOJelel
BuAy (2), siki moOyI0BaHi 3a ABOMA YaCTKaMH JaHUX Tabmiwmi 2, — 34 ToukamMu JaHUX (MOZIEh 2) Ta 6 TOUKaMi
JaHux (Mojenb 3) He Moxke OyTH BimxmieHa aist piBHs 3Hauymocti 0,05. Te, mo B (2) po3moain € Moxe
BBXKATHCS TAYCIBCHKUM, € OJHUM 3 TEOPETHIHHX OOIPYHTYBAaHb 3aCTOCYBaHHS NIBOX JIHIHHUX perpeciiHuX
Mojeneld 2 Ta 3 Ui BIAIOBITHUX YacTOK JaHMX 3 Tabmuui 2. OiHKK napaMeTpiB ABOX JIHIHHUX perpeciiHux
Mozeneit 2 Ta 3 Buny (2) HaBeneHi B Tabmumi 3. B Tabmuii 3 Takok HaBeCHI 3HAUCHHSI TPHOX MOKa3HUKIB SKOCTI
JIBOX TOOYIOBaHUX JIHIHHKUX perpeciiHux moneneit 2 ta 3 Buny (2).

Tabmuns 3
Ouinku napaMeTpiB Ta NMOKA3HUKIB SIKOCTI JiHIHHNX perpeciiiHux Moaesei

Ne | Mogens b, b, b, b, 6, R* | MMRE | PRED(0,25)

1 |[Mogens2 | —1,4454 | 1,9693 1,4694 | —0,0008 | 0,00005 | 0,9905 | 0,0152 1,0000
2 |Mogens3 | 77,220 | 0,0895 | 16,1602 8,7234 2,479 | 0,9780 | 0,0685 1,0000

SxicTh ABOX TOOYyHOBaHHX JIHIHHUX perpeciiHux wmojeneil Buay (2) Oyino mepeBipeHO 3a
koe(imienrom merepminanii R? (the coefficient of determination), cepeIHBOIO BETMIMHOIO BiTHOCHOI MOMUJIKH
MMRE (Mean Magnitude of Relative Error) i BinmcoTkoM mporao3oBanux pe3yibraTiB PRED (Percentage of
Prediction), mis skux BenMuuHH BigHOCHOI moMmiku MRE (Magnitude of Relative Error) menmi 3a 0,25,
PRED(0,25). 1li moka3HWKH 3a3BHYali BHKOPHCTOBYIOTBHCS JJISI OIIHIOBAaHHS SKOCTI IIPOTHO3YBAaHHS 32
JOTIOMOT OO PETPECiHHIX MOZICTICH.

3HaveHHs MOKa3HUKIB SKOCTI 3 TAOJULI 3 CBiTUaTh IIPO NMPUUHSATHY SKICTh IBOX MO0y JOBAaHUX JIIHIHHIX
perpeciiinnx momeneit Bumy (2). Haramaemo, 3aszsuuait MMRE < 0,25 ta PRED(0,25) = 0,75 BBaXkaeThCs
NPUHHATHOK TOYHICTIO MPOTHO3YBaHH 3 JIONIOMOTOK PErPECiiiHUX Mojieneil. A BUCOKi 3Ha4eHHs R? BKa3yrOTh
Ha Te, 0 OUIBIICTh 3HAUCHD Y 3HAXOATHCs a00 Ha JiHIT perpecii abo Oist Hel.

3a manumu Tabmwmii 1, sk 1 B [7], Oyna moOymoBaHa HeniHifiHA perpeciiiHa MoOJelb Ha OCHOBI
JOTHPHUBUMIpHOTO NepeTBopeHHs bokca-Kokca

= A2y + )+ 1] ™™, (3)

ne Zy — yMOBHe BI/I6ipKOBe CepelHe 3a JiHIIHUM pereCIﬁHHM pisusHEIM Zy = by + by Zy + b, Z, +
byZ; nns HOpPMANi30BaHMX [AHHX, SIKi BH3HAYAIOTHCS 34 ‘IOTI/IpI/IBI/IMipHI/IM MePETBOPEHHSM Boxkca-Kokca 3
KoMITOHeHTaMHu (1) Ta BiMOBIAHMMH OIlIHKaMH napaMeTplB Ay = 0,176406, 1, = 0223415, 1, = 1,072463,
A3 = —2,316493. Jlas (3) ouinku mapametpis by, by, b, Ta by Bu3HaUammCs 32 METOOM HaiiMEHIINX KBAPATiB
1 MarOTh BIAMOBIAHO Taki 3HaueHHs: —2,50158, 0,59750, 0,17715 Ta 0,16543. Ouinka &, nopisuroe 0,2290.

Jlnst meminiiinoi perpeciiinoi moxeni Buny (3) mokasuuku R, MMRE ta PRED(0,25) BiamosimHo
nopiBHI0I0Th 0,9966, 0,1516 Ta 0,7708. Li 3HaueHHs CBi4aTh PO HPUHHATHY SIKICTh HEJIHIHHOT perpeciiiHol
mozem Buay (3).

Hemniniiina perpeciiina mozens (3) 3 HaBeJCHUMH BHIIE TTApaMETPaMHU J03BOJISIE OLIHIOBATH KiJIbKICTh
PAKIB KOJy Be0-3aCTOCYHKIB, sIKi CTBOPIOIOTHCS 3a jgomnomorow ¢peiimBopkiB CakePHP Ta Codeigniter, B
3aJIeXKHOCTI BijI hakTOpiB y Takux aianazonax: 1 < X; <106,0,18 < X, < 13,7511,24 < X; < 3,00. Jliniiina
perpeciiina Mmozens 2 Buay (1) 103BoJs€ OMIHIOBATH KITBKICTh PSAAKIB KOAY Be0-3aCTOCYHKIB, SIKi CTBOPIOIOTHCS
3a gonomorow (peiimBopky Codeigniter, B 3aiexkHOCTI BiJ (akropiB y Takux miamasonax: 132 < X; < 420,
991 <X, <12,7011,17 < X3 < 1,38. Jliniitna perpeciiina moniens 3 Buay (1) 103BoJISIE OLIIHIOBATH KUJIBKICTh
PAZKIB KOJy Be0-3aCTOCYHKIB, SIKi CTBOPIOIOTBhCS 3a JoroMoroto ¢peiimBopky CakePHP, B 3amexHocTi Bif
(akTopiB y Takux nmiamasoHax: 289 < X; <487,3,36 <X, <5,3311,20 <X; <1,79.

OTtpumaHi 3HaUYEHHS MTOKAa3HHUKIB IKOCTI IBOX yIOCKOHAJICHHX JiHIHHUX Moieneli BUay (2) € MpakTUIHO
TaKUMHM 3K, 10 1 HeNMHINHI perpeciiiHi Monerni, siki 3anpomoHoBaHi y [5] ta [6]. Takox 3a3Ha4MMoO, IO X04a
moOyaoBana mozens (3) mae gemro ripmii 3HaueHHs MMRE ta PRED(0,25) y TOpIBHAHHI 3 HENiHIHHIMH
perpeciiHUMEu MOJIICIISIMU, sIKi HaBeAeHi B [5] Ta [6], aje Ha BiAMiHy Bim HHX Moaenb (3) pa3oMm 3 JBoMa
MozeissMu BHIY (2) HAHAalOTh MOXKIIMBICTH 3IMCHIOBATH PAaHHE OIIIHIOBAHHSA KUIBKOCTI PSNIKIB KOAY BeO-
3aCTOCYHKIB, III0 CTBOPIOIOThCS 3a pornomororo ¢peiimBopkis CakePHP Ta Codeigniter, a1 Bcboro Habopy
JaHUX.

BucHOBKH 3 JaHOTO0 AOCTiIZKEHHSA
i mepcrneKTHBY NOJAJILINNX PO3BIAOK Y JaHOMY HanpsaMi

YocKkoHaNeHO HEeNiHIHHY perpeciiiHy Mojaenb, ska MoOyJoBaHa Ha OCHOBI YOTHPUBUMIPHOTO
neperBopeHHst bokca-Kokca, 3a paxyHOK 3HaileHMX HOBHX 3HAYEHb OIIHOK MapaMeTpiB JUII PaHHBOTO
OIIiHIOBAHHS KiTBKOCTI PAAKIB KOy Be0-3aCTOCYHKIB, III0 CTBOPIOIOTECS 3a JTormoMoroio (peiimBopkis CakePHP
ta Codeigniter ms niamazoHy KigpKkocTi kiaciB Bif 1 1o 106. Y gockoHaneHo 1Bi MiHINHHI perpeciifni mojeni 3a
paxyHOK 3HAWJEHWX HOBHX 3HAYEHb OI[IHOK MapaMeTpiB JJIS PAHHBOTO OILIHIOBAHHS KIUJIBKOCTI PSAKIB KOXY
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BIZMIOBITHO Be0-3aCTOCYHKIB, IO CTBOPIOIOTHCS 3a pomomororo ¢peiimBopky Codeigniter mis miamazoHy
KizbKocTi kiacis Big 132 1o 420, Ta Be6-3aCTOCYHKIB, III0 CTBOPIOIOTHCS 3a JionoMoroto ¢gpeiimBopky CakePHP
JUIS [liara30Hy KUTBKOCTI KiaciB Bix 289 no 487. Ha BiaMiHy Bif iCHYFOUMX MOJENCH Il TPU yIOCKOHAJICHI
MOJIeJTi HAIAI0Th MOIIUBICTh 3IIMCHIOBATH PAHHE OIIHIOBAHHS KUJIBKOCTI PSIKIB KOAY BE0-3aCTOCYHKIB, IO
CTBOPIOIOTBCSL 3a gonomororo ¢peiimBopkiB CakePHP Ta Codeigniter, mis Bcboro Ha0opy HaHUX IpH
NPUHHATHIN SKOCTI BIIMOBIAHOTO OLIHIOBaHHS. B mojanbmioMy raHyeTsest moOyaoBa MOJEIEH It paHHBOTO
OLIIHIOBAaHHSI KUIBKOCTI PAJKIB KOAY BE0-3aCTOCYHKIB, 110 CTBOPIOIOTHCS 32 JJOIIOMOT'OI0 iHIINX (ppEeiiMBOPKIB.

Jlitepatypa

1. Brar, P., & Nandal, D. (2022). A systematic literature review of machine learning techniques for
software effort estimation models. Computational Intelligence and Communication Technologies (CCICT):
Proceedings  of the 2022  Fifth  International  Conference,  Sonepat,  India, 494-499.
https://doi.org/10.1109/CCiCT56684.2022.00093

2. Rahman, M., Sarwar, H., Kader, M. A., Gongalves, T., & Tin, T. T. (2024). Review and empirical
analysis of machine learning-based software effort estimation. [EEE Access, 12, 85661-85680.
https://doi.org/10.1109/ACCESS.2024.3404879

3. Hussain, 1., & Malik, A. A. (2023). Determining the utility of use case points and class points in
carly software size estimation. Emerging Technologies (ICET): Proceedings of the 2023 18th International
Conference, Peshawar, Pakistan, 171-175. https://doi.org/10.1109/ICET59753.2023.10374977

4. Yuan, X., Su, J.,, Yu, C., & Ye, S. (2023). Power grid software cost estimation based on improved
COCOMO model. Electronic Technology, Communication and Information (ICETCI): Proceedings of the 2023
IEEE 3rd International Conference, Changchun, China, 1265-1269.
https://doi.org/10.1109/ICETCIS57876.2023.10176686

5. Prykhodko, S. B., Shutko, L. S., & Prykhodko, A. S. (2021). A nonlinear regression model to estimate
the size of web apps created using the CakePHP framework. Radio Electronics, Computer Science, Control,
59(4), 129-139. https://doi.org/10.15588/1607-3274-2021-4-12

6. Prykhodko, S. B., Shutko, I. S., & Prykhodko, A. S. (2022). Early size estimation of web apps
created using Codelgniter framework by nonlinear regression models. Radio-Electronic and Computer Systems,
103(3), 84-94. https://doi.org/10.32620/reks.2022.3.06

7. Prykhodko, S., & Prykhodko, N. (2023). Building nonlinear regression models for estimating the
number of clusters and their initial centroids. Computer Sciences and Information Technologies (CSIT):
Proceedings of the 2023 IEEE 18th  International  Conference, Lviv, Ukraine, 1-4.
https://doi.org/10.1109/CSIT61576.2023.10324095

8. Daud, M., & Malik, A. A. (2021). Improving the accuracy of early software size estimation using
analysis-to-design adjustment factors (ADAFs). IEEE Access, 9, 81986-81999.
https://doi.org/10.1109/ACCESS.2021.3085752

9. Dewi, R. S., Araynawa, T. K., Prasanna, F. M., et al. (2024). Improving software size estimation
using data complexity (Case study: Research and community service monitoring apps). Electrical Engineering,
Computer Science and Informatics (EECSI): Proceedings of the 2024 11th International Conference,
Yogyakarta, Indonesia, 315-319. https://doi.org/10.1109/EECS163442.2024.10776530

10.Dewi, R. S., Zahrah, F. A., Nugraha, D. A., et al. (2024). Predicting software size based on
conceptual data model (Case study: Shrimp pond system management). Electrical Engineering and Computer
Science (ICECOS): Proceedings of the 2024 International Conference, Palembang, Indonesia, 175-178.
https://doi.org/10.1109/ICEC0OS63900.2024.10791154

11. Nassif, A. B., AbuTalib, M., & Capretz, L. F. (2020). Software effort estimation from use case
diagrams using nonlinear regression analysis. In Electrical and Computer Engineering: Proceedings of the IEEFE
Canadian Conference, London, ON, Canada, 1-4. https://doi.org/10.1109/CCECE47787.2020.9255712

12. Sahoo, P., Behera, D. K., Mohanty, J. R., et al. (2022). Effort estimation of software products by
using UML sequence models with regression analysis. Information Technology (OCIT): Proceedings of the 2022
OITS International Conference, Bhubaneswar, India, 97-101. https://doi.org/10.1109/0CIT56763.2022.00028

13. Manisha, & Rishi, R. (2021). Early size estimation using machine learning. Computing for
Sustainable Global Development (INDIACom): Proceedings of the 2021 8th International Conference, New
Delhi, India, 757-762. https://doi.org/10.1109/INDIACom51348.2021.00135

14. Nhung, H. L. T. K., Hai, V. V., Silhavy, R., et al. (2022). Parametric software effort estimation based
on optimizing correction factors and multiple linear regression. [EEE Access, 10, 2963-2986.
https://doi.org/10.1109/ACCESS.2021.3139183

References

1. Brar, P., & Nandal, D. (2022). A systematic literature review of machine learning techniques for software effort estimation
models. Computational Intelligence and Communication Technologies (CCICT): Proceedings of the 2022 Fifth International Conference,
Sonepat, India, 494-499. https://doi.org/10.1109/CCiCT56684.2022.00093

2. Rahman, M., Sarwar, H., Kader, M. A., Gongalves, T., & Tin, T. T. (2024). Review and empirical analysis of machine
learning-based software effort estimation. IEEE Access, 12, 85661-85680. https://doi.org/10.1109/ACCESS.2024.3404879

Herald of Khmelnytskyi national university, Issue2, 2025 (349) 491


https://doi.org/10.1109/CCiCT56684.2022.00093
https://doi.org/10.1109/ACCESS.2024.3404879
https://doi.org/10.1109/ICET59753.2023.10374977
https://doi.org/10.1109/ICETCI57876.2023.10176686
https://doi.org/10.15588/1607-3274-2021-4-12
https://doi.org/10.32620/reks.2022.3.06
https://doi.org/10.1109/CSIT61576.2023.10324095
https://doi.org/10.1109/ACCESS.2021.3085752
https://doi.org/10.1109/EECSI63442.2024.10776530
https://doi.org/10.1109/ICECOS63900.2024.10791154
https://doi.org/10.1109/CCECE47787.2020.9255712
https://doi.org/10.1109/OCIT56763.2022.00028
https://doi.org/10.1109/INDIACom51348.2021.00135
https://doi.org/10.1109/ACCESS.2021.3139183

Technical sciences ISSN 2307-5732

3. Hussain, L., & Malik, A. A. (2023). Determining the utility of use case points and class points in early software size estimation.
Emerging Technologies (ICET): Proceedings of the 2023 18th International Conference, Peshawar, Pakistan, 171-175.
https://doi.org/10.1109/ICET59753.2023.10374977

4. Yuan, X, Su, J., Yu, C,, & Ye, S. (2023). Power grid software cost estimation based on improved COCOMO model.
Electronic Technology, Communication and Information (ICETCI): Proceedings of the 2023 IEEE 3rd International Conference, Changchun,
China, 1265-1269. https://doi.org/10.1109/ICETCI57876.2023.10176686

5. Prykhodko, S. B., Shutko, I. S., & Prykhodko, A. S. (2021). A nonlinear regression model to estimate the size of web apps
created using the CakePHP framework. Radio Electronics, Computer Science, Control, 59(4), 129—139. https://doi.org/10.15588/1607-3274-
2021-4-12

6. Prykhodko, S. B., Shutko, I. S., & Prykhodko, A. S. (2022). Early size estimation of web apps created using Codelgniter
framework by  nonlinear  regression models. Radio-Electronic and Computer Systems, 103(3), 84-94.
https://doi.org/10.32620/reks.2022.3.06

7. Prykhodko, S., & Prykhodko, N. (2023). Building nonlinear regression models for estimating the number of clusters and their
initial centroids. Computer Sciences and Information Technologies (CSIT): Proceedings of the 2023 IEEE 18th International Conference,
Lviv, Ukraine, 1-4. https://doi.org/10.1109/CSIT61576.2023.10324095

8. Daud, M., & Malik, A. A. (2021). Improving the accuracy of early software size estimation using analysis-to-design
adjustment factors (ADAFs). IEEE Access, 9, 81986-81999. https://doi.org/10.1109/ACCESS.2021.3085752

9. Dewi, R. S., Araynawa, T. K., Prasanna, F. M., et al. (2024). Improving software size estimation using data complexity (Case
study: Research and community service monitoring apps). Electrical Engineering, Computer Science and Informatics (EECSI): Proceedings
of the 2024 11th International Conference, Yogyakarta, Indonesia, 315-319. https://doi.org/10.1109/EECS163442.2024.10776530

10. Dewi, R. S., Zahrah, F. A., Nugraha, D. A., et al. (2024). Predicting software size based on conceptual data model (Case
study: Shrimp pond system management). Electrical Engineering and Computer Science (ICECOS): Proceedings of the 2024 International
Conference, Palembang, Indonesia, 175—178. https://doi.org/10.1109/ICEC0OS63900.2024.10791154

11. Nassif, A. B., AbuTalib, M., & Capretz, L. F. (2020). Software effort estimation from use case diagrams using nonlinear
regression analysis. In Electrical and Computer Engineering: Proceedings of the IEEE Canadian Conference, London, ON, Canada, 1-4.
https://doi.org/10.1109/CCECE47787.2020.9255712

12. Sahoo, P., Behera, D. K., Mohanty, J. R., et al. (2022). Effort estimation of software products by using UML sequence models
with regression analysis. Information Technology (OCIT): Proceedings of the 2022 OITS International Conference, Bhubaneswar, India,
97-101. https://doi.org/10.1109/0CIT56763.2022.00028

13. Manisha, & Rishi, R. (2021). Early size estimation using machine learning. Computing for Sustainable Global Development
(INDIACom): Proceedings of  the 2021 8th International Conference, New Delhi, India, 757-762.
https://doi.org/10.1109/INDIACom51348.2021.00135

14. Nhung, H. L. T. K., Hai, V. V., Silhavy, R., et al. (2022). Parametric software effort estimation based on optimizing correction
factors and multiple linear regression. IEEE Access, 10, 2963-2986. https://doi.org/10.1109/ACCESS.2021.3139183

492 Herald of Khmelnytskyi national university, Issue2, 2025 (349)



