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AnHoTanus. Pa3paboTka HporpaMMHOro obecrnedeHus MOXKET ObIThb JUIMTENIbHBIM M JOPOrOCTOSIIUM
IponeccoM, TPeOyIOIMM 3HAUMTENbHBIX ycwinid. Ilepen pa3paboTuMkaMH 4acTO CTaBAT 3aJadd IO
IIPOTPaMMUPOBAHHUIO WIIH BHECEHHIO H3MEHEHHI B CYIIECTBYIOIIHE IIPOrPaMMBI TaK, YTOOBI 00IIas CIIOKHOCTh
He yBennuuiaack. [IOHATHO, YTO MpExie, Y4eM BHOCUTh KaKHe-TM00 U3MEHEHHUS, BaXKHO MOHATh 3aBUCUMOCTH
MEXJly KOMIOHEHTaMu nporpammbl. OJHAKO 110 Mepe pocTa pasMepoB MPOrpaMM MEHEPKEpPaM HPOEKTOB
CTAaHOBHTCS BCE CTI0XKHEe 00HAPYKUBATh KOCBCHHBIE CBSI3M MEXTy KOMIIOHEHTaMH. DTH CKPBITHIE CBS3H MOTYT
YCIOXHSThH CHCTEMY, IIPUBOJUTH K HETOYHOH OLEHKEe HEOOXOAUMBIX 3aTpaT U CTaBHTH MOJ YTPO3y KaueCTBO
HOJTydaroImuxcst nporpamMM. YToOb! pernTh 3T npoOieMbl, JaHHOE UCCIIECI0BAaHNE HAMIPABJICHO Ha BEIPAOOTKY
Habopa Mep, KOTOPbIE JIOMOIHSAIOT TEOPUIO U3MEPEHUH U BBISBISIOT CKPBITHIE CBSI3U MEXILYy KOMIIOHEHTaMU
IIPOTPaMMHOTO 0oOecIedeH s, paciHpss cdepy MpHMEHEHHUs, yBennuuBas >(p(EKTHBHOCTh M IIONE3HOCTHh
OOILIeTNPU3HAHHBIX METPHK NpOrpaMMHOro obecreueHus. McciepoBanue Benoch B JABYX IVIaBHBIX
HanpasieHusax: (1) Kak HM3MEepeHUs KOCBEHHBIX 3aBHCHMOCTEH MOryT IIOMOYb pPa3pabOT4UKaM IpH
COIPOBOXKIEGHUU HporpamMMm M (2) Kak METPUKH KOCBEHHBIX CBA3€H MOIYT KOJIMYECTBEHHO OLIEHUBATh
CIIOKHOCTB U pa3Mep MPOrpaMMHOTO 0OecTiedeHus, HCIOIb3Ys B3BEIICHHBIC Pa3IHIMsI MEKLy MeTogaMu. B
HCCIIEZIOBAaHUM MPECTABICH KOMIUIEKC Mep, IPU3BaHHBIX TIOMOYb MEHEKEPaM MPOEKTOB H pa3paboTunKaM B
YIpPaBJIEHUH IPOEKTAMH U UX CONPOBOXKAECHUU. VICII0IIb3ysl BOBMOXKHOCTH U3MEPEHHUI KOCBEHHBIX CBSI3€H, 3TH
Mepbl MOT'YT MOBBICHTh KauecTBO U 3((PEeKTUBHOCTH MPOLECCOB Pa3pabOTKU M HMOJIEPKKH IPOrPaAMMHOIO
obecrieyeHusI.
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CONPOBOXKICHHUS; METPHUKH.
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Abstract. Software development can be a time-consuming and costly process that requires a significant amount
of effort. Developers are often tasked with completing programming tasks or making modifications to existing
code without increasing overall complexity. It is essential for them to understand the dependencies between the
program components before implementing any changes. However, as code evolves, it becomes increasingly
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challenging for project managers to detect indirect coupling links between components. These hidden links can
complicate the system, cause inaccurate effort estimates, and compromise the quality of the code. To address
these challenges, this study aims to provide a set of measures that leverage measurement theory and hidden
links between software components to expand the scope, effectiveness, and utility of accepted software metrics.
The research focuses on two primary topics: (1) how indirect coupling measurements can aid developers with
maintenance tasks and (2) how indirect coupling metrics can quantify software complexity and size, leveraging
weighted differences across techniques. The study presents a comprehensive set of measures designed to assist
developers and project managers with project management and maintenance activities. Using the power of
indirect coupling measurements, these measures can enhance the quality and efficiency of software
development and maintenance processes.
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1. BeedeHue

CompoBoXIeHHE MIPOrPAMMHOI0 O00ECIIeUeHHUs BKJIIOYAET B ce0s BHECCHHE B HETO A/IalTHBHBIX,
COBEPIICHCTBYIONINX, KOPPEKTUPYIOINX U NpoduiakTuaeckux u3MeHeHui. [1o mepe pa3BuThs
IIPOrPaMMHOTO 00ECTICUCHHS €T0 CIOKHOCTh M KaUeCTBO MOTYT YJIydIIaThCsl WM yXyAmaTscs [1].
Taxum 00pa3oM, OCHOBHBIMH LETSIMH COIIPOBOKICHHUS IMPOIPAMMHOIO OOECTICUCHUS SBIAIOTCS
MIPOJUICHHE CPOKA €ro CIIY>KOBI U COXpPAHEHHE €T0 LEOCTHOCTH C TEUCHUEM BPEMEHH [2].
VYnpasieHue pa3BUTHEM CHCTEMBI — 3TO 3a/lauya, KOTOPYIO JAOJDKHBI PEIIUTh MEHEKephl U
nporpaMMucThl [3]. [l n3ydeHus MonudUKamuid ¥ UX BIMSHHSA Ha IPOrpaMMHOE OOecIedeHre
TpeOyroTcs 3¢ PEeKTHBHBIE METOBI, TAKHE KaK HICHTH(UKAIM KOCBEHHBIX CBS3eH M M3MEpEeHHE.
OTCle)XUBaTh U3MEHEHUS U M3MEPSATh UX BIHSHHE ITO3BOJISIOT Ipadbl KOCBEHHBIX cBsizei [4]. s
OTCJIeKHMBAaHUST M3MEHEHUII B 3aBUCHMOCTSX IIPOTPaMMHBIX KOMIIOHEHTOB JpYyr OT Jpyra
NporpaMMucTaM HeoOXO0AUM CTPYKTYpHBIH MOAX0[, KaKUM, HallpUMep, SIBJISETCS HCIIOIb30BaHNe
OpPHEHTHUPOBAHHBIX rpadoB. [y YHCIeHHOI OIIEHKH BKJIa1a OTHOTO IIPOrPaMMHOTO KOMITOHEHTa B
Ipyrue Tpedyercs UMETh MPECTaBICHUE O BCEH CHCTEME B LIEJIOM, KOTOPOE TIOMOXKET NPUIIHCATh
asieMeHTaM Trpada BecoBble 3HaueHUs. KpoMe Toro, 4yroObl Jiydlle MOHATh BIMSHHAE M3MEHEHUH,
BHOCHMBIX B IIPOTPAMMEI, Ha €€ XapaKTePUCTHKH, Pa3pabOTUNKH JIOJDKHBI HMETh BO3MOJKHOCTH
CpaBHUBATh METPUYECKHE NOKA3aTeIH 0 U TOCIIe BHECEHHUSI N3MEHEHHH.

IoctpoeHublii rpad MO3BONSET OTCISKHUBATH S(G(EKTH], BHI3BAHHBIE HW3MCHEHUSMH OIHOTO
KOMIIOHEHTa, HO NPOSBIAIONIMECS] B JPYTMX KOMIIOHEHTAaX, a TaKKe M3MEPATh MOTEHIHAIbHOE
BIIMSHUE TUTAHUPYEMOil MOAM(HKAIMU. DTOT METO OTCICKHBACT CBA3U MEXIY KOMIIOHEHTAMH,
KOTOpBIC BBICTPAUBAIOTCS B IIEMIOYKH, U aHAJIM3UPYET TH CBS3U. TakuM oOpa3oM, B pe3yibTare
MOKHO TMOJYYUTbh NPEACTABICHHE O BHYTPEHHUX 3aBUCHUMOCTSAX MEXIY NPHUMEHSIEMBIMH B
NporpaMMmax MeTOJlaMM, a TaKXKe O TOM, KaK 3TH METOJbl COBMECTHO BBINOJHSIIOT T€ MM HHbIE
(YHKIUY CHCTEMBL.

IToMoIs MpU NOCTPOCHHH BBHIMIEYHOMSHYTOH CTPYKTYPBI MOXKET OKa3aTh OOHApYy)KEHHE SBHBIX
(mpsmbix, HemocpencTBeHHbIX) cBs3el (Direct Coupling, DC) [5-10], xortopele MOryT
CYIIECTBOBATh MEXKIY CYLIIHOCTSMH HPOTPaMM, TaKUMHU KaK MOJYJIH, KIAacChl, OOBEKTHI, METOJIBI
WA DJIEMEHTHI JIAaHHBIX. SIBHBIE CBSI3M OOBIYHO KIIACCU(HIMPYIOTCS IO TOW CHJE, C KOTOpPOM
3JIEMEHTBI COeTUHEHBI MeX Iy coboii [11, 12]. KomOunnpoBanue hopmaliuii IBHBIX CBA3€H co3maeT
KOH(UTrypamuio ceTd KocBeHHbIX cBaseil (Indirect Coupling, IC), ynpomias ananmus u cioco0cTBys
MIOHMMAHUIO BIUSHUS W3MEHEHHH Ha Jpyrue KOMIOHEHTHI cucTteMsl [13-16]. IIpsmele cBsa3m
TPAH3UTHBHO 3aMBIKAIOTCS Ha KOCBEHHBIX CBSI3SX.

Crienyromue pa3eibl HACTOSIICH CTaThH MOCTPOCHBI TAKUM 00pa3oM: B pasjelie 2 IpecTaBieHa
MTOCTaHOBKA HCCIIEOBATEIBbCKOM 3aa4n, B paszfeie 3 OOBACHIIOTCS HEKOTOPHIC OCHOBBHI TCOPHU
n3Mepenuit. Jlanee B pazzaesne 4 npeacraBieHbl pacueTHbIE KPUTEPUH METPHK, B pa3jielie 5 OMUCcaHbl
MeToab! cOOpa NaHHBIX, B paszene 6 MpeNCcTaBlICHBI Pe3ylbTaThl, a B paszjene 7 o0CyKmarTcs
OCHOBHBIE BBIBOJIBL.
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2. [locmaHoeka 3adayqu

Nzyuenne xocBeHHbix cBszeir (IC) Bkimrouaer B cebs onpeneneHue koumemuid [17, 18],
TEOpPETHYECKUX OCHOB [8], MeTomoB rpadoB 3aBucumocteii [19-21], merpuk [22-27], MeTo10B
M3BJICYCHUSI U OOHapyXeHHs rpadoB HESBHBIX 3aBUCUMOCTEH (KOCBEHHBIX CBszei) [12, 28] u
CO37IaHNE AHATUTUYECKUX WHCTPYMEHTOB [29-31]. OHako MHOTHE HCCIIeI0BAaTEIBCKUE TIOIXOIbI
COCPEOTOUYCHBl HMCKIIOYMTENFHO Ha HMICHTU(QHKAIMKU TpadoB KOCBEHHBIX CBA3eH M pacuere
METPUUECKHX IOKa3aTesieil Ha OCHOBE MOJACYETa BXOAALIMX M HCXOAANIMX MApHBIX CBS3CH,
Mepeayy MapamMeTpoB M CCHUIOK Ha AJIEMEHTHI IAHHBIX. DTH MOAXOAbI HE YYUTBHIBAIOT Pa3jinyus B
CTETICHH BKJIaJ]a KOMIIOHEHTOB B UCCIICTYEMBbIi JJIEMEHT.

Jlns BOCTIONMHEHUs 3TOro mpodenia, HEOOXOAUMO YYUTHIBATE TAKUE MOHATHA, KaK XPYIKOCTh H
KECTKOCTh (MHAYEe — PUCKOBAHHOCTD), KOTOPBIE HAIIPSMYIO CB3aHBI ¢ KOCBEHHBIMH CBA3SMH [32].
XpyNKOCTh 03HAYAET 3aBUCUMOCTh OOBEKTa OT MHOXECTBA IPYTUX KOMIIOHEHTOB, YTO JICNAET €ro
YSA3BUMBIM IS M3MEHCHHUH, BBI3BAaHHBIX apTe(akTamMu, OT KOTOPBIX OH 3aBHCUT. Hamporus,
JKECTKOCTh (MM PUCKOBAHHOCTBH) OTPaXKaeT BIMSHHE MOAU(PHUKALMUA 00bEKTa Ha 3aBHCHUMBIC OT
Hero aptedakTtbl. TakuM 00pa3oM, XpPYHKOCTb 3JEMEHTOB PAcTET C YBEJIMYEHHEM KOJIMYeCcTBa
BIMSIONIMX Ha HUX [32], a UX KECTKOCTb PACTET C YBEJINYEHHEM KOJIMYECTBA 3aBHCUMBIX OT HUX
apTedaKkToB.

B sroit cTathe mpeaaraeTcs MeTo oOHapyKeHHS TpadoB KOCBEHHBIX cBsi3ell (indirect coupling
graph, ICG), a Takxe HabOp METPHK Ul U3MEPEHHUS BKJIaJa B (PyHKIMOHAIBHBIE BO3MOXKHOCTH
nporpaMMHoro obecneuenusi. I'pad)bl KOCBEHHBIX CBSI3€H — ITO HANpaBJICHHBIE AMKIMYECKHE
rpader (directed acyclic graph, DAG), xoTopble (GUKCHPYIOT 3aBUCHMOCTU MEXIY METOAaMH,
HCTIONB3yEeMBIMU B IIPOTpaMMe B KOHKPETHOH cuTyaiuu. Bec rpada kocBeHHBIX CBA3€H paBeH BeCcy
€ro KOpPHEBOI'O Yy3/1a, BBIYUCIIIEMOMY DPEKYpCHBHO ITyT€M CYMMHpPOBAHHUSI BECOB BCEX Y3IIOB,
BEIyLIMX OT KOPHS K JUCTBSM Tpada. AHaJOTHYHBIM 00pa3oM, BeC HEKOTOPOTO y3I1a B 3TOM rpade
PEKYPCHUBHO pacCUMTHIBAETCSI KAK CYMMa BECOB JOCTUTaeMbIX U3 HEro aseMeHToB. Clie/oBaTeNbHO,
CIIOKHOCTh METOJa MPSMO IIPOIOPIMOHATBHA KOJMYECTBY (PAKTOPOB, KaK TNPSIMBIX, TaK MU
KOCBEHHBIX, OT KOTOPBIX OH 3aBHCHUT, a METOJ] ¢ MHOTOYHCIIEHHBIMU YPOBHSMH 3aBUCHUMOCTEH,
BEPOSATHO, OyIeT OoJiee CII0KHBIM, YEM METOJ] ¢ MEHBIINM KOJIMYECTBOM 3aBUCHMOCTEH.

HUrak, 310 McclienoBaHue mpeiaraeT Moaxo/] K MOCTPOSHUIO rpadoB KOCBEHHOMN CBSI3M Ha YPOBHE
METOJIOB U ONpEAeNseT Habop METPUK Ui U3MEPEHHS CIOXKHOCTH M pa3Mepa dJIEMEHTOB,
OCHOBAHHBIX Ha KOHLEMUHUAX XKECTKOCTH M Xpynkoctu [32]. [loxxoa mno3poniseT aHalIU3UpOBaTh
pacnpocTpaHeHHe U3MEHEHHH 1 ONIMOOK, YYUTHIBATE BIMSHHE KOMIIOHCHTOB Ha UX ITapTHEPOB IO
rpady KOCBEeHHOH cBsfi3u. B 3TOM monaxome A BBIBICHUS W M3MEPEHUS KOCBEHHON CBS3H
BEIOMPAETCSl CTENeHb JETaNM3alid Ha YPOBHE METOIOB KJIACCOB, ITOCKOJBKY B OOBEKTHO-
OpPHEHTHUPOBAaHHOM MPOTPAMMHPOBAHHM HMEHHO METOABI KJIACCOB SBIAIOTCA  0a30BBIMHU
(YHKINOHATIBHBIMH €IWHHUIIAMH. METOBI — 3TO CYIIIHOCTH, Ha OCHOBE KOTOPBIX MPOTPAMMUCTEL,
OpraHu3ys UX NPaBUIFHOE B3aNMOJICHCTBHE, CO3/IAI0T CIOKHYIO (D)YHKIIMOHAIBHOCTS.

MeTpHUKH MPOrpaMMHOTO 00ECIEUEHHSI UTPA0T PEIIAIONIYI0 POJb B pa3padoTKe MPOrpaMMHOTO
obecrieyeHns; X pa3paboTKa TpeOyeT BBICOKOTO YPOBHS TEOPETHYECKOH W MaTeMaTHYECKON
CTpOrocT. JI0CTOBEpHOCTh pe3yJbTAaTOB, ONUCAHHBIX B JAHHOW cTaTbe, MOATBEPXKIAETCS TOU
TEOPETHYECKOH OCHOBOM, KOTOPasi MOJIO’KEHA B OCHOBY IIpe/ularaeMoro Habopa METpHK, a TaKkxkKe
HCTIOJIb30BAaHHEM OOIIECNpPU3HAHHBIX cTaHaapToB [7, 33]. dopmanbHas TeopHs HU3MEpeHHI
MPUMEHSCTCS JUI ONpe/eieHus Ha0opa Mep Ha ypOBHE ACTAM3allMU METO/a, OCHOBAHHOTO Ha
KOHIICTIIMSAX YCTOWYNBOCTH U HEYCTOHYHUBOCTH KOCBEHHOM CBsI3M [34].

B wuccienoBaHMM ¢ HEKOTOPBIMH MOIMGHKAIMAMH HCIONB3YIOTCS TEOPETHUYESCKUH MOAXOA U
0003HaYeHNs, IPEATIOKEHHBIE B padoTe 7], a Takxke 3a/1eliCTBOBaHbI KPUTEPHHU TIPOBEPKH METPHUK
JUI OLCHKH W OOBSICHEHUs TpeOyeMbIX KadecTB (cM. pasnen 4). Bcee mpemnaraemble MeTpHKH
BBOJUITCS B pasmene 3, rae yxaensiercs ocoboe BHHMaHHE WX (POPMaIBHBIM OIPEAEICHUSM,
TEOPETUYECKUM OCHOBAM U aHAINTUYECKUM OIICHKaM.
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Jlnsd  1eMOHCTpalMu CBOWCTB M NPUIOKEHHH METPUK B OTOH CTaThe HCIOJIb30BAHBI
JKCIIEPUMEHTAJIbHBIE JJAaHHbIC, TIOJTy4EHHBIE U3 KOMMEPUYECKUX IPOEKTOB U MPOEKTOB C OTKPBITHIM
HCXOJHBIM KOJIOM. B pazaene 5 omucana meroauka cOOpa IMIMPUUECKUX JAAHHBIX, AITOPUTM U
MIPOTPaMMHBI MHCTPYMEHTapHi, pPa3pa0OTaHHBIN CHEHUANbHO JUIi 3TOH LEeJNH, TaM JKe
MIPe/ICTaBICH Ha0Op JaHHBIX HUCIIONB3yEeMBIX POrPaMMHBIX cucteM. Kpome Toro, B paszaerne 7 1o
KaXJ0i MeTpuKe JaHbl OCHOBAaHHBIC Ha COOpPAHHBIX CTATUCTHYECKUX MAHHBIX PEKOMEHIAILlUH,
IpeHa3HauCHHbIE I PYKOBOJUTENEH IPOEKTOB U pa3pabOTUHKOB.

B craTtee THmIATENBPHO W CTPOTO MPEACTABIEH IOAXOJ K pa3pabOTKe METPHK IPOTrPaMMHOTO
obecredeHns C ymopoM Ha TEOPETHYECKUE OCHOBBI, KPUTEPUH IPOBEPKH U SKCIIEPUMEHTAIbHBIC
nanuble. [IpefmaraeMele METpUKH MOTYT IIOMOYb OLICHUTH Ka4eCTBO IIPOrPAMMHOTO 00ECIICUCHUS,
BBIIBUTH NOTCHIMANIBHBIE PUCKU U YA3BUMOCTU M IPHHATH 0OOCHOBAHHBIE PEIICHUs B IMPOEKTaxX
pa3paboTku mporpaMMHOro obecneueHus. TakuM oOpa3oM, AaHHOE UCCIENOBAHHE 3aTParkBacT
ClIelyIOIIUe UCCIIeIOBATEILCKUE BOIIPOCHL.

RQ1. Kak wu3MepuTh CIOXHOCTH M pa3Mep MPOrPaMMHOIO OOECICYCHHS C MOMOIIBIO
KOCBEHHBIX CBsi3¢i, 4YTOOBI BOCIONB30BAaThCS IMPEUMYLICCTBAMH  B3BEIICHHBIX
pasnuuuil Mexy Merogamu’?

RQZ Kax METPUKHU KOCBEHHOH CBSI3H MOT'YT IOMOYb MMTPOTPAMMHCTAM BBITIOJIHATH 3a1a4U 110
COIMPOBOXKACHHUIO ITPOTPAMMHOTO obecrieueHus?

3. Teopemuy4eckasi ocHoga MEMPUKU KOCB8EHHbIX cesizel

Ilycrtb S € S — MHOXeECTBO BCeX MPOrpPaMMHBIX CUCTEM, U IYCTh S € S — HeKoTOpas MporpaMMHas
cucrema. Cuctema S uMeeT anukiaMdeckuil rpad nortoka ympasinenus G = (V, A). O1otr rpad
OINHUCBHIBACT MOTOK YNpPAaBJIEHUS MEXAY KaXJ0H mapoil MeTooB B S, IpUYeM IOTOK yNpPaBICHUS
3Ieck O3Ha4yaeT Imepeaady COOOIIeHWH wiu  oOpamenuss kK Merony. CrenoBarenbHO,
V={vi,vs V3 ...} — 3TO KOHEYHOE MHOXKECTBO, COJAEp)KaIllee BCE METOABI, OOBSBICHHBIC B
HCXOmHOM Kone S, a A = {ay, az, as, ...} — 9TO KOHEYHOE MHOXKECTBO, CoJieprKaliee HHPOPMAIIHIO O
notoke ynpasieHus S. Kaxnas nyra a; € 4 npencrasiseT co0oil oOpalieHue 0AHOrO U3 METOJ0B
HCXOJHOro Kofa S K Apyromy, Hanpumep ai = (vi, v;), TAe Vi, v E V, vi# vin vi — ;.
Kaxmyro cucremy S MOKHO 0000IICHHO MPEACTABIATH KaK SIMIMPUIECKYIO CHCTEMY OTHOIICHHUH £
[7]. ®opmansHOE onpeneneHue 3Toi IMIUPHIECKOI PENSIMOHHON CHCTEMBI TIPECTAaBIISIET COOOM:
E=(V,T,ER, EO) 1)
[lepBblii koMIOHEHT V' = {v,, 2, 3, ...} u3 E B (1) — 3T0 TO e camoe MHOXXECTBO } BCeX METOJI0B
CHCTEMBI S.
Bropoii anement T = {t;, t2, t3, ...} TPEICTaBIIET COOOH MHOXKECTBO TPAH3UTHBHBIX 3aMBIKAHHI
[35, p. 353], kaxknoe # eCThb TPaH3UTHBHOE 3aMblkanue mojirpada kocBeHHbIX cBsizelt ICG; mis
COOTBETCTBYIOIIETO METoa V;, e 1 <i<|V]|. MOIIHOCTB 3TOr0 MHOKECTBA paBHA MOITHOCTH V, TO
ects |V] = |I|. TpaH3uTuBHbIE 3aMbIKaHUS B I MOTYT OBITH ApAMbIMU MPAHIUTNUSHLIMU
3AMBIKAHUAMU WITH 00PAMHBIMU MPAHZUMUSHBIMU 3AMbIKAHUAMU, B 3AaBUCIMOCTH OT HAIIPABIICHUS,
B KOTOPOM paccMaTpuBaeTcs TpPaH3UTHUBHOCTb. B mepBoM ciydae mpsmoit moarpad [C Gif =
(Vif ,Aif ) COAEPXKUT Kaxabld mpocTod myTh u3 G, HauuHatommiica ¢ v;. COIJAcHO 3TOMY
OINpPENENEHHUIO, tlf = ICGif* = (Vif,A{*) 3TO Takoi rpad, 4ro Vif cV,u A{* coaepxut pedpo (v,
Vi), €CIIU U TONIBKO ecnu B [C Gif CYIIECTBYET IPOCTOH MyTh OT V; K Vi B npyrom ciydae oOpaTHblii
noarpad ICG] = (V], A7) comepxur Bce npocTsie myTH U3 G, 3aKaHYMBAIOMuecs B v;. 110 atomy
onpexenennto, t] = ICG]™ = (V], AT™) aro Takoii rpad, uro V[ S V, u A]" comepxur pebpo (v,
Vi), ECITH | TOJBKO eciii B [CG] CyIIecTBYET IPOCTOH MMyTh OT Vj K Vi.
B mapagurme 0O0BEKTHO-OPHEHTHPOBAHHOTO HPOrPAMMHUPOBAHMS MBI YIPABISAEM CIOXHOCTHIO
MPOrPaMMHBIX CHCTEM, HCIONB3Ys MOAYJIBHOCTb, WHKAICYJSALMIO, COKPBITHE HHPOPMALUH U
MEXaHU3MBI TIOBTOPHOTO HCIIONb30BaHUA KoAa. CTPOUTENBHBIMU OJIOKAMH OSTOH HapaaurMbl
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SIBISTIOTCS. a0CTPaKIMK PEabHBIX OOBEKTOB, COCTOSHUE U MOBEICHHE KOTOPHIX MOJCIHPYIOTCS C
MIOMOIIBIO aTPHOYTOB M MeTOHOB. OOBEKTHl B 3TOW MapaJnurMe B3aMMOIEHCTBYIOT IOCPEICTBOM
nepenayy COOOIIEHHMH, TaK YTO, KOTIa METOJ V; OTIPABIIET COOOIICHHE APYTOMY METOLY Vj, OH
3aIycKaeT mpoiecc oOMeHa COOOIICHHSIMH, KOTOPBIH CIEAYyeT HECKOJBKUMHU ITyTSIMH, HOCTUTAs
HEKOTOPBIX WU BceX MeTo10B B /CG;.

Tperuii anement Toxxaectsa (1) ER = {er, erz, ers, ...} MpeAcTaBIseT COO0H KOHEUHOE MHOKECTBO
JIEHCTBUTEIBHBIX IMITMPUYECKUX OTHOIICHWHA MEXAy KakJoW mapod meromoB u3 V. K takum
SMITUPHYECKIM OTHOIICHUSM, CPABHUBAIOIINM Pa3Mep HWIH CIOKHOCTH JBYX METOIOB OTHOCSTCS
ClIeyIoIHe:

e fonvute,

®  uenblue,

® maxoti oce bonbwoll, Kax,
® crodicHee,

® eHee CILOJICHDII,

®  MaKoll Jce CIONHCHBLU, KAK.

Hanpumep, eciu KOJIMYECTBO CTPOK KOAA METOZA V; MEHbIIIE KOJIMYECTBA CTPOK KOJa METOAA Vj,
TOT/Ia V; MEHBIIIE, YeM V; B IIepecueTe Ha CTPOKH KOJa, QHAJIOTHYHO, €C/U YUCIIO LIMKJIOMATHUeCKOt
CJIO)KHOCTH METOJa V; OOJbIlle, YeM YHUCIO LUKIOMATHYECKOH CIOXKHOCTH METona Vj, TOTJa V
CJIOKHEE, YEeM V; C TOUKH 3PEHHS] IUKIOMATHYECKOH CII0MKHOCTH.
Haxkonern, mocneanuii koMnoHeHT Toxaectsa (1) EO = {eo,, eoz, eos, ...} mpencrasiser coOoi
HA0Op JOMYCTHUMBIX SMIMPHYSCKUX OMHAPHBIX ONepaluii Haj Jro0o0i mapoi metonoB u3 V. Han
mapoil METOIOB Vi U V; Pa3pellicHbl TaKHe ONEpaIny, KaK ONepalu 000asums 6bi306 U yOdIumb
661308 OT Vi K v;. [Ipeanonoxum, Mbl BLIOUpaeM METO/IBI Vi, Vi € ¢; ¥ BBIITOJHSIEM OTIEPAIHIO YOaIUmb
661306 OT Vi K v;. C OZTHOH CTOPOHBI, €CITH yIaJeHHOEe pedpo He OTCOCAMHSET HU OIUH noarpad ot
ICG;, Torna t; ocTaeTcsi HEeM3MEHHBIM, HO C JIPYroil CTOPOHBI, €CIU yIaleHHOEe PeOpo HU30IUpPYeT
noarpad ot moarpada 3aBHCUMOCTEH, TO #; MEHSETCS, MOCKOJbKY Teleph y 3JIEMEHTa MEHBIIE
METO/IOB U pebep. AHAIOTHYHBIH 3 (ekT Bo3HUKAET MpH J00aBICHUH BBI30Ba, HO Ha ATOT pa3 100
t; He MeHsIeTCs, 00 Ha rpade MOABIAIOTCS HOBbIE METOIBI M HOBBIE pedpa.
Beenem Hax MHOKECTBOM S GHHApHOE OTHOIMICHHE [>, HCTHHHOE JUTS TPOU3BOJIBHBIX, HO PA3HBIX
cucteM Sy, S», S3 € S, obnagaroniee TaKUMH CBOMCTBAMU:

Honnoma: Si>SHVS:>S)

Si D> SH)AS: D> S3) = (S D> S3)

Hampumep, mpeanonoxum, uto onepanust > OTHOCHTCS K CIOKHOCTH, TOT/Ia CBOMCTBO MOJHOTHI
MO3BOJISIET YTBEPIKAATh, YTO Beeraa Jnbo S; cioxuee S», 1160 S> cnoxuee S;. TouHO Taxke, ecinu
S; cnoxHee S> ¥ S cnoxHee S3, TOT/A C YY€TOM CBOWCTBA TPAH3UTUBHOCTHU S; TIO OIPEICICHHUIO
cnoxkHee S3. CBOMCTBAa MOJHOTHI M TPAH3UTHBHOCTH TAKXKE JOJDKHBI COOJIONATHCS, KOT/A
apryMeHTaMH BBEJICHHOW OIEpaluy SBIAIOTCS HE CHCTEMBI, a METOJbl. JTH CBOMCTBA TaKkKe
TpeOyYIOT, YTOOBI CIIOKHOCTh MJIH Pa3Mep CHCTEM I METOJIOB He ObUIH OIMHAKOBBIMHU.

Panee BBemeHHass Hamu omnupuueckas cucmema omuowenui E w3 (1) TpaHcnmpyercs B
(dopmasbHyI0 cHCTeMy OTHOmIeHHH F [7], 4To W TOKa3aHO B cCieAyIomeM (GopMaIbHOM
OTIPE/ICIICHUH:

Tpansumusnocms:

F=WM, IC, FR, FO) 2)
3nech nepBblit apryment M = {m;, mz, ms, ...} — 3T0 HaOOp 3HAYCHUI METPHK, PACCUMTAHHBIX C

MTOMOIIBIO METOJIOB B V; T/ie [UIsl KaXKJA0TO METOoa BBIMOJHSAETCS v; € V. dopMyia 3Toi MEeTpUKH
TaKoBa:

m; = Z n(w) 3)
VYWEV;
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MHoxkecTBO V; TpeacTaBisieT cOOOH MHOXKECTBO METONOB B TPAH3UTUBHOM 3aMBIKaHHHU
MOCTPOCHHOM HAJ 7;, a | — 3T0 0a30Basg METpHKa, HANPHUMEpP, KOJIMYECTBO CTPOK KOIA WU
YHCJICHHOE 3HA4YEHHE IUKIOMAaTHYECKOH cIokHOCTH. Kaxmas meTpuka m; sBI€TCS 3HaYCHHEM
METPHUKH JUIsS COOTBETCTBYIOIIErO METOJa Vi, ModToMy |M| = |V], TO ecTh 00a MHOXKECTBA UMEIOT
OJITHAKOBYIO MOIIHOCTb.

Bropoe muO)ecTBO U3 (2) IC = {icy, ic, ic3, ...} CONEPKUT MHOIKECTBA BCEX KOCBEHHO CBSI3aHHBIX
METOJOB Ul Kaxkaoro v; € V, Biimouas merof vi. Kaxnoe mHoxkecTBO ic; € IC coBHamaer ¢
MHO)XECTBOM V; COOTBETCTBYIOLIETO TPAH3UTUBHOTO 3aMbIKaHUs (MMest B BUay, 4to t; = (V;, A})).

MHO0XeCTBO ic; COBMAJAET C MHOMXECTBOM Vif NpAMO20 MPAH3UMUBHO20 3AMbIKAHUS tlf, B 3TOM

cllydae HCIIONB3yeTcss OOO3HaueHHUE icif , WM MHOXeCTBY V' obpammnozo mpanszumueno2o

3amvikanus t] , IPH UCTIONB3YeMOM 0003HAYeHHH iC] .

Tpetuii anement ¢opmynst (2) FR = {fr;, fro fr3, ...} 9TO KOHEYHOE MHOXKECTBO MPABHIBHBIX
hopmanvublx omHowenull MEXIY KaXI0oW mapoi MeTpuk u3 M. OopMalbHBIMH OTHOIICHHUSIMH,
KOTOpBIE CPaBHHUBAIOT Pa3Mep WIH CIIOXHOCTh ABYX METOJOB, SBISIOTCS OTHOIIEGHHS <, =, H >.
Hanpumep, ecnm M BKITIOYaeT 3HAUESHHS METPUKM IUKIOMATHYECKOH CIOKHOCTH, M 3HAUCHHE
LUKJIOMAaTHYECKOH CIIOKHOCTH AT METOJA V; MEHBIIE, YeM YHCJIO0 IUKJIOMATHYECKON CIIOKHOCTH
JOPYroro MeTofa vj, TOrAa OTHOLIEHHE 71; < m; ICTHHHO. AHAIOTHYHO, ecu M — 3T pa3Mep Koza,
1 YHCJIO CTPOK I V;, OOJIBIIIE, YeM YHCIIO CTPOK Vj, TOTIa UCTHHHO OTHOILICHUE 11; > 1.

B namreif paGote MBI pacCUMTHIBAEM METPUKH KOCBEHHBIX CBSI3eH, JNETannM3Hpys WX Ha ypOBHE
METO/1a, ¥ SIIEMEHTOM, UCIIONIb3YEMBIM B 3TOM HCUHCIICHHUN, SIBISETCS CBSI3HOCTH OOBEKTOB, TO €CTh
IpsIMOe WM 00paTHOE TPaH3UTHBHOE 3aMbIKaHHe. Harmm MeTpuKky H3MepsIoT pa3Mep U CI0KHOCTh
CKPBITBIX WJIM MHOTOYPOBHEBHIX (YHKIHH. DTa CKpBITas CIOXKHOCTH SIBIAETCA PE3yIbTaTOM
COOIIOICHUSI TAKUX NIPUHIUIIOB IPOEKTHPOBAHMS IPOTPaMMHOTO 00eCIIeYeHH s, KaK HHKATICYJISAINSL
1 TIOBTOPHOE UCIIONB30BAaHNE KOJIA.

Hanpumep, pasmep MM CIOXHOCTh JTIOOOTO KOHKPETHOTO METOJa MOXKHO H3MEPHTH IyTeM
M3BIICUCHNS TTOKa3aTeNlel U3 CTaTHIECKOH CTPYKTYPHI €ro HCXOAHOTO Kojia (HalpuMep, TaKuX KakK
napametpsl madnoHoB FAN-IN u FAN-OUT, xonnuectBo MmeTogoB NOM, KOJIHYECTBO CTPOK KOZia
LOC wu 3nHaueHue nukiaomatHdeckoil cmoxuoctn Maxkkei6a CYC [36]). HaGop BerumciseMbIx
METPUK MOKHO PACIIHPHTh, OIpPEICINB MONB30BATENbCKHE (DYHKIMH BBIYUCICHHS METPHK U
MOAKIIIOYMB UX K CHCTEME.

CrnenoBaTebHO, UL I000ro MeToza v; € V, Mbl MOTIIU OBl HCIIONB30BAaTh KOHEUHbIH HAOOP METPUK,
CBSI3aHHBIX C Pa3MEPOM MM CIOKHOCTBIO MeToa. UYTOOBI NMPEACTaBUTh KOHKPETHOE 3HAYCHHE
HMH/IMBUIyaJIbHOW METPHUKH JJIsI METOAA V;, MBI HCIoib3yeM BbipaxkeHus FAN-IN;, FAN-OUT,,
NOM;, LOC,, u CYC,. OTu oTAeIbHBIC TOKA3aTEeIH KOMOMHUPYIOTCS IS TOJTYYCHHS TOKa3aTeNe
KOCBEHHOH CBs13U. CTOUT HaIIOMHUTH, YTO METOA V; KOCBEHHO CBSI3aH C APYTHM METOAOM Vj, €CIIU
CYIIECTBYET XOTs ObI OJIMH MyTh P = (VU *** V), KOTOPBIH COAEPKUT / TAKIX METOJ0B, KaK V| = Vi, V
=V, k= Ve Uk € {1---1- 1}, 1 {(v1, v2),(v2, V3), ==, (Vii, W)} € tif, TO €CTb V; IBJISETCS OTHUM
U3 METOJIOB IIPSIMOTO TPAH3UTUBHOTO 3aMBIKAHHS TS V;).

Hakownen, FO = {fo,, fo, fos, ...} 7T0O KOHEUHOE MHOXECTBO JOMYCTHMBIX ()OPMaIbHBIX OMHAPHBIX
ornepanuii Hax 0ol mapoil 3HaYeHHH MeTpUKH u3 M. OopManbHBIMUA OMHAPHBIMHU OIEPALHIMH,
Ppa3peleHHBIMH JUTS ABYX 3HAUCHUM METPUKY m;, m; € M sBIstoTCs onepanuu + 1 -. [Ipeanonoxim,
MBI BBITIOJTHSIEM OIEPanyIo + HaJl 3HAYSHUSIMH METPUKH 1;, n; € M, KOTOpast SIBISETCS CIIEICTBHEM
JobaBieHus k 4 BbI30Ba MeToa (V;, Vj). 34€Ch MBI IPENOIaraeM, 4To UK IPU 3TOM He BOSHHKACH.
C onxnoii croponsl, eciu ic; N ic;= @ (npu ic;=Vin t; = (V;, A})), T0 ecTb 100aBICHHbIC 3HAYCHHS
METPUKY IPUHAJIEKAT HECBI3aHHBIM METOJIaM V;, V; € V, TO HOBOE 3HAUEHHE METPUKH JUIS V; PABHO
m; = m; +m;. C ipyroii CTOPOHEL, eciu ic; N ic; = icj, TO €CTh BCE METO/IBI U3 i¢; BXOJIAT iC;, HOBBIE
METOJIBI He T00aBISIOTCS K ic; 1 m; = m;. CileoBaTeNbHO, 3HAYEHHE M HAXOIUTCS B AHANa30He
[m; ... m; + mj], a 3Hauenne ic; N ic;# @ A ic; N ic; # ic; AICTUHHO, TO €CTh TOJIIBKO [OJMHOKECTBO iC;
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HAXOIUTCS B i¢;. AHAIIOTHYHbBIE PACCYKIEHHS IPUBOIAT K BBIBOALY, UTO M; € [m; ... m; + m;], Korna
K A BMecTo pebdpa (v;, v;) nobasmsercs pedpo (vj, vi).

Omnupuueckas cucreMa E npeobpasyercs B popManbHyIo CHCTEMY F IyTeM pealln3aliii METPUKU
n. Kaxnomy anementy v; u3 E ipeHa3Hau4eH COOTBETCTBYIOLIHI JIIEMEHT ; B F, TO €CTh, m; = j; =
H(v;). BpIOpaHHBIH MeTOJ TpaHCIALMU TapaHTHPYET, 4YTO IOHATUS, JIEXKAllUe B OCHOBE
SMIIMPUYECKUX OTHOIICHUM, OCTaroTCs Henm3MeHHbIMH. IlonoOHoe mpeoOpa3oBaHHE MO3BOJSIET
aBTOMATU3UPOBATh NOMCK U CPABHEHUE CaMbIX CJIOXKHBIX WM KPYINHBIX METOJIOB, KOTOpBIE,
BEpOSITHO, MMEIOT Oolblle ypoBHeH 3aBucuMocTeil. Kpome TOro, cTaHOBHTCS BO3MOXHBIM
ABTOMATH4ECKH HaXOAUTh T€ METOMBI, N3MEHEHHE KOTOPBIX PUCKOBAHHO M3-3a BBHICOKOTO YPOBHS
UX MOBTOPHOTO HCIIONB30BaHMSI.

4. Pac4yemHble Kpumepuu MempukK

Beiikep B pabote [34] mpemyiaraer CHCTEMY OLICHOK, OOJATaroONIyl0 IEBATHIO CBOHCTBAMH.
[IpennoxeHHbIl HAMH NOAXOJ NPHU3BaH CO34aTh OCHOBY JUI M3MEPEHHMsS M CPABHEHMS OJIHHUX
MPEUTOKEHHBIX METPHK ¢ APYrUMHU. TakuMm 0Opa3oM, TaHHOE HCCIIEIOBaHNE MpeCTaBIsIeT co00i
aJlanTalUI0 CBOMCTB cUCTEMBI OLIEHKU Belikep. IlomyueHHbIe TaHHBIE TEPEUHCIECHBI HUXKE.
CaoiictBo 1. []yis mo6oro Metona v; € V' 1 METPHKH L, TOIDKEH CYIECTBOBATh APYTOH METOR v; € V/
Tako#, uro pu (v;) # K (v)). CiemoBaTenbHO, 3HaYeHHE METPUKH He OyIeT OAWHAKOBEIM UL BCEX
METO/IOB cUCTeMBbl. MeTpuKa, KOTOpas CUUTAeT BCE METOAbl OJMHAKOBBIMHM IO pazMepy WIn
CIIOXHOCTH, OECIIOJIe3HA.

CoiicTBo 2. TpedyeTcsi, 4TOOBI CyNIECTBOBAIIO TOJIBKO KOHEYHOE YHCIIO METOJOB, HMEFOLIHX OTHO
U TO >Xe 3HayeHue MeTpuku. IlockoJbKy Kaxkaas mporpaMMHas CUCTeMa BCErzJa MMeeT JIMIIb
KOHEYHOE YHCIIO0 METOJOB, MBI PEIIIH NpodieMy ¢ IMKIaMH B rpade G, NMpeBpaTHB CHIBHO
CBsI3HBIE KOMIOHEHTHI (strongly connected components, SCC) B oamHouHble MeTay3inbl SCC.
3HaueHUsT MeTpHK pasmepa u ciokHOocTH SCC CTaHOBATCS CYMMOW 3HAa4eHHH METPUK WX
KOMITOHEHTOB. ClIe10BaTeIbHO, KaXIblil MeTo OyIeT UMETh TOJIBKO OJHO 3HA4YEeHHE IS KaXIOH
METpPHUKH, ¥ 3TOMY CBOHCTBY OyIeT yIOBJIETBOPSTH TI000H H3MEpAEMBIil METO.

CpoiicTBo 3. [IBa pa3sHbIX MeToza Vi, v; € ¥ MoryT umets W (v;) = p (v;). ApyruMu cioBamu, ABa
Pa3HBIX METOJa U3 OJHOU U TOH K€ CHCTEMbI MOTYT MMETh OJHO M TO )K€ 3Ha4eHHE METPUKH (TO
ecTh 00a METO/Ia IMEIOT OXMHAKOBBII pa3Mep WIH CIIOKHOCTb, B 3aBUCHMOCTHU OT METPHKHU ).
CpoiictBo 4. B cmyuae, ecnu 1Ba pasHBIX MeToza v, V; € V peanm3yloT OIHY H Ty JXe
(YHKIMOHATBEHOCTE, TO HE 0043aTENFHO UCTHHHO, 4TO [ (Vi) = W (V). 3HaUeHNST METPHKH 3aBHCAT
OT JeTajell pealn3aliyl COOTBETCTBYIOIINX MeTOmOB. [l pacuera 3Ha4eHHH METPHK HE MMEET
3HaueHUs TO (hakT, 4TO0 00a METOAa FEHEPUPYIOT OJMH M TOT )K€ HaOOp BBIXOIHBIX JAHHBIX U IIPU
OJTHOM H TOM k€ Habope BXOAHBIX JaHHBIX HMEIOT B CUCTEME OJMHAKOBBIC TOOOYHBIE 3B (EKTHI.
CaoiicTBo 5. J[5ist BceX pasiIMYHbIX METOMOB Vi, V; € V TOIDKHO BBITOMHATBECS: [ (Vi) < (vi @ vy) A
n () <p(vi @ v). 3mecs, v; @ v; npencrasiser coboii nepectpoeHre rpad)oB KOCBEHHOH CBSI3H V;
u v; (10 ectb ICG; 1 ICG;)), koTOpOE MoydaeTcst J00aBICHHEM CBSI3H UL IBYX METOJOB, B KaXJIOM
H3 IBYX TIOATpahoB. ITo 03HATAET, UTO JIOXKHEI 002 OTHOIIEHHS 1M; > M; ¥ M; > M/, TO €CTh HOBOE
3HaYCHUE METPHKHU Ul 00BbEeANHEHHS IBYX IMOArpadoB KOCBEHHBIX CBSA3EH BCEraa JOKHO OBITh
OoJIbIlIe WK PAaBHO METpPUKE JII0O0T0 U3 TOArpadoB.

CpoiictBo 6. ITycTb Vi, v;, vi € V' — Tpu pasHBIX MeToJa B cucteMe, Toraa p (vi) = p (v) #
w(vi @ vi) = p (v; © vi). MoxkeT ciryduThCesl, 4YTO 3HAUCHUE METpUKH 00benunenus rpados /CG; n
ICGy Gyzet oTAMYaThCS OT 3HAYEHHA METPUKU Ipada, MoIyueHHOro myreM oobeaunenus /CG; u
1CG;.

CpoiicTBo 7. Pazmep mim CIoXXHOCTh METOAA V; IOJDKHBI BIUATH HA PACIIOJIOKEHHE MM HOPATOK
nyteit BeoBa /CG;. Ilycts (vi, vj), (v, vi) € A; — nBa pa3HBIX BbI30Ba Merona B [CGi, u
MPENOIOKAM, 9TO JAPYTOTO IYTH OT V; K V; He CymiecTByeT. HoBrit rpad IC G| nus v; momydaercs
B pe3yjibTaTe HM3MEHEHUs IMOpsaKa STHX BBI30BOB Ha (v]’ v ) (vi{,vy). Torma HOMWKHO OBITH
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MCTHHHO, 4TO W (Vi) # W (V), yuuThiBas, uto Teneph vj ¢ V;'. D10 CcBOICTBO OGpeTaeT CMbICI B
KOHTEKCTe METpPHK, NpeIHAa3HAYeHHBIX JUIi HW3MEPEHMS CIOXKHOCTH JAHHBIX WM IIOTOKA
yIIpaBJIEHHUSL.

CaoiicTBo 8. Eciin MeToz v; 3T0 NepenMeHOBaHHbIH MeToa v; € V, To w (v) = p (v]). B nanHom
cllydae TeperMEHOBaHME — 3TO IOCIeNOBaTeNbHAs CHCTEMAaTHYecKas 3aMEeHa BCEX BXOXKICHHH
uaeHTH(UKATOpa B OAHOW OOJACTH OIpEACICHHUs HA JPyroW, paHee HE HCHOIb30BABIIUICS
naeHTU(GUKATOp. DTO CBOWCTBO BBINONHSETCS BCSIKHMH pa3, KOrJa Mbl IPHMEHSEM 3aMeHy K
noarpady KOCBEHHBIX CBsI3ei JII0OOro MeTo .

CaoiicTB0 9. MoryT CcymiecTBOBaTh pa3Hble METOAEI v;, v; € V, Takue, ato W (v;) + 1 (v) <p (v @ v).
B HekoTOpBIX citydasx 0OBEIUHEHHBIH rpad MOXKET ObITh OOJNBIIE WM CIIOXKHEE, YEM CyMMa HX
pa3sMepoB MM CIOXKHOCTEH. DTO CBOMCTBO MBITAETCS OTPa3sUThb TOT (PAKT, UYTO MEXKIY
KOMOMHHPOBAHHBIMU 3aBUCUMOCTSIMU MOXKET BO3HHKATh HEKOTOPOE B3aUMOJEHCTBHE.

Kpome TOro, MBI BBICKAa3bIBa€M HEKOTOpHIE IIPEAIOIOKEHHS, KOTOphle HEOOXOAUMBI IS
AQHAJMTUYECKONM OLEHKM MpeAJoXKEeHHbIX MeTpuk. IlepBoe mpeamonoxeHue KacaeTcs
CTaTHCTUYECKOTO PACIpeIeIeHNs 3HAYeHHH METPHK, a OCTAIbHbIE IBa — MOIITHOCTH O0BEIMHEHHBIX
METOJI0B ITOCPEICTBOM PECTPYKTYPHU3ALIHIH.

Mpeanosoxenue 1. [Tycts v; € V' — npou3BOJIBHBII METOT 3 CUCTEMBI S, U

FAN-IN; = Kon4uecTBO METO0B, BEI3BIBAIOIINX V;,
FAN-OUT; = Koau4ecTBO METOJIOB, BBI3BIBAEMBIX U3 Vj,
LOC; = KonuuecTBo cTpok Koja B Vi,
CYC;  =llukiomaruueckas CIOXKHOCTD V.

3nauenuss FAN-IN;, FAN-OUT;,, LOC, wn CYC; SBISIOTCA IUCKPETHBIMH CIydalHBIMHU
nepeMeHHbIMU. Kaxk1ast U3 9THX IepeMeHHBIX KMEeT CBOO (DYHKIIUIO pactpeneneHus. s kaxmaoro
vi € V, Bce 3HaueHust FAN-IN; He3aBHCHMBI M OIMHAKOBO pacmpexenensl (independent and
identically distributed, i.i.d.), 3T0 e oTHOCUTCS KO BceM 3HadeHUsM FAN-OUT;, LOC;, u CYC;. B
9TOM IUIaHE KOJIMYECTBO BBI30BOB METOOB, YHCIO CTPOK KOJA M IMKIOMATHYeCKas CIOXKHOCTh
MOAYMHSIIOTCS HEOYEBHIHOMY CTATHCTHYECKOMY pacIpeleeHuo. bomee TOro, HEBO3MOKHO
MPe/ICKa3aTh KOJIUYECTBO BBI3OBOB METOJIOB, YUCJIO CTPOK KOJA M IIMKIOMATHYECKYIO CJI0KHOCTh
OITHOTO METOJ/Ia, OCHOBBIBasICH Ha 3HAaHMH KOJMYECTBAa BBHI3OBOB METOJOB, YHCIA CTPOK KOJAa U
LUKJIOMAaTHYECKOH CIOKHOCTH IPYTOTr0o METO/IA B TOM K€ CHCTEME.

pennoso:xenne 2. JIroOble 1Ba METOA V; U V; MOTYT UMETh KOHEUHOE YHUCIO OOMIUX METOJ0B B
IC Gif ulC ij , B TOM IUIaHe, YTO 00beAMHEHNE 0OOMX METOJIOB B OJIMH MPUBEIET K TOMY, YTO KaKOH-

HUOYZb M3 OOIIMX METOIOB MOXKET MepecTaTh OBITh OOIMM (TO €CTh CyMMa MOIIHOCTEH 000MX
noarpados Oyaer OoJbIIe WM paBHA MOIIHOCTH 00BEAMHEHHBIX MOArPadOB XPYITKOCTH)

licel uice!| = |ice!| +ice!| - |ice! nica/|.
Ipennoso:kenne 3. AHaIOrUYHO, TOOBIE JBA METOA V; M V; MOTYT UMETh KOHEYHOE YHCIIO OOIIIX
MeTonoB B ICG] u IC G]-r, B TOM IUIaHE, 4TO 00beIMHEHNE 000MX METO/IOB B OJIMH MPHBEAET K TOMY,
YTO KaKOH-HHOY b U3 OOIIMX METOIOB MOXKET IePeCcTaTh OBITH OOIINM (TO €CTh CyMMa MOIITHOCTEH
o0oux moarpadoB OyaeT OobIIe WK paBHA MOITHOCTH 00BEIMHEHHBIX TOATPA(OB KECTKOCTH)

[ICGI uICG]| = |ICGT| + |ICG]| = |ICG] nICG]|.

5. C6op amnupuyveckux OaHHbIX

B sTOM pazznene o0bscHIETCA METOA, KOTOPBII peann30BaH B HAIIeM NIPOrpaMMHOM HHCTPYMEHTE
JUIS U3BJICUCHUS] IAaHHBIX M3 MCXOJHOTO KOJa MPOTPAMMHBIX CHCTEM M pacdeTa KOJIHYeCTBEHHBIX
XapaKTepPUCTUK KOCBEHHBIX CBs3ell. B pa3zerne Taxke npencTaBlIeH U OMHUCHIBAeTCA HAOOp JaHHBIX
IIPOrPaMMHBIX CHCTEM, HCIOJIb3yeMbIX IPU IPOBEPKE METPUK.
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5.1 AnropuTtm

Pa3paboTaHHbIi HAMA HHCTPYMEHT CTPOUT rpadsl KocBeHHBIX cBs3elt (ICG) st kax a0 QyHKITNH,
oOHapy>KCHHOH B mNporpaMMHO# cucteMme. [Iporpamma Hamucana Ha s3bike C, HCIIONB3yeT
w1aTGOpPMy C OTKPBITHIM HCXOMHBIM KOJOM M IJIsi KOMIWIILMU HCXOIHOTO KOJa MpOrpaMM U
MOCTPOCHUSI €0 abcmpaxkmuozo cunmakcuieckoeo oepesa (Abstact Syntax Tree, AST) ¢
CEeMAHTHYECKUMHU TNPHUBA3KaMH, BBINOJHEHUS crathdeckoro aHamm3a AST um cospmanmsa rpada
3aBHCcHUMOCTH IIporpaMmsl (Program Dependence Graph, PDG) ucnons3yer texaonoruu Roslyn u
.NET Compiler Platform (cm. anropurym 1 u puc. 1). Y3161 PDG — 310 MeTons1 u3 AST, a ero pebpa
— 3TO0 NOJIUMOP(HBIE BEI30BBI MEXY 3TUMU MeTogaMu. ITonumopdHbIil BEI30B — 3T0 1r0001 IpsiMoi
BBI30B MEXIy MABYMS METOAaMHM, 000N BBI30B, KOTOPBIA MOXET OBITh BBIIOIHEH uepe3
peanu3zauuto uaTEpdetica, WK 10001 BHI30B, YTOUHEHHBIH CXeMOM HacIeJ0BaHHUS.

PDG MoXeT UMETh IIUKIIBL, TO €CTh IUKJINYECKUE ITyTH BHI30Ba MEXTY IBYMS HIIH 00JIee METOJaMH.
Jlpyroe Ha3BaHMe noArpadoB, 00pa30BaHHBIX STUMH [UKIAMH, — CHIIBHO CBSI3aHHBIE KOMIIOHEHTHI
(Strongly Connected Components, SCC). MeTobl, onpeeeHHbIe BHE IIHKJIA, MOTYT BBI3bIBAThH
OJIMH MJIU HECKOJIBKO METOJIOB LIUKJIA. AHATOTHYHO, METOIbI B ITUKJIE MOT'YT BBI3BIBATH METO/bI BHE
uKkiIa. TeM caMbIM, TpyJHO TapaHTUPOBATh, YTO LIUKIIBI OYAyT UMETh He OoJiee OHOM TOUKH BX0O/a
U OJIHOHU TOoukM BbIXoza. Ham uHCTpyMeHT peanusyeT anroputM I'aboy [37] mnsa npeoOpazoBaHus
PDG B OpHEHTHUPOBAaHHBI AlMKIMYECKHH Tpad TMyTeM BBIBICHHS CHJIBHO CBSI3aHHBIX
KOMITOHEHTOB M 3aMEHbI KaXKJI0T0 U3 HUX OIHUM CBEPHYTBHIM MeTay3JioM. BecoBoe 3HaueHue 3TUX
CBEpHYTHIX KOMIOHeHTOB SCC mpencraBisieT co00H CyMMy BECOBBIX 3HAUEHHI €0 METOMOB.
Kaxxaprit MeTon mMMeeT HECKONBKO Pa3MYHBIX BecOBBIX xapakrepucTuk: FAN-IN, FAN-OUT,
NOM, LOCu CYC.

Navas-Su J., Gonzalez-Torres A. Measuring Software Complexity using Indirect Coupling. Trudy ISP RAN/Proc. ISP RAS, vol. 35, issue 6,
2023. pp. 43-74.

1: Input C — MHOeCTBO (hailJIOB HCXOAHOTO KOAIA

2: Output M — MHOXXECTBO U3BJICYEHHBIX METPHUK

3: Output /C — MHOXECTBA KOCBEHHO CBSI3aHHBIX METO/IOB

4:

5:DC+—0Q o DC: I'pad ananm3a BEI30BOB METO/I0B, HEPAPXUH KJIACCOB U peaan3auuy HHTepheicoB
6:

7:for all S € C do & §: daiin HCXOAHOTO KOzIa
8: ASTs < Generate AST from § > ASTs: AGCTpakTHOE CHHTAKCHYECKOE AEPeBO U3 S
9: for all references (7, j) € ASTsdo

10: Add Reference (i, j) to Graph DC o IIpeoGpa3oBaHue BbI30BOB HOIMMOP(MHBIX METOJOB B (haKTHICCKUE
11: end for

12: end for

13:

14: SCC « 3anyck anropurma I'aboy (nouck SCC B DC) & SCC: MHOKECTBO CHJIBHO CBSI3aHHBIX KOMIIOHEHTOB
15: DAG « Cgeptka SCC na ocHose DC u SCC > DAG: HanpaBiieHHbIH alMKINYecKuii rpad
16: IC « Tlouck B mmprHy Ha MHOXecTBe MeTonoB IC u3 DAG > /C: MHOXECTBO KOCBEHHO CBSI3aHHBIX METOJIOB
17: M < U3Binedenue MeTpHK ¢ ucronb3opanueM DAG u IC > M: MHOXECTBO METPHK
18:

19: return (M, IC)

Aneopumm 1. Aneopumm uzeneuenus komnonenmos M u IC ona popmanvnoii cucmemvr ommowenuii F
Algorithm 1. Algorithm used by our tool to extract components M and IC for the formal relational system F

51

&
SCC: Strongly Connected Components

DAG Breadth IC: Indirect Coupling

Gabow  Collapse First Search Subgraphs
—® 000000
Directed Acyclic Graph O-0-0-0-0-0
PDG Gen:
AST Graph
E] Generat(i ﬁ Generator 0:8 M: Metrics
Source AST: DC: Direct Coupling Graph

code Abstract Syntax Tree

Puc. 1. Anzopumm useneuenus Mempux u nooepaghos KOCGEHHbIX C6513€ll U3 UCXOOHO020 KOOd.
Fig. 1. Algorithm used to extract metrics and indirect coupling subgraphs from source code.

Ham wunHctpymeHTapuii paccMaTpuBaer anukinndeckuii rpa¢p DAG co cepuyteivu SCC u
MPUMEHSET TOUCK B IIUPUHY, COCTABISAA JUIS KaXKIOr0 METOJa B CHCTEME MHOXECTBO
TPaH3UTHUBHBIX 3aMbIKaHUW T W MHOXKECTBO METOJIOB C KOCBEHHBIMHU CBsi3simu /C.

HaGop TpaH3UTHBHBIX 3aMbIKaHUI 7 CONEPIKUT MIPSMbIE TPAaH3UTUBHbIE 3aMbIKAHUS t{ UL KaXKJI0TO
MeToja v; € V st pacueta XpyIKOCTH WK OOpaTHbIC TPaH3UTHBHBIC 3aMbIKaHus t] Ul pacuera

)kecTkocTd. MHoxkecTBo IC METOA0B C KOCBEHHLIMHU CBA3AMH COHCPKUT MHOXKECTBA KOCBECHHBIX

cBsizel Ic; JUI KaXJO0ro v;. 3aMeThbTe, YTo iC; paBHO ic{ B METPUKaX XPYIKOCTH U PaBHO iC] B

METPHKaX KECTKOCTHU, U YTO in

* -
P = V{ — 9TO MHOXECTBO Y3JI0B t{ = (Vlf , A{ ), a ic; =V} —aro
MHO)ecTBO y310B t] = (Vi,A]”). Haml WHCTpYMEHT BBIYHUCIISIET METPUKH M; € M, WCTons3ys

BE€COBBIC 3HAYCHUA 3JIEMCHTOB B iCi.

5.2 Habop AaHHbIX

IIporpaMmbl, KOTOpbIE HCIHOIB30BAIUCH AJISI MPOBEPKU BBIYUCICHHBIX METPHK, MPEICTABISIOT
coboit 11 cucrem, HamucaHHelx Ha s3bike C#. lllecTh M3 HHUX OTHOCATCA K KaTeropuu
MIPOMBIIUICHHBIX, @ OCTAIBHBIC TIATh — 3TO MPOrPAMMBI C OTKPBITBIM HCXOJHBIM KoJoM. B Tadm. 1
JUISI 5THX CUCTEM IPHBE/ICHBI CBEICHNS O KOJIYECTBE METOIOB MM y3110B B rpade G (NOM), obuiee
konmyecTBo cTpok kozaa (LOC), oOmmas koMOMHUpOBaHHAs HUKIoMaTHdeckas ciaoxHocTh (CYC),
gucio kinaccoB (Classes) 1 BBI30BOB MeTO10B Wik pebep B rpade G (Calls). B aToit Tabiuiie taxke
yKa3aHo o0I1ee KOINIeCTBO KOCBEHHBIX cBsi3el B G (Paths), MakcuMainbHast M CpeHss IJIHHA TAKHX
CBsi3el, a TakKe CpeJHee KONMYECTBO CTPOK KOJa BCEX METONOB B Kaxoi cucreme. CHcTeMBI
OTCOPTHPOBAHBI B TIOPSIKE YOBIBAHUS OOIIETO KOJINYECTBa KOCBEHHBIX CBS3EH B KaXKJOH CHCTEME
(Paths). 3nauenust B cronbuax NOM, LOC, CYC, Classes u Calls — 3T0 Hamm nojcyersl, OHA HE
YUHUTBIBAIOT KOCBEHHYIO CBSI3b MEXK/Yy METOJJAMHU.

[IpoMBIIICHHBIE CHCTEMBI CO3JAHBI JBYMsS KOMITQHHSIMH-Pa3pa0OTYMKaMU MPOTPaMMHOTO
obecrnieyeHns, Ha3BaHHBIME 31eck Kommanus 1 u Komnanus 2, 9ToOBI COOIIIOCTH COTJIAIICHAS O
Hepasrnamennd uHGopmanuu. Mccenemyrores cucrembl Cucrema 1, Cucrema 4, Cucrema 5 u
Cucrema 6, paspaborannsie Komnanueii 1, a taxoke Cucrema 2 u Cucrema 3 Komnanuu 2. Pazmep
9THX Mporpamm kosebdnercs ot 4606 no 188463 ctpok tekcra (LOC).

Hamu Taxke aHATH3UPOBATUCH MPUIOXKEHHUS C OTKPBITBIM HCXOIHBIM KOJOM, K KOTOPBIM OTHOCSITCS
MongoDB C# Driver 2.9 [38], Json.NET 12.0.1 [39], .NET Micro Framework 4.4 [40], NodeJS
Tools [41] u Neo4j .NET Driver 2.0 [42], pazMep KOTOpbIX HaXxoauTcs B auana3zone oT 3403 no
67633 crpok Tekcra (LOC). ITo mMepe yBenuveHHs KOJHYECTBA CTPOK KOJA B CHCTEMax TaKKe
YBEINYUBACTCS KOJIMYECTBO KJIACCOB M KOJIMYECTBO METOOB, 32 MCKIIOYEHHEM HpIiIokeHus Oz, y
KOTOPOTO MEHBIIIE KJIACCOB, YeM y NpriIokeHust Os, HO B CpeHeM Ooliee KpyIHbIe METO/IBL.
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Tab6n. 1. Qucnennvie Xxapakmepucmuki RPOMbIULEHHbBIX CUCIEM U CUCIEM C OMKPbIMbIM
UCXOOHBIM KOOOM
Table 1. Size properties of industrial and open source systems

ID CucreMHOE UM NOM | LOC | CYC |Classes| Calls Paths Homia | Joua | LOC_
(max) | (cpennsis) |Methods

Iy System 1 2,832 | 17,020 | 6,062 | 842 | 3,290 73,667 15 7 6.01

I, System 2 20,362 |188,463| 55,693 | 2,633 | 23,351 | 51,202 14 2 9.26

I3 System 3 18,525 [177,050| 42,598 | 3,507 | 23,893 | 42,030 9 3 9.56

Iy System 4 3,786 | 29,077 | 10,293 | 1,563 347 3,760 8 1 7.68

Is System 5 1,065 | 6,062 | 2,102 | 336 349 1,037 8 1 5.69

Ig System 6 825 | 4,603 | 1,542 | 251 386 739 8 1 5.58

0; |MongoDB C# Driver | 8,034 | 37,181 | 16,128 | 1,415 | 16,073 | 20,751,439 35 14 4.63

0, Json.NET 1,574 | 10,185 | 5,401 167 | 3,104 | 11,013,586 29 16 6.47

03 l{,\]r]j;:‘/::rf 9,038 | 67,633 | 25,217 | 1,824 | 10,823 | 57,428 22 8 7.48

0, NodeJS Tools 3,288 | 18,507 | 8,731 596 | 3,185 22,393 18 8 5.63

Os5 | Neo4j NET Driver | 1,018 | 3,403 | 1,523 | 210 1,150 8,324 22 10 3.34

6. PacuemHble kpumepuu Mempuk

B aToM paznene onmcanne KaxkIoi npeuiaraeéMoiil METPHKH BBIICIICHO B OTIEIBHBII mogpasaen. Ha
Bornipoc (RQ1), mocTaBineHHBIH B Hadaie CTaThH, OTBEYAIOT TMOApas3nensl “OmnpeaerneHue”,
“TeopeTndeckue OCHOBBI” 1 “AHanuTH4yeckue onenkn”. Ha Bonpoc (RQ2) oTBeuaroT moapasaesnst
C 3aroJIoBKamMu: “BaxkHble cooOpaxkeHus” U “DKCIIepUMEHTaIbHbIC TaHHbIE .

6.1 BbluncneHue nokasarens xpynkoctu metogo (FNOM)
Mertpuxa FNOM 15 TaHHOTO METO/a ITOKA3bIBAeT KOIMYECTBO METOAOB B MoArpade XpymnKOCTH.

6.1.1 OnpepeneHue

Iycte v; € V — 310 MeTon, p = FNOM, u ic; = {vq -*- v,,} — MHOXECTBO BCEX METOJIOB B ic{ (To
€CTh BCE METOJBI B Tpade XpyNKOCTH KOCBEHHBIX CBsI3ei METOa V;, BKIIOYAsl CaM 3TOT METON).

Torpma:
n

m; = p; = FNOM, = Z NOM, @)
k=1

6.1.2 TeopeTu4yeckme OCHOBbI

B orHomeHnn koHKpeTHOro Merona Merpuka FNOM cOOTBETCTBYET paCIIMPEHUIO METPHUKH
cinoxHoctd FAN-OUT. FNOM — sto FAN-OUT, paccuntsiBaeMas i moxarpada XpyHnKOCTH
KOCBEHHBIX CBf3¢H 3Toro Mmeroza (TakuM o0pa3oM, IIOIy4aeMoe 3HA4YeHHE COOTBETCTBYET
KOJINYECTBY METO/IOB, KOCBEHHO BBI3BIBAEMBIX U3 JIAHHOTO, BKJIIOYAs caM 3TOT MeToxa). FNOM
BKJIIOUaeT B ce0st 3HaueHust Metpuku FAN-OUT Bcex MeToz0B B moarpade xpynkocta merona. Jta
METpPUKA YYHUTHIBAET CKPBIThIE 3aBHCUMOCTH Ha OJTare, BO3ZHHUKUIME NpPU MPOCKTUPOBAHUH, U
IpUMEHseTCs NpU YIPaBICHUU Pa3MEPOM U CIOKHOCTBIO, a TaKXKe JUI CIEeIOBaHHA NPUHIUIAM
HHKAICYJISIIUY.

6.1.3 AHanuUTU4YeckKkue OUEHKMU

[ycts v, v; €V 1Ba pasHbIX NpoOW3BONBHBIX MeTona u3 cuctembl E. Tlpennonaraercs, uro
nepemennsle FAN-OUT; u FAN-OUT; sBnsrores i.i.d. (cm. [Ipenmonoxenne 1). AHanmormdasie

53

Navas-Su J., Gonzalez-Torres A. Measuring Software Complexity using Indirect Coupling. Trudy ISP RAN/Proc. ISP RAS, vol. 35, issue 6,
2023. pp. 43-74.

NPETIONOKENUS NeNaloTes it nepemennbix m; = FNOM; u mj = FNOM;. CooTBeTCTBEHHO ¢
HEHYJIEBOH BEPOSTHOCTBIO W; # W, TEM CaMbIM yHoBieTBopsieTcst CBoiicTBO 1. CBOHCTBO 2 TakKe
BBINOJHAETCS (CM. CBOWCTBA B paszeine 4). CymecTByeT HeHyseBas BEpOATHOCTb TOTO, 4TO 3 Vj, €
V| w; = ng, cunenosarensHo, CBoiictBo 3 BbimonHseTcs. (PYyHKIMOHANBHOCTB, BBIIOIHSIEMAs
METOJIOM, HE OIIPEe/eNieT KOJMIECTBO BBI30BOB METO/OB B €T0 moArpade XpymKOCTH, IOCKOIbKY
9TO 4YHCIO B OOJIbBHICH CTENCHHM 3aBHCHT OT IPOCKTHBIX DPEIICHUH, HE 3aBUCAIINX OT 3TOH
¢ynxumonankHoCTH, MO3TOMy CBOHCTBO 4 BBIMONHseTcs. Ilycts W; =m; u p; = m;, Torna
3HAQUCHHE METPUKH OOBEAWHEHHs O0OMX METOIOB paBHO u(v,- D v,-) =m;+m; — 3§, rne 8§
f

KOJINYECTBO OOLIUX METOMI0B B rpadax ic; u ic;.( . MakcumanbsHoe 3HaueHue 8 paBHO min(m,-, m]-).

CrnenoBaTenbHO, p.(vl- @ v,-) = WU u(v,- ) v]-) = W, YTO rapaHTUPYeET BbinoaHeHne CBOHCTBA 5.

Hanee, nyctb W; = W;, u v, €V Takoi, uto ici umeeT B MeTon0B, OOMIUX C ic{ (cm.

[Ipeanonoxenue 2) u 8§ meTon0B, 00MIKX C ic}r ,rne B # 8. Torna

nw; Sv) =wi+m—p
;@ v) =W+ —8

CnenoBatensHo, W(v; @ vy) # u(vj @ vk), 10 ectb CBoiicTBO 6 BbImonHsercs. CBoiicTBa 7 1 8
BBINONHSAIOTCS (CM. CBOKCTBA B pasjene 4). IlycTb st mo0bIX IBYX METOJIOB V; M Vj YUCIIO Y — 9TO

KOJIMYECTBO OOIIMX METOAOB B rpa(bax lC{ u in, a 8 — 9TO KOJIMYECTBO HOBBIX METOA0B, BOSHUKIIINX

f i f
i M IC; ¥ NIOTyeHus

rpada ic‘if,. Torna ecnu 8 >y, To UCTHHHO OTHOWIEHHA M; + M; — Y + 8 > m; + m; (10 ecTh

B pPe3yJIbTaTe PECTPYKTYpU3alMU, HE0OX0UMOM 11l 0ObeauHeHus rpados ic

u(v,- (&) 17,-) > u(vy) + u(vj) TIPY 33JJaHHBIX V; v,-). CnenmoBatenbHo, CBOHCTBO 9 BBITIONHAETCS.

6.1.4 BaxHble coobpaxeHuns
Huxe TIPUBOAATCSA HEKOTOPLIC COOGpa)KeHI/IH, KOTOPBIC ITOJIE3HO YUYUTBIBATH B OTHOILICHUH FNOM:

e FNOM — 570 Goee noaHast MeTpHKa cloxkHOCTU MeToAa, yeM FAN-OUT. FNOM — cBoero
pona pexypcuBHblii BapuanT Metpuku FAN-OUT.

e KonmuecTBO METOMOB, PEIIAuX CHOPMYIHMPOBAHHBIE B MPOrpaMMe 3aIadd, MOKHO
HCTIONB30BaTh A IPEACKa3aHUs TOTO, CKOJIBKO BPEMEHH U YCWIHH TMOTpedyercs s
pa3paboTku, TOHMMaHMs (BKIIOYAsh IPOCIC)KUBAHUE METOAOB) W  COMPOBOXKACHHS
(YHKIIMOHATIBHOCTH, BBINOIHIEMOH MeTooM (entry point method) [7].

e Uewm Gombie 3HayeHne MeTpukd FNOM mertozna, TeM Goibllie BEpOSTHOCTH TOTO, YTO
moboe W3MEHEHHe TOBIMSEeT Ha 3TOT METOA 4Yepe3 €ro 3aBHCHMOCTH (TO €CThb, UTO
BO3HHUKHET BOJHOBOH 3(()eKT ommOOK, M3MEHEHHH, TECTHPOBAHUSI, PECTPYKTYPH3AINH).

e MeToapl ¢ MHOTOYHCIEHHBIMH 3aBUCUMOCTSAMHU, CUUTAIOTCA MEHEEC IPUTOAHBIMHU IJISL
IIOBTOPHOI'O UCIIOJIb30BaHUsA, OHAU bosee CHEIII/I(I)I/I‘IHI)I JUIS TIDUJTOKEHUS.

V kopueBoro mMetozna merpuka FAN-IN paBHa HyIio; y JTUCTOBOTO METOJla paBHA HYJIIO METPHUKa
FAN-OUT. Cpennune 3Ha4eHHsT METPUK ISl BCEX KOPHEBBIX W KOHEUHBIX METOJOB BCEX CHCTEM
npuBeeHs! B Ta0. 2. CpeiHue 3HAYCHUSI METPHUK XPYIKOCTH PACCUUTAHBI TOJIBKO IS KOPHEBBIX
METOJIOB, & CPEHHE 3HAYCHUSI METPHK JKECTKOCTH MPEACTABICHBI TOJIBKO JUIS JIUCTOBBIX METOJIOB.

6.1.5 O3OkcnepuMMeHTanbHblIe AAHHbIE

CBoxHast cratuctuka mo metpuke FNOM Bo Bcex cuctemax mpezcraBieHa B Tadn. 3. [Tomumo
MHHUMYyMa, 1-ro KBapTWiIs, MEIHMaHEL, 3-T0 KBapTWIA U MakcumyMa uii FNOM, B Hell mokazaHo
Hauboinee yactoe paccrosHue (MFD) mexnay 3nauenusmu metpuk FAN-OUT u FNOM (10 ecTh
JUTSE K&KAOTO METo/a v; B cucteme paccrosiaue paBHo D; = FNOM; — FAN-OUT; Tak ato MFD
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Oymer Hamboiee YacThIM D; B CHCTEME), a TaKKe INPOIEHTHAs JOJII METOJOB CO 3HaYCHHEM
D;=MFD ot ux obmero uucia. B Tabnuie Tarke mpeactaBieH Kod(pQUIMEHT Koppensuuu
Kennanna mexny 3HaueHusimu Mmetpuk FAN-OUT u FNOM, a takxe ero p-srHauenue.

Hawubonee mmpoko HCHONB3yeMble cTaTHCTHYECKHE KO3(GHUIMEeHTh koppensiunu — IlupcoHa,
Crmpmena u Kennmamma. Mpl He MOIIH HCIOJIB30BaTh Koppesiuuio I[IupcoHa, MOCKONBKY OHA
TpebyeT, YTOOBI JaHHBIE COOTBETCTBOBAIN HOPMaJIbHOMY paclpelefneHuo. MBI Takke He MOIJIH
HCTIONB30BaTh Koppersinuio CrupcMeHa, TIOTOMY YTO OHa HEBEPHO BEIET y4eT 3aBUCHMOCTe. MBI
BbIOpanu T-craTicTHKy Kennmamna [43], HCHONb3yeMyro [UIs OLIEHKH PAHTOBOW MEPHI CBSI3H MEXKIY
JIBYMSI METPHUKaMH.

Tabn. 2. Cpeonue 3naueHus Mempux us Memooos root*/leaf
Mecro s ypasuenus.Table 2. Average metric values from root*/leafmethods

C“°;§:H°e FNOM FLOC FCYC RNOM RLOC RCYC
I 16 122 50 14 110 31
I 3 29 10 3 83 19
I 6 66 27 6 182 28
I, 1 8 3 1 9 3
Is 1 8 3 2 10
I 2 10 3 2 13 4
0, 74 544 224 76 522 147
0, 49 335 166 56 588 324
0, 8 53 20 9 131 49
0, 5 29 13 6 67 31
05 11 40 15 10 46 21

*Kopnesvie memoowt 011 FNOM, FLOC u FCYC (Root methods for FNOM, FLOC and FCYC)
FJlucmosvie memoowt ona RNOM, RLOC u RCYC (Leaf methods for RNOM, RLOC and RCYC)

Tabn. 3. Ceoonas cmamucmuka 01 mempuxu FNOM
Table 3. Summary Statistics for the FNOM metric

Sys MFD" | %MDF Tt p-val Min 1Q Med 34Q Max
I4 1 64 0.82 0 1 1 2 12 119
I, 1 85 0.95 0 1 1 1 3 229
I3 1 63 0.88 0 1 1 2 4 100
1, 1 98 1.00 0 1 1 1 1 47

I 1 95 0.99 0 1 1 1 1 47

Ig 1 92 0.98 0 1 1 1 2 47

0, 1 58 0.80 0 1 1 2 31 560
0, 1 49 0.73 0 1 1 3 23 689
03 1 65 0.85 0 1 1 2 6 300
0, 1 75 0.90 0 1 1 1 3 234
O 1 70 0.88 0 1 1 1 4 153

*MFD: naubonee uacmoe paccmosnue mexcoy FNOM u FAN-OUT (MFD: most frequent distance between
FNOM and FAN-OUT)
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"t: koahpuyuenm xoppensyuu Kenoanna mexcdy FNOM u FAN-OUT (z: Kendall correlation coefficient
between FNOM and FAN-OUT)

@Oynkimu mioTHocTH [44] metpuku FNOM 15t Bcex cucTeM IpesicTaBIeHbl Ha pHC. 2, a IMHEHHbIe
rpapuku co 3HaueHusMH MeTpuku 1t FNOM u FAN-OUT mis Bcex MeToioB [45] B Kaxmoin
cucreme, pamxupoBanHoi mo FAN-OUT, nokaszanbl Ha puc. 3 (Kaxaoe 3Ha4YEHHE MO OpAHHATE
nuHelHoro rpaduka npeacrabisier 3HaueHuss metpuk FNOM un FAN-OUT, a 3HaueHust mo ocu
a0cIpice MpeJCTaBIIIOT PaHT MeToZoB, ymopsmodeHHbIX o0 FAN-OUT, a 3arem mo FNOM, Te
3HaueHus, uIg KoTopeix pasHuia mMexny FNOM m FAN-OUT cocraBmser poBHo MFD, e
0TOOpaXKAIOTCH).

Puc. 2. @ynxyus nromnocmu ons FNOM ons ecex cucmem

.1.;'-;:'
10 l
Puc. 2. Density function for FNOM from all systems

Syutern 8 e T Smon NET  WET b Framenons Haari Toxsks Moo HET Db

Syt 3 Syune Syaine 4

metrics — | — nom

Puc. 3. Paccmosnue medncdy snauernusmu FNOM u FAN-OUT 075 panjicupo8antvix mMemooos
6cex cucmem
Fig. 3. Distance between FNOM and FAN-OUT values for the ranked methods from all systems

6.2 BbluncneHue nokasatens XpynkoctTu yncna ctpok tekcra (FLOC)
FLOC — 3T0 COBOKYIHOE KOJIHYECTBO CTPOK KOZIa BCEX METOJ0B B HOATpade XPYNKOCTH JAHHOTO
METOoa.

6.2.1 OnpepeneHue

Iycts v; € V sBastercst metoom, i = FLOC, n ic; = {v; -+ v,,} MHOXECTBO BCEX METOJIOB B ic{ R
TOrza:

m; = i = FLOC; = Z LOC, )
k=1
6.2.2 TeopeTu4yeckme OCHOBbI

Mertpuxa FLOC — 3t0, 110 cyTH, pacmupenne MeTpuku LOC (4HCIIO CTPOK TEKCTa), BEIYUCICHHOE
s Hekotoporo meroga. FLOC — sto merpuka LOC, mpumensemas k noarpady XpymkocTd
KOCBEHHBIX CBf3€H MeToza (OHA COOTBETCTBYET COBOKYIIHOMY KOJIMYECTBY CTPOK TEKCTa BO BCEX
METO/iaX, KOTOpbIE JaHHBII METO/ MOXKET IPSIMO WIIH KOCBEHHO BBI3BIBAaTh, @ TAKXKE B CAMOM 3TOM
MeTozie). OTa MeTpHKa TakKe JAEeMOHCTPHPYET 3aBHCHMOCTH, HE MpOSBMBIIMECS HA OJTame
MPOEKTHPOBAHUsI, JTO IIOMOraeT YIPABISTH CIOXKHOCTHIO M Pa3MepOM MporpaMM, a TakikKe
CJIeJOBATH IIPUHIMIIAM HHKAIICYJISIUH.
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6.2.3 AHanUTU4YecKue OUEHKMU

ITycte v;,v; €V — 1Ba pasHbIX NPOM3BOJBHBIX MeTona M3 cuctembl E. Ilpeanonaraercs, 4o
nepemennbie LOC; n LOC; oGnanator csoiictom i.i.d. (cm. Ilpennonoxenue 1), To xe camoe
npeanonaraercs s nepemennsix m; = FLOC; u m; = FLOC;; cnepoBarensHo W; # Wy, €
HEHYJICBOW BEPOSITHOCTHIO, M BhIMonHsAETCs CBoiicTBO 1. CBOICTBO 2 TakXe BBHIMONHSAETCS (CM.
cBoiicTBa B paszaene 4). CyliecTByeT HEHyJeBas BEPOSATHOCTH TOro, uto Ivy € V| w; = py,
cnenoBarenbHo CBoWCTBO 3 BbimonHsercs. DyHKIMOHAIBHOCTD, BBINOJIHIEMAass METOIOM, HE
ompezensieT obliee KOIUYECTBO CTPOK KOAAa BO BCEX METOJAaX B €ro moarpade XpymnkoCTH,
MOCKONBKY pa3Mep HporpaMMbl — 3TO NPOEKTHOE peIleHHe, He 3aBUCAIIee OT peaau3yeMoi
¢ynKuMORaNBEHOCTH, CreoBaTeNbHO, CBOHCTBO 4 BHIMONHsAETCS. [TycTh W; = m; u P = m;, Torna
f

i

u(v,- (&) vl-) =m; + m; — §, rne 8 — obliee KOMMUYECTBO CTPOK KO/ B OOIIMX METOIAX MEXTY EC
u ic}r . MakcumanpHOe 3HaueHWe & paBHO min(mi, mj). CrieoBaTeNbHO, p_(vl- (&) v,-) =W u

u(v,- () v,-) = W, mosromy CBoicTBO 5 BRIONHseTCs. Hanee, mycts W; = W;, 1 vy € V Takoi,
f

4TO ici uMeeT B CTPOK TekcTa B 00IIMX ¢ iC; MeToaax (cM. YcnoBue 2) U 8 CTpok TekcTa B 00IIUX

METOAaX C ic}t ,rne B # 8. Torna
RV Ovi) =mi+m— B
v, @) =i+ —8
CrnenoBarenbho, W(v; P vy) # p.(vl- ® vk) n CaoiictBo 6 BbimonuHsiercs. CoiictBa 7 u 8

BBIIIOJIHAOTCA. I[.]'I}I TIOOBIX JABYX METOIOB V; U 'Uj, myCThb Y 6y,HCT 3HAYCHHUEM COBOKYITHOT'O 4HClIa

{ u ic{ , 1 IyCTh 8 OyJeT COBOKYIHBIM 3HAYCHHEM YHCIIa CTPOK
HOBBIX METOJIOB, JOOABICHHBIX B pe3yNbTaTe PECTPYKTypH3alUU IpU 00beIUHEHUH IrpadoB ic{ u
iof if

ic; B rpad ic;;. Ecmt 8 >y, To m; +m; —y + 8 > m; +m; (1o ects n(v; ®vj) > nvy) +

u(v]-) TpH 3aJaHHBIX V; U Vj). CrienoBaTenbHo, CBOHCTBO 9 BBITIOIHAETCS.

CTPOK 00IIUX METOJOB B rpadax ic

6.2.4 BaxHble coobpaxeHus
Coo0Opaxxenusi, paccmarpuBaemblie B otHomeHnd FLOC, nepeuncinens! Hinke.

e FLOC — aT0 Oo0nNee TOUHBIH Moka3aTens pazmepa Merona, yeM LOC. FLOC obpasyercs
CYMMHPOBaHHEM HYKHBIX 3HaueHui meTpuku LOC.

e COBOKYNHBIH pa3Mep BCEX METOJOB, BBIMOJHSIONMX HEKOTOPYIO (PyHKIHOHAIBHOCTB,
TaKKe MOXKET IOMOYb CIPOTHO3UPOBATH HEOOXOIMMOE BPEMsI U YCHITHSI ISl pealln3allny,
MMOHUMaHUs (BKJIIOYAsi MOUCK 3aBUCUMOCTEH) M M3MEHEHUs] TpeOOBaHH, BBITOIHIEMbBIX
METO/IOM, SIBIISIIOIUMCS HaYaJIbHOM TOUKO rpada [7].

e bonee Boicokne 3HaueHUs MeTpukn FLOC MeTona yBenmn4nBarOT BEPOSTHOCTH TOTO, YTO
yepe3 JIIOOYI0 M3 €ro 3aBUCUMOCTEH (TO €CTh KAacKaJHble OUIMOKU WM W3MCHEHWUS,
TECTUPOBAHHUE, PECTPYKTYPHU3AIIHsI) METOJ] MOXKET ObITh U3MEHeH. HanprmMep, BeposTHOCTD
TOT0, YTO KaKoe-T1M00 U3MEHEHHE MOBIUIET Ha MOHOJIMTHYIO ITPOrpaMMy, paBHa 1.

° MeTOHBI, KOTOPBIE HMEIOT OoJtbIIe SaBHCHMOCTCﬁ, TNpEANOJI0KUTEIILHO, CIIOKHEES
HMCII0JIb30BaTh NOBTOPHO, OHU Oonee CHCHI/I(bI/I'{HBI JUI KOHKPETHOI'O TIPUJIOKEHUS.

6.2.5 JkcnepuMeHTanbHble AaHHble

CBopgnas cratuctuka o Merpuke FLOC aist Bcex cucTeM mpencraBieHa B Ta0i. 4. B atoii Tabmune
MIOKa3aHBl MUHUMYM, -1 KBapTHJIb, MEHaHa, 3-1 KBapTHiIb 1 MakcuMyM it MeTpuku FLOC. Ona
TaKXKe MoKasbIBaeT Hanbomee yactoe paccrosiaue MFD mexny 3nauenusmu Metpuk LOC u FLOC
U JIOJII0 METOZOB CO 3HAauUe€HHeM MeTpukH, paBHbIM MFD, B 00meM koiaudyectBe MeTo10B. B Helt
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TaKke mpeacrasieH koddduiment xoppemsiun Kennamia mexnay sHadenussmu metpuk LOC u
FLOC, a takxe ero p-3nauenue.

Cpennue 3HaueHns Metpuk FLOC 11 BceX KOPHEBBIX METOIOB BCEX CHCTEM MPEICTABICHEI B Ta0JI.
2.

Oyukiuu mwiotHoctd Metpukn FLOC anst Bcex cucTeM NpeCcTaBlICHBl HAa puc. 4, a JIMHEHWHbIS
nuarpamMMbl  co 3HaueHusMu Metpuku FLOC u LOC s MeTonoB KaxIOW CHCTEMBI,
pamxupoBanHoi o LOC, npezcraBieHsl Ha puc. 5.

Tabn. 3. Ceoonaa cmamucmuxa ons mempuxuy FLOC
Table 3. Summary Statistics for the FLOC metric

Sys MFD" | %MDF Tt p-val Min 1#Q Med 34 Q Max
I 0 47 0.33 0 1 3 6 96 990
I, 0 65 0.85 0 1 1 4 15 20,964
I3 0 45 0.63 0 1 1 9 37 4,860
I, 0 94 0.93 0 1 1 6 11 291
Is 0 80 0.71 0 1 3 4 8 291
Ig 0 71 0.56 0 1 3 4 7 300
0, 0 40 0.48 0 1 1 8 164 4,205
0, 0 34 0.35 0 1 3 16 92 5,621
0, 0 49 0.65 0 1 1 5 32 2,940
0, 0 60 0.70 0 1 1 4 17 1,589
0 0 56 0.59 0 1 1 3 17 555

*MFD: naubonee yacmoe paccmosnue medxncoy FLOC u LOC (MFD: most frequent distance between FLOC
and LOC)
"t: koahpuyuenm xoppenayuu Kenoanna mescdy FLOC u LOC (z: Kendall correlation coefficient between

YNy

Puc. 4. @ynxyus nromnocmu ons FLOC ons écex cucmem
Puc. 4. Density function for FLOC from all systems

Bysinen 1 Sysiee Systerm 3 Epatem 4 Bysterm & Sysian B MorgeDEl €8 Drivsr SeenMET  NET Micen Frasmwork ol Tocks.  Naodj HET Divar

matrics — floc — lac

Puc. 5. Paccmosinue meancoy 3navenusmu FLOC u LOC 015 paudicuposanivix Memooog cex
cucmem
Fig. 5. Distance between FLOC and LOC values for the ranked methods from all systems
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6.3 BbluncneHue nokasartens XPYynKoCcTuU LI,VIK.HOMaTVI"IeCKOﬁ CINMOXKHOCTHU
(FCYC)

Mertpuka FCYC — 310 4mcio, moka3piBarolee 3HaueHue KOHCOIUIUPOBAHHOM IIMKIOMATHYECKON
CIIOKHOCTH BCEX METOJIOB MOArpada XpyrnKOCTH TAaHHOTO METO/Ia.

6.3.1 OnpepeneHue
f

ITycrs v; € V —meton, p = FCYC, u ic; = {v; *** ¥, } MHOKECTBO BCeX METOJIOB B iC;

n

k=1

, TOTJa:

Kommonent (n—1) B ¢opMmyie KOPPEeKTHPYeT pPe3yJbTHPYIOIIee UHCIO LUKIOMATHYECKOH
CIIOXKHOCTH. PesymbTaT 3TOM (hOpMyYNBI mpencTaBisieT co0OH IMOACTAaHOBKY BCEX METONOB (WX
pacuMpeHue nogoOHO MaKpocaM) B KOPHEBOH METOI.

6.3.2 TeopeTu4yeckme OCHOBbI

FCYC cootBerctByeT pacimmpenuto MeTpuku cioxuaoctd CYC st onuHouHOro Metoza. Merpuka
FCYC - a10 Ta e Merpuka CYC, HO B IpHMEHEHHUH K MOArpady XpYMKOCTH KOCBEHHBIX CBSI3EH
3TOro MeToAa. OHO COOTBETCTBYET CyMME IIMKJIOMAaTHUECKHX CIIOXKHOCTEH BCEX METO/IOB, KOTOPHIE
KOCBEHHO BBI3BIBA€T JaHHBII METOJ, BKIOYas ero camoro. Koraa TekcT BBI3BIBAEMOTO METOIA
BCTpamBaeTcsi B TeKCT BhI3bIBatomero Merona, CYC pesynbTHpYIONIEro Kojga paBeH CyMMe
coorBercTByromx uM 3HadeHuit CYC muuyc 1. B pesynbrare BblumTaemMoe B (opmyie (6)
KOMIIeHCHpyeT iumHue (n — 1) equHun. JTa METpUKa TAKXKe YUUTHIBACT 3aBUCHMOCTH, CKPBITHIE
Ha 3Talle MPOEKTHPOBAHMUS, YTO NIO3BOJIIET YIIPABIATH PA3MEPOM U CIIOKHOCTBIO, a TAKXKE CIIEJOBATH
[IPaBHJIaM WHKAICYJISIIUH.

6.3.3 AHanuTU4YeckKue oueHKu

ITycre v;, v; € V — 1Ba pasubIx npousBoibHbX Metona cucreMbl E. Tlepemennsie CYC; u CYC;
OyayT i.i.d. (cM. [Ipeanonoxenue 1), TO ke camoe MbI IPeIIoIaraéM OTHOCHTEIBHO MEPEMEHHBIX
m; = FCYC; nu m;= FCYCj; crnemosarensHo, W; # W; C HEHYJNEBOH BEPOSATHOCTHIO.
CnenoBarensio, CBoiicTBO 1 BbimosHseTcs. CBOHCTBO 2 Takke BBINOIHACTCS (CM. CBOWCTBA B
paznene 4). CymiecTByeT HeEHyJeBas BEpPOSATHOCTb, 4To 3 ¥y € V | u; = Wy, COOTBETCTBEHHO,
CBotiicTBO 3 BhIMONHAETCS. DYHKIIMOHATBHOCTD, BBIMOJHAEMAs METOJOM, HE ONpeAeIsieT oduiee
COBOKYITHOE YHCJIO IUKJIOMATHIECKON CI0KHOCTH JUIS BCEX METOOB B €ro moarpade XpymnkocTH,
MOCKOJIBKY 3TO MPOEKTHOE pelIeHHe, He 3aBHcsllee OT (GYHKIHOHAIBHOCTH, CJEIOBATEIBHO,
Csoiictgo 4 Bemonnsiercs. [lycrs p; = m; u p; = my, rorna u(v,- D v,-) =m;+m;—8,rme 8-

o0I1ee COBOKYITHOE YHCIIO IIMKIIOMATHYECKON CIIOKHOCTH JUTS OOIINX METOJIOB B rpadax if{ u ir:}r .

MakcumaneHoe 3Hauenne 8 pasao min(m;,m;). Torna p(v; @ v;) = w; n w(v; S vj) = W,
COOTBETCTBEHHO, CBOKCTBO 5 BRINONHsETCS. Teneps, mycTsh U; = W, 1 3 vy € V Takoii, uto rpad

ic{t MMEET COBOKYITHOE IIMKJIOMATHYECKOE YHCIIO CIIOKHOCTHU 3 U3 00IIMX METOAOB ¢ rpadom ic’ir

(cm. Ipeamnosnoxkenue 2) ¥ COBOKYITHOE YUCIO IUKIOMATHYECKOH CIIOKHOCTH 8 ¢ rpadom i(:j-c , TIe
B # 8. Torna

;@ vi) = + e — B

n(v; @ vy) = pj + . — 8.
Taxum obpaszom, u(v; @ vy) # u(vj @ vk), u CBoiicTBO 6 BhITONHseTCsA. CBo¥icTBa 7 M 8 Tarke
BBIIONHSIOTCS (cM. pasaen 4). [Tycts v — coBokymHOe 3Hadenne MeTpukn CYC MeToI0B A ABYX
if wic/ , 1 IycTh & OyAeT HaKOIICHHBIM

iincjf B
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. f
rpad ic;. Ecnu 8 > vy, 10 sicHo, uto m; +m; —y + & > m; + m; (T0 ects, u(vi D v]-) > u(yy) +
p(vj) JUTSE 3aJIaHHBIX V; U vj). CnenosartenbHo, CBOHCTBO 9 BEITOIHSAETCS.

6.3.4 BaxHble coobpaxeHus
Coobpaxxenusi, paccmarpuBaeMbie B oTHomeHnn FCY C, nmepeunciieHbl HUKe.

o FCYC —ar0 OoJtee TOYHBIN KOJIMIECTBEHHBIN ITOKA3aTe b IUKIOMATHYSCKON CII0KHOCTH,
gyeM CYC, mockoibKy OH MpuHHMaeT Bo BHMMaHHe 3HadyeHHss CYC BcexX 3aBHCHMBIX
KOMITOHEHTOB.

e CoBOKyINHas IMKIOMAaTHYECKas CIOKHOCTh BCEX METOOB, BBIMOJHSIOIINX HEKOTOPYIO
paboTy, Takke MOXKET MOMOYb CIPOrHO3MPOBAaTh HEOOXOIMMOE BpeMs W YCHJIHS IS
peanu3anuy, NOHMMaHUs (BKIIOYAs HCCIeNOBaHUE moArpada XpYyHKOCTH) U Pa3BHTHA
(YHKIMOHATBHOCTH UCXOAHOTO MeToaa [7].

e Meronsl ¢ Oonee BhicOKMMH 3HaueHHsAMH MeTpuki FCYC m3-3a CBOMX 3aBUCHMOCTEH
OyIyT ckopee Bcero 00Jiee YyBCTBUTEIbHBI K JIFOOBIM MOJH(DUKAIIHSM.

o MCTOZ[LI, ¢ Oojee CIIOKHBIMU 3aBUCUMOCTSAMH, IIO0-BUAUMOMY, 6y,I[CT CJIOKHEC
HCIOJIb30BaTh IMMOBTOPHO, OHU Ooiee CHCHI/ICI)I/I‘{HBI JJI1 KOHKPETHOI'O IMMPUITIOKEHUS.

6.3.5 OJOkcnepuMmMeHTanbHble AAaHHbIE

CBoxHast cratuctuka no nokaszaremo FCYC anst Bcex cucteM mpexacraBiena B Tabm. 5. B artoit
TabJIune MoKa3aHbl MHHUMYM, 1-Hf KBapTwib, MeAuaHa, 3-i kBapTwib u MakcumyM it FCYC.
Tabnuna Takke MokaspiBaeT HaubojIee 4acTo oTMeueHHoe paccrosuue MFD mexny 3HaueHnsIMu
Metpuk CYC u FCYC, monro MeTo0B, MMEIOIINX UMEHHO Takoe paccrosHue MFD, cpenu Bcex
MeToI0B M Kod(duirenT koppensiun Kennamna mexny 3Hauenusmu Metpuk CYC u FCYC, a
TaKKe p-3HaueHue.

Cpennue 3Hauenus Metpuku FCYC a1 Bcex KOpHEBBIX METOJOB BCEX CUCTEM IIOKa3aHbI B Ta0L. 2.

Tabn. 5. Ceoonas cmamucmuka oas mempuxu FCYC
Table 5. Summary Statistics for the FCYC metric

Sys MFD" | %MDF Tt p-val Min 1*Q Med 31 Q Max
I, 0 51 0.4 0 1 2 2 34 314
I, 0 67 0.7 0 1 1 2 8 1,706
I3 0 55 0.62 0 1 1 3 12 592
1, 0 95 0.94 0 1 1 2 3 89
I 0 82 0.8 0 1 1 2 89
I 0 75 0.73 0 1 1 2 2 106
04 0 50 0.38 0 1 1 3 53 1,718
0, 0 37 0.29 0 1 2 8 50 2,940
03 0 61 0.63 0 1 1 2 11 1,208
0, 0 67 0.68 0 1 1 2 8 671
05 0 63 0.54 0 1 1 2 6 231

*MFD: naubonee uacmoe paccmosinue mexcdy FCYC u CYC (MFD: most frequent distance between FCYC
and CYC)

"t koo puyuenm xoppenayuu Kenoanna mexcdy FCYC u CYC (v: Kendall correlation coefficient between
FCYC and CYC)

Oynkiuu mwiotHoct Merpuku FCYC ans Bcex cucTeM IOKa3zaHbl Ha puc. 6, a JMHEeHHble
muarpaMMbl  co 3HadeHHsaMH MeTpuk FCYC m CYC jans MeTONOB KaXKAOH CHCTEMBI,
pamxupoBanHoit o CYC, mpencraBieHs! Ha puc. 7.
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Puc. 6. Density function for FCYC from all systems
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Puc. 7. Paccmosinue meancoy snavenuamu FCYC u CYC 0ns pansicupo8antvix mMenooos ecex
cucmem
Fig. 7. Distance between FCYC and CYC values for the ranked methods from all systems

6.4 BbiuncneHue noka3sarens xectkoctu metogos (RNOM)
RNOM — konu4ecTBo METOAOB B MOArpade sKeCTKOCTH (HJIM PUCKOBaHHOCTH) JaHHOI'O METO/a.

6.4.1 OnpepeneHue

Iycts v; €V — meron, o= RNOM, u ic; = {v, - v,} MHOXeCTBO MeTOIOB B ic] (TO ecTh

nonrpa(b JKECTKOCTH KOCBEHHBIX CBsI3el MeTOIa 'Ui), 3HAYUT:
n

= 4, = RNOM, = Z NOM,; )
k=1

6.4.2 TeopeTuyeckme OCHOBbI

Metpuka RNOM cootBeTcTByeT pacmmpenuto Merpuku cioxHoctd FAN-IN mms Hexoroporo
Mmerona. Ilo cyrm, 3Ta MeTpuka ecTh pesynbrarT mpumeHeHus Merpuku FAN-IN k moarpady
KECTKOCTH KOCBEHHBIX CBSI3el 3TOro Meroma. TeM caMbIM BBIYHCIISETCS KOJIMYECTBO METOMOB,
IpsAMO MM KOCBEHHO BBI3BIBAIONIMX METOJ, BKIIOYas caM MeTod. B 3ToM mokasartene Taroke
YUUTHIBACTCSI BIMSHHE KJIMEHTOB, IOJBEPIIIMXCS pPe(aKTOPUHTY NPH NPOCKTUPOBAHUM, HA
BO3MOKHOCTH YIIPaBJICHUsT pa3MEpOM IMPOTPaMM U UX CJIO0XKHOCTBIO, a TAaK)Ke Ha IOBBIILICHHE
BO3MOXHOCTEl OBTOPHOT'O HCIIOIb30BAHUSL.

6.4.3 AHanuTuyeckue oLeHKu

Mycte vy, v; €V nmBa pasHBIX NPOM3BONBHEIX MeToma B cucreme E. Ilpenmonaraercs, 9ro
nepemennsble FAN-IN; u FAN-IN; cootBeTcTBYIOT onpenenenuo i.i.d. (cm. [Ipennonoxenne 1), To
e caMoe Kacaercst mepeMeHHbx m; = RNOM; u m; = RNOM;. COOTBETCTBEHHO, C HEHYJIEBOH
BEPOATHOCTBIO f; # Mj. CBOKCTBO 1 Bbinonusercss. CBOUCTBO 2 TAKIKE BBINOJHAETCA (CM. paszen
4). C mnenyneBod BeposiTHOCThIO I vy, €V | u; = py, 3Haunt CBOWCTBO 3  BBINOJHSETCS.
OyHKINOHAIFHOCTD, BBIMOJHAEMAs METOOM, HE OIpPENENseT KOJMYECTBO JIIEMEHTOB B €ro
noarpade JKECTKOCTH, IIOCKOJIBKY 93TO IIPOSKTHOE peIIeHHe, HEe 3aBHCANIEe OT 3TOH
byHkuronansHoCTH, CeaoBatensHo, CBoCTBO 4 Bhimomnunsercs. [lycts p; = m; u g = m;, Torna
u(v,- D 17,-) =m;+m; — 8, re 8 xommuecTBo oOUMX MeTonOB B Tpadax ic; u icj.
MakcuMalibHOe 3HaueHHEe & paBHO min(mi,m]-). CrneoBaTenbHO, u(v,- D 17,-) =W u p_(vl- (&)
v,-) > u;, u CpoiictBo 5 BemonHAeTcs. Hanee, mycts p; = fj, u 3 vy € V Takoii, uro B rpad icj
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BXOAHT B MeTos10B, 061mx ¢ rpadom icj (cm. Ipearnonoxenue 3), u 8§ MeTo0B, 0OMKX ¢ Tpadom
icj, mpugaem B # §. Torma,

nw; ®v) = +m— B

w(v; @ vy) = pj + py — 8.
CnenoBatensHo, W(v; D vy) # u(v]- D vk), u CBoiictBo 6 BbInonHsercs. CBoiicTBa 7 u 8 Takxke
BBIONMHAIOTCA (CM. pasaen 4). [lns AByX METONOB V; M Vj MyCTh Y OyJIeT KOJINIECTBOM METOJIOB,
o6uwmx st rpados ic u lC], U MycTh 8 OyZeT KOMMYECTBOM HOBBIX METOIOB, TOOABICHHBIX B
MporpaMMy Mpu pecTpyKTypu3aliu ByX rpados ic; u icj B HOBBIH rpad ic;. Ecmu 8 > vy, 10 sicHo,
aro m; + m; —y + 8 > m; + m; (10 ects p(v; @ v;) > u(v;) + n(v;) npn 3a5aHEBIX V; 1 V)).
CnegoBatenbHo, CBOHMCTBO 9 BHITIOTHSAETCS.

6.4.4 BaxHble coob6paxeHus
B otHomenuu metpukun RNOM MOKHO BBICKA3aTh CIEAYIOLINE COOOPaKEHUS:

e  Merpuka RNOM Goree TOUHO OTpaXkaeT CIIOXKHOCTh METOIOB, 4eM Toka3ateiab FAN-IN.
B onpenenennom cmeiciie RNOM —310 pexypcuBHBIii moka3atens FAN-IN.

e RNOM - 3TO KOIUYECTBO METOAOB, KOCBEHHBIM O00pa3oM peHIAoNMX 3ajady. OTa
METpUKa IOKa3bIBaeT, CKOJBKO BPEMEHH U YCHIUH HOTpeOyeTcs Ui peanu3alui,
NOHMMaHUs (BKJIIOYAs OTCIIEKHMBAHHE IIENIOYEK BHI30BOB METONOB) M  Pa3BUTHS
(hparMeHToB IPOrpaMM, KOTOPBIE HCIIOIB3YIOT METO/I, PEIIAlOIIIi 3a1ady.

e Brecenne m3MeHeHnH B MeTo1 ¢ 60bimuM 3HaueHrneM RNOM ¢ GosbIiieil BEpOsSTHOCTHIO
MOBIHMSET Ha HEOOXOIUMOCTh U3MEHEHUH B JIIOOOM U3 3aBUCUMBIX MeTOJ0B. [10100HbIIH
BOJIHOBOH 2((eKT yMHOKAeT 3a00Thl 00 HCIIPaBIeHHH OIIUOOK, BHECEHUH M3MEHEHUH,
MIPOBEJICHUU TECTUPOBAHUS U peaKTOPUHIE B METOIbI OArpada >KeCTKOCTH.

e Meronapl ¢ OOJIBIIUM YHCJIOM 3aBUCHMBIX METO0B, B 0OJIBIIEN CTEIEHH CUHUTAIOTCS
NOAXOAAIIMMHU JJI TIOBTOPHOT'O UCIIOJIL30BaHUA U MEHEC CHeHI/ICbI/I‘IHLI JUTS HpHHOX{CHHﬁ.

6.4.5 OJOkcnepuMMeHTanbHblIe AAaHHbIE

Gynkiuu mnotHoctH MeTpuku RNOM s Bcex cucTeM MOKa3aHbl Ha puc. 8, a Ha puc. 9
IIpe/ICTaBIICHbI IUHelHbIe nuarpaMmbl 3HaueHuil MeTpuk RNOM u FAN-IN a1 MeTonoB BO BCex
cucTeMax, pamkupoBaHHbIX 10 FAN-IN.

T METME

.

Sy 3 Nood| NET.Driver

Puc 8 DyHKYUs NIOMHOCIU ()ﬂﬂ RNOM u3 6cex cucmem
Puc. 8. Density function for RNOM from all systems

)= WWNJMJJM

Sy 1 Syt Spuiem 3 Systmm & Syt & Systum Memgpalfl 8 Drveee Jen WET  WET M Frammnt Mexe S Toois Mool NET Dvr

maetrics — fanin — mom

Puc. 9. Paccmosinue meoicoy snauenusmu RNOM u FAN-IN 0ns pausicuposanbix Menmooog cex
cucmem
Fig. 9. Distance between RNOM and FAN-IN values for the ranked methods from all systems
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CBopHas cratictika o Mmerpuke RNOM Juis Bcex cucTeM mpezcraBiieHa B Ta0J. 6. B Heil ykazaHbl
MUHUMYM, |-i KBapTHIIb, MeANaHa, 3-if KBapTHiIb 1 MakcuMyM Juist RNOM. OHa TakKe OKa3bIBaeT
Hanbolee 9acTo oTMeueHHoe paccrosHue MFD mexny 3HaueHnsmu metpuk FAN-IN u RNOM un
nomo meronoB MFD, nmeronux nmenHo Takoe paccrossuue MFD, cpeau Bcex metonoB. B Heit
TakxKe npezacrasieH kodddurueHt koppessiuun Kenpanna mexay 3HaueHusmMu MeTpiuk FAN-IN u
RNOM, a taxxe p-snauenue. Cpennue 3HaueHus MeTpuku RNOM 71 Bcex KOHEUHBIX METOJI0B
BCEX CHCTEM IIPUBEJCHBI B Ta0I. 2.

Tabn. 6. Ceoonaa cmamucmuxa ons mempuxu RNOM
Table 6. Summary Statistics for the RNOM metric

Sys | MFD" | %MDF | <t p-val | Min 1Q Med | 39Q Max
I, 1 84 0.94 0 1 1 1 2 697
I, 1 95 0.98 0 1 1 1 1 6,386
I3 1 76 0.9 0 1 1 1 3 3,238
N 1 98 0.99 0 1 1 1 1 23
Is 1 93 0.98 0 1 1 1 1 23
I 1 91 0.97 0 1 1 1 2 23
04 1 68 0.83 0 1 1 2 6 1,756
0, 1 44 0.68 0 1 1 10 103 548
03 1 68 0.86 0 1 1 1 4 594
0, 1 71 0.87 0 1 1 1 4 351
05 1 57 0.76 0 1 1 2 8 142

*MFD: naubonee yacmoe paccmosnue mexncoy RNOM u FAN-IN (MFD: most frequent distance between
RNOM and FAN-IN)

Tt: koagppuyuenm xoppensyuu Kenoanna mescoy RNOM u FAN-IN (z: Kendall correlation coefficient
between RNOM and FAN-IN)

6.5 BbluncneHue nokasaTtens }ecTKocTu yncna ctpok tekcra (RLOC)
RLOC - 3T0 KOIMYECTBO CTPOK KOJa BCEX METOJIOB B MOArpade :KeCTKOCTH JAaHHOTO METOIa.
6.5.1 OnpepeneHue

Iycts v; € V — meron, p = RLOC, u ic; = {v; -+ V,,} MHOXeCTBO Bcex MeTonoB B rpade icj,

TOrja:
n

m; = g = RLOC; = Z LOC, ®)
k=1

6.5.2 TeopeTu4yeckme OCHOBbI

RLOC coOTBeTCTBYEeT PaCIIMPEHHI0 METPUKH pa3Mepa oTaensHbIX MeTonoB LOC. RLOC — sto
Mmetpuka LOC B npuMeHeHNH K oArpady KOCBEHHO! CBSI3H KECTKOCTH 3TOTO METO/a (TO €CTh OHA
COOTBETCTBYET CYMMApPHOMY KOJIMYECTBY CTPOK KOJIa BO BCEX METOZAX, KOTOPBIE MOT'YT IPAMO UIIA
KOCBEHHO BBI3BIBATH METOJ], a TAKKe CTPOK CaMOro 3TOro Meroza) . B 3ToM mokasatene Taxike
YUHUTBIBACTCA BIMSHUE KIUCHTOB, MOABEPriIMXcs pedaKTOPUHTY IPU HPOEKTUPOBAHUH, HA
BO3MOXKHOCTH YIIPABICHHs. Pa3MEpoOM MPOTpaMM H HX CIIOKHOCTBIO, a TakXke Ha yBEJIHYCHHE
BO3MOXKHOCTEH OBTOPHOT'O HCIIOIB30BaHHS.

6.5.3 AHanuTU4eckue OoUEHKMU

Iycrs v, v; € V gBa pasHbix npousBoibHbIX MeToaa cucteMsl E. Ilepemennsie LOC; u LOC;
MpeIoIaraloTcs 00J1aaomnuMu cBoUCTBOM i.1.d. (cm. [Ipeanonoxenue 1), To e camoe kacaeTcs
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nepemernbix m; = RLOC; n m; = RLOC;; Torna, ¢ HEHyJIEBOH BEPOATHOCTIO M; # [j; CBOKCTBO
1 BeinosHsieTcs. CBOWMCTBO 2 Takke BhIMONHAETCS (cM. paznen 4). C HeHyJeBOW BEpPOSTHOCTBHIO
v, €V |u; =p, crnenosarensHo, CpoiicTBO 3  BbImoONHAETCS. DYHKIHOHATBHOCTB,
BBINOJTHSIEMasi METOAOM, HE ONpeesseT oblee KOJIUYECTBO CTPOK KOJa BO BCEX METO/AX B €ro
noarpade KeCTKOCTH, TIOCKOIBKY 3TO MPOEKTHOE PELICHHE, He 3aBUCSIIee OT PYHKIHOHAIBHOCTH,
cienoBaTensHo, CBoiceTBO 4 Boinonusiercs. Ilyers p; = m; u g = m;, Torza H(Vi D vj) =m; +
m; — 8, rne § — xomuecTBo CTPOK Koja B obmux metonax rpados ic; u ic]. MakcumanbHOe
snaucnue 8 pasuo min(m;, m;). Toraa, p(v; @ v;) = u(vy) u u(v; S v;) = u(v)), n Croiictso
5 sumonnsercs. Jlanee, myctb p; = fy, u 3 vy, € V Taxoid, uto B rpad icj, BxonuT B cTpok Kona,
o6utux ¢ rpadom ic; (cm. Ilpennonoxenue 3), u 8 cTpox koxa, obmux ¢ rpadom icj, mpudem B #
8. Torna,

ww; @v) =pmi+pu.— B

w(v; @ vy) = pj + py — 8.

CnenoBatenbHo, W(v; @ vy) # u(v]- (&) vk), u CBoiicTBo 6 BbinonHsiercsi. CBoicTBa 7 u § Takxke
BBIIONHSIOTC (CM. pasnen 4). [l mo0bix IBYX METOIOB V; M Vj, NyCTh Y OyAeT 3Ha4YeHUEM
merpuku LOC mMetosoB, o0mux st rpados icy u ic}, U ycTh 8§ Oynet 3HaueHneM metpuku LOC

HOBBIX IPOTPAMM, HAIMCAHHBIX TIPH PECTPYKTypu3armu rpados ich u ict B HOBbIA rpad ich. Eciu
] L ] i

8 >y, cTaHoBUTCA MCTHHHBIM OTHOIIEHHE M +M; — Y + 8 > m; + m; (To ecTh p_(vl- D v]-) >
n(vy) + u(v;) npu 3apanusx v; u v;). CieosarensHo, CBOMCTBO 9 BEITONHAETCS.

6.5.4 BaxHble coob6paxeHus
Hipke npuBOIUTCS CIUCOK NEPCHEKTHUB, pacCMaTpUBaeMbIX B oTHomeHun RLOC:

e RLOC - 310 pacumpenue LOC kak MeTpukH pa3mepa OTAeIbHOro Metosa (To ectb RLOC
— 9T0 peKyppenTHoe Hakomienue LOC).

e COBOKYIHBII pa3Mep BCEX METOMOB, KOTOPbIC KOCBEHHO 3aBUCAT OT HEKOTOPOH HYKHOMH
BCEM UM (YHKIIMOHAJIBHOCTH, TAKXKE MOXKET IOMOYb CIIPOrHO3UPOBATh BPEMsI M yCHIIHS,
HEOOXOUMBIC JUIs pa3pa0dOTKH, MOHUMAHUS (BKJIIOYAs JIOKATU3AIUIO 3aBUCUMOCTEI) U
HU3MEHEHUsI TpeOOBaHMUI, KOTOPBIE HCIIONB3YIOT OOIHI ISl BCEX METO/I.

e bonee Bricokue 3HaueHUs RLOC HEKOTOpOro MeToia yBEIWYHBAIOT BEPOSITHOCTH TOTO,
YTO W3MEHEHHE B HEM 3aTPOHET JIO0YI0 M3 3aBHCAIIMX OT HEro 4acTedl MporpamMMbl
(BO3MOKHO BO3HHMKHOBEHHE KAaCKaJOB OINMOOK WM HW3MEHEHHH, TOTPEeOHOCTH B
TECTHPOBAHUH, PECTPYKTYPH3ALIUH).

o C‘ll/lTaeTCﬂ, 4TO METOAbI C OOJBIIUM KOJIMYECTBOM 3aBUCHMBIX METOIOB JICTYE
HMCIIOJIb30BaTh NOBTOPHO; OHU MEHEE CHCHI/I(i)I/I‘{HBI I TIpUITOKCHUA.

6.5.5 OJOkcnepuMMeHTanbHble AAaHHbIE

Craructuka metpuku RLOC 1o BceM crcTemMaM npejicTaBiieHa B Ta0u1. 7. B 3Toit Tabmuiie moka3zaHbl
MHUHUMYM, |-# KBapTHiIb, MeinaHa, 3-i kBap T U MakcuMyM i1t RLOC. Ona Taxke noka3piBaeT
HaunbOoJsee yacto otMeuenHoe pacctosiaue MFD mexny 3naueHusmu metpuk LOC u RLOC u oo
meronoB MFD, umeromux nmeHHo Takoe paccrossaue MFD, cpenu Bcex metonoB. B Heil Takxke
npezcTaBieH Ko3hdunuent koppemsinun Kennamta mexny 3nadenusmu Metpuk LOC u RLOC, a
TaKKe p-3HaueHue.

Cpennne 3Hayenns Metpuku RLOC i BceX KOHEUHBIX METO/IOB BCEX CHCTEM ITOKa3aHEI B TallI.
2, a ¢pynkuun wiotHocTH MeTpuku RLOC s Beex cucteM n3o0paxensl Ha puc. 10. JIuneiHbie
nuarpammsbl 3HadeHnid MeTpuk RLOC 1 LOC a1 MeTo10B BO BCeX CHCTeMaX, paH)KHPOBAaHHBIX 110
LOC, npencrasnens! Ha puc. 11.
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Tabn. 7. Ceoonas cmamucmuxa 0ns mempurxu RLOC
Table 7. Summary Statistics for the RLOC metric
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Sys | MFD" | %MDF 4l p-val Min 1tQ Med 34 Q Max
I, 0 62 0.59 0 1 2 5 21 5,608
I, 0 75 0.68 0 1 1 4 12 140,705
I3 0 52 0.53 0 1 2 8 27 75,327
Iy 0 94 0.94 0 1 1 6 12 196
Is 0 77 0.82 0 1 1 4 8 196
Ig 0 68 0.75 0 1 2 3 8 196
04 0 47 0.44 0 1 2 6 44 12,370
0, 0 37 0.28 0 1 3 87 1,306 4,235
05 0 52 0.46 0 1 1 9 65 9,181
0, 0 55 0.45 0 1 2 7 41 3,956
05 0 40 0.28 0 1 2 10 49 724

*MFD: naubonee yacmoe paccmosnue mexcdy RLOC u LOC (MFD: most frequent distance between RLOC
and LOC)
Tt: kosppuyuenm xoppensyuu Kendarra mexcdy RLOC u LOC (v: Kendall correlation coefficient between

Puc. 10. @ynxyus nnomuocmu onst RLOC u3 écex cucmem
Puc. 10. Density function for RLOC from all systems

bl

MongoDi 8 Drver Jaon NET NodeiS oo Necd NET Driver

mafrics — loc — roc

Puc. 11. Paccmosanue mexcoy RLOC u LOC 05 pandicupo8antvix Memooos ecex cucmem
Fig. 11. Distance between RLOC and LOC values for the ranked methods from all systems

6.6 BbiuncneHme nokasaTtensi XecTKOCTU LIVIKJ'IOMaTVI‘IeCKOI;I CNMOXXHOCTHU
(RCYC)

RCYC — cymmMa 3HaueHHIT CIO)KHOCTH BCEX METOJIOB MOATpada )KeCTKOCTH JaHHOTO METO/a.

6.6.1 OnpegeneHune

Iycts v; € V —meron, p = RCYC, u ic; = {vy -+ v,} — MHOXeCTBO MeTO/I0B B rpade ic}, Torma:
n

m; = u; = RCYC; = Z CYC, — (n— 1) ©)
k=1
B dopmyste (9) Beruntaemoe 3HaueHue (n — 1) HYXKHO TSI TeX XKe eI, YTO U TPU BBIYUCICHUN
metpuku FCYC.
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6.6.2 TeopeTu4yeckme OCHOBbI

RCYC cootBerctyet pacmmpennto MmeTpuku ciaoxHoctd CYC mis metoga. RCYC — 310 MeTpuka
CYC, npumeneHHas k moarpady KOCBEHHOH CBSI3H JKECTKOCTH 3TOro0 MeToaa (TO ecTh OHa
COOTBETCTBYET COBOKYITHON IIMKIIOMaTHYECKOH CIIOHOCTH BCEX METOJOB, KOTOPBIE MOTYT IIPSMO
I KOCBEHHO BBI3BIBATH METOJ], BKJIIOYAs CIOKHOCTH CaMOro 3TOr0 MeToja). Brramraemoe B
bopmyne (9) xomneHcupyeT auiuHue (n — 1) enunun. B 3TOM mMokasatene Takke YUYHUTHIBACTCS
BIMSHME KIMEHTOB, IOJBEPIrIIUXCA pPE(PaKTOPUHTY IpU IPOCKTUPOBAHUM, HAa BO3MOXKHOCTHU
YIpPaBICHUS Pa3MepoOM IMPOrPaMM M HX CIOXKHOCTBIO, a TAKKe HAa IMOBBIIICHHE BO3MOXKHOCTEH
MOBTOPHOTO MCIOJIb30BAHUSL.

6.6.3 AHanNUTU4YecKue OLUEHKMN

Myete vy, vj € V — mobble 1Ba pasHbix Metona cucteMsl E. Tlpexmonaraercs, 9T0 nepeMeHHbIE
CYC; u CYC; obmamator ceoiictBamu i.i.d. (cm. Ilpexmonoxenue 1), 3T0 ke MPEATONOKEHHE
otHocutes K nepementsiM m; = RCYC; u m; = RCYC;. Torna ¢ HeHyJ1eBOM BEPOSTHOCTBIO U; #
;; Ceoiictso 1 BbmonHseTcs. CBOHCTBO 2 TAaKxkKe BBINOIHAETCS (CM. paszen 4).
Cyl1iecTByeT HeHyJIeBasi BEpOSTHOCTb TOTO, uto 3 vy, € V | u; = py, cnenosatensuo, CBoicTBO 3
BHINONTHSAETCS. DYHKIMOHAIBHOCTD, BEHIIONHACMas METOJIOM, HE OINpPEAEIsieT HUKIOMATHIECKYIO
CIIOKHOCTh METOJOB B €ro moarpade >KECTKOCTH, ITOCKOJBKY 3TO IIPOSKTHOE pelIeHHe, OT
(yuxuuonansuocTu He 3apucsiee, CBoicTBO 4 Bomonusercs. Ilycts g; = m; u gj = m;, Torna
u(v,- ) v,-) =m; +m;— 8, rie 8§ — 3HAUEHME UMKIOMATHYECKOH CIOKHOCTH Uil METOJIOB,
obmmx B rpadax ic; u icj. MakcumanbHoe 3HaueHHe § paBHO min(mi,mj). CrieoBaTensHO,
p.(v,- ® 17,-) > p.(v,- ® 17,-) =, u CoiicTBo 5 BBImMomHAETCA. anee, mycTs g; = [, v I vy €
V TaKoii, 4T0 LMKIOMaTHYECKas CIIO)KHOCTh METOMOB, 00X B rpadax icy u icj, pasHa f (cM.
Tpeamonoxenue 3), a MUKITOMATHIECKAs CIIOKHOCTB METOJIOB, 0ONTHX B rpadax icy u ic}, pasHa 8,
npudem B # 8. Torxa,

nw; @v) =i+ m— B

w(v; @ vy) = pj + py — 8.
Taxum obpazom, p(v; @ vy) # u(v,- ® vk). CsoiicTBo 6 BbImonusiercst. CBoiicTBa 7 U 8 Takxke
BBITIONHAIOTCA (CM. pasen 4). [l IByX NPOU3BOTBHBIX METOJIOB V; U Vj, TIYCTh Y Oy/IET 3HAUEHHEM
CYC ms MeToztoB, 061mmx B rpadax i€} u ic}, nmycTs 8 6yner suagenuem CY C HOBBIX IPOTPaMM,
HAMUCAHHBIX 115 0O6benuHenns rpados icy u ic B HOBBIH rpad ici. Ecmu 8 >y, Tom; + m; —
y+38>m;+m; (to ecrs, H(Vi D v]-) > W + W npu 3amanHex v; W Vj). CnenosarensHo,
CBoiicTBO 9 BBIONHAETCS.

6.6.4 BaxHble coobpaxeHuns
B otnomenun metpuku RCYC MOXHO BBICKA3aTh CISIYIONIAE COOOPaKEHUS:

e RCYC - Oosnee TouHas MeTpUKa LMKIOMAaTHYECKOH cioxkHocTH Mertoaa, yeM CYC,
MOCKOJIbKY OHa yuuThiBaeT 3HaueHust CY C MeTOI0B-KJINEHTOB.

e OObenuHEHHass IMKIOMATHYECKas CIOKHOCTh BCEX METONOB, KOTOpBIC IOJDKHBI
BBIMOJHATH KaKyI0-TO OOIIYIO paboTy, TakKe MOXKET ITO3BOJINTH IPOTHO3UPOBATH BpEMs U
ycunus, HeoOXOJUMble Ul HNPOrpaMMUpPOBaHUS, IOHUMAaHUS (BKIIOYas OOHapyXKeHHe
noarpada >keCTKOCTU WIM PUCKOBAHHOCTH) M CONPOBOXKAEHUS (YHKIUH, B pealu3aliu
KOTOPBIX y4acTBYeET JaHHBIH METOA.

e Meronsl ¢ 6onpmnME 3HaueHusIMH MeTpuki RCYC moryT ¢ Gosmblieil BEpOSTHOCTBIO
PacIpOCTPaHUTh BIUSHUE JTIOOBIX H3MEHEHHH Ha BBI3BIBAIONINE UX METO/BL.

e MerTonpl ¢ 00JIee CIOKHBIMHU 3aBUCUMOCTSIMHU JIErY€e HUCIOJIb30BaTh TIOBTOPHO, OHU MCHEE
CHCHI/I(I)I/I‘{HBI JUI TIPUITOKCHUA.
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6.6.5 OJOkcnepuMMeHTanbHble AaHHbIE

Coanas craructuka o merpuke RCYC Bo Bcex cucremax mpencrasieHa B Tabi. 8. B aroit
TaOJIHIIe MOKa3aHbl MUHUMYM, 1-i KBapTHIIb, MeIaHa, 3-i kBapTHIb U MakcuMyM it RCYC. Ona
TakXkKe MoKa3bIBaeT HanboJsiee YacTo oTMedYeHHoe paccrosHue MFD Mexay 3Ha4eHUsIMH METPHK
CYC u RCYC u momo meronos MFD, umeromux nmeHHo Ttakoe paccrosiuue MFD, cpenn Bcex
METO/IOB. B Hell Takke mpencraBieH Kod(GHUIMEHT Koppensauun Kenmanna Mexay 3Ha4eHUsIMU
Mmetpuk CYC u RCYC, a taxke p-suauenue.

Tabn. 8. Ceoonaa cmamucmuxa ons mempuxu RCYC
Table 8. Summary Statistics for the RCYC metric

Sys MFD" | %MDF Al p-val Min 1tQ Med 34 Q Max
I, 0 73 0.61 0 1 1 2 7 1,517
I, 0 82 0.74 0 1 1 2 4 29,226
I3 0 58 0.59 0 1 1 2 6 11,872
1, 0 97 0.95 0 1 1 2 3 77
Is 0 90 0.83 0 1 1 2 2 77
I 0 85 0.76 0 1 1 2 2 77
04 0 60 0.48 0 1 1 2 14 3,620
0, 0 42 0.31 0 1 1 48 733 2,193
05 0 57 0.47 0 1 1 3 22 3,362
0, 0 59 0.5 0 1 1 3 18 1,674
05 0 49 0.3 0 1 1 4 23 273

*MFD: naubonee yacmoe paccmosnue mexcoy RCYC u CYC (MFD: most frequent distance between RCYC
and CYC)

T1: koaghpuyuenm xoppenayuu Kenoanna mexcoy RCYC u CYC (r: Kendall correlation coefficient between
RCYC and CYC)

Cpennue 3Hayenust MeTpuk RCYC 11 Bcex KOHEUHBIX METO/IOB BCEX CUCTEM IPUBE/ICHBI B TA0JI.
2. ®ynkuuu wiotHoctd MeTpukd RCYC mist Bcex cucrteM mnokaszaHbl Ha puc. 12. Jluneiinsie
nuarpammel 3HadeHnit MeTpuk RCYC n CYC [uist MeTo10B BO BCEX CUCTEMAX, PAHXKUPOBAHHBIE 110
CYC, npencrasiens Ha puc. 13.

Puc. 12. @ynxyus nnomuocmu onsi RCYC u3z ecex cucmem
Puc. 12. Density function for RCYC from all systems

Spatem & Mool C3 D

metrics — ey — reye

Puc. 13. Paccmosnue mexcoy RCYC u CYC ona pansicuposantvix Memooos ecex cucmem
Fig. 13. Distance between RCYC and CYC values for the ranked methods from all systems
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6.7 O6cyxaeHne

B oatoMm pasaene 06cy>1<z[a}0Tc;1 peﬁTHHFH, npucBanBac€Mbl€ METPUKAMH, aAHAJIUTUYCCKUC
PE3YIbTAThI U PE3YJIbTAThI, UMCIOIIINE OTHOMICHUE K YIIPABJICHUIO ITPOCKTAMHU.

6.7.1 PaHXupoBaHMe C NOMOLLbLIO METPUK

[llecTs mpeacTaBIEHHBIX MOKa3aTeNleH KOCBEHHOH CBSI3M M3MEPAIOT Pa3iM4YHbIC U HE3aBHCHMBIC
aTpuOyTHI pa3Mepa WM CI0KHOCTH, UCTIONbB3Ys IN00 XPYIKOCTh (HEYCTOMYUBOCTE) CBA3H, JINOO ee
KECTKOCTh (PHCKOBAaHHOCTB). CyILECTBYIOT TPU METPUKHU XPYIIKOCTH, OCHOBAaHHBIC Ha OJHUX U TEX
ke noarpadax XpymnkocTH KaKAOro METOJa, a Takke TPU METPUKH KECTKOCTH, OCHOBAaHHBIC Ha
OJHUX M TeX e moarpadax skectkoctd. Ham MOryT Bo3pasuTh, 3asBHB, YTO JOCTaTOYHO MMETb
TOJIBKO OIHY METPHKY XPYIIKOCTH H OJIHY METPHUKY )KECTKOCTH. B 3T0ii cTaThe ;s MOATBepIKACHUS
Pa3HHIBI MEXKLy MOKa3aTeNsIMU HCIOIb30Bajcs koddurment xoppensiun Kennanna. B tadm. 9
TIpeICTaBICHBI KO3 (GUIMEHTSI IS KX IO CHCTEMBI M JUTS KaXK IO} Iapbl CBA3aHHBIX OKa3aTelei.

Tabn. 9. Koaghpuyuenm xoppensyuu Kenoanna t st kaxicoou napsl nokazameinet
Table 9. Kendall’s t correlation coefficient for every pair of metrics

Sys FNOM FNOM FLOC RNOM RNOM RLOC
FLOC FCYC FCYC RLOC RCYC RCYC
I, 0.79 0.79 0.81 0.66 0.67 0.81
I, 0.77 0.8 0.91 0.36 0.27 0.81
I3 0.82 0.7 0.83 0.54 0.55 0.75
I, 0.13 0.16 0.85 0.18 0.2 0.86
I 0.36 0.39 0.7 0.45 0.49 0.76
I 0.51 0.48 0.6 0.62 0.63 0.71
04 0.85 0.76 0.84 0.78 0.68 0.77
0, 0.85 0.81 0.91 0.88 0.88 0.93
03 0.78 0.73 0.85 0.74 0.72 0.87
0, 0.73 0.7 0.82 0.75 0.74 0.87
(013 0.81 0.74 0.84 0.83 0.76 0.85

Mertpuxu FLOC u RLOC sBisiroTcs HapHBIMH METPHKAMU KOCBEHHBIX CBsI3el, CBSI3aHHBIMHU C
aTpubyTamMy pa3Mepa METOJOB B MOArpadax XpyMKOCTH U KECTKOCTH. DTO 3HAYHUT, YTO METPUKHU
FLOC u RLOC M0HO 0CTaBUTh B HA0Ope METPUK, OCKOJIbKY OHU MU3MEPSIOT pa3Mep METOIOB, a
HEe HX CJOXHOCTh. Kpome Toro, Gonmbmimii pasmep Koxa He O3HayaeT 0Oojee CIOXHBIA KOI U
Haobopot. FLOC nMmeer 3HaueHHe KOPpPENAIUH T, Haxoasmieecs B quanasone ot 0,13 mo 0,85 mis
FNOM, u 3naueHue T, Haxoasmeecs B guana3one ot 0,60 mo 0,91 mua FCYC. Ananornuno, RLOC
umeet T ot 0,18 10 0,88 mimgs RNOM u 1 ot 0,71 mo 0,93 mua RCYC. bonee BrICOKHE 3HAUYEHUS T
YKa3bIBaIOT Ha TO, YTO COOTBETCTBYIOIIAS Mapa METPUK MPHUCBAUBACT METOJAM B CHCTEME MOYTH
OJIMHAKOBBIA PEUTHHI, HO TOCKOJBKY KOpPPEIALUs HE WACaIbHA, HE BCE METOABI IOJNYYaroT
OJIMHAKOBBIH pedTuHr no o6enM MerpukaM. C nomonpio FLOC u RLOC MoxHO HaliTu Hanboiee
XpYIKHEe WIK HauboJiee IKECTKHE METOJIbl, pacCMaTpUBasi pa3Mepbl KOCBEHHO CBS3aHHBIX C HUMHU
METOJIOB.

6.7.2 O6cyxAaeHWe aHaNUTUYECKUX pe3yrnbTaToB

Kaxk noka3zano B pasneine 4, BC€ MPEATIOKEHHBIE METPUKU COOTBETCTBYIOT PACUETHBIM KPUTECPUAM.
BrisiBiIeHHBIE OTHOIICHUS MEXKIAY XPYHNKOCTBIO MU JKECTKOCTHIO KOCBEHHBIX CBsI3ell TTO3BOJISIOT
co31aBaTh p06aCTHBIe METPUKH, USMEPAIOINE Pa3sMEP U CIIOKHOCTb MPOTrPAMMHBIX CUCTEM.
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6.7.3 OO6cyxaeHue pe3ynbTaToB MO YNpaBreHUo NpoeKTaMm

AJIMUHHCTPATOpPbl M TEXHUYECKUE PYKOBOJAMUTENM IpOLECCAaMH MNPOEKTUPOBAHUSI MOTYT
HCTIONB30BaTh HA0Op METPUK KOCBCHHBIX CBS3el U OLCHKM M YIpaBICHHUS pa3MepamMu MU
CIIO)KHOCTBIO TIpOrpaMMHBIX TpoekToB. Merpuka FNOM MoXeT BBISBIATE METOABI CO
MHOTOYHCIIEHHBIMU KOCBEHHBIMH 3aBHCUMOCTSMU. BEepoATHO, 4YTO UIMEHHO 3T METObI PEATU3YIOT
HanboJIee CI0XKHBIE CHCTEeMHBIE (YHKIMH. YTOOBI CO3/aTh NPABUIBHBIA MPOSKT M MPABUIBHO €r0
peanu30BaTh, MIMEHHO 3THM METOJaM CIIEyeT YACIATh 0C000¢ BHUMAaHHE,

Hexkotopass GyHKIIMOHATBHOCTh MOXET NPHBOJMTH K CYIIECTBEHHOMY YHCIy 3aBUCHMOCTEH, HO
Metpuka FNOM He cymeer 3TOro BbISIBUTBH, oaHako, Merpuka FLOC oOHapyXHT, 4TO OHH
peaiau3oBaHbl MHOTMMH M MHOTMMH CTpOKaMHM Kozaa. Pa3mep, m3mepsieMblii cyMmupyrouien
Mmetpukoit LOC, yauTsiBaronieii 3aBUCHIMOCTH HEKOTOPOTO METOJa, TIOMOXKET OOHAPYKUTH TaKylo
(YHKIIMOHATIBHOCTD U OMPEIEIUTh, HE HY)KHO JIM Pa3JeIUTh HEKOTOPBIE KPYIHbIC ()parMeHTHI Ha
0oJiee MeNKHe YacTH, WK MpoBecTH pedakropunr nporpamm. Kakue-to apyrue QyHKIMH MOTYT
OBITH PACCPEOTOUCHBI MO0 MHOXECTBY JJIMHHBIX 3aBUCHMOCTEH, MX MOXKHO OOHapyXuThb C
nomosio Mmetpuk FNOM u FLOC.

Metpuka FCYC MmoxeT momMo4b OOHApYXHTh (PYHKIMOHAIBHOCTh, Ipad) yIpaBlIeHHsS KOTOPOU
COCTOUT U3 MHOXKECTBA JINHEHHO HE3aBUCUMBIX IyTel. Takoe 3HaHHe MOXKET OKa3aThCs MOJIE3HBIM
pu pa3paboTKe TECTOBBIX MPUMEPOB JUIS MPOBEPKU (DYHKIHOHAIBHOCTH U MPUHITHU PEIICHHS O
HeoOxomuMocTu pedaxropunra. Mapopmarms B rpade ICGif METO/a V; TaKXKe JaeT MpeACTaBIeHUe
0 crocofax peanu3anuy ero (yHKIMOHAIBHON CTPYKTYpHI.

OcTajbHBIE TPH METPHKH JKECTKOCTH IO3BOJISIIOT QHAIM3UPOBATh M OOHAPY)KUBATh aTpPHOYTHI
pasMepa U CIONKHOCTH MPOrPaMM C YYETOM 3aBUCHMBIX MM HOBTOPHO UCIIOJB3YyEMBIX METOJIOB.
Metpuka RNOM mno3Bonser y3HaTb KOJIHMYECTBO METOAOB, KOCBEHHO 3aBHCAIIUX OT JAHHOTO
MeTO/a, U JaeT (aKTUYECKYI0 CTENEeHb IOBTOPHOI'O HCHOJB30BAaHMS 3TOIO MHOTHM HY)KHOTO
MeToza. brnarojaps 5TOMy NOHHMMAHHUIO CIEHUAIMCT MO COMPOBOXKIEHUIO MOXET H3YyYUTh BCe
3aBHCHMBIC METOIBI U ONpPEICNUTh, KaKHe M3 HHX HEOOXOAMMO HM3MEHHTh MPH KOPPEKTUPOBKE
MIEPEHCIIONb3YEMOT0 METO1a. DTH 3aBUCUMbIE METO/IbI JOJDKHBI IOABEPTHY THCS IOTIOTHUTETLHOMY
tectupoBanuio. Eciu 3HaueHne RNOM cTaHOBHTCS CIMIIKOM OOJBIINM IS KaKOT0-THO0 MeTozaa
Vj, CIICLMAIHUCT HO COMPOBOXKICHUIO POrPaMM MOKET HPOBEPHTH ero noarpad xecrkoctu ICG] u
OIIpEeeNUTh HEOOXOAUMOCTb PeaKTOPUHTa.

[TpuHIMITBI MOAYJIBHOCTH ¥ IOBTOPHOTO MCIIOIB30BaHHS IIUPOKO MCIOIB3YIOTCS pa3padOTYMKaMU
mporpaMMHOro obecmedeHus Uil OOpeOBI CO CIOXHOCTBIO mporpamm. ClenoBaTelbHO,
MePEeHCIIOIb3yeMble IPOrpaMMHBIE KOMIIOHEHTHI BCTPEUYAIOTCSl HepelKo. VM3MeHeHne takoro poja
METOJOB 4peBaTo MOOOUHBIMU d(dexTamMu B KaXIOH CTpoKe KOAa, KOTOpas KOCBEHHO HX
nepeuconb3yer. M 310 KpoMme TeX MAONONHHUTENBHBIX YCWIHH, KOTOpble HEOOXOIMMBI IS
IMOHUMAaHUS TOT0, KAKOH U3 9THX 3aBUCHMBIX METO/IOB OyIeT 3aTpOHYT U3MEHEeHUsIMH. B pe3ynbrare
MOTYT CTaTh HEOOXOAUMBIMH JIONOJHUTEIbHBIE H3MEHEHUS! B 3aBUCUMBIX METOJAX, BHEIPEHHE B
MPOrpaMMbl HOBBIX CKpBITBIX OLIMOOK WIJIM 3aTpyAHEHHE C OOHApY)KEHHEM CTapblX, pPOCT
noTpeOHOCTEN B TOMONHUTEIBHBIX peCcypcax Ha MPOBEICHHE TECTUPOBAHHS, UITH, B CAMOM XY/IIIEM
cily4yae, TOJHBIA pedakTOpHHT CBsI3aHHBIX METOIOB. Metpuka sxectkocth RLOC mo3Bomsiet
OILIEHUTh NOJ00HBIE TTOTEHIMANBHBIE TTOCIEICTBUS B cTpoKax Koja. OobenuuuB merpuku RLOC u
RNOM, MoxHO 0OHapyxuThb Te MeToabl u ux noarpadsr ICG', KOTOpble MMEIOT OOJIBIIOE
KOJIMYECTBO METOJJOB-KIMEHTOB, OOJIBILION pa3Mep Ko/ia B CTPOKaxX KO/Ia METOJOB-KIMEHTOB WM U
TO, ¥ IPYTO€ OJIHOBPEMEHHO.

Haxonern, metpuka RCYC MoxeT moMouyb U3MEPUTH KOJIMUECTBO JINHEHHO HE3aBUCUMBIX ITyTeil, Ha
KOTOPBIX IEPErCIIoNb3yeTcss HEKOTOPBIH CIy)KeOHBIH MeToA. DTa MeTpuka JacT 0ojee TOYHYIO
OILICHKY yCHIIMH, HEOOXOJUMBIX JUI TECTUPOBAHUS METOAA ITOCIE €ro W3MEHEHHS, I yOeIuT B
HEoOX0IMMOCTH pe)aKTOPHHTA U3-3a TEXHIYECKUX HEOPAOOTOK.
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6.8 Yrpo3bl gjocTtoBepHOCTHU

KoncTpykTuBHasi 10cTOBEePHOCTH. [IpobiieMa KOHCTPYKTHBHOM JOCTOBEPHOCTH CBSI3aHA C TEM,
NEeHCTBUTENBHO JIH H3MeEpsieM To, 4To XOTuM. [IpemnaraeMslit HAOOp METPHK MOCTPOECH Ha OCHOBE
xopomio m3BecTHBIX 10 auTeparype MeTpuk: FAN-IN, FAN-OUT, LOC u CYC. Kaxnast meTpuka
BBIYHCIISIETCST CYMMHPOBAaHHEM METPUK XPYNKOCTH M JKECTKOCTH METOIOB BHONb pebep rpada
xocBeHHBIX cBs3elt ICG. [loarpadel XpynKOCTH OTpakalOT CHHTAKCHYECKYIO CTPYKTypy
pa3leneHHO Ha YacTH W HMHKAICYJIMPOBAaHHOW (YHKIMOHATIBHOCTH, TOTAA Kak HoArpadsl
KECTKOCTH HMEIOT JIeJI0 CO CTaTHYECKUMHM IIalJIoHaMu Iepeucronb3oBanus. O0e craTuueckue
CTPYKTYpBI KOZIa BOILIOIIAIOT aTpUOYTHI pa3Mepa U CIOXKHOCTH, CBA3aHHBIE C pealu3yeMoi UMU
(YHKIMOHAIBHOCTBIO, M SBIIFOTCS  PE3Y/NbTaTOM XOPOIIeH IpPaKTUKU IPOEKTHPOBAHMUS,
HAINpPaBJICHHON Ha YIpaBIE€HHE CIOXKHOCTbIO. UTOOBI CHU3UTH BEPOSTHOCTb TOTO, YTO METPUKHU
XPYIKOCTH ¥ JKECTKOCTH He OYAyT U3MEPATh HUYEro, KpOME COOCTBEHHBIX 0a30BBIX MOKa3aTelel
(ro ectb FAN-OUT mns FNOM, LOC mns FLOC u Tak pamee), k Kaxnaoil mape 6a30BbIX H
KOCBEHHBIX METPHK CBSI3H MbI IPHMEHUITN KOPPEISINHOHHBII aHann3 Kennamna. Kaxnas u3 mectu
BO3MOXHBIX Map METPUK XPYIKOCTH U xecTkocTH (To ecth FNOM-FLOC, FNOM-FCYC u FLOC-
FCYC, RNOM-RLOC, RNOM-RCYC u RLOC-RCYC) moaBepriach 0IHHAKOBOMY aHAIHU3y. ITO
JIaJIo0 TapaHTHIO, YTO WH(OpPMAIHs, U3BICUCHHAS KAKIOW U3 METPHK, HE SBIETCS M30BITOYHOM.
Bb1 Taroke npoBeaeH aHauu3 3HAUYCHUH METPHUK NMPSIMBIX U KOCBEHHBIX CBSI3€H C HCIIOIB30BaHUEM
JIMHEWHBIX AWAarpaMM S3THX 3HAYEHUH AT METOJOB, PAHXMPOBAHHBIX IO 3HAYCHHUIO MHPSMOU
METpUKH, a 3aTeM IO 3HAYEHHI0 METPUKM KOCBEHHBIX CBsi3eid. DTO JOMKHO IOKa3aTh, 4YTO
BBE/ICHHBIC METPUKU IIOKa3bIBAIOT PE3yJbTaThl, OTJIUYHbIE OT 3HAYCHHH COOTBETCTBYIOIIUX
0a30BBIX MOKa3aTEICH.

BHyTpeHHss1 10CTOBEPHOCTD. B 1aHHOM HCClIeJOBaHUH ITPEATIONATraeTCs, YTO Kaxaas 13 0a30BbIX
METPHUK, NPUMEHAEMBIX K KKIOMY METOIy B CHUCTEME, NPEACTABIACT COOOH HE3aBHCHUMYIO U
OJITHAKOBO PACHPEEIECHHYI0 NUCKPETHYIO CIy4aiHYI0 BEIUYUHY (TO €CTh HEJb3s NpEAcKa3aTh
3HAUCHHUs] METPUK OJJHOI'O METOJa Ha OCHOBE METPHUK JPYTUX METOAOB). MBI IpenoaaraeM To e
caMoe B OTHOLIEHHU METPUK KOCBEHHBIX CBsi3ei. UTOOBI rapaHTHpOBaTh CIPABEIIUBOCTH 3TOrO
IIPEANONIOAKEHNS, MBI IoJIaraeMcs Ha TOT (aKT, YTO CTPYKTypa Kaxkaoro noarpada KOCBEHHBIX
CBsI3el BHITEKAET U3 PEeLICHUI NPOEKTHPOBIIUKOB U Pa3pab0TUNKOB IPOrPaMMHOI0 00eceYeH s,
a He M3 3Ha4eHMU MeTpuUK. MBI Takke cchbUIaeMcs Ha TO, YTO METPHKU YAOBIETBOPSIOT BCEM
KPUTEPHAM JOCTOBEPHOCTH, NIPEATOKEHHBIM B pabote [34].

BHewHsisi 10CcTOBepHOCTb. BHEIIHSA IOCTOBEPHOCTH OTHOCHTCS K OOOOLICHHIO PE3YJIbTaTOB
HCCIeR0BaHNA. MBI H3y4YHIN MIECTh MPOMBIIUICHHBIX CHCTEM OT ABYX Pa3HbIX KOMIIAHWH, JBE U3
HUX OBIIM pa3pa0oTaHbl IO KIACCHYECKOH TpaH3akIMOHHOH cxeme ‘“‘Mopens-Ilpencrasnenue-
Konrpomnep” (Model-View-Controller, MVC), Tpu — Ha OCHOBE CaMOCTOSITEIbHO CO3JaHHOU
uH(pacTpyKTypsl ObICTpoi pa3paboTku mpunoxenuit (Rapid Application Development, RAD),
KOTOpasl caMa paccMaTpUBAeTCs B KauecTBe cUcTeMbl Ne 6. MBI TaiKe U3Y4WIU MATh CHCTEM C
OTKPBITBIM HCXOJHBIM KOZOM. SI3BIKOM HpOrpaMMHUpPOBAHUS 3THX cucteM sBisercs C#, dTo
BO3MOJKHO OCTaBJSIET B CTOPOHE CHCTEMBI, HAIHMCAHHBIE C KCIOJIB30BAHUEM JPYTHX S3BIKOB
nmporpaMMupoBaHus. Kpome TOro, Mo)XHO OBLIO HIPOIYCTHTh HEKOTOPHIE KOCBEHHBIC CBSI3H B
CHCTEME HM3-32 OIIMOOK IPH aHAIN3€ HCXOJHBIX TEKCTOB. MBI CHIDKaEM STH PHCKH, ITOACYUTHIBAS
3HAYCHUSI METPUK C TOMOLIBI0 OQHIHATEHOTO KOMIIIATOPA, KaK 3TO OyAET IenaThes ¢ JII0OBIM
JOPYTHM SI3BIKOM, KOTOPHII OyAeT HCTob30BaH B OyxymieM. boiee Toro, KOCBeHHBIE CBSI3U MEXIY
MeTogaMu, QYHKIMAMHA WIN MOXYJISIMH B OOJBIIMHCTBE COBPEMEHHBIX SI36IKOB IIPOIPAMMHUPOBAHNUS
QHAJIOTHYHBI U CIY>KaT TOH ke LETIH.

7. 3aknro4yeHue

B 3T0i1 cTaThe HE TOJNBKO MPEACTABICHBI METPUKH, KOTOPbIE MMEIOT MPOYHYIO TEOPETHUECKYIO
OCHOBY M OBLIM TIIATENHFHO HM3YY€HBI, HO 3TH METPUKH TaK)Ke NPUMEHEHbl K HCCIIEIOBAHUIO
HECKOJIBKHX PeaJbHbIX KOMMEPUYECKUX MPOEKTOB, UCIIOJIb30BABUIMX s3bIK C#, M K IPOrpaMMHBIM
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CHCTEMaM C OTKPBITBIM HCXOTHBIM KOJOM. B cTaThe mperncrasieHa mosne3Has HHGOPMALUs O TOM,
KaK 3TH METPHKH MOXKHO HCIIOJIB30BaTh IPH COMPOBOXICHHH MPOTPaMMHOTO OOECIIeYeHUs, a
TaKXKe MpeIaraloTcs peKOMeHJauH 1o ux 3 (GeKTHBHOM nHTErpanuu. Jlanee cienyer HeKOTOpbIi
KpaTKui 0030p 3TUX PEKOMEH/IAIIHI.

OnbITHBIA, KBaJU(HLIUPOBAHHBIH PYKOBOAUTENb IPOEKTA Ui OLUCHKA BPEMEHH M YCHIIHIA,
HEOOXOIMMBIX IS TOHMMaHUS M CONPOBOXICHHS ()YHKIMOHATBHOCTH METOI0B 0OBEKTOB MOXKET
ucrnonb3oBath MeTpuky FNOM. Oty uHpOpManuio MOXHO HCIOIb30BaTh ISl CPaBHEHHUS
TpeOOBaHM K pecypcaM pa3iHYHbIX MeToI0B u cucteM. Kpome Toro, FNOM MoeT BBISBISATDH
METO/IbI, KOTOpPBIE C HAOOJBILIEH BEPOSTHOCTHIO MOBEPKEHBI BIMUSHHIO OIIMOOK M M3MCHEHH B
CBS3aHHBIX C HHUMH MporpamMmax. OTO TIOMOXET CBOEBPEMEHHO BBIICIUTh PECYpChl UL
TECTUPOBAHUS MX (PYHKIHMOHAILHOCTH HOCIE MpoBeneHus Moaupukauuid. buarogapst coopaHHoiM
HHPOpPMAIMU  PYKOBOAMTENIb MPOEKTa MOXET MPUHUMATh OOOCHOBAaHHbBIC pEIIeHUS U
ONTHMHU3UPOBATh pPAaCIpeleNieHue pecypcoB, obecmeuuBas 3(P(GEKTUBHOE M pPe3yIbTaTHBHOE
MIPOBEJICHUE MPOEKTA.

[ToMHUMO OLIEHKHM TEXHHUYECKHX HEJOPA0OTOK, 3TOT MOJXOJ MOXKET MOMOYb MPUHATH PELICHUE O
HEOOXOJMMOCTH MPOBECHHUS peaKTOPHHTA IPOTPAMMHBIX CUCTEM.

Taxxe Moryt momous foctikeHuto tex ke mneneil merpuku FLOC um FCYC, ogauM u Tem xe
METOJIaM CHUCTEMBI OHH JAIOT OIEHKH, OoTHyaromuecs: or oneHok FNOM. DTi MeTpukd MOryT
BBIIBUTH OOJIee KPYITHbIE MK oJiee CII0KHbIE MTPOLELyPhl C TOYKH 3pEHHS KOJIMYECTBa CTPOK Koz
WIN [UKIOMAaTHYECKOH CIIOKHOCTH, a 9TO MOXKET IIOMOYb NPHUHSATH PEIICHUS O MPUOPUTETAX B
pedaxropunre.

JInist OLeHKH XPYIKOCTH CHCTEMBI PEKOMEHAYETCsl MCHOJIB30BaTh BCE METPUKH B COBOKYITHOCTH.
CpaBHHBas CPEIHIOK XPYNKOCTh METOJOB PAa3HBIX CHCTEM, PYKOBOJACTBO IPOEKTOB MOXKET
MPUHAMATh OOOCHOBaHHBIC PEUICHHS O MEePEePACIPEICICHUH PECYpCOB MEXIY pPa3IUYHBIMU
cUcTeMaMHd. BBICOKMH ypOBEHb XPYIKOCTH MOXKET TaKKe YKa3blBaTh HA OrPaHHYCHHYIO
BO3MOJKHOCTb TIOBTOPHOTO HCIIOJIE30BAaHMS KOJIa, ITIOCKOJIBKY 00JIee CIIOKHBIIN U CIIeIU(HIHBIN KO
HMeeT TeHICHINIO OBITh MEHEe IIPUTOJHEIM ISl TIOBTOPHOT'O HCIIONb30BaHMs. boee Toro, moarpad
XPYIKOCTH METOIOB, KOTOpHIE HEOOXOANMO H3MEHHTb, MOXET MPOSBUTH (DYHKIMOHAIBHOCTH,
KOTOpast TpedyeT MOAIEPKKH IIPH COIPOBOKACHHH.

MeTpuKH KECTKOCTH (PHCKOBAaHHOCTH) B TEPBYIO OuYepelb OPHEHTHUPOBAHBI HAa HW3MEPCHHE
BO3MOYKHOCTH IIOBTOPHOTO HCIIOJB30BAaHMS, pa3Mepa M CIOXKHOCTH TOATPadoB IKECTKOCTH
MetonoB. Kaxnmass u3z stux Metpuk — RNOM, RLOC u RCYC — obecrnieunBaeT pasjindHOe
PAaHXHPOBaHHE METOJOB, MX MOXHO KOMOWHHMPOBATh M ONIPENCIATh, KaKHE M3 HHUX HMEIOT
3aBUCHMBIH KO, KOTOpBIH 1100 Oonee oOummpeH, nnubo Oosee ciioxkeH, 4yeM apyrue. OcoOeHHO
JKECTKUE METOABI (MMEIOLIHE BBICOKHH PUCK 3aBUCHMOCTH OT OOpAIIAIONIUXCS K HUM METOOB),
BBISIBJICHHBIC C MOMOIIBIO 3TUX MOKa3areneil, TpeOyIT OOJbIIEro BHUMAHHS C TOYKH 3PEHHUS
OOHOBJICHUS] U TECTHPOBAHUS MO CPABHEHUIO C MEHEE JKECTKMMHU METOAaMH (C HU3KUM YPOBHEM
Takoro pucka). Pa3paboTyuku MOTYT HCIOJIB30BATh OTH METPUKH Uil ONpe/esIeHHs
MPUOPUTETHOCTH YCWJIMH 1O CONPOBOXKJIEHUIO U TECTUPOBAHUIO, TapaHTUPYs, YTO BBICOKO
PUCKOBaHHBIE METOIObl OCOOCHHO TINATENBPHO MOAUGHLUUPYIOTCS M TECTUPYIOTCA Iepe
BKJIFOYCHHEM B paboTy. MCronb3yst METPUKH )KECTKOCTH, KOMAaHABI pa3paboTYMKOB MPOrPAMMHOTO
obecriedeHHss MOTYT 3apaHee BBIABIAITH M YCTPaHATh NMPOOJIEMBI, BIHSAIOIINE HAa Ka4eCTBO U
COMPOBOX/ICHHUE MPOrPAMMHOT0 0OECIICUCHUSL.
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