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[Tpu MogepHU3aIUKU TTPOTPAMMHOTO 00ecIieueHUsI BO3HUKAET MpobJieMa TEXHUYECKOTo 10ra, KO-
r7a 9acTh UCXOMHOTO KO HAIIPSIMYIO He yJacTBYeT B OOHOBJICHUM, & UCTIPABJISIETCS] BO BTOPYIO OUe-
penb Kak yctapeBiiee. [IpencraBiieHbl TpU COOTBETCTBYIOIIME MOAe. JIJIsl moucKa ¥ UCTIpaBJIeHUST
e eKTOB MCHOIb3yeTCs MAIIMHHOE OO0ydyeHMe. YcTraHaBauBaeTcs 3(OEKTUBHOCTDL ITOAX0OAA IS
KOHKPETHBIX JaHHBIX U HaMeuyaeTcsl TTepCreKTUBa paciiupeHus Ha 0oJibliiee KOJIMYEeCTBO Pa3iny-
HBIX CITyJaeB.
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BBenenne. OnHa 13 OCHOBHBIX 3a1a4 pa3padorunka rmporpammHoro odecnedeHus (I10) 3akmogaer-
¢Sl B pa3BUTHUU ITpoAyKTa. ITpoliecc moCTOSTHHOTO BHECEHUSI HOBOM (DYHKIIMOHAIbHOCTU HE MOXKET IPO-
JIOJDKAThCSI BEYHO, TaK KaK M3-3a HapacTaloLIe CJIOKHOCTU IIPOrPaMMHOTIO IIPOAYKTa U CXKAThIX CPO-
KOB Ka4eCTBO HAIIMCAaHHOIO MCXOMHOTO KoJa (TeKCTa IMporpaMMBbl) yxyamiaeTcs. MIHoroma HacTOIbKO,
YTO JajibHENIIee paciiupeHue GyHKIIMOHAIbHOCTU CTAHOBUTCS HEBO3MOXHBIM. B uTepaType npuHs-
TO TaKoe SIBJIEHUE Ha3bIBaTh “TeXHUYECKUM gojrom” [1]. MoXHO MpoOBeCTU Mapajliejib ¢ OOBIYHBIM.
TexHudyeckmii OAT — 3TO AEHBIU, KOTOPHBIE BbI OepeTe Ha pa3padoTKy HOBOI (DYHKIIMOHAJIBHOCTH (pac-
LIMPEHNE CBOETO ITPOU3BOJICTBA), a IIpoliecc pedakTopuHra (IIpuBeaeHUE Balllero ucxogHoro konga IO
B JOJIKHBII BU, KOTOPBIM He IIPUHOCUT IJIsI MOJb30BaTelIeil HUUero HOBOIO, HO 3aHMMAaeT KaKOe-TO
BpeMsI) — BBIIUIATHI IO 3TOMY H0aTy. COOTBETCTBEHHO Ye€M Yallle Bbl TOHUTECH 32 OBICTPBIM Pa3BUTUEM
(YHKIIMOHAIBHOCTH, HE Moraiiiasi 10Jr, TeM OO0JbIile ITPOLIEHTHI 110 HEMY IMPUAETCS IIaTUTh, a 3HAUYUT,
OoJiee NONTHIL U 3HAYUTEILHBIN pe(aKTOPUHT IpuaeTcs coBepiuaTb. CTOUT TaKXKe 3aMETUTh, YTO TEX-
HHMYECKUI JOIT He BCerma OKa3bpIBaeTCs YeM-TO 0€3yCIIOBHO IUIOXUM, MHOTIA IIPUOPUTET OBICTPOTO pe-
LIEHUS TIPOOJIEMBbI Hall HaIeXXHbIM HEOOXOAUM JIsl MPOABMXKEHUS IpoekTa. OaHU U3 SIpKUX MpeacTa-
BUTEJIel CHMIITOMOB TEXHUUYECKOTO J10JITa Ha3bIBatoTcs “3amaxu Koaa” [1, 2] (anm1. code smells) — aH-
TUOATTEPHBI IpOrpaMMHUpOBaHMs. Takue y4acTKM TEKCTa MIporpaMMbl 3aTPYOHSIOT ITOHMMaHUE,
OTJIaJIKy, TECTUPOBaHME, pacllIMpeHre IIporpaMMbl B 11eJJoM. OHM He SBJISIIOTCS TEXHUYECKU HEKOP-
PEKTHBIMU U He MPEISITCTBYIOT (PYHKIIMOHUPOBAHUIO IIporpaMMel [3]. BMecTo 3TOr0 OHUM yKa3bIBaloOT
Ha ySI3BUMBIE MECTa B apXUTEKType, KOTOPhIe MOTYT 3aMeIJINTh Pa3padOTKy WIM YBEIMYUTH PUCK OIIM -
00K U cO0oeB B OyayiieM. B maHHBIN TepMUH BKIIIOYSHBI apXUTEKTYPHBIE HETOUHOCTH, HETOCTATKU JT1-
3aiiHa 1O u nmpo6iieMmbl peanu3auuu. OgHa U3 0OCOOEHHOCTEM 3alaxoB KOJAa — OTCYTCTBHE CTPOIOro
omnpeeneHNsI Y1 YeTKUX XapaKTepPUCTHUK, II0 KOTOPBIM MOXKHO OBLIO ObI CKa3aTh, CYUTACTCS JIU UCXO -
HbIH Ko rutoxuM. OIHAKO MOXHO BBIIEIUTH CITUCOK M3 5-6 OCHOBHBIX HAN0O0JIee M3y4eHHBIX TUIIOB aH-
TUOATTepHOB [1, 2].

3araxu KoJia MOT'yT OXBaThIBaTh pPa3IMUYHbIe YPOBHU abcTpakuuu pa3zpadorku I10. Tak boxecTBeH-
Heiii Kimace (anrn. God Class) — 3T0 HEKOTOPBINA OOBEKT B MCXOMHOM KOAE IPOrpamMMbl, KOTOPHIM
YIIPaBJIsIET CJIMIIKOM MHOTUMU APYTUMU OObEKTAMU B CUCTEME, TPEBPATUBILMCH B KJ1aCcC, KOTOPbIit Ae-
naet Bce. Hanpumep, kitace Customer, KOTOPBIit COIEPKUT B cede UM 1 (haMUJIMIO YeJIOBeKa, €ro aapec
MPOXUBaHMsI, CTpaHy, TOPOA 1 MOYTOBBII Koa. Kpome mpocToro xpaHeHUs1 HPOpMauu, Heo0Xoau-
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MBI elll€ METOAbI B3aUMOIEUCTBUS C JAHHBIMU MOJSIMHA M, BO3MOXHO, HEKOTOPEIE CIY*KeOHbIe (DYHK-
uuu. C OIHOM CTOPOHBI, B 3TOM HET HUYETr0 KPUTUYECKOT0, OJHAKO HAMHOTO YI00HEee UMETh OTACb-
HEBI1 K1acc Address, KOTOPBI XpaHUT BHYTPU ceOsI BCIO MHPOpMaILUIO 00 agpece U MeTOAbI pabOTHI C
Heit, a B Customer gep>aTh TOJILKO CCBIIKY Ha 00beKT Kitacca Address. boiree MaciraOHBIN 1 HeoIIpe-
JIeJICHHBI MpUMep aHTUMNATTEpHA IIporpaMmMupoBaHus — 31o CTpenbda apoosio (aHmi. Shotgun Sur-
gery), KOTOPBIii ONKCBIBAET CUTYallMIO, KOTAa MpU U3MEHEHMM HEe3HAYUTEJIbHOTO ITOBEICHUS Balleit
MIPOrpaMMBI B OMHOM MECTe ITPUXOAUTCS IeJIaTh JOMOJTHUTEIbHBIE U3MEHEHUSI B OOJIBIIIOM KOJINYECTBE
JIPYTUX KJIACCOB. DTOT 3amax Koja He OrpaHUYMBaeTCs CYLIIHOCThIO OMHOTO KJIacca, IIJisl ero ooHapyke-
HUSI HEOOXOAMMO CJISAUTh 3a UCTOPUE M3MEHEHUS IIPOEKTa U UCKATh CUTYyalluM II0JJOOHOIO0 MHOXE-
CTBEHHOTO UCIIpaBJICHUSI TeKCTa ITporpaMmmMbl. KaskeTcs, 4To OTHUMU U3 HauboJiee MPOCThIX IJis OOHa-
PY:XeHUSI U UCTIpaBJIeHMS 3araxaMu Koaa spistorcs Jdnuanaerii Meton (aHmi. Long Method) u Ciox-
Hbeiii Meton (aHmi. Complex Method). Ha3BaHusl maHHBIX aHTMIIATTEpPHOB MpPOrpaMMUPOBaHUS
TOBOPSIT CaMU 3a ce0sI, 3TO CIIMIIIKOM pa3pociarecd B “IuHy” win “mmpuHy”’ GyHKIuN. CII0XKHOCTh
UX OOHAPYXKEHUS 3aKJII0YAETCSI B TOM, YTO MHOLIA TaKasl peaju3alus Heo0XoauMa U MHBIM CIIOCOO0M
ee He caenaTb. Hanmpumep MeToasl, coaepxaliue 00Jbll1oe KOJUYeCcTBO switch/case KOHCTpyKLuii 1160
GOJIBIIOE KOJIMYECTBO CXOXUX OINepanuil Ipeobpa3soBaHUsI YHUCEN/CTPOK, KOTOPhIEe MPOOJIeMAaTUIHO
BBIHECTH B MOAGYHKIMU. TakKe MOHATHE “IIMHHOCTA MM “CIOKHOCTU” 3aBHUCUT OT KOHKPETHOTO
IIPOEKTa, sI3bIKa IIpOrpaMMUpPOBaHMsl, KOMaHIbI pa3padoTunkoB. McciemoBaHus B paMKax JaHHOM 00-
JIACTHU CTaBAT Mepel co00i Helb Hanbosiee TOUHO U 6e3 MPOMYCKOB ONpeAesaTh HAJIMYMe 3al1aXxoB Koaa.

HMHCcTpyMEHTHI TTOUCKA 3JIEMEHTOB TEXHUYECKOTO JOJITa SIBJISIIOTCS aKTyaJlbHBIM IIPEIMETOM UCCIIe-
noBaHus yxe 6osee 20 et [4]. B mocnenHee BpeMs ISl yIy4IIeHUST KauyeCcTBa OIpeae/ICHUS TaKMX e
($EKTOB MCMOIB3YIOTCS METOIBI MAIMMHHOTO 00yueHMs [5—7]. B ocHOBe TTOTOOHBIX METOIOB CTOUT 3a-
Jaya oOy4YeHUs ¢ yuuTeJeM Ha Habope pa3sMeueHHBIX JaHHBIX. B obOsacTu co3maHus Takux HaOOpOB
JMIaHHBIX €CTh JBa HalpaBieHus: pydyHas [8§—10] u aBTomatuueckas [7, 11] pasmetrku. HanGonee akry-
aJIbHBIN IIPEACTaBUTENIb IIEPBOIM IPYHITILI padoT [8] comepkuT HAOOP JaHHBIX, IIe COOpPaHO OOIBIIOE KO-
JINYECTBO PYYHBIX Pa3METOK ITPUMEPOB. BOJBIIMHCTBO U3 HUX 0Ka3aJIMCh pa3MeUYeHbI KaK OTpULIaTEIb-
HEBIe IIpuMephI (0e3 Kakoro-an6o aedekra). [IpemctaBuTe i BTOpOi IpyIIbl NCIIOJIb3YIOT TOTOBBIM MH-
CTPYMEHT ITOMCKa Ae(EKTOB MCXOIHOIO Koaa I OOHApYy>KeHMsI 3aaxoB KoJa Ha OOJIbIIOM Habope,
aHaAIM3UPYS TeKYIl1e BePCUU POEKTOB, a HE UCTOPUIO U3MEHEHUIA.

OcHoBHag IIpo6JIeMa TaKOro MeToja coopa IpUMEPOB 3aKJIIOYAETCS B TOM, UTO MCCIeAOBaTeIN/ae-
TEKTOPbI/OPaKyJbl, KOTOPBIE Pa3MedaloT IIOJI0KHUTEIbHbBIC CITy9an, He SIBJISIIOTCS pa3padoTYnKaMu JaH-
Horo ITO, cOOTBETCTBEHHO COBEPIIEHHO HE 3HAKOMBI C €T0 CTPOSHUEM U uaesaMu apxutekropa I10.
Jmunanabie 1 CiioxxHblie MeToabl BHE 3aBUCMMOCTH OT 3aMbICJIOB pa3pabOTYMKOB — IUIOXAas IIPaKTHKA.
Hpyroe nemno 3aBuctimBbie Metonsl (aHmI. Feature Envy) u boxkectBeHHbIe Kitacchl: Takue ciydau Tex-
HUYECKOTOo J0JITa CJIOXHO OIPENeIUTh 0e3 AeTaJTbHOIO aHaJI3a CTPYKTYPhI IpoekTa. EcTh MHCTpyMeH-
Thl, KOTOPbIE MPUHUMAIOT Ha BXOJ MOJHOLIEHHBIN MPOEKT, aHATU3UPYIOT CBSI3U MEXIY KjiaccaMu/Me-
ToIaMM/TIepeMEHHBIMU 1 MEHSIOT CTPYKTYPY, peliiasi 3aaaqy ONTUMHU3ALIMKU 3aBUCUMOCTEM MEXIY CyIIl-
HocTsiMu [12], npemtarast cBoif BUA MpoeKTa. Y TaKoro IMoaXoJa OCHOBHBIM HEAOCTAaTKOM SIBISIETCS
CJIOXKHOCTB IIPOBEACHUS TeHEPAJIbHOIO pe(PaKTOPUHTA, TaK KaK B aBTOMAaTUYSCKOM PEKMME IPOBOIUTh
CTOJIb MacIITaOHbIE N3MEHEHMS PUCKOBAHHO.

Eme onuH moaxos K co3naHuio Habopa JaHHBIX C UCTIPABJICHUSIMU UCXOIHOTO KOoAa MPeACTaB/IeH B
ManySStuBs4J Dataset [13]. B 3T0ii my0GauKaliuy aBTOpbl COOMPAIOT UCIIPaBJIeHUsT peaIbHbIX pa3pa-
OOTYHMKOB, KOTOPBIE T€ MOCUUTATIA HEOOXOAUMBIM caiefiaTh. OTHAKO UCIIPaBJIEHUS, KOTOPBIE UILLYT, SIB-
JISTIOTCSI OMHOCTPOYHBIMU: 3aMeHa MepeMeHHOI, YMCIIEHHOI KOHCTaHThl, UMEHU MeTona. Takoii mom-
XOJl Mbl XOTUM TTIPUMEHUTH K ITOUCKY TIPUMEPOB 3aMaxoB KoAa. A UMEHHO, OyIeM UCKaTh B UCTOPUU U3-
MEHEHUsI MPOEKTOB C OTKPBITBIM MCXOIHBIM KOJOB T€ WCIIPABIE€HUSI, B KOTOPbIX pa3pabOTUYUKU
WCITPaBJISLIA UMEIoLIMecs 1edeKThl CBOEro IMpoeKTa.

OCHOBHBIM PEIYJIbTAaTOM ITAHHOM pa60TbI ABJIAOTCA:

* TIPEUTOKEHHBIM HOBBIH IMOIXOM K CO3MAaHMIO Habopa JaHHBIX B 00JIACTH 3aMmaxoB KOma, KOTOPBIH
JIETKO MacllITabupyeTcs;

* OTKPHITHII HAOOP MPUMEPOB UCIIPABIEHMI, coaepKaluii okono 6 teic. map (4O u ITOCJIE), co
CCBIJIKO#t Ha KOMMMTBI B KOTOPBIX OHU TIPOBOIVIIUCE.

1. CymecTByonye noaxobl. ABTOpbI CTaThu [14] OMTHUMU 13 TIEPBBIX OMYOJMKOBAIN OTKPHITHIC Ha-
OOpBI JAHHBIX C IPUMEpPAMM 3allax0B Koja, IpeacTaBmim 243 npuMepa AeeKTOB IISITH TUIIOB. OTHAKO
Ha naHHbIif MOMeHT ((eBpaiib 2023 1.) pe3yabTaThl HenOCTYITHBI. B padotax [9, 15] roBoputcs o 17350
1 40888 mpuMepax 13 pa3aUYHBIX TUIIOB MPOSIBJACHUN TeXHUUECKOTo goJjira. OqHakKo caMUu HaOOpHI JaH-
HBIX 3aKPBITHI, ¥ MOJYYUTh K HUM JIOCTYII He yHgajioch. OTKpPHITEIT HaO0Op HaHHEIX mpuBeaeH B [10],
3lIeCh pacCMOTpeH Habop u3 1986 mpruMepoB IJI YeThIpeX TUIIOB 3amaxoB Koaa. HemocTaTKoM MOXHO
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CUMTATh TO, YTO IIPUMEPHI B3IThI U3 Ha0opa npoekToB Qualitas Corpus [16], TocinenHsist faTa OGHOBIIE-
HUS KoToporo 6bu1a B 2012 1., 4TO 03HaYaeT MEHbIYIO aKTYaJIbHOCTh KOJOBOU 6a3bl. bojee HoBoI Imy6-
JIMKaleil Mogo0HOro mjaHa sBisieTcs [8], B KoTopoii aBTOphI IoIpocuin 20 CIIelnaJIncToB, NUMEIo-
IIUX Pa3INYHBINA OIBIT B pa3padoTke [10, olleHUTh HEKOTOPOE KOJUYECTBO IPUMEPOB UCXOTHOTO KOJA
Ha HaJIM41e B HUX CUMIITOMOB T€XHUYECKOTO noJira. IToroBsiit Habop JaHHBIX coaepKuT 14739 nmome-
ToK st 4770 ¢pparMeHTOB Kojna. be3ycIOBHBIM ILIIOCOM AaHHOM pabOTHI MOXXHO OTMETUTh OTKPBITHIN
JIOCTYII K CaMOM pa3MeTKe U OIpocaM, Ha KOTOPbIE OTBEYAJIM CIIeInaanucThl. K HemocTaTkaM CTOUT OT-
HECTH TOBOJIBHO HEGOIBIIIOE KOJIMYECTBO IIPUMEPOB, KOTOPHIE CIIELIUAIMCThI pa3METUIN KaK (pparMeH-
ThI, colepxXallue TOT Wiu nHoi nedekt (1504 momeTku “critical” unu “major” mist 795 pasauuHbIX
MIPUMEPOB Ha YeThIpeX TUITaX 1e(MEKTOB).

OnucaHHbIe BbIllIe HAOOPHI JaHHBIX 0ObEAUHSIET PyYHas pa3MeTKa IIpUMepPOB HEKOTOPHIM KOJIUYE-
CTBOM ITPOBEPSIOIIMNX, UYTO CaMO I10 ceOe OYEHb XOPOIIIOo BIUSIET Ha KauyecTBO Habopa naHHbIX. HemocTa-
TOK TaKOTO MOIX0Ja CIAEAYIOIINIA: 3TOT MPOLIECC 3aHMMAET 3HAYMTEIbHOE KOJTUYECTBO PECYPCOB OITBIT-
HBIX Pa3pabOTINKOB, COOTBETCTBEHHO HE MOXKET OBITh MacITabMpyeM Ha OOJIbIIIMe HAaOOPHI JaHHBIX B
JECATKHU ThICAY MPUMEPOB.

Hpyroii monxon ucronb3yetcs B [7, 11]. 1ist momyyeHust HAOOPOB JaHHBIX B 9TUX paboTax IPUMEHS -
IOTCSI CYIIECTBYIOIIE MHCTPYMEHThI TTOUCKA MPOSIBJIEHU TEXHUYECKOTO A0JITa Ha OOJBIIOM KOJHUYEe-
CTBE MPOEKTOB C OTKPHITHIM UCXOIHBIM KojgoM. B [11] mpoBoauiicsa ananu3 33 IIpoOeKTOB MpH MTOMOIIH

uHcTpyMeHTa SonarQube!, B [7] 6b110 npoananusuposano 1,072 C# u 100 Java mpoeKTOB MHCTPYMEH-

tamu Designite? u DesigniteJava’ cooTBeTcTBEHHO. DTH IyOGIMKALMU COAEPXKAT OOJIBIIOE KOJIUIECTBO
pa3MeueHHbIX ()parMEeHTOB KOJia, OMHAKO OHU MOJyYeHbl HEKOTOPbIM MHCTPYMEHTOM, a He pa3padoT-
yukamu. PasmeTky, coctaBiieHHYIO TIpu ITomonin DesigniteJava, OymeM MCIIOIb30BaTh B JaJdbHEUIIIEM,
TaK KaK caM UHCTPYMEHT UMEET OTKPBIThII1 UICXOAHbBIN KOA Y Mbl UMEEM TOCTYM HEMOCPEACTBEHHO K aJl-
TOPUTMY JETEKTOPOB 3amaxoB Koma. OCHOBHBIMUM OIpaHUUYCHUSIMU TIPEIJIOKEHHbBIX Bblllle HAOOPOB
JAHHBIX ABJILIOTCA 1BE KpPAafHOCTU. BO-TIepBBIX, X TPYI03aTPATHOCTD [IJIS1 CO3NaHMA U MacITaOUpoOBa-
HUS TIPU BBICOKOM TOYHOCTU pa3MeTKU. BO-BTOPBIX, BBI3bIBAIOIIEE COMHEHME KaUYeCTBO JAHHbBIX MPU
MpaKTUYEeCKN HEOTPAaHMYEHHOM KOJIMYECTBE MIPUMEPOB.

2. ITocTpoenue HaGopa JaHHBIX. PaccMoTpuM cxeMy moaydeHUsT Habopa JaHHBIX, KOTOPBI JOCTYIIeH
my6simaHO Ha Zenodo®.

21.BpiOOp MPOEKTOB C UCTOpPpHUEW M3MeHeHU . g manbHeliero anaan3a oOblUIo 3a-
rpyxeHo ToIi- 100 mpoektoB ¢ Github 1Mo KoJM4ecTBY MOJOXUTEIbHBIX OTMETOK, OCHOBHBIM SI3bIKOM
KOTOpPHIX sABIIsieTcs Java. [1oJHBI cIMCOK M BEpCUM IIPOSKTOB MOXHO HAWTU B OTIEILHOM (aiie proj-
ects.csv BMECTE C Ha0OpOM JaHHBIX. BOJBIIMHCTBO UCCIIEAYEMBIX IPOEKTOB HAXOASTCS B CTaAUN aKTUB-
HOi1 pa3pabotku, 30% npoaHaIM3UPOBAHHBIX U3MEHEHWI NCXOMHOTO KOAa MPUXOMSITCS Ha ITOCeIHNE
TpU Toja.

22.UBHCTpYyMEeHT cObopa mpuMep o B. UHCTpyMEHT aHAIM3UPYET KaxKIBII MPOEKT 110 oYe-
penu, IIpoXo/s BCIO UCTOPUIO eTo u3MeHeHnit. Ha KaxkoMm 111are mpu oMol CO3JaHHbIX 1I€TEKTOPOB
3aI1axoB KOJIa IIPOMCXOAUT aHaIN3 U3MECHUBIIMXCSI B KOMMUTe (aityioB. Eciu aHanm3 mmokasail, 4To B
KOMMMUTE €CTh CJIydau MCIIPaBJICHUS OIIpeaeeHHOTO aepeKTa, TO KaXKIblii TaKOil IprUMeEp MonaaacT B
WUTOTOBBII CITMCOK CBOETO MEeTEKTOpa.

Onpedenernue ucnpaenenuii koda. bynem cunrarb napoii 10 u ITOCJIE ¢pparMeHThI Koaa Iiepem, uc-
MpaBjieHUEM, BHOCUMBIM pa3padbOTIMKOM, 1 MOCJIE HETO COOTBETCTBEHHO. JleTeKTOphI UIYT Ae(DEKThI
B Bepcuu ¢aitos J1O u B Bepcuu ¢aiinos [TOCJIE. 3aTeM oT4eThI 3TUX ABYX 3aITyCKOB CPAaBHUBAIOTCS.
Ecnu B daitie mpomnai neeKT B KAKOM-TO METOJE WU KJlacce, TO 3TOT cilydail (puKCcUpyeTcst U pouc-
XOIIUT AOIOJIHUTENbHAS IIPOBEpPKa ABYX (pparMeHTOB.

Jlemexmopsi 3anaxoe koda. B TeKyllieM 3KCIIepMMEHTE MCIIOIb30BAJIOCh TPH AeTeKTopa: boxkecTBeH-
Hblt Kiace (God Class), Cnoxubiii Meton (Complex Method), Inuanbiit Meton (Long Method).

st oOydyeHuUs1 6a30BbIX MoJieJieii TpuMeHsIuch Habopbl naHHbIX MLCQ [8] 1 DLS [7], uucieHHbIe
XapaKTEepUCTUKU KOTOPHIX yKa3aHbl B Ta0JI. 1.

B cunty orpaHnndyeHHOCTH KoJM4decTBa IIpuMepoB s JInnaabeix MetonoB u boxecrBenHbix Kitac-
COB ObLI MCITOJIL30BAH MOAX0J, OCHOBAHHBIN Ha MOJCYETe METPHUK I10 KOJAY U MOJAEAb MAaIIMHHOIO
obyueHus1 Cnyuaiinbiit Jlec (Random Forest) nist OuHapHoit Kjlaccudukaluu ¢hpparMeHToB Koaa. Jliist

! https://www.sonarsource.com/.

2 https: //www.designite-tools.com/.

3 https://github.com/tushartushar/DesigniteJava/.
4 https://doi.org/10.5281/zenodo.7612725/.
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Tabomuna 1. Onucanue oOyyaroleit BHIOOpKU 6a30BbIX MOIEEHi

Tun nedpexra Ha6op nanHbIx IMonoxuTeabHbIX OTpuuaTeIbHBIX
CrnoxHblii Meton DLS 22000 22000
Jnuuublii Metog, MLCQ 140 2119
BoxxecTBenHnsIii Kiacc MLCQ 246 1719
Ta0mmua 2. AHHOTALMSI TOJIYyYEeHHbBIX IPUMEPOB

Tun nedpexra Bcero TlosoxXuTeIbHBIX OtpuareinpHbix  |[lomoxurenbHbIX, %
CroxHbIit MeTox 164 106 58 0.65
JmHHaBI MeTon 132 97 35 0.73
BoxecrBennsbrit Kitace 32 24 8 0.75

Hananeix MetonoB mpuMeHstinch LOC, NCLOC, MCC, TokenCount; nisa boxecrBeHHbIx Kiac-
coB — LCOMS5, NAD, NMD [2]. st padoThl co CinoxXHeIMU MeTogamMu ObllIa pealr30BaHa CBEPTOY-
Has HeiipoHHast ceTb (CNN-2D), omucannas B [7].

Tocmauaemper. B xone Banumalimy pe3yabTaToOB cOOpa IIPUMEPOB CTaJIO SICHO, YTO HEKOTOpPHIE U3
WCIIpaBJICHUI, KOTOPBhIE Mbl HAXOAMJIM, He OBIJIM HalleJICHBI Ha NCTIpaBieHe 1e(eKTOB, CBI3aHHBIX C
3araxaMu Koga. B “monoxutesbHble” MpuMepbl UcTipaBieHus JIMHHBIX MeToa0B nonaaajiu CUTya-
11, B KOTOPBIX pa3pabOTUMK BHOCWJI HE3HAUYMTEbHbIE CTUJIMCTUYECKNME UCIIPABICHUS B CBOI KOI.
B nmpotuBomonoxHoit cutyanmu Bech JAmmHHBI MeTom mepeHOCHIICsI, OCTaBIIsISI B CTAPOM TOJILKO BBI-
30B HOBOTO METOJA.

st punbTpauy TakKux IpUMepoB ObLTM HATIMCAHbI TPOBEPKU HA OCHOBE KOJTMUYECTBEHHBIX METPUK
BHOCHMBIX U3MeHeHM . UToroBEIe (OMIBTPHI TOIYIMINCH CIASAYIOIMMU (CpabaTbIBaHUE XOTS OBl OI-
HOTO M3 YCJIOBHMII NCKITIOYAeT JaHHOE MCTIPABIICHNUE).

Janaubeit Meton;:

» teso Mmetoma ITOCJIE MeHbIIe TSITH CTPOK;

* pasauua pnH MetonoB 1O n ITOCJIE MmenbImre 12;

* OTHOCHUTEJIBbHOE YMEHBIIIEHIE JUIMHBI MeToma MeHblIre 0.2;

* HET JIOCTaTOYHO JUTMHHOTO CIUIOITHOTO yJacTKa ynajleH!s Koma u3 pparmenTa J1O ¢ 3ameHoit Ha
HeOonbIioi yyactok B ITOCJIE.

CrnoxHblit Meton;:
» tesio Metoma ITOCJIE MeHbIIe ITSITH CTPOK;

* OTHOCHUTEJIBHOE yMeHblLIeHUe ciaoxHocTu (mo McCabe’s Cyclomatic Complexity®) ¢pparmenTa
MeHblie 0.25.

boxectBenHslii Kinacc:
* pasHULIA MEXIY KOJIMYECTBOM yIaJIeHHBIX M JOOABJIEHHBIX METOAOB MEHbIIIE TPEX.

Bce moporoBrie 3HaYeHUS OBLIN MOJYYSHBI SKCIISPUMEHTAIIEHO UCXOs U3 TECTOBOM BHIOOPKU O0b-
eMoM ~5%. [MonydeHHBIE JeTEKTOPBI U JOMOTHUTEIbHBIE GUIBTPALIMN ObUIU UCIIOIL30BAHbI B aHATN3E
ncropun n3meHeHuit 100 mpoeKkToB.

23.Banupanus MOJAYyYEeHHBIX MPUMeDp o B. s 6osee ynodbHOro npocMoTpa 1 Baauaa-
UM NTpUMEPBI oThpasisuiich B LabelStudio® — MHCTPYMEHT [U1s1 COBMECTHOI aHHOTALIMU ITPUMEDPOB.
Bpyuynyio 6b110 pasmedero 132 mpumepa dnuHHBIX MeTomoB, 164 mpumepa CioxXHBIX MeTOmoB U
32 npumepa boxecrBeHHbIX KiaccoB. AHHOTALMIO MOJIYYEHHBIX IIPUMEpPOB (Tabj. 2) IIPOBOOWIN
JIBa OITBITHBIX pa3padorynka. KosdduimmeHT cormacusa coctaBui 92%.

He oueHb BBICOKMIT YPOBEHB MOJIOKUTEIBHBIX pa3METOK, OMHAKO, He 03HAYAET, YTO OCTATbHBIC Ma-
pbI He uMeloT aedekra B kone J1O, pazMeTKa MpOBOAUIACH C LIEJIbIO OLIEHKH T1ap ¢ UCTIPaBIeHUSIMU Jie-
dexkroB. B ocranbHbIX ~25—35% map n3MeHeHUsT He OBLIH STBHO HaIIpaBJIEHBI Ha pe(aKTOPWHT WA UC-
MpaBJIeHUs UICKOMOTO nedeKTa.

3 https://radon.readthedocs.io/en/latest/intro.html#cyclomatic-complexity/.
6 https://github.com/heartexlabs/label-studio/.
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Tabomuna 3. O011Me XapaKTepUCTUKU TTOTYYEHHbBIX JaHHBIX

XapakTepucTuka 3HaueHue
OO111ee YncIo NPUMEPOB 5912
CloXXHBIX MeTonoB 2967
JInuHHBIX MeTonoB 2517
boxecrBeHHbiX KiaccoB 428
[Ipoanann3npoBaHO IIPOCKTOB 100
[TpoaHann3MpoBaHO KOMMUTOB 788485

3. XapaKTepI/ICTPlKH JaAHHbBIX. Hixe IpeaCTaBJICHBI YNCIICHHDBIC XapaKTCPUCTUKHN CO6paHHLIX JaHHDBIX
H OIMMCaHUE MPEAOCTABIACMOroO apxmuBa.

3.1.3amaxu Konga. OCHOBHBIC YMCICHHBIC XapaKTePUCTUKHN MpuBeIeHEI B Ta0. 3. [1pu ananuze
100 mpoekToB OBLIO MorydeHo okoyio 6000 map ¢hparMeHTOB MCXOTHOTO Koja (¢ medeKToM U 6e3 HeTo).

3.2.CTpyKTypa aaHH bl X. OcCHOBHas1 [upeKTopus apxuBa dataset COnep>KUT TpU MOIIUPEKTO-
pun o Kaxgomy tTuny 3anaxoB Koma: ComplexMethod, GodClass, LongMethod, B Kaxm0ii 13 KOTOPBIX
XpaHUTCS CITMCOK IUPEKTOPpH ¢ mpuMepamu before.java 1 after.java. Takske Ha BepXHeM ypOBHE HaX0-
nsrcst daitnbl ¢ onucanueM npuMepoB: ComplexMethod.csv, GodClass.csv, LongMethod.csv. Kaxnast
3aIKCh O IPUMEPE CONEPXKUT CIAEAYIONLYI0 UH(MOPMAIIUIO:

* proj ect — ums nmpoekra, U3 KOTOPOTO B3SIT IPUMED,
» pat h — oTHOCUTEIBHBII MYTh K (haiiay B IUPEKTOPUU PETIO3UTOPUSI,

* entity — ugeHTMdUKaTOp UHTEpecyIoleil Hac cyimHOoCcTH B hopmare MmsaKiacca:MmsaMero-
Ja(TUMBI apTYMEHTOB),

curl — TUNEPCChIJIKA HA KOMMMUT,

» before fil e — nyrs Kk daiiny, conepxaiiemMy METOI,/KIACC 10 UBMEHEHUSI, OTHOCUTEILHO M-
pekTopunm dataset,

- after file — nyre x daitny, cogepxalieMy MeTOI/KJIACC MOCIE U3MEHEHMSI, OTHOCUTEIBHO
nupexTopun dataset.

Takzke B KOpHeBOI nupekropun dataset comepXutcs (aiin projects.csv, OMUCHIBAIOIINI UCITOIb30-
BaHHBIE IS aHAJIM3a IIPOEKTHI.

4. Anpobanusa nannbix. [ToaydyeHHBINT HAOOpP JAaHHBIX MOXHO MCIOJb30BaTh IS OOYYEeHUSI HOBBIX
MoJieJieii MallIMHHOTO OOYy4YeHUs JJIs1 co3MaHus 0ojiee TOUHBIX NeTEKTOPOB TeXHUUYECKOro mojira. M3
9THUX Iap IPpUMEPHI 10 UCTIPaBJIEHUIT Opainch KaK Ko ¢ 1e(PeKTOM, a IIpUMEPHI IIOCJIe UCIPAaBICHUN —
Kak Kon 6e3 gmedekra. KomuuectBo mpuMepoB JAIMHHBIX MeTOI0B CTajo 3HAYUTEIILHO OOJIBIIIE, YeM B
Habope naHHbIX MLCQ, cOOTBETCTBEHHO, MOSIBUJIACh BO3BMOXHOCTh OOYUUTH 00Jiee CIOXKHYIO MOIEIIb,
aumeHHo LSTM, ormmcaHHyio B [7]. B 17aHHOM 3KcriepMMeHTe CpaBHUBaeM MO, 00ydeHHbIC HA HO-
BBIX TAHHBIX C TIPEAbIAYIIIMU pe3yibTaTaMu. B KauecTBe BaauaallMOHHBIX TaHHBIX IIPUMEHSIJIUCh pa3-

MEUYEHHbIE BPyYHYIO TPUMEPBI U3 npoekTos: ant’, drill®, error-prone?, giraph'?, hive!!, truth'2. I1pu pas-
METKe 3TOTO BaJIuJallMOHHOTO Habopa JaHHBIX UCITOJIb30BaIMCh TPU IMIOMETKM: UCTUHHbBIE cCpabaThiBa-
Husa (TP), noxusie cpabareiBanus (FP) m mctuHHBIE cpabaThiBaHUS, HE TPeOYyIOIINe MCIIPaBICHUS
(WF). IIpruMeHeHre TOMETKHM “He TpeOyIolre UCTIPaBJICHUS” BI3BAHO TEM, UTO B JAHHOM cily4dae “ae-
¢eKT” MOT BHOCUThCS OCO3HAHHO U CHEHUaIbHO, TU00 UCIIpaBIeHUE TAKOTO y9acTKa KoJIa IoTpedyeT
3HAYUTEIbHBIX 3aTpaT pecypcoB. OueHuBanuch TouHocTh (PR), momnora (RE) u F1-mepa (F1).

Kaxk BunmHOo n3 Ta6i1. 4, pe3yabTaThl MOIeJIeH Mo BceM TUTIaM Ie(eKTOB YaydIInch. st JTnHHBIX
MeTtonoB 3a cueT mepexoaa Ha 6osiee CIOXKHYIO MOJIENb YIIOCh TTOJYYUTh 3HAYNUTEIbHOE YIydIlleHue
TOYHOCTH MPU HE3HAYUTEIHLHOI MoTepe MOJHOTHL. TakuM 00pa3oM MoKa3aHo, YTO JaHHBIM HAGOP JaH-
HBIX MOXXHO MICTTOJTb30BaTh IIJIsI 00OYIeHHST HOBBIX 00JIe€ TOYHBIX IeTEKTOPOB Ae(PEeKTOB MCXOMHOTO KO/Ia.

7 https://github.com/apache/ant.git, f61ac1296.

8 https://github.com/apache/drill.git, 85d27013.

9 https://github.com/google/error-prone.git, 54fa3f38.
10https: //github.com/apache/giraph.git, 2c63aa23.
11https://github.com/apache/hive.git, deOa7echb.
12https://github.com/google/tru‘[h.git, eaddc49f.
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Monenb F1 PR RE WF TP FP
JnuHHBI MeTon

Bbazosas 0.277 0.163 0.928 116 39 84

HoBas 0.493 0.346 0.857 47 36 21
CrnoxHblit Meton

BbazoBas 0.518 0.35 1.0 36 70 94

HoBas 0.757 0.626 0.957 23 67 17

boxectBeHHbIlt Kiacc
bazoBas 0.092 0.05 0.625 68 5 27
HoBas 0.141 0.079 0.625 37 5 21

5. Texymue orpanuyeHus noaxoaa. OueBUIHO, YTO MBI HAIIUTY He BCE YUACTKU UCIIPABIICHUIA TaHHBIX
TUIIOB 3aI1ax0OB KOJia Ha paccMaTpuBaeMbIX IpoekTax. C Ipyroil CTOpOHbI, NpUMEHEHUE MoAeeil, oc-
HOBaHHbBIX HA METOJAX MAIIMHHOTO OOYyYeHUsI, U py4HbIe 9BPUCTUKU MOTYT BHOCUTD U JIOKHOITOJIOXKU -
TeJIbHBIe CpabaThbIBaHUsI, OOHAKO TaKWe IpUMeEPbI, CKOpee, He SIBJISIOTCS MCIpaBiIeHUSIMU IedeKTa.
MeTon/Kj1acc Tak WJIM MHAY€e CTAJl MEHbIIIE U TIPOIIe IJ1s1 TOHUMAaHMsI, OMHAKO, BO3MOXHO, HE HACTOJIb-
KO, HACKOJIBKO 3TO MOXHO OBLIO CIEJIaTh, €CJIU Obl pe(aKTOPUHT IIPOBOINIICS LieJCHATIPABIIEHHO.

Eiiie BcTpeuaeTcst pecakKTOPUHT BBIHECEHM S 3HAUUTEJIbHOTO yyacTKa KoJia u3 MeTo/ia/Kiacca, KOTo-
PBIit HEJTB3sT CYUTATh XOPOIIUM, €CJIM OH ObLT BbIIIEJICH LISJTMKOM U CTaJl HOBBIM IIPUMEPOM 3araxa Koja.
Taxkxe B paboTe He ObLJIM PAaCCMOTPEHbI CUTYALIMU C TIepeMMeHOBaHUEM (DaiiiIoB B KOMMUTAX, YUUTHI-
BaJIMCh TOJbKO U3MEHEHHUs B paMKax ofHoro daiiia. JlaHHbIit HAG0p ObIJT COOpaH UCKITIOUUTENbHO Ha
npoekTax ¢ Java. [IpyMeHsITh TaAKOM MOAX0J BO3MOXHO U JIJIsl APYTUX SI3bIKOB IIPOTPaMMUPOBAHUS, O/~
HaKo 3TO TpebyeT HaJuuusl OTHOCUTEIbHO HETIJIOXUX 0a30BbIX IETEKTOPOB.

3akmodenne. [IpencrapiieH HabOp MaHHBIX CYIIECTBYIOIIMX UCIIPABJICHUN TPOSIBIEHUN TEXHUYE-
CKOTO JI0JITa UCXOMHOTO KO/a, 3anaxoB Koja. OTJUYUTENbHON YepTOil JaHHOTO Habopa sIBJsSIeTCs Mpe-
JIOXXEHHBIN CIToco0 cOopa MoJ0OHBIX TPUMEPOB B aBTOMAaTUYECKOM PEXUME, MCITOJIb3Ysl OIBIT HEMO-
cpencTBeHHBIX pa3padorunkoB I10. HoBbie meTekTophl, 00ydeHHBIE HA COOpaHHOM Habope JaHHBIX,
MPEBOCXOJAIT MO TOUHOCTU KiaccuduKaluu nepBoHavyaibHbIE.
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