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AHOTAIIIA

Trxauyx. A. B. Metoau aBToMaruzaii pedakTOPUHTy MPOrPaMHOTO KOAY 3
BUKOpPUCTAHHAM 0a3u 3HaHb. — KBamiikaiiiina HayKkoBa mpaiisi Ha IpaBax pyKOIUCY.

Hucepraniss Ha 3100yTTS HAyKOBOTO CTyINeEHs JokTopa ¢igocodii 3a
cnenianbpHIcTIO 122 «KoMi toTepH1 Hayku». — HallloHaIbHUI TEXHIYHUN YHIBEPCUTET
VYkpainu «KuiBchkuit monitexHiynuid iHcTuTyT iMeHi [ropst Cikopebkoroy», Kuis, 2024.

Meroro gucepTaunifHOTO JOCTIKEHHS € po3poOKa METomy aHamizy
MOYATKOBOTO KOAY Ta WMOro MOJAJbLIOTO aBTOMAaTHU30BAHOTO pPe(aKTOPUHTY, SKUN
CIIUPAETHCS HA BUKOPUCTAHHS 0a3u 3HaHb MPO 1IeHl KOJI.

O0'ekToM auCepTalitHOTO JOCHIIKEHHS € MpouecHu 300py, MpeACTaBICHHS 1
00poOKu iHpOpMAaIlii PO MOYATKOBUHN KOJI MPOTPAMHUX MPOAYKTIB.

[IpeameToM nucepTaliiHOIO MOCTII)KEHHS BHCTYNAIOTh METOIW aHai3y,
npeAcTaBIeHHs Ta 00poOku iH(opMalii st pedakTOPUHTY TMOYATKOBOTO KOAY 3
ypaxyBaHHSIM HMOTO CEMAHTHUKH, SKI 0a3ylOThCS Ha BUKOPUCTAHHI (pOpMali30BAHUX
3HAHb MPO KOJ.

Y xomi poGoTu Hajx aucepraiiero Oylio BUKOPUCTAHO TakKl METOIU
JTOCHIIPKEHHS: CIIOCTEPEKEHHS, TTOPIBHSAHHS, aHali3, popManizaiis, abcTparyBaHHs,
MOJIETIIOBAHHSI, €KCIIEPUMEHT. 3a3Ha4eHl MeToAHu Oyl 0OpaHi 3BaKaroud Ha METy Ta
3aBAaHHS JOCHIIPKEHHS, a TAaKO’K HA MPAKTUYHICTh 1X BUKOPUCTAHHS MPU BUPIMICHH]
npoOJeM aBTOMAaTHM30BaHOTO aHalizy Ta pedaKTOPUHTY TOYAaTKOBOTO KOOy
MPUKIIAIHUX [IPOTPaAM.

VY nucepratlii enepuie 3anponono6ano METOJ aBTOMaTH3alli peakTOpUHTY
MPOTPAMHOTO KOAY, SIKHH GiOpi3HAEMbCA GI0 ICHYIOYUX mMUM, 110 3I1ACHIOE
MEePEeTBOPEHHS KOAYy Ha piBHI CyTHOCTeM O0a3u 3HaHb, CTBOPEHOI Ha OCHOBI
3aMpoIroOHOBaHOI Mozeni ¢opmaizailii 3HaHb PO CUHTAKCUC 1 CEMAHTUKY KOAY, JJIs
aBTOMATMYHOIO BUSBJIICHHS 1 BUIIPABICHHS PO3MOBCIOMKEHUX AaHTUIIAOIOHIB
MpOTrpaMmyBaHHSI.

Bnepwe 3anpononosano meton moaudikamii NpOMIKHOTO MPEACTABICHHS

MpPOTPaMHOTO KOy B Tporeci pedaKTOPUHTY, IO YMOXJIUBIIOE BUIIPABICHHS
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HETPUBIAJIBLHUX AHTUIIAOJIOHIB, SIKUU GiOpi3HAEmMbCs 610 ICHYIOYUX TUM, IO
3aCTOCOBY€ MEXaHI3MU JIOTIYHOTO BUBEJICHHS /10 3HaHb MPO KO/, CPOPMYJIbOBAHUX 3
BUKOPUCTAHHSM OMUCOBHX JIOTIK 1 MPABUJI JIOTTYHOTO BUBEJCHHS.

Yoockonaneno monens dopmanizailii 3HaHb PO MPOTPAMHUN KOJ It HOTO
pedakToprHTy Ha OCHOBI OHTOJOTIi 00’€KTHO-OPIEHTOBAHOI MOBU MPOTPaMyBaHHS,
10 8IOPI3HAEMbCA 8I0 ICHYIOUUX MUM, 1110 TIPEJICTABIISE HE JuIe 0a30B1 BIJOMOCTI PO
CUHTAKCUC, OTPUMAHI BlJ] CHHTAaKCUYHOTO aHai3aTopa, a ¥ CEMaHTHKY CKJIaJHUX
KOHCTPYKIIIA, IIA0JIOHIB Ta aHTUIIAOIOHIB 3 MOXJIMBOIO MPUB'S3KOI 10 (YHKIIIH
MPOTPAMHOTO MPOAYKTY.

Po3poOnennii MeTox I03BOJISIE nepesukopucmogyeamu cxemy 6asu 3HaHb 13
HAaKOMWYEHUMM 3HAHHSMHM Tpo MIA0JOHM Ta aHTUINAOIOHM IiJl 4Yac aHamizy Ta
pedakTOpUHTy MOYATKOBOIO KOAY PI3HUMHM MOBaMH MNPOrpamMyBaHHS, 110 JO3BOJISE
3MEHIIUTHU Yac Ta BUTPATU HA PO3POOKY CUCTEM pe(aKkTOPHUHTY, pO3POOIISAIOUH JTUIIIE
YaCTHUHY CUCTEMH, 1110 MOB'sI3aHa 13 MEPETBOPEHHS TOYAaTKOBOTO KOJIy B CYTHOCTI 0a3u
3HaHb 1 HaBMaKH.

3anpornoHoBaHMM MiAXia 10 Qopmanizalii 3HaHb MOPO TOYATKOBUU KOJ
NO3BOJIIE ompumMysamu Memaoani TPO 3MICT I0YATKOBOIO KOIY, HOpIGHIO8amu
HAllOBHEHHS PENoO3UTOpiiB  (wykamu cemanmuuHni  OyOnikamu), CTBOPIOBATU
00KyMeHmayito Mpo MPOTPpaMHUM MPOAYKT 3 JIOMOMOTOI0 BXKE ICHYIOUMX 3aC001B AJIs
poOOTH 13 CEMAaHTUYHUMU JAHUMH, OHUCY8AMU WIAONOHU [ aAHMUUWAONOHU IS
MPOBEACHHS aHaIi3y 1 pe(paKTOPUHTY Oe3 BTpYUYaHHs pO3pOOHUKA.

3anporOHOBAHO  3ACMOCYBAHHA  pO3POONIEH020 Memody 0 Nnoby0osu
NpoOCPAMHO20 NPOMOMUNY CUCTEMHU aHai3y 1 pe(akTOPUHTY MOYATKOBOTO KOAY ISt
MoOBH TmporpamyBaHHs Swift 3 ommcom onrtonorii moBoro OWL-DL, a mnpaBun
JIOTIYHOTO BUBOAY Ta 3amuTIB A0 OHTOjdOrii — MoBoro S(Q)WRL, mo nmano 3mory
3HAYHO MPUIIBUALIUTH IPOLIEC 3M1MCHEHHS pe(aKTOPUHTY. TaKuUM YUHMHOM JIOCSTAETHCS
CYTTEBE 3MEHIIICHHSI BUTPAT HA PO3POOKY Ta MIATPUMKY MIPOTPAMHUX MPOAYKTIB.

Jlucepraliist CKJIaJaeThCs 13 CEMU PO3/ILTIB.



Y mepmomy po3aiii po3mIsSsHYyTO aBTOMAarH30BaHI CUCTEMHU pPePaKTOPHUHTY.
JlaHo BHW3HAYEHHS CHUCTEMHM aBTOMAaTHU30BAHOTO pPe(AKTOPUHTY, MOPIBHSIHO TaKl
CUCTEMH 3a MOOYAOBOIO 1 MPUHITUIIOM POOOTH, PO3MISHYTO iX MepeBaru i HEAOJIKH.
Po3msiHyTO MOXJIMBICTH 3aCTOCYBaHHS 1 BUKOPHCTAHHS CEMAHTUYHUX MIJIXOAIB [0
BUpilIeHHS 3a7a4 pedakTopunry. ChopmMyIr0BaHO BUCHOBOK MPO T€, 10 e(PEeKTUBHE
(yHKIIIOHYBaHHSI 1HCTPYMEHTIB aBTOMATU30BAHOTO pe(aKkTOPUHTY 3HAYHOIO MIpOIO
3aJIEKUTh Bl aBTOMaTHU30BAaHOTO aHai3y MOYaTKOBOIO KOIy. AHamli3 Jae HEeOOX1aHe
VSBIEHHS TIPO CTPYKTYpy Ta CEMaHTUKY KOy, TapaHTylo4d O€3MeUHICTh 1
MOCTIIOBHICTh peaKkTOpUHTY. 3a3HAUYEHO, 1110 BKJIIOUEHHS CEMAaHTUYHOTO PO3YMIHHS
B CTaTUYHUH aHali3 Koay Ta pedaKTOpUHT 3abe3reuye MHOOKe i TOUHE PO3YMIHHS
MOBEIIHKU KOJY, 1110 TPU3BOJUTH 10 OUIBII TOUHUX 1 HANIMHUX pe3yIbTaTiB.

Y napyromy po3miji JeTalbHO PO3MVISHYTO TMOHSATTS OHTOJOrT Ta ii
3aCTOCYBaHHSI B SIKOCTI OCHOBM 0a3u 3HaHb. JlaHO BHU3HAYEHHS OMHUCOBUX
(neckpuntuBHKMX) Jorik Ta MoBu OWL Ha iX OCHOBI, a Tako)XX OMHUCAHO Bepcii Ta
npodiai MOBH, iI OCHOBHI TOHSTTS Ta OCOOJNMBOCTI, KOHIEHTPYIOUUCh Ha
MOXJIMBOCTSIX MPEJCTABICHHS CEMaHTUKH 1 CIIOCO0aX JIOTTYHOTO BUBEICHHS 3ac00aMu
OWL. Jlano Bu3HAYEHHSI CUCTEMHU JIOTTYHOTO BUBEJICHHS, PO3MISIHYTO 1 MOPIBHSIHO
aJITOPUTMHU, W1IO0 3aCTOCOBYIOTHCSI TAaKUMU CHCTEMaMH. PO3IISHYTO MOXJIUBOCTI
nonoBHeHHs Bupa3zHocTi OWL y Bumianl npaBun SWRL Ta 3anutie SQWRL. Byno
3p00JEHO BUCHOBOK, L0 KOJM HEOOXIAHO MpoaHai3yBaTH BEIUKY KOJOBY 0a3zy abo
3HAWTHU MA0JIOHH B HiM, oHTONOTrIs, onrcana B OWL, Ta moB'sa3aH1 3 HEI0 MOKIIMBOCTI
JIOTTYHOTO BUBEACHHS MOXYTh OyTH HaJ3BUYAWHO IIIHHUMU. BUKOpUCTAHHS CUCTEMU
JIOTIYHOTO BUBEACHHS (QHIVI. reasoner) JI03BOJISIE CTBOPUTHU JIOTIYHO Y3TOJKEHI Ta
MaKCUMaJbHO 1HQOPMATUBHI OHTOJOT1I, TAM CaMHM MAaKCHUMI3YyIOUU iX KOPHUCHICTb Y
TaKUX 3aCTOCYBAHHSX SIK BIIKPUTTS 3HAHb, IHTErpallisi JaHUX Ta CEMAHTUYHHM MOITYK.

VY TperbomMy po3aiJii 10CIIIKEHO MOXKIMBOCTI BOYIOBAHOTO pePaKkTOpUHTY Y
MoB1 Swift. PO3MIsIHyTO MOXIMBOCTI J1I0aBaHHS HOBUX il pe(akTOPUHTY A0 MOBHU
MpOTrpaMyBaHHs, a TAKOXK OI[IHEHO MOXJIUBICTh MaciTaOyBaHHA. [IpoBeneHo OIiHKY

OTpPUMaHUX PE3yJbTaTiB. Y pe3ylbTari eKCIEPUMEHTIB OyJI0 BCTAHOBJICHO, IO JJIS



JOJIaBaHHs JIMIIE OHOI BIJIHOCHO MPOCTOI Al pedhakTOPUHTYy HEOOX1HO HaAmucaTu
onmu3bpko 300 psakiB koay. | HeMae MpUYMH BBaXKATH, 110 B 1HIIMX BUMAJKAX MOTPIOHO
OyJie HanMCcaTu CyTTEBO MEHIILY KUIBKICTb PSJIKIB KOy. TaKUM UMHOM, ICHY€ aKTyaJIbHA
norpeda B yJOCKOHAJEHHI Ta aBTOMATHU3Allll MPOLECY PO3MIUPEHOr0 pePaKTOPHUHTIY,
o0 J03BoJMWiIa O pO3pOOHMKY YHHKHYTHM HANMCaHHA YHMMAaJIOi KUIBKOCTI
«1H(ppaCTPyKTYypPHOTO» KOy, O1JIbIIIE€ 30CEPEIUBIINCEH HA KIHIEB1M MET1 pe()aKTOPUHTY.

VY 4yeTBepTOMY PO3iJii pO3NIAHYTO 3aCTOCYBaHHs (pOpMaIi30BaHUX 3HAHb IIPO
MOYATKOBUM KO i 3AilicHeHHs pedakTopunry y Mol Swift. JlocmimxeHo
MOXJIMBICTb MOAOJAHHS ICHYIOUMX MEPETIOH MPHU J0/IaBaHH1 HOBUX 11 pedaKkTOpUHTY
13 3acTocyBaHHSM  (OpMali3oBaHMX  3HAHb.  3ampPONOHOBAHO  (opMalibHE
MPEACTABICHHS] MOYaTKOBOTO KOJY Y BHUIVISAI OKpeMoi 0a3u 3HaHb. Y pe3yabTaTi
IIPOBEJICHOTO JIOCTIIP)KEHHsSI BCTAHOBJIEHO, LI0 BHKOPUCTAHHS 3allpOIIOHOBAHOIO
METOJy JI03BOJISi€E BHUKOHYBATH CKJIAJHI 3aBIaHHS pPEeQAKTOPUHIY 3a JIOIOMOIOIO
pocToi BepOanbHO1 (hopMaTi30BaHOI KOMaH/IH.

VY m’aTromMy po3aiji 10BeeHO, 0 OHTOJIOTIT MOXHA BUKOPUCTOBYBATH, 11100
eexTuBHO 30epiraTv 3HAHHS 30KpeMa MPO MOYATKOBHHM KoiA. PO3MIsHYTO KijibKa
M1XO/IIB JI0 IEPETBOPEHHS KOAOBOI 0a3u B 0a3y 3HaHb PO KOJ SIK CYKYMHICTh (PaKTIB
PO KOJI, 10 CIUPAIOTHCA Ha OHTOJOTIIO.

Y mocroMy po3auii MpOBEACHO PO3MIMPEHHS MOXJIUBOCTEH 3I1HCHEHHS
aHaii3y Ta pe(akTOPUHTY 3a JOIOMOT'0I0 OIMCOBUX MpaBuJl. Jlo MponoHOBAHOI MOJENI
J0JIaHO HaOl1p MpaBUII, O OMKUCYIOTh MEBHI A1l peaKTOPUHTY, 1 31HCHEHO MEPEBIPKY
iX 3aCTOCYBaHHS JJI JOBEICHHS €(PEKTUBHOCTI.

Y cbomMomMy po3aiii  onmMcaHO psA  IPOBEACHUX EKCIEPUMEHTIB 13
3aCTOCYBAHHSIM 3aMPOMOHOBAHOIO METOY Ta MOJIENI JJI EPEBIPKU CIPABEAIUBOCTI
iX TEOPEeTMYHUX OUIKYBAHUX BIACTMUBOCTEN Ta XapaKTEPHUCTHK. 3AIMCHEHO aHami3
CTaTUCTUYHUX JIAaHUX, OTPUMAHUX IUISIXOM OMUTYBAaHHS €KCTIEPTIB 1010 IIBUAKOIIT Ta
B3a€MO/Ii1 1 poOOTH 13 3aMPONOHOBAHUMH METOJIOM 1 MoAeIUT0. [IpoBeeHo nmepeBipKy
poOOTH MeToay 1 MOJENl Ha Ppi3HUX HAOOpax BHUXIJIHMX JaHUX, a TaKOX SIKICHE

MOPIBHSIHHS 13 ICHYIOUMMU MPOTPAMHUMU PIIIEHHAMU JJIsl pePaKTOPUHTY.



i po3ainu pa3oM MiIKPECIIOIOTh MPAKTUYHE 3aCTOCYBAaHHS Ta €(DEKTUBHICTh
BUKOPUCTAHHS OHTOJNOTIA Ta (opMani3oBaHUX 3HAHb Yy pPoO3poOill MPOrpamMHOro
3a0e3MeYeHHs, 30KpeMa B KOHTEKCTI peakToOpuHTy Ta aHamizy Koay. JlocmimkeHHs
JEMOHCTPY€E TMOTEHIlal I[bOTO MIAXOAY VY MIABUINEHHI €()EeKTUBHOCTI MPOIIECIB
PO3pOOKHU TTPOTPaMHOIO 3a0e3MeUSHHS.

V¥ nucepraiiii 3alipoONOHOBAaHO METO]] aHaJI3y Ta pe(akTOPUHTY MOYATKOBOIO
KOJly MPUKJIATHUX Mporpam, sikuil yepe3 BUKOPUCTaHHS 0a3u 3HAHb MPO MOYATKOBUI
KOJI Ha OCHOBI OHTOJOTIi, [03BOJisi€ aOCTparyBaTUCh BiJi KOHKPETHOI MOBHU
MpOTrpaMyBaHHS B IPOEKTI 1 3/IMCHIOBATU CKJIAHI MAHIMYJIALIT 13 TOYaTKOBUM KOJIOM
[UISIXOM MaHINyJsii #oro cCeMaHTUYHUM MpeacTaBieHHs M. OCHOBHA 171€s1 METOIY
noJisirae y poOOTI 13 MpeICTaBICHHAM KOy Ha CEMaHTUYHOMY PiBHI, IO BIIPI3HAETHCS
BiJl ICHYIOUMX CIIOCOOIB BUKOPUCTaHHSIM OHTOJIOTIT Ta 3aco0iB OWL/S(Q)WRL mis
poOOTH 13 CEeMAHTUKOIO. Y XOJl €KCINEPUMEHTAIbHUX JOCHIIXKEHb OyJIO JI0BEIECHO
MOXJIMBICTh BIJIHOCHO MPOCTO OMUCYBaTH MpaBuia pe(akTOpUHTY B OHTOJIOTII Ta
3M1MCHIOBATH aHaI3 1 pe(PakTOPHHT PI3HOT CKIIAIHOCTI, @ TAKOXK MOKa3aHO 3MEHIIICHHS
BUTpAT Yacy Ha BUKOHAHHS TaKUX 3aBJaHb Ha 36% y NOPIBHSHHI 13 IHIIMMHU IT1]1X0AAMHU
aHamizy 1 peakTopuHry.

KinrouoBi cnoBa: mporpamue 3a0e3nedeHHs, pedaKTOPUHI, CHHTAKCUYHUU
aHaji3 KoJy, 1HXKEHEpiss MpOTrpaMHOro 3a0e3MeueHHs, I1HBEpCis 3aJIeKHOCTEH,
KOMIT'IOTEpHE MOJICNIIOBAHHS, MOJENb MPEJCTABICHHS 3HaHb, 0a3a 3HaHb,
Kiacudikarop, OHTOJIOT1s, omucoBi joriku, moBa OWL, cemantnuni npasuia SWRL,
MPOIYKIIIIHI CUCTEMH, MEXaHI3MH JIOTTYHOTO BUBEJICHHS.
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ABSTRACT

Tkachuk A. Method of source code refactoring automation using a knowledge
base. — A qualifying scientific work as a manuscript.

Thesis for the degree of Doctor of Philosophy in specialty 122 “Computer
Science”. — National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”, Kyiv, 2024.

The aim of the dissertation research is the development of a method for
analyzing source code and further automated refactoring, based on the utilization of
knowledge about that code.

The object of the dissertation research is the processes of analysis,
representation, and processing of information about the source code of software
products.

The subject of the dissertation research is the methods of analysis,
representation, and processing of information for refactoring of source code,
considering its semantics, which 1s based on the utilization of formalized knowledge
about the code.

In the course of working on the dissertation, the following research methods
were used: observation, comparison, analysis, formalization, abstraction, modeling,
experiment. These methods were chosen considering the goal and tasks of the research,
as well as the practicality of their use in solving problems of automatic analysis and
refactoring of the source code of application programs.

The dissertation introduces, for the first time, a method for automating code
refactoring, which differs from existing ones in that it performs transformations on the
level of entities of knowledge base, which is based on proposed model for formalizing
knowledge about the syntax and semantics of source code, for the automatic detection
and correction of common programming anti-patterns, considering the semantics of the
code.

A method for modifying the intermediate representation of the code during

refactoring is proposed for the first time, enabling the correction of non-trivial anti-



patterns, which differs from existing ones in that it applies logical inference
mechanisms to the knowledge about the code formulated using descriptive logics and
rules of logical inference.

The model for formalizing knowledge about the source code for its refactoring
based on the ontology of the object-oriented programming language is improved. This
model differs from existing ones in that it represents not only basic information about
syntax obtained from the syntax analyzer, but also the semantics of complex
constructions, patterns, and anti-patterns with possible linkage to the functions of the
software product.

The developed method enables the reuse of the knowledge base schema with
accumulated knowledge about patterns and anti-patterns during the analysis and
refactoring of the source code in different programming languages, which reduces the
time and costs of developing refactoring systems by only developing the part of the
system related to converting the source code into knowledge base entities and vice
versa.

The proposed approach to formalizing knowledge about the source code allows
for obtaining metadata about the content of the source code, comparing repository
contents (searching for semantic duplicates), creating documentation about the
software product using existing tools for working with semantic data, and describing
patterns and anti-patterns for analysis and refactoring without developer intervention.

The developed method is proposed to be applied for building a software
prototype of a system for the analysis and refactoring of source code for the Swift
programming language utilizing: ontology which is described using the OWL-DL
language, the rules for logical inference and querying the ontology which are expressed
using the S(Q)WRL language, which provided the ability to reduce the time required
to conduct the refactoring. This approach achieves a significant reduction in costs for
the development and maintenance of software products.

The dissertation consists of seven chapters.



In the first chapter, automated refactoring systems are discussed. A definition
of an automated refactoring system is provided, comparing such systems in terms of
structure and operating principles, and examining their advantages and disadvantages.
The possibility of applying and using semantic approaches to solve refactoring tasks is
considered. It is concluded that the effective functioning of automatic refactoring tools
largely depends on the automatic analysis of the source code. This analysis provides
the necessary understanding of the code's structure and semantics, ensuring the safety
and consistency of refactoring. It was noted that incorporating semantic understanding
into static code analysis and refactoring provides a deep and accurate understanding of
code behavior, leading to more precise and reliable results.

In the second chapter, the concept of ontology and its application as a
knowledge base foundation is thoroughly examined. A definition of description logics
OWL (Web Ontology Language) on their basis is provided, along with descriptions of
its versions and profiles, its main concepts, and features, focusing on the capabilities
for representing semantics and the ways of logical reasoning with OWL tools. A
definition of a logical reasoning system is given, and algorithms used by such systems
are discussed and compared. The possibilities of enhancing OWL's expressiveness in
the form of SWRL (Semantic Web Rule Language) rules and SQWRL (Semantic
Query-Enhanced Web Rule Language) queries are considered. The conclusion is drawn
that when it's necessary to analyze a large code base or find patterns within it, an
ontology described in OWL, along with associated logical reasoning capabilities, can
be extremely valuable. The use of a logical reasoning system (reasoners) allows for the
creation of logically coherent and maximally informative ontologies, thereby
maximizing their usefulness in applications such as knowledge discovery, data
integration, and semantic search.

In the third chapter, the possibilities of built-in refactoring in the Swift
programming language are explored. The chapter examines the potential for adding
new refactoring actions to the programming language, as well as the feasibility of

scaling these additions. An evaluation of the obtained results is conducted. As a result
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of the experiments, it was found that to add just one relatively simple refactoring action,
it was necessary to write about 300 lines of code. And there is no reason to believe that
significantly fewer lines of code would be required in other cases. Thus, there is a
current need for the improvement and automation of the extended refactoring process,
which would allow developers to avoid writing a substantial amount of “infrastructure”
code, focusing more on the ultimate goal of refactoring. This indicates a gap in the
efficiency of the refactoring process in Swift, emphasizing the necessity for more
streamlined and automated solutions.

In the fourth chapter, the application of formalized knowledge about source
code for refactoring in the Swift programming language is considered. The chapter
investigates the possibility of overcoming existing barriers in adding new refactoring
actions through the application of formalized knowledge. A formal representation of
the source code in the form of a separate knowledge base is proposed. As a result of
the conducted research, it was established that the use of the proposed method allows
for the execution of complex refactoring tasks using simple verbalized formalized
commands. This approach significantly streamlines the refactoring process, enabling
more efficient and effective manipulation of the source code, and potentially reducing
the need for extensive coding to implement new refactoring actions.

In the fifth chapter, it was proven that ontologies can be effectively used to store
knowledge, particularly about source code. Several approaches to transforming a
codebase into a knowledge base about code (as a collection of facts about the code
base), which comprise on an ontology, have been considered.

In the sixth chapter, the capabilities of conducting analysis and refactoring
using descriptive rules were expanded. A set of rules describing certain refactoring
actions was added to the proposed model, and their application was tested to prove
effectiveness.

The seventh chapter involved a series of experiments using the proposed
method and model to verify the accuracy of their theoretical expected properties and

characteristics. An analysis of statistical data was conducted, obtained through surveys
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of experts regarding the performance and interaction with the proposed method and
model. The functionality of the method and model was tested on different data sets,
and a qualitative comparison with existing software products for refactoring was made.

These chapters collectively highlight the practical application and effectiveness
of using ontologies and formalized knowledge in software development, particularly
in the context of refactoring and code analysis. The research demonstrates the potential
of this approach in enhancing the efficiency and accuracy of software development
processes.

In the dissertation, a method for analyzing and refactoring the source code of
application programs is proposed, which, through the use of knowledge base about the
source code (supported by an ontology), allows abstraction from the specific
programming language used in the project and enables complex manipulations of the
source code by manipulating its semantic representation. The main idea of the method
is to work with the representation of code at a semantic level, which differs from
existing methods by using ontology and OWL/S(Q)WRL tools for working with
semantics. During experimental research, it was proven that it is possible to relatively
easy describe refactoring rules in ontology and perform analysis and refactoring of
various complexities. Moreover, it was shown that the time needed to perform such
tasks is reduced by 36% compared to other approaches to analysis and refactoring.

Key words: software, refactoring, syntactic code analysis, software
engineering, dependency inversion, computer modeling, knowledge representation
model, knowledge base, classifier, ontology, descriptive logics, OWL language, SWRL
semantic rules, production systems, logical inference mechanisms.
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BCTYII

AKTYyaJIbHiCTh TeMHU. ABTOMaTHU30BaHUM aHal13 Ta pe(PaKTOPUHT TOYATKOBOTO
KOy CIIpUsi€ CTBOPEHHIO HAJIMHUX TMPOrPAMHUX TNPOAYKTIB, 3a0e3Meuyrouu
JOTPUMaHHSI BU3HAUEHOIO PIBHS SIKOCTI B MEKaX BCTAHOBJIEHUX YACOBHUX PaMOK 1
oOMexeHb pecypciB. OfHak, ICHYIOYl MpPOCYHYTI IHCTPYMEHTH aHami3dy Ta
pedakTopuHry 4YacTo  OOMEXYIOTbCS  JIMIIE  HAWMNOMYJSIPHIIIUMU ~ MOBaMU
nporpamyBanHs. lle moB's3aHo 3 TUM, 10 po3poOKa Ta MIATPUMKA TaKUX 3acO0IB
BUMAara€e 3HauHHUX 3yCHJIb 1 PECypcCiB, IO MOXE YHNOBLIBHIOBATU iX E€BOJIOLIIO Ta
IHHOBAIITHUNA PO3BUTOK.

3acToCcyBaHHS 3a3HAUEHUX IHCTPYMEHTIB Y KOMEPIIMHUX TPOEKTAX, 3a JTAHUMHU
ananizy (Pinto & Kamei, 2013), "e € mupoko nomupenum. [{le o0ymoieHo notpedoro
y JOJATKOBUX pecypcax Uil IX HAJIAIITyBaHHS Ta BUKOPUCTAHHSI, a TAKOXK Yepe3 Te,
110 BOHU HE 3aBXK]I1 BUIIPABAOBYIOTh OUIKYBaH1 pe3yJabTaTH.

Po3poOka HOBUX cHUCTEM Ta METOAIB PE(HAKTOPUHTY € aAKTYaJIbHOIO 3 OTVISIAY Ha
JTUHAMIYHUI XapaKTep TEXHOJIOTTYHOTO PO3BUTKY B 00JIaCTi MPOTPAMHOI 1HXKEHEPIi, e
MOCTIMHO BHHUKAIOTh HOBI BUMOTHM Ta BUKIMKA. CydacHi IporpaMHi CHCTEMU
XapaKTEPU3YIOThCS BUCOKOIO CKJIAJHICTIO Ta B3a€EMO3AJICKHICTIO KOMIIOHEHTIB, IO
3YMOBIIIOE HEOOXIJHICTh B IXHbOMY CHUCTEMAaTHYHOMY OHOBJICHHI Ta MOKPAILEHHI 3
METOI0 MIATPUMAaHHS BHCOKUX CTaHJApTIB MNPOAYKTUBHOCTI, O€3MeKu Ta
MacITaOOBAHOCTI.

Po3BuUTOK HOBHX METOIIB pe(PaKTOPUHTY CHPSIMOBAHUM Ha MOJIMIICHHS
XapaKTEPUCTUK KoAy (BaXJIuBO 3a3HauuTH, 1o crtaHgaptu ISO 25010, ISO 9126
3ayBa)XXylOTb BIIACTUBOCTI CHUCTEM, ajieé Jeski 3 TaKUX BJIACTUBOCTEH MOXYTh
CTOCYBATHCS BJIaCHE TOYATKOBOTO KONY): 3HUKEHHS MOTO CKJIAJHOCT1, BUIIPABICHHS
MOMUJIOK, 3a0€3MeUeHHsI Kpallloi CyMICHOCTI Ta po3iuptoBaHocTi. Lle, y cBoro yepry,
CIIpUsi€ 3MEHILIEHHIO BUTPAT Yacy Ta peCypciB Ha MIATPUMKY Ta PO3BUTOK MPOrPAMHUX
MPOJIYKTIB B MEKAaX MPOIIECY THXKEHEPIi MPOTPaMHOTO 3a0€3MEUEHHS.

Baprto 3ayBaxkuTH, 110 xo4 pedakTopuHr caM mo codi (3a BU3HAYEHHSIM) HE

3abe3reuye SIKICTh, OJHAK NpaBUJIbHE 1 JOLUIbHE 3aCTOCYBaHHS METOJIB
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pedakTopuHTy MOXE JOMOMOITH 13 MOKPAIEHHIM TaKUX XapaKTEPUCTUK SIKOCTI, SIK
TE€CTO3/IaTHICTh, PEMOHTONPUIATHICTh, Oararopa3oBe BUKOPUCTAHHSI, aHATI30BaHICTh
Ta 1HIII.

Kpim TOro, HOBI Meromu pepakTOPUHTY MOXKYTh BKIIOYATH MHIATPUMKY
OCTaHHIX TEXHOJOTIYHMX IHHOBAIlid, 110 3a0e3Me4yloTh aBTOMATHU3AIII0 Ta
MIJBUIIIEHHST TOYHOCTI mpoueciB pedakropuHry. BoHu Takok MOXYyTh OyTH
aJanToBaHl 0 cnenu@iYyHUX MOB HporpaMyBaHHs a0 MapajaurM, 10 3a0e3neuye
OB €()EeKTUBHY MIITPUMKY CYYACHUX MPOTPAMHHUX PO3POOOK.

TakuMm 4YMHOM, MOCTIHHUNA PO3BUTOK METOMAIB Ta CHUCTEM pPE(AKTOPUHTY €
KJIFOUOBHUM JIJIsl 33JIOBOJICHHSI TIOTOYHUX Ta MalOyTHIX MOTped y cdepi mporpamHoi
1HKEHeDIi, 10 CIpHsie MABUIICHHIO €(PEKTUBHOCTI Ta SKOCTI PO3POOKH IIPOTPAMHOIO
3a0e3MeueHHs.

Mera i 3aBanaHHs aocaixxenusi. Memoro nOCHiKEHHSL € po3poOKa METOIy
aHajizy Ta AaBTOMATHU30BAaHOTO pPe(PaKTOPUHTY I[IOYATKOBOTO KOy MPUKIATHOTO
MIPOTPAMHOTO 3a0e3MeUeHHs, IKUN CUpaeThes HA 0asy opMali3oBaHUX 3HAHb PO
el KOJl, BAKOPUCTAaHy MOBY MPOrpaMyBaHHS Ta MPEeIMETHY 00JacTh 3aCTOCYBaHHS
KOHKPETHOTO MPOTPaMHOTO MPOAYKTY.

JInst  NOCSTHEHHS TMOCTAaBJIEHOI METH HEOOXIJHO PO3B'S3aTU HACTYIHI
3A60aHHA:

* [pOAHANI3YBATH ICHYIOYl METOAM aHajidy KOAy Ta 3IIMCHEHHA WOro
pedakTopuHry, 30KpeMa Taki, 1110 3aJIy4aloTh (opMali3oBaHl 3HAHHS PO KO,
3pOOUTH BUCHOBOK IPO JOIUIBHICTh 3aCTOCYBAHHSI CEMAHTUYHUX MIAXOJIIB Ii]T
yac 371iCHEHHS pe(aKTOPUHTY;

* TMPOBECTH aHalli3 3ac00iB 1 CIOCOOIB MPEJCTABICHHS CEMaHTUYHOI iH(opMaiiii,
po0OOTH 13 HEIO, OOTPYHTYBATH MOXJIMBICTh BUKOPUCTAHHS TaKUX 3aCO0IB IS
noOyoBu (opMasi3oBaHOTO MPEACTABICHHS 3HAHb NP0 MOYATKOBUINA KO,

* JIOCHIAATA MOXIIMBOCTI JIOAaBaHHS Ta TmapaMeTpu3ailii HOBHUX il
pedakTopuHTy A0 IHCTPYMEHTAPII0 PO3POOKH B paMKax 00’ €KTHO-OPIEHTOBAHOL

napajgurMu Ha MPUKIIaJli MOBU IIporpaMyBaHHs Swift;
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* TMPOBECTU JTOCTIKEHHS CIOCO01IB (hopmaizaliii 3HaHb MPO MOYATKOBUH KO 1
MOXJIMBOCTEH 1X MPEACTABICHHS 1 BUKOPUCTAHHS y Mpoleci pe@akTOpuHTY
MIOYaTKOBOI'O KOJY;

* 3ampONOHYBATH METOJ aBTOMATU30BAHOTO PE(AKTOPUHTY MOYATKOBOTO KOIY
TaKUM YUHOM, 11100 HOT0 OCHOBOIO sIKOTO Oyna 0 6a3a (popmamnizoBaHUX 3HAHD
PO KOJI, @ TAKOX 1IHCTPYMEHTHU ONEPYBaHHS LIMMU 3HAHHSIMU;

* 3ampoNoOHYyBaTU MeTOoA MoAu(ikallii MPeACTaBICHHS KOAYy JJIsi BUIIPABIICHHS
HETPUBIATBHUX AHTUIIAOIOHIB 3 MOXKJIMBICTIO MPEACTABIATH (PopMali3oBaH1
3HaHHS TMPO TMOYATKOBHM KOJA JIOBUIBHOK MOBOIO IPOTpaMyBaHHS s
MOJIAJIBIIIOTO aHali3y Ta pe(akTOpPUHTY 1 BAOCKOHAIUTU MOJENb (opMaizalii
3HaHb PO MOYATKOBUM KOJI JJIsl HOTO MPEICTaBICHHS,

* pO3pOOUTH MPOTOTUN MPOTPAMHOTO IHCTPYMEHTAPIIO, 10 BUKOPHUCTOBYE
3aMpoOINOHOBAaHI METOJM, Ta HAa MPAKTUI TMOPIBHATA WOrO0 3 I1CHYIOUHUMH
pllIEHHSIMU J711 pe(aKTOPUHTY, OL[IHUTU HOro MOTpeOu B OOUYMCITIOBAIHHUX
pecypcax.

O006’exT mociaimkenHs. O0'ekToM AUCEPTALIMHOTO OCHIKEHHS € MPOIECH
300py, mpeacTaBieHHs 1 oOpoOku iHoOpMalli Mpo MOYaATKOBUN KOA MHPOrpaMHUX
MPOIYKTIB.

Ipeamer pocaimxenHsi. [lpeagmerom  aucepTramifiHOrO  JOCHIHKEHHS
BHUCTYINAIOTh METOJM aHali3y, MNpeICTaBieHHs Ta oO0poOku 1Hdopmaii s
pe(daKTOPUHTY TOYATKOBOIO KOy 3 YPAaXyBaHHIM HOro CEMaHTHKH, 5Kl 0a3yIOThCs Ha
BUKOPHUCTaHHI (hOpMaTi30BaHUX 3HAHB MPO KO/I.

Metoau gociaixxenns. CrioctepexeHHs, TOPIBHAHHSA, aHaTi3, (hopMai3aiis,
a0cTparyBaHHsl, MOJEIIIOBAaHHS, EKCIIEPUMEHT. 3a3HaueHi Meroau Oyiau oOpaHi
3BaKAlOUM Ha METy Ta 3aBAaHHSA JOCHIDKCHHS, a TaKoX Ha MPAKTUYHICTh iX
BUKOPUCTAHHS IIPU BUPIIIEHHI TPOOJIEM aBTOMAaTU30BaHOTO aHalli3y Ta pedakTopuHry
MOYATKOBOTO KOJIy PUKJIATHUX MTPOTPaM.

HayKOBa HOBHU3HA OTPHUMAaHHUX pe3y.]IbTaTiB.
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1. Bnepwie 3anpononoéano METOJ| aBTOMaTH3allll pe(akTOPUHTY MPOTPaMHOTO
KONy, SIKUM GIOpI3HAECMbCA IO ICHYIOYUX mMuM, MO 3A1MCHIOE MEPETBOPEHHS
KOJly Ha PiBHI CyTHOCTEH 0a3u 3HaHb, CTBOPEHOI HA OCHOBI1 3alPONOHOBAHOT
Mozeni (Gopmaiizamii 3HaHb MPO CUHTAKCUC 1 CEMAaHTUKY KOIy, ISt
ABTOMATHUYHOTO BUSIBICHHS 1 BUMPABJICHHS PO3MOBCIOMKEHUX AHTUINAOIOHIB
nporpaMyBaHHS.

2. Bnepwe 3anpononosano meton Momaudikaiiii MpoOMi>XHOTO TMpeaCcTaBICHHS
IPOTrPaMHOIO KOy B Tpoiieci pehaKTOPUHTY, 10 YMOXKIUBIIIOE€ BUIIPABICHHS
HETPUBIAIBPHUX AHTHUIIAOJIOHIB, SKUN B8IOPIZHAEMbCA 610 ICHYIOUUX THM, IO
3aCTOCOBY€ MEXaHI3MU JIOTIYHOTO BUBEACHHS [0 3HaHb TMPO KO,
chopMynbOBaHUX 3 BUKOPHUCTAHHSM OIMCOBHUX JIOTIK 1 MPaBWJI JIOTIYHOTO
BUBE/ICHHSI.

3. Voockonaneno mopens popmanizaiii 3HaHb IPO MPOTPAMHUM KOA ISl MOTO
pedakTopyuHry Ha OCHOBI OHTOJOTII 00’€KTHO-OPIEHTOBAHOT MOBH
IpPOTrpaMyBaHHS, IO BIOPIZHAEMbCA 8I0 ICHYIOUUX MUM, 1O MPEJCTABIIE HE
aunie 0a3oBl BIJIOMOCTI IPO CHUHTAKCUC, OTPUMAaHl BiJl CHUHTAKCUYHOIO
aHajizatopa, a MW CEMaHTUKY CKJIQJIHUX KOHCTPYKIiM, [a0loHIB Ta
AHTHUIIAOJIOHIB 3 MOXKJIMBOIO ITPUB'SI3KOI0 10 (PYHKI[1H TPOTPAMHOTO MPOAYKTY.
3B’M30K po00THM 3 HAYKOBMMH MporpaMaMu, IUIAaHAMH, TeMaMM.

JlocnmipkeHHsT 3 aBTOMarH3alli NpoLEeciB HAMKWCAHHS, aHai3y Ta MIATPUMKU KOAY
MPUKIIAIHOTO MPOTPAMHOTO 3a0€3MEeYEHHS 3 BUKOPUCTAHHSAM CEMaHTUYHOTO MiXO1y
BUKOHYBAJIUCh B paMKaX TEMaTUYHOTO IUIaHy HAyKOBO-IOCIIIHUX poOIT kadenpu
CHUCTEMHOTO MPOEKTYBaHHS, 30KpeEMa B paMKax IHIIIaTUBHOI TeMH «BrpoBaJiKeHHs
CEpBIC-OPIEHTOBAHOIO MIAXOMY JI0 peaii3alii MpoIeciB MiKATANI3alllil CyCIIbCTBA
(tema CII — 01/2023)» (Ne mepxkpeectparnii 0123U101333), 1110 BUKOHY€ETHCS 3T1IHO
TemarndyHOro MIaHy BUKOHAHHS 1HIMIATUBHUX KadeapalbHUX HAYKOBO-IOCIIIHUX
poOiT HaBuasibHO-HAyKOBOIO 1HCTUTYTY MpUKIAagHOrO cucreMHoro a”amsy KIII im.

Irops Cikopcbkoro. Ha oOCHOBI OTpuMaHHMX pe3yabTaTiB JOCIHIKEHHS Oylio
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BJIOCKOHAJIEHO KOMIT'IOTEPHUNM MNPAKTUKYM i mnpenmetry «OO0’€KTHO-OpiEHTOBaHE
MpOTpaMyBaHHS».

I[IpakTyHe 3HAYeHHs1 OTPUMAHHUX Ppe3yabTaTtiB. Po3pobneHuit meron
TI03BOJISIE NepesUKOpUCmOo8y8amu cxemy 6a3u 3HAHb 13 HAKOMUYECHUMHU 3HAHHIMU TPO
mabJOHM Ta AHTHUINAOJIOHW MiJ Yac aHajidy Ta pepaKkTOPHUHIY I1OYAaTKOBOTO KOIY
pPI3HUMHU MOBaMHU TpPOTpaMyBaHHS, IO Ja€ 3MOTYy 3MEHIIUTH 4Yac Ta BUTpPATH Ha
pO3poOKy cucTeM pedaKTOPUHTY, PO3POOJSAIOUM JIHUIIE YaCTHUHY CHUCTEMH, IO
MOB'sA3aHa 13 NEPETBOPEHHS [10YAaTKOBOTO KOy B 0a3y 3HaHb 1 HABIIAKH.

3anmponoHOBaHUIN METO 10 hopmaiizallii 3HaHb PO MOYATKOBUH KO I03BOJISIE
ompumysamu mMemaoani PO 3MICT MOYATKOBOIO KOMY, MOpPIi6HI08amyu HANOBHEHHS
peno3uTopiiB (wykamu cemawmuyni Oyonikamu), CTBOPIOBATH OOKYMeHmayito Tpo
MpOTPpaMHUIl TPOJAYKT 3 JOMOMOTOI BXKE ICHYIOUMX 3aco0iB g podoTH 13
CEeMaHTUYHUMHU JaHUMU, ONUCY8AmMU WAOIOHU | AHMUWAOIOHU JIJisl TPOBEICHHS
aHanizy 1 pepakTopuHry 6e3 BTpydaHHs pO3pOOHUKA.

3anporOHOBAHO  3ACMOCYBAHHA  pO3POONIEH020 Memody O0ai hnoby0osu
NpOCPAMHO20 NPOMOMUNy CUCTEMHU aHali3y 1 pe(akTOPUHTY MOYATKOBOTO KOIY ISt
MoOBH TporpamyBaHHs Swift 3 ommcom onrtonorii moBoro OWL-DL, a mnpaBun
JIOT1YHOTO BUBOAY Ta 3amuTIB A0 OHTO’dOrii — MoBoro S(Q)WRL, mo npano 3mory
3HAQYHO MPUIIBUJLIUTA MpolUec 3AilCHEHHS pedakTopuHry. TakuM YuHOM
JIOCATAETHCSI CYTTEBE 3MEHIIEHHS BUTPAT HA PO3POOKY Ta MIATPUMKY HPOTPaMHUX
MPOIYKTIB.

OcoOucTnii BHeCOK 37100yBaya. YCi OCHOBHI PE3yJIbTaTHU JUCEPTALIHOTO
JTOCHIPKeHHS, MPEJICTABJICH] J10 3aXUCTY, OJIepKaH1 aBTOPOM 0COOUCTO. Y MyOiKaIisax
y CHIBaBTOPCTBI 3700yBaueBl HaleXaTh: JOCHIDKEHHS ICHYIOUUX METO/IB,
MPOEKTYBAaHHS CUCTEMU pedakTopuHTry, po3podka MeToay pedaKTOPUHTY HAa OCHOBI
(dhopMainizoBaHUX 3HaHb, MPEJICTABICHUX B OHTOJIOTII 3 BUKOPHUCTAHHSM ITpaBHII,
€KCIIepUMEHTAIbHE MiATBEPIKEHHS €(DeKTUBHOCTI 3alIPONIOHOBAHOTO METOY.

Amnpobauis marepianiB aucepranii. OCHOBHI TMOJIOKEHHS Ta OTPUMAaHI

HayKOBI1 pe3yJbTaTy, 110 BUKJIAACH] B IaH1i [UcepTallii, MpoHIUIN anpooalito yepes ix

22



npe3eHTanio Ha MikHapoaHii HaykoBi koH@epeHIli «[Hdopmarlriiine cycniibCTBO:
TEXHOJIOT1YH1, EKOHOMIYH1 Ta TEXHIUHI aClIEKTH CTAHOBJIEHHS (BUITYCK 80)» y Oepe3Hi
2024 poky.

Myo6aikamii.

Cmammi y nayxosux gpaxosux suoanHsax Yxpainu

[1] Tkachuk, A., & Bulakh, B. (2022). Research of possibilities of default
refactoring actions in Swift language. Technology Audit and Production Reserves,
5(2(67)), 6-10. 3moOyBau TpPOBIB JOCHIIKEHHS ICHYIOUMX MOXJIMBOCTEH
pedakTopuHry, 1110 3A1HCHIOETHCS 13 BUKOPUCTAHHIM 1THCTPYMEHTAP1I0 PO3POOKH MOBHU
nporpaMmyBaHHsi Swift, 1 3AaTHICTE 10 iX MapaMeTpusallii, 371HCHUB PO3pOOKY OJTHOTO
CIIEHapiI0 pe(daKTOPUHTY HUISXOM HaMHMCaHHA 1HOPACTPYKTYpPHOTO KOOy (MICTUTH
BJIACHE JIOTIKY 3A1MCHEHHS BIAMOBIAHOT J1i pepaKkTOPUHTY, a TaKOX KOJ JIst
MpeACTaBIEHHS i peaKTOPUHTY K YaCTUHU KOHTEKCTHOTO MEHIO), 3[1HCHUB HOTO
nepeBipKy 1 00poOKy OTPUMaHKX PE3YNbTATIB.

[2] Tkachuk, A., & Bulakh, B. (2022). Usage of formalized knowledge about
source code for refactoring actions in Swift. Technology Audit and Production
Reserves, 2(68)(6), 6—10. 3q00yBauemM MpOBEACHO aHaJi3 ICHYIOUUX MPOMO3UIINA 3
BJIOCKOHAJIEHHS Tpoliecy pehaKTOPUHTY 3 BUKOPUCTAHHIM CEMaHTUYHO1 1HPOpMAIIii.
3100yBay 3amporOHyBaB METOJl BUKOHAHHA pPePaKTOPUHTY 13 BUKOPUCTAHHSIM
BiJIOKpemyieHOi 0a3u 3HaHb, BUKOHAB (PopMasni3oBaHUN OMUC METONY, 3A1NCHUB
PO3pOOKY MPOTOTUITY Ta MOTO TECTYBaHHS.

[3] Tkachuk, A., & Bulakh, B. (2023). Describing the knowledge about the
source code using an ontology. Infocommunication and Computer Technologies, 5(1),
123-133. 3po0yBau 3aiicHUB  (opManbHMIl omuc MeTony pedakTOpuHry 3
BUKOPHUCTaHHSAM 0a3M 3HaHb, 0 OyAyeTbCd HA OCHOBI OHTOJIOTI, 3alPONOHYBaB
BUKOPUCTAHHS MPABUJI JIJIs OTPUMAHHS SIKICHO HOBHUX PE3yJbTaTiB, 3/[1IHCHUB PO3POOKY
MPOTPaMHOTO MPOTOTUITY. 3100yBad MPOBIB EKCHEPUMEHTH 1 OMUCAB OTPUMAaHI

PE3YJIBTATH.
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CrpykTtypa nucepramii. /[ucepraiiisi ckiagaeTbcs 3 aHOTAIlll, BCTYIY, CEMH
PO3/UIiB, BUCHOBKIB, CIIMCKY BUKOPUCTAHHMX JIKEpend. 3arajlbHHUil oOcsr nuceprarii

CTaHOBUTH 166 CTOPIHOK.
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PO3A1J1 1. ABTOMATHU30OBAHI CUCTEMHA
PE®AKTOPUHIY

1.1 IToHATTHA cUCTEeMH ABTOMATHU30BAHOI0 peaKTOPUHTY

[HCTpYMEHTH aBTOMAaTHU30BAHOTO PEe(AKTOPUHTY — 1€ MPOTpaMHi yTHIIITH,
po3polOiieHi, 100  JOMOMOITH  PO3POOHUKAM  PECTPYKTYPYBATU  ICHYIOUMIA
KOMIT FOTEpPHUN KOJ, HE 3MIHIOIOYM MOro 30BHINIHIO MOBENIHKY. Lli 1HCTpyMeHTH
CIOpsIMOBAaHI Ha TOKpalleHHs He(yHKIIOHATbHUX aTpPUOYTIB  MPOrPAMHOTO
3a0e3MneueHHs, poOassuu WOro OUIbII 3pO3yMUIMM, 3MEHIIYIOYM HOro CKJIAIHICTh 1
M1JIBUIIYIOUU MPUJATHICTH 10 oOciyroByBanHs. (Fowler, 1999)

[lepeBaru aBTOMaTH30BaHOTO pPe(PAKTOPUHTY:

e ¢(peKTUBHICTh: PyYHUN pedakTOpUHT MOXKE 3alHATH Oararo yacy. ABTOMaTU4HI
IHCTPYMEHTH MOXKYTh IIBUKO aHaJ13yBaTH Ta 3MIHIOBaTH BEJIMKI KOJOB1 0a3u;

® Y3rO/KEHICTh: aBTOMaTU30BaH1 IHCTPYMEHTH MOXYTh OJHAKOBO 3aCTOCOBYBAaTH
T1 caMl 3MIHU J0 KOJOBOi 0a3H, 3a0€31eUyI0uH y3rOIKEHICTb;

e Oe3meka: Oararo IHCTPYMEHTIB aBTOMAaTH30BAaHOTO pe(daKTOPUHTY MaKOTh
BOY/I0BaH1 MPOLETYpH MTEPEBIPKH, 11100 MEPEKOHATUCS, [0 3MIHU HE CTBOPIOIOTH
nomuiok. (Mens & Tourwe, 2004)

[Ipuknaau iHCTpYMEHTIB aBTOMaTU30BAHOTO pe(PaKkTOPUHTY:

e BOynoBaui iHCTpyMeHTH IDE: inTerposani cepegoBuiia po3podku (IDE), Taki
gk Intelli] IDEA, Eclipse ta Visual Studio, matoTe BOyqOBaHI MOXJIMBOCTI
pedakropunry. Po3poOHUKN MOXKXYyTh aBTOMATUYHO MEPEHMEHOBYBaTH 3MIHHI,
BUHOCHUTHU METOAH a00 3MIHIOBAaTH Ha3BU METO/IIB KIJIbKOMa KJIAllaHHSAMU;

e Opaysepu mist pedakTOpuHry: Taki 1HCTpyMeHTH, sk Smalltalk Refactoring
Browser, Ha/1atoTh IOTYH1 MOXJIMBOCTI JiJIsl TpaHCopMallii Koy;

e CIIELIAJI30BAHI IHCTPYMEHTH: JIeAKl IHCTPYMEHTH CHEIali3yl0ThCsl Ha MEBHUX

MoBax abo ¢peitmBopkax. Hanpuxnaz, jscodeshift — 1ie Habip iHCTpyMEHTIB
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JUIsL 3allyCKy BeJMKoMaciTabHoi momynsuii koxy JavaScript. (Murphy-Hill,
Parnin, & Black, How we refactor, and how we know it, 2012)

[HCTpyMEHTH aBTOMAaTHM30BaHOIO pPe(aKTOPUHIY 3a3BUYAll BKIHOYAIOTh abo
MOKJIaJIal0ThC HA aBTOMATH30BaHMM aHami3 TmodaTtkoBoro koxy. Ilepmr Hix
3aCTOCOBYBAaTU pe(PAKTOPUHL, 1HCTPYMEHT IOBUHEH «3PO3YMITH» CTPYKTypy Ta
CEMaHTHUKY Kofy. Lle po3yMiHHSI 1OCATAETHCS NUIIXOM aHajli3y OYaTKOBOTO KOAY.

ABTOMAaTHYHUH aHaII3 MOYATKOBOIO KOy, KM 1HOJI Ha3UBAIOTh CTATHYHUM
aHaJI30M KOy, MepeBipsie MOYaTKOBUM Koj| 0€3 Moro (pakTMYHOrOo BUKOHAHHS. MeTa
MoJIsira€ B TOMY, 00 BU3HAYUTU PI3HI aCMEKTH KONy, Taki SK MOro CTPYKTypa,
3aJIKHOCTI Ta MOTeHI[iMHI npobnemu. Lls iHdopmalis € BaKIMBOIO I IHCTPYMEHTIB
pedakropunry, mob Oe3rneyHo 3A1MCHIOBATA 3MIHM 0€3 CTBOPEHHS HOBHX JE€(EKTIB.
(Dig, Manzoor, Johnson, & Nguyen, 2008)

®aynep (Fowler, 1999) narononrye Ha HEOOX1AHOCTI HAsIBHOCT1 HA0OPY TECTIB,
AKI MOXHa 3alyCTUTH, W00 TMepeKoHaTucs, 10 pe(akTopuHr HE 3MIHUB
CIIOCTEpPEXKYBaHy TMOBEAIHKY KoAy. Xoua BIH HE 3arMONIOEThCS B MEXaHI3MHU
aBTOMAaTHU30BAaHOTO aHAJI3y IIOYaTKOBOIO KOAY Yy CBOild CTarTi, BaKJIUBICTb
«PO3YMIHHS» KOy mepes peakTOpHUHIOM € OU€BUAHOIO O€3 SIBHUX MOCHIIaHb Ha 1€ B
TEKCTI.

Buau ananizy mo4arkoBOro Koy, 110 BUKOPUCTOBYETHCS MTPU PE(HAKTOPUHTY:

® aHaJi3 CUHTAKCUCY: IHCTPYMEHTU pe(aKkTOPUHTY aHANI3yIOTh MOYaTKOBHI KOJI
JUTs1 CTBOPEHHS abcTpakTHOro cuHTakcuuHoro nepesa (AST). AST npexncrasise
CTPYKTYpPY KOy Ta (OpMYy€e OCHOBY JJisl OaraTb0oX omnepaiii peakTropuHry;

® CCMAaHTUYHUM aHami3: OKpIM  «PO3YMIHHS» CTPYKTypu (CHHTAKCHUCY),
IHCTPYMEHT TaKOXK Ma€ «PO3yMITH» 3HAUCHHS (CeMaHTHUKY) Koay. Croiu BXOASTh
Takl peul, sK 1H(oOpMalis Mpo TUMN 3MIHHUX, OONACTI iX BUIMMOCTI 1 PiBHI
JOCTYIy JJIsi METOIIB;

® aHai3 3aJIeKHOCTEH: Mepill HI)XK BHOCUTH 3MIHU, IHCTPYMEHT Ma€ BU3HAYUTHU
3anexHocTi. Lle rapanTye, 1o 3MiHa B OJHOMY MICIIi HE BIUIMHE HETaTHBHO Ha

1HIIIE MICIIE B KO/I;
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® pO3Mi3HaBaHHSA IMAOJNOHIB:  JesAKl  pedaKTOPUHTU  TOKIANAIOThCA  Ha
pO3Mi3HAaBaHHS KOHKPETHUX IIa0JIOHIB Koay abo aHTumabmoHiB. Ilicis
pO3Mi3HaBaHHS 111 a0JOHU MOKHA MEPETBOPUTHU Ha OUIBIT OakaH1 CTPYKTYPH.
(Johnson, Song, Murphy-Hill, & Bowdidge, 2013)

JI71s1 Kpaioro po3yMiHHS BIACTUBOCTEN 1 MOXKJIMBOCTEM CTaTUYHOTO aHAJI3y
PO3MISIHEMO METO/IH, SIK1 BIH BUKOPUCTOBYE:

1. Anani3 Ha OCHOBI IIA0JOHIB: 1Sl TEXHIKA 3iCTaBis€e MA0JOHU B KOJOBIM 0asi 3
BiIOMUM HabopoM mpoOnemMHux madnoHiB koay. Komm 30ir 3HaiineHo, ioro
MO3HAYAIOTh SIK NOTEHLIMHY polieMy. [HCTpyMEeHTH, Ki BUKOPUCTOBYIOTh LIEH
METOJI, 3a3BU4ail MalTh 0a3y JaHUX BIIOMUX IIA0JOHIB MOMUIIOK, SIKI BOHU
IyKaOTh.

2. AmHani3 Ha OCHOBI MOTOKY JaHMX: I METOJ MEepersjgae MoTiK BUKOHAHHS 1
MOTIK TaHUX MpOorpamu, o0 3pO3yMiTH, SIK IaH1 IEPEMIIYIOThCS YEPE3 HHOTO.
Ile 0co0auMBO KOPUCHO [JIsl MOIIYKY BPA3jUMBOCTEH, MOB’S3aHUX 13 MOTOKOM
nanux, Hanpukian SQL-in’ekmid abo wmixkcalToBOro ckpuntury (XSS),
IUISIXOM aHai3y TOro, SIK J1aHl NePEeXOAATh BlJ HEHAAIMHUX BXITHUX JAHUX 0
KOH(1IEHIIIHHUX oreparllii 0e3 Halle)KHOT ePeBIPKH YU OUHIICHHS.

3. AnHani3 Ha OCHOBI MOKAa3HMKIB: 1€ METOJ 30CEpPEKEHUN Ha BUMIPIOBAHHI
pI3HUX MOKA3HUKIB, MOB’sI3aHUX 13 KOJIOM. L1 MOKa3HUKU MOXYTh CTOCYBaTUCS
CKJIQJIHOCTI KOy (HAmpuKiIaj, HIUKIOMAaTUYHOI CKJIAJHOCTI), PO3MIPY KOAY,
IIITPHOCTI KOMEHTapiB Ta I1HIIUX arpulyTiB. MeTpuku MOXYTh HaJaaTu
VSIBJIEHHS MPO «PEMOHTOINPUJATHICTH) 1 MOTEHLINHI 30HU PU3HKY B KOJIOBIif
0asi.

4. CemaHTUYHUN aHaMI3: eV MIAXiA PO3MIAA€ 3HAUCHHS 1 MPU3HAYCHHS KOIY.
CrBoprotoun aObcTpakTHe cUHTakcuyHe JepeBo (AST) abo iHIIE MpomixkHE
MIPE/ICTABICHHS, 1HCTPYMEHTH MOXYTh OLIIHIOBATH CEMAaHTHKY KOHCTPYKIIIH
KOy, BHU3HA4YalO4M MpoOieMH, SKI MOXYTh OyTH HpPOINYyIIEHI METOI0M

31CTaBJIEHHSM I11a0JIOHIB.

27



5. CuUMBOJIbHE BHKOHAHHA: Yy I TEXHILI 3MIHHI 3aMIHIOIOTHCSI CUMBOJIbBHUMHU
3HAYEHHSIMHU, a MOTOKM BUKOHAHHS KOJYy OLIHIOIOTHCS JJI BU3HAYEHHS BCIX
MOXJIMBUX pe3yapTariB. Lleii meronm Moxe OyTH NOTY)XKHUM Yy BHSBICHHI
KpallOBUX BUIIAJIKIB, X04a BIH MOKE MOTPeOyBaTH BEIUKOTO 00CITY OOYUCIIEHb.

6. AHani3 3a0pyaHEHHs: L€ OCOONMBUN THIN aHaI3y IHOTOKY, SKHI BIIACTEXYE
KOHTPOJIbOBAaHI KOPUCTyBaueM BXIiJIHI JaHi (a0 «3ilcoBaH1» [laHi) 4Yepes
nporpaMmy, 100 MNEepeKOHATHUCS, 10 BOHM HE JIOCSTal0Th KOH(DIACHIIHHUX
omeparliii 6e3 HaJIe)KHOI MePEBIPKU YU OUUILICHHS.

7. TlepeBipka KoAy Bpy4HY: HE3BaXAaIOUM Ha Te€, 1110 aBTOMATU30BaH1 IHCTPYMEHTH
MOXYTh BUSIBUTH 0arato mpooseM, J0BOJI1 BaKKO 3aMIHUTH JIFOJICHKE CYII?)KEHHSI.
[TepeBipka KoAy Bpy4HY BKIJIFOUYAa€ PO3POOHHUKIB, SIKi MEPEBIPSAIOTH KO/, 4ACTO Y
COUIBHIA po0OTI, MO0 BHUABUTH MNPOOIEMH, SKI IHCTPYMEHTH MOXYTh
MPOITYCTHUTH.

8. Ilepernmsan koudirypaiii: mnepeBipse ¢ailnu koHIrypamii Ta mMmapaMmeTpH,
MOB’sI3aH1 3 KOJOBOIO 0a3010, 100 IMEpPeKOHATHCS, IO BOHU BIAMOBIIAIOTH
HalKkpaliuM TMpakTukam Oesnekud. HempaBuibHi KOHQIrypamii  MOXyThb
MIPU3BECTH JI0 BPA3JIMBOCTI TaK CaMo, SIK 1 MpOOJIIEeMHU HAa OCHOBI KOJY.

9. Amnani3z cxemu 0a3u JaHHUX: SIKIIO IporpaMa BUKOPUCTOBYE 0a3y AaHUX, aHAII3
il cXeMu MOXe HaJaTH YSBJIEHHS MpPO MOTEHLIHHI BPA3JIMBOCTI, SK-OT ciadke
U pyBaHHs, BIACYTHICTh HIJTICHOCTI 3B’SI3K1B @00 HE3aXMILEHI JO3BOJIH.

10.AHayi3 CTOpPOHHIX KOMIIOHEHTIB: (DOKYCyeTbCcsl Ha BUSBIEHHI BIJIOMHUX
BpPA3JIMBOCTEN Y CTOPOHHIX 010710TeKax a00 KOMIIOHEHTaX, sIki BUKOPUCTOBYE
nporpama.

11.IlepeBipka CHUHTAaKCUCy Ta CTWIIO. XOo4a MEpeBipKa BIAMOBITHOCTI CTHIIIO
KOJyBaHHS Ta CUHTAKCUCY HE IMOB’si3aHa 0e3M0CepeHbO 3 YpPa3IMBICTIO, BOHA
MOKE€ TOKpAIIUTH YUTAOENBHICTh 1 3pYYHICTh OOCIIyTOBYBaHHS, IO MOXE
OTIOCEPEIKOBAHO 3MEHIITUTH KUJIBKICTh TIOMUJIOK.

JIns eeKTUBHOTO CTAaTUYHOTO aHalli3zy Oararo 1HCTPYMEHTIB 1 miardopm

MOEAHYIOTh KiJIbKa METOJIONIOT1H, 1100 3a0e3MeunTy MOBHE OXOIUIeHHs. BapTo Takox
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3a3HAYMUTH, 110 CTATUYHHUI aHadl3 CiI1J AJOINOBHIOBATH IWMHAMIYHUM aHAaII30M Ta
IHIIMMHA METOJOJIOTISIMA TECTYBaHHS [Jii 0araTOCTOPOHHBOI MIATPUMKH O€3MeKH

MPOrPaMHOI CUCTEMHU.

1.2 Tunu aBTOMATU30BAaHUX CHUCTEM peaKTOPUHTY

1.2.1 PepakropuHr Ha OCHOBI ITPaBUII

PedakropuHr Ha OCHOBI MpaBUI — 1€ CTPYKTYPOBAaHUN METOJ MOKpaIleHHs
KONy, SIKMM BUKOPHUCTOBYE TOMEPEIHbO BHU3HAYCHI NpaBuia abo0 MIAOIOHU IS
BU3HAYEHHsI 00JlacTel Koy, siki MoxkHa 3MiHUTH. L[i mpaBuna cpopmynboBaHi Jist
BUSIBJIEHHS TNE€BHUX CTPYKTyp abo code smells B koxmi. Ilicist po3mnizHaBaHHS
anTuiabinony abo code smell cuctema MoOXe aBTOMATH30BAaHOIO 3aCTOCYBATH
MEPETBOPEHHS [IUX CTPYKTYP Yy OLIbII ONTUMAJIbHI (POPMH.

TepMmin «3anax koay» adbo code smell no3navae mabdiaonu abo pucu B KO, K1
BKa3ylOTh Ha NOTEHLIIHY 0CHOBHY npobiiemy. Code smells He 000B’SI3KOBO BKa3yIOTh
Ha TOMWJIKOBUH KOJI, ajie BKa3yloTh Ha 00JacCTi, e MOXe 3HAJ0OUTHUCS pedhaKTOPUHT
IUTSL KpaIllol ICHOCTI, AM3aiHy YU 3py4YHOCTI 0OCIIyrOBYyBaHHS.

JUIsl KOKHOTO 1I€HTU(PIKOBAHOIO «3amaxy KOJIy» YacTO ICHY€ BIJAIOBIJIHE
MIPaBUIIO IEPETBOPEHHS, IKE MPOIOHY€E KPOKH 1715t Horo BumnpasieHHs (Fowler, 1999).

CyuacHi  3acobu  pedakTtopuHry  3a3BMYall  MalOTh  MOXKJIUBICTh
aBTOMAaTH30BAaHOIO BUSIBJICHHS 3amaxiB Koay. BoHU 1OCATaloTh [OTO IUISXOM aHATI3y
MOYATKOBOTO KOAY, SIK MPaBUJIO, 32 JOMOMOIOK) TAKHUX METOIB, SIK BUKOPUCTAHHS
a0bcTpakTHOro cuHTakcuuHoro naepeBa (AST) Ta 1HIIUX METOMONOTIA CTAaTUYHOTO
ananizy. (Kerievsky, 2004)

Jleski npuKiIagu MOUIMPEHUX «3armaxiB KOAYy» BKIIOUaOTh «Benukuii kiacy —
3aBEJIMKUM 200 MepeoOTIIKEHHI KI1ac, KU CBIAYUTD MPO T€, 110 KIAaCH HaMararThCs
BUKOHYBATHU 3aHAJITO Oararo PyHKI[IH 1, MOKIIMBO, CTAJIN IEPEBAHTAXKEHUMU. TUTIOBUM
pedakToprHroM I LBOTO «3amaxy» € MOALI KJIacy Ha KUIbKa MEHIINX, OUIbIII

Ccrierfiajai30BaHMX KjIaciB. [HITMM MPUKIAIOM € «IOBTHH METOIY, I METOAHU 3aiiMar0Th
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HaJaTO Oarato psiAKIB KOy Ta HaMararThCsA BHOpaTucs 3 OaraThbMa 3aBIaHHSIMU;
pedakTopuHT TONISITa€ B CETMEHTAIlli METO/ly Ha KUIbKa KOpOTKUX MeToaiB. (Mens &
Tourwe, 2004)

Meronu, 10 BHUKOPUCTOBYIOTHCS: 3ICTaBieHHs I1abmoHiB, 00xing AST,

MepeTBOPEHHS Ha OCHOBI ITA0JIOHIB.

1.2.2 PedakTopuHT Ha OCHOBI1 MOLIYKY

PedakTopuHr Ha OCHOBI MOIIYKY BUKOPUCTOBYE QJITOPUTMHU ONTUMIZAIL JIJIs
BUBUCHHS PI3HUX BapiaHTIB peQakTOPUHTY Ta BHOOpPY THX, $KI TOKpPAIIyIOTh
KOHKPETHI MMOKa3HUKH MPOTPaMHOTro 3abe3reueHHs a00 JoCsATaloTh NeBHUX 1iie. [lei
MIIX10 po3misiaae pedakTOpUHT SK MPoOJeMy ONTUMIZaIlli, A€ METOK € 3HANTH
HalKkpally KoMOiHalio a1 peakTopunry, sika Makcumizye (a0o MiHIMI3y€) OJIUH a00
OlIbIIIE KPUTEPIIB.

OcHOBHU Takoro peakTOpUHTY:

e I[UIbOBa (PYHKIIS: yCMmiX pe(aKTOPUHTY HA OCHOBI MOIIYKY 3aJICKHUTh BIJ
BU3HAYEHHS XOPOIIOT IbOBO1 PyHKIT. L5 pyHKIIISI KITBKICHO BU3HAYAE SKICTh
MOTEHIIMHOTO pimeHHsT pedakTopuHry. YacTo po3misiAaroThCs KiIbKa LUICH,
HaIlpUKJIaJl TOKpalIeHHS YUTA0EIbHOCTI KOAY, 3MEHIIEHHS CKJIQJHOCTI Ta
M1JIBUIIIEHHS. MOAYJIHHOCTI;

® TMPOCTIp MONIYKY: BiH CKJIAJAETHCA 3 YCIX MOXJIMBHUX pIlIEHb Pe(aKTOPUHTY.
BpaxoBytouu, 1110 iICHY€ KiJibKa clioc001B pehaKTOPUHTY KOAOBOI 0a3u Ta KiJbKa
MOPSAKIB, Yy SIKUX MOXHA 3aCTOCOBYBAaTU pe(aKTOPUHI, L€ MPOCTIp €
Benmue3HuM 1 ckianuum; (Boukadida, Kessentini, Bechikh, & Ben Said, 2015)

® ANrOpUTMHM ONTUMI3ALli: JUIsl HaBiramii B MNPOCTOPl MOIIYKY Ta IOLIYKY
ONTUMANbHUX a00 ONM3BKUX O ONTUMAJIbHUX PIillIeHb PE(HAKTOPUHTY MOXKHA
BUKOPUCTOBYBAaTH pi3HI anroputMu. Lli anropuTMu mnpamorTh MIUIISAXOM
1TepaTUBHOTO TOCIHKEHHS, OI[IHKY Ta BIOCKOHAJIECHHS IMOTSHIIIMHUX PIIlIeHb Ha
OCHOBI BU3Ha4YeHOI 1IboBOI (PpyHKIT (PyHkuiit). (Ouni, Kessentini, Sahraoui,

& Hamdi, 2013)
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AJNTOPUTMH, 110 YaCTO BUKOPUCTOBYIOTHCS:

e rerHetuuHi anroputmu (I'A): GA HaguXarThCS MPOLIECOM TPUPOIHOTO BiIOODY.
Bonu nipeAcTaBisioTh NOTEHININHI pillieHHSI pedaKTOPUHTY K «IHAMBIIW» Ta
pPO3BHUBAIOTh 1X 3 YacoM, BHUKOPUCTOBYIOUM Takl omeparii, sK MyTaiis,
KPOCHHIOBEp 1 BIAOIp ISl AOCIIKEHHS IPOCTOPY MOIIYKY;

e CcUMYJALIS BIANANy: 1€ KWMOBIPHICHUM METOJ ONTUMI3allli, HATXHEHHUI
mporiecoM Biamany B Mertanyprii. lle mepeapbayae mociPKEHHS NPOCTOPY
MOIIYKY MUISAXOM MPUUHATTS HEONTUMAJIBHUX pIIIEHb Yac BiJ 4acy, 1100
YHUKHYTH JIOKAIbHUX ONTUMYMIB;

® CXO/UKEHHsT Ha maropO: MNpsSMHUM 1TEpaTUBHUNA METOA OMNTUMI3aIlll, KOJIU
aJITOPUTM TMOYMHAETHCA 3 JOBUIBHOTO PIIICHHS Ta 1TEPATUBHO BIOCKOHAIIOE

HOro, BHOCSI'YM HEBEJIMKI 3MIHU Ta OIliHIOOYM ixH1M BrumB. (Harman & Tratt,

2007)

1.2.3 Cuctemu pexomeHaali st peakTOpUHTY

Pexomennaiiitai cucremu st pepaktopunry (RSR) BUKOPUCTOBYIOTH METOIU
31 chepu peKOMEHJALIMHUX CUCTEM, 100 3alpONOHYBaTH PO3POOHUKAM MOTEHIIHHI
BapianTH pedakropunry. Lli cuctemu aHani3ytoTh KOJOBY 0a3y, iICTOpUYHI JjaH1, a IHOA1
HaBITh MOBEIIHKY PO3POOHMKIB, 1100 HAJaTH KOHTEKCTHO PEJIEBaHTHI Ta KOPHUCHI
MPONo3ullii pe(haKTOPUHTY.

OCHOBHI XapaKTEPUCTUKH Ta aCIEKTH:

e KOHTEKCTHa 0013HaHICcTh: RSR yacTo BpaxoBytOTh OTOUYHHMIA CTaH KOAY, OCTAHHI
3MIHU Ta MOTOYHY yBary po3poOHUKa, 00 HAJaTh CBOE€YACHI Ta BIAMOBIIHI
KOHTEKCTY PEeKOMEHaIlli;

® IHTEJEKTyaJIbHUMN aHall13 ICTOPUYHUX JAHUX: aHATI3YIOUU PEMO3UTOPIi CUCTEMU
KOHTpOJ0 Bepciil, RSR MoxyTh po3mizHaBaTy 3aKOHOMIPHOCTI PO3BUTKY KOAY
Ta NPOIMOHYBaTU pePaKTOPUHT, SKUU Y3TOMKYETHCS 3 ICTOPIEIO Ta TPAEKTOPIEIO

IIPOEKTY;
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® BIJAr'YKHU KOpUCTYyBauiB: esiki RSR 103BosI10Th po3poOHMKaM HaJaBaTH BIATYKHU
moa0 pexkomeHpamii. lleif UK 3BOPOTHOTO 3B’SI3KY JO3BOJSIE CHCTEMI
BJIOCKOHAJIIOBATH Ta MOKpPAI[yBaTH CBO1 MPOMO3HUIIIi 3 HaCOM;

e iHTErpailis i3 cepeloBUIIAMH PO3POOKH: 00 OyTU ePEKTUBHUMHU Ta 3PyUHUMU
st kopuctyBada, RSR 49acTo 1HTErpyroTbcs B IHTETPOBAaHI CepeNOBUIA
po3podku (IDE), mo n03Bojsie po3poOHUKAM 3aCTOCOBYBaTH pe(aKkTOPUHT
Oesnocepennpo 3 pekomenaarii. (Silva, Ramos, Valente, & Anquetil, 2016)

Tunu pexoMeHaaIii o0 pepakTOpuHry:

1. BUABIEHHS «3amaxy Koay»: BuzHadatouu code smells abo aHTUIIa0IOHU B KO,
CHUCTEMAa MOKE PEKOMEH/TyBaTH BIAMOBIIHI /111 pe(haKTOPUHTY JUIs iX BUPIIICHHS;
(Otaiby, Turki, & Touir, 2012)

2. pexkoMeHjamlii 1moao0 mabaoHiB MpoekTyBaHHS: RSR MoxyTh 3anmpomnoHyBaTu
3aMpoBa)KeHHs a00 ajanTauiio MallIoHIB MPOEKTYBaHHS HAa OCHOBI MOTOYHOL
CcTpykTypu Ta notpebd koay; (Tsantalis & Chatzigeorgiou, 2009)

3. BUSABIICHHS KJIOHIB KOAY: SIKIO BUSIBJICHO MOBTOPIOBAHUI KOJ (KJIOHH), CUCTEMA
MOJKE€ MMOPEKOMEHyBaTH 00’ €IHATU KOJA 3a JIONOMOIOI BUIIYYEHHS METOMIB 1
CTBOPEHHS KJIACIB.

Meronu, 1110 BUKOPUCTOBYIOTHCS: MAlllMHHE HaBYAHHSI, aHAJ3 CXOXKOCTI KOAY,

ICTOpHUYHI 1aH1 TPOEKTY.

1.2.4 Tpauncdopmaiiii, o 30epiratoTb HOBEAIHKY
Jlyxe BaxIJINBO, 00 peakTOPUHT HE 3MIHIOBAB MOBEAIHKY mporpamu. [leski
CUCTEMH 30CEpEKYIOThCSI CaM€ Ha I[bOMY acIeKTi, TapaHTylo4yu, 10 Haoip
MIPOTIOHOBAHUX TMEPETBOPEHDb 30epirae MoBeAIHKY 1 He 3MiHIOe ceMaHTUKy (Opdyke,
Refactoring object-oriented frameworks. Ph.D. thesis, 1992).
KirouoBi acnektu Tpanchopmaiii, o 30epiratoTh MOBEIIHKY:
® BJIACHE, BHU3HAYEHHs pe(daKTOPUHTY: 3TIIHO BU3HAUEHHS, — 1€ TIPOIIEC

pPECTPYKTYpH3allil ICHYIOYOTO KOMIT I0TEPHOT0 Koy 0€3 3M1HU HOTO 30BHIMIHBO1
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noBeiHKU. [{ei akiieHT Ha 30epe’KeHH] TOBEIHKH BiIpi3HsA€ pePaKTOPUHT BiJl
IHIIMX 3MIH KOAY;
TECTH SIK JOIIOMDKHI MEXAaHI3MHU: OJHUM 13 OCHOBHUX MEXaHI3MIB 3a0€31€UeHHS
30epexeHHs TOBEIIHKY MiJ 4ac pedaKTOPUHTY € HAsBHICTh HaAIMHOTO HabOpy
tecTiB. Jlo 1 micns pedakTOpuHry MOTPIOHO 3alyCTUTU TECTH, MI00
MEePEKOHATHUCS, 1[0 MOBEAIHKA CUCTEMU 3AJIUIIAETHCS y3TOIKEHOIO;
dbopmanbHl METOIM: JIeSIKI MPOCYHYTI MiAXOAW BUKOPUCTOBYIOTH (hOpMaibHI
METOIW i1 3a0e3ledueHHs 30epeXeHHsS TNOBEMIHKU. lle Moyke BKIIIoUaTH
MaTeMaTU4yHI JI0Ka3u ab0o MEpeBIpKYy MoOjeNdi, 00 NepeKoHaTucs, 1o
MEPETBOPEHHS KOy HE BUKIHKAIOTh HeOaxaHux noOiuynux edekriB. (Leino,
2010)

[Ipuknaau pepakTopuHry, o 30epirae mOBeAIHKY:
BHOKPEMJIEHHSI METOAY: pO3OUTTS IOBrOT0 METOIY Ha KUIbKa MEHIIUX. Y TOU
yac SK CTPyKTypa 3MIHIOETbCS, 3arajbHa (PYHKLIOHAJIBbHICTh, HaJaHa
OpUTIHAIBHUM METO/IOM, 3JIMIIAETHCS HE3MIHHOIO;
nepeiMeHyBaHHsI METOAY: 3MiHa Ha3BU MeETOAy, 100 3poOUTH Horo OibIil
onucoBuM. lle mepeTBopeHHs HE BILIUBAE HA JIOTIKY YU MOBEAIHKY METOMY;
MEePEMIILICHHS] METOAY: NEPEHECEHHSI METOJYy 3 OJHOTO KJIacy B IHIIHM, 4acTO
JUIsl TIOKpAllleHHsI «34eIUieHOCT1» (aHri. cohesion) MeTomiB Kjacy Ta/abo
nocnabiieHHs 3B’ 43HOCTI (aHmI. coupling) knaciB. DyHKIIOHATBHICTH METOAY

3anuiaeTbes HeaMinHoK0. (Fowler, 1999)

1.2.5 PedakTopuHr Ha OCHOBI ClIeHapliB a00 MaKpOCIB

Pedakropunr Ha OCHOBI clieHapiiB a00 MaKpOCIB CTOCY€TbCSI BUKOPUCTAHHS

cleHapiiB a00 MaKpOCiB JI aBTOMATH3alli1 Ta 3aCTOCYBaHHS MOCIIIOBHOCTI OIepariiif

pedakropunry. Ileit miaxig mAo3Boisie po3poOHMKAM BKa3yBaTH, 30epiratd Ta

BIITBOPIOBATH  KOPUCTYBallbki a00 TOBTOPIOBAaHI MEPETBOpPEHHs  (omepaiiii)

pedaKkTopuHry, 3a0€3MeUylour Y3TrOKEHI 3MIHM y BEJIHMKUX KOJOBHX 0azax abo
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KinbKox npoektax. (Murphy-Hill, Parnin, & Black, How we refactor, and how we know

it, 2012)

KirouoBi acnektu pepakTOpUHTY Ha OCHOBI CIIEHApiiB a00 MaKpOCIB:
aBTOMaTH3allisi Ta BIATBOPIOBAHICTh: OCHOBHOIO TMEPEBArold BUKOPUCTAHHS
cueHapiiB abo MakpociB g pedaKTOPUHTY € MOXIIMBICTh aBTOMAaTU3yBaTh
MOBTOPIOBaHI a00 CKJIaJH1 orepartlii, 3a0e3Meuyoun MOoCiiIOBHE 3aCTOCYBaHHS
THUX CaMHX MEPETBOPEHD MI0Pa3y, KOJIU BUKOHYETHCS ClIeHapii abo Makpoc;
3JATHICTh 10 HAJAITYBaHHs (MIUIAIITYBaHHS): HAa BIJIMIHY B1J CTaHIApTHUX
IHCTPYMEHTIB pe()aKTOPUHTY, SIKI TPOIMOHYIOTH MONEPETHHO BU3ZHAUECHI Onepallli
(HampukIian, nepedMeHyBaHHA METOAy a00 BWIYYEHHs KJjacy), CLeHapli
J03BOJISIIOTh  PO3POOHMKAM BH3HAUATH KOPHUCTYBAJIbHUIIbKI TEPETBOPEHHS,
aJanToBaH1 JO0 KOHKPETHUX MOTPEO MPOEKTy a00 YMOB HAMKMCAHHS [TOYaTKOBOTO
KOJY;

MaKeTHi omnepailii: pe()aKTOPUHT 3a JOMOMOTIOI0 CIIeHapiiB MOXke OyTH 0COOIHUBO
KOpPUCHUM [IJIsl TAKeTHUX OMepalliid, KOJIU cepito omepauii pePakTOpuHTY
HEOOX1JTHO 3aCTOCYBATH /10 KUIbKOX (paiiiiiB, KiiaciB ab0o MOJYJIIB;

1HTerpamis 13 CepelloBUIAMH PO3POOKHU: OaraTo Cy4aCHUX IHTETPOBAHUX
cepenoBul po3podku (IDE) miarpuMyroTs MOXKIMBOCTI CTBOPEHHS CLIEHAPIiB
a00 MakpocCiB, W0 JO03BOJsIE PO3POOHHMKAM BHU3HAYAaTHU Ta BHUKOHYBATU
crietiayibHi onepaiii peakTOpUHTy O€3MOCEPEIHHO B CEPEIOBUILIL PO3POOKH.

(Tokuda & Batory, 2001)

1.2.6 baratoiinboBuii peakTopuHr

BararoninboBuii pedakTOpUHr — 1€ MiAXIJA, KOJM TiJ 4Yac Mpouecy

pedakTopuHTy OAHOYACHO PO3IVISAIAIOTHCS KIIbKa IIed a0o 3aBmaHb. TpanumiitHui

pedakTopuHT 3a3BUYAl Ma€ €UHY METY, TaKy SIK MOKpAIEHHS 4YuTabelbHOCTI abo

3MEHIIEHHs CKJIaJHOCTi. HaBnaku, 6araroniiboBuil peakTopyHT BU3HAE, 1110 SIKICTh

MPOTrpaMHOro 3abe3neueHHsl O0araTorpaHHa 1 IO YacTO ICHYIOTh KOMIIPOMICH MIX

pi3HUMHU aTpuOyTamu SIKOCTI. Takuil pedakTOPUHT YacTo mependadyae KOMIIPOMICH.
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BararomninpoBi miaXoau BpaXOBYIOTh KUIbKa IJIEM OJHOYACHO, SK-OT MaKCHUMIi3allis
yuTa0eIBbHOCTI PU MiHIMI3ZaIlT po3Mipy koay. (Seng & Burkhart, 2006)
KirouoBi acnektu 0araToiiiboBoro pe(hakTOpuHry:

® KOMIIPOMICH: KOJHM PpO3IISIAAIOTHCS KiJIbKa I[UI€H, BOHU 1HOAI MOXYTh
KOH(IIKTYBaTH OJiHA 3 OJ{HOI0. Hampukiiaa, ontumizaiis Npo yKTUBHOCTI MOXKE
3MEHIIUTHU YUTA0ETbHICTh KONly. bararoiinboBuii pe(pakKTOPUHT IITyKa€ PIIICHHS,
SK1 BpIBHOBaXYIOTh 111 KOMIIPOMICH;

e ontuManbHICTh 3a [lapero: 3aranbHa KOHIEIIIS, KA BUKOPUCTOBYETHCS B
0araroniabL0Bik oNTUMI3Allll, ONTUMAILHICTh 3a [lapeTo gqomoMarae BUBHAYUTH
pILIEHHS, Y SKUX HEMOXJIUBO JIOCSTTH TOKPALIEHHSI OJIHI€T 1ILT1 0€3 MOT1pIIECHHS
iHmoi. HaGip Takux pinieHb HazuBaeThes GppontoM [lapero, sikuit 3a0e3neuye
pi3H1 oNTUMAaJbHI KoMIIpomicu Mk nuisimu; (Harman & Tratt, 2007)

® CKJIaJHI IPOCTOPH MOLIYKY: 3 KUIbKOMA IIUISIMU MPOCTIp MOMYKY (yCl MOXKJIMBI
pimieHHst pedakTopuHry) crtae Habarato ckiaagHimmMm. s edexTuBHOI
HaBiraiii B lbOMYy IPOCTOPI YACTO BUKOPHUCTOBYIOTHCSI PO3UIUPEH] aITOPUTMU
nomyky ta eBpuctuky; (Ouni, Kessentini, Sahraoui, & Hamdi, 2013)

® TMPIOPUTETH LICH: y JEAKUX BUMAJKAX, XOUa PO3IIISIIAIOTHCS KiJIbKA L1JIei, BOHU
MOKYTh OyTH BU3HAUEH1 IIO-PI3HOMY, 3aJI€KHO B1Jl HOTPEO MPOEKTy abo nepesar
3aIliKaBJICHUX CTOPIH.

VYci onucani miaxoau 3aJ0BOJIBHSIOTH Pi3HI MOTPEOU Ta KOHTEKCTH. MeTosu,
[0 BUKOPHUCTOBYIOTHCS B CHCTEMax pe(AKTOPUHTY, YACTO MEPETUHAIOTHCS Ta €
B32€MOJIOTIOBHIOIOUMMH, 3a0€3MEUYI0UH SIK CTPYKTYPHY, TaK 1 CEMaHTHUYHY LILJIICHICTD

KOJY, 1110 MIJITA€ThCS pePaKTOPUHTY.

1.3 I1oOynoBa cucreM aBTOMATH30BAHOI0 pe(paKTOPUHTY
ABTOMaTHYH1 CUCTEMHU Pe(HAKTOPUHTY 3a3BUYAN OYTyIOTHCS HA OCHOBI K1IJIBKOX
OCHOBHHX KOMITIOHEHTIB, SIK1 JO3BOJISIIOTH aHAJI3yBaTU, «PO3yMITH» Ta IEPETBOPIOBATH

HOYaTKOBUU KOJI:
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rapcep: aHali3arop YWTa€ MOYaTKOBHM KOA 1 TMEpPEeTBOPIOE MOro B OLIBII
CTpyKkTypoBanuii (opmar — abcTpaktHe cuHTakcuuHe naepeBo (AST). Ila
JIEpPEeBOMNOIIOHA CTPYKTypa NpPEACTaBiIs€ 1€papXiyHy HPUPOSY MPOTPAMHUX
KOHCTPYKIIIf;

abctpakTtHe cuHTtakcuuHe aepeBo (AST): sk sramysanocs, AST npencrasise
CTPYKTYpy nporpamu. [HCTpyMeHTH pedakTOpUHTY NEeperisiAatoTh 1 3MIHIOIOTh
1€ IEPEBO, 1100 31MCHIOBATU pe(PaKTOPUHT KOAY;

TaOJINLSI CUMBOJIB 1 ceMaHTUYHUM aHami3: xoua AST BigoOpakae CTpyKTypy
KOJy, TAOJIUI CHMBOJIIB Ta 1HII1 IHCTPYMEHTH CEMaHTHUYHOTO aHaJi3y (PIKCYIOTh
XapaKTEPUCTUKHU;

MEXaH13M MEePETBOPEHHSI: 1€l KOMITIOHEHT 3aCTOCOBYE nepeTBopeHHs 10 AST Ha
OCHOBI 0a)kaHOTo pe(haKTOPUHTY;

reHeparop Kkoay: micas pedaktopunry wmoaudikoBanuit AST mnoTpiOHO
MEePEeTBOPUTH Ha3al y MOYaTKoBUM koj. L{e poOuThest 3a 10MOMOroro reneparopa
KOLy;

iHTepdeiic kopucTtyBada: OUIBIIICTh I1HCTPYMEHTIB pe(akTOpuHTY MaroTh
iHTepdeiic, uu To iHTEpdeiic KOMaHIHOTO PSAAKa, YU TpadiyHul, 32 TOMOMOTOIO
SIKOTO KOPUCTYBaul MOXKYTh BKa3yBaTH OakaH1 pe(haKTOPUHTH.

[cHye Benuka KIIbKICTh MiIXO/IB 10 PO3POOKH CUCTEM JJIsl aBTOMATU30BAaHOTO

pedakTopuHry. Yci BOHM MiANANAlOTh MiJ] y3arajibHEHY apXITEKTypy, IO ONHCaHa

Buie. CucteMu Ha ocHOBI Moaudikamii AST BUMaraiTh BEIUKHX PECYPCIB IS

PO3pPOOKH 1 MIATPUMKH, a TAKOXK MPAIIOIOTH JIUIIE 13 OJIHIEI0 MOBOIO MPOTPaMyBaHHSI.

Came 11 po3B’si3aHHS LIMX NPOOJIEM 3M1MCHIOETHCS MOIIYK HOBHUX YHIBEpCAIbHHUX

METO/IIB.

1.4 IlepeBaru i HexOJIIKH ABTOMATU30BAHUX CHCTEM

pedaKkTOpuHTY
1.4.1 IlepeBaru
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1. EdexTuBHicTb. B 0oCHOBI mpoiiecy po3poOKHM IpOrpaMHOro 3a0e3nedeHHs
JeXKUTh moTrpeba y MMBHUAKOCTI Ta e(ekTuBHOCTI. PyuHuili pedakTopuHr,
3JIEKHO BIJ CKJIAQJHOCTI, MOX€ OyTH MOBUIBHMM 1 BaXKUM IPOLECOM.
ABTOMAaTH30BaH1 IHCTPYMEHTH pPe(PaKTOPUHTY € HEOOXITHOI 3PYUHICTIO B
bOMY cleHapii. BOHM 3HAYHO CKOpPOUYIOTH 4Yac, SIKMM BUTpadaeTbcsl Ha
pedakropunr  komy. Hampukian, nepeiiMeHyBaHHS — METONMY,  SIKUM
BUKOPUCTOBYETHCSL Yy BEIUKOMY TIPOEKTI, MOXE 3aliHITH TOAUHU BPYUHY
(BKIIFOYHO 13 BHUKOPUCTAHHSM 3acO0IB TOLIYKY Ta 3aMIHU TEKCTOBHMX
(dbparmMeHTiB), ajie 3 aBTOMAaTU30BAaHUM 1HCTPYMEHTOM II€ YacTO 3ailMae KiJibKa
cekyH/I. Lle nmpuckopeHHs [onomarae He TUTBKH MIBUAKO BIIPOBAKYBaTH 3MI1HU,
aine W J03BOJIIE PO3POOHUKAM EKCIEPUMEHTYBAaTH 3 PI3HMMHU BapiaHTaMU
pecTpyKTypH3ailii 6e3 3HaUHUX BUTPAT Yacy.

Kpim Toro, y mipy 3pocTtanHs po3mipy (KUTbKICTb PSAKIB KOAY) IPOEKTIB
MPOTPAMHOTO 3a0€3MEUEHHS] B3a€MO3AJIEKHICTh 1 CKJIQJAHICTh KOIY TaKOX
3poctatoTh. PoO0OTa 3 TakKMMU TOHKOIIAMHM BpPYYHY MOXKE HE JHIIE 3a0paru
Oararo 4acy, ajge ¥ CHOPUYMHUTH TOMUJIKHA. ABTOMATHU30BaHI 1HCTPYMEHTHU
pedakTopuHTy BHPINIYIOTH I CKJIAJHOCTI 3a JIAIITYHKAMU, TAPaHTYIOUYH, IO
PO3POOHHK MOXKE 30CEPEIUTUCS Ha OUIbIN BHCOKOpiBHEBUX acmekTax. (Fowler,
1999)

2. KOHCHCTEHTHICTBh: MOCIIIOBHICTh Y MPOIIEC] HAMKMCAHHS KOAY € KJIIOYOBOIO 3
pi3Hux npuunH. lle mnokpanrye 4yuTaOENbHICTH KOMY, 3MEHIINYE KUIbKICTh
MIOMUJIOK 1 TapaHTYE, IO YWICHU KOMaHIU MOXKYThb Oe3nepeOiiHO MpalioBaTi HaJl
MIPOEKTOM, HE BHUTpPAYalOYM 3aliBOTO 4Yacy Ha PO3YMIHHS PI3HHUX CTUIIB abo
a0JIOHIB  HANKUCaHHA KOJy, BHUKOPUCTAHUX IHIIUMH PO3POOHUKAMH.
ABTOMAaTH30BaH1 1HCTPYMEHTH pe(PaKTOPUHTY — Hailkpamii B Il oOiacTi.
BukopuctoByoun rmnomnepeaHh0 BH3HAYEHI aJITOpUTMH Ta IIa0JI0OHM, IIl
IHCTPYMEHTH TapaHTyIOTh MOCIJOBHE BUKOHAHHS pPe(AKTOPUHTY B YCIid

KOIOBIH Oa3sl.
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st yHidikoBaHICTh rapaHTye, IO Mij] Yac HaBIralli mo pi3HUX MOIYIAX
a00 KOMIIOHEHTaX MPOEKTY PO3POOHUKH CTUKAIOTHCA 3 Y3TOKEHUM 11a0JIOHOM
HaIrucaHHs Kojy. Taka y3roKeHICTh Pi13KO 3MEHIITY€ KOTHITUBHE HABAHTAKEHHS
Ha pO3pOOHUKIB, JO3BOJISIOUYHU IM 30CEPEUTUCS HA BUPIIICHHI IPOOIeM, a HE Ha
po3K(POBII KOTY.

Kpim Toro, y cepenoBuinax coijpHOi poOOTH, A€ KiIbKa PO3POOHUKIB
NpaIO0Th HaJ OAHIEID KOIOBOK 0a3010, MIATPUMKA Y3TOIKEHOI CTPYKTYpH
KOJly Ma€ MepuioueproBe 3HaueHHs. ABTOMATH30BaH1 IHCTPYMEHTHU TapaHTYIOTh,
[0 HE3aJEeKHO BiJl TOTO, XTO BUKOHYE pe(daKTOPUHT, PEe3yJbTaT 3aIUIIAEThCS
onnakoBuM. (Opdyke & Roberts, Extending objects to support multiple
interfaces and access control, 1993)
3MEHIIIEHHS KUIBKOCTI MOMUJIOK: OJTHIEI0 3 OCHOBHHUX II1JIEH OyJ1b-SIKOTO MPOLIECY
PO3pOOKH TPOTPaMHOTO 3a0€3MEUeHHS € 3MEHIIEeHHS KUIBKOCTI TTOMMIIOK,
rapaHTyloud, [0 KIHIEBUM MNPOAYKT (YHKLUIOHYE HAJIECKHUM UYHUHOM.
ABTOMaTH30BaH1 3aco0Ku pedaKTOPUHTY BIIITPAIOTh BAXJIUBY POJb Y ILbOMY.
BoHu ycyBaroTh €JEeMEHT <JIIOICHKOI MOMIIKW» 3 Tpoliecy pedaKTOPUHTY,
MPOTIOHYIOUH aJITOPUTMIUHY TOUHICTh. Lle 03Hauae, 110 micis Toro, ik cTpareris
pedakropuHry Oyne BU3HaU€Ha, IHCTPYMEHT BUKOHAE 11 0€3 MOMUIIOK, TAKUX SIK
3a0yTTs NESIKUX E€K3EMIUIAPIB, HEMpPAaBUIbHE IMEHYBaHHS a00 MOMUJIKH MpU
Apy1i.

Hacnigkum Takoi miHimizalii noMuiaok € nmoasiiinumu. Ilo-mepmre, daza
TeCTyBaHHsI Oe3mocepeHbO Micisi pedaKTOPUHTY MPOXOAUTH MPOCTINIE, 3
MEHIIIOI0 KUTBKICTIO MOMUJIOK, SIKI BUHUKAIOTh BUKIIIOUHO Yepe3 peaKTOPUHT.
[To-apyre, y TOBroCTPOKOBIM MEPCIEKTUBI MiJIBUILY€ETHCS 3arajibHa CTIHKICTH 1
HaJIIHHICTh TPOTPAMHOIO 3a0€3MEeUEHHS.

OpHak BaXXJIMBO 3a3HAYMTH, IO XO4Ya LI 1HCTPYMEHTH MIHIMI3YIOTh
NOMUJIKK B (hakKTUYHOMY TMponeci pedaKkTOPUHTY, BIAMNOBIJATIBHICTh 32

NPUUHATTS PIIIEHHS NP0 AOLUIBHICTE peakTOpUHTY BCE IIe JIEKUTh Ha
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po3poonukax. (Murphy-Hill, Parnin, & Black, How we refactor, and how we
know it, 2012)

. KommnekcHuit pedakrtopunr: y wipy TOro, K TMPOEKTH HNPOrpaMHOIo
3a0e3MeYeHHs 3pOCTal0Th y MaciuTadax 1 CKIAJHOCTI, 3pOCTa€ 1 CKIAAHICTh
oneparliii pehakTOpUHTY, sIKi HEOOX1AHO 3aCTOCYBaTH. Jlesiki Jii pepakTOpuHTy,
Takl sK PO3OUTTS MOHOJITHOIO KJacy Ha KUIbKa 3B’sA3aHUX KJaciB ado
peoprasizaiisi CKJIaJHOI i€papXii yCHaJKyBaHHS, MOXYTb OyTH CKJIaJHHMH,
SAKII0O  BUKOHYBaTM  iX  CaMOCTIMHO. ABTOMAaTHM30BaHI  IHCTPYMEHTH
pedakTopuHTy MarOTh IiepeBary B IIUX ciieHapisix. BoHu po30uBaIOTh CKIaJHI
pedakToprHIry HAa CUCTEMAaTU4H1, TOKPOKOBI Olepallii, TapaHTyIOuH, 10 KOXKEH
KPOK MIATPUMYE IUTICHICTD KOAY.

3aBAsSKY HABEJICHUM MOXKJIUBOCTSIM, IPOBEJEHHS 3HAYHOTO (TaKOTro, 110

BILIMBA€E HA 3HAYHY YACTUHY MOYATKOBOTO KOY) pePaKkTOpUHTY MPU3BOAUTH 0
Kpaioro, OUIbII 3py4HOro B OOCIYroByBaHHI KOAY B JIOBTOCTPOKOBIH
nepcrnektusi. (Dig, Manzoor, Johnson, & Nguyen, 2008)
. Inrerpauist 3 IDE: cyuacHi iHTerpoBani cepenouiina po3pooku (IDE) — me
OuIbIIe, HDK MPOCTO PEAAKTOPH KOMIY; II€ KOMILIEKCHI 1HCTPYMEHTH, SKI
JOTIOMAraloTh ~ MPOTATOM  JKUTTEBOTO  IIUKIY  PO3POOKH  MPOTrPaMHOIO
3a0e3neuenHd. OpHiero 3 3HaYHMX nepeBar Oararbox cydacHux IDE e ix
BOY/ZI0BaH1 MOXKJIUBOCTI Pe(AKTOPUHTY.

Iz iaTerparis o3Havae, M0 pO3pOOHHWKAM HE MOTPIOHO MEpPEeMHKATH
IHCTPYMEHTH YW KOHTEKCTH IiJl 4ac pe(akTOpUHTY — II€ CTa€ HEBiJ €MHOIO
YaCTUHOIO TIpoliecy KoyBaHHs. Taki (pyHKIII1, K aHaIi3 KOAY B peaJIbHOMY 4aci,
MPOMO3ULil OO0 MOTEHUINHUX pe(AKTOPUHTIB 1 MUTTEBHUI MONEpeaHIN
nepersi] pe3yabTaTiB peakTOpUHTy, 3a0€e3MeuyIoTh IJIaBHUN poOoUrid poIiec
PO3pOOKH.

Kpim Toro, iHcTpymMeHTH pedakTopuHry, BOynoBaHi B IDE, rapantyrors,
[0 BOHU 3aBXKJIU CUHXPOHI3YIOTHCS 31 CTAHOM MPOEKTY, 3MEHIITYIOUH MOXJIMBI

HEBIAMOBIHOCTI a00 mpobiemu 3 koHPirypaiiero. (Mens & Tourwe, 2004)
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1.4.2 Henoniku

1. Brpara ceMaHTUKHU: OJUH 13 OCHOBOMOJOXXHHUX HPHUHIUIIB pedaKTOPUHTY
MOJISITA€ B TOMY, 1110 BiH HE MOBUHEH 3MIHIOBATU 30BHIIIHIO MOBEIIHKY KOITY.
Opnak aBTOMATHU30BaHI IHCTPYMEHTH, HE3Ba)KalOUM HA CBOKO TOYHICTh, 1HOII
JatoTh 3001 B [IbOMY BiJIHOIIEHHI. BOHM MOXXYTh BHECTH 3MIHH, K1 HA MEPIIHI
MOTJIS]] 31aI0THCSA HENIKIIJIUBUMU, aJI€ MOXKYTb TPU3BECTHU /10 3MIHU CEMAHTUKH.
Hamnpuknaa, 1HCTpYMEHT MOXE MEpPEMICTUTH METOJ 10 0a30BOro Kiacy,
MPUITYCKAIOUM, IO II€ HEWmKiuIuBa omepaiis. OaHak y cleHapisx, Je i€
JTMHAMIYHE 3B’ I3yBaHHS, 1€ MOXE MPU3BECTH JI0 TOMUIIKOBOTO BUKJIMKY METOIY
HE B TOMY KJIaci B lepapxii ycnaJaKyBaHHS, TAKUM YAHOM 3MIHIOIOYH TTOBEIIHKY
MPOTPaMH.

[Ile omna ToHka OO0MacTh, A€ CEMaHTHKAa MOXE OyTH HEHABMHUCHO
3MiHEHa, 11e 6araTonoTokoBi cepeaoBuia. [IeBHi pepakTopuHTy, AKII0 BOHU HE
BUKOHYIOThCSL 3 OISy Ha TapajelibHe BHUKOHAHHS OIepaiiil pi3HUMU
MOTOKaMU, MOXKYTh COPUUYMHUTH YMOBU TOHKH 200 B3a€MOOIOKYBaHHS.

i mnpoGnemu MIAKPECTIOTh BaXJIUBICTH PO3YyMiHHSA 0a30BUX
aJATOPUTMIB IHCTPYMEHTIB 1 TOTO, III0 HA HUX HE MOKHA MOKJIAAATHCS CIIMO.
(Xing & Stroulia, 2007)

2. OOmexeHe pO3yMIHHS HaMmipiB «Ha BHCOKOMY pIBHI»: aBTOMAaTH30BaHUM
IHCTpyMEHTaM pe(daKTOPUHTY, HE3BAXKAIOUM Ha iX MPOrpec, Opakye JIIOACHKOi
iHTYyinli. BoHM He 31aTHI «pO3yMITH» BHUCOKOPIBHEB1 I[iJIl, 3aKJaJieHI B
KOHKPETHMM KOJl, INUpIIE JUBUTUCh Ha 17ei B OCHOBI MIPOTrPaMHOIO
3a0e3MeyeHHs, SK 1€ MOXe poOuTH JroAuHa. Xoua BOHU MOXKYTh
TpaHchOpMyBaTH KO/ Ha OCHOBI OMEPEIHHO BUZHAYEHUX aJITOPUTMIB, BOHH HE
MOXYTbh 3pO3yMITH HaMip pO3pOOHMKA YU MIUPIILY METy pehaKTOPUHTY.

Hanpuknan, sikio Hamip po3poOHUKA MOJATAE B TOMY, 11100 CIIPOCTUTH
MOAYJb Ji1 MallOyTHBO1 PO3MIMPIOBAHOCTI, IHCTPYMEHT MOXKE 3alpPONOHYBaTH
pedakTopuHr, SKUH 3pOOMTH KOA JIAKOHIYHUM, aje He 000B’SI3KOBO

PO3IIUPIOBAHUM.
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[le migkpecioe BaXXIUBICTh JIOACHKOTO CYIKEHHS B Mpoleci

pedakropunry. IHCTpyMEHTH MOXYTh JOMOMOITH, ajieé OCTAaTOYHI PIIIECHHS
MaroTh BIANOBIAATH mKUpIIUM UM TipoekTy. (Murphy-Hill & Black, Breaking
the barriers to successful refactoring: Observations and tools for extract method,
2008)
HanmipHa 3aiexHIiCTh pO3pOOHUKIB: XO4a aBTOMATHU30BaHI IHCTPYMEHTHU
pedakTopuHTy MPOMOHYIOTH O€3JliU TepeBar, iICHye MNpuxoBaHa HeOe3MeKa:
PO3pOOHUKH MOYUHAIOTH HAJMIPHO MOKJIAIaTUCS HAa HUX. Taka HaaMipHa I0BIpa
MO>K€ MPU3BECTH JI0 BIICYTHOCTI KPUTUUHOTO MUCIICHHS MIPO T€, YOMY MOTP10OH1
neBHI pe()akTOPUHTHU Ta K1 MOXKYTh OyTH 1XH1 ITUPII HACTIAKH.

Hanpuknana, IHCTpyMEHT MOXK€ 3alpONOHYBATH KiJibKa pe(haKTOPUHTIB,
aje He BCl BOHM OOOB’S3KOBO OynyTh BIANOBIIATH apXITEKTYPHUM LLISAM
npoekty. Ciine NpuiHATTA BCiX MPOMO3UIIIN MOXe MPU3BECTH 10 KOJIOBOI 0a3u,
fKa, HE3BAXAIOUM Ha TEXHIYHO HaMAliiHy, BIAPI3HAETHCS BiJ 3allJlaHOBAaHUX
MPUHLINIIB JU3aiiHYy.

Hanmipna poBipa TakoXX MOXE MHOPOAUTH CaMOBJIOBOJIEHHS, KOJIH

PO3POOHUKH MOXYTh MPOIMYCTUTH PETEIbHE TECTYBAHHS MIiCIs pedaKTOPUHTY,
MPUITYCKAIOUM, W0 3MIHM B IHCTPYMEHTI 3aBXIu mpaBuibHi. Lle moxe
MIPU3BECTH /10 HEBUSIBICHUX MOMUIIOK a00 mpobiiem 3 mpoaykTuBHicTIO. (Beller,
Gousios, & Zaidman, 2019)
OOMexeHHsI IHCTPYMEHTY: KOJEH IHCTPYMEHT He € 1JeajdbHuM, 1
aBTOMAaTH30BaHI IHCTPYMEHTH pe(akTOpUHTY HE € BUHATKOM. He3Baxkarouu Ha
T€, 110 BOHU MOXYTh OOpOOJISITH IIUPOKUN CHEKTP pe(AKTOPUHTIB, 3aBXKIAU €
KpaiioBl BUNaJku a00 pehakTOPUHTH, 110 CUIIBHO 3aJie’KaTh BiJ KOHTEKCTY, SIKi
MOXXYTh BUXOAUTH 32 MEXK1 MOKJIMBOCTEH 1HCTPYMEHTY.

Hesaki pedakTopuHrn MEpernTalTbess 3 OI3HEC-NOTIKOK  abo
MOKJIaJIal0ThCSL HA 30BHIIIHI CUCTEMU, TOMY aBTOMAaTHU30BAaHUM 1HCTPYMEHTaM

Ba)KKO BIIOPATHUCS 3 HUMU 0€3 MOTEHIIITHUX MacTOK.
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IcHye Takox mpoOsieMa OHOBJIEHHS Ta OOCIYrOBYBaHHSI 1HCTPYMEHTIB.
Skio 1HCTpyMEHT pedakTOPUHTY HE OHOBIIOETHCSA PETYISIPHO, BIH MOXKE HE
MIITPUMYBAaTU HOBI MOBHI (DYHKIIT YU TEpeAoBl MPAKTHKU, IO 3 4YacoM
oOMexuTh Horo kopucHicTh. (Kim, Cai, & Kim, 2011)

5. Haknagui BUTpaTM Ha MNPOAYKTHBHICTh: XOua aBTOMAaTHU30BaHI 3acoOu
pedakTopuHTy IpU3HAYEH1 IS MIABUIIEHHS €()eKTUBHOCTI MPOIECY pO3POOKH,
BOHU HE€ MO030aBJIEHI HAKJIAJHUX BUTpAT. Jledki IHCTpyMEHTHU, OCOOIUBO MpHU
poOOTI 3 BEIUMKHUMHU KOJOBUMHM ©Oa3zamMu a00 CKIQJHUMHU OMepallisiMU
pedaKTOpUHTY, MOXKYTh IOTPEOyBaTH 3HAUHUX OOCATIB PECYPCIB Ta yacy.

I[le moxke mnposiBIsATHCS SK BijacTaBaHHA abo 3arpumku B IDE,
30UIBIIICHHS CTIOXKUBAHHS 1MaM’siT1 a00 MOJOBKEHHS Yacy BUKOHAHHSI Omepalii
pedakTopuHry.

[i HakyIagH1 BUTpATU HA MPOAYKTUBHICTh, OCOOIIMBO SKIIO BOHU YaCTI,
MOXYTh MOPYIIUTH POOOTY pO3pOOHHKA, IO MPU3BENE /10 PO3UapyBaHHS Ta

3HMKEHHS MPOYKTUBHOCTI poO0TU camoro po3podHuka. (Goetz, et al., 2006)

1.5 BukopucranHsi CEeMAHTHYHMX MiJAX0AIB Yy peaKTOPUHTY

[IpencraBieHHs Ta po3yMiHHS CEMAHTUKHU B 00J1aCTI 0OYUCITIOBAIBLHOT TEXHIKU
Ta po3poOKH MPOrpaMHOro 3a0€3MEeUeHHs 3HAYHO MPOCYHYJUCS 3a OCTaHHI POKH. Y
TOM yac sIK CEMaHTHKa 32 CBOEIO CYTTIO BITHOCUTBHCS JI0 3HAUCHHS a00 1HTeprpeTalii
CUMBOJY, BHpa3y abo ¢pa3u, B OOUMCIIOBAJIBHIM TEXHIIl BOHA 4YaCTO CTOCY€ETHCS
MOBEJIIHKM Ta BUKOHAHHS TporpaM a00 3HAUYE€HHS YU BMICTY OOpOOIOBAHUX JAHHUX.
Po3mistHeMo Jiesiki cydacHi MiAX0AN JO0 POOOTH 3 CEMaHTUKOIO a0 MpeIcTaBiIeHH 1i,
10 MOXYTh OyTH BUKOPUCTAHI1 JUIsl IPEICTABICHHS CEMaHTUKHU MTOYAaTKOBOTO KOy i/
yac 31HCHEHHS CTATUYHOTO aHaJl13y Ta BUKOHAHHS pe(akTOpUHTY.

RDF (Resource Description Framework) — ¢peitmBopk onucy pecypcis. RDF
— 1ue Ounblie, HX mpocTo ¢dopmar, e MOBa MPEACTaBICHHS CTPYKTYpPOBaHOI

iHopmMarii, sika omucye nani y Bumisal rpady. Koxkna wactuna ganux y RDF
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CTPYKTYpOBaHa SIK «TpiliKa», sika CKIAJa€eThca 3 CyO’€kTa, mpeaukara Ta o0’ €KTa.
(Berners-Lee, Hendler, & Lassila, 2001)

{06 po3muputu MmoxiuBocTi RDF, 6yno npeacrasneno cxemy RDF (RDFS).
RDFS no3Boisie kopucTyBauaMm BU3HAYATH KJIACH Ta 3B’ A3KU M1 HUMHU, pOOJISIUN JaH1
OUIBII 3HAYYLIMMU (3 YITKO BUBHAYEHOIO CTPYKTYPOIO 1 BMICTOM) Ta MPUB’ I3aHUMU 10
koHTekcTy. RDFS € cnocobom nopaBanus piBHIB MeTaganux nosepx RDF. (Berners-
Lee, Hendler, & Lassila, 2001)

Komnu icHye notpeba B OUTbII BUPa3HOMY 1HCTPYMEHTI, BaKJIMBO 3rajjaTH Mpo
BeO-opieHTOBaHY MOBY omnucy onrtonoriii (OWL). Ile kommiekcHa MoBa OHTOJNOTIT
(oHTOJNIOTIST Oyne AeTanbHIlIE PO3MIAJATUCh Yy HACTYIHOMY PO3[LIl), sIKa JO3BOJISIE
KOpHUCTyBauaM (opMymtoBaTH CKJIagHy 1H(OpMaIl0 PO KOHLEMI, 3B’SI3KH,
BJIACTHBOCTI, OOMeEKeHHS Tomo. 3a goromororo OWL MokHa BU3HA4YaTH MOHSTTS B
cnenu(piyHOMy AOMEH1 (MpeaMeTHI 005acTi), MO3BOJISIIOYM MAaIllMHAM HE TUIbKU
«UUTATW» JaHl, ajie TaKOXK «PO3yMiTH» 1 MipKyBatu npo Hux. (Berners-Lee, Hendler,
& Lassila, 2001)

Matouu BU3HAYEHY CTPYKTYPY aHUX, MOTPIOHI TAKOXK 1 €()eKTUBHI MEXaHI13MU
3I1ACHEHHS 3alUTIB 10 CTPYKTypoBaHoi iH(popmariii. SPARQL ciyxuth MocToM ISl
BupimeHHs 1miei morpedu. SPARQL mist RDF — e te x, mo SQL ans Tpaaumiiaux
0a3 manux. lle mMoBa 3amuTiB, sika J0O3BOJISIE KOPUCTyBayaM OTPUMYBATH JAaHi, IO
30epiratotbes y popmati RDF, ta 06po6isitu ix. HesanexHo Bij TOTo, 4 WIEThCS PO
(buTbTpyBaHHs NIEBHOT IHPOpMaIlii, 00’ €THAHHS AaHUX 13 KIJTLKOX JHKEpell 4 MoOy10BY
HoBUX TpadiB nanux, SPARQL Hamae iHcTpymeHTapiid st €(heKTUBHOI 0OpoOKu
ceManTnuHux nanux. (Prudhommeaux & Seaborne, 2008)

[Iponorxyroun orsn 3aco0iB 71t pOOOTH 13 CEMAaHTHKOIO, MEPeieMo Tenep
10 001acTi CEMaHTHYHOTO NMOoITyKy. Ha BiAMiHY BiJ TpaIuLIMHUX MEXaH13MiB MOILYKY,
K1 3HAaYHOIO MIPOIO MOKJIAJIal0ThCA Ha 30irM KIOYOBUX CIIB, CEMAHTUYHUHN MOUTYK
CIPSIMOBAHUI Ha PO3YMIHHS — HE JIMILE CiB, aj€ HaMipy Ta KOHTEKCTY MOLIYKOBOTO

3anuTy. (Baeza-Yates & Ribeiro-Neto, 2011)
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[Topganbmm poO3BUTKOM CEMAHTHUKHU € MpOrpamMHa ceMaHTHka. s mpeameTHa
o0nacTh CpsIMOBaHa Ha PO3yMIHHS IMOBEAIHKH MPOrpaM Iij 4yac iX BUKOHaHHs. [cHye
KUIbKa CIMOCOOIB 1HTEpIpeTallii MOBEIIHKU MporpamMu. MoxHa BHKOPHUCTOBYBaTH
omepalliiHy CEMaHTHKY, sika 3a0e3leuye 4iTKe MOKPOKOBE MOSICHEHHS OIepaTopiB
nporpamu. KpiMm Toro, icHye JieHOTalllifHa CeMaHTHKa, Ika BUKOPUCTOBY€E MaTeMaTUYH1
dyHKil s onucy, ab0 HaBITH akClOMaTMYHA CEMaHTHKA, fKa IMpallo€ Ha OCHOBI
MonepeHh0 BHU3HAYEHUX akcioM abo mnpaBwi. KoxeH miaxia 13 BIACHUMU
VHIKQJIbHUMH  BJIACTUBOCTAMM  TMOKpAllye pO3yMiHHS TOrO, SK MporpamHe
3a0e3reyeHHs MoBoAuThCA Ta B3aemoie. (Nielson & Nielson, 1992)

k1o po3misgaTH CXOBUIIA TaHUX Y KOHTEKCTI CEMAHTUYHUX 3ac001B, BapTO
3BEpPHYTH YBary Ha CEMaHTU4H1 0a3u JaHuX. BUX0J4u 3a paMKU KOPCTKUX CTPYKTYP
TpaAuLIiHUX 0a3 JaHuX, 11 0a3u JaHUX 1HKAICYIIOIOTh 3HAYEHHS a00 «CEMaHTHUKY»
nanux. TyT BcTynaroTh y nito Taki TexHonorii, sk RDF, siki pobnath npencraBieHHs
JAHUX OLIbII 3HAUYYIIUM 1 B3a€MOIOB’A3aHUM. Lle sk mepexis i3 CBITY 130JbOBAaHUX
OCTPOBIB JaHUX [0 OUIbII 3TypTOBAaHOTO, B3a€MOIOB’SI3aHOTO apXimeyiary JaHuX.
(Hitzler & van Harmelen, 2010)

VY cBoiit podoti Kecceni mponoHye BUKOPUCTOBYBATH CEMAaHTUYHUN MIAX1] 10
pedakTopuHTy. ABTOPOM 3aNPONOHOBAHO AJITOPUTM CHUHTE3Y, SIKMM MpaIoe pa3oM i3
CUCTEMOIO MEPEBIPKH, JUIsl BUKOHAHHS pe(akTOpuHTY, 110 0a3yeThCs HA CEMaHTHIIL
MOYATKOBOTO KOJy. Y poOOTI MOPIBHSHO CEMAaHTUYHHUM MiAXIJ 13 TpagulliHUMU
M1IX0JaM1 Ha OCHOBI1 CUHTAKCHCY 1 JIoBesieHOo Horo edextuBHICTh. (Kesseli, 2017)

3po3yMuI0, IO 3aCTOCYBAHHS CEMaHTUYHOTO MIIXOAY Mij 4ac pedakTOpUHTyY
7103BOJIsIE a0CTparyBaTUCh BiJl KOHKPETHOT peati3allii 1 OMUpaTucCh Ha 3HaYEHHS (BMICT)
MOYATKOBOI'O KOJIy B MPOEKIIii 3aCTOCYBaHHS pe(aKkTOpHUHTY, IO BITHOCUTHCS caMe 10
pedakTopuHTy BMICTY, a HE 3MICTy. Y IIii poOOTI 3aIIPOINIOHOBAHO BUKOPHUCTOBYBATH
OHTOJIOT1] JIJISl TMPEACTABJICHHS [MOYAaTKOBOIO KOAY 1 3[1MCHEHHS MaHIMYJSLINA 3 HUM
yepe3 MpOMIKHE NpeacraBieHHsA. PosmisHemo onrtonorii yepe3 mpusmy OWL y

HaCTYITHOMY PO3.LIi.
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BukopucrtanHsg ceMaHTUYHOTO METOAY IiJi 4ac pe(aKkTOpPUHTY JoIoMarae
BIIMOBHUTHUCH BIJI KOHKPETHHUX TEXHIYHHX JeTajlel Ta 30CEPEAUTHCh Ha 3MICTI
MOYaTKOBOT'O KOJY, 30KpeMa, KOJIM UAEeThCs PO pehaKTOPUHT CAMOTO 3MICTY.

[Tix yac mpoBeaeHHS TOCIKEHHS Oy10 3HAWIEHO JOBOJII HE0AraTo MPOEKTIB,
SIK1 BUKOPUCTOBYIOTH OHTOJIOT11O (UM 1HIIII CEMAHTUYHI MPEICTABICHHS ) IK MOJEIb JIJIs1
MpEACTABICHHS  JIOMEHY IIOYaTKOBOTO KOy OO ’€KTHO-OPIEHTOBAHOI  MOBH
nporpamyBaHHs. Cepel HUX YTUJIITA JJ1sl CTBOPEHHSI OHTOJIOT11 HA OCHOBI ITOYAaTKOBOTO
koxy nmporpam Java (Ganapathy & Sagayaraj, 2011), yrumita quis 3aificaenas SPARQL
3aMuTIB 10 MOYaTkoBoro koay (Atzeni & Atzori, 2017), MeToa 31CHEHHS aHATI3y Ta
pedakToprHTy MOYATKOBOTO KOy Ha OCHOBI ceMaHTHYHOrO npeacraBieHHs (Kesseli,
2017), a TakoxX MpeICTaBICHHS PI3HOPIAHOTO MOYATKOBOIO KOAY Y BUIIISIII OHTOJNOTT
(Aguiar, Zanetti, & Souza, 2021).

BpaxoByroun mpoBeaeHUN aHami3 TUIIB CHUCTEM aBTOMAaTHU30BaHOIO
pedakropuHry, iX MoOymoOBY, a TaKOXK MEPEeBark 1 HEJIOMIKHU, MOXXEMO C(POPMYITIOBATU
OakaH1 BIACTUBOCTI MPOMIOHOBAHOTO METOAY, 110 BitoOpaxkeHo y Tabmuus 1.

Tabnuusg 1. baxkani B1aCTUBOCTI MPOMOHOBAHOTO METOY

Baacrusicts Peanizauis OOrpyHTyBaHHA
Bukopucranus npaBui Pedakropunr Ha ocHoBi | [IpaBumno OMUCYy€
paBuiI aHTUIIA0JIOH Il HOro

YCHINTHOTO BWSIBICHHS B
MOYAaTKOBOMY KO, a
TaKOX CIOCI0 YCYHEHHS

30epeKeHHS TTOBEIIHKH Tpancdopmariii, o | 3MiHa TMOYAaTKOBOTO KOZY,
30epiraloTb TOBEIHKY 1|10 HE Hece 3MiHU
CEMaHTHKY MOBEIIHKY UM CEMaHTHKH,

aje BUAAJISIE aHTUILIAOIOH
— € IPUKJIAJ0M YCIIIIIHOTO
pedakTopunry
[ToBTOpIrOBaHICTH All Pedakropunr Ha OCHOB1 | MOXIHUBICTD

CLIEHApIiB MMOBTOPIOBATH
OOHOMAHITHI  mi1i  Ha.X
pPI3HUMU KOJOBUMHU
0azaMu
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BaacrusBicTh Peanizauist OO0rpyHTyBaHHS
EdexTuBHicTh Buxkopucranus ycraneHux | Bukopucranus
MIIXOAIB 70 peaisalii | 3apOIOHOBAHOTO METOY,
CUCTEMU 0 Ma€  BJIACTUBOCTI
aBTOMAaTU30BAaHOTO IHIIUX CHUCTEM, a TaKOX
pedaxTopunry MPOTIOHY€E€ HOBUU MiAXiA
710 TIOKpAIlleHHsI MPOIeCy
pedakTOpUHTY TO3UTUBHO
BILUIMBAaTUME Ha JUHAMIKY
PO3pOOKH
baza 3nannp OWL onTonoris 1 Mmoaenb | MOXKITHUBICTh BiIOOpaXkaTu

[I0YaTKOBOIO KoAy Ha 11
OCHOBI

CEeMaHTHUKy Ta CKIJIaJiHi
3B’ I3KM ITOYATKOBOT'O KOJIY
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BUCHOBKMU 10 PO3ALTTY 1

[HCTpyMEHTH aBTOMAaTHU30BaHOTO pe(QaKTOPUHTY HAAAlOTh PO3POOHUKAM
MOXJIMBICTh CUCTEMATHUYHO ¥ €(PEeKTUBHO MOKpAIlyBaTH SIKICTh KoAy. Bonu cramm
HEBII’EMHOK)  YAaCTHMHOKI  CYYaCHUMX  CEpPEAOBHIL  PO3POOKH  MPOrpamMHOro
3a0e3MeYeHHs, A0MOMaralouyu KoMaHaaM e(QeKkTUBHIlIe MIATPUMYBaTH Ta PO3BUBATH
KOJIOB1 0a3u.

EdexTuBHE QPyHKIIIOHYBaHHS IHCTPYMEHTIB aBTOMaTU30BAHOTO pe()aKTOPUHTY
3HAYHOIO MIPOIO 3aJIEKUTh B1J] aBTOMATU30BAHOI'O aHaJI13y [MOYaTKOBOTO KOAY. AHai3
Jla€ HeOOX1/IHE YSIBJICHHS PO CTPYKTYPY Ta CEMAHTUKY KOAY, TapaHTYI0UH O€3MEUHICTh
1 OCTIIOBHICTh pe(aKTOPUHTY.

Pedakropunr Ha OCHOBiI mpaBui 3a0e3nedyye CHUCTEMaTHYHE KEPIBHUIITBO
pO3pOOHMKAM IIOAO BIOCKOHAJEHHS CTPYKTYpU Ta JAM3alHy Koxy. lojlioBHE —
po3Mi3HaBaTu MpoOJSieMHI 1MIa0J0HM (3amaxu KOAy) 1 3HATH, SIK iX BHUPIMIUTH 3a
JIOTIOMOTOI0 YCTaJI€HUX METO/1B pe(aKTOPUHTY.

PedakropuHr Ha OCHOBI MONIYKY PO3MIAIA€ MPOIEC BIOCKOHAJICHHS KOAY SIK
3aBAaHHS ONTHUMI3allli, BUKOPHUCTOBYIOUM PO3IIUPEHI aIrOpUTMHU [JIsi TMOILIYKY
HaWOUIbII BUT1AHUX TIepeTBOpeHb. CHUIbHA CTOPOHA IM1IXO/TY MOJISITa€ B MOTO 3AaTHOCTI
pO3MNIA/IaTh IIUPOKUN [1ara30H MOTEHIIWHUX pe(akTOpUHTIB 1 CHUCTEMaTH4YHO
BHU3HA4YaTH KOMOIHaIlll, sIKI Jal0Th HAWKpallll Pe3yJIbTaTh 3 TOUKHU 30pPY 3a37ajierilib
BU3HAYCHUX I[UICH.

Pexomennamiitni cucremu s pedaKTOPUHTY CHOPSIMOBaHI Ha JIOMOMOTY
pO3pOOHMKAaM, HANAlOUM  IHTEJNEKTyallbHI, KOHTEKCTHO-3AJIEKHI  MPOIMO3UINT
pedaKTOpUHTY, SKI MOXKYTh MIJBUILIUATU SKICTh KOAY Ta 3pYUYHICTH OOCIyrOBYBaHHS.
[loenHyroum METOOM CHUCTEM pEKOMEHJalllif, CTaTUYHOTO aHami3y KoAy Ta
IHTENIEKTYaJIbHOI0 aHai3y JaHUX, Il CHCTEMU MPONOHYIOTh MPAKTUYHY 1H(OpMaIliio,
dAKa BIANOBIAAE SIK Oe3NnocepeqHbOMY, TaK 1 ICTOPUYHOMY KOHTEKCTY HPOEKTY
MPOTrPaMHOTO 3a0e3MeUeHHS.

[TepetrBopeHnHs, 110 30epiral0Th NOBEAIHKY, MAIOTh BUPIIIaIbHE 3HAYCHHS JJIs

MIITPUMKU JOBIpM A0 Tmpouecy pedakTopuHry. 3abe3mneuyrouyd HEe3MIHHICTh
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30BHINIHBOI TOBEAIHKM MPOrPAMHOTO 3a0€3MEUCHHS, PO3POOHUKH MOXKYTh 3
YIEBHEHICTIO BHOCHUTH BHYTPILIHI 3MIHH, 100 MOKPANIUTH JU3ailH CUCTEMH, Il
YUTA0EIBHICTD 1 3pDYUHICTh OOCITYTOBYBaHHS.

Pedakropunr Ha OCHOBI clleHapiiB a00 MakpocCiB Hajaae pPO3POOHHUKAM
MOTY>XKHUI CcHOoCci0 aBTOMAaTrW3yBaTH, HAJAIITOBYBATH Ta IMOCIIJOBHO 3aCTOCOBYBAaTH
MEePETBOPEHHS KOAY. 3aBASKH pePaKTOPUHTY CIIEHapiiB PO3POOHUKH MOXKYTh
BIIMOBIAAaTH BUMOTAM KOHKPETHOTO MPOEKTY, 3a0e3MeuyBaTy CTaHAApTH HAIMCAHHS
KOJly Ta IIBUJIKO MOIIMPIOBATH 3MIHU y BEJIUKHX 1 CKIaJHUX KOJOBUX Oa3ax.

BararoninboBuii pehakTOpUHT NPOMOHYE MUTICHUN MiAXiA A0 BAOCKOHATIEHHS
nporpaMHoOro 3abe3nedeHHs. Po3misnaroun ogHOYACHO KidbKa aTpuOyTIB SKOCTI Ta
LUJIeH, PO3POOHUKH MOXKYTh JOCATTA OUIbII 30alaHCOBAHOTO Ta KOMILIEKCHOTO
BJIOCKOHAJIEHHS CBOiX KomoBuX 0a3. lleil miaxig BU3HAE KOMIIPOMICH, BJIACTHBI
PO3p0o0IIi POrpaMHOTro 3a0€3MeUeHHSs, 1 HAMAraeThCs OPIEHTYBATUCS B HUX Y CHOCIO,
KWW HalKpale y3roKy€eThbCs 3 HUISIMU Ta OOMEKEHHSIMH MPOECKTY.

PosminpenHss MexaHi3MiB CTaTUYHOIO aHali3y KoAy Ta pedaKTOpUHTY 3a
paxyHOK BpaxyBaHHS CEMaHTHUKM KoAy 3a0e3neduTh OuIbll MOBHY Ta TOYHY
BHYTPIIIHIO MOJIEIh MPEICTABICHHS KOAY, 110 COPUSATUME TOUHIIIUM Ta HATIHHIIINM
pe3ynbraraMm peakTOpUHTY.

CyyacHl migxoAu 10 poOOTH 13 CEMAHTHKOK BiJOOpa)KalOTh PO3YMIHHS
1HIYCTPIEI0 BAXKIIMBOCTI 30€PEKEHHSI CEMAHTHKU MiJl 4ac pePakTopuHry. OCKUIbKH
rajay3b po3poOKH MPOrpaMHOTO 3a0€3MEUEHHS MPOJAOBKYE PO3BUBATUCS, MU MOXKEMO

OYIKyBaTH MOSBH I11€ OUIBII CKJIAJHUX METOIB Ta IHCTPYMEHT.
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PO3/I1J1 2. OHTOJIOI'ISA TA Il BACTOCYBAHHS B
BA3AX 3HAHb

2.1 MoBa OWL

2.1.1 Buznauennss OWL

Be6-opientoBani moBu omnucy oHronorii (OWL) — me ciMelicTBO MOB
MpeACTaBICHHS 3HAHb a00 MOB OIKCY OHTOJIOTIM aJis cTBOpeHHsI 0a3 3HaHb. OWL
MpU3HAuU€Ha [ BHUKOPUCTAHHS TMporpaMamu, SIKUM TOTPiOHO CaMOCTIHHO
aBTOMAaTUYHO IHTEpIpETyBaTu 1H(opMallio, a HE TPOCTO BUIIYyYaTH Ta TPAHCIIOBATH
JaH1 JIIOIAM, sIK1 OyayTh iX iHTepnpeTyBaru. Lle cranmapTuzoBana Be0-M0OBa, CXBaJIeHA
Koncopiiymom BceecBitHboi naBytunu (W3C) misg npencTaBieHHsl CKIaAHUX 3HAHb

po pedi, Tpynu peuei 1 38’ a3ku Mixk HUMHU. (Berners-Lee, Hendler, & Lassila, 2001)

2.1.2 TTossa OWL
[Tossea OWL € xoHBepreHiiero monepeaHix MOB OHTOJIOTII Ta TEOPid JOTIKU
OIHCY:

e Jjorika onucy (DL): dbopmanizmu npeacraBieHHs: HA OCHOBI JIOT1KH, PU3HAYEHI1
1uist GOpPMaTbHOTO MPEACTABICHHS KOHIIENIIA OHTOJOT1l. BOHU € TeOpeTHYHOIO
OCHOBOI0, Ha sikiit Oynyerbcst OWL; (Baader, Horrocks, & Sattler, Description
logics as ontology languages for the semantic web, 2005)

e DAML 1 OIL: no crtBopennss OWL moBa DARPA Agent Markup Language
(DAML) 1 Ontology Inference Layer (OIL) Oynu mioHepamu B po3poOLil MOB
OHTOJIOT1i. 3aUTTA UMX iHiiaTuB nopoausio DAMLA+OIL, axa 3romom 3irpana

KJIF0UOBY potib y ctBopeHH1 OWL. (van Harmelen, Patel-Schneider, & Horrocks,

2001)

2.1.3 Bepcii OWL



BaxnuBo posymitu Bepcii Ta npodini OWL:

e OWL Lite: cpolieHuii 1 MEHIII BUPA3HUH A1aJI€KT, [0 CIPOITYyE OOMEKEHHS Ta
BUMOTH J0 KjacuQiKaliii;

e OWL DL: nepenbauae OanaHC MIXK BHUPA3HICTIO Ta OOYHCIIOBAIIBHOIO
CIOPOMOXHICTIO. Lle rapanTye, 0 Bci MpoOIEMU «MIPKYBaHHSI» MOXYTh OyTH
BHUPIIIEHI aJTOPUTMIYHO, XO4Ya IMOTEHIIIHHO 3 BHUCOKHMH OOYHCIIOBAIbHUMU
BUTpPATAMU;

e OWL Full: Haitb11b11 BUpa3HUM 1AJIEKT, TPU3HAYEHUN ISl KOPUCTYBAYiB, SIK1
BUMAararoTbh MaKCHUMAaJIbHOI BHUPA3HOCTI, X04a i 3 PU3UKOM OOUMCIIIOBAIBLHOI

HeBu3HaueHocTi. (McGuinness & van Harmelen, 2004)

2.1.4 ITpodini OWL 2

OWL 2, npyra Bepciss MOBHU Be0-OHTOJIOT1, OyJla CTBOpEHa Il YCyHEHHS
NessKuX OOMEXEeHb 1 BaplaHTIB BHUKOPUCTAHHS, HE PO3MISIHYTUX OPUTIHAIBHUM
crangaptom OWL. 11[06 3aA0BOJBHUTH MOTPEOM PI3HUX MPOrpaM 1 BUMOTH [0
obuuncnenb, OWL 2 Gyno po3zaineHo Ha pi3Hi npodiai. i mpodini Oynu po3polieHi,
o0  3amponoHyBaTH  KOHKPETHI  KOMIIPOMICM  MIDXX  €KCIPECUBHICTIO  Ta
oOumcIoBaIbHOW ckiaaAaHicTio. Tpu HaliBimomim npodini: OWL 2 EL, OWL 2 QL i
OWL 2 RL. (Motik, Patel-Schneider, & Parsia, OWL 2 web ontology language
structural specification and functional-style syntax (second edition), 2012)

1. OWL 2 EL (mpodins EL++): OWL 2 EL 6a3yeTbcst Ha CIMEMCTBI JIOTIK OIMUCY
EL++. Moro mu3aifH 30cepemkeHuil Ha HoTpe6Gi B OHTONOTIAX, SIKi MOXYTh
MPEACTABIATA BEIUYE3HY KIIbKICTh 1€papxii KiaciB abo0 BIACTUBOCTEM.
Ki1rouoBi XapakTepuCTUKH: JO3BOJISIE EK3UCTEHINIANbHY KBaHTU(DIKALIIIO, aje He
yHIBEpCcaJbHy KBaHTH(QIKAIlIIO; JO3BOJISIE 1€pApXIl0 Ta KOMIIO3MIIIO POJICH;
oOMeKeHe BHUKOPHCTaHHS OOMEKeHb MOTYXHOCTI. IIpononye momiHOMIianbHE
MIpKyBaHHs (reasoning) B 4aci, 110 € Ba)XJIMBHUM JJISI OHTOJIOTIN 13 COTHSIMU

tucsy knacis. (Baader, Brandt, & Lutz, Pushing the EL envelope, 2005)
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2. OWL 2 QL (mpodins MOBH 3aMUTIB) CTBOPEHO ISl TOAATKIB, K1 TOTPEeOYIOTh
e(beKTHBHOI BiJIOBii Ha 3amUTH I BeTUKHX HaGopiB mamux. Moro Gasopa
JIOT1KA € MIAMHOXHHOIO CIMEHCTBA JIOTIKH onucy, BigoMoi ik DL-Lite. KimtouoBi
XapaKTEPUCTUKHU: 30CEPEIKYETHCS Ha MPSIMUX OIHAPHUX 3B’sI3KaX 1 MPOCTHX
lepapxisfix KJaciB; J03BOJSE KBalIi(piKOBaHY Ta OOMEXKEHY EK3HCTEHIIalbHY
KBaHTU(]IKaIl10; HE MIATPUMYE 0OMexeHHs NoTyXHOCTI. [Ipodinb po3pobieHo
JUIsl TOJATKIB, i€ B LIEHTPI yBaru — JOCTyI abo 1HTerpailis JaHUX, KepOBaHA
oHtojoriero. ['apantye cknagHictb L (LogSpace) mo oOcsry mam’ati s
BIIMOBIZEH Ha 3alUTH, [0 POOUTH MOXKIIUBOIO pOOOTY 3 BEIMKUMU HabOpamu
nanux. (Calvanese, Giacomo, Lembo, Lenzerini, & Rosati, 2007)

3. OWL 2 RL (mmpodisib MOBH IpaBHII) pO3pOOIEHO s 00J1acTeH, K1 BUMararoTh
MacITabOBaHMX MIPKYBaHb 0€3 HE0OX1THOCTI TOBHOI JIOT1YHOI BUpa3HOCTI. BiH
oOrpyHToBaHuii (pparmentom joriku omnucy DLP. KitouoBi xapakTepuCTUKU:
JI03BOJISIE BUKOPUCTOBYBAaTH OOMEXEHUIN Hallp KOHCTPYKTOPIB KJIAcCiB; HaJae
0OMEXeHY MIATPUMKY JJI 1€papXii BIACTUBOCTEH 1 XapaKTEPUCTUK; MOXKE OyTU
peanizoBaHO 3a JOMOMOIOK) CHUCTEM Ha OCHOBI mpaBui. lligxoauts aiis
JOJIaTKiB, Jie¢ apryMeHTalliss Ha OCHOB1 MpaBUJ € LEHTpalibHOW. Moxe OyTu
31CTaBJIEHO 3 TaKMMU MoBamH mpaBul, ik SWRL (MoBa mpaBui ceMaHTHYHOL
Mepexi). Po3pobieHo aist 3ab6e3neueHHs MOoiHOMIaabHO1 CKIaAHOCTI MPOLECY

«MIpPKyBaHHsI» JIJ1s1 OLIBIIOCTI CTaHAApTHUX BUCHOBKIB. (Motik, et al., 2009)

2.1.5 OcHoBHi noHATTS Ta ocobmuBocTi OWL

1. Knacu: BoHM mpeacTaBisiioTh Kareropii. Hampuknag, B oHTOJOTIT
MporpaMyBaHHsI MOXKHA BUILIUTU Kinacu «DyHKIis», «3MiHHa» 1 «Kiacy.

2. InauBiguM: 1€ eK3eMIUISIpM  KJaciB.  BUKOpUCTOBYIOYM  OHTOJIOTIIO
nporpaMmyBaHHs sIK npukian, «calculateSumy e ineHTHdIKATOPOM EK3EMILISPY
Kiacy « ODyHKLIs.

3. BnacTuBOCTI: BH3HAUaIOTh BIJTHOCMHM MIK KJlacaMH Ta MDK OKpPEMHMHU

IHAUBigaMu. [[Ba OCHOBHMX THUIIH:
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a. BmactuBocTi 00’ €KTa: BU3HAYAIOTh 3B’ SI3KM MK iHAuBIAamMu. Hampukian,
BracTuBicTh «callsFunction» Moxxe mnoB'sa3yBatu oaHy «@DYyHKLIIO» 3
1HII010 «DYHKIII€I0», ONMUCYIOYH TOU (DAKT, 10 OJHA (PYHKIis BUKIIUKAE
1HIITY.

b. BnacTuBOCTI TUIly AaHUX: MOB’S3yIOTh 1HAUBIAA 31 JaHuMU. Hanpuknan,
BrnactuBicTh «hasLineNumbery moxe mno'szatu «DyHKIII0» 3 HUTUM
YUCJIOM, 1[0 TIPEACTaBIIsE 1i HOMEP PsIIKa y MOYATKOBOMY KO/Ii.

4. XapakTepHUCTUKHU BIACTUBOCTEM:

a. DOyHKIIOHANBHICTh: BJIACTUBICTH MOXE MaTH UIOHANUOLIbIIE OJIHE
3HaUeHHsS I nJaHoi ocobu. Hanpuknan, ¢QyHkis Moxe MaTu
BiacTuBicTh «returnsDataTypey, ska Bka3ye TUI, SIKUI BOHA TOBEPTAE.

b. OGepHeHa (PyHKIIOHANBHICTh: SAKIIO JBa I1HAUBIAM  TOB’s3aH1
BJIACTUBICTIO 3 IHIIHUM 1HJUBIZIOM, TO JBa OPUTiHAIbHI 1HIUBIIU MAIOTh
OyTH 1IEHTUYHUMHU.

c. TpaH3uUTUBHICTB: KO BIacTUBICTh «callsFunction» noB’sa3ye pyHkuii A
3 B 1 B 3 C uepe3 BUKIMKHU, TOMI (PYHKIIAE A TaKOX OMOCEPEIKOBAHO
BUKJIMKae QyHKII0 C (BracTuBicTh Oyze noB’s3yBatu QyHkuIi A 1 C).

d. Cumerpuunicth: skimo ¢yHKuiss A Bukiukae ¢yHkiiro B, 1ne He
000B’sI3KOBO O3Hadyae, 10 B Bukimkae A, TOOTO BIIACTHUBICTH
«callsFunction» He € cuMerpuuHor. TakuM YUHOM, 1€ MOXKE piAlIe
BUKOPUCTOBYBATHUCS B KOHTEKCT1 Mo4aTtkoBoro koay. (McGuinness & van
Harmelen, 2004)

5. Axciomu: 1e TBEpIKEHHS B OHToJorii. [lpuknamu BKIIIOUAIOTH AaKCIOMU
nigknacy (knac «PublicFunction» € migkmacom «Function») abo akciomu
ekBiBaJieHTHOCTI («StaticMethod» exBiBanenTHHi «StaticFunctiony).

6. Iligkmac 1 exBiBajdeHTHICTH: B OWL MokHa BH3HAUUTH, IO OJUH KJIAC €
T1IKJIaCOM 1HIIIOTO a0o 110 JABa KJIacH € ekBiBaJeHTHUMH. Hanpukian, «Metom»
B 00 ’€KTHO-OPIEHTOBAHOMY MpOrpaMyBaHHI MOxe€ OyTH €KBIBAJICHTHUM

«DyHk111i» B npoueaypHoMy nporpamyBanHi. (Gruber, 1993)
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7. MipkyBanHs (reasoning): BpaxOBYHOUM akcioMd Ta (akTH B OHTOJIOTII,
aBTOMAaTU30BaHI CUCTEMHM BUBOAY MOXYTh J10J1laBaT HOBI (aktu. Hampuknan,
akmo Bcl «PublicMethods» moctynHi 330BHI kiacy, a meron «getDetailsy €
«PublicMethod», cuctema BUBOAY MOXKe 3pOOMTH BUCHOBOK, 110 «getDetailsy
JOCTYITHUN 330BHI CBOTO KJIaCYy.

8. BupasHicTh: MOXHa BUKOpHUCTOBYBaTH pi3HI Bapiantu OWL 3anexxHo BiA
OaxaHOTO PIBHS JeTaji3allii abo CKJIaJIHOCTI.

9. Amoramii: /[03BoJNAIOTH AOJJaBaTH METa/IaH1 J0 PI3HUX €JIEMEHTIB B OHTOJIOTI,
TaKl K KOMEHTapi 4M 1HII1 onucu (pparMeHTa Koy ado Horo mpu3HaYEHHS.

10.IlpocTtopu 1M€H: y KOHTEKCTI MpOrpamMyBaHHS TMPOCTOPH IMEH MOXHaA
BUKOPUCTOBYBATH JJIsl PO3PI3HEHHS Pi3HUX O107110T€K, MOAY/IIB ab0 MaKeTiB B
ontonorii. (Horrocks, Patel-Schneider, & van Harmelen, From SHIQ and RDF

to OWL: the making of a Web Ontology Language, 2003)

2.1.6 CemanTuka ta noriude BuBeneHds B OWL

CemanTnka B OWL:

B OWL cemanTuka Hajiae 3HaueHHS cuMBosIaM y oHTosorisix OWL, poOusiun
iX IHTEpNPETOBAaHUMHU. Y KOHTEKCTI MOYATKOBOTO KOJY II€ MOXKE MPEICTABISITUCS SK
PO3yMIHHS pOJIEH Ta MOBEAIHKH PI3HUX €JIEMEHTIB KOJY.

B OWL Bce 0azyerbes Ha 11 hopmanbHiid cemanTulll. HeoOxinHo cripuiiMaru
1€ SIK OCHOBHI rpaMaTH4HI IPaBUIIa, K1 BU3HAYAIOTh CTPYKTYPY Ta PYHKIIOHAJIBHICTb
MOBHU mporpamyBaHHs. CeMaHTHKAa KOPEHUTHCS B OMMCOBIN JIOTII, TUI JIOTIKH, IO
BUKOPUCTOBYETHCS JIsl PEACTABICHHS OHTOJIOTIYHUX CTPYKTYP.

Cytp cemantukn OWL MoxkHA BIOBUTH Yy 1i IHTepIpeTailii KiaciB Ta
BrnactuBocTed. Kitiac B OHTONOr mporpamyBaHHS MOXe HpeacTaBisitd «Meromy, 1
HOro cemMaHTHKa BU3HAYaTUME Ha01p €K3eMIUISIPIB KOy, K1 BU3HAIOThCA «MeTogaMm.
AHAJOTIYHO, BJIACTUBICTh MOXE MPEICTABISATH BIJHOUIEHHS «Mae-MapaMeTp» Mix
¢dyHkuisMu Ta ix napamerpamu. (McGuinness & van Harmelen, 2004)

Jloriune BuBenenus 8 OWL:
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Came B noriunomy BuBeneHHi OWL gificHO mposiBise CBif MOTEHIlIAI.
BukopuctoByoun JoriuHe BUBEICHHS, MOKHA OTPUMATH HESIBHY 1H(POPMAIIIIO 3 SIBHO

BKa3aHUX (PaKTiB.

VABIMO OHTOJIOTIIO, JI€ JOKJIAJHO ONKMCAHO BIJHOIIEHHS MDK pPI3HUMU

¢dyHKiisMU B KogoBii 6a3i (Pucynoxk 1).

_____ | FunctionC: |

<<j >> i
instanceOf: | callsFunction

[ . ]E g <-——=—==-—-- -
callsFunction  ftran} Function < <<instanceOf>> | FunctionB: |

Thing <

< <<instanceOf>> callsFunction
______________ |

l —| FunctionA: |

Pucynok 1. [Ipukian BigHOmIEeHb MiXK QyHKIISIMU
Axmio onTtonoris crBepakye, mo «FunctionA Bukinukae FunctionB» Ta
«FunctionB Buknukae FunctionCy», Toai MoxHA 3pOOUTH JOTIYHUM BHUCHOBOK, IO
«FunctionA onocepeakoBano Bukiukae FunctionC» (Pucynok 2). (Horrocks, Patel-
Schneider, & van Harmelen, From SHIQ and RDF to OWL: the making of a Web
Ontology Language, 2003)

—| FunctionC: |

callsFunction callsFunction

] <<instanceOf>> P
callsFunction  ftran} Function < - _<:in_st;nc_e5f>_>_ — | |
_____________ _ FunctionB:

Thing 3

<instanceOf>> callsFunction
I

\ o _ | FunctionA: |

Pucynox 2. BigHomeHHs micias BUKOHAHHS «MIPKyBaHHS»
JloriuHi BHCHOBKM TaKOX BIJIIpalOTh KIIIOYOBY pOJb y 3a0e3MeueHHI
IUJIICHOCTI  OHTOJIOT1I, TEpEeBIpSIOYM 1i HAa  KOHCUCTEHTHICTh  (LLJIICHICTH,

HECYNEpPEWINBICTh). SIKIIO B OHTOJOTII € KOH(IIKTYIOYl BUCIOBIIOBAHHS, TakKi SK
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«FunctionA nmpuBatHa» Ta «FunctionA nyOniyHay, JTOT1YHE BUBEJICHHS BKAa3ye Ha 1€
SK HA HEKOHCHUCTEHTHICTb.

Bbinbmie Toro, 3a JOMMOMOTO0 JIOT1TYHOTO BUBEJICHHS] MOKHA OpPTraHi3oByBaTH a00
KJ1acu(ikyBaTH CyTHOCTI Ha OCHOBI iX BIJIHOUIEHb Ta BHM3HaueHb. Hampukian, y
KOHTEKCTI MOYaTrkoBoro kony, kiac «PublicFunction» Bu3HaueHuil sk QyHKIIS,

JOCTyMHAa 1o3a cBoiM moayieM (Pucynok 3).

PublicFunction

=hasPublicModifier value true

Thing K

Function b

{func}hasPublicModifier:boolean ;<<ir|stanceOf>>
Semmm === == SomeFunction:

hasPublicModifier="true"*boolean

Pucynok 3. [louarkoBa kinacudikaiis

3a 0MOMOIOI JIOTIYHOIO BHUBEACHHS MOMKHA TpYIyBaTH BCl (YHKIIT MiJ
kiacoM «PublicFunction» (Pucynok 4). (Baader, Calvanese, McGuinness, Nardi, &

Patel-Schneider, 2007)

PublicFunction

<<instanceOf>> SomeFunction:

_ Function S i i - -
unctio P hasPublicModifier value true hasPublicModifier="true"™boolean

<<instanceOf>>

PucyHnok 4. 3niiicHeHa kiacudikaliis micisi MipKyBaHHs (4YaCTHHY OHTOJIOTT
MPOMYIIIEHO)
TakuM 4YHMHOM, JIOTIYHE BHMBEIEHHS BIAIrpae OAHY 3 KIIOYOBUX pOJEH y

«PO3YMIHHI» MOYATKOBOTO KOAY 1 BCTAHOBJIEHHS HESIBHO BKA3aHUX Y HbOMY 3B’SI3KIB.

2.1.7 BUKIUKY Ta KPUTHUKA OHTOJIOT1H
OWL 3HaynHo HaOyna MOMyNISIPHOCTI y CBITI CTBOPEHHS OHTOJIOTIH Ta €
KJIFOYOBUM KOMIIOHEHTOM 1HIIIaTUBU ceMaHTU4HOro BeOy. [Ipore ii musix He OyB 0Oe3

MEPEIIKO/ Ta KPUTUIHUX 3ayBa’KCHb.
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Onniero 3 ocHoBHUX KpuTuk OWL € 1i BnacHa ckiiaiHicTh. Bucoka Bupa3HicTh
OWL, ocobnuBo y ii Bapiantax OWL DL ta OWL Full, moxe BiamToBXyBaru
MOTEHIIMHUX KOPUCTyBadiB. Xoya I BUPA3HICTh MPOMOHYE OaraTi MOXKIJIMBOCTI
MOJICJIFOBAHHS, BOAHOYAC BOHA MOXE POOUTH MOBY BaXKOI i €(PEeKTUBHOTO
BUKOPUCTAHHS. binbille TOro, IS CKIAAHICTh MPU3BOAUTH JO OOYUCITIOBATBHUX
BUKJIUKIB. 31 301JIbIIEHHSIM BUPA3HOCTI JIOTIYHE BUBEACHHS B OHTOJIOT1i MOXKE CTaBaTH
PECYPCOEMKOIO 3a/iayuero, MPU3BOASYM 0 MpodieM 3 mpoaykTuBHicTIO. (Baader,
Calvanese, McGuinness, Nardi, & Patel-Schneider, 2007)

[HIIMM OUTaHHSIM € MacIITabOBaHICTh. 31 3pOCTAHHIM PO3MIPY OHTOJIOTIH Yac,
HEOOX1OHMH JUIS JIOTIYHOrO BHBEJEHHSI HaJ HHUMH 3a jgomomororo OWL, moxe
30ubmryBarucs. lle 0coOnuBO TMOMITHO 3 BEIUKMMH OHTOJOTISIMHU, IO MICTITh
MUIbHOHH 3aMKUCIB.

Kpim Toro, iaTerpaitis cucteM Ha ocHoBi OWL 31 crapumu cuctemamu, sKi
criouatky He Oynu po3poOieHi ansa iHTerpamii onronorii abo OWL, He 3aBxau €
onHo3HagHOIO (Smith, et al., 2005).

OWL, omgHouacHO 3 1i MOXJIMBOCTSAMHU BHPA3HOCTI, TaKOXX Ma€ TEBHI
oOmexenHs. IleBH1 maOmoHM € CKIaQOHUMH a00 HaBITh HEMOXJIMBUMU IS
npeactaBinennss B OWL. Hampuknaa, BKIIOYEHHST TUMYAcOBUX a00 WMOBIPHICHUX
3HaHb HE € TpuBiaJIbHUMHU KpiM TOro, iCHy€ 3MIHHICTh y NMPOIYKTUBHOCTI CHCTEM
JIOTIYHOTO BUBEJICHHS HA OCHOBI KOHKPETHUX KOHCTPYKIIIM, BUKOPUCTAaHUX B
OHTOJIOT1i. BOHM MOXYTh PI3KO YMOBUIBHUTU Yac POOOTH TaKUX CHUCTEM, CTABIISIYU

BUKJIUKH edekTuBHOCTI. (Allemang & Hendler, 2011)

2.2 CucTreMHu JIOTiYHOr0 BUBEIEHHS

2.2.1 I1oHATTS CUCTEMH JOTTYHOI'O BUBEIEHHS
TepMin «reasoner» (cucTeMa JIOTIYHOTO BUBEIEHHsS) B KoHTekcTi OWL
BIIHOCUTHCA N0 MOPOrpaMHOro 3acol0y abo CHUCTEMH, fKa MOXKE POOUTH JIOT14HI

BHCHOBKH 3 Ha0opy (hakTiB a00 akCiOM B OHTOJIOTTII.
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OcHoBHI (yHKIIIT CUCTEM JIOTTYHOTO BUBEJICHHS BKJIFOUAIOTh:

® T[epeBipKa Ha Y3rOXKEHICTh: BU3HAYEHHS TOTO, YU CyNepeyaTh OJUH OJTHOMY
TBEP/KCHHS B OHTOJIOT

e Kiacuikallis: BUBEICHHS 1€papXiuHUX BIAHOCHUH, SIK1 HE OyJid IBHO BKa3aHi;

e peamizailis: MPU3HAYEHHS I1HAMBIAIB iXHIM HaicrnenudigHIIIIM KiacaM Ha
OCHOBI aKC1OM OHTOJIOT'i;

® [iepeBipKa Ha BUBOJMMICTh: BUBHAYEHHSI, UM BUILIMBAE KOHKPETHE TBEPIKCHHS
JIOT14HO 3 IaHO1 OHTOJIOT11, @ Pa30M 1 BUSIBJICHHS IOMUJIKOBUX TBEPJIKEHb;

® [IIICYMOBYBaHHS: NIE€PEBIPKA, UM € OJJHE MOHATTA OUIbII 3arajlbHUM, HIJK 1HIIE.

(Horrocks, et al., 2004)

2.2.2 AaropuTtmu, 110 BUKOPUCTOBYIOTHCSI B CUCTEMAaX JIOTYHOTO BUBEJICHHS

Cuctemu noriynoro BuBoay B OWL BUKOPHCTOBYIOTH Pi3HI aJITOPUTMH JIJIs
BUKOHAHHS 3aBJlaHb, TaKUX $K IMEpeBIpKa Ha Y3TO/KEHICTh, KIacudikalis Ta
peanizamiga. Bubip anroputMmy Ta Jeraii MOro BIOPOBAKEHHS 4YacTO BHU3HAYAIOTh
e(hEeKTUBHICTh, MACIITA0OBAHICTh Ta KOHKPETHI MOXJIMBOCTI cucTeMu. PosmisHemo
JIesIK1 KJIFOUOB1 alrOPUTMU Ta TEXHIKH, [0 BUKOPUCTOBYIOTHCS B CUCTEMAaX JIOTIYHOTO

BuBoxy B OWL.

2.2.2.1 Anroputm TabmuI

ANropuT™MH TabIUIb — 11€ OCHOBHUN METOJ] Y aBTOMaTU30BAHOMY MipKYyBaHHI,
30Kpema JJisi MOJAJbHUX JOriK Ta Jjorik omucy (DL), siki nexars B ocHoBl OWL.
OcHOBHa 1/1€s1 AJITOPUTMIB TaOJNHI[h TOJIATAE€ B TOMY, 1100 MEPEBIPUTH 3aJ0BIIBHICTD
dbopmynu, HaMarar4Yuch NOOyAyBaTU JIsl HEl Mozeb (a00 TaOIHITO).

OcHoBH MeTOay TA0IUILI:

Meron Tabnuilli MOYMHAE CBOKO pPOOOTY 13 3amepeueHHs GopMynu s
TECTYBaHHS 1 MOTIM HaMaraeTbcsi OOy yBaTH MOJIEIb JIS IIbOTO 3arepeyeHHs. SKI1o
MOJIeNIb JJIsSl 3alepeyeHHs] He Moxe OyTu 3HaiileHa, TOJl OpuriHajibHa dopmyna €

BIPHOIO.
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Kpoxku ajaropurmy Tadauui st JIOTIK ONKUCY:
. Ininiamizamisi: mounHaerbest podoTa 3 Habopy Gopmyn (3a3BuUYail, MOHATH 3
oHtosorii). KoxxHa ¢opmyna mpeacTaBisie TBEPIKEHHS, SKEe MNOTPIOHO
3a7J0BIJIbHUTH.
. Po3mmpeHHs: 3aCTOCOBYIOTHCS MpaBUiIa PO3MIUPEHHS A0 MOYATKOBOTO HA0ODY,
100 3reHepyBatv HOBI opmyiu, hakTUUHO po3iuproroun Habip. Lleit nporec
MOXK€ T€HEPYBAaTH TOUKHU PO3TaATy>KEHHSI, 1110 TPU3BOJUTH A0 KIIHKOX MOXIUBHUX
HabopiB hopmy.
. 3akpuTTH: KO B Oyab-sIKIM TUIll TaONMUIl BUSBISETHCS CYNEPEUHICTh
(HEB1AMOBIAHICTD), 115 TJIKA 3aKPUBAETHCHL.
. 3aBepulIeHHS: SKIIO YCI TUIKA 3aKpUBarOThes, GopMyna (abo OHTONOTIA) €
HE3aJ0BUIbHOI0. SKIIO Oyab-sika TiJKa 3aJUIIAETHCS BIIKPUTOO, (opMyna €
3a/I0BUIBHOIO, 1 BIAKPUTA T'JIKA MIPEACTABIISIE MOJIEIIb.

MaremaTu4Ha apryMeHTALliS:

CyTb NpaBUIBHOCTI METOAY TAOJIHIIh IPYHTYETHCS HA IBOX MPUHIUIIAX:
. KopekTHicTh: K110 aIrOpUTM TabHIIl 3HAXOAUTH MOJENb, TO PopMyIia AiHCHO
€ 33J0BUIBHOIO.
. IloBHoOTA: siK1110 hOpMyIa € 3aI0BUIBHOIO, aITOPUTM TAOJIUII 3HAMIE MOJEb.

[[i mpuHIMOU TapaHTYIOTh, IO METOA TaONHIll € 1 TOYHUM (BIH HE

CTBEpIKYyBaTuMe, 110 popMyIia € 3aJJOBLILHOL0, SIKIIIO 1€ HE TaK), 1 BAYEPITHUM (BiH HE

MporaBUTh 3a70BUILHY dopmyny). (Baader, Calvanese, McGuinness, Nardi, & Patel-

Schneider, 2007)

IIpaBuia po3mIMpeHHs:

[IpaBuiia po3mupeHHs: BU3HAYAIOTh, SIK OyayeThest Tabnuus. st JoriK onucy

TOYHI MTPaBUJIA 3aJI€KATh BiJl BUPA3HOCTI JIOT1KH. Jlesiki 0a30B1 mpaBuIIa JJIs 3arajJbHUX

KOHCTpYyKLI DL BKIIFOUatOTh:

Kon'"tonkuis (M): Axmo CMD e y nabopi, gogatu C ta D 10 HaGopy.
Ju3'tonknisa (U): SAxmo CUD e y Habopi, Toal posranyxutu: gogatu C 1o

OIHOI I'JIKK Ta D [0 1HIIO].

58



o Exsucrennianbuuii kBanTop (3): Axmo IR.C € y HaOOpl Ta HEMAE HKOJTHOTO
1HIUBIAa y HaOopi, MoB's:3aHoro 3 R 10 neBHOro nmoHsATTs C, BBECTH HOBOIO
1HJIMBIJIa Ta CTBEPIUTH, 1110 BiH MOB's3aHui 3 R 1 € exzeMiuisipoM C.

o VYuiBepcaabnuii kBanTop (V): Axmio VR.C ta R(a, b) € y Habopi, 1 b HE BIIOMO

sk exzeMiuisap C, toai nogaru C 1o b. (Blackburn, de Rijke, & Venema, 2001)

2.2.2.2 Anroputm rinepradiuill

ANTOPUTM TiNepTadnuill € PO3MIUPEHHSIM 1 ONTUMI3AIIE€I0 CTaHAAPTHOTO
MEeTOAy TaOJUIN JJIsl aBTOMATU30BAHOTO BUBEACHHS B onucoBUX Jorikax (DLs).

OcHoBHA ifes:

CranpapTHHII METOJ Hamaraethcsi MOOyAyBaTh MOJEIb JaHOI OHTOJOTIT
IUISIXOM  MOCHIJIOBHOTO pO3IIMpEHHsT i1 moHATh. [Ipomec Moxke BKIIOYaTH
HeJIeTepMIHOBaH1 BUOOPH, SIK1 MPU3BOMASITH /10 pO3TaNIyKEHb B TA0JHII, /1€ KOXKHA TIKa
MpEACTaBIISE PI3HY MOTEHLINMHY Mojenb. [Ipoliec BUBeAECHHS MTPOIOBKYETHCS UISIXOM
PO3ILIMPEHHS IIUX TUIOK A0 THX Mip, MOKU HE 3HAXOAUTHCS NPOTUPIYYsS a00 MoIabliie
PO3ILIUPEHHS HEMOKJIIUBE.

AJNTOPUTM TinepTabiuill HAMAra€TbCs 3MEHIIUTH 1[I TOYKH PO3Tally>KeHHS,
IpyIyIOYU MEBHI eTanu pos3mupeHHs. Came 3BIICH 1 MOXOAWTh TEPMIH «Tilepy.
(Baader, Calvanese, McGuinness, Nardi, & Patel-Schneider, 2007)

OCHOBHI XapaKTepUCTHKH rinepraduii:

1. rpynoBe pO3LIUPEHHS: HA BIAMIHY BiJl CTaHAAPTHOTO aJITOPUTMY, J€ KOXKHE
MPABUJIO PO3IIMPEHHS 3aCTOCOBYETHCS OKPEMO, AJITOPUTM TiNEePTAOIHUII TPYIY€E
MIEBHI ITpaBUjia pa3oM 1 3aCTOCOBYE iX 3a OJIMH KPOK.

2. onTuMi3oBaHE OJOKyBaHHA: 100 3amo0IrTH HECKIHYEHHUM  MOJETISIM,
MonepeAHl  alrOpuTMU  BHUKOPUCTOBYIOTH  TEXHIKY, $Ka Ha3UBAEThCS
OJOKYBaHHSAM. AJITOPUTM TiNepTadIuLl ONTUMIZYE LEH Mpolec, 3a0e3euyoun
Ou1b1I e(peKTUBHE BU3HAUEHHS Ta 00pOOKY 3a0JIOKOBAHMX T'IOK.

3. BUABICHHS NPOTUPIY: TPOTUpIUYs (KOH(IIIKTH) MOXKHA BUSBIATH OLIBII

e(heKTUBHO, BPaXxOBYIOUH T'PYNOBUN XapaKTep pO3IMIHUPEHb. KO B OAHIN Tl
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BUSIBIISIETHCS MIPOTUPIYYS, 11€ MOKE IITBHIKO MPU3BECTH JI0 BUSBJICHHS POTUPIY
y MOB'A3aHMUX TUIKAX.

AnropuT™ rineptabnuill 30epira€ BIACTUBOCTI KOPEKTHOCTI Ta IOBHOTH,
onTuMi3yrouu iX. OCHOBHUM MaTeMaTUYHUN apryMEHT MOJISITa€ B TOMY, 110 TPYTOBI1
PO3ILIMPEHHS aJITOPUTMY TiNepTadivill CEMaHTHYHO €KBIBAJEHTHI MOCIIAOBHOCTI
OKpPEMHUX PO3IIMPEHb Yy CTaHAapTHOMY Meronail Taonuii. Tomy Oyab-sika MOJENb,
3HalIeHa AJITOPUTMOM TiIepTabIuill, TAKOXK € MOJICIIIIO OHTOJIOT11, 1 HaBmaku. (Motik,

Shearer, & Horrocks, Hypertableau reasoning for description logics, 2009)

2.2.2.4 Anroput™ HaOIUKEHHS 3a MOJIIHOMIaJIbHUN Yac

AnropuT™MH HAOIMKEHHS 3a MOJIHOMIAIIBHUM Yac — 1€ KJIac aJlfOPUTMIB, 1110
HaMaraloThCs HaJaTH HAOMWKeH1 pimeHHs 111 NP-ckiIagHux onTuMi3amiiHux
npooOsieM 3a momiHOMIANbHUNA Yac. OCKIIBKH 3HAXOKEHHS TOYHHX PIIMICHb JIJIs
0ararbox 3 KX MPOOJIEM € OOYHUCITIOBAIIBHO HEMPOXITHUM, aJITOPUTMHU HAOIMKEHHS
MPOTNOHYIOTH KOMIIPOMIC M1 SIKICTIO PIIIEHHS Ta OOUYHCIIIOBAIBHOIO €(DEKTUBHICTIO.

CytHicTe NP-ckiagHux npooJsem:

[Ipobnema onTuMizarnii BBaxkaeTbcs NP-ckimagHOMO, SIKIIO A1 OYIb-SIKOTO
MOXJIMBOTO aJTOPUTMY, IO BUpIIIye MpoOiIeMy, 4ac, HEOOXITHUM AJisi BUPIIICHHS
npoOaeMu, 3pOoCTae HE TMONIHOMIaNbHO (@, HAMPHUKIIAJ, €KCIOHEHIINHO) 3 pOCTOM
pO3Mipy BXIAHUX JaHUX. [ 6ararbox NMpakTUYHUX LUIEH TaKUW €KCIIOHEHIIMHUN
pICT OOUYMCIIOBAJIBLHOIO 4Yacy poOUTh MpoOiieMy HEMpPOXIAHOIO JUIsl BXITHUX JAHUX
BEJIUKOi PO3MIPHOCTI.

Hao0auaxeHHs 32 MOJIIHOMIAJILHUM Yac:

BpaxoBytoun Bukiauk NP-BaXkux mpoOiieM, METOI CTa€ 3HaXOKCHHS
HaOJIM>KEHOTO PIIIEHHS], @ He TOYHOTro. KOHKpeTHO MeTa anropuTMiB HaOJMKEHHS 3a
MOJIIHOMIabHUN Yac — 3HAWTU PIIIEHHS, sIKE TapaHTOBAHO 3HAXOJUTHCS B MeEXKax
ONTUMAJLHOTO PIllIEHHS, 1 pOOUTH Iie 3a nojaiHoMianbHuit yac. (Vazirani, 2003)

MaremaruuHo, aisg MpoOIeMH MiHIMIZallli, aJrOPUTM € aJIrOPUTMOM O-

Ha6J'II/I)KeHH$I, SKITO AJIA KOXHOTI'O BXiI[HOl"O BUIIAAKY I
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ALG(I) < a x OPT(I) (1)

A s mpoOaeMHu MaKCUMI3allii:
1
ALG(I) < —X OPT(I) (2)
Je:
ALG(I) — pimeHHs, OTpUMaHe ajJropuTMOM HaOIMKEHHS JUIsS BBOAY 1.
OPT (I) — ontuMainbHe pileHHs it BBoay 11.

a = 1 — dakTop HAOMMKEHHS.

®dakTop HAOMMKEHHS o 3a0e3Meuye rapaHTiio SKOCTI PIIICHHS: YAM OJIUKYE o

1o 1, TuM Onrkue pileHHs 10 onTUMyMy 3a Kputepisimu (1) um (2).

2.2.2.5 JIBiiikoB1 Jiarpamu pilieHb

binapna niarpama pimens (BDD) npencrasnsie OyneBy dynkuito. Bynesa

dyuxiis f— ne gynkmis 3 {0,1}"* — {0,1}, ne n — e kinbKicTh OyneBux 3MiHHEX. BDD

— 1€ CIIPSMOBAHUM allUKITYHUN Tpad, sIKUMl Mae:

YHIKaJIbHUN MMOYATKOBHM (KOPEHEBUI) BY30IT;

KIHIEB1 By31H, mo3HadeHi 0 ta 1;

BHYTPIIIHI By3JIM, aCOLill0BaH1 3 OyJ€BUMH 3MIHHUMU;
KOKEH BHYTPIIIHIM By30J Ma€ qBOX Hamaakis. (Bryant, 1986)

Icnye kinpka BDD, siki MOXYyTh IpeICTaBIsATU Ty camy OyneBy ¢yHkiito. [1{o6

3pobutn BDD edextuBHUMH Ta KaHOHIYHUMH, 3aCTOCOBYIOTHCS [IBa IIpaBUja

SHHUKCHHA:

00'€IHAHHS €KBIBAJEHTHHUX BY3JIiB: SKIIO JBA BY3JIH IPEACTABISAIOTh OJHY U
Ty K (QyHKIIIO, iX 00'€IHYIOTh y €IMHUN BY30Il.

BHJAJICHHSI HAJAJMIIKOBHUX BY3JiB: SKIIO O0MABA HAIlaJKa BHYTPIIIHHOTO
By3J1a € OIHAKOBUMH, By30J1 00XOATb.

BDD npexacrasisie peKypcUBHE IE€KOMIIOHYBaHHA OyJeBOi (PYHKI[ii HA OCHOBI

po3mupenHs [llennona (3):

f(x1, %0, e, xp) = %1 f(1, x5, 0, %) + %7 - f(0, %5, ., X)) (3)
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2.2.2.6 MoaynbHa 1€KOMIIO3ULIS

MonynbHa AEKOMIIO3UIlIS MoJsArae B iAeHTU(IKalli yacTuH (200 MOIY/iB)
OHTOJIOT'1], SIKI MOXHA «PO3yMITH», MIATPUMYBATH 1 OOIPYHTOBYBATH HE3aJIE€KHO BiJl
pemrtu oHtoyorii. Monyne OWL nnst HaGopy TepMmiHiB (abo cyTHOCTeW) — 1ie
MIIMHOXXHWHA OHTOJIOTI, sika 30epirae 3HAUYC€HHS IUX TEPMIHIB y MeXKax OHTOJIOTII.
(Grau, Horrocks, Kazakov, & Sattler, 2007)

3 MaTeMaTU4YHOI TOYKU 30pY, Matouu OHTOJOTi0 O 1 HAab1p TEPMIHIB S, MOAYIb
M nns S BigHOCHO O Takuid, o 1S KOxHOT oHTouorii O, sika € AuckpetHoro Big O (4)
JUTS1 KOYKHOT aKCIOMHU ¢, SIKA BKJIIOYAE JIUIIE TEPMIHHU 3 S.

OUO'EaeMUO Ea 4)

Ile o3nauae, mo M 30epirae 3HaueHHS S HE3aJIEKHO BiJ TOTO, SIK pelITa
OHTOJIOT'1T MOKe OyTH pO3IIMpPEHa, 38 YMOBH, 110 BOHA HE NepeTuHaeTbes 3 O.

[cHy!OTH pPI3HI METOAM 1 TEXHIKM Uil MOAYNIbHOI jaexommno3uuii B OWL,
30KpeMa: CHHTAKCUYH1 METO/IM, CEMAaHTUYHI METOU.

IlepeBaru:

e MACIITA00BAHICTB: BEJIMKI OHTOJIOT1I MOXYTh OyTH BaXXKHUMH JJI IPOIPaMHOI0
3a0e3neueHHs Ta jJronei. Po3auisitoun iX Ha MEHII MOAYINI, IHCTPYMEHTH Ta
JIOAM MOXYTh 30CEPEIUTUCS HA BIANOBIJHUX YAaCTHHAX, IO BEAE N0 Kpauioi
MPOAYKTUBHOCTI Ta PO3YMIHHS.

o MOBTOPHe BHMKOPHUCTAHHSA: MOJAYJI MOXHa IOBTOPHO BHUKOPHCTOBYBAaTH B
PI3HUX OHTOJIOTIAX, IO crpUsie OOMIHY Ta IHTETpallii OHTOJIOTIYHUX 3HAHb.

o 00CJHYrOBYBAaHICTb: 3MIHM MOXHA OOMEXKUTH KOHKPETHHUMH MOIYJISIMH,

3MEHIIYIOUH PU3UK HEHABMUCHUX INI00ATBHUX HACTIIKIB.

2.2.3 IlonynsipHi CUCTEMH JIOTIYHOTO BUBEICHHS
Icnye nekinbka BIiIOMUX cuUcTeM JoriuHoro BuBeaeHHs ains OWL. Bonu
BIIPI3HSAIOTHCA CBOIMU MOXKJIMBOCTSIMHU, CTpaTerisiMM ONTHUMI3AIlli Ta KOHKPETHUMU

npodusimu OWL, siki BoHM miATpUMYIOTh. OChb J€5Ki 3 TOMYJIAPHUX:
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e Pellet: e ogHa 3 HalBIAOMINIKUX CUCTEM JOT14HOTO BUBeaeHH: 11t OWL. Bona
niarpumye soriyne BueaeHHs Ayt OWL-DL Ha ocHOBI anroputmy Tabiauib Ta
MOXKE€ BUKOPUCTOBYBATHUCS JJIS 3aBAaHb, TAKUX SIK NIEPEBIpKa HA y3TOJKEHICTb,
kiacudikaiisa Ta peamizauis. (Sirin, Parsia, Grau, Kalyanpur, & Katz, 2007)

e HermiT: Bigomuii cBOiMH MeTOJaMHM ONTHMI3aIlli Ta 3JaTHUN IpalOBaTH 3
OHTOJIOT1SIMHU, SIKI 1HIII CHCTEMH JIOTIYHOTO BHUBEJECHHS MOXYTh BBa)KaTU
cxinagaumu. (Glimm, Horrocks, Motik, Stoilos, & Wang, 2014)

e FaCT++: OGa3yerbcs Ha anaropuTmi Tabnuii Ta Hanucanuit Ha CH++. Bin €

HamaakoM nonepeauaboro reasoner FaCT. (Tsarkov & Horrocks, 2006)

2.3 lonoBHenHsi 10 OWL

JlekuibKa 1HCTPYMEHTIB OyJI0 po3p00IeHO /ISl PO3LUIMPEHHS Ta BUKOPUCTAHHS
MoxkauBocteid OWL. 11 iHCTpyMeHTH, SIK IPaBUJIO, HAAAIOTh (PYHKIIOHAJIBHICTD IS
penaryBaHHs, OOIPYHTYBaHHsI, 3alMTIB Ta ynpasiiHHA oHTonorisMu OWL. Protégé e
MPOBIAHUM peaakTopoMm oHtojorii, toml sk Pellet, HermiT, FaCT++ e Bigomumwu
cuctremamu JoriuHoro BuBoxy. OWL API chopusie nporpamHiii  MaHITyasiii
ontonorismu, a SPARQL no3Bomsie pobutm 3anutu 10 HaO6opiB ganux OWL.
Inctpymentu, taki sk ROBOT, OntoBee, OBO-Edit, Cellfie, DL Query Tab,
OWLGrEd ta VOWL, nomatkoBo mNOKpamyroThb poO3poOKYy, VYIOpPABIIHHSI Ta

Bi3yaJi3allil0 OHTOJIOTIH.

2.3.1 SWRL
SWRL (Semantic Web Rule Language) — ne moBa mpaBwi. Bona Hagae
MOXJIMBICTh BH3Ha4YaTH MpaBuWia, JOJATKOBO 10 BU3HaueHHs oHToisorii y OWL.
O6'eqnyrount OWL ta SWRL, MoxkHa poOUTH BUCHOBKH MPO €K3EMIUISIPH OHTOJIOTTT Ta
OTPUMYBaTH HOBY 1H(opMallito Ha OCHOBI icHytounx aanux. (Horrocks, ta in., 2004)
1. OcHoBu:
o IlpaBuna SWRL ckianaroTbcs 3 aHTEUEAEHTY (YMOBH) Ta KOHCEKBEHTY

(BUCHOBKY, SIKIIIO YMOBHU BUKOHYIOTHCS).
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o SIK aHTEUEeNeHT, TaK 1 KOHCEKBEHT CKJIAIaloThCs 3 HAOOpy aromiB. ATOM

MoXke OyTH HpeauKaToM Kiacy, MpPeAUKaTOM BJIACTUBOCTI, MPEIUKATOM
«TaKkuM K€ SIK», MPEAUKATOM «BIAPIZHAETHCS Bil» ab0 BOYIOBAaHUM

npeaukaroM. (Antoniou & Van Harmelen, 2009)

2. Atomu B SWRL:

KaacoBuii atom: Class(C, x) — o3Hauae, mo iHauB1a X € Tuny C.

Atom BaactuBocTi: P(X, y) cTBepKye, 10 iICHY€e BIaCTUBICTh P Mixk X
Tay.

ATOMH «Takuil ke SIK» Ta «BiIpi3HAETBCHA Bim»: sameAs(x, y) 1
differentFrom(x, y) — BUKOPUCTOBYIOThCS ISl BKa3iBKM Ha Te, IO JBa
€K3EMILISIPU € OJTHAKOBUMU a00 PI3HUMH.

AtoM aiana3zony nanux: DataRange(D, X) — Bkasye, 1110 3HaYEHHS JJAHUX
X HaJeXUTh Jlana3ony gaHux D.

BOynoBaHuii aTroM: BUKOPHUCTOBYETHCA MJIsI BHPAKEHHS YMOB, IO
CTOCYIOThCS BOYIOBaHUX OMEpalliif, TaKux sik MaTeMaTU4YH1 OOUMCIICHHS,

omepariii 3 psaKaMH TOIIIO.

3. CHHTAKCHUC:

SWRL BukopucroBye cunTakcuc: «Antecedent = Consequenty.
Hanpukian: Person(?x) * hasAge(?x, ?y) * swrlb:greaterThan(?y, 18)
-> Adult(?x) I{e mpaBmiI0 MOXHA YUTATH TaK: « K10 ?X € 0c060r0 1 7X

Mae BiK ?y, sikuit Ou1bIui 3a 18, To 7X € HopocaIumM».

4. BOynoBaHi (pyHKLiI:

o

SWRL Bkitouae Habip BOyioBaHUX (YHKIIIH, TEPEBAKHO JI oneparlii 31
MPOCTUMH TUIAMU JTaHuX. J[0 HUX HaJle)KaTh MaTeMaTU4H1, PSIAKOBI, 1aTh
Ta IHIIII.

Hanpukmnan, BOymoBani  Qyskuii:  swrlb:add, swrlb:multiply,

swrlb:stringConcatenate Toro.

5. Bupa3HicTh Ta 00MeKeHHS:
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o

Xoua SWRL po3smuproe Bupaznictb OWL, BOHa TOTPUMY€ETHCS rapaHTIN
NPUIUHATHOCTI, TOOTO OyIb-SKMII BHCHOBOK, SIKMM MOYXHa 3pOOWUTH Ha
OCHOBI HaOOpy mpaBui Ta (HakTiB, MOXKHA OOUHMCIIUTH 3a CKIHUEHHUH Yac.
SWRL He MOxe BUpa3uTH MpaBmiia, Taki sSK: «J{Jig KOXKHOTO KJIacy iCHy€
BJIACTUBICTHY», TOMY IO 1€ MOPYIIMIO O rapaHTii IPUHHATHOCTI.

SWRL mae oOMexeHHS MOHOTOHHOCTI, IO HE HO3BOJISE 3MIMCHIOBATH
BUJAJICHHSA aKCIOM YM 1HIMBIJIB 3 OHTOJIOTI1I.

SWRL, tak sixk 1 OWL, niaTpumye oOMeXeHHS «BIIKPUTOTO CBITY».

6. InTerpauis 3 cucreMaMu JIOTiYHOr0 BUBOAY OHTOJIOTII:

o

IcHye kimbka cUCTEM JIOTIYHOTO BUBOAY OHToJoOrii (Hampukian, Pellet,
HermiT), siki miaTpumMytots poboty 3 npaBuinamu SWRL.
BukopuctoByroun 1i CHUCTEMH, MOXXHA POOUTH BUCHOBKM Ha OCHOBI

icHyrouux ¢akTiB, moeaHaHuX 3 npapmwiamu SWRL.

2.3.2 SQWRL

SQWRL (Semantic Query-Enhanced Web Rule Language) — 1ie po3mupeHHs

MoBu mnpaBwii SWRL. BoHO BBOAUTH MOXIMBICTH (POPMYINIIOBAHHS 3alUTIB 10

onrosoriit OWL, 6ynytounch Ha ocHOBI npaBuil SWRL. (O'Connor & Das, 2009)

1. Mera: y Toit yac sk SWRL B OCHOBHOMY BUKOPHUCTOBYETBCS ISl BU3HAYCHHS

npaBui Hajg oHTonorisasMu, SQWRL 30cepemkyeThCcsl Ha 3aUTax A0 OHTOJIOT1H

OWL, BUKOPUCTOBYIOUM CHHTAKCUC, CXOXKHWI Ha ITpaBUIIA.

2. basoBa crpykrypa: 3anut SQWRL Mae cTpykTypy, cxoxxy Ha npaBuwia SWRL.

Bin ckianaerbcss 3 aHTeneneHTy (YMOBH) 1 KOHCEKBEHTY (BHUCHOBKY).

AHTCHCI{GHT BKa3zye€ YMOBH IJIA 31CTaBJICHHS 3 OHTOJ'IOFi€I0, a KOHCCKBCHT

BHU3HAa4Yae, 10 MOBEPTATH AK PC3YyJIbTarT.

3. CHHTAKCUC:

o

Sk 1 SWRL, cuarakcuc SQWRL €: «AnTenenent -> KoHcekBeHTY, ale 3

AKIICHTOM Ha BUTATHCHHA Ta BI/I6lp JaHUX, a HC Ha CTBCPAKCHHA.
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Hanpukian: Person(?p) » hasAge(?p, ?a) ” swrlb:greaterThan(?a, 21)
> sqwrl:select(?p) Lleit 3anuT MoxHA iHTepHpeTyBatu Tak: «Jlns
KOXKHOTO 1HAuBiAa ?p, skuii € Person 1 mae Bik ?a Ounpmmii 3a 21,

BHOpatu (abo MoBepHyTH) ?P».

4. Oneparopu Tta BOynoBani ¢ynkuii SQWRL: SQWRL BBoauth aekiibka

BOYy/ZIOBaHUX orepailiil cnenu@ivHo s 3anuTiB, 30KpeMa:

sqwrl:select 1 Bka3iBky, siki 3MiHHI TOBEPTaTH.

arperaiiiiini onepaiiii, Taki sik sqwrl:count, sqwrl:sum Toro.

omeparlii 3 KoJekiisiMu, Taki ik sqwrl:makeSet, sqwrl:size To1o.
omepalii TOPSAKY [JJs COPTYBaHHS  pe3y/ibTariB, HaIpPUKIA],

sqwrl:orderBy.

5. Buxkonannsa: 3anutu SQWRL, sk npaBuiio, BUKOHYIOTBCS 32 JIOIIOMOTOKO

CUCTEM BHUBOJY OHTOJOTIi, siki miaTpumyoTb SWRL, dacto iHTerpoBaHux y

cepenoBuIa abo IHCTPYMEHTH PO3POOKH OHTOJIOTIH.

6. IlepeBaru Ta 0OMeKEeHHS:

o

IlepeBaru: Hagae MexaHi3M 3aluTy Ha OCHOBI MPaBUJI JIJISl OHTOJIOT1H
OWL, 103BOJsAIOYM BUKOHYBAaTHM CKJaJHI 3alMTH, SKI MOXYTb
BUKOPUCTOBYBaTH BUpazHicTh SWRL.

Oomeskenns: Sk 1 B SWRL, notpibHa o0epexHICTh, 1100 3a0e3NeUnTH
MNPUUHATHICTh Ta TPUBAIICTb, OCOOIMBO MpPU POOOTI 31 CKIAJIHUMHU
OHTOJIOTIIMU Ta BenukuMu Habopamm gaHux. (Connor, Shankar, Tu,

Parrish, & Das, 2009)
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BUCHOBKMU 10 PO3ALTTY 2

OWL Bigirpae KJIIO4OBY POJb Yy Cy4acHI CEMaHTHUYHIA Mepexi (semantic
web), 703BOJIAIOYM JETANbHO MPEJCTABIATH CKIAJHI 3HAHHA. Il HOXOMKEHHS 3
ONMMCOBHX JIOTIK 3abe3nedye ii HaAlMHICTh, aje IMOB’sA3aHa 3 HEK OOYMCIIOBAJIbHA
CKJIQJIHICTh BUMAarae peTeabHOr0 MPOEKTYBaHHS Ta peai3ailii.

HesBaxaroun Ha Te, mo OWL € moTy»HO!0, BOHA TaKOXK CKJIaJHa, 1 OB’ A3aHa
3 HEI0 KpUBa HaBYaHHA € KpyTor. KpiMm Toro, 31 30UIBIIEHHAM CKJIAJIHOCTI 3aBIaHb
MIpKyBaHHsI (reasoning) BHUMOTH [0 OOYHCIIOBAJIBHUX PECYpPCIB MOXYTh CTaTH
HEMOMIPHUMH a00 Yyac 00YMCIIEHb MOXE CTATU HEMPUUHSITHUM.

3a ocTaHH1 pOKM CEMAaHTHUYHA MEpE’Ka Ta MOB'A3aH1 TEXHOJIOT1I TaK 1 HEe 3MOIJIU
po3KkpuTH cBiii moreHuian, 1 MoBi OWL Bce me Opakye MeBHUX YIOCKOHAJIEHb Ta
po3mupeHb. BTiM, 1 HasBHUN 1HCTpyMEHTapii Mae JOCTaTHIO I[IHHICTh JJisi HOro
3aCTOCYBAaHHS y BUPIIIEHHI IIMPOKOTrO KOJIa 3a/1a4y M03a MEXaMH CEMaHTUYHOTO BeO,
30KpeMa — 1J1s1 pe(haKTOPUHTY IPOrPAMHOTO KOIY.

Koxen mnpopine OWL 2 BiamoBiae oOkpeMoMy Ha0opy BHMOI 1
oOuHCITIOBaNIBHUX MpoOieM. Xoya BOHM HPONOHYIOTh MEHIIY EKCIPECHUBHICTh
NOPIBHAHO 3 NoBHUM cTaHaaproM OWL 2, BoHu 3a0e3neuyroTh nepeBary OuIbII
e(hEeKTUBHOTO MIpKYBaHHs, IO POOUTH iX MPAKTUYHUMHU JUIsI KOHKPETHUX OOJacTeit
3aCTOCYBaHHS.

Y cdepi onrtomnorii, kmacu € aOCTPAaKTHUMH TNPEICTABICHHSMH TOHSITH,
MOAIOHO 10 «MHOXHHY». BIIaCTUBOCTI IPEACTABIAIOTH BITHOCHHU, a00 MIXK KJIacaMH,
a00 MK KJIAaCOM Ta 3HAUCHHSMH MIPUMITUBHUX THUIIIB JaHUX. [HIUBIIN — 1€ KOHKPETHI
€K3eMIULIpU KJ1aciB. AKCIOMHM — 1€ (YHJIaMEHTaJIbHI ICTHMHM, $KI BHU3HA4YalOTh
CTPYKTYpY Ta MOBEMIHKY OHTOJIOTIi. AHOTAIlli MPONOHYIOTh METaJlaHi JJIsl €JI€MEHTIB
OHTOJIOT1i. BUpa3Hi KOHCTPYKIIii B OHTONOT1AX, 30KkpeMa B OWL, BKIIIO4at0OTh NepeioBi
3aCcO0H MOJICITIOBAHHS, TaKl IK OOMEKEHHS BIIACTUBOCTEN Ta €KB1BAJIEHTHICTb.

Konu HeoOx1aHO poaHani3yBaTy BEJIMKY KOJOBY 0a3zy ab0 3HAMTH 11a0JIOHU B
Hil, oHTojoris, onucana B OWL, Ta moB's3aHl 3 HEIO MOXKJIMBOCTI JIOTIYHOTO

BUBEJICHHS MOXXYTh OyTH HaJ3BUYaHO {IHHUMHU.
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OWL € HaxiitHOIO TIepeBIpeHOI0 TIaTGOPMOIO SIS IPEICTaBICHHS 3HAHb, ajle
BOHAa Mae€ CBI HaOlp BUKIUKIB. PO3yMiHHS TOro, Kojiu Ta SK BHKOPHUCTOBYBAaTH
MoxuBocTi OWL, ycBimommtoroun i OOMEXKEHHsS, € KIIOYOBUM JJIsi HOTo
e(heKTUBHOTO BUKOPHUCTAHHS.

Ha npakruui metox tabauni muist DL Mmoxxe OyTn HabaraTo CKJIaJHIIIUM Yepe3
onTUMIi3allli, poo0Ty 3 HOMIHaJIaMH, 3BOPOTHUMU POJIIMH, YHUCIIOBUMU OOMEKEHHSIMHU
tomo. Ha epeKkTuBHICTh alrOpUTMy MOXE 3HAYHO BILIMBATU MOPSIOK 3aCTOCYBaHHS
npaBui, 0OpoOKka OJIOKYBaHHSI JUIsl 3aro0iraHHS HECKIHYEHHUM MOJENSIM Ta 1HIII
onTUMI3aIli.

AJNTOPUTM TiNEepTaONUIll — 1€ TPUKIAJ PO3BUTKY AJITOPUTMIYHUX MIiIXOMIB B
OCHOB1 CHCTEM JIOTYHOro BUBOAY s DL, kMl MIOKpEecItoe BaXKJIMBICTh TEXHIK
ontumizauii a1 poOOTH 3 OHTOJOTISIMH PEATBHOIO CBITY, SIKI YaCTO € BEJIMKUMHU Ta
CKJIaJIHUMH.

ANTOpUTMH HAOIMKEHHS MOJIHOMIAIBLHOTO Yacy € KIOYOBUM 1HCTPYMEHTOM
y KOMIT'FOTEPHUX HayKax Ta AOCIIKCHHSIX OmNepalliii, 3HaX0AsSYu MPaAKTUUHI PIIICHHS
JUTsl po0IieM, siKi 3 OOYMCIIIOBAJIBHOI TOUKHU 30PY € HEPO3B'SI3BHUMU 32 PealiCTUUHUX
YaCOBHUX PaMOK JJIsI OUTBIIIOCTI BUITAIKIB.

MonynbHa JEKOMIO3UIIIS — 1€ METO/I, AIKUW BUKOPUCTOBYETHCS JUIsl PO3A1ICHHS
BEJIMKUX OHTOJIOTiM Ha MEHII, OLIbII KepoBaH1 MOayi. MeTa mojsirae B MiJBUILICHH]
00CIIyroByBaHOCTI, 3pO3yMIJIOCTI Ta MmacmTaboBaHOCTI oHtosorid. [lpaimroroun 3
MoBoO10 oHTOJNOTiT Web (OWL), MogyinbHa TEKOMITO3UIlIS CTA€ OCOOIMBO BAXKIIUBOIO,
BPaxOBYIOUM BEJIMKI Ta CKJIAJHI OHTOJIOTIi, SIKI MOXHa IOOyqyBaTd B LbOMY
(bperMBOpKY.

BukopuctoByroun cucTteMH JOT1YHOTO BHUBEIEHHS (reasoners), po3poOHHKHU
MOXYTh FapaHTyBaTH, 1110 OHTOJOT1I, SIKI BOHH CTBOPIOIOTH, € JIOTIYHO Y3TO/I>)KEHUMU
Ta MaKCUMaJIbHO 1HPOPMATUBHUMU, TUM CAMUM MaKCUMI3YIOUH iX KOPUCHICTh Y TaKUX

3aCTOCYBAHHSX SIK BIIKPUTTS 3HAHb, IHTETPAllisl JaHUX Ta CEMAHTUYHHI MOIIYK.
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Bubip cucteMu J0r14HOTO BUBEJEHHS YaCTO 3aJIEKUTh BiJ] KOHKPETHUX BUMOT
3aBAaHHS, TaKUX SIK BUKOpUCTOByBaHMM mnpodins OWL, ckmamHicTe Ta po3Mmip
OHTOJIOT'1I Ta MUTAaHHS TPOAYKTHUBHOCTI.

SWRL (Semantic Web Rule Language) — 1ie po3mupeHHss MOBH OHTOJOTI{
Cemantuunoro Be0y, OWL (Ontology Web Language). BoHo 103Boisie KopucTyBauam
BUpa)XaTW TMpaBWia, [OJATKOBO J0 BuU3HaueHb oHrosorii. IlpaBuma SWRL
CKJIaJIAl0ThCS 3 AHTELENCHTIB (YMOB) Ta KOHCEKBEHTIB (BHCHOBKIB) 1 JO3BOJSIOTH
OTpUMYBaTH HOBY 1H(GOpPMAIli0 HA OCHOBI ICHYIOUMX JaHuX. 3a gonomororo SWRL,
JIOT14YHE BUBEJICHHS HaJl EK3EMILUIIPAMH OHTOJIOTIT CTa€ OUIBII BUPA3HUM, JTO3BOJISIOUU
poOUTH OLIbII CKJIaJHI BUCHOBKM B TOEJAHAHHI 3 CHCTEMaMM JIOTIYHOTO BHUBOIY
oHnrousorii, Takumu gk Pellet Ta HermiT. Xou SWRL 1 30inbmye Bupasznicte OWL,
BOHO JIOTPUMYETHCSI OOMEKEHb 1010 TPUHUHATHOCTI, 11100 3a0€3MeYUTH OOUUCICHHS
3a CKIHUEHHHI Yac.

SQWRL (Semantic Query-Enhanced Web Rule Language) — 1ie po3mupeHHs
MoBHu nipaBuil Cemantuunoro Bedy, SWRL. SQWRL no3Bonsie popmyntoBaTu 3anutu
1o oHrosorii OWL, BUKOpHUCTOBYIOUM CHUHTAaKCHC, CXOXKMI Ha MpaBuja. 3 Horo
JIOTIOMOTOI0 MOKHA BUTATYBaTH crieludiuny 1HQopMallito 3 OHTOJIOT1H, KOMOIHYIOUH
BrnactuBocTi SWRL st hopmyntoBaHHS CKIagHUX 3aIUTIB.

3 aHamizy BiaacTuBocTei Ta MoximBocteit OWL MoxeMo 3p0oOUTH BUCHOBOK,
110 BupaszHicTh mpodiniB OWL2 no3Bosisie mpeAcTaBUTH TOYATKOBUM KO 13 yCIMa HOTO
3QJIEKHOCTSIMU Ta cKiagHocTsMu. [loOymoBa mojeni mo4aTkoBOro KOy Ha OCHOBI
OHTOJIOT1I MPO 00’€KTHO-OPIEHTOBAHY MOBY NIPOTrpaMyBaHHsS 13 BUKOPUCTAHHSM
nonatkoBux 3aco0iB, Takux sk SWRL ta SQWRL, no3Bomuth edpekTuBHO
3aCTOCOBYBATH BHU3HAuU€HI NpaBujia pedakTopuHry, pOOUTH 3alUTH HA BHUMOTY
PO3pPOOHUKIB MPOrpaMHOro 3a0e3Me4yeHHs] Ta MPOBOJUTH ABTOMATHU30BaHHUI aHai3
MOYATKOBOIO KOy MJisl MOJAJIBIIIOr0 MOro MOKpaiieHHs. MareMaTuyHO BUBIpEHI Ta
OOIPYHTOBaH1 aJrOPUTMH CHCTEM JIOTIYHOIO BHBOAY, IO 3aCTOCOBYBATUMYTHCS B
IIPOIIOHOBAHIA MOJEII, TrapaHTyBaTUMYTh OJHO3HAYHICTh 1 KOHCHUCTEHTHICTH i

pedakTopuHTy, OMMCAHUX 13 BUKOPUCTAHHSIM PI3HOMAHITHUX 3aCO01B.
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PO3/I11 3. TOCJUKEHHS MOXKJIUBOCTEM
BEYJIOBAHOI'O PEOAKTOPUHTY Y MOBI SWIFT

3.1 Orisia moaxsIMBOCTEeH pepakTOpUuHry y MoBi Swift

B yrumiti sourcekit, mo € uyactuHOO HaboOpy po3poOHMKA MOBU
nporpamyBaHHsi Swift icHye 1Ba cmocoOu 3amaHHsi (parMeHTy Koay JUJist
pedakTopuHTy — BITHOCHO MOTOYHOI MO3UIIII Kypcopa B KOJI Ta B pamMKax MEBHOIO
BHOpaHoro Aiana3zony komay. JlokanpHuUil pedhakTOPUHT BiJJOYBA€THCS B MEKaX OAHOTO
¢aitny. [IpuknagaMu 10KaabHOTO pedAKTOPUHTY € BUHECEHHS YAaCTHUHHU 1CHYIOYOTO
Merony 1 odopmiieHHs Horo sk HoBoro Merony (method extraction) Ta 00’enHaHHS
noBToproBannx BupasiB (duplicates consolidation) (Alcocer, Antezana, Santos, &
Bergel, 2020). [moGanbui nii pedakTopuHTy, siIKi 3MIHIOIOTH KOJI y KUTbKOX (haiinax
(manpuknan, wIobanbHE MEepeiiMEeHyBaHHsS), Hapa3l BHUMAaraloTh CIellaabHOT
KOOpJIMHAIII1 IHTErPOBAHOTO cepeoBuUIlia po3poOku Xcode (IMoYaTkoBUM KO/ SKOTO €
MpOMpIETAPHUM) 1 B IaHUI Yac HE MOXKYTb OyTH peai3oBaHi MOKIaAal0uiCh JUIIE Ha
BJIaCHE MoYaTkoBUM koa MoBu Swift. Hagami po3misaroThes gokanbH1 peakKTOPUHTH.

MosknuBi nii pedakTopuHTy 3ajiexkaTh BiJl MO3UIII Kypcopa B peJakTopl uu
Buaiienoi oonacti (Kaur & Singh, 2017) (Saca, 2017). BianosigHo A0 TOro, sSIKk BOHU
1HiIlai30BaHl, Al pedakTopuHry kiaacudikyloTbcs K KypcopHi abo jiana3oHHI.
Hinmro pedgakTopuHry Mo 3aAaHii MO3UIlT Kypcopa y BuxiaHoMy (aitmi Swift moxe
OyTH, Hampukiaja, NepeiMeHyBaHHSI MOTOYHOI JiekceMu. PedakTopuHr Ha OCHOBI
Jiana3oHy notrpedye 1 MOYaTKOBO1, 1 KIHIIEBOT MO3UIIIT Kypcopy, 100 BKa3aTu MOro I1i11b,
HaIpUKJIaJ, BAHECEHHS YaCTUHU ICHYIOUOIOo METOAY 1 0()OpPMIIEHHS MOro SIK HOBOTO
Merony. [1]o6 mosermuTy peanizaiiio HUX JBOX Kareropiil, oopoOHuk sourcekit Hagae
MonepeHb0 TMpoaHaii3oBaHi pe3ynbratd mifg Ha3Bow ResolvedCursorlnfo Ta

ResolvedRangelnfo, mo6 BiamoBicTH Ha MUTAHHS PO MO3HUIIII0 Kypcopa a0o Jiarna3oH



y ¢aiini 3 mouarkoBuMm koaoM MoBoro Swift. (Tkachuk & Bulakh, Research of
possibilities of default refactoring actions in Swift language, 2022)

Hanpuknan, ResolvedCursorInfo moxe Hamatu iHdopmalnio mpo Te, 4u
pO3TalllyBaHHS Kypcopy Yy BUXITHOMY (hailiii BKa3dye Ha MOYATOK BUpPA3y 1, SIKIIO Tak,
HaJIaTu BIJMOBIIHUI By30J1 aOCTPAKTHOTO CHMHTAKCUYHOTO JIepeBa ISl I[bOTO BUpPa3y.
Kpim Toro, sIKIIO Kypcop BKa3ye Ha JIEKCEMY, IO MO3HAYa€ iM’si CYyTHOCTI (3MIHHOT,
kiacy, Mmeroay), ResolvedCursorlnfo wicTtuTh oromomeHHs (Iekiapailito), M0
BiAnoBigae nmpoMy iMeHi. Ananoriuno ResolvedRangelnfo mictuts indopmariito npo
3aIaHUM Jl1ama30H MOYaTKOBOTO KONy, HANMPUKIAA, YU Mae€ Jlana3oH KiibKa TOYOK

Bxoay abo Buxony. (Tkauyk, 2020)

3.2 PeaJtizauiss HOBOIo CleHAPi0 peakTOPUHTY 1 MOBH Swift

o6 peanizyBatu HOBHM pedakTopunr mansg Swift, He MOTPiIOHO MOYMHATH 3
BU3HAYEHHSI MO3UILIN Kypcopy abo Jiama3oHy y IMOYAaTKOBOMY KOl 1 3A1HCHIOBATH
nonepeaHio #oro oO6poOKy; HaTtoMicTh MoOxJauBO moyaTu 3 ResolvedCursorInfo Ta
ResolvedRangelnfo (sixi HagaroTbest sourcekit), HA OCHOB1 SIKUX MOXXHa OTpPUMAaTH
JeTalbHy 1HQOPMAIIilO PO MOYATKOBUHN, 1[0 HEOOX1AHA I pePaKTOPUHTY.

Jns HanucaHHs (YHKI[IOHATY JUisl 3A1MCHEHHS pedakTOpUHTY, HEOOX1THO
3Ba)kKaTu Ha cnenu@iky nporecy koMol B uioMy. (Inoue & Roy, 2021)

J171s1 BUKOHAHHSI pe(paKTOPUHTY BAXKIIMBUMU € JIMIIIE KIJTbKA MEPUIUX OCHOBHUX
eTariB KOMIUIALIL, K ePEeTBOPIOIOTh MOYaTKOBUHN KON Y aOCTpaKTHE CUHTAKCHYHE
nepeBo (AST).

AbcTpakTHe cuHTakcuuHe aepeBo (AST) — 1e rpad, OCHOBHUMU eleMEHTaMu
SAKOTO € omeparopu (TOOTO MpoMikHI BepiinHU rpady) 1 onepaHau (TOOTO KIHIIEBI
BEPUINHU).

VYci By3iu aOCTpaKTHOTO CUHTAKCUYHOTO JiepeBa Swift Mo)KHA OIUTUTU HA TPU
tunu: Decl (oronomennst), Expr (Bupasu) 1 Stmt (oneparopn).

BoHu BiZNIOBIIalOTh TPHOM CYTHOCTSIM, SIKI BUKOPHCTOBYIOTHCSI B CaMiii MOBI

Swift. Imena ¢yHKIi#, CTpyKTyp, MapaMeTpiB — II¢ OroJjionmieHHsA. Bupasu — ue
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CYTHOCTI, SIKI MOBEPTAIOTh 3HAUEHHS; HANpPUKIAA, BUKIUK ¢yHKii. Oneparopu €
YaCTUHAMHM MOBH, SKI BU3HAYAIOTh TOTIK YIpPaBIiHHS 1 BUKOHAHHS KONy, aje He
MOBepTalOTh 3HaueHHs (Hampukian, if abo do-catch). Ha Pucynok 5 300paxkeno
YacTUHY aOCTPAaKTHOTO CHHTAKCHMYHOIO JEpeBa, SKa OIMNHCY€E OTOJOIICHHS YJICHIB
kiacy. (Tkauyxk, 2020)

Boxe micns orpumannst AST MoxHa 3111 iCHIOBaTH pe(paKTOPUHT, 3aKJIaeHUN Y
KOMIISATOP (TOOTO 3aCTOCOBYETHCS KOJI 13 KOMIISTOPA, 110 OMUCYE MOXKIUBI METOIU
pedakTopuHry A0 TOYATKOBOrO Konay). st pedakTopuHry Koy, BIAMOBIIHO 10
noTped mporpamicra, 3actocoByetbest API, sikuit nae 3mory npairosaru 13 AST. Kog,
110 OMHKCY€E pe(aKkTOPUHT, JOAETHCS y CHEIaIbHUN (Dailll, 110 3r0I0M KOMITIOETHCS
1 caM CTa€ YaCTUHOIO 3ac001B KOMIUIALIT JaHOT MOBH.

Jlns Toro, moO CTBOPUTU 1HCTPYMEHT pedaKTOPUHTY, HEOOX1HO 3HAHHS
crioco01B pobotu 3 AST Swift. BaxxnuBoro xapakrepuctukoro AST Swift € Te, 1110 BoHO
MOXOJIUTh BiJ JIEKCEM, a OTXKE€ Oe3MOCepe/IHhO MOB'sI3aHe 3 MOYaTKOBUM KonoM. lle
O3Hauae, 110 MOYKHA OTPUMATH OCWIAHHS Ha Miclie y (aiiil 13 TOYaTKOBUM KOJIOM, SIKE
npeacTapisie kKoHkpeTHuit By301 AST (Pucynok 5). bes miei indopmaliii HEeMOXIUBO
Oyno 6 mepeiiMeHyBaTu 11€HTU(IKATOPH, 3IMCHIOBATU MEPEMIIIEHHS, CIPOITyBaTH

BUKJIUK — 3arajioM 3jiiicHioBatu pedakropusr. (Tkauyk, 2020)

i v
1 class First { sourcerite

2 var firstProperty: Bool? v CodeBlockItemList
38 v CodeBlockItem
v ClassDecl
class
First
v MemberDeclBlock
{
v MemberDeclList
v MemberDeclListItem
v VariableDecl
var
v PatternBindingList

v PatternBinding

v IdentifierPattern

Pucynok 5. Haoune npencraBieHHs a0CTPaKTHOTO CUHTAKCUYHOTO JIepeBa
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AST y dinanpHiil popMi Mae BU3HAUCHI TUIU Ta MOCUJIAHHS HA TOYATKOBUUN
kon. Tinbku mmga Takoro AST MOXIMBO 3aiMiCHIOBaTH pedaKTOPUHT Y TUIaH1
OMpaIlfOBaHHs Koay (MepeBipka BUKOHAHHS MPABWUJI, HASIBHOCTI MOBTOPIB, HEOOX1THUX
BUKJIMKIB TOIIIO) Ta 3aM1HY MTOYAaTKOBOTO KOy HA HEOOX1THUM.

JI71s1 IONIyKYy MOXKJIMBOCTEN MOKpAIIeHHs peaKkTOPUHTY HEOOX1HO:

— AOCIANTH IPUHIMUIIN JI0JaBaHHS HOBUX JIi pe@akTopuHTy B MOB1 Swift;

— IIpoaHaIi3yBaTu MPUHIUIIK 30MpaHHs Ta MOOYI0BU MMOYATKOBOTO Koy Swift,
ix cnerugiuHi 0COOIUBOCTI;

— OI[IHUTHU CKJIQJHICTh PO3POOKHU HOBHX 11 Juisl pe(hakTOPUHTY Ta 1X IHTErpallii
13 CepeIOBUIIIEM PO3POOKH.

JIs BUKOHAHHSI MOCTAaBJIEHUX 3aBAaHb JOLIIBHO 3BEPHYTHUCH JI0 OIHOIO 13
BIIKPUTHUX 3aBAaHb-IIPOMNO3UIIIA PO T0AaBaHHS HOBOI J1i 3 peaKkTOpUHTY B CUCTEMI
BigcTexxeHHst nedekriB Swift (Swift issues, 2022) ta cnpoOyBaru 3M1HCHUTH HOTO
iMIiemenTanio. O0paHuM 3aBAaHHAM OyllO JOJATH MOMJIMBICTH aBTOMAaTH30BaHOTO
JIOTIOBHEHHSI KOy METOJIOM, SIKUM BUMaraeThcs mpoTokojoMm Equatable.

o6 peanizyBaru pedakropuHr Ha ocHOBI mo3ullli kypcopy (Add Equatable
Conformance), noTpiOHO cHOYaTKy OroOJOCUTH ILied pedakropunr y daitm
RefactoringKinds.def 13 3anucom, 300paxxennm Ha Pucynok 6. (Tkachuk & Bulakh,

Research of possibilities of default refactoring actions in Swift language, 2022)

CURSOR_REFACTORING(AddEquatableConformance, "Add Equatable Conformance", add.equatable.conformance)

Pucynok 6. OronomieHHust peakTopunry

Lle neoOx1aH0 A1 Toro, o6 IDE npu B3aemonii 13 sourcekit maB 3Mory Hagatu
iHopMaLilo Npo JOCTyHHUN pedakTOPUHT 1 MOKa3aTH WOro y BIANOBIIHOMY
koHTeKcTHOMY MeHI0. CURSOR REFACTORING Bka3zye, mo uei pedakTOpUHT
HIIIATI3YETHCSA y MICIII PO3TaIllyBaHHS KypCcOpY 1, TAKUM YHHOM, BUKOPUCTOBYBATUME

ResolvedCursorInfo y peanizamii (Tkauyk, 2020). Peectpatiist pe(hakTOpUHTY MICTUTh
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y c001 KiJIbKa IOAaTKOBUX peUeH, AK-0T BHYTPIIIHIN 11eHTU(dIKAaTOp pePaKkTOpUHTY s
VHIKQJIBHOTO aJpeCyBaHHS, PSIAKOBE MNPEJCTABICHHS, sike Oyne BigoOpaxaTuch
KOPHCTYyBauyaM IIiJ] 4ac BiJIKPUBAHHS KOHTEKCTHOTO MEHIO, a TAaKOX CTAOUIbHUI KITIOU.
OcCKUIbKH MPOMOHOBAHI J1i pe()aKTOPUHTY CTAHYTh YACTUHOIO MAKETy PO3POOKHU AJIs
MoBu Swift, BHeceHa 1H(popMalis Mae OyTH 3pO3yMUIOI0 KOMOUIATOPY MOBU Swift
(xomminsitop C++). Lleit 3anmuc Takox A03BOJISIE 3TEHEPYBATH «CKEJIET» OMUCY KJacy
RefactoringActionAddEquatableConformance st pedakTopuHry Ta HOro BUKJIUKIB.
BpaxoByrouu 11e, He0OOX1THO BIJ3HAUYUTH, IO OAHUM 13 HEJIONIIKIB TAKO1 pO3POOKH € Te,
[0 pO3poOHUK Mae (POKyCyBaTHCh He Oe3MocepeHbO Ha peaii3allii HeoOX1THUX
¢GyHKIIH, a Ha HaNUCaHHI KOPEKTHOTO KOAY B paMKax JIOBOJI HEMPOCTOl
iH(]pacTpykTypH KiaciB st BOynoBanoro pedakropunry. (Lacerda, Petrillo, Pimenta,
& Guéhéneuc, 2020)
[Ticnst Toro, sk 3M1MCHEHO OTOJIOMIEHHS HOBOTO pPe(aKTOPUHTY, HEOOX1IHO

MpOTrpaMHO peanizyBaru Bl QyHKIII, sIKi 1ayTh IPEACTABICHHS PO TE:

1) ko HeoOX1AHO MOKa3aTu 110 pehaKTOPUHTY;

2) AKy 3MIHYy KOJy CIIJI 3aCTOCYBaTH, KOJM KOPHUCTYyBau BHUKJIMYE IO IO

pedaxTopuHry.

OO6uaB1 PyHKIII TEHEPYIOTHCA aBTOMATU30BAHO SIK YaCTHHA «CKEJIETYy» KIlacy

MIiCIIs I0OAaBaHHSA 3aluCy PO peecTpalliio HOBo1 Aii pedakTopunry. [1{o6 inTerpoBane
cepenoBULIE pO3pOOKH MOITIO BIIOOPA3UTH HOBY A10 pe(PaKTOPUHTY K TOCTYIHY JJIs
3aCTOCYBaHHS 3a MPaBUJIBHUX YMOB, HEOOX1THO peanidyBaru (yHkIlito iSApplicable
kiacy RefactoringActionAddEquatableConformance B Refactoring.cpp (sik mokazano
Ha PucyHnok 7). ResolvedCursorInfo — e 00’€KT, 1110 MICTUTB B 001 ONMC KOHTEKCTY,

B SIKOMY OYyJIO BUKJIMKAHO J110 pe(paKTOPUHTY (IIPUB’SI3KY /10 KOY).

bool RefactoringActionAddEquatableConformance::
isApplicable(ResolvedCursorInfo Tok, DiagnosticEngine &Diag) {
return AddEquatableContext::getDeclarationContextFromInfo(Tok).isValid();

Pucynok 7. Peanizanis metony isApplicable
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YV wmeromi i1sValid() (Pucynox 8) 3mailicHIOEThCA TiepeBipka, 4u OOpaHuUi
KOHTEKCT OTOJIOIIEHHS (KJac, CTPYKTypa, IMEpesiueHHs) BIANOBIIA€ yMOBaM
3M1CHEHHS pe(aKTOPUHTY, a caMe: Mae 30epexeH1 BIacTUBOCTI (stored properties), He
peanizye nporokoa Equatable Ta yu BUMOrH NpOTOKOITY € MPaBUIBHUMU. SIKILIO METOA
NOBEpTA€E true, TO TaKUil TUN pedakTOpuHTy Oyne AOCTYIHUH B IHTEIPOBAHOMY
CepeloBHUIII PO3POOKHU P PO3TAITYBaHHI KypcOpY Y BIAIOBIIHOMY MICLII.

Jlani HeoOX1AHO peamizyBaTu Te, SK CIiJ 3MIHUTU KOJ MiJ KypCOpOM, SIKIIIO
3acTOoCOBaHO Ait0 pedakropunry. Jlns mporo Ham mNOTPIOHO peanizyBaTd METON
performChange kmacy RefactoringActionAddEquatableConformance. Iligx 4ac
peanzamii performChange MOXIMBO OTpUMATH JOCTYH 1O TOTO K 00’€KTa

ResolvedCursorInfo, sikuit 6yno orpumano B isApplicable. (Tkauyk, 2020)

bool isValid() {

return StartLoc.isValid() && ProtInsertStartLoc.isValid() &&
lconformsToEquatableProtocol() && isPropertiesListValid() &&
isRequirementValid();

}

Pucynok 8. Peanizamis merony isValid()

Ha Pucynoxk 9 B metozi performChange() 311iiCHIOETHCSI OTPUMAaHHS KOHTEKCTY
BUKJIMKY, HA OCHOBI SIKOTO BIJJOYBa€ThCS MOMIYK MICIS BCTABKHU ISl HA3BH MPOTOKOITY,
110 TI0/1A€THCS, a TAKOXK JIJIS WiIEHIB Kiacy (QyHKii), siki OyayTh noaasi. Y Tt GyHKIii
MoxkeMo BuKopucToByBaTH EditConsumer 00’ €KT 115 311HCHEHHS peJaryBaHHs TEKCTY
HaBKOJIO BUPa3y, BKa3aHOTO KypcopoM, 3 BiAnoBiaHUMH Bukinkamu API (insertAfter).

VYei aii mo poOOTi 13 MOYAaTKOBUM KOJIOM pPEai30BaHO B IHIIHMX JOJIaTKOBUX
METOJaX.

Po3pobnena aist pedakropunry (micis ii 3acTOCYBaHHS 10 MTOYATKOBOTO KOAY)
BCcTaBIIsI€e pAoK «: Equatabley micis nekcemu obpanoro orosorieHHs (declaration), o

MO3HAYa€e peaizaliio MPOTOKOIY KJIacoM, CTPYKTYpOK 4M mepenideHHsM. [lotim
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3MIIMCHIOETHCS] BCTaBKa B Ti10 orosionieHHs (declaration) cyTHOCTI peaizaliii METoay,

10 BUMAaraeThcs mpoTtokoiom Equatable.

bool RefactoringActionAddEquatableConformance::
performChange() {
auto Context = AddEquatableContext::getDeclarationContextFromInfo(CursorInfo);
EditConsumer.insertAfter(SM, Context.getStartlLocForProtocolDecl(},
Context.getInsertionTextForProtocol());
EditConsumer.insertAfter(SM, Context.getInsertStartLoc(),
Context.getInsertionTextForFunction(SM));
return false;

Pucynok 9. Peanizanis metony performChange()

Ha Pucynox 10 noka3zaHo koj, 110 3/11iICHIOE OTPUMAaHHS Ha3BU MPOTOKOMY 1 ii
(dopmyBaHHs Oy(depy TEKCTY, sIKHi HEOOX1AHO BCTABUTH Y MTOYAaTKOBUI KOJ.

Ha Pucynok 11 omucano kof, 10 371HCHIOE OTPUMAHHSI TEKCTY METOY, 1110
HeoOX1THO BcTaBUTU. CHOYATKy 3M1MCHIOETHCS MOIIYK BUMOT MPOTOKONY (HA3BU
Metony 1 mnapamerpiB). Jlam 3O1HCHIOETBCS MOIIYK HEOOXIJHOro BIACTYHY 13
BpaxyBaHHSAM MICLS BCTaBKU TEKCTY MeTofy. Ilicis uporo KoHQirypyerbes Kiac, 1o
301ACHIOE (OpMaJbHUN JIPYK METONY Yy MOYaTKOBOMY KOAl 13 BpaxyBaHHSIM BCIX

napaMeTpiB.

std::string AddEquatableContext::
getInsertionTextForProtocol() {
StringRef ProtocolName = getProtocolName(KnownProtocolKind::Equatable);
std::string Buffer;
1lvm: :raw_string_ostream 0S(Buffer);
if (ProtocolsLocations.empty()) {
0S << ": " << ProtocolName;
return Buffer;

¥
0S << ", " << ProtocolName;
return Buffer;

Pucynox 10. OTpumaHHS TEKCTY 11 NPOTOKOILY
OkpiM ONUCAHUX BHUILE METOJIB HEOOXITHO OyJIO 3AINCHUTU PO3POOKY

B1JIHOCHO BEJIMKOI KUIBKOCTI JOMOMDKHMX (DYHKIIIH I OpraHi3ailii KOpeKTHOi poOoTH
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ocHoBHux ¢yHkimid. (Tkachuk & Bulakh, Research of possibilities of default
refactoring actions in Swift language, 2022)

JUisi HanmuMcaHHS TECTIB BUKOPUCTOBYEThCA cremianbHuil miaxia. HeoOximHo
3a/IeKJIapyBaTl HasSBHICTh MEBHOTO POAY TECTIB ISl M1 pedaKTOPUHTY, CTBOPUTH
(aiiny 13 BXITHUMH Ta BUXIAHUMU JAHUMH, 3aCTOCYyBaTH QYHKIIT 1 ToAl hpedMBOpPK

TECTYBaHHS 3/I1MCHIOBAaTUME OPIBHIHHS OTPUMAHOTO PE3yJbTaTy 13 OaKaHUM.

std::string AddEquatableContext::
getInsertionTextForFunction(SourceManager &SM) {

auto Reqs = getProtocolRequirements();

auto Req = dyn_cast<FuncDecl>(Reqs[0]);

auto Params = Reg->getParameters();

StringRef ExtraIndent;

StringRef CurrentIndent =
Lexer::getIndentationForLine(SM, getInsertStartLoc(), &ExtraIndent);

std::string Indent;

if (isMembersRangeEmpty()) {
Indent = (CurrentIndent + ExtraIndent).str();

} else {
Indent = CurrentIndent.str();

}

PrintOptions Options = PrintOptions::printVerbose();

Options.PrintDocumentationComments = false;

Options.setBaseType(Adopter);

Options.FunctionBody = [&](const ValueDecl *VD, ASTPrinter &Printer) {
Printer << " {";
Printer.printNewline();
printFunctionBody(Printer, ExtraIndent, Params);
Printer.printNewline();
Printer << "}";

I+

std::string Buffer;

1lvm: :raw_string_ostream 0S(Buffer);

ExtraIndentStreamPrinter Printer(0S, Indent);

Printer.printNewline();

if (!isMembersRangeEmpty()) {
Printer.printNewline();

¥

Reqs [@]—>print(Printer, Options);

return Buffer;

Pucynox 11. OTpuManHs TEKCTy AJis1 METOAY OPOTOKOILY

Ha Pucynok 12 HaBeneHO NpuUKIIag OJHOTO 3 TAKUX TECTIB.
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extension TestAddEquatable {
func test() -> Bool {
return true

extension TestAddEquatable {
3

// RUN: rm -rf %t.result && mkdir -p %t.result

// RUN: %refactor —-add-equatable-conformance -source-filename %s -pos=1:16 > %t.result/first.swift
// RUN: diff —u %S/Outputs/basic/first.swift.expected %t.result/first.swift

Pucynok 12. Hantucanns recry

[Toni6HUM ynHOM BiIOYBAETHCA 1 pO3pOOKa i pepaKTOPUHTY, K1 0a3yIOThCS
Ha BUJJICHOMY JAlana3oH1 KOAy:

— orojomeHHa a1i y ¢aini RefactoringKinds.def;

— peanizarist metony isApplicable(), o mokasye, Koau MOXKHa 3aCTOCOBYBATU
N0 pePakTOpuHTy (I OMUCY KOHTEKCTY BHUKIHKY BUKOPHUCTOBYETHCA OO0 €KT
ResolvedCursorInfo);

— peanizaist Merony performChange() ns 3acTocyBaHHS 3MiH;

— TECTyBaHHS.

BaxnuBo, mo B Tt gyskiii performChange MOXIMBO OTpUMaTH JAOCTYI HE
TUbkHU A0 opuriHaiabHoro ResolvedCursorlnfo un ResolvedRangelnfo nnst Bubpanoro
KOPUCTYBau€M MICIl YM Jiana3oHy, ajie ¥ J0 IHIIUX BaXKJIMBUX YTHIIT, TAKUX SIK

EditConsumer ta SourceManager, 110 poOuTh peanizaiito OuIbIll 3pyYHOIO.

3.3 Pe3ysabTaTu NIpOBEAEHOI0 TOCIiIKEHHSA

Posrnsinemo pesynbrar pobotu po3pobiieHoro pedaktopunry. llouatkoBuid
(aiin 1 mpoBeieHHs pedakTopuHry 300paxkeHo Ha PucyHnoxk 13.

301HCHUMO  3aCTOCYBaHHS  pe(akTOpUHTY Ui OTOJIOLIEHHS  Kjacy
TestAddEquatable. Pe3ynsrar pobotu ytumnitu 300paxxeno Ha PucyHok 14 — nogaHo
Ha3BY IPOTOKOITY MICJIsI HA3BU KJIACy, @ TAKOX JIOIaHO peasli3allilo METOy B TUI1 KJIacy

13 BUKOPUCTAHHSAM BCIX BJIACTUBOCTEH KJacy.
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class TestAddEquatable {
var property = "test"
private var prop = "test2"
let pr = "test3"

extension TestAddEquatable {
func test() —> Bool {
return true

extension TestAddEquatable {
b

Pucynox 13. [TouaTkoBuii (aiin

Jamni 3actocyemo pedakropunr ao posmupenss kiacy TestAddEquatable, mo

MICTUTB B CBOEMY TiJIl IKYCh 1H(POpPMALIIO.

class TestAddEquatable: Equatable {
var property = "test"
private var prop = "test2"
let pr = "test3"

static func == (lhs: TestAddEquatable, rhs: TestAddEquatable) —> Bool {
return lhs.property == rhs.property &&
lhs.prop == rhs.prop &&
lhs.pr == rhs.pr

extension TestAddEquatable {
func test() —> Bool {
return true

extension TestAddEquatable {
}

Pucynok 14. Pe3ynbrar 3acTOCyBaHHS YTUJIITH JJIs1 KJlacy

Pe3ynbprar poboTH BUIISIAE TaK, SIK MOKa3aHo Ha PucyHok 15.

79



class TestAddEquatable {
var property = "test"
private var prop = "test2"
let pr = "test3"

extension TestAddEquatable: Equatable {
func test() —> Bool {
return true

}
static func == (lhs: TestAddEquatable, rhs:
return lhs.property == rhs.property &&
lhs.prop == rhs.prop &&
lhs.pr == rhs.pr
¥

extension TestAddEquatable {
S

TestAddEquatable) —> Bool {

Pucynok 15. Pe3ynbrar 3acTOCYyBaHHS YTUIITHU ISl PO3IIUPEHHS KJIAcy, 1110 MICTUTh

JOJTATKOBUU KOJI

Takum 4rHOM, PO3IIUPEHHS KJIacy MICTUTh JEKJIapalliio peasizallli BKa3aHOTO

IPOTOKOITY.
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BUCHOBKMU 10 PO3ALJTY 3

JInst mOCHiKEHHS MOXJIMBOCTEH PO3LIMPEHHSI BOYAOBAaHOTO pedaKkTOPUHTY
OyJl0  JOCHIJDKEHO MporpamMHy — peali3alilo KoMmoHeHTa sourcekit MoBH
nporpamyBaHHsi Swift, 1110 BiJIIOBiAa€ 3a poOOTY 13 MOYATKOBUM KOJIOM SIK 3BUUAHUM
TEKCTOM 1 HOTO Momepe/Hi0 00OpoOKy, a TAaKOXK peaji3oBaHO JI0JaBaHHSA HOBOI Aii 3
pedakTopuHry 3 HOro BUKOPUCTAHHSAM. J[JIsi BUKOHAHHS TJIAHY JOCHIIKEHHS OyIio
o0paHo OHY Ait0 peaKTOPUHTY, 1110 HE OyJia NPUCYTHS B YTUIiTaX pedaKTOPUHTY, a
caMe — JofaBaHHs peanizaiii npotokony Equatable. Byno po3po0Gieno ii nporpamuy
IMIJIEMEHTAIlII0 3a JOMOMOIOI0 KOMIOHEHTIB 1 PecypciB, L0 HAJAIOThCS B MeEXKax
koMnoHeHTy sourcekit. [[nsi mepeBipku NpaBUIBHOCTI Ta BIJAMOBIAHOCTI yMOBam
PO3p00OKHU OyJI0 CTBOPEHO Ta MPOBEACHO PsiJi BUTPOOYBaHb.

Bcranosneno, mo o6uaBa MexaHi3MU pedaKTOPUHTY, SIKI MIIATPUMYIOTHCS
MOBOIO MporpaMmyBaHHa Swift, MatoTh 0OMEKEHUN KOHTEKCT 1 0OMEXEHY 30HY Ali Ta
3actocyBaHHs. Came TOMY MOXKJIMBICTh PO3LIMPEHHS (DYHKI[IOHATY Ma€ 0a3yBaTUCh HE
Ha JIOKAJIHHOMY PiBHI OMpAIIOBAaHHS KOJYy, @ HAa BEPXHbBOMY piBHI, 1€ MOXJIUBO
MOEAHATH KUIbKAa BUXITHUX (PaiiiiB, IO YacTO BIOYBAETHCS Y peaibHUX MPOEKTAX.
PoGora Oyna HampaBiieHa Ha po3poOKy BIACHOI Jii pe(akTOPUHTY IJisd aHaTi3y Ta
OTpPUMaHHSI JOCKOHAJIOTO MPEACTABIEHHS MPO IMEepeBaru Ta HEIOJIKH ICHYIOYOTro
KOMIOHEHTY. Sk pe3ynbrar, Oylo 3ampolOHOBAaHO HOBHM MiAXiA N0 3A1MCHEHHS
pedakTopuHTy, 110 JO3BOIUTH BUPIIIUTH OMKUCAHI BUIIIE TPOOIEMHU.

Y pesynbrari ekcnepuMeHTiB 3 icHyrouuM APl yrtumit sourcekit, mio
BiAMOBiAa€ 3a pehakTOpuHr y MoB1 Swift, OyJ10 BCTaHOBIEHO, 110 AJIsI JOJJABAHHS JIUIIIE
OJTHO1 BIAHOCHO TMPOCTOI Aii pedakropuHry HeoOxigHO Oyno Hamucatu Oiau3bko 300
pAnKiB Komy. | HeMae mpuuMH BBakaTw, IO B I1HIIMX BUIMAJAKax MOTPIOHO Oye
HAIMCaTH CYTTEBO MEHIY KUIBKICTh PSIKIB KOIy. TakMM YMHOM, ICHY€ aKTyaJlbHa
norpeda B yJOCKOHAJIEHHI Ta aBTOMATHU3ALlll MPOLECY PO3MIUPEHOr0 pePaKTOPHUHTIY,
o0 J03BOJNIMJIA O MpPOrpaMmicTy YHUKHYTHM HalMCaHHS YUMaloi KUIBKOCTI
«1H(pPaCTPYKTYypPHOTO» KOy, O1JIbIIIE€ 30CEPEIUBIINCEH HA KIHIEB1M MET1 pe(aKTOPUHTY.

Hanucanuii xox (peanizamisi metoaiB isApplicable(), performChange()) € yactunoO
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MoBH Swift 1 HEe MOXe MapaMeTpu3yBaTUCh MPHU BUKOHAHHI (ycl HOB1 (yHKIIIT
pedakropunry, siki AOJAIOTHCS, CTpPOro (opMali3oBaHi 1 peai3yrThCs JIUIIE
BIIMOBIHO /10 HAJJTAHOTO (PPEUMBOPKY).

Xou mpoBeAieHE TOCTIIKEHHS 1 Majlo OOMEXXEHHsSI uepe3 HalpaBlEHICTh Ha
OJIMH KOHKPETHUM TUM pedaKTOPUHTY, 110 JO0AABABCS, BOHO AAJ0 3MOTY OLIHUTH
MEPCIEeKTUBHI HAIMpPSMKUA TOJANBIINX JOCHIIKEHb, CEpPel SKUX MOXXHA BUIUTUTH
pPO3pOOKY METOIIB 1 CHOCO0IB pedakTOpuHTy, M0 HE 3ajexaTh MOBHICTIO BIJ
MOYaTKOBOIO KOy MOBU MporpamyBaHHs. Lle moB’s3aHo 3 TUM, 10 HOBUM MiAXiJT HE
Oyze MaTu 0OMEXEHb 10 pe(paKkTOPUHTIB, K1 € B ICHYIOUOMY (K OT AOCTYI JIUIIE 10
koHTekcTy Bukimkanoi faii). (Tkachuk & Bulakh, Research of possibilities of default

refactoring actions in Swift language, 2022)
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PO3/ILI 4. 3BACTOCYBAHHSI ®OPMAJII3OBAHUX
3HAHB [MPO MOYATKOBUI KO JJI51 3AIACHEHHS
PE®AKTOPUHTY Y MOBI SWIFT

4.1 Orusia miaxoaiB 10 YIOCKOHAJICHHS MPOLEIyPH

pedaKkTOpUHTY

Bukopucranus crTaHgapTHOTO miaAXoay (TOro, WO MPOMOHYETHCS —SK
HEB1J’€MHUN KOMIOHEHT MOBH) il pedakTopuHry y mMoBi Swift € oOMmexeHuM.
(Tkachuk & Bulakh, Research of possibilities of default refactoring actions in Swift
language, 2022) [{onaBaHHs HOBUX il pe(paKTOPUHTY 3/1MCHIOETHCS CYTO 3a OJTHUM
MPUHIIUIIOM, 10 YHEMOXJIUBIIIOE JI0IaBaHHs 00OPOOKH HECTAHAAPTHUX CUTYAIIH.

Jlns HanucaHHs 1ii pedakTOpUHTy 00OB’SI3KOBO MaTH KOMIIUIATOP, OCKUIbKU
peakTOpUHT TIpalfO€ HE 13 «CHPUM» KOAOM, a 13 MOro MpeaCTaBICHHSIM —
a0CTpaKTHUM CUHTAKCUYHUM JepeBOM. BUKOpUCTaHHS AOJAHUX I MOXIIMBE JIUIIIE
3a iIX «OCHOBHUM» IMpPHU3HAUCHHSIM O0€3 MOXJIHMBOCTI TapaMeTpu3allii Ta 3MiHU
BJIACTUBOCTEH MiJ yac poOOTH 13 yTwiiTow. Ta i HanMcaHHs HOBUX JI € CKJIAJHUM,
10 YHOBUIBHIOE MIPOIIEC MOSBU HOBUX MOKIuBocTel pedakropunry (Lacerda, Petrillo,
Pimenta, & Guéhéneuc, 2020). Came 111 iepennigeH1 oOMeKeHHsI, 1110 HaKIagaloThCs Ha
MpoIIeC pO3POOKH HOBUX il pepakTOpUHTY, 3yMOBIIIOIOTh BIJICYTHICTh PI3HOMAHITTS
IiH, 110 MOXXYTh BUKOHYBAaTHCh, BY3bKy HAIIPaBJIEHICTh THUX JMii, 10 BXE ICHYIOTb
(3acTocyBaHHsI JIMIIIE /IO TIEBHOI YACTUHU KOAY 13 OJIHIEI0 MeTot0). J{iig Toro, abu matu
MOXJIMBICTD 3/[1HCHIOBATH MOBHOI[IHHUM pe(haKTOPHUHT 13 3aCTOCYBAHHIM METOUK, 1110
MPOTNOHYIOThCA B Karano3i antunarepHiB koay (Catalog of Refactoring, 2023),
HEOOX1JTHO MaTu BETUKHUN HAOlp IHCTPYMEHTIB, 110 HEMOXJIMBO Y€pe3 CKIAAHICTh iX
po3podku (Almogahed, Omar, & Zakaria, 2022). Po3poOHuKH, 10 3A1HMCHIOIOTH
pedakropuHr, 3MymieHI B TakoMy pasi Oarato poOoTH miJ 4Yac pedaxToOpuHry
BUKOHYBAaTU BpY4YHY, 110 3BOJUTh HaHIBEIb 3aBAaHHS AaBTOMATHU30BaHOTO

pedakTopuHTy 1 301IbIIY€E KUIbKICTh TOMIIIOK Y KoAil. (Kaur & Singh, 2019)
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JUist Toro, abu yHUKHYTH YCIX ONMCAaHUX BHILE OOMEXKEHb, NMPONOHYETHCS
BUKOPUCTAHHS CYTHOCTEH 1 MOHSTH 31 CKJIay TOBHOIIHHOT 0a3u 3HAHb MPU 31HCHEHH1
pedakropunry. Tomi KOpHCTyBad MOBHHEH OMUCOBO C(OPMYIIOBATH 3aBJaHHS Ha
pedaktopudr. (Morales, Soh, Khomh, Antoniol, & Chicano, 2017)

OT1xe, Takuil MeTON 3M1MCHEHHS peaKTOPUHTY, IO 1 MPOMOHYETHCA B JaHIN
JUcepTallii, TOBUHEH 3/1MCHIOBATH pe(aKkTOPUHT HAa OCHOBI BXIJHOTO 3aIUTy, SKUU
CKJIaJICHU 3 TOHATH Oa3u 3HaHb, SKI OMHUCYIOTh JETajl IIOYaTKOBOTO KOIY.
[HHOBAIIHICTE TAKOTO MIAXOAY B TOMY, IO Ha JAHWI MOMEHT HAa PUHKY HE ICHYE
MPOTPpaMHUX MPOAYKTIB JyIsi pedaKTOPUHTY, B caMiii OCHOBI sIKUX Oysio O 3akiiajgeHo
OpI€EHTAIli}0 HA BUKOPUCTAHHA 0a3u 3HaHb MPO MOYATKOBUN KOJI, K 11€ MIPOMOHYETHCS

B JIaHI{ auUCepTalii.

4.2 JlocaiakeHHs 3aCTOCYBaHHS ()OPMAJII30BAHUX 3HAHD Y

npoueci pepakTopuHry

[lin yac BUKOHAHHA AOCHIIKEHHS Oyn0 3M1MCHEHO MOIIYKOBY pPOOOTY Ta
BUSIBIICHO NpoOJSeMH, SIKI HE MOXYTh OyTH BHpIIIEHI 3aco0amMu CTaHAapTHOIO
pedaxropunry. (De Nicola, Di Stefano, Inverso, & Uwimbabazi, 2022)

Jlist pukiaay 1 mOpiBHAHHS Oyllo 0OpaHO MpoUEeAypy MOIIYKY BCIX METO[IB,
AKI MawTh Ouibiie, HiX 3 mapameTpu. byno mnepeBipeHo BOymoBaHMil 3acid
pedaKkTOpuHTY ISl OTPUMAHHS PE3YyJbTaTy ISl MOPIBHSHHS (3aBIaHHS BHUSBUIOCH
HenmocwibHUM). Takuih ke TecT Oylo TMpPOBEACHO s JOAATKOBUX YTHIIT
pedakTopuHTy, K1 IPAIIOIOTh HA PETYIISIPHUX BUpa3zax. byno oTpuMaHo pe3ynbrar, 1o
BOHHM HE 371aTHI BUPIIIUTH Take 3aBaaHHs. (Hammad, Babur, Basit, & van den Brand,
2022)

Jlns motpe0d AaHOTO JOCHIIKEHHS «3 YUCTOTO apKyllia» Oyao po3poOsieHO
apxXiTeKTypy HOporpamMHoi 0a3u 3HaHb, apPXITEKTypy MNPOTrpaMHOro ABUTYyHA 1 iX
peaizariito.

Po3pobiniena nporpamHa yTuiita npuiiMae Ha BX1J pAJIOK, AKUWA MOAIOHUI 10

HactynHoro: Test.swift find func paramsCount greaterThanOrEquals 3.
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J11st Toro, abu BC1 3alIUTH BUPILLYBAJIUCH YCIIIIHO, HEOOX1AHO 3A1CHUTH OITUC
CYTHOCTEH Ta IMOHATH 1 MPAaBHIBHO 3amporpamysaru ix oOpoOky (Al Dallal, 2012).
Came nns mporo 1 ciyrye 0a3a 3HaHb. Y JIaHOMY MpOEKTI 0aza 3HaHb — II€
(dhopmanizoBaHHil OMKUC MOYATKOBOIO KOy, HamucaHoro Moot Swift. Bona mictuth
HOr0 BIACTUBOCTI, BIATIOBIIHOCTI MIXK «CUPHUM» KOIOM, CyTHOCTSMH 1 IOHATTSAMH KOIY
(x1acu, CTPyKTypH, pSAKOBI JITEPANIN), iIXHIMU BIIACTUBOCTAMM (Ha3Ba, 1IEHTU(DIKATOD,
KUIBKICTh ~ TApaMeTpiB) Ta [JiAIMHU, SKI MOXYTh BHUKOHYBarucs (IIOLIYK,
nepeliMenyBaHHs). Takuii omuc Moxe OyTu ¢dopmanizoBaHHil, HampukiIajd, 3a
JIOTIOMOTOI0 OMMCOBUX JIOTIK (Ta BiAMOBIAHUX MOB Ha kmTaaT OWL-DL), ognak y
JaHOMY JTOCHIJXKEHHI, JJIs CHPOLIEHHS, CTBOPIOETHCS META-OMHUC 3a TIEK0 K MOBOIO
nporpamyBanHs Swift. (Tkachuk & Bulakh, Usage of formalized knowledge about
source code for refactoring actions in Swift, 2022)

Ha Pucynok 16 nogano miarpamy kiaciB. Bona onucye yactuny 06a3u 3HaHb,
sKa MICTUTbh Y cOO01 BJIaCHE 3HAHHA MPO TUII CYTHOCTI String Ta sIK1 BIaCTUBOCTI BOHA

Mae.

TaskType: enum

- _visitorToFind entityipe: Enﬂt-y-'-l'ype )_->_FinderVisitor?
ype:

- _rewriterToModify(__entity _EntityType)_->_ModifierRewriter?_

EntityType: enum ]
S String: class
inherits—— - B

OperatorType: enum

PropertyType: enum

- apply<T: StﬁngProt;ooI>(targat: T, value: T) -> Bool
- apply<T: Si?anedNumeriv(target: T, value: 'Q -> Bool
- apply(target: [String], value: String) -> Bool

Pucynox 16. Jliarpama kiaciB Jyisi CyTHOCTI String
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3aBISKY TPOTOKOJIbHIN Oprasizauli Koay, Oy[b-sKy CyTHICTb MOXXHA OIUCATH
3a JI0MOMOTo0 (hOPMaII30BAHUX METOIB, IO J103BOJIUTH €(PEKTUBHO PO3IIMPIOBATH
(yHKI10HAT MPOTPaMHOT0 IPOAYKTY 3 pe(aKTOPUHIY HA OCHOBI IaHOTO MI1JXOY.

Ha Pucynok 17 300pakeHo Jaiarpamy KJaciB JJIsi IpOrpaMHOro ABUTrYyHA. Bin
3aCTOCOBY€ETHCS y pa3l HAIXOMKEHHS 3alUTy HA aHajll3, SK-OT «IOIIYK», YH 3MIHY

(BnacHe, 3acTocyBaHHS pedaKTOPUHTY).

LocalizationModifierRewriter:  class SyntaxRewriter: class

- visit(_ token: TokenSyntax) -> Syntax

RenameModifierRewriter: class
ModifierRewriter: class

- var condition: Condition? i i
- var value: String? 1 - visit(_ node: ClassDeclSyntax) -> DeclSyntax
- visit(_ node: StructDeclSyntax) -> DeclSyntax

- configure(condition: Condition?, value: String?) - visit(_ node: FunctionDeclSyntax) -> DeclSyntax
- visit(_ node: FunctionCallExprSyntax) -> ExprSyntax
- init(_ entity: EntityType)

Pucynok 17. Jliarpama kjaciB Jyisl pOrpaMHOIO ABUTYHA

JIBUTYH 3[1ICHIOE IPOYUTAHHS [1I0YaTKOBOTO KOJy, HaJICHUJIa€ Oro Ha OLIHKY B
MOIyJb 0a3M 3HaHb 1 IMOBEPTAE PE3yIbTAT KOPHUCTYBAau€Bl y BUIVISAL TEKCTOBOI
BIIMOBI1 YM 3MIHEHOTO TTOYATKOBOTO KOJTY.

Ha Pucynok 18 300pakeHO nmiarpaMmy KjaciB, IO OMHCY€ B3a€EMOJIIIO KJIACIB
IBUTYHA 13 KJJacaMU, 1110 IPEICTABIIAIOTh 0a3y 3HAHb.

Po3pobniennii mpoTOoTUN € YTUIITOO KOMaHAHOTO psnka. CTBOpeHHS
rpagiyHoro iHTepdeiicy KopucTyBaya HE € JOLUIBHUM, OCKUIBKM YTHIIITAa MOXE
BUCTYNATU CyO-IPOLIECOM JJIsi 1HTETPOBAHOTO CEPEAOBHUINA PO3POOKU YU
cnenianbHoro TekcroBoro penakrtopa. (Tkachuk & Bulakh, Usage of formalized

knowledge about source code for refactoring actions in Swift, 2022)
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StructDeclSyntax: class ClassDecISyntax: class

undefined: extension undefined: extension

- propertyValue(for property: PropertyType) -> Any? - propertyValue(for property: PropertyType) -> Any?

conforms to

TokenSyntax: class
PropertyValue: protocol
- propertyValue(for property: PropertyType) -> Any?
conforms to conforms to conforms to

undefined: extension undefined: extension undefined: extension

- propertyValue(for property: PropertyType) -> Any? - propertyValue(for property: PropertyType) -> Any? - propertyValue(for property: PropertyType) -> Any?

FunctionDeclSyntax: class FunctionCallExprSyntax: class

Pucynok 18. Jliarpama ki1aciB y 4aCTHHI B3a€MOJIii JBUTYHA 13 023010 JaHUX
JUtst mepeBipKU yCIX MOCTaBIECHUX 0 NPOAYKTY BUMOT OyJO 311MCHEHO Pl

TECTOBHUX 3aITyCKIB 1 IEpeBIpKa KpailOBUX YMOB BUKOHAHHSI.

4.3 Pe3yJbTaTi MPOBEAEHOT0 JOCJIII>KEHH S

BaxxnuBoro BIACTHUBICTIO pO3pO0JIEHOr0 MPOTOTUIY MPOrPAMHOIO MPOIYKTY €
T€, IO KOMaHAM, SIKI TOAAIOTHCS, HE € <OKOPCTKUMU», TOOTO HE MAIOTh OyTH
chopmoBaHi juiie y neBHoMy ¢ikcoBaHOMY BuUrIsiai. Hampukian, koManna rename
class name equals Test Renamed He TOBUHHA OyTH 3alIpOrPAMOBAHOIO CAME B TAKOMY
BUINISA1. BOHA MOBHHHA yCHIIIHO BIANIPALIOBATH, HABITH SIKIIO 3MIHUTH TUI CyTHOCTI
Ha CTPYKTYpY: rename struct name equals Test Renamed. ToO6TO, mporpamMa miITpumMye
JIOT1YHE BUBEJEHHS 13 KOMOiIHAIi JOCTYNMHHUX (peali30BaHUX) CYTHOCTEN, OHSTh, A1
1 NMpaBWIbHO BUKOHYe 3aBAaHHsA. Came 3aBISKHM TaKiil BIACTUBOCTI JOCSTA€THCA
BHUCOKHI MMOKa3HUK MacITa0yBaHHS IPOrPAMHOTO MPOAYKTY, OCKIIbKHA Ha TIOYATKOBIH
cTajli po3poOisieThCsl MBUTYH, IIO OMPAIlbOBYE KOMAaHIy 1 BHKOHY€ 1ii, a MOTIM
JIOTIOBHIOETHCSL JulIe 0a3a 3HaHb OMUCOM CYTHOCTEW, iX BIIACTUBOCTEW, i, 110

MOXYTh OyTH BUKOHAHI.

87



OCHOBHOIO TEPENOHOK TpPHU PO3poO0Ill MPOTPAMHOTO MPOTOTUILY Oyl
OTPUMaHHS MOJIMBOCTI TMpalioBaTh 13 aOCTPaKTHUM CHUHTAaKCUYHUM JE€PEBOM.
O6poOnsiTh  «cupuil» mModarkoBUM kox 1 (opmanizyBaThd HOTo BIACHOPYY —
Hee(peKTUBHE 3aBIaHHs, OCKUIBKM caMe€ TaKe 3aBJaHHS BUPILNIYETHCS MOYATKOBUMU
ertanamu kKomnuisitopa MoBu Swift. To6TO y BuUnaaxky BiacHoi peamizauii QyHKII
00po0OKu, 11e Oyno 0 HamMCaHHSAM KOMMUISATOpA «3 HYJs». JOIIIbHICTH BUKOHAHHS
Takoi poOoTH 3anumaeTbes mig BenukuM cymHiBoM. (Tkachuk & Bulakh, Usage of
formalized knowledge about source code for refactoring actions in Swift, 2022)

Jl71s1 Toro, abu OTpuMaTH AOCTYII 10 a0CTPAKTHOTO CHHTAKCUYHOIO JEPeBa, 110
TE€HEPYETHCSI KOMIIUIATOPOM, HEOOX1THO MaTh JOCTYH JI0 JIGKCUYHOTO aHalli3aTopa Ta
TOKEH13aTopa, 0 € CKJIaJOBUMH KOMIILIATOpA 13 O10mioTeku libSyntax, HanrcaHoi Ha
C++. lns po3poOku mpoToTuiry Oylio BUKOpUcCTaHO 0i0mioTeky SwiftSyntax, sika €
BHCOKOPIBHEBOIO 00TOPTKOIO i 010mioTexu libSyntax.

brok-cxema anroputMmy poOoTu mporpamu 300paxeHa Ha Pucynok 19.

Po6Gora 13 mporpamoro 3A1HCHIOETbCS depe3 TepmiHai. s moyarky podboTu
HEOOX1/THO BBECTH KOMaHy B TepMiHall. [licas nporo mporpama mpaioe caMmoCTIHHO 1
He noTpedye BBEAEHHS JOJATKOBUX JAaHUX BiJl KOPUCTYBaya.

[Ticnst oTpuMaHHsT KOMaHAW TOYMHAETHC 11 IepeBipKa HA KOPEKTHICTD.

VY BUNaAKy, SKIIO KOMAaHJa BUSBHJIACA HEKOPEKTHOIO, MpOrpaMa 3aBepulye
BUKOHAHHS 1 BUBOAMTH BIJIMOBIJHY MOMMJIKY. SIKIIO K KOMaHJa € KOPEKTHO, TO
porpamMa MnpojioBKye poooTy.

[Ticnst mepeBipKU KOMaHAM 3A1MCHIOETHCS 1HINIAMI3AIlIS KJIacy, 32 JOMOMOTOIO
SKOTO 3A1MCHIOEThCA MPOXOMKEHHS Mo (ailily, 1o MICTUTH No4yaTkoBUU koi. Kiac
BUOUPAETHCS Ta HAIAIITOBYETHCS BIAMOBIIHO 10 HATMCAHOT B KOMaH/I1 3a]1a4i.

J171s1 KO’)KHOTO By3J1a IPOTPaMH, 110 MiNaae i yMOBH, 3a3HAa4€H1 B KOMaH/II,
BUKOHYETHCSI OLlIHKA yYMOBHM 1 3aCTOCYBAaHHSI 3aBJaHHS, IO BKJIIOYAE BUBEIICHHS
pe3ysbTary poOOTH y Tii UM 1HIIIA GopMi.

[Ticnst 0O6poOKu BCiX By3JiB IporpamMa 3aBepIlye€ BUKOHAHHS.
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Jlns peamnizaliii 3amporOHOBAHOTO METOJy B MPOTPAaMHOMY HPOTOTHI, JJis
MOYaTKy MOXXHA PEKOMEHYBATH MiJTPUMKY CYTHOCTEH, BIACTHBOCTEH Ta 3amad, sKi

onwucadi B TaOmurg 2.

BeeneHHnA
KOMaHamn

OuiHka
KOPEeKTHOCT
KOMaHau

Komanpa
npasunbHa?

IHiWianizauia
NPOXOXKEHHA Mo
nepesy

——

Ouinka ymoBu ana
By3na

Y

BUKOHaHHA
3aBaaHHA

3anuwwunuca
By3nu1?

Hi |g

Y

Pucynok 19. biok-cxema anroputMmy nporpamu
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[Tix yac ouiHkM pe3yabTaTiB Oyl0 NPOBEACHO psAl TecTiB. HalO1abIn moka3osi

TCCTHU IIOAAaHO HUKYC.

Ha Pucynox 20 300pakeHO MOYaTKOBUU KOJA, HamucaHuii MoBoro Swift. Jls

MEePEBIPKU MOXKIHMBOCTI CTBOPEHOTO MPOTPAMHOIO MPOTOTUIY 3HAXOIUTH B KOAII

00’€KTH, SAKI HEMOKJIMBO 3HAWTH

13 BHUKOPHUCTAHHSAM CTaHAApPTHUX 3ac00iB

pedakropunry, BukoHaeMo HacTynHy komaHny: refactor Test.swift find class conforms

to FirstProtocol. Pe3synbratom poOOTH mporpamu € Jiama3oH y TEKCTI MOYaTKOBOTO

KONy (psIIOK TTOYATKy 1 CHMBOJI Ta PSAJOK 3aKIHUEHHS 1 CUMBOII).

Tabnuus 2. [IponoHoBaHui PpyHKIIOHAT

Tun napamerpa

JlocTynHi BapiaHTH

3amaui

find (momyk), rename (nepeiMeHyBaHHS),

localize (moxamizartisi)

CyTtHocCT1

class (kmac), struct (cTpykTypa), string

(psiaxoBuit mitepan), func (pyHkIis/MeTON)

BnactuBocti cyTHOCTEM

name (Ha3Ba), paramsCount (KIJIbKICTh
napameTpiB), conforms (peasniszye), inherits

(ycmaakoBye)

Oneparopu

equals (mopiBHIOE), contains (MiCTUTB), from
(Bin), to (m0), greaterThanOrEquals (6inb111e

YU JIOPIBHIOE)

Ha Pucynok 21 BuaineHo aiama3oH, SIKMM mporpama 3Hauliuia B pe3ysbTari

oTpuMaHoro 3anuty. OdiKyBaHUM pe3yibTaT — PO3TAllyBaHHS OTOJIOIICHHS KJacy

SecondTestClass.
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class FirstTestClass {
class SecondTestClass: FirstProtocol {
var name = "SecondTestClass"
func shouldReturnTrue(for item: String, secondItem: String) {
return true
¥

var name = "FirstTestClass"

func returnTrue() -> Bool {
return true

}

protocol FirstProtocol {
func shouldReturnTrue(for item: String, secondItem: String)

}
Pucynoxk 20. [TouaTkoBuii Koz 10 3MiH
Ak MoxHa 0auuTH, MPOrpaMa YCHIIIHO BIOpasiacs 13 BUKOHAHHSM 3aBJaHHS,
HE3Ba)XKalOuM HABITh HAa T€, IO LIYKAHUU KJIAC 3aJ€KJIapOBAaHUN SIK BHYTPILIHIN IS

THIIIOTO KJIacy.

class FirstTestClass {

2 class SecondTestClass: FirstProtocol {
3 var name = "SecondTestClass"
4
5 func shouldReturnTrue(for item: String, secondItem: String) {
6 return true
7 b
8 }
var name = "FirstTestClass"

func returnTrue() -> Bool {
return true
¥
}

protocol FirstProtocol {
func shouldReturnTrue(for item: String, secondItem: String)

I

Pucynok 21. Pesynsrar 1is nepuioro tecty

VY npyromy TeCTi BUKOPUCTAEMO TOM ke K MOYATKOBHUM KO, 0 ¥ B MEPIIOMY
(Pucynok 20). Aune 371iCHUMO TEpeBIpKY TIOIIYKY OO’€KTIB Ha OCHOBI IX
XapakTepUCTHUK. JJist IbOTO 3aITyCTUMO Ha BUKOHAHHS komaHAy: refactor Test.swift find

func paramsCount equals 2. OuikyBaHuil pe3yapTaT — MOporpama 3Haie MeToA
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shouldReturnTrue. (Tkachuk & Bulakh, Usage of formalized knowledge about source
code for refactoring actions in Swift, 2022)
VY upomy BUMajKy mporpamMa Bujaaina asa pesynasratu. [lepmmii (Pucynok 22) —

OTOJIOIIEHHS METOY, AKUW Ma€ JIBa MapaMeTpH, B IPOTOKOII.

protocol FirstProtocol {
18 func shouldReturnTrue(for item: String, secondItem: Stringﬂ

Pucynok 22. Pesynbrar | mig gpyroro recty
Hpyruit  (Pucynok 23) — peanmizaimiss MeTony B Kiaci, SKAW peanizye

BUIIE3raIaHUN TPOTOKOJL.

class FirstTestClass {
class SecondTestClass: FirstProtocol {
var name = "SecondTestClass"

func shouldReturnTrue(for item: String, secondItem: String) {
return true

~N o

|

var name = "FirstTestClass"
func returnTrue() -> Bool {
return true
h
Pucynok 23. Pe3ynbrar 2 11 Ipyroro Tecty
Otxe, OYIKYBaHUM pe3ylbTaT BIANOBIAAE MIMCHOCTI — OyJI0 NPaBUIBLHO

3HAMIEHO BCl 3TaJIKW METOMIB y IIOYAaTKOBOMY KOJi, SIKi BiANOBIIAIOTH 3aJaHUM

YMOBaM.

92



BUCHOBKMU J10 PO3 ALY 4

3a pe3ynbraraMu  €KCIEPUMEHTAIbHUX JOCILKEHb Oyl0 OTPUMAaHO
MIJITBEP/KEHHS TOTO, [0 CUCTEMH aBTOMATU30BAaHOTO aHali3dy ¥ pedaKTOPUHTY, 1110
BXE ICHYIOTh, HE TMOBHICTIO 3aJ0BOJIbHSIOTh MOTPEeOU KIHIIEBOTO KOpUCTyBaya 1 He
3/1aTHI BUKOHYBAaTH BiJJHOCHO HETPUBiabHI 3aBAaHHS pe()aKTOPUHTY.

JIns 3MEHIIEHHS KIIbKOCTI TMOMMJIOK, BHECEHUX TI1Ji Yac BHUKOHAHHS
pedakTopuHTy, CHPOIIEHHS CaMOTO MPOIECY BUKOHAHHS PYTUHHUX /1l MPONMOHYETHCS
BUKOPUCTOBYBaTH HOBUM cmoci0 sl pepakTOpUHTY, IO MOJsirae B poOoTi 13
BHCOKOPDIBHEBUMH KOMaHJaMHU KOPHUCTyBaya Ha OCHOB1 (OpMali3oBaHOTO OIUCY
MIOYaTKOBOI'O KOAY pa3oM 13 0a3010 3HaHb, IO MICTUTh OMUC CYTHOCTEH KOIy Ta iX
BJIACTUBOCTEH (SAKI KOHKpPETHI Jdii MOXXHAa BHUKOHATH 13 HHUMH). Y JOCITIIKEHHI
pedakTOpUHT MOYATKOBOTO KOAY 3/I1IMCHEHO HA MPUKJIIA/I MOBH MporpamMmyBaHHs Swift.
PexoMeH10BaHMI MiAXiT KOMIOHEHTHOI apXiTekTypu (0a3a 3HaHb, MNPOrpPaMHUMN
JIBUTYH) B TOJIAJILIIIOMY JIO3BOJISIE€ PO3IMIUPUTH (QYHKIIIOHA TPOTPAMHOI0O MPOAYKTY Ha
1HIIIl MOBH MPOTPaMyBaHHS.

J171s1 mepeBipKH 3alIPOTIOHOBAHOTO MiAXOY OyJI0 BUKOHAHO pOOOTY 3 pO3pOOKHU
MPOTOTUITY MPOTPAMHOTO MPOAYKTY 13 BUKOPUCTAHHSIM 3aIIPOTIOHOBAHOTO MMiAXOTY JIs
MEepPEBIPKM Ta TMOPIBHSHHS pe3yiabTaTiB 3 I1HIIKMMHU 3aco0aMu  pedakTOpHUHTY.
Po3po6iieHo yTrIliTY KOMaHIHOTO PsAJIKA, SIKa MpUiiMae Ha BX1J1 BepOajbHy KOMaHIy Ta
3[1ACHIOE BUBI1JI pe3y/bTaTiB 00pOOKH Ta aHali3y NOYaTKOBOT'O KOy (ITOIIYK CKIJIaHUX
KOHCTPYKIIMA y Koii) abo 3acToCOBy€ 3alpONOHOBaHy 3MiHY. Y pe3ylbTari
MPOBEJEHOTO TECTYBaHHS BCTAHOBIICHO, 1110 BUKOPUCTAHHS 3alPOIIOHOBAHOIO MiIX01y
JI03BOJISIE BUKOHYBAaTH CKJIaJIHI 3aBJaHHS pe(akTOpPUHTY 3a JIOMOMOTOI0 MPOCTOl
BepOapbHOI  ¢hopmasi3oBaHOi KOMaHAW. BuUKOHaHHS TakKoro K 3aBIaHHSA 13
BUKOPUCTAHHSM TIIbKU BOYIOBaHUX 3aCO0IB pe(aKTOPUHTY BHUMAra€e 3Ha4HO OiIbIIE
qacy Ta 3yCuib a00 K B3arajil HEMOXKJIHBE.

[lepeBaroro MpomnoHOBAHOTO MPOTPAMHOrO MPOTOTUILY € TE, IO BiH MOXE
BUKOHYBAaTU 3aBJaHHS pe(PaKTOPUHTY HECTAHJIApTHOTO THITY, aJanTyBaTHUCS T

noTpedy kopuctyBada. [IpoTe TrojlOBHOIO MepeBarol0 € IMIBUIKICTh 1 THYYKICTh
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JoJlaBaHHsl HOBOro (pyHKIioHamy. JlJisi IbOro BapTo JiMIlE omucatd y 0a3i 3HaHb (y
JAHOMY TPOTOTUITY — II€ OKpemi (ailmu B mporpami), SIK came MOB’si3aTH KOA 13
BJIACTUBOCTSIMU ISl IEBHOI CYTHOCTI 1 I0AATH KJIFOYOBI CJIOBAa B 0OPOOHUK KOMAH/I.

OOMEeXEeHHSIM TaHOTO TOCIIKEHHS € T€, 1110 He OyJI0 PO3NISIHYTO MOXIIUBICTh
OTpUMaHHs a0CTPAKTHOTO CUHTAKCUYHOTO JEepeBa JUIsl 1HIIUX MOB MPOrpaMyBaHHS Ta
MOXJIMBICTh MOTO 1HTETpallii i3 po3po0IeHOI0 CXeMOIO 0a3u 3HAHb.

[lin wac anami3zy pe3ynbrariB Oyji0 BUSIBICHO, IO JOCHIHPKEHUM MIAXiA Ta
MPOTOTUIl HAa MOr0 OCHOBI Ma€ TMEPCHEKTUBU JJi1 PO3BUTKY 1 MOJATBIIOT
KoMmepiianizamii. TakuMu HanmpsiMKam# CJiJlT BBaXXaTW MIATPUMKY KIJTbKOX (hailnis,
00’ eIHaHHS KUIBKOX YMOB B OAH1I KOMaH 11 Ta MiATPUMKY 1HIIUX MOB IIPOIPAMYBaHHS.
Takox y SIKOCT1 pO3BUTKY 1/1€1 AOLIBHO PO3MISIHYTH OMUC 3HaHb MPO KO HE y dhopmi
lepapxii KJ1aciB MOBU ITpOrpaMyBaHHs, a y PopMi iepapXii MOHSTH Ta CyTHOCTeW. BoHu
MOXYTh OyTu omnucani MoBamu Tuity OWL 13 BUKOpUCTaHHSIM BiANOBITHUX 3ac001B
JIOT1YHOTO BUBEJICHHS.

JIns1 eKcepuMEHTAIbHOTO MIATBEP/KEHHS JaHOo1 171ei OyJ0 MpOBENEHO psll
HETPUBIAJIBHUX OlEpallii, HeAOCTYMHUX JJIsl CTaHAApPTHUX 3acO0IB pedakTOpHHTY.
Opnnak copMynboBaH1 TBEPIKEHHS CIPABEIIUBI 1 JJiT 0OpOOKH KONy, HAlMCAHOTO

IHITUMHA Cy4aCHUMHU BI/ICOKOpiBHeBI/IMI/I MOBaMHM IIpOorpamMmyBaHHA.
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PO3/I1JI 5. ONUC 3HAHB ITPO MOYATKOBHUH KO/
3 BAKOPUCTAHHSAM OHTOJIOI'T

5.1 Onuc meToay 31ilICHEHHS ABTOMATHU30BAHOI0 pepaKTOPUHTY

CTBOpPUBIIIM OHTOJIOTIIO, SIKa MPEICTABIISAE MTOHITTS, BIIHOCHHU Ta BIACTUBOCTI
€JIEMEHTIB IMOYaTKOBOTO KOy, TAKUX K KJIacCH, METOH, 3MIHHI Ta 1X B3a€MOJisl, CTa€
MOXJIMBUM OXOIUTIOBATH Ta OPraHi30ByBaTHU 3HAHHS MpO KomoBy 0Oa3zy. lle 3poOuTh
MOXJIMBOIO peati3allilo pi3HUX KOPUCHHUX (PYHKIIIH CUCTEMU pe(PaKTOPUHTY, TAKUX SK
aBTOMAaTH30BaHUM aHaJ13 KONy, TeHepallis JOKYMEHTAIlli KOJTy, CEeMaHTHYHUI MOITYK Ta
MIPKYBaHHSI MPO CTPYKTYpy Ta MOBEAIHKY Koay. OHTOJOTi MOXYTh JOIMOMOITH
pO3pOOHMKAM Ta IHXKEHEpaM IMpPOrpaMHOro 3a0e3MeUeHHs Kpalle po3yMITH Ta
MaHIMyIIOBaTH MOYAaTKOBUM KOJOM, HAJal04u CTPYKTypOBaHE MpPEACTaBICHHS HOTO
cemantuku. (Happel & Seedorf, 2006)

Posmiupeni  cuctemMu  aBTOMAaru30BaHOTO  pe(AKTOPUHTY Ta  aHaJi3y
MOYATKOBOTO KOy MOXKYTh OTpPUMAaTH MEpeBaru BiJl BIACTUBOCTEH 0a3u 3HAHb, fKI
HIATPUMYIOTBCSI OHTOJOTIE0. BOHM MOXYTh 30€piraTé NOCUJIAHHS MIXK CYTHOCTSAMHU
KOJly, CTPOTO BH3HAYaTH iX THUIM, HAJACWJIATH 3alHUTH 0 0a3u 3HAHb Ta BUKOHYBaTH
Oyab-Kl BHUJIM JIOTIYHOTO BUBEJEHHS II0A0 JaHUX. BOHU MOXYTh JIOMOMOTTH
nonaBatu abo0 TMepenucyBaTH TMOYATKOBUM KON 3 TapaHTielo, MmO BiH Oyne
xoMIuttoBarucs (Ha BiaMiHy Big cuctem LI 3 HecnenudikoBanumu abo HEYITKUMHU
MPOIYKIIHUMHU TPaBUIIaMu).

Bukopucranus oHTONOrN J71s1 30€piraHHs 3HaHb PO MOYATKOBUN KO MOXKE
OyTH CKIAQJHUM Yy CTBOPEHHI Ta OOCIyroByBaHHI, BHMAaraiuud €KCHEPTH3U B
IIpEeIMETHIN 00JacTl Ta NOCTIMHUX 3YCHJIb, HAIPABJIEHUX Ha MIATPUMKY aKTyaJlbHOCTI
Takux OHTojdorid. KpiM TOro, BIATBOpPEHHS IMOBHOTO OO0CATY KOJOBOI 0a3u Ta
YIpaBJIiHHS MaclITa00BaHICTIO MOX€E OyTH BUKIIMKOM, III0 pOOUTH MiAXO/IM HA OCHOBI

OHTOJIOT1M MEHII 3pYYHUMHU JJIsl BETUKHUX Ta PI3HOMAaHITHUX KOJIOBUX 0a3.
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JlocaiguMo MOXKJIMBOCTI BUKOPUCTAHHSI OHTOJIOTIT SIK (popMasibHOi 0a3u 3HaHb
PO MMOYATKOBUH KOJ Y aBTOMAaTU30BaHUX CUCTEMAX.

OWL BBaxkaeTbcsl KpallluM [Jis MPEICTABICHHS OHTOJOTIN 3aBASIKM CBOIHN
BUININ BUPA3HOCTI, BIAMOBIJHOCTI CTaHAApPTaM CEMaHTUYHOTO BeOYy, MOXKJIUBOCTSIM
JIOTIYHOTO BHUBEJIEHHS Ta J00pe po3poOJIEeHOMY €KOCHUCTEMi I1HCTPYMEHTIB, IO
JI03BOJISIE TOUHE MOJIENIIOBAHHS Ta B3aeMoji0. OaHak BHOIp MOBU MPECTABICHHS
OHTOJIOT1] B KIHLIEBOMY MIJICYMKY 3aJ€KHTh BiJI KOHKPETHUX BHMOT Ta CKJIaJHOCTI
nomeny, sikuit mogentoetbes. (Tkachuk & Bulakh, Describing the knowledge about the
source code using an ontology, 2023)

BpaxoByroun Bci BumiezazHadeHi ¢aktu, OWL Oyno oOpaHO OCHOBHUM
THCTPYMEHTOM JUJIsl CTBOPEHHSI 0a3H 3HaHb PO MMOYATKOBHUI KOJ.

dopmanizoBaHui MpoLec pePakTOPUHTY 3 BUKOPUCTAHHSAM 3allpOIIOHOBAHOIO
MeToay 300paxeHo Ha PucyHok 24.

BusHaueHHs MeToAy aHAJII3y Ta MOAM(piKaLii KOAY 3 BAKOPUCTAHHAM 0a3u
3HAHb:

Hexait X — MHOXHMHA TBEPIKEHb IOYAaTKOBOTO KOAY (OTOJIOIIEHHS,
NPUCBOEHHS, T. 11.), X' — MHOKHHA TBEP/KEHB IIOYATKOBOTO KOy ITICIIS ONPAIOBAHHS,
Y — muoxuna emementiB b3, Y' — muoxuna enementiB B3 micis ompairoBaHHS.
HeoOxinno po3pobutu anroputm a:X — Y 37aTHUM CTBOPUTU CYTHICTH Y B

MOBHOLIHHINA OHTOJIOTIT It VX € X, a Takox anroput™ b: V' — X',

ITouarkoBuiA Tlepsurna mogems 3 TBox Ta TTouaTkoBHIA
. aX->Y ABox i cucremoro norigsoro ~ b: Y’ > X'
KOZ KO
BHBEJICHHSI

Pucynoxk 24. ®opmanbHe NpeACTaBICHHS METOY
baza 3HaHb y 1IbOMY METO/II — MOJI€JIb MOYATKOBOTO KOMY, SIKa MICTUTh Ha0ip
TBox akciom (kjacu, aTpuOyTH 1 BIJHOIIEHHS IPO CUHTAKCHC MOBH IIPOTrpaMyBaHHS,
OCHOBHI BJIACTUBOCTI CMHTAKCHUYHHX KOHCTPYKIIIi), a Takox Oa30BUM HaAOIp akcioMm
JUIST MOXKJIMBOCTEH KiacuQikallii 1 BUBEICHHS HOBUX 3HAHb MPO €K3eMIUIApU. Takuid

Hallp 3aBaHTAXYyEThCS B 0a3y 3HAHb 13 OHTOJIOTIT MPO 00’ €KTHO-OPIEHTOBAHY MOBY
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nporpamyBanHs. Jlpyra yactuna 6a3u 3HaHb — Ha01p ABoX akciom, siKi 10Jal0ThCs Ha
OCHOBl CHHTaKCMYHOTO aHaji3y KOHKPETHOIO MOYaTKOBOTO KOAy. Y KIHIEBOMY
pe3ynbrari — 0a3a 3HaHb MICTUTh BUYEPIHUN MEpeNliK KIaciB, BIACTUBOCTEH,
BIIHOIIIEHb 1 €K3eMIUISIPIB, SIKI OMHUCYIOTh KOHKpETHHM moyarkoBuil koji. Ilim uac
poOOTH CHUCTEMM JIOTIYHOTO BHUBEJEHHSI yCl HEBKa3zaHi SIBHO (DakTu Ipo Kou Oyne
nofaHo B 0a3y 3HaHb, a YC1 CYNEpPEYHOCTI BUSIBJICHO 1 MOBiAOMIIEHO Mpo Hux. lle
BIIMOBIJaTUME BHUMOTaM aBTOMATHU30BaHOTO pPe(aKTOPUHTY, € KojA Oylae 3MIHEHO
BIIMOBIAHO /10 3HaHb MPO TaKUM pePaKTOPUHT Y BUKOPUCTAHIA OHTOJIOTII.
Ha 6nok-cxemi (PucyHok 25) 300paxeH0 KpOKU 3alIPOINIOHOBAHOTO METOLY:
® KOpPUCTYyBau BBOJWTH HEOOXIJHY KOMaHAY [Jii BUKOHAHHSA pePaKTOPUHTY
(KOMaHJI0F0 MOXK€ BHUCTYyNaTH 3alUT Ha OTpUMaHHS 1HQopMalii Mpo
MOYaTKOBUM KOJI UM 31MCHEHHS 3MIHU MTOYATKOBOTO KOAy a00 K 1HILiami3aiis
MOBHICTIO aBTOMAaTU30BaHOT0 pe(haKTOPUHTY Ha OCHOBI MOMEPETHHO BHECEHUX
3HaHb MPO Mii pehaKTOPUHTY — 3aJIEKHO B NOTPeO Ta peanizallli CUCTEMU);
® SKIIO paHillle MPOYUTAHUIN MOYATKOBUH KOJ] 3MIHUBCSI 200 HE OyB IPOYUTAHUM,
3MIIMCHIOETHCS. MOTO MTPOUYMTAHHS 1 MonepeaHss o0podka 3acobaMu KOHKPETHOI
MOBU MPOTPaMyBaHHS, SIKOIO HamUCaHWM KoA. SIKIIO KOA He 3MIHUBCS —
BUKOHAHHS OJipa3y MEPEeXOAUTh 10 MPOIECy JOTIYHOIO BUBEIEHHS B 0asi
3HaHb;
e 13 npounTaHoro koxy Oyayetbcss AST, a Ha HACTYymHOMY KpOLI JUIsl KOXKHOTO
BYy3J1a CTBOPIOETHCS BIAMOBITHUN «00’€KT [uisl mepeaayl qanux» (anmi. DTO —
TWB. mai) 10 0a3u 3HAHB;
e Jaji 3A1MCHIOEThCA TOJJaBaHHS OTPUMAaHUX 00’ €KTIB B 0a3y 3HaHb;
® y TOH e X 4yac B 0a3y 3HaHb 3aBaHTAXXYIOTHCS OHTOJOTII (SIKIIO BOHH HE Oyln
3aBaHTaXEH1 paHime abo Oyau 3MIHEHI 3 MOMEHTY TMOINEpPeIHbOro
3aBAaHTAXKEHHS), sIK1 OyAyTh OMKCYBATH 1 KOJI, 1 MPEIMETHY 00J1aCTh;
® KOJM yCi omepallii i3 BHECEHHs IaHNX B 0a3y 3HaHb 3aBEPIICHO, 3aIlyCKAEThCS

MpoIeC JOTIYHOTO BHUBEICHHS Ha OCHOBI BCIX akcioM 1 TiepeBipKa Ha
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y3roJlKeHICTh. Pe3yapraroM poOOTH METOy Ha TaHOMY KpOIli € Ha0ip HOBUX
aKC1oM;

Ha HACTYIHOMY KpOILll OTPMMAaH1 aKCiOMH JOAAIOThCs B 0a3y 3HaHb, TAaKUM
YUHOM CTBOPIOIOYM TOBHE IIUTICHE MPEJCTaBICHHS IOYAaTKOBOTO KOAY 13
3MIMCHEHUMH MOXJIUBUMHU MOIUPIKALISIMH, SKI MPEICTABICHI aKClOMaMu,
BUBEJICHUMHU CUCTEMOIO JIOTTYHOTO BUBEACHHS HA MONEPETHBOMY KPOIIi;

Janl 3A1ACHIOEThCST OOEpHEHE IMEepPEeTBOPEHHSI €JIEMEHTIB 0a3u 3HaHb B
nonoMixH1 00’ exTu s nepenadi qanux 3 b3 no AST. Bapro 3ayBaxkutu, 1o
Takl 00’ €KTH 3alUTYIOThCA 3 0a3M 3HaHb Ha BUMOTY, a BUMOTra 1 Crocid 3anuTy
3ajieXaTh  BIJL KOHKPETHOI peani3allii CUCTEMU TMEPETBOPEHHS, IO
3aCTOCOBY€ETHCH;

BIJIMOBIAHO /10 OTPUMaHUX 00’ €KTIB, BiI0yBaeThCs 3aMiHa By3iB AST.

brioku Ha cipomy (oHi Bi1oOpakaroTh KPOKH, SIK1 3M1MCHIOIOTHCS BIIEPIIIE.

BukoHAHHA NorivHoro OopasaqHHA
» BUBENEHHA B Gasi *BHBE0EHWX aKcioM 0o
—» AHaHb Gazu 3HaHL
A \L
BeeneHHA lNepeTEOpEHHA
KOoMaHou cyTHocTel B DTO
SapaHTaMEHHA
QHTONOA
Kon
aMiHeHo? " b
k4
JopnasaHHA 3miHa eyanie AST
BEE'U:::EEH — cyTHOCTEA Kogy B BlonosinHo Oo
A ay fasy aHaHb oTpuMaHe DTO
A
4
.| lNepeTeopeHHA
CTRORGHHA AST *| gyanis AST & DTO

PucyHok 25. biok-cxema 3arponoHOBaHOTO METOY
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Jlns mepeBipkM KOHIEIMIII Ta JOBEACHHS, 110 0a3a 3HAaHb, 3aCHOBaHAa Ha
OHTOJIOT1i, 1acTh OYIKYBAaHUHN pPE3yJbTaT, MOXKYTb OyTH BHUKOPHCTaHI UM CTBOPEHI
HACTYIHI MPEACTaBICHHS: BEJIUKI TUMH TPyM (Taki K KJIACH, CTPYKTYpH, MEPEIiKH,
¢GyHKIiT TOIIO) MOXYTh OyTu mnpencrtabiieHi kinacamu OWL, KokHa CYTHICTh Yy
MOYAaTKOBOMY KOJII MOXe€ OyTH Mpe/CTaBieHa SK EK3EMIUIAp, L0 HAJEKUTh J10
BIIMIOBITHOTO ~ KJacy, BIACTHBOCTI €K3EMIUIAPIB MOXYTh OyTH  BHUpaXeHi
BJIACTUBOCTSIMU JAHUX, 4 BIAHOCMHU MDK €K3EMIUIApAaMH MOXYTh OyTH BUpPaXeH1
00'€KTHUMM BJIACTUBOCTAMU. Takox, m00 3alOBHUTU BCl MPOTajMHU, MOOYIyBaTH
CIIpaBXHE CEMAHTUYHE MPEACTABICHHS KOJOBOI 0a3u Ta 3a0€3MEeYUTH BUBEICHHS
HOBUX 3HaHb, MOXX€ OyTH BUKOPUCTAHO BEJIUKUN HaOIp akcioM (BKJIIOYAIOYH, aje He
OOMEXYIOUHCh, TIJAKIACOM, €KBIBAJIEHTHUM  KJIAacoOM, pPO3AUIBHUM  KJIAcoM,
BJIACTUBOCTSIMU JJAHUX, 00'€KTHUMH BIACTUBOCTAMU aKCIOMU).

[IIo6 Matu 3MoOry OTpUMAaTH BIJICYTHI aKCIOMU B OHTOJIOTIi, MEpPEeBIPUTHU
Y3TOJKEHICTh 3 TpoOIeMaMu Koy (SIKIIO Taki BU3HAYEH1 B OHTOJIOTI) Ta BIJMOBIIHO
BHOCHUTH 3MIHH B KOAOBY 0a3y, CJIii BAKOPUCTOBYBaTH CUCTEMY JIOTIYHOTO BUBEACHHS.
Bona BUKOPHUCTOBY€ BU3HAYEH1 aKCIOMH, MPaBUiIa Ta JOT1YHI KOHCTPYKIIi1 B OHTOJIOT11
JUIsl OTPUMaHHSI HOBUX 3HaHb, MEPEBIPKU y3TOIKEHOCTI Ta BIAMOBIAL Ha 3anuTH. Jis
noTped IBOT0 AOCHIIKEHHST Oylno oOpaHO cucTeMy JoriuHoro BuBeneHHs HermiT.
(Glimm, Horrocks, Motik, Stoilos, & Wang, 2014)

[TonepenHi pe3ynbTaT JOCHIIKEHHS MMOKA3YIOTh, 110 ICHYIOTh PIILIEHHS, SIKI
MarTh Ha METI BUKOPUCTAHHS OHTOJIOTIN JJisl MPEICTABICHHS 3HAHb MPO MOYaTKOBUI
kon. Ili pimeHHs 3a3BUYail 3aCTOCOBYIOTh TEXHIKM 3 aHajidy MOpOrpaMHOro
3a0e3nedeHHs, 00poOKHU MPUPOIHUX MOB Ta iHkeHepii onTonorii. (Tkachuk & Bulakh,
Usage of formalized knowledge about source code for refactoring actions in Swift,
2022)

BaxnuBo 3a3HaunTH, 1110, X0Ua 111 PIIIEHHS 1CHYIOTh, MPOLIEC 1I01aBaHHS 3HAHb
npo KoA B 0a3zy 3HaHb, 10 3aCHOBYETHCA Ha OHTOJOTII, MOXe OyTH CKJIagHUM, 1
orpumaHa b3 Moxxe BUMaratu pydyHOro BIOCKOHAJEHHS Ta OOCIyrOBYBaHHS.

CKJIaIHICTb 1 HIOAHCH KOy YacTO yCKJIaJHIOIOTh TOUYHE (PIKCyBaHHS BCi€l HEOOX1IHOI
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iHpopmanii. Kpim Toro, BuOip KOHKPETHHUX I1HCTPYMEHTIB ab0O METOJIB MOXKE
BIIPI3HATHCS 3aJI€’KHO BiJI MOBH IIPOrpaMyBaHHsI, pO3Mipy KOJIOBOi 0a3u Ta OaxkaHOTO
npeAcTaBiIeHHs 0a3u 3HAHb.

[Tomanpuii JOCHIIKEHHSI MOXJIMBHX 3acTocyBaHb IHUX 1HCTpyMmeHTIB (JOIE,
SemTK, SourcererCC) BusSBMIH, 110 HABITH SKIIIO BOHM HAAAIOTh JCSKI MOXXJIHMBOCTI
JUIst 1eTKoro kepyBaHHs Tpurieramu RDF a6o onTonorisimu OWL, BoHM HE HaJlal0Th
API yu Oynp-siKO1 1HIIOT MOXJIMBOCTI TPAHCIIOBATH MOYATKOBUM KOJI B 0a3y 3HaHb.
Takuif BUCHOBOK CBIJYUTH MPO T€, 110 META MOTOYHOIO JOCIIJKEHHS Ma€ MEBHY
HOBHU3HY.

[Iponiec oTpuMaHHs 3HaHb 13 MOYATKOBOIO KOAY Ta MPEJCTABICHHS WOTrO y
BUITISI Oa3W 3HAHb Ilependavae aHami3 KOJOBOI 0a3u JJis BH3HAYEHHS PI3HUX
€JIEMEHTIB KONy, TaKUX K KJIach, METOAM, 3MIHHI Ta iXH1 3B’A3KU. MeTa momsrae B
TOMY, 1100 OXOIUTHU CTPYKTYpPY, CEMAaHTUKY Ta B3a€MO3aJIEKHOCTI B KOAOBii 0a3i Ta
MEPETBOPUTU IX Yy CTPYKTYpOBaHE NPEACTABICHHS, SKE BIJIMOBIAA€ KOHIIEMIIISIM
OHTOJIOT11, BIIACTUBOCTSM 1 3B’ SI3KaM.

Takuii mporec 3a3BUYail  BKIIOYAE METOAM aHaJi3y MOPOrpaMHOro
3abe3rneyeHHs, po30ip (parsing) Ta ceMaHTUYHOTO po3yMmiHHA. LI MeTomu MOXYyTh
BKJIIOYATH CTAaTUYHUN aHali3, 00X1J abCTpakTHOTro cuHTakcuuHoro aepeBa (AST),
BU3HAYEHHS TUIIIB Ta PO3Ii3HABAHHS 11A0J0HIB. AHAII3YIOUU KOJIOBY 0a3y, BUTSATAIOUU
pereBaHTHY 1HPOpMAIIito Ta BiJ0Opa)karouu ii B KOHCTPYKI[IIX OHTOJIOT11, IPOIleC Mae
Ha MeTi 3a0e3ne4yuTH (QopMalibHE MPEJCTABICHHS CTPYKTYPH Ta CEMAHTUKH KOMY.
(Tkachuk & Bulakh, Usage of formalized knowledge about source code for refactoring
actions in Swift, 2022)

ba3za 3HaHb, OTpUMaHa 3 KOAY, MOXE 3aCTOCOBYBATHCh Yy PI3HUX LLIAX, TAKUX
K TIOIIYK KOAY, INOBTOPHE BHUKOPUCTAHHS KOJYy, CTBOPEHHSI JIOKyMEHTaIlli Ta
aBTOMaTH30BaHe OOIPYHTYBaHHsS MOBeAIHKM komy. lle mokpamrye po3ymiHHS Ta
BUKOPUCTAHHS KOJOBOI 0a3U, HAIAI0UH CTPYKTYPOBAHE Ta CEMaHTUYHE MPECTABICHHS

i elxeMeHTIB 1 3B’ A3KIB.
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VY nocaimkeHHl MU 30CEPEIKYEMOCH Ha MPOIIEC CTBOPEHHS 0a3u 3HaHb, 110
0a3yeTbCs Ha OHTOJIOTII, 3 KOAY Ta MparHeMo peami3yBaTh MOJEb, fKa MOXKE
BUKOPUCTOBYBAaTUCS AaBTOMAaTU30BAHUMHU IHCTPyYMEHTaMu JUisi pedakTOpUHTY Ta
aHanizy. Crnowarky i7es mojsirajia B TOMY, 1100 BHUKOPHUCTOBYBATH Ty CaMmy MOBY
MporpaMyBaHHsl (sIKa BUKOPUCTOBYETHCSI JJIsi HAMUCAHHS IMMOYAaTKOBOTO KOMYy) ISt
npeactaBinenHs 6a3u 3Hanb (Tkachuk & Bulakh, Describing the knowledge about the
source code using an ontology, 2023) (Tkachuk & Bulakh, Research of possibilities of
default refactoring actions in Swift language, 2022). Lle gano MOXJIHUBICTh HIBUIKO
IHTEpIpPETYBaTH MOYATKOBUIM KOJ 1 MEPETBOPIOBATH MOrO0 HAa CYTHOCTI Ta aKCIOMH
OWL.

3 wiel npudrHU OyJI0 pO3NISIHYTO AeKiIbKa (PpEeMBOPKIB Ta IHCTPYMEHTIB ISl
po6otH 13 hopMasi3oBaHUMHU 3HaHHAMHU. OCKUIBKM OCHOBHOIO MOBOIO JIOCHIKEHHS €
Swift, no yBaru Opanucs naunie 6106J10TE€KH 3 MIATPUMKOIO Takoi MOBU. OJTHUM 3 HUX €
OWL-API nnsa 10S (Ruta, Scioscia, Di Sciascio, & Bilenchi, 2016) 3 BianmoBiiHUM
obuncioBaibHUKOM — Mini-ME Swift (Ruta, Gramegna, Bilenchi, & Di Sciascio,
2019). Ixni aBTOpH CTBEPIKYIOTH, IO I MOBH Swift GpaKkye ceMaHTHUHHMX CHCTEM
JOT1YHOrO BUBOAY 1 Oi0miorek MaHimymoBaHHss OWL, mo poOuTs AOLUIBHUM iX
po3poouTH. IlepeHeceHHs ICHYIOUUX PillieHb a00 BUKOPHUCTAaHHS OaraTormiar(opMHUX
010110TEK MOXe OyTH CKJIQJIHUM 4epe3 apXITEKTypH1 BIAMIHHOCTI.

Ha xanb, po3nsinyTi ppeiiMBOpKHU Ta 610J110TEKH 3HAXOIATHCS HA TOYATKOBIN
cTaaii po3poOku. BoHM He MIATPUMYIOTh aKTHUBHY POOOTY 3 OHTOJIOTIE€0 (HasBHUN
TUTbKU CUHTAKCUYHUH aHa13 IMIIOPTOBAaHUX JIJaHUX ), a okpeMi cyTHOCcTI OWL (Taki sk
BJIACTUBOCTI JaHUX) BCE L€ HENOCTYIIHI.

Kpim Toro, BUkopucTaHHs o/iHi€el MOBU JJisi KiieHTa (parsing client) Ta 6a3u
3HaHb POOUTH 1l JIBa E€K3EMIUIAPU TICHO MOB’S3aHUMHU, 110 MOXKE MPU3BECTU 10

HEMOTP10HOT NEPePOOKH, KOJU OJIMH 13 HUX 3MIHIOEThCS (PucyHok 26).
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KnieHT obpobim
(nNo4YaTKoBWA Koa)

Basa aHaHb

Y

COHTONOrA
(TBox)

PaKTH Npo Kog
{ABox)

PucyHnok 26. 3a5exHICTh MIXK KJIIEHTOM 1 OHTOJIOTIEIO

[IIo6 po3ipBaru 3B'SI30K, CHiJi BUKOPUCTOBYBATH aOCTPAKI[iO (BIAMOBIIHO 10

IPUHIUITY IHBEPCIi 3aJIEKHOCTEN — J]a€ 3MOTY CTBOPIOBATU THYYKUM 1 TIATPUMYBaHHM

KOJl IUISIXOM IHBEPTYBAaHHS HAMNpPSIMKY 3aJieXKHOCTEH, 1€ MOyl BHUIIOTO pPIBHS

3aJie’karh Bl aOCTpakiliii, a He BiJ KOHKPETHHX peaii3ailiii, 1o T03BOJsE JIEeTIIe

3aMIHIOBaTH Ta PO3IIMPIOBATA KOMIIOHEHTH) 1 KIIIEHT-CEPBEPHY apXiTeKTypy. OO’ eKT

nepenadi ganux (DTO) Moxe OyTU BUKOPUCTAHUM SIK MTOCEPETHUK Y IbOMY BUIAJIKY.

Yroga DTO moxke OyTu BctanoBieHa, a moaesii DTO OynyTh cTBOpeHi 3 000X CTOPIH —

KiieHTa Ta oOpoOHuka ontojiorii (Pucynok 27). lle nomomoxe po3’eqHaTu

€K3EMILISPU Ta HAJACTh MOXIIMBICTh IHTETPYBaTH a0CTPAKTHY OHTOJIOTIIO 3 PI3HUMHU

KJIieHTaMU (KUJIbKa MOB MPOTrpaMyBaHHsA) a00 CUCTEMaMH KEPYBaHHS OHTOJIOTISIMH.

KnieHT obpobku
(novaTkoBMi Koa)

Data Transfer Object

Ba3a aHaHb

COHTonoriA
{TBaox)

DaKTH Npo Kog
(ABox)

Pucynok 27. IaBepcis 3anexHoCTi 3a gornomororo DTO

CxemarnuHe 300pa)K€HHS PO3NOALTY BIANOBIIAJBHOCTEH MIXK KIIEHTOM 1

CEpBEPOM BIJTHOCHO Tpoliecy pedhakTopuHry 300paxkeHo Ha PucyHok 28.
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Kiient Cepsep Knient

TTapcep CeMaHTHYHMH MexaHizm
aHani3 NIepETBOPEHHS
* YNTAE BHXiTHUI * TIPEJICTaBIIIE * IIPONOHYEThCS * 3aCTOCOBY€

Ko i CTPYKTYpY BHUKOPHCTaHHS; TIEPETBOPEHHS
TIPETBOPIOE TIPOrpaMHu OHTOJIOTiT 70 AST na
#1010 B OUTBII « BKITIOYAE OCHOBI
CTPYKTYpOBaHHA iHpopMario GaxxaHoro
tdopmar TIPO THITH pedaxTopurry
3MiHHHX,
obnacTi aii Ta
JI03BOJIH
METOLiB

TI'eneparop xoxy
* TIEPETBOPIOE
Moz dikoBaHm#

AST y BuxinHu
Koz

Pucynok 28. Po3noain BIANOBIIATBHOCTI MiXkK KIIIEHTOM Ta CEPBEPOM

Baprto ckazaTu, 1110 BOpOBA>KEHHSI BIacHOT O10J10TEKH IJI1 MAaHIMyJIIOBAaHHS
onrosoriiMu OWL € nepouunpHuM. Ilo-nepiue, e BUMararuMe 3Ha4yHUX 3yCHIIb 1
pecypciB nJii CTBOPEHHS Ta MIATPUMKH, XO4Ya CTBOPEHHSI Takoi O10JIIOTEKH HE €
OCHOBHOIO MeToro pociimkeHHs. [lo-apyre, po3poOHUKH Ta AW3aiiHEpU MOBUHHI
BOJIOAITH BIJMIHHMMH 3HAHHSMH NpO III TexHoiorii. OCTaHHIM YacoM ICHYIOYI
016mioTexku Ta ¢peiiMBopku OWL npornonyioTs 00pe mepeBipeHi Ta ONTHUMI30BaHi
pILIEHHS 3 MHUPOKOI0 MIATPUMKOIO 1HCTPYMEHTIB, 110 MOXE 3a0IIAaJUTH 3yCUJUIS Ha
po3poOKy Ta 3a0e3Me4YuTH CYMICHICTh 13 BCTAaHOBJICHUMH CTaHAapTamMu Ta
MPAKTUKAMHU.

[I{o6 miaTpumyBatH BCi HEOOX1AH1 pucu 0a3u 3HAHb, 3rEHEPOBAHOT CUCTEMOIO
CTBOPEHHsI OHTOJIOTIT 3 Koxy (1 moOyAayBaTu TakKy CHCTEMY), CIiJ OpaTtu 10 yBaru
crietianbHi 616mioTexku. Bapto 3ranatu OWL-API (Matentzoglu & Palmisano, 2016) i
ONT-API (ONT-API: an RDF-centric Java library to work with OWL2, 2023). Ile
010miorekn Java st poOotu 3 oHtonorisimu. OWL-API 3abe3neuye miaTpumky
o"Htojorii OWL2 (MOXIUBICTH iX CTBOpPEHHS, OHOBIICHHS, cepiamizaimii Ta
necepiamzanii). HaBmaku, ONT-API (axuii ctBopenuit Ha ocHoBi OWL-API)
3abe3neuye miaTpumMky RDF 1 moOynoBanuii Ha ocHoBl Apache Jena. 11 616mioTexku
MaroTh yC1 HE0OX1/IH1 BIIACTUBOCTI OHTOJIOT], 00 X MOXHa OyJ10 BUKOPUCTOBYBATH B

CUCTEMI, 110 AOCIHIIKYETHCS.
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5.2 Jocaim:keHHs peaJisamii npouecy pe(pakTOPpUHTY 3
BUKOpUCTAHHAM b3
Bepyuu 110 yBaru BCi BUCHOBKHM OCTaHHIX JIOCIIJIKEHB 1 cTaTei, Oya0 NPUUHSITO
pitieHHsT moOyayBaTH MPOTOTUII CUCTEMHU TMEPETBOPEHHS MOYATKOBOTO KOy B 0asy
3HaHb, fKa € HE3aJeKHOI BIJ MOBHM, BHUKOPHUCTOBY€ aOcTpakiii, O10mioTexu
MaHinymoBaHHs OWL 3 nocTaTHbOI0 (PyHKIIIOHAIBHICTIO, JETKO PO3LIMPIOETHCS Ta
3/1aTHA IHTErPyBaTUCA 3 IHIIMMHU CUCTEMaMHU YM 3aco0aMu (TaKUMU SIK OHTOJIOTisl 200
MaHIIyJIIOBaHHS KOJOBOIO 0a3010).
o6 moOyayBaTH A0Ka3 KOHIEIIIIT Ta MOKa3aTH, 10 3alIPONIOHOBAHUN METO]I €
IIJIKOM 1 MOBHICTIO Mparie3aaTHUM, BUPIIIIEHO CTBOPUTH:
e KIIIEHT MOBOIO Swift, sKuil aHani3yBaTuMe Kooy 0a3zy Swift;
e RESTful API, sxuii npuiimatume JSON DTO cytHocteit kony (Dirsumilli &
Mossakowski, 2016);
e MeHemkep 0a3u 3HaHb 1Mo poOoTi 3 oHTONOTIER0D OWL, saxuit 0OpobIsiTHME BCl
B3a€MO/IIi 3 HEIO.
Jliarpama TOJIOBHUX KOMIIOHEHTIB 300paxkeHa Ha Pucynok 29. 3apusku
apXiTeKTypi, MOXE ICHYBaTH KUIbKa KIIIEHTIB, SKI MIJKIIOYAIOTHCS 1O CEPBICY
Ontology, a cam cepBic Ontology Moxe mpaioBaTH 3 PI3HUMHU MEHEIKEepaMU

OHTOJIOT1i 200 IHCTPYMEHTAMU JJIsl JIOTIYHOTO BUBEICHHS a00 Bi3yasiallii OHTOJOTI.

KnieHT o6pobxu Cepaic 6a3n 3HaHb
OSpoGHUK = >
NoYaTKoOBOro Koay Mepexesnid KnieHT REST API Me"?:;ﬁg Gasu
[SwiftSyntax)

Pucynok 29. [IpuniunoBa cxema mpoTOTUITY CUCTEMH MEPETBOPEHHS TOUYATKOBOTO
KOJly B 0a3y 3HaHb
[Tepur Hixk moyatu poOOTY 3 OHTOJIOTIEID, BAPTO CIPOEKTYBATH ii CTPYKTYPY.

Jlnst  mepeBIpKM TEOPETUYHUX 3acaji MPONOHOBAHOTO METOAY Ha MPaKTHIl
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CKOPHUCTAEMOCH «CIPOIIEHOI0» BEPCIEI0 OHTOJIOTI PO 00’ €KTHO-OPIEHTOBAHY MOBY
MporpaMmyBaHHs (MPOMOHOBAaHY MOJ€Nb 0a3u 3HaHb, IO IPYHTYETHCS HA OHTOJIOTII,
OyJie pO3MISIHYTO B HACTYIHOMY PO3/ijil) 32 OCHOBY B3SITO OHTOJIOTIIO 3 BIAKPUTUM
noctynom (Atzeni & Atzori, 2017), aje 1s OHTOJOTISI HE MICTUTh BIACTUBOCTEH Ta
BI/IHOIIICHD, K1 € HEOOX1THUMHU JIJIs1 3/11CHEHHS pedakTopuHry. ToMmy B «CIpOIIEHIN»
OHTOJIOT1i B IbOMY PO3AUIl OyIeMO BUKOPUCTOBYBAaTU CTBOPEHI BIIACHOPYY CYTHOCTI
(x1acu, BIIACTUBOCTI), SIK1 B NOAANIBIIOMY OylyTh IEPEHECEHI B OCHOBHY MOJEINb.

Ha Pucynok 30 300pakeHO CTPYyKTypy «CIPOILEHO1» OHTOJIOTI.

Class "Class" Class "Function" Class "Property"

Y h 4 h 4

Named Individual Named Individual Named Individual

F 3 ry Fy A A

Data Property Y
"Mame" i

Data Property
"Source Ref”

Data Property
"Return Type",/

Data Property
"Type”

VIS

h 4 h 4 h J

bject Prope Object Prope

bject Prope
“hasMethod"

bject Prope
"hasProperty"

reverse = J bjEC‘l F'I’ODE <] reverse
"isInClass"

Pucynok 30. [IponnoHoBaHa 3a1e:KHICTh TOHSATh B OHTOJIOT]
Byno ctBopeno Tpu knacu: Class, Function, Property . Yci CyTHOCTI 3 KOJIOBOi
0a3u, SIK1 BIMOBIIAI0Th TUITY KJ1acy, OyAyTh IEPETBOPEHI B €K3EMILISIPH, SIK1 HAJIEXKAaTh
10 BIAMOBIAHOIO Kiacy oHTonorii. i ek3eMmuisipu OyayTh MOB’sI3aHI OAMH 3 OIHUM

TaKUMH BJIACTUBOCTIMU: «hasMethody, «hasProperty», «hasArgument». Jlna toro,
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o0 MiATPUMYBAaTH JIBOHANpPABIICHI TOCUJIAHHS, CIiJi CTBOPUTU [IBI 1HBEPCHI
BHacTUBOCT1 00’ ekTa: «islnClassy, «isInFunctiony.

[IIo6 ™Martu MOXKIUBICTh OINUCYBAaTH E€K3EMIULSIPH, CTBOPIOETHCS HaOIp
BIacTuBOCcTed panux. lle «nmamey», «type» (TUN [NaHUX, HANPUKIAL infeger),
«returnType » (TN HaHUX MOBEepHEHHs). KpiM TOro, iICHy€ BIACTUBICThH «SourceRef»
(o o3nauvae «SourceCodeReferencey), sika BKa3zye, e B KOAOBIM 0a31 3HaXOIUTHCS
KOHKpETHAa CYTHICTh. Ll BIacTUBICTh € KOPUCHOIO, OCKIUIBKHM BOHA JO3BOJHUTH
YHIKQJIbHO 11€HTU(IKYBATH CYTHICTh 3 NMOYAaTKOBOIO KOy Ta 3a0€3ME€YUTh 3BOPOTHY
CYMICHICTh — II00 MaTh MOXJIMBICTh T€HEpyBaTH ab0 3MIHIOBATHU KOJI HAa OCHOBI
cytHocredd 3 b3. Kpim Toro, 06’ektHi BinactuBocti «islnClass» ta «isInFunctiony
BHU3HAYAIOTHCS SIK B3aEMOBMKJIIOUHI, 10 O3HAYa€, M0 €K3EMIUIP, KU TEOPETUYHO
MOKE€ MaTHh abo Ty, 00 1HIIY BJIACTUBICTh (Y HAIIOMYy BUIAAKY L€ €K3EMIULIP KJacy
Property), He Moke MaTH 111 iBa 3B’ SI3KM OJAHOYACHO (1HIIMMHU CJIOBAMH — BIACTUBICTh
y IPOrpaMHOMY KOJI1 HE MOXK€ OJTHOYACHO OyTH WICHOM KJIaCy 1 apryMeHTOM (PyHKIIIT).

Ha croponi kimienrta 616moreka SwiftSyntax (Tkachuk & Bulakh, Research of
possibilities of default refactoring actions in Swift language, 2022) BUKOpHCTOBY€THCS
JUTISL aHai3y MOYaTKOBOTO KoAy, HamucaHoro MoBow Swift. [ToTiM po3iGpaHi By3iau
AST nepetBoprororbes Ha Bu3HaueHi DTO cyTHocTi, siki Bigomi cepBicy. HacTynHwmit
(dparmeHT 300paxye Koi, sikuil mpouutye By3on VariableDeclSyntax (mpencrasise
BJIACTUBOCTI KJIacy, CTPYKTYpH, IepeliueHHs a00 3BUUaiiHi 3M1HH1) 1 IEPETBOPIOE HOTo

Ha 00’exT Property:

override func visit(_ node: VariableDeclSyntax) -> SyntaxVisitorContinueKind {

let name = node.bindings.first?.pattern.description ?? ""
let type = node.bindings.first?.typeAnnotation?.type.description ?? ""
let reference = node.sourceRange(converter: converter).debugDescription
let property = Property(name: name,

type: type,

sourceCodeReference: reference)
properties.append(property)

return .skipChildren
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Ha ocrannbomy etami 6i10mioteka Alamofire BUKOPHUCTOBYEThCS ISt
MIJIKJIFOYEeHHS 10 cepBicy oHTomorii yepe3 HTTP ta nepeaaui Bcix BiBiIaHUX 00’ €KTIB
y HaJjaHOMYy no4yatkoBoMy kojii. Ha ctoponi cepsicy npoctuit HTTP-cepBep 13 nakery
Sun 3a6e3neuye REST API nnsa 3B’s3ky. Ock dparmeHT komy Java, sxuii oOpooOiisie

BXIJIHI JIaH1 Ta CTBOPIOE HOBY IMEHOBaHY 0CO0Y, sika HaJIeKUTh J10 Kiacy «Kmacy:
@Override
public String handleInput(String input) {

Class classEntity = converter.fromJson(input, classOfT:Class.class);

return InternalOntology.sharedInstance().addClass(classEntity);

JlaHi, K1 epeaaThCsI MK KIIIEHTOM Ta CEPBICOM OHTOJIOTIi, MatOTh hopMar

JSON. HactynHuii npukia KoLy CTBOPIOE HOBUN €K3EMILIAP:

private OWLNamedIndividual createFunction(Function func) {
IRI identifier = IRI.create(iri, UUID.randomUUID().toString());
OWLNamedIndividual funcDecl = dataFactory.getOWLNamedIndividual(identifier);
ontology.addAxiom(dataFactory.getOWLDeclarationAxiom(funcDecl));
ontology.addAxiom(dataFactory.getOWLClassAssertionAxiom(
functionEntity, funcDecl));
ontology.addAxiom(dataFactory.getOWLDataPropertyAssertionAxiom(
nameProperty, funcDecl, func.name));
ontology.addAxiom(dataFactory.getOWLDataPropertyAssertionAxiom(
returnTypeProperty, funcDecl, func.returnType));
ontology.addAxiom(dataFactory.getOWLDataPropertyAssertionAxiom(

sourceCodeReferenceProperty, funcDecl, func.sourceCodeReference));

for (Property prop: func.arguments) {
OWLNamedIndividual propDelc = createProperty(prop);
ontology.addAxiom(dataFactory.getOWLObjectPropertyAssertionAxiom(
hasArgumentProperty, funcDecl, propDecl));

}

return funcDecl;

[To-nepie, 1715t HOBOTO €K3eMILIsipa CTBOPrO€eThes yHikaiabHuil IR1 . Tlo-npyre,

CTBOPIOETHCSI HOBUU IMEHOBAHUM 1HAUBITYyaJIbHUIM O0'€KT 1 AOAAIOTHCSA BCl MOXKIIMBI
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akciomu. Haoctanok, yci 3ajie’xHi CyTHOCTI (y LIbOMY BHUIAJIKy €K3EMIUISIPU KJacy
Property) cTBOpIOIOTBCSI TaKUM K€ 3K CIIOCOOOM, SIKMI OMMCAaHO B MEPLIUX JBOX
KpOKax.

[I106 nmepekoHaTHCs, U0 OYIKYyBaHAa OHTOJIOT1SI MICTUTh YC1 HEOOX1/1H1 aKC1OMH,
ciig mpoBectu TecT. [ uiiei TectyBaHHs OyJI0 CTBOPEHO MPOCTUN (parMeHT KOy .
[Ipunyctumo, 110 1e PparMeHT € YaCTUHOIO SKOTOCh OUIBIIOTO (paility 3 MOYaTKOBUM
KOJIOM (3ayBasKMMO, 1[0 OYJIO 10JaHO HOMEPH PSIAKIB JIJIsl KPAI[OTro PO3yMIHHSI TOTO, SIK
BUKOPHUCTOBYETHCS HOCUIAHHA HA noYyamKosull ko0). Lleit nemoHcTpatiiinuii parMeHT
KOy Ma€ JIy>Ke MPOCTY 1€papxiio KJaciB, ajie BOHA JEMOHCTPYE YCHaJKyBaHHS Ta

MepEeBU3HAYCHHS METO/IB:

7 ... 27 override init() {
8 protocol Say { 28 lives = 9
9 func say() -> String 29 super.init()
10 } 30 }
11 31
12 class Animal: Say { 32 override func say() -> String {
13 let age: Int 33 return "meow"
14 34 }
15 init() { 35 }
16 age = 0 36
17 } 37 final class Dog: Animal {
18 38 private var senses: Int
19 func say() -> String { 39
20 return "" 40 override init() {
21 } 41 senses = 6
22 } 42 super.init()
23 43 }
24 final class Cat: Animal { 44
25 private var lives: Int 45 override func say() -> String {
26 46 return "woof"
47 }
48 }
49

[Ticnst 06poOKu MOYaTKOBOTO KOAYy Oyino cTBOpeHO 0a3y 3HaHb. [loTiM Oyno
3amyileHo cucteMy Joriudoro BuBoay HermiT, mo0 moOymyBatu BCi MOXKIIUBI
akcioMu. Y pesynbTari Oynu Jo/aHi 1HBepcli Ta 0a3oBa i€papxis KJaciB OHTOJIOTII.
OHoBNIEHY OHTOJIOTIIO0 300paxkeHo Ha Pucynok 31, ne >kupHUM mIpu@TOM BUIIIECHO
pe3yNbTaTh BUCHOBKIB, JJOJIaHl /10 TOYaTKOBO1 OHTOJOT1i cucteMoro HermiT.

Ha >xanb, He BC1 OUiKyBaH1 3HAHHSI TIPO KO 3'IBUJIUCS] B OHTOJIOTII . SIK BUIHO

Ha (QparMeHTi KONy, ICHYIOTh l€papXiuHi 3B’sI3KU (yCHAJKyBaHHS Ta BIJIMOBIIHICTh
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MPOTOKOJY), aji€ Hi MOYaTKOBa OHTOJIOTISI, HI OHOBJIEHA — MICIS MIPKyBaHHS — HE

MICTATH [IAX 3B’ SI3KIB.

hasMethod
<<instanceOf>> | (Individual) hasProperty
: r —| sourceCodeReference="(12:1,22:2)" -
| I name="Animal" -
' <
| I
: | (Individual)
1
pTTiTTTTT I‘ ~ 7| sourceCodeReference="(13:5,13:17)"
o |— 4 name="age"
. [ | type="Int" belongsToClass
1
! 1
I 1 I
! 1 .
1 (Individual)
Froperty e ------ ‘w : o _:_ o isInClass
| : 1 — o sourceCodeReference="(19:5,21:6)"
: 1 X | name="say"
| X | returnType="String"
| | |
oo | hasMethod
| Individual, ]
—  Class - - - - - f B { 1 ) hasProperty
1
1 ! ! | sourceCodeReference="(24:1,35:2)" .
| — —_n "
isInFunction : : 1 name="Cat :
(inverse(hasArgument)) | I | -
1
Function  de- - Y I (Individual)
I
1 1
,‘ R 1_ - 4 sourceCodeReference="(25:5,25:27)" | ¢
| o I— name="lives"
hasArgument } ! ! type="Int" belongsToClass
(inverse(isInFunction)) I : | |
I I 1 I
! | | ivi
Thing i | X (Individual)
! | *- - 1 --t -
<<instancp0f>:> ! *‘ sourceCodeReference="(32:5,34:6)" [isInClass
sourceCodeReference € ——— —TT T T name:"say"" I
name i : : I returnType="String
type ! | 1
r;tpurnType : ! ! l hasMethod
| : : I (Individual) _—
,,,,,,,,, hasProperty
hasPropert ! '
i JbelongsToCIass itkd | ! | sourceCodeReference="(37:1,48:2)"
(inverse(hasProperty)) (<>hasMethod) " : I— 7 name="Dog" «
(inverse(belongsToClass)) | ! I -
! 1
I | | (Individual)
! 1
|
””” :’ B J’ ~ | sourceCodeReference="(38:5,38:28)"
hasMethod X -1 nameT"se"nses" —_ 1
isInClass (<>hasProperty) ! | type="Int belongsToClass
(inverse(hasMethod)) (inverse(isInClass)) ' |
v | ndividuar) P
1_ _ _I_ - L
L | sourceCodeReference="(45:5,47:6)" isInClass
name="say"
returnType="String"

Pucynok 31. OHTosoris miciist onpantoBaHHs (J107aH1 aKCIOMU BUAUICH] KUPHUM
mpudToM, i1eHTU(dIKATOPU 0COOU MPOMYIIEH] 1JI1 CTUCIIOCTI)
Ile o3Hauae, 110 CiIi TPOBECTH MOAANbBILIE JOCIIKEHHS Ta MPOEKTYBaHHS,
o0 3HalWTU Ta ONMCAaTH ONTUMAJbHUN HaAOIp BIACTHUBOCTEH Ta CYTHOCTEH, SKi
MOBUHHI MIATPUMYBATUCA CHCTEMOIO CTBOpPEHHsI 0a3u 3HaHb 3 KOOy, 1100 MaTu
MOXJIMBICTb OTpUMATH OiJibliie 3HaHb Ipo nouatkoBuid kof. (Tkachuk & Bulakh, Usage

of formalized knowledge about source code for refactoring actions in Swift, 2022)
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BUCHOBKMU 10 PO3 ALY 5

Bukopucranus 0a3u 3HaHb, IO MICTUTh (DAKTH, SKI BIANOBIAAIOTH MEBHIN
OHTOJIOT1i, €, BOUEBUb, €(DEKTUBHUM CIIOCOOOM 30€piraHHs 3HaHb, B TOMY YHUCII — 1
PO MOYATKOBUU KOJI.

[I1o6 matun MOXIJIMBICTH €(PEKTUBHO NPEICTABIATH KOIOBY 0a3y, HEOOX1JHO
BU3HAYUTHU IIHUPOKUMA Alana3oH «OymiBeTbHUX OJOKIBY» OHTOJOTII MOYATKOBOTO KOJY.
Bonu BkiII049aroTh, ajge HE OOMEXKYIOThCS KiIacaMU, €K3eMIUISIpaMu, BIACTUBOCTIMU
JTAaHUX, BIIACTUBOCTSAMH 00’ €KTIB 1 ITUPOKUM CIIEKTPOM aKC1OM.

Konu Bci akciomu B 6a3i 3HaHb (10Oyq0BaHIM MOBEPX OHTOJIOTIT) MPAaBUIBHO
MPEACTABISAIOTh CTaH KOJIOBOi 0a3u, cHCTeMa JIOTIYHOTO BUBOJY MOXKE JOIMOMOITH
BHUBECTU HESIBHI a00 HEBIJOMI BIJTHONIEHHS/aKCIOMH Ta IOJATH IX OO MHOYATKOBOI
oHTOJOT1i. Taka 3/aTHICTh MPOMOHOBAHOI CHUCTEMHU JO3BOJISIE JIOABATH MpaBWiIa 0
0a3u 3HaHb (HAMpUKIIAJ, MIaOJOHU, 110 OMUCYIOTh AHTUIIATEPHU, Ta MIAXOAU N0 iX
BUMpABJICHHS), 100 BUIANATH, 3MIHIOBaTHU ab0 TeHepyBaTH KON, SKUW Oyne
KOMIILTIOBATHCS 200 IHTEPIPETYBATHUCS.

[IIo6 mepeBipUTH 3aPONOHOBAHY KOHIIEMIIIO, OyJI0 pO3pOOIEHO CTPYKTYpPY
npocToi 06a3u 3HaHb 1 MOOYIOBAHO MPOTOTUIl CUCTEMU OTPUMAaHHS (PaAKTIB PO KOA 3
(ailny mouaTkoBOTr0 Koay. Byno gociimkeHo 1 OOIPYHTOBAHO apXiTEKTypy Takoi
CUCTEMHM Ta OCHOBHI MOMEHTH peanizaiii. Y pe3yiabrari ¢parMeHT koay OyB
neperBopenuii y npocty b3. HesiBHI Ta HeBioMi akcioMu OyJid BUBEIEHI CUCTEMOIO
JIOTIYHOTO BUBOJY 1 YCIIIIHO JI0/IaHI1 10 TOYaTKOBO1 0a3u 3HAHb.

st mpocTa cTpykTypa 0a3u 3HaHb, ikKa BUKOPUCTOBYETHCS, HE OXOILIIOE BCIX
MOXJIMBUX 3B’SI3KIB 1 CYyTHOCTEU KOy, TOMY JUIsl TOTO, 1100 CUCTEMa MOTJIa BUBOAUTH
CKJIaJIHI JaH1 (HaAmpuKJaJ, BIAMOBIIHICTh MPOTOKONY), HEOOXITHO pO3pOOUTH HAOIp
aKkcioM, sKI JO3BOJIATH CHUCTEMI JIOTIYHOTO BHBOLY 3pobutu 1e. Ilomanbmr
JTOCHIIKeHHS OyTyTh IPUCBAYEHI PO3pOOIIl OLTBII CKIIAIHOI CEMAHTUYHOI OCHOBH JIJIsI

BUJIYUCHHS Ta MaHiHYHIOBaHHH 3HAHHAMHU 3 IIOYATKOBOI'O KOY.
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PO3A1J1 6. BUKOPUCTAHHA JIOI'TYHUX ITPABHUJI
B ITPOLHECI PE@AKTOPUHIY

6.1 Onc MeToy aBTOMAaTU30BAHOI0 Pe(PaKTOPUHTY i3

BUKOPUCTAHHAM JOTIYHHUX InpaBUJI

[lepeTBOpEHHS TOYATKOBOI'O KOy B 0a3y 3HaHb, 30y/I0BaHy HaBKOJIO OHTOJIOT,
7A€ MOXJIMBICTH (pOopMamizyBaTh MOYATKOBUU KOJ, 3pOOUTH HOTO 3pO3YMUIUM ISt
MPOTPAMHHUX CUCTEM, SIKI ONEPYIOTh TUMH K MOHITTAMU (CYTHOCTSIMU), 1[0 IPUCYTHI
y Kojii. X0oua BiIacHE OHTOJIOT1T MatoTh Oe3114 epeBar y pi3HOMAHITTI IOCTYTHUX TUITIB
BJIACTUBOCTEH Ta BIJHOIIEHb, JI€AKl 3 HHUX, BTIM, Y CBOEMY BUKOPHUCTAHHI MOXYTb
MPU3BECTH JI0 HEAOCTATHHOI THYYKOCTI Ta HAKJIAIaHHS IEBHUX OOMEXKEHbD, 10 B CBOIO
yepry poOuTh HEMOXJIMBUM pealli3allil0 BJIACTUBOCTEM CHCTEM aHalizy Ta
pedakToOpUHTY MOYATKOBOTO KOJY.

BizbmeMo 10 mpukiiany CUTyallito, KOJu CUCTeMl pedaKTOPUHTY HEOOX1THO
3MIMCHUTU BU3HAYeHHs (akTy peanizailii KjiacoM MEeBHOTO 1HTep(deiicy (MpoToKoIy).
Po3poOHUK 41 KOMIOISATOP 3BaXkKa€ HA HASIBHICTh Peali30BAaHUX Y KOHKPETHOMY KJjacl
METOIB 1 BIACTHUBOCTEH, III0 BUMArarThCs 1HTEpdeiicoM (ITPOTOKOIOM), a TaKOXK Ha
JIeKJIapallito peaniszalii uboro inTepdeicy. s oHTonori BUKOHaHHS TAKOTO 3aBIaHHS
BracHe 3acobamu OWL € HeMOXIUBUM 4yepe3 0OMEXKEHHSI CUCTEMU MPOAYKIIIi 3HAHb
(reasoner) 3aiiicHIOBaTH OOUKCIICHHS (DYHKI[IOHATBHUX 3aJIKHOCTEH.

JIns BUpIIIEHHS 3a3HAYEHO1 BHUINE MPOOJIEMU BHUKOPUCTAEMO JOJATKOBI
npaBuwia SWRL. SWRL no3Bossie BUpa3uTu CKJIaHI JIOTIYHI YMOBM 1 IpaBujia 3
METOI0 BUKOPHUCTAHHS X JjIsl TeHepallii HOBUX 3HaHb HAa OCHOBI BXX€ ICHYIOUMX JITAHUX.

BusnaueHHss MeToldy ONPALNIOBAHHS MOJAeJi TMMOYaTKOBOIO KOy i3
3aCTOCYBAHHAIM MPABUJI JJIfl aHAJI3y Ta peaKTOPHUHTY:

OpHuM 13 3aBIaHb AUCEpPTalLlii € po3poOKa Habopy neperBopens g € G, g: Y —
Y’ i3 3acrocyBannsm 3aco6ie OWL ta S(Q)WRL, takum mo Vy € Y 3g g(y) = y'.

Takum 4YMHOM SIK JOJATKOBUM KPOK B MPOIEAYypl aBTOMAaTH30BAHOTO aHami3y 1
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pedakTopuHTry B METO/1, 3amporioHoBaHoMYy B Po3aimi 5, OyaeMo BUKOPHCTOBYBaTH
po3pobneHuil Habip mepeTrBopeHb. Sk pe3ynbrar — MoJEIb BHUXIJIHOTO KOay Oyre
OMpaIlbOBYBATUCh CUCTEMOIO JIOTIYHOTO BUBEJEHHS Ha OCHOBI mpaBui. CXxeMaTUyHO

TAKHUI IpoIec Noka3aHo Ha PucyHok 32.

ITouarkoBmii ITepBunHa OnpansoBana TTogaTkoBmit
KOZ MOZEIb MOJIE/Ib KoX
Pucynok 32. ®opmanizoBaHuii npouec pePakTOpuHTy 3 BUKOPUCTAHHIM
3aIPOIIOHOBAHOTO METONY

V pesynbrarti — 6510K-cxema MeToAy 3 Po3niny 5 13 BpaxyBaHHSM KPOKIB METOY

OMpaIlOBaHHS MOJIEJIl Ha OCHOBI ITpaBuJl 300paxkeHo Ha PucyHnox 33.

BuKoHaHHA norivHoro JopnaeaHHA
» BUBEOEHHA B Ga3i *EHBEOEHWX aKCIoM A0
— 3HaHL Gazu 3HaHL
FY .t ¢'
BeeneHHA lNepeTBOpEHHA
KOMaHOM OonaBaHHA cyTHocTei B DTO
npaewn e Gaay
3HaHb
SaBaHTa¥eHHA | | |
QHTOMOrIA
h 4
JopnasaHHA 3uiHa eyanis AST
BEED::E':;H — CYTHOCTEM Kogy B BipnoeioHo oo
A Ay Ga3y aHaHkL oTpUMaHux DTO
Y
h 4
| TlNepeTeopeHHA
SATRORGIIE JUNT > Byanis AST 8 DTO

Pucynok 33. biok-cxema meTony pedakTopuHry 3 BUKopuctanasMm b3, posmmpenoro
3aMpONOHOBAHUM METOJIOM 31MCHEHHS IEPETBOPEHHS MOJIE1 HA OCHOBI JIOTTYHUX

MpaBuUI
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Kpok, o nonanuii 1o merony 3 Po3zainy 5, — npoliec 1o1aBaHHs IpaBui B 0azy
3HaHb. BiH € okpeMoIo mpoleayporo 3MiHM 0a3u 3HaHb, HE MpUIIMaEe HA BX1J] )KOJHUX
nanux. Ha Buxoai mpouiecy — HaOip npasun 1 3anuTiB S(Q)WRL, 1m0 onepytoTs TumMu
K TOHATTSAMHU, 110 i OHTOJIOT1sl, HA OCHOBI AKOi OyAy€ThCS MOJEJb TOYAaTKOBOTO KOJY.
Ile mo3Bonsie ©€3 AOJATKOBUX CKJIAJHOINIB CTBOPIOBATH OMNHUCOBI MpaBWia st
MaHIMyJSALIT TaHUMH, 10 MICTATHCS B 0a31 3HAHD.

T'onnoBHOtO MeTOor0 SWRL € po3mmpenns moxnauocterd OWL, mo3Bosnsitoun
BU3HAUaTH OUIBII CKJIAJHI YMOBHM 1 BIJHOIIEHHS MDXK JaHUMH B OHToyorisx. Lle
3pOo0JICHO HUISXOM JOJl@aBaHHSl TMpPaBWJI IMIUTIKallii, SIKI JIOMOBHIOIOTH CTaHJIApTHI
koHCTpyKIii OWL, Taki sk migkiacu, 00'€KTHI BIaCTUBOCTI Ta €K3EMILISIPH.

SWRL 6a3yeTbcs Ha KOMOiHAIlIi JIOTIYHUX MOB, TaKUX SIK JIOTIKa MEPIIOro
nopsaky (FOL — First-Order Logic) 1 norika nmpaBui.

SWRL no3Bosisie CTBOprOBaTH CKJIQAHINII MOl 3HaHb, IO JOMOMArae
BUpINIYBAaTH CKJIaAHI 3aBAaHHA Yy OyAb-SKHMX CHUCTEMax, [0 BUKOPUCTOBYIOTh
CEMaHTHYHI TEXHOJOTTI].

Merton nependaydae qBa TUMH JIOTTYHUX MPABUI:

® BIJIACHE IIpaBUJia — HA0OPH MpaBui, 00’ €JHaHI METOIO OAHIET Aii peakTOpuHTY.
Takuii HaOlp mpaBua (abo X OHE MPaBWIO, SKIO pe(akTOPUHT MPOCTHUIA)
OMUCYIOTh €K3EMIUISPH, X BIACTUBOCTI 1 PYHKI[IOHATIbHI 3a71€KHOCTI MK HUMU
3 TOYKH 30pYy KPOKIB, SIKI HEOOX1JHO BUKOHATU JJI JOCSTHEHHS MOCTaBJICHOL
LI KOHKpeTHoro pedakropunry. Lli mpaBuna 3Haxonarbcs B 0a3l 3HaAHB 1
3aCTOCOBYIOTHCS J10 MOJIEJI TOYATKOBOTO KOy SIK TUIbKH OyJie 3aMmyIIeHO MPoIIec
JIOT1YHOTO BUBEJEHHS (0€3 10AaTKOBOTO BTPyYaHHS KOPUCTYBaua);

® 3aNUTHU — TaKi JIOT14HI MpaBuia OyayTh BIAMOBIAATH MOXIIMBOCTSAM PO3POOIEHOT
CUCTEMH AaBTOMATHU30BAaHOTO pPE(MAKTOPUHTY: 3HAXOIUTH EK3EMIUISIpH, IO
BIIMOBIAAI0Th IEBHUM KPUTEPISIM, IITYKATH BIACTUBOCTI Ta 1HIIIE. 3 OTHOTO OOKY
— TaKl 3allUTU MOXKYTb O/Ipa3y HaJXOJIUTHU BiJ KOPUCTyBa4a, OCKIJIbKA CYTHOCTI
0a3u 3HaHb NPEJCTABISIOTh E€JIEMEHTH IMOYaTKOBOIO KOAY, TOMY CTBOPECHHS

TaKUX 3aIlhTIB KOpUCTYBa4YaMHN 3 YpaxXyBaHHAM CHHTAKCHUCY IIPaBHUJI HC €
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npoOaeMaTUYHUM. 3 THIIOTO OOKY — cucTeMa pe(aKkTOPUHTY MOXKE MPUXOBYBATU
CHUHTAKCHUC MPAaBUJ BiJ] KOPUCTYBaya 1 BXKE JTUHAMIYHO TPAHCIIOBATHU 3aIUT BiJl
KOpucTyBaua (B 00ymMoBiIeHOMY (opmari) B MpaBUJIO 1 MepenaBaTd MOro Ha
BUKOHAHHS B 0a3y 3HaHb.
Takuit HaOlp KOHKPETHUX MPABWI JJIS TMOUIYKY 1 BUJIAJICHHS aHTUIIATEPHIB
HUISIXOM 3I1MCHEHHS pe(daKTOPUHTY MOXKEMO BBAXKATU CHUCTEMOIO, IO MPOIYKYE

3HaHHS (IPOIYKIIHOIO CUCTEMOIO).

6.2 Onuc MoaeJii MOYaTKOBOIO0 KOAY, 10 0a3y€THCS HA OHTOJION I

Buznaunmo 6a3y 3HaHb Npo noyaTKoBHM koA sik HaOlp TBox ta ABox akciom.
OcHoBa MOJ1€JT1 — OHTOJIOT1sI PO 00’ €KTHO-OPIEHTOBAHY MOBY IIporpaMyBaHHs (Atzeni
& Atzori, 2017).

[lepuinii KOMIOHEHT MOJAENI — CTAaTUYHHUM 1 BKIIOUYA€ HE3MIHHY 0a30BYy
OHTOJIOT1I0, III0 MICTUTh KJIaCH, aTpUOYyTH, BIIHOILICHHS TIPO:

® CHOUIbHUW CHUHTAKCUC OO’ €KTHO-OPIEHTOBAaHUX MOB MPOrpamMyBaHHS Ta
creuu(pIYHUX KOHCTPYKIIH KOHKPETHOI MOBU UM MOB MporpamyBaHHS (Y
HAIIOMY BUIIAJKy — MOBU Swift);

® CTPYKTYypYy HPOTpaMHOIO MPOAYKTY («MOAYII», MIJCUCTEMH, cepBicH, (ailnu
Kony, (QYHKUII MPOAYKTY, KOPUCTyBadi, 3BITH, TECTH TOUIO y 3B'A3KY 3
HNOHSATTAMHU PO KOJ);

® T[OHSTTS MPUKIIAIHOI MPEAMETHOI 00JIacTi, 10 SAKOi BIAHOCUTHCS MPOAYKT (IS
3B'I3Ky (DYHKIIH TPOAYKTY, MOIYJIB 3 MOHATTSAMH IPEIMETHOI 007acTi THUILY

«(1HaHCOBA TPAH3AKIISD, ITOKYTEIbY, «UYE€K», «TOBAP» TOLIO).

Takox BaXJIUBUM JJIsI pOOOTH METOIB € OMHC BIACTUBOCTEM THUX UM 1HIIHUX
CYTHOCTEH MOZENl 3 TOYKH 30py AakCiOM €KBIBAJEHTHOCTI, 1€papXIYHOCTI MJIs
MOXJIMBOCTI 3A1MCHEHHSI aBTOMAaTU30BaHOTO pe(akTOPUHTY Ha OCHOBI Kiacuikairii
YW BCTAHOBJIEHHS BigHOIeHb. Hampukiaa, HeoOxigHo, 1mo0 kiac «PublicFunctiony»
MICTHB aKCiOMY MpO Te, 0 yC1 METOMIH, sIKi MatoTh BiacTuBICTh «hasPublicModifier»

31 3HAYEHHSM «truey», € eK3eMIUISIpaMu I[bOTO KJIacy.
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[le Bce macTh 3MOTY BUpa)aTH 3alUTH (3aBIaHHA) Ha aHali3 Ta pedakTOPUHT
HE MPOCTO BUKOPUCTOBYIOUHU MOHSITTS TOYATKOBOT'O KOy TaKi SIK «KJIAc», «KMETOA», a i
YTOYHIOBAaTU CTOCYHOK 10 00JacTeid BUKOPHUCTOBYIOUM KOHCTPYKIIII THUIY «IIIO Ma€e
BIIHOILICHHS 10 KOPUCTYBauiB» a00 «I110 Ma€ BIAHOIICHHS JO TPaH3aKI[IN».

Hamnpuknan, «B yci kiacu, M0 MarOTh BIAHOIICHHS O TpaH3aKIlid, 101aTh
Metoa accept(visitor)» (mns peanizailii natepHy BiaBimyBad Juisi TOKYMEHTYBaHHS
MOTOYHOTO CTaHY SIK YaCTHHA T1MOTETUYHOTO CKJIAJHOTO CIIEHAPit0 pePaKkTOPUHTY).

[Hmmit npuknag — ysSBIMO CHUTYyallil0, 10 PO3POOHUK OTPUMAB 3aBIAHHS
3MIMCHUTH pedaKTOPUHT YACTUHU MTOUATKOBOTO KOJY, IO CTOCYETHCS TeHepallii 3BITiB.
Kon ne mominenuit Ha wmomyini, aine ¢QyHKII, 0 CTBOPIOIOTH 3BITH IO3HAYEHI
0coONMMBUM YMHOM. PO3pOOHMKY HEOOXIAHO 3HAWTHU ycCi Takl (QYHKIi, SIKI MaroTh
KUIBKICTh apryMeHTIB Outblny, HUK 4. J[11 mporo iWomy moTpiOHO JMIIE HAmUCaTH
IIpaBUJIO sIKE O Ka3allo «ycl (PYHKIIIi, 10 CTOCYIOThCA F'eHepallii 3BITIB 1 MalOTh OLIbIIIE
HDK 4 apryMeHTH» (peanizallito npaBuia po3mIsiHyTO Jail).

Jpyruii KOMIIOHEHT MoOJIeNl — TuHaMidHui. BiH cknagaeThes 13 Habopy ABox
aKClOM, Kl CTBOPIOIOTHCS Ha OCHOBI KOHKPETHOI'O MOYAaTKOBOTO KOAY B Pe3yibTari
CUHTAaKCUYHOI0 aHai3y 1poro koxy. Lli akciomu OyayTh n0oJaBaTH €K3EMILIAPU IO
MOJIeNli, SIKI BIJMOBIIATUMYTh KOHKPETHUM CHUHTAKCUYHUM KOHCTPYKIIISIM, @ TaKOXK
3HaHHS MPO MPUHAJEKHICTh TAKUX KOHCTPYKIIM O MEBHOrO MOAYIS, KJacy, 30HU
BIAMIOBITAIHOCTI HA OCHOB1 KOMEHTAPIB UM 1HIITUX J0IaTKOBUX MO3HAYECHb.

CxemMaTH4HO TaKy CTPYKTypy Mozeni 300paxeHo Ha PucyHok 34.

Crarn4Ha 9acTiHa - OHTOJIOTisA JlnHamiYHa 9acTHHA — TOIATKOBI aKCiOMH
( ) B AB
upa3u ABox
Bupasu TBox P . .
o . N IIpu3nagenns (assertion) Kiacis,

Jedininis xnaciB, BIaCTUBOCTEH JOMEHY . .
\ IZDII BIIACTHBOCTEH JJII HOBUX €K3EMILLIPIiB
e N

Ipusnayenns (assertion) Kiacis,

Bupasu ABox
BJIACTUBOCTEH

Pucynok 34. CxemaruuHa CTpyKTypa MOAEII
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Takum YUHOM MOXKEMO BBa)KaTH, 1110 MOJICTIOBAaHHS KOHKPETHOTO TOYaTKOBOTO
KOy 3[IICHIOETHCS IIIXOM MOJIETIOBaHHS (DOpMasi30BaHOTO MPE/ICTABICHHS 3HAHb.

PosrnsiHeMO KOHKpETHI NPUKIAAUM CYTHOCTEH (HAMOUIbIN 3HAUyIll), SKi
MICTSTBCSI B MOJIeNIi. 3Be/ICH1 a1 mpeAcTaBieHo B Tabmuis 3.

Tabnuus 3. CnucoK OCHOBHUX CYTHOCTEH B MOJie1

Knacu BaacruBocTi Exsemmiasipu

OHnTOM0TI PO 00’ EKTHO-OPIEHTOBAHY MOBY IIPOI'PAMYBaHHSI

Class declaration belongsTo, conformsTo, Float, Int, Boolean,
statement, Field, Local equalsTo, isInFunction, Private, Public, Static,
variable, Parameter, references, returns, Final, irwi.

Complex type, Primitive | invokes, hasProperty,

type, Class, Function, hasModifier,

Property, Interface, hasGenericType, hasPart,

Modifier, Statement, isIn, argumentCount,

Wildcard, Library, inuwi. sourceCodeReference,

returnType, name, iHwi.
OHTOJIOT1SI CTPYKTYPH IPOTPAMHOTO MPOIYKTY

Scope, Area, Module, belongsTo, appliesTo, Transaction, Logging,
Functionality, Business worksln, inwui. Print, Business, Unit
unit, fHuwui. testing, iHwi.

[IpaBuiia po3MIUPEHUX CUHTAKCUYHUX KOHCTPYKIIIN

IcHyrOUMM ex3eMisipam
b3 momarorhest HOBI

— — BIJHOIIIEHHS Ta
BJIACTUBOCT] Ha OCHOBI
3aJJaHUX MPABUI

JlmHaMI19HI €IEMEHTH MOACI1

ExzeMiuispu, cTBOpeHi Ha
OCHOBI KOHKPETHHUX
CUHTAKCUYHUX CTPYKTYP
MOYATKOBOTO KOy

Ha Pucynox 35 300pakeHO METPHKY MO KUIBKOCTI KJIaciB, BIACTUBOCTEH 1
€K3EMIUISAPIB Y CTAaTUYHINA YacTUHI Mojeli. Po3aMip AMHAMIUYHOiI 4acTUHU (KUIBKICTh
€K3eMIUISAPIB) Oyne HampsMy 3ajekaTH BiJl pO3MIpy IMOYATKOBOTO KOAY, AKUU Oyne

npeacTaBIATHCh MOJCIIIIO.
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Metrics

Axiom 7 149
Logical axiom count 6 318
Declaration axioms count 469
Class count 67
Object property count 101
Data property count 18
Individual count 284
Annotation Property count 3

Pucynok 35. CrarucTuka CTaTUYHOT YaCTUHU MOJIEI
HaBeneni nmoka3HHMKHU € JUIIE YACTUHOK YCIX 3arajJibHUX IMOKAa3HUKIB, TIPOTE

caMe 3a3HaueHl — XapakTepU3yTh HE3MIHHY YacTUHY Mozedi (yci TBox akciomn).

6.3 JocaigkeHHs npoueaypy BUKOPUCTAHHSA NMPABWJI B IPOUECi

pedaKkTOpUHTY

Jlns mepeBipku MoxkauBocTi SWRL BupimuTu nocraiaeHy 3ajady, 104aMo 10
paHime po3pobieHoi cxemm 0Oa3u 3HaHB Kiac Interface, a TakoXX BIACTHUBICTH

conformsTo, 1o Oyne BkazyBaTu Ha peasizaliio eK3eMILIIpOM MEBHOTO 1HTepdeiicy, 1

3BOPOTHIO 110 Hei supportedBy.

protocol Say {
func say() -> String

K

class Animal {
let age: Int

init() {
age = 0

}

func say() —> String {
return ""

}
}

Pucynok 36. ITouarkoBuii Koz

JIns mpuKIaay po3mITHEMO BUIIAJOK IEPETBOPEHHS B OHTOJIOTIIO TOYaTKOBOIO

Ko1y, 300paxkeHoro Ha Pucynoxk 36.
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[Ticyist BUKOHAHHS IEPETBOPEHHS KOAY B (pakTH, 110 10AaH1 B 0a3y 3HaHb, IS
iHTepdeiicy (MPOTOKOJI y TOYAaTKOBOMY KOA1) Oyle CTBOPEHO €K3EMIUISIP HACTYITHOTO

tuny (Pucynoxk 37):

<!— owl:0Ontology#15488467-b91b-40bd-99af-5a19b553846f ——>

<owl:Thing rdf:about="owl:0ntology#15488467-b91b-40bd-99af-5a19b553846f'">

<rdf:type rdf:resource="http://www.w3.0rqg/2002/07/owl#NamedIndividual”/>

<rdf:type rdf:resource="owl:Ontology#Interface"/>

<hasMethod rdf:resource="owl:0ntology#9f30cdf7-3d38-41a3-a@8d-a7b465292f01" />

<name rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">Say</name>

<sourceCodeReference rdf:datatype="http://www.w3.0rq/2001/XMLSchema#string">(8:1,10:2)</sourceCodeReference>
</owl:Thing>

Pucynok 37. Onuc exzemIuisipy intepdeiicy
J171s1 MOYaTKOBOTO KOJY, 1110 300pa’keHO Ha PUCYHKY, Oyle CTBOPEHO HACTYyTHUI

exzeMIuisip kiacy (Pucynok 38):

<!—— owl:0Ontology#f6283464-d6de-4203-b638-a4158ed174f0 ——>

<owl:Thing rdf:about="owl:0ntology#f6283464-d6de-4203-b638-a4158ed174f0">

<rdf:type rdf:resource="http://www.w3.0rqg/2002/07/owl#NamedIndividual"/>

<rdf:type rdf:resource="owl:0Ontology#Class"/>

<hasMethod rdf:resource="owl:0ntology#578f62ad-7a@f-4bde-a@d8-c91a3@d25cdb"/>

<hasProperty rdf:resource="owl:0ntology#87000b06-c136-4e@7-a@cd-894ab4b69c33" />

<name rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">Animal</name>

<sourceCodeReference rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">(12:1,22:2)</sourceCodeReference>
</owl:Thing>

Pucynok 38. Onuc exk3eMIuisipy kiacy

Ak 6aunMo, EK3EMILISP HE MICTUTH >KOAHOI 1HPOpMAIIii PO Te, 10 JaHUM KJ1ac
peanizye iHTepdeiic.

OckuIbKH 00MABA €K3EMIUISIPU MICTATH 1H(QOpMaLIi0 Ipo Te, 0 BOHU MaIOTh
OJTHAaKOBY (DYHKII1}0, MOKHA 3pOOMTH BUCHOBOK, 1110 JJaHUM KJlac peani3dye iHTepdeiic.
Opnak, 111 3HaHHS HE MOXYThb OyTu oTpuMaHi 3 oHtonorii OWL, oCKIIbKM HaBITh
HasBHICTh aKCIOMH PO TE, 0 0OMABA €K3EMIUISIPH BUIIE3TaJJaHUX METOJIB € OHUM
00’€KTOM, HE Ja€ MOXJIMBOCTI CHUCTEMI JIOTIYHOTO BUBOAY CTBOPUTU 3HAHHS PO
(YHKI10HATBHY 3aJI€KHICTD.

Jlns po3B’si3aHHs JaHO1 MpoOsieMu ckopucTaeMoch mnpaBuiamu SWRL Ta
3anutamu MoBoro SQWRL, 110 pazom noznaunmo sk S(Q)WRL.

J171s1 Toro, 11100 onucaTH, 0 HAsBHICTh OJHUX 1 THX K€ K METO/IIB y 1HTepdeiici
Ta KJacl CBIIYUTH MPO peaiizaiiio JaHUM KiIacoMm iHTepdeicy, 3acTOCyeEMO Take

npaBuiio (Pucynok 39):

118



Class(?cl) A hasMethod(?cl, ?x) A Interface(?pr) A hasMethod(?pr, ?y) A name(?x, ?x_name) A name(?y, ?y_name) A
swrlb:equal(?x_name, ?y_name) A returnType(?x, ?x_type) A returnType(?y, ?y_type) A swrlb:equal(?x_type, ?y_type)
-> conformsTo(?cl, ?pr)

Pucynox 39. Ilpasuno conformsTo

[IpaBuiio rOBOpUTH MPO TE, IO SIKIIO Y KAacy «cb» € Meron «x», 1 11eit MeTon €
YaCTUHOIO 1HTEep(PEiCcy «pr», SIKUM TaKOXK Ma€ METON «y», 1 SKIIO IM'S METOMY «X»
TOPIBHIOE IMEHI METOLY «Y», 1 THII TOBEPHEHHS «X» CIIIBIAJA€E 3 TUIIOM IOBEPHEHHS
«y», To Kiac «cl» BianoBigae iHTepdeiicy «pr». YMOBHU JjIsl 3aCTOCYBAaHHS MTpaBUIIa:

?cl — 3MmiHHa, sIKa MpeICTaBIIsI€E Kiac.

?X — 3MIHHA, SIKa MPEJICTABIISIE METOT «X».

?pr — 3MiHHA, SIKa MPEJCTaBIIsIE IHTEPPENC.

7y — 3MIHHA, SIKa MPEJICTABIISIE METOJT «Yy».

?X_name — 3MiHHA, sIKa MPEACTABIISAE IM'ST METOLIY «X».

?7y_name — 3MIHHA, 5IKa MIPEACTABIISIE IM'ST METOLY «Yy».

7X_type — 3MiHHA, sIKa IPEACTABIISIE TUII IOBEPHEHHS METOMY «X».

7y _type — 3MiHHa, sIKa IPEACTABIISIE TUII IOBEPHEHHS METONY «Y».

Jii, sIK1 BUKOHYIOTBCS, SIKIIIO YMOBH BUKOHYIOTHCS:

Cucrema nonae tBepmxeHHs «conformsTo(?cl, ?pr)» mo cBo€i 6a3u 3HaHB, 110
o3Hayvae, 110 Kiac «cl» Binmnoigae iHTEPEUCY «pry».

[Ticns 3acTOoCyBaHHS HaBEAEHOTO MpaBHJa JUJIS MONEPEIHBOrO MOYAaTKOBOTO

KOJly oTpuMaemo Takuit pesynsrar (Pucynok 40):

<!—— owl:0ntology#2144fe9e-201c-4289-99e8-290495d1dade ——>

<owl:Thing rdf:about="owl:0ntology#2144fe9e-201c-4289-99e8-290495d1dade" >

<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#NamedIndividual"/>

<rdf:type rdf:resource="owl:0Ontology#Class"/>

<hasProperty rdf:resource="owl:0ntology#e2aecabb-1ab2-4874-aec9-bfc9ec5c8406'" />

<conformsTo rdf:resource="owl:0ntology#0e968089-c3f0-4799-98fc-56fdce596834" />

<hasMethod rdf:resource="owl:0ntology#296ea3e9-5bca-4c9d-bl6e-d2d1b9bd93bc" />

<name rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">Animal</name>

<sourceCodeReference rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">(12:1,22:2)</sourceCodeReference>
</owl:Thing>

Pucynok 40. Onuc ek3eMIusIpy Miciis BAKOHAHHS MpaBuia
Sx G6auumo, 0 1HAMBIAY Kiacy Oyno gomaHo BiaactuBicTh conformsTo, mio

BKa3ye Ha peaiizalliio UM KjacoM BiJnoBigHoro iHTepdericy (Pucynok 41).
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protocol Say {
func say(name: String) -> String

Pucynox 41. IIpoTokon 3 napameTpom
Jlo momnepeHbOro MOYaTKOBOTO KOAY BHECEMO 3MiHY — JI0aMO J10 METO.Y, 1110
€ 4YIEHOM MpoTokony (iHTepdelicy) mapaMmeTp. 3 TOUKH 30py paHillle HaMKUCaHOTO
SWRL npasuna, meronu B npoTokoidi (iHTepdeiic) Ta B kiaci (fioro peanizaiiisi) Bce
1€ OJHAKOBI1, TOMY IIICJISl 3aIyCKY CUCTEMU MEPETBOPEHHS MOYATKOBOTO KOAY B 0azy
3HaHb 3 BUKOHAHHSAM IMPaBWJI Ta MNPOAYKYBAaHHSAM 3HaHb, OTPUMAEMO PE3YJbTAT,

IIEHTUYHUN onepenHboMy. PrucyHoK 42 miarBepaxye 3po0iIeHil BACHOBOK.

<!—— owl:0ntology#55df1896-0ele-4b66-b626-ce76476c2810 ——>

<owl:Thing rdf:about="owl:0ntology#55df1896-0ele-4b66-b626-ce76476c2810" >

<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owli#NamedIndividual”/>

<rdf:type rdf:resource="owl:0Ontology#Class"/>

<conformsTo rdf:resource="owl:0ntology#bccc9268-a3ed-4388-8c93-822eb5646f3" />

<hasMethod rdf:resource="owl:0ntology#221bea71-8a9f-449b-8213-e1744d6a4779" />

<hasProperty rdf:resource="owl:0ntology#9fbf63e4-a7fc-4bc7-a34b-1401021c3257"/>

<name rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">Animal</name>

<sourceCodeReference rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">(12:1,22:2)</sourceCodeReference>
</owl:Thing>

Pucynok 42. Onuc ex3eMIusipy micist 3MiH 0 TOYaTKOBOTO KOy

Jliist Toro, abu 3amoOirTi Taki cuTyarii, He0OX11HO OLIBII TOYHO BU3HAUUTHU
noaiOHICTh ABOX METOAIB — B iHTep(eiici Ta B peanizaiii. {1 1bOro mponoHyeTbCs
nonatu npaBwia SWRL, ski OyayTh NMOPIBHIOBATH EK3EMIUISIPH, IO IMO3HAYaIOTh
METOIM, 1 BUKOPUCTOBYBATH JOJATKOBY BJIACTUBICThH, 00 TMO3HAUUTH OJHAKOBI
exzeMiuisipu. Llieto BracTuBicTIO MOXxe OyTH crangaptHe no3HadeHHss OWL sameAs,
OJTHaK HAKJAJaHHS TaKOi BIACTUBOCTI (UM HABITb OOMEXKEHHS Yy MEBHUX BHUIMAJKaX)
Npu3BeAe JO YTOTOXKHEHHS iXHIX TMONEpPEAHIX BIACTUBOCTEM (Takuil  fK
sourceCodeReference), 1mo € HeOaxkaHUM y KOHTEKCTI modarkoBoro koxy. [lpuxmnan
TaKOro JIOTTYHOTO BUBEJEHHS 300pakeHo Ha PucyHok 43.

JI71s1 BUpimIeHHs TpoOJIeMH BBEIEMO B OHTOJIOT1O BJIACHE MOHSATTS TOTOXKHOCTI,
sKe OyJ1e BAKOPUCTOBYBAaTUCh yCIMa CYTHOCTSIMU 1 Oy/Jle 03HaYaTH BIACHE CUHTAKCHUUYHY
noAiOHICTh, fIKa MOTpiIOHA [JIs MOPIBHSHHS CYTHOCTEW IMOYATKOBOTO KOOy, a HeE
3a3HAYEHHS TOTOXKHOCTI BJIACHE IHJMBIIIB OHTOJIOTIi. BapTo 3a3HauuTH, 110 JaHy

BJIACTUBICTH CJI1J] 3a3HAYUTH SIK OOEpHEHY 0 camoi cebe.
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<!— owl:0ntology#4c4b4745-1dbd-4e3d-ad422-acc73c88234d —>

<owl:Thing rdf:about="owl:0ntology#4c4b4745-1dbd-4e3d-ad422-acc73c882344d">
<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#NamedIndividual/>
<rdf:type rdf:resource="owl:0ntology#Property"/>
<isInFunction rdf:resource="owl:0ntology#3ecc3c58-ab8b-458f-83d2-191cd8512ded" />
<isInFunction rdf:resource="owl:0ntology#38f93efd4-1114-4c4b-842f-5f5056d671ca" />
<name rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">name: String</name>
<sourceCodeReference rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string'>(19:14,19:26)</sourceCodeReference>
<sourceCodeReference rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string''>(9:14,9:26)</sourceCodeReference>
<type rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">String</type>
</owl:Thing>

Pucynok 43. Ilpukian ek3eMIuisipy 13 HeOakKaHUMU BIIACTUBOCTSIMHU
BpaxoByrouu BullleHaBeCHI PO3AyMH, MPABWIO JJis MO3HAYEHHSI OJHAKOBUX

BJIACTUBOCTEH (properties) y mo4yaTKOBOMY KOJii OyJ/ie BUIIIAIATH TakK, sSIK MOKa3aHO Ha

PucyHnok 44.

Ontology:Property(?p1) A Ontology:name(?pl, ?p1_name) A Ontology:type(?p1, ?p1_type) A Ontology:Property(?p2)
A Ontology:name(?p2, ?p2_name) A Ontology:type(?p2, ?p2_type) A swrlb:equal(?pl_name, ?p2_name) A
swrib:equal(?p1_type, ?p2_type) -> Ontology:equalsTo(?p1l, ?p2)

Pucynok 44. Bnockonanene npasuio equalsTo

Po3rnsiHeMo KOXHY YaCTHHY IHOTO TIpaBuJa:

Ontology:Property(?pl1)"Ontology:name(?pl,?pl _name)"Ontology:type(?pl,
?pl _type): 111 yMOBa OIKCYE, IO ICHY€E 00'€KTHA BIACTUBICTh 7pl, y SIKO1 € 3HAUCHHS
?pl_name (Ha3Ba) Ta ?pl_type (TUI) 1J1s1 BIACTUBOCTEN name Ta type BIAMOBIIHO.

Ontology:Property(?p2)"Ontology:name(?p2,?p2 _name)"Ontology:type(?p2,
?p2 type): e aHaloOriyHa yMoBa JUisl JIpyroi OO0'€KTHOi BIACTUBOCTI /p2 3 il
3HaueHHsIMU ?p2 name (Ha3Ba) Ta ?p2_type (TUIl).

swrilb:equal(?pl_name, ?p2 name): 1 ymMoBa TNeEpeBips€, MO 3HAYCHHS
?pl _name Ta ?p2 _name piBHI.

swrilb:equal(?pl_type, ?p2_type): 1151 yMOBa NepeBIpsi€, 0 3HaUCHHS 7pl_type
Ta ?p2_type piBHI.

Sx10 BCi 11l YMOBH BHKOHYIOTHCS, TO HACTYITHUN BUCHOBOK aKTUBYETHCSI:

Ontology:equalsTo(?pl, ?p2).

BiH cTBOpIO€ HOBY 00'€KTHY BIACTUBICTH equalsTo, sika TOB'A3ye O0O0'€KTHI

BJIACTUBOCTI ”pl Ta ?p2 y BUNIAJKY, KOJIM IXHI Ha3Ba Ta THUII CIIBOAJAIOTh.
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OTtxe, nane SWRL npaBuiio Bupaxkae JIOriYHUH 11a0JI0H, 32 SIKOTO BIACTUBOCTI
(properties) 3 OJHAKOBOIO HA3BOIO Ta TUIIOM BBaXKAIOTHCA PIBHUMU 1 MOB'SI3yIOTHCS
HOBOIO 00'€KTHOIO BIacTUBICTIO «equalsToy.

Pe3ynbprar BUKOHAHHS JaHOTO MpaBuia 300paxeHo Ha PucyHok 45. Ik MoxHa
MOMITUTU Ha PUCYHKY, €K3EMIUISIP Ma€ JIBl BIACTUBOCTI, 110 BKa3yIOTh Ha MO/10HICTb,
aje ofHa 3 HUX BKa3y€ Ha €K3eMIULIp, SKUW Mae Takui ke K 1IeHTUPIKATOp, fK 1
MOTOYHUN — TOOTO BKa3zye cama Ha ceOe. Takuil BUCHOBOK CTa€ OYEBHUIHUM, SIKILO
BpaxyBaTH, 110 00’€KTHA BIacTUBICTh equalsTo Bka3zaHa sk Taka, 110 0OepHEHa cama

co01, a 0Tke ¥ ex3eMIuLsIp Oyzie mo1I0HUM cOoO1.

<!— owl:0ntology#f52aa436-5617-44ce-bb4b-234ced56e1f2 ——>

<owl:Thing rdf:about="owl:0ntology#f52aa436-5617-44ce-bb4b-234ced56elf2">
<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#NamedIndividual”/>
<rdf:type rdf:resource="owl:0ntology#Property"/>
<equalsTo rdf:resource="owl:0Ontology#a234752d-b69@-4cd4-8414-4ac012b79923" />
<equalsTo rdf:resource="owl:0ntology#f52aa436-5617-44ce-bb4b-234ced56el1f2" />
<isInFunction rdf:resource="owl:0ntology#85a59939-2452-4970-8ac5-4a6d414a2475" />
<name rdf:idatatype="http://www.w3.0rg/2001/XMLSchema#string">name: String</name>
<sourceCodeReference rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">(9:14,9:26)</sourceCodeReference>
<type rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">String</type>
</owl:Thing>

Pucynok 45. Exzemmuisap Property 13 Bnactusictio equalsTo
HNonamo mnpaBuino (Pucynox 46) s NOpIBHSHHS METONIB, sIKe Oyle

BUKOPUCTOBYBATH paHiIlle A0AaHy BIACTUBICTH PO MOAIOHICTh MapaMeTpiB.

Ontology:Function(?f1) A Ontology:name(?f1, ?f1_name) A Ontology:returnType(?f1, ?f1_type) A
Ontology:hasArgument(?f1, ?f1_arg) A Ontology:Function(?f2) A Ontology:name(?f2, ?f2_name) A
Ontology:returnType(?f2, 7f2_type) A Ontology:hasArgument(?f2, ?2_arg) A swrlb:equal(?f1_name, ?f2_name) A
swrib:equal(?f1_type, ?f2_type) A Ontology:equalsTo(?f1_arg, ?f2_arg) -> Ontology:equalsTo(?f1, ?2)|

Pucynok 46. Ycknaguene npasuio equalsTo

e SWRL mpaBuio Bumarae, mo0 a1 ¢ynkmii (?fl ta ?f2), gxi maroTh
oJTHaKoB1 iMeHa (name), Tunu noBepHeHHs (returnType) Ta aprymentu (hasArgument),
Oynu BU3HaH1 pIBHUMU, BBOJASIYM HOBE BiiHOIIEHHS equalsTo.

Bapro 3ayBakutu, mo uepe3 ocobOnuBicte SWRL nomane npasuno Oyne
3aCTOCOBYBATUCH JO BCIX METOIB, sIKI MalOTh X0oua 0 oguH mapameTp. O4eBUIHO, 110
MeToau 0e3 mapaMeTpiB TEX MOXKYTh OyTH MoA10HUMU. /{7151 BUpIIIEHHS 11€T TpoOieMu
0JlaMO IIle OJHE TMpaBWIo, sike Oyle MpaloBaTH JJjisi METOJIB, L0 HE MICTITh

napaMeTpiB.

122



JIns uboro aoaMo HOBY BiacTuBicTh nanux (data property) argumentCount
(Pucynox 47), sixa Oyne nmputamaHHOIO JUIsl ek3eMIuLsipiB kiaacy Function. Ile noTpioHo
JUIsL TOro, abM MaTh MOXJIMBICTh OJHO3HAUYHO 1 MNPOCTO BHU3HAYUTH HASBHICTh
napaMeTpiB 'y Meroai. OCKUIBKA OHTOJIOTIi MaloThb OOMEKEHHS BIIKPUTOTO CBITY
(IpunyImieHHsT MOX€ CTaTd HENpaBAUBAM TPU JIOJlaBaHHI HOBHUX JAHUX),
MOHOTOHHOCTI (HOB1 3HaHHSI MOXYTb JIO/IaBaTHCh, ajie HE BUIAISATUCH), 0A3yIOThCS
JuIIe Ha CTBepAHUX akciomax, a SWRL He gomyckae 3amepeueHHs Ik HEraTUBHOIO
CTBEP/DKCHHS CaMe€ uepe3 BHIICHABEACHI OOMEXEHHS, BHU3HAYUTH HASBHICTH
napaMeTpiB y METOJIl uepe3 MNEepesiueHHs] HasBHUX BlacTUBOCTeM hasArgument He

MOKJIHNBO.

Ontology:Function(?f1) A Ontology:argumentCount(?f2, ?2f2_arg) A Ontology:Function(?f2) A swrlb:equal(?f1_arg, 0)
A Ontology:name(?f1, ?f1_name) A Ontology:returnType(?f1, ?f1_type) A swrlb:equal(?f2_arg, 0) A
Ontology:argumentCount(#f1, ?2f1_arg) A swrlb:equal(?f1_name, 7f2_name) A swrlb:equal(?f1_type, ?f2_type) A
Ontology:name(?f2, ?f2_name) A Ontology:returnType(?f2, ?f2_type) -> Ontology:equalsTo(?f1, ?f2)

Pucynok 47. IIpaBuino equalsTo 3 BnactuBicTio argumentCount
Takox HE0oOX1AHO OHOBUTHU TToniepeaHe nmpaBuiio (Pucynok 47) i3 BpaxyBaHHSIM
HasBHOCTI HOBOI BilacTuBOCTI argumentCount — METOAM MOKYTh OyTH OJIOHUMU TO/I
1 TUTBKY TOJ1, KOJIM KUIBKICTh iXHIX apTryMEHTIB cliBnagae. Bupaszumo 11e cTBepKeHHS

y npasuii (PucyHnok 48).

Ontology:Function(?f1) A Ontology:name(?f1, ?f1_name) A Ontology:returnType(?f1, ?f1_type) A
Ontology:hasArgument(?f1, ?f1_arg) A Ontology:argumentCount(?f1, ?f1_count) A Ontology:Function(?f2) A
Ontology:name(?f2, ?2f2_name) A Ontology:returnType(?f2, 7f2_type) A Ontology:hasArgument(?f2, ?f2_arg) A
Ontology:argumentCount(?f2, ?f2_count) A swrlb:equal(?f1_name, ?2_name) A swrlb:equal(?f1_type, f2_type) A
Ontology:equalsTo(?f1_arg, ?f2_arg) A swrlb:equal(?f1_count, ?f2_count) -> Ontology:equalsTo(?1, 7f2)

Pucynok 48. JlonatkoBe npasuio equalsTo 3 BnactusicTio argumentCount
[Ipu 0OpoO1Ii paHillle 3a3HAYEHOTO MOYATKOBOTO KOAY OTPUMY€EMO HACTYyITHUU

pesynbrar (Pucynok 49).
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<!— owl:0ntology#8779b482-dc28-46b3-a228-38cdb615592b ——>
<owl:Thing rdf:about="owl:0ntology#8779b482-dc28-46b3-a228-38cdb615592b">
<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#NamedIndividual”/>
<rdf:type rdf:resource="owl:0ntology#Function"/>
<equalsTo rdf:resource="owl:0ntology#ecad7dla-5155-4eeb-9702-f50b8dfe60e8" />
<hasArgument rdf:resource="owl:0ntology#8fd72696-512d-44d8-ae3e-fd99603cdf8c" />
<equalsTo rdf:resource="owl:0ntology#8779b482-dc28-46b3-a228-38cdb615592b" />
<isIn rdf:resource="owl:0ntology#9e@98efc-929c-4ad4-8fe7-062bdalaef81" />
<argumentCount rdf:datatype="http://www.w3.0rg/20@1/XMLSchema#integer">1</argumentCount>
<name rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">say</name>
<returnType rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">String</returnType>
<sourceCodeReference rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string'>(9:5,9:37)</sourceCodeReference>
</owl:Thing>

Pucynok 49. Exzemmuisip ¢yHK1ii 13 XMOHUM BUCHOBKOM
Sk 6a4rmMo, METO] BU3HAUECHUI SIK TOJIOHUH J10 IHILIOTO METO.TY, 10 MAa€ TaKH
e K apryMmeHT. J{s Toro, abu BUIPaBUTH CUTYALIIIO 13 HENPABUILHUM BU3HAUYEHHAM
peanizamii iHTepdeiicy KiaacoMm, 3MIHUMO TMONEPEAHE TMPABUIO MPO HASBHICTh
BrnactuBocTi conformsTo 1 mpuBeaemMo MOro g0 TAKOrO BUINISIAY, SIK MOKAa3aHO Ha

Pucynok 50.

Ontology:Class(?cl) A Ontology:hasMethod(?cl, ?x) A Ontology:Interface(?pr) A Ontology:hasMethod(Zpr, ?y) A
Ontology:equalsTo(?x, ?y) -> Ontology:conformsTo(cl, ?pr)

Pucynok 50. OnoBnene npasuiio conformsTo
Ak 6aunMo, mepeBipka Ha TOTOXKHICTh HA3BU Ta THUILY MOBEPHEHHS, a TaAKOX
BIICYTHICTh MEPEBIPKM HA HAasBHI MapaMeTpH, y TMOMNEePeIHbOMY MpaBuiIl Oyinu

3aMiHEH1 Ha €IUHY nepeBipKy equalsTo.

protocol Say {
func say(name: String) —> String

¥
class Animal {
let age: Int
init() {
age = @
}

func say(name: String) — String{
return ""

Pucynox 51. TecTtoBuil NOYaTKOBUM KOJ
JInst moyaTkoBOrO Koay, o Ha PucyHok 51, oTpuMaemo HacTynmHUMN pe3yabTar

(Pucynox 52):
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<!-= owl:0ntology#77fda@@c-6769-4723-9ccb-bce81fcfef79 --—>
<owl:Thing rdf:about="owl:0ntology#77fda@@c-6769-4723-9ccb-bceB8lfcfef79">

<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#NamedIndividual™/>

<rdf:type rdf:resource="owl:0Ontology#Class"/>

<conformsTo rdf:resource="owl:0ntology#bcc8bbd9-8d5e-4aba-8cf9-dca2a36479e@" />

<hasProperty rdf:resource="owl:0ntology#739d78c7-e7c3-4774-b2c2-eae92b4d9b4b" />

<hasMethod rdf:resource="owl:0ntology#805c2827-a32f-443d-9ded-164e9f4del59" />

<name rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">Animal</name>

<sourceCodeReference rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">(12:1,22:2)</sourceCodeReference>
</owl:Thing>

Pucynok 52. Onuc ek3eMIusIpy KJ1acy Miciis BAKOHAHHS YCIX MPaBUIl
3MIHUMO TMOYATKOBUH KONl Tak, MO0 peanizalis MpOTOKOIY HE BinOyBanach

Pucynok 53.

protocol Say {
func say(name: String) —> String

class Animal {
let age: Int

init() {
age = 0

func say() —> String{
return ""

Pucynok 53. IlouatkoBuii ko 0e3 peanizailii IpoTOKOIY

VY TakoMy BHIIaJIKy CUCTEMA 3r€HEPY€E HACTYIIHY BIANOBIAb:

<!—— owl:0ntology#87b5310f-38e3-48cd-a6ff-fble88dbc316 ——>

<owl:Thing rdf:about="owl:0ntology#87b5310f-38e3-4Bcd-a6ff-fble88dbc316">

<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#NamedIndividual"/>

<rdf:type rdf:resource="owl:0ntology#Class'"/>

<hasProperty rdf:resource="owl:0ntology#b®ala232-abce-4af1-be@9-3e01d3988bad" />

<hasMethod rdf:resource="owl:0ntology#ecc83el6-afd1-4860-9326-26e175f25f9d" />

<name rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">Animal</name>

<sourceCodeReference rdf:datatype="http://www.w3.0rg/2091/XMLSchema#string">(12:1,22:2)</sourceCodeReference>
</owl:Thing>

Pucynok 54. Onuc exk3eMIuIsIpy Kjiacy Jyisl TO4aTKOBOTO Koy 0e3 peanizallii
MPOTOKOITY
[Ipuknan i3 peanizailielo MPOTOKOJIY Ma€ Ha METI IMOKa3aTH MOXJIIUBICTh
JIOT1YHOTO BUBEJEHHS HOBUX 3HAaHb Ha OCHOBI IMOYATKOBOIO KOAy, 0a3ylO4yuCh Ha
neBHOMY Ha0opi GyHKIIOHAIBHUX MpaBuia. OU4EeBUIHO, 110 MPUKIIA € CIPOIICHUM 1

HE TIOKPUBA€ Pi3HI KpailoBI YMOBH, Taki SIK HAasBHICTh KIJIBKOX PI3HMX METOJIB B
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iHTepdeiici. OnHak HaBeACHI MpaBuiIa JOBOMASTH, IO PO3IIUPEHHS 1 TO1aBaHHSI YMOB
Terep MOXKE 3/1MCHIOBATHCS HE3aJIEKHO BIJI CHHTAKCHCY MOBH MPOTPaMyBaHHS 1 HE
BHMarae 3HaHb PO KOHKPETHY TEXHOJIOTIIO.

[IponykyBaHHsl 1 J10oAaBaHHS HOBUX 3HaHb, IO 0a3ye€ThCs Ha BIIACTHBOCTI
MOHOTOHHOCTI OHTOJIOT1H, HE 3aBXKJM MOKPUBATUME 3ajJiadi, SIKI MOCTAIOTh MEpe
PO3POOHUKOM MPOrpaMHOTro 3abe3redeHHs mij yac pe@akTopuHry. YacTo 10BOAUTHCS
BHOCUTHU 3MIHU B CTPYKTYpy IOYATKOBOTO KOAY, J10AaBaTH YU BHAAISTH CyTHOCTI.
Bnacue onrtonoriga ta nponaykiiiini npaBuwia SWRL He nependauaroTb MOXKIUBICTh
BUJIAJICHHS 3HaHb 4 iX Moauikaiito (0 NPOTUPIYUTH OCHOBHUM MPUHLIUIIAM
oHTOJIOTTT). 7 3MiHM CTpyKTypu 0a3u 3HaHb HEOOX1JHE 3a7Ty4Y€HHs 30BHIIIHBOTO
YUHHUKA, SIK-OT CUCTEMU YNpaBIiHHSA 0a3010 3HaHb. BOHA MOBUMHHA MICTUTUCH B OAHIN
JOT14HIN (yHKIIOHANBHINA oguHUII (cepBic, QyHKIIIs y serverless apxiTeKTypi, TOIIO)
13 023010 3HaHb 1 OMPaAILOBYBATH ii, KOJIM BOHA BXke cpopmoBana. [Ipu nbomy cucrema
Oyne nuie 3A1MCHIOBATH Harepe] OMUCaHl 3aluTH 10 0a3u 3HaHb 1 3MIHIOBATH Il
BIIMOBIAHO A0 MOTpedu cuieHapito. Takuil MiIXiJ He MPOTUPIYUTh X0y AOCIHIIKEHHS
1 OCHOBHIN 1Ael (opmaiizanii NOYaTKOBOTO KOy 1 y3arajJbHEHHs JJI 31MCHEHHS
pe(daKTOpUHTY, OCKUIBKM CILIEHapli CUCTEMHU YyIpaBiliHHSA 0a3010 3HAaHb OYIyTh
HaKOMUYyBaTUCH 1 OyTyTh HE3MIHHUMU BIJTHOCHO MOBH IIPOTpaMyBaHHsI YU TEXHOJIOT 11,
10 BUKOPUCTOBYIOTHCS Y IOYaTKOBOMY KOJII, SIKMi1 00pOOIII€ThCS.

JIns mpukiiany po3mISTHEMO OJIMH 13 MOMYJSPHUX AHTUIIATEPHIB — JIOBTUU
CIIMCOK MapaMeTpiB. Sk OIMH 13 BapiaHTIB PO3B’s3aHHA MPOOJIEMU MPOMOHYETHCS
3aMiHa MapaMeTpiB OAHUM 00 €KTOM, KM Oyne MICTUTH B coOl ycl HeoOXiJHi
BJIACTUBOCTI.

BukopuctoByrouu nomnepeaHi HanpalloBaHHs, OMUIIEMO IpaBuiia 1 CIeHapii,
HEOOXI1/IH1 JIJI BAKOHAHHS 1[bOTO MPOIECY B aBTOMAaTUYHOMY PEXUMI B 0231 3HaHb.

Jns  3mificHeHHs 3amuTiB 70 ©0a3u 3HaHb (OHTOJIOTII) CKOPHUCTAEMOCH
posmupenusM SWRL — SQWRL. Biaminnicte SQWRL nonsrae B Tomy, 110 BoHa
J03BOJISIE TaKOXK (DOPMYIIOBATH 3allUTH, B SKUX MOXKHA MOEJHYBAaTU NUTAHHS 3

JOT1YHUMU TIPaBUIIAMHU JIJI1 OTPUMAHHS OUIBII CKJIAJIHUX PE3YJIbTATIB.
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3anutu, Hanucani Ha SQWRL, nomomararoTh 3HAXOIWTH, BWIy4YaTH Ta
aHaji3yBaTH JlaHI B OHTOJIOTISAIX. Takl 3amuTH MOXYTb OyTH KOPUCHI JJIA
PI3HOMAHITHUX 3aB/IaHb, BKJIFOYAIOYM BUSBICHHS 3B'SA3KIB MK 00'€KTaMU, BUKOHAHHS
JOT1YHMX OMepalliid Hal JaHUMU Ta 31HCHEHHS 3alUTIB 3 PI3HUX TOUOK 30DYy.

JI71s1 mo4aTKy BU3HAYMMO yCl METOAM, K1 MICTSTh OlJIbIlle, HIXK 5 MmapaMeTpiB.
J171s1 IbOTO CKOPUCTAEMOCH PaHillle JOJaHOI0 BIacTUBICTIO argumentCount Ta 3alIUTOM
SQWRL.

Ockinbku MoBa 3anutiB SQWRL n03Bosisie 00’ €HyBaT yMOBU 1 OTPUMYBAaTH
y 3anuTi HaOOpu AaHUX (BIAMNOBIAb HA 3alUT MICTUTUME YC1 MOXJIMBI MO€IHAHHS
JAHUX, JOCTYMHI B 0a3l 3HaHb, 110 BIAMOBIJAIOTH 3a3HAYEHUM YMOBaM), Opa3y B

3anuTi (PucyHok 55) oTpuMaeMo METOM Ta X apTryMEHTH.

Ontology:Function(?f) A Ontology:argumentCount(?f, 2count) A swrlb:greaterThan(?count, 4) A
Ontology:hasArgument(?f, 7a) -> sqwrl:select(?f, ?a)

Pucynok 55. 3anut aist oTpuMaHHs BCiX QYHKIIHN, Y SIKUX KUTBKICTh apTyMEHTIB
Oinbiia 3a 4

Po3rnsiHeMo KOKHY YaCTUHY MPaBHIIA;

1. Ontology:Function(?f) — ue yactuHa yMOBHU (aHTelle/IeHTa) npaBuia. Bona
BCTAHOBJIIOE, IO CYTHICTh ’f € exk3eMIuiapoM kiacy Ontology:Function, T00TO 1€
AKach QYHKI1 a00 METO/ B OHTOJIOTI].

2. Ontology.argumentCount(?f, ?count) — 11e Tako)X yM0oBa. BoHa BCTaHOBIIIOE,
o JUisi CyTHOCT1 7f icHye BinactuBicTh Ontology:argumentCount, sxa MOB's3ye 1i 3
YHUCJIOM apTyMEHTIB, MPEJICTABICHUM SIK 7count.

3. swrib:greaterThan(?count, 4) — 1ie e ogHa ymoBa. BoHa cTBepmxye, 110
YKCIIO 7count TOBUHHO OyTH OlTbIIE HIX 4.

4. Ontology:hasArgument(?f, 7a) — 1€ TakoXX YacTUHa YMOBH. BoHa
BCTAHOBJIIOE, IO CYTHICTh /f TOB'A3aHa 3 CYTHICTIO 7a 4Yepe3 BIACTUBICTh
Ontology:hasArgument, 10 BKa3zye Ha Te, MO QyHKIIA 7f Mae apryMeHT ’a.

5. -> —11e CUMBOJI HAaCHIAKY, IKHI pO3UIsi€ YMOBY Ta PE3yJbTar MpaBUa.
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6. sqwrl:select(?f, ?7a) — KOHCEKBEHT 3anuTy. BiH Bka3zye Ha Te, 1O MOpH
BUKOHAHHI BCIX TMOMNEpeAHIX YMOB Oyle BUKOHAHUM 3amuT Ha BHOIpKy (select) mist
3MIHHUX 7f Ta ?a.

[lincymoBytouM, 1€ NPaBWIO ONHUCY€E CHUTYyalil0, KoM B 0a3l 3HaHb €
€K3EMIUISIPU KJIaciB, 0 OMKUCYIOTh TaKl KOHCTPYKIIi B KO SIK «QyHKIIIsD» a00 «METO
(Ontology:Function), y SKUX KUIbKICTb apryMeHTiB (Ontology:argumentCount)
oiunbmie Hik 4 (swrlb:greaterThan(?count, 4)), 1 Nl UUX €JIEMEHTIB BU3HAUECHI
apryMeHTH uepe3 BIacTUBICTb Ontology:hasArgument. Pe3ynbTaTOM BHKOHAHHS
3anuTy Oyze BUOIpKa BCIX TaKUX €K3EMIUIAPIB 1 MOB'A3aHUX 3 HUMU apTyMEHTIB.

Bapro 3ayBaxuTu, 10 TakWil 3alUT MOXHa JIeTKO MoaudikyBaTu 1
MIJIJTAIITOBYBATH 1]l KOHKPETHI MOTPeOH, OCKUIBKM MOJENb IMOYaTKOBOIO KOIY
noOy/10BaHa Ha OHTOJIOT1I, 110 MICTUTh JOJAaTKOBY 1H(opMailiito ipo kox. Lle gae 3mory
3BY3UTH OOJNacTh 3acTOCyBaHHS npaBuiia. Hampukinazn, Ha PucynHok 56 300pakeHo
MOJM(IKOBaHE MONEPEIHE MPAaBHIIO, AKe Oyle MOoBepTaTd ycl Taki (PyHKIIi, 010
CTOCYIOThCS (PYHKIIIOHAJIy TeHepallii 3BITHOCTI (3aBISKU JO/IaBaHHIO MEPEBIPKU Ha
HasBHOCTI BigHomeHHd belongsTo @yHkuii 1 momepenHbo BH3HAYeHOI oO0macTi

ReportingFuncArea).

Ontology:Function(?f) A Ontology:ReportingFuncArea(?area) A Ontology:argumentCount(?f, ?count) A
swrlb:greaterThan(?count, 4) A Ontology:hasArgument(?f, 7a) A belongsTo(?f, 7area) -> sqwrl:select(?f, ?a)

PucyHok 56. 3anuT ais oTpuMaHHs yciX (PyHKIT 13 KUIbKICTIO apTyMEHTIB OUIbIIIE,
HIXK 4, 1110 CTOCYIOThCSI TeHepallii 3BiTiB
Hanani 3nificHuMo 00poOKy pe3ynbTaTiB, OTPUMAHUX MTPU BUKOHAHHI 3aIlUTY.
[IpencraBnennit (parment Java-komy (PucyHox 57) € mnpogoBKeHHSIM

onepailiii 3 pesynsraramu 3anuty SQWRL aiist 06poOku oTprUMaHUX €K3EMILISPIB.
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while (longResult.next()) {

IRI funcIRI = longResult.getNamedIndividual( "f'').getIRI();
OWLNamedIndividual funcInd = dataFactory.getOWLNamedIndividual(funcIRI);
IRI paramIRI = longResult.getNamedIndividual( "a").getIRI();

OWLNamedIndividual paramInd = dataFactory.getOWLNamedIndividual(paramIRI);
List<OWLNamedIndividual> temp = new ArrayList<OWLNamedIndividual>();
if (args.get(funcIRI) != null) {

temp.addAll(args.get(funcIRI));

}

temp.add(paramInd);

args.put(funcIRI, temp);

manager.removeAxioms(ontology, getAxiomsBetweenIndividuals(funcInd, paramInd));

}
Pucynox 57. Kog nnst 00poOKu OTpUMaHUX JaHUX K PE3yJIbTaT BUKOHAHHS 3aIMTUTY

Po3mistHEMO KOXKEH KPOK:

1. while (longResult.next()) { ... }: uukn while nepebupae BCi pe3yabTaTu
3anuTy longResult, NTOKU € HACTYITHUN pe3yibTar.

2. Orpumanns IRI iHauBiAyanbHUX €IEMEHTIB 3 pe3yibTary:

IRI funcIRI = longResult.getNamedIndividual("f").getIRI(): orpumyemo IRI
(imenTH(diKaTOp) IHAUBINYATBLHOTO €JEMEHTA, AKui OyB nomiueHnuit gk "f"' (PpyHKIis) B
pe3yJbTari.

IRI paramiIRI = longResult.getNamedIndividual("a").getIRI(): orpumyemo IRI
eK3eMILIsApA, IKUK OyB MoMiueHHi sk "a" (apryMeHT) B pe3yJibTari.

3. CtBopenHns 00'extiB OWLNamedIndividual:

dataFactory.getOWLNamedIndividual(funcIRI): CTBOPIOEMO 00'eKT
OWLNamedIndividual nns exzemmisipa QyHkIii Ha ocHOB1 oTpuManoro IRI.

dataFactory.getOWLNamedIndividual(paramiIRI): CtBOproemo 00'exT
OWLNamedIndividual nns ek3emiuisipa apryMeHTy Ha OcHOB1 oTpumanoro IRI.

4. Omneparii 31 30epiraHHsIM JTaHUX:

CTBOpPIOEMO THMYACOBUH CHOHCOK temp, SIKAA MICTUTUME EK3EMILIIPU
apryMEHTIB ISl KOXKHO1 (DyHKIIII:

® TMEpPEBIPSEMO, YU BXKE € 30epeKeHUM CIMHCOK apryMeHTIB JJis AaHO1 (DYyHKIIII.
S0 Tak, 10Ma€EMO HOBUM apTyMEHT /IO CITUCKY.

e JI0JAEMO OHOBJIEHWI CIHCOK apryMeHTIB A0 args, e kiodeM € IRI gpyHkmii.
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e BHJAIAEMO aKCIOMHM MK (PyHKIII€IO Ta 1i apryMEHTOM 3 OHTOJIOTI] 32 J1I0ITOMOTO0
manager.removeAxioms(ontology,getAxiomsBetweenIndividuals(funcind,
paramlnd)).

VYei ui aii BUKOHYROThCA It KOKHOTO pesynbrary 3anuty SQWRL, mio
J03BOJII€ OOPOOIIATH Ta OHOBIIFOBATH JaH1 B OHTOJIOT1] Ha MiICTaB1 PE3yJbTaTiB 3aIIUTY.

Hageneni y xoai Buile Aii J03BOJSIOTH 3HAUTH €K3EMIUISIPU B 0a31 3HAHBD, SIK1 €
PE3yAbTaTOM BUKOHAHHS 3alMTY, & TAKOXK BUAAINUTH YC1 aKCIOMHU, SIK1 1X OB’ A3YIOTh. Y
HalllOMy BHIIQJIKy — LI€ aKCIOMHU IO3HA4YE€HHS 3B’SI3Ky hasArgument. TakuM 4HMHOM
PO3PUBAEMO 3B’SI30K MK €K3EMIUISIpaMu, 3aJUIIAI0YU caMl eK3eMIUISIpH (K PyHKIT,
TaK 11X mapamMeTpH).

HactynHuil eran — CTBOpPEHHsI €K3EMILISPY CTPYKTYpPH, sika Oyne ¢irypyBaru
K HOBUU mapameTp s GyHKIlii. BoHa MOBUHHA MICTUTU BIACTUBOCTI, SIKI OymyThb
BiioOpaxkaru nomnepeani napamerpu ¢yHkiii. OCKUIbKY caMi €K3eMILISIpU MapaMeTpiB
(y BumsiAl ex3eMIUIsipiB kiacy Property) B 0a3i 3HaHb 3aJIMIIWIKCH, TO HEOOX1THO
TIIBKM JOJATH HOBY €K3eMIULIp Kjacy Struct, a TakoXX MOB’s3aTH iX MK COOOM0
BIIACTUBICTIO hasProperty.

OckunbKH paHiiie OyJio 10AaHO BIAaCTUBICTh argumentCount, 0 BigoOpaxae
KUIBKICTh apryMEHTIB Yy (YHKIi, ii HEOOXIJHO OHOBHUTH. /[ 1bOro BHUIATAEMO
MOMEPEAHIO aKCIOMY 1 CTBOPIOEMO HOBY.

Hapenenuit nmwxkye ¢parment kony (Pucynok 58) o00pobinse cnucok

apryMeHTiB Juisi GYHKIIIM Ta OHOBIIIOE BIJIMIOBIIHI aKCIOMHU B OHTOJIOTTI.

for (Map.Entry<IRI, List<OWLNamedIndividual>> entry : args.entrySet()) {
Struct newStruct = new Struct( "ArgumentList");
OWLNamedIndividual structInd = addStruct(newStruct, entry.getValue());
OWLNamedIndividual funcInd = dataFactory.getOWLNamedIndividual(entry.getKey());
manager.addAxiom(ontology, dataFactory.getOWLObjectPropertyAssertionAxiom(hasArgumentProperty,
funcInd,
structInd));
OWLAxiom argAxiom = getArgumentCountAxiom(funcInd);
if (argAxiom '= null) {
manager.removeAxiom(ontology, argAxiom);
}
manager.addAxiom(ontology, dataFactory.getOWLDataPropertyAssertionAxiom(argumentCountProperty,
funcInd,
dataFactory.getOWLLiteral( 1)));

Pucynok 58. OHOBIEHHS aKC1OM B MOJI€Ji-OHTOJIOT 11
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[TpoanaiizyeMo #oro KpoK 3a KPOKOM:

1. for (Map.Entry<IRI, List<OWLNamedlIndividual>> entry : args.entrySet())
{ ... }: nuKi for nepedupae BCi 3alUcH B args, J1e KoKeH 3anuc MicTuTh [RI ekzeMmuisip
(GYHKIUIT K KJIHOY Ta CIIUCOK apTYMEHTIB SIK 3HAYEHHS.

2. CTBOpEHHS HOBO1 CTPYKTYpH Struct:

Struct newStruct = new Struct("ArgumentList”);: CTBOPIOETbCA HOBUU
exzeMIUisAp Struct 3 iM'am "ArgumentList".

3. JlonaBaHHs €K3EMIUISIPY CTPYKTYpPH 10 OHTOJIOTII:

OWLNamedlIndividual structind = addStruct(newStruct, entry.getValue()):
BUKIUK Merony addStruct, sikuii nomae cTpykTypy newStruct 1o 0a3u 3HaHb Ta
noseprae OWLNamedIndividual, 110 ipeACTaBIs€ IO CTPYKTYPY.

4. Orpumannst OWLNamedIndividual pyHkuii Ta 1onaBaHHS BIaCTUBOCTEH:

dataFactory.getOWLNamedIndividual(entry.getKey()): CTBOPIOETHCS
OWLNamedIndividual nns pyukiii Ha ocHoBi IR ¢ynkii 3 entry.getKey().

manager.addAxiom(ontology,
dataFactory.getOWLObjectPropertyAssertionAxiom(hasArgumentProperty, funcind,
structlnd));: nopgaeTbca akcioMa BIAHONIEHHS MDK (YHKIEIDO 1 CTBOPEHOIO
CTPYKTYpOIo hasArgumentProperty.

5. OHOBJIEHHS aKCIOMHM JIJIsl KUTBKOCTI apTyMEHTIB:

OWLAxiom argAxiom = getArgumentCountAxiom(funclnd),: BUKINKAETHCS
Mmetron getArgumentCountAxiom, KU OTPUMYE AKCIOMY JUIsl KUIBKOCTI apryMEHTIB
byHKIIii.

if (argAxiom != null) { ... }: nepeBipseTbCs, YU 3HAUEHO akcioMmy. SKIo Tak,
BOHA BUJAISETHCS 3 OHTOJIOTII.

6. OHOBJIEHHS aKCIOMM JIJIsl KUTBKOCT1 apryMEHTIB Ha 3HAaYeHHS 1:

manager.addAxiom(ontology,
dataFactory.getOWLDataPropertyAssertionAxiom(argumentCountProperty, funcind,
dataFactory.getOWLLiteral(1))),: nonaeTbCcsi HOBa aKCioMa, 110 BKa3ye, MO0 KIJTbKICTh

apryMeHTiB it GyHKIIi1 JOpiBHIOE 1.
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VYei i omepallii BUKOHYIOThCS JUIsl KOKHOTO €K3eMIUIsApY (YHKIIII, 110 Mae
apryMeHTH. BoHU Bi00pakaroTh MpOIEC OHOBJIEHHS 1HQOpMAIl MPO apryMeHTH
¢dbyHkuii 'y 0a3i 3HaHb. Bapro 3ayBaxkuTH, 10 y MNONEPEAHIX JABOX OIMEpaIisx
BUKOPHCTOBYETHCS] BUBHAYEHHS 1 BUJAJIEHHS aKC1OM 3 OHTOJIOT 1.

HaBenenuit nHmxue dparment xkoxy (Pucynoxk 59) peanizye wmeron
getAxiomsBetweenIndividuals, sikuil npu3HadeHud Uisi 3HAXOJKEHHS aKCIOM MiXk

JIBOMA €K3EMILIIpAMH B OHTOJIOT].

private Set<OWLAxiom> getAxiomsBetweenIndividuals(OWLNamedIndividual first, OWLNamedIndividual second) {
Set<OWLAxiom> relevantAxioms = new HashSet<>();
for (OWLAxiom axiom : ontology.getAxioms()) {
if (axiom instanceof OWLObjectPropertyAssertionAxiom) {
OWLObjectPropertyAssertionAxiom objectPropertyAssertion = (OWLObjectPropertyAssertionAxiom)axiom;
OWLIndividual subject = objectPropertyAssertion.getSubject();
OWLIndividual object = objectPropertyAssertion.getObject();
if ((subject.equals(first) && object.equals(second)) ||
(subject.equals(second) && object.equals(first))) {
relevantAxioms.add(axiom);

}
¥

return relevantAxioms;

PucyHok 59. 3Haxo/)KEHHS KPOC-3aJIeKHOCTI MK €K3EMILIIpaMU

Posrnsinemo ioro peranpHimIe:

Set<OWLAxiom> getAxiomsBetweenIndividuals(OWLNamedIndividual first,
OWLNamedIndividual second) { ... }: neit Mmeton nipuiimae n8a OWLNamedIndividual
K apryMeHTH Ta noBeptae MHOkHMHY OWLAxiom.

Set<OWLAxiom> relevantAxioms = new HashSet<>();: CTBOPIOEThCS
MOPOXKHS MHOXUHA relevantAxioms, B Ky OyqyTh 10JaBaTUCA 3HANUICHI aKCIOMH.

for (OWLAxiom axiom : ontology.getAxioms()) { ... }: muki for nepedbupae Bci
aKC1IOMHU B OHTOJIOTTI.

[TepeBipka TuIly akCiOMH:

if (axiom instanceof OWLObjectPropertyAssertionAxiom) { ... }:
nepeBipsieTbes, un € akcioma tuny OWLObjectPropertyAssertionAxiom, TOOTO

aKcioMa BIIHOIIIEHHS 00'€KTiB.

OWLObjectPropertyAssertionAxiom objectPropertyAssertion

(OWLObjectPropertyAssertionAxiom)axiom; . SKIIO aKC10Ma € BITHOIIIEHHAM 00'€KTIB,
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BoHa nepeTBoproeThesl Ha TuI OWLObjectProperty AssertionAxiom sl mofaigbIIoi
00pOOKH.

OtpumanHs 00'ekTa Ta Cy0’ €KTa aKCIOMU:

OWLIndividual subject = objectPropertyAssertion.getSubject();: OTpUMaHHs
eK3eMILIsApa-cy0’ €KTa aKC1IOMHU.

OWLIndividual object = objectPropertyAssertion.getObject();: OTpUMaHHS
eK3eMIuIsipa -00'ekTa akC1OMH.

[TepeBipka BiIHOIIIEHHS M1 JBOMA €K3EMILIIPAMHU:

if ((subject.equals(first) & & object.equals(second)) || (subject.equals(second)
&& object.equals(first))) { ... }: nepeBipseTbcs, YU €K3eMIUIpU subject Ta object
CIIBIAAAIOTh 3 IEPEAaHUMU first 1 second a0 HaBMaKH.

JlogaBaHHS aKC1OMH 10 MHOKHHH aKC1OM:

relevantAxioms.add(axiom),;: SKIIO BITHOIIEHHS IMIJAXOAWTh, aKcioma
JOJIA€THCSI 10 MHOXKUHU relevantAxioms.

[ToBepHEHHST MHOKHHH aKC1OM:

return relevantAxioms,;: METOJl TOBEPTAE MHOXHUHY aKCIOM, SIKI MarOTh
BIIHOILICHHS M1 NIepeAaHUMU €K3eMIUISIpaMHu.

Hagenenuii Hmxue gpparment koay (Pucynok 60) onucye meron, npu3HaueHUn
JUISL 3HAXOJ/DKEHHS aKCIOMM, [0 BHU3HAYa€ KIIbKICTh ApryMEHTIB ISl 3aJaHOTO

eK3eMIUIsIpa B OHTOJIOTi.

private OWLAxiom getArgumentCountAxiom(OWLNamedIndividual ind) {
for (OWLDataPropertyAssertionAxiom axiom : ontology.getDataPropertyAssertionAxioms(ind)) {
if (axiom.getProperty().asOWLDataProperty().getIRI().equals(argumentCountProperty.getIRI())) {
return axiom;
}
¥
return null;
Pucynok 60. Kon 115t 3HaX0KEHHS aKC1I0MU KUIBKOCTI apTyMEHTIB
Po3mstHemMo iioro 3araJibHy CTPYKTYpPY:
OWLAxiom getArgumentCountAxiom(OWLNamedIndividual ind) { ... }: meTon
npuiiMae OWLNamedIndividual (ex3emmusip) sik apryMeHT Ta noeptae OWLAxiom

(akciomy).
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for (OWLDataPropertyAssertionAxiom axiom
ontology.getDataPropertyAssertionAxioms(ind)) { ... }: uukn for mepebupae Bci
aKCIOMH, SIK1 BKa3yOTh Ha BIACTUBICTh JAHUX JUIS 33aHOTO €K3eMILIsipa ind.

[lepeBipka  BIAacTUBOCTI  JAaHUX  Ta  [OBEPHEHHS  akciomMu:  if
(axiom.getProperty().asOWLDataProperty().getIRI().equals(argumentCountProperty
.getlRI())) { ... }: nepeBipserbes, un IRI BracTuBocTi nanux akciomu Biamosigae IRI
BJIACTUBOCTI JaHUX IS KIJTLKOCT1 apryMeHTiB (argumentCountProperty).

return axiom;: SIKIO BJIACTHBICTh JAaHUX CITIBIAJA€E, MOBEPTAETHCS 3HAMICHA
akcioma.

return null;: skmo y uukiai He Oyno 3HAWIEHO akcioMy, L0 BIANOBIIAE
BJIACTUBOCTI JaHUX JUIsl KIJIBKOCTI apryMEHTIB, METOJ loBepTae null.

[Ticnst BuKkOHaHHS BCIX JMiH, SKI 3a3HA4€Hl BUIIE, OTPUMAEMO HACTYyIHUU
pesyabTar. JlJis momepeaHsoro MOYaTKOBOTO KOAY 3allyCTUMO BUKOHAHHS CHUCTEMHU

(Pucynox 61).

<owl:NamedIndividual rdf:about="owl:0Ontology#17972ba5-ee66-48e2-acdl-a870a8e5ed74">
<rdf:type rdf:resource="owl:0Ontology#Function"/>
<equalsTo rdf:resource="owl:0ntology#17972ba5-ee66-48e2-acd1-a870a8e5ed74" />
<hasArgument rdf:resource="owl:0Ontology#0@ebee8dd-30ae-4cb5-8715-68d87f5a3022" />
<hasArgument rdf:resource="owl:0ntology#13563996-b3b5-4502-bdf5-628a@9a5785d" />
<hasArgument rdf:resource="owl:0ntology#232b5339-b4cc-4fbf-8e17-00c3eB3c0439" />
<hasArgument rdf:resource="owl:0ntology#62880953-fbcd-4963-bad3-c90a4827bfab" />
<hasArgument rdf:resource="owl:0ntology#9f@fef83-843f-4b0f-b152-089ed0df54b60" />
<isIn rdf:resource="owl:0ntology#409d7795-e0e4-4128-beed4-d65f70aad7a2" />
<argumentCount rdf:datatype="http://www.w3.0rg/2001/XMLSchema#integer">5</argumentCount>
<name rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">say</name>
<returnType rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">String</returnType>
<sourceCodeReference rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">(19:5,21:6)</sourceCodeReference>
</owl:NamedIndividual>

Pucynok 61. Onuc exzemMiuisipy QyHKIIi JO 3aCTOCYBaHHA pe()aKTOPUHTY
Sx Oaunmo, 3aMICTh I’AThOX APryMEHTIB, (QYHKIiS Ma€ JUIIE OJWH, LIO

B1100paXeHO y BIACTUBOCTAX hasArgument ta argumentCount (Pucynok 62).

<owl:NamedIndividual rdf:about="owl:0ntology#ddd376c2-7f2e-40d7-afec-07bede3a51d5">

<rdfitype rdf:resource="owl:0Ontology#Function"/>

<hasArgument rdf:resource="owl:0Ontology#c47dbcc5-3a94-4fd8-abd@-815937¢20¢11"/>

<isIn rdf:resource="owl:0ntology#9f9034b0-1800-4eb3-84c7-e7¢21257b3b9" />

<argumentCount rdf:datatype="http://www.w3.0rg/2001/XMLSchema#integer">1</argumentCount>

<name rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">say</name>

<returnType rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">String</returnType>

<sourceCodeReference rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string'>(19:5,21:6)</sourceCodeReference>
</owl:NamedIndividual>

Pucynok 62. Onuc exkzeMIuisipy QyHKIIIT Micis 3aCTOCYBaHHS pe(aKTOPUHTY
Ha Pucynok 63 moka3zaHo CTBOpPEHY CTPYKTYypy, fka 00’e€qHye B c001 BCl

BJIACTUBOCTI 13 (PYHKIII].
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<owl:NamedIndividual rdf:about="owl:0ntology#c47dbcc5-3a94-4fd8-abd@-815937¢26c11">
<rdf:type rdfiresource="owl:0Ontology#Struct"/>
<hasProperty rdf:resource="owl:0ntology#ad641473-8¢27-4d86-9f85-3db7a56d4351" />
<hasProperty rdf:resource="owl:0ntology#24d9feal-25fb—48cf-9baf-abd@29825db3" />
<hasProperty rdf:resource="owl:0ntology#6bllcdl8-e444-4ebc-97b1-f814505cdcbd" />
<hasProperty rdf:resource="owl:0Ontology#666325f4-d134-4ebb-aedd4-7730fade3c9a" />
<hasProperty rdf:resource="owl:0ntology#96a75860-f4fe-4335-a79%9a-d7e2d9f7eb99" />
<isInFunction rdf:resource="owl:0Ontology#ddd376c2-7f2e-40d7-afec-07bede3a51d5" />
<name rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">ArgumentList</name>
<sourceCodeReference rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string' ></sourceCodeReferences>

</owl:NamedIndividual>

Pucynok 63. Ex3eMIuIsip CTpYKTYpHU, CTBOPEHOI B pe3yibTari pepakTOpUHTY
Takum 4YMHOM JHIIE TPbOMA KpPOKaMU (BU3HAUEHHS €K3EMIUISIPIB, BUIAJIICHHS
aKcioM, JOJaBaHHS aKCiOM) MOXKHA 3JIMCHUTH peakTOPUHT YyCiX METOAIB, SKi
M1/IM1a1at0Th 1] BU3HAYE€H1 YMOBH.
311HCHUMO 3aCTOCYBaHHS yCiX 3alIPOIIOHOBAaHUX BUIIE KOHUENINA HA OJHOMY
KOHKpeTHOMY nipukiaji. Ha PucyHok 64 300pakeHO MOYaTKOBUM KO, Y IKOMY MOXHA

3MIMCHUTH pe(HaKTOPUHLT.

protocol Say {
func say() —> String

}
class Animal {
let age: Int
init() {
age = 0
}

func say() —> String{
return "Hello"

}

func go(from: String,
to: String,
with: String,
speed: Int,

distance: Int) —> String{
let time: Double = distance / speed
return "Will arrive from \(from) to \(to) in \(time)"
¥
Pucynok 64. [TouatkoBuii Kof, 17151 AKOTO MOTPIOHO 3AIMCHUTH pePaKTOPUHT
Kinac Animal peanizye mporokon Say, mpoTe B KOl II€ HE 3a3HAY€HO SIBHO.

OyHKIS gO0 Mae S5 apryMeHTiB, a BIANOBIAHO J0 3araJIbHOMPUUHSATHUX MPaKTUK

po3podku I13, Taky KITBKICTh MapaMeTpiB HEOOX1THO 3aMIHUTH CTPYKTYPOIO JTaHHX.
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Ha PucyHnok 65, PucyHok 66 300pakxeHo IpeACcTaBICHHS IbOTO KOy (4aCTKOBO) y 0asi

3HaHb.

<owl:NamedIndividual rdf:about="http://rdf.webofcode.org/woc/b@d98297-38e6-4dd1-948d-350f8d896a35">

<rdf:type rdf:resource="http://rdf.webofcode.org/woc/ClassDeclarationStatement"/>

<hasMethod rdf:resource="http://rdf.webofcode.org/woc/b304bla2-6186-44eb-9bb8-0fadfh8766da" />

<hasMethod rdf:resource="http://rdf.webofcode.org/woc/0985d16d-4f85-4e9b-8202-01a3e484bf26" />

<hasProperty rdf:resource="http://rdf.webofcode.org/woc/437649f2-bdf6-483c-a52d-1cdbb3c925c8" />

<name rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">Animal</name>

<sourceCodeReference rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">(12:1,31:2)</sourceCodeReference>
</owl:NamedIndividual>

Pucynok 65. IIpeacraBnenns kiacy B 06a3i 3HaHb 10 pe(paKTOPUHTY

Sk 6aunMo, eK3eMIUTAP KIIacy MOCUIIAETHCS HA €K3EMIUISIP METOLY.

<owl:NamedIndividual rdf:about="http://rdf.webofcode.org/woc/b304bla2-6186-44eb-9bb8-0fa4fb8766da">
<rdf:type rdf:resource="http://rdf.webofcode.org/woc/Method" />
<hasArgument rdf:resource="http://rdf.webofcode.org/woc/d80105b2-3f76-400a-97cf-dad64b935d18" />
<hasArgument rdf:resource="http://rdf.webofcode.org/woc/eeb80lea-e681-461le-a582-d048ba2fc926" />
<hasArgument rdf:resource="http://rdf.webofcode.org/woc/5352985d-5301-431e-bbc6-886792dc2bb8" />
<hasArgument rdf:resource="http://rdf.webofcode.org/woc/69b2312f-46c6-431a-8360-656b07f10941" />
<hasArgument rdf:resource="http://rdf.webofcode.org/woc/8a8aab96-539f-4947-95a5-849d01172eab" />
<argumentCount rdf:datatype="http://www.w3.0rg/2001/XMLSchema#integer">5</argumentCount>
<name rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">go</name>
<returnType rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">String</returnType>
<sourceCodeReference rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">(23:5,30:6)</sourceCodeReference>
</owl:NamedIndividual>

Pucynok 66. [IpeacraBnennst MeToy go B 0a3i 3HaHb 10 pe(HaKTOPUHTY
Ha PucyHnok 67 yacTkoBO 300pakeHO MpaBuia, siki Oy1yTh 3aCTOCOBYBAaTUCH 10

MMPCACTABICHHS ITOYAaTKOBOI'O KOAY.

<rdf:Description>
<swrla:isRuleEnabled rdf:datatype="http://www.w3.0rg/2001/XMLSchema#boolean">true</swrla:isRuleEnabled>
<rdfs:comment rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string"></rdfs:comment>
<rdfs:label rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">sameProperty</rdfs: label>
<rdf:type rdf:resource="http://www.w3.0rg/2003/11/swrl#Imp"/>
<swrl:body>
<rdf:Description>
<rdf:type rdf:resource="http://www.w3.0rg/2003/11/swrl#AtomList" />
<rdf:first>
<rdf:Description>
<rdf:type rdf:resource="http://www.w3.0rg/2003/11/swrl#ClassAtom"/>
<swrl:classPredicate rdf:resource="http://rdf.webofcode.org/woc/Property"/>
<swrl:argumentl rdf:resource="http://rdf.webofcode.org/woc/pl"/>
</rdf:Description>
</rdf:first>
<rdf:rest>
<rdf:Description>
<rdf:type rdf:resource="http://www.w3.0rg/2003/11/swrl#AtomList" />
<rdf:first>
<rdf:Description>
<rdf:type rdf:resource="http://www.w3.0rg/2003/11/swrl#DatavaluedPropertyAtom"/>
<swrl:propertyPredicate rdf:resource="http://rdf.webofcode.org/woc/name"/>
<swrl:argumentl rdf:resource="http://rdf.webofcode.org/woc/pl1"/>
<swrl:argument2 rdf:resource="http://rdf.webofcode.org/woc/pl_name"/>
</rdf:Description>
</rdf:first>

Pucynok 67. IIpeactaBneHHs npaBui (4acTKOBO) y 0a31 3HaHb
[licnss 3acTocyBaHHA NPOUEAYPU JOTIYHOTO BHUBEIAEHHS CYTHOCTI KOy
MaTUMYTh BUINISIL y 0Oa3l 3HaHb TakWii, K moka3zaHo Ha Pucynok 68, Pucynok 69,

Pucynok 70.
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<owl:NamedIndividual rdf:about="http://rdf.webofcode.org/woc/ae8a8adf-1fd5-4e3b-a3@0b-bc6814de5488">
<rdf:type rdf:resource="http://rdf.webofcode.org/woc/ClassDeclarationStatement"/>
<xkos:hasPart rdf:resource="http://rdf.webofcode.org/woc/6ac8f71b-7bdf-4dd8-8693-69201750c973" />
<xkos:hasPart rdf:resource="http://rdf.webofcode.org/woc/7749a85b-2a93-4b5d-9b43-05926724c0bd" />
<conformsTo rdf:resource="http://rdf.webofcode.org/woc/e2aa8eca-bfa2-4eaf-addf-1labc73d67526" />
<declares rdf:resource="http://rdf.webofcode.org/woc/6ac8f71b-7bdf-4dd8-8693-6920f750c973" />
<declares rdf:resource="http://rdf.webofcode.org/woc/7749a85b-2a93-4b5d-9b43-05926724c@bd" />
<hasMethod rdf:resource="http://rdf.webofcode.org/woc/6ac8f71b-7bdf-4dd8-8693-6920f750c973"/>
<hasMethod rdf:resource="http://rdf.webofcode.org/woc/7749a85b-2a93-4b5d-9b43-05926724c0@bd" />
<hasProperty rdf:resource="http://rdf.webofcode.org/woc/bb369869-2b58-4fa3-9c96-425e52d1828a" />
<name rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">Animal</name>
<sourceCodeReference rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">(12:1,31:2)</sourceCodeReference>

</owl:NamedIndividual>

Pucynok 68. IIpeacraBnenns knacy micisi pe(aKTOpUHTY
CtpykTypa MICTUTh Taki BJIaCTUBOCTI, IO BIAMOBIIAIOTh TOMNEPEIHIM

aprymMeHTaM MeETOYy.

<owl:NamedIndividual rdf:about="http://rdf.webofcode.org/woc/0451efb4-7370-47f2-8093-4157b8d99db1">
<rdf:type rdf:resource="http://rdf.webofcode.org/woc/Struct"/>
<hasProperty rdf:resource="http://rdf.webofcode.org/woc/dd38cd99-2805-4a0e-9ab5-5034525aeae6" />
<hasProperty rdf:resource="http://rdf.webofcode.org/woc/463ad42a-b2c6-4590-abc4-044a8326120f" />
<hasProperty rdf:resource="http://rdf.webofcode.org/woc/77e3e426-c5d1-4b3c-a%a7-4eeaa®93611" />
<hasProperty rdf:resource="http://rdf.webofcode.org/woc/85029f56-f1f3-4fb4-a287-977b1c631762" />
<hasProperty rdf:resource="http://rdf.webofcode.org/woc/99b0057f-d19e-4558-9e4c-13edabd578b9" />
<isInFunction rdf:resource="http://rdf.webofcode.org/woc/447dd601-88dc-4f77-8e36-ac27027e28ce" />
<name rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">ArgumentList</name>
<sourceCodeReference rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string"></sourceCodeReference>

</owl:NamedIndividual>

Pucynok 69. IIpencraBieHHs] CTBOPEHOI CTPYKTYPH 3 MapaMeTpamu
Ak OGaunimo 3 ¢GopManizoBaHOrO OIMHUCY, METOJ MICTUTh TEmep JUIIe OJIUH

apryMEHT.

<owl:NamedIndividual rdf:about="http://rdf.webofcode.org/woc/447dd601-88dc-4f77-8e36-ac27027e28ce">
<rdf:type rdf:resource="http://rdf.webofcode.org/woc/Method"/>
<xkos:isPartOf rdf:resource="http://rdf.webofcode.org/woc/a@7c97b4-0263-4645-9e6c-856a178f5a82" />
<hasArgument rdf:resource="http://rdf.webofcode.org/woc/0451efb4-7370-47f2-8093-4157b8d99db1" />
<isDeclaredBy rdf:resource="http://rdf.webofcode.org/woc/a07c97b4-0263-4645-9e6c-856a178f5a82" />
<isIn rdf:resource="http://rdf.webofcode.org/woc/a@7c97b4-0263-4645-9e6c-856a178f5a82" />
<isMethodOf rdf:resource="http://rdf.webofcode.org/woc/a®7c97b4-0263-4645-9e6c-856al178f5a82"/>
<argumentCount rdf:datatype="http://www.w3.0rg/2001/XMLSchema#integer">1</argumentCount>
<name rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">go</name>
<returnType rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">String</returnType>
<sourceCodeReference rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">(23:5,30:6)</sourceCodeReference>
</owl:NamedIndividual>

Pucynok 70. IIpeactaBneHHss METOY g0 Micis peakTOpUHTy
Ha Pucynok 71 300pakeHo Mo4aTkoOBUM KOJI, Y SIKOMY 3/IIICHEHO pe(aKTOPHHT.
Knac Animal peanizye nporokon Say 1 me 3a3HayeHo siBHO. DyHkiis go mae 1
apryMeHT, a BCl MOIepeIH] MapaMeTpy BUHECEHO B OKpeMy CTpYKTypy ArgumentList.
MoxeMo 3p0OUTH BUCHOBOK, 1110 3aCTOCYBAHHSI TAKOTO MIIXOAY € €(hEeKTUBHUM

1 Ui BUKOHAHHS 1HIIUX A1l pedaKTOPUHTY — BIJICYyTHS HEOOXIJIHICTh PO3YMITUCH Ha
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CEMaHTHIl KOHKPETHOI MOBU IPOTrpaMyBaHHs, a MOTPIOHO OMUCATH JIMIIE BIIACHE
JIOTIKY pe(aKTOpUHTY MOKPOKOBO. lle 3poOuTh HeckiIagHO, OCKIIbKM 0a3a 3HaHb
MICTHUTB Ti %K TOHSTTS 1 CyTHOCTI, IO i 1a0JOHU peaKTOPHUHTY.

Ockinpku 0Oa3a 3HaHb, IO CTBOPEHA 13 IOYATKOBOTO KOy, OMHUCaHa 13
BUKOpUCTaHHAM cTanaapty OWL, To 11 MO)KHA 3aBaHTAXHUTH 10 OYIIb-IKOi CUCTEMH,

110 TPaIlioe 13 BIAMOBIIHUM (HOPMATOM 1 3M1MCHIOBATH MOIAJIBIIIE OTIPAIIOBAHHS.

protocol Say {
func say() —> String
+

struct ArgumentList {
var from: String
var to: String
var with: String
var speed: Int
var distance: Int
+

class Animal: Say {
let age: Int

init() {
age = 0
}
func say() —> String{
return "Hello"
}
func go(params: ArgumentList) -> String{

let time: Double = params.distance / params.speed
return "Will arrive from \(params.from) to \(params.to) in \(params.time)"

Pucynok 71. ITouatkoBuii kox micisi peakTOPUHTY
Ha Pucynok 72, Pucynok 73, PucyHok 74, PucyHok 75 4acTKOBO IOKa3aHO

0a3y 3HaHb.
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ece woc

'CodeOntology.owl]

< @ woc (http:/ /rdf.webofcode.org /woc /)

) Code Element ) Statement ) Declaration statement

Active ontology = Entities x Individuals by class x DL Query x

glwoc]) : [[Users/

D

= O Declarati — http://rdf.webofcode.org/woc/DeclarationStatement
Usage

Classes Object i Data

Class hierarchy: Declaration statement [B[n=]0]s]
®ue O Asserted

@ owl:Thing
© Code Element
© Executable
© Constructor
@ Method
© Expression
© Modifiable
Modifier
© Package
@ Statement
© Assert Statement
@ Block Statement
@ Control Flow Statement
() Expression statement
@ Synchronized Statement

@ Try Statement
© Type

) Annotation

© Array

@ Complex Type

Parameterized Type
@ Primitive Type
Type Variable
Wildcard
@ Type Argument
© variable
@O Field
@ Local Variable
@ Parameter
@ Library
a

Annotations: Declaration statement (2] [0 5 w1 o)

Annotations
rdfslabel  [language: en]
Declaration statement

rdfs:comment [language: en]
A statement that holds a declaration

Description: Declaration statement 2= =

Equivalent To

SubClass OF
) Statement

General class axioms
SubClass Of (Anonymous Ancestor)

@ line exactly 1 xsd:int

@ position exactly 1 xsd:int
Instances

Target for Key

Disjoint With

', "Control Flow , Throw A

No Reasoner set. Select a reasoner from the Reasoner menu Show Inferences (1)

Pucynok 72.

lepapxis knaciB B OHTOJIOT11

ba3zy 3nanb Oyno BuBanTaxkeHo y ¢popmari OWL, 1o q03Bossi€ ieperisaaTu ii

3aco0amu Protége.

q deOntology.owl]

eoe woc (|
< © waoc (http://rdf.webofcode.org/woc/)

J has argument

Active ontology x Entities x Individuals by class x DL Query x

Annotation properties Datatypes Individuals

= = has argument — http://rdf.webofcode.org/woc/hasArgument

Usage

Classes Object i Dat

ta
ment  RIDSEE

Object property hierarchy: has argu Annotations: has argument 7] (0 = (] 3¢

L= - <]

. ovi:topObjectProperty
. generalizes
has actual type argument
= has annotation
[_has argument
B has catch formal parameter
has declaration
W has dependency
= has formal type parameter
. has generic type
has modifier
W has parameter
B has resource
B has type
B has variable
. hasPart
. invokes
B is annotation of
s array of
mm is dependency of
s modifier of
== is parameter of
. is referenced by
s returned by
. is type of
= isPartOf
. next
previous
B references
. returns
. specializes

Asserted

Annotations
rdfsilabel  [language: en
has argument

rdfs:comment  [language: en]
The hasArgument property relates an executable invocation to each of its actual arguments.

Chara @ IE®& J Description: has argument [EE[0]E]

Functional Equivalent To
Invi functi

erse FUNCC < ppropeny of
Transitive

. nverse Of
Symmetric
Asymmetric Domains (intersection)
. @

Reflexive
Irreflexive Ranges (Intersection)

)'Actual Argument’
Disjoint With

SuperProperty OF (Chain)

No Reasaner set. Select a reasoner from the Reasoner menu Show Inferences (1)

Pucynok 73. O0’€KTHI BIaCTUBOCTI
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PI/ICYHKI/I ACMOHCTPYIOTH KJIaCH, BJIACTHUBOCTI Ta HpI/ICYTHi CK3CMILLAPH.

oo e woc (http:// org/woc() : [j ktop/ ies/Test.owl]

< @ woc (http:/ /rdf.webofcode.org/woc/) Q

Active ontology x Entities x Individuals by class x DL Query x
Annotation properties Datatypes Individuals = @ Code Element — http://rdf.webofcode.org/woc/CodeElement
Classes Object properties Data properties
Data property hierarchy: (2100 = =
) Asserted

= owl:topDataProperty
= argumentCount
= build file
= dimensions
= end line
W is var args
= label
= line
= name
= name
= position
. returnType
W source code
= sourceCodeReference
== targeted label
. type

No Select Snow Inferences (!

Pucynok 74. BnacTuBOCTI JaHUX
Taka 6a3a mictuth y co01 yci ABox ta TBox akciomu (OTpuMaHi 3 OHTOJIOT1

Ta CTBOPEHI HUISIXOM CHHTAKCUYHOIO aHalli3y KOIy), IO BJIACHE ¥ MOKa3aHO Ha

pPHUCYHKaXx.
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woc (http://rdf.webofcode.org/woc/) : [JL /andr

< @ woc (http:/ /rdf.webofcode.org/woc/)

Active ontology x Entities x Individuals by class x DL Query x
Annotation properties Datatypes
Object properties Data properties

Individuals

Classes Annotations Usage

1k/D p/Ontologies/Test.owl]

Individuals: 354e15fb-bb6c-4379-95 76-84€ M= mx fAnnotations: 354el5fb-bb6c-4379-9576-84689d12dee?

L

@ 19730513-e6b0-4df4-976a-9181a88a637a
@ 2cec32d0-c614-4251-96d8-e66a0d90ba6e
@ 38aac89c-bb25-4999-alc6-36ad1963c7f8
@ 4270dedf-0e0c-4¢81-9038-752c07691b86
@ 44008234-516f-4bb0-bc71-eefal7b9078c
@ 7d71049f-ebc1-4395-808d-131ccb0225a3
@ 92947b12-6fec-4ef1-9803-321e7750d3d6
@ 9f907d9b-4b03-4afa-bd50-802b9731cc01
@ a6dff2ec-556b-4525-bc7d-d81062aed0e?

Annatations

W ACIUAI ATgument

‘ Abstract ~ .
@ bc70020c-cdb8-43b7-8419-b7a520c2fd9c () 'Code Element’

@ Boolean ) 'Code Element’ or Library
' Byte or Project

@ Char () Expression

) Expression or Method or
Variable

() Expression or Statement

@ d6921296-1501-4bf3-8d9f-9174148defob
& d72876d6-9a21-4a7f-bb68-595012316587
@ d9dcfi7a-eald-4d57-91cc-35e79a5099d1

‘ Default () 'has subexpression’

. Double exactly 1 Expression

@ ceale3dd-2ef2-4c9a-b696- 83843784643 @ 'has type' exactly 1 Type

@ Final @ line exactly 1 xsdint

: Float ) position exactly 1 xsd:int
Int O Struct

@ Long

. Private

. Protected

& Public

‘ Short Different Individuals

No Reasoner set. Select a reasoner from the Reasoner menu

Object property assertions
B hasProperty
d72876d6-9a21-4a7f-bb

mm hasProperty
eeale33d-2ef2-4c9a-b6¢

m hasProperty
44e08234-516f-4bb0-bc

mm isinFunction
d6921296-1501-4bf3-8¢

mm hasProperty
9a947b12-6fec-4ef1-98(

= hasProperty
19730513 -e6b0-4df4-9f

Data property assertions
i sourceCodeReference ™

mmname "ArgumentList”

Pucynok 75. Criucok ek3eMIusipiB

Sx 06aunMO Ha PHUCYHKY, EK3EMIULIpPH,

CUHTAKCUYHOTO aHaji3y, MatoTh Ha3By y ¢popmi UUID.

0 CTBOpPEHI

eq

= ’ 354e15fb-bb6c-4379-9576-84689d12dee2 — http://rdf.webofcode.org/woc/354e15fb-bbé

20 =[x

Description: 354e15fb-bb6c-437 MIE® [ § Property assertions: 354¢15fb-bb6: B M =

Snow Inferences (1)

B pe3yJabTari
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BUCHOBKMU 10 PO3ALJTY 6

VY upomy pozauil Oylio pO3MISTHYTO OJHE 3 OCHOBHUX OOMEXKEHb CHCTEMU
JIOT1YHOTO BUBOJy CTOCOBHO MPOAYKIIii 3HaHb B 0a31 3HaHb, TOOYI0BaHI1 HAa OHTOJIOTI],
- HEMOKJIMBOCTI 3/11MICHIOBAaTH OOYMCIEHHS (DYyHKIIIOHAJIBHUX 3aJIEKHOCTEH, K1 B TIH
Yy 1HIINA MIpl BaXKJUB1 JJI OMUCY i pedakTopuHTy 1 HOTro aBTOMATU30BAaHOTO
BUKOHAHHS.

JUtst po3IIMpeHHsT MOKIMBOCTEN KJIACUYHUX CHCTEM JIOTIYHOTO BUBOAY OyI0
3alpONIOHOBAHO BUKOpUCTOBYBaTH mpaBwia SWRL, siki BUKOPUCTOBYIOTH HOHSTTS
0a3u 3HaHp TBoX 1 J03BOJSAIOTH MPOAYKYBaTH HOBI 3HaHHA, 110 0a3ylOThCs Ha
(yHKIIIOHATIBHUX 3aJIEKHOCTSX.

Byno QopmanizoBaHo MeTO[ BHUKOPUCTAHHS MpaBUI JUIs aHami3y 1
pedakTopuHTY OYAaTKOBOTO KOAY 1 MPOJIEMOHCTPOBAHO MOXJIMBICTh MOTO 1HTErparlii
13 3arajJlbHU METOJIOM aHali3y 1 pe(aKTOPUHTY, 1110 BUKOPUCTOBYE 0a3y 3HaHb. [l
MOPIBHSIHHSL OYyJI0O HAaBEJAEHO CXEMaTU4YHE 300pa)keHHs mpolecy pedaKkTOpUHTY, a
TaKoX OJIOK-CXeMY 1 BKa3aHO MICLE 3alPONIOHOBAHOTO METOAY Y HHX.

Byno 3anponoHOBaHO KOMIUIEKCHY MOJENb JJisl HPEACTaBIEHHS 3HaHb PO
MOYATKOBHH KOJI, SIKa CKJIaIa€ThCA 3 IBOX KOMIIOHEHTIB.

[lepmmii KOMIIOHEHT — 0a3yeThCcsi HAa OHTOJOTIAX 1 € HE3MIHHMM. byro
3a3HAYEHO, 1110 BAXJIMBUM ISl pOOOTH METOJY € ONUC BIACTUBOCTEH THX YW IHLIUX
CYTHOCTEH MOZENl 3 TOYKH 30py AakCiOM €KBIBAJEHTHOCTI, 1€pPApXIYHOCTI JIs
MOXJIMBOCTI 3[1MCHEHHSI aBTOMAaTU30BaHOTO Pe(aKTOPUHTY HA OCHOBI Kiacudikarlii
Y1 BCTAHOBJICHHSI B1JHOLLIEHb.

Jpyruii KOMIIOHEHT CKJIaJaeThes 13 Habopy ABox akciom, siki CTBOPIOIOTHCS
Ha OCHOB1 KOHKPETHOI'O IOYaTKOBOTO KOy B P€3Yy/IbTaTl CHHTAKCUYHOTO aHai3y I[bOT0
KOTTY.

Byno 3aificHeHo omisig 0OCHOBHUX BiacTUBOCTEd 1 MoxkiuBocTedt S(Q)WRL,
T1IXO/TIB 10 HAITMCAHHS TIPaBUII 1 3aIIHUTIB.

JIns TpakTUYHOI MEpPEeBIPKM KOPUCHOCTI MPOMOHOBAHUX TMpaBWil Oyio

MPOBEACHO PsJl BUMPOOYyBaHb, SIKI MaJM HAa METI AoAaTH 10 0a3u 3HaHb MpaBUia
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3IMCHEHHS KIJTBKOX M1 peaKkTOPUHTY, a CaMe — MO3HAYUTH MOJII0HI CYTHOCTI (BapTo
3ayBa)KUTHU, 10 NOJIOHICTh Y MOYATKOBOMY KO/II HE € €KBIBAJICHTHICTIO €K3EMILISIPIB B
TEpMIHAX OHTOJIOTII YK 0a3u 3HaHb) 1 HA OCHOBI I[i€i MOMIOHOCTI TOAaTH 3HAHHS B
MOJIeNIb TPO Te, 10 KJIac Mae€ MEeBHUU 1HTepdelc (peanizye MPOTOKOJ), a TaKOK
3MIMCHUTH aBTOMAaTH30BaHE IMOKPAIICHHS KOy IUISAXOM BHUHECEHHS IapaMeTpiB
METOY B OKpeMY CTPYKTYypy. Byno 3po0ieHo BUCHOBOK, 1110 IPOTIOHOBAHI MpaBUiia €

3pyYHUMHU 1 THYy4YKHUMH, 10 JO3BOJISIE YCHiHIHO BUKOHATH IIOCTABJICHEC 3aBJAaHH.
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PO3A1J1 7. OUIHKA EOEKTUBHOCTI
BUKOPUCTAHHA 3AITPOIIOHOBAHUX METO/IB

OuiHka e(peKTUBHOCTI 3alIPOIIOHOBAHOIO METOAY HE MOXKE B1/1I0YBATUCH CYTO
3a KUIbKICHUMH XapaKTePUCTUKAMU, OCKUIBKUA MOHATTA «SIKOCTI pedakTOpuHTY» HE
BU3HAYEHE OJIHO3HAYHO. SIKICTh KOJy € KOMILUIEKCHOIO OI[IHKOIO 1 BHU3HAYA€THCS
B1JICOTKOM TMOKPHUTTSI TECTaMH, KUIbKICTIO aHTUIIAOJIOHIB 1 1e(PEKTIB y KOJi, 1HIIUMU
MOKa3HUKaMU. 3aMip SKOCT1 KOy /10 BUKOHAHHS Pe(AKTOPUHTY 1 MICJIsi BUKOHAHHS
pedakropuHry Oyae OIIHIOBaTH  SKICThb BJIACHE KOHKPETHOTO  aJTOPUTMY
pedakTopuHry, a HE METOY 3[1MCHEHHS IIOTO pePaKTOPUHTY (32 YMOBH, 1110 CUCTEMH,
110 MOPIBHIOIOTHCS, MAIOTh OJIHAKOBUN HAO1p MOXIUBOCTEH 1 PpyHKIiH). [ omiHKU
e(eKTUBHOCTI OyJI0 BUKOPUCTAHO TaKl KPUTEPIi:

* SKICHA OIlIHKA HasIBHOCT1 (DYHKII1IOHAJIbBHUX MOXJIMBOCTEHN EKCIIEpTaMu;

* KUIbKICHA OI[IHKa Yacy, 3aTpayeHoro po3poOHUKaMH, JUisi BUKOHAHHS il
pedaxTopunry;

* KUIbKICHA OI[IHKA BUTPAYEHUX Yacy ¥ OmepaTUBHOI MaM'sTi i1 BUKOHAHHS
MOCTABJICHUX 3aB/IaHb.

J171s1 Toro, abu mepeBipUTH TIMOTE3Y NPO NPUIIBUIAIIEHHS POOOTH PO3POOHUKIB
pu 31MCHEHHI pe(akTOpUHTY, a TaKOX IMpPU B3aEMOJAIl 13 BJIACHE CHUCTEMOIO

pedakTopuHry OyJI0 MPOBEACHO Psii BUTPOOYBaHb.

7.1 OuiHKa KOHKYPEHTHHX NepeBar MeToay

TpeoM Qokyc-rpynaMm Oyao 3ampoONOHOBAHO OLIHUTH MOXJIMBOCTI 1
BJIACTUBOCTI CTBOPEHOIO MPOTOTUITY HPOrPAMHOIO MPOAYKTY, IO BHUKOPHCTOBYE
3aMporOHOBaHUM MeTon pedaKTOPUHTY, HA OCHOBI KUIBKOX KPHUTEPIiB: KiIbKiCMb
npasun aLanisy i pechaxkmopunzy, 30amuicms 00 PO3UWUPEHHS, MUN CXO8UWA NPAGUIL,
2apanmis yCniuHo20 8UKOHAHHSL KOOY.

JI1st BpIBHOBaYKEHHSI YMOB OLIIHKH, yYaCHUKaM OyJIO 3allpONOHOBAHO OLIHUTHU

OyIb-aKUi 1ICHYIOUUi 3aci0 (mporpamy) uisi pe(pakTOpUHTY, 10 0a3y€eThbCsl HA OCHOBI
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npasuil, Ha OCHOBI pe2yNISIPHUX 8Upa3ie, abo Ha 3acmocysanti 3acooieg L111, 1 TopiBHATH
MOXJIMBOCTI 13 3alIPONIOHOBAHUM MPOTOTUIIOM.

Otpumani pe3yabTati 3BesieH1 y Tabnuiis 4.

Tabnuis 4. SIkicHe TOPIBHSHHS METOIIB

Icnyroui meTonu

HoBuii metoxa

Pizauit HaOlp MOXIMBOCTEH IS

pI3HUX MOB pOTrpamMyBaHHS

OnnakoBuid Ha0lp MOXIMBOCTEW Uepes

BBEJICHHS PIBHS aOCTpaKIIii

(SonarQube, Checkmarx, Snyk)

HeoOxinHicTh BH3HAYaTU nii | [ToTpiOHO onucary Aii OAMH pa3 B OHTOJNOT ]

pedakTopuHTy 1Sl KOKHOI MOBH

BiacyTtHicTs nentpanizoBanoro Micis | [louatkoBa  OHTONOrISE  MICTUTH — OMHUC

30epeXeHHsI ABTOMAaTU30BaHUX | BIJOMHUX MaTepHIB, Ki Oy1yTh 3aCTOCOBAHI

NaTEepPHIB 10 3HaHb MNP0 TOYATKOBUM KO, IO
JIOAA0ThCS

BigcyTHicTe  rapaHTii  yCHIIIHOI | YCHIIIHA KOMHOUISLIS/IHTEpIpeTalis KOIy

KOMIUISLIT/iIHTepIpeTanii Koay Micis | yepe3  JOTPUMAaHHS ~ CHUHTAaKCUCy  Ta

3aCTOCYBaHHs pe(daKTOPUHTY | CEMAHTUKM  3aBISKM  BUKOPHUCTAHHIO

(HeripoMepekeBl METOJIN ) OTIMCOBHX JIOTIK Ta MPaBUJI HA X OCHOBI

Cepen KOHKYpEHTHHX I€peBar 3alpOlNOHOBAHOIO METOAY aHams3y 1
pe(daKTOPUHTY ITOYAaTKOBOIO KOAY 3arajoM Yy IMOpPIBHSAHHI 13 ICHYIOUMMH OyJ0
3a3HAYEHO, 1110 HOBHMI METOJ MICTUTh OJIHAKOBUU HAOlp MOXKIMBOCTEW JUIsl YCIX MOB
MporpaMyBaHHs, OCKUIbKM peai3ailii MNpaBuil 1 MOXIJIMBOCTEH BiJIOYBa€ThCA Ha
CTOpOHI 0a3u 3HaHb, 10 HE 3aJIEKUTh BIJI KOHKPETHOI TEXHOJIOTIi YW MOBH
nporpamMmyBaHHs. BaKJIMBO TakoX 3a3HAUYUTH, 10 YC1 MPaBUIIA, IO AOAAKOTHCSA B 0a3y

3HaHb, € ATHOCTUYHUMU BITHOCHO MOBH MPOTPaMyBaHHs, TOMY JI0JIaBaTH X HEOOX1THO

TUIBKH OJIMH pa3.
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3anponoHOBaHUA METOJ HaJa€ MOXJIMUBICTh OJpa3y ONUCAaTH IIA0JIOHU
MPOEKTYBAHHS 4YM [li, Kl MOBUHHI OyTHM BHUKOHAaHI CHUCTEMOIO JIOTIYHOIO BHBOIY
OHTOJIOT1], IO JO03BOJISIE 3aCTOCOBYBaTHM METOAM pe(akTOPUHTY oOJpa3y Micis
J0JIaBaHHS TTOYAaTKOBOT'0 KOJIy B 0a3y 3HaHb 1 0€3 BTpy4YaHHs pO3pOOHUKA.

Buiieonucani nepeBarn TakoXX € CTIMKMMU NEPETBOPEHHSMM IOYAaTKOBOTO
KOJy, 1110 TapaHTyBaTUME yCIHIIIHE KOMITUTIOBAHHS Y IHTEPIPETALII0 MOAU(IKOBAHOTO

3a JIOMIOMOTOIO 3aITPOIIOHOBAHOI MPOTrPAMHOT KOMIOHEHTH MTOYAaTKOBOTO KOITY.

7.2 OuiHKa BUTPAT 4YaCy HA BUKOHAHHA il pe(pakTOPUHTY

J171s1t TOrOo, 100 OLIHUTU CKOPOUEHHS 4acy, SKUi pO3pOOHHUKH BUTpPA4YarOTh Ha
pedakropuHr, Oys10 TPOBEACHO TOCTIKEHHS 3aTpaT yacy i3 TpboMa (hOoKyc-rpymnamu.

Po3po6HuKam Oyino 3ampornoHOBAHO OLIHUTHU 4ac, SIKUH BOHM BUTPATHIIM Ha
BUKOHAHHS YOTUPHbOX PE(AKTOPUHTIB (nepeumenysanHs 3MiHHOL, 8UHEeCEeHHs Memooy,
3aMiHa napamempis, 3amMina ycix Memooig i3 munom no8epHeHHsl) IBOMa Criocodamu:
3a JIOMOMOTOI0 3BHUYHOTO ISl HUX 3aco0y pedakTOpUHTY 1 3 BUKOPUCTAHHSIM
3aMpONOHOBAHOTO MPOTPAMHOTO MPOAYKTY.

Ha rpadikax 300paxkeHo yac (y XBUJIMHAX), IKUH PO3POOHUKU BUTpadaiu JJs
BUKOHAHHS MEBHOI Ali pedakTopunry. 3 ycix rpadikiB MokHa 3p0OUTH BUCHOBOK, IO
HEOOX1JHO BHUTpayaTH MEHINY KUIBKICTh 4Yacy Ha BUKOHAHHS pe(akTOpUHTY 13
BUKOPUCTAHHSM 3allPONOHOBAHOTO MPOAYKTY, a TAKOXK PI3HHUIIS 3aTPAYeHOTo 4acy y
BCIX (POKyC-rpylax 3MEHUIYETbCS 3a HASIBHOCTI aBTOMAaTHU30BaHOIO 3acoly
pedakTopuHTy, 10 CBIAYUTH PO T€, IO 3aci0 mpaitoe eheKTUBHO K JIJIs1 PO3POOHUKIB
13 JIOCBIJIOM, TaK 1 JiIsi HOBauKiB. {151 mepeBipku OO OyJIo 0OpaxoBaHO CEPETHIO

a0COJIIOTHY TUCTIEPCIIO JJIsl KOSKHOTO 3 BUIAJIKIB 32 (hOPMYIIOLO:

n

1 ]
MAD = =% (v = 7)° )

=1
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Pucynox 76. IlopiBHSIHHS Yacy, BUTPAu€HOT0 Ha MepeMEHYBaHHS 3MIHHOT

MAD1 = 10.67; MAD2 = 12

BuHeceHHA meToAy, XB
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Pucynox 77. IlopiBHSIHHA Yacy, BUTPAY€HOI'O HA BUHECEHHS METOLY

MAD1 =10; MAD2 = 12
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3amiHa napameTpi., XB
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Pucynok 78. IlopiBHSIHHS 4acy, BUTPau4€HOI0 Ha 3aMiHy HapaMeTpiB

MAD1 = 44.45; MAD2 = 8.89

3amiHa ycix meTtoAiB i3 NeBHUM TUMOM
NOBEPHEHHSA, XB
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Pucynok 79. IlopiBHSIHHS 4acy, BUTPAUY€HOIO Ha BUHECEHHS yCiX 3a3HAU€HUX METOIB

MAD1 = 197.78; MAD2 = 44.45

CepenHi 3HaYEHHS 3aTPAuCHOr0 Yacy JUisl KO>KHOTO 13 BUMIAJKIB 300paxeHo Ha

rpadiky Ha Pucynok 80.
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MopiBHAHHA Yacy, XB
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MeBHWM TUMOM MOBEPHEHHA

M IcHytoui M 3anpornoHoBaHui

Pucynok 80. CepenHi 3HaueHHs 3aTpaveHOro yacy Juisl KOKHOTO 13 BUIIAJKIB
pedakTopuHry

[IpoBenene JOCHIKEHHA IMOKa3ajo, 10 Yy HaWKpamoMy BHUIAAKY
NPULIBHAAIIEHHS cKianae 36%.

OOGuucneni cepeAaHi aOCONIOTHI JUcCIHepcii AJisi ABOX CHOCOOIB 31HCHEHHS
pedakTopuHTy MMOKa3aau, MO0 PI3HUIM B 4Yaci MiJ Yac 3aCTOCYBaHHS KIJIACHUYHOIO
pedakropunry y pizHux (oKyc-rpyn cuiibHO Bapitoethes (MAD~122.23 xB), a npu
3[1ACHEHH] pe(aKTOPUHTY 13 BUKOPUCTAHHSM IIPONIOHOBAHOT0 3ac00y 3aTpaueHuid yac
BiJIpi3HseTbCsl MeHIle (MAD~48.89 xB), 110 MOXXHa MOSICHUTH YHI(IKyBaHHAM 1

CIPOLIEHHSM IPOLIECY.

7.3 OuiHka BUKOPMCTAaHHA CHCTEMHHMX pecypciB

JUist aHai3y BUKOPUCTAHHS 3allpOIIOHOBAHUM METO/IOM CUCTEMHUX PECYpCiB
OyJ0 TPOBENEHO Ps JTOCHIIKEHb, CIPSIMOBAHMX HA BCTAHOBJIEHHS 3aJI€KHOCTEH
BUTpAT 4Yacy 1 BUTpaAT OINEpPaTHUBHOI NaM'siTl BiJ KUIBKOCTI OAMHUYHHMX 3aBJaHb
pedakTopuHry, 3aaHUX 0 BUKOHAHHS OJHIEI0 KOMAH/OK, a TaKOX BIJl KIJIBKOCTI

PAOKIB KOZY.
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VY xoi nepioro eKCrepuMeHTy OyJIo BUMIPSIHO Yac, IKUH He0OX1THUN METOy
JUTsl BAKOHAHHSI OJJMHUYHUX 3aBJaHb pedaKTOPUHTY 3a OJIMH Ipoxia. byno 3aiiicHeno
3aMipu 4dacy aiis 3aBaaHb po3mipoM Bin 100 3aBmanb 10 500 3aBmansb 13 kpokom 100.

Pesynbratu 3BenieHo Ha rpadiky Ha PucyHok 81.

Yac, 3anaquMﬁ Ha BUKOHAHHA 3aBAdHb

160

140 y =0,0005x? - 0,0051x + 5,2

R? = 0,9999 -
120
100
o o
J 80 :
60 _
o
40
20 e .
g
0
0 100 200 300 400 500 600

KinbKicTb 3aBAaHb, WT
(KinbKicTb pAAKIB NOYATKOBOro Koy NponopL;iliHa KinbKocTi 3aBAaHb)
Pucynok 81. I'padik 3anmexxHOCTI BUTpAT Yacy BiJ KUIBKOCTI 3aBAaHb pedaKkTOpUHTY

Jamni Oyno 3A1CHEHO 3aMipHy Yacy JJIsl OHOTO 3aBAaHHS pe(akTOpUHTY, AKUN
HE0oOX1/THO OyJI0 BUKOHATH y KO/l pi3HOTO po3Mipy. byno 3ailicHeHo 3aMipu yacy Juist
MOYATKOBOTO KOAY po3MipoM Bia 1 Tucsdi psakiB koxy A0 20 TUCAY PAIKIB KOMY.
PesynbraTtu 3Be1eHO Ha rpadiky Ha PucyHok 82.

[IpoBenene NOCHIIKEHHS NEMOHCTPY€E, L0 3aJEXKHICTh 4Yacy OMNHUCYETHCA
MOJIIHOMOM JIPYTOrO CTEIEHS.

Y Xoal Apyroro ekcnepuMeHTy Oyiao BHMIpPSHO 00’eM mam’sTi, SKUAU
HEOOXITHUM METOMy JUIsi BUKOHAHHS THUX € > 3aBlaHb, 1[0 W B MEPIIOMY

EKCTICPUMEHTI.
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Yac, 3aTpayeHnit Ha 06poHBKY NOYATKOBOro Koay
80

— 2
20 y=0,1219: + 0,8001x +5,1943 o
R? = 0,9997

0 5 10 15 20 25
KinbKicTb pAAKiB NO4ATKOBOro KoAay, TUC.

Pucynok 82. I'padik 3aneXHOCTI BUTpAT Yyacy BiJl pO3Mipy MOYATKOBOTO KOy
I'padpix 3amexxHocTi BHUTpaT TaM STl BiJ KIIBKOCTI OJAMHUYHHMX 3aBIaHb

pedakropunry 3o00paxeHo Ha PucyHnox 83.

naM'ﬂTb, 3aTpayvYeHa Ha BUKOHAHHA 3aBAadHb
18

16 y = 4E-05x? + 0,0096x + 0,176
R*=0,9967
14
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0 100 200 300 400 500 600

KinbKicTb 3aBAaHb, WT
(KinbKicTb pAAKIB NOYATKOBOro Koy NponopLjiliHa KiNbKoCTi 3aBAaHb)

Pucynok 83. I'padik 3anexHOCTI 00’ €My ONEpaTUBHOI Mam’sIT1 Bijl KIJTLKOCTI 3aBJaHb

pedaxTopunry
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I’padik 3anexxHOCTI BUTpAT mam’sTi BiJl 00’ €My MOYaTKOBOTO KOy 300pakeHO

Ha PucyHok 84.

Mam’aTb, 3aTpavyeHa Ha 06pPoOKY NOYATKOBOIO KoAy

=
(o]

y =-0,0011x3 + 0,0572x2 + 0,0616x + 0,3095 ®
R?=0,9995

= = = =
o N > o))

06’em nam’aTi, b
(0]

0 5 10 15 20 25

KinbKicTb pAAKiB NOY4ATKOBOro KoAay, TUC.

Pucynok 84. I'padik 3anexHocTi 00’ €My OMepaTUuBHOI aM’SATi BiJ pO3MIipy
IIOYaTKOBOT'O KOAY

[IpoBenene nociiKeHHsI JEMOHCTPYE, 110 BUTpaTa ONEPATUBHOI MaM'sITi Bijl
KUIBKOCTI OAMHUYHUX PE(HAKTOPUHTIB OMUCYETHCA MOJIHOMOM JPYroro CTEIEeHs, a
3QJIEKHICTh BUTpAT ONEPATUBHOI MaM'ATi BiJl KUIBKOCTI PSJAKIB KOAY OIMHUCY€EThCS
MOJIIHOMOM TPETHOTO CTETICHS.

Baptro 3a3HauuTu, 10 TOYHA TEOpPETUYHA OI[IHKA BUTpPAT MaM'ATi Ta
MPOIIECOPHOTO Yacy HE € MOXIIMBOIO 4Yepe3 HaJIMIpHY KUIbKICTh (aKTOpiB, MIO
BILUIMBAIOTh HA PE3yJbTaT. Ajie eMIIpUYHI 3aMipy MOKa3aju, 1110 TPOIMOHOBAHUI METOJ]
MO>Ke OyTH 3aCTOCOBAHUM 1 J1s1 peajbHUX BEJIMKUX MPOEKTIB 32 aJIeKBaTHUI Yac (uepe3
acumnTotuky O(L?)), ogHaKk IpU IbOMY MaTUME CyTT€BI BUMOTH IO ONEpaTHBHii
naMm’sTi (110 BTIM € peajlbHUMH JJIsI BAKOHAHHS, BPAXOBYIOUH 10 OUIBIIICTh ICHYHOUUX

CUCTEM aHaJIi3y KOJy TaKOX MarOTh BUCOKI BUMOTH JI0 POTPAMHUX PECYPCIB).
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BUCHOBKMU 10 PO3ALTY 7

VY upomy po3auti Oyno MPOBEAEHO OIIHKY €()EKTUBHOCTI BUKOPUCTAHHS
3aIPOTIOHOBAHUX METO/IB Ta MOJIEIII.

Byno 3a3HaveHo, 1110 €(EeKTUBHICTh 3aIIPOIIOHOBAHOTO METONY pe(aKkTOPUHTY
HE MOXe OyTH TMOBHICTIO BH3HAU€HA 3a YMCIOBHUMH MapaMeTpaMu 4Yepe3 Te, IO
MOHATTA "AKOCTI peaKTOPUHTY" € HEOAHO3HAYHUM 1 He BU3HaueHe 4iTko. OIliHKa
SAKOCTI KOy BKJIIOYAa€ B ce0e PI3HI acCHeKTH, Takl sIK BIJCOTOK MOKPUTTS TE€CTaMHU,
KUIbKICTh aHTHUINIA0IOHIB 1 IePEKTIB y KOA1, a TAKOXK 1HII MOKa3HUKU. BuMiproBaHHs
SKOCT1 KOy /10 Ta MicJisi pe(pakTOpuHTY A03BOJISIE OLIHUTH €(PEKTUBHICTh KOHKPETHOTO
aNropuTMy pe(aKTOPUHTY, a HE JTUIIE METOY.

byno  3ampomoHOBaHO ~ 3IIMCHIOBAaTHM  SIKICHY  OLIHKY  HasBHOCTI
(YHKIIOHATBHUX MOXJIMBOCTEN, KUIBKICHY OIL[IHKY 4Yacy, 3aTPau€HOr0 Ha BUKOHAHHS
BU3HAUEHUX J11 pe(haKTOPUHTY, a TAKOXK KUIBKICHY OL[IHKY BUTPAYEHHUX Yacy 1 mam’sTi.

BusHaueHo, 110 cepel KOHKYPEHTHHUX IIepeBar 3alpONOHOBAHOIO METOIY
aHamizy 1 pedakTOpUHTy 1 MPOTPaMHOTO NPOAYKTY 3arajoM Yy TMOPIBHAHHI 13
icHyrouuMu Oyno 3a3HA4eHO, W10 HOBUUW METOJ, MICTUTh OJHAKOBUU HaOIp
MOXJIMBOCTEH JUIsi YCiIX MOB MpOrpamMyBaHHS, OCKUIBKM peani3aiii mnpaBui 1
MOXJIMBOCTEHN B1OyBa€ThCsl HA CTOPOHI 0a3u 3HaHb, 10 HE 3aJ€XKUTh Bl KOHKPETHOT
TEXHOJIOT1i YU MOBHU MPOTPaMyBaHHS.

OuiHka 3aTpaT yacy mokasye, 1o HeoOXiJHO BUTpayaTH MEHITY KUTbKICTh Yacy
Ha BUKOHAHHS pe()aKTOPUHTY 13 BUKOPUCTAHHSIM 3aIIPOIIOHOBAHOTO MPOIYKTY, & TAKOK
IO PI3HUIS 3aTPayeHOro 4acy y BCiX (DOKyc-rpynax 3MEHIIYEThCS 3a HasBHOCTI
aBTOMAaTH30BaHOI0 3aco0y pe(dakTOpUHTY, IO CBIAYUTH MPO Te, IO 3aci0 Mparre
epeKkTUBHO SK IJI1 PO3pOOHMKIB 13 JOCBIAOM, Tak 1 s HoBaukiB. [IpoBencHe
JTOCHIIPKEHHS MTOKa3aJjo, 110 y HallKpalloMy BUMAJKy NPUIIBUAIICHHS cKianae 36%.

[IpoBeneHi TecTyBaHHS METOJY Ha 3aBAAHHSAX PI3HOTO PO3MIPY 1 CKIATHOCTI
MOKa3aju, 10 3aJeKHICTh Yacy poOOTH METOAY BiJ PO3MIPY 1 CKIATHOCTI BXIJTHUX
JAHUX OIHCY€ETHCS MOJIHOMOM JPYTOro CTEMEHs, TaK SK 1 3aJIeKHICTh BUTPATHU

OMEepaTUBHOI MaMm’sTI BIJ KIUIBKOCTI 3aBAaHb. [IpoTe KpuBa 3alIeKHOCTI BUTpaTH
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OIEpaTUBHOI IIaM’ ST B1J KUIBKOCTI PSIIKIB IOYAaTKOBOTO KOy OMUCYETHCS OJIHOMOM
TPETHOTO CTETEHSI.

Touna TeopeTHyHa OLlIHKA BUTparT mnNam’sTi Ta MPOLECOPHOTO YaCy
HEMpaKTUYHa Yepe3 BEIUKY KUIbKICTh (haKTOpIB, SIKI BIUIMBAIOTh Ha pe3yisrar. [Ipore,
EMITIPUYHI BUMIPU MIATBEPIKYIOTh, IO 3aMPONOHOBAHUN METOJl MOXE YCHIIIHO
3aCTOCOBYBATHUCS JUIsi OOpOOKHM peaJbHUX BEJIMKUX IMPOEKTIB, 3a0€3Meuylodyu Mpu
150My NpUHHATHMIT yac BukoHaHHA (3 acumnToTukoro O (L?)). BaxknuBo Big3HA4YUTH,
oo el Meron Moxe NMoTpeOyBaTH 3HAYHUX OOCSTIB OMEPaTHBHOI MaM’sTi, aie e
BUIPABJIAHO BPAXOBYIOUM BUCOKI BUMOTH OUIBIIOCT] ICHYIOUMX CHUCTEM aHalli3y KOIy

710 pecypcCiB OOUHCIIIOBAIBHOI CUCTEMU.
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BUCHOBKH

JocnipkeHHss B auMceprallidHiii poOoTi Oyao 30CepemkeHo Ha 3ajadl
MOKpPAIIEHHs] MPOLECIB aHalizy Ta pedaKTOPUHTY MOYATKOBOTO KOAY MPHUKIIATHUX
TIpOrpaM i3 3aCTOCYBaHHSM (POpPMaTi30BaHMX 3HAHb IIPO MOYATKOBHIl Koi. Moro
OCHOBHHUMM pe3yJabTaTaMHU €:

1. BUKOHAHO aHalli3 METOAIB aHami3y 1 pedakTOPUHTY MOYATKOBOTO KOJY, IO
ICHYIOTh Ha PUHKY, 30KpeMa TaKl, 110 3a1y4aloTh (hopMaai3oBaHl 3HAHHS MPO
KOJI. 3a3HaY€HO, 110 IHTErpallisi CECMaHTUYHOIO aHali3y B IPOLIECH aHAIII3Y KOy
Ta peakTOpUHTy CHpHsie NHUOOKOMY Ta TOYHOMY PO3YMIHHIO TOBEAIHKU KOJY,
BEJly4M 0 OLIbII HAMIMHUX PEe3yNbTaTiB pedakTopuHry. OOrpyHTOBaHO Miclie
BUKOPUCTAHHS CEMAHTUYHOTO IMIJIXOAy B Impolneci pedakTOpUHTy 1 HOro
JOIIJIBbHICTD;

2. TpoaHaI30BaHO MOXJIMBOCTI 3aC001B 1 CIOCOOIB BUKOPUCTAHHSA CEMAHTUYHOI
iHopmanii s moOynoBu (GOpMai3oBaHOIO MPEACTABIEHHS 3HaHb IIPO
MoYaTrkoBUil koi. JloBeleHO, IO OHTOJOTIUHI CTPYKTYpH 3 ypaxyBaHHSIM iX
BHUPA3HOCTI € €(DEKTUBHUM 1HCTPYMEHTOM JJis (popMmamizalii Ta penpe3eHTarii
JIOMEHHUX 3HaHb 1 CEMAaHTHKU. 30KpeMa, B KOHTEKCTI BiJIOOpaX€HHs 3HaHb,
MOB'SI3aHUX 13 TOYATKOBUM KOJOM, 3aCTOCYBAHHSI OHTOJIOTIH € I[LIKOM
NpUJATHUM Ta MEpPCeKTUBHUM miaxogoM. OOpano HaOip 3aco0iB OWL nmns
MOAJIBIINX JOCHIKEHb 1 MOOYI0BH MOJIEII MPECTABICHHS TOYAaTKOBOTO KOAY;

3. NOCHIPKEHO MOXJIMBOCTI JOJaBaHHS Ta MapamMeTpu3allii HOBUX Mid
pedakTopuHTy 10 IHCTPYMEHTApit0 pO3pOOKU MOBHU MporpamyBaHHsa Swift. Y
SAKOCT1 E€KCIEPUMEHTY JOJAaHO HOBY Mit0 pedaKTOPUHTY 1 MPOBEIEHO ii
anpoOalliro NUIsIXoM MyOiiKailii Ha po3misi CHUTLHOTI. 3p00JIE€HO BUCHOBOK PO
HEMOXJIMBICTh  MapaMmeTpu3ailii crnocoOy  J1ofaBaHHA 1  31HCHEHHS
pedakTopuHry, 110 peani3yeThCcsl BIacHe 3ac00aMU IHCTPYMEHTAPII0 PO3POOKH
st MoBU TporpamyBaHHs Swift. O6pano Swift sk OCHOBHY MOBY Ui

NOJAJbIINX  JOCHIKEHb, OCKUIBKM OUIBIIICTH  MOMYJISPHUX  3acoOiB
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pedakTopuHry MaroTh 0OMexeHy (yHKIIIOHANIBHICT (200 B3arasi ii He MalOTh)
JUTSL 11€1 MOBH MPOTPaMyBaHHS;

TOCHIKeHO crocoOu ¢dopMmaniszaiiii 3HaHb 1 iX BHUKOPHUCTAHHS SK YaCTHHHU
YTUJIITU AJis1 3A1icHeHHs pedakTopuHTry. J[OBe1eHO MOXIIMBICTD 1 JOIUIBHICTD
a0cTpaxiiii 0a3u 3HaHb PO MOYATKOBHI KOJI BiJl BIACHE Ipoliecy peakTopuHTy
38711 JOCSTHEHHS SKICHO HOBHMX pE3yJbTariB. 3a3HAuY€HO HEOOXIIHICTh
PO3pOOKK MOJIENl MPE/ICTABICHHSI OYaTKOBOTO KONy, KA HE 3aJIeKATUME Bij
Ti€el MOBU MPOTPaMyBaHHS, SKOK HAMMCAHUN MOYATKOBHM KO, IO MiJyIsrae
pedaxTopunry;

gnepuie 3anponoHO6aHO METOJl aBToMaru3alii pedakToOpuHTY TPOTrPaMHOIO
KO, IKUU 8IOPI3HAEMbCS BI0 ICHYIOUUX MUM, 1110 31HCHIOE TIEPETBOPEHHS KOAY
Ha piBHI CyTHOCTEH 0a3u 3HaHb, CTBOPEHOT HA OCHOBI 3alpPONOHOBAHOI MOJIEN1
dbopmanizailii 3HaHb PO CHUHTAKCUC 1 CEMAHTUKY KOAY, Jii aBTOMATHUYHOIO
BUSIBJICHHS 1 BUIIPABJICHHS PO3MOBCIOKEHUX AHTUINAOIOHIB MPOrpamMyBaHHS.
3a3HayeHO OTPUMAHY MOXJIMBICTh aOCTparyBaTUCh BiJ KOHKPETHOI MOBU
MpOorpaMyBaHHs B MPOEKTI 1 31MCHIOBATH CKJIQJH1 MAHIMYJALIT 13 TOYaTKOBUM
KOJIOM IIJISXOM MAHIMyJSIi ¥Horo mpeAcTaBlIeHHSIM y 0a3l 3HaHb.
3amponoOHOBaHO BUKOPUCTAHHS CUCTEMH JIOTTYHOTO BUBEACHHS JIJIs 3M1HCHEHHS
Moaudikaliii;

enepuie 3anponoHoéano MeToJ Moaudikaiii MPOMDKHOTO MpeaCTaBICHHS
MIPOTPAMHOTO KOy B Mpoleci pedakTOPUHTY, IO YMOXKIIMBIIOE BUIIPABICHHS
HETPUBIAJIbHUX AHTUIIAOJIOHIB, SIKUU 6IOpI3HAEmMbCA 6I0 ICHYIOUUX TUM, IO
3aCTOCOBY€ MEXaHI3MHU JIOTIYHOTO BHBEAEHHS IO 3HAaHb TIPO  KOJ,
chopMynbOBaHMX 3 BHUKOPUCTAHHSM OIKUCOBHUX JIOTIK 1 MpaBUJl JIOT1YHOTO
BHUBEJCHHS. 3allpONIOHOBAHO BUKOHYBATH IMpaBUJia aBTOMAaTUYHO OJpa3y MICIs
3aMycKy JIOTIYHOTO BHBEACHHSA B 0a3i 3HaHb. CHopMynbOBaHO MIAXOAU 0
HalyMCcaHHs MpaBWi JJisi 0a3u 3HAHb, 110 J03BOJIUTH €()EKTUBHO PO3IIMPIOBATU
CIUCOK HIATPUMYBAHUX «IATEPHIB» YU «AHTHUIATEPHIB», SIKI MOXYTb OyTH

BUSBJICHI Ta BUIIPABIEHI Yy I[IOYAaTKOBOMY Koial. Yoockowaneno wmonenb
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dbopmanizailii 3HaHb OPO MPOTPAMHHI KOJ [Ji KOro pedakTOPUHTY HAa OCHOBI
OHTOJIOT1i 00’ €KTHO-OPIEHTOBAHOI MOBHU NPOTPaMyBaHHS, IO BiOpPI3HAEMbCA
8I0 ICHYIOYUX MuM, 1110 TIPEICTABISAE HE JIUille 0a30B1 BIJOMOCTI IPO CUHTAKCHUC,
OTpUMaH1 BIiJl CHHTAKCMYHOTO aHaji3aropa, a W CEMaHTUKY CKJIaJHHUX
KOHCTPYKIII, IIa0JOHIB Ta AaHTUIIAOIOHIB 3 MOXIIMBOI MPHUB'SI3KOI0 /0
GyHKIIH mporpaMHOro MpoAyKTy. JloBeaeHO 3MOry BHUpa)KaTh 3aluTu
(3aBaHHs) HA aHAII3 Ta peaKTOPUHT HE MPOCTO BUKOPUCTOBYIOUH MOHATTS PO
CUHTAKCUYHI KOHCTPYKIII B KO/, ajie ¥ MOHATTSA, IO ONHUCYIOTh MPOTPaMHUN
OPOAYKT, Woro (¢yHKUIi, OyJOoBy TOLIO Uil YTOYHEHHS 3alMTIB B paMKax
MPEAMETHOI 00J1aCTI KOHKPETHOTO MPOrPaMHOTO MPOIYKTY.

7. Y X0/l eKCIIepUMEHTAIbHUX JOCHIII)KEHb PO3POOJIEHO MPOTOTUI MPOrPAMHOTO
IHCTpYMEHTAp1l0, MPOJEMOHCTPOBAHO  MOXJIMBICTH  BIJIHOCHO  MOPOCTO
OMHUCYBaTH JIOBUIbHI MpaBuia pepaKTOPUHTY B OHTOJIOTIi Ta 31HCHIOBATU
aHasi3 1 peaKkTOPUHT PI3HOI CKIATHOCTI, a TAKOXK MOKa3aHO MPUIIIBUIIICHHS
BUKOHAHHS TaKuX 3aB/laHb Ha 36% y MOPIBHSAHHI 13 KJJACHYHUMH MIAXOIaMH 10
aHamizy 1 pedaxropunry. 3’scoBaHO MNOTpeOU PO3pOOIEHOrO MPOTrPAMHOIO
MPOTOTUITY HA OCHOBI 3alPOMOHOBAHUX METOAIB 1 MOJENI B CHUCTEMHHX
pecypcax 1 3a3Ha4eHO, [0 Takli MOTPeOUM OMHUCYIOTHCS MOJIHOMIaTbHUMHU
3aJI€KHOCTSIMH B1Jl BX1THUX JaHUX.

[IpakTuHe 3HAUYEHHS OTPUMAHUX PE3YJbTaTIB IMOJSIra€ B TOMY, IO
PO3p00IEHU METOJ] aHaJI3y Ta pe(PaKTOPUHTY JT03BOJISIE€ MOBTOPHO BUKOPHUCTOBYBATH
HaKOIMWYEHI 3HAHHS MPO «MaTEPHU» Ta «aHTUMATEPHU» B 0a3l 3HaHb NPU aHATI31 Ta
Moaudikamii BUXIIHOTO KOAY pI3HUMH MOBaMu MporpamyBaHHs. Takox
dbopmanizoBaHi 3HAHHS MPO TMOYATKOBUU KOA JIO3BOJIATH IIYKaTH CEMaHTHYHI
nyOniKaTy, CTBOPIOBATH IOKYMEHTAII0 PO NpOrpaMHUNA MPOIYKT, 13HABATUCh BMICT
(cMUCTIOBE HAMOBHEHHS ) MOYATKOBOTO KOY. Y XO/I1 €KCIIEPUMEHTIB Oys0 pPO3po0IeHO
MPOTOTUIT CUCTEMH IEPETBOPEHHSI MOYATKOBOTO KOAy B 0a3y 3HaHb, OMHCAHO il
apXITEeKTypHI OCOOIMBOCTI. Y PE3yJbTaTl BUKOPUCTAHHS MPOrPaMHOIO MPOTOTHUITY

OyJIO YCHIITHO BUJTY4€HO 3HAHHS PO MOYATKOBUH KOJI, IKUM MepeBipsIBCA, 1 OTpUMaHi
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(dakTu 3aHeceHO B 0a3y 3HaHb, 3 MOJAJBIIMM BKJIIOYEHHSM HESBHUX aKCIOM,
BUSIBJICHUX CHCTEMOIO JIOTIYHOTO BHUBEJEHHS. byno 3amponoHOBaHO apXiTEKTypy
KJIIEHT-CEPBEPHOTO MPOTPAMHOI0 IPOTOTUITY ISl 311IMCHEHHS aHa13y 1 pe(h)akTOpUHTY
MOYATKOBOTO KOAY, SIKMUM JO3BOJIsIE MEPEBUKOPUCTOBYBATH MEHEMXKep 0a3u 3HaHb Ha
CEpBEpHII YaCTHUHI 13 pI3HUMHU KIIIEHTAMHU, SIK1 PEaT130BYIOThCS CIEU(IUHO 10 KOXKHOI
MOBH MporpamMyBaHHs. TakuM YHMHOM JOCATA€THCS MOXJIMUBICTH MATH OINUC PI3HUX
KOMIIOHEHTIB, CEpPBICIB MPOTPAMHOI0 KOMIUIEKCY B OJIHIM OHTOJIOTII 1 ONpalbOByBaTH
il sIK OZIHE II1IE.

JIOCTOBIpHICTh OTPUMAaHUX PE3YJIbTaTIB 3a0€31€4Uy€ETHCS MPOBEACHHAM aHai3y
HayKOBHMX IMpallb YYE€HUX B o0Onacti (opmanizaiii 3HaHb, JOTIYHO Ta MOCIIJOBHO
MOCTABJICHUMHU 3aBJAAHHSMM, OIPAIIOBAHHAM 3HAYHOI KUIBKOCTI aHAJITUYHUX
MarepiajiB, HAyKOBUX KOHIIEMI[INA 00 aHali3y Ta pe(akTOpuUHTY MOYaTKOBOTO KOIY
IIUISIXOM B3a€MOJI1T Ta BUKOHAHHS MoAu(iKalliif 3 Horo npeacraBieHHsM. biibiie Toro,
BOHA MIATBEPKYETHCS IUISAXOM SIKICHOTO TMOPIBHSHHS 3alpONOHOBAHUX METOMIIB 1
MOJieNll 3 1HIIMMU CHCTeMaMH, MPU3HAYCHUMU /Jisi BUKOHAHHS «HETPUBIAJIHLHOIO»
(TOOTO TaKOrO, 110 HE 3BOAUTHLCS 10 MPOCTOTO TEKCTOBOTO MONITYKY Ta 3aMIHU CUMBOJIIB
y KOl mporpamu) pepakToOpuHTY, a TAKOXK aHAJI130M IMOKa3HUKIB €)EKTUBHOCTI BUTPAT
pecypciB npu 3A1HCHEHH] pe(aKTOPUHTY 3 BUKOPUCTAHHSIM 3alPOIIOHOBAHUX METOIB
1 3aJIy4YEHHSIM €KCIIEePTIB.

Jlane nocmiikeHHs1 y MailOyTHbOMY MOKHA pO3BUBATH y KUIBKOX HalpsMKax.
[To-nepiie, MoXkHA JOCHIIKYBAaTH BUKOPUCTAHHS 1HIINX CLIOCO01B popMaltizallii 3HaHb
PO MOYATKOBUM KO/, BIAIMIHHUX B1Jl OHTOJIOT1i Ha OCHOB1 ONTMCOBHX JIOTIK. SKI110 Oyne
JOBEICHO, 110 TaKi MPEACTABICHHS T€X €(PEKTUBHO BUPAXAIOTh CEMaHTUKY KOIY, TO
HAaCTYITHUM JIOTIYHMM KpOKOM Oyle KOMOIHYBaHHS Takux (opMalli30BaHUX
MpeACTaBICHb [Jii CTBOPEHHS ©0a3u 3HaHb. [lo-;mpyre, AOCHIIKEHHS MOXHA
CIpSIMyBaTH Ha PO3pOOKY HOBUX METO/IIB OTPUMaHHs (PaKTiB PO MOYATKOBUH KOJI 1 1X
BHECEHHs B 0a3y 3HaHb. TakuMu JpkepesiaMu iHpopMallii MOXKYTh OyTH MPECTaBICHHS
KONy, OTpUMaHi TMpH 3AIMCHEHHI 30UpaHHA TaKOro KOJAy KOMIUISTOPOM YU

IHTEPIIPETATOPOM, & TAKOXK 1HIIUMHU OOpOOHUKAMU MOYATKOBOTO Komy. OcTaHHIU, ane
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HE MEHII BaXXJIMBUM HAMpPSAM, — 3alIPOTIOHOBaH1 METO/IA Ta MOJIENIb MOXKHA IHTETPyBaTH
13 ICHYIOYMMHU METOJaMU 1 MOJIENAMU JJisl pe(haKTOPUHTY (BKJIFOUHO 3 IHTETPOBAHUMHU
cepeloBUIIaMU PO3pPOOKH) 11 OTPUMAHHS SIKICHO HOBHX PE3YJIBTATIB 1 MOXKIUBOCTEH
BUKOHAHHS il pedakrtopuHry. 3o0kpemMa, MOBa MOXE HTH Mpo KOMOIHOBaHE
BUKOPUCTAHHS METOJIIB MAIIMHHOTO HAaBYaHHS Ta 3alpONOHOBAHUX METOMIB, IO

onepyroTh GOpMaTi30BaHUMU 3HAHHSIMHU PO KO/I.
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