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Annomayud, ONMUCKIBAETCE NOAXO K PazpaboTHE CPeICTE BHEYATHIALHN JEHHEX, 00CCIeUHBAHOMHA BOIMKHOCTE
HACTPOHKM HA NOTPeOHOCTH MNOMBIOBATCACH W cnoipopMky NpeAMETHEIX OOI4CTeH, B KOTOPEIX OHM paboTaloT,
OCHOBAHHBIN HA NPSAMCTHO-OPHCHTHPOBAHHOM  MOJCTHpOBAHMH.  KpPaTEo nNpeacTABNCHE PeSyNLTATEL  AHANHIA
HHCTPYMEHTOB BHIYATHIALMH JAHHLIX H BOSMOMKHOCTH HX HACTPOHKH HA NMPeIMETHER 00I80TH HeXoaa 13 noTpefHocTeH
NONEIOBATENCH M pemacMex HMH 3amad. [ToKA3aH0, 9TO CYIIECTEYIOMIME HHCTPYMEHTE TReGVIOT OT MONB30BATEICH
HAERIKOE TPOTPAMMHPOBAHHA J118 HACTPOIKH (POPMATA BHIYANHIAUWMH JEHHEIX HWIH PaspabOoTHH HOBEIX MOXERCH
BH3VAmEAIHE. [IpeanaracTes HeNIB30BATE HHCTPYMCHTR ITPEIMETH -OPHEHTHPOBAHHOTO MOJETHPOBAHHA (A3LIKOBOH
HHCTPYMEHTAPHIA) 08 COSNAHHA TPCIMETHO-OPHEHTHPOBAHHEY A3ek0B (DSL), npeaHasHaueHHs i paspaboTen
HOBBIX MOJCTCH BHSYATHIALMH JHHHLL, OTPRMAKIIHK CICHHPHEY PellacMeIx IOMs3oBaTenaMA saaas. Henonssosanme
pazpaboTAHHEIX HHCTPYMEHTOB He TPpedyeT oT nois30BaTeeH npodieccHOHATEHEIY SHAHHHA A3EIKOE TPOTPAMMHPOBAHAY,
OIMMCHBACTCE APXHTCKTYPA NPOTPAMMHOE CHCTCMBL, VIPABMACMOH 3HAHHAMH. AIp0 CHCTEMBI — MHOTOACTICKTHAS
OHTOJIOTHA, KOTOPAA BEMOUACT OMHCAHRA TILKOB H IPEIMCTHEX ODUIACTEH, 8 TAKAE NPABMIE TEHCPALIMH HOBRIX TIMKOR
H TpaHChOPMALHH NOCTPOCHHEEIY MOJeaeH, FEnKH NPeaHatHAYMCHE VI8 ONMUCAHHA PARIHYHEIX KIECCOB JHATPAMM,
CHoTEME BETHMECT HMHCTPYMCHTHL U8 ABTOMATHIALMH cosaamma HoBex DSL wepes oTodpamenme OHTOIOTHH
MpeOMETHOH ODIECTH HA METAMOASIE OA30BOT0 S3BIKA [0 330aHHEIM [OUIBIOBATEACM NPABAIAM, KOTOPHE TAKED
COXPAHSIOTCA B OHTOA0rHE, KnaccidHEauma pasnuuHEX THIOB JHATPAMM COCTAEIAET OCHOBY [UIH CO3OAHHA OHTOIOTHH
A3LIKOE BIYATHIALHE JaHHREX. ONHCHBACTCA NPHMED Da30BOTO A3RKA A0 COZNAHHA auarpamM. JleMoHCTpHpYeTCa
BOZMOEKHOCTE HAacTpoiikn DSL 1 tpascdiopMarmm paspaboTaHHE © €ro NOMOIIEK) MOICICH BICSYATHIALNH, ICHEPALNH
KOOd, PCATHIYHILIETD MOSEh.

Kiwvessie  closd: BIYAMHIALIHA  JaHHRIX, NPCAMCTHO-OPHEHTHPOBAHHOC & MOJACIHPOBAHHE, NPCIMETHO
D]_]HCHTH'FIOE-E.I'II{BIFI A3BIK, MECTAMOACIIHPOBAHHE, TPAMMATHRELD, MHOTOACTICKTHAN OHTOMOTIHA, TPHI-ICI[)[!PMB.U;P!H MOICTICH

Annomayus. An approach to the development of data visualization tools is described that provides the ability to
customize to the needs of users and the specifics of the domains in which they work. based on domain-specific modeling.
The results of the analysis of data visualization tools and the possibility of customizing them 1o subject area based on the
needs of users and the tasks they solve are briefly presented. It is shown that existing tools require programming skills
from users to customize the data visualization format or to develop new visualization models. It is proposed to use domain-
specific modeling tools (language toolkits) to create domain-specific languages (DSL) designed to develop new data
visualization models that reflect the specifics of the tasks solved by users. The use of the developed tools does not require
users to have professional knowledge of programming languages. The architecture of a knowledge-driven software
system is described. The core of the system is a multifaceted ontology, which includes descriptions of languages and
domains, as well as rules for generating new languages and transforming constructed models. Languages are designed to
describe different classes of diagrams. The system includes tools for automating the creation of new DSLs by mapping
the domain ontology onto the metamodel of the base language according to user-specified rules, which are also stored in
the ontology. The classification of different types of diagrams forms the basis for creating an ontology of data visualization
languages. An example of a basic language for creating diagrams is described. The ability to customize the DSL and
transform visvalization models developed with its help and generate code that implements the model is demonstrated.

Kawueaste croaa: data visualization, domain-specific modeling, domain-specific language, metamodeling, grammar,
multifaceted ontology, model transformation.
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I. BreaeHue

HHCTPYMEHTEL BHIYATHSALHH TONYHIH MIHPOKOE PACTPOCTPAHEHAE B PA3THMHBIX OTPACTAX, DHIHCC-(yHKIHAX H
WT-aucupuiHHax, K4k B MaCTHOM, TEK M B TOCYJAPCTECHHOM cexTope. (JHH aKTHEHO HCIONLIVEIITCA B TAKHX O0IacTIX,
KAK JHCPrCTHRE, KApTorpadus, MeaquuHes, (JHHAHCEL, COLMOIOTHA H MHOTHE OpyTHe. B 3TOM KOHTEKCTE BH3VATHIALHL
JAHHEDX CIYIKHT METOO0M AHAIHEE TAHHEXK. ek THEHOCTE PalioThl 3RCICPTOE, AHAIHTHROE BO MHOTOM ONPEIEIieTc
KAUCCTBOM BEHIYAMHIALMH JAHHEIX, PEIVIRTATOR HX AHATHSA,

Bonpocas kauecTea BHIVATHIAIMHE JAHHEIX NOCEAICHE MHOTOMHCTICHHEC HCCTICTOBRHHI.

HeunrabensHile, 38y THHHEIE BIEY ATHIALHH PACTPOCTPAHARNT Je3HHIOPMAELHI, BEOIAT B 3200y RICHHE H CHIMGAIT
jpipekTHBHOCTE  pafoTEL  MCCHEAOBATENEH, KAMECTEQ YNPABCHYCCKHX pelicHME W T O Asrops cratem 1]
NOIUEPKHEAKT Macirad npodJeMel, CCBTAACE HA  PCCYPCR, CODMPARMLME [JECATKH THICAM  IHOUIB30BATENICH,
KpUTHEYHOmEN  rpagesn #  guarpamser  (reddit com/r/dataisugly), BMOOTHCHHEEG ¢ OUCBHOHEIMM - OUIHOKAME,
CymecTeyOmHE METOIE BHIVATHIAUMHH JAHHRX J4HT BOSMOMKHOCTE CTPOHTE B OCHOBHOM NPOCTEIC M UPEIMEPHD
00ODIMEHHBEG BUIVATHIALME, KOTOPEIM, K TOMY KC, WACTO HE XBATACT CHCTCMATHMHOCTH M YHHECPCANBHOCTH
OTCYTCTEHE HAIUICAKAIICTD HHCTPYMEHTAPHA /A OUCHKH EAYCCTEA BHIVAIMIALMM JaHHEIX CIIE DONsIne yoyrybnaer
npobnemy. B crarse npeanaraeroa VisQualdex — cueremarmiecksii HaDOp PeROMCHIAUMEA 10 CTATHYECKOH
BHIYAMHIANMK TaHHRK. KaTeropisamma ocHOBAHA HAa TCOPHH IpamMMarik rpadusn. TpeanaraiTes JecATHRH KPHTCPHEE,
NPCIHASHAUEHHBIX /1A BEIABICHHA PAsTuuHEY OmHOoK (owmboK pasHe kateropmii v macurrada), [TpennomesHHsi
HalOp PCKOMCHIAUMI PELCHIMPOBAH M NPOTCCTHPOBAH IKCTICPTAMH B ODIECTAX BHIVUTHZALMH [JAHHEX, HAVEH O
JaHHEK, Tpadeieckoro au3afina, MAQOPMANMOHHEX TeXHOIOTHH M aHpopMatik, Peanmiaums  pekoMeHIammHi
JOCTVTIHE B BHAC BeO-CepBepa, paspaloTaHHOTO KAK OJHOCTPAHMYHOE MPHIoEeHHe Ha JavaScript ¢ HCnoAB30BaAHICM
npuHLMnos Vuoe js u Matenal Design.

Ocoboe BHMMaHME HCCICIDBATENAMH YICIACTCH BONPOCAM NPHMEHCHHA CPEICTE BHIVATHIALNN B 00Pa30BaHHH.

ApTops cTaTEN [2] nogasssaT, uro HEporpadyHKS BAKHA 8 NPEICTABICHHA H NEPEIETH CIGEHOH HH{IOPMALIFH,
B YACTHOCTH, ODCYAUIAKIT BIMSHHE BHIVAIHIALMH HA PE3yIETATH yuehHOTO NPOUSCed, OPraHMI0BAHHOIO [OpPH
E3HMOACHCTEMH ¢ HHpOTpaderel, MynsTHMEIHAHMME cpeacTBami, PeayisTaTel MCCACIOBAHMA DOKARUH, 4T0
HCTIOJIL30BAHME HEPOrpat HEH, BH3YANEHOTO 0DYYCHHE SEMAETCH HPQEKTHEHEIM NOIX0I0M K OPTaHH3aumy yaebHoro
npouecea. Lens ueeneaoBaHHa, pesyIbTATE KOTOPOTO NPEACTARICHE B | 3], — MiyMeHHE TCOPETHUECKIX H NPAKTHUSCKHX
ACMIEKTOB  BHIVATHIAIMH 3HAHMH B 00pa3OBaTeILHOM TpoUecce. ABTOPM  CPABHHBAIDT DEUIMMHBEIC  MOJICITH
NPCOCTABCHHA SHAHME, PACCMATPHEANIT NPHHIHIE BHIVAMHIANHH H CTPYKTVPY KOMIICTCHIIMH BHSYATHSALIHH,
BEJIHIMANIIYH AHATHTHICCKHE, AMTOPHTMHYECKHE H TP, KOMIOHCHTRL. Henonssya pasmiaHee METOOE MOICTHPOBAHHA,
BHSYAIMZALMHE M CHCTCMATHIALMH JAHHEIX, AETOPEI JCTAKOT BRIBOML, WTO BHIVATHIAUMA HaHMid Tpebyer yuéra
ocodeHHOCTEH 0DPaI0BATENRHOTO MPOLUCCCA B KOHTCRCTE QMIAKTHUSCKHX NPHHIMNOE ¥ np. QopMHPOBIHHE HABLIKOE
BH3YTHIALHE B X0A¢ yueOHOH ASATeNEHOCTH — 3T0 CAOMCHAN 331343, JaBHCALIAS 0T MHOKCCTEE (PAKTOPOE. ITH HABLIKH
ABMAKNTCE  DH30BBIMH  KOMIOOHCHTAMH  (JOPMHPOBAHMA  BHIYVANHSALMOHHOH KOMIETCHTHOCTH. PomeHHe  sanam
BH3YATHSALME JHAHMHA TPelyeT HCNOABIOBAHHA COBPEMEHHEIX HHHOBALMOHHEIX TEXHOUIOTHEH, OXBATHBARIINK DAI0BEIE
UHPPOBEIC TCXHOMOTHE, TEXHONOTHH 00PaboTEM HONBIIK JAHHEIX, METOIE HHTCUICKTY ANBHOTO AHATHIA MHOTOMEPHEIX
JaHHEX B T. 4. B cratee [4] pacemaTpHBaOTCA NPOTPAMMHEIC CPEICTER, KOTOPRIC HCOOMRIYIOTCA B OOPasOBATCIRHOM
OpOLECCE M BIHAKT Ha (JOPMHPOBAHNE NPOEcCHOHANEHEIX KOMIETEHIMHA v cTyacHTos. Llems npockta — paspaborka
TEXHOMOTHH CO3JAHHS 0DPA30BATEnsHOr0 VR -KOHTCHTE, KOTOPIH J0mKeH DOBEICHTE 3fupermBHOCTE 00yueHHA ©
NOMOUEK) MHOMECTEA PAsTHUHBEIY NPOTPAMMHEIX CPEJ, HCOOABIYEMEX B Opouscce (POPMHPOBAHHA KOHCTHOTO
BHPTYAMEHOTD MPOCTPAHCTEA.

B cratee |5] onuceBacTes NOANOD K NOHUMAHHED HICH KOTHHTHEHOH ACHOCTH rpaose Mogenci AsTopamu
OMMCHIBACTCH  KOHUSTTYANBHAA CXeMA  CTPYKTYPHPOBAHMA IOHATHE, CBA3EHHEIX ¢ KOPHMTHBHOH SCHOCTBE).
B cooTBeTeTEHH © 3TOH CXeMOM OHH BRACIAIOT (PakTope (OPpMHPOBAHHA KOTHHTHEHOM ACHOCTH, KOTHHTHEBHAR ACHOCTE
ONpPCACIACTCH KAK HADDD BHYTPCHHEX XaPAaKTEPHCTHE BHSYANRHOTO 00paza Momens, 3dvpekTH NPHCYTCTBHA KOTOPEIX
MPOSBEAAKITCA TIPH BHIVATRHOM AHAIMIC MOZETH, ABTOPS JCIAI0T BRBOL, UTO HAMDONEWME HHTCPEC NPEeACTABRIAIOT
HMEHHO (JaRTOpPEL (POPMHPOBAHHA KOTHWUTHEHOH SCHOCTH (B CHIY HX KOHCTPYKTHEHOCTH). B cratee npweogwmes
JETATHIHPOBAHHAL CXCMA MOIX013 K MOHHMAHHIO HIEH KOTHHTHEHOH ACHOCTH H 00CYIKIAIOTCH OTACIBHEIE KOMITOHCHTEL
o cxemu  [peanaracres  o00DIMEHHMH ATTOPHTM NOOTOTOBEH M NMPOBCICHHA IECOCPHMEHTE 10 PELICHHH)
AHAMHTHKOM ONPEISICHHOH 3aJ8iM BHIYAIBHOTO AHANHEA C© yMacTHCM (AKTOPOB, 0 BIHAHHH KOTOPEX NEpem
MPpOBEOCHHMEM KCneprMenTa  opMupyercs ranotesa. B pesyaerare oussueactes wpdexT MMeHeHHA YPOBHA
KOTHHTHEHOH ACHOCTH H BEIABTACTCA XAPAKTED 3aBHCHMOCTH OT 34TAHHEN (JAKTOPOE WIH C& OTCYTCTEHE, MTO MOSEOITIET
NPHHATE, OTECPIHYTE MITH YTOMHHTE HOXOTHYR FTHITOTEIY.

Bonpocsr 3eRTHEHOCTH BHIVATHIAIME JOHHEIX paccMaTpHBaoTea B cTateax [6, 7], Bocnpuatwe rpadisueckoi
HHPOPMALIMH CEAZEHO © ONPEICHEHHEMHE SPHTCIBHEIMH KOTHHTHEHEIME NPOLSCCAMH, OIHMPAACE Hi HOCICIOBIHME
KOTOPEIX, BETOPEL JAH0T 00 MHE PEROMEHIALMH TI0 CO3IAHHED M)PCKTHEHEIN HAYTHEIX BHEVATHIANHEA.
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MotpefHocTH  KOHEYHEIX NOABIOBATEACH (AHATHTHEOB JAHHLIX) BEOOUAIOT HEOOXOOMMOCTE  COSJaHMA
NOIBEIOBATENRCKHY THIOE JHATPAMM 08 KOHKPCTHRIX 33734 H NPSIMCTHRIX 0DNacTef, MoCKOMBKY OA30BBIC THIE
JHArpaMM ¢ Da30BOH reoMETPHCH MOTVT OrPaHHMMHEATE nepetauy Hupopmamms | 1] u npusogute & HesddexTHBEHOH
BHAYATHIALHE, YTO, B CEOI OUEPEds, MOMKET MPHBCCTH K OIIHOKAM B IPHEATHH peweHni [8].

[Monesosarenay TpedyveTca COZTAHNMC BHIVATHIALMNA, AJANTHPOBAHHEIN K COCHMHMESC PCINACMBIX HMH 33047 H
npeameTHEX pbnacTei. Takum odpazom, cymecTeyer HEOOXOOMMOCTE BHEAPCHHA MONLI0BATEIBCKHN CrCUp]HEaLmi
BH3YATHIALHE B HCIKUIBIYEMEIC CPEACTER. JTH CNeUR(HEALMH ONPEIEIAT, KiK NOAB30BATEIH MOTYT YEA3EIBATE CBOH
TpeboBaHua ana codfgaHua Brayanansi (9] Crarmueckan BHAVATHIALMG MOKCT OKA3ATECA HeMpeKTHEHON 1mm
PEIICHHA 33734 aHATEa DOMBIMK HADOPOE JAHHEX, NO3ITOMY CYIIECTBYET NOTpedHOCTE B OBICTPOM M NPOCTOM
COSQAHMH HHTCPaKTHBHEIX Bisyamsammii | 10]. 3 meroma gommet Ourte cnocofHe paboTaTs ¢ PasTHIHEIME THITAME
M MCTOUHHKAME AaHHE [9].

Heenegosaremn [8, 11] orMedanT orpaHHUCHHYEO CTENCHE THOKOCTH B MAHHITY THPOBAHHH YICMCHTAME JTHATPAMM H
OTCYTCTEME OPHCHTHPOBAHHOCTH HA  PEANBHEIC NOTPEOHOCTH MONB30BATENA B CYMECTEYHIONX HHCTPYMEHTAX
BHAYATHEAIMK JaHHER. UacTo Takas HacTpoiika TpebyeT Henone30BaHMA aieka nporpasvveposanus | 10]. Oreyterame
Cy DoKX 3HAHKE TPOrPaMMHPOBAHHL ¥ TIOIB30BATCICH NMPHBOIHT K HEODXOAMMOCTH Co3aaHma no-code wim low-code
matdhopm.

B crarse |12] paccMaTpHBAOTCA PASIHUHEIEC TEXHHKH H HHCTPYMCHTE BHIVATHIALUWH JAHHEIX, TPHBOIHTCH HX
KIACCHHKAIHA, (JOPMYIHPYIOTCE MpodieMel, ¢ KOTOPHIMH CTATKHBAKITCA NOJIBIOBATENIH, H HOBBIE BO3IMOMKHOCTH,
KOTOPBIE JVEKHEL ORTE 00CCMEUEHE NMEPCICKTHEHEIMH CPEACTEAMH BH3yAmHzauMi., B uacTHOCTH oTMeuacTes, wTo
OOHCOH Wi KTHOUCBEIX 34144 SBAAeTeA paspaliDTRa MeTOA0B SETOMETHIAUHM BHIVATHIALHH JAHHEIX, ODecrnetucHHMA
pPEKTHEHOH M HHTCPAKTHEHON BHIYVAMHIAIHH HEIAEMCHMO OT PAIMEPA M CIIOMKHOCTH JaHHEX. Peampanms 5o
METOIOE ODIErEaeT HOCACA0BAHN B 0DACTAX C HHTCHCHEHRIM HCMOUIB30BAHICM JaHHeX [ 13], noisonaet Henpepriexio
OTCASKHBATE H AHATHIMPOBATL 3TH JAHHEIE, BHIVATHIHPOBATE PCIVILTATE AHATH3A.

ABTOMATHUSCKHH BHIYATEHLIH AHATHS TPEANOIATICT PEITCHAE 38084 TOHCKA, OMHCTKH, HHTEIPALTHE H B3V ATHIALMK
JAHHEIK, Jlna pemeHss 3THX 34034 MHPOKD HCNOMLIYVIOTCA OHTOIOTHI.

B patorax [13, 14] Geuo npeanomeHO HCIOE30BATE OHTOMOMMH KAK YACTE APNHTCKTYPEL, KaK AP0 aHATHTHUCCKOH
AT OPMEL, YIPAETSCMOH SHAHHAMM. B JaHHOM CIIVYEe HCNOTESY CTCA MEOTOACTICKTHAS OHTOMOTHA, KOTOPAA II03E0IACT
PCATH3OBATE  CCMAMTHMCCKHH DNIDMCKE H MHICKCAIMK)  JAHHEX, M300#aTe MX OyDIHPOBAHMA, PACIIHPATE
(Y HELHOHATEHOCTE HEPOPMALHOHHEIX B AHAIHTHICCKHY CHOTEM, CO3TABATE NPSAMETHO-OPHCHTHPOBAHHEIC A3HIKH H
MOIETH B CHCHAPHH MCCISA0BAHE, 8 TAKAE AETOMATHISCKH HHTCDIIPETHPOBATE JAHHEIE M PE3YILTATE AHATHIA TAHHEIX
ST MPEAOCTARICHHA HX PASHBIM TPYVINEM MOTE30BATCICH COMMACHD SHAKOMOM HM TEPMMHOIOTHNA,

JocTyMHEE CHETEMB HHCTPYMEHTOB BHIVATHIAINH JAHHEIX MOMKHD PA3ISITHTE HA CIIETYEOITHE TPy I

1} anexrporsse Tabmsmen { Hanpavep, Excel, Google Sheets),

2} ananureeckre matgopset (Hanpasep, Microsofl Power BI, Tableau),

3) penaxrops guarpasm (Hanpusep, Miro, ChartBlocks).

CTaHAapTHRIC HHCTPYMCHTR MIEPBRIX JABYX TPYIIN OTPAHMMCHBL O330BRIMHE THIAMH JHATPAMM B BOSMOKHOCTAMH
HACTPOHKH BHIYATRHEX SihpexTos. MucTpyMeHTE! TPETREH IPYIINE NO3BOMAIT CO3IEBATE CODCTECHHEIC BIAY ATHIALINM,
PEIAKTHPOBATE PACTIONIOMKEHHE JIEMEHTOB, HO HE NPEAOCTABITIOT BOIMOEHOCTL HACTPOHKH HA MPCIMETHRIC 00IaCTH.

HenonesosaHue S3MKOE NPOrPaMMEPOBAHAL 0DIEro HasHaueHHs (Hanpumep, tubnuotes Pylhon gan sy anmsammm
ganner: Matplotlib, Seaborn, Plotly u gp)) cnocoboTeyeT cosgaHHID BRIPATHTCIBHEIY BHIVATHHIIMI I08 PCIICHUA
KOHKPETHRIX 38040, HO TpedyeT rayDoKHX 3HAHHI NPOrPAMMHPOBIHHA 0T PaspadoTiHKoE quarpamMs, Takke co3gaHHOC
PCMICHUE HEMb3A NOBTOPHD HCNOIB30BATE 1A APYIHN BHIYATHIALNI, H OHO NMPCACTARAACT CoDOH «MEPHRIH AIHKy, Tae
HCMOHATHO, KAK HACTPOCHA BHayanams | 10].

Buyamsaums, oTpasaoman creurd MKy npeaMeTHOH ofNacTH, MOJKET B SHAMMTEILHOH CTENCHH CNocoDCTBOBATE
JAYUIIEMY TIVHMMAHHID NPEACTARICHHWX JAHHEIX, PESVARTATOR WX aHammsa, (opmansaers mogenei. CosgaHue TAkmx
CPEACTE MOmET HBITH OCHOBAHO HA TPEIMETHO-OPHEHTHPOBAHHOM MoaenuposannH ( Domain Specific Modeling, DSM),
MPCOTNUIATAIDINEM CO3IAHHC W HCMOAEIOBAHHE [TPCIMCTHO-OPHEHTHPOBAHHEIY s3uikoB ( Domain Specilic Language,
DSL) gna paspaboTKH HOBHX BAPHAHTOB (MOICACH) BICYHTHIALMK TAHHEIX.

[Tybnukammit no cozmanmy DSL gas smsyvamusammm gasuerx Hemuore. Cyvas no obzopy, bonesmmmeTeo DSL
thoxyeHpyoTea Ha HeDoARMOM HaDOpE CTAHOAPTHEIX JHATPAMM (KPYTOBEIX OMATPAMM, THCTOTPAMM M T. /) HIH
BHIYVATHIAIME KOHKPETHEIX THIIOE JAHHBIX (HAMPHMED, TCONPOCTPAHCTBCHHEIX M T. IL). OHH PasIOTes YPOBHAME
A0CTPAKIMY, KOHTEKCTAMM HCTIONEIOBAHHA M BOSMOEHOCTAMH PCATHIAITHIL

B cratee [15] omucan npouece pazpabotes DSL ana noctpocHua W npeodpazoBaHH MCTOOOE BH3YATHIALNH
JanHerx, 2tor DSL BetpoeH B asmik nporpavsuposasms Haskell ABTopsr npegocTasngior HECKOIBKO YPOBHEH
afCTPAKUME, HAE CAMOM HH3IKOM VPOBHE THMIB3OBATCAE MOMET CO3OATE MICMCHT, COCTOAIUMH W3 ONPeIencHHON
NPHMHTHEBHOH (BopuMer H HabOpa BH3YANLHEIX Dapamerpos. BamHo OTMETHTE, WTO OCHOBHBIC KOHCTPVEITHH H3RIKA
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O PAHFMEHE THETOMPEMMOE M KPYTOBOH JHarpamyoi. (nHako JonycKaeTes PACTIONATATE MY JIEMEHTEL NO-PAIHOMY I8
COBMAHMA DOMSE CIOKHRX BAPHAHTOR BHIYATHIALIHM

B craree [16] npeacrasnena BAPHALIMOHHAR MOJENE BHIYVATHIALMY, PEam3oBsaHyan ¢ noMomen DSL, serpocHnoro
B #A3uK nporpamwmuposanss  PureScripl. Sror DSL nossonaeT co3gaears BAPHALMOHHEIC BHIVATHIAIIHH M HX
KOMOMHAIIHME, HANPHMCD HATMGKCHHE ANLTEPHATHEHEIX THCTOrpamy. B cramee Takme o0CyEROAIOTCH  METOR
NPCACTABICHHA BapHauuid n gobasneHua  sapHanMd B Bwsvammsammasm  gepes DSLL Paspabortamnue cpeactsa
DOCCTICYHEBAIDT CO3IAHNE, YIPAEACHHE, HABHTALM M PEHICPHHT PAUTHTHEY BHIYATHIAIWEH,

Heenenosatenn B cratee [17] npeacraenawor DSL, opHeHTHPOBAHHEIA HA TCOBMIYAMMIALUMEY JaHHEN. OHH
HCTIOJILSYHYT KOMITHAATOP 408 00Ier e HHA aBTOMATHICCKOTD COSTAHHA BHIVATHIALMA H NpeasapHTensHoi 0DpaboTrn
maHHE, Mx cHeTeMa HCDonp3veT BOSMOMKHOCTH MHOTOSICPHOTO NADATUICIHIMA AN YCEOPCHHA MPEIBapHTEIRHOH
0OpaboTEH JTAHHEIX,

B crarse 18] npeanaracten noaxon, KOTOPEH NMOMOCECT NOMB3OBATENO COIMABATE BHIVANMIALHH MOIENci mm
KOHKPeTHOH npeametroil obnacme ¢ menonssoeannem CSP (Communicating Sequential Processes) — dopmanssoro
AIRIKA, KOTOPRH B OCHOBHOM MCHONBIYVETCH A ONHCAHHA TEPATICIBHEIX H PACTPENCICHHEIX CHCTCM. ABTOpDaME
VCNEIIHG  CO3OaHE PAasiHMHEE BHsyamsauus mogenci CSP, JeMOHCTPHPYIOIHE BOSMOKHOCTH [TPEITATACMOrD
noaxoga. OoHaED pPAccMaTPHEACMEIE CPEICTED HE SEISHTCH VHHECPCANTLHEIMH, BOIMOIKHOCTH H3LKES OMPAHHMHEAIT 70
HCMOMLIOBAHHE.

AmIKOBO-OPHEHTHPOBAHHEIH TIOIX0] (B JAHHOM COyuac noaxon, ocHosasuserii va DSM) k peamwsaumm cpencts
BHIYANHIAIMH JaHHEX MOMET CTATE OCHOBHEIM TIPH PaspadOTKe CHCTEMEBI BHIVATHIALMH JAHHRIX C BOIMOSKHOCTRH)
HACTPOHEH Ha noTpedHOCTH noasiosaTeaci. Co3gaHne HOBEIX BAPHAHTOR BHEYTHIALMH, HACTPOCHHBIX HA KOHKPCTHEIC
OPEIMCTHEIE ODTACTH M 33Ia49H NONE30BATENCH, pasDHBACTCA HA OBA 3TaNA;

1. PaspaboTka npeaMeTHO-OpHCHTHPOBAHAOTG Rikika ( D5L), otpasamero noTpedHOCTH NOML30BATENCH.

2. PaspaboTsa npeIMeTHO-OPHEHTHPOBIHHEIX MOJCICH BHIVATHIAIHHE © HCMONEIOBAHACM COYIAHHOID A3RIKA,

PACCMOTpPCHHEIE MHCTPYMEHTH  NPCOOCTAEIAIIT BOIMOKHOCTE  paspaboTed HOBMX THnOE guarpams, Ho
BOSMOMKHOCTH HACTPOHEH HA PASINHEIC NPEIMETHES 00JIECTH B HIX OTCYTCTBYHIT HITH OHH OTpaseHs. Kpome toro,
Of noms3oBaTencil  TpefyioTea  OpodleCCHOHANLHEIC HABBIKH NPOTPAMMHPOBAHWA, WTO TAKKC OTPAHMMHBACT
BOSMOMKHOCTH HCIOIE30BAHHA OIHCAHHEIX CPCACTE.

HOma cosgamm DSL senonesyrores DSM-mmardopMel (A3HKOBLRE HHCTPYMEHTAPHH), KOTOPRIC ABTOMATHIHPYHOT
paspaboTEy PeIAKTOPOE MOJENCH M CPeacTE HX TPAHCOPMALIHK, TEHEPATOPOE KOJA. AKTYANRHOM CTAHOBHTCA 3AI4Y3
CHHIKCHHA TPYAOEMKOCTH CO3TAHHA CAMHX TIMKOB, ABTOMATHIALHA HX paspaboTkm.

Takum 00pazoM, KOHEUHEE NONBIOBATENH CTANKHEBAKITCA € OBYMA BOMPOCAMH NPH PEIICHHH 337449 BH3YAMTHIALMH
JTAHHEIX:

1. Kag obecneunTs CO3TAHEE HITH HACTPOHKY BHIYVATHIALMA B COOTBCTCTEHH C NOTPeDHOCTAMM NIONBI0OBATCNCH]

2. Kag cHHTE YpoBCHE TPeOOBAHHE K KOMIETCHIMAM NOMB3OBATENN B NMPOTPAMMHPOBAHHE NPH HCNOTB30BAHHH
CPCACTE BUSYATHEALME, 00ECTISIHBAIIIMY BOMMKHOCTE HACTPOHKH HA NOTPEDHOCTH NOIB30BATENCH?

Jna paciIHpeHHs BOIMMKHOCTCH HHCTPYMCHTOE BT ANHIALHE NPCIIarac el f3sKOB0-OPHEHTHPOBAHHEIN 0001,
HCMOMBIOBAHHE A3EIKOBOTD HHCTPYMCHTAPHA, VIPABINEMOTO 3HAHHAMH, NOIBOISHIIETD AETOMATHIHDOBATE CO3TAHME
NPEIMETHO-OPHEHTHPOBAHHEIE S3LKOE HA OCHOBE HCOONIE30BAHHSE MHOTOACICKTHOH oHTooran |19, 20, 21].

II. TTocTanoBks 38189H

Lene nmpoerTa, pesyIbTATE KOTOPOrD IMPEICTARNCHE B JaHHOH CTATEE, — PaipaloTaTe MOOXOT K CO3IAHHK CPLICTE
e RTHBHOH BHIVATHIALMH [JAHHEIX ¢ YVUETOM peKOMCHIAmWH, npeanoscHewmx ® |6, 7], obecneumnearompm
BOSMOGKHOCTE CO3IAHMA MONB3OBATCIRCKHX THIIOB JTHATPAMM 18 KOHKPETHRIX 337044 H NPEIMCTHRX 00IACTeH, 4 TakEe
BOAMOMHOCTE CO3JAHMA MHTCPAKTHEHRIX BHayamsatmit | 10].

Crewppnxa TpebopanHil 3aKOUACTCR B HCODXOIMMOCTH HACTPOHKH BHSVATHIALNH HA COCUM(HMKY MPCIMETHEIX
OOTACTER M PCIUACMEIX TEVIRIOBATCIIAMM 334 HAH paspadoTEH HOBRIX THIIOE JHATPEMM. STOM0 PE3YNBTATA MOHHO
JOCTHYE 33 CHET HHTCPAKTHEHOCTH, KOMOHHHPOBAHHA PASHEIX THIIOB JTHAIPAMM H T. 1. 3TH TpeOOBAHHA TOMIKHEL DBTE
YUTCHE TIPH CO3TAHHH CPEACTE AnA paspadoTEn Moaencii BHIy Ann3ans (TPpadi KOs, CXeM, JHarpamm ),

[Mpenmaracmas B CTATEE OCHOBA A7 PCANHIALMH HHCTPYMEHTOB BHIVATHIAUMM gaHHex — DSM-mmardopaa,
VIPABTACMAR SHAHHAMH, ODCCICMHBAIINAN BOSMOMHOCTE CO3MAHAA HEPEPXHI IPEIMETHO-OPHCHTHPOBAHHBIX A3BIKDE
[19, 20, 21|, npeaHA3HAMCHHRIX UM CO3MAHHA HOBBIX THIIOE MOAENEH | HOBRIX rpafuueckiux HOTALMA), OTBCMANIINY
noTpedHOCTAM noapsosaTenci. CHukeHHE TPy aoéMrocTH paspaboTkn Hosex DSL noctrraetes 3a cuét Henone30BaHIA
Da30BX AIRIKOE, HX JONOTHEHHA B KOMOHHHPOBAHMA B CODTESTCTEHH C NPABRIAMH, ONPEISTACMEIMH MOIEI0BATEIAMH.
IMocTpoeHHele ¢ HETIOARIOEAHHEM codmaHuaex DSL Moaeam susyvaniaumd MoryT OBITE NEPCECICHB B NPOTPAMMHEIH
KOO, PEATHIVHOINHE herkTHEHYH NONB30BATENBCKYH) BHIYVAIHIALMIO JEHHEIN, H3 OCHOBE 3AJ4HHEIX TPABHI
Tpascopsarsn THoa «honens-Texe.
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OcHoBuble  QyHEUHOHATLHEE TPeOOBAHMA E MHCTPYMEHTAM BHIVATHZALMH JAHHEIX [OKA3aHE B (OpMAate
JHATPAMME! NPELCACHTOR Ha puc. 1, Jxcnepr B npeamMeTHo 00MACTH J0MKeH paspaloTars OHTOIOTHED [IPCIMETHOMN
ODMACTH, B KOTOPOH NOIBI0BATENH — PaspaloTUHEN BHIYVATHIALMI — pemaoT csoM sagavwe, DEM-3xcnepr orseuaet 3a
pazpaboTky MeTtaMoaeneH Da30BKX A3LKOE (B JAHHOM CITYYAC — A3LKOE A8 pazpadoTH D330BEIX THIOB JHATPEMM,
KOTOPEIE MOTYT NOCTY#EHTE OCHOBOR ama cosganua Hoeerx DSL, peammyromsx noTpedHOCTH nonesosaTencil), a Takke
33 patpaloTKy NPABHI TCHCPEUHMH HOBBIX A3BIKOB, OTPORAIMIHN CHCUH(HKY NpeIMCeTHRIX 00JacTeil, B KOTOPEIX
palloTAT NMOMBIOBATCNN, — NPABMA OTODPEKCHMA OHTONOTHHM NPEIMETHOH ofIacTH HAa MCTAMOIENE BEIGPAHHOTO
Dazosoro mawkg. [lpu paspadoTke BHIVATMIALMHE NMOIBI0BATCAL MOMCT WCMOIEI0OBATE CO3NAHHBG gna med DSL,
BEITIOTHHE HACTPOHKY MEAPaMeTpos, i paspaborars Hosetd DSL. Desepaima koga HA S3EIKC DPOTPAMMHPOBAHHS 110
MOCTPOCHHOH MOJETH BHTYATHIANNE NO3BOIAST CO3AABATE HHTCPAKTHEHYH) BHIVATHIAINIO, YITPABIACMY ) CODBITHAML
KOMOHHHPOBATE PASITHYHEIC THIL BHIVATHIAIMI NpH padoTe cO CHOHHBIMHE CTPYETYPAME JTAHHEIX, TONYYACMEIX H3
patmeaHe HetouHnkos, [pasuna Tpascdopaanmm (reqepaps koga) paspabarmsaotes DSM-sxcnepros.

PaspaSoria
TPAMUETING A3LEE

Fazpalotea
NpEEAn
resdpaustn D51

DISM-3xchapT PaipalSores _Pacusipaer
DSL

Fabpansm
watawagens DSL

Hcnegt
B NpaguETHA
ofnacT

Hacrpoia
(DrpegEneHE
MAPSLETDoR)

Papadorea
ESIYBIMIALIMN

Banmuaer

Faipafonst P pses
BHIFAM3ALIN |

Tasepaums maa

Puc. 1. Ocnosaeie (yvHkimy cpeacts pazpaborsn MoaencH srsvanmsam Ha ocuose DSM-noaxona

FAapom AZKMEOBOTO HHCTPYMEHTAPHA, ¢ NOMOIER KOTOPOrD JOMKHE DHTE PCATHIOBAHEL OMHCAHHEC (Y HKLIHEH,
ABMAETCA MHOTOScnesTHas oHtomorwa [19, 20, 21), xotopas xpoMe ONMCAHHA TPEIMCTHOH ODIACTH BEIHOUACT H
OHTOJIOTHH) S3LIKOE, IIC BHIVANLHBIC A3hIKH (A3RIEH CO3OAHMA CXCM, OHATPAMM H T. IL) OMHCHBBAKITCA © NOMOIIBIO
METAMOOENEH, 8 TEKCTOBRIC — MX rpaMmaTHrasi [Tpasmna renepamin D51 # koga Takse BRMHOMAKOTC B OHTOMOTHIO,

Paspabotka meramogenein DSL, npasun resepampm woswx DSL u rewepamsm koga He 1pedyeT SHAHMA T3LKOB
NPOrPAMMHPOBAHHA — TIOIE30EATENH PADOTAT ¢ PEIAKTOPAMH H KOHCTPYKTOPAMH B BNSYAILHOH cpeae. Jina coznanus
OHTONOTHH NpeIMeTHOR obnacti npeamaractes uenonsiosats seron Mask [22]). Takwm obpasom cHokawTes
TpeBOBAHHA K KEATHPHKALNH NONEI0BATENCH, K HABBIKAM POTPAMMHPOBAHHI.

Jlan peanHiaume npeUiarasMoro moaxeia HeoDXOIHMO PEITHTE CITETYHIITHE SaIa4H,

1. TlpoasanMsMpOBATE PASTHMHEE THIL OHATPAMM H NOCTPOHTE OHTONOTHHY S3BIKOB BHIYAIHIALIHH JAHHBIX Ha

OCHOBE KTACCHIIMEALIMH JHATPAMM,

2. Paspaborare MetamMogens Ha30BLIX TILKOE I PASTHTHEIX THIOE JHATPAMM, HCTCOIETY SMEIX [T BHTY THIATIHEH
JAHHEIX, — OCHOBY [UIM CO3JAHHA HOBRIX THIIOR BISYATHIAIIHH.

3. Paspaborars npasnna resepauis HOBRX DSEL — HOBRIX A3LIKOB BHEYATHIALNK JAHHE, OTPRGKAOIINY COeIHf Ky
MPEOMETHEX 00MACTEH, H CICHEPHPOBATE HOBBIE THIL! JHATPAMAM HA OCHOBE PAIpadOTAHHEIX TPABHIL

4. Paspaborars npaswima TpascopMamm (TeHEPALHH KOJA) U PCATHIALIHE HOBOTO THITA BHIYATHIALNHE JAHHELX,

Pezyneratel  HeoOXOZMMO NPOMUIHCTPHPOBATE  TNPHMEPAMH  BIDYATHIILMH  JAHHEIX C  HCTIOUIB3OBAHHEM
paspadOTAHHEIX CPEOCTE.

I, Teopus

BuayansHEIC A3RIKH OCHOBAHE! HA a0CTPaKTHRX — rpadoBex — Mogenax; modan MOaens, JHATPAMMA TPEICTARTACTCH
KaK Ipaf, B KOTOPOM OPeIcTABICHE O0BEKTE HEROTOPOI OpeIMeTHOH ODIACTH M CBASH MEAILY HHMH, abcTpaskTHas
rpahoBas MOOEIE PACHIMPACTCA — JAONMOIHACTCS ATPHOYTAMH, XAPAKTEPHCTHRAMH, KOTOPEE MOTYT DBITE NPHIHCAHE
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InemMeHTaM Tpada, NPeACTABASIOMIMY OOBCKTEH KOHEPCTHOH NPEIMETHOH 0DJaCTH, LA 3TOH KOHKPCTHIMPOBAHHON
MOIENH CTPOMTCA 6F BHIVAIRHOC NPCACTARICHHE ¢ HCMOMIBI0BAHHEM KOHKPCTHOTO THIIE BHIYANHIALME — rpadmuecroi
HOTALMH, KOTOPYH TRUIES0BATENE BRDHPACT, OCHOBRIBAACE HA CBOMX noTpedHocTax. Takum oDpasom, MOACIE ¢ 0aHOH
H TOH #E CTPYKTY PO MOMKET H0-PATHOMY BHIVATHIHMPOBATECH OPH PCIICHHH MONLIOBATEIAMM PATHUHEIN J4T3Y,

. pathosas voders s PeQItEaIN MeMOO0E SUSVAINIayuN danney na ochose DSM-nooxoda

B 0CHOBC poanM3alMH A3RIKOBOTO HHCTPYMUCHTApHA — rpafioBas MOJCIb, KOTOPad OOGKHA, © OMHOH CTOPOHEL
0fIAIATE AOCTATOUHEIMH BRPAIHTELHEIMHE BOIMOIKHOCTH [UTH TPEACTAETCHHA CTPYKTYPE MOJCTHPYCMEX 00BCKTOE B
PARTHMHEEY TIPEIMCTHEDS 0DMECTAY, 4 C Apyrof — No3BomaTe paspalarseare SheK THEHEE ANTOPHTME! U OTICPALHH
HA NOCTPOCHHEBIMH MOJETAMM.

Jina peanmqsauMi A3MKEOBOF0 HHCTPYMCHTAPHS NPCANOECHA rpadoBal MOOCTs — HCPapXHIccEHe runeprpadst o
nomrocams ( HP-rpader) [19].

HP-rpad — 310 opseHTHpOBaHEHLI rpad), KOTOpI! npeacTasnaeTen kak Tpoiika &= (P, V, W), rae P= {m, ..., 7} —
FTO MHOKCCTBO BHCIMHMX nomocos rpada, V= {w, . vo} — 3710 Hemmyctoe muoxecteo Bepums, 8 W= {w, ., wi} —
10 MHO#ECTEO runeppébep rpada. [vers Pol — aberpaktHoe MumxecTso Boex nomocor rpada. [lomoc — 3to Hazosoe
noHATHE BHOpaHE0i rpagosoi MOgZemn, Yepes KOTOPOS ONPeqenayTea Bee MICMEHTE rpadia;

—  Bepunin ve V— 370 HeNEpeceRANIHECA NOAMHOMKECTEL AOMOCOS H3 MHOmecTBa Pol, npu amoM ofbeauHeHNE
BCCX ITHX NOIMHOECCTE JAET BOE MHOGKCCTBO NOIOCoE Pol) TO COTh B b NMOIVC NPHHLTICHEHT POEHO OOHOR
sepmmae. [Momocs — 310 aurTepdieHcy BEPUIMHEL MEpPes KOTOPEI BEPIIMHA CBAIRIBACTCA C APYTHMH BEPILIFHHAMEL.
Kampan gepummna ve |V npenctagneHHas MHOKCCTEOM NMOM0Cos Py = { D, .., Py}, HMECT MEGKECTEO BXOIHEIX
M BRIXOHED 10/0cos (fv) 1 C{v)), 3TH MHOGKECTBA MOTYT NEPECCKATECH, TO €CTh OIHH H TOT JKC TIOMHC MOMKET
OBITL M BXOZHMM, H BEIXOOHEIM. B npocreifmen coyuae BepuiHHa MomeT OHTE NPEACTAENCHA COHHCTBCHHEIM
nomocom, Torga vy = 0.

—  MuomecTeo sheanx nomocos P rpada — 370 TAKKE NOIMHDKECTEO MHOKCCTER TIVIOCOE Pol. 310 MHOMECTEO
COCTOMT Wi EXOIHEIX 1 BRXOIHMX NOMOCOE rpadha (3TH I0MOCk! SETAHTCH «EXOJAMES M «BRIXOJanMi rpada):
P= [GHoNG), 38 nOmoOcs! ARTSOTCA BXOIHEIMH HITH BEIXOTHEIME [H/THICAME BCPLIHH,

—  Kamgoe cuneppedpo rpada we W onpesenser CBASH MEEKIY BEPIIMHAMH H NPEICTABIACTCA MOAMHOMECTEOM
MHOMKCCTBE [HUICOE 3THX BEPIIHH, W= Py = {Pey ., Pu ), KAEIDE TAKOS MEGKECTED IOVDEHO COACDAEATE XOTH
ORI OIFH BXOIHOM M OJHH BEIXOTHOH DOMIOC (3TH NOMIOCE MOTYT NPHHATIEKATE HECKOIEKHM BEPITHHAM, MERIY
KOTOPLIMH YCTAHABIHBAKITCH CBAIH, WIH OHOMH BEPLIHHE).

Kax sepmmbm, Tak ® pédpa MoryT OMTE «PACKPEITE» — pacmHpoBaHe rpadomM, KOTOPEIH IETATHIHPYCT HX
CTpYETYPY. Takmm obpazoM MomeT OMTE NOCTPOCHA HCPAPXHMCCKAR JIHATPAMMA (¢ JACKOMNOZHLUMCH cf 3ICMCHTOE,
KOTOPER MOMKET OBITE BRITOJTHCHA B HHTCPAKTHEHOM PEAKEME, T10 NPABHIAM, SATAHHEM THOIEIOBATENCM ).

[Mokazano, uwro 3Ta MOgenE ODFAOACT BCCMH  BOSMOGKHOCTAME, KOTOPEIE ODCCIEMHMEBANOT OPYTHE IIHPORD
HenonsayeMele rpathosse mogenm (metarpaden, runeprpader, rpafe ¢ DOMOCAMH M OP.), 8 TAKKE MOZBOIAET
ONTHMHIHPOBATE AITOPHTME — MHHHMMSHPOBATE WX EPCMCHHYK) CIOGKHOCTE, YOPOCTHTE OOBCKTHYHO MOZCHE [PH
PEANH3ALMH NPOTPAMMHLIX  CpeacTe. Mepapxmmeckas MoIens CTPOHTCE © TOMOMBE OTNCPALIMH  PACIIHPPOBRH,
ONpeAenEHEOR 1A 3Tor0 THNE rpados (ONepanMy IEKOMIOIHIHH, KOTOPAA MOWKeT OBITE NPHMCHCHE KK K BCPIIHHAM,
TaKk H K rumeppédpam). Takwe sosmomksocTH rpadosoil Momemm  obecnecunBaior  IQCETHEHYH PCATHIALMIO
TPYIIIHPOBKH JIEMEHTOE ITPH NOCTPOCHHH THATPAMM, JCKOMIIOZHLMH TPH PpaspadoTRe HHTCPAKTHEHEIX BH3YATHIALMH.

7 Memaszeie das ORECannR BUIVATEHBIE HIBIKOE & B3BENOSOM BHCRPVMCHR P

[Mpy pazpaboTRe BHIVATEHLIY A3EIKOE B A3RIKDERIX MHCTPYMCHTAPHAX CTPOATCA MX OIHCAHHA B BHAC rpaoBex
IPAMMATHE HITH MeTamogenci. JIng co3masua 3THX ONHCAHME J0DKHEL HCNOIESOBATECA COOTBCTCTEYHOMIHG MCTARSLIKH
{mo aHATOrHH ¢ QOPMATEHEIMH IPAMMATHEAMSH, KOTOPHC MO#HO 3a1ate B Gopve BH® (thopua Bakyvea—Haypa) wm
muarpamy Buapra). Metasmssik nomsen obecneunsars sosMomnocTs npeactasnenms HP-rpada, Boex ero anemeHTos,
OueHEs METATIMKEDB NpeacTaencHa B Tabn 1. Haswbonee noaxooamms MeTasisikOM © TOMKH 3PCHMA MPOOICTABICHHA
BCEX EMCHTOE, KOTOPLIE MOTYT DLITh HONONE30BaHE B rpadirieckoil mogenn, asnaerca aisk GOPPRR (Graph, Object,
Port, Property, Relationship, Role) DSM-npardopys MetaEdit+, roe Graph npeacrasmaer mogens 8 ugnom, Object —
WIEMEHT MOJICTH, NPEACTABMACMEIN BepmmHOoM, Porl npeactasmser TOUEY, 4epes KOTOPYH)  BOPIIHHA-O0BEKT
CEAILIBACTCR C APYrHMH BepmmHamu, Properly — 310 cBORCTBO Bepmmusl WM ceasy, Relationship — cerss mesmay
obrektavy, Role — pons BepinmHe B CEASH,

Hu opmy #3 A3LIKOB HE MO3BONACT ONHCLIBATE B MOOEMH «oDOOIMEHHRE) CBATH, B KOTOPRIX MOFYT YUACTBOBATE
MHGKECTEA BEPIIHH.

g peanqsaumiy A3EIKOBOTD HECTPYMCHTAPHA npeanosked 836k [21], xoropit aenaetes pacmmpennes GOPPRR,
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TABITHLIA 1
CPABHEHHE METAA3IBIKOB, HCITOJIB3YEMbBIX B A3LIKOBBIX HHCTPYMEHT APHAX
MeTaminmg Mogens Ol exx Caasm mexay Poan oo CaoiicToa
MOJETH 00 LEKTAMEH
1. EMOF _ : 4. Property, _ -
2 3. Class A sarckatton 5. 6. T Property
8 Ecore a. — |10, ECHass| 11. EReference 12. — 13. — |14, EAttribute
15, GOPPRER |16, Graph( 17. Object | 18, Relationship 9. Role  |20. Port| 21. Property
28, AM3 | e o lans s 20 Assocldan, 26— 27. — |28 Propery
Composition
29, WehGME 32 Pointer, Set,
MML . < | Comnection, 33 Connection) i
30. FCO | 31. FCO Containment. Role 34. = | 35. Attribute
Inheritance, Mixin
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Puc. 2. Omacanme metanssika HPGPR veeacaoBaTeIsCKOTO MPOTOTHIEA A3MEOBOTO HHCTPYMEHTAPHA

OnucaHHBIC  BRONE MOACTH  HCIOABIOBAHEL NPH  paspaloTEE  HMCCHICOOBATEAECKOTD  MPOTOTHIE  A3ILIKOBOIO
HHCTPYMCHTAPHA, NOIBONAIMICTO COSOABATE HOBBIC NPEOMETHO-OPHCHTHPOBAHHBIC fA3RKH (BsyaneHme DSL),
HACTPAHBACMEIS HA NOTPEDHOCTH NONBIOBATENCH, HA OCHOBE DAIOBEIX A3RIKOB, MCTAMOICIH KOTOPEIX TPEACTABACHE B
cucTeMe. PaipaboTaHHEIE A3EIKH TAKES MOTYT HCMIL3OBATECA B KAUCCTES DA0BEIX AN CO3IAHHA HOBRIX T3BIKOB.

& Obodupénnad cmpyEmypa A3nK0s020 UHCMPYMenmapus

OfobmEHHA CTPYETYPA A3BEOBOTD HHCTPYMECHTAPHA, MCMONEI0BAHHOTO Ama paspadoTEH NpPOTOTHOA CPCICTE
BHSVANHIALMHE JAHHEIX, OCHOBAHHBIX HA A3LIKOBO-OPHCHTHPOBAHHOM NOIXOAC, TPEACTAaBacHA HA pHe. 3. [NokasaHm
TOALKO TC KOMIIGHCHTEL, KOTOPBIE JOVIKHED DEITE PCATHIOBAHE] I8 CO3JAHHA HACTPAHBACMEIX CPCIACTE BHIYATHIALMH
JAHHEIX Ha ocHoBe DEM-noaxoma. B cocTas wHoSOGoRemyoi onmoaosui BXOZAT:

—  OHMOIOZUA  BUIVARBHEBIX  HIMKOS  MOOSIHPOBAHMA, BEIOUYAKINEAA  MCTIMOISTH  Das0OBEIX  S3BIKOB,
NPEIHATHAMCHHEX A PAaspadoTEH BHIYATEHEIX MOJEICH, ONHCAHHEIE TIPH NOMOIIHM MeTasiuka nnatgopyu HPGPR, a
TaKme A3eK0E (D51, cosmaHHEIN HA MX OCHOBE,

—  OHIMOTOZHA BIEKCINOSEIN A3B08, COOCNKANIAR OIMHCAHNE TPAMMATHE TCKCTOBLIX A3BIKOE,

—  OHMOIGAI BpaEna mpancioprayi, XPaHAIan TEOHKH, MEPBEMH ATEMCHTAMH KOTOPBIX SEIRKYTCH 3IEMCHTEL
METAMOOCIEH BHIYATEHEIX A3BIKOE, 4 BTOPRIMH — HETCPMHHATEHEIE CHMBOIL KOHCTPYKUMH TEKCTOBLIX A3EIKOE,

— OHMOIOZNE  RpedMemusy Ofndcnien, cogepawaman WHpOpPMALDED O OPEAMETHEIX ODMACTAX, B KOTOPBIX
TWIEZOBATEIH PEINAOT CBOM 3344H, JUTA KOTOpPRIX coznaoTea DSL;

—  OHMOIOZNA Apasla serepatu memavocdeaes noeax DSL, otpamarommx cnempdHry npeaMeTHex obnactei,
BEJHOMAKIAA ONMHCAHEE NPABHT NPOCUHPOBAHMA OHTONOTHH MPEIMETHRIX 00NacTCH HA MCTAMOACTH BHIYAILHEIX
AILIKOE, BHOPAHHEIX B KAMCCTEE DAI0BEIY,

—  OHMOIOZUA MODCIeT, COCMKAIAT HHIPOPMALHIO O CO3TAHHEDS MOIEIAX;
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—  OHMOTOSUH ROTLOSMETBCRIY JENCMENT, XPAHATIEA HHPOPMALMIO O OIB30BATENRCKHX ACHCTEMAX npu pabore
€ MOJICTAMH (HATPHMED, KIHEH HITH HABCICHHA KYPCOPE MBIIIKH);

—  OHMOIGSNA SIOUMOODCHICMEUA, TIPEICTABIMINAT HHPOPMALMED 0 BOSMOMHEX JCHCTEHAN NOIL30BATENCH NPH
paboTe B HHTEPAKTHEHOM PEARHME B CHOTEME, HAPHMER, TIOCTPOCHHA HOBOM MOIETH, HIH NPHOICKCHHS ¢f YacTH H p.;

—  CHMOIOSUA NPCSLA INREPRPEMa N, XPAHAIIAS TPOAKN, MEPBRMHE NISMCHTAMH KOTOPHX SBRISIOTCE AIEMEHTE
METAMOAEICH BHIYANLHBIX A3RIKOE, BTOPEIMH AIEMCHTAMH — NONB30BATCABCKHE JCHCTEHA, 4 TPCTEHMH — HHTCPAKTHEHBIC
JEHCTEHA, KOTOPEE MOTYT OBTE HCTIOL30BAHED TPH Pa3padoTie HHTCPAKTHEHEIX BITTY AIH3ALME,

' — i ™
AabIKOBON WHCTPYMEHTAPHH
Mogyne MHOTOACNRETHAR OHTONOTUA
CO3maHER
AIkloB
CHTImOHMA CHTONOHUA TEEaMn
YRR ATeNDE RELIKOE TREHCT 0P I
Moayne
TRarCQopMCaUn
smogensi
Crongema CHTanoGWA npaEEen e >
NoeaMeETHEY oENRTEA rekapaym DEL
Moayne & i
COOaHNR BHEYaNnEHSX
Mogensd
-
CHTRAGHUA JHTRAGHUR QHTONGHWA
MD;I,}'.I'IL'I. MO ORE TR R RS W TRDAETHENDOD npasun
HMNMOpTa ¥ SECnopTa ZEACTENG BABMAMOERETEAR AHTEPARETA LA
omene
L F,

Puc. 3, ¥Yopoménaan cTPYETYPa S3RIKOBOTO HECTRYMCHTAPHA, YIPABIACMOTD SHAHHAMH

MHOTOACICKTHAR OHTONDTHA BETHMACT TAKKE (YHKLMH, PCATHIVIOMME DA30BRIE AITOPHTMEL, 0DCCICUHBARILHNG
ABTOMATHIAUME TCHCPAMH METAMOOCNCH A3LKOE, TPAaHCHOPMALG MOaencH (B YACTHOCTH, TOHEDALMI KOOd —
Tpancopmaisen moaeaei tama «Mogene—Texers), CO3TAHNE HHTCPAKTHEHRIX MOJICICH, HX HHTCPIPETALIMKY,

- F) — dyuruma, oflecneunsalnai aFTOMATHEAMMEY PaspaloTRH HOBLIX S3BIKOE Oy TEM OTODPAMCHHA 3NCMCHTOR
OHTOIOTHH NPEIMETHOH 0DTACTH HA JIEMEHTE METAMOISIH BHOPAHHOTO DA30B0I0 A3LIKE, COSMAHHA MPAEHT NCHEPALIHH
DSL, Pesynerar — Opaswid reHepatmy (0ToDPAmeHH ), ONPEACIEHHLIC TIONBIOBATCICM ¢ NOMOMIEK) CHBIHATEHOTO
KOHCTPYETOPA,

—  F: — (pyHEIMS, ¢ TOMOLIER KOTOPOH ONPEaSIaeTcs COOTEETCTEHE KOHCTPYRUMH TEKCTOBRIX TILIKOB IEMCHTAM
METAMOOCICH BHIYATEHEX S3MIKOB U8 COSTAHNA NPAERHI TPAHCHOpMALMT MOACICH {TCHEPALIMHE KOTA),

—  Fi— (yHKOHA, peamHIyVOIEL TEHEPALTHI MeTaMoaeH #Hosoro DSL B cooTBETCTEHH © MpaBiIaMH, MOy MCHHEIMH
¢ nomomery £ Metamonens woeoro DSL coxpanferca B oHTONOrHH Bsyaneaex A3sikos. Hoswit DSL — nogknace
Da30BOTO AILIKA, K KOTOPOMY IPHMEHCHE! TPAERIA OTODPEKEHHA OHTONOTHH NPSIMETHOH 0DIECTH HE 610 METAMOIETE,
3AJAHHLIC IIOMEI0BATENCM OPH BRITIONHEHHH £,

— Fy — yHEmma, peanHivIas TPRHCPOPMALIMH MOJENCH B COOTBCTCTEMM C SAJAHHBIMM NPABMIAMH (1718
TEKCTOBRIX UETCERIX A3RIKOE BRNOIHACTCA MEHCPALMA Koaa — Tpanciopmanms thnma «Mogens-Terery ).

- F5 — diwyHEIMA, NPHHHMAKMAL IECMEHTE METAMOAENCH BHIVAIBHRIX A3MEOE, IHUIBIOBATCIBCKHE CLCHADHH H
HHTCPAKTHBHEIE JCHCTEHA A8 CO3MAHMA IPAEHT HHTCPNPCTALIMH T8 HHTCPAKTHEHEIX MOJICICH | BHIY ATHIALHIT).

—  Fy — vHEOHA, KOTOpPas 0DECICTHBACT MPHMCHCHHE 38JAHHEIX TIPABNI HHTCRIPCTALIHHM K BHIVATEHEIM MOICIAM
A NPEAOCTABICHHA TONBIOBATEIAM BOSMMEHOCTCH BIAMMOACHCTEMAE © MOOCIAMH, CO3JAHMA HHTCPAKTHEHEIX
BHEYATHE AL

MHOTOACTIEKTHAS OHTOAOTHA BEMHOUAST TAKKE OHTOMOIHI) MCTOMHHKOB JAHHEIX, OHTOIOTHHY (yHEIHOHATEHEIX
MOTYICH, KOTOPEIE TAKHE MCTIONEIYHITCA NPH CO3TAHMH MOJCTeH BHIVATHIAIHE,

Hanee onmMcaHel pesyiLTaTe  paspaloTEH  NOMBIOBATCARCKOTD NPOTOTHOA CPEOCTE BHIYVATHIALMH JTAHHEIX,
HACTPEHEACMBIN HA NOTPEOHOCTH MHUIB30BATENCH, DCHOBAHHEIE HA HCTIONB3OBAHHN OMHCAHHOTD BRITIE ITOIX0A.

IV, PeayneTaT 3KCOEPHMEHTOR

Jan anpodausn nogxoga | PEamHIAHHE NPOTOTHIE CPEICTE BHAVATHIALIMH) HEODNOIHMO MOCTPOHTE OHTOIOTHED
SIRIKOE H MCTAMOIETH Da30BHIX A3MKOB [UIA OIHCAHAA THATPEMM | BHIVATHIALHH JAHHLK TPAIHIHOHHMMHE CIOCo0anu),
SAO4TE NPAaBHIa resepagss HoBmX DSL, ¢ noMomB:d EOTOPRIX MOGKHO BBITIOVIHHTE BHIYATHIAUHKY JAHHBIX,
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OTPARAINYVID NOTPEOHOCTH  TNONB30BATENCH, ONPEOCIMTE NPABMNA TpaHcOpPMALHM MOIEICH A8 CO3JAHHE
HHTEPAKTHEHOMA BHSyannsamni. Jlanee NpHECICHO KEPATROS ONMHCAHHE PE3VIBTATOE PCIICHHA FTHX 34134,

1 Fhaccudumayus memooos susyainsanm

Pazsoobpaske crocof0B BHIYAMHIUMH JOCTATOMHO BEAHKO M NMPOJMEKICT PACIIHPATECH, WTO NOATECPEIACTCR
TIOCTOAHHEIM TTOABICHHCM HOBBIX CHCLIMATHIMDOBAHHEIX THIIOE JHATPAMM (IPSBOBHIHBIN, XOPAOBEIX, CCTEERIX H T. 1),

Brifop Hauboree NoaXoqAmero THIE BRIy ATHIALHNE B NEPBVH 0UCPeIE ONPeacnaeTon TEM, KAy 38147y PeinacT
NONB3OBATEE, KAKYH) HACK OH J0MECH MEPEIATE ¢ NOMOMER quarpasssr |23, 24 Ytobe ompeienurs, KAKHe HMEHHO
METOAE BH3YETHIALNH JOCTATOMHE! /U PEATHEANHH DOIBIIHHCTEE HACH BHIVATIIALMYE, HeODXOOHMO OCTAHOBHTECA HA
ONPEAETCHHD TARCOHOMEHH — BEINOIHATE KIACCHIHKATTHID METOI0E BHTYATHIALUNE JAHHEIX.

BELIO pemeHo COCpeIoTOUHTECH HA T THEATENOPHIHOR CTPYKTYPE, npeaioskeHHOM DHan Kuprom [24]:

1) cpasHCHME KATCTOPHIT,

2} DUCHKA MCPAPXHH M OTHOWCHHH HACTH K LICTOMY

3) npeacTaRICHME HIMCHCHH C TCUCHHREM BEPCMEHH,

4) ONpeIencHHUE THIOE CBAICH H OTHOIWCHMI,

5) waprorpadHpOBAHHE reONPOCTPAHCTECHHLIN JAHHEIX,

[Mpu paspaboTie K1ACCHMEALTHH YITCHEL CIICIYIOMHE XAPAKTCPHC THEH:

1) CTEnEHB MOMYIAPHOCTH MCTOAOE BHSYATNIALHH;

2] BENHMCHMC B JONOMHCHHC K CTAHJAPTHEIM MCTOSAM BUIVATHZALMH [ ITHHCHHKC rpadiikl, THCTOMPAMMEL
KEPYTOBBIE QHATPEMMEL, THCTOMPAMMEL, JHATPAMME] PACCCAHHA H NP.) METOOOB BHIVATMAUMH A0CTPAKTHEIX AAHHEIX,
XAPAKTEPHIVIOIHECE MEOTOMEPHOCTER) H OTCYTCTEHEM SBHRIX MPOCTPAHCTBCHHEIX TPHEBA30K,

3} BOIMOKHOCTE NPEACTARNATE MODOH THIT BHIYATHIALMH B MHTCPAK THEHOI (hopme,

B pesynerare dmna  paspabotaHa  sacomMKALMA, BRUOMAKOWES  INCCTHAZLATE MCTONOE  BHIVATHIALIHH,
BBIJICICHHEIX B 3AEHCHMOCTH OT LCIH CO3AAHHA Brayvamramms (puc, 4), ra wiaceuMEalHa ABNACTCA OCHOBOH 111
pazpaloTRH OHTONOMHH T3HKOE BHEVATHEALMH JAHHEX, CO3IAHHA METAMOIEICH ITHX A3LIKOE,
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2 Pazpafiomea Szeros O0d cosoanis Mooene it SUsVanusayuyg Oanmeey

[Mpougce NOCTPOCHEA OHTOMOTHH A3LKDE BHFYATHIALHA JAHHEX BETHOMACT B ce0d CIeaymme ITans
1. DopuaneHoe onHcanHe A0CTPAKTHOH THAMPAMMEL, KOTOpas OyICT BKIKMATE CEOHCTEA, ODIIHE 114 BCCX THIIOB
AHATPAMM (3ATOIOBOK, NETCHAL, MIMPHHA, BRICOTA H T. IL).

2. BriIeneHHS THIOE THACPAMM B OTAS/IBHEIC KIACCH HA OCHOBE paspabotaHuoi knaccudumwarmm (puc. 4],

3. JobasneHuc B ONMCAHMA KNACCOB HATPAMM COCL{IMHEX 78 KGEI0TO KIACCH JICMCHTOB THATPAMM,

4. OnpenencHue OTHOWCHHI MEHIY KIACCAMH,

Jas Kasmgoro THOG aMarpaMM (OPMUPYETCE CBOA (POPMATH3OBAHHAS MOJCTE — NPCACTABACHHE IHATPAMME! B
OHTOIOTHH, A8 KOTopore cosgaétes DSL, nossonssomHil OIMHMCBATE 3TOT THIT BHIYATHEALMHH,

Ha puc. 5 noxasan gnace aDCTPAKTHOR AHATPAMMEL B &T0 NMOTOMEN B OHTOTOrHH. Kamsman i JuarpaMs COCTOHT H3
OTACABHEIX HICMEHTOR, HMCHOIIHY CEOH CEOMCTRA, KOTOPEIC TAKKS NMPEICTARTAKITCA B OHTOIOTHH (pue. G).
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Puc. 5. PparMesT MHOMOACHEKTHOR OHTONOIHH, HEPAPXHL KIACCOE JHATPAMM B OHTOJIOTHH
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Puc. 6. (DPHI'M.EI'IT MHOTOECTICKTHOH OHTOTONHH HCPAPXHA KIACCOB ANCMCHTOB JHANPAMME B OHTOMOIHH

1719 cenmudpn 2024, Cwcr, Pocoun 309



Scientific Vispalization and Visual Analytics GraphiCon 2024

[Mocne onpeaeneHMs OCHOBHBIX KIACCOB M HX VHHEATLHBIX 3ICMCHTOB HEOOXOOIHMO ONPEIEINTE HEPAPXHICCKHE
OTHOIICHHA H OTHOIICHHA (9ACTE-LISA0CY MEETY Emaccamu OTHOIMEHHA «as-1S» aETOMATHMECKH COZTAITCN MEMEKIY
POAHTEIECKHM KIACCOM M JOMEPHHEM KnaccoM B wepapxus. Bee anementa nMeror coboTBeHHEIE HADOPH aTpHDY TOB,

Jmr oTo0paEeHHA OTHOMICHHH MEHTY KOHEPCTHOR AHATPAMMOH H C¢ MICMCHTAMH COYIANTCA CHSHHAIEHEIC CRATH.

na gasknoro THog quarpaMs paspadarteisactes ceoi Hasosii f3sk. Aganraumi DA30B0r0 A3LIKA K NOTPCOHOCTAM
MILIOBATCNCH BRINOIHACTCA CONOCTABICHHEM JIEMEHTOR IHATPAMM, NPCICTABICHHEX B MCTAMOACTH DAT0B0T0 A3BIKA,
€ WIEMEHTAMH B OITHCAHHH OHTOIOMHH COOTBSTCTEYHEH npeamerHod ofnactr. Ha pue. 7 nokazana METAMOIENE A3EIKA
(D5L), kOTOPEIA HACTPOCH HA BHIYATHIALNK PCHTHHIOE.

e “*‘F*-"W |
(oot & Rotwen |

X R e B Y

s | | @B | NN
| @aea | | ®Faw || ® Dats Souce
e
| @ Eacelent |/ [ rosy Baa .
[|Tm-m | ® Contoins |

| ® Resty Gooa | | ®Baa |

| ®owa || @ nomat | P

Puc. 7. Meramonens ssska « Rating-Languages B OHTONOTHE BHEYATHEIX AILIKOE

B paspaborannoil meramogenn DSL npencrasnens 8230880 KOMIOHCHTSL Pa3paboTaHHOH rpafiHieckoi HOTALHN,
Takue Kak «Axisy (ocu), «Bars (crombew), a Tacme «Areas (obmacts). Y KamI0T0 M3 KOMIOHCHTOE CCTE CBOHCTEA
(ATPHOYTEI), ONHCAHHE KOTOPRIX ONYIICHO, YTODR HE SATPOMOMEIATE WUBOCTPpauHio, O Knaccom OCH CBASEH KIACC
¢Ratingy, Hemons3yeMsi 118 oToDpaReHAA 00IACTH SHAMEHHA J0ITYCTHMEIX PCHTHHIOE, B qaHHoM cayuae «Excellents,
«Really Goodw, «Goods, «Normals, «Bads u «Readlly Badw, Taxkue knacem kak «Sources u «Receivers Benonssymes
[T MPEACTABNCHHA MCTOMHUEA H MPHEMHHKA JAHHELX COOTBETCTBEHHO. MOIKHO 3aMeTHTs, uTo 004 KT4Ccca CBAIEHL ©
apyruv knaccos «Filters, nossonsmommm GUISTPOBATE AHHELE,

C NOMOMEBR ONHCAHHOTO TIBIKA NOML3OBATENE MOMKET NOCTPOMTH CEOK MOCTH BHSVANHIALHM, paspaboTars
JHATPAMMY B BHIYVAJILHOM KOHCTPYKTOPE, ONPEAC/IHE SHAYCHHA BCCX ATPHOYTOB, YKATAHHEIX B MCTAMOICAH SIBIKA,
Ha puc. 8 nokazana muarpamss, paspaboTaHHan ¢ Honoas3osasmeM omucarHoro DSL.

II 1r

CROR L ]

Puc. 8. IuarpaMma, NOCTPOCHHAA C HCNOME3OBAHHEM A3LIKA BHIYATHIALMA peiTHHros « Rating-Languagen

3 Tpancghopuanus MOOEIEH — 2eRePayid KOO, PECTHEVIIESD TOABI0GHNIETLCKVI) BUIVETLIRUN

C nomomew paspaboramnere DSL crpostes mMogens  BHIVANMZAUMM, COOTBCTCTEYIOIING TOTPEOHOCTAM
NOAEIOBATENCH, HO MU Peani3almy paspadoTaHHOH MOIEIH BHIYATH3AIHH JaHHEX Tpedyerca MO0 reHepams ko,
JTHOH0 HHTCPIPETALHA MOIEICH,

Mopasnammes donsmunHeTEe coBpemeHiix DSM-mmardopm Henonesyer moaxon K TeHEPauHH KOOA HA OCHOBE
WaBIoHoE, UTO MO3B0AACT PeKTHEHO NMOBTOPHO Wenons3osats mabnovsr [25]. MabnoHe OMHCHBAKTCA HE A4
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KOHKPETHOH MOgenn, a qna metamogenn [26] (B gapmom cmywae metamoaens asuka susyamsaunn), Kasonei mabnon
COCTOHT M3 ABYX YacTeH — CTaTHMecKOd o ausHassricckoi. CTaTmimicckas YacTk OOHHAKOBA U8 BCCX MOJCICH,
PaspabOTAHHEN ¢ HCMOABIOBAHHEM AIRIKY, ONPEASTACMOTD METAMOICTEN, 8 THHAMHUCCKAN HCNOIME3YET HH{OPMALIHID,
HHBBICYCHHYR HI KOHKPETHOH MOIETH.

B mannof paboTe Mbl Opeaiaracy HCIOAESOBATE TOAXNO0A, ONHCAHHEIR B [2]], 3akmouaommHcs B cO30aHNH NPaBHIT
TPAHCIIOPMALIHKE MOACISH B BHIVATLHOH Cpeae (B KOHCTPYRETOpe npaswn Tpascopyamin), Kaxgoe npasmune coctont
H3 JICBO MACTH, B KOTOPOH YKA3aHE! 0DBCKTE MCTAMOIEH BH3YANEHOIO A3EKL, W COOTBCTCTEYHMUCH Npasoil JacTH,
NPEOCTAENAIIMEH KOHCTPYKUHH TEKCTOBEIX AIMKOE, KOTOPEIC H SEISHIOTCA AGIOHAMH,

HAssrem Python v R asnsioTcs npeano THTe I HEIMHE A3EEAMH MPOrPAMMHPOBAHHA JUIA LENCH BHIYATHIAIHN JHHHEIX.
Python mmmpoko senonssyerea Gnarogaps MEHOKCCTBY noaxoasmux Gubmmoter, semouan Matplothib, Seaborn u Plotly,
a Tax#e npoctoMy cuHTakcHey. Xota R yerynaer Python, on taxwe ofnagaet HorareiM apeeHANOM HHCTPYMCHTOB
BHIVATHZAIME H 0CTAETCH MOMyIAPHEM BEIDOPOM B HAVYHEIX Kpyrax, Taxum o0pasoM, B KaUCCTBE KOHCTPYKLMA
TEKCTOBOTO A3LIKA B WANIOHAX HMECT CMBICT MCTHUIESOBATE (iparmenTs koga va Python mnm R, copepmamue Brzosm
OHOMHOTEMHEN Gy HKLMIT U1 BH3YATH3ALMH JAHHEX,

[Mocne co3manms NPaBMIT TPAHCHOPMALME X MOMHD TPHMCHATE K KOHKPCTHRIM MONC/IAM U TCHEPALHH KOJA
MOIBIOBATENRCKOH  BHIVATHIAIMH JIHHEX. ANFOPpHTM TICHCPALHHM KOJ3a OCHOBAH HA  0DXOZE BHYTPCHHETO
MPEOCTABICHHA MOJCIcH B Brae rpada

[Mpuvesne  paspafoTAHHEE NPABHIA, MOGKHO TOIYUHTE NPOTPAMMHEIN KDJ HA  CODTBOTCTEYVHMUEM  S3EIKE
NPOTPAMMHPOBAHMA 718 EHIVATHIAUNH 10 DPABMIAM, 3803HHKM TOMLI0BATENCM, paipadoTasmmv mogens. Ecmm
npaEHa TPpascOpMaHH paspaboTAHE A DA30B0T0 AIHIKA, OHH DYV T IPHMEHHMEL KO BCEM MOJETAM, Pazpabo TaHHEM
¢ HononwiosaHEeM Boex DSL, cosmaHHRX HA OCHOBE 3TOTO DAIOBOTO A3EIKA. JTO CHHMECT TPYI0EMKOCTE paspaboTis,
VIPOIEAST padoTy Nois30BaTee.

B gauccTee npHMepa npHBeaéM kog (hyHELMH ana nocTpocHus ructorpammel 8 Matplothib, crenepuposanmsiit Ha
OCHOEE MPHECAEHHOH BRI MOICIH 0 NPABATaM TpaHC(hoPMAIHH, J8IAHHEIM MOIE30EATEIEM B KOHCTPYKTOPE IPAET
TPAHCIOPMALIHK, H NPEICTABIEHHEM B OHTOIOTHH, H PCEVIILTAT €r0 BEINOIHCHHA — auarpaymsy (puc. 9).

Rating
import matpletlib.pyplot as plt
groups = '@, '@', '@, '®', 'O, '@"
values = [£0; 50; 40, 30, 20, 14]
colors = ["seagreen', "mediumseagreen', 'gold',
'"orange', Ttomato', 'brown']
plt.bari{groups, values, color=colors)
plt.title{"Rating")
plt.show()

A
3 e &
a ]

Prc. 9. CreHepHpOoBaHHEH N0 NMPABHITAM TPAHCHOPMALHK koI (o) 1
PEIYIRTAT €U0 BRITIOMHCHHA ((7)

4 Tponcohopmayus MOOERET 1 COIOMIUE LIMEPOKMUSHBLY SUSVLTUSIYIT

Ecan ann asmka, pazpabOTaHHOTO TOMB30BATENEM, OMHCAHE TAKKE H TPEEHIA HHTCPNPETALHE, KOTOPEE MOTYT
COOCEATE TIPABMITA B3IHMOICHCTEHA MOUIBI0BATENCH ¢ OOCTPOCHHEIMH BHIVATHIAIHAMHE, TO H KO, TCHEPHPYEMEIH B
xone Tpancihopmamn «Mogems-Texets, DyIeT NOQMCPANBATE OMHCAHHBIC PABHIA WHTCPNPCTALIHE, BHIYAIHIAHL
CTAHOBHTCA HHTCPAKTHEHOH. Takum ofpasom, npr a0DEENSHHH NPABMA MHTCPIPCTALHH, TPAEMAA TPaHChOPMATHi
ABTOMATH'MCCKH PACOIHPAIOTCH JAHHEIMH BOSMOUEHOCTIMH O3 HEOOXOIMMOCTH MOBTOPHOTO OMHCAHHA TPAERT
Tpancopmanmn nonszosateney DEM-nmnathopue:.

Komg, creHepHpOBAHHEI O TOTO JKC OpaBiia TPAHCOPMAUMH ¢ yuETOM NMpaBMAd HHTCPNPCTALMH, COTIACHO
KOTOPOMY NPH HABCACHHH MBIIIHM HA KOHKPCTHRE cTOmben OH AO/LKCH BHEACIATRCH, npeactasncH Ha puc. 10 (@), a
PCIYIBTAT BRITIOMIHCHHA CrEeHEPHPOBAHHOMO koma — Ha puc, 10 (6). Kak BMaHO M3 IHCTHHCA, CTCHCPHPOBAHHEIH KO
JACHCTBHTENRHO CTAN CAMEHEC H TENCPs BEIHMACT 00padoTKy CODBITHA HABCICHHS MEILIM HA CTOJOLEI THCTOTPAMMED
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nocpeacteoM dyeripm «on_hovers, [pa raseaessn Ha cTOADEL €70 MPOSPATHOCTE YMOHBIINTCA, & TAKHKC CI0 TPaHHLA
Ovaer noxpameHs B YEPHLIH LBCT,

tmatplotlib notebook

import matpletlib.pyplot as plt

[I@.f I@'{ .@II .@If r@'{

groups
r 3]
valuas [60; 50; 40, 30, 20; 10]
colors = ["seagreen', "mediumesoagreen',
"gold', ‘'orange', 'tomate',; ‘"brewn']

Rating

@ L -] 2 2 &

e} i
Puc. 9. CreHepHpoBasHENH 10 TTPABRITAM TPAHCQOPMALME KO WHTCPAKTHEHO BRsy ammaaums {a) u
PEIYNBTAT €r0 BEITKUTHEHHA | ()

fig, ax = plt.subplots()
bars = ax.bar(groups, values)

def on hover [ewvent):
for bar in bars:
if bar.contains levent) [0]:
bhar.set alpha(l.0)
bar.set edgecolor('black")
bar.zet linewidth (2)
elsa:
bar.set alpha(0.8)
bar.set edgecolor|'none')
bar.set linewidth(l)

fig.canvas.draw idlel]

fig.canvas.mpl connect ('motion notify ewvent',
an howver)

plt.bar{groups, wvalues, color=colors)
plt.titlel"Rating')

plt.shaowi)

V. ObcysmacHHE Pe3yILTATOR

[MpeanoweHHE B CTATEE OOAXO] K paspabOTEC MHCTPYMCHTOE BHIVATMIALUMH JAHHBIX, OCHOBAHHEIX Ha DISM,
MBBMIACT NPCOIOIeTE PAI  OTPEHHMEHHE  CYIICCTBYHIIHMX  HHCTPYMCHTOB  BIZYAMHIALUMH M TPCIOCTABHTE
NONB30BATENAM BOSMOKHOCTE HACTPAHBATE MOJCITH BHSY AMMALMH JAHHEIX 18 PASHEIX MPeIMCTHEX ofnacTei 3a cuet
CORMAHHA  CheuMansHEIX  w3smkos (DSL), He npegessnas OpH 3TOM  BRICOKMX TPeDOBAHHH K KOMICTCHITHIM
MOIE3OBATENCH B 00IACTH NPOTPAMMHEPOBAHHA,

Bo3IMOMHOCTE NEPCHCTIONEIOBAHAA  COINAHHRIX A3LIKOB, Pa3padOTaHHBIX NPAasBHI  TPaHcOPMAUME CHUAEACT
TPYADEMKOCTE COZMAHNA BHIVATHIALMIL Boe paspadOTAHHEIC METAMOIEIH A3LIKOE, NPABHIA COXPAHRITCA B OHTOIOIHE
M MOTYT OBITE HCMONB3OBAHE MHOTOKPATHO THO0 MEped HACTPOHKY NMAPAMETPOE MOOEMCH, ONPCICIEHHEX B A3BIKAX,
00 Yepe3 COSIAHHE HOBEIN A3KK0E HA OCHOBC PaHee patpaboTaHHEX.

[MomyueHHBIE Pe3yIBTATE MOKAIEIBAKT NEPCICKTHEHOCTE MPELIKEHHOTO NOAX00a K PaspaboTie A3k KOB H MOaenei
PARTHTHOTY HATHAMCHHA,

Pange 136IK0B0H HECTPYMEHTAPHI DBLT HCNONIB30BAH U8 ONMCAHMA TPAHICCKHX HOTAUHEH, PaspaboTRH BHIY ATEHEIX
A3BIKOE, NPEIHATHAMCHHEIXY N8 NPOCETHPOBAHHA HHPOPMALIMOHHLIX CHCTCM — JUIS ONHCAHHA CTPYKTYP JAHHEIX,
AMTOPHTMOE M 1TP., A paipadoTiH W TCHEPALIHH KO3 HMHTALHOHHEX MOIeIeH.

Kak nokasan noayicHHBIE PE3YIBTATE, NPEICTABICHHLIC B JAHHOM CTATHE, BOSMOMHOCTH MPHMCHCHHA JAHHOTO
MOIXOO3 MOTYT ORITE IIHPE. ASMKOBOH HHCTPYMCHTAPHH TOSBOMACT PCINATE 3ada4vH 3PPCKTHBHON BHIYATHIALHK
JHEHHEIX B MOKCT OBITE MHTETPHPOBAH B CHCTEMBl PASMHMHOND HASHAMCHHA, B YACTHOCTH, MOUKET OLITE MOJICiEH NpH
CO3TAHAH AHATHTHYCCKHX CHOTEM H T. TL
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V1. Beisoam v saxmouc HHE

Hayunas HOBIGHA NOAXO0O3 E PpaspabOTRE A3MKOBOID HMHCTPYMCHTADHE — B HCMOIB3OBAHHE OHTONIOTHH HA BCEX
FTAMAK EHIHCHHOTO LMK HHCTPYMCHTAPHE, 9T0 0DECTIEYHBACT BOSMOWKHOCTE THOKOH HACTPOHEH HA PAiHIHEC
OPEIMETHEIE ODIACTH H 38189H NOIE30BATCICH, PACITHPOHHE (IYHKIHOHATEHEIX BOSMOKHOCTCH CHCTEMBIL.

Famaua AnpolalMH NOIX008 MPH CO3TAHHH HHCTPYMEHTOE BHIVATHSAIHE JAHHEIX PEIICHA:

— Ha OCHOBC BRIMOMHEHHOTO AHATHIA MCTOAOE M MHCTPYMCHTOE BHIYATHIALMH [aHHEIX OBUM patpaboTaHsl
METAMOIETH OA30BRIX WIBIKOB 108 PaspabOTEM CTAHJAPTHRIX THIOE JHATPAMM — OCHOBRL U TEHCPALIMH
THUIESOBATENECKHN  BHIVANMIAIMI JaHHEIX, IOVYACMEIX M3 DPOUIHYHRIX HCTOMHMEOE, © HACTPOHKOH Ha
cneUnHEY NPEIMETHEX 0DIacTeH, B KOTOPLX padoTarT NoE30BaTeH.

— Jina mmocTpALMK BOIMOEHOCTEH HACTPOIKE BHSYAMHLHE Ha IOTPEOHOCTH NONB30BATENCH paspadoTaHsL Ha
OCHOEE DAIOBLIX AIEIKOE MeTaMoaen D51, ROTOpEe BRIHMAKT HECTAHIAPTHEIC VICMCHTE IHATPHEMM, 3 THKKC
IEMEHTE, ODECTICTHBAKIHMG HHTCPAKTHEHYH) BIYAMHIALMK, mma codmannex DSL moctpocHm npasxma
TpaHC(IOPMALIMI — FCHEPALHH KOJ:A, NP BMIMIHEHHH KOTOPOTO CO3NAI0TCA TOBI0BATENBCKHE BHSYAMHALNH C
FAMAHHEIMH XAPAKTCPHCTHEAME.

INpakTHdeckas NPHMCHHMOCTE  JAHHOTO TOOX0J3 NOKASAHA HA NPOCTRIX NPHMEPEX, HO B [CPCICKTHEE
MPCOTUIATAETCA  PACIHHPEHNEC  BOIMOKHOCTCH  paspaloTAHHEIX  NPOTPAMMHEIX  CPEACTE  (HMOCASA0BATCIECKOTD
NPOTOTHIA), B MaCTHOCTH, BO3MINKHOCTCH HHTCPAKTHEHOH BHIVATHIAIMHE NOCPEOCTEOM HHTCPIIPCTALIHMH CO3TAHHEIX
moaeneil. Teoperrueckoil 0CHOBOH U1 paspaboTER 3T0r0 noaxosa semmerca Vega-Lite [27] — rpammarika BRCOKOrO
YPOBHA, KOTOPaR TOIBOAACT OHCTPO CHCUM(PHUMPOBATE WHTICPAKTHEHYH) BHIVATHIALMK gaHHmx. Kpome Ttoro,
NpeIAr4eTeS  PACIIHPHTE M BOIMOMKHOCTH TeHepaumn HoBnix DSL — peamnmoBat: BOIMOWKHOCTE HHTCTPALIMH
HECKOMTEKHX A3MEOE B KEAUMCCTEE DATOBRN, KOMOHHMDOBATE HX BOSMOMKHOCTH B HOBOM DSL.

HMHCTpYyMEHTE BHIVATH3ALMH MOTYT OHTE PACITHPCHEL CPEICTBAMH OLCHEH TNOCTPOCHHRIX BHIYAITH3ALUMA Ha
COOTBETCTEHC KPHTCPHAMH, PEKOMEHIALHAM, KOTOPHEC TpeanokeHs B (B, 7], w10 JomgHe NoMoMe NOTE30BATENAM [TPH
paspaborke m3hewaTs omHbOK, Co3IaBaTs PCKTHEHEIC BH3YATHIALIMK,
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