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PaccmarpuBaeTcss TOOXO4 K HMHTErPALlMU Pa3iIMYHBIX CHCTEM MOJICIHMPOBaHHS, OCHOBAHHBIM Ha HCIIOIB30BAaHUH
Bo3moxkHocteit DSM-mardopmer  (s3pik0BOro MHCTpyMeHTapus) Metalanguage. WHcTpyMeHTanbHBIE CpEACTBA
MetalLanguage mo3BomsitoT pa3pabareiBaTh NpeAMETHO-OpHEHTHpOBaHHbIe s3bikd  (DSL) u  ommceiBath WX
Tpanchopmanuu. [IpeqMeTHO-OPUEHTHPOBAHHOE MOACIMPOBAHUE 00SCIICUMBACT BO3MOXKHOCTh PAaOOTHI aHAJIHTHKOB B
TepMUHAX TNPEAMETHOH 00NacTd NpH co3maHuu Mozeiedl. KoMmoHeHT TpaHc(hOpMaly SBISETCS OCHOBOM I
Pa3pabOTKH CPENCTB SKCIOPTa U MMITOPTA MOACIEeH, X HHTerpauu. OHTONOTUH (HOPMATIM3YIOT 3HAHUS O IPEIMETHBIX
o0nacTsIX ¥ MOJIENSIX U UCIIONB3YIOTCS CPEICTBAMM aBTOMAaTH3aluu pa3padoTku DSL, a Taioke cpeacTBaMu MoUCKa U
JIOOTpeeIeHUs MOJIETIeH.

KinioueBble ci0Ba: MOICIMPOBaHUE, IPEAMETHO-OPHCHTHPOBAHHBIC SI3BIKHM, OHTOJIOTHS, aJalTHPYeMOCTb,
TpaHchopManuu.

MoJIeNiell, OMKMCHIBAIOIMX MOJEIUPYEMBIE CHCTEMBI C
pa3sHBIX TOYEK 3PEHHs M C PAasHOH CTENeHbIo
JeTaTH3aHH c UCIOJIb30BAaHUEM SI3BIKOB
MOJIC/IUPOBAHMS, ~COOTBETCTBYIOIIMX  OCOGEHHOCTSIM
OpeJMETHBIX 00acTedl U periaeMbix MOJIb30BATEISME
3aja4, — I[PEIAMETHO-OPUEHTUPOBAHHBIX  A3BIKOB
monenupoBanus (DSL — Domain Specific Language).
MyJBTHASBIKOBBIE CHCTEMBI MOJEIUPOBAHUSA MOTYT

BBEJEHUE

WudopMarimoHHple W aHAJIUTHYECKHE CHCTEMBI,
UCIONb3yEMbIE  JUISl PEIICHUS Ppa3jIM4HbIX  3a]ad
YIpaBJIECHUs, CO3JAI0TCA C NMPUMEHEHHEM TEXHOJIOTUH,
OCHOBOM KOTOPBIX SIBIIIIOTCSI MOJENU. OTU MOJENU
pa3pabareIBalOTCsl C  UCIIONB30BAHHEM  Pa3IMUHBIX

MHCTPYMEHTAJILHBIX  CPEICTB,  BBIOOp ~ KOTOPBIX ObITh co3gaHbl Ha ocHoBe DSM-mmargopm (DSM —
3a4acTyio OIIPEACIACT u BBIOOD A3BIKOB Domain Specific Modeling), ocHoBHOe Ha3Ha4YeHHUE
MozenupoBanust. TakuMm — 00pasoM, HCIOIB3YeMbIid KOTOPBIX — pa3paboTka BHICOKOYPOBHEBBIX HPEIMETHO-
paspaborunkamu UHCTPpyMEHTapui (axTrueckn OPUEHTHUPOBAHHBIX A3BIKOB, IIPEIHA3HAYEHHBIX JUIA
«HaBA3bIBACT) 5001 nu TIOJIB30BaTCISAM CHUCTEM CO3/IaHUs MOJIENEH, OpPUCHTHPOBAHHBIX Ha PELICHUEC
COOTBETCTBYIOIUH (OPMAIILHBIN aImapar, OTCyTCTBYET 3aJa4 B  pa3MYHBIX  NPEJAMETHBIX  OONACTSX,

BO3MO)KHOCTH aJalTallii HCIOJB3YEMBIX CpPEACTB K
pelraeMbIM  3a7adaM, MOTPEOHOCTSAM IOJIb30BATEICH.
Kpome Toro, dvacto OTCyTCTBYeT BO3MOXHOCTb
UCIOJIb30BaHMs paHee CO3JaHHBIX MOJAENeH u3-3a
HEBO3MOXKHOCTHU 130051 TPYAOEMKOCTH ux
npeoOpa3oBaHusl NPHU TEPEXofe K HOBBIM CPEICTBaM
MonenupoBaHus [3amstina u np., 2013].

MaxkcumanbHas THOKOCTh CpCACTB MOJCIUPOBAHUSA
JOCTUTACTCA pu peaiusannuun MHOTOYPOBHEBBIX
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YYUTHIBAIOMIMX WX CIEHU(UKY, a TaKKe IMOTPEOHOCTH
AQHAJINTHKOB, KCIEPTOB, 3aHUMAIONIUXCS pa3pabOTKON
momenei, wux anammsom [Hessellund, 2009]. Tlpu
coznanun DSL  moryT OBITH YYTEHBI HE TOJIBKO
ocobeHHOCTH TpeaMETHON obmnactuy, HO u
kBanmudukanus — monb3oBareneil. Co3pmaHMe  TakMX
CpeAcTB o0ecreynBaeT OCHOBY JUIi HMHTErpaluu
pasIMYHBIX HMHPOPMALMOHHBIX W  aHAJUTHYECKUX
CHCTEM, CO3/JaHHBIX Ha OCHOBE Mojened u



WCIIONIB3YIOUIUX WX JJIsl PEIICHM 3ajad MoJib30Barenei
[Balasubramanian and others, 2007; Brauer and others,
2007].

[IpenMeTHO-OPUCHTHPOBAHHBIE  SI3BIKH  MOYHO
paccMarpuBaTh Kak METaMOJCIH, ¢ OMOIIBI KOTOPBIX
pa3pabaThIBAIOTCST MOJECNIH MPEAMETHBIX —olnactei
[CyxoB, 2013]. [ust CHIKEHUS  TPYIOEMKOCTH
paspabotku DSL w  wmomenedi  mpemnaraetcs
HCTIONIB30BaTh paHee pa3paboTaHHBIE METaMOJICIH,
noonpenerss u yrounsist ux [Elokhov and others, 2013].
OHTOJIOTUYECKUI MOAXO0J LIMPOKO HCIOJIB3YETCS ISt
pelieHust 3a7ad Toucka. B codeTaHWu ¢ JIpyrumu
METOJ[aMH €0 MOXXHO YCHEIIHO HCIOJIb30BaTh ISt
MorcKa (MEeTa)MOJENeH, YIOBIECTBOPSIOMNX 3aaHHBIM
TpeOOBaHUSIM.

IIpu pemeHun 3agaydl  UHTETPAlMM  CHCTEM
MOZEINPOBaHMs], HHPOPMAIIMOHHBIX M aHATUTHYECKUX
cucTteM, JUId pa3pabOTKH KOTOPBIX HCIOJIB30BaH
MOJIETbHO-OPUEHTHPOBAHHBIN  TOJXOJ,  AaKTyaJbHOH
ABIAETCS  3ajada  TpaHcopMmManuu — HOCTPOEHHBIX
Mogeneil.  BusyanbHble  S3BIKM  MOICIUPOBAHUS
00naaroT MPEeUMyIIECTBAMHU — MOJICITH, TIOCTPOEHHEBIE C
X IIOMOIIBI0 HANIAIHBI, JIET4e BOCHPHUHUMAIOTCS.
CpencrBa TpaHc(hOpMay MOJENEH, MOCTPOCHHBIX C
UCIIONB30BaHNEM TPA(hUUECKUX HOTAIMH, PeaTn3yloTCs
Yalie BCero Ha OCHOBE Tpa)OBBIX IpaMMaTHK, METOOB
nepesanucu rpagoB. OnxHako O3TH CpencrBa He
o0ecrieynBalOT B JOCTaTOYHOM  CTENEHH  y4€T
CEeMaHTHKH MpEJAMETHBIX o0yacteii B  mpouecce
npeoOpa3oBaHus MoJIeIIeH, BBITIOJTHCHHE
TpaHcopManuii NPHUBOJUT K MOTEPE «TOYHOCTH.
YcoBepIICHCTBOBATH CPEACTBA TPAHC(HOPMALIUE MOXKHO,
pealn3oBaB JOOMpPENEICHHE IMOCTPOCHHBIX MOJCIEH.
IIpu pemrennn 3ToH 3a7a4l MCIOIB3YIOTCS Pa3INYHBIC
METOJBI, B YACTHOCTH, 3aJa4a JOOIpPEIENCHH MOaeIeh
CBOAWTCS K  3ajade  YCTPAaHEHHUS  HEMOJIHOTHI
nHopMary (IPUMEHSIOTCS METOJbl HMHTEPIOJISIINT
[Emudanos, 2011]). Ommamm w3  Hawmboiee
MEPCHOEKTUBHBIX TMMOAXOAO0OB 34E€CH SABJIACTCA IOAXO/,
OCHOBAaHHBIM Ha HCIONb30BaHUM OHTONOTHH [MukoB
u ap., 2008; Muxos u np., 2009].

1. Pa3paborka mozaeJieii B MetalLanguage

IIpu pazpadorke DSM-mardopmser, KoTOpast MOXET
cTaTh OCHOBOIA JUTST HHTETpaluu CHCTEM
MOZEINPOBaHMsI, HHPOPMAIIMOHHBIX M aHAIUTHYECKUX
CHCTEM, JOJDKHBI OBbITh OOECHEYeHbl CIEAYIOLIHNe
BO3MOXXHOCTH:

— TIOCTPOEHMSI  S3bIKOB  MOJEJIMPOBAHUS s
IIUPOKOTO CIEKTpa NpPEAMETHBIX obnacteld U
pelaeMbIx 3a/1a4;

— MHOTOYPOBHEBOI'O u MYJBTUSA3BIKOBOTO
MOJIETTUPOBAHMUS;

— JHUHAMUYECKOTO H3MEHCHUS SI3BIKOB
MOJIETUPOBAHUS c NoAJep)KaHUEM B
COINIACOBAaHHOM COCTOSHMM METaMojeled U
MOJCICH;

— OJKCIIOpTa U UMIIOPTA OCTPOEHHBIX MOAEIEH;
— TOHWCKA U JOONPENENEHUS MOJIENEN.
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OnHO W3 KIIOYEBBIX TPeOOBAaHWUH — JIOCTYITHOCTH
MHCTPYMEHTapusi Ul Pa3iM4YHbIX  KaTeropui
MoJib30BaTeNiell: TMPOGECCHOHANBHBIX Pa3pabOTIMKOB
(IIpOTPaMMHUCTOB, CHCTEMHBIX AaHAJIUTHKOB U JIp.) U
9KCIIEPTOB B  TPEAMETHBIX 00JacTAX, KOHEYHBIX
MoJIb30BaTeNeH (OU3HEC-aHATUTUKOB U TIp. ).

[Tepeuncnennbie TpeOOBaHUSI B MOJHOM OOBEME B
HacTosIee BpeMsi HE peau3yloTCsi HU B OJHOH W3
cymectByrommx DSM-minatrgopm  [Cyxos, 2013].
S3b1KOBOI WHCTPYMEHTapui MetalLanguage
OPHEHTHPOBAH Ha PELICHNE IIOCTABICHHBIX 3a1ad.

Ha mepBoMm 3Tane pa3paboTku Mopeiel B I3bIKOBOM
nHCTpyMeHTapnu MetaLanguage HeoOXoguMo cozdambo
memamodens (B JAHHOM CJydae METaMOMeIb — 3TO
MPEMETHO-OPUCHTUPOBAHHBIA S3bIK MOJICIIUPOBAHUS,
DSL, koTopslif MCTONB3YeTCs ISl CO3MAHMS MOJICICH,
OpPHEHTHPOBAHHBIX HA pEIIeHHe KOHKPETHBIX 3ajad).
[MocTpoeHne MeTaMOIEeNN BBITIONHSACTCS C IMOMOIIBIO
penaktopa moneneii. Ilpu co3manmu DSL B mepByro
ouepesib ONMPEICIIOTCS 0a30BbIe KOHCTPYKIIUHU SI3BIKA.
ba3oBeIMH 3J€MEHTaMH, KOTOpPHIE HCIIONB3YIOTCA B
MetalLanguage i co3maHusi METaMOMENIeH, SBISIOTCS
CYIIHOCTh, OTHOIIECHWE, OorpaHmyeHWe. B mpomecce
co3nanusa DSL onpenensitores cywrocmu METaMOJETH,
OmHOWleHUs MEXIYy HHUMH, 3aTaI0TCS O2PAHUYEHUs,
HaJaraeMble Ha CYITHOCTH W oOTHomeHws. [locme
MOCTPOCHHUS METaMOJCIU Pa3pabOTYMK TONIyYacT B
pacropsiKeHue pacCIIUpsSIeMbIiA, JIMHAMHYECKH
HACTpaMBaEeMbli BU3yaJbHBIN SI3BIK MOJCIUPOBAHUS
(pucyHok 1).

Hcnone3ys momyuenHsiii DSL, mnomb3oBatenu
(aHaNMUTUKH, SKCHEPTHI) MOTYT €030A6amb MOOenu,
cozepKale OOBEKTHI, OIMCHIBAIONINE KOHKPETHBIC
CYIIHOCTH TPEIMETHOHN 00JIacTH M CBS3HM MEXIY HUMHU.
ITpn pa3paboTke Mojenel BBIONHACTCS UX GaIUOAYUs
(mpoBepka, YIOBIETBOPSET JIM MOJENb OTPaHWYCHHSM,
KOTOpbIe OBUIM 3a7aHbl Ul CYHIHOCTEH M OTHOIICHMH
IIPY CO3TAHUN METaMOJIEIIH).

Pazpaborannsiii DSL, B cBolo odepenp, MOXET
HCTIONIB30BAaThCS B KauecTBE MeTas3blka — Ha €ro
OCHOBE, TakuM 00pa3oM, MOXeT OBbITh CcO37aHa
uepapxus A3b1K08, NO3BOJISIIOIIUX paboTaTh C MOAETAMHU
Pa3IUYHBIX YPOBHEHW aOCTpakIuH, OPHUEHTHPOBAHHBIX
Ha peIleHHe Pa3IMYHBIX 33734 pa3sHbIMH KaTeropHsIMHU
nonb3oBaresnel [3amsituna u ap., 2013]. Tlpu BHeceHun
W3MEHEHHH B METaMoO/eNb CHCTeMa aBTOMAaTHYECKH
BHECET BCe HEOOXONMMbIE M3MEHEHUs B MOJEIH,
CO3/IaHHBIE C TIOMOIIBIO ATOH METaMOJIEITH.

CpenctBa  mpancghopmayuu TTO3BOJISIFOT B
COOTBETCTBUU c 3aIaHHBIMH MIpaBUJIAMH
TpaHchopMaIii (BEpTUKAILHBIX WM TOPU30HTAIBHBIX),
CO3/IaHHBIMH B TOH ke cpefie, Mpeodpa3oBaTh MOAECIH.
Takum obpa3om, pazpaboTaHHas MOJAEIH MOXET OBITh
nepeBe/ieHa Ha HYXXHBIN S3bIK U Tepe/laHa BO BHEITHHUE
CUCTEMBI IS PELIEHUs] COOTBETCTBYIOIINX 3a/1ay.

Ilonp30BaTens MOXKET COXpPAaHUTL TMOCTPOCHHBIC
(MeTa)MOﬂCJ’II/I B peno3uTapumn, CreHepupoBarb Ha HUX
OCHOBC JOKYMCHTAIIUIO K CUCTEME.
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Pucynox 1 — Komnonentst DSM-mardopmsr Metalanguage
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OcHOBHOIH
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IMomomHuk
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NpeAMeTHOMH
obJacTu

TpaHchopmanus

ITocTpoenne moxedeii ¢
—IomomHn

Koneunblii
MOJIb30BaTEb

Pucynoxk 2 — Yyactue nosip3oBareneii B paspadborke DSL u monereit

CrenmanbHbIE cpencTsa ITO3BOJISIIOT npu
HEOOXOIMMOCTH BBITIOJIHUTH IOHUCK HanboJee
MOAXOMAIINX MOJAENed B pEMO3WTApHHA Ha OCHOBE
cosmanHbix  oHrojorumii  [Elokhov and others, 2013].
[Touck Moneneilt OCYyIIECTBISETCS C HCIOJIb30BAaHUEM
OHTOJIOTUH, OTIMCHIBAIOIINX MPEIMETHBIE OOIACTH.

ITonp30BaTeny MOTYT IPUHUMATh AaKTUBHOE Y4acTHE
Kak B pa3pabOTKe S3BIKOB, TaK M B CO3JAaHHH MOJENIeH
Ha MX OCHOBE (PUCYHOK 2).

CpenctBa  HAaCTPOWKH  SI3BIKOB,  BO3MOXXHOCTh
JIMHAMAYECKOTO TepeoTpeieIeHUs DSL c
ABTOMATHYECKHM TOAJCPKAHHEM COIIACOBAaHHOCTH,
0e3 HEOOXOAMMOCTH W3MEHATH KOJX  PEIaKTOPOB
MoJienel, pa3pabarbIBaTh Mporpammel, Aenaror DSM-
maropmy JOCTYIHOM v MCIIOJIb30BAHUS
Pa3IMYHBIMH KaTerOPUSIMH CIIEIHAIHCTOB.

2. DSM-naargopma kak 0CHOBa Cpe/ICTB
HHTErpanmuun

B Ppa3HbIX CHCTEMAX, TPUMEHACMBIX Ha
NpSANpPUATUAX, HUCIHOJB3YKOTCA PA3JINYIHbBIC MOICIIH,
MCETOAbI MpeACTaBJICHUA n 06pa60T1<1/1 JAaHHBIX,
OPUCHTHUPOBAHHBIE Ha PCHICHHUC COOTBETCTBYIOLINUX
3aJ1a4. HpI/I obmene JAaHHBIMU, IIpU Tepeaadc HUx Hn3
OHHOﬁ CUCTEMBI B APYTyro BBITIOJIHACTCA
npe06pa3OBaHHe JaHHBIX B COOTBETCTBUU B 3aJaHHBIMHA
IpaBrUjIaMn Cp€acTBamMu, 06CCHC‘H/IBaIOHH/IMI/I
BO3MOXXHOCTb MHTETpPAlIUN CUCTEM. Mertons! u CpeacrtBsa
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pelIeHus STUX 3a71ad MpopaboTaHBl U PEeaTH3yIoTCs BO
BCEX MIPOMBIIIIIEHHBIX HHPOPMATMOHHBIX u
aHaUTHYeCKuX cucreMax. OpmgHako Oojee TONHAS
HHTErparys TpedyeT He TOIhKO 00MEeHa JaHHBIMHA, HO U
rnepefavu Co3JAaHHBIX MoOjeNiell U3 OJHOW CHUCTEMBI B
Ipyryro. Mogens, co3gaHHass C  HUCIOJIb30BaHUEM
Kakoro-1u0o0 S3bIKa MOJISTUPOBAHUS B OJHOW CHUCTEME,
OpPHUEHTUPOBAHHOW Ha pEIIeHHe HEKOTOPBhIX 3ajad,
MOXET OBITh TepeJaHa B JAPYTyl0 CHCTEMY JUIs
pelieHus JIpYTrux 3a/1ay. [pu pa3paboTke
HHPOPMAITHOHHBIX CHUCTEM pPAa3JIMYHOTO Ha3HAYCHUS
NPUMEHSIIOTCSI  pa3Hble TUIBI MOJENeH U  S3bIKU
MozenupoBaHus. [ns uMHTErpauMu 3TUX  CHUCTEM
HEOOXOIUMO YYUTHIBATE OCOOCHHOCTH HCIIONB3yEMBIX B
HUX s3bIKOB W mogened. Ilpu 3ToM  MOXKET
noTpeOOBaThCSl MEPEBOA, MOJEIM C OJHOTO  SI3bIKA
MOJCIHPOBAHMsI Ha Jpyrod, e€ TpaHchopMmaius.
OnepaTuBHOCTh  pEIICHMS  33Jad  IOJb30Bareneit
3aBUCUT OT TOTO, CMOTYT JIA OHH CAaMOCTOSITEIHLHO
HacTpauMBaTh MCIOJb3YEMbIE CpEACTBa, CO3/AaBarb U

MoAUGHUIMPOBATh MOJIENH, 3aJaBaTh MpaBUIa HX
npeoOpa3oBaHusL.

Taxum o0pa3zom, DSM-nnargopma,
oOecrieunBaromias BO3MOXKHOCTb ~ CO3I[AHUSI  HOBBIX

SI36IKOB MOJIEIMPOBAHUSI W TpPaBWI TpaHchopMaIui
CO3JIaHHBIX S3BIKOB M Mojenel, obecneynBaromas ux
COIVIACOBAaHHOCTb, CTAHOBUTCS IEHTPAIbHBIM 3BEHOM
(pucyHoK 3), 00eCIeunBaOIIUM HHTETPAIINIO
pasIuYHBIX cHcTeM [3amsiTuna u ap., 2013].
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OHTOJIOT M HOHCKA J0OTIpee/IeHHST

Pucynok 3 — DSM-mnatopma kKak OCHOBa CPEICTB HHTETPauH

3. Ucnoab30oBanne OHTOJIO M IJIsA
peasuzanuun DSM-miargopmsbl

B cootBercTBHE ¢ Hanbonee 0OMMM OIpeieICHIEM
OHTOJIOTHSL ~ NIPEACTAaBISIET  ONHCAHHE  CYNIHOCTEH
TpeaMeTHON 00IacTH, WX CBOMCTB W oTHOomeHnH. OHA
CO3JIal0TCS M HCIIONB3YIOTCS BO MHOXKECTBE oOnacTeil
3HaHuld  (mOMCK  WH(QOpMalMM,  aBTOMaTH3alus
MOCTpOoeHus Mozenel u mp.). OHTONIOTHH IPUMEHSIOTCS
JUIA pelleHUsl pa3IM4HbIX 3a/1ad MOJCIUPOBaHHUS (31ech
MOJICTUPOBAHUE paccMaTpUBaeTCd M Kak IIpoLecC
MOCTPOCHUsT ~ MoJenel, W  Kak TMpolecc  HxX
UCCIEAOBAaHUA): OT  IOMCKa  uHpOpMamuum O
MOAENIUPYEMOH  CHCTEeME [0 JOONpENeNCHUs U
BAIMAIMM  CO3JAaHHBIX Mozenedl. B wactHOCTH,
OHTOJIOTHM 4YacTO pPacCMaTPUBAIOTCS KaK CpPEACTBO
aBTOMATH3alUN MOCTPOCHUS MoOJENeH W3 3aJaHHBIX
KOMIIOHEHTOB, KaK CpEICTBO  KOH(HUIYPHPOBaHUs
[Benjamin and others, 2006; Liang and others, 2003;
Fishwick and others, 2004]. Owuromorun ciyxat st
pemeHus 3a1addl pedaKkTOPUHTAa CHUCTEM, BBIOJHEHHS
HACTPOUKH MOJieNIell B COOTBETCTBUH C MEHSIOIIMMUCS
TpebOBaHUSIMHU.

Co3maHne  OHTONOTMH  AJsl  pemieHus  3a1ad
MOJEINPOBAHMUS  SBIAETCS  JOCTATOYHO  CIIOKHOH
3ajaueil, IOCKOJBbKY MOJENIH HCIIONB3YIOTCS IS
WCCIENOBAHUS  CaMbIX  Pa3HOOOPA3HBIX  CHCTEM,
OTHOCSIIIUXCS K Pa3IMYHBIM MPEIAMETHBIM OOIACTSIM.
Kpome Toro, MeToasl OCTPOCHUS M aHATM3a MoJeIeh
OCHOBaHbI Ha IPUMEHEHNH MaTeMaTHYECKOTo aInapara,
Teopud TpadoB, BEPOSTHOCTHBIX M CTAaTUCTUYECKUX
MeToJioB. TakuM 00pa3oM, OHTOJIOTHU ITHX OOIacTei
3HAHUS [JOJDKHBI CIY)KHTh OCHOBOH A pa3paboTKu
OHTOJIOTMH AJIs Ipyrux obmacteit [MuxoB u ap., 2008;
MuxoB wuap., 2009], Tpebyercs pa3pabarsiBaTh
MHOTOYPOBHEBBIE OHTOJIOTMH HPEIMETHBIX 00IacTel.
[Ipn 3TOM HEOOXOIMMO OOECIICYNTh NPEEMCTBEHHOCTS,
«IEPEHCIIONb30BaAThY paHee CO3JaHHbIE MOJIETIH.

IIpemnaraercss CHU3UTH TPYAOEMKOCTh Pa3padOTKU
MOJIeJIei: MPU PEelIeHUH MHOTHMX 3aJlad MOXKHO HalTu
paHee  CO3laHHBIE  TPEAMETHO-OPHUCHTHPOBAHHBIE
SI3BIKA M MOZICTTN JUTSI TOH e WII OJIN3KOHM MpeaMeTHON
obmactu; fMopaboOTKa HaWIEHHBIX  MOAeNeH, uX
HaCTpOfIKa Ha U3MCHUBIITHNECS ycCilioBuUA MOXET
OKa3aThCsl MeHee TPyHo&MKo#, uem cosmanne DSL u
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Mozeneit «c Hyas». Ilowck mopmenedt (meramopenei,
DSL) mpemmaraercss BBINONHATE C WCIIOIb30BaHHEM
OHTOJIOTHH COOTBETCTBYIOIINX MPEAMETHBIX OOIacTew.
OngHako W caM IpoLecC MOCTPOEHUS OHTOJOIMH
SIBIISICTCSA TPYAOEMKHUM, TPEOYIOIIUM 3HAHUN HE TOJIBKO
B TIpEIMETHOH 00JacTH, HO U HABBHIKOB HMCIIOJNB30BAHMUS
WHCTPYMEHTAJIBHBIX CPEACTB, S3BIKOB ONUCAHUS H
penakropoB  oHTojoruid. Ilomous B co3zmaHuu
OHTOJIOTUM M TIOMCKE MOJIENe MOTyT CpeJCTBa,
Gazupyrouecs Ha aHaju3e JIOKyMEHTOB,
OIIMCBIBAOLIUX Hpe,Z[MeTHI)Ie O6J'IaCTI/I nu pemaeMLIe
3amaun [Elokhov and others, 2013].

Haiinennpie wmomenn TpeOyIOT JOOMpeneIeHus.
Pemrenne »5TOi 3agaud  TakXKe OCHOBBIBAETCS Ha
CO3JaHUHM  OHTOJIOTHi. PeammsyroTcs  cpencrtBa
MOJyaBTOMAaTHYECKOTO  TOOTPEACICHNS  HaICHHBIX

DSL (meTamoeneit) ninu Moeneit (prucyHok 4).

Ha OCHOBE JIOKYMEHTOB, OTIMCHIBAIOIINX
npeaMeTHY0 — o0llacTb W peliaemble  3aj]adH,
MOJTy9aeMBbIX u3 Pa3IUYHBIX WUCTOYHHKOB,
(dbopMupyIOTCS TpeOOBaHUs K 1eJIeBOM Mojaenu (Wi K
DSL — meramozen).

Otu  TpeboBaHMa  (opManuM3yroTcs B BHJIE
OHTOJIOTHHM, KOTOpasi CO3JaETCsl B pe3yiabTaTe aHalIn3a
CcOOpaHHBIX JOKYMEHTOB (KOpITyca) Ha OCHOBE paHee
pa3paboTaHHBIX 0a30BBIX OHTOJIOTHH: U3 JIOKYMEHTOB,
BKITIOYEHHBIX B KOPITYC, M3BIEKAIOTCA KIIOYEBBIC

MOoHATHA W CBA3WM  MCKIAY HHUMHU, YCTpAHACTCA
CHHOHHMMHUA U T.[1.
[Tonb3oBatens MOXKCT BHCCTU U3MCHCHUSA B

MOCTPOEHHYIO OHTOJIOTHIO, A0paboTarh €€, UCHOIb3ys
PEAaKTOp CUCTEMBI: JIOTIOJTHUTH MHOXECTBO TMOHSITHH,
CBsI3€i, OTpaHUYEHUH U T.J.

Jlanee ocymiecTBiseTCS TOWCK B PENO3UTApUU
momenu  (wim  Mmertamoxmenu, DSL),  Hambonee
MOJXOASAIICH TS OMHUCAHHOW TPEIMETHON 00iacTu u
pemaemod  3amauu.  Haiimennas  mopmenp  (wiaH
METaMOJIe)Ib) PAacCMaTpHBacTCs KaK OCHOBa IS
MOCTPOEHU 1eeBoit momeny i DSL.

BrbIsBISIOTCST BCE  HECOOTBETCTBHSI  HaMJAEHHOM
mozenn  (Meramonenu) — (OPMAIM30BAaHHOMY  C
MTOMOIIBI0 OHTOJIOTHH ONHUCAHHUIO MPEIMETHOW 00IacTh
— TpeGOBaHMAM K IieJIeBOi Mojenu (HoBoMmy DSL).
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Pucynok 4 — Cxema IOHCKa H JJOOIPE/IeNIeHUs: MOJIeleii ¢ HCIOIb30BaHHEM OHTOIOT Ui

Ecnn naiineHHas Monenb (WM MeTaMoIesb) HE
YIOBJIETBOPSIET TPEOOBAHHUSAM, TO IMOJNB30BATEIb MOXET
Jgopaborare HaieHnyro wmoxens (DSL) «Bpyunyro»
WIH JKe WCHOJIb30BaTh BO3MOXKHOCTH KOMIIOHEHTA
ABTOMATHYECKOTO  JIOONpEAeNeHHs  Mogeneil ¢
HCIIOJIb30BaHUEM PENO3UTAPUS MOJIEIIEH U OHTOJIOTUI.

Jus noonpenenennss moxenu (DSL) mons3oBarens
MOXET MOBTOPUTH MOUCK B PEIIO3UTAPUN, UCKIIFOYUB U3
UCXOJHOTO MHOXKECTBA paHee BHIOPAHHYIO M YiKe
HCIIOJIB30BaHHYIO MOJIENb (METaMOIeNh).

Pesynprarel  TOMCKa ~ MOTYT  COOTBETCTBOBATH
«(pparmeHTaM» TOCTPOCHHON OHTOJOTHH TMPEAMETHOU
obmactn, T.e. Cc)OPMHUPOBAaHHBIM IS  IOWCKA
TpeOOBaHUAM, IS KOTOPBIX Ha MPEIbIAYIIEM IIare He
ObUTO  HalileHO cooTBeTcTBHUA. Takum  0Opazom,
HailinenHas HoBas wmonenb (DSL)  wmoxer ObiTh
UCIIOJIb30BaHA JUIS JTOOTPEACICHUST paHee BBIOpaHHOU
W3 PEMO3UTaAPHsI MOJEITH (METAMO/IEIHN).

[Tomck 1 aBTOMaTH4ecKoe JOOMpeeNeHne Moeeit
wi DSL MoryT mpoaosmkarses, oka B IOCTPOSHHOHN B
pesyisrare MOWCKa M JOOTPEACICHNsT MoAenu (WiIH B
DSL) OoyayT BBISIBIISITHCS HECOOTBETCTBUS
(hopMaTM30BaHHBIM B BUJIC OHTOJIOTHH TPEOOBAHHSM, U
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B perno3urapuu  OyayT — HaxOJUTHCS
(MeTaMozien), «IIOKPBIBAIOIIUEY HX.

MOJIEIN

IMonb30BaTenb MOXKET BHECTH HU3MEHEHHS B
HaiinenHele Mogenu (B DSL) Bpydunyro, moompenennuts
MOCTPOCHHYIO MOZEIIb WU MPEIMETHO-
OPHUCHTHUPOBAHHBIA  S3bIK,  KCIONB3YS  PEIAKTOP

cucTeMbl. TakuM 00pa3oM, €ciii B Perno3uTapuu ObUIH
COXPaHEHBI SI3BIKU M MOJENH, NpeAHa3HauYeHHbIE JIs
pemieHus  Kakux-TMOO 3agad B ONpEAENEHHOU
MpeIMeTHOW OO0NacTH, TO C WX TOMOIIBIO MOXHO
co31aTh HOBYIO (MeTa)MOJeNb, Ui peuieHus Oosee
CJIOKHOM 3aJjauu, OTHOCSIIENCS K TOH ke MpeIMeTHOM
oOmact, pa3OMB HOBYIO 3amady Ha «IOA33adum,
KOTOpBhle OBUIM pelIeHbl paHee. MOXKHO —TaKxke
pacmupuTh BO3MOKHOCTH DSL 1y1st HOBO# MpeMeTHOM
00acTH, TOTIOJTHUB HAWICHHEIC SI3BIKU BPYYHYIO.

3akiaouenue

B HacToAIIee BpeMs pa3paboTaHbl
HCCIIEN0BATENLCKUE MPOTOTHIIBI OMHMCAaHHBIX CPEJCTB.
S3pikoBOl mHCTpyMeHTapuit Metalanguage mpormén
anpo0aiyio, C ero IOMOIIbI0 ObUIM pa3paboTaHbI
HECKOJIBKO TIPEMETHO-OPUEHTHPOBAHHBIX SI3BIKOB U



Mozenel, ONMCaHbl  TpaHC(HOPMALMH,  KOTOpPBIC
HO3BOJIMIIM  OKCHOPTUPOBATh CO3JAHHBIE MOIENIH BO
BHEIIHME CHUCTEMBI, B YaCTHOCTH CIE€HEPUPOBATh
Mozenu Ha si3blke MojenupoBanust GPSS u mpoBectn
MMHTAlMOHHBIE  JKCIIEPUMEHTHI; TOCTPOUTH  0azy
JaHHBIX JUIA  ONHMCAaHHOW TpEIMETHOH  00JacTH,
ABTOMAaTHUECKH OINpEIeInB e CcXeMy Ha OCHOBE
pa3paboTaHHO# ¢ wcnonb3oBaHueM DSL momenu wu
MpaBHJI TpaHCHOpPMALIUH.

PaGoTsl BEIMONHEHB Tpu moaxepkke HaydHoro
tdorma HUY BUID (mpoekt Ne 13-09-0143) u PODOU
(mpoext Ne 14-07-31330-mo1-a).
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An approach to integration of various modeling
systems, based on use of the MetaLanguage DSM-
platform facilities, is considered. The MetalLanguage
tools allow to develop domain specific languages (DSL)
and to describe their transformations. Domain specific
modeling provides possibility to work in terms of
subject domain for analysts at models creation. The
transformation component is a basis for development of
means of models export and import, for models
integration. Ontologies formalize knowledge on
domains and models. They are used by tools of DSL
development automation, by means of model search
and by means of model definition complete.

INTRODUCTION

The maximum flexibility of modeling tools is
reached with use of the multilevel models describing
modelled systems at the different points of view and
with different detailing level. The tasks of DSL
development and model transformations are important.
Model search and model definition completing are
actual too.

MAIN PART

The main part includes the description of
Metal.anguage structure and using scheme. This DSM-
platform is suggested as a central component of
integration tools. These means allow realizing export
and import of DSLs and models, integrating different
information and analytical systems. Ontologies are the
main elements of integration tools.

CONCLUSION

Now research prototypes of the described tools are
developed. The MetaLanguage workbenches were
approved, some domain specific languages were
developed with this DSM-platform and some
transformations are described.



