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TEHEPAIIUS COIEIIU®UKAIIMNA TIPOTPAMMHOI'O OBECIIEYEHUSA
110 OBBEKTHBIM MOJIEJISIM'

Mamn:xocoB Anapeii HukosnaeBny, acnupanT, MockoBckuit 'ocy1apcTBEeHHbIA Y HUBEPCUTET
nmenn M.B.JIomonocosa, Poccust, MockBa, amanzhosov(@gmail.com

[MIpn momomu s3pika UML [1] ecTh BO3MOXKHOCTH CO3/1aBaTh MOAPOOHBIE U TOYHBIC
OOBEKTHBIE MOJENH, Ha DJIEMEHTHl KOTOPHIX MOXKHO HakjaAblBaTh CcTporue GopMaibHbIe
orpannueHusi. B cocraBe wmonmenn B Buue BolpakeHud s3pika OCL  [2] MoryT ObITh
CHeU(pUIIMPOBAHbl WHBAPUAHTHI KJIACCOB, MpEA- U TOCTYCIOBHUS OIepanuii, Tejaa oIeparuii-
3alpoCoB, HauaJIbHbIE 3HAYEHMS], IPaBUJIa BHIBOJIA IPOU3BOJHBIX 3JIEMEHTOB MOJAEIH U T. 1.

CoBpeMeHHbIE HMHCTPYMEHTHI  00BEKTHOro MojaenupoBanus mnoanepxkusator OCL,
HO BO3MOKHOCTH 3THUX HHCTPYMEHTOB B IUJIaHE MCCIIEOBAHUS CBOWCTB OOBEKTHBIX MOJENIeH
HeBenuKU. [IpakThka HCTONb30BaHUS MPOTPAMMHBIX MHCTPYMEHTOB BepU(DHUKAIMN U BalUIAlMH
UML-Mozeneid Ha CErogHsAIIHUN JEHb paclHpOCTPaHEHAa HEUMIMPOKO. TpaaulMOHHBIE Cpeabl
Bepuukanuu u Bamuganuu, tTakue kak SPIN, PVS, Frama-C [3, 4], npuMmeHsemMbie TOCTaTOYHO
4yacTo, 0a3UpPyIOTCAd HAa TEKCTOBBIX CHEUM(UKANUAX W HE MOTYT Hampsmyio uccienoBatb UML-
MOJEIIH.

B Takoil cuTyanum MOXXHO TNPUMEHUTH CIEAYIOMMNA CIOCo0: MO OOBEKTHOM MOjAeH
CreHEepHpOBaTh TEKCTOBYIO cHelu(UKaluio, a 3aTeM HCClIeAoBaTh CBOICTBa  MOAENU
0 MoNTy4eHHOo# crneun¢ukanuy. Cxema peainu3aluy Takoro crocoba m3o0paxeHa Ha pHCyHKe .
CornacHo cxeMme, MOCTpOeHHass OOBEKTHAsh MOJENb MOJAeTCs Ha BXOJ TE€HepaTopy, KOTOPBIH
co3zaer mo Hed cneuudukanuio. /lanee momydeHHas crienUpHUKALMS UCCIEAYETCS MPH MOMOIIN
cpeacTBa BepupUKaIMU U BaTUAALNH.

CPEICTBO
CPEeICTBO reHepaTop
> . »  BepUbUKAINH
MOJICTTHPOBAHUS cnenukanuii
o0ObekTHaA crienuprKaIms M BallUJallun
MOJIEITh

Puc. 1 — Cxema uccnenoBaHusi CBONCTB MOJICITU C IIOMOIIBIO TeHEPAIUH CTIeIU(UKAITIiI

Jns  peanuzanuu  crnocoba Ha MpakTHKe TpeOyeTcss C€o34aTh CPEICTBO TE€HEpaluu
crenuguKanui, COOTBETCTBYIOIIMX MCXOJHBIM OOBEKTHBIM MojensiM. Bo Bpems reHepauuu
HEO0XOIUMO O0ECIIEUUTh COOTBETCTBUE MEXKIY CICHEPUPOBAHHOW creru(HKanueil U UCXOIHOU
MOJIETIbIO, YTOOBI pe3yNbTaThbl TMPOBEPOK W/WIM BBIYUCICHHBIX IO CHEHU(UKAIMN 3alpOCOB
COXpaHsUIM CUIy JUIsl ucxoaHoil mopmenu. Ilpu 3Tom cnenmdukanus IOMKHA HUMETh TaKylo Ke
CTENeHb MOAPOOHOCTH, YTO U UCXO/IHASL MOJIENb.

Jlnist reHepay TEKCTOB MO OOBEKTHBIM MojensiM koHuepHoM OMG pa3paboTtaH cTaHgapT
Mof2Text [5]. CranmapT HE OPHEHTHPOBAH Ha KaKOW-JIMOO CHEIUAIbHBIA THI TEHEPUPYEMBIX
JOKYMEHTOB, HallpUMep, HUCXOAHBIX KOJOB Ha S3bIKaX IPOrPaMMUPOBAHMSI M  MOXKET
WCIIOJIb30BaThCA I TeHepaluu crenudukanuii, a Takke JTOKyMEHTOB Ha €CTECTBEHHOM S3BIKE.
B ocnoBe Mof2Text neXUT MOAXOM, COTIACHO KOTOPOMY TE€HEPUPYEMBIH TEKCT (hopMuUpyercs
Ha OCHOBE Ia0JIOHOB. B KkadecTBe mapaMeTpoB HIAOJOHOB HCHOIB3YIOTCS 3JE€MEHTHI MCXOJHOM
MOJIETIH.

CymiecTByeT HHCTPYMEHTAJIbHOE CpEICTBO, Oasupytromieecs Ha craHgapre Mof2Text, —
Acceleo [6]. Oto mnarun ais Eclipse [7] — cpeasl ¢ 607abIIMM HA00POM HHCTPYMEHTOB OOBEKTHOTO
MozenupoBanusi. [Ipumensis Acceleo mis reHepauuu cnenu@uKanuil Mo OObEKTHBIM MOIEIISAM,
coznanHbIM B Eclipse Modeling Framework [7], MojxHO peann3oBaTh MpeI0KEHHYIO BBIIIE CXEMY.
[Ipu 3TOM CpeacTBO MOACIMPOBAHUS U TeHepartop crnenudukanuii OyayT umMeTh oOmryio 0Oasy.

1 . .
Jlaypeatr nomunanuu "Jly4mmii qoxiaan no UML-moaeauposanuio”. ABTOpBI A0KNaAa Harpaxaarorcs kaurod Meanosa J1.10. u
HoBukosa @.A. "Mopeaupoanue Ha UML. Teopus, npakTuka, Buaeoxypce” (www.umlmanual.ru) ¢ aBrorpadamu aBTOpoB
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I'eneparop crienudukaimii Oyzer peanu3oBaH B Bue Habopa mabioHoB Acceleo.

JpyruM BOMpoCOM MpU peaau3alliy ONUCAaHHOW paHee CXEMBbl SBISIETCS BBHIOOP CpeAcTBa
BepuUUKALUN U BATUIAINHA M HCIOIB3YyEeMOTO s3blKa crenudukanuu. TpaauioHHbIE TEKCTOBBIC
s3piku crienudukanuii, Takue kak RSL, VDM-SL, ASCL, Z [4] ocHOBaHBl HE Ha OOBEKTHOM
noaxone. CocraBieHHBIE C HUX MOMOIIBIO cnenudukanuu chopMylIupoBaHsl B TEPMHHAX,
CYILIECTBEHHO OTJIMYAIOLIUXCS OT TEPMHHOB, KOTOpbIE HCHOJB3YIOTCS B OOBEKTHBIX MOJETSX.
lenepamus crienuuKanuii Ha TPAAWIMOHHBIX S3BIKAX OCJIOXKHIETCS M3-32 HEOOXOIUMOCTH
nepexoja K  NPUHIUOMAIBHO  JApyrod  TepMmuHonoruu.  Mcmonb3oBaHue  0OBEKTHO-
OPUEHTUPOBAHHOTO S3bIKA CrieNU(UKALUN CYIIECTBEHHO o0Jeryaer 3aaauy reuepamnun. [Ipumepom
s3bIKa Takoro poxa siBisercs s3bIk cpeasl USE (UML-based Specification Environment — cpena
cnenudukanuii, 6asupyromascs Ha UML).

Paccmorpum s3pik  cienudukaruun USE Ha mpumepe. [Ipeamosiokum, 9To MBI CO3AaU
MO/JIeTIb, OMTMCHIBAIONIYIO CeMbI0. B Hell nMeeTcst 6a30BbIi Kacc Person, 1Ba MPOU3BOIHBIX OT HETO
kiacca Man u Woman u J1Be acCoUMallUu. offspring — Mexay pOAUTENSIMU U JAECTbMHU, U Spouse —
MEXIy MYXbSIMU M KeHamH. ba3oBbIil Kiacc sBIsiETCS aOCTPAaKTHBIM, COACPKHUT aTpHOYTHI year
(ron poxneHus), name, Ssurname W ONEpalUI0 SetYear, YCTaHABIMBAIOIIYI0 3HAYEHUE
cooTBeTCTByMOMIIEro arpudyra. Kimacc Woman copepxur omnepanuio setHusband, 3anarouryro
COEIMHEHHUE Spouse MEXAYy COOTBETCTBYIOIIMMHU OOBEKTaMU. JTa ONepanus UMeeT MpeayCcIoBHE,
MpOBEPSIOLIee, YTO YYaCTBYIOIINME B ONEpalli MEPCOHBI YK€ HE COCTOAT B KaKoM-THOo Opake, u
MOCTYCJIOBUE, MPOBEPAIOIIEE, YTO JOOABUIOCH COOTBETCTBYIOIIEE COSTUHEHHE MEXAY OObEKTaMHU.
Knace Man conepxut onepanuto setWife, BRIIOTHSIONIYIO TaKUe e ACUCTBUS, uTO U setHusband,
Y UMEIOLIYI0 aHAJIOTUYHbIE TIPe/l- U TocTycloBue. Takke B MOJIENIN MPUCYTCTBYET OrpaHUYECHHE Ha
WHBapHaHTHl Kiacca Person, KOHTPOJHMPYIOIIEE, YTO BO3pPACT peOCHKA MEHBIE, YeM BO3pacT
mo6oro u3 ero poautenel. JlanHas Mozieab MPOWUTIOCTPUPOBAHA Ha CIEAYIOMIUX AUarpaMMax:

model Family ) offspring

parents| 0..2

Person *
year : Integer children

’—D name : String <1—|
surname : String

Woman setYear(year : Integer) Man

setHusband(m : Man) wife husband setWife(w : Woman)

0..1 Spouse 0..1

Puc. 2 — lmarpamMmma KJ1acCoB JIJIsl OTIMCAHHON MOJIETTH

model Family )

Bob: Man husband wife| Ann: Woman
year=1962 DO year=1966
name="Bob" name="Ann"
surname="Fisher” surname="Fisher”

parents parents
offspring offspring
children children

John: Man Marry: Woman
year=1988 year=1968
name="John" name="Marry”
surname="Fisher” surname="Roy"

Puc. 3 — Jlnarpamma 00OBEKTOB IS OTTMCAHHOM MOJICITH
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Crneuuduxanmmun USE  ¢opmynupyeTcs B TepMHHAX OOBEKTHOH MOJENH, TaKHX Kak:
a0CTpaKTHbIE M KOHKPETHBIE KJIACChl, KJAcChl acCOLMalMii, OMHApHBIE M N-apHbIE ACCOLMUALINY,
HaclieloBaHHe. B Hell MOXXHO omucaTh CTPYKTYypy Kiacca — aTpuOyThl, omeparnuu. Hampumep,
s Knacca Person onucanue OyJeT BBITJISIETh CIEAYIOIINUM 00pa3oM:

abstract class Person

attributes

year : Integer

name : String

surname : String
operations

setYear (year : Integer)
end

Buavane crnemyer uMs Kiacca, 3aTeM pasjiel, COAEp)KaIllMid ero aTpuOyThl, M pasfel,
OIMCHIBAIOLIUI OIEepaluy Kiacca.
B cnemudukanuio MOryT BXOJUTHh OMHMCAHUS SK3EMIUIIPOB KJIACCOB U COCIMHEHUH MEXKIY
HuMU. OHM MOTYT BKJIIOYATh B ce0s1 ClIeAyIONIne KOMaH/Ibl:
1. Co3ganue 3Kk3emMIuIsApa Kiacca:
create <obj name> : <class name>
2. TlpucBauBaHue 3HaUCHUS CBOMCTBY 0OBEKTA!
set <obj name>.<attribute name> := <attribute value>
3. CozpaHue COeMHEHUS MKy OOBEKTaMHU:
insert(<obj>, <obj>{, <obj>}) into <association name>
4. Co3paHue 3K3eMIUIsIpa KJlacca acCOLUaLlUU:
create <obj> : <ass_class name> between (<obj>, <obj>{, <obj>})
Hanpumep, onucanue o0bexra Bob OyaeT BHIIIAIETh TAK:

create Bob : Man

set Bob.year := 1962
set Bob.name := 'Bob'
set Bob.surname := 'Fisher'

A ommcaHue coeTMHEHUs] MeXy Bob u Ann Tak:
insert (Bob, Ann) into spouse

Criermudukay MoryT coaepxarb B cede orpanndenns Ha OCL: nHBapHaHTHI KJIacCoB, Mpe/l-
U ToCTyciaoBus Ais onepauuid u Ap. OrpaHndeHue, KOHTPOJIMPYIOLIEe, 4TO BO3pPacT peOeHKa
MEHBIIIE, YeM BO3PACT JIF00OTO U3 €ro poauTeNe, OyAeT BRIIIIAACTh CIECIYIONUM 00pa3oM:

context Person
inv YoungerThanParents: parents->forAll(p | p.year < self.year)

[IpenycnoBue u noctycnoBue ist oneparuu setWife(w : Woman) xnacca Man ONHUCHIBAIOTCS
TaK:

pre: w.husband->isEmpty ()
post: self.wife->includes (w)

AHaJIOTMYHO MOXKHO 33JaTh MPEIYCIOBUE U MOCTYCIOBUE UId onepaunu setHusband xnacca
Woman. MoxHo BuaeTh, uTo cneunpukanus USE MoxeT ObITh CTONb K€ MOAPOOHOM M TOYHOM,
kak UML-Mmozensb.

B otmmume ot TtpamunumonHsix UML-moneneit cnenudukanuun USE  mMoryt  ObITH
ucnonusembiMu. B cpene USE MoxHO 3amaBath 3ampockl Ha si3bike OCL k 3arpyxeHHOU
cneun(UKauy, TPOBEPATh BHINOJIHEHWE WHBApPUAHTOB M JAPYTUX OrpaHHUYEHHH B cOCTaBe
cneunpukanuy. Takke MOKHO MEHATh TEKYyLIEE COCTOSHME IyTeM H3MEHEHHUs 3K3eMIUIIPOB
KJIaCCOB M BBI30Ba OIEpaluii, TeJa KOTOpPBIX MOXKHO 3ajgaBaTh Ipu nomomu s3bika SOIL[S].
Komannpl, onucannbsie Ha SOIL, mo3BOMSAIOT U3MEHATH 3HAYCHUE aTPUOYTOB 00BEKTA, CO3/1aBaTh U
yAAIATh OOBEKTHI U CBSA3M MEXay HUMH. Hampumep, s paccMOTpeHHOI panee onepauuu setWife
MBI MOKEM 3a/1aTh TEJIO CIEAYIOIIHUM 00pa3oM:
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setWife(w : Woman)
begin

insert (self, w) into spouse
end

AHaJOTUYHO MOXHO 3aJ1aTh TeIO JUIs onepanuu setHusband knacca Woman.

PaccmotpeB Bo3moxkHocTH USE, MOXHO cnaenath BbIBOJA, YTO 3Ta CpeAa MOIAXOAUT s
peanm3any  MpeAsiaraéMoro Crnocoda K  HUCCIEIOBAaHHIO CBOMCTB OOBEKTHBIX MOJIEIEH
10 CTEHEPUPOBAHHBIM CIIEIU(PUKAIISIM.

Panee Obuio moOKa3aHo, Kakue dneMeHTHl crnerudukanud USE COOTBETCTBYIOT KaKUM
JJIeMEeHTaM OO0BEeKTHOW Mojenu. J[ias Toro, 4roObl aBTOMATH3UPOBATH MPOIECC TEHEpaluu
cneunpukanuu ObUT co3naH Habop mabnoHoB Acceleo. HabGop cocraBneH u3 AByX Tpymil
ma6yioHoB. [lepBasi oTBewaeT 3a reHepalyio ONMUCaHWs KIACCOB M CBs3el Mexay HUMHU. B Hee
BXOJAT 10 mabmoHOB [UIs TeHepauuu crenudukanmii kiaaccos, onepauuid, OCL-orpaHnueHUH,
accoluanui, KI1accoB acCoOLUaUi U MepeurcIuMbIX TUIIOB. Bropas rpynna mabioHOB onpeenser
TeHEpaIUI0 OMHCAHWIA SK3EMIUIIPOB KJIAcCOB M coelWHEHWH. B Hee BXOomsaT 5 mabloHOB Jyis
ONMMCAaHUH 3K3EMILUISIPOB KJIACCOB, K3EMILIIPOB KJIACCOB aCCOLMALMH, a TAKXKE COCTMHEHUN MEXKIY
o0BEKTaMHU.

B kauecTBe npuMepa paccMOTpPHUM MIA0JIOH 7Sl ONMCAHUS TapaMeTPOB ONEepaIiu:

[template public setInParameters (o : Operation)]

[for(p : Parameter | o.ownedParameter)separator (', ')][p.name/]:
[p.type.name/] [/£for]

[/template]

Kak u nmro6oii mabiaon Acceleo, 3TOT mabioH UMeeT Ha3BaHue (setlnParameters) M CIIMCOK
napamMeTpoB (0). Bo BpeMs reHepamumu TEKCTa, I KaXIOW OMEpalMH HCXOTHON OOBEKTHOM
Mozienu OyZIeT BBI3BIBATHCS ATOT MIA0JIOH, U BMECTO MapaMerpa o OyJeT MOJCTaBlIeHa KOHKPETHAS
omepanusi Mojaenu. Teno mabioHa 3akitouaeTcs Mexay Teramu template. OHO BkirOYaeT B cels
TEKCT U Terd Acceleo, 3aKkiloYeHHble B KBaJpaTHbIE CKOOKH. B nanHOM mabimoHe B LUKIE
BBIOMPAIOTCSI TTapaMeTPhl Omepamnuu (3a 3To oTBevaeT 3aeMeHT moaenu UML ownedParameter).
JU1 Ka’k0oro U3 HUX FEHEpUPYETCsl TEKCT B BUJAE Mapbl <UMsS> : <TUI>. DTH Napsl pa3Aesiorcs
3amAThIMU (32 9TO oTBeuaeT separator(', ')). Hanpumep, ayia ciivicka mapaMeTpoB onepaiuu setYear
Kiacca Person Oynet creHEpUpOBaH TEKCT: year : Integer.

[[labnon setInParameters SBISE€TCS BCIOMOTAaTENbHBIM, OH TPHUMEHSETCS TpuU pabore
mabnoHa createOperation, OTBEYAIOIIETO 3a TEHEpAlMM TOJHOTO OMHCAHUS OIepalyH.
PaccmoTpum 3T0T 11a010H:

[template public createOperation(o : Operation)]

[o.name/] ([o.setInParameters ()/]) [if (o.type.oclIsUndefined())][else]:

[o.type.name/] [/if]
[1f (o.bodyCondition->size() > 0)]

begin

[o.bodyCondition.specification.stringValue () /]

end

[/if]

[for (constr: Constraint | o.ownedRule->asSet () - o.bodyCondition-
>asSet ())] [constr.specification.stringValue() /]

[/£for]

[/template]

BHavane reHepupyeTcs CUrHaTypa Olepaliuy — €€ UMsl, CIIMCOK MapaMeTpoB (3a 3TO OTBEYAET
mabioH getInParameter) u Bo3BpamaeMblii THI (B CiIydae, €ciu oH omnpefeneH — ocllsUndefined()
Bo3Bpamiaer false). [lanee co3maercs Teno omepanuu (€cid OHO 3aqaHO B Mojenu). B koHie
TeHepHupyeTcsl HabOp OrpaHUYCHUH (TPEAYCIIOBUS U MOCTYCIIOBHs). B kauecTBe mpumepa BO3bMeEM
omnepanuto setHusband knacca Woman. JIns He€ OyneT CreHeprupOBaHO CIIEAYIOIee ONHCAHME:

setHusband (m : Man)
begin
insert (m, self) into spouse
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end
pre: m.wife->isEmpty ()
post: self.husband->includes (m)

Ocranpubie 1m1a0I0HBI Acceleo, peanusyromye reHepauio crenuduKaiii, OMMCHIBAIOTCS
aHaAJIOTUYHO.

[IpennonoxuM, YTO [N paccMaTpUBAEMOIO BBINIE TNpUMepa OOBEKTHOW MOJENTH
creaepupoBana crnenudukamnus USE. PaccmoTpum uccienoBanue cBoicTB moaenu B cpenae USE.
s poBepku onepauuu setHusband B cpene USE MOXHO BBeCTH KOMaH/y BBI30Ba OIEpalUU:
Marry.setHusband(Bob). [Tony4unB komaHmy, cpena BbAACT COOOIIEHNE O TOM, YTO HE BBIMOJIHEHO
MPEIYCIOBUE ONEpaLUU. DTO CBA3AHO C TEM, YTO YK€ CYLIECTBYET COCIMHEHHE spouse Mexny Bob
u Ann (Bob.wife He mycTo0).

s mpoBepku onepauuu setWife BBenem KoMaHIy BbI3oBa onepauuu: Bob.setWife(Marry).
Cpena BpIIACT COOOILIEHHE O TOM, YTO HE BBIMIOJHEHO MOCTYCIOBHE ONEpaIi. ITO CBA3AHO C TEM,
4910 Tenepb Bob coemuHeH ¢ AByMs oO0bekTamu (Ann u Marry), a 3T0 IPOTUBOPEUUT OMUCAHUIO
accolualuu spouse, Tak Kak J000M sK3eMILIsp Kinacca Man MOXET ObITh COeIMHEH He 0oJiee YeM ¢
OJTHUM 3K3eMIUIIpOM Kiiacca Woman u Ha0060poT.

[TpoBenénHoe uccienoBaHre CBONCTB MOJENIN MOKAa3bIBAET, YTO MPEIYCIOBHE JUIsl ONepalun
setWife 3amucaHo HeKOppekTHO. Ha oOTCyTCTBHE COEQMHEHUH clenyeT NpoBepsATh o00a
COEIUHSEMBIX O0OBEKTa, a HE TOJbKO OAMH OOBEKT, IMepeAaBaeMblii B KauecTBE IapameTpa
onepauuu. KoppektHoe npenycinoBue i onepauuu setWife kiacca Man BHITISAIUT CIEAYIOIIUM
obpazom: w.husband->isEmpty() and self.wife->isEmpty(). Cxoxue m3MeHEHHs HYKHO BHECTH
B nipeaycinoBue onepauuu setHusband xnacca Woman. HoBoe mpemyciioBue IJii HETO JOJKHO
BRITIIIETH Tak: m.wife->isEmpty() and self.husband->i1sEmpty().

Ilocne BHeceHUs M3MEHEHHMH B MOJENb CJEIyEeT 3aHOBO CI€HEPHPOBATH CHEUU(UKALUIO.
MokHO yOemuTbCs, YTO HCCIEAOBaHHE BbI3OoBa omepainuu Bob.marry(Marry) Tenepb NpUBOIUT
K xenmaemomy pe3yibrary. Cpema USE Bbeimaér cooOiieHue O TOM, YTO JUIsl JQHHOTO BBI30Ba
orepaiuy npeaycioBue JI0XHO. O4eBUIHO, UTO MOCIIE BHECEHHBIX N3MEHEHUN MPEayCIOBUE CTAI0
Oosiee CTPOTHMM, MEIIAIOIIMM CO37aBaTh HEKOPPEKTHHIC COCIMHEHUS MEXTy oObekTamu. Takum
oOpa3oM, TOMCK OIMMOKA B MOAETHW W €€ WCIpaBlIeHHWE CTajdd BO3MOXKHBIMH Oyaromaps
NPeUI0KEHHOMY T'eHepaTopy crerudukanmii u npumenenuto cpeast USE.

[TonBeném urtoru. Jlis KOMIIEHCAIUU HEJOCTATOYHO PA3BUTHIX BO3MOXHOCTEH MHCTPYMEHTOB
OOBEKTHOTO MOJICIMPOBAHUS TI0 HCCIEIOBAaHMIO CBOMCTB MoJeNel TMPEeasIoKEeH CIocoo,
MpelyCMaTpUBAIOIIMN TeHepaluuilo crnenuuKkaluid Mo HCXOJHBIM MOJENSM M JalibHEHIIee HuX
uccienoBanue B cpene cnenudukanuu. Crnocod peanuzosan npu nmomouu Eclipse, Acceleo u USE.
[Ipemnoxen Habop miabionoB Acceleo mis renepanmu crnerudukanuii USE mo 0OBEKTHBIM
MozensaM, co3maHHbiM - cpeactBamu  EMEF  UML. Ha mnpumepe paccMoTpeHa TIeHepaunus
cnenuduKanuy, e€ ucciaeaoBanrue, oOHapyKeHHe OIIMOKN 1 UCTIpaBIeHHEe HETOYHOCTH B UCXOIHON
MOJIETIH.
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YK 004.4'22

MPEOBPA3OBAHME ITIPOI'PAMM HA VISUAL PROLOG B MOJIEJIM UML'

AnapuanoB Ban AjnekceeBHdY, CTaKep-HCCIIe0BaTENb, IHCTUTYT CHCTEMHOTO TIporpamMmmupoBanus PAH,
acupanT, PakyJIbTeT BRIYUCIUTESILHON MaTeMaTUKK U kuoepHeTrku, MI'Y umenu M. B. JlomoHOCOBa,
Poccust, Mocksa, andrianov.sp.cmc(@gmail.com

[lonnep>xka W MoAMQUKALUs CHCTEM, HAlMCAaHHBIX Ha  S3bIKaX  JIOTHYECKOIO
MPOrPaMMHUPOBAaHMS, 3aTPYJHEHA B CBS3M C HENOCTATKOM CPEICTB MNPOTrPAMMHOM HHKEHEPUHU
JIOTMYECKUX TMporpamMM. B TO ke Bpems CyIIeCTBYET IIMPOKHM CHEKTP CPEICTB MPOTrpaMMHOMN
WH)XEHEpUU OOBEKTHO-OPUEHTHPOBAHHBIX MpOrpaMM. B CBS3M C 3TUM akTyajgbHa 3ajayda
npeoOpa3oBaHus JIOTHYECKOM MpOrpaMmbl B OOBEKTHYIO Mozenb. PemieHne naHHON 3amadyu
MO3BOJIUT MOJYYaTb OGBGKTHBIG MOZCIIM, COOTBCTCTBYIOINHUC JIOTHUYCCKUM MIpOTrpaMMaM. I[JIH
MOJIyY€HHBIX OOBEKTHBIX MOJENEH CTaHET BO3MOXHBIM B IOJIHOM Mepe HCIOJIb30BaTh CPEICTBA
O00BEKTHO-OPUEHTHPOBAHHOM  NPOTPaMMHONM  MH)KEHEpUH,  Hampumep, MOIUPHUIMPOBATH
MOJTy4€HHBbIE OOBEKTHBIE MOJEIM M aBTOMAaTUYECKH T'€HEPUPOBATh MO HHUM KOJ Ha OJHOM U3
00BEKTHO-OPUEHTHPOBAHHBIX SI3BIKOB.

domains: (1)
department type = financial, logistics, technical. (2)
date = d(integer, integer, integer). (3)
person = p(string, date). (4)
department = dep(string, department type). (5)

predicates: (6)
male (?person) . (7)
age (+person, ?integer). (8)
works (?person, ?department). (9)

clauses: (10)
male (p ("Andrey", d(21, 02, 1986))). (11)
age(p( , d(_, _, Year), Age) :- Age is 2012 - Year. (12)
works (p ("Andrey", d(21, 02, 1986)), dep("ISP RAS", technical)). (13)
works (p ("Elena", d(13, 01, 1987)), dep("ISP RAS", technical)). (14)

JIuctunr 1 — dparMeHT J0ru4ecKkoi NporpaMMel, paccMaTpUBaeMbIil B KaueCcTBE MpUMeEpa

HccnenoBanust B o0nacTh aHainu3a M NpeoOpa3oBaHUs JIOTMYECKUX IPOrPaMM aKTHBHO
npoBoauwinuchk B 1990-e roasl. B To Bpemsi ObuTM pa3paOOTaHBl aITOPUTMBI BBISBJICHHS THIIOB
aprymeHToB mnpenukatoB (Hampumep, GAIA [1]) u mpodwunell BbI30Ba MpPEIUKATOB (HAIpuMep,
MDDAA [2]) nporpamm Ha ctanaaptHoM [Ipomore. Co3maHHBIE aNTOPUTMbI MPUMEHSIIUCH IS
NOBBIIEHUS (P(PEKTUBHOCTH HHTEPIPETaTOpOoB M KomnwmisitopoB Ilpomora. B nmanHO# cTatbe

1
CraTbsl peKOMEHA0BaHA K OIyOJIMKOBaHMIO B )KypHaje "UHpopmanoHHbIe TeXHOJI0THH"
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JIOTHYECKHUE MPOrpaMMBbl MOABEPIaloTCs aHAJIM3Y C IPYTMMHU IETIsMH. 3aada COCTOUT B MEPEXoe
OT JIOTMYECKUX TEPMHHOB MCXOJHON MpOrpaMMbl K TEpMHHaM OOBEKTHOM MOJIENH.
Henocpencreenno ais e€ permennst HapaboTku 1990-X ro1oB HE MOAXOIAT.

Bynem paccmarpuBath nmpeoOpa3oBaHue MporpamMM, HalmMCaHHBIX Ha s3bike Visual Prolog [3].
Ocob6ennoctu Visual Prolog mpousuttoctpupyem Ha mpumMepe.

[Iporpamma B nuctunre 1 mnpeacraBisieT co00i MOJEIbHYIO 0a3y JAaHHBIX O COTPYIHHUKAX U
oTAenax, B KOTOPBIX OHM pabortatoT. K nmaHHO# 0a3ze MOXHO cAenaTh 3ampoc, Hampumep, Ha
MOJTydeHUE BCEX COTPYIHUKOB 3aJaHHOrO oTAena Mykckoro moja: «works(P, dep(“ISP RAS”,
technical)), male(P).». OTBeTom Ha naHHBIN 3ampoc OyneT «P = p(“Andrey”, d(21, 02, 1986)).».

[Iporpamma pa3dbuta Ha 3 pasnmena: «domainsy, «predicates», «clauses». B pazgene
«domains» OOBSABIAIOTCS TUIBI MPOrpaMMBbL. THUII MOXET HpPEACTaBIATH co00if HabOp TepMOB-
KOHCTaHT (HampuMmep, «department type» B cTpoke 2), yHKTOp C TUIIAaMU apryMEHTOB (HampuMmep,
person B cTpoke 4) WM CIUCOYHBINA THIT (MIMEET BUJ «THUIl_DJIEMEHTOB*»). B pazmene «predicates»
OOBSABISAIOTCS MPEIUKAThl C TUIIAMU apTyMEHTOB. ApryMeHTaM NpeIuKaToOB MPUIKUCAHBI POPUIN
BBI30BA: «» IJISI BXOJHBIX apTyMEHTOB, «-» JUISI BBIXOJHBIX apryMEHTOB H «?» Il apryMEHTOB,
SBIIAIOIIMXCS U BXOJHBIMH, U BBIXOAHBIMU. B paznene «clausesy» 3amatorcst ¢hakThl U nmpaBuia Jyis
MPEIUKATOB.

Jlns ocyuiecTBieHus MpeoOpa3oBaHUSl MPOTrpaMM B MOJEIU COCTaBJI€H HAOOp MpaBuUi
npeoOpa3oBaHusl U pPeau30BaHO NMPOTPAMMHOE CPEICTBO, OCYLIECTBISIOIIEE MpeoOpa3oBaHUE B
COOTBETCTBUM C STUMH MPaBUIIAMH.

[IpaBuna mpeoOpasoBanusi mporpamMm Ha Visual Prolog B momenn UML [4] cocraBieHb
CHelHaIbHBIM 00pa3oM, 00ECTeUUBAIOIIUM COXPAaHEHUE B PE3yJNbTUPYIOIIEH MOJEIN CEMaHTUKU
MCXOJHOM MporpaMMbl. JTO O3HAYAET, YTO NMPEIYCMOTPEHO TaKoe MpeoOpa3oBaHHE 3alpoCoB K
IporpaMMaM B 3ampochl K MOJAEJSM, YTO OTBET Ha MPOU3BOJBHBIM K BXOIHOW MpOrpaMMe 3arpoc
COBITIAJIA€T C OTBETOM Ha COOTBETCTBYIOLIUI €My 3aIpoC K Pe3yJIbTUPYIOIIEH MOJEIH.

[IpaBuna mpeoOpa3oBaHusl CTPYNIUPOBAHBI B 3aBUCHUMOCTH OT MX HazHaueHus. K mepBoi
rpymIe OTHOCATCS IMpaBuja IMpeoOpa3oBaHMs THUIIOB, KO BTOPOM — MpaBuja IMpeoOpa3zoBaHus
MPeIMKaTOB, K TPEThel — MpaBuiia MPeoOpa30BaHUs 3aPOCOB.

CTpOKOBBIN M YMCIOBOM MPOCTOW TUM CIEAYET MPeoOpPa3OBbIBATH B COOTBETCTBYIOIINMN THII
UML.

Kaxnplii mpocToii THN, MpeAcTaBISIONMi co00i HabOp TEpPMOB-KOHCTAHT, CIEIYET
MpeoOpa3oBbIBaTh B MEPEUMCIMMBIA THUII C TeM ke HabopoMm KoHcTaHT. Hanpumep,
«department_type» B cTpoke 2 npeobpa3syercs B nepeuucaumbiii Tan «DepartmentTypey.

Kaxxknprii Tum, mnpeacTaBisiomuidi coOOW MHOMXECTBO TEPMOB C OOmMHUM (PYHKTOPOM U
apHOCTBIO, CIIEAYEeT MpeoOpa3oBbIBaTh B Kiacc. IIpu 3TOM Kaxablii apryMeHT HpOCTOTO THIIA
clenyeT mpeoOpa3oBbIBaTh B aTpUOYT Kiacca, a KaX/Iblii apryMeHT IMO0JIb30BaTE€IbCKOTO TUIIAa — B
HaNpaBJICHHYIO aCCOLMAIMIO MEX/Ty COOTBETCTBYIOUIMMH Kiaccamu. Hanpumep, «person» B cTpoke
4 mpeobpa3zyetcs B kiacc «Person», CTPOKOBBIM apryMeHT B aTpuOyT «argl», a apryMeHT TUma
«date» B HalpaBJICHHYIO acCOLMAIIMIO0 Mex Iy Kinaccamu «Person» u «Datey.

Kaxaplii criicOYHBIM THUIT € 3JIEMEHTaMH POCTOTO TUIIA CJIEAYET MPeoOpa3oBbIBAaTh B KiIacc ¢
aTpuOyTOM COOTBETCTBYIOLIETO THUIA MOIITHOCTH «*).

Kaxpiii crincouHBIi THIT € 3JIEMEHTaMU MOJIb30BaTEIbCKOTO THIIA CeAyeT MpeoOpa3oBhIBATh
B KJIacc, CBSI3aHHBIH € KJIACCOM-3JIEMEHTOM acCOIMALUE MOIIHOCTBIO «*» ¢ 000MX KOHIIOB.

Person = — -
eparimen
«|*¥argl: String :wargl works +warg3 P _ .
+male: Boolean +argl: string
+age(): Integer [¥]
<<enumeration=>
Date DepartmentType
- - _~+arg2|
+arg2 +argl: Integer +fln§n£%al <7
1" |+arg2: Integer +logistics
+arg3: Integer +technical

Puc. 1 — Knaccel Mmoaenu, moCTpOSHHOM MO JIOTHUECKOU MporpaMme
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1

[IpeobpazoBanus MpeAUKATOB ONPEETICHBI CIEAYIONIMMHU PaBUIAMU:

. Kaxxnprii mpenukat, onucbiBaeMblil (hakTamMu 0€3 MepeMEHHBIX, UMEIOIINA HE MEHEE JBYX

APTrYMCHTOB IIOJIb30BATCIBCKUX THUIIOB U HU OJHOTO aprymMCeHTa NPOCTLIX TUIIOB, CICAYCT
mpeoOpa3oBhIBaTh B ACCOIMAIIMIO MOIMHOCTBIO * ¢ O0OMX KOHIIOB MEXKIY KjaccaMu-
aprymeHTamu. IIpu 3ToM Mexny 0ObeKTaMH, COOTBETCTBYIOIIMMHU TepMaM-apryMeHTaM U3
(aKTOB, ONMMCHIBAIONINX MPEIUKAT, yCTaHABINBAETCS CBs3b. Hanpumep, «works» B cTpoke 9
npeobpasyeTcs B acconmanuio «works» mexmy kmaccamu «Person» u «Departmenty. Ilpu
ATOM CBSI3b YCTAaHOBJICHA MEXIy oObekTamu «pl» — «depl» (ctpoka 13), «p2» — «depl»
(ctpoka 14).

2. Kaxxnprii mpenukaT, onmuchbiBaeMbIil (pakTamMu 0e3 MEepEMEHHBIX, UMEIOIIUI OJUH apTryMEHT

3.

MOJIb30BATENBCKOIO THUIA W HU OJHOTO apryMeHTa MpOoCTOro TUMa, CIEAyeT
npeoOpa3oBbIBaTh B OyJeB aTpuOyT Kiacca-aprymenTta. [Ipm sTom aTpuOyT mosrydaeT
3HaYeHue «true» Ui OOBEKTOB, COOTBETCTBYIOIIMX TEpMaM-apryMeHTaM H3 (aKToB,
onMchIBaloluX mpenukar, u «false» anga ocrampHbix. Hampumep, «male» B cTtpoke 7
npeoOpasyetcst B OyneB aTpuOyT «male» kiacca «Person». ATpuOyT mojy4aer 3HaueHUE
«true» mis oobekTa «pl» (ctpoka 11) u «false» ayist oObekTa «p2».

Kaxnplii npeaukar, omuchbIBaeéMbIii XOTs Obl OJHUM MPAaBUJIOM, HUMEIOMIUNA IO OJHOMY
apryMeHTy HOJIb30BaTEIbCKOTO M MPOCTOrO THIIA, CIEeNyeT MpeoOpa3oBhIBaTh B OMNEPAIUIO
KJlacca-apryMeHTa, BO3BPAIIAIONIYI0 CIUCOK 3JIEMEHTOB COOTBETCTBYIOILEIO IPOCTOTO
tuna. [Tpu 3Tom Teno onepannu Ha s3pike OCL [S] crenyeT reHepupoBaTh MO aHAJIOTHUH C
reHepanyeil COOTBETCTBYIOIETO 3apoca s IpaBbIX yacTel mpaBui (cM. mpeoOpa3oBaHue
3arpocoB). Hampumep, «age» B cTpoke 8 mpeoOpa3yercs B OIepaluio «age» Kiacca
«Person» ¢ OCL-onucanuem «context Person::age(): Bag(Integer) body: Bag {2012 —
self.arg2.arg3}» (cTpoka 12).

———dl : Date +wargl works
+argl = 21 5 1l : Person |+wargz
+ar
+arg2 = 02 g +argl = "Andrey"”
+arg3 = 1986 +male = true depl : Department
+argl = "I5P RAS"
d2 : Date > : Person +arg2 = DepartmentType.technical
—— P< -
= +argz2
::::g; _ é? J +argl = "Elena” +waral works +warg2
+arg3 _ 1087 +male = Talse J

Puc. 2 — O0beKTH MOJETH, HOCTPOCHHOH 110 JIOTHYECKOH MporpamMme

MonenbHasi mporpamMma He OXBAaThIBA€T BCE BO3MOXKHBIE cuTyanuu. [lepednciaum mpasuia

HpCOGpaSOBaHI/IH MMPECANKATOB B OCTAJIbHBIX CIIyYasax:

1.

2.

3.

Kaxnprit mpenukar, onuchiBaeMblil akTamMu 0e3 MEpeMEHHBIX, UMEIOINNA HE MEHee IBYX
apryMEHTOB TIOJIb30BATEIBCKUX TUTIOB U XOTS OBl OMH apryMEHT MPOCTOTO THIIA, CIICTYET
peoOpa3oBhIBATh B KJIACC ACCOIUAIIMHI MOIIHOCTBIO «*)» ¢ 000X KOHIIOB MEXIY KiaccaMHu-
aprymeHTamMu. KaxkIplii apryMeHT MPOCTOTO THUMA CJIEeAyeT MpeoOpa3oBhIBATH B aTpUOYT
KJIacca acCOIMalMM C COOTBETCTBYIOUIMM TUIIOM. Mex 1y 00beKTaMU, COOTBETCTBYIOIIUMU
TepMaM-apryMeHTaM 13 (PaKTOB, OMUCHIBAIOIINX MMPEAUKAT, YCTAHABIUBACTCS CBS3b.
Kaxnprit mpenukar, onuchiBaeMblidi (DakTamMu 0e€3 TMEepEeMEHHBIX, MMEIONIUH IO OJHOMY
apryMeHTy MOJIb30BaTEICKOTO U MPOCTOrO THIIA, CIEIyeT MpeoOpa3oBhIBATH B aTpUOYT
KJIacca-apryMeHTa COOTBETCTBYIOUIETO MPOCTOTO THUIA MOIITHOCTH «*».

Kaxnpiii mpenukar, onuceiBaeMblii pakTamMu 0e3 MepeMEeHHbIX, UMEIOUINA OJUH apryMEHT
MOJIb30BAaTENbCKOTO THUMA M 2 WM OoJieeé apryMEHTOB TMPOCTHIX THIOB, CIEIYET
npeoOpa3oBLIBATh B ACCOIMAIIMIO MOIIHOCTBIO * ¢ OOOMX KOHIIOB MEXIY KIACCOM-
apryMEHTOM M BCIIOMOTaTEJbHBIM Ki1accoM. Kakaplii apryMeHT HpOCTOrO THIA CIERYET
npeoOpa3oBbIBaTh B aTpHOyT JAaHHOTO KJacca, MMEIOLIUI COOTBETCTBYIOUIMMA TUI. Mexay
00BEKTaMH, COOTBETCTBYIOIIMMHU TEpMaM-apryMeHTaM U3 (aKTOB, OIHKCHIBAIOIINX
MpeANKaT, yCTAaHABIUBAETCS CBSI3b.
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4. Kaxnaplii mpeaukaT, OnMChbIBaeMbIi (GakTamMu 0e3 NMepeMEeHHBIX, HE UMEIOIIUN HU OJHOTO
apryMeHTa I0Jb30BATEIBCKOr0 TUIIA U MPOU3BOJIBHOE KOJIWYECTBO APTYMEHTOB IMPOCTHIX
TUTIOB, CJEeAyeT mpeoOpa3oBeIBaTh B Kiacc. [Ipu 3TOM KaXKIbld apryMeHT CleIyeT
npeoOpa3oBbIBaTh B aTpUOYT Kilacca, UMEIOUINI COOTBETCTBYIOLINI THII.

5. Kaxnplii mpenukar, onuchbiBaeMblid XOTsI ObI OJHUM TMPABUIIOM, UMEIOIIUNA OJUH apryMEHT
MOJIB30BAaTEIbCKOIO THUIIA W HU OJHOIO apryMeHTa mpoCTOro THUIA, CIEIyeT
npeoOpa3oBEIBaTH B OyJIeB METOI Kiacca-aprymenTa. Temo metona Ha si3eike OCL crienyer
TE€HEPUPOBATH N0 AHAJIOTUHU C TE€HEPALMEN COOTBETCTBYIOIIETO 3alpoca Il MPaBbIX YyacTen
npaBui (CM. IpeoOpa3oBaHue 3aIPOCOB).

6. Kaxnmplii mnpeaukar mpoyero BUIA CIEAyeT NpeoOpa3oBbIBATh B OMNEparuio. TUIoM
BO3BpAIllaeMOT0 3HA4YeHHs omepanuu OyneT OyleB THUI B cioydyae, €Clu y NpeauKara
UMEIOTCSI TOJIBKO BXOJHBIE ApPIYMEHTBI, W MYJbTUMHOKECTBO KOPTEXKEH, 3IIEMEHTHI
KOTOPBIX HMMEIOT THUIIbI, COOTBETCTBYIOIIME THUIAM BBIXOJHBIX W BXOJHBIX-BBIXOJHBIX
apryMEHTOB NPEIUKATOB, B IPOTUBHOM cilydae. B ciydae, eciin y npeaukara umeercs XOoTs
Obl OJIMH BXOJHOW apryMeHT I0JIb30BATENBCKOTO THUIIA, ONeparus J00aBIsIeTCs B Kiacc,
COOTBETCTBYIOIIUA THUITy OJHOTO M3 TAKUX apryMeHTOB. [Ipum 3TOM COOTBETCTBYIOIIMI
apryMeHT yAalsieTcs U3 omepaluu (CTaHOBUTCS HesIBHBIM aprymeHToMm self). B cimyuae, ecnu
y Tpenudkara uMeeTcs XOTS Obl OJWH BBIXOJHOM WM BXOIHOW-BBIXOJAHON apryMeHT
MOJIb30BAaTEIbCKOTO  THUMA, oOmNepanus Jo0aBiseTcs Kak craTudeckas B Kiace,
COOTBETCTBYIOIIUI TUITY OAHOTO U3 TAKUX apryMeHToB. Ecinu y mpeankara HET apryMEHTOB
MOJIb30BATEIBCKUX THUIIOB, METOJ JOOAaBISETCS KaK CTaTHYECKH B CIY»KEOHBIH Kiacc
«Predicates». HegeTepMruHUPOBAaHHOCTH BBIOOPA KJlacca pa3periacTcsi ¢ MOMOIIBI0 METPUKHU
«KJIacC C HauMMEHBbUIMM 4YHCJIOM onepauui». Temo meroma Ha sa3sike OCL cienyer
TE€HEPUPOBATH N0 AHAJIOTUHU C TE€HEPALMEN COOTBETCTBYIOIIETO 3alpoca Il MPaBbIX YacTen
npaBui (CM. IpeoOpa3oBaHuE 3aIPOCOB).

[lepeiinem k mpeoOpazoBaHuio 3ampocoB. CHaydajga paccMOTPUM MpHUMEpP NMpeoOpa3zoBaHMSL.
BepHemcs k paccMOTpEeHHOMY paHee 3alpocy Ha MOJYyYeHHE BCEX COTPYJIHUKOB 3aJIaHHOTO OTJeNa
Mmyxckoro moma «works(P, dep(“ISP RAS”, technical)), male(P).». HamomuuMm, 4To oTBETOM Ha
naHHblid 3ampoc Oymer «P = p(“Andrey”, d(21, 02, 1986)).». JlamHomy 3ampocy Oymaer
COOTBETCTBOBATh 3aIPOC U3 JIUCTUHIA 2.

PaccmoTpuM cTpyKTypy AaHHOTO 3ampoca K MOJenu. B HeM ocyliecTBisieTcss urepauus 1o
BCEM »HK3eMIuisipaMm accouuauuu «works» u kmacca «Person». BpIOOp HaHHBIX KOJUIEKIMMA
OoOyCIIOBJICH = MpeAuKaTaMH, BXOJSMIIMMH B HCXOOHBIA 3ampoc. B pesynbrupyroiee
MYJIbTUMHOKECTBO JT0OABIISAIOTCA T€ M TOJIBKO Te 00BEKTHI kiacca «Person», KOTopble BXOAST B
KauecTBE IMEPBOT0 apryMEHTa B JIK3EMIUISApP «WOrks», BTOPBIM apryMEHTOM KOTOPOTO SIBISICTCS
00bekT «depl» kmacca «Department», U UMEIOT «true» B KayeCTBE 3HAUCHUs aTpuOyTa «maley.
Bribop Takux ycnoBuii oTOOpa OOYCIIOBIIEH KOHCTaHTOM, MEPEMEHHOH W BTOPHIM IPEIUKATOM
3anpoca. OTBeToM Ha 3anpoc Oynet sBisaTbes «Bag {Tuple {P = @pl}}». Herpynno 3ameTuTs, 9To
OTBEThl HA 3alpoc K MporpaMmMe M K MOJEIU COBMAJAIOT C TOYHOCTHIO [0 pa3iuuyuil B
TEPMUHOJIOTUU JIOTHYECKUX TPOrpaMM M OOBEKTHBIX Mojenei. JlecTBUTENbHO, OOBEKT «pl»
kiacca «Person» cootBercTByeT Tepmy «p(“Andrey”, d(21, 02, 1986))».

works::allInstances () ->iterate(el: works; resl: Bag(Tuple(P: Person)) = Bag {} |

Person::alllnstances () ->iterate(e2: Person; res2: Bag(Tuple(P: Person)) = resl |

if el.warg2 = depl and el.wargl = e2 and e2.male

then res2->including (Tuple {P = e2})
else res2

Jluctunr 2 — 3anpoc K MoIy4eHHON MOIeTH

3aMeTHM, 4TO MPEICTABISAETCS BO3MOKHBIM MOCTPOHUTH OOJIee MPOCTOM, HO YKBUBAJICHTHBIN
paccMoTpeHHOMY 3amnpoc. OH umeet cienytomuii Bua «depl.wargl->select(male)». OnHako 11e1b10
SBIISJIOCH CO3/IaHHWE YHHBEPCAILHOTO alropuTMa mpeoOpa3oBaHUs 3alpocoB, pabOTAIOMIETo IS
MIPOU3BOJILHOTO 3arpoca W 00JaJaloliero CBOWCTBOM paBEHCTBa OTBETOB M, KaK CIEICTBUE,
MOATBEPXKAIONIETO, YTO PACCMOTPEHHOE IMPeoO0pa3oBaHWE MPOrpaMM B MOJEIH COXPAHSET
cemanTuky. Ha nmanHoM »srame wucciemoBaHus mpeoOpasoBaHusi mporpamm Ha Visual Prolog B
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Mozenmn UML BOIpOCHI CIOKHOCTH M CKOPOCTH BBIYMCIICHMs 3aIIpoca HE PaccMaTPUBAIIMCH.
OnHako B X0/1¢ JaTbHEHIIINX UCCIEA0OBAaHUHN B ATOM 00JIACTH HAa HUX CJIETyeT OOpaTUTh BHUMAHHE.

PaccmoTpuM anroputMm mnpeoOpazoBaHMs 3arpocoB. BhIUUCIEHHE OTBETa Ha 3ampoc K
JIOTUYECKOW MporpamMme OCYIIECTBISIETCS MOCPECTBOM MOJIHOTO Iepedopa ¢ Bo3BpaTtamu. B cBsizu
C ATUM COOTBETCTBYIOLIMH 3ampoc K MOJEIH MOXHO CTPOUTh B BHJE HUTEpallM 1O Habopy
KOJUIEKIIMI C MOCJIEAYIOMKUM OTOOPOM 3JIEMEHTOB. J[JIsl Ka)XJ0ro Mpeaukara cieayeT Mo ouepeau
paccMaTpuBaTh MPEANKATHI, BXOASIINE B UCXOAHBIN 3aIPOC, U B 3aBUCHMOCTH OT TOTO, TI0 KAKOMY
MpaBUy OHU TpeoOpa30BaHbI, N00aBIATH K HAOOpYy KOJUICKIIMK Tiepebopa M YCIOBHIO OTOOpa
HOBBIE 3JIEMEHTBHI.

Ecnu mpenukar «p» mpeoOpa3oBaH B KJIacc, KJIacC acCOLMAllMM, acCOLHUAINio, TO B HaOOp
nobasinsieTcst koyutekuus «p::alllnstances()». B ycnoBue or6opa no0GaBisieTcsi paBeHCTBO aTpUOyTOB
AJIEMEHTA KOJJIEKLIIMY KOHCTAaHTaM WJIH 3JIEMEHTY, COOTBETCTBYIOLIEMY TOU e MepEeMEHHOM.

Ecmu mpeaukar «p» mpeobOpa3oBaH B OyineB arpuOyT WM oOIlepaunuio 0e3 apryMeHTOB
(mpeaukaT ¢ €IMHCTBEHHBIM apryMEHTOM I10JIb30BAaTEIbCKOTO THMA, MPEOoOPa30BAaHHOIO B KIJIacc
«T»), apryMeHT COEepKHUT MepeMeHHbIe, TO B Habop nobasisiercs komutekuus «1::alllnstances()». B
ycioBue oTOopa Ao0aBiseTcs 3HaUeHHe OyieBa aTpuOyTa WM OTIEpAIMH dJEMEHTa KOJUIeKIuu. B
cllyyae, €clii apryMeHT MNEepEeMEHHBIX HE COACP)KUT, KOJUICKIHsS ocTaeTcs 0e3 u3MeHeHuil. B
ycioBue orOopa goOaBisercs 3HavyeHWe OyneBa arpulOyTa WIM  ONeparuu  OO0BEKTa,
COOTBETCTBYIOIIETO apTyMEHTY MPEIUKaTa.

Ecam nmpenukat «p» mpeoOpa3oBaH B aTpuOyT (Omepaiuio) MPOCTOrO THUIA MOITHOCTBIO *
(mpeaukaT ¢ AByMs apryMEHTaMH: OJHUM TOJb30BaTEIBCKOTO THUIA, MPEOOPa30BAHHOTO B KIIACC
«T», ApyruM mpOCTOro TUMA), apTyMEHT MOJb30BaTEIbCKOTO THMA COAEPKUT MEPEMEHHBIE, TO B
Habop nobapmstorces komneknuu «T::alllnstances()» u  «p» («p()»). Ecmum ke aprymeHt
M0JIb30BATEIBCKOTO THIA TEPEMEHHBIX HE COJEPKUT, B HAOOp JOOABISAIOTCS KOJUICKIUU «O.p»
(«o0.p()»), TAE «0» — OOBEKT, COOTBETCTBYIOIINI TEPMY-IIOJIH30BATEILCKOMY apryMeHTy. B obomx
Clly4asix B YyCIIOBHE OTOOpa a00aBiSeTCs pPaBEHCTBO JJIEMEHTAa KOJUIEKIIMM KOHCTAaHTE WU
3JIEMEHTY, COOTBETCTBYIOLIEMY TOMU kK€ IIEPEMEHHOM.

B ocranbHBIX chyyasix, €ciaM y IpeauKatra «p» UMeeTcsl XOTS Obl OJMH BBIXOAHOW WIIH
BXOJIHOM-BBIXOJTHOM apryMEHT, TO B Ha0Op M00aBIsSETCS KOMUIEKIHS «O0;1.p(02, .., 0n)» wiu «T::p(oy,
<y Op)», TAE «O1», ..., €Op» — TEPMbI, COOTBETCTBYIOIINE BXOAHBIM apryMeHTaM Ipeaukara, a «T» —
KJIacc, B KOTOPBIM Jo0aBiieHa ornepaius, COOTBETCTBYIOIIas «p». B ycnoBue orOopa nobasisercs
PaBEHCTBO aTpUOYTOB 3JIEMEHTa KOJIJIEKIIUU KOHCTAaHTaM WJIM 3JIEMEHTY, COOTBETCTBYIOIIEMY TOM
ke TepeMeHHOU. Ecnmu ke y mpeamkaTa MMEIOTCS JIMINb BXOAHBIE apryMEHTHI (ClieZ0BaTeIbHO,
MMOCTPOCHHAsT 10 HEMY OIllepalids BO3BpallacT 3Ha4YeHHe OylieBa THUIA), CIIMCOK OCTaeTcs 0e3
u3MeHeHnii. B ycioBue orbGopa  jmo0aBisieTcs  BBI30B  ONEpallMd € apryMEHTaMH,
COOTBETCTBYIOIIMMHU apryMEeHTaM MpeInKaTa.

PazpaboTtanHoe mporpaMMHOE CPEIICTBO, OCYLIECTBISIONIEE MpeoOpa3zoBaHuEe MPOrpaMM Ha
s3pike Visual Prolog B momenun UML, ocHOBBIBaeTcs Ha c(pOpMYyIMPOBAHHBIX BBIIIE TTPaBUIaX.

B kadecTBe cpencTBa AJA CO3MaHUS aHAIM3AaTOpa BXOTHOW MPOTrpaMMbl OBUT HCIIOJIB30BaH
ANTLR [6]. D10 cpeactBo mpuHumMaer Ha Bxonx LL(k) rpamMmmaruku, a Ha BBIXOJ€ TIO3BOJISET
MOJTyYUTh UCXOJHBIN KOJI aHAIM3aTOpa HA OJHOM M3 S3BIKOB MPOTPAMMHUPOBAHUS, B YACTHOCTH Ha
s3pike Java. B xome paspabotkm Obuta co3mana LL(1) rpammarmka si3eika Visual Prolog,
BKIJIIOUAKONasi B ceOs TakXkKe OMHCAaHWE CTPYKTYphl JepeBa mporpammbl. [lo paspabGoranHHOMA
rpammaTuke ¢ nmoMoribio ANTLR ObT momyueH UCXOIHBIA KOJI CHHTAKCHYECKOTO aHAIM3aTopa Ha
A3bIKe Java.

ANTLR no3BojsieT Takke OnucaTh Tak HA3bIBAEMYIO I'PaMMATHKY JEpPEBa, B KOTOPOW s
KaXX/10l1 4aCTH MOJy4YE€HHOTO JIepeBa MOXKHO 33/1aTh KOJI, KOTOPBIi OyneT BHIMOTHATHCA. Takol Ko,
KaK TMpaBUJIO, CO3AAaeT OOBEKTHl KJIACCOB, C IOMOIIBI0O KOTOPBIX OIKCHIBACTCS BHYTPEHHEE
MPEJICTABJICHHE MPOTPAMMBI, M HAJIAXXUBAET CBS3U MEXIYy OOBEKTaMH JTHX KiIaccoB. B xoxe
pa3paboTku ObUT pa3paboTaH HAOOP KJIACCOB BHYTPEHHETO MPEICTABICHHUS] NPOTPaMM Ha SI3BIKE
Visual Prolog, a Takxe co3gaHa rpaMMaTHKa JepeBa, UCIOJIb3YIOIIas JaHHble Kiacchl. [1o maHHOM
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rpamMmatuke ¢ omomibio ANTLR ObuT monmyueH MCXOAHBIN KOJ CEMAaHTHYECKOTO aHAJIM3aTopa Ha
s3pIKE Java.

B xagectBe cpenctsa it renepanuu moaeneit UML ucnons3oBanack cucrema Eclipse MDT
[7]. DTO cpencTBO COAEPX HUT OAHY W3 Hambojee MOJMHBIX peanm3anuii metamonenu UML 2 u
ABIISICTCA JIOTIOJIHEHMEM K H3BECTHOM cpexne paspabotrku Eclipse. B xome paspaboTku ObLl
peanr30BaH KJIacc, AHAIMU3UPYIOMIUM TOJYYEHHOE BHYTPEHHEE IMPEICTABICHUE MPOTPAMMEI.
CHavana aHanmu3upyetrcss wHQOpMAIUS O TUMAX, 3aTeM O TMpeauKaTax. B cioydae HaxoXIeHUs
COOTBETCTBHUSI BHYTPEHHETO TMPEJCTABICHUS OJHOMY M3 IpaBUJ MpeoOpa3oBaHMs AaHHBIA Kilacc
obpamaercs k Eclipse MDT st 3anucu COOTBETCTBYIOIIEH YacTH MOJICITH.

- — — -  —_— 1

CeMaHTHUECKHH
AHATH3aTOP

CHHTaAKCHYeCKHH
aHaJIU3aTop

Ha OCHOBE
TIPABHII

oniesib UML

Ilporpamma Hy
Visual Prolog
L

JepeBo
MTPOTPaMMEI TIpeJicTaBIeHHE
- - — — — — — — — — -mporpammsl| Eclipse MDT |

|BHyIpeHHee|

Puc. 3 — KoMImoHEHTHI CpeIcTBa M B3aUMOICHCTBIE MEKTy HUMH

Urak, B3auMOJeHCTBHE MEXKIy KOMIIOHEHTaMU CPEACTBA MOXKHO MPEACTABUTh CXEMOI,
noka3aHHOH Ha pucyHke 3. Heo0X0aMMo OTMETUTh, YTO Takasi cXxema Mo3BoJIsieT 6e3 0oco0oro Tpyaa
U3MEHATh MpaBWa MOCTPOCHUS MOJENEH B XOJA€ SKCIUTyaTallud CPEACTBA, T.K. OT HUX 3aBUCHUT
JIMIIB COOTBETCTBYIOLINI KOMIIOHEHT-IIPe00pa3oBaTeb.

PesynbraTamu uccnenoBaHMs SBISIOTCS COCTaBJIEHHBIE MpaBUila MpeoOpa3oBaHus MporpaMm
Ha s3pike Visual Prolog B momenn UML, koropsie 00ecneuMBaIOT COXpAaHEHHE CEMaHTUKU
UCXOJHOM NpOrpaMMbl, M pPa3pabOTaHHOE MPOrPaMMHOE CPEACTBO, KOTOPOE OCYLIECTBISIET
npeoOpa3oBaHue MO ATHM mpaBuiamM. HabGop mpaBui mocTpoeHus Mojeneil BKIouaeT B cels
IpaBuUiIa INpeoOpa3oBaHMs 3alIPOCOB K MCXOJHOW MPOrpaMMe B 3allpOChl K MOCTPOCHHONW MOJENN
TaKye, YTO BBIMOJIHAETCS YCJIOBHE paBeHCTBAa OTBETOB. [loiyueHHBIE pe3ynbTaThl MOTYT OBITH
UCIOJb30BaHbl JJIs1 PEUH)XKEHEPUU IPOrpaMM, HANUCAHHBIX Ha OOBEKTHO-OPHMEHTUPOBAHHBIX
nuainekTax s3bika [Ipotor.
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Hcnonb30BaHrWe TEXHOJOTHH YIIPABJICHUS 3HAHUSMH CTAHOBUTCS B TOCIEIHHE TOJIBI BCE
Oonee BOCTpeOOBAaHO TIPH pa3padOTKE CIOXKHBIX MPOTrpaMMHBIX cHCTeM. He wuckimoueHneM
SBIIIIOTCST W BEO-CUCTEMBI, TaKue Kak, Hampumep, noptanbl. [1, 2] HaBuranmonHas Mojenb
SIBJISIETCSI OJHUM M3 BaXXHEUMIIMX acCleKTOB, XapakTrepusyrommux noptan [3]. HaBuranumonnas
MOJIETb 337]a€T CTPYKTYPHI IS MIPEACTABICHUS PeabHBIX 00BEKTOB U CBsi3el Mexay HUMHU. Llenbio
MTOCTPOCHHUSI MOJIEIIU SBJIIETCS CTPEMJIICHUE BBISIBUTH CBS3H MEKAY MH()OPMALIMOHHBIMU O0bEKTAMHU
JUTSL PEIIeHUs] KOHKPETHBIX 3a/1a4 MOJIh30BATEIS.

JlanHble Ha MOpTaje MPEACTABJICHbl KaK MHOXXECTBO B3aMMOCBS3aHHBIX MH(DOPMAIIMOHHBIX
00bekToB (MO). B obmem ciyuae xkaxapiii MO cOOTBETCTBYET HEKOTOPOMY MOHSTHIO OHTOJIOTHU
(sIBJISIETCA €ro SK3EMIUIAPOM) M MMEET 3a/laHHYI0 OHTOJIOTHEH CTPYKTypy. MexXIy KOHKpETHBIMU
NO cymecTBYIOT CBS3M, CEMAaHTUKA KOTOPBIX OINMPEAETSETCS OTHOIICHUSMHU, 33JaHHBIMH MEXKIY
COOTBETCTBYIOIIMMH TOHITHSAMU OHTOJOTUHU. CoBOKYyMHOCTh Takux MO m ux cBsizeil oOpasyer
MHPOPMALIMOHHOE COoJIepKaHue (KOHTEeHT) nopTaina. OJHOBPEMEHHO C TAaKUMHU CBS3SIMH MEXITY
KoHKpeTHbIMU MO MOryT CylecTBOBaTh JOMOJHUTENbHBIE CBA3M, CEMAaHTUKA KOTOPBIX
OTIPE/ICTISICTCS OTHOIICHUSMH, OTPEICIIIEMbBIMU TIpU aHanu3e TPeOOBaHUN TMOJIb30BATENS K
MIPOCKTUPYEMOM CHCTEME U 00eCIIeunBaOIIMMH YI00HYyI0 HaBuramuio mexay MO nmoprana. HaGop
TaKHX CBS3€ COBMECTHO C JOTOJHUTEIHHO BBEJCHHBIMU KOHIICTITAMH, MO3BOJISIFOIIIMMH CTPOHTH
3¢ (}EeKTUBHYI0O HAaBHTallMIO0 [0 MOPTaly, 00pa3yl0T HAaBUTAIMOHHYIO MOJEIb, IMPEICTaBICHHYIO
OHTOJIOTHEH HaBUTAlUH [4].

Bces mndopmanus 0 KOHKpEeTHOM OOBEKTE M €ro CBsA3sX oToOpaxaercs B Buge HTML-
CTpaHUIlbl, (OpMAT U HAMOITHEHHE KOTOPOU 3aBUCAT OT KJIacca JAaHHOTO 0OBEKTa W 33JaHHOTO IS
Hero 1ma0ysoHa Busyanu3amuu. [Ipu 3TOM OOBEKTHI, CBS3aHHBIE C JaHHBIM OOBEKTOM,
MPEJICTABJISAIOTCS Ha €r0 CTPAHUIE B BUAC TUIEPCCHUIOK, MO KOTOPHIM MOXHO TMEpPEUTH K HUX
JeTanbHOMY onucaHuio. [ljig 60nbInX COUCKOB (QOPMHUPYETCS COCTaBHAs CTpaHUIlA, BKIIIOYAIOIIAs
CIHUCOK CTPAHMII C DJIEMEHTAMU HaBUTALIUU TI0 ITOMY CITHCKY.

HaBuranuss mo naHHBIM mMoOpTajia MpeacTaBisieT coOoil mpolecc mepexoja OT OIHHUX
nH(OPMALIMOHHBIX OOBEKTOB K APYTUM IO 3aJlaHHBIM MEXIy HUMH CBs3sM. Hampumep, mpu
pocMOTpe MH(MOPMALIMKU O KOHKPETHOM IPOEKTE MBI MOKEM BHUJAETH 3HAUCHUS €ro aTpuOyTOB U
€ro CBSI3M C JIPYTUMH OOBeKTaMu. Vcmonb3ys TMpeCTaBICHHBIE CBS3W B KadeCTBE AJIEMEHTOB
HaBUTAIMH, MOKHO MEPEUTH K MPOCMOTPY NOApoOHONH MHPOpMaINK, KaK MO MPSMBIM CBS35M, TaK
U 110 O0paTHBIM

Cyl11ecTBYIOT pa3iMyHbIe TUIIBI HABUTAIIMH, KOTOPbIE pa3pabOTYMK MOXKET UCIIOJIb30BATh MPU
MMOCTPOCHUH HABHUTAIMOHHON Mojenu. Kaxaplii U3 3TUX THIOB OOECIIEYUBACTCS CHEIHATBLHBIMH
BU3YyaJbHBIMU KOMIIOHEHTAMHM, pa3MellaeMbIMU Ha CTpaHULAX MOpTajia, HampuMep TaKUMH, Kak
BHEJPEHHBIC CCBHUIKU, HABUTAIIMOHHBIC TTAHEIH, 3aKJIaJIK1, TOMCKOBBIE (DOPMBI, KAPTHI CAUTOB U .
[3].

I'o6anbHasi HaBUTranus MOPTAJia MPEIOCTABISET CCHUIKA HAa OCHOBHBIC YaCTH TMOpTaa.
OTU CCBUIKM JAOCTYIHBI C JIIOOON CTpaHMIIBI MOpTajia M MO3BOJIAIOT MOJIH30BATENI0 MOIYUYUTH
JOCTYI K TPYIIIIaM PECYpCOB, OPTraHU30BAaHHBIM Ha OCHOBE JJOCTATOYHO OOIIUX KpUTEpHEB [5].

JlokajbHasi HaBUramusi TO3BOJISIET II0JI30BATENIO IEPEMEIIAThC MEXIY pecypcamu
BHYTPH IPYIIII, ONIPEENIIEMBIX II100aabHON HaBUTanuen [6].

KoHTekcTyanbHasi HaBUTanMsl TIO3BOJISIET IOJIb30BATENIO IMEpPEMEIIaTbcsd Ha PECYpPChl,
CBSI3aHHBIE C TEKYIIUM PECYpPCOM €IWHBIM KOHTEKCTOM. [IpuMepom Takoli HaBUTAIMH SIBISIOTCS
CCBIJIKM Ha COMYTCTBYIOIIME TOBAPHI, Mpe/laraeMble caiilTaMi HHTEPHET-Mara3uHoB.

ITocTpoenue HaBUTALIMOHHOU CTPYKTYPBI IIPOBOAUTCS B OIIPEIETICHHON
MOCJIeI0BATEIHHOCTH:

1. Ha ocHoBanwm aHanm3a 3aqad TIOJb30BATENSI CTPOUTCS HABUTAIIMOHHAS CTPYKTypa
(oHTONIOTHSI) BUPTYaJbHBIX CEPBHCOB, KAXKIbIH M3 KOTOPBIX ONpEAeNseT 3ampoc K
OHTOJIOTHH WU TpaHCHOPMAITUIO TAKOTO 3ampoca.

2. MHOX€eCTBO BUPTYaJIbHbIX CEPBUCOB KIACCUPUIMPYETCS M0 OJUHAKOBBIM THUIIAM 3aIPOCOB
K OHTOJIOTHH, TIO TPaHC(HOPMAILIUAM 3aIIPOCOB, 110 CIIOCO0aM MPEICTABICHHS 3aIIPOCOB.
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3. C KaxapIM 3apocoM CBSI3bIBaCTCSI KaKOW-THO0 KOHTEHT-TUIl. Eciiy Takas CBsi3b BO3MOXHa,
TO y3€JI HABUTAallMOHHOM CTPYKTYpPbl OTMEUAETCs MPUHAMJICKHOCTBIO K 3TOMY THUILY, €CIU
HET — OTMEYAETCs KaK BUPTYaIbHBIN CEpBHUC.

4. HaBuranuoHHas CTpyKTypa HpeoOpazyeTcsi B HEpapXUUYECKOE JIepeBO KOMIIOHEHTOB U

CEPBHCOB.

[Ipou3BoauTCs reHepanys noprania.

6. Ilocne BbIssBIEHUS HAOOpa BUPTYAIBHBIX CEPBHCOB, HE CBS3aHHBIX C KOMIIOHEHTAMH
CUCTEMBbI, IPUHUMAETCS pelIeHre 00 WX peanu3aliy KakJoro Jud0 B BUIE CIIEHUATbHOIO
KOMIIOHEHTa C XPaHEHHUEM €ro 3K3eMIUIIPOB B 0a3e JaHHBIX, TUOO B BHUJE MPOTPAMMHOIO
KOMITOHEHTA, BBIMOJHAIOIIETO 3allpoc K CUCTEME XPaHEHHUs JAaHHBIX U OTOOpakarollero
pe3yNbTarT 3arpoca B HEKOTOPOM I1abJI0HE TIPEICTaBICHHUS.

7. Jns BceX KOMIIOHEHTOB MPUHHUMAETCS pelIeHre O pa3paboTKe TOMOIHUTENbHBIX a0I0OHOB
MIPEICTABICHUS (BUIOB), COOTBETCTBYIOLIUM TpeOOBaHUSIM MpeACTaBICHUS
II0JIL30BaTEIbLCKOM 3a1aUH.

Jlns  obecriedeHuss Takoro Tmpolecca HeoOxonuMa — crenuduKanus MOIEIH U
COOTBETCTBYIOIIME HHCTPYMEHTaIbHbIE cpencrBa. Popmann3anuss HABUTAMOHHOW MOJENH
obecrieyeHa CIEUalbHO CO3JaHHOM OHTOJIOTMEW HaBUTAllMM, CXeMa KOTOpOHl NpeicTaBieHa Ha
pucyHke 1.

e

¥ Thing

Puc. 1 — CxeMa OHTOJIOTHHM HaBHUTAIlMH

B npencraBnennoit ontonoruu konnenus «Y3em» (Node) mpencrasiseT nHGopManoHHbIS
00BEKTHI, KOTOPBIE pa3MelleHbl Ha mopTtajue. i Kakaoro ys3ia ¢ MOMOIIBIO COOTBETCTBYIOIIMX
CBSI3€H OTIPEJICIICHBI CIEAYIONIUE aTPUOYTHI:

e Unique ID — yHukanbpHBIA UASHTU(UKATOD Y3714,

e Title — HaumeHOBaHUE y371a;

e AssociationWithType — omnpenensier THI HHPOPMAIIMOHHOTO 00BEKTA, C KOTOPBHIM CBSI3aH
y3elt;

e AssociationWithTask — ompegemnsier cBsi3b y31a € MOJIB30BATEIbCKUMHU  3aa4aMH,
OTpe/ieIEHHBIMU B OHTOJIOTHH MOJIb30BATENbCKUX 3a/1a4.

Cesi3u MEXIy y3laMH, YCTaHABJIMBAIOIIMMU HABUTAIIMOHHYIO CXEMYy, MPEICTaBICHBI B
oHTONorun KoHuenuuen Path. Kaxnaplii wHAMBHIyanm 3TOro Kiacca ompeneiseT BO3MOXXHOCTH
HABUTAIMOHHOTO TIEPEXO0Jl C OJHOTO y3Jla Ha JApPYroid, a Takxke ompenenser taun ysna (local or
global) mo HanmMuMIO0 COOTBETCTBYIOMIEH CBsI3U ¢ KoHIenuer Navigational Type.

Oco0oe BHHMaHHE TMPHU Pa3pabOTKE OHTOJOTUW HABUTAIMH CIEAYyeT YIEINTh HaBUTAIlUU
MEX/y MHIUBUIYaJlaMU OHTOJIOTHH, IMOCKOJIbKY MX 3HAYEHUS SIBISIFOTCS OCHOBHBIM HCTOYHHKOM
3HaHWW NS Tosib3oBareseil. C ATOW TOYKM 3peHHUs BaXKHO MOJICPKUBATH HE TOJHKO HABUTALIUIO
yepe3 HEepapxuio HacJeAOBaHUs, OonpeiessieMyro oTHomeHusMu is-A, subClassOf u T.m., HO u
JOPYTUMH BUJAMU OTHOIIICHUH.

YuuteiBas ¢GakT, 4TO Ppa3pabOTYMKKA BEO-TIPHIIOKEHUH YacTO HE HUMEIOT JOCTATOYHON
MOATOTOBKH B OOJIACTH yMpaBJICHHUS 3HAHWSIMH, aKTyalbHOW SBISETCS 3ajJada CO3/IaHUS
MHCTPYMEHTAJIbHBIX CPEJCTB, MO3BOJISIOMIUX 3aMOJHATh HABUTAIIMOHHYIO OHTOJIOTHIO, MCIIONb3YS
CEMaHTHKY, XapaKTEePHYIO JUIsl TAKUX TOJIb30BATEIICH.

Penakrop HaBUrallmOHHON MOJENW MpeAHa3HAueH IS 3aloIHeHHs 0a3bl JaHHBIX OHTOJIOTUU
HABUTAIMH IyTEM CO3/IaHusl OOBEKTOB OHTOJIOTMYECKHX KJIACCOB, BXOJAIIUX B €e 0a3y 3HaHMIA.
PesynabraTrom paboThl pemakTopa SBISETCS HaBUTALMOHHAS MOJEJNb, JA0lias MpPeCTaBICHUE O
CTpYKType HaBUTAIMOHHOTO rpada, o cBsI3uM y310B Tpada C 3agadyaMd TIOJIB30BATENST U C
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WH(OPMALIMOHHBIMU O0BEKTaMH, TPEICTABNISIONIMMUA HABUTAIIMOHHBIC Y37l Bbraenum 3amauw,
peliaeMble ¢ TOMOUIBIO PelaKTopa:
® CO3gaHHuC O6’beKTOB, NpEACTABIAIOMIUX B MOJACIN IMTOHATUC «Y3CII»,
® PEIAKTUPOBAHHUE CBOMCTB y3JI0B HABUTAIIMOHHOW MOJIETIH;
e ompejeNieHUe CBA3EH MEXIy y3J1aMU C BOZMOXKHOCTBIO crieln(UKaIiy BUAa CBSI3U — CBSI3b
«11€7I0€-9acThy» WIN CBA3b TUIA «BHEIIHAS CChLIKa)
® BH3yaJIbHOE OTOOpAKECHHE MOCTPOCHHON HABUTAIIMOHHOW CTPYKTYPHI,
¢ BO3MOKHOCTH CBA3BIBAHUA Yy3Jia € 3aJa4aMH IMOJIb30BATCIIA, PCUICHUC KOTOPLIX CBA3AHO C
MOCEIICHUEM IAaHHOTO Y3J1a;
® BO3MOXXHOCTb CBSI3bIBaHMS y371a ¢ MH(QOPMAIMOHHBIM OOBEKTOM, MOCTABISIOIIUM JIaHHBIC
JUTSL OTOOPaXKEHUS COJIEPKUMOTO y371a.

JIONOJTHUTENBHBIM TPeOOBAHUEM SIBIIACTCS pealn3alus peJaKkTopa B BUIEC BEO-IPUIIOKEHUS,
MO3BOJISIOIIETO MTPOU3BOIUTH COBMECTHYIO pa3pabOTKy HABUTALIMOHHOW MOJIEIH.

VYder crnenupuueckoil CEMaHTUKU TOJb30BATENS MPOU3BOJIUTCS MPEJOCTABICHHEM €My
CHEIMaIbHBIX KOMIIOHEHT M Olepanuil Haj HUMH, OTPAKAIOUUMHU NPUBBIYHBIE €My MOHATHS.
[lepBoHayanibHO  peanu3alMM  peJaKTopa  HABUTAllMOHHOM  MOJENM  OCHOBBIBAJIACh  Ha
HCIIOIb30BaHUH OOBEKTHOM MOJIEIH, MMPEICTABIICHHON Ha PUCYHKE 2.

==ctyb== o=
Task 1 1 Cormpanent
AsgsociatiomithT ask 1 AssaciatiorWithType
1
MavMode 0+
title : string
description ; text . LinkTo
nodetype : string 0.
Fo———
0.1
n.=*
Subrode

Puc. 2 — O0bekTHas MOJIENb PeaTu3aliui PeaakTopa

Knacc «NavNode» mpenHasHaueH Al IpEICTaBICHHUSI B MPOrpaMMe KOHLIENTAa OHTOJIOTUU
«Node». Jlns onpezneneHust ri100agbHOTO MM JIOKAJIBHOTO THUIA Yy371a HCHOJIB3YETCSl CBOHCTBO
nodetype.

Knaceer «Task» m «Component» SBISIOTCS BHEIIHUMH KJIAaCCAMHU IO OTHOIICHHUIO K
paccmatpuBaeMoil 0OBEKTHON MOJAENH U MpeJHa3HAUYEHbI JUIsl MPEICTaBICHHS MOJIb30BaTEIbCKUX
3a7a4 ¥ UH(HOPMAIIHOHHBIX OOBEKTOB COOTBETCTBEHHO.

CgoiictBo SubNode mo3BOMSIET CTPOUTH HEPAPXUUECKYIO CTPYKTYPY Y3JIOB, OOBIYHYIO ISt
CTPYKTYpHhI caliTOB, a cBOHUCTBO LinkTo — KOHTEKCTyalIbHYIO0 HABUTAIIHIO.

Hcnonb30oBaHne TakMX OOBEKTOB TIO3BOJIIET CTPOUTH OHTOJOTHUIO KakK OOBEKTHO-
OPHECHTUPOBAHHYIO CEMaHTHUYECKYIO CEThb, KOTOpas 3aTeM MOXET ObITh TpaHC(POpPMHpPOBaHA B
onucanue Ha si3p1ke OWL.

Cuctemoii peanuzanuu penakropa BeIOpaHa cuctema ympasieHus coaepxkumbiM CMS Plone,
MTO3BOJISIONIAs peaTu30BaTh TpeOoBaHUE 00 00ECTICUCHNN COBMECTHOM pa3paO0OTKU HaBUTAIIMOHHOM
MOJICNIM, M TPENOCTaBISIOMAs BO3MOXHOCTb XPAaHEHHS OHTOJIOTMUM B BHIE OOBEKTHO-
OPUEHTUPOBAHHOM CETH B 0OBEKTHOM 0a3e TaHHBIX.
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XpaHeHne pa3paOOTaHHON OHTOJNOTHHM O0ECNEeYMBACTCS CIEIHATBHBIMA  aJalTepaMu
XpaHEHUus, ONpPEIENSIOIUMUA CIoco0 XpaHeHHs] — OOBEKTHasl WM peNsluOHHas 0a3a JaHHbIX,
TekcToBbI (aitn B  Qopmare OWL. Xora co3maHue MHIMBUAYAJIOB 00eCHeunBacTCs
COOTBETCTBYIOIIMMU KOMIIOHEHTaMH, MO YMOJYaHHIO XpaHUMBIMM B OOBEKTHOH Oa3ze, Takas
BO3MOKHOCTh HEOOXOIMMa JJIsl HHTETPAIlH ¢ BHEIIHUMH [TPOTPAMMHBIMHU CUCTEMaMH.

B pexume mpocMoTpa HaBUTAIMOHHOM MOJENH OTOOpa)aroTcs OOBEKThl HaBUTAIIMOHHON
MOJICNI BBHIOPAHHOTO YPOBHS BIIOKEHHOCTH, B JJaHHOM CIIy4ae — BCE€ Y3JIbl, UMEIOIIUE CTaTyc
rnobaneHeIX. JleBas wacTh OKHa penakropa oOToOpakaeT JepeBO BIIOKEHHOCTH  Y3JIOB
HaBUTALMOHHOW MojenH, Gopmupyemoe no cBsizu «SubNodey». B neHTpanabHON 4acTH pemakTopa
0TOOpakaeTcs OKHO MPOCMOTPA CBOMCTB TEKYIETo y3Ia.

[Ipn mepexone Ha Jpyroil ypoBeHb B OKHE IPOCMOTpPa MPEICTABICH CIIHMCOK Y3JI0B,
CBSI3aHHBIX C TEKYIIUM Y3JIOM CBs3bI0 «SubNode», CHMCOK CCHUIOK Ha BHEIIHHE Y3JIbI, 8 TAaKKe
MNpCACTAaBJICHBI CCBUIKHM Ha O6’beKTbI, NpEACTABIAIOMUC CBA3AHHBIC C JaHHBIM Y3JIOM 3aJaydy
MOJTK30BATENS M HA THI O0BEKTA, PETM3YIOIIETO TEKYIHi y3ei (puc. 3).

Bbl 3geck: Masxana » App_model » HaBMrauwoHHaa Mogens » YyebHble Kypohl

r Mogens GUI

= HaBuraumoHHan Mogens
éﬂ Inaexan

‘té—l CneusansHocTI

. YyebHble bl
‘%i}fueﬁhble KYPChl Kym
"%1 Azt Python ABTS admin — Monegses MaMekeHwe: 2012-03-30 14:17

- B ¥3en yyebHeIX KypcoR
"%-"Kﬂ:: MpoexTuposanke WC Type of node

3. .. Global Node
“%-’E‘qeﬁr—ue ofbeKThI

Mpocmotp | 15
Onepaumu v

Mpasuwna  CoemecTrbli gocTyn
Nokasate v  [lobasuTh HoBbIA 3nemenT v CocToRnmwe: Onyfnukosatnbid v

AssociationWithType
¥Ynpaenenue NnopTneTamu YuefHblih kypc

Nav link to node
kypc MpoekTuposatme WC
Asbik Python

AssociationWithTask
MpoCMOTP CNKCKE KYPCOB

— Contents

‘%1 Asbik Python — Astop: admin — Mocnegxes usmenenne: 2012-03-30 14:14
¥3en y4efHoro Kypca "H3blk NporpaMMUposaHdn Python”

‘%’ kypc MNpoextmposanne WC — AsTop: admin — MocnegHee usmenenue: 2012-03-27 17:13
kypc "MpoekTuposatune HC"

Puc. 3 — OkHO TpoCcMOTpa HABUTAITMOHHOW MOICITH

[Ipun BBIOOpE pexHMa «IpaBKa» B MEHIO pEAAKTOpa MPOUCXOAHUT TMEPEXO] B PEKUM
pPEOAaKTUPOBAaHUS TEKYIIErO0 y3J1a C BO3MOXHOCTBKO H3MEHEHHUs CBOWCTB y3J1a M €ro CBS3EH.
PenakTupoBanue MepapxXuvyeckoro JaepeBa MPOU3BOJUTCS MOCPEACTBOM CO3JAHUS WIW YIAJICHUS
00BEKTOB BHYTpH 00BEKTa, MPEACTABIISIIONIETO POAUTENbCKUN y3ei. [Ipu BeIOOpe 11000 CCHUIKHU B
OKHE pelaKkTopa MPOUCXOAMT IMEPEXOi] B OKHO YMPABICHHS COOTBETCTBYIOIIUM OOBEKTOM, T
JOCTYIHBI PEKUMBI TPOCMOTPA U peJaKTUPOBaHUs 00BEKTA.

[IpencraBneHHplii pegakTop (QYHKIMOHHPYET BO B3aMMOACHCTBHHM CO CIICIUATHHBIMU
pelakTopaMH OHTOJOTHH, TaKMMH KaK pEeAaKTOp OHTOJOTUM HH(POPMAIMOHHBIX KOMIIOHEHT,
pPETAKTOpP OHTOJIOTHUU TOJB30BATEIBCKOTO WHTEpdeiica, pelakTopbl OHTOJIOTUU 331a4 U T.I. Bce
3TH PENaKTOPbl UCIOJIB3YIOTCS B COCTaBE OHTOJOTHYECKOrO MOopTajia TUCTAHIIMOHHOTO OOy4eHUS
[7], m ux oOBeoWHSET eOUHBI CHoco0 XpaHCHUS OHTOJIOTHH, YTO MO3BOJIAET UM
(GyHKIIMOHMPOBATh B paMKaxX €IMHONW OHTOJIOIMYECKON MOJENU cailTa, BBIMOJHSS crennduyeckre
3amaun. [IpeoOpazoBanue B ¢popmaT OWL mpou3BOIUTCS CHEIUATBLHBIM CEPBUCOM, OOIIUM IS
Bcex penakTopoB. Emie oqHuM 001IUM CepBUCOM SIBIISIETCS CEPBUC F€HEPALMH KJIACCOB, HABUT AU
U BU3YQJIBHBIX KOMIIOHEHT. PacCMOTpeHHE ATHX CEpBHCOB BBIXOIUT 32 pPaMKH 00OCYXKIaeMOi
paboTHI.

Pa3paboranHblii pemakTop TMO3BOJSET 3alONHITh OHTOJOTHIO HABUTAIMM B PEXKUME
MOJEJIMPOBAHUs, MPEJCTABIATh €€ C HUCNoab30BaHHeM s3bplka OWL n reHepupoBaTh CTPYKTypy
caiiTa IpH BBIMOJHEHUU HEKOTOPBIX JOMOJIHUTEIbHBIX YCIOBUH.
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INPUMEHEHME A3bIKA IPOTPAMMMUWPOBAHUA C# U IIVTAT®OPMBI .NET 4.0 IS
OBBEKTHO-OPUEHTUPOBAHHOI'O MOJAEJIUPOBAHUA

Capcumbaena Cayie MycaeBHa, K..-M.H., JOICHT, 3aBeaytonias kadeapoi napopmaruku u BT,
AKTIOOMHCKHIA TOCyAapcTBeHHBIN yHIBepcuTeT uMeHu K. XXybanosa, Pecriybnuka Kazaxcran, AkTo0e,
sarsi@mail.ru
CaiimaraméeroBa A3uza 7’Kan06o1aToBHa, CTyIeHT, AKTIOOMHCKUH TOCYIapCTBEHHBI YHUBEPCUTET HMEHH
K.)Ky6anoga, Pecniybnmka Kazaxcran, Akto0e, sunrise-japan@list.ru

Ha ceropnsiminuii 1eHh 00bEKTHO-OPUECHTUPOBAHHOE TPOTPAMMHUPOBAHUE JOCTUTIIO B CBOEM
Pa3BUTHUU TOTO YPOBHS, KOT/la pa3pabOTYMKU CMOTJIM YBHUJIETh MMOTEHIIMAIbHbIE BO3MOXXHOCTH 3TOM
TEXHOJIOTUM. MHOTrMe KOMIIAHWM, MPEANPUSITHS, UMEIOT BO3MOKHOCTh OpPraHU30BBIBATH CBOIO
NeSITeNIbHOCTD, UCIONb3YysI HHCTPYMEHTHI KOMIIBIOTEPHOIO MOJAEIUPOBAHUS, TEM CaMbIM TOBBIIIAS
CBOIO TIPOU3BOJUTENHHOCTh. [JIaBHBIE JOCTOMHCTBA OOBEKTHO-OPUEHTHPOBAHHOTO IMOAXO0/a
MO3BOJISIIOT CO371aBaTh MPOEKTHI U MPOrPaMMbI ¢ THOKHM KOJOM, C BO3MOKHOCTBIO MOJIU(DUKAIINH,
YCOBEPIICHCTBOBAHUSI M IOBTOPHOI'O MCIOJB30BaHUSI TOTOBOro Koga. Tak Kak 3TOT MOIXOJ
CIIOKHJICS. HA OCHOBE MHOTOJIETHEH MpaKTHKH, OH BOOpan B ceOs Bce JIydlllMe JOCTHXKEHHS B
TEXHOJIOTUU MPOTPaMMHUPOBAHUS U UMEHHO OH SIBJISIETCS OJJHUM U3 MHTEHCHUBHO Pa3BUBAIOIIUXCS
HaIpaBJICHUH TEOPETUYECKOTO M MPUKIIATHOTO MPOrpaMMHUPOBAHUA. MBI SIBISIEMCSI CBUIETENISIMU
OypHOro pocTa MpuMeHEHUSI 00BbEKTHO-OPHEHTUPOBAHHBIX SI3IKOB B IMPOU3BOJICTBE MMPOTPAMMHOTO
obecrieueHus 3a nocienanue aecsath yetr. Kommanus Microsoft mpemmaraer Hanbojiee pa3BUTOE U
KOMIUIEKCHOE DEIICHUE ISl MPOCKTHPOBAHUS M pealM3allid MPOrpaMMHOTO OOecredeHusl Ha
OCHOBE OO0BEKTHO-OpHEeHTHpOBaHHOTO moaxona: miatdopmy .NET. ITnardpopma .NET Bkimrouaer
CJIEYIOIIME OCHOBHBIE ACIIEKTHI:

®  1JICOJIOTHIO MPOECKTHUPOBAHUS U peaNn3aliy IPOrpaMMHOTO O0eCTIeUeHus;

e Mozenb 3G HEeKTUBHON MOAIEPKKU KUZHEHHOTO LIUKJIA TIPUKIIATHBIX CUCTEM;

e  yHUUIUPOBAHHYIO, MHTETPUPOBAHHYIO TEXHOJIOTHUYECKYIO IIaT(hopmy;

® COBpPEMEHHBIH, YJIOOHBII B MCHOJIB30BAHUU, OE30MACHBI MHCTPYMEHTApHUIl JJIS CO3/1aHus,
pa3MelIeHUs | MOIEPKKH MPOTPAMMHOT0 00ECTICUCHUSI.

[Tnatdpopmy .NET ynmamoce peanmn3oBaTh Ha KayeCTBEHHO HOBOM YypOBHE, OOECIEYHB
CYIIECTBEHHOE NPOABM)KCHHE BIIEpE] B HAMPABICHWUM THOKOCTH HMHTETPALMUA C MPOTPaAMMHO-
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anmapaTHBIMH pecypcamu, 0€30MacHOCTH U yI0OCTBE MCIONB30BAaHUS KOJa, a TAaKKe CHIKCHUU
3aTpaT Ha TMPOU3BOJCTBO MporpaMMHoro obecredenus. Ilmatdpopma .NET wumeer Hemano
JOCTOMHCTB:

Bcst tutatrgopma .NET ocHoBaHa Ha enMHONW OOBEKTHO-OPMEHTHPOBAHHOW Monenu. Bce
cepBUCHI, HUHTep(dEHCch U OOBEKTHI, KOTOpHIE MIaTdopma MpeaoCTaBIsSET pa3pabOTUHKY,
00BEAMHEHBI B €IUHYI0 HEPAPXUIO KJIaCCOB;
npujoXeHue, HamnucanHoe Ha Jobom  NET-coBMecTMMOM  si3bIKe,  SBISIETCS
MEXIUIaT(OPMEHHBIM;
B cocraB miargopmbl .NET BxoautT Tak Ha3bIBaeMbIid «COOPIIMK MycCOpa», KOTOPBII
0CBOOOKIaeT PECYpChl; MPUIOKEHHS 3AIIMUILIEHBl OT YTEYKU MaMATH U OT HEOOXOJUMOCTH
0CBOOOXKIATh PECYPCHI, UTO JIEJIAeT MPOrpaMMHUpOBaHUe OoJiee IETKUM U 0€30TaCHBIM.
npuioxkenus .NET ucnons3yioT MeTagaHHble, YTO MMO3BOJISIET HE TOJIb30BAaTHCS CUCTEMHBIM
peectpom OC;
npunoxenus .NET wucnons3ytor Oe3omacHble THIBI — 3TO IOBBIIIAET HAJAECKHOCTH,
COBMECTHUMOCTH U MEXIIIAT(HOPMEHHOCTH IPOTPAMMBI;
a0COJIIOTHO BCE OMMOKK 00pabaThIBAIOTCS MEXaHU3MOM HCKITIOUUTEIBHBIX CUTYAIIH;
MTOBTOPHOE HCIIOJIb30BaHUE KOJA CTall0 yoOHee. DTO CBSI3aHO C TEM, YTO MPOMEKYTOUHBIN
s3Ik MSIL He 3aBUCHUT OT S13bIKa IPOrPaMMUPOBAHUS;
yauBepcanbHbiii  mHTEpderic .NET Framework oOecneunBaer uWHTErpupoBaHHOE
MPOEKTUPOBAHME U peaIM3alfi0 KOMIIOHEHT MPHIOKEHUH, pa3paOOTaHHBIX COTJIACHO
Pa3IMYHBIM MOJIX0/1aM K MPOrpaMMHUPOBAHUIO;
cpena BeimosiHeHUS TiporpaMM Common Language Runtime (CLR) peanusyer ynpasiieHue
NaMsAThIO, TUIIAMU JAHHBIX, MEXBbA3BIKOBBIM B3aUMOJACHCTBHEM, pa3BOpauMBaHUEM
IIPUIOKEHUH;
CYIIECTBEHHBIM MO3UTUBHBIM oTiaum4reM Microsoft .NET oT cymiecTByromux aHajaoroB Ha
COBPEMEHHOM pBIHKE MPOTrPAMMHOIO OOECIHeueHHUs SIBISETCS YHUBEpCalbHasi CHCTEMa
tunuzanuu (UTS);
BEO-CEpPBUCHI SABIISIIOTCS OJHOM W3 BaXHEHIUX cocTaBistomux wunaeonorud NET u
HEHTPaJIbHOW YaCThIO JTaHHON apXUTEKTYpHhl, MOCKOJIbKY MpeaHa3HAYeHbl ISl peau3alun
nexnapupyemoro Microsoft ocHOBomoararoIero nNpuHIKNAa «IpOrpaMMHOE oOecrieueHne
KaK CEpBUCY.

1 £

“I§ Program

i3 L

“I§ mainForm

T = 8 [+ 10 ¥
“I§ Resources 14 Charts ‘5 ModelWizard
16 ¥ 3 =
“1§ Fuller 15 Emptier
4 ¥ 5 (w 5 ¥ 18 [+
Iy Erlang 15 MyRandom 13 MNormal 15 HeavyCar
3 ¥
15 Globals

Puc. 1 — UML-mnarpamma «O011asi CTpyKTypa UMHATAITMOHHOW MOAEIIA PabOThI TPY30BEIX ITEPEBO30K»
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HecmoTpss Ha mnepedMcieHHbIE BBIIIE WHHOBALMM B 00JacTH TEOPHM, TEXHOJOTHH H
MPAKTUYECKOW pealn3allid, B CHUJIy MaclITa0HOCTH MWJIEOJIOTUM W HOBHU3HBI HCCIEAyeMOM
npobnemaruku, moaxo .NET He TuIIeH OTAeTbHBIX HETOCTATKOB.

N3-3a Toro, uro mnarpopma .NET Tak pagukaibHO OTIIMYAETCS OT MPEABIAYIINX TEXHOJIOTHH,
Microsoft pa3zpaGotana moj Hee HOBBIU sI3bIK IporpammupoBanusi C#. brmaromapst tomy, uro C#
MPEACTABISIET CO00M COOpaHHBIM M3 HECKOJbKHX SI3bIKOB THOpPHWI, OH SBISIETCS TPOCTHIM (C
CHUHTAKCUYECKOH TOYKM 3pEHHs), MOIIHBIM M THOKMM. B HEro BXOAUT MHOTO TOJIE3HBIX
0COOEHHOCTEH — MPOCTOTa, OOBEKTHASI OPHUEHTHPOBAHHOCTbH, THUIIOBAas 3alIMIIEHHOCTh, «COOpKa
MyCOpa», MOAJEPKKA COBMECTUMOCTU BEPCUM M MHOIO JAPYIMX HE MEHEE BaKHBIX CBOMCTB. Bce
UMEIOIIUECs] BO3MOXHOCTU si3bika C# MO3BOJSIIOT OBICTPO U JIETKO pa3pabaThiBaTh MPHIIOKEHHUS,
ocobenHo npuinoxenuss COM+ u Web-cepBHUCHI.

N3 cpenctB pazpabotku st iatrgopmbel NET nmamu 6pu10 ncnonszoBano Microsoft Visual
Studio.NET 2010, xots cymecTByoT O0ojiee IBYX JAECATKOB KOMIMIATOPOB HE3aBHCUMBIX
MIPOM3BOUTENCH, OOJbINAas YacTh M3 KOTOPBIX MOXKET OBITh MCIIOJh30BaHA COBMECTHO ¢ Visual
Studio .NET.

C ucronb30BaHMEM J@HHBIX TEXHOJOTHH OBUIO pa3paboTaHO MporpaMMHOE OOecIedYeHueE,
MoieTupylolee paboTy TPy30BBIX MEepPeBO30K. Mojens 3aMMCTBOBaHA U3 [2], U Ay pa3paboTKu
MIPUJIOKEHUS UCTIOIb30BaHbl 36Kk C# u tumargopma .NET. JlaHHOE mpuiIoKeHHE MOCTPOCHO IO
BCEM MNPUHIUINAM OOBEKTHO-OPUEHTUPOBAHHOIO MOAX0/a. VCcroib30BaHO MHOXKECTBO OMOIMOTEK
matdopmsel NET, B TOM uncie u s BeiBoaa rpadukos (puc.l).

[Tpunoxenue GyHKIMOHUPYET BO BCEX ONEPALMOHHBIX cucTeMax ceMeiictBa Windows.
[IporpaMmMa JeMOHCTPUPYET CIEIyIOIIee:

1. BBOJ HCOOXOIUMBIX JAHHBIX;
BBIOOp HEOOXOAMMBIX PEKHUMOB PaOOTHI;
00paboTKy JaHHBIX;
BBIBO/JI ITOJTyYEHHBIX PE3YJIbTATOB MOJETUPYEMON CUCTEMBI B BUIE TaOJIHIIbI;
BBIOOp 3aBUCHUMOCTH JJIsl TIOKa3a rpauKoB;
BBIBOJ pE3YyJIbTATOB B BHJIE TPaUKOB (pHC. 2);
CpaBHUTENBHBIN aHAJIH3 MTOJIyYEeHHBIX PE3YJIbTATOB.

Nk LD

L~ Fpadisee

Tun Mpagura: FIEHMCHMOCTE NMPOHEEQLHTENEHDCTH OT BOAHYSCTES Ca0CEIN0E -
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40
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| Jakpemo |

Puc. 2 — ®opma npunoxenns «I papuxm»

B cocraBe cpenpt Visual Studio 2010 umeercst cuctema WPF (Windows Presentation
Foundation) — aTo rpadudeckas cucrema, nmpeaHazHadeHHAs U1 CO3/IaHus HHTepdeiica mporpamm.
JlaHHas cucCTeMa HCIIOIb3yeT BCIIOMOTATEIbHBIM PACIIMPEHHBINA SI3bIK PAa3METKHU IPUIOKEHUMN-
XAML. [annas cucrema Oblia co3faHa sl OOJETYEHUS W YCKOPEHHUS CO3/IaHHs TPHIOKCHUH.
[TpeumymiectBo cuctembl WPF 3akmiouaercs B TOM, 4TO Ju3aifHEpHl 3aHMMAaIOTCS MHTEpdercoM
IIPOTrpaMMBbl, & pa3pabOTUNKU HEMTOCPEICTBEHHO CAMUM HCIIOJIHUTEIBHBIM KOJIOM.
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C wucnonb3oBanumem cucreMel WPF u  TexHonoruu 0OBEKTHO-OPUEHTHPOBAHHOTO
MPOrpaMMHUPOBAHUs OBLIO pa3pabOTaHO TPWIOKEHUE, UMHUTHpYIOIee paboTy MHKPOBOJIHOBOM
neun [2]. Cucrema kinaccoB Obuta gononHeHa kiaccamu [Ipurorosnenue, Pasorpes u Pazmopo3ska,
KOTOpBIE SBIIAIOTCS HAcCJEIHBIMH OT ©0a30BOro Kijacca, IMPEACTaBISIONIEr0 THUIBI OIlepaluii,
KOTOpPBbIE MOTYT OBITh BBINOJIHEHBI ¢ nHIei. Peann3anus HacnenoBanus Ha C# otnmuaercst ot C++.
JlaHHOE MPUITO’KEHHE TEMOHCTPUPYET OCHOBHBIC (DYHKITMH pabOThI MUKPOBOJHOBOM neun (Puc.3)

SA3pik mporpammupoBanus C# u mnatdopma .NET nator Oomblnne BO3MOXKHOCTH JUIS
pa3paboTKH 00bEKTHO-OPUEHTUPOBAHHOTO MMPOTPAMMHOIO 00ECTICUCHHSI.

\

Bpema nowno:47
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MroToeneHmwe egbl HAVManochb

Puc. 3 — UMuTtaunonHast Moziesib paboThl MUKPOBOJIHOBOW TIEUH
Jlutepartypa

1. Tpoencon 3. fA3bik nporpammupoBanus C# 2010 u mardopma Net 4.0., 5-¢ uza.: [lep. ¢ aarn. — M:
000 «1.Jd.Bunssamey, 2011, 1392 c.

2. Tpy6 N.N. O6bexTHO-OpHeHTHPOBaHHOE MoaenupoBanne Ha C++: Yueonsrit kype. — CII6.: ITurep,
2006.—411 c.

VIK 004.4

PA3PABOTKA KOHIEINTYAJBbHOM MOJEJN UHTEJJIEKTYAJBHOW CUCTEMBI
INPOTHO3UPOBAHMUSA ) KU3HEHHOI'O HUKJIA 9JIEMEHTOB MAT'MCTPAJIBHOI'O
HE®TEITPOBOJA

I'pnmnna Anexcanapa CepreesHa, acnupaHnT, Poccus, KomcoMmonbeck-Ha-AMype
Ale-solnishko@yandex.ru
I'opbkaBblii Muxaui AjiekcaHApoBHY, K.T.H., Poccust, Komcomonbck-Ha-Amype idpo@knastu.ru

B Poccun oueHb ocTpo cTouT npobiieMa MOBBIIEHHUS SHEPTro3(h(HEKTHBHOCTH M SKOJIOTMYECKOM
0e30macHOCTH He(pTera3oqo0bIBaONINX NMPeANnpUiaTuii. B HacTosIee BpeMsi Ha TaKUX MPEIIPUATHIX
UCTIONB3YyeTCs TocTaTouHo Oosnbiioe konmdectBo ACY TII [1], kak mpaBuio, OHM yCTAaHOBJICHBI Ha
JIOKAJIbHBIX 00BEKTaX M 0OCTYKHBAIOT TOJHKO OCHOBHOM MPOM3BOJICTBEHHBIN MPOLIECC, & UMEHHO —
N00bIUy  YIJIEBOJOPOAHOTO CBIPbs, HE 3aTparuBas IpPU ATOM, HAlpuMep, TPAHCIOPTHOE
o0CITy’)KUBaHHE M TPOBEJICHHE IJIAHOBBIX W SKCTPEHHBIX PeMOHTOB. K TOMy ’ke 3TH CHCTEMBI,
JEUCTBYS JIOKAIbHO, 00ECIICUNBAIOT YIIPABICHUE U MOHUTOPHHI TOJBKO OTJEIBHO B3ATOr0 OOBEKTa
WIM TIpoliecca, B TO BpeMs Kak s OpUHATHS S(PQPEeKTHBHBIX pelieHuil TpeOyercss HMETh
MHTETpaIbHYI0 HH(POPMALUIO 000 BCeX 00BEKTaX M MpoLEeccax TEXHOJIOTHUECKONH MH(PPACTPYKTYPHI
He(dTera3zo100bIBaAIOIINX MPEANPUATHI. B cBs3H ¢ 3TUM Takue cucteMbl He MoryT obecrieuntsh JITTP
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(Jtui0, MpUHKUMAROIIEE pellieHre) Heooxoaumon nH(opMalmeii 000 Bcex mpolieccax, BIUSIONINX Ha
3¢ (HEKTHBHOCTD M SKOJOTHIECKYIO 0€30MacHOCTh PadOTHI MpeanpusTus [2].

B Hactosimiee BpeMs 3amaud MOJACPIKAHUS TEXHUYECKOTO COCTOSHHMS MarucTpajbHBIX
He(TEnpOBOAOB PEIIAIOTCA C HCIOJb30BAaHHMEM PAa3IMYHBIX METOJOB JIHAarHOCTUYECKOIrO
MOHUTOpHUHTra. Hannuue u aHamu3 TONBKO ONepaTUBHON MH(OpMAIMK HE TO3BOJISIET OCYIIECTBUTh
MPOrHo3 OynyIIero COCTOSHUA Y3710B He(TEnpoBOAa W MPEIBUIETh BO3HUKHOBEHHE HEIITATHBIX
WJIY aBapUIHBIX CUTyaluil B CETH.

Takum 00pa3zom, OJTHOM M3 BKHEHININX 337a4 B paMKaX CTPaTeTHy WHHOBAIIMOHHOTO Pa3BUTHS
CHCTEMbl MarucTpajbHBIX HE(PTENpPOBOIOB SBISETCA pa3pabOTKa HOBBIX, Oonee 3(h(HEeKTHBHBIX
MEXaHU3MOB 00eceueHuUs] HaJIe)KHOCTH OCHOBHBIX Y3JI0B TPAHCIOPTHPYIOIINX CETEH.

B pamkax pemienust npenacraBieHHON 3agauu B KoMcoMOIbCKOM-Ha-AMype TOCY1apCTBEHHOM
TEXHUYECKOM  YHUBEpCUTETe  BEAyTCS  HUCCIEAOBaHMs, HampaBlI€HHblE Ha  pa3pabOTKy
MHTEJUICKTYaJIbHOM CHUCTEMBl MOHHUTOPMHIA M TPOTHO3UPOBAHUS KM3HEHHOTO LUKJIAa OCHOBHBIX
y3JI0B MarucCTpajibHBIX TpyOOnpoBoaoB. OCHOBHOM OCOOEHHOCTHIO CHCTEMBI SIBIICTCS Pa3padoTKa
pelIeHus] HEe TOJBKO HAa OCHOBE KOJMYECTBEHHOM ONEpaTWBHOW HMH(POPMALMH TEKYILEro
MOHUTOPHHIa, HO W Ha OCHOBE pE3yJbTATOB MHTEIUICKTYaJIbHOTO aHaliu3a OOJBIIOr0 MaccuBa
Ka4eCTBEeHHOU MH(OpMALIUH.

BaxHbIM KOMITOHEHTOM TaKOW CHUCTEMBI SIBJIIETCS MOJICMCTEMA, 00eCTIeYnBAlOIIas MOIEPKKY
npussatus pemenuit s JIIP. Takas cucrema nognepxxku npunsatus pemenuit (CIIIIP) nomkHa Ha
OCHOBE aHajM3a CTAaTUYECKOW M JUHAMH4YecKoW HHpopmarmu 00 00BEKTaX TEXHOJOTUYCCKOU
MHPPACTPYKTYPBl MarucTpaibHOTO HedrempoBona BbeipabateiBath s JI[IP pexomenpmanmu 1o
MPEIOTBPALLICHUIO aBapUHHBIX CHUTyallMid Ha MarucTpajbHOM HE(PTEeNpoBOAE, YIYyULICHHUIO
MoKasatesnieil ero padoThl, O MPOBEACHUH IJIAHOBOTO TEXHUYECKOTO OOCIYKUBAHMS U HKCTPEHHOTO
peMoHTa 00BEKTOB HEPTEPOBOIA, O CIIMCAHUH OOBEKTOB [2] He()TEITPOBOAOB 1 3aMEHE MX HOBBIMH.

JluarpamMmma KJIaCCOB HCCIIEAYeMOro 00beKTa «MarucTpaibHblii HedrenpoBoa» (MHII),
npejactaBieHa Ha pucyHke 1. OHa SBIS€TCS LEHTPaJbHBIM 3BEHOM METOJOJIOTMH OOBEKTHO-
OpPUEHTUPOBAHHBIX aHAIIN3a U TIPOCKTUPOBAHUSI.

MaructpanbHbI HedpTenpoBoa

?

FonoBHble COOPYXeHUA (HacOCHAas cTaHUuUA) JNnHelHan yacTb MpoMeXyTouHble NepekaunBaloLine cTaHUUN KoHeYHbIN NyHKT

Ki

Tpy6onpoBoa Y3ax3 KomneHcaTop 3anopHas apmaTypa

Puc. 1 — Jlnarpamma KaccoB MarucTpajgbHOTO HEPTENPOBOIA

JluarpamMma KJ1accoB IIOKa3bIBAa€T KJIACChl M HX OTHOLICHMS, TEM CaMbIM IpEACTaBIISs
JIOTUYECKUI aCTEKT MPOEKTA.

OTHOIIEHUE arperauyd UMeeT MECTO MEXIY HECKOJIbKMMH KJIACCAMU B TOM Cllydyae, eclld
OJUH U3 KJIAcCOB (MarucTpaabHbIi HEe()TEHpOBOJ) MPEACTaBIIET COOOH HEKOTOPYIO CYIIHOCTH,
BKJIIOYAIOIIYI0 B c€0sl B KauyeCTBE COCTABHBIX YacTel Jpyrue CyIIHOCTH (HACOCHBIE CTAaHIUM,
JUHEIHasT dYacTh, NPOMEKYTOUYHBIE IIEPEKAYMBAIOLINE CTAaHIMM, KOHEYHbIM IyHKT). JlaHHOE
OTHOILICHHE HMMeeT (YHIAMEHTAJIbHOE 3HAUYEHHUE MAJIS OMMCAHUS CTPYKTYPbl CIOXKHBIX CHUCTEM,
IIOCKOJIbKY TPUMEHSETCS Jsl NPEJCTABICHUS CHCTEMHBIX B3aMMOCBA3€H Tuma '"dactb-1enoe'.
PackpbiBasi BHYTPEHHIOIO CTPYKTYPY CHUCTEMBI, OTHOILIEHME arperaluy IOKa3blBaeT, U3 KaKuX
KOMIIOHEHTOB COCTOUT CUCTEMa M KaK OHU CBSI3aHBI MEX1y COOOii.
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OTHollleHue KOMIIO3UIIUKN ABJISICTCA YaCTHBIM CIIy4YacM OTHOIICHHA arperamnuu. 910
OTHOIIIEHUE CIIYXXUT IS BBIACICHHUS CHEIUAIbHON (OpPMBI OTHOIICHHUS '"dJacTh-lienoe", mpu
KOTOPOH COCTaBISIOIIME YaCTH B HEKOTOPOM CMBICIE HAxOJsATcs BHYTpH wLejioro. Crneunduka
B3aMMOCBSI3U MEXy HUMH 3aKJITI0YaeTCs B TOM, 4TO YacTh (TpyborpoBoxa, YIX3, KOMIIEHCATOD,
3aropHasl apMarypa) HE MOTYT BBICTyNaTh B OTpPbIBE OT LEJNOTr0 (JIMHEHHas 4acTh), T. €. C
YHUUTO)KEHHUEM IIEJIOr0 YHUUYTOKAIOTCS U BCE €r0 COCTaBHBIE YACTH.

ILI/IanaMMa BapUaHTOB MCIIOJIb30BaHUA HHTGHHGKTyaﬂbHOﬁ CUCTCMbl MOHUTOPpHHTA H
MIPOTHO3UPOBAHUS Y3JI0B MarucTpaibHoro Hedrenporoaa (MHII) mpeacraBinena Ha pucyHke 2.

MHTennekTyanbHas cuctemMa MOHUTOPUHIa U
NPOrHO3UPOBaHUSA KUIHNAEATENbHOCTHU
Yy3Nn0oB MaructpasnbHoro HedTenpoBoaa

ABTOMATU3MPOBAHHAS c1CTEMa
YNPaBEHNs TEXHOMOMYECKMM
npotieccammn (ACYTTT) Bknto4aeT

KoHconmauposaHHble AaHHble ¢ AaTyvkos MHI:
B ceb nporpammHoe obecrneveHe 1. Temnepartypa Cbi-pbs
cbopa AaHHbIX ¢ gaTynkos MHI 2. Temnepatypa okpyatoLLen cpe-abl
0y 3. faBnexve

4. Konn4ecTeo pacxoayemoro Cbipbsi
5. KonnyecTteeHHble AaHHble C AaT4YMKOB
\\ OneKTpoxvuM3aLLmThL...

.
.« Kon A Nuuo npuHumaiolee petexue (MNP)
Con,,,thog MOXeT npocMaTpuBaTh Tekyliee
kg
ACYTN '® Banp

cocTosiHne MHI, Bkntoyasn
pekomeHaauuu no 3ameHe yanos MHI

MoOHWUTOPUHr TexHONornyeckoro cocroannsa MHM
WHdbopmaLmoHHble AaHHbIe 06opyaoBaHus.

BBOOSITCS TEXHOMOTMHECKMX XaPaKTEPUCTUK
o6opyfoBaHus:

1. Cpok akcnnyatauum 06opyaoBaHNs

2. MacnopTHble AaHHble 0GopyaoBaHUs

3. TexHn4eckue xapakTepUCTUKK ...

I
I
I
I
I
I
I
0
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TexHM4eCKnin CNpaBOYHUK :
! \
\
\
ApXWB NONOMHAETCS CBEXeil Jlnuo npuHumatoLLiee petuerme (JTTP)
vHdopMaLmeit nocne MOXET MpocMaTpueaTh pesysbtars!
nporHoavposaxns MHI
NPOrHO3MpoBaHMA : MporHo3supoBaHue yanos MHIM
I
- o
\})
)
. Q\,\a
) &<
1 W ~
$$oi> N
B apxvBe xpaHsTcs:
1. ViHcpbopmaLmoHHble AaHHbIe
* NPOBOAUMOrO MOHUTOPUHIra
2. VHhopMaLMOHHble faHHble
MPOBOAVMBbIX PEMOHTHbIX paBoT
Apxus 3. VIHchopMauvoHHbIe AaHHbIe
aBapWiiHbIX CITy4aes...

Puc. 2 — JluarpamMma BapuaHTOB UCIOJIb30BAHMS HHTEIUIEKTYaIbHOW CUCTEMbl MOHUTOPHHIA U
MPOTHO3UPOBAHUs Y3JI0B MarucTpanbHoro Hedrenposoaa (MHIT)

Huarpamma BapuanToB ucnonb3oBanus (Use-Cases Diagram) — 3to UML-muarpamma, ¢
MIOMOIIIbI0 KOTOpPOM B TpaduueckoM BuAE H300pakaloTcs TpeOoBaHUS K pazpabaThiBaeMoOn
cucreme. Use-Cases Diagram mnpezacraBiser co0OH HMCXOJHYIO KOHLENTYaJIbHYIO MOJENb
MPOEKTUPYEMOM HMHTEIJIEKTYAJIbHOM CHUCTEMbl MOHUTOPHMHIAa M MpOTrHO3uWpoBaHus y3ioB MHII.
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Mogenb Mo MOCTYHAarOUUM JaHHBIM MPOBOJUT MHTEUICKTYaJIbHBIA aHAIu3 U BBIAET PE3yibTaT
nuny, npuHuMaroriemy pemenus (JITIP).

JluarpamMmma BapHaHTOB HCIOJb30BaHUS COCTOMT U3 akTepoB (ACVYTIL, TtexHuuyeckuii
CIpaBOYHHK, apxuB, JIIIP), mis KOTOpBIX cucTeMa MPOM3BOJIUT ACHCTBHE M COOCTBEHHO JCHCTBUS
Use Case (MOHUTOpPUHI TexHojiorumdeckoro cocrosHus MHII u mporsosupoBaHHE COCTOSHHUSA
y3nmoB MHII), koTopoe onmuchIBaeT TO, YTO aKTEP XOUYET MOIYYUTh OT CUCTEMBbI. AKTep 0003HaueH
3HA4YKOM 4YeJoBeuka, a Use Case (BapHaHT MCIIOIB30BaHMS) — DIUTUIICOM.

«ACYTII» Bxmoudaer B ce0s mporpaMMHOE o0ecrieueHrne coopa gaHHbIX ¢ gaTankoB MHIT.

«TexHOIOTHYeCKU CIPAaBOYHHUK» TMpeaHa3HaueH s cOopa HMHMOPMAIMOHHBIX JaHHBIX
o0opyoBaHusl TpaHcHopTHpyomel cucreMbl. K HHMOpMAIMOHHBIM JaHHBIM MOXKHO OTHECTHU
nHPOpPMAIIMIO C TACIOPTOB 000pyNOBaHMS (HOMHHAIBHOE HAaBIICHHE, TEMIEpaTypa MpU KOTOPOM
MOJIHOIIEHHO ~ paboTaer  00OpyIOBaHHWE, MaTepuadl HM3TOTOBJICHHS  OOOPYIOBaHHS, CPOK
HKCIUTYaTallMOHHOM CITY>KOBI  T.JI.), XapaKTEPUCTUKHU MPH KOTOPHIX MOKET MTPOM30MTH MOJIOMKA TOTO
WM UHOTO 000pyI0BaHUA U T.1. BBOA TEXHOIOIMYECKUX MapaMeTpoB 000pyA0BaHHS POU3BOIUTCS
BPYUYHYIO pPab0O4UM MEPCOHAIOM.

«ApXUB» COJEPXKUT MHPOPMALIMIO 32 BCE MPEIbIIyIIUe MEPUOJIbl: JaHHBIE MPOBOAMMOIO
MOHUTOpPUHra (BHYTPEHHSS JAMArHOCTHKa TpyO, memuii o0Xoq M T. 1.), PEeMOHTHBIX paboT
(TuKBUIALMS TPELIUH, 3aMEHa JMHEHHOW yacTh TpyOONmpoBOJa, 3aMEeHa apMaTyphl U T.1.), IaHHbIE
aBapUiHBIX CllydaeB (KOrja, Kak, MPOMCXOAWJIa aBapHsi, Pe3yJIbTaTOM 4Yero MpOoM30lUIa aBapus U
T.J.).

BapuaHTsl HCMONB30BaHUS MPUMEHSIOTCS JUIS CHEIU(PUKAUN BHEIIHUX TpPeOOBaHWHA K
MIPOEKTUPYEMON cucTeMe. MHOXECTBO BapHaHTOB HCIOJIB30BAaHUSA B IIEJIOM ONPEIEISAIOT BCE
BO3MOJKHBIE CTOPOHBI OXKHMJAEMOT0 TMOBEJICHHS CHCTEMBI, a TaKXX€ YCTaHABIUBAIOT TPeOOBaHMUS,
OTIpe/IeIAoNIe, KaK akTepbl JOKHBI B3aUMOJEHCTBOBaTH C CHUCTEMOM, dYTOOBI HUMETh
BO3MOYKHOCTh KOPPEKTHO paboTaTh C TNPEAOCTaBIsSEMBIMU CepBHCaMHU. JIOMOJHHUTENHHO B
auarpaMme  J00aBieHbl KOMMEHTapuu A Oosee MmoApoOHOro MpeACTaBIICHUS B3aUMOACHCTBUS
aKTEPOB U BapUAHTOB UCIOJIb30BAHUS.

Mexnay axkTepaMuM M BapuaHTaMU  HUCIIOJIb30BAaHHUS HMMEIOTCA  pa3jW4Hble  BUbI
B3aumoneicTBus. Tak, Hanpumep, akrepbl (ACYTII, apxuB, TEXHMYECKHH CIPaBOYHHK)
B3aUMOJICHCTBYIOT C BapUaHTaMU HCIOJIb30BAHUSI C IMOMOILBI MPOCTOM accouuaruu. [Ipocras
aCCOIMALIMS OTPAXKAETCS JIMHUEH MEXITy aKTEpOM U BapHAaHTOM HCIIOJIb30BaHUs (O€3 CTPEIIKN).

Axtep JIIIP B3ammopeiictByer ¢ Use (Case ¢ TNOMOLIbIO HAaNpaBIE€HHOW AaCCOLMAIUU.
HampaBnennas acconuanus IOKa3bIBa€T, YTO BapHAHT MHCIOJIb30BAHUS WHULUAIU3UPYETCS
akrepom. OOo3HayaeTcsi cTpenkoil. HampaBnenHas acconmanusi TO3BOJISIET BBECTH ITOHATHE
OCHOBHOTO aKTepa (OH SIBJISIETCS MHULIMATOPOM acCOIMAIIMHN) U BTOPOCTEIIEHHOT'O aKTepa.

BxiroueHne — mokaspIBaeT, 4TO BAPUAHT MCIOJIb30BAHUS «MOHMTOPUHI TEXHOJIOIMYECKOTO
cocroguuss MHII» Brirodaercss B BapUaHT HMCIOJIB30BAaHUS IIPOTHO3UPOBAHUE COCTOSHUS Y3JI0B
MHII u BeITIONHSIETCSA BCETAA.

Cucrema T1O3BOJIMT TOBBICUTh YpPOBEHb IPOIHO3MPYEMOCTHM TEKYIIETO COCTOSHUS
TEXHOJIOTUYECKOIO0 O0OpYy/IOBaHUS M BECTH amNMapaTHBIM KOHTPOJb TEXHHUYECKOTO COCTOSHUS
OOBEKTOB W pPabOTBI BCEH CHUCTEMBI C BBIBOJIOM pE3yJbTaTOB HEMOCPEJACTBEHHO JIHILY,
MIPUHUMAIOIIEMY penieHus. boiiee, TOro cucrema IO3BOJIMUT CHU3WUTH 3aTpaThl Ha MPOBEACHHUE
NEPUOIMYECKUX  00CIeOBaHUM, TIO3BOJIUT  OCYIIECTBUTH  HETPEPHIBHBIH  KOHTPOIb U
MIPOrHO3UPOBAHUE TEXHUUECKOTO COCTOSHUSL O0BEKTOB B MIPOLIECCE X IKCILTyaTal[Ml, OCHOBBIBASCH
Ha pa3IW4HbIX METOJAaX Hepa3pylIAloUIero KOHTPOJSA, METOAAaX W3MEPEHHUsS HaIpPSHKEHHO-
ne(OPMUPOBAHHOTO COCTOSTHUS, CPEACTBaX HM3MEpeHHUs padouux MapaMeTpoB TEXHOJIOTHYECKOIrO
mpoliecca ¥ MEeToJax CJIeKEHHUs 3a PaKkTOpaMu, BIUSAIONIMMU Ha H3HOC 000y IOBaHHUS.

[Ipy nomomuM [aHHOW CHUCTEMBI MPEACTABISAETCS BO3MOXKHBIM IPOCIEKHBATh H3HOC
o0opynoBaHusl, apMaTyphI, JIMHEHHOW YacTU TPyOOIIPOBOIOB, BBISBISATEH MMOTCHIIUATHLHO aBapUHBIC
AJIEMEHTHl CHCTEMbl MarucTpalibHbIX TPYOONPOBOIOB, UYTO OOECHEUUT CBOEBPEMEHHYIO 3aMEHY
M3HOUIEHHBIX Y3JI0B U IPEIOTBPATUT MOSABJICHUE aBapUH.

Takum o0pazom, pazpaboTka M BHEAPEHHE CHUCTEMbl MOHHUTOPUHIAa W IMPOTHO3UPOBAHUS
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KU3HECHHOTO IIMKJIA OCHOBHBIX Y3JIOB MAruCTPAIBbHBIX HE(PTEMPOBOIOB TO3BOJUT OOECIICUUTH
YCTONUMBOCTD peain3alii MHHOBAIIMOHHON CTPaTEerHy Pa3BUTHS HEPTETPAHCIIOPTUPYIOIINX CETEH.
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AHAJIN3 SI3BIKA C IOMOIIBIO BBIYUCJIUTEJIBHOM CUCTEMBI OFBEKTHO-
ATPUBYTHOM APXUTEKTYPbI'

Canubexsn Cepreii MuxaiyioBu4, CT. IIpero1aBaTesib, MOCKOBCKHAN HHCTUTYT JIEKTPOHUKH H
MaTeMaTHKH (TeXHUYeCKUH yHUBepcHuteT), Poccus, Mockaa, salibek@yandex.ru
Handunos IéTtp BopncoBu4, K.T.H., TOLEHT, MOCKOBCKHI HHCTUTYT JEKTPOHUKH U MaTEMATHKH
(Texanueckuii yauBepcuteT), Poccust, Mockga, panfilov@miem.edu.ru

Pacno3nanue Tekcra — mpoOiieMa B COBPEMEHHOW BBIUMCIUTEIFHOW TEXHUKE BechMa
aKTyaJlbHasl: KOMIWIALHKS, TPAHCISALNS, MOUCKOBBIE 3alpOChl, CMBICIIOBOE PACIIO3HAHUE TEKCTa,
ABTOMATUYECKUN MEPEBOJ TEKCTA C OJHOrO s3blKa Ha JApPyrol u T.4. B HacTosmee BpeMs s
MOAOOHBIX IEJIeH MCTIOIB3YeTCs HECKOIBKO MOAX0A0B: Teopus (POPMAaIIbHBIX S3BIKOB ((popMabHbIE
rpaMMaTHKH, KOHEYHbIe aBTOMaThl) [ 1], HelipoHHBIE ceTH, Teopus ppeiMoB [2], KOHUENIH
«CwMmpici-TekcT» [3]. B maHHOM e cTaTbe OMHCHIBACTCS HOBBIA CIOCOO pACIO3HAHUS SI3bIKA —
aHAJIU3 C TIOMOIIBIO 00BEKTHO-aTPHOYTHOTO MOAX01a (JaHHBIN MOAX0 pa3paboTan B MOCKOBCKOM
MHCTHUTYTE 3JICKTPOHUKH U MATEMAaTHKH).

3ajada co3gaHusi HOBOTO S3bIKa MPOrPAMMHUPOBAHUS U MOAXOASAIIETO METOJA KOMIWISIUU
JUIsL HETO BCTaja Mocjie pa3pabOTKM KOHIENIMH OO0BEKTHO-aTpuOyTHOW (OA) apXHUTEKTyphl
BBIYHCITUTEIILHON CHUCTEMBI C yMpaBlIeHHEM MOTOKOM naHHbIX (dataflow) — crapble mapaaurmsl
MPOrpaMMHUPOBAHMS JJIsl OMHCAHMSI PAaOOTHI TakOMl CHCTeMbl OBLIM HEYJOOHBI: KiaccHuecKas
MMIIEpaTUBHAs MMapajurmMa OKa3ajlach HENPUMEHUMOM, T.K. OHa HECOBMECTHMA C MapaJurMoit
dataflow; QyHKIIMOHANBHBIC S3BIKM M AaKTOPHBIE CHCTEMBI (B OCHOBHOM HCIIOJB3yEMBIC B
napanurme dataflow) UMerOT BecbMa CKyJIHBIE BO3MOXXHOCTH aOCTPaKIMK JaHHBIX U MPOTPaAMMBI,
00BEKTHO-OPUEHTUPOBAHHAS M areHTHas MapaJurMbl BEChbMa 3aTPYyIHUTENBHO PEaln30BbIBATh HA
pacrpeielIeHHbIX BBIUUCIUTENBHBIX CUCTEMax. B pe3ynbTaTe, Mbl MPUILIA K BBIBOAY, YTO U S3BIK
MIPOrPaMMHUPOBAHUS U KOMITUJISITOP, UCIIOJIB3YEMBI AJIi €ro paclo3HaHus, TaKKe JOJKHBI OBITh
BbIMOJIHEHB! 1o mpuHiunaMm OA-apxutekTypsl (OA-apxXUTeKTypa oKa3ajlach NPUMEHHMOI He
TOJBKO K ammapaTHOW, HO M K MPOrPaMMHOM YacTHU BBIYMCIUTENBHONU cucTembl) [4]. U, koHEUHO,
CaMbIM BECOMBIM JIOBOJIOM B IOJIb3y HUCIONBb30BaHUsS OA-moaxoaa Ajis CO3JaHMs KOMITMJISTOPA
CTaJl0 Hamle CTpemJieHHe K yHUPUKauuu pa3pabaTblBaeMOW BBIUMCIUTEIBHON CHUCTEMBI:
anmapaTtypa, S3bIK MPOTPAMMHPOBAHHS U KOMOWIATOP, pabOTalomMe MO OJHUM U TEeM XKe
MPUHILIMIIAM, JI€Jal0T BBIUMCIUTEIbHYIO CUCTEMY LIEJIOCTHOM W YCTPaHAIOT TaK Ha3bIBaeMbIi
CEMaHTUYECKUM pa3pblB (HAMpPUMEp, pa3audyve MeEXAy OpraHu3anued KIacCHUUeCKOro s3bIKa
BBICOKOT'O YpPOBHSI M MAIIMHHBIM $I3bIKOM (POH HEMMaHOBCKOIO KOMIIbIOTEpa TpedyeT OOoJbLINX
BBIYMCIIMTENIbHBIX ~3aTpaT Ha KOMIWISALMUIO M JeJlaeT CKOMIWIMPOBAHHBIE MPOTrpaMMbI
HEONTUMAJILHBIMHU).

B nacrosmee Bpems B pamkax HUP «MccnenoBanue u pa3paboTKa apXUTEKTYPbl U CpeJlbl
MIPOrpaMMHUPOBAHMS TEPCIEKTUBHON CYNEpKOMIBIOTEPHON CHUCTEMbl Ha OCHOBE JIMHAMUYECKOM

1
CraTbsl peKOMEHA0BaHA K OIyOJIMKOBaHMIO B )KypHaje "UHpopmanoHHbIe TeXHOJI0THH"
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MOJICJI BBIYMCIICHUH C yNpaBlIieHHEM ITOTOKOM JIaHHBIX», BBIIIOTHAEMOH 10 (esiepaabHOl 1eneBon
nporpamme «MccnenoBanus U pa3pabOTKU MO MPUOPUTETHBIM HAMPABIECHUSM Pa3BUTHS HAyYHO-
TexHoyoruueckoro komruiekca Poccum nHa 2007-2013 romp» Benercs pa3paboTka cpenbl
MPOrpaMMHUPOBAHUST U MOJENTH CyNepKOMIIbIoTepa, (GYHKIUOHHUpYIOIUX Mo mpaBmwiaM OA-
apXHUTEKTyphl. B paMkax JaHHOTO MPOEKTa OCYLIECTBICHO CO3JaHHE HOBOM BEPCHUU KOMITMIIATOPA
OA-s35IKa, 00J1a1ar0IIIeTO CHEAYIOIUMH Ka4yeCTBaAMU: OBICTPBII 3aMmycK cpenbl
IPOrPaMMUPOBAHUS, PACIPEACICHHBI PEXUM paboThl KOMIIWIATOpA, OoJbllee pa3sHOoOOpaszue
KoHCTpyKinid OA-s3pIKa (10 CPaBHEHUIO CO CTApOil Bepcueid), BO3MOXKHOCTh AoOaBieHus B OA-
SI3BIK KOHCTPYKIUU si3bika CH A1t 00JIeTYeHUs HanmucaHus (parMeHTOB MPOrpaMMBbI, padOTaONIUX
B [IOCJIEZIOBATEIHLHOM CTHIIE.

B npouecce Bomonnenuss HUP 6b1u1 otpaboran cuntakcue OA-s3bIKa MPOrpaMMHUPOBAHUS U
BbIpa0OTaHbl OCHOBHBIE MPHEMBI CO3/IaHUSI CHUCTEM pacro3HaHus s3bika. OgHako OA-KOHIENIHS
KOMITWJISIIIUK TIPUMEHUMA HE TOJBKO ISl paOOThI ¢ MAIIMHHBIMH SI3IKAMH BBICOKOTO YPOBHS (UTO
o0 chenmano B pamkax HIUP), HO m s pacmo3HaHMsl €CTECTBEHHOTO sI3bIKa, TAe Tpedyercs
BBICOKAsl CTeMeHb abCTpakuuu MAaHHBIX. Jlamee HEOOXOAMMO TPUBECTH HEOOJIBIIONH MpUMEp
peanuzanur OA-CUCTEMBI JIJIsl aHAJIU3a A3bIKA.

OA-BbIUMCIIUTENIBHAS CHCTEMa IPEJCTaBIIseT cOO00i HaOOp (YHKIMOHAJIBHBIX YCTPOMCTB,
oOmenmBaromuxcsi nHpopmannonueiMu napamu (MI1), npeacraBnstommumu co00il COBOKYITHOCTD
Harpy3kd (JaHHBIE WM YyKa3aTellb Ha JPYryl0 HHQOPMAIMOHHYIO KOHCTPYKIHIO) U SIPIBIKA
(YyHUKanbHBIM uaeHTH(HUKaTOp Harpysku), T.e. OA-cuctema pabGotaer mo npunHnumy dataflow
(YynpaBieHHEe BBIYMCIUTEIBHBIM MPOLECCOM C MOMOIIBIO MOTOKa JaHHbIX). MII Moryt ObITh OBYX
BUJIOB:

1. MuinukoMania — npeHa3HaueHa Juis ynpasiieHus OY-owm;

2. Undopmarmonnas UIT — cayxut 1y1st onmucanus Ipu3Haka Kakoro-Tu00 00beKTa.

NIT oObenuHAIOTCS B Karcyisl [4], KOTOpbIe UCHOIB3YIOTCA TUOO Ui ONMMCAHUS MpH3HAKa
KaKoro-to 00BeKTa, JHO0 XpaHAT TMOCIEAOBATEIIBHOCTh MWUIMKOMAH (MHJLTAIIpOTpamMMa).
®opmatel MHWUIMKOMaHAbl U uHpopmaunonHoi MII coBmanmaioT, 4To MO3BONSET OOBEIUHATH
JaHHbIE 1 MUJUTMIIPOTPAMMY B OJTHOM MH(DOPMAIIMOHHON KOHCTPYKIIHH.

Jlnst pacnio3Hanus Tekcrta B OA-cucteMe B OCHOBHOM MPUMEHSIOTCS cienytoiue OV

1. ®Y Find (mouck) npegHazHaueH s nmoucka 3aaaHHbeix UIT B oHOM Karcyse u 3amycka
MWIIHIIPOTPaMM, UCXOJIS U3 Pe3ysibTaTa MOUCKa: «yaada» (Success), KOrja BIMOIHAETCS yCIOBHE
noucka, u «Heynava» (Fail), korma ycnoBue moucka He BeImoyHsIeTCs. DY peanusyer cieayromnime
MUJUTUKOMaH/IbI (B CKOOKaX IpHBeIeHa MHEMOHHUKA MUAJUTUKOMAH/IBI):

- YCTaHOBHUTH yKazaTeldb Ha MUJUIMIIPOTPaMMYy, 3alyCKaeMyIO IMpPH BBIIOJHEHUU YCIOBHS
noucka (SuccessProgSet);

- YCTaHOBUTH yKa3aTellb Ha MIUIUIPOTpamMMy, 3alyCKaeMylO0 MpPHU HEBBIMOIHEHUH YCIOBHS
noucka (FailProgSet);

- YCTaHOBUTH yKa3aTelb Ha KaICyJly, 0 KOTOPOH OyIeT OCYIIeCTBIAThCS TOUCK (Set);

- MOMCK M0 Karcyse ogHoi uHpopmannonnoit napsl (Findle), koTopas nmpunuia B kadecTse
Harpy3ku K MUJUIMKOMaH/IE.

[Tomyyaercsi, 4TO MWITUIPOTrpaMMa, Ha KOTOPYIO yKa3biBaeT SuccessProg, BHIOIHIET poib
0yioka TporpamMMmbl yciaoBHoro omepatopa then, a FailProg — Omoka else, B kiaccumueckoi
KOHCTPYKIIMH S3bIKa MPOrpaMMHPOBAHUS BbICOKOTO ypoBHS if-then-else.

SIPJIBIK «I[TOAITPOI'PAMMAY (SUB

G KAIICVJIA C TTIOAIPOIPAMMOIA

VKA3ATEJIb HA
HAYAJIO CTIMCKA

CCBIJIKA HA
CTPOKY CIIMCKA

Puc. 1 — UadopmanmonHas KoHCTPYKITHs «CITHCOK»
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Jlnst peanu3aiiiy ke MHO>KECTBEHHOTO BbIOOpa (KoHCTpyKuus switch B si3pike Cu uim case B
Pascal) npennasnaueHo @Y «Cnucok». B koHTekcTe qaHHOTO DY HAXOIUTCSA CCHIJIKA HA CIHCOK
KarcyJ, I/ie XpaHsaTcs JaHHbIe Uil ocylecTBieHus noucka (puc. 1). B OA-cnucok kpoMe TaHHBIX
JUTSI TIOUCKA MOTYT OBITh TOOABJICHBI M MUJUTHUIIPOTPaMMbl OOPaOOTKHU JTAHHBIX W OCYIIECTBICHHS
nepeHanpasicHuss HHOPMAIMOHHOTO MOTOoKa. OA-CIHCOK TaKKe MOXKET OBITh HCIONh30BaH U B
KauyecTBe TaOJIMIIbI IEPEMEHHBIX, TJIe XpaHATCS CBeJCHUA 000 BCEX MHEMOHHMKaX, YTO, HapuMmep,
BCTPEUAIOTCS B PACIO3HABAEMOH MpOrpaMMe BBICOKOTO YPOBHs (TMepeMEHHBbIC, KOHCTAHTHI,
yKa3aTeu | T.1.).

Ucrounukom sxe ganHbIx Jisi OA-cUCTeMbl paclio3HaHUs A3bIKa sBisieTcss DY JIeKCu4ecKkoro
pazbopa, KoTopoe pa30MBaeT MOCTYMAONIMH K HEMY TEKCT Ha JiekceMbl. B cocraB manHoro @Y
BXOJIUT PETUCTP, TAE€ XPaHUTCS MWLIMKOMaHAa, KOTopas [OJDKHA OBITh MpHKpEIUieHa K
reHepupyemMoil jexceme. Ha HavampHOW cTaaumu pa3dopa ¢ TOMOIIBIO  CHEIUATBLHON
MUJUIMKOMAaHbl B PETUCTP 3aHOCUTCS MIIUIMKOMaHna mis nepBoro DY, koropoe Oyxaer
3aHUMaTbcAd pa300poM JIEKCeMbl B caMOM Hauaje mpolecca KoMnuiasuuu. OV jgexcudyeckoro
pa3zbopa CTpPOUTCS HA OCHOBE KOHEYHOTO aBTOMATa, T.K. JIEKCUYECKUH aHAIHM3 JOBOJBHO MPOCT H
31ech He TpelyeTcs ocoObIX «u3bICKOB». Ha Beixome ¢ @Y nexcuueckoro pazdopa si3bIK OyaeT
MpeJICTaBlIeH B BHJE MOToka mmmmukomanna ¢ UII, onuckBarommmu sekcembl: <Mk,<a,M>>, rne
Mk > N — mwwumukomanma aigs @Y, a > N — arpulyTt (MHIOEKC) HaArpy3kd, M — Harpyska,
MpencTaBisgionas coOoi ykazaTenb Ha S4YCHKYy MaMATH, TA€ XPaHUThCA WHQPOPMAIMOHHAS
KOHCTPYKIIUSA, TepefaBaeMas B KauecTBe ornepania, <...> — oOo3HadeHue MII, N — MHOXKECTBO
HATypaJlbHbBIX YUCEIL.

B mporiecce pacnio3HaHust MOTYT OBITH MCIIOJIB30BAHBI HE TOJIBKO BHIIICTICPEUNCIICHHBIC THITHI
@V, HO U apyrue @Y, KOTOpble MOTYT BBINOJHATH PA3JIMYHBIE BBIYMCIUTEIIBHBIE OINEpallUH,
orepany BBOJAA-BBIBOJA, XpaHeHWE WHPOPMAIMU W T.JA., YTO CYIIECTBEHHO IOBHIIIACT
BO3MOKHOCTH OA-CHCTEMBI II0 CPaBHEHHIO C KJIACCHYECKMM KOHEYHBIM aBTOMAaToM. Temepb
nepeiieM K OMMCcaHuIo MpUHIHNA GyHKIHOHUPOBaHUS OA-CHCTEMBI B LIEJIOM.

Hnst Havama cosmanus OA-KOMOWISTOpa HEOOXOAUMO COCTaBUTh CHHTAKCHUYECKYFO
auarpaMMmy JUisl Hero. 3aTeM AJis KakJoro ysya 3Tod nuarpammel B OA-cucreMe co3gaercs CBOe
@V: nna Tex BEpUIUH, U3 KOTOPBIX BBIXOJUT TOJBKO OJIHA ayra, npuMenserca @Y «llouck», nis
octanbHbix — DY «Crmcok». Taxxke coszmaercs u @Y nekcudeckoro pasbdopa, KoTopoe Oyaer
SABIIATHCA MCTOYHUKOM HaHHBIX B OA-crucreme: OHO pa30MBaeT MCXOJHBIM TEKCT Ha JIEKCEMBI U
BBIJIACT UX I JalibHeero ananu3a Ha apyrue @Y. B coctaB @Y jiekcHuueckoro aHaiansa BXOIUT
PETUCT, I/Ie XPaHUTCS MIITUKOMaH 1a, KOTOpasi «IIPUKPEIUISeTCs» K FTeHepupyeMoil JiekceMe.

Jns  mpumepa BO3bMEM  CHHTAaKCHYECKYIO  JUarpaMMy IPOCTEHIIEro  orneparopa
npucBauBanus s3eika Cu: [Var | * Var] = [Const | Var | *VarPointer], rne Var — nepemennasi, Const
— KoHcTaHTa, VarPointer — yka3aTenb Ha MEPEeMEHHYIO, «|» — 3HAK IEPEUUCIICHHUS BApUAHTOB
SI3BIKOBBIX KOHCTpYKIMi. Ha puc. 2 mpeacraBineHa auarpaMma CHHTaKCHYECKOTO pa3dopa, T.e. Ha
JaHHYI0 CTaauio pa3dopa MPHUXOASIT HE OTICIbHBIE CHUMBOJBI, a HWH(POPMAIMOHHBIE Taphl,
0003HavYaONIIKe JEKCEMbI (JISKCUYECKH aHanu3 mpoBoauT DY nekcuueckoro pazbopa). K gyram
rpada IPUMKCHIBAIOTCS JIEKCEMBI, TI0 KOTOphiM OA-crcTeMa MepeXoauT U3 OJHOTO COCTOSIHHS B
npyroe. Ho, B oTiiMuume OT CHMHTAKCHMYECKO AMarpaMMbl pPAclO3HAIOLIEro aBTOMara, K Jyram
arpaMMbl Tak)Ke MPUIUCHIBAIOTCS W JIEUCTBHS, KOTOpBIE JOJDKHA BBIMONHATHE OA-cucrtema,
pearupys Ha NPUXOMSAIIYIO JeKceMy (2 He CHMBOJIBI, BbIJaBa€Mble Ha BBIXOJHYIO JICHTY, KakK B
KJIACCUUECKOW TEOpUM aBTOMATOB-TPAHCIATOPOB). Takoe pelieHue AaeT MporpaMMHUCTy HAMHOTO
0O0JIBITIE BOBMOXKHOCTEH MPH CO3/IaHUH PACIIO3HAIOIICH CUCTEMBI, YeM KOHEUHBIN aBToMaT. Kak yxe
TOBOPHJIOCH, KOKJIOMY y3JIy AHarpamMMbl COOTBETCTBYeT cBoe @Y — u o0o3HaUeHHE (MHEMOHHKA)
storo DY npunmcano k BepmmHEe Tpada. OcHOBHOM anroput™ paboTel OA-cucTeMbl
pacro3HaBaHus CIEAYIOLIMIL: IIEPE Ha4ajIoM OCYLIECTBIISETCS HacTpolika Bcex DY, u B TOM uncie
MIPOU3BOJUTHLCS U HacTpoiika DY JeKCHYecKOoro aHain3a, 4TOObl OHO BBIIABAJIO TIEPBYIO JICKCEMY
Ha OV, orBeuaroniee 3a Havyasio aHainu3a (B Hamem ciaydae Root). lanee Y, kotopomy ot OV
nekcudeckoro pazbopa noctynuia MII, ananuzupyer npuilequryro JeKCeMy U B 3aBUCUMOCTU OT
pe3ysibTaTa aHalu3a MEepPeHacTpanBaeT JEKCUYSCKUH aHaM3aTop TakuM o0pa3oM, YTOOBI TOT
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«BBIOpachIBA» OuepenHylo JiekcemMy ansi DY, OTBETCTBEHHOrO 3a CIEAYIOUIYI0 CTaJIuio
CHUHTaKCH4ECKOI'0 aHAJIN3A.

’ VarPointer VarPointer 3anmcarb
e WaitVar TICPEMCHHYIO
« Pointer Beiemurs azipec Pointer2 1O CChUTKe
TIepEMEHHOI
D) N
Wait = 3anmcatb
Egual KOHCTaHTYy =
Var 3anomuuts 7
ipee 3armicarb
niepeMEHHON epene

Puc. — 2 Cunrakcuueckas quarpamma pas0opa orneparopa rnpucBauBanus si3pika Cu

[TpuBenem dparment OA-mporpammsel (JIucTuHT 1), COOTBETCTBYIONMIMK BBHIICTIPUBEICHHON

CUHTaKcu4eckor nuarpamme (cuHTakcuc OA-s3bika omucaH B [S5]): 34€ch MPUBOIUTCS OMHCAHUE
WHUIMAIM3auuu nepBoix Tpex @Y OA-cucTeEMBI.

Root.Set=
>{Separator="*" Lex.ReceiverMkSet=WaitVarPointer.FindIc}
>{Var=nil Root.InObjPopMk=VarManager.Set

Lex.ReceiverMkSet=WaitEqual.FindIc}

>{0=nil Console.Out="Wrong variable describeing" Lex.Stop}

WaitVarPointer.Set={VarPointer=nil}
WaitVarPointer.SuccessProgSet=
{WaitVarPointer.InObjPointPop=VarManager.Read

Lex.ReceiverMkSet=WaitEqual.FindIc}

..V.

WaitVarPointer.FailProgSet={Console.Out="Pointer not finded" Lex.Stop}

WaitEqual.Set={Separator="="}
WaitEqual.SuccessProgSet={Lex.ReceiverMkSet=AfterEgual.FindIc}
WaitEqual.FailProgSet={Console.Out=" '=' not finded" Lex.Stop}

Lex.Lexing="x=10; y=*Uk" \*3anyck rehneparopa Jekcem*\
JInctunr 1 — OA-niporpaMma CHHTaKCHIECKOTO pazdbopa

Ha nucTtuHre npucyTCTBYIOT CeIyIomue 0003HAYEeHUS:
Root.Set — mummnkomanga ycranoBku criricka st @Y Crnmcox (Root);
- 3HAaK Hayaja HOBOM KarcyJibl, BXosie B OA-CIHUCOK;
Separator — aTpuOyT CUMBOJIa-pa3/ICIUTEINS;
nil — o6o3HauaeT, yTo B KayectBe Harpy3ku MII moryT BeICTymaTh Jit00asi KOHCTAHTA WIIH
yKa3arelb;
Var — arpu0OyT nepeMeHHOM;
Findlc — mummmkomanaa moucka oxnoit UII B kancyne wim cimcke;
VarManager — @V, 0TBeTCTBEHHOE 3a paboTy ¢ IEpEMEHHBIMH;
VarManager.Read — MuwimnmkoManaa YTeHHs NEPEMEHHOM U3 YKa3aHHOTO B Harpyske
azapeca;
Console.Out — MuIIMKOMaH/1a BbIBOJIa COOOIIIEHHUS HA BBIBOJHYIO KOHCOJIb;
Lex — o603nauenne @Y nexcuueckoro pazdopa;
Lex.ReceiverMkSet — ycTaHOBKa MWUIMKOMAHABI, NPUKPEIUIIEMOM K TEHEPHPYEMOI
JIeKCEME;
Lex.Lexing — 3amyck Jiekcuaeckoro pazoopa (B Harpy3ke CUMBOJIbHAsI CTpOKa Ui pa3dopa).
Lex.Stop —mummkomanaa octanoBku @Y nekcuaeckoro pasodopa.

Kak BuaHO w3 smctuHra 1, npH BBITOJIHEHWHU YCIOBHS Moucka DY ¢ mnomoiibro

muunkoMansl Lex.ReceiverMkSet nepenactpauBaer @Y sekcuueckoro pazoopa Takum o0pa3om,
9TOOBI OHO BBIIABAIIO OYEPEIHYIO JIEKCEMYy Ha CIEIYIOUIYI0 CTaIUI0 CHHTAaKCHYECKOTO pazbopa.
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T.e. @Y paboTaroT aCHHXPOHHO (NAPAJUIENIIbHO), U BBIYUCICHHUS AKTUBU3UPYIOTCS C TOMOIIBIO
MUJUTUKOMaH/I, KoTopbiMu DY oOMeHnBaroTcst Mex Iy co0oit. Takum oOpazom, OA-pacro3Haronias
JeKcuueckas cucremMa paboraer mno mnpuHnuny dataflow, KOTOpBII OTKpBIBa€T OrpOMHBIE
BO3MOYXHOCTH:
1. pacnapanienuBaHUE BbIYUCIICHUI;
2. peanmm3anys aHajgW3a Ha  PACTHpPENEICHHOM M TETEpPOreHHOW  (COCTOSIMHA U3
BBIYMCIIUTENbHBIX Y3JI0B Pa3IUYHON apXUTEKTYpPbl) BEIUUCIUTEIBHON CUCTEME.

HanomuuM, 4TO KOHEUHBI aBTOMAT, AKTUBHO UCMOJIBb3yEMBbIN celvac Juisl aHaIu3a s3bIKa, 1O
ONPEJICTICHUIO ABJISIETCS MOCIEA0BATEIbHBIM, T.K. OH B OJIMH MOMEHT BPEMEHHU JIOJKEH HAXOJIUTCA B
TOJBKO OJHOM cOCTOSIHUM (3 Q, rae Q — MHOXECTBO BCEX BO3MOXHBIX COCTOSHHW aBTOMAaTa
(HeIeTepMUHUPOBAHHBIN aBTOMAT B IIAHE Mapajien3Ma 0COOBIX MPEUMYIIECTB HE JaeT, T.K. OH
Takke paboTaeT B MOCIEI0BATEIbHOM pekuMe, 00pabaThiBasi OJIMH CHUMBOJI CO BXOJHOM JIEHTHI B
OJIMH MOMEHT BpeMmeHH ). [lapainenusm B KIIaCCUYECKON CUCTEME PacllO3HAHUS SI3bIKa MOXKET OBITh
oOecrieueH JUIIL OJIarogaps HCIOJIB30BAHUIO HECKOJBKUX YPOBHEH (TPOXO0JIOB) KOMITHIISIIUHA
(Hanpumep, JIEGKCUYECKUA M CHUHTAKCMYECKUM YpPOBHHU), TA€ JUIsl KaXIOro YPOBHS NPUMEHSETCA
CBOM pacno3Haromuii aBromar. OA e cucTeMa COCTOMT M3 COBOKYNMHOCTH MapajuleIbHO
pabotaroux @Y. A g 6osee CIOXKHOTO pacro3HaHHs (Jajee CUHTaKCUYECKOTO YPOBHS SI3bIKA)
KOHEYHBIH aBTOMAT HEMPUMEHHM, T.K. OH HE MOXET paboTaTh ¢ TIIyOOKON abcTpakuuend JaHHbBIX.
OA e apXMTeKTypa MOJIXOIUT U JJIsi CMBICIIOBOTO aHalm3a s3bIKa, T.K. 00JaJaeT cleayromuMu
MIPEUMYIIECTBAMH, CBA3aHHBIMU C YJOOCTBOM aOCTpaKIMK JaHHBIX:

1.Bbicokuii ypoBeHb aOCTpaKIMK JAHHBIX U IPOTPaMMBI [6].

2.B0O3MOKHOCTh COBMENIaTh B OJHONW WH(GOPMAIMOHHOW CTPYKTYpe KaK JaHHbIC, TaK U
IporpaMMy Ux oOpaboOTKH.

3.B0O3MOXHOCTh JWHAMHYECKOTO CHHTE3a W TEPECTPONKH aOCTPaKTHBIX [aHHBIX. OJTO
CBOMCTBO caMoO€ Ba)KHOE JJIS CMBICIIOBOTO aHAN3a TeKCTa: CMBICIBI (OOBEKTHI), 3AI0KCHHbBIC B
TEKCTe, B IMOJABIISAIONIEM YHCJE CIy4yaeB HE BIIMCBHIBAIOTCS B PaMKU CTaHAAPTHBIX LIA0JIOHOB
(ppetimoB). I mMeHHO NUHAMUYECKUN CHUHTE3 aOCTPaKIMi MO3BOJIUT MO 3al0kKeHHBIM B OA-
CUCTEMY IIPaBHJIaM CO3/1aBaTh OMHCAHUS 0OBEKTOB, 3apaHee HEU3BECTHBIX TPOrPAMMHUCTY.

Haubonee 01u3Koi K PEIOKEHHOMY CIIOCO0Y CMBICIIOBOTO PACIIO3HAHUS TEKCTA SIBIISETCS
KOHIIEIIIHS COBETCKOro JUHIBUCTa Mrops Menbuyka «CMBbICI-TEKCT» [3], TI€ CUHTE3 CMBICIOBBIX
KOHCTPYKLHUN OCYIIECTBIISIETCS HE HAMIPSMYIO, a Uepe3 HECKOJIBKO 3TAnoB (YPOBHEHN) — OT MPOCTOTO
K cliokHOMY (puc. 3).

ATOM (CUMBOJI)
BBIXOJJHOI'O
SA3BIKA

ATOM (CUMBOJI)
AHAJIM3NUPYEMOI'O
SA3BIKA

KJTIIOYEBASI
ABCTPAKIIUSA

Puc. 3 — OA-koHyc aOcTpakiuii

Menpuyk mpeanaraeT IsATh YPOBHEH: CEeMaHTHYECKHH (YpOBEHb CMBICIA), TIYOHMHHO-
MOpP(OJIOTHYECKUH, MOBEPXHOCTHO-MOP(OJIOTHUECKUH, r7TyOMHHO-CUHTaKCUYECKUH,
MMOBEPXHOCTHO-CUHTAKCHUECKUH, (oHOIOrnYecKnii, OHETHIECKUN (YPOBEHb TEKCTa) — XOTA
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JielaeT OrOBOPKY, YTO YHCIO YPOBHEH MOXKET OBITh M JAPYIMM (Ha YCMOTPEHHE pa3padoTduKa
Mozenu). CMbICH Ke, 3aJI0)KEHHBIN B TeKcTe, MenbuyK MpeacTaBiseT B BHUE rpada, BepIIMHAMU
KOTOpPOTO SBJIIIOTCS TaK HAa3bIBAEMBIE CEMbI — JJIEMEHTapHbIE (HEPA3JI0KHMbIE) CMBICIOBBIE
enuHulbl. B Buge rpadoB mpeAcTaBNAOTCS M OTHAEIbHBIE 3JEMEHTHl Ha TIIIyOMHHO-
MOP(OJIOTHUECKOM U MOBEPXHOCTHO-MOP(HOIOTHIECKOM YpoBHAX. OxHako KoHuenus «CMbICi-
TEKCT» HE MOoJIyuynsia IMIMPOKOTO PACIPOCTPaHEHHsI BBUAY CBOEH CIOKHOCTH M, CaMOE TJIaBHOE,
HernOKocTH (Tak, ceMbl B KOHLEMIMM Mebuyka NpPeACTaBIsUId CO00M HECKOIBKO BHIOB
MPEeIUKATOB C (PUKCUPOBAHHBIM YHCIOM apryMEHTOB), YTO CYIIECTBEHHO 3aTPyAHSJIO CHUHTE3
abCcTpaKIMid.

B npemiaraemoli KOHLIETIIMK CMBICIIOBOTO aHAJIM3a TEKCTa CMHTE3 CMBICIOBBIX aOCTpakUuit
TaKXe OCYIIECTBISIETCS OT IPOCTOTO K CIOXHOMY (puc. 3): mpolecc CHHTE3a HAYMHACTCA CO
CMBICJIOBBIX aTOMOB (3JIEMEHTAPHBIX CMBICIIOB), B CIyyae aHalIM3a TEKCTa CMBICIOBBIMU aTOMaMu
ABJIAIOTCSL  CUMBOJIBL.  Jlanmee  OCylIecTBiIS€TCS  JIEKCMUECKMM — aHalu3:  BBIJCICHHUE U3
MOCJIEIOBATEIIbHOCTH CHMBOJIOB JIEKCEM — JaHHOM paboroit B OA-cucreme 3aHumaercs DYV
Jekcuueckoro paszbopa. Kak mpaBuio, CHHTE3MpOBaHHBIE Ha JaHHOM OJTane a0CTpaKIUH
npencTaBisaioT coboit oraenvHbie MII, B koTOpbIX aTpuOyToM sIBIsieTCS UACHTU(UKATOp THIIA
JIEKCEMBI, a B HArpy3ke XpaHHMTCsS cama JIeKceMa (CHMBOJI-pa3felIuTeNb, YUCIO, CTPOKA U T.I.).
Jlamee nexceMbl TOCTYMAalOT Ha JTal CHUHTAKCHYECKOrO aHalu3a, A€ MPOUCXOAMT aHau3
B3aUMOCBSI3M JiekceM. Ha stom »stame Qopmupyemble aOCTpaKIMKU JOBOJBHO CIOXKHBI U
MpeICTaBIsAlOT co0oil  uHopmanuoHHble Karncyiasl win  OA-uHbOpMalMOHHBIE —JEpEeBbs
(cMbIciioBO#t Tpad) [4, 6]. AGCTpaKIMK 3TH NEpeIAIOTCs AT JAIbHEHIIIEr0 aHau3a Ha CJICeTYOIIUN
YpOBEeHb aHanm3a, rae @Y CHHTE3UpYIT U3 HUX emle Oosiee CioxHble a0cTpakuuu. OCHOBHas
Harpyska 1O CHHTe3y aOCTpakUuii Ha YpPOBHAX OT CHHTAKCHUYECKOTO M BbIIIE JIOKUTCS Ha DY
«ITouck» m «Crucok», KOTOpble NPOM3BOASAT aHAIW3 IMOCTYNUBIIMX aOCTpakuuil U BBI30B
COOTBETCTBYIOIUX MHJUIAIIPOrpamMM At ux obpabotku. Ilpomecc ananusa TekcTa MpeacTaBiseT
co00i Tak Ha3bIBa€MBbIl KOHYC aOCTpaKIIHii: B €r0 OCHOBAaHUHU PACIOJIaratoTCsl CMBICIOBbIE aTOMBI
(cMMBOJIBI  TEKCTa), B BepIIMHE — KiIOYeBas aOCTpakKlWs, OMHCHIBAIOIIA CMBICI BCEro
pacrno3HaBaemMoro Tekcta. Ecnm ke HeoOXoIMMO OCYIIECTBUTH IEPEBOJ C OAHOTO S3bIKa Ha
JpYToH, TO MPSMOI KOHYC abCTpaKIuil JOMOIHAETCS KOHYCOM OOpaTHBIM, KOTOPBIA OCYIIECTBIISIECT
CHHTE3 TEKCTa Ha JIPYTOM SI3bIKE M3 KIIIOUEeBOM adcTpakiuuu (puc. 3).

OA-nonxon, obnanaromuid 600N THOKOCTHIO IPU OCTPOSCHUH CMBICIIOBBIX KOHCTPYKIHH,
MO3BOJIUT B OyAyIIeM OCYLIECTBISATh HE TOJIbKO aHAJIM3 MAIIMHHBIX S3bIKOB BBICOKOTO YPOBHS,
OTHOCSIIINXCS K KJIacCy KOHTEKCTHO-HE3aBUCHMBIX IO HepapXUu XOMCKOTO, HO U JKUBBIX SI3BIKOB,
OTHOCSIIIUXCS K KOHTEKCTO-3aBUCUMBIM U cBOOOAHBIM. Tak, B OA-monenb MOXXHO, Hampumep,
N00aBIATh MPU3HAKK CTHIMCTUYECKONM OKPAaCKU TEKCTa, aCCOIMATUBHBIC CBSI3U U T.1; T.e. OA-
cuTeMa OyJIeT IPEICTABIISITH COO0I MOIIHYIO Oa3y 3HAHMM JIJIsl aHAIM3a TEKCTA.

B 3akmioueHue cremyer ckasarb O TOM, Kakasg pabora Obula mpojenaHa B O0JIaCTH
pacno3HaHus TeKcTa ¢ mpuMeHeHueM OA-apXUTEKTYPHI:

- pa3paboTaHa KOHIENHUS pa3dopa A3bIKa ¢ MOMOIIbI0 OA-CUCTEMBI;

- 0TpaboTaHbl OCHOBHbIE TUIIBI DY, UCTIOIB3yeMbIE AJIS A3bIKOBOTO aHAN3a;

- CO3/JaHa cpefa IporpaMMupoBaHus uid HanucaHuss OA-nporpamm [6], KoTOpas MOKET
OBITH CMOJIb30BaHA B TOM UKCJIE U IS aHAIHM3a TEKCTa;

- ¢ nomouipto OA-cpensl mporpaMMmupoBaHus co3laH  OA-KOMIMIATOp, KOTOPBIA
OCYIIECTBIISIET TIEPEBOJ MPOTpaMMBbl, HamucaHHOW Ha crnenuanbHO OA-s3pike B OA-00pas
(COBOKYITHOCTh MH(OPMALIMOHHBIX KAICyJl U MUJUTUIPOTPAMM, ONUCHIBAIOIIUX AJITOPUTM PELICHHUS
KaKoN-1m00 3a71a4m).

Jluteparypa

1. Axo, Yiaeman Teopus Axo A., Yiaeman Jx. Teopust CHHTaKCHYECKOTO aHaJIM3a, IEpeBoja U
KoMImyIsan. — M.: Mup, 1978

2. Munckuit M. @peiimMbl 115 ipeacTaBiaeHus 3uanuii: [lep. ¢ anrin.- M.: Dueprus, 1979.

3. Menbuyk M.A. OnsiT Teopun nunrsuctudeckux mojeneid «CMbICJI <—>TEKCT» — M.: [lIkona
«SI3p1KM pycckoi nmuTepatypb», 1999.

36



4. Camubexsua C.M., [Tandumnos I1.b. OA-apxuTekTypa — HOBBIH IMOIX0 K CO3TAHHUIO OOBEKTHBIX
cuctem // OobekTHbIe cucTeMbl — 201 1: marepuaisl 111 MexayHapoaHOH HayYHO-IPAKTHUECKOM
koH(pepenuuu (Poctos-Ha-/lony 10-12 mast 2011 r.) / [Tox o6m. pex. ILI1. Oneitauka. — Pocto-Ha-
Hony, 2011. — C. 73-79 URL: http://objectsystems.ru/files/Object Systems 2011 Proceedings.pdf

5. Camubexksa C.M., [Tardunos [1.b. [lepciekTiBHAS CyIIEPKOMIIBIOTEPHAS CHCTEMa Ha OCHOBE
00BEKTHO-aTPHUOYTHOW MOJICITH BEIYMCIICHHH C YIIPaBJIEHHEM TIOTOKOM JaHHBIX / MexayHapoHast
koH(pepeHIus «Pa3BUTHE CYNEPKOMITLIOTEPHBIX U TPUA-TeXHOJIOrHi B Poccun» B pamkax «Btoporo
Mockosckuit CynepkommbioTepaoro popyma» Poccust, Mocksa, BBLI 26—27 okTs6ps 2011 roga
URL: http://www.hpc-platform.ru/tiki-download file.php?fileld=82

6. Camubexssa C.M., Ilanpumo II.b. OObekTHO-aTpuOYTHBII TOAXOAL K  IMIOCTPOCHHUIO
WHTEIUICKTYaIbHBIX cucTeM // HelipokoMIbIOTEepHI: pa3padOTKu U MpUMEHEHHE. 2

V]IK 004.4

UEPAPXUS KJIACCOB METAMO/IEJIM OFbEKTHOW CUCTEMBI

Oueiinnk IlaBea IerpoBuy, K.T.H., CHCTEMHBII apXUTEKTOp MporpaMMHoro odecneueHusi, OAO «AcTony,
Poccus, Poctos-nHa-Jlony, xsl@list.ru

B wHacrosmiee BpeMs HauOoliee YacTO  HUCHOJB3YEMBIMH  SIBISIOTCS  OOBEKTHO-
OpPUEHTHPOBAHHBIE S3BIKH MPOTPAMMHPOBAHUS, MOMYJISIPHOCTh KOTOPBHIX OOYCIIOBJIEHA HATHYUEM
psiaa XOpoIlo U3BECTHBIX NMpeuMyIecTs [1].

B nanHolf cratbe MOAPOOHO paccMaTpHUBAeTCsl HEpapXHs KJIacCoB, HCIOJb3yeMas st
MPEJICTABICHHUS] METaMOJENU OOBEKTHOW CHUCTEMBI, KOTOpas Oblia ampoOWpOBaHA W YCIIEITHO
MPUMEHSIETCS B KOPIOPATUBHOM pEIIEHUH, KIIOYEBOM OCOOEHHOCTBIO KOTOPOTO SBISIETCA
MPEIOCTaBIICHHE BO3MOXKHOCTH JO0OaBIEHHS HOBBIX KIACCOB, OIMCHIBAIONIUX CYIIHOCTH
npeaIMeTHOM obnacTi, 0e3 MepeKOMNWISLUUU MpuiaokeHus. JlaHHas 3ajada BO3HUKIA U3-32
HEOOXOJIUMOCTH CaMOCTOSATEIHHOTO pacimpeHus (yHKImoHana (myTéM Jo0aBiICHHs] KaK HOBBIX
aTpuOyTOB CYIIECTBYIOLIMX KJIACCOB, TaK MU J00AaBJIEHHWEM IPOU3BOJIHBIX KJIACCOB) OIBITHBIMU
MOJIb30BATEISIMU CUCTeMBbL. JlJis perneHusl 3aqadyud MmoTpeOoBaloCh pa3paboTath psll CTPYKTYD,
KOTOPBIE ObI TTO3BOJIMIIM COXPAHATH HHPOPMAIIHIO 00 MMEIONTUXCS KJlaccax MPeAMETHOM 00IacTH 1
0 HAJIMYUU B HUX aTpuOyTOB. T.e. HEOOXOIUM MEXaHU3M MPEACTABICHUS METaMOJETN 0ObEKTHON
CUCTEMBI JIJIsl CO3/ITaBaeMOM Cpeibl Pa3pabOTKH MPHUIIOKCHHH.

Pemenue mo0oif 3amaun HaumHaeTcs ¢ (opMupoBaHus KpurepueB ontumManbHoctu (KO),
KOTOPBIM JIOJKHA COOTBETCTBOBATH MOJyueHHas peanusanus. [ paccMaTpuBaemMoit 3a1a4i ObUTH
chOpMyIIMPOBAHKI CIIEAYIONINE KPUTEPUU:

1. Pa3paboraTh enuMHyI0 HepapXuio, MO3BOJSIOUIYIO MPEACTaBUTH KIIOYEBBIE 3IIEMEHTHI
00BEKTHO-OPHEHTUPOBAHHON MapaJurMbl, TaKW€ KaK KJIAcChl, aTpUOYThI, HACIEIOBaHUE
(OIMHOYHOE U MHOYKECTBEHHOE), aCCOITMAIIUN U T.II.

2. TlpemycMoTpeTh BO3MOKHOCTH IPEIOCTABICHUSI 0a30BBIX (CHCTEMHBIX) KIIACCOB, B KOTOPBIX
peanu3oBaH Hanboee o0muil GyHKIIMOHAT

3. PaszpaboraTe uepapxWi0 aTOMApPHBIX JUTEPATBHBIX THIIOB, KOTOPBIC TPEICTABISIOT
Haubosee paclpoCTPaHEHHbIE THUIBI JaHHBIX COBPEMEHHBIX OOBEKTHO-OPUEHTHUPOBAHHBIX
SI3BIKOB MPOTPAMMHPOBAHUSI.

Paccmotpum TpeboBaHMS KaK0Tr0 KpUTepHs Oojiee moapooHo. Peanuzarus tpedosanus KO1
MO3BOJIUT YHUPHUIIMPOBAHO 00pabaThIBATh BCE DJIEMEHTHI METaMOJIeTH (KOTOPBIE MPEACTABIISIOTCS
B BHJI€ 3K3EMIUISIPOB BBIJEJIEHHBIX KJIACCOB) C IOMOIIBbIO PA3IMYHBIX CTPYKTYpP JaHHBIX, HAIPUMED
C TIOMOIIBIO UTEPATOPOB MpHU (PpopMHUpOBaHUM IUKIA. [IpU 3TOM TOIB30BATENIO MPEIOCTABIISETCS
BO3MOXXHOCTh MPHUMEHSTh XOPOIIO 3apeKOMEHAOBaBIINE Ce€0si OO0BEKTHO-OPUEHTUPOBAHHBIC
MOJIXO/IbI, KaK HAPUMED, HACIICIOBAHUE U OPTaHHU3AIIHS aCCOIUAITHIA.

KO2 tpebyer Hamnuusi cCUCTEeMHBIX (BCTPOCHHBIX) Ki1accoB. B olmieM ciaydae moibp3oBaTenu
HE MOTYT MOIU(UIIUPOBAThH MOBEEHUE STUX KIACCOB, HO MMEIOT BO3MOXXHOCTh HACIIEOBATHCS OT
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Hux. [Ipu 3TOM HalMuMEe MHOXKECTBEHHOTO HACJIEIOBAHMS MPEJOCTABIISIET MIUPOKHUE BO3ZMOXKHOCTH
MOJICIMPOBAHUS 33124 MTPUKIIATHON MPEeIMETHON 00IacTH.

CoBpeMeHHbIE O0BEKTHO-OPUEHTHPOBAHHBIC SI3BIKH IMPOTPAMMUPOBAHHUS HWMEIOT B CBOEM
apceHasne OoraThlii Ha0Op BCTPOEHHBIX ATOMAPHBIX JHUTEPAIbHBIX TUINOB. [loaTOMy HEoOXoaMMO
NPEJOCTaBUTh TOJOOHBINH (YHKIMOHAT B pa3pabaThlBa€MOil CHCTEME, 4YTO COOTBETCTBYET
tpeboBanuto KO3. Tak kak 100aBIsATh aTpUOYTHI KJIACCOB OYyT OINBITHBIC MOJIH30BATENN, KOTOPHIS
UMEIOT C1a0ble MPEACTABICHUS O MPHUHIIUIIAX MPOCKTUPOBAHUS WHPOPMAIMOHHBIX CUCTEM, HMEET
CMBICJ COKPAaTUTh KOJWYECTBO aTOMAPHBIX BCTPOEHHBIX THUIIOB JAHHBIX, YTO MO3BOJIUT YNPOCTUTH
MPOLIECC MPOCKTHPOBAHUSI U YMEHBIIUTH KOJUYECTBO MPOOJIEM, BO3HUKAIOIINUX MPH PeaKkTOPUHTE
[6], korna mosb30BaTENh U3MEHSET TUIT JAaHHBIX aTpUOyTa.

Cama wjest mpejacTaBlieHUsT MeTamoJenu OOBEKTHOM cucTeMbl He HOBa. Tak, B paboTax,
MMOCBAIICHHBIX CTAHJIAPTY 00BEKTHO-OPUEHTHPOBaHHBIX 0a3 manHbix ODMG 3.0 [2,3], u B paborax,
onuchIBaroIMX A3bIK 3anpocoB SQL:2003 [4] umerotcst ompenenéHHble pemeHus. Ho nepsblit
craggapt (ODMG 3.0) B 3HAYUTENBHONW CTENICHH OPHEHTHPOBAH JIUIIL Ha yIOOCTBO 0OpabOTKH
METaMOJIEIM C TOMOUIBI0O BCTPOCHHBIX KOJUIEKIMI U wutTeparopoB, a BTopod (SQL:2003)
OpPUEHTHPOBAH Ha MPEICTaBICHHUE CIOKHBIX TUIIOB JAHHBIX B sUe€HKaX TaOIUIIbI, 4TO 00YCIIOBICHO
€ro HaIlpaBJIECHHOCTb Ha pensiuuoHHble b/I.

[lo BbIIE ONMMCAHHBIM MPUYMHAM OBUIO MPUHATO PEIIEHUE CaMOCTOATEIBHO pa3paboTaTh
HepapXuI0 KJIaccoB, MOJTHOCTHIO yJIOBJIETBOPAIONIYIO MOCTaBlIeHHON 3anavye. Ha pucynke 1 B Buze
JTUarpaMMbl KilaccoB yHUuIEpoBaHHOTO s3bika UML [5] mpencraBiiena pazpaboTaHHas uepapxusi.

' CaptionedYetaModelten (¥ | MetarModeltam ¥ |

Abstract Class ¢ Abstract Class
-+ MetaModelltem + TypedarmeObjact
| tHass ¥ " AbstractAttrite (%) | Association %) |
Abstract Class Abstract Class Clasz
= CaptionedMataMadelItem = CaptionedMataMadelItem = CaptionedMetaMaodellterm
| Simplefnheritancetiass ¥ | | Systemattribute ¥ |
Abstract Class Class
~#Class -+ Abstractattribute 2" RightEnd ¢ LeftEnd
| CostomAttribite... ¥ | ) | oncreteAteribote (¥ | AssociationEnd ¥ |
Abstract Class T Attributes Abstract Class Class
+ Class T ¥ Abstractattribute 4 RootObject
| LanguageConstructionClass ¥ | ' BaseClasses
Class — - - \
-+ SimpleInheritancedlass | DomainClass ¥ TypedAttribute < FDefaultVake> ¥
Class Generic Abstract Class
= CustomAttribukedC ... = Concretedttribute
| FileDataAttribute (¥ |
Class T - \ o \
b SimpleTypedattvibutel... | [~ Simpfe NypedAttrbute < FPefauftVake = ¥ HassedValueAttribute < TValveliass> ¥
| | Generic Abstract Class Generic Abstract Class
= —# TypedAttribute = TDefaultyalue = ¥ TypedAttribute <IBazeRunTimeDomainClass =
[ DateTimeattribute (¥ | '
Class - . T
 SimpleTypedattribues... TypeAttribute ¥  pttribute
| L | Class
4 TypedAttribute < Type=
| Imageattribute ¥ |
Class 27 . \ - a :
+ SimpleTypedAttributed] .. TypedValveR angedAttrbute=... |¥ DomainClassAttribute [¥
| | Generic Abstract Class Class
- SimpleTypedattribute = TDefaulty alue = = ClassedWalusAttribute <Doma...
| Symbolattribute ¥ | ' yF
Class
=+ SimpleTypedattribute=c...
; | IntAttribute ¥ |
P | - | — Class
LogicalAttribute ¥ StringAttribute ¥ DecimalAttribute ¥ -+ Typedvaluskangedot. .
Clazs Class Class

+ SimpleTypedattributech. .. -+ SimpleTypedattributass. .. —# TypedialueRangedahi...
Puc. 1 — Uepapxus K1accoB METaMOJIENIA OOBEKTHON CHCTEMBI
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bazoBeiM KiaccoM paccmarpuBaeMoil uepapxuu saBusercas MetaModelltem, KoTopbrii
COJIEPKUT 00IIIMe CBOMCTBA U METO/bI, XapaKTepHbIE JIJIs1 BCEX JIEMEHTOB MeTaMoenu. OCHOBHOE
CBOWCTBO ONMHMCHIBAEMOT'0 KJIACCA COAEPIKUT THII CAMOTO JIEMEHTA U HCIOJIb3YETCS MHOTOKPATHO
JUIS TIOJIy4eHUs. MeTauH(popMaluu. DJIeMEeHThl MEeTaMOENH, KOTOpble JOKHBI UIMETh Ha3BaHUE U
3arooBoK (Kiacc, aTpuOyT Kiacca, acColManus W T.I.), JOJDKHBI OBITh YHACIEIOBAaHBI OT
CaptionedMetaModelltem. Jlns mnpenactaBieHus pa3IdYHBIX KJIACCOB CHCTEMBI HCIIOJIB3YETCS
KOpHEeBOi1 abctpakTHbIi kiacc Class.

B cucreme mnpenycMmoTpeHo aBa BHuaa HacienoBaHus. llepBoe mpeamosnaraeT MpocToe
Haclle/IoBaHHE KJaccoB 0e3 BO3MOXHOCTH J0OaBiieHUs aTpuOYyTOB IOJb30BaTeieM. JlaHHBIA THIT
HACJIEIOBaHUSI MOJKET HCIOJB30BaThCsA KJIACCAMU JIMHTBUCTHYECKOIO TPAHCIATOpPA, KOTOPBIH
NpearoiaraeT CoO3JaHHE HEPApXUU KIIACCOB, MPEACTABIAIONICH 3JIEMEHTBl PYCCKOTO S3bIKa
(manpumep, mMopdemsbr). g pemieHus ONMMCAaHHOW 3aJadé HMCTOJb3YeTCs aOCTPaKTHBIN Kilacc
SimplelnheritanceClass.

Jlng peanu3aliiM  KJIACCHYECKOTO HACJTEAOBaHUsA, Mperoiaraiomero no0aBieHue, Kak
YHACJeIOBaHHbIX KJIACCOB, TaK M OIpPENIEeJICHUS HMEIOUIMXCS aTpUOyTOB, HCIOIB3YIOTCS
npou3BoaHbie OoT CustomAttributedClass kmaccel. B wacTHOCTH, peann3oBaHHbIN (HEaOCTPaKTHBIN)
DomainClass ki1acc UCTonb3yeTcs Uil peau3aliyl CyIHOCTEH MpeIMeTHON 00JIacTH, Kaxaas u3
KOTOPBIX MOXET OBbITh yHacjeloBaHa OT HECKOJIbKMX 0a30BbIX. MHO)XECTBEHHOE HaclieJJOBaHHE
MO3BOJISIET NPOEKTHPOBATH Oojiee THOKHE CHCTEMBbI, ABTOMATHU3UPYIOIIME IIUPOKUH CIEKTp
NPUKIAIHBIX  OpeaMeTHbIX — obnacteil.  Hampumep, mnpu  NPOEKTUPOBAHUU  KJIACCOB,
MPEJCTABISAIONIMX HEKOTOPBIE TOBAPHI, MOXKET MOTPEOOBATHCS MPEACTABUTh X CTPYKTYPY B BHUJE
nepesa. T.e. HE0OXOIMMO OJTHOBPEMEHHO HAcleOBaThCA OT 0Aa30BOr0 Kilacca, MPEeCTaBIIAIONIErO
TOBAp, U OT CUCTEMHOTO KJlacca APEBOBUIHON CTPYKTYPHI.

[Ipy mpoeKTUPOBAHUU HEpPAPXUU ATOMAPHBIX JUTEPATbHBIX THUIIOB (LIETBIX YHCEN, CTPOK,
JOPOOHBIX YHCEN W T.M.) UCTHOJB30BAICS OOIIMN TOIXOJ, MOAPOOHO OMUCaHHBIM B padote [7].
OpHako ¢ 1eNbl0 YIpOUIeHHs Ipolecca pedakTopuHra ObLIO NPUHATO pPEHIeHHE O COKpallleHWU
HaOopa KJIaccoB W NpPUMEHEHHUE mapaMmeTpu3oBaHHBIX TUNOB (Generic B s3bike C#). KopHeBbIM
saBisieTcs:  kiacc  AbstractAttribute, oT koTtoporo yHacieoBaHbl  SystemAttribute u
ConcreteAttribute. [lepBblit HcTIONB3yeTCS I OMMCAHUS aTPUOYTOB CUCTEMHBIX KJIACCOB, KOTOPBIE
HE MOTyT peJaKkTUPOBaThCA WM J00aBIATbCS —MOJdb30oBaTeneM. Bropoil mpencrasiser
HETIOCPEJICTBEHHO aTpUOYTHI, 100aBIsIeMbIE MTOJB30BATEIEM B PEKUME BHITIOTHEHUS TIPUIIOKEHUSI.

bazoBeii mapamerpuszoBaHHBIA Kiacc TypedAttribute sBisieTCsi KOpHEBBIM JJISI  BCEX
aTpuOyTOB, y KOTOPBIX MMapaMeTp THUIA BBICTYNACT B KAdyeCTBE THUIA JaHHBIX ISl 3HAYCHUS
atpuOyTta. Ao6ctpakTHbiii Kimacc SimpleTypedAttribute sBisieTcsi KOpHEM HEpapXUU aTOMapPHBIX
JIUTEepanbHBIX TUNOB. B cBoto ouepens, ClassedValueAttribute sBnsieTcss KopHeM Ul Bcex
aTpuOyTOB, 3HAUEHUSAMH KOTOPBIX BBICTYNAaeT 0OBEKT ONPEEICHHOTO Kiacca.

Jns mpencTaBiieHUs CBA3€H MEXKIY KJIAcCaMU MCIIOJIb3YETCS MEXAaHHU3M acCOLMALMU S3bIKA
UML][5], ans peanusanuu KOTOPOTO BBIACNIEH Kiacc Association. B cucreme mpemycMmoTpeHa
BO3MOKHOCTh OIHUCAHUS TOJBKO OMHApHBIX CBS3€H, T.K. JUISI HUX MpPOILE BCEro ONPEACTIHTH
KpaTHOCTh KaXA0ro yuacTHHKa. [loaTomy ans mpenacTaBieHHs OTIEIBHOTO Kpasi accolUaluu
UCTIOJIb3YeTCsl FK3eMIUIsIp Kiaacca AssociationEnd.

PaccMoTpuM  cooTBeTCTBHE  NaHHOM  HMEepapXWM  BBIJCJICHHBIM  paHEe  KPUTEPUSIM
ontumansHocTH. Mepapxus coorBercTByeT TpeboBanmsiM KO1, T.K. OHa COAEpKUT BCE KIIIOUYEBBIC
3JIEMEHTHl 00BEKTHO-OPHUEHTUPOBAHHOMN MapaJUrMbl, TaKUE KaK Kjacchl, aTpHOyTHI, aCCOLUAIIUH U
NPEOCTABIET BO3MOXKHOCTh  peaju3allid  HacleAoBaHUS (KaKk  OJAMHOYHOTO, TaK U
MHOXECTBEHHOT0). Takke BbIMoJHEHbI TpeboBanus KO2, T.k. uMeeTcs BO3MOXHOCTh
NpeocTaBIeHUs] 0a30BBIX (CHCTEMHBIX) KIAcCOB, B KOTOPBIX pealn30oBaH HauOoiee OOIMi
¢dbynkuonan. Pa3zpaGoTaHHasi wepapXus KJIacCcoB, MPEACTABIAIONIAS aTOMapHbIE JUTEpajbHbIE
TUIBI, KOTOpBIE MPEACTABISAIOT Haumboyiee paclpOCTPaHEHHBIE THUIBI JaHHBIX COBPEMEHHBIX
00BEKTHO-OPUEHTUPOBAHHBIX S3BIKOB MporpaMMupoBanus. [loaTomMy MOXKHO yTBEpk,AaTh, 4TO
BbINOJIHEHBI TpeboBanus KO3.
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B 3akiroueHre OTMETHUM, YTO NAJbHEHMIIMM pPa3BUTHUEM OIKMCAHHOM METAMOJEIA MOMKET
ABIIATBCA J100aBIIEHHWE KIJIACCOB, MPENOCTABISIIOIIMX MEXaHU3Mbl (UIBTPALMKM JAaHHBIX H
AJIEMEHTOB, TMO3BOJSIONINX OMHUCATh JJEMEHTHI MOBEJACHUS (HANpUMEp, MpaBHia BajlWAalldd) H
MIPUHITUIIBI OTOOpaKeHUs (MOAX0asl (GopMuUpoBaHUs Trpadudeckux (HopMm mpuiokeHus). Taxxe
HEO0OXOUMO TMPEAYCMOTPETh BO3MOXKHOCTH JOOABJICHHS IOJIB30BATENIEM IMPOTPAMMHOIO KOJa,
pean3yronero OM3HeC-JI0TUKY MPEAMETHON 00JIacTH, T.K. HEBO3MOXKHO MPEIYyCMOTPETh 3apaHee
BeCh (PYHKLMOHAJ, KOTOPBII MOTpedyeTcs: B MPUKIAIHON MPEeAMETHOM 001acTH.
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BBeaenue

[Ipy  KOHIENTyaJbHOM MPOCKTHUPOBAHUU  aBTOMATU3MPOBAHHBIX CHUCTEM  ILIUPOKOE
MPUMEHEHHE HaxoIAT pa3iuuyHble rpaduueckue creuupukanuu: cetu Ilerpu, auarpammsl
NIEPEX00B COCTOSHUH, OJIOK-cXeMbl U Jpyrue. B cdepe pa3paboTku mporpaMMHOTO oOecredeHus
ocoboe mecto 3aHsum Metomosioruu Rational Unified Process (RUP) u Structured Analysis and
Design Technique (SADT). IIpu npoekTUpoBaHMM B COOTBETCTBHM C JAHHBIMH METOJOJOTHSIMU
aKTUBHO HUCTIOB3YI0TCs rpaduueckue crienudukaruu UML u IDEF.

B npoexkTHOM MO/EIMPOBAHUN IPUMEHSIOTCS pa3InyHble rpadUuecKue peJakTopbl, KOTOpbIe
MOXKHO pa3leliuTh Ha YHUBEpCAJIbHbIE U CIeNualu3upoBaHHbIE. [IpuMeHeHHe yHHBEpCalbHBIX
pPEaKTOpOB CBOAMTCS K CO3MAHUIO HEPOPMATU3OBAHHBIX CXEM M JuarpaMM, 4aiie BCEro B
JEMOHCTPAIIMOHHBIX  Teysix. K TakoBeIM  MOkHO oTHecth Microsoft Visio wum  Dia.
Crenan3upoBaHHbIE PETAKTOPBI BXOAAT B COCTaB MHCTPYMEHTAIBHBIX CPEICTB peau3alliy TOU
nunu uHou TtexHosoruu. Tak, Rational Suite, Visual Paradigm for UML, ArgoUML npencraBnstoT
co0oi crmenuanu3upoBaHHble Tpaduueckue pemaktopbl st merononorun UML. Ilpumepamu
penaktopoB cemeiicTBa rpadudeckux cnenudukanuii IDEF sBnsrorcs BPWin, ERWin, Business
Studio. OGmMM HEOOCTATKOM KaK YHUBEPCAIbHBIX, TaK M CHEIHMAIM3UPOBAHHBIX PEIaKTOPOB

1
CraTbsl peKOMEHA0BaHa K OIyOJMKOBaHUIO B )KypHaje "UHpopmanoHHbIe TEXHOJI0THH"
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SBIIIETCS OO TOJTHOE OTCYTCTBHE, TUOO OTPaHMYEHHOCTh MHCTPYMEHTOB aHaIW3a U KOHTPOJIS
MTOCTPOCHHBIX TUArpamMM.

1. RV-rpammaTuka

B ocHOBY pa3paboTanHOTO aHANMM3aTOpa MOJI0XKeH amnmapaTt RV — rpammaruk [1,3].
RV — rpammaruxoii s3eika L (G) Ha3pIBaeTCsl yHnopsi0U€HHAs MATEpKa HEMYCThIX MHOXECTB

G=(V,Z,Z,R, 1), rae

V={v,,e=1L} — BcromorareiabHbli andaBuT (agdaBuT omepanuii Hax BHYTPEHHEH
MaMsThIO);
X={a,,t=1,T} — TepMHHaNbHBIH andaBUT TpadUUYECKOro s3bIKa, SIBISIIOIIMICA

0o0BEIMHEHNEM MHOXECTB ero rpaduueckux OOBEKTOB W CBs3e (MHOXKECTBO NPUMHUTHBOB
rpauIeCcKOTO SA3bIKA);

Z={qg,t=1LT} —  KBa3UTCepMUHAIBHBIK  anpaBuUT, SABIAIOMMNACA  paCIIUPECHUEM
TEPMUHAIBHOTO ai(aBuTa.

R={r,,i=0,1} —cxema rpammaTku G (MHOXECTBO HMEH KOMILIEKCOB IPOIYKIIHIi, IIpHIEM

KaXXIbIi KOMILUIEKC 7, COCTOUT U3 MOJIMHOKECTBA Pl] npoxykuui r ={f, Jj=LJ});
rn€R — akcuomMa RV — rpammatuku (MMsi HavyaJdbHOTO KOMIUIEKCA MPOIYKIHHA), 7, € R —

3aKJIFOYUTEIBHBIA KOMIUIEKC POy KIIHA.

~ W [Wolr, 0 W)l
Iponykuust P, €, umeer Bug ¢ T
Tabauna 1. RV- rpammaruxu guarpamm Use Case
Kommiekc Kgazurepm Kommexe- RV — otHOMIEHNE
TIPEECMHUK
R, I Wi(e ")/ Wy == 0 ¢ ==0)
Rg Iy Wi(e D)Wy ==0 || @ == 0)
R¢ I's Wi(e V) Wi ==0 || @ ==0)
To
Rl T'e -
RE Iy _
RG Iy -
RA I -
I
RG I's -
I C Iy _
I3 C Ty _
Ty C Ty _
C To ]
Is
A I -
I's C To Wl(et(l))/W3(et(l) == || et(2) _ 0)
Iy C To Wl(et(l))/w3(it(1) I O || et(2) . 0)
c o W1(et(2))/W3(et(1) == 0 || et(2) = 0)
I
8 A I -

B kadecTBe BHYTpeHHEHl maMATH MpeIJaracTcsi HCIOIb30BaTh CTEKH I 00paboTKM
rpaduuecKkux 00BEKTOB, UMEIOIIUX 00Jiee OJTHOTO BBIX0O/A (YTOOBI XpaHUTh UH(OPMAIH O CBA3SIX
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— METKax), ¥ 3JIaCTUYHBIE JICHTHI 7151 00paboTKU rpaudeckux 00bEKTOB, UMEIOIIUX 00Jiee OHOTO

BXoJa (4ToObI OTMeuYaThb KOJMYECTBO BO3BPAaTOB K JIaHHOW BEpILIMHE, a, CJIEJOBATENIbHO,

KOJINYECTBO BXOAALINX AYT). JICHTHI MO3BONIAIOT CUMTHIBATH JaHHBIC U3 AYeeK 0e3 YHHUTOXKESHHUS UX

COJZIEPKMMOT0, & SIYEHKHU JIEHT MOTYT paboTaTh B PEKUME CUETUMKA LIETIBIX MTOJIOKUTEIbHBIX YHCE.
[TpuBenem mpumeps! rpaduyeckux rpammaruk cnennpukanuiit UML u IDEF.

2. I'pammaruka si3bika Use Case

Use Case-guarpaMMbl IpeIHA3HAYCHBI JJISI OMUCAHUS MPOCKTHPYEMOM CHUCTEMbI (WM ee
YacTH) C TOYKU 3PEHUS B3aMMOJCHCTBHS MOJB30BaTeNsl (aKTOpa) ¢ BapHaHTOM HCIOJIH30BAHUS
CHCTEMBI (MpeLeeHTOM). DTOT BUJ AMArpaMM pellaeT 3ajJady MpEACTaBICHUS CUCTEMBI B BUJE,
yaoOHOM I OOCYXKIeHUss Ha oOmeM s3bIKke (PYHKIHOHATBHOCTH MEXKIY 3aKa34HKOM,
MoJIb30BarTeseM U papadorunkoM. B Tabn. 1 npeacrasnena RV-rpammaruka auarpammsl Use Case
si3pika UML nociie MUHUMU3AIUN.

[Tocne okoHyanus pa3dopa HEOOXOIUMO IPOBECTU ONEPALIUIO KOHTPOJIS:

* = W'V, @)WV <> 0 && '@ <> 0)

B PE3YIBbTATC NOJIKHBI OCTAThCA ITYCTBIC JICHTHI.

Tabmuua 2. RV- rpammaruku auarpamm IDEF3

Kommnexkc Ksazutepm Kommexe RV — otHOmIEHNE
MIPEEMHUK
U I
Ty .
L 1, wil (:'mc{m‘{ﬂ })
Relp I's
T
I'CIOF T¢ -
1) rel, I's
S Ty w2(*™)
| w2(b1™)
AND To w3(mtE) == gt2))
I3 Lor To w2(Bp*™)
1 wi(h®™)
XOR To w3(me® == ye@)
no_label Ik -
T4 Lor Ty w2(*™)
U I -
L ) wl (:'ﬂc{m“ﬂ })
AND I3 wl(A(1) . kyin(0(2)), 1"mk ) fw2 (e't1)
wil {i’nc[mrm ])
AND I3 w3kt = 1)
r
i OR Iy wl(1Te(3), kyin'(t(4)), 172mk ) f w2 (e"t3 )
. 5 (3}
OR " (ol ))
w3k = 1)
XOR I3 wl(1:(5) . kyin'(£(6)). 172mk ) f w2 (7£5)
A (5]
XOR I3 M
- w3k = 1)
Te U T -
Ty —
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3. I'pammaTuka sisbika IDEF3

Merononorus IDEF3 — 3To MmeTomonorus rpagudaeckoro MoaeIupoBaHus, IpeIHa3HauYCHHAS
JUTSL OTIUCAHMSI U JOKYMEHTUPOBaHUSI HH(POPMAIIMOHHBIX IOTOKOB B CUCTEME, B3aUMOOTHOIIIEHUI
MEXIy mporieccaMu 00paboTku nH(MOpPMAITUK U 00BEKTaAMHU, SIBJISIOMIUMHUCS YaCThIO 3TUX
nporeccoB. B tabin. 2 mpencraBnena RV-rpammarnka si3pika IDEF3 nmocie munnmusanmu [2].

4. Peanu3anus aHAJIM3aTOPA IMATPAMMHBIX A3BIKOB

B kadecTBe MpakTUYECKOrO IMIPUMEHEHHUs NIPEIIaraéMoro moaxoAa K aHaJIu3y JUarpaMMHBIX
SI3BIKOB OBLIO PEaTM30BaHO paCIIMPEHUE IS MporpaMMmHoro mpoaykra Microsoft Visio. OOmias
CTPYKTypa CHUCTEMBI MpEICTaBlIeHa Ha pUCYHKe 1.

AHanuzarop _

Juarpamma > < RV
IDEF / UML rpaMMaTuKa

IDEF | UML S3BIKA

A
A 4

bubanoreka Nunukanums
rpadu4ecKux BBISIBIICHHBIX OIINOOK
IPUMUTHBOB Ha uarpaMme

Puc. 1 — O6mas cTpyKTypa CHCTEMBI aHAIN3a U KOHTPOJIS

st ananuza si3eikoB IDEF m UML Obuto peann3oBaHO J1Ba OTACNIBHBIX aHAIA3ATOpA, YTO
00YCJIOBJICHO CIIEU(PHUKON JAHHBIX rpadUIecKUX HOTALUH.

Ha mpakTuke ucnosb3yroTcs ABa BapuaHTa co3faHus pacimmpenus s Microsoft Visio:

1. Coznmanue kommnoHeHTa coriacHo TexHonoruu Component Object Model (COM);
2. Co3paHue BCTpaMBaeMoro B JOKYMEHT Makpoca Ha si3bike Visual Basic for Application
(VBA).

JlocToMHCTBaMM TEPBOrO BapHaHTa SBJSIOTCS HEIOCTaTKH BTOpPOro M HaobopoT. Tak,
pazpaboTka Makpoca Ha s3blke VBA 3aHMMaeT MeHbIIee BpeMs, HO OrpaHHuYEHa II0
¢dbyuknronanbHOCTH. [losTOMy ISt pa3paboTKy aHaidM3aTopa ObLT BHIOpAaH MEPBbIN BapHaHT, Tak
Kak OH ofOecnieuyuBaeT OoJiee MHUPOKHE BO3MOXKHOCTH MO paboTe Kak ¢ 0ObeKTaMHu camoro Visio,
TaK ¥ CO CTOPOHHHUMH OHMOIMOTEKaMH M CaMOW ONEPAIIMOHHOW CHUCTeMOW B 1esioM. KoMmoHeHT
COM mnpencraBnser coboit 00bruHyr0 DLL OubanoTeky, KOTopas perucTpupyercss B CUCTEME U
MMEET CBOM YHHUKAJIbHBIM HOMEp. HemocpencTBeHHO B KOMIIOHEHTE corjacHo crtangapty COM
HeoOxoaumo peannzoBath uaTepdeiic [Unknown [3].

Nudopmanust mo sromy kommoHeHTy ykasbiBaercs B kimtoue HKEY CURRENT USER/
Software/Mirosoft/Visio/Addins/ peectpa cuctemsl 11t TOro, 4To0bl Visio MOT 3arpy3uTh JTaHHBIE
koMmmoHeHTa. [logkimtoueHne KOMIOHEHTa B caMoM Microsoft Visio ocyIIecTBIsIETCS W3 IyHKTa
MmeHto Cepsuc — Hactpoiiku — [Tanenu MHCTpyMEHTOB.

<memory>

<storage id="1" type="0" />

<storage 1id="2" type="1" />

<storage id="3" type="1" />

<storage id="4" type="0" />

</memory>

JIuctunr 1 — XML-onncanue BHyTpeHHEH aMATH

RV-rpammaruka rpaduueckoro sizbika xpanutcs B ¢popmate XML. IlepBas cexius ¢aiina
rpaMMAaTHKH OMHUCHIBAET CTPYKTYPY BHYTPEHHEH MaMsTH, UCIOJb3YEMOW HAHHOW TIpaMMaTHUKOM.
[TapameTpsl Ui KaXJ0TO 3JEMEHTa MaMATH 3TO YHHKAJIbHBIA UACHTU(PHUKATOP U THIl JJIEMEHTa
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namsatu (0 — crek, 1 — anacTuuHas nenra). B nuctunre 1 npuBeneHa BHyTpEHHss IaMATh aBTOMaTa,
COCTOSIIAs U3 IBYX CTEKOB C UAcHTU(UKaTOpaMu 1, 4 U ABYX AJIIACTHYHBIX JIEHT 2, 3.

Janee €T cexuus ¢ ONMCAHUEM NPOAYKIUN IPaMMaTUKH, KaXk1as COCTAaBJIAIONIAs KOTOPOU
oTpakaeT CTpoKy TaOmmuHod (opmbel RV-rpammaruxu. Ilapamerpbr mpoaykiuu currentState u
nextState OTpakarOT COOTBETCTBEHHO TEKYIEe M CIEAYIOIIEEe COCTOSIHMS aBToMara, term —
COOTBETCTBYIONIMI Tpaduueckuii mpuMHUTHB. Jlajiee UIeT CIHMCOK OMeparii 3amiucy 3HAYCHUH BO
BHYTPEHHIOIO TMaMATh. Kaxkas omepauus 3amucu COACpXHUT MH(MOpMAIMIO 00 HACHTH(HKATOpE
teMeHTa namsatu storageld m 3aHocumom 3HaueHuu value. JIns a1eMeHTa MaMATH «3JacTUYHAs
JIeHTa» HeoOXoauM HoMep sueiiku key, B koTopyro nmpousBoauTcs 3anuck. [locie crucka oneparuii
CJIELy€eT YCJIOBUE BBINOJIHEHMS 3THX OIEpaluii, MapamMeTphl y KOTOPOro T€ K€, YTO M IapaMeTpbl
orepauuii 3anucu. Jns mpuMepa NpUBEAEM TUIUYHYIO MPOAYKLHMIO, Xml omucanue KOTOpou
IIPEJICTABJICHO B JINCTUHTE 2.

<production>

<currentState>1</currentState>
<nextState>2</nextState>
<term>A</term>
<operations>
<operation storageId="2" key="t" value="1"/>
<operation storageId="3" key="t" value="k"/>
<operation storageId="4" value="t"/>
</operations>
<conditions>
<condition storageId="2" key="t" value="0" />
</conditions>
</production>

JInctunar 2 — XML-ommcanne npoayknuu RV-rpammaTtiku

Anroput™m paboThI aHAIM3aTOPa COCTOUT U3 CIEAYIOUIUX [IATr0B:
ITpOEKTUPOBIIKK CTPOUT AUATPAMMY B Cpe/ie IPOSKTHPOBaHUA Visio.

2. C momompio pa3pabOTaHHOTO pacIUpeHus amarpamMma npeodpasyercs B XML-

ONMCAaHNE, KOTOPOE CONEPKUT BCE DJIEMEHTHI IMarpaMMbl U CBsI3U Mexay HUMH. OnucaHue

HE COJEPKUT MH(POpPMAIMU O PACHOJIOKEHUH 3JIEMEHTOB, T.K. JaHHas WH(pOpManus He

UCTIONB3YETCsI pHU pazbope.

AHanu3atop npuHUMaeT Ha BXoJ XML-onucanue nocTpoeHHON JuarpaMMal.

4. XML-onucanue mpeobpa3yercss BO BHYTpPEHHEE TMpEJICTaBlIeHHE [UIs PaOOTHI
aHanu3aropa. BHyTpeHHee NpeACcTaBlIeHUE CONEPKUT ONMHUCAHUE TUArPaMMBbl, aHAJIOTUYHOE
BxogHoMy XML-¢aitny. Ilporcxoaur nomnonHuTensHas 00pabOTKa BXOJHON MH(POpPMALUU
HeoOxoauMoi i1t paboTel ¢ RV-ananmuzaTopom.

5. ITocnenoBarenbHO, CUMTHIBASL AIEMEHT 3a 3JIEMEHTOM, aHAJIN3AaTOpP MPOU3BOIUT aHAIIN3
Y KOHTPOJIb JUArpaMMBl.

—_—

(O8]

6. [To pesynbraTram aHanM3a U KOHTPOJISI POPMHUPYETCS CIIUCOK OIITUOOK.
7. Crmcok npeobpaszyercst B XML u Bo3BparmaeTcs B cpeay IpOeKTUPOBAHHS.
8. [To momydyeHHOMy cmucKy B Visio OTMEUYalOTCS THUIBI M MECTOIOJIOKCHHUS
CUHTAKCUYECKUX U CEMaHTHUYECKUX OIINOOK, OOHApyKEHHbIE aHAJTN3aTOPOM.
BriBOabI

PasButnem mpenaraeMoil CHUCTEMBI SIBJISETCS CO3JaHUE €IUHOTO0 YHHUBEPCAIBHOTO
aHaJIn3aTopa AuarpaMMHBIX SA3BIKOB, MpeaoOCTaBIAOUICTO BO3MOXHOCTb ,Z[O6aBJIeHI/I$I
ompeIeJICHHON TpaduiecKoil HOTaluu, €€ TpaMMAaTUKH U TIOCIEAYIOIIET0 aHanu3a. Takke BeayTcs
pa®oOThl MO PpACHIMPEHHIO TIPEAJaraeMoro IOAXO0Ja Ha Jpyrue MNporpaMMHBIE CpEACTBA U
1aTGHOPMBI.
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MukasieB UBan AnexcanapoBud, K.¢.-M. H., noreHt, Gunnan « CEBMAIIBTY 3y, Cankt-
ITetepOyprckuii ToCy1apCTBEHHBIN MOPCKON TeXHUYECKUN YHUBEpCcHTET, Poccusi, CeBEpOIBUHCK,
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BBeaenue

HcrokoH BEKOB YENOBEUECTBO 3aHATO IMO3HAHUEM OKPYXKAIOIIEro MUpa U cels Kak ero
yactu. [lapaaurMel CMEHSIOT IPYT Apyra B MOMBITKAX CMOJEIUPOBATh OKPYKAIOIIYIO PEAIbHOCTD.
OpHako uzxes O TOM, YTO MHUpP NPOHM3aH CHUHEPruell — HHEprued B3aMMOJAEWCTBHUA, HallIa
YAUBUTENBHBIN OTKIMK BO Bcex cepax coBpeMeHHOro Mupa. @eHOMEHOM 3TOr0 OTKIJIMKA CTallo
MIPEJICTABJICHHUE O HAICH KU3HU B IIEJIOM B BHJIe OECKOHEYHON COBOKYITHOCTH B3aUMOCBSI3aHHBIX H
B3aMMO3aBUCUMBIX OTKPBITBIX U 3aKPBITHIX CHCTEM. DJIEMEHThl CHCTEM HOCST rojorpapuuecKuii
win  (pakranpHBIA XapakTep, o0jamas BMeCTE C TeM YHUKQJIbHBIMA ~ CBOMCTBAMH,
MPUBOISIIIIMMU CaMH 3JIEMEHTHI M CUCTEMBI B IIEJIOM K MPOLECCY MOCTOSHHBIX U3MEHEHUH [1] .

U Bcs 312 "peanbHOCTD, 1aHHAst HaM B OLIYIIEHUAX" TpeOyeT co3aHus COOTBETCTBYIOIIETO
WH(POPMAIIMOHHOTO TPOCTpPaHCTBA — cHHepreTudeckoro. OmnuceiBaemble 0azamu maHHBIX (B]I)
MpeIMETHBIE 00JIACTH M OM3HEC-TPOIECChl, KaK M BCE JKMBBIE CHUCTEMBI, 0OJAAl0T CBOWCTBAMH
KU3ZHECTOUKOCTH, (PYHKIMOHAIBHOCTH U afganTuBHOCTU. WHdopMannoHHBIH 00pa3 KaXOaoro
o0BeKTa, 3aHECEHHOTO B 0a3y, MOMKEH OBITh CHHEPTETUYECKUM — OTPAKAIOIIMM 3aBUCHUMOCTH
3HAYEHUN XapaKTepUCTUK OOBEKTa OT Cpeabl B3auMojeWcTBUA. EcTecTBEHHO, MpOrpaMMHBIE
CpeICTBa M CTPYKTYpPHI NpPEICTaBICHUS MaHHBIX B b/l MomkHBI 001anaTh TEMH K€ CBOMCTBAMH,
9YTOOBI aJIEKBaTHO OTOOPaKaTh MHOTOTPAHHBIN OKPY>KaIOIIUN MUP.

Cra"papTHbI  pENALMOHHBIA TOAXOA K OpraHu3aliud JaHHBIX JIeJaeT CTaBKy Ha
MaKCUMaJbHO () (PEeKTUBHOE MaHUIYJIUPOBAHUE JAHHBIMU, AJIS ATOTO MPUMEHSIET JE3UHTErpaluio
JaHHBIX JI0 WX TOJIHOW OJHOPOJHOCTH. A TIOCKOJBKY peallbHble OW3HEC-Cpelbl MPAaKTHUECKH
HUKOT/1a He 00Ja/Jal0T OJHOPOAHOCTBIO, 3TO MPHUBOJAUT K YpPE3MEPHOMY aOCTparupoBaHUIO OT
MPEeIMETHOM 00J1aCTH [2], ¥ CIIO)KHOCTSIM C ONMUCAHHEM CUHEPTreTUYECKIX XapaKTePUCTHK [3].

Hanpotus, cranmapTHbli OOBEKTHO-OPHUEHTHPOBAHHBIN MOAXOJ K OpraHU3aluy JaHHBIX
npeAnogaraet KOKIBIA OOBEKT peaNlbHOTO MHUpa ONHUCHIBATh WHIUBUAYalbHO, BCeH
COBOKYITHOCTBIO €0 IapaMeTpoB, YTO SBISETCA Oo0Jiee €CTECTBEHHBIM Ui CIIOKHBIX CHCTEM.
be3yciioBHO, 3TO MO3BOJIIET aJ€KBATHO OTOOPA3UTh CTPYKTYpPY M COCTaB IPEAMETHOW 00JacTH,
MHOT000pa3ue CHHEPIrUTUYECKUX XapaKTEPUCTUK U 00JIeT4aeT NPOeKTHPOBAHHUE.

1. Ilpumeps! pemieHns 3a1a4 CHHEPreTHYECKON NMPUPOAbI

OpranuzoBaTh O0OBEKTHO-OPHUEHTUPOBAHHBIA MOJIXOJ B YCJIOBUAX PENSLUMOHHON Oa3bl
JAHHBIX MOXXHO C TIOMOILBIO BBISBICHUS (PparMeHTOB 0a3 JMaHHBIX, COAEPXKAIIMX OOBEKTHI C
BapbUPYEMBIM YHUCJIOM MapaMeTpoOB, U BBIHECEHHs] caMHX OOBEKTOB U MapaMeTpoB-aTpUOYTOB B
OTJeNbHbIC CHPAaBOYHUKH, YTO CHENaeT MH(POPMALMOHHYIO CHCTeMy Oojiee (YHKIHMOHAIBHO WU
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YCTOMYMBOW K M3MEHEHUSMH OusHec-cpenpl. OTHOIIEHHE  «OOBEKT — MapaMeTp OOBEKTa»
MO3BOJISIET KOPPEKTHPOBATH CITHCOK MTAPAMETPOB JaXKe Ha TO3THUX CTATUSIX POCKTHPOBAHUSI.

O6vekT MapameTpbl_obbekTta

| kog_oBrekra: NUMBER
kon_obbekTa_napametpa: CHAR

MapameTpbl
kod_napametpa:; CHAR(1E)

3HaJveHWe_napameTpa: CH.

HaumeHoBaHKe:: CHA
TVN_napameTtpa: CH;

Puc. 1 — OtHomeHue 00BEKT — mapameTp 00BbEKTa.

Takue ¢parMeHTHl MOXHO BBIACTUTh BO MHOTIMX 3anadax. Hampumep, mpu pazpaboTke
MH()OPMAIIMOHHONW CHCTEMBI ydYeTa JIEKapCTBEHHOTO OOECHEeYCHMs MALMEHTOB C XPOHWYECKUMH
3a0oseBaHUsAMU B [4], Kax10e 3a00JI€BaHNE XapaKTEPU3YeTCsl OOIMPHBIM NIEPEYHEM TTapaMeTpOB.
Hexortopele mapameTpsl yYHUKaJbHBI M XapaKTEPHBI TOJBKO JUIi OJHOTO 3a00JeBaHUs, IpyrUe
MPUCYIIN HECKOJIBKUM 3a00sieBaHUAM. M y KOHKPETHOTO MAaIleHTa 3TH MapaMeTpbl — CUMIITOMBI —
MOTYT MIPUCYTCTBOBaTh, OTCYTCTBOBATh U OBITh BBIPAKEHBI B PA3INYHBIX CTETEHSIX. AHAIOTHYHAS
CUTyalMs BO3HHMKAET M MPHU MPOSKTUPOBAHMHM MH(POPMALMOHHOW CHCTEMBI y4eTa KOMIBbIOTEPHOU
TEXHUKH, TaK KaK KOMIIBIOTEPHl MOTYT OBITh HPEACTABICHBI KaK OOBEKTHI C HEPAPXHUECKOM
CTPYKTYpPO#, HMMEIOIINE pPA3IUYHOE KOJUYECTBO KOMIUICKTYIOUIMX. A TakXke B PHUIITOPCKHX
CHUCTEMax M CHCTeMaX y4eTa HAaclIeICTBEHHBIX JIeJ, B CHCTEMaX pacueTa 3apa00THOM IaTh [4].

2. Mopenb yHHBepcaabHOM 0a3bl JaHHBIX

CrekTp mo0OHBIX 3a/1a4y NMPUBEN K uaee yHHUBepcanbHOM 0a3bl naHHbIX (YBJ), xoTopas
criocobHa 0e3 M3MEHEeHHsI CTPYKTYphI cojaepxkarhb B cebe uHpopmamnuio Jr000i mpeaMeTHON
obmactum [5].
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Puc. 2 — Jlormueckas MOJIeNIb YHUBEPCAIbHOW 0a3bl JaHHBIX

3. IIpob61eMbl 00bEKTHO-OPUEHTHPOBAHHOIO MOAX0/1a B 0a3aX JaHHbIX

HenocraTtkamu 00BEKTHO-OPHEHTUPOBAHHOTO noaxoja SIBJISIFOTCS OTCYTCTBHE
YHUBEpPCATbHBIX MOJEJICH JaHHBIX W CTaHJApPTOB, OTCYTCTBHE IMOJJICPKKH TPEICTaBICHUH,
HEy/1oOCcTBO 00pabOTKM JaHHBIX W HU3Kas CKOPOCTh BBIMONHEHUs 3ampocoB [2]. To ecthb
CIIOKHOCTh OINEPUPOBAHUS JaHHBIMH B BHJIE OOBEKTOB CBOJUT HA HET HEOCIOPUMBIC
MPEUMYIIIECTBA UX UCTIOIb30BAHMUSL.

[leHTpanbHBIMU MPOOIEMaMH, BHI3BIBAIOIIIUMHU 3TY CIOKHOCTh, SIBJISIOTCS:
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1. 3HaueHuss mapaMeTpoB OOBEKTOB OAHOMW U TOW K€ MPUPOABI MOTYT OBITh COBEPILIEHHO
Pa3HOTUITHBIMU;

2. XaoTUYHOE PACIIOJIOKEHHUE IMapaMeTPOB 3aTPYIHACT ONEPUPOBAHKE HHPOPMAITHECH.
4. BapuaHTbl perieHus MPodJaeMbl PA3HOTUITHOCTH

B pamkax pemsumonnoit b/l mpemiokeHo nBa pemeHust nepBod mnpobiembl. OgHO 13
peuieHui u3M0keHO B crarbe banHukoBa A.H. [6] u 3akimiouaercs B METOAMKE CO3JaHUS
CIPaBOYHUKOB TUNOB. Pa310XXuUTh AaHHBbIE B TaOIMIBI 110 TUIIAM, CO3/1aTh CIPAaBOYHHMKH TUIIOB U
CBOWCTB, M B TOJI€ 3HAUYCHUH TaONMMIBI TapaMeTpoB OO0BEKTa YKas3blBaTh CCBUIKY Ha
COOTBETCTBYIOILIYIO TaOJMIly CIpaBOYHMKA ONPEACIEHHOTO THUIIA M Ha HY)KHOE 3HAY€HHE B HEW.
[TapanienbHO ONTUMHU3UPOBATH CTPYKTYpY SQL 3ampocoB 1o Takoe CTPOEHHUE CIIPABOYHUKOB.

JlpyruM pelieHrueM MOKET CIIYKHUTbh HCIOJIb30BaHHE YHU(PUIIMPOBAHHOTO M €IWHOTO THIIA
naHHbIX [7]. Jlornuno BbIOpaTh eqUHMIICH U3MEPEHUS YHU(UIIMPOBAHHOTO THUIA — MAacCHB OaMT,
TaK Kak OH SBJISETCS €CTECTBEHHOW pa3MEpPHOCThIO MJsi BUPTYaJIbHOrO0 HH(POPMAIIMOHHOTO
IIPOCTPaHCTBA. Takol yHUBEPCAJIbHBIA THUIl CO3JAH U IIPUMEHSAETCS B MAaTPUYHOM YHHUBEPCAIBHON
o0BekTHO-persiimonHon 0a3e gaHHbX (MYOPB/).

5. MYOPB/I

MVYOPB/l sBinsercs wmaTpuuHbiM TmpeactaBieHueM YbB/I[8]. Marpuunas cTpyKTypa
COXPAHACT BCC MPCUMYIICCTBA PCIAIITMOHHBIX 63.3 JaHHBIX U IIO3BOJISICT paGOTaTB C HH(bOpMaHHGfI,
HCIIOJIB3YA IIOHATHA HaACJICAOBaHUA, arperaigmuu, BO3MOXKCH HOJ'II/IMOp(i)I/ISM N HWHKAICYJIAUA.
Crpyxkrypa sapa MYOPB/] npeacraBnser co60ii ceMUMEpHBI MaccuB, M UMeeT BUT [8]:

ARRUDB : {maccuB YBI}

array of {BI}

array of {CymHoCTb}

array of {9Ox3emmnyiap CywHOCTH}

array of {lVubopmMaumoHHasa enuHMla -Tpylla}

array of {lt m\mn syileMeHTa TpPyNIH — DapaMeTpa 5SK3eMIuispa CYWLHOCTH}

array of {ArpmOyTEH HapamMeTpa - CCBUIKA, 3HadYeHMe, gQnarta Cc, naTa 1o,
POOUTEJILCKUM DBJIEMEHT }

array of byte {MaccurB napamerpa}l

[TepBoe m3Mepenue — misi pabOTHI pacrpenci€éHHONW Oa3bl NaHHBIX. BTopoe wu3MepeHue
«CyurHocTh» — 3T0 Tabnuibl 00bekToB B/I, B ToM uncne tabnuiel Mmetananaeix MYOPB/I. Tpetbe
U3MepeHue OK3eMIUIp CYIIHOCTH — HEMOCPEIACTBEHHO caM OOBEKT, YeTBEPTOE H3MEpEeHHE
SIBIIICTCS. M3MEPEHUEM TPYII, B KOTOPbIe OOBEIWHEHBI 3HAYCHHS MapaMETPOB 1O CMBICIOBOMY
COJIep’)KaHUI0 (MHOTOCTpOYHAs eIuWHUIA HWHGOpMalWu), MATHIH HHIAEKC — JJIEMEHT TpPYIIbl
mapaMmerpa 9JK3eMIUISIpa CYIIHOCTH, IIEeCTOM — CTaTHYECKHd MacCHUB aTpuOyTOB 3HAYCHHUS
napaMmerpa, CoAep)Kalluid MOMHMO CaMOro IapaMeTpa W €ro 3Ha4eHHs BpPEMEHHbIE T'PaHUIIbI
aKTyaJIbHOCTH 3HAuU€HUsT W JIPEBOBUAHOCTH CTPYKTYphl eauHHIBl uHpopManuu. Ceapmoe
M3MEPEHUE — MACCHB MMapaMeTpa — OalThl 3HAYCHW aTpuOyTOB mapameTpa (YHHBEPCAIBHBIA THIT
JTAHHBIX).

6. Pemmienue npoosaemsbl pasnorunnoctu B MYOPB/]

VYHUBEpCATIBHBIA TUI [aHHBIX PEaJU30BaH HA OCHOBE ITOHWKEHUS KPAaTHOCTHU CHUCTEMBI
CUMCIICHUS U OOECIeYMBaeT YIPOIIEHUE U ONTHUMM3alMI0 paszMerieHus uHpopmanuu MYOPB/]
B OINEPATUBHOU MaMsATH [6]. DTO MO3BOJISIET OTKA3aThCs OT OMPECICHHS TUTIOB JTAHHBIX aTpUOyTOB
Ha (PU3MYECKOM YpPOBHE, M BBIBOJHUT 33Ja4yy OMNpEJeNeHHs THMa HH(pOpPMaluM Ha YpOBEHb
[IPOrpaMMHUpPOBAHUs, TA€ THUN 3aJa€TCsl MPOrPAaMMHUCTOM Il TOJIb30BATENsl, W OrPAHUYECHHS
BBICTABJISIET M3 YCJIOBUI IMOCTaBJICHHOM 3amauu, a He u3 TpeboBanuit CYBJ/[. DToT MexaHusm
CHUMAaeT OrpaHW4YeHHs Ha BBOJ HHGOpPMaLUKW B TOJsA aTpuOyToB U Ja€T pa3paboTyMKam
WH(OPMAIIMOHHBIX CHCTEM CTOJIb HEOOXOIUMYIO JKH3HECTOMKOCTh W aJanTUBHOCTH bBJl k
M3MEHSIOIUMCS TPeOOBaHUSIM.

47



B cenpmom m3mepenun MVYOPB/] XpaHsTcsi B OCHOBHOM CCBUIKM Ha CIPaBOYHHMKH
BHECEHHBIX €IMHUII MHPOPMAIINH, TaK KaK BCs TsDKENas nHbopMars u3 06a3esl yopaHa U pasaeincHa
Ha CIPAaBOYHUKH I10 THILYy CUMBOJIOB, COACPKAIIMXCS B 3HAUCHHSX, UCXO/A U3 CHEIU(PUKH pabOThI
aJIropuTMa Ha OCHOBE ammnapara NOHMKEHUSI KPAaTHOCTU CUCTEMbI CUUCIICHUS.

7. Pemienne npo0JieMbl Xaoca

Pemenue Bropoii mpodsembl B pamkax MYOPB]l motpe6oBasio co3qanHus JOMOTHUTETBHBIX
OIMCATENbHBIX CPEJICTB: MHCTPYMEHTa MOANepkKu TabmuyHoro Buaa cymHoctd (MIITBC),
WHJIEKCHOTO TPOCTPAHCTBA OCHOBHOTO MaccuBa JaHHBIX (MIIOMJI), MHAEKCHOTO MPOCTPAHCTB
cnpaBounukoB (MUI1C) u npoctpancta nenoctHoctH cebuiok (ITHC).

UIITBC - pemaer TiaBHYyI0 MNOpoOJeMy XaOTHUYHOCTH PpACIONOKEHUS aTpuOyTOB U
NPEJCTaBIseT COOOW MPUBBIYHYIO PESIMOHHYIO TaONMIly, B KaKIOW siueiike KOTOpOH MaccuB
CCBUIKOK Ha CTPOKY TaOJuIbl HapaMeTpoB. ATpuOyTaM — CHHEPreTHYeCKHM, B YaCTHOCTH,
MMEIOIIYM HECKOJIBKO IMapajuIeIbHbIX 3HAYEHHUH, — COOTBETCBYIOT KpaTHbIEe CChUIKM. 10 3ampocy
MOJIb30BATENsl BBIBOAMTCA BCE 3HAUEHHUS MapaMeTpa depe3 pas3ieiauTeNb, JTuO0 3HAUCHUS
COOTBETBTBYIOLUE 3allpallliBa€MOMy BHELIHEMY YCIOBUIO. Hampumep, nns MHIUBHIA MOXKET
BBIBOJIUTHCSA (haMuJIus, NEHCTBYIIAs Ha 3a/laHHBIN MepHoJ] BPEMEHHU, WIIH BECh UX CITHCOK.

UIIOM/] mpencraBnsier coOOW CEeMUMEpPHBIH MacCHB, B KOTOPOM  pa3MeIleHbI
OTCOPTHPOBAHHBIE yKa3aTeIW Ha CTPOKU TaOIUI[ B HYKHOM MOPSAIKE MO KaXIOMy MapaMerpy.
Crpykrypa maccua UTIOM/I umeer Bua:

IASTSpr : {maccus MIOMI }

array of {BI}

array of { N Cymuoctum}

array of { N Ilapametrpa }

array of { N Illpebmuxca }

array of (N Tpynnel nNepsoro CHUMBOJA}

array of (N m/m B Trpymnmne nepBoro CHMMBOJA }
array of byte { azmpec }

[lepBoe u3Mepenne — Homep Oa3bl JaHBIX, BTOpPOE H3MEpPEHHE — HOMEp  TaOJHUIIBI
OTpaXkarollled CYyIIHOCTb, TPETbe — HOMEp mapamerpa. [lanpHedmme W3MEpeHUs CBS3aHbl C
peanu3anuen rpyninoBoro NHACKCUPOBAHHUS.

3HayeHus MapaMeTpa pa3ziesieHbl Ha 256 TpyIn — COOTBETCTBEHHO KOJUYECTBY BO3MOKHBIX
3HayeHui y Oaiita. Takoe pasneneHue NAET OJHO3HAYHBIN MOJOKUTENbHBIA 3()(EKT I moucka,
TOJBKO MPHU PABHOMEPHOM PACIPEIEICHUM MEPBBIX CUMBOJIOB B 3HAYEHUAX MapaMeTpa, 4ToO PEAKO
COOTBETCBYET JAECMCTBUTENBHOCTH. YacTo BCTpewaromasics CUTyalMs, KOIZJa CYLIECTBEHHOE
KOJIMYECTBO 3HAYEHUI MMapaMeTpa HAYMHAKOTCS C OJHOTO WJIM HECKOJBKHX OJIMHAKOBBIX CUMBOJIOB
U Ppa3IMyalOTCsl TOJIBKO HECKOJbKHUMH TMOCICAHUMH (HAaMMEHOBAaHME JOKYMEHTa, 4YepTexa,
MHOECTBO OJHOKOPEHHBIX (aMHUIIUii), CMOJEIMPOBaHA C TOMOINBIO CHCTEMBI TMPE(EKCOB.
Haunnas ¢ onpeenéHHOro KoJn4ecTsa CTPOK, COOTBETCTBYIOIIETO IPYIIE IEPBOTO CUMBOJIA, 3TOT
CHUMBOJI BBIHOCUTCSI B OTJIEIbHBIA MacCUB W3 NPEPUKCOB BCEX IMapaMEeTPOB, 3aT€M CTPOKHU
pacrpeientoTcsi B IPYIIbl COOTBETCBEHHO BTOPOMY CHUMBOJIY M Tak jainee. CTpykTypa MaccuBa
pe(UKCOB UMEET BU/I;

PrASTSpr : {mMaccup npedmkcos }

array of {BI}

array of { CyuwHOCTBb}

array of { IapameTrp }

array of { N Ilpedmuxca }

array of byte { maccur npeduxca }

Ctpoku, UMeroNIMe HECKOJIbKO 3HAUYEHUH OJHOTO MapaMerpa, YIIOMUHAIOTCS B Pa3IUYHbIX
rpynmnax cooTBercTBytouiee uuciao pa3. Iloaromy uerBéproe usmepenne MIIOMJ[ — Homep
npedukca, — e oH He BbiAeneH, To 3710 0. [Iaroe — HoMep koja nmepBoro cumBoia (ot 0 1o 255),
HaKOHEIl, IECTOe — MOPAIKOBal HOMEp B IpyIIie IEPBOTO CUMBOJIA.
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UIIC - npencraBiser co0OMl MIECTUMEPHBI MAacCUB, B KOTOPOM pPa3MEIICHBI
OTCOPTHPOBAHHBIE YKa3aTelIM Ha BBIHECEHHbIC B CIPABOYHMKM 3HadyeHUA. CTpykTypa maccuBa
HIIC nmeer BUA:

IAD: {mMmaccur UIC}

array of {BI}

array of {N CnpaBouHMKA}

array of {N Ilpeduxca}l

array of (N Tpynnel nNepsoro CHUMBOJA}
array of {lt n/m B Trpymnne nepBOrO CHMMBOJIA}
array of byte { Maccur 3HaueHus }

JUist TOCTPOEHUSI CUCTEMBI TPYIIIOBOTO MHJIEKCUPOBAHMS MH(POPMALIMN aHAJIOTHYHO BBEAEH
MaccHB MPe(UKCOB 71 CIPABOYHUKOB!

PrAD: {maccupB MUIIC}

array of {BI}

array of (N CnpasouHUKa}

array of (N Ilpedpuxca}l

array of {W TI'pynne nepBOIr'O CMMBOJA }
array of {N m/m B Trpymnmne nepBoro CHMBOJA }
array of byte { MaccuB 3HaueHUus }

[IIIC BOCHpPOU3BOAUT CTPYKTYPY OCHOBHOTO MAacCHBa JAHHBIX C TEM OTJIMYMEM YTO HA
[IECTOM ypOBHE HE aTpUOyThI 3HAYCHHUS IMapameTpa, a CIHCOK CCHUIAIOIIMXCS Ha 3TO 3HAYCHHE
9JIEMEHTOB 0a3bl JAaHHBIX, HAa ITOCJIICAHEM YPOBHE CaMU aapeca CChLIKH.

Crpykrypa maccusa I1L[C nmeer Bua:

RIASTSpr: {maccus IIC }

array of {BI}

array of {CymHocTb}

array of {3x3emMmnyigap CyWHOCTM}

array of ({lrdopmMaumoOHHaA ermuHMUIA -TpPYyINa}

array of {SjmeMmeHT Trpynne — IapaMeTp B3K3eMIJisgpa CYHMHOCTM}
array of {N 1©\m B COMCKe CCBUIOK }

array of byte {ccrukal

Bce wMHIEKCHBIE MPOCTPAHCTBA HCIOIB3YIOT CHCTEMY TIPYIIIOBOTO HMHACKCUPOBAHUSA
nH(popManuu.

BriBOabI

[Ipumenenne ynuBepcasbHoro tuna pAanHslx, WIITBC, HWIIOMZ, WIIC wu IIHC
KOMIICHCUPYIOT OCHOBHBIE OTPUIATEIbHBIC OTIMYHMS OOBEKTHOTO IMOJIXOAA OT PENSALUOHHOTO. A
BO3MOKHOCTb MCIOJIb30BaHUs TPYNIIOBOIO MHIAEKCUPOBAHUSA M BOBCE HAET MPEBOCXOJCTBO IEpEN
HUM.

B nanbHeiimem crienyert 3aaymarbes Haja (popManuzanueil 00beKTHO-PENIALIMOHHBIX MOJEIEH.
Pacmmpenue cTpyKTypbl, MOSIBJIEHHE HOBBIX BO3MOXKHOCTEH B3aMMOCBA3M OOBEKTOB, OOBEKTHO-
OpUEHTHPOBAHHBIE CBOMCTBA, CHHEPreTMYHOCTb aTpHUOyTOB OOBEKTOB - BCE OTO JeNaeT
HE/I0CTaTOYHBIM CTaHAApTHBIE HOTauuu Ais pensaunonubix CYB/I, u Tpedyer pacmmpenus ux oo
3aMEHBI.
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YK 004.89

OB ATEHTHO-OPUEHTUPOBAHHBIX CUCTEMAX U MHOTOATEHTHBIX
BAHKAX 3HAHU

3aitneB EBrennii UropeBn4, K.T.H., T0IIEHT, MOCKOBCKHUI rOCYAapCTBEHHBIN YHUBEPCUTET
npubdopoctpoenus u nuapopmatuku, Poccusi, Mockga, zei@tsinet.ru

ATEHTHO-ODUEHTHPOBAaHHAsE ~ TEXHOJOTHS  TO3BOJSIET  CO3[aBaTh  paclpe/esieHHbIE
WHTEJUICKTyalIbHbIE CHCTEMBI, B KOTOPBIX U PEIICHHS CIOXHBIX ITUI0XO(POPMATU3yeMbIX 3ajad
BMECTO OJHOTO HWHTEJUIEKTYaJIbHOTO peIaTeNss HUCMHONb3YeTCsl CaMOOPTraHU3YIOLIAscsl CeTh
MIPOTPAaMMHBIX areHTOB, (POPMHUPYIOIINX YaCTHBIC PEIICHHS, B3AaUMOICHCTBYIOIINX JAPYT C JPYTOM,
a TaKKe KOOPIUHHUPYIOIIMX KOJJICKTUBHOE MoBeaeHue. [lonstue nporpaMMHoro arenra (software
agent) TpakTyeTcs IO-pasHOMYy. HMHorma mporpaMMHBIE areHTBhl ONPEACISIOT TPOCTO Kak
aBTOHOMHBIE MPOIECCHI, KOTOpBIE JACHCTBYIOT OT KMMEHH IIOJIb30BaTellsi B Cpele, B KOTOPOH
BBITIOJIHSIOTCSL IpyTHe mpouecchl. [Ipu 3TOM areHThl paccMaTpuBarOTCS KakK CYIIHOCTH, KOTOPBIC
MOTYT BOCIIPUHMMATh OKPY>KaIOIIyIO Cpeay MOCPEICTBOM PELENTOPOB U B3aUMOJICHCTBOBAThH C HEH
[1]. BergensiroT Takue CBOWCTBA MPOTrPAMMHBIX areHTOB, KaK MHTEPAKTUBHOCTD MJIM OOIIECTBEHHOE
noBeneHue (social ability) (T.e. cmocoOHOCTH  (YHKIMOHHPOBATH B COOOIIECTBE areHTOB,
WHUIMHAPYS B3aUMOJCHCTBHS W OOMEHHBAsCh COOOIICHHSMH C IOMOIIBIO HEKOTOPOTO SI3bIKA
KOMMYHUKAIMI); PEaKTUBHOCTh (CIIOCOOHOCTh  BOCIIPHHHUMATH  OKPYXAIOWIYI0 Cpely U
CBOEGBPEMEHHO pEarupoBaTh Ha COOBITHS HEJICTEMHHHPOBAHHBIM 00pa3oM); MPOAKTHBHOCTh MU
LEJIEyCTPEMIICHHOCTh  (CLIOCOOHOCTh JCWCTBOBATh B YHPEXKJIAIONMIed MaHepe, B YaCTHOCTH,
TCHEPHPOBAThH HOBBIC IEJIN U JICHCTBOBATh PAIIMOHAILHO ISl HX JTOCTHIKCHU ).

B ompenenenun arenra, xoropoe naer DOHA HHTEIUIEKTYyaJlbHBIX (PU3HMUECKUX areHTOB
(Foundation for Intelligent Physical Agents), sBnsrommiicss komutretroM IEEE Computer Society
(http://fipa.org), areHT — 3TO TJIaBHBIA HUCIOJHUTEIL B JIOMEHE, OONamaroImui OJHON WIN
HECKOJIbKUMHU CEPBUCHBIMH BO3MOXKHOCTSIMH, OOpa3yIOUIMMH €IMHYI W KOMIUICKCHYIO MOJIEINb
BBITIOJIHEHUS], KOTOpas MOXKET BKJIIOYATh JOCTYH K BHEIIHEMY IMPOrPaMMHOMY OOECIIEYEHHIO,
IIOJIB30BATENSAIM M CpeAcTBaM CBsi3u. OTMedaeTcs, YTO IVIABHOM OTIMYMTEIBHOW YEpTOU
MIPOTPaMMHBIX areHTOB ABISIOTCS MX MHTEIUIEKTYalbHOCTH (intelligent) u MmoOmnbHOCTH (mobility).
C oOmenpuHATOW TOYKH 3peHHsS OOBEKTHO-OPHEHTHPOBAHHOTO IPOrPAaMMHPOBAHUS TIEPBOE
CBOWCTBO MPOSIBIIICTCSI B TOM, UYTO areHT COAEPIKUT HE TOJIbKO TUIIMYHBIE /Ul OOBbEKTHBIX KJIACCOB
METOBI M aTpUOYTHI (WICHBI-IaHHBIC KJIacca), HO TaK)Ke€ KOTHUTHUBHBIC CTPYKTYpbI naHHbIX (CDS,
Cognitive Data Structures) ¥ MeTOAbBI, peaIH3yIOLINe JOTUYECKHE BBIBOJBI, a TAKXKE MEXaHHU3MbI
camMoOOyUYeHHS U aJlalTallny.

Bropoe cBoiicTBO (MOOMIBHOCTB) areHTOB, CBA3aHHOE C UX CIIOCOOHOCTHIO MUTPUPOBATH IO
CeTH B TIOMCKaxX HEOOXomuMoW WH(OpPMAIMM WM CEPBHUCOB, TO3BOJSECT JIHMHAMUYCCKU
nepepacipeeisiTh BBIYUCIUTENBHYIO HArpy3Ky B 3aBUCHMOCTH OT COCTOSHHS CETH, a TaKke
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obecrieynBaeT WHTEPONEPaOETHbHOCTh MEXITY Pa3TUYHBIMU CYIIECTBYIOIIUMHU "
paspabatreiBaeMbIMU cucTeMaMu. VHTeponepadenbHOCTh JOCTUTAETCs MPU CTaHAApTU3ALUN TaKuX
aCTIeKTOB, KaK Iiepelada areHTOB M CIY)KEOHBIX (MCTIOJB3yeMBIX areHTOM) KIIACCOB MEXIY
areHTHBIMHM CHUCTEMaMH, a TaK)Ke yIpaBlieHHEe areHTaMH. TeXHOJIOrHsi MOOMIBHBIX areHTOB MOXET
nojiepxuBath kak cnalOyio (weak mobility), Tak u cuibHyro (strong mobility) monenu
MoOunIpHOCTU. B ciydae ciaboit MOOUIBHOCTH Ha YJAJIEHHBIH y3€l MEPEHOCUTCS TOIbKO CErMEHT
kofa (HaOop WHCTPYKIMI), BO3MOXKHO, BMECT€ C HEKOTOPHIMH JAHHBIMH WHUIUATH3AIIH.
XapakTepHOW 4YepTol cJ1aboil MOOWJIBHOCTH SIBISIETCS TO, YTO TIEPEHECEHHBIM KOJ BCeraa
3aITyCKaeTCsl U3 CBOETO MCXOIHOTO COCTOSIHHSI, KaK 3TO MPOUCXOIUT, HApUMep, ¢ Java-anrieramu
(applets). B cimyuae cunbHO#T MOOMIIBHOCTH BMECTE C CETMEHTOM KOJ1a TIEPEHOCUTCS TAK)KE CETMEHT
WCTIOJTHEHUS, YTO TMO3BOJIAET pabOTaromieMy IMPOLecCy MOocie MPUOCTAHOBKU U TMEPEHECCHUs Ha
JIPYTYyI0 MallMHy MPOJOJIKUTH €ro BBIIOJHEHHE C TOrO0 MECTa, Ha KOTOPOM 3TOT MpOIEcC ObuI
npuoctaHoBiieH. [IpuMepom areHToB ¢ CHIBHOW MOOMIIBHOCTBIO SIBIISIFOTCS Java-aryieTsl (aglets),
KOTOpPBIE TEPECHIIAIOTCS W3 OJHOTO KOHTeKcTa B Apyrod mo mpotokoiny ATP (Agent Transfer
Protocol) mpukmamHOrO YpOBHSA, HE 3aBUCAIMIEMY OT TUIATGOPMBI M HCHOJB3YIOLIEMY
yaudummpoBanabii  ykazarenb pecypca (URL, Uniform Resource Locator) mnsi ompeneneHus
MECTOIIOJIOKECHHSI ar€HTOB U CEPBEPOB.

®oun FIPA yHubunupyer apXutekTypy IiaT@opM areHTOB, a TakKKe HEOOXOIUMBIC I
YVOpaBlIeHUS areHTaMH OIEepali M CHOCOObl B3aUMOJICHCTBUSL areHTOB C IPOTPaAaMMHBIM
o0ecrieueHreM, KOTOPOE HE MCTOJb3yeT areHTHyto TexHojorut. CormacHo FIPA cucrema areHToB
COZICPKHUT TOACUCTEMY yIpaBieHusi areHTamu (Agent Management System), ciayxOy kartaiora
(Directory Facilitator), xanan cBs3u areHtoB (Agent Communication Channel) u Menemxep
6e3omacHocTn tiardopmel areHToB (Agent Platform Security Manager). JlaHHbIE KOMITOHEHTBI
BKJIIOYAIOT CEPBUCHI [0 CO3AAHUIO, YAICHUIO, J€aKTUBALIUU, BO30OHOBICHHUIO padOThl U MUTPALH
areHTOB, CIYXObl MapHIpyTH3AIlMH COOOIICHWH M YNPaBICHHUS >KU3HECHHBIM IIHKJIOM, CIYXKOBI
Oenpix crpanull (¢ wHGOpPMAIMEH O COOTBETCTBUU MEXAY TJIOOATHHO YHUKAJIBHBIMA WMEHAMH
areHTOB W aJpecaMy JIOKATHHOTO TPAHCIIOPTA, MCIOIh3yeMOro MIaTGopMOii) U KENTHIX CTPAHUIL
ciykObl Karajora (C ONMCAaHHMEM areHTOB M YCIYyTr, KOTOphle OHU TMPEJOCTaBISAIOT), a TaKke
CEPBHCHI 110 OCYIIECTBICHUIO TOJUTUKN OE30MMaCHOCTH Ha TPAHCIIOPTHOM YPOBHE.

Jlpyroii craHpapT i peaju3aldd  CHUCTeM MOOWIBHBIX areHTOB U o0ecreueHus
MHTEPOIIepadeIbHOCTH MEXAy pa3nuuHbiMu apxutekrypamu — MASIF (Mobile Agent System
Interoperability Facilities) accormaniuu Object Management Group (http://www.omg.org), TaKxe
YHUPUIUPYET CHHTAKCHC U MIPABUJIA BBHITIOIHEHUS OTEpaIiii, CBSI3aHHBIX C CO3JIAHUEM, YIAICHUEM,
nepeMeneHneM U HAeHTU(UKAlMed areHTOB, MPUOCTAHOBKOM M BO300HOBIEHHEM HUX pabOTHI,
MOJTydeHHWEeM areHToM HHdopManuu o tume miatdopmel. [Ipencrasmusist coboii HAACTPOWKY HaA
craugaproM CORBA (Common Object Request Broker Architecture), crammapr MASIF
MO3BOJISIET OOBEAMHHUTH TPAIULIMOHHYIO KIIMEHT-CEPBEPHYIO MAPAJAUTMy U TEXHOJIOTHIO MOOMIIBHBIX
areHToB. MASIF nonnepxuBaet HekoTopbie cepBuckl CORBA, HO He TpeOyeT o0s3aTenbHOT0 UX
MCIOJIb30BaHUS.

B GonbmimHCTBE CilydyaeB BMECTO MOJIEIM OOMEHa COOOIIEHUSMH TPAaHCIIOPTHOTO YPOBHS B
areHTHO-OPMEHTHUPOBAHHBIX CHCTEMax HCIIONIBb3YIOTCS pa3paboranHbie FIPA koMMyHUKallMOHHBIS
MIPOTOKOJIBI TIPHUKJIAJHOTO YpPOBHS, Ha3bIBaeMbIe S3BIKOM B3amMozeciicTBus areHtoB ACL (Agent
Communication Language), KOTOpble MOTYT MPUMEHSTHCS ISl B3aMMOJCHCTBHSI ar€HTOB Pa3HBIX
CUCTEM TTOBepX OpokepoB 00bekTHBIX 3anmpocoB ORB (Object Request Broker) cranmapra CORBA.
B ACL mpucyTCTBYeT XKeCTKOe pas3lelieHHe MEXAy LEIbI0 COOOIICHHS M €ro COJACPKAHHEM:
MOCBUIKA COOOIIEHHUS OOBIYHO MPEIOJaraeT KOHKPETHYIO PEaKIUIO MOIydareisi Ha OCHOBaHHUH
UCKITIOYUTENBHO 1enu coodmenus. Yacts s3pika FIPA ACL, npenHasHaueHHas 7Sl IPeCTaBICHUS
COZIepKaHUs IMOCIAHUN MHTEJUICKTYaJbHBIX ar€HTOB, HA3bIBAETCS CEMaHTUYECKUM s3bIkoM FIPA
SL (Semantic Language).

OTnUYUTEeNbHON OCOOCHHOCTBIO areHTOB SBISETCS TO, YTO B UX MOJENIU MPUCYTCTBYIOT
MEHTAJIbHBIE CBOMCTBA (MHTEHIIMOHATIHHBIC XapPAKTEPUCTUKH), TAKHE KAaK YOCKICHUs, KEIaHUS U
Hamepenus (Mmozenb BDI — Belief, Desires, Intentions — MHHMMallbHO€ WHTCHIIMOHAJIHLHOE
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OINMCaHME areHTa), KOTOpbIE HAIPABISAIOT IEATEIILHOCTh areéHTOB M MOTYT MEHATHCS B Ipolecce
¢byuknuonupoBanusa. B apxurektype BDI, koTOopas BO MHOTOM CTPOUTCS IO aHAJOTHH C
NPAaKTUYECKUMH PAaCCYKICHUSIMU 4YEJIOBEKa, IPOLECC NPUHATHS PEIICHUH BBINOJIHACTCS C
MCIOJIb30BAaHNEM MEXaHHU3MOB BbIBOJIa HA OCHOBE MEHTAJIbHBIX MOHATUN areHTa, MpeICTaBICHHbBIX
HEKOTOPbIMH  CTpyKTypamu 3HaHHMH. [lOCKONBKY OSTH MEHTalbHbIE TOHSATHS CBS3BIBAIOT
MOTHMBAIIIOHHBIE M TIOBEIEHYECKUE TMOHATHS, TO OSTa apXUTEKTypa Ha3bIBACTCA TakKxKe
apXUTEKTYpoOH, yrpasisiemon 1ensimu (goal — oriented). @opmanbHble MOEIH 3HAHUH, YOCKICHHIH,
a TaKk)Ke COOTBETCTBYIOLIME MEXaHU3MBbI PACCYKJIEHUN CTPOATCS Ha OCHOBE JIOTUYECKUX SI3BIKOB,
KOTOpbIE BKJIIOYAIOT B ceOs paclIMpeHHs MOAAIBHBIX M TEMIOPAJIbHBIX JIOTHK C CEMaHTHKOU
BO3MOXHBIX MUPOB [2, 3, 4].

Kenanusi areHTa MpeACTaBIAIOT COOON COCTOSHUS (CHUTyallMM) B MPOCTPAHCTBE COCTOSIHUM
WIM TPOCTPAHCTBE 3a/ay, JOCTH)KEHHE KOTOPBIX SBISIETCS [UIsl areHTa >KenaTrelbHbiM. B
MIPOTHBOMOJIOXKHOCTh YOSXKICHUAM (M3MEHSIONMMCS BO BPEMEHHM 3HAHHMSM areHTa O BHEUIHEH
Cpelie ¥ O IpYruX areHTax, KOTOpble MOTYT OKa3aThCsl JIOXKHBIMHU ), KEJIaHUsl paCCMaTPUBAIOTCS HE C
MO3UIMKA WX HMCTUHHOCTHOTO 3HAYEHUS, a B KOHTEKCTE YAOBJIECTBOPEHHS WU BhIMONHEHHA. K
WCIIOJIHEHUIO JKEJIaHWs areHTa BeAET pealin3alus €ro HaMepeHUH — TOro, 4TO areHT JOJKEH
(cobupaercsi) chenaTh B CHIYy CBOMX 00s3aTeNbCTB MEpel APYTMMU areHTaMH W/WIH CBOMX
xenaHui. Eciu skenaHus BBIMOTHUMBI, 3HAYHT, ar€HT B COCTOSIHUU PEaTU30BaTh CBOU HAMEPEHHUS U
BBITOJIHUTh HEOOXOMMBbIE [T JOCTIDKEHUS 1enu JneiictBus. Llenu nmpeacTaBisioTcss KOHKPETHBIM
MHOKECTBOM KOHEYHBIX MU TMPOMEKYTOUHBIX COCTOSIHHM, NOCTH)KEHUE KOTOPBIX areHT CYHUTAEeT
peanusanye cBOMX HaMepeHUH. [l yIOBIETBOPEHUS KEIIAHUM areHT MOXKET, HE MEHss CBOMX
HaMEpeHU U yOEeXIEHH B TOM, YTO JAEWCTBUSA, KOTOPhIE OH HAMEPEH COBEPIIUTH, BO3MOXKHBI,
JieNIaTh MOMBITKH COOTBETCTBYIOINMM 00pa30M BO3/CHCTBOBATh HA BHEITHEE OKPY)KEHHE.

He oOnamas monHbIM 3HAaHMEM O BHEIIHEM OKPYXEHHM M HMes JIMIIb YacTUYHOE
NPEJCTaBICHUE O MPOOJieMe, areHThl OCYIIECTBIIAIOT HETOYHBIC, MPABIONOI00HBIE PACCYKICHUS,
KOTOpbIe HeoOxomammo mojaBepraTh mnepecMmorpy (belief revision) mpu TOMyYEeHHMH areHTOM
JONOJTHUTEIBHON MH(OPMAIK, HECOBMECTUMOM € MOJIYYCHHBIMU paHee 3aKIIOUCHUSIMH, a TaKKe
Py M3MEHEHHHM MOJIEIM MHUpa B pe3yibTaTe oOHOBieHUs yOexnenui areHtoB (belief update).
VYOexneHus: CTAaHOBATCS 3HAHUSIMU TOJIBKO MIPU MOATBEPKACHUN (00OCHOBAHNHN) HOBBIMH (paKTaMu
WIN OOBSACHEHUSMHU. 3HAHUS MPOTPAMMHBIX areéHTOB O MOJEIHUPYEMBbIX B UX 0a3zax MpeIMETHBIX
00J1acTsIX MOTYT OBITh NPEACTABJICHBI C MOMOIIBIO TPAJAUIIMOHHON i CUCTEM HCKYCCTBEHHOT'O
MHTEJJIEKTa MOJIEIN — C TIOMOIIbIO CHEIHATbHBIX (PPEHMOB-IPOTOTUIIOB, KOTOPBIE MCIOJIB3YIOTCS
JUISL OTMIMCAaHUS OOBEKTOB MPEAMETHON OOJACTH U MX COCTOSHHM, ACHCTBHIA M COOBITHH, a TaKxkKe
MIPOLIECCOB, MOJ] KOTOPHIMU MMOHUMAIOTCS YIOPSA0YEHHbIE COBOKYITHOCTU COOBITUH W/WIH JPYTUX
MIPOIIECCOB, PEATU3yEeMbIX B IIEIISX PELICHUS TeX MJIM MHBIX 3ajad.

B oTnnumne oT MOHOTOHHOM JIOTWKH, B KOTOPO# J00aBJIeHUE B CUCTEMY HOBOW MH(MOpMAIUU
HE TMPUBOJUT K YMEHBIIEHUIO MHOXECTBA UCTUHHBIX YTBEPXKICHUHN M BCE BHICKA3bIBAHHS, KOTOpPHIE
cienyroT u3 0asbl 3HaHUN K, mo-npexHemy cieayioT u3 He€ mociie J00aBIeHUS! MHOKECTBA HOBBIX
nocbutok F (To ecth, ecnu K |- B, to (KUF) |- B), HeMOHOTOHHBIE pacCyKJIEHUS HE SIBISIOTCS B
KJIACCMYECKOM CMBbICIIEe OOIIe3HAaYMMbIMU U eclii yTBepkaeHue B BeiBogumo u3 K, To cymectByer
mozenb st KUF, ne moarsepxkaaromas B. Takum oOpa3zom, nobasieHue B 06a3y 3HaAHUNA HOBOU
uHpOpPMAIUK MOXKET MOTPeOOBaTh IMEePeCMOTpa MOITYUYEHHBIX paHee pe3ylbTaToB. HeMOHOTOHHBIE
JIOTUKH, TaKue Kak joruka ymondanus (default logic), aBrosnmucremuueckas (autoepistemic logic),
HEMOHOTOHHass MojanbHas Joruka (modal nonmonotonic logic), KOCBEHHOE ONHCAHHE
(circumscription), MO3BOJISIOT PEUIUTh MPOOIEMY OTCYTCTBHUSI Y areéHTOB ONpEICJICHHBIX 3HAHWH,
IpU 3TOM HET HEOOXOAMMOCTH TPHIEPKUBATHCA NPEANONOKEHUS O 3aMKHyToM Mmupe (closed-
world assumption), corJacHO KOTOPOMY BBICKa3bIBaHHUSI, HICTHHHOCTh KOTOPBIX HE MOXKET OBITh
JI0Ka3aHa, CYUTAIOTCS JIOKHBIMHU, a UMEIOIIasics B 6a3e 3HaHUM H(pOpMAaIHs TOTHOH.

®opmann30BaTh WHTEHIMOHAIbHBIE XaPAKTEPUCTHKU areHTa, a TakKe BBECTH B MEXaHU3M
€ro pacCyXXJCHUH HJIEMEHT HEMOHOTOHHOCTHM MOKHO, WCHOJIb3YysS MOAAJIbHBIC JOTMKH, KOTOpBIE
MOTYT HUHTEpPIPETHPOBATHCS B  pPAa3IMYHBIX MHpaX, TOTrJa Kak Kiaccuyeckas JIOTHKa
UHTEPIPETUPYEMA TOJBKO B OAHOM Mupe [5]. OgHako MoOpanbHBIE JIOTMKM HE IIO3BOJISAIOT
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aJIeKBaTHO TPECTAaBUTh HETOUHBIE (IO COAEPIKAHUIO) U HEOIpeesIeHHbIE (B CMBICIIE YBEPEHHOCTH
B MCTMHHOCTH T€X WM WHBIX BBICKa3bIBaHWi) 3HaHMs. [losToMy mpu MoAenupoBaHHWU areHTOB
BaXHOE 3HaueHHe mnpuaaércss HeuyeéTkuM (fuzzy) HEMOHOTOHHBIM JIOTMKaM, B KOTOPBIX
UCIIOJIb3YIOTCSL CIIeLMalbHble MEXaHU3MBbI, MO3BOJSIONUIME KOIHUTHBHBIM areHTaM OINepHUpoBaTh
HEYETKUMHU TOHATUSAMH M peanu3oBbiBaTth npsimble (fuzzy forward-chaining reasoning) mm6o
obOpatueie (fuzzy backward-chaining reasoning) HedeTkue BBIBOABL. [Ipw TpsSAMOM HEUETKOM
BBIBOJIC OT/EJbHbIC (aKThl 0a3bl 3HAHUM KOTHUTHUBHBIX areHTOB MpPeoOpas3yloTcsi B KOHKPETHBIE
3HaYeHUs! PYHKIMHA NPUHAUIEKHOCTH aHTELEJCHTOB HEUETKUX MPOIYKIUN U HAXOAATCA 3HAUCHUS
GyHKIMH TPUHAAIEKHOCTH 3aKIIOYCHUN MO KaKIOMY M3 HEYeTKHX mpasui. [Iporecc oOpaTHOro
HEYETKOr0 BBIBOJIA 3aKJIFOUAETCS B MOJCTAHOBKE OT/IEIbHBIX 3HAUCHUHN (QYyHKIUN MPUHAJICKHOCTH
3aKJIIOYCHUH M HaXOXICHUM (YHKUMH TNPHHAIJICKHOCTH YCIOBUH, KOTOpHIE MPUHUMAIOTCS B
KauecTBE OYEpeIHBIX MOJLENeH U Jlanee MOTYT UCHOJIb30BaThCSA KaK (YHKIUH MPHHAJJIC)KHOCTH
HOBBIX 3aKJIFOUYCHUH.

HcxonHas cuctemMa HEYETKHX MPaBUJI, UCHOJIb3yeMmass KOTHUTUBHBIM areHTOM B IpoLiecce
JIOTHYECKOTO BBIBOJIA, MOXKET OKa3aThCsl HEMOJHOM WJIM TPOTUBOPEUYMBOM, a CyOBEKTUBHO
BbIOpaHHBIE SKCIEPTOM BHJI M MTapaMeTpbl PYHKIUI MPUHAIIC)KHOCTH, OMUCHIBAIOLINX BXOIHBIE U
BBIXOJHBIE IEPEMEHHBIE CUCTEMBI, MOTYT HE BIIOJIHE aJ€KBAaTHO OTPaXkaTh JAEUCTBUTENBHOCTD. g
YCTpaHEHUs 3TUX HEIOCTaTKOB B MOJIeJb KOTHUTHUBHOTO areHTa MOKET JONOJHUTEIbHO
BKJIIOUAThCS aJaNTHBHAs HedeTKass NPOAYKIHOHHAs CEThb, B KOTOPOW HEUEeTKas MPOIyKIHMOHHAs
MOJIEJIb MHTETPUPOBAHA C TEXHOJOTMEH HEHWPOHHBIX ceTeil. B areHTHO-OpMEeHTHPOBAHHBIX
MHTEJUIEKTyallbHBIX CHUCTEMax Heo0XoAuMa TakKe BO3MOXKHOCTh TIPOBENCHHS aJeKBaTHBIX
paccyIeHHil O BPEMEHU B YCJOBHSX, KOTJa HMMEIOIeecs Al ATOro BpeMsl caMoO SIBISIETCS
3HaYUMBIM PECYpCOM, pacxoi KOTOPOrO JOJDKEH YUWTBIBATHCA PpaACCy’KIArOIMM areHToM. Jlng
dbopManu3alui  HEMOHOTOHHBIX PAacCyX JEHUH O BpPEeMEHHM MOXET OBbITh HCIOJb30BaH
TEMITOPAJIbHBIA (BPEMEHHOI) BapUaHT JOTUKM MHHUMAJIBHOW BEPHI U OTPUIIAHUS 10 YMOIYAHHIO
(MBNF, Minimal Belief and Negation as Failure) [6].

B areHTHO-OpHEHTUPOBAHHBIX MHTEIIEKTYyaIbHBIX CUCTEMAaxX 3HaHUS areHTOB pacIpeieieHbl
U HE3aBUCUMBI JPYr OT Jpyra, mo3ToMmy mpobiema obecreyeHus HEMpPOTUBOPEUMBOCTH 0Oa3bl
3HaHUM yCTymaeT MeECTO 3ajayaM oO0eCleYeHHUs] KOolepalud H KOMMYHMKAlIUUM areHTOB.
Kooneparust npeanonaraeT He TOJIBKO COTPYAHUYECTBO areHTOB MPHU PEUICHUM 3a7ad, HO TaKXKe
KOOpJMHAIINIO UX COBMECTHBIX AEUCTBUN U BO3MOYKHOCTH Pa3pelIEHUs] BO3HUKAIOUIUX B IpOLECCE
pabotel KOH(MIMKTOB. KOMMyHUKallMs areHTOB SBJSETCS HE CTOJBKO MPOLECCOM Mepenadu
uHpOpMAIUK OT OAHOTO areHTa K JIPyromy, CKOJIBKO MPOIECCOM, B KOTOPOM areHThl MPECcIeayoT
CBOM LIETIH.

AJleKBaTHbIE pEAKIIMU areHTOB Ha BO3MOJKHBIE B OKPY KAIOLIEH Cpelie CUTyallu pean3yloTcs
Oyaromapsi OOy4YEeHHIO BXOJAIIEH B MOJENh areHTa HEMPOHHOW CeTH, KOTOopas MOJACp)KUBACT
MEXaHU3M KOHKYPEHIIMM MEXAY JKEJIaHUSIMH areHTa WU TO3BOJSET MPHU MPEIbSBICHUU areHTy
BXOJHOTO BEKTOpa (CHUTyaluu) BO30yXAaTh HanboJiee TOYHO COOTBETCTBYIOIIUE €My JIEHCTBHS.
PeakTUBHBIN areHT TakXKe MOXKET UHTErPUPOBATH METOBI HEUETKUX M HEHPOCETEBBIX TEXHOJIOIUH,
BBOJII HEYETKOCTh B CTPYKTYPYy HEUPOHHON CETH MyTeM ‘‘pa3MbIBaHMs’ 3HAYCHHH OO0YyYaromux
IIPUMEPOB, BXOJHBIX W BBIXOJIHBIX JIAHHBIX, MCIOJIb30BAaHUS HEUETKUX BECOB CBSA3EH, 3aMEHBI
BBINIOJTHSIEMBIX HEHpOHAMHU CTaHAAPTHBIX (QYHKIUI Ha omepanuy, NpUMEHSeMble B TEOPHUH
HEYETKUX MHOXeCTB. Takum o0pa3oMm, areHTHO-OPUEHTHPOBAHHBIM MOAX0J KOMOMHUpPYET B cebe
MOJXOJIbl, HWCIOJb3yEMble B PEAKTHBHBIX M COJEp)KalIMX CHUMBOJIbBHYI0 Mojenb mupa BDI-
aApXUTEKTypax, YTO MPEIIOIaraeT UCIOJb30BaHUE BYX OCHOBHBIX THIIOB IPOTPAaMMHBIX areHTOB
(KOTHUTUBHBIX U PEAKTUBHBIX ), UHTEIPUPYIOIIUX KOHHEKIIMOHUCTCKUN U CEMUOTUYECKUI TTOIXObI
B UCKYCCTBEHHOM HHTeIIeKTe [7,8].

HccnenoBanust B 00JacTH areHTHO-OPHMEHTUPOBAHHBIX CHCTEM JENSAT Ha TaKUE OCHOBHbBIE
HaIpaBJICHUs, KaK TEOpHsl areHTOB, METOJbl KOONEpAallMy arceHTOB, APXUTEKTypa areHTOB H
MHOTOareHTHBIX CUCTEM, TEXHOJIOTHUS U IPOrpaMMHBIE CpPe/ICTBA UX pa3paboTku. B Teopun areHTOB
paccMaTpuBaioTcsl (hOpMaNM3Mbl M MaTEeMaTUYECKHE METOMbI JJISi OMHMCAaHUS pacCyXICHHH 00
areHTax W JUIs BBIPA)KEHUS JKeJaeMbIX CBOMCTB areHToB. McciemyioTcss METOoAbl KOoNepaluu
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areHTOB, KOTOPbIE OMpPEIEIIAIOT OPraHM3aLMI0 KOOMEPATUBHOIO IMOBEJICHHS areHTOB B Ipoliecce
COBMECTHOT'O peIlleHUsl 3a/lady. B wucciaenoBaHUsAX IO apXUTEKType areHTOB M MHOT'OAreHTHBIX
CUCTEM PaccCMaTpPUBAETCS, KAaK MMOCTPOUTH BEIYHCIUTEIBHYIO CUCTEMY, YIOBICTBOPSIONIYIO TEM KN
MHBIM CBOWCTBaM, KOTOpBIE BBIPAXKEHBI CPEICTBAMHU TEOpUH areHToB. Oco0oe MecTO 3aHHMAaloT
WCCIICIOBaHMS, CBSI3aHHBIC C Pa3pa0OTKONW WHCTPYMEHTAIBHBIX CPEICTB MOICPKKHA TEXHOJIOTHH
pa3paboTKU areHTHO-OPUEHTHPOBAHHBIX CUCTEM.

Jns peanuzanun MHoroareHTHBIX cucteM (MAC, Multi-agent systems — MAS) Ha ocHOBe
cnenudukanuii cranaaptoB FIPA wucmons3yloT Takue WHCTPYMEHTalbHBIE cpeicTBa, kak JADE
(Telecom Italia Lab), Agent Factory (PRISM Laboratory), FIPA-OS (Emorphia), JACK Intelligent
Agents (AOS Group), Zeus (British Telecommunication), Agent Development Kit (Tryllian BV),
April Agent Platform (Agent Research Group), Comtec Agent Platform (FIPA), Java Agent
Services API,  Grasshopper (IKV technologies AG). us peamuzaiiun MAC Ha oOCHOBe
cneun¢pukanuii crannapra MASIF ucnons3ytor takue cpensl, kak Aglets SDK (IBM), Odyssey
(GenMagic), D'Agents (Dartmouth college), Grasshopper (IKV++). MHorue u3 3TUX cHCTEM
MO3ULMOHUPYIOTCS, KaK IPOEKTHl C OTKpBHITHIM ucxoaHsiM kogoMm (JADE, ZEUS, FIPA-OS,
AgentFactory, Tryllian ADK).

Pa3papaboTka MHOTOareHTHBIX CHCTEM BO3MOXKHA C MCIOJIb30BAHHEM COBPEMEHHBIX
YHUBEpCATbHBIX MHTETPUPOBAHHBIX cpenl paspadoTku (Integrated Development Environment —
IDE), no3Bonsiomux noAKI04aTh MOAYJIM clienuaibHoro Haznauenusi. Hanpumep, takue IDE, kak
mynbTuILIaTGopmennbie Eclipse (Eclipse Foundation) mnm NetBeans (NetBeans Community)
MO3BOJISIIOT  PEaIM30BBIBAaTh KaK MPHUKIAIHBIC TPEeIMETHO-opueHTHpoBaHHBIe MAC, Tak
CIeIMaIu3UPOBAHHbIE HMHCTPYMEHTaJIbHBIE cpeacTBa ux pa3paborku. Ilockombky Eclipse wu
NetBeans coctost u3 minaruHoB (PDE), y pa3paO0oTYMKOB MHCTPYMEHTAIBHBIX CPEICTB MMEETCS
BO3MOXXHOCTh MPEIJIOKUTh CBOM pacmmpeHuss Kk 3tum IDE u mpenocTaBuTh HOJIB30BaTENSIM
MOCIIEIOBATEIBHYI0 U IENbHYI0O HHTETPUPOBAHHYIO cpely paspaborku. Co3gaBaemasi areHTHas
wiargopmMa MOXKET HEMOCPEICTBEHHO OMHUPATHCS HAa OMEPAIMOHHYIO CHCTEMY, MO0 HCIOIb30BaTh
MIPOMEXKYTOYHOE MporpammHoe obecriedenne, tuna Java Virtual Machine (JVM) ucnonnstorieit
cuctembl Java Runtime Environment (JRE) nunun Common Language Runtime (CLR) nporpammHoii
wiatgopmsl NET Framework.

Bricokuil ypoBeHb aOcTpakiuu, UCHOIb3yeMbl MPHU areéHTHO-OPUEHTUPOBAHHOM IOIXOJE,
MOJIEPKUBAEMBI areHTHBIMU KPOCC-TUIAT(OPMEHHBIMU TEXHOJOTUSMH, ITO3BOJISET UCIIOJIB30BATh
KOHIICTIIIMIO TPOTPaMMHBIX areHTOB TpH pa3paboTke Takux mnpukiagabix MAC, kak
MHoroareHTHbele Oanku 3HaHui (MB3) [9]. MHoOroareHTHbIE OaHKK 3HAHMI TPEACTABISIOT COOOM
pacnpezielieHHble MHTEUIEKTyalbHble HH(OPMAaLMOHHBIE CUCTEMBl Y4eOHOTO0 Ha3HAUYEHUS, KOTOphIE
MHTETPUPYIOT (QYHKLUMH MHTEIUIEKTyalbHBIX yueOHbIXx cpen (ILE, Intelligent Learning
Environments) u naTemiekTyanbabix ooydaromux cucreM (ITS, Intelligent Tutoring System). MB3
BKJIIOYAIOT OOIMe M CIHelHajJbHble 3HAHWS O TpeAMETHOW objacTu, O mporecce OOydYeHHS U
MOJIeTI 00y4aeMoro, aCCOLMUPYS UX C PEaKTUBHBIMHU U KOTHUTUBHBIMU IPOIPAaMMHBIMU ar€HTaMU,
KOTOpBIE PEaU3yIOT MPOIEeAypbl 00paOOTKH ITUX 3HAHWKA, (OPMUPYIOT U BBIJAIOT OTBETHI Ha
3arpochl MOJIb30BaTeNEH, OCYILIECTBISIOT aIallTUBHOE O0YUYCHHE.

OTBeThl Ha 3ampochl TOJb30BaTENEeH (QOPMUPYIOTCS KOTHUTUBHBIMU areHtamMmu MB3 B
pesyabpTaTe crenuuKalud CBOWCTB CYIIHOCTEH (COOBITMM W HMX CYOBEKTOB), BBIYUCICHUS
Kay3aJbHBIX, BPEMEHHBIX M JPYTHX OTHOIIECHUN Ha MHOXECTBE CYIIHOCTEH, a TaK:Ke B pe3yjbTare
IJJAHUPOBaHUs penieHus 3aaad. [Ipyu 3ToM BeIUMCIEHUE OTHOIIEHWHA M CUHTE3 TUIaHA IEUCTBUM JUIsS
pelIeHrsT HEKOTOPOW 3aJayd MPOUCXOSAT HE TOJBKO B IMPOILECCE BBIMOJHEHUS KOTHUTHUBHBIM
areHTOM MPOAYKLUHUOHHBIX, PEAYKIMOHHBIX WM TpPaHC(HOPMALMOHHBIX MPaBUI, HO TakXke B
IpoIiecce ero MeperoBOpoB ¢ APYTMMHU areHTaMH. AJIEKBaTHBIC PEAKIIMKA areHTOB HAa BO3MOXKHBIC B
OKpy’Kalolllel cpelie CUTYyallud peanu3yloTcsi Oiarojaps oOy4YeHHIO MCKYCCTBEHHBIX HEWPOHHBIX
CeTeil PEaKTUBHBIX areHTOB, KOTOPHIE MPHU MPEIbSIBICHUHA areHTaM BXOJHOTO BEKTOpa (CHUTYyaIlluH)
aKTUBU3HUPYIOT HauOoJIee TOYHO COOTBETCTBYIOIINE €My EHCTBUSI.

[Tporpammusie arentsl MB3 co3narotcs kak kommnoneHThl (Component-Based Design) B Bue
CHEIMATM3UPOBAHHBIX KAaTETOPUH KJIAcCOB (BKJIIOYAIOIIMX METOMAbI, CBONCTBA, COOBITHS), B
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KOTOPBIX MHTETPUPOBAHBI MEXAHU3Mbl JIOTUYECKOTO BBIBOJA C TEXHOJOTHMEH HCKYCCTBEHHBIX
HEHpPOHHBIX ceTell. PeakTHBHbBIE U KOTHUTUBHbBIE ar€HThl MHOTOAreHTHOro OaHKa 3HaHUN COYETaloT
YETKUE METOJbl U MOJENIH MOUCKA PEIICHUH U ajjanTaluu ¢ He4eTKuMU. HedeTkocTh BKIIIOUaeTcs
KaKk B JJIEMEHTHl CTPYKTYphl HEUPOHHBIX CETel pPEaKTHUBHBIX areHTOB, TaK U B MEXaHHU3MBI
JIOTUYECKOTO0 BBIBOJIAa KOTHUTUBHBIX areHToB. lIporpamMmHbie areHTbl MOTYT OCYIIECTBISTH
HEMOHOTOHHBI M HEYETKHUH BBIBOJ, a TAaK)KE€ MCIIOJIB30BaTh HEUeTKHe 3ampockl (fuzzy queries) k
0aze 3HaHmil. HeueTkue 3ampochl MO3BOJSIIOT PACIIUPHUTH OOJACTh MOUCKA B COOTBETCTBUHU C
M3HAYalbHO 3aJaHHBIMU oOrpaHuueHusiMU. llpumeHnss HedeTkue MOIUGUKATOPHI M 3a/aBas
COOTBETCTBYIOIIME JHAMA30HBI YHCIOBBIX BEIMYMH, MOXHO TMOJNYYUTh HHPOPMAIUIO, B
COOTBETCTBYIOIIEM NPUOIMKEHUN YIOBJIETBOPSIONIYIO 3aJaHHBIM KpuTepusm. g peanuzanuu
HEUYETKHUX 3alPOCOB CTPOSATCS HEUYETKHE OTHOILIECHHUS C HCIOJIb30BAHUEM COOTBETCTBYIOLIUX
GyHKIUH TPUHAIJIEKHOCTH, HA OCHOBE KOTOPBIX (DOPMYIHPYIOTCS M peallu3yloTCs 3ampochl B
HEYETKOM BHJIE.

Co3manrie MHOTOAreHTHBIX OaHKOB 3HAHWU SIBISICTCS CIIOKHOM 3ajiauei, KoTopas TpeOyeT oT
pa3paboOTYUKOB ONBITA TIPOSKTUPOBAHUS U PEaTU3alUU KaK KOHIENTYalbHBIX, TAK U TEXHUYECKUX
pelIeHni B TaKMX 00JacTAX, KaK MpeAcTaBiIeHre U 00padoTKa 3HAHMI, CEeTeBble KOMMYHHUKAIUU U
IIPOTOKOJIBI  B3aMMOJCHCTBUs, HEHUPOHHBICE CETU U HedeTkas Jioruka. IIpoextupoBanue wu
peamuzanuss  MB3  3HauUMTENBRHO ~— YHNPONIIAETCA  MOPU  HCMHOJb30BAHUM  CIIEIUATIBHBIX
WHCTPYMEHTAIIBHBIX CPENICTB, MOJICPKUBAIOIIUX TMPOIECC Pa3pabOTKH MHOTOAreHTHBIX OaHKOB
3HaHui. K TakuMm cpeacTBam OTHOCHUTCS MPOOJIEMHO-OpPUEHTUPOBAHHAS MHCTPYMEHTalIbHAs cpena
AgentITS (MI'VIIN), Biroyaroniasi Takue Ipynibl IPOrpaMMHBIX CPEICTB, KaK CPela BBIIIOIHEHUS
MAC (arenTtHas tuiatrgopma) U MHCTpYMEHTaJIbHAs cpefa paspadotku MbB3. C ucnonab3oBaHHeM
AgentITS BO3MOXHO OCYIIECTBUTH Pa3pabOTKy MPEAMETHO-OPHUEHTUPOBAHHOTO MHOTOAr€HTHOTO
cratuyeckoro Oanka 3Hanuid (MCB3) [10], mpemna3sHadueHHOTO IS TMAPALICIBHOTO W3yYCHUS
UMIIEPATUBHBIX, (QYHKIMOHAIBHBIX, JIOTHYECKUX H OOBEKTHO-OPHUEHTUPOBAHHBIX  SI3BIKOB
nporpammupoBanusi. B MCB3 rpynnsl areHToB, peajin3ys 3anpOCHO-OTBETHOE OTHOILICHHE MEXKIY
SI3BIKOM ~ 3allpOCOB U SI3BIKOM  OTBETOB, MPEJOCTABISAIOT  IOJIb30BATENI0  BO3MOXKHOCTh
CUCTEeMAaTUYECKH IOJy4aTh CBEACHUS HE TOJBKO O KOHCTPYKLHAX KOHKPETHBIX SI3bIKOB, HO U
CBSI3AHHBIX C HUMU CTHJISIX U METOJIaX MPOTrPaMMHUPOBAHUS.
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H.E. XKXyxoBckoro «XAWN», Ykpauna, Xappko, mazorchuk mary@inbox.ru

BBeaenue

Tema NEHCHOHHOIO CTpaxoBaHUS I HAaIlled CTPaHbl SBISAETCA aKTyaJlbHOM, TaK Kak
CYIIECTBYIOIIAsl MEHCUOHHASI CHUCTEMa HE B COCTOSIHUM OOECHEeUYUTh AOCTOWHBIM YPOBEHb KU3HU
rpaXKJIaH TOCIe OKOHYAHHS TPYIOBOW ACSITENHHOCTH. B oTinuumMe OoT OAHKOBCKUX IEHCHOHHBIX
MpOrpaMM U HErOCYAapCTBEHHBIX MEHCHOHHBIX (POHIOB, CTPaxOBble KOMIAHMHM OOECIIEUMBAIOT
3aIlIUTYy OT LIEJIOTO Psiia PUCKOB, a HE TOJIbKO HaKOIUIeHHe cpeacTs [1,2].

OCHOBHOW 4YepTOH COBPEMEHHOTO COCTOSIHHMSI DJTOW O00JIACTH SIBJISIETCSI OTCYTCTBHE
MHCTPYMEHTAJIBHBIX CPEJCTB, TO3BOJIIONINIA CIPOEKTUPOBATh HH(POPMAIMOHHYIO CHCTEMY,
CIOCOOHYIO Ha JOCTOMHOM YpOBHE pPEIINTh MHOKECTBO 33Jad INEHCHMOHHOTO CTPaxOBaHUSA U
MaKCUMaJIbHO aBTOMATU3UPOBATh JAaHHBIN MpOIIeCC.

[TosToMy OCHOBHOW 3amadeil MaHHOW pPaOOTHI SABISIETCS pa3paboTKa MHCTPYMEHTATBHBIX
CPEACTB MOJCIMPOBAHUS TMEHCHOHHBIX TapupoB. [IpuMeHeHue maHHOW pa3paOOTKU MO3BOJIUT
MIPOaHAIM3UPOBATH OCHOBHBIE MOJIENU ITEHCUOHHOTO (POH/A U MOIYYUTh Ha MPAKTHUKE KOHKPETHBIE
pe3yabTaTthl. [lpemmyinecTBO Takoro mnoAxoAa 3akioyaeTcs B CTPYKTYPU3ALMH Pa3IMYHBIX
MIEHCUOHHBIX CXEM M CO3J]aHUH eIMHON MH(DOPMAIIMOHHOM MO/IeNH, KOTopas OyieT oToOpaxarh Bce
XapaKkTepHble 0COOEHHOCTH 3TOTO BUA CTPAXOBaHHUSL.

Paccmotpum Gosee moapoOHO apXUTEKTYpy IPOEKTa, MOAXOMAbI K PELICHUIO MOCTaBIEHHBIX
3a/1a4 ¥ MEXaHU3Mbl UX pean3aliiu.

1. ITocTaHoBKA 3aa4H M CCIET0BAHUS

Lenbio naHHOM pabOTHI SBISETCS MPOSKTHPOBAHUE CHUCTEMbBI MOJEIMPOBAHUS TEHCHOHHOM
CXEMBI.

[lpenmer wccnenoBaHWs —  WHCTPYMEHTAJIbHBIE  CPEACTBA  JUISL  MOJAEIMPOBAHHS
MH(POPMAIIMOHHBIX CHCTEM.

OOBEKTOM JAHHOTO MCCIICIOBAHUS SABJISICTCS Mpoliecc (GOPMHUPOBAHMS TIEHCMOHHOTO (POHIA.

OcCHOBHBIE 33124 UCCIIEJOBAHUS:

e [IpoBectm aHamu3 mnpoOJIEMBI aBTOMATH3AaMM AKTYyapHBIX pAacuyeToB B IEHCHOHHOM
CTPaXxOBaHHH.

e PazpaboraTh KOHIENTYaIbHYIO U GU3NUECKYIO MOJETH 0a3bl TaHHBIX XPAHEHHS KaK JINIHON
nH(pOpMaNU 0 KIMEHTaX, TaK ¥ HHPOPMAIMX O TOTOBOPAX CTPAXOBOH KOMITAHHH.

e JlpoBectu aHanM3 U 0OOCHOBATH BHIOOP CYIIECTBYIOIIUX MPOTPAMMHBIX HHCTPYMEHTAPHEB
JUIs pa3pabOTKU CUCTEM XpaHEeHUs WHPOPMALMK U OCYIIECTBICHUs 3(PPEeKTUBHOM pabOTHI €
3TO# MHpOpMaITHEH.

Crnenuduka pa3BUTUS CTpAaXOBaHHs B YKpaumHe, OTCYTCTBHE MPOTPAaMMHOTO OOecreYeHus B
TaHHOW cdepe, BBICOKAas CTOMMOCTH 3apyO€XHBIX AaHAJIOTOB, HAJMYUE BEChbMa TPYIOEMKHX
pacyeToB, KOTOPBIX TpeOyeT MEHCUOHHOE CTPaxOBaHUE, OOJBIINE MOTOKA MHPOPMALIUU — BCE 3TO
JieTaeT aBTOMATU3AIMIO CTPAaXOBOTo Tporecca HeoOoxoaumon. CymiecTByeT MHOXKECTBO MPOOIIeM,
KOTOpPbIE BO3HUKAIOT B IIPOLIECCE CTPAXOBAHUSI.
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K Takum npoGiiemam OTHOCSTCS:
e Qoublre 00BEMBI H CIIO)KHOCTD COCTABJICHUS! OTYETHOCTH ISl KOHTPOJIUPYIOIIUX OPTaHOB;
® HAKOIUICHHE U 00pabOTKa COOCTBEHHBIX CTATHCTUYCCKUX JAHHBIX, HEOOXOTUMBIX IS
MOCJIEIYIOIIETO aHAIN3a;
® CIIOKHOCTB pacyueTa CTPaxOBbIX TapU(OB U Pa3paOdOTKU COOTBETCTBYIOIIMX METOIUK;
® HEOOXOIUMOCTH ONIEPATHBHOTO aHaNH3a Y(P(YEKTUBHOCTH Pa3IMYHBIX BUIOB CTPAXOBAHHS,
® HEOOXOMUMOCTh OIEPATUBHOW ONEHKH (UHAHCOBOTO COCTOSHHS ~KOMITAHUHM ISt
paIMoOHAILHOTO UHBECTUPOBAHUS CPEJICTB;
® HEBO3MOXXHOCTH PpAa3BUTUS HEKOTOPBIX BHUAOB CTpPaxoBaHUs 0€3 COOTBETCTBYIOLIETO
nporpaMMHOro obecneueHus [2].
WHCTpyMeHTaIbHBIE CPENCTBA IS aBTOMATH3allMU  CTPAaXOBOW JICATEIEHOCTH JOJDKHBI
0TBEYaTh TPeOOBAHUSAM, KOTOPBIE HE TOJIBKO OBl OTpPaXKaIX OTPACIIEBYIO CHEIM(UKY U peIiain 3TU
poOJIeMbl, HO U 00eCcTIeYnBaIN TTOBBIICHHUE 3PHEKTHBHOCTH pabOThI CTPAXOBOK KOMITAHHH.

2. IIpoekTHpOBaHMe CHCTEMBI AJIS1 MO/IeJINPOBAHUSI NIEHCHOHHOIO0 GoHxa

Hanbonee BakHBIM 3TarmoM co3faHus JIF000W WHOOPMAITMOHHOW CHUCTEMBI SIBIISIETCS
MPOSKTHUPOBAHNE MHCTPYMEHTA, CIIOCOOHOTO peaan30BaTh BCE MOCTABICHHBIC B Hadalle MPOEKTa
3amaun. [l MPOEKTUPOBAHUS TMPEIIOKCHHONH CHCTEMBI  OBLI HCIIOJNIB30BAaH WHCTPYMEHT JUIS
MOJICIMPOBAHUS, aHAJIN3a, IOKYMEHTHPOBAHUS M ONTHUMHU3aLUU Ou3Hec-mporeccoB Rational Rose.
I'paduueckn  mpexncraBieHHass cXeMa  BBINIOJHEHHS  paboT, oOmeHa  uHGOpMaIueH,
JOKYMEHTOO0OpOTa BH3YyalIM3UPyeT MOJeNb OusHec-mporiecca. ['paduueckoe H3IOKEHHE ITOM
WH(OPMAIMK TTO3BOJIICT MEPEBECTH 3aJaYdl YNPABJICHHS OPTaHU3AMECH M3 O00JIACTH CIIOMXKHOTO
pemecia B cepy UHKEHEPHBIX TEXHOJIOTHIA.

/ CTpa}{DBUJ.HH\
Monez0eaTeNE
MIHpOpMaUna o '3959\ FIHPOPMALUKA O KOHTRaKTAX

DataBase

Puc. 1 — Jlnarpamma npenieicHTOB

il
-+

! 3
Information about customers

|dentificationaldum  Surmame M arme Patrorymic Age a
4 _ Byerin b &k zim Leonidovich Kl -

4 (i *
IdentificationMumbe  Postponed Limited MurmberDfPapment:  ntenzity .
w

4 il L3

Save Choose Caontinue ta
changes cLiztormer account

Puc. 2 — ®opma 11 paboThl ¢ 6a30ii JaHHBIX IPOSKTA

Ha puc. 1 npeacraBiena nuarpaMma MNPEUENSHTOB MJid CTpaxoBaTels M CTpaxoBIuka. B
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JAHHOM CITy4yae CHCTEMBbI JO0JDKHA COAEp)KaTh 0a3y JaHHBIX, T.K. HEOOXOAUMO YIEpKUBAThH JTUYHYIO
nH(pOpMaLIMIO O KIMEHTAaX M JIOTOBOpPax CTPaXxOBOMl KOMIIAHMM, a TAKKe O BBIIIaTaX W B3HOCAX
KJIMEHTOB CTPaXOBON KOMITAaHUH.

Hcnonb3oBaHue nuarpaMM IPOEKTHPOBAHUS 3HAYUTENIBHO YIPOCTUIIO TMPOIECC CO3JIaHus
camoii 0a3bl JTaHHBIX U1 IPOEKTa, KOTopas Obuia peanu3oBaHa Ha mysql. [Tpunoxenue ams paboTs
¢ 6a30i1 TaHHBIX B IPOCKTE UMEET CIEAyIONTui BU (puc.2).

Hcnonb3oBanne UML-nuarpaMM mo3BoJisieT CTPYKTYPHPOBATh U (OPMATU30BaTh CYLITHOCTH
1 KJIACCHI, KOTOpPbIE OyIyT HEOOXOAUMBI JJIsl CO3/1aHust MHGOPMAITMOHHON cucTeMbl. O4eHb yA00HO
pa3enauTh BeCh MPOEKT HAa OCHOBHBIE YACTH, KaK 3TO MO3BOJISIET cAeNaTh AUarpaMMa KOMIOHEHTOB
(puc. 3), ¥ XpaHUTH BCE TaHHBIC OTACIBHO.

Interfaces GUI Controls
--------- e
_I*J'f i
Insurance Customersinfo
Arifacts L. =

— ;l_‘ i o

Foundations Databaze Etrar Handling

glabal glabal

Puc. 3 — lnarpaMMa KOMIIOHEHTOB

Ha pucynke 4 u3o0OpaxkeHa (yHKIHMOHAJIbHAS MOJENIb CUCTEMbl. BXOJIHBIMM MOTOKAMHM IS
JTAaHHOW CUCTEMBI SIBJISIOTCS:
® BO3pacT;
BpeMs B 000pOTE;
KOJIMYECTBO BBITUIAT B TOJI;
CTpaxoBasi BBIILJIATA;
BEPOATHOCTH HEPA30PEHUsI KOMIIAHUH, KOTOpasi yCTpauBaeT MOJIb30BaTENs;
MPOLIEHTHAs CTaBKa;
BO3MOXXHOCTb PACCPOYKH.
BBIXOI[HI:IMI/I IIOTOKaMU SIBJIAKOTCA:
YHCIIEHHBIE 3HAUEHUS, OIIPeIEIAIONINE aHATUTHYECKUN 3aKOH;
YUCJIICHHBIC 3HAYCHUA TaGHI/IL[bI CMCPTHOCTH;
Harpy3Ka;
MOACIINPOBAHUC ICHCUOHHOT'O (bOHHa;
PacuCT BCIUMYHUHBI IEeHCUI WX BBIUIAT IO 3aJIOKEHHBIM MaTeMaTUYCCKUM METO4aM HJIA 110
CTaHJApPTHOU CXEME.
VYpapistomuil MEXaHU3M — M0JIb30BATENb, PEAUTH3YIOIINN MEXaHU3M — TPOTPAMMMCT.
CrpoekTupoBaHHas CUCTEMA pPEIIaeT TAKUE 3a/1auu:
1. ABromaTu3zanus ydera MHPOPMAIMHU O KJIMEHTaX W NaJbHEUITNN pacdyeT C UCIOIb30BaHHEM
I/IH(I)OpMaLII/II/I HCMMOCPCACTBCHHO U3 63.3]31 JaHHBIX, T.C. TIOJb30BATCIO HC HYXHO
CaMOCTOSITENIbHO BBOJIUTH JaHHBIE O ce0e BO BCEBO3MOKHBIE MOJISI B IPOTPAMME.
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2. MopnenupoBaHue NpOAOLKUTEILHOCTH KU3HU MOMYJISUK B Bozpacte oT 0 1o 99 ner mytem
anmnpoKCUMallMy pacCMAaTPUBAEMbIMU aHAIMTUYECKUMH 3aKOHAMU CMEPTHOCTH: 1e Myaspa,
l'omnepua u1 Mplikxama WIM UCIIOJIB30BAHUE CTATUCTHMUECKUX JAHHBIX 3a MPOILIbIE I'OJBI
JUIs pacyera.

3. TlocTpoeHune TaGnUIBl CMEPTHOCTH U KOMMYTAIIMOHHBIX YHCEIL.
4. ®opMHpOBaHME U OLICHKA [TAPAMETPOB HATPY3KHU JJIS CTPAXOBAHMS KU3HU.
5. Pacuer meHcuii WM BBIIUIAT 110 CTAHJAPTHON CXeMe C JaJbHEUIIMM BBIBOJIOM I'paMKOB Ha

JKpaH.

6. Pacuer meHcuiéd WM BBIIUIAT C MCIOJIB30BAHMEM HHAMBUAYAJbHBIX METOIOB, CPaBHEHUE
MOJTyYEHHBIX PE3YyJIbTaTOB C AAbHEHIINM BBIBOIOM T'paMKOB Ha SKPaH.

7. Pacuer BEpOATHOCTEN AOKUTHUS MOJIB30BATENS 0 ONPEIEIICHHOrO BO3pacTa.

8. Pacuer aOCONIOTHOI CTaBKM, KOTOPYIO JOJDKHA OyJeT BBHIIUIATUTh KOMIIAHUS B cllydae
HACTYIUICHHS BCEX CTPAXOBBIX CITy4aes.

9. Pacuer Gananca Mex 1y BBIIJIATAMH U B3HOCAMU JJIs1 CTPaXOBOW KOMIaHHH.

10. MonenupoBaHue MEHCUOHHOTO (DOHAA ¢ AaTbHEHIIIMM BBIBOIOM Tpa)uKOB Ha SKpaH.

11. ®opmupoBaHe BHIBOJIOB O MOJYYCHHBIX pe3yJibTaTax, UMIopT oTueToB B MS Excel.

OcHOBHO 3a/1auell MPOEKTUPOBAHMS ObUIO JalbHENIIee CO3AaHNe TPOTPAMMHOTO TPOIYKTa,
CIIOCOOHOT0 aBTOMATHU3UPOBATh CJIOKHBIE U TPYJOEMKHE pacueThl B cepe akTyapHOI MaTeMaTUKH,
BEPOSTHOCTHBIE MOJIETH KOTOPOH JIe)KaT B OCHOBE JIFOOBIX CTPaXOBBIX PACUETOB.

Wutepdeiic  pa3zpaboraHHON  HHPOPMAIMOHHOW  CHCTEMbl  MHTYWTHBHO  TIOHSTEH
MOJIB30BATENIO0, TAK KaK MPHU pa3padOTKe MCIOIB30BAINCH CTaHAAPTHBICE KOMIOHEHTHI. PazpaboTka
MIPOBOAMIIACH C HCIIOIb30BAHUEM 00bEKTHO-OPUEHTUPOBAHHOTO HHCTpyMeHTapus CH.

Ha pucynke 4 wu3o0paxeHa auarpaMMa KJIacCoOB, HCHOJB30BAaHHBIX [UIsl CO3JaHUS
MH(OPMALIMOHHOW CUCTEMBI MOJIETTMPOBAHUS IEHCUOHHOTO (POH/A.

[ BasalCacheClie... (¥ | [ BasalCacheServ... (¥ | | BasalCacheSync... [¥ [ BasalDataSetCo... (¥ | [ BasalDataSetCu... (¥ | [ ContractsTablea.. (¥ |

Class Class Class Class Class Class
b SqlCeClientSyncProvide - DbServerSyncProvids b SyncAgert b DataSet b DataSet = Component
| CReadStavka ¥ | CustomersSynca... ¥ | | CustomersTable... (¥ | | F_DBDC ¥ | | FActuaries ¥ | | FAnketa ¥ |
Class Class Class Class Class Class
4 Syncadapter = Component - Form - Form -4 Form
| FAnnuity ¥ | | FDataWork ¥ | FileDataRead ¥ | | FManualTOD ¥ | | FMethods ¥ | | FormMain ¥ |
Class Class Class Class Class Class
+Farm +Farm \ ). =+ Farm +Farm +Farm
s s s S - - LY s
FPensCalc ¥ FTableMortality ¥ FTableMortGrid ¥ I Program ¥ Resources ¥ Settings ¥

i
Class Class Class I Static Class I Class Sealed Class
b Farm b Farm b Farm 1 [ ). b applicationSettingsEase

| TableAdapterMa... ¥ | | TableAdapterMa... (¥ |
Class Class
=+ Component =+ Component

Puc. 4 — JlmarpamMmMma KJ1accoB

B nannoit pabore Obutm paccmorpensl UML-muarpaMMbl NMpeneaeHToB U KOMIIOHEHTOB,
Takke Obula TMOCTpoeHa (YHKIMOHAJIbHAs auarpamMma cucTeMbl. BusyanbHOe MOJenupoBaHHE
ABNsETCA O4YeHb 3()(PEKTUBHBIM CpPEACTBOM TPU CO3AaHMU 0a3 MAHHBIX, a TaKXKe CIOXKHBIX
nHpOpMaMOHHBIX cUCTeM. [Ipu TOMOIIM CO3JaHHON apXHTEKTyphl Oblia pa3paboTaHa
uH(pOPMAIMOHHAS CUCTEMa [Tl MOJICIIMPOBAHUS IIEHCHOHHOTO (DOH/IA.

Jlureparypa

1. Backakor B.H. AkryapHble npo0JieMbl CHCTEMBI colnaibHOro crpaxosanus / B.H. backakos, A.B
MenpaukoB. 1999. — 130 c.
2. ®epoposa T.A. OcHoBEI cTpaxoBoii AestensHocT — M.: M3narensctBo BEK, 2002. — 776 c.
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ONBIT OPBEKTHOI'O IPOEKTUPOBAHUA CTPYKTYPbI BA3bI TAHHBIX
NHOOPMAIIMOHHOU CUCTEMBI PEKJIAMHO-U3JJATEJIBCKOI'O HEHTPA

I'epacumoBa Ouibra Uropesna, [laxtrrckuii vacTUTyT ((hriman) FOsxHo-Poccutickoro
TOCY/IAPCTBEHHOT'O TEXHUYECKOro YHUBEpcuTeTa (HOBOYEPKACCKOTO MOMMTEXHIIECKOrO MHCTUTYTa), Poccus,
IlaxTel, itblack@rambler.ru
Ouaeiinuk IaBesa [eTpoBud, kK.T.H., CACTEMHBIA apXUTEKTOP MPOTPAMMHOTO OOSCIICUCHHS,

OAO «Acton», Poccus, Poctos-na-Jlony, xsl@list.ru

B cratbe paccmaTpuBaercs IIpoLEecC MPOCKTUPOBAHUSA U peanu3aluu CTpyKTypbl bJl s
MH(OPMALIMOHHON CHCTEMBI PEKJIaAMHO-U3/IaTEIbCKOTO IIEHTa C MOAPOOHBIM OMHCAHUEM KITIOUEBBIX
3TanoB  (KOHIENTYaJbHOIO M  JIOTUYECKOTO TPOEKTUPOBAaHUS). AKTYalbHOCTb  PabOTHI
o0ycnaBIMBaeTCs TEM, UTO B HACTOAIIEE BpeMs Bce 0oJibliee KOJIMYECTBO OPraHu3alui MepexoauT
OT BEJICHHA y4eTa Ha OyMa)KHBIX HOCUTENSAX K MCIIOJIb30BAaHUIO €MHBIX HHPOPMALMOHHBIX CUCTEM
(UC). KoppektHo cripoekTtupoBaHHas u peannzoBaHHass MC mo3BosisgeT caenaTh MPOIECC ydeTa
6osiee OBICTPBIM U yI0OHBIM, OJJHOBPEMEHHO CHOCOOCTBYS MOBBIIIEHUIO KOHKYPEHTOCIIOCOOHOCTH
OpraHU3alM HAa PhIHKE.

[TpoexTupoBanue cTpykTypsl 0a3bl ganHbIX (BJl) — omHa M3 Hambojee OTBETCTBEHHBIX (a3
peanu3alnyy MporpaMMHOTO OOecreueHus, ycrex KOTOpOl BO MHOIOM 3aBHCHT OT BBIOpaHHOM
MeToAoJorui. B maHHOW paboTe HCMOJIb30BaHA METOJOJOTHS CYIIHOCTb-CBSI3b, MOAPOOHO
omucanHas B [1-2]. Oram nmpoektupoBanus bJl HaumHAETCS ¢ yCTAaHOBJICHHS TPaHHI] OyIyIIeH
pa3pabaTbiBaeMOil CHCTEMBI U OIpeneeHusl (yHKIIMOHAla, KOTOPhIH HEOOX0AUMO peannu3oBaTh B
npuwioxennu. KoHuenrtyanbHoe mnpoektupoBaHue bJl mo3BoisisseT onucaTbe BBICOKOYPOBHEBYIO
MOJIETIb U HAUMHAETCS C CO3/1aHUsl KOHLENTYaJbHOW MOJENW AAHHBIX OPraHU3alluy, MOJIHOCTBIO
HE3aBUCHUMOM OT JIIOOBIX AeTaner peanusanuu. K mocneaaum otHocaTcs BbiOpanHbii Tun CYB/I,
COCTaB IIPOrpaMM IIPWIOKEHHS, HCIHOJIb3YEMBIM A3BIK IMPOrpaMMHpPOBAHUS, KOHKpPETHAs
anmapaTHasi 1IaTdopMa, BOMPOCH MPOU3BOIUTEIBHOCTH U JIIOOBIE Jpyrue (HU3ndecKue
0COOEHHOCTH peaTn3aliyi.

Crnenyronium 3TaroM sBISETCs JIorndeckoe mpoektupoanue bJl, mox KOTOpbIM MOHUMAETCS
KOHCTPYUpPOBaHHE HMH(POPMALMOHHOM MOJENN TMPEeNNpUATHsS Ha OCHOBE CYIIECTBYIOLIUX
KOHKPETHBIX MOJIeNIeH TaHHBIX, HO 0e3 yuéTa cneruduxu ucnosnbzyemoint CYB] u mpounx yciaoBuit
peanuzauuu [1].

B o6mem cnyuae, normdeckoe mnpoektupoBaHue bJ[ 3akmrogaeTcss B mpeoOpa3zoBaHUU
KOHLENTYaJbHOW MOJEIM [aHHBIX B JIOTUYECKYIO MOJENIb AAHHBIX MPEANPUATHS C YYETOM
BeIOpanHoro tuna CYBJI. Jlornueckass Mojenb JaHHBIX SABISETCS UCTOYHUKOM WHGOPMAIUU IS
sTana (U3UIECKOro MpoekTupoBaHus. OHa TPEAOCTaBISAET Pa3pabOTUUKY (PU3UUECKON Monenu
JAaHHBIX CPE/ICTBA MPOBEIACHHS BCECTOPOHHETO aHaIN3a Pa3IUYHBIX ACMEKTOB paOOTHI C TaHHBIMH,
YTO UMEET BaKHOE 3HAUEHUE JUIsI BbIOOpA 3(PPEKTUBHOTO MPOESKTHOTO PEIICHHUS.

[Tocneanum 3tanom siBisiercs uznueckoe npoektuposanue bJl, moa koTopsiM moHUMaeTcs
onucaHue KOHKpeTHOH peanusauuu b/l, pazmemaemol BO BHeIIHeN naMaTH. OU3HMUECKUN TIPOEKT
peaiuzyeT 0a30Bble OTHOIIEHUS, ONpEIeNseT OpraHu3anuio ¢aillioB U COCTaB HWHICKCOB,
pPUMEHSEMBIX JUIs oOecriedeHus: 3¢ (HEeKTUBHOTO JOCTYIA K IaHHBIM, a TAK)Ke PeriIaMEeHTHPYET Bce
COOTBETCTBYIOIIME OIPAHUYEHUS [IEJIOCTHOCTH M MEPHI 3a1UTHI [1].

dusnueckoe mnpoektupoBanue bJ[  mpeaycMaTpuBaeT — NpUHATHE — pa3pabOTUMKOM
OKOHYATEJIbHOTO pEIIeHUs O Crocofax peanu3aiuu co3gaBaeMoil 0a3bl. [losromy dusmueckoe
MIPOCKTHUPOBAHUE JIOJDKHO TNPOU3BOAMTHCA C YUYETOM BceX ocoOeHHocTel ucmoibdyemoit CYB/I.
T.K. OOBEKTHO-OPUEHTHUPOBAHHBIM TMOAXOJA SABISETCS OJHHUM U3 YaCTO HCIOJIb3YEeMbIX,
NPUMEHSEMBIX TIPU pa3paboTKe MPOrpaMMHOTO 00ECTIeYeHNs], TO IPUHATO PEIICHUE UCIOIB30BATh
MMEHHO OOBEKTHO-OPHEHTHPOBAHHYIO CHCTEMY YIpaBlieHUs Oa3aMu JaHHBIX, JOMYCKAIOIIyIO
CO3/laHHE HOBBIX THUIOB JAHHBIX Ha OCHOBE  CYIIECTBYIOIIUX, IOJAJIEP/KUBAIOLIYIO
MIPOJOJKUTENbHBIE TPAaH3aKIMM U HACJEeIOBaHUE, YTO CIIOCOOCTBYET YCKOPEHHIO pa3paboOTKu U
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yIpOLIEHHIO conpoBokaeHus bJl. Mexay stanamu pU3MUECKOro M JOTUYECKOrO MPOSKTUPOBAHHS
BCerjJa HMeeTcs OIpelesieHHas oOpaTHas CBA3b, IOCKOJIBKY pELICHMs, NPHUHITHIE Ha JTare
(U3NYECKOTO TMPOEKTUPOBAHUS C IIENBI0 TOBBIMICHHUS MPOU3BOAUTEILHOCTH pa3zpabaThiBaeMOn
CHCTEMBbI MOT'YT IOTPeOOBaTh ONPEEIEHHON KOPPEKTUPOBKH JIOTHYECKON MOJETH JaHHBIX.
B xone ananm3a mpeaMeTHON o0iacTd ObUTO BBISBICHO, YTO HEOOXOIUMO pa3paboTaTrh
cTpyKTypy B/l, mo3BOJIAIONIYI0 COXPAHATE CIEAYIOILYI0 HH(OpMaLuIO:
® 0 COTpyAHMKaxX OpraHHU3aluy;

e 00 oTaenax, B KOTOPBIX pabOTalOT COTPYIHUKH,
® 0 KJIMEHTax, C KOTOPBIMH pabOTaeT OpraHu3aIlus;
e 0 3asjBKax Ha OKa3aHHUE yCIyT, HOAaBAEMBIX KIIMEHTaAMU,
e 0 cTaTryce 00pabOTKHU 3asBKH;
e 00 OKa3bIBa€MOM yCIIyTE;
e 00 UCTOpPUU U3MECHEHUS 1IeH Ha YCIIYTH,
e 00 nH(MOPMALIMOHHBIX MMAPTHEPAX, Y KOTOPHIX pa3MeENIaeTcs peKIaMHast TPOIYKITHS;
® 0 3aKJIIOYEHHBIX KOHTPAKTaX U KOHKPETHBIX YCIIyrax, IPeqOoCTaBIIEMBIX B €T0 paMKaXx;
e 00 yXe BBINOJHCHHBIX KOHTPAKTaX M KOHKPETHBIX YCIIyrax, MPEeAOCTaBICHHBIX B PaMKaXx
KOHTpPAaKTa.
$T11(R) ¢T10(I) éT?(I) ,57T9(R) $T8(R)
Includein 1.1 Contract Service Has :
: T | . $T8(1)
T11(R) |, - §T10() [ContractName ServiceName 0" ¥
\ . 4 ContractDate ServiceDescription Price
Contractltem ContractDescription 0.1
. G DateStart
ContractltemPrice . DateFinish
1.1 * ;
ST 11()  WiBely - e y90
ignedd o Z0OrderS-cceaceanaa-.l
ExecuteWork Aosiane
0% Do T10(R)|OrderDate
ExecuteWorkDate ~ P—— [ | N - »OrderPrice
ExecuteWorkDescription| OrderDescription
0.1 Inplacedin ! 11(R) K éT‘IO(R) 0 :TO(R) o0 ;TQ(R)
lInformationPartner Worker Client = EF” ;
77| InformationPartnerName|  L—WorkerName | |ClientName 1'2(|) VTZ(R)I 1A v 10
Address Post ClientDescription|  |OrganizationType
0.
AT5(1) — Addres1s* . Address — |OrganizationTypeName
§TSR)  [rr  gray  Wersin], $T00rg gy feve 1120
- < 1. A 4
InformationPartnerType Department MustHave Telephone
InformationPartnerTypeName DepartmentName 11 ....... 1,
n o T3() TelephoneName
ContactedBy r3(1) T INumber
T5(l)
T1. JoGaBneHue HOBOro TUNa opraHusauum (KNueHTa) T7. JoGaBneHne HOBOW yCnyru
T2. JobaBneHne HOBOIO KNueHTa T8. BBOA LEeHbl HA NPeaoCTaBNAEMYIO YCnyry
T3. JoGaBneHne HOBOro OTAeNa PeKNamMHOro areHTCTBa T9. Peructpauus 3asiBku KnmeHTa
T4. JoGaBneHue HOBOro Tuna MHopMauyuoHHoro naptHépa T10. OchopmneHne HOBOroO KOHTPaKTa Ha ycnyru
T5. JoGaBneHne HOBOro MHAOPMAaLMOHHOTO NapTHEpPa T11. 3aHeceHune nHopmaLmn O BbINOSIHEHHOW YCRyru

T6. JoGaBneHue HOBOro paboTHMKa opraHusauum
Puc.1 — Kapra BbImosHeHUs: TpaH3aKLIMA
Ha »Tame koHIENTyalbHOrO MPOEKTHPOBAHUS HHGOPMAIMOHHON MOJAETH MPEIIpUSTHS,
HE3aBHCSIIEH OT KaKMX-THO0 (DM3MUECKUX YCIIOBUU pean3aiud, HeOOXOIUMO OMPEACIUTh THIIBI
CYIIIHOCTEH, T.€. 00BbEKTHI, HH(POpPMaIIHsI O KOTOPHIX OyaeT coxpaHsaThes B B/I.
CrucoK TUMOB CYIIHOCTEW peaMETHOM 001acTH:
e Service — yciyra, Oka3biBaeMasi KJIMeHTaM;
e Price — ucTopus U3MEHEHUS 1IEH Ha YCIYTH;
e C(Client — KJIMEHT, TOAAIONTUH 3aIBKY Ha OKa3aHHUE YCIYT;
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OrganizationType — tun opranuzanuu kiuenta (000, OAO u tm)
Worker — coTpyaauK opraHu3aiiui, OKa3bIBAOIINN YCIYTH U PETUCTPUPYIOIIHH 3asBKH;
Department — otzies1, B KOTOpOM pabOTaeT COTPYAHHK;
Telephon — koHTakTHBIN TenedOH;
Contract — 1oroBop 00 OKa3aHWM YCIYT KIHUCHTY;
Contractltem — cTpoka KOHTpakTa, B KOTOPOM yKa3aHa OKa3bIBa€Mas B paMKax KOHTpaKTa
yCIIyTa;
ExecuteWork — BeimosnHeHHas ycnmyra, BXOASMIAsS B KOHTPAKT;
e InformationPartner — cpenctBo MaccoBol HH(pOpPMAIMK, BBICTYIAIONMIEE B KauyeCTBE
nH(})OPMAITMOHHOTO apTHEPA;
¢ InformationPartnerType — Tun nuapopmanmonHoro naptHépa (ra3era, >KypHai U T.I1.).

JlaIbHENIINM 3TaIloM SIBIISIETCS BBIJEIICHUE BCEX CBSI3€H, MMEIOIIMXCSA MEXIY CYLIHOCTSMHU.
Bce BblieneHHble CBA3M HArJISAHO MPEICTABICHbI HA PUCYHKE 1, HA KOTOPOM TaKke M300pa’KeHbI
BCE OCHOBHBIE aTpUOYTHI, ONpeIeNEHHbIE I CYITHOCTEH U CBSI3EHl.

st rpaduyeckoro TMpeACTaBICHUS CYIIHOCTEH M cBsizedl co3maBaemoit BJI (cM. pumc.l)
pa3zpaborana ER-muarpamMma mpeameTHoil oOnactw, IIsi OTOOpa)KeHHsI KOTOPOWM HCIIONh30BaHA
HOTausl yHuUIUpoBaHHOTO s3bika MoaenupoBanuss UML [3]. Ilocne Toro, kak mocTtpoeHa
KOHIIeTITyalbHass Moxaendb bJl, Heo0XoauMo mNpoOBEpUTH €€ Ha JOCTOBEPHOCTH C IOMOIIBIO
OTIpe/ieNIEHUs] COOTBETCTBHSI TpaH3aKLUUAM MoJib3oBaTes. [IpoBepuM BBIMOJIHUMOCTD TpaH3aKLUUN
(T1..T11) mpu momouy rpaguuecKoro npeaAcTaBiIeHus myTeil e€ peanuzauuu (KapThl TpaH3AKIHUiL),
n300paxEHHOM Ha puc.l.

Jlis  KaxaoM TpaH3aKIMU B KPYTJIBIX CKOOKaX yKazaHbl OMNEPAlUH, BBITOTHICMbBIS
TpaH3aknuen Haja jgaHHOM cymiHocThio: [ (Insert) — BcTaBka HOBOTro JK3eMIuIsipa cymiHoctH, U
(Update) — oOHoBeHne 3HaueHuit atpudyToB, R (Read) — urenune 3nagenwnii arpudyros, D (Delete)
— ynanenue cymaocty u3 bJI.

sinterface> «interface> <interface> <interface>
INamedObject L |IDescriptionedObject |IDatedObject IPricedObject
> <t
T Name { get, set; } ; St 7 Description { get; set; } : String [ Date { get; set; } ;. DateTime (BT Price { get, set; } : Decimdl f&———
? snterfaces sinterfaces snterfaces
sinterfaces 10rganizationType IWorkeredActionObject IDatedObjectWithPrice
- & Jients { get: } : List<iChent> [ Worker { get; set: } - IWorker
[ Mumbar { gat; sat; } ; Siring <— A
1 1 Y
0.* 0
I sinterfaces 1 0.
1 IService <interfaces o1
ainterfaces IExecuteWerk T4
ITelephonedObject B Prices{ get; } ¢ lList<IServicaPrices -
E orgers {get: 1 List<iOnger> ' Contactitem{ get; set; 3 : IContrsctitem <nterface>
=] get ) Rt T i ther{ get. st ! t IServicePrice
0. [2F Servica { gat; sat; } ; ISarvice
? ? o.* B Dsternsh {get: }: DateTime?
- - <interfaces -
ainterfaces <interface> s IClient sinterface»
IDepartment 1Addr dObject 1 | 0-* morkeredActionObjectWithClient
- = ” ywa{ gat; sat; }: I0rganzationTipe -
(= Workers { gat; } ; List<IWorker> | | T Ackress { gat; set; } : Sting  Orders {get; 3. RistwiOrders [ Glent { get; sat; } ; iClant <]—|
1 A IP 1 A
1* sinterfacen
«interfaces 1 IWorkeredActionObjectiWithPriceAndClient
Werker
cinterfaces -
i ™ winterfaces
linformationPartherType [ Departmernt { et set; . Depariment . |Contract A '
= gttt [ Post { get; set; }. String 1 o -
5 ovgers { gat; 7 ist<iOrdar> & Comractitens{ get; } (ILit<IContractitams wnterfaces
1 [ contracts { et} IList<iContracts B Contractsum { gat: }.: Decinsl 1 1.% ICentractitem
& ExacuteWorks{ get; } . LList<IEraruteork -
o (' Conract { gat; sat; ] ; Kontract
1 - [ order { get; sat; } - [Ovaer
“interface> . ainterfaces  Digivate { gat; 1 Strng
o linformationPartner 0.. 10rder 1 0.1 (5 SrecuteWork{ get set: }  IrecuteWok
. - & IstxecuteWork{ get; }: Boolearn
5 informationPartner Type { gat; set; }: HnformationPartner Tipe | BT serice { get; set; - iarvice = (g’: ] .
[ = B conractDate{ get; }: DateTine?
(5 EvecinteWorks { get: } Hist<iCrecuteorks & con {get set; } Ico
Bl contract{ get; } icontract
! Bl Displayvale { gat; J : String

Puc.2 — Jlornyeckasa MOI€eIb

4 K3 pI/ICI CJICAYyCT, YTO BCC OIMMCAHHBIC PAHCC TPAH3AKIMWHW BBIIIOJHUMBI, CJICIOBATCIIBHO,
KOHIENTYyaJbHOE MPOEKTHUpOBaHHE CTPYKTYpbl B/l BHINOJHEHO BEpHO M MOXHO MPHUCTYMaTh K
JIOTUYECKOMY TIPOEKTUPOBAHMUIO.

Crnenyromnmm 3TaroMm sIBJISETCs Jorndeckoe mpoektupoBanue bJI, kotopoe B obmem ciydae
3aKJII04YacTCAa B Hp606pa3OBaHI/II/I KOHL[GHTyaJII:HOI\/'I MOZACIIN JAaHHBIX B JIOTHYCCKYIO MOACIIb JAHHBIX
npeanpusTHs ¢ yueroM BbiopanHoro tuna CYB/I (B Hamem cinydae B moHsATHsS 00bekTHOM CYB/I,
T.e. B JIOTHYECKYID OOBEKTHO-OPUEHTHPOBAHHYI0). Tak Kak MpH MNPOCKTHPOBAHUH CHCTEMBI
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HCIOJIB3YHOTCA METOABI O6’beKTHO-peHHHI/IOHHOFO OTO6pa)K€HI/IH, TO JTaIl JIOTN4€CKOIro
MIPOEKTUPOBAHMS BBIMIOJHSETCS B TMOHATHSIX OOBEKTHOW Mojenu JaHHbIX. [loatom mpu
HpeOGPaBOBaHI/II/I KOHHCHTyaHLHOﬁ MOZCIIM B JIOTUYCCKYIO H€O6XOI[I/IMO BBITIOJIHUTL CJICAYIOUIUC
oreparuu:

1. BrimonHUTh 00001IEHUE/CTICTIHATN3AIINIO.

2. Tlpeobpa3oBaTh CBS3M C aTpUOyTaMH B OT/ICIbHBIE KIIACCHI.

3. TlpeoOpa3oBaTh CIOKHBIE CBS3H B OTJICJIBbHBIEC KJIACCHI.

Pe3ynbTaT npoaenaHHbIX onepanui NpeACcTaBieH Ha puc. 2.

Jlnsi  TeCTHpOBAaHUS KOPPEKTHOCTH cHpoekThpoBaHHOW bBJl peamuszyem rpaduueckoe
MIPUJIOKEHUE, 3alojHUM co3nanHylo BJl TecToBoit mHboOpmamueil U mpoBepuM pa3paboTaHHOE
npunoxenue. Ha puc. 3 mpuBeneHa skpaHHas (opma, HIUTIOCTpHpYIOmas paboTy CO31aHHOTO
MIPUIIOKEHUS.

g EE9CQ '~ EOHTpaKTEl - MHGOPMALMOHHAA CMCTEMa pernamMHOrD areHcTea T Ap SkchepT" - B X

r

- OCHOBHEA MpocMoTR MHETRYMEHTEL

i . T . —" - : .
Q@O | I = &9 ¢ @ O
Hazaa Enepés AoBaEHTE CoxpaHHTE CoXpaHHTE

- H 38KPEITE
CoxpaHeHHe

OTMEHa OAHOEMTE Manck:

-

OTKPEITE
ofbeKT

COTEPBITE DOBEKT

MpeabaYIWHA  CRedyHwHA
ofberT ofberT
HAEMr aUMA no CTpokam

-

VICTOPHMA HABMMaLMH | [C034aHHE 00 BEKTOE PEAaKTHROEBAHHE MpEACTAENEHHE

HaBHrauHa Aata... ¥ | KnmeHT = | M2 KoHTpakTa = | Aorogop saknreHmMn | Cymma, pyd |
3anewu, lorosopa 21,03.2011 "MofmneHele Tene C... 55 EnasHkHa Onbra CepreesHa 0,00p,
> Zmenoea KMprHa BrkTopogHa 20010,00p.

ﬁ 20,05.2011  "Top-Kompany" an Ap#aHoea Enena Bna AMMMpoOEHa 20006, 00p.

KoHTpakTEl

— Aata zaknrodenna:  (12,03,2011 = N2 KoHTpakTa: =] Aorosop saknioqmn: (Cvenosa MprHa B, -

BbiNONHEHHEIE PaBoTE

KMEHT! "Rr" -

ONHCaHKE:
=

=

=5

JanekH

YENYrH, BRAHYEHHBIE B KOHTRAKT

oA X Elec m

SadEKa 4 | OROHYaTENEHEA WEHa, pyh E...

W

- 2.01.2011 TMpoMao - aKuua 20010,00
|7 3anBrw/orosopa L~

7 CnpaBounmkm

MonezoEaTtens: NOUTECOR! Administratar

Puc. 3 — [luamoropoe 0KHO pa3paOOTaHHOI'O IPUIIOKECHHUS

Pesromupyst BeIiecKazaHHOE, MOKHO CJIENIaTh BBIBOJI, YTO Pa3pabOTaHHOE IMPWIIOKEHHE TIOTHOCTHIO
YIIOBJIETBOPSIET ONMMCAHHBIM TPEOOBAHUSM M IMO3BOJISIET COXPAHATH BCIO HEOOXOIUMYIO MH(POPMAITHIO.
B nacrosiiiee BpeMst BBIIOIHSETCS BHSAPEHUE CUCTEMBI M €T0 OTJIAJIKa B KOHKPETHOM OpraHU3aIliH.

Ha HexkoTOphIX MNpeanpusaTHUsSX YyueT OKa3aHHBIX YCIYr BEJIETCS BpPYYHYIO, TOrJa Kak
BHeApeHue co3nanHoi MC mo3BOJMUT yCOBEPIIEHCTBOBATh 3TOT MPOIECC U CAENIATh €r0 HAMHOIO
O6omee  ObicTppiM W ynoOHbIM. Takke  BHEApPEHHE  MOCIMOCOOCTBYET  MOBBIIICHUIO
KOHKYPEHTOCIIOCOOHOCTH TPEANPUATHS Ha PBIHKE, TaK KaK B HACTOSIIEEe BPEMs MHOXXECTBO
MPEANPUATHI YK€ Tepenuio OT BEACHHUs ydeTa BpPYUYHYIO0 K ucmonb3oBaHuio MC u, 4To0Bl He
MOTEPSITH CBOE MECTO Ha pBIHKE, HEOOXOJUMO CIECIUTHh 3a pa3BUTHEM HHGOPMAIIMOHHBIX
TexHosioruil. B craThbe mnpencTaBieHO MNPAKTHUECKOE NPUMEHEHUE METOJIOJOTUU «CYIIHOCTh-
CBSI3bY», YTO TIPOJEMOHCTPUPOBAHO CO3aHMEM KOHIICNTYaJIbHOM, JIOTHUYECKOW MOJIENIeH CTPYKTYPHI

BJ1.
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MOJIMMOP®U3M U UCITOJIb30BAHUE BUPTYAJIBHBIX ®YHKIIUIA

MsicankoBa Henn AstekcanapoBHa, 1o1eHT, FOxHO-Poccuiickuil rocynapcTBEHHBIN TEXHUYECKUI
yauBepcutet (HoBouepkacckuii nonurexunieckuii uHCTUTYT), Poccust, HoBouepkacck, mnela@list.ru
lenusor Baagucinas AnekcaHapoBu4, ctyaeHt, KOxxHo-Poccniickuit rocy1apCTBEHHBIA TEXHUIECCKUI
yauBepcutet (HoBouepkacckuii noaurexunieckuii nHCTUTYT), Poccust, HoBouepkacck, ship3000@mail.ru

Jli1sl MOCTpOEHUsT MepapXHil KIIacCOB B JIIOOOM SI3bIKE NTPOrPaMMHPOBAHUS BBICOKOTO YPOBHS
JOJDKEH OBITh pealn30BaH MEXaHM3M IMOoJUMOp(GU3Ma, KOTOPBIM 00ecrneunBacT BO3MOXKHOCTD
OIIpeJIeJIEHUs] Pa3HOOOPA3HBIX ACHEKTOB HEKOTOPOIO €IMHOTO METO/a 10 Ha3BAaHUIO Ui KIIACCOB
pa3HBIX YpOoBHEH Hepapxuu. Taxke pa3nuyaroT MPOCTON MOTUMOP(H3M, KOTOPBIA Oasupyercss Ha
MEXaHU3ME€ PAHHErO CBSI3BIBAHUS, U CIOXKHBIA MOIUMOP(PU3M, KOTOPBIM HCIONIB3YeT MEXaHU3M
MIO3/IHETO CBSI3bIBAHUS.

[IpocToii (eme Ha3BIBAIOT CTAaTHYECKHI) MOJUMOPGU3M ToanepkuBaercs sizbikom C++ Ha
3Tare KOMIOWIALUY (TaK Ha3bIBAEMOE paHHEE CBSI3bIBAHUE) M PEATU3YETCs C IOMOIBI0 MEXaHU3Ma
nepeonpenencHuss  GyHknuid. Takwe  monumopduble  ¢yHknmu B CH++  HA3BIBAIOT
nepeonpeiesieMbIMi, B COOTBETCTBUU C OOLIMMM NpaBWJIAMH, OHM MOTYT OTJIMYATHCS TUIIOM
BO3BPALIAEMOTr0 NapaMeTpa U CUTHATYPOH.

Takolf moaxoX MO3BOJIAET CTPOUTH Oojiee TMOKHME M COBEpIICHHBIE HEpapXuH KJIacCoB,
3aMeHssl B IPOM3BOAHBIX Kiaccax MeToabl. YToObl MoOKa3aTh HCMOJNb30BAHUE CTATHUECKOTO
noJuMOp(HOTro MeTofa paccMoTpuM mnpumep 1. B Hem Qynkuus print() sBiseTcss CTaTHYECKUM
nonmuMopdubIM  MeTtofoM. Dyukmus  show(), BbI3BIBaeT MeTon print() W HaAcIemAyeTcs B
MIPOM3BOJIHBIX KJIaccax.

[Tpumep 1. Ucnionb3oBaHre paHHETO CBA3BIBAHUS
#include < iostream. h>
#include <conio.h>
class A
{
int a;
public:
void show ()
{
cout<<"Comepxmumoe noJjen obwekxra'<<endl;
print();
} //BHB30B CTATUUECKOM MOJIUMOPOHOM GyHKLMU
void print (void)
// TEepBHM acleKT CTaTUYeCKON NOJIMMOPGHOM QyHKIIMUM
{
cout<<a<<endl;
}
A(int v):a(v) {}
}i

class B: public A
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int b;
public:
void print (void) // BTOpPOM acCHeKT CTaTUUYECKOM NOJMMOPOHOM QYHKLMM
{
cout<<b<<endl;
}
B(int wva, int vb):A (va), b(vb) {}
}i

class C: public B
{
int c;
public:
void print (void) //TpeTuit acnekT CTAaTHUUECKOM MNOJMMOPOHOM OYHKLIUM
{
cout<<c<<endl;
}
C(int wva, int vb, int vc) :B(va, vb), c(vc) {}

}i

void main ()
{
clrscr();
A aa(20); B bb(10,100); C cc(50,200,3000);
cout<<" PesymnbTaTe paboTe: "<<endl;
// ABHEIM BBIZOB MoJuMOpbHOM byHKUMM print ()

aa.print(); // BeBOmMT: 20

bb.print(); //BueomuT: 100

cc.print(); // BeBomuT: 3000

getch () ;

// HEedBHBI BEI3OB MNOJIMMOPOHOM byHKIMM print ()
aa.show(); // BmBomuT: 20

bb.show(); //BeBomur: 10

cc.show(); // BumBommT: 50

getch();

}

HecnoxxHo 3amMeTWTh, YTO pe3yjibTaThl SBHOTO M HESBHOTO BBI30OBOB MeTona print()
pasnuyaroTca. OTO CBS3aHO C TeM, YTO MeTol show(), KOTOpBIH HaciedyeTcsi B MPOU3BOJIHBIX
KJ1accax, BbI3bIBaeT Meton print(). [Ipu pannem cBsizpiBaHuHM show() )K€CTKO COCIUHSACTCS C ATHUM
METOZOM Ha 3Tane KoMmwiiuuu. [103ToMy BHE 3aBUCHUMOCTH OT TOrO, OOBEKT KaKOro Kiacca
BbI3bIBaeT MeToj show(), u3 Hero Oynmer BbI3BaH MeToi print() 0a30Boro kjacca, Mg KOTOPOTO
BHYTPEHHUE M0JI MPOU3BOIHBIX KJIACCOB HENOCTYIIHBL. DTO U SIBJIAETCS IVIABHOM OTJIMYUTEIBHOU
4epTOil paHHETO CBSI3bIBAHUSI.

UroObl TMONYyYUTh MPABWIBHBIA pe3yJabTaT B TMOJOOHBIX CIIy4asx, HYXKHO HCIIOJIB30BaTh
CIOXHBIN nTonuMopdu3m. CH0XKHBIA MOTUMOPPU3M MOKHO pPealin30BaTh C MOMOIIBI0O MEXaHU3Ma
MO3/IHETO CBSI3bIBAHUS, YTO TPEOYET ONMUCAHUS BUPTYAIbHBIX (PYHKIUH.

Buptyanbable GyHKIUU — 3TO Takue QYHKUUHU, KOTOPbIE OOBSBISIIOTCS C UCIOJIb30BAaHUEM
KIIIOYEBOTO cnoBa virtual B 0a30BOM Kiacce M 3aMEMIAIOTCS B OJHOM WM HECKOJIBKUX
MPOM3BOJHBIX Kiaccax. B asTtom ciywae mnpotoTunsl (GYHKIUI B pa3HbIX KiaccaxX JOJKHBI
COBIAJATh 10 UMEHAM, TUITy BO3BPAILlAEMOr0 pe3yjbTaTa, CUTHATYpe. AJITOPUTMBI, PeaIu3yeMble
TaKUMH (YHKIHUSIMH, pa3ndyaroTcss MexXIy coOoil. B ciywae, xorga TUmbl (QyHKIMNA pazIUvHBI,
MEXaHHW3M BUPTYAIBHOCTH ISl HUX HE BKIFOYAETCS.

Takxke CTOUT 3aMeTUTh, YTO BUPTYyalbHYIO (QYHKIUIO B si3bike CH++ MPHUHITO HA3bIBAThH
«TOTUMOP(HOI», YTO HE B TOJHOH Mepe COOTBETCTBYET OOLICTIPUHATON TEPMHUHOJOTHH, IO
OOIIETTPUHATON TEPMHUHOJIOTUH OHA SBJISETCS «IMHAMUYCCKON TTOTUMOPPHOI.

B kadecTBe WITIOCTpAaIliM PacCMOTPUM HpUMEpP 2, KOTOPBIM sBiIAETCS MOIU(HUKAIMEH
MPEIbITYILEro.
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[Tpumep 2. Micnionb3oBanne BUPTYaTbHBIX (YHKIUN
#include <iostream.h>
#include <conio.h>
class A
{
int a;
public:
void show ()
{
cout<<"Comepxumoe nojel obwekra'"<<endl;print () ;
}
virtual void print(void) // onmcaHue BUPTYAJbBHOCTM OYHKLIUU
{
cout<<a<<endl;
}
A(int v):a(v){}
}i
class B: public A
{
intb;
public:
void print (void) // mNepBHM acHekT BUPTYAJNbLHOM OYHKLUU
{
cout<<b<<endl;
}
B (int wva, int vb) :A (va), b(vb) {}
}i
class C: public B
{
int c;
public:
void print (void) // BTOpPOM acHeKT BUPTYAJLHOM OYHKLUU
{
cout<<c<<endl;
}
C(int wva, int vb, int wvc) :B(va, vb), c(vc) {}

}i

void main ()
{
clrscr():;
A aa(l10), *pa; // ykasaTesbp Ha OOBeKT 6a30BOTO KJjacca

B bb(10,100);
C ¢cc(10,100,1000);

cout<<" PesynbTaTe paboTe: "<<endl;

cout<<'' ABHHM BHEBROB NOJMMMOPOHOM OyHKUMM print () : "<<endl;
aa.print(); //BeBOmmT: 10

bb.print(); //Beeommur: 100

cc.print(); //BuBommr: 1000

getch () ;

cout<<" HedgBHBIM BHIBOB NOJMMMOPOHOM dbyHKLMM print () : "<<endl;
aa.show(); //BeBOmmT: 10

bb.show(); //BuBommr: 100

cc.show(); //BeBOmmT: 1000

getch () ;

cout<<"BeizoB byHkUMM print () no ykaszaremnwn'"<<endl;

pa=&aa; pa->prmt(); //BeBommuT: 10
pa=&bb; pa->print(); //BuBommT: 100
pa=&cc; pa->print(); //Beeozmr: 1000
getch () ;
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Kak MbI BUZIMM, KaX/IbIi pa3 BBHI3BIBACTCS HY)KHAsl BEPCUS BUPTYaJIbHON (QYHKLINH.

@OyHKIMs, KOTOpast ObUTa 00BSBIICHA BUPTYAIbHOW, OCTACTCS €10, CKOJIBKO OBl MPOU3BOIHBIX
KJIacCOB HU 0O0pa3oBbIBajioch. Ho MHOrAa B OJHOM MM HECKOJIBKMX IPOM3BOAHBIX Kiaccax
nepeorpeieliecHne BUPTYaTbHON (PYHKIIMM MOKET OTCYTCTBOBATh. TOr/a MEXaHH3M IMOAKIIOYCHUS
BUPTyaJIbHOW (YHKIIMM COXpaHSeTcs W BbI3bIBaeTcsd (YHKIMA Kiacca, KoTopas ONmke K
paccMaTpuBaeMoMy Kiaccy. Ecimu OyneT OTCYTCTBOBaTh acleKT BUPTyallbHOW (DYHKIMH, 3TO HE
HApyIIUT MEXaHU3M IO3/IHETO CBS3bIBAHMUS, M €CIIM Yy HACJIEHUKOB TAKOTO KJIacca MOSBUTCS aCTIEKT
BUPTyaIbHOU (PYHKITMHU, OH Oy/IE€T BBI3BIBATHCS 0€3 KaKUX-THOO HAPYIICHHH.
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YK 004.652.5
OBBEKTHAS BA3A JAHHBIX JJJISA CTYAEHTOB

Heynaunn Wiabsa 'eoprueBuy, k.¢.-M.H., TOLEHT, Ypanbckuil peaepaibHbI YHUBEPCUTET UMEHH TIEPBOTO
IIpesunenrta Poccun b.H.Enenmna, Poccust, ExatepunOypr, nigs@sky.ru

BBenenune

Z0ODB (Zope Object DataBase) — cucrema XpaHeHHsI 0OBEKTOB MPUIOKECHUM, HAMMMCAHHBIX
Ha s3beike Python. Ona oOecnednBaeT SI3bIK MPOTPAMMHUPOBAHHSI CPEICTBAMHU, KOTOPHIC
aBTOMATUYECKM 3aMHCHIBAIOT OOBEKTHl Ha JAMCK W YWUTAIOT MX CHOBA, KOTJa OHHU TpeOyroTcs
nporpammoii. Ycranoska ZODB noGasnser Takue cpenctBa k Python. Ilaker ZODB Bbinenen u3
nH(ppacTpykTyphl pazpadotkun u Web-nybnukamuu o0wektoB Zope [1, 2], mis KoTopoi — 3TO
cTannapTHast o0bekTHas 6a3a manabix (OBJl). M3ydas OBJl, cTyneHTsl OCBaMBalOT pa3sHooOpasue
apxXuTekTyp 0a3 maHHBIX. Tak ke kak Python m Zope, ZoDB mocTaBisieTcss B OTKPBITBIX KOJaX
(http://old.zope.org/Products/ZODB3.2), OecruiaTHO W C IJWIEH3UEH, ONArONpHUATHOW IS ee
MoAU(UKAIIMHN CTYACHTaMU U JajbHeHIIero npuMeHeHusl.

1. ITonpoOHOe onucanne HHCTPYMEHTAPHUS

K BriO0opy ZODB kak npenMera o0ydeHHUs MPUBOJAT TPH OCHOBHBIE IPUYUHBI. BO-TIepBBIX,
ZODB — oTKpbITHII IpoAyKT. UTO MO3BOJISAET CTYAEHTAM, IPHU JKEIAHWU, HE TOJIBKO BUIETH, KaK
YTO-TO paboTaer, HO TOHMMAaTh, Kak 3To pabortaeT. Bo-BTOphIX, wHcmonas3oBanue ZODB
OecrutatHOE. DTO TMO3BOJIAET M3Yy4aTh, HCCIENOBATh M MPHOOPETATh OMBIT O€3 OOJBIINX PACXO/OB.
B-tpetbux, MoxHO wu3MeHATH Koabl ZODB. Ona wuHTepecHa KakK TOJb30BATEsIM U
aJIMMHHUCTPATOpPaM, TaKk U TEM, KTO MPOrpaMMHpyeT Ha si3bike Python. OmnuckiBaemblil ydeOHBIN
MaTepuag YacTUYHO TMPUMEHSETCS NpH TMOATOTOBKE CTYJEHTOB — OakajgaBpoB MNpoQuiis
«BpruncnuTeIbHbIE MAIIUHBI, KOMIUIEKCHI, CUCTEMBI U CETH: cucTeMHas uHTerpauusi». OB/l nama
JIOTUYECKYIO CBSI3KY MEXIy Yy4eOHBIMU pa3feliaMd IporpaMMHpoBaHUs Ha s3blke Python u
MPOEKTUPOBaHUEM TuHamMuueckux Web-npunoxenuit B uHdpactpykrype Zope [3].

B ZODB xpanutcs He TOTBKO 00BEKT, HO U €ro TEKYyIee COCTOsIHUE, MHpopMaIus 0 HEM, a
TaK)Ke Kak OH UCIOJIb3yeTcs. T.e. 3alIOMUHAIOTCS IEUCTBUSI MOJIb30BATENS, UTO JOMYCKAET OTMEHY
nojp3oBaTeneM d3Tux aeictBuil. ZODB mnopaepxkuBaeT TpaH3aKUWHM, BEPCUU, OTKAT M, Kak
CIIEJICTBUE, — YIIAKOBKY 3aBEPIICHHBIX TPAH3aKIMA U BepCUid. JTa MOIIIHAsE 00bEKTHAs cucTeMa 0a3
JTAHHBIX, KOTOPasi MOXKET UCIOJIB30BaThCA ¢ Zope uiu 6e3 Zope.
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Cama ZODB 00beKTHO-OPUEHTHPOBAHHA, TO €CTh OMUCHIBACTCS KaK IAKET AEPEBHEB KJIACCOB.
B Heit MOXHO TpPOW3BOJIBLHO MEHATH KJacc, 3aaalommuii  Buj Xpanmwauma (Storage).
PaccmarpuBaercss mporpaMMupoBaHue Ha s3bike Python mms ZODB u nmnst ee pacuipeHus c
nomotipio kommnonenta ZEO (Zope Enterprise Objects). Ilocnmennmii mMexanwsMm 100aBisieT
MacitabupyemocTs u pactpenenesHocts OB/l B cetn.

OOBeKTHI IK3eMIUTIpa HHPPACTPYKTYPHI Zope [4] Xpausarcs 6a3o0it manabsix ZODB B dhopmate
¢aitna Data.fs (B aBTOHOMHOM cilydae MOXET ObITh JApyroe ums ¢aiisna), KOTOPBIA MOJTHOCTHIO
HezaBucuM oT Tutatrgopmbl 1 OC. CoOctBeHHO, simpoMm ZEO sBiseTcss emie OJHO XpaHUIIHUIIE
ServerStorage, koTopoe oOpaiaercs He K JokaabHoMy Data.fs, a k yaaneHHomy cepBepy. BTopsim
komnoHeHToM ZEO sBisieTcsi cepBep. Ha ocHOBe paHee MOJyYEHHBIX CBEACHUW CTAHOBUTCSA
nouaTHeIMU MecTo OB/] B apxutekType Zope u peanuzaius uuTepdeiica ynpaBieHus ee rIaBHBIMU
napaMeTpamH.

2. Bpems xxHU3HU 00beKTA

Ecnu peub uaer o psaoBoil mporpaMme, TO BpeMsl JKM3HH OOBEKTa HEKOTOPOro Kiacca,
OMMHMCAaHHOTO B TMporpamMMe Ha s3bike Python, orpanmumBaeTcs BpeMEHEM BBITIONHEHUS ITOU
nporpaMMbl. OrpaHuyYeHus CHUMAIOTCS MyTeM COXpaHEeHHs OOBEKTOB (TOUHEEe, 3HAYCHHM Moei
00BekTOB) B ¢aiie. OOBIYHO WHCIOJNB3YETCS JIOTHYECKass AapXHTEKTypa PpesIMOHHON WIn
00BeKTHOM 0a3bl JaHHBIX. Bce 3TH cpeacTBa MO3BOSIIOT JIeJIaTh 0OBEKTHI XpaHUMBIMHE (persistent).
Kak mpaBuio, mpu 3amucu OOBEKTa MPOU3ZBOIUTCS €ro Ccepuaim3anus, a Mpu YTCHUH —
necepuanuzanus. Cepuanuzanus — 3TO MPOLECC IMEpeBoJa KakOW-TMOO0 CTPYKTypbl JaHHBIX B
MocJe10BaTeIbHOCTh OUTOB. Cepranu3anus UCIOIb3yeTcs I Iepeadl 00bEKTOB 10 CeTH U IS
coxpaHeHus ux B ¢ainel. OOpaTHOW K ONEpaly CepUau3aliKi  SIBISIETCS  OIepanus
Jecepruanu3alil — BOCCTAHOBJICHHE HAYAJIILHOTO COCTOSHHSI CTPYKTYPBHI JTaHHBIX W3 OHUTOBOMA
MOCJIEI0BATEILHOCTH.

Pensiunonnbie 0a3bl JNaHHBIX HE CIEIHATH3UPYIOTCS Ha OOBEKTaX, MX Ha3HaueHue Oojee
yuuBepcanbHoe, ueM OB/l [5]. Pensunonnbie 6a3bl JaHHBIX COXPAHSIIOT HHPOPMAIIMIO B TAOJIUIIAX.
He tpynHo mHamucats ko Python, KoTopslii co3aact 3K3eMIUISp OOBEKTa U 3aMOJHUT €T0 TaHHBIMH
3 Tabmui. HemHoro Gosbiie ycuiauii, 1 MOXKHO Cc(HOPMUPOBATH MPOCTONH WHCTPYMEHT, OOBIYHO
HA3bIBAEMBIi  OOBEKTHO-PEISIIIMOHHBIM — [Ipeo0pa3oBareneM, [Uisi TOTO dYTOOBI JenaTh d3TO
aBromatudecku. OgHAKO TPYJIHO crenaTh o0beKTHO-pensnuonnyto CYB]] npuemiieMo OBICTpOIA.
becxutpocTHasi peanuzanus, mo00Has EPBOMY MPUMEPY, — CIHUIIKOM MEIJIeHHAs, TOTOMY YTO
OHa JIOJDKHA JIelaTh HECKOJbKO 3aIpocoB, YTOOBI OOpaTUThCS K JaHHBIM Bcero oOwnekrta. boiee
BbICOK03()(PEeKTUBHBIE OOBEKTHO-PEIIAIIMOHHBIE TPeoOpa3oBaTeIN KIMIUPYIOT OOBEKTHI, YTOOBI
yIyqmuTh  3QQPeKTuBHOCTh, BbIMOMHASA SQL 3ampochl, TONBKO Korjaa OHHM (PaKTHUECKH
HEOOXOIUMBI.

B nacrosimmee Bpems paspaboransl criennanuzupoBanabie ObJ] s 00bexToB Python. Camoe
IPOCTOE pEelIeHne — OO0BEAMHUTH MOAYJb pickle m Momynp Ga3pl JaHHBIX, YTOOBI COXpaHATH U
BOCCTaHABIIMBAaTh OOBEKThL. dakTHuecku, MoAynb shelve, BKIIOUEHHBII B CTaHIAPTHYIO
oubmmorexky Python, nmemaer stro. ZODB u ZEO otHocsTcs K 0azaM JaHHBIX C Pa3BUTHIMU
Bo3MokHOCTsIMA. OOBekTHas 0a3a naHHbBIX, MogoOHas ZODB, mpocTo coxpaHseT BHYTpPEHHHE
yKa3zatenu o0beKTa Ha 00BhEeKT. UTeHHne OJUHOYHOTO0 00BEKTa MPOUCXOAUT HAMHOTO OBICTpEe, YeM
BBITIOJTHEHUE CBsI3kM 3ampocoB SQL u cbopka pesynbraTtoB. [IpocMOTp Bcex BKIIOUYCHUH,
CJIeZIOBATENILHO, BCE elle 0cTaéTcs HEd(PPEKTUBHBIM, HO HE YpE3BBIYAHO HEAPPEKTUBHBIM.

HenocraTtok »3TOro moaxoma COCTOMT B TOM, 4YTOo mporpammuct Python nomxken sBHO
YOPaBIsATh 00bEKTaMH, YUTasi 00BEKT, KOT/a 3TO HEOOXOAMMO, U 3alKChIBAaTh €ro B ¢aiii, koraa
00bekT 6ombie He TpeOyeTcs. Koneuno, ZODB B undpacTpykType Zope ynpasisieT 00beKTaMu 3a
Bac, XpaHs UX B KJIIIe, U 3allMChIBasl KX HA JIUCK, €CJIM K HUM HE 00paTUIINCh HEKOTOPOE BPEMHI.

3. Apxutektypa ZODB

ABTOHOMHas ycTaHoBKa ZODB BoIraauT (pUCyHOK 1) Kak makeT U3 HECKOJIbKUX KaTaJlOT OB,
CoJiepKALUX MOJTYJIH.
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E}E [site-packages]

|Ch[transaction]

|Ch[ETrees]
C[isapi]
[Chnumarray]
| MMumeric]
| [persistent] . =
[ [pygame] Application 1

| [y thonwin]

[T lpywin32_system32]
|Ch[ThreadedAsync]

[win32comext] Application 2

|Chi[ZopeUndo]

Puc. 1 — [Taker ZODB Puc. 2 — B3aumogpeiicteue OB/l ¢ mpunoxxeHuem [6]

KommonenTsl, Bxosmue B yctaHoBky ZODB:

e Snpo ZODB, Bkitouas nporeccop XpaHeHusl.

e (CrannmaptHbie xpanwmima tumna FileStorage.

e Moaynu KJ1acCOB XpaHEHUs persistent.

e Monaymu i coxpanenus b-/[EPEBBEB Btrees.

e ZEO, cepBep xpanmnuiia no mojakiatouennto TCP/IP.

e ZConfig — maketr KoHpUTypanuu Zope. 3a4acTyro ISl OJTHOTO U TOTO e Koja Tpedyercs
MCIIOJIb30BAaHUE Pa3IMUHBIX XpaHWiuil. Hanpumep, Ha cTaHIMM pa3pabOTUHKA 3TO MOXKET
owiTh FileStorage ¢ TecroBhiMM naHHBIMH, a Ha pabodero cepepe — ClientStorage ¢
peanbHbIMU  AaHHBIMU.  [losToMy  ynmoOHO — ucmonb3oBaTh  KOH(pUrypamuum U
KoHpuryparmonusie ¢aitnel. C ZODB uzaer eme oauH «Kycodek» Zope — 3TO MakKeT
ZConfig. T.e. B Ko/ie KIIMEHTOB HY>KHO YyKa3aTh, KaKOW KOH(UTYpallMOHHBIN (aitn Oyaem
UCIIOJIb30BaTh

e JloxymeHTanusl.

KoMmmoHeHThl apxuTekTypsl 0a3zbl gaHHbX ZODB mpenocTaBisiOT MpOrpaMMHUCTY MHOTO
BO3MOKHOCTEH:

MHuorouucneHHbie BuabI namsatu (Storage Interface).

[Tonnep>xkuBatoTcsi pa3HOOOpa3HbIe aIMUHUCTPATOPHI XPAHEHHUS, YTO MO3BOJISIET COXPAHSTh
00BEKTHI B (haillloBOl cucTeMe, BO BpeMEHHOH (haitnoBoii cucreme, B (pailioBoil cucreme
TOJIBKO JUIsl YTE€HUS, U B PEISIIMOHHON 0a3e NaHHBIX.

[Tpo3paunocts. [eiictBus ZODB mnpo3paunsl st 00beKTOB. OOBEKTHI, KOTOpBIC
KeNmaTeabHO  XpaHUTh, TOTPEOYIOT TOJNBKO  «BCTpauBaHMs» B  kimacc  Python
Persistent.Persistence.

Tpanzakiuu. ZODB paboTaer ¢ TpaH3aKIUsSMU, T.€. MOCIEIOBATEILHOCTH U3MEHEHUHN st
0a3bl JaHHBIX MOTYT IIPOMCXOAUTH B BUJIE TpaH3akuuu. Ecnu ommlka Bo3HUKIIA Tie-HUOY b
B TPAH3aKLUK, TO TPAH3aKIMA He OyJIeT nepeJaHa B 6a3y JaHHBIX.
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e Boseparet (Undo). MHorue aaMUHHCTPATOpPhl  XpaHEHHWsS  BBIXOAHOTO  Oydepa
KOHKaTEHUPYIOT HOBBIE BEPCHUU OOBEKTOB K KOHILy Oa3bl JaHHBIX W XpaHIT BCE CTapble
U3MEHEHHs 00BeKTa. DTU aAMUHUCTPATOPHI MO3BOJIAIOT BaM BEPHYTh 0a3y aHHBIX 0OpaTHO
— B IIPEIBIIYIIEee COCTOSIHUE, TPAH3AKIUS 32 TPAH3AKIIUCH.

e Bricokas s¢p¢extuBHocth. ZODB mmeer MHOro 3((QeKTHBHBIX pacIIMpeHUH, BKIIOYas
O00BEKTHBIH K31 «B MaMATH» ¢ KOH(UTYpaLueil mepecTpanBaeMoro pa3mepa.

Ha texynryro Bepcuto ZODB uacto cebinatotcesi kak Ha ZODB3.

4. lIpunuun padorsr ZODB

ZODB xonnentyanbHo npocta. Kmaccsr Python nHacnemytor kmaccy Persistent st cBsizu ¢
ZODB. DK3eMIUISIpbl XpaHUMBIX OOBEKTOB IMOCTYHAIOT U3 MOCTOSIHHOTO XPaHWIUILA JaHHbIX, THIIA
IUCcKOBOro (aiia, Korja nporpamma Hy>KJaeTcsl B HUX, U KAIIUPYIOTCS B ONEPATUBHOM MaMSTH.
ZODB ynasnuBaet mogudukanuu oosexToB. Korna komanna Python tuna obj.size = 1 BeinonHeHa,
U3MEHSEMBI OOBEKT OTMedaeTcs: Kak u3MeHEHHbIN (dirty, «rpssHbIi»). [lo 3ampocy, mro0bie
IpSA3HBIE OOBEKTHl 3alMCHIBAIOTCSA BO BHEIIHEE ITOCTOSIHHOE XpaHWHIIE. JOMOIHUTENbHBIN
atpuOyT dirty mopokaeH mnepemadell TpaH3aKIWW. TpaH3akmuu MOTYT OBITh TPEpPBAaHBl WM
MPOKPYYEHbI OOpPaTHO, YTO KOHYAETCS OTKAa30M OT JFOOBIX H3MEHEHWH, a TpsI3HbIE OOBEKTHI,
BO3BpAIAIOTCS K MX HAYaJIbHOMY COCTOSIHHIO, B KOTOPOM TpaH3aKIUsl Hauanach.

TepMuH «TpaH3aKIUs» HMEET CIEHU(PHUECKOe TEXHUYECKOEe 3HAaYeHHE B HH(POpPMATHKE.
UpesBblyailHO Ba)KHO, 4YTO coOjepkaHue Oas3bl JAaHHBIX HE pa3pyllaeTcss MPOTPaMMHBIMU WM
anmapatHbIMU cOOsiMU. BonbIIMHCTBO mporpamMm oOecriedeHus 0a3 JaHHBIX MpEAaraeT 3amluTy
MPOTHB TAKOTO WCKaXXEHHWs, TNOJJEpKHBasi deThipe Tmose3Hbix cBoictBa ACID (Atomicity,
Consistency, Isolation, Durability). UYro o3nagaer: AtomapHocTh, COrIacoOBaHHOCTb,
N3onupoBaHHOCTH, [[0ATOBEYHOCTD.

ZODB wumeer nouru noiaHyro ACID — coBMecTMMYIO MOAJEPKKY TpPaH3aKIMil (BKItOuas
TOYKH COXpaHEHHUs MH(POpPMAIUM O TEKYyIIEeM COCTOssHMHM cuctembl). ZODB obecreunBaer Tpu u3
9TUX cBOMCTB. He B monHONH Mepe MNOAIEp)KHMBAaeTCs TOJBKO coriacoBaHHocTb. ZODB He
MIPUMEHSIET MOHSITHE CTPYKTypa 0a3bl JaHHBIX, CIIEOBATEIbHO, HE MMEET crocola MpeAnrcaHus
COTJIACOBAHHOCTHU CTPYKTYP.

5. Knaccol uHTEpeiica XxpaHeHust

Ectb Tpu ocHOBHBIX MHTep(eiica, mogaepxkuBaembix ZODB: Storage — xpanunume, DB —
0a3a maHHbIX U Kiaccel Connection — moakmouenuit. MaTEepdeiicel DB u Connection umerot
OJIMHOYHBIE pealn3alliy, HO €CTh HECKOJIBKO Pa3IMYHBIX KJIACCOB, KOTOPbIE pealn3yoT HHTepderic
XpaHeHus Storage.

e Kilaccel XxpaHeHus Storage HaxoIATCSd HAa CaMOM HHM3KOM YPOBHE, U YIIPaBIISIOT
COXpaHEHHEM M BOCCTAHOBIIEHHEM OOBEKTOB U3 HEKOTOPOH (POPMBI TOJITOCPOUHOTO
XpaHeHus. bblIn HammcaHbl HECKOJIBKO pa3MuHbIX THNOB Storage. Kak, Hanpumep, kiace
FileStorage, KOTOpBIN HCIONB3YeT peryispHble TUcKkoBble (ainbl, i bsddb3Storage,
KOTOpBIA TpuMeHsieT 0a3y nmaHHbIX Sleepycat Software BerkeleyDB. MoxHo HamucaTh
HOBBII Kylacc Storage, KOTOPbIM COXPAaHUT OOBEKTHI B PEISLIMOHHON 0a3e NaHHBIX WIH B
¢aiine cnenuanbHOro ¢opmara, HampuMmep, €CiIH 3TO JIydlle MOAXOAUT KOHKPETHOMY
IPUIIOKEHHUIO.

e Kiacc DB pa3menraercst Ha BEpIIMHE XpaHWININA, 1 00ECTIEYNBAET B3aUMOICHCTBIE MEKITY
HECKOJIbKMMU NOoAKII0YeHuAMHU. OauH sk3eMiuisip DB co3maeTcs Ha oauH npouecc.

e Haxkonen, xnacc Connection K3IIMpYeT OOBEKTHI, U MEPEMEIAeT UX B M M3 XPaHWIHIIA
o0bexToB. Multi-threaded mporpamma moimKHa OTKPBITH OTAEBHBIN dK3eMIuap Connection
JUISL KaXJI0M HUTH. Pa3nuuHble HUTH MOTYT 3aTeéM HM3MEHSATh OOBEKThl M IepelaBaTh HX
Moau(UKAIH He3aBUCHMO.

[Toarororka k B3aumoelicteuio ¢ ZODB npoucxoauT 3a Tpu 1mara: Hy>KHO OTKPBITh OOBEKT
XpaHunuina Storage, 3aTeM CO3JaTh SK3eMIUIIp 06a3bl naHHBIX DB, KoTophIii ncnons3yer Storage, u
noyuuTh noakmrodeHue Connection u3 sx3emiursipa DB. Bee 3To onuchIBatOT BCEro HECKOIBKO
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CTPOYCK KOJa:

from ZODB import FileStorage, DB

storage = FileStorage.FileStorage('test-filestorage.fs') #1
db = DB (storage) #2
conn = db.open () #3
#3mecr BHIIONHAKLTCSA omnepaumum c OBl test-filestorage.fs

MO’HO JIerKO 33/1eiCTBOBAaTh COBEPUICHHO APYTOd MEXaHW3M XpaHEHUs JaHHBIX, H3MEHUB
IIEPBYI0 CTPOKY (#1), kKoTopas OTKpbIBaeT Storage (puUCyHOK 2). BplleynomsHyThI Npumep
ucnionb3yeT FileStorage. ZODB ycranaBnuBaeTcss ¢ HECKOJIBKUMH Pa3IMYHBIMH KJIacCaMH,
KOTOpble oOecrieunBaioT HHTepdeic XpaHeHus Storage. Takue KiIacChl YHPABISIOT 3alHCHIO
o0bekToB Python Ha ¢u3MYeckuii HOCHUTENTh JAHHBIX, KOTOPHIM MOXET OBITh THUCKOBBIA (ailr
(xmacc  FileStorage), BerkeleyDB ¢aiin (BerkeleyStorage), pensiunonHas 0a3za JaHHBIX
(DCOracleStorage) wim HeKoTOpas Apyras cpena.

ZODB mnpemiaraeT MHOTO Pa3iIHYHBIX CHOCOOOB XpaHEHHsT OOBEKTOB, BKIIOUas (hailibl,
pensuuoHHble 0a3bl JaHHBIX U CIEHUAlIbHOE XPaHWIHUIIE KIHUEHT/CepBep, KOTOPOE COXpaHseT
O0BEKTHI Ha yHaJCHHOM cepBepe. 3aech ObLT co3naH oObekT xpanwnuiia (tun FileStorage) u
MOJIKIIIOUEH K 0a3e JaHHBIX. ZOpe yCTaHaBIMBAETCS C HECKOJbKMMHU Kjaccamu 0a3 JaHHBIX IS
XpaHeHHus OOBEKTOB, HO OJUH M3 HUX Haubosee mHTepecHbId — 3TO ClientStorage u3 mpoaykra
ZEO.

6. Ilpuauun padorsr ZEO

ZEO pno6GaBnser ClientStorage (HOBoe xpaHwmie Storage), KOTOpOE HE 3aluChIBaeT
O00BEKTHI Ha (PM3MUYECKHE HOCHUTEINH, a TOJBKO MEepPEChlIaeT 3ampockl Mo ceTu Ha cepBep. Cepaep,
KOTOpBIM YIpaBIAET JK3EMIUISIpOM Kiacca StorageServer, MPOCTO AEHCTBYET KaK BHENIHUUN
uHTEepdEiic U1 HEKOTOPOro (U3MYECKOro Kiacca XpaHeHus Storage. DTO — JOBOJBHO HpocCTas
uzesi, KoTopas OTKpPbIBA€T MHOT'O BO3MO>KHOCTEHA.

Xpanumuiie ClientStorage coepmaer TCP/IP noaximouenue k StorageServer (cepBep Takxke
npenocrasisger ZEQO). CepBep 00CIyXKMBaeT MHOI'O pa3IWYHBIX MPOIECCOB Ha OJHOW WIH
HECKOJIbKUX MaIllMHAX, MMO3BOJSAS paboTaTh ¢ OJHOW M TOU ke OOBEKTHOW 0a3oif JaHHBIX W,
CIIEIOBATENbHO, C OJHUMHU M TeMHU ke oObekTamMu. Kakaplii mporecc Mmoiy4aer K3IIUpyeMyro
«Komuioy» crenugpuueckoro oowvekta s OvictpoaericTBus. Bee ClientStorage, moakito4eHHbIE K
StorageServer, o0mawTcs 0O chneudaibHOMy OOBEKTHOMY TMPOTOKOJIY €  KOHTPOJEM
aHHYJIMPOBAaHUS IMEpeJjaud M C KIUIMPOBAHUEM, YTOOBI CHHXPOHH3UPOBATH BCE KOMIIBIOTEPHI.
ClientStorage mpocTo JenaeT yJajleHHbIe BHI30BHI IPOLEAYPHI HA CEpBEP, KOTOPHIH 3aTeM MepeaacT
UX peryispHoMy Kiaccy xpaHenus Tuma FileStorage. ZEO coctout u3 mpubnusutensHo 6000
cTpouek kona Python, uckmiouas Tectbl. TeKCT OTHOCHUTENBHO Maj, MOTOMY YTO COAEPIKHUT KOJ
tonbko U1t cepBepa TCP/IP u myist nooro tumna xpanenus — ClientStorage.

JIro6oe uncno mporeccoB MOXKeT co3aaBaTh dk3eMIunsip ClientStorage u mo0oe uncio HUTeH
B KaXJIOM IIPOLIECCe MOXKET HCII0JIb30BaTh 3TOT 3K3eMIunsip. ClientStorage HHTEHCHBHO KALIUPYET
00BEKTHI JIOKAJILHO, JUIsl TOTO 4TOOBI M30€KaTh MCIOJIb30BaHUs HecBekuX AaHHBIX. Cepep ZEO
MOCHIIAeT COOOINEHNE AHHYJIUPOBAaHHMS BCEM MOJKIIOYEHHBIM sk3eMiuisipam ClientStorage mnpu
KaXJI0N omepanuu 3anucu. Takoe cooOreHue coaepxkut ID mis kakaoro u3MEeHEHHOTO OOBEKTa,
no3BoJsis 3xk3emiusipaMm ClientStorage yaanuTh cTapblie JaHHBIE 3TOT0 0OBEKTa U3 MX KAIIEH.

7. Ilaker Btrees

[Tporpammucty ZODB cnoBapu Python ne Bcerna moaxonsat. Haunbosnee BakHBIN citydail —
TOT, KOTJla HYXHO COXpaHUTh OYEHb Ooiybmioe oroOpaxxenue. Korma k cmomapio Python
obpamratorcss B ZODB, Bech croBaph JOKEH ObITh PACKOHCEPBUPOBAH M NPUHECEH B MaMsATh U3
xpa"nwmma. Eciy coxpaHsaTe 4To-TO 04eHb Oosbioe, Tumna 6a3el qaHHbX 100000 mons3oBaTenei,
PacKOHCEpBUPOBAHHE TAKOTO OOJBIIOrO OO0BEKTa OyJeT MemeHHBIM. J[ns XpaHeHus OONBIIOTrOo
o0beMa JaHHBIX OOBIYHBIC CITOBAPH HE Y(PPEKTUBHBI.

B ZODB ectp naketr BTrees, peanusyronmii B-tree. B-tree (mo-pyccku npousHocutcs kak b-
JIepeB0O) — 3TO CTPYKTypa AAHHBIX, JepeBO Moucka. C TOUKH 3pEHHsS BHEIIHEro JIOTHYECKOIrO
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NPEJCTaBICHHUS — 3TO cOaTaHCUPOBAHHOE, CHJILHO BETBHCTOE JIEPEBO BO BHEIIHEH mamsaTu. BTrees
COJICPXKUT CTPYKTYpy JepeBa JaHHBIX, KoTopas BenéT cebds MoJ00HO OTOOpaKEHUI0, HO
pacrpeneisaer KIO4Yu 10 Psay Y3JIOB JepeBa. Y3Ibl COXPAaHAKTCS B OTCOPTUPOBAHHOM IOPSAKE.
3areM TOJBKO TOTJa Y37l PACKOHCEPBUPYIOTCS M MEPEHOCIATCA B MaMATh, KOIZla K HHUM
o0paIraTcs, 1 BCe IEPEBO HE 3aHUMAET MaMsITh.

100k

March 2011
Code: 38,948

Comments : 19,636
Blanks : 11,712

S0k

1997 1993 1999 2000 2001 2002 2003 2004 2005 2005 2007 2008 2009 2010 2011 2012

T___ __lopon 2005 2010 Lr
iLi il iLi

Puc 3. ITons3oBarenu ZODB 1o manusim http://www.ohloh.net/p/zodb

[Taker BTrees mmeer pa3HOOOpasHbIE CTPYKTYpbl [aHHBIX, CIEIHATU3UPOBAHHbBIC JUIS
00paboTKK KIItOued, KOTOphIe IEHUCTBYIOT OBICTpEEe M HCHOJB3YIOT MEHbIIe namstu. EcTh msaTh
MOJyJIel, KOTopble 00pa0daThIBAIOT pa3ivyHble BapuaHThl. [lepBbie ABa CMMBOJA UMEHU MOYJIS
OTIPEIETISAIOT TUIBI KJIFOUYEH 1 3HadeHUH B oToOpakeHmsx — O s mro6oro oowekta u 1 muist mienoro
yuciaa. Moxayns  BTrees.IOBTree oOecneunBaeTr  oTOOpaskeHHE, KOTOpOE€  IPUHUMAET
LEJOYHUCIICHHBIE KJIIOYH U MPOU3BOJIbHBIE OOBEKTHl Kak 3HaueHus. [IaTb Momyneilt Ha3bIBaloTCA
OOBTree, IOBTree, OIBTree, u (HoBBIN Moxyns 3 ZODB 3.4) [IBTree. /IBa cumBomna npedukca
MOBTOPSIIOTCS B MMEHax THUMOB AaHHBIX. Hampumep, momyns BTrees.OOBTree ompenensier
cnenytomue Tunel: OOBTree, OOBUCKET, OOSET, u OOTREESET. TouHO Tak e KaxAblid U3
OCTaJIbHBIX YEThIpEX MOAYJIEH onpeeisieT COOCTBEHHbIE BAPUAHTHI ATUX YEThIPEX TUIIOB.

BriBOabI

Paccmorpum HekoTopeie foctonncTBa ZODB:

e Ponnas oobekTHas 6aza manubix (OBJl) ans Python, T.e. mroObie 00beKTHI KiaccoB Python
MoryT coxpansatbes B ZODB. I[Ipo3paunoe xpanenue o6bexktoB Python.
Tpanzakiuu. XpaHeHHE HCTOPUH/BO3MOKHOCTh OTMEHBI.

VY no6uslit uaTepderic k ZODB B Zope.

Macmrabupyemas apxurekrypa OB/l uepe3 ZEO.
DddexTuBHAS TOIAEPKKA OOTBIINX TBOUTHBIX 0OBEKTOB.
CMensieMble XpaHWIHILA.

OTKpBITEIE, MOAUDUIIUPYEMBIE KOJTBI.
KpoccruatdopmenHnasi.

He nyxen SQL.

Onnako y ZODB umeroTcst 1 HeIoCTaTKH, ePEYNCICHHBIC HUXKE:!

o HeobOxoaumo 3HaHue s3b1ka Python Ha ypoBHE BEIIIE CpeHEro.

e (CubHag accouuanus ¢ Zope.

e Huskas nomysipHOCTh OOBEKTHBIX 0a3 JaHHBIX BOOOIIIE.
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e OrtcyrctByet untepdeiic CYB/I.

e (Cucrema TpaH3aKIMA W OMIMS OTMEHBI J00aBIAIOT K pasmepy daina OBJ] numnue
Kkm100aiTel. HeoOXoammo Halla)XuBaTh MEpUOANYECKYI0 yakoBKy U 9iucTKy OB/I.

e Her cnenuann3upoBaHHOTO si3bIKa 3arpocoB st ZODB.

e CkyaHas JOKyMEHTAIMs BOOOIIIE ¥ Ha PYCCKOM SI3bIKE B YACTHOCTH.

e He mo0Osie 00beKTHI KitaccoB Python moryT coxpansiteest B ZODB, T. K. 17151 IOJTHOIIEHHOTO
€e HMCII0JIb30BAaHMs IOCTATOYHO OOJIBIION MPOLEHT 0ObEKTOB JOJKEH ObITh YHACIEIOBaH OT
CIIeIMAIILHOTO KJlacca persistent.

[Ipeumymectea ZODB mnpeBocxoasT ee HEIOCTaTKHU, MO3TOMY OHa TMOIyJsipHA Cpeau
nosb3oBareneit (puc. 3). Kak BuauM, akTHBHOCTB coo0IIecTBa nosb3oBareneit ZODB crabunbpHa ¢
2005 rona u naske UMEET TeHICHIIMIO pocTa 1o npuBeaeHHoH 100-0anpHOM 1mIKae.
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V]IK 004.4

MOAEJHNPOBAHUME CUCTEMBbI IINTAHUPOBAHMU S PACIIPEIEJEHHbBIX
BBIYUCJ/IMTEJIBHBIX PECYPCOB B UCCJIEJJOBATEJIbCKUX 3ATAYAX

KykoBa CBeTjiaHa AJieKCaHAPOBHA, K.T.H., IOIIEHT, YalfkOBCKUIT TEXHOJIIOTHUECKUH HHCTUTYT ((prmran)
WxeBcKoro rocy1apCcTBEHHOTO TEXHHYECKOTO YHUBepcuTeTa, Poccust, YaiikoBckuii, otdel it@chti.ru
MaroTbko Bagum HukonaeBu4, ctyaeHt, YallkOBCKHI TEXHOIOIHUSCKUN HHCTUTYT ((puitnain) MokeBckoro
roCy1apCTBEHHOTO TEXHUUYECKOT0 YHUBepcuTeTa, Poccust, YalikoBckuit

BBeaenue

BaxknelimM HampaBlieHHEM TOBBIICHUS 3((HEKTUBHOCTH HH()OPMAIMOHHBIX TEXHOJIOTUN
SBIIETCS Pa3BUTHE YPOBHS aBTOMATHU3AllMM MPOLECCOB KOMIUIEKCHBIX MOCTaBOK MOTPEOUTENSIM
pa3HOOOpPa3HBIX CEPBUCHBIX Tpoleayp. Bospactaer mHTepec K MPOrpaMMHOMY OOECICUCHHIO,
KOTOpOE TPEIOCTaBIsACT YOAJICHHBIM JOCTYym K pecypcaM W CepBHUCaM B EIUHOM QopmMmare.
Pa3paboTka Takoro mporpaMMHOTO OOECTICYCHHS OCYIIECTBISCTCA C TNPUMEHEHHEM Wweb-
TEXHOJIOTHH, TEXHOJIOTUH OTKPBITBIX CHUCTEM, CpPeOu KOTOPBIX OCO0O0 aKTyajdbHa TEXHOJIOTHS
«00JTaYHBIX BEIYUCICHUM [1].

«O06nauHas» MOJENb PacHpOCTPAHEHUS W TOAJNEPKKH MPOrPaMMHOTO OOecTieueHus
MIpeIoiaraeT UCIOJIb30BaHUE MPOrPaMMHBIX MPUIIOKEHUH B pexuMe yaaneHHoro nocrymna. CyTb
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ATON MOJIEH 3aKII0YaeTCs] B MAaKCUMAJIbHOM MepeHoce OM3HEC-JIOrMKH U JaHHBIX Ha cepsep. [lpu
peanu3anum 3Tol MOJIEIH BCEe JaHHbBIE XPAHATCS Ha CEpBEPE, BBIUMCIICHUS IIPOBOJSTCS Ha CepBepe,
B3aMMOJICHCTBHE IOJIb30BATENCH OCYILECTBIISIETCS OCPEACTBOM OOMEHa JaHHBIMH 4Yepe3 CepBep.
[Ipu 5TOM Ha JIOJIFO AIEKTPOHHOTO YCTPOMCTBA IMOJIB30BATENs (KOMITBIOTED, TUIAHIIET, CMapTHOH)
OCTaeTcsi TOJBKO 3ajauya oOecreueHHs! CBS3M C CEpBEPOM M OToOpaxkeHus mHpopmanuu. Takum
0o0pa3oM, [JOCTUIaeTcsi HE3aBUCUMOCTb IPEAOCTABIsAEMOro (yHKIHMOHAJA OT KOHKPETHOIO
YCTPOWCTBA — Ha JIIOOOM KOMIIBIOTEpE, IJIaHIIeTe, cMapT(OHE NMPHIOKEHHE MOXKET BBITIIAICTD
OJMHAKOBO, MPENOCTaBIATh OAMHAKOBBIM (QYHKIMOHAN M  aKTyaJbHble JAaHHble. [Ilpnm
UCTIOJIb30BAHNU OOJAYHBIX CEPBUCOB HE TpedyeTcs 00OpyZOBaHUE JIOKAIbHBIX pabOYMX MECT
MOIIHBIMU  BBIYUCIUTEIBHBIMU  pECypcaMH, T.K. HPUIOKEHUS BBINOIHAIOTCA  YAAJICHHO.
[IpuMeHeHHEe NAaHHOM TEXHOJIOTUM AaKTyaJbHO JUIsi KOMIUIEKCHOM aBTOMAaTH3allMM IPOLIECCOB
HNOJACPKKH  UCCIIEAOBAaTENIbCKOM  JesaTenbHOCTH. s 3Toro  pas3pabarblBaeTcsi  MPOEKT
«ABTOMATHU3UPOBAHHASI CUCTEMA OTKPBITHIX BUPTYAJIbHBIX JIA0OPATOPHBIX KOMIUIEKCOBY (nanee AC
OBJIK), momep rocynapctBenHoro kontpakrta: 02.740.11. 0658 ot 29.03.2010, mensio KOTOpOi
ABIISICTCSA UHTETPAllUsl PECYpCOB HCCIENOBATEIbCKOW JIEATENBHOCTH s OoOecreueHHs
JOCTYITHOCTH M YJIOOCTBa MX MCIOJIB30BAaHU IMOJb30BATEISAIMM IIyTEM HX pa3MeLIeHHUs B
rino0anbHOM HH(pOpMaIIMOHHOM IpocTpaHncTBe [2]. K pecypcam mnccienoBareabckon AesITeIbHOCTH
OTHOCATCS MHTEIUIEKTYyalbHblE pecypchl (MOJEIM OOBEKTOB M METOAbl HMX HCCIEI0BaHMUA,
nporpaMMmbl  OBM, peanusyronme METOIbl, pPe3yJbTaThl 3KCIEPHUMEHTOB); OpPraHU3alMOHHBIC
pecypchl (MpaBwila M MHCTPYKLUM BBIMOJHEHUS MCCIEJOBAaHUS, HOpPMAaTHBHAs JOKyMEHTaIMs,
MOJIE3HBIE PECYpChl 10 TEMaTHKaM Hay4YHBIX MCCIIEJOBAHUIN); BBIYHUCIUTEIBHBIE PECYpPCHI
(mporpaMMHO-annapaTHele KOMIUIEKCHI, HEOOXOJUMBIC JUIsl BBIIOJIHEHUS HKCIIEPHUMEHTOB).
COBOKYIHOCTh pecypcoB (OPMHPYETCSI B COOTBETCTBHM C 33aJayeil McClieoBaHUS M oOpasyer
BUPTYaJIbHBIN JJAOOpaTOPHBIN KOMITIIEKC. OCHOBHBIE 3314l CHCTEMBI:

e aproMaru3aiusa (HopMUpOBaHHS J1a0OPATOPHBIX KOMIUIEKCOB M HUX IPEACTaBICHUE
yIaJIEHHOMY TIOJIb30BATENI0 B BHUJIE TOTOBOTO MHCTPYMEHTA OpPraHU3ALUU JAEATEIbHOCTH,
obecrieueHust Bceil HEOOXOIMMOM TOKyMEHTAITUEH;

e [[EHTPAIM30BAaHHBIA CcOOp W XpaHEHHE [JAHHBIX O pecypcax HCCIe0BATEIbCKON
NeSITeIbHOCTH, 00padOTKa JaHHBIX ITPH BHIMOJIHEHUH YUCICHHBIX YKCIIEPUMEHTOB,

e opraHm3anus o0pa3oBaTEIHLHOIO MPOIIECca ¢ UCTIOIb30BAHUEM BHPTYAIbHBIX JTa00PATOPHBIX
KOMIIJIEKCOB ISl IPOBEICHUS MPAKTUUECKUX U JIAOOPATOPHBIX 3aHATHH;

e aBTOMaru3alus Ipouecca (OPMHUPOBAHUSA JOKYMEHTAallMM M OOMEH pe3ylbTaTaMu
9KCHEPUMEHTOB C BHEIIHUMHU CUCTEMaMHU;

®  BH3yaIM3aLUs PE3yJIbTaTOB SKCIIEPUMEHTOB;

e OpraHu3anus KOJUIEKTUBHOM pabOThI HaJl MPOEKTaMH;

®  palMOHAJIBHOE HCIIOJIb30BAaHUE BEIYUCIUTENBHBIX PECYPCOB.

1. IlocTaHoBKA 3aga4n

OnHOM U3 PECYpPCOEMKHUX 3a7a4 CHUCTEMBI SIBJIICTCS BBITOJTHECHUE DKCIIEPUMEHTOB. Perienue
9TOM 3aJlauu MpearoaraeT NpeJoCTaBlIeHHe B 00U JOCTYI BHIYUCIUTENBHBIX PECYPCOB IpyIINe
MOJTH30BaTEJICH B COOTBETCTBUU C TIOTPEOHOCTSIMU JIJIS BHITTOJTHEHHS IKCIIEPUMEHTOB. B HacTosIee
BpeMH npeﬂnaraeTc;I pH,Z[ TeXHOHOFI/IfI OGGCHG‘-IGHI/IH HpOI/ISBOI[I/ITCJILHOCTI/II HapaJIJIGJIBHLIC
texnosioruu, GRID-cucremsl, knacrepel. Hanbonee moaxomasiiedt TEXHOJIOTHEH IS pean3aliuu
3TOI>'I 3a4aun ABJISICTCA opraHH3au1/m pacnpe;[eneHHHx BBI‘{I/ICJIGHI/If/'I, HpGI/IMYH_IeCTBOM KOTOpOfI
SBJSICTCS.  BO3MOXXHOCTh ~ HapallMBaHWsS TPOU3BOJAMTEIBHOCTH 3a CYET TOPU30HTAIBLHOTO
MaCH_ITa6I/Ip0BaHI/I$I, T.C. ,Z[O6aBJI€HI/Ie BBIYHUCIINTCIIBHBIX y3JIOB B COCTaB CUCTEMEI U paLII/IOHaJII:HOI‘O
WX pacrmpeiesieHuss MEXKIy BBIYMCIMTEIbHBIMU 3aJladaMH, B HAIlIEeM ClIydae — JKCIICPUMCHTAMHU.
Jlns peuieHus JaHHOM 3aJa4Ml B paMKax MPOEKTa pa3pabaThIBaeTCsl MOJCHCTEMa IUIAHHUPOBAHUS
BBIYUCITMTEIIBHBIX PECYPCOB, KOTOPAs TO3BOJISIET BHIMOIHATD CAEAYIOMNE (PyHKITUH:

e 100aBJIeHNE BBIYMCIUTEIBHBIX PECYPCOB U UX PETHCTPALIMIO B COCTABE CUCTEMBI,
[ ] OIICHKA BBIYHUCIINTCIIBHBIX MOH_[HOCTGI\/JI IIOAKJIFOYACMOI'O BBIYHUCIIUTCIIBHOI'O pecypca;
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e pacueT TpeOyeMBbIX BBIYHCIUTENBHBIX MoImHOCTel 1 BJI B 3aBUCMMOCTH OT BBEACHHBIX
HayaJIbHBIX YCJIIOBUH;

® [UJIJAHUPOBAHUE PACIPEACIICHUS BBIYMCIUTEIbHBIX PECYPCOB MEXAY 3KCIIEPUMEHTAMU
MMOJIbL30BATECIICH;

® 3aIyCK AKCIEPUMEHTAa Ha YJAJICHHOM BBIYUCIUTEIHLHOM pecypce.

Bmecre ¢ TeM moxacucTemMa IUIAHUPOBAHUSA HKCIEPUMEHTa JOJKHA COOTBETCTBOBATH

TpeOOBAHUSM, JIJISI KOTOPBIX OMPEIEICHBI KOIMYECTBECHHBIE  KAUeCTBEHHBIC XapaKTePUCTHKU:

e (yHKIMOHMpPOBaHME Ha HauOoJiee PacIpPOCTPAHEHHBIX BBIUMCIUTENBHBIX IUIaTGopMax c
MUHHUMAJIbHBIMU YCUJIMSIMU TI0 HacTpoiike, Kol, (den/gac);,

® KOppeKTHas 00paboTKa 3ampocoB MOJIb30BATENICH YNCICHHOCTBIO 10 HECKOJIBKUX COTEH 0e3
H0TepHU Npou3BoauTenbHocTU Kol, (den/cex);

e JONYCTHMMOE BpeMs OTKIHMKa 7ime,. Ha 3ampoc — He Oonee 10 cek, Ha (opmMHpOBaHHE
oTdyeToB — He Oonee 10 MuHYT, Ha 00pabOTKY SKCIEPUMEHTOB — B PEXKHME pPEagbHOTO
BpeMeHH He OoJjiee | daca, B pexuMe OTJIOKESHHOTO BpeMeHH — He Oolee 1 CyTok.

Takum oOpa3oMm, CTOUT 3ajada pa3pabOTKU CHUCTEMBbl IUIAHUPOBAHMS PaCHpEeesIEHHBIX
BBIYHCITUTENLHBIX ~ PECYpCOB I  TMPOBENCHUS OSKCIEPUMEHTOB  COTJIACHO  TPeOOBAaHUAM
MOJIb30BATETISI.

Pa3paboTka maHHOTO KJlacca CHCTEM SIBIISIETCS CIIOKHOM, TPYJAOEMKOH U JOPOTOCTOSIICH, T.K.
HUM TPEIbSIBISIOTCS JOCTaTOYHO CEphe3Hble TPeOOBaHMs, a MPU pealu3aludil U HKCIUTyaTaluu
CUCTEMBI HCIIOJIb3YeTCS BBICOKOTEXHOJIOTUYECKOE MPOrpaMMHO-aIapaTHoe obOecreueHne, K
KOTOPOMY OTHOCSATCSI CEpBepa, KiIacTepbl, KOMMYHHKAI[MOHHOE OOOpYJOBAaHHWE U CHUCTEMHOE H
WHCTPYMEHTAILHOE TMpOrpaMMHOE obOecrieueHue. B 3Toli  cBsA3m  pa3paboTKa CHUCTEMBI
OCYIIECTBIISIACh B HECKOJBKO JTalloOB IYTEM IOCTPOCHUSA PSAOM Mojeiedl U H3ydeHHs ee
XapaKTEPUCTHK.

2. JDTanbl MOAeJIMPOBAHUSA

MogenupoBaHie€ CHCTEMbl BBINOJHSUIOCH C TNPUMEHEHHEM METOJOJOTHH OOBEKTHO-
opueHtupoBanHoro mpoektupoBanus (OOIT) [3,4].

Cornacno metomosnorun OOIl MonenupoBaHuE MPOrPAMMHOIO MPOIYKTA BBIMOJIHSACTCS B
CIICAYIOIIME JTalbl: IOCTPOCHHE MOJENM aHaINW3a, MOJENU JHU3aifHa, MOJENIN peaTu3alHH.
Omnucanue mozeneil BomoiHsuoch Ha si3pike UML 2.0 B cpene mpoektupoBanusi IBM Rational
Software Architect.

Hep
[Cg WA HoMEp
Henk [Eg HaUMEHOBaHMWE
[Eg 1A HoMep [Eg 00 EEM NaMATH
[E WA HOMEp aBTopa [E 3arpy#eHHOCTE
[Egwa Homep BN E BP_BJIK [Eg cTaTyc
[Eg AaTa Co3jaHMA [Eg NporpaMmHan nni;cbopma
Eg WA BP_BNK 5 [Eg aNnapaTHasA nnatdopma
" 0.1 g A Howep BP [Egy MECTONONOHEHME
1] Eg 1A Homep BINK 1 1.* | EgBnageney
%HU?WMW sapaine () [Eg AaTa NoknioyeHme K AC OBMNK
ij-;’-)HaLij nowa () [Eg BPEMA NocnegHero ofHoBNEHUA
i Havima o A BP () 2 HaitTi no sarpyxeHHocTk ()
1% 43 Halim mo cratycy ()
3 Haim nowg ()

[Eg WA HoMED

2 Noakmounte BP_BMK ()

=] 3anBKa Ha 3xcnepumeHT &3 OBHOBMTS MHbopMaLMo ( )
[Cg 1A HomMep 1 2 3anycTTe pacueTel ()
|_'—_‘E| W4 HOMeD 3KCNeprMeHTa o
[Eg WA HOMep aBTopa
[Eg TWn BP 1 H Pacrucanve
3 Haiim no wa aeTopa ( ) 1 [Eg MO3MLMA 33ABKIM B PACMIMCaHIIA
g Hafmno v () 1.* ] Mnanvposmi [Eg WA HOMED 33ABKN
[Cg cTaTyC
! 42 PacuwTate Bpema obpaboTi () [ NproprTeT
42 Mnarmposanie () [Eg BPEMA NOCTYMNEHA 33ABKU
4 Co3pare BP_BIK () 1 1 [Cg Bpema obpaloTki 3aABK
2 CuMTaTh AaHHele 3378k () [Eg 1A Homep BP_BIK

&2 HaiiT BP no sarpykeHHocTh () 3 RoBaeuTe 8 pacrcaie ()
42 ¥ AannTe 33ABKY M3 pacincaHina ()
4 Haimu zaseky no wg ()
43, HalAm BP no mg ()
42, OToBpasnTe pacimcadie ()

Puc. 1 — Mopens ananuza AVC “Yuer u mnanupoBanue BP BJIK”
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Ha stame MomenupoBaHWs W aHAIM3a MPEAMETHON 00MacTH OBUIM OMPEEICHBI KIIOYEBBIS
CYIIHOCTH, X CBOWCTBA W CBSI3U MEKIY HUMM:
e BJIK — o0wekr, comepxamuii nHpopMmaruio 06 oobekte uccnenaosanus (BJI) u umerormmii
ccbuIKy Ha BP 1151 mpoBeieHust SKCIEPUMEHTA;
e BP BJIK — 00bexT, npeacTaBisiomuii codoi Berancnutenbublii pecype BJIK, cocrosimuit
U3 IPYIIILI y3J10B U3 cripaBo4Huka BP;
e Pacnmcanue — 0OBEKT, ONMpENENAIONIMNA pachucaHue TpPOoBeNCHHs dKcnepuMeHTOB B AC

OBIJIK;

e BP — 00bexT, copepxanuii HHPOPMALMIO O JOCTYITHOM BBIYMCIUTEIBHOM pecypce B AC
OBIJIK;

e 3asBKa Ha DJKCIIEPUMEHT — OOBEKT, cojaepxkamiuii TpeboBanus k BP s mpoBenenus
AKCIIEPUMEHTA;

e [InaHWpOBMIMK — OOBEKT, OTBEYAIONIMIA 3a OIECHKY TpPeOOBaHWN K BBIUYHUCIUTEIHHBIM

pecypcam U UX paclpeieleHueM MeX 1y 3asBKaMU M10J1b30BaTeeH.
Jiist onmcaHus MOJIENIN aHAIN3a MCII0JIb30BaJIach AUarpaMMa KjaccoB, OTPaXkarouas 00ObeKThl
U CBSI3M MEXAYy HUMH (PUCYHOK 1).

Ha stane monenupoBaHusi CTpyKTYpbl CUCTEMBI PEIIANNCH CIEAYIOUINE 3a1a4H:
e ompejereHre He0OXOIMMOT0 YNCIIa YPOBHEH MOAUYNHEHHUS;
® YCTaHOBJIEHHE MEX]y YPOBHSIMH MPABUWIbHBIX B3aUMOOTHOILIEHUH, UTO CBSA3aHO C 33aJladyaMHU
COTJIaCOBaHUs LIEJeH 3JIEMEHTOB Pa3IMYHbIX YPOBHEH U ONTHMAaJIbHBIM CTUMYJIUPOBAHHUEM
uX paboThI;
® OIpeJeeHHe COCTaBa MOACUCTEM (TMTAKETOB) U CBS3EH MEXKIYy UX KOMIOHEHTaMHU.

CtpykTypa MHOroypoBHEBON apxuTekTypbl AC 1ocTpoeHa B COOTBETCTBHHM  CO
cnenuduKanueidl MPOSKTHUPOBAHHS  PACIPEACIECHHBIX OOBEKTHO-OPHEHTUPOBAHHBIX  CHCTEM
Java2EE, B koTOpoO#i cucTeMa MpeACTaBIsIeT COO0H MHOTO3BEHHOE PACIIPEACIICHHOE MPUIIOKEHHUE 1
COCTOUT W3 IPHUKIATHOW MOJEIU, CEPBEPHOM MOJEIU U MOJEIM YIPAaBICHUs TpaH3akuusMu. B
KayecTBe 0a30BOr0 apXUTEKTYpPHOro miabjoHa BbIOpaHa MOJENb PACIPEAENIEHHOTO MPUIIOKEHUS:
MoJieTb—TIpeicTaBieHue—KouTpouiep (model-view-controller, MVC) [4]. B nanHoii Momenu
CHUCTEMa JICKOMIIO3UPYETCsl Ha TPU 0a30BBIX YPOBHS: MOJIb30BaTeNbCKUM (View), oneparmoHHBIN
(Controller) u mpeamernoit obnactu (Model). BrinenenHbsie 9acTu NMPUIIOKEHHUS B3aUMOACHCTBYIOT
JIpyT ¢ ApyroM, oOMEHHBAsCh COOOIIEHUSIMH B 3apaHee corjacoBaHHOM Qopmare. J[aHHas Moaenb
MO3BOJISIET U30JIMPOBATh MOJIB30BATEIbCKUN UHTEp(Ec 0T MpeaIMEeTHOM 00aacTu, TakuM oOpa3oM
MOXKHO MOAU(DUIIMPOBATH, 100ABIATH HOBbIE KOMIIOHEHTHI B CUCTEMY (HAaImpHUMEp, HOBBIE THUIIBI
BJI), He 3aTparuBasi mporpaMMHbIE KOMIIOHEHTHI IOJb30BaTENIbCKOr0 MHTEpdeiica. Paccmorpum
KaXIblil YpOBEHb.

YpoBeHb TpEACTABICHHUS BKIIOYA€T KOMIIOHEHTBHl OpPraHU3allMd  MOJb30BaTEIbCKOTO
untepdeiica. KOMMOHEHTHl SBISIOTCS HE3aBUCUMBIMH OT BBIMOJHEHHS] OCHOBHBIX 3ajad
IIPWIOKEHNA. DTO COBOKYNHOCTh CTpaHMIl noctyna k cepsucam AMC, koropble HampasisioT
3ampochl Ha YPOBEHb MPEIMETHONW O0JIaCTH U HE B3aWMOJEUCTBYIOT C HIKECTOSIIHUM YPOBHEM
XpaHEHUs JaHHBIX U YPOBHS CEPBUCOB.

YpoBeHs omneparmoHHbld  (controller) BKIIOYaeT KOMITOHEHTBI, KOTOPBIC PACIPEICISIOT
3a/la4l MEXKIY KOMIIOHEHTaMH CHUCTEMBbI HUKHETO YPOBHs cepBUcOB. Kilacchl 1aHHOrO ypoBHsSI He
BBITNIOJTHSIOT ONepanui OU3HEC-TOTHKH, a TOJIbKO OCYIIECTBISIOT KOOPAMHAIIMIO UX BHIMOTHEHHUS.

YpoBenb mnpeameTHoil (model) oOmacTu BKIIOYAET MOJICHUCTEMBI, KOTOPBIE OOBEIUHSIOT
MIPOEKTHBIE KIJIACCHI, M COOTBETCTBYIOIINE HHTEpP(ENCHl, ONMUCHIBAIONINE OOBEKTHI MPEeIMETHOM
obmacti. K TakuM OOBEKTaM OTHOCATCS OOBEKTHI HCCIEIOBATEILCKOM  IEATENHHOCTH,
ANEKTPOHHOTO JJOKYMEHTOO00pOTa U aIMUHUCTPUPOBAHUS BBIYUCIUTEIBHBIX PECYPCOB.

B pamkax cnemupukanuu Java 2EE Beigenen ypoBenb DAO, B QyHKIIMM KOTOPOTO BXOJIUT
OCYIIECTBIICHHE B3aMMOJCHCTBUS C 0a30i JaHHBIX, KOHBEPTHPOBAHHME NAaHHBIX M3 OOBEKTHOU
MOJICJIM B PEJSIIIUOHHYIO Mojenb. Ha pucyHke 2 mpejctaBieHa MHOTOYpOBHEBas apXUTEKTypa
CHUCTEMBI B COOTBETCTBMHM C omucaHHoi monenbto MVC. Ilpu MoaenupoBaHHM JAEKOMITO3UIUU
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OIMPCACIICH COCTaB IIAKETOB B COOTBCTCTBUU C PCAIN3YyCMbIMU q)yHKLII/HIMI/I CUCTEMBI H
napameTpamMu TpeboBaHui. B3anmmoneicTBHe KJIacCOB OCYIIECTBISETCS TOCPEACTBOM YIaJICHHOTO
BbI30Ba MHTEP(PEICOB, YTO MO3BOJSIET CKPBITH OT pa3padOTUMKa pean3alfio caMoro Kiacca, a
oOpaiaTeCcsi K HEMY IIOCPEACTBOM BbI30Ba pean3yeMbIX HHTEP(EcoB.

[ ]

Controller Service
ScheduleController HolderController ScheduleService ScheduleServicelmpl
B V=2
ExpRequestController LocationController | |~~~ SchedulersS ervice SchedulerS ervicelmpl
CR_VLKController Link Controller -

= ExpRequestSemnvice ExpRequestSenvic elmpl

CRController PlatformController - -
EvaluationExpRequests ervice Eva luationE xpR equests ervici

CR_VLKServicelmpl CR_VLKServicelmpl
Dao
ScheduleDao ScheduleD acHibermnate CRServicelmpl CRServicelmpl
,_.“ use== HolderService HolderServicelmpl
CRDao CRDaoHibemate ~"""77
LocationService Loc ationServicelmpl
ExpRequestDao ExpRequestDaoHibemate

LinkSemvice LinkServicelmpl

HolderDao HolderD acHibernate PlatformService PlatformServi celmpl

LinkDao LinkD acHibermate
Model

Schedule Lo ation

PlatformD ao PlatformD aoHibernate
ExpRequest Link

LocationD ao Loc ationDaoHibernate | _ _‘_‘ES_E?_ ™~

CR_VLK Platform
CR_VLKDao CR_VLKDaoHibemate

CR Holder

Puc. 2 — Mogens AUC B cooTBeTcTBUHU ¢ Moaenbio MVC

Ha »rtane MopenupoBaHus peanu3alMil CHUCTEMbl IOCTPOEHA JAMarpaMMa pa3MelleHUus
KOMIIOHEHTOB CHCTEMBI 110 BBIYHCIUTEIBHBIM Yy3JaM B TepuoJ (QyHKuuoHupoBaHus. [lpu
MOJIETTUPOBAHUU Pa3MEILEHUSI IPOrPaMMHBIX KOMIIOHEHTOB HEOOXOIUMO ONMUPATHCS Ha OCHOBHBIE
He(YHKINOHATILHBIE TpeOOBaHUs kK  AUC: MaciTabupyemMocTh, pacuupseMOCTb,
OTKa30yCTOMYMBOCTb, BBICOKas JOCTYNHOCTb, BOCCTAHABIMBAEMOCTb, MPOU3BOAUTEIBHOCTD,
THOKOCTb.

B mepByio oyepens HEOOXOAMMO, YTOOBI pa3MelIeHHE KOMIIOHEHTOB IO BBIYMCIUTEIbHBIM
y3JlaM COOTBETCTBOBAJIO JIOTMKE pabOThl aBTOMATU3MPOBAHHOW CHCTEMBI, a TakKXe 4YTOOBI
BBITIOJTHSUTHCH TPY HamOoJiee BaXKHBIX TPEOOBAHMS: BOZMOKHOCTh MacIITaOUpoBaHus (IMHEHHAs U
TOpPU30HTANIbHAS ), BO3MOXHOCTH PACIIMPSAEMOCTH U BBICOKAs IIPOU3BOJUTEIHHOCTD.
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B nHavane nporiecca MOIEIMPOBAHUS pa3MEIEHHs IPOTPAMMHBIX KOMIIOHEHTOB HEO0XOIUMO
OIIPENICJINTh UX CBA3M APYT C APYrOM, MOTOK JAaHHBIX IIPU MX B3aUMOJEHCTBUH, U, KAK CIEICTBHE,
ONPENICNIUTh  TPEANOUTUTEIbHYI0  TPOMYCKHYIO  CIHOCOOHOCTh  KaHalla  CBSI3U  MEXAY
BBIUMCIINTENIBHBIMU Y3JIaMH, Ha KOTOPBIX OyAyT pacrojaraTtbCsi KOMIOHEHTBI. Takxke He00X0aAuMo
OLICHUTh BO3MOJKHOCTb IIEPEHOCAa C OJHOIO BBIYMCIUTENBHOIO Y3Jla Ha JAPYroil HEKOTOPBIX
KOMIIOHEHTOB CHCTE€Mbl 0€3 3HAUUTEIbHBIX M3MEHEHUHl B CHUCTEME, IIyTeM JMIIb TOJbKO
NepeHanpaBiIeHusl TOTOKOB JaHHbIX. HeoOxomumo mpoaymarb, KakoB OyAeT ypOBEHb
3alUIEHHOCTH CUCTEMBI, KaK OT BHEIIIHUX, TAK U OT BHYTPEHHUX YIP0o3 O€30M1aCHOCTH.

Ha npencraBineHHol HIke cxeMme (puc.3) moka3zaHa Juarpamma pa3MelleHHs] KOMOITHEHTOB
AWC Ha BBIYMCIUTENBHBIX y3/1aX.

==devices= <=devices> =<devices>
client: Windows Web-portal Server (Aquarius P40 D30): Applic ation Server (Sun Fire X41 40k
Ubuntu 10.10 Server Solaris 10
==executionEnvironment==
BeG-Gpayiep ==gxecutionEnvironment== ==gxecutionEnvironmert==
Te7 HTTP Server Oracle Glassfish 3.1
c<artifacts> [
Webportal system =<artifact>> D
<=devices> application.ovic.war
client: Linux

<<gxecutionEnvironme nt==

Bed-opayiep
Ha oG patoTry a oBpaboTey
==devices= ==dlevices=
CR1 CRn
=<executionEnvironments= =<execitionEnvironment==
Agent S oftware Agent S oftware
<<artifact=> [ <<artifact=>[1
VirtLab 1.jar VirtLab n.jar

Puc. 3 — Pazmemenne moacuctem AVC Ha BEIYUCTUTENBHBIX Y3IIaX

PaccMoTpuM KaKIbIil 3JIEMEHT MIPEACTABICHHON CXEMBIB OTACIBHOCTH.

CepBep npunoxenuit (Application Server) — sapo AC OBIJIK, mporpamMmHO-amnmapaTHbII
KOMIUIEKC, Ha KOTOpPOM pa3MEIIEHbl OCHOBHBIE IMojacucTeMbl. CepBep NPWIOKEHUN YIpaBIIseT
MpoLeccaMd  BBIMIOJHEHUSI HEOOXOAMMBIX  PAacyéToB I MPOBEACHHS  UCCIEIOBaHHIM,
BBIUMCIINTENIEHBIMU PECYypCaMu, a TaKkke 00padaThIBACT 3asIBKU KJIIMEHTA HA SKCIIEPUMEHT

Be6-mmopran (Web-portal Server) — cepBep, Ha KoTopoM ycTaHOBiIeHO Web-mpuioxenue,
obecrieunBaroniee  B3auMmozelcTBue monszoBatenss u AC  OBJIK, mnpuHuMmaer 3ampocsl
MOJIb30BATENsl M BO3BpALIAeT pe3yibTaThl 00pabOTKU 3aIpOCOB, Ha JAHHOM CEpBEpe pa3MellleHa
nojacucrema ymnpasieHuss KoHTeHToM. Ha BII pa3smenieHsl OCHOBHBIE IOJICUCTEMBI YIIPaBJICHUS
KOHTEHTOM.

Boeruncnurensnbiii pecypc (CR) — mpenHasHaueH [uisl BBINOJIHEHMsI pacy€ToB, 3a/llaHue Ha
MIPOBEACHUE KOTOPBIX BBIJAET CEpBEp NpWIOKeHWH. Ha KaxaoM MNOAKIIOUYEHHOM K CHCTEME
BBEIYHCITUTEIILHOM Y3IIe yCTaHaBIuBaeTcs areHt (Agent Software) 3agadeld KOTOporo sBIsIETCS cOOp
Bcell HeoOxoauMoi HMH(OpMalMM O JAAHHOM BBIYMCIUTEIBHOM Y3JI€, OLEHKAa BBIYHUCIUTEIHHOM
MOIIHOCTH, IIOJIyYE€HHE, BBIOJIHEHWE U BBIIPY3Ka JAHHBIX 3aJaHUs IIOJYYEHHOIO C CepBepa
MIPUIIOKEHUH.

Knmentr — ycrpoiicTBo, oOnagamomiee JOCTaTOYHBIMH — peCcypcaMH, BO3MOXKHOCTBIO
B3aumozeiicteoBath ¢ AC OBJIK mocpencTtBoM cTaHIapTHBIX, OTKPBITBIX HHTEPHENUCOB, IS
(dbopMHUpOBaHUSA 3a8BKH K CITy>)kO€ Ha UCIIOJIHEHHE, a TAK)KE HA MOJyUYeHHUE pe3ysbTaTa paboThl.

BriBoabI
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MonenupoBaHHe CUCTEMBI MTO3BOJIMIIO OLIEHUTHh BapUAHTHI APXUTEKTYP, COCTaB KOMIIOHEHTOB
U CXE€MYy UX B3aUMOJICHCTBHUS M PEan30BaTh JJIS MPOBEACHUS MPEIABAPUTEIHHOIO TECTUPOBAHUS
MPOTOTHIIA.

Hcnonp3yemMble  TEXHOJOTHUU paclpeiesieHUus] BbIYUCIUTENbHBIX PECYPCOB TO3BOJISIOT
MPEIOCTaBUTh JOCTYIl K MOIIHBIM BBIYHCIUTENBHBIM pecypcaM B BUPTYAIH3UPOBAHHOM BUJIE,
arperupys umeromuecss MKT-pecypchl M BCIO BBIYMCIUTEIbHYI0 MOIIHOCTH B €IUHOM TOYKE
noctyna K HUM. [lomb30BaTenb MOXET CaMOCTOSTENbHO OOecrednBaTh ceOs BBIYMCIUTEIBHBIMU
BO3MOXXHOCTSIMU (CpPEeIICTBAMU U pecypcaMmu), TaKUMH KakK CEpBEpHOE BpEeMsS M CETEBBIC
XpaHWJIHUINA, 110 Mepe HEOOXOAMMOCTH 3ampallnBas UX y CEpBUC-TPOBaepa B OAHOCTOPOHHEM
aBTOMaTuyeckoM pexume. IlpenmMyiiectBa HcCmonb30BaHHE «OOJAYHBIX» TEXHOJOTHH B
UCCIIEI0OBATENLCKUX 33/]auaxX OUEBUIAHBIM 00pa30M JOCTUraeTCs 3a CUET CIEIYIOIIUX CEPBHUCOB:

e 3ampammMBaeMble CEpPBUCHI JIOCTYNHBI IO CETH 4Yepe3 CTaHAapTHbIE MEXaHU3MBI,
NOJIEP’KUBAIOIIHNE UCTIONIb30BaHUE Ie€TEPOreHHBIX MIaT(HOPM TOHKUX U TOJICTHIX KIMEHTOB
(Hanpumep, MOOMIIBHBIX TenedoHoB, HOyTOyKoB U KIIK).

e BruucnuTensHble pecypchl MpoBaiiiepa yCIyr OpraHW30BaHbl B BUAEC TyJa s
OOCITy’)KMBaHUsI pa3IM4YHBIX MOTpPeOUTENel B MOJENM MHOXXECTBEHHOH apeHIbl C
BO3MO)KHOCTBIO IMHAMUYECKOT0 Ha3HAUCHUS U MEePeHAa3HAUYCHUs Pa3NuYHbIX (U3UUECKUX U
BUPTYaJIbHBIX PECYPCOB B COOTBETCTBUU C MOTPEOHOCTSAMU MOTPEOUTEINEH.

e BrunciauTenbHble BO3MOXXKHOCTH MOTYT OBITH IMPEIOCTABIIEHBI OBICTPO M 3JIACTUYHO U3
U3MEHAEMOro oobeMa pecypcoB. s mOTpeOUTeNst 3TH pecypchl YacTO MPEAOCTaBISIOTCS
KaK JOCTYIHbIE B HEOTPAaHMYCHHOM 00BbEMe U MOTYT OBITh PUOOPETEHBI B 1000 MOMEHT
BPEMEHH B JIIOOOM KOJIMYECTBE.

e (CucremMa aBTOMAaTHYECKH KOHTPOJIMPYET M ONTHMHM3HPYET WCIOJIb30BAHUE pecypca,
U3MepsAs €ero Ha ONpEAEICHHOM YpOBHE aOCTpakUuH, COOTBETCTBYIOIIEM THITY
WCITOJIB3YIOIIETO €ro CepBUca sl KOHEUHOTO MoTpedutens (Hanpumep, oobeMa XpaHeHHs,
BBIUHCIUTEILHON MOIIHOCTH, TOJOCH TPOMYCKAaHUS M AaKTUBHBIX YYETHBIX 3arucei
noJsib3oBareneit). lcmonb3oBaHue pecypcoB MOKET IMOABEpPrarbcsi MOHUTOPUHTY, OBITH
KOHTPOJMPYEMBIM M COINPOBOXKIATHCS  OTYETHOCTHIO, oOecreyuBas MpPO3pavyHOCTh
noTpebyieHus Kak JUIsl mpoBaiiiepa, Tak U AJisg MOTPeOUTENs UCTIOIb30BaHHOTO CEpPBUCA.
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B HacTtosmiee Bpems Bce 0oJibIlie BHUMAaHUS YACSETCS 3a7aue peann3alui NOJTHOTEKCTOBOTO
TEMaTUYECKOro TOUCKa MaHHBIX, XpaHSAmUxcs B HHMopMmanuoHHON cucrteme. Co3naHue Takux
MPOTPAaMMHBIX KOMIUIEKCOB Ha CETOAHSALIHHMNA JI€Hb MPOAMKTOBAHO, BO-TIEPBHIX, BOSHUKHOBECHHEM
OTrpOMHOTr0 00beMa HH(pOpMALIMH, KOTOPYIO HEOOXOAUMO MOIEPKUBATH B aKTyaJIbHOM COCTOSIHUU,
BO-BTOPBIX, Pa3BUTHEM HH(POPMAIIMOHHOTO MPOCTPAHCTBA, PACTYIIEro OBICTPHIMU TEMIAMH.
[Tonobuble uH(OpPMALIMOHHBIE CHCTEMBI TOJKHBI OTBEYaTh TPeOOBaHUSM MOJIb30OBaTeNeH W
YIOBJIETBOPSATH UX MOTPEOHOCTH, BO3HUKAIOIIUE MPH MMOMCKE HHPOPMALIUH.

Bompoc o0 co3manum wuHTepdeiica K mporpamMme Ha €CTECTBEHHOM SI3bIKE  HIIU
MHTEJUIEKTYyallbHOTO  TMOMCKAa MH(OpMAIMM, OTBEYAIOIIEro TpPeOOBaHUSAM U KPUTEPUSM
MI0JIb30BATES, SBJISAETCS aKTyalbHBIM U JOCTAaTOYHO CIOXKHBIM. [Ipu co3manuu nHGOpMamoHHBIX
CHCTEM HCIIOJIb3YEeTCsI KOMITBIOTEPHAsE MOP(HOJIOTHs, MO3BOJIAIONIAs BBIMOIHATH MOUCK U aHAIU3
nH(pOpMallUM Ha €CTECTBEHHOM si3bike. OCHOBHBIE (DYHKIMH, KOTOpPbIE IOJDKEH OOecreurBaTh
MOp(OJIOTHUECKUH aHAIM3aTOp MOUCKOBOW CHCTEMBI, — 3TO MOJYYEHHE BCEX CIOBO(OPM CIIOBA,
MOCTAaHOBKA CJI0OBa B 3aJaHHyl0 (opMy U ONpeIeleHHe TIPaMMATUYECKUX XapaKTEPUCTUK
CIIOBO()OPMBI.

bazoBoit mpobnemoil mnpu peanmzanuu  MOA00HOTO (GYHKIMOHAIa SBJISETCS 3ajaada
poBeAeHUsT MOP(OJIOTHUECKOTO aHAIN3a BBEIEHHBIX CIIOB. B 1aHHOW cTarbe pacCMOTPEHO OJTHO
13 BO3MOKHBIX pEIIeHUH U MOoAPOOHO OMKcaHa UepapXusl KJIaccoB, KOTopas Obljia CIPOEKTHPOBaHA
IUISL IPeICTaBIICHUS TPAaBUI (POPMHUPOBAHUS COCTABHBIX YAacTEHl peur U3 Pa3IMYHbIX THIIOB MOpheM
(TIPOCTBIX PJIEMEHTOB SI3BIKA).

[TpoexTupoBanue 11000 HHOOPMAIIMOHHOW CHCTEMBl HAuyMHAETCA € (HOPMYITUPOBAHHS
KpUTEPUEB ONTHUMAJIbHOCTH, KOTOPBIM JOJKHA COOTBETCTBOBATh MOJy4YeHHas peanuzanus. [lns
paccMaTpuBaeMoi 3a1a4u ObLIH c(hOpMYyITUPOBAHKI clenyromue kputepuu ontumainbHocT (KO):

1. Pa3paboTka KOpPpPEKTHON HEpapXWH TMPEACTABICHHS, KaK TPOCTHIX 3JIEMEHTOB S3bIKa
(Mopdem), Tak M COCTaBHBIX 4YacTed peud (CyIIeCTBUTENbHOE, MpHiIaraTelibHOEe M T.IL.),
KOTOPBIE€ COCTOSIT U3 POCTHIX 3JIEMEHTOB.

2. VauduuupoBaHHOE NpEACTaBICHUE MpaBUI (OPMHUPOBAHMS COCTABHBIX 4YacTedl peuyu
€CTECTBEHHOT'O S3bIKA.

3. OtrcyrcTBUE HEOOXOOUMOCTH TOAJEPXKAHHUA IOJIHOTO CJOBaps, COJAEpPXKAIIero Bce
BO3MOJKHBIE BXOK/ICHUS KaXKIOr0 CJIOBA.

PaccMoTpuM Kaxablii M3 BBIACIEHHBIX KpuTepueB Oonee mnonpobno. KOl mo3Bomsier
yHU(DHUIIMPOBAHO 00pabaThIBaTh BCE WMEIOIIMECS 3JIEMEHTHI S3bIKa. JTO IO3BOJIIET CTPOUTH (B
COOTBETCTBUH C MPABWIOM IOJICTAHOBKHU, NMPUMEHSEMBIM B OOBEKTHO-OPHEHTUPOBAHHBIX S3bIKaX
MIPOrpaMMHUPOBAHMSI) €IUHBIE WTEPATOPbl, KOTOPBIE HCIOJB3YIOTCA B TpoOIlecce MPOBEACHUS
MOpP(OJIOTHUECKOTO aHAIIN3A.

Brmmonnenue tpeboBanuss KO2 paspemaer moJb30BaTENI0 CAMOCTOSTEIBLHO CO3/1aBaTh W
nopabaTbiBaTh (YTO Hamboyiee Ba)KHO) MpaBWJIa PYCCKOTO si3blka 0e3 HEOOXOIMMOCTH CO3IaHHUs
HOBBIX KJIaCCOB.

Peanuzanus Tpe6oBanust KO3 mo3BosisieT ynpoCcTUTh MpoLiece NOIePKaHusl CIIOBaps TaHHBIX
B aKTyaJIbHOM COCTOSIHMM B 0a3ze JaHHBIX. T.e. ISl KaXKJIOTO CJIOBAa JIOCTATOYHO BHECTH JIUIIb €T0
KOpEHb, T.K. 3TO OCHOBHasi 4acTh. B pe3ynbTare, mpu mpoBeneHHMH MOP(HOIOTHYECKOT0 aHAIN3a
COCTaBHAs YacCTh PeYH, MPECTABIIAIONIAS BBEJCHHOE CIOBO, MOXET OBITh MOJy4eHa Ha OCHOBAHUU
umeromerocs: B b/l xopHs ¥ BBeAGHHBIX MOpdeM (IpUCTaBOK, Cy(PPHUKCOB, OKOHYAHUN H T.IL.).
JIOCTOMHCTBOM [1TaHHOTO MOJXOJIa SIBJISETCS HE TOJBKO OTHOCHUTEIHHO HEOONbLION 00BeM Oa3bl
JaHHBIX, HO ¥ BO3MOKHOCTBH TOJYYEHHUS JIIOOBIX CIOBAapHBIX (OpM (llake HE CYIIECTBYIOIIUX B
PYCCKOM SI3bIKE) Ha OCHOBAaHWU MMEIOIICHCS HHGOpMAITIH.

Ha puc. 1 npeacrasnena nuarpamma kiaccoB B Hotauu UML [1], koTopas yaoBieTBopsieT
BCEM BBIJICICHHBIM KpuTepusM. KopHeBbIM KilaccoM Bcell MepapXuu sIBIsieTCs aOCTpakTHBINA Kiace
LanguageConstruction, KOTOpBI COIEPXKHUT €IUHCTBEHHBIH aTpuOyT Name. PaccmaTtpuBaembiii
aTpuOyT HEOOXOIUM JUIsl IPECTaBICHU Kak MOp(eM, TaKk U Ha3BaHWUN COCTaBHBIX YacTed pedu,
UCTIOJIb3YEMBIX B IIPOrpamMMe.

ba3oBeIM KimaccoM miis Bcex MopdeM BBICTymHaeT aOCTpakTHBIN kiacc Morpheme, KOTOpbIi
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SBIISICTCS KOPHEBBIM IS BCEX OCTAJIBHBIX (HE MPEACTABICHHBIX HA JAaHHOM pHUCYHKe). T.e. Ki1acchl
MopdeM, Takhe Kak, HampuMmep, MPHCTaBKa, KOPEHb, OKOHYAHWS W T.II., YHAcJEeIOBaHBI OT
paccmatpuBaemoro. [Ipu 3Tom psa mopdem, (HarpuMep, OKOHYaHUE «TH») MOTYT UMETh 0a30BYIO
Mopdpemy (B HamieM ciydae OKOHYaHWE «Tb»). VIMEHHO 11 3TOTO  HCIOJB3YIOTCS
COOTBETCTBYIOIIME aTpuOyThI Kiacca Morpheme.

LanguageConstruction|

Name : string

 _lo- [ )

Morpheme SpeechPart
0.1 BaseMorpheme : Morpheme
PartPriorMorpheme : string 4
DerivedMorphemes : List<Morpheme>| ComplexSpeechPart
|1__* ltems 1

<<enumeration>>

ComplexSpeechPartItem ComplexSpeechPartltemOptions

Order : ushort . ..3|None =0
Par!Type : Type _ NotRequired = 1
Options : ComplexSpeechPartltemOptions IfExistThenRequiredNextPart = 2

Puc. 1 — UML-anarpamMma Ki1accoB, UCIIOIb3yeMast pu MOP(OJIOTHUIECKOM aHAIIN3E

KopHeBbIM KIacCOM, TPEICTABNISIONIUM BCE YaCTU PEUH, SIBISETCS aOCTPAKTHBIM KIacc
SpeechPart. B npaHHOI cTaThe paccMaTpUBAIOTCS JIMIb CJIOXHBIE (COCTaBHBIC) YAaCTH PEUH,
KOTOpBIE TPEACTaBICHbI 3K3eMIUIsipaMu HeaOcTpakTHoro kiacca ComplexSpeechPart u sBisrores
npaBwiaMu ux (opmupoBanus. Kaxaplii sneMeHT mpaBuiia NpeICTaBlIeH OOBEKTOM Kiacca
ComplexSpeechPartltem u congepxur arpulyt Order, mpeaHa3HAYSHHBIH A YKa3aHUS MOPSIKA
CJIEIOBaHMSI B CIIOBE U JJISl OMMCAHUS TUIA 3JeMeHTa. TUIIOM B HAllleM cllydae sIBJIsSIeTCS Ha3BaHUeE
Kjacca MopdeM, MPUCYTCTBYIOIIUX B cucteme. OmnpeaesieHHbIe JIEMEHThl TaKue Kak, HarpuMmep,
MPHUCTaBKa, MOTYT OTCYTCTBOBaTh B CJIOBE, IMIOATOMY OHHU SIBJISIFOTCSI HeoOs3aTenbHbIMU. [Ipyrue
SJIEMEHTBI, HANpUMep, HHTEPPHUKC, (€CIM OH MPUCYTCTBYIOT B CIOBE), TPeOyIOT HaIU4Us
cienyromux mnocie ceds udacteil. MIMeHHO A omucaHUs MOJOOHBIX CHUTYallUd MCIIOJIb3YeTCs
MHOJKECTBO OIIIUH, onpenenéHubix B mepeuncieHnn ComplexSpeechPartltemOptions.

W3 mnpencraBieHHOM HAa PHUCYHKE IuUarpaMMbl KJIacCOB BHMJIHO, YTO OHA COOTBETCTBYET
BBJICTICHHBIM paHee KPUTEPUSM ONTHMAIBLHOCTH, MO3TOMY MOXHO TMPUCTYINATh K HATISTHOMY
MPEJICTAaBJICHUIO BBOJUMBIX MPABUJI, YTO MPOIIE BCETO CENaTh C MOMOIIBIO AUarpaMMbl 0ObEKTOB
si3pika UML [1], koTopast uzobpaxena Ha puc. 2.

Item[0] : ComplexSpeechPartitem| |Item[4] : ComplexSpeechPartltem|
Order=1 Order=15

PartType = Prefix PartType = Root

Options = {NotRequired} Options = {NotRequired}

H : MpMnaraTensHoe

Item[1] : ComplexSpeechPartitem Item[5] : ComplexSpeechPartltem|
Order = 2 Order =6

PartType = Prefix PartType = AdjectiveSuffix

Options = {NotRequired} Options = {NotRequired}

Mopsaok < | Tkn anemeHTa

MpHcTaeka

2 MpHcTaeka HeofazaTensHeA

I I
jective : ComplexSpeechPar
Adjective . ComplexSpeechPart 3 Kopens

|Name = “Mpunaratensoe” |
I
Item[2] : ComplexSpeechPartltem Item[B] : ComplexSpeechPartltem|

Order =3 Order=7
PartType = Root PartType = AdjectiveSuffix
Options = {None} Options = {NotRequired}

4 UHTepdiie HeofAzaTensHeIA, ECIH ApHCYTOTEYET, To 0fA3aTENEHS CR2d, HarTe

5 HopeHe HeolmsaTensHeii

& Cydhiiks NpMANaraTENEHOMD HeobazaTensHeA

7 Cydimicc npHnaraTensHoro HeobasaTensHeR

& CHOHYAHWE NPHNaraTENBHOM D

Item[3] : ComplexSpeechPartlitem| |ltem[7] : ComplexSpeechPartltem|

Order = 4 Order =8

PartType = Interfix PartType = AdjectivalEnding

Options = {NotRequired, Options = {None}
IfExistThenRequiredNextPart

Puc. 2 — [Ipencrasnenue npasuia GOpMUPOBAHUS I 4acTH peun «IIpunarareabHoe:
A) UML-nuarpamma 00bekToB; b) I'paduueckuii uHTEpdEHC MPHIOKESHHUS

N3 puc. 2 BuaHO, 4TO cCO37aTh MPaBWIO (OPMUPOBAHUS COCTABHOW YACTH pPEUd B
pa3pabarbiBaeMOl CUCTEME IIOJIB30BATENI0 HE COCTAaBUT ocoboro Tpyda. [Ipum stom Hamuume
MHTYUTHUBHO-TIOHATHOTO Tpaduyeckoro uHTepdeiica MO3BOJASET HMETh YHUPUIIUPOBAHHOE
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NPEJCTaBICHUE MPABWII, KOTOPhIE MOXXHO M3MEHHUTH 0€3 MEPEeKOMIMIISAIMM CaAMOTO MPHIIOKCHHUS.
JlaHHBII MOIX0/T TO3BOJISIET YTBEPKIATh, UTO yAOBIETBOPeHBI TpeboBanus KO2.

ANropuTM HpPOBEPKHU BBEIEHHOIO CJIOBAa U OIPENEICHME COCTaBHOM 4YacTH, KOTOPOH OHO
COOTBETCTBYET, — JOBOJIBHO TPUBHAJIbHAS 3ajJjaua, pelICcHNe KOTOPOH 3aKiII0UaeTcsi B BHIIIOJHEHUN
IIOCJIEI0BATEIBHOCTH CJIEAYIOIIUX [IArOB:

1. TlomyueHue Bcex BO3ZMOKHBIX MOp(eM, BXOAIIUX B pacCCMaTPUBAEMOE CIIOBO.
2. Opranuzanys LMKIA 10 UMEIOIIUMCS TpaBwiaM (OPMHUPOBAHUS Ul KaXKIAOH COCTaBHOM
YacTU pedH, KaxJasi UTepanus KOTOPOro COCTOUT U3 CIEAYIOIIMX MOAIIAroB:
2.1. Tlomyuenue Bcex MopdeM, KOTOpble B COOTBETCTBUM C NPAaBUIOM MOTYT
IPUCYTCTBOBATH B PACCMATPUBAEMOM YacTH PEYH.
2.2.IlpoBepka Hanuuusi BceX OO0sA3aTeNbHBIX MOpdeM B cjloBe (Hampumep, Uis
IpUJIaraTeabHOro 00s3aTeNbHO HAJTMUME KOPHS U OKOHYAHUs IpuiaratenasHoro). Ecnu
HE Bce oOs3areibHble MOpP(EMBbI MPHCYTCTBYIOT, TO MEPEXOIUM K CIEAyIoen
UTEepay HUKIIA.
2.3.0Opranu3zanus IUKia 10 JIEMEHTaM IIPaBuia B BO3PACTAIOLIEM MOPSAKE CIEJOBAHUS U
MOMBITKA MOCTPOEHUSI PACCMATPUBAEMOr0 CJIOBA C MOMOIIBIO MMEIOUIMXCS MOP(EM.
Eciu ucxomgHoe clI0BO HE MOJIYYEHO, TO NEPEXOJUM K CIEAYIOLIEH WTepanuu u
oOpabaTbiBaeM CIIEQYIOLIYI0O COCTABHYIO YacTb peuHd, JUIsl KOTOPOH OIpeNeeHo
npaBuiio ¢opmupoBanusa. Eciau cioBo chopMupoBaHO, TO MpeKpamiaeM HUTEpaluu U
BO3BpAlaeM pe3yibTaT pazoopa.
3. BsIBOA pe3ynbTaToB, COOTBETCTBYIOIINX 3aaHHOMY IIPABHIIY JJIsl HAIGHHON Y4acTu peuH, ¢
yKa3aHHEM UMEIOIIUXCS U OTCYTCTBYIOLIMX MOP(EM.

Ha puc. 3 npescraBieH pe3yabTaT peaqu3aliii OIMMCAHHOTO AJITOPUTMA B BUJE TpapruecKoi

(hOopMBI IPUITOKEHHUS.

Cnogo: npHxNetHeA HacTe peqr: MpHnaratensHoe

3NEeMEHTEI

MopAasar. = | THA 3NeMeHTa Mopdema

3 1 ACT: npH
MpHcTaEka
KopeHe wned

MHTEpdHEC

CyihdMke MprnaraTensHora H

CyihdMKe MprnaraTensHora

2
3
4
5 KopeHe
&
7
g

OEOHYaHHe NpHRNaraTensHoro BIF

Puc. 3 — Pe3ynbrar MOpGh0oJ0rHiecKoro aHaan3a npuiaraTeJbHoro "mpuxacOHbIi"

W3 pucyHka BUAHO, YTO PE3yJIbTAT MOJHOCTBIO YIOBJIETBOPSET OXXKUAaHUAM ((popmupyroiiee
MPAaBWJIO COMPOBOXKIACTCSI HAWACHHBIMH Mopdemamu), MO3TOMY MOXKHO YTBEpXKAaTh, 4YTO
QITOPUTM pPEaJM30BaH BEPHO, W MPEJCTABICHHAs MOJENb peaau3ally IMpaBuiI (OPMHPOBAHUS
COCTAaBHBIX YacTeH pedd ycrmemnrHo ceds 3apekomenaoBaia. [Ipu atom B B/] mpucyTcTBYIOT TOJIBKO
KOpPEHb pPacCMaTpPUBAEMOIO CJOBA M OTCYTCTBYIOT BCE€ BO3MOXHBIE (OpMBL. T.e. MOXHO
yTBEpXKAaTh, UYTO TPH peaju3anuu BbIMOJHEHO TpeboBanne KO3, T.k. B cucreme HeT
HCOGXOI[I/IMOCTI/I MOAACPIKAHUS ITOJIHOTO CJIOBApH.

B 3axiroueHue ctatbd OTMETHM, YTO JAAJbHEHIINM DPa3BUTHEM NaHHOW pabOThHI SBISETCS
nopaboTKa UepapXuu Ul peann3aui PyHKIIMOHAIA MTPEICTABICHIS HCKITFOYSHUN PYCCKOTO S3bIKa
1 JJ15 BO3MOXKHOCTH BBITIOJIHEHUSI CHHTaKCUYECKOI0 aHAIN3a LIETbIX (pa3 U MpeaoKeHuH.

Jluteparypa

1. HosukoB ®.A., UBanor /[.1O. Monenupoanue na UML. Teopus, npaktuka, Buaeokypc. — CIIO.:
[IpodeccuonansHas aureparypa, Hayka u Texuuka, 2010. — 640 c.: win. + 1g. Bxuetiku (+ 2 DVD).
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V]IK 004.8

APXATEKTYPA CUCTEMbI HHOOPMAITMOHHOT'O ITOUCKA C
HUCITIOJIB3OBAHUEM OHTOJIOI'MH TPEIAMETHOUM OBJIACTH

KpbuioB Anexkcanap FOpbeBud, cTyaeHT, FIBAaHOBCKHH roCyIapCTBEHHBIM XUMUKO-TEXHOJIOTHICCKUI
yauBepcuteT, Poccus, iBanoso, krylov_al@mail.ru
T'annackapoB dayapa I'ennaabeBu4, K.X.H., IOIICHT, JOLIEHT, IBaHOBCKUII rOCYIapCTBEHHBIA XUMUKO-
TeXHOJIOTHYeCcKHid yHuBepcuteT, Poccus, BaHoBo, galiaskarov(@isuct.ru

I[lon  uHbOpPMALMOHHBIM  TMOHCKOM OOBIYHO  TOHHMMAIOT  MpPOLECC MoMCKa
HECTPYKTYPHUPOBAaHHON JOKYMEHTAJIbHON MH(pOpPMAIINH, a TaKXkKe HayKy 00 3TOM moucke. B obmem
ciy4ae TIOMCK WH(OpPMAIIMK BKIIFOYAET B ce0s YEThIpEe dTara:

e oOmpenereHWe M YTOYHEHHE HWH(POPMAIMOHHOM TOTpeOHOCTH U (OPMYIMPOBKA
UH(OPMALIMOHHOTO 3a1poca;

e ompejelieHue COBOKYITHOCTH BO3MOKHBIX JiepxKaTesiell HH(POPMAIlMOHHBIX MAaCCUBOB;

® u3BJICYCHHE MH(OPMALIUU U3 BBISIBICHHBIX HH(POPMAIIMOHHBIX MAaCCHBOB;

e 03HAKOMJICHHE C MOJIy4YeHHOU nHpOopMaluel 1 OlleHKa pe3yJIbTaTa MOMCKa.

Taxkum oOpaszoM, IeHTpajdbHas 3a1ada WHPOPMAIMOHHOTO TIOMCKAa COCTOMT B TOM, YTOOBI
MIOMOYb TIOJIH30BATENI0 yJIOBJIECTBOPHUTH CBOIO HH(POPMALMOHHYIO MOTpeOHOCTh. Omnucanue
MH(pOPMAIMOHHBIX MOTPEOHOCTEH caMO 10 ce0e TEeXHUYECKU CJI0KHO U BO MHOTOM CYOBEKTHBHO,
MO3TOMY OHM (OPMYJIHPYIOTCS B BHJE HEKOTOPOIO 3ampoca, COAEp)Kaliero HaOop MOHSATHIM,
KOTOPBIN OMpEAeIsIeT TO, YTO HUILET MoIb30BaTeb. B padorte [1] mist yrouneHus nHGpopManoHHON
NoTpeOHOCTH W COCTaBICHMA TIOMCKOBOrO o0Opasa 3ampoca, JOCTaTOYHO PEJIeBAHTHOTO
3anpammBaeMoMy JOKYMEHTY, NpeiaraeTcsl HCIOJIb30BaTh OHTOJIOTHMIO IMPEIMETHOM 00IacT.
[IpuMeHEeHHE OHTOJIOTUM TMO3BOJISIET BBISIBUTH CBOETO pPOAA CMBICT 3alpoca, HCHONIb3Ys
CEMaHTHYECKHE CBA3M MEXYy COJEpKAIIUMHCI B HEM TEPMUHAMH, IIOATOMY OJHOM M3 OCHOBHBIX
3a/a4 B pa3paboTKe MOJ00HON OUCKOBOW CUCTEMBI SIBISIETCS MAaKCUMAIbHO TOYHOE, ITPH TTOMOIIIH
OHTOJIOTMH, ONHCAHUE TMPEAMETHON 00JIacTH, MpeACTaBIEHHOW 0a30il MaHHBIX TOKYMEHTOB, IO
KOTOPBIM  OCYIIECTBIISIETCS TMOWCK. VIMEHHO 3TO Y TMO3BOJUT MAaKCUMAalIbHO TOBBICHTH
3¢ (HEeKTUBHOCTh HCIOJIb30BAHUS OHTOJIOTUU Ui pElIeHUs 33Jadyd MH(OPMAlMOHHOTO TOUCKA B
paMKax 3aJlaHHOW TpeaMeTHON oOmactu. Panee [2] MbI MCTIOIB30BAIM ITOT MOAXO]I MPU OMUCAHHUH
OOIINX MPUHIIUIIOB OPraHU3AIMH TOMCKOBOW CUCTEMBI HA OCHOBE OHTOJIOTHH.

B oroif crathe MBI XOTenu OBl TPEACTABUTH BApPUAHT APXUTEKTYPHl CUCTEMBI
MH(OPMALIMOHHOTO TOMCKa C  HCMOJb30BAaHUEM OHTOJOTUU  TMPEAMETHOM o0siacTh H
chOopMyIIUPOBATH P PEKOMEHIANNN TIO TIOCTPOCHHUIO TAKOW CUCTEMBI.

OOmiasi uaes UCHOJIb30BAaHUS OHTOJIOTUM JJIsi YTOUHEHUS MU (HOPMYIMPOBKU 3ampoca
3akmovaercs B caenyromeM. [lycts nmonb3oBarens Gopmynupyet 3amnpoc «OITJIATA KUIIbS»,
npenrnosarasi 0OHapyKUTh CBEACHUS O Pa3IMUYHBIX CIOCO0aX OIUIATHI MPH MOKYIKE JKUJIbS B CBOIO
cOoOCTBEHHOCTh. JlomycTHM, YTO OH OyJeT MMETh BO3MOXHOCTh HCIIOJIb30BaTh OAHY I Oosee
Pa3IUYHBIX OHTOJIOTHH MPEIMETHONW 00JIACTH, B YaCTHOCTH CBSI3aHHBIX C OIUIATOM KWJIbs. 3amadya
MMOCTPOCHHS TAKOH OHTOJIOTUM TEXHUYECKH PEIIACTCs MPU MOMOIIH CIEIUAIBHOTO MPOTPAMMHOTO
obOecrieuenus (Hampumep, Protege [3]), TO3BONSIONIErO aHATW3MPOBATH TEKCT JOKYMEHTa H
BBIICIATh W3 HEro Haubojee YacTo BCTpEeyalolMecss M BaKHBIE CIIOBA, COOTBETCTBYIOIINE
OIHCHIBAEMOM B IOKyMeHTe TeMaTuke. [IpuMedarensHo, 4TO MOCTPOEHHE TaKOH OHTOJIOTUHU OyjaeT
MIPOXOUTH JHOO0 MO/ PyKOBOJCTBOM IKCIEPTa, TMO0 CaMUM IKCIIEPTOM HIIU TPYIIIONH SKCTIEPTOB B
OTIpeNIeJICHHON mMpeaMeTHON obOmacth. Tekyumuid TECTOBBIM BapHaHT OHTOJOTHU TPEAMETHOU
obmactu «l'ocymapCcTBEHHOE yIpaBleHUE», TeMmaThka <« KunuiHas TOIUTHKa» pa3paboTaHa
CHeIHaMCTaMH C LIEJBI0 HCIIOJIb30BaHUS B Ipoliecce pa3palOTKH M TECTUPOBAHUS aITOPUTMOB
OHTOJIOTHUYECKOM 00paboTku 3ampoca. OHa conepkuT 38 kiaccoB U okojo 50 cBszel pa3IUUHBIX
TUIOB MEKy HUMH. DparMeHT TaHHON OHTOJIOTMU MIPUBEACH Ha puC. 1.
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Puc. 1 — ®parMeHT TECTOBOM OHTOJIOTMH ITPEIMETHON 00JIaCTH

KOHTEKCT MCIOnb30BaHMS CUCTEMOM OHTOJIOTMH IIPU MOATOTOBKE 3alpoca U BBINOIHEHUS
MOUCKa TpEJCTaBleH Ha pucyHke 2. Ha Bxon cucreMbl MH(GOPMAIMOHHOTO TMOWCKA MOJAeTCs
HCXOJIHBIM TEKCT 3aIIpOCca, YKa3aHHbIE MOJIb30BATEIEM OHTOJIOTUH U CIIMCOK AJIEMEHTOB OHTOJIOTHHU.
Ilon snemMeHTaMu OHTOJIOTMH 34€Ch MOAPAa3yMEBAIOTCA CYIEPKIIACCHI, OKIACCHl U SKBUBAJICHTHBIE
KJIacChl. YKa3aHUE ITUX JIEMEHTOB MO3BOJISET YIPABIATh IITyOMHON M MIMPOTOM MOUCKA B PaMKax
3aJJaHHBIX OHTOJIOTHH. B Xone 00paboTku noctynuBmeil nHGOpMaIK TPOU3BOIUTCS MOATOTOBKA
paciMpeHHoro 3ampoca (WJIM HECKOJbKHX 3allpocoB, MO OJHOMY Ui Ka)XJO0H OHTOJIOTHH
MPEeIMETHOM 00JIacTH), caM MOMCK M NPEJOCTaBJIIEHUE PE3yJIbTATOB IMOMCKA IOJIb30BATEINIO, T.C.
CIIMCKA PEJIEBAHTHBIX 3aIPOCY TOKYMEHTOB.

TekcTt 3anpoca -
i PesynbTaTthl NOUCKa NO
Cnucok oHToNoMMi pacLIMpeHHbIM 3anpocam
> | Cucrema >

CnuncoKk anemeHToB

\ 4

Puc. 2 — KoHTEKCT UCIIOIBL30BAaHUS OHTOJIOTHH

Pe3ynbrar mpuMeHeHHUs] NMPUBEACHHOW paHEE OHTOJOTUM HAa CTAaauWd YTOYHEHHS 3ampoca
nosib3oBarens («Oriara Kuibs») MOXKET BBITISAIETh Tak: «OrmiaTa xuibsi, O1uiata HeIBHKUMOCTH,
Omnara xunuma, XXumuiHeld KpeauT Kuibs, JKUIUIIHBIA KPEAUT HEABUAKUMOCTH, KUIUIIHBINA
KpeauT kwiuiia, Mnoreka xwibs, Mnoreka Henuxkumoctd, Mnoreka xwunuima, WnoreuHsii
KpEeAUT XKuibs, OTEYHBIN KpeAUT HEABMKUMOCTH, MIMOTEUHBIN KPEIUT KWIHIIA» — T.€. TIOMHUMO
HUCXOJHOTO Habopa TMOHSATHUN MOOABIAIOTCS CEMAaHTHYECKH CBS3aHHBIC MOHATHS, C YYETOM
yKa3aHHOW TJIyOWMHBI M IIUPOTHI IMOWCKA, IOBBIIIAS, TaKUM O0pa3oM, OOIIyI0 MEePTUHEHTHOCTH
IIOKCKa.

Kak wmbl yxe ompenensiim B pabore [2], cuctema WHGOPMAIMOHHOTO TOWCKA JIOJDKHA
o0ecreyrBaTh BHIMOJIHEHUS TaKUX (PyHKIHI KaK:

e Mopdosioruueckas 00padoTKa 3ampoca;
OHTOJIOTHYECKast 00paboTKa 3ampoca;
(dbopMHUpPOBaHKE PACITUPEHHBIX 3aIPOCOB;
MOMCK JJOKYMEHTOB TIO 3aIIpOcaM;
dbopMHUpOBaHKE CIHCKA PE3YJIHTATOB.
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Kak mokasan apXWTEKTYpHBIA aHAW3 W HM3yYEHUE HMMEIOIIUXCS HA PHIHKE PENICHHI, HET
HYXZIBI pa3padaThiBaTh COOCTBEHHBIC KOMIIOHEHTHI, PeaU3YyIONIFe MOPQOIOTHUESCKU pazdop u
HOPMHPOBKY HCXOJHOTO 3alpoca IoJib30oBaTeNs. Takxke ropa3no 3¢ ¢eKkTuBHEe HCIOIb30BAThH
rOTOBBIE TOMCKOBbIE MAIIMHBI Ha 0a3ze KJIacCHMYeCKUX MEeTONOB Moucka. ['opazgo mpoimie u
pasyMHee COCpPEelOTOYMTh BHUMAaHHME Ha MOJAYJIE OHTOJIOTUYECKOH 00paboTKH 3ampoca H
o0ecne4ynTh B CHUCTEME BBICOKYIO CTENEHb MCIOIb30BaHUS TOTOBBIX KOMIIOHEHTOB CTOPOHHHX
MIPOU3BOJUTENICH, a TaKXKe COOTBETCTBHE IIMPOKO HCIOJIB3yeMbIM CTaHAapTaM U Qopmaram
JTaHHBIX. B manHOM ciyuae juist XpaHeHus: oHToJioTHid ucnoibdyercs ¢popmatr OWL (Ontology Web
Language) — cneuuanu3upoOBaHHBIA IS XpaHEHUs NaHHBIX oHTojormu XML-dopmar [4]. Hus
OCYIIECTBIICHUSI MOP(OJIOTrHUYECKOr0 aHajlu3a MCXOAHOIO 3ampoca IMOJIb30BaTeNs] MOXKHO
NPUMEHUTHh XOpOILIO 3apEeKOMEHJOBAaBIIMI ceOs TexHomorndeckuid komruieke AJIOT -
ABtomarm3upoBaHHasi JluarBuctuueckas OOpaborka TekctoB [5]. B kauectBe mOHMCKOBO#M
MAaIIWHBI MIPEANOIATaeTCs UCMOb30BaTh OTKPBITHIN MOJHOTEKCTOBBIN MOMCKOBBIA cepBep Sphinx
[6].

K BeImenepeuncieHHbIM TpeOOBaHUAM MOXHO 00aBUTH, YTO pa3padareiBaeMasi cUCTeMa
OJKHA 00ECIEUYNTh:

® [IOJHOE OTJAENCHHE JIOTMKH OpraHM3allii TOWCKAa OT JaHHBIX, YYaCTBYIOIIUX B OSTOM
mpoiiecce (OHTOJOTHH, JOKYMEHTOB, MOpP(}OJIOTHH) W BO3MOXKHOCTH HCIIOJIb30BaHUS
Pa3TUYHBIX TIOJIXOJI0B K OPTaHMU3AIMH CXeM MPEeIMETHONW 001acTu (OHTOJIOTHUS MPEAMETHOM
o0iacTy, auarpamma KJIaccoB, IJIOCCapuii, Te3aypyc M T. 1.) B 3aBUCHUMOCTH OT IeJieit
MOMCKa;

® JMCKPETHOCTh IIpollecca TIOMCKA, MPEJOCTABISAIONIYI0O BO3MOXHOCTh OTCICKUBAHUS
npolecca moucka Ha KaXKIOM M3 ATAroB MPOXOKIEHUS MOMCKOBOIO 3ampoca B CHCTEME U
BO3MOXHOCTh €ro Moau(uKauum myTeM J00aBICHUS/YAAJICHUS COOTBETCTBYIOIIMX
(GYHKIIMOHATBHBIX MOTYJIEH.

Peanuzanust cucrempl BBINOJIHEHA B COOTBETCTBUHU C TPEXYPOBHEBOW ApPXUTEKTYpPOU
MPOrpaMMHOTO OOecIieueHus, B KOTOpou BbiAensroTcs: ciod umHTepdeiicoB (GUI, API), cmoit
OM3HEC-JIOTUKK TIpollecca TOUCKa (TIOMCKOBOE SAPO U (PyHKIMOHANbHBIE MOJAYJH) M CIOU
nHTEep(ENCcOB OCTYNMa K JAaHHBIM (MCTOYHUKH JAHHBIX OHTOJIOTHH, MOP(OIOTHH, 0a3bl JaHHBIX
JOKYMEHTOB, TOHMCKOBOTO JBIJKKA). J[narpaMMa KOMIIOHEHTOB CHCTEMBI, PaCHpPEEICHHBIX IO
CJI0SIM (TTaKeTaM) B COOTBETCTBUU C BBIIIEONMCAHHOW apXUTEKTYpOil, MPUBEACHA HA PUCYHKE 3.

Pa3paboranHasi apXWTEKTypa TMO3BOJSET pEaM30BaTh BHINICOMHMCAHHBIE TPEOOBAaHUS K
CUCTEME, a TaK)KE MPEIOCTABIISIECT U HEKOTOPbIE APYTUe MPEeuMyILecTBa:

® MOAM(PUIMPYEMOCTh CHCTEMBI, OOecrednBaronias BO3MOXHOCTh H3MEHEHHS M 3aMEHBI
OTJICTHHBIX KOMIIOHEHTOB CUCTEMBI 0€3 3aTparuBaHusl OCTAIbHBIX;

® OTKpPBITOCTh CHCTEMBI, TO3BOJSIONIAS HHTErPUPOBATH B HEE YXKE pPEau30BaHHBIC
KOMIOHEHTHI, Takue kak CYDBJ[, mouckoBas MallMHA, PENAKTOP OHTOJIOTHUH, CEPBHUC
MOp(OJIOTHH U T.11.;

C y4éroM MOJYJIBHOM OpraHu3allii CUCTEMBI, MPOIECC MOUCKA SBISETCS AUCKPETHBIM, MPHU
3TOM KaXIblii W3 MOAMPOIECCOB OOpabOTKM IOMCKOBOIO 3allpoca pean3yercss KOHKPETHBIM
(GYHKIIMOHATBHBIM MOJIYJIEM:

MOIyJIb MOpdoTorudeckoil 00paboTKH 3arpoca;

MOJTyJTb OHTOJIOTMYECKOH 00pabOTKH;

MOYJIb (POPMHUPOBAHUS PACIIHPEHHBIX JOMOIHUTEIBHBIX 3aIPOCOB;

MOJIYJIb TTOVCKA;

MOJyJIb 00pabOTKH pe3yJIbTaTOB OUCKA (IOKYMEHTOB).
Takum oOpa3zoMm, mporecc 0OpabOTKM TMOMCKOBOTO 3ampoca MOXKHO MOAU(PHUIIUPOBATH,
N00aBJIss M yIallsisi COOTBETCTBYIOIINE (DYHKIIMOHAIBHBIE MOTYJIH.
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Puc. 3 — JInarpamma KOMIIOHEHTOB pa3padaThIBAEMOM CUCTEMBI

Kaxnplii 13 (QyHKIMOHANBHBIX MOJIyJed O0OpaOOTKH MOMCKOBOTO 3ampoca HCIOJb3YEeT
COOCTBEHHBI HCTOYHUK JaHHBIX, MpEeIHAa3HAYEHHBIH [UIS MPENOCTaBICHUS MOJYJIIO BCEX
HEOOXOIUMBIX JUIsi BBIMOJIHEHUS €r0 OCHOBHOW 3a/lauyd JaHHBIX. TaKWe HCTOYHHMKHU JaHHBIX
B3aUMOJIEUCTBYIOT C:

® CEpBUCOM MOP(OIOTHH;

e 0a30ii OHTOJIOTHUI;

® CHCTEMOH MOJTHOTEKCTOBOTO MTOUCKA;
e CVYB/] noOKyMeHTOB.

B3aumopeiicTBiue NpoOUCXOAUT IPU MTOMOIIY COOTBETCTBYIOIIUX MPOTrPAMMHBIX HHTEP(EcoB,
MIPEIOCTABIISIEMbIX JTaHHBIMUA BHEIITHUMH CHCTEMaMHU.

Hawnbonee BaxxHBIM JUIsi HAc SIBISIETCS TIPOLIECC OHTOJIOTHMYECKOW 00paboTKH 3ampoca,
COCPEIOTOUCHHBII B COOTBETCTBYIOIEM MOJIyJIe CHCTEeMBbl. Peann3anust JaHHOTO 3Tana 00paboTKU
3ampoca OCYUIECTBIIETCS MOJIYJIEM OHTOJIOTHH, MPH TMOMOIIM COOTBETCTBYIOIIEIO HCTOYHUKA
JaHHBIX. AITOPUTM BBITIOJTHEHHS OHTOJIOTHYECKOM 00pabOTKHU 3arpoca MpUBeIeH Ha PUCYHKE 4.

AJTOpUTM JAHHOTO CHEHAPUS 3aKJII0UAETCS B CIEIYIOIIEM.

Monynb OHTOJOTHMH TOJy4YaeT YIpaBJICHWE W  HEOOXOAMMYIO JUIsl  BBIIOJIHEHUS
OHTOJIOTHUYECKOU 00pabOTKH 3ampoca HHGOPMAITHIO:

® HOPMAaJHM30BaHHBIC JIEMEHTHI HCXOAHOTO MOMCKOBOTO 3aMpoca;
® CIIHCOK HCIIOJIb3yEeMBIX JUISl PACIIUPEHUS 3aIPpOCca OHTOJIOTHI;
® CIIMCOK MCKOMBIX B JAHHBIX OHTOJIOTUSX YJIEMEHTOB.

[Tpu mony4deHnn ynpapieHUs: MOyJb OTIIPABIISICT KOMaH/y Ha TOJTy4YeHUE COOTBETCTBYIOMIEH
OHTOJIOTMH U3 0a3bl OHTOJIOTHH.

B pe3ynbraTe 3TOr0 KOMIIOHEHT MCTOYHUKA JAHHBIX OHTOJOTHUHU H3BJICKAET U3 0a3bl JaHHBIX
YKa3aHHYIO OHTOJIOTHIO, PETUCTPUPYET €€ W CO3/JaeT €€ MpOorpaMMHBIH 00BekT kKiacca OWL
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Ontonoruss  (OWLOntology), oOecneunBasi 10ocTyn K HEW Ha TMPOTSHKEHHWH —Mporiecca
npeoOpa3oBaHus 3ampoca.
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Puc. 4 — ApXUTEKTYpHO3HAUMMBIN CLIEHAPHUI HCTIOIB30BAHUS CUCTEMBI IIOUCKA
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Ilocne »3TOro mNpoM3BOAWUTCS BBINOJIHEHHWE psAda 3alpocoB K OHTOJIOTMM MOJIYJIEM
OHTOJIOTUYECKOW 00padOTKM 3ampoca, B pe3yibTaTe dero (GopMHUpPYETCs MaTpHulla PacIiIMpPEeHHBIX
AJIEMEHTOB 3ampoca. JlaHHblE 3alpochl HAlpaBiI€Hbl Ha IIOJIyYEHHE D3JIEMEHTOB OHTOJOIHH,
CBS3aHHBIX C D3JEMEHTaMHU HCXOJHOIO TOMCKOBOTO 3ampoca YKa3aHHbIMH THUIIAMHU CBsi3ed —
MIOJIKJIACCHI, PKBUBAJIEHTHBIE KJIACCHI, CYIIEPKIIACCHI.

Takue geficTBHS BBIMOIHAIOTCS LIUKIMYECKU — JIJISl BCEX JIEMEHTOB 3a1poca, BCEX OHTOJIOTUIN
U BCEX YKa3aHHBIX TUIIOB HCKOMBIX 3J1eMeHTOB. llomyueHHbIe B pe3ynbTare BBIIIOJIHEHHS BCEX
BBIIIICONUCAHHBIX JEHCTBUI JaHHBIE BO3BPAILAIOTCSA TOWCKOBOMY SIAPY U MEPENAIOTCS MOIYJIIIO
(bopMHUpOBaHHS PACHIMPEHHBIX 3alIPOCOB C LENbI0 T€HEPAlMK HOBBIX (PACIIMPEHHBIX) MOMCKOBBIX
3aMpocoB, IO KOTOPHIM B JabHEHUIIIEM MPOU3BOAUTCS MOUCK JOKYMEHTOB.

Crnenys noruke MpeIOKEHHOW apXUTEKTYphl (puc. 3), AN OCYIIECTBICHUS IOMCKAa Ha
YPOBHE TPEJACTABJICHHUS CHCTEMa TPEIOCTABISET €IUHBIA OCHOBHON WHTEpQenC, UCIOIb3YeMbIH
IUI. MHUIMATU3AI|K TIpoliecca 00pabOTKU TMOJIb30BAaTEILCKOTO TIOMCKOBOTO 3arpoca. JTO MOXKET
MIPOM3BOJUTHLCS KaK CPEICTBaMU IOJIb30BATENILCKOrO rpaduueckoro uHrepdeiica CUCTEMbl, TaK U
cpenctBamu  APl-unTepdeiicoB, TakKe TNPEIOCTABISEMBIX CUCTEMOW Ui HWCHOJIB30BaHUS
CMEXHBIMU CHCTEMaMHU.
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Y4uuTeiBas MOAYJIBHYIO OPTaHHU3AIMIO CHCTEMBI, BO3MOXHO HCIIOIH30BaHUE Pa3paOOTaHHBIX
MOMYJIEH CHCTEMBI OTIEIBHO, HAlpUMep, NMpH peanu3anuu (yHKIHOHATa KaKOH-IHOO Ipyroi
CUCTEMBI, HYXJIAIOIIEHCs B MOP(POIOTHIECKOM aHAIHM3e, OHTOJIOTHYECKOH 00pabOTKE TEKCTOBBIX
3ampoCcoB M JIPYTHX BUIAX 00pabOTKH WHGOPMAIMH, peaanu3yeMoi B Hamied cucreme. OTMETHM
TakkKe, 4YTO pa3padOTaHHYK CHUCTEMY MOXKHO IIOJIHOCTBIO HHTErPUPOBATH B  JPYTHE
MH(pOpPMAIIMOHHBIE CUCTEMBI, ONPEACINB HEOOXOMUMBIE Tl e¢ (yHKIIMOHUPOBAHUS UHTEP(DEHUCHI.
Hampumep, 3170 MOryT OBITh CHCTEMBI, MPEAOCTABISIONINE JOCTYN K Pa3IUYHBIM KOJUICKIIUSIM
JIOKYMEHTOB, BHEJPEHHE B KOTOPbIE MO3BOJUT MPOU3BOIUTH MHTEUIEKTYalbHBIN MOUCK MO ATUM
JOKYMEHTaM.
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V]IK 681.3

PEJAKTOP METAMO/JIEJIA OHTOJIOT MYECKOW CUCTEMBI

I'perep Cepreii dnyapaoBuy, 10LeHT, Y palbCKuil (eaepaabHbIi yHUBEPCUTET UIMEHH IIEPBOTO
IIpesunenta Poccuun b.H.Enpninaa, HukHETaruimbCKkuii TEXHOIOTHIECKAH HHCTUTYT ((humuan), Poccus,
Hwxunit Tarmn, segreger@gmail.com

Poct o0bemMa mH(MOpPMAIMOHHBIX TOTOKOB IMOPOJWJ TECHICHIIMIO CMEIICHUS pa3paboTOK B
HAMpaBJICHUU KPYIHBIX HH(QOPMAIIMOHHBIX CHCTEM — KOPIIOPATHBHBIX MOPTANOB. B perieHun
mpoOjieM, CBs3aHHBIX C A3(()EKTUBHOCTHIO MPOEKTHPOBAHWM, PEATHM3AIMA W COMPOBOXKICHUH
MOPTAJIOB, BCE MIMPE UCIOIB3YIOTCS BOZMOKHOCTH, MPEJOCTABISEMbIC CEMAaHTHIECKIMH MOJIEIISIMU
Ha Oa3e OHTOJNOTMM (OHTOJOTHYECKHE Mojenu). JIis co3maHuss W TOAACPKKH OHTOJIOTHI
CYIIECTBYET LENBIA P MHCTPYMEHTOB, KOTOPBIE MOMHMO OOIIMX (YHKIUI peqaKTUPOBAaHUS U
MPOCMOTPa  BBIMOJHSAIOT TOIJIEPKKY JOKYMEHTHPOBAHHS OHTOJIOTHM, HWMIIOPT U OKCHOPT
OHTOJIOTH Pa3HBIX (OPMATOB U S3BIKOB, MOICPKKY TpadUIecKOro pelaKTUPOBAHMSI, YIIPABICHUE
OMOIMOTEKaMH OHTOJIOTHH W T.. B TO e BpemMs NOSBUIACH TEHACHIUS K TMOIJICPKKE
OHTOJIOTUYECKHUX MOJIEJIEH B cCUCTEMaX ynpaBieHUs: KOHTEeHTOM (CMS), sSBISIONIMXCSI OCHOBOM IS
MMOCTPOCHUSI COBPEMEHHBIX BeO-puiokeHMid. Takas mojAep)Kka B HACTOAINIEE BpeMs B
orpeneneHHo creneHn peanu3oBaHa B CMS  Drupal, Django u HEKOTOpBIX JpyTHX.
Hcnons3oBanme TakKuX MOJIEIEH TIEPEBOIUT BEO-TIPUIIOKEHUS B KATETOPUIO OHTOJIOTOYIIPABIISEMBIX
MHPOPMAIIMOHHBIX CHCTEM, YTO TpeOyeT pa3pabOTKH COOTBETCTBYIOIIMX HHCTPYMEHTOB
yIIpaBJICHUSI.
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Penakrop oHTONIOrMI — 3TO NPUIIOKEHHE, MOJICPKUBAOLIECE CO3JAAHUE OHTOJIOTHA WIIH
MaHuIyupoBanre HWMHU [1]. OHTOJOTMYECKUH PETAKTOp MOXKET OO0eCleuynBaTh pa3IMUHbIC
BO3MOXXHOCTH PAa0OTBI C OJHHUM WU HECKOJBKUMH SI3BIKAMU TPEACTABICHUS OHTOJIOTHIA,
UMITOPT/3KCIIOPT, CpelcTBa OMOIMOTEK OHTOJOTHM, BU3yalM3allMio, MAIIUHBI BbIBOJA, S3BIKU
3aIlpOCOB, MOAJACPKY OHTOJIOTHN BEpXHEro ypoBHS U MHOroe jpyroe. OcHOBHasi (QyHKIIHS JII0OOTO
penaKTopa OHTOJIOTUH COCTOUT B MOJAEPKKE Mpolecca popmannzanuy 3HAHUH U MPeICTaBICHUH
OHTOJIOTHH KakK creluHuKay (TOYHOTO U mojHoro onucanus). CyiecTBylomue BeO-peaaKTopsl
OHTOJIOTHM, B YaCTHOCTH, BeO-BepCHs XOPOIIIO U3BECTHOTO pemakTopa Protégé — WebProtege, —
npeJHa3sHaueHbl MpPEeXJAe BCEro s MOJIICPKKHM COBMECTHOM pa3pabOTKH OHTOJOTHHA U
HEMOCPEACTBEHHO HE MOTYT OBIThb MHCIIOJNIB30BaHbl B KAaueCcTBE HWHCTPYMEHTa B COCTaBe
OHTOJIOTOYTIPaBIAEMOM HHPOPMAIIMOHHON CUCTEMBI.

Hamm uccnenoBanus HarpaBiIeHbl Ha U3y4eHHUE 0COOEHHOCTEN MOCTPOEHUSI KOPIOPATUBHBIX
nopranoB Ha ocHoBe CMS Plone [2,3] ¢ ucmonb30BaHHEM OHTOJIOTUYECKUX Mojeneid. OCHOBHOM
0COOEHHOCTBIO, OTIUYAIONIEH ATy CUCTEMY pa3paboTKu oT apyrux CMS, SBISIETCS UCIIOIB30BaHNE
B KayecTBE XpaHWJIMIIA KOHTEHTa 0OBeKTHOM Oa3zbl Zope Object Database (ZODB). Takum
o0Opa3oM, ILeNbi0 Hamel pa3paboTKU SBISJIOCH CO3JIaHUE PENAaKTOpa OHTOJIOTHUH, XPaHUMOHM B
o0bekTHOM ©0aze ZODB. Ilpu paspaboTke pemakTopa CTaBWIach 3ajadya CO3JaHUS Wweb-
MIPUJIOKEHNS, MO3BOJSIOIIET0 KaK CO3/1aBaThb HOBBIC, TaK U PEAAKTUPOBATH YK€ CYIIECTBYIOIINE
oHTosiorud. [Ipu 3TOM mpenmnosaragaoch, 4YTo PEKUM JIOCTYIA K PEIaKTUPYEMOM OHTOJIOTUM MOXKET
ObIThb Kak online, Tak u offline. Kpome 3TMX OCHOBHBIX TpeOOBAHHMI K MPHIOKCHUIO OBLT
NpeIbsBIICH elle s Kak (PyHKIIMOHAIBHBIX, TaK U He()yHKIIMOHATBHBIX TPEOOBAHUI:

1. Pemaktop momkeH o007aaaTh BO3MOXHOCTBIO 3arpykaTb W BHU3YaJU3UPOBATH JIOOYIO
npejcTaBieHHyo Ha si3pike OWL oHTONOTHIO.

2. Pemaktop AOMKEH TPENOCTaBIATH  TOJIB30BATENIO  JAPYKECTBEHHBIH  WHTEpeEIic,
MO3BOJISIOIINI OBICTPO CO3/aBaTh U PEAAKTUPOBATH KOHLENTH OHTOJIOTHH.

3. Pemaktop MOMKEH MPeaOCTaBIATh THOKWUN TOWCKOBBIM MEXaHHW3M, IMO3BOJISIOMIUNA JIETKO
UCKaTh U PEIaKTUPOBATH KOHIIETITHl OHTOJIOTHUH.

Jlnst  peanu3anuu  TPEIbSBICHHBIX TpeOoBaHmMii Oblma BbIOpaHa TexHomorHs AJAX,
MO3BOJISIONIAs  CO3/1aBaTh HMHTEPAKTHBHBIE WEb-TIPUIIOKEHHS, pEaJU3YIOUIHe aCHHXPOHHOE
B3aUMOJICVCTBUE MEXAY KIMEHTCKOM U CEPBEPHON YACTSIMU MPUITOKEHHUS.

Penakrop peanmzoBaH Ha s3bike Javascript ¢ ucmonb3oBaHueM OubOmuoreku JQuery. Jlms
3¢ (}HEeKTUBHOTO YIPaBJICHUS OHTOJOTHSMU Ha CTOPOHE KIMEHTa peaju30oBaHa CHUCTEMa KJacCoB,
00ecreunBarOIINX XpaHEHUE PEeIaKTUPYEeMOH 4acTH OHTOJIOTUU B ONEPATHBHOW MaMATH, a TaKKe
MIOCTPOCHMSI 3alpPOCOB K CEpBEpPY HU3BICUYEHHS] JAHHBIX 00 3JIEMEHTax pa3IUYHbIX AJIEMEHTaX
OHTOJIOTHH.

PenakTop coctouT W3 KIMEHTCKOW W cepBepHOM dacth. [lmst 3¢QGHEeKTUBHOTO KIMEHT-
CEpBEPHOr0 B3aUMOJIEHCTBHUSI CEPBEPHAs 4acThb NPHUIIOKEHUs opraHu3oBaHa B Buje JSON-cepsepa
3anpocoB. CepBep peanu3yeT BBINOJIHEHHE PA3JIMYHOTO BUJA 3alpocoB K OOBEKTHOM Oaze u
(dbopmMHupoBaHUE pe3ynbTaTa B CTPYKTYPY AaHHBIX, IIepecbluiaeMyto penaktopy B popmare JSON. On
peannzoBaHn kommnoHeHToM Ontology Service, peanu3ylOUIMM BCE aJITrOPUTMBbI, CBA3aHHBIE C
3arpy3KOil W YIpaBICHHEM OHTOJOTMEW M HAabOpPOM KIIACCOB, O0ECIEUMBAIONIUX XPAHEHUE U
00pabOTKy KOHILENTOB OHTOJoruu. KOMIOHEHT mpenocTaBisieT HaO0Op B3aUMOCBSI3aHHBIX
CEpBUCOB, KAXJIbI U3 KOTOPHIX oOecreunBaeT 00paboTKy crenn(puyeckux KOHIENTOB OHTOJIOTHU
U KOMMYHHUKAIIMIO C KIMEHTCKOM dYacTelo peaakrtopa. CepBepHas 4YacTb IPUIIOKECHHS
IIPEIOCTABIISAET CIETYIOIINE CEPBUCHI:

1. 3arpy3ky OWL-0HTOJI0THM U3 YJQJE€HHOIO HCTOYHHKA.

2. Brimonnenume 3ampoca Ha TMOJyYEeHHUE BCEW OHTOJIOTMM WM €€ OTHAEJIbHOM 4YacTH,
OmpeseNnsseMoil  yKa3aHHBIM YaCTUYHBIM  KJIACCOM OHTOJIOTMM U (OpMUPOBaHUE
cootBercTBytoniero JSON-nakera.

3. Ilouck Bcex OHTOJOTMYECKHX KJIACCOB, SIBJISIOIIMXCSA JOYEPHUMH KJacCaMU YKa3aHHOTO
KOHIIENITa OHTOJIOTUH.

4. Tlouck Bcex 00BEKTOB yKa3aHHOTO Kjlacca.
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5. TlpenocraBnenue uHGOPMAIUH O CTPYKTYpE YKa3aHHOTO Kilacca, 00bEKTa MIIM CBOMCTBA.
6. OtobOpaxkeHHEe BCeX METaJaHHBIX 3arpyKCHHOW OHTOJIOTHH.
OOnBeKkTHast MOJIeIb KOMIIOHEHTOB TPE/ICTaBIeHA Ha PUCYHKeE 1.

sul_class_of SubClass0f

0.7 | subClass W0

=spgnbgnt clagse>
=oponbent classs* | 0.* 0.z OrfaClass - [
ClagsObjecProparty

saggnbent classs=
ClagsDataP ropérty

dofmen op_3aomean domienc |3E"5_ description : sting | domenClass  dp_domen doren
- - aidress | siing . -

1 op_chass range 0 “plbuiltin : boolean d‘ dp_class range Q
mangeClass———— | rangeClass range
- 0. range v getinfog s ;rur;u g+ 1 |Rropery

propery range

1 gEldbjettPropsd
class_objact_proparty op_indrddual_range dormenClass getDataPropsd domenClass dp_indwidusl_range
objeciFroperry|, 1 D1, petPropermes] '{' : . 1 alaFroperty
or rangeiiass | Felindrdualsd

class_dala_propay

rangeClass

=s;onlenl class== | g *

vourceClass ;
ObjectPropemy  |snmen |main_op_domen 1. mair_dp_domen| soman__ = ol opery

sulFroperty o= |==conienl clasg==

lub_proparty_of
0.2 descripton: swing | | soune_tlass  aescrigtion: swing
subProperyll e *int a or s
v Ll . o | Demniog
o range Fain_np_range 0 . main_tp_range range
pedin wsgonbent classes

rangedndividual]  Onlolndisidual rangelndiidual

dedLriplion | gling
Ewuittin | bdaléan

@itinfag)
peltibjactProps]
pelDataFropsd
(et o pee e s

Puc. 1 — O0bekTHAst MOAEIbL KOMIIOHEHTOB

Jlns XpaHeHUsT OHTOJIOTUM B OOBEKTHOM 0a3e MaHHBIX pa3paboTaH HaOOp KOMITOHEHT [4],
oOecrieunBarouX mpeacraBieHne KoHIEnToB si3bika OWL, takux kak Class, Data Property,
Object Property u ux atpuOytoB. /s XpaHEHUS HWHAWBUIAYAIBHBIX OOBEKTOB OHTOJIOTUH
npeAHa3HaueH KOMIOHEHT Individual. Victionp3oBaHre TaKMX KOMITIOHEHT MO3BOIIIIO 3((HEKTUBHO
XpaHUTh OHTOJIOTHMIO M PEAINU30BaTh BBINIOJHEHUE 3alpocoB K OHTONOTWW. [Ipu co3manum u
MOAU(UKAIIUN DJIEMEHTOB OHTOJOTHH CEpBEp 3alpPOCOB MAHMITYIMPYET OOBEKTaMM YKa3aHHBIX
KJIACCOB, UCTOJIB3YS CPEJICTBA yIPaBICHUS 0ObEKTHON 02301 JaHHBIX.

Knuentckas wyacTh pemakTopa BBINOJHEHA C ucHoib3oBaHueM AJAX-TexHonoruii u
(YHKIMOHHUPYET B COOTBETCTBUU C KIMEHTCKOW MOENBIO OHTOJIOTHU. MoJIeNnb COJAEPKUT KIIAaCCHhl,
o0ecrneunBaroIIye BHIIOJIHEHNE 3aIIPOCOB K CEPBUCHOM YacTH PeJaKToOpa, XpaHEHWE OHTOJIOTUH Ha
CTOpOHE KJIMEHTA, a TAaKXKe MOCTPOeHHE IpauuecKoro rnojib30BaTebCcKoro nuTepdeiica (puc.2).

QntoEditor ] Qntalogy
description ; string

getClassesTpl] CntoEditor
getindividualsTplg [ 1 1 1 ge:lglfm;}
getohjPrapsTRld Lli ontology QE” ;I_S_SdESlllj
getDataPropsToI) getln _m ualsf
getlassinfaTpld getObjectPropsd
getindividuallnfoTpl() getDataProps(

getObjFroplnfoTpld
getDataPropinfoTpld

Puc. 2 — KitmeHTckast MOZIENIb> OHTOJIOTHH

Knacc Ontology obecrieunBaeT XpaHEHHsI OHTOJIOTUU B BUJE MHOTOYPOBHEBBIX MAaCCHUBOB H
MPEOCTABIIET METOJIBI AOCTYII K 3JIEMEHTaM OHTOJIOTHH;

Kiacc OntoEditorUl mpeana3znauen aBToMaTuueckon reHeparuu ¢Gopm, madIoHOB Ha OCHOBE
CTPYKTYPBI JAHHBIX, TIOTYYSHHBIX U3 OHTOJIOTUH;

Kitacc OntoEditor siBisieTcst CBA3YIOMNUM 3BEHOM MEXIY YPOBHEM XpaHEHHUs JAaHHBIX (KJacc
Ontology) u ypoBHeMm mnpexcrtaBieHusi naHHbix (kiaace OntoEditorUI) m comepxut B cebe BCIO
OM3HEC-JIOTUKY PEAaKTOpA.
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[Tonp30oBaTenbCKuil HHTEPdEIC peJakTopa MOCTPOCH C UCIOIB30BAaHUEM MaTTepHa «portlety.
OTOT marTepH NpeJylaraeT JEKOMIIO3UPOBATh CTPAHUILYy BEO-MPUIIOKEHHUS Ha s BU3yaJbHBIX
KOMIIOHEHT — TOPTJIETOB, KaXJbIi M3 KOTOPBIX 00Ja1aeT COOCTBEHHBIMH MOJEIISIMU XpPaHEHHS,
00paboTKH W OTOOpakKeHHUsl JaHHBIX OINPEACICHHOrO0 THUMa. Vcrmoimb30BaHME 3TOr0 NaTTEPHA
cooTBeTcTBYeT npuHATON B CMS Plone KoHLIENINH TOJIB30BaTEILCKOT0 HHTEPdeEiica, XOTS U UIMEET
HEKOTOphIe OTIUYMs. Tak MopTieT 0ToOpakeHus JAepeBa 3JIEMEHTOB OHTOJIOIMH B «CTaHIAPTHOMY
unrepdeiice CMS Plone MoxeT ObITh pa3MellieH TOJbKO B JIEBOM MM MPaBOil KOJIOHKE CTPAHUIIBI
MpU €€ «TPEXKOJIOHOYHOI» pa3meTke. B mnpencraBieHHOM pegakTope YyKa3aHHbIA MOPTIIET
pAacIioyio’KeH B IIEHTPAIbHON YacTH CTpaHMLbl. Y XOTS Takoe MOCTpOSHHE MO3BOJISET UCIIOIb30BaTh
penaktop otaenbHo oT CMS Plone, mpu Hanu4umM COOTBETCTBYIONIEH peaiM3aIlii CEPBEPHOM YaCTH
penakropa, B HaCTOAIIEe BPEMsl aKTHMBHO pa3pabaThIBAETCsl BEPCUS PEAAKTOPA, UCIIOJb3YIOLIETO
cnenuduaeckue ocooeHHOCTH ykazaHnHoi CMS.

Wntepdeiic pemakropa BKIIOYaeT B ce0S HECKOJIBKUX TOPTIETOB, OTOOpPa)XKaroIlux
HEepapXUUECKYI0 CTPYKTYpPY KJIACCOB OHTOJIOTHH, CIIMCOK CBOWCTB, CITUCOK MHIWBUYJIOB KJIACCOB U
MH/IMBUYAJlIOB CBOMCTB. B Ka)1oM mopTiieTe MMeeTcsi KHOIKA, MO3BOJISIOMAs BBI3BIBATE (POPMY
CO3/1aHUS 00BEKTa, TUIl KOTOPOIO COOTBETCTBYET THUILy OTOOpa)kaeMbIX MOPTIIETOM 3JIEMEHTOB. B
LEHTPAJILHOW YacTH pelakTopa OTOOPa)KalOTCsl CBOWCTBA BBIOPAHHOTO 3JEMEHTa OHTOJIOTHH.
Peanuzamus uaTepdeiica penakTopa npeacTaBieHa Ha pucyHke (puc.3).

Classes Info
[l}hlf—_‘}ﬁzf‘m;hite Wine Description It is whitg Loire
Address #WhitelLoire
i._.‘ White Table Wine SubClassOf White Wine, Laire
i White Loire . N
{7 Riesling Object properties
i1 Chenin Blanc = madeFromGrape < Chenin Blanc Grape. Pinot Blanc Grape. Sauvignon Blanc Grape+
+-_} Table Wine = locatedIn Loire Region
—i} Loire = hasMaker Winery
i White Loire = hasSugar Wine Sugar
1 Tours = hasFlavor Wine Flavar
+-0} Dassert Wine = hasBody Wine Body
i1 Sweet Wine = hasColor White
hr“—“ Wing Color Data properties
—L_| Region

Properties ~ ¥EAlYAR
Individuals Individuals

Chenin Blanc White Loire

Puc. 3 — UHTepdeiic KIMESHTCKOM YacTh pelakTopa

PazpaboTaHHblii  pegakTOp HCIONB3YEeTCS B  COCTAaBE HHCTPYMEHTAIBHOW  Cpeibl
CEMaHTHUYECKOTO MOCIIMPOBAaHUS Y4eOHOT0 mporecca [5].
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I'paueB JIMmutpuii AjlekCaHAPOBMY, MAaTUCTPAHT, ACTPaXaHCKUHA TOCYJapCTBEHHBI TEXHUYECKUH
yHHBepcuTeT, Poccust, Actpaxanb, grachev@ilabsltd.com

BBenenune

B pa6ote [1] oqauM u3 aBTOpOB cHOpMYIHPOBaHBI TPEOOBAHUS K SI3BIKY TPOTrPAMMHUPOBAHUS
U K UHTETPUPOBAHHOW cpene oOydeHHUs MPOrpaMMUPOBaHHMIO. B uwacTHocTH, oOydaromas cpena
JOJKHA BKITIOYATh MCHOJHSIONIYIO MOJICUCTEMY, B KOTOPOM peain3yroTcsl PorpaMMbl Ha y4eOHOM
s3bIKe TIporpaMMupoBanus. OCHOBHBIMH KOMIIOHEHTAMHU HCIIOJHSIONICH MOJCUCTEMBI SIBIISIOTCS
pEeAaKTOp KoJla M HHTEPIPETATOp MPOrpaMM Ha Y4eOHOM S3bIKE.

B nacrosimeit pabote onuchiBaeTcsi pa3pabOTaHHBIN aBTOpaMH Y4eOHBIH S3bIK, Ha3BaHHBIH
Semantic Language (SL), u wmHTEpmnperaTop, MO3BOJISIIONINN BBIMOIHATH MPOTPAMMBI Ha 3TOM
s3pike. [lpu paspaboTke y4eOHOTO s3bIKa HYXKHO CIIEIOBAaTh HEKOTOPHIM OCHOBOIIOJIATAFOIINM
npuHuunaM (kKoHuenuusm). Konuenuuu pa3zpaOoTKu si3bIKa MPOTpaMMHUPOBAHUS JIEJSATCS HA TPU
TPYNNbL: CEMaHTUYECKHE, CHHTAKCHUECKHE M Mparmarudeckue (peanu3anuoHHbie). OCHOBHBIC
CEMaHTHYECKHEe KOHIEIINH, IPUHATHIE MPU pa3paboTKe y4eOHOT o sI3bIKa, CIEAYIOLIHUE:

® TIOHATHUS S3bIKA JJIi OOYYEeHHs JOJDKHBI COOTBETCTBOBATH MOHSTHSM MPOMBIIIICHHBIX
UMIIEPATUBHBIX S3BIKOB ITPOrPAMMHUPOBAHHS;

® MHOJKECTBO MOHATHUH SI3bIKA 7151 00yUEHUS JOKHO ObITh MUHUMAJIBHO;

® KOHCTPYKLUHMHU $s3bIKa HE JOJDKHBI 3aBHCETh HHM OT amnmapaTHOW MiaaTgopMbl, HU OT
ONEPallMOHHOMW CUCTEMBI;

® S3bIK JIOJDKEH TMOJAJIEPKUBATh MOJYJIBHOCTh, MPOLEAYPHOE MPOTpaMMHUpPOBAHUE U
00BEKTHO-OPUEHTHPOBAHHOE MPOTPAMMHUPOBAHUE;

®  S3BIK JOJDKCH MOAJIEPKUBATH CTPYKTYPHOE MMPOTrPAMMHUPOBAHIE;

® HaMEpPeHHUs MPOrPaMMUCTA JIOJDKHBI YKa3bIBATHCS SBHBIM 00pa3oM (3ampeT yMOTYaHUN).

B kauecTBe mpuMepoB 3amnpera yMOT4aHHH MOYKHO MTPUBECTH CIEAYIOIIHE:

® OTCYTCTBHE HESBHBIX NMpeoOpa3oBaHuil TuMa (Kpome mpeodpa3oBaHus B apu(METHUECKHX
BBIPOKCHUSX IIEJIbIN -> BEIICCTBEHHBIH ),

e sBHBII mapameTp this, 3agaBaeMblii IpU OMPEICIICHUN METO/Ia KJTacca;

e SBHOE OIpENEICHHE 3aMicH Kak 0a30BOH /ISl HACIIEOBAHHUS,

e SBHOE YKa3aHHE TUIAa KOHCTAHTHI PU OINPEACTICHUH.

[Ipu pazpaboTke yueOHOro si3bIKa OBLIM MPUHATHI CIEAYIOIINE OCHOBHBIE CHHTaKCHUYECKHE
KOHIIETIIUH:

e (asoBas JIGKCUKA S3bIKA JOJIKHA OBITh PYCCKOS3BIYHOMM;
® KJIIOYEBBIE CIOBA JOJKHBI UMETh AHTIMMCKUI SKBUBAJICHT;

1 . .
Jlaypear nHomunauuu "Jlyymumi JoKJgaq 0 MeToAax mNpenojaBaHusi 00beKTHBIX TexHosoruii B BY3e". Aprop noxmana
HarpakaeTcst IpaBoM OeCIUIaTHOW My OJIMKAIMK OHOTO JOKIIA/a [0 JAaHHON TeMaTHKe Ha ClieyIoliei KoHpepeHINU
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® KaXJBIH ONEpaTop sI3bIKa HAUUHACTCS KIFOUEBBIM CJIOBOM;
0JI04HbIe KOHCTPYKIIMH A3bIKa 3aBEPIIAIOTCS KJIIOYEBBIM CIIOBOM «KOHEII».
OcHOBY peanu3allii UHTEPIIPETaTopa yueOHOro A3bIKa COCTABIIAIOT CIAEAYIOLINE PUHIUIIBL:
3¢ (EKTUBHOCTH BBIMIOTHEHHUS SBIISIETCS HE OYCHD BAXKHOM;
3arpys3Ka v CBA3bIBAHUC MOI[yJICfI JOJI2KHBI BBITIOJIHATHCA JTHHAMHNYCCKH,
yIpaBJIeHUE NMaMATBHIO OCYLIECTBISET cucTeMa (cOopka Mycopa);
[ToMrMO TPUHIMIIOB pa3pabOTKU sI3bIKa CPOPMYJIHMpPYEM HE MEHEee Ba)KHbIC KOHLCIIHH
peanu3aly WHTETPUPOBAHHOM Cpefbl, B paMKax KOTOPOW JOJKHO OCYIIECTBISITHCS OOydeHHE
IPOTPaMMHPOBAHUIO:
e cpena JoibkHA oOecreynBaTh pabOTy Kak ¢ OJHOMOIYJIBHBIMH, TAK U C MHOTOMOYJIbHBIMH
porpaMMmamu;
® BBOJ-BBIBOJ JIaHHBIX JOJKEH OCYIIECTBIATHCS B paMKax cpeasl 0e3 BBIXOJa B
OTIEPAIIMOHHYIO CUCTEMY;
® pEIaKkTop KoJa, C OMHOW CTOPOHBI, JOJKEH OOECNeYMBATh TPAAUIIMOHHBIC OIEpaIiy
pPEOAKTUPOBAaHUS TEKCTA, U, C APYroil CTOPOHBI, JOJDKEH ONEPUPOBATh CEMAaHTUYECKUMU
KOHCTPYKUHUSMU SI3bIKA;
® HM3MCHCHHUC KIIFOUCBBIX CJIOB B KOJAC AOJIXKHO 6BITB HEBO3MOXHO,
e OHMOKHU JOJDKHBI ONPEENIATHCS B MOMEHT Ha0opa MporpaMMbl;
® T[IEPEKIIIOUEHHE C PYCCKOM JIEKCHMKHM Ha aHTJHMHICKYI0 M 00OpaTHO HE JOJDKHO MPUBOJIUTH K
IIOBTOPHOU TPAHCJIALMH IPOrPAMMBI;

W nakoner, cpeaa A0mKHA OBITh PacIIUPsEMON U 00ECIIeYnBaTh MPOCTON W HE3aBHCHUMBINA OT
w1aTGOpMbl pean3alliid MEXaHW3M HAKOIUIEHUS MPOrpaMMHBIX KOMIIOHEHT. Peanm3anus 3Toro
MIPUHIIMIIA TTO3BOJMT MPENOJABATENI0 PACUIMPATH CUCTEMY, UCIOJb3Ysl TOJBKO YUEOHBIH SI3BIK, HE
MPUBJICKAA OOMMOJHUTCIBHBIX CPCACTB pa3pa60TKI/1.

1. Y4eOHbIi sI3bIK IPOrPAMMUPOBAHUS

B s3pIKe ompeneneHo Bcero 4 sneMeHTapHBIX THUIA JaHHBIX: BEIIECTBEHHBIC YHCIIA, IIEIbIe
gyucna (co 3HAaKoM), OyJeBCKME U CHUMBOJIbHBIE. JIJIs Yucen OmpeneseHbl TpagulOHHBIE
apu(pMeTHYECKUE OIEpaluu C TPAJUIMOHHBIMH MPUOPUTETAMH. J[Is LENbIX Yuces ompeneieHo
uenoe aeneHue («\»), oTInYaromieecs OT BEIIECTBEHHOT'O JeJIEHNUs, U Olepalys MoJy4yeHusl ocTaTKa
ot aeneHus («%o»).

B umenpix apudMeTrnueckux BBIpAKEHUSX HE pas3peliaercs 3a/aBaTh BeELECTBEHHBIC
orepaHabl. B BemiecTBeHHBIX apu(PMETHYECKUX BBIPAKCHHSIX pa3perraeTcs 3aJaBaTh IENbIE U
BELIECTBEHHbIE omnepaHbl. Llenplii omepaHn, ydacTBYIOIIMKM B ONEpaldud C BEIIECTBEHHBIM
OTNIEpPaH/IOM, TpeoOpa3yeTcs B BELIECTBEHHBIH — 3TO EIUHCTBEHHOE IpeoOpa3oBaHUE THIIA,
BBITIOJTHSEMOE M0 YMOTYaHHUIO.

Jlis ducen ompeneneHbl TakKe 6 TPaJUIMOHHBIX OINEpaluii CpaBHEHUS: paBHO («=»), HE
paBHO (pemieTka — «#»), MeHbIIe («<»), Oonbie («>»), OONbIIe WIH PaBHO («>=»), MECHbIIIC WU
paBHO («<=»). [lyis OyneBCKHX NaHHBIX OIpeJeNeHbl OyJIeBCKHE KOHCTAHTHI true (MCTUHA, /1a) U
false (710b, HET) W TPAAUITMOHHBIC JIOTHUYECKHE omepanuu: not («~»), and («&»), or («|»), xor
(uckIroyaroniee Ui — «»), — ¢ TPAIAUIMOHHBIMU MPUOPUTETaMH. {7 CUMBOJBHBIX JAHHBIX HE
OTIpe/IeNIEHO HUKAKUX OMepalui.

B yueOHOM sI3bIKE OTpEeNICeHO JBa CIICIUATBHBIX THUIA JAHHBIX: TPOIEAYPHBIA U yKa3aTelb.
Jlis 3THX THUIOB B SI3bIKE CYLIECTBYET €IMHCTBEHHAs OIepalus — ONepanus NpUCBauBaHMUS.
3HaueHUSAMHU MPOLEAYPHOTO TUIA JAHHBIX SIBISIFOTCS MMeHa mporenyp u pyukumii. [Ipaktudecku
O00BEKTHI MPOIETYPHOTO THUIA HEOOXOAMMBI TOJBKO JUIS M3y4YEHHUS TEMBbl O Nepenade Mpouenyp u
(byHKIMH Kak TapaMeTpoB.

VYkazarenb omnpeieneH ¢ LEeNbl0 M3yYeHUs JAMHAMHUYECKUX CTPYKTYp HJaHHBIX. 3HAUEHHUEM
yKazaTelsi MOXKeT OBITh TOJIBKO aJipec 00bEKTa ONpeIeNIIEMOro THIIA U HUKAKOTO APYToro.

B s3bIke ompeneneH eIMHCTBEHHBIM arperat JaHHBIX — MAacCUMB. MacCuB — 3TO CTPyKTypa
JTaHHBIX, COJEprKalias HaOop 3JEMEHTOB OJHOTO THUMA. THIl 3IEMEHTOB MacCHBa MOXET OBITh
JT00BIM 10NYyCTUMBIM TUIOM si3blka SL. KommuecTBo »5eMEHTOB ompenensieT pasMep MaccHBa,
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KOTOPBIM BBIUUCISIETCS BO BpEeMsi paOOTHI MPOrPaMMBI, TIOSTOMY B KadecTBE pa3Mepa MOXKHO
3aJlaBaTh MPOU3BOJILHOE LIEJIOYUCICHHOE BhIpa)KEHUE, 3HaUeHHEe KOTOoporo Oombiie HyJs. Pasmep
MacCUBa MOXKHO TMOJIYYHTh ¢ TOMOIIBIO MeToa size() mmm pazmep().

JlocTyn K 351ieMEHTaM MaccUBa OCYLIECTBIISIIOTCS M0 UHAEKCY. MHAeKC — 3To 1eouncieHHoe
BEIpOKEHUE U 33JaeTCsl B KBAJAPATHBIX CKOOKax IOCJIe WMEHH MacCHBa. JJIEMEHThI MacCHBa
HyMepyIoTCsl, HauMHasg ¢ Hyjds A0 (pa3mep-1). Mupmekc mnpoBepsieTcss Ha KOPPEKTHOCTh MpH
00palleHNH K 3JIEMEHTY MacCHBa.

Maccussbl B sa3bike SL SBIAIOTCS OAHOMEPHBIMU, IO3TOMY MHOTOMEPHBIM MAaCCUB TPAKTYETCS
KaK «MacCUB MaCCHBOB MAaCCHBOB ...». Omneparuu ¢ 00beKTaMu-MacCHBaMH OTCYTCTBYIOT.

Tun maHHBIX «CTpOKa» B yueOHOM $3bIKE HE OIpeNeseH, OJHAKO CTPOKOBBIE JMTEPAIbI
npucyTcTBYIOT. CTPOKOBBIH JINTEpal MpeACTaBIsieT cO00i CUMBOJIBHBIN MaccuB, pa3Mep KOTOPOTo
paBeH KOJIMYECTBY CUMBOJIOB B CTpoke. EAMHCTBeHHas onepans, pa3peuieHHas ¢ MacCUBaMH — 3TO
MIPUCBAUBaHUE CUMBOJIbHOMY MAacCHUBY CTPOKOBOTO JuTepaina. [Ipu s3Tom pasmep mMaccuBa JOKEH
OBITH TOCTATOYHBIM, YTOOBI BMECTHTh BCE CUMBOJIBI CTPOKH (OTCEYCHUE HE JIOMYyCKACTCH).

B s3bike omnpeseneH eqMHCTBEHHBIN OMEPATOP, MO3BOJSAIONINN KOHCTPYHUPOBATH HOBBIE TUIIBI
naHHbIX. OnpenensieMblid THI — 3TO THUI JAHHBIX, KOTOPbI W3HAYalIbHO OTCYTCTBYET B SI3BIKE
MPOrpaMMHUPOBAHUsI U OMpeAeNseTcss nporpaMmMucToM. OmnpenensieMblii THUI KOHCTPYUPYETCS C
MOMOIUIBIO0 OJIOYHOTO (CM. HUXKE) ONepaTropa «THUIl». DTOT OMEpaTop SBJSETCS aHAJOrOM 3alKcH
(CTPYKTYpBI, KJlacca) B TMPOMBIIUICHHBIX SI3bIKaX MPOTpaMMHUpPOBaHUs. B HeM ykasbIBaeTCs uUMSs
HOBOT'O THIIa, KOTOPOE CBS3BIBACTCS C OMPEAEISEMON CTPYKTYpOoW NaHHBIX. B Tume 3amarorcs
HEOOXOUMBIC TIOJISI U METO/IBI.

Teno onpenensemMoro Tuma — 3T0 MPOCTPAHCTBO UMEH, B KOTOPOM BCE MMEHA JOJIKHBI ObITh
pa3nu4YHbl (TeM caMbIM TIeperpy3ka METOJOB B OJHOM KIJlacCe€ HE paspelieHa). DIEMEHTHI IO
YMOJYaHUIO SBIAIOTCS MPHUBATHBIMU. JII00OM 3JIEMEHT MOXHO OINpEeAENUTh KaK BUIAUMBIA Ha
YpOBHE TEKYIIETO MOAYJS, WIM KaK MyONUYHBIN, BUJUMBIA BO BCEX MOJIYJISX, UMIIOPTHUPYIOIIUX
nauubiid. [Tonst onpenensieMoro Tuma MOXHO OOBSBUTH ¢ Moaudukatopom readonly (Toibko 1ist
YTEHUS).

Tonpko 00BEKTHI ONPEEISIEMOr0 TUIIA MOTYT CO3aBaThCsl AMHaMu4uecku. HoBbIi TUI MOKeT
OBITH ONPEJEIICH TOJIHKO B MOAYJE, M UMs TUIA BUIHO C MOMeHTa oObsiBneHUs. B s3pike SL He
CYIIECTBYET HUKAKHUX ONepanuii ¢ 00beKTaMH ONpeeIIeMbIX TUIIOB, KpOME MPUCBANBAHUS.

Omneparopsl B s3bike SL AensaTcs Ha JABa BUJA: MPOCThie W OnouyHble. biodnHble omepaTtopbl
HAYMHAIOTCSI C 3aroJioBKa M 3aKaHYMBAIOTCS KIIIOUEBBIM CIIOBOM «KOHE». biiouHble omepaTopsl
COJIEp>KaT IMOCIIEIOBATEILHOCTh OMEPATOPOB BHYTPHU ceOs. DTa MOCIEA0BATEIHHOCTh OMEPATOPOB
Ha3bIBAETCs TeJIOM OJOYHOro omepartopa. biouHbIMH omepaTopamu SBISIOTCS ONEpaTOPhl IUKIIA,
YCJIOBHBIE OMEPATOPHI, ONMEPATOPHI ONMPEACICHUS MOAIPOrpamMM, ONEpaTop ONPEACICHUS MO U
orepaTop OIpeeIeHHs TUIIa.

[Ipocteie onepaTopsl Tena He UMeroT. [IpocThie onepaTopbl TakkKe HAUMHAIOTCSA KIIIOUYEBBIM
CIIOBOM, HO 3aKaHYUBAIOTCS CUMBOJIOM «TOUKa € 3amsaToi» («;»). K mpocThIM OTHOCSTCS onepaTopbl
OOBSIBICHUSI KOHCTAaHT M TEPEMEHHBIX, OINEpaTop MpPHCBaMBaHUS, OIEPATOPHI BBOJA-BBHIBOJA,
orepaTop BbI30Ba MPOLEAYPHI, ONEPAaTOp BO3BpaTa U3 MOAMPOrPaMMBbI, OMEpaTOp UMIOPTA.

OObsBlIeHHE KOHCTAHTHI TpPHUCBAWBAeT UMsS (MISHTU(PUKATOP) HEKOTOPOMY 3HAYCHHIO.
Oneparop HauyMHAETCs KIIOYEBBIM CIIOBOM «KOHCTaHTa», U JUISl KaXKIOW KOHCTAHThI HEOOXOAMMO
YKa3bIBaTh THI, UMS U BBIPA)KEHHE, 3HAYEHUE KOTOPOTO M CBS3BIBACTCS C 3aJaHHBIM HMEHeM. B
s3pike  SL pasperieHo OOBSABIATH KOHCTAHTBHI TOJIBKO JJIGMEHTAPHBIX THIOB. AHAJIOTHYHBIN
CHUHTAaKCHC HMMEET OIEepaTop OIpEACNICHUs] MEPEeMEHHBIX, B KOTOPOM BMECTO KIIIOYEBOTO CJIOBA
«KOHCTaHTa» 3aJaeTcsl CIOBO «IepeMeHHas». B KkauecTBe THUIIOB MOTYT HCIOJB30BaThCA BCE
OIMMCAHHBIE BBIIIE TUITBI, CHHTAKCUC KOTOPHIX MOKHO MPEICTABUTH CIEAYIONUM HAOOpOM MpaBUIL.

Tonpko mepeMeHHbIe 3JIE€MEHTApHBIX THUIIOB pa3peliaeTcs HWHUIHMAIU3UpOBaTh siBHO. [Ipu
OTCYTCTBUHM HWHUIIMAIM3ATOPOB TEPEMEHHBIC YHUCIOBBIX THIIOB OOHYISFOTCS, a JIOTHYECKUM
npucBauBaetcst false. VYkazarenun u mnepeMeHHbIE MPOLEAYPHBIX THUIIOB MpU OOBSIBICHUH
WHUITHAIM3UPYIOTCS CHCTEMOW CHelualbHbIM 3HadeHueM null. [[ns 31eMEHTOB MacCHBOB
JEUCTBYIOT T€ YK€ MpaBuia.
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Oneparop mNpuUCBaMBaHUS HAYMHAETCS KJIIOYEBBIM CIOBOM  «IIPUCBOUTH» M HUMEET
TPaIULMOHHBIN BUJ: ClI€Ba epeMEHHas (3JIEMEHT MACCUBA, IOJI€ 3aIllUCH), CIIPaBa — COBMECTUMOE
I10 IIPUCBAaUBAHUIO BBIPAKEHUE.

Omneparop BBI30Ba NPOLEAYPHl HAYMHACTCA KIIOYEBBIM CIIOBOM «BBI3BaTh», 3a KOTOPBIM
ClIelyeT UMs IIPOLey Pl U CIIUCOK [TapaMeTPOB.

Oneparop BBOAA HAaYMHACTCA KIIOYEBBIM CIIOBOM «BBECTH», 32 KOTOPBIM CIEAYyeT UM
IepeMeHHON. BBoauTh paspemniaercs AaHHbBIE TOJBKO 3JEMEHTAapHBIX TUNOB. OmnepaTop BbIBOAA —
9TO KJIKYEBOE CIIOBO «BBIBECTW», 3a KOTOPBIM CIEAYET BbIpaK€HUE. BBIBOAMTH paspemactcs
TOJIbKO 3HAYEHUs 3JIEMEHTaPHBIX TUIIOB.

VYcinoBHBIN omeparop sBiIAETCS OJIOYHBIM M HUMEET TPaJULHUOHHBIA BHJ: HAYMHACTCS
KJIFOUEBBIM CIIOBOM «ECIW» U 3aKaHYMBACTCA KIIOYEBBIM CIOBOM «KOHEI». B Teno omeparopa
MOKET OBITh BCTaBJE€HAa OJlHA BETBb «HMHAu€» M IPOU3BOJIBHOE YUCIO BETBEH «a_ecinm» (B
aHTTIUICKOM HOTalH «else if)).

B skcnepuMeHTanbpHBIX HEnAxX (Ui U3ydeHus yao0cTBa ucnonb3oBaHus) B SL onpenenex
0000I1IEHHBIN YCIOBHBIN ONEPaTOp, KOTOPBIA UMEET CIACAYIOMINN BU/I B aHIIMHCKOI HOTaLlUU:

if

| oxpaHa: OIepaTOpPh;

| oxpaHa: OIepaTOpH;
else

OIlepaTOPEHL;
end;

dopMar 3TOrO omeparopa coBmamaeT ¢ ¢opmMaToM YCIoBHOro oreparopa [edkctpor [2],
OJTHAKO CEMaHTHKa CYIIECTBEHHO oTiaudaercs. Omeparop JeHKCTpbI MO OINpeNeNeHUI0 SBISEeTCS
HEJIETEPMUHUPOBAHHBIM (OJJHA M3 OXpaH BBIOMpAETCS CIydallHBIM 00pa30M), UYTO HEMPUEMIIEMO
npu OO0yuYeHUHM MPAKTUYECKOMY MPOrpaMMHUPOBAaHMIO. B Hamiem BapuaHTe OXpaHbl (OyJeBCKHE
BBIPQXKEHUS) HE SBISAIOTCS B3aUMOMCKIIOYAIOMIMMU, M BBIMOJHSIOTCS T€ TPYIIBI ONEPaTopoB,
3HAUEHUs OXpaH KOTOPHIX HMCTUHHBI. ECIU Bce OXpaHbI JIOXKHBI, TO BBITIONHSETCS BETKa else
(KoTOpast MOXKET OTCYTCTBOBATH).

OTtoT omepaTop sBiseTcs Oosnee oOmiel (opmMoill YCIOBHOTO omeparopa M MPaKTHYECKU
BBINIOJTHSAET (PYHKIIMH ONlepaTopa-nepeKoyaTesis, KOTOPBIN B S3bIKE HE OIMpeIeyeH.

B y4eOHbIi SA3bIK BKIIOYEH TOJBKO OJMH TPAaTUIMOHHBIN orneparop mukia — nukia while. C
MTOMOIIBIO 3TOTO IHUKJIa MOJAETUPYIOTCS Apyrue (popmbl onepaTopoB IHMKIA. B skcnieprMeHTanbHbIX
nensix (Iuist u3ydeHus: yaoOcTBa ucnonb3oBanusi) B SL onpeneneH mukn JleiikcTpsl [2], KOTOpHIii
HMMEET CJIEAYIOUIMNA BU B aHIJIMHCKON HOTAIUU:

do
| oxpaHa: OIepaTOpH;
| oxpaHa: OIepaTOpH;

| oxpaHa: OIepaTOph;
end;

Kaxk ommcano B [2], oxpanbl (OylIeBCKHE BBIPAKCHUS) HE SBIISIOTCS B3aMMOUCKITIOYAIOITUMHU,
W BBIIMIOJIHAKOTCA TC I'PYHIIBI ONICPATOPOB, 3HAYCHUA OXpPaH KOTOPBIX UCTUHHBI. HI/IKJI BBITIOJIHACTCA
710 T€X IOp, TOKa XOTsI Obl O/IHa OXpaHa UCTUHHA.

Jlnst moAsiep> KKK TpOLeTypHOM MapaJurMbl B SI3BIKE OINpPENENIeHbl MPOIEeIyphl U (PYHKLUH,
KOTOpBIE TPAJIULIMOHHO COJEPKAT 3ar0JI0BOK U TEJIO:

npouenypa (napaMeTprl) KMMA

OIepaToOPH;
KOHEell UMHA;

OyHKIHS OTIIMYAETCS 3ar0JIOBKOM, B KOTOPOM YKa3bIBAETCsI BO3BPALLAEMBbI TUII:

byHKUMSA (IapaMeTpPHl) : TUII MUMS
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BosBpar u3 mpouenyp OCyLIECTBISETCS ONEpaTOPOM «BEPHYTH» 0€3 aprymMeHra. DTOT XKe
orepaTop ¢ apryMEHTOM-BbIpaXXEHUEM HCIIOJIb3YETCs AJI BO3BpaTa pe3yibTrara u3 (pyHKIUH.

B tene pynkumu pa3pemaeTcst OObSIBIATH IEPEMEHHBIE, KOTOPHIE SIBIISIFOTCS JIOKATHHBIMU TSI
(GyHKIMM W BUJIHBI C MOMEHTA OOBsIBICHUSA. Teno GyHKIHMH MpeACcTaBiIseT coO0H MPOCTPaHCTBO
HUMEH, TIOATOMY BCE OOBSBIIIEMbIC UIMEHA U UMEHA IMapaMEeTPOB JIOJDKHBI OBITH PA3IHYHBI.

Tunsel mapamMeTpoB M BO3BpAIIAEMOI0 pe3yjbTaTa MOTYT OBITh JIOOBIMH JOIYCTHUMBIMU
tunamu. [lapaMeTpbl MOTYT OBITH BXOJHBIMU, BEIXOIHBIMH HITU TIEPEMEHHBIMH.

MeToabp1 MOTYT OBIThH ONpeAETeHBI TOJIBKO B TeJe olpeaessieMoro Tuma. B 3aronoske Merona
SIBHO YKa3bIBACTCSl JOTIONHUTENBHBIN MapaMeTp — aHajlor HeBuauMoro mnapamerpa this B C-
MOA0OHBIX 00BEKTHO-OPUEHTUPOBAHHBIX S3bIKAX.

Jliis moaep KK MOIYJIBHOCTH B Y4€OHOM SI3BIKE OTMpeeieHa sSIBHAsS KOHCTPYKITUS MOJYJIS,
aHAJIOTMYHAasl KOHCTPYKIMU MoyJs B s3bike KomnonenTHei [lackans [3]. Moaynb 10IKEH UMETh
YHUKQJIBHOE MMSI M BKJIIOYAET JIBE CEKI[MU: CEKLHIO ONMPEACNICHUM M CeKLUI0O MHULMaIu3anuu. B
CEKLUHU OMpeeNICHNI 3aJal0TCsl CIIMCOK UMIOPTUPYEMBIX MOJyJiel (€CIU OH €CTh), ONpeesIeHre
TUIIOB, KOHCTAHT, IEPEMEHHBIX, U HE3aBUCUMBIX TIPOIEAYP U QYHKIIUH.

Teno monyns sBI€TCS MPOCTPAHCTBOM MMEH, TO3TOMY BCE MMEHA, ONPEICIICHHBIE B CEKIIUU
WHUIUATH3AIH, TOJKHBI OBITh pa3iudHbl. VIMsI CTAHOBUTCS BUIUMBIM C MOMEHTA OIPEICICHHSI.
[To-yMomyanuio Bce MMeHa JIoKajabHbl B MoayJie. Ho moboe uMs MOKHO SIBHBIM 00pa3oM caenathb
MyOJIMYHBIM, TOCTYIHBIM B IPYTUX MOIYJISX IMPU UMIIOPTE AaHHOTO. [lepeMeHHbIe, 00BSBICHHBIC B
CEKIIMY MHUIMAIN3ALUH, IBISIOTCS JIOKATBHBIMU B 3TOM CEKLIUU.

BrinonHseMo mporpaMMon ABJISIETCS MOAYJb. B CeKMM MHULMAIA3AUUU MOAYJIS 3aaeTCs
MIOCJIEIOBATEIILHOCTh ONEPAaTOPOB, KOTOPBIE BBIMNOJHIIOTCA IPU 3arpy3ke MOAYJS B IAMSTh.
Cek1ysi MHUIIMATH3AIMN — 3TO HEMMEHOBAHHAs MPOIEeaypa, BhIMONHsAeMas niepBoid. OObsBICHHBIC
B HEel TIepeMEHHbIC U KOHCTAHTHI SBJISIOTCS JIOKaJbHBIMU. B 3TON ceKlnu MOKeT ObITh 3aJjaH BHI30B
mo00i Tporeaypsl, GYHKIMKA WIH METOJa, OMPEACcIEHHBIX B CEKIMH OOBsSBICHUN. BhImomHeHHEe
ONEepaToOpPOB CEKLNH HAYMHAETCS MOCIIE 3arpy3KH UMIOPTUPOBAHHBIX MOYJIEH.

B obmem cnyuyae mporpamma mpezcTaBisieT coboit Habop MoJynel, mepBblii U3 KOTOPBIX
SBHBIM 00pa3oM 3aIlycKaeTcsi MPOrpaMMMCTOM, a OCTajbHbIE 3arpy’kaloTcs B HaMATh Ui
BBITOJIHEHUS 110 MEpe HEOOXOAUMOCTH.

2. Ilpumepsnl HCIOJIB30BAHUS YUEOHOT0 A3BIKA MPOTrPAMMUPOBAHUS

PaccMOTprM HECKOJIBKO TPOCTBIX MPUMEPOB IpOrpaMM Ha ydeOHOM s3bike. Kak yxe
MPUHATO B KOMITBIOTEPHOM MHUpe, niepBas mporpamma — HelloWorld.

# TlepBas nporpaMMa Ha ydyeOHOM s3HKE — 2TO KOMMeHTapuit #
mMonyJsib HelloWorld
HayaJo
BeiBecTHu “lpuBeT, Mup!”;
xoHel HelloWorld.

BTtopoii npumep — Beruncienue ¢pakropuaia (B aHTJIUHCKOW HOTAIUN).

module Factorial

begin
variable integer i := 1;
variable integer current := 1;

constant integer N = 20;

while 1 < N do
let current := current * i;
let i := 1 + 1;
output current;
output ‘\n’;
end while;
end Factorial.

Tpetnii mpumep — MOIylb, B KOTOPOM pealin3oBaHa MpocTas (PyHKIUS Ui BBIYUCICHUS
CIIyYalHBIX YHCEII.
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MOIyJib PaHIowm
IepeMeHHas lejioe x := 5;
# OoTkpHTas GYHKLUMS — OOCTYNHA B IOPYTUX MOIYJIAX #
OTKPHT OGYyHKLUMSA (BXOIHOM LieJioe MMH, BXOIHOM lejioe MakcC) :lejioe PaHIOM

KOHCTAaHTa Lejioe a := 2147483647;
KOHCTAaHTa uejioe b := 48271;
KOHCTAaHTa leJjioe c := 44488;
KOHCTaHTa uejioe d := 3399;
OpUCBOUTL X := b * (x $ ¢c) — d * (x \ ¢);
eciim x < 0 Torma
IPUCBOUTL X := X + a;
KOHEell BeTBJIEHUS;
BEPHYTb X % (Makc — MMH) + MUH;
KOHEell PaHIoM;
HayvaJo

KOHel, Panpgowm.

Ucnonb3zoBanne Mopaynst PaHoOM MOKa3bIBaeT CIAEAYIOIIUA MNpUMEP, B KOTOPOM MACCHUB
3aIIOJIHACTCA CJIy‘-IElﬁHBIMPI qucijiaMH U BBIBOAUTCA.

MonyJib CiiydanHeiMaccus
NOOKJIIUMUTE PaHIIoOM;

KOHCTaHTa ueJjoe pasmep := 10;
IepeMeHHasd MacCub [pas3Mep] Lejioe a;

npouenypa () MuuumanmzaumsaMaccuea
nepemeHHasa uejoe u := 0;
noxka u < pasMep NOBTOPSATH
npucBOouUTbL al[m] := PanmoMm.parnnmoMm (0, 50);
IPUCBOUTL M := u + 1;
KOHEell LMKJa;
KOHel VHuumamnmsauuaMaccuea;

npouenypa () BemeecTuMaccus
nepemeHHasa uejoe u := 0;
noka um < pasMep MIOBTOPATH
BEIBECTU a (U] ;
BuBecTu ‘\t’;
IPUCBOUTL M := u + 1;
KOHell LMKJa;
KOHel, BeiBecTMMaccus;
HayvaJo
BEI3BATH MHMLIMaIMz3auusaMaccuna () ;
BEI3BATh BrBecTuMaccus () ;
koHel ClydyaMHBIMMaCcCUB .

3. CeMaHTHYeCKHIl peaKTOp

Jns HaOopa ¥ BBIOJHEHHMA MporpaMM Ha yduyeOHOM sA3bIke Obuta pa3paboTaHa
WHTerpupoBaHHass cpena Semantic IDE, cocrosmas w#u3 CeMaHTHYECKOTO pEAaKTopa |
UHTEpIpeTaTopa. BHemHui Bua cpenbl nokasaH Ha puc. 1.

[lenTpanpHOE OKHO — OKHO peAakTopa kona. CieBa — BKJIAJIKa OTJIaBJICHMS CIIPAaBKH, CIIpaBa —
OKHO IPOEKTa (TOKE CBOpAuMBAIOIIEECs BO BKIAJKY), BHU3Y — OKHO co0o0meHuit 06 ommbkax. [Tpu
BBIIIOJTHEHUH TIPOTPaMMBI CPEZA NMEPEKITI0YACTCS B OKHO KOHCOJIM, B KOTOPOM NPOTrPAMMMCT 3a1a€T
BXOJIHBIC JAHHBIE U B KOTOPOE BBIBOJSATCS pe3ybTaThl paboThl nporpammsl. [lpu pabote B cpene He
OTKPBIBACTCSI HUKAKUX JOIOJHUTEIBHBIX OKOH CO CTOPOHBI OIIEPAlIUOHHON CHCTEMBI.

PenakTop xozma — 3T0 He TPAaJUIMOHHBIN TEKCTOBBIM penakTop. B Semantic IDE peanuzoBan
ceMaHTH4YecKni pemakTop. Kak Obi1o onmmcano B padote [1], ceMaHTHUECKHI PEAAKTOp ONEepUpPyeT
HE CUMBOJIaMH, a omllepaTopaMu y4ueOHoro si3bika. [103ToMy, BO-TIepBBIX, OOIBIIMHCTBO JIEMEHTOB
olrepaTopa cpa3y BCTaBISIOTCA B KOJI B NPAaBUIBHOM BHUJE, U, BO-BTOPBIX, MTOJHOCTBIO HCYE3AIOT
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omnOk1 Habopa KIIOYEBBIX CIIOB. PenakTop MO3BOJIIET CHUMBOJBHBIA BBOJ TOJBKO B CTPOTO
ONpeJIETEHHBIX MO3UIUAX oneparopa. Hanpumep, B oneparope «nepeMeHHas» pa3pelieHo BBOJUTH
IIOCUMBOJIBHO TOJIBKO UMS IEPEMEHHO.

AHAJIOTUYHO BBINOJHACTCA YIOAJICHHE — YAANAETCS BCS KOHCTPYKUus LenukoM. Ecnm ke
olepaTop He yJaJseTcs, TO pa3pelaeTcs 3aMeHa 3JEMEHTOB oneparopa. Hanpumep, B oneparope
«TepeMeHHasH MOKHO 3aMEHHMTh TUI IEPEMEHHOMU, BBIOPAB €ro U3 CHHUCKA MPEeJIOKEHHBIX THIIOB.
ToyHO Tak e mpe;IaracTcsi CHUCOK BHUIUMBIX B JIaHHOM TOYKE HMMEH IEPEMEHHBIX, €CIIU
MIPOrPaMMHUCTY MOTPeOOBAIOCH 3aMEHUTH UMsI IEPEMEHHOM.

] | AAKTAROB: | Semantic Studio o= | ]
W MNpoekt Hacrpoiikn ﬂpuij:jinma & Q
@ X
¥ = =] [ = s [+ ©
CospaTe OTkpbTe CoxparuTe Hoewd Braunte Woknwuute  Caenate Janyck
CTAPTOBEIM
Mpoekt Moayan Otnagka
Tectknacca PexkypcuaCleymaBoizosamu 5 X [poekt 1 X
ol E\r-mnynb PekypcHACABYMABLIZOBAMU 4 Examples
E - - BrixoaVadyHKLMH
2|2 |- lbyHKUMA (EX0AHOR Uenoe X):uence PekypcuA
= h NepegadaNoCeninke
B ()3 | [-Jecnn x >= 6 Torga
| 5 MysbipsKOBaACOPTHROBKS
4 | eepuyrs 1; TectBupaxeri
5 KOHEL, BETBNEHUA; H Teaknace
6 BepHyTe Pekypcua(x + 1) + Pekypcua(x + 2); TectMHoromepHoroMaccusa
7 ..KoHeu Pekypcua; Onepaumsfoctyna
8 Ha4ano TecrMNapameTposdyHKL AN
9 # llonkio nony4aTeca # PekypcuatdeymaBezosamu
1e BLEECTH Pekypcua(2); TecrCeainouHOCTH
11 BhBECTH “\n"; Tectykasatens
12 akTopuan
13 & 4 Wairarama
12 # lonxHo Nony4aTecA - MpoueayPHETHA
s BHBECTH Pekypcua(3); Hossiii Mogyne
16 KoHel PexypcuAaC[eyMABuIZ0EaMM . TecrAECAN
PaHgom
HelloWerld
Owmbkn a3 X
Tan ownBkn OnucaHne ownBkn Vg mogyns Homep crpokm
Ownékn | KoHcons
1.00 (=) U o)

Puc. 1 — Bremrnnii Bun Semantic IDE

PenaxTop crneaut 3a IEHCTBUAMHU MPOrpaMMHUCTa U cOO0IIaeT 00 omudKax B MOMEHT Habopa
nporpamMmbl. Hampumep, npu ommOke B HamMCaHUM MMEHHM NEPEMEHHON B BBIPAKEHUU B OKHE
OLIMOOK MTHOBEHHO MOSBIISETCS COOOIICHUE O TOM, YTO JAHHOE UMS IIEPEMEHHOM HE OMUCAHO.

Taxkum 00pa3om, HaOOp KoJIa MPOrpaMMbl TPEOYET MUHIUMAIHHOTO KOJIMYECTBA JEHCTBUMA OT
MPOTPaMMHUCTA, U TIPU 3TOM CYIIECTBEHHO COKPAIIIAETCs KOJMYECTBO OLTHOOK.

[Tomumo Habopa TekcTa MporpamMm, peAakTOp MO3BOJSET MPOBOAUTH pedakTOPUHT KOAa.
OmnpenesneHsl M pealn3oBaHbl onepanuu pedakTopuHra it pa3HooOpa3HbIX BOSMOXKHBIX CHUTyalui
IIPU CO3JIaHUM KOJa, M PEJaKTOp BbIJAET MOJCKAa3KW MPOrpaMMUCTY B BHJE CIHUCKA JOCTYIHBIX
orepanuii peakTOpUHTa B KOHKPETHOM CUTYAIHH.

[Tomumo Koma, penakTop TMO3BOJSET HAaOUpaTh JTHOOOW TEKCT B y3JIaX-KOMMEHTapHsIX.
KommenTtapuii MokeT OBITh HamucaH Kak B KOJE IMpOrpamMMbl, Tak W BHe ero. Kpome Toro, B
KOMMEHTapUii MOXKHO BCTaBIIATh PUCYHKH M JI000M TekcT u3 Oydepa obmena. lpudt
KOMMEHTapHsl MOKHO HAaCTpauBaTh 0ObIYHBIM Ui cucteMbl Windows o6pazom. Bee 310 mo3Bosser
HEMOCPEACTBEHHO B PEJAKTOpE Cpellbl TOTOBUTH OOydarollue MaTepuaibl, MPUYeM B JIOKyMEHTE
MOJKET COJIEPKAThCs KO MPUMEpPa, KOTOPBI MOKHO BBITIOJHUTS.

OTMeTHM, YTO CIpaBOYHAsI CUCTEMA PEaM3yeTCs YK€ B CaMOM MHTETPUPOBAHHOM cpeze 0e3
UCTIOJIb30BAHUS CPEICTB ONEPALMOHHON CUCTEMBI.

4. UnTepnperarop

PesynbraTrom paboThl pemakTopa Kojaa SIBISIETCS CEMaHTHYECKOE JEPEBO MPOTrpamMmbl (CM.
puc. 2), KOTOpoe SBJIETCA BXOJHBIM Ul MHTeprpeTraropa. Kakaslii y3en nepeBa IpencTaBiseT
OTIENbHBIA oOmepaTop NporpamMmbl (WM KOMMEHTapuil). B kaxmom y3ne JBe CCBUIKA: Ha
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CIeNyIOIMNA y3el U Ha BJIOKEHHbIA. ClenyIomuid y3el — 3TO CIEAYIOLUNA omepaTop B KOJE
nporpamMMbl. Takum o0Opa3oM, IMOCIENOBATEIbHOCTh ONEPATOPOB IPEJICTABIAET COOOM CIHMCOK
y3JI0B CEMaHTUYECKOTO JiepeBa. JlouepHHil y3en npencTaBiseT coooi Teno 6o4Horo onepatopa. B
KOKIOM Y3JIe XpaHATCs Bce JaHHble omneparopa. Hampumep, ysel, NpeacTaBisMiOIUN OnepaTop
IIpYCBaUBaHMs, XPAHUT CCBIJIKY Ha UM IEPEMEHHOM U CCHUIKY Ha BBIYMCIIIEMOE BBIPAKEHUE.

EnvHunel HHTEpIpeTanuy sA3bIKa ABIIETCS y3€ CEMAHTHYECKOTO AEPEBA, TO €CTh ONEPATOP.
ITpu 3TOM Ka)Iblid y3€I1 Iocie HEMOCPEICTBEHHO CBOSH MHTEPIIPETALMH BhI3bIBACT 0a30BBIN METO
uHTepnperanuu. Ha s3eike Semantic Language ¢ umcmosb3oBaHueM O0OOOIIEHHOTO YCJIOBHOTO
oreparopa OH BBITJISAUT CIEAYIOIINUM 00pazoMm:

MeTOon (Ys3eJ 3TOT) VHTepnpeTMpoBaTh ()
ecnu
|aToT.douepHmuin # nycTo () :
BHIBBATH O2TOT.J[ouepHUl.HTeplIpeTupoBaTh () ;
|3ToT.Coenyommii # nycTo () :
BHIBBATH 2TOT. Cllenyioumuyi./HTepnpeTUpOoBaTh () ;
KOHELl BETBJIEHUS;
BHI3BATH INaMATh.CobpaTeMycop () ;
KOHell VHTepnpeTUpOBaTh;

Takoil moaxoa MHTEPIPETUPYET MPOrpamMMy IPOCTHIM 00XOJOM CEMaHTHYECKOIo JepeBa B
ryOuHY C 3allyCKOM MpOoIenyphl MHTEpIpETalMu y TeKymlero omepartopa. Kaxnapli omepatop
peainzyeT COOCTBEHHYIO MPOLIEAYPYy UHTEPIPETAIIH.

ﬁ.

@O
O

Puc. 2 — Bux ceMaHTHYIECKOTO JepeBa MPOrpaMMbl

TakuMm oOpa3zoM, o0mas cxemMa HHTEPIPETAUNA MOXKET OBITh IPEJICTABICHA B BUJIE PEKYPCUU
CJIEIYIOIIUM 00pa3oM:

1. BpinonHeHue AeHCTBUM, XapaKTEPHBIX AJI JAHHOT'O ollepaTopa.

2. IlpoBepka Ha HaJIW4Me JOYEPHETO dJEMEHTA. B ciydae ero CymecTBOBaHUA — 3aMyCK
HpOLENYPEI HHTEPIPETALUY Y TOUYEPHETO DIIEMEHTA.

3. IlpoBepka Ha HamuMyue CIEAYIONIETO 3JeMeHTa. B ciydae ero cymecTBoBaHUS — 3aIlyCK
MPOLEAYPbl HHTEPIPETALUMU Y CIHEAYIOLIEr0 3JeMeHTa. MHauye — O4YHMCTKAa NaMsITH OT
00BEKTOB, BEIIIEIIINX U3 00J1aCTH BUIUMOCTH.
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4. Tlpouecc HHTEpIpeTalli HAYMHAETCS C BBI30BA JIIOOOW mpoueaypsl WM (DYyHKIHH,
3aJ]aHOTO B CEKIIMW MHUITUAIN3AIIUN MOJTYJIS.

5. B ciay4yae BOZHMKHOBEHMS OIIMOKHM MPOILECC MHTEPHPETAMU MPEPHIBACTCS, U YIPABICHUE
nepemaercs cpene. llporecc WHTEpHpeTalMy TAaKKe IMPEPBIBACTCS MPH HHTEPIPETAUN
orepaTopa, MOMEYEHHOTO KaK «OCTaHOBOYHBIM.

JlanHas cxema XapakTepHa Juisi OOJIBIIMHCTBA OmepatopoB (Tabin. 1), 3a MCKIIOYEHHEM
orepaTopa YCIOBHOTO Mepexo/ia v oneparopa IuKIia.

Tabmuua 1. OnepaTopsl a3b1ka Semantic Language

Haszpanue MexaHn3M HHTEPIpPETAUU

IIEpEMEHHa, Co31a10T COOTBETCTBYIOIIUI OOBEKT B MAMSATH

VHULAAIN3UPOBAHHAS

IIEpEMEHHas,

KOHCTAaHTA,

MAaccCHB,

oJie

THIL He wuHnrepnperupyerca. IlpencraBnsercs Kak Kiacc B IAMATH
IIPOrpaMMBbl Ha 3Tare CEMAHTHYECKOr0 aHaJIN3a.

BbI3BATh ITpon3BOIUT MHTEPIPETALIMIO IPOLEAYPHI, YKa3aHHYIO I10JIb30BATEIIEM.

BEPHYTh [Ipon3BOAUT BBIUMCIEHUE BBIPAXKEHHE U BO3BPAIAET IOJYYEHHOE
3HAa4YeHHWE OIepaTopy, BbI3BaBIIeMy JAaHHyl0 ¢yHkuuoo. [Iporece
UMHTEpIpEeTaly (PYHKIUN TPU STOM MTPEPHIBACTCS.

IycTas CTpoKa Hcnons3yer 6a30BbIi METOT MHTEPIIPETAITIH.

MOAYJIb He unrepnperupyercs.

HayaJio HNHTepnpeTrpyeTcst Kak BEI30B HaYaIbHOW (TJIABHOW) MPOIICTYPHI

KOMMEHTapHUu Vcnonb3yeTr 0a30BBI METO HHTEPIPETAIHH.

WHa4e Hcnons3yer 6a30BbIi METOT MHTEPIIPETAITIH.

byHKIMA, Co3zparoT JI0oKaJabHbIE NIEPEMEHHBIE WM IICEBJOHMMBI JJIsl MapaMeTpOB.

npouenypa, KoHTponnpyroT ypoBeHb cTeKa NaMsTH.

METOJT

BBECTH [IpepsiBaeT  BBITOJIHEHWE  MPOTPaMMbl M 3alpAlIUBA€T  BBOJ
nosib3oBareds. [locie BBOJa po10JKAET BHIIIOJIHEHUE IPOTPaAMMBI.

BBIBECTU BBIBOANT CTPOKY Ha KOHCOJIb.

Omneparop YCIOBHOTO MEpeXojia «EClW» BBIUUCISAET 3HAYEHUE JIOTUYECKOTO BBIPAKECHMS,
OOBSIBICHHOTO B YCIIOBHH, M B CJIy4ae JIO)KHOTO BBIPQXCHHS TEpeqacT YIpaBICHHUE TOYEpPHEMY
orepaTopy omneparopa «vuHaue». Eciu onepaTop «uHaue» OTCYTCTBYET, TO YIIpaBJICHUE MepeIaeTcs
COTJIACHO CTaHJAPTHOM cXeMe MHTEPIPETALINU.

Oneparop 1ukia 3amycKkaeT Mpolecc UHTEPIPETAlUU y CBOETO JOUEPHETO 3JIEMEHTa, MoKa
BBIp2KEHUE UCTUHHO, NHAYE MIepPeIaeT yIpPaBICHHE CIeAYIOIIEMY OIepaTopy.

5. Opranuszauusi namMsaTH

BupryanpHas MamuHa A si3plka SL MMeeT cTekoByro apXUTeKTypy. CTek mamsaTu paszelieH
Ha KaJpbl, K&KIbIA U3 KOTOPBIX UMEET MopsAakoBbid Homep. Kamp crexka ¢ Homepom O siBisieTcs
rI100aTbHOM 00IACThIO MAMSITH, KOTOpasi CO3JaeTCsl TIPU 3aIlyCKe MPOTrpaMMbl U KUBET IO KOHIIA €€
BBINIOJTHEHUS. B Hell XpaHsTcs Bce TioOanbHble OOBEKTHI, OOBSIBICHHblE B mporpamme. llpu
BBI3OBC IHOANPOTrpaMMbI B CTCKC CO34aCTCsA HOBBII KaJp CO 3HAYCHHCM Ha CIAWHHUIY 60.HBH_IC
MpebIAyIIero, MpU BBIXOJAE W3 MOANPOTrpaMMbl 3TOT Kajap yaansercs. OJHAKO CChUIOYHBIC
MEpPEeMEHHbIE (HAMpUMeEpP, OOBEKTHl THUIOB) OCTAIOTCS B MaMATH. OJTO TMO3BOJIICT MPUMEHHTH
CCBUTOYHYIO TIapaaurMy 0e3 ykazaresneit (kak, Hampumep, B si3bikax C# u Java), peannzoBaB cOOpKy
Mycopa.

Kaxnprit 0OBEKT B CTEKE COIEPKUT CCBUIKY, IO KOTOPOM K HEMY MOXKHO OOpaTHUTHCA.
BupryanpHas MammuHa XpaHUT CIOBaph MMEH BPEMEHHU BBIIIOJIHEHUS, CBSA3BIBAIOIIUN HMMEHA
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00BEKTOB B IporpaMMe ¢ 00bekTaMu B namsTu. [Ipu oOparennn Kk 00bEKTy 10 €ro MIMEHU CHavasa
BBIYHCIIIETCSI CCBUIKA, a IOTOM, €CIM 3TO Heo0XOoaMMo, BoO3Bpamaercs oO0BekT. Bompoc o
HEOOXOMMOCTH BO3BpAIEHUS] HEMOCPEICTBEHHO OOBEKTa WM CCBUIKM Ha HEro B OIepaluu
NPUCBaMBaHMs OTKPBIBACT MHTEPECHBIH aCTIEKT apXUTEKTYPHI YUCTO HHTEPIIPETHPYEMOTO SI3BIKA.

Pa3Hble MPOMBIIIICHHBIE SA3BIKA PELIAIOT 3Ty MPOOJIEMY TOJIBKO OJHUM M3 JIBYX CIIOCOOOB.
Hampumep, C++ xomupyer o0bekThl, a C# u Java — cChUTkH. DTO perieHue 3aUKCHPOBAHO B
peanu3ali TPAHCIATOPOB U B peaIM3allMd BUPTYaJIbHOH MAIIMHBI fA3bIKAa. 3aMETHM, 4YTO B
UMIIEPATUBHBIX S3bIKaX OOBIYHO MOXKHO pPEaJH30BaTh AIbTEPHATUBHBIN PEXUM KOMHPOBAHUS
BPYYHYIO, HalTUCaB COOTBETCTBYIOMIMNA KOI.

[Ipn mCToNB30BaHUM YHUCTOTO MHTEPIPETATOPA BO3HUKAET BO3MOXKHOCTH B paMKax OJHOM
peanu3ali HUCIONb30BaTh 00a monaxoxa. Ilomp3oBarens ycTaHaBIMBaeT (CpeACTBAMH CpEbI)
HEKOTOpbIi ¢uar. Ecam monmp3oBaTens peMIMI  HCHOJB30BaTh KOMHPYEMBIH TMOAXOM, TO
MHTEpHpETaTop paboTaeT B PEeKUME KOMUPOBAHUS OOBEKTOB. OTMETHM, YTO NPH ITOM MOKHO
peann3oBaTh pa3HbIC PEKMMBI KONMPOBAHUS: HEMOCPEACTBEHHOE KONMMPOBAHUE WM («JICHHBOEY
KOIIMPOBAHUE, MPH KOTOPOM peaibHOE€ KOMHMPOBAHUE OTKIAJBIBACTCS O TOIO MOMEHTa, KOT/a
peaabHO MOTpedyeTcs Komusi 00BhEKTA.

Ecnu ke monb30BaTeNb pemmui HCMONb30BaTh CCHUIOYHBIM MOJXOMA, TO HHTEPIPETATOP
paboTaeT B pe’KUMe KOTTMPOBAHMUS CCHIIOK.

Taxum o0Opa3oM, B pamkax paszpabaTtsiBaeMoit cpeabl Semantic IDE nmeeTcst BO3MOXKHOCTB
00y4aTh MPOrpaMMHUPOBAHUIO B IBYX IPOTHBOIOJIOKHBIX MApaAurMax 0e3 HamMcaHus KoJa IMPOCTO
NEPEKIIIOYEHNEM OHOTO (prakka!

BriBoabI

OnucanHas B JaHHOM cTaThe MHTErpupoBaHHas cpena Semantic IDE sBnsercs ocHoBoi
oOyyaroreit cucteMbl, TpeOOBaHUS K KOTOPOW HM3710KeHHI B [1]. B HacTosmmee Bpems peanu3anus
Semantic IDE Bwimonusiercs Ha s3pike C# B cpeme Visual Studio 2010. Yxke NHOJTHOCTBIO
peanu3oBaHa BCsA TpolenypHas dacTb ydeOHoro si3pika. B 2011 romy Jmwutpumii ['paueB c
OIMCAaHHOM cUCTEMOM BbIMIpal rpant no nporpamMme «Y .M. H.ML.K.».

He6omnp11o#i moka ombIT UCHOJIB30BAaHUS MOKA3bIBAET CYIIECTBEHHOE COKpPAIEHUE BPEMEHU
[0 CO3JaHMI0 KOAAa MPOrpaMMbl M TPAKTUYECKH IIOJIHOE HCYE3HOBEHHE OIMOOK Habopa. B
HACTOSIIIMHA MOMEHT pa3BUTHE CpPEeIbl MPOAOIIKAETCS: pealn3yercs O0OBEeKTHO-OPHUEHTHPOBAHHAS
yacte Semantic Language um momynu cucreMHoi Oubnuoreku. IIpenmonaraercs BHeApeHHE
CUCTEMBI B ACTPAaxaHCKOM TOCYJapCTBEHHOM TEXHUYECKOM YHHUBEPCHUTETE yxke B HOBOM 2012
y4e0HOM TOJTy.

Jlureparypa

1. JlanTer B.B. TpeOoBanus k coBpeMeHHOM 00yUaroIiel cpeie o mporpaMmMupoBaduio // OObeKTHBIC
cucteMbl-2010  (BumusAs  ceccus): wmarepuansl Il MexayHapogHOH  HAayIHO-TIPAKTHICCKOM
koH(pepeHuu. Poccust, Pocro-na-Jlony, 10-12 Hosi6ps 2010 r. / [Tox o6mr. Pen. I1.I1. Onefitnuka. —
Pocros-na-/lony, 2010. — c. 104-110.

2. JHeiikerpa 3. JuctuminHa mporpamMmmupoBanus. — M.: Mup, 1978. — 275 c.

3. Toromaxun B. CoBpemernoe mporpammupoanue ¢ Hyisi! — M.: IMK Ilpecc, 2010. — 240 c.

101



[MaxTuHCKWI HHCTUTYT ((prra)

0@“" ® L roCyapCTBEHHOTO 00Pa30BaTENIbHOIO YUPEKICHUS
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’i,,) <\ \,: «}OxHnO0-Poccuniicknii rocy1apCTBEHHbI TEXHUYECKUI
YHUBEPCHUTET

(HoBouepkacckuii OJTMTEXHUYECKUM HHCTUTYT)»

HOxxHO-Poccuiickuii rocy1apCTBEHHBII YHUBEPCUTET
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(c u31aHMeM COOPHUKA MATEePHAJIOB KOH(epeHIIH)
WNndopmanmonnsie napTHEPHI KOH(EPEHLIUU:

S
P uUllieru Co061IecTBO CHCTEMHBIX AHAJTHTHKOB
TeopeTnueckuil U NPUKIIAHON HAYy4HO-
UWHOOPMALMUOHHbIE TEXHOAOIUU TEXHUYECKHUM KypHAI
E>EMECAUHBIA TEOPETUUECKMA M NPUKNAAHOW HAYYHO-TEXHHUECKHH MY PHA. "I/IH(l)OpMaHI/IOHHLIe TeXHOJIOFI/IH”

{c npunoweHmnem)

C CXKEMCCAYHBIM IIPUITOKCHUEM

ExeMecsuHbIil HAyYHO-TEXHUYECKHI M TPOU3BOICTBEHHBIN KYypHAaI
"ABTOMATH3AIlUA B NIPOMBIILJIEHHOCTH"

HYPHAN

ABTOMATHIALMA
B NPOMMLIASHHOCTH

ISSN 2071-8632

NH®OPMAUNOHHDIE "
TEXHOMOMMN Kypnan "UndopManiuoHHbIEe TEXHOJOTHH U BbIYHCIUTEIbHbIE
N BbIYNCANTENLHBIE cucreMsbl"

CNCTEMDI

10-12 maa 2013 2, Poccusa, Pocmoe-na-/[ony

KoHdepeHnnus mocesinieHa MPUHIUIIAM TPOCKTUPOBAHUS, PEANTHU3AalUU U COMPOBOXKICHHS
OOBEKTHBIX CUCTEM M BKJIIOYAET B ce0s1 00CYKIAeHHE MIMPOKOro Kpyra mpobiem. B opranuzanuu u
pabote KOH(pEepeHIINN MPUHUMAIOT YYaCTHE KaK U3BECTHBIC YUEHBIC, TAK U KPYITHBIC CHECIIHATHCTHI
B o0nacTu pa3pabOTKU KOPIOPATUBHBIX MH(POPMALMOHHBIX CHUCTEM, npeactaButenu BY3oB u
KOMMEpUYeCKHX opranusanuii Poccum, OmmkHero u pgampHero 3apyOexbs (I'pemmm, Ilombimm,
Ncnanun). Kondepennus sisisiercs 3a09Hoi. [1o okoHuaHuu paboThl KOHGEPEHIUU MyOIKyeTCs
COOpHUK HAy4YHBIX TPYIOB aBTOPOB C mpucBoeHUueM emy ISBN-koma, koTopbiii Oynmer pasociaH B
KpynHeimue HayuyHble OumOnmuorekn Poccum. DnekTponHas Bepcus COOpPHUKA pa3MeIIaeTcsl B
BeAyIHUX WH(GOPMAIIMOHHBIX KaTaJloraX W JOCTYIHA Ha CaliTe KOH(QEpEeHIUH. ABTOpaM KaXKIOTO
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JIOKJIaJla BBICBUIAETCS Te4YaTHas BepcUsi COOpPHHKA MATepUAIOB KOH(PEPEHIMH M WMEHHBIC
ceprudukarsl. Jlydmime, Mo MHEHHIO PELEH3EHTOB, TOKIaIbl OyAyT PEKOMEHJIOBaHbl (Iociie
COOTBETCTBYIOLIEH J0paboTkM) K OecruilaTHOM mNyOnMKanMu B JKypHamax "ABTOMAaTu3alus B
npombinuieHHOCTH", "HMH(Dopmanmonnsie TexHonoruu" u "MHpOpMalnMOHHBIE TEXHOJIOTHH U
BBIYHCITUTEILHBIE CHUCTEMBI", BXOMSIIMX B IMEPEUeHb BEAYIINX PEICH3UPYEMBIX HAYyYHBIX
KYpHaAJIOB M u3AaHui, pekoMmeHnoBaHHbIX BAK. Jlyummii gokman nmo UML-monenupoBaHuio
Harpaxnaercss kuuroil Meanosa /. 1O. u HoBuxoBa ®.A. "Mogenuposanne Ha UML. Teopus,
MpakTHuKa, BUACOKypc" (www.umlmanual.ru) ¢ aBTorpadamMu aBTOpOB. ABTOp JYUIIETro JOKIIAJa,
MOCBSIIEHHOTO METOJIaM TMPENoJiaBaHusl OOBEKTHBIX TexHouornu B BY3e momydaer mpaBo
OecraTHOU MyOIMKAIIMU OJTHOTO JOKJIa a CXOIHON TEMATUKH Ha CIeNyIolIeld KOH(EepeHIIHH.
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