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MOAENUPOBaHMUA NPOrPaMMHbIX cucTem'’
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HCII PAH, 109004, Poccus, e. Mockea, yn. A. Conicenuyvina, oom 25
Mockogckuil puzuKo-mexHuLecKull UHCMumym (20Cy0apCmeen blll yHusepcumem,),
141700, Mockosckas obracmo, 2. [oneonpyounwii, Mncmumymckuii nep., 9

Annorammsi.  [Ipencrasnen ¢dopManbHBIE  ammapaT — O0OBEKTHO-KOMIIOHEHTHOTO
MOJEIMPOBAHUS MPEAMETHOH 00JacTH, BKIIOYAIOIINH JIOTUKO-MaTeMaTHYeCKOe OIUCAHHE
Ha 4YeTBIPEX YPOBHAX IPOCKTUPOBaHHMs OOBEKTHOII Monenn. Ha kakIoM ypoBHe
MOJENHUPYIOTCSI M YTOUHSIOTCS OOBEKTHI, YCTAHABIMBAIOTCA WX CBA3U (MHTEpQEHCh) U
OTHOIICHUS, 0a30BBIC XaPAKTEPUCTHKH (YHKIUH U JIOTHKA MOBEIACHUS 00BEKTOB. OOBEKTHI
U UX HHTePQEHCH TPYNIHUPYIOTCS B KIAcChl M 0TOOpakatoTcs B rpade 00bEeKTHONH MOAENTH.
OOBeKTHl IepeBOAATCS K BUIY KOMIIOHEHTOB C COXpaHeHHeM cBs3edl. [IpemnoskeHsl
(opmanbHEIE MOsenH (KOMIIOHEHTa, HHTep(elica, CpeIbl U CUCTEMbI) KOMIIOHEHTHOH Cpeabl,
obecrieurBaeTcs TEXHHYECKUH MEepeHOC OOBEKTOB B KOMIIOHEHTHYIO cpexy M cOopka
00BEKTOB U KOMIIOHEHTOB B KOH(UI'YPaMOHHEIN (aiiyl CHCTEMBI IS BBITOTHEHHSI.

KitoueBble c¢j10Ba: MOJEIMPOBAHHE, JIOTHKO-MAaTEMAaTHUECKUH —ammapar, IMpeAMeTHas
0051aCTh, YPOBHH MOJECIHPOBAHUS, MOJEIH, OOBEKTHI, Ipad), KOMIIOHEHTHI, U3MEHAEMOCTb,
MHOTOpPa30BbIe KOMIIOHEHTHI, COOpKa, KOH(UTYpaIms.

BcmynneHue

[ocTpoenne wmozxenu mnpeaMeTHOW oOmacTH (JIOMEHA) TIONYYWIIO Ha3BaHHUE
KOHIIETITYaIbHOTO ~ MOJIEIMPOBaHMsA. B HeM Kaxmas MoJenb OToOpakaer
npucynryto npenmeTtHoil obmactu (IIpO) cuctemy MOHATHH, XapakTepHbIE HX
CBOMWCTBa, OTHOIICHUS APYT C APYrOM M NpaBWjia ToBeaeHUs. Mozens JoMeHa
OpHEHTHPOBaHa Ha TOHMMAaHHE €€ CEMaHTHKH uenoBeKoM. OHa COIEpPKHUT
CYyIIECTBEHHBIC NPU3HAKU TOHATHH OOBEKTOB (JIEHOTATHI, KOHIIETITHI), HX pa3Mep,
o0mmue XapaKTEepUCTHKH, MX 3aBUCHMOCTH M COJEpXKaHUE.

K cpenctBam monemupoBanust [IpO otHocaTcs: oHTOnOormuyeckue momenn OWL
(Web Ontology Language); ODM (Ontology Definition Metamodel); Momenu
npeameTHeIx obmacteit — GDM (Generative Domain Model), Feature Model
(Mopens xapaktepuctuk), MDD (Model Driven Development), MDA (Model
Driven Architecture), SOA (Service-Oriented Model); UML1, UML2 u np. Kpome

! Pa6ora mognepxana rpanTom Poccuiickoro honna ¢hyHIaMeHTANBHBIX UCCIeqOBaHIA No
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Toro wucnone3ytorcsi s3pikm  RCL, Z, B, VDM wu ap. mis  gopmanbHO#R
criennduxamu [1pO u mokazaTenbCTBa MPABHIBHOCTH UX OIHMCAHUSL.

B pabote mpemnaraercss 00beKTHO-KOMIIOHEHTHBIH MeTon (OKM) [1-5], koTopsbrit
o0ecreunBaeT JIOTHKO-MAaTeMaTHYeCKOe MOJCIMPOBAHUE CHCTEMBI Ha YeThIpeX
ypoBHIX (00OOIIEHHOM, CTPYKTYpHOM, XapaKTEPHCTUIECKOM M TOBEACHYECKOM).
Kaxnmprii ypoBeHb Aetanm3upyeT oOBEKTHI M (opMupyeT OOBEKTHYIO MOJECIH
(OM) cuctemsl B Buzme oOBeKTHOTO rpadha W Xapakrepuctudeckoil momemn MF
(Model Feature). @yHkunn 0OBEKTOB MPEOOpPa3yrOTCS K BHAY KOMIIOHEHTOB C
M30MOP(QHBIM  OTOOpakKeHHEM JaHHBIX K BHAY (opmaroB  miaTdOpMel
B3auMoieiicTBust  00bekToB.  DyHKIUH MHOTOpPa30BOr0  HCIHOJIb30BaHUS
NPE/ICTABISIIOTCS. KOMIIOHEHTaMH TOBTOpHOro wucnoss3zoBanus (KIIM), xoropsle
pa3MeIaroTcsl B PEo3UTOPHH FOTOBBIX apTedakToB (reuses, component, services,
assets u IIip.).

1. Teopusi ModenuposHusi cucmem u3 o6Lekmoe npedMemHoll
obnacmu

Ha pybexe 80-x XX cromerus [I'pamm Byd mpemmoxun o0OBEKTHO-
opuentupoBaHHbI moaxon (OOII), KOTOpeli OpHUEHTHPOBAH Ha H3MCHCHHE
HCTIONB3YEMOTO TPAJUIUOHHOTO MOX0/1a K IIPOrPaMMHUPOBAHHIO OOJIBIINX CHCTEM,
MPUBEJIIETO K KPUSUCY CLOICHOCMU CO3T[aBaeMbIX porpaMMubIx cucteM (I1C).
OOII 6bUT TOTYKOM K CO3JAHUIO HOBBIX OOBEKTHO-OPHEHTHPOBAHHBIX TEXHOJIOTHH,
S36IKOB TiporpamMmupoBanus (A1), 6nbnroTek K1accoB 0OBEKTOB H MPUMHTHBHBIX
¢yakuuit mpeobdpazoBanus TurnoB maHHEX (TJ) Al x dopmaty mmatdopmsl, a
Takke mHCTpyMeHTOB momuepkku OOIT  (COM, CORBA, DCE RPC, Rational
Rose, UML u 1.11.) B mepuozn 1992 —2000. MHoOrne mporpaMMHUCTBI Mepelnin Ha
HoBble MHCTpyMeHTH! OOIl u ucheITanu UX BAOJNB W HOmepek. Takum oOpazom,
npuHinel OOl (HacnenoBanue, MOJIUMOPGHU3M, KIacchl U Ap.) YTBEPAWINCH B
MpOTrpaMMHUPOBaHUK K HCHoab3ytoTes B SIl; UML2, C++, C#, Java, Ruby u mp.
EsxeronHo BBIXOTUT COOpHUK TPYyH0B «OO0BEKTHBIE cUCTeMbD» (X MexayHapoaHas
KoH(epeHIHs), B KOTOPBIX OCBemarTcs Bompockl npumenenuss OOII, UML,
CORBA B pa3HbIX OT€UECTBEHHbBIX OpPraHU3aLUAX.

B MomeHT paciBera OOBEKTHBIX CHCTEM  HaMH c(OpMHpPOBaHa  TeOpHs
MOJICTIMPOBaHUS cUcTeM U3 00bekToB — Meroq OKM wu Tpanchopmamum ux K
nporpaMMHBIM  KoMmroHeHTaM. OcHoBy OKM cocTaBiseT 4YeThIpeXypOBHEBOE
MOJIETIMPOBaHNE OOBEKTHBIX CHCTEM C IIOMOIIbIO JIOTMKO-MAaTeMaTHYECKUX
oreparmii. Ha nepBoM ypoBHE IPOBOJIUTCSI AEKOMITO3HMIUS IIPEIMETHOI o0iacTH
Ha O00BexkThl. Ha criexyromux ypoBHSX  ONpENENsIOTCS WX — BHEIIHHUE
xapakrepuctukn MF n ¢popmupyercst o0bexTHBIN rpad G, B BepHIMHaX KOTOPOTO
HaXoIATCS OOBEKTHI, a AYTH 33Jal0T CBs3U (MHTEPQEHCH) M AaHHBIE, KOTOPBIMH
00OMEHHMBaEeMBIMH C IPYyTUMHU 00BeKTaMu. Ha TOBeIeHYECKOM ypOBHE BBIABISCTCA
MOBEJICHNE OOBEKTOB M CTPOUTCS MOJIeNb moBeeHns. OObeKTHI rpada mepeBoasITCS
K KOMIIOHEHTaM M HEPEHOCSITCS B KOMIOHEHTHBIH rpad. OOBEKTH U KOMIIOHEHTHI
HAKaIUTUBAIOTCS B PEMO3HTOPUUBI W MOTYT KOH(HUIYpHUPOBAThCS B pa3HbIC
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Bapuantel [IC. Meron OKM mpencrasieH B psage nmyonukanuid [1-15], mpormen
ampobarnuro Ha Kypcax jekiuit «[Iporpammuas umkenepus» MOTU (2001-2015) u
B cuCTeMe HHpOpMaTH3aUK Y KPaHHBI.

Jamee naercs ommcaHHE TEOPETHYECKHX M pealn3allioHHBIX — acmektoB OKM
npumennuTtenbHO K I1C u ux cemeiictsam (CIIC).

1.1 MaTtemaTnyeckoe mogenupoBaHue O6HLEKTHOM MoZenu
Maremarnueckas Teopus 0oOBeKTHoro MopenupoBanus IIpO  moctpoeHa ¢
WCIIONIB30BAaHUEM JIeTOHAIMOHHON Teopmu Ppere u 6a3oBeix moHatuit OOIT T.
Byua:

- Kiacc — coBOKynHOCTH OOBEKTOB C OOIIIMMHU CBOHCTBAMHU.

- Meron (wmu hyHKIUMSI) — onepanyst HaJl 9K3eMIUIsIpaMH 00bEKTOB Kiacca.

- HacnenoBanme - coxpaHeHue aTpuOyTOB W OIEpalMil  POJUTEIHCKOTO

00BEKTa Ki1acca.

- I/IHKaHCyHHHI/IH — JOCTYINHOCTb K MCETOJaM o0beKkTa U YIIPATBIBAHUEC
BHYTPEHHEH WH(OpPMALUK AJsI U30JSILUH 0COOCHHOCTEH peaii3alii.

- Hoaumopduzm — BO3MOXHOCTh OIEpHUpOBaTH C oOOBeKkTamMHu 0e3
OrpaHUYEHUH.

OOwexT BeIIENAETCS B mporecce aHanm3a [IpO  u 3amaercd  JIOTHKO-
MaTeMaTHueCKUMHU (opMann3MaMi, QYHKIHUIMH OOBEKTOB M MX XapaKTEPHCTHK B
mozensix OM u MF. Omnpegenstorcs B3aUMOOTHOIIICHUSI OOBEKTOB, HX
nosezieHue U knaccel corinacHo OOIL.

Teopus I'.byda 1mo3BoJisleT ONpEAENATh CTPATEIUI0 IPOCKTUPOBAHUS IIPEIMETHOU
001acTH, UCXOAS M3 YTBEPXKIEHHS, YTO BECh MAaTepHANbHBI MHUDP COCTOUT H3
oO0bekToB. Jlobass mpeaMerHas — o0nacTb — 3TO  COBOKYIHOCTh OOBEKTOB,
CBSI3aHHBIX MEXIY CO00H HEKOTOPHIM MHOKECTBOM OTHOIIEHHH (HAclIelIOBaHUA) U
MIOBE/ICHHS B TEUEHHE 3a/laHHOr0 BpeMeHH. To ecTb

< 00beKTHAs OpUeHTaus> = <O0BEKTHI> + <HACJIEeJOBaHHUE>.

Kaxnoe monsitue IIpO, BMecTe ¢ ero cBoiicTBaMH M OCOOEHHOCTSIMM TTOBEACHUS
SIBIIIETCSL OTACTBHBIM 00BeKTOM, a Bcs [IpO — 3TO COBOKYMHOCTH OOBEKTOB CO
CBA3AMH, KOTOpbHIE YCTaHABIMBAIOTCS HAa OCHOBE OTHOIICHHH MEXAy JITHMHU
oObekTamMu. B kauecTBe OOBEKTa BBICTYNAIOT Kak abCTpakTHble 00pa3sbl, TaKk U
KOHKpETHBIE (QHU3MUECKHE TMpeaMeTHl HIM TPYNIBl IPEeAMETOB € OOIHUMH
XapaKTepUCTUKAMH U () yHKLIUSIMH.

IIpu onpenenerny 0OBEKTa HMCIIONB3YETCS MOHATHIHAS CTPYKTYpa — TPEYTOJIBHHUK
®pere (puc. 1), coriacHO KOTOPOTO OOBEKT €CTh deromam. MareMaTH4eCKHit
CHUMBOJI (3HAK, CIIOBO, UMsI) UCTIONB3YeTCsl Il uaeHTH(GUKA 00bekTa (BepIImHa
I), a nenorar (II) cooTBETCTBYEeT ypOBHIO 3HAHWI O CYIIHOCTH MOZEIMPYEMOTO
MHpa,  OTpakaeMOW O3THM O0O0BEKTOM. EcTecTBEHHO, 4YTO JICHOTAT MOXKHO
WIEHTU(HUIMPOBATh PA3IUYHBIM 00pa30oM, HCHONB3Ys JUIS 3TOTO BHIOpaHHbIE
anaBUTBl, U OJHOMY OOBEKTy MOIYT COOTBETCTBOBATH HECKOJIKO KOHIIETITOB
(III), orpaxkas BBIOpaHHBIN ypoBeHb adcTpakiun. Kaxkpomy TpeyroiabHuky ®pere B
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BBIOpAHHOM JIOTHYECKOUW CUCTEME OYIET COOTBETCTBOBATH OMPECIEHHBIH 00BEKT C
COOCTBEHHBIM MMEHEM, KOHIICHT KOTOPOro 3aJaeT CEeMaHTHYEeCKOE COJepKaHUe
[10-13, 15].
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Puc. 1. Tpeyeonvrux @pece 011 onpedenenus 00beKmos

B coorBerctBuM ¢ TpeyronbHHKOM Ppere, 00BEKT COCTOMT W3 COOCTBEHHOTO
uneHTuurKaropa, AeHoTara — oopasa npeaMeTa UM abCTPakTHOrO KOMITIOHEHTa, Ha
KOTOpBIM yKa3bIBae€T 3TOT HJCHTH(HKATOP, M KOHIENTa, 3aJalolIer0  CMBICII,
COJIEpKAHUE IEHOTATA.

IMpu wmognenupoBanuu  oObekr [IpO ummeer XoTss OBl OJHO CBOWCTBO WM
XapaKTEepPUCTUKY M  YHUKAIBHYIO HICHTU(QHKAIMIO BO MHOXXECTBE OOBEKTOB M
MPEJUKATOB CBOMCTB U OTHOIIEHUI MEXIy HHUMH.

CpoiicTBO 00beKkTa ompezensercs Ha MHOxecTBe 00vekToB [IpO  yHapHBIM
MPeIUKaTOM, KOTOPBIM MOJy4aeT 3HAYeHHWE HCTUHBI NMPH HAIMYMMA BHEIIHUX U
BHYTPEHHUX XapaKTEPUCTHK 00BEKTa.

XapaKTepuCcTHKAa — 3TO CBOHCTBO, ONPEAEICHHOE HAa MHOXECTBE BHEIIHUX H
BHYTPEHHHUX XapaKTEPUCTUK C YCIOBHEM MOJIYICHUS UCTUHBI U3 00JIaCTH 3HAUSHU I
CBOWCTB.

OTHomeHue omnpenensieTcss OWHApHBIM TNPEIUKATOM Ha MHOXKECTBE OOBEKTOB
IIpO, npuHUMarOUMX 3HAUYEHHE UCTUHBI HAa 33JaHHOW Iape OTHOIIEHHH 0OBEKTOB
tuna IS —A4 / Part — Of.

1.1.1 N3meHeHMe AeHOTATOB U KOHLENTOB 00HLEKTOB

Bce smemeHTHI TPEYTrOJIbHUKA CDpere — HuMd, JACHOTAaT H KOHIICTIT MOIyT
HU3MCHATBCA. I[eHOTaT, KaK HEKOTOpad  CYLIHOCTb HeKOTOpOﬁ PCaIbHOCTH,
COOTBETCTBYET OHNPCACICHHOMY O6I>€KTy u MOXCT HNPEACTABIATHCA B BHJC
COBOKYIIHOCTH OAHOPOJAHBIX WJIM HECOJAHOPOJAHBIX 3JICMCHTOB (HpCHMeTOB).



OTH COBOKYITHOCTH MOTYT U3MEHATHCS TEKOMNOZUYUOHHBIM TITA KOMHOZUYUOHHBIM
Memooom.

JIeKOMIIO3UIIMOHHBIE HM3MCHCHHS KOHIICNITOB BKJIIOUYAIOT KOHIICIITBI HOBBIX
JIETATM3UPOBAHHBIX OOBEKTOB C YIE€TOM KOHIIENTa OOBEKTa IIIH Oe3 Hero.
M3MeHeHNsT KOHIETITOB, KOTOPBIE COOTBETCTBYIOT KOMIIO3HIIMOHHOMY MOJXOIY
(hopMuUpYIOTCS Ha OCHOBE aHAIN3a OJUHAKOBBIX KOHIICTITOB WM OTIMYAIOIIHUXCS.
IIpn w3MeHeHMHM YpOBHA Jeranu3anuy (aOCTpakOWM) KOHIIENTOB OOBEKTa
WCKITFOYAeTCS OJHO WM HECKOJBKO CBOMCTB WM XapaKTEPUCTUK (OPMHUPYEMOTO
KOHIIETITa TSI HOBOTO OOBEKTa C OMMHAKOBEIM JeHOTaToM. Kakmas w3 omepariuii
W3MEHEHUs O0BEKTa HWMEET OTPEACICHHBIA MPUOPUTET U apHOCTH, a TAKXKE CBsI3aHA
C COOTBETCTBYIOIIMMH JIOTTYCTUMBIMH H3MEHEHUSMH JCHOTATOB U KOHIICIITOB.
Kaxxmprit 00beKT Kak CyOTHOCTh NPHHAICKUT HEKOTOPOMY MHOXXECTBY OOBEKTOB
0= (0y, Oy ,..., O,), tne  O; = O; (Name;, Den; Cony), a Name, Den; Con;
COOTBETCTBEHHO 03HAUYAIOT — 3HAK (MMs), JEHOTAT U KOHIEeNT oObekTa. [loBenenue
kouuenta Con; = (P;;, P, ,..., P;y) onpenensieTcsi Ha MHOXKECTBE MpeaukaroB P=(P,,
P,,..., P.).

K 6a30BbIM omeparusM H3MCHEHUS ICHOTAT OTHOCSATCS CIICAYIOIIHUE.

Jlekomnozuyuonnoe usmenenHue OeHomama:
®opMupOBaHUE HOBBIX ICHOTAT OJTHOPOIHBIX OOBEKTOB
decds(0;): O; — {0y, ..., Oy},
rae O, - O;(Name; Den; Con;) Vj Con; = Con;;

Den; = Den;; U ... U Deny,.
®opMupOBaHUE HOBOTO JICHOTaTa HEOJHOPOIHBIX OOBEKTOB:
decdn(0;): O; — {0y, ..., Oy},
rae O;- O;(Name;, Den; Con;) Vj Con; = O;

Den; = Den;; U ... U Den;,.
Komno3zuyuonnoe uzmenenue oenomam
Komno3uiuss oZHOPOTHBIX JEHOTAT OOBEKTOB BKIIFOUACT:
comds(Oy, ..., Oy): {0y, ..., Oy}, — O,
rae O;- O;(Name; Den; Con,)

Vj Con; = Cony, Den;; U ... U Deny = Den;,.
Komno3uius HeoTHOPOHBIX JJEHOTAT OOBEKTOB UMEET BU:
comdn(Oy, ...,04): {Oq,..., Oy}, — O,
rae O;- O;(Name; Den; Con;) Vj Con; = O,

Den;; U ... U Den;, = Den,;.

Pacmiupenue konuenrta oobekra. Ecu P, € P, P, € Con; P(O;) mpunumarot
3HaueHue UHCTHBI, To conexp(O;, Py): O; — O;,

rae O;" = O;'(Name;, Den;, Con;’), Con; U { P, } = Con,.

Cy:xenue koHnenrta odbexkra. Eciu P, € Con;, To connar(O;, P): O; — Oy °

rae O;" = O; (Name;, Den;, Con;’), Con; = Con;\ P;.



Axcuoma 1. Eciu P;eP, P; € Con; P,(0O;) npuHUMaeT 3Ha4YCHUE UCTHHBI, TO CONexp
(Oi, Pt):

O; — O, rne Con; U{P,} = Con,.
s mHO)ecTBa 00BekTOB O=(0), O ,..., O,) BHIIOTHICTCS OTHOIICHUE

v i [(i>0) & (O, O)].
(1.1)

Mexay omnpeaeNeHHBIMH 3JeMEHTaMU MHoxecTBa (O CYIIECTBYIOT OTHOLICHHSA
npuHaanexxHoctd. Ha 3Tom  ypoBHe BblIenAoT cymHoctd [IpO  mytem
COOCTBEHHOI'0 CYOBEKTHBHOI'O BOCIIPHSATHS M ONMHUCHIBAIOT MX OOBEKTaMH B BUIE
6a3zoBbix moHATHIE OM. Brigenerne cymHOCTeH OCYIIECTBISIOT ¢ YI€TOM OTIHIHA,
OTIPEICTAIONINX COOTBETCTBYIOIINE WM TOHATHHHBIE CTPYKTYpBI, HCXOIS U3
TpeyromsHIKa Dpere, 1 QUKCHPYIOT 0OBEKTH HISHTH(OUKATOPAMH U KOHIICTITAMH.
PesynpraT 3TOrO0 YpoBHS aHanuza — OM. B Heil Ha naHHOM ypoOBHE pa3MEIIECHbI
TombKO WMeHa 00BekTOB [IpO. OOBEKT MMeeT XOTS OBl OOHO CBOMCTBO WIIH
XapaKTepPUCTUKY M  YHUKAJIbHYIO HICHTU(QHKALUIO BO MHOXECTBE OOBEKTOB,
MPEIUKATOB CBOMCTB M OTHOLIEHHH Mexay HuMH. OTHOLIEHHE ompeaensercs
OMHApHBIM NPEIUKATOM Ha MHOXXecTBe 00bekTOB [IpO, NMpHHHMAIOIUX 3HAYEHUE
ucTuHbl Ha nape IS —A/Part— Of.

s npoextupoBanuss OM wucmons3yercs — JIOTUKO-MaTeMaTHUeCKuil ammapart,
MPUMEHIEMbIN Ha YeThIpeX YPOBHSX.

1.1.2 YpoBHM nornko-matematTnyeckoro mogenuposanus MNpO

UYeTrslpexypoBHEBOe 00BEKTHOe MonenupoBanue IIpO sBusercs pa3BuTHEM
MOJYJIbHON TapagurMbel  JEKOMIIO3HIIUU IIpO w3 ¢yHKIMOHATBHBIX U
UHTEePEHCHBIX OOBEKTOB M MX  ONpeAeleHHs W yTouHeHHd Ha -1V ypoBHiIX
JIOTUKO-MaTeMaTH4YecKoro anmnapara (puc. 2.):
I. O6o0marommii  ypoBeHb ompenenseT 60azoBsie MOHATHA [[pO — 00BeKTHI Oe3
ydeTa uX CyIIHOCTH M CBOHCTB. OOBEKT 3aaeTcsi B BUJE IEHOTaTa B COOTBETCTBUH
¢ Teopueii Opere B BUAC <UMsI 00bEKTa> <KOHIICTIT>.
II. CTpyKTypHBIH YpPOBEeHb ONpEAEIsIeT PacloyioKeHHE OOBEKTOB B CTPYKTYpE
monemu [IpO, ycTaHaBiIMBaeT yYHOPsAOUYEHHE OOBEKTOB M TPEACTaBICHHE HX
CTPYKTYpbl B BHAC TIpada C omepanusiMd Haa oObekTamu (0OBEIUHEHHUS,
MepeceueHusl, Pa3HOCTH, PIIOKEHNUS, CAMMETPUYHOHN Pa3HUIIBI U JIp.
II1. XapakTepucTuyeckuii ypoBeHb 3a1aeT o0mue, crenuduyecKie CBOWCTBA U
XapaKTEePUCTHKH KOHIIENITOB OOBEKTOB B JIOTHKO-aIreOpamdecKoM IpeICTaBICHUN
00BEKTOB B BHJIE rpad)a C XapaKTepUCTUKAMH M CBOMCTBaMH B Mojienn MX;.
IV. TloBeneHyeckuii ypoBeHb OTpEJCIsCT MOBEACHNE W U3MEHEHHE OOBEKTOB B
3aBHCHMOCTH OT COOBITH, KOTOPBIE OHH CO3/IAI0T NP WX BHITIOTHEHHUH.
Ilpu BbIsIBICHHMH OOBEKTOB Ha 0000maioONieM ypOBHE, TMPOBOAUTCSA HUX
KOHKpPETH3alHsi K BHIY:

- KJacc, Kak 0O0BEKT, KOTOPBIA MPEACTaBIsIeT COO0H MHOKECTBO;



- JK3eMIULIp KIiacca, Kak OOBEKT, KOTOpBIH SBISACTCS 3JIEMEHTOM
OIIPEZIETIEHHOTO MHO)KECTBA, KOTOPBIN CaM SIBISIETCSI KIIACCOM;

- 0oOBEOWHEHHBIH KIAcC, KaK MHOXECTBO, KOTOPOE  SBIACTCA IIPSIMOH
CYMMOH HECKOJIBKUX APYTUX MHOXKECTB;

- KJacc-mepecedeHue, Kak MHOXECTBO, KOTOPOE SIBISIETCSI OOIIEH 4acThio
JIPYTHX MHOXECTB;

- arperupoBaHHOrO  Kjacca, Kak MHOXECTBa, KOTOpOe  SBJIseTCS
MOIMHOKECTBOM JIeKapTOBa TPOU3BEACHUS HECKOJBKUX JAPYTHX
MHOKECTB.

Jloruko-anreOpanyeckasi KOHUEMIHS CTPYKTYPHOI'O YPOBHS IPOCKTUPOBaHUS
paccmarpuBaeT MHOXecTBO 00bekToB [IpO kak anreOpandeckyio CUCTEMY U3
COBOKYIHOCTH OOBEKTOB W IIPEAMKATOB OIPEACICHHON CHUTHATYpHI, KOTOpBIE
COOTBETCTBYIOT YCIOBHUSIM KOHIIENITYaJbHOTO MozenupoBaHus o0bekToB IIpO ¢
MIOMOIIBIO OTIepanunii:

[. Obobmaromuii yposeus @. @

DJ lFH.,,_LLJlLHIiL MHOMOCTEA UG bLhIUB

[I. CrpykTYpHBIil YPOBEHB

ChipeigisHie HEPAPXUK ODbEKTOR é 6 @

IT1. Xapakrepucruieckii ypoBeHhb
Onpenenenne unTepdeiicon Il
obkexton [H .

IV. TloBeneHuecknii ypoBeHty, . Inidn2dnz
EJ‘II['!IE,ZI_E'.'I-EHI-IE TOBREIeHHA l.'flﬁ'lwl.‘.l{'l'ﬂl-'t : f i

Puc.2 — Yposnu npoexmuposanus OM

- 0-apHO# nyst 3aaHUSE KOHCTAHT B YCTOSIBINMXCS Xapakrepuctukax [1pO;
- YHApHOM Ay OTOOpaKEHHUS CBOMCTB OTJEIFHBIX OOBEKTOB;

- OuHapHOW IUId 3aJaHUs B3aUMOCBS3€H MEXIy OTAEIHHBIMH ITapaMu
00BEKTOB.



OOBEeKT, WMEIIIUK OJHOBPEMEHHO CTAaTyC MHOXKeCTBa (Kjacca) MW DJIEeMEHTa
Kakoro-nu0o0 MHOXKECTBAa, KMEET BHEIIHHE ¥ BHYTPEHHHE CBOICTBA W
XapaKTEePUCTHKH.
Xapaxmepucmuka 00bEKTa — 3TO COBOKYITHOCTb CBOMCTB (YHAPHBIX NIPEIUKATOB) U
KOTOpO€  SBIAETCA IIOJMHOKECTBOM MHOXKECTBA, BBIJCICHHBIX B CHCTEME
MPENKATOB, YIOBIETBOPSSI YCIOBHIO, MPU KOTOPOH KaXIblii OOBEKT NMPUHUMAET
3HAa4e€HHE WCTHHBl OJHOBPEMEHHO HE OONbIIe, YeM OJUH TpEeJuKaT H3
COBOKYITHOCTH. XapaKTePUCTHKA MOKET OBITh BHEIIHEH W BHYTPEHHEH.
Bnewnsa  xapaxmepucmuxa TpeqHa3HauY€HAa AN OMHCAHUSA  NPOOIEMHOM
OPHEHTAIlMH COBOKYITHOCTH OOBEKTOB M HMX CTaTyca KaK J3JIEMEHTOB MHOXKECTB.
Kaxxmoe BHeITHee CBOWCTBO BXOJHT B COCTaB OOBEKTHOM XapaKTEPUCTUKH OJIHOTO
npobsiemHoro acrnekra [1pO.
Bnympennsa xapaxkmepucmuxa ipeiHa3HaueHa IS ONPENIENICHNS CTaTyca 0OBEKTa,
Kak OIHOTO M3 KpuTepueB (OPMHUPOBAHUS MHOXKECTBA M3 OOBEKTOB,
SKBUBAJICHTHOT'O BHELITHUM CBOWCTBAM.
Brewnue u enympennue xapaxkmepucmuku OOBEKTOB 3aJalOTCS CHHCKOM HWIIH
MHO>KECTBOM CBOWCTB C pPa3HbIMU THIAMHU. [Ipu 3TOM, CIIHCOK CBOWCTB JIt000H 13
9TUX XapaKTepUCTHK COJCPKHUTCA TOJIBKO B COOTBETCTBYIOLIEH MOJENbHOU
xapakrepuctuke MF = (MF;, MF,,..., MF).
K omnepauysiM MoanpuKanuy B3aMMOOTHOLICHUH 0OBEKTOB OTHOCSTCS:

- JK3eMIULIpH3anusi 00bEKTa-MHOXKECTBA C 33JaHUEM PA3INYHBIX BHEITHHX

CBOWCTB, IPHHAUIC)KAINNX BHYTPCHHEH XapaKTepUCTHKE Kilacca,
- kinaccudukamyusa O0OBEKTOB, KOTOpBIE TPYNIHUPYIOTCS 110  BHEIIHHM
CBOMCTBaM.

CBolicTBa, COOTBETCTBYIOIIME OAHOM MW TOM JKE€ XapakTEepUCTUKE, MOTrYT
UCIIONIb30BAThCSl B KOHLEMIUN  CTPYKTYpHOH  yNOPSAAOYCHHOCTH  IpH
KOHKPETH3allud OOBEKTOB M OMNpPENENCHWH WX INPHHALISKHOCTH K KIiaccy.
Omnpenenenne NPUHAMIESKHOCTH OOBEKTOB JOCTHTAETCS IyTEeM peall3alliu
OTHOLICHUE IPUHAIIEKHOCTH tuna "Part-of', omepanum nmeranMzanMM U
arperaryu.
Paccmotpum Oonee mopoOHO ypoBHHU npoekTHpoBanus moenu [1pO.

O0o00maronmuii ypoBeHb npoekTuposanust OM

DTOT ypOBEHB 3aJaeT HAWBHICIIYIO Mepy abcTpakuuu otodpaxkenus [IpO B OM c
WCIIOJIb30BaHNEM KOHIIENIIMHA 0000IIeHHs ¢ LeTblo onpeneienus cymHoctei [IpO
W TpejacTaBlieHue WX B BUjae o0bekToB OM  kak 0a30BBIX TOHATHNA MOJIEIH.
PesynbraTom sBisieTcst cnennuKaiys 0ObeKTOB BHUA!

<uMs 00BbeKTa> <KOHIICIT>,
e ums obvexkma — WIASHTU(YUKATOP M3 CHMBOJIBHOW CTPOKH JIUTEP H
JIECSITUYIHBIX HP;
KOHYenm — TEKCT, KOTOPBIN ONpeAeNseT CEMaHTUKY <IICHOTaT 00BhEKTa>.

AHamuTuk  BeIgenser cymHocTH [IpO  myTeM CyOBEKTHBHOTO BOCHPHSATHS
MOCIEeTHeH ¥ ONHCBIBaeT WX B BHAE OOBEKTOB Kak 0a30BBIX IOHATHH
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MPOCKTUPYEMOM MOJENU. BpijeneHne CymHOCTEH OCYIIECTBIISIETCS C y4EeTOM
W3MEHEHHH,  KOTOpBIE  ONPEACNAIOTCS  NOHATHHHBIMH  CTPYKTypaMH  —
TpeyronpHuKaMu Ppere u (uUKcHpyeTcss HASHTU(GHUKATOPAMH M KOHLECTITaMH.
Pesymbrar »TOTO mMpoekTHpoBarus — OM, B KOTOPOil pa3MenIeHbl WMEHOBAaHHBIE
00wexTH [IpO, obpasyromue MmHOXecTBO O=(0), O ,..., O,), THE Oy — O00BEKT
[pO u muoxectBo O'=(0; ,..., O,) NEHOTaTOB W KOHIENTOB OOBEKTOB IIOCIE
JICKOMITO3UIIMY ¥ KOMIIO3HULIUH.

Mexny omnpeneseHHBIMH >JIEMEHTaMH MHoOKecTBa (' CyIIECTBYIOT OTHOUICHUS
npuHaIexxHoctH (€). Ha stom ypoBHe BhImemstorT cymHocTH IIpO mytem
CYOBEKTHBHOTO BOCHpHUSTHS W ONUCAHUS MX B BHAE 0a30BbIX MOHATHH OM.
Brigenenue cymHoOCTe OCYIIECTBISIOT € YY4ETOM OTIMYMH, ONpEeAesIOIUX
COOTBETCTBYIOIINE UM MOHATUNHHBIE CTPYKTYpPBI, UCXOASA U3 TpeyronpHuka Ppere.
OOBEKTHl NONYYAOT WACHTU(GHUKATOPHl M KOHLENTHL. Pe3ynbTar 3TOro ypOBHS
ananuza — OM. B He#l Ha NaHHOM ypOBHE pa3MEILIEHBI TOJBKO MMEHa 0OBEKTOB
IIpO u npaBua U3MEHEHHs JEHOTATOB.

CTpyKTYpHBIi YpoBeHb MoaeaupoBanus OM

OOBeKTBHI  yXKe OMpeneNieHbl Ha 00o0maromeM ypoBHe aOcTpakuuu. Kaxmbrid
00BEKT 3aJJaeTCsl KAK MHO>KECTBO WJITH DJIEMEHT MHOYKECTBA.

[Tycte O=(0y, O, O;. .., O,), uckmtodas u3 MHOxkecTBa O 3neMeHT Oy, KOTOPHIN HE
MPUHAATICKUT JPYTUM 3JIeMEHTaM, HoxydaeM MHoxkecTBo O'=(0,, O,, ,...,0,).
Bripaxenue (1.1) Ha 3TOM ypoBHE TpaHC(HOPMHUPYIOT B TAKOE:

Vi 3/ [(>0) & (j>0) & (i #]) & (Or€ 0))]. (1.2)

B Bripaxennu (1.2) xaxaplit 13 00BEKTOB SABISIETCS MHOXKECTBOM WIIH 3JIEMEHTOM
OTIPENIeICHHOTO0 MHOXXECTBA M K HHM TIPUMCHSIOTCS OIEpaliil TEOPETHKO—
MHOXECTBEHHOH ayireOpbl. DTO BBIPAKEHHE OIPEeIIeT OTHOIIEHNE YacTh—IIeNoe,
9K3EMIUIIPU3ALNN U arperarm.

Kaxxnmprii 00beKT Ha CTPYKTYpHOM YpPOBHE IPEICTABIICTCS KAaK MHOXKECTBO HWIIH
aneMeHT MHoxecTBa. [lycts O'=(0,, O,, ... 0,), OS=(0S,, 0S,, ... 0S,)10ScO'.
Torma IS: O' — OS ecTh orpaHUYeHUE TOXKACCTBEHHOTO 0TOOpakeHus: O Ha ceOsl.
Ecmm S=(S;, S5, ... S,) — MHOXeCTBO 00BEKTOB, KOTOpPBIE OMpeIeNieHbl Ha JaHHOM
ypoBHe, To TS: OS — S, rae kaxaomy OS; cooTBercTByeT S;. T.e ompeneneHo
oTtoOpakeHHe MeXy 00BEKTaMU Ha 0000MIAfOMEeM B CTPYKTYPHOM YPOBHIX T.S*IS:
0 —-S.

Hycts Q = (U, N, /, 0, @, —) — COBOKYNHOCTb TEOPETUKO-MHOKECTBEHHBIX
ormeparmii. Torma X = (S, Q) ompenensier anreOpandecKylo CHCTEMY JUIS
CTPYKTYPHO-YIIOpSAO0YeHHOTO  ypoBHSA. OHO 0Oasupyercs Ha  TEOPETHUKO-
MHO>KECTBEHHOUW KOHIIEIIIUN, B COOTBETCTBUU C KOTOPOH OOBEKTHI, ONpeIeTIeHHbIE
Ha o00oO0mIaroIeM ypoBHE, MPEIOCTABISIOTCS KaK MHOXKECTBA WM DJIEMEHTHI
OTIpPENICIIEHHOT0 MHOXeCTBa alredpandeckoit cucteMbl 2 = (O', £J) CTPYKTypHOTO
YpOBHSI.



CyIIHOCTh TEOPETUKO-MHOKECTBECHHBIX OTIEPALIHH:

- obveounenue |J (A4, B), tne A u B — 0OBEKTBI CO CTATYCOM MHOXECTB.
PesynpraT mpuMEHEHUs onepanuy: HOBBIH OOBEKT-MHOXKECTBO, KOTOPOE
MIOJY4eHO 0O0BeINHECHHEM MHOXKECTB A U B;

- nepeceuenue (4, B), tne A m B — 00BeKTHI-MHOXecTBa. Pesymbrar
MPUMEHEHHsI Ollepalii: HOBBI OOBEKT-MHOXKXECTBO, KOTOPBIA SIBISACTCS
nepeceyeHueM MHOXKeECTB 4 U B;

- euyumanue D = A @ B npu B — A. Pe3ynbTaT NpUMEHEHUs ONEpaIUN:
HOBBII OOBEKT-MHOXKECTBO CO BCEMH JIEMEHTAMH A, KOTOPBIE HE BXOST B
B;

- cummempuuroe gvryumarue S = A\ B,tne AN B,uue A c B, ue B C A.
PesynpraT mpuMEHEHUs OIepanud — 3TO HOBBI OOBEKT-MHOXXECTBO C
MHOXXECTBOM 3JIEMEHTOB, KoTopble mnpuHamiexatr 4 wm ("mwm" —
pacmpeneneHHoe) B.

[Iprn npuMeHeHWHM TaKMX ONepanuil K KakIOoH mape OOBEKTOB IIPOBOIUTCS
BBISIBJICHHE KOPPEKTHOCTH CTPYKTYPHOH YIOPSAAOUYCHHOCTH W OIPENCIICHHE HOBBIX
00BEKTOB, KOTOPBIE HE BBISBICHBI HA 0000IIAIOIIEM YPOBHE.

Taxum 06pa3om, Ha JAHHOM YPOBHE OCYIIECTBIISIET PEIICHHE CICAYIOMNX 3a/1a4:

- ompeneneHUE U GUKCAIMs CTPYKTYPHOH YHOPSIOYEHHOCTH OOBEKTOB;

- pacIIMpeHHE OMUCAaHUSA OO0BEKTa WM KOHKPETHU3alMI0  OOBCKTa B
ctpykrype I1pO;

- OmpeJesicHHE HOBBIX OOBEKTOB, CBSA3aHHBIX C 3aJaHHBIMU 00BEKTAMHU;

- dopmupoBanue o0nvekTHOrO rpada IpO.

[IprHIMD BBYMTAHUS 00ECHEYMBACT CTPYKTYPHYIO YIOPSIOYEHHOCTh OOBEKTOB
WJIN CHUCTEMbI MyTEM NPUMCHCHUS OTHOWLICHHUSA IPUHAJICKHOCTHU. BI)II[GHCHI/IC
00BEKTa U (PUKCALIMIO €r0 BHEIIHUX Pa3IMIMi OCYIIECTBIISAETCS Ha OCHOBE aHAIN3a
€ro CTPYKTYPHOTO IpPEJCTaBJICHHS W OIpelesieHHs MecTa B OOBEKTHOM rpade
IIpO.

PesynpTar mpoekTupoBaHMsS Ha OTOM YypoBHe — rpad OM (puc.3) c
YCTaHOBJICHHBIMU OTHOIICHUAMHU MEKIAY 00BEKTAaMH € Y4€TOM CICAYIOINX
TpeGoBaHMil:

- MHOXECTBO BEpIIMH rpada 3ajaeT B3aMMHO OJHO3HA4YHOE OTOOpaKeHHE
MHOXECTBa OOBEKTOB B Tpad I3TOro YpoBHS, OIPEJCICHHBIX Ha
000011IeHHOM YPOBHE.;

- I K&KAOH BEPIIMHBI CYMIECTBYET XOTS OBl OJHA CBSA3b (CTPYKTYpHas) C
JIpyToil BepIIMHOM rpada (—) ;

- cymecTByeT Jmmb ogHa BepmnHa O; rpada G (puc.3), KoTopas UMeeT
CTaTyC MHOXECTBA 00BEKTOB, oToOpaxkatomiero [IpO B nienom.
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Puc. 3— Cmpyxmypa epagpa G ={O}

[octpoennsiii rpadp G KOPPEKTHUPYETCS M PECTPYKTYPUPYETCS C IIOMOILBIO
orepanii OObEIUHEHHS, NEPECCUCHUs], JOMOIHEHUsI W Jp. 3aTeM IPOBOJMTCS
KOHTPOJIb 3TOro rpada Ha CTPYKTYPHYIO YHOPSJOYEHHOCTh HOBBIX OOBEKTOB,
KOTOpBIC HE OBUIN BBISBICHBI Ha 0000IIAIONIEM YPOBHE.

Takum 00pa3oMm, NpH CTPYKTYpPHOW YHOPSJOYEHHOCTH Trpad  pacumpsiercs
CIEYIOLIMMY ONEPaLUIMHU:

- Konkpemuzayusi o0b6vexkmog, TPU KOTOPOH, BO3MOXKHO, E€IMHCTBCHHBIH
00BEKT — DJIEMEHT MHOXKeCTBa — O00JaJacT BHEUIHUM CBOHCTBOM,
SKBUBAJIEHTHBIM OJJHOMY U3 BHYTPEHHHX CBOMCTB 00BbEKTa-MHOXKECTBA;

- NpUHAONEHCHOCMb 00bEKMO8 COCTOUT B TOM, YTO DJIEMEHTHI MHOXKECTBA
IPU YCIOBUM BIAJICHUS OJHHUM M TE€M >€ BHEIIHHUM CBOWHCTBOM (MU
COBOKYITHOCTBIO CBOMCTB) 0O0JIQIal0T BHYTPEHHHM CBOIMCTBOM 3TOTrO
MHOX€ECTBA.

CBoiicTBa, KOTOpBIE COOTBETCTBYIOT OJHOW M TOT JK€ XapaKTEePHUCTHKE, MOTYT
UCIIOJIB30BaThCsl B MPOLIECCE CTPYKTYPHOH YHOPSIOYEHHOCTH BO BPEMs PELICHUS
3a7a4, KaK KOHKPETH3alMs OOBEKTOB, TaK U ONpPEJEIICHNE X MPUHAJIC)KHOCTH.
IIpu pemreHun nepBoil 3aJa4d OHM BHOCST KPUTEPHH H3MEHEHHS OOBEKTOB U
MO3TOMY MOTYT OBITh Pa3HBIMHM Ul KaKIOTO OOBEKTa-3JIeMEHTa MHOXKECTBA C
KOHKPETU3UPYIOIUMH CBOIICTBaMHU.

IIpu pemeHun BTOPOi 3aauM 3a4aeTCs KPUTEPUI NPHUHAUICKHOCTU OIAVMHAKOBBIN
JUIL KaXKI0TO OOBEKTa-3JIeMEHTa MHOXKeCTBa (CBOMCTBA, KOTOPBIC OMPENEISIOT
MPUHAIJIEKHOCTD). YacTHBIM ciydalf OTHOLIEHUs] NPUHAJICKHOCTH — OTHOILICHHUE
'"Part—of’,

Konrpons momHoTsl M He wu30bITOUHOCTH rpada OM obecneunBaeTcs IyTeM
yCTpaHEeHHUs] NPOAYOIMPOBaHHBIX OOBEKTOB B pasHbIX MHOXecTBaX. OOBEKTOB
CHUCTEMBL.

[Ipn  CTPYKTYpHOW yHOpSIOUYEHHOCTH Trpad OnpenensaoTcs onepaunuu
KOHKPETH3allul W NPUHAISKHOCTH O0BeKTOB. KOHTpOJIE TOSHOTHI M He
n30bIToyHocT rpada OM 1O3BOJNSIET YCTpPaHATH CAyONMpOBaHHBIE OOBEKTH B
pa3HBIX MHOXECTBaX.
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XapakTepucTuiecknii ypoBeHb npoextuposanus OM

OOBEKTHI, KOTOPBIE OIMPENEICHBl Ha CTPYKTYPHOM YPOBHE abCTpakIuy, Ha JaHHOM
YPOBHE C MOMOIIBIO JIOTHKO-aITeOpandecKuX Omepanuii MO3BOJSIOT MPOBECTH
Momudukanuio o0BeKTHOTO Tpada G ={0} W KOHKPETH3ALIHI0O WX CBOWUCTB H
XapaKTEepUCTHK HA OCHOBE IPEIUKATOB MHOXKeCTBa P Ham MHOXecTBOM O.
BxomHast wHOpOpMamus HAaHHOTO YPOBHSA — obObvektHBIA Tpap G co
cnemudukanuaMu  00bEKTOB. Pe3ynapTaT ypoOBHS — OTKOPPEKTHPOBAaHHBIH H
pacumpenssiii  rpag  OM  HOBBIMH  OOBEKTaMH C  JIOTIOJHUTEIHHBIMH
XapaKTepUCTUKAaMH M CcBOWCTBaMH. [yl 3ajaHus XapakTEpPUCTHK M CBOWCTB
(npenukaroB) crpoutcs anredpa. Ha cTpykTypHOM ypoBHe aOcTpakuuu o0beKTam
3aJal0TCsI ~ CBOWCTBA U XapaKTEpUCTUKHU. JJIsi HUX HCIONB3YIOTCS MHOXKECTBO
npenukatoB P=(P;, P, ..., P,) Ha mHoxecTBe S u OA=(0A;, OA, . OA,), toe mist
kaxzoro OA; cymecrByer P; Takoi, uto P; Ha OA; IpUHMMAET 3Ha4€HHE UCTUHEL
Tornma I4: S — EA ecTh OrpaHUYEHUE TOXKIECTBEHHOTO OTOOpaxKeHus S Ha ceOsl.
Ecmu A=(A4,;, Ay, ... A;) — MHOXeCTBO 00BEKTOB, KOTOPBIC OTPEICICHB Ha TaHHOM
ypoBHE, U TA: OA — A, rne xaxaoMy OA; COOTBETCTBYET A;., TO ONPEAEISAETCS
oToOpakeHHEe MeXAy OOBEKTaMH Ha CTPYKTYPHOM M XapaKTepUCTHUECKOM
YPOBHSIX

TA#A: § —A.

Q = (4, P) ompexnenser MoJeNb alreOpbl  XapaKTEPHCTHYECKOTO YPOBHS Ha
MHOXeCTBe A U IIpeauKaToB P.

B cooTBeTcTBMM € XapaKTEpUCTHYECKUM AacleKTOM JUIsl KakJIOro M3 OOBEKTOB
dhopmupyercs ero kouuent. Eciu O'=(0;, O,, ... O,) — COBOKYIHOCTb OOBCKTOB
IIpO, a P'=(P,, P, ... P,) — MHOXECTBO YHapHBIX MIPEIUKATOB, KOTOPHIE CBSI3aHBI
co cBoiictBamu 00bekToB [IpO, TO KOHIIENT O' 00BekTa O; ABIAETCS MHOXKECTBOM
YTBEPKICHUH, KOTOPHIE IMOCTPOEHBI Ha OCHOBE MPEINKATOB C P, IPUHUMAIOMINX
3HA4YEeHHE UCTUHBI JJIs1 COOTBETCTBYIOMEro o0bsekTa. To ectb Con; = {Ay} 1 Py(0O;) =
true O. CoOTJacHO CTPYKTYp KOHIENTOB MEXIY OOBEKTAMH OIPEICITIOTCS
OTHOILIEHMS TUIIA «POJ-BUA".

Bripaxenne 4 = (O’, P’) ompenenseT cUCTeMy KOHIENTOB OOBekTOoB O’ |
MPEIUKATOB P’ ¢ MOMOIIBIO 0-apHblX, YHAPHBIX U OUHAPHBIX OTIEPALIUH.

Axcuoma 1. Kaxnapiii oobekt [IpO ummeer Xxorss Obl OJHY  XapaKTEpPUCTHKY,
KOTOpasi 3alaeT CEMaHTHUKy M YHUKAIBHYI HACHTH()HKALUIO BO MHOXECTBE
o0wextoB [1pO.

XapakTepucTUKH (HOPMHUPYIOTCI aHATUTHKOM KaK MHOXKECTBO CBOWMCTB. ITO
MHO>KECTBO MOXET PaCIIMPATHCS U MOANGPHUINPOBATHCS B Ipoliecce GopMUpPOBaHHS
Mozemn OM. XapakTepHCTHKH ONpPENENSIIOTCS THUIIOM OOBEKTa W MpPUHAJJIEKAT
TOJBKO onHOMY 00BekTy Monenu IIpO. OHuM npenHa3HA4YeHB! ISl OINPEACICHUS
CTPYKTYPHOTO cTaTyca 0ObEKTOB (3JIEMEHTOB MJIM MHOXKECTB), U MOJPa3ACIATCS Ha
BHEIIHUE U BHYTPEHHUE XapaKTEPUCTUKU, CMBICT KOTOPBIX ONPEIEIICHbI BBILIE.
XapakTepUCTUKH 3a/JaloTcsl B BHJE CIUCKAa WJIM MHOXECTBa CBOMCTB C
HECOBMNAJAIOIIMMHU  THUIIAaMM, WJIH COOTBETCTBYIOIIME pPAa3HbIM  MOJEIbHBIM
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xapakTepucTukaM. JIi000H OOBEKT MHOKECTBA WJIHM DJIEMEHT €ro MOXKET
COOTBETCTBOBATH TOJILKO OJIHOM BHELIHEN W BHYTPEHHEH XapaKTEPUCTUKH, TO €CTh:
- 00BEKT-MHOXXECTBO — BHEIIHAS ¥ BHYTPCHHSA XapaKTePUCTHKA;
- 00BEKT-2JIEMEHT — BHYTPEHHSISI XapaKTepUCTHKA.
OCHOBHOE yCJOBHE OIPEIENCHUS] TPUHAICIKHOCTH OOBEKTa K  MHOMKECTBY
9KBUBAJICHTHOMY BHYTPEHHEMY CBOMCTBY OOBEKTa-MHOKECTBA.
Ha xapakrepucTnueckoM ypoBHE (YHKIMOHAIBHBIM OOBEKTaM OMNpEAeIIIOTCS
BUJIBI CBSI3M - WHTep(eiic, B KOTOPOM IEpealoTCsl BHELIHHUE XapaKTePHUCTHKH
JIPYTUM 3JIEMEHTaM, CBSI3aHHBIM Ha rpad)e OTHOLIEHHEM IPHHA/IEKHOCTH.
B cBsi3u ¢ 3THM, K paHee noctpoeHHOMY rpady G 100aBISIOTCS XapaKTEPUCTHKU
mozaenu MF u nnrepdeiicsr:

G={0, 1, R}, (1.3)

rne O — MHOXECTBO OOBEKTOB ((YHKIHN),

I — MHOXeECTBO UHTEPGEIICOB,

R — MHOXecTBO oTHOMICHHH (relations) Mex Ty 0OBEKTaMU.

B rpap G pmobaBnsrorcs  oObexTel [ (puc.4), KOTOpBIC SBIISIOTCS
uHTEp(EHCHPIMA OOBEKTAMH, T.C. BBHINOJHSIOT (YHKIHIO BBI30Ba OOBEKTOB M
nepeaayn UM COOTBETCTBYIOIIUX JaHHBIX B TpeOyeMoM dopmare.

(90 HaYeHA

NokaneHele
ofbekTel

FHTER G EfcHEIE
oBBeKTRI

¥aaneHHel e
OIONNOIO

Puc. 4. Tpagp G na mHodcecmee 00bekmos u unmepgheicos

g g

Bepmmnsr qarroTo rpada G 3anmanT GyHKIHOHATBHBIE 00beKTEl — Of, O,, O3, Oy,
Os . O¢ , O; Oy u umHTepdeiicHble 00bekTEl — O's, O’ O'; O's, KOTOpPBHIE
pa3MEIaoTCs B PEIIO3UTOPHH, a IyTH COOTBETCTBYIOT OTHOIICHUSIM MEXIY BCEMU
BHJaMHU O0OBEKTOB.

Onementsl Tpada O; — Og ommceiBarores B SI1, a uaTepdericasie 06bekTH O's —
O’s B cnenuansHoM si3bike mHTepdeiica IDL (Interface Definition Language),
pa3paboTaHHOTO B paMKax mpoekta CORBA. Tlapamerpsl BHEUTHHX
XapaKTEePUCTHK HHTEPHEHCHBIX OOBEKTOB MMEPEHAOTCS MEXIy OOBEKTaMHU dYepe3
UHTEPQEHCH U TOMEYaroTcs Kak in (BXOJIHOH), out (BBIXOJHOW), inout (BXOIXHOW H
BbIXoHOW) B IDL.
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OyHKIMOHANBHBIE 00BEKTEI rpaa G COOTBETCTBYET METOJAM PEaTM3alMH ITHUX
oobextoB [IpO. Ilpm koHkperm3aumu (yHKIMOHAIbHBIE OOBEKTHI Trpada G
YCTaHaBJIMBAIOT CBA3b C APYTMMH O0BEKTaMH 4epe3 HHTep(EHCHbBIE TapaMeTpsl in,
out, inout MHOXecTBa I
WuTepdeiicapie 00beKTB  Trpada comepkaT OIMUCAHHE IepeJaBaeMbIX TaHHBIX,
omeparopsl  ynaneHHBIX Bb3oBOB RPC mmm RMI u mepemaum maHubeix. [Ipm
HEOOXOIMMOCTH TIepefaBacMble JaHHBIE IpeoOpasyioTcst Opokepom ORB  k
COOTBETCTBYIOIINM (hOpMaTaM Cperbl BBITOJHEHHS METO1a 00OBEKTa.
ITo rpady G (puc.4) MOXKHO MOCTPOUTH TPOTpPaMMbl P; — Ps ¢ HCHOIh30BaHUEM
orepatopoB o0BeTUHEHUS (COOpKH) /ink:
1) P,;= 02U 05 , linkP1=In 0’5 (Ogu 05);
2) sz OZU 06, ZinkPZZIn 0’5 (02U 08);
3) Ps;
4) P,= O4U 07, lil’lkP4 =In 0’7 (O4U 07);
5) Ps=0,0 08, linkP4 =In O’g (O4U 08);
6) Py= (P] UP; UP; WP P5)
Pesynprar cBs3u nByX 00BekTOB (Hampumep, link P,(O’s) - 3T0 uUHTEpQEHCHbIH
00wpexT In O’; . B 3TOM 00BEKTE 3amaeTcsl CHHCOK BXOJHBIX HHTEp(encoB,
COBIIAJAIONINX C MHOXECTBOM HHTep(deiicoB 0OBEKTa—TIpHEMHHKA, a TaKXKe
CIHCOK BBIXOAHBIX HHTEP(EHCOB, KOTOPOE COBIANAET C MHOXECTBOM BBIXOIHBIX
uHTepdeiicoB 00beKTa—NepeIaTIHKa.
Axcuoma 2. Pacumpenssiii rpadp G ¢ uHTep(EHCHBIME 00BEKTaMH, CTPYKTYPHO
ynopsiioueH (HaBepx), MPOKOHTPOJMPOBAH HA TMOJHOTY, H30BITOYHOCTH U
JyOIUPYIOIINE 3JICMEHTBI.
OOBEKTBI MOTYT UMETh HECKOJIbKO MHTEp(eicoB, KOTOpble MOTYT HacieIoBaTh
uHTEepdEHcH ApYyrux OOBEKTOB B TOM CIy4ae, KOrJla OHH  TPEIOCTaBISIOT
JIAaHHBIE BCEMY MHOXECTBY BXOJHBIX HHTEP(EHCOB.
MHOXecTBO 00BEKTOB © uHTEepQeiicoB Tpada OTMEHarOTCs OOIMHUMHU
XapaKTepucTukamMu o0bekToB B OM. OHU CUYHUTAIOTCS JTOCTOBEPHBIMH, €CIH
BBINIOJIHSAETCS. ~ YCJIOBHME: KaXK[as BHYTPEHHsSS XapaKTepHCTHKAa HSKBUBAJICHTHA
BHEIIIHEH XapakTepucTuke oobekTa. Eciam 370 ycnoBue He BBINOJIHACTCS, TO TaKOH
JIEMEHT yaanseTcs u3 MHoxecTBa O M 13 Tpada COOTBETCTBEHHO.
Koumpono obvexmnoeo epagpa OM o0CyHmIeCTBISICTCS € IMOMOIIBIO OTepanuit
JIOTHKO-aNTe0pandeckux OIlepanuii, TeM CaMbIM HWLIIOCTPUPYETCS  OOIIHOCTH
UAeoNoTHN moaxona K co3gaHmio OM w3 OOBEKTOB W BBIBICHHE CHUTYaIHH
HapyIIEHHUs CTPYKTYPHOH YIOPSIOYEHHOCTH OOBEKTOB MyTEM aHaln3a CBOWCTB U
XapaKTepUCTHK OOBEKTOB MHOXECTBa. OTH onepanuu o0ecrieunBarOT
IpYyNIUPOBaHKE C MOMOUIBIO ONepalyii OMHAPHBIX OTHOUIEHWH THMA is-a’ ¥ I
napsbl "00bEKT-MHOKECTBO — OOBEKT-3JIEMEHT" BBIIOJIHSIOTCS OIepalyy:
- OK3emmiaApusayuy  DJIEMEHTa IIyTeM  COIOCTABICHHS COBOKYITHOCTH
O00BEKTOB, KaXIbIH M3 KOTOPHIX 00JagaeT BHEIIHHMH CBOWCTBaMH,
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NPUHAUISKANIMMH ~ BHYTPEHHEH  XapaKTepUCTUKE OOBEKTa  JTOro
MHOJKECTBA;

- Knaccuguxayuu OOBEKTOB COINIACHO HMX BHYTPEHHEH XapaKTepHCTHKH,
pa3Hble 3HAYCHHUS KOTOPOW OTHOCSTCS K BHEIIHHM CBOHCTBaM OOBEKTOB,
KOTOpBIE KJIaCCUPHUIUPYIOTCS.

ITape "0OBEKT-MHOXKECTBO — OOBEKT-MHOXKECTBO'" COOTBETCTBYIOT OIIEPALIUU:

- 000bwenue cuTyanuy, IpY KOTOPOH Bce BHYTPEHHHUE CBOIICTBAa IEPBOrO
orepaHsa SBISIFOTCS TTOJMHOKECTBOM BHEUIHEH XapaKTEPUCTHKU BTOPOTO
olepana;

- cneyuanusayuy (Kak oOpaTHas OIepalys 10 OTHOLICHMIO K IEPBOM).
Jns peanuzanuu OuHapHOro oOTHOMIEHHS 'Part—of mapbl "OOBEKT-2JIEMEHT —
00BEKT-37IEMEHT" UCIIOIB3YIOTCS Ollepalnu:

- aepecayuu COBOKYIIHOCTH OOBEKTOB M MX BHEIIHMX XapaKTEPUCTUK C
yKa3aHUEM TOJAMHOXECTBO CBOWCTB IOPOXICHUS HOBOTO OOBEKT-
MHO)KECTBA C BHYTPEHHEH XapaKTEepUCTUKON U3 3TOTO NOAMHOXKECTBA;

- Oemanuzayuu, KOTOpas ABIACTCS OOPAaTHOM IO OTHOLICHHIO K ONEpaLliH
arperalii M TIO3BOJIAET OMNPEACIUTh CIUCOK OOBEKTOB, M3 KOTOPBIX
COCTOMT arperupoBaHHbIl 00BEKT-MHOXKECTBO.

IToBenenuyeckmii ypoBeHb npoextupoanuss OM

BX0omHBIMU JaHHBIMHU AJISL 3TOTO YpOBHS sBiIsAtoTcs OM Ha MpenpIaynnx ypOBHSIX.
Ha nanHOM ypoBHE ompenensercs IHOCIeI0BaTEIbHOCTh COCTOSHHH OOBEKTOB H
MpOLIECCHl  TIepexoa COCTOSHUNA. B3anMocBs3n Mexny oObekTaMu (HOPMHPYIOTCS
C TIOMOIIBIO OMHAPHBIX MPEANKATOB, KOTOPHIE CBS3aHBI CO CBOHCTBAMH OOBEKTOB
[IpO, 1 neranu3nupyroT B3aUMOCBS3M MEXK/Y COCTOSIHUSIMHA OOBEKTOB.

JanHbIl ypoBeHp OasuWpyeTcsi Ha CHCTEME IPEeIUKAaTOB OTIPEEIISFONINX
MOAMHOXECTBO S4 W MHOXECTBO OOBEKTOB S, KOTOPbIE OTOOPaXalOT CYIIHOCTb
o6bekToB [IpO u onpenensioT ux noseneHne, 6e3 yuera BHyTPEHHUX CBOMCTB.
COBOKYITHOCTh TIpeAWKaTOB 3amaercs uepes P = (P, P, .., P,). Torma, ecim
MIOCTaBUTh B COOTBETCTBHE MHOXKECTBY SA anreOpanveckyro MoJenb A4, B KOTOPOH
SA siBIsieTCsl OCHOBHBIM MHOKECTBOM, TO Ha JIaHHOM YPOBHE a0CTPaKIIMH OOBEKTHI
OTIPEEIAIOTCS KaK 3JIEMEHTHI MHOXKECTBa SA ¢ MCIONIb30BaHUEM NIPEANKATOB P, U
Ha 9THUX 3JIeMEHTaX NPUHUMAETCs 3Ha4eHHe “‘ucmuna”.

B o0mem cmydyae 3TOT ypOBEHb IO3BOJISIET PACCMATPUBATh 3aBUCHMOCTH OT
anreOpel A (31eMeHTH! MHOXecTBa SA M P) Ha XapaKTepUCTHYECKOM YpPOBHE, C
oTOOpakeHHEeM 3aBUCHMOCTH OT BPEMEHH [ peaspHBIX 00bekToB OM m mux
XapaKTePUCTHK.

Ilycte B = (B;, B, ..,. By) — MHOXeCTBO OOBEKTOB, KOTOPBIE OIpEeNCHB Ha
MOBE/ICHUYECKOM ypOBHE, M KaxaoMmy A; ortBewaer B; (4; —Bi(t)). Torma
otobpaxxenne TB ompenensercs Mexay OoOBEKTaMHU Ha XapaKTEPUCTUIECKOM H
MTOBEJICHYECKOM YPOBHSX

TB: A — B.
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OnpezencHue COCTOSHNS 00BEKTOB 3aBUCHT OT KOHKPETHOTO 3HAYCHHUS IapaMerpa
BPEMEHH Ha OTpe3Ke YacoBOH OCH (OTpPEe30K OTBEYAeT JUIMTEIEHOCTH
cymectBoBaHus o0bekra) SA; = SA;(1), B koTOpod SA; — OOBEKTHI-3JEMEHTBI
MHOXecTBa SA C accOIMHUPYeMOH COBOKYITHOCTBIO TIPEAWKAaTOB P, KOTOpHIE
MPUHUMAIOT Ha 3THX 00beKTax 3HaueHue "ucmuna’.

Teoperndeckn CyIIeCTBYeT 3aBUCHMOCTh CaMHUX MPEIUKATOB OTHOCHUTEIHHO
BPEMEHH, TO €CTh 3aBHCHMOCTh BHAa P; =P; (¢). OgHaKO U YIPOILICHHUS MOJCITH
moJo0Hast 3aBUCHUMOCTh B JAaHHOW paboTe HE YYHUTHIBACTCS, a BO3MOJKHBIE
W3MCHCHUS BPEMCHH PAacCMATPUBAIOTCS KAK HOBBIC MPEIUKATHIL.

[TonsTne BpeMEHN — 3TO a0CTPAKTHOE MOHATHE, OHO COOTBETCTBYET KOHKPETHOMY
mapaMeTpy CHCTEMBI, 3HA4CHHS KOTOPOTO YIOPSAOYEHBI, W KaXKAOMY W3 HHUX
COOTBETCTBYET COCTOSIHUSI OOBEKTOB, K KOTOPBIM OTHOCSTCS: aTPUOYT COCTOSHUS,
CTaTUYCCKUN W JUHAMHYCCKUA aTpUOyT COCTOSHUS.

Junamuueckuii  atpulyT COCTOSIHUSA 3aBUCUT OT 3HAYCHHUS I[apaMeTpoB,
MOJICIUPYIOIIAX ~ BO BpPEMEHH Mpoliecca BhIMoJgHEeHMs. [Ipemmaraercs  aBa
BapuaHTa MOJETUPOBAHUS 3aBUCUMOCTH 00bEKTa OT BpEMEHHU:

a)  OTHOCHTCIBHO BPEMEHH B BHJEC IOCICIOBATCIBHOCTH COCTOSHHIA
CHUCTEMBI, YIIOPAAOYCHHBIX B COOTBCTCTBHUU C MMApaMETPOM, KOTOpLIﬁ 3a4a€T BpeMs
HCXOJS U3 MOJIEIH COOBITHIA;

0) XapaKTEepUCTUKU OOBEKTOB, KOTOPBIC 3aBHCAT OT MapaMeTpa BPEMCHU B
MOJIEIH COCTOSTHUM.

OM 3amaeT MOJEIb COCTOSHHUI:

1) m1s  kaxmoro  o0bEKTa  IMOCICHOBATEIBHO  paccMaTpUBACTCS
XapaKTepUCTHKa, KOTOpas acCOLMUPYETCsl ¢ HUM. B cIMcke CBOWMCTB, KOTOpBIC
COCTaBIIAIOT MHOJKECTBO  3HAUYCHMH  XapaKTEPUCTHKH, yKa3bIBaeTcsa JIMOO
CTaTHYECKOE CBOWCTBO, JMOO HAOOp CBOMCTB, KOTOPBIE OMNPEICISIOT AWHAMUKY
noBefeHuss  oObekra. [locimenHWe  COCTAaBISIIOT — MMOJMHOMKECTBO — 3HAYEHHH
XapaKTEePUCTHKH, KOTOPOE OIPEAEIsIeT JUHAMUYECKNI aTpuOyT COCTOSIHUS OOBEKTa
B 3aBHCHMOCTH OT IapameTpa BpeMeHn. CTaTudecknue Wiu AMHAMUYeCKHe CBOWCTBa
OTIPEIETAIOTCS JUIS KaXIOW XapaKTepUCTHKH OO0BeKTa oTaenbHO. CocTosHue
oobekta OM ormpeznenseTcs COBOKYITHOCTBIO CTaTHUECKHX aTpHUOYTOB (CBOWCTB)
00BeKTa ¥ HAOOPOM JHHAMHYECKUX aTpHOyTOB B KaXKABII MOMEHT MOAETHPOBAHUS
BPEMEHH CYIIECTBOBAHMUS OOBEKTA;

2) mepexon OOBEKTa W3 OJHOTO COCTOSIHUSI B JIPYTrO€ OCYIIECTBISIETCS
MOCPE/ACTBOM  HEKOTOPOro COOOLICHUsT (WiIM COOBITHSA), KOTOPOE SIBISETCS
pe3ynbTaToM aHanuza coctosiHuss OM (B ciiydae ee HpeablayIiero W3MeHEHHs).
[lepexon moOpoXAaeT oOIpeAereHHOe COObITHE, KOTOpOe, B CBOIO OYepelb,
MHHIMHMPYET aHanu3 cocTostHust OM;

3) U3MEHEHHSI COCTOSIHMSI OOBEKTa BBINOJHSIOTCS IOCPEACTBOM Habopa
METOJIOB, aCCOLIMUPYEMBIX C 3THUM 00beKTOM. KpoMme Toro, 00beKTy COOTBETCTBYIOT
HE TOJIKO BHUJIBI COOOLIEHUH (COOBITHI), MOpPO’KAAIOIINEe U3MEHEHHE COCTOSHUN U
CIIMCOK COOOIICHNH, Ha KOTOPBIE 0OBEKT pearupyroT, Kak Ha COOOIEHUS BPEMEHH.
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Ilepexon 00bEKTa M3 OHOTO COCTOSHHS B JPYro€ OCYIICCTBISCTCS MOCPEICTBOM
W3MEHEHUsSI COCTOSHUS OOBEKTa C TIOMOIIBIO METOOB, ACCOIMHUPYEMBIX C ITHM
o6wekToM. KpoMe Toro, oOBEKTy COOTBETCTBYIOT HE TOJIBKO BHIBI COOOIICHHIA
(coObITHIT), TOPOKAAOTIE U3MEHEHHE COCTOSHUM, HO MU CIIMCOK COOOIICHHH, Ha
KOTOpPBIE OOBEKT pearupyroT, Kak Ha YaCOBBIC COOOIICHNUSI.
C KaxIbIM COCTOSHHEM OOBEKTa CBS3aHO HEKOTOpas ACATENbHOCTH (Activity),
KOTOpas Aajbllie OyneT MMeTh Ha3BaHHE ACUCTBUS (Action), M IPOUCXOIUTH B TOT
MOMEHT, KOTJ]a 00BEKT TOCTUTAET ONMPEACTICHHOTO cocTosTHuA. Onepanun IeHCTBHS
HUMCIOT JIOCTYI K MOJICTTH COCTOSIHAN M K JJAHHBIM JPYTUX O0BEKTOB.
Mooenv cocmosinuii MOXKET 3aIaBaThCS B BHIEC MOJEIH MEPEXOJ0B COCTOSTHHM.
HekoTopsie Mozmenn COCTOSHHI MMEIOT OAHO UM OOJiee COCTOSHHHU, TAe OOBEKT
MOSIBIISICTCS B TICPBBIN pas.
B HEKOTOPBIX MOAETSIX COCTOSIHUN OTHO (MM, BO3MOYKHO, HECKOJIBKO) COCTOSTHHE
SABJIACTCA KOHIIOM )K]_I 061)e1<Ta, WU 3aKJIIOUYUTCJIBbHBIM COCTOSIHUEM U 3a1aCT OJIHy
W3 IBYX CUTYalUil:

- OOBEKT CTaHOBUTCS HEMOIBIKHBEIM BO BpPEMEHH, TO €CTh IPOJOIDKACT

CYIIECTBOBATh, M 0€3 TUHAMUYCCKOTO MOBCICHHUS,

- 00BEeKT mpeKparacT CynecTBOBaHNUE.
Ecmu mpm wMopenmmpoBaHWM —TOBeneHYeckoro ypoBHa OM BO3HHUKAET
HEOOXOAUMOCTh HM3MEHEHHS O00BEKTOB, HMX CBOWCTB WIH XapaKTEPHUCTHK,
OTHOIICHUN MEXIy OOBEKTaMH, TO WX PE3YNbTaThl COOTBETCTBYIOT KOPPEKIHH
MOJIENTN TIOBEACHIECKOTO YPOBHSI.

Kaaccuduxauus o0bexron

O6BexTsl OM MOTYT TPYIIIHPOBATHCSA B KJIACCHl 00BEKTOB. Ecnu 00beKT — 31eMeHT
JIpyroro oOBEKTa, TO OH OMpeeNsIeTCs KJIacCoM.

Krnacc — aTo onpeneneHHOE MHOKECTBO OOBEKTOB, UMEIOIIHNX OOIIHe TIepEMEHHBIE,
CTpYKTYpy H moBeaeHHe. OIHHUM U3 OCHOBHBIX CBOMCTB OOBEKTOB SIBISIETCS
nHKancymanusa. OHa peanusyercs ¢ MOMOIIbI0 HHTep(heicoB, KOTOPHIE COCTOAT U3
MeTO/I0B U atpubyToB. C o0miel Touku 3peHusi, natepdeiic sk3eMIusipa 00beKTa
COCTOUT W3 COBOKYNMHOCTH MeTOJOB. Kaknaplif 0OBEKT MOXKET MMETh HECKOIBKO
uHTepdecoB, KOTOPBIE ONPEACISIOT ero (PyHKIHOHAIbHbIE cBoWcTBa. KpoMme Toro,
00BEKT MOXKET MMETh CIICIHAIBHBIN MHTEp(ENC, METOAbl KOTOpOro paboTaroT ¢
HEeNBIMA dK3eMIDIIpamMu (Harmpumep, Home-unarepdeiic B mogenu EJB s3pika Java).
B cocraB 3TMX METOIOB BXOJAT METOJBI ITOWCKAa 3K3EMIUIIPOB KOMIOHEHTa, WX
CO3[]aHMe, YHHYTOXEHWE M T.I. Hampumep, NOHCK 3K3eMIuisipa OOBEKTa,
KOMITOHEHTa MOJKET IPOUCXOJHUTH IO €ro yHUKAILHOMY HUMEHH WM 3HAYE€HHIO
OIPEJEIICHHON NIEPEMEHHOM.

Omnpenenenne 00BeKTa (HOPMYJIUPYETCS COIJIACHO YCIIOBHS:  KaXKIbI OOBEKT
00513aTeNIbHO SBJISIETCSI MHOXECTBOM MIIM 3JIEMEHTOM HEKOTOPOTO MHOXECTBA.
VYnopsinouenne  o0bekToB  OM  BBINOJNHSAETCSA € Y4ETOM  OTHOLICHUS
NPUHAJIEKHOCTH, @ DJIEMEHTOB MHOXKECTBAa C IMOMOIIBI0 MHOXECTBA IEIBIX
YHCell.
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Konkperuzanueii moHATHs 00bEKTa B JAHHON KOHIICTIIUN SBIISIOTCS:

Kaacc — 3T0 00BEKT, KOTOPBIN 3a7aeT cO00 MHOMKECTBO;

9K3eMNaAp Kiacca — 00BEKT, KOTOPBIH SBIISCTCS 3JI€MEHTOM
ONPEAEIEHHOTO MHOXECTBA, KOTOPBIN CaM ABJISIETCS KJIACCOM;

00beOUHEeHHbLIL KIACC — MHOKECTBO, KOTOPOE SABJISICTCS PSIMOH CyMMOU
HECKOJIBKUX IPYTUX MHOXECTB;

Klacc—nepeceyeniie — 3TO MHOMKECTBO, KOTOPOE SIBIISIETCS OOIICH
YacTbIO IPYTrUX MHOXKECTB;

azpecuposaHHblll  Kiacc — 3TO  MHOXECTBO, KOTOPOE€ SIBJISIETCA
IMOAMHOKECTBOM OIIPEAECIEHHOIO0 JAEKApTOBOI'O IIPOU3BEACHUS HECKOJIBKUX
JPYTUX MHOYECTB.
OO0BeKTH 00BEIUHSIIOTCS B KJIACCH B COOTBETCTBHH C OOIIMMH XapaKTEPUCTHKAMI.
Mogens OM ¢ k1accaMu UMEET BHI:

OM = (Oclass, GK ), (1.5)

rae Oclass = {Oclass;} — MHOXECTBO KJIACCOB O0BEKTOB (DYHKIIMUA MM METOIOB C
obmmmu cBoiictBamu; GK — 0OBEKTHBIN Tpad, KOTOPHIA YCTAHABIMBACT CBS3H H
OTHOIIICHHS MEXTy K3eMIUIIpaMH KJiacca.

Kaxxmprit kimace mpeacraBiseTcs B BUC:
Oclass; = (ClassName,, Meth,, Field}, (1.6)

rae ClassName; — ums xnacca, Meth; = {Methj,} — MHOXeCTBO MeTOIOB, Field; =
{Field,'} — MHOXECTBO IIEPEMEHHBIX, KOTOPHIE OIPECISIIOT  COCTOSTHHE
IK3EMIUIIPOB KJlacca.

Mycts Pfield < Field — muoxecTBo BHEMHUX MepeMeHHBIX (public), KoTopbie
nocrynusl BHe. Kaxnomy Pfield, € Pfield i nocraBuM B COOTBETCTBHE METOBI
get <Pfield,> wu set <Pfield,™> mi1 npucBoenus © BLIOOPKHM 3HAYEHHMI
COOTBETCTBYIOLIECH NEPEMEHHOM, TO €CTh 3TH IEPEMEHHBIC CTAHOBATCS aTpUOyTaMu
B TEPMHHAX COBPEMCHHBIX KOMIIOHEHTHBIX Mojelieil. COOTBETCTBEHHO, B JAPYTHX
Kjaccax BMECTO  OOpallleHHss K TaKUM IepeMEHHbIM OyIyT HCIIOJIb30BaThCs
yKa3aHHble METO/Ibl. TOr/1a MHOXKECTBO METOJIOB MMEET BH/I:

Imethod;=Method; {get<Pfield,>} U{set<Pfield,>},koTOpOMy  COMNOCTABISETCS
uHTepdeiic [func;, COCTOAMMNN 13 MPOTOTUIIOB METOIOB, BXOIIINUX B Imethod,;.
[Mapannensho ¢ Osyst paccmarpuBaercst cuctema Isyst = (Ifunc, 1G),

rne Ifunc = {Ifunc;} —MHOXecTBO HHTEP(DEiCOoB;

IG — unTepoeiicuslii rpad, naeHTHIHBIN Tpady G.

Knacc Oclass; mopoxnaer cBom sxzemmmipel (o6vextsr) Obji' = {ObjName,
Method, Field}, xotopeim B cucreme Isyst OyayT COOTBETCTBOBAaTh

untepdeiicusie snementrl lobj, = {Inamey/, [funci}.
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J7s KaXI0ro Takoro 3JIEMEHTa HE ONpeeNieHa peanu3alds COOTBETCTBYIOLIEro

untepdeiica. ConocraBus HEKOTOPOMy MHTEp(elCy peanusanuro ImpFunc, To ecTh

chopmupyeM nHTEp(PEHCHBIN dTIEeMEHT

Iobjkij = {Inameki, Ifunci, _I_mpFunc_j' }, KOTOPBIA, IO CBOGH CYTH, 3KBHBAJICHTHBINA

sxseMiupy oobekra Cins”’ = (Tinsy”, IntFunc', ImpFunc’).

B mnpomecce cBoero ¢yHKIHOHHpOBaHHS O0BEKT ¢ momompbio Meroma Create

untepdeiica Cfact mopoxaaet sk3emmsapsr: Cfact. Create: Comp — {Cins,’},
Cinsy' = (linsy, IntFunc;, ImpFunc;),

rae Cins{ — dK3eMIUIAp KOMIOHEHTa C YHHKAIbHBIM HMeHeM [ins;, KOTOpBIi

TIPEIOCTABIISET CBOIO (PYHKIMOHATBHOCTH C TOMOIIBbI0 MHTepdeiica IntFunc' m

peanmu3anmio 3Toro uHTepdetica — ImpFunc;.

Mopnens OM B KOHKpPETHOH pacIpefeieHHOH Ccpele BBIMOJIHICTCSA C MOMOIIBIO

coobmeHnii, mepenaBaeMbIx Ha ocHoBe rpada G wu yepe3 wmHTEp(DEHCHYIO

BEpIIMHY K yNAJICHHOMY OOBEKTy M oOpaTHO. Takas cxema B3aMMOJCHCTBHSA

MOJIEP)KUBACTCSI ~ MHOTUMH COBPEMEHHBIMH  PACIpENEIICHHBIMH CPEAaMH,

Harpumep, cucrema Corba, rie Opokep MocsUIaeT COOOMIEHUsS ¢ MHTEpPEHCHBIMA

JaHHBIMU HEKOTOPOMY O6"beKTy JJIs1 BBITIOJTHEHUA U BO3BpaALlICHUS PE3YyJIbTATOB.

1.2. ®opmarnbHblie OCHOBbl OOBLEKTHOro aHanusa
HpI/IHIIPIl'ILI 00bEKTHOI'0 aHAJIH3a

[puHOMn BCeoOIIHOCTH O3HAYaeT, YTO Ha IPOU3BOJIBFHOM IIare OOBEKTHOTO
aHaliM3a BCE CYITHOCTH — CYTh OOBEKTHL

Axcuoma 2. Ilpeamernas obnacth, KOTOpasi MoJenHpyeTcs u3 OOBEKTOB, cama
SBIISICTCS O0OBEKTOM.

Axcuoma 3. Mogenupyemasi mpeaMeTHas 0O0JacTh MOXKET OBITh OTIEIbHBIM
00BEKTOM B COCTaBE APYIOil MpeIMETHOM 001acTH.

IIpyHOMO CyleCTBEHHOCTH OOBEKTHBIX pa3nuyuid. Ha mnpousBoiapHOM mIare
00BEKTHOTO aHAJIN3a KaXIbIH OOBEKT SBISIETCS] YHUKAJIBHBIM JIEMEHTOM.
Axcuoma 4. Kaxnplii o0beKT mMMeeT IO KpaiHeil Mepe OJHO CBOWCTBO WIH
XapakTepUCTUKY, KOTopas 3aJaeT €ro YHHUKANbHYI0 HJICHTH(UKAIUIO BO
MHOXECTBE 0OBEKTOB.

IIpuHoMn o0beKTHOW ynopsinoueHHocTH. Ha mpon3BonbHOM mare 0OBEKTHOTO
aHaliM3a BCE OOBEKTHl YIOPSAOYEHBl B COOTBETCTBHH C OTHOIICHHSIMH MEXAY
00BEeKTaMHU.

Akcuoma 5. Kaxaplii 00beKT WMEET NMpH HEOOXOJUMOCTH OJHO OTHOIICHHE C
JIPYTUM OOBEKTOM, KOTOpPOE O0ECIeunBacT €ro YHOPSIOYeHHOCTh B paMKax 3TOU
napel 00BEKTOB.

IpuHoun uwenocTHOocTHM 00bexkTHOHT Moaenu. Ha mpousBoiabHOM —1mIare
O0OBEKTHOTO aHaIM3a COBOKYIIHOCTH OOBEKTOB M OTHOIIEHHH MEXIy HHUMHU
OTHO3HAYHO OTNpPENeNII0oT OOBEeKTHYI0O MOJAENbh NpeAMETHONH oOmacTtd  ams
OIIPEZIETICHHOTO YPOBHS €€ a0CTPaKIIUH.
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Axkcuoma 6. Ha mpou3BosIbHOM miare oOBEKTHOTO aHaM3a OOBEKTHYIO MOJEINb
MOXHO TPEJICTaBUTh B BHJIE OPUEHTHPOBAHHOIO CBS3HOrO rpada, BepIIMHAMH
KOTOpPOTO SIBJISIOTCS OOBEKTHI, @ AyraM COOTBETCTBYIOT OTHOIICHHS MEXIY
00BEeKTaMHU.

1.2.1. Anre6pa 06bEeKTHOro aHanusa

I'maBHOK OCOOCHHOCTBIO YPOBHEH MPOEKTHPOBAHUS SABISETCA OIpEIeliCHHE
BHEIIHUX ¥ BHYTPEHHUX XapaKTEPUCTUK, KOTOPBIE HACIEHYIOTCS B CYNEpPKIAcC U
KJIACCHI IO CXEME:!

<o0BeKTHAs OpHCHTAIUSA> = <00BEKTH> + <OTHOIIECHUSI> + <HACIIELOBAHNE>.

B kauecTBe OOBEKTOB BBICTYIAIOT Kak aOCTpakTHbE 00pasbl, TAK U KOHKPETHBIC
(u3HUEeCcKre IpeIMEThI WM TPYIIIBI IPEJMETOB C YKa3aHHBIM ITOJMHOKECTBOM HX
XapaKTEePUCTUK U (HYHKITHH.

Anrebpa ob6wexTHOro ananuza [IpO sto:

I=(0.T, 4, (1.7)

rne O0'=(0,, O, ... 0,) — MHOECTBO ()YHKIIMOHATIHHBIX 00BHEKTOB,

1=, I, ..., In) — MHOXeCTBO HHTEP(EHCOB;

A’ =(4,, A5 ..., A,) — mHOX)ecTBO (Action — A’) omepauuii Hax IEMEHTaAMHU
MHOxecTBa O.
Kaxnas u3 onepauuii 4’ MMeeT NPUOPUTET W ApPHOCTh M 3alaeT CBS3b C
COOTBETCTBYIOIIMMH  KOHLENTAaMH OOBEKTOB M ONEpalusiMH MHOXecTBa A’ =
{decds, decdn, comds, comdn, conexp, connar}, tae decds, decdn — nexommo3unuy,
comds, comdn — KOMIO3UILIUN U conexp, connar — Cy>KeHHe.
CeMaHTHKH B3aUMOJACUCTBHsI 00BEKTOB rpada G, (QYHKIHOHHPYIOLIETO B Cpejie
«KIJIUEHT — CEPBEPY», CONEPIKHT:

O — MHOXXECTBO (PYHKIHOHANBHBIX 00BekTOB O=0;, O;..., O};

I — mHOXecTBO uHTepdeiicHbIX 00bekToB [n, Out, B koTOopoM [n —
MHOXKECTBO BXOJIHBIX HHTep(EHCHBIX 00BEKTOB, I'Jle 3aJal0TCs JIAaHHBbIE KIIMECHTA

st mepenade ux cepsepomy oowsekry O, € O, [n(Ok) u Out — MHOMKECTBO

BBIXOJHBIX WHTep(deicHbIX 00hekTOB  cepBepa O, € O, Out (Op) u  Inout —
MPOMEXXYTOYHbIE HHTEPHEHCHI.

Monens B3aUMOJIEHCTBUA 00BEKTOB OCHOBBIBAETCS Ha
CBOMCTBAX M  XapakTepUCTUKaX OOBEKTOB moaenu OM, KoTOpbIe
npeAcTaBiIeHbl  uHTEpdericamu | B sa3pike IDL  (mms  3amaHuns

napameTpoB In, Out) u onepanysIMu NPUHAICKHOCTH:

Ok S O,]n(Ok) — MHOXECTBO BXOIHBIX (In) WHTEpPEHCHBIX OOBEKTOB
KJIMEHTA,;

Ok €0, OIAZ(Ok) — MHOXeCTBO BbBIXOIHBIX (Out) wuHTEpPEHCHBIX

00BEKTOB cepBepa.
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PesynbraToM B3amMopmeHCTBUS IBYX OOBEKTOB Oylner OOBEKT, B KOTOPOM
MHOXXECTBO BXOAHBIX MHTEp(EHCOB COBMANAeT C MHOXECTBOM BBIXOTHBIX
nHTep(deiicoB 00BEeKTa-cepBepa, a MHOXKECTBO BBIXOAHBIX HWHTep(deicoB — ¢
MHOXECTBOM BXOIHBIX HHTEp(EHCOB 00BEKTa-KITUCHTA!
Ok = (Out(Ok ),Il’l(Ok )) ’
0,=(0u(0,),1(0)).
Ok 01 2(01”(0/{)’1”(01)).

BzaumopelicTBre 00bEKTOB Ok '01 SIBIIICTCS. KOPPEKTHBIM, €CIH 00BEKT-CepBEp
MOJIHOCTBIO 00€CTIeunBaeT CEPBUC, HEOOXOANMBII 00BEKTY-KIHEHTY, TO €CTh

VI, en(0,)=3I, e Out(O)~I, =1,.
VYnaneHHble OOBEKTHI MOIYT WMETh  HECKOJBKO HHTEp(EHCOB, OHH  MOTYT
YHAcJeoBaTh WHTEPQEIch APYrux O0OBEKTOB (Ok (—01). Torma  mocnenHue

MpeaAOCTaBJIAOT CECPBUC BCCro MHOXKECTBa HUCXOJHBIX HHTep(I)eﬁCOBI
0, <0, =0ut(0,)c Out(0,).

B cnydae, xorna o0OBEKT yHaclenoBal OPYrod OOBEKT, B KOTOPOM MHOYKECTBO
BBIXO/IHBIX MHTEP(EHCOB COAEPIKUT BCE €ro MHTEP(EHCh, a MHOXKECTBO BXOIHBIX
uHTEP(PEHCOB CONEPKUT TOJIBKO HHTEp(dEiichl, HEOOXOAUMBIE JUIS TPEAOCTABICHHS
CEepBHUCa, TO IMEEM

out (0, )uout(0,),

O <O =
{[,,. :(Im € ]n(Ok)uln(O[))/\Eln € Oul(O‘ “— O,):exec(l”,lm )}

Han obwexramu u nHTEpdeiicamy BEITOIHAIOTCS ONEpaLu:

— TPOEKIH 00bEKTa Ha unmepgheiic, B KOTOPOM MHOXKECTBO HHTEp(deiicoB
In comepxut oawH BXOMHOW wmWHTepdeiic, a MHOXecTBO uHTEepdeiicoB Out —
COJICPIKUT TOJIBKO T€ MHTEP(ENCH, KOTOPhIe HEOOXOUMBI AJIsI 3aJaHUsI CEPBHUCA;

— IPOEKIU 00beKma Ha 06vexm, Kak TPOEKIUS 00bEKTa Ha MHOXECTBE
HHTEP(EHCOB 00BEKTA;

— MPOEKLUsl 00bekma ¢ B3aUMOJEHCTBYIOIUM OOBEKTOM, KOTOPOE 3a1aeTCs
PaBEHCTBOM:

(Ok ()[)[Im] = Ok [Im]Ol
YHacne10BaHHBIH O0BEKT JeJIEeTHpyeT Bce MHTep(EHCH M IMEeT CBOMCTBA:
mpanzumuenocmu VO, ,; € 0:0, <= 0,,0, <~ 0; = O, <O,
cummempuynocmu VYO, € 0= 0, <O, .

Omnepanus napamiensHOro BhIoHEHUsT mporpamM TIC B pacmpeneneHHoO# cpene
HE BCCrJa SIBIISACTCA CPIMMeTpI/I‘IHOﬁ:

21



0, «(0,110,)=0, «(0,10,)
PesynbraTom oToOpakeHUs: 00BEKTa Ha 00BEKT uepe3 UHTepdeiic ocymecTBIsICTCS

C MOMOLIBI0 MHOKECTBA BXOAHBIX HHTepdeiicoB O, [OZ]ZOk [[n(OI )] W

BBIXOIHBIX HHTEpdeiicoB O [O,] = Ok [Out(O;)].

Mopnens OM B KOHKPETHOH pacIipefeliecHHON Ccpele BBIIOIHIETCS C IOMOIIBIO
coobmieHnH, mepexaBaeMbIXx Ha ocHOBe Tpada G B ceTh OT OOBEKTa depe3
HHTEePEHCHYI0 BEpPIIMHY K yJaJleHHOMY OOBEKTy W oOpaTHo. Takas cxema
B3aUMOJICHCTBUS TOJAEPKMBAETCS MHOTHMHU COBPEMEHHBIMH pacIpeAeICHHBIMH
cpemamu.

Teopema 1.1. MHOXecTBO omepaimii 2 anreOpbl sSBISETCS MMOJHOW CHCTEMON
oTepanunii ¥ MpeauKaToB P oTHOcHTeNbHO (GyHKINH 00bekTHOTO aHaimm3a [IpO.

1.2.2. Onpepgenenne mogenen MpO n NC npu mogenupoBaHun
MpoO
OneMeHTaMH MOJENbHOU cpeabl sBistoTcsa: Mozaens [IpO, 00BbeKTHa,
KoMItoHeHTHast Mozenb I1C 1 Mozxens XapaKTepUCTHK apTe(aKkTOB U CUCTEMBI.
OOBeKTHAst MOJETb MPOSKTUPYETCS Ha YPOBHIX M MIMECT BUJL:
OM =(G'}; G, G5, G'y), (1.8)

rae G, — rpag oobvekroB [IpO Ha 06oOmIarOIEM YpOBHE ee MpoeKTUpoBaHus (t=1);

G, — FM rpa¢ crpykrypHoro yposHs (t=2);

G; — rpad xapakTeprcTUieckoro ypoBHsI c¢ opmupoBanueM mopeneit (FM,
OMu KM) (t=23);

G, — Mozenb B3aMMOJICHCTBHS 0OBEKTOB Ha ITOBEJCHIECKOM YPOBHE (t = 4).
O6bektam GyHKImit G'; 1 MX XapaKTepUCTHKaM COOTBETCTBYIOT METO/IbI U JIAHHBIE,

ompenenseMble HAa YpOBHSX 2, 3, HeoOxomumble miusi ux peammsanuu B [IC u
obecrieueHnst X B3aUMOJICHCTBUS

KomnonentHass mozens I[IC — pasBurme OM, B KOTOpOil MeTOOBI OOBEKTOB
MpEeICTaBICHE  TporpaMMHBIMH KommnoHeHTamu win KIIW u wuaTepdeticamu
B3auUMOJeHCcTBUS MKy HUMU. Mozens CM crnenyromuii BUL:

CM = (RC, In, ImC, Fim), (1.9)
rne RC — 6a30Bble KOMIOHEHTHI MHOKeCTBa C; [n-uHTepdeiickl KoOMIOHeHTOB; [mC

— peayM3anMy KOMIOHEHTOB; Fim (...) — QYHKIMH, IpeBpaliaonye narepdeic u
MHO)KECTBO 3JIEMEHTOB JIAaHHBIX B CHTHATypy MHTep(eiica.

Mopesn npeagmMeTHO# 00J1acTH

Omnpenenenune 1.1. [IpenmeTHast 001aCTh — 3TO COBOKYITHOCTH TIOHSTHIA, KOHIICIITOB
BBIJICIEHHBIX 00BEKTOB ¥ X (PYHKIIMOHAIBHBIX XapaKTEePUCTHK.

OObektel  IIpO  yTOYHSIOTCS, CTPYKTYpHO YIIOPSIOYMBAIOTCSI C  [TOMOIIBIO
TEOPETHIECKHX oleparuii (00beANHEHNS, CENIEKIINH, TePECeYCHUs U JIp.) U MOTYT
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00pa30BBIBaTh KJIACCHI H CYNIEPKIACCHI 0OBEKTOB HA OCHOBAHWUHW OOIIMM TPHU3HAKAM
1 Xapakrepuctukam [1, 2. 15-21].

Mopeas IIpO umeer Bux:
MHpO = {MO, Miuc; Mox: MHC, P, D}, (110)
rae M, — MHOXeCTBO OOBEKTOB M OTHOLICHHH MEXIy HUMH, 3a1aHHBIX B OM;

Mi,. — modenv naTEpdeiica 00bekToB OM;

M, — MHOXECTBO OOIIUX XapaKTEPUCTHK 00BEKTOB U BHYTPEHHHX, IPUCYILUE
Ka)XXJJIOMYy OOBEKTY, M HCIIOJIb3YIOTCS PU KOHPHUI'YPAIMOHHOW COOpPKH OOBEKTOB
IIpO;

Mpc— Mozens NporpaMMHON CUCTEMBI, KOTOpasi peaau3yeT 3a1adu U
¢yaxouu IIpO;

P — MHOXeCTBO MNpENNKAaTOB C  TOPSAAKOM M YCIOBHSMH BBITIOJHEHUS
00BEKTOB ¢ WX (YHKIMOHAIBPHBIMH  XapakTepucTukamu monenn MF wu
B3aUMOCBSI3sIMU oobexktoB  IIpO, MeTompl KOTOPHIX O0ECHEYMBAIOT WX
nporpaMMHyto peanuzanuio B [1C;

D — muO)ecTBO nanHbIX [IpO, KOTOpBIC HEOOXOMMBI ISl BBIMOIHCHHS
OTACJIIbHBIX KOMIIOHCHTOB 1 TICu MOT'YT COXpaHATHCA B Oaszax JaHHBIX.
Omnpenenenune 1.2. TIporpammuas cucrema (IIC) — 3TO COBOKYITHOCTD Pa3IUIHBIX
MPOTPAMMHBIX apTe(PakToB (0OBEKTOB, KOMIIOHCHTOB, CEPBHCORB), UX pPeaTH3anuil
M ux cOopka B KOHOHIypalUIO CHUCTEMbI B 3aJaHHOM cpele. CemeiicTBO
nporpaMMHubIx cucteM (CIIC) — ato coBokymHOCTh [IC, KOTOpBIE OmpenensroTcs
OOIIMM MHOXECTBOM MOHATHH U XapaKTEPUCTUK MNPHCYIIHUX KKIOMY OTACIHHOMY
uyneny CIIC.

Mopens IIC — sro muHoxectBo apredakroB, KIIW, ¢yaxuumiti (o0bexTOB),
UHTEP(EHCOB U JAHHBIX:
M= (Cr, My M, Mi, Md), (1.11)

I'ne C; = KOMIIOHEHTHBIE ANEMEHTHI B si3bIKax L = L;, L, ..., Ly;
M= (0, O,, ..., O,) — MHOXeCTBO (yHKIIMOHAIBHBIX 00beKTOB IIpO;
Ms = (Ms;,, Ms,, MS;nou — MHOXKECTBO CEPBHCOB (S) IO 00ECTICUCHHTO
uHTEepdeiica — BXOTHOTO Ms;,, BEIXOJHOTO MS,,,, 1 CEPBEPHOTO MS ;0.1
M; — mHO)ecTBO HHTEp(heiicoB B sa3b1ke IDL;
M; — MHOXECTBO JIaHHBIX M MeTajaHHbIX [1C.

Omnpenenenne 1.3. BapuantHocTs — 3TO cHocoOHOCTH rotoBoi cucremsl IIC k
3ameHe HekoTopbix KT HoBBIME apTedakTamu wn [1C.
Touka eapuanmnocmu — 53T0 MecTo oObekTa B cozganHod [IC. B Hem

OCyIIECTBIISIETCS] BEIOOp BapuaHTa, KOTOPBIA Oy/leT MCIIOIb30BaThCs B IIpOIEcce
BBINOJIHEHUA B cucteMe. MF xapakTepucTHka TpPaHCIHUPYETCAd B KOJUIEKIUIO
BapHaHTOB U3 33/IaHHBIX TOYeK BapuanTHOCTH B I1C.

Omnpenenenne 1.4. Touka BapuaHTHOCTH — 3TO MecTo B uHTepdeiice monenu I1C,
I7Ie OCYIIECTBIAETCS BBIOOp BapuaHTa CHCTEMbl. BapuaHTHas XapakTepHCTHKA
HpPEACTaBIsIET 000 MHOKECTBO BAPUAHTOB HIIM ONPE/IEIICHHOE KOINYECTBO TOUEK
BapuanTHocTH I1C.
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Touku BapHaHTHOCTH OOpabaTBIBAIOTCS  KOHQUTYPATOPOM M TIO3BOJISET
tpancopmupoBath [IC myrem 3amensl omumx KIIM nmpyrumu, Oojee
(YHKIMOHATEHBIMU HIIM KOPPEKTHBIMH.

Omnpenenenue 1.5. BapmaGensHOCTP  — 3TO  CBOWMCTBO MPOIYKTa (CHCTEMBI) K
PACIIMPEHHIO, U3MEHEHUIO, IPUCIIOCOOJICHUIO WM KOHQUTYPUPOBAHHUIO C LIENBIO
UCIIOJIB30BaHMS B OINPEACIICHHOM KOHTEKCTEe W obecnedeHHs IMOCIeNyIOIel ero
9BOJIIOLIUHL.

Obecnieuenne BapmabenmpsHOocTH IIC Oasmpyercss Ha  MeTomax pa3padOTKH W
koHurypupoBanus nponaykra (Product Configuration) m3 roroseix KIIW wmm
B3IATHIX W3 OWONMOTEK reuses W MPOIECCOB YIpPaBICHHS KOHHUTrypammei
(Configuration Management), HampaBJICHHBIX Ha ONpEACICHHE W BHEIPECHUE
3G QEeKTUBHBIX MPOLEAYP pa3padOTKM ¥ DBOJIOLHMHM CHUCTEM, a TaKkKe Ha HX
aJanTanuio K HOBBIM YCJIOBUSM (YHKIMOHMPOBAHUS B COBPEMEHHBIX
TeTEePOTeHHBIX Cpe/iax.

Mopeas Bapuadeabnoctu I1C
MF,,, = (SV; AV), (1.12)

rae SV — noamogpens BapuadenbHOCTH apTedaktoB cTpyKTypsl [1C;

AV — noaMoenb BaprabebHOCTH pa3padoTannoro mpoaykra [1C.
Monens MF,, obecnednBaeT ypoOBEHb H3MCHIEMOCTH apTe(PaKkTOB U MPOIYKTOB
I1C u cHWKeHue 3aTpaT U YMECHBIICHHE CPOKOB pa3padboTku npoaykra [1C.
I[Moamonens SV = ((G,, TR, ), Con, Dep),
rne  G;=(F, LF;)—rpad apredaktoB tuna ¢ (TpeOOBaHUS, KOMIIOHCHTBI, TECTHI U
ap.);

TR, — IBYCTOpPOHHWE CBSI3U apTe(PaKTOB THIIA f;
Con 1 Dep — npeaukaTbl Ha JIEKapTOBOM MNPOU3BEACHHHM MHOXECTB apTedakTos,
KOTOpEIE 3aal0T OTPAaHWYCHUS W 3aBUCUMOCTH MEXIOy QYHKOUAMH H
nokazareisimMu kauectsa [1C.
IMoamonens AV onpenensier crpykrypy I1C u3 KIIN, kotopble umMeroT nacnopTa, 1
coxpaHsioTcss B pernosutopun. [lommonens SV otoOpakaeT (GYHKIMOHATBHBIE U
BapuaHTHbIe xapakrtepucTukd KIIWM m mpomykra, a Takke acHeKTHl OTHOIICHHUS
MEXIy HUMH Ha pasHBIX YPOBHSIX Mmoaenu. Moaems SV KOHKpeTH3HpyeTcs B
crieuaibHyo nuHuo pazpadotku KITU n kondurypuposanus ux B I1C.
PesynbraToMm cormocTaBieHUsT ONpeAeTICHUH CUCTEMBI anre0p Ha KaXKI0M ypOBHE H
n30MOp(HU3Ma ITUX CUCTEM SBIIACTCS
Teopema 1.2. OroOpaxenue o0bekTa (O B €ro peaiu3alMid MHOXKECTBA
KOMIIOHEHTOB C

T: O—C, ssnsercss n30Moppu3MoM 0OBEKTHON U KOMIIOHEHTHOM Mozpenu T1C kak
anredpandeckux Mojaenei tuma (2,2,2,2,2)

(O; CHop, VCo, IMo, EQo, EXy);

(C; CHe, VCoe, IMc, EQc, EXc ).
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CaeacrBue 1.1. OroOpaxxeHne, KOTOPOE COIOCTaBIsIET OOBEKTY ero MHTepdeiic
(KIIN) m npns KOTOPOTO OH SBJSETCS BXOMHBIM, SBISETCS — M30MOPPHU3IMOM
anreOpandeckux monenet tuna 2 (O; R), (I; R) u (I; R), (C, R). Ot Moxaenu
MPEBPAIIAIOT TOYKH BapHaOEIFHOCTH / BapHAHTHI CIOXHBIX OOBEKTOB B TOUYKH
BapuabenpHOCTH / BapuaHThl nHTep(eiicoB 1 KIIU B cucreme.
[IpuBeneHHBIE MOZAENN METOAA MOJIECIHPOBAHHUS CHCTEM M3 apredakToB (reuses,
object, services, components) CIy’)kKaT OCHOBOM WX TpaHCQOpPMAIUH K
MPOTPaMMHOMY BHJIY, KOTOPBIN MOTYy4acTCsl TyTeM KOH(QUTYPALUH MOACIUPYEMON
CHCTEMBI Ha OCHOBAaHHU MOAeJIH KOHpuUurypauuu [15], uMmeromei Bu:

Mkonf :<0M MHpO ) Mnc: MFvar ’ MBS))
rie My; — MOZEnb B3aUMOJICHCTBHSI OTACTBHBIX JIEMEHTOB CHCTEMBI
Ha ocHOBaHNM MOzAEnN KOH(PUTYPAIMH OCYIIECTBISIETCS:

- ¢dopmupoBanue Habopa apredakros u pecypcos [1C mis 3anannoii [1pO;

- BBIJENICHHWE OOLIMX M BapHaHTHBIX XapakTepucTHK [IC mis moctpoeHus
Mojenu xapakrepuctuk FM u mozgemnu I1pO;

- Habop anemenToB [1C wim monbop roToBBIX PECYypCcoB, HAKOIUICHHE MX B
0aze KOH(UTrypauu;

- IUIAHUpPOBaHHWE MHOTOKPAaTHOTO HCHONB30BaHust pecypcoB mis [IC B
TOYKaxX BapuaHTHOCTH, (MomoOHO Touyek use case UML wunum Touek
BapuabensHoctn B crangapre SEI IEEE- 15534), ucnonb3yembix uist
BHECEHHMS WM YAAICHHsI HEKOTOPBIX (DYHKIMH BHEIIHUMH U BHYTPEHHUMHU

orepanusIMuy;
- peanu3alus MOJAENIH BapUaOEIbHOCTH U3 apTe(aKTOB U PECypCcOB, B TOM
yucne KIIU;
- cOopku pecypcoB B IIC u ux amanrtanus K HOBBIM YCJOBHSM CpEJbI
(hyHKIIMOHMPOBAHUS,

- ynpaBieHus Bapuantamu [IC ¢ 3ameHoi oTnensHeIx (yHKImi B [1C

- ympaBJeHHE MOEJbIO B3aNMO/ICHCTBYS B TETEPOTeHHOM cpejie.
CrnocoOHOCTh K B3aMMOJICHCTBHIO JABYX M OOJbIIE NpPOrpaMM HIM CHCTEM
nmoJIep>KuBaeTcs MHTepdericoMm, KoTopslii ommckiBaeTcss B si3bike IDL (Interface
Definition Language). Ha oOmem ypoBHe omucanue wuHTepdeiica BKItouaer
JaHHbIE, KOTOpBIE IEpefaroTcsi JpyrMM IporpamMmaM Al oOecredeHus
B3auMo/ieiicTBusl (interconnection) TaKUX pa3HOPOIHBIX MPOTPAMM.
Onpenenenue 1.6. Bzaumooleiicméue — 3TO COBMECTHMOE BBINOJHEHHE ABYX MU
Oonee OOBEKTOB B pasHBIX cpenax. Mojaenb g3aumoleticmeus BKIIOYaeT HabOp
mapaMeTpoB MHTEpomnepadeIbHOCTH IPOrpaMM H IIPOIECCOB B 3aJJaHHOM Cpeie.

Mopenb B3auMo/IeliCTBUSI IMEET BUJL:
Mae3 = {Mnp, Mcuc, Mcpeo},
rne  Mnp = {Com, Int, Pro} — Mozens nporpaMMHOTO pecypca,
Mcuc = {FPC, Int, Pro} — MOIETb CUCTEMEI,
Mcpeo = {Envir, Int, Pro} — Monens cpefpl,
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Ota mMozmens Oaszupyercst Ha uHTepdeiice M MeXaHM3Max Iepeladd TaHHBIX I10
ceTu ang  oOecriedeHHus B3aMMOACHCTBUS CHUCTEM, MUTPALH JIEMEHTOB CHCTEM
win [IC u3 ofHOI cpensl B APYTryIo U ISl BBIYUCICHUS 3aad Ha OINPEACICHHBIX
JAHHBIX.

B xkauectBe npumepa cryneHTel MOTU peanu3oBanu KOHKPETHbIE  MOJAEIH
B3auMmoeiictBus cucteM Visual Studio, Eclipse, CORBA, WSphere [20, 21].

1) Visual Studio.Net<>Eclipse — 310 BHpTyanbHas cpena IJisi TEXHOJIOTHH
pa3paboOTKM OTHENBHBIX nporpaMM B s3pike C# u  crnenudukanun
uHTepdeiica I mepeHoca TOTOBOTO MPOLYKTa B PEHO3UTOPHH CHCTEMBI
Eclipse. Ota cuctema oToOpakaeT CBsI3b C HCXOOHOM Cpemoit pa3padoTKu
IpOrpaMM C MOMOINBIO IUIATHHOB W KOH(HIypamHMOHHOrO (ailna ¢
mapamMeTpaMH W OolepamusaMu oOpaOOTKM JaHHBIX B cpele M cpele
BeimostHeHus Eclipse;

2) CORBAJAVA<-MS.Net obecrieunBaloT pa3pabOTKy MporpamMmm
Ha I »Toii cpeapl U yCTaHABIUBAIOT CBSI3U MEKIY 3THUMHU CpEeIaMu
C LIENBI0 Pa3MElICHUsI Pa3pabOTaHHBIX MPOrpaMM B PEIMO3UTOPHU
Eclipse nnms mpenocTtaBieHus: JOCTyNa IPYrUM pa3paboTUMKaM K
3THUM IpOrpaMMmam;

3) IBM WSphere<>Eclipse npenocrasiser cpeactsa s pa3paboTKu
HOBBIX IpOrpaMMm ¢ ucnoip3oBanueM II, koTopble TONMyCTUMBI B
cpene win B WSphere BUpTyaibHOTO BapHaHTa CUCTEMBI.

Kpome 3tux Mozpeneil B3auMonencTBus nporpaMm U cpea uccaenosanbl [Contract
cpenctBa B3ammoneiictBus WCF (Windows Communication Foundation) [18].

2. ®opmanbHbIli nepexod om ob6bekmoli Modenu K
KOMMOHemHou

OmHa W3 KIIOYEBBIX 33/1a4 MOJCIUPOBAHMSA KOMIIOHEHTHON MOJENH CHUCTEM
apiserca noctpoenne KIIM, koTopele peanu3yroT (QYHKIMM OOBEKTOB M MOTYT
MHOTOKPAaTHO HCIONB30BaThcsi B HOBou pazpadorke IIC. IlpoektupoBanue
CHCTEMBI U3 KOMIIOHEHTOB — mpupoaHoe pacmupenune OOIl. KommoHeHTH He
SBIISIIOTCS] 0OBEKTaMH, a MIPEJOCTABIAIOT UM HEOOXOAUMBIE PECYPCHI M CEPBHUCHI IS
orobpaxennss ux Qynkmuid. CdopmupoBanach Teopuss O KOMIOHEHTax, HX
NPE/ICTaBICHUsI B KOMIIOHEHTHOM Tpade ¢ nHTepdeiicamu, croco6ax
KOH(UTypanmoHHOI cOOpKH 00BeKTOB M KoMITIOHEHTOB B I1C.

Meton OKM o06o6maer nousTHe 00bEKTOB, KaK 3JIEMEHTOB PeajlbHOTO MUPA C UX
CBOMCTBAMHM M XapaKTepHUCTHUKaMH, KOTOPBIE ONPENENSIOTCS M YTOUHSIOTCSA C
MOMOIIBI0 MaTeMaTHYeCKuX (QOpMalM3MOB oToOpaxeHuss o0bekToB OM B
KOMITOHEHTHI M MHTepdeichl ¢ coxpaneHneM ux uHTepdeiicoB [1, 2, 15]. B Hem
KOH(pUTypanmoHHass cOOpKa  IPOrpaMMHBIX 9JIEMEHTOB ~ OCHOBBIBACTCS
(hopMaTbHBIX MOJENIIX KOMIIOHEHTA, CPEIBl U CHCTEMBI. DTH MOJICNN PeaTu3yI0TCs
C TIOMOIIbI0 KOMIIOHEHTHOW anreOpel M TeopuH HHTEp(EeHcCoB ¢ MeTomamMu
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npeoOpa3oBaHMs MepeJaBaeMbIX JaHHBIX C ITOMOINBIO AJIEMEHTApHBIX (YHKIMHA
MpeoOpa3oBaHNi TUMOB JaHHBIX CHCTEMHOW CUTHATYPHI OTepaIni.

BBegenne NMOHATHA KOMIIOHEHTHOM aaredpbl

PaccmoTtpum MHO)ecTBO KomrnoHeHToB (Component - C) C = (¢;, ¢5, ... ¢, ), TOE
¢;eC — TpOU3BOJBHBIA KOMIIOHCHT, HCIONB3YIOIuUicsS mpu paspadborke [1C.
Kaxnplii KOMIIOHEHT XapakTepU3yeTCsi HEKOTOPOW COBOKYIHOCTBIO CBOMCTB
(HammpuMep, pacIIUpsIeMOCTb, B3aUMO3aMEHIEMOCTb U JIp.).

Iycts Py, P, ..., P, — IpemuKaTHl CBOMCTB KOMIIOHEHTOB Ha MHOecTBe C, T.e.

P=<P(C), PyC),..., PC)>. 2.0

Han ¢;€C BO3MOXHBI HEKOTOPBIC OIEPAIMH, PE3YIbTAThl BBITOJHCHHUS KOTOPBIX
TaKXKe SBILTIOTCS 3JeMeHTaMu MHOkecTBa C. TpUBHAIBHBIMH IPUMEpPaMH TaKUX
ormepandii MOryT OBITh OOBEAWHCHHE HECKONBKHX OOBEKTOB B OIUH MK
pa3zencHre HEKOTOPOro KOMIIOHEHTa Ha oThenbHble dacTH. OO0o3HaumM depes
YCR — anrebpy, coiepikallylo MHOXECTBO KOMIOHeHTOB C U omepanuii R Hax
komrnoHeHTamu C. Kaxmas omepanus nMeeT cOOCTBEHHYIO apHOCTh B 3aBHCHMOCTH
OT € CEMaHTHKH. B IeJoM CyIIeCTBYIOT OINEpaluyd, KOTOpPhIC 3aJal0TCs Ha
INOJMHOXKCCTBC ILCJIBIX, a TAaKXC MOI‘yT B Ka4eCTBC pe3yJ'II>TaTOB HCIIOJIb30BAThHCA
MOZAMHOXECTBa (HanpuMep, onepanui 00beIMHEHNS U Pa3/IeICHUs).
Cpenu MHOXeECTBa OTEpalMii pacCMOTPHM T€, KOTOpPBIC JJIsi CBOMX PE3yJIbTaTOB
COXpaHSIOT CBOMCTBa KOMIIOHEHTOB. O003Ha4MM 3TH omnepanuu yepe3 R = (R;, R,
. R,). Toraa mis Jqr00BIX ¢4, Cy, ... C,, NpUHAISKANMX C ¥ TH000# R, , i=1,2, ...
m C y4EeTOM apHOCTH Omepaluu R; U ee pe3yjbTaTa CIPaBEUIUBO OJHO U3 JABYX
BBIPAYKEHUM:

Ri(c;, ¢ ....c,) eC mwmaR;(cy, cy ..., c,) £C.

MmuoxectBo C u omeparuul R;, R, ... R, OIpenensitoT anredpy KOMIIOHEHTOB.
IIpumepamu peanbHBIX OmNepanuil HaJ KOMIIOHEHTAaMH MOTYT OBITh OINEpalnuu
pacmpenust ”HTepQecoB, pedakTopuHra U Ip.

MHoxecTBO KOMITOHEHTOB C, pacCMOTPEHHOE BBHIIIE, SBISETCS MaTeMaTHYECKOH
aOctpakuueit. B peanbHOM ciydae, MBIl HFMEEM HEKOTOpOE€ MHOXXECTBO
KOMIIOHEHTOB ¢; € C.

IIpuMeHHUB K 9TOMY MHOKECTBY onepauuu R;, R, ... R, , NOIy4MM MHOXECTBO
C", xoTopoe OyneT Ha3bBaTh 3aMblkaHHeM MHOXecTBa C. DTUM TEPMHHOM
mokaszaso, uto C' mMeeT MaKCUMaJIbHO MHOKECTBO KOMIOHEHTOB C M KaXIBIH ¢;

eC.

KoMnoHeHTHAs MOJ€EJbL CHCTEMbI

Tlon xomnonenmnoitl MoOenbl0 CUCTEMBI TIOHUMAETCS Takoe aOCTpaKkTHOE
MpeACTaBJICHUE KOHCTPYHUPYEMOW CHCTEMBbI, B KOTOPOW 3JIEMEHTAMH SIBIISIOTCS
peanbHBIE KOMIIOHEHTHI, O0ECHeunBalomye peanu3anuio (YHKOIUH CHCTEMBI U
BBINOJTHEHHUST HE(PYHKIMOHANBHBIX TpeOoBaHWU K cucreMme. i1 OQHON M TOU ke
CUCTEMBI CYIIECCTBYET MHOXECTBO KOMIIOHCHTHBIX MOZENCH B 3aBHCUMOCTH OT
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KOHLEIILHUI MPOSKTUPOBAHUS C  HUCIOJb30BAaHMEM  KOMIIOHEHTHOTO IOIX0/a.
PaccmoTpuM 00600IIIEHHBIN YPOBEHB MPENCTABICHISI MOJEIH, UCTIONB3YS (YHKITUH
KOMITOHEHTOB ¥ COBOKYITHOCTh KOHTPAKTOB (MHTEPEHCOB) MKy HUMHU.

Iycte [14; — mHOMecTBO UHTEP(DENUCOB, OTHOCAIINXCSA K ONMpPENEICHUI0 (PYHKIIUI
KOMIIOHEHTOB. Kaxxmomy A; MOXXHO CONOCTaBHTh HHTepdeic [, , KOTOpBIHA
ONKCHIBaET  WHTEpeiic KaKk  KIMEHT-CEPBEPHOE  B3aUMOJCICTBHE  C
COOTBETCTBYIOIIMMH METOAAMHU M CTPYKTYpaMH JaHHBIX. B cOOTBeTCTBHH C 3THM
KaxIoMy HHTep(eiCcy MOXKHO COMOCTaBuUTh mapy In; u QOut;, KOTOpble OymeM
Ha3bIBaTh COOTBETCTBECHHO ONPEIEINSIOMNM IIPEACTABICHUEM [; M pEaH3yIOIUM
npencrasiaenueM Out;. Ilapamerp [In; onpernenseT ycnoBue U 1enb uHTepdeiica co
CTOpOHBI KiWeHTa, a Out; 3ajaeT acleKT peanu3auuu uHTepdeiica co CTOPOHBI
cepsepa.

Ilocne Ttoro, xak Bce In; u Out; ONpeneNeHbl, UX MOXHO TIpYyNIUPOBaTh B
Ppas3IMYHbIX COUCTAHUAX IJId 9JICMCHTOB C.

PaccmoTpuM MPOM3BONEHYIO COBOKYNMHOCTh In;, Qut;, TAe i#j. B Hee He BXomaT
OJTHOBPEMEHHO OIpEAEIIAONIee U Pealu3yoliee IPeICTaBICHUS Il OJHOTO U TOTO
e uHTepdeiica.

Kaxpaa cosoxymnocts C; v Iv = {C, I, Out; Inout;! BXOOMT B MOJENb
KOMITOHEHTa WM SBJISETCSA MIA0JOHOM KOMIIOHEHTAa, COAEPXKAlIMM HEKOTOpoe
MHOKECTBO ONPECIIONIHNX U PeaTH3YIOIINX MPECTaBICHIH HHTEP(EHCOB.

21. ®dopmanbHble MogenuM W onepauMn  KOMMOHEHTHOro
NpPOeKTUPOBaHUA

Jlst ycTaHOBJICHHSI CBS3EH MEXAYy 0ObEKTHO-OPUEHTHPOBAHHBIM U KOMIIOHEHTHBIM
MO/JICINPOBAaHUEM PACCMOTPHUM KOMIIOHEHTHYIO MOAEb cucTeMsl [ 1, 4, 15].
Mooenv KOMROHEHMHOI CUCH eMbl UMECT BU/I:

M,.={CLm{Lm,,..., Lm,}, P {P, ..., P,}, CLn {In,,..., In;}, D). 2.2)

rae CL,, — KOMIIOHEHTHI U3 MHOXECTBa peanu3aluil B s3bIKax L,

P{P, .., P,} — MHOXECTBO MpPEIUKATOB, COOTBETCTBYIOUINX IPOIECCaM
coopku win kou¢puryparuun KIIM B TIC Ha ocHOBe peanu3aliii KOMIIOHCHTOB
CLm w untepdeiicos In;

CLn — MHOXeCTBO HUHTep(EiCOB KOMIIOHEHTOB;

D,— MHO>XECTBO TaHHBIX.

Monens M,. cocront u3 MHoxectBa (yHkumi peammzauii (KIIU, reuses),
NpeINKaToOB, MHTEP(EHCOB U JaHHBIX.

VYcnosue nenoctHoctu  KC 3aKIOYarOTCs B CYIIECTBOBAHHM JUIS  KaXKJOTrO
xomronenta C; u3 C, UMeroIero uexoausii uarepdeiic Cln", kommonenra C, ¢
COOTBETCTBYIONIMM BXOMHEIM HHTepdeiicom Cln,”, n xoutpaxt Conty,” = (Clny",
CIny", IMap,,™), Bxoasmux B MHOXecTBO C.

IIponecc moctpoeHust M,. BKmo4aeT B ce0s CO3/laHME KOMIIOHEHTHOH Cpenbl,
olpezieJIeHNe Ha4aJIbHBIX KOMIIOHEHTOB M OTIpEeJIeICHHOE MHOXKECTBO MHTEp(eiicoB
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B COOTBETCTBUH ¢ (yHKIIMOHATHHBIMU TpeOoBanusaMu K KC. CyTb MOJEIHPOBAHIS
CHCTEMbI COCTOHMT B TOM, YTOOBI IPEACTaBHTh MOAETb M,. TaKkyio, 4TOObI s
JM000TO BJIEMEHTa CHUCTEMBI CYyMIECTBOBAJ KOMMIOHEHT M3 C Wi OH MOT OBITH
nonydyer u3  C' TOCPEACTBOM  KOHEYHOTO 4YHCIa JOMYCTHMBIX OIepaluii
KOMITOHCHTHOHU anreOphl.

KommoHeHTHasi MOJEINb C KilacCaMHi HMEET BHI:
CSyst = (CClass, G) (2.3)

rae CClass = {CClass;} — MHOXecTBO KilaccoB, G — KOMIIOHEHTHBIH rpad.
WnTepdeiicHas Momens B 00IIeM ciydae 3a1aeTcsl BBIpaKeHHEM

ISyst = (IFunc, 1G),
rae [Func = {IFunci} — MHOx)ecTBO uHTep(dericoB, /G — uHTepdehCHBIN Tpad,
KOTOPBIH 3kBUBaJieHTeH Tpady G momemn CM. Ing xkinaccoB CClass onpenemnsroTcs
YCIIOBUsI, KOTJja OHH JAOIyCKAaIOT IMPEACTAaBICHHE MX KaK 3JIEMEHTOB MHOKECTBA
uHTepdeiicor B mHTepdeiicHom rpacde. Hdns Bcex kimaccoB CM cmpaBenimBa
CIeyIoIIas TeopemMa.
Teopema 2.1.CymecTByeT EAMHCTBEHHOE H30MOpP(HHOE OTOOpaXCHHE MEXKIY
KOMIIOHEHTHOU Mozenbio CSyst u uHTepdeiicHoi Monenbto ISyst.
Ota Teopema ONpeAeNseT yCIOBUs CYIIECTBOBAHUS SKBUBAJICHTHOTO OTOOPa)KEHHS
MEXIy OOBEKTHBIM U KOMIIOHEHTHBIM IIPEACTaBICHUAMH cucTeMbl. Kak crencTaue,
Ha 3Tanax aHajin3a ¥ IpoekTHpoBaHusi CM MOTYT HIPUMEHSTHCS MOJEIH U METOMBI
OOII, a Ha moCNEAYIONUX dTaNax — COOCTBEHHbIE KOMIIOHEHTHBIE MOJIEIIH.
Omnpepnenenne 2.1. [lpoepammnuiii KOMNOHEHm — 3TO CaMOCTOSTEIBHO
peaM30BaHHBIA MPOTPAMMHBIAH OOBEKT, KOTODPBIA OO0CCIICYMBACT BBIMOJIHCHHE
OIpE/IeJICHHON COBOKYNMHOCTH NPUKJIAAHBIX (QYHKIMHA, JJOCTYl K KOTOPBIM
BO3MOXEH TOJBKO dYepe3 HHTepdeldc u omepanmuud OOpaIIeHUus K JIpyruM
KOMIIOHEHTaM.
KoMmoHeHT 0ToOpa)kaeT THIIOBOE PEIICHHE WM (DYHKIHIO M TPHU MOCIEIYIONICH
KOMIIO3MIMM C JPYrMMH  OOBbEKTaMM M KOMIIOHEHTaMH HWMEET THIUYHYIO
uHTepdeiicHyl0 4YacTb il OoOMeHa JaHHBIMM B pasHbIX cpepax. To ecTb
KOMIIOHEHT, CTAHOBUTCS HEJIEJIMMBIM M MHKAICYJIUPOBAaHHBIM OOBEKTOM, KOTOPBIH
yIOBIETBOPsieT (DYHKIMOHAJIBHBIM TPEOOBaHMSAM U TPeOOBaHMSM KOMIIOHEHTHOMN
Cpenpl.

2.1.1. Mogenun KOMNOHEHTHOro MPOEKTUPOBaHUA

K Momensim oTHOCHTCS MOZENTh KOMIIOHEHTOB, HWHTepdeiica, cpensl U CHCTEMBI.
Onpenenum ux.

Mooenv kKomnomenma — 5TO O00OOIICHHWE THIOBBIX PEIICHWH, KAaCAIOIIIXCS
CYIIHOCTH O0BEKTa, MX apXUTEKTYpPbl, CTPYKTYpHI, CBOMCTB, XapaKTEPHCTHUK,
KOTOPBIC TOCTCTICHHO TNEPEXOAAT UIIN OTO6pa)Ka}OTCH B KOMIIOHCHT.

q)OpMaJ'IBHO MOJ€JIb KOMIIOHEHTA UMECT BU:

Comp = (CName, CInt, CFact, CImp, CServ), 2.4)
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rme  CName — yHHWKaibHOE MM KOMITOHEHTA;
Cint = {CIntj} — MHOXecTBO HHTEP(ENCOB, CBA3aHHBIX C KOMIIOHEHTOM;
CFact — unrepoeiic ynpaBiieHHs 3K3eMIUIIPaMH KOMIIOHEHTA,
Cimp = {CImp;} — MHOeCTBO peanu3alnii KOMIOHEHT;
CServ = {CServ.} — MHOXeCTBO CHCTEMHBIX CEPBHCOB.

MmuoxectBo Clnt=CIntl~ CIntO cocrout m3 Bxomueix Clntl u mcxomuerx CIntO
uHTepdeiicoB. OTIMUMEe MEXIy HUMH 3aKIIOYaeTCs B TOM, YTO JUIT BXOIHBIX
MHTEp(EHCOB KOMIIOHEHT HMEET COOCTBEHHBIE pEalM3allid, a Ul BBIXOIHBIX
HHTEPQEHCOB peann3alny HaXomATCs B Ipyrux kKommoHeHTaxX. UuTepdeiic CFact
OIpeZiesIsieT METOAbI, KOTOpble HEOOXOIMMBI ISl YIPaBICHUS OSK3EMIUIIpAMH
KOMITOHEHTA (TIOUCK, CO3/IaHNe, YHUYTOXKEHHUE U T.11.).
Bo3MOXHBI ~ OTHOWIEHMS ~ MEXIy  OOBEKTaMH  THIA: HacJeJ0BaHHE,
IK3eMIULIpU3anus, nHrepgeiic, CBsI3pIBaHNE U B3aUMOJICHCTBHE.
Mooenv unmepdgheiica nmeet BUA:
Clint; = (IntName;, IntFunc;, IntSpec; )

rae IntName; — ums unTepdeiica;

IntFunc; — pyHKIMOHATBHOCTH (COBOKYITHOCTh METO/IOB);

IntSpec; — cneuudukanus narepdeiica (onucaHusi TUIOB, KOHCTAHT, APYTUX
3JIEMEHTOB JIJaHHBIX, CHTHATYpP METOJIOB H T.11.).
HeoOxonumbIiM TpeOOBaHHEM CYILECTBOBAaHHSI KOMIIOHEHTA SIBJSIETCSI YCJIOBUE €r0
LEJIOCTHOCTH:

¥Cint; e Cint, ZCImp; e Clmp [Provide(ClInt;)) cClmp;],

rne Provide(CInt;) o3nHauaer (yHKIHOHAJIBHOCTb, KOTOpash 0OOeCHEYHBAET
peanmzanuio MeTonoB uHTepdeiica CInt;. s B3anmMoaeldcTBrs ABYX KOMIIOHEHTOB
Comp; u Comp, cymecTByer Cleaymoliee HEOOXOAUMOE YCIOBHE: €CIU
Clintj; eClnty,, To momken cymectBoBath Clnty, eClnt, Takoii, uro:

Sign(Clint;;)=Sign(ClInt,;)&Provide(Cling;) < Clmpj,
rae Sign(.) o3HaYaeT CHrHATYpy COOTBETCTBYIOIIEro HHTepdeiica.
Hannune 3Haka BKIIOYEHHS B JaHHOW ¢opMylle O3HAuYaeT, 4YTo U30paHHas
peanuzaiys KOMIIOHEHTa MOXKET 00ECIIeUNTh MOIEPIKKY HE TOJIBKO HEOOXO0IUMOTO
unrepdeiica, Ho u apyrux Bo3MoxkHoctei. Texuomorun u SI1 (CORBA, COM,
JAVA, C++ u 1p.) conepat HeoOXoauMble cpencTBa. HHTepdeiic MokeT uMeTh
HECKOJIbKO peanmzaiui, KOTOpBIC pas3nuyaroTcs 0COOCHHOCTSIMU
(yHKIIMOHMPOBaHUS (HAIpUMeEp, OICPAllMOHHON CpeloH, cpelcTBaMH XpaHCHHS
JIAHHBIX U T.1.).
@OyHKINOHAIBHBIE 3JIEMEHTHl  KOMIIOHEHTHOH MOJENN MOTYT OBITh paBHBIMH,
9KBUBAJICHTHBIMH WJIM OJOOHBIMH.
Omnpenenenne 2.2. J/Isa komnonenta Comp; u Comp; sSBISIOTCS TOXIECTBEHHBIMH
(paBHBIMN), €CIIM TOXKIECTBEHHBI MX COOTBETCTBYIOIIHME cocTaBHbIe. Kak ciencraue,
3amena Comp; Ha Comp, #e BiMseT Ha KOMIIOHEHTHYIO CHUCTEMY , K KOTOPOM
npuHaesxxur Comp;.
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Omnpenenenne 2.3. J[sa xomnonenta Comp; 1 Comp, SIBISIOTCS SKBUBAJICHTHBIMH,
€CJIM SKBHBAJICHTHBI X COOTBETCTBYIOIINE COCTaBHBIE, KpDOME UMEH KOMIIOHEHTOB.
3amena Comp; Ha Comp, He MeHseT QYHKIMOHAILHOCTH KOMIIOHEHTHOW CHCTEMBI
MIPY YCIOBUH YCTAHOBIICHHSI COOTBETCTBHUS MEXKIYy HIMEHAMH B CAMOH CHCTEME.
Omnpenenenue 2.4. J[ea xomnonenta Comp; m Comp, TIOHOOHBI, €CIH 3TH
KOMIIOHEHTHI UMCIOT TOXIECTBEHHOE MHOXeCTBO HHTepdeiicoB. 3amena Comp; Ha
Comp, coxpaHsieT HadaIbHYI (YHKIMOHAIFHOCTH KOMIIOHEHTHOW CHCTEMBI, K
KOTOPOI MOXKHO JOOABHUTH HOBBIE (DYHKIIMOHAIBHBIC CBOWCTBA.

I'maBHOM Ccpenoil UCTIONB30BAHUSI KOMIIOHEHTOB SIBISIETCA KOMHOHEHMHAA cpedd,
MOJIENb KOTOPOM UMEET BUL!

CE = (NameSpace, IntRep, ImpRep, CServ, CServimp), (2.5

rne  NameSpace = {CName,,} — MHOXXECTBO IMEH KOMIIOHCHTOB CPE/IbI;

IntRep = {IntRep;} — peno3utopuii uHTEPHEHCOB KOMIIOHEHTOB CPE/IbI;

ImpRep = {ImpRep;} — penosuropuii peanusarmii.

CServ = {CServ,} — untepdeiic MHOKECTBA CUCTEMHBIX CEPBUCOB;

CServimp = {CServimp,! — MHOXECTBO pealu3alMid s CUCTEMHBIX
CEpPBHUCOB.
Mojens KOMIIOHEHTHOM ~ Cpeflbl paccMaTpUBAcTCS KaK MHOXKECTBO CEPBEPOB
NPWIOKEHUW, T/€ pa3BOPAUUBAIOTCA KOMIIOHEHTBI—KOHTEMHEPHI, 3K3EMIUISPbI
KOTOPBIX ~ OOECMEYHMBAIOT  peanu3anuio  (QYyHKIHOHATBHOCTH  KOMIIOHEHTA.

B3aumocBsi3s  KOHTeHHepa c  cepBepoM  oOecriedymBaeTcst — 4Yepes
cranmaprusupoBanaele uHTepdeiicet (CFact). CBA3p MEXAy KOMIIOHEHTAMH,
KOTOpBIC pa3BepHYTHl B pa3HBIX CEpBEPaX, obecrieunBaeTCsl  peann3aris

uaTepdeiica CServ.

Omnpenenenne 2.5. KapkacoM KOMIIOHEHTHOH cpenbl Ha3blBaeTcsi cpeda, s
KOTOPOI COBOKYITHOCTH UMEH KOMITOHEHTOB, MHTep(elCoB U peanmm3anuii — CyTh
MyCTBIE MHOXKECTBA, TO €CTh

FW= (I & & CServ, CServimp).

Iycte FW= (J, &G, I, CServy, CServimp,) u FW, = (&, &, &, CServ,,
CServimp,) — n1Ba kapkaca.

Omnpepnenenne 2.6. Kapkac FW; coBmectuM ¢ kapkacom FW,, eciu CylIeCcTBYeT
otobpaxkenune SMap: CServ; —> CServ, takoe, utro SMap(CServ;) < CServ,.
CoBMeCTUMOCTh KapKacOB M KOMIIOHEHTHBIX CpeJl O3HaudaeT, uTo cpexy CSer;
JIOJDKEH BXOIWThH CEpBHC MMeHOBaHUS, a B (CServ, — aHAJIOTMYHBIA CEpBUC U
MEKy 3THMH CEpPBHCAMH JIOJDKHA CYIIECTBOBATH TaKasl CBS3b, IIPH KOTOPOH CEPBHC
Cpesbl — 3TO HWMEHOBAaHME KOMIIOHEHTOB CpelIsl M HaoOOpOoT. AHanoruuHas
CUTyalusi JIOJDKHA CYIIECTBOBATh W JUISl JPYI'MX CHCTEMHBIX CEPBHCOB, TaK Kak
nro0asi KOMIIOHEHTHAsI Cpe/ia CHONB3YET T€ )K€ CEPBUCHI, & MX CBSI3U ONPEICISIOT
COBMECTUMOCTh. B 4acTHOCTH, B3aMMO/ICHCTBHE KOMIIOHEHTOB, PACIIOJIOKCHHBIX B
pa3HBIX cepBepax, MOIIEPKUBAIOT CEPBUCHI 3TUX cepBepoB. Ecmu coBMecTHMOCTh
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MEKIY CEPBEPHBIMH CEPBHCAMH CYIIECTBYCT, TO TaKHC KOMIIOHEHTBI MOTYT
BXOIUTEL B coctaB CM.

2.1.2. Onepauunn Hag KOMMNOHEHTaMN B KOMNOHEHTHOM cpefe

Janee paccmarpuBaeTcsi HabOp OIEPAaTOPOB, 3aJaBAEMBIX MAaTEMaTHIECKUMH
omeparsamu {U, M, @, 0, —} nmusg 3amaHus U 00pabOTKM KOMIIOHEHTOB B
KOMIIOHEHTHO1 cpene.
Omnepanusi 100aBjIeHHs] KOMIIOHEHTa K KOMIIOHEHTOW cpene obOo3Hadaercs &.
JlobaBneHre KOMIIOHEHTA K cpejie BrImonHseTcs cornacHo npasui C @ CE= CE,,

CE,. NameSpace = {C.CName} U CE|.NameSpace,

CE,.InRep = {C.(Cln;, CName)} U CE\.InRep,

CE>.ImRep={C.(C;, CName)} U CE\.ImRep. (2.6)
Axcuoma 2.1. Onepauust po0aBieHHsT KOMIIOHEHTAa K KOMIIOHEHTHOW cpeje
KOMMYTaTHBHA:

C®CE=CE®C.

Axcuoma 2.2. Oneparms n00aBiICHHS KOMIOHEHTa K KOMIIOHCHTHOW cperne
accolMaTUBHA:

CO®@(CED®C)=(Ci® CE)® (.
Ymeepowcoenue 2.1. Kaxnas nenycras xommoHeHTHast cpena CE MoxeT ObITh
npexacrasiaeHa B Bune: CE=C @ G, ®,..., @ C,® FW.
Onepanusi  yaajieHHsi KOMIIOHEHTA M3 KOMIIOHEHTHOM cpeibl 0003HAYaeTcs
3HAKOM { ¥ MTOTUMHSACTCS CIICYIOUINM MIPAaBUTIAM:

CE, 0 C=CE,, 2.7

7 CName,,: CName,, € CE\.NameSpace N (CName,,=C.CName) =

CE,.NameSpace = CE,.NameSpace\ {C.CName} M CE,.IntRep=
CE,.IntRep\

{(Vi: IntRep'.CName = C.CName) IntRep’y N CE,ImpRep =
CE\.ImRep\

{(V j &ImtRep'. CName = C.CName) ImRep'}.
Teopema 2.2. ]lna mroboro kommoHeHTa C HW KOMIOHEHTHOW cpenbl CE
BhInotHsieTes paBeHcTBo (C, @ CE) O C =CE.
HokazarenbcTBo. [IpeacTaBuM onepaiuio J00aBICHIs KOMIOHEHTa K CPE/Ie TaK:

C @ CE = ({C.CName} v CE.NameSpace}, {C.(CIn;, CName)}
CE.InRep, {C.(CIm;, CName)} U CE.ImRep, CSe, CSelm) = CE.
TOFIIa ornepanusa yaajJCHUA KOMIIOHEHTA U3 CPEbl UMEECT BUI:

CE'\ C = (CE"NameSpace \ {C.CName},

{CE'"InRep \ C.(CIn;,, CName)},

CE'ImpRep \ {C.(CIm; CName)}, CSe, CSelm) = CE.
Onepauus 3aMeHbl KOMIIOHEHTa 3aJlaeTcsi 3HaKom "—"
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CE.NameSpace(C)) —C, =(CEQ C) @ C,. (2.8)
Onepanus odbeguHeHus1 (0003HAYACTCS \J) KOMITOHEHTHBIX CPE M BBITIOTHICTCS
COTJIACHO CIIETYIOLINX MPaBUII:

CE1 o CE2 = CE3, (29)
CE;.NameSpace = CE|.NameSpace U CE,. NameSpace,
CE;.InRep = CE\.InRep U CE,.InRep,
CEs.ImRep = CE|, ImRep U CE,.ImRep.
Teopema 2.3. Oniepanus 00beIMHEHHUS KOMIIOHECHTHBIX CPEJl ACCOI[MATUBHA.
(CEl ) CEQ) o CE3 = CE1 U (CE2U CE3)
Jlokazamenbcmeo
VCe(CE,VCE)UCE;=Ce CE, "Ce CE,N C e CE;;
VCeCE,U(CE,UCE) = Ce CE, ~ Ce CE, ~ Ce CEs.
Axcuoma 2.3. Onepanus 06beJMHEHUS KOMIIOHEHTHBIX Cpell KOMMYTaTHBHA:
CE, v CE,=CE, v CE,.
Ymeepiwcoenue 2.2. J1ns nroObIX KOMITOHEHTHBIX CPE]l BBHITIOTHSICTCS:
CEUFW=FWu CE=CE.
Ymeepicoenue 2.3. [Ina mo6oit komnonentHoit cpensl CEUFW = FW U CE = CE.
Ymeepowcoenue 2.4. ]Ins nByx mpoU3BOJBHBIX KOMMOHEHTHBIX cpen CE,, CE, u
kommoHeHTa C Bcer/ia BBITOTHACTCS:
C®(CE\VCE)=(C®CE)vCE,=(C® CE,) v CE\.
Ymeepcoenue 2.5. [Insa mroboro xommoneHTa C 1 KOMIOHEHTHOHW Cpesbl BCeraa
BeINONHSETCS cooTHOIIeHus1: C € CE.

Hpouecc NOCTPOCHUA CM Bxiouaer B ce0s CO31aHHuEC KOMITOHCHTHOM Cpcabl,
OIpCACIICHNE Ha4YaJlbHbIX KOMIIOHECHTOB U (I)OpMI/IpOBaHI/Ie MHOKECTBA KOHTPAKTOB
B COOTBETCTBHMU C q)yHKI_[I/IOHaJIbHBIMI/I ’I‘pe60BaHI/IﬂMI/I K KOMIIOHEHTHOM CHCTEME.

2.1.3. Onepauua pobGaBneHMA peanusauumm w uHTepdenca
KOMMNOHEeHTa

OcCoOCHHOCTh  Omepari  J00aBJICHUS peaiu3alud KOMIIOHEHTOB (addlmp)
3aKJTFOYACTCSl B TOM, YTO MHOXECTBO MHTEP(EHCOB KOMIOHEHTA PACHIMPATHCS 32
c4eT M00aBICHHS HOBBIX BXOJHBIX HHTEP(EHCOB, CBA3AHHBIX C PEAJTM30BAHHOU
HOHOHHHTGHBHOﬁ q)yHKHI/IOHaJ'[BHOCTI/I HOBOI'O KOMIIOHCHTA p€aJIn3alnu.

ITycTh MMeeM JIOMOJIHUTEIBHOE MHOKECTBO HCXOIHBIX HHTEP(dEiCcoB:

NewlIntOs = {NewlntOsq}.
B yactHoMm ciyuae NewlntOs = &, ecnu He TpeOyeTcs J00aBIATh IOTOTHUTEIBHYIO
peann30BaHHYIO (YHKITHOHATIHLHOCTb.
PaccMoTrpuMm  s1Be  pa3sHOBUIHOCTH 3TOW omepauuu: oOobasrenue AddOImp
CYIIECTBYIOIIETO UHTEepdeiica 1 HoBoro nHTepdeiica:
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NewComp =  Addlmp(OldComp,  NewClmps,NewCIntOs) n
IIPEACTABJICHUC CCMAaHTUKN

Newlnt = OldInt U NewlIntOs

NewCImp = OldClmp U {Newlmps}(3 OldIntt € OIldCintl)
Provide(OldInt) c Newlmps,

rne  NewClmps — peanu3amis, KOTopas 100aBIseTcs;
OldCInt — MHOXECTBO CYIIECTBYIOIIUX HHTEP(ENCOB.

VYcaoBUE LENOCTHOCTH KOMIIOHEHTA BBINOJHAETCS aBTOMAaTHUECKH, IOTOMY YTO
MHO>KECTBO BXOJHBIX MHTEp(EHCOB ocTaeTcsl MpexHuM. V3 LeloCcTHOCTH cTaporo
KOMITOHEHTA BBITEKAET IIEJIOCTHOCTh HOBOT'O KOMIIOHEHTA.
Onepauust  Addlmp  siBusiercss  acCOLMAlMOHHOW M KOMMYTaTHBHOH  Haj
MHO)KECTBaMH KOMITIOHEHTOB. Jl0Ka3aTelabCTBO THX (PaKTOB BHITEKAeT W3 aHaJIHM3a
MHOXXECTB MHTEp(EHCOB W MHOXKECTBA pealn3aliuii, KOTOpble BXOIST B COCTaB
COOTBETCTBYIOITNX MHO)KECTB KOMITOHEHTOB.
Btopyio pa3sHOBHIHOCTH omepanuu J00aBIEHUS pealn3alui NpPEJICTaBUM Kak
AddNImp B hopme

NewComp = AddNImp(OldComp, NewCImps, NewCIntOs) n

CEMaHTHKOH
NewClInt = OldCInt o NewClIntOs
NewClImp = OldCImp U { NewCIlmps}.

rane NewClmps — peanuzanys, KoTopas N0OaBIseTcs K MHOXECTBY pPeasln3alnii.
Kak u npenpinymas, JaHHas omneparys 00ecreynBaeT eIOCTHOCTh KOMIIOHEHTa U
o0agaeT CBOMCTBOM acCOIMATUBHOCTH U KOMMYTATUBHOCTH.

Onepayus 3amensl CyIIECTBYIONICH peann3annun HoBor Repllmp nmeeTt BUT;
NewComp=Repllmp(OldComp, NewClmps, NewClIntOs OldCImpr,
OldCIntOr) ¢ cemanTukoii.
Ecnu cipaBenniBo
(VOIldClntt e0OldCInt)&(Provide(OldClIntt)cOIldClmpr)=>
(Provide(OldCIntt)cNewClmps)V((FOldClmpj e
(OldCImp\{OldCImpr})) & Provide(OldCIntt) — OldCImpy), T0
NewClInt =0IldCInt w NewClIntOs\ OldCIntOr;
NewlImp = OldImpl U {NewClmps }\{OldCImpr},
rae NewCIlmps — peanuzanusi, KOTopas 100aBIseTcs;
NewCIntOs — MHOXECTBO JONOJHHUTENBHBIX HCXOAHBIX HHTEp(deicoB It
peanu3anuu, KoTopas 100aBiIseTcs;
OldCImpr — peanu3zanus, KOTopasi 3aMeIaeTcs;
OldCIntOr — MHOXeCTBO HCXOAHBIX MHTEp(eicoB, CBS3aHHBIX C peann3aluei,
KOTOpast 3aMelaeTcs.
Jdemma 2.1. Onepanys 3aMelIEHUs] peaju3aldyd KOMIIOHEHTa HOBOM CEMaHTHUKON

COXpaHACT YCIIOBHUEC LCJIIOCTHOCTU KOMIIOHECHTA.
34



Hunst moboro BxomHoro uHTepdeiica, C034aBaeMOro KOMIIOHEHTOM, KpOMe
nHTEp(EcoB, COOTBETCTBYIOMIEH peanm3alu, kotopas 3amemaercs OldClmpr —
YCJIOBHUE 1IEJIOCTHOCTH BbImoHsiercst. st uHTepdeiicoB, OTBEUAIOINX peali3alum
OldCImpr, cnpaBemnuBo, uto Provide(OldCintf)cNewClmps cymecTtByer s
peamm3anuu 0a30BOT0 KOoMITOHEHTa. OOBeAMHSAS 3TH ABa CIydas, HOJydaeM, 9To
Uit J1I000ro BXOAHOrO wuHTEpdeiica co371aBaeMOr0 KOMIIOHEHTA BBIMOIHSIETCS
YCIIOBHUE LIETIOCTHOCTH.

Omnepaiyst pacuiupenus CyIIECTBYIONICH peanu3alid CEeMaHTUKHA SKBHUBAJICHTHA
oTepalu 3aMelICHUs, T/Ie UCXOHAs Pealu3alus 3aMelaeTcs, a PaCIIupeHHasT —
nobasisiercs. [ToroMy HEeT HEOOXOAUMOCTH BBOAUTH OTJEIBHYIO ONEPALHIO.

Omnepanus 1o6aBjaennsi naTepdeiica. Vicxonusit naTEpdEiic MOKET 100ABIATHCS
MyTeM 3aMeHbI CYIIECTBYIOUIEH peann3aly WIM HOBOW peanm3anuu. Oneparus
Odobasnenuss WCXOAHOTO WHTepdeiica — 3TO COCTaBHAs Omepanus JT00aBICHHUS
peanuzanmu.

Onepayusi 0ob6aeneHuss HOBOTO BXOIHOTO HHTepdetica AddInt umeer BUI:

NewComp = Addint(OldComp, NewClntlqg) ¢ cemantukoii cornacHo
CJICYIOIIEMY MTPABHITY.
Ecnu crpaBennuBo, 4T0

(3 OldCImps € OldCImp) & (Provide(NewClintlg) < OldCImps),

to NewClInt = OldCInt U{NewClntlq}, NewClmp = OldCImp, rne NewClntlq —
HOBEI HHTEpdeiic.

Jemma 2.2. Onepanust nobapienuss uHTepdeiica ¢ 3aJaHHON CEMaHTUKOM
COXpaHsCT YCIIOBUE LIETIOCTHOCTH KOMITIOHCHTA.

[IycTh BBINONHSACTCS YCIOBHE LEIOCTHOCTH JJsi 0a30BOr0 KOMIIOHEHTA, T.C. VIS
KQKJIOT0 M3 BXOIHBIX MHTEP(EHCOB CYIIECTBYET COOTBETCTBYIOIIAS PEasTH3aLlHs.
OTa mpeanochuika TpeOyeT HAIWYMA pealu3aldd W Ul HOBOrO HHTepdeiica.
IlotoMy paclIMpeHHOE MHOXXECTBO BXOJHBIX HHTEP()EHCOB  IEIOCTHOCTH
KOMIIOHEHTa UCTHHHO ISl CO3JaHHOTO KOMITOHEHTA C COXPaHEHHEM [[eJIOCTHOCTH.
Jnst orepanuy paciiMpeHus CyIEeCTBYIOMEero HHTepdeiica B OTINYHE OT ONepaliu
pacIIMpeHHs CYIECTBYIOLICH pean3anny, He TpeOyromel CBoel COXpaHHOCTH IS
CTPYKTYpbl KOMIIOHEHTa, BCE CYLICCTBYIOLIME BXOJIHBIC HHTEP(EHCHl IOJHKHBI
coxpauatbess. Omepanust CFact HOCHT KOMIUIGKCHBIH XapakTep, IOTOMY 4YTO
JIOTIOJTHUTENIbHBIE METOJIbI, KOTOpBhIE BXOIAT B cocTaB uHTepdeiica, TpeOyrOT
pea3aly co CTOPOHBI KOHTEHepa.

Mopens  cepBuca neramusupyetr CServ cepBHCOB, KOTOPbIe HEOOXOIMMBI s
MMOIACPIKKHU (byHKHPIOHPIpOBaHI/IH KOMIIOHCHTOB M KOMIIOHEHTHBIX Cp€JI B paMKax
MapagurMbl KOMIIOHEHTHOTO NporpammupoBanusi. OHa obecriedunBaeT hopMaibHOE
OMPECACIICHUE CTATUICCKUX U JTUHAMUYCCKHUX CBOMCTB KOMIIOHEHTHBIX cpea.
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2.2. KomnoHeHTHasn anre6pa

I[J'IS[ TpaHC(l)OpMaIII/II/I MOIICJ'IGﬁ KOMIIOHCHTHOT'O HNPOCKTUPOBAHHSA K BBIXOJHOMY

Koay pa3paboTaHa KOMIIOHEHTHas anreOpa — BHEIIHAS, BHYTPEHHSII U
3BOJIIOIMOHHAs anreOpsl [15]:
2= {01, 92, 03}, (2.10)

rne ¢,= {CSet, CESet, (2} — BHemHas anrebpa, ¢, = {CSet, CESet, (2} —
BHYTpEHHss anreodpa, @3 = {Set, CESet, £2;} — anredpa 3BOJIIOIMN KOMIIOHEHTOB.
BHewiHss KOMIIOHEHTHAas ajredpa
Orta anrebpa ABYOCHOBHAS M HIMEET CICAYIOIINHA BUA:
¢, = {CSet, CESet, Q; },

rae CSet — MHOXecTBO KOMITOHEHTOB C; CESet — MHOKECTBO KOMITOHEHTHBIX Cpes;
();— MHOXECTBO OTepaIMid HaJl STUMH SJIEMCHTAMHU.
Omnepanyu HaJl KOMIIOHCHTAMH TaKHUe:

- wmHCcTawmus (pa3BepThiBaHue KoMIoHeHTa) CSet, = Cset @ CESet;;

- oObenmHeHME KOMIOHEHTHBIX cpen CESet; = CESet; U CESet;

- yIaJcHHE KOMIIOHEHTa U3 KOMIOHeHTHOM cpeabl CESet, = CESet; \ CSet.
BHyYTpeHHsIsI KOMIIOHEHTHAsI ajiredpa —

Py = {CSet, CESet, .QQ, .(23}, (21 1)

rne Cset = {OldComp, NewComp} — muoxectBa ctapbix OldComp KOMIIOHEHTOB B
CHCTEME ¥ MHOJKECTBO HOBBIX KOMINOHEHTOB NewComp, BHOBB pa3pabOTaHHBIX WJIH
HEKOTOPOTO MpeoOpa30BaHHOTO CTAPOro KOMITIOHEHTa K HOBoMYy NewComp;
OldComp = (OldCName,OldInt, CFact, OldImp, CServ) BKIrO4aeT WHTEPPEUCHL,
peanu3auy B CEpBEPHON Cpeie;
NewComp = (NewCName, Newlnt, CFact, Newlmp,CServ) Brimo4daer B ceOs
HHTEePQEHChI, pealn3alui 3TOr0 KOMIIOHCHTa, KaK HEOOXOIUMBIC 3JIEMEHTHI
JF000r0 KOMIIOHEHTA, TOM YKCJIC U HOBOTO KOMIIOHCHTa B CEPBEPHOI cpee;
€, = {addImp, addint, replint, repllmp} BKIIOUaET ONEpALINN:

add imp — nobGaBnenus peanusauuu; addint — nobapneHus uHTEpdeiica,
repllmp — onepaliysi 3aMeIeHIsI pealn3allii KOMIIOHEeHTa; repllmp — 3ameneHus
uHTEpdeiica KOMIIOHEHTA.

£ = {Oyefucr Oeing » ORever} — aNTe0Opa 3BOMIOLMH (P53 ),
rae  Ojpue — peaKTOPUHT 71 MOCTPOEHHE KOMIOHEHTHOM I1C 1 BO3MOKHOCTEIO
BHECEHUST U3MEHEHHUIA;,

OReing — PEMHKEHEPUHI s OOecleueHus  3aMeHBbl, MepPEeMMEHOBAaHME
KOMIIOHCHTOB H/WJIH UX UHTEP(EHCOB, a TaKKe T00aBICHAE HOBBIX KOMIIOHCHTOB B
IIC u B KOMIOHEHTHYIO CpELy;

ORever— PEBEpPCHASsE WHKCHEPHsI 00CCIICYHBACT BOCCTAHOBICHHE CTPYKTYPHI
KOMIIOHEHTA 10 €T0 BEIXOJJHOMY KOIY.

Onepanuu ~ anreOpbl IBOJIONUK O0ECTIEUYMBAIOT  W3MEHEHHE KOMIIOHEHTOB H
UHTEPPEHCOB C TOMOINBIO  CICIHWAIBHBIX  ONEpalMid, ONPEICICHHBIX B
COOTBETCTBYIOIINX MOIECTIX.
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Mooenv peghaxkmopunea KOMIIOHEHTOB:

M, pue = {Oxepae, {CSet = {NewComp"}},
171 Operae = {AddOImp, AddNImp, Repllmp, AddInt} — omepannu pedaxTopuHra,

napa (CSet, O,.f,c) — 3NEMEHT KOMIOHEHTHOI anreGpbl 3BOTIOINH.

Omneparys pehakTOpUHTa HOCUT KOMILUICKCHBIH XapakTep, TaK Kak METOJbI,
BXOJSIIIUE B 3TOT HHTEpdeiic, TpeOYT peanu3alui KOMIIOHCHTA B COCTaBE
KoHTelHepa. [TosToMy peanm3anus 3TOW ONEpalud CBsS3aHA C CYIICCTBOBAHUEM
HOBOTO Tuma KoHTeiHepa. CoryiacHO Kiaccu(UKanmuu METONOB pedaKkTopuHTa,
orepanus pacmmpeHus uHTepdeiica ynpaBiseT SK3EMIUIPAMH KOMIIOHEHTOB H
OTHOCHUTCS K PAaCUIMPEHHON Kiaccupukanny. MHOXKECTBO omepannii pedakropuHra
AddOImp, AddNImp, Repllmp, AddInt BxmogaroT B cebs omepanuu 100aBICHUS U
3aMeIICHNUS pealn3alliiii KOMIIOHEHTOB B HHTEP(EHCOoB.
Mooenw peundicenepuy KOMIOHEHTOB:

Mreing ={Oreing , {CSet = {NewComp"}},
rae  Opjng= {rewrite, restruc, adop, supp, conver } — onepanuy PEMHKEHEPUH,

napa (CSet, Opeing) — 2MEMEHT KOMIIOHEHTHOH anreOpsl 3BOTIONHUH.
AnreGpa pemmxuaupuara Y "¢ = (CSet, Reing) WCTIONb3yeTCs TNPH YCIOBHH
HApPYIICHHS IIEIOCTHOCTH KOMITOHCHTOB HJIH M3MCHCHUS (PYHKIMOHAIBHOCTH. JTa
anreOpa  MOXKET OBITh MOCTPOCHA JIUINb MPH YCJIOBUU HAPYIICHUS LEIOCTHOCTH
npeJCTaBiICHUsT KOMIOHEHTOB. Kpome omepanuii pedakropunra (Refac), Bo
MHOXECTBO Reeng BXOAAT OICpalldd, KOTOPhIC YHAISIOT U3 KOMIIOHCHTA
CYLICCTBYIOIIUN HHTep(ENHC WIM HU3MEHSIOT €ro CHTHATypy. OTO YCUJIMBAcT
YCIIOBHE MEIOCTHOCTH, TaK KakK APYrde KOMIOHEHTHI, KOTOpPBIE OOpamarTcs K
HEMY, HE MOTYT UMETh JIOCTyIa K HeoOxonuMmon (QyHKImoHambHOCTH. Mcxons u3
TaKWX YCJIOBHUI, BMECTO alreOpbl peHH)KHHUPHHTA B COCTaB (DOPMANBEHBIX METOIOB
KOMIIOHCHTHOTO ~ TPOTPaMMHUPOBAHUS  IIENIECOO0pasHO  BKIIOYHTH  MOJCIh
PEHHXHHHAPHHTA.
Mooenwb pesepcroti uncenepuy KOMIOHCHTOB!

Mrever ={Orever , {CSet = {NewComp"}},
rne  Opye= {restruc, design}— omepanuu peBepCHON HHKCHEPHU;

napa (CSet, Opeing) — 3NEMEHT KOMIIOHEHTHOMH anreOpbl 3BOJIIOLHUH.

AnreGpa peBepcHoil mmkeHepun X1 = (CSet, Revera wWcronw3yercs HpH
YCJIOBUM BOCCTAHOBJICHUSI CTPYKTYPhl M CHELU(PHUKALUH IIC. B meit ™oryt
HCIIONIb30BAThCS OTIEpallK peuHkeHepun Reeng < Revers. OcobeHHOCTh Revers
COCTOHT B TOM, YTO €€ OIEpAllM HE OMPEJEICHbI MOIHOCTHIO, a JHIIb YACTUYHO.
PeBepcras nmxeHepus o60o3HavaeT NMOJHYIO nepecTpoiky I1C n3 KOMIIOHEHTOB B
HEKOTOpOH cpeze, BKIIOYas  HM3MEHEHHE OTIENBHBIX II0Ka3aTeleld KadecTsa
KOMITOHEHTOB, KOTOPBIE MOT'YT M3MEHSTHCS B 3aBUCHMOCTH OT CMBIC/IA (DYHKIUH U
NPUMEHSEMBIX OINepaluii W3MeHEeHUs KoMmmoHeHTa. CeMaHTHKa omepanui Reeng
MOXET ONpeNeNsITh TPaHC(HOPMAIMIO HE TOJIBKO IEJIEBOr0 KOMIIOHEHTa, HO H
JpYTUX CBS3aHHBIX KOMIIOHEHTOB. Hampumep, HpH HU3MEHEHHMH CHUTHATYpBI
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BXOZHOro umHTep(deiica HEOOXOOUMO  OJHOBPEMEHHO  HM3MEHHTh  JpPYyTHE
KOMITOHEHTBI, KOTOPBIE COJEpKaT 00paleHns: K METoAaM 3Toro nuarepdeiica.
Takum 00pa3om, omepaluil SBOIOIHMOHHOW anreOpbl 00ecIeuynBalOT U3MEHEHUS
KOHKPETHOTO KOMIIOHEHTa M OTHOCATCS K KJIacCy OIepaluii B APYTHMX METOAax
MPOTPaMMHUPOBAHUSI, KOTOPHIM COOTBETCTBYET omepanyAM TUMA  I60IOYUL.
BazoBas cyTp 3THX omepanuii — W3MEHEHHE MMEH, WHTEep(eicoB, peanm3anuii u
CBSI3CH MEXIy DJIEMEHTaMH, a TaKXKe ONEpanuy MpeoOpa3oBaHUA CTPYKTYPHI H
(hyHKIHUH KOMITOHEHTOB.

2.3. CBAA3b KOMMOHEHTHOU U OOBLEKTHOMN Moaenen

Pe3yJ’ILTaTOM COIIOCTaBJICHUS onpeaeﬂeﬂnﬁ CHCTCMBbI anre6p u I/I30M0pq)I/ISMa 9THUX
CHUCTCM SABJIACTCA

Teopema 2.4. Orobpaxenne O—C ,co3maer cioxubelii 00bekT m3 KIIM u  ero
peanuszanuu, U30MOPPHU3M 00BEKTHON M KoMmmoHeHTHOU moamoxenu CIIII, kak
anreOpanvyeckux Mojaene Tumna <2,2,2,2 2>

OTtoOpaxkeHHe, KOTOpPOE COIOCTAaBISIET OOBEKTY €ro HHTepdeic, a 3ToMmy
unrepdeiicy — KIIM, mis KoToporo OH SIBISETCS BXOJHBIM, — H30MOpPOH3M
anredpandeckux mozeneit tuna 2 (O; RO), (I; RI) u ( 1, RI), (C, RC), xoropsle
MpEeBpaIaloT TOYKH BapHaOCILHOCTH / BapHAHTBHI CJOXKHBIX OOBEKTOB B TOYKH
BapraOeTbHOCTH / BapuaHTH nHTepdeticoB u KIIU.

CBs13b KOMIIOHEHTHOM MOJieNu ¢ 00bekTHOM OM mpocieanM ¢ TOMOIIBI0 Tpoliecca
(hyHKIIMOHUPOBaHUS KOMIOHEHTOB Create u untepdeiica Cfac, MOPOKAAIOIIECTO
9K3EMIUISIPBl KOMIIOHEHTOB:

Cfact.Create: Comp — {Cins’}, Cinsi'= (lins’, IntFunc', ImpFunc’),
rme Cins)’ — ok3seMmisp k KOMIOHEHTAa, KOTODHIH MpPENOCTABISET CBOKO
(YHKIMOHATBHOCTS ¢ TOMOWIbIO MHTepdeiica IntFunc' m  obecneuunBaer
peanusanmio dToro mHTepdeiica ¢ nomombio ImpFunc’; lins’ — yHuKaibHBIR
UIEHTU(DHUKATOP FK3EMILISIpAa KOMIIOHEHTA.

Ilycte  cymiecTByeT HEKOTOpas KOMIIOHEHTHAsh CHUCTEMA, IIPEICTaBICHHAs
JUarpaMMoii KJ1acCOB OOBEKTOB:

OCsyst = (OClass, G), (2.12)
rne OClass = {Oclass;} — MHOXecTBO KiaccoB, G — OOBEKTHBIH Tpad,
OTpa)KaIOH_[I/Iﬁ CBA3HU U OTHOLICHUA MCXKAY KiIaCCaMU U DK3EMIUIApaMu.

Kaxaplii knacc npecTaBlieH B BUIE:

OClass; = (ClassName,;, Method,, Field;},
rae ClassName; — ums kiacca; Method; = {Method,-i } — MHOXECTBO MeTOJI0B; Field;
= {Field,”y — MHOXeCTBO TEPEMEHHBIX, ONPEEIIONMX COCTOSHHE SK3EMILIAPOB
Kiacca.

[lepexon oT 0OBEKTHOW K KOMIIOHEHTHOM CTPYKType CBs3aH C IpeoOpa3oBaHHEM
00bexToB 1 MHTepdeiicoB OM k KkoMnoHeHTaM M HHTepdeiicam (puc. 5). B Hem
MOKa3aHbl  CTpyKTypa KommnoHeHTOoB Comp; u Comp,;, COOTBETCTBYIOIIHE
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uatepdeiicel. Int;, Into; u Inty, Intlp, B kinacce kommoHneHToB Oclass;, Oclass, n
Oclass;.

ettt asssrrarasnans Ptttk r s ~
. ] * \
! T : !
] : |
OClass4 : Int1 : OClass2 ]
e r= |
| Fieldl | |
Field2 oo
A : Method1 | I
! ethot ! }
| I | Method2 Int2 : Voo
| \ :
!| OClass1 | Seeee-o - Field3 . OClass3 :
O R Se——— P Field4 H— |
I | Method3 : :
! Method4 : |
.. Ncmmmmmmmm= W mmmmmmeoo- ’
Intll IntO1
—O
Comp1 2] — Comp2 2]
‘©'

IntO2  Intl2

Puc. 5 — Cmpyxmypa césa3u KoMnoHeHmos8 u unmep@eiicos 6 Kuacce

Kaxnpiit Oclass mpeiCTaBIAETCS KaK MOJIETb Kilacca 00BEKTOB
Oclass; = {ClassName,, Method; Field,},
rae Oclass = {Oclass;} — muoxectBo kiaccoB; ClassName; — uMsl Kiacca;

Method; = {Method;} — mHOxecTBO Metonos; Field; = {Field,’} — MHOXeCTBO
NEPEMEHHBIX, ONPEACIAIONINX COCTOSHHUE SK3EMILIIPOB Kilacca.

Iycts Pfield; — Field; — MHOXECTBO BHEIIHUX MEepeMeHHBIX (public), mocTymHbie
usBHe. Kaxomy Pfield,’ € Pfield; ctapsarcs B COOTBETCTBHE MeTObI get <Pfield,’™>
u set <Pfield,> nnst mpucBOCHHUS W BBIOOPKH 3HAYEHHI mepeMeHHOU. Jpyrumu
CIIOBaMH, 9TH TEPEeMCHHBIE CTAHOBATCS aTpUOyTaMH B  COBPEMEHHBIX
KOMIIOHEHTHBIX MOJICIISX.
B npyrux kiaccax BMECTO HEMOCPEICTBEHHOTO OOpaleHUs] K TAKHMM ePEMEHHBIM
OyIyT UCIIONB30BAThCS yKa3aHHBIC METOBL.
BBenem HOBOE MHOKECTBO METOJIOB!

Imethod; = Method; U {get <Pfield,>} U {set <Pfield,> ,
KOTOPBIM CONOCTAaBMM HHTEp(EHC Ifunc’, coctosAmmii M3 NPOTOTHIIOB METOJIOB,
KOTOpBIE BXOIAT B Imethod'.
Bwmecrte ¢ Osyst pacemorpuMm cucremy: Isyst = (Ifunc, 1G),
rne Ifunc = {lfunc;} — mHOXecTBO mHTepdeiicoB; /G — uHTepdeicHbIi Tpad,
WIeHTHYHBIN rpady G.
Knacc 06bexroB Oclass; HIOPOKAaeT CBOU SK3EMILIPHI (0OBEKTHI)

Obj;' = {ObjName,, Method,, Field,},
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KOTOpBIM B cucteMe Isyst OyayT COOTBETCTBOBaTb HHTEP(EHCHBIE DIIEMEHTHI
Iobj'={Iname/, Ifunc'}.
JInst KaXJOoro Takoro 3J€MEHTa HE ONpENeNeHa pPeali3alisi COOTBETCTBYIOIIETO
unTepdeiica. ComocTaBuB HEKOTOpoMy HHTepdeiicy peamusammio ImpFund
(xoTopas obecrieunBaeT BEITIONHEHISI METOIOB HHTEpdetica), CHOPMHUPYEM ITEMEHT
Iobjkij = {Inameki, Ifunci, Ironuncj} _KOTOpPBIA, 1O CBOEH CYTH, SKBHBAJICHTEH
sx3eMmsipy kommonenta Cins, = (Iins,”, IntFunc’, ImpFunc)).
OCHOBHBIE PaCXOXJICHHSI ONPEACISIOTCS CIEAYIOIUMHU (akTopamMu. Bo-mepBbix, B
nporecce pa3BepThIBaHUA TpeOyeTcs BBIOOP peann3anui. Bo-BTOPBIX, 3K3eMILIIp
00BEKTHOTO Kjlacca IOPOXKAAETCS €ro ONMCAHHEM M HE MOXET COJCp)KaTh
3JIEMEHTOB OOJbIIE, YEM CYLIECTBYET B CaMOM KJIACCE€ HIIM €r0 CYNEpKIACCax.
[IpoTnBOIONIOXKHO 3TOMY, peanu3anus KOMIIOHEHTa MOXKET IOJAEPKHUBATH
HECKOJIBKO HE CBS3aHHBIX MEXAy Cco00r0 HHTepdercoB. OTH JABE CHCTEMBI
(oObexTHas U MHTepQelicHas ) SKBUBAJICHTHBI.
Takum 00pa3oM, NpPH TOCTPOCHHH KOMIIOHEHTHOW CHCTEMBI HCIIONIBb3YIOTCS
COOTBETCTBYIOIINE  WHCTPYMEHTAJbHBIE  CPEJICTBA. CormacHO ~ JIOTHKO-
MaTeMaTHYECKOMY TpOeKTHpoBaHHIO co3mgaerci OM u  CcOOTBETCTBYIOIIAs
uHTepdeiicHas cucrteMa 0e3 KOHKPETH3allMHM pealu3alud 3THX HUHTep(eicoB.
Pe3ynprar Takoro nmpoeKTUPOBaHHUS — COBOKYIHOCTh MHTEP(EUCOB, Ui KOTOPOi
paccmarpuBaeTcsl  3aj7ada  IMOKPBITHS  HMHTEpP(EHCOB  COOTBETCTBYIOIIUMHU
KOMIIOHEHTHBIMU peanu3anusamMu. [Ipy 3ToM HeT HEOOXOJUMOCTH YYHUTHIBATh
peanuzanuio  ¢yHkiuoHansHocTH [IC B BHae KOHHIypalud KOMIIOHEHTOB,
KOTOpasi BBIMOJHACTCSA ITyTeM COOPKM KOMIIOHEHTOB B CTaHIApTHOH ¢opme u
pazseptku I1C.
Tunsl oTHOIEeHUI Mexkay komnoHeHTaMu B OKM 3apalotes B BHIe:
Comp,=(Cname,,Ci,, Cfact,, Cimp, ,Cserv). (2.13)

K HUM OTHOCATCS Clleyrolne OTHOIECHNUS:

Hacnedosanue NBYX KOMIIOHEHTOB OMNPEIEINSAETCA YCTaHOBJICHHEM OTHOILCHHS
HaclleIOBaHMA AJI BXOIHBIX HHTep¢eiicoB (kak HacnenoBanus B OOII);

OKZEMNAAPUZAYUA  CO3NAETCS  COOTBETCTBEHHO ONPENETICHHOMY BXOIHOMY
untepdeiicy Clntl'. Boipaxenue Clns,’ = (Ilnsk”, IntFunc', ImpFunc’) onuceiBaet
sk3emiusip kommonenra Comp. 3neck Ilns,’ — yHuKanbHBIA uaAeHTH(UKATOD
sk3emiuspa, IntFunc' — Gynkunonanssocts uatepdeiica Clntl' € Clnt, ImpFunc —
TIPOrPaMMHBIi J1IEMEHT, KOTOPEIi obecneunsaet peammsanuio Clmp' € Clmps

uumepgetic mexny komnoneHTamu Comp, m Comp, B BHIE BBIPAXECHHUSA
Cont;,™ = (CInt\", CInt,", IMap,,""), tne Clnt;" € Clnt, — ucxonuslii nHTEpdEiic
nepBoro kommonenra, Clnt," € Clnt, — BxoaHO# uHTEp(EHC BTOPOro KOMIIOHEHTA,
IMap,,™ — oToGpaskeHHe COOTBETCTBHS MEXIY METOJaMH, BXOISIINMH B COCTaB
00onx mMHTEp(EHCOB ¢ YyIETOM CHUTHATYp M THUIOB JIAHHBIX, KOTOPHIC NEPEIArOTC.
OTHOIIEHUS] KOHTPAKTa CYIIECTBYET, eclu KOMIOHEHT Comp, UMEeT pean3amnio
untepdeiica Clnt,”, BBINONHAOMETO (QYHKIMOHAIBHOCTL [ntFunc, u uHTepdeiic
Clnt,";
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ceasviganue KoMnoHeHToB Comp, 1 Comp, ¢ TOMOIIBIO OTHOIICHUS KOHTPAKTa
Cont;,™, B xotopom Mexay sksemmmipamu Clnsy’ = (IInsy”, IntFunc', ImpFuncy)
u Cins,,"'=(IIns,,"?, IntFunc”, ImpFunc?) cymecTByeT OTHOIICHHE CBS3bIBAHUS
yepe3 KOHTPAKT Cont,™, KOTOPBII ONHCBHIBAETCS BEIpaXXeHHWEM Bind (Hnslk”,
IIns,,™, Cont,™).
Mexay OOBEKTHBIM M KOMITOHEHTHBIM IIPEICTABIICHUSMH CHCTEM CYIIECTBYET
HEOJHO3HAYHOCTh, KOTOpas MOPOXKIACTCS TEM, YTO OMNPEHCICHHBIH KOMITOHEHT
MOJKET UMETh pean3alluil Uil HeCKONBKUX WHTepdeiicoB Isyst. B ciyuae, ecim
KaXIblii W3 WHTEP(EUCOB peanu3yeTrcs OTACIbHBIM KOMIIOHEHTOM, CYIIECTBYET
CJIMHOC JKBUBAJICHTHOEC OTOOPaXKCHHE MEXKIY OOBCKTHBIMH M KOMIIOHCHTHBIMHU
MPEe/ICTaBICHUSIMHU.
IIprMep 0OBEKTHOTO ¥ KOMIIOHCHTHOTO OTACAHMS CJIOKHOW CUCTEMBI M3 OOBEKTOB
Y KOMIIOHEHTOB IOKa3aH Ha puc. 6.
B Hem wucnomnw3yrores:

Comp 1 (OC] 1» OC[2), Comp2 ([Cz, OCQ), Comp3 (IC3, IC4’ OC3)
— KOMITOHEHTHI TIPEAMETHON 00JIACTH C BXOJHBIMHU H BEIXOTHBIMU ITapaMeTPaMu;

0,, 0,,03,04 — obbexTsl kmacca OM,

10,,10;,104 — BXOnHBIE 00BEKTHBIC HHTEP(EHCHL;

IC,, ICs5, IC4 — BXonHbIE NMapaMeTpbl KOMIOHEHTOB (LITPUXITyHKTUPHBIE
JIUHWH).

Puc,6 — Cmpyxmypa npoepammor ¢ OKM

B unrepdeiicHom npencraBieHun [Syst CymeCTBYIOT KOMIIOHEHTHBIE HHTEp(deich
1C,, 1C;, IC, (mrpuxmyHKTUpHBIE JuHUK). [Ipu atom OCy,, OC,, OC, OC; —
WCXOAHbIe WHTep(delchl B KOMIOHEHTHOW Mojend. Mexay OOBEKTHBIMH H
KOMIIOHEHTHBIMU HHTEpdeiicaMi yCTaHOBICHO OJHO3HAYHOE OTOOpa)XeHHE, a JJIs
00BEKTHOHM ¥ KOMITOHEHTHOH MOJIENTN TAaKOTO OTOOpaKEHHUS HE CYIIECTBYET, TaK KaK
koMmoHeHT Comps UMeeT JIBa BXOIHBIX WHTepdeiica, T. €. (QYHKIIMOHATHLHOCTh
knaccoB Oz u O, peau3oBaHa B OJJHOM KOMITOHEHTE.
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B OKM o00bekTHBIN aHamu3 — 3T0 nepBas ¢aza 00bEeKTHO-KOMIIOHEHTHOTO METO/a
npoektupoBanus [IC, mpu KOTOPOM BBIIBIAIOTCS OOBEKTHI M crpoutcs OM,
KOTOpasi aJIeKBaTHO OTOOPa)XKaeT ee CTPYKTYpPY, OOBEKTbl W OTHOILCHUS MEXKIY
HUMH W T. 1. ['naBHas 3amada BTOpPOH (a3bl — MPOEKTHPOBAHHE KOHKPETHBIX
komroHeHTOB U IIC mo pesymeratam mopenmpoBanus [IpO. B OKM mpomeccs
onpezielieHUss OOBEKTOB HAUMHAIOTCA C OTHEeNbHBIX cymHocted [IpO n
3aKaHYMBAIOTCS 33laHEM KOMIIOHEHTOB C Y4ETOM HX MOBEACHHS B KOMIOHEHTHOM
cpene. OObekTHas Monesib OTOOpakaeTcsi B KOMIIOHEHTHYIO MOJENIb IyTeM
(opmupoBaHus (YHKIMOHAIBHBIX HMHTEPPEHCOB W pacHpesiesieHuss HX MEXIy
KOHKPETHBIMH KOMIIOHEHTAMU Ha OCHOBE KOMITOHEHTHOH aireOphl.

3. TexHonozusi KoHghu2ypayuoHHoOU cb6opku o6bekmoe u
KOMMoHeHmose

OOBeKTH 1 KOMIIOHEHTH nipeaoxenHoi moaeneit [1C, CM u BapuabensHocTH MF
3aJal0TCSl  CHECNMAIBHBIMH  ONEpPAlMsAMH, KOTOpPBIE TPaHCHOPMHUPYIOTCS B
MPOTPAMMHYIO peanu3anuio B craHmaptHoi ¢opme WSDL u coxpansrorcs B
penosutopun UTK. Kaxnas u3z wmogeneit OM, IIC u MF wucnons3yrorcss npu
KOH(UTypHPOBaHUN apTe(aKTOB M KOMIOHEHTOB B BBIXOAHYIO cucTeMy. Beem M
COOTBETCTBYIOT OIKCAHMs AITOPUTMOB (YHKIMH M TAHHBIX, KOTOPBIE MOT'YT OBITH
¢ynnamenrtanbaoro tuna (FDT), obmero GDT (ISO/IEC 11404) u HecTaHAapTHBIX
tunoB gaHHbIX (Big Data). [lanHble ucmonb3yloTcss Uil OOMEHa pPasHBIX
KOMIIOHEHTOB Mexay coboil uepe3 wuHTepdeiic, onucanuslii B IDL [14, 18]. Tlo
COBpPEMEHHBIM MepKaM Kaxkablil mporpaMMHseiil pecype wiun KIIM MHoropasosoro
NPUMEHEHHUs JOJDKEH UMETh CcepTU(HKAT (macnopt, onucanue QyHKUUH W THUIIOB
nmanabix (T/I) mepenaBaeMbIx ApyruM KOMIOHEHTaM depe3 uHTepdetic). [lacmopt —
9T0 HH(POPMAIMOHHAS YacTh, kKoTopas B si3bike WSDL conepxur (puc.7):

- Ha3BaHue QyHKUUH;

- ID — ugentuduxarop pecypca;

- copepxaHue ((pyHKIUN);

- IapaMeTpsl BBI30Ba JIPYTHX MPOTPaMM;

- WHCTPYMEHTHI TOAIEP>KKHU BBITIOJHEHUS TPOTPAMMBbI;

- HeoOs3aTenbHbIE aTpUOYTHI (l1aTa, COCTOSHHE, BEpCHs, NPaBO JIOCTYIA,

aBTOp, JlaTa CO3/IaHMS, CPOK HPHUTOJHOCTH, MpaBHa MPUOOPETEHHUS U T.
I.).

CrangaptHast GopmMa: Bce apTe(aKTOB CHCTEMBI, COXPAHSIOTCS B PEIO3UTOPUH H
U3BIEKAIOTCA OTTyJa, KOTZa MX HaJo HcHonb3oBate. [lo umeHm pecypca
OCYILECTBIISIETCS. MOUCK U  aHaIu3 MNPUMEHUMOCTH pecypca BO  BHOBb
CO3/1aBaeMOI CCTEME METOJIOM KOH(PUTYpalIMOHHON COOPKH.
Hmeercst HeKoTOpast TPOpadOTKa MEXaHU3MOB COOPKM B paMKax MHTEIPUPOBAHHOM
cpensl BeO-caiita UTK [10]. B Hee BKJIFOYEHBI TOTOBBIE CHCTEMHBIC KOMITOHEHTHI —
Eclipce, Protege, VS.Net, CORBA, JAVA, cucremHble KOMIIOHEHTBI  (pHC.7) At
pa3paboTkn KoMmmoHeHTOB U mpwioxkeHmd wn3 KIIWM. Ilpm stom Moryt
HCIIONIB30BAThCS ¥ TOTOBBIE apTedakTel IHTEpHET.
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Request a new external component == Back

Step 2/4 - new component

Flease fill following form providing new companent details
Fress Next buttan when the form is ready (the button is enabled only when the form is properly filled).

Information about the new component
narne | |
Name to uniquely identify the module inside the project.
Thisfield is mandstory. Have to be 2 combination of leters, numbers, _ -, . (dof).
clisplay name: | |

Wore descriptive name (optional)

descriphion.

#fres form description. This field is mandatory.

vendor | |
Vendor name, This field is mandatory.

license ype: [ ]
Type of license - for instance Anacke Ljeeqse 20. Thisfield is mandatory.

hamepage: | ]
URL te madule homepage (for information purpases onhy)
clowninad: |
URLwhere the module can be downloaded (far information purposes anly)

=< Back

Puc. 7. ®opmam cmanoapmmnozo onucanus nacnopmuwix cneyugpuxayuti (GRID ¢popmam)

BapuaHT npruBeeHHBIX MOZEIEH Peann30BaH ¢ MOMOIIBIO CIEAYIOMNX CHCTEMHBIX
kommoHneHntoB [3, 10]:

- BeIeHHE Perno3uTopus — cocTaBlieHHe ceptudukara B WSDL u 3aHeceHue
KOMITOHEHTA B XPaHUIIHUIIE;

- mouck (BpIOOpP) KOMITOHEHTA ITOJH30BATEIEM M aHAIW3 CMbICIa (QYHKINN
JUTSL BO3MOXXHOTO TIPIMEHEHUSI B CBOMX LIEIAX;

- coopxka otnenbHbix KIIW 1 ux KOHGUryprpoBaHHE B BApUAHT HEKOTOPOH
CHCTEMBI CPEACTBAMHU KOH(HUTYpaTOpa;

- (dopmanpHOE ommcaHus HekoToporo apredakra B DSL u ero peanuzanus B
cucremax DSL Tools VS.Net / Eclipse-DSL B kog XML u odopmierue
€To0 TIactopTa B CTAaHIAPTHOM BUJIE JUTS 3aHECEHHS B PEMIO3UTOPHI;

- OHTOJIOTWYECKOE OINHCaHWE JOMEHOB C 3aJaHHEM MOJIENIN XapaKTePUCTUK
CYIIHOCTEH W CO31aHMs apXUTEKTYPhl CUCTEMBI U3 TOTOBBIX OOBEKTOB M
KOMIIOHEHTOB, a TaKXXe OSKCIEPUMEHTAJIbHAs pealn3alys OHTOJOTUHU
nmomeHoB X1 crargaptoB ISO/IEC 12207 u BEIYHCIUTEIBHON T€OMETPHH
cpencrBamu Protégé;

- TpaHchopmanus onucaHuid 3neMenToB Mojeneir OM u CM k Bugy DSL,
SI1 u co3nanne Habopa onepanyii 11 UX KOH(QUIYypaluy B CUCTEMY;

- TecTHPOBaHHME Pa3HOPOJHBIX pecypcoB B SII, nx oObeanHeHne I
KOMILJIEKCHOT'O TECTUPOBAHUS CUCTEMBI;

- omenka cronmoctu (Metroq COCOMO II) m kagectBa (ISO/IEC 9126)
NPOJYKTa C MCIHOJIB30BAHUEM PE3YJIBTATOB TECTHPOBAHMS M HCIIBITAHUS
CHCTEMBI;
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- o0OpaboTka  WHTEpPPEHCHBIX  MaHHBIX nepenaBaeMbIX  MEXIY
KOMIIOHCHTAMH U TpaHC(HOpPMAIMs HECOBMECTHMBIX THIOB IaHHBIX,
KOTOpBIE ~ MOTYT HMETh pa3Hble (hopMaTel IaHHBIX, TPeOyIOIIHE HX
npeoOpa3oBaHUsl € ITOMOIIBI0 TMPUMUTHBHBIX HHTEP(EHCHBIX (YHKIHI
crargapta [SO/IEC 11404;

- HOBBIE MEXaHW3Mbl B3aHMMOJCHCTBHS INPOrPaMM U CPel C MOMOIIBIO
peann3oBaHHBIX cryneHTamu Tpex mojeneir CORBA <> Eclipse-JAVA,
VS.Net C# <> Eclipse, Basic <> C++[22, 23],

- obyuenme nporpammupoBannio B C# VS.Net m JAVA, a Takke BceMm
acnektaM Kkypca  "[Iporpammuas wWHXeHepus', NPEACTABICHHOTO B
3JIEKTPOHHOM  BHJI€  CTYJEHTaMHM  Ha BeO-caliTh KHY
http://programsfactory.univ.kiev.ua.

JlaHHas TexHoJOTWIl mpenHa3Ha4YeHa AT Pa3padOTKH MPOTPAaMMHBIX CHCTEM H3
rotoBeix aptedakroB. Cait WTK (http:/sestudy.edu-ua.net) moms3yroTcs IO
ouenkaM Google cratuctuku ©Oonee 100 000 pecnoHIEHTOB, a  TaKKe
mpenofaBaTedy  psAna yHuBepcuteToB (Ykpaunsl, Poccun, Esponsr, CIIA,
Kananpr). OcHOBHOE ero Ha3HaueHHe — MOATOTOBKM 0akalaBpOB M MarkcCTPOB IO
CHEUATBHOCTH NPOrpaMMHasi HHKCHEPHSI.

4 3aknroyeHue

PaccMoTrpeH ¢opManbHBIi anmapaT 00bEKTHO-KOMIIOHETHOTO — MOJEIUPOBAHUS
NpeAMETHONW OOJIaCTH Ha YeTHIpeX YPOBHIX HPOEKTHPOBaHMS (0000IIEHHOTO,
CTPYKTYPHOTO, XapaKTEepPUCTU-YECKOTO,  ITOBEACHYECKOro).  PesympraTom
0000IIEHHOTO TPOEKTUPOBAHUS SIBIISIETCS Tpad 0OBEKTHON MOZENH, coleprKamer
o0bexThl 1 nHTepdeiicel. Ha xapakrepuctnieckoM ypoBHE (OPMHPYETCS MOJEIb
BapraOenpHOCTH, B3auMoaeiicTeus u koHpurypupoBanus [IC u CIIC u3 roToBBIX
apredakroB. OnpeneneHsl HopMaIbHbIE MOJETH KOMIOHEHTHOTO POEKTUPOBAHUS
(xoMIIOHEHT, MHTepdelc, cpema, cUCTeMa), Olepaluu OOBEAWHEHMS, 3aMEHBI,
yhajeHuss W TpaHChOpMalUU OOBEKTHOW MOJENM K KOMIIOHEHTHOW MOJENH C
YY4EeTOM  MOJeNU BapuabenbHOCTH W HHTepdeiica, a TakKe  NPOBEICHUs
KOHQUTypalMOHHON COOpPKM OOBEKTOB M KOMIIOHEHTOB C IMOMOINBIO  MOJeJeH
OM, CM, FM B BBIXOAHOM KOJ cHCTeMbI. IIpHBeneHBI CpeAcTBa MOIAEPKKU
OKM Ha HOBOM caiite http://www.ispras.ru/lavrischeva/sestudy.
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Abstract. The paper presents the formal mechanism for object-component modeling of a
subject area, including logical-mathematical description in four levels of the design object
model. At each level, modeled and refined objects set their links (interfaces) and
relationships, the basic characteristics of logic functions and the behavior of objects. Objects
and their interfaces are grouped into classes, and are displaying in the graph object model.
Objects are transformed to the form of components maintaining relationships. The formal
model (the component, interface, environment, and system) of the component environment is
proposed, technical transfer of the objects into the component environment and assembly of
objects and components into the system configuration file to execute is provided.

Keywords. modeling, logical-mathematical apparatus, subject area, level simulation, models,
objects, graph components, variability, reusable components, assembly, configuration
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