O KOHIEIITYaJIbHOM MOJAE/INPOBaAHNN

B. Tambxaiim (Iepmanns)*

Texnosioruu 6a3 JaHHBIX U UH(MOPMAIMOHHBIX CUCTEM IIpeTep-
IeJIn CyIeCTBEHHbIE U3MeHeHUs. B HacTosiliee BpeMsl [TOBCEMECT-
HOE PaCIPOCTPAHEHNE [TOJIY9iId CUCTEMBI YIIPABJICHIS KOHTEHTOM,
BeO-CEPBUCHI ¢ WHTEHCHBHOI 0OpabOTKOM MHMOPMAINN, COTPY/I-
HUYAIONINE CUCTEeMbI, nHTepHeT-0a3b1 maHHbix, OLAP-6a3br jgan-
HBIX, IPOU3BO/ISIIINX aHAJIN3 B PeajlbHOM BPEMEHH, U T.II. B To ke
BpeMsl OJ1aroiaps IMUPOKOMY ITPUMEHEHHUIO TEXHOJIOTHS 00bEKTHO-
PEJISIIUOHHBIX JTAHHBIX CTaJa CTaOMIBHONW M XOpOImo pa3paboTan-
noit. Konnenryanbnoe Mozienuposanue (II0Ka) HE OXBATUIIO [EPe-
qucjieHHble Bbimte obsactu. Ha mporskennn mecsaTuiieTnit OCHOB-
HBIM BOIIPOCOM KOHIIEIITYAJIBHOIO MOJIEJINPOBaHUs ObLIa criernudu-
Kalisl CTPYKTYP, TOIA KaK JJIsl aJeKBATHOIO IPEJICTABJIEHUS] CO-
BPEMEHHBIX CHUCTEM HEOOXOIUMO TaKXKe PaCcCMATPUBATH BOIIPOCHI
GbYHKIMOHAIBHOCTH, B3aUMONIEUCTBUS U pacupeeeHHocTa. Muo-
rue 3aja4M, nocrasiennbie eme B 1987 rogy B paborax [13, 14]
JI0 CHX TIOP OCTAIOTCS OTKPBITHIMHU. B TO Ke BpeMsi MOSBUJICA Iie-
JIBIL PsiJil HOBBIX TEXHOJIOTUH, HAIIPUMED OObEKTHO-PEJISIIUOHHAS
mojienin u mojiesin Ha ocuoBe XML. HoBbre Texnoiornu He pernmim
BCcex mpobJIeM, CKOpee PACIIUPUIN U O0OCTPUIIN NMEBINIECS HEPe-
meHHble 3a1a9n. B pabore NpuBOIUTCS CIIUCOK OTKPBITHIX 33129
B KJIACCHYECKUX ODJIACTSX TEOPHH 0a3 MAHHBIX — CIEenuMUKAIUIX
CTPYKTYPBI U (DYHKIIMOHAJIBHOCTU. 3a/1a491, CBSI3aHHBIE C B3AMMO-
JIEiCTBUEM U PACIIPEJIeJIEHHOCTHIO, B HACTOSIIIEE BPEMs SIBJISIIOTCSI
[IpeJIMETOM BEChbMa, MHTEHCUBHBIX UCCJIEI0BAHUIA.

[TocTaHOBKEM OTKPBITBIX 3a7ad COIMPOBOXKIAETCS OIMCAHIEM
OCHOBHBIX DPE3YJIbTATOB B OOJIACTH KOHIENTYAJIHHOTO MOIEIHPO-
BaHusi. llpescraBiisiercsi MOJXOJl K MOJIEJUPOBAHUIO OOBEKTHO-

*Bernhard Thalheim. Computer Science and Applied Mathematics Insti-
tute, University Kiel, Olshausenstrasse 40, 24098 Kiel, Germany. Email:
thalheim@jis.informatik.uni-kiel.de
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PEJISIIUOHHBIX COTPY/HUYAIOIIMX CHCTEM C IIO/JIEPKKON BUPTY-
aJIbHBIX PabOYUX TPYIII, MHTErparuu UH(GOPMAIMOHHBIX CHUCTEM,
pasHooOpasHbix apxurekTyp, Takux kKak OLTP-OLAP, play-out
u play-in cucrem u cucrem anajm3a JaHHLIX. OCHOBOI pPabOTHI
SABJISIETCS PACIIUPEHHAs] MOJIEIb oTHOIeHus 3ineMenTos (Entity-
Relationship, ER), nokpbiBaomniast Bce CTpyKTYPHbIE BO3MOKHOCTHU
00'bEKTHO-PEJISIITUOHHBIX CUCTEM U HCIOJIB3YIONIasl TEOPUN MeJIha-
THUIIOB U CIIEHAPHUEB sl CHEU(PUKAIINYA B3aNMOJIEHCTBYSI.

1. BBenenue

1.1. IIpoekTupoBanue n pa3dpaboTka MHPOPMAIMOHHBIX
cucTeM

ITpobiiema cozmannst HHAOPMAIIMOHHBIX CHUCTEM MOXKeT OBITH chop-
MYJIIPOBaHA, CJIELYIONIUM 00PA3OM:
Ons pannoii CYB[ (nnu napagurmer 6asbl faHHbIX) CO3AaTh PUBNYECKYIO
N NIOTUYECKYIO CTPYKTYPY WHDOPMALMOHHOW CUCTEMBI TaK, 4Tobbl cmctema
coaep»kana BCe JaHHble, HeobxoanMble As1 nosib3oBaTesel u anst 3dhhekTnB-
HOro hYHKLMOHUPOBAHUS CUCTEMbI AJis BCex moJib3oBatesein. Onpegenntb
NPUKIaHbIE NPOLECCHl Ba3bl AaHHbLIX U NX B3aUMOAEICTBUE C Nosb30oBaTe-
namum.

OCHOBHBIMU 3aJa49aMK CO3IaHuUsI 0a3 NAHHLIX SABJISIOTCH:

® YJIOBJIETBOPEHNE BCEX MHMOPMAITMOHHBIX (KOHTeKCTHbIX) TpeboBa-
HUI J)I BCeX MOJIb30BaTe/ell B JaHHON MPUKJIaIHON 00/1aCTH;

® peayiu3alisd «CCTECTBCHHOW» U IIPOCTOH JijId IIOHUMAHUA CTPYKTY-
PBI XpaHUMO# WH(MOPMAITUNT;

e ofbecrieyeHne TOTOBHOCTHU BCel CEMaHTUYECKON WHMOPMAIUN I
BO3MOXKHBIX U3MEHEHUN CTPYKTYPBI;

e obecnedyeHne TpebOBaHMI K 00pabOTKe JTaHHBIX U BBICOKOH 3 dek-
TUBHOCTU 0OPabOTKH;

e obecrieyeHre JIOTMYEeCKON HE3aBUCUMOCTH 3aIPOCOB U TPaH3AKITUI
Ha JJAHHOM YPOBHE;

® IIPeOCTaB/IEHNE IIPOCTBIX U MOHSTHBLIX [MOJIb30BATE]LCKUX HHTEP-
deiicos.
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B nocsiemume rojibl Bestoch aKTUBHOE 00CY2KIeHUE CTPYKTYD 6a3 j1aH-
HbiX. Hekoropeie mipobsiembl Obn ycrerrso pererbl. OHAKO 1Ipu pac-
CMOTPEHUN 33JIa9N MOJIEJIMPOBAHUST BOZHUKAIOT HOBbIE aCIEKTHI:

CTpykTypupoBaHue TPHUJIOKEHUN 6a3 JaHHBIX OTHOCUTEJIBHO CTPYKTYPBI
0a3 JAHHBIX W COOTBETCTBYIONINX CTATUIECKUX OrPAHUYEHU IIe-
JIOCTHOCTH.

chH KUMOHUPOBaAHNE HpI/LHO)KeHI/Iﬁ 0as3 JaHHBIX Ha OCHOBE IIPOIECCOB U JIU-
HaMHWYEeCKUX OFpaHI/I‘{eHI/Iﬁ IeJIOCTHOCTH.

PacnpegeneHne kommoHeHT MHMOPMAIIMOHHON CHCTEMBI, 3a81aBAEMOE B~
HOI crieruduKalmeil cCepBucoOB 1 MHTEP@ENCOB B3aNMOIeCTBHSI.

NHTepakTuBHOCTL (B3amMojieiicTBIE C TIOJIB30BATEIISIMHU), OIPEJIEJISeMOe
Ha OCHOBE IIPEJIIOJAaraeMbIX CIIEHapUeB pPabOThl BOOOPAKAEMBIX
II0JIK30BaTEell, 3aBUCAMMX OT THUIOB HOCUTEJEN, MCIOJIb3yEMbIX
JJIST BBIJIAYU MHMOPMAIMH I10JIb30BaTe/IAM U JIjId O0OpabOTKU IIO-
CTYTAIONNX JIAHHBIX.

[Tonnmanve BaXKHOCTU HOBBIX aCIIEKTOB IIPUBEJIO K CO3/IAHUIO TAK Ha-
3bIBAEMOI'0 TIO/IX0/Ia K cOpa3pabOTKe IPU MOJIEIUPOBAHUN HA OCHOBE CIIe-
nudukainii CTpyKTYpbl, (PYHKIINOHAJIBHOCTH, pacupeaejieHus u
MHTEPAKTUBHOCTU. KaXKIbIil U3 acleKTOB MMEET KaK CUHTAKCUIECKUE,
TaK U CEMAHTUYECKUE JIEMEHTHI.

O1HAKO OCHOBHYIO 38189y PEIUTh TaK U HE YAATOCk.

OrkpeiTas 3aga4da 1. Hatmu obwyro momusayuio, obuyyro gopmans-
HYIO MOJEAL U COOMBEMCMEBUE, YIOBAEMBOPAIOULEE GCEM CEOUCTNGAM, U
POPManuU306aMb TAPAKMEPUCTIUKU.

1.2. O6mue moaean MHPOPMAITMOHHBIX CUCTEM

Cozanne 6a3 JTaHHBIX OCHOBBIBAECTCSI HA OJIHOM WJIM HECKOJBKUX MO-
JeJIdX JTaHHbIX. T‘IaCTO CO31aHnEe CBOJAUTCA UCKJ/IIOYUTEJIBHO K CTPYKTYP-
HBIM acClIeKTaM. I/IHOI‘,[L& JOIIOJIHUTEJIbHO BBOJUTCA CTaTUYCCKasd CeMaHTU-
Ka, OCHOBAHHAs HA CTATUYECKUX OTpaHmYeHusiX remoctaoctu. [locne pea-
JIM3AIUN CTPYKTYPbI MPOUCXOIUT crerudukaIus mnpoieccos. [loBenenne
MPOIECCOB CHENUPUITUPYETCS TTOCPEICTBOM JTUHAMUIECKUX OTPAHNICHUIH
nesoctaocTu. Jajee BoimosHseTcs paszpaborka wmaTepdeiico. [mybuna
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TEOPETUIECKON ITPOPAOOTKHU OIMCAHHBIX BBIIIE ITAIOB CYIIECTBEHHO pa3-
JITIAETCsI, KaK MOKA3aHO B CJIEAYIONIEH Tab/IuIe, [IpeICTaB/Idioneil 1an-
Hble Ha KoHerl 90-X roJioB.

Ncnonwzoanune | Teoperumueckasi| HawambHbrit
Ha IIPaKTUKE IpopaboTKa YPOBEHDb  CIIEIH-
dukanum
CrpykTypa XOPOIIIO XOPOIIIO  TIPO- | CTpaTern4ecKuin
paborana
Crarudeckasi | 9aCTUYHO  UC- | XOPOIIO IPO- | KOHIENTYAJbHBII
CeMaHTHKA ITOJIb3YETCsI paborana
IIporecco KaK-TO CJIEJIAHO | OT/IEJIbHBIE TpebOBaHUS
MOMEHTBI
Junamudeckasi | OTae/NbHbIE Ya- | MaJeHbKHe pean3alns
CEMaHTUKA cTH KYCKHI
CepBucsr peau3anuu YaCTHBIE CJIy- | peaJIu3alius
qan
®opmaTbl 00- | cHenuaabHO JJIst | HIYIEero peaJjmzanus
MeHa, KOHKPETHBIX CH-
creM
Nurepdeiickl | UHTYUTUBHO HITYETO peanuzanusd
Crienapun MHTYUTUBHO HIYETO peaIn3aIsI

Cosznanne 6a3 JaHHBIX TPeOyeT OJHOBPEMEHHON COTIacOBAHHOM pas-
paboOTKU CTPYKTYP, HPOIECCOB, pacupejesenuii u uarepdeiicos. Huke
MBI ITOKayKeM, KaK PACIIUPEHHAas MOJIEJIb OTHONICHUS 3JIEMEHTOB II03BO-
JisieT paboTaTh CO BCEMU YEThIPbMsI aCIEeKTaMU.

B macrosiiiiee BpeMst 6a3bl JAHHBIX PACIIAPSIOTCS 10 THAOPMAIIHOH-
HBIX Web-CreTeM, XPaHUJIHIN JIAHHBIX, MHTEJIEKTYAJIbHBIX 6a3 3HaHUil u
CHCTEM aHaJIN3a JaHHBIX. Paclmpenne MOXKHO IPOBOJAUTH KOHCEPBATHB-
HBIM ITyTeM WJIM Ha OCHOBE HOBBIX Iapajurm. KoHncepBaTUBHBIA Iy Th sIB-
JISIETCS TPEIIOUTHTEIbHBIM, €CJIU TOJBKO HOBBIE MApaUrMbl HE MO3BO-
JISTIOT peniaTh ObIBIINEe HEePeNIeHHBIMUA 3aJa91. B cilydae UCHoab30BaHus
KOHCEPBATUBHOIO IIyTH HEOOXOAMMa Xopolast apxurektypa (8], [6], mos-
BOJISIONIAs CTPOUTD PaCIIUpPsSeMble, MACIITAOUPYEMbIe CHCTEMBI.
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OtkpeiTas 3amada 2. Hatmu aprumexmypy s 06uwe20 pacuiuperus
cucmem 6a3 0aGHHBLT, TO3BOAANOULYIO MOJEAUPOBAMb BCE CAYIHCOBL U de-
AAMB 8bL8000L 0 CEOTUCNGAT CUCTNEMDYL.

B TO ke Bpems HEOOXOIMMO MOJEJMPOBATH KAdecTBO pabOThI CH-
creM 6a3 maHHbIX. Kpurepnn KavecTBa 9acTo 3a/1al0TCs BECbMa HEYEeTKO.
PacrpocTpaHeHHBIMU KPUTEPUSMU KadeCTBa SBJISAIOTCI TOYHOCTh, U3Me-
HSIEMOCTD, OTKAa30yCTONINBOCTD, YA0OCTBO, IIPOU3BOANTEIHLHOCTD, HEPa3-
IJIAIlIeHUe, BOCCTAHOBJISEMOCTD, HAJIEXKHOCTD, 3(P(MEKTUBHOCTD, be3omac-
HOCTB, CTaOUIIBHOCTD ¥ BepuduUIupyemMocTs [4].

OrkpbiTasg 3agada 3. Popmasvho onpedesumsd Kpumepuu Kauyecmsa,
ampubymol U MEMPUKY OAA OUEHKU KAUECMEA 0AA KOHUENMYAABHOZ20 MO-
deauposanus, a maxsce pa3pabomams cpedcmea s 6Hedpenus, KoH-
MPOAA U YAYHUWEHUA KAUECTNEA.

2. CnemmdukKanmsa CTPYKTyp 0a3 JaHHBIX

2.1. A3piku cnenmuduKaiuu CTPYKTyP

CprKTypa 0a3 JJTaHHBIX OCHOBBIBA€TCdA Ha TPEX B3aMMO3aBUCHUMbIX
KOMIIOHEeHTaXx:

Cunrakcuc: VHaykTuBHOE 3agaHne CTPYKTYpbl C HCIIOJIB30BAHUEM MHO-
»KecTBa 6a30BBIX THIIOB, HAOOPA KOHCTPYKTOPOB M TEOPUU ITPUME-
HEHUsI KOHCTPYKTOPOB, OI'PAaHUYUBAIOINIENl NPUMEHEeHNEe KOHCTPYK-
TOPOB IpaBmwiaMu U GOPMYJIaMH JICOHTUUECKOH Jjoruku. B 06oJib-
IIIIHCTBE CJIYYIAEB TeOpUsi MOXKET ObITh omyIieHa. CTpyKTypHast pe-
KYPCHUsl SIBJIZETCA OCHOBHBIM CPEJICTBOM 33 IaHUs CIEIU(PUKAIII.

CemanTuka: Cneundukaums gonycTumbix 6a3 AaHHbIX HA OCHOBE CTATH-
9eCKUX OIPDAHUYEHUN IEJOCTHOCTH OIHMCHIBAET JIETaJbHbIE COCTOSI-
Husi 0a3 JaHHBIX. KcjiM UCIOJIb3yeTcst CTPYKTyPHAsi PEKYPCHUs, JJIst
OIMCAHUS CTATUIECKUX OTPAHUYEHUH IEJIOCTHOCTA MOYKET UCIOJIb-
30BaTbCd MepapxuydecKas JIOTHKa IIPEJIMKATOB IIEPBOI'O IOP/IKA.

ITparmaTuka: OnucaHne KOHTEKCTa W LM OCHOBAHO JINOO Ha SIBHBIX
CCBLIIKAX Ha, MOJIE/Ib (PUPMBI, 3a/1a9u (PUPMBI, TOJUTUKY (PUPMBI 1
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OKpy2KeHue, JTud0 Ha WHTEHITMOHAJIBLHON JIOTUKE, 3aaf0Ieil nHTep-
MIpeTAIy 1 3HAYEHUsI B 3aBUCUMOCTU OT BPEMEHU, MECTOHAXOXKJIe-
HUsI U 3/[PaBOI'0 CMBICJIA.

UHiyKTUBHOE 3a/I1aHue CTPYKTYPhl OCHOBAHO Ha 6a30BbIX TMMNAX U KOH-
cTpykTopax Tunoe. Basoswlli Tun mpejcrasisier coboil aarebpanvecKyo
crpykrypy B = (Dom(B),Op(B), Pred(B)) ¢ umeHeM, 00J1acThbiO JI0-
IIyCTUMBIX 3HAYEHUIl, MHOJKECTBOM OIIEPAIMH 1 MHOMXKECTBOM IPEIUKa-
to. Kimace B¢ 6azoBoro Tuma npejcrapiser coboii HaGOp 91eMEHTOB U3
dom(B). Kax npasuio Tpebyercs, arobsr BC Guum0 Muoxectsom. Takoke
BY moxer 6GbITh CIHCKOM, MY/JILTHMHOXKECTBOM, jepeBoM u T. 1. Kiac-
ChI MOT'YT M3MEHSIThCS 0]l BO3JIEHCTBUEM OIEpaIlnii. DJIeMEHThI KJIaCCOB
MOTYT KJIACCHU(PUIUPOBATHCS € MOMOIIBIO IPEUKATOB.

Koncempyxmop munose nipesictapisier coboit pyHKIUIO U3 MHOXKECTBA
TUIIOB B HOBBIE TUMBI. B cocTaB KOHCTPYKTOpa MOMKET BXOJIUTL ONEpa-
mop evibopa sl U3BJIeUYeHnsl JaHHbIX (Hanpumep Select) u onepamopo
obnosaerua dannwx (nanpumep Insert, Delete, Update) nnsi orobpazke-
HUsI U3 HOBOI'O THUIIA B KOMIIOHEHTHI THIIOB UJIU B HOBBII Tu. OnepaTopbl
OOHOBJICHUSI MOTYT OBITH HATDY?KEHBI KDUTEPUSIMU KOPPEKTHOCTH PE3YJib-
TaTa, IpaBUIaMi BEpU(MUKAINH, [T0/IPA3yMEeBAeMbIMU TPABUJIAMUI, O/
30BATEJILCKIMH TTPEICTABICHUSIMU, (DU3UICCKUMU [IPEJICTABJICHUSIMA WJIH
cBOMICTBAMU (DU3UIECKOTO TIPEJICTABJICHUSI.

B kadecTBe mpumepa THUIWYHBIX JIJIsi 06a3 JJAHHBIX KOHCTPYKTOPOB
MOKHO IIPUBECTU KOHCTPYKTODPBI MHOIHCECTE, N -KOMNOHEHMHBIL 6EKMO-
P0G, CNUCKOB U MYyAbMUMH0dcecms. KOHCTPYKTOP MHOYXKECTB OCHOBAH Ha
HEKOTOPOM OIIPEJIEJIEHHOM THUIIE M UCIOJIb3yeT ajredpy oreparuii, BKJIO-
YAOILYI0 00beMHEHHe, [epecedeHrne u JornojHenne. MoKHO cauTaTh,
YTO B 9TOM CJIydae OIlepaTop BbIOOpa IMPUHUMAET B KAUECTBE apryMeHTa
upejukar. Oneparopbl 0bHOBJIEHUS, Takue Kak Insert wim Delete, onpe-
JIeJIAIOTCS KaK BbIpaykeHusi B ajredpe MHOXKECTB. B I0JIb30BaTe/IbCKOM
[peJICTABIEHIN UCIOJb3YI0TCs (hurypuble ckobku { u }. Koncrpykropst
THUIIOB OIPEIE/IAI0T CUCTEMY TUIIOB HaJl 0A30BBIMHU CXEMaMM JAHHBIX, TO
€CTh HADOP KOHCTPYUPYEMBIX MHOXKECTB 3HAUECHUH JAHHBIX. B HEKOTOPBIX
MoJiesisiX 6a3 JJAHHBIX KOHCTPYKTOPBI THIIOB OCHOBBIBAIOTCS HA CEMAHTHUKE
yKasaTeJseil.
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Hwmenosarue u ccolnku TaKIKe ABJISIOTCA YIO0OHBIMU CPEJICTBAMU KOH-
CTpyUPOBaHUs B MOJie/IsiX. Ka K IbIil THIT U KJIACC KOHIICIIIINUA UMEET UMS.
OTH UMeHa MOTYT OBITh UCIIOJIB30BAHBI JJIsT JIJIsT OIIPEIeJIEHNsT HOBBIX TH-
[IOB; Ha UMEHA MOXKHO CCBLIATHCS [PU OINPEJIEJICHUN TUIa. JacTo CTPyK-
TYPBI BKJIIOYAIOT HeobA3amenvHbie KOMIIOHEHTHI. Heobs3aTenbHble KOM-
MIOHEHTHI U CCBUIKM CJIETYeT UCIIOIb30BaTh C MAKCUMAJIbLHON OCTOPOXKHO-
CTBIO, TAK KaK B IPOTUBHOM CJIy4dae MOoTpeOyeTcs MCIOJb30BaTh CBEPX-
CJIOXKHBIE JIOTHKH, TaKue Kak JIoruku Toros |9]. Bosee yaadubiv nogxoaom
K MOJIEJINPOBAHUIO siBJsIeTcsd TpeboBanue cj1aboil naeHTuUInpPyeMOCTH
[0 3HAYEHUSAM BCeX 00beKToB 6a3 maHHbIx [10].

2.2. OrpaHumyeHus 1€JIOCTHOCTHU

Orpanndennsi IIEJTOCTHOCTH HCIOJIB3YIOTCA [IJIsT OTJEJIEHUS «XOPO-
IIIAX» COCTOSTHUI MM TTOC/IEI0BATETHLHOCTEH COCTOSTHII CUCTeMBI 0a3 JTaH-
HBIX OT HEXKeJIATEJIbHBIX COCTOSIHUN MJIM TTocjeaoBareabaocTeir. Orpann-
qeHud 1MEJIOCTHOCTHU UCIIOJIb3YIOTCA JIJId CHeL[I/I(bI/IKaLLI/H/I KaK CeMaHTHUKH,
TaK U IPoIeccoB B bazax maHubIX. CreqoBaTeIbHO HEPOTHBOPEUYNBOCTD
MIPUIOXKEeHU T 0a3 JaHHBIX HE MOXKET PaCCMaTPUBATHCA OTIEJIBHO OT Orpa-
HudeHnit. B To e BpeMs OorpaHUYeHUs IEJJOCTHOCTH 3aJIAI0TCs TOJIb30-
BaTe/JieM Ha Pa3/IMYHBIX YPOBHAX aOCTPAKIUU, C PA3JIUIHBIMU BUIAMU
HEOIPeAeIeHHOCTH U ITOJTEKCTAaMM, Ha Pa3HbIX si3blkax. Jas obpaboTku
1 IMPpaKTUYIECKOI'0 MCIIOJIb30BaHUA, OJHAKO, OI'PaHUYCHUA JTOJIZKHBI 6bITb
ompeesIeHbl SIBHO U OJHO3HAYHO. [IjIg ycTpaHeHus 3TOro mpoTUBOPEUns
OJIL30BATE/JIbCKIE OI'PAHUYEHUA TPAHCIUPYIOTCA BO BHYTPUCHUCTEMHBIC
IIPOLEAYPhI, peaiu3yolue IIo4lepKaHue IeJIOCTHOCTU.

B kaxk0il cTpyKType TaK»kKe UMeeTCs MHOXKECTBO IToApa3yMeBae-
MBIX HaCJIeIyeMbIX U3 MOJIEJI OTPaHUYEHUUN 11eJJOCTHOCTMH.

OrpaHVHeva KOHCTPYUPOBAHNA KOMMNOHEHT OCHOBaHbI Ha CYIIEeCTBOBa-
HUM, MOHNIHOCTU MW BKJ/IIOYCHUUN KOMIIOHEHT. Takue OorpaHNYIeHU A
JOJIZKHBI YIUTBIBATHCA B IIPOIECCE TPAHCIANINNA U UMIIJIMKAITUN.

OrpaHuyeHnsi nAEHTUPUUUPYEMOCTU HESABHO HCHOJIB3YIOTCA B KOHCTPYK-
TOpe MHO2KeCTB. KakIbIil 00beKT JoJKeH JInh0o He MPUHAJJIEKATH
MHOKECTBY, JTU00 BXOJIUTH B MHOXKECTBO POBHO OfuH pa3. Muoxe-
CTBa OCHOBAHBI Ha MPOCTHIX 00muX GyHKIusx. CBOWCTBO MIEHTH-
buIUpyeMoCcT, OIHAKO, MPEJICTABUMO TOJHKO B TEPMUHAX aBTO-
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mMopdusmos rpymi [1]. TlosnHee Mbl yBUIUM, UTO IIPEICTABUMOCTD
3HaYeHNT M cjabas MpeICTaBUMOCTL 3HAYEHWI BJIEKYT 3a COOOIA
KOHTPOJIMPYEMOCTb CTPYKTYDBHI.

ALNKANYHOCTb N KOHEYHOCTb CTPYKTYPBI IOJJIEPKUBAIOT AKCHOMATHU3H-
PYEMOCTD U OIIPeIeIeHHOCTE ajiredphl. /lanubie orpannderus uHeob-
XOJIUMO BBIpa2KaTh siBHO. OTpaHUYIeHUS TUIIA OTPAHUYIEHUN HA MOIII-
HOCTH MOT'YT OCHOBBIBATLCS Ha, HMOTEHIIUAJIBLHO OECKOHEYHBIX ITHK-
Jrax.

BHeluHee cTpyKkTypupoBaHue 03HAYAET MPEICTABUMOCTD OT'PAHUYCHUIT 11O~
CPEeJICTBOM CTPYKTYDPBI. B 9TOM ciIyvae CJIO0KHO XapaKTepPU30BATD
AMILITKAIIY OT'PAHUYEHUIA.

[TonpasymeBaeMble Hac/Ie/lyeMble U3 MOJIEJIN OIPDAHUYEHNUS T1€JIOCTHO-
CTU OTHOCATCS K (DUIIBTPAM ITPOU3BOJIUTEIBHOCTHA U TO/JIEPAKAHIS.

OrpaHuveHns EJTOCTHOCTA MOI'YT OBITH C(DOPMYJIMPOBAHBI B TEPMU-
nax BV-dopwm (Beeri-Vardi frames), To ectb nMimkanuii, B 1eBoit 1 mpa-
BOI U paBoii 4acTu KOTOpoii crosAT popmysbl. BV-orpannienusi, Boobiie
TOBOPsI, HE 33JIaI0T CTPOroe OrpaHutvdeHne BripasuMoctu. Eeimm cTpykTypa
sABJIIeTCs mepapxuieckoit, BV-orpanudennsi MOTyT ObITH 3aJIaHbI B paM-
Kax JIOTMKHU IPEINKATOB IMEPBOro mopsiika. MOXKHO BBECTH IEJIbIH Psill
KJIACCOB OI'DAHUYIEHUI IEJIOCTHOCTH, TAKUX KaK:

OrpaHVHeva ON1A NOCTPOEHNA PAaBEHCTB IIO3BOJIAIOT JIJ1dd MHO2KECTBa 00b-
€KTOB U3 O/THOI'O NJIN HECKOJIbKUX KJIaCCaX I'eHEpUpOBaTh paBEeHCTBa
caMuX OOBbEKTOB MJIM MX KOMIIOHCHT.

OrpaHuyeHusi gas nocTpoeHnst 0bbLeKTOB TPebyIoT, YTOOBI IS MHOXKE-
CTBa OOBEKTOB, YIOBJIETBOPAIONMX HEKOTOPOMY YCJIOBHUIO, CYIIE-
CTBOBAJIO JIPYTO€ MHOYXKECTBO 00HLEKTOB.

Kiace C orpanndenuii mef0CTHOCTH HA3BIBACTCS 3AMKHYMbLM OMHO-
cumenvro umnaureyuu Iuavbepma, ecim OH MOKeT OBITh AKCHOMATH-
3UPOBaH KOHEYHLIM MHOXKECTBOM OI'DAHUYCHHBIX IIPABUJI BbIBOJA U KO-
HEYHBIM MHOYXKECTBOM aKCHOM. VI3BECTHO, YTO MHOXKECTBO 3aBUCHUMOCTEN
00'beIMHEH NI He SIBJISIETCS] 3AMKHY THIM OTHOCUTEILHO HMILIAKAIUH [ 'Hith-
bepTa s PEISIMOHHBIX CTPYKTYP. OHAKO CYIIECTBYeT aKCHMOMATH3a-
oW C HEOIPAHUYCHHBLIM IIPABUJIOM, TO €CTb IIPABMJIOM C IOTCHIUAJIBLHO
6EeCKOHEYHBIM YHCJIOM IOCBIJIOK.
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OcHOBHOI TTPOOJIEMOIT SIBJISIETCsT U3BJIEUEHNe OIPAHUIEHU TIE€JI0CTHO-
cru. Tak Kak HeoOXomMMO 0OpabaTbiBaTh MHOXKECTBA, BO3ZHHUKAET HEOO-
XOJIMMOCTh B 00JI€€ CJIOXKHBIX TEOPHUSX BBIBOIA. XOPOIIMM KaHIMIaTOM
SABJISIETCS] BU3YAJIbHBIA WM IpadudecKknii BBIBOI, ropas3zio 0oJiee CHJIb-
HBIii, YeM JIorndIeckuil BoBoJ (3.

Orkpsrtas 3aga4da 4. Cozdams cpedecmeo évisoda das 06pabomKu MHo-
sicecme  oepanuvenut. Kaaccuduuyuposams <«peasvmbiey MHOICECTEA
ozpanumenutl, Komopue mo2ym 6bims Ae2Kko 3a0arb. U NOOOEPIHCUBAEMDBL.

Eme meckombKo mpobiieM, CBSI3aHHBIX C 3aBUCUMOCTSIME, MOTYT OBITh
copMmyIupoBaHa Ha YPOBHE pesdrnuonnoit momesnu. [Ipusenem coorBet-
CTBYIOIIME TOCTAHOBKH.

OtkpsbiTas 3azmada 5. fHeaiemca au npodaema UMNAUKAUUT 0N 3G6U-
cumocmets 3aMuKAHUA U GYHKYUOHAADHBIE 3A8UCUMOCTIEY AN20PUMMU-
yecku pazpeuwumoti? deaaemes au ama npobaema aKCUOMAMUSUPYEMOT ?

Kaxue nodkaacco, ozpanuvenuti no 6xaouenuo, codeporcausue yrap-
HOLE 02PAHUMEHUA NO BKANOUEHUN, GKCUOMAMUSUDPYEMDBE BMECTNE C KAGC-
CoM PYNKUUOHAAOHHLT 3A6UCUMOCTIED ?

Kaxue nodxaaccor 3asucumocmets 0bsedumnenus, codeparcaujue Kaacce
MHO203HAUHBLT 3AGUCUMOCTNEY, ABAAOMCA GKCUOMAMUUPYEMBIMU Y

Ozapaxmepu3o6ams OMHOULEHUA, COBMECTNUMDLE N0 PYHKUUOHAND-
HOM 3ABUCUMOCTNAM.

Ozapaxmepusosamsv €80TUCMBA KAUCCO8 02PAHUMENUT, NPU 20PU30H-
MAALHOT DEKOMNOZUUUL.

2.3. CnoocoObl nipejicTaB/eHTit

Knaccuuecknit momgxon kK oobekTaM 6a3 JaHHBIX 3aKII0YAETCS B Xpa-
HEHUN OOBEKTOB B 3aBUCHUMOCTH OT WX THUIOB. TakuMm oOpa3oM, KarKIast
CYITHOCTDH OKa3bIBAETCS MIPEICTABIEHHON IPYIIIOil 00bLEKTOB, 00bEIMHEH-
HBIX JITOO C MOMOIIBIO HIAEHTU(PUKATOPOB, JTUOO C MOMOIIBIO CIIEIINAb-
HBIX TOJJIepKuBatomux mnporeayp. Omaako, BoobIie roBopsi, CIeayeT pac-
CMATPUBATH JIBA PA3INIHBIX MTOAX0Ha K MPEICTABICHNIO 00bhEeKTOB:
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B. Taabxaiim

MNoknaccoBoe npeAcTaBieHNe HA OCHOBE UAEHTUGUKATOPOB: XpaHuMble B

0aze JaHHBIX CYIIHOCTH MOT'YT IPEICTABIATHCS HECKOILKUMU 00b-
ektamu. Hdenmuguramopv, 066eKkmos TOIIEPKUBAIOT UICHTUQY-
KaIuio 63 pacCMOTPEHUS CI0KHBIX B3aMMOOTHOIICHHI MEXK LY 00b-
€KTaMU. O6'beKTI)I IVIOI‘yT 6]:)IT]:) QJIEMEHTaMN HECKOJIbKUX KJIaCCOB.
Ha pannem sTane passuTus 00bEKTHOIO IIOAXOA IPEAIIOIAraIoCh,
9TO TaKo# KJiacc enuncTBennbiit. [logobHoe motmyinenre TpuBoOIUIIO
K psiy IpobJIeM P MUIPaluu 00beKTOB, He MMEBIINX YIOBJIETBO-
PUTEJIBHOI'O PEIIeHNUs].

Onucannoe BBIINIE IPEICTABJICHAE UCIIONb3YeTCd B CTPYKTypaxX Ha
ocHoie pacriupertbix ER-moztesteit [14] u 06beKTHO-OpreHTHpOBaH-
HBIX MozeJIeil. B peIsnnoHHbIX 1 00 bEKTHO-PEIAMOHHBIX CHCTEMAaX
6a3 JaHHBIX UCHOJIL3YETCs CJIE/ LY O TIOIXOT:

MoobvekTHoe npeacrasnenne: B rpadoBbix Mojensx, pa3paboTaHHBIX

JyIsi obJIerdeHusi IpUMeHeHns 00beKTHOro 1ojxoaa [1], oObeKkTh
IIPEJICTaBJIEHbI B BHUE HOArPadOB, TO €CTh B BUJE COBOKYITHOCTH
BEPIIUH, aCCOIMUUPOBAHHBIX C OOBEKTOM, U COOTBETCTBYIOIIUX pe-
6ep. Takoe IpecTaBIeHIEe COOTBETCTBYET IPEICTABIECHUIO, UCIIOb-
3yeMOMY B IIPOIIECCE CTAHIaPTU3AIINN.

XML ocHoBan Ha 1000bEKTHOM TpejcTaBieHuu. OH IO3BOJISIET
UCIIOJIB30BaTh HYyJIeBble 3HaueHus 6e3 yBegomiieHus. Ecim 3Hade-
Hre o0bEeKTa He CYIIEeCTBYET, HEM3BECTHO, HEIPUMEHUMO, HE MOXKET
OBITH TTOJIy4eHO U T. 1., XML-cxema He HCHOB3yeT TSI, COOTBET-
cTByIOmnit arpubyTy wianm komronente. Kiacchl sBASIOTCS CKPbI-
TBIMU.

[ToobbekTHOE TIpeJICTaBIEHIHE BHOCUT CYINECTBEHHYIO M30BITOYHOCTD,

KOTOpasd JOJI2KHa ITOJJAEP2KNBATbCA CI/ICTGMOIL/'I7 TaKHUM o6pa30M cynaie-
CTBEHHO CHU2Kasd ITPOU3BOJUTE/IBHOCTD. ITomumo ITPOU3BOJUTEILHOCTH,

npobyieMaMy TakKe ABJISIIOTCA HU3Kas MacIITabUpPyeMoCTh U Heddhdek-

THUBHOE HCIIOJIb30BaHUE PECYPCOB. Pabora ¢ HO,Z[O6HI)IMI/I CUCTEMaMU IIpU-

BOJUT K JIABUHOOOPA3HOMY TOSIBJIEHUIO OJIOKUPOBOK — JTI00ast MOIpUKa-
s JTaHHBIX TpebyeT PeKypCUBHON OJIOKUPOBKH CBSI3aHHBIX JIPYT C JAPY-
roM OOBEKTOB.
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CyMMupyst BBIIIIECKA3aHHOE, MOOOBEKTHOE IPEICTaB/IeHNE TTPUMEHM-
MO TOJIBKO IIPM BBINIOJTHEHAM CJIETYIONINX YCJIOBUIA:

[ ] HpI/IJIO}KeHI/Ie U3MEHACTCA MaJlOo, & CTPYKTYypPa JaHHBIX W IIO/JIEP-
KHUBaroniye OCHOBHBLIC (byHKLLI/II/I IPUJIO2KEeHUA HE U3MEHAIOTCA Ha
IPOTA2KEHNN 2KU3HEHHOI'O IMHUKJIa CUCTEMBDI.

e OGCHOBJIEHUS HAHHBIX IIPOU3BOIATCI OYeHb peako. Momudukarius,
BCTaBKa W yJAJ€HNE pPa3penialoTcsd TOJbKO BHYTPH YETKO OIpeje-
JIEHHBIX OTPAHUYEHHBIX «30H» 0a3bl JTaHHBIX.

TunuaabiMu TpuMepaMu 00J1acTell IPUMEHEHUsT CUCTEM C TT000bEKT-
HBIM TIPEJICTABICHUEM SIBJISIOTCS APXUBBI, CUCTEMBI PE/ICTABICHUS WH-
dopMaInyy 1 CUCTEMBI yIIPABJICHUS KOHTEHTOM. TaKue CHCTeMbl CTPOSITCS
[OBEPX IMOJCUCTEMBI OOHOBJICHUS JTAHHBIX M Ha3bIBaloTcs play-out cucre-
mamu. JlanHbie XpaHATCS B TOM Ke BHJIE, B KOTOPOM OHH IIE€PEIAIOTCS
mosib3oBaresio. [lomcncrema Momudukam JaHHBIX COJEP:KUT play-out-
reHepaTop, reHepUPYIONUil Bce HEOOXOMMMBbIE TPOCMOTPHI JTAHHBIX I
play-out cucrembr.

JpyruMm mpumMepoM sIBJIAIOTCH 6a3bl JTaHHBIX 0e3 OOHOBJIEHUMN, TaKWe
Kak B cucreMe SAP, comepskaiieii orpoMHOE YHCIO B3ANMO3ABUCHMBIX
IIPOCMOTPOB.

[TepBoe mpescTaBiieHne MOXKET ObITh HUCIOJIB30BAHO JIJIsi CPEACTB MO-
NCKa, BTOpOe — JIJIsi BBOAA U BbIBOAA AaHHbIX B XPAHUJINAINIAX JAHHDBIX.

OTrkpeiTas 3aga4da 6. [locmpoums mexnuky u meoputo 0das obpa-
bOMKU  USOLIMOYHDIT MHOIHCECNE 006eKmos ¢ noddepoickol ynpasae-
HUA UEeAOCTHOCBIO MHOdHCECME 06BeKkmos, Hanpumep Habopos XML-
dokymenmos.

OnruMuszanus 6a3 JaHHBIX OCHOBLIBAETCS Ha, 3HAHUM CJIOKHOCTHU Olle-
panumit. Eciim u3BecTHO, 9TO HEKOTOPOE IOAMHOYKECTBO ONEPAIUil CyTie-
CTBEHHO 00J1ee C/IOXKHOE, YeM OCTAJILHBIE OMEPAIUN, U U3BECTHO HECKOJIb-
KO 3KBUBAJIEHTHBIX IIPEJCTABJIEHUN, CPEJIM TaKUX IPEJICTABJIECHUN MOXK-
HO HaliTu Hambojee mpocroe. IIpuMepoM ONTUMUBAIUMHN SIBJISETCA BEPTH-
KaJIbHasl HOpMaJId3aliud, OPUEHTUPOBAHHAS Ha PA3JIOZKEHUE OTHOIIEHU
Ha, MHOYKECTBO OTHOIIEHNI, MMEIOIINX MEHBIITYIO CJIOKHOCTH 1 0oJiee mpo-
CTBHIX B Mojiep:Kaunu. [opu3oHTAIbHAST HOPMAIU3AINS OPUEHTHPOBAHA
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Ha BBIOOD YaCTel OTHONIEHU C HAMMEHBIEH CJI0KHOCTDIO. JleyKkTuBHas
HOPMAaJIN3allisd OPUEHTUPOBAHA Ha CBEJIEHME 0a3bl JAHHLIX K OTHOIIECHH-
sIM, KOTOPBIE HE MOT'YT OBITH MOJIyYEHbI U3 JAPYTUX OTHOIIEHUN MpUMe-
HEHHEM TTpaBU/ BbIBoJA. HAamOMHUM, 9TO IPU HOPMAJIM3AIUU Oy Yat0-
IUecs IIPeJICTaBIeHNs NJOJI2KHBI OCTaBaThCs IKBUBAJICHTHBIM HCXOLHOMY.
B nacrosiimee BpeMst olucaHHbIE BUJIHI HOPMAJIU3AINA PACCMATPUBAIOTCA
HO-OTJICJILHOCTH.

OtkpsbiTas 3amada 7. Hatmu o6wyro modeas 0ai npumMererus 6epmu-
KAABHOT, 20DU3OHMANLHOT U 0edYKMUBHOT HOPMANUSAUUL OAL 00BEKT-
HO-PEAAUUOHHBIT MOODEAET OaGHHBLT.

Hopmanuzaimst 1acTo OCHOBBIBAETCST HA OTPAHMYEHUAX 0a3 JTaHHBIX.
JLj1s1 mIpoBeieHnsT KOPPEKTHON HOPMAaIU3aINi HEOOXOINMO 3HATH BCE MHO-
2KECTBO OT'PAHMYEHMI Ha JIAHHBIE JIJIsI PaCCMATPUBAEMOIO ITPUJIOYKEHHUSI.
Ho s1a 3a7a49a cIUNIKOM CJIOYXKHA W 9aCTO NMPUHIUIUAIBHO HEpeIaeMa.

OrkpsbiTasg 3azmada 8. Hatmu meopuio HOPpMAAU3AUUL, NPUMEHUMYIO
8 CAYHAE HENOAHOMDL MHONCECTNEG 02PAHUMEHUT.

3. Cnemndukanmsa pyHKIIMOHATILHOCTHA

3.1. Onepamnuu B nHQOPMAIIMOHHBIX CUCTEMAaX

Ob61mue onepaliuu HaJ| CACTEMAME THIIOB MOT'YT OBITH OIpPEJE/ICHBI C
HOMOIILIO CTPYKTYpHOIT pekypcunu. Ilycers saganbl tunel T u T, mHbo-
sectennpiit Tun C7 mag T (manmpumep, MHOXKECTBO 3Hadennmii Thma 1,
MYJIBTHMHOYKECTBO, CIIMCOK) ¥ OIlepallii, TaKie KaK 0600IeHHOe 06be 11-
Henne Uqr, 0000IIenHoe 1epecedenne or U 0OOOIIEHHBIH IIycTol 3i1e-
MeHT Dor. Ilyerh Takske 3aman smement hg tuna 177 u ase dyHKImn
hi:T — T uhy : T"xT' — T'. Torma omnepanus CTPyKTYpHOIl pe-
Kypcnn mpescrasiennst Berasku RC Hag T OIpeesisieTcst eIy oM
obpa3oM.

ST€Chy,hyhy (D) = ho
ST€Cho by ko ([{]5]}]) = hi1(s) mns ogHosmemenTHBIX HaGOPOB |{|5|}]
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sT€Cho h1 o ([{IS}H U RE) = ha(hi(s), sTechg ny,ne (RE)),
ecnt |{|s|}] Ner RE = @or.

Bce onepanym o6bekTHO-pensinontoit Momesnn, ER-momenm, n apy-
rUX JIEKJIAPATUBHBIX MOjesell 6a3 JaHHBIX MOT'YT OBITH OIpEJE/IeHbl B
TepMUHAX CTPYKTYPHOI peKypCHUU, HAIIPUMED

e BLIOOD ompejiesAeTcsl onepalyeil srecg ;, u, TAe

. { {0}, ecm {0} E a

& B IPOTHUBHOM CJIy4ae

o (DYHKIUS arpernpoBaHus MOXKET OBITH OIpE/ie/IeHa Ha OCHOBE JIBYX
byHKINN U1 HYJIeBbIX 3HAUCHUI

0, ecms=NULL
e =1

(s) B mpPOTHBHOM CiIydae

hundef( ) = { undef, eciu s = NULL

f(s) B uporuBHOM ciiyuae

U CTPYKTYPHOI PEKypCHUH, HAIIpUMeED

sum Ut = 8T€Co pg AT SUm Z%ef = STECy pundef L

undef

null — = ST€Cqy 0 | WM COUnt = srec

count 1 0, hundef +
ik C IIOMOIIIbIO SQL—OHpe,He.HeHI/IH, HallpuMep (byHKHI/IH BbIYHCJIC-

HUA CpeJIHEro 3HaYeHUdA MO2KeT OBITD mpeacTaB/ieHa KaK

null
sum

count ?“”'
AHaJIOrMYHO MOXKHO OIPEJIE/INTh IIepecedeHne, O0beJIUHEeHne, pas-
HOCTDb, IPOEKIINIO, COEJIMHEHHE, BJIOYKEHHE, IepPEeMMEHOBAHUE, BCTABKY,
yIaJienne u OOHOBJIEHUE.
Bruipasutenbnas cuiia CTPYKTYPHOM PEKYypPCUU TaKKe OrpaHUYeHa.
HenerepMuaupoBaHHbIE ITPOrPAMMBI, T€HEPUPYIOIINE BEKTOPA MJIH 00b-
€KThI, HE MOT'YT ObITb BBIPAXKEHbI B TEPMUHAX CTPYKTYPHON PEKYPCHUHN.
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Omuepanuu MOI'YT UCIOJIB30BATHCS JIUOO JIJIsl N3BJEYEHUS| 3HAUEHUIA,
J6O JIJIS N3MEHEHMST COCTOSIHNS Ga3bl JIAHHBIX.
st onpejiesieHnst oneparyii UCIIOJIb3YeTCs TOJIX0/I, OCHOBAHHBIN Ha
POCMOTPAX, IPeJIHA3HAYECHHBIX JJIsi OTPAaHUYEeHNsT 00JaCTH 3HAYCHUH, a
TakzKe TPEJLyCJIOBUI U MOCTYCJIOBUIl, OrPAHMYUBAIONIMX TPUMEHUMOCTb,
AKTUBU3MPYEMbIX OIEPAIHil, a TAKKe IBHOI'O OIMCAHWS TPUHYIUTETHLHO
BBINOJIHAEMBIX ornepanuii: Ouepanust o
[MpocmoTp: <WMwmst  mpocmorpa|
[Mpexycnosue: <VYcioBue akTuBarym ™|
|AxTuBU3UpYyeMas_omepamusa: < Crenudukarnms > |
[MocTycnosue: <VcioBue upunsiTHs > |
[MpurynuTensusie _omeparnuu: <Onepanusi, Yciosue ™|
Pensinponnast Mojiesib, a TakzKe 00'bEKTHO-PEISAIMOHHBIE MOJIEIN MO-
ryT ObITh pACIIMPEHBbI 3a C4eT JI00AaBJIEHUs OlepaIyii arpernpoBaHus,
IPYNIIMPOBKA U OrPaHUYeHHON pekypcun. CeMaHTHKa [ePevnc/IeHHBIX
oneparuit Bapeupyercs or CYBJl k CYBJ/l u 70 cux mop He moJIydu-
JIa MaTeMaTHIeckoro obocuoBanust [5).

OtkpeiTas 3amada 9. Paspabomams obwyro meopuro onepayuti, pac-
WUPAOUWUL 06BEKMHO-PEAAUUOHHBIE MOOJEAU.

3.2. /JIunamu4deckue orpaHUYeHUs I€JIOCTHOCTU

Junamuka GyHKIMOHUpOBaHUs 0a3 JTAHHBIX OIPEIEJISIeTCS TOCPe-
cTBOM cucteM repexonoB. Cucrema mepexojioB Jjist CXeMbl S MpeJIcTaB-
nsier coboit mapy TS = (S,{- |a € L}) rie S — memycroe mmo-
JKECTBO TIEPEMEHHBIX COCTOsiHMs, L — HEIyCToe MHOXKECTBO (METOK),
2,C Sx(SU{oo}) mna kaxmoit MeTkn a € L. TlepemMemmbie cocTosHms
3a/1a10T cocTosiHusA. [lepexo/ipl mpecTaBisitor coboil TpaHzakmu B S.

Bpewmst »xus3HU 6a3bI JAHHBIX 3a/aeTcst B TepMuHax nyreit B 7S. ITymob
T B CHCTEMe [EePEXOJI0OB MPEJICTABIISIET COOON KOHEUHYIO UM CUETHYIO T10-
CIIeJIOBATEIBHOCTD BHJIA S0 —— §1 —=> ... JIJIMHA IyTH €CTh YUCIIO Ie-
PEXO/I0B.

B cucreme nepexonoB 7S MOXKHO BBECTH MEMNOPAALHYIO OUHAMUNE-
CRYI0 N02UKY 603 0aHHbIT, ICTIONB3Ysl KBAHTOPEL Vf, (Bcerma B Oy rytiem),
Vp, (Bcerma B mpornuiom), 3¢ (B HEKOTOPBI MOMEHT B Oyiyiiem) n 3, (B
HEKOTOPbIii MOMEHT B IPOIILIOM).
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Jloruka mepBOro Mopsiaka MOYXKET OBITH PACIHIUPEHa 3a CUYET TEeMIIO-
paJbHBIX ornepaTopoB. PYHKIMST NCTUHHOCTU PACIIHPAETCA 38 CUET pac-
cMmoTpenus Bpemenu. I[lycTh mMeeTcss TeMIOPAJIbHBIN KJIACC (RC,ZR).
OyHKINA HUCTUHHOCTH [ PaCHIUpSIETCs 3a CYET PacCMOTPEHUsT BpeMe-
HU U OIpPEIeIIeTcs Ha S(tS,RC, [r). PopmyJia v UCTUHHA JIJIsi Iige iy
B MOMEHT tg, €C/lu OHa WCTUHHA id 0a3bl JAHHBIX B MOMEHT tg,
TO €CTh I(Rcle)(a,ts) = 1 Torja W TOJBKO TOIJa, KOTJA WCTHHHA

Is(ts, RO 1R (s Ls).

o [l dpopmyst 63 TeMIIOpaIbHBIX TPEePUKCOB PACIINPEHHAsT UCTHH-
HOCTH COBIIAJACT C OOBIYHON MCTHHHOCTBIO.

e [(Vsa,tg) = 1 Torma n Tonpko Torja, korga (o, ts) = 1 s Beex
t'g > tg;

e [(Vpo,ts) = 1 Torma u Tosbko Torga, korga I(a,ts) = 1 aust Beex
t'sg < tg;

e I(3fa,tg) = 1 Torma u Toseko Torga, korga I(a,ts) = 1 ast meko-
Toporo t's > tg;

e [(3pa,tg) = 1 Torma u Tosbko Tora, Korga I (o, tg) = 1 myst Heko-
Toporo t'g < tg.

Mogasbble omepaTopsl ¥y u 3, (1 V § ¥ 3y) ABIAIOTCH BONCTBEHHbI-
MU, TO €CThb (opMyanl Vi u Ay 9KkBUBaJeHTHL. C IIOMOIIBIO CJIELYIO-
IUX IPABUJI OMUCAHHBIE OIEPATOPHI MOT'YT OBITH OTOOPAKEHBI B KJIACCH-
YeCKYIO0 MOJAJIbHYIO JIOTHKY:

Oa = (Vra AVpa A a);
Qa = (raVIaVa).

MOKHO JIOTIOTHUTEJILHO BBECTU TEMIIOPAJIbHBIC OHepaTopbl until u
net.

Hawubosiee BaxKHBIM KJIACCOM JUHAMUYECKUX OI'DAHUYIEHUI IEJI0CTHO-
CTU SIBJIIIOTCsI OFpaHuYeHns Ha nepexog a3, 3ajatoniue IpeaycjaoBre
u nocrycioBue [ st Kaxkaoi oneparuun O. Orpanmdenne O MoryT

" . (@]
OBITH BBIPAXKEHO TEMITOPaJIbHOM (hopmyoit o — [3.
IIpon3BosbHOE KOHEYHOE MHOYKECTBO CTATUYECKUX OTPDAHUYIEHUN Iie-
JIOCTHOCTU MOXKET OBbITh 9KBUBAJIEHTHBIM 00pPa30M 3AIMCAHO B BUJIE MHO-

JKeCTBa orpanudennii Ha mepexoxn {Aqese 9, Aexe|O € Alg(M)}.
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OI‘paHI/I‘{eHI/IH IMEJIOCTHOCTHU MOT'YT HaKJIaJbIBaTbCA:

® 11a IIPOIECAYPHOM YPOBHE, C IIOMOIIBIO:
— BBeJleHHs Tpurrepos [7| B Tak Ha3blBacMble AKTHBHBIC Ha-
CTPOUKM COOBITHE—yCIOBUE—I€HCTBUE;
— 3aJaHus MaKCHUMaJIbHBIX OIIepaTOpPOB, HE HapyIIAIONINX Iie-
nocrHOCTH [9);
— XpaHUMbIX IIPOIEIYP, TO €CTh HPOrpaMM, OIIPEJICIIAIONINX BCe
BO3MOXKHBIC HapPYIICHUS OIPAHUYCHUN IIEJIOCTHOCTH.

® Ia YypOBHE TpaH3aKHI/II71, OorpaHnvurBagd IIOCJICI0BATE/JIbHOCTU II€peE-
XOJI0B U3 COCTOAHHNSA B COCTOAHUE ITOCJICJOBATEC/IbHOCTAMMU, HE HAPY-
HOIarOIMMUMA OT'PaHUYCHNA TTEJIOCTHOCTH;,

e na yposae CYB/I, Ha ocHoBe jekIapaTuBHbIX crenuduKaimii, 3a-
BucsmX oT Bodmoxkuocteit CYB/I;

e Ha ypoBHe mHTepdeiica, IMyTeM pacCMOTPEHUs! Olepaluii, He HApPY-
MITAIONINX MEJTOCTHOCTD.

Orpannvenusi Ha 0a3bl JIAHHBIX OTOOPAXKAIOTCS B OTPDAHUYCHHS HA
nepexo/ibl. OrpaHrveHns] Ha TePeXobl XOPOIIO U3y YeHbl, MPEXKIe BCEro
bJtarogapst UX JOKAJbHOCTU. Takue OrpaHuueHus MOTYT TOJIePKUBATHCS
C MOMOIIBIO TPUITEPOB WJIM XPAHUMBIX Mporeayp. OIHAKO BOIPOC IJIO-
OaJILHBIX B3aMMO3aBUCUMOCTEH OCTACTCA OTKPBITHIM.

OrkpsbiTasg 3amada 10. Paspabomams meopuio 63aumM020 BAUANHUA
02PanUMERUT YeAoCTHOCTU 643 JaHHuLT, 0MmobpPascaemo2o 1a YoobHve
MHOHCECTNBA MPULLEPOS U TPAHUMBLE NPOUECIYD.

3.3. 3amaHue MOoCJeI0BATEJIbHOCTU BBLINOJHIEMBIX Ieii-
CTBUL

B nureparype mpejiarajgoch 3HAUUTE/IHHOE KOJUIECTBO ITOIXO/IOB K
3a/IaHIIO TTOCJIEI0BATEILHOCTI BBIIOMHACMBIX JieiicTeuii. C Hamei Touku
3peHns MPEAIIOUTHTEIbHBIM SIBJIAeTCA (POPMAaJIbHOE OIMUCAHNE ¢ I'padu-
JEeCKHUM IIPEJICTaBIEHIEM, TIO3BOJISIIONIee n3beraTh mpobJieM, CBSI3aHHBIX C
METOJAMHU YHCTO I'PAPUIECCKOr0 3aIaHNsT, TAKIMHI KaK I/I/ WJIN JIOBYIIIKH.
Pacemorpum anrebpy 6a30Bbix WAroB BbIYMCAEHUS, BBEJICHHYIO B [16].
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e Baz30BbIMU yNpaBAAOWMMI KOMaHLAMU SBJISIIOTCS TIOCJIEI0BATE b=
HOE BBINOJIHEHUE ; (BBIOJHEHUE IIArOB MO OYEPEn), PACIapali-
naenmBanue | A | (BBIIOJIHEHHE NIATOB B HAPAJUICIBHOM DEXKUME),
UCKJIIOUAIONINH BBIOOD | B | (BBIGOpP OJHOIO IyTH BBIIOJHEHUS U3
HECKOJIbKMX BO3MOXKHBIX ), CHHXPOHH3AIUS |sync| (CHHXpOHU3AIHsT
JIByX HapaJuIeIbHBIX IIyTell BLIIOJIHEHHS ¢ HOMOIIBI0 CHHXPOHU3H-
PYIOIIEro yCJIOBUSI SYNC), ¥ IPOCTOE CIMsIHUE + (CiIusiHue JIBYX Ia-
paJlIeSIbHBIX 1yTeil BbinosHenust ). Vckogaomuii BLIOop sABJIsieTcst
H0/[pa3yMeBaeMoil apaJiie/bHOI orieparueil u 0603HaIaeTcs ||.

o CTpyKTYpHBIMUN YNpaBASAOWAMYA KOMAHAAMMN SIBJISIFOTCST TIPOU3BOJIb-
HbIE IUKJIBI * (BBIIOJHEHUE IMIAroB 03 KaKUX-JIM00 CTPYKTYPHBIX
OrpaHMYeHMil HA IUKJIbL), IPOM3BOJIbHBIE IUKJBI + (BBIIOJIHEHNE
maros 6e3 KaKnx-janbo CTPYKTYPHBIX ONpAHUYEHUN Ha IIHKJIBI, 32
HCKJIOYEHNEeM TOTO, UTO ITUKJI JIOJKH OBITH MPOiaeH 1Mo KpaiiHeit
Mepe OJIH Pa3), ONIHOHATIBHOE BBINOJIHEHNE || (BBIIOIHEHHE Iara
OJIMH a3 WJIKM HPOITYCK Illara), HesiBHOE TpepbIBaHue | (3aKOHYUTH
BBINIOJTHEHUE, €I GOJIbIIe He OCTAI0Ch IAroB), BXoJ B moamar
1 3aBepIIeHne TOIIIara \.

Pacmmpum anrebpy ¢ OMOIIBIO AOMOJHUTENBHOrO Habopa KoMaHg,

o [lononHnTesbHblE KOMaHAbI BETBIEHNS! U CUHXPOHM3ALMN BKJIIOYAIOT
B cebsl MHOXKECTBEHHBIN BBIOOD |(m,n)| (BbIOpATH M3 BCEro MHOXKe-
CTBa BO3MOXKHBIX IIyTeil BBIIOJHEHNS OT 1M JO 7 IIyTeil), MHOXKe-
CTBEHHOE CJiusiHue (C/MsiHUe HECKOJIbKHMX IIyTeil BbIloJHeHus Ge3
CHHXDPOHU3AINN ), JUCKPUMHUHATOD (CJIMsIHIE HECKOJIBKUX Iy Teil Bbl-
HOJIHEeHHsI 0€3 CMHXPOHU3AIMA C BBIIOJIHEHUEM [OCJIEe/YIOIIIX II1a-
roB He 60JIee OIHOTO pa3a), 00beMHEHne N U3 M (CIUSHIE HECKOIb-
KHUX IIyTei BBIIOJHEHUS ¢ YaCTUIHON CHHXPOHU3AIMEA U BBIIIOJIHE-
HUEeM CJIEJIYIONIEro Iara He 6oJiee OJHOrO pasa), ¥ CUHXPOHU3HUDY-
fonee 0ObenHenne (CIUsAHAE HECKOIbKUX ITyTeil BLITOJIHEHNUs; eC-
JI 11y Teli HECKOJIBKO, IPOU3BOJNTCS CUHXPOHU3AIUSI, B IIPOTHBHOM
cJlydae BBIIOJIHAETCS IPOCTOE CJIMSHIE).

o MoKHO TakkKe pacCMOTPETD YNPaBAsitoLie KOMaHAbl Ha MHOXECTBe
obbektoB (CMO-komanpl ), Takne Kak CMO-KoOMaH bl ¢ TOJIy YeHH-
eM nHGOPMAIN Ha Talle POEKTUPOBAHU (CreHEepHPOBATH MHO-
JKECTBO peasin3aliiii OHOro Iara, MpudeM MOIHOCTH MHOXKECTBa
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oupeiesisiercst Ha drane npoekTuposarust ), CMO-komaH bl ¢ TOITY-
yeHneM MHQOPMAIU HA STalle BBIIOJIHEHUs (CreéHePHPOBATH MHO-
JKE€CTBO pean3alliii OJHOIO Iara, MPUIeM MOITHOCTH MHOXKECTBA
ONpeJIeIsieTCs] B HEKOTOPBI MOMEHT BBIIIOJTHEHUSI, KaK, HallpuMep,
B FOR-1mukiiax), CMO-koMaH 161 6€3 Oy YeHus TpeBapuTe/IbHOI
nrdopMarmn (CreHeprupoBaTh MHOXKECTBO Peasiu3aliuii 0J{HOro Ia-
ra, IpUIeM MOIIHOCTh MHOXKECTBA HEN3BECTHA, KAaK, HAIIPUMeEp, B
WHILE-nukmax), 1 CMO-koMaH/bl ¢ CHHXpOHU3aIMel (CHHXPO-
HU3UPYIOITHe pedpa, CO3/aTh MHOXKECTBO peasu3alluii OJHOTO Ieii-
CTBHsI M MIPOBECTU CHHXPOHU3AIUIO TIOCJIE €rO BBIIOJHEHNUS ).

Vnpasnstowme KOMaHgbl Ha OCHOBE COCTOSIHWIA BKJIFOYAIOT OTKJIOHSI-
FOIIUiT BBIOOD (BbIHOIIHI/ITb OJMH U3 IBYX IIyTell, IIpudeM BBIOWpA-
eTCsl OJIPa3yMeBaeMblil IyTh), HAJIOKEHHOE MapasIIeJIbHOe BBIIOJ-
HeHue (BBIIOJHUTH J[BA JICHCTBUs B CJIyJYaifHOM MOpsiJIKe, HO HE B
mapaJujiesb, a HOCHe,ZLOBaTeJIbHO), U IIpeaest (BbIHOJ‘[HeHI/Ie JleicTBUIA
BILIOTH JI0 JIOCTYZKEHHsI HEKOTOPOT'O MIPEJIEIIA).

OTMEHFIIOLLI,VIE KOMaHAbl BKJ/IIOHAaIOT B cebst OTMEHY IIara, OTMEHY
BeTBU 1 T. II.

OrncaHHbIe BBINIE OMEPATOPHI SIBJISTIOTCST 0000IIeHUsIME  T11a0JIOHOB

HOCJICJIOBATEILHOCTEN BBIIOJHACMbBIX JACHCTBUI, CO3MAHHBIMUA B COOTBECT-

CTBHUH C TOJXO/IAMH, pa3zpaboTaHHbiMu Jijist ajiredbp cereit [lerpn.

Orneparnym, ompeie/IeHHbIE ¢ IOMOIIBIO OMMCAHHON HIE0JIOTHH, MOTYT

OBITD HEIIOCPEJICTBEHHO OTTPaHC/JIUPOBaHbI B IIPOI'PaMMbI JIJIA 6a3 JdaH-

upix. Ha aHHbIl MOMEHT He CyIEeCTBYeT TeOPHUH MOBe/ieHus 0a3 JaHHbIX,

KOTOpasd MOoIJIa Obl OXBATUTD IIoBeJeHne 0a3 JaHHBIX BO BCell mmpoTe n

rryouae. OTHpaBHOW TOYKOM JJIsi CO3JIAHWE TaKOH TEOpPHH, BO3MOXKHO,

CTaHeT M3JI0’KeHHOe B pabore |15] mpeiozkenne nCnoabp30BaTh abCTPaKT-
HBIE MAIIUHBI COCTOSTHUIT [2].

OTrkpseiTas 3aga4da 11. Paspabomams meopuio nosedenus 6a3 0aHHvLT.
Teopus doasicha oxsamuvieamy pabomy Kax camots 6a3vi JaHHbIT, MaK U
cucmemvl, Ynpasaerus 6a30t OaHHHLL.
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3.4. Apxurekrypa CYB/]

OyHKIMOHUPOBaHIE UHAPOPMAIIMOHHBIX CHCTEM MOJIEJIMPYETCs C II0-
MOIIBIO JIEKOMIIO3UIIMA MHOKECTBA COCTOAHUU CUCTEMBI HA YeThbIPpE THUIIA
COCTOSTHUI:

ERC = (exomHble cocTosiHus TN, BbixoaHble cocTosHus OUT,
coctosiinst CYB[l DBMS, coctositust 6asbl gaHHbix DB)

BxosiHbie coCTOSTHUST OXBATBHIBAIOT BXOJIHYIO UH(MOPMAIMIO CUCTEMBbI,
TO €CTh 3aIlPOChl U JAaHHBbIE. BBIXO/HBIE COCTOSTHUS OTPAYXKAIOT BBIBOJ,
CYB/I, 10 ecTb BBIXOAHYIO HHGPOPMAIHMIO U coobIenust 06 ommbkax. Co-
crosinust CYB /I comepkaT BHYTPEHHUE COCTOSIHUS] CUCTEMBI yITPABJICHUS.
Cocrosiiust 6a3bl JIAHHBIX OIUCHIBAIOT cojiepkuMoe 6asbl. Bee derwipe
KJIACCA COCTOSTHUI MOI'YyT OBITH CTPYKTypupoBaHbl. Hampumep, eciu co-
crosgaue 6a3bl JAHHBIX CTPYKTYPUPYIOTCS B COOTBETCTBUM CO CXEMOH JIaH-
HBIX, BXOJIHbIE COCTOSIHUSI CTPYKTYPUPYIOTCS AHAJIOTHUIHO.

[Ipu ucnosib30BaHUKM OPUEHTUPOBAHHBIX HA 3HAYEHUSI UJIU OOBHEKTHO-
PEJIAIMOHHBIX MOJEell cocTosiHusi 0a3 JAaHHBIX MOTYT OBITH IIPEICTaB-
JIEHBI OTHOIIIEHUSMU. B 9TOM ciiyuae OOHOBJIEHUE OJIHOTO M3 THUIIOB CX€-
MBI OTOOpasKaeTcss B W3MEHEHHE OJHOr0 u3 oOTHoImeHuil. l3menenus
COCTOSTHUN MOJIEJTUPYIOTCSA € MOMOIIBIO NPAEUNL USMEHEHUA COCTNOAHUL
abcrpakTHbIX MarmmH cocrosiHuit [2|. CYBJL 3amaercst nporpammoii u
ynpasneHueM. [loj mporpammoii Mbl Oy/eM TOHUMATDH 3JIEMEHTHI PAOOTHI
I CEePBUCOB, YIOBJIETBOPAIONINE 33 aHHBIM KPUTEPUIM KAUIeCTBa, IO/
yIpaBJICHUEM U KOOD/IMHAINEH — MAaHUITYJIMPOBaHUE OJIOKAME IIPOI'DAMM,
BO3MO2KHO C JIOMOJHUTE/ILHBIMUA TPEOOBAHUSIMU GMOMAPHOCTIU U HENPO-
mueopevusocmu. Takke yIpaBjeHue U KOOPIUHAINAS MOTYT 33/1aBATHCS
C TIOMOIIBIO KOMAHO YNPaBAEHUA 3G04HAMU.

IIpu BBI3OBe mHpoOrpaMM MPOUBBOAUTCI WHUIIMAIU3ANMS SHATCHUI
BXOJIHBIX TepeMeHHbIX. [lepeMeHHBbIE MOTYT OBITH CTATHYECKUMH, Xpa-
HUTBHCS Ha, CTEKE, 33J[aBAThCS fBHO WJIN HEeABHO. JOMOTHUTENIHLHO MOTYyT
HCIOJIb30BAThCSl TAKKME MAapaMeTphbl BBI30BOB, Kak onSubmit (BBOJ 3HA-
JeHusi) u presentationMode (peKMM Mpe3EHTAINN), HaPAMETPhI [IPHO-
purera onFocus (¢okycupoBka Ha mporecce) u emphasisMode (pexkum
BBIJICJICHNST ), TTapaMeTPhl yrpaBjieHusi onRecovery (BOCCTAHOBJICHUE I10-
ciie c6os1) u hookOnProcess (aKTHBaIMsl IPOIECCA), TAPAMETPBI ONTMO0K
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onError (paccmorpenue ommbok) u notifyMode (pe:kuM yBeOMIIEHHI),
a TaKzke obIIue mapaMeTphbl [epejiadn, Takie Kak onReceive (akTuBarmst
nprema) un validUntil (orpaHndenue BpeMEHU YKU3HH 3HAYCHUS).

TpeboBanust ATOMApHOCTH U HEMPOTUBOPEUNBOCTHU TIO/ICPKIBAIOTCST
B paMKax psjia Mojiesell Tpan3akimii. B kauecTBe npuMepa MOYKHO MPH-
BECTH IUIOCKHE TPAH3aKIMH, Cara-TPaH3aKIMK, KOHTPaKThl U T. 1. [14].

Hycrs 7' — mogrun CYBJI ERC. PacemorpuMm  m3MeHeHHe
T(s1,...,8,) = t. Muoxecrso U = {Ti(si1,...,8in;) = 0i]l <
i < m} 0OBEKTHO-OPUEHTHPOBAHHBIX U3MEHEHUl COCTOSIHUIT Ha3blBaeT-
C HEIPOTUBOPEYMBBIM, ecqid JJisd BceX 1 < ¢ < j < m U3 pPaBEHCTBA
Ti(si15- -5 8in;) = Tj(8515- -+ 8jn,) CTEIYET PABEHCTBO 0; = 0;.

Pesyavmamom BBIIOJHEHUST HEIPOTHBOPEYUBOIO MHOXKeCTBa U 13-
MeHeHuit cocrosinnit n3 ERC aBnsiercst moBoe cocrosinne ERC + U, ms
KazK10ro oobekra o m3 ERC onpenensiemoe 1o dopmyiie

Update(j‘b Si,1y -5 Si,ng 0i)7

ecot 1;(8i1,...,8in,) =0, €U
(SRC + U)<0) _ SRC(O)l( 7,15 z,n,) )
B IIPOTUBHOM CJIydae.
MapameTpun3oBaHHas nporpamma r(z1,...,T,) = P apHoctu n cocrout

U3 UMEHN T, IPaBUIIa repexoa P i MHOXKeCTBa CBOOOHBIX HMEPEMEHHBIX
{z1,...,2,} npaBuna P.

Nudopmanponnas cucrema ERC spisiercss Moeanio hOPMYIbl ¢
(ERC | ¢), ecrm [[qb]]‘ERC = HCTHHA JIsI BCEX BO3MOXKHBIX 3HAUYCHUIT
¢ cBODOJHBIX TIEPEMEHHBIX (.

PaccmoTpnM iBe THIIMYHBIX KOHCTPYKIMH JIIsI HOPOXKJIEHHS IIPO-
rpamM. BellosiHeHre IporpaMMbl Jilst BCeX 3HAYEHUI, y/I0BI€TBOPSIIONIIX
HEKOTOPOMY YCJIOBHIO, MOXKET OBITH IIPEJICTABIICHA CIIE/YIONIEil CXeMOii:

— [15l BCEX x, YL1OB/1.¢b sumonns [

BrinosiHeHme mporpaMMBbl Kak Iara IUIKJ1a MOXKeT OBITh IIPEeICTABIEHO
CJIeAYIONIel CXeMOil:
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o P
e A

,HOHOJIHI/ITQJH)HO pacCMOTPpUM TaKHe€ KOHCTPYKTODPDBI, KaK IIOCJIE/I0Ba-
TEJIbHOE BBITIOJIHEHUE, BETBJICHUE, IIapaJlJIEJIbHOE BbIIIOJIHEHUE, BBIIIOJITHE-

HUE TOCJIe MPUCBANBAHUS 3HAYCHUM, BLITOJHEHUE TOCIE BBIOOpA MPOU3-
BOJILHOTO 3HAYEHUSI, IEPEXOJ], HA CJICIYIONINN II1ar, U3MEHEHUE COCTOSTHUS
nHGOPMAIMOHHON CUCTEMBI U BBI3OB ITOJIIPOrPAMMBIL.

Ucronp3yem abcTpakTHbIE MAIIMHBI COCTOSHUN U JJISI OIpEJe/ICHUs
CEMaHTUKH ITPOTPAMM.

ITpaBuio mepexomaa P mopoxKgaeT MHOXKECTBO M3MEHEHHUI COCTOSTHUIT
U B cocrosiamm ERC, ecotn U HenmpoTBOpednBo. IIPONCXOMAT H3MeHeH e
COCTOsTHUST MH(MOPMAIMOHHON CHUCTEMBI C NMPUCBAMBAHUEM 3HAYCHUI IIe-
pemennbix (, obozuadaemoe yields(P,ERC,(,U).

CeMaHTHKA [IPABUJ [IEPEXO0JIA OIPEJIEIISIETCS ¢ TIOMOIIBIO UCIUC/ICHUS
MPABUJI CJIE/IYIONIErO BUIA!

IpEeLyCJAOBHE , . . . , IPEJYCJIOBHE,,

TJie YCJIOBUE.
BBIBOJT,

Hampumep, n3meHeHne COCTOSTHUsI, 3aaHHOE MEPBBIM U3 OIMMCAHHBIX
KOHCTPYKTOPOB, OllpeesisgeTCss TPaBUJIOM

Va € I :yields(P,ERY, [z +— a],U,)
yields(JJIsl BCEX z, YJOBJL ¢, BBIIOJIH. P,ERC,C, Useilly)
e I = range(m,¢,€RC,C).

Muamnazon range(z, d, ERC, ) npeacrasnser coboit MHOMNECTBO {0 €
ERC|[[¢)IER° | = ncrunal.

([z—a
OrkpsiTas 3aga4da 12. Paspabomamv obwyio meoputo abecmpaxuut u
YmouneHutl 0as cucmem 6a3 JaHHBLT, N000EPHCUBAIOULYIO PA3AUNHDLE aAP-

TUMEKMYPBL U TO360AAIOULYTIO 6e7comn03up06amb 6a3v. aGHHBLT HA KOM-
norHeHMbL.
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4. 3agaHune pacnpeaesieHus

3atada 3aaHUs PACIIPEIEJIEHIS JOJIT0e BpeMsi NTHOPUpPOBaJIach. S1B-
HOE 3aJlaHie paclpejeseHus He MPUMEHSIJIOCh, BMECTO 9TOI'0 UCIOJIb30-
BaJINCh PAa3/IMIHBIE ITOAXO/IbI MOIEINPOBAHUST COTPYTHUYAIONINX CHCTEM,
TaKMe KaK CUCTEMBbl HECKOJILKMX 0a3 JIAHHBIX MJIM COIO3HUYAIONINE CACTE-
MBI 043 JaHHBIX.

4.1. KoMmieKT mMpocMOTPOB

[To kTaccuueckoMy OIpe/IeJIeHuIO, (IIPOCTOil) TPOCMOTD TIPEJICTABIISICT
€000 OJTHORJIEMEHTHBIN THII, TaHHbIE KOTOPOT'O BLIOMPAIOTCS 13 0a3bl 110
HEKOTOPOMY 3aIlpoCcy BUIA

CO3IaTh NMPOCMOTp <uMsa> (<IepeMeHHbE, Ha KOTOpPHE NIPOeIUpyeTCH

IIpOCMOTP>)
BHOpaTh <BHpaxeHue, 3ajaplee IPOEKIM0>
u3 <nmozcxeMa 6as3b MaHHBX>
rme <ycnosue BHb6OpPa>
CTrpPyNNUpOBaTh IO <BhHpaxeHWe JJd IPYIIUPOBKU>
c <BHbOp u3 TrpymmI>
YIOPALOYUTL IIO <HopANOK BHIAa4YM MHbOpMAIMK B IIPOCMOTPE>

Tak Kak BO3MOXKHO HCIIOJIb30BAaHUE IIOKJIACCOBOI'O IIPEICTaBIICHUS,
IIPOCTBIe IIPOCMOTPBI MOI'YT OKa3aThCsl HEOITUMAJILHOU CTPYKTYPOIl JJIsI
crerudukayum oomena nagopmarueit. [IpeanoarnreasHoil MOIETBIO AB-
JIsleTCsl KOMILJIEKT IIPOCMOTPOB. Komnaexm COCTOUT U3 MHOXKECTBa 3Jle-
MEHTOB, CXeMbI HHTETDAIIN WX acCOIMIPOBAHHA 3JIEMEHTOB U TpeboBa-
HUIl K IOJJIEPXKAHUIO OTHOIIEHHS ACCOIMIPOBAHUS.

ITpocTele mpUMepbI KOMILIEKTOB IIPOCMOTPOB PacCMOTPEHBI B pabo-
re [14], rie B KauecTBe KOMILIEKTOB BbicTynaroT ER~cxembl. MHTerparus
3asiaeTcs cxeMoil. TpeboBanns K MOJAepKaHIIO OCHOBAHBI HA KOHIICIITHN
«IVIABHBIH-IIOYNHEHHBIN», TO €CThb COCTOSIHUE KJIACCOB KOMILJIEKTa IIPO-
CMOTPOB U3MEHsIeTCsl IIPH U3MEHEHHN COOTBETCTBYIOMIMX o0sacTeil 0as3bl
JTAHHBIX.

IIpocMOTDBI [TOJIKHBI TaK»Ke pPeai30BbIBATH IIOAEPXKKY CEPBHUCOB.
CepBHCHI IPEIOCTABIIAIOT CBOM JIaHHBIE U (DyHKINOHAIBLHOCTD. [TomobHas
00beKTHasT OPUEHTUPOBAHHOCTD y/I00HA, €C/IM BOZHUKACT HEOOXOIUMOCTh
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HCIIOJIb30BAHUST JAHHBIX 063 YCTAHOBJIEHUs MIPIMOIO UJIN YIAJIEHHOTO CO-
equnennsi ¢ CYB/I.

Paccmorpum 06061merHyo popMy 3a1aHusi IIPOCMOTPA, JIJI PEJIsIIi-
OHHBIX 0a3 JIAHHBIX:

CTeHepUpOBaTh < OTODpaXKeHMe: NepemMeHHble — BbIXO4HAst CTPYKTypa >
u3 <Tunbl 6a3bl JaHHbIX>
rme <ycnoewe Bblbopa>
IpeCTaBleHWe C WMCIONb30BaHUEM < ODWWIA CTUNb NpeacTaBaeHns >
& <abcTpakums (rpaHynsipHOCTb, Mepa, TOYHOCTb) >
& <ynopsinodeHne B paMKkax npefcTaBneHns >
& <wuepapxuyeckme npegcraBiaeHns >
& <Toukm npocmoTpa>
& <paspenerus>
C y4YeTOM oIpemelieHuit <ycnosume>
& <nepemeweHne>
C HCHoNb30BaHWeM (YHKIUHE < (PYHKLWM NOuUcKa >
& <byHKUMM 3KCNOPTa AAHHBIX >
& <byHKUMN BBOAA AAHHBIX>
& <dpyHkummn ceccnmn>
& <pyHkumm pasmertkun>

Pacmupenune mpocMoTpoB 3a cueT (PYHKIUH KaXKeTCss U3OBITOTHBIM
Ha 3Tare MpoeKTUpoBaHusi 6a3 JaHHBIX. Vcmomn3oBanme MpPOCMOTPOB B
pacuupee/IEeHHbIX CpelaX y/aeTCd MUHUMU3UPOBATH YyCUJINA, CBA3AHHDbIC
¢ apaJIIeIbHON U MOC/IeI0BATEIbHON paspaboTKOM, Tak Kak cpa3y reHe-
pUpyeTcs KOMILIEKT IIPOCMOTPOB BMECTO TOI0, YTOOLI OTIEIBHO pa3paba-
TBHIBATH KaxKJIBIi TTPOCMOTP.

4.2. CepBucsoi

TpaMIMOHHO CePBUCHI N3yYa/UCh B PAMKaX OJHOIO U3 (CeMu) ypos-
Hell KOMMYHUKAITMOHHBIX CHCTEM M XapaKTepPU30BaJUCh JIByMd Iapa-
MeTpaMu: (QPyHKIIMOHAJIBHOCTHIO U KadecTBOM obciy)uBanus. OgHAKO
MBI HCHOJIb3yeM 0oJiee coBpeMeHHbII noaxon [8] u Oyiaem paccmarpu-
BaThb He QYHKIUU, a unPopmayuormsie npouecco. Kavecmeo obcayoicu-
6GHUSA OTPAHTINBACTCS PIIOM CBONCTB, (DOPMYJIUPYEMBIX WM HA YPOBHE
peanu3aluy, WK Ha YPOBHE KOHIEHIMM, WA Ha YPOBHE IOJIb30BaTe-



326 B. TanbxaiiMm

Jieit. CepBHUC COCTOUT U3 MH(MOPMAIMOHHOTO IIPOIIECCA, MTPEIOCTABIISIEMBIX
XapaKTePUCTUK U CBONCTB, TapaHTUPYIOMINX KadeCTBO OOCIYKHUBAHUA.
DopmaiibHO cepBHC HpejcTaBisieT coboit Tpoiiky S = (Z,F,Xs), rie
=V, M,%r).

NudopMmalimonnbiii Iporece 3a/1aeTcsi TPeMs KOMIIOHEHTAMU:

[NpocmoTpbl U3 KOMNekTa V ABJISIOTCA pecypcaMu  HH(MOPMAIIMOHHOTO
nporecca. Tak Kak MpOCMOTPBI PACIHIUPEHbBI 3a cueT (PYHKIU, OHM
00J13/1aI0T BBIYUCIUTEIbHBIMUA BO3MOYKHOCTSIMUA U MOTYT HCIIOJIB30-
BaTbCd B KadeCTBE CTATUCTUYECKUX I1AKETOB, XPAHUJIMUIIL JaHHbLIX
WIN CPEJICTB PACKOTIOK JIAHHBIX.

Menepxep cepsuca M mopjiepkuBaer (YHKIMOHAIBHOCTD U KadeCTBO
o0C/Iy2KMBaHUs U yIpaB/seT KOHTeiiHepamu, nx play-out-dyHKim-
MM U JIOCTABKON mHMOpMaInun KjneHTaMm. MeHemKepbl CepBUCOB
TaK>Ke Ha3bIBAIOTCs IIPOBaiijlepaMi CEPBUCOB.

ObnacTb NPUMEHMMOCTMN CEpPBUCA 3aJ1a€TC B BHJE MHOXKECTBA JIOILYCTHU-
MBIX 3aJ1a9 7 .

XapakTepucTukn cepBuca JF 3a/al0Tcsd B 3aBUCUMOCTH OT YPOBHS a0-
CTPaKITUU.

XapaKTepucTuKM Ha YpOBHE MOJIb30BATENER OCHOBAHBI Ha  COTJIAIIEHHUAX
YPOBHS cepBuca U WH(POPMAIIMOHHBIX ITPOIECCAX ITOTO YPOBHI.

XapaKTepuUCTUKM Ha YPOBHE KOHLEMUUM OIHUCHLIBAIOT CBOWCTBA, KOTOPBLIMU
CEPBUC JIOJIKEH 00JIaJIaTh JIJIs BBIOJTHEHUS COIVIAIIIEHUN YPOBHS
cepBuca. 371eCh YKe 3aJAI0TCsI JIOCTYITHBIE KJIMeHTaM (DYHKITHH ITy-
TeM crerudukanuu nHTepdeicoB U CEMaHTUKU.

XapakTepucTuKy Ha YPOBHE peann3aLuun OIUCHIBAIOT CHHTAKCHIECKUE WH-
Tepdeticol pyHKIUI, TpegocTaB/IsieMble TaHHbIE, TIOBEICHUE U OTPa-
HUYEHUS Ha WHGOOPMAIMOHHYIO CUCTEMY W KJIUEHTOB.

KauecTBo obcityxkuBanus s 3a7aeTCs B 3aBUCUMOCTHU OT yPOBH ab-
CTPaKIIIH.

MapameTpbl KadeCTBa Ha YpOBHe MOMb30BaTeNeli BKJIOYAIOT BCEOXBAT-
HOCTb (HEOIDAHMYEHHOCTH JIOCTYIIA B IIPOCTPAHCTBE M BPEMEHH), U
6e3011acHOCTD (110 OTHONIEHHIO K COOSIM, aTaKaM, ONIUOKAM; CTeleHb
JIOBEPEHHOCTH ).
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MapameTpbl Ka4ecTBa Ha YPOBHE KOHLEMUMU BKJIIOYAIOT HHTEPOIepabesb-
HOCTH (POPMAJILHBIN KapKac JijIsi MHTEPIPETAIN) U HEITPOTHBOPE-
9rBOCTH (DYHKIMI JTAHHBIX).

[NlapamMeTpbl Ka4yecTBa Ha YPOBHE peasM3auun  BKJIIOYAIOT JIOJIIOBEd-
HOCTh (ZocTyn Ko Beeil nHdOpMaIyu, ecim He OrOBOPEHO IIPOTHB-
HOE), HaJIe’KHOCTH (Ha OCHOBE MojieJieli cO0eB Jist yCTONYNBOCTH,
KOH(DJIMKTOB U YKUBYYECTH), IIPOU3BOJUTEIHHOCT (Ha OCHOBE MO-
JIJTI PACXOJIOB, BPEMEHH OTKJIMKA W MPOIYCKHON CIIOCOBHOCTH), U
MaCIITabUPYeMOCTh (110 OTHOIIEHHUIO K M3MEHEHUSIM CePBHUCOB, YHC-
JIa, KJIMEHTOB U CEPBEPOB).

4.3. Popmbl ooMeHa nHPOpMaIeit

®opwma obmena nHOOPMAIHEH OIPEJIEISIETCS CJIE Y FOIIIME [TapaMeT-
paMu.

ApxutekTypa obMeHa OBBIYHO OCHOBBIBAETCS HA ApPXUTEKTYPE CHCTEMbI,
MHTErpUpyIonieit nHMOPMAIUMOHHBIE CHUCTEMbBI C ITOMOIIBIO TOJICHU-
cTeM KOMMYHUKAIUN U OOMeHa.

CTunb COTpyaHMYECTBa 3aJa€T TIOJIEPXKUBAIOIINE TPOrPAMMBI, CTUJIb
B3aNMO/ICHCTBUSA U KOOPJAUHUAPYIOIUE CPEJCTBA.

LLlabnoH coTpymHu4ecTBa 3a7aeT POJIH MApTHEPOB, MpaBa U OOI3aHHOCTH
¥ TMPOTOKOJIBI OOIEHUS.

Pacripesieiennbie cucreMbl 6a3 JIAHHBIX OCHOBBIBAIOTCS HA, JIOKAJIHHBIX
cucreMax 0a3 JAHHBIX, O0bEIMHEHHBIX C TOMOIIBIO 33J]AHHO cTpaTeruei
uuTerpanun. OCHOBON WHTErparuy sSBJSIETCS IOJHOE OObeIMHEHUE JIO-
KaJIbHBIX KOHIICTITYaJIbHBIX CXE€M B IJIOOAJBHYIO CXEMY PacIpeIeseHus.
ApxurekTypa MOJeIN TMpecTaBIeHa Ha puc. 1.

[TomMmumo KTaccuuecKux pacipeeseHHbIX CUCTEM MOXKHO TaKXKe Pac-
CMOTPETDb U JIDyT'He apXUTEKTYPbl, TAKUE KaK depmvl 6a3 danHbr, Hapa-
WuBaEMBLE COOOULLCTNBA UNPOPMAUUOHHBLL CUCTNEM T COMPYIHUHAIOULUE
UHPOPMayuorHble cucmemst. IocieTHsIST MOIe/Ib OCHOBaHA HA KOHIIETIIIHH
coTpyaHrYaronux npocMorpos [14]|. Hapamusaemble coobriecrBa nHbOp-
MAIMOHHBIX CUCTEM SIBJIAIOTCS OCHOBOI CHCTEM yIIpaBJIeHUsS 000PYI0Ba-
HueM. [IpocThIMI puMepaMu TAKUX CHUCTEM SBJISIOTCS XPAHUIUINA JTaH-
HBIX U CPEJICTBA YIIPABJIEHUS KOHTEHTOM.
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BHelHUe BHelHne BHeWHne
cxembi 1 CXeMbl 2 CXEMbl

\ NokansHsie |j'|o|<anbnme JlokanbHble

nobanbHble KoHUenTyanbHble CXeMbl

mo6anbHble cxeMbl pacnpeneneHns

/

JlokanbHoie JlokanbHbie JlokanbHbie
KOHUeNnTyanbHule KOHUENTyanbHue KOHUenTyanbHble
cxembl 1 cxeMbl 2 cxeMmul h

TNokansHbie TNokanbHble TNokanbHble
BHYTpeHHVe BHyTpeHHNe BHYTPeHHMe

cxembl 1 CXEMbl 2 CXeMbl N
TNokanbHas JNokanbHas TNokansHas
cuctema cucTema cncTema
6a3 paHHbIX 1 6a3 patbix 2 6a3 faHHbIX N

Puc. 1. O6061menne TpexypoBHEBOI apXUTEKTYpPbl Ha CIydail pacipeje-
JIEHHOI CXEMBbI.

Depmbl 6a3 faHHbIX ABIAIOTCA 000OIIEHUEM U PACITUPEHUEM TIOIXOA,
3aJI02KEHHOTO B COIO3HUYAIOITNE MH(MDOPMAIIHOHHBIE CHCTEMbI U CUCTEMBbI-
mocpeHUKU. ApxurekTypa depMm 0a3 JaHHBIX n300paykeHa Ha pPHUC. 2.
@DepMbl OCHOBAHBI Ha MOJIXOJE K cOPa3spabOTKe U KOHIEHIUAX UH(POPMa-
[IMOHHOTO 3JIEMEHTA U KOHTeiHepa.

NudbopmaumonHbie aneMeHTsl — 3T0 0600IIEHHBIE TPOCMOTPEL. [IpocMmoT-
pPBl DEHEPUPYIOTCA Ha OCHOBE COMIEP:KUMOr0 06a3bl JaHHBIX. JJle-
MEHTBI — 3TO IIPOCMOTPBHI, DYHKIINOHAIHHOCTb KOTOPBIX PaCIIUpe-
Ha, 9TODBI UCIIOJIb30BaTh COOCTBEHHBIE JaHHBIE. VHpOpMaInoHHbIe
3JIEMEHTBI MOTYT ObITh OPUEHTUPOBAHBI JTUOO HA U3BAeUEHUE, OO
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JlokanbHeie nonbaosarenmm A Tno6ansHsle nonbaoeaten
NokanbHble nonbaosaren B

Wntepdpeiic
Cuctema A nonb3sosatens Cuctema B B
WnTepdpeiic Wntepdpeiic
nonb3osarens nonb3oeartens
Cucrema Cuctema il
KOHTeiHepoB KOHTeiiHepoB
L epM no6anbHble epm
KOMMYyHuMKauuun
INokanbHble Vi CHETEMA JlokanbHble
MPVIIOXEHNs! I I NPUIIOXEeHNs!
epMm
Cuctema Ppep Cucrema
PUnLTPOB 1 punbTPOB 1
L npeobpazo-
Jlokan6Hble npeoBpaso =
6a3bl faHHbIX BaRlA BabM floxaneseie
A 6asbl aHHbIX

Puc. 2. ®epma 6a3 m1aHHBIX.

Ha MOOJuPuUKaUuU0 JaHHbIX. DJIEMEHTDHI TEPBOTO THIIA, UCIOJIb3YOT-
Cst JI7IsT BBEJICHUSI HOBBIX JIAHHBIX, JIEMEHTBI BTOPOI'O TUIA — JIJIst
MOAN(UKAIINY JIOKAJIBHBIX 0axX JTaHHBIX.

KoHTeliHepbl TOAePKUBAIOT SKCIOPT U UMIIOPT JAHHBIX C TOMOIIHIO HMH-
GbOPMAIMOHHBIX 3JIEMEHTOB, IIPEIOCTABIEHHBIX COCTOSHUSAMU I1PO-
CMOTPOB. DJIEMEHTHI OOLETMHSIIOTCS B KOHTEHEPBI, KOTOPBIE MOT'Y'T
OBITH MOJIIPY?KEHBI WK BBIIPY2KEHBI ClenuaabHbIM 00pazom. [1po-
1e/lypa BbITPY3KU TO/JIEPKUBAET JIUAJIOTOBbIE CIIEHBI U IIAru.

CucTtema rnobanbHbIX KOMMYHUKaLU 1 hepM TIPEIOCTABIAET TPOTOKOIBI
oOMeHa, CpeJICTBa 3arpy3KU U BBIIPY3KU KOHTEWHEPOB M CPEJICTBA
MOIUMDUKAIINN JIEMEHTOB JTAHHBIX, OPUECHTUPOBAHHBIX HA MOIUMU-
KaInIo.

BaJiaua MOJIHOr0 OObeIMHEHNs JIOKAIbHBIX 0a3 JaHHBIX HE CTaBUTCS.
Bajiaua 3aKII09AETCA B CO3JIAHUE COMPYIHUMAIOUUT NPOCMOMPOS.

ApxurekTypa 0O6MeHa MOXKET BKJIIOYATh B cebs paboyme obnactu kiu-
€HTOB, ONHUCHIBAIONINE YUACTMHUKOS, 2PYNNbl, POAYU W NpaBa yIaCTHUKOB
B paMKax IPyII, nakem 3ada4 U 0pearu3ayuto COTPYIHUIECTBA, KOMMY-
HUKAIUA U B3aMMOJIECTBUE.

CTuiib COTPYAHUYECTBA ONPEIE/ISETCA YeThIPbMST KOMIIOHEHTAM:
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NoAAEPXUBAOLLUMU NPOrpaMMamMmn THMOPMAIIMOHHBIX CHCTEM, BKIIOYAIO-
MU YIIPaBJIEHUE CECCUSMHU, YIIPaBJIEHUE I10JIb30BATEIAMUA U CH-
cremy TapudUKaIUA U OILJIATH;

wabnoHamn goctyna s nepedavu JaHHBIX YEPe3 CeTh, HAIPUMED MHO-
roajipecHast WJIN OJIHOQJIPECHAs Mepesiava, s paddeseHus pecyp-
COB, Ha OCHOBE JINOO MOJeseil TpaH3aKIWil, COrIacus U BOCCTAHOB-
JIEHUsI, JINOO PEIINKAIAN C YIIPABJIEHIEeM COOSIMHU, U JJIST YAAAEHHO20
docmyna, BKIIOYas IIAHUPOBIINK JOCTYIIA,

CTnnemM BBaVIMOAei;ICTBVIFI Ha OCHOBE€ OJIHOPaHT'OBBLIX MO,ZLe.HeIU/I NI KOMIIO-
HEHTHbBIX MO,ILeHeﬁ nJjm MO,ZLGJIGIL/'I NHUTMUPDOBaHNU A COOBITHH C orpa-
HUYIeHUEM Ha BO3MOXKHbBIE KOMMYHUKAIINN]

KOOpAUHALMEA NOCNEAOBATENBHOCTEN BbINOJHAEMbIX AEiICTBUMA, OINMCHIBAIO-
et COTPYAHUYIECTBO MMAPTHEPOB, THUIILI JUAJIOTOB, OTOOparkeHUe
ITPOCTPAHCTB UMEH U MPaBWIa COTPYTHUIECTBA.

WsBecTen 1enblit psiy WabfoHOB COTPYAHNYECTBA, TO/IEPYKUBAIOIINX
docmyn u Kongueypuposanue (obopaunBarommasi GpoHTAIbHAS KOMIIO-
HEHTa, KOH(PUTYPUPOBAHIE KOMIIOHEHT, ITEPEXBATIUK, PACITUPSIIONINAE UH-
repdeiicel), obpabomxy cobvmud (IpepearnpoBaHme, IMOCTPEArNPOBAHIE,
ACUHXPOHHbIE TOKEHbI 3aBEPIIEHHs], COeJMHEHNE NIPUEMA), CUHIPOHUSA-
yuro (6JOKMpOBaHue Mojo0IacTell, OJIOKMpOBAHUE C 3aJaHHON cTpare-
rueit, naTepdeiichl 6€30IACHOTO B3AUMOJEHCTBUST MHOTOHUTEBBIX IPO-
rpaMM, ONTUMU3AIHs OJOKUPOBOK € JBOIHON MPOBEPKOI) U Napasiens-
Hoe vinosnerue (AKTUBHbIE 0ObEKTHI, MOHUTOPHHT, TIOJIyCHHXPOHHOE 10~
JIyAaCMHXPOHHOE BBINIOJIHEHUE, BEeJLyTIHii /BEJIOMBIii, OIPEIe/IeMOe HUTSIMU
XpaHeHue).

CoTpynHMYECTBO Ha OCHOBE MPOKCMPOBAHUS WCMOJIB3YeT YACTUIHBIE KO-
MK CUCTEeMBbI (y/IaJeHHBI TIPOKCU-CePBEp, MPOKCU-CEPBED 3allUTHI,
KIIIUPYIOIIUNA [IPOKCU-CEPBEP, CUHXPOHUSUPYIOIIUNA [IPOKCU-CEPBEP
U T.1.)

CoTpygHNYECTBO Ha OCHOBE MOCPEAHUKOB IOJJIEPKUBAET KOODPIMHAIIIO
KOMMYHUKAINNA, OCYIIECTBAACMYIO HAIIPAMYIO, 4epes mepejady co-
o0IieHnii, HA OCHOBE KOHIIEHIIUN TOPIOBJIU, C IOMOIIBIO CHUCTEM
aJlallTePOB-IIOCPEHUKOB, WU C IIOMOIILIO CUCTEM OT3bIBa IIOCPE/I-
HUKOB.
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CoTpyAHN4ECTBO Ha OCHOBE OTHOLLEHNS FIABHbIV /MOAYNHEHHBIN UCIIOJIB3Y-
€T JKEeCTKOEe PEIUININPOBAHIE JAHHBIX B COOTBETCTBUY C PA3JINIHBI-
MU IPUKJIAJHBIME CIIEHAPUSMHI (OTKAa30yCTONYNBOCTD, HapaJIIeb-
HO€ BBIIOJIHEHHE, YJIyUIIeHIe TOYHOCTH; PEIUININPOBAIIE IPOIeC-
COB WJIM HUTElT; PEIUINIUPOBAHIEe ¢ KOOP/MHAIINEN min 6e3 Koop/iu-
HAIIWN).

CoTpyAHN4ECTBO HA OCHOBE OTHOLLEHUS KIMEHT /KOOPANHATOP OCHOBAHO HA
[POCTPAHCTBAX MUMEH M UX OTOODasKEeHMUH.

CoTpyAHN4ECTBO Ha OCHOBE OTHOLLEHUS N3AATeNb/MOANNCHNK TaKXKe WHO-
Ia Ha3bIBAETCA KOHIEIIINEH 3aBUCUMOCTH OT Habrogaresss. Moryt
paccMaTpUBATBCS KaK aKTUBHBIE, TAK U MACCUBHbBIE MOMIUCIUKH. Y
KaXKJ0r0 TOAIUCINKA MMEETCsT ITPOMUIIb MOMINCKH.

CoTpygHMYeCTBO Ha OCHOBE OTHOLLUEHMSI MOZENb/MPOCMOTP/ynpasneHune
AHAJIOTUIHO TPEXYPOBHEBOW apXUTEKType CHUCTeM 0a3 JaHHBIX.
[IpocMmoTrpsr U yrpasiieHue 3a7ai0T HHTEPMENCHI.

[[TabsoHbl COTpYIHUYECTBA OOODIAIOT IMPOTOKOJBI 3a CUYET BKJIIOUE-
HUE B PAaCCMOTPEHNE TAPTHEPOB T10 TIPOIECCY, UX MTPaBa, OTBETCTBEHHOCTA
U POJIU.

5. CnenmndpnKanmsa MHTEPAKTUBHOCTH

NurepakTuBHOCTD MHMOPMAIMOHHBIX CHCTEM KAaK IIPABUJIO PaCCMAaT-
pUBaeTCs Ha YPOBHE CUCTEM ITPEJICTABJIEHNs, IIyTEM apXUTEKTYPHOTO WU
Seeheim-pazjeiennst cuCTeMbl TPUJIOKEHNUN U CUCTEMBI IIPEICTABJICHUSI.
CrpykTypa n QYHKIIMOHAJIBHOCTD 3aJIaI0TCH B TEPMHUHAX S3bIKA MOJIE-
JIMpoBaHus 0a3 JAHHBIX U COOTBETCTBYyIOINIEH aaredpnl. [Iparmaruka Kak
[PABUJIO HE PACCMATPUBAETCS B paMKax Mojeseil 6a3 jaHHbIX. HTEP-
AKTUBHOCTDH II0 OTHOINEHWIO K CHUCTEME IPUJIOKEHUI OCHOBLIBAETCS HA
MHOXKECTBE MIPOCMOTPOB, OIPEJICJICHHBIX Ha CTPYKType 0a3bl JAHHBIX W
[IOJIJIEP>KUBAEMbBIX HEKOTOPOI (DyHKIIMOHAILHON 6a30ii.

Obrmast apxuTeKTypa MHMOPMAIIMOHHON Web-crCcTeMbl MpejicTaBIeHa
Ha puc. 3. JlaHHAs apxXuTeKTypa YCHEITHO IpUMeHsIach B bojiee dem 30
MIPOEKTAX 10 CO3JAHUI0 OIPOMHBIX UJIN OYEHDb OOJIbINit web-caiiToB ¢ wH-
TeHCUBHON MHMOPMAIMOHHO 3arpy3Koil u B bosiee vem 100 mpoekTax 1o
CO3/IAHUIO OOJIBITNX HH(POPMAITNOHHBIX CUCTEM.
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NHTepakTuBHas
VHGpOpMaLMOHHas cuctemMa

MpocTpaHCcTBO CLEeHapues

CueHapun AkTepbl

CroxeTHble nuHuy__KoHTekeT

Meauna-Tunbi

Cepsuchbl
CrpykTypa D YHKLMOHANBHOCTH
KoHTeiiHep

CrpykTypa D YHKLNOHANBbHOCTb
Crpyktypa Mpoueccbi
CraTuyeckue JvHamnyeckune
orpaHuyeHms orpaHuyeHus
LIeNIOCTHOCTM LLeNoCTHOCTM
(Mparmatuka) (Mparmatuka)

Puc. 3. ITongxon x crenmndnkanmy nHGOPMAIIMOHHBIX CHCTEM.

B pamMkax nomxoia K copaspaboTKe JaHHBIH I0aX0 0600IIeH 3a CUeT
CJIEIYIONINX JTO0ABJICHUIA:

BBEJEHNE HOBbIX TUMOB OOBEKTOB (MefMa-0bbeKTOB), 110 CYTH SIBJISIFOIINX-
¢s1 060BIIEHHBIMI TTPOCMOTPAMH, PACHIMPEHHBIMHE € TIOMOIIBIO COOT-
BETCTBYIONEH (DyHKIIMOHAJILHOCTH, aJallTHPOBAHHBIMU K HYZKJIaM
[OJIL30BATE el U JIOCTAB/ISIEMbIX YIACTHUKAM C IIOMOIILIO KOHTET-
Hepos [11];

BBEJEHNE NMPOCTPAHCTB cueHapueB [12], 3a/a0mux ClieHapuy UCIIOJIb30Ba~
HUsI PECYPCOB Da3IMYHBIME TPYNIAME [0Jb30BaTeseli (Ha3biBae-
MBIX YYACTHUKAMU) B PaMKaX HEKOTOporo koHrekcra. CrieHapun
MOI'YT PE€HEPUPOBATLCS HA OCHOBE PeasIbHBLIX JEHCTBHUIl M € IOMO-
bIO pa3/JInIHbIX play-out-cpeacTs.
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Mogenb B3auMoOAencTBMSI C MOMBL30BATENAMU BKJIIOYAET HECKOJBKHUX
HapTHEPOB (CIPYNIIMPOBAHHBIX 110 HEKOTODPBIM IPU3HAKAM; IIPEJICTABH-
TeJIM IPYII HA3BIBAIOTCS YIACTHUKAMHE ), PACCMATPUBAET PA3HOOOPA3HBIE
JeMCTBUS U OMUCHIBAET B3aNMO3aBUCUMOCTH JeticTBuil. IlomuMmo nociteno-
BaTEJIbHOCTH IIAroB B3aWMO/JIENCTBUS, KOHTEHTA ITaroB B3aMMOIeHCTBUSA
1 POPMBI B3aUMOJIEHCTBHUS MOJIC/Ih OXBATHIBAECT TAKXKE OKPYKEHUE CUCTE-
MBI, 33/Ia9U U YIaCTHUKOB.

5.1. IIpocTpaHCcTBO clieHapueB

Moyien B3anMOIECTBUSI JIOJIZKHBI [TOJ[JIEPYKUBATH MHOYKECTBO CIIEHA~
pues. IIpu 3TOM HEOOXOMMMO YUMTHIBATL HPOMUIN U OKPYKEHUE TIOJIb-
soBaresieit. Cuenapuli B3aMMOIEHCTBUS IIPEJICTABIAET CODOI CIOXKEeT pac-
cKaza 0 paboTe TOJL30BATENsT WIH MepedeHb cobnituit. A3bik SiteLang
[16] mpenocraisier cpecTBa JIUIst ONPE/IeJICHUsT IPOCTPAHCTB CIIEHAPHEB,
CIIeH U CIOXKETHBIX JIMHWI B paMKaX CIIEHAPUEB.

B pamkax creHapusi MOXKHO BBIIE/JUTHL HUTH AKTUBHOCTH, HA3bIBa-
eMBIE CIOHCEMHbIMU AUHUAMU, TO €CTb IIyTH, COCTABJEHHBbIE W3 CIIEH
U IIEPEXOJ0B MEXKJy ClieHaMH. [IpocTpaHCTBO CIleHApUEB €CTh CeMEpKa
Sw = (Sw,Tw, BEw,Gw, Aw, Aw, kw ), tie Sw, Tw, Ew,Gw n Aw —
MHOKECTBO CIIE€H, CO3IaHHBIX W, MHOXKECTBO IIE€PEX0/I0B, MHOXKECTBO BO3-
MOYKHBIX COOBITHI, MHOKECTBO CPEJICTB 3aIlUTHI 1 MHOXKECTBO JIefCTBU
W, coorBercrBenHo. Takum obpazoMm, Ty sIBISIETCA TOAMHOXKECTBOM
Sw X Sw. Hamee, Ay : Sy — SceneSpec — dbyHKINA, acCONMUUPYIOIIAs
C KaxKJIo#l creHoil ee cuernudukanuo, a Ky : Ty — Ew X Gw X Aw,
t — (e,g9,a) — dyHKIWMs, ACCOMUUPYIOMAs C KAXKJIbIM II€PEXOJ0M ¢ CO-
ObITHE €, MHUIMUPYIOIIEro 1epexo/l ¢, CPeJICTBO 3aIUThl ¢ (TO eCcTh JIOrH-
YecKoe yCJIoBue, OJIOKHPYIOIIee MePexXoll B CJIydae JIOXKHOCTH IIPH COOBI-
TUM €) U JIeHCTBUE a, BBIOJIHSIEMOE IIPH IIePEXOJIe.

CrieHbl TPeACTaBISIOT CODOI TOYKHU, B KOTOPBIX ITPOMCXOIUT B3aUMO-
JIefiCTBHE, TO eCTh Juajior. Juajorn MoryT 3aJ1aBaThbCs ¢ IMOMOIIBIO TaK
HAa3bIBAEMbBIX BbIpakKeHUil maros auajora. Kakaas ciieHa oba1aeT yHu-
KaJibHbIM uiieHTuduKaTopom Unentudukarop Crenbl. C KaxKoil crie-
HOIl aCCOIUUPYETCsT MeJIna-O0beKT, MHOMKECTBO BOBJIEUEHHBIX YUACTHU-
KOB, CIEIM(UKAIUsI [IPEJICTABIEHUsI U KOHTEKCT. TakuM ob6pa3oM, CIieHa
[peJICTaBIISIET COOON CJIEIYIONIYI0 CTPYKTYPY:
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Cuena = (Unenrudukarop Crenb
Breiparkenue maros puajora
ITosib30BaTETHL
Nnenrudukarop Ilonbzosaress
IIpasa_Ilosnb30Baresis
Sagaan_[losbzoBaTess
Pomn_ Ilosnb3oBareiis
[Tpencrapienue (cTuim, moapasymMeBaeMble 3HAYCHHUS, . . . )
Konrekcr (obopy/oBanue, KaHaJ, HOIPOOHOCTH).

Bruiparkenue mraros JimaJiora COCTOUT U3 JIMAJIOIOB U IMIPUMEHEHHBIX K
nmaJjoraM omeparopos. TunmyHas ciieHa mpeacTaBieHa Ha puc. 4. YdacT-
HUK COPEBHOBAHMUS 110 TTOUCKY JIAHHBIX MOXKET BBECTHU CBOU peltieHus . Jis
ydacThs B COPEBHOBAHUN HEOOXOAMMO BHECTH OPraHU3aIlMOHHBLIA B3HOC.
CucreMa MOXKET 3HATh, & MOXKET W He 3HATh IOJIL30BATEJSI U €0 IIPO-
dunab. Ecan monmb3oBaTeib yKe BHEC OPraHU3aI[MOHHBIN B3HOC, JAAJIOT
OILTaThI He BBIBOAUTCSI. Hcan ke mosb30BaTe/ b He BHEC B3HOC UJIM HEU3-
BECTEH CHUCTeMe, JTUAJIOT BBOJIA PEIIEHUl JIOCTYIIeH TOJHKO ITOCJIe YCIEl-
HOI'O OKOHYAHUS JINAJIOTa OILJIATHI.

CueHa y4acTus B Ky6Ke No NoucKy AaHHbIX
C HAcTPOMKOM Ha TEKYIWEro yyacTHVUKa

SN

/ Obuwas nHchop-
Maums 06
y4acTHuKe

CyeTynk
onnarel

Mposepka
peweHns
3apasn

MonydeHve
3apaqn

Cpava peweHus
3apasn

Pewexve
3apa4n

O6paboTka
AaHHBbIX

WHcbopmauma
o cueHapum

" ®owosas
WHchopMauma

Puc. 4. Onna u3 crien Jy1st aKTUBHOTO OOy YIeHMS.
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5.2. KoMmIiLieKT Meaua-THUIIOB

Meaua-tuner 6butn BBeAeHbl B padore [11]. Tak Kak pasHbIM II0JIb-
30BaTe/IsIM B 3aBUCUMOCTH OT UCTOPUU PADOTHI, TPOMUIss U OKPYKEHUsT
TPeOYIOTCS CYIIECTBEHHO OTIMYAIONINECs JAHHBIC, TAKETh JAHHDBIX [1€pe-
narorcs uepe3 koureitnepol. Konreitnepnl ob/amaor Beeit hyHKINOHA b
HOCTBIO KOMIIJIEKTOB TPOCMOTPOB. KOMIIIEKTHI Meama-TUIOB OCHOBAaHBI
Ha KOMILJIEKTaX ITPOCMOTPOB, CHAOKEHHBIX CIEINAJbHBIMU CPEJICTBaAMU
JIOCTABKU U M3BJIeueHnsl. KOMIIEKTHI MeINa-TUIIOB YIIPABJIAIOTCS CUCTe-
MO, COCTOsAIIEH U3 TPeX KOMIIOHEHT:

Cuctema unssnedennsa meamna-obbekTos: Mema-o0bLEeKTE U3BJIEKAIOTCA N1
yaaIaoTca 13 0a3bl JAaHHBIX WM 0a3bl 3HAHMM, OOOOIIAIOTCA MU
BCTPAUBAIOTCS B APYIUe Meara-O0beKThI.

Cuctema xpaHeHusi 1 Noucka meama-obbekTos: Meana-o6beKThI MOTy T re-
HEPUPOBATHCS HAJIETY, KOIJIa TPeOyeTCss 0OPATUTHCA K UX COJIEPAKU-
MOMY, WJIM XPAHUTHCS B IOJCUCTEME XPAHEHUs M IMOUCKA. TaK Kak
[TOPOXKJICHNUE MEUA-00BEKTOB KaK IMPABUJIO UMEET BBICOKYIO CJIOXK-
HOCTbB, U JIJIsi HOPMAJIbHOIO (DYHKIIMOHUPOBaHUE TPeOyeTCs OIIep-
JKaHUe HEeCKOJIbKUX BEPCHUl, ITPEIIMOITUTEIbHBIM CIIOCOOOM sIBJISIET-
¢ XpaHeHue.

Cucrtema goctaBkun Meauna-obbekToB: Meana-00beKThl  UCIOIB3YIOTC B
pa3HOOOpa3HbIX 3a/a9ax, PA3HOOOPA3HBIMU II0JIb30BATEISIMEI B Pa3-
JIMYHBIX COIUAJBHBIX U OPraHU3AIMOHHBIX KOHTEKCTaX, B PAa3HO-
00pa3HbIX OKpyXKeHusx. CrucremMa JTOCTABKU MeINA-OOBHEKTOB OCY-
IIECTBJISIET JOCTABKY M€ INa-00bEKTOB II0JIH30BATENISIM B TPpebyeMoit
dopwme. KonreitHepsr coep:kar n yIpaBIsioT MHOXKECTBOM MeJIHa-
00BEKTOB, JIOCTABJSEMBIX OJHOMY IoJIb3oBaTemo. llomp3oBaresn
MOJTy AT AJANTHPOBAHHBIN IO/ HETO KOHTEHHED W MOXKET HCITOJIb-
30BaTh 9TOT KOHTEHHED B CBOEIl JIOKATLHOI 6a3e JAHHBIX.

OnmcaHHbBINA IIOAXO0J, OY€Hb OJIM30K K KOHIEHIINA XPAHUJINIIL JTAHHBIX.
OH Tak»ke OCHOBAaH Ha KJIACCUYIECKON KOHIIENIMH MOJIEb—IIPOCMOTP—
yiupasyenne. Komnreriums o0000IIeHa Ha MeANa-00bEKTHI, KOTOPBIE MO-
I'yT HIPOCMATPUBATHCA PA3JINIHLIMU CIIOCOOAMN, MOT'YT T€HEPHPOBATLCS
U YIPABJISITHCA T€HEPATOPAMHU.
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6. arerpupoBanue croenuuKarInOHHBIX ac-
IIeKTOB B copa3paboTKy

OHI/IC&HHbIe BBIIIE f3BIKW JIOBOJIBHO CJIO2KHBI, a HEIIPOTHUBOpEYUBad
pa3paboTKa BCeX acIeKTOB MH(MOPMAIMOHHBIX CHCTeM TpyaHa. Mbr pas-
paboTaJiu psiji METOIOIOT U, TTO3BOJISIONINX O0OUTH PsI TPYIHOCTEH, CBsI-
3aHHBIX C HEIIPOTUBOPEUYUBOI U TOJIHOM pa3paborkoit. OCHOBON MeTom0-
JIOTUIl $IBJISI€TCSl TPOEKTUPOBAHKE CBEPXY BHU3 (MO3TAanHOE yTOYHEHMe),
pa3IesIsiolee NHTEPECYIONne acueKThl Ha HECKOJILKO YPOBHEH abCTpak-
UM U UCIIOJIL3YIOINIee OlepPallud PACIIUPEHU, JIeTaJIu3alul, PECTPYKTY-
pupoBaHud U YTOIHECHUA.

6.1. Moaesib ypoBHeii abcTpaknum Jijisi pa3paboTKu MH-
dbopMaIMOHHBIX CUCTEM

Nudopmarmonnast cucrema MOXKeT ObITH 3a/[aHa HA PA3HBIX YPOBHAX
abcrpaknun (puc. 5).

Crparerneckuit
ypoBeHs

MNpeaBapuTe nbHbE
uncecnenoBaHua

¥YpoBeHs Bripa-
60Tk TPeGoBaHMil

MpoexTupoBatme
ucnonbaoBanua

Tokar
Buatiog yposorio

Bananve
pacnpeaeneniy

MpoekTupoBatme

Sananme

frepakTuBHOCTH
KoHuenTtyanbHbiit

ypqBeHb
noGansHoe

3ananme cTERryps
Peanusauns an P

YposeHb
peanuaaummn

Puc. 5. Mogens ypoBHeit abcTpakiiuu mporiecca pa3paboTku 0a3 JaHHbIX.
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Cmpamezuneckuti Yyposens MOIETUPYET Teun NHMOPMAITMOHHON CH-
CTEeMBI, TO €CTh OCHOBHYIO 3aJ[a1y U IIPeJIIoJaraeMble TUITBI KIINeH-
TOB U peIllaeMble UMU 3aJaqu. Pe3ybTaToM IPOEKTUPOBAHUS HA
CTPATErHYeCKOM YPOBHE SIBJISETCH CNREeyuPurayus opeamu3auyuot-
HO20 KOHMPAKMAQ.

Vposenv evipabomru mpebosaruti ONUCHIBAET UH(MPOPMAIUOHHYIO
cUCTEMY, aHAJU3UPYET OU3HEC-TIPOIECCHI U eI st (POPMYJIUPO-
Banus TpeboBaHUil K HHPOPMAIMOHHOM cucTeMe. Pe3yibraroMm mpo-
€KTUPOBAaHUS HA yPOBHE BHIPAOOTKU TPEOOBAHUN SIBJISIETCS CNEyu-
Purayua cucmembot.

Busnec-yposens MomeaupyeT IMpeJo/araeMoe UCIOIb30BAHNE WH-
dopMaIMOHHON CHCTEMBI B TEPMUHAX THUIIOB KJIMEHTOB, MECTOPAC-
[TOJIOXKEHUS TIPOCTPAHCTB HHMOPMAIUN, IEPEXOJI0B MEXKIY IPO-
CTPaHCTBAMU, a TAKKe JTUAJIOTOB MEYK/IY MOJIb30BATE/IAMI Pa3Ind-
HBIX KaTeropuii (Ha3blBaeMbIX ydacTHUKaMN). Pe3yibraToM mpoek-
TUPOBAHUS HA yPOBHE OU3HEC-TIPOIECCOB SIBJIACTCH PACULUPEHHOE
PYKOBOICBO MO cucmeme, BKIIOUAIOIIEe MakeTbl WHTEPhEHcoB u
CIIEHAPUU UCIIOJIb30BAHUS.

Konuenmyaavroili yposens OPHEHTHPOBAH Ha HWHTEIPUPOBaHUE
KOHIIENTYaJIbHBIX CIIeNN(MUKAINA CTPYKTYPbI, (DyHKIIMOHAJILHOCTH,
pacripejieyieHisT 1 WHTEPAKTUBHOCTU. Pe3ysibraTaMu IPOeKTUPOBa-
HHAS Ha KOHIIENTYaJbHOM yPOBHE SIBJISIIOTCSI CXeMa 0a3bl JaHHBIX,
[IOCJIEIOBATEILHOCTH BBLIIOJIHSIEMBIX JICACTBUI, KOMILIEKTHI IIPO-
CMOTPOB U MeJINa-TUIIOB, CIeNnMUKaInsa CEpBUCOB 1 (pOPMATOB 00-
MeHa, a TaK»Ke CIeHapHUu.

Vposenv peaausayuu OPUEHTHPOBAH Ha CHEIUMUKAIUIO JIOTHYIe-
CKUX U (PUBMIECKUX CTPYKTYP 0a3 JAHHBIX, MPOIEIYP IMOIIepKa-
HUs [IEJIOCTHOCTH, TporpamMm u uaTepdeiicos. Crernudukaims ocy-
IIIECTBJISIETCS B PaAMKaX s3bIKOB BLIOpPAHHON 11aTdopMmbl. Pe3yiib-
TATOM IMPOEKTUPOBAHUS HA YPOBHE DEAU3AIUU SBJISIETCH MOJEAL
peasusayuu. Momeab CynecTBEHHO 3aBUCUT OT CO3/aTe st HH(OP-
MAITHOHHOM CUCTEMBI.

Vposerv ucnosvsosarua 3nech He paccmaTpuBaercs. [lommepxkka,
obyuenve, BBeJICHUE W 3 IMUHUCTPUPOBAHIE KaK ITPABUJIO HAXOMAT-
cs BHE chepbl KOHIENTYaJbHOIO MOJIETUPOBAHUS [TPUIOXKEHM.
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6.2. Metomosiorusi copazpaboTku

MeToto/10ruu JTO/IXKHBI COOTBETCTBOBATH TPEOOBAHUSIM K HEIIPOTHUBO-
peunsoit pazpaborke cucrem SPICE Bepcun 2.0 1 SW-CMM Bepcun 2.0.
CopaspaboTka OCHOBaHA Ha IOIMANOBOM YTOYHEHUH CHCTEMbBI ITPU JIBU-
JKEHUH [0 YPOBHsIM abcTpakiuu. Tak Kak derwipe aciekTa uHdopMa-
[IHOHHBIX CHUCTEM — CTPYKTypa, (PYHKIMOHAJBHOCTD, PaCIpee/ieHue U
UHTEPAKTUBHOCTb — B3aMMO3aBUCUMBI, OHU HE MOTYT Pa3pabaThIBAThCH
OTJIeJIBHO JIPYT OT jpyra. lIpuBeeHHast HIXKe METOI0JIOTHST OCHOBAHA Ha
marax CjaeAyroneil CrpyKTyphl:

Ucronb3yroTest cieayrommuye mari:

Cmpameauneckuti YpOBEHD

1) Paspaborka BujeHusl, Neseil u 3aa49

2) Amnasnus npobiieM ¥ KOHKYPEHTOB

YposeHb suipabomru mpebosarul

3) Pasbuenne Ha KOMIIOHEHTHI

4) Cosznanne HAOPOCKa IPOCTPAHCTBA CIEHAPUEB
5) Cosnanue HAOPOCKA KOMILIIEKTa IIPOCMOTPOB
6) 3asanne GU3HEC-IIPOIECCOB

Busnec-ypoBeHb

7) Paspaborka CIO’KETHBIX JIMHUIT B IPOCTPAHCTBE CIIEHAPHUER
8) BblsiBjieHHE OCHOBHBIX TUIOB JIAHHBIX M aCCOIUAIMI ME¥KJLy HUMU

9) Paspaborka sijipa OrpaHUYeHuil 1eJOCTHOCTH, HAIIPUMED OrPaHuYe-
HUH UIeHTHDUKATITHT

10) Bazanwue jeiicTBuii nosib3oBarTeseil, TpeGOBAHUIl UCIIOIB3YEMOCTH, 1
co3/lanre HabpOCKa MeJIUa-TUIIOB

11) BeoisiBiienne TpeGoBaHuil BCEOXBATHOCTH U GE301ACHOCTH

Konuyenmyaavroii ypoBeHb

12) Basanue npocTpaHCTBa ClIEHAPUEB

13) PaspaboTka THIIOB JAHHBIX, OPPAHUYEHUI [IEJIOCTHOCTH, UX PEAsIH-
3a1un
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IIpaBuso #i

NMma mara

Samaua 1.
Sagada 2.

Ucnonb3yembie JIOKyMEHTBI TIPEJIBILYIIIX Ar0B
JIOKYMEHTBI (JTOKYMEHTBI IO pa3pabOTKe CHCTEMBbI)

JokymenTanysa u nadoOpMaIUs 0T KJIUCHTOB
Namensiembie JlokyMeHTBI 110 pa3paboTKe CUCTEMBbI
JIOKYMEHTBI KonTpakTbr

3agaun u mean

O6bmmue 3aj1a9n 1mara
CorniacoBaHHbIe TIEJIN I1ara
OcHoBHas 11e/1b

Bosneuenunie YuacTHUK A, HaIpUMED MIPEACTABUTEIN KIXEHTA
VIaCTHUKA Vuacrauk B, nanpumep pa3paboTuauk

Teopust 6a3 TaHHBIX
Teoperuueckue Teopust opranusanuu
OCHOBBI Nuadopmarnka

Teopust mo3HaHUs, ICUXOJIOTHS, [I€IATOTTKA
Metompr n CuHTaKCHUC U IparMaTuKa
SBPUCTUKH Ncnonb3yembie si3bIKu ceuduKaIni

IToaxompl K yIPOIEHUTO
Paspaborannbie  JIoKkyMeHTBI 110 pa3pabOTKe CHCTEMBbI
JIOKYMEHTBI
Pezynrars Pesynbrarsl, B TOM Yncje mocTapisgeMble KIUCHTY

YcioBus Hagasa

VesoBus Hajuyanst nHOOPMAIIAN,
BBITIOJIHAAEMbBIe Ha CTOPOHE KJIMEHTOB

mara VciioBus 3aBUCUMOCTH UHMOOPMAITT
YcsioBus Ha ydacTue

YciioBus ITonHoTa M IPaBUIILHOCTH KPUTEPUEB

3aBepIeHNd [Tomnucannubie OyMaru, KOHTPAKTEI

mara Kpurepun kauectsa

Bremosnnenue 3a1a4 mara,

14) 3asanue KOMIUIEKTa IPOCMOTPOB, CEPBUCOB U (GOpPMATOB OOMEHA

15) IIpoekTupoBaHue MMOCIEIOBATEIBHOCTEN BBIIOJIHIEMBIX JICHCTBII

].6) KOHTpOJH) PE3YJIBTATOB Ha TECTOBBIX JITaHHBIX, TECTOBBIX IIpOIECCax
1 TECTOBDLIX CIO?KCTHDLIX JIMHUAX
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17) Bajanue KOMILIEKTa Me/[a-THIIOB

18) MoyysisipHOe yTOUHEHHe THIIOB, IIPOCMOTPOB, Olepaluii, cepBUCOB
U CIIeH

19) Hopmasmsarnust cTpyKTypbl

20) Murerpanusi KOMIIOHEHT IO BCeil apXUTEKType

Tpebosarus pearusayuu

21) IIpeobpaszoBaHue KOHIENTYATBHBIX CXEM B JIOTHIECKHUE CXEMBbI, PO~
rpaMMbl U uHTepdENchl

22) Paspaborka JIOPHYECKHX CepBUCOB U GopMaToB 0OMeHa

23) Paspaborka perieHnii jijist MOBBIIIEHUE MPOU3BOJANTELHOCTH, Ha-
CTPOIKa

24) IIpeobpasoBaHue JIOTHIECKUX CXeM B (DU3MYECKHE CXEMBbI

25) IIpoBepka J10JI0BEUHOCTH, HAJIEXKHOCTH, MACIITAOUPYEMOCTH U Pac-
MUPAEMOCTH

Meromosiorust copa3pabOTKH MCIIOJIb30BaIach Ha HMPAKTUKE JIJIsT pe-
aau3aIn OOJIBIIOr0 KOJUIECTBA MH(POPMAIIMOHHBIX CHCTEM M BMECTE C
TEeM MMeeT HaJIe:KHYIO TeOPeTHIecKyio ocHOBY. Harrreit 3amaqeit siBisteTcs
e xoukypeniusg ¢ UML, a mommepkka paspaboTK CUCTEM Ha TBEpPIOit
OCHOBe, 0e3 HEesICHOCTEH, MPOITyCKOB 1 HECOYETaeMbIX KOHIIEIIIIHIA.

7. 3akKJII0oueHune

UccnenoBanust 6a3 maHHbIX U MHOOPMAITMOHHBIX CUCTEM IMPUBEINA K
COBJIAHUIO TEXHOJIOTUU, CTABIIEH YaCTbI0 COBPEMEHHON WMHQPACTPYKTY-
pbl. Ba3bl JaHHBIX KUCIOJIB3YIOTCH KAK BCTPOCHHBIE CUCTEMbI, HAIIPUMED
B aBTOMOOMJIBHBIX HABUTAIIMOHHBIX ITPOrPAMMAX, KAK COBOKYITHOCTH CO-
TPYJAHUIAIONINX CUCTEM U KaK OJUHOYHBIC CUCTEMbI. TeXHOJIOTHS JT0CTa-
TOYHO XOPOIIIO 0TpaboTaHa JIisi TOrO, YTOOBI YCTAHAB/IMBATL CUCTEMBI 0a3
JIAHHBIX B JIIOOBIX MPUJIOXKEHUSX C TOJJIEPYKKON BBIUUCICHU, OCHOBaH-
HBbIX Ha 00paboTKe 0OJIBIIOro oObeMa mHpopmaruu. CoBpeMeHHbIE WH-
dopMAaIMOHHBIE CUCTEMBI YaCTO PEAUIYIOT MOJJIEPAKKY PACIIPEICTICHHBIX
BeIUuCIeHUNl u web-texunosornu. HoBble apXuTeKTypBI MTOJHSIIN HOBbBIE
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pobJIeMbI, KOTOPBIE B HACTOSAIIEE BPEMsI ABJISIIOTCS IIPEJIMETOM UHTEH-
CUBHBIX Hcce/oBanuil. B pabore mokazaHo, Kak KJiacCUYecKasi T€OpUst
0a3 JAHHBIX MOXKET OBITH PACIIUPEHA JIjIsi PElIeHUs OIMUCAHHBIX 3aad.
OrmeTnM, 9TO IpeIaracMblil TOJXOJ SBJISIETCS OJHUM M3 BO3MOXKHBIX,
MOT'YT IPUMEHATHCS U JIPYyTUe PEIeHUs.

B To xke Bpemsi B obsacTu mccieoBaHusS 6a3 JAHHBIX OCTAIOTCH W
OTKPBITHIE 3aja4dn. B pabore mpuBeneH 0030p COBPEMEHHBIX JOCTHKE-
HUil B 0bjtacTu Teopun 0a3 JAHHBIX, B OCHOBHOM CBSI3aHHBIX C BOIIPOCAMU
CTPYKTYpbI U (pyHKIMOHATbHOCTU. HeKoTOpble pe3y/bTaThl y2Ke HelpH-
MEHUMBI K HOBBIM MOJIe/IsIM HH(MOPMAITMOHHBIX cucTeM. OIHAKO oCcTaeTCst
BO3MO2KHOCTH BCTPAUBAHUA KJIACCHIECKUX KOMIIOHEHT B HOBDLIE MOJIEJIU.
B neproit wactu paboThl mpuBesieH 0030p OCHOBHBIX PE3yJILTATOB U I10-
CTAHOBKHU OTKPBITBIX 3aJ1a4.
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3ameuanue. OcHOBHOII 3aja4eii paboThI OBLIO MPOBEIeHNEe 0030pa TEKYIIEro
COCTOSTHUSI UCCJIeJIOBaHU B obsracTu 6a3 JTaHHbIX. B Oubmorpaduio BKIIOUEHBI
TOJIBKO UCTOYHUKY, HA KOTOPbIE €CTh CChLIKU B pabore. ObmupHast 6ubmorpa-
dbust 1o TemaTHKe pabOTHI CONEPKUTCS, HapuMep, B [14].



