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A. A. IIserkos

MynabTHareHTHBIA MOAX0 K YITPABJIEHUIO
oIlepallMOHHOI Cpeaoii, cojep>Kalileii cBepX0oJibIline
0a3pl JaHHBIX

AnHoTAlusi. Hacrosimas cTaThs NOCBAIIEHA aHATU3Y MPOOJIEM MPU IKCILTyaTa-
LMY OIIEPAIMOHHBIX CPeJI, UCIOJIb3YIOIUX CBepXOobie 6a3bl JaHHbIX. Paccmor-
PeHa BO3MOXKHad apXUTEKTypa cpedbl Ha OCHOBE KOOIIEpAIluU UHTEJIEKTYyaJlb-
HBIX/paljOHAJIBHBIX areHTOB, KOTOPble MOI'YT HabJII0JaTh 3a paboToil cucreMbl
¥, IPU HEOOXOAMMOCTH, T'MOKO YIIPABJISThH €l B aBTOMATUYIECKOM DEXKUME.

Karouesvie caosa u Ppasvi: Ceepxbonbwas 6asa gaHHbix, VIHTennekTyanbHblli areHT, Payuo-
HanbHbIW areHT, MindopmauvnornHas 6e3onacHocTb.

Besepenune

BosmoxkuaOoCTh TepeBOoauTh B 1 POBYI0 HOPMY TOKYMEHTHI, KHUTH,
aynmo u Bugeo uaopmanumio, dororpadun (B T.4. ¢ BHICOKMUM Da3pe-
[IEHUEeM) ¥ JIP. IPUBEJU K TOMY, 9TO 06beM MHQMOPMAINK, XPAHUMOIT B
baszax manubix (nasiee BII), cras karacrpoUIecKn yBeJUIUBATHCH. A 3T0
[IPUBEJIO K IIOSBJIEHUIO IIPOGJIEMBI ¢BepX00sbinux 6a3 JaHHbIX (najee, B
COOTBETCTBUU C Tpajuiueil npuusaToit B mybaukarusax, VLDB or anrmit-
ckoro repmuna Very Large Database): oxuo meso 3anucars naunse B B/
a JIpyroe — IMOJIYYHUTD 110 3aIPOCY UCKOMYIO MH(MOPMAIMIO B pa3yMHOE
BpeMsl.

YaureiBasi TO, 9T0 00beM HHAMOPMAIINN [TOCTOSTHHO YBEJININBAETCS,
onpenenenne VLDB ne sBasiercs crporum. Bor, manpumep, oHO 13 ompe-
nestennit: VLDB — s1o B/I, koTopast co/iepKuT SKCTPEMAIHLHO DOJIBITOe
KOJIMYECTBO KopTezkeil mian cTpok B B/l mian, 3aHnMaeT SKCTpeMaIbHO
6ostbII0e (DUBHIECKOE ITPOCTPAHCTBO CUCTEMBI XpaHeHus (hailIoBoit cucre-
mbl (merabaiiTs). Kak nokaszano B [1], ecau 8 2005 rogy VLBD cuuranucs
te BJI, xoropere nmenn oobvem 100 TH, To ceitgac sro B/l ¢ obbemom

IIpoekT nposoauTcst npu dpuHancosoit noggepxke PAH, npoekTt 4611 «CBepXBBICOKO-
POU3BOAUTEIbHBIE 6a3bl JaHHBIX».
© A. A. IIBETKOB, 2015
© HWHCTUTYT NPOrPAMMHBIX CUCTEM MMEHU A. K. Alinamazsna PAH, 2015
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nopsiika [15. Hanpumep, Hanmonansubiit penosuropuit CIITA yeesnan-
Baerca Ha 28 IIB exeromno. Kpome Toro, B [1| npusemensl ocHoBHbIE
npuauabl Tpobsembr VLDB-6bicTposeitcTBrs:

(1) mpobaembl mepegatn 60IbIMIX 00HEMOB HHMOPMAIIAN IO CeTH, Oy/Ib
1o VlHTEpHET MM KOPIOPATUBHAS CETh;

(2) UCIOJIb30BAHUE KOMIIPECCUH JTAHHBIX — HEeDOJIbIION BBIUIPHINT B 00b-
eMe HUKaK He OKYIaeT IIPO0JIeMbl, CBsI3aHHBIE C OOPaTHBIM IIpeobpa-
30BaHMEM JIAHHBIX W OPraHU3aIueil X XpaHeHUs [IPU TOJIy ICHUH;

(3) mpobJieMa HHIEKCOB — HEXBATKA [MAMSATH JJIs PA3MENIEeHI HHIEKCHBIX
TabJIAI [IEJINKOM JIaKe B KJIACTEPHBIX aDXUTEKTYPax U, KaK CJIEJCTBIHE,
HEOOXOIUMOCTh MCIIOJIb30BAHUST WHAEKCOB JIJIsI WHIEKCHBIX TaOJIHII.

B mammoit pabore mpesmaraeTcst MOIX0] K PEIIEHUIO TTPOOIeMbI ObICT-
POJIeHiCTBAST HA OCHOBE PAIMOHAJIBHBIX areHToB (nasee PA).

1. Apxutektypa VLDB c ucnonb3oBaHnem paumnoHasnbHbIX
areHToB

Bosmoxknas obobmennas apxurektypa VLDB, B KoTOpOit MbI 6y1em
OIKCHIBATh KCIoJib3oBanue PA, npusenena Ha puc. 1. HasnayeHue komrio-
HEHTOB U OIMCAaHNe UX B3aUMOJEHCTBYUS IPUBOAUTCs B Tabsuie 1. B rakoit
apxurekType PA pacrnosiokenbl Ha 3-X YPOBHSIX: KOMMYHUKAIIMOHHOM,
IIPEIPOIECCOPHOM U KJIACTEPHOM. TaKOe pelreHne Mo3BOJIsieT 00eCeInThb
rUOKOCTH PEIIeHUsT U PACHapasjieIMBAHIE TPOIECCOB, BBIOJIHIEMbBIX B
rpanutax cucrteMmbl. /lamee paccMorpum 6oJiee IOAPOOHO PAOOTY CHCTEMBI
Ha yposHe PA.

2. MHoroareHTHas apxuTekTypa

B [2]| mpuBomuTCS OmmcaHme TEOPETHMHUECKOE ONMCAaHWe PabOTHI aH-
cambuist PA, KoTopble pelraroT HEKOTOPYIO ODINEr0 3a/a4y, HO IIPU 9TOM
B3aUMOJICHCTBYIOT MEXKJLy CO0O0ii. DTO ONUCaHue HEJOCTATOYHO TOYHO, U
MBI [OJIB3YEeMCs €r0 KOHKperusarueii, onucanHoi B [3]. B [4] npemnaraercs
BapUAHT WCIOJIL30BAHUsT MHOTOAreHTHOH apxuTekTyphl (MuA) Ha 6ase
CTOXACTHIECKUX aBTOMATOB.

Ha puc. 2 nokazano ncronb3osanne MHA ISt CHCTEMBI, HCIIOJIB3YTO-
meit VLDB.

B mammoit Mosies i BBEJIEHBI JIOTIOJIHUTETHHBIE, OTHOCUTEIBHO ITPEJIbIJLY-
meit Mojen, KoMIoHeHTh: «CHcTeMHbIe aJMIHICTPATOPEI B aHATUTUKI»
u «AnMuHECTPATOPHI HHMOPMAIMOHHOW 6E30MACHOCTHY. JTO CBA3AHO €
TeM, UTO, IIPU 3aIlyCKe CHCTEMBI B SKCILUIYATAIMIO, a 3aTEM B IIPOIECCE
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Haumenosanne
KOMIIOHEHTA

Omnuncanye KOMIIOHEHTa,

Kanacrep cepsepos
VLDB

IIpemnporeccopsr
3aIPOCOB

Touka Bxona G;

IlonszoBarens G; — j

Panuonasibabie
areHThl,
ONTUMU3UPYIOIIIE
B
Panmonanbubie
areHThbl
nHGOPMAITHOHHOM
6e30IMacHOCTH
Kommynukanmnonusie
palroHaJIbHbIE
areHThbl

KoMImoHeHT cOmepKUT ONeparioHHy0 CUCTEMY,
obecnieuuBaloniyio paboTy KJacTrepa, CHCTEMY
yupasienns BJ1 (nanee CYB/I), HerocpeicTBEHHO
B, PA, ontumusupyromue BJ1

KowmmonenT obecreunBaeT mpueM C 3alpOCOB KOM-
noneHToB «Touka Bxona G;», cogepxkur PA; omn-
TUMH3UpYomue 3anpockl K B/l n nmosmyvaromiue
pesyabraThl 3amnpoca ot BJI, conepxkur PA, obec-
[I€YNBAIOIINE ayTEeHTUMUKAIIIO [TOJIHL30BATES B
rporecce ero Bsaumozeiicrsust ¢ B/l mocse mpo-
XOXK/IEHUST UIEHTU(DUKAIINN HA BXOJE

KowmmonenT obecieunBaeTr nepBUIHYIO HACHTUDU-
KaIMIo U ayTeHTUMOUKAIMIO [T0JIb30BaTeIel, Ipr-
HAMAaeT 3aIlIPOCHI OT IIO0JIL30BaTeJIell U IIepeiaeT
UX IPENpOIEeccOpaM 3aIlpOoCOB, IPUHUMAET PE3YJlb-
TaTbl 3aIIPOCOB OT IIPEIPOIECCOPOB 3aIPOCOB U
rnepegaeT uxX MoJIb30BaTesssM, obecrieanBaeT pado-
Ty KOMMYHUKAIIMOHHBIX ar€HTOB, KOTOPBIE BBIIOJI-
HSIOT QYHKIMH ONTUMU3AIMA ¥ MaPIIPyTU3AIAN
3aIpOCOB

Pabouas cranmus cybbekTa B3amMOIEHCTBYIOIIETO
¢ VLDB

IIporpammuoe obecnietenue, peausyioiiee OyHK-
[IMOHAJBHOCTE PAIMOHAILHBIX ar€HTOB, KOTOPbhIE
onrumusupyior padory CYB u crpykrypy B/L
(cM. HUXKE)

IIporpammuoe obecrievenue, peanusyromiee OyHK-
IMOHAJBLHOCTH PAIUOHAIBHBIX areHTOB, KOTOPbIE
obecrrieanBaoT WH(MOPMAIMOHHYIO 6€301acHOCTD
(cM. HEXKE)

IIporpammuoe obecriedenne, peaausyroriee GyHK-
[IMOHAJILHOCTH PAI[MOHAJIBLHBIX areHTOB, KOTOPbIE
ONITUMHUBUPYIOT pabOTy CUCTEMBI Ha, YPOBHE KOM-
MyTanui
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LleHTp 0o6paboTku

L PaumoHankHbIe areHTsI,
&N W onTumuampytowme B
Knacrep cepsepos VLDB
D

PaunoHanbHble areHTb!
PaumoHanbHbie areHTl, MHOPMaUMOHHO# 6e30NacHoCTH
onTumMMU3Mpylowme 3anpocki k B
Mpenpoueccops! 3anpocos
KoMMyHUKaunoHHbie KoMMyHUKaLMOHHBIe KoMMyHUKaUNOHHbIe
PaUMOHanLHble areHTbI PauMoHanbHble areHTb! PauMOHanLHbIe areHTb!

Touka pxoaa G, Touka Bxoaa G, Touka Bxopa Gy

Puc. 1. O6obmennast crpykrypa VLDB, ucmonb3yromast pa-
IIHUOHAJIbHBIEC ar€HTbI

9KCILLyaTalUl, HeOOXOUMO CO3aTh HEKOTOPYIO CTApTOBYIO KOH(MUIYDa-
muio PA| a 3areM koHTposmpoBaTh pabory PA u, npu HeoGX0UMOCTH,
BMEIINBATHCA B pabory, HapuMmep, eciim PA He MOXKeT HAWTH peIIeHus,
CJIAIIKOM JIOJITO €r0 WIIET, IPUHAMAET HEBEPHOE DEIeHue.

B naspHefineM n30KeHuH Mbl Oy/IeM [IPEIIOIAraTh, 9To JJIst KaXkK-
noro u3 PA Bce 9j1eMEHTBI, KOTOPBIE ¢ HUM B3aUMOJEICTBYIOT, ABIISIIOTCA
B €r0 TOYKNU 3peHus BHelHel cpeoit. Kpome Toro, GyeM paccMaTpuBaTh
JiBa, TUIIA areHToB (cM. Tabsniy 2).

2.1. KommyTaunoHHbI paunoHasIbHbIA areHT

Kommyranuonupiii PA (manee KPA) nocrpoen Ha 6a3e KOHILENIUN
areHTa, OCHOBAHHOTO Ha MOJe N U Ha 1eau. Moaenb B3amMoeiicTBus
KPA ¢ oxpy:KamiuM MUPOM IIPeJICTaB/IeHa HA PUC. 3.

KPA nonyuaer undopmaiuio o KoHGUIYpaluu BHEINHEH cpeibl B 10-
TOKE JTaHHBLIX OT 00beKkTa «CHucTeMHbIe aIMUHUCTPATOPHI U AHAJTUTUKI> B
BuJie HAbOpa NapaMeTpoB, XapAKTEPU3YOIIUX allllapaTHbIe CPEICTB (ajee
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Kputepum onTumankHoii

pasoruBOuCYEA 7

Pexomergauuwn no
onTuMu3aLuu B[
wCYBA

/Cucremmsie
| aAMUHNCTPATOPbL!

\
i
i
: M aHanuTIKK }

Kputepii ans
‘ORTUManbHOro 3anpaca

Ynpasnawouwee

PauvoHansHeiit arenT, bt
Bo3neicTEME

onTUMUIMPYIOWMIA B
(oGyuarowniicn arent)

Ha
BAWCYBN

[lakkbie o paboTe

BA v CYBA

3anpocel nonb3osarene

Knacrep cepsepos VLDB
9 PalMOHaNkLHbI# areHT
>

PauvnoHansHeIR areuT,
ONTUMHINPYIOWHA
sanpocel k B
(oBy AcA arent)

BesonacHocTH

no onr

PeKomeHAaUHi

I
1
I
! anpocos k Bl

(06yvatowniicn arent)

TpeBoBaHMA K TOUKe 3anpochl Kputepuu  Mudhopmaums o6
® :
3anpoce: BnoKWpOBAKA® ‘Anupnuctparope

no
TouKN BXOAA

Kpurepym

paboTel ToukN BXOAA

\

! I

= | |

4 4 | e3onacHocTu 1

PaUMOHANLHEIA areHT, | x|

OCHOBaHHBIA Ha . |

mMonenu u Ha uenw | !
> | AR

| \ !

3 |

| 1

! ]

\ '

Lawnsie 0 Tpachuke

Monszosarenu VLDB
(BHewwnn cpena)

Puc. 2. Mogesns mHOrOareHTHOro (bOPMUPOBAHUS OITEPIIOH-
HOU cpenbl s cuctembl ¢ VLDB

TapmuuA 2. Tunsl pannoOHAIBHBIX ar€HTOB

Twun paruonaJbLHOrO
areHTa

Omnucanue pPanmruoOHaJIBHOTI'O areHTra

Panumonasbubrit
areHT, OCHOBAHHbIN
Ha MOJeJII U Ha IeJIu

Ob6yuaromuiics
PAIOHAJIbHBIH areHT

PA pannOro THna CiIEIUT 3a COCTOSHUEM BHEITHEH
CpeJIbl, & TaKKe 38 MHOYKECTBOM IEJIel, KOTOPBIX
OH TIBITAETCSI JIOCTUYb, U BHIOUPAET JEeHCTBHE, 1103-
BOJISIIOIIEE JIOCTUYD ITUX IEJIeid.

PA nannoro Tuma moxox Ha PA, ocHOBaHHBIN Ha
MOJIeJIN U Ha 1EJIH, HO COJEPKUT KOMIIOHEHT, 1103~

BOJISIIOINAN 00y <IaThCHA.

AC), uporpammusie cpeicrsa (nasee I1C), BeraucauTenbuyo cerb (najee
BC), KoTOpBIE IpEICTABICHBI B BU/Ee KOpTEXKa (MeIJIeHHbIE N3MEHEHHs ):

(1)
rie GHard — MHOXKECTBO IapaMeTpos, xapakrepusyonux AC; Ggopr —
MHOYXKECTBO mapameTpoB, xapakrepusyoomux [I1C; G s — MHOXKeECTBO

GConf = <GHard7 GSofta GNet>7
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areHTbl, onT

TpeGoBaHus K Touke
BXxoAa (uenb)

TRES ax

Ve
KoHdurypauums (Mogens) ) q

BHeLUHel cpeabl

paTopbi 1

Kommy p W areHT,
OCHOBaHHbIW Ha MoAenu U Ha uenu

AHaANUTUKN

PekomeHaaummn Vt; < TRespaoti €Ti © U;

Y
TOYKM BXoAa

Gcong = (Ghara) Gsoft Ghet)

YnpaBneHue KoHduUrypaumein

NaHHble o npor paTHoro

\
\

PekoHdurypauus
NAK

KOMMMeKca TO4YKM Bxoaa
U; = {uil,uiz, ...,uim|ui’. € Ui} 6 —¢ G
soft = Gsoft \ Gsoftyana

— — Mpor HbIA TOUKM BXxoaa

Puc. 3. Mogens B3anmoneiicteust KPA ¢ okpy»karonmm MUpoM

apamerpos, xapakrepusymomux BC.

Ilens, KoTropyo momken jgocruratb KPA: ynpasienune mporpam-
HO-aIapaTHbIM KoMmiuiekcoM (srasee ITAK) Toukn BXosa Takoe, 4ro0bl
IIPOXOK/JIEHIE KazKJIOT0 U3 II0JIb30BATEILCKIX 3alIPOCOB HE IIPEBBIIIATIO0
Bpemenu Igrgs,, .., KOTOpoe omnpenessier PA, onruMusupyommuit 3ampo-
col K BJI. Ilenp KPA moxker OBITH IpeicTaB/ieHa B BUJE CJIEILYIOIETO
BBIPAYKEHUSI:

(2) Vti < TRES t; € Ti C Ui,

max

T.€. BC€ BPEMEHHBIC NHTEPBAJIBI T; JJId 3alIPOCOB U3 MHOXKECTBA BCEX 3a-
1pocoB T, OTIPABJIAEMBIX W IIPUHAMAEMBIX [0JIb30BATEISIMHU, HE JOJIZKHBI
npesblmarb Trgs,, ... 1Ipu 9TOM BpeMeHHasl 3aJIepXKKa OIIpeJesIsieTCst
KayKJIbIM U3 KOMIIOHEHTOB U3 MHOXKecTBa Uy, OIUCHIBAIOIINX TPADUK.
CuleyeT y4ecThb, 4TO 4acTh yrpasisonmx sozjaeicrsuii KPA moxer
OCYIIECTBJISITh CAMOCTOSITEILHO, HAIIPUMED, U3MEHEHNEe KOHMUTYPaInOH-
HbIX (DailIoB, yCTAHOBKA OOHOBJICHWIT U T.JI.; & 9aCTh BO3IEHCTBUI MOXKET
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P P P
> IO C— E3
NAK rm‘m mopa  Gue. JLMMMMC'YM'IYQDM W AHANHTHRK PA 3anpocos k B KoMMWauremmli« PA
Mpougce BononHseTcs
I ! 1: [laHbie MoReNH BHELIHGH Cporsl L e
| J samycre MAK it mpi
| 0 wopepriaLY
O | B s Y
loop | 1.1: Banycx npuema
[Luen paBoTsl PA] DAHHLIX OT
L non.acasre noi

" BecKoHedHoe" noBTopeHie
e

1.1.2.1: OKHRANKE LENeBbX
3 TpeboBarun k e
Touke BxoRa
4: Avars Tpadua w TpeGoaas

T—1

|
L

i

i

i

1.1.1: CBop !
e 2: Mogroroaka |
i ueneasx 1
1.1.2: flawie o Tpachure AN |

i

i

|

i

i

i

i

|

i

i

i

i

alt Ec/i PA MOKET CMOCTOATENEHS
5: BoageicTave va [CrocoBHosTL PA BoaReiCTa0RaTS Ha MIAK] BOIAECTEQBATE Ha KOHAU YDA
vovgpurypaLyo MAK NAK, 70 npoveca sanonHReTe Tonbka
canum P,

T~ B npoTu oM Ciyuae nepegatoTca
TObIO peXOMENAaLIN ANH CHETEIBIX
amHicTpaTopoR

6: Peronennaum 1o pexcldypuposanao MAK A paTeR
62 favuic ama
peronchurypaLyu 6.1: NoaroToska
s pexaHprIypauK MAK
6.2.1: Bunomene
poKOHGITYPALMH |
R .

Puc. 4. Mogens norokos B HoTanun UML gua KPA

OCYIIECTBIIATHCS Yepe3 KOMIOHEHT « CUCTEeMHbBIE 8 IMIHICTPATOPH U AHA-
JIMTUKW» IIyTE€M OTIPABKU MM PEKOMEHIALMIl 10 KOH(MUI'YPUPOBAHUIO
ITAK Touku BXOZA.

Ha puc. 4 npexcrasieHa MOIEIb IOTOKOB MEXKIY KOMIIOHEHTAMU
MOJICJIN.

2.2. PauymoHanbHbii areHT uHgopmaymnoHHoi besonacHocTu

PA undopmanpmonnoii 6esomnacuoctn (nanee B) nocrpoen Ha 6ase
KOHIIENIINY areHTa, OCHOBAHHOIO Ha Mo/iesin obydJaromnierocs arenta. Mo-
nenns Banmojeiicrus PA B ¢ okpyzkaionmM MUPOM TIPEJICTABIEHA HA

puc. 5.

Ocnosnoii 3amadeit PA B gapisiercsa ciiexkenue 3a IOBEIEHAEM KazK-
JIOTO U3 MOJIh30BaTe eil, paboTaonmx depe3 JTaHHyI0 TOYKY BXOJa, Ha
YPOBHe 1oBejeHus npu (gopmMupoBanus 3anpocos k VLDB, nanpumep,
BpeMsi KOIJIa II0JIb30BaTesb OObIYHO B3ammoJielicrByeT ¢ BJI, ckoJibko
BPEMEHHU 3aHUMAET OJIUH CEAHC B3aMMO/IEHCTBUSA, JJINHA [TOMCKOBBIX 3a-
IIPOCOB, COJIEPKAHME IIOMCKOBBIX 3aIIPOCOB, OCOOEHHOCTH 3AIIUCH KOMAH/T
noucka,/ 06aBieHus / peJaK TUPOBAHUS 3a1uceii, npejMeTHas obiacTsb (1a-
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Biy = (b1, by, ., bj) HaBop 0BbiuHbIX NOBeAEHUYECKUX GAKTOPOB
i-ro nonb3osarens
Habop TeKyLux noBeaeHIECKUX GaKTOPOB i-

Bigew = Pipeqs D2gear -+ Pjgeas)
Real Real’ Real JReal o nonb3oBaTens

6esonacHocTn v 9
7 areHT

6e3onacHoCTy (0By4alOWMICS areHT)

6esonacHocTn

AamuHucTpaTopsb!
MHGPOPMaUMOHHOW

WUndopmaums o6 ‘Bin' BiRtnl' p(Bio' Biuent)
MHUMAaeHTax

3anpock! BrokuposaHue

A 4
] TOYKM BXOAA '

Puc. 5. Mogens Banmogeiicteust PA VB ¢ okpyzKamomumM MAPOM

see TIpO), KoTopas uHTEpecyeT moJb3oBaTels u Ap. Ilpu OTKIOHEHUN B
TEKYIIEM CEaHCe OT OHOI0 U3 MaPAMETPOB, ITO SBJISETCS OCHOBAHUEM JIJISI
JOTIOJIHUTEIBHON NAeHTNMUKAIINY [T0JIb30BATENSI U, IIPU IIOJ03PEHUN
Ha aTaKy, OJIOKHPOBaHNE YYETHOH 3aIMCH C OTIPABKOIl COOTBETCTBYIOIIE-
ro ysegomienus agmunucrparopam B (nanee AUB), koTopbie MOryT
BHECTHU KOppEeKTuBbI B pabory PA UB.

DopmasibHo pyHKImelr PA VB sBiisiercst BbIYUCIEHNE BEPOSITHOCTH,
€ KOTOPOI MOXKeT HACTYIIUTh TO WJIM WHOEe coObITHe, cBa3anHoe ¢ B, kak
ITOKA3aHO B CJIEIYIOIIEM BBIPAXKEHUU:

(3) >\Bi07BiReal 'p(BiovBiReal)’

I7e P — BEPOATHOCTH PEATH3AINKA yTPO3BI «IIOJMEHA ITOJIH30BATEIS»
B, = (bi,, b2, ...,bj,) — HaAOOP OOBIMHBIX MOBEIEHUECKHX (DAKTOPOB
i-ro nousb3oBaTenss; Biy, ., = (01,00 025005 > Djnea) —HAOOD TEKYIIHX

[IOBEJIEHIECKUX (DAKTOPOB i-I'0 I0JIb30BaTE/IsI.

Uurepsan p, npu koropom PA VB Boctpununmaer tekyinee 3HadeHue,
KaK [MOKa3aTesib yrpossl, onpeaensercs ABJI.

Ha puc. 6 npejicraBiieEa MOAETb MOTOKOB MEYKJY KOMITOHEHTAMU
MOJIEJIH.
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Puc. 6. Mogens norokos B HOTarmun UML gia PA B

2.3. PaymoHanbHbIi areHT, onTuMmu3snpyowmin 3anpocel k B/,

PA, onrumusupyromuii 3anpocst Kk BJL (nanee PA 3B/1) mocrpoen Ha
0a3e KOHIIENIINY areHTa, OCHOBAHHOI'O HA MOJIEJIM ODYYaloIerocsi areHTa.
Mogens B3anmogeiicteust PA 3B ¢ 0Kpy»KalomuM MUPOM TIPEJICTABJICHA
Ha puc. 7.

OcnosHoit 3agadeit PA 3B/ siBjistercst onTuMu3aIiys 3ampocoB, MOCTY-
Maromux oT moab3oBareneir K VLDB: Kak HemocpeacTBEHHO HAINCAHHBIX
moJib3oBaTesieM, Tak u copmupoBarubix [1C, KOTOpbIE HUCHOIB3YET MTOJIb-
3oBaresib. [Ipenonaraercss, YT0 B COOTBETCTBHE KaXKJIOMY II0JIb30BATEIIIO
Oyzer comocraiieH «mepcoHabHbIiy PA 3B/1 1151 yckopenusi 06paboTKu
3aIIPOCOB.

Ecmu B B majioro u cpepHero pasmepa KpUTHYIHOCTH K 3P DEKTUB-
HOCTH 3aIIpoca He UMeeT CTOJIb DOJIBINOro 3Hadenus, To Aust VLDB sTo
CTaHOBUTCS TPOOJIEMOi, T.K. Hea(DDEKTUBHBIN 3aIIpOC MOXKET IIPUBECTH,
KaK OTMeYeHo B [5], k:

e YBEJIMYEHHUIO CTOMMOCTH KOMMYHUKAIWN — HeI(PHEKTUBHBIN 3a1Ipoc
MO2KET NPUBECTU K OPOMHOMY MACCHBY JIAHHBIX, OTIIPABJIACMBIX B
OTBET;

e YBEJIMYEHUIO CTOMMOCTH JIOCTyIla K BTOPUYHONH IMaMATA — Ha ITY
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KnacTep cepsepoB VLDB

ONTUMUINPOBaHHbIE
3anpock! nonb3osarenei

Kputepuu ana > Q

ONTUManbLHOro 3anpoca

W areHT,

P T K TOuKe_
3anpockl k B[] (o6y4atowuncs areHT)

BxoAa »

aHanuTUKK
areHT

PekomeHgauum
no onTUMU3aLuM
3anpocos k B[]

CHCTeMHbIE aAMUHUCTPATOPLI U

Kommy

3anpocb!
nonb3osarenen

MporpamMMHo-annapaTHbIi KOMNNEKC TOYKN BXoAa '

Puc. 7. Mogens Bzanmoueiicteust PA 3B]1 ¢ okpy»Kaiomum MUPOM

CTOMMOCTD BJIUSET JJIMHA BHIOMPAEMBIX JAHHBIX ([JIABHBIM 00PA30M,
pasMep IPOMEXKYTOUHBIX Pe3YJIbTATOB), KJIACTePU3alls JAHHBIX Ha
du3nIecKnX CTPAHUIAX, pa3Mep JTOCTYITHOTO Oy(epHOro MpoCcTpaH-
CTBa M CKOPOCTBH MCIIOJIb3YEMBIX yCTPONCTB;

e YBEJIMYEHUIO CTOMMOCTHU XPaHEHUsl — T.e. BO3pACTaeT MOTPEOHOCTD B
YCTPORCTBAX MAMSITH JJisi XPAHEHUsSI OCHOBHBIX U ITPOMEXKYTOIHBIX
pPe3yJIbTaToB;

e YBEJIMYEHWIO CTOMMOCTU BBIMUCJEHUH — T.e. CTOUMOCTH (BpeMs) 3a-
IPY3KHI MEHTPAIbHOrO Tporeccopa (masee I11T).
st Beraucitenuit B VLDB 311 ipobsieMbl BO3pacTaioT HaA MOPSIKH:

J11000#1 HeaHEKTUBHBIN 3aMIPOC, HATNCAHHBIN MTOJIH30BATEIEM C HU3KON
KBaJTHMUKAIIEH NN HAMEPEHHO 3JI0yMBIIILIEHHUKOM — MOYKET [IPUBECTU
K aTake THIA «OTKa3 B obcaykusannm» (DoS-araka).

T.e. mporieccsl, BbIOIHsIEMble BHYTpU PA| JIO/KHBI IPU IOCTYIIJIEHUT
ITOJTE30BATEJILCKOTO 3aIIPOCA:

(1) BBIOJHATH «OBICTPYIO» MPOBEPKY — OIEHUTH HAJIEYKHOCTD IOJIb30Ba~
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TeJisl, KAaK aBTOPa 3aIIPOCOB, KOJUYECTBO YIATHBIX UCIIOJIb30BAHMIA
JIAHHOTO 3aIIPOCA;

(2) ecom mar 1 He BBIIOJHUM — BBIIOJIHATH AHAJIN3 3aIIPOCA, UCIIOJIB3YIO
obmrero jtst Becex PA 3BJ/1 6a3y 3HaHUil yauHbIX 3aIllPOCOB;

(3) ecoim maru 1 u 2 He jJaJin Pe3ybTATOB — IIPOBECTH BHYTPEHHee
MOJIEJIUPOBAHKE UCIOJIB30BAHUSI 3aIIPOCa U, €CJIU PE3YALTAT OyJIeT
[TOJIOXKUTEILHBIM, 3allPOCUTDL MOATBepXKaenne BoiBoga PA 3BJ1 y
CHUCTEMHBIX & IMAHUCTPATOPOB U AHAJIUTUKOB, & IIOCJE TOJIyYCHUS
TIOJITBEP2KAEHUS U YCIEITHOI0 mpuMeHenus B peaJsibnoii VLDB —
BHECTH JIaHHBI 3ampoc B «mepcoHasibHbii> PA 3B/ u oburyio 6asy
snanuit st Bcex PA 3B/1;

(4) ecnu miar 3 He TPUBEN K YCIIEXY — OTIPABUTH COODIIEHNe 00 ommubdKe
[IOJIB30BATE/IIO U TIOHU3UTH €0 PEUTHHT, KAK aBTOPa 3aIPOCOB.

Kpome Toro, PA 3B/ 1o/12KeH OIeHNBATH BPEMEHHBIE MAKCUMAJIHHBII
HHTEPBAJIBI BPEMEHN, KOTOPBIE 3aTPAINBAIOTCS 3AIIPOCAMHE U PE3Y/IbTATAMI
3alPOCOB B NEJIAX OIEHKHU IHUPUHBI KOMMYHHUKAIIMOHHOIO KaHAJA JJIs
KaxkJI0it m3 ToUek jocTyna. [lo pesyabraraM HampaB/IsTh TpeOOBAHUS K
TOYKAM JIOCTYTIA.

Ha puc. 8 npejcraBiena yupoIeHHas MOJIeIb HEKOTOPhIX TOTOKOB
MEXKJTy KOMITOHEHTaMU MOJIEJIH.

2.4. PauymoHanbHblii aredT, ontumusnpytowmin b,

PA, onrumusupyrommit B (nanee PA OBJI) nocrpoen na 6a3e KOH-
HEIIUU areHTa, OCHOBAHHOIO Ha MOJEIH obydaromerocsa areara. Momennb
paaumoyeiicteus PA OBJI ¢ okpyzKaloIumM MEPOM IIpeJICTaB/IeHa Ha puc. 9.

OcuosHoit 3agaueit PA OB/l sBistercst onrumusarust paborsr CYBJT
B 1esioM 1 oTnenbHbix B/, ynpasiasembix eo. Ananus pa6orsr VLDB
CTPOUTCH HA OCHOBE aHAJIM3a CHCTEMHBIX YKYPHAJIOB OTIEIbHBIX KOMIIO-
unerTos, obpazytomux CYB/ mist VLDB: AC cepseproro kiacrepa, OC,
camoit CYB/I, ornenbubix BII, pacrosioxkeHHBIX B Kjacrepe u ap. Ilo
MHOTUM BoripocaM yJrydienust paborsl VLDB B nacrosimuit moment PA
OB/ moxkeT JaBaTh UCKIIIOYMUTEHHO PEKOMEH/ IAINH, KOTOPhIe HY?KHO
BBIMIOJTHSATh BPYYHYIO CHCTEMHBIMU aMUHACTPATOPAMA U aHAJIATHKAMU.

T.e. OCHOBHBIMHU MPOIIECCAMU, KOTOPBIE JIOJKeH BhIMoJHATHE PA OBJ]
SABJISATOTCH:

(1) aHAJIU3 CUCTEMHBIX XKYPHAJIOB U IPEBEHTUBHBIN ITOUCK TPOOJIEM;
(2) Mome/IMpOBaHWe BHECEHUA U3MEHCHUN B apXATEKTYDY;
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Puc. 8. Mogens norokos B HOTarmun UML gaa PA 3B/1

KnacTep cepsepoB VLDB
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/ Ynpaensiowee
BO37enCcTBUe [aHHble o paboTe
Ha BA v CYBA
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pexoHdurypaums BA)
v
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(F
b 3arpyska —
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uHdopmauum 06 apxutektype MAK) ¥ arewT, W B0

PekomeHaauum no (oByuatowmitcs areHT)

ontumusauvm 61
n CyBa
(Aana pekomeHaauwii, TpeGyrowmx
W3MEeHeHUi B annapaTHbIX CpeAcTBax)

aHanuUTUKN

Fa;zt

CucTeMHble agMUHUCTPaTOpPbI U

Puc. 9. Mogens B3anmogeiictBust PA OBJI ¢ okpy»KaromuM Mupom

(3) yBeJIOMJIEHHE CUCTEMHBIX 3 IMUHUCTPATOPOB U AHAJUTUKOB O BO3MOXK-
HBIX IPODOJIEMaxX U, eC/IM HAMIEHO pPeIleHne, O BO3MOXKHOM DEIIEeHUH;
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Puc. 10. Mogens norokos B Hotanuu UML s PA OB/

(4) TpU MOATBEPXKJICHUN A IMUHUCTPATOPAMHU YCIIEIITHOCTH MTPEJJIOKEHHO-
ro pelenusi, BHeceHue penieans B 6aly sunanuit PA OB/I.

Ha puc. 10 mpejicraBiaena ynporeHHas MOJIe/Ib OTAeTbHBIX MTOTOKOB
MEXK/1y KOMIIOHEHTaMH MOJIEJIN.

3aknoyenne

B macrosmeit pabore mokasaHo, 9TO 3HAUUTEILHYIO JaCTh IIPOOJIEM,
cBa3aHHBIX ¢ paboroit VLDB, MOXKXHO permuTh myTeM HCIOJTb30BAHMS
acconyaluii parMoHaJbHBIX areHTOB, 00yJYaeMbIX B IIpoliecce paboOThI B
oneparronHoii cpejie VLDB.

Hacko/ibKO u3BeCTHO aBTOPY, IMOJOOHBIH MMOAXO 10 CUX IIOp HE IIPH-
MeHstJicss uMenHO 7yt VLDB, HO mepBble TeopeTrmyeckue pe3yabTaTbl
TOKA3BIBAIOT 3(PPEKTUBHOCTH TAKOTO TOIXOIA.
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