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MATEMATHUYHA MOJEJIb 3AJAYI ITPOEKTYBAHHA I'IBPUIHUX CXOBMUII JTAHUX
3 BPAXYBAHHSAM CTPYKTYP J’KEPEJ JAHUX

VY cTaTTi po3riIsAaeThCS MUTaHHS (POPMYITIOBaHHS MaTeMaTHYHOI MOJIENI 3a/1adi MPOCKTYBAaHHS TOPUIHUX CXO-
Bui ganux (CCJI). [IpuBoaUThCS ONMUC iICHYIOUMX PIllIeHb Ta OMUCYETHCS MPUAATHICTD 1X 3acTocyBaHHs. [IpononHy-
€TBCS MATEMaTHYHA MOJIEIb, SIKa BKIIIOYAE OMKUC JPKEpeN JaHUX 1 CXOBHIINA JAHHX, a TAKOXK ONTUMI3al[iHHUX Mapa-

METpiB Ta PiBHSAHB.

In paper mathematical model formulation problem for hybrid data warehouse (HDW) building is discussed. An
overview of existing solutions is described and their applicability is stated. Author introduces a mathematical mod-
el which includes data sources and warehouses description. Also, this model includes optimization parameters and

equations.
BcTyn

[Tpu mpoekTyBaHHI CXOBHII JIAHUX IMOCTA€E ITH-
TaHHS KOPEKTHOI MOOYJIOBH CTPYKTYp JAHUX JUIS
e(eKTUBHOTO HOro PyHKI[IOHYBaHHS.

B pi3Hux HaykoBuX myOiikauigx Oynau 3ampo-
MTOHOBAaHI P13H1 MaTeMaTU4H1 MoJiei s hopmMaii-
3ar1ii 3a7a4i MPOEKTYBaHHs CXOBUI JaHUX. OIHAK
MOJIeNb, siKa O BpaxoByBaJla OCOOJMBOCTI 3amadi
MPOEKTYBaHHS T1OPUIHUX CXOBHII 3 BpaxyBaHHIM
CTPYKTYp JKEepesl JaHUX, 3alIpOIIOHOBaHa He OyIa.

[Ipu 1boMy, aKTyaabHUM Ta HEBUPIIIEHUM Ha
ChOTOJIH1 € TUTAHHS aBTOMATHU30BAHOTO YM HAIIB-
ABTOMAaTH30BAHOTO MPOEKTYBAaHHS T1OPUAHUX CXO-
BHIINl JaHUX y mitomy. Llsg mpoGiema BumMBae 3
MPaKTUYHOI HEOOX1HICTI aBTOMATHU30BaHOI MO0Y-
JIOBM CXOBUIII JAHUX 3 ONTUMAIbHOIO IIBUIKOAIEIO
3a BUOpPAHUM KPUTEPIEM ONTUMAIBLHOCTI CXOBHIIIA.

im0 cTarTi € 3almpornoHyBaTH MaTeMaTUYHY
MOJENb Ui 3a/adi aBTOMAaTH30BaHOTO MPOEKTY-
BaHHS T1IOPUIHUX CXOBHII JaHUX, O BpaxoByBaJa i
pPO3MIIlIEHHS JaHUX y CXOBUI, 1 ONTUMI3aliiHi
(daktopu (Marepiayi3oBaHi IOJAHHS, 1HJEKCH,
CXE€MHU PO30UTTS), YACTOTY BUKOHAHHSI 3aIlUTIB 10
CXOBHIIA Ta CTPYKTYPH JIKEPET TaHUX.

[MuTaHHSMU 3aCTOCYBaHHS TE€HETUYHHUX aJro-
PUTMIB 10 TOOYOBU CXOBUIII JaHUX 3aliManucs Ta
omntumizamii cxoBuin ganux Wen-Yang Lin,l-
Chung Kuo [1], Chuan Zhang, Xin Yao, Jian Yang
[2,5], Ladjel Bellatreche,Kamel Boukhalfa [3], J.-
T. Horng, Y.-J. Chang, B.-J. Liu [4], Goran
Velinov, Danilo Gligoroski, Margita Kon Popovs-
ka [6], Michael Lawrence [7], bakynina M.A. [8]

VY nparii [9] po3riasHYyTO OCHOBHI MPUHIIUIIH T10-
OynoBu Ta (DYHKIIOHYBAaHHS CXOBMI] JaHHUX. Y
crartax [10] i [11] po3risinaroThesi MUTAHHS TIPOe-
KTYBaHHS T1OpHIHUX CXOBUII JaHUX.

Buknag ocHOBHOro maTepiany

YV nmmcepranii bakyminoi M.A. [8] po3rmsia-
JAIOTBCS METOJM Ta aJTOPUTMHU aBTOMATH3AIlil
MPOEKTYBaHHS CTPYKTYP CXOBWII JAHUX JJIs aHa-
JITUYHOT 0OPOOKH YHCIOBUX MOKA3HUKIB. Y po0o-
T1 CTaBIATHCS LIl MPUCKOPEHHS MPOIECY MPOCK-
TYBaHHS CXOBHWIIA JJAHUX Ta ITIIBUIIECHHS IBHIKO-
CTI aHATITHYHOT 0OPOOKU TAHWUX CXOBHUIIA JAHHX.

PosrasgatoTees HacTymH1 3a1a4i :

1) Po3poOka exuHOT MaTeMaTHIHOT MOJIei Oa-
31 JaHUX 1 CXOBHIIA TAHUX

2) Po3poOka maremaTwuHOi Mozenai Oarato-
MIPHOTO CXOBWIIA TAHUX

3) Po3poOka maremaTHYHOI MOJENI Oreparii
HaJ1 6araTOMIpHUM CXOBHIIEM JTAHUX

4) Po3pobka MaTeMaTHYHOI MOJICITI CTPYKTYpH
JaHUX B CXOBHILI JaHUX, IO BIAIIOBIJa€ BUMOram
OLAP-cucrem 1o mBuakoaii

5) Po3poOka anropurmiB, IO aBTOMATH3YKTh
nporiec MOOYJAOBU CXOBHII JaHWX Ha OCHOBI 3a-
NPOTIOHOBAHUX MOJIEIIeH

6) Pospobka amroputmie OLAP Ha ocHOBI
3aMpONOHOBAHOI CTPYKTYPH

7) Po3poOka mporpaMHOi CHCTEMH, IO 3/iiC-
HIOE aBTOMATH3AIlil0 MPOEKTYBaHHS CXOBUIIA Ja-
HUX 1 ONEPaTUBHUMA aHAI3 PENIAIIHOTO CXOBHIIA
JTAHUX HA OCHOBI 3aIPONIOHOBAHUX aJTOPUTMIB.
Jlns po3B’s3aHHS BUIIIEHABEACHUX 3a]a4 3aCTOCO-
BYIOTBCSI METOAM TEH30pHO1 anredpu, KpaTHOMAac-
MITa0HOTO aHali3y, BEeHBJIET-IEPETBOPEHb 1 CUTHa-
TYPOHOTO TOIIYKY.

MaTtemaTnyHa mogenb

MaremaTiuHa MOJENb CXOBMIA 0a3yeTbCs Ha
TEH30pHINA MOJIei.
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BigHomenns Gpopmaii3ytoThCsi HACTYITHUM IIpa-
BUJIOM:
1) BigHOIICHHO

R(A,A,,... A,,B,B,,..B.C,C,,..,C.) R(AcA:
MIPUCBOETHCS TOBUIbHA BEJIMKA JIITEpa, HAPHKIIA]
R;

2) n xmodoBuM atpubyram A, A,,..., A, mpuc-
BOETHCS N PI3HUX JTOBUIBHUX MHJCKCIB, HAIPHUMEP

a,a,,...,a,;

3) arpubyram B,B,,..,B, u C,,C,,..,C,
npucBoerbesi (K+M) pi3HHX iHACGKCIB, MO Bij-
MIHHMX BT  IHAGKCOB 1.2,  HalpUKIaL]

b,,b,,...b.,C,,Cy,....,Cr 5

4) a,,a,,..,a, OyayTb BIiIIIOBIIaTH KOBapiaHT-
HUM (HIDKHIM) 1HIEKCaM TEH30pY, 1110 BU3HAYAIOTh
BXiZHMH TOTIK manux, b,b,,..,b,,c,C,,...,C, Oy-
IyTh BIANOBIZaTH KOHTpaBaplaHTHUM (BEPXHIM)
1H/eKCaM TEH30py, 1110 BU3HAUYaIOTh BUXIIHUHN TO-
TiK AaHUX (AUB. pucyHok 1); TeH3op Oylae MaTu

R bb,..b.cc,..cp

BUTTSIT Maa) o

;

Puc. L. I'paghiune npeocmasnennn mensopy

3anuTH 0 CXOBHINA JAHUX (HOPMAII3YIOTHCS
HACTYITHUM ITPABUIIOM.

[ToTok 3amuTiB JO CYTHOCTI CyTHOCTI 0a3u na-
HUX TIO3HAYAETHCS €, A€ Mia «™» PO3yMIEThCS 1H-
neke (IHAeKcH), M0 MO3HAYarTh BXIIHI JaHl 3a-
nuTy. B 3arajpHOMY BHITaKy € MOXKHO OIHCATH
MaTpHIICIO, B KA OJMHUYHI €JIEMEHTH PO3MIIICH]
Ha TMO3HMIIIAX, 10 JOPIBHIOIOTh 3HAYCHHIO «).
TeH30pHa MOJIEITh 3aITUTY OTIUCYETHCS BUPA3OM:

jl k k
e’ *P; =e (1)
sKa Ma€ HaCTYIHE MaTPUYHE BIIOOPaKEHHS:
00 . 0 [ky ko . K,
0 0 h 0 k21 k22 . an
teul. 3| T s DU )
00 . O [ky ko - Ky
bb,..b.cc,..cp
Sxmo IBa TEH30pH aa,..a; Ta
dydy..dg 3 . '
byb,..b, MICTATH OJIHOMMEHHI IHJEKCH

bb,..b.cc,..cp

b1,bz,...,bk, mpudomy y Temsopy Raa a

ingekcu by,by, ..., bk — KOHTpaBapiaHTHI, a y TeH30-

d,d,...d
pa U bj)zz...bkq
U(B4,B2,...,.Bx; D1,Ds,...,Dq) 3HaX01MTBCS B 3B’S3KY OZIMH

JI0 OJHOTO 3 BimHOWICHHSM R(4,,A2..Ay BiBy...By

KOBapiaHTHi, TO BIIHOIICHHS

C,.G..Gy) Tta iugekcu bi,by,....bx B TeH30pI
bb,..bCCy...Cn . . .
aa,..a, [I03HAYAIOTh 30BHIIIHI KIIOYi.

VY Mojeni TakoX BH3HA4YEHI HACTYIHI oreparii
HaJl 6araTOMIpHUM CXOBHIIEM JIAHHX:

1) s3pis:
Sa (Zel:dx) = Z:mdx , 3)
e am — €JIEMECHT JesKo1 MHOKHWHHA
a={a1,82,83....,dy, . an}.
2) obepraHHS:
Sa (Z;dx) = Z:mdx, 4)
ROt(Z:dx) = Zci;xa = Z:ad = Zrlfdx 5)

3) arperaris:

DU (Z;(dx) = ZEDX

, 6)
bi (& A={a1,a2,a3,...,an}, D:{dl,dz,dgy...,dm},
n m t

X={X1,X2,Xs,.... ¥m}p, K= DD Ko,

a=1 d=1 x=1
4) neramizariis:

DD(ZAKDX )= ZAK|5><1 7)

ne A={a;,az,as....,an}, D={d1,d2,ds....,dn}, Xs=const,

Ki= Z Z kadxl

a=1d=1

[ls cTaTTss MpPONOHYE HEMOTaHy MAaTeMaTU4HY
MOJIETIb CXOBHILA JJAHUX Ta JITOPUTM HOTO MPOEK-
TYBaHHs, OJTHAK HE PO3TJIsLAa€ MPOEKTYBaHHS CXO-
BHUIIA JAHUX 32 MIEBHUM KPUTEPIEM, 110 HE JI03BO-
Jsi€ TOBOPUTH PO ONTHUMAJBHICTH CXOBHINA Ja-
HUX.

Crarrs [1] onucye reHeTHYHO-XaaAi0HUI anro-
put™M Ui Bubopy kyda manux OLAP. 3amauero €
BUOpatu KyOu nmanux 3 N Bumipamu 3 2N MOXKIH-
BUX. XpoMocoma ckiajieHa 3 1 ams BUOpaHUX Ky-
618, 0 — 1111 He BUOpaHuX. 3a (QYHKIIIO TPUAATHO-
CTi B3s1Ta (DyHKILi BapTOCTI, SIKa JOPIBHIOE

> EM)+g, YUEM) o
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ne f — Kyba 1,

c JaCToTa 3BCPHCHHA 10

E(c,.M) — BapricTs ouiHku Ky0a i mpu moToYHil
marepianizanii M, ¢, — 4acTora BCTaBKU B 0a30Be
BigHomenHs, U (C,M) — BapTicTh 00CIyroByBaHHS
KyOa 1 mpu moTouHiii marepiamizamii M. Cenexiis
BUOHMPAETHCS NUIIXOM T€Hepalii BUMaIKOBOTO YH-
crna Bix 0 1o 1 1 BuOOpyY OLTBII MPUAATHOI XPOMO-
comu, fKIIO 1e yucio nepesuirye 0,75. Cxpeury-
BaHHS BiOYBa€ThCS 3 IMOBIPHICTIO (TOYKOIO CXpe-
mryBanss) 0,7. Myraist BifOyBaeTbcs 3 IMOBipHic-
TI0 pm. KpiM reHeTHYHOTO anropuTMy, BUKOPHC-
TOBY€ETBCS JKaJHUI aITOPUTM Ul THX PIlIeHb, K1
He € ponyctuMuMH. OOpoOKa HENOMYCTUMHX pi-
IIeHb BIAOYBA€ThCS Tak: SAKIIO Mapa OaTbKoO-
Halla/I0K MaloTh TUX CaMHUX IPEJKIB 1 BOHU Mare-
piayi3oBaHi, ToAl Tpeba po3 MarepiajizyBaTH BY-
30JI-HAIIA/I0K, TepepaxyBaTu 3arajibHy BapTICTh 1
3aMIHUTH CTape PIillIEeHHS HOBHUM.

Jlane pimeHHs MoO)ke OyTHM BUKOPHCTAHO $K
eneMeHT MAP nns Bubopy kyb6iB y Oarato-
BUMIpHIi 0a31 JaHUX, OJTHAK BOHO HE BUPILIYE MHU-
TaHHs TOOYI0BH IIHOTO CXOBHIIIA.

B crarti [2] BuUpiniyeThcs TUTaHHS BHOOPY
MPEeACTABJICHB IS MaTepiaiizallii HUIsIXoM «o0’e -
HaHHS» IJIaHIB BUKOHAHHS 3allUTy. XpoMocoMma
CKJIaJieHa Tak: | — SIKIO NpeACTaBIEHHS Marepia-
nizyetnbest, 0 — skmo Hi. OyHKIIS TPUAATHOCTI 10-
pisaroe C_ —C(X), me ¢(x) — dyHkiis BapToCTi,
a C, — MakcuMajbHe 3Ha4YeHHs C(X) B MOIyIs-

1ii a00 B ocTaHHIX K TOKOJIHHAX. BHKOpHCTOBY-
€TBCS OJTHO TOYKOBE CXPEUIYyBaHHS 3 BHIIaJJKOBO
BUOpPAHOK TOYKOK CXpenlyBaHHS Binm 1 g0 N, ne
N — JOBXHHA XpOoMOCcOMHU. MyTallis BiiOyBaeTbCs
3a IOTIOMOTOI0 iHBEpTyBaHHs Oita Bix 1 10 N, mo
BHUIIAJIKOBO BHOUPAETHCS B XPOMOCOMI.

JlaHe pileHHsT MOXXe OyTH BUKOPUCTAHO ISt
BUOOpY MaTepiai3oBaHHUX MPECTABIICHb.

VY crarti [3] po3rasgaroThes npodiema BUOOpY
CXEMH pO30UTTS CXOBWIIA JaHHX, BUKO pHC-
TOBYETBCSI TOPU3OHTAIIbHE po30uTTs. KoxkeH aTpu-
OyT parmenranii OyTu IpeICTTaBICHUNH MAaCUBOM
3 n eJIeMEHTaMHu, JIe N BiANOBigae YUCIy HOro mij-
JIOMEHIB. 3HAYeHHSI ITUX €NIEMEHTIB 3HXOAThCS MK
1 i n. SIkmo nBa eneMeHTH MaroTh Ti K 3HAYEHHS,
TO BOHM OynyTh 00'eqHaHi Uit GOpMyBaHHSA OJ-
Horo. Ile koxyBaHHSA MOe OyTH BUKOPUCTAHE IS
NpeJCTaBIeHHS (pParMeHTIB TaOMUIb BUMIpPIB 1
tabmuii dakrtiB. s cenexuii BUKOPUCTOBYETHCS
METOJ1 Kojieca PYJIeTKH (BiH BULISIE CEKTOP KoJie-
ca, II0 BIAMOBiNA€ i-i XpOMOCOMI 1 CTBOPIOE Ha-
[aJiKa, SIKIIO 3T€HEPOBAaHE YHUCIIO 3HAXOIUTHCS B
okoni 0 3YMUHSAETHCSA yCEepPEeAWHI MPU3HAYEHOTO

CeKTopa psAaka). BUKOpUCTOBYETbCS IBOTOUYKOBHIA
MEXaHI3M CXpEIlyBaHHsS. 3HAYCHHS MPHUAATHOCTI
BU3HAYAETHCS 32 JIOTIOMOTOI0 MPHU3HAYCHHS OalliB
0 JIBOX MOKA3HUKAaX : MOPIT 1 BUKOHAHHS 3aIHTIB.
[opir Bu3HAYae, YN TMEPEBUILYE KiIbKICTH OTPH-
MaHHX (pparMeHTiB H0piBHIOE T 5 BiICOTKIB MOpPO-
ry, To OyAayTh Ipu3Ha4eHi 55 OaiiB, iHAaKIIEe MEH-
nre OamiB. BukoHaHHS 3amuTiB BU3HYAE, UM TIEepe-
BUIIYE BapTICTh 3aIUTYy BCTAaHOBJICHE 3HAUCHHS,
10 OOYHCITIOETHCS 32 JONOMOTO00 (DYHKITIi BapTOC-
Ti, SKIIO 1€ TaK, TO MPU3HAYAETHCS MEHIIE 3 OalliB
3a 3anuT. OYHKIIE€I0 BAPTOCTI €

M Sel ! x||F|x L

Cost(Q):Z?:lvalid(Q,Si)H( o ), (9)

re M;,F,L i PS mosHa4atoTh BIIMOBIAHO Kijb-

KICTh MpEeIUKaTiB BUOIPKH, 110 BU3HAYAIOTh (par-

MeHT (akTy migcxemu Tumy «3ipka» SelP, kinb-

KICTh KOpPTEXIB, MPUCYTHIX B Tabnumi ¢akris F,
po3mip y Oaiftax kopTexy Tabmuii F Ta posmip
CTOpiHKH (haioBoi cuctemu (y 6aitax).

Myrartist BinOyBaeTbes 3 HopMoro 6-30%.

Jlane pimieHHS MO)Xe OYTHM BHKOPHUCTAHO SIK
enemeHT MAP g Bubopy cxemu po30uBKU 06a3u
JMaHUX (K pensiiiHoi, Tak 1 0araToOBUMIpHOI) , ajie
TUM CaMHM BHPIIIYETHCS JIUIIE MUTAHHS ONTUMI-
3arii CXOBHIIA JaHUX.

VY crarTi [4] po3rasagaeTbesl 3aCTOCYBAaHHS Te-
HETUYHOTO aJTOpPUTMYy J0 BHOOpPY Marepiajizo-
BaHUX NPEJCTABICHb. XPOMOCOMa CKJIAJA€ThC 3
JIBOX YaCTUH — BUOPAHUX IJIaHIB BUKOHAHHS JJIs
KOXHOTO 3 3aluTIB, Ta BUOpPAHUX MPEICTABIICHb
st maTepianizarii. Cenexiiis Bi1OyBaeTbes 3a J10-
oMOTO0 BHOOpPY ymcia Bix 1 10 \/ﬁ , TIOTIM 1I€E
YUCJIO TIAHOCHUTBCS 1O KBajapaTy 1 BHOMPAETHCS
IHAMBIA 3 OTPUMAHHUM MOPSIKOBUM HOMEPOM, 3
YIOPSIKOBAaHUX 1HAMUBIIIB MO BAPTOCTI Y MOPSAIAKY
il 30UIbIICHHs.. BUKOPHUCTOBYETHCS OJTHO TOYKOBE
CXpeIllyBaHHs LUISIXOM CXpellyBaHHs 000X YaCTHH
XpOMOCOMHU: psJKa IJIaHIB BUKOHAHHS 3alMTIB Ta
psAIKa TpEnCcTaBlIeHb IS Marepiamizallii, KoXHa
CXpellyeTbcss OKpeMo. Myrallisi  BinOyBaeThCs
[UIIXOM I1HBEPTYBAaHHS OITiB B PAOKY MpeICTaB-
JIeHb, a TaKOK 3MIHIOE YUClia B PAAKY IUIAHIB BU-
KOHaHHS, MATPUMYIOUH JIOYCTUMICTb PillICHHS.

JlaHe pillIeHHs TaKOX MOXe OyTH BUKOPHCTAHO
JUIs BUOOPY MaTepiani3oBaHUX MPEJICTABIECHb .

VY crarti [5] Takox pO3MISIAEThCS MpodiIema
BUOOpPY MaTepiaii3oBaHUX MpecTaBleHb. B akocTi
XpOMOCOMH B3ATO HOMEpU IUIaHIB BUKOHAHHS 3a-
nuTiB, 00’eaHaHl B OiHapHUU pagok. DyHKIisA
npugataocti popisaoe C., —C(X), ne ¢(X)— dy-

HKIisA BapTocTi, a C,, — MakcuMajbHE 3HaYCHHST
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c(x) B momynsIii a00 B OCTaHHIX K MOKOJIHHSIX.
BuUKOpHCTOBYETBCS OJTHO TOYKOBE CXPEIIYBaHHS.
Myrartiss BiZOyBa€eThCs MIISXOM BUMAJAKOBOTO BH-
0opy IIaHy BUKOHAHHS 3alUTY, 3 YCIX JOCTYIHHX
Uit BUOpaHoro ajst mytanii 3anuty. Buxopucro-
BYETBCS TYPHIPHA CEJEKIisA, A€ MOPIBHIOIOTHCS 1H-
TMBIIH, 1 KpaIlUid 3 HUX MPOXOJUTH O HACTYITHOT
nomyssiii. Po3mip TypHipy Bin 4 10 7 iHAWBIIB.

Jlane pimeHHs € OUThII paHHIM BapiaHTOM pi-
meHHs [2] 1 TakoX MOKe OyTH BHKOPHUCTAHO JJISt
BHOOPY MaTepiaTi30BaHUX MPEJICTABICHD.

Crarta [6] ommcye BuOip iHAEKciB, marepia-
T30BaHMUX TIPEJICTABICHB ISl MTOKPALICHHS Pells-
niHux 6a3 manux. g crarts onucye BuOip 1HACK-
CiB, Marepiaji30BaHUX NPEJCTaBJICHb AJs IMOKpa-
LIEHHS pensuiiHuX 0a3 naHux. BukopuctoByerbes
TeHETUYHO-XKaIHUI anroputM. Xpomocoma ¢Hop-
MY€ETbCS CIIAYI0YMM 4YHHOM. OO €KT (MPOCTOPOBi
BIJTHOILIEHHS, arperatHi NpeJACTaBJICHHS Ta IHACK-
CH) MpPEACTaBISETbCS MacuBOM OITiB, TOOTO MO
YacTUHAX, SKi OyayTh 00’€lHaHI B XpPOMOCOMY.
[TpocTopoBi mpeacTaBIeHHS MPEACTABISIOTHCS (K
0COOJIMBHI THUI TIPEJCTABJICHD AJISl MaTepiaizaiii)
3 iX pi3HuMU BapiaHTamu . KuibkiTch 01TiB, HEOO-
XITHUX JUTSE IPECTABICHHS KOYKHOTO TIPOCTOPOBO-
ro BIJHONICHHS 3 BCiMa MOTO BapiaHTaMHU JIOPiB-
Hioe k +1 , 7e K — KIIBKICTh €JIE€MEHTIB T0JAaTKO-
Boro Habopy atpuOyTiB. Tomy, mepmiuii 6iT BUKO-
PUCTOBYETHCSI [UIsl MPEICTaBIEHHS MPOCTOPOBOIO
BIIHOIIEHHS a IHIII N OIT I MpeaCcTaBICHHSI0-
JTaTKOBHX aTpuOyTiB. Bci mpoCcTOpOBi BiTHOIICHHS
MarTh OyTH Marepiajai3oBaHI,TOMY KOXHE 3 HHX
npenacTaBiserbes 1. ATpuOyT B 01aTKOBOMY Ha-
Oopi , IpHU J0JIaBaHHI JI0 HOTO MPOCTOPOBOTO BiJI-
HOIIICHHS MpecTaBiseThes 1,inakme 0. Arperosa-
Hi MPEACTABIICHHS MPEICTABISAIOTHCS CXOXKUM Y-
HOM, TOOTO Uil KOXHOTO MpEACTaBICHHS, OIMH
01T BUKO PHUCTOBYETbCS [UIsl MOTO IMpeICTaBICHHS
(1 — sxmo Bubpane, 0 — He BuOpaHe Ui Marepia-
mizanii) 1 k 6i1TiB BUKOPUCTOBYIOTBCS ISl IPEICTa-
BIIEHHSI HOTO JI0JIaTKOBUX aTpUOYTIiB , TOOTO Bapi-
aHTIB Tpea-cTaBlieHb. ATpUOYTH TOJAaTKOBOTO Ha-
00Opy arperoBaHux MPEACTABISAIOTECA Y CXOKUN
crocid 3 arpubyTamMu JOJAaTKOBUX HAOOpIB mpoc-
TOPOBUX BiJHOMIEHB. {151 KOXKHOTO arperoBaHOro
MIpeJICTaBJICHHs aTpUOYTH MIpU MPEACTABISAELCS N
Oitamu. ATpuOyT MipH, SIKIIO BiH J0OJA€THCS 10
BIJIMOBIIHOTO TPEACTABICHHS, MPEICTaBISAETbCS
1, iHakmie 0./1y19 KO>)KHOTO MpeAcTaBleHHS Ma€ Oy-
TH JOJaHUI MO SKHAMEeHIle OJUH aTpulyT MIpH.
[Ticnst mpeacTaBneHHsT KOKHOTO TOJaHHS BinOyBa-
€ThCSI TMPEACTABIECHHS iX MOXIUBUX iHIEKCiB. Ko-

KHUHM 1HIEKC TPEACTaBISEThCS OJHUMHU OITOM
T00TO 1 — sIKIIO iHIEKC BuOpanwii, 0 — He BUOpa-
HUi. KiTbKIiCTh 1 MOPSIOK 1HIIEKCIB BUZHAYAIOTHCA
HOTIEPETHBO.

[inpoBa GyHKIIIS 3a02€THCS HACTYITHUM YHHOM.
Hexait SCM € cranom cxemu kyOy nmanux SC 3
Habopom AVM AV C mnpencraBiieHb-KaHIUAATIB
Ha Marepiamizaiiro, /¢ KOKHHUH 3 HUX MpPEICTaB-
JsieThes fioro BapianToM i Habopom SIM SI C iH-
nekciB-kanauaaTiB. Hexail Takox BCi MPOCTOPOBI
BiTHOIIICHHSI TMPEACTABISIOTECS iX BiINOBIIHUMU
BapianTamu. Toxi mpobiema omruMizaiii, oOme-
KEHa BHUTpaTaMH Ha OOCIyrOBYBaHHS € HACTYII-
Hoto: BuOpaTtu cran SCM cxemu kyOy manux SC,
sKa MIHIMI3y€

7(SC,SCM, SQ) = > FQ-P(Q,SCM)
QesQ : (10)

npu oomexenHi U (SC, SCM ) < S, ne SQ — Ha-
01p monepeaHbO BHU3HAYEHUX 3amuTiB, Q F — yac-
toTa 3anuriB, P(Q,SCM ) mo3Hauae MiHIMaJIbHY
BapTicTh 00poOku 3anmuty Q B crani SCM cxemu
SC . Hexait U(SC, SCM ) — 3arajibHa BapTIiCTh 00-
CIIyTOBYBaHHS , BU3HAYCHA SIK:
U(SC,SCM)= > GR-m(R,SCM) +

ReRsc
+ Y. GV-m(V,SCM)+ > GI-m(I,SCM)

VeAVy lely

(11)

1me GR, GV and GI — gacToTa OHOBJICHHS BiIIIOBI-
JTHO BITHOIIICHB, IIPEICTABJICHD Ta iHACKCIB. Hexal
m(R, SCM ), m(V, SCM ) ta m(l, SCM ) — wmini-
MajbHa BapTICTh OOCIYTOBYBaHHS BiJHOIICHb,
MIPEICTABIJICHD 1 IHJEKCIB BIAMOBIHO B IPUCYTHOC-
Ti ctany SCM. P(Q, SCM ) — uinpoBa (QyHKIIIsA
npobemu.

PosrisHyTi TeopeTuuHi pillieHHS J03BOJIAIOTH
ONTUMI3yBaTH CXOBHUIIIE JAHUX 3a JOTIOMOTO iH-
JIEKCIB, MaTepiali30BaHUX IMPEACTaBICHb Ta (par-
MeHTarnii. OnTuMizanicro € 3HaxoHKEHHS OITHMa-
JBHUX pIMIEHb MO 33JaHUX LUIbOBUX (DYHKIISX,
KEepPYIOUUCh 3aJaHUMH (YHKIISIMH TMPUAATHOCTI.
OpaHak 11 METOOM HE BUKO PUCTOBYIOTHCS B KOM-
TUIEKCi, 2 METOJU HE BPAXOBYIOTh MOETHAHHS pe-
ns1iiiHOT Ta 6araToBUMIpHOT 0a3u AaHUX, a TAKOXK
CTPYKTYpH JKEpEN TaHUX.

ToMmy HEOOXiTHO 3ampOTOHYBATH TaKy Mare-
MaTH4YHY MOJEJb, IKka O BpaxoByBasla 1 po3MilleH-
HS JaHUX Y CXOBHIII, 1 ONTUMIi3aliiiHI ¢akTopu
(MarepianizoBaHi MOJaHHS, IHAEKCHU, CXEMH PO3-
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OWUTTS), 4YaCTOTy BUKOHAHHS 3allUTIB O CXOBHILA
Ta CTPYKTYPH JDKEpeI JaHuX.

Jnst hopMysroBaHHS MaTeMaTHYHOI MOJei 3a-
Ja4yi MPOEKTYBaHHA TiOpUIHUX CXOBUIN JaHUX 3
BpPaxyBaHHSAM CTPYKTYPH JDKEpEN CXOBHII JaHUX
noTpiOHO 3poOUTH (GOopPMaTHLHUN OMHUC JHKEpeN Ja-
HUX, CXOBHWIIA [AHHUX, SKE OTPUMYEMO B pe3y-
JBTAaTI MPOEKTYBAHHS, a TaKOX ONTUMI3aI[ITHUX
napaMeTpiB Ta PiIBHSIHb ONTHMI3aIlii.

:xepena nanmx. Jxepena qaHUX MOXYTb Oy-
TH CTPYKTYpOBaHMMH aitamu (pO3IUICHUMU YU
XML) Tta 6azamm manux aox tumiB: OLAP i
OLTP.

VY BuUNajgky po3AUIEHUX CTPYKTYpOBaHUX (aii-
JIIB METaJlaH1 He 3a7al0Thcs. Y Takux (Qailiax Mo-
e OyTH 3aJlaHa JIMIIe Ha3BH IOJIB JAaHUX, IIO0
BXOJATh y ¢ainn. Tunu nanux He 3agar0Thcs. Pop-
MaJi3ytoThesi BOHU Tak: S ={S,} — MHOXuHa aT-

pUOYTIB JaHUX Yy pO3NOUIeHOMY (ailii.

VY Bunaaky ctpykrypoBaHux Qaitnie XML mo-
XKyThb OyTH 3a/aHi MeTafaHi. Y SIKOCT1 MeTaJaHuX
MOXYy OyTH 3a/laHi 1 MeTa/laHi: Ha3Ba IOJIs, TUII Ta
1HII1 HEeoOX1H1 XapaKTepuCcTUKH. PopMai3yloTh-
Csl BOHM AaHAJOTIYHO JO PO3MNOJUICHUX (ailniB
X ={x,} — mHOXMHa aTpuOyTiB maHux y aiimi
XML.

VY Bumanky pensmiiHuX 0a3 NaHuX CTPYKTypa
MAaHUX 3a0a€ThCs BIOHONIEHHSIMH. BigHOIIEHHS
no3HavarThed K R=(r,r,,...,I;), Ae R — BigHo-

LIEHHA, a I; — aTpuOyTH BigHOUIEHHA. SIKIIO 1Ba

BiZTHOILICHHS R=(r, e 1 Mg 1) Ta

R=(N,Nys My poen I, ) MAIOTH CHUIBHI aTpuOy-

™ 1,1, TO B OJIHOMY 3 BiJTHOIIICHb 1IeH Ha-

- r|+p >
O0ip aTpuOyTiB MpuUiiMaEe yHIKaJIbHI 3HAY€HHS, a B
THIIIOMY — € 30BHIIIHIM KJITIOUYEM.

VY Bumnaaky OaraTOBUMIpHMX 0a3 JTaHHX CTPYK-
Typa JaHUX 3a/a€ThCi  HAOOpOM  BUMIpIB
D={d1,d>,...,dq} Ta Mip (MOXyTb hopMymIOBaTHCS
TakokK AK Bumip) M={my,m,,....my}.

liopuane cxoBumie maHux. BimmosimHo 10
[11] ribpuaHe cXOBHILE JaHUX Ma€ HACTYIHI Xapa-
KTepHi ocoOnuBocTi. OCHOBHUMH pHCaMU TiOpH II-
HOTO CXOBHINA JAHUX € HASBHICTh CBOEI OKpPEeMOi
CUCTeMH KEpYBaHHS Ta aBTOMAaTHU30BaHE MPOEKTY-
BaHHS CXOBHIIA ITiJT TOMYJIALI{ 3aUTIB.

VY3aranbHeHe TiOpUAHE CXOBUIIE JAaHUX Tepe-
0auae HaCTyIHE:

1) TiOpuane cXOBHIIE AaHUX MA€ CBOIO CHUC-
TEMy KEpyBaHHA TiOpHIHUM CXOBHIIEM JaHUX
(CKI'CIl), mo 3a IOMOMOTOI0 SIKOi 3TIMCHIOETHCS

poboTa 3 cXOBHIEM (BUKOHAHHS 3alUTIB JI0 CXO-
BHIIA).

2) B riOpuaHOMY CXOBHII HPUCYTHS pEJIsi-
uirina b/I.

3) B ribpuaHOMy CXOBHIII MPHUCYTHSI Oarato-
BuMipHa b/l, sika MOke MICTUTH SIK aTOMapHi, TaxK i
y3arajbHEeH1 J1aHi

4) TloenHylThbCS  TIAXOAM  MPOCKTYBAaHHSI
«3BEpXy BHH3» 1 «3HHU3Y Bropy». Pemsmiiina i
OararoBuMmipHa 0a3W JAaHUX MPOEKTYIOTHCS B
KOMIUIEKCI, Juis 3a0e3MedyeHHs] ONTUMAIBHOTO
(GYHKIIIOHYBaHHS CXOBHIIA JAHUX Y LILJIOMY.

VY wmaremaTuyHI Mozenl TiOpHUIHE CXOBUIIE
JTAHWX TIPENICTABISETHCS HACTYITHUM YHMHOM. BoHO
MICTHUTS :

B :{bi} =
=SUXURUDUM’
TOOTO aTpuOYTH JPKEpell MOBUHHI OyTH MPUCYTHI B
CXOBHIIII IaHUX, IO TIPOEKTYETHCS.

2) Tabnuii maHuX, IO CKJIAAAIOTHCA 3 aTpH-
oOyriB manux: T ={t; |t ={bj}})

3) OO6nacti cXoBwWIA, MO MICTATH
TTAHUX:

A={a}la ={t;} el w3 et; b et )}

1) AtpuOytu InaHUX:

TadIHIIl

OnTumisauinHi napameTpu
Ta pPiBHAHHA onTUMiI3auii

3 orusiy Ha HEOOXIAHICTH ONTHUMI3AIll T10pHI-
HOTO CXOBHIIA JaHHUX 5 MPOTIOHYID BHUKOPHUCTATH
JIBa MEXaHI3MH IOKpaIIeHHs POOOTH CXOBHIIA —
3aCTOCYBaHHS IHJEKCIB 1 MaTepialli3oBaHUX IPE-
CTaBJIEHD.

Innexcom Oynemo BBaxkaTu 00’€KT 0a3u JaHUX,
SIKM# JTO3BOJISIE OTPUMYBATH JIaHi 3 TaOJIHIlb IIBHU-
JIIIC 32 IOTIOMOTOI0 30€PE)KEHHS CIIOBHUKIB JIAHUX,
K1 OyIYIOTHCS 32 OJJHUM UM JICK1LIbKOMa CTOBIIIIS-
MU TaONuIll, HAa SKI BU3HAYAETHCS IHICKC. Y pe-
nsauiiiaux B/l mons iHAexcy MOITbHO BU3HAYATH
3a JIONOMOTOI0 T€HETUYHOTO aJIrOPUMY : Yy XpPOMO-
COMY BKJIIOYAIOThCS TEHHU, SKi BiZOOpa)KaroTh
BKJIFOUEHHS 11014 B 1HAEKC Ta0muni. B 0aratoBuMi-
pHUX 0a3zax JaHuX MOOyI0Ba iHIAEKCIB HaifuacTimie
IHKarCy/IbOBaHa, a TOMY CTBOPEHHS 1HAEKCIB € a0o
HEMOXJIMBUM, a00 3aiiBUM, Tak SK MPH HASBHOCTI
JIBOX HaOOpIB 1HJEKCIB MPOAYKTHBHICTH 0a3u Ja-
HUX MOXke OyTu 3HMkeHa. OJHaK NPUHILIUIT 1HIEK-
CYBaHHS B alTOPUTMI MOXE TOLIUPIOBATHUCS 1 Ha
OaratoBuUMipHY 0a3zy JaHUX. [HOEKCYIOThCS Ti MO-
78, Ipu iHAekcyBaHH1 skux LD Ha il Tabnui €
MIHIMaJILHOIO.

MarepianizoBaHUM MpPEJCTAaBICHHAM OynemMo
BBaXKaTH 30epexeHy okpemy Bing 0a3 naHuX Tab-
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N0 a00 TaOdHIl HAaHUX, AKUM BKIIOYAE B cede
JesIK1 TIOJISl X Ta0JUIb, BUOIP SKUX 3/IHCHIOETH-
Csl TEHETHYHUM aJTOPUTMOM. Y XPOMOCOMY BKJIFO-
Yal0ThCS TEHM, AKi BiJ 00pakaroTh BKIIOUEHHS TO-
7 B MarepianizoBaHe MpeacTaBlieHHs. Januii min-
X1 TIOBHICTIO 3aCTOCOBHHUU IS peisIiiHux 0a3
JAHWX, OJTHAK HE 3aCTOCOBHHM JUIsl OaraToBHMIip-
HUX, OCKUIBKH PO3PUBAHHSI MOJIB TAONHII, IO Bi-
IMoBiae 3pi3y KyOa, MOXKE€ TPHUBECTH 10 TOPY-
IICHHS MUTICHOCTI TaHUX. Marepiali3yrThCsl Tilb-
KM Ti IIOJIsA, IPY BKJIFOYCHHI SKHX y MarepiaiizoBa-
He npencrasinenns LD nva mild Tabmuni € MiHiMa-
JILHOIO.

Jia hopmanizanii onTUMIZaIiiHUX apaMeTpiB
Ta pIBHSHb ONTUMI3AIl 3BEPHEMOCS JIO BHK-
najeHux y po6ori [10] pesynbratiB. Y miid poOoTi
Amumuaom AJO. Oyrno 3anponoHOBaHO aITOPUTM
MPOEKTYBaHHSI TIOpUIHUX cXoBUIl AaHuX. Onu-
IIIeMO MaTeMaTHYHY MOJIEITb, 3alTPOITIOHOBAHY B ITii
CTaTTL

BiamoBinHO 10 MOCTaHOBKM 3ajadi KpUTEPIEM
ONTHUMAIBHOCTI CXOBUIIA € KUTBKICTh JOCTYITIB JI0
JTaHUX, TOOTO omepallii YUTaHHS JaHUX, K1 HEO0O-
X1IHO TIPOBECTH JJII BHKOHAHHS 3alUTy JO CXO-
BuIa gaHuX. OCKUIBKU CIIPOEKTYBAaTH 0a3y JaHUX
I BC1 3aIIUTH OJHAKOBO €()EKTHBHO HEMOJKJIUBO,
JOTIUTBHO MPOEKTYBATH ii MM KOHKPETHI MOMYJISAIIIT
3anuTiB. Tomy minboBa QyHKIIS 3amadi Oyne pos-
paxoBYyBaTHCS TiA TEPIIUN 3aMuT MOMYJAIii ga-
HUX.

[limpoBa QyHKITIS 387291 MAE BUTIISI:

n n-1
2= A+D.T,
j
= = (11)
1e N — KUTbKICTh TaOnuup 3anuty, A, — KUIbKICTh
JIOCTYIIB 10 i-1 TaOmuIli pemsmiiHoi 0a3u maHuX

abo 3pi3y OararoBUMIpHOI, T; — 4ac BHKOHAHHs

omeparii 3’ €HaHHS HaJ TaOIMIAMK 11=] Ta I,=]+1

Ane B NpaKkTHUHIA MiSIBHOCTI, BPaxXxoOBYIOUU
0COOJIMBOCTI BUKOPHUCTaHHS PI3HUX 0a3 JgaHUX, 1
T€, IO TOW CaMHI 3aITUT MOYKE BUKOHYBATHUCS I10-
pPI3HOMY B 3QJIEKHOCTI BiJi BAKOHAHOI onTUMI3alii
0a3 JTaHMX, a TAaKOXK HEMOJXKJIUBICTh OTPUMAaHHS 1H-
dbopmallii mpo KUTbKICTh JOCTYIIB 3 Aapa 0a3u aa-
HUX, BBaXKato, 0 Aany L{® nouiapHO 3aMiHUTH Ha

n n-1
=2 2T, (12)

7€ N — KUIbKICTh TabauIb 3anuTy, t; —yac qoctymy
1o 1-1 Tabnuii pensiiiHoi 0a3u maHux abo 3pizy
OararoBuMipHOi, T;— 4Yac BHUKOHAHHA oOmepaii

3’€IHaHHS HaJ TaOIUIIMH 11=] Ta I,=]+1

Kpim Toro, Tpeba 3ayBaxutn wo t; ta T; € dy-

HKI[ISIMH BiJl pO3MILIIEHHS TaOIHIb TaHUX:
t,=f(L,L,,...,L,
(L Lo Ly) .

ne L,— o3Haka po3MimenHs Tabmuni ganux (0 — B
pemsuiitaiii B/] , 1 — B 6aratosumipniii B/1).
Tomy LI® Mae Takuil OCTAaTOYHUM BUTIISL:

n n-1
Z:Zti(Ll’L2""’Ln)+ZT1(L1’L2""'Ln) (14)
i=1 = |

7e N — KUIbKICTh TaOnuIe 3anuty, L, — o3Haka po-

3mileHHs Tabnuui qanux (0 — B pensuiiiniit b1 , 1
— B OaratoBumipHiii b/1).

Bpaxyroun 3MiHHI, 3amuIIeMO HACTYIMHUU BU-
pas:

=24 (LA MD 2T, (15)

Jie N — KUTBKICTh TaOJUIIb 3aMuTy,a — 00J1IacTh, 10
mictute tabmumo i, {I .} Ta {M_} — o3Haku inge-

KCYBaHHs Ta MaTepiamizarii momis C tadmuni i. L,

— O3HaKa po3MimieHHs obmacreit cxosuma. L, =1,

SKIIO BCl TaOmuIll 00JIacTi JaHWUX @ PO3MINICH]I B
6aratoBumipHiit BJl, Ta 0, skuo Bci TabmuIl po3-
MileHi B pensiiitaiin b/I.

[anexcyBaHHs MOJIB TaOIUI MPEICTABISETHCS
smigEuMH | . |, =1, gkmo iHgexkc MICTUTH moje
¢, B IPOTHIISKHOMY BHIaKy — 0.

Martepiai3oBaHIiCTh TIOJIB TaOIHI TPEICTAB-

aserbes  3MimHMMH M. M, =1, saxmo mone

Marepilai3yeTbcs, B MPOTUIIexKHOMY BUTanky — 0.

Ha OJ/IP y po6ori [10] HaknamaroThcs Taki 06-
MEKEHHS:

1) 3abopoHsETbCA PO3MIIIEHHS TaOIHUIb, IO
MICTATH 30BHIIIHI KJIIOYi Ta HEYHCJIOBI OJIs, B Oa-
raToMipuHHX 0a3ax JaHUX, OCKUIbKH Taki TaOIHIll
(bakTiB HE TIATPUMYIOTHCS.

2) 3abOpOHSAETHCS CTBOPEHHS iHACKCIB B Oara-
TOBUMIpHIH 0a3l JaHWX, [0 BUIUIMBAE 3 MPUPOIU
OaraToBUMIpHUX 0a3 TaHMX, OCKUIBKH IIs OTepallis
HalfyacTinie iHKarcyap0BaHa B JABUTYH1 0a3u Ja-
HUX 1 BAKOHYETHCSI aBTOMATHYHO.

3) 3a00OpOHSETHCSA  BKJIIOYCHHS  30BHIIIHIX
KJTIOYIB B TIOJISI, 110 BXOJAATH IO MaTepiani30BaHUX
MPEJICTaBIeHb TaOMUIb, SAKi MICTAThCS B Oararo-
BUMIpHIiil 6a31 JaHUX, OCKUIBKH 1€ pOOUTH HEMOXK-
JUBUM KOpPEKTHE BUKOHAHHS 3allUTIB 10 Oararo-
BUMIPHOI 3 0a3u JaHHX.

4) OpnHak Take pilleHHS HE J03BOJISIE Bpa-
XYyBaTH Taki mapaMeTpH, sIK YaCTOTH BUKOPUCTAHHS
BITHOIIIEHb Y CXOBHII, a TaKOX JDKEpen JTaHUX.



60 MartemaTtuuHa MOJICITb 3a,uaqi MNPOCKTYBAHHSA I‘i6pI/II[HI/IX CXOBHUIII JaHUX 3 BpAXYBAHHSM. ..

Tomy HEOOXiTHO BUKOPHUCTOBYBATH HACTYIIHY MO-
IeNb:

. L 1 1
2= (L AHMD+ 2T+ (-2

- it » R (1)
2= UL AT - ST+ (- TL, n

Je N — KUTBKICTh TaOJIMIb 3aMuTy,a — 00JI1acTh, 110

mictuth Tabmumio i, {I .} ta {M_} — o3naku inge-

KCYBaHHsS Ta MaTepiamizamii moJiB Crabmuiii |,

F, =Y f, — vacrora mocryny no obnacri a. F,—
ica

BCTaHOBJICHE MIOPOrOBE 3HAUEHHS YaCTOTH JOCTYITY

10 JaHuX obOnacTi @, T, — cepeiHlil yac BUKOHAHHS

3aHI/ITiB, Ta — IMOPOTOBC 3HAUCHHA YaCy BUKOHAHHSA

3aMuTy y 10 JaHUX oOmacTti a .

[Toxa3HWK YacTOTH 3aMa€ThCS TOMY, IO TIPH
BHCOKI 4acTOTI JOCTYIY JI0 JaHUX JOILUIBHO PO3-
MIIYBaTH y peNsIiiHiA 6a31 gaHux. st mporo
JI0JTATKOBO 33JIA€ThCS MMOPOTOBE 3HAYCHHS YaCTOTH

2 » JIKC BINTMBA€ HACTYITHUM YHHOM !

e JSIkmo cymapHa 4acTtoTa JOCTYIIB 10 00-
JacTi @ OUIbIlle MOPOTOBOTO 3HAYEHHS, ILIHOBA

(GYHKIIIS 30UTBITYETHCS HA PI3HUITIO (é - Fi) L.,y

Bunaaky L,=1 nmane 3HaueHHs cTae «ripmum» 3

TOYKHM 30py ONTUMI3aIlil, TaK SIK ICHYIOTh PIllICHHS,
Ha SKUX I[UThOBAa (PYHKIIiS MpuUiiMae MEHIE 3Ha-
YCHHSI.

e Sfkmio cymapHa yactoTta JOCTYHIB 70 00-
JacTi @ MEHIIE TOPOrOBOrO 3HAYCHHS, IUIHOBA

. : 1 1
(YHKIIIS 3SMEHIIYETHCS HA PI3HUIIIO (F _E) L.,y

a a

BUITAJIKY La =1 JaH€ 3HAYCHHs CTa€ «Kpaie» 3 TO-

YKU 30py ONTHUMI3allii, HbK 0e3 BpaxyBaHHS (ak-
TOpPY YaCTOTH.

3amumieMo octarouHe (HopMyITIOBaHHS 3anadi
MPOCKTYBaHHS T1IOpUIHUX CXOBUIII JAHUX.

3amaHi MHOXKMHU aTpUOYTiB pO3ALICHUX (ailiiB
S, ¢aitmis XML X, BimHOWIEHHS y pensIiiHIN
0a3i manux R, Bumipu OGararoBuMipHOi 0a3u na-
Hux D Ta mipu M .. CpoexTyBatu ribpuaHe cxo-
BUIIIE JaHMX, BU3HAYMBIIM OOJIACTI CXOBHINA Ja-
HUX A, Tabmumi T Ta arpubyrn B Tta 3amaBmm
MIOPOTOB1 3HAYEHHS YaCTOT JIOCTYITY JI0 JaHWUX 00-

nactei F, .3HaliTh Taki 3HAYEHHS O3HAK PO3Mi-
meHHs obnacreil L, , ingexcyBanns |, Tta marepi-
amizanii M, Ha AKX 3HA4YEHHS LITHOBOI (QYHKIIIT

(17) Oynme MiHIMaIBLHUM CEpell BCIX MOKIIMBHX Ha-
OOpIB 3HAYEHB ITUX 3MIHHUX.

BucHoBKu

VY naniii ctarti OyJ0 MpOaHAII30BaHO ICHYIOUI
po0OOTH, IO CTOCYIOTHCS MaTEMaTHYHHUX MOJCIICH
MIPOCKTYBaHHS CXOBHIII JJAHUX . PO3TIIAHYTI Teope-
TUYHI PILIEHHS! MPOMOHYIOTh MOJIENI MPOEKTyBaH-
HS CXOBHIA JaHUX, ONTUMI3aIii 3a JOIIOMOTOIO
IHJIEKCIB,MaTEPiaIi30BAHUX TPEICTaBICHb Ta (pa-
rmeHTanii. OHaK 111 METO/IM He BUKOPHUCTOBYIOTh-
Csl B KOMILIEKC], a METOAU HE BPaxOBYIOTh MOE]-
HaHHS peJAIiitHOT Ta 6araTOBUMIpPHOT 0a3u TaHUX.

ToMy 3amponoHOBaHO MaTeMaTHYHY MOJIENb,
[0 BPaxoBY€E CTPYKTYPY JPKepen AaHUX Ta Ti0puI-
HOTO CXOBHIIA JIAaHWX, OMTHMI3aIllifH]1 TapaMeTpu
Ta PIBHSHHS.

B mnopanpmux OCHIIKEHHSAX CIiJ BUBYUTH
ocoOuBoCTI QYHKIII Yyacy BHUKOHAHHS 3allUTy B
3aJIEKHOCTI BiJ i1 mapaMmeTpiB Ta 3ampoOIOHYBaTH
METOJM PO3B’SI3aHHS 3a]1a4i IPOCKTyBaHHS TiOpHU/I-
HUX CXOBUII JAHUX 3 BPaXyBaHHAM CTPYKTYp CXO-
BUII] IaHUX.
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