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PA3JIOKEHUE OTHOIIEHHUSI B CYMMY IIPSIMbIX
MPOU3BEJEHUI

CoopmysaboBaHi [Bi TEOpEeMH O PO3OMTTI BiIHOLICHHSA Ta Tabnuumi y cyMmy mOpsiMux noOytkiB. Lle
PO3OHTTS y3arajbHIOE MOHSATTS 3aJICKHOCTI Ta HE3aJEKHOCTI CTOBMIIB TabOmuil. Pe3ympTatét MOXYyTh
OyTH KOPHUCHI IIpHU apXiByBaHHI 06a3 JaHHX.

Are formulated two theorems of decomposition of the relation and table in the sum of direct products.
This splitting generalizes concept of dependence and independence columns of the table. The results can
be useful at archiving of databases.

IMocTranoBka mpobyemsl. Vccieayercst BO3SMOXKHOCTb COKPAaTHTh 00beM Oa3bl
JAHHBIX 32 CUET UCIIOJIHb30BaHMS 3aBUCHMOCTH M HE3aBUCHMOCTH CTOJIOIOB TaOiHIl.
Ora 3agada axkTyadbHa Ui 0a3 [JaHHBIX, KOTOpPBIE IIOATOTABIMBAIOTCS VIS
JUTITEIIEHOTO XPaHEHHSI.

AHanu3 JauTepaTypbl. Hacrosimas craThsi NpoAOIDKaeT HCCIEIOBAHUS,
Havatele B [1]. [Ipu apxuBauuu 6a3 TaHHBIX MOSIBISETCS BO3MOKHOCTh YMEHBIIUTh
00bEM JIaHHBIX, HCIOJIB3Ysl (YHKIMOHAJIBHBIC CBSI3U MEXKIY CTOJOLAMHU TaOJIMILbI
WU TIOJIHOE OTCYTCTBHE KaKUX-JINOO CBs3el (He3aBUCUMOCTD).

Hopmainbhbie hopmber [2, 3] Tabnuiy 0TpaXkaroT MPEACTaBICHUS pa3padoTUnKa
0a3bl JaHHBIX O (DYHKIHOHAIBHOW 3aBUCHMOCTU CTOJIOIIOB TAOJHIBI HA MOMEHT
co3zaHus 0a3bl JaHHBIX. B 3TOT MOMEHT MOXKET OBITh yYTE€HA 3aBUCHUMOCTh, KOTOpast
UMeeT KOpPHM B TNPHYUHHO-CIEJACTBEHHBIX CBS3AX MEXIY CYLUIHOCTSIMU
MOJICIUPYEMO 001aCTH.

JlomonHUTENEHBIE BO3MOXKHOCTH BO3HUKAIOT TPU BBIBOZAE 0a3bl JAHHBIX W3
AaKTHUBHOH SKCIUTyaTallMu. B cuily pasmudYHBIX MPUYMH CTOJIOUBI TAOIHIBI MOTYT
okazatbcsi ((popManbHO) (QYHKIIMOHATHHO 3aBUCHMBIMH, JIMOO HE3aBUCHUMBIMU,
HECMOTpPS Ha TO, YTO €CTECTBEHHBIX IPWUYMH JUII AITOTO HET. B03MOXHOCTH
UCIIONIb30BaTh 3aBUCHUMOCTH Ml yMEHBIIECHHS O0beMa XpaHUMBIX JaHHBIX
HHTCHCHBHO u3ydaetcs [4 — 5], ogHAKO TOJBKO B MPOCTCHINHX CIIyYasx:
(YHKIMOHAIIBHO 3aBUCHMOCTH U TIOJIHON HE3aBUCUMOCTH.

ITonHass HE3aBHCHMOCTH CTOJIOIIOB O3HAYaeT, 4YTO TaOJaMIIA MOXET OBITh
MpeZCcTaBIeHa KaK MpAMOe IMPOM3BENEHHE IBYX 00Jiee MPOCTHIX TabiHIl, KOTOphIe U
XPaHATCS. DTO MO3BOJIIET COKPATUTH 00BhEeM 0a3bl TaHHBIX.

B [1] pa3Bur QopManbHBII METON OMNpeneieHUs HE3aBUCUMOCTH |
(yHKIMOHAIBHOW 3aBHCHUMOCTH CTOJIOIIOB TaONUIIBI HAa OCHOBE IIOKa3aTels
«B3aMMHOW HWH(MOPMATHBHOCTH CTONONOB». Kak mokaspiBaeT mpaktuka [2, 6],
YHCTBIE «3aBUCHMOCTB)» M «HE3aBUCHMOCTB) CTOJIOIIOB TAOJIHIIBI — PEIKOE SBICHUE.
Kak mpaBuo, HabromaeTcs HEUTO cpenHee — WHOTAA OMmKe K «(yHKIHOHAIBHON
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3aBHCHMOCTH», HHOTZIA — K «HE3aBHCHUMOCTHY. M3ydeHHe 3THX MPOMEXYTOUHBIX
CITy4acB, Ha HaIl B3MJIS, MOXKET JIaTh CYIIECTBEHHBIN 3 deKT npu moaroroke 6a3
JAHHBIX K XPAaHCHUIO B XpaHWITHIIAX JaHHbBIX [7 — 8].

Heas crarbu. Kak ontuManbHO MCHONB30BATh YaCTHYHYIO 3aBUCHMOCTB HIIU
HE3aBHCHMOCTD JUISl COKpalleHus o0beMa maHHBIX? K cojkajeHHIo, TOKa MOJHOTOo
OTBETa Ha 3TOT BoIpoc HeT. OHAKO MEePBBIH MAar Ha 3TOM IIyTH JOJDKEH COCTOSTH B
TOM, 4TOOBI IPEICTABUTH NPOU3BOJILHYIO TAOJNHIY B BHAC KOMOWHALWH IPSMBIX
MIPOM3BEICHUH APYTHX, MEHBITUX IO 00BbEMY, TaOJIHII.

OIHO 13 BO3MOJKHBIX PA3JIOKEHHH JAal0T TEOPEMBI HACTOSILEH CTaThH.

Pa3znokeHne OTHOILIEHHUS. HyCTL A, B — koneunsie MHOKECTBA, R —

oTHomeHue Ha A, B, To ecTh MOJAMHOXeCTBO HpsiMoro mpousseneHus A*B. B
Teopun 6a3 maHHbIX 4 U B — momensl. Kaxxnoe u3 MHOXeCTB A, B MOXET, B CBOIO
odyepenb, OBITH NPSMBIM IPOHM3BEACHHEM, HO 3TO OOCTOSTENHLCTBO HHUKAaK He
OTpakaeTcs Ha MOIyYEHHBIX 3/1€Ch pe3yJbTaTax, OITOMY MBI CUHTaeM, yTo 4 u B —
MIPOU3BOJILHBIE KOHEUHBIE MHOYKECTBA.

ycts pri={a € A | 3b(a, b)eR} u pr> = {b € B | Ja(a, b)eR} — npoekuun
oTHomeHHss R Ha mepByl0 W BTOpyI0 KoopauHatel. be3 orpaHumueHnst oOIIHOCTH
JabHEHIINX pe3ynbTaToB, OyleM CUMTaTh, YTO MPOCKIUH Pr1, Pr2 COBMANAIOT C A U
B, coorBerctBeHHO. B mpoTHBHOM ciydae M3 A W B MOXHO yOparb IUIIHHE
3JIEMEHTHI (3TO BO3MOXKHO it 0a3bl NAaHHBIX, NMPEAHA3HAYEHHON IUIS JUINTEIHHOTO
XpaHCHU).

O603naunm i a € A yepes S(a) ceueHne MHOXECTBA B 10 3JIEMEHTY a:

S(a) = {b € B | (a,b)eR}.

OroBopeHHBIE BBINIE YCIOBUS TapaHTHUPYIOT, uTo ceueHus {S(a), a € A},
00pa3yroT nokpsitTue B.

OueBHHO, uTO0 R = A*B Toraa u TOJIbKO TOrJa, Koraa ajs Bcex a € A ceueHus
S(a) cosmanarot: ecnu R — mpsimoe npou3sBejieHue, TO Jit0boe ceuenue S(a) paBHoO B,
€CJIM BCE CEUEHHsI COBIANANOT, To B = S(a).

Just xpaHenus otHouieHuss R = A*B kak npsiMOro MpOU3BEACHHS JTOCTATOUHO
XPaHUTh OTAEIBHO A U B, 9TO 3HAYUTENHEHO 3KOHOMHUT MaMSITh.

O6osnaunm S' = S u S = B\S. C nomompsio Beex cedenuit {S(a), a € A}
cOo3Ja/IMM pa30ueHre MHOXKeCTBa B, a UMEHHO, Juist Kax1oro U C 4 monoxum

Q(U) =n(S(a)°®,ac A rnec(@)=1npuac U, c(@)=0mnpua¢ U.

Jlemma. Henycteie muoxectBa u3 {Q(U), U < A}, oOpasyroT pa3bueHue
MHOXecTBa B.

HoxazatenbctBo. MHokecTBa Q(U) 06anaroT cleyromuMu CBOACTBaMH:

1) xaxmerit amementr U € U Bxomur B R Bmecte ¢ kaxmeim € Q(U).
HeiictBuTenbHO, U BXOAMT B R BMecTe ¢ kaxapiM anemeHToM S(U), a Q(U) < S(u).
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2) ecmu U £V, 10 QU) N Q(V) = . Ecu u € U, U ¢ V, T0 B iepeceueHne
Q(U) N Q(V) Bxomur S(u): N S(u)° = &.

3) B=uU Q(U) mo Bcem U < 4. Ilycts b € B. Cobepem B MHO)ecTBO U Bee
U e 4, xoropsie BXxomaT B R Bmecre ¢ b. Torma b e Q(U). MHeiictButensuo,
QU)=n(S(a)°® c(@)=1npua € U, (@ =0npu a ¢ U). [na a € U ceuenne
S(a) comepxur b. s a ¢ U ceuenne S(a) e comepxur b mo mocrpoennio U.
IMostomy S(a)° comepskur b. CrenosarensHo, BCe MHOKECTBA B HEpeCEYEHUH
comepkar b. TeM caMBIM IIOKa3aHO, YTO CYIIECTBYeT MHOXecTBo U, Takoe, 4TO
b € Q(U). Y6pas mycteie mMHOxectBa u3 Habopa {Q(U), U < A}, momydaem
pa3buenue B.

Teopema 1. MuoxkectBa {U*Q(U), U < A}, oOpasywr pa3dueHue
MHOKecTBa R:

R=uU*QU),UcA.

JoxazarenbctBo. Kaxxaprii anemenT w3 U Bxoaut B R ¢ KaKIBIM 3JIEMEHTOM U3
Q(V). OcranbHoe crieyeT U3 ONpeAeICHUI U JIEMMBI.

Pa3noxenue Tadsuubl. Eciu oTHOmIEHHE — NMOJAMHOXXECTBO, TO Tabuuna —
HOAMHOXECTBO ¢ moBropeHusiMu. Crenys [1], OyaeM paccMmaTpuBarh TaONIHIly Kak
¢byHKIMIO

t:A*B->N.

3neck u nanee N — JOMOTHEHHOE HYJIEM MHOYKECTBO HATypaIbHBIX YUCEI.

Tabmuiry MOKHO TPAKTOBATh M KaK MaTpuily T ¢ HATYpaIbHBIMH DJICMCHTAMH, Y
KOTOPOH MHOXECTBO HHICKCOB CTPOK PaBHO A, MHOXKECTBO HHICKCOB CTOJIOIIOB
paBHO B.

ITo [1] cronbust A, B Tabnuupl 7 HE3aBUCHUMBI, €CIH CYIIECTBYIOT (DYHKIMU
71(a), 72(b), Takue, uro ms Bcex (@, b) € A*B umeem z(a,b) = r1(a)*r2(b). Ha s3pike
Marpui| OyJieM FOBOPHUTH, YTO HHACKCHI MATPHIbl T’ HE3aBUCHMBI, €CITH CYLIECTBYIOT
BekTop-crojiben t = (r1(a), @ € A) u Bekrop-cTpoka S = (2(b), b € B), Takue, uro
T=1t*s.

Matpuny M : U *V -> N, U c 4, V < B, noonpenennm HymssMH Ha Tapax w3
(A*B)\ (U *V). Ee cymma ¢ matpureii T:

(T+M)(a, b) =T(a, b) + M(a, b), ectu ae Uand b eV,
(T+M)(a, b) =T(a, b),ecrma gU orb ¢ V.

Uneto pas3noxeHus: MPOMIUTIOCTPUPYEM Ha MaTpuile ¢ ogHuM ctonbiom 7. B
9TOM CIydae HaM HYXXHO TMPEJCTABUTh MATPHUIly B BHJE CYMMBI CTOJIOLIOB C
OJTMHAKOBBIMHU KO3(p(QUIIMEHTAMH, OTITHYHBIMHU OT HYJIS.

TTonoxum To=T, Ao = A4, i =0.

[IpuMeHUM CITeIyIOINI ANTOPUTM ISl PA3JI0KEHHs B CyMMY CTOJIOIIOB:
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1) ecniu B crtonbue 7o ecTh HyJEBOH 3JIEMEHT, YAAINM COOTBETCTBYIOLIMI
uHgeke u3 Ao, noiayuuMm Ai. Ecnm MHOXecTBo A; mycroe, TO 3aKOHYHUM padoTy,
WHaue yIajJiM COOTBETCTBYIOIIYIO CTPOKY U3 Tp, momyuum 71. [lepeoGo3Haunm A1 u
T1 xak Ao u To, mostokuM i = i + 1 u mepeiiaem K cleayroueMy myHKTY;

2) HalijleM MUHUMAJIBHBIN 371eMeHT B cTonoue 7o, mycth oH Oyaet b. Co3mamum
Bekrop ti = Ag*{b}. onoxum To(a) = To(a) — ti. Bepremes k m. 1.

Bekropst ty, t7, ... mpencTaBisioT co00i TpeOyeMoe pa3ioKeHHe.

ANTOpUTM 3aKaHUYMBAET CBOK PAa0OTy B KOHEYHOE YHUCIO IIAroB, TaK Kak
KaXJblif pa3 4MCII0 3JIEMEHTOB B MHOXKECTBE A9 YMEHBIIIAETCSL.

IIpumep paboTsl anropurMa (OH JenaeT qBa I1ara):

2] 3] [2] 3 [©
= [2]+[7]=[2]+ [3]+ [
2] [ [ [ [

Bepuemcs k MaTpunam. BBeieM HEKOTOPBIE AOTOIHUTEIbHbIE 0003HAYEHUS.

a) O003HaYMM + HEOTPHUIIATENILHYIO pa3HOCTh: X ~ Y = 0, ecmu x <Y, 1 x — ),
ecIm X 2 Y.

6) [ycts U 4. Jlna b € B onpenenum vucno (U, b) kax

7(U, b) =min(T(a ,b), a € U) + max(T(a, b), a ¢ U).

O60o3uaunm U*z(U, b) Bektop-cTonber ¢ kommonentamu 7(U, b) mis ctpok us

U u HyZIsIMH BO BCeX OCTaJbHBIX CcTpokax u3 A. Eciu (p, (, ..., Z) — BEKTOp-CTpOKa,
to U*(p, q, ..., Z) — MaTpuIa, y KOTOPO# cTpoKH, HHAeKcHupoBaHubie U, paBusl (P, (,
..., 2), a ocranbhble pasusl (0, 0, ..., 0).

Teopema 2. T= X(U*(z(U, b), b € B), U c A).

Jlokazamenvcmeo. YTBEpKIECHHUE TOCTATOYHO JIOKA3aTh ISl KAXKIOrO CTOJOIA
B OT/ICIBHOCTH.

PaccmoTpuMm cHauana ciydaii, korga B cronbie b Bce anementst mMatpuisl T
pasmuunbl. [lepenymepyem osnemeHThl 4 1o Bo3pactanuio T1(a, b), Tak dro
T(al, b)<T(a2, b)< <T(am, b) O603"aunM Up=A, U1=A\{a1}, U2=A\{8.1, az}, cee sy
Umi1={am}. Ilokaxem, uro mis moboro U, ommunoro or Ui (U, b) = 0.
JetictBuTenbHo, nockoibky U He coBnamaer Hu ¢ ogauM Uj, TO AJIst HEKOTOPBIX S U
p,s<p, umeem as € U u ap ¢ U. Betbepem MUHUMaNbHOE S M MaKCUMAaJIbHOE P U3
BCEX MHJIEKCOB, YJIOBJIETBOPSIOIINX 3THM yciioBusiM. Toraa

7(U, b) = T(as, b) + T(ap, b) = 0.
st maO)ecTB U; HEMOCPEACTBEHHBIE BBIYHUCICHHS TA0T 3HAUCHHSI

©(Uo, b) = T(ay, b), ..., 7(Ui, b) = T(ai+1, b) — T(ai, b), ..., 7(Um-1, b) = T(am, b) —
— T(am.l, b)
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Ipsimoe mpoumssenenune Ui*z(Ui, b) — 310 Marpuma-ctomben, B CTpoke a
xortopoii conepskures (Ui, b), ectma eU;, u 0, ecm a ¢ Ui
Haiinem cymmy ko3¢ ¢ummeHToB aist ax 1o Bcem Ui, comeprkamum ay:

2(z(Ui, b), ak €eUi) = Z(z(Ui, b), Ui=Uy, ..., Uk1) = T(as, b) + (T(az,b) -
—T(a1, b)) + ... + (T(ak1, b) — T(ax-2, b)) + (T(ax, b) — T(ak1, b)) = T(ax, b).

Takum o00pa3om, JieBasi W IpaBas 4YacTH B YTBEPXKICHUHM COBMIAIAIOT IS
mo60ro crondua.

Ciyuaid, Korja HE BCE OJJIEMEHTHl CTOJNOLA pa3W4Hbl, CBOIUTCA K
HpeAbIAYIIEMY OTOXJECTBICHHEM CTpoK. MHoxectBa U;j yMEHBIIAIOTCS TOTAA
Ka)XKIIbIi pa3 Ha MHOXKECTBO CTPOK, MMEIOIIUX B CTOJIOLE OJTMHAKOBEIE 3HAYCHUSL.

Jpyroe pasiioxeHue TabIuIbl MOXKHO C/IeNaTh, IOMEHSB POJISIMUA MHOXKecTBa A
uB: T=2((V*r(V,a),aeA),VcBh).

OTH pa3ioXKeHHs MOTYT HMMETh pa3lMYHOS KOJMYECTBO CJAracMbIX, Kak
HIOKa3bIBaeT CIACAYIOIINH IpUMeEp:

16 |70 | 92 | _ | 16|70 |92 + 0|0 0
9092|199 | ~ [16 70|92 74 |70 | 107
16|70 92 | _ [ 0| 0] 22 N 0 | 54|54 + 16 | 16 | 16
90 /92| 199 | ~ [ 0 | O |107 012 ]2 90 | 90 | 90

BeiBoasl. IlpeanoxxeH anroputM pas3lioKCHHS TaONWIBI B CYMMY IIPSMBIX
npousBeeHNA. B ciyuae, xorma Tabnmmia pasnaraercs B HEOOJBIIOE KOJIHYECTBO
KOMIIOHCHT, Pa3JIO’KEHHE JaeT BO3MOKHOCTh COKOHOMHTH ITaMSTh, OTBOAUMYIO IO
Tabmuiy. PasnoxeHne B MpsSAMyr0 CyMMY HE SIWHCTBEHHO, MOSTOMY HY)KEH TOHCK
ONITUMAITFHOTO PA3JIOKEHUS 10 KPUTSPUIO SKOHOMHH IaMATH. DTO OyAeT 3amadeit
JaJbHEUIINX UCCIIEeIOBAHUII.
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