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M.H. Hazapos

PaccmoTpum 3agady napaireasHOro n3BaedeHns nadopMany u3 Oa-
3bI JaHHBIX 10 7' HE3ABUCHMBIM aJAPECaM IPU JOIYCKE OrPAHWUIEHHOTO
KOIMYECTBa, OOPAIIEHNY K BHEITHUM HOCUTEIAM. Ppum »TOM Oymem wmc-
MOJMB30BATHL MOJENb, B KOTOPOU 0a3a JaHHBIX MPEJCTABICHA B BUAIE Ta-
6Bl A1 6yIeBOU (PYHKIUT 1 iepeMeHHbIX. Caydan, TOIMyCKAIINT O -
HO €MHCTBEHHOE ObpaieHue, ObLI YCIeIHO paccMoTpeH B [3]. Ppu sTom
[OJ] IIPOLECCOPOM B YKA3aHHOU paboTe MOHUMAETCs OyreBa cXeMa MoCTO-
AHHOTO Pa3Mepa, KOTOPasd MOXET BBITIOIHATE 3AMPOCHL K BHENTHEN ITaMI-
TH, 3aTPavuBas OLUPEAEIEHHOE BpeMs, obo3uadenHoe extime. Ppexcra-
BJICHHBIN B [3] alrOPUTM KMCIOAB3YET MU CBOEH PabOThHI OYEHDb GOIBIIOE
KOJIMIECTBO TAKUX MPOIECCOPOB. 3M€Ch MBI UCCICAYEM, KAK MOBIAACT HA,
OLIEHKU CJIOXKHOCTH AICOPUTMA U3 [3] NOIMyCK HECKOIBKUX OOpALCHUN K
BHENIHVM HOCWUTEJIAM IPU COXPAHEHUU OCHOBHOU CTPYKTYPHI alrOPHUT-
ma. OTMernm, 9TO JalbHEnIee pa3BUTHe METOAbL U3 [3] moxy<auiu npu
pelIeHny 33091 PACIPEAEICHUA JAHHBIX 0 MOAYJIAM HMAMATH C HEAbIO
OpesoTBpaIeHus KOHGIAKTOB JOCTYIA K Kax oMy Monyio [1, 2].

Ppeamonmoxum, 9TO IpU pEIIEHUH 3aa9d HAPALIEILHONO NOCTYIIA
JIOMyCKaeTca ¢ OOpalleHn K BHEIIHUM HOCUTEIAM. SICHO, 9TO t momx-
HO OBITH CTPOr0 MEHBIIE KOIMIECTBA, 3AMPOCOB 7', TAK KAK MHAYE 33,1294,
CTAaHOBUTCA TPUBUAILHOU U HE TPpeOyeT MPUMEHEHUA KAKUX-T00 CIIeIu-
ATBHBIX AITOPUTMOB. [lenCcTBATENBHO, ecu ¢ GOoabIIE 7', TO NOCTATOTHO
OJTHOT'O TIPOIECCOPA, KOTOPHIU MOCIEJOBATEIBHO CIUTAET BCe HEOOXOIu-
MEIE 7 OUT 3a 7 00OpalleHui.
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OnpeneauM B3auMOCBA3b BEJIUSIUHBI ¢ U OIEHOK CJIOXHOCTH AJCOPUT-
MOB jgocTyma. Paccmorpum craganra onerku arropurma DP,.  [3] upm
HOBBIX yCJIOBUAX, & 3aTE€M U3MCHUM HepBOHa‘IaJIbeIEI AJr'OpUTM IJId MU-
HMU3aAIUA KOJINYICCTBaA IIPOOECCOPOB B OICHKAX CJIOXHOCTHA. PpI/I 2TOM
MBI OyeM HEmoCpeACTBEHHO UCIOIH30BATH OMUCAHWE U OIEHKHU IIPOIle-
nyp u3 [3]. Ponee mogpobHOE omucanue mepBOHAYAIBLHOIO AITOPUTMA, U
ero mporesyp MOXHO HauTu B [3] u [4].

OTMeTuM, 9TO KOIMIECTBO MPOIECCOPOB B IEPBOHAYMAIHLHOM AJCO-
purMe onpeneasasaoCh U3 yCaoBUA Ma.KCI/IMa,III)HOI;)I pacCnapaJsieJeHHO CTHI
BCEX MPOLEAYD W CYLIECTBEHHO IIPEBBLIMAET KOIMTIECTBO IPOLECCOPOB,
HEOOXOIMMBIX i1 OOPAIIeHNs K BHEIIHUM HOCATEAAM. SICHO, 9TO momyck
HECKONBbKUX OOPAIIEHUN He MOBAUAET HA, KOIXIECTBO MPOIECCOPOB, TPe-
OyIOIUXCA A BCEX HpOoIeAyp. Bpems paGoThl aqropurMa yBeIwIUTCSa
TONBKO Ha Bpemsa t— 1 obpaineHus K BHeITHEMY HOCUTea0. B tuHCcTBEHHOE
IPEMMYIIECTBO YBEINICHUA NOIIyCTUMOT'O IUCIA O6pa.IIIeHI/Iﬁ K BHEIIIHUM
HOCUTEIAM B IIECPBOHAIAJIBHOM AJT'OPUTME 3aKJII0IACTCI B YMEHbBIICHUN
HEOOXOJUMOT0 KOTMIEeCTBA, CAMUX HOCUTENeH. [[eNCTBUTENbHO, eClIu, Ha-
mpuMep, IOMyCTUTH ABa OOpaleHus Ha OLHOM Iare, TO Ha OJHOM HOCH-
Tesre MOXHO O0BeINHUTDL WHMOPMALNIO, paHee XpaHuMyo Ha nByx. Cie-
[IOBATEIBHO, B O0IIEM CIydae npu ¢ OOPAIIEHUAX KOJUICCTBO HOCUTENEH
MOXKHO YMEHBIINTH B T Pa3.

Pa.CCMOTpI/IM TENEePb BAUAHUE HOBBIX yCJIOBI/IIjI Ha OII€CHKU CJIOXHOCTHU
[IpU OTKa3e 0T MAKCUMAJIbLHOU paclapaiieJeHHOCTH airopurMma. Onpe-
IeIM MUHUMAJIBHOE KOJXIECTBO IPOIECCOPOB, HeoOxoauMoe qisa obec-
meYeHnsd OJHOTO OOPAIeHNs K BHEITHUM HOCUTEIAM IIPA COXPAHEHUN Me-
TOJOB pacIpegencHus 6a3bl JAHHBIX IO HocUTeraM u3 [2, 3|. A sarem
JOIyCcTUM t OOpALeHUN U OIEHUM CJIOXHOCTH MOJYYEHHOTO AJITOPUTMA,.

3amernm, 910 Aasa paborsr aarropurma DP,. ; Tpebyerca mpepcTa-
BuTh OyneBy dyukuuio f depes Oyaesst Gyuxmuu f4 u g : {0, l}n_4k —
{0,1}, rge k = [3logr + logn]. Jua Goabluen HarusgHOCTH pasbueHue
dyHKIUY f MOXHO TPEACTABUTE B BUE TAOAUIBL M OyIeBbIX (DYHKIUT
ot n — 4k mepeMeHHHIX.
3pecs m = 2% a p =24k % Homyck ogHOTO 06paIeHnsa 03HAYAI,
9TO A JIOOBIX T BXOMOB M3 KaXJAOI'0 CTOJOINA MOXHO OBLIO M3BJIEYD
TOJBKO OOWH OWT.

OTmernM, 9TO Ha TpeTheM mare arroput™a DP, ¢ [3] ana Bcex i =
1,2,...,r BEIUUCAAETCA



O mapajuienbHOM HOCTyIE K 6a3e JaHHBIX 335

yr | Y2 | oo | Yn—ak | far | faz |- | fam | 91 | 92 |- | 9p
0 0 |... 0 * * * * x| oo %
0 0o 1... 1 * * .. * * x | ...
1 1 1 * * * * * *
Tabanma 1.
Bo(Aj ui, 2,Y) = Zya, up) ® & Yu|=
A€l#(Azu;)
= Gi(A;ui)(Bi) @ ®  fa(Bi) | = f(Ai, B).
AEZ#(Ai,ui)

W3 nocrensent popmMyibt JErko BUAETD, YTO [IJA KaX JOU CTPOKH, CO-
oTBEeTCTBYyOUER HAOOPY Bj, TpefyeTcsa cIMTaTh TOILKO OJHO 3HATCHUE
u3 croabua Ans QYHKUMU Gj(4, ;) A DO OJHOMY 3HAYCHUIO U3 KaXKJ0-
ro croxbma gia Qyskmmi fu, rae A € 1#(A;, u;). Takum oGpasoM, u3
KaxK0i cTpoku Tabmmnsl 1 meobxogumo camrats |17 (A, u;)| +1 = 2F
suadeHu. /[ BCEX T CTPOK DTH 3HAYEHUA HE MEPECEKAIOTCA, TaK KAK
COINIACHO INIABHOMY OI'DAHUYICHUIO aJIT'OPUTMa AOIIYyCKAJOCH CIATBIBAHUEC
TOIBLKO OJHOTO 3HAMEHWA M3 KaxAoro croabma. CaegoBaTemrbHO, BCEro
HEOOXOJUMO CINTATH 12" 3HAYEHNH M WMEHHO CTOIBKO JOMKHO OBITH
IPOIECCOPOB, ITOOB 00eceInTh OMHO OOpalleHre K BHEITHUM HOCHTE-
asm. Ppudem k = [3logr +logn|. UTak, Mbl mOKa3am1u, 9T0 MUHUMAIb-
HO€ KOJIMYECTBO [MPOLECCOPOB, HEOOXOAUMOE MU COOIIO IEHNS TIIABHOI'O
OI'PAHMNYCHUA aJIIOPpUTMa OLUCHUBACTCA BeJII/I‘{I/IHOIjI

rok < 2rin.

OHAKO IPpU TAKOM KOIMYECTBE MPOIECCOPOB HEOOXOIUMO U3MEHUTh
amroput™ DP; y, TaKk Kak €ro maru, HadmHasg cO BTOPOrO, HAC yXe He

VAOBJIETBOPSIOT.
Pygem cuumrarh, 9TO Mg KaXIOU U3 T CTPOK, COOTBETCTBYIOUIUX
BXOQHBIM HaGopam Bi, Bs, ... , B,, y Hac comocrasreno 2F mporecco-

poB. PycTh mis kaxmaoum m3 yKasaHHBIX CTPOK P; mpeacraBigeT cobGon
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uabop gmmHok 2F w3 mepemennbix Py, rae A € GF(q)*. Torga moryaaem

CAENYIOUUY HOBBIN AJCOPUATM.
Anroputm MDP, ;:

1. Ppumenum anropurm A ko Bxogy (Aj, Ao, ..., Ay), TO ecTb U =
A(A).
2. [lnsa Bcex + = 1,2, ... , r TIapaJuIeJbHO BBIIIOJIHUM:

2.1. Ppumenum npouenypy, OIpeneisonyo Hadopst 15;
a) g Beex A € GF(q)* B P, sanomanM A Takue, 1TO By (A, u;, A) = 1;
6) s Beex | € SLy(U) Beramcaum Bo(A;, u;,l) u nonoxum Q; = 1
BQ(Ai,UZ',l) =1.

2.2. BuraucaunMm BEIXOAEL OyaeBHIX (HYHKIINYM 03Bl JaHHLIX, TO €CTh
a) mus Bcex A € P, seramcamm Yai = fa(Bi);
6) musa | = Q; sBeraucaum Z; = g;(B;).

3aMeTuM, 9TO DTO E€IUHCTBEHHBIN IIAr, HA KOTOPOM IPOUCXOIUT
o6pallleHne K BHEIIHUM HOCHTEIAM. Pa pToM mare camrsiBaorcs r2F
3HaMeHUN u3 6a3bl JaHHBIX, IpUYeM He 6ojee ONHOTO 3HAYEHUA U3 Ka-
XK JIOU JACTHU, XPAHUMOU HA OTAEIHLHOM HOCHTEIE.

2.3. PpumenuM npouenypy [Jd BEUUCIEHAS BCEX BBHIXOIOB AJCOPUT-
Ma;

f(Ai,Bi) =Z;® | & Yai| = 9ia;u)(Bi) ® & fa(Bi)
A€EP; AEZ#(AZ',U,Z‘)
Paccmorpum onerky Bpemenu pabOThl 9TOT0 aJIrOPUTMA IPXA JOILYC-
Ke ¢ OOpaleHnil K BHEITHUM HOCUTEJAM, ITO MO3BOIAET YMEHBIINTH KO-
JNYECTBO IIPOIECCOPOB B T pa3.

Teopema 1. Jas aw0b6bix nosorcumesdvrvis yeavix n, v u t, t < 7,
n y

r < 216 4 daa a06b1x byaesviz Gynrxyut f om n nepemennuiz epems pabo-

mot aazopumma M D P, ; npu Koauuecmse npoueccopos, 02paHu4eHHoM

o rn .
seauyunoti O (T)’ MOHCHO OYEHUIMDbL KaAK:

ptime(MDP, ;) = O(t - r'n®) + t - extime.

MokazaTeabcTBo. Paccmorpum mepsein mar anropurma MDP, ;.
Bpems ero paGoThl Ipu yKa3aHHOM KOIXYECTBE HIPOIECCOPAX HECIOXK-
HO OTeHUTH, UCTIONE3YA omenkn w3 [3] xax O(r® log(rk)).
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[aa BTOpOro mara ydreM, ITO AJId KaXmaoro ¢+ = 1,2,...,7, TO eCTb
UL KaXIOU CTPOKM, COOTBETCTBYIOIIEN Ha0opaM B; y HaC mMmeeTcs %
IPOIECCOPOB U [UIA BCEX | AITOPUTM PAbOTAET MapaIeIbHO.

Pa mare 2.1. meo6xoaumo |GF(q)*| pas semmonauts mponenypy B u
|SL4(U)| pa3 BemonsauTs npoueaypy Bo npu momorn % IpPOIECCOPOB.
Pawm usBecTHO, 9TO

bp(B1) = O(k?),
ptime(B;) = O(logk),
bp(B2) = O(k),
ptime(B;) = O(logk).

CrenoBaTenbHo, % npornenyp B MoxeT 6bITH BBIIIOJIHEHO 33, BPEMSI
ptime(B,), a |GF(q)*| mpoueayp B GyeT BEIIOIHEHO 33 BpeMs

t-k2. ‘GF(q)‘l‘
92k
Awnanoruuno, noaygaem, aro |SLy(U)| npouegyp By GygeT BBIIOJ-
HEHO 33 BPeMs

- ptime(B).

t-k-|SLy(U)|
2k

Takum 06pa3oM, BpeMs BBHITOMHEHU mara 2.1. oneHuBaeTCsa KaK

- ptime(By).

k2. 4 )
O(log k) - (““ lGrar] t-k~|ssz4<U)|> < Ologh) (t-k;cz‘ik N t.,zcl.g:k) _
= O(logh) - t - k2 - (k + 1) = O(t - k*2%* log k).

Pa mare 2.2. npoucxoauT t o6paleHny K 6a3e TaHHBIX. Bpemsa ogHO-
ro o0pallleHus OLEHUBALTCA KaK extime, mosToMy BpeMs BBINOIHEHUS
STOr0 mara OleHuM Kak t - extime.

Paccmorpum Temeps 3akmoanTebHbA mar aaropurma M DP,. ¢, Ha
KOTOPOM IIPU IIOMOIIHA % MapaIeJbHBIX IPOIECCOPOB TpebyeTcs CJIo-
xurh 2F 3padenms OyJIeBBIX ITepeMeHHBIX. PocTpouB cxemy u3 QpyHKIIHIO-
HaJbHBIX BJIEMEHTOB, JErKO BAAETh, UTO BPEMsA BBIIOJHEHUA STOCO IIara

MOXHO OIICHUTBHb KaK
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O(t +1og2¥) = O(k + 1)

OKOHYATEIBHO MOAYYIaeM, YTO BpeMs pabOThl BCEr0 aJrOpUTMa, IIPU

OI'PAHUICHHOM KOJXYIE€CTBE IIPOIECCOPOB OIIPpEAEHACTCA KaK

ptime(MDP, ;) = O(r° log(rk))+O(t-k*2% log k) + O (k+t) +t-extime.

YuursiBas, uro k = [3logr + logn]|, noxyuaem

ptime(MDP, ;) = O(t - r'n®) + t - extime.

Y10 u Tpe6oBaIOCh TOKA3ATh.
OdeBugHO, 9TO pasmep 6a3bl JAHHBIX HE W3MEHUTCS [IPU YBEIUICHUN

IOy CTUMOT'O KOJUIECTBA OOpalleHu K 6a3e NAHHBIX, €CIU HEe U3MEHATH
CTPYKTYPY XpaHeHusA AaHHBIX. OTMETUM TOJIBKO, 9TO AOMYCK ¢ obpaiie-

HUU K HOCUTEIAM WHQPOPMAIUMU MOXEeT 00eCIeduTh CHUXEHUWE B t pas

HEOOXOAMMOI'0 KOJIUIECTBA HOCUTENECH.
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