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Hekoropble Ba’kHble KOMIIOHEHTBHI CHCTeM yrpaBieHus 0Oazamu maHHbIX (CYB]I)
TpeOyIOT TOYHON OIEHKHU CEJIEKTUBHOCTU KOHKPETHOTO 3ampoca. Hampumep, onTHMU3aTOPHI
3aIPOCOB MCHOJIB3YIOT 3TO /I OIeHKH TOYHOCTH KOHKPETHOTO 3aIpoca MpHU OIleHKe 3aTpaT
Pa3JIMYHBIX BAPDUAHTOB €T0 BHIMOJTHEHUs U BhIOOpa HamuboJsiee yladHOro BapuaHTa. IIpu aTom
MHO?KECTBO pacCMaTPUBAEMBIX IPEAUKATOB MPEACTABJIAIOT 3allpOCAaMHU BBIOOPA, B YaCTHOCTH
MpeIuKaTOB JUalla3oHa BHAA a< X <b, rae X — HeOTpUIATeJbHBIH aTrpubyT o0JacTu
oTHOomeHUN R, a a m b — KoHcTaHTBI. MHOKECTBO PaBHBIX IPEIUKATOB — ITOAMHOKECTBO
MIPeINKaTOB JHUalla30Ha, COOTBETCTBYIOIMX a=»b. MHOXECTBO OJHOCTOPOHHUX IPEIUKATOB
Jiara3oHa — 0coOBIH CTydal MPeINKaTOB AUala30Ha, B KOTOPOM a=—o WJIH b =o0.

Il onTMMHM3anuM 3ammpocoB TpeOyeMble JaHHBbIE IMPEACTABJISAIOT B BHAE JaHHBIX
Pa3JIMYHBIX THUCTOTPAaMM [1], IO KOTOPBIM [ieJlaeTCs OIleHKa CEeJEeKTUBHOCTH 3aIlpPOCOB.
Maremaruyeckasi MOJIETb ITIOCTAHOBKHY 33/1aUX COCTOUT B CJIEYIOIIIEM.

O6macte onpenenenus D ={0,1,2,...,N —1} atpubyra X ecTb MHO>KECTBO BCEX 3HAUEHUU

X. MuoxectBo 3HaueHWd V < D BIouaer N ompeaeneHHbIX 3HAYeHWH X, (aKTUIECKH
npescTaBleHHbIX B oTHomeHuu R. Ilyers v, <V, <...v,— n 3HaueHuil V. Pazbpoc s, oT V,
ompepesnserca, Kak S =V, -V, (MbBl IpuHHMaeM S,=V,, a S,=1). Yacrora f, or v,

npejcTaBifeT cobOi YHCIO 3ammcel, B KOTOPHIX X IPHHEMaeT 3HadeHue V,. COBOKyIHAS
o i
acToTa ¢ or V,— 4ueio sanuceii teR ¢ tR<v,, Te. ¢ = f . [IpescraBier e faHHbIX V1A

X cocroutr m3 MHOoxectBa map T ={(v, f,),(v,, f,),....(v,, f,)}. O6obmenHOe mpejcTaBIeHUE
JAaHHBIX Uit X cocrouT u3 MHOxectBa map 1°={(v,c),(V,,C,),...,(V,,C,)}. PacmmpenHoe

C
06001IeHHOe TIPeICTABICHUE JaHHBIX 1A X, obo3Hadaemoe T, oOpasyercsa M3 MHOXKECTBA

T myrem fomosHeHHs ero /10 pasMepa obsactid D IpHCBOeHHEM Hy/IeBOTO 3HAUEHMSA BCEM
gacroram B D-V .

JInsg OIeHKHU CEeJEeKTHBHOCTH MOXKET WCIOJIb30BAThCA CJIyYallHOE OCYIIEeCTBJIEHHE
BeIOOpKU. CaMBIil ITPOCTON CHOCOO WCIIOJIb30BATh CJIyYaHOE OCYIIECTBJIE€HHE BBIOODKU MJIs
OIIEHKU CEJIEKTUBHOCTH BO BPEMs aBTOHOMHOM (ha3bl COCTOUT BO B3ATHU CIIyYalHOU BHIOOPKU
OTpe/ieIEHHOTO pa3Mepa (B 3aBUCHMOCTH OT OTPAaHUYEHHA pa3Mepa KaTajora) Mo OTHOIIEHUIO.
Korma 3ampoc npezcraByieH B pa3e orepaTUBHOTO PEXXUMA, 3aIIPOC CPAaBHUBAETCS ¢ BBIOOPKOH,
U CEJIEKTUBHOCTH OIIEHHMBAETCsA SIBHBIM criocobom: Ecau pasmep pesysnbrara 3ampoca Ipu
HCIIOJIb30BAHUH BBIOOPKH pas3mepa t ABJseTcA S, CEJIEKTUBHOCTb OIleHHMBaeTcs Kak SM/t, rje
M — pa3mep OTHOILIEHUS.

Hawtyuive mokasaresiu MoJy4eHbl HA OCHOBe MpHUMeHeHus rucrorpamm MaxDiff(V,A)
[1]. B To xe BpemMs masbHENIIIEe COBEPIIEHCTBOBAHUE THCTOTPAMM B OIIEHKE CEJIEKTUBHOCTH
3aIpoOCOB MPEICTABIIAET OO0 aKTyaIbHYIO 3aauy. Iles1b pab0ThI — yCOBEPIIIEHCTBOBAHUE
TUCTOTPAMM B OIIEHKE CEJEKTHBHOCTU 3aIPOCOB MPU OTPAHUYEHHOM O0BeMe HmaMATH 0a3bl



JIAaHHBIX, a TakKKe pa3paboTKa OBICTPBIX AITOPUTMOB IIOCTPOEHUSI THUCTOTPAMM H HUX
HCIIOJIB30BAHUE JIJIS OIEHKU CEJIEKTUBHOCTH B peXKHUMe MpsiMoro jocryna. [locraBieHHas 1eib
JIOCTUTHyTa 32 CYEeT WCIOJIb30BAaHUS IMPEAJIOKEHHOTO METOZAa, OCHOBAaHHOTO HAa
KpaTHOMACIITAOHOM BEWBJIET-IIPEOOPA30OBAHUM JISI TOCTPOEHHUSA THCTOTPAMM HAa OCHOBHBIX
pacrpeieJIeHUAX JaHHbIX TPUMEHUTEIBHO K 6a3aM TaHHBIX, CTATUCTHUKE U MOJETUPOBAHUIO.

IIpedaazaemwlit Memoo, OCHOBAHMHBIIL HA 8ellsremax

BetiBieThl Ipe/ICTaBISIOT COOOM MaTeMaTHYECKWH HWHCTPYMEHT IS MepapXUUecKOTO
pasiiokeHusA PyHKIHN. BeliBeTh BIpa:KaoT QYHKIUIO B 3JIEMEHTaX TPy0o MOJTHOU (pOPMBI 1
JleTaJISIX, KOTOPBIE PACIIOJIATAIOTCS NePAPXIUYECKU OT IPpyObIX K 60stee neTanbHbIM. HezaBucumo
OT TOTO, SBJISIETCA JIM WHTEpecyomasn GyHKIUSI N300paskeHneM, KpUBON WJIN MTOBEPXHOCTHIO,
BEHMBJIETHl TIPEJIAaral0T W3AMIHYI0 TEXHUKY I IPEJCTaBJIeHUs Pa3JIUYHBIX YPOBHEU
JleTanu3anuy QYHKIIUY ITPOCTPAHCTBEHHO 3¢ (GHEKTUBHBIM CIIOCOOOM.

BepxHuil ypoBeHb IpeAIaraeMoro aJIrOPUTMa IMOCTPOEHUsS OCHOBAHHBIX HA BEUBJIETaX
TUCTOTPaMM paboTaeT CaeAyoIuM 00pa3oMm:

1. Ha mare mpeaBapuresnbHON 00paboOTKM (popMHUpyeTcsA pacIImpeHHOe 000O0IeHHOe
pacrpezieJieHde JAaHHBIX T artpubyra X TIIyreM npeoOpasoBaHUsA MPEABAPUTEIBHO
BBIUMCJIEHHOTO IIPE/ICTABIEHUS T U3 UCXOAHBIX JAHHBIX WIN U3 CIIyYalHOUN BRIOOPKH JJAHHBIX.

2. Bolumcnserca BeiiBier-pasioxenue T¢°, uro maer pagx N koahUIMEHTOB
BeliByIeTOB. B CBOMX 5KCIEpUMeEHTax MPH Pa3I0KeHUU Mbl UCIOJIb30BATIU BEUBJIETHI Xaapa U
JINHEWHbIE CIIAaHBI.

3. CoxpaHsercsa TOJBKO M HamboJiee 3HavYamux Ko3(GQUIIMEHTOB BEWBJIETOB JIJIA
HEKOTOPOTO M, COOTBETCTBYIOIIETO >KEJIAEMOMY HCIIOJIb30BAHUIO MAMATH. BpIOOp umcima m
coxpaHseMbIX K03((UIMEHTOB 3aBUCUT OT CHENUUUYHOCTU HCIOJIB3YEeMOT0 MeToja
IIOPOTOBO¥ 0OPabOTKHU.

ITopozoeasn oopadbomxka

YuutsiBasg OrpaHUYEHHOCTh MaMATH JJIsI TECTOTPAMMBI, MBI MOKEM XPAaHHUTH TOJIBKO
ompezeseHHOe 4YHCIO0 Kod(pduumentoB BeiBaeroB N. Ilyetb m  o0603HA4aeT dYHCIO
K03 GUITUEHTOB BENBJIETOB, JJ/I1 KOTOPHIX MUMEETCS MPOCTPAHCTBO JJIsl XPAHEHUS; OCTAJIHbHBIE
k03¢ GUIUEeHTHI OyAyT HEABHO YCTaHOBJIEHHBI B 0. O0bruHO MBI iMeeM ML) N . Ilesrb moporoBoit
00pabOTKK 3aK/II0YAETCS B OMPEAEIEHUH «JIYUIIHX» M COXpaHsAeMbIX KO3(MGUIIUEHTOB IS
MUHUMHU3AIUHN OMTHOKH ITPUOJIVKEHUS.

IIyctb m o6Go3Hauaer uYuciao KO3GDGUIMEHTOB BEHBJIETOB, IS KOTOPBIX HMMEETCS
MIPOCTPAHCTBO /I XPAHEHUST; OCTAIbHBIE KO3 MUITNEHTHI Oy/IyT HESIBHO YCTAHOBJIEHHI B O.

Mbl MOXeEM U3MEPHUTh OMHOKYy MNPUOJIIKEHUS THUCTOTPAMMAMU HECKOJIbKUMH
cnocobamu. Ilycts S, — peasipHBIN pa3Mmep 3ampoca (,, U IIyCTh SJT — TMpeAmnoJaraeMbIi

pasMmep 3ampoca. MBI HCIOJb30BAIU CJIeAyIOLIe TPHU PAa3JIMYHBIX Mephl /IS OIIMOKU €
3ampoca ¢
1. AbGcosoTHas omrrbOKa 3armpoca:

e =[S, - S/
2. OrtHocuTebHasA OIMUOKA 3armpoca:
e™ |55/
e =2 =T U e S >0.
1 S S 1

3. CoBmecTHas omruOKa 3ampoca:
eicomb _ min{aeiabs'ﬁeirel} ,
comb abs

riae au B — NOoJIOKHATe/IbHbIe KOHCTaHThl. Ecyin S, >0, MbI mostaraem €°" = €™ .

CoBmecTHass omuOKa OTpa)kaeT BAKHOCTh HAJIMYHA, KAaK XOPOIIEH OTHOCUTEIbHOU
OIIUOKHU, TaK U XOPOIIeHd aOCOJIOTHON OIIMOKH JJIsT KaKA0U oleHku. Hampumep, 115 OueHb
MAaJIBIX YaCTOT MOKeT OBITh JOCTaTOUYHO, €CJI aOCOJIIOTHAs OIIMOKa MaJjia, Ja)Ke eCH Beauka
OTHOCUTEJIbHAA OIINOKa, a AJIs OOJBIINX YacTOT aOCOIOTHAA OIINOKA, BOBMOXKHO, HE ABJIAETCS
CTOJIb K€ 3HAYMMOMN KaK OTHOCHUTEJIbHAA OITHOKA.

Kaxk TosibKO MBI OmpesiesisseM, Kakasi U3 BBINIEYTIOMSHYTBHIX Mep OyZleT MCIOIb30BaThCSA
JUIST TIPE/ICTABJIEHUST OIMUOKU ONpeZeIEHHBIX 3allpoCcoB, HEOOXOIMMO BbIOpAaTh HOPMY
U3MepeHus OIUOKA COBOKYIIHOCTH 3ampocoB. Ilycth €=(g,e,,...6,) — BEKTOp OUIMOOK

rocseaoBaTebHOCTH Q 3ampocoB. IlosraraeTcs, 9To MCHOJIB3yeTCs OHA U3 BBIIEYIIOMIHYTHIX
Tpex Mep OIIMOKH /I KaKJ0H M3 OmMOOK KOHKpeTHOro 3ampoca €. Hampuwmep, aida



aGCOTIOTHON OIMOKI, MOXKHO 3aIIUCATh € = (€,,8,,...6,) =e™ = (e, e;”,...,e5") . MbI onpeensiem

IIOJIHYTO OIIUOKY 711 Q 3aIIpOCOB OHOM U3 CIIEAYIONTUX HOPM OIIHOKH:
1. CpenHss omrOKa ¢ OTHOMEPHON HOPMOM:

el =+
el ==>Ye.
Qe

2. Cpennss omubKa ¢ IByMEPHON HOPMOM:

3. Cpennsis omubka ¢ 6eCKOHEYHOMEPHOU HOPMOT:
fl, = maxie,)
AT MephI OITUOOK MPECTABIAIOT COOOI YaCTHBIE CITydYau CPeHEN OMIUOKHU ¢ P-MepHOH
HOpMOH, P>0:
1 1/p
fel, <| = T er | Lp>o0.
1<i<Q
[TepBoIil mar mOporoBoil 06pabOTKHU 3aKJIIOYAETCA BO B3BEIIMBAHUU KO3 PUIIMEHTOB
ompezieJIEHHBIM 00pa3oM (COOTBETCTBYIOIINM CHENHMUKE HCIIOIb3yeMOoro 6asuca, HalmpuMep,
OPTOHOPMHPOBAHHOTO). B wactHOcTH, 11 6Gasuca Xaapa HOpMaauU3amus IIPOBOAUTCS

JlesieHneM K03 UITMEHTOB BEUBJIETOB §(2J),,,_§(2J*1_1) Ha \/27J rie 0<j<log,N-1. na

JI000TO JTAaHHOTO YACTHOTO B3BEIIMBAHUSA IIPEJJIATAIOTCH CJIEAYIOIINE PAa3JIMYHbIE METOZbI
IIOPOTOBO¥ 0OPabOTKM:

1. Beibop m HauOOIBIIUX IO AOCOTIOTHOMY 3HAUEHUIO KO3 (PUITMEHTOB BEUBJIETOB.

2. Beibop m koa(pduimeHTOB BEUBJIETOB MOTJIOMIAIOIIUM MeToaoM. Hampumep, Mbr
JIOJI’KHBI BRIOpPATh M HAMOOJIBIINX IO a0COTIOTHOMY 3HAUeHUI0 K03 (PUIIMEHTOB BEUBJIETOB, &
3aTeM IMOBTOPHO BBINIOJIHUTH CJIEAYIOIIHE /IBA II1ara M pas:

a) BpIOpaTh KO3 (PpUITEHTHI BEHBIETOB, BKIIOUEHNE KOTOPBIX ITPUBOJIUT K
HanOOJIBIIIEMY CHUKEHHIO OIITUOKY;

0) UCKTIOUUTD KO3(P(PUITEHTHI BEHBJIETOB, yIaJ€HUEe KOTOPBIX IIPUBOAUT K
HANMEHBIIIEMY YBESTMUEHUIO OIITUOKH.

Jlpyroi mogxo/ COCTOUT B HEOJTHOKPATHOM HCIIOJTHEHUH JIBYX BBIIIEYIIOMSIHYTHIX II1ar0B
710 3aBEPIIEHU IUKJIA WIH 0 HE3HAUUTEIBHOTO YIIyUIlIeHUA.

Bo3MoskHBI pyTHe BapUAHTHI MTOTVIOMIAIOIIETO METOA:

3. Hauats ¢ m/2 wnHaumbosmpmux (Mo abCOSIOTHOMY B3HAYeHWI0) Ko03(h(OUIINEHTOB
BEUBJIETOB ¥ MPOU3BOIUTH BBIOOD CAEAYIONIUX M/2 K03 DUITMEHTOB METOAOM MOTJIOIEHUS.

4. Hauatp c¢ Haumbosbpmux 2m (mo abCOJIIOTHOMY 3HAYeHUI0) Ko3(h(PUIMEHTOB
BEUBJIETOB, YMEHBIIIAA UX KOJIMYECTBO 10 M METO/IOM ITOTJION[EHHA.

[Tocsie BBINIEYIOMSHYTOTO AJTOPUTMA MBI HOJIydaeM M K03(hQUIUEHTOB BENBJIETOB
3HaueHHUsA 5TUX KO3(GQUIMEHTOB BMECTE C UX IOJIOKEHUSAMH (MHJIEKCBI), COXPAHSIOTCA U
CJIy?KaT TECTOTPAaMMOU J/I BOCCTAHOBJIEHUSA MPUOJIMIKEHHOTO pacupesiesIeHNs JaHHBIX Ha ¢asze
npsimoro aoctyna (dase 3ampoca). UToObl BBIUUCIUTH OIEHKY YHCJIa KOPTEXKeH, Ybe 3HaUeHUe
X HaxXoAUWTCSA B AMANa30He a < X <b, MbI BOCCTaHABJINBAaeM NPUOIMKeHHbIE 3HAUYEHUA /IS b 1

a—1 B pacmupeHHOM 0000IIIEHHOM pacnpeeieHun GyHKITUH U 3aT€M BBIYUTAEM HX.
[IpsAMO# MEeTOJ BBIMOJHEHHs KaXKI0M MTepaluu MeToja morsolinenus Tpebyer O(N?)

omepamuii, TakuM 00pa3oM, IIOJIHOE YKMEIO omnepanmii cocrasasger O(MN?). C moamepKKoi

0CO0O0UM  JPEBOBUJIHOM CTPYKTYpPbl JAWHAMUYECKOTO IPOTPAMMHPOBAHUS MBI  MOXKEM
3HAYUTEIBHO YCKOPUTBD IIPE/IBAPUTEIbHYI0 00PabOTKY.
Ha ¢ase 3ampoca mcmosp3oBasics 3ampoc auanaszoHa a< X <b. BoccraHaBiuBavch

!

alnpoKcUManuu oO0OoOIIeHHbIX dYacToT a-1 u b, obo3HaueHHBle, Kak C, u C,, C

a

HUCTOJIb30BaHUEM M KO3 duIeHToB BelBiieroB. OKHUJaeMbIii pa3Mep 3aIlpoca COCTaBJISET
C, —Cp.

Bpewms BoccTaHOBIEHUS KpaliHe BOXKHO /Ui (pa3bl OepaTUBHOTO pexxuma. Ciey o
pe3yJjbTaT JOIIyCKaeT 6BICTpOG BOCCTAaHOBJICHHE.



YacTo mos1e3HO MPEJICTABUTH THCTOTPAMMY KaK ABHYIO KYCOUHO IVIAIKYIO (PYHKIIHIO, a He
Kak m koaddumueHToB BeliBiaeToB. /A BelBiieToB Xaapa pe3yabTHpyOOIas QYHKITUS
MIpeJICTaBJIsIeT COOOU CTyIeHUaTyio GYyHKIUIO ¢ He OoJiee 3M mIaramMu B XyZAIIEM CJIydae, a JJjisd
JINHEWHBIX CIVIAWHOB — JIMHENHYIO KyCOUHYIO (DYHKITHIO C He 60jiee 5mM n3MeHeHUsAMH HaKJIOHA
B Xy/IllleM cJay4yae. B peasbHBIX JAHHBIX MOXKHO OXKH/AATh, UTO YHCJIO IATOB WJIA CETMEHTOB
O4YeHb OJIMBKO K M (BO MHOTHX C/Iy4asX OHO TOYHO M). ATO CBOHCTBO OBLIO ITOATBEPIKIEHO
OOIIHUPHBIM HAOOPOM SKCIEPUMEHTOB. IIpeablIyirie MeTO/Ibl MPEACTaBIEHUsA TUCTOTPAMM B
BH/IE KyCOUHO iankou ¢pynknuu tpeboBamu O(N) BpeMeHH, XOTSA HEKOTOPBIE MCCIIEIOBATEH
II0/103PeBaJIN, YTO BO3MOXKHA pa3paboTka airoOpuTMoB, Tpebyromnux Bpemenu O(mlog, N). Msl

pazpaboranu 3GGEKTUBHYI0 U MPAKTHYHYI0 TEXHUKY, UCIOJIB3Ysl OUYepelb MPUOPUTETOB, UTO
MIPE/ITIOJIaraeT CyIIeCTBEHHOE YCKOpeHre 00paboTKU 3aIIpOCoB.

Pe3yavmambvt MOOeAUPOBAHUS U IKCNEPUMEHMANbHbIE OAHHbLE

Jlayiee mpUBOAUTCA PSA/ SKCIEPUMEHTOB, KOTOPBIE IIPOBOAWIINUCH I CDABHEHUS PAOOTHI
IpejijlaraeMoOyl METOAUKU, OCHOBAHHOUW HA BeHBJIeTaX, C IIOJyYeHHBIMH pe3yJIbTaTaMH,
OCHOBAaHHBIMU Ha CJIy4yalHOW BBIOOpKe u JApyrux Meroxax [1, 3]. HWcmonwsdyembie
HUCKYCCTBEHHbIE HA0OpPBI JAHHBIX B3ATHl OT MPEABIAYIINX HCCIEIOBAaHUN (POPMUPOBAHUSA
rucrorpamMmm 1o Tecty TPC-D [4]. OHM COOTBETCTBYIOT HCCAEAOBAHUSIM TUIUYHBIX JTaHHBIX,
HalifieHHbIX B VIHTEpHETE. /111 MPOCTOTHI U 00JIETYeHUs MMOBTOPSEMOCTH, MbI HUCIOJIb30BAIU
METO/I, 1 JIJIsT TIOPOTOBOM 00pabOTKU BO BCeX SKCIIEPUMEHTaX ¢ BEWBJIETaMH.

IIpuBenem pesynbTarel cpaBHeHUS 3(GGEKTUBHOCTH THCTOTPAMM, OCHOBAHHBIX HA
BeiiByeTax, ¢ rucrorpammamu MaxDiff(V,A) u ciydaiiHBIM OCyIllecTBJIeHHeM BbIOOpKH. JlJist
CpaBHeHUs OepyTcs XapaKTePUCTUKH THCTOTPAMM W3 IpeAiecTByiomux pabor [1]. Tak kak B
yKa3aHHOU paboTe [leyaercd 3aKIlOUeHHE O HAWIYYIINX I[I0Ka3aTeasaX THUCTOTPaMM
MaxDiff(V,A), st cpaBHeHMsA ObLIH BHIOPAHBI OHHU.

B skcnmepuMeHTax MBI HCHOJIB30BAJIM MHOXKECTBO HCKYCCTBEHHBIX paCIIpe/leJIeHIH
JIAaHHBIX, OMUCAHHBIX MOoApoOHO B [1]. Vcmosb3oBaHHBIE pacIpefiesieHUs BKIOYAIOT THIIBI
OJTHOMEPHBIX pacupeaesneHui o recty TPC-D [4].

B skcnepuMeHTax Mbl UCIIOJIB30BATIU BOCEMb PA3IMYHBIX BADHAHTOB 3aIIPOCOB:

A: {X <b|beD};

B: {X<blbeV};

C:{a<X<blabeD,a<b};

D: {a<X <b|abeV,a<b}

E: {a<X <blaeD,b=a+A}, rae A — mosoxuTeIBHAA [|eJIasA MOCTOAHHA;
F: {aS X <blaeV,b= a+A}, e A — IOJIOKUTeNbHAA 1leJias IIOCTOsSHHAas,
G: {X =b|beD};

H: {X =b|beV}.

B mpoBOAMMBIX SKCIEpUMEHTaX BCEM MeETOJaM OTBOAUTCA OAWH M TOT Ke 00beM
mamaTi. OObeM MaMATH 10 YMOJYAHUIO, UCIIOJIb30BAaHHBIA B DKCIIEPUMEHTAX, COCTABJISIET 42
YeThIPEXOAUTOBBIX UKCJIA JIJIS COOTBETCTBUS MOBTOPSEMOCTU 3KCIIEPHUMEHTOB, IIPOBEIEHHBIX B
[1]. Orpannuenns o6beMa MaMATH COOTBETCTBYIOT IIPAKTHKE B CHCTEMAaXx YIIpaBJeHHsA Oa3zaMu
JIAHHBIX, YTOOBI BBIZEJISATH TOJBKO HE3HAUYUTEIbHBIA BCIIOMOTATEIbHBI OOBEM NAMATH
KaXK/IOMy OTHOIIIEHUIO VIS OIlEHKU CEJIEKTUBHOCTH [5]. OTH 42 4Yucia COOTBETCTBYIOT
WCIIOJIb30BAHUIO 14 cerMeHTOB /A rucrorpammbl  MaxDiff(V,A) u  xpanenuio m=21
K03 UITMEeHTOB BEHWBJIETOB /IJII OCHOBAHHBIX Ha BeWBJIeTaX THCTOTPAMM, a TaKKe
TIO/IJIEP>KaHUI0 CIyYalHON BIOOPKH pa3zMepa 42.

B 5Tux sKcIIepuMeHTax MHOXKECTBO 3HAUEHUH U HAOOP YaCTOT pacIIpe/iesIEeHbl 110 3aKOHY
Munda c mapamerpom z=1.0. YacroThl ciydyaiiHbIM 00Opa3oM Ha3HAYEHbl 3JIEMEHTaM
3HaUEHWH, 33/IaHBI pa3Mep MHOKecTBa 3HaueHuu n =500, pazmep obstactu N = 4096 u pazmep
orHomenusas M =10°. B ta6:1. 1-5 npezcTaBieHbl pesyJIbTaThl OIMIMOKA METO/OB /I 3aIIPOCOB A,

B, C, D uw H, a Ha puc.1 mpuBefieHbl TpadUKHd KadecTBa aIlmpPOKCHUMAIMH O0OOIIEHHOTO
pacrpeieJieHus JaHHBIX Pa3IMYHBIMA METOAAMH.

Tabauya 1
OnInoKY pasIUIHBIX METO/IOB JIJIA PSAAA 3alIPOCOB A



HopMma omu6Kn ]II/IHeI:IH])Ie BetiBseTnt MaxDiff(V.A) Cryuatinas
CILJIANHBI Xaapa BBIOOPKA
e”|, 0.6% 4.5% 8% 20%
e[ /M 0.16% 0.8% 3% 8%
e, /M 0.26% 0.64% 3.2% 10%
e”| /M 1.5% 5.6% 11% 13%
e™| . a=1, f=100 0.6 4.4 8 20
e™| , a=1, f=1000 5 30 80 200
™|, a=1, B =100 5.1 70.4 12.8 19
™[ a=1, B=1000 19 224 192 243
Tabauya 2
OurnoKu pasjIUIHbIX METOIOB JIJIA psaa 3ampocos C
JIuHeliHbIE BeiiByieThl . Crnyuaiinas
Hopa omm6ku CILTAHBI Xaapa MaxDIff(V,A) BBIOOpKA
e /M 0.2% 1.1% 5% 3.5%
e, /M 0.035% 0.18% 0.71% 0.6%
e™| /M 2.4% 10% 20% 16%
Tabauya 3
OnIuoKu pasjIUIHbIX METOIOB /1A psga 3anmpocoB E mpu A =10
Hopma ommu6Kn ]II/IHeI:IH])Ie BetiBseTnt MaxDiff(V.A) Cryuatinas
CILJIANHBI Xaapa BBIOOPKA
|| /M 0.1% 0.42% 0.15% 0.35%
e, /M 0.19% 0.96% 0.26% 0.64%
e”| /M 1.5% 6% 3% 4.6%
Tabauya 4
OnIuoKY pasIUIHBIX METO/IOB JIJIA PsAAa 3armpocoB G
JluHeliHbIE BeiiByieThl . Crnyuaiinas
Hopma onmbxu CILJTAMHBI Xaapa MaxDiff(V.A) BBIOOpKA
e[ /M 0.03% 0.04% 0.04% 0.04%
™|, /M 0.077% 0.32% 0.096% 0.24%
e™| /M 1.6% 7% 2% 4.6%
Tabauya 5
OnIuoKY pasIUIHBIX METO/IOB /IJIA psAaa 3ampocos H
Hopma omu6Ku ]II/IHeI:IH])Ie BetiBseTst MaxDIff(V,A) Cryuatinas
CILJIANHBI Xaapa BBIOOPKA
e[ /M 0.03% 0.42%6% 0.2% 0.4%
™|, /M 7.7% 16.1% 25.6% 38%
e™| /M 0.2% 7% 2% 5%

B nomosHeHME K BBINIEYTOMSIHYTHIM 3KCIEPUMEHTAM MBI TaKXKe MPUMEHSIU METOJ
MaxDiff(V,A), nu3aMeHeHHBIN IyTeM XPAaHEHUS TOJIbKO JABYX YHCEJ A KaKAOTO CerMeHTa



BMecTO Tpex (B YacCTHOCTH HE COXPAHSAJIOCh UHCIO PAa3JIUYHBIX 3HAUEHUH B KAKIAOM
CErMEHTE), UTO IMO3BOJIWJIO MOJYYUTh B THUCTOTPAMMe 21 CErMEeHT BMeCTO 14. TodHOCTH
OoleHKH ObLTa yiydineHa. [IpeumyiiecTBy [100aBJIEHHBIX CETMEHTOB  HECKOJIBKO
NIPOTUBOCTOSJIO MeHee TOYHOE MOJeJIUPDOBaHUME B Ipefeaax KaXKJoro CerMeHTa.
KauecTBeHHBle pe3yabTaThl, OJHAKO, OCTAIOTCA TEeMH K€ CaMBIMH: OCHOBaHHBIE Ha
BeWBJIeTaX METOABl 3HAUYUTEJHHO OoJsiee TOUHBI. JlajbHEHIIME YyCOBEPIIEHCTBOBAHUS
METO/0B BEHBJIETOB, KOHEYHO, BO3MOKHBI KBAHTOBAHUEM WM KOJAUPOBAHUEM SHTPOIUH, HO
OHH He PAaCCMaTPUBAIOTCS B PAMKAaX 3TOU CTATHU.
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Puc. 1. AmipoKkcuMAaIiysi COBOKYITHOTO pacHpe/iesIeHUs TaHHBIX Pa3IMYHBIMUA METOAAMHU: a) JIMHEHHBIMU
ciutaiinamu; 6) BeliByieramu Xaapa; B) MaxDiff(V,A); T) ocyliecTBIeHIEM CIydaiiHON BEIOOPKU
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OObeM naMsATH (YUCII0 3aNIOMHEHHBIX 3HAUCHHIT)

Puc. 2. Brusinue o0beMa IMaMsATH Ha pa3INYHbIe THCTOIPAMMBI JJ1sI HAabopa 3ammpocoB A

Bwvteoodwt

B maHHOU cTaThe OBUT MPEAJIOKEH METOJ, MOCTPOeHUA 3(P(PEKTUBHBIX THCTOTPAMM C
HCTIOJIb30BAaHUEM BeUBJIET-pasiokeHus. [1o/iydeHHbIE THCTOTPAMMBI JA0T yJIydIlleHrne paboThb
IPU OIIEHKE CEJIEKTUBHOCTHU II0 CPAaBHEHUIO CO CIYyYaWHBIM OCYIIECTBJIEHUEM BBIOOPDKH U
MIPEABIAYIITUMHA TTOX0aMU.

OKCIIEPDUMEHTHI IIOKa3aJIl, YTO IPUMEHsAS HOBBIM METOJI MOPOTOBOM 00pabOTKU B
IMIOCTPOEHUU OCHOBAHHBIX HAa BEHBJIETAX THUCTOTPAMM, MOKHO JIOCTHYh HAMHOTO OOJIBbIIIEeH
TOYHOCTH Jlake I MaJIOMEDHBIX JIaHHBIX, KOTOPbIE pACCMaTPUBAIOTCA B CTaTbe.
OTHOCHUTEIPHBIE ONIMOKU MOTYT OBITH CYIIIeCTBEHHO YMEHBINIEHBI (B TPH pa3a B THIIHYIHBIX
CIyJasx), a abCOJTIOTHBIE OITMOKY OOBITHO COKparatTces 60Jiee yeM Ha IOJIOBHHY.



OcHOBaHHBIE Ha BeWBJIETaX THCTOTPAMMBI JOJDKHBI CIIYKUTHh 3(PPEKTUBHOU CTPYKTYpOI
HAKOIUIEHUsI JAHHBIX IS OIEHKH CEJIEKTUBHOCTH B KOHTEKCTE WTOTOBOTO MeXaHU3Ma
omepatuBHOTO pexkuMa [3]. Mbl pasBuBaeM 3(hQGEKTHBHbIE QJITOPUTMBI Ui TIOAJIEPKAHUS
OCHOBAaHHBIX Ha BeHBJIETaX THUCTOTPAMM IIyTEM BCTaBKH U yJaJeHUs JaHHBIX B 0a30BOM
OTHOIIIEHUH.
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WAVELET-BASED HISTOGRAMS IN QUERY SELECTIVITY ESTIMATION

In this paper, we present a technique based upon a multiresolution
wavelet decomposition for building histograms on the underlying data
distributions, with applications to databases, statistics, and

AM.LOGVINOV, Yu.E. POLENOVA simulation. Histograms built on the cumulative data values give very

G.A TRAVIN, M.G. TRAVIN good approximations with limited space usage. We give fast
algorithms for constructing histograms and using them in an on-line
Belgorod State University fashion for selectivity estimation.
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