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ABYXPEXKNUMHASA CXEMA HNIN®POBAHHWSA, OBECIIEUNBAIOIIIAA

CPABHEHHUE, OCHOBAHHOE HA UHAEKCHPOBAHUH

O0JsacTb TEXHHKH, K KOTOPOil OTHOCHTCSI H300peTeHHe
Hacrosimee packpeiTie OTHOCHUTCS, B OOIIEM, K aJanNTHBHOMY HHIEKCHPOBAHHUIO
3alIU(pPOBAHHBIX UYHUCJIOBBIX JAHHBIX M, B YaCTHOCTH, K aJalTUBHOMY MWHIEKCHPOBAHUIO

3aH_II/I(1)pOBaHHbIX YHUCJIOBBIX JaHHBIX oe3 PacCKpbITHUA O6H.[eFO MopsiAKa YMCJIOBBIX JaHHBIX.

YpoBeHb TEXHUKH

Beenenue

UenoBeyecTBO BCTYMHJIO B 3py "0Oa3bl JaHHBIX KaK yCIyru", MO3TOMY HEOOS3aTeNbHO,
4yTOOBI MOJTHOMOYHS Ha yIPaBJIEHHE AaHHBIMH OBbLIH IPEACTABJIEHBI B PErHOHAIBHOW HACTPOIKe
BJlagcibia AJaHHbIX, HO OHH MOIYT 6BIT]> MpeaACTaBJICHbI ITOCTABIIUKOM O6J13.‘-IH]3IX yCiayr B
KaueCcTBe yc/i1yel, B KOTOPOI NMPUCYTCTBYIOT HaHHbBIE, HOMYYEHHbIE U3 BHEULHUX UCHIOYHUKOG. DTa
MOZeIb TMPEeIOCTaBIsIET TOJNb30BaTElsIM (TO €CTh BIIANENbIy MAHHBIX W €ro IOBEPEHHBIM
K.]'II/IeHTaM) BO3MOXKHOCTDb CO30aBaThb, XpaHUTb, UBMEHATH U U3BJICKATb JaHHBIC M3 JII’O6OI\/‘I TOYKU
MHpa, PUYEM B TUCKYCCHIO OTHOCUTEIHHO MPUMEHHUMOCTH 3TOW MOZEJH BOILIU TaKie 00NacTy,
KaK BBICOKOYACTOTHAsA TOPIOBJIA, B PE3YJIbTATC YE€ro (prMa MOXKET HCIIOJIb30BATH CCPBCPDHI
IIOCTAaBIIHNKOB O6.]'Ia"IHI:>IX yCIOyr Ajid TECTUPOBAHUSA TOPTOBBIX CTpaTeFPIfI, BBITIOJIHCHU aHAJIN3a
BPEMCHHBIX PAAOB, OLCHKM PUCKOB W OaXE BbINOJIHCHUA TOPTOBLIX OHepaHHﬁ, npu 35TOM
ocymiecTByisii cOOp (DMHAHCOBBIX JAHHBIX €XKEIHEBHO WM B 0OJiee MEIKOM BpPEMEHHOM
macmitabe. B To ke BpeMsi Takas MOIeNb BbI3bIBAET OOECIMIOKOSHHOCTh B OTHOLIEHUH
0e30macHOCTH U KOH(PUIASHINATBHOCTH, YTOOBI CIIEIOBATh TOH e 00J1acTH MpUMEHEHus, pupma
MOXET pPa3BCPHYTb Ha 06J1a1<e TOProBbIC, AHATUTHYCCKUE MOAYJIM U MOAYJIM YIPaBJICHUA

puckamMu ¢ TeM, 4ToObl OT(QHUIBTPOBBIBATH HanOOJiee pelieBaHTHbIC (PUMHAHCOBBIC NAHHBIE IS
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BHYTPEHHEro aHanu3a. Takum oOpa3oMm, KOH(HUIEHIHATbHbIE TaHHBIE U PE3YJIbTAThl 3aIPOCOB
MOryT OBITh MepedaHbl IO KaHajaM YTE€YKH 3JIOHAMEPEHHBIM 3JI0yMBIIUICHHUKAM W/WIN
HETIOCPEACTBEHHO YEeCTHOMY, HO JIFOOOMBITHOMY IIOCTAaBINMKY yciyr. Takue mnpoOiaemsl
MOTHUBHUPOBAJIN HCCIEIOBAHUS 1O IU(PPOBAHUIO JAHHBIX M PEAKIMIO HA 3aIpPOChI, KACAIOIINECs
3aIn(pPOBAHHBIX JAHHBIX, HAaUMHAs ¢ 00padoTkn SQL-3ampocoB B OTHOIIEHUH 3aIIU(pPOBAHHBIX
JAaHHBIX, W 3aKaH4MWBas pa3pabOTKOH MHAMBHIAYAJIbHBIX CXE€M, KOTOPBIE ITO3BOJISIOT
oOpabarTbiBaTh CHELMATU3UPOBAHHBIE 3alpOChl, Kacaroluecs 3alMi(pPOBAHHBIX IaHHBIX,
Harpumep, 3anpockl KNN u skyline. B CryptDB mnpencraBneH B3auMOCBsI3aHHBIM HaOOp
3¢ EeKTUBHBIX CXeM IU(PPOBAHUS C MOAAEPKKON sI3bIKa CTPYKTYPUPOBAHHBIX 3a11pocoB (SQL),
KOTOpBIE MO3BOJISIOT BRINOIHATE SQL-3ampockl, Kacaromuecs 3amn(poBaHHbIX TaHHBIX.

Bo Bcex ciydasix Lenb COCTOMT B TOM, YTOOBI CepBEp MOI YNpPaBJSATh JAHHBIMHU C
MHUHMMAJIbHBIM BMEIIATENbCTBOM BJIaJeNblia JAHHBIX U KJIWEHTOB. CepBep MOKEH HMEThb
BO3MOKHOCTh 00pabaThIBaTh 3aMpOChI, KacaroMMecs 3ali(POBAHHBIX JaHHBIX, U JOCTABIITDH
3amm@poBaHHbIE PE3YyJbTAThl 3alpoca KIMEHTY, B TO BpPeMsl KaK KJIHEHT IOJDKEH TOJIBKO
pacumdpoBaTh JaHHbIE W, TAKAM 00pa30OM, MOIYUUTh (PaKTHUECKUE pe3ysibTaThl. TeM He MeHee,
IJIs1 TOTO, 4TOOBI cucteMa Moria 3G (GeKTHBHO yNpaBisiTh JaHHBIMH U 00pabaThIiBaTh 3ampocChl,
OHA JIOJKHA, TIPEXIe BCEro, MMEThb BO3MOXKHOCTb UHOEKCUPOBANb NAaHHbIE B TOW CTENEHH, B
KOTOpOil 3TO HeoOxomumo. B pomojmHeHMe K 3TOMy, COBPEMEHHBbIE MPUJIOKEHUS,
oOpalaThIBaroIie  HEMPEPBIBHO  IOCTYMAOIIHME JaHHblE, OONamalT TNpHCYIed UM
CHIOCOOHOCTBIO BBITIOJIHATh MHKPEMEHTHOE WHACKCHPOBAaHUE HO mpeboseanuio npu odpaboTke
NOJIB30BATENILCKUX 3alPOCOB M, B KadecTBe MOOOYHOro 3¢ddexra OT Takux 3ampocoB, HE
TpeOyIOT HU ampUOPHOTO BPEMEHH NPOCTOs, HU ANPUOPHBIX 3HAHUH O pabouell Harpyske;
APYTUMH CJIOBaMH, CHCT€Ma IOJDKHA OBbITb HE TOJBKO CHOCOOHOW K HMHIEKCHUPOBAHMIO, OHA
JOJKHA OBITh CIIOCOOHOH K adanmueHoMy UHOKCUPOSAHUIO NI CAMOOPLAHUAYU.

Ot TpeOOBaHMS K YNPAaBIEHUIO MAHHBIMH B 310Xy "Oas3bl HAaHHBIX Kak yciayrd"

MOPOKAAIOT mpoTuBopeune. TpedoBaHue, YTOOBI JaHHBIE OCTABAIUCH KOH(HUIEHLHATHHBIMHU,
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NPUBOIUT K TOMY, 4ToObl OHM ObUM 3amnupoBaHHBIMHU, TpeOoBaHHE K 3(P(HEKTHBHOMY
YIPABJICHUIO NaHHBIMU MPUBOOUT K WX HHAEKCUpOBaHUIO. [Llughposanue v unoexcuposanue
HAaXOIATCSI BO BHYTPEHHEM NPOTHBOPEYHH APYr C ApyroM; mudpoBaHue TpeOyeT, YToObI
NOCTABINUK YCIYT HUYEro HE 3HAJ O 3HAYEHMSX JAHHBIX, B TO BpPEMsl KaK HMHIEKCHPOBAaHUE
TpeOyer, 4ToObI TOT ’K€ MOCTABLIMK YCIyr 3HAJ, B HJealie, TOYHbIE 3HAUEHHs MNAHHBIX,
HAaXOJSIINECS B €ro KOMIIETEHLMH. YUYHUTHIBAsl TaKHe MPOTHUBOPEUMBBIE LIENH, MPEAbIAyIINe
UCCIIENIOBAHMS CTOJIKHYJIUCh C 3TUMH ABYMs IPOOJIeMaMH OTJENbHO APYT OT APYra, U B HUX He
ObUIO NPENNPUHATO HHUKAKUX YCHJIMH, YTOOBI COBMECTHO IMPOTHBOCTOATh UM. Pemenus amns
aNanTUBHOTO MHAEGKCUPOBAHUSI W CAMOOPTaHHM3aLMH HE YYHUTHIBAIOT OE30MacHOCTh H
KOH(QUAEHIIMAIbHOCTh, B TO BpeMsl Kak 3allUINEHHbIE CHCTeMbl 0a3 HaHHBIX He
IpenyCMaTpPUBAOT aIalITUBHOCTh B AMHAMHYECKUX cpenax. K coskanenuto, nsderas Takoi Leny,
TaKWe MOAXOABl MpeyaraloT (parMeHTapHble peleHuss mnpoOsieMbl Oe30macHOro u
3¢ PEeKTUBHOrO yIpaBIeHUs JAHHBIMH, U3BJIEKAEMbIMHU U3 BHEIIHUX HCTOYHHUKOB, B YaCTHOCTH,
CYLIECTBYIOIIME CXeMbl MH(POBAHUS CTPAZAIOT OT OAHOrO WiIM Oojiee CIEAYOLINX
HenocTaTKOB: (1) OHM SIBJISIFOTCS CJIMIIKOM JOPOTMMH C TOYKU 3PEHHUs] BbIYUCIEHHI;, win (2)
yTeUKa CIMIIKOM OOJIBIIOrO KOJIMYeCTBa MH(POPMAIMK O 3alIU(pPOBAHHBIX JaHHBIX, W/Win (3)
TpeOyeTcsi OoJibllle MaHHBIX, YeM (DAKTHUECKHUX Pe3yJIbTATOB 3aMpoca, KOTOpPble HEOOXOAUMO
U3BJIEYb U 3aT€M OT(HIIBTPOBATH Ha 3Tare MoCTOOPabOTKH.

B nanHOM JOKyMEHTE NpEeANIOKeHa MOJENb, KOTOpasl MO3BOJISIET MPEONOJIETh 3Ty
000COOIEHHOCTh U JAOCTUYb, Ka3aJIOCh Obl, MPOTUBOPEYUBON LeNU: 00eCHeunuTh CUCTeMbI 0a3
JAaHHBIX, KOTOpble ObLTH Obl OJHOBPEMEHHO 3AIMUINEHHBIMH M aJaNTHBHbIMU. B 1maHHOM
IOKYMEHTE PacCMOTpPeHa MpobyieMa aodanmueHO20 UHOEKCUPOBANUs 3auiupposantol 6a3vl
Oannvix. UToOBI TOOUTHCS TAKOTO Pe3yJIbTaTa, UCCIeIOBaHA CTETIeHb, B KOTOPOU MU(pPOBaHUE U
UHJIEKCUPOBAHNE HAXOAATCS BO BHYTPEHHEM MTPOTHBOPEUYHH JPYT C APYTOM: U3yUEHBI OCHOBHbBIE
TpeOOBaHUS K HHAEKCUPOBAHUIO U CITOCOOBI, C MOMOIIBI0 KOTOPBIX MOTYT OBITH YAOBIETBOPEHBI

Takue TpeOOBaHMsA, CBs3aHHblE C I[MU(pOBaHHEM. B 1MaHHOM JOKyMEHTE NpeasioKeHa
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ynpouieHHas U 3QQexTrBHas cxema MH(ppPOBaHUA, KOTOpas OTKPbIBAET MeHbIIE HH(OpMAIUH,
YeM MpeIblAyIlne MPeIJIOKeHUs, U TMO3BOJSIET aJalTHBHO HMHIEKCUPOBATh 3allu(pOBaHHbBIE
YHCJIOBbIE IaHHBIE. DTA CHOCOOHOCIb UHOEKCUPOBAHUS HATIPABIIEHA He Ha Pa3paboTKy MOJHOrOo
MHJIEKCa 3apaHee, a Ha ero MOCTPOSHHE B TOIIATOBOM MOCTENEHHOH MaHepe TakuM o0pazoMm,
4TOOBI MHAEKCUPOBAJINCH TOJBKO TE AAHHBIE, KOTOPbIE 3alpallMBAOTCA. Takoe aganTHBHOE
WHJEKCUPOBAHKE MO3BOJISIET OOJIErYUTh alaNTALMI0 CHCTEMbI K UMEIOLIecs: paboueil Harpys3ke,
a TaKke YMEHBLINTh HANpsDKeHUe Mexay mudpoBaHHeM H MHIAeKcHpoBaHHEM. IIpennoxeHHast
cxemMa OasupyeTcsi Ha MPOCTHIX ONepauusx JHHEHHOH anreOpel i wWHQPOBaHHUA H
nemudpoBaHus, IPU 3TOM OHA MO3BOJIAET 3(PPekTUBHO 0OpadaThIBaTh 3arpoChl AMANA30HOB U
TOYEK MO MHU(PPOTEKCTaM, HE PACKpbIBas MOPSAOK CPEAM 3HAueHWH aTpuOyTOB, Kak cXema
mu(pOoBaHUs C COXpPAaHEHUEM TOpsAKA, a Takke 0e3 3aTpaT Ha BBIYMCICHHS M XpaHEHHE JUIS
CXeM, TAKHX KaK CXEMBbI TIOJIHOCTBhIO TOMOMOP(HOTr0 mu(ppoBaHUs.

Huxe npuBogurcss 0030p mpeapiayux padoT, KacarOIUXCs CHCTEM JaHHBIX, KOTOpPbIE
MO/IZIEP KUBAIOT 3aITPOCHI K 3aln()pOBAHHBIM TaHHBIM, a TAK)KE aJalTHBHOTO WHIEKCHPOBAHHSI.

O0paboTka 3amudpoBaHHBIX JaHHBIX

UccnenoBanne B obmact  oOpa®oTku  3amu(pOBaHHBIX  JAHHBIX  MOKHO
K1accuGUIUPOBATh 1O JABYM IIHUPOKHM KiaccaMm. [IpexxkHuil KiIacc pelleHHid Mpearnoiaraet
00paboTKy HEMOCPEeNCTBEHHO 3aM(pOBaHHBIX JaHHBIX. B pabore X. Xacurymyca u ap. (H.
Hacigimisg, B. R. Iyer, C. Li, and S. Mehrotra. Executing SQL over encrypted data in the
database-service-provider model. In SIGMOD, pages 216-227, 2002) npemnoxeHa cxema
IPyIIHMPOBAHUS JAHHBIX, KOTOpasi o0ecrnednBaeT NpHONN3UTEbHYIO (QUIIBTPALIMIO PE3YJIbTaTOB
3ampoca Ha CepBepe C TMOCIenyroIield OKOHYATeNbHOH O0paboTKOM B KIHEHTE TOCie
nemudposanus. B pabore b. Xopa u np. (B. Hore, S. Mehrotra, and G. Tsudik. A privacy-
preserving index for range queries. In VL.DB, pages 720-731, 2004) noapobHO paccCMOTpeHa 3Ta
cxXeMa ¢ MHAEKCOM, KOTOpbIi MOANePKUBAeT 3alyTaHHbIE 3aMpPOChl TUANa30Ha, PaCIIUpEHHbIE

no MHoromepHoro ciydast B pabdore b. Xopa u np. (B. Hore, S. Mehrotra, and G. Tsudik. A
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privacy-preserving index for range queries. In VLDB, pages 720-731, 2004) nompobuHO

OCTaHABIIMBAIOTCS HA 3TOW CXeMe C MHIEKCOM, KOTOPBII MOANEPIKUBAET 3aIyTAaHHbBIE 3aIPOCHI
Iuara3oHa, paclIMpeHHble 10 MHOromMepHoro ciy4yasi (B. Hore, S. Mehrotra, M. Canim, and M.
Kantarcioglu. Secure multidimensional range queries over outsourced data. VLDB Journal,
21(3):333-358, 2012). OgHako Takue CXeMbl PACKPBIBAIOT pacTpeieNieHne TaHHbIX U BOBJIEKAIOT
KJIMEeHTa B 00pabOTKy 3ampoca, B TO BpeMsl KaK €JUHCTBEHHAs! CIIOCOOHOCTh MHIEKCHPOBAHUS,
KOTOpPOI1 OHM 00JIaat0T, 3aKJIF0YAETCS B TPy IIIMPOBAHNH TAHHBIX.

ITonbITKa METaNTPHOrO MHAEKCHPOBAHMS MOTPEOyeT COPTUPOBKU 3HAUEHHH Ha cepBepe.
Taxoit ampTepHaTUBOlN siBNsieTCsl cxema ImmuppoaHus ¢ coxpaneHueM mopsgka (OPES),
npenioxennas P. Arpasanom u ap. (R. Agrawal, J. Kiernan, R. Srikant, and Y. Xu. Order-
preserving encryption for numeric data. In S/IGMOD, 2004), xoropas HOCTpOeHa Ha
KOJMPOBAHHNH, KOTOPOE COXPAHsET MOPSIIOK YHUCIOBBIX AaHHBIX. OHAKO, KaKk ObUIO OTMEYEHO B
npeabinyiux uccinenosanusx, OPES packpbiBaeT MOpsIOK HaHHBIX M, CJENOBAaTEIbHO, HE
MOKET TIOOOPOTh aTaKW, OCHOBAHHBbIE Ha CTATUCTHYECKOM aHaJM3e 3alIM(pPOBAHHBIX JaHHBIX.
Moskno ytBep:xknath, uro OPES mnpemocraBiseT pemieHHe ¢ H30BITOYHBIM KOJUYECTBOM
pecypcoB: 3Ta cXema MpencTaBisieT 3alu(pPOBaHHbIE 3HAUEHUs B BHIE, TMOANAIOIIEMCS
COPTHPOBKE, CJIEAOBATENIbHO, TIO3BOJISIET CPABHUBATD TAKUE 3HAYSHHS APYT C JPYTOM.

Mexny TeMm, ycrnexu B KpunTorpaduu TMpHBEIHM K CHOCOOHOCTH  BBIMOJHSATD
NPOM3BOJIbHBIE  BBIYUCJIEHUS HAX 3alIU(QPOBAHHBIMH JAaHHBIMH C LEJNBI0  IOJYYEeHUS
NPABWJIBHOTO  3alIM(POBAHHOTO pe3yjbTaTa C IOMOLIBID MOJHOCTBED TOMOMOP(HOro
mmgposanust (FHE) (C. Gentry. Fully homomorphic encryption using ideal lattices. In STOC,
pages 169-178, 2009). Takue BbMUCIEHHs Oa3UPYIOTCS HAa AOPOTOH KPHIITOCUCTEME C
OTKPBITBIM KJIFOYOM, YTO NMPHUBOAMUT K HEMOMEPHBIM 3aTpaTaM IO AEBSITH MOPSAKOB BEIUYUHBL
Kpome Ttoro, FHE w©e mno3Bomser wnoekcuposams 3amugpoBaHHble naHHbIE. [lpn
ucnionb3oBanny FHE, nake ecnu cepBep BBINMONHSET BCE BBIUUCIIECHUS MIPABUJIBHO, HAa TIPAKTUKE

OH JIeJIAeT 3TO MOIbKO 6 3auiu@posannom eude. Y HET0O HET JAOCTyIa K KaKOH-THOO MCTHHE B
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peaslbHOM MHpe, KOTOpasi TIO3BOJIMIIA Obl MOCTPOUTH HHIEKC. B pabore M. Manu u np. (M. Mani,
K. Shah, and M. Gunda. Enabling secure database as a service using fully homomorphic
encryption: Challenges and opportunities. CoRR, abs/1302.2654, 2013) obcy»xneHbl
BosmoxkHocT FHE nyis oOecrniedeHusi BHIAEHMS 3aIUMINEHHON Oa3bl MAHHBIX KaK YCJIYTHd H
CHleNaHbl BBIBOJIBI OTHOCHTENIBHO TOTO, YTO IMPAKTUYHOCTh OCTAETCS OUEHb BAKHOM 3a1adei.
Urobsl 0OpaboTaTh MPOCTON 3ampoc BbIOOpPA C TMOMOINBIO JIBYX3TAIHOTO TMPOIECCa, CepBep
CHayasia BBIYMCISIET PE3yJIbTaThl 3alpoca M OTIPABISET KIHEHTY 3ali(pOBaHHOE YHUCIO 71
KOpTEeKeil pe3ysbTaToB; KJIHEHT Aemudpyer 7 u 3ampaiiuBaer 7' >1n CTPOK W3 cepeepa. B
pe3yJibTaTe cepBep BO3BpALIAET BEPXHHUE -/’ CTPOK; TAKUM OOpa3oM, KIHEHT JOJIKEH aKTHBHO
y4acTBOBATh B MPOCTHIX 3a1auax 00pabOTKH 3aIpPOCOB.

B pabore B.X. Banra u JI.B.C. Jlakimumanana (W. H. Wang and L. V. S. Lakshmanan.
Efficient secure query evaluation over encrypted XML databases. In VLDB, pages 127-138,
2006) mpemjoxeHa cxemMa JUIsl OLEHKH 3alpoCOB 3alUINEHHBIM O00pa3oM OTHOCHTEIbHO
3amn@poBaHHbIX AaHHBIX B popmare XML. Onu paccmarpusarot pacuperue cxembl OPES no
mudpoBaHusl ¢ COXpaHEHHWEM TMopsinka, pasOuenunem u maciitabupoBanuem (OPESS), mpu
KOTOPOM KaKIbIii OTKPBITHII TeKCT "pazOuBaercs" Ha OoJblee KOJIUYECTBO IMU(PPOTEKCTOB, a
pa3zeNieHHbIe JaHHbIe "MacIITaOUPYIOTCS", TaK YTO 3JI0YMBINUIEHHUK HE MOMKET OMPENeNUTh
UIEHTUYHOCTh LIM(POTEKCTOB HA OCHOBE 3HAHWII OTHOCHTEJIBHO MEPUOAMYHOCTH TaHHBIX.
OnHako 3Ta cxeMa He MOXeT MOJAepKUBaTh OOHOBJICHHMSI, TAKUM OOpa3OM, OHAa HE MOIXOIUT
ISl TUHAMHYECKOH U aJalTUBHON CUCTEMbI 0a3 JaHHbIX.

B pa6ore E. IITu u ap. (E. Shi, J. Bethencourt, H. T.-H. Chan, D. X. Song, and A. Perrig.
Multi-dimensional range query over encrypted data. In /EEE Symposium on Security and
Privacy, pages 350-364, 2007) npennoxkeHa cxema MH(POBAHUS IJIsl OTBETOB HA 3aMpPOCHI
MHOTroMepHoro nuanaszoHa. Eme onHa npobiema, ¢ KOTOpOi OHH CTAJIKHBAIOTCS, COCTOUT B TOM,
9TOOBI MO3BOJIUTH AYAUTOPY NEIINU(pPOBATH Me U MmonbKo me 3anucu (HampuMep, *KypHAaIIbI

(puHAHCOBOTO ayAHWTa, MEAMLIMHCKHE HUCTOPUU OOJNE3HHW M T.1.), UbH aTPHOYThI MOMANAT B
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yKa3aHHBbIH JHMAaNa30H, KOHPHUIEHLHATbHOCTh HE 3alIUIIeHa, KOrjJa 3aluchb COOTBETCTBYET
3ampocam. K coxaneHuto, 3Ta cxema 8uis6/1eHiusi COenaoeHuli He 00eCTieunBaeT 3alUTy 3HAYCHHUsI
aTpuOyTOB, B TO JK€ BpEMsl MO3BOJISIsl TMOCTABLIMKY YCIYT MACHTHQUIMPOBATH 3aIllHCH,
COOTBETCTBYIOLIHE 3aIIPOCaM OTHOCHTEBHO 3aIIN(POBAHHBIM JaHHBIM TaKUM 00pa3oM, YTOOBI
UX MOKHO ObUIO UCTIONB30BATh ISl HHACKCUPOBAHUSI.

B pabore /1. bonexa u b. Yorepca (D. Boneh and B. Waters. Conjunctive, subset, and
range queries on encrypted data. In 7CC, pages 535-554, 2007) paccmotpeHa oOpaboTka
CJIOKHBIX 3aIPOCOB, KACAIOLINXCS 3alIM(PPOBAHHBIX JaHHBIX, HA OCHOBE MIN(POBAHUS CKPBITOTO
BekTopa (HVE). Ilonarue 6e3omacHocTu B 3TOM padore cuibHee, yeM B padore Illu u ap.:
3aMUCH, COOTBETCTBYIOLIME 3ampocy, WACHTHQUIMPYIOTCS, HO HUX 3HA4YeHHs aTpuOyTOB
OCTAIOTCSI CKPBITBIMU. JTO MOHATHE 0E30IMAaCHOCTH CO CKPBITHEM COBIAAECHUIl COOTBETCTBYET
TpeOOBaHMSAM WHAEKCUPOBAHUS MPH 3aIlUTe KOH(PUIACHIMATBHOCTH 3HAYEHUH aTpulyTa.
OnHako mpeasoKeHHas CXeMa He OCYIIeCTBUMA JUIl OTPOMHBIX OOBEMOB AMHAMHYECKUX
JaHHBIX, OHA BJiedeT 3a cOOOH yBeauuUeHHUs pasmepa OTkpbiToro kiawda O(DT), BpemeHu
mugpoBanus U pazmepa mmdporexcra Ay D-atpuOyToB u T-THCKPETHBIX 3HAYSHHUN B pacyere
Ha KaKIbIi aTprOyT.

Ty u np. paspaboramu cuctemy MONOMI (S. Tu, M. F. Kaashoek, S. Madden, and N.
Zeldovich. Processing analytical queries over encrypted data. PVLDB, 6(5):289-300, 2013),
KOTOpasi MOKET BBIMOJHITh AHAJIUTHYECKUE 3ampochl K  3aIH(pPOBAHHBIM  JTaHHBIM.
OcHosbiBasich Ha cucrteMe CryptDB, cuctema MONOMI ncrnonb3yeT HECKOJIBKO TEXHOJOTHIH C
LIeJIbI0 TIOBBILIEHHUS] TPOU3BOAUTEIBHOCTH COBMECTHO C pa3pabOTUHMKOM, KOTOPBINA BhIOMpaeT
s¢dexTrBHOE PU3NIECKOE MPOSKTUPOBAHUE HA CTOPOHE CEPBEPA, U MIAHUPOBITUKOM, KOTOPBIN
BbIOMpaeT 3¢ (HeKTUBHBIE TUTAHBI BHIMOJIHEHUS 3alIPOCOB C YYaCTHEM cepBepa u kiineHTa. OqHako,
nockoibky cuctema MONOMI obecrnieunBaeT WHIEKCUPOBAHUE, OCHOBAHHOE HA TMOPSIKE, OHA
nenaet 5to onupasck Ha OPES. TTozxe P. Jlu u np. (R. Li, A. X Liu, A. L. Wang, and B.

Bruhadeshwar. Fast range query processing with strong privacy protection for cloud computing.
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PVLDB, 7(14):1953-1964, 2014) npemnoxunu cxemMy oOpaOOTKHM 3ampoCcOB JHamna3oHa,

KaCalOLIMXCs 3alIM(pPOBAHHBIX IAaHHBIX, B KOTOPOH MPOBEPKH HEPABEHCTBA MPOBOISITCS
MIOCPEACTBOM HCUEPIBIBAIOIINX TMPOBEPOK PABEHCTBA, MPH STOM HE MPEAJIONKEH MeXaHH3M
MPOBEPKH YHCTOrO HEPABEHCTBA B OTHOLICHUH 3alIM(POBAHHBIX JAHHBIX.

B wmenom, »TM momxombl He O0ECHEUMBAIOT XOPOLIErO KOMIPOMHCCA MEXKIY
KOH(QUICHIIMATBHOCTBIO M 3(P(PEKTHBHOCTRIO. B mocnenHee BpeMs B HEKOTOPBIX HAy4YHO-
UCCJIeNIOBATEIbCKUX paboTax ObUIM MpeacTaBIeHbl CXeMbl IMHU(PPOBAaHUS, pa3pabOTaHHBIE C
y4€TOM KOHKPETHBIX OCOOEHHOCTEH, KOTOpble 00ecrnednBaoT 00paboTKy CrieluaaIn3upOBaHHbIX
3aMpOCOB, KACAOIMXCS 3aIIU(POBAHHBIX JAHHBIX, TaKUX Kak 3ampocbl kNN, 3ampockl moucka
AHMana3oHa U TOPU30HTA.

AnbrepHatuBoli  00paboTke  3amM@POBAHHBIX  JAHHBIX  HANPSAMYIO  SIBIISIETCS
nozaaep kaHue 3amn(poBaHHOTO HHAEKCA HA CepBepe, MPUBJICUEHHE KIUEeHTa AJIsi 00X0a 3TOro
MHJEKCA U ONpeaeNIeHHe TOYHOTO MECTONOJIOKEHHS TAHHBIX, MPEACTABIIOIINX HHTEPEC, MOCTIe
HECKOJIbKUX UTepaluii u3Biedenus u aeundponanus. B padore Jamuanu u ap. (E. Damiani, S.
De Capitani di Vimercati, S. Jajodia, S. Paraboschi, and P. Samarati. Balancing confidentiality
and efficiency in untrusted relational DBMSs. In ACM CCS, pages 93—102, 2003) noctpoeHo B-
IepeBO MO 3HAYEHUSIM OTKPBITOrO TEKCTa, HO 3alU(ppPOBAIM KAKABIH KOPTEX U
HEMoCpeCTBEHHO B-1epeBo Ha ypOBHE y3J1a; MPU 3TOM COZAEpKaHUE IepeBa He BUAUMO CepBepy.
B pabore I'e u 3nonuka (T. Ge and S. B. Zdonik. Fast, secure encryption for indexing in a
column-oriented DBMS. In ICDE, pages 676—685, 2007) npenoskeHo mudposanue ¢ ObICTpbIM
cpaBuenneM (FCE). O6xon unnekcos ¢ nomotubto FCE TpeOyer cpaBHEHUs] MEKAY 3HAYCHUSIMU
KJIIOYel OTKPBITOrO TEKCTa U MH(POTEKCTa MyTeM YaCTUYHOrO Aelnr(poBaHHs Ha CTOPOHE
kiauenTa. Banr u ap. (S. Wang, D. Agrawal, and A. El Abbadi. A comprehensive framework for
secure query processing on relational data in the cloud. In Secure Data Management, pages 52—
69, 2011) npencraBmiu 0e30MacHyO cxemy OOpabOOTKH 3ampoCOB, KOTOpast 3alIHINAET JTaHHBIE

KaKk B XpaHWJIULIC, TaK W MNpPU AOOCTYyINEC, OCHOBBLIBAsSICb Ha aJrOPUTME PACIPOCTPAHCHUA
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uadopmanuu ¢ npusszkoil (Salted IDA). C momompro 3TOH CXeMbl KJIMEHT MOAAEPKUBAET
CEKPEeTHYI0 MATpHIly pachpoCTpaHeHUs] MHGOPMALMU U KIFOYH ISl JeKOIUPOBAHUS MATPHILIBI
D naHHBIX, KIMEHT KOOUPYEeT W pacmpocTpaHsieT ) Ha 1 cepBepax, MPH HCIOJIb30BAHUU
reHepaTropa TCEeBIOCITyYaHBIX YUCET C CEKPEeTHbIM HA4YaJbHBIM YHUCIOM Il JOOaBJICHHUS
ciayyaliHON "mpuBSA3KKM" K KaXXIOW 3aMUCU JAaHHBIX, MPU 3TOM TOCJIE€ HU3BJICUEHUS AAHHBIX
MPUBSI3KA BOCCTAHABJIIMBAETCS U BBIBOOUTCS M3 JEKOJUPOBAHHBIX MJAHHBIX C LENBIO
BoccTaHoBieHuss D . Takum oOpa3oMm, oOpaboTka 3arpoCOB HAIPABISAETCS KJIWEHTOM, B TO
BpeMsi KaK CepBepbl MOTYT MOJy4YaTh AOCTYT TOJBKO K JaHHBIM, CJIEYsI HHCTPYKLHUSIM KJIUEHTA.
B umenoMm, moxxonbl, OCHOBaHHbIE Ha 3alIU(POBAHHOM WHIEKCE, HE TIO3BOJSIIOT CEepPBEPY
CO371aBaTh, MOAAEPKUBATh U MEPEMEINATh HHICKC, OMUPAsIiCh HA CBOU COOCTBEHHbBIE YCTPOMCTBA.

Tperbe HampaBiaeHue Bkiro4aeT B cebs 00paboOTKy 3amM(pPOBAHHBIX HAHHBIX HA
3aLIUIIEHHOM ammapaTHOM OOOPYAOBaHUH, MPUMEPOM KOTOPOTO B MOCIEIHEE BPEMs SBISIETCS
cucrema Cipherbase (A. Arasu, K. Eguro, M. Joglekar, R. Kaushik, D. Kossmann, and R.
Ramamurthy. Transaction processing on confidential data using Cipherbase. In ICDE, pages
435-446, 2015). Tem He MeHee, misg uHAekca auanasoHa cuctema Cipherbase packpbiBaeT
NOJTHYH0 MH(pOPMALHIO 00 YIOPSIOYEHHOM PACTIONOKEHUH KITFOUYel MHIeKca Jake Uit caboro
3JIOyMBIILJIEHHUKA, TAKUM 00pa3oM, UHIeKChl nuanasoHa B cucrteme Cipherbase obecrneunBaror
"aHANOrMYHbIE TAPaHTUU KOHQUACHIMAIBHOCTH' W UMEIT Te JK€ HENOCTATKH, 4YTO U
mmmdposanue ¢ coxpanenrnem nopsiaka (OPE).

AxanTHUBHOE HHAEKCHPOBAHHUE

IMomumo TpeboBaHuii 0€30MACHOCTH, CHCTEMBI TAHHBIX JJISi COBPEMEHHBIX MPUJIOKEHUH
JOJUKHBI OBITh OBICTPHIMU U THOKUMH, JIETKO aJANTHUPYIOMUMUCS K OBICTPO H3MEHSIOLIUMCS
TpeOOBaHUSIM. AANTHBHOE WHIESKCHPOBAHKE - 3TO HEJABHO BBENEHHAs KOHILICTILHUS, COTJIAaCHO
KOTOpPOW HeT HeOOXOIUMOCTU BBITIOJNHATh HACTPOHKY HWHIEKCAa BO BpEMs WHHUIUATH3AILUH
CHCTEMBI; BMECTO 3TOTO OHO NPOHMCXOAUT BO BpeMsi 00paOOTKM 3ampoca: KaKObld 3arpoc

UHTEPIPETHPYETCA He TOJBKO KaK 3ampoc AJIsI OIPENesIeHHOro Habopa pe3ybTaToB, HO TaKXKe
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KaK COBET OTHOCHUTEJIbHO TOrO, Kak (PM3WYECKH XPAaHWUTh NAaHHbIC, MHULUHPYs HeOOoJbIIne
JENCTBUsI, KOTOpble YJyulIarOT aJanTHBHble UHAEKCH. Te YacTu [daHHBIX, KOTOpbIE
3alpalIuBarOTCs], IMOCTETNIEHHO, IHar 3a [IaroM HHAEKCHPYIOTCS. JTa  CIOCOOHOCTH
MH/IEKCUPOBATh MyTEM HENPEPBIBHOIO PEarupoOBaHUs HAa M3MEHSIOLIYIOCS HAarpy3Ky 3alpocoOB
MOPO’KAAET CBONCTBO CAMOOPTraHU3ALUH.

B »Tom pasnene B3nom 6a3bl NaHHBIX omucaH Oojiee moapoOHO. B3nom 0a3 maHHBIX BBEN
NOHATHE HENPEPhIBHOIO, HHKPEMEHTHOI'O U aJalITHBHOTO MHAEKCHPOBAHHUS MO TPEOOBAHUIO B
KOHTEKCTE COBPEMEHHBIX XpaHWUJIHL] cToiONoB. IIpu B3nome omepaTop BbIOOpa CUCTEMBI Oa3bl
IAaHHBIX BBITIOJNHSAET ONEpalyy MOCTPOSHHs HMHAEKCOB B KadecTBe MOOOYHOro s¢dexra
o0paboTku nercTBrs GUIbTpaluK quana3oHa (MM PaBeHCTBA), MHIAEKC CTPOUTCS U YTOYHSETCS
NapauleIbHO C MCHOJHEHHEM 3ampoca:; 4eM OoJblie 3ampalliuBaeTCsl AMAaNa3OH JaHHBIX, TeM
Gonpine yTOuHsETCA ero MHAekc. PU3nueckoe XpPaHMIHUILE AAHHBIX U3MEHSETCS IPU KaXIOM
BXOZSLIEM 3ampoce ¢ ANANa30Ha, UHTEPIPETUPYs ¢ KaK MOACKA3Ky OTHOCUTENBHO TOTO, Kak
cnedyem Xpaunums OauHvle. ITa MOACKA3KA MOXKET SIBHO MCIIOJIb30BATh MPAHULIBI 3aMpOca ¢ WU
cnenoBath Oonee cnaboli UHTEPIPETALMK Paad HAIeKHOCTU. be3 morepu 0OIIHOCTH 00CY KaeHa
cTporas unrepnperauus. [Ipeanonoxum, uro BeinonHsercs 3anpoc A< /0. Banomannas CYB]]
pearupyeT Ha ¢ TyTeM KlacTepu3aluu Bcex Koprexxeld A mnpu A</0 B Havane
cooTBeTcTByIoLIero crondbua ', B TO e BpeMsi MPOTAKUBAsi BCE JAPYTUe KOPTEXKHU B KOHEI
cron6ua. Iocnemyromemy 3anpocy, 3anpammparomemy A > v, rae v, > 10, HyxkHO Oyner
TOJILKO TIPOCMOTPETH TocienHuii pparmeHT C, B TO BpeMsi Kak 3ampoc, KOTOPBIiA 3arparriBaeT
A <v,, rae v, <10, UieT cBOI NEPBYIO0 YaCTh, NPU 3TOM KaKIbI MOCIEAYOLU 3anIpoc B
JambHEeWIIeM B3JIaMbIBa€T CBOH cooTBeTcTByromui ¢parment. Ha ¢ur.]l mokasano kak 1Ba
3ampoca B3JaMBIBAIOT CBOW CTOJOEI] MOCPENCTBOM CBOMX INPENUKaTOB BbIOOpa. 3ampoc Ql
pasmensier cronbeny Ha Tpu ¢parmenta, u Q2 ycuiuBaer 3TO pasOueHHe MyTeM
JOTOJHATENBHOTO pa3fAeNieHnsl epBOro U nocienHero ¢pparmenTos. Kaxnplii 3amnpoc cobupaer

CBOU NOAXOMAIINE KOPTEXH B HenpepblBHON obmactu. Takum oOpasom, ucxomuslil cronbden A
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(BKITFOUAS TIO3UIIMH) KOTIMPYETCSl B CTONOCL UHOeKCA 6310MUUKA, KOTOPBIN 3aTeM HeTpepbIBHO
peopraHusyeTcs.

ITo mepe 0OpaboOTKM 3arPOCOB AMANTHUBHBIA MHAEKC CTOJNONA HENMPEPBIBHO Pa3AeisieTcs
Ha Oosbliiee KOJMUECTBO (M TakuM oOpa3oM Oonee menkue) ¢pparmenTos. [losTtomy cymecTByeT
NOTPeOHOCTh B CTPYKTYPE JAHHBIX IS JIOKATH3AaLUUH (parMeHTa, npeCTaBIsIoIero nurepec. B
HOCJIeIHEe BpEeMsl JIUTEpaTypa MO aJalTUBHOMY HHIEKCHPOBaHHIO OasupoBanack Ha AVL-
JiepeBe BHYTPEHHEH MaMsITH AJIsi OTCIEKUBAHUS BCEX (DPAarMEHTOB, CO3/aHHBIX B pe3yJIbTaTe
¢dusnueckoii peopranuzanuu. 110 Mepe NOCTENEHHOrO WHAEKCHPOBAHMS CTOJOLIA 3arpocChl,
3aMpallyuBalOIINe HANAa30Hbl, KOTOPble TOYHO COBMNAJAIOT CO 3HAYEHHSIMH, W3BECTHBIMHU IO
MHJEKCY, OTBEYAlOT 332 CTOMMOCTb IMOWCKA TOJBKO 3TOrO JIPEBOBHIHOIO HMHIEKCA, BO BCEX
Clly4asix, Ja’ke KOrja HeT TOYHOIO COBNAJEHUs, WHIEKC YMEHbIIAET KOJMYECTBO IAaHHBIX, K
KOTOPBIM JIOJDKEH 00pamaThesi 3arpoc, Tak Kak KasKIbld 3ampoc AMAna3oHa pPeopraHus3yer He
Gonee nByX ()parMEHTOB HA KPAKO COOTBETCTBYIOIIETO TUATIA30HA.

Ota (¢usuueckas peopraHU3alMsi HA JIETy BBIMOJHSIETCS JJsI OTAEIbHBIX (hparMeHTOB
(unu wenoro crondla IJisi CaMoro IMEPBOTO 3ampoca) C MOMOLIBI BCTPOEHHBIX aJTOPUTMOB,
OCHOBAaHHBIX HAa TIOCJIEJOBATENIbHBIX MIA0JOHAX JAOCTyma. AJNTOpuTM | TOKa3bIBaeT Cambli
OCHOBHOH aJITOPUTM B3JIOMa, KOTOPBIH pasnessier (parMeHT Ha IBE 4YacTH, MACHTUQHULHUPYSI
KOPTEXH, KOTOpbIe JOJIKHBI ObITh 3aMEHEHbI ONepalsMU CpaBHEHMs. B TedeHHe MOCIeaHMX
JeT ObLIO MPENJIOKEHO MHOKECTBO aJITOPUTMOB, KOTOPbBIE Pa3aeisiOT (pparMeHt croydua Ha TpH
¢dparmenta, N ¢QparMeHTOB C WCIONB30BAHUEM PA3psIIHON KJIaCTEPU3ALMH YACTUYHOMN
COPTHUPOBKH (DPArMEeHTOB B COUETAHUH C OMEPALMSIMU Pa3OHeHUst/CIUSHUS, TIOJTHONH COPTHPOBKH
(pparMeHTOB MPH MEPBOM MOIXOME U pa3zaeseHus] pparMeHTOB Ha OCHOBE CJIy4YaifHO BHIOPAHHBIX
OTOPHBIX TOYEK, B OTJIHYHE OT NPEAUKATOB 3aMpoca, HO MPU 3TOM OCHOBHAsI HIesi OCTAETCs TOH
ke camoit. Ha ¢ur.1 nmokasan 3ampoc Q1, koTopsiii pa3duBaeT Bech CTONOCI] Ha TpU (pparMeHTa,
3a KOTOpBIM cienyeT 3anpoc Q2, koTopeiii peopranuzyeT pparmentsl | u 3. [pyrue ¢pparMeHTsI

paboThl BKJIIOYAIOT OOHOBJICHHSI, PACIPOCTPAHSIOT (U3UYECKYI0 OPraHHM3AIMI0 U3 OJHOTO
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cTondua B Apyrue 1no TpeOOBAHUIO U HCIIONB3YOT MHOTOSIIEPHBIE MPOLIECCOPHL.

AaroputMm 1 CrackInTwo(c,posL,posH,med,inc)

IIpoBenem ¢usnyecKkyr peopraHuzanuio ¢parmMeHta croidua ¢ mexay posl w posH
TaKiUM 00pa3oM, 4yTOObI BCE 3HAUEHUS] HIDKE Med HAXOAWINCh B HEMPEPBIBHOM IMPOCTPAHCTBE.
inc yKa3bIBA€T Ha TO, SIBJIAETCS UM HET med UCKIIIOYAIOIINM, HAIPUMep, ecnu inc = false, To ¢,
-"<"u @, —">="

1: x, = point at position posL

2: x, = point at position posH

W

. while position(x,) < position(x, ) do

hes

if value(x,) ¢, med then
5:  x; = point at next position
6. else

7: while value(x,) ¢, med &&
position(x,) > position( x, ) do

8: X, = point at previous position

he

exchange(x, ,x, )

10:  x, = point at next position

11:  x, = point at previous position

du3nuecKky peopraHu3yiTe 4acTh cTondna ¢ Mexkay posl u posH takum oOpazom, 4ToObI
BCEe 3HAYEHHs HH)KE, 4eM med HAaxXOAWTCs B HEMPEPhIBHOM MPOCTPAHCTBE. /7IC yKAa3bIBAIOT,

cozep:Kalast I med WK HET, HAIPUMep, eciu inc = false, To ¢ — "<"u ¢, —">="
1: x, = point at position posL
2: x, = point at position posH

3: while position(x,) < position(x, ) do
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4: if value(x,) ¢, med then

5:  x; = point at next position

6. else

7: while value(x,) ¢, med &&

position(x, ) > position( x,) do

8: X, = point at previous position

9: exchange(x, ,x, )

10:  x, = point at next position

11:  x, = point at previous position

B nanHOM nokymenrte 0e3 moTepu OOIIHOCTH PacCMaTPHBAETCS OCHOBHASI KOHCTPYKLHS
B3joMa. OCHOBHOE BHUMAaHHE HAINPAaBJIEHO HA AEHCTBHS IO pEOpraHu3alUH CcTojlOLa Ha
(parMeHTbl TO OTHOIIEHWIO K KOHTPOJBHOM TOYKE KAaK K YaCTH HEMOCPEINCTBEHHO IUIaHa
3ampoca, TakuM 0o0pa3oM, omepaTop BbIOOpa B3jioMa (PU3NYECKU PEOPTaHU3yeT MPaBUIIbHBIC
(bparMeHThI CTOJI0LA, YTOOBI MPUBECTH BCE KBATU(DUIIUPYIOLIHE 3HAYSHHUS B CMEIKHYIO 00JIaCTh,
KOTOpasi WCIIONIb3YyeTCs JJIsl BO3BpaTa pe3yJsibTaTa, Oe3 JOMOJHUTENIbHOW MaTepHau3alud
pesyabrata. Kpome Toro, mpu nmomomu ABJI-nepeBa, uCmonb3yeMoro st MHISKCUPOBAHMS,
nepeBo OOHOBISIETCS, U BO BpeMsi OOpaOOTKH 3ampoca TaKKe BBITIONHSOTCS IEHCTBUS IO
NOBTOPHOMY yPaBHOBEIIWBAHUIO B JorapupMuieckoM wmacmrade BpeMeHH. Jrta 0OaszoBast
orepauusi SIBISETCS OOWed M YHUBEPCAJIbHO TNPUMEHUMOH KO BCEM AJalTHBHBIM CXEMaMm
uHnekcupoBanus. llocnenyromee oOCYKIeHHE TOKa3bIBAeT, KaK NPUMEHHTb 3TO 0a3oBoe
NOHATHE K 3alTU(POBAHHBIM JAaHHBIM, MPH 3TOM CJEAYET MOAYEPKHYTh, UTO TNPEIJIOKEHHAS
cxema pacummpsieT 0a30BYK) CXeMy B3JIOMa TakuM 00pa3oM, 4YTOOBI HE HApPYIIHTb €ro
NPEATIONOKEHUS] OTHOCHTENBHO 0a30BOH apXUTEKTYPbI: NMPEATIONAraeTCs, YTO JAHHBIE XPAHATCS
10 MIPUHLMNY "OAMH CTOJOEL B OHO BpeMs" B TUIOTHBIX MAaCCHUBAX C PUKCUPOBAHHON WUPUHOT,

KaKk B COBPEMCHHBIX CTOJ'I6LIOBI:>IX XpaHWIMIax, OAHOBPEMEHHO Ha AUCKE W B IaMATH.
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O0bpaboTka 3ampoOCOB MOKET MPOUCXOAUTh KaK B MAacCOBOM, TaK U B BEKTOPHOM BUAE. DTH
OCHOBHBIE CBOICTBA OTHOCSITCSI KO BCEM CTOJ'I6]_IOBBIM XPaHWIHILIAM.

BaxxHO OTMeTHUTH, YTO aQJaNTUBHOE WHACKCHUPOBAHUE HHUKOTAa HEe TpeOyeT MOJIHOM
COPTUPOBKU OTACJIbHBIX q)paFMeHTOB; Korga (1)paFMeHT CTaHOBUTCA AOCTATOYHO MAJICHBKHM,
94TOOBI TOMECTUTHCS B KalIe L1, maHHbIe MOJKHO CKAaHMPOBATh MpakTHUecKu Oe3 3arpar. Takum
0o0pa3oM, 3ampoChl BBI3bIBAIOT PEOPTaHU3ALMIO TOJBKO Te€X ()ParMeHTOB NaHHBIX, KOTOPBIE
NPEBBIIAIOT MOPOT Pa3Mepa; STOT MOPOT MOXKET ObITh OoJbine (HarpuMmep, pasmep kama L3) 6e3
CYyHIECTBCHHOI'O CHUXKCHUSA NMPOU3BOAUTCIIBHOCTHU. W3 xoHTekcTa HaCTOiIH.[eFI 3asiBKU CJICAYCT,
YTO NOJIHBII NOPAOOK OAHHBIX HUKOTAA HE MepenaeTcs M0 KaHaJlaM YTEYKH 3a CYET IOJHOCTHIO

OTCOPTUPOBAHHOIO UHAEKCA, kak 310 Aenaer OPES no ymonmuanuro.

CymHocTb n300peTeHus

Takum oOpa3om, cymecTByer NOTPeOHOCTh B pa3pabOTKe YNPOINEHHOH CXeMbl
mmmdpoBanusi, kortopas npeaycmarpuBaer (1) oOpaboTky 3ampoca auarna3oHa B OTHOLIEHHH
3ar(POBAHHBIX YHCIOBBIX JAHHBIX, MOJYYEHHBIX M3 BHEIIHHX HCTOYHUKOB B OOJIaKe WJIM HA
yIAJeHHOM CepBepe, W TeM caMbiM (2) HHKPEMEHTHOE aJalTUBHOE WHAEKCHPOBAaHHUE, B
pe3yJibTaTe Yero MHAEKCUPYIOTCS TOJNIbKO T€ JaHHbIE, KOTOPBIE 3aMpalIHBAIOTCs JOBEPEHHBIMU
KJIMEHTAMH, KOTOPBIE CTAJId MHAEKCHPOBAHHBIMH.

Jns pemeHust 3ToH mpoOsieMbl B TEPBOM AaCIEKTE BBIMOJHEH Crnocod moucka B Oasze
nanHbIx. Crioco0 comepkuT mu(pOBaHHE MHOXKECTBA 3HAYEHUH NaHHBIX B 0a3e NaHHBIX C
UCIIOJIb30BAaHHEM MEPBOro pekuma LI(pOBaHMs MU MOJNYYSHUs 3aIIU(PPOBAHHBIX 3HAYEHHI
IaHHBIX; WH(POBAHUE CBSI3AHHOTO 3HAUYEHUS C UCTIOJIb30BAHHEM BTOPOTO pekrMa MU(pOBaHUsI
IUIsl IOJTyYeHHs1 3ali(POBAHHOTO CBSI3AHHOTO 3HAYEHHs, MPUYEM BTOPOM pexuM IU(pPOBaHUSI
OTJIMYAeTCsT OT IMEePBOro pekuMa MHU(PPOBAHUS, M CPABHEHHE CBSI3AHHOTO 3HAYEHUS C
MHOKECTBOM 3HAYEHHH JAHHBIX C HCIOJb30BAHUEM 3aIIU(PPOBAHHBIX CBSI3AHHBIX 3HAYEHHH U

3amn(POBAHHBIX 3HAYEHUH TAHHBIX.
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B ngpyrom BapumaHTe oOCymecTBIEHUsI crnocoOa 3Ha4deHMs, 3amu(poBaHHBIE C
UCTIOJIb30BAaHUEM MEPBOTO PeKUMa IU(PPOBAHHS, HE COTIOCTABUMBI APYT C IPYTOM.

B nomonHMTENTPHOM BapHaHTE OCYLIECTBIEHUS CIOCOOAa CpaBHEHHE CBSI3aHHOTO
3HAYeHHUs] C MHOXKECTBOM 3HAYEHUH NAHHBIX C HCIIOJIB30BAHUEM 3alTH(POBAHHBIX CBSI3aHHBIX
3HaYeHUH ¥ 3aHU(POBAHHOIO 3HAUEHUS JAHHBIX CONEPIKUT CPABHEHHE CBS3aHHOTO 3HAYEHUS C
MHOX€CTBOM 3HAQUYE€HUH JaHHBIX C HCIIOJIb30BAHHEM OIepalud Haja 3amupoOBaHHBIMU
CBSI3aHHBIMH 3HAYEHHUSIMHU U 3aIIU(POBAHHBIMHI 3HAYEHUSMHU TAHHBIX.

B eme onHOM AOMNONHHUTEIBHOM BapHaHTE OCYLIECTBJIEHHUs crocoba OAHO Wian Ooiee
3alIU(pPOBAHHBIX 3HAYEHUH NAHHBIX SBJIOTCS 3HAUEHMSIMM KIIOYA, HUCIOJNb3YEMBbIMU IS
WHJCKCUPOBAHUS 3aIIU(POBAHHBIX 3HAUYEHHH MJaHHBIX, NP 3TOM CPABHEHHE CBSI3AHHOTO
3HAYEHUSI C MHOXKECTBOM 3HAYEHMH JaHHBIX COJAEPKUT CPABHEHME CBS3aHHOIO 3HAYEHUS C
MHO)KECTBOM 3HAU€HHH JaHHBIX C MCHOJb30BAHMEM 3alIM(pPOBAHHBIX CBSI3AHHBIX 3HAYCHUI],
3HAYEHHUH KJII0Ya U 32U POBAHHBIX 3HAUEHHUH TaHHbIX.

B npyrom BapmaHTe ocyLiecTBieHHs croco0a IIN(pPOBAHHWE MHOMKECTBA 3HAUYEHHH
JaHHBIX B 0a3e JMaHHBIX COAEPIKHUT MpeoOpa3oBaHHE KAXKIOTO MHOXKECTBA 3HAYEHHUI JNaHHBIX B
BEKTOP 3HAUEHUI;, MU(pOBaHUE CBS3aHHOTO 3HAYEHUS COIAEPXKHUT MpeoOpa30oBaHUE CBSI3AHHOTO
3HAQYE€HUsS B CBSI3aHHBIN BEKTODP, U CPABHEHHUE CBSI3AHHOI'O 3HAYEHMsI C MHOKECTBOM 3HAUYEHUM
JAHHBIX COAEPKUT IMOJIyYEHUE CKAJIAPHBIX NMPOU3BEACHUI BEKTOPOB 3HAYEHUN HA CBSI3aHHBIN
BEKTOP.

B nomomHUTEIPHOM BapHaHTE OCYLIECTBICHUS CIIOCO0a KaXIbli U3 BEKTOPOB 3HAUEHHH
COIEPIKUT 3ally MIICHHBIN NMOABEKTOP 3HAYEHUH, CBA3AHHBIN BEKTOP COAEPIKUT 3ally MJICHHBIN
CBSI3aHHBII NOABEKTOP; IZ€ 3alIyMJICHHBIN CBS3aHHBIN MOJBEKTOP OPTOTOHAIEH KAXAOMYy W3
3411y MJIEHHBIX TIOABEKTOPOB 3HAYEHUI.

B eme ogHOM MOMONHUTENBHOM BapHAHTE OCYINECTBIEHUS CHOCOO COAEPIKUT BBIOOP
CIIy4alHOIO TMOJIOKUTEIBHOTO MHOXMTENS [JJs1 KaXIOro M3 BEKTOPOB 3HAYECHUM, U

MaCLHTa6I/IpOBaHI/Ie KaXXaoro BEKTOpa 3HAYEHUH C MOMOIIBbIO COOTBETCTBYROLICTO Bbl6paHHOFO
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MHOXUTECIIA.

B npyrom BapmaHTe OCYLIECTBIEHHS CIOCOO CONEPIKUT BBIOOP MEPBOTO CIy4alHOTO
MOJIOXKUTECJIBHOTO MHOKUTEJIA W BTOPOTrO MOJOXKHUTCIBHOI'O MHOXUTEIA MAJIA KaXJAO0ro u3
BEKTOPOB 3Ha"IeHI/II\/'I; MaCLHTa6I/IpOBaHI/Ie KaxXaoro IMmoABEKTOpa 3allyMJICHHBIX 3HAYEHUHU C
MOMOIIBIO  COOTBETCTBYIOINErO IMEPBOTO CIYYaHOTO MHOXKHUTENS, W MacIiTabupoBaHHUE
OCTaJIbHON YacTH KaXJOr0 W3 BEKTOPOB 3HAYEHHUI C MOMOUIbIO COOTBETCTBYIOLIET0 BTOPOTO
CﬂyqaﬁHOFO IIOJIOKUTCJIBHOT'O MHOXKHUTEJIA.

B nomosHuTENbHOM BapuaHTE OCYIIECTBIEHHUS CIOCOO CONEP KHT BBIOOP 0OpaTUMOi
MaTpULBbL, T1e npeodpa3oBaHUE KKAOrO M3 3HAYEHUH MaHHBIX B BEKTOP 3HAYEHUM COAEPIKUT
npeoOpa3oBaHHe 3HAYEHHUS JAHHBIX B BEKTOP-CTOJOELl 3HAYEHWI W YMHO)KEHHE OJHOW U3
OoOpaTHOW MaTpHLIbl W TPAHCIIOHUPOBAHHOW MATPULBI HAa BEKTOP-CTONOEL 3HAYEHUI;, U
npeoOpa3oBaHUE CBS3aHHOTO 3HAYEHHs] B CBS3aHHBI BEKTOP COIEPXKHUT MpeoOpa3oBaHUe
CBSI3AaHHOTO 3HAYEHHsSI B CBSI3aHHBIN BEKTOP-CTONOEL U YMHOXKEHHE IPyTroil 0OpaTHOM MaTpHIIbI
U IPyTOi TPAaHCTIOHUPOBAHHON MATPHLIbI HA CBSI3AHHBIN BEKTOP-CTONOEII,

Bo BTOpOM acrekTe pacKpbITHSI BBITIOJHEH CIIOCOO MHIESKCUPOBAHMS 3HAYEHUH NAHHBIX.
Crnocob comep:xut 1mudpoBaHHE MHOXKECTBA 3HAYEHUM NAHHBIX C UCIOJb30BAHHUEM IEPBOTO
peskuMa ugpOBaHUS IS TOJYYEeHUs 3alIU(pPOBAHHBIX 3HAYEHWN MAaHHBIX, LIH(poBaHUE
OITHOTO WJIU OOJiee CBSI3aHHBIX 3HAYSHHI C MCIOIB30BAHHEM TIEPBOTO PEKUMA U POBAHUS TSI
MOJYYCHHS TICPBBIX SaLHI/I(I)pOBaHHbIX CBSI3aHHBIX 3HAYEHUH U € HCHOJB30BAHUEM BTOpPOIo
pexuma H_II/I(I)pOBaHI/ISI AJIsA TIOJTYY€HUSA BTOPbBIX SaH_II/I(prBaHHbIX CBA3AaHHBIX 3Ha‘{eHHI>'I, MpuiEM
BTOPOH PEXUM IN(POBAHUS OTIMIAETCS OT TEPBOrO pekuMa MHU(POBAHUS, CPABHEHUE OJHOTO
WIA HECKOJIBKHUX CBSI3QHHBIX 3HAYEHUU ¢ MHOKECTBOM 3HAYECHUU JAAHHBIX C HUCIIOJIB30BAHUEM
BTOPBIX 3aIIU(pPOBAHHBIX CBA3aHHBIX 3HAUYCHHUH M 3aIM(POBAHHBIX 3HAYEHHWH NAaHHBIX, U
HHACKCHUPOBAHUEC SaLHI/I(I)pOBaHHbIX 3HAYEHUN AAHHBbIX HAa OCHOBAHUH YIIOMSAHYTOI'O CPABHEHUA C
HCIIOJIb30BAHUEM TIEPBBIX SaLHI/I(I)pOBaHHbIX CBSI3aHHBIX 3HAYEHUU B KAa4ECTBE 3HAUEHUU KJIFOYA.

B ngpyrom BapumaHTe OCymecTBIEHUsI crocoOa 3Ha4deHMs, 3amu(poBaHHBIE C
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UCTIOJIb30BAHUEM IIEPBOrO pekuMa MU POBAHUS, HE COTIOCTABUMBI IPYT C IPYTOM; U 3HAYCHUS,
3a(pOBaHHbIE C UCIIOJB30BAHUEM BTOPOrO pekuMa MU(POBAHUS, HE COMOCTaBUMBI APYT C
OPYyTOM.

B nomomHUTENHHOM BapHaHTE OCYIIECTBIEHUS CIIOCOO COMEP KUT IHU(POBAHUE APYTOro
CBSI3aHHOTO 3HAYEHUS C KCIIOJIb30BAaHHEM IIEPBOrO peknMa MU(QPOBAHUS IS TONYyYEHHUS
APYroro MepBOro 3amu(ppoBaHHOIO CBA3aHHOTO 3HAYEHHs] M C HCIOJIb30BAHHEM BTOPOTO
pekuma muQpoBaHUA JUIA TOJYYEHHUs JAPYroro BTOPOro 3alIU(pOBAHHOTO CBSI3aHHOTO
3HAQYEHUs, CPABHEHUE JPYTrOro CBA3aHHOIO 3HAYEHUs C MHOXKECTBOM 3HAYEHUM MaHHBIX C
UCTIOJIb30BAaHUEM JIPYTOr0 BTOPOTO 3alIU(POBAHHOIO CBSI3aHHOTO 3HAYEHUs, 3HAUEHUH Kiro4ua U
3amu(pPOBAHHBIX 3HAUYEHWH JaHHBIX, A00aBIEHHWE APYroro MepBOro 3aruu(poBaHHOIO
CBA3aHHOI'O 3HA4Y€HUs B KA4eCTBE JAPYroro 3HA4YEHHUsl KJIKO4Ya HAa OCHOBAHUH YIIOMSIHYTOIO
CPaBHEHUS.

B eme omHOM AOMOJIHUTENBHOM BapHAHTE OCYINECTBIEHMS CIOcO0a MHIEKCHPOBAHHE
3aU(pPOBAHHBIX 3HAYEHHH JaHHBIX CONEPXKUT TIOCTPOCHHE HEPAPXUYECKONH WHIEKCHOU
CTPYKTYPbI, B KOTOPOU y3JIbI B HEPAPXUUECKONH WMHIEKCHOW CTPYKType MPEnCTaBJSIFOT COOOH
3HAYECHMS KJHOYa.

B npyrom BapuaHTe OCYLIECTBJIEHHUs Hepapxudeckas HWHAEKCHas CTPYKTypa
npeaCTaBysieT COOOH IBOMYHOE AEPEBO MOUCKA.

B nomosHUTENBHOM BapHaHTE OCYINECTBJICHHUsI Croco0a IBOMYHOE IEpeBO IOUCKA
npexacrasisier coboii ABJI-nepeso.

B eme oOmHOM [ONOJHHUTENBHOM BapUaHTE OCYLIECTBICHUS CIOCOO COAEPIKHT
nobaBieHe HEOJHO3HAYHOCTH 10 MEHBIIEH Mepe K OJJHOMY M3 3HAYEHHUH NaHHBIX, B Pe3yJIbTaTe
Yero MHOXKE€CTBO HHTEPHpETalMi Uil KaKAOro M3 MO MEHbIIEH Mepe OJHOIO U3 3HA4YeHUN
JAHHBIX SIBJIIETCSl BO3MOXHBIM, INPU 3TOM €IMHCTBEHHAs WHTEPHpPETAaLMsi U3 MHOXECTBA
UHTEPIPETALNN SBJISIETCS] HCTUHHOM.

B npyrom BapmaHTe OCyINECTBJIEHHs CIOCOO COAEPKUT N0O0aBIE€HHE HEOJHO3HAYHOCTH
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10 MeHbIIEH Mepe B OAHO M3 OJHOTO WJIM OoJiee CBS3aHHBIX 3HAYEHHUI C TeM, YTOOBI CTaio
BO3MOXKHBIM MHOKECTBO MHTEPIIPETALUI 110 MEHBIIEH Mepe JUIsl OHOTO U3 OIHOTro Wiu Oonee
CBSI3aHHBIX 3HAYECHUH, NMPH 3TOM €JUHCTBEHHAs] MHTEPIIPETALMS U3 MHOXECTBA MHTEPIPETALUI
SIBJISIETCS] ICTUHHOM.

B nononHuTeNnbHOM BapHaHTE OCYINECTBJIEHUS CIOCO0 IMMQPOBAHUS MHOXKECTBA
3HaYeHUH JaHHBIX C HCIHOJB30BAHHWEM TIEPBOrO  pexuMa MHQPOBAHUS  COMEPIKUT
npeo0Opa3oBaHHe 3HAYEHUH NAHHBIX B BEKTOPBI 3HAUEHHH; mM(ppPOBaHUE ONHOrO Wi Oonee
CBSI3aHHBIX 3HAYEHHH C MHCIIOJB30BAHMEM MEPBOTO pEXUMa MMHUPPOBAHUA CONEPIKUT
npeo0pa3oBaHUe CBSI3aHHBIX 3HAYEHWH B IEPBbIE CBA3aHHBIE BEKTOPBI, IMH(POBAHUE OTHOTO
Wi OoJiee CBSI3AHHBIX 3HAYEHUI C UCIOJIb30BAHUEM BTOPOTO PeKUMa IHU(PPOBAHUS COAEPIKUT
npeoOpa3oBaHUe CBS3aHHBIX 3HAUEHWH BO BTOPBIE CBS3aHHBIE BEKTOPHI, U CPABHEHHE OIHOTO
WJIN HECKOJIBKUX CBSI3aHHBIX 3HAUYEHUI C MHOXKECTBOM 3HAYEHUHN JAHHBIX CONEPKUT IMOJy4eHHE
CKaJIIPHBIX MTPOU3BEACHUIN BEKTOPOB 3HAUEHUI HA BTOPBIE CBSI3aHHbBIE BEKTOPBL.

B TperpeM acrexTe pacKpbITHS BBIIOJHEH CepBEp Al WHAEKCUPOBAHUS 3HAYECHUH
nanHbIx. CepBep COAEPKUT CPEACTBO XPAHEHMs, BBIMOJHEHHOE C BO3MOXKHOCTBIO XPAaHEHUS
3amU(ppPOBAHHBIX ~ 3HAYEHWUH  JaHHBIX, TNpUYeM 3amHu(pPOBAHHBIE 3HAYEHUS  JAHHBIX
NPEACTABISIFOT COOOM MHOXKECTBO 3HAYCHUH NaHHBIX, 3alIU(POBAHHBIX C HCIOJB30BAHHEM
NEepPBOro pexnMa IU(poBaHMs;, OJOK NpUeMa, BBITOJHEHHBIH C BO3MOXHOCTBIO TpUEMa, H3
KJIMEHTa, TEePBbIX 3aIU(POBAHHBIX CBSI3aHHBIX 3HAYEHHH W BTOPBIX 3alIH(pPOBAHHBIX
CBSI3aHHBIX 3HAYCHUH, NMPHYEM IEpBbIe 3aIIU(pPOBAHHBIE CBSI3aHHBIC 3HAYCHHS IMPEIACTABISIOT
co0OH OIHO WM HECKOJbKO CBSI3aHHBIX 3HAYCHHH, 3aIU(POBAHHBIX C HCIOJIb30BAHUEM
NePBOTO pekuMa MU POBAHKS, U BTOPbIE 3alIN(POBAHHbBIE CBSI3aHHbIC 3HAYCHUS MIPEACTABIISIIOT
co0OH OTHO MIJTM HECKOJIBKO CBSI3aHHBIX 3HAYCHUH, 3aTU(PPOBAHHBIX C UCIIOJB30BAHUEM BTOPOTO
pekuma mupOBaHUs], TIPHU STOM BTOPOH PEKUM MH(GPOBAHUS OTIMYAETCS OT MEPBOrO PEKUMa
mupoBaHus, U OJOK OOpabOTKH, BBHIMOJIHEHHBIH C BO3MOXKHOCTBIO CPABHEHHs] OIHOTO WIIH

0oJiee CBSI3aHHBIX 3HAYEHHH C MHOXKECTBOM 3HAYECHMI JAaHHBIX C HCIIOJIb30BAHUEM BTOPbIX
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3amu(pPOBAHHBIX ~ CBSA3aHHBIX 3HAYEHWH W 3aM(POBAaHHBIX 3HAYEHUH HAaHHBIX, U
WHJEKCUPOBAHHUS 3aIN(PPOBAHHBIX 3HAYSHUI TAHHBIX HA OCHOBAHHH YIIOMSHYTOI'O CPABHEHHSI C
UCIIOJIb30BAHHEM MEPBbIX 3aIIN(POBAHHBIX CBSI3AHHBIX 3HAYCHHUI B KAUECTBE 3HAUCHHUI KITIOYa.

B npyrom BapuaHTe OCYINECTBIICHHS CepBepa 3aln(pOBAHHBIC 3HAUYEHHS JAHHBIX HE
COTNOCTABUMBI IPYT C IPYTOM.

B nomonHuUTENPHOM BapuaHTE OCYLIECTBIECHHs cepBepa OJIOK MpUeMa AOMOJHHUTENBHO
BBITIOJIHEH C BO3MOKHOCTBIO MPUEMa IPYTOro MepBoro 3amu(ppoBaHHOTO CBA3aHHOTO 3HAUEHHS
U JPYroro BTOPOro 3aumm(pOBAHHOTO 3HAYEHHUS, MPUYEM IpPyroe mepBoe 3amupoBaHHOE
CBSI3AHHOE 3HAYEHUE SIBJIIETCS JAPYTUM CBA3aHHBIM 3HAuUeHHEM, 3ali(pOBaHHBIM C
UCIIOJIb30BAHHEM MEPBOr0 pekuMa IMU(POBAHUS, U APYroe BTOPOe 3aln(pOBAHHOE 3HAUYEHHE
SBJSIETCSI PYTUM CBSI3aHHBIM 3HA4Y€HUEM, 3aIIU(POBAHHBIM C HCIIOJIB30BAHUEM BTOPOIO
pexuMa muppoBaHus; M ONOK OOpabOTKM JOMOJHUTENIBHO BBINOJHEH C BO3MOXKHOCTBIO
CPaBHEHUsI IPYTOro CBA3aHHOTO 3HAYEHUS] C MHOYKECTBOM 3HAUEHHH HAHHBIX C UCIIOJIb30BAHUEM
APYroro BTOPOro 3au(poBaHHOTO CBA3AHHOTO 3HAYEHUS, 3HAYCHUH KIIF04a U 3l POBAHHBIX
3HAYEHHI MaHHBIX; U H00ABJIEHHs APYroro MepBoro 3aumm(poBaHHOIO CBS3aHHOIO 3HAYEHUS B
BHJE [PYroro 3HA4YeHMs KJI0Ya HAa OCHOBAaHHH YIOMSHYTOTO CpPAaBHEHHs, MPUYEM CEpBEp
JOTOJIHUTEBHO COMEPIKUT OJIOK OTMPABKH, BBIMOJIHEHHbIH C BO3MOXHOCTBIO OTIPABKH
pe3yJibTaTa yIoMSHyTOrO CpaBHEHHS C KITHEHTOM.

B 4eTBepTOM acnekTe pacKpbITHS MPENYCMOTPEH KIIMEHT JUIsl IPUeMa pe3yJibTaTa MOKHCKa.
KnueHnt comep:kut ONOK OTMPaBKH, BBIMOJHEHHbIH C BO3MOXKHOCTBEO OTIPAaBKH BTOPOIO
3amnpOBAHHOTO CBS3aHHOTO 3HAYEHUS Ha CEpBEp, MPUYEM BTOpPOe 3aln(pOBAaHHOE CBS3aHHOE
3HAYEHHE SIBJIACTCS CBSI3aHHBIM 3HAYeHHEM, 3alU(POBAHHBIM C HCIIOJIB30BAHUEM BTOPOIO
pexxuMa IHU(PPOBAHUS, TE CepBep COACPKUT 3aluu(pOBaHHbIC 3HAYEHHUS] NAHHBIX, MPUYEM
3amn(poBaHHbIE 3HAYEHHs] JAHHBIX TMPEICTABISIOT COOOH MHOKECTBO 3HAYCHHUH JMaHHBIX,
3aU(ppPOBAHHBIX C UCIOJNb30BAHHEM IEPBOIO peKuUMa MMHUPpPOBaHMA, OJIOK Tpuema,

BBITIOJIHEHHBIE C BO3MOJKHOCTBIO TpHUEMa, M3 CEpBEPa, pe3yJbTaTa CPaBHEHHUS MEXKIY
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CBA3aHHBIM 3HAYEHWEM W MHOXXECTBOM 3HAYEHWN MJaHHBIX C UCIOJIb30BAHUEM BTOPOTO
3amn(POBAHHOTO CBSI3AHHOTO 3HAYEHWs] W 3alIU(POBAHHBIX 3HAYEHWN JAHHBIX, MPUYEM
pe3yabTaT COAEPXKUT psiA  3amM(pPOBAHHBIX 3HAYEHWH JaHHBIX, U OJOK 00paloTkH,
BBITIOJTHEHHBIN ¢ BO3MOXXHOCTBIO Aemn(poBaHusi HaOopa 3amu(poBaHHBIX 3HAYCHUH JaHHBIX.

B npyrom BapuaHTe OCYIIECTBICHH KJIMEHTa OJIOK OTIPABKU JOMIOJHUTEIBHO BBITIOJTHEH
C BO3MOXKHOCTBEO OTHPABKH TMEPBOro 3amu(pPOBAHHOIO CBSI3AHHOTO 3HAYCHHSI Ha CepBep,
npu4deM TepBoe 3amu(poBaHHOE CBS3aHHOE 3HAYCHHE, SIBJSIETCS CBSI3AHHBIM 3HAUEHUEM,
3amn(POBAHHBIM C HCIIOIB30BAHIEM MEPBOr0 PeXKUMa TU(PPOBAHUSI.

B nomonHUTENPHOM BapuaHTE OCYINECTBJIEHUS OJIOK O0OpaOOTKH BBIMOJHEH C
BO3MOKHOCTBIO MIM(POBAHUST CBS3aHHOTO 3HAYEHHUS C KCIOJb30BAaHHEM BTOPOTrO pekuMa
mnpOBaHUsl IS TIOJYYEeHUST BTOPOrO 3alIU(ppPOBAHHOTO CBSI3aHHOTO 3HAYeHUs M IIH(POBAHUS
CBSI3AaHHOTO 3HAYEHHUs] C KCIOJIb30BAaHHEM IMEPBOr0 peknMa MUGPOBAHUS AJIST TOJNYYEeHHUs
NepBOTrO 3alTU(PPOBAHHOTO CBSA3aHHOTO 3HAYECHUSI.

B eme ogHOM MOMONHUTEIPHOM BapUaHTE OCYILECTBJICHUS KJIHUEHTA MO MEHbLIEH mMepe
OITHO M3 MHOKE€CTBA 3HAYEHUM TAHHBIX UMEET HEOTHO3HAYHOCTD, B PE3YJIbTATE YEr0 MHOXKECTBO
HMHTEpIpeTaluil Il KaXIO0ro M3 MO MEHbIIEH Mepe HEKOTOPOro M3 MHOXKECTBa 3HAYEHUM
JAHHBIX SIBJIAETCS BO3MOXKHBIM, TIPUYE€M €IWHCTBEHHAs WMHTEPIIPETalusi U3 MHOXECTBA
WHTEPIPETALNA SIBJSIETCST WCTUHHOW, TPH 3TOM TMPOIECCOP BBIMIOJHEH C BO3MOXKHOCTBIO
U3BJICYEHHs] WMCTUHHBIX HMHTEPIpeTalui 3HAYeHWH HaHHBIX U3 Habopa 3amudpoBaHHBIX

3HAYEHUH NJaHHBIX.

Kparkoe onucanmne yeprexei
Ha ¢ur.1 nmokaszan B30M cTondua 3Ha4EHUil,
Ha ¢ur.2 nmokaszaH 3amnuPOBAHHBIN BEKTOP;
Ha (ur.3 nmokasaH 3amupOBaHHBINA BEKTOP C HEOAHO3HAYHOCTBHIO;

Ha ¢ur.4 nokasaHo, kak B 3ammdposanHoM ABJI-nepeBe MOXHO HalTH QparMeHT; u
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Ha ur.5 nmokasaHo, kak B 3ammpposannoe ABJI-nepeBo MOKHO NOOAaBHUTD y3eil.

IToapoOHoe onucanue u3odpereHust

IIpennoxenHas cxema mudpoBaHus

H3o0perenne HampaBiieHO Ha pa3pabOTKy cXeMbl MU(PpPOBaHUs, KOTOpasi oOecrneynBaeT
3alUTy OT aTak, HalleJIEHHbIX HAa HapylleHHe KOH(PHUIEHIMaIbHOCTH AAHHBIX, U B TO € BpeMs
NO3BOJSIET  BBINOJHATH ~ CAMOOPTAHU3YIOIMMECS  ONepalud  MHASKCUPOBAHUS  HaJ
3alIU(POBAHHBIME YHUCJIOBBIMH JIAaHHBIMH, TO €CTb OOECIIEUHBACT UHOCKCUPYeMYIO CXeMy
wugpposanua. Onnaxo, B ornuuue ot OPES, npennoskenHas cxema mudpoBaHus HE COXPaHsAET
HOPSIIOK YUCIIOBBIX JAHHBIX, TaK YTO OHA IMO3BOJISIET BBINOJNHATH 3((eKTUBHbIE 3ampockl Oe3
yTeukn MHOOPMALMHU O TOpPAAKE KOPTEKEH. 3JIOyMBIIIJIEHHHK MOXET OBITh JHOO BHEIIHUM
3JIOHAMEPEHHBIM 00BEKTOM, JINOO YEeCTHBIM, HO JIFOOONBITHBIM cepBepoM. MHcalinepckue ataky,
HarpuMep Te, KOTOpbleé BO3HUKAIOT CO CTOPOHBI 3JIOHAMEPEHHBIX IIAPTHEPOB, He
paccmarpuBaroTcs. Ilpenmosaraercs, 4YTO KJIMEHTCKHE MAaLIHMHBI OyayT Oe30macHbIMH,
KOH(pHUOeHIMa bHAS WMH(POpPMALMs, TaKash KaK CEKPETHbIe KIYH HA KIHUEHTE, U 3ampoChl
KJIMEHTa HE W3BECTHBI 3JIOYMBIIJICHHUKAM. BBIUUCIEHUs] 3JI0yMBIILIEHHUKOB OTrPaHHYCHBI
CXeMaMH pa3MepoB TMOJUHOMOB. Takas cxemMa IU(POBAHHUS JOJDKHA YIOBJIETBOPSITH
CIEAYIOLINM TPeOOBAHUSIM:

1. OHa mOoWKHA TPENOCTABIATH CEPBEPY OHpeOeNeHHyl0 BO3MOKHOCTb NpPOBeIeHHS
CPAaBHEHMII HEPABEHCTB MEXy 3HAYCHUSIMH JAHHBIX (OTKPBITBIMH TEKCTAMH), UCTOIB3Ys HX
3amugpoanabie GOpMBbI (IINPPOTEKCTHI).

2. DTa BO3MOXHOCTH BBINOJHITH CPABHEHHUS HE JOJIKHA HANPSAMYI0 PACKPbIBATH
NOPSIAOK cpenu 3amn(POBAHHBIX YUCIOBBIX JAHHBIX.

3. Onepauun cpaBHEHHsI HE NOJDKHBI TpeOOBaTh ACIN(POBAHMS HA CEPBEPE; 3HAUCHUS
aTpuOyTa JOJUKHBI BCETA OCTABATHCHA CKPBITBIMH IS CEPBEPA.

4. Pasmepsl Kimo4a, Bpemsi U(POBaHUS U pa3Mepbl MH(PPOTEKCTa IOJKHBI ObITh
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yHpaBJIsieMbIMH 1 HE JIOJDKHBI YBEJIMYUBATHCS B 3aBUCUMOCTH OT Pa3Mepa AAHHBIX, KOJHYECTBA
aTpuOyTOB WJIM KOJMYECTBA TUCKPETHBIX 3HAUYSHHH.

5. KimeHnt He nowkeH ObITh HAMEPEHHO BOBJIEYEH B 00pabOTKY MPOCTBIX 3arpOCOB;
cepBep IOJDKEH JOCTABISTH 3aIIU(POBAHHBIE PE3YNBTATHL, U TOJBKO UX, KIHEHTY B TEUCHHE
OZIHOTO CE€aHCa CBSI3U.

6. CepBep MOMKEH MMETh BO3MOXKHOCTh KOPPEKTHOIO pa3MeEIlEeHUs] 3HAUEHHH BHOBb
NOJTyYE€HHBIX TAHHBIX U TOAJIEP’KKU 00OHOBJIEHHH B 3a1IM(POBAHHBIX JAHHBIX.

OcHOBHast 3amaya COCTOUT B TOM, YTOOBI pPAa3pelIUTh IPOTUBOPEUUE MEXKAY
tpeboBanusimu (1) u (2), TO ecTh 00eceunTh CpaBHEHUE HEPABEHCTBA 0€3 PACKPBITUS MOPsAKA.
Cnoco® DOCTHXKEHHUS HTOr0O pe3yJsibTara COCTOMT B TOM, YTOOBI MOCTYJIMPOBATDh, YTO CPABHEHHS
He TOJDKHBI OBITh BOSMOXKHBIMH Cpeou 3au(pPOBAHHBIX NAHHBIX, MOCTOSHHO XPAHSIIUXCS HA
cepBepe. Ecnu Takue naHHble HE CONOCTaBUMBI APYT C IPYTOM, TO UX HEJb3sl HEMOCPEACTBEHHO
NPUBECTH B OTCOPTHPOBAHHBIA MOPSIIOK. 3aTeM HEOOXOOUMO BBIICHHTb, IIPH KaKUX
00CTOSITENNBCTBAX CEPBEP JNOJKEH MMETh BO3MOXKHOCTD BBIMOJHSIThH MPOBEPKY HEPABEHCTB CPEeIU
mnppoTekcToB. Takue CpaBHEHHs JOJDKHBI ObITh BO3MOXHBI TOJIBKO HO MPeOOBANHUI0 MEKIY
mupoTeKCTaMu (HAmpUMep, MEXKAY TpaHULEeH 3ampoca M 3HAYEHHEM KOpTeXka), KOTOpbIe
NPEACTABISIFOTCS  COMOCTABHMBIMH 10 WX IIU(PPOBAHUIO, MO CYLIECTBY JEHCTBUS IO
UHIEKCUPOBAHUIO Takke OyAyT BO3MOXKHBI MOJAbKO No mpebosanuto kauenma. Takoe
UHJIEKCUPOBaHHUE MO TPeOOBaHMIO OyAeT COBMECTUMO C aaNTUBHBIM MHACKCHPOBAHUEM: €CIIU
OyZeT BBINOJHATHCS WHAEKCHUPOBAHUE MO TpeOOBaHHMIO s olecriedeHus: Oe30MacHOCTH,
HEOOXOUMO TaKKe BBITIOJIHATh TOYHO TaKHE JK€ NEUCTBUS Ut 00eCTeueHus alanTHBHOCTHU, TaK
KaK JaHHbIE JOJUKHbI MHIEKCHPOBATHCS B OTBET HA 3alpoChl. 3aTeM, BMECTO TOTO, YTOOBI
HAaXOJUTBCS BO BHYTPEHHEM IMPOTHBOPEYHH IPYT C ApyroMm, TpeOoBaHMs MO OE30MacHOCTH U
alanTUBHOCTH YCHJIMBAIOT APYT APYyTa.

Hanee, HeoOxomuMO pa3padoTaTh Crocod CO3MAHUSI CONOCMABUMbIX ULUPPOMEKCHIOS.

Takoli cnoco0 MOXKET MCIOJIb30BaTh /1Ba B3AMMOAONOJIHAOIINX pekuma mudposanus A u B,
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B3aMMOJEUCTBYIOIUX APYTr C APYTrOM, TaK YTO 3aImu()POBAHHBIN TEKCT, 3aITU(POBAHHBIN B
peskuMe A, MOXHO CPaBHHTH C 3amu(pOBaHHBIM TEKCTOM B peknme B. 3arem mmdposaHue
3HaueHUH aTpuOyTOB B pekrMe A U IpaHHIL] 3aIIPOCOB B pexknMe B naer cepBepy BO3MOXKHOCTD
CpPaBHHMBATh MEPBOE C TMOCIEAHHM, KaK MOXKHO BHIETb, TAaKHE€ CPaBHEHUS OOPa3ylOT OCHOBY

ornepanyii aganTUBHOTO MHAEKCUPOBAHMS U BBIMOJHIIOTCA C MOMOINBIO ONEPaTOpPoOB @ U ¢, B

anroputme 1. Ilpenmonoskum, 9TO cepBepy HEOOXOAMMO BBIMIOJIHUTH MPOBEPKY HEPABEHCTBA
MeXIy 3HaueHueMm V kiroua B ctonbue C WM CBsS3aHHBIM 3HaYeHHeM b 3ampoca, TO eCThb
IPOBEPUTH, CHPABEIUIMBO JIU HEPABEHCTBO V >b . DKBUBAJIEHTHO, CEPBEP AOKEH MPOBEPUTH,
CIPaBEJINBO JIU HEPABEHCTBO:
v—-b>0 (1)
Hcnonb3yst BEKTOpHY0 GOpMY 3amucy, HepaBeHCTBO (1) MOXKHO BBIPa3UTh B BUIE

1 V
. =v-b=>0 (2)

b)\-1

3ama4ya COCTOUT B TOM, 4TOOBI pa3paboTaTh cxemy mU(pPOBAHUS, KOTOPAsK MO3BOJIHIIA ObI
NPOBOANTb BBIYKCICHUE TPOU3BEACHUN TaKUX CKAJISIPHBIX BEKTOPOB 3aMACKHPOBAHHBIM
obpazom. B 5Toif cxeme HCHONB3YIOTCS TPU ONEPALUH MACKHPOBKH, KOTOPBIE JOJIKHBI
BBIMOJTHATHCS MMOCTABLIMKOM WH(OPMALUU TPHU 3arpy3Ke JaHHBIX HA CEPBEPE U JIOBEPEHHBIM
KJIMEHTaM Tiepen oTnpaBkoil 3anpoca: (1) nobasnenue myma; (2) ckanspHoe yMHOXeHHe, U (3)
YMHOKE€HHE MaTpHLl. JleTamu 3Tux onepauuii mpeacTaBIeHbl HUXKE.

HobGaBaenue myma

Onepanus no0aBIeHUs IIyMa MO3BOJISIET TTOCTPOUTH J1Ba OOJiee MIMHHBIX BekTopa b, v,
nyTeM A00aBIIEHHs] JOMOJHHUTEIBHBIX 3aIIyMJICHHBIX 3JIEMEHTOB K BEKTOpaM JUIMHOH - 2,
KOTOpPbIE HCIOJB3YIOTCS B HEPABEHCTBE (2), MO3TOMY pe3yJbTaT TNPOU3BEICHHsS BEKTOPOB
OCTaeTcs TeM K€ caMbiM. b U v ymomMmuHaroTCs Kak 3amnQpoBaHHBIN CBA3aHHBIH BEKTOP U

BEKTOP 3aIIN(POBAHHBIX 3HAYEHUH, COOTBETCTBEHHO. KOHKpeTHass mimHa ¢ BEKTOpoB b u v,

pACIIONIOKEHHE W PA3NU4UUsl MEXAY HOOABICHHBIMU 3AULYMICHHLIMU COOCPIUCANUAMU W
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NEPBOHAYAJIBHBIMU COAEPKAHUSMH 3HAU€HUW B HUX SBISIOTCS COCTaBHOM 4YacThbIO KJHOYA
mr(pOBaHUs], U3BECTHOTO BJIAAEIBIy MAAHHBIX U JOBEPEHHOMY KJIHMEHTY, HO HE IMOCTAaBIIUKY
ycnyr. be3 morepm OOIHOCTH TPEACTABIEH NPUMEP HCIOJIb30BAHUS BEKTOPOB JIMHOH S .

HepasencTso (2) MOXKHO mepenucarh CIeayoLIM 00pa3oM:

-4 3
1 v
b-v=| 8 |-|-2|=v-b620 (3)
b || -1
4 7

B sTOM npumepe nepBoHauanbHbIE COAEPKAHUSA BEKTOPOB 3aHUMAIOT B HUX NO3ULUU 1 U
3, Torna xak nosuumu {0,2,4} 3ape3epBUPOBaHbI Ul 3alIyMJICHHBIX COAEPXKAHUH, KOTOPbIE
B3aMMHO YHUYTOXKAIOTCS B NPOU3BENEHHM CKAJSIPHBIX BEKTOPOB, TaK Kak OHH OOpasyroT ABa

OPTOTOHAJIbHBIX BJIO’KEHHBIX ITOIBEKTOPA N, U N JUIMHOM -3 ¢ BHyTPEHHUM IpousseneHuem O :

-4 3
n,-n, =8 [-|-2|=0 €))
4 7

B nanHOM AOKyMEHTE 3TH OPTOTrOHAJIbHbIE MOJBEKTOPBI HA3BIBAIOTCS 3allly MJIIEHHBIMU
noasekTopamu b u v . Creayer momguepkHyTh, YTO ONHH U Te K€ TOYHbBIE 3allyMJICHHBIE
MOABEKTOPBI HE JOJDKHBI MCIIONB30BATHCS ISl KAKAOTO 3aIIU(POBAHHOIO 3HAYEHHS V KIIHOYa
WIH KaKAOTO 3auri(pOBaHHOTO CBS3aHHOIO 3HAYEHUS b , MpHU 3TOM OJMHAKOBBIE HO3UYUU
JOJIKHBI UCTIONIB30BATHCS IS 3aI0Y MJICHHBIX CONEPKaHHMHA BO BCEX 3aIIU(POBAHHBIX 3HAYEHHSIX
B OIHOM M TOM e crondue. MOXHO HCIIONB30BaTh JMIOOYI0 Mapy BEKTOPOB, OPTOTOHANIBHBIX
ApyT Opyry, NMO3TOMy HUX BHyTpeHHee mpousBeneHue pasHo O . Tem He meHee, Bektop b,
MOJIyYEHHBIH Uil 3aJaHHOTO CBSI3aHHOTO 3HAa4YeHusi b , NOJKeH ObITh OPTOTOHANIEH 6CeM

2

BEKTOPaM V , TOJYYEHHbIM [JIs1 3HaueHuil arpuOyta. [losToMy Henb3st BbIOpaTh mMapsl
OPTOTOHAJIBHBIX BEKTOPOB COBEPILIEHHO MPOM3BOJIBHBIM 00pa3oM. OIHAKO AOCTATOYHO BHIOPATH

GHHHHquIﬁ BEKTOp U H Y66I[I/ITI:;C$I, YTO KaXXJ10€ CBA3dHHOC 3HAYCHHEC b CKPBITO IMyTEM
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BJIOXKEHUSI B BEKTOP-CTOJOEI] (2) CIly4ailHO BBIOPAHHOTO 3allyMJIEHHOTO BEKTOpa n, ,

KOJUTMHEAPHOrO W , m, = A(b)-u , mpu 3TOM 3Ha4yeHus | u O 3aHUMAIOT OINpeNeIeHHbIE

NpeABAPUTENIbHO BbIOPAHHBIE MO3ULNH, KaK MOKAa3aHO BbIIe, Ui nonydeHust b. 3atem moboe

3HAYCHUEC V MOaHHBIX CKPBITO IYTEM AHAJOTHYHOIO BJIOKCHHA IIPOU3BOJIBHO BbI6paHHOFO

BEKTOpa m, =u" (V), OPTOTOHAIBHOTO U, B BEKTOP-CTONOLE (), AnA MOJydeHus V. Cnenyer

TIOTYEPKHYThb, YTO BEKTOPHl W (V) He IOIKHBI ObITh KOIUTHHEAPHBIMH APYT Apyry. Bymer

JOCTAaTOYHO, 4YTO JI0OOH BeKTOp opToroHajieH u. IlomBoast uTor W mpuHUMAasi BO BHUMaHHUE

eIMHUYHbIN BCKTOD U 3alIyMJICHHBIC TMMOABCKTOPHBL, BJIOXKCHHBIC B b ,  AOJIKHBI OBITH

2
KOJUIMHCAPHBI W, B TO BPEMs KaK BJIOXKCHHBIC B V IOOJIKHBI OBITH OPTOrOHAJIbHBI U . 3aTtem

IMPOBEPKY HEPABCHCTBA MOXKHO BBIIIOJHUTDH MOCPEACTBOM MPOU3BEACHUA CKAJIAPHBIX BEKTOPOB,

TaK KaKk V—) BbMUCIAECTCA Kak b-v .

B BpIIEYyNOMSHYTOM MNpUMEpPE HCIOIb3yEeMbI E€IUHUYHBIA BEKTOP u =

S~ &l s

YaCTHOCTH, ||u||=l . 3amyMieHHbIH TONBEKTOp b monyuaercs myTeM YMHOXKEHHUS U Ha

Cy4aifHO BbIOpaHHBIA KO3(duiueHt A(h) . B BoimeynomsiHyToM ciyudae A(b) = 46 . C
APYTO# CTOPOHBI, 3aLTyMJICHHBIN MMOIBEKTOP V IMOJIyYAETCs MyTEM CIIy4alHOTO BBIOOpA J1106020
BeKTOpa U (V) MIHHOH £ — 2, OPTOTOHANBLHOTO U.

CkansipHoe yMHO:KeHHe

Cxema mmdposanusi, papaboTaHHasi B JaHHOE BPEMsi, MIO3BOJISIET BBIYUCIUTD Pa3HOCTh
v—b ¢ TIOMOIIBIO CepBepa MyTeM BBIYUCIICHHs CKAJISIPHOTO MPOU3BENEHHs IByX BEKTOPOB. JTa
CXe€Ma pellaeT 3ajady BBIIOJHEHUS IPOBEPOK HEPABEHCTB U, CIENOBATENbHO, O0palOTKY
3arpoCOB AMANAa30HA B OTHOLICHUH 3aITU(POBAHHBIX YUCIIOBBIX TaHHBIX, B TO BPEMsI KaKk CXeMa

mupoBaHUsl He COXpaHsAET MOPSAOK NaHHbIX, kak 3To aenmaer OPES. Opnako, yuuthBas
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3aU(POBAHHBIN CBSI3aHHBIN BEKTOP b, 310y MBIIUIEHHIK MOKET BBIYHCIUTD JIFO00E CKaJSIPHOE
npousBeneHne Buzpa b-v u, clienoBaTenbHO, pasHOCTE V—b |, must 00Oro BeKTOpa Vv
3amn(pOBAHHBIX 3HAYCHUIT, 3aTe€M, CPAaBHUBAsI MOJyYEHHbIC 3HAYEHUS] V—Db, MOXKHO MOJYYHUTh
HE TOJIbKO MOPSAOK, HO ¥ TOUHBIE PA3HOCTH MEKAY 3alIM()POBAHHBIMU 3HAUEHUSIMH JJAHHBIX.
Uro0bl mpenoTBpaTUTh TAKOTO POAA YTEUKY, MPEANOYTUTENBHO U30€raTh BBIYHCICHHUS
TOYHBIX pa3sHOCTeH Buma v—0. B KOHIE KOHIIOB, HET HEOOXOJUMOCTHU IMOJYYaTh MPABUIIbHBIC

HOpPMBI 3THUX pasHocTed. JlocTaTouHO MNPOCTO MNOJyuuTh WX 3HaK. HopMmy |v—b| MOXHO

U3MEHATH 710 TeX MOp, MOKA 3HAK MOJYyYaeTCsl MPAaBUIbHO. DTOT 3P (PeKT MOXKET OBITh TOCTUTHY T
nyTeM A00aBIEHUS] CKAIAPHO20 YMHOJICeHUs B ONEpPALM CKPBITHA. 3aTeM A KaKIoro
3HAQYEHHsI V JaHHBIX MOCTABIIMK AAHHBIX BBIOMPAET CIy4alHbII MOJOXKUTEIbHBIH MHOXXUTEIb

£(v) >0 ¥ NMOBTOPHO BBIYUCISET BEKTOP V 3alM(pOBAHHBIX 3Ha4YeHUH B BHAE v'=E(v)v. B

JAJbHENIIEM V CChUIAETCsl HAa 3TOT NMOBTOPHO BBIYUCIECHHBIN BEKTOp 3HaueHUU. B pesynbrare

CKaJISIPHOE TNPOM3BEJIeHHe NMpUHUMAET BUA b -v =& (v)(v —b) . CepBep HO-NpeKHEMY MONyyaeT

NPaBUJIbHBIH 3HAK PA3HOCTH V—b 6e3 TOUHO HOPMBI 3TOM PA3HOCTH, MOABEPKEHHON yTeuke. B
IEeUCTBUTENIHOCTH 3JIOYMBIIUIEHHUK HE MOKET BOCCTAHOBHTH TMOPSIAOK 3HAYEHHH JaHHBIX,
UCTIONB3YS1 MH(POPMALIUIO, MOy UYEHHYIO U3 CKAIPHBIX IPOU3BEICHUIL.

Bwmecto mncnonp3oBaHusi 00IIEro MHOXKHTENS MacIITaOMPOBaHUS ISl 3aIlu(pOBAHHBIX
3HAYEHW M 3alIyMJICHHBIX KOMIIOHEHTOB, MOPOKICHHBIX HEKOTOPBIMH ICEBAOCITYYaiiHbIMU
byHKIUAMEU ¢(X), MbI MOKEM UCTIONIb30BATh JBE OTHENbHbIE MCEBIOCTyYaliHble PYHKIUH (V) U
&o(v). Takum 00pa3oMm, 3aiyMIIEHHBIE U ONPeeSIeHHbIe KOMIIOHEHTBI MOTYT MacIITaOHPOBATHCS
HE3aBHUCHMBIM O0pa3oM, HO IO BCEH BEPOSITHOCTH OYIOyT paclpenessiTbCs TEeM XKe€ CaMbIM
obpazom.

YMHOKeHHe MaTpuL]

B pesynbprare BbIMONHEHHs Onepauuyd A0OABICHUS INyMa U CKAJISPHOTO yMHOXKECHHUS

NOJTy4aeTcsl BEKTOp V , MPEACTABJSIOLIMNA Kak[J0oe 3HAueHue V KIo4a, U Bekrop b ,

2

NPEACTaBJISIFOIUN cOOOM CBsI3aHHOE 3HaueHHe H 3ampoca, Tak 4YTO 3HAK, HO He HopMma V—Db,
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MOKET OBITh TMONy4YeH U3 CKasipHOro mpomsBeneHust b-v . Tem He MeHee, 0e30mMacHOCTD,
KOTOpasi o0ecreyrBaeT 3TH OMEpaly, He MOKET MPOTUBOCTOSITH MPOCTOMY HapyIIEHHUIO:

3JI0Y MBILIJIEHHUK, U3Y4aOLIUI MO3ULIUIO0 B BEKTOPE V, I HaXonATcs 3HadeHus £(v)v u —£(v),

MoxeT 3(QeKTHBHO TMONYyYUTh BCE MWCXOAHBIE 3HA4YEHUs Kio4da. TakuMm oOpasom,
o0ecreunBaeTCs IOMOIHUTENbHBIA YPOBEHD IU(PPOBAHUS IJII CKPBITHSI TOTO HAPY LIEHHUS.

IIpenmonoxum, yto v u b sBuAroTcs Bekropamu ANMHONH ¢ , W AOMyCTUM, 4TO M
npencTaBIseT coboil MO0y 0oOpaTHMyr0 MaTpuily pasmepom £x¢ . u M ™' spuserca ee
oOpatHoll Matrpuneil. M oOpa3yer 4acTh Kiro4a IMUQPOBAHUS, 3TO H3BECTHO MOCTABLIUKY
JAHHBIX U €ro JOBEPEHHBIM KJIIMEHTaM, HO He MOCTaBIIMKY yciyr. JIroboe 3HaYeHHe v Kio4a u
OOy KOHTPOJIbHY O TOUKY & MOKHO 3aImu(ppoBaTh CIAEAYOIIMM 00pa3oM.
E,(v)=M"v )
E,(b))=M"b (6)

rae E (), E, () — dynkuun mudposanus, b u v npencrasneHs! B BUAE BEKTOP-CTOJNOLOB, U

M" — TpascionnpoBaHHas Matpuia M . 3atem

E,(b)-E,(v)=E,(b)"E,(v)

=M"b) (M 'v)

=(b"M)M 'v)

=b'v=b-v=£(v)(v-b)

I7le BEKTOP-CTPOKA a’ — TPAHCTIOHMPOBAHHbIM BEKTOP-CTONOEL] A .

CrermanmucraM B JaHHOH OONACTH TEXHHKH OYEBHIIHO, YTO OJIWHAKOBBIM pPE3yJbTaT
MozkeT ObITh onyden, koraa E (vV)=M'v u E,(b))=M"'b .

B neiictButensHOCTH mr00Aasi MpOBEpPKAa HEPABEHCTBA MOKET OBITh 3P (PEKTUBHO

NpOBEAE€HA C uCmonb3oBaHuMeM 3amm@poBanHelx Bekropos E (v) u E,(b) . E (v)

BbIpA0ATHIBAETCSl TIOCTABUIMKOM JAHHBIX W IEPEeNaeTcss Ha cepBep MNpH BbIpaboTKe (MU



28

oOHoBnennn naHHeix). E,(b) momydaercs NOBEpPEHHBIM KJIMEHTOM MM CHOBAa IOCTABIIUKOM

IAHHBIX OT MMEHHU KJIMEHTa IPH BbIIaue 3ampoca. JTH 1Ba 3Tana mudposanus (u odparHas
orepauusi — aemu(poBaHUe) SIBISIOTCS €AMHCTBEHHBIMH ITOCTABIIMKAMM JAaHHBIX paboueit
HAarpy3k, ¥ KJIHMEHT JOJUKeH HX mnpoWTtu. [lpyrue BermcineHus u oOpaboTka 3ampocoB
BBITIOJTHSIFOTCSI CEPBEPOM Kak ¢ He3amungppoBaHHON 0a30i maHHBIX. B TO ke Bpems, yuuThIBas
5TH 3l POBAHHbBIE BEKTOPBI, 3JIOYMBIIIJICHHHK HE MOXKET ONPeNeIuTh 3HaYeHus1 v uim b 6e3
3HaHUS 00paTUMON MaTpuLbl M .

Kuarou mudpposanus

Bxparie, oOmuii ko4 fist mnupoBaHUs BKIIOYAET B CeOsi:

1. EnvHUYHBIN BEKTOp U.

2. TIpon3BONBHYI0 OPUEHTALMIO KAKIOTO BEKTOpa U (V), OPTOrOHAJIBHOTO U, KOTOPHIIA

WHAUBUAYaJIbHO BbI6I/IpaeTCSI JJIA IOCTPOCHUA V IJId 3HAYCHUA V TAaHHBIX.

3. Kaxnprit koaduumeHT A(h), NCTIONB3yEeMbIH AJISI IOy YSHHUS 3aIly MJICHHOTO BEKTOpa,

KOJIJITMHEAPHOTO U, JUIsl TOTO, 4TOOBI MOCTPOUTh b J1st rpanuiel b 3ampoca.

4. Kaxxaplil ciy4aiiHbIi MOJOKUTENBbHBI MHOXUTENDb & (V) , UCIIOJIBb3YE€MbIN JJIs1 CKPBITHS

HOPMbI V—b .

5. TTo3uumu, 3aHAThIE CONEPIKAHUSIMH (52(”)) u () B Vb, cooTBeTCTBEHHO.
—<{v

6. OOpaTUMYIO MaTPUILY.

CTolikocTh K aTakam

Tenepp OyayT W3JIOKEHBI B OOMIMX HYePTaxX BO3MOJKHOCTH 3TOW YMPOINEHHOW CXEMbI
mdpoBanusi, 4TOOBI MPOTHBOCTOSATH aTakaM IPHU YCJIOBUH, YTO YECTHBIH, HO JTFOOOMBITHBIN
3JIOYMBIIJIECHHUK OCBEOMJIEH O BHYTPEHHUX MNPUHIUNAX padoTax cxeMbl MMUPPOBAHHUS U
CTPEMUTCS] Y3HATh KITFOY M3 M3BECTHBIX MMU(PPOTEKCTOB M MOTEHIIMATBHO U3BECTHBIX OTKPBITHIX
TekcToB. Tak kak cxema mu(ppPOBaHUS COCTOUT M3 TPEX YPOBHEH, ee naybHellnee o0CyKIeHue

Oyzaer pa30duTO Ha JIBE YAaCTH.
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YPOBHHU CKAJIIPHOI0 YMHOKEHHSI U HIyMa

OctaBUB B CTOpPOHE YacThb MEPEMHOXKEHHS  MATPUL, MPEANOJOXKUM, HYTO
3JIOYMBIIIJIEHHUIIA AJlMCa, KOTOpasi HETNOCPENCTBEHHO HAOMIoAaeT 3a 3allyMJICHHBIMU
BEKTOpaMHU, TpPEKAe, 4eM OHH OyayT yMHOeHbl Ha M . Ilpu Takoil aTtake Ha W3BECTHBIN
mmdporekcT Annce Hy>KHO ObUIO OBl TOJIBKO OTCOPTHPOBATH 3AIIyMJICHHBIE CONEPIKAHUS W3
colepKaHui 3HAYeHW 3TUX BeKTOPOB. OHA MOXET HCIOJIb30BaTh HH(POPMAIIMIO O TOM, UTO
3aIyMJICHHBIE 3JIEMEHTBI BEKTOpa V 3amn(poBaHHBIX 3HAYEHUH U BekTopa b 3ammdppoBaHHBIX
KOHTPOJIBHBIX TOYE€K OPTOrOHAJBHBI APYr APYTYy, U BBIABUHYTH TUIOTE3y OTHOCUTEJIBHO
MO3ULMA  3aI0yMJICHHBIX COJIEPXKAHMM B 3aBUCUMOCTH OT COAEpPKaHUW 3HA4YeHUU B
HaOJTFOTa€MBIX BEKTOpaX, TO €CTh MPOHM3BOJBHO BBIOpATh 2 MO3MLUMU M3 ¢ TMO3ULMH B ITHX
BEKTOpaxX, IZI€ HAXOMATCS MpeArojaraeMble COAep)kaHus 3HayeHuid. UToObl MpPOBEPUTH 3Ty
TUIIOTE3Y, OHA MOXKET MPOBEPUTH, MPOU3BOASAT JIM MIPEATIOIAraeMble 311y MIICHHBIE ITOABEKTOPHI
HEM3MEHHO BHyTpeHHee TmpousBeneHne (O 1O BCeM MHOTOYHCJIEHHBIM  Pa3IMYHbIM

HaOronaeMbiM mapam {b, v} . Eciu 370 Tak, To OHa MOKET C YBEPEHHOCTBIO CIEATh BBIBOA, YTO

ee TUIoTe3a MpoBepeHa. Bonpoc cocTout B TOM, CKOJIBKO MOMBITOK JOJIXKHA cAenaTh Anuca AJis
TOrO, YTOOBI MOJYYHTh NPABHJIBHYIO THIIOTE3Y B pe3yJIbTaTe€ HCUEPIBIBAIOIIErO Moucka. Ee

TUNOTE3a CBOAMTCS K BBIOOPY 2 M3 ¢ BEKTOPHBIX 3JIEMEHTOB. Tak Kak CYIIECTBYIOT

_ =1

3 =O(f*) crocoboB crenaTh Takol BbIOOp, AJHca MOKET NMPHUUTH K MpaBHJILHOMN

)
TUTIOTE3€ 32 MOJMHOMHAIbHOE BpeMsi. Kak yka3aHHO BBILIE, YPOBEHDb LIyMa CXEMBbI IIH(POBAHUS
JIETKO pacKpbITh. BOT modeMy Obu1 100aBiIeH ypOBEHb YMHOXEHHS MaTpHL], KOTOPBIA Oyner
00CY KIEH HITKE.

YpoBeHb YMHOKEHHS MaTPHUL]

Kak Tonpko Anuca yBUAWT, YTO 3allyMJIEHHbIE BEKTOPbI YMHOXKEHbI Ha A , OHa He
MOYKET BBITIOJJHUTD BBIIIEYKA3aHHYIO aTtaky. Temepb matpuua A yMHOKEHHs] BBOAUT IIaOJIOH,
cocTosMi U3 ¢* HEU3BECTHBIX. EMUHUYHBIN BEKTOp u HeceT B cebe Gosiee £ —2 HEM3BECTHBIX

B Ia0JIOHe, KaxIbli 3amupOBaHHBIA BEKTOP V HeceT B cebe Oonee ¢ —3 HEU3BECTHBIX, TaK
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KaK MOJKHO IOJIYYUTh TOJIbKO OAMH W3 €ro ¢ —2 3alIyMJIEHHBIX 3JIEMEHTOB, UCTIONB3ys ¢ —3
APYTUX 3JIEMEHTOB, U OPTOTOHAJIBHOCTD K U M KO3 PUIHEHT & (v), KOTOPbIH ObUT YMHOKEH Ha
{v,—1} ans Toro, 4ToObI NOJYyYUTh CBOM 3aIly MIIEHHBIE COAEPIKAHUS, KaXKIbI 3amu(ppOBaHHBIN
BekTOp b Hecer B ceOe ko dumment A(h), KOTOPBIA YMHOXKAETCS Ha U IS TIOJIYUYEHUS] CBOUX
3alIyMJICHHBIX COZEP’KaHUM. ATaka, KOTOpas BCE €Ille MOXKET MPUHOCUThH IUIOABI, N3BECTHA KaK
aTaka Ha OCHOBE INOJOOPAHHOTO OTKPBITOrO TEKCTa B CiIydae, €CM AJIMCa MOXKET MOJIy4HUTh

AOCTYT K Mapam U3 UCXOAHOTrO 3HadeHus (v b) u ero 3ammdpposannoi Gopmsl (E (V) mmn
E,(b) , coorBercTBeHHO). [N Kakn0i Tako Mapbl OHA MOXKET IMOCTPOUTb / CKAJSIPHBIX

JIMHEMHBIX ypaBHeHHﬁ. B kxoneuHOM CUHCTC, MOXHO IIOKa3aTb, 4YTO AnHce AOCTATOYHO 3HATH

Py l-2 y .
N 2T+1=0(€) nap "OTKPBITHIA TEKCT-IIU(PPOTEKCT" 3HAYEeHHH b ; 3aTeM OHA MOKET

crocoboB

. (-1
pelINTh TONYYEHHYK) CUCTEMy ypaBHEHHUH JJsd  KaXAOro W3 (T)

NO3ULIMOHUPOBAHUS 3alIyMIIEHHBIX COAEpXaHMH B Vv U b W CHOBa ompemenuts TO, HTO
NPUBOJIUT K PEIICHUI0, HEM3MEHHO MPUBOJS K MPOU3BEACHUSIM OPTOrOHAJIBHBIX 32y MJICHHBIX
BEKTOPOB. be30macHOCTh NpennioKeHHOH cXeMbl MH(POBaHUS B LEISIX MPEIOTBPALICHUS
U3BECTHBIX aTaK HAa OCHOBE OTKPBITOTO TEKCTa CHJIBHO 3aBHCHT OT BBIOPAHHOTO pa3mepa £
mu(ppPOTEKCTa, B TO BpPeMsl KaK NPEAJIOKEHHAs CXeMa MPEeNOCTaBIsIeT BIAJENbLY IaHHBIX
ruOKOCTb TIPU BBIOOPE 3HAYECHUS ¢ TIO JKEJTAHUIO.

HNupexcupoBanue 3amu(ppoBaHHBIX JAHHBIX

Hwuxe Oyner oOCykIeHO, Kak CepBep MOXKET BBINOJHUTH aIalITUBHOE WHIEKCHPOBAHHE
IaHHBIX, 3amU(pPOBaHHbIX cxeMmol mudpoBanus. llpumedarenbHo, 4To BbIOOP ¢ B CXEMe
oIpesessieT pasMepsl MaTpulbl A/ U BiedeT 3a coOoil £ -kpaTHOe yBeandeHue TpeboBaHUIl K
XPaHEHHIO. JTH 3aTPaThl HA XPAHEHNE UMEIOT JOCTYITHYIO LIEHY, KOTOPYIO HY KHO 3aIUTaTUTh IS
BBITTOJTHEHHS OTIepannii 1o 0€30MacHOMY alalITHBHOMY WHIEKCHPOBAHHIO.

IIpoGsema yTeukH HU3-3a CTPYKTYPHI
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Jlo cux mop MOAYEPKUBAIOCH, YTO CXeMa IMH(PPOBAHUS C COXPAHEHHEM IOpPSIKa
UCKITIOYAETCs, TIO3TOMY HOPSIOOK 3HAUYEHUI HE BBITEKAET K 3JIOYMBIIIJICHHUKaM. TeM He MeHee,
OlepaLyy aJanTUBHOIO MHIAEKCHPOBAHMUS TOCTETIEHHO MPHUBOAHUT CTONOEN 0a30BbIX NAHHBIX K
copmuposannomy nopsoxy. B KoHIe KOHIIOB, B3JIOM 0a3bl JaHHBIX MOKHO MPABUJIBHO OMNHCATh
KaK MHKPEMEHTHYI0 OBICTPYI0 COPTHPOBKY, B TO BpeMsl Kak IPYIVIO ajJbT€PHATHUBY IS
aJaNTUBHOIO HHIEKCUPOBAaHUs, TO €CThb aJalTUBHOE CIUSHHE MOXKHO pPacCMaTpUBaTb Kak
UHKPEeMEeHMHYIO COpMUPOBK) TIPU BHELIHEM CIUSHUUA. MexaHnu3M aJaliTUBHOIO UHAEKCUPOBAHMUS,
NPE/ICTaBJIEHHBINH €ro COOCTBEHHBIMU yCTPONUCTBAMH, OyIIET CHipemumvCs TPUBOIUTD JaHHBIE K
copmuposannomy nopsoky. C ydaeroMm paboded Harpysku W, mpu KOTOpo# s 000 mapel

3HaueHuil B crondue v,,v,, CyIECTBYeT MO MeHblIel Mepe onHa rpaHuua b € {v,,v,} 3ampoca,

alanTHBHOE WHAEKCUPOBaHHe ¢ momoibio VW npuBeneT HaHHble B KOHEYHOM CUETe K TOUHOMY
COPTUPOBAHHOMY IOPSIZIKY.

B nefictBurensHOCTH, nake ecnu mudpoBaHHEe caMO MO cebe He BBbIAAeT IMOPSAOK
3HAYEHUH, STOT MOPSIIOK B KOHEYHOM MTOTE MOKET HAaOJFOIAThCs B 3AMKCSAX MOPSAKA, KOTOPBIE
NPUBONATCS  TOCJE€  MPUMEHEHWs  JOCTaTOYHOrO  KOJIMYEeCTBA  OMepaluid  B3JIOMA.
3710y MBILIJIEHHUK, KOTOPBIH MOXET HACHTU(ULHPOBATH LEJIEBOH KOPTEXK, MOXET JIOTUYECKU
BBIBECTH CBOK) TIO3ULMIO B COXPAHEHHOM TIOpSIIKE TyTeM HAONIOACHHS CTPYKTYpPbI
MIOCTPOCHHOTO JiepeBa MHIEKCOB. Uem OoJiee yIydlIeHHbIM CTAHOBUTCS JEPEBO, TeM OOJIbIne
MOXET yTe4b HH(OPMALIMH OTHOCUTENIBHO MOPSAKA JISKAIINX B OCHOBE KOPTEIKEH.

YMbllLIeHHOE 10NylIeHHe O HO0K

Uro0bl cMATYUTH MPOOJIEMY YTEUKH TOpPSIIKA M3-3a CTPYKTYPBL, BBOISTCS OIIMOOUYHBIC
UHTEPIPETALNN JaHHBIX, U3BJICYCHHBIX U3 BHEIIHUX HUCTOYHUKOB, B TO BPEMsI KaK CepBep He
MOXET Pa3M4YUTh, Kakash MHTEPHpeTauus sBIsieTcs AeHCTBUTENbHON. TakuM obOpa3om, masxke
3JIOyMBILUIEHHUK (WM CepBEp), 3HAIOIIMKA BHYTPEHHIOK paboTy cxembl MmU(pPOBaHUS, HE
CMOXKET C/IeJIaTh YBEPEHHbIE BHIBOABI 00 OTHOCUTEIBHBIX MO3HLIUAX KOPTEKEH.

B AAHHOM AOOKYMECHTE PACKPBIThI ABa BO3MOXKHbBIX criocoba HUHTCPIPETALIUN KAXKIOTO
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3au(ppPOBAHHOTO 3HAUYEHUS JAHHBIX, 0€3 YTEeUKH TOro, KAaKO€ OAHO U3 JIBYX 3HAYCHHH SIBIISIETCS
NPaBWIBHBIM JUIA KaXnoro koprexa 7. CepBep MPOCTO BBIMOJHIET ASHCTBUS HAL OOOUMH
3HAYEHUSIMY, TTOANEPKHBasi 00€ BO3MOXHbBIE NHTEPIPETALIMH KaXIOH 3aIUCH TOTAA, KOTJa 3TO
HeoOxomumo. TONBKO OfHA W3 3TUX BEPCHUH COOTBETCTBYET WCTHHHOHM 3amMCH, HO TOJIBKO
BJIaJieJiel] JaHHBIX U €r0 JOBEPEHHbIE KIMEHTh MOTYT MPOBECTH 3TO paszanuue. C TOUKU 3peHHUs
cepsBepa, Kaxkaash MHTepHpeTalysi BEPOsiTHA B PaBHOM CTeneHU. Jlpyrumu cioBaMu, CepBep
OIHOBPEMEHHO YIPABJIIET MHOTOYUCICHHBIMUA 803MOMNCHbIMU Mupamu. Takue MHO20YUCIeHHbIe

peanbHocmy  KOHQUTYPUPYIOTCS MyTeM YBeNUueHWus MIMHbI Kaxkporo sekropa E (v) Ha

3HayeHue & u MpoU3BOJBHOTO nodaBieHus: € B kayecTse npedukca wiu cypduxca Kk Hemy st

Toro, utoObI MoMy4uTh E (v); 6 BhIOUpaeTcs TakuM oOpa3oM, uTobbl Kak ¢ -mpedukc, Tak u £ -
cybduxc E, (v) paboTamu MocnenoBaTeNbHO B KayecTBe NeHCTBUTENbHBIX BekTopoB E (V)
conpspkeHHbIX ¢ BekTopamu E, () : B oboux ciywasix mociie YMHOXXEHUS Ha Matpuuy M

COlep KaHMUs, MOJTyY€HHbIE B MO3ULIUSIX, 3aPe3ePBUPOBAHHBIX JIJIS 3aIy MIICHHBIX COEpKaHUi B
BEKTOPE V, OPTOrOHAJIBHBI U .

Utobbl 00sieryuTh mocieayromee 00CyKIeHNe, BBEICH PsII MATPHIL, KOTOPbIE MOJIE3HBI
s pOpManbHOrO MPENCTABIEHHS CO3JaHUS BEKTOPOB M JOOABIEHMs IyMa IOCPEICTBOM
Orepaliii THHEHHOW ajareOpbl. DTH MATPUIBI U IEJIH, KOTOPBIM OHHU CIy’KaT, MPENCTaBIEHbBI
BMecTe B Tabnuue 1.

Tabnuua 1. MUcnonb3yemble MaTpHLBI

Martpuua Ha3snauenune
k. mampuya pacuiuperus. pacliupsieT BEKTOp 71— M HyJISIMU
P mampuya nepecmaHoBoxK: BBINOJIHSIET MIEPECTAHOBKY]

PACIIUPEHHOTO 3HAYESHMS /CBSI3aHHBIX BEKTOPOB

Pe OOnONHUMETbHAA mampuya nepecnmanosox: BBITIOJTHACT]

nm

MEPECTAHOBKY BEKTOPA C IIyMOM
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S COBU206A51 MAMPUYA: TUKIMYECKH CABUTAET 3JEMEHTBl BEKTOPA
BHI3

S’ CUMMEMPUYHASL COBUCOBA MAMPUYQA: UHAKIMISCKU CIBHUTaeT|
5JIEMEHTBI BEKTOpa BBEPX

3HaueHne 6 MOXHO BBIYUCIUTH CJICAYIOMUM O0Opa3oM. BBIYHCICHUS HAYHHAIOTCSA C

T T
pacuera (v;—1)" , samymnennoro noxgsektopa n, ocu” u (1;5)' u 3amymiIeHHOro MOIBEKTOpPa
n, = A(b)-u, rae u — CeKpeTHbIN eANHNYHBIN BEKTOP, H u' — BEKTOP, OPTOrOHAJIBHBIN U . 3aTeMm,

IS 1ieniell cxeMbl [u(poBaHus, CHavana HeoOXoauMo (pOPMAIIbHO OINUCATh PA3NIONCEHUs ITUX
BEKTOPOB Ha JBa BekTopa ¢ pasmepoM ¢ . C 3TOH LENbI0 HCHOJNb3YIOTCS ABE MAaTPHLBI

pacuIMpeHusi pa3MepoM 71X M, KOTopble 00O3HAYEHbI KaK F  Takue MaTPULbl TEPEMHOXKAIOT

nm >

BCKTOPBI, pACIIOJIOKEHHBIC CJIEBA, U TEM CAMBIM PACIIHUPAIOT 3TH BEKTOPHI C IIOMOILIBIO 71—/

Hyseil. CTpykTypa MaTpuiel £ MOXeT ObITb NpENCTaBleHa B BUIE o) rae / — enMHUYHAs

Martpuna. 3areM ee MOXKHO npeaCTaByUThb B CJIICAYIOILICM BUAC!

%
-1 n,
%
Ezz 1 =/ 0 >Em72}nv:
0
0

Ha cnenyromem stane HEOOXOIUMO nepemeuiams CONEPIKAHHS 3THX PACLIMPEHHBIX
BEKTOPOB, YTOOBI MPUBECTH UX COAEPIKAHUS B MO3HUINH, NMPEICKA3aHHbIE CXeMOH MIH(ppPOBaHHUS.

C »5Toll 1enbl0 HCHONB3YIOTCS [BE€ MAaTPHULbl IEPECTAHOBKH pa3sMepoM HXH , KOTOpbIe

2

c .
o0o3HaueHsl Kak £, W P’ ; 5TH MaTPULBl NEePEMEIINBAIOT PACIINPEHHOE 3HAUEHNE/TPAHULL U

nm >
BEKTOPBI C IIYMOM, COOTBETCTBEHHO, COITIACHO CXEME I[O6aBJIeHI/I$I myMa, TOJIBKO UX MEPBLIE M

I
T
CTPOK MMEIOT HEHYJIEBBbIE CONEpKaHUsl, cienosarenbHo, P, (P ) = (')" 0 ; P° BBIOUpaeTCA

Takum 00pasom, utober P, (P5) =0, 1o ectb P, u P HE UMEIOT NEPECEYEHUi MOCye
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MePECTAHOBKHU. 3JIEMEHThI BEKTOpPA MEPEMEIIUBAIOTCS B MO3ULUSX, TOMOJHSIOMINX APYT APyra.
Hakonen, pomycrum, uyto &£(v) m A(h) Oymyt "macmrabupyromumu' —(yHKIHSIMH,
UCTIONIB3YEeMBbIMU B CXeMe MH(pPOBaHUs, Kak ompeneneHo B pasmene "Kimrou mudpoBanms”.
Takum o0pazoM, MacmTaOMPOBAHHOE 3aIIYMJICHHOE 3HAYEHUE U CBSI3AHHBIE BEKTOPBI MOTYT

OBITD NpeaACTABJICHBI B BUJEC!

v
v=£0) Bk, 1 +Pz(£72)Ez(z72>nv

1
b=/F,E, b +Pz(z72)Ez(z72)/l(b)u

OxOHYATEeNbHBII BEKTOP 3alM(POBAHHBIX 3aLIyMJICHHBIX 3HAYEHUH 00O3HAYAETCs Kak

E, =M “'v, rne M — matpuna mudposanus. OnucaHHas cXema JOMyCTHMBIX OTKJIOHEHHH U

E 0

v

OomOOK TMO3BOJIIET TOJYYUTh OJWUH M3 CJIEAYIOLIUX ABYX BEKTOPOB! 0 WIH E | bes

v
norepu OOIIHOCTH PAacCMOTPUM TOJBKO TIEPBBI BapuaHT. B 3TOM mepBoM BapuaHTe
HEOOXOAMMO TIPEACTAaBUTh BekTop E/ monnenbHbIX 3amuppoBaHHbIX 3allyMJIEHHBIX 3HAYEHHIA,
10 ecThb £ -cybduxc E, (v), KOTOPbIii 370y MBIIIEHHUK MOKET PACCMATPUBATh KaK MCTHHHBIH. C

STOM MLEJBI0 MCIONb3yeTCsl CaBuUroBass marpuna ¢x{¢ | koropas oOo3Havaercs Kak S ;

YMHOXKXCHHE Ha 3Ty MaTpuly NPUBOAUT K HUKIUNYCCKOMY CABUT'Y KOMIIOHCHTOB BCKTOPA BHH3.

0 0 1
Hampumep, st n=3: §=|1 0 0| CuMMETpHYHO, €€ TPAHCIOHMPOBaHHass Marpura S’
0 1 0

CIIBUTAET KOMIIOHEHTHI BEKTOPa BBEpX. Takum obpasom:
f_ T
E/ =S'E +(0-E -e))e,

re €, — €NMHUYHBIA BEKTOP CO BCEMH HYJIEBBIMM KOMIIOHEHTAMH KpPOME k" ; MpPUBENEHHOE

2

BBILIIE YPABHEHHUE MTPOCTO COXpaHsieT (¢ — 1) -npedukc, CABUHYTHIA Ha OJIHY MO3ULMIO BBEPX, IPU

3TOM 6 pa3mernaercs B £ -0 MO3ULNH.
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D10 Bektop E/ 1OWKEH MMETh BCe CBOWCTBA  JIEHCTBHTENBHOrO  BEKTODA

3amn(pPOBaHHBIX 3HAa4YeHWil. 3artem "3amymieHHbIH" [/ —2X] MOIBEKTOP COOTBETCTBYIOIIETO

BekTopa v/ = ME/ monnenbHbIX 3HA9€HUH JOKEH ObITh OPTOrOHAJIBHBIM K N, :

f 5T c T f —
n,-n, = Ez(z—z) (Pz(z—z)) vien, =0

B, (P ) M|S'E, +(0-E, -¢)e, Ju=0
lE:S+ (e_Ev 'el)e;JMT})[izfz)E[([,z) ‘U= O =

_EfSW-u

0=E, -e
oelWeu

v 2

rne W =M" v Erge-n) -

Ha ¢ur.2 nokasan Bua 3ammn@poBaHHOrO BEKTOpa, B TO BpeMs Kak Ha (ur.3 mokasaH
3amu@poBaHHbii  BekTOop E (V) ¢ 100aBieHHON HEOMHO3HAYHOCTHIO. Pa3vep BekTOopa C
n00aBIEHHONH HEOJHO3HAYHOCTBIO HA EOMHHLY OOJblle, YeM HCXOAHBIN 3aummuppoBaHHbIH
BEKTOp, CJIENOBATENbHO, KaXIOe HCXOAHOE 3HAU€HHE IOJydaeT [Ba MpENCTaBjlIeHHs B 0Oaze
JAHHBIX. OJTHO, MPEACTABJIEHHOE NEMCTBUTEIbHBIM 3alIU()POBAHHBIM BEKTOPOM, Kak ¥ -mipedukc

Ha (urype, u npyroe, npencTaBJI€HHOE MOANEIBHBIM BEKTOpOM, Kak ¢ -cypdukc Ha ¢urype.
O0a 3HaueHHs NOJy4YeHBI M3 BEKTOpa C NOOABIEHHOW HEOAHO3HAYHOCTBHIO, KaK IOKa3aHO Ha
¢ur.3.

IIpu  nobaBireHMH  3TOH  HEOAHO3HAYHOCTH  OTHOCUTENBHO  HMACHTUYHOCTH
JIEUCTBUTENPHOTO 3alIN(POBAHHOTO BEKTOPA, JOBEPEHHBIH KJIMEHT JTOJDKEH INMPENCTABHTH 3TY
UJIEHTHYHOCTh HMAEHTU(QUIUPYEMOH. JTO MOKET OBbIThb AOCTHTHYTO IyTeM BbIOOpa (paHee
OOBSIBIIEHHOTO CITy4YailHBIM) MHOXKHTENS &(v) KOHKPETHBIM CIIOCOOOM, HAPUMEp, MOCTYJINPYS,
9TO OH Oy/I€T HEYETHBIM LIEJIBIM YUCIIOM. Brianener faHHbIX U JOBEPEHHBIN KIMEHT MOTYT 3aTeM

onpenenuth mnedcTeuTenbHbI BekTop E, (V) ¢ yuetom E (V) cremyomum oOpasoM: OHM
nemudpyroT kak ¢ -npeduxc, Tak u £ -cybdukc E, (v), yMHOKas Kaxkbli MpeuKC HA MATPHILY

M . BekTtop, KOTOpBI BBIJAET HEUYETHOE LEJIOE 4YHCJIO B MO3UUuU £(v) , SBIAETCA
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NeNCTBUTENbHBIM BEKTOPOM. TOT (hpakT, YTO TONBKO OJHA TOMBITKA NEIU(PPOBAHUS BbIIAET
HEYETHOE LEJI0€ 4YUCIO B 3TOM MO3MLUH, NPOBEPSETCs BIAAENbLEM AaHHBIX BO BpeMs
1 pOBaAHUSL.

OpHako TO, YTO KJIMEHT MOXKET OIpENeUTb TaK JIETKO, HEAOCTYNHO i cepBepa. B
paMKax 3TOM CXEMBbI, CEPBEpP IN€HEPUPYET U YIPABJSIET KaKAOW BO3MOKHOW HHTEPIIpETaLHUei

E (v) mo oTAenbHOCTH, MPUYEM 3Ta U30OBITOUHOCTH CO3AAET HESICHOCTb, KOTOpas CHHKAET

JOCTOBEPHOCTb BBIBOJIOB 3JIOYMBIIIIEHHUKAa OTHOCHUTENBHO TMOpsiAka 3HavyeHus. KoHeuHbIid
pe3yJbTaT ABJSETCS aHAJOTHYHBIM TOOABJICHUIO MOANENbHBIX 3anuceil B 0a3y naHHbx. OngHaKO
Oe3omacHOCTb, oOOecnednBaeMasi NPEIJIOKEHHOH UM CXEMOMH, BbIlle, 4eM Oe30MacHOCTb,
obecreunBaeMasi TPOCTOH NOANENbHOH BCTaBKOM. B cimywae poOaBieHust mOAmenok
3JIOYMBIIUIEHHUK,  OOJNQAlOIMH  JOCTATOYHBIMH  OA30BBIMM  3HAHHSMHU, MOKET
UIEeHTU(UINUPOBATh €IMHCTBEHHYIO 3aIKCh, NMPEACTABISIIOIIYI0 HMHTEPEC, M CHENATh BBIBOJBI
OTHOCHUTEJIbHO YTEYKH HMH(pOpMauuu O cBoed nosunuu B uHAekce. C Apyroil CTOPOHBI, B
NPEJIOKEHHON CXeMe TMO3MLMs 3aluCH, MPEACTABISIONIAs HHTEPEC, B HMHICKCE SIBISIETCS
HEONpPEAENeHHON Oaoice mo20d, Ko20a WACHTU(PUIMPOBAHA OSTa 3aMUCh, MPEACTABIISIONIAsS
UHTEPEC, TaK KaK Kax/asi OTAeNIbHAs 3aMiCh MOPOKAAET IBE BO3MOKHBIE HHTEPIIPETALNH, TAKOE
TIOJIO’KEHHE J1eJ IPUAET AOTIONHUTEIbHYI0 0€30IaCHOCTD MPEAIOKEHHOMY MOCTPOSHHIO.

Tem He MeHee, MPENIIOKEHHBIH MOIXOA I BBIPAOOTKH HEONPEAETICHHBIX JaHHBIX HMEET
HECKOJIBKO HEJIOCTATKOB: 3Ha4UeHus1 & npedukca/cypdukca BbIpadaThIBAIOTCS 1ETEPMUHHUPOBAHO
OTHOCHUTEJIbHO COOTBETCTBYIOIINX 3aIIU(POBAHHBIX 3HAYSHHH, BHOCS JIOMIOJHHUTENBHYIO YTEUKY,
B TO BpeMsi Kak UX OOJAaCTh OTKJIOHSETCS OT OO0JacTH 3aImu(pPOBAHHBIX JEHCTBUTEIBHBIX
KOMIIOHEHTOB BEKTOpa, TaKUM O0pa3oM, € MOXHO JIeTKO pa3iu4uTh. B 1pyrom BapuanTte
OCYILECTBIIEHHs MPEIUIOKEH APYTrOd MOIXOJN, KOTOPbIH HE MOXKET O0ecneYMBaTh KaKyr-JIHOO
BO3MOJKHOCTbB COKATHsI, HO 00€CIeYNBaeT rapaHTHH O€30MaCHOCTH:

1. Bo BpeMs MHMLIMANW3aL1y, B 32aBUCUMOCTH OT "JeHCTBUTENBHOr0" pacnpeneneHus Ry

JaHHBIX (nonyquHoro N3 BHCHIIHUX MJAaHHBIX, MECPEAAHHBLIX W3 BHECIIHUX HUCTOYHUKOB, IMyTEM
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BBIOOPKM WJIM OMBITHBIM NMyTeM), "mojnenbHOe" pacrpeneneHue /v MaHHBIX BbIpabaThIBaeTCs
KJIMEHTOM M CTAHOBUTCS YaCThIO CEKPETHOTO KJIFOYA.

2. Besikuii pa3, korga KIMeHT OOHOBJsieT 0a3y HaHHBIX, OH MMH(pPyeT Kakaoe
"nelicTBuTeNbHOE" 3HaUYeHWE V' Hapsny ¢ "monjenbHbIM" 3HaueHWeM V, BbIOpaHHBIM M3 Fv, u
OTHpABISIET WX OJHOBPEMEHHO Ha CepBep B MPOHM3BOJBHOM Imopsiike. Takum o00Opaszom,
pacripenesneHne MoAAeNbHbIX 3HAUEHHH MOKET KOHTPOJIMPOBATHCS HAIMPAMYIO, U OHO SIBJISIETCS
MeHee 1eTePMUHUPOBAHHBIM.

BbipadoTka HEOAHO3HAYHBIX 3aNPOCOB

Heonno3Haunble "moanenbHble" 3HAYEHUS MAHHBIX BBOASTCA JJIsI TOrO, 4TOOBI CIEaTh
3JI0yMBILJIEHHNKA MEHEE YBEPEHHBIM 0 OTHOLIEHUIO K PacIpeeseHHI0 JaHHbIX B paMkax FA
Hapsiay ¢ A00aBJIEHUEM SKCIOHEHIMAIBHOW CIOXKHOCTH B CIy4ae M3BECTHOH aTaku Ha OCHOBE
otkpeitoro Tekcta (KPA) Ha manHble (cMoTpu pasmen 5 aHamusa OesomacHocTH). OmHAKO
HEOOXOANMO TaK)Ke MUCIIONIb30BATh HEOIHO3HAYHOCTD MPH BbIa4e 3aIPOCOB, TAK KAK CBSI3aHHbIE
3HAYEHMsI 3ampoca pacKphIBAIOT MWAOJOHBI TOUCKAa M Takxke mnoxasepratotcss KPA. [lns
nocTukeHust 3Toro 3 dekTa npeanoskeH CIeay oI MOIX0T;

1. Bo Bpemsi mHUIIMATN3ALUH, B 3aBUCUMOCTH OT "IEUCTBUTEBHOTO" pactpeneaeHus: Ry
JaHHBIX, "moxaenbHoe" pacmpeneneHne /v 3ampoca BbIPpaOaTHIBAETCS KIMEHTOM M CTAHOBHTCS

JaCTbHO CEKPETHOI'O KJIr0O4a.

2. Besikuii pas, KOrna KJIMEHT BbIAET 3arpoc, OH MUGPyeT KaKAbIi "neHCTBUTEIbHbIN"
sanpoc bz, br muanasoHa; HapsAy ¢ "ToAAeNbHBIM" 3ampocoM b/ | bl nmamasoHa, BEIOPAHHBIM

u3 b, ¥ OTIIPABIISIET UX OTHOBPEMEHHO B MPOU3BOJIBHOM IMOPSIIKE.

3. CepBep HE MOXET OINpPENETUTb, KAKOW 3ampoC SIBISETCA "NEUCTBUTEBHBIM", OH
obpabaTbiBaeT 00a 3ampoca U OTIPABIISIET PE3YJILTATHI B TOM K€ CAMOM TOPSIIKE.

4. Knment ortOpaceiBaeT "MOANENbHYIO" YacTb pe3yJbTaTOB U (PHIBTPYET JIOKHO-
MIOJIOXKHUTEJIBHBIE PE3YJIBTATHL.

Takum oOpazom, pake B TOM Cly4ae, €CIH 3JIOYMBIIUIEHHHK HMEET IOCTYN K
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NPU3HAHHOMY aBTOPHUTETY, KOTOPBII BbIpadaThIBaeT MU(POTEKCTHI 3a1aHHBIX IPAHUL] 3a1poca,
BCE €Il CYyINeCTBYET SKCIIOHEHLIMAaNbHAs CIOKHOCTh ansi KPA wu HeompeneneHHOCTh B
OTHOLIEHUU paclpeneNeHnss OaHHbIX B FA ¢ ynpaBiIsieMbIMH H3JEP’KKaMU  yABOEHHOHN
CJIO’KHOCTH CBSI3U U YIBOGHHOT'O pa3Mepa MHIEKCA.

Kpome Toro, sTa HeonHO3HaYHAas BbIPAOOTKA 3aIPOCOB PEIaeT OTAENbHYIO MPOoOiIeMy B
KOHTEKCTE aIallTUBHOIO MHIEKCUPOBAHUS: HEsIBHASI CXEMa B3JIOMA BBINOJHIET MHIACKCHPOBAHNE
BCJICMIYIO Ha OCHOBE I'PaHMIl BXOJSIIMX 3apPOCOB, TAKUM OOpa3oM, OHHM OCTaBISIOT B CTOPOHE
BOMPOC 00 yCTOMYMBOCTH pabodel HArpy3Kd M ySI3BUMbI K HEHAJJIEXKAIEeMy HCIIOJHEHHIO B
cllydae 3ampoCOB, BBIOMPAIOIIMX TOYKHM HAMXYILIMX CIy4aeB, TOYHO TaK ke, KaKk M ObICTpas
COPTUPOBKA YsI3BUMA Ui KBAAPATHYHON CIIOKHOCTH Hauxyjamero ciydas. CroxacTHuecKuit
B3JioM [16] mpemiaraer no0aBUTH CIy4YailHOCTb MPH BBHIOOPE OTMPABHBIX TOUEK B3JIOMA, TEM
CaMbIM JTOCTUTasl YCTOMYMBOCTH K MPOM3BOJBHBIM pabouuM Harpys3kam. B Hamel cxeme 3Ta
CIIy4aiiHOCTh 3((PEKTUBHO NMEPEHOCHTCS] CO CTOPOHBI CepBepa Ha CTOPOHY KIIHMEHTa B (opme
BbIPAOOTKHM HEOAHO3HAYHBIX 3aPOCOB. BBEEHHAsST HEOAHO3HAYHOCTD CIIYKHUT HE TOJBKO LEJIBEO
0e30MacHOCTH, HO TAK)KE M LIEJIbIO0 YCTOMUMBOCTU pabodei Harpy3KH 32 OJUH MPHUEM.

Kpome Toro, 4roObl KJIMEHT MOT (PHIBTPOBATH JIOKHO-TIOJIOKUTENIbHBIE PE3YJIbTATHI,
OBLJIO MPENNIOKEHO CHENATh YeH MAacCIITaOUpPOBAHUS LIEJIOYHUCIIEHHBIM Ui "MeHCTBUTENbHBIX "
3HaYeHUN U APOOHBIM IS "moanenbHbIX" 3HaUeHHH. [I0CKONbKY KIIMEHTY HEeT HeOOXOIUMOCTH
OT(UIBTPOBBIBATD JIOKHO-TIOJIOKUTENIbHBIE PE3YJIBTATHI IO CAMUM JK€ BBIJAHHBIM 3aIPOCaM, MbI
npeqyaraeM, 4todbl ko3 dummeHT macmTabupoBaHus ObUT APOOHBIM WM OJHOBPEMEHHO
npeacTaBisul  coOoit  "melcTBUTENbHBIE' W "MOAnENbHbIE" 3ampoOChl, TEM CaMbIM Jenas
mdpoBaHue ¢ MPUBSI3KOU K 3aMPOCY OJHOCTOPOHHEH (hyHKITHH.

Yunpasaenue 3amudposanasim ABJI-nepesom

IIpennoxenHass cxema MHU(QPOBaHUA TMO3BOJSIET CEPBEPY YIPABIATH CTOJOLIOM
3aM(pPOBAHHBIX 3HAYEHWH, Hake NPU BCTABIEHHOH HEONHO3HAYHOCTH, W TPOBOIUTH

CpaBHCHHUA MCXKAY I'paHULAMU 3allpOCOB U 3HAUYCHUAMUA JaHHBIX. TeMm He MCHEEC, NIPECAJIOKCHHAA
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cucTeMa AOJDKHAa Takke moctpoutb ABJI-mepeBo; B 4acTHOCTH, TPaHMLBI 3ampoca, KOTOPbIE
COOTBETCTBYIOT KOHTPOJIbHBIM TOYKaM b, UCIOJB3YIOTCSI B KAUECTBE 3HAUEHUS KJIFOYA B y3JIax
JepeBa M NPUMEHSIOTCS B IMOCHenyroImux obxomax nepesa. Bo Bpemsi Takoro o0xoma HOBOE
CBSI3aHHOE 3HaueHue b’ JOJKHO CPABHUBATBHCS C MPENbIAYIIAM 3HAYEHHEM b | UCTIONB3YEMbBIM
Tenepb B Ka4eCTBE KIIIOYA, 3aT€M B Ka)KJOM y3Jie JOJDKHBI CPABHUBATHCS NPYT C APYTOM /B
3HaueHus1 b’ u b KOHTPOJBbHBIX TOUEK.

Jns Toro yToOBI afanTHPOBATh 3TOT MEXaHU3M o0Xona aepeBa K 3alM(pPOBaHHBIM
JaHHBIM, CEPBEp JOJKEH MMETh BO3MOXKHOCTb CPAaBHUBATDH ABa 3HA4YeHUsiH' U b KOHTPOIBHBIX
Touek Apyr ¢ apyroM. OmHAaKo B NPEJIOKEHHOH cxeMe LIN(pPOBAHMSA MCIIONB3YIOTCS /B
pa3IUYHBIX peXkuMa MH(PPOBAHHUS, ONUH [l KOHTPOJIBHBIX TOYEK O ¥ APYToOit 1Jisl 3HAYESHHH V,
HOJIyYEeHHBbIX I8 TOrO, 4TOOBI 00eCHe4YnTh CpPaBHEHHE TOJBKO b C V, HO HE C IPYTHMHU
3HAYeHWssIMU b W V IOpyr ¢ ApyroM. Jrta mpoOjieMa pelieHa 3a CYeT TOro, 4YTO KIIHEHT,
BBIAKOLIMN 3anpoc, MH(PPYeT KOHTPOJbHYIO TOUYKy b oOoMMHU CrocoOamu, TO €CTh CBOUM
cobcTBeHHbIM criocoboM, kKak E, (b), u kak 3Hauenue E (b) atpulyra, u nepenaer ux Ha cepsep.
BriocnenctBum, mepBoe 3HauU€HHE HMCIONB3YETCSl Ui MPOBEPKH HEPABEHCTBA CO 3HAUEHHUSIMU
atpuOyTa, a BTOpPO€ 3HAYEHHUE HCIOJB3YETCS JUIsI €ro XpPaHeHHWs B KauyecTBe KJIo4Ya B
noctpoerHoM uHnekce ABJI-nepesa. Ilpu noucke 3amudposanaoro ABJI-gepeBa anst HOBOro
3HaueHusi b’ KOHTPOJBHOW TOYKH TpeOyemoe CpaBHEHHE MPOM3BOMUTCS MyTEM BBIUMCIIEHHS
E,(b)-E,(b)=£(b)-(b-b).

Paccmorpum mpumep 3ammdpoBanHoro ABJI-nepesa, mokasanHoro Ha ¢ur.4. Ilpu
noucke (parmMeHTa B 3TOM JepeBe WCIONb3yeTcsi rpaHuna b 3ampoca, 3amudpoBaHHAsl Kak
E (b), u 3HaueHHWe KJIIOYa HETIOCPEACTBEHHO B jaepeBe, 3amudpoBaHHoe kKak E,(b); Takum
oOpazoMm, TrpaHHUIAa 3ampoca M 3HAYEHUs KIII0Ya B3aUMOJEHCTBYIOT Ipyr C JAPYyroM H
o0ecreYnBaroT MPOBEICHNE CPABHEHHUS1, KOTOPBIE PUBOIAT K 00XO0y, MOKa3aHHOMY Ha Qurype.

AaroputMm findpiece(objAVLTree, N , E, , posL , posH )

Hannbiii anroputMm obxomut ABJI-mepeBo m BO3Bpamaer 3HaYeHHs BEPXHEH TPaHHULIBI
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(posH ) u HkHed rpaHulbl ( posL ) GpparMeHTa, B KOTOPOM PACIOJIOXKEH CBS3aHHBIA BEKTOP

E, zanpoca.
1. posL =0
2. posH =N

3: isFound = true

4. rootNode = objAVLTree.getRoot()

5: if rootNode is not empty then

6:  minNode = objAVLTree.findMinNode(root)
7:  maxNode = objAVLTree.findMaxNode(root)

8: fNode = objAVLTree.findNode( £, )
9: if ScalarProduct( £, ,maxNode key) > O then

10: isFound = false
**Case [**
11: if isFound == false && fNode is not minNode then

12:  posL =maxNode.position

**Case 2**
13: else if fNode == minNode then

14: if ScalarProduct(Eb,fNode key) < O then

15: posH = fNode.position
16: else
17: posL. = fNode.position

18: fNode = objAVLTree.findSuccessor(fNode)
19: if ScalarProduct(fNode key,maxNode.key) < O then
20: posH = fNode.position

**Case 3**
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21: else if ScalarProduct(Eb,fNode key) < O then

22: posH = tNode.position
23: posL. = objAVLTree findPredecessor(fNode).position
**Case 4**

24.  else

25: posL = tNode.position

26: fNode = objAVL Tree.findSuccessor(fNode)

27: if ScalarProduct(Eb,fNode key) < O then

28: posH = tNode.position

Anroputm findpiece WILUTIOCTPUPYET HaXOKAEHHWE MO3WLUIM B3JOMA Uil TPAHMLLI b
3arpoca; OH UCIOJb3yeT HauOoblINe U HauMeHbInne 3HaueHus: B ABJI-nepese st Toro, 4ToObI
OMpPEIEeNUTh HAXOMUTCS JIM TPaHHIIA 3aMpoca BHE IHMANa3oHa JepeBa; B MPOTUBHOM Cly4ae OH

MOJIy4aeT KOHEUHBIH y3en fNode C NMOMOLIBK ONEpaluH IMOUCKA MO JEpPEeBy Ha OCHOBAHUM
3amaHHON rpanunbl E, 3ampoca; B LEI0M, OH pa3In4aeT CaeayLue Cayvdau:

- Cnyyasi [ vimeer MecTo, eciiu b Gosibiiie camoro GOJIBIIOTO 3HAYEHHUS B IEPEBE; MOCIIE
3TOr0 camoe OOJbIIOe 3HAYEHHE B J€PEBE BO3BPAINAETCS B BHJE HIDKHEH MPaHUIbI AHANa3oHa
(dbparMeHTa.

- Cniyuaii 2 umeeT MecTo, Kornaa Bo3BpaaeMblii fNode paBeH HAUMEHbLIEMY 3HAUEHHIO B
JiepeBe; 3aTeM, eCJIM rpaHuia b 3ampoca MpeBhIIIaeT 3TO 3HAYEHHUE, THATa30H BO3BPAIIAETCS C
3TOTrO 3HAYEHUS IO €r0 CIEAYOIIEro dJIEMEHTA; €CJIU TPaHHMIIA 3aIPOCa MEHbIIE, TO HAUMEHBIIIEe
3HaYeHHEe BO3BPAIIAETCS KaK BEPXHsisi IPAaHUIIA AHana3oHa parMeHra.

- Cnyuair 3 umeer mecto, ecid b menbine fNode; mociie 3TOro quanasoH BO3BPAIIaeTCsI
B MecTo Mexny fNode 1 ero mpeAIecTByIINM 3JIEMEHTOM.

- Cnyuai 4 umeet mecto, korma b Gonbine fNode; mocie 5TOro Auana3oH BO3BPAIIAETCsI
B Mecto Mexay fNode u ero mocnenyommuM 3JIEMEHTOM, €CJTH TaKOM CYIIECTBYET.

Bo Bcex Cllydasax CpaBHCHHs BbBINMOJIHAKTCA TMOCPEACTBOM CKAJIAPHBIX BEKTOPHBIX
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MIPOU3BEAECHUN B COOTBETCTBUU C MPEIJIOKEHHON CXEMOM.
Pacronarasi ()parMeHTOM, K KOTOPOMY OTHOCUTCSI TrpaHuna b 3ampoca, HeoOXOIHMO

3aBEPIIUTD OIEPALIMIO B3JIOMA IyTeM N00aBieHus rpaHuibl b , npencrasnenHoi kak E (b), Tak
u E, (b) B mo3uimu KoHEUHOro y371a HenocpeacTseHHO B ABJI-nepeBe (1 BO3MOXKHO IOBTOPHO
YPaBHOBECUTH AEPEBO) TSI TOTO, 4TOOBI 00sierduth nmouck B Oyaymem. Ha ¢ur.5 nmokaszan obxon
ABJI-nepeBa BMecTe ¢ n00aBI€HHEM KOHEYHOIO y3ia A b, Ha MOCIEAHEM 3Tare, IOcie
pa3buenuss (parmeHra, K KOTOpoMy MNpuHamNexuT b, , Ha nse udactu. AnroputMm addCrack

MOKAa3bIBACT, KaK BBITIOJIHACTCA 3Ta OIEpalls, B MCPBBIX TPEX CIIyHadAX PaCCMOTPCHA CUTyallUs,
KOTZa y3eJ Aisi b yKe CyIIecTByeT B IepeBe;, YeTBEPThIN Cllydail 100aBseT HOBBIH y3ed.
Aaroputm addCrack (objAVLTree,)
Dror ajaroputm A00aBISIET HOBBIM y3eJ, [Uls TpaHHIbl b 3ampoca, B N 3HaueHHiA

uHnexkcupoBanus ABJI-nepeBa, COOTBETCTBYIOIIMX MO3ULMU poOS B MACCUBE JAHHBIX.

—_—

if pos == 0 or pos > N then return

2. rootNode = objAVLTree.getRoot()

3: isFound = true

5: if rootNode is not empty then

6:  minNode = objAVLTree.findMinNode(root)
7.  maxNode = objAVLTree.findMaxNode(root)

8: fNode = objAVLTree.findNode( %))
9: if ScalarProduct( £, ,maxNode.key) > O then

10:  isFound = false
**Casel **
11: if isFound == true then

12:  if fNode.position == pos then return

12:  tmp ={Node
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13:  if ScalarProduct(tmp.key, £, ) == O then

14: tmp = objAVLTree.findSuccessor(tmp)

15:  if ScalarProduct(tmp.key, £, ) > O then

16: if tmp.position == pos then return
**Case2**
17: if fNode is not minNode then
18:  if isFound == false then fNode = maxNode
19:  else fNode = objAVLTree.findPredecessor(fNode)
20:  if fNode. position == pos then return
**Case3**

21: ifisFound == true && ScalarProduct(fNode key, £, ) == 0 then

22:  fNode.setPosition(pos)
23:  return
**Cased **

24: objAVLTree.insert( £ ,pos, ;)

25: return

3akiaouenue

B naHHOM AOKyMEHTE MpeacTaBjieHa HOBas, YIPOIUECHHAas, OCHOBAHHAs Ha JIMHEHHOMU
anrebpe cxema mudpoBaHMs, MpUUeM 3Ta cxema mpenycmarpusaer (1) obpabortky 3ampoca
IMana3oHa B OTHOLICHWH 3alIM(POBAHHBIX YHCIOBBIX MAHHBIX, IMOJYYEHHbIX W3 BHELIHHX
UCTOUYHUKOB B O0OJlake, U TeM caMbiM (2) MHKPEMEHTHOE aJanTHBHOE WHACKCHPOBAHHUE, B
pe3yJbTaTe 4ero MHAEKCUPYIOTCS TOJIbKO T€ JaHHbBIE, KOTOPBIE 3aMpPALIMBAIOTCS JOBEPEHHBIMU
KJIMEHTaMH, KOTOPbIE CTaJ WHAEKCUPOBAaHHBIMH. Cxema MpEeACTaBiIsIieT YHCIOBbIE 3HAUEHUS B
BU/IE KOPOTKHUX BEKTOPOB U ONHPAETCS HAa TMPOCTbIE OMNEpaluu JHHEHHOW anreOpbl aus
mupoBaHusl U AeH(PPOBAHUSA, 3TO HE TO3BOJIIET PACKpPbIBaTh HU (PAKTHUECKHE 3HAYEHUS

JAHHBIX, HM HX MNOpsAAoK. XOTA CTPYKTypa HHIAEKCA MOXKET pacKpblBaTb IOPANOK B
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JOJITOCPOYHON MEPCHEKTUBE, 3TO MPOUCXOAUT TOJIBKO MOCJE BBINOJHEHUS BAKHBIX OMNEpaLUii
HHACKCHUPOBAHUA, KPOMEC TOr'0, B CXEMC MNPCHJIONKECH I[OHOJ'IHHTeJ'IbeIfI KOMITOHCHT CKPbITHA,
OTOT KOMIIOHCHT HAMEPCHHO BHOCUT HCOAHO3HAYHOCTb B IMPEAJIONKCHHBIC NOCTPOCHUSA IIyTEM
ofecrniedeHnst IByX Pa3IMIHBbIX WHTEPIPETALUNA KaXKIOr0 BEKTOpA 3alIM(PPOBAHHBIX 3HAYEHUH.
Cxema oOecneunBaer 0€30MaCHOCTb, HEOOXOMUMYIO ISl KPUTHUYHBIX IO BPEMEHHU OIEpaLuH,

TaKHX KaK BBICOKOYACTOTHAsI TOPTOBJISI U 00paboTKa PUHAHCOBBIX TPAH3AKLUN B OOJaKe.
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D®OPMYVYJIA U3OBPETEHUA

1. Cmocob noucka B 6a3e TaHHBIX, COAEPIKALIHI STAIbl, HA KOTOPBIX:

BBIMOJHAIOT INH(POBAHME MHOMKECTBA 3HAYCHUH JaHHbIX B 0Oa3e JaHHBIX C
UCIIOJIb30BAHHEM MEPBOro pekuMma IH(POBaHMs Ui MOJyuYeHHs 3aliM(pPOBAHHBIX 3HAYCHUI
IaHHbIX;

BBIMOJIHAIOT MIN(POBAHNE CBSI3aHHOTO 3HAUEHHs C HCIOJIb30BAHHEM BTOPOTO pPEXHMa
U(pPOBAHUS IS TONYUYSHHS 3aIIU(PPOBAHHOTO CBSA3AHHOTO 3HAYEHHsI, IIPUUEM BTOPOI PEKUM
mr(ppOBaHUS OTJINYAETCS OT MEPBOTO peXkUMa MU POBAHUS, U

CPaBHHMBAIOT CBS3aHHOE 3HAYEHHE C MHOXKECTBOM 3HAYEHUH NAHHBIX C MCHOJIb30BAHHEM
3amn(POBAHHBIX CBA3AHHBIX 3HAUEHHH U 3aIIN(POBAHHBIX 3HAYEHUH TaHHBIX.

2. Cnocob mo 1.1, B koTOpOoM

3HAYEHUs], 3alIU(ppPOBAHHBIE C KCIIOAb30BAHHEM IIEPBOTO peXMMa IIU(ppPOBaHMS,
HEBO3MOKHO CPAaBHUBATH JIPYT C JPYTOM.

3. Cnoco0 mo 1.1, B KOTOpOM

Ha JTale CpaBHEHHs CBSI3aHHOTO 3HAYEHHs] C MHOKECTBOM 3HAUEHHWH JAaHHBIX C
HCITIOJIb30BAaHHEM 3aIIN(POBAHHBIX CBA3aHHBIX 3HAYEHHI U 3aIIH(POBAHHOTO 3HAYSHHUS JaHHBIX
CPaBHMBAIOT CBSI3aHHOE 3HAYEHHEe C MHOKECTBOM 3HAYEHHI MaHHBIX C HCIOJb30BAHUEM
orepanuy Haj 3aiu(QpPOBAHHBIME CBSI3aHHBIMU 3HAYEHHUSMHU U 3alIU(PPOBAHHBIMU 3HAYCHUSMHU
TaHHBIX.

4. Cniocob mo 1.1, B KOTOpOM

ofaHO wiu OoJjiee 3alIM(pPOBAHHBIX 3HAYEHHUI TAHHBIX MPECTABISIOT COOOH 3HAYEHUsI
KJII04a, UCIIOJIb3yeMbIe I HHASKCHPOBAHMS 3alU(POBAHHBIX 3HAYSHUI TAHHBIX,

NPU 5TOM Ha 3Tare CPaBHEHUs CBS3aHHOTO 3HAYEHHsI C MHOXKECTBOM 3HAYCHUH JaHHBIX
CPaBHMBAIOT CBSI3aHHOE 3HAY€HHEe C MHOKECTBOM 3HAYEeHHIl MAaHHBIX C HCIOJIb30BAHHUEM
3amn(pOBAHHBIX CBA3aHHBIX 3HAUCHUH, 3HAUEHHI KJTF0Ya U 3alIM(pPOBAHHBIX 3HAYSHUIN TAHHBIX

5. Cnoco0 no 1.1, B koTopom
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Ha STarne mu(pPOBaHUS MHOXKECTBA 3HAYEHUN JAaHHBIX B 0a3e MaHHBIX MPeoOpasyroT
KQ)KJI0€ U3 MHOXXECTBA 3HAYEHUN JAHHBIX B BEKTOP 3HAYCHMUIL,

Ha JTane MU(ppPOBAHHUA CBS3AHHOTO 3HAUEHHsI MPeOoOpa3yIOT CBsI3aHHOE 3HAYCHHE B
CBSI3aHHBIN BEKTOP, U

Ha 3Tane CPaBHEHUS CBSI3aHHOTO 3HAYEHMs] C MHOXKECTBOM 3HAUEHUH AAHHBIX MOJYYaroT
CKAJIAPHOE NPOU3BEACHUE BEKTOPOB 3HAYEHUN Ha CBSA3aHHBIA BEKTOD.

6. Cioco0 1o 1.5, B KOTOPOM:

KQ)KIbIM U3 BEKTOPOB 3HAYEHUN CONEPIKUT 3ally MIIEHHBIN ITOABEKTOP 3HAYEHUH,

CBSI3aHHBIN BEKTOP COAEPKUT 3aLIyMJICHHBIN CBSA3aHHBIN OABEKTOP;

IIPUYEM 3allly MJICHHBIN CBSI3aHHBIN MOJIBEKTOP OPTOTOHAJIEH Ka)KIOMY W3 3ally MJIIEHHBIX
MOABEKTOPOB 3HAUEHUH.

7. Cnocob 1o 1.5, AOMONHUTEIBHO COAEPIKAIINI TAIbl, HA KOTOPBIX:

BBIOUPAIOT CJIyHalHBIA MHOKUTEJb JJIs1 KAJKJOTO U3 BEKTOPOB 3HAYECHUI, U

MacIITaOUPYIOT KKl BEKTOP 3HAYEHHUH C MOMOIIBIO COOTBETCTBYIOLIETO BHIOPAHHOTO
MHOKUTEJIS.

8. Criocod 1o 1.6, JOMOTHUTEIPHO COAEPIKALIHIA 3TAIbI, HA KOTOPBIX:

BBIOUPAIOT TMEPBBIA CIYYAaHHBIA TOJOXKHUTEIbHBIA MHOXKHTEIb W BTOPOH CJIydYalHBIN
MOJIO’KUTENBbHBIN MHOXKHUTENb Ui K&KIOTO U3 BEKTOPOB 3HAUEHUH,

MacIITaOUPYIOT  KWKABIH  3aIyMJICHHbIH  TOABEKTOP 3HAYEHUH C  TIOMOLIBIO
COOTBETCTBYIOILETO MEPBOr0 CIy4aitHOrO MHOXKUTEJS, U

MacITabUPyIOT OCTAJIbHYI) YacTh KaXXIOr0 W3 BEKTOPOB 3HAYEHUH C TOMOIIBIO
COOTBETCTBYHOLIErO BTOPOIrO CIYYaiHOrO MOJIOKUTEIbHOTO MHOKUTEIIS.

9. Criocob 1o 1.5, TOTONHUTENBHO COAEePIKALINI 3TAIl, HA KOTOPOM:

BBIOMPAIOT OOPATUMYIO MATPUILY; IPU STOM

Ha OJTane mpeoOpasoBaHUs KaKAOTO W3 3HAYEHUH JaHHBIX B BEKTOP 3HAYCHUU

npeoOpasyoT 3HAUSHUs TaHHBIX B BEKTOP-CTOJIOCI] 3HAYCHHUI U YMHOXKAIOT ONHY M3 OOpaTHOMH
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MaTpHLbl U TPAHCTIOHUPOBAHHON MaTPHULIBI HA BEKTOP-CTOJIOLL] 3HAUSHHI; U

Ha 3Tare NpeoOpa3oBaHUsl CBA3AHHOTO 3HAYEHMS B CBS3aHHBIN BEKTOP NPEoOpasyroT
CBsI3aHHOE 3HAUEHHE B CBA3aHHBINA BEKTOP-CTONOEL U YMHOKAIOT APYTYIO U3 0OpaTHOH MaTpHUIIbI
U TPAHCIIOHNPOBAHHON MaTPHILIBI HA CBSI3aHHBIN BEKTOP-CTOJIOEL].

10. Cnoco0 nHAeKCUpOBaHMS 3HAUEHUI JAaHHBIX, COAEPIKALINH 3TaIbl, HA KOTOPBIX:

BBINOJIHAIOT MHU(POBAHNE MHOXECTBA 3HAYEHWH NAHHBIX C HCIOJIB30BAHHEM IEPBOTO
peskuma mudPOBaHUS IS MOy UEHHs 3aIIU(pPOBAHHBIX 3HAUEHUH TaHHBIX;

BBINOJIHAIOT LIM(pOBaHUE ONHOrO MM Oosiee CBA3aHHBIX 3HAYEHUH C HCIOJIb30BAHHUEM
NIePBOro pekrMa MH(POBAHMS IS TOJNYUYEHHs MEPBbIX 3alIM(POBAHHBIX CBI3aHHBIX 3HAYCHUI
U C HCIIOJb30BAHHEM BTOPOTO pekuMma MH(POBAHUS ISl MOJTYyUEHUsT BTOPBIX 3aIIU(PPOBAHHBIX
CBSI3aHHBIX 3HAUEHWH, NMPUYEM BTOPOH peXuUM MH(POBAHMSA OTINYAETCS OT MEPBOrO PEKHUMA
mugpoBaHus;

CPaBHMBAIOT YKa3aHHOE OJHO WM OoJiee CBSI3aHHBIX 3HAUYEHUH ¢ MHOXKECTBOM 3HAYSHUH
JaHHBIX C MCIIOJb30BAHUEM BTOPBIX 3aIIU(POBAHHBIX CBSI3AHHBIX 3HAUEHHUH U 3alIH(ppPOBAHHBIX
3Ha4YE€HUN NaHHBIX;, U

UHJIEKCUPYIOT 3aIlu(pOBaHHbIE 3HAYEHHWH JaHHBIX HAa OCHOBAHWUHU YIOMSIHYTOTO
CPaBHEHHsI C HCIOJb30BAHHEM MEPBbIX 3aIIU(PPOBAHHBIX CBS3aHHBIX 3HAYEHHH B Ka4eCTBE
3HAYEHUI KJII04a.

11. Crocob no .10, B koTOpOM

3HauYeHHs, 3amH(POBAHHBIE C HCIIOJB30BAHHEM NIEPBOTO pEeXUMa IMU(PPOBAHHMSA,
HEBO3MO>KHO CPaBHUBATH JIPYT C IPYTOM; U

3HaYeHHs, 3alH(pPOBAHHBIE C WCIOJB30BAHHEM BTOPOTO peXUMa IMMU(PPOBAHHMSA,
HEBO3MOKHO CPaBHUBATH APYT C APYTOM.

12. Cnioco0 no 1. 10, TOTONHUTENBHO COAEePIKALIUHA 3TAIbI, HA KOTOPBIX:

BBIMOJIHSIOT MU(POBAHUE OPYTrOr0 CBSI3aHHOIO 3HAYEHHUS C HCIOJNB30BAHHEM IEPBOTO

pekumMa mHU(pPOBaHUA IUIA TMOJYYEHHs JPYyroro NepBOro 3aimu(pOBAHHOTO CBSI3aHHOTO
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3HAYEHUS U C HCIIOJIB30BAHUEM BTOPOTO PEXKUMA MHU(PPOBAHUS AJISl OJIYUYESHUSI APYTOTrO BTOPOTO
3aU(pPOBAHHOTO CBS3aHHOTO 3HAYEHMS,

CPaBHMBAIOT YKa3aHHOE JIPyroe CBsI3aHHOE 3HAUE€HUE C MHOKECTBOM 3HAYEHUH TAHHBIX C
UCTIOJIb30BAaHMEM YKa3aHHOTO APYroro BTOPOro 3amn(ppOBAHHOTO CBS3aHHOTO 3HAYEHUS,
3HAYeHUH KITI0Ya U 3aIM(POBAHHBIX 3HAUEHUH JaHHBIX;

N00aBISAIOT yKa3aHHOE JIPYToe MepBoe 3alIn(pOBaHHOE CBSI3aHHOE 3HAYEHUS B KAUeCTBE
APYTOro 3Ha4eHMsl KJII04a Ha OCHOBAHUH yIIOMSIHy TOTO CPABHEHUSI.

13. Croco6 no .10, B koTOpom

Ha 3Tare MHIEKCUPOBAHMS 3aIIN(POBAHHBIX 3HAUEHUH JAHHBIX BBIMOJHSIOT MIOCTPOCHUE
HEepapXUYECKON CTPYKTYpbl MHIEKCOB, NPUYEM Yy3Jbl B UEPAPXUUYECKON CTPYKType HHAECKCOB
HPENCTABISIIOT COOOI 3HAYEHUSI KITFOUa.

14. Cnoco6 no 1.13, B KoTOpOM

Hepapxudeckasi CTpyKTypa HHAEKCOB IPEACTaBIeT COOOH TBOMYHOE IEPEBO IMOKMCKA.

15. Criocob o 11.14, B koTOpOM

JBOMYHOE IEPEBO MOKCKa npeacTasisieT coboit ABJI-nepeso.

16. Crioco6 no 11.10, JOTOMHUTETEHO CONEPIKALIUI 3Tall, HA KOTOPOM:

n00aBJISIOT HEOAHO3HAYHOCTh IO MEHbINEH Mepe B OAHO M3 3HAYEHHUH TaHHBIX C TEM,
9TOOBI CTAJIO BO3MOXKHBIM MHOJKECTBO HMHTEPIPETALMI Ui KaXJOro M3 YKa3aHHOrO TIO
MeHbIlIe Mepe OJHOr0 3HAaueHUs MAaHHbIX, MPH 3TOM TOJBKO OJHA HUHTEpIIpeTalus U3
MHO>K€CTBA UHTEPNPETALIUN SBJISIETCS] HCTUHHOM.

17. Cnoco0 no 11.10, TOMONHUTENBHO COAEPIKALIUI 3TAll, HA KOTOPOM:

N00aBJISIOT HEOJHO3HAYHOCTh 10 MEHbLIEH Mepe B OJHO U3 YKAa3aHHOTO OIHOIO WU
Ooee CBsI3aHHBIX 3HAYEHHUH C TE€M, YTOOBI CTAJIO BO3MOXKHBIM MHO)KECTBO MHTEPIPETALIMH IS
YKa3aHHOTO MO MEHbIIEH Mepe OJHOrO W3 OIHOTO WM OoJiee CBSI3aHHBIX 3HAYEHUH, MPU 3TOM
TOJIBKO OJIHA MHTEpIIpeTaLys U3 MHO)KECTBA HHTEPIIPETaLlUN SBJISETCS] HCTUHHOM.

18. Criocob no .10, B koTOpOM
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Ha 3Tarne MmU(pPOBAHUS MHOXKECTBA 3HAYEHHWH MAHHBIX C HCIIOJIb30BAHHEM IIEPBOTO
pekuma mudpoBaHus MPeoOPa3yOT 3HAUEHHS JTAHHBIX B BEKTOPBI 3HAUEHHUIA,

Ha sTane mU(POBaHUS ONHOTO WM OOJee CBSI3aHHBIX 3HAYEHWH C HCIOJIb30BAHHEM
NepBOro pexkuMa MH(poBaHus NpeoOpa3yroT CBsI3aHHbIE 3HAUYEHUS B IEPBBIE CBS3aHHBIE
BEKTOPBI,

Ha sTane muUppPOBaHUS OAHOTO WM OOJee CBI3aHHBIX 3HAYEHUH C HCIOJIb30BAHHEM
BTOPOTO pexnMa IU(pPOBaHUA IPeoOpasyloT CBsI3aHHbIE 3HAYEHHs BO BTOpBIE CBsI3aHHbBIE
BEKTOPBI, U

Ha HTare CPaBHEHHs YKa3aHHOTO OJHOTO WK OoJiee CBA3aHHBIX 3HAYEHHUH C MHOXKECTBOM
3HAYEHUN [AHHBIX NOJY4YarOT CKAaJsIpHbIE MPOM3BEIAEHUs BEKTOPOB 3HAYEHWN Ha BTOpbBIE
CBSI3aHHBIE BEKTOPBIL.

19. CepBep nHAEKCUPOBAHUS 3HAYEHUH JAHHBIX, CONIEP KLU

CPEACTBO XPAHEHHUS, BBIOJHEHHOE C BO3MOXKHOCTBIO XPAHEHHUS 3aln(pOBaHHBIX
3HAYEHUN JAHHBIX, TMpPUYEeM 3alIU(ppPOBAHHBIE 3HAYCHUS JAHHBIX MPEICTABISIIOT COOOM
MHOX€CTBO 3HAYEeHHUH MJaHHBIX, 3alIH(POBAHHBIX C HKCIOJB30BAHUEM IMEPBOTO pPEKUMA
1 pOBaHUS,

OJIOK TpueMa, BBIMOJHEHHbIH C BO3MOXKHOCTBIO TIpHEMa OT KJIMEHTAa MePBBIX
3a(pPOBAHHBIX CBS3aHHBIX 3HAYEHHH W BTOPBIX 3aIIU(POBAHHBIX CBS3aHHBIX 3HAYEHUI,
NpUYeM TepBble 3aIU(POBAHHbBIC CBS3aHHbIC 3HAYSHHS MPEICTABIIIOT COOOH omHO min Ooee
CBSI3aHHBIX 3HAYEHUH, 3alIM(POBAHHBIX C HCIOJB30BAHUEM IMEPBOrO PEXMMa IMHU(PPOBAHUS, a
BTOpbIE 3aIIN(POBAHHBIE CBS3aHHbIE 3HAUEHMs IPENCTABISIIOT cOo00M omHO wmmu Oonee
CBSI3aHHBIX 3HAYEHHH, 32T (PPOBAHHBIX C UCIIOJIB30BAHHEM BTOPOTO peXUMa MHU(POBAHUS, TIPU
5TOM BTOPOH pekuM MHU(POBAHUS OTIIMIAETCS OT MEPBOrO PEKUMA MH(POBAHUS;, U

6110k 00pabOTKH, BBITIOJIHEHHBIH C BO3MOYKHOCTBIO:

CPaBHEHHs OJJHOTO MJIN OoJiee CBSI3aHHBIX 3HAYSHHH C MHOJKECTBOM 3HAUEHHUH JTAHHBIX C

UCTIOJIb30BAaHMEM BTOPBIX 3alIM(POBAHHBIX CBS3aHHBIX 3HAYCHUH M 3aIIM(POBAHHBIX 3HAYEHUH
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JNAHHBIX; U

WH/IEKCUPOBAHMs 3alIM(POBAHHBIX 3HAYEHUIH MAHHBIX HA OCHOBAaHHH YIIOMSHYTOTO
CPaBHEHMsI C HCIOJNb30BAHHEM NEPBbIX 3aIIN(PPOBAHHBIX CBA3AHHBIX 3HAYEHHWH B KayeCTBE
3HAYEHUM KJIOYa.

20. Cepsep 1o 1. 19, B xoTOpoM

3amnQpoBaHHbIE 3HAYEHNS JAHHBIX HEBO3MOKHO CPABHUBATH JPYT C IPYTOM.

21. Cepsep 1o 1. 19, B xoToOpom

OJIOK TmpuemMa JTOTIOJIHUTENBHO BBINIOJHEH C BO3MOXKHOCTBIO IIPHUEMa JIPyroro IMepBOro
3alIU(pPOBAHHOIO CBS3aHHOIO 3HAYEHHUs] W JPYroro BTOPOro 3amu(pOBAHHOIO 3HAUEHUS,
IpUyYeM ApPyroe mnepBoe 3aln(ppOBAHHOE CBA3aHHOE 3HAUEHHE SIBISIETCS] APYTMM CBSI3aHHBIM
3HA4YEHHeM, 3alH(POBAHHBIM C KCIOJb30BAHHEM IEPBOrO peXuMa MH(POBaHHS, a APyroe
BTOpOE 3aln(POBAHHOE 3HAUEHHE SIBJISIETCS IPYTHUM CBS3aHHBIM 3HAYEHHEM, 3alI(ppPOBaHHBIM
C UCTIOJIb30BAHUEM BTOPOT'O PeKUMa MU POBAHHUS, &

0110k 00paOOTKHU AOTIOHUTEIBHO BBITMOJHEH C BO3MOKHOCTHIO

CpPaBHEHMsI JPyroro CBsI3aHHOTO 3HAUE€HHUs C MHOXXECTBOM 3HA4Y€HHUI JaHHBIX C
UCIIOJIb30BAHMUEM YKa3aHHOTO JAPYroro BTOPOro 3ain(pOBAHHOTO CBS3aHHOTO 3HAYCHUS,
3HAYCHHUH KJTI0Ya U 3aIIU(POBAHHBIX 3HAYCHUI TAaHHBIX; U

n00aBJIeHUs] JPYroro MepBOro 3amu(pPOBAHHOTO CBS3aHHOTO 3HAYEHHsS] B Ka4eCTBE
APYTOro 3Ha4eHMsl KJII0Ua Ha OCHOBAaHUH yIIOMSIHy TOTO CpPaBHEHUS,

IPpU 3TOM CepBEp IOIMOJHUTEIBHO COAEPKHUT OJIOK OTIPABKH, BBITOJHEHHBIH C
BO3MO’KHOCTBIO OTIIPABKHU pe3yJibTaTa yIOMSHYTOTO CPaBHEHHSI KIIUEHTY .

22. KnueHt a1 npyuema pes3yJibTaTa MOUCKa, COAEeP KA

OJIOK OTIPaBKH, BBITOJHEHHBIH C BO3MOXXHOCTBIO OTIIPABKH BTOPOTO 3aIIU(POBAHHOTO
CBSI3aHHOTO 3HAUEHHUs] Ha CepBep, NPUUEM BTOPOE 3aIIU(PPOBAHHOE CBA3aHHOE 3HAYCHUE
SBJISIETCS CBS3aHHBIM 3HAYEHHEM, 3alTU(POBAHHBIM C HCIOJB30BAHHEM BTOPOrO pPEXKUMA

i pOBaHUsI, IPHUYEM CEPBEP CONEPIKUT 3aIIU(pPOBAHHbIE 3HAUEHHSI TAaHHBIX, IPEACTABIISIOIINE
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co0OH MHOXKECTBO 3HAYEHHMH JAHHBIX, 3aIIU(POBAHHBIX C HCIIOJB30BAHHEM IEPBOTO PEKHUMA
mrppoBaHUs,

OOK mpueMa, BBIMOJHEHHBII C BO3MOJKHOCTBIO IpPHEMa OT CepBepa pes3yJbrara
CPaBHEHHMsI MEX/ly CBsI3aHHBIM 3HAUEHHEM M MHOKECTBOM 3HAYEHUH JTAHHBIX C HCIIOJIb30BAHUEM
BTOPOTO 3alM(POBAHHOIO CBS3aHHOTO 3HAYEHHWs W 3amU(POBAHHBIX 3HAYEHWH aHHBIX,
NpUYeM pe3yJIbTaT COAEPKUT HaOOp 3an(pOBAHHBIX 3HAYEHUH TAHHBIX; U

Omok  00paOOTKM, BBINOJHEHHBIH C BO3MOXHOCTBIO AemudpoBaHus HaOopa
3aIn(pPOBAHHBIX 3HAUYEHUI TaHHBIX.

23. KnueHr no n.22, B KOTOpOM

OJIOK OTHPaBKH JOMOJHUTENIBHO BBIMOJIHEH C BO3MOXKHOCTBIO OTIIPABKH HEPBOTrO
3amn(POBAHHOTO CBSA3aHHOTO 3HAYEHUS HA CepBep, MPUUEM NepBOe 3alIH(POBAHHOE CBA3AHHOE
3HAQUEHHE SBJIACTCS CBSI3aHHBIM 3HAUEHHEM, 3alIM(pPOBAHHBIM C HCIIOJIB30BAHUEM IIEPBOTrO
peskuma mudpoBaHus.

24. KnueHt no m.23, B KOTOPOM:

610Kk 0OpabOTKU BBITIOJHEH € BO3MOXHOCTBIO IIU(POBAHMS CBS3aHHOTO 3HAYECHUS C
UCIIOJIb30BAHMEM BTOPOTO pekrMa IU(GPOBAHUS U MOJYYEHUsT BTOPOTO 3aiu(ppoOBaHHOTO
CBSI3aHHOTO 3HAYeHHs M IMU(PPOBAHMS YKA3aHHOTO CBSI3AHHOTO 3HAYEHHUSI C HCIOJIb30BAHUEM
NEepBOro peknuMa IMU(GPOBAHUS JUIsl TOJNYYEHUs TEepPBOro 3au(pPOBAHHOTO CBSI3AHHOTO
3HAYCHUSI.

25. KnueHt no m.22, B KOTOPOM

10 MEHBLIEH Mepe OHO M3 MHOKECTBA 3HAUEHHUI JaHHBIX UMEET HEOIHO3HAYHOCTD, TaK
YTO JUJIs1 KAXKJOTO U3 10 MEHBLIEH Mepe HEKOTOPBIX U3 MHOKECTBA 3HAYEHHUH JAHHBIX BO3MOXKHO
MHOXECTBO ~HMHTEPIIPETALMi, TNpHYeM TOJBKO OJHA HUHTEPHpeTalus W3 MHOXECTBA
WUHTEPIPETALNN SABJISIETCS] HCTUHHOW,

OpU  3TOM TMPOLECCOP BBINIOJHEH C BO3MOJKHOCTBIO  H3BJICUEHHS HCTUHHBIX

MHTEpIpPETaLni 3HAUEHHH JaHHBIX 13 HaOopa 3amn(poBaHHBIX 3HAYEHUH JTaHHBIX.
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Cronbeu A Cronbew, A
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2 1 A<=10 5
4 Q1 8 Q2 9
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3 12 10<A<14 12 dparment 3: 10 < A < 14
11 16 . 14
8 19 ?zalr:e;ns. 16 Pparment 4: 14 <= A<=16
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1 2 3 . . . . Pazmep

Qur. 2

WMcxoaHbit 3awmdpoBarHelil Bextop Ey (1 - pasMep)

MoanenbHbiit 3awmdposanHbii Bextop Fy (2 - (pasmep + 1))

dur. 3
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Eb(b)-Ev(bl) >0

Eb(b)-Ev(b3) <0

Ev(bsg).Ev(bs) > 0

dur. 5
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