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B. B. llle6baHoe — cTyfeHT kadepbl KOMMbIOTEPHOI MaTeMaTUKI U NPOrpamMMUPOBaHUS
M. [. Monsik — Hay4HbIN PYKOBOAUTENb

METO[ OMOPHbIX BEKTOPOB B PACMO3HABAHWUN U30EPAXEHUI

PacnosHaBaHve 06pa30B HEBEPOATHO OBLUMPHAs TeMa, KOTopas BbI3bIBaET HEMOAAENbHbIN UHTEPEC B
Hale Bpemsi. MpuYnHOR 3TOrO ABMSETCS, B OCHOBHOM TO, YTO pe3ynbTaTbl TEOPETUYECKUX UCCreLoBaHNN B
9TOM 06NacTn ¢ NErkocTbio HAXOAAT NPUMEHEHME B KOMMEPYECKUX NPOLAYKTaX, BOEHHOW NPOMBILNIEHHOCTY U
MHOTUX apyrux cdepax.

Bnarogaps GonbLiomy konnyectBy paboT B aToM cepe, bbino NPeasiokeH0 MHOTO METOA0B PELIEHNS
npobnembl pacno3HaBaHus 06pas3oB. Hanbornee nonynspHbl U3 HUX PasnuyHble BUAbI HEMPOHHBIX CETEN, a
TaKKe MexaHW3M OMopHbIX BEKTOPOB. MeToa HEMPOHHbIX CETE yxe Mokasan MHOXECTBO MOMOXUTENbHbIX
pesynbTaToB W NEr B OCHOBY PasnYHbIX UHTENNEKTYasbHbIX CUCTEM, OQHAKO, OH C TPYAOM NOALAETCS YeTKO-
My MaTemMaTU4eckoMy ON1caHuo, YTo 3aTpyAHSET €ro U3yyeHue 1 UCnonb3osaHne. B CBOK oyeperb MeToq
OMOPHbIX BEKTOPOB UMEET Bonee unm MeHee YETKOE ONUCaHKeE, YTO NO3BONSET AeNaTb BbIBOAb! OTHOCUTENb-
HO ero A EKTUBHOCTU OTHOCUTENBHO APYTMX METOA0B pacno3HaBaHus.

[ns akcnepumeHToB Obinu BbiGpaHbl dhoTorpadum Yenoseyecknx nuy,. Llenbio gaHHOro nccnegoBaHns
SBMSIETCA U3yYeHe METOAA ONOPHbIX BEKTOPOB HA OCHOBE peanu3auum anroputMa pacnosHaBaHus iy,

3apaun, koTopble HEOBX0ANMO PELLMTD:

—  paspabortaTtb anroputMm pacrnosHaBaHus nuy, ¢ nomoLbio SVM ¢ ncnonb3oBaHneM MeToga oauH-
NpPOTWB-BCEX;

—  MpoaHanu3upoBaTb TOYHOCTb AAHHOTO MeToaa

Tak kak B aT0i pabote ByaeT nccnegoBaH METOL OMOPHBIX BEKTOPOB, TO CHaYarna Hy)Ho onucaTb oc-
HOBbI CamMoro MeToa.

MeToA ONOpHbIX BEKTOPOB — 9TO HABOP CXOXMX anropuTMOB BUAa «0ByYeHWe C yuuTenemy», UCrnonb3y-
IOLLMXCS ANS 3a4aY KnaccudukaLumy 1 perpeccUoHHOro aHanuaa. 10T MeTog NPUHALANEXNUT K CEMENCTBY Ni-
HenHbIX KnaccudukatopoB. OH MOXET Takke paccMaTpuBaThCA Kak crieumanbHblid Criyqan perynspusasumm no
A. H. TuxoHosy.

Paccmotpum npouecc OGuHapHoi knaccudmkaumn. [lyckal CywecTBYeT MHOXECTBO BEKTOPOB,

x; e R", i=12,...,N, rae kaxgblii BEKTOpP MPWUHALNEXUT K OAHOMY W3 [ABYX KnaccoB, 0603Ha4aeMbIx
y; €{—L11}. B npeanonoxeHuu, Yto BXOAHbIE [aHHbIE NMHEAHO Pa3AennMbl, 3aaa4a Knaccudukauum ¢ Mak-

CUMarnbHbIM 3a30pOM — pa3fenuTb ABa Knacca TakoW MMnepniockoCcTbio, YTOObI MaKCMMU3NPOBATL PaccTos-
HWe MeXay Hen caMoil M pa3fensemMbIMm Kraccamu.
OntumanbHas pasgenstowas runepnnockocts (OP) umeeT crieaytoLlyto gopmy:

F(0 =Y ayx, - x+b, (1

KoadbdmumerTl a; n b B ypasHeHun (1) sBnsioTcs peluerrem npobnembl KBaapaTUHHOrO nporpam-
MupoBaHus [1]. OBpaTum BHUMaHWe, YTO peanbHO CyMMMpOBaHWE WAET He Mo BCeW BbIOOPKE, a TOMbKO No
OMOPHbLIM BEKTOpaMm, Ans kotopbix a # 0. MIMeHHO 3T0 CBOMCTBO pa3pexxeHHOCTy (sparsity) otnnyaet SVM ot
APYIUX NUHENHbIX pasgenuTenen: AUCkpUMMHaHTa duwepa, norcTMYeckon perpeccuu 1 O4HOCIONHOTO nep-
cenTpoHa. Knaccudmkaums HOBOM TOYKM X BbINOSHSETCA NYTEM BbIYUCIIEHUS 3HAKA NPaBOW CTOPOHbI ypaB-
HeHus (1). B ganbHenwem BygeT nenonb3osaTthes

|
E. axy -X+b
d(X)= i=1 Il iYi
| § LY

L1191 BLINONHEHUS KnaccudmkaLym B criyyae Hanuuust Gonee Yem [Byx knacco. 3Hak d 3To pesynbTar knac-
cupmkaumm ans X, a | d | aTo paccTosHue oT X [0 runepnnockocTu. OueBnaHo, YTo Yem Gonblue X, TeM
HaJiexHee pesynbTaT Knaccudukaumun. PesynbTaT MOXeT ObiTh PACLUMPEH Ha Crydaii HeNMMHEeNHbIX pasaens-

(2)



IOLLMX MOBEPXHOCTEN. Kaxaomn Touku X conoctasnsercs z = d(x), NpuHagnexatyas K npoctpaHcTey 6osb-
e pasmepHocTn. [lanee nepenuiuemM npousBeaeHne aByX TOMeK z, Kak yHKumio K(X, y) = D(X) - D(y).
Torpa ypasHeHue (1) npumeT BuA:

F00 = yiaK(xx)+b. o)

3ametum, uto f(X) He 3aBucut OT pasmepHocT K. OHUM 13 BaxHEMWnX cemenctB K -goyHKLMI
SBNSAETCA NONUHOM BUAaA:
d
K(xy)=@A+x-y)", (4)
roe d — 970 CTeneHb NONMHOMA.

CYLLI,GCTBy}OT [B€ OCHOBHbIE CTPaTErnAa peLleHns I'IpOGJ'IeMbl KJ'IaCCI/I(*)VIKaLI'I/IVI ana cnyvaqa c Bonee yem
ABYMA Knaccamu:

— MeToj oauH-npoTuB-Beex. ObyyaroTcs q knaccudukaTopos. Kaxabiii OTAENSeT O4WH Knace oT BCex
OCTaslbHbIX;

— MeToA nonapHoi knaccudmkaumn. Obyyatotes q(qg —1)/ 2 knaccudgmkatopos. Kaxabiit otaenset
napy KnaccoB OT BCeX ocTanbHbIX. [lonapHbin knaccudukaTop NpeacTaBnseTca AepeBoM, rae Kaxabin y3en
9T0 OTAENbHbIN KnaccugukaTop.

Ha [aHHbI MOMEHT He CYLIECTBYET aHanMTUYEeCKON OLEHKN U CPABHEHWS 3TUX ABYX anropuTMOB, 04-
HaKO MeTo[ OAMH-NPOTUB-BCEX MOXET CYUTATLCA NPEAnOYTUTENBHBIM, TaK KaK Ans ero peanusauum Heobxo-
AMMO KONMYECTBO KIacCumkaTopos, KOTOPOe NUHENHbIM 06pa3oM 3aBUCUT OT KONMYECTBA KTaccoB. Bbiumnc-
NUTENbHAA CHIOKHOCTb 3TUX anropuTMoB noxoxa. CoXHOCTb nepBoro anroputMa — O(q), CMOXHOCTb BTO-
poro — O(q —1). OgHako, HejaBHWE AKCNEPUMEHTANbHbIE UCCReaoBaHns [2] B aToil obnacTu nokasanum cxo-
Y0 CKOPOCTb UCMOMHEHUS A1 ABYX 3TUX METO0B.

HanomHum, 4to dyHKumMen sigpa SVM HasblBaeTCs HEKOTOPasi HEMMHENHAs (OYHKLMS, KOTOpas 3aMeHST
npoussenexue B hopmyne (1). Takoi nepexon mHoraa HasbiBatoT «kernel-trick», NoToMy 4TO OH Mo3BonseT
CTPOUTb HENMMHENHbIE peLUatoLLe NOBEPXHOCTW NyTEM 3aMeHbl BCErO OAHOM onepaLui.

dopmanbHoe onpegenenune: pyHkumns K : X x X — R HasbiBaetcsa sapom (kernel function), ecnu
oHa npegcTasumMa B Buge K(x, x') = <gy(x),z//(x')>, npn HekoTopom oTobpaxeHun v : X — H , rae H -
MPOCTPAHCTBO CO CKaNsPHbIM MPON3BEAEHNEM.

Agpom SVM moxeT siBnsatbcs He ntobas dyHkums. OrpaHnyeHuss Ha GyHKUMKO OMUCHIBAET TEOPEM
Mepcepa.

Teopema 1 (Mepcep, 1909). ®yHkuma K(x,x') sBnseTca s4pom Torga U TOMbKO TOrAa, KOraa OHa
cummeTpuyHa, K(x, x') = K(X', X) , ¥ HeoTpuLaTensHo onpeaenexa:

” K(x,X")g(x)g(x")dxdx'> 0 gns nwobon cpyHkumm g : X — R.
X X

MonuHommansHoe sApo. MonMHOMManbHOE SAPO He CTALMOHAPHO M Yalle BCEro WUCronb3yeTcs 4ns
paboTbl C HOPMaNM30BaHHBIMU AaHHBIMM.

k(x,y) = (ax; - x; +¢)°. (5)

MapameTpamu sgpa SABNSTCS: MHOXUTENb @, KOHCTaHTa C W cTeneHb nonnHoMa d .
Anpo Maycca. 310 9apo SBNSETCA NPUMEPOM paamnanbHoi 6a3nCHOM yHKLMK.

X — 2
K(x, y) = exp (- 1IX=Y 10y ©)
20
Tak Xe, NHorga, OHO 3anuncbiBaeTCA Cﬂe,D,yPOLIJMM o6pa30M:
k(% y) =exp(—7 [ X— Y1), U

[ns faHHOM (OyHKUMM OYEHb BaXEH NapameTp o, OT KOTOPOro OYEHb CUMBbHO 3aBMCUT CMOCOBGHOCTb
obyvarowlencs mawmHbl K 0bobuieHunto. Ecnn coenatb ero cnuwkoM 60nbLLINM, TO 3KCMOHEHTa ByaeT BeCcTu
cebs Kak nuHenHas (YHKUMS, 4TO 3aTPYAHSET pacrno3HaBaHWe KnaccoB, KOTOPbIE JIMHEMHO HepasaenuMbl.
Ecnu xe caenaTb €ro CRMLLKOM ManeHbKUM, TO MTOroBasi pellatllas noBepxHocTb ByaeT nnoxo pabotath
Aaxe Ha cnabo 3aLyMNEHHbIX AaHHbIX.



[laHHOE AP0 04YEHb MOLLHBIA MHCTPYMEHT M NOAXOAMT Ans paboTbl C NpaKkTUYeckm MtobbIMM JaHHBLIMK,
opHako, TpebyeTtcs 4ONONHUTENbHOE BpeMs Ans Bbibopa onTMManbHoOro napameTpa o .
Mpeumywiectea SVM:

— pelwaeTca 3afava KBaapaTuyHOro nporpaMmmupoBaHuns, nMerlada eaAnHCTBEHHOE peLleHNe. MeTo-
Abl oNTUMKU3aumn B 3TOM Clydae CyLeCTBEHHO Bonee Sd)d)eKTI/IBHbI;

— MPUHLMN ONTUMANbHOWM pasfensitoLlen rmnepninockocT NPMBOAUT K MaKCUMU3ALMULLMPUHBI pa3fe-
NAOLLEN NONOCHI MEXAY Knaccamu, crnefoBaTenbHO, k Gonee yBepeHHoM knaccudukaumn. Hanpuvep, rpagu-
EHTHbIE HeMpoceTeBble METOAbI BbIOMPAIOT NONOXEHWe pa3aensiowen rmnepniockocT Npom3BoIbHLIM 06-
pasoMm, Kak npuaeTcs.

HepoctaTkn SVM:

— MeTO[ OMOPHbIX BEKTOPOB HEYCTOMYMB MO OTHOLLEHMIO K LIYMY B UCXOAHBIX AaHHbIX. Ecnn obyya-
toljast BbiGopka CoAepXaT LUYMOBbIE BbIGPOCHI, OHM ByayT CyLLECTBEHHbIM 06Pa30M YUTEHbI NPK NOCTPOEHNM
pa3fensioLLet rMnepniockocTy;

— [0 CuX Nnop He paspaboTaHbl 06LMe MeToLbl NOCTPOEHUS SAEP, Hanbornee NOAXOAAMX AMnst KOH-
KPETHOI 3aaaum. MocTpoeHeaaekBaTHOrO Siapa SBMSIETCS UCKYCCTBOM U, Kak NpaBurio, ONMpaeTcst Ha anpu-
OpHble 3HaHWs 0 NpeaMeTHoM obnacTi. Ha npakTuke, BnomnHe pasymHble yHkun K (X, X') , BbIBeAEHHbIE 13

coaepxatenbHbIX CO0bpaxeHU, Aaneko He BCerga 0kasblBaTCA NONOXUTENbHO OnpesenéHHbIMA.

Kak 1 B cnyyae ¢ HEMPOHHbIMI CETAMM, BbIBOp Sapa SBMSETCS COXHOM 3afayeit 1 peLlaeTcs ucene-
[0BaTeneM B KaxaoM OTAenbHOM cryyae. Xota B pabote Tom Howley [3] caenaHbl NOMbITKM aBTOMAaTU3MPO-
BaTb npouecc Bblbopa yHKUMKM sapa. ABTOp npeanaraet UCnonb30BaTh NOAXOA, Tak Ha3bIBAEMOrO, reHeT u-
4eCcKoro NporpaMMMpOBaHNS A1 MOUCKa ONTUMAbHOM (PYHKLMK, NOAXOAALLEN NOA YCNOBUS AaHHOW 3adauu
W yoosneTtsopsioLen Teopeme Mepcepa.

Takum 06pa3om, MOXHO chenaTb BblBOA, YTO anropuTM JOBOSbHO MEPCMEKTUBHBIA 1 NPKU LOSHKHOM
noabope napameTpoB CMOXET peLlaTh NOCTaBIIEHHYI Nepes HUM 3aavy — pacno3HaBaHue L.

Bbina ncnonb3oBaHa 6asa nsobpaxenun University of Essex. B ganHoit 6a3e cogepxatcs usobpaxe-
Hua 150 nogen, no 20 hotorpadhmin Ha Yenoseka.

Puc. 1 Mpumep 1306paxeHns U3 TECTOBOW BbIGOPKM

[ns 06yyenus SVM Bbinn ucnonb3osaHbl nepble 15 hotorpadumit, octasLumecs xe 5 Bbinn MCnosnb3o-
BaHbl A4Ns TECTOB, YTOObLI NPOBEPUTH CNOCOBHOCTL MaLLMHbI K 0606LLEHMIO.

B kavecTBe yHkumM siapa Beino BeibpaHo sapo Maycca. Anroputm obyyeHus SVM coctout m3 3 ya-
cTent:

1) nonydexve n npegobpaboTtka n306paxeHu;

2) obyyenne SVM;

3) 3anucs B B[.

lMpouecc npeaobpaboTki COCTOMT U3 CNEAYHOLLMX 3TaMOB:

— TOnyYeHue BCEX KapTUHOK NS 0byyeHus:;
— M3MeHeHVe pa3mepa Beex KapTUHOK Ao pasMepa 50x50 nukcenei;
— npeolpa3oBaHye LiBETa NMKCENeil KapTUHOK B CEpble TOHa;



— npeobpasoBaHne KapTUHKM B BEKTOP LEbIX YUCEN, TAE KaXOOMy TOHYy CEpOro COMoCTaBnsieTcs
yucro ot 0 go 255.

[anee nget npouecc 0byyeHus:

— Bbl6Op NapameTpoB Ans 84pa;

— 06yyeHune SVM.

lMony4eHHble pe3ynbTaTbl COXPaHATCS B 6a3y AaHHbIX.

Anroput™ pacnosHaBaHWsi COCTOMT W13 CReayHoLLMX 3Tanos.

1. MonyyeHune n npepobpaboTka n30bpaxkeHus.

2. PacnosHaBaHue n3obpaxeHns kaxabim SVM 13 6a3bl AaHHbIX.

3. Bbibop noBEpXHOCTU, pacCTOSHWE OT KOTOPOW [0 BXOAHOTO U30BpaKeHUst MakCUMasbHO.

4. BblgaTb B Ka4ecTBe pesynbTata UMS, acCoLMMPOBaHHOE C MOBEPXHOCTLIO, BbIOpAHHON Ha Npeabl-
Ayliem Lware.

MepBblit aTan uaeHTUYEH Ans 0byyeHns W pacno3HaBaHus, Takum 06pa3oM NpPoU3BOAATCS BCE Te Xe
AENCTBUS, YTO Npu 0By4YeHuu.

[anee, Ha BTOPOM 3Tarne Ham HYXHO KNnaccuuuMpoBaTh BXOLHYIO KAPTUHKY.

— npumeHsiem SVM;

— Monyyaem paccTosiH1e 40 NOBEPXHOCTH;

— BblOMpaemM MakcuManbHOe PaccTosHUE;

— cuyuTaem otBeTOM SVM nonyumBLUKiA 3TOT pesynbTar;

— BO3BpaLLaeM UMs YemnoBeka.

B Tabnuuax 1 1 2 npuBegeHbl pe3ynbTaTbl UCCNEA0BAHNS CKOPOCTU paboTbl anroputMoB 06yYeHUs U
pacnosHaBaHus. Kak BUOHO M3 pe3ynbTaToB, BpeMs 3anucu B 6a3y AaHHbIX YMEHbLIMMOCH. [Mpu namepeHnu
TOYHOCTW pacno3HaBaHusi, anropuT™ BblAaBasl BEPHbI OTBET C BEPOSTHOCTbIO 93%.

Tabnuua 1.

OueHka BpemeHu paboTbl anroputma obyyeHns ¢ ncnonb3oBaHnem Redis

Onepauus Bpems, mc Bpewms, ¢

ObyyeHue 6715.9 6.72

Bbibop napameTpos siapa 6401.7 6.4

Mpouecc 0byyeHns 15.4 0.02

3anuck B B[] 74.9 0.07

Tabnuua 2.

OueHka BpemeHu paboTbl anropuTmMa pacno3HaBaHus ¢ ncnonb3oBaHnem Redis

Onepauus Bpewms, mc Bpewms, ¢

PacnosHaBaHue 50429.3 50.43

Mpenobpabotka 36 0.04

Bbi60p 3HaueHus u3 B[] 334.5 0.33

[pUMEHEHNE NOBEPXHOCTH 1.2 0.001

PesynbTaToM JaHHOMO MUCCRefoBaHMs cTan anropuTM, KOTOPbIA C JOBOSIbHO XOPOLUEN TOYHOCTBIO MO-
XET pacno3HaBaTthb nuua.

3 nntocos paboTbl SVM © MeToaa 0AuH-NPOTUB-BCEX:

—  BbICOKas TOYHOCTb;

— [iaHHas cxema nerko Macwrabupyetcs. Hanpumep, 4aHHOE PELLEHNEe MOXHO Nerko KOMBUHMPOBaTL

c TexHonorueit MapReduce [4].
HanpaeneHus no yny4iexuto paboTbl anroputma:



— npumeHeHune TexHukm Virtual SVM [5];

—  ONTUMW3ALMS CKOPOCTU PaCno3HaBaHMS.
OuyeBMAHO, YTO METOA OMOPHbLIX BEKTOPOB — 3TO MPOCTON W 3GeKTUBHBIA cnocob knaccudukaLmm

N300paeHuit 1 UX pacnosHaBaHus.
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