O630p memooos KaaccuguKauuu.
[lpogusnibHbie MemoObl KnaccugduKayuu

Kypc «OCHOBblI aHaIM3a TEKCTOBbLIX AQHHbIX»
Kadeapa ynpasieHMUA N MHTENNEKTYa/iIbHbIX TEXHONOTNU
HNY « M2 »

BecHa 2023 .
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Memoo onopHbix sekmopos (SVM, Support Vector Machine)

Anropntm npegnoxeH B 1963 roay Bnagmmunpom BanHuKom u Anekceem YepBoHeHKMcom. OCHOBHaA wuaes
MeToda — NepeBoAd UCXOAHbIX BEKTOPOB B MPOCTPAHCTBO 60/1ee BbICOKOM Pa3MEepHOCTU U MOUCK pasaensarolemn
rMNepn/IoOCKOCTU C MAaKCUMa/IbHbIM 3a30POM B 3TOM MPOCTPAHCTBe. [1Be napannesibHbIX rMNepnioCKOCTM CTPOATCA
no obeuMm CTOPOHAM TUMEPNIOCKOCTH, pa3densaolen Knaccbl. Pasgensawowen runepnniockoctbto byaer
rMNepnIoCKOCTb, MAaKCUMU3NPYIOLLAA PAaCcCTOsTHUE 4,0 ABYX Napan/ielbHbIX TMNEepPna10CKOCTEMN.

A

MeTog, onopHbIX BEKTOPOB CTPOUT KNaCcCUOULIMPYHOLLYHO
dyHKuMIO @(x) B BMAE:

Margin =2/ VwTlw

a(x) = sign(wTx) »
& &
. &
Support Vector g ' o
_® Support Vector
" ° |
[Nanee BbIbUpatoTCA TakMe Wi ; ¢ o
1 wx+b=-11
MAKCUMUSUPYHOT PaCCTOAHUNE m A0 KaxXa0ro Knacca ot bl ki
wix+b=
®
wix + b =+l -1
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Memoo onopHbix sekmopos (SVM, Support Vector Machine)

N

lhmge Vi a( )) + A¢
j=1

3pecby; € {—1; 1} - meTKa Knacca, NPUHUMAOLLAA OAHO U3 ABYX BO3SMOXKHbIX 3HAYEHWM.
[lepBoe cnaraemoe COOTBETCTBYET OWWMOKM Knaccudpukatopa Ha obydarowen BbibOpKe, KoTopasn

N3mMmepAeTcAa Cc NnOMoLlbto (I)yHKLI,MM noTepb.
I-hinge = max(0, 1 - yj*a(xj))

yj: +-1 meTKa knacca
a(xj): 3HaueHue QyHKUMMK

BTopoe cnaraemoe — A0NycTUMOE KOIMYECTBO 0ObEeKTOB-HapyLiuTenen. Yem 6onblue HapylumTesen mol
Aonyckaem, Tem wupe 3a3op, HO 6onble ownbok npu obyyeHun. LLUMPOKUI 3a30p CTPOAT B C/IyYae,
KOrga AaHHble CNOXHO pa3aenvtb JInHenHo. OH nomoraet mogenn bbiTb MeHee YyBCTBUTENIbHOM K

Bbibpocam
HNY "M3WN", Kad. YUT, 2018-2021 3



Memoo ornopHbix s8ekmopos. /lTuHeUHaAa Hepa30eaumocms

Ecnu faHHble NHEHO HepasaenviMbl, TO BCE aneMeHTbl 06yyatoLLel BbIGOPKU BKaAbIBAIOTCS B
o . n
npocTpaHcTBO X 6oree BbICOKOW pa3MEPHOCTY C MOMOLLbIO creLmarnbHoro otTobpaxerust! @: R" — X

Input Space

Feature Space

K. B. BOpoHL,0B. /leKyuu rno memooy onopHbix sekmopos. http://www.ccas.ru/voron/download/SVM.pdf
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Jloecucmu4ecKas peepeccus

JNloructnueckasn perpeccus (Logistic regression) — meToa, NOCTPOEHUS IMHENHOTO KNaccudUKaTopa, MO3BONSIOLLUINA
OLEeHMBaTb anoCTEPMOPHbIE BEPOSTHOCTM MPUHAA/EXHOCTM OOBEKTOB K/1accam.

YpaBHeHue NiMHeiHo perpeccun: Y (X, w) = w, + X, W, + X, W, +...+ X W, w = arg min(Q(x, w))

Mbl peliaem 3aga4y 6UHapHOM KnaccuduKaLmm u XOTUM OLLEEHWUTb BEPOATHOCTb NPUHASNEKHOCTUM K Knaccy “+” n “-":p €[ 0;1]
Npo6nema B TOM, YTO NpaBan 4acTb ypaBHEHUA € [—00;+0]

Bbixoz, U3 cuTyaLuMn — UCMOIb30BaHME NOTUCTUUYECKOMN PYHKLUMK:

__ _ 1
J@= T = Pu=

1+ e wx

3aaa4a 0byyeHMA NMHEMHOro KnaccudumkaTopa 3ak/1to4aeTca B TOM, YTobbl No
obyyatoLLel BbIbOpKe HaCTPOUTb BEKTOP BECOB W. B noructmyeckoim perpeccum ans -
3TOro peLaeTca 3a4a4a MUHUMM3ALUUM SMNUPUYECKOTO PUCKa C PYHKLMEN NoTepb
cneumanbHOro BMAaA:

= = m =@ @ =@ =
N N . N N . N N N
= o w = m M oo
T

W = argmin(z In(1+ e¥™ ) 4 Alw|)
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PeaynapusayuA

Perynapusauma — metoq A,06aB/1eHNA HEKOTOPOW AONONHUTENbHOM MHGOPMALIMK K YC/TOBUIO C LIE/IbIO

PELNTb HEKOPPEKTHO NOCTAB/IEHHYIO 33434y UK NpeaoTBpaTUTb NepeobyyeHmne. 3T1a UHPOPMaLMA 4YaCcTO MMEET BUA,
WTpada 3a CIOKHOCTb MOAENM.

MepeobyyeHne B 6ONbLIMHCTBE CY4aeB NPOABAAETCA B TOM, YTO B MO/1yHaOLWMXCA MHOTOY/1IEHaX CAULLIKOM Bbonblume
KoapdnumeHTbl. COOTBETCTBEHHO, M BOPOTLCA C 3TUM MOXKHO A0BO/IbHO €CTECTBEHHbLIM CMOCOHOM: HYXKHO NPOCTO
n06aBuTb B LeneByto PyHKUMIO WITPad, KOTOPbIN Bbl HaKa3biBa MOAENb 33 CAUWKOM 6oblune KO3 PUUMEHTDI.

a(x,w)=w, +x,w, +x,w, +...+x w,

B 60nblWMHCTBE C/1ly4aeB KO3IGPUUMEHTbI 40K HbI
6bITb HEOONBbLLUMMM YMCNAMU, NAEATbHO — MHOTME
Ma/i03HauYMMble KO3 PUUMEHTbI AO0NXKHbI ObITb HYNAMMU

XopoLlo:
a(x,w)=0.5+0.69x, +0.38x, + 0.84x,

Nogo3puUTenbHo:

a(x,w) = 0.5+365723x, +0.38x, +0.00000084x,
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Peaynapusayus (2)

L1 - perynapusauusa (nacco, lasso)

W= argmin(Zln(l+exp(—yi <X ,w>)+A|w|)

L2 — perynapusauua (rpebHeBas, ridge)

w=argmin()_In(l+exp(—y, <x,,w>))+A|w|’)

1

C = Z - ObpaTHbIM KO3OPULMEHT perynapusaumm.

* Yem C 6onblie, Tem 60s1e€€e CNOXKHbIE 3aBUCMMOCTU B A@HHbIX MOXKET BOCCTaHaBAMBATb MOAE/b.
Ecauv perynapmsauma cainwkom cunbHas (Manble 3HavyeHuma C), To pelleHnem 3a4a4m MUHUMU3ALUMN NOTUCTUYECKOMN

bYHKUMM NOTEPb MOKET OKa3aTbCA TOT C/Iy4al, KOraa MHOrMe Beca 3aHy/IMANUCh N CTalu CAAUWKOM ManbiMU
* Ecnun C canwKom 6onblias, To MOAENb MOXKET nepeobyuntbea

* [lpu paBHOM TOYHOCTM CAeayeT BbiIbMpaTb bonee NpocTyo moaens.
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[pogunbHbIE MEMOObLI KAaccugpuxkayuu

Mpodunb KNacca — 310 popmanbHbIN 06BEKT, CNOCOOHbBIN OXapaKTepnu3oBaTb BCe
OCTa/IbHble 3N1€MeHTbI Knacca.

Hanpumep — ueHTpoua
Mpodunnm Knaccos moryT ObITb pa3aesieHbl Ha caeayoLWwme KaTeropuu:

1) /loauyeckuli npoghusb, KOTOPbIA COCTOUT U3 MPU3HAKOB, NPeACTaBAEHHbIX B Knacce:
(Bec npmn3Haka B Takom npodune paseH “0” namn “1”).

2) Paccyumesieaemolli npogusb, B STOM Cayyae BeC NPpU3HaKoB PacCcYMTbIBAETCS Ha
OCHOBe KaKkoro-n1mbo npasuna. Mprmepom MOKeT CAYKUTb LEHTPOUA, Knacca

3) SkcrnnepmHoil npogusib, 3a4aBaeMbiv NONb30BaTENEM HA OCHOBE COHOCTBEHHbIX
3HAHWUW U ONbITa.
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Ymo maKoe npogusne Kaacca?

B3BelunBaHMeE M OTOOP NPM3HAKOB MOKET NPOBOAUTLCSA HAa OCHOBE M3BECTHbIX MpoLeayp
BblABAEHNA MHOOPMATUBHbLIX TEPMUHOB:

* YacTOTHbIW,
 CTaTUCTUYECKUH,

* TeopeTnKo-MHGOPMALIMOHHbLIN,
* JBPUCTUYECKUN,

\Qﬁ [IpuHagTe#HOCTE HenpuragnexrocTs | Z
X Kmaccy (J, xmaccy O,
Hanmame A B A+B
NpH3HaKa X ®
OtcyTcTEHE C D C+D
npH3Haka X ®
Z A+C B+D N
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Cmamucmu4yecKul nooxo0 8biaes1eHUAa UHPOPpMAMUBHbIX MepMUHOS8

Xu-KBagpar - npoduns: 226xD.0.)=N- (4D - BC)?
& (A + B)(C + D)4+ C)(B + D)
(i) _ (AD—-CB)
PO-npodub: p(x"7,0,) T AT B)C i DYA+ OB D)
i AD — BC
Mpodunb Ona: Q(x()’Qg)z 1D+ BC
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TeopemuKo-UHOPMAUUOHH®bIU MOOX00 8biA8AEHUA UHGDOPMAMUBHbBIX MEPMUHO8

A-N
(A+B)-(A+C)

MW-npodunb (Mutual information): MI(x?, Q,) = log,

AN

g
HopmuposaHHbii MU-npodunb: NMI(x?.0,) = *(A+B)(4+0C)
- (A+B)lo N
S

HUY "M3WN", Kad. YUT, 2018-2021
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Jspucmu4yecKull nooxoo 8biA8aeHUA UHGHOPMaMUBHbLIX MepMUHO8

MpocToit KoapPULMEHT COBCTPEUaEeMOoCTH

MNepBbi KO3PPULUEHT Hecornacus

KoadppuuymentPaccena-Pao

KoadppuuymeHt Pogkepca-TaHMMoTo

Mepsbit KoapPunumeHT Cokana-CHuca

KoadppuumeHt XammaHa

B A+ D
A+B+C+D

C+B
A+ B+C+ D

SN1 =

A

RR =
A+B+C+ D

B A+ D
A+D+2(B+C)

RT

B 2(A+ D)
204+D)+B+C

H_(A+D)—(B+C)
A+B+C+ D

HUY "M3WN", Kad. YUT, 2018-2021
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Jepucmuyeckuli mooxo0 8biaeaeHUA UHGDOPMAMUBHbIX MepMUuHos8 (2)

A
KoapdpuuymenT [kakkapaa (Hakkapa) J=
A+B+C
BTropou ko3 puumeHT Hecornacmsa 7 = C+B
CA+B+C
K Di Dice = 24
03pPunumeHT Dice I B C
BTopoii C C o A
Topou KodapPpunumeHTt Cokana-CHuca 11208+ 0)
- A
MepBbin Ko3dPuumueHT KynbunmHCcKoro Kl= P
_|_
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[MpogunbHble memoOosbi
szikltfi~Prof(x("),Qk) W, = max (gna Vk,k=1,..., K)

[Mpodomnnu knacca «basbl AaHHbBIX»

I PO-npodunb HMW-npodunb C-C-npodunb

I databas 0,750 cy6a 0,689 databas 0,644 3anpoc 0,952
B cyba 0,615 databas 0,652 6a3 0,459 databas 0,949
Y sanpoc 0,588 sql 0,623 3anpoc 0,420 cy6p, 0,949
W 6as 0,579 dbm 0,613 cybp, 0,415 penAuMoH 0,944
0 sal 0,525 3anpoc 0,608 queri 0,352 queri 0,942
. penaumnoH 0,522 penaynoH 0,599 penaumoH 0,318 sql 0,939
T queri 0,512 sql-3anpoc 0,523 sql 0,308 dbm 0,937
B dbm 0,511 queri 0,520 Mmogen 0,295 sql-3anpoc 0,933
0 structur 0,409 ms 0,510 dbm 0,292 ms 0,932
W relat 0,385 mysql 0,466 relat 0,269 mysql 0,929
. sql-3anpoc 0,385 Tabauy, 0,466 CTPYKTyp 0,255 oracl 0,929
B ms 0,367 oracl 0,450 structur 0,234 postgresq| 0,928
. CTPYKTYpP 0,314 postgresql 0,450 data 0,184 relat 0,928
B mysql 0,306 6a3 0,443 sql-3anpoc 0,169 sql-queri 0,928
Y tabany 0,306 sql-queri 0,431 model 0,161 Tabauy 0,928
I oracl 0,283 inject 0,411 manag 0,160 end-us 0,927
. postgresql 0,283 pargresql 0,411 ms 0,154 laplas-stilt 0,927
B tabl 0,279 K/AMEHTCK 0,411 BbINONHEH 0,153 st 0,927
I BbinonHeH 0,271 tabl 0,392 access 0,153 secur 0,927
B access 0,271 db HUY "M)388: . biase2018-2021 0,153 64 0,927




CpasHeHue rnpogusbHbIX Memoo08 Kaaccugpuxkayuu

I N I R

Kakue TepmuHbI Bbiaenaer

CpeaHe4acToTHbIE,
HW3KO4YaCTOTHbIE

BblCOKOYaACTOTHbIE,
cpeaHe4v4acCToTHblIe

- -

KoadpdpuumeHt ybbiBaHUA BecoB CpeaHni Huskni
TepmuHOB A 4.8 2.2
Ucnonb3yemble 3Ha4eHUA U3 A B,C,D A B,C

Taﬁl'II/ILl,bl conpa>XeHHoCTu

M BbicOKOYaCTOTHbIE

| CpE,ﬂ,HE'—-IEIETDTHhIE

W HW3Ko4yacToTHbIE
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CpenHe4vyacToTHble BbICOKOYACTOTHbIE

[0;1] [0;1]
OyYyeHb HU3KUM Bbicokui
1.05 7.4
A B,C,D A B,C
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UNI-npocbunu

Pa3Hoo6pa3me I'IpOCI)VlIIbeIX METOA40B MNO3BONAAET UCMNOZIb30BaTb UX AN1A yBE/IMYMEHUA
TOYHOCTMU KI'IaCCVICI)MKaLI,MVII

 KombuHuposaHue npodunein ana cosgaHma bonee cMabHbIX KnaccMPUKaTopos

* Mcnonb3oBaHME 3HAHMM O CTPYKTYPE AOKYMEHTA ANS YBEAUYEHNA TOYHOCTb KnaccudpumKaumnm

«Union» - o6begnHeHmne pasHbiX NOAX0A0B K BbiABEHNIO NHPOPMATUBHbLIX TEPMUHOB
— CTaTUCTUYECKOrO, TEOPETUKO-MHPOPMALIMOHHOIO, 3BPUCTUYECKOTO.

[Ona nux NocTpoeHusa WUCNOoNb3yTCA pasnnyHble KombuHaumm PO-, HMWU-, J- n C-C-
npodunen, KoTopble, 3a CYET pPasMYHbIX MNPUHUMNOB oOnpeaeneHnsa Haumbonee
MHPOPMATUBHbIX MOHATMUIN, NO3BOJIAT CKOMMNEHCUPOBATb C/1abble CTOPOHbI KaxKaoro mu3
noAxoao0s..



Aneopumm nocmpoeHusa npoguna UNI6

*  BXOOHbIMU OQHHbIMU as120pUmma ABAAOTCA: 0byyatowas Bbibopka gokymeHTos, PO-, HMW- u J-
npodounmn

* BbixoOHble 0aHHbIe: Npod UM KNacCcoB, NpeacTaB/eHHble B BUAe BEKTOPa TEPMUHOB U yNopAA0YEeHHbIe
no ybbiBaHUIO Beca.

* gz 1.3apaetca napameTp metoga - L.
 Llaz 2. Cymmunpyem Beca npodunen ana Karkaoro obuiero TepMmmHa n MCxogHbolx npodpunen:

Wunis =(Wpo *Wpmpn + W), , 34€Cb Wi — BeC TepmuHa B UNI6-npodune, Wpg, Wiy Wy— BEC TEPMUHA B
PO-, HMMW-, J- npodunne cooTBeTCTBEHHO.

* [lge 3. Nony4yeHHble TEPMUHbI yopaa04YMBatoTCA No YObIBaHUIO Beca.
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Kak ucrnons3zosame cmpykmypy 0OKymeHma?

CnoBa B Pa3HbIX YaCTAX
AOKYMEHTA (Ha3BaHI/IFI,
dHHOTaUunN, Karo4yesBble CJ'IOBa)
HepaBHO3HA4YHDbI

KaK y4yecTb 3Ty
HEepPaBHO3HAYHOCTb NPU
Knaccmdumkaumm?

HUY "

CeMaHTUYeCKana MHTeprnpeTayua B cumcreMax
KOMNbHOTEPHOrNro aHaim3a TeKCTa

OnuceiBaeTca Noaxoa K NOCTPOEHUID CEMaHTUYECKOro
KOMMOHEHTa B CUCTEeMaX KOMMbITEPHOro aHaM3a TeKcTa
Ha eCTecTBeHHOM s3blke. [logxo4 OCHOBaAH Ha
NPUMEHEHUN cneumnanbHbIX WAab/IOHOB K CETU CUHTAKTUKO-
CEMaHTUYECKUX OTHOLLUEHUN MexAay C/10BaMn TeKCTa,
KOTOpas CTPOUTCH CUHTAKCUYECKUM aHasim3aTopoM.
LLIabnoHbl onpeaenatoT cnocob nHTepnpetTayum
dparMeHTOB CeTU B 3ajaHHble dpenMbl C
naoeHTUPUKaUumen y4acTHMKOB CUTYaLUid 1 UX posien.
KnroueBble cnioBa: KOMMNLITEPHbBIM aHanms Tekcra,
CceMaHTU4ecKasa MHTepnpetauna, CeMaHTUYecKas ceTb,
CMHTaKCU4YeCKMN aHanui, dpenmsol.
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Kak ucnone3zosams cmpykmypy 0okymeHma? (2)

Moaxop Nel. Ucnonb3oBaTb pa3Hble crocobbl BbiABAEHMA NHGOPMATUBHbBIX TEPMUHOB A7 Pa3HbIX YacTen
AOKYMEHTA

Mk
W, = 1" Profy (5, 0) +1f," Prof,(x”,0,) +#f" Prof, (x",0,)
i=1

Moaxop Ne2. Mcnonb3oBaTb cneumanbHble Beca AN TEPMUHOB U3 Pa3HbIX YacTel JOKYMEHTA

Mk
W, = Za 1D Prof (x”,0,)+ B*tf" Prof (x,0)+y*tf" Prof (x”,0,)
=1
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[Tooxoo Neol

Mcnonb3oBaTb pa3Hble cnocobbl BbiiBNEHUA MHPOPMATUBHbBIX TEPMUHOB A1 Pa3HbIX YacTel
NOKYMEHTa

Mk
W, =2 1 Profy (x,0) + 1) Prof (x,0) +1f Profi (x7,0,)
i=1

OcHoBHas npobsiema — BbIbOP METOA0B, KOTOPbIMU BYAYT OLEHMBATLCA TEPMUHbBI U3 PA3HbIX YacTen
[IOKYMEHTOB.

PeweHune:

1. AHann3 BCTPeYaemMoCTU HNU3KO-, CpeaHe- N BbICOKOYACTOTHbLIX TEPMUHOB B Pa3/IMYHbIX pasaenax bO c yenbto
BbiOOpa TakMX MEeToA0B, KOTOPbIE NPeanoYnTatoT oTonpaTb B NpoPuab U NpnucesameaTb bosnee BbICOKME Beca
TOW KaTeropuun TeEPMUHOB, KOTOPas Hanbosiee 4acTo NOABAAETCA B pa3aene.

2. MonHbIM nepebop BCEX BO3MOMKHbIX BAPMAHTOB NyTEM KOMBMHUPOBAHMA Pa3HbIX Npodunen.



[Tooxoo Neo2

Ncnonb3oBaTtb cneunasibHble BeCa A4 TEPMUNHOB U3 PA3HbIX YyacTteun AOKYMEHTA

Mk
w, =Za*th(’) Pr of (x(’),Qk)+,B*tf/§l) Pr of (x(l),Qk)+7/*tf1§l) Pr of (x(l),Qk)
i=1

Beca a, [,y byaem HacTpauBaTb no metoay PuwbepHa*.
B kauectBe Pro/ (x.0,) Bynem ncnonb3oBaTb Hanbonee TOUHbIM NPOdUb.

*Beca duwbepHa - 3TO pauMoHanbHble ApobU, B 3HAMEHATE/Ie KOTOPbIX CTOUT CYMMa apudmMeTU4ecKomn
nporpeccun N nepBbiX YNEHOB HATypa/sibHOro paaa c warom 1, a B yncautene - yboiBatowpme Ha 1
3/1leMeHTbl HaTypanbHoro paaa ot N o 1 (Hanpumep, 3/6,2/6, 1/6 B cymme gatoT eAUHULLY)
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