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1 Bsenenune

B narme Bpems MammuHHOE 00ydeHHE 3aBOEBAJIO CTPOrO MOJOKHATEIHHYIO pe-
nyTanuio. B TaHHBIX 9acTO €CTh 3aKOHOMEPHOCTH, KOTOPBIE HE YIA8TCs OTCJIe-
JIUTH HEBOOPYKEHHBIM TJ1a30M. J[Jis 9TOro CyIecTByeT MHOIO MATEMATHIECKUAX
MO/IeJTEl, KOTOPhIE HAXOAAT 3aBUCUMOCTH MEK/Ty JAHHBIMA U MIO3BOJISIOT JI€/IaTh
npenckasanus. [IpeackazaTenbHbe MOETN MOKHO UCIIOTb30BATh MPAKTHIECKT
B J11060i1 cepe. CaMble HPOCTbIE IPEICKA3aHUs CTPOSATCS Ha OCHOBE JIMHEM-
HBIX MOJIeJIeH, KOTOPhIE OTJIMYAIOTCS OT IPYTUX BBICOKOM CKOPOCTHIO ODyUEHHs I,
HO MEHBIIe MpPeICKA3aATeIbHOM CujToit. B manuo#t pabore paccMOTPEHBI OCHOB-
HbIE W3BECTHBIE BU/IBI JIUHEHHBIX KJIACCU(PUKATOPOB, K HUM JO0ABJIEHBI IBA, Me-
Hee U3BECTHBIX MOAX01a(PEeJIAKCAMOHHBIA METO U METOJI CBEJeHUs K JIMHEHHO-
My uporpamMupoBanuio). O6a 110/1x01a PeIaT 3a/1a4y [HOMCKA MAKCUMAJIbHON
COBMECTHOM IIO/ICHCTEMBI CHCTEMbI JIMHEHHBIX HEpaBeHCTB. IIpeacrapiser waTe-
PeC CPaBHUTH WX MEXKIY COOON ¥ C yyKe TMpOsiBUBITHMEU cebs mMeromamu. Kax-
Jbiii kiaccudukaTop peaan3oBad B Python3 ¢ MakcuMaabHBIM UCIOIB30BAHUEM
OMOMMOTEKN nNUMpy 71 yCKOpeHusi Bbrauciennii. Bee kmaccudukaTopsl cpas-
HUBAJIUCH KaK HA MOJENTbHBIX JAaHHDBIX, TAK U HA HACTOAIINX TAHHBIX, B3ATHIX U3
U3BECTHBIX JaraceroB. CpaBHeHHe IIPOU3BOJAMIIOCH 1[I0 J0JI€ IIPABUJIbHBIX OTBE-
TOB(KJIACCHI BCErIA JOCTATOUHO COATAHCUPOBAHBI TIO3TOMY 3TA METPUKA BIIOJIHE
noxxoaur). Tak:ke CpaBHUBAJIUCH BpeMeHa PAbOTHI KJaccuduKaTopoB. Buiio
BBISICHEHO, 9TO CBEJEHUE K JIMHEHHOMY MPOrPAMMUPOBAHUIO UMEET TO IIPENMY-
IIEeCTBO, UTO MO3BOJIAET CKA3aTh, MOYKHO JIF C CAMOTO HAYAIA IOCTPOUTDH pa3ie-
JIATONIYIO THUMEPILIOCKOCTh MEXKJAy OObeKTaMM Pa3HBIX KJIACCOB. Peaxkcaruon-
HBIN METOJ TPOSIBUJI Ce0sT KAK CaMBbIil OBICTPO 00YJAIOIIUICS, 8 TPU OCTABIINECS
B QYEpEeIHOI pa3 MOATBEP/INJIA CBOK BBICOKYIO CKOPOCTH M XOPOIIYIO JJIsl JIK-
HEWHOH KJIaCCU(PUKAIINNA TOTHOCTH TMPEICKAZAHMUIA.

2 IlocranoBka 3aga4un

2.1 /g aByX KJacCOB

Ecte N smemMenTOB, KaK/JIblii W3 KOTOPBIX MPUHAJJIEKUT OJHOMY U3 JIBYX
kmaccoB. Kaxkprit 00beKT mpeacTaBiaseT u3 cebsa BekTop pasmepuaoctu D. Jlis
Nirqin JIEMEHTOB UX KJIACCHI U3BECTHBI:

1, ecnm OOBEKT X TPUHAMIEKHUT Kitaccy 1
Y = .
0, ecau 0bbeKT xTf npuHAAIEKUT Kiaaccy ()

g ocranbubix Niest = N — Nypgin 371€MeHTOB(TECTOBON BHIOOPKHU) UX KJIACCHI
HYKHO IIPEICKA3ATH.

2.2 nxa ar000ro duciaa KJaccoB

Nmeercs N oObEKTOB, KaxKbIil M3 KOTOPBIX MPUHAIIEKUAT OgHOMY u3 M
kimaccoB. Kaxxapiit o0bekT nmeer D YnCIOBBIX MpU3HAKOB. JIast Nypgin 00HEK-



roB(00yUaroieil BEIOOPKY) UX KJIACCHI U3BECTHBDI.

0, ecau obbeKT X npunazieRuT Kiaccy 0

1, eciam OODBEKT &f MPUHAIIEKUT Kiaccy 1
Yr =

M, ecim OOBEKT X MPUHAMIEIKUT Kaaccy M

Hast ocranbubix Niest = N — Nypgipn 371€MeHTOB(TECTOBON BHIOOPKHU) UX KJIACCHL
HYKHO TPEJCKA3ATH JIJIT TECTOBBIX Niest OOBEKTOB.

3 IllpensaraeMble MeTOJbI pellieHUs

3.1 Jlma aByX KJaccoB
3.1.1 PenakcallmoHHBI# MeTOs,

[Ipemraraercss TBITATHCA OTHAEIATH OOBEKTHI KJIACCOB APYr OT JPyra TH-
nepIuiockocbio B D-meprom npocrpancrse. [unepiuiockocrs 3amaéres (D+1)
-MepHbIM BeKTOpoM w. OObeKT Xy cuuTaercs 0ObEeKTOM Kiacca 1, eciam wy +
S aijw; > 01 06bexrom knacea 0, eci wo+ 3, xy;-w; < 0(BepoaTHOCTD

j=1*"13 %7 ) 0 j=1Lij W;j P 5
YTO HEMPEPBIBHO PACIPEeIeHHAs CIydaiiHast BeJIMYnHa, OyIeT paBHa POBHO HY-
JII0 B TAKOH JIMHEHHON KOMOWHAIIMW, PABHA, HYJIO, TIOITOMY KA4eCcTBO He Oy-
JIeT yXYIAIIEeHO BHE 3aBUCUMOCTH OT TOrO, OyJeT i TMPUCBAMBATHCS HYTEBON
UJIM TepBbIi Kiace 00beKTaM, HA KOTOPbIX 002 HEPABEHCTBA HE BBIIOJIHATCH).
Bce Bekropbl @, mis yaobersa npeobpasyiorcs B (D+1)-mepuble BekTOpa Bu-
na (1,21, T2, .., Tkp), 9TOOBI MOXKHO GBLIO Gosee KpaTKo mmcath xjw. Jlis
HAXOXK/IEHUsT BEPKTOPA W MUHUMHU3UPYETCst (DyHKITMOHA:

Ntirain

! (&fw >= 0] (1 — ) + [fw < 0] - ) (1)

Ntrain

L
k=1

To ectb m0/I0 OMIUOOK TIpH KIaccupUKAIUE 00ydaionieii BEIOOPKH.
CocraBisercs cucTeMa HEPABEHCTB:

{mzw : (71)91C >= 07 k= 17 Ntrain (2)

Temnepb MOIy9aeTcst, 9TO Hy?KHO HAWTH TAKOH BEKTOP W, YTOOBI MAKCHMAJIb-
HOE YHUCJIO HEPABEHCTB U3 (2) BbINOJHAIOCH. 3a/a49a CBOAUTCS K MOUCKY MAKCH-
MaJIbHON COBMECTHON IOJICUCTEMBI CUCTEMbI HEPABEHCTB.

Hanee non xp, noapasymesaercs xy - (—1)Y kaxk koadduuuenr ogHOro
ypasuenus cucrems (2). Jomycrum, cucrema coBmecTHa. Vlckarh eé pernenne
IpeIaraeTcs, CTpod IOCIEI0BATEILHOCTD W1, Wa...W.... BBEICHO 0603HaTe-
nne I(wg) = {klzfw < 0}. danee mayr pasuble BapuaHTBI MOCTPOEHHS TIO-
CJ1eJI0BaTe/IbHOCTI {wk}szl, a TO4YHee BBIOOD HANPABICHUS dy B Wht1 =
wg + 9k+1 c oy

T
dy =2q- w, e ¢ = arg max |z wy| (3)
|24l jer(wn) 7



. Zje](wk)(w;"ﬁ'wk)z
Iz

dy =2z , e z = Z xj - |w§rwk| (4)

Jje€I(wk)

' Zje](wk) Aj \%ka|
|2

dy =2z , TOe z = Z zj- AN >0 ()

JE€I(we)

>‘j HaXOAATCAd KaK PeEIl€HHuA 3aJa49d MAKCHMHU3alund YHUCJIa HEPABEHCTB,
KOTOpPbhIE CMEHAIOT CBO¥ 3HaK C OTpUIATEJIBHOIO Ha TTOJIOYKUTEJIHLHBIN.

Huist rakux cayqaes mpu 0 < 6 < 2 u, ecim cucTeMa COBMECTHA, AOKa3aHo|1]:
pwiy1,Q) <o - plwk,Q),0 < o < 1,rme () - MHOKECTBO peIleHnit

Bepuémcs K citydaio, KOrja cucreMa He 00si3aTeIbHO COBMecTHA. fIcHO, UTo
Torga He GyIeT HalIeHO PEeIeHne MOTHOM CHCTEMBbI, TOTOMY YTO He abCOJIOTHO
JII0ObIE OOBEKTHI OTIEIAIOTCS MHIEPILIOCKOCTBIO, TAKIKE BCEr/Ia MOXKHO BCTPE-
TUTh BBIOpOCHL. To ecTb Hy?KHO OTOpachIBaATh HEKOTOPBIE W3 HepaBeHcTB. IIpes-
JIATAeTCs TO JIEJATh Yepe3 Kayk/Ible HECKOJIHLKO NTepalnii, oTOpachiBasi Te Hepa-
BEHCTBA, KOTOPbHIE YAIIE BCETO HE BBHIMOJIHAIOTCS. Takum 00pa3oM, HACTYIIUAT MO-
MEHT, KOT/[a CHCTEMa CTAHET COBMECTHA, U PeIlleHue OyaeT HaiiIeHo.

st yBeiuaeHust CKOPOCTH CXOIUMOCTH PEKOMEHIYETCsl PEIIaTh CHCTEMY:

{xzw (=1)¥% >=¢, k=1, Nyain (6)

Wrak, ganubiii Kiaccudukarop, uMeeT 3 rumeprapaMerpas
® ¢ - NOIPABKa K HEPABEHCTBAM;

e k - qucso maros, mocjae KOTOPOro OTOPaCchIBAIOTCS HEPABEHCTBA, KOTOPHIE
4aIle BCEro He BbITOJIHSIINCD;

e 0 - ckopocTb 0OyYeHus.

JlanHoe 4mcii0, KOHEYHO, MOZKHO PACIINPHUTD 3aCYET TOr0, 9TO CKOPOCTH 00y~
YEHUsT MOXKHO MEHSITh IO Mepe TPUOJINKEHUsT K MHOYKECTBY PEIIeHU, OTHOBPEe-
MEHHO C 9THM MOXXHO MEHSTb M YHCJO IAar0B, KOTOPOE JIEIaeTCs 10 OTOPaChI-
BAaHUsI HEPABEHCTB IO Mepe 00y JeHus.

3.1.2 CsBegeHHNe K JIMHEHHOMY MIPOTPaAaMMUPOBAHUIO

Sajada CHOBA CBOIUTCS K MOMCKY MAKCUMAJIBHON COBMECTHON HOICHCTEMbI
CUCTEMBI JIMHEHHBIX HepaBeHCTB. CHOBA T€ HEPABEHCTBA, YbW OOBEKTHI IIPUHAI-
Jexar K Kjaaccy 0, yMHOXKaoTca Ha -1. BBemuTca monoHUTEIbHAS IEPEMEHHAS
€, KOTOPYIO HYy’KHO MaKCHMHU3UPOBATHL B CJeAyIONIeit 3aate:

£ — max
mgw : (71)yk > €, k= 17 Nirain

(7)



Ecnu cucrema necoBmecrna, TO O4€BHIHO, 4TO pemieHue Oyzer € = € < 0.
Jamnee mpeagaraercst orobpacsiBaTh HepareHcTBa. OTOPACKIBAETCS TO, [T KOTO-
POTO JIOCTUTAETCS MAKCUMYM BEJIMUWHbBI

o (gowiT Jw;
i#£]

[ 2 wil| - [[w;]]

i€l

i#]
Takasi mpore/ypa BbIIOJTHSAETCH, II0KA € He CTAHET OOJIbIe HyJId.
Urak, nomyanim KiaaccuduKaTop ¢ 2 TUIEPIapaMeTPAMHE:

e k - YMCJIO 11TaroB, Mocjie KOTOPOro MbI OTOPACHIBAEM HEPABEHCTBA, CAMBIE
OTKJTIOHSIONIAECT OT OCTAJIBHBIX HEBBITTOJTHEHHBIX;

e part to exclude - n0ng HEpaBEHCTB, KOTOPYIO MBI OyJIeM UCKJIIOYATh U3
CHCTEMBL.

3.1.3 AmnmpokcuMarnud TJIajgKoil pyHKImuei

Temneps xoUerTcss yCKOPUTH mporiece oOydernus. s 3TOro Hy»KHO CI€IaTh
dyuknuo noreps L HenpepbiBHO auddeperupyemoii. X0opoIno MOIXOIUT CUT-
MOW A

1
—w£w~(—1)yk (8)

o(xk) =

1+ exp
Ecin 06bexT k kaaccndunmpopany kak o0beKT Kiaacca 1, To 3HATeHHe Tpw >
0. Eciiu pemenue npunaro Bepuo(true positive), To cTenenb 3KCIOHEHTHI Oy1eT
[IOJIOXKUTEILHOMN, 3HAYUT BCA JIPOOb OyIeT CTPEMUTHC K HYJIIO IPHU yBEIUYEHUH
3HAYEHUST wgw. Ecuiu pemenue ommbounoe(false positive), ro crenenb sKkconeH-
TBI OyIeT OTPUIATEIbHOMN, & 3HAYUAT, BCA JAPOOb OyIeT CTPEMHUTHCH K €IMHUIE
NIPU OTJIAJIHWH ;. W OT eIUHWIBI BIpaBo. Anasornyno, ecim xiw < 0 U BbI-
Gop mpaBusbHLIA(true negative), To Bea ApoOb Oyaer Tem OuKe K HYJII0, 94eM
JleBee OT HyJIs 3HAUEHHE Tiw, ecm BbIGOp HenpasuibHbIi(false negative), To
BCs ApoOb Oyzmer Tem Omke K €IUHHUIE, 9eM OOJbIle 3HAUEHNE a:g'w. To ecrb
UpU IPABUILHBIX OTBerax 3Hadenue (8) 6/M3KO K eJUMHULE, [IPU HElPABUIIbHBIX
- K HYJIIO.

OyHKIMSA TOTEPh - TO CYMMa TAKUX CUTMOHUI JJIsT KAaXKJIOro OOBEKTa W3

obydJaroreil BLIOOpKH:
NM‘ain

L= Z o(xg) (9)
k=1

IToxcuér rpajuenTa curMou/ipl:
9o (k)

awj -

1 T
= — . — _1 Y\ . (— . _1 Yr) —
(1 + exp(—2Lw(—1)w))2 exp(—zpw(—1)") - (=g, - (—1)"*)
_ ! exp(—afw(~1)")
C ltexp(—zfw(-1)v) 14 exp(—zgw(—1)%)

=o(zpw) (1 —o(zpw)) - zp; - (1), upu k =1, Nyrgin,j = 1, D + 1

. (71)yk+1 X =




Buzmo, 94T0 rpajuenT cUrMOu/Ibl JErKO BbIPAXKAETCH Y9€Pe3 caMy CUTMOUILY,
37IECh YK€ HYXKHO JOOABUTH TTPOU3BOJIHYIO TTOKA3ATE ST CUTMOUIHI.

Wrak, 31y GyHKINIO MOTEPh MUHUMUBUPYIOT UTEPAIMOHHBIM METOIOM, UC-
TOJIBL3YIONUM AHAJUTHUYECKHI TOJCUYET IPaJIMeHTa, HAIIPUMEDP, I'DaTUEHTHBIM
CIIyCKOM U Te€M CaMbIM HaXOAAT pelleHue.

3.2 g aroboro duciaa KJaccoB
3.2.1 Merozx onopubix BeKTopoB (SVM)

Teneps nmeercs OObINE, YEM IBA KJIACCA, TOITOMY OJIs TPUHSATUS PEITICHUS
HEJIOCTATOYHO OJHOMN pa3/esIsonieil runepnaockKocTr. s KaK0ro Kiacca 3a-
BOJIWTCS CBOM BEKTOpP BECOB Wy, k = 1, M. B wmrore mmeercss MaTpuiia BECOB
W = ||lwy,wa,...,wp||. Jus oupesnenenus kiacca o6bekTa T BbIYUCIAETCS
upoussegerne W7 - BeKTOp OlEHOK. BbIOUPAETCs TOT KJIACC, Ubd OLEHKA Car
Masi BBICOKAs.

Oyuknus moTephb L; Ha OMHOM O0BEKTE BBITVISIUT CJIEAYIONIAM 00pa30M:

Ly = Z max (0, Tp Wg — Tp, Wy, + A) (10)
IFYk

Tak>ke €CTh CMBICJI UCIIOJIb30BATh peryndapun3anuio

D M
RW)=>_> "W} (11)

i=1 j=1

Nroroeast pyHKINS MOTEPH MOXKET OBITH 3AMTNCAHA KAK
1 N
L=—S"L,+AR(W
N ; i+ AR(W)

Wi 6osee nosHo:
1N
T T 2
L:NZZmax(O,kak—wkwyk+A)+)\ZZWM (12)
k=1 j#yx i g
Ocraércs HaliTH MUHEMYM II0 BecaM JaHHOH (ynkmuu. OuruMusamnus mpo-

BOIUTCH I'PAAUEHTHBIM ciiyckoM. [Ipou3sBonnas ¢yHKIuu noTeppb 1mo Becy Bep-
HOTO KJIacCa BBIPAXKAETCHA B BHUIE:

Ve Lip=-— Z Lzpwj — Tjwy, + A >0) | zp (13)

J#Yk

'U.)yk
rae 1 - QyHKIMA-MHIAKATOP, PABHAS €IUHWUIE, €CJIN YCIOBHE BEPHO, W HYJIIO,
ecaiu ycyoBue He BepHO. 110 ocranbubiv BecaM (j # yg):
T T
Vo, Li = L(Tpwj — T wy, + A > 0)xg (14)
Hanmubriit KmaccuduraTop uMeer 2 THIeprIapaMerpa:
1. A - caBur B (byHKIINHU TOTEPD;

2. A\ - ko3 durumenTt mepea Becamu. deMm oH OOJIbIIE, TEM CHJIbHEE PeryJis-
PUBHUPYIOTCS BECa.



3.2.2 Muanmusamus kpocc-saTponuu (Softmax)

IIycts mMeeTcst Hekast omeHoukast GyHxnus f;(xg, W), B ZaHHOM Caydae
fi(xr, W) = WTzy, naomas onenky npuna/ie;KHOCTH 00beKTa Tj KJIaccy j.
OyHKIINA TOTEPHh B TAKOM CJIy9ae BBITJIAIUT CIAEIYIONIAM 0OPA30M:

fy (wkHW)

el vk

— _ - _ E fi(@e, W)

Ly = IOg Zj efi(xr,W) - ka + 1Og : el (15)
J

Kpocc-suTpornus Mex 1y OneHEHHBIM PACIPEIEIEHUEM ¢ U HACTOSIINM P TAETCI
dopmyoii:

H(p,q) =Y p(x)logq(z) (16)

efyp (@, W)

B namem ciaydae ¢ = S Fieew P (0,0,0,...,1,...,0), rae equHUIA
i

CcTOWT Ha Y, Mecre. To ecTh maHHas (YHKIWS MOTEPH MUHUMHU3UPYET KPOCC-
SHTPOIUIO MEXKIY ONEHEHHBIM U MCTUHHBIM DACIPEICIEHAEM.

Tak»ke Takoii BEIOOP (PYHKIHME MOTEPH MOMKHO HHTEPIPETHPOBATDL KAK Ke-
JlaHne HAWTH MAKCHMyM Jorapudma (QyHKINH OPABIONONOOHS /18 JTaHHOTO
parnpeeseHus.

Nrororast pyHKINS MOTEPH BBHITJISIUT CJIEAYIONIAM 00Pa30M:

L= % Xk:Lk + R(W) (17)

IIpakTuvyeckuii coBer: u3-3a UCIOJIb30BAHUS IKCIOHEHT B (DYHKIUA TOTEPD
MOTYT BO3HHUKHYTH TPOOJIEMBI C YUCTEHHBIMHU TOACIYETAMHU, TOTOMY 9TO 3HAYE-
nus eli @ W) yoryr okazarbest ouens GospmMu. s u36exaHus STUX Ipo-
6JIEM CTOUT CJIEIATH HOIPABKY HA KOHCTAHTY:

efyk (z1, W) C’efyk (zw, W) ef?/k (1, W)+log C 18
Zj eli(@e, W) — CZ]‘ eli(®e,W) — Zj eli(@e,W)+log C (18)
st yBepernocTH MOXKHO BBIOpaTh log(C') = —max; f;. Torna Bce sxcnonen-

TBI OyIyT TaBaTh 3HAYECHUE MEHDIIIE eUHAIIBI, 9TO JACT YBEPEHHOCTh B TOTHOCTH
BBIYHMCJIEHUNA.
Ocraércst moACYUTATH TPATUEHT (DYHKINHU OTEPD:

el
Dk = > ol Ly = —logpy
0Ly
— =p;—1(k= 1
a7, pj — L(k = yx) (19)
0Ly,
Sk (p—1(k = 2
w; (pj — 1(k = yr)) Ti (20)



4 Peagm3anusa MeTOOd0B

4.1 Peaaunzanmga pejJaKCaIlMOHHHOIO METOaa

Besne masnee np - 6ubsimoreka numpy, yCKOPSIOIMIAsT ¥ yIIPOIIAONIAs MHOTHE
Beruucrenns. UTax, co3maéres cBoit Kacc, KOTOPEIl Ha3biBaeTca one  weight
_linear model, numeromuit BeKTOp BecoB w, IHCI0 00beKTOB N, IHCIO IpH-
suakoB D (BK/IIOYas KOHCTAHTY ), YUCJIO IArOB MEPEe UCKIIOUYEHUEM HEPABEHCTB
steps_to_exclude, napamerp 0, xoropslii HasbBaercsa theta, mapamerp ¢ :
eps u [J0/I0 MCKIIYammuxcsa Hepasencrs part  to  exclude, moromy uro,
€CJIN UCKJII0YATh TI0 OJIHOMY HEPABEHCTBY HAa OOJIBIIIOM HAOOPE JAHHBIX, TO CJIU-
IIIOM JI0JITO OyIeT HAXOAUThCS perreHne. BeKTOp BECOB CHaYasIa MyCTOM, TaK KaK
Pa3MEpHOCTDh JTaHHBIX W3HAYAIBHO HEM3BECTHA.

class one_weight_linear_model():
def __init()__(self, method, theta, eps, steps_to_exclude,

part_to_exclude):

self.w = None

self.D = None

self.N = None

self.theta = theta

self.eps = eps

self.part_to_exclude = part_to_exclude

self.steps_to_exclude = steps_to_exclude

Hasnee nyzxuno ouuncarb meroyn fit(self, X, y), upunumaromuii na Bxoz mar-
puIly 00bEKTOB U BEKTOP HOMEPOB KIaccoB. Ho /tst Haua a mpeodpa3oBhIBAETCS
X Tak, 9T0 My 00beKTOB Kjacca 0 moDaBIsieTcst emé OauH KOHCTAHTHBIN TpH-
3HAK, PABHBIN €IWHWIE, & O0BEKTHI Kjiacca 1 TaKKe MOIydai0T KOHCTAHTHBIHN
MpHU3HAK, a 3aTeM JoOMHOXKaioTcd Ha -1. Takum obpaszom marpura X - MATPHUIA
KO3 PUIUEHTOB CUCTEMbBI JINHEHHBIX HEPABEHCTB, JIJisd KOTOPOW BCE HEPABEH-
CTBA JIOJIPKHBI OBITH OOJIbITE HYJIsA. Tak Ke WHUIHATU3UDPYIOTCS BECA MOJIEA W.
Bocnosib30BaBINCh TPOCTHIME COOOPAKEHUSIMEI O TOM, YTO MPUMEPHO TOJIOBHU-
Ha, BECOB OyZeT OOJIbIe HyJis, TOJOBHHA - MEHBIINE HYJsd, W HHUIHAIAUPYIOT-
Csl CydYalHBIMU YUCJIAME W3 HOPMAaJIBHOTO pacupejenenus. ITobbl OTKINK HE
OBL CJIUAIIKOM OOJIBIIHM, i OOJBIIEro YUCIa, PA3MEPHOCTH YCTAHABINBACTCS
MEHbIIAs] JJUCIIEPCHS], IIPOLOPUUOHAIBHO VK. DTH LHOArOTOBUTEbHbIE AeHCTBU
TIOMENAIOTCs B OTAeMbHBIT MeToq prepare data(self, X, y)

def prepare_data(self, X, y):
X = np.array(X)
self.N = X.shape[0]
X = np.concatenate((X, np.ones([self.N, 1])), axis=1)
self.D = X.shape[1]
self.w = np.random.normal (0, 2. / self.D, self.D)
X = np.apply_along_axis(lambda a: a * (-1) ** (y + 1), 0, X)
return X

Boi3oB aToro meroma memaercd nepsbiM B Meroze fit. danee myxuo mpuro-
TOBUTH CJIOBAPh HOMEPOB HEPABEHCTB, KOTOPBIE HE BBIMOJHAIOTCS. [ljist 9TOrO
npesgaraercsa xpaauth Bekrop unfulfilled (usnaganbro u3 Hyseit) pasmepa n.
Eciu mepaBeHCTBO 1O HOMEPOM i He OBLIO BBITOJIHEHO, TO i-ThIil 3JIEMEHT BEK-



topa unfulfilled nmox Homepowm i Oyzer yBennden Ha eauuwuily. lemepb HYKHO
BBIOPATH, KAKOM Tar OyIeT JeaarThes. 371eCh peaan30BaH BTOPOi Bapuant. Ha-
mucana dynkims cale  dw(self, X), koropas 6yaeT BHICINTHIBATL HAIPaBIIE-
HUeE Trmara, KOTopoe 0Oymer ymMHOKaThcs Ha theta:

def calc_dw(self, X):
negatives = X[X.dot(self.w) <= 0]
scalar_mults = np.abs(negatives.dot(self.w))
dw = np.sum(np.apply_along_axis(lambda a: a * scalar_mults, O,
negatives), axis=0)
dw *= np.sum(scalar_mults ** 2) / np.sum(dw ** 2)
return dw

3nech negatives - Te 00bEKTHI, /1 KOTOPBIX HEPABEHCTBA HE BBIOTHAIOTCS,
scalar mults - 970 MaTpPUNIA HONAPHBIX IPOU3BEACHUN T j; Wi, LAE j - HOMED
00beKTa, 1 - HOMep MPU3HAKA.

Ecrh oMH HbIOAHC: MOYKET CJIYUYUTHCS Tak, 9T0 dW OKaXKeTCs OYeHb MaJIeHb-
KHUM 10 HOPME. JIJIsT TAKUX CJIY9a€B HAITMCAHO JOMOTHATETHLHOE YCIOBUE, KOTOPOe
6bl He 1103BOJIAI0 JesuTh HA 0 B BblYMCJIeHUur coryiacHo ¢opmyie (4):

if np.any(np.abs(dw) > le-10):

dw *= np.sum(scalar_mults ** 2) / np.sum(dw ** 2)
else:

dw *= np.sum(scalar_mults ** 2) / le-11

3/ech, ecau BUAHO, 9TO 1O MOAY/Ii0 dwW OYeHb MaJjo, TO JeanuTcs He Ha 0, a Ha
OYeHb MAJIEHBKYIO BEJIUUUHY.

Temeps m1s 00yYeHUsT HYXKHO OTOpaChIBATh T€ HEPABEHCTBA, KOTOPHIE HE
BBINOJIHAIOTCA Yane seero. s sroro mumercs meron delete  worst(self, X,
unfulfilled), koropsiii Ha Bxox noaydaer X - Marpuny oObeKTbI-IPU3HAKUA U
Bektop unfulfilled, comep:kamuii B cebe 9acTOTy HEBBIMOJTHEHWST KAYKIOTO U3
HEPABEHCTB:

def delete_worst(self, X, unfulfilled):
for i in range(max(l, int(self.N * self.part_to_exclude))):
num_to_del = np.argmax(unfulfilled)
X = np.delete(X, num_to_del, 0)
unfulfilled = np.delete(unfulfilled, num_to_del, 0)
return X, unfulfilled

Bunano, 9To uckiro4yaeTcs mo KpaitHeil Mepe 0JlHO HEpaBEHCTBO, KOTOPOE Ya-
I1[e BCETO HE BBIMOTHIETCS.

Nrak, Bcé roroso mia manucanums meroma fit. IlocmemoBarenbHOCTD fIeii-
CTBU JIOBOJIBHO IPOCTA: MOATOTABIUBAECTCS MATPUNA O0bEKTBI-IIPU3HAKH Me-
TomoMm prepare data, 3aTeM mAST UK, IJe HA KasKJIOM IIare JeTaeTCS OJUH
mar na dw. Kaxzpie steps to exclude maros orbpacpiBaercsa OJHO HIH
gacTh part to exclude mepasencrs, moka He OyIyT BBIIOJHEHLI BCE Hepa-
BEHCTBA OCTABINEHCS CHCTEMBI.

def fit_relax(self, X, y):
if self.method == ’relax’:
X = self.prepare_data(X, y)



unfulfilled = np.zeros(self.N)
step_number = 0
while np.any(X.dot(self.w) < self.eps) > O:
dw = self.calc_dw(X)
self.w += self.theta * dw
unfulfilled += X.dot(self.w) < self.eps
step_number += 1
if step_number % self.steps_to_exclude == 0:
X, unfulfilled = self.delete_worst (X, unfulfilled)

Takzke Hy?KHO HAIILCATH METOJ, KOTOPBIH OyeT IpeICcKa3bIBATh KIACCHI IS
obbekToB nocsie obyuenus predict(self, X):

def predict(self, X):
X = np.array(X)
return (X.dot(self.w[: -1]) + self.w[-1] >= 0).astype(np.int)

4.2 Peanusamnusa MeTo/ia CBeJIeHUA K JIMHETHOMY ITpOTpPaM-
MUPOBAHUIO

s peanm3anuu JAHHOTO METO/a HY>KHO YMETh PEIlaTh 33/a9u JIMHEHHO-
ro nporpaMmmupoBanus. st aroro ucnosibdyercs bubsmnoreka python-a scipy.
optimize, B KOTOpOii peann3oBana Hyx)Has ¢yukius linprog. I[lepenucbiBars
KOHCTPYKTOP KJIACCA HE HYKHO, TOTOMY YUTO BCE HY>KHBIE THIIEPIIAPAMETPHI YKe
MPUCYTCTBYIOT B TOM, KOTOPBIN HAIIMCAH PAaHEe.

Tak Kak MAaKCUMU3UPYETCs €, a Meros linprog MuHUMHU3UpYET JTUHEHHYTO

bynxuuo ¢’ w, a xouercs MAKCHMUZHPOBATD £, YTO PABHOCUILHO MUHAMU3AIAM
—e¢, To B mannHoM ciydae ¢ = ( 0,0,..., —1)T. Venopus seraaaatT ciesyommim
~——
D + 1 nymneit

obpasom:

Aupw < byp. (21)
Ham myKHO UX CBeCcTH K
Xw>ernee=(¢e....e ), (22)
—

Nirain mryk

4T0 paBHOCUILHO Xw — € > 0 wmn —Xw + € < 0. g ynporienns 3anucu
BBEJEM HOBBIH BeKTOp W = (w, )’ 1 HOBYIO MATPHIy OGHEKTHI-PH3HAKA X =
( =X |1 ). Toraa (22) sKkBuBajeHTHO Xw <0.
Takum o6pasom, B pomu Ay, 6yaer X, B porit by 6ymer ( 0,0,...,0 )7,
——
Nipain mrys
Urax, mumercs Meron prepare for linprog(self, X, y) mnsa moarrosku
MATDPHIIBI O0HEKTHI TPU3HAKN X, BeKTOpa ¢ 1 rpanni bounds. Havanbubrii Biz
n1st X u ¢ onmcanst Beime. Kak Hy»KHO 3aaTh TPAHAILT 11 epeMeHHbix? Sc-
HO, 9TO BEKTOP BECOB W HE JIOJIXKEH ObITH OrPAHUYEH KaKUMU-TO KOHKDPETHBIMHI
qucaaMu(X0Ts JKeJaaTeIbHO, 9TO0bI 10 MOJLYJII0 OHU HE ObLIM CJIUIIKOM BEJIUKH).
Ho ecnu He orpanuvuTh € cBepXy, TO, PEIIEHUE BOBCE He DyAeT OrpaHUYeHO, a
3Ha4uT, HEe Oyer HaiigeHo. [IpuanHa TOoMy npocra: JOImyCTUM, YTO eCTh KAKOe-
TO peleHne w* TAKOe, YTO MOCTEIHASL ero TePeMeHHas, TO CTh £, GO/IbITe HyIs.
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Torna, Tak kak cucrema (21) OmHOPOAHA, €CTh Pemenne w' = 2- W™, y KOTOPOro
€ B 2 pa3za bosbiie. [IoaToMy HY2KHO OTPAHUIHUTD € CBEPXY JIOOBIM ITOJIOKUATE b=
HBIM YHCJIOM, HApuMmep, eaunuieii. Huke nmpuBemena peanmnsaiis METOIA:

def prepare_for_linprog(self, X, y):
X = self.prepare_data(X, y)
X = np.concatenate((- X, np.ones([self.N, 1])), axis=1)
¢ = np.concatenate([np.zeros(self.D), [-1]1])
bounds = [[None, None] for i in np.arange(self.D + 1)]
bounds[-1][1] = 1
return X, c, bounds

Ianee ny»kuo Hanucarb Mero exclude with largest angles, koropsrit
Oy/leT UCKIII0YaTh HEPABEHCTBA, BEKTOP X KOTOPBIX UMEET HAUOOIBIINA KOCH-
HYC yIJIa CO CPEJHUM BEKTOPOM OCTAJIbHBIX HEBBIITOHEHHBIX:

def exclude_with_largest_angles(self, X, res):
unfulfilled = X[:, :-1].dot(res[:-1]) <= 0
sumed = np.sum(X[unfulfilled, :-1], axis=0)
cosines = np.ones (X.shape[0])
for j in np.arange(len(unfulfilled)):
if not unfulfilled[j]:
continue
rest_of_sum = sumed - X[j, :-1]
cosines[j] = X[j, :-1].dot(rest_of_sum) / \
rest_of_sum.dot(rest_of_sum) / X[j, :-1].dot(X[j, :-1]1)
to_exclude = []
for i in np.arange(max(1l, self.part_to_exclude * self.N)):
argmin = np.argmin(cosines)
cosines[argmin] = 1
to_exclude.append (argmin)
X = np.delete(X, to_exclude, axis=0)
return X

B nepBoM 1@KIIe€ HAXOASATCA KOCUHYCHI JIJIsl KAYK0T0 HEBBIIIOJTHEHHOTO HEpa-
BeHCTBa. B cienyiomem mukie COXpaHsioTcs HOMEPA TeX, KOTOPbIE HY2KHO Oy-
Jer ynaiarh. Janee npoussoguTcs ynanenue. Ha 9ncio HEBBITIOTHEHHBIX HEpa-
BEHCTB JI€JIUTH HE 00s3aTe/IbHO, MOTOMY 9TO 3TO 00MmInii KO3hMUIUEHT IJTsT BCEX
KOCHHYCOB, TIO9TOMY JIHAIITHEE JIeJIeHIe OTOPOIIEHO.

Ocraérca cobpars Beé BMecte n HanucaTh MeTos fit  using  linprog( self,
X, y) u gouucars meroy fit(self, X, y):

def fit_using_linprog(self, X, y):
X, c, bounds = self.prepare_for_linprog(X, y)
res = np.nan
while True:
b_ub = np.zeros(X.shape[0])
res = op.linprog(c, A_ub=X, b_ub=b_ub, bounds=bounds).x
if res[-1] > O:
break
X = self.exclude_with_largest_angles(X, res)
if res is not np.nan:
self.w = res[:-1]

11



def fit(self, X, y):

if self.method == ’relax’:
self.fit_using_relaxation(X, y)
elif self.method == ’linprog’:

self.fit_using_linprog(X, y)

4.3 Peanuzanuga annpoKCcUMAIAM TJIaakoil dhyHKIrei

st maHHOM peanmn3alun TaKKe MOHAT00MTCs 6ubImoTeKa
scipy.optimize, 13 KOTOpoii ucnoJib3yercs pyHKIHA minimize.

it HOArOTOBKY JAHHBIX [IPOCTO BOCIIOJIb30BATHCs HAIIMCAHHOIN prepare
_data. Torga Bce 00BEKTHEI MOKHO OyleT CIMTATh 33 OOBEKTHI Kacca 1, To-
T TIePEe/T CKAJISIPHBIM MPOU3BEAEHNEM B MIOKA3ATee SKCIOHEHTHI OyIeT TPOCTO
e TMHIIHBII

1
T - -
ol@w) =17 exp(wiw)
T
M —o‘(mg’w) . (1 — U(mgw)) * Lhj
8u@

Ocraércst HAUCATD METO/IBI [IJIsl BRIYUCIeHusT camoit pyHkiuu mrpados L
u Ui Bbluucsienus €€ rpaguenta. Ouu nassaubl calc  sigmoid L(self, X,
w) u calc grad L(self, X, w):

def calc_sigmoid_L(self, X, w):

return (1 / (1 + np.exp(X.dot(w)))).sum()
def calc_grad_L(self, X, w):

s =(1/ (1 + np.exp(X.dot(w))))

return - X.T.dot(s * (1 - s))

I ocraéres npocro cobpars Bcé Bmecre B Meroje fit  approx(self, X, y):

def fit_approx(self, X, y):
X = self.prepare_data(X, y)
self.w = op.minimize(lambda w: self.calc_sigmoid_L(X, w),
self.w,method=’"BFGS’, jac=lambda w: self.calc_grad_L(X, w)).x

Meroz fit Teneph BHITISIUT CAeAYIOMUM 00PA30OM:

def fit(self, X, y):

if self.method == ’relax’:
self.fit_using_relaxation(X, y)

elif self.method == ’linprog’:
self.fit_using_linprog(X, y)

elif self.method == ’approx’:
self.fit_approx (X, y)

else:

print (°No such method’, self.method)
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4.4 Peanusamusi MeToa OMOPHBIX BeKTOPOB (SVM)

Coznan ornensHell K1acc many weight linear model. [xa SVM tpe-
OyeTcs peajn30BaTh MOACYET (DyHKINU MOTEPD U €€ rpaaunenta. CHOBa HyXKHA,
noaroroBka Janubix. Peamusanus prepare svm(self, X, y):

def prepare_data(self, X, y):
X = np.array(X)
y = np.array(y).astype(int)
X = np.concatenate((X, np.ones([X.shape[0], 1])), axis=1)
self.N = X.shape[0]
self.D = X.shape[1]
self.M = np.unique(y) .shape[0]
self.W = np.random.randn(X.shape[1], np.max(y) + 1) /
np.sqrt (X.shape[1] / 2)
self.t = 0
self.m = np.zeros(self.W.shape)
self.v = np.zeros(self.W.shape)
return X, y

B stom kmaccudukaTope u CAEAYIOMEM s MUHUMUBAIWNA IPAJTUEHTHOTO
CIIyCKa HMCIOJIb3YEeTCsS MEeTOJ, MUHUMU3AIuu adam. s ero peanwsamuu HYyXK-
HO YMeTb MOACUYUTHIBATH TPAAUEHT (DYyHKINN MOTePb. OYHKINS, BEIYUCIISIONIASL
rpaJeHT U camu norepu, Hazpana loss _and grad svm(self, X, y).

def loss_and_grad_svm(self, X, y):
scores = X.dot(self.W)
right_scores = scores[np.arange(self.N), y].reshape([self.N, 1])
margins = np.maximum(0, scores - right_scores + self.delta)
margins [np.arange(self.N), yl = 0
loss = np.sum(margins) / self.N + self.lmda * np.sum(self.W * self.W)

margins = margins > O
to_minus = np.sum(margins, axis=1)
coefs_0 = ((margins[:, 0] > 0) - to_minus * (y ==
0)) .reshape([self.N, 11)
derivatives = np.sum(X * coefs_0, axis=0)
derivatives = derivatives.reshape([1, self.D])
for i in np.arange(l, self.M):
coefs_i = ((margins[:, i] > 0) - to_minus * (y ==
i)) .reshape([self.N, 1])
derivatives = np.concatenate((derivatives, [np.sum(X * coefs_i,
axis=0)]))
dW = derivatives.T / self.N + 2 * self.lmda * self.W

return loss, dW

Otrnenbho peasmsosan merozn adam(self, X, y.

def adam(self, X, y):
loss, dW = self.loss_and_grad(X, y)
self.t += 1
self.m = self.m * self.beta_1 + (1 - self.beta_1) * dW
self.v = self.v * self.beta_2 + (1 - self.beta_2) * dW * dW
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m self.m / (1 - self.beta_1 ** self.t)
v = self.v / (1 - self.beta_2 ** self.t)
self.W -= self.learning_rate * self.m / (np.sqrt(self.v) + self.eps)

Meron loss _and _grad - o6o0mienne TOro ke s Svin.

def loss_and_grad(self, X, y):

if self.method == ’softmax’:
return self.loss_and_grad_softmax(X, y)
else:

return self.loss_and_grad_svm(X, y)

s npocrorsl npoBoauTcs mpocto 1000 urepanuii caisura Becos 6e3 anaimsa
u3MeHeHus PYHKIUH [TOTEPD.

def fit(self, X, y):
X, y = self.prepare_data(X, y)
for step in range(1000) :
self.adam(X, y)

Oyuknus predict TpuHUMAET HOBBII BU:

def predict(self, X):
X = np.concatenate((X, np.ones([X.shape[0],1])), axis=1)
scores = X.dot(self.W)
return np.argmax(scores, axis=1)

4.5 Peanuzamma meToga MUHHUMI3ANUU KPOCC-3HTPOIINANA
(Softmax)

Bcé, garo mHyxxHO s peanmsanum - HamncaTh merond loss and grad
softmax(self, X, y). Bcsa ocranbHas 4acTb 3ai0KeHA B YK€ PEaIM30BAHHBIX
fit u adam.

def loss_and_grad_softmax(self, X, y):
scores = X.dot(self.W)
scores -= np.max(scores, axis=1, keepdims=True)
exp_scores = np.exp(scores)
probs = exp_scores / np.sum(exp_scores, axis=1, keepdims=True)

correct_logprobs = - np.log(probs[np.arange(X.shape[0]), y])
loss = np.sum(correct_logprobs) + self.lmda * np.sum(self.W * self.W)

dscores = probs

dscores [np.arange(X.shape[0]), y] -= 1

dscores /= X.shape[0]

dW = np.dot(X.T, dscores) + self.lmda * 2 * self.W

return loss, dW
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5 CpaBHeHUe Ha MOJEJIbHBIX JaHHBIX

g Hagasia CTouT CPaBHATH Kiiaccu(bUKATOPHI HA, MO/IEIbHBIX JAHHBIX. DbI-
JI CTEHEPUPOBAHBI PA3HBIE BUILI BHIOOPOK:

Buibopka, nmeroras 20 npusnakos. s kaxkaoro mpusnaxa Elxl] = A +
E[2?], e Bepxuuii unieKc - Homep BHIGOpKU. OOBEKTHI CreHepupOBaHbl U3
HOpMaJsIbHOTO pacnpejenenns, rae Elxl] = —0.5,E[z?] = 0.5, D[z?] = o2,
3HAYEHWE TUCIIEPCAU M3MEHSIeTCA B PA3HBIX KCmepumenTax, A = 1.

Jlaracer aHAJIOTWYeH MEPBOMY, HO €CTh TPU HPU3HAKA, JAHHBIE JJIS KO-
TOPOI'O CrEHEPUPOBAHDBI U3 OAHOIO PACIPEIETIEHHs. 31€Ch TECT MOKAXKET,
MOI'YT Ji KJIACCU(DUKATOPDI OLPE/IEIATh 3HAYUMOCTD [IPU3HAKOB.

Boeibopka, umeromas 2000 npusnakoB. OObeKTbl CreHEPUPOBAHBL U3 HOP-
mMambHOro pacnpenenenns, rae Elzl] = —0.5,E[z?] = 0.5,D[z'] = o2,
3HAYEHWE MUCTIEPCUN M3MEHSETCS B PA3HBIX SKCIepuMenTax, A = 1.

breast cancer wisconsin dataset - maracer mo pakoBbIM DOJBHBIM B
Buckoncune.

Suagenne o MeHAI0CH OT 0.5 710 2, mpujIokeH rpaduK KOJNIECTBA, TPABUIBHBIX
OTBETOB [IJIsl KaXKJ0r0 U3 KJIACCH(DUKATOPOB [IJIsi PA3HBIX [THACIEPCHIl.

5.1
B

IlepBas BBIOOpPKa

obyuaromeit Boibopke - 400 o6bekToB, B TecToBoit - 200. IIposBoguiocs 1o

5 TecTOB Ha OAHY aucnepcuio. Jlucnepcus Mensdnaach B auanazone ot 0.7 mo 2.
[TapameTpsl 1JIT TECTUPOBAHUS:

sigmas = np.linspace(0.7, 2, 14)

ml = -0.5
m2 = 0.5
train_size = 400

test_size

200

tests_num = 5
results = np.zeros([len(sigmas), 5])

lin.m
rel_m
log_m

= mm.one_weight_linear_model (method=’linprog’)
= mm.one_weight_linear_model (method=’relax’)
= mm.one_weight_linear_model (method=’approx’)

soft_m = mm.many_weight_linear_model(method=’softmax’)

svn_m

= mm.many_weight_linear_model (method=’svm’)

models = [lin_m, rel_m, log_m, soft_m, svn_m]

[Mpusenén rpaduk 1, Ha KOTOPOM BHUIIHO, KAK MEHSJIACH O/ BEPHBIX TPE]I-
CKa3aHW s KarK/I0To KJIAacCHDUKATOPA.
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Puc. 1: I'paduk mou BepHBIX IpeacKa3annil g Kaaccudukarpos Ha 1 BBIOOP-
Ke

Ha rmecrax oka3ajioch, YTO TPU yBEJIMYEHUH YUCJIA MPU3HAKOB JIOBOJIHHO
CHJIBHO HAYMHAET IIPOUTPBIBATH 1O BEPEMHHU PaboTHI KIaccu(puKaTop, OCHOBaH-
HbII HA PEIIEHNHU 3802491 JTUHEHHOrO MPOrPAMMHUPOBAHKS U METO/I ANIIPOKCUMA-
AT,

Takke ero T09HO cuabHO BIyKTYyHupyer. [Ijis caeayonmx 1aTaceTos ¢ 60/1b-
IIIUM 9UCJIOM TPU3HAKOB OH OBLI OTOPOIIIEI.

5.2 Bropas BeIGOpKa

IIpumep remeparun BHIOOPKH:

X1 = np.concatenate((np.random.normal(loc=0.5, scale=sigmas[i],
size=[int (train_size / 2), 17]),
np.random.normal (loc=-0.5, scale=sigmas[i],
size=[train_size - int(train_size / 2), 17])))
X1 = np.concatenate((X1, np.random.normal(size=[train_size, 3])), axis=1)
yl = np.concatenate((np.ones(int(train_size / 2)), np.zeros(train_size -
int (train_size / 2))), axis=0)

TecTbl ObLIN MPOBEIEHBI TMOJHOCTHIO AHAJOTUYHBIE TIEPBBIM. B pesyabrare
copmupoBan rpaduk TounocTeil kiaccudukaTopos 2. BumHo, 9TO BCe Kiac-
cuduKaToOpbl PADOTAIOT C TPUMEPHO OIUHAKOBOW TOYHOCTHIO.
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Puc. 2: I'paduk 1071 BepHBIX IpeaCKA3aHu /11 KIacCu(pUKaTPOB HA 2 BHIOOP-
Ke

5.3 Tperba BeIOOPKaA

Ha mamubIX ¢ Takoil Ke aucnepcueil mpu OOJIBITOM YHCJIe MPU3HAKOB TPEJI-
CKa3aHUs ObLIN BEPHBI HA BCEX 3HAUEHUX, TIOITOMY BCE 3HAUEHUS sigmas ObLIn
yBesmuensl B 10 pa3. ['paduk ¢ peysbraramu yka3an HA PUCYHKE 3.
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Accuracy

sigmas

Puc. 3: I'paduk monu BepHbIX IpeacKasanuil Ay Kiaccudukarpos Ha 3 BIOOD-
Ke

5.4 YerBépras BbIOOpPKa

Haracer comepkut 30 TPU3HAKOB, BCE OHU UMUCJIOBBIE, HET HYXKHBI B KAKUX-
00 TPeobpPA30BAHUAX, KPOME IIEHTPUPOBAHNS U JIEJIEHUs HA CTAHIAPTHOE OT-
knoHenue. Berio BeiGpano 25% ciydaiiHbIX 0OBEKTOB IO/ TETCOBYIO BBIOOPKY,
OCTaJIbHBIE HCIIOIB30BAINCH KAK 00ydaromas BHIOOPKA.

TounocTsh mpencka3anwii ykaszana ua rpaduke 4. Bugno, uro Bce kiraccudu-
KaTOPbI, KPOME TIEPBOTO MUMEIOT MPUMEPHO OJUHAKOBBIE PE3YIHTATHI.
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Accuracy
1.0

08
0.6
0.4
0.2
0.0

lin_m log_m rel_m soft_m svm_m

Puc. 4: T'paduk moam BepHBIX MpeacKa3anuil Ast KIacCuPUKATPOB Ha 4 BHIOOP-
Ke

6 BriBoan:

6.1 Peamu3oBaHbl:

e PemakcalmoHHBIN METO/T

e Meton cBeleHUS K IMHEHHOMY TTPOTPAMMUPOBAHUIO

MeTton, anmpoKCUMAaIuu TIIaIKON (DyHKITHe
e MeTom OTIOPHBIX BEKTOPOB

e MeTom MUHUMUBAINN KPOCC-IHTPOTTHHI

6.2 UVccanemoBaHBbI:

® KavuecTBa KJIACCH(MHUKATOPOB HA PABJIMYHBIX BHIOOPKAX

® CKOPOCTH PAbOTHI HA PA3JIMIHBIX BHIOOPKAX

6.3 IIpoBeneHno cpaBHeHUE:

Kunaccudukarop, cBoasmmii 3aa4y K JHAHEHHOMY OpPOrpaMMHUpOBa-
HUIO [POJEMOHCTPUPOBAJ Ce0sl IyTh Xy2Ke OCTATIbHBIX IO J0JI€ BEPHBIX MPE/I-
cKazaHuii u ObLT cambiM MejyieHHbIM. OQHAKO €ro IIoc B TOM, 9TO €CJd CHU-
cTeMa 3apaHee pasjeauMa, TO Mbl cpa3y nouayuuM € > 0, B ciaydae € = 0 HaMm
HY?KHO y6eIUThCs, ITO Beca MOfIesn He 3aHymnimch. HepaBencTso |w| > 0 ropo-
PHUT O TOM, YTO €CThb HOPMaJIb K JBYM IOJIYILJIOCKOCTAM, B KOTOPBIX HAXOIATCSA
00beKThI KiaccoB. To ecTh CBeeHre 332491 K JTUHEHHOMY TPOTPAMMUADPOBAHUIO
MO3BOJISIET CKA3aTh, €CTh JIU MeXKIy HAYAJIbHBIMU JTAHHBIMU PA3/Je/ISIONas TH-
[EePILIIOCKOCTb.
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AnmpokcuManusd TJIaJKoi (pyHKIIUEH , 9ero u CJIeI0BAI0 OXKUIATH, IIPO-
SIBUJIa, ce0s1 XOPOIIIO W B TIJIAHE TOYHOCTW MPEICKA3AHUN, W B IJIAHE BPEMEHU
paboTHI.

PenakcaMOHHBIA MeTOd, TaKyKe OKa3aJjICsA JOCTATOYHO XOPOII W padoTas
ObICTpee OCTATbHBIX. MOXKHO 3aK/II0YNTH, 9TO OH BIIOJHE >KM3HECIIOCOOEH TpH
YCJOBUH, 9TO €CTh YBEPEHHOCTh, YTO W OOyUAaloiasi, U TPEHHPOBOUIHAS BBHIOOP-
Ka J0CTaTO4HO cxOoxku. OCHOBHOM ILIIOC JAHHOIO KJacCU(pPUKATOPa B BbICOKO
CKOPOCTH pabOTHI.

MeTo OTTIOPHBIX BEKTOPOB  TaKYKe MPOSBUJI Ce0s BIIOJIHE YCIENTHO. ABser-
Cs1 Pa3yMHBIM BBIOOPOM B CjIydae KJacCuUKAIUU ¢ OOMbITAM YUCIOM KJIACCOB,
€CIii pedb UAET O JTUHEHHOM KIacCuPUKAIINH.

MuHuMu3anus KpoCC-3HTPONUM , YTO MOATBEPNKTAETCH CTATHIMU, BEIET
cebst IPUMEPHO HA OJHOM YPOBHE C METOZOM OIOPHBIX BEKTOPOB.
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