3agaane 3 1o kypcy «baiiecoBckmii BBIOOP MoOeseii»
O6mas nadopmaus
e Bpemsa ciaum 3amanug: 20e noaopg, 21:00 mo Mockse;

e Makcumasibias Oa3oBas oreHKa 3a 3ajanue 50 6asIoB, Tak YTO MPHU KEJIAHUU MOYKHO BbI-
MMOJTHATH HE BCE;

e Ornenka aBTopa HamIydIeii paboTsl yasansaercs (¢ yaerom 6asuios ceepx 50), HO He Gotee,
geM J10 125 6asios;

e Bormpocsl u camo 3ajanue npuHIMaioTcs 1o mnoure: aduenko@phystech.edu;

e Tema mucbMa: BOIPOC 10 33/IAHUIO #3 UM PEIleHne 3aJianns #3;

e Om03/1aHNe HA HEJEIIO CHIZKAET OIEHKY B 2 pasa, onozjanne Ha gac Ha 0.5Y(724) = 0.41%;
e PaboThl OITO3/1aBIINX HE YYaCTBYIOT B KOHKYypCe Ha JIYUIIyI0 PaboTy;

e 3ajianne He MPUHUMAETCS TI0CIe ero pa3bopa u / uim 1mocse oObsBIeHUs 00 STOM.

Bamaga 1 (15 6amnmmoB). [lycrs nmeercs obyvaroras u TecToBast BEIOOPKH (Xirain, Yirain ) s Xtrain €
lexn’ ytrain S [_17 ]-]mla (Xtest7 ytest)a Xtest S ngxn’ Ytest S [_17 ]-]m27 HOﬂyquHbIe us 061—1—718171
MOJIC/IM TeHepalK JAHHBIX ¢ COBMECTHBIM IIPABIOII0I00HeM

p(y, w, X|A) = [ [N (xi[0, L) (w[o, A~ [ [ ply;lx; w),
J J

e p(y;|X;j, W) JaeTcss MOJeIbIO JIOTHCTUYECKOHl PErPECCHN, TO €CTh

B 1
1+ exp(—wTx;)’

P(y; =1)

a) Bermcars dopmyity s amocrepuoproro pactipesenerust p(wW|Xivain, Yirain, A) ¥ MOJYIUTH
€ero HOPMAJTLHYIO armpOKCHMAIIO P(W|Xirain, Yirain, A) ~ N (wo, Hy') (4 6amma);

6) IlycTh P — BEKTOP OIEHOK BEPOSITHOCTEH IPUHAIEXKHOCTH KJ1accy 1 Jijis HEKOTOPOro Kaccudu-
Karopa Ha TecToBoil Bhibopke. BrejeM yBepeHHoCTb C(Xiest, Yiest) KIaccudurkaTopa Ha TeCTOBOI
BBIOOPKE KaK

C(p) =Y _ |pi—0.5|.
=1

Pacemorpum Takzke mpaBonoo0ue TecTOBOI BBIOOPKU OTHOCUTEIBHO BEKTOpa P KakK
mo )
AN /\yz t A~ 1—yi
[(Ytest: P) = | |pi 1 — ;) Yrest,
i=1

Cunras my = 1000, a 02 = 1, A = I,, usBecTHbIMU 1 (DUKCHPOBAHHBIMHU, [JIsl PA3HBIX Pa3MepOB
oOy4Jarorieil BLIOOPKU 1M CPaBHUTH C MOMOIIBIO COMILIUPOBAHUS YBEPEHHOCTL KJacCupuKaTopa
Ha TeCTOBOI BBIOOpPKE W IpaBjornobne Ha Heil s Todednoro MAP-knaccudukaropa Buia
1
=
I+ eXp(_XtestWMAP)

Ptest =



U JIJIs TIOJTHOT'O 0aiieCOBCKOTO KJIacCU(PUKATOPA, YIUTHIBAIOIIETO HEOIPEICJICHHOCTh B W BUJIA

R 1
Prest = / 1+ eXp(_X;:restW

) p(W | Xtraina ytrain)dw .

Kakoii mpakTudeckuii BbIBOJL MOXKHO CJIeIaTh U3 HOJIyIeHHBIX pe3ysibraros? (11 6asios)
Bamaua 2 (20 6asnoB). [lyctsh uMeercs MOJIENb JMHEHHOM PErpeccuu ¢ HOPMAJILHBIM 1Ty MOM

y = Xw +¢, e ~ N(0, 6°1),
rjie 02 — U3BECTHO, U anpuopHbIM pacupesenenne na w p(w) = N (w|m, diag(s)), rae m u diag(s)
HEU3BECTHBIE TUIIEPIAPaAMeTPhI.
a) Beimmcars coBmectHoe mpasomnonobue p(y, w|X, m, s), 3ajaoliee BepOSITHOCTHYIO MOJIEJb.
(2 basa)
6) IlosyunTs anocrepuopHoe pacipe/eJieHre Ha BEKTOP W, IpeJioJiaras m u S u3BecTHbIMU. I1o
upoucxonut, ecau s; = 07 (4 6asios)
B) Permuth 3a1a1y Makcumusanmn 060CHOBAHHOCTH

p(y|X, m, s) = /p(y|X, w)p(w|m, diag(s))dw

1o runeprapamMerpam m u s. Kakoil BBIBOJ MOXKHO CJIeJIaTh U3 TOJYUeHHOro pesyibrara? (14
6as1IoB)

Bamada 3 (20 6anmoB). I[lycTh umeercs JiBe JBYXCTOPOHHUE MOHETBI, CJIyYailHO U HE3aBUCHU-
MO BBIOPAHHbBIE U3 BCEX CYIIECTBYIONINX MOHET JIOCTOMHCTBOM B 2 pybsis. [lycTh ObL10 Tpon3se ieno
ny = 10 6pocannit mepBoit MoueTsl n ny = 10000 6Gpocanmit Bropoit. Cpeau ny = 10 pe3ysbTaToB
Opocanusd 1epBoil MOHETHI OBLIO k1 = 2 opJa, a cpeau ne = 10000 6pocanuit Bropoit — ky = 5100
OpJIOB.
a) [locrpouTh BEPOSITHOCTHYIO MOJIE/Ib SKCIEPUMEHTa, 3AIICAB PABIOIOI00Ue U BBEJIsSI allpUOp-
HbIE€ PACHpe/Ie/IeHUs] Ha BEPOSITHOCTH P; U Po BBINAJAHUSA OPJIOB JIJIsl IEPBOMl U BTOPOH MOHETbHI
cooTBeTcTBeHHO. OTHINMATE, KaK U U3 KaKNX cooOpazkeHuii Bbl BEIOpa/n anpuopHbie pacipeiese-
s q(p1) u q(p2).(4 bana)
6) Ioayunrs anocrepuopubie pacupenesnennst q(py|ki, ni) n q(pa|ka, n2). (4 6amia)
B) Ilycrb Temeph paccMaTpuBaeTcs JIBe BEPOSITHOCTHBIE Mojesn: My ¢ p; = ps = p ¥ AllPUOPHBIM
pacripe/iesieHueM, KOTopble ObLIO panee BbIOpano Bamu st py u nosiast Mojieib My U3 myHKTA &),
rJe p; U P alpropHO BhIOpaHbl HesaBucuMO U3 ¢(p1) u ¢(p2). Cocuurarh AloCTepuoOpHy0 BEpo-
SITHOCTH 00enX MoJlesiell, cuanTas ux anpuopu pasHoBepogTHbiME (p(M7) = p(Msy) = 0.5). Kakoit
BBIBOJ| MOXKHO ¢/le/IaTh u3 pesyibrara? (12 6asuios)

Bagaga 4 (10 6asioB). a) Yro rakoe juseprennus Kymnbaka-Jleitonepa (KL-divergence),
YTO OHA TOKA3BIBAET U KOrja orpejeseHa’ (2 6asia)
6) Hokaxwure, uro 3uadenue quBeprenimn Kynnbaka-Jleitbiepa neorpurarensao (3 6aswa).
B) [Tycrs y Bac ectb JiBe MO/ JIOTHCTHYIECKON PErpeccu ¢ PABHOMEDHBIM allPHOPHBIM TICEBJIO-
pacipeJIeHIeM Ha TlapaMeTp W, OlleHEeHHbIe Ha JIByX pa3HbixX Beibopkax (X1, y1) u (Xa, y2) ¢ oau-
HAKOBBLIM HAOOPOM U3 JIBYX HPU3HAKOB. [lycTh ariocrepuopHbie pacipeieienue Jis IepBoii Bei6op-

10 100 O
~ T i ~ — —4|7
kuw ~ N (W\ 1, 1]7, (0 1)), a 1151 BTOpOii BEIGOpKH W ~ N (W| [—3, —4]T, ( 0 200)).
C‘H/IT&H, q9TO0 BbI60pKI/I CreHepupoBaHHbI C IIOMOIIBIO MO/IEJIN JIOTUCTHUIECKOI perpeccumn, MOXKHO

JI C YBEPEHHOCTHIO yTBEPXKJIATH, 9TO MCTHHHBIE BEKTOPBI APAMETPOB STHX MOJEJICH Wi U Wo
pasmbie? (5 6asIos)



