3amaane 3 1Mo Kypcy «baitecoBckmit BBIOOpP MoOzeaeit»
Ob6iag nadopmaus
e Bpewms caaunm 3aganus: 23e nHostopst, 23:59 mo Mockage;

e MakcumaJsibHasi O0a3oBas oleHka 3a 3ajanue 50 6a/I0B, TaK YTO MPHU YKEJAHUU MOYKHO BbI-
MOJTHATH HE BCE;

e Ouenka aBropa Hamydnieii paboTsl yapansaercs (¢ yaerom 6asmos ceepx 50), HO He Gotee,
geM 710 125 6as1ioB;

e Ecu pereHne mpeaycMaTpruBaeT MPOrPAMMHYIO pean3alliio, TO CJIeIyeT NPUKPEeuTh (haiin
¢ kojoM BMecTe ¢ pertenneM. CChIIKA HA Pa3MeIIeHHbIl B MHTEPHEeTe KOJI He TMPUHIMAETCST;

e Bompocer u camo 3aganne mpuHEMaTCcda mo moure: aduenkol @gmail.com &
iakovlev.kd@phystech.edu (ormpasists Ha 06 cpasy);

e Tema muchbMa: BOIPOC IO 33aJAHUIO #3 WIH pelleHne 3aJ aHnd #3;
e Ono3manne Ha HEIETI0 CHIZKAET OIEHKY B 2 pasa, omo3manne na ac ua 0.5 = 0.41%;
e PaGoTHl 0MO3IABIINX He YIACTBYIOT B KOHKYpCe Ha JYUIIYIO paboTy;

e 3ajanue He NPUHUMAETCS MOCJE ero pa3dopa u / Win Hocae OObIBICHUS 00 STOM.

Bamaua 1 (15 6ammaoB). [Tycrs nmeercs obyvaroriast n TecToBast BEIOOPKH (Xirain, Yirain ) s Xtrain €
lexn’ Ytrain S [_L l]ml; (Xtesta Ytest)a Xtest S ngxn’ Ytest S [_L l]mQa HOqueHHHe u3 06Hlel71
MOJIEJTH TeHepalud JaHHBIX ¢ COBMECTHBIM MPaBIOIOI00neM

ply, w, X|A) = [ [N (xi]0, ’L)N (w]o, A7) [ [ p(yslx;, W),
j j

rae p(y;|x;, W) JaeTcs MOJETbIO JIOTUCTHIECKOIT Perpeccuu, TO eCTh

B 1
14 exp(—wTx;)

P(y; =1)

a) Beimucars dbopmyny ais amocrepuoproro pactpeneneust p(w|Xirain, Yirain, A) U TOTYIUTDH
ero HOPMATBHYIO ammpOKCHMAITIIO P(W|Xirain, Yirain, A) ~ N (wo, Hy') (4 6anma);

6) [Tycrh P — BEKTOD OIEHOK BEPOSITHOCTEN MPUHAIEZKHOCTH KJIaccy 1 Jijist HEKOTOPOro Kiaccubu-
Karopa Ha TecToBoil BeIOopKe. Beemem yBepeHHOCTh C(Xiest, Yiest) KIaccudukaTopa Ha TeCTOBO
BBIOOPKE KaK

C(p) = |pi —0.5|.
=1

PaccMOTPIM TakzKe TPABIOMOI0GHe TeCTOBOI BRIGOPKH OTHOCHTETBHO BEKTOPA P KaK
ma .
A o /\yl ~ 17 7/
l<ytest7 p) = Hpit%t(l — pz) Ytest
i=1

Cunrasg ms = 1000, a 02 = 1, A = I,, u3BecTHBIME U (DUKCHPOBAHHBIMHE, /I8 PA3HBIX pa3MepoB
oOy4arolieil BLIOOPKU 1M1 CPABHUTH C MOMOIIBIO CIMILIMPOBAHUS YBEPEHHOCTh KJIACCU(DUKATOPA
Ha TECTOBOI BRIOOPKE W Mpasomnobue Ha Heil qist Togeanoro MAP-knaccudukaropa Buga

1
1+ €xXp ( _X{est WMAP )

Ptest =



W JIJIst TIOJTHOTO 0DaiieCOBCKOTO KaacCH(PUKATOPa, YINTHIBAIOIIEr0 HEONMPEIEJIeHHOCTh B W BHIA
R 1
Ptest = 1 XT p(W|Xtraina Ytrain)dw-
+ eXp(_ testw)

Kakoii mpakTu4IecKuii BBIBOJ MOYKHO CIeJIaTh U3 MOJTYUeHHBIX pe3yabratoB? (11 Gasmmios)
Banmaga 2 (20 6asios). [IycTb nveeTcss MOJIETb THHEHHONH PErpecCcun ¢ HOPMAIBLHBIM TITYMOM

y = Xw +¢, e ~N(0, 6°1),

e 02 — U3BECTHO, U aNpHOPHBIM pacnpenenenne na w p(w) = N (w|m, diag(s)), rae m u diag(s)
HEU3BECTHBIE THIIEPIIapaAMETPhI.

a) Beimucarh coBmectHoe mpasiononodue p(y, w|X, m, s), 3a7aoiiee BEPOSITHOCTHYIO MOJEb.
(2 basa)

6) IToyunuTh anmocTepuopHoOe pachpe/e/ieHre Ha BEKTOP W, IPeJoIaras I u S U3BeCTHbIMA. 110
poucxoauT, ecau §; = 07 (4 6ammos)

B) Permuth 3amaay Makcnmmsannum 060CHOBAHHOCTH

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

no runeprnapamerpam m u S. Kakoil BBIBOI MOXKHO CIeJaTh W3 TOJY4YeHHOro pesyibrara? (14
GasioB)

Bamaua 3 (20 6ammaos). [lycTh uMmeeTcs 1Be JIBYXCTOPOHHUE MOHETBI, CIyUARHO U HE3ABUCH-
MO BhIOpaHHbBIE M3 BCEX CYIIECTBYIONINX MOHET JIOCTOMHCTBOM B 2 py0.isi. [TycTh Ob1JI0 TpON3BEIeHO
ny = 10 6pocannit mepBoit Mmonets n ny = 10000 6pocannii Bropoit. Cpeau ny = 10 pe3yabraTon
Opocanus 1epBoit MoHeTHl ObLIO k1 = 3 opJaa, a cpeau ne = 10000 dpocanuit Bropoit — ky = 5100
OpJIOB.

a) TTocTpoUTh BEPOATHOCTHYIO MOJIETh IKCIEPUMEHTa, 3alUCAB MPABIONOI00Ue U BB AlPHOD-
HBIE PACHpPEIeIeHIs Ha BEPOSTHOCTH p; U Po BBHINAJAHUS OPJIOB JIJIsI MEPBOH W BTOPOH MOHETHI
cooTBeTcTBeHHO. ONUINUTE, KAK W U3 KAKUX cooOpazkeHuit Bol BRIOpa/IN anpuopHbie pacipesese-
st q(p1) m q(p2).(4 banna)

6) Ioayuurs anocrepuopubie pacupeaenenus ¢(pi|ki, ni) u q(pa|ks, ns). (4 Gamna)

B) IlycTh Temepb paccMaTpUBAETCsl IBE BEPOATHOCTHBIE Mojen: My ¢ py = ps = p U aNpPUOPHBIM
pacIpejieieHneM, KOTopbie ObLIO paHee BLIOpano Bamu jist p; u moaHas Mojeas My U3 myHKTA a),
r7e p; W Py apHOPHO BHIOpaHbl He3aBucuMo u3 ¢(p1) u ¢(p2). Cocaurarh amoCTepHOPHYIO BEpPO-
SATHOCTH 00eMX MojieJieii, canTas ux anpuopu pasHoBepositbivu (p(M;) = p(Ms) = 0.5). Kakoii
BBIBOJ| MOXKHO ¢JeqaTh n3 pesyibrara? (12 6aion)

Bamaga 4 (10 6amnoB). a) Uro Takoe museprennus Kynb6aka-JleiiGnepa (KL-divergence),

UTO OHA TOKA3bIBAET U Korja onpesenena? (2 6amwma)

6) Jokaxkure, uro 3uavdenne quBepreniun Kynanbaka-Jleiibiepa neorpunarenbro (3 Hasa).

B) [Tycrs y Bac ecth jBe Mojen IOPUCTHYECKOH PErpeccui ¢ PAaBHOMEDPHBIM allPHOPHBIM TICEBI0-
pacripeJieHieM Ha TTapaMeTp W, OlleHeHHbIe Ha JIBYX pa3ubixX Beibopkax (X1, y1) n (Xg, y2) ¢ oau-

HaKOBBIM HAOOPOM W3 JABYX IIPU3HAKOB. [IyCTh alocTepuopHble pacipe/eaeHne 1 IepBoii BLIOOD-

knuw ~ N (W | [1, 1]7, (1 O)), a JI7I BTOPOit BBIGOPK W ~ N (W | [-8, =3]T, (10000 y ))
01 0 2000

Cunras, 9T0 BHIGOPKH CreHePUPOBAHBI ¢ MOMOMIBIO MOJIE/IH JIOTUCTHICCKOH Perpeccuu, MOYKHO JIH C

YBEPEHHOCTBIO YTBePXK1aTh, UYTO HCTHHHBIC BEKTOPBI MapaMeTPOB 3TUX MoJe/eil W, U Wy pasHble?

(5 BasoB)



