3amaane 3 1Mo Kypcy «baitecoBckmit BBIOOD MoOzeaeit»
Ob6imag nadopmausa
e Bpewms cuaum 3aganus: 17e nosiopst, 21:00 mo Mockge;

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 6asLioB;

e Bompocwr u camo 3ajanue npuHUMaiOTCd mo noure: aduenkol@gmail.com;

e Tema muchbMa: BOIPOC IO 33aJAHUI0 #3 WM pelieHne 3aJaHnd #3;

e Ono3manne Ha HeIETIO0 CHIZKAET OIEHKY B 2 pasa, omo3manne na ac ua 0.5 = 0.41%;
e PaboThl OMO3JaBIUX HE YYACTBYIOT B KOHKYPCE Ha, JIYUIIyI0 padoTy;

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

Bamaua 1 (15 6ammoB). [Tycrs nmeercs obyvaroriast n TecToBast BHIOOPKH (Xirain, Yirain ) s Xtrain €
lexn’ Ytrain S [Oa 1]m1; (Xtesta Ytest)a Xtest S ngxn’ Ytest S [0, 1]m2, HOqueHHHe u3 06Hlef1 MoOJean
reHepanui JaHHBIX ¢ COBMECTHBIM MPaBIONOI00HeM

p(y, w, X|A) = [[ N(l0, o’ L)N(wl0, A7) [ [ ply;b, w),
J J

e p(y;|X;j, W) JaeTcst MOIE/IbIo JIOTHCTHYECKOH PErPeccn, TO eCTh

B 1
1+ exp(—wTx;)’

P(y; =1)

a) Beimicars dopmyiy st amocrepuoproro pactpeneneust p(wW|Xirain, Yirain, A) ¥ MOIYIATH
ero HopMaJIbHYI0 anmmpoKeHMaIimio P(W|Xiain, Yirain, A) ~ N(wo, Hy') (4 6amma);

6) ITycTh P — BEKTOP OIEHOK BEPOSITHOCTEH MPUHAIEXKHOCTH KJIacCy 1 JIJIs HEKOTOPOTO KIaccubu-
KaTopa Ha TecToBOl BhIbOpKe. BBemem yBepeHHOCTD C'(Xiest, Yiest) KTACCH(PUKATOPA HA TECTOBHOMN
BBIOOpPKE KaK

C(p) =Y _ |pi —0.5|.
=1

Paccmorpnm Tak ke mpaBmonosodme TecToBOi BHIOOPKH OTHOCHTETHHO BEKTOPA P Kak
mo )
N) — ~Yest A\ 1—yl
l(ytest’ p) — sz es (]_ _pl) ytESt.
=1

Cunrasg ms = 1000, a 02 = 1, A = I,, u3BecTHBIME U (DUKCHPOBAHHBIMHE, /I8 PA3HBIX pa3MepoB
oOy4Jarolieil BLIOOPKU 1M1 CPABHUTH C MOMOIIBIO CIMILIMPOBAHUS YBEPEHHOCTh KJIACCU(DUKATOPA
Ha TECTOBOI BRIOOPKE W mpasomobue Ha Heil 1ist Toueuanoro MAP-knaccudukaropa Buga
1
-
1+ eXp(_XtestWMAP)

Ptest =



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

Kakoii mpakTuIecKuii BBIBOJ MOYKHO CIeJIaTh U3 MOJTYUeHHBIX pe3yabratoB? (11 Gasmmos)
Banmaga 2 (20 6asios). I[IycTh nMeeTcss MOIETb THHEHHONH PErpecCcun ¢ HOPMAIBLHBIM TITYMOM

y = Xw + ¢, e ~ N(0, ¢°I),

re 02 — U3BECTHO, U AaNpPHOPHBIM pacrpejenenue Ha w p(w|m, diag(s)), rae m u diag(s) nens-
BEeCTHBIE THIIEPIIapaMeTpPhI.

a) Beimucarh coBmectHoe mpasiononodue p(y, w|X, m, s), 3a7atoiiee BEPOSITHOCTHYIO MOJEb.
(4 H6ama)

6) IToyuuTh anmocTepuopHoOe pacipeeieHne Ha BEKTOP W, IPeNoaras I u S U3BeCTHbIMA. 10
npouncxoaut, ecau s; = 07 (6 6ammos)

B) Permmth 3a1aqy Makcnmmsannum 060CHOBAHHOCTH

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

no runeprnapamerpam m u s. Kakoit BRIBOI MOXKHO CIeJaTh W3 MoJydeHHOro pesysibrara? (10
GasioB)

Bamaua 3 (20 6ammaos). [lycTh umeeTcs 1Be JIBYXCTOPOHHUE MOHETBI, CIyUARHO M HE3ABUCH-
MO BhIOpaHHbBIE M3 BCEX CYIIECTBYIONINX MOHET JIOCTOWHCTBOM B 2 py0.si. [TycTh Ob1JI0 TpON3BEIeHO
ny = 10 6pocannit mepBoit Mmonets u ny = 10000 6pocannii Bropoit. Cpeau ny = 10 pe3yabraTon
OpocaHust TIepBOiIt MOHETHI ObLIIO k1 = 3 opaa, a cpean ny = 10000 6pocannit Bropoit — ky = 5050
OpJIOB.

a) TTocTpoUTh BEPOATHOCTHYIO MOJIETh IKCIEPUMEHTa, 3aMUCAB MPABIONOI00Ue U BB/ AlPHOD-
HBbIe PACIpeIeTeHns] Ha BEPOATHOCTH Pi W Py BBIMAJAHUS OPJIOB IS MEPBOH W BTOPOH MOHETHI
cooTBeTcTBeHHO. ONUINATE, KAK W U3 KAKUX cooOpazkeHuit Bol BRIOpa/n anmpuopHbie pacipeese-
st q(p1) m q(p2).(4 banna)

6) IMonyuurs amocrepuopubie pacupeaenenus ¢(pi|ki, ni) u q(palks, ns). (4 Gamna)

B) IlycTh Temepb paccMaTpUBAETCsl JIBE BEPOATHOCTHBIE Mojen: My ¢ py = ps = p U alpPUOPHBIM
pacIpejieieHneM, KOTopbie ObLIO paHee BLIOpano Bamu st p; u moaHas Mojens My U3 myHKTA a),
r7e p; W Py apHOPHO BHIOpaHbl He3aBucuMo u3 ¢(p1) u ¢(p2). Cocaurarh amoOCTePHOPHYIO BEPO-
SATHOCTH 00eMX MojeJieii, canTas ux anpuopu pasHoBepositabivu (p(M;) = p(Ms) = 0.5). Kakoii
BBIBOJ| MOXKHO ¢JesaTh n3 pesyibrara? (12 6aion)

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

UTO OHA TOKA3BIBAET U KOrja onpesenena? (2 6amia)

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

B) [Tycrs y Bac ecth JBe Mojien JIOMHCTHYECKO PErpeccui ¢ pAaBHOMEPHBIM allPHOPHBIM TICEBI0-
pacrpeJieHieM Ha TTapaMeTp W, OlleHeHHbIe Ha JIBYX pa3ubixX Beibopkax (X1, y1) n (Xg, y2) ¢ oau-
HAKOBBIM HAOOPOM W3 JIBYX MPU3HAKOB. [IycTh anmocTepropHbie pacipe/ieenne I mepBoil BHIOOP-

1 0 100 O
~ T i ~ — —3]7
Kuw~ N (W\ 1, 17, (O 1)), a I BTOPOil BRIGOPKN W ~ N (W| [—2, =3]T, ( 0 100)).
Cuwrast, 9T0 BBIOOPKU CTeHEPUPOBAHHBI C TTOMOIIBIO MOJE/N JOTUCTHIECKON Perpeccuu, MOYKHO

JIM € YBEPEHHOCTBIO YTBEPXKIATH, UTO HUCTHHHBIE BEKTOPHI MAPAMETPOB 3TUX MOJETeH Wi U Wy
pasubie? (5 6asIoB)



