[IIkosa ana/msa JaHHBIX
Mammunnaoe obydenue, gacThb 1
Teoperuueckoe jjomalrHee 3ajganue Ne2

KommMan JImuTpuit

3azaua 1 (0.5 6amna) KpoccBammmanus, LOO, k-fold.

B cayuae ¢ majbiM kosimaecTBoM 06beKTOB Godibie nogaxoauT LOO-CV, OCKONMBbKY B 9TOM CJIydae
yBeJuueHne pasmepa obydarorieil BEIOOPKHN Ha 1 00bEKT CHILHO BJIMSET Ha KAUEeCTBO MOJe u. 10 ecThb
[P YBEJIMYEHUU TECTOBOW BHIOOPKM Ha 1 KAavecTBO MOJENH I1aJIaeT CUJIbHEEe, YeM BO3DPACTaeT KadecTBO
OIIEHKH TOM MOJIEJIU. - YMEHbBINAeTCs pa3dpoc MeXKJy KadeCTBOM Ha TecTe W TpeiiHe, HO U KaveCTBO B
cpemHeM majaet. Eine cieayer OoTMeTuTh, 9TO MOCKOJIbKY OOBEKTOB MaJjo, TO U O0y9IUTh MOJIEJIb CTOJTHKO
pas, CKOJBKO OOBEKTOB B BHIOOPKE MOYKHO 32 &JIEKBATHOE KOJUIECTBO BPEMEHH.

B cayvae ¢ 60IbIIIM KOJIUIECTBOM OOBEKTOB 00yYaTh MOJETb CTOJHKO Pa3, CKOJbKO OOBHEKTOB B
BBIOOpKE 3aiiMer cjuImkoM MHOro Bpemenu, rmodromy LOO-CV we nmoaxomut. Eciin oHa oveHb Gosiblmas,
to maxe KFold-CV Gyumer paboraTh CIMIIKOM JIOJITO U JIydille MpocTo moJib3oBaTbest HoldOut. Ecin wer,
KFold-CV ckopee Bcero ycneer coiituch Ha 4/5 06beKTOB 1 cpejiHee Ka4ecTBO He OyIeT CHIILHO OTIMIATHCS
OT KadecTBa IpHU O0yYeHWN HA BCeX OOBEKTAaX, HO IIPU ITOM OyeT XOpOIiast OIeHKA Ha TeCTOBOM (DOJIIIE,
BeJIb B HEM TOXKE MHOT'O O0HEKTOB.

Bagada 2 (1.5 6anuia). Jlorucrtudeckasi perpeccusi, pellieHue ONTUMU3AIMOHHON 3a0a4m.

1. (0.5 6amna) Ilycrs kaaccs umeror Metku {—1,1}. Ecsiu BbIGOpKa JIMHEHHO pasjenuMa, 9TO O3Ha-
YaeT, u4To CyliecTByer Takoe w’', uro Vi : y;(w’, x;) < 0. Ilpeanosoxkum, 910 CymecTByeT w, MaK-
CUMU3HUpYIOlIee IIPaBIoIoI001ue BepOSTHOCTHONR MOJIEIN JOIUCTUYeCKO! PErpeccu, TO ecTh IS w
JIOCTUTAETCS MAKCUMYM

N
L('LU,X7 y) = Zlog (1 + e—yi<w,wi)>
i—1

Ho Torma ecmm B3aTh w + w', IpaBmoNoao0ne yBEJINIATCS - TPOTUBOPEYNE.

2. (0.3 6asuna) Ipeyoxkure, KaK MOXKHO MOAUMDUIUPOBATH MOJIE/Ib, YTOOBI ONTUMYM JOCTUTAJICS.
Ecsiz B BeposTHOCTHON MO/I€/IN IPEIIIONOKATH HE TOJIBKO CYIIECTBOBAHIE NUCTHHHON 3aBUCAMOCTHU
MezK/ly IPU3HAKAMH U BEPOSTHOCTHIO IOJIO?KUTEIBHOI'O KJIACCA, HO M alPUOPHOE DacIpeesieHne
Ha, ITapaMeTpax MOJEN, O0bICHSIONEECsT HETOUYHOCTHIO U3MEPEHUil, TPEJICTABICHUH MJIN HAJTUINEM
[IymMa, TO MOJIEJIb MOAUMPUIINDYETCsT TAKUM 00pa3oM:

p(X,Y,w;o) =p(X,Y [ w)p(w;o)

[Ipunnun MakcuMyMa COBMECTHOTO TTPABIOTON00MST TAHHBIX W MOJIEIIN:

Ly (w,X,)Y)=lnp(X,Y,w;0) = Zlnp(wi,yi | w) + Inp(w; o) — max

i=1



Ecan npeamnoiokuTh, 9T0 w UMeeT HOpMaJbHOE pacipeiesierue w ~ N (O7 02), TJie 0 - TUIepnapa-
METD, TO TOJIydaeM:

Inp(w;o) =1n 1 exp | — el = fi||w|\2 + const(w)
’ (2mo)n/? 20 20

Torma L, - HempepbiBHAsT 110 w (DYHKINs, CTPEMSIINASICS K MUHYC OECKOHEYHOCTH MpU W — 0O,
3HAYUT OHA JIOCTUTAET MAKCHUMYyMa.

(0.7 6asuia) B cayuaae L2- perynsipusanuu JIOTUCTUIECKO PErpeccuu PellieHne BCeria eJIMHCTBEHHO.
[TocmoTpuMm HA MATPHUILY BTOPBIX IIPOU3BOIHBIX:

1
VL=--FE-X"DX
g

rjae D - MaTpula C IIOJIO?KUTE/JIbHBIMU YUCJIaMU Ha JHUal'OHaJIN. Tor,aa:

u'VILu = —||ul> - |DY2Xu|? <0

3HAYUT MaKCUMYM eJIHHCTBeHHbIﬁ.

Bagaga 3 (0,5 6anna). L2-perynsapusamnmsi.
Momudurupyem maHHBbIE CJIEAYIOMIM 00PA30M:
Y =XTYy

X' =XTX + M

TOF,B;& penienue 3a/1a91 HaMMEHbIINX KBa/JApPaTOB JIJId 3TUX JaHHBIX TaKOI'O:
w = (X/TX/)—lX/Ty/
BaMeTI/IM, qT0 X/ CHUMMETPpUYIHa U IMOJIO2KHUTEJIbHa OIIpeaeJIeHa. 3Ha‘II/IT,

w=X"1Y' = (XTX + )1 XTY

Yo ecThb perenue s L2-peryaspu3oBaHHON JIMHEHHON perpeccuu.

Banauga 4 (1.5 6anna). L'-perynapuszammusi.

1.

(0.5 Gasa)

[ockosbky L'-perynsipuzoBannast JuHeiiHas perpeccust npejcTasisger coboii cymmy Kpajpata L2
HOPMBbI JINHE{IHOTO 10 W BbIpakeHust 1 L1 HOpMbI w, TOMHOKEHHO{T Ha MOJOKHUTEIBLHYI0 KOHCTAHTY,
TO B I€JIOM BBIPasKEHWE SIBJISIETCsI BBILYKJIONH 10 w (yHKIHMell KaK CyMMa BBILYKJIBIX (DyHKIHIA.
3HAUNT, eI MUHIMYM BBIITYKJIOH (QYHKIMA JOCTUIAeTCsl B JABYX TOUKAX, TO MEXKJLY STUMHI TOIKAMHE
3Hauenure (PYHKIMN TaKKe PABHO MEUHUMYMY, U TOY€K MUHMMYMa KOHTHHYYM.

(0.5 basa)

Pacemorpum niBa perierust @ u w. Ilo paccy>kKJIeHUsIM U3 TPeIbIyIIEro MyHKTa B TOYKAX BUJIA
w + a(W — w) byHKIUS M0TEph TakKe pasHa MuHUMyMy s « € [0,1]. Torga ckanspHas 110 «

dyHKIHS

X (w+ (@ — w)) = y[3 + Aw + a(@ — w)|y

IIpeacrasiser coboit cymMy MOJMHOMA BTOPOI CTEIIEHN U HENIPEPBIBHOM KYCOTHO-TMHEHHONW (hyHK-
(MU, KOTOpasi MOXKeT NOCTOsiHHa Ha orpeske [0, 1] Tosbko ecin Ko3bOUIUEHT 1epes KBaIpaToM
paBeH HYJIIO, TO €CTh €CIU

IX(@—w)3=0=X(0—-w)=0= X0 =Xw



3. (0.5 6asna)

ITocKOIbKY [JIs pernenuii W 1 w 3HadeHusa paBHbl X W u X w, TO

min = |Xw —yf3 + Awly = |X@ — y[3 + AMw| = |X@ —y[3 + M@|

|w|y = W]y

1. (0.3 6asmwra)

1 s exp{a—1)Iny— ¥}
b) = a—1 b — b
p(y|a,b) rar? ¢ Ta)
Eciu monoxute up(x) = Inz,us(z) = —x,0; = a— 1,0 = %, TO MOXKHO IepenucaThb yHKIIUIO
IIJIOTHOCTH:
oy | 6) = exp{0Tu(y)} _ exp{0Tu(y)}
L6, +1)6; 1 h(0)

OTKy,Ha BUIHO, 9TO TaMMa-paclipeeJIeHrne OTHOCUTCA K IKCIIOHEHITUAJILHOMY KJIaCCYy.

2. (0.7 6asna)

ITosoxkum ¢ = —%, 0= ﬁ. Torma a = —%, b= —% 7 TJIOTHOCTH BEPOSITHOCTH IPEJICTABJISIETCS B
BUJIE
p(y | a,b) = exp{(a—1)Iny — % —InT(a) —alnbd} =
1 0y 1. 1. ¢
=erp{(—— —1)lny+ — —InI'(——)+-ln—=} =
¢ ¢ ¢ 9 0
9y — n o 1 1.1
=erp{———+(———1)lny—InT(—=)+ —In—¢} =
t ¢ ¢ ) M) J
Oy — h(0)
= exp{T +9(y,0)}
rie h(z) =Ilnz, b/ (z) = % 3HAYUT, MbI PACCMATPUBAEM IIAPAMETPU30BAHHOE CeMeHCTBO F(%, =)
¢ dukcupoBaHHoii 0, KaHoHMUeKas pyHKIms cBssu pasHa ¢(z) = (K (x))™' = 1, n nyxHo onru-

MU3UPOBATH (DYHKITHOHA
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<zi,w>)—ylt = s
Ei |g ( T, W ) yz| Ei ’<£E1;,w> Yi

Banmava 7 (0.5 6asta) Heliponnsie ceTu.
1. L(2,2) - A — L(2,1)
2. L(2,2) > A— L(2,2) - A— L(2,1)



3. L(2,3) = L(3,1)
4. L(2,3) - A — L(3,1)

5. L(2,3) = L(3,3) — L(3,1)

[IpocTbiM JinHefiHBIM TPEOOPA30BAHNEM HEJIb3s CHEIATh TaK, 9TOOBI JIBE BJIOYKEHHBIE OKDPY2KHOCTU
0Ka3aJIiCh HA PA3HBIX MOJIYIJIOCKOCTAX, IIOCKOJbKY JIMHEIHOEe IPeoOPa30BaHNe COXPAHAET HOPSI0K
Ha [PSMOii. SHAYUT, BAPUAHTHI 3 U 5 HE MOIXOISIT.

B nepsBom BapmanTe moxoxkas npobsema. [locse soboro nepsoro mpeobpasosanus Wz + b Bcerma
HAWIyTCs TaAKWe TOYKU X,y U3 BHEIIHEN OKPYKHOCTH U 2 U3 BHyTpeHHel, 4To w1 +by < wiz+b; <
w1y—+b1. [lockoIbKy cUrMOHUIa MOHOTOHHA, TO TOT TOPSIJIOK HA MEPBBIX KOOP/IMHATAX COXPAHUTCS U
IIOCJIETHUM JIMTHEHHBIH CJION HE CMOXKET Pa3/IeJIUTh ITH TPU TOYKU. Bo BTOpOM BapuaHTe TO YK€ caMoe,
IMOCKOJIbKY BTODO#l JIMHEHHBIH cJioif Oymer paboTaTh ¢ MCKAXKEHHBIMHU, HO BCE €I€ BJIO2KEHHBIMU
OKDYZKHOCTSAMH, JJI KOTOPBIX IIPUBEJICHHOE PACCYZKJCHHUE OCTACTCS BEPHBIM.

Ocraercst ToJIbKO derTBepThiil BapuadT. OH CMOXKET pa3ieuTb ITU JIBE OKPY?KHOCTH, B IEPBOM
CJIO€ TIPOBEJIsi TPH IIPSIMbIE, IPOJIOJIZKAIOIINE CTOPOHBI BIIMCAHHOI'O PABHOCTOPOHHETO TPEYTOJIbHUKA,
BO BHEIHIOID OKPY2KHOCTB, & B IIOCJIEIHEM CJIO€ B3dTh CyMMy KoopawHat. V3mensis macmrad Ko-
3bGUIMEHTOB B IEPBOM CJIOE W TPAHUILY JEJICHUS MPU (POPMUPOBAHUU OTBETOB, MOYKHO JOOUTHCS
[IOJTHOTO PA3/IeJIeHUs] ABYX KJIacCOB. Ecim ke OKPYKHOCTH JIeXKAJIU TIJIOTHEE, TO JJI UX Pa3/IeIeHIsT
[TOHAI00MI0CH OBl 6OJIbIe HEHPOHOB B CJIOE aKTHUBAIIUML.

Sagada 8 (0.5 6anuia) HeliponHsbie cetu, KaauGpoBKa.

OTBeThl HEHPOHHOI ceTU HA 3329y KJIACCUMUKAIIMKI IacTO HE POIOPIINOHAIBHBI HCTUHHBIM BEPOSIT-
HOCTSIM KJIACCOB, IIOCKOJIBKY CETH 00y4al0TCsl, OCHOBBIBAsICh HA TOYHOCTb IIPEJICKA3aHN, a He KAJIUOPOBKY.
Taxke riryOnHA CETH HAIPSAMYIO CBSI3aHA CO CJIOXKHOCTBIO MOJIENIH, a CJIOYKHBIE MOJIEJIN JIETKO Tepeobya-
foTcst. Boobime nemmueitHbie mpeobpa3oBaHs ILJI0X0 HHTEPIPETUPYIOTCs, U 0€3 SBHO MOCTABJICHHON 33,141
XOpOIIeil KaJIuOPOBKN HET TPUIMH OXKIJIATH KAJTMOPOBAHHYIO MOJIEIb HA BBIXOJE.



