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1 3amanue

Borunranue ¢oHa — BaykHasl NPUKJIAJHALA 3aja9a. JacTo OHO SIBJISIETCS IIEPBOW CTajuell B CUCTeMaxX aHAJM3a BU-
Jeo ¢ Kamep Habsonerus. Heobxoanmo KiaccuunupoBaTh MUKCEN BUIEOTIOC/IEI0BATEILHOCTY Ha, TTPUHAIEIKAIINE
dony un npuHaiexkaime oobeKTaM IepegaHero miana. OObBIYHO Ipeoaraercs, YTo Kamepa crarudHa. [lo obyda-
oleil BBIOOPKE HEOOXOINMO OIEHUTH MOAEIL (POHAa, ITOOBI 3aTeM JJIsi KarKIOro IMHUKCENIsT KaykKIOro KaJIpa TeCTOBOM
BUIEOTIOC/IEIOBATEILHOCTA YMETh IPEJICKa3aTh BEPOITHOCTD TOTO, UTO OH siBjsieTcs (poHOM. IIpeamoarass paBHOMEp-
HOE paclIpejieJIeHre Ha MPUHAIJIEXKHOCTD IHUKCeseli 00beKTaM IepeHero miaHa (00bIYHO HeT AIlPUOPHBIX CBEJEHHUIA,
9TOGBI MCIIOJIB30BATh JAPYTOe PACHDEIENICHNE), TIPUHSATHE PEIleHns JJisl TAHHOTO MUKCEJIsl SKBUBAJIEHTHO CPABHEHUIO
MIPeICKa3aHHONR BEPOATHOCTH (DOHA C HEKOTOPBIM ITOPOTOM.

Yacro (xorda u He Bcerjga) B KadecTBe 00ydaiomeil BLIOOPKH yIAETCA B3ATh OJUH UJIM HECKOJLKO KaJpOB, Ha KO-
TOPBIX OTCYTCTBYIOT OOBEKTHI Tepeamnero miaana. Ho make B 9TOM ciaydae 3aada OIMEHKH MOJAETH (POHA He STBIISTETCS
TPUBUAJIBHON U3-38 TOr0, YTO (POH HUKOIA He OBIBAET IIOJHOCTHIO CTATUYEH: BCErIa €CTh IIyM KaMepbl, TaKKe MOKET
MEHSIThCsI OCBEIlleHNe, TeHH, KaMepa MOXKeT J[POXKaTh, GOH MOXKeT ObITh JUHAMUYECKUM (JIMCTBA WM BOJA B IIPUCYT-
CTBUH BeTPa), K GOHY MOTYT J00aBJISATHCS JIONOHUTEIbHBIE OObEKTHI. BaM Ipe/iaraercst IpoTeCTUPOBATH HECKOIBKO
MOJIeJIell Pa3HOM CJIOKHOCTH U CJIeJIATh BBIBOJBI O MPUMEHNMOCTH MOJIEIENl B PA3HBIX CUTYAIUsIX.

2 JlanHbIE

B 3amammm mnpemyiaraercs WCIIOIB30BaTh CTaHJIAPTHBIE TECTOBBIE IIOCIEIOBATEJ]BHOCTH C Beb-cafita http://
wordpress-jodoin.dmi.usherb.ca/dataset2012/. /IBa Habopa JAHHBIX SIBISIIOTCH O0S3aTEIHHBIMUA:

e Baseline/pedestrians (train — 1,...,299; test — 300,...,1099),
e Camera jitter /traffic (train — [581,...,723,752,...,951]; test — 1000, ..., 1570).

Mo2KHO KCII0JIB30BATDL U Apyrue 1moc/je10BaTe/JIbHOCTU JJId JIYHIIEro U3y11eHn A CBOICTB MEeTOI0B.

3 OrmneHka aJropuTMoB

st KaxK/1oro Kajpa TeCTOBON YaCTH MOCJIE0BATETHHOCTH MOYXKHO OINEHUTH KAaYeCTBO aJITOPUTMA, 3HAsl €r0 BEPHYIO
pasmerky (mupekropusi groundtruth). O6paTure BHUMAHHME, UTO TOJBKO YACTh KAXKJOTO U3 KAJIPOB sIBJISIETCs 00JIa~
cTbio nHTEpeca. Hampumep, Ha nocsegosareabHocTh traffic obimacTs nHTEpEca orpaHnyanBaeTcs JIOporoi. 3Has1, Kakue
yacTu U300pazKeHusl Ha caMoOM Jejie orHocaTes K dony (kaacce static) u x mepegmemy miany (kjacc motion), MOXK-
HO OLEHUTDH KOJMYECTBO BepHbIX 1oJoxkuTeabHbix (TP) u orpunarensusix (TN) obnapyzkenuil nmukceseil, a Takxke
noxkuonoyoxuTeabHbx (FP) n noxkuoorpunarensusix (FN). Iukcenn ¢ npomexyrounsivn merkamu (50, 85, 170) ne
BXOJ/ISIT B PErMOH MHTEPEeCca W He yIACTBYIOT B mojcuére Tounoctu. Ipyrumu ciaosamu, 3uadenus TP, FP, TN, FN ne
3aBHUCAT OT TOrO, YTO BEPHYJI AJTOPUTM HA ITUX IMUKCEJISIX.
JL71s1 OIeHKY KadecTBa BBIMUTAHUS (DOHA CJIEYET UCIIOJIH30BATH CJIEYIONHE TPU HHCTPYMEHTA!


http://wordpress-jodoin.dmi.usherb.ca/dataset2012/
http://wordpress-jodoin.dmi.usherb.ca/dataset2012/

e JIns KaxKI0ro TeCTOBOrO KaJipa Bbluucigercs kojmdecTso omubok 1 poma (FP) u 2 poma (FN). Janee moxuo
MTOCTPOUTH T'PahUK 3aBUCUMOCTH OIMIHOOK OT HOMEPA KaIpa.

o Busyasibaas orenka KadecTna. Jljist 9T0ro Ha KaXKI0M U3 Ka/IPOB BBIJIEJISIIOTCS 00JIaCTH, OTHECEHHBIE K IIEPETHEMY
IJIAHY.

e Ornenka Besimund TPR u FPR (1om BepHOIO/IOKHUTEIBHBIX U JIOXKHOIIOJIOKUTEJILHBIX O0HADYKEHHIl, COOTBET-
CTBEHHO) JIJIS PA3HBIX 3HAYEHMIl IIOpOra IO BCEH TECTOBOMH IOC/IeI0BaTeIbHOCTH U HocTpoenue rpadpuka ROC-
kpusoit. [Tnomans nox rpadukom ROC kpusoii (AUC ROC) asisiercs ofHuM U3 ClOCOO0B CPABHUTH KAYECTBO
pasubix Mogeseit. Kpome toro, moxkuo ornerusarh Beqnaniny AUC ROC jist Kaxk10ro Kajpa 1mo OTIebHOCTH.

s ymoberBa K 3ajanuio mpuiiaraercs python kom, KOTOpsIil comep:kuT (GYHKIIUAIO MOACBETKA MACKHU MTEPETHETO
IUIaHa, & Tak2Ke (PyHKINIO, KOTOPAasi IO3BOJIeT MPOUTPHIBATH Brieo. JIaHHbIN KO/ MOXKET OBITH MOJIE3HBIM JJIs BU3Y-
aJIBHOI OTIEHKN KavecTBa paboThl MeTo0B. s oTobparkenus suaeo B [Python Notebook pekomenyercst yctaHOBUTH
BukeT JSAnimation m3 pemosmropust https://github.com/jakevdp/JSAnimation n MMIOPTHPOBATH CJIELyIOIINIT
Mojysib — from JSAnimation import IPython_display. Ilogpobree mrMOpPMAINIO PO YCTAHOBKY MOXKHO IIOCMOT-
peTb 37ech: https://gist.github.com/gforsyth/188c32b6efe834337d8a /s co3anus oTeapnoro Bujieo-daiina
B dyuknun make_video () B mocieaHeil crpouke HyKHO yopars lambda-dyukimro.

4 Cmech MHOTOMEPHBIX HOPMAJIbHBIX pachpe/iejIeHnit

PaccvoTrpum BeposgTHOCTHYIO MOIETb cMecn K HOPMAaJIbHBIX pacIpeleseHuii:

K K
p(@|w, {p}, {S}) = Y wiN (@lpe, Th), Y wp =1, wy >0 (1)

k=1 k=1

MO}KHO BBECTU CKprTyIO HepeMeHHon t, KOTOpad 6y,qu O603Ha‘{aTL HOMED KOMIIOHEHTBI CMECHU:
Pt = k) = wi, plalt = k) = Nl 2)

g anupokcumanuu Boibopku X = (Z1,...,Z,) € HOMOIILIO MOean cMecd u3 K rayccuan MOXKHO BOCIOJIb30BATHCH
METOJIOM MAKCHMAJBLHOTO TPAB/IONOI00MS:

N

p(X|w, {pi}, {Z}) = ] pl@nlw, {m}, {S1}) =

max
A2
il w,{pr}{Ek}

K
Zwk:l’ wr >0
k=1
Y =3¢, 8k =0

Hannaast 3aaya MoxKeT ObITh 3PEKTUBHO perneHa ¢ momoInbio EM-anaropurma, moapobHoe onncaHme KOTOPOTO
MOXKHO HaiiTu B Kuure [1], riasa 9.

5 Moxnemu dona

5.1 OpHOMepHas rayccuaHa

B camom mpocToMm BapuaHTe MOXKHO MOJIEJIUPOBATH PacCIpejesieHne IIBeTa B KaXKJIOM ITHKCe/Ie OJHOMEPHBIM HOPMaJIb-
HBIM pacipeesienreM. JIist 9Toro Hy»KHO [I€PEBECTU BUIEOIMOCIEI0BATEILHOCTD B TIOJIyTOHOBYO. DTO MOXKHO Ce/aTh,
HAIPUMED, ¢ MOMOIBI0 hopmysibl u3 crangapra NTSC: gs = 0.21267 + 0.7152g + 0.0722b. Sarem 11 KaxKI0r0 MUKCe-
Jigt 06ydaloIeli YacTu 1oCc/Ie0BaTe/IbHOCTH OIEHUBAIOTCS IADAMETPBI HOPMAJILHOIO pacipeliesieHus (HalpuMep, JJist
pedestrians Gyner 299 Touek I ONEHKY IWIOTHOCTH B KaxKIoM mukcese). CTout o6paTuTh BHUMAHUE, UTO MIPU Ta-
KOIi OIleHKe HEKOTOPbhIE TayCCUaHbl MOTYT IIOJIYIUThCS BBHIPOXKIEHHBIMU. B 9TOM cilydyae 3HaUYeHUe JIUCIIEPCUU Pa3yMHO
orpaHnvnTh cHu3y. lasee, npu KjaaccupUKaIUU MUKCEJIsI TECTOBOM BBIOOPKHU, €ro HYy?KHO OTHOCUTH K (DOHY TOT/a U
TOJIBKO TOIJIa, KOTJA ero sipKOCTh OTKJIOHSIETCsI OT (1 MeHbIne, ueM Ha ko. Kcim ycranoButs 0 = 3, TO oxujaercs,
4TO K IepeIHeMy IIany OymyT oTHeceHbl ToJbKO 0.27% nukceneit dona (“npaBuio 30”). M3mensst 9T0T 1OpOr, MOXKHO
PEeryJnpoBaTh COOTHOIIEHHE MEXK/Iy KOJTMIECTBOM JIO2KHOIIOJIO2KUTEIBHBIX U JIO(KHOOTPUIIATEILHBIX 0OHAPYKEHUI.


https://github.com/jakevdp/JSAnimation
https://gist.github.com/gforsyth/188c32b6efe834337d8a

5.2 OmneHKa rayccuaHbl Ha JIETY

Ecau B mocyieioBaTe IbHOCTH TPUCYTCTBYET Jipeiid dpoma, To KeaaTeTbHO ONEHIBATH MOJIETb (DOHA ATATITHBHO C YIETOM
nHQGOPMAIMN OT HECKOJIBKUX IOCJIEIHUX KAJPOB. [[Jist 3TOr0 MOXKHO HCIIOJIB30BaTh IIPUBEIEHHBIN HIKE UTE€PATUBHBIN
AJITOPUTM OIIEHKU HAPaMETPOB TI'ayCCOBCKON Mogen GhoHa Ha JieTy (OLEHKA TaKyKe MPOU3BOAUTCS 110 IIOJIyTOHOBBIM
U300paKeHNsIM HE3ABUCUMO JJisi PA3HBIX HUKCEJIeH ):

[Tapamerp p oTBeYaeT 3a BeJIMUMHY NAMATH MeTOa (pa3Mep OKHA): YeM MEHBIIE p, TeM OOJIbIIee BIIUSHUE UMEIOT
crapble KaJpbl. 3/1eCh TaAKXKe CTOUT BBOJUTDH PEryJISIPU3AIMIO U yCTAHABINBATHL MUHUMAJILHOE 3HAYEHUE JIUCIEPCUH.

2
WHnimanu3upoBars i1, 07 .

for t =1,..., Number of frames do

[(Te—pe)]
Ot

HpI/IHHTb perrenue O MeTKe IIMKCeJId Ha KaJlpe t: HepeﬂHI/IIU/I IJIaH TOorJa M TOJIbKO TOr/ia, KOI'/la > ki, rjae

I; — apKocTb IHKcess Ha Kajpe t.
Ecsin nukcens ornecén K dbony, o6HOBUTH (i1 = ply + (1 — p)ug, unade pp11 = fig.

Ecim mikcens ornecén x domny, 06H0BuTS 07,1 = (I; — piy1)?p + (1 — p)of, unave o7, = of.

5.3 MmuoromepHas rayccuaHa

Paccemorpum Gostee TuOKY10 MOzesb (poHA: TPEXMEPHOE HOPMaJIbHOE paclipejiejieHne B 1BeToBoM mpocTtpancTtee RGB.
IIpu sTOM MOYXKHO pacCMATPUBATDH JBA BAPUAHTA MOJIEJIM: C MOJHON W C JIMaroHAJbHON MaTpuieil koBapuaruii. [Ipn
OIIEHKE MOJIEJIH 110 JJAHHBIM CTOUT UCHOJIb30BATH PEYJISIPU3AIUIO MATPUIIBI KOBApUAMH (HAIPUMED, Iy TEM J100aBIIeHMs
HOJIOXKUTEIHHOrO YHUC/IA K JIUAroHasu). PeleHne 0 MeTKe MUKCessd TECTOBOIO Kalpa IPUHUMAETCS [IyTEM CPaBHEHUsI
3HaYEeHNUs IJIOTHOCTI HOPMAJIBLHOI'O paclpejlesieHns B JIAHHOI TOYKe C IIOPOIOM.

5.4 Cwmech rayccuaH

Cwmech paciipejiesieHuii MOXKeT OBIThH II0JIE3HA, JIJIsi MOJIEIUPOBaHusi (DOHA, €CJIM OH HECTaTUYEH, HAIIPUMED, COAEPIKUT
BOJIy WJIU JIUCTBY, T.€. KOTJIa PACIpEJieIeHUe MOXKET MMETh HECKOJIBKO MOJI.

6 dPopMyJaMpoOBKa 3aJTaHUS

1. PeanusoBars EM-ajropnT™ J1j1s1 BOCCTAHOBJIEHUSI CMECH MHOI'OMEDHBIX HOPMAJIbHBIX PACIIPE/IEIeHN, COIVIACHO
crienudukanyu (peasansalsi BO3MOXKHOCTH HECKOJIBKHX 3aIIYCKOB U3 CJIyYaliHbIX HAUAIbHBIX IPUOINKEHNI C BbI-
60pOM HaWIydIIero IO 3HAYEHUIO HAMIEHHOI'O IIPABIONON00NS, BOSMOXKHOCTH BOCCTAHOBJICHIAA CMECH HOPMAJIb-
HBIX PACIPE/IeJICHII ¢ AUaroHaJ bHBIME MATPUIaMi KoBapualwn). TpeboBanus 1m0 3bOEKTHBHOCTH Pean3alin:
cpeanee Bpems oxuoit EM-urepanun mist N = 10000 oobekro, D = 100 mpusunakoB u K = 10 KOMIOHEHT
CcMecHu He JI0JI2KHO IIPpEeBbINIaThb OLLHOf/i CEeKYH/IbI. ﬂﬂﬂ peasin3daliui U3 MaTeMaTHYIECKUX ITaKeTOB pa3peniaeTCd
HCIOJ/IB30BaTh TOJILKO NUMPY ¥ MOAYJHM Scipy.linalg u scipy.misc.

2. IlposecTu TecrupoBanue pean3oBanHoro EM-ajropurma Ha JBYMEPHBIX MOJIEIbHBIX JAHHBIX. [Ij1s1 3TOrO Crene-
PUPOBATH JJAHHBIE U3 CMECH PACIIPEIEJIEHUN C 33/ IJaHHBIMU TAPAMETPAMHE, 8 3aT€M BOCCTAHOBUTH I10 STUM JTAHHBIM
mapaMerpsl cMmecu ¢ omorbio EM-agropurma. OTobpasntsh pe3ysbraT BOCCTAHOBJIEHUsI, Tle OOBbEKTHI BHIOOD-
KU, COOTBETCTBYIOIINE OIMHAKOBBIM KOMIIOHEHTAM CMECH, [TOKA3aHbI OJMHAKOBBIMU IIBETAMU. Y OEIUTHCS B TOM,
9TO 3HadeHHe mpaBaonoaobus B EM-utepaliusx MOHOTOHHO He yObIBaeT. IIpmBecTr mpumep CUTYAIWH, KOTIA
pesyibrar paborsl EM-ajropurmMa 3aBUCHT OT HAYAJBHOIO ITPUOJIMXKEHUSI.

3. Peasm3sosatsk o1ieHKy Mojiesu (hOHa € TIOMOIIBIO OTHOMEPHOM raycchaHbl (cekiust 5.1) 1 IpOTeCTUPOBATH Ha MOCTIe-
noBaresbHOCTH pedestrians. [Ipoanaan3upoBaTh KauecTBO BHIYUTaHUsST POHA C MOMOIIBI0 TPEX MHCTPYMEHTOB,
ONMCAHHBIX B CEKITAN 3.

4. PeaqmzoBarb OleHKY Mogesu (hbOHA Ha OCHOBE aIalTHBHON OJHOMEPHOI rayccuannl (cekuus 5.2). IIporectupo-
BaTh METOJ Ha IocjeaoBaTepbHocTn pedestrians u cpaBHUTDH Pe3yabTATHI C MPEIBIIYIIAM ITYHKTOM.

5. PeanmuzoBars onenky momesn (hoHA C IIOMOIIBI0 MHOTOMEPHON rayCCHAHBI B I[BETOBOM mpocrpaHcTtBe RGB n
MIPOTECTUPOBATH PE3yabTaT Ha mocienoBarenbuoctn pedestrians. [Ipoanagn3npoBaTh OMUOKN METOMA U CPAB-
HUTb €ro C OCTAJbHBIMU. [IOBTOPUTH KCIEPUMEHT, MCIOIB3ys IBeToBoe mpocrpaHcTBo HSV, B KotopoMm ka-
HaJIbl KOppeJupyoT MeHbine. J[jisi mepeBoia m300parkeHuWs] MOXKHO BOCIIOJIB30BaThCsl BCTPOEHHON hyHKIMEH
matplotlib.colors.rgb_to_hsv. Crenarb BBIBOABI 00 YMECTHOCTH KCIOJB30BAHUSI JIMArOHATIHLHON MATPHUILHI
KOBAPUAIWI JIJTsT PA3HBIX 3a/1a4d.



6. 3amycTuTh aaropuTM pa3/eSeHrnsl CMEeCH 3 TPEXMEPHBIX TayCCUAH JJTsl BRIYUTAaHUsT (DOHA B ITOCJIEI0BATETHHOCTH
traffic, BbIOpaB Mozieb ¢ yUETOM DPE3YJIbTATOB IIPEBIIYINEro IIyHKTa (BaXKHBI TOYHOCTb U CKOPOCTH PaBOTHI).
IIpoananu3upoBaTh OMMOKN METOJA U CPABHUTH PE3YJILTAT C MCIOJH30BAHUEM OJHOIN rayCCUAHDI.

7. Hamucare oruér B cucreme IATEXB dopmare PDF wmm 8 [Python notebook ¢ omucanmem pe3ysbTaToB mpoBe-
JIEHHBIX UCCJIeJIOBaHMiT. B oTuére JOJIKEH MIPUCYTCTBOBATDH BBIBOJ, BceX HEOOXoAuMBIX (ropmyst. Hawmrytmnee u3
[IOJIyI€HHBIX DPEIIeHnil JJIs aJropuTMa BhlunTanus (oHa JOTKHO OBITH JI00ABJIEHO B OTYET B BUJE AHMMAIUH.
®@opMbl aHUMAIUK MOTYT OBITH passmanbiMu: BumkeT B IPython notebook JSAnimation, ormesnpHbIH daita ¢
BH/1€0, AHUMUPOBAHHbBIE U300paKEHUsT KaPOB, KAK B IPUMEpe HUKEe, U [POU.
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7 Cnonemudukanus K 3aTaHUIO

Heobxommo HanmmcaTh MOIY/Ib em. py, B KOTOPOM JIOJI?KHBI IIPUCY TCTBOBATH CJIEAYIONIE (DYHKIINU:
1. ®ynknusa run_em(X, n_components, tol, max_iter, diag, mu_start, sigma_start) — peanuzamus EM-
aJrOPUTMA, JJIsT BOCCTAHOBJIEHUST CMECH MHOTOMEPHBIX HOPMAJIbHBIX PaCIIpeIe/ICHHIA.

Ornucanue napaMerposB:

e X — numpy ndarray pasmepa N x D

e n_components —int, yncsio Komnonent cmecu (coorsercreyer K B mouesu 1)

e tol — float, TOYHOCTH MeTozia (KpUTEpHUii OCTAHOBA UTEPAIMOHHOTO AJINOPUTMA)
e max_iter — int, MaKCHMaJIbHOE KOJINYECTBO UTEPalUil ajJropuTMa

e diag — bool, ecin 3HauUeHHE TepeMeHHO True, TO HEOOXOIUMO BOCCTAHABINBATD CMECh C JIMArOHAJILHBIMA
MaTpUIIAMUA KOBapUualuii

e mu_start — numpy ndarray pasmepa K X D wm None, HauasbHOe TIpHOJIKeHne Juisl TTapamerpa { g} B
Mmoziesin 1 (npu None mcnosib3oBaTh cirydaiiHoe npubinzKeHue)

e sigma_start — numpy ndarray pasmepa K X D x D B cayuae diag=False, pazmepa K X D B ciyuae
diag=True miu None, Ha9AJILHOE TIPUOJIIKEHNE JJTst TTapameTpa { Xy } B Mozesu 1 (npu None mcrmosb3oBaTh
catyqaiiHoe TIpuGJIzKeHNe)

QyHKIMS BO3BpAIaeT TOYeYHbIE OIEHKHN Ha ITapaMeTpPhbl cMecH — tuple U3 CJIEAYIOIMINX JJIEMEHTOB:

e w — numpy ndarray pa3mepa 1 x K
e mu — numpy ndarray pasmepa K x D
e sigma — numpy ndarray pasmepa K X D X D B cayuae diag=False u pa3mepa K x D B ciaydae diag=True

e log_likelyhood_curve — CIHCOK, pa3Mep KOTOPOI'O PaBEH KOJINYECTBY NPOIIEAIINX UTEPAIUN aJIrOPUTMA,
cofiepKaIuilt 3HatMeHns JToTadpuMa MPaBJIONOI00MsT BHIOOPKH TIOCIe KaXK/I0H UTEPAIUd aJrOPUTMA



2. Oysknus run_em_with_restarts(X, n_restars, n_components, tol, max_iter, diag) — peasusamnusa
EM-anropurmMa A7 BOCCTAHOBJIEHUST CMECH MHOTOMEPHBIX HOPMAJIBLHBIX PACHpEeIeSeHnii ¢ BO3MOYKHOCTHIO
HECKOJIbKHUX 3AITyCKOB U3 PA3HBIX HAYAJIBHBIX MPUOIMKEHUIA.

OyHKIMS BO3BPAIIAET HAMIYYIINe TOYCTHBIE OIIEHKN HA ITapaMeTPhl CMECH II0 BCEM HAYAJIbHBIM ITPUOINKEHUSIM.
[TapameTpsl u CIICOK BO3BPAIAeMbIX 3HAUYeHNH (DYHKIINK TaKUe 2Ke, KaK U y DYHKIMH run_em, 3a UCKII0YEHIeM
mapaMerpa n_restars — int, 4ucJI0 3aIyCKOB U3 PAa3HBIX HAYAJIbHBIX ITPUOJINKEHUH.

8 PekomeHIaum 1o peajgn3aliun

1. Ilpu mopmupoBKe Ha E-1mare MoryT BO3HMKATh 9HMCIEHHBIE HeycTONInBOCTH. [y Bosiee yCTOUMBOH HOPMUPOBKHU
DPEKOMEH,1yeTCsI BOCIIOIB30BATHCS CJIEJYIONUM TPIOKOM:

Qi Qi —max; aj

(67} :logpl()a Z Qs = Z Qs —max; o
s s

2. 3Ha‘{eHI/Ie HpaBﬂOHOﬂO6I/IH JOJIZKHO MOHOTOHHO HE y6I)IBaTI) C TeYEeHUEM I/ITepaLLI/IfI. STO XOpOH_II/Iﬁ CHOCO6 OTJIaJIKH1
IIPOTPAMMBI.
9 bBonycHble 0aJLIbI

e 10 +0.3 Gasuta. BeiBectu OpMyJIbl Jjisl TOJCYETA AIIOCTEPUOPHOIO PacCIpejieieHns Ha E-1mare M TOYEYHBIX
OIEHOK Ha napamerpsl w, {pk }, {Ek} Ha M-mare. BoiBoj opMyst 102KeH IPUCYTCTBOBATH B OTYETE.

e 10 +1.0 basuta. Peaymsarus u onerka paboThl MOAMMUKAIII IPEJIOKEHHBIX MeTOI0B. Pazmep OoHyca 3aBUCHT
OT KaIeCTBa pabOThI M OPUTHHATILHOCTH MOANMDUKAIINNT, & TaAKKe SIBIAETCA CyObEKTUBHBIM U O€3aIIe IISIIITOHHBIM.

Crmcok JmrepaTypbl

[1] C. Bishop. Pattern recognition and machine learning. Springer, 2006
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