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3amaua 1

1. Batch Normalization
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SammimeM moapobHee, MyCTh X;; — j TPU3HAK { 3JIEMEHTA.
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O6oznaunM dynkiuo norepsb L. Torna 3ana4a 3ByunT Taxk: HaM JlaH rpajueHT VL,
HYKHO HalTH VL.
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2. Dropout
1
fij(x) = m(l — bij)xzij, bij ~ Bern(p)
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3. Conv2d
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T — padded x, k — kernels

oL fpe..,
(VLo = [Bepaw _

B, cout, H,W 8choutHW axbcmhw

Z . oL O focoHW

Cont, H,W fbcoutHW a*C(I'bcinhw

oL
Z kcout CinTY
O focus(h—2)(w—y)

z,y€[—kernelsize,kernelsize],cout

MoxkHO 3aMEeTUTD, YTO 9TO CBEPTKA BBIXOJHOTO I'PAJIUEHTa OTHOCUTEJHLHO TeX Ke BECOB C IEPECTaB-
JICHHBIMU KaHAJIaMU U TOBEPHYTHIMU Ha 180 gmapamu.
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DTO TOXNKE MOXKHO TPEJCTABATH B BUJE CBEPTKH BBIXOJHOTO T'DAJIMEHTA OTHOCUTEJLHO BXOJA, €CJIH
IIOTOM €IIle ITOBEPHYTH IOJIyueHHbIe n300pakenus na 180.
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3agaua 2
MobileNet
1. Kakyio 3aza4y pemaioT aBToOpbI?

ABTODBI IIpEJJIAral0T HOBYIO JIEFKOBECHYIO M 3((MEKTUBHYIO apXUTEKTYPY HEHPOCeTH JJisi KOMIIbIO-
TepHOro 3penus oy HazBanueM MobileNet. Onu pernmuiu 3amo/JHATE HUILY CIOPOCA, IJe CKOPOCTb CTOUT
Ha TIEPBOM MECTE W CYIECTBYIOT CHJIbHBIE OIPDAHUYIEHUS HA JOCTYIHYIO BBIYUC/IUTEIHHYIO0 MOIIHOCTh. B
IepByIO o4uepennb oHU BuaaT npumenenue MobileNet Ha MOOMIBLHBIX yCTPONCTBAX I PEITEHUS 330
y3HaBaHU, JETEKITUU U KJacCupuKaimm o0beKTOB Ha n300pakeHusix. B obIeM aBTOPBI XOTSAT IIPEeJIo-
CTaBUTHh MAKCHUMAJIbHO IIPAKTUIHYI0 HEHPOCETH JIJIsl JAHHBIX 3a/a4.

2. KakoBa ocHOBHasI nJiesl IPeJIAraeMoro aBTOPaAMU PEIeHus] IIOCTABICHHON 3a/1a4uu !

s nocruzkenust 3bMEKTUBHOCTH aBTOPHI permuyn (hbaKTOPU30BATH ITPOBEPEHHBIN OIIBITOM CBEPTOY-
HBII CJTON Ha JIBa OTAEIbHBIX - depthwise u pointwise cion.
CTpyKTypa 1O CJIOSIM :

DepthwiseConv — BatchNorm — ReLU — PointwiseConv — BatchNorm — ReLU



Depthwise cioit umeer simpo pasmepa in_channels x K x K u pa3buBaeT BXOJHOE H300paykKeHne
pasmepa batch x in_channels x H x W Ha rpynisl 1o KaHaJaM U IPUMEHsIET K KaXKJI0# rpyIIie 0ObIMHYIO
OJTHOMEPHYIO CBEPTKY, 3aT€M KOHKATEHUPYET PE3y/IbTATHI.

Pointwise cyoit — 3T0 0bbIYHAST cBepTKA C simpoM out _channels X in__channels x 1 x 1

B takom Buzne kosmmdecTBo Berumciaennit magaer ¢ H - W -in__channels-out _channels - K 20H-W-
in_channels - (K% + out__channels), To ectb npumepro B K2 pas.

A Jts NOCTUKEHUsT TPAKTUIHOCTH ABTOPBI IIPEIOCTABJIAIOT JBa MUIEPIapaMeTpa, JAIONUX KOHTPOIb
H&JT CKOPOCTBIO W Pa3MEepOM CEeTH 3a CYeT PEryJIUPOBAHUsI KOJUIECTBA KAHAJOB B CKPBITHIX CJIOSAX W
CXKATHUS UCXOHOTO U300DaAKEHMUS.

ITouemy sTO paboraer, HECMOTPsI Ha OrpyOJeHre TEH30pHbIX orepamnuii? [ToTomy 4To 31€Ch UCIOJb-
3yeTcsi TOT Ke MPUHIIUII, 38 CYeT KOTOPOI0 CBEPTKA U IMOKA3bIBAET XOPOIINe pe3y/bTaThl - IIOUCK pattern
B U300pakeHNN U arperupoBaHKE Pe3yJIbTATOB IIOUCKA [0 BCEM KaHaJIaM B HOBBIE, Oojiee abCTpaKTHbBIE
[IPU3HAKH.

3. KakoBbI pe3ysibTarsl, MOy Y€HHBIE aBTOPAMU!

1. Ha nannbix ImageNet: 1o cpaBHEHHIO ¢ OOBIYHON CBEPTKON HOJIYyYHJIA YCKOPDEHNE U YMEHDIIIEHIE B
IATh pa3 3a cder mnajenus Tognoctu Ha 1%

2. DKCIEPUMEHTATBHO MMOKA3aJIH, ITO INIyDOKas CeTh paboTaeT HEMHOIO JIydIle, YeM IMAPOKas C TeM
2Ke KOJIMYECTBOM I1apaMeTPOB.

3. Tlokazaym, 9TO Ka4eCTBO MOJIEJN JIOI-JIMHEHHO 3aBUCUT OT KOJUYIECTBA OA30BBIX OIEPAIHii.

4. obunmmcb ogmHaKOBO KadecTBa ¢ Mojenabio V(G(G16, 3arpadnBas B 30 pa3 MeHbIIe BPEMEHU U Ia-
MSITH.

5. Tlokazayium HE3HAYUTEIHHOE OTCTABAHUE OT JIYUIINX MOJEeil 3a CUeT 3HAUYUTEILHO YMEHBITeHUs
3aTpaT 110 33/a9aM I'e0JIOKAINN, Y3HABAHUS JIUIT, JIETEKITNH.

Bagaua 3 Spherical CNN

1. Kakyio 3amaqy pemraior aBTOPBI?!

ABTODBI XOTSIT, YTOOBI B apCeHaJjIe MAITMHHOrO 00y YeHus ObLIH 3 HEKTUBHBIE METO/IBI PAOOTHI CO cde-
PUYECKUMU U300paKeHUsIMI, KOTOPble BOZHUKAIOT B TAKUX 3aJa4aX, KaK 3peHne pobOTOB U TJI00aIbHOEe
IIpe/ICKa3aHme TTOTOJIbI.

CBeprovHbIe CeTH, KOTOPBIE XOPOIIO CIPABJISIOTCS C AHAJOTHIHBIMU 3aJa9aMU Jjisd M300parKeHuil B
IPSAMOJIMHENHBIX KOODJIMHATAX, IJIOXO IIEPEHOCATCH Ha cheprdecKrne M300paKeHusl, TaK KakK He CyIIe-
CTByeT M30MOPGHOro IIpeodpa30BaHus I JUCKPETHBIX IIPEJICTABIEHUII COOTBETCTBYIOIINX U300parke-
Huii. [losToMy BO3HHMKaeT »KejlaHUE NEPEHEeCTH IIPHUHIMI, 6Jiarofgaps KOTOPOMY paboTaroT CBEPTOYHbBIE
CeTU - MHBAPUAHTHOCTD KJIACCA OTHOCUTE/IFHO JIBIXKEHUN ILJIOCKOCTH - Ha M300parkeHns B CHEPUIECKUX
KOOD/IMHATAX.

Takoe 00061IeHTE MOYXKHO CII€JIATH C IOMOIIBIO TOHATUS SKBUBAPUAHTHOCTHU - HAXOXKIEHUSA TAKUX K-
BUBAPHUAHTHBIX [IPEOOPA30BAHUN, KOTOPhIE IEPECTAHOBOYHBI C MHTEPECYEMO HAC IpyHIoi cumMmeTpun. B
cJIydae ¢ JIByMEPHBIME N300paKeHUsIMI TAKOBBIMHU SIBJISTIOTCSI CBEPTKU OTHOCUTEJIHHO JIBUKEHUN. XOUIeTCsT
HaTH COOTBETCBYMOIINE C(OEPUIECKHIE CBEPTKU OTHOCUTEIHLHO OPTOTOHAJIBHON TPYIIIBI TPeobpa30BaHuil,
COXPAHSIIOIUX OPUEHTAIIUIO.

2. KakoBa ocHOBHas mjiesi IIpejiaraeMoro aBTOpaMy PEIeHns] TOCTABIEHHON 3a,1a9m !

Cuavajia BBOAMTCS TOHSTHE CHEPUUECKON KOPPEJSIUA U KOPPEJSAIUN T'PYIIbI POTAIUN, a MOTOM
IIOJIy9EHHBIE YUCTO MaTeMaTUYeCKUe BBIBO/IbI IIEPEHOCATCS HA NMPAKTUYECKYI0 Deaslu3alluio B BHUJE HEll-
POHHOII ceTu cO CPepUIECKUMU CBEPTKAMH.



Kak noanMarh cdeprudeckyro KOppessnuio u 3adeM oHa HykHa! J[jis 1ByX dpuKcupoBaHHBIX cdepu-
JecKuX n300pakeHuil nx chepudeckas KOPPEJSIHs - ITO (DYHKIHS, OTOOPAXKAIOMAs SJIEMEHT T'PYIIIbI
poTanyu B Mepy TOXOXKECTH U300parKEeHUii, eC/iu K MePBOMY ITPUMEHUTH JJaHHyio poranuio. OHa nHTEpEC-
HA HAM TeM, 9TO €CJIU J[Ba N300PaKEHUsI COJIEPXKAT OJIMH U TOT YKe OOBEKT B PA3JIUIHBIX OPUEHTAIUAX, TO
MaKCUMyM CHEPUIECKONl KOPPEJISIITUN JOCTUTACTCST B POTAIUN, KOTOPasi COOTBETCTBYET DPA3HUIIE MEXKLY
UCTUHHBIME OpUeHTalusMu. KoppeJsiiisi IPyIIbl POTAIMI 9TO TO K€ caMoe, HO He JiIsi n300parkKeHuii,
a myisg poraruit. To ectb ee MakcuMmyM Jitst poraruii Ry u R jocturaercs B poTaiuu, mepeBojsinein Ry
B Ry. K obenM KOppessiiusMu MOXKHO TPUMEHUTH TPAJMEHTHBIE METObI, TO3BOJIAIONIE MPUDJINKEHHO
HaXOIUTh 9T MAaKCUMyMBI. [IpmaeM ecaim n300paskeHnst COAEPKAT OMHAKOBDIN 00BEKT, TO chepruIecKast
KOppeJisiiiust Oy/1eT uMeTh OOJIBINON MUK B TOYKE, COOTBETCTBYIONIEH UCTUHHON POTAIMU, UTO HO3BOJIAT
TOYHO OIIPEJIEJIUTh, YTO U300PaAKEHUS U3 OTHOIO KJIACCA.

Kak npeobpa3oBbiBaTh BBIXO/ chepriecKoil CBepTKH B Bujle ducia?! Boixos ciiost cpepuyueckoil ceepr-
Ku - 3jeMenT rpynnbl SO(3), KOTOPbI JAUCKPETHO MPEJICTABAM B TPEXMEPHBIX YIJIOBBIX KOODIMHATAX
Ditzepa, TO €CTh OOBITHOIO TEH30pA, W 3/1eCh PabOTAIOT Te K€ METO/bl arperanuu, Kak JJjis OOBITHOMI
CBEPTKH.

HawmBHasi umIieMeHTAIlnsST POTAIMOHHON CBEPTKHU OyJeT paboTaTb C TPEXMEPHBIMU MATPUIAMH, TO
ecThb UMeTh CJIOXKHOCTL Topsiika O(n®). ABTOpBI MOKa3ajM, YTO 3JEMEHTbI TPYIIILI POTAIUH YIOB/Ie-
TBOPSIFOT TpeboBaHUSM TeopeMbl Pypbe, 9TO MO3BOJISET MPEICTABUTH KOPPEJISIUIO B BHUJIE CKAJISPHOIO
pOU3BeJIeHUsT TPAHCGHOPMUPOBAHHBIX MpeobpasoBanuii. Mcmoab3yst 9T0, U BO3MOXKHOCTH BBLIYUCJICHUS
npeobpasosamns Pypse 3a O(nlogn), obmas caoxuocts magaer 1o O(n*log®n).

3. KakoBbI pe3ysibTarsl, [IOJIyY€HHBIE aBTOPAME !

1. ABTOpr IIOKa3aJid, ITO IIPaKTHYICCKU BOIIJIOIIEHHbIE MOJC/JIN OTJIMNYIAIOTCA OT YUCTBIX MaTeMaTu4de-
CKUX Ha IIOI'PEITHOCTb, PaCTYIILYIO J'IOl"apI/I(bMI/I‘«IeCKI/I OTHOCHUTEJIbHO pa3pelIeHUA H306pa}K€HI/IH u
JIMHETHO OTHOCUTEJILHO I‘.Hy6I/IHLI MOJeJIn.

2. Ha manubix MNIST, He m1oiBepruy THIX poTanum, chepuiecKue CBepTKHU MOKA3BIBAJIM TAKOE YKe Kade-
CTBO, KaK 0ObraHbIe. Ha moBepHYyTHIX yKe n300pakeHnsX chepuiecKre CBePTKA COXPAHUIN KAIECTBO,
TOra KaK OObIYHBbIE paboTaan He JIydIle CIy9IaifHOrO MPEeICKA3AHMUS.

3. Ha mamubix ShapeNet chepuyeckne cBepTKE MOKa3aan Ka4eCTBO HEMHOTO XYy2Ke JIJIEPOB, IPUIEM
He TTOTpebOBaB TOYHOTO TI0I00pa mapaMeTpoB u ad-hoc m3mMenennit B apxuTekType.

4. B zagmaue QM7 cdepuueckne CBEpTKE XOPOIIO PEJICKA3AIN MOTEHIINATBHYIO0 SHEPIUI0 MOJIEKYJIBI,
YCTYIIUB 10 KAYECTBY TOJBKO JIHJIEPY, KOTOPOMY ITOTPEeOOBAIACH CYIIECTBEHHAS TPeI0O6pabOTKa JaH-
HBIX.



