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&G HE: Partial Differential Operator Based Equivariant

Convolutions

# % % Z : Recent research has shown that incorporating

equivariance into neural network architectures is very helpful, and

there have been some works investigating the equivariance of
networks under group actions. However, as digital images and feature maps are on the discrete
meshgrid, corresponding equivariance-preserving transformation groups are very limited. In this
talk, we deal with this issue from the connection between convolutions and partial differential
operators (PDOs). In theory, assuming inputs to be smooth, we transform PDOs and propose a
system which is equivariant to a much more general continuous group, the n-dimension Euclidean
group. In implementation, we discretize the system using the numerical schemes of PDOs,
deriving approximately equivariant convolutions (PDOeConvs). Theoretically, the approximation
error of PDO-eConvs is of the quadratic order. It is the first time that the error analysis is provided
when the equivariance is approximate. The theories are developed for both planar and spherical
data, where the latter is equivariant to the group SO(3). Extensive experiments show that for both
planar and spherical data PDO-eConvs perform competitively yet use parameters much more

efficiently.
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YT IEEE T. PAMI %% %, ¥4 1JCV. Optimization Methods and Software 4% %% .



CCML 2021 ZFAETER=ETE=™

AL L-I:b

Kbl Wit BlEaR EEREORY
WEMHE: SExH IR TR R AR R 518

WMEME: HEREST. BUE ISR ERE, W
7 —tti# i Alpha Go. Alpha Star. Alpha DogFight %52 A& 18
. FEHEAR R R, MR UAL GAT 55 R R GRS B
KA TERAS RRE 85 BhAS UL IR 5 R o S AR At T — Pl AR T 52 . LABBRAL 25T
SRR DR RS VA M R AR AR AT BE R T B —, AR TR LA
SRR S), SIS A BT Bh o B 2 51, I SEIIAS 58 45 R4k M R e VSR e
B F2E50, SR H AT SRAR Bl Z A 22 . RBE N BE /159 R AR S s, 3L
A% 10 RETE T8 R AT B 2 — P RS B AR R 5, 50 2 o i P 500 R o LA ) 18
R T), AR U BRED N AL SR IR LA . BRI B 2 R G A
=B, @SRRI R B AR EOR K, B SR AL SRR K R R DT 1A

AN Bk, Ed, EEREORE RG TR BRI B, KPINERI ). &R
WBRFITIWITT, KA NN EEE . TEEESSFFERMERE. FAERIEE
P AR B AUH S TR0, W R A B U KT H BB, 252K
HOWES), ZHRRIR RIS — 42 =558 hESE SiH e R E —4%
REERT . PR P WU E U e X ALK, ERiH T x ALK, P EIEE S
FRBRME SRR LY RSB TH, TEEEAFRITEIZAHER. 24HE
o S0 1V B =



CCML 2021 ZFAETER=ETE=™

— BEEET ——

BT RHEEER AR B A A AR

T R B A F R o+ RO, BT 1962 4F, SRR E HTE B L AT
HUEH T RO D, ESEYERN N OV E R REORWT T P2 iR AP AR S5 —
A 1 [ 2K — BT LT

Tt TR AT RS AEE . AT R R IR, R O R i A SR
BSCE S ey, U FEEFTRRONA G, AT E RN KR AR N 51 %, S8
B, MR A FE TR LTS .




CCML 2021 ZFAETER=ETE=™

WK B R

HHEH CEIS R BR A 7 (BLURRIFRHREED) 2T 2006 4, JE B A% 8000 75
TG, AL BOR A R R X R RGP R R R AR, R B MR AR AR
X B0 BERERESES A0 ST A E A O AR R A,
CIRAF M E LA W BB e dt EARTER O, A AZEaEE A
TRERROURL ZK . RS R — 5K Mk A [ 9 25 T A0 e v & S N L e HOR Wi 7E 1K)
FOTEAR AN, BAFENELTEEZ N AR BN, £ EEREES
RS R AR R A AR S, A FAE R R TIE S M RS IR BAE S RS
Z AR _EIAE E NSRRI 20 E F AR B AR
HALUER . (ERZERG W B A WA, P 8 G B BRE e, |z
HTHLE. M3, F8. EE2e. HASH.

WRERD R LB S W N TR BEHOR, BHEBARIIRME, Tmmsls, Eams,
T PR ORI . RS AR T B A R B S BRI K
TR, FHEEEEMR EE R HETN. AAE 5 0% Z WA LA E Rk
(IR -




CCML 2021 =1/ EFERE=TE=%

B IUTE R

A= @ B & AT S L AT S R R T R . RIBRS, B CERN AT
B RET- & AU 4 B —— 3 4 = AE B A3IDC MarketScape T [E ML 2827 51 °F & Wi 44 —
(2018-2020_F2F4F) o ¥ IELEPIEANLECB Insight 2 BRI A B1% K 4 BR B AT Rl S (M AT ]
BEEL. 20204F11H, # O H TAHVFS) PP BRSOK BRI A =],

HEOL LK, S & 2R AT A KE, 20214E1 H22H, 55 Uy =0 E A 58 D5 7
feFTeRE:, MEmEA, FERAR, FIMEREOEE, JFoINEZ GG RIS EIT.
EH. PEER. P, EEIERS AR . T H P R IR ok A
ZF W RBRHEI BT, IF B — 5 R EAARAT LR R AL A A .

SFVREAKAT 725K AL B, Hrpizo ™ o R ALRYE R SiSage AIOS, EALT
AL B IWindows (HEfE RS0, CASZHUARMEAL B NS . oo a8 58 14 LA R TR Al
festmaCAL EE. thah, 8D RATRS i B O B 4 E S AT s 00T K T H
Sage HyperCycle ML\ — i X & it 12 1 °F & « R LA LI ) 4= 4 4 J8 S (0 AL ) &
SageOne, CATLIL T EHEH 1. BIERSG. £ T G2 RGN, Aeib R g
PP e AR HE AR A, TETIG A AR I s YA HBANE B2 P S B N S s B
MER, A A T H AT IE B4 T

WEHEAT, HRFOEE SR T Sm. B, GliE. B, BUF. BIT. BN, B
ey Wi AW ERZAT, B THRAT . SCIBBRAT . AT P ER . B EERT.
RE AR, NREWR. EERE A R AR E. REEET LR R
REALEERY, FOhRUEAL . RTTREMIAL™ ,  BRCONINIE A7 b e o 5 5 e 4% 1) B Bt 150«

TERIRES H AR EATRDNY A, F P00 T IR S AR 55
VERETE, WS RCR R o [ R e S 2 R R N LR RE R R 2 — 453, Bl A4
Rl R teah, D0 RTEAutoML (ESIFLESS 3] HoRSURE Tt 54556 b
fir, AT L, HIUERIFRE30Z N AutoMLEE 7 [, TR T B s, k.
REERI AutoML AR SVEAT R s 78 E PR AR B 1248 5% F8Kaggle K IR Jm 8/, 551U
N AutoML V3 HE4 ¥ 3 N FTE N BB IIRT2.2%, Bk E 4 BkoT 6450 TH A S g Fol 27
%, HA R MR UG AutoML . 20204E3 H, 25 DY ¥ 50 AutoML N3 4> Bk 45 48 1]
b Gartner {1 RIRBEH AR HMRE) .



CCML 2021 ZFAETER=ETE=™

KO REMETRAEFRAF R

KD % I A7 PR B ST T20064E4 A, 2 B N3RS0 sh B iR B AL FES
F (GPUD FHP A Ak, 2w 7= ik R BB R G WS S5 07, [z M
H T e A SEE R B U, 2 —HK B R M S R A A

N FEIIA 100044 055 51 L, Hoh iR B EUE BE70%EL 1. 20164E3 ), SaatirE
BYNEFR AL 5 e BT, RS : 300474, HHTITEEE20012.

NEIB TR BRI, 5B ARMEGE N, R RS, &
MU 2. PRI B IR SS « A 7 A ST AT IR AR P BRI B SR, 52 5 R
TR AT A A L R S AR KRG R, JRROLI A SR80 = . TRF L. 2K, EHEARE
WERABIRRE S MBGRIG e BIRE S, ARISH . BHRBEAT. R KBV A, B
FTRNBE P RIEM AR B, BIINE RIS, BRI REE, S 7% ELE
FBE%:

Kk, FEMHMBSERR TR TR, RGP IR RS RS, &0l
R MHE I, ARG, DA S AAR, sk, R, SEREER
RIS AEPEAIAE S, (RN T i B SR A 2

(W R e
PEEREY !
if.lll{i Y '!




CCML 2021 =1/ EFERETI=X

— BERBMNEXERGTREFRET —

| By B S B I B A2 1953 SR B T RV A P BN R 3 LR e, B4
FIM L, BRBERRHAE AR KR BUAZR . “MaZE 000 T W E A4 I a], 258 [E 28
TR E R TR, s 0 R A T B B R AT e R S b R
1970 4, “EREERRERY, SN KD THEBE. 1978 4, Bod b BN R CE J B 7
FHARKE. 1999 4, KibMesp. Kb TR EZ B EUR %R 3N E B R R
Ko 2017 48, PRFEZRE, DEPERFEARARRS: . HEC R0 EERFE . 7
ZIEFRE . BT TRERE, DR TR S GQIABe oy, E PRk, Jf
e E 22 R TR AR 63 B FUHTRIA IR BHEOR 5, I ZE R i 9

FRIVE T A TONE, BT FEE A A Iasdtat . %8s TR etk bk &,
W EeE, Tof, Fde, B VR A 6 NTIEK, A 45 DARIE I HEE R,
26 N GERHI AR, 23 A R FRHE L A RS TS DR 4 [ — A R
PACF Al T, SARGRVE A SRR 8 A, Hor, A+RERIE 4 M AR 3 A AR T A,
AR AR A R 11 AL {5 RS IEE TR tHENURRE SRR s TR 51
ARy B TRE, EHANAE TS 5 DERNIERE W s afh 4 5.

R R FURT R ZEH HIR i, AR T SR AE R L SR A L NS E A
NEBN S AERR, RERIREDUE IR TR, BhoAa B SO 2 BUR K G5
MBI, 8K FHEK, AWRLEE EEECE, BREREAREE . mACTHT
AHE . SRR EE MR EERML B IR R AL E R Y N R
R IRANERS N R IE NMESE, DR B GQUET E 1 %054, s JE AL
HSLER, SRAEENRR, BRI RS A M EE R F OG-, LR
B A& L. BRI SHNEERS, e RIS NPERHEE. H s
FREEREIRNLE], R B A ST IR AT 308 I RE S BRI T, ERAA3E
R, NEZME ARG FRE 7420 T4 RN, Hb 60 N2k ymke ki,
650 RNJEAEE . #. FEHLL ESUFIRS, FrH— KGR B E R G B i g~
“FF-10 Z A RICHIXFE RN A

FRGE PR B E QI R, KA Mot A S AR ] [ O B BRI U A B



CCML 2021 ZFAETER=ETE=™

1%, T8 AU R A B (e [ B BH A £ R0FH R R, R T LRI RSB G L
R4, AP RRESAEMLRGREHEA ., R RIMATE . WOGFEIE. @M. #
AR — KA B BEIFT SR, QUG TR s B < [ g,
ERE R, HFREFI— R AR G B LRE N EETTik . SR R — 5t
P FNLR GUES N R T S . SAIAE 2020 4F 1 H 2847 1 B ZARFEROR iR
2 B SGR 5 TE R A AR

[ B bR K 2 B T R BB EBNLR A TR, R 36 Frml—ii A Kmikz —,
/2 ZE BA e — N [ 5K — I B — TR K R SRR B AL

[ B B K R G TR B R AR T 1979 R B IR FHOLINR R TR S ¥ R R
Jemick, FEKMEHEY S TR, BESMELSM. B TR, HRIHR, REEEH
SN BEEERE TR KBIE TS 7 NEAARE WA 97, & E R E I
FEEEARG. NI S AEE . FFEBO R, R AR TS o6 5 e SO0 R 22 5
FOEEHM . EHHAE S LR ERDRE R N — @R R, R4 E DR RS
251 Ate




	大会简介
	第十八届中国机器学习会议（CCML 2021）由中国人工智能学会和中国计算机学会联合主办，中国人工智

