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(13),itis s ta rif t t O(p1) O(p2)
O(pm) frexedt finltien &f ices 1 ls ric lrms,
n rit O(pi) — O(p) fex sire licit . T n,

t fele ing uj rinc rrer nlsisY v
y
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Theorem 3 VR € SOP ),

Vi) o] o0
I I
i[ok] wefar] 0w -0(55). 09

where transformations acting on discrete inputs and fea-
ture maps are defined as 72 I (P) — 72| (P) and

n20 F (P=) w20l (P, A), fespectively.

rtiéul I, net t t( L. & ®us € te

sign n yu\; ri nt CNN ¢ ucli ngren , n
c i u rticer v w I'€i ire tien fer
irmg sint iscrt exmin. @ rt ¢ nenl

it t t int ucli ns c, irtd 11, Yxtn
t irt e tot nen ucli ng emtr,i,t s r.
B centr%t, cnenl ci first r u rinc
Y reire tien rtt Ygri si p, st r rsnttienef
t s r us isnen ucli n structur

nt
rt
ri nc
1

Experiments

lut eur @ CNNsentr tst. T t

r rec ssing, reqp 1 rc it ctur s n tr ining t ils fer

c tsk r rei in t u lrntr trilfer
r re ucing eur r sults. y

Spherical MNIST Classification

felle (Ceo n t 1. @lg)in t
W oticl N T,n r r henret
ing (NN),nen ret t tr ining n rext t
ret t trining n tsting( )tsks.T
t tsts tinclu " 000 n G0 ire g S, T S

rn e slct ,0®trining irng s s i tie:n
W% ) . V.
St,nC&Strrpllttth i tien rrer
uring tr ining. n uts r en 1 ices rls ricl
r1 S . Ferf ir cewey risen it Xistingrmt @& s, Iu
t eirrmt @ using srmll n 112 rem lrs cg }%

r rtien ef t
tr ining n t st
t sting(N ) n
tr inings t n
cti 1.

sseninT 1 nusing t sre 1l rem 1_9 3k),
Gr rmte ci, S pa44 tst ccurc ent "NN
tsk. T rsult cr ssteg. 9% @t N tsk
rminl  cus eft i rinc rrer ft r iscr ti tien.
xY NtC ci, scen r | rsults using slig d
tepr T ormtrs, Utit rferresignific ntl  ers en NY
n t sksfer] ck of res tien idc. CNN r
fexres ttrent N tsk cus itisn rl x ctl
U rint. & _ ritc nnet rferrs 1l et @ repr
ire ext nttsks,I\}/N n , cus eft istertien frexe,
nenunifexre, s re ling. rgu t tt s t etsks r
repr irmpe@rtnt cus't trining n t tsts tsef repst

t sks r «fi ntic 1 istri utiens.

W nusingt 1rg reppr 1(1o0K), @lirret @ 1 Sl‘]ltsin
n @I rsultsent NN n t sks (¢%. &0 n
8. o), rs cff 1, ic imre t 1, iGs @
r sults (88, 570 n %.317%) signific ntl . Net t tt r
v leus @ rosults r c tig nfer 1
nr N T, nt rreerts fut rr uc refpr
t n ousingeiremt & . y



o | .. NN N # T rep
G CNN(ing t 1 ufa) X e d }r.é ,pr 5 :’k
2
X I\itCZ ng t 1 €8¢ X M¢‘i£ £“0 1 _ DT 75k
PDO-eS°CNN | a0 5" JR Y | 3k
r Nt(Cetrs,Cen urc , n Gigr 0]1&) X Py v l%k
FF CNN (Ken e, Lin, n Tg i Qﬂ:') v o4 96 M4 e k
ces rICNNCe n t 1 €18 ° v e &% o i le k
PDO-eS’CNN v 99.60 :0.04 44 =+ ¢ 5 99.45+0.05 1.tk
V] @’
T 1 sultsent s ricl N T tst it nenrext (N) n rett ( )trining n tst t.T s cen celurep
req 1kS t rt S rem IS r ret tien l{} rint( . .)int s ric 1l exein.
o 1 rey CC @ # I orep o | Il # T orep
N t 5. 35¢ L nenC -2
ces 1 ICNN 55. 3e. CNN 5 . 1.
( - rC IEI I\} A7) 20.9 ;&; N FF CNN ,,:’- 1
; 7 % % PDO-eS’CNN 3.78 £0.07 | @
x Nt 5i 3 1.5
PDO-eS” 4+1.0 44. .4 . A
0-¢5"CNN 60 o 6£0 e T 1 X riemntlrsultsent Q 7 t sk.
T 1 3 ry cC N rm@& Cexey risen en 3 tt
L, 151 sedutien. . -
cress ret t filt rs. T til st tistics «f rcl ss fer
tistskiss @ nint u lrqntr trl
sy  @tin repr ceee tifj rosult (8. 50) en Y
] . o . . . .
t N tsk. B centr st, ces r1CNN el ci, s Atomlzatlon Energy Prediction
Gogbtst cdurc  cous itisenl i ridnte rt Fin 11, | armte mt Q ts t (Blurm
i Y Yins & ret Yee, Loy, i
ices rlgren 7 ic rmrl centins ¢ ret tien Is re n repil %, u  t 1 e, rtogeliste
rqtri . FF CNN  rferres®  stentistsk cds it rgrs¥e roterei tien norgi sefrem cul sgi N texec
is Isen 1l x ctl u\j rint n US refiC repr esitiens #j, n ¢ rgs . Tis _Us tcent ns,, '% 5
rretrs, Utit rPerres signific ntl  ers en & rt sks repd cul s, n ¢ reml cul centins u P teres o
(NN n ) cus et istrtieninr r s nt tien t s( ,C,NG ) us t effici 15 fel cresy, 1

frexenenunifesrrss re ling.

Omnidirectional Image Segmentation

n exi nt tien
su

Qi ir ctien 1 s rey ntic s Zre nt tien is
r tsksinc t nturlscn irmgs r 1

rig t U tegr it lut etirrmt @ ent X nfer
3 tst( Temni t 1 &) ic centins!, 13
uir ct ngul rir g s it 6B’ t ¢ m Is, n s
tmnticl Is cress® iff rntcl sss. T in ut n ent
uts riclsignls r tt 15 r selutien us
t effici 13 fel cresg, li tientetrin n IWt elr

rey I, n r extt re nintrs ctim9 r unien (re @ )

n k 1 ccur ¢ (rm cc).

r etelfrminrsultinT 1 3. s eint eutin
tVong t 1 ele),t 3 tstis cuir it
rfrr  exint tien, t us n exi nt tien r s strmCn

n fici . Qur rep 1signific ntl et rferses ices
r1CNN, rminl cus t tedf rem 1 is eri nt tien
il tYlttr ssurms ne rfrr e nt tien

r,
Cexey 1 it x Nt nerint tien I red |, elr
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y
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i Y tien) tatr in 1 v W ¢ irrem |, N r extt remt
fm NS UT

rrex ( ).
sseninT 1 |, cees 1 it & rs ricl
CNNs, inclu ing - CNN n FF CNN, etreemo 1 ] s
t using frf r remtrs (@ s 1),
seinggr tr rfearmnc n rrntr ffici nc . Qur
rmt @ Ise signific ntl eut rfexrrep v I cewe] tig
em It L trinY enrn e rrit Ceillewe
rtric s(C )( ent, e t 1 & Y n  itientis L
rmt & isunlik 1 tesc 1 tel rg repd cul s, sitn s
112 srml &% n er rrepit tiens, ic gre s X @

n nti 1}% it t nur rsef regd cul s.
Conclusions

ntis erk, fin ¢ rt s € n t nus
t rete sign ref tien u\j rints r1ic ICNNs, @

CNN:gs. €© CNNs r S teire | re Nt @ nen
ucli n structur r r s nt ti¥ns, n nl t

j rinc rrer freme iscr ti tien. xtng Yx
ntg, rif ¢ ffcf nssefermt o.

& Y ckefer ekist tt W rinc ¢cn
nek rsyg s 11s CNN n FF CNN aint
iscrt  ewein. nfutur erk, il X lexr repr 1

n tt r nurs ric 1 ¢ Icul tien
u\; rinc int  iscrt ewe in.
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