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% 19 Baseline (a), (b)¥ 77 = 4a9 (a), (bl wi-&3haL,

b £ 19 (c)-DWHT, (c)-DCTE = 4a2] (c)el
H$akar, F 19 (d)-DWHT, (d)-DCTE %= 4a9 (Do S = Urt.

o}7]A, #% 19 A#H}ELS BT, width hyper-parameter 1.1x%1 ShuffleNet-V2olA, & Ade] & 128,
256, 5122 3} 3P Aijo|r},

Z 1
Top-1 Acc(%) # of Weights(D # of FLOPs(M)

Baseline (a) 71.71+0.25 1.57 105
(b) 68.16+£0.07 1.57 105
(c)-DWHT 65.89+0.26 0.92 52
(c)-DCT 66.55£0.5 0.92 54
(d)-DWHT 69.13+0.083 0.92 52
(d)-DCT 69.23+0.14 0.92 54

= 429 (c) F (Dol Z=AlE EF 7325 RelU X3 oJF-ollA o]z} k. 3E 19 (¢)-DWHT 2 (¢)-DCT},
(d)-DWHT 2 (d)-DCTE st wf, ReLlU &4 <=7} CTPC EES o8l B wio] glojx, A% ES
A9 &% (Top-1 Accuracy)ell 99ddS e S & 4 UG

% 4a9 (b)) 2 (Dol =AY BF FxE=, 7247 ROPC BEI CIPC BES 7tk ZelA Aozt .
1:_‘(:)_‘ u(—l/\/N/2,1/vN/2)9] Tv‘:_";‘n—i_oﬂAi %‘:E.]_Q_i §7]§‘E]

RCPC(random constant pointwise convolution) =&
o] g5 HAAAAN 7tEAE aAs= PC doloE o 5 Avk. £ 19 (b)9k (d)-DWHT 3 (d)-DCTE vl e
o, Top-1 Accuracy, Weight®] 4=, FLOPS] 4= SHolA, T 4a9] () Z=AlE EF Fx7F €58 & & 9l
th. o=, o4k FARRD WE = o4t YA]-lrhul= WE 7|uke] CIPC EECl 98], TA22-Ad AT (cross-

channel correlation)? 9v] Q= AEIV} FEE F ISS gr|g 4= ).

¥ 19 Baseline(a)$}, (d)-DCT % (d)-DWHTE

Blsk w, Top-1 Accuracy:= &F 2.5 %= Yolx|= o4,
Weight9] 4= 2 FLOPY] 4+ Z+7; 41% ¥ 50%9HE %

B R

b=, S AAdEdd wE, 2Y wge] gy A
g (hierarchy level)ol W& A5S vuwslr] 93 g =

o[\

2go] A& AdE UMENA T2 A

= 4be] (a) WA (f)&, CIFAR 1000 thsted, Fele] ShuffleNet-V2e] F-ZF(architecture)ol] wE 2} (401a,
401b, 401c, 401d, 40le, 401f)¢}, Ze 9 ShuffleNet-V29] FZ(architecture)ollA] A5 AZ dle] H9
ol CTPC BES A& (A3 Ax(403a, 403b, 403c, 403d, 403e, 403f, 405a, 405b, 405c, 405d, 405e,
405f)o]t}. o714, Baseline2 Z# ¢ ¥ AYWFEA REo| w}E, hyper—parameter’} 0.5x, 1x, 1.1x, 1.5x
4 wjo] A2¥= yEeRar, DCT on high level layers @ DWHT on high level layersi= & wmo] oAl A}
W3 g o]Al YA]-siujut= W3 7]uke] CTPC 259 wWE, hyper-parameter”7} 1.1xd w9 3719 HEH A
2H 2 (network instances)¥ wjo] ZA3tE LERIT,

[P

Z o] ShuffleNet-V22e] *+Z(architecture)ol A, = 4b2] (a) 2 (d)¥ =& A= @ (high-level layers)odl
2ol wwle] (TPC RES 83 ZA7(403a, 405a, 403d, 405d)e]a, T 4be (b) 2 (e)&= =7 A= ¥4
(middle-level layers)oll 29 #eo] CTPC BES 283 A3 (403b, 405b, 403e, 405e)¢]al, & 4b9] (c) ¥
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()= %2 A% @8 (low level layers)el] #9 wo] CTPC 2ES A-83% A3(403c, 405c, 403f, 405f)°]

O] =] %7{1} 7LEPC— Aes & F 9)«5}. O]E, ol4t AA|-sloul=
S 873k €1 9 A&

HE FE3= 450l 9 HAdute AS gnisit.

% 4b9] (a) WA ()= =9 ShuffleNet-V29] FZF(architecture)®} T g Ao xwk 2 9] MobileNet-
V1(Howard et al., 2017)¢] F-Zo distol% o]} FASE A (3 2)7F Bold + Urt.

=z 2
Top—-1 Acc(%) # of Weights(D # of FLOPs(M)
Baseline 67.15%0.3 3.31 94
DWHT-3-H 68.194+0.35 1.47 73
DCT-3-H 68.21+£0.19 1.47 74
DWHT-6-H 68.65+0.27 0.68 48
DCT-6-H 67.95+0.53 0.68 49

& 2004, (B3 T/H)-(H88 559 #)-(H8d AT @S oujgdtt. «oF Eof, DIHI-3-L&, T
MobileNet-V1(Howard et al., 2017)%] Gxol|A], o]at HA]-sltpnl= WHIH(DWHT) 7|¥ke] BES, @& AF
H(L)oll A 3719 &5(3)o tiste] 483 AdzE on|gi},

¥ 28 #%xE uf, 53], DWHT-6-HollA Baseline® H]W & uwj, Weighte] 4 2 FLOPS 4 =WHolA 79.1% 2
48.4%%2 A E vhH ) 1.49%99 AU FUHESES o 9

E 22 B, 29 299 CIPC ZES 2 AF Aol 283 A5 715 sevgE 2 FLOPs¢F A&
= ZFe] Efol= 2 Z(trade-off)7} ¥ &&Folgte= A4S & F A

H
()]
rr
e
(e

o

z,
o,

of tigh RelU &4 9] ks Awstr] 918k gz olt),

= 59 (a) % (b)¥, DCT 2 DWHTEZHES AZF #H¥W A (activation)E°], < A= @A (High
level)(501a, 501b), &7+ A& @@ (Mid level)(503a, 503b) @ & AlZ #¥ (Low level)(505a, 505bh)el A,
Fol FHEF 29 FES AY T2 VMEE HHYE AS YeERdT. o]#3d Fo] #gEL A2A-Ad 4E A

B (cross—channel correlation information)< 7}& 4 Utt.

o), 84 39 ¢, D 484 49] H,ol B, e nkel o], & o] F(positive)e] FHEhE ST

(negative)®] SHelEES AAE 714 AdSela, 47 ol stevgEst &0 stelgge] Ay Eo)
w7} 7o) BAely] wWolth, walA, wg wwe] pC doloje] BAol RelUZ HEak AL, Lo Bl
HEd maE Ama-Ad 4w 4uE Wt discard) A9E AL & A7) W], AFuE owAd

oo

olof thek AAA Az, E 19 (¢)-DWHT 2L (c)-DCT3, (d)-DWHT 2 (d)-DCTES thA] #x8k w], RelU &
A FE7E CIPC 5 EFshe 29 wied ojA, AW UEANAS] A= (Top-1 Accuracy)ol otddE
T A4S o4 5 Ay

E o6, 29wl e AR AWs] 97 el

= 694 “Baseline” &, Z#¢ ShuffleNet-V29] FZ(architecture)d] W& ZAPYES u]star,
“DCT-3H” &, Hg @] o]ak ALl W3to] 7|93l CIPC RES =2 AF o] 3719 EFd tisle] 4
&3t A3E ousta, “DWHT-3H" +, g 9 o4t Pr-sitpvl= Wge)] 7|9kst CTPC EE5S 2 AT

Aol 3o B2 hatel M@ AnE olv|@rh,

=6

o

4z o, DWHT-3H 3 DCT-3Hell A wiAlgt 370 B55¢] 3 x 3 &3t Wake] AdFA 7H%5(603,
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FE BT sl v I o) TsE Fste, V] BE HA 99 v 2 UiVt E ¢ Ar. d8 &
W, A e w2H, 2ES ASIC(application-specific integrated circuit)® FElE F+d= 4 dvt

2 EAe bt AAGELS 717 (machine) (4l A=F FX]) 98] ¢S 4 Adv= A A (storage medium) (&l
g Wiy e 9 wEE)d A sh oo WEHAES X AZEY(d: Z2a)EA T4
g3 5 k. odE EY, 71710 AR AA) o ZRAAE, A AZEE A" st ol HEAE F
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olH 7} Aol MFFA o AGEE H5-9 dAH R AGHE FATE FESHA &

A oof] w2, B FAjd JjAE gpFst AA S wE e HFE T2 AE (computer program
product)oll 23FH o] AFE & Avk. FAFE ZEIH AFS FFOEA Bujrt B FufR; ghel] AE 3l
. AFFH ZEIH AEFS 7R

S = A= A WA () compact disc read only memory (CD-ROM))<]
2Eo(d: Fdo] 2EANNE Tl e TN AFEA FXE(: 2~
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Channel Split

/

115

1x1 Conv fll?a
19— 12l

3x3 DWConv _,/"123
119b~t\—\_‘ESN

1x1 Conv fll?b
119c— BNReLM121b

Concat f125

127
Channel Shuffle —
RV
25
o —— Conventional PC .-.203
= —— PC based on fast DWHT &
§ 201 — PC based on fast DCT
©
=
215+
c
=]
S 101
=
S 205,
E 54
kS) 207
% T
0 2 4 6 8 10

Number of input channels: 27 (0 =n < 10)
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EH3

Algorithm 1 A new pointwise convolution using fast DWHT algorithm

Input: 4D input features X(B x N x H x W), output channel M

1: n <+ logy N

2. if N<M then

3 ZeroPad ID(X, axis=1)
4: end if

5. fori < 1tondo
6: -

7

8

11: if N>M then
12: X = X[:;: M,
13: end if

> pad zeros along the channel axis

‘l 1‘

Channel Split

Channel Split

BN RelU BN

BN RelU BN

() (b)

|

Channel Spiit

|

Channel Split

73 73 73]
72 72 = 724
! ® ~401b| #
i1 271 2714
g g g
g7 g gro
< < <
~ 69 ~69 ~ 69
g g . g ;
68 —— Baseline £68 —— Baseline 268 —— Baseline
~=— DCT on high level layers == DCT on mid level layers ~=— DCT on low level layers
67 ~— DWHT on high level layers 67 —— DWHT on mid level layers 67| —— DWHT on low level layers
05 10 15 20 25 05 10 15 20 25 05 10 15 20 25
Params (M) Params (M) Params (M)
(a) (b) ©
73 73 731
405<;L.\ _-403d ‘ s
72 — = 72 721 3
# ~401d | % ] ~401f
7 7 XAl ‘
e g g
g7 g7 gro
< < < ‘
76 69 =69 ‘
a &
268 —— Baseline £68 —— Baseline 268/ —— Baseline |
—— DCT on high level layers —— DCT on mid level layers | —— DCTon low level layers |
67 —— DWHT on high level layers 67 ——— DWHT on mid level layers 57‘ —— DWHT on low level layers |
50 150 50 150 50 150

100
Total FLOPs (M)

(d)

160
Total FLOPs (M)
(e)

100
Total FLOPs (M)
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E95
20 | High level
| _503a Mid level
15 Ir' Low level
10
5
0
-1.5 1.0 15
20 High level
| _~503b Mid level
15 Low level
10 505b-., .I\-
5 J.'.,I}\'?:(S[}lb
0 . -:- b
-2 =1 0 1 2
()
EH6
25 Baseline
__;,..601 DCT-3H
20 —— DWHT-3H
15
10
5
0 = 2,
-0.10 —0.05 0.00 0.05 0.10 0.15
=97

Top-1 Accuracy (%)
=
n

0.00 0.02 0.04 0.06

Weight decay of last 3 layers

0.08
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