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Exploring Token-Mixing Structure for Transformer
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The Transformer model, which applies Channel-Mixing and Token-Mixing alternately to input data, has been
developed for time-series data such as text and speech. Recent studies have shown that this model can also perform
well image. Various improved models of transformers have been proposed for image processing, many of which
have improved the structure of the fully connected layer, especially for Token-Mixing. However, these structures
should be designed manually, which requires advanced knowledge about the characteristics of the target data. In
this paper, we propose a method to automatically acquire Token-Mixing structures by learning the relationships

between Tokens.

In our experiments on the image classification tasks, the structure obtained by the proposed

method achieves higher accuracy while having fewer parameters than the other Token-Mixing methods. We also
visualized the Token-Mixing structures obtained by the proposed method, and observed that the proposed method

tends to focus on spatially close Tokens.
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IFEOBIEFEC K B EGEDFEX X 7128\, Transformer
[Vaswani 17] 2 N—R & LI BHETAREVERE HIFTE
D, TERODBAAA=2—F L%y b7 —2 (CNN) OFEE %
ZD2% % [Dosovitskiy 21], [Yu 21]. A SIFEREERD
PRy FIZFE L TR, BiRsF v o pFt, R38R
Ry F L% B ATHE R TG DB LIRS (Mixing) 35 &
TR ThN S, — KIS, F ¥ ¥ AV TAIDRHE R
% Channel-Mixing, ZZ[#/7 A OFHEIHHEE Token-Mixing
XAl 5. ViT[Dosovitskiy 21] % DeiT[Touvron 21] C
%, Transformer ¥ [A#£iZ Channel-Mixing {21325 & E %,
Token-Mixing 213 Multi-head Attention(MHA) % ZH
AnTWwa. LaLkd e, MHA BEASFELHICEWT
HELZDOTHD, EHELUEIZBIT S Token-Mixing & L
THOED E S IR ORI H 572, gMLP[Liu 21] TiE
MHA %%y F 7RO ECELZED 12 5 Spatial Gat-
ing Unit(SGU) \CE Z#12, MHA ZH W2 E7 L L [AZD
FORERER L. S®-MLP[Yu 22] TiX, MHA ofkb b
Wy FREMAMIC—D0> 7 LDbR2EE % HEH
T2 T, EMNAREME AR LTWwS. ZHICHE
L 72Fik e LT, CycleMLP[Chen 22] Tl =2L E#fEh 7z
Ry FELETOREEEITS CycleFC 28R LTW5. %7,
[Yu 21] THRZE X117z PoolFormer T3 Token-Mixing & LT

— VY ZERAWTED, HMRRERD ST 7 VICHE
TORHEZERL TV,

HSUEE 7B W T, Token-Mixing (FZEM R %
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. il LT, MHA 132 TD %y FI8, CycleFC g
75%’&2% ooy FETE, =V AEED Y FREIET
R 2175, Zhotfz2ER L &, RAZITGL
TYD &5 % Token-Mixing 2358 L TW 2 DO HIrd 512
RESE L BINEZ R 20T 2 mERAF#IRD b 5 —77,
Token-Mixing DZERIFVRENE & BA&M 72 E 7L OMRED BRI
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WIS ICRGER ZERNRHE 2 F O L 3R 53, 2o 2l
%%Kﬁ&?é;tﬁﬁﬁﬂxF@ﬁfﬁ%ﬁfﬁ&m

Z 2T, AW Tl Token-Mixing 12X U T ik Az 2211y
etk REIATREGEER M 2 3E L, iR 2 KT 5 F
i%, Adaptive Fully Connected Layer(AdaFC) #1253 5.
Token-Mixing 12 AdaFC Z#EH L, ZDMDERs ZitkFiE
& [FIBkZ U727V % - T ImageNet[Russakovsky 15] O
DR 2R, EERLHKRT 2 2 & THliz1To 7.
F 72, 854172 Token-Mixing Z At $ 2 Z ¥ T, BOFEX
12k o THZ 2 2R 2 H S, ROETIHEFD (v 7R
+T, BuETiERih Sy FELTER TN 21T 5
Z e DERRE L.



2. REFEX
2.1 Adaptive Fully Connected Layer

2Ry FRIOREHHEICBNT, CycleMLP % S2-MLP TlZ
EREAEEICHLFEEERLTVWS. BHEOE/AE DR
BRI L () D X512, AMMOETDF v > 2BV
TRy FOMEEHREH L TEASITITS. 22T, EH
DIV vy FZFNFNANB IOCHAFHETH D, KFhDF
Ly OB OEBS A X 2EAMTEMEERLTWS.
S2MLP Tl&, ANFEZ Ry FAHRICS 7 F LTS
2112729, 1 (b)) WRT KDL Z Ry FRILZHEH
LTEAMITEZePTES. CycleMLP TIZEADITT
5%y FABEIIZDOWVWTH L () DS BR—ED X -V 2K
TH5IrT, XOEMERMERTOREMEEFEREL TV,
ZDEIRF v RVHRDEEERCHAT 22T, ASME
BOKRE ZTHIRD D, Ry FH AL IHBMUIZEET
HRT A —REEKRKE LR T Z 272 { Token-Mixing % 522
TEZLWVHHMENDHZ. —T, ThoOFETHREMET
= BHEHHIBICE ST ETH B e, ANHOETF v >3
N EHR Ty FOFEIC—W— DGR TRIFIUIR SRV
Wo 2l D 5.

ARFRTIE, K1 (d) ITRT & 5%, @Oy FEEEE
BERHETHREH L TR F v v 2 A UGN 720 B BAA
735 AdaFC 252 L, ZOHEORX—VEREILT S 2
CEHNE TS, AdaFClEXKI 2 D XS5 cREIN D, /2, |
Ha—FE7LIY XL LIRS, PRXvFrHi5CFv
VANDANEBHE X € RO nEZzo5N5 b %, 28
BERARIA—Z W € ROF 2HET 2. AMEETHETIEA
SRX—ZWIEZHB 9 F pllBI2EyFLOEELER
Fr ANV IR LUEATHIHEZ, WiRLTY 7
b 7 RBEE T, ThEBEHAT 201 X L EREE
HELLDL, MleRDTEX C ORI MLy, 215%. Z
DY E, W BRELINZIHEMERED Y F p I LTH
HENBWAY FEMHT 2 e pUiFEshs. W Ry F
HENZS 7 b LEBLETDORy FIIN LTI OHEEERED
BL, BTD yp ZHETEIETETORYFITHLT W
PHALEZEANEY ¢ RO pnEoh 3. BRIEsAE
Y € ROFPITH LT ZEHAETOMBAREITS
e T, B3y FRITORYHEAREL 72 5.

2.2 EFILER

AL TIINERMIL L FBEZ T 5 Z & TREFEORT
fiiz47 5 728, Token-Mixing D7 ZFRVT [Yu 21] & [k
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5RD, FRT =Y TIEIRIICHEBR E IIATFBEEL I —*
NP A ZX3x3, AMTAF2DBAAABIET. ZHud1
FHOR T =BV THIGE y FLL, ZNLIETITRHEH
BEEEMRELFE MR T 20RDDH 5. FRT—ITIEX 3
RS 7Ry ZEEDRUEA L TREMHEZITS. £/, 1E
HULEI1Z1E Group Normalization % W\ 5.

Ry FALX N ERICIEE X R IESTFES 5720, H75
[ RFNFIUCOVWTEARTX—Z W 2HEL, #
NOEFA L0 RKEEITS. BEWE, MM e B
DFANEIZ X > THEONZFRUSEWIEL 250D, 1
BEHICI>THIRTE 23D W L. W 3% Token-
Mixing 12X L THE T2 Z e dAEETIXH 205, T X=X
BOSR LEEMERLS 2720, 27— Z v icElL,
ZNENDAT—=IANTIERALDOEFHTS. koT, ¥H
EFIVIIHEAAE KA ZR EZRNOD W B RO,
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2: AdaFC 12 & % Token-Mixing

FILTdV XL 1 AdaFC I2BIF 3 EABHDORIEa— R

Input: X € R*P W ¢ R*F C>0,P>0
Output: Y € RE*F

1: for (¢=0;¢ < C;c++) do

2:  Wle,:] < Softmax(W (e, :])

3: end for

4: for (p=0;p < P;p++) do

5. Y[, p] + Sum(X © W,dim = 1)

6: Wl,1:« W[,: P—1]

7. W[, 0]« W[, P—1]

8: end for
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3. ERAB

Token-Mixing & LT AdaFC ZHH LTV ZHWT,
ImageNet-1K[Russakovsky 15] @ 1000 27 5 A3 X A 7 %
E X872, ImageNet OHEREY A X% 224pixel TH 579,
2T = 155 4 DRy FH AL ZEFNEFR 112, 56, 28,
14 k5%, EBTHWAET LD s EHOR T -8B
%F % ¥ 2N Cs 1 [C1,Ca,Cs,Cy] = [64,128,320,512)]
L7 KT, s FHOXF—J B33 70y
DIEDIRLE N, & [Ni,Nay N3, Ny] = [2,2,2,2] & L7
EFN-S, [N1,N2, N3, Ny = [2,2,6,2] ¥ L7=%FFNL-M,
[N1, N2, N3, Ny| = [4,4,12,4] & L7=EFIL-L D=2 % {ERK
LTHFEIEE HREBRGICT L2720, N X—8F X —&
M OIERHED KW T [Yu 21] ERACSDEFREL
BE(L7 A3 Y X 401E AdamW ¥ L, Ny FH 4 X 2048
£ LT 300Epoch & L T¥E S E. FHERIT Warmup K
12107 5 1072 £ T 5Epoch 2217 THENE ¥, ZhDI#
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DeiT-S [Touvron 21] 22M 79.8
gMLP-Ti [Liu 21] 6M 72.3
gMLP-S [Liu 21] 20M 79.6
S%-MLP-wide [Yu 22] 51M 80.7
CycleMLP-B1 [Chen 22] 15M 79.1
CycleMLP-B2 [Chen 22] 2T™M 81.6
PoolFormer-S12[Yu 21] 12M 7.2
PoolFormer-S24[Yu 21] 21M 80.3
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4: RF X —ZPE EERD

EEAME 1073, BAKME 107° O FFAMAD Cosine BAKICHE -
TR 8. £/, ERHLDT-® Data Augmentation IZ
AutoAugment Z V>, 0.05 ® Weight Decay, 0.01 @ Label
Smoothing, Mixup % 721 CutMix, FERMNIZEDEE IS
3 Stochastic Depth %@ L 7=.

AdaFC QEANRT XA =2 W E P40, 5781072 OIEH
DHCHIE LTz, EBRTIEI W 2EELT 2 2 0BMMHED
FIFFICHED D 2728, EFA-M O W ZHIHIETEE L= %
DT X — R DARGELEAT S €T V-Init ZIERL, FE
EOHEBMGITMA T, £z, W 2EALFE T2 2Tt
® Token-Mixing & D dHE ¥ 72 3 5 ERFRIAEINT 2 Z 2
FTHTE 3. A TIX Token-Mixing i 7 —V ¥ 7@ E 721k
BEOSMEAEEZEHALZETAVEERL, AdaFC &ETHEEE
DL 21T - 72.

4. HRrE®
4.1 FESSUHEREOLE

EFN-S, EFIL-M, EFN-L BEUEF/N-Init DXF
A= R EEBROIEEREZR 1ITRT. i, AFA—X
B, EEREHENCY 57225 72K 4I1TRT. £F
JL-M 1 PoolFormer-S12 &, &7 /L-L & PoolFormer-S24 &
Token-Mixing DI ZRVTE2LFEILHETH D, F/2o87
A —=ZBHIFFEFTCTH D RH S, 5 5IZONWTH AdaFC
EHOIETADNEVIEERZER L TWS. 5T, 7
L DT A —ZENZ S2-MLP Q¥ 5T TH2ICHBHS
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T, BECELTEER>TWS., £/, EFl-Init DIEE
RIZETN-M L HERTREREDDH D, PoolFormer-S12 X
DHEL LT LES>TVSE. INHDIhs, W OfH
LOBEC L > TIEEENRELLEDD, BEFHRCL->TH
BO Ay FRILTOREMHZITORE S, ZORR—2 2%
B35 0EMEPIRINTNS

CycleMLP ¢ HELZ%HBE, 7 A-M Z2OWTId
CycleMLP-B1 Of§E % EEl>TW3—7F, €7 1-L OFEEIX
CycleMLP-B2 £ D 3k KRoTW3. ZHZiE CycleMLP-
B2 r HARToT X — & EHD 730 Z %, Token-Mixing LA
HOENZE R —B L TRV L HELTVWEHD
D, RADERIF AdaFC PEXEFH LT VI IZH B EX
LMD, ZDi®, SHOMBER LD DIKIERNLOFE
DWTHBNLETH 5.

1Epoch &7 0 OFE T2 2 REICOWTHET 2 &,
Token-Mixing % AdaFC Z{fH L7zE7 V2GR L L
ALY 111%, 7=V 7B LIzGE L&D 13.5%8h
TEMERE o,
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AdaFC ODEANRT X —Z W ZHERST 2 2 2T, Fifdhtic
FH LTz FOERECHHLELZ S Z 23T 5. ¥EROE
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SINVHBNS % ¥ B 2 8 TAT —P 2 & d Token-Mixing
DZERREZ AL T 2. MEATICOWTR 5 (a) 12, M
MIZDOWTR 5 (b) ICFNZIURT. HFREDEEEY
EFFED Ry FRILT, EREOENIEWIZEHENZ 0y FEILT
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