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JE4E, Transformer X — A ET AN = 2 — 7 L
MBI (NMT) OG5 TERACIHEIRA TV S
— %12 Transformer (X B HFMBIRZ 1T 5 X 5 122%¢
BxpH, BHEREE W7\ o FIER [ RE 2324
FTHEAET D, B—F L TCHNAMOFRZITS £
7 L2 1& Dualformer 235 % 5. Dualformer X [ /5[]
@ Transformer X — A ETI)ILD T I — XL EHAS
LERETATH S, EETIX, FXA4 Ol
b FHIEE X H K DM S FEX T Dualformer 23
Transformer DTEREZ R 2R IR o7z, ZDRER
%, Dualformer N EiBEXIZHL2HET KX AL > 7
MZEIZET LV TH D IR LTV,

1 IXLHIC

I, =2 — 7 UEEMEIER (NMT) D735 E
D3FE L\, FFIZ, Transformer [1]12FD { NMT &7
WX, TR D Recurrent Neural Network (230 < NMT
ETNDOUREEZL DA THEREL TV,

—&% 72 Transformer X\ — 2 NMT €7 /ULIH 5 5
X OWTHGROMERZITS X5 IS
5. —7, HEBERCNS 2 2HERO L 5 1I2H#IER
RIRE I 1306 3 ) = D RED T TE L, 25 VRO
M I 5. Ao EIE MO RINER & R 712
bHoN, FIZITEFRME TR SR EHEEH -
HIEILTF A MEHOBNHETH 5.

BB Z R Z e TRADETNVEREZ & 5
FIEEFAOF¥E  (Dual Learning) & FEXL 5. NMT
D7 TIE, He & [2] AW/ AD NMT E7 L L&
BHBOEBETNEHWTHEE T — X 2 HAEICH
RLU DS PN EEZREL TV,

Xia 5 [3] F A FEZ € 7L L R THEL
Model-Level Dual Learning Zf8 R L TW5. ZOF
BN E 2R H—DET L ZFEETE2H0D
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T, NMT THHIUX 1 DD EF N T EEIER D]
HEIC72%. & K5 [4] % Chien & [5] 1%, Xia & &[]
RO 7 — X7 7 F v D Transformer X — A E T
L DT Reconstruction X Dual Integration 72 £ @
W2 R 7 ZBALTWS. ZhHDORMBIXR 7D
BAWKED, EFARIA—XEHP T L
ETAHROEELZERL TS, AR TR
DR DI, WAFFTERD 7= DIk X Nz
Transformer % Chien & (Zf€\> Dualformer ¥ FES.

Dualformer D FEATHFSE [3]1 [4]1 [5] Tl&, FA VEE -
HEE, 7T v AFE - HEE, PHEHEE - EFEO3OOD
SENMNPHVWLNTED, WFhDOFENTD
Transformer X — ZAE T L 6 DEHEREL R SN
5. LU, HAGE - HEEOFEMNTOMRITI RS
NTVRV. FRETLOFMIETRTR XA YA
T —&XTIT>TED, Dualformer D KX A > 7 b
WX BHEEEIEAETH B, ZD DR T
&, MEEiER B X CH 9 HHER @ Dualformer % K X A
YW s KX A VAT — 2 TFHi L, Dualformer ® K
XA PULHEREZREE T 5.

2 Dualformer

ATl Dualformer DRERCCRIERALEE, #8754
WZOWTHNRS.

F—%F0F v

Dualformer ¥, S8 X 5 i Y HAEIRD
Transformer R— A ETFTNLDTFa—& (K1£4) &
Y — X 5 AFEHER Transformer X—ZAEFILD T I —
X (X 1£) dotlkahs.

X - Y FHEBIGRTE, X il 57 2 — &% Cross
Attention % A U THIDIAAJE & Self Attention, 4
EWEBREIMES e TX Y AT ya—&Y
LTCIR2#DE 2. ZODFE, Self Attention D A J]
WX E 5~ X 7RIS 5. YlloTa—X
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BZOXEX S>YTADTFTa—Xe LTHWS
Y — X FFAEIER 3 [AARIZ, Cross Attention % HEfH L
YflFa—&XEYy - X ARAIOZ>a—&Xe LT
Ao, Xfll7a—-XEZz0EFy - X HAD T a—
A2 LTHS. ZdD &SI Dualformer I&ET /L D—
8% Transformer DT> a2 —X B L IETa—&X¢
LTS Z e TR MRIERZ BT 5.
X y

’ FeedForward x \, ’ FeedForwardy

’ CrossAttentlonx }

CrossAttentiony

’ SelfAttentlonx

’ SelfAttentiony ‘

’ Embeddmgx ’ Embeddingy

x y
B 1 Dualformer HEHEIX

2.2 EHSRALIE

9, BEEX, Y Oa—RAnbHEENERY S
AND =27 R x, yIZHDAAREIZ XD EFHEAN
7 MVRAx, yicZE# 35 K (), ).

x = Embedx (x) (1)

y = Embedy (y) ()

Dualformer O #IFRALHE TIX, €7 10— %

Transformer DT> a2 — Xy LA WETFTa—-—KX e L

THW2. SEEXDPOSHEBY NOHRIZBIT S

Dualformer DT> 2 —X#E X (3), 7a—XEE
@) TRT.

FFx (SAx(x)) (3)

= FFy (CAy (h*, SAy (y))) 4

EX—>Y (X)

Dx_y(h",y) =

TZTh id X -y AR T > a— X DHfE#K
Hthbh, XO) ONHEOBERr LTHELNS. F
7z FF, CA, SAlZZhZN2fEE)E, Cross Attention,
Self Attention =383,

X 3), @) ZHWS Y, Dualformer i2& 3 X Y
HrEOBRUMIE T a—-X M hay #HVWTRK
G DEIETS.

¥ =Dx_y(Ex-y(x),y) (5)

FIREZ, ¥ - X HAEEEREZRG), o x Yy ZA
NEZ22, Y- X HFABERO T a—XH 10 &
PRAWTH (6) TEHES.

L= Dy_x(Ey-x(y),Xx) (6)
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X>YBIUOY - X ARAOBMERAER 5, 13y, &
I FNZ 1 Softmax BAEUZ EHH L THERZDMICE L
721, BRI CHERRADO F—27 vt T2k
THIS T 5. 20 %EX (7)), 8) ICZEhZIURT.

§ = argmax(softmax(§)) (7N

¢ = argmax(softmax (X)) (8)

2.3 Reconstruction

K E# X T, Dualformer D i X A 7 ¥ L T
Reconstruction Z i 3 2. ZAUI AN RV % HB
TBERAITHDB. 7B, JLITHSE [5] TlE Masked
Language Model Loss & Dual Integration Loss % U\ T
W3 D, AR TIEERH LR W-DFRIEE <.

Dualformer Z AW/ FFE X, Y D AN T %
Reconstruction {%, Reconstruction @ 7 2 — X i 7157
fix, y ZHWT, 2z 9), 10) TERINS.

x' = Dy_x(Dx-y(Ex—y(X),y),X) )
Y = Dx_y(Dy_x(Ey-x(y).X),y) (10)

THERALEE ¥ [E)6E1Z, Reconstruction fGsRdD k— 2~
ZHx, y 3R A, (12) TERAEFRRD 3.

x’ = argmax (softmax (x”)) (1D
y’ = argmax (softmax(y’)) (12)
2.4 BRI

ARFW X TlX, Dualformer ® HBEIELE LT, THh
F Tt L 7-#ER ¥ Reconstruction JLF 2R 2 2 D
O BB R %= AW %

FIER o HRIBEBNER (13) 1R T, ZHUIB A
BHARASE S £, $ @ Cross Entropy iR DFITH 3. [A
12, 2 (14) D Reconstruction @ BHAYBEEIE, &K
A1 Reconstruction A5 x’, y” D Cross Entropy akze
DITH 5.

—logp(%]y) (13)
—logp(y' | y) (14)

Dualformer D= EFICHW S 3 BB (13),
(14 ZHWT (15 £ 72 5.

Ltr =-logp(y | x)
Lrc = —log p(x’ | x)

L= LTR + aLRc (15)

Z 2T, a X Reconstruction DEHEIETHS. ZD
ED 0 D ¥ ZIFERD BB O ATHEZITS.
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3 REEE

FEATHSE [3] [4] [5] TUE R X A4 VA7 — & iTxts
LRHE 21T o TWwWRWw. FREBRINZFEBME
R A WEE - HEE, 77 ¥ R§E - HEh, HPEEE - HEE
THHHAFE- - HFBEICBUI2MEIFHTD 5.
ZD7®», FAVEE- HFEB X OHARGE - ®ET
Dualformer Z#ZE L, KX A YHNE FX A4 57—
Z D JTITHR T 2 ERED> & Dualformer D K X £ >
7 0T 2 EEE 2 REET 5.

3.1 FHT—4

MHEFHER B X ' HIZENER Dualformer DFIFRB X Of
ST — X DM R RS, 2, T— X OFLE
P h—7 MEAEDBRT.

311 F—=2tv b

MEBRIERE T L OEBF IS a7 — X1,
IWSLT 14 JHBEFIGR 7 — X € v + (TED N K X A
V) Ol y bTH B, FHMICIE IWSLT 14 DFE
F, TA MLy MIINZ, FXA 40 WMT 17
HTRRX 27 (2 —RAF X4 V) OBFE, 7R b
ty NOHHT 5.

HEBERE 7L 02E cix, 52E 7V -8R &
A 7 (Kyoto Free Translation Task, KFTT, & #fEH
Wikipedia ;L% F X £ >) OFllfity v ZHWS. €
TOVDOFHEIZIE KFTT ICMA T, FXA VHTH B
ASPEC HEBIFR 7 — Xt v b CEMRX K X A >)
DFEFE, TAMBHHTS.

MERIER B X CHERER Y - FfiT — X O™
RIZER 1ITZENZTHIURT.

R1 EBTHVWSEF—&ty b (PRI S F—
2ty )

—smat = F7Ey b [
St F—&tv b 314 BE%E 52 k
s IWSLT’ 14 160,239 7,283 6,750
* WMT’ 17 - 45,901 3,003
H i KFTT 440,288 1,166 1,160
* ASPEC - 1,790 1,812

3.1.2 AR

IEHE
FEEE FA VO T — &2, hMXFEh%E
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BERE
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=2 VAL DRI Y U CTHIESE %17 5.
RA VEBELHFED T — & IE Moses [6] D b —72
F AP THEBICDE TS, HAEDO T — XX
MeCab Z W T 5H X3 5. MeCab DEF
213 NEologd V Z i\ 3.
=214t
AR CTHHAT2253ET h—2 VI BPE (Byte
Pair Encoding) [7] T&® %. BPED¥H ¥ 7% X
I @ BPE 1t.121% Subword-NMT 2 % Fiu 3.
JHIEEIFR © HEBHER D BPE EF VIE 202
NKEXA VHNTFT—XDIWSLT’ 14 £ KFTT O
ity MZEDOWTHES 5. BPE OfEmY A
%, HERERTIX R A VEEDY 8,844, TLgED
6,628 TH D, HEFER CTIEZHARGED 18,804, 5=
FEDI 16,788 TH 5. BEBD KX A VAT —
X TH% WMT’ 17 ¥ ASPEC ® BPE{LIZ® K X
A VAT —RIZHEHE S BPEETALEH WS,

3.2 ETFILERE

Dualformer 3 X fX—2 Z A > D Transformer X —
RETIVDOREER L G X fairseq [8] Z W 5.

BTN, 7T—FT 7 F ¥ REFBNT LD
53 HIATH 3. Dualformer DTFa—X 70 v 7%
W3IND 68 (Transformer DGHE LY a—XK « 7
a—X¥ HIZ26/8), Multi-Head Attention 1 512 KJT
T8AY F, 2FiEHEIZ2048 XTTH 5.
3.3 PS5 E

A DT T, FlE Y PO R XA DA%
v bDEK K (15) PERNDBDEHWS.

54213 BLEU # i\ 5. BLEU O &I, T
I E 7z BPE ORI %2 HEERINCE L T 56179
HFEFNZ, BPERHZT F—2F 4 A LKE, HAE
FEDEEIX MeCab, J55E - K A VEEDIGE X Moses
D b= F AP THGETEH L THIGT 5.

4 HERER
4.1 JhZEPSR

F2ICIWSLT' 14 BX UL WMT 17 12T 3 EF L
HEEZ RS, 22T, ERDTFIER—RA 714 2D
Transformer X — 2 &7 /L% 3R 3. DF & Dualformer
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1) https://github.com/neologd/mecab-ipadic-neologd
2) https://github.com/rsennrich/subword-nmt
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2 IWSLT 14 Tl L 7= Fhasl

REFNOWAE (FAUIF XA VAT — &, KFI3HRE O BLEU H)

IWSLT14 WMT17
BTN | MoE ot - 3 =l
valid  test valid  test valid  test valid  test

TF 3222 31.14 - - 12.55 14.91 - -
- - 26.45 25.68 - - 1046 12.90
DFyo | 32.46 31.26 26.81 25.68 | 13.06 1544 10.87 1342
DF;o | 33.69 32.68 27.65 26.67 | 1430 17.07 11.77 14.27
DF;,s | 33.86 32.74 27.65 26.86 | 1425 16.82 11.89 14.11

=3 KFTT CAIFEL /- HHERIR £ 7L D MRE

(FRRE F XA VAT — &, KFIEHRD BLEU )

KFIT ASPEC

ETN H— % ¥ — H H— 3 ¥ H
valid  test valid  test | valid test wvalid test

TF 19.35 21.92 - - 5.68 5.53 - -
- - 1541 16.14 - - 443  4.09
DFyo | 20.84 2433 20.00 20.79 | 7.88 8.08 7.70 7.68
DFys | 21.68 24.59 20.80 21.11 | 8.84 894 8.74 8.48
DF;o | 2040 2346 19.73 2032 | 7.77 798 8.47 8.33

Reconstruction DFHENE o TH 3.
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LEETAMIZZEITHROVWET LI D BEELE
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Fa=100Dt ZXPHEREROMRER - 7.

Dualformer D PEREAY Transformer % _F[A] 2 1,
Self Attention ¥ 2FFEEN LY a—XD—HL LT
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FXAL Y= BB fTbhlzlzleEZIbh
5. £, —EIHAROMROFEEEZITS L
THEEWNRZEBECHEH T — 280 2 51272 D,
Transformer X D HEEDOEHWEE I TONIZL D
Hir LTEIToN 5.
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ELZRD, WMT 1712 L TE#IIC o ZMZ 72T
LOWRENE D -T2, THX, FXA VAT —X%
FHER 3 % BR1X Reconstruction 12 X % K X £ Y HIGED
WBBENED, FXAL T —XDFERTIXTL L
A R R4 VHEEDSTLEREZ RFCTLES it
EZioh3.

42 BHZEENER
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WX A EFARER RT.
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DOMEEZRBZ 72, FICE - HAMDOMEER ik
% <, Transformer {ZX3 % a = 0.5 @ Dualformer M
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HIET 112, % — HSMT 131 THH, ASPEC D
TA My FPTIEENEN1.62 £ 207 TH 5.
ZDRERD S, FEEXNTH 22 53 Dualformer 53
FXA Y7 bAOTRENEZFFD Z E2RS .

5 E&HDOI(C

RIFXTIEE—F T & 2 W7 REIER A 7] HE
7% Dualformer @ K X A YU LHEREZ X7z, BT
i%, Dualformer 3 K A V3B - %FEEB K O HARGE - %35
DU FFEITBVWT, FXALYHNE FX AL VA7 —
ZDWFTHIIZHR L THNR—RZF 4 D Transformer
OMRER LAl 5 7. Z OAERIE, Dualformer 13575
TP BT FAAL V7 MHEEBREFNLTH
5ZZRLTVS.

S1E, KDKHEES LM -2ty
b3 2 WIRFEATISE e R THEH L TWRWEEE
w7 ¥R 2 3R E T D Dualformer D4 HE % MGE L
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This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



&!I'I'

i

AHFSE13 ISPS BIHEFER 23K 11118 DB #3213 7= %
DTY.

BE Xk

[1] Ashish Vaswani, Noam Shazeer, Niki Parmar, Jakob Uszko-
reit, Llion Jones, Aidan N. Gomez, Lukasz Kaiser, and II-
lia Plosukhin. Attention is all you need, 2017. https:
//arxiv.org/abs/1706.03762.

[2] Di He, Yingce Xia, , Tao Qin, Liwei Wang, Nenghai Yu,
Tie-Yan Liu, and Wei-Ying Ma. Dual learning for machine
translation. In 30th Conference on Neural Information
Processing System, 2016.

[3] Yingce Xia, Xu Tan, Fei Tian, Tao Qin, Nenghai Yu, and
Tie-Yan Liu. Model-level dual learning. In Proceedings
of Machine Learning Research, 2018.

[4] A& THE $RHE, KHE. RUTHYEYE & BEYEE 2R
B L= 2 — ZUMBIER. SEE0EE 2 5 25 [H4E
KRR, 2019.

[5] Jen-Tzung Chien and Wei-Hsiang Chang. Dualformer:
A unified bidirectional sequence-to-sequence learning. In
International Conference on Acoustics, Speech, and
Signal Processing, 2021.

[6] Philipp Koehn, Hieu Hoang, Alexandra Birch, Chris
Callison-Burch, Marcello Federico, Nicola Bertoldi,
Brooke Cowan, Wade Shen, Christine Moran, Richard Zens,
Chris Dyer, Ondfej Bojar, Alexandra Constantin, and Evan
Herbst. Moses: Open source toolkit for statistical machine
translation. In Sophia Ananiadou, editor, Proceedings of
the 45th Annual Meeting of the Association for Com-
putational Linguistics Companion Volume Proceed-
ings of the Demo and Poster Sessions, pp. 177-180,
2007.

[7] Rico Sennrich, Barry Haddow, and Alexandra Birch. Neu-
ral machine translation of rare words with subword units.
In Proceedings of the 54th Annual Meeting of the As-
sociation for Computational Linguistics (Volume 1:
Long Papers), 2016.

[8] Myle Ott, Sergey Edunov, Alexei Baevski, Angela Fan,
Sam Gross, Nathan Ng, David Grangier, and Michael Auli.
fairseq: A fast, extensible toolkit for sequence modeling. In
‘Waleed Ammar, Annie Louis, and Nasrin Mostafazadeh, ed-
itors, Proceedings of the 2019 Conference of the North
American Chapter of the Association for Computa-
tional Linguistics (Demonstrations), pp. 48-53, 2019.

— 329 —

This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



