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Incorporating Language-specific Adapter into Multilingual Neural Machine Translation
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Abstract Multilingual neural machine translation (mNMT) leverages a single encoder-decoder model for translations in multiple
language pairs. mNMT can encourage knowledge transfer among related languages,improve low-resource translation and enable
zero-shot translation. However, the existing mNMT models are weak in modeling language diversity and perform poor zero-shot
translation. To solve the above problems,we first propose a variable dimension bilingual adapter based on the existing adapter ar-
chitecture. The bilingual adapters are introduced in-between each two Transformer sub-layers to extract language-pair-specific
features and the language-pair-specific capacity in the encoder or the decoder can be altered by changing the inner dimension of
adapters. We then propose a shared monolingual adapter to model unique features for each language. Experiments on IWSLT
dataset show that the proposed model remarkably outperforms the multilingual baseline model and the monolingual adapter can
improve the zero-shot translation without deteriorating the performance of multilingual translation.

Keywords Multilingual neural machine translation, Language-specific modeling, Bilingual adapter, Monolingual adapter
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RETKE; o5 —Jr i, B AR & b R AL i A IR 5 ([ BEEA
RV F I 2R AT R R 7R 200w BRI A G
WEgE BT RE B F AR B R T AR — I B S A
7% . Bapna 555 T — AN B 0 2 ) 45 A He—— THT ) 4
SE T O I XU E R 2% (Bilingual Adapter) , AE 5 78 T I 45 (1)
LB F WAL R SRl L O R 7 R R T 205
PRI BT, [HJE, BEE I T A 00 10 % O s A R i R
SIS B8 R [ At B = 38 hn , 91 B 16 ] 4 5 15 5
i Bilingual Adapter £ 675 ] T AL 3 zero-shot i3 [R] 3,

B X 3R 0], AR SCXE B A 1) Bilingual Adapter 5 iF
T, B, £ Transformer B & A~ F 2 Z 8] 2 0
Adapter B, fi R B M IRCRE o2 3 & W B9 RRAEE B T B
TEIN B Befs Adapter BEE T Y S %05 Transformer £ #1
12 B0 — IR 90 i A 1 2 o DA 20 3o ) o A 7™ A Y B TR AR A1
Hok e R 25 B AL S A E i 5 4 & (language-specific
capa-city) B AR (W T HE T L X G 5 25 0 A5 % PR ik 1) 4 A2
T A AT IR T A B d AR RO . IR L 7E Bilin-
gual Adapter £85I (1) ZLRE 3 H — Fp 3 52 805 E il #% (Mono-
lingual Adapter) BERY, YE RN 215 5 BIPRMERE 00 &4 F 4l
Adapter # B BE 4% 1 F T zero-shot #1FAT 55, LKzl B FE
B AR LSRR ZR G0 AR SCHE I U WR RS B R T 2R H A A
ML B zero-shot B MIPERE .

2 MXTIIE

2.1 BEESEEER

H T R 2 S AL G B R X 2 A
RE 1 BRI 3B & Z A T4 B 58 5 AT 0T I 2407 S 403k
SRR B X R R T R RRIE A B AT A . Wang 45T
At 5 A A AR A R R T RS R R SRR
AR “— X £ 7 (One-to-Many) # 3% #9 & it ; Sachan
HEPVHE Transformer B RS (4 3L Al 1%t 215 5 B2 P (9 2 80
IR HEAT O 5T, $2 1R T A 2 0k 5 0 5 ok R R [
ARG S 2 8] /) 1% B & s Platanios 255 F) H VR & & 1 H A3
155 Y5 5 17 & (language embedding) i@ i F 3 S 804w
#% (contextual parameter generator) A il 4 5 % Al {5 % A0 S
B, IR S B 2 7 25 Tan 25570 FI) FHHE 35 1] 42 4 77 2 0
BN 5 R 5 AN W] 1) 18 5 78 (language cluster) , i i3 0 £
MEFHEPWIET & BN —A 285 Mg n oy X 4e i
) — 3 5 M P 1 AT B O BRI R 3 M ) R T
Wang 255 FI] 1 88 — F 7R % (universal representor) 2 # il &
1) 2 A 4 R A BB, DL S B S O S W i ok AE L AT 5T A
W E U I A R LT AL R g A T B e
RGN [ 5 5 0 8RR A5 BE 7 5 Bapna %500 7E 2 85 & U
FREH R A LAl B 5] AR Y Adapter B, 38 3 SO
5 A R A 5 X B PR BT i Zhang A5 38 5 F R
HH — b ™ 4% ( Language-Aware Layer Normalization,
LALN) ¥ 8] 38 5 e 20 20 A 5] 79 5 Hr = 1), 9 ) iR &
T £8P AF e (Language-Aware Linear Transformation,
LALT) St A /45 5 2 8] 09 17 P 26 R 47 @8 ; Zhang 4511

F TR I 25 22 3 5 B e A A0 L o0 o0 3k S w0 O
BB LR,
2.2 Zero-shot #]iF
R 2T AL RRITY B 48 5C I zero-shot 1%,
RS R B AR o — B S &, B E %
B #0 (off-target translation) [a] @, @058 1 frd], Z2iF 5 4
HLE% B PR BDK IR0 = By 2518 AR R e P B e ik .
AN, zero-shot B BEIA A7 76 U 18 & R AL B 5 =2 18] 19 £ G Bk
(spurious correlation) ™ 155 JC 56 F 7R 19 B 43 Bt 25 (missing
ingredienO) " &£ R] 51, itk , Currey 26005 $8 ifE B b a5 =
e oK W IE XY B T & Firat 07 Gu %Y M
Zhang 250 38 35 F FH 18] 3% (back-translation) J7 1 #4 1& £ XUE
B 0 Jr 2Ok v D B PR B RE 4L 19 R 5 Arivazhagan 451
i 33 51 AT 55 1IE W] 31 Calignment regularizer) i 95 Y| 25 451 5l 24
BT KRR UAR TR 12 fL BE 77 5 Al-Shedivat 450
T X — B R AR T — B MY (consistency agree-
ment) (%% 3 JF L SRR 48 3 BhiE & S PATIE R
Ie] £ B 9% £ 8,5 Philip 55110 B2 1y — i 1) 5 52 1 5 14 B0 05 08
T 4 5 B SR 25 14 22 3 = B R B Rl b o A i
Tt zero-shot FHIETT# .
F 1 LB BB zero-shot B A it B M 40 17 150 7 1]
Table 1 Example of off-target translation issue with Dutch—

Romanian zero-shot translation with a MNMT model

FiEE AT Dus. je kunt het doen
X P Deci, poti sd o duci la indeplinire

Zero-shot # 3 So. you can do it

3 ZEEHAENSHIFEE

3.1 Transformer & %!

BT Transformer 527 i) #f 22 AL 245 T PR AR T IX) HL 4719
B AR N B AT 0 A B E2E 4 . Transformer 1584 () 4
T 55 R0 igf R 258 380 FR 22 S AR R 09 )2 HE S . G B 25 9 B
F RS WA HEAB G, 53 5 £ 3k A 1 7 BRI
Z MR, AT R T AW Lk BRI
ORI B0 28 B SRR 2 S IE BT B Z el — B E 2
SRR, A SR AAR S P 4 4 R 22 IR AR RE H — 1k
(layer normalization) #E47 E # . Bt & 4~ FE AL 4 19 W)
&0 LR AL R R

h*t =LNh"™+ f(h™)) (D
Horb, A A 43 0 3R AN FE AL P (¥ Fag A R L LNC )
FRBH—Ab, o )RR L 3K Ry W45 BT 4 28 T 2
3.2 ZEBEBSHENNGEEE

o T AT 2 AL AR B AR R RR A [ 0 Ak B AN 15 0 Y R
B, Johnson 2EM 42t 76 8 S W5 B 5 /A0 T 19 8 4R 36 40 B i —
A8 F 5% (language tag) T R R % I 1 5 7+ i 22 B %
R BFRET . AERBTHNT X = {a a2 x, ) LCHN
ML) HBRIE B R lang . 2105 BIIEMEE S WMARKSE A
X={lang,xy x5+ s2 } o

Z it A WL A 0 O[] — A 2 T 3 A A T 3 A 2
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ANTR) i T T B AT . 7RI SR B BB T B A OR
F AT EXESHGEAT AL AR SRR R IR B RN, 2R F
P BRI R B AR s BRI T

L 1D M

L(D;)=> 2 DlogP(yilat sy <t50) 2
=1 d=1 =1
Hp L BRIBEFIA.D RRLiES MFINEE.MER
HiralFKE .0 RnBEE S5,

S
ol

RS EES ERFNSIES WAV RHIFRE

N TR Z A AL BB PR [R5 A Y
72 S PERAE 9 BE 0 7 SCHR HH & 4 5 1 75 3 IE 2 (language-
specific adapter) ) 215 5 4L 75 Bl A B, LA 25 44 2
B 1R

)

Adapter Bilingual Adapter
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4 P o
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. Output Transform
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Fig. 1 Multilingual neural machine translation model with language-specific adapter

4.1 Adapter #ER %51

Adapter BHF YL FH T 2 Gk 24T 55 2% I (£ 5 . Bap-
na SN Adapter B3R 5 W AT T IR NS N T £
EE BTS2 AL AR SO R — A 22 A R M 2
48 AESh Adapter BRI BEABI Y . Sy 1 Bf 1k A6 BE I 2 FLRR
FERRAE R, 7E Adapter B8 M A T 8R 22 i HEANZE 0 — 1k
FZ . Il 1 TR 45 2 AL & Transformer FJZ AU b, 48
i1 Adapter B 5 B9 % A, 135 A0 .

hi=LN(h,+g(h;)) (3)

g(h)=max(0,h,W, +b O W, +b, 4)
H W, €RYY W, ERY by €RY b, € R IS4,
d F RN R AT d, R Adapter 5 5 T 5 o 22 9 2%
MR Z4E R,
4.2 HEIESMNHTLENIEEEFER

ZE T BT 5 T AR AR — SRR 10 2 AT 52 ) 1) L,
FER — AR, 24 B AT 55 0t 36 A U 445 31 — 4>
PR BRI SR BT ORUE B AR A, DT 4
THEABRALS 4 AR B RRAE . H 0k . W e B I i A
FHIRAT 55 OB 5 6 19 748 4 BUIE I8 B A8 B B . 4F Transformer
FERI ) B4 T2 Z 81 946 A — 4> Bilingual Adapter 8, T
TR E T BN B AR RHE (R B . TENZRBY B T A Adapter
B I S80S JFA Y 2 15 5 TR R S 80— (R 9T 46 e I
i, BT Adapter BEHM 51 A S 3 IMAL R S 850, Jy 1 4 A
R 2 4000 &, 76 0 15 2% A AR 19 28 0 i A 0 i B — 4
Adapter 8IS 80, H B4 2 800 9 05 245 5UF 15 48 19 &% A 1
JBZ R X T AN R 0 AT 55, O G B R A B 2% BT R
B ARE R T T 2R A S ] AT BB AEAF 25 5 . 30 4o R0 2% 5 L) 6 R i 1
P Adapter AL AR ¥ R 5% A 28 ) 46 1Y U 4t E 0 RIS
] LA R g s % R A 2 U O 0 S AR RS MWL, N

TAORFEBIAL R E 15 R R & ] B E E e dY , df Fid
=FZERRMA G PR

2d, =d\+d 5)
4.3 HERIEEARHFER

R4 Bilingual Adapter 551 g 012 3 BURF & 18 5 XF 1Y 471
5B A T B HI R A Adapter 5 He 250, 28 #UK fiE B H
TR WEFT X BFEAE 55 B X ) R, A SCR H —Fp Al =
PR SE E 4% (Shared Monolingual Adapter) # & (DL F & #¢
Monolingual Adapter), H.A#h, Monolingual Adapter f5 % Jy
BT L RE—HS80, WS LRI R SRR
FHUR TR 5 LR B AR5 T L % R 2800, J0, , 53 0 90 16 Ak g 15
A FAE IS 45 T Y Adapter BH, F & #l HUEE B i & 09 R AEAE
B, 3XRE A AR R 25 ¥ fifi Mo-nolingual Adapter #& %1 B fig 4% 1
HFZEEMETS, W H T zero-shot #l 1%,
gual Adapter B8 [y 3t =2 % (& B 76 P AN O i . — 2 B AL N
i E RO — 4 Adapter S50, 1% 2 BULE S 0 2458 R AR 10 2%
W dE 22 s T & Adapter 2 BUAE G 5 #% R 5 2% 09 & A )2
Z ks A4 H A Monolingual Adapter 5 Philip 40
BT EATELLT 4 DA A — 22 Adapter B3 i 48 HI 07 &
A 7 78 Transformer AT B A F 2 Z [ 27 36 A
Monolingual Adapter B3 L1 $2 1852 81 X} i 5 5 A 5 B 19 &
FERE T s 02 Adapter BEHEE AR A n MGEF K E 2
20 Adapter 241, 1fi Philip 5589 F 24 2n; =N AR
il . A SCHY Adapter Z24105 8B o i) HoAh 2 40— W 90 4 Ak 31
2 by |2 R @ I N | S e Wi U P o g S w2 N
A SCWESE I AR T LA 16 F R SR H ARG & 487 1 &4
T, F] ] Monolingual Adapter &3t & zero-shot 1T 55 # fit 1&
FAE B4,
4.4 Bilingual Adapter 5 Monolingual Adapter FJ 2 £ kb %

REIH n Fif = 3 T3 £7 (One-to-Many) 8 “ £

Monolin-
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Xf—7 (Many-to-One) & 1% 1T 45, Bilingual Adapter % 2 £ /%
(n— 14 Adapter B 250, i Monolingual Adapter 15 51N
T BARAE n DS H X F 24 27 B 31T 55 . Bilingual Adap-
ter FET T EARAF n(n— D A S 4L, 1 Monolingual Adapter 4
BT ARAT n HBHL

5 S

5.1 LBMHW|RSHEE

XfF One-to-Many il Many-to-One 1% AT 55, 52 56 809
K 2011—2018 4F IWSLT WAT 4 S di 4 . HAL S HiE S
Hiflb 16 #iEZ W TFATER . T zero-shot AL 4, Lk
Bodf R Tl TWSLT-17 PP KR 56 L 58 i Il 25 95 3 5 HAL 3
EEWMZX LIRS 3 A IEREE S 20 6
[ 1Y zero-shot B, HHEENEAESEIEEWNE 2 %k 3
B3,

#2 IWSLT ¥4
Table 2 Statistics of IWSLT dataset

Language Pair  Train/( X 10%) Valid Test
En-Ar 223 887 1569
En-Cs 114 480 1511
En-De 196 887 1565
En-Es 180 887 1570
En-Fr 219 887 1664
En-He 184 888 1568
En-It 181 887 1529
En-Ja 221 871 1549
En-NI 167 887 1569
En-Pl 176 767 1564
En-Ro 181 887 1567
En-Ru 177 887 1568
En-Sl 17 1144 1411
En-Tr 154 887 1568
En-Vi 129 768 1342
En-Zh 208 887 1570

%3 IWSLT-17 ¥4 1T
Table 3 Statistics of IWSLT-17 dataset

Language Pair  Train/( X10%) Valid Test
En—1It 231.6 929 1566
En—NI 237.2 1003 1777
En—Ro 220.5 914 1678
It—Ro 217.5 914 1643
NI—Ro 206.9 913 1680
It—NI 233.4 1001 1669

STUS Y FELR R G R T Transformer (4 215 75 B IF
H, %FTF One-to-Many Al Many-to-One 1T 45 , 4% T8 SCHER[ 7 13k
TTSHRE HIRWT, i aS w28 L YKE
K2, BRI ALE Y J YU E N 256, 11 B A2 M 45
R YEEd 1024, TMiXTF zero-shot 1L 45, ik 3 NS5
Sy E N 6,512 A1 20485, A AT 1 S ffi FH Moses T
B3, 111 5 A 5 % 4% 5 (Byte-Pair-Encoding , BPE) !
HEATF 1Y) 43, W KN E Sy 64000, P 3t A H B o A1) 1
By f KA BB N 100,84 batch 437 8192 4 token, 7E

N Zhad A2 v Adam 55350 % 2 80 15 4R 4K, dropout H
KA 0. 1 W R o 510, IR By Bl H B R 8 &
(beam search) 5% ¥ F1 4 J£ 48 41} (length penalty) HL 1 ik 17 fif
i Horp AR TR R A4 KBRS R 0.6, LI g RAL
SacreBLEU™ T H 47 3R . 3 X4 F - KNE .

J9 T B UE 5 T EETE 208 T BT 55 BRSO AR S0k
T 24 RG AT A S5,

(1) Bilingual™ . A8 E 5 X4 B U2k — A w2 L 25 B
PERLHL

(2) Multilingual™ ; % F Transformer 1 £ i& 5 8 1% #
L, %FF One-to-Many Fl Many-to-One {155, 18 5 A5 %5 43 5l %
N HAREE MIEES .

(3)Multilingual-w: 7E Multilingual & 7 & 3L Rilf b 55 A5 750
FZ4EE B 256 H N E 288, LR FFAE R S 80 5 T 42 05
AHY,

(4)Multilingual-d : 7 Multilingual ¥ 54 (% JE Rl 1 55 g 15
AR AR R 2 W= 4, IR FREOR S 50 S T R
TEAAY,

(5) Adapter™ ; £ Transformer & — )2 #Y T ¥ by B 4> 15
BFAIMA—AIE L A B, B2 4E o, B 1 128,

(6)Language Cluster™ . & Jo F) FH 15 55 1) &0 r A 18 7
B N EL R = ISR e = R [ R e AT =
WAL, IEE BRI AR nE 14 ),

F4 RIS

Table 4 ILanguage clustering results

Cluster One-to-Many Many-to-One
1 Es,Fr,It,Ro De,Es,Fr,It,NIl,Ro
2 De, NI Ar,He
3 Cs,Pl,Ru,SI Cs,Pl,Ru, Sl
4 Ja,Tr,Zh Ja, Tr
5 Ar,He, Vi Vi
6 — Zh

(DLALN+LALTY 76 £ 1 5 B B 28 2 40 1 B ik b
51 AT HUE Y LALN Rl LALT #58¢,
5.2 One-to-Many 1 Many-to-One BJ 3L 38 45

EHIZE One-to-Many Fl Many-to-One {£ % - ) 52 46 45
Wz 5 g, Horp  BLEUE3RR & A BERTE 16 4N 5 X =
H9F-¥ BLEU {6.WM F1 WB 73|38 B B L T 26 5
B SRR R 2) R XU B i B R A (A DI iR &
AR, R 3R AIRA DAL LR D ZIEF
PEFE LR MR PR SC (-3 BLEU {8 -5 XU B 128 35 28 A5 0 A0 2,
(B 3 — 2 38 5 0 1 B BT AT SR A R A A . 2)
Ik 4 AR Y B R Ak FE (RN 3) FIRE MR BE (BN ) iy O Y
KZ1E T BRI 2, W] LU & One-to-Many 11 55 (19 #8175
Fit, {HX T Many-to-One £ 55 TCH& TFRCR , £L 2 Hh 3B T
RIS . HIE P AT AR AE T 2R 5 BR B/h , 1 RAE A
FuJEFEGE G G A A I R BB T . 3)Bi-
lingual Adapter % % G 4% £ 5 Hi 32 7+ One-to-Many Hll Many-
to-One WA B 55 1O SC B & JF B R SR RR UL T 30 J7
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PO 5), SRR 3 AL, Bilingual Adapter #8575 fifi J] 57
ARV S B P T IS T AR R R TR AR . T S AR 4
A E » Bilingual Adapter £ %R & 7E One-to-Many {155 [ % 3
W% 2 . {H7E Many-to-One {145 LW R E 4. ZE4 T 5 . 45
TS B 4330 10 15 W0 F L Bilingual Adapter #E % fE fi% 45 5 56

4)Monolingual Adapter %I (A A 9) L HEAE 2 T+ 2 1H H M4
HL 2% B A A () MEfiE . /B 5 Bilingual Adapter B BAH e, T
iR TR D R SR, DY O B BE G 25 . 78 Monolin-
gual Adapter #8I f) Z 50w 3 i £ 5 Bilingual Adapter f& %1
BB 1O L, —H B RE e ir . X — &5 RIEW T

FoE B TR [R) B E IR 1 X R 1 A () AR Y b Monolingual Adapter #5575 (4 2tk .
25 One-to-Many 1 Many-to-One {4 BLEU A4 3 2% 5
Table 5 Evaluation results of BLEU on One-to-Many and Many-to-One task

b e L y & d‘; % EZ / f)neftofMany {\/Iany*to*()ne
(X107) BLEU WM WB BLEU WM WB

1 Bilingual 2 256 — — 981.76 19.01 9 — 22.70 11 —

2 Multilingual 2 256 — — 61.36 19. 25 — 7 22.72 — 5

3 Multilingual-w 2 288 — — 69. 26 20.15 16 12 22.70 7 5

4 Multilingual-d 4 256 - - 65.05 21.35 16 14 21.73 2 5

5 2+ Adapter 2 256 128 128 63.48 19.68 13 9 23.19 15 8

6 2+ Language Cluster 2 256 - - 306. 80 20,74 14 15 23.55 11 11

7 2+ LALN+LALT 2 256 — — 62.49 19.90 16 9 23.24 12 7

8 Bilingual Adapter 2 256 256 256 65.58 20. 84 16 14 23.83 15 10

9 Monolingual Adapter(256) 2 256 256 256 63. 60 19.79 15 8 23.67 16 9

10 Monolingual Adapter(512) 2 256 256 512 65.70 20. 80 16 13 23.83 15 11

5.3 Bilingual Adapter lE 5 E6EHI 517
5 Bapna % HAE Transformer 4 % 25 1 i 1% 25 1) & — )2
S5 A3 BE a1 77 48 GEAE ™ + Top Adapter”) AN Ja], 48 3C
75 i 7E Transformer #8584 R A JEA B B 2 )5 B AT 38 e
FALHGEMES + All Adapter”) . gttt % W5 Fh 5 58 1 #: 8 3k
TR A3 AT, eI 2 R sk 6 T3, f3k 6 my4h ] i, 78 B
PEPERE |+ All Adapter”# B fE Many-to-One /£ 4 F&“+
Top Adapter” () BLEU {H#£F+ T 0. 31 4~ H 4 45 H 7
One-to-Many £ %5 F W FEAR T 0. 18 A~ 43 4, 12 YNl i 1]
J5 TS WA T S S B AR R L E T+ All Adapter”
HER0 oS TR AR M B+ Top Adapter” B 5047 748 i [t I
R A B3, 298+ Top Adapter” ALY 1. 3 f%.
% 6 Bilingual Adapter $Uik 5 1E 885 & 137
Table 6  Analysis on relationship between amount of Bilingual

Adapter and performance

Z SHE/ I % One-to- Many-to-
%4
(X106) K Many One
Multilingual 61.36 1.0X 19.25 22.72
+Top Adapter 65.58 1.2X 21.02 23.52
+ All Adapter 65.58 1.5X 20. 84 23.83
5.4 Bilingual Adapter &% ¥ 5t SC 1%
S T WIS Gt B 5 A B 0 O R S A A SR A L

Xt Bilingual Adapter ##JEAT T M Bl SE 5 25 R U1K 7 gl .

*®7
Table 7

Bilingual Adapter #5578 (1) 31 @l 52 46

Ablation study of Bilingual Adapter

One-to-Many Many-to-One

Multilingual 19. 25 22.72
Encoder 20.07 23.61
Decoder 20. 26 23.09

Both 20.84 23.83

i 7 750, % F One-to-Many I Many-to-One 1T 55 . 78

2 0 2% B A T 2% 3 I A Bilingual Adapter B3 J5 3% S0 45 R
W BLEUERZIESMERERENFHALEFRA A
TE G By 25 0 A7 45 2% PR S [R] B Bilingual Adapter 5% B
BIBR KA. W T One-to-Many T 55 . 75 i 7% #% 3 m A
Bilingual Adapter %8t J5 (9 £ 7+ 250 R W& 00 T 4 5 2% 5t R A
F A% T8 % 0 T B £ 00 1 R T 43 ROk R [ i i F
TR, A A A [F] 35 5 B 045 5 T Many-to-One
E %5 W AH I . 78 25 15 2% %% 0 A Bilingual Adapter #5857 1Y
P T ROR A T RS 2%, 0K 2 B T b B i A 2 v AR i — A
B bR 15 5 A B A X D R I R E A T

RELA
5.5 BEEREZTHSEMEBERENIZN

A 1Y Bilingual Adapter £ 5 75 g 15 4% A% 15 48 Ui 51 A
B 5 A 2 AT 2 A F A . SRAT, 5. 4 1 Y SE e 45 A1
AL X T AR B BT 55, o 8D 25 R A AL 85 i X 1 T R
RZS A E SR AT AR AR [ . 8 T B IEZ AR . 75 (R IERE TR 5] A
T H PR S [A) A AN AR 08 A5 0 X 2 Bt 4 A1 L 8 VO i 4

[N

T E A A 43 WO o B B 0 52 e AT T BRSO, S A5 R
B 2 B,
240 — ——
@ g5 — e
EA 20 ¥
5 225
& 20
@ 215
R 210 m
s
200
0 125 250 375 500 625 750 875 1000
GBI R B R
—#— One-to-Many Many-to-One
[ 2 USSR S i o 5 2 0 5 A ) O R

Fig. 2 Translation results when varying rate of language-specific

capacity in encoder

& 2 50, % T One-to-Many T 55 » 24 4 % o 11 A 555 £
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Table 8 Translation results of zero-shot task on IWSLT-17 dataset
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1 Bilingual 18.37 22.12 17. 86 19. 84 19. 84 20.29 19.72
2 Pivot 11.15 14.59 11.41 14. 31 19.71 14.19 14.23
3 Multilingual 12.45 12.98 12.75 13.25 12.81 12. 83 12. 85
4 Monolingual Adapter 14. 51 16. 24 13.63 16.13 15. 96 15.03 15.23
5 Monolingual Adapter w/o LE 14. 44 16.61 14.07 16. 54 16. 63 15.35 15.61
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