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KHREFEET D, ZLOHASHEUH L XY
THRERZIINDTWS, L, T X—K—F»
100 (ERIZ DO KK SFEET T LTI, MIEFETH
% Encoder-Decoder E7 /L X D, BIERIEENKELS
52 EDMEINTWS. Z TR TIE, XIER
T =X AWk R R T 5. MERT —
X TCRKHBREFEE T V2R ERTFIR L 7218, P&
D NF 7 — & T Supervised Fine-Tuning L, WMT22
DFALT—=RZIFILDHETE REDOTA MY
FCRHli L7z, ZOFR, REFEEZEH LT
Wi, ERT — & THllFR X #2172 Encoder-Decoder <€
7L & b BLEU - COMET O fi /5 THFHHICEE R
ERRENT.

1 FC®HIC

FEMBIER TIE, 2017 ££1C Google %» & Transformer
[1] PIRE XN TLE, Transformer X — 2 @D Encoder
¥ Decoder THEI I N7z ETADEHINTWS.
—7T, GPT[2,3]1 2IE L L T2 KBBSFEET L
%, Transformer @ Decoder D A TN I N T W5,
21T, XGLM [4], PaLM [5], % LC LLaMA-2 [6]
REZESBTHMIMIN I KHESEE T LD
RRERIN. LrL, 85 X—X =D 100 (Zhitk
DRHBREEE T NVORREE X, BIEFETH 2
Encoder-Decoder E 7 MIZRKE K H B Z e BEIN
TWw5. filzix, HEFRERIZE W T XGLM-7.5B ®
8-shot 1%, XTERT — & THII# X 417z Encoder-Decoder
E7ILTH%NLLB-1.7B & H#$ % &, BLEU T 25
AA ¥ FBE, COMET T34 R4 > ML EEWR 2
TTHDIEDBMESNTNS [T].

Z DRI LA TIE, MiRTFT—22Huv
MBI 2R E T 5. KBRS EE T LR
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MR T — X TG EREIRL, PEDODANFT -4
“C Supervised Fine-Tuning(LL '~ SFT £ W 95) 21T - 7z
EFNE, WMT2R2[S] DF R P F—X%IELDH LT
2 12DT R Mty bTHHE L Z2KER, ST —
& Tl X 1172 Encoder-Decoder £ /L X b BLEU -
COMET D i /5 THatHNICH B R AZD R I N .

2 BEHEMHSRE

Briakou & [9] {%, #®HERHIZ & DEFERYZR bilingual
T &N, KFESEE T NVORRMEREICS X 55
BRRAE LU, BIKIICIE, 5 X—Z =D 10
BB X0 EORMRESIEE T LICH L, HHidl
T — X IZBIF % bilingual 7 — X DEEEIC X 2 FHR
PHREDOEZEICOWTHE LK. ZOHE, bilingual
T—ADPFET ST, KREBESET T LVORR
HEEDRH ET 2 Z AL M 2o Tz,

F 72, Xu & [10] &, LLaMA-2 IZxt L T 2 BB
@ fine-tuning Z 1T 5 ALMA & W95 FEZREL
72. ALMA 1356 1 AP HICH BT — X 2 HW
fine-tuning, % L T 2 P& H TV & D& fmE 2 xf
7 — & T fine-tuning #1795. ZD ALMA IZ& D,
SOTA & 7 VIZVEit s 2 BIRRAG 2 L 7-.

Z LT, Zhou 5 [1111&, KHEFEET T L DIZ
R TOHEIEAGFIHP Y S h, =745
LEMEOHNZEZ-DICHELRDIFR SN
instruction tuning 7 — X DA TH % &\ 5 Kt %= 12
BL7z. ZOIRFMZMAES %729, LLaMA-2 % A
FCTERMZ 72 1,000 D 5 — &Z D AT instruction
tuning L7z LIMA & WS ET L E$ER L7z, LIMA
1372272 1,000 D7 — 2 THIF S L7z DITH D>
H 573, RLHF THlMXN-E7 Vv & D ER R
L7z,

RTINS OMEICERHL, MiRT—%%
7z ke Baials e 42583 5.

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



3 MERT—%%Z AV IitEEaEIER

HATAIFRE A D KRESFEE T L% £ D FHRER
T—XTSFT35t, BFORERET VXD EERKE
ENE L e NHEINTWVS [10]. AR TDHT
HEBR 2T o =58, FEOBHSM RSN D2
ODEHRDIFR L LT, Zhou &EME LK E D
LI, HERET — 2 CTHATHI S N KRS EEE
TUE, BERICRERAZA L TVRVWE WV SR
MERRIET 5.

ZOREE D IR TIE, MiRF—&ZHw
TREEFERTIIM T 2 2 e B2IBR T 5. Z Ok
A XD, KR SEE TR E 2 A3
AT BET 5. LT, MiERTIIRR
L72ET MK LT SFT 2175 2 & T, M7 —4&
THll#f X 7172 Encoder-Decoder ET NV EERE L=
CEWRETS.

4 FHEFIE
41 B=E

SEoFMERTIEX BSET — X T
HEAlM S RBHBESHEETLE LT
rinna/bilingual-gpt-neox-4b 2 (LU rinna-4b ¥ \»
) RMEHLE. ZoEFAMIHLT, MHRT—
& % 7 fk e S AT AR 2 17 o 72 1%, SFT 217 o
7= BR D BHER 4 BE % 5FAffi L 7=. ¥ 7z, baseline & L
C, JParaCrawl v3.0 T FIl# X 417z transformer €7
V2] L7z, X 51T, rinna4b 2 Z D F %
SFT L7258 IOV T HFHliZ1T o 7. 7235, SFT
Tl full fine-tuning & LoRA [13] F 2 —=> 7 D
Tt bl z1T o 2. HEERIG, BT — X DiRE
DN 725 E T V% W T greedy decoding TH K
L7.

42 F—=Rtvh

421 HEaiEIE

AT H AT D 7 — % ¥ LT, JParaCrawl v3.0
[12], BA¥T—& ¥ LT, WMT20[14] DBIFE, T2
FF—&, BXOWMTI2I[15] DT A b F—R%Eff
L7 B, BEEaid T 3 % JParaCrawl
v3.0 1%, LEALLA-large® [16] THUS L 7z 08 D3A A

1) FHIAER A S
2) https://huggingface.co/rinna/bilingual-gpt-neox-4b
3) https://huggingface.co/setu4993/LEALLA-large
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N7 Mo ay4 YEUEZD 2T, 2,080 J7 30t

YL S LY

AL T, XRT— & % 7= jkE R IR D

iR T — 2 ERERET 2720, IR 5D Ofk

TR 21T - 72.

1. monolingual: XFR 7 — & % HAGE & HFE D H
BT —R AT,

2. En-Ja: XX 1B FALDERIC, MRXEZHEES
T5. Thbb, BEHAMDOANRE 5.

3. Ja-En: FIC 1 9~ L DEKIZ, HRIEFEE
T5. Thbb, HEAMDOAMNREZS.

4, mix: 2. BERU3. TER LzT—4& 056, HEL
BVWED 50%T D7 RLY T T B,

5. En-Ja2mix: 2. DR TG ERFIBE L 2271
2, 3. DF—&%E 9%, 2. DF— X% 1%EE
LEWED FVELAY TV LI2T—&T
S5 ITHKTERTANS 5.9

il

422 SFT

SFT D Fll#f 7 — & 1%, WMT20 3 X O Flores-
200 [18] DEAFE, 7 A+ 7 —&, £ L TKFTT[19] D
T — 2 SVER L7, 9723, KFTT OFlfT —
X, BT —Z»5 10,000 %7 > XLH T >
Z U7, fERLTZAI T — 2 o8x, BHEe HEZ
NER 15,000 th o o7z, F/z, SFT DFA%
F—RIEWMT21 DT A M TF—&XEZfHALE. Zh
LDF—RIZK L, ALMA OFEED 25E 2L FD
Iuy 7 eEALE. KT, vy e
FEEXfloEiEy L, Fuy 7 Mg oiizixkk
NL Tl EITo7/2. ZLTT A Mty b OHESREE
WKHFEILTr 7 M 2L .
ZABROFOYT K

Translate this from English to Japanese:

English: { JAS#EX }

Japanese: { HI S FEX }
BEREROFOV T+

I EHARGED O REEICHIER L T 23w

g { IS REX }

HAGE: { HWEEEX }

4) V7TV FOFMIMNER B 2SR

5) 2. DT —X%E 1%EDI-HEHIBEENSHE 2D TH
D, 1%& WS EIEFRHFEE (171 25F 1 L.

6) SFT T, F—XDWENEETH S LB REIRLTY
% [10,11). 207, BHEFETZ20Ra—"20HTH, A
FOMRShZERER T — X 2B L.

7) https://github.com/felixxu/ALMA
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F1 HHPIFROFFER (BLEU/COMET). 5 D ORkFEEFTIIE AT 7L DML 4.2.1 Hiz2H. &7 - X ThRER
a7 % KT, baseline & L[5 227 % FHET/ART. *id baseline L HEZED D (p < 0.05).

fi -t i 7l K ~t Ajrél i 7 6
7A Mty b MEHNE  aseline original AL AT

Fik 1. monolingual 2. En-Ja 3. Ja-En 4. mix 5. En-Ja2mix

full 5.2/79.0 5.1/78.7 19.1/88.6  6.6/80.5 18.4/88.1 17.6/87.9

ASPEC 19.8/88.5 —

LoRA 557792 4.6/717.1 19.0/88.7 6.4/80.7 18.5/88.2 17.2/87.9

full 3.6/71.9 3.6/71.4 7.4%/76.0% 43/724 74%/75.7% 7.3%/75.1*

JESC 6.2/72.6 I - T

LoRA 3.7/71.9 3.4/70.8 7.3%/75.7% 39/724 7.0%/75.8%  6.8%/75.5%

full 6.8/76.4 6.7/76.4 15.5%/84.4* 7.1/76.4 14.1*%/83.3* 13.5%/82.8
KFTT 10.2/82.4 - - -

LoRA 6.8/76.4 6.1/75.7 15.0%/84.3* 6.3/76.1 13.5%/83.7* 12.4%/82.

full 5471712 5417764 12.7*/83.6* 6.7/78.1 12.3*/83.0+ 11.8/82.7

TED (tst2015) 11.4/78.9 - P D
LoRA 5.3/76.6 5.1/75.1 12.8%/83.2% 6.3/77.7 12.9%/83.0+ 11.9%/82.5*
Business Scene full 12,6/ 85.5 7.6/81.7 7.5/81.3 14.4*%/87.5% 8.6/829 14.1*/87.0+ 13.6*/86.8*
Dialogue Corpus LoRA ' T 8.0/818 7.5/81.2 15.5%/87.7% 8.6/83.1 15.2%/87.4* 14.2%/87.1*
WMT19 Robustness full 1397766 077751 6.0/742  15.2%/8L7* 67/753 14.4/81.2%  14.2/80.5*
En-Ja LoRA ' T6.1/744 5.5/73.1 15.1%/81.5% 6.7/75.1 14.7%/81.0%+ 14.3/80.9%
WMT19 Robustness full 12.3/79.2 6.9/75.7 59/75.0 13.7%/82.5% 7.4/76.1 14.2%/81.7% 14.2*/81.4*
Ja-En LoRA ' T 6.6/753 54/739 13.5%/81.8* 7.1/76.2 13.6*/81.8% 13.1/81.2%
WMT20 Robustness full 1767671 7.7166.5 7.1/64.6 18.4%/76.8* 7.5/656 17.5/76.2%* 153/73.7*
Setl En-Ja LoRA ' 771671 6.5/63.7 19.5%/76.3* 8.0/66.3 18.7*%/754* 17.2/75.2%
WMT20 Robustness full 13.8/75.5 6.1/74.3 5571727 14.8*/81.6* 6.8/74.8 13.9/80.6* 13.4/79.6*
Set2 En-Ja LoRA ' T 52/735 49/72.2 14.8+/81.1* 6.8/74.6 13.7/80.4* 13.7/80.2*
WMT20 Robustness full 73/79.9 3.7176.6 3.7/75.8 9.3%/83.2% 43/76.6 9.3*/82.9*%  8.8%/82.0*
Set2 Ja-En LoRA ’ ' 3.6/76.1 3.6/75.4 9.8%/83.2% 4.0/77.1 9.0%/82.8%  8.5%/82.2%

full 5.6/80.6 5.3/79.4 13.2/86.2* 6.6/81.3 12.8/85.8*  12.3/85.3*

IWSLT21 En-Ja Dev 12.8/82.6 U . -
LoRA 5.7/80.0 5.2/78.8 13.2/85.9% 7.0/81.2 12.8/85.8* 12.6/85.5*%

full 10.3/81.3 11.0/80.8 23.1%/88.3* 11.9/82.1 22.0/87.8% 21.2/87.0%

WMT?22 News En-Ja 21.8/854 )
LoRA 10.9/81.8 9.8/79.8 23.1*/88.3* 11.7/81.0 22.1/87.9* 21.3/87.6%
423 TAMEYE W32 X3 ETo/. £, TRy 78 E I,
SFT 21T o 7= E 7 VORERIEREZFHE§ 2 72, Ny F¥ A X% 256 & L7,

JParaCrawl v3.0 DFHficH WO zT A bty + %2
R L. %38, WMT20 3 XX WMT21 D5 & b
7 — X%, MEtEATHI B X O SFT DR - B %
T—RICEEND DRI L, WMT22 D7 R b
F—XEEMLE XD, A MEy MEE
RfEr ko7

43 NTIN—=INFKX—4

LURIEAA 28 =085 X — & — ik L TR
X D BRI AR C IR

4.3.1 HETERTEIER

A RTINS CTlX, optimizer ¥ L T AdamW [20]
ZHEALZ. 2L T, @HEOEFTII L FHRICE
ER 2,048 b= VEETFTAANANL, REFEET

8) T ALty DM D 25K,
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432 SFT

SFT & Rk AT Al & FIARIZ, optimizer & L T
AdamW ZEH L. £/, =Ry Z78%E 5 Ny F
YA X264 L7 £/, LORAF2—=V7T
1%, 2ZEORER T X =3 640 T, VY
FIETINDINT X —ZEDR 0.17% & 75 - 7.

4.4 FHEIEIE

FHHEHE ¥ LT, BLEU [21] 3 & O COMET? [22]
Z{HH L7z, BLEU I sacreBLEU'? [23] & FI\C&t
HIL 7. COMET OFE T /LIiX wnt22-comet-da % {#H H
L7-.

9) https://github.com/Unbabel/COMET
10) https://github.com/mjpost/sacrebleu

This work is licensed by the author(s) under CC BY 4.0
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2 HUEHIER MRS SR (BLEU / COMET).

fine-tuni Wk dot AT FIHGE A
7A Mty b HETHIE  paseline original e RTIRDT
Fi& 1. monolingual 2. En-Ja 3. Ja-En 4. mix 5. En-Ja2mix
full 8.9/75.0 8.8/74.8 9.4/753  203/825 19.1/81.9 20.0/82.3
ASPEC 21.4/82.8
LoRA 8.0/74.4 7971742 85/748  20.4/825 19.4/82.1 19.9/82.4
full 4.5/64.6 4.6/64.3 4.1/643  85/69.2*% 7.91/68.7* 8.6/69.1%
JESC 9.2/68.1
LoRA 4.0/64.0 4.0/63.2 43/635  8.8/69.3* 7.7168.6% 8.3/69.0%
full 10.0/71.1 9.6/70.1 10.6/70.5 19.9*%/78.2* 18.5%/77.4% 19.9%/77.9*
KFTT 17.2/74.5 T T T
LoRA 8.8/69.9 8.4/69.4 9.7/70.3 19.0%/77.8% 17.4/76.6% 19.9%/77.8%
full 7.4172.0 747712 69/71.2 14.7%/78.7* 14.3*%/78.3*% 14.8%/78.7*
TED (tst2015) 12.3/75.8 o T T
LoRA 6.6/71.1 6.3/70.4 6.6/70.9 152%/78.7* 14.4*%/78.1*% 14.7%/78.7*
Business Scene full 20.5/814 9.0/74.6 9.4/74.4 85/74.1  20.1/82.9*% 18.7/81.4  20.4/82.1%
Dialogue Corpus LoRA ) T 9.0/744 8.8/74.1 92/742 20.4/82.0% 18.6/81.1 20.1/81.9*
WMT19 Robustness full 17.6/78.2 7711711 7.0/70.2 6.6/703 17.8/79.1* 17.0/78.5  17.8/79.2%
En-Ja LoRA ’ ~ 8.0/71.0 6.5/70.2 7.0/69.6 183/79.0% 17.1/78.5  17.7/79.2%
WMT19 Robustness full 17.6/74.8 8.5/70.4 8.3/69.6 83/69.0 18.0/76.8%* 16.4/76.5% 17.2/76.5*%
Ja-En LoRA ' T 179/69.7 6.9/68.6 7.1/684 17.1/76.3* 16.5/76.2% 16.5/76.4*
WMT20 Robustness full 12.6/72.7 12.2/66.2 10.3/64.2 9.1/62.7 23.6%/74.9% 22.6/74.2% 23.3*%/74.5%
Setl En-Ja LoRA ' " 11.2/66.0 10.4/64.0 10.5/63.9 24.3*%/75.2% 223/73.9% 24.2%/74.7*
WMT20 Robustness full 18.4/78.2 721713 7.4770.8 6.5/69.7 17.7/79.2% 16.5/78.5 17.8/79.2*
Set2 En-Ja LoRA ) 727706 6.5/70.1 6.4/69.7 18.2/79.3* 16.8/78.5 18.2/79.3*
WMT20 Robustness full 1471707 6.0/66.1 5.6/65.7 54/650 13.9/72.8% 13.0/722% 13.6/72.5%
Set2 Ja-En LoRA ) " 53/653 5.4/64.8 54/650 14.1/73.0+ 13.0/72.1% 14.3/72.8*
full 741758 731749 62/74.8 14.5/81.9% 13.8/81.3 14.9/81.9*
IWSLT21 En-Ja Dev 14.7/81.1 . U
LoRA 6.7/75.0 6.7/74.2 6.7/749 15.3%/82.0%* 14.0/81.5  14.9/82.0*
full 9.8/73.7 9.5/73.4 9.3/7277 20.8/81.0% 19.1/80.5% 20.9/81.1*
WMT22 News Ja-En 21.6/80.1
LoRA 9.7173.0 9.4/72.6 9.9/729 21.1/82.0% 19.3/804* 20.3/81.1*

5 FHfifER

1, RKlzhz2nEHA M, HEGHO BLEU
BELU COMET ZR3. ¥73, FVIFLDET IV
e, MiRF—XEBHEFGET — & ¥ A U TRk AT
AL 72T Ve 2NN SFT L72GE, mEICH
FREBEDEWIR AT, —FT, HHAR
b LIEHEAMOANMRE &2 X 5 ki FHan
AL 72 BT, REGEHEATHIRE L 2 S3E/7 M D A
baseline £ A& d L ZZh A LR ar o7,
Lo L, BEHEaidlcXERIcR > TOWRWERES
FICOWTIE, VI FLDEFLEZDE X SFT
L7256 e HiRBEICEWIR ooz, ZL
T, ¥H - HEAROM G & b kG HERTEI L 72
T, %EH - HEDOWAA & b baseline &[5 H
LFEN EoxaryizsTz.

DEDz s, MERT—& %07k Eadl
ICE - T, KRB SEE T IS L CRIERICHE
RHEREFEXE D Z e NARETH B Z IR X
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N7z, LT, #beERTIIC & > THEREE I 2158
J2ET ML, YEDANFT—XTSFT 2175 2
¥ T, MiR7 — & THl# X 172 Encoder-Decoder &
TNEEESTDZEPHLME R o7z, Tz,
HATHIRRIC & o TRIBIEEEE 7T V8IS 3 2 HlER
RESIZ, MRS ZHEE T 2RO B EE A ANCHKIE S
5ZbHLNER ST

6 &bHbHIC

KWL T, KRR EEET N ZZDEESFT L
T3, XeR7 — X Till#R X 1172 Encoder-Decoder “E
TAXDBEREENS 5 v BT L, XER
T =XV kBERTI 2z R R L. ZORE
FEOMREMEES 2728, #MitHEATEIZ1T- 72
EFILESFT L, WMI22 DT A FF—XZIXL®
95 REMOT AT —XTaHiEiL7z. Z DFER,
BETFERHEHLEZETME, NRTF— & Tl
417= Encoder-Decoder ‘£ /L' & D BLEU * COMET O
] CRRaT A BICEBER Z RSN,

This work is licensed by the author(s) under CC BY 4.0
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A FirREROFH

JParaCrawl v3.0 T LoRA F 2 — = 21C & % SFT %17 - 7= rinna-4b %, WMT22 O 7 A b 7 — X TaHii L
7. =Ry 78X 1 & L, L7 JParaCrawl v3.0 1Z LEALLA-large THUS L 7= DIAAN T bl D a4
A VHEBUE DS 0.76 LA E 0.95 Riiid 1,000 Xt B> 7V 7L, lEIT-7-. BT —XI1E WMT20 B
U2 OB, TR MT—&RE L, HRET—XOMEIR/NE RS ETILT greedy decoding 1T & % H#dm%x
fTo7z. ¥7z, rinna-4b %, HEH «- HEDW A %Z ZHZ R 2 CHIBEITV, FZEATRE T X — & 1% 1,680
HTH5. ZOMREERIITRT. rinna-4b IZHFFET — X THHETFIME A TE D, 52 1,000 /5 XA T
LoRA F 2 — =Y 7% fTo7=DIiZb b 53, BLEU & COMET ¥ 312 baseline 124 2R & 7z o 7.

£3 WMT22 D7 R b 7— X DR (BLEU / COMET).
ET IV FHEER  HIEEIER

baseline 21.8/854 21.6/80.1
rinna-4b (LoRA) 17.2/83.3 15.5/76.5

B JParaCrawl v3.0 D> >4

RESEERRTAIBRIC WV S TParaCrawl v3.0 1%, LEALLA-large THUS L 72X ®DIAANR T b LD a4 VHELE
B304 LI 095 RiD SOt Z2 %> 7Y 7 Uiz, BUED 0.4 KDY > Tk, A I TLEDE
EOPMHIGE WS K5, NEYIRY Y TABBEHTHAIN DRI LTz, £z, FHEED 095 DI LoD
XxHE, X B BIEER—DXBEE R o TWBRY Y TIABEIE AL THo20RN L. oy
V&, fkBERTEIRRORE b — 2 >8I rinna-4b @ tokenizer THJ 18 fRE 72 o /2.

C NTIN—=INF X=X D

MR FERTAIBECH WS AdamW X, B =0.9,8,=0.95,e =108 ¥ L7z. Z LT, weightdecay % 0.1, gradient
clipping # 1.0 ¥ L7z, F72, RADFEEHEE 1.5x107* & L, warmup ratio % 1% cosine scheduler ¥ L 7=.

SFT TlX, MR CTH W AdamW DT X —&Z D55, B, =099 ICEFE L7z, Z LT, weight
decay & gradient clipping (I Rk#EHRTFNF & W CME & L7z, ARDFEE E % full fine-tuning T 3.0 x 1077,
LoRA F 2 —=Y 7 TiX20x10™* & L, warmup ratio % 1%® inverse square scheduler ¥ L 7z. LoRA TIZ,
r = 16,a = 32, dropout % 0.05 ¥ L, multi-head attention {Zf7#E£ 3 % Query, Key, Value ® Linear JBIZ5E ] L 7=.

D FXkty DM

K4 TAbEY bET—RORHE L ORI

TR MLy b Par g HFFRSCER

ASPEC [24] AR S 1,812

JESC [25] WL 5 4 2,000

KFTT [19] Wikipedia F0 5 1,160

TED (tst2015) [26] TED Talk 1,194

Business Scene Dialogue Corpus [27] P 2,120

WMT19 Robustness En-Ja (MTNT2019) [28] Reddit 1,392
WMT19 Robustness En-Ja (MTNT2019) [28] Reddit 1,111

WMT20 Robustness Setl En-Ja [29] Wikipedia 2 X > 1,100

WMT20 Robustness Set2 En-Ja [29] Reddit 1,376
WMT20 Robustness Set2 Ja-En [29] Reddit 997

IWSLT21 Simultaneous Translation En-Ja Dev [30] TED Talk 1,442

WMT22 News En-Ja [8] —a2—R 2,037

WMT22 News Ja-En [8] —a2—X 2,008
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