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NILFI—xr hRbkEEZAWVE:
BE = 21— ZI)LEEWMEIER D B SR L
ik E&E
RSB

= a2 — FVEEMEIER DFEAEC X D, HEMBIERORE M LU, M2 5K
REHEEDTWS. EHEED= 2 — 7 VEHEBIERE 7L 2R T 2 1230
B OBMEDOXRT —ZB AR TH 2. 2—FETONRIa—2DHH
RRE Y LR WEIEIEERIE, X2V 7 0 REEER OB TREMCER
ENIERNBDOKBEDONRa— 2R HAEEET 2 ]S 2. Lk
No, HIEHOBMELLEDMRE L TWET —RIFER KX A VR EDRER
DIEgE T2, —fRNEFEE 7 LT XD XS IZESBINEDETFNLE
—HICHE L THRERIEER LR T 230,

Z 2T, RfFETIEEBEEOEN T o 2D 70N, ETFLVDEEICILT
THESMEDPHINEEAT2BIN L7 L2 HE T 2 HOMMETER2 IR
5. BRI, B EORSNED, BEINLSNMEDOET L EEN
T30, vAFI—Yxy MEEEFIC K> TERINLRY > —I12HE-
T, RoBEZEEETFZERT 2. AFEOEBCHD, WAL ZHEIL
UTD2HTH5.

BIRVRERE

B EOSMENFOFE T — X ORHME L EICEND 5. HIBICHX
WHINE L L TETAZMAET 258, FHCSMLET —XORBEN
B2 LTh, BRI =2 — S AMBEBIRE S LORE M ET 2 21X
R, fEEE LT 27012, BT 27-CCHBE L ENES P T —X
ZROSMEBEOFEZHIR L D S, Rl T L3 2 B kL FiED
RNETH 5.

RELBEBNZ—>DFEXR

HIEE B OSME D W70, BIELDETNLEZHAGDE 5%
R—VWETH S, HEMABDOETHELE= 2 — I VEMEERE T LV OFEE
DR T 5T, RIENOBEN LR T2ZddHD S5, T/, EHIEE
HozMEOEMe HIHAGOEOMB X -V KT 2. ZOKE, ¥
RKEMHABEDE AR = TRELMEBEL ROTH T e N 2 5. fk
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NZRET VEEOMFEZZERL, MHtaX s 22 2TEPBETDH 5.

HIEOMEITH L TIE, $7, #HEETENT 50, £2SMNE A
AbE LM — Y THIEL T, I X =T —NTHENEITV, BEHROE
HETLVZIGS. £LT, EZMEEIEDOFMET — X287 X —=ZHF— 2
KoT, BENETNVORMEOTHEZMEKIET 5. RRIT T X=X F—NEFH%K
SIEICE o THEPRDEVWENETLZIEL, ZMFEEZZELZLS o7
BRET LR MM 5 TROEFHITHED.

BEOREIIN LTI, #EFYHOZESZMELL—Y 2 P ARL, I
FI—Yzy VEEREEEEHAST 2. BERNCE, £Hxhd=a—71
PEEIERE 7L Calili 7 — X Z2#ER L, M7 — & D&%t > 7 > 2D BLEU X
a7 EREEREE L, =YY NIYOSME L EET 20277 a vl
T5. X512, FAEENEZEDOET L SSREIENRDETVOREE LR &%
i3, ZokSvlLF—Yxy MEBRILEERZEATLZZLT, B
A FEE R EE X 5 7.

BTk o THEIN = 2 — I UEMEBIERE T L %, Federated Aver-
aging TR SN =2 — FAEWBERE T L IR T 2 2 & T, REFIEK
Lo THEINLETVORBERMNRZ AW THHEZTYV, BREFEORUME
ZMGEEL 7z, AROERIZLLTO®BY TH 5.

BIRVRRRIE

FIUAHARTE & Federated Averaging 12 & o THEER X 7z = 2 — 7 UEEIHENER
ETAZHRXA VMR XA > ORIERKEEZ 7ML, BRHEMIEIC X - TH
PINTZETADH R XA VOMEIZ28.99% &< 2D, ik X A Y OREICD
16.83%[A U, RREBEFEOEMME MG L 7.

RELBB/NE— > DIFER

N F L=V v MEERILEEDBEAIC L o C, EBEHOSIMEE N
FERNOETNORBE LA EZR LN S, Fod & EEHEF 2 BIINGEIRT %
Cr THOMMBL T 2 FE2ER L. BIVMEBIEC L > TS W z= 2 —
FOUEEEIERE 7 L L LR L, 6.33%ME 2 EL, 1EROFPREHN =2 -5
IVEEHREHER D PERE D 94.26 %0123 L 7.
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Self-Organized of Multi-Neural Machine Translation
Using Multi-Agent Reinforcement Learning
ZHANG Yuwang
Abstract
Large-scale and high-quality bilingual data are essential for generating highly
accurate neural machine translation models. Federated Learning, which does
not require the sharing of a bilingual corpus among users, will do so when it
promotes the use of a large number of undisclosed bilingual corpuses accumu-
lated within companies for reasons such as security and copyright. However,
since the data held by Federated Learning participants are heterogeneous in
quality, domain, etc. it is not expected to improve the accuracy significantly
even if the models of all participants are integrated together like the general
Federated Learning algorithm.

Therefore, in this study, we propose a self-organizing method in which each
participant dynamically selects a partner for cooperation and integrates the
model according to the accuracy of the model in each Federated Learning ag-
gregation process. Specifically, each participant in Federated Learning selects
the best partner to work with according to the policy acquired by multi-agent
reinforcement learning, whenever the aggregate model be constructed. In real-
izing this method, the following two points should be incorporated.

Dynamic Organization Method

When models are integrated by organizing with participants who are not
suitable for collaboration, the accuracy of the constructed neural machine trans-
lation model may not improve even if the total amount of data involved in
learning increases. To improve accuracy, we need a self-organizing method that
works with the optimal partner while eliminating the presence of participants
with learning data whose feature quantity and quality differ each time they are
aggregated.

search for the best organizational pattern

The patterns of combining the models of the participants in Federated Learn-
ing are diverse. A temporary decrease in the accuracy obtained with a certain

combination may increase the final accuracy. When participants increases, the



v

best organization method with a huge combination pattern will be difficult to
find. It is necessary to consider the expected value of future model accuracy
and to find a way to reduce the cost of organization.

For the former problem, firstly, when each aggregate , all participants model
be aggregate to multiple aggregation models. Then, evaluate the accuracy of
each aggregated model. Finally, each participant proceeds to the next study
using the aggrgated model with highest accuracy.

For the latter task, we apply multi-agent deep reinforcement learning. Specif-
ically, the evaluation data are translated by an aggregated neural machine trans-
lation model, the BLEU score of each sentence of the evaluation data is made
a state space, and the action is which participant the agent cooperates with.
In addition, the amount of accuracy increase from the model after the previous
aggregation to the model after the current aggregation is used as a reward.

By comparing the proposed method with Federated Averaging, the evalu-
ation was carried out using the accuracy increase rate, and the effectiveness
of the proposed method was verified. The contributions of this study are as
follows.

Dynamic Organization Method

The neural machine translation model constructed by the dynamic organi-
zation method and Federated Averaging were used to evaluate the translation
accuracy of the local domain and the other domain. The model constructed by
dynamic organization method improved the accuracy of local domain by 28.99%
and the accuracy of other domains by 16.83%, which verified the effectiveness
of the proposed method.

search for the best organizational pattern

With the introduction of multi-agent deep reinforcement learning, we de-
vised a method for Federated Learning participants to self-organize by dynam-
ically selecting the best partner to work with while considering future model
accuracy increases. Compared with a neural machine translation model con-
structed by the dynamic organization method, it improves the accuracy by
6.33%, reaching 94.26% of the performance of traditional centralized neural

machine translation.
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FT1E FLOHIC

=2 — 7 U EIER (Neural Machine Translation, NMT) DftEic kb, #%
WEEROBELF LU, HEA»SRERFHZEDTVS. BfEED=2—-7
IUHSTREIERE 7L 2 AT 2 I IERHIE D D B E O T — X 3R A] R T H
%. I—HHETONRIT = ZADOHEZHE L UIRWEREE [1)1%, X2V
7 4 REEME E OB CTRENICEE S NIIERHDOREDNER T — 2D
FIFZIEET 2 L IFF SIS, L LEds, #EEOSMEREBRE L
TV T —=RIFER R XA YR EPEL D IFGER T D, —RiREREE 7
NIV ZLDESIZEBMEBDET IV E—FEIHE L THKERMEER L2
RFCER\W,

F T, AIETIIZERFLEOEN T 2D, EFLOREIILTE
THESBMEDPHINGEEAT 2RI L7 L2 M6 T 2 HOMMLTIEZ2 R
5. BRI, #EEOBESNED, MEINLSNEDET L EEN
THRRZ, IAFIT—Vxr MEEEFC Lo TERINTRY O —1Zito
T, RoBEZEEEFLERT 2. AFEOEBICH D, WO HONZFHEIT
DTo#EhThs

BRVIREIE

LB DS MEDFRFOEE T — 2 ORMHE L BICEN D 5. HEICHES 2
WHIME LML L TETAEZMET 258, FECSMLUIzT — X OREN
W22 LTh, BRI =2 — I AEBEIRE S L ORBE N\ ET 2 21X
R, HELZ EITF272012, BT 2-0CREREENES FHT—X
ZFROSMEOFE IR LD S, Rl HF L3 2 B (L FiED
PNETH 5.

RELBBNZ— > DFER

HEEN BB OB IEDI VST, BIEBLDOET LV EHAGDYE %%
R—VDEHTH L. HHHABDLETHEL= 2 — 7 VEREERE T L OREE
DR T2 > Td, RIENOBEN LR T2ZddH D55, T/, EHIEE
HozMEDOEME HITHAGOE DM X -V bR T 5. 2R, ¥
KEHABEDENE = TRELVMEBEZ AOTHT e PNEEE 2 5. fk
NZRETVEEOIHMEZEZ R L, Mkt X s 2R 2 HEPRBRETDH 5.

BUF, AR TlE, 2ZIZBWT = 2 — FIUEEMEIER LB R2E oW TH



N 5. RIZ, IETIERDEIEE D = 2 — FIOVEEHBIFRI ORI RN
DI OWTHHT 2. KT, 4FEL SEIZNAZN 7V —T 4 E2HW
727747y FOEMEBTFILRY, v F Yy MEBRELEEICXSH
AR LRI DO W T EARIICHR S 5.

6ETIX, 4B SETHWHEIT-2 74 7~ FOFIH MR
LMl ZITS. B 7 BEIZZOFMERERICOVWTERL, SROEERLHEC
DWVWTLONTHERTHEMT 5. RRIZ, BESETAREILDD.



F£28 Za-—-JIIEMBROIHDERFE

COETIE, £ =2— 7 /UHEMEER & #HREE OMEICOWTHAT 5. %
D, HIFEEZ W= 2 — 7 AEMEER Z N3 5.

2.1 Za—JF)LmERR

Za2— I UEREIRRIZ =2 — I 2y VU= 2N L THEER B 2 5580 5l
SR T2 73V XL TH 5. —a—F bty b7 —ZIIEA O g
(Z2—n ) 1B 2%y bV =7 IROERIED A ZEE L ZFHHEET AT
H5. =a— I WEIHEERIZIER DL — R — ZFEHEIER (Rule Based Machine
Translation, RMT) fRa T HIESHREIER (Statistical Machine Translation, SMT)
LHR, BHERFSE 2 R S 2 7.

a2 — I IUBEMBIERIE K= Db > a—&X— (encoder), 77V 2
M (attention mechanism) , 72 —4& — (decoder) @ 3 DODERS THERL X
nTws. zra—x—3MRIN 5 EF 2 A UTIERICHAAAT, &
BRI IV LT 5. 2L C, 77> a BB EEZRD 21,
HEAINIANXDOE ZICFEHT 20283 5. RO 7 a——X—EH
IXet5bd s, M1EIhoDfnh ofMiEinsd NMT OIS TH 2.
2

=2 — I UEMBIERIZE T V2B T ARICEE T — 2 8 L TR — <2
ZloTWa. ZOMRIA—RANRZIFIUIZVIZEWBE I NIz = 2 — T LK

input ¥ﬁ'f:fd: ﬁﬁR %7%
|

%z
d ¥
embedding h ?\ b ﬁ
forward RNN / ‘A/ :/ / / ‘A/

backward RNN .

é .

attentlon

decoder RNN . . . . . . .

=~ VY VYY1

output we propose novel translationmethod <EOS>

attentiondY £ Alencoder T, T hdecoder

1: = 2 — 5 A BIER OB R OB 2]



FERE 7 VOBERBESE W WS A H 5720, = a2 — FUEEHEIER O &
BB S MR T — X BITERKFEL TV S, LaL, BRTIdtexay
7 4 REEMI E OB TREDOMNRT — ZBEEMNCEF SN, —D DK
THOBRBOMNRT—ZEATFTZI LI THREETH 3. HFREGI=2—
S BEREERIC B W TE B MR a — 28R4 2 W S O —D DRk
Ke LTHEHEZATWS.

2.2 EHFH

HFFE (Federated Learning) & 2016 £E1213 U THRIB X /= 0B 0%
WAEETH 5. BEHAEEF IS -SRI B 0 E T 288 7 — & 2HF
B9, WHFEEETNVOEEITRBRERIFERZ T2z — AV TeREL, 67 5.
HIEHIZOZ KD F— &2 —EMcET T2k, BFET—X
DR KT X 2B EEET NV ZERT 28 TH 5.
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—fRINEFRFLFIEBD 7 54 72 FE—DDRF X — XY —N\h SR
S, 2D X5 TORNTEET 5. [1][3]

Algorithm 1 FederatedAveraging.
KWEZ2747 G EIEZ2 947 bOES, BIEI=AN"vFHAX; B IX

epochs B n 1B E; Vi(w;b) 13Ny F hIZOWTOHEK [(w; b) DHEE
Server executes:

Initialize wq
for each round t =1,2,--- do
m <— max(C - K, 1)
S; + (random set of m clients)
for each client k£ € S; in parallel do
wf,; + ClientUpdate(k, w;)

end for
Wit 4 Yhey Zwf, > ETNVEEN
end for
ClientUpdate(k, w): > client k THEIT

B < (split Py into batches of size B)
for each local epoch i from 1 to £ do
for batch b € § do
w < w —nVI(w;b)
end for
return w to server

end for

1. NIRXA=RF—=NIHMEDP T VX LIHESNLTWAHHHET L (Fr—n
WVETIV) BERL, 77472 PAEAT 5.

2. B934 7Y MNX, ZELEVHIET VIR LT, BEMEET 2587 —
XEFHWTH =V THEEZTY, ETAVZETT 5.

3. B IATVME, BHEINSZETARLET AR A—XEHMEL, #H
FHT—22 LTH—A"NEET 5.

4, =N, 7747V b0 BHHAT—XE2ENL, Ju—1

5



ETINVDETNANRTRXA—XEEHT 5.
5. =&, EEFEIN2T 0 —NVLETAEEZET T4 TV FABAL, 2D
WPRIZR S .

Federated Average (FedAvg) IZE#ILEEHDORENLZ T NIV XLTHS. 7
NIAVALLIDEIL, —=—NEFVELRIIA4 7 MEFERL, Ju—2L
ETNEIED, FHEEE. ZLT, 7747V I0b0oEHHAHNT X —
2 (Wi, kI3RS 7 74 7 bORS, t ZFEEBE) 2827 747 2 bk
DB TR n OEHMPT L o TREL TV D (w1 <+ Yoy 2wk, ).
2.2.1 Za—JI)LEWERRADIGH

HIEE IS MU SR B EH L 0w 7 — X 2GS
LRI, FDID, TIANT—ZREL, txaV T4 EEEMERY
DR 7V 7 TE, BROPEILFETET LV ZIIMST 2 Z L 2AIREICRS.
= 2 — 7 UVEEMEIERIC B W T KB OB E RN — AR T3 v D
MEZ R TE 5.

FERE TEFEE 2 W IE R EEMERL D = 2 — F U EIER O & A ARG
THFEE TERSI N = 2 — FUEWBIERE T VIE 2 54 7 > b HVEHEEE
WZEINEd, BREETER SN = 2 — I UBRBIERE T L e bR, 754
7Y MNBDFEBRT—RD R XA U GTET— &) ORHITHEES8.94 %
ERL, 293470 BB T XD RXAL UPEY JBIET—%) O
RICH 8. T4 WM LT 22205, =2 — 7 VEEMBIERICEB T 2880
AHM%ZMEEC X 7. [4]

F7e, HEHEEE = 2 — 7 OUEEIERANICH § 5 BICEHRE L @S o 5T
JEFNFRIT IR BA[EEMED D 5 Z 12Xt LT, ICommunication-Efficient Federated
Learning for Neural Machine Translation] Tld= 2 — 7 /UK FEE OHica >~
FRE—=FWVWI LAY ZEMT2FECRERRE L. ay e —J 138 HEE Y —
NEEET 2700 EERE LTHREZILL, @HYE I 747 Y PBRETC
LU TEET 2, m/NROEFERZERT S, =2 — 7 UEEMEIERICE
2 EIEE DR EYIRTE . (5]



B3E HHME

FATIHGE T = 2 — Z OUSREIERIC BT 2 @A OB HEEZEFA L 72, Ly
L e, RERCHESEHOSMELZLEMEEL WS T —X1%, B, FUE
REDEIL Y IGE IR D, —RIIREREE T2 X LD K S BRESIE
DETNE —FEICHE T 2 FIETHEI N = 2 — I VEHBIRE TV O E
DLERTEZRMTEIER-TVS.

Bl 2 BEEICE X WS INE L L CE T A RRA T 254, FH IS
LT —XDOMENPHZIT- LTH, MEINL= 22— I VIEMEERE T LD
BEXHEST 2 B2, BT 2-20CEHYZETFEETIIELD &
HBED= 2 — 7 VEMEIERE T A8 o h 2 L HERIS 5.

COHERNZREES 5 7 DI TIRERZITo 7. £, IERFHED FedAvg 12
XNLUT, Z0o0#IEEDI 747> Ve HET 5. [Wikipedia H 35 #BEH
NEXRIA— R 226 Mefisfty, THEE), TA#) O=2Dh 7325
% 70,000 FOMERZFEH 7 —&X 2 LT, % 10,000 HFOXEREZFAMT— X & L
T, TNZENDT 7472 MZET. %2747 M& OpenNMT T h—&JL
FERXT v 7D 30,000 D=2 —F AHEWEIERE TS VZREL. 5,000 X7y 7
T CITHEIEE DY — N TE 5 BOENEITS. 87747 P THERERI N
=2 — ZUEEEIERE T L 2 o TaHili 7 — X Z#ER L, BLUE X2 7 THIR
HEZHET 5.

ZLT, SEEIICH 4.2 THAT 22547 MDD 7)) —F 4 EIC &
H O L2 SEFEE LT, 1ERFREFUHO D iz, BHRRIC=20
7747 Y PDETINE—FRICHET 2 TERL, —HDI7 7347 OET
NEFPEEIND LII1TT 5.

K7 74T Y MHPERTFIE e MIRFIETE /- = 2 — FUEREERE 7 L OF
AFEREEIER 1 TRLE LD, MRFEDHIEZZ 747 A D 35.68%, 7

F1: PIREBRTE Y 54 72 b03ME2= 2 — S UEEHBIERE 7 L OBIERKE &
PERFIE | MIRFIE
Client A (ImHi(b) | 0.14982 0.20327

Client B (FEsR) 0.13615 0.15412
Client C (AN#4) 0.14213 0.18069




A7 B 1320%, 7747 b C A 2713 %DEED EF L 7.
TAHERRT, 1EROEHIFAED X 5 ReESNEOFEMR T —HET %
FiELD, BEC X o TIENRIIC—EOSINE O FBEERZ TG I 5
FiIPRER I NIz = 2 — FOUEHEERE 7 L ORFE D S < 72 5 2 & D%FH &
nrz-.

TERNCKEE ® FIF 272012, SERRICRE L ENE > 28 7 — X 2o
SINEDFIEZHIR L D35, BT L EiE 3 2 B AL FEIRET
H5.



Fa4E JU-TaEICLBECHEBIL

ARETIE, 7V =T 4 EEHWT, @3 CEARICEEICHE S WS
BOFELZHR LD S, BT vEE T 2 5B bo FEicowTEHt
5 5.

7'V —7 41 (Greedy Algorithm) & 13K Z 2 RE%Z W < D DHE7 172 &
WHEIL, PEIX NIRRT 2 R L KD 2 2 & 2D IR
TRETHZ. AFRTREINZZY —F 41K & 2 HOHEBLTFRIER
DAAFEDHEIREE T = 2 — FABEMBERE T V24K T 5 2w H KEREEE
A7V ERETAEZIRL TH S, —N"TZa— LT TILIEN
T2 ETORNERWZEEICE LT, ZOHEN I L ICERI Nk
7 —rLETLVORRBEZRAMICT 2 FETHE. ZhrbK3 7L

o |||

oA BTt D@
TR

EHETIT EHNETILN EHWETILNK EHETIL1NK
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Algorithm 2 FederatedGreedy.

KZEZI94A7Y MG R IEZO2 947 bOFS; BIEI=ANvFHAX; B IZ
epochs £; 0 1EFEE; VI(w;b) 13Ny F hIZDOWTDIEK [(w; b) DAL
Server executes:

1: Initialize wq

2: for each round t =1,2,--- do

3: for each client k in parallel do
4: wf,, + ClientUpdate(k, w;)
5: end for
6: Aggregation(w}, ;, w? o, -, wy, ) > BTN 2R
7: end for
ClientUpdate(k,w): > client k THEAT

1: B < (split Py into batches of size B)
2: for each local epoch ¢ from 1 to F do

3: for batch b € § do

4: w4 w—nVi(w;b)
5: end for

6: return w to server

7: end for

Aggregation(w/, |, w? o, -, wr) > B TOMAEDEOENET L EZARK
1: C' < all combinations of list|w}, |, Wi o, - -+, Wiy

2: for each combination ¢ € C do

k
B Wi Xhee w Wi
4: end for
SelectGlobalModel(w}, ;,w?, 5, -+, wf, ) > Za— VLEF LR ET
1: pass

1. BONEPERTFIELFIC XD RT A =R Y —NZEDB TV ELIHES R
TWABHHHETVERERL, 277472 PABRT 5.
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2. B IA4 7Y M, ZELEEFTMCHLT, BEPMMEETI2¥E T —%
ZHWTHE =LV THEE 2TV, ETAVEEHRT .

3. BRI IAT7 VM, EHEINLETADPLET AT X=X ZMEBL, &
FHTF—22 LTH—N"NEET 3.

4. 7747V "BHAEDE R X =T ICHBL, N7 74T
FobSoEHAT—XE2RHL, X—V T ICENET LV EIER
55,0

5. TEENZENET NV ORICHFRBESRDEWVH DE 7B — NILET IV
ELTEAT, 1OXSIZEI T4 7Y ML, 2 DUBHIZERES.

B OMMT = 2 — F UEEERE 7 L OIEBICIE, YOO KX 1 i
AT Z 2NN E V= 2 — FUEMEIERE 7L 2 ER L 2 WD D 5. —
5, BECX o THEMEBPBETD F XA IZRHE L2 = 2 — VSR EIR £ 7
NE2MEHETIRODS. EDTVWEFLICE ST, AT v 75 TORFNEED
ROEWETILDRDIHREDS. ZD, KFLIE Y —F 4 HEICE 3
HOMEMEFEE 22 NORICHRLL, =N 774 7> MDD
DDNR— VBB L.

4.1 H—N\ZzH#E

Z DFNTEILEE TSI U 25072 5 23 DR E L L T 2 Rk a — o<
ZADRAAL VIZHHEHATEZNHDO = 2 — I ABERBIERET LV ZIER T % & W
5 HINCRHE L 72 FEZ 33 5.

M4DE5IE, 7747 EREEDOBMMEM) 7=bBld=2— 7 L
FERET VORRKBEZHET 27207 -2ty hEHEL, —NiFH
T35, Y—NNIE T 747 EDPRETZHET XDV A4 XDHIzEDLYE
T, 36okMET =2 oIBEOMET — X Z2ENT 2. ZORIZUTOF
JIEiZ 4 D IR 7.

£75, Y—NEQHHETARERL, K7 T4 72 MTEEMT 5.

ZLT, 7747 b EBREZELREVET VICH L TEE L, BEEDYH
B2AT v FGELS, FEIBEADET LD LENITDEI T X — R 2
L, BHTHT =22 L TH—ITIRT.

D BIZIZ=2D2 54 7 b OGHRBENET N 123, EHWETF L 12, EHEFL 13, HEH
EFN23, ENETLL, BHWETLL, EWET L3, BERINS.
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‘Client ‘ :ParameterServer |

[Jner—s s ]
| BT — 5 &R
I <
| T F IR
| « |
L TREFNERET 3
[T -
loop / [H#IEH] |
SEL L EFILICH L THPE |
« !
FRABEF NS EHET— 7 £ |
« | |
o e .l
: (L) EMEFILEERT 2
: « |
| HBRET 5T
| TJO=INILEFILEELT S
: <
P SO—/ULEFNLERHT B

<« |

(2) BELLEFIICHLTHEE

N

X4 Y —NREGZED S — 7 v A

iz, = MNFZEFHT -2 E2H T, 75472 A DE S X —
Y WENETARERT S Y.

ZD%, 7TV XL 3D SelectGlobalModel 12773 & 512 H — NMANIA/ERL
TN TORENET M LT, HlEflE T — &2 %2 - THFNEE 2 HIE L
T, HE RLEWVWENET LEZ 70— ULbEeT L LTERSN, 7547

D40 (1)
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Algorithm 3 Server optimized FederatedGreedy.
Server executes:

for each round t =1,2,--- do

Aggregation(wi,;, Wi g, -, Wy q)
SelectGlobalModel(w}, 1, w? 5, -, wy, ;) > 71— N TOL % 3R
end for
SelectGlobalModel(w}, ,w? 5, -+, wi, ) > P — NTHELT
for all w/,,,w},, -+, wf, do

e < calculate accuracy from common measurement data
end for

return w;,; « max(e)

Y MCEART B, 25947 FMEETFTACH LU TIHRAE L TWAEEF— X T
HL, kT3,

ZDEIIE, V=NEHDO T —T 1 FIC X2 HEMBILFRC LT, &
TOHEFLBIZSM U EE L TV B RERa — 820D K X 4 2 b #EIG
TE2NAMEIE V= 2 —SUEMBIERE T L2550 5.

4.2 9747 bRE

ZOHENIK 5 IcE bR T, HEEFEEOSM U Ik B 25 E 7 DRk E
LTWANMIRT—ZAD R X A4 VIZRHE L 72 = 2 — F VBEIMEIER & 7 L 2 AE AR
T30S HWICRHE L Z2FEE T 3.

Y—NRHEEST, 7747 Mebld=a— 7 UEWEERE 7 L ORIER
BEZHET 2007 -2ty bEHB LRI, = NICHET 208D
724, B—ANTROEFMS TFLEHRIRT 3.

3, Y= eI AERERL, 77472 MCEAAT 5.

FLT, 2947 EBREZELEETVIHLTEE L, BEDEE A
Ty TELES, FHBEADET AL LRERART X —REME L, EHH
F—RE L TH—NIZEET 3.
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A MT 5.
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ENETALZEEL, METF—& 2o Tu— AL TENETLVORIEKEE %
HEST2Y., BESRLEWENEFLZ0—NILETILE LT, RO¥YE
Wi,

Algorithm 4 client optimized FederatedGreedy.

ClientUpdate(k, w}, |, w} o, -+, w5 ): > client k THEAT
w < SelectGlobalModel(w;, 1, Wi o, - -+, wiyy) > 7B —VLE TR E

f < (split Py into batches of size B)

for each local epoch i from 1 to £ do

end for
SelectGlobalModel(w}, |, w5, -+, wf, ;) > client k THEAT
for all w/,,,w?,,, -+, wi,, do

¢ < calculate accuracy from measurement data
end for

return w < max(e)

P NTREDENZIToRIC, 7547 VbR Y — AL E2TOE
HETLEEGL, BEFRDEVWENETLIIHLT, RELTWEEE T —
REfoTHEL, HRXA VY TOMRKE:2 FRIT2 X351 EIT3.

P NEHEE R, 7547 VREOGEFNET &2 — AL
B0, IhEwnwtexa o EBEoNS LI, BNETAZEET S
WKHET =2 D% 4 X, FiER 23222 T, XDEHFXA VICHT
b= a— 7 WEREIERE T LR FAfF T X 5.

ZDEIIT, V947V MREDOTY —T 4 KTk 3 HOMEMIEFEICE -
T, ZhZ2hOEBEE S LRI E T 2 IRt L= 2 — 7 K
WEERE T V2R T X 5.
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2478 a ZH - 2R DfifEIZ Q THD L WS HEWRE Q 77— 7LV THRIFT 3.
Q-Learning TiE, X (1) &SI —Y =¥ "R —20DfTEIZH - 72 EXfE (1
STEP) TR/ r D 2 ICHIRED B 2 I - 72/TEOffifEi Q % RAED b,
QT —7NEHEHT 5.

Q" (51, ar) + (1 — a)Q(s¢, ar) + alrpyr + ymax a1 Q(ser1, ari)]V (1)

Q 7= I MFIRERBERINZAATY S, ZIURIRBITEIZM OBF
X2 DDTH 5. RELITEIEGE, FIEZDRITHIFEITRKZ VI
BZBWT, Q 7=V 2REET 272012, BWROBEEBHEIICZD, HEN
REZ TR,

Z DOMEZ R L - DI EERILYETH 5. REMRILEE IXIRAEZE R D)@
FIIHLT=a—I 02y b= ZHWTQ 7— 7V Z2BBeE LT 5 FET
H%. ¥£72, Q-Learning N\— 2 DEEELFE X DQN (Deep Q-Network) &
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L LA S, EHFICE HEEBEOHICEBO T - = ¥ MBFEES DIF

%

i
o
—
)

& | B

]
6
&

e B\
I—yzvh J—
o

7 wAFI— x Yy FERLEE ORER

v

Dal3BEE (0<a<D, y3#HEER 0<y<D, t3edHBHR

17



EwTH5. M7 DEH12, FURETEAOMILFEE -2 = > bR
H, ATEL, MEEET RIS X T L~V F -2 = v Mgk
BHewns.,

RNAFIL—Y ¥ MREFEICE T -V = v F OFERFRIC K o TN oM
b5, —OHEZETOZ—Y Y M2 HAL, Y AT LR % Rk
tiz s 25828 (Fully Cooperative) . —DOHIWXH 2 = —2 = > N DI5F|
THeMMOT - =¥ bOEITITR B RS (Fully Competitive) . =D
HEL—2 =¥ FebiZmd e i1 ORRRBFERICHEET 2RE & 7 &Hd
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TR DA D 5.

5.2 ETIIE

SILFIL—Y xr MEEWRILEE 2 HWT, RN E S AREE O ES
ERL, RELHBELZROUHE 2. ChEFEHRT 22010, HEE¥EEY X
TLEETNMEL, AFIT—Y ¥ MEBRILFEE S AT LI ATKHE
BB, MIIKEbETILFI -z MNEBRILEE 2 WS
2T LEEHT 5.

R

d

P S X7 4 (FedLearning) Z~/VF T —Y = ¥ MEERILFE DEREE
ERET D, HLFEEH LY =V IPEEED I 47 FRBEUTRET

HBHLEIEE AT LZBHLD, HE LT 5. BREOPICEROEE
7547y P &EEEEE -V 2 Y P DORT L —DDEIEE Y — N\ TF
F£55.

( FedLearning (env) h

+ server !
+client

+reset()

1
1

2..% ( FedServer w
[ FedClient L+ agg(#*client) J
)

+ get_model(xxkwargs
OpenNMT . + step(action) = :
e +got_obsO)
+ is_done()

C

N

1

( DQN Agent

+ act(obs)
+ observe(obs, reward,done, reset)

9: ¥NFI— x ¥ PREHRICTE 2 W7 E S DO RK
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LT BRI —NEFWIHAE TV ZERL, 727947 MCEE21ZEDRH 5. £
72, 2947 PO ANIRES, VIZ/ZXMEADIHEESINZ Z
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FHETNEVIIRAMN L7472 MSRTHEDFF>TW5.

921472k
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FEL, ETAPENTELXSICT5. 7747 Y My — i e ki
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DRABFBPTHIENTES. £/, 7747 MNIERBEOKREZEH LD,
Wz BT 2 %EbF o TV 5.
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DEE o TWVWD = 2 — 7L AR E TV TROITE) o Z3EIRT 2. RDAT
aWCEDSVWTIIAT7 VIR EDELIRV TR N 2ES %22y bR —)LTF
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F2FIH L TEE L, o —Y =¥ b OIRERITE 2 &2 S 25529k
HHREEERITH 5.
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FIHIRRE 0 5.
s"% = [score(sentencey), score(sentence, ), - - -, score(sentencer,)]V  (2)
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YEETNEZBMUEUTRDOITE 0 ZIRET 2. TH a ZEDIFA4 72 bEED
7747 Y NIRRT, BREINTz= 2 — I UEHEERE 7 e LT
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(score,) FHIET -2 DKLy 7Y 2AOMFBED Y THIET 2. RTX
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3 & score = 5 = score(sentence), score(sentencey), - - -, score(sentencey) T
bH5.

RNVF L=y MREHLEE 2 HWEREE S X7 JTEB D= 2 —
TNETNUNRFEL, ZFEDOHEEBTONT, BMTHS. 20k, K
1 IZEDET, v FT—Y =y MEEMRILYEIC X % BOHBILTFEDRN
ZEiT 5.

3, HEHEE PR AR —NIED T VX LIERESI TV 2 HIHE
TNAEAERL, &7 747 MIBAT 5. 827747 ¥ MIZELAHE
TR LUT, BEEWMEET2¥E T — 22T — LV THEDAT v
DFEEITS.

ZLT, 2947V eb3FEEZHEARS, FEHBEAZ 22— 7 VEHEIER
ETADPLET AR A =R2HHL, BEFHT -2 LTH—NEEFT 3.
FRZ, 75472 Mebl3&AXFROMET — 22 ffioT, FHFEA=2—
7 WASHREIERE 7V OBIERKEEE scoreg ZHIE L, PIHIKEE s 215 5.

RIS, FREND T 5472 MEIRT OLFEEH L — = > MHIHIREE s
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WU TTE a0 2N, 7547 MITIRX 5.

2547 M3TH ag ITL7 0T, = NZY TR T 5. F—fliX
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BRI — Y x>y MABHEDIRIE 5, & 8 1o %o TR (1) T Q(s0, a0)
ZEHIL, HODHRDO= a— 7 VLA RETIWVICEEZIE, ROTH) a; 2%
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