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BT 2R RG22 S MR SHE B B B T R
WHER 2, WK, MR, RES

(1. BWBTRY: [FRIRS AL =0 BY 650504;

2. RWIFTRY: ZHAATEEESIHE =5 BY 650504)
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Low-resource Cross-Lingual Summarization with Multi-Strategy
Reinforcement Learning

Feng Xiongbo'? Huang Yuxin'? Lai Hua*? Gao Yumeng'?
(1.Faculty of Information Engineering and Automatic, Kunming University of Science and Technology, Kunming 650504, Yunnan,
China;

2.Yunnan Key Laboratory of Artificial Intelligence, Kunming University of Science and Technology, Kunming 650504, Yunnan,
China)

[ Abstract] Cross-lingual summarization (CLS) aims at generating summary in a target language (e.g., Chinese) given a source
language document (e.g., Vietnamese). Recently, end-to-end CLS models have achieved considerable results based on large-scale and
high-quality labeled data, which is usually constructed by translating a monolingual summary corpus to a CLS corpus. However, due
to the limited performance of low-resource language translation model, translation noisy will be introduced into the CLS corpus, which
seriously damage the performance. This paper focus on tackling with the low-resource CLS based on noisy training data by using a
multi-strategy reinforcement learning, where the source language summary is introduced as gold signal to alleviate the impact of the
translated noisy target summary. Specifically, this paper learn a reinforcement reward by calculating the word correlation and word
missing degree between the source language summary and the generated target language summary, and optimize the CLS model under
the constrain of cross entropy loss and reinforcement reward. To verify the performance of proposed model, this paper construct a
noisy Chinese-Vietnamese CLS corpus. The experimental results on the Chinese-Vietnamese cross-language summary dataset and the
Vietnamese-Chinese cross-language summary dataset show that the ROUGE score of the proposed model is significantly better than
other baseline models, and the RG-1 of the model is improved by 0.71 and 0.84 points, respectively, compared with the NCLS baseline
model, and the proposed method can effectively mitigates noise interference and enhances the quality of generated summaries.

[ Key words] Chinese-vietnamese cross-language summary; Low resource; Noisy data; Noise analysis; Multi-policy reinforcement
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Fig.1 Chinese-Vietnamese data screening flow chart
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Table 1 Back-translation score table for each data set

[k, Rk DO ETE S AT A, B
HrSE R IR - 5 E BN TAE YN SRR v 75 3 5 o
B KRB, Hit, BIENSEEETE 08t R AR
FERREAR SR (BRI H) , Toiks B
SR (BRAH) o Bk, ASGHE— PR RIER
3 BV o A T R AT o AR SR e Rl 43 2
AT oEt, BARMRA RENA 2 iR . HAHERAE,
Wi DL % 2R S ek A A B DA B X AR S e i 2
HIHT, KB 4 555 6 RER G AR FrEZE
3 MR FE RIS R GE T BIRR T 58 4 58 6 KM

F2 CWMT2013 RI4# BARAEER
Table 2 CWMT2013 division common type error

WA SR
e DRI T, R
LRLHRERET ) A A
e 3] ol B 0
Sk ) ERPELE AR
X9
3R VST B
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LSRR P
h SR 0 e HEE
S & AT MBS RSB
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B AT B e LI

DATA Zh-Visum Vi-Zhsum

R
i
Hif3 5

it 1g
’jﬁé’”: 6570 41.10 61.34 81.18
34

52.71 28.19 48.62 74.90

RG-1 RG-2 RG-L BERTScore RG-1 RG-2 RG-L Mgfscore

6752 4321 64.00  87.86

73.55 50.89 70.86 90.36

2.2 JHAH
Wb, T DL IR AR R AR T

DUIE -0 T D B o - DU P 57 5 T AR 1
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R EA R 100 A)AREdiE SRR S HARTE & A
FANLIRRIE, W I8 RIS BRI T S R RS, 3
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€ 50%%HE, Vi-Zhsum 13 )€ 70%%5E .
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Table 3 The proportion of noise types in the
Chinese-Vietnamese cross-language summarization datase

Zh-Visum Vi-Zhsum

Mt%H  Filter-NoFilter- RG Filter- Bert ' Hee"

No Filter- RGFilter-Msf
1 3% AY 37.00% 30.67% 29.34% 28.25% 23.58% 22.38%
2 e 1750% 18.67%  18.32% 12.75% 15.71% 15.95%
3. WFEAK  6.33% 5.66% 467% 17.42% 15.24% 16.19%
4 i LAk

W
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6 T 20.00% 24.00%  26.00% 29.00% 31.43% 32.86%

M3, TR :
(1) AR 2] I I5TE = 0 2R b TR e I 1

12.67% 13.00% 1467% 7.75% 857% 8.57%
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Fig.2 A cross-linguistic summary model for multi-strategy
reinforcement learning of Chinese and Vietnamese
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AT RAEAS AR BRI AR, R 2.1 #J5
VERITE ) 20 5 Zh-Visum 5 11.5798 5 Vi-Zhsum #H47 5k
k. BETBERIEL S, B8 — M8 10 TR
RGBT S WERERE (Zh-Visum) fi—4~8.1 5
FEACH R - DU B 5 R . BTk, W
RITRISY, EREARNE 4 Fin. R TTSRHAR
3t 8 5 SO DUE B T T R AR AR e e 1 -
UG TR S S BER AR T A P, For, i i BERTScore
W IEDE W I B R EBUR R I KRR Bert,
Mgfscore i 3 bl B 75 -UE B515 5 BB AR R A
Mgf, fi i] Rouge #tzid I8 MR LR A RC. FEARL
B, BT ATPIE, F—iEM TR E R AL

F 4 LRBEEEAER

Table 4 Experimental data details

Zh-Visum(Filter) Vi-Zhsum(Filter)

DATA N s i N y i
YIgE  BIER IR YIS BIEsR iksE
FEAEL 97000 3000 3000 77000 2000 2000
ESCHIRIE 90.05 92.18 89.45 445.87 511.39 426.95
-Bert/Mgf
HREFA R 1459 1313 17.33 40.60 41.99 40.13
-Bert/Mgf

ESCEHKE-RG  89.92 9217 89.45 446.93 516.23 426.95
WEEHKE-RG 1459  13.06 17.33 4122 4207 40.13

Horfr, FEARLRHORGHIRHTT, Zh-Visum(Filter)
¥ 9 48 & T BERTScore #5 Ap it I8 M £ 48 ;
Vi-Zhsum(Filter) $34: R 4 Fi 3£ T Mofscore $8 4733 1€ Y
4.2 P4

FEARSCH, R T WA TR AR AR P TE S
RGEEMERN R R . SREBEHETIEME, —Mi
JEFGH )7 1 Rougel™ , b1 HbRaf i 225 A A B A9
N-gram SEBURRE, A A sK(8) firm -

> Count,, (N -gram)

Ge(Ref | N-grameG (8)

> Count(N —gram)

Ge{Ref } N—grameG

Hofr, GHEMIE, Ref Ahi2EHHE,
N —gram A N JGiAl4l, Count,,. (N —gram) 4 mdH
ZH5REREZPHNTHAEEAD L,
Count (N —gram) AR E i N JEiE 448 Hr N

ROUGE-N =

WRER L 2, LURKAITFI), AP
Rouge—1+ Rouge —2 + Rouge — L A/ A R AL 1 i it
T#HH RG-1. RG-2. RG-L,

S — Zhang % X\ U 4R VR B i SCUC AR Y
P J5 3 BERTScore, fif FITH I 2% 5 HEAL b 53 A i
52E A4 MMTE SCHLE, A TR b5
ZRTF I AR R . FEH SO, TR SRR
Ji “bert-base-chinese” ¥H-454534); fEMAIE Y, Tl
WAl B “bert-base-multilingual-cased” . H:dr, ffi F
BERTScore 5, A2 il b i) “<unk>” 4 ly BERT
Ry “[UNK]”.

43 EHHE

A3, R PyTorch HERLSEIUBIRIRAG . ZERIR
4K L, (L E Transformer i g AR AR 454,
BEHERR 8 MZIEB NS, B2 EEEREN
512, BiRMHAEMLIEN 1024, A Adam R HER
R, 28 B =09, £ =098, €=10°, {f
teach-forcing %, Fyg R+ (Label smoothing) X &N
0.1, dropout X E% 0.1 BIAUFERGIS, RFIHIER KM
(Beam search), beam size &N 5. HEFENZ, 5§
W 25 AP, S AL >3 S AREY , e
JAARIEIEH Zh-Visum 5 Vi-Zhsum £ #4172 B0 4 4L,
AR5 P I 08 ) Y B AR SN SRR
4.4 BAERR

AT BES R AL S W DU TE R T TR
AR, A3 Zh-Visum(Filter) 5 Vi-Zhsum(Filter) £
XA R R I AT AR

Sum-Tra: @&—FEE I I5TE S MLk, Sltirxt
N BRI UK AT B AR AR, R A B T
AT R AT E) HARTE S T

Tra-Sum: 5 Sum-Tra 26481, R—FpiP XMETES
T, B TIRIE S SO B H AR B O s,
FeXs B ARTE S OO H 2R, 153 BAniE 51
%o AE Sum-Tra 5 Tra-Sum Hr, ASCHORAAHKIEAHL
PP RLAL, B ERR R R0 MR A il KT %
LexRank,

NCLS[@: —fp 3T Transformer HEZE sk 33k b 25
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LR-Rouge: 5 A ¢4 i i 7 35 K00, fH4E A
Rouge-L 7373 7+ H AR

LR-MC: ASCHR i B 578 & R, 52 XA 558
WA IS G RAC B R, b, BRI ARG S
R EE5 A3 R A R A3 B BE SRR S
xR
4.5 KWERG AT

ASCNAN R FA B e, S DR T 5 4
T2 SR SRAL 2 S 0T AR B T AR B,
X B T A SCHR R [5) SR R SR A 2 > T 1 5 B R
MIBCR; RHEE, HRIEET RS I3 i M R A
Ji ) e BE A SR W R AR RAT £ 2RE AR T, %
HARERGENA 2K 5 JR, BRSE T 2 OB BR R3
L | PSR ik e )5 S g itk s i)
SN BEROR, 3 I PR A 1o A R N R
I WA BREAR RISER TR ®)a, A
e L 200 P B4 AT T A 3 A o

(1) HREGHADT HER

AN At BRI R X L A5 RN T & 5 Fm
Hopy AR HBE SRR WA, =11,
BIA N B 53 22 05) o

5 HELBA AR

Table 5 Baseline experimental comparison results

Zh-Visum(Filter) Vi-Zhsum(Filter)

Model
RG-1 RG-2 RG-L GERT RG-1 RG-2 RG-L BERT
Score Score

Sum-Tra 17.78 813 1654 6329 1965 6.76 1570 60.59
Tra-Sum 2092 10.24 1897 6536 22.61 824 16.89 61.61
NCLS 2269 10.26 20.96 66.66 22.45 8.88 18.87 62.87

LR-Rouge 23.16 10.83 21.36 66.79 22.63 9.30 19.31 62.82
LR-MC
(7 =1) 22.81 1049 20.87 66.71 22.66 9.14 1921 62.66
LR-MC

(7 =06) 2340 1093 21.60 66.91 2329 932 1957 62.87

M 5 MU, ASCHRH I 2R Al ) BT
B AW BT 5 R G IR b A DU B e A R 7 -
ST S AR BRI T iR, b, S
3 0 T S BB NCLS JEveb AR b, AR SCHE i
5 AR DR B R T 578 0 2848 B RG-1, RG-2,
RG-L 73547+ 7 0.71, 0.67v 0.64 4vx{; FEBRIH-IX
BT SRR £ RG-1, RG-2\ RG-L 45T+ T

0.84 0.44\ 0.7 A pio WA 15 5HEG S wi s
U H b RE % A R0 58 AL DB 2578 5 TS B e T
H, RABESRHEBAIERE. 55 Rouge-L 1F K5
L4523 i LR-Rouge J7 AR L , 43005 H7E RG-1, RG-2,
RG-L fit BERTScore E#HufF 1 #e7t, BMIRRAEIES
TR A AR LA SR e A B e S BE SRRV SR AL
5 3 B2 il R A S o 0 59 DUBR 5 T 5 R BB R R e 1
T, MTRF P 5 T E R PR o 5 e P e
GRMIBERL, RSB BT kSR, BRI
REWREM R RN — B M IRTE, HERME RG-2 WA
R, KRB FELHEI PO EXCARARRER A7
BTG, BT Z B2 T — S5
P BT L5 P 32 U 12 25 e B AL BERL I, AN AR ST
2 0 2 SR W SR i AR A AL S AL R . M, fE
Zh-Visum $#f F RG-1 (0.59 4 )\ RG-2 (0.44 1 )+ RG-L
(0.73%). BERTScore (0.201); #= Vi-Zhsum %t F
RG-1 (0621 )+ RG-2 (0.18 %)+ RG-L (0.36 1)
BERTScore (0.211). f§ FE L IIHIE 5 T Z V5425
W, s RG-L P33R B 5 A8 IR 2k o SR
ARMAERL R A HE— D R T, WA SIR B M S
RS SR AL S X 07 TR R AEDUE - B R i 1515 5 R
45 B B R 1 - DU 51 5 R R AR R AT
KL, TR A 75 B T B SO K SRR AT 5
RN TRIFMMERE, ABAE— €2 L354uth H hiiE
TR e R R S o

(2) L

Y IR AT H R 0 TR R S L ] G B Y
SEAL A SR XML RE R SO, R 4% B — B T
R, ZiRWEK 6 Pm. Her, LRmis Jg Rik5 4 idb
BRI BEAR A ), LReor g b A AR B R
AR R, v ¥R 0.6.

# 6 WRELBRER

Table 6 Results of ablation experiments
Zh-Visum(Filter) Vi-Zhsum(Filter)
Model  p61 Rre2 ReL BERT Rea Re2 ReL SERT
Score Score
LRmis 2278 10.67 21.02 66.73 2250 9.13 19.18 62.74
LRcor 2315 10.85 2138 66.76 22.83 923 19.28 62.83
LR-MC 2340 10.93 2160 66.91 2328 9.32 19.57 62.87

W 6 AL, RIFHEEESRES BhnEE 4
JIRATA B IV PR A 2 PE B4l 1 2 (LR i), AR T AR
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AW . DU IR RS8R I (LRcor) RN
ATIAA 3 R AR T 1Oy, — 7 T, RS R B2 JE B
RGBS BB B —; J— T, SRR RS
TR RIX — M R AP, I 2.2 45 e B 4
Hrebr, AT DA S SR B2 oy U /N TR A 2
() ¥ ZHEE, FREIRIET Fim
R 7 BRIRER

Table7 ¥ parameter experiment result

y Zh-Visum(Filter) Vi-Zhsum(Filter)

RG-1 RG-2 RG-L BERTScore RG-1 RG-2 RG-L BERTScore
1 2281 10.49 20.87 66.71 2266 9.14 19.21 62.66
0.8 23.22 10.83 21.37 66.75 22.81 9.23 19.35 62.97
0.6 23.40 10.93 21.60 66.91 2328 932 19.57 62.87
04 23.20 10.95 21.35 66.71 2255 9.14 19.20 62.78
0.2 2291 10.69 21.07 66.58 22.16 8.90 18.93 62.42

M T v, WTOAE R 58 U AR R
ASH Y H 0.6 EABRBRRRLF. 4y HEK (7 =1)
i, BRI SRALZ: IR, BRI BT A fabn b Ak
REARAR, TR BRAL A% >3 M2l R A 200 P Atk B AT AR 1Y B o
b y BN, BT A R, BRI AR IR
B RARBI B . 458 S A5 GRS G I 1A 4 0
52, RIRGH IR R LI, AR A B AR R
SR, ORI B B R PR R
AR A8 FSEAL 2 S B A g AL B b e B, 6T RE
BRI ELS AR ARER, HAAEHRES
)RV ) AR R R 515 P A o Al bl 5 ST AR -
BB ARSI TE S T, KO a7
BB B e RO R K X R AE- 1
5T S T IR S R BL A, BRI AR PR
PR R . PRI, BRGSO BT URIE S IR ek
bR e e AT AR AT R SR T, AELAS IS P i 2 o i 2
PSP SRR o A8 282 B 5 5 SUI 3 SR 45
AR, FESHACME RS Y R Bt ] DB G 2 B E bRiE
SIERIETE R, P RIADORETE S TR
PR

(4) PRFEME P B XTI I B A 5

AT R RF G BAR A W WGBS, e
AL, 3 BRI Transformer HEZLHEL T ME P B A
Bamy, S5 8. All FRfii 20 J5 A MM
TR R T T AR A 11.5798 J5 AR DR YRR 1 -
DUE I5TE S T EBEREET 45 Filter-BeryMgf FoRilll 4

Bl R A U8B BTN R, o DUE -4 G TG T8
B EHRAEE ] BERTScore J5 ik Tt I8, 1%
DUE BT 5 B BR8] Mofscore J7 473308, %
FESEVEANLE BT L3 45 Random 7R AR i MRS 4 v
BE AL IR R 5502 A B AT I 5 o

K8 AHEHE T HEREHR

Table 8 Experimental results under different data

Zh-Visum Vi-Zhsum
Dala  p61 Re-2 RG-L BERT R Re2 Re-L BERT
Score Score
Al 2177 998 2009 6637 2226 900 19.03 6256

Filter- 22.69 10.26 20.96 66.66 2246 8.88 18.87 62.87
Bert/Mgf

Filter- )64 1019 2089 6656 2237 879 1887 62.63
Rouge

Random 2098 948 19.33 6596 21.01 7.79 1761 6212

MR 8 SLIH, Mk A X B A
Uk Ik, A T NGRS AR AR, T
B ZEDUE -G A S TR B, e B
PO, 23 5 Je 0 AT 10 J5 4% o B AR A 1)
SRABIBLLAE T 20 J5 A R AR VI 25 A R 2 8 A 2500 A
JRAT S AR . RIS , AR E-DUE B = T
Bt i B EARR N, R R, IR AT 30%
R BRI B RIAE RG-2 R RG-L $b Lt -4 Al 235
HARI R IREAL SRV, AEEMAEIRET, B
SRR A ORI . BRI, WA MR FE R K
FEDUR S T 5 T RO TR R -

(5) Il sHi

9 DUM-DUREME S R 1, JER T /A R A B A
RN R 9 FTRAMRERS], MR HALIL
FIHEAEARL, ASCHR M R R T R B, TE
SCREAEER, HARAE BB MR, ENA LEnE
WS H B AE RS U8 A B I 25 A 35 il 6 Y
(Transformer-all) , A AR 245 B . ST
JREB TR SN FER )G, ARSI R B
MEEMER, R, RARSCHE NSRRI
SJUGH I TE = TR A R A R 45 B “E S NIk
MR ELL A B

9 7 IR B DURR 5 7 SR A SR TR B A )

Table 9 Examples of summaries generated by different
Chinese-Vietnamese cross-language summarization models

2 ca cach ly ngay sau khi nhap canh tai An Giang. 76 ca

ghi nhan trong nudc tai TP.  Trong d6 71 ca dugc phat

hi¢n trong khu cach ly hodc khu da dugc phong toa. Viét
Nam co tong cong 11.289 ca ghi nhan trong nu6e va

EX
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1.689 ca nhap canh.S6 lugng ca mic méi tinh tir ngay
27/4 dén nay: 9.719 ca, trong d6 c6 2.280 bénh nhén da
duoc cong b khoi bénh......

(B3 HENLILESLEPRGE T 2 WM. B E
Pt 76 4, Hob 71l E bR . A E N B
W 11289 {4, BEAMRIN 1689 fil. 4 H 27 H E 4 Fi

fil: 9719 f5il, FHrbr 2280 fIEAAT......)

TAEER6 A 20 H B4R Ai i covid-19 JATIH AR
A 76 {5 covid-19 y5fil, BIRBWITHARIRS WA 46
fil, 345 AIEME IR T 12078 & B

R 2

PAFHA#H R4 KA covid-19 WATR A RBEH
#eunk>fll covid-19 M, HopHEH T % SRR S
Jy<unk>51 o

Transformer-all

TAMRHAH H R RA covid-19 FATH A RS H

LR-Rouge #<unk>fi] covid-19 JEfl, H P HEB T AR RS W,
eI % WA BRI o
PAEE#A#E FARA covid-19 WATH A MPEA
LR-MC(y =1)  #<unk>ffl covid-19 Jifsl, H:rh#imsm i ki i %
Jy<unk>fl, ARBARB<unk>$ B .
PAEE#A#E T RA covid-19 WATH A MBS
LR-MC(y =06)  #<unk>f covid-19 #iffl, bR T4k 5% i
A<unk>ffl, 34K IERRIEIRRT <unk>F EH .
5 B4

RSO DU 5 5 47 2 v A R TR RS T 20 A
WG, FHE Db B AR b 2 L% R A 24 5 A
BRICTRARIR A RAY, 3 HH — ol 2 SR B 5 5 R 2L
Jiik, MTIUETEEME, RRABRAEIEAR,
A58 PSSR & R SOl B bRTE S A S
i 3 VRIS A S A R R e A B
BE, SRV FEAR, ST REAESER
Ph BBRTE & 5 A A ) B 2 U B 2R, DA H
PRTE S B P 6 2 5l K s Ak ST B 26 ek
X RME R B G &, ARG R AR, K&
T EBAE IO H AR 5 18 2 SR I s Rk
PR AT TR AT RO, DA R Y A A Y
JE . FERMKM AR, BATHRITRER A A S T
T B A BAR R AE ST, AN BRI LA BHF
PN ), ) P AR ST 95 SR AR R 7 i X L
B M RE A S o
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