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Abstract

The translation of long sentences has always been a difficult problem for machine
translation. In this paper, based on the feature that a considerable number of com-
mas (intra-sentence punctuation) and periods (inter-sentence punctuation) in Chinese
text can be transformed into each other, we propose the concepts of ”implicit period”
(comma that can be transformed into period) and ”implicit comma” (period that can
be transformed into comma), and realize their automatic recognition to transform Chi-
nese long sentences into short sentences for Chinese-English machine translation. In
this paper, a dataset of implicit period and comma is constructed by combining manual
and semi-supervised learning methods, and an implicit period and comma recognition
method is realized based on a pre-trained model, in which Hierarchical BERT, which
has the best performance, is used as the subsequent application model. In this paper,
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a Chinese-English machine translation method based on implicit period and comma
recognition is realized. The experiments based on pre-trained machine translation
models on the WMT2018 (News) and WMT2023 (Literature) corpus show that for the
English translation of long Chinese sentences, the method in this paper improves the
BLEU value compared to the benchmark translation as a whole, and the effect of the
method in this paper is more obvious the longer the sentence is for the relatively robust
machine translation model.

Keywords: machine translation , long sentence translation , implicit period and
comma

1 55

e T B R O 2 I R AL B B ORI RE R — S R, O PR MR P R I T K
F (Koehn and Knowles, 2017) - JREZET KA —MREZ /M) (clause) AL, TARIES [E/)
FNEBEMEEELER . MERAEDEGESH, DOENITENZH, KAZFRAKA, A
A <RI A% (BAGM, 1979), RELERR S ERNEZS (AIRFRE) ~ A5 (AJRIFRAE) AIHHE
B, AITOFARRERN, MBI N, AR, *]ﬁi v IS SV i RO R
. N RERSERSATHRER, BRE %Iﬁﬂ%kﬁﬁ’]ﬁﬂw@@ AL 1 PR X
BHEIENHIREE - a3 TETIEEAMLE M 28 ORI, 43K BR B AR5 2 AT RERE LA
FEREETXEER: NTFETEBRNISIOIEEE, 2EREBRNPHEIELZERA. S5
XEU%Q#H;‘E?E%%LE B

KT RATRIE R, — MR R A R R iR R AL O R AR o (RIRIUR AR S BRI AL
ga) e ARICGRR, A ADOGEANE & A KR ATAH B AL AR SCRIB B AT, ERIX

ERATRIEE R . F40:

Bl ODERDD, OBES], (O PNKNE—S | @O WE/IVKE, ©ANERE
W (FOEM (RE) )

El: (WThis boy,a member of Sun Family, @was born in the year of the
horse[.]@Although he was a year younger (Dand a head shorter than water girl, Ghe
was honest and sincere. (Goldblatt 1991)

E2: (DThe young Sun, @a horse, Bis one year younger than Xiaoshui, @and the indi-
vidual is no higher than Xiaoshui, ®but the person is sincere. (BiE#1152023.11.18)

E3: (WThe young man’s surname is Sun, 2he was born in the year of the horse, 3and
is one year younger than Xiao Shui. @He is not as tall as Xiao Shui, ®but he is honest
and earnest. (ChatGPT4 2023.12.10)

(BB : BFFSRENFNGFS; POERMEANES 5 BN R S 3F i a5 AL AR
t, SR FEICEIE - BE1LRENIYIS R B (B30, 2019))

FNPGEE M &SN - EXEMLE, MMIOOR#IADER D NFFIL; NIGO@H M)
O RBRWIRDER DN, BEE TR IR - JE, JIRANIFE =4 Npr
FIRE N ERREERN, HAESCRAMIZIER . BEY, TRMMQOEESHENAS,
WEEIJ@@%%X%?Lﬁ&E%EE%XﬁTX AR I SR R R AL A1) 5 T AN S

SC/NETIRE SRk Rl OB HE L HE SO R A)S - R, POBSURPMAF AR5 A 22
FEZEHIEL, AICRIR A SN FRIEE S .

REDGE KA AR, AT USSR I - iR kisE (BE1) &/ NAQETA)#IE,
SEUFRIRERIA T IRE /N RIBIE SOLIE R AR, A) 7 I A EREE A AT & S 303 4 *ﬁth217<
PLEs 1% XE2H AE 5 SIRE 2, PAIREESCRAANY, AFEREBEETK, Mk
SCEEF SR - (B, WRANE Wé%ﬁﬁﬁﬁﬁ &T%%ﬁTE%# WMéwim¢E

M@ FEWTAENE, RAR EECRIRE/NAEIRSH R R, EREIR T /NO@IR IR H 5
%%(Eﬁ%ﬁ%ﬂ%ﬁ) BT 1 /] 7@ﬁ\ﬁ®@§%%%%%?($%&%ﬁ%ﬁﬁ%

Fo =P ET R E RS E, %19@} gﬁzoﬁ K, E, 20244E7H25H%E28H .
1: 2R
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A “but” N REVERABIIE FOGERE A <A B ENLE) - TR, KAWEEENE, ERALSY
WA FNSMILEEEL, R 2R

KR, R IRAIDGECAFRMAES, Mgy — o KaZU5EEHN
BEAF, MAGHEEFFITVLAREIE, MBI ErmiEit. BT, XEMT
ETREMAES IR FPOE KAV EIE 1L . b, RICE LR T DOEREE S 2R
8 HSCEL T HARBIERY R RE I )2 SR B R B T LSS RN R POEVR R R AL HE
DU L2 B RS I K A B AR - ZEWMT2018(Hr/E) FTWMT2023 (30%:) EHEMa4E
FRSERRE R R, ASCTER LB EF RS VOE KA VLR ENENE R, WA KAEK, SRS
B

ASCEERN: (1) JREHSELBPOEREMAES RG] FHXOEHA)E 5 A AL
Mg, " EEMEAES S, WEMNEIES, IHFSMHE BanRAEAR, AKAaLERETT
%o (2) RHIFEMETREMAERANKOVESEIFETE: GaREESIRAIEN SIS
B, ERNFARREDCE KR AR, BERS TIOEKAIPTERENERE -

2 MXTITAE

WAV SEEEA BB AR R, (EXTKA), FETES HIRERE. AEEERA)
BIER, EEHET TWRUIR. —REHATRENVAENFEER, SRRk aiiFEt
NHRERERE; H—RE TR KAl #EToT -

TERENSINEFEEN T, —REEXEANIRERSH R R, R LT XA FRR—
B GEEME . SEWZEIR S EEEMESE B (Tan et al., 2019; Chen et al., 2020; Guo et al., 2022;
T Z et al., 2024) HTREFEELZ LT, —ERBE LENTRBERKAOFENS . EEEL
wElFEEET, RS IERIKER . IR R R LA BE T IRER B g
PIAKImES SERIFERE TR, RHSKRENGEIE, DR ARTFIKE /55 5,
FINKER—LERE IS, EEMRETEMER, RSB PR B9 & 71 W 55 7]
A RS T RAEE DK, DENBIRRFIIKEMRIR TESES F R
{5 B.(Zhang et al., 2023) - 2R, WA LREEVGAFIEEEIFAEETHRRET (N3) WE
A 52 el R K AT R 0]

R KA RYLg#EM s, — R KA B RE S AL HEIE . fERSL4aE
BiE (ETHN . ET500) T, ARESHEFELSEHR AT KAUSRERNES
FE#EE, —BEMA-EIESRE, WaEER - SHZEIR - D) B EE, R
KA R4 A BEERREE - /NA) . SR BEE, Se#liFEF A S (Oliveira et al., 2010; Goh and
Sumita, 2011; Yin et al., 2012; Hung et al., 2012; Pouget-Abadie et al., 2014) - 7EJXFEFHFEH,
WH SR A EAGETS - XA . BREWERKAN S HERA - TA)5% 5 F#T
BIE (B Hand FREERE, 2002; ZE=Fand SEAUK, 2006; Xiong et al., 2009) -« FEMHEEHL 28 BIIE R
RIEZRT, WEMREEZBREFKANEE S HEFEHFAES - WEHRAENERIFEFTSIA— RS
FNEHTHE P AR S [ R JR 5 KA I 0 B A 75 i, RN RE T A ENMT RS
ML BRFa), HREIEE R B bR A1 R R T pli & A1) B 5 4 8113 (Kuang and Xiong,
2016) - HHTFIE H — M EUONTE K618 B 5 1R A R ER 7T N B R R, ST T —Mka)
TALFREOR, LAt KA h%iiE, LARR K A)#11% (Tien and Minh, 2019) - KA)5#5 A F
NFAER, BHRLAMEIA)F AR SEX DERFERERMEE, 18 H PR R RS,
AI7ZENI R R R R T A A A S8 IRT, DRSSV SSEIE RGN TR 5 E
FR A HE B R LA B FMERRIE (Li et al., 2021) - SRTTIX ELAF 5T H 2 — MR HOR KA1 1R
BRGSO RS, MABRKANEEZEEE TIFRIEKAaNIL, /Na]EE R R BT
5B HMEHE . (HEX L, EEUIN KA ERIER S BUR /N 8] )2 5818 A5 L
A (FNRIES) o Ak, ARCETIOER S AHES il BRI A, 3 HBEIEaE S
&, SEIHEALERA, DR DOE KA RNLZS RN, R L g BliE K AT A A
/NAJ (B SR R AT 5B R SR SR T TR

3 BEMEAES IR
AT T DOERMEANE SRR, FEU 7 ETHOIGE SRR AZ 57515
% BRI SCRHAESHEGE NS (50, E5%) , KEEMESHAFE, M
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KA PUEIUA EAEB N

S1# F , S27E 544 385X 1 4b 5 & & he gained the nickname Camel), he was a relatively
KRLAT, S3RE MK E B HKEAE  independent rickshaw man[.]That is to say, he be-

FatEaS K[, |S4X B UL, S5MEJE THFE R S longed to the young, vigorous set and owned his own
A, seimH B A FEIA—K. rickshaw.

SINKNEWEMIKRT, S2ARERERE By gritting his teeth through wind and rain and
T, S3AMHIE . |S4IHZEZAMAT—  scrimping on food and tea, he finally put enough

EES IS HESRENEERSIRE, S5% 5%  aside to buy it[,] a tangible reward for his struggles
HR AR —ERE - and his suffering, like a medal for valor.

1. NLARERMAZ S IR E R

HORGEXN > BUEE FHKE  SIRE XAK GESH) FEAEL T CFEKE RN
train 15,526 118 1,365,404 <3 34021 1599099 47 3783
FEiEa)S valid 1,940 118 170,785 =3 3643 234,953 65 2,834
test 1,941 115 166,151WMT2018 #[H] =4 1091 82,182 75 2,332
w12 28 43107 =5 25 22861 8T 1692

FaPEES  valid 1,444 27 53,431 ’ ’
test 1,444 29 55,328 WMT2023 % >3 552 34,211 62 1,754

* 2. PN EY AEIEEST * 3. YssEhEEdEst

WINE SR P A AHE S AR, KR E T — A SBEEAHES EE
. BETIZEBIESE L, TN T SR AHE S RAIRRL, 12T AT DUAE X 88 F ) fe ik
PRt A S A IEE R - EVLEENET , ZEADR H T EIREDOE UK, BT ER R
FKEHEANZS, HIRRIGERR SIS SOR A a0E 5 T — S0t R TE 5 VR R RS SR TR
HER (W4.177) | HWAYLESENEE T HE -

FREAESEERE: T IIGSRIERMEaNE SEE, RO E TREMESEIESE . &
%, TEANRAFDGE SO EARE S TE300055FEEA1ES ; SR lid self-training - I B 52 3] 77
TERIRY TEAE S -

AN THREHEDOE B EE L, kA7 =0SEIo ARiE 721 FRiEE AR B G & 1 &
BRTDOE AT - BEARHMWIRE: AhESHEERDE, BIEGH . BEANERREA & 2HE
B RARN, NEMHAHES . FpETTR2: SRIGERIEIRE - W) R MR 1T
R, QUREESCAR N A ST A, TDOE SORBIN AR S IZ S, WA ZDGENR S R
YRS RBYMESRfE AR . BEBENR 1R, HPLZEaiREE TREMREZS, #
FIEAGES— AR (FSL S28hRE) (R, 2022) M pi— 55008 - anE H AREtE A S E0R
FHS3-S4M AL, FalhiE 580 i S3-S4M AL -

A THRFE L3000 EAIESHEAR, H & 18474 A SHRE, 12535851 E S5
- BEJE, RA T self-training B 2 3] AR R8I o SBROXEhRERARIE N ¥I8E
B, R T — D EMEEECH A TINERIE B TIIZR, SEETIGENS > 2R A
125 WA AN SUARSHE - 2, MR ISR BB AR R AT 1T, A O -
4T AP SRR S TR BIERS, R EAE RN RE, TR EYIREdET - Eiti%
T, BAMET — 338485 BB IREE A E SR, HAPRErEA)5194085%, FaltkE
51444055 - RHISEEEH, CROZEAR BRI LRI 5 A IGRE - BESEFEE . BARS:
THEE RN 3FTR -

WAER . KICRAETINGIESEENBEEAES > RIRNTIE. hRD
2z R RS A2 O B AR A S B B RRAE . B K >R FlHierarchical BERTHE 2 (Lukasik et al.,
2020)%F A1) TR AT GRS o W 1FTOR, HAEE T #AJZ - Sentence Encoder~ Context En-
coder/Z, AL H H ABEMEAHE S BTSSR - H FSentence Encoderf## T BERTHI Il Z7 i
5l (Devlin et al., 2018), Context Encoderff HGRURZ . $H B AN ESUAR, 735 ER IR
HNSentencel MiSentence2, b FFAEBHEFEN AT, MR EZRUHITEAKRL . K
J&Sentence Encoderf 2% >] & >Sentence ™) N 1) J& BRAFE H 58 & =X R AY[CLS] I & 75 KM
*Sentencef][CLS|FfE &1 A | Context Encoder/ZH, 1% /2 B o] W SCAS Fif 5 BNLFHFAE DL S
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| Context Encoder |
1 1
] N
A
| Sent Encoder |

TR accuracy(%) precision(%) recall(%) f1(%)
Hierarchical BERT 97.90 97.82 97.92 97.86
Cross-segment BERT 93.10 92.94 93.05 93.00
BERT-CRF 79.34 96.14 79.34  86.94
BERT-LSTM-CRF 86.17 97.58 86.17 91.52

R 4 ARIETERRVEAE SR A _EAotEEe

ETNICRARE, HHEABHSCRN 2L . 2R EET%Es K2, Rt B 2R
PEAE R RBIFRE £, HA 2tk 4 28 28 1 Softmax R FOH fiy H AOME 283847 T V3 —1L, FERIA
AT SRR R BOT BB -

RIS BRE T Hierarchical BERTEEZAL , AT TH#E4T T 2T Cross-segmen BERTHE
B (Wicks and Post, 2021)H)77V% - SUbRIE, FATRXF L2 T BT 5 R IE R 75 1%,
£ #EBERT-CRF (Liu et al., 2020) -~ BERT-LSTM-CRF(Yang et al., 2022). SE4 R, %
THierarchical BERTH) 7 {EME e A fE - SR ALGE R L% 4. R H7E THierarchical BERT/HH
HCRT LA 432 3] B A)3E S A R B SR AR ~ 187 e B F SURHE » TR 8 FRE T B 1Rl L
T, LR AHE S IRAMES TR M AISORE, HAESEFR ORI aHE S FS -
% THierarchical BERTHIFENE F1IE 5 iR BT R FH T 5 SeAl & B33 DOE A A 40 R 1O F0LA0 3
B o

4  ETEREANE SR KK A8

4.1 AR

RIS UEE TR AR SRR K A WLES B T BAR A PipeLine 7 % (Atrio et al.,
2023) I 1TSEH . BSE, XHEEDOGEHTIGE, HFTRMEAEZ SR, HS5TRE SRR
IE, WEREANES; RGN TAEUARHFITYIAERE - E 2.

FREAESIRA: BB AN XK —DaE ST oA aFs (8
Hsentencel,2,....n) o 7 iE AL AN 3 E T Hierarchical BERTHIFEME A)1E SR AR, FHABAI R
IRRAIEETER— A, S iRAEEE, TR EC R bR s AL B B A5 BRI S -

ARERIE: BTREAEZSIRAERNE R TREANE S, LR A aES
(BLERFEEES, WEFBEAES) | XEFXNEEE SBEEAR G R A TRIE, RS
RAANENR A - BARBUE S, RREMEaRE R A G 45 RS RS R AT Hx, A e
LRGSR, REFEIUCR A, SEMEHERSFEURA—2, REREEAHERIRAILE
Fo XEMPERET, BTZHYIZIESBERT B & TE&HMKE —MRAHES CARFIRRF
W, Bk AHE SRR R AR RN B SEOR (S A ERES) HiRA it a)E
T BURME, BHERADRERSFEIRA—EN, ATLUANRE, AEREIHE T A SRR
FEEFIRERER, AR ANIES,; HHES5FEX—%, FTLUANEBERTHSBHSHIRE
HARESARRIGER - RIEFRANERSESUR, VERTRACERLE Rk A as Bl
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2: FTIRMEANE SRR LS B 324

B XAK GESEH)  EEEE AXH®%
3 MESLIT 17.12 16.43
WMT2018 rlH &3 MES 15.88 16.74
Opus-mt
fE&4 MES 15.14 16.11
55 MES 15.30 16.58
WMT2023 32 3 MESLIE 16.42 17.11
3 MESLIT 18.42 17.93
WMT2018 $7[d] HE3 MES 15.88 16.75
Randeng-mt
&4 NMES 14.65 15.24
HES MES 13.93 14.39
WMT2023 3% 3 MNEFLLLE 14.29 14.18

5 BELERILEL

4.2 SEHEE

IR NIIEARSOFRBOR, AR SCESMENL 2 B3 55 WM T 20181 A 5-~F 17 #1132
£ GHriE) UMIWMT2023 7 ) FH S SO R P AT 5> A 4R L2t AT 2 TS A0 0E 5 R
RAHLAF IR - SIASCEERZR SR, SRR A, 1 BSOSO L — i
SORAEMESR, ALER] A BRI T RERIE LR R, FFANE T AR SO IERIISIE - O T SR IIE
AT EAEDCERA) LR, #t— P ESCRRKE (LB &ESEOTR) FEIEEU I
® 3. BIEE, ESERANRL, — PR EFNESHEBE, EERWE P TS
2GRS 5

IR EREMN B, ASUEE R R R BT SR s B AT T S858,
AlsEopus-mt (Tiedemann and Thottingal, 2020)f1Randeng-mt (Zhang et al., 2022) » )%
Ftransformer ¥ B 3mAeH , HETABPRPTERENS, G5 T EERICGERMIR . L8
FUEHEBMEMR, EEE. REREREE N2, RAZMERME; top k40, HuLIE
Al AR P IR AN R AT RERIA, (LR SKERAI40 DA top_pMEE J90.8, HASE K A AR
RZAGEBNEGE0.8, A RALERS R RE,; HOOVEREA A EE S, R T
AL SRR D EON5

WAL HEAR: RAEHFBLEUE (Papineni et al., 2002) - H 3= B8 LA #1128 1) i H
S Z%1FE L Wn-gram fHLEITESH - BLEUEAH Fn-gram FIHUE 4 -

"https://www.statmt.org/wmt2018/translation-task.html
https://aclanthology.org/events/wmt-2023/2023wmt-1
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FEBI eSSl @

S1PZHH R ERAERER, S8k NRARAL - S3TATIEFFLUNNA, SAFFEE IR
3L RN, ] SBIREEA . JURLR - EALHI, SeM BT RAERHFIAI70% UL

Four are the well-being of the people through the woven network of secure livelihoods.
In order to promote the well-being, we insist on people-centred and sustained increases

JE IR in human investment[, | and the preservation of basic, bottom-line and institutional
mechanisms, the share of the financial resources spent on human life is over 70 per
cent.

S RAFHAEREREN, S22t NRARAE - SSFANBFFLUINNAK, SaFFEHEINR
BIESCR B[ ] SBIREEA . JLIRLE - L], SeM BT RAERHFIAFI70% MU L

The fourth is to weave a network of secure livelihoods for the betterment of the people.
To improve the well-being of the people, we insist on people-centred efforts to increase

BIESCKENF#  people’s inputs[.] To protect the basics, to get the bottom line, to build the mecha-
nisms, the proportion of the funds spent on people’s lives is more than 70%.

S1MMHHEMAERT BEIN, S2#H ASTWPUESS[, | SMNE NN —E &3
HE (- ] S4B & A7 FFER XN RIT, S5R X NEREAT & st HAYET K|, ]
JE3C S6— AL IREOL, STHE R —IKE -

Many of the people inside the hall did not immediately receive the mission[ | as they

JE S ENE were confident that Gu Fei would turn himself in [. ] They closely observed all the
players coming and going since this hall was also a place where fugitives could turn
themselves in [. | Their eyes would periodically gleam whenever they saw a Mage and
then be followed by a look of disappointment.

ST ULE IRAAFERT HEN, S2HH RS TS [ | SSMATHRIA NI & —E 2k
HE([, ]S4l B & K7 FEZX KT, S5 X L NER AT & vEdt H HH AIET oK [ - ]
BIESCA S6— K IMZIENMEM RO, STHE E—KE -

And no one in the hall is in a hurry to get a job [. | They all think that Luo Fei will
turn himself in[, ] and that the same hall is where they turn themselves in, so they’re

BIEX AR F  all staring at the players who come in and out [. ] The wizards are looking at the
light, and then they’re disappointed.

F 6: JFSCIR GBI RSO

4.3 SRR

W= 5w

(1) BEEESHEL, AT/ aENEL, AR, VISSEFUREE, ToIUEH
KA VL2 B A BREREK -

(2) FEALE3RNSMESANEER RN, A HELEERRAEFEREB GRS, H
HAEFREENIERS (Opus-mt) L, KRIXHFIEMIBLEUE S B35 70.86~ 0.97F11.28, A
BEEIRIESCRK BRI, AT RIS L EFEHLE -

(3) AXHFEMENT X EFIF, FEOpusmtR G L, AT HF KB E
T0.691"BLEUME . —MIA N BNEME LR, EERLEUAFELZ AYIHEMMNE,
HEW K HEERE, NWEAASHHEWE, EHERLEF BT, SHWHERE, TWLENGFE
%, AN AR, BT A R K o AR SCTT VA ] R AL A B R R R —
P 1) JEL 3%

(4) EBRER, ATENTHENRENAT (EE3TLUNESINEERCER) B, #
BB RELHAL S X — 75 TH i B HE R A B R JENL SR BN R, 55— T Tt S B HE AR ST AR
DARBEFEIFRFEAHES o X ERNEEAES RAEE N E TRt aES AR, g
AT BEAE SRR . X TR TR B — 2 TR T LA TR -

4.4 LRI

F 5D RIAH T PUEIR LS A2 B3 45 RME AR T RS RS FPOE B E X AR S HE
PLESBIIELE 5

S AR EWMT2018) HT 18 A - BIEXAFSAERESH N T AS, BIE
J5S3~ S4~ S5~ S6IA] 3% Ram T FEIEM, B EE CE B . 6 S I SR B E S R SRR
A VRN, (BIFE SCARBIIF B I e ik T S35 S4/15 2, S55S6/I5 2, T BLAH L IR U BRI E 1
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EFHE A

SEf2 SCAGE HWMT202300 22 A « BIE ARSI RIE SN T A5, %%Fm
AFE AN TIES, HS5ERESMH N T A5 . BIE/FS3- S4- SHEIATE R R RGN T,
%%5%%%&@%%<%%%Mﬁmwwmmﬁ,%ﬂ%ﬁWﬁﬁ>,%5%\MWMI%
HRR (BRI EI) o HS3-55S1-2F1S6-61) 5% 7 FE 2 WA X 57 7, M%E?%Hﬁ Xt H
IESCAREN R S R SCRIE, (B IE SORB R S R T &4 SIE R RAIE LRI 58 R AR R -
5 B5

KA 2 B ER AR TR A) SRR B A GE K AN S BIE . AR CE
%ﬁ@? EAE S SEIEE, HE TSGR *ﬂT Pt aiE BahiRAl; ket A)E

SR BRI E A BRI A B 5 BRI LS G DU kﬁﬁw%@ SIS ER G
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