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2

Abstract

A math word problem (MWP) is a narrative which reflects the underlying logic of
math equations. Successful MWP generation has wide prospect in language generation
and educational field. Previous works mostly require human-annotated templates or
topic words, besides, they fail to consider the characteristics of MWP. This paper
proposes a multitask learning based MWP generation framework. We devise three novel
tasks, including number relation extraction, number ranking and sentence substitution
prediction. These tasks are jointly trained with generation objective and supervise the
learning of MWP decoder while enhancing the model’ s comprehension of arithmetic
logic and condition. Experiments demonstrate the effectiveness of our proposed method
in equation consistency of generated MWPs.

Keywords: Math word problem generation , Multitask Learning
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HARE T A 02 A ARTE S AL B ) — S, B H R AR . TSR HL SR
TR AR HARTE S SO . FEARRIOH, FNT 3 2R T — PR ROHT 0 e SCA A AT 55—
MR A SR ST, BN SO B H A2 iR 4 e 1 <93, H 3 A i 51 FLRERS
SHGE FR AU SCA . A L2 AN B, b el di o i A Bl 2k o SR b,
AR P SCA o B LAY A 1S B 81 A A ML 45 A Tl A it P DRASE, DR T B A AR e
JETR R SG [RII, Ber Ry A 34 RS SC 3t/ aE B AR F shan i, AR TR AR
AR s, AR U B B S &) 2 N TS IR ARG, L5 00 E
SGEA HE— B R3S 1E], BIANAna b BRAT-5 A % (R R =2 e BBl P, g A Bl
e, ZRALH) IR EE A .

LGB SCAR A TS, AR DME I S5 AL B 1 2psic sk sk — R = o /E A
AL T 4 AP 453543 2 1) e BR3P B8 B () U A 4, T A KB R RS AR i AR i, Ho A
TR, KA RE. BEMSEMASARN. AEAHEIE IS RAR, I HIEERF
BEMNEE., HILES5EENEBTSARRKA, AWK $3NZE5, B
NI R FAER KA . BA R —ETAE (Zhou and Huang, 2019; Wang et al., 2021; Liu et
al., 2020) 7 H PP 22 BB A S A2 SO B B AR O TS T — @ I RCR . X T/ERZ
FF R (Bl Uit ) s 08 AR R A BUBCA SCFAR, AT B O S e 4 5 Bl Py
R B R &, I AR SR A g S, A S SRR R B AR
B3 06 K FR A PR

(BEFEEN equ:(1-1/3-9/20)%x =245

S oty -
BB E R And 245 are seniors. Find the total number of students.
B equ:45/(x —y)=5equ:45/(x +y) =3

HESER:l

travels the same distance downstream in 8 h. What is the rate of the boat in still water.

Table 1: K 3O3R BT 55 71

WG, EHCECHEY, BEm el EE, MrsERIER (v,y, 2 %) @HA#E
PSLH S A A R, Ny R . AR DNEE, ol THAGEEEEME. NEW L
Pk, B SO P AT RN AR AT BB A — S R, Bl < R EEFET 8 H
sy, Hep 3 1, 5 Ha7-7 XBRAH, 3 M 5 BXRZIH] (5 BIFR A5 T rIEL
&), FMPERGAR AR, NI X R E kAL mAER 10—, o Ml
1/3 MR R AT, HIAERGA ), WA » 2R 1/3 ZHEIRE. MEA R
DA R 7] A SCAS B2 et B R LR ) (R i2 B &R, M TSR A 7%, B BFEREZM
AR, AEBCR IR 2. HK, FEDAVER TAES, B SO B 80 o o o S R R A
(7 NUMO,NUM1) %5, A% ERERSEE. ks EEEESc@id, e p RN 2nt
TH FAERBATE L, B ATH: (1) $FEM R/ NGNS S B— i E B, flingk
Foa lWHUE b R, EESHIECT a M b 2, sEEM—HEEE N a YR TP EERE R b
PR FER IR . (2) B I/N R BB E A0, BN/ AR 15,
BN ZE A R L LR EE s AAE LA T IR LUK R S K7 (G A i B +
IR, WK B A - ZGR I ) ;s — MU AE R KB — BN KT RER A A4S, B
— WHVERIMAR S . B)E, B SOt A SR IR A T Rl SRR R TR ) A
M, B TAESCTF A s e, T B s 745 4L Rk, REL i
A B TE A R R L ROR AL, IR Z BT ZN A, 7 A A IR R AN AR S AR 4R 1
A RS o

EEXFDA_L S, 2 w0 AAEAE AT %5 P Bl AZAT 523 8 % (Ge et al., 2021; Shen et al.,
2021), AL T 24T 55 B i Bl ik s SO A U, R 1 A ol -5 e 1) AL i
A E] — A — B HESE . FRATET Transformer MR ATH9 A AL, BT T80T X A2
B B HEF AL BEB 0 = AN AT 45 o B0 2 R BOT PN B 18] 9% 28 SO AT AR
Bef b A I iE A 458 (Least Common Ancestor ), HrgieeE ik xR 45 X B

E, 2022%E10H14H=16H.
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MRS, A L R BB R R BT, (a)(b) A2 ARl

2000 * (14 0.04)° = = .
z— 2000 =y (1)
X RIRAR (pseudo root & M T HEIEZERMI BT ), (c) 2J7HE 51+ + 8 xy =510
Xf IR FR A o G R R R TR AR R, LD a8 SR BT Bl A 36
FET e BT K FR B SRAR AR AR e A J307% ) A SCAS Tt 0 H vh PN B () i B O R R, DA
W B AR S S A 2L B i 2 (BB S8 R, A BT G SLRRiRiA . CE T R A B A
97730, R AR R B0 SR R R B R BN B R B U AT HET  DASYI A 2 S At i ox
AP RBFIATH, RGN R A S ) e T A B, O B e SR A A GRS B R VR A
Jr B e T I AR 1R AL, RES 2 IR SCAS A e — A TR R R — A B
TEVNZRIR AL RS AS , S — T84T I AR It 4 8 0 i A2 A 1 3
R =R S S R A UL 55 HATER G I %R #EET Dolphin_ 18K &M HHLE LK)
SCUR U, R RO VAR S R bR IR T R HREA SR T IR SR Y 2 AR A
525w Tk A — Bk

=) =)
(I () ([
o oo Gw ) —
) () 510
(2000) (1) (o04a] [ 5]
" Crawmem =0 =
= ) GO o) OO
) () )
(N ) (2000] [y ]
)
(2000) (1] (o004) (5]

Figure 1. kA0 LTy sl ol 2 36

2 HDCILfE

B SO R R A B SO A i AR 2 B2 BT RGN ) A3, R ) S e
AR (Answer Set Programming) (Polozov et al., 2015) MHEZEIE L F AR (Singley and Bennett,
2002; Deane, 2003) S8 XHEAR H ARSI TIH 7S . A RS> 2284, (Zhou and Huang, 2019;
Wang et al., 2021) ) TAEHR & 3T 4 SRR S5 10 P A0 AT A B, AT AR RASE AR A
SRR R, R S ] 0 s e R U B AR 4 1R) RS A R TR IS B . A
ot e 3 o 9 SR TN 2, A AR A R il S A R G SRR P R A AR . SR TITIX S8 VAT
MR Be 75 20k A B & R0 KR BN A, XER L s e Al Y. mAse T
VERBCT BAF AR, BRI S S T SR A . (Liu et al., 2020) [1)ig
SCRF A FIR G S SCIE, I AN IR B 1 1 5 | S A R S U e A . {HAZ
EH BB M RIAE, BT A S U RR B M T AR

B S SCA A B - s B SCALE IR R G5 A AL I B 4 A D iR PE SCA (Siddharthan, 2001;
Gatt and Krahmer, 2018), i1, (Puduppully et al., 2019a; Puduppully et al., 2019b; Gong
et al., 2019; Wiseman et al., 2017) XHETAF LTS EMERN AR, (Chisholm et al., 2017;

E, 2022%E10H14H=16H.
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Equation 1:
equ: x +y =400equ:2 *x+3 xy = 1050
Problem 1:
The attendance at a baseball game was 400 people . Student tickets cost $ 2 and adult tickets cost $ 3 .

Total ticket sales were $ 1050 . How many tickets of each type were sold .
Relation Extraction:
r(2,3) =“+" 1(400,1050) = “pseudo root”
Number Ranking:
2 <3<400< 1050
Problem After Replacement:

The attendance at a baseball game was 400 people . Student tickets cost $ 2 and adult tickets cost $ 3 .
The red rose theater sells tickets for $4 .50 and $ 6 . 00 How many tickets of each type were sold .
Span Boundary:
[23,38]
Equation 2:
equ: (x + 150 *0.8) / (x + 150) = 0.9

Problem 2:

If X ounces of pure acid are added to 150 ounces of an 80% acid solution . The concentration of the new
mixture is 90% acid . Find the number of ounces that were added to the original solution to produce the 90%
solution .

Relation Extraction:

r(150,0.8) = “*” r(150,0.9) = «“=”
Number Ranking:
0.8<0.9<150

Problem After Replacement:

Results of a survey of fifty students indicate that 30 like red jelly beans The concentration of the new
mixture is 90% acid . Find the number of ounces that were added to the original solution to produce the 90%
solution .

Span Boundary:
[1,15]

Figure 2: B4R i A SO B HOR I 0 = AN B AT 55 000 H A

Lebret et al., 2016) & \p TAEm M AP fE AR, (Zhao et al., 2018; Gao et al., 2020) 5%
JEEERIAAE B, MRS = e HE A LE O . A, 3 AR TAEFEAL A i i T N4
FISCAHFLAN B DA S 2 WIR L PN 25 1% 9% 2 I 3 BB FERG 7 2638 (Puduppully et al., 2019a;
Perez-Beltrachini and Lapata, 2018),

ZAESE ORI : IR, 241555 A SO BOFE & I TS 2] 77z . (Ge
et al., 2021) S8 A\M TAERT BN SCEAINBES | IS SCR 224 BOe SCHh g5 | A . AR
BAESIHAMIRE 8 4 25, FFEEUNGRAE LA o 2R A5t 5| DI a4 734, (Shen
et al., 2021) FERBXITES T, BA UG T A BB AT HE P F T 0 8L DASE FHBE B G i ik
KA XA E T

3 IE%eEX

FATIRGELA—ADRENEEERIERX { B, Ba, o, By} S, 50— R A5
PGB, = 212035, HH Byl 25 AAROKE, B 8H kR, 505
FAFS B AT =M SR BB AR, Bl <+, -, =) 7 &, B, Bl 0.2, 1,307
&, A, BN Ca,y, 27 ARSI RN BEEBSOR D y = yaye.yr, AT DA
AEEA R, L2 MBSO . AT B2 A A 2 AR i A R4 23 2N i e 220 A S ) 1]
Yt AETTHT AL BRI 25 A

L

P(yle) = [ P(vily<i, Er, Ba, ...) (2)
t=1

4 B

FeAIH Hh Y Z AT 55 N SR ) RBSCA A AR AN P 3P/ B dE— MY Transformer
SRR L AT I A S0 ) S R P 2 (8] 5 AR BT R BRI R . — R AR Y
ST AR R A T HE P ) B AR DA K — A0 R B SCAS T g e B A T S
WM . A 8AE 555 I S L 55 3L A Rl R i AR i e, L E A eR BOIEA TR S U1 o
i DAL 95 FAENZRBT BEA AL

B P ET G F AR R, BIT8TI-SR189TL, A, P, 20224103 14HE16H.
(c) 2022 HIEAPXERFEWHHIBEFTFLNBERE
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4.1 L) Transformer JAJERHIKZinDS 28-S 25 By

B A O B AT S5 . AR ITFU B = (0,0, o ) 2
s Gt g T4 Transformer L, 8 ADOUAR H) B R PG £ BB — R 51850 )
E%ﬂ—i R = (r17 ra, .., rn):

(r1,re, .., ry) = Transformergnc(x1, €2, .., Tn) (3)

FE I AR LR 221 Transformer J22, AN T PAZR 545 ) 4 1 0 SAEE ) 22 3k S XE R
B, SRR AR R0 s, I I 0 B 2 PR s P A L AR SR B i ) i 11 27 R T
NI Z 3R A 4 A

P(x) = softmaz(d;W + b) (4)
d; = Transformerpec(R, so, $1, s Si—1) (5)
Task 1
pan A .
HBE B3 L
Span B
2 1 0 1 2 2 1 0 1 2
________________________________ | :
8 ! AR
E /\ = i‘ =
| ax * | I Sam’s gas tank is 1/ 6 full . After he buys 7 gallons of gas, itis 2 /3 :
: /\ : : full. How many gallons can Sam’s tank hold :
! 1 CTZZTTszzscTTzz=s=zzzz-ctz-c-=czZff-c-=-=-=S=-c--c-=-=-=-=z=====:===
| * / x) | | Task 2 N—— = '
1 1
1 7
: 2/\3 i’
v ¢ !
: /\ 1 :> :
1
1 I 1
11 6 X 7 ' :‘ e ‘
L} 1 <> <> <> <>
. ' Sam’s gas tank is 1/ 6 full . After he buys 7 gallons of gas, itis2/3
FERR | full. How many gallons can Sam’s tank hold R S N
BFHEF
________________________________-=T:s:3===================================================
::] BT

1
! R —

K 4 000
i AT — =0

! p 1 B mmE-- ,l!ﬁiﬁg

1 —_ - —

1 Sam’s gas tank is 1/ 6 full . (4% Aitis2/3

1

full. How many gallons can Sam’s tank hoIdT

Figure 3: BT AT 55 YIGRMEE: AR 2

4.2 LSS5I

55 # 10 BUr R F M BUCF K RO R A i SC R b PR a2, X
AT ) ) 3 B3 6 AR AT FUI , AT B A A 2 A AR U AR B B i 2 (A L. 4R
FIERWIFELIDIE {+ — % /A =, Jopseudo root | J& 8 7, WILARIZ TR &
KRG SR T4 R ol A AR s AT R R AR D . T AP AN 2
wy, MR SO T B B AL B B0 pa T py, FOATTRE AR AL 5 R A T 2R B ) A
SCAR RS RS, R R s LIRS 41 B B BB B R AR BAE AR BT &R
e BMORYL, XT xa, BATELHRGA po oL, KEH 3,57 BB (RLETHEIZ A
pa_lNpa+17pa_2Npa+27pa_3"“pq+3) [

Cak = MLP([dy, _1; dy, 43 dp, 1 © dy 4]) b € {1,2,3} (6)
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N, BRI v AR

o(u’'cy;)
atti == (7)
Zje{1,273} o(uley)
CZ = Z atticai (8)
i€{1,2,3}

Ho o () 1 sigmoid BSL. JARRERY Y AT DR E] oy HIZET cf, T RAKIEHAET
5 FAMERIS 5 1047 02 BRI DA iz S

P(r(za,zp)|ch, cf) o exp(wi o(W2 [ch; cf; [cf — c; s ¢; © cf])) 9)
1 %
Lyelation = @ Z _IOgP(T(‘meb)’Ca’Cb) (10)

Ta,TpEQTaFTh

H wy fil Wy #2285 AT R LA TRET. o) 2GR EL, W ReLU(-) 4.
Q RBA [FIAEREE A RN AR T BB IS, r(2a, o) R 20 T 2 FEFRIRK
W E R A A G

1855 # 2: Boerdby: Weiprd, Fes SCr B B RN X R BB IR R B E T e R
FXt 4, R ZEE T B 5 b i —Se RS A, BB B EU BRI HE 7 R DA i 2R o)
T H & ERRE . A, AT A HE A DU B RS ge 122 > . AT UE S 1
WA YA BB R IE RN, IR St i B B B2 B s b i — A0k, VR HE
PR A HEFP R A 2R B, He A NB R, R 5 e NEC A E AT
BIBLE, 5/ NBCEAEAE H RO AL E - BB i KRR A P L B .

FLRH, RS SCAR TR, IR RARM/NEI RIS N 21, 22, ) 2, HiHP K BT
BH, BOMBLERRS S8 by, ho, . hg. H = [hy,hy, .. hg| W T EFRFEME. Tl
T B — AR TS, % B B T B R RR R ) (1, K] PR AN E . R
21,22, 2k THTPHEIT G, FERARCHE 20, < 2pp < < Zpe» HH 01, D2, o p 2 TR A AR
i —NWEN) GRU HITHHGE M 4L, FATRIEHE Y o 55 ) 1) & R #2645 GRU,
PAHE [BHEAGFE A R — N R ECTE H A E . GRU FOoHZE Bk, MR
RN DAE AL HL S A -

h; = GRU (hy_1, [hy,_,;1%]) 1

SURAE £ = 0 I, by, RIFIRIRIE [sos] MGHATRL., ©* R ARIORIETT T4
frti: v = Meanpool([ry, v, . val)e BTN VRIEH AT 2, 15 H HHIL0E:

score(t,i) = o(W3h)(c(Wsh,))T 1 <i < K (12)
P(qilq1, 925 -y qt—1, H) = softmax;(score(t,)) (13)

Horp o(-) BEIEEEL REMNEIRE ¢ OB (BILE 2, 78 H FREMRAE. &5, 5
FHOFAES I R AT LA A

K

1

‘C’r‘ank = 7? E P(Qt|Q1,Q2a "'7qt*1aH) (14)
t=1

155 # 3: BN AR — L8 TARRFRENLE R A R A AT R RS, A5
A I AT 70 HE AR EE A i A-Ha O — A [0, 1] Z [T 2y, (A2 7 o] S SR o 11 ]
o FEATT, FATD XA IR TR, — I, AUOGE i BRI ) /B 1 R R i AR 18
BRI 24 - [ RBO TEX FAACR IR R R, RO BN B 4 SO B E ML E SR 2%
ERFTAEPMK, X THADRUCE RN RS, I EA A B R 2 TE, B
()T BEEAE — E R L Sk A X2 8, (R ASEIEm . 75— J7 i, 1A E2RAAES]
T RERS E— 22 S B R SCAS R — BERUA A A B, AR B35

E, 2022%E10H14H=16H.
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M, BATEAT T A B IINAL S5, BN H Al E R B, RS
TR AR TR 58 A A K BE A T AR SR HAR SO U A1) 1, PR
Bt Ja i M BUSOR R LA TR as A o A, A BB ARG 58 (o e i) X ) TS . FLA
Kl XTF i N AT SHLEEESOR P = {So, S1, -, Sn—1}, BT IR ALt
et

o TE 1/3 BUBRETT, AR IERARY ) SR BT 4

o 4 1/3 T, HBLEISBR et MFUSCR P = {808, Sy | KR
BEBLEER @ € [0, — 1), € [0, N' — 1), KRR H b ¢ A TR P/ s j A4
ﬁ%a %?ﬁEEGﬁ%i?@@% P = {S(]a Sl, ey Si*l, S;a Si+1a ey SN*I}O

o TF 1/3 MR, FKATE Seifid BertScore (Zhang* et al., 2020) T.H., TEilZEHE4EH
GRS H BRIRAFTRERENFECR R = {S0,5), . S, | SRURHEAL
Wk i€ [0,N —1],j € [0, N" — 1], FFEIHEH e « MO T8 R HiE § AT,
B s SO AL s P o= {50,51,---,Si—l,S;-/,SiH,---,SN—1}0

SERME S, FATRERI RS MESCR P AR as i I EBHE S, 18 P RRJEHTIn— M ric
[eos] MENEEHRAT, EAECABKIEEL N M. @S PIRSKIRER N di, da, .o dae FAT]
M — IR da FEAAREIR AR v PRI AR R R, PRl R st M 45 B o
LS. T start™ F end” 73 BIFREEHGT T T U0 OL BN SR AL BN AR . Bl
T (1) FRE SRR BB, BATIN— D2 v JHE di,do, ., d
pi, B D =[v,di,dy,..,dn], B start” = end” = 0. & ST AR MISE R ALE KR8
X5

P(start = i) = softmax(d;Wy [dar;r*]) 0 <i < M (15)
P(end = j) = softmax(d;Ws [da;r]) i < j < M (16)

FATHE BRI — Fr BeW AR SRy ade v O A (0 RN 45 07 B AR R SR A, SRR AT 55 1 43
KRBT AR A

P(start = i,end = j) = P(start = i) * P(end = j) (17)

Lspan = — log P(start = start™, end = end") (18)

eV 1R P(start =4, end = j) I, APl BER B BiAs- 0 dEA 7 —1k .
B e R RO 1 4 2 R 0 ER 2B GRS A X BLAR (O MLE 3R ) R =AM 2 ) 41
55 BB JAR B
£total = MLE + a(‘crelation + £rank + Espan) (19)

5 BRI B
5.1 Bk

FATH IR T Dolphin_ 18K (Huang et al., 2017), iZ MM Yahoo! Answer # 3k I
REBCEEE], T (Huang et al, 2017) (LLFF T Dolphin 18K {1 -4 (3154 ZHEA)
T T A MBS U 2R U2 A B . RILIRATTE M (Huang et al., 2017) 45 g B4R AL
Yahoo! Answer RIS THIMIEHE, FEIREVMES TR T 14943 MG (A FIZL
PR SCRRE ATF) o« XTGBT T AL, WER T RS SR K B 45
AMAEALT 15 MR AR-SCART, RARE T 9643 MG & 245 THIREN ST EE

5.2 JLELBRIMSE I E

FATRF P2 IS DA R HRBRNS L (1) Seq2seq (Bahdanau et al., 2014) ¥y
TS EIFAL ST . EATAES, FATIB T BN EE I ILHIRIE DAL seq2seq F7, (2)

E, 2022%E10H14H=16H.
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Train Dev Test

Size 7714 964 965

Equation Length (average) 16.69 16.23 16.63
Problem Length (average) 28.90 29.64 28.74

Tokens 7445 3065 2875
Table 2: HHEGTHEE

i) [ L A 256 Transformer 23 2
Transformer [aZ4ER 256 Transformer iR M 2% o [a] 2 45 )5 512
GRU [RZ%EE 256 GRU 2% 2
Adam 1 0.99 Adam Bs 0.999
Batchsize K/ 32 2SS ES e-4
Dropout Rate 0.2 (19) XK o 1

Table 3: HAGE S EIKE

SeqGAN (Yu et al., 2016) ET-A BRI 4, (1A RIS ST FE R — 20 A2 iU PPAL BT 1521 52
BTSN o TESUAR A BRI SR AE S 2 M55 _E#EUS THETH. (3) DeepGCN  (Guo
et al., 2019) W RIGMZ ML, B T5es AT ARG 2R 00, XRERs B Ay
ST ABEVERIR T A, [RIEZEAR AR SRR a7 s (- T i, T2 o XSO AR i i) 8 mT ARG AL
REBF AN A SRS (4) Transformer (Vaswani et al., 2017) 372 W T4 AT 551
B, (5) DualCG (Wei et al., 2019), #EASCHFRAIEH DualCG SRt ik = g Al )i 5
AR NAENE G —aEZE G . (6) BART (Lewis et al., 2020) 2{# H#5#E transformer 22
MR IR TN GRS, FRATER A A s Bie 46 Xt BART #EF 7700 .

BB Adam PRALARFEATINSE . AR B0AE 55 = AN B AT 55 5 S [ 1) G s RN A2
5 AT S R IO 2B i) SR BT 2T Roberta Ha AR S AN, IR A1 gRs
ey N RAE TP e, TR TEPI TR — S R I 2R ER s T— IR L e, X ok mg
PR T B R T R a5 0], e fi s SO B B AR, Scks BES] THIRY 7
PIVER . HRSEIE LR 3.

Bl BLEU ROUGE-L BERTScore METEOR Distl(%) Dist2(%) NR(%)
Seq2seq (Bahdanau et al., 2014) 2.59 20.25 82.98 18.51 14.56 34.99 47.60
SeqGAN (Yu et al., 2016) 2.62 19.22 82.56 17.63 12.96 30.02 44.00
DeepGCN (Guo et al., 2019) 3.04 20.94 83.07 19.48 16.81 45.17 49.21
Transformer (Vaswani et al., 2017)  3.14 21.84 83.81 20.26 12.94 43.51 44.84
DualCG (Wei et al., 2019) 3.60 21.43 83.99 20.63 15.47 46.01 40.97
BART qrge (Lewis et al., 2020) 4.15 22.26 86.35 22.30 12.77 46.76 43.47
Full Model 4.20 23.13 84.61 22.32 19.03 53.89 71.06
T14T2 3.22 20.93 84.90 25.33 10.74 35.62 49.37
T1+T3 4.10 22.52 84.74 22.43 18.90 51.95 70.16
T24T3 3.92 22.64 84.92 21.96 19.70 53.13 65.64
T1 3.37 21.87 84.57 20.70 16.60 47.63 70.52
T2 3.48 22.39 84.32 21.50 20.90 57.37 69.62
T3 3.71 21.68 84.25 21.37 20.67 57.42 67.81

Table 4: A7 VAR LAATE BT FEHR _ErytERExS . Hod NR RS H %, Trans
J& Transformer [{) 455

5.3 FHIIREIR

FL gl FATEEA 7oA A 8hiTiE45 : BLEU (BLEU-1 fl BLEU-2 {E)-F-¥J) (Papineni
et al., 2002), ROUGE-L (Lin, 2004), METEOR (Banerjee and Lavie, 2005), BERTScore (Zhang*
et al., 2020) (—FpEET IR A RN R SCARA: PP 4845 ), Dist-1, Dist-2 (F8/RAFI—IT
4/ AR TR — o/ e b el FeEH Bl (S e i SR T R R 2R
PO eSS DL T ) o R INE 4R, Ho e DO R BT 55 I E L . Full
Model F/RFERMBEAL, T1,T2,T3 4 HIFRR =MMESF .

APAER|, BTG SE , FRAPWAZE BLEU, ROUGE-L, METEOR #§
tr EAH HE AR HER) Transformer % HIEAE T 33.7%. 5.9% 1 10.2% $E7), £ BERTScore
FEbR T RS T 0.8 N RBIPETE, XUCAR T AT AR AT 5 B0 T AR A S0 AR P AR
B BRI RAE S T HE P IR TRAGARNEE R/ N EE Ty, FRATI AL
TR A AR RITELF . Ah, AT BT R B AHEZHE 5 S e bRy T HUS TR T

b E U S ARG SR, SB1T8TI-S189TL, F A, JiE, 20224510 14H & 16H .
(c) 2022 FEFLFGEESUFIESYLTWERS
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iy BLEU ROUGE-L BERTScore METEOR Distl1(%) Dist2(%) NR(%)

BARTarge 4.15 22.26 86.35 22.30 12.77 46.76 43.47
BART qrge+T14+T24T3 4.83 23.01 86.24 22.60 16.92 49.68 43.37

Table 5: £ BART 2 34 hf AL 55 B A A4 7t

BART (3R, ki BET W8 A IR T 2 AT 552 2 B AR e A R -5 10 R A 1 o
Eloa

N T IRFEZALSF B A UGPSR R, JRATHERT TIRANR I S, B =M
BOAES5 HAEIRO A ORI A, IF s TSR g R . anE s, ERAES— GRRfR) Al
155 = (BUEARF) BRFOLN, B8U4E BLEU, ROUGE-L #1 METEOR Jy i) #3437 F
23.3%. 5.42% F1 8.64%, 7F BERTScore 1§43 "N 0.06 A~H 4055 fE @ HATS— (&AM
W) FES = (O BO#esmill) MO0 T, BAUS-H H e R B R 2 A AR 55—
(Bl R ) AESs = O B i) pofsoL s, BiZUfE BLEU., ROUGE-L #1 METEOR J7
TR I 5 T 6.67%. 2.64% 1 1.61%. 4R M —Fh B S5,  B Sl HE0s 152>
B R EART 5 SR, e TR AR LS

EEES] MR EE%  ASCE%  Transformer
1 EAZE, N 9.02 6.40 7.19
IREE Sl 17.72 5.59 4.99
3 MR, M{H A8 6.84 3.21 2.41
4 JUFRAEE 14.51 4.64 3.03
5 VEIRRIAIAT, )52 ) 9.33 0.79 0.24
6 4t 8.08 6.31 2.47
T EA LIRS, JLAAZE 8.08 6.31 2.47
8 5 )t 12.64 4.27 1.68
9 172 A 8t 10.36 3.09 1.79

Table 6:  FEAFTHERBAGNILLE T4, ZAL5 M APRHE Transformer f) BLEU {4t

2370 T T T T
A 23.13 23.15
T B 22.40 oA N 22.49
A T —A
22.86 ho g2

21.88 ’ 22.11 21.55
20 A

BLEU

—A—~ROUGE-L
METEOR

4.50

0 1 1 1 1 1 1
0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9

Threshold k

Figure 4: {155 = 2. 3 PFPEFSENS BOR AR A A A AR Iy, B PRRERYAZ 1L

BERGZ ARG J): S TR OB A ERE, FRATREA SO RN 2 BART AR plif Al
. EFERGA BART Ml Zhid R rim A = A BT 55 (0 HARBR R, SEIRET R AN SR, AllA
KBAEMN T 248554 2 )5, BART BRCRIAG 7l 24T X Bk 180 5 ARl EL
SRR SRAT 55 REOE AR U2 S HE R b Sk B (AN B O R UL 55 BT Y
2] FARA Bh T3 i A A iz AL BE T

AR LS ER g sr i O TR RSB R R R A AN ) 4R BRI PERE, FRATTR

B R E T A F AR W SUE, FIT8I-5R1890, A, T, 20224F10H 14 %16
(c) 2022 HIEAPXERFEWHHIBEFTFLNBERE
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A1 (Shen et al., 2021) Hxf i) B SCATR R 2 S, AR i SR 1) 335 A A [ 5 DB Jal 4ok 9 A
TAE o BT AN [R)E ) o) SCASHE SCF 3Rk TR B SR, RIS [R] 548 vh m A e 4%
AW AR ERIRFE, BlanfrsR. FUEEMBUE W &SRR RO E . M XERnZ% 5.3
JiR. 2 5.3 IS —FI45 T ORE RS A KRR CRAEZ IS BT A 5 1 g N A
gy, HAPErEAZE AW KA KRS, BARRI LM BEEN ), HahT
MR X 9 RS . AR 4> 4R AR SO VA FIBRIE Transformer BIZYXTLHE, WA
KA (1) FATRBETESE A0 U &) BiSafm, RSN (SRl2EnE)
AR EAL, MEZARHE W, X ATRER T U2 8 oo R R s, S EAHLTY
Bt , P2 I ERERAR: e mE SR 2 ML AARE, SERGER T—EE. (2) 4
SCH TR 3~9 Zehi A R AL BLEU (E¥ s, mife2ky| 1. 2 b BLEU A T TF.
JEHRRATBAAEA B AT 748 FER T LRI, W RE 550 26 ) A7 e 2 4t
%i%@%%ﬁ@ﬁ%,wWﬁﬁﬁﬁﬁm%%\%ﬁﬁﬁm%%%\xﬁ%%ﬁﬁm%M%
BRIy By b2, FRATRETAT 55 = v SREUAS [] SR A2 4 Jt 190 2 e 1) e BOR) o 24 S B 2
R TIRSE, PARIE TR B A R B . FERE B A—E [0,1] KM A2
SITIRER, MREGETE [0, 1/3]) BN TR, YRTE (1/3, k] B RAVIZRAE h REAT LAl HR a8 SCAR AR
RAFHRANRIR, J&AE [k, 1] BFA BERTScore #5728 H #Y AR SCANE A AR . BRIA
FEOLR kB 2/3 HJ 0.67. 24 k 4FBIEL 0.47. 0.57, 0.67. 0.77 1 0.87 B, 4MHrii%g) BLEU,
ROUGE-L #1 METEOR #8#r9748fk., 22 mlidrkd, i 4pn, Himim kol r®R
T k5 ARAES. FIVEE: (1) Y k BUE LA AR, BOELR) A U RO R Rk
Ik TR R RCEYE. (2) BURTIE Y b AEUE RGeS, PR FEARS 2 /N B AR
Ko T b BUEBUN, SRS =SSR ARRBOR , A SE R B S e RS 28 31 1) 17 i SAR
R T e ) 5 i Bl D SR 5%, WMBE AL SR U i il AR, HEMEIX 4o XA, e
By g5 o, BIBURRIS S ) PUNA LS m) B2, (EARF A A MM R B, mAY
2 e R REHLRAE B A1) 1 2EA T 72 7

ZIN

g —geik S1(%) S2(%)
score K score K
AR 3.97 0.436 4.06 0.497 32 57
Seq2seq 3.78 0.256 3.48 0.483 23 34

SeqGAN 3.75 0.305 3.28 0.520 20 40
DeepGCN 3.61 0.295 3.55 0494 29 52
Transformer 3.80 0.333 3.53 0.421 20 45
DualCG 3.88 0.346 3.66 0.455 28 53
BART 4rge 3.56 0.398 3.73 0454 31 52

Table 7: A SR SN TAFII S5

NLVFG: S T S R R TR R A SE AR B, AT T = A TARTEE R
ARG A AR B, HoA SR T AR IS IR (1) JRMARE - g 3 Ay i e
IR SRR BN, REAEEERS R, (2) — 80 — B0 T R SO E S
ARMRBES (3) FIfFgtE (S1): i T4 sl FAR @B SO, FRAT5 2% iz e
MREBRDL, e A 2 K H B A Y BSOS, W] DARRE & 51 A ik s A (8
HER) WAL (4) ATRE (S2): R—PHDTargdett (S1) SRR, B HREK
SR — AR RIRA, TRZOR S 4558 S5 U AT

FATHEHLPEE T 100 A A B BSOS, I Hoak B TLRAT 20 W BEATHT . FRATIEAG 2>
WS 1~5, T R A - RO RO TERE . O T BIR RPN a5 R M i — Bk, 3
M Kappa 250 (5 {H) RIATIFAG, /o EREEUERATT A5 B8R . P9I 4k 78r
™o AILAR B R AR5 B A5 TR TR A . — Btk RAE R ARy T, 150D
RN . HAPfERmAE . 8k, S1. S2 LIt DualCG 43 5T T 2.32%. 10.93%. 14.28%,
7.55%; H BART 4rge 4 HHETFT 11.52%. 8.84%. 3.23%. 9.61%.

E, 2022%E10H14H=16H.
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6 JSA&

FAVERCES BRI, 31 T =S ERE SR G IIGRRR L5, W
Z IR ZR TN BE R/ FEE VA B TG O F BERA T =S A RE (AR 2 o) B K0 b it
s WA, DEMHRTT T A A AT 55 BRI .

Bt
AL TAEZFIE R A ARPH4 (61876004, 61936012) S0, FRULE .
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