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Case-related Topic Summarization Based on Topic Interaction Graph

HUANG Yu-Xin'? YU Zheng-Tao"?, GUO Jun-Jun"?, YU Zhi-Qiang'?, GAO Fan-Ya'?

'(Faculty of Information Engineering and Automation, Kunming University of Science and Technology, Kunming 650504, China)

*(Yunnan Key Laboratory of Artificial Intelligence (Kunming University of Science and Technology), Kunming 650504, China)

Abstract: Generating coherent topic descriptions from the user comments of case-related topics plays a significant role in quickly
understanding the case-related news, which can be regarded as a multi-document summarization task based on user comments. However,
these comments contain lots of noise, the crucial information for generating summaries is scattered in different comments, the sequence-to-
sequence model tends to generate irrelevant and incorrect summaries. Based on these observations, this study presents a case-related topic
summarization method based on the topic interaction graph, which reconstructs the user comments into a topic interaction graph. The
motivation is that the graph can express the correlation between different user comments, which is useful to filter the key information in
user comments. Specifically, the case elements are first extracted from the user comments, and then the topic interaction graph is
constructed, which takes the case elements as the nodes and uses the sentences including these case elements as the node’s contents; then
the graph transformer network is introduced to produce the representation of the graph. Finally, the summary is generated by using a
standard transformer-based decoder. The experimental results on the collected case-related topic summarization corpus show that the
proposed method effectively selects useful content and can generate coherent and factual topic summaries.

Key words: case-related topic summarization; user comments; topic interaction graph; case elements; graph Transformer network
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1 5]

ST AR DI B B () 2R AL AT I A B PR AL B o T R B BT RN PR . IR — U ) 22 A4S FH P D8 v A i 87
SRS R TN T TR AR IR RS R AR R . G AU R TEAT 45 ] LA T T 4 A
IR 2 SCRY 4% T 45 (multi-document summarization, MDS), 5 ZE4 [/ — 28N 2 AR RS . TS 8 fiE iR
W RIS L. H AUET 22 ORI AT 45 E E RIS 7 i HE G (extractive) FIZE A (abstractive) PHS: HliH = Hk
LV ELA MU SC RS e B T A ) A D B B, R A )R B RO, IR TR — B R R BRI T AR AR
BRI . T AR A T VR I S AT B N 2RI 2 S, T Je i 2 SO N, SR HAZ O AR, 7RI AER B F A
TEh 48 280 1) A AR L. B VR 8 27 2 B, A i B kB I R W S R A R

AR, T R S FHIHESE (sequence-to-sequence, seq2seq) ()42 AT 22 5 15k BARAE BA SO RS 2 (single
document summarization, SDS) £45 EHRAS T ARIF IR U, SR 170 B ek HaT 7 31 2 SCRS I 237 5t R38R T s —
SO — 2 2 ORI BN — IR, AR I gL AR OV A B K RN A5 S A 2 SO N TR S BRI
RAB R, 2 ORIy PR, R F IS BBk R, D5 T 288 Bk in) @, H AT IA et ZEM L RISy
TATHEAT 0E: — 2 30 3 ek 2 B 2 5K K (R 3 N 1. Celikyilmaz 25 N MR HE 51N 22 AN g 2 sk A B 51 11
ANFIER 43, Wi AT i 3 2 (R (MRS B DG R = AE T (K | R SRR, T AMBA 5 P2 KPS 4 937 A1
Bk RS R, ARG R 53 2 it s R 2B B K SRS s B0 93— At v 7 vk SR S b ECFE 2 s P Y
BT VE R AR N7 50 3 A B il 8, B 5 AN 22 SRS b il B ) A, TR T A B A0 AR B A o
Gehrmann 25 A ™ ) FH bt 0 S0 DA P 28328 36 AR L0 55 SR AL DT s N 70 e P ] 2 5 I 2% 038 % o i 2,
M SR NP8 R i LR e 8. 5 A AT 25 B HH 1 5 R N PP 91 v i 38 0 2 1 ) 1 Pl o B 1O
IRJESCIEEE R, ARG HE TP A 2T FHES A B ZE. S T SRR B s ity SR i 22 AR A, A7 2 4
H S R 2 SR IDE A D A P 78348 TR 478 8 A4 ot 40 2 ) 2 i B U, AR B AR 7 R AT DU Ak
TR T S SR, PR 22 A AR 20 1 52 2% 15, (PR LA S 10 A A I (1 MR T i — 20 P B A 2 [ Pk e
BEARAT B 705 8 B H K ) AR RN LA g R R G I 5 NS R B AR A R S TR B N A B 2L R, 4
S VA SR S S ] U2 BRI e 2 30 4 e 3 A L USRI R TR R B A AR U T
[T, SR 5 S T B WL B R T 9 2000 2138 A RN 21 77 471 21 P F AR Y v SO ASE 78 A JiR S rh e 4 R
5 B Re T, TR RE.

SR, FLAR H AT 22 SORSH B A i 7 i e 4 RO S I SCAR UYL 2 S AR M AT s A T AR
PEBE, (HR LA A P VPR S AN . % 7 3 30 1) SCAR IS AT 8 T 147 22 i 1 ki 00, AR SCSR R AR G 1
I P VER AR TS U B AT 45 3R 1 45 T A1 U AT 55 v, G SRR U A 1 B DA A
KPP, W 1 TR AR R 3 14 7 0 Bl a3 S>> B U< 4 7R 45 E AR R R TT e, (R tBAFAE LT
JUAN IR (1) P PRI EEBUR B, AR 2 PR A AR AR OGRS, 158 1 P PR 5 AR RAFAHSCITEIR, (H2
SRR FAF SRR R S R B AT 45 5 TR B A R e v R el T R R D, R AR RO SRS AR DG I
VL. (2) AR i AR 2 B W 2 1) TR S D A EE AN R TR A) Ak 1 A SRR o R G E R R, W
DU H I 2545 B 7 BEE A RSP0 AN [R]F) 7 v, X R 2SR A A re i vkt A P iR iR IR B ZEE B (3) I
VIR I B 22 S K, FEMCAR I S AR R 2 B h, 17% HIREAS PR A R I 50 A, 26% FIVFiR i It
1000 ], 3 BSR4 HE AL FASE 20 B A% 1 I AN (] B8 SOAR [ AL

B et DAL 1) B, AR SCAE R I B 22 SCRS I TEHEZL S, 42t — i3 35 A8 0 B 0 B e 3% vk, SO B SR
) AE AT 45 Bt 4 D PRI B0 SUAR ) AR AT 45 ELASRUE, 1 56 A P PRI v B AR B 35, I DX S 32 0 BRI 9 iy
EEERE R T FEETARR, BT S AR TR R RE R, IF FIS AR 2 5 A S T
), AN TE RN S AU (01T AR T LA O P PR TR N R 7 R O T P R I L L [R]
RIBEOC AR, AR SOB IS U AT AN R IR B 1) 0) FHCR R R TEOCIHR L . A LG BN 2 SOR S N BEAT 2 iR
A Tl o i B R A L P AR i U v, B M R 1 P VS R D A B EE M S ) S AT L AN

© PEBEBPHIFST  hip:/www, jos. org. cn



1798 HAFFIR 2023 FF 34 K F 4 B

RE S S 1R T A P AR P AU AR AR, S B 5 L IacE, JF HLRE Gt U AN ) B3 Z T (K RIE G R,
T LR GG R AR P PP I8 AR () A T, AR SCHR i P 20 PP S IR 2 B HE S, 1 56 A I R Y
Xof S RAE EL PR A SR HEAT AR, AR5 R ] Transformer AR FLEAT G it 41 21 &l v =15 01 1) 0, JoeJi ik
T B AR R 245 1 A RS R

e W SR E RN

L B AL ] B OB AR A 183 /7
FRHSE T, TR RS R D, RIATE A B KRR R Ak K 183 J7 76 A s 7.

VBT JFBC MR IR S, LU R 4 B, XA RRAO AL S R

VR eI BT E, AR, T BE Ak T AR AL NN AT
AN BRARA 183 T, T30 B (R, AL . AN R SR 2, 4k 1) R BB BA T
ST LI RE, A1 340 2 b B BB S0
FAUSAL Y REAT, RIATHE 1A SR8 K SRk 2 71 8375 JC b A B R . 3B — — BT A S o IR, A
Wib4  UEUIER R T, SRR, i OB RE S RS BRI 3 AR, BEAR LS T AR T
SIF, A AR TRUR], BT AP 5 PR T B . 1Bk ) REIE AR, 150 B
SRR K B RL). UAE BRI, — A S0 5K 5 B UL, A W OR T4, A, 45
R,

PFie3

PFes

2 HEXIE

2.1 ETEWHBRRBES %

TR T B SCARH B 7R 22 B 22, FOAZ O AR AR SRt b () 74 Db BRI 05 s, i i LA 5
PAG B 7SR P O T ZME 1S 43 Mihalcea 25 N P HY—Fl TextRank 3%, Fll U1 H) A 52 B A4 3 A1) 126
FE PRSI0 v 244 0 T i RO AR, AR AR A J ) 7 (R EE P 1 40, Wan 26 A P S ity bt H e el e o
AN FE B ) TR T2 T DR RO R, [ I g ZEAE A e I e AR b 5 | NSRS Y A, R SCR R T2 TR R R, %
J5iAE DUC 5 B0 46 F IS T AREFRIPERE. Zhao %5 N P —Fh I 7 BRI 0 0 WA 1 22 SRS i 2 5 1k, Tl
Tk A e N FH LI A5 AT R R AR 1) T (RN DR BROC R, AR 5 2 T IR SR SRR A IR ) SG B 7 1, B g A7 I rh e
PR ZEA). T I B B A 2 ) — AN 5 ] A AT 45 T 4 D 5 TR B 2 STRE BRI ) 7 2 0 2R AE 55, 1D
FET- U] I PR I s B ok A e Ay 1. SORY 2 TRV AR B 5K R, 43 3045 [ A) 280K, Yasunaga %6 A P H — Pt
T BB AR R %% (graph convolutional networks, GCNs) ™ i1 22 SCRY 5 7%, 1 S Mt A 1~ S B I, 1) FHAE BRI
44 (recurrent neural networks, RNNs) #JZA I 1715 55, 285 25T GCN guild ) FRFE FF 25T RE s IR B4 4325 A
EeAL 48 )y, i MERIZE DUC $idhi 4 HHUE T AR fE. Antognini 45 A PORE— 25— ek 138 XS8R
7, R P 2R BUR R AE A1 I T 5 ) 7 RARBLRE, A2 e ) 7 I8 SOGBR I, % 071238 5 | N Pt 25
(03T 1A, RS S R SR IA AN R A0 P DRI &R, IR AS T SE T (R PERE. 22 B LL B 508 &, Wang 256 A BT
P2 — PR I N SCARIE A A RSO B SR R R R SO B SCRS R )R AN [ SR R
B R, I RdE T GON HHT9RIL A i h) 73R R,

22 ETEWERRBES X

T AR BT B 0 A B 2 5 3R A T ) 22 M oy . A O 2 ) R ke e adt P 271 281 1 KEE 248 P ¢ i s AT B
2 SRS Tan %5 N PY3EF 17 51 1) 41 HE 425t — 35 Vel (0 50t e 2 D LA, 8 AN s 20070 PR PRl A 2o
AR T EEAF 4y, AR A B s S B (0 Y, B TR PR Liu 25 N CHEH R Z K
L1 Transformer #:28,  FH i 25 ) WL BE 2R (0 AR 22 SRS I R R ISC &R Jin S5 N O — D4R — Bl T
BUEIRIIR] )1 SRS R 22 0L B 2545 B A B AR v, 25 T3] (M) 3R I AR A2 i 22, 66 T 1) 72 s IO Y.
(R B, TR e Ak ) i BG FE AN B 2E o . Li 25 VIR bt b3 o — o) ) BETR 2 103 AL
TR S &5 K8 P AR A 47050 R DR R 388 5 SRS SR A 1 26 pe Qi 07 3, i 5 ) N T 6 415 SRR 0 B v i D AL 1 )
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T, 5| AR S Ly AR SR ) [ SIS 2R BRI A2 BEOGTE e ) FH VSl 5 R Rl SR L )7 2 Tl R 2
RO AR, 5 DAL 245 S P B AR S A% 1) 22 SCRS N . B Z T AT AR AN IR, A SO S S e 0 1l g S92 0
Mg 7 50 ) o R R A SR, RN S e W 23 1) 22 SORS N 7 P 5 A 325 LB o] S S S A D 4 i B
KIRK R,

3 FEREEME

AT EZEAN G N P IR o 3 S KL RS E R SITEH P EIRE D = {d1. b, ... dip} ,
Hd; = {51,500, Siys)} TR i DNV, [DIFHIS |43 BIR R VER B BN TER I A TR, s R i MTFe
AR j AN R TS ORI G = (V,E), P Tl € V OSSR ERES kL SRR RS, iU
e j= (Vi,vj) € E RN ALy Flv; Z AAETERIEOC R, RBEER A  IB R wy ;. WHRE 1 TR, A SCE 56 WA P F
W R ERES K, RS EE T ER MR R) s 0 BLS T s v, e Bl v AN [F) 7 0 8] 558 1) 1) T 5045
FIH AR E w, ;.

BOE 1 LA H RIS A,

A HPWRED;

fnth: TEAZHEG = (V,E).

(BN EDRR ARl RE N E SIE S S S
2. MRV, 2 v =k

3.FORd; IN D DO

4. FOR s;; IN d; DO

5. IF s5;; CONTAINS k€ K THEN
6

7

8

9

Vk=Vi U Sij

. END FOR

. END FOR

.FOR 4; IN D DO
10. FOR s;; IN d; DO
11. IF v; AND v; CONTAINS s;; THEN
12. e;=Wi,v)
13. wij =wi;t1
14. END FOR
15. END FOR

FAASK Y, A5 300 S8R TextRank 502 PP PRI b DO G 4F 4 S 0F 22 38, AT U0 S0
BRI B AN T, B PEAR R B 8 RS SRR & AR A B0 T T 1Y sl (R AR S8 122
FA N BTN ST RE S EBUN T VRS BRI 2, SEmRR A PR RE. PRI T A I RUIRAL, AP
K8 EAFER M7 s AT R BIARA) 1 s A5 O8] k WK % 607 0 WL 204 A9 v, 3 T ANV S AT AT
SRR PR ) U B 25 A o e AR SCHR H vl A B 2K T3 SRR X AN [ T 2 T] BRI SR IR DR AR, B R wid v A
v FRARL A ] B0 7)1 U R SR ORIBRL e, 3L KIASER w ;A TN TOL AR ) ) 7 RO B

BT 73R 1 P il 7 10 3B T PR R A R, L SR R Sl BB AT BTR. 4BK.
183 J5 4%, M FAF ERBE UM O S Z BRI RS, ERZBPRREL G ERM R TR AT RS
)T IR RS . QAR ST AR AR R P B3R 2 TR ORIBROG R, DR O ST AR AN 4 7R P A 23R B4 H LA
“WIVGUIE A BT AR SKIE IR SR 4R 7K 183 J5 TeH A SR IR ix AN )7 oh . KL 1 e i vy DU Y, AR U T A AR LA
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(K353, ASSCHR R 5 VA RENS B B RS AN ) SAE L3R Z I (R ST OC 2R, 8 S IR ) s ANHE R T e R 1R 1R 2 A
) B AR T AR TIG BRI T VAR B R, VR 7 HT o5 6.2 715

( b £ N T—
B LU TR AN T A e BB BERE 1 L
FHEL YRR 1 L) (o ) fEEERE LRSS
...... - S O R ) 22 3 BB 1 BA T
\ &y e 3
(st ol e AR _a \
e u AP NIAREL A NG TN i GRS 183 7
%XE‘J%IJ%%WE@’: [\ B f.' .‘1'\ R ) f@*ﬁ%%}‘_’ﬁ’%ﬁ?ﬁ_ﬁl}%g@
—_— T \\ : __ ’ """""
. ;. < !
( A o B — A HigRAL 2 X 183 75\
ATE A AR o TN B el
?%Jgplsi%g?giggggx ( @& ... (1837 ) SUIE 1A H BRI TTR
...... ‘ e C / % 183 T JCH A IV
- i ~ e .
1 s H 7R

4 ETEIXREENRERHEEHE

B TR ) S AT L, A SR ol P ) 0 S L A F 5. A 2 B, B A TR 3 e
LG 88 R B fife B e 19 0 2, G S i e 5 97 5 0 A 1 2 AT L P EAT i 5, 2 J A i IR SCRAE, Py 9 AR 5%

R 3oL 355 H P B 8 (R0 7R, BT T B 3] 7 A L

5 & H— 1t ]
f i i
it 2% ]
5% & 1k J
1 1 T
ERES37 ]

L )

BERT |

K 2

4.1 E4REss

BT R A IR 1 SR A A A

AR, LA (graph convolutional networks, GCNs) Fl&¥E & J) (graph attention networks, GATs) A {83k
(¥ P G ) 45 2o U P 200 R R OV SR S5y ] VA8 PR 5 R i T A T AR TR, A IR T GATs 1

K Transformer A5 544 A 2 LA Transformer fEZL 45 &

Transformer 1E & 72 BIAT B P Gl 48 5K A2 1 A IR,
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BARKIE, 458 G = (V,E), 15677 ZX BT mv; BT WA, 15 B9 SR 4 R R . ok T
B BB B AR BT ZRA5E R R AR TT AR 10 8 ) v 27 ) B iR o SCRUURIIE FH (R 4R, 7E 3049y 28 e
] 5 DA WL TR PR 5T 25 B INAS TARGF i M Re. DRI AR SCA T AR ST (1715 R v, (W3R, 3 H — Rl T T A
% (bidirectional encoder representations from transformers, BERT)P2 ) &5 ik A 7 v, BRI, 1 2656 T30 o
vilki, S i} #42] BERT KL (14 A 7471, B [CLS]; [k): [so]: [SEP]; [s1]; [SEP]..., Herb [CLS] 2 BERT BEAY [ 73 Hehi%E,
[SEP] A AN Al ) 7 B4 B bR 2. 49 sl pIaaf i #2 i A X (1) Pros:
H, = BERT(v) M
Herh, H; %78 BERT AU f e — R4 Y ) 58751, 0 U7 | P 81 A [CLST AR N1 17 . 4 3l B, R
& BERT B BB 0 AT S5 424G I 403R, (H02 S EBRCR (41 110M), T8 %A BERT B AT e &7k
LA I A e () . DRI 7 JRE G A e A, AR SR 3 T TG s 4% (1) BERT R ZE Bl vk B, B
SEli € BERT #SEL, ARG 5 I —A2 JZANHL (multi-layer perceptron, MLP) i it 2% M 45 K UL Hd BERT #E71F1
Transformer H8 (WYESE, A B RINATRRFIER R e;:
e; = tanh(W H; s + b,) 2)
Horp, tanh HBE KL W, € R™ FLb, € R™V NGRS HL, d 1143793278 B Transformer AEHY (PR N ZESE (A S0
0 512) A1 BERT HER Kk th 4E 5 (ASCE N 768).
TEAR BT R AR LR R ISR b, RS T N B B LR AE B BT s s, BARSRIE, X575 s,
TR I ERE R vy BH T BB T KNG FRRATE, A RRAE. AN
R=n+ > a Wh)! 3)
JEN;
Serb, LSS LIENT By RN, NyZRoR T fv R G T AR RS i, Wy R IZRS 50 R Ui 0 R0=e; . oy ; 97T 05
v By, Z A B OURGE, HooH g R

EXp\Ui,;
Q= softmax (ui,j) = %
JeN; “
(th.l_l—l )Tthil—l

Uij =

Vi
b, WO UIZRS . SRR SE TSR AR (K AR, SRJE R T softman bR BCSC BB — A, R30I BE, 4 T
G AR (KBRS BR DAV AT AR di D[] Transformer (KBRS,

Transformer B YE GATs BRI IEAL F, I EH ARk Z B, GBI AT 800 S2 A6 5 315 2% il i,
AT T AR PEfe. PRI AR SCTE B R R b, 5 NFRZE A2 T — AR AR BT i v, IR R AE b -

h; =LayerNorm (h: + LayerNorm (iz,))
{h: =FFN (LayerNorm (fz,))

o, FEN 3875 BL ReLU A4 g 0 bR 50 A RIS 20 I 25,
4.2 FRERESR

AR HE T Transformer (077 FI I A5 . EMRILIN Z1 ¢, SRS 28 15 S5 V53 0 — 1 I 20 A 25 KR A s AN 1L
U BRETFINH = (hy, by, hy) ZER N E o, , AXWTF:

e.; = V. tanh (W, [h;5,.1])

exp(e.)
=1

®

i
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Horp, vIRIW, SRS EL, [ RN PHEERAE, tanh 380G sR 3. 485 55 T4 03 2 0 BGE, o g Tis ity Bk 257
S H AT INBCR AR ¢ B2 LR SCmd e, WA (7) Fios:

N
=) b @)
i=1

e J5 S A T L Al ¢ B 2 ARAD A I BERES s, LR XM E ey, TEEAERK ¢ I 2y, (7E B FRiE 3K 1 70 A7 i
B /NIl

PG Y1 yim1) = Softmax(W , tanh (W, [s,:¢,])) ®)
Horh, W, AW, I ZRZ 5 S A o fi /NG A J A 2 y MUBR RS 22 9 2 8] ) A2 SRS R R AL AR,
L) =~ 10gp(1D.6) ©)

5 LWRE

5.1 HiiReE

T USR5V A O, R SO IR AR AP SR SR A G (13 RS A DG I VTR A5 SR SR 3 2 1% R
B, HARSRUE, AR SCNEZTFR ) . Sk 45307l S5 UK 5 ARG P £ 23 5 4% i A, SR JE R R AE Sk 43
92 B M ) T AT S 103 I AT G I v S R (LA P 2%, X B 5 LA T N T b
T3 B RAA AT A f5 5 225 T PRI 6] B R S8 0 7 VA8, 25 BR VP8 3542 0 A 0 B, b - S
TE-VEIRTE I B . 2F M IERE A SO AR I B AT AL B, BE RS D T 5 AT, S S a8 A 1
A, e LT BELE 48 135 AN 1) Z2 AU R ZEAIR AR . A SCHE— 0 0 B AR HEAT B ALK 43, 79 B 46135
AREARIIINZEAE . 1000 MRERT 1000 BiiFdE. BARG 5 Bans 2 Fiow.

EAPINE SR €T SR SN

it RS AR I urAE

FEAR%L 46135 1000 1000
T RS- 1 i 2 6.28 6.38 6.28
TR 52.72 51.26 51.45
(ARt P A 18.57 20.44 19.98
VRIS 1 4L 873.15 950.97 925.53

I 2 T LA Y, RN P 19 40840 VPR A, (E2 PR A0 10 20 A AN 34, 30 o018 A 5 1 4%
VI, 2 ML 96 4 VEie, $m 22 F oK. HAMUTTLLE Y, AN P05 916 AN, IXANK BB T
Transformer #7140 B A8 7. AR SCHE— 20 DO S AA B 40 H T S A0l A B 00 4R (0 VP8 R0 Bl i RV e 1) 1
TGO, Wi 3 i, KL 3(a) T LA H, BAREHE S iR SR D T 10 AR Z (64%), HZARA
17% [IFEA I PR A S I 50 4y, Xt B R AR SCHEHH AOASE 2R BB MK 2 00 VT8 P ok B e 75 450 . AL 3(b)
WEEE H, TP 500 MFEAREL Ay B AR LL @I T 39%, HASEEEIL 1000 MFEAH L T 26%, X LK
(IREAR 25 48 HH (R TR Y A o T Pkl

AR SCRE— 2D AP B AT A B, S T BV IR A AN R R K 5 2 1] ROUGE R R PN VL f RS R AL
B TE [ P9 AR SCFEE . ROUGE R — POl ik 48 128 i B RUBR HES 22 180 (1) n oG4 35 38 R VPN 17 2 V) )5
B (VEAA L 5.2 3%, W 3(c) HATLAE H, H 48% FIPPE )RR bR B2 [0 ARAFELEAT AR T 2 A, 9% FITT
PRI TR 56 A A DG, XA U0 B P IR PRI ) 25 LA R I, TR P e 22 . D0 LI VR ARG AR 2 R A
AHZR 0 L5 55 5, AT e 1) i R U A 2 P 2 0 v PEE R A4, — R (6 /1) 224, BRIk ROUGE B ARSI,

TR I DA b 43 B T R0 A A S A R A 2 I M A, R TR T A AR 8 0 e S B DR R
3. FAMEARAE PR A TR B B RS 22 5 K, Bt RS 1Y LA A I B0 1Y) ) AN AN TR FE TR
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FEAELA] (%)

02 25 5-10 10-20 20-50 50-80 >80 0-50 50-10 100-200 200-500 500-1000 >1000
PR A HCE PG T ECE

(a) AR A T L (b) PRI IR ARG L

W AILLHT (%)
WAL AILL BT (%)

- 0
0 0-10  10-20 20-30 3040 >40 0 1-10 10-2020-3030-4040-60 60-80 80-100

ROUGE-1 14 (%) ROUGE-1 18 (%)
(c) VPR H) 51 bR R 2 TR 1) (d) VFIRA) 5 1 1 51 2 (A 1)
ROUGE-1 18 (F1{#) 143 #i ROUGE-U# (F1{&)) 5 A

3 AR B A A D

5.2 iFigtR

A 3R U3 JH B9 ROUGE (recall-oriented understudy for gisting evaluation) MEVE Jhy G154 R % SEAT- 45 HOSEAN
FRAR, A I S v R AL i B 18] n JCH (n-gram) AOZSBIE EOR VRN 9 2 00 A2 R &, A2 BT TAEA
[ U2, A SO Pyrouge JIAS T 45 25 Bl 22 A AR A 22 22 7] (¥) ROUGE-1, ROUGE-2 fIl ROUGE-L ) F1 {H{F N
PR &5 L, 3 BR8] (word)s - JG4H (bigram) Al I T 51 2 [A] (longest common sequence) SRR, AT
A {EAST 5 3R 31 5 RG-1, RG-2 A RG-L.
53 LT

ASCHET Fairseq" *HE 4 52 015 B0 SR ZEABEIRL YN 2507 T, 06 R/ 4096 T, Y ZREE B & N
50 #. KA Adam 1E BRI DY, % 2 R E N Te—4. VIZRET 4000 25K Warm-up 50, F/N2E S R E N
le—9. fEZRIS R R HIAR % T (label smoothing) S8, “PIF BRI F5E A 0.1. YIZCRFIBLE Bnsens, B
WHE R 4. AR ZaEFE T dropout Y&y 0.1. TERERLIRIZR J5 T, K H BPE Mg AL s 2, JL g il id 2317 &
AN 2. AERI S50y 7 TH, Snfiiid 2e 4% ] 6 )2 Transformer, i HR A 64 RS AL (1 BROIR A R FE ¥ B N 512,
LR IIEE N 8, BT LS EE 2 1024, R HEWBT B, K FrAEM4E K48 R (beam search) 5, beam-
size W E A 5. MBI ARAG K R 1) T e KA B (b B J i 10 10, PIBAR R B A 50) 3038 22 B EOS FREEHT
15 1 ARG,
5.4 FLER

0T BRSO R O, AR SCERE DL R R R 4, CAEARME Transformer S iBminy J-T BFY B i 4 22
Dy R T B 2

(1) Flat Transformer (F-Trans)®": 4 it %% 4R HIFsHEN) 6 )22 Transformer BERY. 0T B g HHE ) — A
KSR, R JEHERIET 500 ANEE AN

(2) Hierarchical Transformer (H-Trans)"*: 24 T AbBEK 741, 1 26 F 1@ 2% Transformer 45 4 P8 Bl 4 i,

EBERCFIFITT  httpr/ Www. jos. org. cn
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SR 3 T PEE T 6 BRIk R4 T F Bt Ak (average-pooling) 75 2 6E 4 EE 1 1) &, AR5 FE 140 T2 Transformer
PR BNREAVTIR A R G 5] 171 k. AP R 85 ZE AP AL N (] IR S B 4 1) B SR 2y R 3

(3) KeySents Transformer (KS-Trans): K # fr B (4 2 A s, 2 56 ] TextRank 57k PR BVF 6
B, AR I T ARUEN Transformer 2= ilfifi 5, G A (BRI E N 50.

(4) Keyword Transformer (KW-Trans): & F 99 B/ B (45 B2 4= e sk, 17 26 F ) TextRank 575k M IE BUPF8 4
g1, AR J5 FE T FRUERT Transformer A2 B 2L, SCHEERI M ALE BB M 100.

(5) Keyword graph Transformer (KW-GraphTrans): 2 T Bl 382242 BT 7%, 1 58 IE P18 o il oG 1] 92
TILI G R M DG I ], AR5 2T 18] Transformer X SR ] P61 32E 4T 2 A 15 21 SC BRI SR AL I A2 U 22, SR im e
BEEN 100.

(6) Topic interaction graph Transformer (TIG-GraphTrans): 2% 3CH H 7775, 26T 0B FIAL 75 JCBE IR 1) A 114
A AT K, AR5 5L T 8] Transformer SRS 73 357 RURFAE T AR UM ZE, SCHERIECR 1 E 0 100.

6 LRI

6.1 BLIRRERIILE
ARICAERR 3 gy T AR LA R AL b8 AL AT 55 M S ZE BT 55 L RO EESE IR 45 2R, FErh A SRR AR SR
(K] TIG-GraphTrans AH LS AL BERAE RG-1 f5F5 LI TERESTT.

K3 ARIIELBILE G0

1% Y RG-1 RG-2 RG-L A (%)
F-Trans 88.73 84.83 88.63 4.79
H-Trans 86.42 81.66 86.09 7.59
AT KS-Trans 91.17 88.26 89.87 1.99
PR KW-Trans 89.31 86.08 89.31 4.11
KW-GraphTrans 91.73 88.95 91.80 1.36
TIG-GraphTrans 92.98 90.54 93.03 —
F-Trans 50.77 35.10 49.36 5.16
H-Trans 50.92 36.46 49.22 4.85
S KS-Trans 51.57 36.60 50.18 3.53
- KW-Trans 45.01 32.38 43.53 18.62
KW-GraphTrans 49.80 34.47 48.29 7.21
TIG-GraphTrans 53.39 38.50 51.90 =

MF 3 FTLAE Y, TEAREAR AT 55 A IR BRI I BUAS T 84 (1 1 8. Q1 F-Trans #5520 P 400 08 VF 16
AT AR IS T 88.73 1) RG-1 4543, 3X A1 U B B 88 A 04T 55 AH G 7 B8 (13T A s A0S 389 4 BEAR 7 AN)),
Transformer H MR 75 5 5 A8 2% 2] B A 25 FIARAS 38 2[RI BRIF DG 2R, J3 AMI AT LR I H-Trans B8 1 GEAH b FEAth A5
B —E 1 T B, T BEM IR H-Trans 51\ T ARG F G midasxt FH P YRR T 20 2 i, B8 52 R v, S48
O, BB L T B0 L 53 AT U P B8 KW-Trans 1 KS-Trans #5028 15 S4B G811
RHA), AR T A Y KN, IR AH LG F-Trans BOUEAR T 4R PERE. T34 H L KW-Trans $%Y, KS-Trans
FERILE RG-1, RG-2 fll RG-L X 3 AMbs Loy Al T 1.86,2.01 F1 3.01. Ao T R A2 S8 AJAH Lk S d 1 41
TR R, VIR S L, BRI 22 A T e % B e 7 55 R SCIK FE2EE L. 534 KW-GraphTrans 5
T3 DK SR 2 23 R SRS A I, 35 F Graph Transformer A7 i A il BT () Sk i) 2 7, KA EE KW-Trans
Wi, 7F ROUGE-1 #ebr L T 2.42 4T, 3R 3 18T LUF i, TIG-GraphTrans B8 G842 1565 ) H SCHl 1] FHOC
BAIME R, I AL U8 3 8A8 B, BRIMAH LA AR R EAS T ST 4F IR Pk . AH L F-Trans #0%, TIG-GraphTrans
FEAIZE RG-1, RG-2 Al RG-L 4535 T 4.25, 5.71 Al 4.4, A1t KW-GraphTrans # R B3- 7 T 1.25, 1.59 Fi1 1.23.
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AR PO bR A BT 25, 0 AR BT 45 TR B AR BT S 51 AN 2546 TR B A gl i 22, SR 3 mT LA
H, A B H At () JE 2R 4557, TIG-GraphTrans #E [RIFEINAS T 5L FIPERE, 55 F-Trans. KW-Trans Fl KW-GraphTrans
BRI L AE RG-1 #5h5 F 00 BIHUS T 5.16% 3.53% H1 7.21% FIBETE. Xt U 7E 52 244 10 Sl AR 45, TIG B
1% [) B R FH DB R R DG B R S0 R SRS I T B R, Sl i S8 7 A RV o A PR A8 T DG FR A Bl AR TR O 4 b P A 0
A, A S B R IRIE BRI TEOE B B I, R 3 IV DUE H, I AT 55 S b AR AT SR T —
SEUAN IR R A (1) 300 A O b A ¥ B SR, AN (RIS 2 ) M e 22 e 2 A Y 3. T ) it IR) 2 14 A A
B, ARG R 5, DR AR 28 X i 0 2% TR N T ANBBURK, B N\ HR A7 A e 75, TR ATS AR e O AR A7 b 2= Jlibr .
H 2 58 AR BT 55 DU T 44 00 40 R 88 AT N, TSRO R B A T RS 4 4k B i N L BE 7. (2) KW-Trans Fl KW-
GraphTrans P38 JCHRI I 5 AR B HAR S T 00 7900 N\ (RS20 6 72 BRASOKR, BRI A ) AR B A 25 Hh B AL
PEfEY KW-GraphTrans 5 5 AH L F-Trans #11 TIG-GraphTrans 7F RG-1 Fah5s_LATAEZE 0.97 1 3.59. AN kvl fig
F18) 5 DR] e 5 B 1) B AR BB A A P PR I 2 5, AR AR R AR PR AR 2 (A R G, 0 A i 3 VB IR 7 US4 TR 4
BN TCVER i AR PRI AF 2R 1E A

I CL A BT LA 258, TIG R ) I AR I DG B B OGBREAIIRIA5 L, S — P a R s e 5 5 i, 7EAr
AR RN AR PR SN B AR A 45 RS T R AP MR
6.2 [E TIG BZERxTtE

ASCHR ) TIG 1 DA HRCRR) 5% e 7] R A 5 DR B 0] 1) 1) 1A/ DA 71 e, AAN [ 74 s A, 35 A ) ) ) SR
AN 2 . T 3P IAE AR TIG BIRIE Ty ER R RE M, ASCIR T 3 FOREI TIG &MY
&7V (1) PMI-TIG: 15551 H e 2 (7] 7 5 ELAR KL (point-wise mutual information, PMI), PMI 1= E KK B ¢

i 2 () A DS M 0, R 2 RAR. TR AR PMI>0 [ G HE ] 2 IR]RA G106 2245 81 TIG B, PMI UL K/
BN 5; (2) TFIDF-TIG: 3T TF-IDF SATE 568 AN T I 287, AR5 3 T vk SN [A) 9 10 8] PR AR 52 AHABL
(cosine similarity), AF {5 Ik [ (L 1R 1 2 16 U A gt £ 4 R TIG BESEA AT S 45 15t 1
KRR R, BIHE N 0.5; (3) LDA-TIG: FIELA! TFIDF- —

) . A RG-1 RG-2 RG-L
TIG AHALL, ANRIE TR R &5 9 56T LDA (latent PMLTIG %5 3716 o
Dirichlet allocation) = AR P12k 45 21 ) SCAY = TFIDF-TIG 50.31 35.91 49.68
MEZR A3 A, Jorp R BN 100, AR IRBERLAE T2 LDA-TIG 51.63 3739 50.44
ARG LIS LER A 4 P o 339 _ 30 S1%0

MR 4 AT LR, ASCHE ST )7 3LBR TIG KIS J7 V240 L HA RS T AR ABLBE T vk AT T 47 1 2k .
AT R J PR ) T ARG R SRRt n] LU BOCERRE ) 7 /NE B A IR ILIOC R, e R IR AN R S EE R
ZIAIROREROC R, 22T PMI )5 M2 Ge vt O 1 JR i 3L oG &R, 5 TIG BLAYEUAR T AR (1 P B8, K5 T TF-IDF
I LDA W75 A0 TIG SR — 5 PR RE N BE, (H 2 S FokRUMAEREIIE T35 3 1 &E T Transformer (17772
FIPIRY B J7 . XA U 3 T TF-IDF #1 LDA RAE XA BEH — & #2 8L L R BCAS [ 4Y fd I ORIAR B, U2
LDA 8 B Heid 5 = U A 1) 7 2R M AN R s 2 AR OQIEOC &, BRI AH B TF-IDF ARV T — % I P g 42
ThARSE I e RAEAT s TRAEE TIG 8]0 7Vt 4 5 SR DR D RAE 15 22 1 S B0 i 22 B2 Iy il i, L2k e A0 gt 11
SRR . PICA SOy BT SN AR s TR R SR DG 22 2 — b i o B 3 6 s ik,
6.3 FEIEY SR K G EE R

ASCHR T T BERT A B FE L & 9 28 1R 1204 77 k. oA 7 3 — DI A IR A A 77 20 AR B Ve e
IS, 3¢ 5 B2 T AR T s B0 4h b 7 V0 70 R B A AT 45 Pk R ) bl g 2R, iR Random R7R &AM
SRR R BT B HLA UK, 2R )5 25 T P38 th A A5 2075 s R AE; Bi-LSTM R AN s E — NN 731,
FeF 0 ]S HAICIZ M 4% (bi-directional long short term memory, Bi-LSTM) HEAT 4w fiL, IR TR 5 7 i 20 i) R A
T ERAE, BEARAS 4 BE B E ) 512; Transformer 84 5 Bi-LSTM #H1LL, FJ A Transformer X 8175 sl AT )45
b, BE TP AR BT R R, BRI 4ERERIFE 58 512; BERT AR SCHEH 7 1.
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K5 AFEAT SWIE TR B AR AT S S5 R L MF 5 AT LLE H, BERT #i# A Lk Random. Bi-
e RG-1 RG2 RG-L LSTM F1 Transformer % J7 VLIS T 47 19 BE, JUHE
Random 46.75 33.74 4491 2 A1 Random 7F RG-1, RG-2 Fl RG-L $5#r _F43 Hl&
Bi-LSTM 5113 37.26 50.47 J+T 6.64,4.76 F16.99. X W 101 5] X BERT B fEfE

Tra;;f;;m“ jggg §§§§ ‘5‘?33 AT U IR AT, T F U M BT 45 R 4
AR AFF S 4. 53 8 — AN Jg R 7T A J 4 G BERT A7),
HABB RIS N T £ S5, 155 Embedding JZ#1 Bi-LSTM B Transformer %i 4 /2, 7 — EFE8 LAl gE & 4%
0 B2 T SR, 35K 2 7 B B/ AT 46 1 B 8. 53 4 Bi-LSTM Fil Transformer K% Lt Random ML IR T
0 2, 3¢ 4 0 7 LI BN TR | R Bi-LSTM 5% % Transformer 4K 452 =) /K [7] i 2 7] i) e 1%
TR 7 T WA AL A R A SCIA S, 4 BERT S8 T 2R 280 5 0 5145 oA J52 i 24 i o8 410745 190
BT
6.4 ANTIFMH

ASCEB NNV, IR L A5 R DL IS 3 N5 T SRS A M A7 A 1 ) 3% e 22
JiiE, JErb i R T SEVP A A R A A A A AR AR DRI R A R U T S SC A pl  A
TIRSCHR L AR, A I T RS AN S AR 1 S DU e A Bl B A A AE S SRR R LR A
JESCRIEAFAESN . Dy T BEAT PRI, A SCREALN T 15 A2 A 55 IR AR P £ 100 SRR AR D PRI Eds, IRk 5 4
P AR D DI N SO AS R A e 1R 10 T REAT 4T 20, 20BN 15, b 1 0 Ros 553 IR, 1 5 73 o et
IR ITAT PPN (KPS o0 A O REAS IR Be 254503, VP 46 SR 1A 4 P

= F-Trans = H-Trans = KS-Trans = KW-Trans

= KW-GraphTrans = TIG-GraphTrans = Gold
4.40 vy

420 + 418 415

400 + ; 3.94

3.80  mi72l bk 380,58 3.7% 75
3.60 + 3.555

340 +
3.20 +
3.00

T H
'
3
W
2

i 7 LS PO
4 ANLFHAEBIEE N ER

M 4 PaTUE H, 7R (5 B R MRS 3 AMiEds b, TIG-GraphTrans BRI EUS T 8L Mk R, JUIL
AL R B EAEhE EEUR T 4.15 75, HORRHERIEZE (gold) myth 0.21. ASSCAM#fr vl BB SR AT AN — 2 TIG B et
6% T TAE EIF AT 28000 i ke 75 R, ERLG AR 4 S R 08 S W S B ) T B, D) AR A 3 1 S A1
TSR AT AR P, R PR AR A B SRR PR AT S, 2 S S T B AT < I AT sl o DR 4
5 RGBT RN 2R, S3AMNE T LA H, 315643 KW-Trans 1 KW-GraphTrans BUHAERGIE . 5 B EIRIR
ERER T, ] LSRG SRR AN AR T DG SRR >R AR A TE AR ) B S IR REARAE B, R S BV A e
SR UG S 7R LS S T, 3T PR BL KW-Trans Fl KS-Trans PL K 3T B ) KW-GraphTrans fl TIG-
GraphTrans /7 V5V RE5 0T F-Trans Al H-Trans, 1X 5 6 B3 75 A WA 4 b, S B8 dAT i B Fnd 98 & — P
ARG BT ik, T R R 1) T S R R I L b JE G A R SR LR I
6.5 LIS

ARICAEZ 6 TPHIZS T AN R ALY AR ol G A U LR B IR 73], W LA HY, 20 i S B 4R RAR LD IR PR R
AR RATTT R IE, B S AEAE AT g 24 e e B B SR LD WOR R N SR RS R TG AR, AN [ (1 RS B A 3 b i A=
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JSAT 55 T B8 A i T U SCIE A AU bR R, A SCHEH 1) TIG-Trans K brERG Z 0 (VT g 16 1T BERE A N 208 i
N T RFFLL?, T SCPE L SR . 7535 8 T 15 AR AT S5 L, Flat-Trans B SCH: T < REFLLAMILLE X — A
TRKPANYT, AL B T SRR K0 L, A T o B SRARLL IR AR EE A FEZE”. DX A 5L A AT BEJt A A Flat-
Trans ELEAROITBPFIEHT 500 Ml £ 25 e i B N, D05 T PP I8 1 B 5 6, R E T2 AR 4 1 i
AU 25 S 3 5h KW-Trans 2R 7 ANEDT SRR BR 10 i, AR5 BUR RAE J b R8N HER, X th 1]
PE A ARSI SO T OB, 2R 28 T TR SR, DA R TC TR AR A R AT . ASSCHR
TIG-Graph J7 & MIE I 51N S8 1 R S BT D1 (1 T A5 G, [R] I AR Y 5 B ) A 8 i O B ] F) o SCRALE, TRk
RENS AR T 6 SCIERA . E BT, SRSCIER 5 8 T 75,

R 6 ANFFELAII AR B bR ARG S 7
FELR R 2%
(1) 2004411 H15H, ARG RAEJH A 5 4 1% 38 DA <83 BUsm o rp g, — 30— 1. RARL0 oA e M BRae N,
Wi B . 2005426 23 H A 2007410 A30H, i B Bt =k LG R AR, JIAL RAFLTELEE. Il
SR LAH SRS i, RIS, 240k, RED LILFEFLHRVF. ATRUUK, RED - HIELATE.
E(EE |
(2) 411 H, 7] wd s BeIT e S A, JRA R, CCH R LT, MBER . 20044511 15 H, il pg RACE:
JA AR P 44 F% 3RE B P g, A0 13, SRAF AL T O B B B S X T, BRIMOR AR A TR 3 TR A
2%, 1IRBCH T WA
) NEBHILAMGAE, 4 RE T TCIRBIN, AKX 164FE L (0 H HAA, P ik R 43 NBas ...
S o tE 3 LTI R A BATIA L8 — 3, —¥§0], —%EF
B (4) 1647/, I r 44 RACEL P4 B2 Th B, — 0477, RAELLPONE N XITF, B A A ek i A
W, SRR S T VR TP 2 R TP S A B S v, SR AT AR B AR A K T ) ) Y G R i, AR R A el e
17 K
(5) 165EME HF LW BERAA TR T, 2/ DAMEEM A — N NN AR —ANEER ATk
BERE T 164F, WRAE S F N — A AT, Wi ik NARE VI A B2 A XOZ WM G4 52 55 N ALRE 2
(6) T LN 64ETT LSRR, 165E M FHEM | R LRESATE T, B THEM! PR T, B RN K
24 BRI OB )
(7) ZRBAIBELE, =R R IS, — R TE ], — R R 5], SRAF AT TAE A R I o R g & 4k
8, AR LT3R 5 B2 s [ R g4
(5 AR ] JPT R 1 64F A58 A8 A\ ZE 1 A7 ol e -
gk 2 (683 E] 4 LH, < REBA B LA H AR R o Be T R A, R4 s N RVEBE i Pl R, R4
Bl e FITCE, M ERE I
b ] T R e AR B R AR AT B R R
TSR 4 H 1S H, WA B AR LUBGE R N TR H g, 55 SCHI e N AL 50252
i A R GRS PRE AR e =52 o |
5
i
&

B
Flat-Trans

3

1

e

&

[

[
KW-Trans [ N
[
[
[
[
[

[

SRR T A RS 1 AE T, TR ot R AL R B AR AR AR = A 1 65E L 22
AR ] R 165 AT B BE A N S8 MR R

LG TR AR BERE ST T v ), ORI TG SRR I, AR AT A 1 A R K

T RUbR ) A L1 S R G R

TP 165 B RAFLLBLRE 5 g e ot 20 ), AR AL A ek

i

=

KS-Trans

&

TIG-Trans

ARICHE— B AER T AN T 2 D ERIEFEGIR I SCEAAE (10 )R BRI, 3585 15 R 7R % 11 (R b 47l 22,
TIG-Trans FRRASCHE AU T G 1A 57T DUR ), AL 00T, TIG-Trans 2555 A2 i i LR
(K40 L, 0 E A R 0 L b SRR A A . RTRE IR S DR R I S AU ) 7 e AR R, AR RS PR AT
P b 3o Mg <) e g R ARG I R AT R, il TSR A B 2, SRR Z Tl R R
PSR L, A5 7R AR A DAy 1 O B 1) 1O 40 AR BT ik, B S R 5 R SR R A A R, S BRI K. T34
M 2 AR AT LU Y, ASSCORE AT I o A Bl SE S R A 22, WA JSC IV IE P AR I B R ZE 54
A2 4R T A H7IZHEI A, TR A T R (4 SR A e 1 S DRI A . ST 0, AR SR g R g Bk —
252 18 B 1R P S 2 3% DL BT S PR ) A5 I, AR S 1R SRIBR S M3 vk, 4R T MR ) P .
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RT ASORERLE R i R4
ASchi P
ooy 72 EL R0 GRS N TR 95 5155 P05 45 A, X1 AV K IGAT BB ARE LB T
T 170 RS RIHT 158 2 7 FHBEBR. 1B T T6 115 H BLMGRR (53 0 SR A VR
B 1, 176 7 1., 40 200 25 SR AL S, O A /A VR e 4 LB T 50 A
T4, R T
e 13 H. IR B BRI S YO 29D il B KO% TGO, BT AT, 4%
PRETE g  EUCH. 20174, U T A b, MR, B R SR R
TIG-Trans_7H29 H L0 £, B e FEA R W es A AR ET )]

TIG-Trans

7 4

AT Y Fof S AR S AT ) SCARHE B 55 I F HOBTIR Gl RO G B, R 17 S il i 2 M 4. 1 x
ARG PR B 2RO MR il 22 55 T, 488 T P 10 P B R A iV, TR SR
BEER IR R SR B ) SRR el A L, S TR 7 K 1) DA A LR E % MR SE 1N 22 SORM 28053, &
RN S ZE R e r R oR Se e SINE S LS Sl PRS- W N TR = St AU B e S U Sy e iy U Ay
PE SN T 1 A RN AT 55 b (530 45 RARAR W], 7R ST TR AU AT 55 v 5N SRR T P e 1 O P T 2445 R
IR LA B AR S AR SR PR A BEHE B, AT A 00 18 50 47 2 ) 2 B B

FE R BB gE, A SCIUAR SR T S Pl 2 4 (1 i, IR A2 R PPIR A KPP IR ST
(1 57 = RUAZ L PR R S PR R S8 Z DR ) 2 I IR SRIBR G R, 2D AT S o) 5 N S () 32 A T el i
JTFRGE T B A T
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