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Abstract: The task of document-level relation extraction aims to extract facts from multiple sentences of unstructured
documents, which is a key step in the construction of domain knowledge graph and knowledge answering application. The
task requires that the model not only capture the complex interactions between entities based on the structural features of
documents, but also deal with the serious long-tail category distribution problem. Existing table-based relation extraction
models try to solve this issue, but they mainly model documents in two-dimensional “entity/entity” space, and use multi-lay-
er convolutional network or restricted self-attention mechanism to extract the interaction features between entities, which
cannot avoid the influence of category overlap and capture the directional features of relationships, resulting in the lack of
decoupled semantic information of interaction. For the above challenges, this paper proposes a new document-level relation
extraction model, named DRE-3DC (Document-Level Relation Extraction with Three-Dimensional Representation Combi-
nation Modeling), in which the “entity/entity” modeling extend to the form of three-dimensional “entity/entities/relation-
ship” modeling method. Based on the deformable convolution in triple attention mechanism, the model effectively distin-
guishes and integrates the interaction features under different semantic space and adaptively captures the document structur-
al features. At the same time, we propose a multi-task learning method to enhance the perception of relation category combi-

nation of documents to alleviate the long-tail distribution problem. The experimental results reveal better score on DocRED
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and Revisit-DocRED dataset respectively. The effectiveness of the proposed method was verified by ablation experiment,

comparative analysis and example analysis.
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[1] Zest Airways, Inc., operated as AirAsia Zest(formerly Asian Spirit and Zest Air),
was a low-cost airline based in Pasay City, Metro Manila in the Philippines. [2] It
operated scheduled domestic and international tourist services, mainly feeder services
linking Manila and Cebu with 24 domestic destinations in support of the truck route
operations of other airlines. [3] In 2013, the airline became an affiliate of Philippines
AirAsia operating their brand separately. [4] Its main base was Ninoy Aquino
Interational Airport, Manila. [5] The airline was founded as Asian Spirit, the first
airline in the Philippines to be run as a cooperative. [6] On August 16, 2013, the Civil
Aviation Authority of the Philippines (CAAP), the regulating body of the Government
of the Republic of the Philippines for civil aviation, suspended Zest Air flights until
further notice because of safety issues. [7] Less than a year after AirAsia and Zest Air's
strategic alliance, the airline was rebranded as AirAsia Zest. [8] The airline was
merged into AirAsia Philippines in January 2016.
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Zest Airways, Inc., operated as AirAsia Zest(formerly Asian Spirit
and Zest Air), was a low-cost airline based in Pasay City, Metro
Manila in the Philippines. It operated scheduled domestic and
international tourist services, mainly feeder services linking Manila
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and Cebu with 24 domestic destinations in support of the truck route
operations of other airlines. In 2073, the airline became an affiliate
of Philippines AirAsia operating their brand separately. Its main base
was Ninoy Aquino International Airport, Manila.

Ninoy Aquino International Airport
located in the administrative territorial entity
Philippines

v country

located in the administrative territorial entity
contains administrative territorial entity

(] smmsmmmas O xxamesponit (O scbizmgini [\ Risess ki
Fl4 DRE-3DCHIRIE B

B, BERMOCA A 38 3 B 2 5 48
T 2R 5 R AR B T SCRR AR, R T e i T = 4
PRISEARIR 2 W RAGIE S AT - RS Sk AR
R SR-C R SR SO AR, 2 ) e T
A5 BURN = T I WL 0 o S A A iR A% 1]
Xt i SCRAIE 32 ., SR i o -5 B R = 4R R AR AT I A

BARR BN T 2L 55 2 S LR MR A
FISC A I MR A . HL ol SR AN HE 4 52 H A B AN
PR R BT PO - B S, SRS S8 R AR [T 7Y
R/INFIHE T8 B RO, REE I8 /D T —JZ Pl I 2R 2 50
Hoi s FU, BT A TR AL SR AN 45 Bt il gl
I REBR 22V H , BEAE P B (Y ) RS . 7E DRE-



2954 FH, I % Eire 2024 4
D o SR80 T SR 4 5 ¢t S Wial )b, 7)
SPES 2SS HET =
3.1 EXRAHS g 0=[g1. g8 g (8)

XF TN TSR D =[x, 1), Horb x 2 AR 0 ¥ ¢
Ab AT PR IR AR I R R LA K, BITE S A4 4
PSAIEBIR GE I EY VA= WAEESR7 R TS TRl 7S Tami 1 b o 4] [
THE B RS AL 1Y B S0 ) . AR SR
R R o I R 5 A AL Y de R B, SR 0 2 B
REANESYIRE ESRN TS0 AR
K.
H=PrLM(x,.---.x,)=[h,.--.h,]Je R"™¢ (1)
o, d SR P i 5 A A i) o) o 4 2 R/ . AR S
JH bert-base-cased Fl roberta-large 1 Jh 70 Il 2545 #1 25 1
AT SO A e A SCAS Y bR ) R S T
X HEAT Gt R0 o BObRiC . SCAR 280 it 3 B S 1531 to-
ken_ids F segment_ids, H A token_ids Fll segment_ids I
AR XS BT 5 A R R v B A R 5 M BUY
WS 3 gk A AR 1Y) 3R] o) S R A B0k A T L
I VR AR A
HE— 2D SR R B AR SRR 1S 7 A R 1)
AR SRR M i . X TR m A AR M Sk e
1M1 . % logsumexp J7 20 G 12 S4TI9 24 544K
P AT RN AR ) B A,

N,

h,=log > exp(h,, )< R* (2)

CL A BFFE R IS, SOl T LAY 1 SOf B ke
B FARSE AT B G RSN ST 2. I, ] R
SO B HAR SR BRSO A,

4,=Y@,) 3)

Hr,a, e RV IRJE AR I8 SRS 2 H AR S AT 9

FERE R A, T ARV S A i) o, FR ) s B R
SC 1) R P A AR H AR SR R S i ¢ e R

N
4""= D (4] o A)) (4)
i=1

O {0 (5)

TESE LR b, S8 A AR A RS SR RAE R BN

SCRAEAT B e 2 (i LA ) 0 7, Herh W R W 03 03 2

SEARSRAEAN BT SCRAERS B A A8 4 AR

z,=tanh(W h, + W.c*") (6)

F A R 1 73 AU AL W55 B 546 ) 92 1A 52 Bk

fiE, B A8 S SR RAE ) 2 R V- X 00y kA2 RS

3 3 R N ) 7 B B G ) D 5 LAY S AR RAE

&% A P 73 2H XU A W 55 1 00 35 A T T LA /b 2 8
i, W ARASE AR S 40025 1) IXURS: I I PR ASE 2 Fg 1 i

Hip,G=w] e R%X%, ie(l,d),je(.k). X TR
re Rl — AR BE W, 450 R B 1 O 2 4 B SE AR
TR :
T,=¢(GW,+b,) (9)
Horp RNTE LR RERUES W b, il il %2
BOLH P W e R BN e R, g i s gL
3.2 EBXXEER
TEAS B SEAR/SAR I R =Y R/ bs 2 I, T4k
SR EA BT I PERRAE = E R L 4 B
Tk H bR S Sk SCAR R R SR Sk SRR R RS
R R =Rl LS 8] F RO RRAE . 1 et Z ik it
AT Y B 25 0 FVRRAE FE .
Z-pool(x)=[Maxpool(x), Avgpool (x)] (10)
A3 IR SRR R = A RAR A SR SRR
SRS SEARFIOC R R SRR O R A A R Y
YT . AEAR 2SR 28 (8] (Y SEARSRAE 2 )5, 38 40 -
VEAS B 5 A AR )1 SC2S [B)RRAE A SR SRAE -

y= ?(xlwl + XWX wy)= g()ﬁ +y, +y;) (11)

FH T 2 H ) SEARHE P 242 SR AE SCRY H s B
JeIa WP HED , A7 AE — 52 WA FLU P F B & T — 22 1)
SCRY S5 R FRAE , 1735 38 A5 AR BE AR 419 [ 38 A 14 4 4R
X —SCRYEE R RRAE . PRI AE I ERE B, o0 T A I8 N 2R
G LRI HAF B TR AR SCRY 45 R REAE 1 [R] B sk £ T
SRR, R A B O B E S B R
TR I EL PR ER A HA B, 0 R T AR S FRRE AR b Ak «

Wp)= D Wi x(p+p,+Ap,)- Am, (12)

k=1

n, m
Yi= 2x(pk,+Apk)~An—k (13)
j=1 k

Hodr, Ap, Bl Am 53 5 S 0 B kb TT 2 3T i R 4
il
3.3 XERESEER

FE Al TS A8 BRI A7 3 SO AR S, R TR E
— NSRS (e, e, ) T O R IEAL, B il it — A4 i
T o 2 0 2 57 JEL ke Bk 1038 1 R A ), SR il Xk
P e S5 3] e % SR BT S 114 o R 2 IR

z,=tanh(W,e,+T,,) (14)
z,=tanh(W,e,+T,,) (15)
ple,.e)=a(z,W z,+b,) (16)

Hi  weR” b R



o9 1

T FEDRE-3DC: T = 2 FAF HAR 1 B2 56 R iR Y 2955

R T EEAT S i R 22 R A A A S A ), SR
FH R R (A RA R B . Bk E, B9 A —
ANBHM B RS 2R 20 TH, FHi i 50 i T B {E 56 &
F14 TE 5% 28 68 K P Al A B T B 5 2R 19 9756 2R 0 4K
Ny AR . o logit J2& Sigmoid bR & =2 il fi e —
JZ B i

exp(logit,
Lcach:_ zlog( p( g ))

reP, z exp(logit,.)
r'e p U{TH}
logi
—log( exp( ogltm). (17)
z exp(logit,.)
e Ny U{TH}

TR R L, SR 2 AT 55 22 ) Tk L 4
T T AR G 2R 2 R 1 AN S T i O 2R 28 1R
59 A 55 ) B0 2 A B[] — i S [ v
N AT 55 AT 55 45 0 J2 BRI 55 e e k4 i
PRI e 4 Sy O ZR AR IR . TR, 7 S A/ SR/
KR =AM IG5 2 )5, K 4 /- 2t A 15 5]
SCR AR BT SCRRIR AR 22 JRy 5 R o R B g A
IR FIZE U A5 R BACHf A B MR P 55 ) 5 R 26 )

d,, = GlobalAvergePooling(T) (18)
P(d,,)=sigmoid(d W, +b,,) (19)

Horr, W, e RO by e RV HFR A0 K pRECH -
L yopu = CrossEntropy(P, ,R, ) (20)

PEREAE SR A b SR S A A0 2% sR B S
LAT 5527 2] AT sR B L 451
DRE-3DC A A ZE I 25 B BB A H A% sR AR -
Ly=Logy+L

4 KBS

4.1 SLIGIRER

7K 3% i DocRED'™ F1 Revisit-DocRED"" 1 4> %k
P B EAT SCI PEAY . Hoh DocRED J& 55 — A~ KA 1]
T B O R B s 4 L kT Wikipedia F1 Wiki-
data #4) £ . DocRED 4% 3 053 4~ 3245 T Il 25 .1 000
AN FHF B UE AT 1 000 A4 S5 FH i, M4 7 97 F
KRB R SCRYIAL  26 544

Revisit-DocRED 2 4t %} DocRED %5 #& 4 #4 7 1] 5%
FH A R W b 3 O 2T 5 B0 b B K R 40 A ) A 3
1 FETF- T AR 96 1) 55 EHE A A I 3 4 SFe vfi ff DAk A
RIFLSPERE , f04E Revise B 52 il Scratch £ 4l 4 . Horp
Revise B4 45 F T 1A A5 78 A Ji oy 7 2 B s R 00 R
16 1E Je B TR e B, B0 4 v B R 1) T s S A %
I R K B4 A BR 4, 1M Scratch B85 48 23 13 &
RF TBA TR AT I 4 TR Revise £045 5 B b
A S A X A5 380 1, RS A 3 1) 43 A 5 O B A S LS

(21)

global

RE TR IER , bk, A A ERR i
A 113 LA RINAT 45 52 PR i AT A R B . S8
B B A GG HE B R 1 FR .

#1 TR ARIRENAXGIER

FitHE R DocRED Revisit-DocRED
PllER S 3053 3053
EoaniE S 998 902
AR 1000 96

KEMZE 97 97

SRR 19.5 19.7
S SPTHA k6 ) 12.6 34.5

S SR ANt B R R B 7 U R AL it i R
AN 25 AdamW AR R L 2 ST R E O 107 K
WESE B S E, @ I 2k 30 46, e BUE BRI 4R 3K
TR e A RY . FH 09 BN 2508 5 A7 R [ BERT-
base, cased ] %H[Roberta—large] LS 1.14203.3542
NSH AT R R K BB E O 512, SEI 6 1 IR 85
CPU 4y 8 # Intel Core 19-9900k , I £ 128 GB,GPU H Ge-
Force RTX 3090.

4.2 ZWHER

TS SO T itk SRAS AR A i Oy 2 vh B R 2R
B TRV AN R FA B Tr) A, DRT O B 5% L T 4 A TR
HHERETREEWBAINMREZE 7 . BT I, 7E Do-
cRED il Revisit-DocRED [ 73 HEAT 1 5256 R B0 A5 A
M RO . SEg s R 2 Mk 3 Fros . Horh, B-b Al
Rb-1 43 1% 2 {fi Fl BERT-base 15 7 5 % fll RoBERTa-
large 15 7 BEAY (1) 18] ] B2 HEA T S E000 1R AL A ASE 7Y

1E DocRED B8 52 1Y S5 vy, 2 B2 0 0 e
PR B L B Y B AR RE DR i — 2D B TR AR A
DRE-3DC LAY (A RME . TR 2 i) OS], AHAL T
A TR A AU AY AR ST 4t BNl 1]
IR W B R AR I, O IR J2 5 T BERT-base Ji i #5140 /&
Roberta-large It AR AR IS B = IgnF1 KN F1{H.

7E Revisit-DocRED | [ 52 56 2 3 ik Xof b T 42 H 46
Y5 e AR )P BB R 36 TE AT T A AR 78 XK B 43 A (1)
R AR . LR R AR 3 s . R AT DU ES
B ARBE T A L T 3RA% TSI AL, A SCRT H2 HS A A
b S L E /ol SN /= S A C S
PHARILE Revise Fll Scratch P EU i 48 #0124 /i
e 1 B A3 R FLAE SRR T A58 6 22 ik 2 43 A1 [
MR AT R . IEAh , i8] DARER B A SO R A AU AR 45
F DocuNet 7 Revisit-DocRED 7 it Scratch 2048 4£ |- 1%
F1 TR KT AE DocRED | A PERERR T, F A S
JT R A BIAE DocRED 248 45 1 1) P11 P RB R T 2
K AR PR OCREHNER 4y, — L] T A
SCAEE RN G figp A< B2 A [ R 1Y) A A1k
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F2 FEDocREDH#EE PRI ER
IUESE A
BAR AR HEE Y
- Ten F1 F1 Ten F1 F1
NC-DRE-B-b”! 60.84 62.75 60.59 62.73
DocuNet-B-b'"* 59.86 61.83 59.93 61.86
KD-DocRE-B-b™! 60.08 62.03 60.04 62.08
p— Dense-CCNet-B-b'"! 60.72 62.74 60.46 62.55
N dEH
— MRN-B-b*!! 59.74 61.61 59.52 61.74
. Ours-B-b 61.19 63.11 61.23 63.14
DocuNet-Rb-1"* 62.23 64.12 62.39 64.55
KD-DocRE-Rb-1""! 62.16 64.19 62.57 64.28
Ours-Rb-1 62.51 64.59 62.88 65.17
DocuNet-NA-Rb-1""* 63.26 65.21 63.29 65.44
S ATLOP-NA-Rb-1" 63.41 65.33 63.54 65.47
VCHE
. _ _ _1t1sl

- KD-DocRE-NA-Rb-1 63.38 65 64 63.63 65.71
SSAN-NA-Rb-1*! 63.76 65.69 63.78 65.92
Ours-NA-Rb-1 64.24 66.34 63.93 66.19

&3 7TERevisit-DocRED #{3B 4 FHISEIG 4R

. Revise Scratch

P R F1 P R F1

BiLSTM"®! 502 | 467 | 484 | 666 | 228 | 339

GAIN" 60.0 | 56.8 | 583 81.1 28.1 41.8

ATLOP" 66.3 | 59.1 625 | 903 | 295 | 445

SSAN'®! 63.1 613 | 622 | 845 30.1 44.5

DocuNet™! 669 | 599 | 632 | 89.1 | 293 | 44.1

KD-DocRE™' | 654 | 629 | 64.1 88.4 | 294 | 442

Ours 632 | 674 | 652 | 855 | 316 | 462
4.3 KA
4.3.1 HRAEER

KT o WA AL 43 B RS (AR T, AR 343 S HE Do-
cRED Fl Revisit-DocRED F 47 T JH @l S5 . SCie 45 2R
W 4MF 5 Frn . Hb, Ours fC A SO 2 M B 52
B, -Triplet Aun {43 245 = F R 15 ALY, -De-
form Conv &7~ FH B 36 BURE 0 A8 36 AR AT REAIF fil
4 ,-Global Relation &7~ 2= ] F 4 J5) & R A0 24T
52 I RIHL . S S5 SR T LU B 8 BB R A 2 4
BsAE FARIUS T e i F1 M Ign F1{E .

SO AL TN T S EEE S E 2
PEAE B0y F1AE 2 B3R TE 0.46% F110.9% 5 A % FH T I
AR, FUE BT T 0.76% #10.5% ; th T4+ T £
fE45 25 B FUE Y SR TE T 0.51% F10.6%. X 3%
Bl =R 095 AT DA E— 20 4 m R R
BARES TEAS BRI AT LU A 85 S 30 5
ERIRHE R G, 24T 55 2 IRt — 25 325 T BRI XT
KB BNSARXT A 1] . 25 b AL A e i A R E S
BN T FEAUE B, B A SC TR B T 7R R DL S U

DA [ T 5L 8] T WP 0 A S5 1A ) R i Bl 5457
M, SV 3t 23225 SRR T R 5 B )

F4 FEDocRED##E&E FHHR IR
Bows ik B
P R Ing F1 F1
Ours 66.62 62.57 62.51 64.59
-Triplet Atin 64.52 63.74 61.24 64.13
-Deform Conv 64.21 63.46 61.05 63.83
-Global Relation 65.24 62.31 62.02 64.08

&5 FERevisit-DocRED ##E 8 _F R RRSLIR £ R

I Scratch $4i 4
P R F1
Ours 855 | 31.6 | 46.2
-Triplet Attn 84.3 302 | 453
-Deform Conv 83.7 314 45.7
-Global Relation 87.6 30.8 45.6

4.3.2 BSEHEMEMR

R T IRFE LK R G2 B RRE R 2, 1E
1655 FH TR RE A8 2 50 L R A R A8 B R4 T, 4 %
BRI KAHZSZ MmN Z AT T 59047

WS AT LUE Y B B R KN K AE AL, F L
H2 BTG R AR 3 . e 4% BB SR T SCRY p
HB IR HE 51 14 2 % 45 4 HLA — 28 I SCRS &5 R RRAE
— FF 4 Bl 25 5 B A2 B A 9 A, AR ] LA R 3R
B FH O SEARAE HARRAE , (H 3R AZ B o Kt 25 5 B0 S )
BERIVERE ™ A TR SE )
4.3.3 LBISH

R T 20 SN 3 AT A SC R4 AR AR 1) SE PR
R P BCEA R YE AR B0 RO Y DocuNet F1
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63. RIRAN T RS 5 >
o 97 s KE% %ﬁl‘T iR 43 KD-DocRE 5 7 rp 3k BB SEARRRAE R A 52
ol 5 A - _ N N
N [J%L@zﬁi%ﬁﬁ%_%%ﬁf%%%%%ﬁ,
- R AR T 1A SR =00 ; 7
< | . MR =0 . 4T, S EOZAE R
L L R RSN :
" o o A FRIMME R EE, 0 — R RA
73 S 5 23
ia&’iﬁiﬁ%}#ﬁﬁm PIO . RSR M BIFSE AT LA pE A
. S K AL 7 1 205 3 2 9 5 A2
. e ]:u o 'ﬂﬁ
61.5 - . .
| =6 L4 EIA
T T T ‘nglish i
. j . ; | i 1|1 A English is the language in Great Britain and United
SN e S‘tates. A Loyal Character Dancer was published by
N —— i 1 Soho Press in the United States.
(Language,spokenln,Britai : i
‘ . P § n,Britain), (Danc 5
KD-DocRE VE M FL#e it 42, H 3 Rl BE 2 F FH Fe 45 45 4 ? ﬁf; Press),(States hmguagjl:;;:;;:;er’publ“hcr’
- ‘ ‘ 2 = ¢ B >, age),(Press,country,
ST XA 36 R EURERY . 52 08 L 52 90 P i T ates) -
N ) —
SR 0 B . e TR T LB S CormellUnivrsity i b, New Vork i he ol
U 5 S BRI = T 925 5 A
ﬁﬂgy@ﬂ‘ UEA@J , %er\ﬂciw | DocuNe E-;ﬂ:u EE :F i 7+ | versity is affiliated with the Association of American
‘ . > > e gl Universities
MO 2 A AR A A HE 3 5 R 9 T 5 e
LR % ECEHS Dancer BOHH A 542 51 7040 X L I
\ ‘ " LY - iversity,affiliation,Universities), arter -
ARG RN IS ET BRI A =04 . S SO =i lisher, University) iversities), (Quarterly,pub
P gAY > = ' A ‘
ii:Eii :J:h_‘ﬂ A T %% %‘%ﬁ I_,EJ 5 T LU _[Eﬁﬁ ﬂﬂ#ﬁﬂy ,':lj Efﬁ Elliot See was born in Dallas, which is a country in
S I T IR A AT 9 9 =720 | s e attended the University of Texas at st
Z’j—:‘ﬁé@” 5 |:':| ’ H:I :J:%iﬁj UniverSity ﬁ& @J z/l\zﬁ e which 1> affil‘ialed to the University of Texas system.
u ’ N City 5 e ii‘— 5 /I\;é/%iﬁ_éxﬁ Izﬁj\ DDk *ﬁﬂ:u B3 The University of Texas at Austin will be part of the
) =24 ig b iti
HE‘ ﬂ: FE %IJ T CI:% ﬂ: gé% E(J ﬁit 11%)2‘5 T % % i[ﬁg E/J b Big 12 Conference competition.
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