T 5 B E IG5 Fr R REXE R A

HfE A fLI7*
TR R DIl
TRIBE S BOR R TRIBE S BOR R
20185227029@stu.suda.edu.cn kongfang@suda.edu.cn

W

B o ARSI E B SUS — D E B 3, W SORBIR R 158 B ER . IR
B S, B FPRADA=RE: B (E-E) BN FRER, FH50EZRAR
[Al(E-T) KIS PR AR, FF 5 SCEE LA (8] (E-D) B IR PR &R o AFK R RTLINILIA
BIETIEAM T HEIRESHIREKE R, FIAhX — R & T & T5 B2 LI 5R AR 7
RAKGRAREL « BRI MR 2 A 2SO E-B S B-TH PRk R H)IE
SR, I FHPE AR AR M IRAIREE - 7E£ TimeBank-Dense Bk} L) — R 5152455
K, VIR T AR RS EIHRE ML 7% -

KRR FFRR . BEEE . HEKHE . A

Joint Recognition of Temporal Relation Based on Information
Interaction Enhancement

Qianying Dai Fang Kong*
School of Computer School of Computer
Science and Technology Science and Technology
Soochow University Soochow University
20185227029@stu.suda.edu.cn kongfang@suda.edu.cn
Abstract

Temporal relation recognition is an important branch of information extraction and
plays a key role in text understanding. According to the different associated ob-
jects,temporal relation can be divided into three categories: event-event(E-E), event-
time expression (E-T), and event-document creation time (E-D) temporal relation. The
isolation identification method of different relation types ignores the implicit correlation
information among them. To solve this problem, this paper proposes a joint identifi-
cation model of temporal relation based on information interaction enhancement. By
sharing parameters between different neural network layers, the semantic communi-
cation of E-E and E-T temporal relations is realized, and the potential connection
between them is used to improve the recognition accuracy. A series of experiments
on TimeBank-Dense corpus show that this method is superior to most existing neural
network methods.

Keywords: Temporal relation , Parameter sharing , Information interaction , Joint
recognition
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SO RS S R A R AR AL AR, 7R R f B E — 8 BISE R IR 5%
o NFERABR T EYMITRRIGERO L RERE - (o BRESAENERESZ—, WNF
FKARFIX BRHFE - OARHE . GEEMBEESEEEER L A5k, MENFRXREH
IRVE = A FEA TR Y7 R A VEF A B30 LA TempEval RIIFE ZALS D), B FF 2 RIRBIS]
TREHERRTE, FEECN B IRE S USRI SR -

I 5 R IRA 2T B I P R B F AR S R SRR TR, HXEATZ H B 5% 2
HAT 9 R A —DiES5 (Cheng and Miyao, 2017) « ZETempEvaliFll £S5, ARIEFT KRB R P4
[, BFRAES N=ZRE: BENRPNFRR (EE) ~ FHES5EERE R Z AR PR
A (E-T) -~ S5O AZ BN FRR (E-D) -

{517 87~ T TimeBank-Densel& Bt H—Ma) 7, A) 7 B S {4 5 I 8] A Z0H DU RHATR
t, HPFaEMAIE-TIHFRX RS —PE-ERFRXAR-

f11: In Washington today, the Federal Aviation Administration released air traffic con-
trol tapes from the night the TWA Flight eight hundred went down.

relationl (E-T): todaySreleased Z [A] i 7> < 52 25 “INCLUDES”, &R fEtodayiX 1> [A]
55 Nreleased S4F & 4

relation2(E-T): todayfEwentZ [A] FJI 755 R N “AFTER”, # ~today [A] B2 fEwent H
"2

relation3(E-E): released® f FEwentH ff Z [A] #) B F K & HAFTER”, Ut
BAreleasedFEwent 2 J5 & 4 -

E-T (FA-If e 2RiE 0 E-E CEF-FH1P)

(today, released, INCLUDES)

leased, went, AFTER
(today, went, AFTER) > (released, wen )

B 1 B R ARRIRENE

ASCR R S I RRA XG0 5 . NIRRT LUE H— s T 5 Bl 24
PP SR SRER, B PR R AT LU P RO B AT (%28 - AP, AT A ETA D E-THR 5%
AR EEIES Hireleased Bt S went FFRIMIBT PR R, FHILATE HANFE KRBT 7 KR R Z A AEE
FUIECR, HERMNBIRZ X A RMERI PR RTINS, AT AR
AT R N, ARSGRH T — MRS B H AR PR RECEIRAITTIE - O T LM M SR HE
5 B HITRIRE-ES E-TH P8 R Z ARG SCERR , AR 5 5 fRAD I BL RIS R 2RO =4
il A SR & 2 [ 15 B B« ZETimeBank-Denseikl I ISLIG R, X —EA A LIRS
ZHHERER, BFRRRFIOERSGE] T BER -

2 MXIE

B Allen§ A (1983; 2005)i8 i “IX [AIAEE H 5 HELN,  H R B B913 s 5% 3% [n] i
&, EER— SR TAEFEARIE T R N Tl R FR A0 B ft s 8 58 Sy 4 i A AL
£ . Dowty%F A (2005)i2 1 T AUEM 6, BOX YA FREHEN — M TREGZER
4, Passonneaus A (2005)%¢ Hi BB e RGEF G0 T 4B &S B 4347 - Chklovskigs A (2005) 7 H
AR RE, RIEFET AR B2 S AR I P o BT IHEE, IR E R TN
FiRFEverbocean b, SEIR T iZFIHZE BSO8R RS -

BEETME A RPMTEA, WA T —HERENER . IR ARG 2 A LSS
23771k - Mani®s A (2007)%% & timebankiB B E 1 F THRCHE S « M - NASSERE, 7
B P 5% 2 S B B B AR VR SE R T RS A9 %5 - Chambers® A (2018)#1 8 THFIEEE, N0

©2021 FEFHEIESTEAE
RIE (Creative Commons Attribution 4.0 International License) ¥FA] HAR

B PRS2, BRI BBIZT, A, I, 2021468 13HE15H
c 1S : - n



HEESY

AWordNet 5 VerbOcean§ &M ERANIH ZE A1 AR AT S 227 E, 54T I 5% 28 B 9e B S 46 7 B
B REE R - Bethard%§(2007) f H AVERHESE WG B A RIT1E, FEREM BN T 3R M
SN R FAREFIK R - D’souza®d A (2013)if 1 Bl A F ERIFIES 1E R REIESRIL T
FIESERZ BB S, RN X RAMBULS RERE R - Mirzafs(2014) B ET A
EEUEEHIFFE, XRFIES TR, TR DRHEIE I TAEROELRY EIBUS T S AR - KR
E(2015) E T H CER R, 70 1E S SURME ARG E3GIN T A RAFE, e SGERL EXY
P B IERPE AT I . 2 )5 — e S0 A 5 229 45 6 B R A AR 7 15 SE T 5 2k R 7R
2REmpi, FEE T/EH (Chambers and Jurafsky, 2008)~ (Li et al., 2016) ~ (Do et al.,
2012)% -

EEER, WREEF ) JTERGI BN PR RMBUESS LR - Xus5 A (2015) B A K TF B8 12
FISETE SRR RIEUES FRIMH B, Cheng® (2017)Z LB A, FIZ T IEBARRIN 78 R
BUESS, R E AWM LSTMSSIAFIER) B shail B, M TESTE, RAIBRERER
HEUR T IR KIETT - Choubey® A (2017)i81d 5| A4 £ T XM A - AVEFIIE LFRIRIX 504
KIZ RN PR 2R, A T BT XCEELSTM FFIRA R H R T/ A A4 I e 5% R iR
5 - Zhang(201914F EVERIHLHIEI AR X RG], kA TR A0SR RS AT KB B
TR RRIAIRR, 2 DR LIRSS TIZJT AR E R - Dai(2020)3& iR A1) 7 2 T B4R
S5REIGVFLHETREG, WE T — MRS B IXE BRI 7R A MBURE - Zhou(2020)FF
HR I I F— =S (B AT ISR a8 S 2 R ) BN SUE RS, R4S E
) F RN VR MR R B BE BB R R, — P H5R | BRI 0 RIRAIERE -

AT EZ XA FE KRB P58 RMILIRR], T 556 R B P S AN 7 R 2 B 5 5% 3
ZIRIFHEASZINSLEY, BRI R J7 FI R T AT Z A AER &R BXT X — R, AR SONE-ER 7
K ARFE-TI PR RERENMEH &, 8 g% 2 S RS2 15 BA8 B2 18 B AP R B 7 ¢ 2 ]
AOTE SCHR AR, SREUHIIN X R EE Z AP TEREXE R, AMFETHI 2% 2257 B AP 6E -

3 WIS B AN PR RS IR A

ARTCFTE R 3 (5 BT B R ok R ECE TR AR AL B M S A 2R G 1B R, AR AL ZE
NE-ER 7R RIRFIESR . AMAE-THF R R IRBIGEER, SR BEEHFIRZEN, KR
FIBERTH AR5 2 4 i [A] A =0 B F SCH R pid [ &R AL, T TR R 0 R eE i
2, EREERE, EXEARR TR FRAR, FEHSEIN T X VAGUERRHIRA], ¥
MO LT U o BRI R D RER AR5 5 RS E R R, RGBT R KBTS
B o AT RBLIAT I M4 -

3.1 w2

B PR & UK T EL P e N 00, WS EESER RFID 5 Tl 73R X
PR <SER R8T R FRYE 3L - Tword2vec ~ Glove (&4 17 [a] & AEFE i A2 7 240 E
PICES, BRI, SRAEFLZ CEREREETT, LR AT B <SER 7 1 &8 25 A 2 3
BRETRAEFI R R, Btz A31% - BERT(Devlin et al., 2019)VER—Fi B T4 E S8, H
FEPON R [ B RERS IR IA 7 P B R AR S EUE R, R BB SR B —i7 % 3 -
A Y, BERTARG L P SUHRMIESIETNSE R - ETBERTILF HIZ GRS F515%
RAETT, AR M AL S RGTRFEAE i [ = A

AR T DA 2 RO 505 7 1 Bsf oot G BITAE A1) 1 IO PR IS IR 22 R R 2 S) 2T 4%
09T RENS TR S ZAI B W o G 2[RI H)3E SCER AR, ARSCRER A A1) 7 FHE T R PRSI E o i
N, AERRRAN PR R A — D N FIGRES, B A7 USEPIFRZE NEERE, PHEERIFIIL
HRASIN[CLS] - BERTHRZ AP [CLS| AL 1 th 17 = 2 B P8I 78 SRR, B8 7B LR
FFIE - 09 TR E KRB PR RAERS TN ERE, A7 X0 AI5BH PP RASBA
WBERTISE EEIGZRH, JHE=%, MaBESRIMER, RE T HEBRRIE.

v=ecLsDesDep (1)

H1, eors IUR[CLSMIHIIAE, eafllen J9PT IS X G A H ) & -
Z BIFIFESE T AR 2R B A Fp o RN IHEATIR A, X FEEBRH1 T P18 2R IR0 RE A A0
EEAE, AR RN R AR Z AR TN TR AR AH B RAEAR « XA

B R ET R F RS IRCR, #8303 1, BPANEERE, R, 202148 H13HE15H.
(c) 2021 HEPXFERFALWHIBESS 5
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focal loss ]
Relation Identification vague Identification Relation Identification vague Identification
[ Fully-connected ]
/ hE
Concatenation eas| €y | € Cas [ ey | ©
N i
Contextual Yon o losBRE e Ymalem)Y O 1
X i . i
embeddings =0 cemeemmemmm——— ‘Q bemm == jpbris Stk
[ BERTEncoder |
/ -
Input tokens : .. : :
( )
Y
E-E

1
Y
K 2 IIR(E R IR PR R A AR IR

FIZZ B R, S Ao RIRBN = A FRBIER
3.2 fRIEE

B, AR T —MSESLENS, RIEH— 1 BERTSIE Z &G E-ESE-TH F % R HEF
SRS AT NG « R (mini-batch) HFEF 8K — P batchAIE-ERT 75 R 51
B A BIBERTHA AR AT M E AT SR, FRF— 1 batchBIE-TH 5 % R 5751 i A 2| BERTHE
B TR E TN SR, BIFRR RN P R RAE VGt 2 vl DURBUR LB B, TEREE

PEERR, WA R R RS T R 4

T IEBERT RIS E G20 A 2URHIE R R BT B RE AR R 0], FATEBERT /G HEA—

h = relu(vWp, + by)
ZJE R R AR - FETB-DIEEH, AFERF 5 2R KM o A s 2 57 0d K5 3
TR AT A )R A IR 5 R R 2 FHOR 0 BIRMMPIRH P, JCEREERA g
HIVAGUERHE!, RAFEE LFRH TR BT FE
TR AP B R R AL B fE

(2)
ATOE SRR B 5N — B AR 55 R R T
Ty B, DAR P 58 RIRBIAESS 0 E SE Al P ok RIS 703K,
TICRARFMES R, TR X R Z AR PR R RS NVAGUE. —JiH,
RRERAIRERUZ X P MR RSS2, Ighd BRI P Z A REL, EAGREERE
RES /A R0k S iy P 2R A B BE ) - 5
A SRRz AL RE

TR ERERIIR T - VAGUEIRBIESS RIS S 1E VAN (R B L3k 45 0 Fr o R IRBIESS
7
W5 NRERS SEEESS IR A PR, o SR B0 MERL )i R P&

— 7T, AESS AR RATER T R LT & A0 TR e
TRTUR H softmax/Z VE v 2 ARG FAESS SHBIESS W R R PRE RTINS R -

IRt RE rp ok P 1 7 A 55 R g
Omain = Softmax(h‘WOmain + boma'n)
Oauz = Softmax(hW,
8.

Oauz

(3)
85 S

+ bogua) (4)
Hep, WS A) TR SRR R, W, NIb, fEsoftmax BRIET A FEFEAN i &

hE, 20214E8H13HE15H
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TEX B, ARIOH T —PHRE-EN P X RIRF SE-TH 7R R IRAIMEELE, EEY
BERFERA T ZHILZHLH], R FE— D 2% Z Ssoftmax/Z X B & TR - 5 ISH B
REL, SR —PbatchIE-ER 5 ARG Z FPA R B AR E T R A PRSI, AR —
hatchE-THF 7% R RIFGZ P83~ AR R T R AR AR R TI -

3.3 focal loss

BEETEARER . MEGFERD MO FES ESE MmN E AR - i,
' TB-DiE K E-ER FF 55 &R 71, “SIMULTANEOUS” % 7= | > 5 {4 7 [/ — i 18] & 4= 5 & 4
IFE BT, B DLZEG I (A2 o X PR BB SRR EEA1.5%, T AFTER”EH & &
K18.1% - JEEMHEIERZIRANZE - g Ed, RENE L AFTER” AR & R MR 5
FJ“SIMULTANEOUS” BEA L, AT Wik R KRBT - SREHKE (focal loss) (Lin et
al., 2020) 895 | AN GERS B/ INIZRoE A2 i oK & T B SRR AR i RO ER, BRI AR SE BN IROERE AR (S R,
HITZTE, SRR R BIROR -

Bikt; TR R B SIHE R pﬁ%/ﬂ?%ﬁ:mgﬁ, Miffocal loss 7] LLTE X A:

J(0) = =Y (ai(1 = pi)tilog(pi)) (5)
i=1
focal loss J&1E A8 SR 2L At _F GH 1) - B A XK, focal loss¥E N T — NN E A
FallX—MAGIHEFA - p)7 , HAy @2 —DESERFTSE . o RE BRIP4
(R, ARIERFHIFERRE, S THEEDER], FEE BB K X, A
SEMBIETHMAEADIRIPELEIRNK « (1 — p;)7 VA T F AR HEE S IR A A RE AR ANA
G IEWEA R FIRE AR Z [ I LU, BERS U802 40 RAF AT TR R B A Tk, A i1 2
TEYNERIN BT T e R AR AR AR SEEE H o BUE 70.25, ~EUE A2 -
R P ok RIRA S “VAGUE” B ARAI M IR R B TE &, BEIFE-ERF R R
B 5 E-TH 7k RIS R R EIT E A0

Jl == Z(amaini(l - pmainiyytmaini log(pmiani)) (6)
=1
Jo=—(1-2) Z(QGU$~L(1 = Pauz;) "tauz; 109 (Paus, ) (7)
=1
1 2
Jp-g(0) = J1+J2 + §||9H (8)
J3 == Z(amaini(l - pmaini)’ytmaini log(pmiani)) (9)
=1
Ji=—(1-2) Z(aaumi(l — Pauz;) tauz; 109 (Paus; ) (10)
=1
1 2
Jep-7(0) = J3+J4+§||9|| (11)

Hfm FORE-ER PR AR N, nFOoRE-THR R RNGREEANEL, 09812k
ZHES, VINEZH, AARSEEESSHPESIGEIRP OB RBHEZE, F15
B RFEE AR A EUE 908 -

LG E-ERER K AR S E-TH 750 REER (51K R B E 0 B2 1 BAReREL, XA B bR
BRT S a G RBaY, A] DUSERR P MR B[ B3t R T S B = R R

ij-m(e) = wJE_E(G) + (1 — w)JE_T(G) (12)

HAWRRFFE-EE N7 X R 5E-TH 7 & RIER L FEINESE, AL EIE
0.8 -

Bt ﬁ%iﬁ%‘(ﬁ)ﬁc%ﬁiﬁ, %\8032:’%812%\,
Cc 7N ,

WPERIVESS, TR, 202148 H13H £15H .
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4 LRSS0

4.1  BURE IR

AR AETimeBank-Dense(TB-D) 18Rk X B 7 5 #1752 1E -

TB-DER FRFEBFTRBENSZHOAR, FRNFRADSN=ZKE: EHEH
# (Event-Event, E-E) , FE M 50 8] £ X, (Event-TimeX, E-T) , E4 5 &
3. B 18] (Event-Document Creation Time, E-D) , B 3£ & & 7 /A MR [FE # B 7%
%: BEFORE, AFTER, SIMULTANEOUS, IS-INCLUDED, INCLUDES, VAGUE. A&7
EIETE B R SE-TFEER « IR 5 B 1R -

Relation E-E E-T
AFTER 1120 439
BEFORE 1348 418
SIMULTANEOUS 93 34

INCLUDE 278 196
IS-INCLUDED 347 243
VAGUE 2904 852
Overall 6088 2182

#* 1 TB-DARN PR AR A

N T VAR SOTERERNE, BAPRAMWERR, BRIZLNFL EERITFHRTER -

4.2 SERKE

HTTB-DEEH SOEEGS D>, AR SR A S+ A1 Fid ol ) T a8 XAk 7 #1145 5
S5MRERRI S, NNGEF MBS %MEARRIERIESE, B TSRREREREZ S KMF
PIWERIEM IR, BTLUSAP ~ R~ FUEAMERE, BHAR S SRS 45 AR 4 OCRFLES H - B
BRA T /LRI R (mini-batch) B 5EEE, S 3RIIZR1550, E-ERREALIK RN A24, E-THEHR
FIRLIR KN NS o AT SEE) 45 BT 1 Adam AL BIE ST, WIIR2E 2] R KN R 2e-5 . 145
WA L2IE AL B (b HLE o AT {# F “bert-base-uncased” #4718 [a] & BT 2k, %8
JZ B R 58 B 512 « ZEA N EIE S AdropoutHLH], EFILREKE N5 - AR FARIE
£ R B IT BOREB N AR A TN e 20 SR PR -

4.3 ERERE5H
4.3.1 5CHARMLEK

N T R UE A S IR P 58 R 40 28 O RE, FRATESRE T H IR ST B LM ZE M
LRI T YERER I R AT LA RGO L -

CAEVO:2014%F, Chambers® A (2014)RF £ ME TN SHLE8% > B0 REIEHTHE S,
P T — D TE R R RIRA AR S HEE

MIRZA: 2016%F, Mirza®5 A (2016)45 & K460 M2 5 F S IER 2, N A28 )
LSRR T PR R 4 R AR 11155 -

Cheng:Cheng % A (2017) F201 7R RSB R B IR G BRIE NI, HABER IS
T~ AU RIRER R, FABILSTMIRAINF R R -

Dai:Dai(2020)% A\ T20194F #2 H K5 6] 7 T 7 IR B 125 B 5 B 1R T A B A = B T AT 1Y)
BREXRERMEE, ST —FEERRE ZHRE T UE BRRIERES -

Zhou: Zhou(2020)% A\ TF20205 #1 & F8 K77 12 (5 BB AR B I RS & T e B m)A) 738
R, BB EES RSN —NLSTMA I, 3BFF T FHN 5 RIR B AIRCE -

F25R3PINH T BRI R, owrsBRARA IR HEK G I8, R LUE
F|, S5HAtbstart-of-the-art FI7TIEMLL, ours®EBY EIR HAERT P3¢ RIRFIESS LRIt -

E-EXRIFF A E, METDai5Zhou, ourstER! B AFIES B T79.2% - 4.8% . H
MR E R R O A - PERERIRTT— 7 5 28 T SRR 2 115 BT LI AN R R AL
FPk RIBIEB RIZIIER, H—07H, MRENFF X RIAAIES S5 VAGUERFRAESH

%:1*@43%%?%%‘(#;(%”1%, %\8032:’%812%\, PRI, HiE, 202148 H13H % 15H
c 1S : - n
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Relation Cheng Dai zhou ours
AFTER 44.0 56.7 60.1 723
BEFORE 46.0 559 573 678
SIMULTANEOUS - - - 2.1
INCLUDE 2.5 229 20.5 33.7
IS-INCLUDED 17.0 304 345 585
VAGUE 624 634 67.6 684
Overall 52.9 569 61.3 66.1

2 E-EBRFPRARAIKLIGLE RN

GEA W] DIE RO 8 RR A AVEE 7 o (EIFRERZE, AR H RS AESIMULTANEOUS .
BIPRRAI T 228 T DEMRESE, FUEAS]T2.1%-

Relation CAEVO MIRZA Cheng ours
AFTER - - - 69.5
BEFORE - - - 714
SIMULTANEOUS - - - 5.4
INCLUDE - - - 55.5
IS-INCLUDED - - - 61.0
VAGUE - - - 60.1
Overall 49.4 46.8 471  63.6

¥ 3 B-TH TR R HEDI SIS 45 R X

E-TRREFTHE, S5HEHE5TEMNCAEVOLLKMIRZARSIM L., AT 75 Al
F+T14.2516. 8/\5/\\&1, 5 FIRE(E L M 48 HICheng M L « ASCHIEIRTE T16.5 1A A,
PERERTT B2, FIFAEM T (E B EHLHIRE R -

4.3.2 SR

Ki@ﬁmﬁ’]ﬁﬂifﬁrﬂé? RAMES DRI R, T EXZME-ERN T X R1RA| L5845 57
LA FER R FHT T -

(1) B A RH

TERIUERS 77 5 RER G IR A RORBIERS, T 9017 A6 28 215 B8 B B A R 51 ) 5 A
&, RIOGRET U\T4/I\1ﬁmﬁﬁﬁlﬁh

Baseline: Bl FIE-ER JF 2% R1E7 -

Encoder sharing(ES):E-ESE-TI Fk RECEIRA], RAERBESHEFZHITEELE -

Decoder sharing(DS):E-E5 E-THf 7% R 517 J, /\Tﬁﬁﬁzﬁ);%ﬁéil—?l_ﬁ EREZH -

ours:E-ES E-TIN % B4 R0, 51T SRR 2 RN S50 ST 5 B T .
Relation Bs ES DS ours
AFTER 69.7 725 70.6 72.3
BEFORE 66.3 67.2 66.9 67.8
SIMULTANEOUS 64 35 54 2.1
INCLUDE 32.5 33.6 33.2 33.7
IS-INCLUDED 46.3 54.4 50.7 585
VAGUE 65.2 64.6 64.8 68.4
Overall 63.5 64.0 63.8 66.1

4 ARIMNKREE R ERCE R SIS R

& EH A E?‘)jié‘ 1B 3CEE, %‘8032 ’%812; ﬂT%ﬂ/nﬁ 513 , 202148 H13H % 15H.
¢ B VAl
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MNRAP G HERATLE L, TTIREIAN M ZHTE B E, AR T IEE T
Tbaseline /7 {EH M PIE-EN 7R RIRF], ourstEM 5 Z M B AFUEREA T72.6%, W&
A LRFEFR T “SIMULTANEOUS™ ERERRH | BORHIERI « [RIAAET, SMAIE-BR X RIR
AU EETIZ AR EEN Z RN EZERX R, SETHNFRAZEFEENZLHERSEANZ
(AU FEER AR B R, BRERTT TPk RIARIAISLIRUR « SIMULTANEOUSZE B HT
HEMD, PTLRIEREA KIS SE

PLA)F “The gain wages 3.8 percent higher than a year earlier, extending a trend that has
given back to workers some of the earning power they lost to inflation in the last decade.””}y
%, = fFextending5 F HFlost IS T K R Nafter, BSEA! K H iR 5 N“VAGUE”, S5E-TH 7
FRIITEE %SG, WINT 55 A #iARa year earlierf) KB, H|F| Ha year earlier5
H {fextending X 2 N “BEFORE”, 5 {hlosthf £ & W“AFTER”, E-TH 53¢ & B0 A i
HextendingSlost B EZ K] E N UMK EBHIZIE, # IR EZRERBIER, B BNZE 450 mt
FP 2R AR T -

HH, METESSDS, oursBAITEH AN 7R AR SR FJL-PEEAG T HIMAGER,
UERR RIS 2 5 AR5 2 B E S8 3L AL AT DLSE IR VR 2 IR BTE LS BZS IR, I SmAt A [m] 4
RIS FPR REXRAIZE, RONIEE IR TS %) LI MERE -

(2) “VAGUE” K515

N T EIEE R PRI SS . BI“VAGUE" R ARRA ISR, ITEET —1 &

R R without, SoursTEAHLL, IZFERAL IR T E-ES5E-TH P o R A 85 B £ 5551

e

Relation without ours
AFTER 71.4 72.3
BEFORE 67.4 67.8
SIMULTANEOUS 1.9 2.1
INCLUDE 32.8 33.7
IS-INCLUDED 55.3 58.5
VAGUE 67.5 68.4
Overall 65.4 66.1

5 IMAREBNESS A S HISEREEE RN

MRS F SIS G R Al IR, SBESS B AT T 78 RIRANES 2 B EHBEA
1, 5EFREIMES PR withoutfH L, ourstiA FUEEAFIE LA 70.7%, B PNRALH LB
EEANRREERA, HEARMES IR B ROUE TR X 7 “VAGUE" FIH A K 7], 78
EL%ETEJ:%%Ti%*#fﬁﬂ-‘%ﬁ?f%%ﬁ?ﬁ%%@ﬂﬂ%ﬂ, B AR E A 2R R 7 2 R AR
PERE -

(3) focal loss

HTEIES| Afocal lossfIRUSR, FATEE T — 1 EiEE Al cross, SoursBAUAE, % E M
T T i B 28 SRR R AE N H PR ek £ -

Relation Cross ours
AFTER 72.1 723
BEFORE 66.9 67.8
SIMULTANEOUS 2.1 2.1
INCLUDE 33.0 33.7
IS-INCLUDED 51.5 58.5
VAGUE 67.8 68.4
Overall 65.6 66.1

6 (EFRIANFEIR R BRI A ) SRR EE RO H

%:1*@43%%%%‘(#;(%”‘1%, %‘SOSZI:%Blbﬁ, PRI, HiE, 202148 H13H % 15H
c PSS E g Al
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