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Abstract

This paper describes methods for the task: “temporal relation identification with machine learning.” The
task aims at identifying the relation between two expressions about events or time in English newspaper
texts. Although recent works have defined the task as a classification task, any work has not yet achieved
enough accuracy since features required to train are not clear and available training data size is small.
Our goal is to reconsider the three tasks in TempEval and to improve the accuracy of them by original
feature engineering. In this work, we focus on the relations between the three tasks, devise some new
features, and also come up with a method to apply them to the tasks effectivly. We compare our results
with the final results of TempEval and show the effectiveness of our method for the tasks.
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1: Allen’s time interval logic and TimeML’s TLINK
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TLINK type “ # occurrences

BEFORE 30
IBEFORE 1
ENDED_BY 48
INCLUDES 45
BEGINS 31
SIMULTANEOUS 70
BEGUNBY 24
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DURING 951
IAFTER 5
AFTER 31
TOTAL 1336

% 1: TLINK type Distributions in TimeBank

£ 155, DURING & ENDS OE%S ~N)VET
T, 2D 80% A ZEDTVWBZ &hnh 5.
I TAFTER *° IBEFORE 7 & 13 HIREH D,
T DIz, FHEDOBICIZZ DR B+ ICEET S
WEBNH 5.

3.2 TempEwval

I TempEval IZ DWW T DOHHIZICHES. TempEval
DT —Z 7 Shared Task IZ[fV) T TimeBank % &5
{EL7eT—2TH % T LIFBRTBANZD, T—&2D
FRERICE B R0IC, T Shared Task T5 % bz &
AZITDNVTRNRBE RERND 5.

BEZoNR2 A7 3fEEH D, 27T TLINK D
type, Bi6, BRIV EHET HMETHZD,
@ TLINK OFEFIC K > TR A IDAEENTNWS
(X 3).

Sentence2

Sentence1

X 3: TempEval 3 Tasks
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BEFORE | 276 | 1588 | 434
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TOTAL | 1490 [ 2556 | 1744
# 2: TLINK Type Distributions in TempEval
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(a) Path 1

(b) Path 2
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4: Temporal Relation Paths
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X 5: The Path with DCT (for Task A)
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[ TRAIN DEV TEST TOTAL
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% 3: TLINKSs for the 3 tasks
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EVIROBISNVEMNET S, BHEP, BEFD
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M, “ANC” & “DES” DIEE LI TH XV, (X
6)

ZLT, TOROZIDOSNL L REFEREED
BTHEMEELTS. F7z, Task A DERREL DHEE
72 TiREL, BYRIARCETZNEERB DS
AL ZDEFEFREMICL TV 3.



(a) DepTree Position Labels
6: Dependency Tree Position Labels

BRERMRINR 4 B TRUIREFERTTICERT 5
HRARE R/ SATHB. Task CICELTIX 37D
Task A ICBIL T 1 BEOBBRSAEZHAE L.

5.3 RERFER

TempEval (&7 ® Shared Task FICHBWT, EE
HEROFEIC B3 2 fEHD AT ) VT AF—
LZRBRELTVS. X o TAWZE TORREDFEIC
EFDAF—LZFIHTS.

REI N AF— LI strict & relaxed D 2 FE5A
T®H%. strict l&—DD TLINK IcK LT, EfET
SN 1%, FEMTHNIE 0 ZFHMEERET B X
F—ALT, BRI EZFI VLML %5, —
7, relaxed ZEMTHNE 1 ZBHETHDRE
boRVH, RERTH->TH, YATLDOHAL
TZIEfRT NIV d—)V RSN )UTGEWEEICIE, £
DEEZ2ER L TREZEZ5FETHS. relaxed
DR RNREZ L TORE 41TRT.

B O A BO OA V
B 1 0 0 0.5 0 0.33
O 0 1 0 05 05 033
A 0 0 1 0 0.5 0.33
B-O| 05 05 0 0.5 0.67
O-A 0 05 05 05 1 0.67
vV 033 033 033 067 0.67 1
B: BEFORE O:  OVERLAP
A:  AFTER B-O: BEFORE-OR-OVERLAP
0O-A: OVERLAP-OR-AFTER V: VAGUE

% 4: Relaxed Scoring Weights

RKADTHET DRIV RSNIVTHY, FIHE
TOWNY AT LDHAITNIVTH S, HBHI—IVFS
NUTHL, YATFLBEDSNIVEH UIDT,
BES—EICREENS. fIZE, TV SN
BEFORE Th % &DIicxt L, A7 LA AFTER %
HALEEADEERE 0 THSH, B-O(BEFORE-
OR-OVERLAP) Z /1 LB &I T ER LW

(b) DepTree Position Labels (expample)

SRIRT, 526N3BRT05 k5.
RETLIRE, 2 TDORBIERZ strict & relaxed,
FOWHFDRAF—LICHBWTEMES 3.

5.3.1 Task A (EVENT-TIME)

# 5 DKL Task A DFER % Precision, Rea-
call, XU FMETRLEZEDHS. Fi<E TempEval
Shared Task DRIERZIHITRLTH D, K
DFERIT R LI > TV 5.

Shared Task IC 31} % & F—LDFEMICDOWVT
& SemEval 2007 [5] iC# %A, CU-TMP, NAIST-
japan, USFD @ 3 F— LIIHEWEE ORI LB F
%, LCC-TE kU WVALI ® 2 F— LABER TSI
La—VRT 4y ZINV—)VEBIMLTNA TV Y
RO A7 L, LT XRCE-T H)V—IRX—ZXT
DYATLERALTWVWSC LT ERRTEHL.

R5DERIII-IWVRININVETVZATFLDOHTTL
TEIEfRS N)VOMIBETH D, THAI—IVEIAN,
TN AT LB LISV TH S, |, TDE
THA LZERS VDI, £2TF4 2A—T
H5.

Task A DEMRHEEICH, ROZIENFTE, £
IERNERDOIH B/ LNEO—HVDEREMES LH
B#C, DCT ZEH#Hic L, Task B DEREED
fRISAEHRMEIC LTV C EIREBHCRRTZED TH
%. TOEMED relaxed AATICB VT RELKEE
DOHRBICEML TR L%, E5HDHAES T
EMNTES. Task A RFAI—XHOBEFHEL NS
28 F OVERLAP & AFTER WEfRL 5% &M
20V, YATFLBHEA LTSN )V DOEEZR
KZIIBEETWBEMICHEZ LEDHSB.

5.3.2 Task B (EVENT-DCT)

RiC Task B DFERZFERRICLTE6ITRLTZ
BREREBZBOEROEFELLTE, TD



team strict relaxed 5T0 X TBO TOA TV | TOTAL
P R F P R F B 6 7 7 0 0|1 21
CU-TMP 0.61 0.61 0.61 0.63 0.63 0.63 o) 2 34110 1 0T 0 97
LCC-TE 0.59 0.57 0.58 0.61 0.60 0.60 'y 5 =T 16 1 0T 1 30
NAIST.Japan 0.61 0.61 0.61 0.63 0.63 0.63 BO 0 3 0 0 010 )
USFD 0.59 0.59 0.59 0.60 0.60 0.60 OA 0 3 ) 0 0T 0 3
WVALI 0.62 0.62 0.62 0.64 0.64 0.64 v 5 ) 7 0 0T 0 T4
XRCE-T 0.53 0.25 0.34 0.63 0.30 0.41
Our Method 0.63 0.63 0.63 0.68 0.68 0.68 TOTAL | 18 | 105 | 42 2 02 169
% 5: Results for Task A
team strict relaxed ) 0T A TBO TOATV | TOTAL
P R F P R F B 174 6 6 0 0|0 186
CU-TMP 0.75 0.75 0.75 0.76 0.76 0.76 o) 20 (47 | 12 0 0 ) 1
LCC-TE 0.75 0.71 0.73 0.76 0.72 0.74 A 970 T30 0 0T 0 o)
NAIST.Japan | 0.75 0.75 0.75 0.76 0.76 0.74 B0 5 3 0 0 010 3
USFD 0.73 0.73 0.73 0.74 0.74 0.74 OA 3 0 0 0 00 )
WVALI 0.80 0.80 0.80 0.81 0.81 0.81 v 1 1 0 0 0T o 5
XRCE-T 0.78 0.57 0.66 0.84 0.62 0.71
Our Mothod | 0.76 | 0.76 | 0.76 | 0.78 | 078 | 0.78 TOTAL J214 67 48] 0] 0]2 331
%% 6: Results for Task B
team strict relaxed 5T0 A TB0 TOA TV | TOTAL
P R L) P R F B 31 23 2 1 1 1 59
CU-TMP 0.54 0.54 0.54 0.58 0.58 0.58 0 %5 5 9 1 0T 2 92
LCC-TE 0.55 0.55 0.55 0.58 0.58 0.58 A 5 9 27 0 1 0 D)
NAIST.Japan | 0.49 0.49 0.49 0.53 0.53 0.53 B0 1 1 1 ) 0TI 2
USFD 0.54 0.54 0.54 0.57 0.57 0.57 O-A 1 3 3 0 0 0 =
WVALI 0.54 0.54 0.54 0.64 0.64 0.64 v 3 9 1 0 0T o 6
XRCE-T 0.42 0.42 0.42 0.58 0.58 0.58
Our Method | 0.56 | 0.56 | 0.56 | 062 | 0.62 | 0.62 TOTAL 69 [ 13346 4] 2]4 28
% 7: Result for Task C
Task B OEGRHEEZRINCITI C &icksd. ¢D OHREIRETHZLEZLS.

Task BIiZDWTIE, fFCHLWEEEZFIALTES
F, TORELMOF—LOBRLEEHLTAEL
ZoBHBDTREY. ZNTEEWEE OH%F|H
UCTHERTOIF—LOBRELTRIVEF L
ToTWV3.

UM L7ZDS S, Task Blda—A)LiiEsRAFIHE L
iKWV eeHo, ENDZIKVWERITHB L
E2%. FELEINRTHSLULE, BT o
ERRICDWTEL T EHZ VDI BEFORE DTN
VS ISR B T e BBHICTNS. EHIC
WD 2 DD R AT K D FLERRIBERR S WA Ixu. B
%, BEFORE, OVERLAP, AFTER, ® 35~V
25 EFLGHhNTWVS TLINK BEW., FERELT
3, TD Task BA3DDEZATDHTIIZF—L
Ld, REEVEfEICZ S TWVWA.

5.3.3 Task C (EVENT-EVENT)

[FI#RIC LT Task C DfERZZE 7IT/RUTz. Task
C 13 Task B L I3NFEYIC, 3 DDHTHRLEENME
WRERYTHD. EHEHEOBGHER, WHEN
FFICRS Y, fFLLEAR S RRICE-T
WA, BEHIRT ARY Mg &, BEARERZT T

RHIZED Task C DFERIZ, strict AT 7 ICBANT
BREDEZHLTVS. BAS VDS HHSHE
TEBCT LI, Task A LRAUCLK TFT—ZDHHHZ
BEFORE, OVERLAP, AFTER, D5~ JUIcR> T
LEW, #lziE, VAGUE ZPIREL EML TV
WeWS L THB.

Task CIZBWTIRERIC, D 2 DDEX X7 DFE
BEFHTACENEETHS. TOHRMEESZD
M, FESITRLUZERSADFIHIC X 2FREDEN
ThH5.

#81%, Task A & CIEDWTDRREEN, 7
Task C &, AR SZEFELENEAETHD
strict A7 T 54%, relaxed A7 T 60% fBET
Hote. THUT 3 DDISAZMATHEREZNTIUR
LTW3. Path2icDWCTRFIHT B L THhZ -
THREZFIETFTLE I HRICAo7H, Path 1
T strict A7 THNZ 2%, Path 3 TiX 0.5% 2
BORBEOM ENE SN, Fiz “All” DFIHRT
D& 3 DDNR 2 TR LBETED, DR
& Path 1 DREEZBZ bhizh o .

EHIT, TDFE 8 TH Path DEMKICH S “(G)
DFIHNEHKT B DIE, Task A B DERERDED



Task C Task A
Path None | Path 1 | Path 1 (G) | Path 2 | Path 2 (G) | Path 3 | Path 3 (G) | All All (G) | None | Path | Path (G)
strict 0.539 0.562 0.562 0.531 0.539 0.547 0.558 | 0.558 0.562 | 0.598 | 0.627 0.609
relaxed | 0.601 0.622 0.622 0.591 0.600 0.604 0.615 | 0.616 0.620 | 0.654 | 0.682 0.668

% 8: Results with Various Paths

BE R

Dic, d—IV RSNV EFIHLUEEDORRTH 5.
TOTEEBEZDE, &5 —DHERKFENEERD
F5N35. Path 31CDWTIE, d—I)V RF—&%F|
RAURAHHEEICEEDNRE I NS DI L, Path
1 ZF A UFERZ, Task B OGRS )V d—)b
RF—A2 TBEMA LG ETEREICEEANR LN
BVWEWSETHS. COEHRELTEZALNSGD
13, Task A, BOXIRHF—HEN 2% EETHS
T D, Task BOEREFENHDICLTEE LT
BNBREEL LTI, COEEIRRTHEEVS
AlREMTH 5.

CDRFZEZHET BDONE 8 DEANCH S Task
A DHERTHB. Task A Tld Path ZFIHT B &
KX OBERALELTWSDY, d—VRTF—2%F]
A UKREEDADNY AT LOH S~V EFIALKE
BAEXDBBEDNTHA>TWVS. ChiEEIHFD
FHEHNEZEEITRL TS EEZONS.

LI ET Task A, B, C2TOfRREZRLIZC LI
%0, Task A, CIZDWVWTIX, HMCKEEOR L%
HZETRENTERDN, FF—LDOT—2%ERT
%, BEL T Task A T 65%, Task B T 80%, Task
C T 60% F2E LWV 5 OHRIED T T —F DA T
HBTEDDIhB. ELICEVEEEROBEDTH
N, TimeBank, K\ & TempEval D7 — X4+
ZHWPNENT L ZH S BHR TS, SEREMEROERAN
DHETHBT LRTBT BiERE T,

6 =R

AW T, SemEval2007 Shared Task ZZic U
T, 3STEEOMRHEX AV ZZTNENT, BE
D ExEAB Tz, BERLOAEE, 3 DOBEGER
27 EMHEECEEMTIBC g kD, FilckRte
fEO g T Lizotehy, ZDOIRICK > THEMIE
ErefoERRLEE5 LTI U .

UL LEahs, RO E LT, TimeBank, 5%
W& TempEval £V 5, BRO/NEHI—RZAH5
BoNBEHRIZT T, BUCBARTH S LHER
BROETHLL R, 5%, At hay—%
B e Lz, WA ZEENICERT 2FE2
BRI B L Ldic, HEICBRST, OEFEICHBNT
LFAMBE AR EZRAET 2EAZTFEL TV 5.
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