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BF B B KGR EMETB 2 ERET A B A HEEEMETBZE"
FETE TR (¢, A 2775 B0 B ) BB 2 A Tl B ) — N RAERRIR R]— FHHS R
B 8] (£ 5E R'<CRY, B} RT=[R' R1. A5 T48 1 jnl i ) B b A 4L — % 51 X 1) » HE B 33T
& 2R AR TA, RATA BN HOR A0 R 218 L 44 STS (surface temporal seman-
tics ),
STS = (B, SARAT A BLTE T 2] - B 0B 3 50, B A O 1, B R) B » 28 R[] X0
E—PMMERT. RIS EHETE TS HIEHFED, M —iR R E N
STS G54, BUARAE SR B et ) LA EREMAXEMGS, FERATIEREAT
BIFETE (8 3 A PER) . Aol 1H) 3 5 Y o BB A5 bt T B A 5 5 o [ o o 4 X B i) i (0™ 404
3 B4 (AR ™, W TB =T0; & & @) 8 45 0t 6 8] 3 #7 & (a3 4~ [/ (RUE)™), W T8
=TS§.
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B, (O L,OP, (6, A IGIBE RN R'B| R K1), 3 HIR . RIETB ZJ5(HZ
B 4531, (O ,OP, (0. @) FaR“Tn HZ 5 (RZED”, @K A USRS H Bloo. Lt TS
= —oom+oo, (AN Tn M. f140, “4S4 3 ABUET7=(T0,B",¢="443 AfH"
@), (O OP, (¢, 00 B Tn (T EE" (TS,0P,(0,Ae) ) FR“FE At BB EI Z S5 (8
Z RN B, (TS, B, 0,3 4~ A A3 A H DA HAb& wh et E B E TR hHEE
BT AH B A, i, WHILE 8 Fi5 8 015 3R M 1 327, BIO', WHILE, (1,
NSO Ax ,(t1,@) AO B, (2,@)) Nl <e2), %} RL 92 At F] X ) RT = {1,
t2].
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WA, B, FASBIR (TS, o Fm AN IR0 BL A mHE] K82 AT, (1D 258 138 SO “ il
Atz B”, WAL R (TS, B*, (e,@)), B) RT = (—oc0, TS —e); (2) i [R)3E X H“TER
ERHZE” WAL H (TS, A", (e, @), B} RT = (TS+e,+o0); () FRfRIE R ER
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(TO,WHILE, (TS—¢,TS+e))  RT=[TS—e,TS+e]. 0] L, EERAE T, R H 726 A%
EHE SRS R E X ELR R, AT HE4R H & 5 {5 0 i R e
1.3 REELHH

ERFFRARF A EERERP R (ORIEMRZ: RML TETRARNETEUR R
B OBHHNZREERXIR R]; GOBEANEARE. =B ¥ HIFREXL BiREE
T2 (A S8 U T30 R RIRIRIHER » = F A T A0, B (] i SR 2 L

TEAFE T H RIS E B DY RIS — 200 2 B RIRI A S i A o 2 4 T
RERE &4, ERERHERESES M TARRBIES A FEAEREDERE
B JRATH X LA AE S B AR E S35 R B E-dym). RN B STIER 2 TS
2 MRt E RT A% RN BT : (DF RT £ TS ZHi, U E-dym=PAST, it %
B R (0 F RT £ 7S ZJ5 M E_dym=FUTURE , Bl SR it [RR 15 (303 RT 35
K TS 5 E-dym=PRESENT , BV S7E A [e) R #4:

—f, RT TR F A T 3 MBI R.: (O HERR, A (05 43 A7)
IR (now  yesterday) 4. Hy38ad (A4 RT B (i T i (R4 L T4 MU EHAI 6 RT
IRl — B i B T B85 B 20 A 6 B (2) Rk, NG AU eh EATRG RT 775 i B 1R
1 BB RT #. ) (D B 5, iR 0 TR 25 (aspect  tense). [ it B A1
TR YEBR A 18 8 T A T B AR AR AT i o (6 R 9 R A bR (B 2. #E 50 BT R d
RAH PR G0 AT B R A R B AR A 410, FEIEET did the work. o, i
B do” it KB R E-dym=PAST. B RF W Hiy" By Lyt M H B RT 5§ TS
RIMRS A LA £ dym. BN, TGERAF4F A RR EZH"BLH WRH B R,
Wit s RATLAHE RT S5 2 A 43" By By SR 6], gy L 30 ME E—dym . (D TS=1995 4 1
A14 B, WRT=1995 42 A, BHRT TS 25+ E dym= FUTURE. \RiEZERE
B -BIREERE. ERIBERR, B FUTURE BT R3A M H R 1. (2OF TS=
1995 43 A 14 H, il RT TS Z /5,18 E_dym=PAST. \PiEX KR EWERE. X
O ERIBA A, B PAST Wi 20493 K451 _

B R A R R R E LT SN RT RE R %5 7 LR
A BT E- TRATHE BEVL AR 2] 5 IR sl B A S I BR R B AR R G2 ET). M1 &5
R B 5 5 ) F A A AR R K AR SE A R ET RAFAER K 9 — - FRt B T ET MR RN
WA F it BT #9340 K5 PR R AR R Y A3 R R BB (L-ezp R
exp)s B L expsRoexp€[0,1 L BYEN 0, FR AR EBE, FERAEMHEA REN LR
AT B AR E R BUEA O, DR E, MRS A AR BRTLHE ET DA RN
FIRER B AARA K. H(L_exp, R_exp) = (0,07 K, Frm B (F I FF7ERS B 5 3 ot 1A 2
M RIRY. A BRI AR Tt (AR, AR, F5EE M, JERR B #5R. BIF A RS
MR 2 3 R B R ME R RE AR T, BWIER ignore. FXIHME
WY RFERE s RSSO BB S R T BINEK ignore. BE S RASE RT=(R, R1. 4
nF—2sE .

R 1. FET 3 1€ [RRIE ¢ AE%), SAHFEE 1D EXIST.
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B %), IR £ iE 4 EFFECT.

FW 3 HEF.3 [, I=[R+7.R],720,Y t.« €1, 76 ¢ B %), AT LI HE E. DN
KEEP,

HAFRE PRt R T B TS S RN TEE . IWRIFEREHE A LE
BB, XA R B RS, WIBRR a9 R BB A7 B, X G, Fr gt
#i» = (ignore,ignore) i}, RIAAHTE RT RV ILEE DI B4 £CHIE 3 1) R B A5 sh M B
YRt — B, TeiF b — M i iR S5 AL

£ (BIE S 2)389A7E RT Z 00 B4 E sioT g 83, BifE RT 281, BHEH
Xt LS R 7 A R 0. SEE SRR DGE M SR B A H AT ENE L S Z R . #1140, A
F S1“John has read a book. ”,.52“John has walked for two hours. ”,S1 #1 S2 #R L FH
i wmdk, B S1 BBER, R ET1=[R' —61,R +82], H ¥ ,81>>0,02—=0, A BAE {4 E1
£ RT BT MES], B4 RT AIE R ULE 2¢a)). fh S2 B9, W #E Y John FER /BT HY
FihE MAREHEREE L B ET2=[R —61,R], HF 51>0,02=R—R(ILE 2
(b)),

S e S0 L RETUMEX DBRALE RT KT HE

o () SHELRIER  (b) smuer, ey P EH—HTERSE FOBATHATR. DUBA

Bi2 BRI 2B “ELE”S R 8 X5 2.

“He is reading a book. ", BEREMIAFTERFAE & A $5 65 T, MITEDUSE L A A, HE RS F 0L
RUR A B A A

W OE TR FICAET . TR RT DURT . S TR AR E) T BLAE RT BT B
P, BB TERRLE. B A A S BT RN B L5 Z i

B b AT 0, o ST o BB s M B R IR 2 /B P06 2 e 75 A 205 S5 8 B
T8 MR 0 BB T MR X B LR, B4R ILiE R B PR I B R R TS
{EL 5 Bt M ot B B 5 SR A0 R DB 2 F 6 R T AR .

S b, B = E K A R % B 41N IR B B 7] 7 X DTS (deep temporal
semantics) ; DTS =(BH#MWEHEBE, EANFERFE)

B A R U U S R 6] SRR E A A R RS AR A RS
B ) AT K (2 . Bt DTS S5, T 18 b 4 1 B DB 28 PB4 5035 B 1) = % 1)
B3 7 M T A AR T B 7S 5 4. [ MG o ZE DU OU ST L AR HR o TR SC BT Y 2
DTS sy, T 52 AT 2 AT 1R B 54 2536 o B

[ 75 e £ 254 () & DTS BHSHERELH D

2 ERfRAYEEAE R

2.1 BHEMEKREXRREQVNHEELSHE

e BRI P (TR AR A A ) DC AR AT I S R SRR I S)5 R A KA. X H
AHiE R i B R B R RBP4 . B WA BTN R R BRI, B
I fy it 8} 52 R T | Tk SR .

BN 4 BHEEl MFANERITY . T1], #4 2 WEERRERLT? , T2], BEHH
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FFHa M EE A Start(el .e2) 3. W

AFTER iff T1>T2 ,Blel [5F e2 Fif;
BEFORE iff TU<T2,BDel %F €2 FFif;
Start(el ,e2) = : .
: WHEN iff T1=T2,8) el 5e2 RAFFES:
UNKNOWN iff TV 5T28ERERM;

P4 b » 32 St P AR FE T IR B9 45 3R 71, T2 HEAT HUAR, W LA 8 SO 251 1) &5 RO
B End (el,e2) CGE SLMERD.

B A WAE B AT I Ok B E R A KA O T FRA 1A B8 o e BT
FAERE RS, RGBT 5 (had (8] CHP S5 R300EE 1) B [H)) 3 2 79 > 224 ik e O R
B2, AW, 5IAT i E S '

W 5. EEfEe WHEEENELEL]L B2 B AR HLE2E2] B
BB B S5 T A Obs (el ve2) R, N :

AFTER iff E1'=E2 ,Blel JFTF 2 FHER;

Obs el e300 BEFORE iff E1U<C E2 Bl el &£F 2 BrMED;
e e N\ BN i El'= E2, 8 el 5 2 [t ERERE)
UNKNOWN iff El'5 E2XREFRM;

py B T8 B9 AR, FATTH1E (e BT LA e 2 BRI . B B A S BN R X )
RHaE B » W T D S R Y (X ) X e s 5t A R I A () Y R A R T LA B e
— B EMED. SERIWE. FHATRE"MEA T TERESE 2 MARFR A
& ARATARERR. B b, DG S kA 77 7ER 5 5 58 e ] 2 ) — i ) X e,
EAR BN - ETHMEERXR, WE T RS #08,  BAxPiiE.

B, 2 AE kel e2 BBFAREE LR B ICH (Start (el,e2) , End (el ,e2) ,0bs{el ,
e2)) TN HINAFH—MAER KN UNKNOWN, MiFFH B4R A RKFEXL R, EF
REMED, B HEHKFF EDT (event dependency table )il 3 &3 44 a9 R (A FH 224,
EDT 8915 B&EW N CEHEB M. RS, R EX R R e i B3R ER T Maikie
B AR B R T E e BRI B, B e KRR RPN ESRE

label

RLAE S M AR 2 00 A [0 e B —— "B S - A AR AR R B4 L. R ERT
& B 4] (et E) 2 R 48, Hoeb label € {(START \END,OBS} , FIFH#53E Start(el,e2) , End
(el,e2),0bs (el .e2) Z BT HKFERR. “> "B E E W F AL S B mnEAE N F4
B EWAEES LA R M~ KE X EZMEHERERBMERTHRTESE
P 18 B B R S, B0 €] T s g0 13 S S Start (e ,e2) = BEFORE” , “e1 < 2e2”

BY1E S K“End (el e2) =AFTER”;“elfffez”sﬁi%ljb“oz;s(el ,e2)=WHEN".

50 B e A] 9% 7R R A R AR A I R IESE B L BB B e R E S A R Rl B ARG AT
MATE A4, A& AR a4, B - B EEE — 2 i BT 80P Bt e
fRFF A LT A A IR 3497 (H0 after , before ,when &) 31THR , X R ) X R B e Bl
Obs (el,e2) b, K, TR 1 HREEM MA B 2 HIRF R Obs(el e2DMES
A ) 3% ] B 1E LA X RE, Wil G . & J “1 finished the work after you came back. "H1, Z “vou
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came back. "B{5 & 2,1 finished the work. "B {EE% 1, M Obs(el ,e2) =AFTER.
S, BT R R R A ERER, AR 2R T A3 AR
R EFMEE e2 BBLFERZIEHN TS (e2), NAEHHEENZHTER TSED,TS(e2) 5
TS (1D I BRI 2210 K 3(6>>0), M M HAHBLIER 2 TS (e2) i TR ERHE
TS(el)+6 iff Obs(e2,e1)=AFTER;
\ TS(EZ):{TSQ’])_S iff Obs(e2,e1)=BEFORE;
TS5 (el) iff Obs(e2,e1)=WHEN;

& 4] I B) 3£ 18] after ,before, when SR WHEME T 2. A" EAFRFEMIEL. &4
R S R e 1E) A0 TR 08 L I, R 2 ] A4 i B AR AR 56 R O B . A IR E R
HE AEE R, X NE AR ER R B E) 2= (5 o BRAERTE R (TS &) R B i e« DA R4
TR R T0 516 P RO (R FE R B3 AT H B Ao RIE A FEAR ENV. &
AR 1 MBI £ 500 SRR, B EAUR.

2.2 ¥ @

AL T R R, BB AR R)TE B R G IR i T (B MR

Yesterday,I went to school by bus at seven. The traffic had been very heavy since six
o’clock. The exarmn had started before I got the school. My teacher was annoyed at my abs-
tence when I entered the classroom at nine. I sat for the examination after 1 told him the
reason. :

W XA AR 0 R 8 N (e1: g0, school) seq:be (traffic, heavy)
essstart Cezxam) e get (I,school) je5:amoy (teache:);esgenter (I sclassroom) e, :5it (I, ex-
amination) ;eq:tell (I,teacher); }. B4 Hra8 0f & 28 7 B {a) 447, 8P .

(L RIE U A RALRY B [RIBEE (BICO' s Loc_op, (¢, 40)) , HE B B HHET A K3 5 TS
=1996/7/18, I XA AR TR & To=1996/7/17. B4 e H) R 15 X LEHT KR Tsem
(&) yFETERTIANR N tiri=14. .. +8. “—— " Rii 2 W, W

Tsem (1) = {{e;,—,Ts(ey), Ts(e; )y, WHILE, (“seven yesterday™,0),[86/7/17/7:00,96/7/17/7:00]», {PAST,
PROCESS,ignore,ignaore, (0,0))}

Tserm egd = {{egs—,>Ts(ex), TO, A*, (¥six o'clock”, @), [96/7/17/6: 00, 4+ oo ]}, {PAST, STATE, EFFECT,
KEEP,(0,0.5)} '

Tsemes) = {{e3,e4,T5{e)—8,T0,B* ,(t;,@),(—oc0,24)),{PAST,PROCESS,EFFECT ,ignore, (0. 5,0. 1 ) }}

Tsemey) = {{ey,— Ts{es) 1 Ts(ey) B, (ev @), (—oo,Ts(eyd—e)), (PAST,PROCESS,'[EHOI‘E yignore, (0. 1,90.1
33)

Tsem(es) = {(e5,e5:T5Ces)  TO,B" 4 (85, @), (—00,t4) ), (PAST,STATE,ignore ,KEEP, (0. 5,0. 5} }

Tsemleg) ={{(es.—,Ts(es) ,TO, WHILE, (“nine o"cleck”,0),[56/7/17/9:00,56/7/17/9:00]), {PAST ,PROCESS,
ignore,ignore, {0,0)) }

Tseni(er) ={{e7,e5.Ts(eg}+6,TO,B*,(tz.@),(—oc0,t3)},{PAST ,PROCESS ,ignore ignore, (0. 5,0.5)) }

Tsem(eg) = ({eg.—, TsCep) s T's(eg), B* , (£, @), {— oo, Ts(ey)— ) >, {PAST, PROCESS, ignore, ignore, (0. 5,0.
53}

L s 25 2 PR I R B _L B AR R A B AR 3 BT AR

C2) MRYZH A TE S St a) 43R 7 & 35 1F ) ) B E) A S B : () TE {eaven) s less
ety lerses) BT EM R TH KA RARXARKFERR: (b lesenesret BH
—EEEBBHEFT (ese) R BAMN ASREK, HENTAFREHNFHE B4
BTH L AR AR B4 BB RIS R R g R, RATTREUF
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es :
i T ‘] e, £ €
e, €y €5 £y oy S‘TARTSTART) 1STARI‘ IOBS ISTAH‘
: — 5 L ¢ ¢ 3 SEARFT € ST e
6:00  7:00 9:00 L8 BREERELE BA: BRMBREELE
96/7/17 96/7/18
B3 41 By B e R X B A T B4 PIIRESEAETE X R E

ZEHHEIR SR, BN, B essees MBREEETE LR WY e, 55T e B4, B
AR TE FUAECED 1) DART A -

3 WEERNERE SN
G b W By M AR R 4 B 08 3B B8 09 52 B8 )R IR X #5 ) TCS (temporal context

semantics) :
TCS:: = (SR8 ENV , S{F A2 R B EDT , JF B G0 (3 S 54
ENV:.={é,¢,T0}
EDT::={(e2,e1,DEP (e2,e1)) 13 el.e2€ F4F4H 02 BB, el WIEFERHE, DEP (e2,61) W F L E)
R EHE XG5 =(RBIB X STS  FEIEX DTS
STS U = (B S  EEFL RER 2], B A S RAEME T i R S EafE R
DTS = (Bizhs . B
sRaME = {([R,R]I[R,R]=f(WE%E, o), EREMETF
Bt [E) M. = (e, A
B (R RAE - = (CUke , SRS AL, BB ) Uk omd & XEISE 1 W
P = B R, M AR BB
DEP(e2,el) . ={Startle2,el) s End(e2,el),0bs(e2,e1)}
B )R L = R R RS To | ik 3 TS
ERRUET—WRAT B EBAT A
EiEk M4 =PRESENT |PAST|FUTURE
B {43# 1 =STATE|PROCESS
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MODELING TEMPORAL SEMANTICS INFORMATION
FOR NATURAL LANGUAGE

GUO Honglei YAO Tianshun

(Department of Computer Science Northeastern University Shenyang 110006)

.Abstract In natural language processing, temporal is an important situation. In arder
to understand temporal situation in the text, this paper presents a hierarchical temporal
semantic structure independent of the surfacé description in sentences. The surface
semantic structure formalizes the description of temporal situation; The deep semantic
structure describes the dynamic attributes and the existing characteristic of the event in a
given temporal situation. This temporal semantic representation model allows to express
point in time as well as time intervals. It provides means to indicate time basic point with
respect to “an absolute physical time”, as well as time basic point relatively to the
speaker’s time. A universal calculation method of the temporal semantics provided in this
paper localizes the temporal entities in all languages into the temporal axis. This enables
to interpret combinations of verb tense, temporal adverbs and connective, In the mean-
while, within this medel some constructs enable to express tense, aspectual properties of
verbs as well as the semantic calculation of temporal relationship among events in the text.
Key words Natural language processing, temporal, situation, semantics, multilingual
machine translation. '
Class number TP18
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