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1. #&5m

1.1 585 AU Q8 B e

John R. Deller Z AZEfiZ —Eh[1[#2EE ME S ( Coarticulation )
R - THEEEEEAGEY > BEREEEL —HBEMAENTR
K BTEIGETHEATGYE  BETHRENBLETEN  MEFEE
REF BB BEFRRTEER, -

EFACEE AL T H - TR BRER[7IHE T 2CE T TR W] 5T
—XN HiEH  HE RS R =EEATRE -

(1) {EHEERE

EREEHRAE -BRFSHTE > BEBEEFANFCH 1 (8 1-a)
Fim > AEh R TEs5pgisE, iy TEgRE, -
(2) BEmE

FEREEIMR TR EEE  ERSEHEEERNEPEE - 8EE
FAINEERIPEE 24 (B 1-b) » KEFR " ERER , F9 TR,
(3) BB R

ERMEHEIH > MEAFERY - BHEEERTEEBREE
FEHITHEE - REREE P REOERREE (B 1-c) » KEHFR T
WER, T TER, -

EREMIRYER - (PEEEE R A NIPRE (2] (FMILERNEREREZ
FeEREEY > Prosodic Segment ) f&i sRAN T & MUK B£BA MG L [H] » M SRA
MEREFEAEREE APRECH ENERFEBRZEEERE -
ARt —FERE#EN e SR THN T2 REENHN A5 -4 -7 -
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EBEE N3 -H BT = A U-Y T &t
FoNc %X B Lk L lo

x— BREHENEBREETHNENE TSNS

ERBRERIOEN © BEBORY O BBERERETY - EA
FREBEHEE T T R RERZ - 222 G REIR T
BT -

1.2 W52 75 6] Ko 3 A8

EARRN T ARBRMSEREEER P ET G R E R RIE
%o RMRRERME > EFEHERNBEEERTH > RAOTERERTE
BN > QNGNS B G RETIENE - FTIMEARRCENHRIE A
ERREARMEFRERERZ L > FENHEERAGREETZ TR - £
BEE R R A - 2 B AR U Y R TR B -

AR AR EZRRERGRINT - 58 ZE PR MR R ETR A
2 > ARG AT A BB TR ik - R =R AR E
BHPTAE > R AT P B E R G G o E o BB S R R
20 - BHETEARRR RN - RARKRAFHITE -
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2 MEEHETT AR

2.1 HE B EHATE

RTHFEER T TETRE » WA 7L tET R - &&7
B ENEMEEE - HREHAR ( Sampling Rate ) ¥35% 12 kHz - 768
FHEGHE > RREMZAHESTRGHRERS - AT ER &SR TH
B BRATEM&GE > HReiEEfaBM N _FATNE T > MRkEAE
HARZF -

MR T EAE > BRIMREBRERECESREMY > BEFTEER
FIREILEREIH 55,786,883 Bytes - 3t 13,999 fAh R B » Lfg—/ N X+
LS E  THBETRR 330ms - HENRFHDH 3.03 FHF - EEETE
RERMEEABEEREGREME SR > NUREESEEE ST TEEE
FETE > B RET &R E ARG -

22 BB R EEHR LR EM

FAREMATSRNEE > ARGRER TR - RO EREIENEE
FR&E > TR MLARES PN EERRE BEE TR0 - Wit
BAEH DTW REFHEE SIS - &% LPEERBFRLK

( Reference ) - F{EEME T ES - B FE 0 F 6B MR EA K
( Test ) - X ARERARREINA—F > FrLIBRMILLEFHE  ( Frame ) &
B SENKRERER 20ms > WEEAEER S0 HEE  2FHKK
EER 80 {EEAE - FEMBEZHBYE DRIy ( Overlap ) - AR
HREME - R - SERBETEEERD > ERHEEAFTERE
EL S0 HFHIE - 2FHRATEREEK 80 EFIE -
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1E LA R IR A HE B 50 R 2B AT HEH 80 WUETE - R
A AR R A S B P B S Y R T E » AR e B (B
R R RS EREY%ELE 100ms 5 500ms 2 » KEHEHE
R 20 ms - FRLURILREGEHERS 50 - HEANTARENHRY (£
LESEAEY)  NERRSESLNEE  RTESTAEENES
BRI S AE S - T ) A S AEBR S T IR 7E Mg DTW L3S - R
FR RS - AWYHA I E R LS B - SRS -

FIHE - RS 7R B T Y B R KA AE 280 ms 2] 800 ms [ -
KA EHEMEH 8/5 15 0 FIARMEGEESS 80 - R A AR EWHE
I PR BB 5 FEE AR SR 58 L B A A I R R AE B -

£ DTW HyEEEID 0 2| RPE&] ( Global Path Constrains ) /5
B 28 14 KPBEETNE R EBEENERENRAME - € 2 LE%
BRI AT BRI ( Relax ) » EAEBDRFIGE GEZE 6 -
S AT R R S FE PRk - S AE IR T - WS R
MEERT 16 MEiofIEaE{RE -

2.2.1 DTW JE R E 02 &K

R EETET YRS R T (B SR BREERD)
MBS 2 B AR BB B2 B4 A RIUEL DTW
SRR K - 85 (B A 2 T -

768 2 > BT N DTW RS I E T - BIEASS
BB RS TE BT AY SR /5 (KT AL - VK 8/5 HOE AR 2 7 AE 11 L2 P A 2R Y
AR BT SRS - SR T R LR IR £ B Y
AR R 2 BT T B B 5 PR 2 o o S 8

BAPIE BLTER B A &  A E  » RLASEE ( Pitch ) 4 R
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7 > AR\ LW ATRIRAER > BRMIIERBIES] - FEAIRIRE BT Rl
HEEDGRERT < BT -

2.2.2 DTW JEH X T & &40

£ EEI T RFR BRI A B RAYLERITEE RV ESE ( Pitch )& HEE
T HETEXRDUNFEREENEE - frlBRMESREBE T T
HRBDAFRRE - RftHEETETUNSE TS > SO0 6 &
YIRGEL T & > WAERRAFHBIBMAEE#G 2 E 3 EEE - IE
ERER Tms > JEAKABE 50 BiE - 2FRAUE 80 HIE > &7
DTW BREHIE - MRBHFERET (77 K) "BREFT (R~ &>
T) REREEHT (T~ ¥ U) WREHERELER -8 FEEGTS
BT e MEEETETBNEREENTE > EEETTHRE
FEBRE R REHEZEAK  FURMREEFEAETEREEETR - &
gl AR RRE > EEENEE TS ERERT TN TEED -
ERFEETE (N~ 3% 0) > NEEFGEFERENRE - FT
RHERSMT E R ER T RE - \

REBEFMTHRERERET (-4 - ) kFEF(TL 7 ~T-»
) AREETENERER  gREEETOTRIER - BATRMEE
MEESD > HEE TS APHRARANFEE T > SREG L HE
BREAR (FFB) AFEMN (8FE) WTE > KEFHERE - #EER
e 4 fros o HpEE (57 FMEE () 2hREFAENEENFEEN
BHE - BB T IEL

LERT © f 4 HerAETE > £ERETTHENAANN
REMEZAIKR > FIUEGRTER > EAFREGEANNIRER -
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2HEPTFHEHNREAMILEESFHNTFESH -

SHERMMERSE > HMSHHELFEREETES ISR
A > #fT DTW BRI - FERANME 3 Frow - (€8 3 FEMBERS - £
{~L~FP~T T # DTW BRREIEHFETRIE 8/5 WERR » ATBAERMA
HEGREMTR  FHnERREEENE  RREET R
HENEBS REE ST EED - |

ER T M 7T ERMEREARNTE > oA ENANREHE - B
AR {8 3 AT A B AR SENT RIS 8/5 WE AR o ATLASE L FLLAIRY
TR AT A R BB D - ERERTER - ERN T EEE G HE KR
o fla TR Bia. (BS) > FIBRMEGREER 5 S
3 - ECTHIED - RFRBEF G - AR TR PRI EE BB
£ o (EE 3 FRMATEL CH DTW SR & SREH &R PH - ATLAR
KRAERNREISETHMOMREREMT CTEED -

BB/ T ERRE  FBRRERT

¥ #
EEEEHG |9 9 K R-&-T U @ DT
T ERIELE A KL P T GEE)D

8 A G ;D

£ FHOREZHERE

23 MEFE ZFFC AR

=

AR T > xEENHNENHBEERES REEET TRES
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2« TSR SRR T

ZFE > FTLUE G AR L AR
FREINGEE Tk - BENHEE R

FRANEGTIE, - —BIEEE
BEE FANS BT

SHBE— ¢ R Y RN
SR ¢RI P B
SSEES R B & A B
SHERDT ¢ R B

SEERTL ¢ I B O i By

2 (E Fa R A1 6 T - |

3 EEFALER
3.1 HEFHE

FEE T TP RE R SREGTE > B AP P A B R — 5 A A SR

fR#7= ( Delta — Cepstrum ) [3][SIRZ 8 > REFIH DTW EEEE LR H

TR o FEML > BRI F ASRR RB R I E  E T R e R P IR
HE o REBRATME A BT ki B B e &

3.2 R EHTE
HE R ( Coarticulation Segment ) ;i85 EH /B HE K - £/ FEIF R AT
FEN—BREOREEE BEAXLETREHEEMSEITHNEE -

BARMBDAREHESTRRE - ARBRME 3.1 #idha] DI E &
B FTDABRA B S BT 20ms B —EAE o T H B EES —FH
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JREA 20ms B—FHE > HREBE 10ms » R% LUH S h B S HE R KA
AT _FRAFEETILY » KRBT E > E4ANE 7HEERE
REZHHEHAR > BT ELHET DGR —ERSELE > NERMHL
AR R E PR IR R R KRR FAE - LR AT YRR H B -

3.3 M HEE G RAT &R BREH

EERORIL % HIRESFEE AR E0 S E O
EiEy - BRI - B M ER TG - HERMERHE
B FEEY  BERAS R E B — A - BRI
AR [F1 ) 77 AR T B 5 B B0 B 5 R

RAETEAEEHWEE - FHERETAL - A B S g
BT 5 LARRIRE - MRS HG - 8 FRA%0 - RIS
H » B — B0 A L R RS R PR B e AR o BRfP
T RN IR F35 002 B A 8 B 0 R P L B R AR R —
?ﬁzo

TR R 2.2.1 HIFTHE - (E RS AELUEMSENT - DS EE
BOR] B AR A R S BRSBTS S A AR T
W T ERROEE 76T 5 50 BAPIIRGE 25 B0 L 11T 5 B 1 7
% - |

T 555 R 7 ok I S 0 + 9 B AR AR B LS B S A B
17 DTW BSERSIHE » SRA KRS RCHL H T S e R0 B 5 2058 & o B A A >
B 8 o [ TS ARMIRE DTW G475 i - fs -
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BAAE 3.3 iR - MEFEIR SR - FTEEIRVER > A T BRATHE
ZHERD - MRS DITEESTRTHECHET > REBRNEHEE
Ko HZHT —BEHEE - MTZHNETERER T EMNARE 9 055G K
HEEREFAKRERH B EEHNETRNRETHNETRE
BOBHETE -

FEEE T BRI - DAESERPRERRE &% > RERMEMAE
B HRERESEIRRE B -

3SR REHEES

FEEE FANGEAE > HMANERERERES K - FRAEEEE
ERIBEGEER > MAGERE - ETHARER > S THTUHERLEHETY
R

FTDAE S BRI AT — F R R T —ZHiN At - AT ERE
EEBNIFEEE » (HEEKZRBUFABEEBHEN - RMEGEF S
W FRKE AR AR EEEESE TR - B 10 2 —EHESTNE
BFREEESLEE - REPAEL  BENESRIERERY -

4 PkHIE R
4.1 E B4l

RBRBATETBEFS R - MR BREHG - B—8nEH _F
AAIRYFHME - BB T E D AL B A )RR

46



FE - FRANTME S > BRI RSO REEES TSN 5
S B4 BI6E F ASSR ST AT B ORI /5 1+ —RER LA 35 R 5 L 51 REENAE 3 E
FFESE - S RERAIDL DTW BSRE Ac RN ¥ FE RO 5L5E - e A O R il 5
f > BRMOEBEHREZTEGT > JN—EHEE 577 > KRENAEEE
B ABHSRREEEESY  BRETGgT - WRER  RALE=
AT —EEETHEA-FARNAESSRWTHA > B—EH5%
Z2EFEE - B HHESBWHALEHARE ( Naturalness ) 1T &
( Comprehensibility ) -

TEEREFTE > RO 60 EEZERSMERGTH_FT » FEEmK
TR > FMMRATEIN - ZHETS > 2B 1 10045 (100455
BES) - BREAEHERCESERINARSN 7T  £EkE
H— A= 25  REFOFEFFEIN ZFFERH - EF 60 H S
TRAIR T - ZRESHHIE 29 T - B/ EE - BE 13 (A8
4 5 Wik 42 fi7 o o

4.2 HEER

EZFRANERENE  JWW —FAdTHFREREGHE » GRE
X ARMEG KA - B-REERBE RIS > 545 ( Uniform ) K
EEBEEO G REE T 1S AR NS R AR DTW #9 3
JERE ARG T 7/ » £ > BT AR E 75K
BEFEFEBFFER
faRERL > BEREENGRENEFEEEZRR > KR8
WAEFNRER - BEOBEEEFINTELE > SHFEAEERACREE
RERE=ETPESEREH - MREE ( Dislike ) - AIZ T HE
KRy - ERP A ELEEES TR EE 55 > BRI et

47



BRERRE  ARERFAETHESTPHREAL - rEREGEE
ME S - —HREEEE PRI > RATREENRMYER -

B E D B i R & &
I = 72.5 9.5 % 59.5 %
Uniform 74.3 42.8 % 28.6 %
DTW Path 74.9 47.6 % 12.0 %

K= FFANEHRERER

IF HE X
J& = 86.3%
Uniform 79.1%

KM ZFFARYIERER

fFE-FR BRI HE - HERNREAR > RANFEAEHAZ
FERHIFEE “FRANEHRE 863 % BRHAK - FHANIEMHERR 79.1
9% » B EREE -~ FRAKERES 100 9% > HIASOEK — FRANER
KE91.79% -

MEZWFERME » HH DTW B ELL Uniform B EHBEK
R > {E5/& DTW Path [f Uniform RZEEAKREHEBE - BHRFET G BRHIK
K% & > RMECRNBYTEHERE » JEEA Uniform K95 -

FEPEARHE TG E - BRENBSRNKRIAR > oG EEHEY
HWERER 96.1 % @ FEEMEHET > KZHHFHLHEDIEL > OO
T EREER R RS - R RERIRIR A E - HERMOERAFR > HE
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RYBRMRIE R 94.8 %6 > MG S 7 HHE R 83.3 9% - HAHK Z BRI A]
EE|87.8% °

SRS
R 1= 86.7
G K 5 83.3

KA TEHANEREER

T i
5 = 94.8%
Uniform 83.3%

EA T TEANIEREE
4.3 HBRER W

e E—ENEBRERTIEL > EFANEETE > RIS E—E
RNEERIRER - (HEBREITEAR - RN BRET - ROBEEOER > W5
A EMEFE |

1B EEERN T
2. Fr s HE S A S 2= R

e EEEB G EAR  BARERE — RO ENEEERE - 1]
DGR R FTIHEE 51 » U Pitch Synchrondus Overlap and Add ( PSOLA )
HER[41[6] - BF L RIE B P eERIRR -

EARRN P —EEAMEHE SRR RE R 55 (BEEEMNEE
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ERTER - BENERIN BRFZER - B— HEAESKEEH<2
FEREAR - B FRgELRT BERENERY (F120: T
WOE, T8 TH, 2 T, WEEMBER "U—L, ) > UAFERM
WHEEED - Fit - AT ERAEETEREEEE - AEHEAENS
FAREILEEE  AESEETRCAM —LBRENAR > ERILERMH
ERAREGHEE » EETEEY -

5 5

HMARBF TSR ERERK —F - AR T h S DE
BRI BEATF L ERAMGIRL - HERIDAXMELARET I
A o AR IR RE B T T - EBAs - EuAH DTW HHE
HHBEEPNTFENSTEER TP T ENETREREEREFILAIR
3 o AW E S TP R U7 T > BRI IS R AR BGE R EE IR DTW HUBRES
T ET TR - BRENCEE PR HETRRE > ZIREES
CF ISR

BEERVERRY > £FFANGHRGE R —EBRRNTT
TR 55 - KA &R —F R Es - IR SR
1> REAFRNITERTEBEAR - TNEEARERTaRTZ
EEMA -

HMmEREH A HRNFET R BEE - FEHCEE BRI G AL
ARAFHETNEAT » TREFTERIGH  EHENRMNEETHREN
2 EBREENHREFEAERARMHERYE - B -ERSZETEHN
HIFE[1] > FrMER AR TR AL - DS EENER Tk -
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Time-Proportionated Interpolation of Pitch Waveforms --
A New Method for Mandarin Syllable-Signal Synthesis

TR FXA
Hung-yan Gu and Wen-lung Shiu

HL2B T ERMER TRE
& 36T AR B v R 433k
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HE

AHASXOBMAZETNRIGE  XRATHAZTTEARZIEEZ ) B
SR iﬁﬁi’]&%@:ﬁ-%ﬁ?%‘ﬁﬁf*ﬂﬂ RAESR AR &k
BRIl RBEBAEE - EFER R TEA ML CHRESRT % —
W AWM EE 2 ERETREIGEREF ZAGE > AEFTAELR
BIR) 2R RBHE-BREHEORLCERAGETH 5 FRIBEH > 1
FAEAERERRRECEAFHTHREZIZLE ; AR A (vocal track) &k
BEZIEFR > VBEFERFERZILERTREAR » £ TR RERFIE
N > BR —AHYER - RRELCHBERT LA RBELTH
FhZEH > ERAMGERTEREVAGERS  LLREHEHE
FR AR EFRE&IES - |

BRI B EREICEE » #7595 NSC 85-2213-E-011-046
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— B PR RE SRR - AT ERCE  WE X SRR A R T
i, Eoi—{E AR R 1 SR (prosodic) iR B BT, » 'E B RO AL
ATt RERIE S - RS ESEE S SRR EERIEGI2 Y - ES
Fa (EAREER) ~ 5 (duration) ~ 5% (intensity) ~ BLEHI{EEH (pause) » ¥
BlFER S A KRR - BEREETHRANE T BAL - S35 — MR
R e a9 (B GRRET - B ARSI HIRAT— 8 Sn AR S
fifwaR S AHRER R HIZ B A SRR S EYE - R T 2R E 2 EE
SRS, - WEGREEREWTEERESE - RN TR EER
REESERGEGEMET L - B LA T —HRERES e S RAYE T
% ERERERE —ERHEWERNERET - RIS ERBE B -

W - A — SR R R 1,2,3,4) + (LR
SR MR RER R AERREET - NGBS E SR ETRRRANE
HEAT ~ SRR RIEE - AL - SRHRIVEEEE SR 2R BRI R
HIN A —LeipEs - 41 LPC &K1 (5,6) &M S B3 ATHW - FE LT
IRl S R T (7, 8 MERTIERBERYEE - (E2HEAH 3 (phoneme) {5
RS (transition)  BEEE(IRERAR » M H A T2REREE - SR RENFE
(acoustic ¥ HIZ B (FIRE —EH AR BB S BUEMGET TR - B&if -
— B EEERIR P _E R ERET (85 PSOLA, pitch-synchronous overlap
and add)#HRHI(9,10,11) - EMEA] SEHNEWTE BN SEIE - W HPE
2B E (ANEE R EME BB SHRE - NEE R ERA S RE
T HHE - BT RIEGERERBRUEESROBEERERS
HEEEWE 0.5~2. O —HEHE - Wit - K —EERPHEMEE LP-
PSOLA f#EHI(11,12) » RS EREHICHEE - FI2ERELAS K
& AREVE GRS BN - 5% » PSOLA HilrEBIRE S
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ZERREERRNE - —EfFALE—E/al/FEHiR G RENE L /ai/
R > [RASE—R#/ai/Z/a/8/ i /S —PHIRE GEER TRHT =5
% B ERFERE) - QIS B /ai /& - /i/8/M0eth/a/akMn
R - KRBIUBAEEIRIY LRV REUZEIAR/ &K - T PSOLA £
T TR — PR R AT IR RLR - SRS T / 1/
to/a/Eftn i BITER - BBR_ERUEAERF [RI% - (time warping) $FRE 3284
L SO —EIE LRSI E AR AR T REEZH ALK
DM RAMEFIEE - R EZERREE AL S BERE SR A
Rl RE—HERTFEHT) - SR T EH—ARRMERS —ERR
KBRS REGY) - WARESEE B AR Tk -

B T UGERTIREE & & IR ES - ARt T — RS EiE
BT B E R L6 HEE BB A %= ¥ (Time-Proportionated
Interpolation of Pitch Waveform, TPIP) - ‘B 24ERE L E RS 5RIEE
EH - ESHRETEEHREE —ENEE - MaERARIFREGHZ
HHEALZLL PSOLA MRS - Ethg VIR —EEES)
B - BENEFHEHICBEHE - HEFEET SRR —EEAR ~ ]
BRADERYIEFIRSR - BT Re R R B TR R S R B R Y
A EEFFBEE AR - MR T EMERRRIl S S BT E G I
Fr{awe - M H % PSOLA Befi iRl RoiCat R M S AR R B U O
EH - BR T &R ~ il B E BN - BMtugn T S4—FEBaE
B[ & e S R R 28 (F1,F2, F3, .. /EfHEHS R F s KR
P - SRECEREPEHIRYBIEE - BT (FORER) £ DA 55 4= iR
IEEIRL ZERLAE TR - GRNESEREE RS B EEmRE
ZABREHRE  ERHABZERTEFNSEEZER S BEHELEX
ERZEREFEFEEREEXR LEKRE) - HFEEN—IREEEREN
=R —RBRBEFERLENRE - W BB BT SR A]
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(13,14) » BERENIIRIEIRRE MEEE K LR AREEERII R
R - KB EREM TEEB RN % - RER - &
i BERSSHRR ] BMIRHNSEERGHTE - e
SEEHE AR ERRARERILA - MEIETER » B HERE 2 TE
K P R B s A B RE R S R R B -

B M B RAESNERE MK

(\)

. '
=
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X 0 RH 84 F

[14] mi#, “AE2EE TR TNRIMSTAE", PERERBAELH RE
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[15] whigst, “F HXXGMBL ALK TR EEATELIME, RAETLAEALH R
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F 5 (Csmart-1I) © & B HEE + X AR E R &

(An Intelligent Chinese Information Retrieval System for the Internet)

M FEAY > RAME > REA > RT M >
EREB FER FHN KA

G TiE AR ik o A

E-mail: lIfchien@jis.sinica.edu.tw
RS

FRAEKFTXETERGAXUMNA RIVERAHHF I XK ERITNF
£ (Csmart) £ 4 4 B& R#7T— X Csmart-II & Z A @B P XERB L R % FEL
BREIRILBE ~ AR LTHEB LN TN o 413 Csmart 2 LT IAAE S 42
BINEM A KT T TR FEBE R - BBS %38 - ¥ X Web Pages ¥4
BER o AXZA M Csmart £ 469 8L R AR BB R EAYEA o

~

Un\

R 4 rt e g (Internet) ey ik Ak » 8% LY ETHR > RALETH4F - 4
M ~ Web Pages ~ EFHF - EFEFARNMERR A THIELETRA
SRR o HFE A & A % (Network Information Retrieval System)E K & 438
s> @3 LLycos, Infoseek, Alta Vista, Excite % /& 4242 W = 4 M b 4 5 & 2 [1,2] »
HARBBYEAEN T ELERAGLARE T AR EOVEME Hd B LR G
B > MR K RGIER BB o M B RGO HH R RRER
Hitey o '

R XEFHRGH XA BAEEER T MR S8 EF TR
FHRARA GG o THERN L ER FiEKLYGAISA %4[3] ~ + 3
KECHARVESTA 5 VHA AR BH ETRE T UL c B EBHRGE
BT EEARANMAGBENEERE RoBAEBE —FF RIERKGHF
LA T M & %36y F 5 (Csmart) 2 & » ) — #& 4 & 4% o 42 X (Searching Engine) [4]
BALA AR ETREREE HBIERS L A HF S 48 Rk L
HEEABRET RN ARERAF —REENER T XERB L L% [5]o
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BATCsmart A4 T T Ak BT Firn - EE X - HETaRBE -2 X
BHWRESE —HXHETHE LT AMEKR @K IS E ~ BBSHIE ~ ¥ X
Web Pages% 443& F . o

& TEREMABRY X E  RIMHE H#F % 4y ée$ Fast Full-text Search
[6] ~ Approximate Text Search ~ Qasi-Natural Language Query [7] ~ Speech Retrieval
[8] ~ Word-based Text Search ~ Relevant Sentence Extraction ~ Relevance Feedback ~
Filtering and Subject Dissemination¥ » H & & 4 b LM% Lo fFtaE & ¢
XHEHoBPHMEHMELHG TR - KMNEFEZIF —BERTAR B ALK
%%%’ﬁ%mﬂﬁmm%%m%#y&m’&% 8 A X & 3¢ s Csmart £ 4
04 AEBE 2% 3 By # B R AT AR — B A0 i — S R AR Comart e B dls A BT 5-F 48
R 4% 45 344 3, %] Fl Web Browser i 4 _Zf-_ http: // csmart.iis.sinica.edu.tw/ o

R

Csmart 8§ A 4 840 1 AT 3 BE-F 4 4% . FREERBE (Resource
Discovery and Filtering) ~ # 3# % (Information Retrieval) $ 3% & 4> & (Speech
Interface) o & 7 A MK % » Csmart 95 RARHFAEKk o —EF @ L E%
ARG HHF H o KA #F 33 T Robot #2 X T UA A 4 L B 8 B B A BB E
09 B o 35 B &R AP B 45 Sk 835 & X Web Pages » BBS #4538 vA & Bp B 37 B 3£ 42
oA & > 3 &1 Robot Hif dg B R ANMFAMSER T RGEEHA o R HFET
BHAK > ROTABRFRBETEERE > TG TRERNEBTER , XE
AR AR RMABRGELCLBRERZEAHAERERB EL 8K
B oW %*@cﬁi%’e%ﬁﬂﬁ#“”? L AEEEHRAR éifriTVJli%—L%’;?aé?#%
’_i_ ’ %&/%F%i’;‘ A :}éu’rcr » Client/Server 7 X 49355 3%, REUR AR LY

ARG ISR AR RABE - EAFFTEIWETAR  GRAY
= é‘JéfJ RILAE R > LB T A RNESR o

A — ﬁ@ EPIHALHRETHARBEABRN G AR MER LSS
Wik wARBTHE GAPXMAGRBERLERE 5 HRMER
%%M% SRR S B ARG RIFOAREIG T AR BRKMNERELEE
FREHRWEBZHARLIGA EH Y BANRMREE =R L ABOCTRAT
18 Z AL 3E 09 7 A7 P Csmart £ 46935 54k & # 47 (Speech Retrieval)[8] o # 479
BERY XEF i EiR kaagaan ﬁﬂﬁﬁ°&ﬁﬁﬁ¢x9mx
RGN R IRST Y BAE o

LERAMBERAMAMETHRETARNGY T K £ TR & 75 @K
BRAR S #9340 Bh) > GARBERNTFE L LR LEAR FENHEERA
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BV T sl B AR 0 B ob > RATS T H AR A KRB TR B R B
# ¢t Ranking 48 77 > 4R AR B X &) BI D A 0 TT1EIFA & B e XAF A AT e4R
TAR B EERYTHM » Z A #73% Relevance Feedback iy > M EIRAY
THERAEE L PHAEEN > AR LA BHRBHNT > RERA K A THH
EM > M A GMERE B4R 440 B TR o Bk AT ey AL 4F Csmart A& R ZhAe Y
gk 1 d b AMBREL 2GARKEFHE[L,2] 0

4 EHEECsmart A2 & 4wl | A BARETREAZLEF O &
% T A& @45 2 Csmart > A% E(On-line)ih & 75 X ZFRH B EMANEH
AME % Csmart ik sk a9 R 0> 5 ST ATE RN B AE L EA T #H4E (User
Profile) it vA & &g (Off-line) 5 X A& % » % Csmart /£ 49% L2 3,48 Bl & & € AE-
Mail 7 X £ 838 otk Bl HF o A H AR AT REFELXITFRAFZ TN ©
18 R T S 4E 6 & oh A de R R4 3L 635 38 38 & 38 (Boolean Query), ¥4 5 %
&34 (Approximate Query) » £ #X 3% & B 48 £34(Qasi-Natural Language Query)% »
AR RGERLTELRETHBEEE - BTRARX S - ReaMF S 4
#:% ~ vARelevance Feedback 7 R it —F &k ~ AEBEZ SR FRX S EBEE XHF
VA BE SAAAE 4% % (User Profile) o

A AEREF O e REBLHEORHEERwETRHE S ETFEFTH
ASEH A Csmart £ 4% 0 Aol 4p 381932048 P& ;) £ R 3% F 4= BBS ~
HI&HTH ~ Web Pages B %8 % i Robot 3 #ifhn XUl sk ~ 388 ~ FhIIZAE AR &
B3R o FHRBFEARRARERWREMNAZ SR L BIAELABE
THAOMAARKET AL T BAKKARBFIEABREALBENER 5
—FTEXARBEAFOEE LRBEARITFHRETMANFRER Ko Lk
fE7E Bl AT Csmart R4 E 324t o B 2,3, 4,5 T AMEAEEREAEREFAR
Blo AP I FMAREZTUATBAREAG

=. ARER ISR

FRBEBEMBE A LA Comart RGO E N FE o wB 6 /7K REER
WEAHEFT LaEEiE (Discovery)~ @& (Filtering) ~ 33 (Extraction)3% #7 o
FREIE £ 2 &) A 738 Information Spider 2, Robot # 4iF # & 4854 55 3,45 /% ik
By E oA A L% K RAEIE % A Web Pages ~ FTP ¢ ~ News Groups
BBS %% » 7 FIRL ¥ R £ Ac#k 5 X R — 4 o 1% Web Pages bk 1 » & JH Al
Hyper-link % 24 # & #83% » # FUGKEFERRTEZGETR ~ ZIHAEBYHER
i &% JAA # Awiz(Annotation) o E A7 Csmart £ Web Pages % 7 @& & T8
B BaYXETRAIRER Y > BT /& ey Robot 3 R/AF L ER
FAREREAEIERE o RIVHA EBNTRGHBEASE 7 Fixo
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Extracted Documents,
Signature Files,

Language Models,
Annotations, Signature
Resource Mails to Related Users Files
Discovery and Filterin% \ :

User Profilgs . )
Information Retrieval4
Re

yeumans

Type-in Quegjes  Related ¢ 1\ Query with
s

Dictionany,
Books,
and others

Document Phonetic Informatin

Speech Synthes

S

Spesch O Speech Interface

peech Query
(Based on
Users = Golden Mandarin I1I)

On-line Retrieval (Speech or Type-in)
Off-line Retrieval (Mail)

B 1 Csmart £ 4224 B

EA TR > Csmart & HHl sk X422 5 X #4358 (Signature File) [7]4135
TRAB] o AARBEARBETRALEA  BHA —RBUARABTRBETHERY
(Markov Language Mode)R#ZF N AR SHREAR TR REAKGELE—FTH
BRI A - ZHEAMBRTN P @B ERLZAA—RARFANFAEEEL
AP P FE[9] o KA vA3E i User Profiles 7 X # 47 ¥ #A#& & » User Profiles A = &
& User Query » E-mail 5% > ABRME A EREREZYXHGE—FHHATS
RERE) MR o AR AV » EAZTRMABRAZ W EH

BEBRETEXFWA MBRAZFHRHE - BRAZAFREHF > Comart Z24F
WA T HIRAFE > & A 48 BT B B T SR AR A H IR o RAVR M H MBI H AT
TR > 83 K B B $ 4 #8 (Classification) [10] ~ B 4238 # B (Keyword
Extraction) ~ 18 A4t & 3R AR # (Personalized Service) [11]3% o R A% E KRB % >

o @A A AE R FRE AE R sk U AR B4 > AR XUR &
R T LEX S RS RIK EASBEERAENEEARIE  kEF
WERAGLAHTRAEREARERE RS o BA Comart £E 5 HYHRER
T B o 38 o
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3Csmart A4 & & (VAU A

K 35
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Resource Discovery and Filtering

Document
Signature
Extraction

Module Information Retrieval

Subsystem

Interent /

Chinese /

Resources| | Resource /| Language

| | Discovery || Model

* -7 and Robot "1~ Construction
\ Module

e

Information
Filtering
Module

"

User
Profiles

6 AREBMBET AL

. the URL

. the first 200 Characters in the header fields

. 20 lines or 20 percent of the document

. number of other pages with links to this document

. at most 20 lines of hyperlink text from other pages with links to this document
. extractable keywords (under research)

. the date the last downloaded

. the date the last modified

. document size in bytes

O 00 2 AN L h WK —

B 7 Csmart #}ik k49 Web Pages #é:ﬂiré,@ HH

W, BHEE - —EBRAHEE

KMtk F 4 %2 Csmart F b8 R s 6g 304 o Csmart Fi4d i a4 & 3 45
R A4 #k (Signature File) &A% 0 6 — & X & o BRI LH F XA AR &
e AR AR R S AR 4R [12] © % LA AVE R th LR B (Signature File)
Py AN D I £ VA

A X FRA L Z LM & 7] k¥ (Index Matching) #2 4 bt # (Text
Matching) 2 F A LR F X F &4 A3 & 51 AR AT B $ o SAEF H4o B 8 /7%
€L % — PEFR A 8% & £ 09 Fast Search AR H —ME ALt L £ 8
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Detailed Search o gy X Bz H#k > F L5 EL R f o Bk &RMEF L5
FEHEARRmRBRESHERNX A RERFARHFARSYITR ALY
SE G o KRG RE T AR A o B b R AVE Rk F B R GBI 4l o
B BEROBFHEBEREFFREIF EHE > TRBAZHFBRERT K
(Signature Extraction Method)&¥[13] > 2 7T H B A A BEARE » LEFH ELFE
Signature Bit # $2 5 E E A4 AR HEITHMMR E o ZA XM ILE RG> HOAER
ﬂ-fﬁféﬁv;l Ay A S R Cie S 8RB B BT A

TR A BB T S o s6ATHEAERT I A RATAA T 0 SRAEAG EAE X AHIE o

ARBREEREBT  THREMNFEFIE TN BT E EHRAMA RE
T EHE L E A E & AU (Query Signature) o 3% B K VT B HEP X By A
FEREMHEFRARE » BaFEF — AN 0Bl ma XHREL
ﬂ Rith RZ BB SRR o KRB XM A BT EF AN g#)
FRAM AT BEERRZ TR R LR oS ERAFIALMEA
%%aﬁiaﬂx# AR RELCHESREFRE A —HEIERFTH
BT R — — e R é""]fﬁ%i#‘z?n ¥ 4840 (Relevance
Value) > MMERF S XM T FES —FEARBERE - F_HBRARELNE
%iﬁmiﬁm’iﬂﬁﬁﬁ%ﬁﬁwﬁhﬁﬁ’u&ﬁmw%a%%ﬁh&ﬁ
B X F H RS R S a B el o AE—F HET L ARME > REREEMH X
T ERER R - FRLANARE S W RFTF TR RBARAFBAE N > K1
AEREXEFHEHRTETHREIET S H[14-16] ©

Information Retrieval Subsystem

Fast Search etailed Search
(Signature Full-text
File Test Scanning

< and Ranking d Re-ranking)
Ranked Documents
: L ualifie
&m$

Target
Document
Databases

Input Query

«~/Document
Signature
File

Linguistic
Knowledge

B 8 Csmart ey —FX X4 FLH
A BARE - WA RET EAEER

Csmart 4% & AT R AR IR JEZ AL B R3B 5 Bl ey &3t o FARK
MBRR—BBRERAGRBER S RERAF LR ARE TN LR SR
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XA pEEELRE WABEEREANAVEERAETELELLMRE > "k
ARV R"EABRES s TLREFHAE » 0" F B ALK REM" R P E AR
RAH > HIA T RE R > 4" G A" S A ERIA ¥ BT A A
SMRET ATHRFFLRAFS ) ENB LT ASRELMREHRAE
T AR E B o B HRATH ZER R0 A KRBT BRI ATHAF

1. %8 #. % f& k4| (Non-constrained) &g $h A\ 23 5 &
AR A B3 5 A FF 8 945 %] 5 £ Noncontrolled Vocabulary)
2. WREBRMGEAME FHEREN
BORBRFUMNT &~ R LFTHEHER ~ ARRF
3. HmEkheEReHRERESRAMEEKRSHI A RERAEESHE

RAIVTE R EM O KRBT BT ERAMSCHE AT KBS .
. AIDF A &5 FREARZENFTETHFETRETHARETHESR

‘ri , 'ﬁﬂ“gfc»f.%i%?ﬁ]iiif#}g 2 ‘174451&” < “»f,%’;” < “i;;“” N “-ZEJ” N u;ﬁaa < “#k” < “/g » “gﬁ
'fé}” N “’,%?;i%” N “i%?ﬁ]” N “?‘]%]1;_}2” < “};f(«f-ﬂi” N “ﬁFZ”%‘-ﬁ-‘f@ﬁ?-ﬁ@%? o

\

2. MR HAERRBAAA X MFCLHEENEFRETHRYEY » &
o3I A E AR 09 B ARUR 0 A8 LR B AKEY AR R Am A B o

3. bR SRR AW T O THEE > e TRER AR PEST
M T A B SO P B3R sl > B AR B U0 &8 38 4R 3R R A R0 ST AR MY AR
fa e R K R RARRBE N X GA TR » EIRE XM AUE ©

BAREMARBETEN ST FBAGE P F BT XEFARSE - PXFEY
P XEFERNE S FREATR HHERE - KEMRERE ARSI E
MERFRF cATRBRZERREHERAAEN S > B AT &RMAERERRER
BoERAETSREHERLBETREN KALCHFFXAMARETRETHR
WREXH BAFe3 R > T BERRBASHZI TETRETE °

ARBTEMRBLOTO NS AEEATHTROREFMIEET RS
AEHRBAEZ cdo Rk 2 AT BHEENENEBAARBTHARGTA
Ao

~

Tk - BB R AT

7N\ .
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MR T A RET AW ATk Csmart B R % 45 T3 R AT LR T X
Bt RS AAMNFTEERN T @ > WERITRIBET X o TN F KR EH
%R M EAARE R o Comart (9N T #F R AMUWHF ARG
BlF(VEEHARETFA M ERS - BERIHIN) » m b HFRE F R 5%
B> AREAAATKRES BLF$H — T RAMMBELLET FAORE IS
MFHRARFSESTEFAFA—BORTENRETRESLE —BFILTHRERL
FHEERLE 0

2. REAR B R 6y XA P 3 B A
PR —RART B RS F BEFRER R o Ry — B Bgde K 4

4o S AR AR > YA 4G LB R € th 31 False Drops o Csmart Al & X4 % > &
% =B A o R MESLH 0 PR S SBT3 R SRR o

e p & H

F e RIEHAH F#F[2 Web Page ##HE
HRPTE & 48 & 5z Web Page A&
A ¥ 5 [z Web Page F# &
4 % Csmart £ 4 + 5l Web Page &4 &
FHAKEE 4838 Bp B A7 B EH R
RIBIT RIS 48 %% Bp BT B X 4R
LA HERBAL TS 435 B W 97 B T AL
FERXBESNEOHEAR 4R BP B 31 B R
A FRER 48 3% Bp B 37 B AR B
RIA N EY W TR
Ha i BREFETHEA ETFAEn

%S T FRE

B AMEEE Tk
BHEHEHA T F iR

RS AL R ERHRETHE
FATHFR TATH AERIRELTHE
B XA BEEaAsE
B A ZTZHAEHE
HRESHESR HEREHE

%2 Csmart f K355 B8 B30 B4
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& #a A5

A FHENE OGRS TERBE

B A PHE ~ FRFRR

B 15 i EX~6HKRE

AL BT REERFFEX

A8 4L 38) ¥ B XAk ~ F#E L

#4 BREH ~ CEEA

TR ThaEA ~ ThEBLA

AL R 35 SEhTRESH~ETFLGE ~GTLHE

PR FE = AR H A ~ S IRAR R ~ SRR AR HU
k3 FRuMF S EHBRY

&7 SR K HE T 3R ¢ F B

EXka WAEBETE - BABETE

H A+ TN A%

¥ 3k X RN

RAE R RO EER

1t & B AL 2T aik ~ BRI ~ SRS

% 4 ANAEETE MR BRI R
3. 48 M X & #IR Ak

BB ERRBERERES BT R TARETHEMN » A B A B
WEEOXHZEHM BRI UBFTEREARHZEAREARNGMGE > K FHh %
BRGDEXXFEF AR ELRR TETXHRA - TRAERERIN k5T
M X G HERBIEATITARSHE LLE RO THEM oMM X R F B #f
BAEAM TEREZEAT MR GIERE S > o “REZ"HPL 0 5
KE M X o) B LA AA B X k347 » B A7 Csmart 3£ K& F & Sy o
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& A8 X 8] $IR

TRfEIER AR BEL | XHAZA RS EMHRERERE
A RBBEARGEMLELRBEAMLENE L

A RuE XA © NBA W EN e s sy
AMMXE . NBAYLGERES Wi &R AL T RFER

BEREFAED | XHIEE R EEREKER

SEES AR L ERAMEASREHFRERKEAEDFRA
BEHR XA D AR RGBT R B R

AAMXE ARABETHRAGER LA ER TR EARE

REWERAR/ME | XMHFA | BERRFBEE T — A RHE L —HR
*H AR Ry RN RRARMERE
% 5 M HMRBMR SR ELERGTHM

4. Relevance Feedback

R RN EW BB RE BB NS MBS Bl A ERA
A7 53K A FERG o m R %%h”%%’?‘fﬂ’]‘“ﬁ 18 R e 47 B F THR
FERBS00 8> AP S BAMATABRE - RE - THEFEYRT oE@THA
H R Soil dofT BiBIE HARBFTA o x\ﬂ%ﬁk Relevance Feedback » 1& F & R 8%
FBLAEAEEAAMRE DAL EH AL PHAHEEWNET o Csmart 45 Relevance
Feedback 7 i% & 44 23 9148 Bl X 4+ 4 #(Signature) » #| ] Signature Bit X 4 4
IDF ju#f & #7 & & &394 #(Query Signature) o £ 19% 3, Relevance Feedback 4% 51

T RAWMBEARESHZ ERAER G~ RAREEHENR  #A
Relevance Feedback 354§ » "3 2 & 9248 A & B B AR 7T R 48 o & — ZL4% Excite 8%
AHEBILT AR L [2]

L. FBFNBEZTHEE

& T A MUY XAy B ARE R AR LEH X WA AREA
AERHENR R ROAANLEIRB AR TR T EHET R LR RYET)H
HHEZEIFRE wE 4 HFTRMNAHFERAFAILEN TP AL
(Unconstramed Speech Query) o #EFR LT E R RMETHRA T RE LS GEF

ToBFRMERE BB FIRBMEMBANREALF RN ETH LR EHLER
’?‘5&4}% MR AR SLAR £ iR E o fEiE 5@ Csmart B R % #4717, 18] B &
ABFHRBEST G AV Z P20 35F AL 1(Linguistic Decoder)$ <2
oo B B A B B EHIRBE TR BEBE T L AT A LA A
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FEALAHRE R HAGHRIKB/IABAREHENER R G AIIER
i FWRETE > RMAFZIHNRAGBEERTRT P RREFH
(Syllable) o

AFHBRETFEART @ wARBIRENRAKENM T HRLImA
HHBAEF > ARG E TSR o AFTHEEAER > dAFBHIMANEA > LA H
BHMAA RS HALo— TR E 8~10EFoREFZBEFHREHH T0%A L >
HREAGM TN EARGELE c B Comart 498 REFEZT T A RAEE
REZBAGEREERT OV EF RET AL GTRARE > T0%835F EREL T
AN B EITFMATMAERBEEY > BAITFRAGENEE - KMNTHRR
RETRHRBERB TR EREVA LB S RE R EE A RGEH
MALWRT S HTAMRZ c ERTRRAT R AN —RFE HERVER
HAGRAS [19]°
The most possible

Speech Interface Character String
and Correpsonding

Unconstrained

Speech Syllable Character Syllables . .
Query 1| Recognition  String Information Retrieval
= Module Search —— Subsystem
Module

wuable Candidates/
\

9 BENET AL
AN RBRBEILARTR

AT AT A Csmart s L8 RME TR L LS BREBRERAK o BAT
Csmart 2HBR T TR LA T TRE - EEXB  HEEaRBE - EEH
Hr4R % F — M AR BT A B 44k £ W BPRE#T B ~ BBS %38~ X Web
Pages $WBE R c AW FRAE F & » ik £#4& £F % 5(100MB)£ PC/486 3%
B E—FELRE 1 4o B4 F(GB) A& SPARCIO B3t & — i F B4 2~5
o AREBEBETHRLREIM > £ SPARCIO % 2 BAIAXIHELY 1 # > 16
AL 4~5 ok 6 BRA URL REMS3H AR A28 10 EmBLRELTX
Rt Rk AR A o A LT R F & » X% 5] 4T AKX (Scalable) » %3]
KOARFEAE — XM EZ L5 ETRLARME MG RIDG 15-30%EL4E > 7
sh% 5] 32 B ek MAR42 0 100MB X /472 PC/486 383549 2 & 4 4-4% » &£ SPARC 10
RE2 p4Ec ZAMEDRBET R ETARFNRELH L OLBH o XK L Csmart
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HMEHRBREHRBOHFAT R BTN THEBR L ATRERBIRTFRARTITNS >
MARFRABERBEGAAFRER c ZUBAMLERABHT R HEFIHR
(Keyword Extraction) 3 #if A R K B MR K RATH » EAFLER B AR oM
WREBM O ERIFRA B A BEBEEN TR ELEREREETRZRLM
EE RE] > RERBAALT AR ©

5F A
1. G. Venditto, Searching Engine Showdown, Internet World, May 1996.

2. M. Courtois, et al., Cool Tools for Searching the Web: A Performance Evaluation,
Online, Nov. 1995.

3. S. Wu, Gais Home Page, http://gais.cs.ccu.edu.tw/

4. Lee-Feng Chien (95b), % % (Csmart) -- A High-Performance Chinese Document
Retrieval System, The 1995 International Conference of Computer Processing for
Oriental Languages, ICCPOL 95.

5. Lee-Feng Chien , Hsiao-Tiech Pu, Ming-Chan Chen, Hung-Ming Chen and Ming-
Jer Lee, Natural Language Information Retrieval with Speech Recognition
Techniques for Network Chinese Resources Discovery, May 1996 International
Workshop on Information Retrieval with Oriental Languages

6. Lee-Feng Chien , A Model-Based Signature File Approach for Full-text Retrieval
of Chinese Document Databases. To appear on Computer Processing of Chinese and

Oriental Languages, 1996.

7. Lee-Feng Chien , Fast and Quasi-Natural Language Search for Gigabytes of
Chinese Texts, ACM SIGIR‘95, 1995.

8. Sung-Chien lin, Lee-Feng Chien, Keh-Jiann Chen, Lin-Shan Lee, An Efficient
Voice Retrieval System for Very-Large-Vocabulary Chinese Textual Databases with a
Clustered Language Model, May 1996 (ICASSP'96).

9. Belkin, Nicholas J., et al, “Information Filtering and Information Retrieval: Two
Sides of the Same Coin?”, Communications of the ACM, Vol. 35, No 12, Dec. 1992).
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Abstract

Disfluencies involving speech repairs pose serious problems for spoken language
processing systems. However, which cues in speech signals may facilitate Chinese
repair processing is not known. This paper concerns the acoustic and prosodic
analysis for correcting Chinese repetition repairs in spontaneous speech. A large
spoken corpus is examined in this study. The experimental results show that our
method can achieve the precision rate of 93.87% and the recall rate of 90.65%, without

using the lexical information.

1 Introduction

i

Most of the previous acoustic analyses of speech examined data from speakers who
carefully pronounce their speech. Natural spontaneous or conversational speech
differs from careful or reading speech in several ways. The most obvious difference is
the use of speech repairs. In spontaneous speech, people often start talking and then
think along the way.  This causes spontaneous speech to have a variable speaking rate,

and such speech often exhibits speech repairs, which are interrupts in the flow of speech,
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where the speaker reiterates a portion of the immediately precedirig speech, with or
without a change.

Heeman and Allen [1] describe that 25% of turns contain at least one speech
repair in their corpus. In our study, 17% of turns contain at least one speech repair.
Thus, the speech repairs cannot be negligible and have influences to a certain extent.
On the one hand, correctly recognizing speech repairs can help automatic speech
recognizers to avoid textual errors.  In most of the current speech recognition systems,
word‘s repeated in a speech repair are simply fed as word hypothéses to the language
model of the recognizer. This may cause difficulties in having a proper recognition
since the language model is usually trained on fluent text only.

On the other hand, even if all the words in a disfluent segment are correctly
recognized, failure to detect a disfluency may lead to interpretation errors during

subsequent processing. (1) is an example'.

(1) 952 HEE %-- {A2,2-1,1)
953 AEZF TR {R1,2-1,2)
954 T AR FAEE L.\

There are an addition repair (A) and a repetition repair (R) in (1)*.  For the first repair,

the speaker changes his intention from “fEg%” to “fHEZ%”. If this kind of repair

cannot be detected, the syStem will nﬁsunderstand the intention of the speaker.
Recently, text-first approach [1, 4, 5] and speech-first approach [6, 7] have been

proposed to touch on repairs in English. The text—ﬁrst approach assumes the speech

! The transcription system proposed by Bois, et al. [2] is used to transcribe the spoken data. The

two symbols ... and .. denote a unfilled pause (silence) is medium and short, respectively. The
symbol % denotes the glottal stop. The detailed transcribing conventions are shown in Appendix A.
Relevant characters in examples are in boldface and underline.

2 The annotating scheme of repair can refer to Chou [3].
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recognizer could provide a correct transcription. That is, it tries to detect and correct
speech repairs automatically using text alone. Hindle [4] adds rules to a deterministic
parser to tackle the problem of correcting speech repairs. His parsing strategy
depends on the successful disambiguation of the syntactic categories. Although
syntactic categories can be determined well by local context, Hindle admits that speech
repair disrupts the local context. Bear, et al. [5] firstly try to parse the input sentence
and then invoke a repair processing when the parsing fails. For repair processing, a
simple pattern matcher finds the candidates based on the lexical cues at the first stage.
Then the syntactic and semantic processing filters out the impossible candidates.
Heeman and Allen [1] present an algorithm that detects and corrects modification and
abridged repairs. The algorithm uses some repair patterns to capture potential repairs.
These patterns are built based on the identification of word fragments, editing terms’,
and word correspondences between the repaired segment and the repairing segment”.
The resulting potential repairs are then passed to a statistical filter that judges the
proposal as either fluent speech or an actual repair.

The speech-first approach tries to identify speech repairs using acoustic and
prosodic cues. Nakatani and Hirschberg [6, 7] investigate the detection of the
interruption point of speech repairs based on this line. The cues that they found are
the occurrence of a filled pause, the presence of a word fragment, the energy peaks in
each word and other features such as accent. However, they did not address the

problem of correcting the speech repairs. In other words, they do not determine

3 The editing terms can either be filled pauses (e.g., um, un, er) or cue phrases (e.g., I mean, I

guess, well).

4 A repair is composed of a repaired segment and a repairing segment which immediately follows
the repaired segment. A repaired segment denotes the portion of the utterance which is being
repaired, and a repairing segment denotes the portion which is accomplishing the repair [8]. That is,
the repaired segment is replaced by the repairing segment.
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which words are undesired.

These approaches cannot be adopted to deal with Chinese speech repairs_ for the
following reasons. First, a Chinese sentence is composed of a string of characters
without any word boundaries. In other words, it is necessary to segment Chinese
sentence before tagging and parsing [9, 10]. Repairs make segmentation and text-first
approach more difficult. Second, Chinese repairs may not always have an editing
terms between a repaired segment and a repairing segment. In other words, editing
termé do not have much effect in Chinese repair processing. Third, duplicate

constructions (e.g., EE{C, FEEEEM) in Chinese utterances are used very often, but

they. do not always initiate a repair. That is, a simple pattern matching mechanism
cannot be workable. Forth, the Chinese speech repairs may be initiated at various
syntactic environment [11], e.g., before the subject, during the subject, after the subject
and before the verb, during the verb, during a direct object, during a prepositional
phrase, during subordination, and so on. The variety makes the identification of
Chinese speech repair§ more troublesome.

Because the identification of repairs in Chinese may not be deferred to the latter
modules of the spoken language processing systems, this paper identifies several cues
based on acoustic and prosodic analysis of repairs in a spoken corpus and proposes
methods for exploiting these cues to correct the repetition repairs. Section 2 defines
four major types of speech repairs. Section 3 introduces the spoken corpus.
Sections 4 and 5 describe the acoustic and prosodic analysis of repairs. Section 6 is

the concluding remarks.
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2 Types of Chinese Speech Repairs

Heeman and Allen [1] divide English speech repairs into three types: fresh starts,
modifications and abridged. For Chinese speech repairs, Chui [11] classify them into
eleven patterns. In this section, we map these eleven patterns into four major types
according to their surface forms.

Letcy ... Cn Cnii ... Coem be a sequence of Chinese characters. They may form an
utterance or two consecutive utterances. The four major types of speech repairs are
described as follows:

(a) Repetition Repair

There exists an i-character string, such that cy.is1 ... ¢y (the repaired segment)
is equal to Cp41 ... Cnyi (the repairing segment). The repetition can range
from a portion of a word up to several words. After‘being repaired, the
utterances become C; ... Coi Cpe1 ... Cem.  (2) and (3) show two examples.
(2) 384 .3 {R1,1-1,1}
385 BRI MHE A EE R =,-

(3) 667 BRI —#EH-- {R1,1-1,1}
668 FESH=\

The repetition répair occurs between utterances 384 (667) and 385 (668).

The word “$%” and the.character “F3” are repeated in (2) and (3), respectively.
E=1]

The character “FF” is a portion of the word “Fig#”. After being repaired,

the utterances become “FREHEFRAE[EFEIFI and “ZFHA—FL

f4”, respectively.
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(b) Addition Repair
There are t;vo types of addition repairs.
(i) There exist a j-character string and a k-character string, such that cyji; ...
Cn (the repaired segment) is equal to Cpik+i ... Cnsksj-  Lhe character string,
Cotl -+ Coak Cotktl --- Crkeais forms the repairing segment in this case.

After being repaired, the utterances become C; ... Cnj Cp4i ... Coem.  That

iS, Cp+1 ... Cnax are added. (4) shows an example. The speaker’s

intention is “{F{f1E EfEZE.

4) 313 IRMEEERE.- {ALL-1,2}
314 NESE -

(i) There exist an i-character string, a j-character string and a k-character
string, such that cyjis1 ... Coj 1S €qual to Cpey ... Cnsi and c;,_j+1 ... Cpis equal
tO Cuisksl --- Cnsisksjr  1he character string, Cnjis1 ... Cnj Cnisi -.. Cn, fOrms
the repaired segment and the character string, Cps1 ... Cnsi Coitl -.. Cotisk
Cn+ik+1 --- Cnsitksj» fOrms the repairing segment in this case. After being
repaired, the utterances become C; ... Cpji Cpst --- Cpam- (5) shows an

example. The desired utterance is “ft 5K F 3.

(5) 1953  Z:[<FMiliER.- {A1,1-2,4)
1954 IS KIFH.-

(c) Replacement Repair
There are five types of replacement repairs.
(1) There exist an i-character string, an h-character string and a k-character
string, such that Cppis ... Cpn IS €qual to Cpyy ... Cpi.  The character

string, Cphei+i --- Cnh Cnhel -.. Cp, fOrms the repaired segment and the
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(ii)

(i)

character string, Cns1 ... Cnsi Cntisl - Cnsitk, fOrmSs the repairing segment in
this case. After being repaired, the utterances become ¢; ... Coni Cos1 ...

Coem  (6) shows an example. The final utterance is “YR—EIZH it

ZRAE”,

(6) 733 Zr—E 1B E & %-- {P1,1-3,3}
734 B EEH AR =, -

There exist a j-character string, an h-character string and a k-character

string, such that cpji; ... €y is equal tO Cpyks1 ... Cniksje The character
String, Cpj+1 --- Cnj Cnje1 ... Cn, fOrms the repaired segment and the
character String, Cp+1 ... Cnsk Cnsk+l ... Cneksj, fOrmS the repairing segment

in this case. After being repaired, the utterances become c; ... Cyjn Cnsi

... Cem-  (7) shows an example. The word “RZ%%” is replaced by “JE
p %

‘H2%” and the utterances become “FEH 2% AWK EEE R IE”.

(7) 2612 Y:.1B%,- {P2,2-1,2}
2613 AFEE[E AEKRERMIEZE .-

There exist an i-character string, a j-character string, an h-character string
and a k-character string, such that cpjhei+1 ... Cojn 1S €qual to Cpyp ... Cpsi
and Cpj41 ... Cq 1S €qUal tO Cyiskel ... Cnsisksj.  Lhe character string, Cojnisi

. Cnjsh Cnjh#l --- Cnj Cnjsl ... Cn, forms the repaired segment and the
character string, Cn+1 ... Cnsi Cntisl --. Cntisk Cneitksl --- Cnaisksj, fOrms the
repairing segment in this case. After being repaired, the utterances

become C; ... Cnjhi Cnt --- Coem  (8) shows an example. The word “Z=

—” is substituted by “Z= X7
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(8) 528 .(1.Deh ZIERE—TE-- {P1,3-1,3}
529 ...eh =55 ei=\

(iv) There exist an i-character string, a j-character string and an h-character

v)

string, such that Cpjhisi ... Cnj-n 1S €qual tO Cpyp ... Coyi @Nd Cpjsy ... Cp 1S
equal to Cpsi+1 ... Cneisj-  The character String, Cnjnist ... Cnjh Coebitl -
Cnj Cnj+1 ... Cn, fOrms the repaired segment and the character string, Cuy
.. Cni Cn+i+l -.- Cnsisj, fOrms the repairing segment in this case. After
being repaired, the utterances become C; ... Cpjhi Cot1 ... Cnem- (9)
shows an example.

(9) 406 [(RELE--- {P1,3-1,2}
407 BRE)-

Different from the above replacement repairs, the repaired segment and
the repairing segment in this type do not match any characters. (10)

shows an example.

(10) 659 - {P1,2-1,1})
660  ..HIAH.-

(d) Abandon Repair

The original utterance is discarded and a new utterance is initiated. (11)

shows an example.

(11) 54 H:...(9) BB A B —H#E-- {B1,6-1,1)
55 R A R Y

After being repaired, the utterances become “ X ZRAA#E— FEERRIHIIT .
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3 Spoken Corpus

The spoken corpus analyzed in this pai)er consists of two commonplace, everyday
conversations among friends. Each is about forty-minute long. There are four and
five speakers in these two conversations, respectively. It is originated from Professor
Kaiwai Chui at National Chengchi University [11]. In total, this corpus contains 5395
utterances, 22409 words and 2602 turns. There are totally 440 self-repairs’. On the
average, 17% of turns contain at least one repair. Tables 1 and 2 list the frequency

distribution of each type of repairs in the two conversations.

Table 1. Frequency Distribution of Repairs in Conversation 1

Speaker Repetition Addition Replacement Abandon
L 23 8 3 1
H 54 12 9 4
Z 35 3 3 2
(0] 10 0 1 0
Total 122 23 16 7

Table 2. Frequency Distribution of Repairs in Conversation 2

Speaker Repetition Addition Replacement Abandon
L 39 5 4 4
w 53 9 6 8
Y 61 - 9 8 12
zZ 44 2 4 1
J 2 1 0 0
Total 199 26 22 25

5 The speech repairs discussed in this paper are all self-repairs. That is, only the repairs

accomplished by the same speaker are considered. This is because this kind of repairs is the most
common form of repairs. Nevertheless, the present study includes repairs placed across different
turns.
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In the above statistics, we find that the repetition repairs form the majority (72.62% in
conversation 1 and 73.16% in conversation 2) of the repairs. Addition (Replacement)
repairs have 13.69% (9.52%) and 9.56% (8.09%) in conversations 1 and 2,
respectively. The rest (4.17% in conversation 1 and 9.19% in conversation 2) are the
most complex type of repairs, i.e., Abandon. Because this paper corrects repairs
based on acoustic and prosodic cues, the Chinese characters in the spoken corpus are

converted into the corresponding syllables manually.

4 Basic Analysis Method
4.1 Simple Pattern Matching Mechanism

Because the repetition repairs form the majority, we focus on the repetition repairs in
this paper. Although the repetition repairs have the simple ‘surface form, correcting
such a kind of speech repairs is not trivial. That is, a simple pattern matching
mechanism cannot work perfectly. Table 3 explains this phenomenon. A repair is
proposed when a string of syllables repeats within an utterance or between two

consecutive utterances.

Table 3. The Experimental Results Using Simple Pattern Matching Mechanism

Conversation Total Repairs Proposed Correct
1 122 243 118
2 199 412 196
Total 321 655 314

Columns 2, 3 and 4 denote the total repetition repairs, the number of repairs proposed

by the simple pattern matcher and the number of correct proposed repairs, respectively.
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For example, 243 repairs are proposed by the simple pattern matcher in conversation 1,
but only 118 of them are correct. That is, there are 125 false alarms. Since there are
122 repetition repairs in conversation 1, 4 repetition repairs are not captured. Some

of them are listed below.

(12) 794 L:.. BBAa<L2 AMac L2>-- {R1,1-1,1}

795 ...<L.2 Mac L2>F<L.2 set up L2>AEEZKAY .\
(13) 1541 ... #<L2 Genni--- {R1,1-1,1}

1542 ...Gennifer L2>—={&=.\
(14) 1835 ... BE<L2 supermar--- {R1,1-1,1}

1836 ...super|market L2>t11 215 % FE, -

Because only Chinese speech repairs are considered, English repairs are lost.
Although this technique can achieve recall rate of 97.82%, it has a relatively low
precision rate, i.e., 47.94%.

Since the simple pattern matching mechanism cannot solve this problem properly,
two basic analyses are firstly considered in the next two subsections: the length of the

repeated syllable string and the number of inter-utterances.

4.2 The Length of the Repeated Syllable String

One of the most important things that we want to know is “how many syllables are

repeated in the repetition repairs?”’

Table 4. The Distribution of the Length of the Repeated Syllable String

Conv.\Length 1 2 3 4
1 71 40 6 1

2 107 72 15 2
Total 178 112 21 3
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Table 4 lists the distribution of the length of the repeated syllable string in the repair.

The length ranges from 1 to 4. That is, when a string of syllables repeats and the

length of this string is greater than 4, we do not regard it as a repetition repair.

4.3 The Number of Inter-Utterances

Basically, most of the repetition repairs occur within an utterance or between two

consecutive utterances of one speaker without interrupting by other speakers.

However, if enough utterances pronounced by other speakers are inserted between two

utterances of one speaker, the repetition repairs usually do not occur between them.

(15) is an example.

(15) 2445
2446
2447
2448
2449
2450
2451
2452
2453
2454

2455
2456

2457
2458
2459
2460
2461

L:...H=,-

FBAER]-\
Y:[Z=fEZ%<e@ H @>)\
[[=ERHN

Y[ 3@,

Z:(0) &=/
LIRS

Y BRANEREAH=Y
LR

<P THEFTAGEE P>\
Z:Thuh huh],-

Yo ARBMERERT T\
MEREE 7=~ 2\
IR -

Y. IR\
R R E%]--

L:[ &)\

Although there is a matched string “f\&” between utterances 2446 and 2461 for

speaker L, it is neither a repaired segment nor a repairing segment.

This is because 14

utterances interrupt the flow of thought of the speaker L.  After analyzing the spoken
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corpus, some statistics are shown below.
(1) Total 13.69% of repetition repairs occur in the same utterance.
(2) Total 71.66% of repetition repairs occur between two consecutive utterances
without interrupting by other speakers.
(3) Only 0.32% of repetition repairs occur across more than 3 utterances issued
by other speakers.
According to these analyses, when more than 3 utterances pronounced by other
speakers interrupt the speech of a speaker, we do not check whether there is a

repetition repair or not.

5 Advanced Analysis Method
5.1 Unfilled Pause (...)

Observing the spoken corpus, we find that there is a significant unfilled pause (silence)
between a repaired segment and a repairing bsegment for repetition repairs®, whereas
actual or intended repeated characters (syllables) usually do not have any unfilled
pauses between them. Some typical examples are shown below.
(16) 505 (B NEERMRE%-- {R1,1-1,1}
506 AR BB EEAL]-
(17) 606 Z:[FHE,-- {R1,2-1,2}

607 Z:. BB R<F ] F>]%
608 H:...(DNVE SRR 3 AW =,-

In the above examples, actual repeated characters (syllables) “ZzH” do not have any

unfilled pause, whereas there is a unfilled pause between utterances 505 (606) and 506

6 Because the filled pauses such as um, un and er do not occur frequently in the spoken corpus, the
effects of filled pauses are not demonstrated in this paper.
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(607). Based on the basic analysis and the unfilled pause information, the

experimental results for two conversations are listed below.

Table 5. The Experimental Results Using Unfilled Pause

Conversation Total Repairs Proposed Correct
1 122 99 86
2 199 191 158
Total 321 290 244

The experimental results show that the precision rate is increased to 84.14%, and the

recall rate is decreased to 76.01%.

5.2 Glottal Stop (%)

Glottal stop has the similar functions to unfilled pause.

That is, a glottal stop may

occur between the repaired segment and the repairing segment for the repetition repairs,

whereas actual repeated characters usually do not have such a marker between them.

(16) is an example.

experimental results for two conversations are listed below.

Based on the basic analysis and the glottal stop information, the |

Table 6. The Experimental Results Using Glottal Stop

Conversation Total Repairs Proposed Correct
1 122 31 31
2 199 85 82
Total 321 116 113

- From Table 6, we find that glottal stop is a more reliable cue than unfilled pause, but it

does not occur as frequently as unfilled pause. These points are verified by the high
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precision rate (97.41%) and the low recall rate (35.20%).

When the basic analysis,

the unfilled pause and glottal stop information are applied together, the experimental

results for two conversations are listed in Table 7.

Table 7. The Experimental Results Using Unfilled Pause and Glottal Stop

Conversation Total Repairs Proposed Correct
1 122 110 97
2 199 204 169
Total 321 314 266

Both the precision rate (84.71%) and the recall rate (82.87%) are all better than those

in the former models.

5.3 Two Consecutive Equal Utterances

If two consecutive utterances are equal, repetition repairs usually do not occur within
and between them when the length of the utterance is long enough. (18) is an example.

The matched string is “;&f535%&E" which denotes an emphasis. Thus, utterances 894

and 895 do not form a repair.

L:...(1.4)M=,-

(18) 892
893 [BEE\
894 EAER-
895 EAIERE -
896 S\

Based on our spoken corpus, when the equal utterance length is greater than 2, no
repetition repairs occur. This cue can eliminate some implausible repairs, so that the

precision rate can be increased.
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5.4 Cue Patterns

To increase the precision rate, another method is proposed. We collect the wrong
proposed repairs that satisfy the criteria of bas'icvanalysis, unfilled pause and glottal stop.
For the generalization, only the first syllable of each wrong proposed repair is
concerned. The syllables whose frequency is larger than 1 is regarded as the type I

cue pattern. By this way, six type I cue patterns, i.e., —XV, P\, T 4V, T,
Y e and 57 X\ \, are selected. (19) and (20) are two examples. Although the

matched strings in these two examples satisfy the criteria of basic analysis, unfilled
pause and glottal stop, they are not repairs.
(19) 69 V-LEA R R
70 Y. MM EEEHE.-

71 fluaAgE 7.\
72 J:..(1.3)NBI %((WHAT?))

(20) 3362 Z:..(1.6)E\

3363 Wi EAMRYSEBIRFIE.. SR\
3364  Y:(0)@@@=
3365  Z:..(1.3)ER B,

Because the first two patterns, —X VvV and 7 \, do not have the actual benefits in

experiments, they are discarded. This is because only the negative examples (wrong
proposed repairs) are used to generate this kind of patterns. Thus, a repair is
proposed when a string of syllables repeats, satisfies criteria of basic analysis, unfilled
pause and glottal stop, and the first syllable of the string does not belong to one of the
four type I cue patterns.

Similarly, another kind of patterns is considered to increase the recall rate.
Those repetition repairs that do not satisfy the criteria of unfilled pause and glottal stop

are collected. The similar procedures for type I cue patterns are adopted to generate
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type II cue patterns. Finally, four such patterns are selected, i.e., 7 & 7, 53—V,
ATV and Y N. (21) and (22) are two examples. Although the matched

strings in these two examples do not satisfy the criteria of unfilled pause and glottal

stop, they are all repairs.

(21) 464 O:[[{RH-11-- {R1,2-1,2}
465 [#RHFE-11-- {R1,2-1,2}
466 L: [[BAH: 2R =\

467 O:(0)/RHPHF--- {R1,3-1,3}
468 IRIPHFIREARS,-

(22) 1251  Z:[FBEk]-- {R1,2-1,2}
1252 (OFBLFRABIRINE=]]\

Based on type II patterns, some additional repairs can be proposed when a string of
syllables repeats, it does not satisfy the criteria of unfilled pause and glottal stop, but
the first syllable of the string belongs to one of the four type II cue patterns.

Based on the method described in Section 5.2, the equal utterances information

and the cue patterns, the experimental results are listed below.

Table 8. The Experimental Results

Conversation Total Repairs Proposed Correct
1 122 120 111
2 199 190 180
Total 321 310 291

The experimental results show that the precision rate of 93.87% and the recall rate of
90.65% can be achieved. Besides, we also test another spoken corpus. The corpus
has 504 utterances. It is about ten-minute long. It is originated from Professor

Shuanfan Huang at National Taiwan University [12]. There are four speakers and
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totally 19 repetition repairs in this corpus. Table 9 lists the experimental results of the

simple pattern matching and the method used in this section.

Table 9. The Experimental Results

Method Total Repairs Proposed Correct
Pattern Matching 19 45 19
Our Method 19 21 18

Because the glottal stop is not annotated in this corpus, this cue is not used in this
experiment. Apparently, our method (precision: 85.71%, recall: 94.74%) is better

than simple pattern matching (precision: 42.22%, recall: 100%).

6 Concluding Remarks

Any spoken language systems will not perform well without treating speech repairs.
Correcting speech repairs make more reliable environments for the subsequent
processing. This paper identifies several cues based on acoustic and prosodic analysis
of repairs in a large spoken corpus and proposes methods for exploiting these cues to
correct the repetition repairs. The experimental results show that our method can
achieve the precision rate of 93.87% and the recall rate of 90.65%, without using
lexical information. O’Shaughnessy [13] claims that most speech repairs do not have
lengthening prior to the hesitation pause. If this cue is used in our model, it can
slightly increase the precision rate (95.37%), but the recall rate (76.95%) is greatly
decreased.

Although our method can perform well in repetition repairs, other kinds of repairs
such as addition, replacement and abandon repairs are not addressed in this paper.

They have more complex surface forms and should be investigated further.
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Appendix A The Transcribing Conventions of the Corpus

Units

{Carriage Return}

{Space}

Speakers

[ ]

Transitional Continuity

Terminal Pitch Direction

\
/

Accent and Lengthening

0)

Intonation Unit
Truncated Intonation Unit
Word

Truncated Word

Speaker Identify / Turn Start

Speech Overlap

Final
Continuing

Appeal

Fall
Rise

Level

Primary Accent

Lengthening

Long
Medium
Short

Latching
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Vocal Noises

(H)
%o

@

Quality

<@ @ >

<Q Q>

<F F>

< PP

<MRC MRC>

Specialized Notations

<L2

((

)

PP >

L2 >

Inhalation
Glottal Stop

Laughter

Laugh Quality
Quotation Quality
Fast Tempo

Very Soft

Each Word Distinct and Emphasized

Code Switching from Mandarin to English

Transcriber’s Comment
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REEZ L PR T SLARSE %ﬁlz
‘a‘ﬂl-@ﬁi\ 18 B $2 38

Training, Detection and Adaptation of
Multi-Domain Language Models for
Mandarin Speech Recognition

Hhage ', AER. BaE’ AR, FHL Y
'R eBRETMNITRLERTH
b BRI E A SR AT

e-mail: Isc@speech.ee.ntu.edu.tw

HE

ARBXF > BAREBRAAREARE FXEB TR A K. ARE
B H E A BEF EEBAARRAEE T PR ETABY HETRI&RH
ERAFIRAFABYZT A, AAANZETEECARARABH FXETH
T, HREN AR GHRABEIARTRE-— S RAWIEEER - AT &

T, KFIFA £ 4 »‘ﬁi THRAUBTETHRENETHHREAERTLOLAA —

aw

BETHAE 2-8%, ﬂéﬁ*ﬁﬁﬁé%qixgﬁﬁééét#ﬁiﬂx@@%ﬁ»’t% it 1815

E— TR -
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Cr

X R E— 4 78RN E4RB M ¥ X3E 5 B A (Chinese Language
Models)#y & &34k (Training). {4 ] (Detection) #2348 (Adaptation) 7 7% - J& /A i3 &b
F ik AR K3 & B %3 4 3% (Mandarin Speech Recognition with Very Large
Vocabulary) &) 3& & #45(Linguistic Decoding) 7 i 4 T 24 & #‘1\ HETEELSA
J& A 48 (Application Domain)t) F XE A, #—H IR A AF L EBTHEL

WIEEER - FBLERIE A NN BIIRBLERFLAARTETOSTFNE, AR

35355 PR R R B R AR A E

ERBRAFEREEZTHRATY, TRAHSE a*;im%u’rfw’] BT B
(MmmvMmmngﬂomﬁfmﬁﬁ%%#ﬂﬁﬁk%%ﬁﬂ%%%%ﬁkz
m& % (Training Corpus), 2R A£FFREARE T RMLERBERENIR
4] -—ﬁﬁ%ﬁé’ﬁf&xﬂ BTHEARANBHEE AT R REEES
WRAGAINRERAGFTTEA AR EEARHFCFTHEY, GHROR

W AR A B Ta‘fr:ié-':f;ﬁ ¥ 18 g HLER M S F F[5,6] °

(
. EARXARMNAREAA % {8 48 35.4% & 35 & 4% A (Domain-Specific Language
Models) R #4732 T AN BB Ik, BENRALTRBERZFBANEE
BHRELAYBAABETHYBTET MG - %A S ABETHAEL
BAG, —RTARFBTHRGEEN, —REPRERL $ EERBEERE
SAABETHRERAGME - ERMGFT R T, G AERAAH GIREHY

4R — 1B — 4% 3 5 4% %! (General Language Model), # ¥ 3B R 4R AT £ 4 &Y
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B AR AR S — S AR, T 5 B e SRS R SR AT 8
BTENALS—RETERY, A4 —BAHMYABFTETHED, 08 AN B4R S

B RS o MR, BB A, BAEH — B R A B R BT
MR EFAARAIE T - A AZRANE T, RARTUA A B ATE#ANE

FEARAFAARZERUGHRALER, AHRERSBEHABBFLETTHLY - £

PAABETHEAVBITETHRAGOTR Y, HR AR AREHERA ZABEE
é‘]%%‘*:ﬂ tER A "ﬁ :g“é-*?—ﬁ:_ :V]T/'[%—ilj 2~8%£L§$&ﬁ. , 23] l]ib—]‘lo(:ﬁ'%:%

anf

BRI RB S T AR TS T REE e

EARXAREGSABETHAE T P REARARRER R —RYRE
B TI R AR T HETHELY, 5 — AR R BTE L PR, JofT
4;5%-]%2\?%—%—9’3),@%éﬁﬁixﬁﬁéﬁﬁiﬁ/’iﬁ'gﬁﬂ ° ﬁﬁ’:‘é"%ﬁiﬁﬁ%:ﬁﬂ &3
R, BARATEEG—HARAABRETHRELY, CRARNRE G w#EMA
(Weighting Value)4a &~ - &9 33 4 32 #4 £ {8 (Word Bigram Probabilities), /£ & #7 &)
FHBREME  BEMUE —EEHE R RTABRB B TR, B
KA BB AR IR 3B E AR A R FU3R 38 35 M7 — B R AR DI ARE R B

FIF 215 45 18 E 3R o A S 30 09 8 R AR BB P, DI HCH 60 B R AR RS
TR o BBV GEH AT A DS RAR AR £ 48 E K, RAVE SIS E BRI
Bt — B AR, 3 AR AT A D o RGBT, BNE®R
BA X 575 38 A (Perplexity)[7,8] #2394 3% % & % (Word Bigram Coverage Rate){f %
FIRMERAAABHER - RELSERET ML, HETRT, RILBREFE G EHHHE

RABRE Ty ik, TR IRGE R G AEB RR G AT AR AL RAR -
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HNEERARETZTHABAETELY, RANABPE T EZTHUHRIAE
FOPRERRANGE BT REB LR AR AR AFENE T2 455
HRZEZEHRALE, ETRBELLAMALAEANABRB T ETHRAY
Al BETA S 6) 35 F 1R B F 8 T FIRATIE 5 ARER, M ATIT 31 09 o4k A B AR B
MAHE R RERFFARET REAWGZETRBNT—ERAARGETRZ

%, BRTRZBERABNETHEURBE T REBTHREMEAGSUERSZA -

| FRXNERETNLELT, Fo0HE T ARYMBARE—EFR
ééféii,jﬁﬁ_@)éﬁ—‘*b AL ZEAR LT Q% XBIERER T HAIAIRE R
Wik REHRERMNY ZABETHAIREANRE A X TR E 0w gL
B R RCEATIGGER AR AR T RER - F O éi’cf‘]ﬂ‘éé’%'l M % AR 83E
TRUETERARBERRG T S — T NER - RE, RNEEHH

AamxtfE—EEE, ERERRAZTHRYAEAGHA T T @ -

=, FTHRVAR

GHRBTRBERYEBATHETHEALARBRY 2 HOHKE, BA
FORBHOAEE B RRERAOHEMBARGAS , 774 IE % B 24
A SRR B A S 6 BB S O R R R B F , B EAR
RATHRMEAZELTHRALT, aNREIGEH OB, B ATARREEER
REVRBHG R, RA PR, AT ETREALT, R HE
B 37 B 2 91 SR B R R SIS, P AR AR 0 TR M 0 3T R 8

JER - 2R, MEBRKEEETHREMERG RS, BREAL B L0k R
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BT RAMABEAG AT, o RE L 6 RAT R F # B AR (Alr Travel
Information Service, ATIS Project), 1& % £ B R K3t £ Z(ARPAFTE N E
HFABETRFRENENSEAYEERE T E]9] - A5 J‘EﬁaﬁﬁﬁkTé’ﬁ%‘:*ﬁ

My, BRRA—RERNART @ -

HNBEHRYRRAABRM T, BARASTHAT. AR EEE T HMA
MEBHAREE, BAREARAF AMNEERAIGERAEFTHAELE
TGN EN A HELRERABAEREVRENERZSGESIGSF, LE
RA—EMAGERAAAR, 2580V BEAMERLRENERETSY - B, £
RRBZT, HRBBWETHRAARBEFINEEGER - UEHNEHRER
BB TRE, —BATAAFEXIFANRAAHRES #;&(Word-Class Based
Language Models)[10,11], 3&48 7 sk 4F /& A A5 é’JFﬁ 3, R TIIEEARR
M #9324 (Syntax), 3% &(Semantics) ¥ 3 & R 48, 4ok ATIS Project F, &4
L EARAR T AT A T AR A Bl YR & AR A B — B, B A © 4R ERAR SRR
&35 5 wfe B 43, #%/%’Hﬁ FEFEEMA G - HE SRR 7T A RS
THEANYLHE, R4 E 5 F(Information Sharing) 6948 /1, B b7 LA ez
%%ﬁ%%@ﬁmwmm®°@%$%ﬁ BT DIRER, TEAREAR,
AT EA S 7k SA B By B 6 7 ik REATE AR, %?%-zw PR Fob VI E

H oo
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2| 4 -
REIR WANELTU
BT,

BEEA
B4R

AR
BE A

RTHAFB TRV, AT ARUAZTHUAR %ﬁ&*wm&ﬁ
RARBRTF 3B EABAEN[12] - BT ABAMARAURFTIHEH, 2
G —E—ARETHA Ly, HERK—AETREOINGEH B E R 548
BAAR OB TRITHN - RETRTERARRS THELTHRE, Ay
BFEU, pRATHETHETARE —RETHY Lok/THE, 24—
HEETRA LY, mREAABRNERGREAMREETETHNE, JGERNHAR
B E T R - ﬁﬁﬂwm:ﬁ MERTHERAE UTHBETHREER, RARKD

ERAAABS RAENEH T, PG - wlB 1 AR —EEKNETHERE
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BELAZFZHRAABENRE

AENBBRMIGHARZAT, RIOEGADE—LATALET BAMGYEH - £45
RAABATHY, ROATUREFINAFLEALFTERERGER, IR, 5H
TR AABRAEN T T EHRBERG BRE - KK 22 BB HB
B o AL XRK[IB]T RAA BEE TR L, A— Ak (Cache
Memory, Short-Term Memory) R # F7#432i8693, § TRAMBMAZE T IRAT A

SR EHRNEE, ETUREFRIOBE -

BE—FRE, TUBAABNGSHAANALE AL EHak
(Association) » 7 & 4% X B [1414% 4% i 48 5 #(Trigger Painty A > R A
FERBRABBHNGERARELS BA MRENR, LBk —HRABA8%
He- g ETTAREHOE T —EALRAR, As—ERLEEFTHEAV TS
BMEBLBREGHERE, REFETHBENEHN - R TREBET 8KBAL

IR0 A H PR T AR 12% 9 X TR -

AHTHBTHAVEAEERAABTALNGES, ARG HARER AR
M 2 E X RK[15]F=[16]4 LA 5 /s & $F & R(Minimum Discrimination Information,
MDDy % & s i ey ot 2 R RAE R FABR ARG n B E - &R
BN R T A REE PR P RMMBR R Y 10~14% TSR ikt e
AEHBRER, fEKRe)—EATREREIHRIVEAT 0K FERARRT 3

THMEGEGE, NERMEEZFARSLERAAABRTXETHANAEHF L -
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N Pk R

AW XArEtHE T ENAEORE, & —AHd S AARETHED[12] R 4T
ARG, CRRLAEREFRAE LR, FEHRLALREAEAGEZTEE
SENERABRE TR, FARABNE TR, BITE SRS HA SABGE
THUNEITHRLAL, ~RAAFMEANETHRAR KRBT HUEE, TR
HEBBARRGETHEBBF e E, AN RAFIIRGEEN, =
KE i B EMBEFRE S ABRETHROER CRAER, REABEBTH

HESBRARZEHRAL, APNERETEORANHE

EBITEE ARG, EERFHBEANEL, RAETARV ERANEETRTE
BB ATEIANG %%@#% ﬁ%ﬁ RS A, RBARILS RSB RET
B LHETROANGETETETHRG - ABBEEETHAL 62T A54
BA R M E T AN EAABRNBEENE TN, BINR T i T BAKRMAAN
ARAEINHOREINERER, dNR—Ba>mAERTHEARY —RFBTHEANL; - L;
BERG—ARERASRAER NGB T HRITHN, A L BTETHE, AALHE
ARG ET, CETUEH B RO RAR - REAH S —EARALHARS, K
P REE] D g%%ﬁﬁmﬂ@ HTKWﬁ%ﬁS%ﬁtﬁﬁh,Mﬁ%ﬁS
NATHAGEZTHNE, BEELH L, BANMYEABBIEZTHAY LY - &,
HE5—EERA AR, BRI A —BARSEHABF LB THY RB A TARSNE

A

ERAWXE, AHRAGETHULAERE TR - UNEE

(Interpolation)[17]R 486 — AX A FEFZ T A Lo Fo s8R S AR REBTHA L
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AR E A, VA REE R TE Lo M e R A o AT X

(B EMAREFRGREZBAT %
1 def
Pry (wilw;)=(1-d)xPry(w,|w;)+d x Prg(w,|w;) ... (1)

ABEXTFT, widw REALFHEERMEA, Prgw; | w)de Prs(w; | w))
aAREW), w)EHPANH R Lefo Ly P o930 2 B EME - dRX—ENH 050 1
Z R ey BAE, AR BRI F M RAE Prg’(wi | w)) F PrG(w; | wy)Fa Prs(wi | w))
FlEgtb & - —f&mE, ZXBMREZR S 9B AABINERER, RAITUAERE
BABFAERETHEAY Ly, dBATR—BARAGME: TR, RMNE2WHE
—RF BT Y L RBEB T ARG E N, dRLERT AR EE -

T@E, BRAR—FKRBRARABHE AL LB THAURTETHABNTR, URES

THA AN KR -
FREH
EREBTRBOTREALRZA, REARTROBHLBAE— 1

8B, AREARXOTRT, BFHNRE, AETHEGEH -

()3 )

B PR E BN et ahiE st 0 3 84464 B RGMEZ—FI mEE L

43591 B » ¥ B # otk 1 AR

167



HAE | —FH | —FHE | ZFH | mFH
B #8154 8 |23529 85494 8 | 6414 B

£ 1 KRB XAERFASEEE B HomER

Q)EFTHA U REH -
AFTHANNKER T, 648 T —REHFTABHE - HN—&ER, &I
PRAE LR BIAS R A B oo ¥ 3CEHAMEEH, AR XHMEHORE R,
BmE T ABAR, BRI A R IUE A B RS RN
B — AR EE M e D HOE R o EAME R ARSE R ER, RAIVHOR B
RBRR A, GHEH AR IEEEER A7 R 6 4 4 9 (phi) Ao X 2 M (lit) e
WIS T T 4 4 M(BBS) ¥ 328 043K B (bally o B, B M B (win) 1

HHXE. SRR AP S X E(Cs) o & 2 RN K] o

A8 337 — % phi lit ball win cs
@ | 12,094,234 | 67,127 | 61,676 |170,214| 16,647 | 3,445
F$ |18,384,664 |100,054| 87,987 |226,864 | 23,463 | 5,612

% 2 AWXEWATA BABR RN KRB R G K

)RR BH -
%%—ﬁi@ﬁ,ﬁﬁ%%%%%ﬁ*%&%%%iiﬁﬁ%ﬁ,ﬁ%%&
BXELFREINGERAMERGER - T2, BEEHSIFLHTIHRRR
(Outside Test), FiA &M AAABEIT 20 BRREH - ABLTBAT @, KA
M- B HHERARERR R, RLF=ZRNFLREEA[IFEAY

BEHRBEAR-FIINEETH, BEILEETHBALR, ALK - &M
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UEEEG PATAHNRALELTHOILRREER LRI EAHE —AIRE
ey EREME, Ak 64t R RIS B & & &4 % (Inclusion Rate) o 51847 3 49 R

REMANRETHELRWES -

AR B phi lit ball win cs
kg 5799 | 4,621 | 4,470 | 17,535 | 7,038

F# 8,407 | 6,269 | 6,011 | 24,271 | 11,223
84 % [99.82%) 99.81% | 99.75% | 99.70% | 99.88%

(3 SRRAXEMEGAZIFTRERPHEHEETHRER

EBm&EX

4 R BT —ALRAREA LB EAL H A ERR RS TIEE
BB T ERE £ P o) SRR E— B R FAARRER SR R BT M
WMER, TEERNEERTEALER()T —REARETHUNLE d @

BREHREAFHER, RMNLBEE-—BAABNAELEMATINRE — T

EP o
phi lit ball win Ccs

TR 82.52% | 82.04% | 81.43% | 82.28% | 87.04%
EE AR

REBE

TBAE | g524% | 87.03% | 90.13% | 87.54% | 90.72%
BTN

Wk Ed | 075 | 095 | 095 | 075 | 025

EA4U—RBABHFLEFTHEY

R F) & AR SR S IB R AT 8 5 BB AT B 6 4 R

HImegER T, BATUBEEDHAEAABRRREH, BE L — BT
M HATE T RBECT RS RENKE, EUABS B TERBITE T A5, &%

A EP] FIFER, WREERFFHEEHR2P 8% - KR, Kb
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BRs - EABHAR AEEATRY, AREERLARERSURETFHSE
MW ey A KR 3 S (ball) B4R IR, EAEK, EERETUK 81.43% L F 2
90.13% ° 48 & 47 4m B 3K A B Fo B KEH, BRAE DN ER - RABBHEAGE
- R RGBS XF EAA(Subject) Rk 5, 2@ L2 TH 5 EBABNNHE, &
irE A AERRETH - BRER, ARAELBFAFZHE, TAFERBE ‘

B ey PR EREM o

BB RAREE, AR AR AL d R4
ARBAR D, RIITOERE 450k 2, BFREARNBHNTHLIASN,
B TERE T AATER B e0i%E, MELE d BARGERANE M - #1%
SERLE—F BTASEHERAL L ERMAG TR, RIVEWH A cs 4
BB ERARERERERERS R E, TRERIINEKS LS,
BATTRABREB LB BT, BT HRGEHERYER ey Y, B8,
VNGB R, AXLECRMEE —RERLERARBTHEA, T

AREREORIETDES TR ARBMBER -

B E 5,612 % | 10,768 & | 17,373 &
R EsEER | 90.72% 91.31% 91.45%
HELEJ 0.25 0.25 0.75

RS AREHEA A BALILER W IEERE M4

HLE@HEETRER T, TUBREHEAARBRA GRER, ARG T E
THRATUEFEHAOLER, A B W BT LR ABEGHTE o - At
Yo fe] B B FI3E DI RT 46 B RAAABRINRAABH BT RUABINL L 4d

T & mRREREREZMAETHRALAR, BRE SARETHEISR AN
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R, ETa®HF, RMAKRFESHEMBIRE R ET Eéﬁﬁidﬁfat-

=. 3ABRTETHEAIR

W% AABEE T BA R EBATE T M, B8 A2 HE — AR S —E4AS
HEBTRUUAR B -—RBTHY, AR UANFE 86— RAABB B THEY
RANRARIRAF LB B © AT T, HATTT DARR AR B 35 49 38 o T 24
B—HRF EEABN ARG PR EER, AU ECEELBABRFEET
B, ZR/MERERMOBHN, RFEFCIFRAKELGRALAAER, A
DRITRT - ARG T, KMBHES BRABETRUVGIR T %, LEEE

FEFRAERGABHH L

BAVTUAE 2 FPHEERREZTRIVG SAABRB THAINGR S % ks
g, £SR3, #AEAVNKRE—EARAABRNPAERETHEY L
BB TR Ly, BANIE A4 — RBLARBAS T e F R R 1E
Y BM YRS AR FME, ATRE TR 3 Rk RAATH S — B8 A AR
A BRABHRETRY L, TERTRETSAHNEEHBER - MEA Y%
BRgEAzE, BFEMWB—EERT, SEEHTUwA B AT TF B4R, &
5 Sh gL — iﬁ%‘réﬁﬂ‘éﬁﬁﬁﬁﬁx HER -1 F & A0k B AT&Y AR GE aﬂfﬁik%d‘“ T

PR — R e A AR B D RE R BRI, FI R B ETRETEBT AR ELY
I@H%*Eﬁks“)ﬂ**#ﬁé’a*ﬁﬁiﬁ BERA LYGFBRIL2): o RITQDIRETHR T L7
FAlRBHABERER, BRMRAREEZTHMRIL—BEAAERS , BIRE

NZERABGFAERE TR L) (FBI-3) -
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[.%7%%:
I-1. L; = TrainingModel(7)
Il 23R EFZBH TR —FAABB TR
[-22.A={}
I-3. for any domain S
L¢ = TrainingModel(T), A=A U{Lg}
/I HERAARS , IHRARETED L
Ly = Interpolation(L,Ly)
Il a4 & ARSI R FETHY
[1.% #7354 T A
) II-1. § = DomainDetermination(7,A)
Il FIRFENGEZR T, BT — AR
II-2. if (S '=NULL)
Il 3% B 638 &4 J& R AR 3%
T += T, Lg= TrainingModel(7}), Ly’ = Interpolation(L,Lg)
I/ & ThANBERAABRS ¥, ELABBFLZTTHAY
II-3. else
I A% 2|48 6 FE AR
Ty =T, Ly = TrainingModel(Ts), A = A U {Lg}
Ly = Interpolation(L,Ly)
Il AT RILFBAARRS , EAABHE LB THAY

3 SARBETHA YR ERYEEE

D SR EH AT B AR IR R E T A FIR

FIEMENBAR—BERERAAR, FE LR —#X# % # (Document

Classification)&y F] %8 - f£i8 % &4 & 4k & (Information Retrieval)#F % &, @442

an}y

HABE % B Sibeh sTE S5 H E[18,19,20], ELEF AT A MR 55 -

— EXXHNECHESBANER, LEXXMFHLNE LA RS TRGNG

(b3, B E S8 552 BIRKHE e B R, 55 b i di(Profile),
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F8 3T LA B & 3 A4 694X A st(Representation)

=, REITZHHERAN o ABEFARFEE), HGE FHE LM

(Keywords) % -

. T LA A & 24 X (Vector Space Model) s, # % #£ X, (Probability Model) & 5 8]

MR R et B AZ A, SABATER 6 HI -

BT, BEFESUMRAAC BN EIEETM, HETZ, BHROFTER
FRMHEARGHAHIMERN - ARARXT, KRMATRAAAERBTHUFE
4 oy 3 #2139 1] 64 Bf) 18t (Association) 2R #) 3% 353 A B &9 R AR, AT EAESaHR
BFEE—FHEN, FREFOGARER - TREANFRATAGYRBEFR MRS
B, X F4 5 (Perplexity)fu 35 4 i8 3% & % (Word Bigram Coverage), [ B3k
NEHABH EBTHEYEALE 6 TR T AR SEARA TR G TR
A(Text Transcription)ff % BI3REM A3 B 69 X TR E o838 % 5 R RIFH

TR R A ARRFR O TREM -

. XFHEME

BB, R 5 B 4 S 6 ST A3 E (Perplexity)
17,8160 A I S8 ARSI 2 357 B LA 60 GBS 6 R R
BRI, ANEARRAFETREARES N NKEH W LR

(Entropy)Hp %
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1 N
H,=-5—2>logPr(wlw,) ... )

>wl ™

i=1

KA VP HR I, [wiRERES wi 8- Hy T
BRGRAEE RAHAREH AL GBS - Hy ARA, REBMYES
AR AR R R, RZTFK- 5T FRETHEETT4%

BFOHE, BERMEAXFERES
pp=2% 3)

FHXFTHEBENMERLETRALRETEARFAR A FF 45
FHETAEFTHEB - AAUBRBRETHAGXFTRBET AHE A RINREE
BA BB AN R R B - BH T T, R —EETHEA L HE—
BIREH WABRNGXFHRE, CRHAR, FIALRBARAW FEELEH T,
FHEEFHBREFHAMRYD, EREFE LR HE W AFAMARK
BB o RZA] L 493|6R3BRE W T RE IR A MR o AT SABRAPY =T SUA B &R 4F
B AR IRAE 3B T A R AR AT 09I AREH R B ML RAR R A E AL DI RIEHR A B
@ BMTUHE ARG R B THUREAMAIGE RO FERE, #

MR B AT LG B BN X FHBEGE TR B AT -

:§6%ﬁﬁﬂéﬁ%ﬁﬁiﬁt@ﬂiﬂﬁﬂ%ﬁﬁﬁ SR AF B 8 U
BB -RO6F, HAMAENEML A A phi | lit | ball | win fo cs BAFIR Y
BREHELRABBEETEY THHNXFRARE, MBI 50 KRE&%&

AR T BT A K R B R AR R E M A SCF A A -
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phi | lit | ball | win | cs
Lppi | 352 | 765 | 1067 | 765 | 521
Ly | 554 | 301 | 1174 | 781 | 587
Lpgyr| 601 | 838 | 37 | 604 | 534
Lyin | 876 | 1239 | 1349 | 402 | 473
Lo | 1249|2221 | 2376 | 1812 | 362

&6 UEHABFHTETHRYHRERAARAR B FREE

2. ALEH T F

BMERAEEHE R0 T | M — K RAA m WA R R WB = (b,
B2, o bi. b}, RESEH P A AR RGO EA, b b RAMRIE $
%0 HESERY o M AEATEEART AR VGEHR PR E E A A e

4o RIEREEEETE R T

m
Zki

FEEEREFE =100%x - |B|

1 ifbeM

i~ {o otherwise
HLEEHER, BATULEH-MBH W ms, AEEREE2REOR
FEZHTORAEEHERALERRAABIRBHGLR - FEEHAREGA R
3 By AT 1R AR 3 Bl 1%, E]#b?ﬂ%*ii%f%%bb$@%, BRARMTIEH W TR AT A 2
P L35 B G AR SR AT o AT, SRR B R 5T UL RAE B IER B AR — 1B

rd

AR FISRAR 2 o

& T RBAVRAEFEAR B R ETHER F AR BARBB KRB A5 2] 6y 4
BEBERRTY, BAMAWGEAMYH L phi, lit, ball | win fo cs £-4F 5%
HRRERNAELSFAABRGEEZTRATHEFINGHEERRER, MB— 75 54K

REMABHER BT HEDE R R RARABBRER AR R -
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phi it ball win cs
Lppi |37.28% | 31.39% | 23.45% | 28.62% | 12.42%
Ljjt | 25.95% {52.24% | 20.77% | 27.89% | 8.97%
Lpgir | 24.68% | 29.28% | 99.70% | 35.55% | 11.96%
Lyin | 13.73% | 17.48% | 15.93% | 40.28% | 12.94%
Leg | 5.02% | 3.30% | 3.30% | 4.71% |17.88%

AT REEFBH BT HRUH LR R A RBRAREHRgtamE £

) Vi kR G

-%ﬁ6%ﬁ7z¢,&ﬁﬁmﬁ%ﬁ%“%m%ﬁwﬁ%ﬂ&%@%%ﬁﬁ
o 45 T AR B 6 SR LA A b S AU A R B S 4 AR B AR
(K S B P A T R A, G — B AR SR 5 6 6 AR
R T 60 R B A AR R 5 S A AR o AR T R

B, B A S A 35 T AR B B 6 X A A Ao
BREGEEEREE, B RS EA RSN REE SEM T S0 R

ERMTURAXFHESBERHEERERRELARRAAABIIEHER -

HRAERET, BALTRRED —LAFBHR L o B KA T 2UE 3| ball
ARIR B E R ball 9ARBAF R E T Lpg FIE TR X FHEBERET
SHEEERER, BT UE—FTREKMAEN—H PARENR L, KRMAMK

BN ETH SRR AREETHETALNFS Y FbHTE B H RGNS

ﬁ?w

R Lpgl] HBAABWH R REH AT RO FHERERIFELTHOHAERRE

£ o

B — A8 E & win fu cs ﬁ%ﬂﬂ‘ﬁiﬁﬁl‘;&%‘ AT m g AR, FEiELbAR

m

By R EMRELGHEAS  EHOM AU X FERERFAEERE RN ER
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FHBBERT? 2 win AR BHE LBE B Lyin LB =2 Cs'éﬁﬁiéﬁiﬁ'lﬁé%*ﬂrﬁ-i'l
LA BBBERETHEAERNARS AR LB TEA Loy Y8R, EHRGE
FETRMAAXFHAMERAEELERFAHRAABRFE TN TITH - RiB
R, AL cs WARBIF R BT HA Log RAIE win ARG RRBHAF RE E#
Wik, PHRBERALNEZRAZHN cs ABRNINREHREER AL,

FRA B B AT B EF TR B THEAEH -

LEASREENZE, RANARSHRBTRAABAE, £4EL20 5
mﬁ ERF, MAG ASFRNERFBEREAT S BEAAR - BAT A
HEBHRARD T, AATUFRERFHER -ERAXTAMEAFNERRER

15 % A ARBH R B BT R AR -

O, EASARETHRAZIETHAS

ERFAG SAARBRETED X E TGN X, — BRI H E R AR BB 4

BARBTRAUBITE TS, BRI TRAORAAR, —HBREAHD

o}

#$— . ATRAHAR EREBAABAAKRENTARAHBHABF LB ETHE

RHMAB T EITETHEMRAN»E-B 3 RAMN SABETHAE TS

Iy ik o AR A EBNE E‘Jyé‘ﬁiﬁ’xéﬁ FHRAGE, ATE A 4 BAIIL U
PR B BT R RMAREE BT REEANTLEEARR(TRI-2) BT H
HBEALELELREETLH R B3 2%, £S5 RRI2 8, g —
ARSI BT A C BITETHS, RPEFHERAFTROTE - LEBIT

KRB ARBE BT HREZE, PR32, ERAVTHEESERSHF S Cs.,
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AT B B (5 11-4), FES sk T ST S A AR SH (SR I5) - & %
ERHABBETRANETGTRERAARENIEL, E T B AT A5 JE A AR &Y

ABH R ETHRURBET RETABHAE AR ZA(FHRIL-L), 7asE

)

THUAE -

[ #nds:
FLA={, N ={}
N BB ELS AFEERBEENRAERS
[-2. forall Ly
A=A U{LS}
Il ¥ % SBPNAABBRGABRABHELETHERY LN A F

I EREWAEE U
II-1. £ = AcousticMatching(U)

/| #ERBBEH UHRAEETHFFZ
I1-2. forall Ly’ in A

(Cs,Ps)= LinguisticDecoding(%,L’)
I SGRBBAABRF R ETHEE LyH Z #7888, HETF S
Cs 1185553 P

I1-3. select $* , such that Pg,= Pgforall Ly’ in A

I 3% 8 5 $ok &y AR % S*
I1-4. output Cg.

Il i Lo BB FF Co
I-5. A’ =N U{Lgy’}

Il E#MEEABEESN
M. @ e 2 ik:
OI-l. A=A’ _

Il DEEBABREESE N EMNBBEES A, ABZTTHR

B3 $AASE T EAE T AN ERLE

SARETRAVETHBENTR

BEERT, BMARAETRMAAGEZBAREREABRETSABETHLY
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ﬁt%%,dﬁﬁiﬁﬁﬁﬁ%ﬁ%ﬁﬂﬁmﬁ”&%gﬁﬂﬁﬁ%%%?&ﬂ
3BT AP PR ERENE - B A RE B BNE 4 6) SO A AR A B AR
BE > RIFRAG PARBAAA SABRBETRUNGETHAES L #2058
RIRIB R RATE T A T B — RN LA R AT = EERE 9 B A
AR ho A guit 0 B 4 PR SR G BB AR B AR 0 B R ARISAA R MY IERE R Byt
ARG EI G R4 - KB 4 TRE R A= AARGERR LB ERE - A K
Bl ¥ AT UE B RR I WA BRI AABENG IR ERATE b
HAR AN GERAS > TUMARZI R EEGEAAAR T ELEREBT TR

PRI AR S AABE T RGBT HRE T LB AETHURAANES -

COOO000
RN\ O—

1 5 10 15 20 25 30 40 50

AT OH

ARIBAR R EE R

E4%A$%ﬁﬁﬁﬁm%ﬁﬁWE$ﬁ%mﬁ@

BETRAMREETRERAEMES ABETHEANE T BB ERIFeH
ETHRHR - RS RHLHERAABRMAREN AT T ERS BN
o PR 4P A—RETHEVBTETHRERFIGOFTEEF TUE RS
18 % AABEET RN BT RET LT AN PREARGRR < sbsb AT
DERA T ENGBHAA TR GART R SABETHENEZTUHFE L

ko & ARSI AR A ARBRAS TE T H AR B AHRER > B A RFIT A
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AECERBABRAGRARBAINRERGBTHUVRAHLLERF HRL

BB ARIR N HRBH F 6935 A

R IE e 4R phi lit ball win cs
EL A FEsE R | 84.43% | 85.68% | 88.70% | 87.13% | 91.13%

R8AHMSABE T HANB T HAYRAB L BTB IR N FEHEE

\\-

ﬁ-\ \'ﬂ

ARBXF  HARBEBANFEBRERM FXETEAG B EIR, ARH
FEF R £FABETHEANGIKRE, BMAREXFERER[EERE LR
FIRE 9 R 3B 069 JE A AR IR, AR 1E B — 1B E A ARSRA] A AR B9 91 4REE R DI 4
—EZ TR, BUNE LA EEE T HAEG R -ABRG R EFTHIRG —
AFBTHEY, FREEAERARGABKE B THEY - ARTEETHRE, 24
HRAMAZTEERECHABB I ETHLY, FAARNETHLY, RE
BB E RRASFT 0 UK PR o RATEAH R AR B BT T35 T AR50
TERELBERBRABRAEGEN - BRAZLEF AABRFARRESTHRYE
TR ERTAARANGETEECARAABNT BT, Hl4E

FROABARABZB IR TUNE-FRAPAEHEE -

BAf&RMAIA ZAABE T RACAETHI LB/ P ISR, A7
ROBEERBBBROAR - ARRAT @ L, BAFLAEPNEERT ER A
BAR R G RAEM, B S RBE BRI T, %’%iﬁ%ﬁﬁéﬁ%’:#ﬁi oA
AEFZBTRUAG T ATERE RGBT, o EHeNE. SR EH

FHEE, FEAEHRBEABGETEDAERN, REEFSLBRARTF
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TRXFHEEEBAETHRBE T &

A Locally Adaptive Data Compression Scheme for
Chinese-English Text Files

TR E R RER+
XA ERERTAEELEA
E-mail:chang@rs360.ndmc.edu. tw
BT RERETNERE R
+E T ERR T REEARAT

#HE

AR RARBERERELER ) ABFWHRTAABRETERM TR
{5 > HEARANARGHOTHRBRE T ZRE—BAFBREAA

BBEMALEN T O PAXBASREARABEBANS—HORAEE L
W AXITEEERFAL S FH BB L (Double Adaptive List Correspon-
dence,DALC) % 3% » BAE—H 46 BE LM S RAAALBBOXFHERE Y
BoARNBEGRELASKPIRSETERER > ERE_H I ERF
B RE2PAXRAEHRENER - 8 RIE Anove-to-front/R
A R AT #group-move-to-front/RR] » A A RBEBAZ FEE RE B 7 H BH

MERERATECEEARETE  FREAFTHEGARFTX » TRT AL

ZF AR % o BHRRAK IR bR A k00 I R TATHE > A KSR B
BRT RS EHRRTREAGER R ELFRELE > 7 RERT AL
AP HEBHR A A AHIBERL AT XATARRSEZAEELH
o 4B R T BRI AR ATk 578 7 % 2 R A B AN A 3
D FE AT R AR R UGB o BT TR A AT A -

1%%

TARMER—B TR ABAMHBERM T AMRERGERE0E
%’#?E%%@ﬁ?é%ﬁkamﬁﬁ%@%i%h&%%ﬂ%°Eﬁ@%(
data compression )M EEM TR T4 » ALk AR RAAAKEHGE
ABRGBEIAEZRATRE: - WA AAARFTELAR—H > THEFLFPTIRA
XEFHREGO—RXFRLEETH AR TAEERE  THREHHEL
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BEBREFTAXFRABERGRN  FTRABREFAEVEARLEAN T
AAXRTXEERBET & - RITHF ST XRERBE T ERAGAHEERES
ERBMAR  RIAXFREBMARLRRE LA ¥R (global optimum) i
B 3% % fE (local optimum) @A R o P72 A8 R ARG M HE L LML RE
B RBAEE > fERERE RGRARERG B F# B AT EROBETHRT
EBEBBERE - AT HRTERRERS  BRITREHEERN > 2588817
B 4 (two passes) A LA REEAE » MERRFERABSNEE —E® 4 (one
pass) RIZEBAE - FE XFHETHBRBHREB Ll hfe K& ER LG
Bk H#H (tree) » 4 (table) ~» BF](list) R B4 EH (statistics)FH 4
SRR X T E ARG T, o A MR RGNS B B L LR -
RERABRSL REBEFREEINED S 0 LR (compress) R R4
(decompress) % 78 # 677 B A A& (overhead) » 48 & 7 il A Al A S 2518 85 o

ERH—EAESRAARARERAXFHETAREY X LAKFEGE—
HAREBE  BREAZEREEEFHELBRFETL ARAXEEERAL
B 54 (locally adaptive list structure) B FAXFHRERB LR
%) o RXATHRE 6 F EIRFE S 7| #H B &HAHHE: (Double AdaPtiVé List Corres-
pondence ,DALC) » {241 ¥/8 —# $ 7| (two dimensional linked list)[FE3RF%
HRE(MABAZRERAIBEARRBREYRE - AXTAELLEFHEEG
(alphabet-oriented) A& 7 X » 3R A AT F12 F # # (prefix positional inte-
ger) R ik BCABIG-5F X B4 » — AR T T AXRSHEAARE 7T
L EXERBREREFNEFIREFAAMA ) ERBERITRTENETA
BERBRGEE - BREBEAXIMRTZGTITRREES ) KXRZABHE &
HEEAX  2FXRFHAIRESFHA » BITTESNIILE > BIRLERET
RXFFIRT R TATH »

2 A8 Bf XBKIRF
RTFHAEHERAIHTRAGMZ o 5 E S F 4w le -

2.1 EREZSHBB/EIFRAURSHEERE T &

A MM SHE(11)A 1991 F KB E X 2 $ %455 (Huffman multigroup
coding) TR T FPHAXRAHEERE T & - THAXNRSHEEMIEHAXLRZ LA
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KLEE - MEART AXBRBHRE (BETXF) - REBETASAH

@%%ﬁﬁ@%°Ek%yﬁ%%%%%ﬁ%%ﬁﬁT}

(NEXRZ $HmBHEBNGT X (account) BAFHE -

Q) REBERXERB_ENGRE  BPARBBIBEEMLALTEBBRGER
S# BEZEXEHFLATEFT(byte) BB LRE -

OERFEERSUELLE LEXEHRE MERBEERRENEASHA
& °

FE KRG 5 BRAG R BA A BT T

(DA N—FFHEHAREEET > AR EXSHARCETIES -

C(DERAEAR S EGBEABBERE > § LA RN E I E R R
B EE R EE A —H LREE X SHAA S P AIER (inorder
sequence) &% WA A (postorder sequence){ #ATH & 07T B ALK » 1212
JREE2 3 R AT de © BT B AL ooy ik T A A A ARy o

2.2 k- ZX-He BRI R e T U EREY &

KRR AN 4B TR B R SUIR SO (12) A 1991 A4 ok 55 —EMRIE B -2 X
-# ¢ (Lempel-Ziv-Welch ,\LZW) %Mk ZA T XHETHRBRE T & - AR
AFXARBENEREFOTRZERATXFR  BYXFHENMA Y
FERT  BBER  AXFEAZARLATROBTHIFR (Car-
riage Return and Line Feed » CRLF ) ¥ ¥ AEATXFREE - AHESEHS
2 T ARBE ~ &AL T AR Ao AT BT BEF =8 T #F (subgroup) » k-2 K -fifeh
G EZ T T XIERRE T R AR O T ¢
(1) BB FHE(dictionary) Bk -
(2)BERBREZFMERFEERA R > 2 EH- 2 X- BB BER

ZEXEGSHBEHFAME NOBRERRNERABONERAL  ARKRZE

KXESFHBHEAAAETTHORERE - |
GIRBEER-ZX-HORBEAI LT IR ETARE T ZMRENHELY

LABK A GITEART  BBHR  ALHFRRTOFRFHTLLM

Rl WmfEMZ T4 -

2.3 B—$FERAERIAEETRE T &
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Bent Loy % AL(6) 701986 8 FT 48 s 35 Sk B 3 #HIE 85 6 77 3515 B A6 B 2 K
JE(fixed length)¥E4m 1 B £ k& (variable length)#ih e R AHRE 7
SE(3) A OEEAARAE TS (space) BM I E S X F & MMM 80
R E GBI XE S (string) » AAX Y HRE T (node) » £ B2 H
AB—%5(single list) REBBRBATBOXF S > LAHALE L RBY
XFE O EEFRERAY > EX—BEHRARR ) BEREEREBEKE -
Bent ley 42 th 4 [B 3R 2 K AR AR o7 31 A T 51 IR $1 R 4205 :

(1) 7 EEF T RBIEE -
(2)EF S HAHEEREROFHME(interval ) B EHEREHKR -
AFBERA LTRXZSMERGLEEY » LB —EAX LY TG HHELE

HB—ETOXFEREE » #mERKE (distortion) o
(DBEBBRFRERTHEEATRALF S RAZ > A E—AAANEHL

b LR K BERIEAE -

3 BEERFAEE INHEBEAEE(Double Adaptive List Correspon-
dence » DALC) |

A I E B ERAME F (14)34A1995F A48 h — 4 # 7| (two dimensional
linked list) ERFAEZETXRE T & - BB F AR LTREERZS
FIAE S HREAERIFE R (pointer) AZXWEHBH LM T - hEEL
WE—FEBik(link) - ARAHEZEBHELES ] - £2M ¥ XBIG-55HZ S
{27 % (high byte)#{&{ZT4 (low byte) TR 4% B A4k » HAH HEZT
WMATERYBEINRBEZESETHE S 7 (high byte list) - MR FIZT S 7
tEEESEAMRETSAMEA(lead) k- $5] > AEMEMBIBRARER
XFPEAMEASELAZMELE GBI EHFRE3. 1 FH  AEZT
4 B 5| 2 H % #5 B4R 4K (move-to-front MTF) R BIHE %] o £ Fmove-to-front /R
048 & A E % % (operating system,0S) F L1848 & 12 K % (memory manage-
ment strategy) PIRiLBFH A B V(& Al (least recently used replace-
ment,LRU) &9 B & #2 (page replacement) RBERAB R o T ERABERZHF
KEFGTEALSFIOATF I f b RA R X FRBHHMES ZHRFH X
e S RARG XFREFR N GEE L - {2 2nove-to-front RAEKEF
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AEE T ﬁﬁ&ﬁ%ﬁ@ﬁEUMHmU5%iﬁ&ﬂ%ﬁ@@ﬁ@%’m%
HAEZEEBERERER

@kix%%%é%ﬁix%ﬁ&ﬁﬁmmwvﬁmm@%ﬁzﬁ%ﬁﬁﬁ
RAFAARIBEHERENTENRS ) RARBERETAIREHEREN
FRERE  FITEE —BHEEnove-to-front/ A B 5| —EBEA AR AKTA
Fl AN S - 2hHTEEG SN FASEFALRRBAEARBBETITA
XFEREFORE I RE D MEARBOBELSFTAETHIS  BKRE
move-to-front/® Al » #2 & (group-move-to-front,GMTF) /& Bl B3R F L $ 7| -
BEUAGRESREEAROXFRA/FRIOTEZELE  —HAXSIAR
B@ETHLSARS ALY LALFRER MZEERBY EFEL L -

—AARBEMRTAGABLEE “REMET R RA KRB RZEEHS
EE > ERARXALZE B PR G OE ERF LR S 5] (Double Adap-
tive List Correspondence, DALC)ZE#/E | o

Bt AXERATXF_HEFRARFSIEAKEEZES — A M
FIAZGEEEF] o Mk $ 54248 F LIS FRBREEE T4 F X
FZ EZAMRABFASCIZ A a4 A B R ey REd X3 EEEFTH
AEOTERREETRALLRE BT FAF BT XF 4S5 R
KEF 5 - AFAFRGA  FEEN— LR RNIFRA > FEEEFAE
Bk Bt d KRB 2RURE N FUAER F RS Hnove-to-front/R B HEF
BBZ o —mEFIHAFAEE > RIFFAE > BHRFEH =P FETILEN—
48 % FIHAR A B AP B B A REE ] o R $ PR R BAEH o Bk
BEHE R AR RB R R EE AR -

BT B #] $ 7| R E AR A A - §ARATRE#81E A HIBIG-5F X
B A13053B Y XF 0 L PAS40MER F > mRFRARAT6528F » f5401
BERFOSEABREAAMECZM(2) - HBEEATXFZSELES

_ﬂ%ﬁ*i%%iﬁmi+m¢X%maﬁﬁﬁﬁﬁ 5 Pl LA

cFRAEE—EHFTXFH$7] ARBALAZEZTEATBAMECE
HESSER S &

A& E ) RXIRKDALCEMBE ERBIG-5F XHBABRA » RARKFRE P XF
YEMTF P 2 &35 %0 T —4GMTFEBY $ 7] » AR AR EE £ T T 2INME B 7137 245
Heg R 0 X H#m T
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(1) FAIFF AR B FNIFRGCMTF $ 7 ©
(2)FACHLAAABFNFS | ¢

(3) FLEHANABFOUIFE 7| F -

() BN F AT XF —HEMTFRGMTF $ 7]
(5)LBAAFA T XFMFS I -

(6) BN F R F X FOMIF & 7] F -

(N EHEAATFR T XFITFS I -

(8) LHAATH R F X FONTF$ 7| F -

A XA R ZAAE 8 000" 111" RHF R T LA B S EHARR

B B R R R S o RGBT T W (pattern) W @16 A AT -

— 4MTF & GMTF & 7148 Z pbds M B & g s - Bk RI& B FIRBME 4
ATREMBERPTF ¢

H%& T &{Z04

L % 7=ASCII 4 R AKAZ 748

prefix() A TAT (2 B BB IS
dy % TSz 12 8 B8

dp & TRz T4 o912 B A8

(1) F/AHTF TTH 35 BFMTFRGMIF & 5] »
000 L
(2)FACHEAAABFNIFE I F o
001 prefix(dy)
B)FACHELAABFMIFE I o
010 prefix(dy)
(HBAAFTEAXTER P XF_LMIFRCMTF$ 7] ©
011 H L 2
011 prefix(dy+1) L
(5) LA EMNF R T XFNIF 7| F o
100 prefix(dy) prefix(dy)
(6) LA AAFE R T XFONTF$ 7] ¢ -
101 prefix(dy) prefix(dL)
() LHAATER T XFMFSF F o
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110 prefix(dy) prefix(dr)
(8) LHANTER T XFOMIFE 7 ¢ -
111 prefix(dy) prefix(dy)

AT FRZAEB B3 2T - FadARABERTZIEEZRLE S A EHEL
v 5 B4 °

4 TR ALK

HRETALRINZERFAL S I HREB LG RBRELE  EREXEF
AX S HRBHAR TGS I BBALBE T ARET ALK 2FIRERX
C AP XRAREKGFRLREEETH ) RBBARMREGBE T Rk
ZEJLT T4 -

4.1 DAXIEE T REZE LK

AAFEEAXTHEH  AETEERILBRO T BT 8 S5 ERFA
HREEEERERALS N BREEIN 0 FOBARENTRINELRS
FPAXSHBEE EHRLIGAREORE  dAEXE PHAXSHEBEL
BTREAXEFARERES » THZILE AT B RS F AR R
Bk o EA MR E R AR E (text file) » MR A HI A MK
% (Microsoft Windows)#kEE P EBAAGEMIEE ) AHBERIEEHIK 12
TR ETIK ZAENRELE » MBI IILE L 204 (byte) B B4z o AR
GR/BEAERLREMRIMEEGERE > BREXBE R4 1 MEL1HURT
F &7 kBRI S - Be. 20 & BTy PR RMREEE (compression
ratio ,CR) ° BRI E R LA BEBEIMBRY LETHBRBEEZEAR S
Btk = ( REHEEAR - BREAEEEAR) / RESEGEAK - BE
ERE ATHGCHTH LS RBEHSAE -

HALIZBETRHA L BI BRFALRE T AAREALTHBREXK
BEKATH BERAEATEEOALT X ZART I £RANFR AL
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Abstract

In Chinese, a verb followed by a noun can be analyzed as eithep a verb-object (VO)
construction or a verb-noun (VN) construction. In the latter, the verb acts as a modifier of
the noun. This paper describes how selection preferences can be used to determine whether
a Verb+Noun pair (V+N) is a VO-construction or a VN-construction. The approach also
takes syntactic factors into consideration. These factors are expresssed in terms of
likelihood measures of the tendency of verbs and nouns functioning as VN- and VO-
constructions. The preliminary result based on 17 bi-syllabic, transitive verbs with a total of

880 V+N pairs is 88.4%.
1 Introduction

In Chinese, a verb followed by a noun can be analyzed as either a VO-construction or a

VN-construction. For example, FII# A xundliand kou3cai2 ‘train oratorical skills’ is a

VO-construction, where 74" kou3cai2 ‘oratorical skills’ is the object of the verb FI##
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xun4liand ‘train’. However, FIl#R77¥k xundliand fanglfa3 ‘training methods’ is a
VN-construction, with the verb §lI#f xun4lian4 ‘training’ acting as the modifier of the

noun 5% fanglfa3 ‘methods’. There is no inflections in Chinese to distinguish between
these two usages of verbs. This ambiguity poses a problem for a Chinese parser. In this
paper, we describe an approach to automatically determine whether a V4N pair is a VO- or

VN-construction using selection preferences.

Selection preferences cast selection restrictions in probabilistic terms. Selection restrictions
of a predicate are specifications of the necessary and sufficient condition for a semantically
acceptable argument. Such conditions are represented as boolean functions of semantic
markers. Selection preferences, in contrast, represent such conditions as real-value
functions. Such conditions are usually derived from corpora. For example, semantically
acceptable arguments which can be the object of the predicate ¥z chil ‘eat’ tend to be
physical, animate, edible, and so forth. Measures of how likely the object of 1% chil ‘eat’
is physical, animate, etc., constitute the selection preferences of Iz, chil ‘eat’. In Section 2,
we describe an information-theoretic approach of determining the selection preferences of a
predicate [7]. We will explain how we make use of selection preferences to disambiguate
VN- and VO-constructions in Section 3. The experimental results will be reported in

Section 4. A comparison with related work will be covered in Section 5.
2 Determination of Selection Preferences

We define the selection preferences of a predicate over a taxonomy of 116 conceptual
classes [1]. The taxonomy is primarily organized into a hyponymy (IS-A) hierarchy as
shown in the appendix. Some of the conceptual classes, for example, edible, flowers,
fruits, holes, human, literature, and locative, are features that serve to link together

concepts which are otherwise not related in the hierarchy. These concepts are listed in the
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appendix with a plus operator in front.

The information-theoretic approach of determining selection preferences as proposed in [7]

is adopted and summarized as follows.

Let P be a random variable ranging over the set {pj, pa, ..., pm} of predicates. Let C be
another random variable ranging over the set { ¢, ¢, ..., cx} of conceptual classes in a
taxonbmy. C is related to P by a particular predicate-argument relationship, such as verb-
object, or adjective-noun. The preference of a particular predicate p; is defined as the effect
it has on the distribution of C. Let the distribution of C regardless of any particular
predicate be the prior distribution, p(c), and let the posterior distribution p(clp;) be the
distribution of C given the predicate p;. The change between the prior distribution p(c) and
the posterior distribution p(clp;) constitutes the selection preference strengﬂn of the predicate
Pi» which can be measured by relative entropy. In information theory, the relative entropy

of two probability distributions p and q is defined as:
4

' Diplig)= ¥ p(x)log 2X (1)

q(x)

Replacing p with p(clp;), q with p(c), the selection preference strength of the

predicate p; is:

p(clp;) @)
p(c)

D(p(clp)lip(c)) = ¥, p(clp;)log

L4

The selectional association of a predicate, A(p;, ¢;), for a particular argument class ¢; is

defined as:
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1 p(c,lp,) G
Alp,, cj) = Fi-p(cjlpi)l()g P(ch)

where 1); is the selection preference strength of the predicate p; as shown in equation (2).

The selection preference of a predicate p; is a vector of selectional associations between
pi and a list of conceptual classes in a taxonomy. The statistical technique of maximum

likelihood estimation (MLE) is used in deriving the prior distribution p(c) and the postenor

dlsmbuuon p(clp; ). For a particular conceptual class c;, p(c;) is derived by:

freq(c;)
Brusc) = @
where
116
N= Z freq(c;) )

]_

and freq(c;) is the frequency of the conceptual class cj, which is defined as

freq(w) (6)

freq(c)= X Iclasses(w)l

w ewords(c:’)

words(c;) is the set of words that belong to the conceptual class c;, Iclasses(w)l is the

number of conceptual classes of a word w, and freq(w) is the frequency of w.

The conditional probability of a particular conceptual class c; given a predicate p; is

estimated from:
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freq(c;.p;) | (7

f’Muz(CjLDi): N
where
116
(8)
N=1} freq(c;,p;)
j=1
and
freq(w,p;) ©

fl‘eq(cj ’pi) - w ew§ds(0) m

words(c;) is the set of words that belong to the conceptual class c;, freq(w, p;) is the co-
occurrence frequency of the word w and the predicate p;,! and Iclasses(w)l is the number of

conceptual classes of w.
3 Disambiguation of VO- and VN-constructions

According to [2], ambiguities in V+N pairs are most difficult in transitive verbs. We

therefore focus on disambiguating Vu-ansitive'i;‘N pairs; in particular, we focus on bi-syllabic
transitive verbs. We extracted a total of 880 Viapsitive+IN pairs from the Sinica corpus
Version 1.0 [4]. 708 word pairs were used for training while the remaining 172 pairs were
used for testing. The list of verbs covered are: FII#R . xun3liand ‘train’, B¥E biao2yan3
‘perform’, V59 zhidliao2 ‘cure’, FTiE biao3da2 ‘express’, £33 xue2xi2 ‘learn’, 3

2 xuan3ze2 ‘choose’, 4iFE shenglcan3 ‘produce’, R jie3jue2 ‘solve’, HE

1In our experiment, the window size is set to 5. That is, a word w is regarded as co-occurring with a
predicate p; if it is not more than 5 words away from the predicate.
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jiao4yud ‘educate’, B¢fE falzhan3 ‘develop’, BE¥E chu2li3 ‘handle’, 20 canljial
‘participate’, & FHE guan2li3 ‘manage’, ¥EE% jiandshe4 ‘build’, #E{T jindxing2 ‘go on’,
58 shi3yong4 ‘utilize’, and F22E ying2xiang3 ‘influence’. We manually separated the
training set into VO-pairs and VN-pairs, from which we derived the selection preferences
of each verb in a VO-relation and a VN-relation. The formulae used in the derivation have

been covered in Section 2. These vectors of selection preferences (Prefyo and Prefyy,) are

later used to determine whether a V+N pair is a VO-construction or a VN-construction. We

will illustrate this step with an example.

Figure 2 and 3 show the selection profiles of the verb 248 ying2xiang3 “influence’ in a

VO- and VN-relations respectively.
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Figure 2. Selection profile of $2%¢ ying2xiang3 ‘influence’ in a VOQO-relation
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Figure 3. Selection profile of B2%8 ying2xiang3 ‘influence’ in a VN-relation

The selection profile of the verb 22 ying2xiang3 ‘influence’ in Figure 2 indicates that
arguments of a wide range of conceptual classes could be the object of F22E ying2xiang3
‘influence’. On the other hand, the verb 228 ying2xiang3 ‘inﬂueﬁce’ is modifiers of
nouns of a much restricted set of conceptual classes (see Figure 3). During testing, say
when 22+ R4 is presented, we first derive a binary vector Q that represents the
conceptual classes of FX#& cheng2jil ‘results’. The vector is defined over the entire set of
conceptual classes in a taxonomy (a total of 116 classes in our case). All conceptual classes
that f%4& cheng2jil ‘results’ belongs to will be assigned the value 1, with all the others 0.

A similarity measure between Q and a preference vector Prefis defined as follows.

|Prefl

L Pref-Q + Ty Ty, (10)

S =

where | Prefl is the total number of conceptual classes in Pref that have non-zero selectional

association, and M is the total number of conceptual classes in a taxonomy. For the
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similarity measure of a verb V in a VO-construction (Syp), Tv is a probabilistic measure of
the tendency that the verb appears in VO-construction, and Ty is a probabilistic measure of
the tendency that a noun appears in VO-construction. The former is called the VO-

tendency of a verb (T“;O) while the latter is called the VO-tendency of a noun (T,‘GO).

The VO-tendency of a verb V is estimated from the percentage of V+N; pairs in a corpus
that are VO-construction. The VO-tendency of a noun N is estimated from the percentage of

V;+N pairs where N is the object of V;. The VN-tendency of a verb (TZN) and the

VN-tendency of a noun (T,‘;N) in determining the similarity measure of a verb in a VN-

construction (Syy ) can be derived from the following equations.

TW=1-T) (11)

TV =1- Ty (12)

Our experimental data of the similarity scores of BX4& cheng2jil ‘results’ with respect to
the verb 248 ying2xiang3 ‘influence’ under VO-construction (Syp) and VN-construction
(Svn) are 0.32 and 0.063 respectively. Since Syp is greater than Syy, we conclude that

21 B 4H is a VO-construction.

The ratio [Prefl/M in equation (10) is a weight used to implement the preference for a
construction which has a selection profile that covers a wide range of conceptual classes. In
the example of the verb J22E ying2xiang3 ‘influence’, the selection profile of the VO-
construction is more spread out than that of the VN-construction. When a new pair of %

-+ N is encountered, assigning it as a VO-construction would have a higher chance of

240



being correct. This heuristics is incorporated into the ratio. The additive term T, - T

incorporates the heuristics as observed by [2]: (i) When both the verb and noun in a V+N
pair have a high VO-tendency, it is more likely that this is a VO-construction. Conversely,
when both the verb and noun have a high VN-tendency, they are more likely to form a VN-
construction. When the tendency of the noun and verb contradict each other, as well as
when neither the noun nor the verb has a clear VN- or VO-tendency, selection preferences

play a decisive role.
4 Experiméntal Results and Discussion
The experimental procedure is summarized as follows:

. extract from the Sinica corpus all sentences? which contain one of the 17 bi-

syllabic, transitive verbs;

. extract semi-automatically all V+N pairs from the sentences found in step 1;

. manually split the V+N pairs into two groups: VO-pairs and VN-pairs;

: derive T, Ty, Ty and T in the manner as described in Section 3;

. use 80% of the VO-pairs and VN-pairs as training data to derive the selection

preferences of each verb (see Section 2);

. use the remainding 20% to evaluate the performance of the proposed approach. -

The similarity measure in equation10) is used to determine whether a given V+N pair is a

VO- or VN-construction. The decision is as follows:

2 A sentence is defined as a sequence of characters delimited by punctuation marks.
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if Svo >= Svn
then V+Nis a VO-construction

elses  V+Nis a VN-construction

An average recognition rate of 88.4% is obtained in our experiment. A detailed break down
is shown in Table 1.

Table 1. Recognition Rate of Each Verb

Verbs Recognition
, Rate(%)
Bk xun3lian4 ‘train’ 72.7
$%¥H biao2yan3 ‘perform’ 100
BE zhidliao2 ‘cure’ 100
¥ biao3da2 ‘express’ 80
BE xue2xi2 ‘learn’ 71.4
EIE xuan3ze2 ‘choose’ 100
4B shenglcan3 ‘produce’ 66.7
il jie3jue2 ‘solve’ 66.7
#E jiaodyud ‘educate’ 85.7
B¢’ falzhan3 ‘develop’ 91.7
BEHE chu2li3 ‘handle’ 100
2N canljial ‘participate’ 94.1
&3 guan2li3 ‘manage’ 100
%k jiandshed ‘build’ 90
LT jindxing2 ‘go on’ 90
{EF shi3yong4 ‘utilize’, 82.4
B& ying2xiang3 ‘influence’ 95.5
Average 88.4
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The VN-tendency of the 17 verbs are shown in increasing order in Table 2. The same table

can also be interpreted as displaying the VO-tendency of these verbs in decreasing order.

Table 2. VN-tendency (in %) of the 17 Verbs

e 8
iz 18
pe 28
&1 29
s 31
= 31
FE 32
4 35
B 41
& 43
211 44
i 46
ety 67
3l 68
BE 68
FRIE 79
HE 84

Three factors that have impacts on the derivation of selection preferences are:

rd

. Word Boundary Accuracy The accuracy of word boundaries in the
Sinica corpus will directly influence the derivation of selection preferences. First, a

sentence that contains a predicate p; will be missed if the predicate is incorrectly

segmented. Second, any error in the word boundaries of words that co-occur with
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the predicate will affect the estimate Pamis(¢;P;) in equation (7). The Sinica corpus

uses human labor to post-edit on the output of an automatic parts-of-speech tagger
[6]. The post-editing work includes correcting errors in word boundaries and parts-
of-speech [5]. In terms of word boundary accuracy, it is one of the best resources

available currently.

V+N Pairs Extraction Statistical techniques in general face the problem of
insufficient data. Hence,the larger a test set is, the better are the statistical estimates.
In this work, we used a semi-automatic approach to extract V+N pairs from the
Sinica corpus. From all sentences that contain a particular verb, say 52

ying2xiang3 ‘influence’, we extract only those V+N pairs that are of these two
patterns: V N+ and V N+ ] N+.3 In sentences (1) to (3), the followings: B2 ££-+ 5]
A, BEAHR, and FE+HEX were extracted. We then manually went |
through all the extracted pairs to remove the erroneous ones and to decide whether

they are VN- or VO-constructions.

(I B FEE 2 N ¢
Ji4 ka3nai4jil de nai4  ben3 ru2he2
thatis Carnegie DE4 that CL5 how
% BN ) e

ying2xiang3 bie2ren2
influence others

That is, the book “How to influence others” written by Carnegie.

3N+ refers to one or more nouns.

4DE refers to the structure word [ de.

sCL stands for a classifier.
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T~ RBU TR

bud  zu2yi3 goudcheng?2
not  sufficient constitute
-7 = R
ying2xiang3 quan2 shidjie4
influence whole world

These are not sufficient to measure a person who has influenced the whole

2 B R
zheidxiel doul
these all
e — fi
heng2liang4  yil weid
measure one CL
world.

3 HH 1
muddi4 zai4
goal at
ey 2
ru2he2 ying2xiang3
how influence

TIE
liao2jie3

understand

B
o

yu3yan2

language

Zang: 4 ESES
she4hui4 yinglshud
society factor

O 72

de xing2shi4

DE form

The goal is to understand how social factors influence language form.

Our simplistic approach inevitably leaves out many V+N pairs. Sentences (4) to (6)

are some examples where this has happened. The object of 22¢ ying2xiang3

‘influence’ in (4) is HA& ri¢ben3 ‘Japan’, which appears in a passive sentence

structure. Our approach missed this. In (5), the object has been wrongly identified

as #3843 budfend ‘part’ instead of 78 JJ zhanglli4 ‘tension‘. In (6), Th'E pin3zhid

‘quality‘ instead of 4¥E shenglhuo2 ‘living’ should be the object of FZ£E

yving2xiang3 ‘influence’.
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4 BX % HBH BE -
ri4ben3 shoud ru2jial ying2xiang3
Japan receive confucius influence

Japan is influenced by confucius thinking.

5y WL A ‘ -2 Gy i)
ian3shao3  bud ying2xiang3 zhanglli4  de
reduce not influence tension DE
&3 o
budfend
part

To reduce those parts which do not influence tension.

© HE 2 2 3 ®oOIfE
shen3zhi4 ying2xiang3 shenglhuo2 yu3  gonglmuo4 de
even influence life and  work DE
mE o
pin3zhi4
quality

even influences the quality of life and work

Polysemy Issue The Sinica corpus is not sense-disambiguated. Therefore, the
selectional behavior of multiple senses of a verb 1s conflated. This is not necessarily
a problem, as the resulting selection profile of the verb has distinct groupings. In
determining the similarity measure using equation (10), only groupings that match

the conceptual classes of a noun are considered.
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The issue of polysemy also occurs in nouns. Our conceptual classes of nouns were
based on the CKIP dictionary [3]. This dictionary has altogether 78,410 lexical
entries, out of which 34,984 are nouns. The average number of senses per noun is

1.0115. Thus, most of the nouns in the CKIP dictionary have only one sense.
5 Comparison With Related Work

The approach described in [2] uses the following algorithm to decide whether a V+N pair is

a VN- or VO-construction.

if V is intransitive/pseudotransitive
then V+Nisa VN-construction
else if V can be nominalized
then if V has a strong VN-tendency
then if Nis notan individuated noun6
then V+Nisa VN-construction
else V+Nis a VO-construction
else  V+Nis a VO-construction

else V4N is a VO-construction

Our work replaced the following steps of the algorithm by an information-theoretic

approach as described in Sections 2 and 3.

o«

6The followings are considered as individuated nouns: proper nouns, count nouns, location nouns, and
pronouns.
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if V has a strong VN-tendency

then if N is not an individuated noun
then V+Nisa VN-construction
else V+Nis a VO-construction

else  V+Nis a VO-construction

It is not clear in [2] what threshold is used to decide whether a verb has a strong VN-
tendency. The paper also did not explicitly state the performance of the algorithm. Thus, a
quantitative comparisoa is not possible. Qualitatively, the approach in [2] uses the part-of-
speech of nouns (i.e., whether a noun is an individuated noun) to decide whether a V+N
pair is a VN- or VO-construction. Selection preferences in our approach in equation (10) is
essentially a measure of the semantic compatibility between a verb and a noun. Our
approach, in addition, has also incorparated syntactic factors. In [2], it is observed that
individuated nouns usually have a strong VO-tendency while non-individuated nouns are
- more likely to have a strong VN-tendency. This insight on the syntactic behavior of nouns

in V+N pairs is implicitly incorporated in the term Ty in equation (10). Individuated nouns

will have a high VO-tendency value (T,‘;O) while non-individuated nouns will have a high
VN-tendency value (T,‘;N ). An advantage of our approach in comparison with the hard-and-

fast rules in [2] is that exceptions to the rules can be handled better. For example, 228+
BE%  will be identified as a VO-construction in [2] since the verb $2££ ying2xiang3
‘influence’ has an extremely weak VN-tendency (0.08 as shown in Table 2). The correct
relation in this example should be a VN-construction, which is correctly identified in our
approach because we consider not only the tendency of the verb, but also the tendency of

the noun involved, as well as the selection preferences of the verb.
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6 Conclusions

We have described in this paper a new approach to disambiguate VN- and VO-
constructions using selection preferences. In addition to this semantic factor, our approach
has also incorporated likelihood measures of the tendency of verbs and nouns functioning
in VN- and VO-constructions. These measures are implicit syntactic factors. Our
preliminary results based on 17 bi-syllabic, transitive verbs with a total of 880 V+N pairs is

88.4%. Our next goal is to evaluate this approach with a larger set of data.
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Appendix: A Taxonomy of Concept-

entity

physical
—animate

an

— pl

imals

[—— mammals

[ mankind
——nonhuman
birds

marine
worms&insects
reptiles
amphibians

animate
art

-
=

=
=
BEkaiinl

woody
herbaceous

— microbes

ifacts
| transportation
[—aircraft
:ships
vehicles
___ apparatus
[—equipments
——machines

| personal_belongings

[clothing
—accessories
food

spices
'meals
—drinks
creation
fine_arts
words

books
documents
articles

drugs

money

furniture& fittings
daily_cleansers
materials

L buildings

—

places

celestial_bodies
terrains

regions

matter
|— gas

solid

nonphysical

liquid

wastes
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nonphysical (continue...)

(¢}

=

w

characteristics
mental
— affections
emotion
empathy
[ morality
religion
[— beliefs
—__supernature
other_affections
— faculties
abilities
senses
[~ opinions
— behavior
[~ bearing
utterances
appearances
quality

[— spatial_properties
[~ physical_properties
[ colors

— sounds

[~ odor

— flavor

[~ evaluation

— other_quality

nlightenment

culture

knowledge

jnformation

i languages
sciences

[ signals

inciples

laws
systems
methods

ocial_activities
games

assemblies
industry&work

corporation

countries

districts
organizations
other_corporation

———

nomenclature
situations
social_relation
monetary_relation
authority
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entity (see previous two pages)

nonphysical (continue...)
| illness
temporal_relation
| events

+edible

+flowers

+fruits

+holes

+human

+literature

L +locative
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268




4#%E8

3R > 1986 0 AREZERF M > ¥ B foFdhiadt o

HERAZHRITEES 199 TRAEFAFH > BBXHFEEIT #HF3

BRoLiE 1994 AMEB T RRAIEE » FRAICCL-3€#% > —AAw £F*t:
Ao &k

FEA= > 1995 HEEARELAH—FH LB TEREHEETLL A 6N
BRe BT EMAIRRAER, o€ tATEE > BiEH
* & o

FEAZRAE S RAFE-FEE 1995 Y RARKFHEHEBRN > T#
RANTOFEANETEEZTLHHTRXE

0 1993a ) HTEFRALAFFERAS A -EREARFARAIIZW > Hif
#4593-04 > F RAFRIE A RMEHFRA ©

e > 1993b 0 P XFEBA AT 0 AR EIS05 > FPRARREARMNERT
It o

#1995 0 b RAFRITFEER R A TEFA > HATIREISH-02 0 PR
BRI A SRR R AT o

FEAE 1996 BERMNEEIR > BB T  HEBTLEQERELEFE T
W o

Allen, Keith, 1977. "Classifiers". Langauge. 53:285-311.

Chao, Yuen Ren, 1968. A Grammar of Spoken Chinese. Berkeley: University of
California Press.

Church, K. W. and R. L. Mercer, 1993. "Introduction to the Special Issue on
Computational Linguistics Using Large Corpora." Computational Linguistics,
Vol.19, No.1, pp.1-24.

Huang, Chu-Ren, 1989. Citicization and Type-Lifting: A Unified Account of
Mandarin NP de. Bloomington:IULC.

Huang, Chu-Ren, 1994. "Corpus-based Studies of Mandarin Chinese: Foundational
Issues and Preliminary Results." In Mathew Chen and Ovid Tzeng Eds. In
Honor of William S.-Y*®Wang: Interdisciplinary Studies on Language and
Language Change. pp165-186. Taipei:Pyramid.

Huang, Chu-Ren, in preparation. "Classifiers and Semantic Type Coercion:
Motivating a New Classification of Classifiers."

Sinclair, John, 1987a. Ed. Looking up: An Account of Cobuild Project. London:
William Collins Sons & €o Ltd.

Sinclair, John, 1987b. Ed. Collins Cobuild English Language Dictionary. London:
William Collins Sons & Co Ltd.

Sproat and Shih, 1996. "A Corpus-based Analysis of Mandarin Nominal Root
Compound." Journal of East Asian Linguistics 5, 46-71.

Svartvik, Jan, 1992. Ed. "Directions in Corpus Linguistics." Proceedings of Nobel
Symposium 82, 4-8 August 1991. Trends in Linguistics Studies and
Monographs 65. Berlin: Mouton.

Tai, James H-Y, 1994. "Chinese Classifier Systems and Human Categorization." In
Honor of William S-Y. Wang: Interdisciplinary Studies on Language and
Language Change. (ed.) by Mattew Y. Chen and Ovid J.L. Tzeng.

269



Mék— HBEEE (F3 . ", » LEBE

BE |

¥E

©)

W

e m\ﬂ*‘ o %&ﬁ\

#4 . FHRE
O WHLER N0 ~ Sol e - K - W
£ Rp - - e i g,
B 2EWwE e | Lot
QO YWDl KN KR ~ 2o -
# - 8- R o BT {egK
D o
O WEKDER -~ sboigl e - G -
oo h g U
Moo B T e KR e B
g | e KL a2 B AR o
@ W [ | TEF ~ oo - 4
B IR B B i - W
WM Bl RE
e o F o+ I X T od R ¥4 K e
!*‘*‘mﬂs’,@“’“@ﬂ-ﬂh
O WHMERTH T ~ ol - L3
%m’i‘ém’i‘éw’ggﬁﬁ’-‘l@‘ﬁ°
R Nk b (SR - I§
T o |
© WH[ ¢ | SHREF -~ ol - L&
e oo | BKKE K+ T
‘E’~<<‘Lo
8 7 ofpd S 20 &7 Sk
U*@kﬁ'k%~%ﬂrﬁﬂ'ﬁﬂ'
ML R IR - B
CH - AL - ot o (B B
@@;@;&ﬁ%g%
L RE IR
Qe - HA - SRR - EKH - B
9 - GRHC - B B e o EO
€ oK o) o BB B - W o (BB

J"‘i“ ’ .\:\%4\5 rﬂ-

210

")



R 4 =
&k #

W o -Jo WK

S i) SR B T Vet (o 35 > Y ot et v B 0 5 5 5 308 44 0 T o DB O S R B KR B R MR

(52)
(5)

(5)

(%)

RBRBI GG (F—F)

nf voice nf count

K<€ - : 15495

WALV . 4666

AN\~ ' 3225

3 —-5 . 2397

2386

S 2011

. 1558

(2584 £ v) 919

879

872

/ 823

822

821

771

718

608

551

523

515

479

N ‘ 458

453

X 447

N : 444

441

435

422

407

385

% 315

306

305

299

289

274

273

250

245

242

240

220

213

212

208

204

200

194

191

188

179

175

169

163

159

NERT) 153
271 :

I I o N B

}

}

< N

J7 /A< -7 H &R/2748
< ¢ v 7

VRPN I P S I

< o

Vs

r <

JHIT odEXNIRAIIR I FEIAITIKIUAAAIATEHTIIHR oEdEocISdoc e oA 4 o

I PR RN IXXTIF ] 70 | <] | XRXIGHEXZ2 IR D X Xxxx iy

~N R
’



A RARBASCII#53E 7] 866 (%5 —8)

S

2
AR EW

P8k =

i &2 Z NA

-3
ma

i

B — (1)
A

T (0)%

(2)

1 (1)

4

A— )%
T
I %
—(4)

5
2
=

N

34

<t
—

10

Ed
H

NO

0.
(o]

000,56x0

)**
4
M))l**ﬂ*ﬁ**
NOO A ~~O ~—~—~—~
~INAN~NO~O0AON

LA EAIFSIAUNINS
K<L <L He <L <L ML <L <L o
3R K I b 48 3R 1 0 2 |

—~

000 © ~

SRIATH T5 KT TIRTHE OSSN e
B SASI a  i Rl el A I e) 006X @
0 O~ N0 O N H e A A s —~
<<LEELEELLEZLIZLL<LBE<SL <L EZLLLEELTEL K EL
R < < < <L B0 < < B < HE S <RI 8 < < K B < < R <L << B <X
FERIE R I T R B0 B gl S MR B R - RE R e R BT

\

00 XX @)
x%x505.9, 90 =0 "X soa SO

[e)}
L NSNS R e A X EHGT RN ORTRKRK ARG, 222, . ST 2
N O ~ ~— 617((((8-A5((1(8/l\6654(2(()|A/\|A

D LLLLLED I LIVl gD 22D P e 2L S lip e < 2 << 0
L < S PR < < < T A < < < < < < << T < R < B < OB K < M < 1R
R0 - S A4 K BRI SR B - b T MR ST SO SIS B e R s H I R e R 1R

© x
000K, o ¥ «x 5§ %o - o =

KKy kKmaT oK &X&KSsNe ° “&nfhss, . =, .9 %X
o lllﬁ9©k88ﬁ7ﬁ ©Vnnn

VA~~~ ~MN~~~~n~ NN~~~

00) %

N e N N S e

MM~ NN =0 N0 F ——0 =~ MU.A ((((((

T I I EE B EL L IEILQILLLIL L <L E<L T E S
< <L <L L <L <L ik < i< < < <L < B <AL B < E<WRLID B <E< Tl E<BL<L<HFHEH
R DI TR - B 2 HH ) s o (T SR R o 0 K g S oK I X {2 M S L0 8 SR e By B X B HH R S

« K.
09000 00 O 00R ox O S0x -
—~ e~ * [Te]

XX kKK EKKOKZIK KA e aTan e s o SR

— SR SAPN PR NS ASASARASASASARARSAP IS AT AR R AR IV RIS IS A I AL AL QA N
w”)n)num)l(wzu037504l639( 432l/\/.\—/6((\((:A1(\()((/\(((\(()()(.A(
Mo S AV OB MM N NN - ~ o ~ ,0©

| 1 hRPb 1 EE <L L L L L L L L L L L LB < L L < < < FHR BRI < K S < B B - HIRIR B3 < E < Wi
B R BR 1 SR <l - HH I LI e R R B T e 6 K0 1 o O 0 M e X 0 (o M6 0 B VDR

P

A 16200

212



Mroke EEHAHBEAELTHEN (237 14, )

(ks

¥

& =

5 o +

4 5 1

= £ §E R
B EmEE R e

5 B0 R L <0 0 0 0 40 90 6 < 3 W ) VK 2 4
3K 380 R KR K 0K R K K 0K KR R | K R KRR

BT TS | | | B ] B 1
w

B Nt 4 H

¥ % & B+

E N § B E ¥ g8<

B ORI N AN RS B ) | B T R el B R
SERNEE-C -C M B2 <o 450 P 2 0 300 58 Y ORI HH B TR 4 R
PR | 00000 000300 300 00 0K ] 0 300 S N 0 R T

R = i = — i == = ~— e — .~ e

SREL & |01 o | 91| it | | EEDISRIY

R

3B & ¥
TR B M- e < BE<L
K EKHEEEDNE R FEREMLERE 2|4+
I S K T K T % S R 2 S Y <o B 0 J8 2 35 B 9
HRKEK | 30300 300 0K K B 30K 00 R 30 K R 30 0K R

~——— e e e A ~——~—

PURY LT TR LEE MM RMEIR L LRI || ey

-

i

iR

Poad

g

_

#R

R

s

° i
# ¥
|M. o o o o _ o
ol W X o B EBE
| ¥ K o I WY
COTRINE St IS
R-HKE 1 ol BRR 4B
BEIH B &N g1 -

Rk o f O Rihd SR
HO-EEHE ¥ RSRy @¥
B K- Eo ER REEY <&
EEITE | BEH - DR ERE @
RK B ~ BRI ~ Sl Eay - B
REEKRHE -~ R -~ i) | R
B | RS R I - R
HFHEE - K- EORCKEER
DI BRI R | )3 B
B KK AT 6 R R R s I IR 3R
¥RBRMNEEEEHDANWEHE <
HEE K - i 8 a0 R 3 ) 2 A KR
U AT B K M 2R PR E B = i

213



HAEAAERES (T, F—H)

e

~amg e~~~ N -~~~ —~ —
I Ne ks d
P BB
C ot TR Rty o
0 - P — —
i~ M A~~~ O~ P — —~
VN~~~ N~ ~ ) ]
gmo Lo mD oo g og s} a4
_ |
__xe®¥eNegRe  @m % g
O 1 o P e O e = e —_ - —
~~ 1>~~~ AN N~Md - — — — -
J8335258555 333 o 3 33
V@@ =18 -
B em By B ey B vmpy o = = g
O o m TN om O o T o e

MNMAAdA NI A AN dAdd 0NN MANN

N N N N e e N N N N e s e e e e N s e S

N - W o M L W W o Jekcu BREERH

— e e e e

DN HA OO
OMBEOAYNOONATNALANDFOANANANAD NI MO N
NONAATAAADOONOMNNNNAAAAAAA A A A
(©X@) © © ©O X K| X

KK KEKKKKK SR FHGBEHIEHER S
SOOI SRR SO SO O IR PR S S

PN NS PN PN 1N PN PN 1N

1R R MR L v 2 i i 28 1 0 SR JECHEC NS 0 6 X I a3 EEE < B H R e 8 i

R

£

=
e
o
E=
S

%
HHGH 30
RICH N B
BB

—mm A

e

’

&

BE Ik
& 7 %

P
N
=

7 R& TR
{H B i

& 5 3%

—
&
N
huipeml
o

PRk ¥
M IR
ARk Ik

AR 1k

—

—

~

e

I
Bl
~

— O OO
HAd-H OOV OVLUNNWMNWMWWLWNWWLUWN

&5k
F& & Ik

274



Fiskss RETHAR (L3 Tk, )
a. A ik, EHEHE
b. ®&EAH HiE )39

*JiE A O 505 f& (38) {@ (33) E (6) If (6) £ (1) Xk (1) M (1) 1 1
ik kO 337 {8 (15) & (11) I (10) & (9) F (1) % (1) k(l)?yn;ﬁ( ))jﬁle@(()l);‘éﬂ
% & 272 F (1) (1) X (1) E (1) & (1) (1) £ (1)

Bk 191 fE (7) & (7) {i (5) & (1) ¥k (1) F (1) B (1) # (1) 2 (1)
CBEAO 141 & (21) £ (4) I§ (3) A (2) & (1) # (1) % (1)

“fE & A 129 FE (12) f@ (4) L (1) % (1) F (1) @ (1) IH (1) FEfE (1) (1)
*F ok 109 fE(7) #£ (2) B (1) ¥ (1) | (1) B (1)

BEAXO 104 A (10) & (9) X (1) ¥ (1)

g‘%:@ 92 Eﬂ g (2) Ff(l) F'ﬂ (1) ¥ (1)

= 1 89 2 (2) W& (2) f£ (1) K (1) (1) 1

*f*%(i* 84 %(11)*{@ (7) IH (2) #& (1) * IR )

a1 82 1@ (3) B (3) W (1) £ (1) RF (1) F (1) &1

43N 2 B A 5 =3 & (1) J8 (1)
1@1?15 34 & (1)

7k 29 A& (1) X (1) @ (1)

GRS 28 & (9) {A@ (1) IH (1)

“{E H Ik 24  FE (2) E (1)

F2 ot % 20 & (2)

[($ 3L 24610 » 5 1/14H ) (E# 10 IH]

Pgup k. —H PgDwF —H Tk | T Enterff# Ctrl-EndE 25 EsciEE (FE &3)

MAIN F:\user\dic\NA_C 8% 9422/33055 fEE Num Ins

C. B ALARERAE GBS
d. HEABEZIBF

5 R DA

ZRES
*BR Ik Ye 010 2 RES
il i K 020 K
X e 030 fEi&
R 040 F Ik
5kt 031 ik 4
i iR ik 110 EE %
*H v 070 R
*BER 050 H &%
K FE R 060 H &
X 5 ik 100 ik
= B Ik

T &k
*TT 15 ve

B %

EARE DA

1[iRC A

PgUp/PgDw b T B Ctrl-EndiE R HE/F EscE #E#
PgUp k — B PgDw(fE &)
MAIN F:\user\dic\NA C 0§k 9668/33055 fE%E Num Ins

275



e. B AL A LG ER
f. AR HEEH

A EARIFEBE A

B HE CBWMENFEE-BEFECRAERCBE-RE -DNE Y @HEE

& (91) & (60) IH (20) [a]  (19) X & (2) X K (2)
X Bk (2) [ae] X #2 (2) X R (1) 18 (1) X £k (1) % (1)
X ¥ (1) l[ae] X TEFE (1) X B (1) X #r (1) X & (1) X i (1)
X i (1) X # (1) X if (1) X % (1) g (1)

g. REINFNEAHE

A % 7 & 3 # B & 8 5 hh 4 F1:f 7%/ 51 EN

IE | 3 W% | naos62 1 | EF | T Y v gt | T B | F

AEE |1 HEHR

SHE 1

Bl Hik s WEEESWEFE A FE s B U
A | e— B -B-E~~-FE 4 ® =1 :

O@FEN: & @5 :

@E Ik

@ HiHT :

-+ =

| @ —f% : ® =1 :

ARG | @M : @5

@ E

@ i T ¢

PgUp/PgDw . F Ctrl-pgDwig ] i&
MAIN F:\user\dic\NA_C

Ctrl-PgUptt H /E #E Ctrl-HomesE#£ Ctrl-Endig
.8k 1/33055 Num Ins

r&

276



Makb EAEEAl (B THe, 0 SRR T )
& —% -

® (FE%) ARG EEMKRY S o FIE : WM — MR« — (&4
F—EEWT N — T — S —EEENST  —ER K
ol REMBEBMET — I o

BeAT: THRL R T BTUARGERERY S BEE— e
o TIR) REE EMOESENY S REMRTENOEERY
SRR T REE M T — M —Em s —EEEL o K
T o 1 AT R RO SRR DUl 9 B R S o IR R O B 0 R S
cH TR MR MEEEEE TR REEOHBR B, o

@ (EY) ARFEBVRECSEEROBY o FIFA : —EA R
—EEE EERE R AEFEENES  WEE . —KEES
ol REMKEGRE  HEEEBR —1EEH o |
WH : ARELBMAREMARE e, RHE > AMRATSE T —
s~ —fER, o T RAEMBMBEBTLUME (6, Kt R
cHEBR TE, o

® (F) AR EERME Y o GIF : Bremvk  BiEg 8
BN MEMEACE RSB — R — BB BT —5E

./A\

rull

REE T BRFRTE-—GAENE—GAIE o

@ (%) ARHE "H) r LEEHERENE o HI7F : EEEH
— R EUNER  — AR DORER s —RE2ENB TR ERRE

N FEMER S ERES D EWMEEEBEESK ETREBE o

® (F) ARG EEEHE AL o HIE: BEME . —EHE

B SRR SRR ERE AL BEE
T TG o Bl REHEEN T EME  REKEITE AR o
SR : Tl R TIEL ~ TEKL BUMARHERX  TBMA XM
MBKFERE > TH R, TEMAE » (% RETEMSE
W TS ERMESE T ME—EESK oBBR TH K
© (M) FKHE e, HMAMA - fE: — e —fek

Mt ZEAdeoflm: BEARHRERRFETR » tholaE R — 5@ o
277

2

N



BT Y v
OF EHRFR
OF ik~ HUE ~ RIS A S ik FEK S B MO BB
Bk o fEHERAR o (—) E HE B B Mo
(HE) R o |
OB Biik Mk Mk ~ofgRR o (—M) : /@ H 5%
o (HM) iR~ R o
@ ok e A A o
OBk BEE Mk Rk RBE - BES BRI B
B REE BEBRE R B - o B EMEE o BN R BE

) o

il

FP&EE B DR T —8&FE, o
OFEEE N XENTWE~ o HBEXHIRE (—iK] + E & @

}.
b
>
Sy

o

A
i
=
cu
belm
Ty
1|
()
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M : TR RTITHALAEABEZN  BF "HES—Fi5e
B EBOBE |

218



-
b

iy

#)

—_——
5

= TRk PRSELAY B

N\ &

— — o~ — — —~ o~

"N NN — - — — — —
B e TRl S e i P T L T e e e i g .~ N N~
<t ™M N NN NN e L B B B | — — A A A A A A — A A
)(()P_PEE(PT@(((WMNEE((((%E)((“” ((((((((( M‘m(ﬁ% (((((

© 39 OB T I X R S IR O A B0 ) D T
RPN T R VI A B K R b - P S IR AR DR U S M 20 e T BB 2

~ ~—~ e~ o~ — —_ e~ —~ —~
0 NN — — — - — —
N NN NN~ A~ S N N~ o N R i NN Nt N oy PN NN AN N NN o NN S S S
— MO NNNN — o — - A A A A A — L e B B BT
th (((((((( mhﬁ% ((((( mmmw_ II\()PT?( (((((( .—Tﬁ((@((((@fw

T Cpppimk e pgg Saximiomm sl el QAo CEFIKER 00 e R 86 BV A0 - BE K i O
B B < 5 VI 2 ) e 8 B - R M 0 i ] B e 036 L 40X R SR B, 50 D B B o )

—~ L)

N —

N~ o~ —~ N— — —
— o o - 1
N —~ P e e e e A_% )))))) Aﬂ. ))))))))))))) e NN N~
— O ™M NN NN Na o~ — A L B B B B | o A
((((((((((( ARSI (NP NN | NN - - SR A AL

— —~ o~~~ — —~ —~ — —_

m o o — - .\LI — — — — —
C__C__ Syllitydddtygt ¢ Sfgd gligloidpligdd I
i T T Qg < St iy DHE Cymetys B C g REIE R O
S B Sk B 4 L B B AR s A 52 G U TR R R e e i e
o

o)

(9]

m

(@]

o

219



Hﬁ%$%mﬁ B 3 BR S AT
ﬁﬁﬁ%éw

RER® REES BARS
I R
oy )

EF &4 . tsmei@hp.iis.sinica.edu.tw

HE
AX AR EZFRFF R EH > LAk H] A BH R ETBERREIN c RGO EF
RABREEREY > BAhtkVEETEIRMELL > RERB - LARYBTT AL ALl
ERBETER c RBRBHAEME » HRAME BB TEKET iﬂ»% RESHEEIR
R EETHEANBHTE  ERFEREF RO ELEH o k@&Mmamﬂﬁﬁ
ITREFTRUAR » — T EF@REACAI Mgk 'fjiﬁ-ﬁtlﬂﬁﬁ—%‘: A—H&
REBEEPREEARRYG ) BRFARWGERARRA O HZHEEF L

g% "He ) LT A,

— & E 0 LAF TR R » MR T SV AT R X BAEILE]E
AHBEER > LEE —AREHORE Tk o

VA Teng (1994) £ &t +¥ XL £FAF R A > EVHTEREMFETE > desk—
ERXFXMEGFXHE > AEHERF  REMNA LB TR )R & HERE ML
B4 o wﬁrﬁuJ%rﬁFJkﬁaﬁ%ﬂﬁTﬁ$%%Au&A,ﬁ%&k
REERTABE EZT—«"%] ~HEE - B HEwERE T THee ) &
HAFNR > miEET THEEMHWI) RZ > "THE ) RAHTE N Tk
FFE(HI4) o ZAMARBA AL > DA T EE WA RHE(H2-3) 0

(1) BERBRECRSHBB)ZATHTE o

Q) ot 5 (Fes+HE)
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() LR (B S+RIE)E BIRIA o
4) W—aEReHREVAEEE

WTFR KMNTAALEAHEHEFALRNELORER o
(5)

RiEN\FR
4%
# 5%
8137
7]

Pt

BREWKFEAR AR T F > EERBET —EMHBLAFGEMARE s TR
A A B MR EREEA MRk > BlieTeng (1994)ARIEHI(6) » FIE T #
B TR E6HERERR T, S G0 LEA s FEERMAER
REM T RAEMEER "8RS —HRTREBEZEHRE (H]7) ©
(6) (FHARCHRFINBEIEHORFRANRKET o
(7) ZCHIBRELBROREREFA o
Hk > Teng (1994)1F T —BHBHBE > MHARENT "4, Sl Heyf LR
AR > HEEAEA (R AE(FI82) ) RZ > W RF| ey H f R
o THAME, o ARBE THe ) FHEFE(HI8D) ©
(8) a. ALFHARHSHRHE)
b. ta— @ H AR FARGESH AR ©
REEZMBRLSNEMETAER % "A, & "4 BHOHLH
%> TERGAEASHMERGE L L& #ETHEERE  WEFEAMY
Ao TaZp BT "Ho, o "THEF B TAAGBRE "RE~3F
ANEBER ) —ROBAEE TRRA "H4E, B8R "TAR B K
B, $FBAEE
(9) a (Fo+HAHRRERMEERMY o
b (AR AN R MR A E R o
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(10)a. BART RK(F-C+E) o
b. BARBRARAE S+ ©
(1) a RBHEEFRFEEMER > (BtRF)FHE o
b. ABGEAFHHET » FAS+AF)GR B AR
A —EMAEL > BEHLE 4 ETMBRGFARS %> TRFEEX
(G)R &R > foid —EF)REMALIG R » REMALHE > AMFTHAREERY
hREAATE o AR KA T A A4 R L] & AT o A7 it Sag o
e B PR > "R RAEH R RA » T TUAERERWRL(FAXE
1=21995) o KAFIH A PR ERF BN EFELAR A EEBHE(REIS - BRALE
%1995 AT F » MHBRFAR TR TIHE S TR T TREERSEL
AR EREW o
(12)

A %\ )R 23 (71) 24 (77)

2 570% |
& %) 7 9.9% 4 5.2%

& 7 9.9% 14 18.2%
Ak E %) 20 28.2% 4 52%

H 10 14.1% 2 2.6%
A

Wk P REGBIRTAE 0 BRMEFAR THERM AL R LHILAE AR
BEE 25 o oAb R0 A T LB JE R o 48 0 A AR S 2 BB A0 3B

B MERLE e AAEREGABERERRGEE B RS B

B kRS RRER RGN 2— o MALME L E—ERSMMF > RA
BERRMA R~ o BIMEBEROR » T Hs, BRE S REEL LA

] > 3BT P 80 4B H L o
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W T R BEHERARTRNE—F TRERAZIMOMG o BLAF
FERAELERRETRAEN RO THRARTHE o BT RESEH A
EA BRI MRS —HEAR T, o ThEE ) §ETENER
RELRRA o

2. FEHEERE B

ERMBERATRARRFEEHEF > "HE o TR HRGRENT]
228052365 » AR 2L MR E 0987 > oy b CFE ok [ 41(1994) % 4 09 37 B
EHFERE 0 REATIEEN28326B8 3 F > T T AR T ANEAE o S#H3
#3%# Vendler (1967) ~ Teng (1975)3 Smith (1991)4% thé9 »-#8/R A] » AR AWK & Ey
)0 BATABSRENF TR S EEERMW13) o

(13) a.  JbARRgE o

b. WRSH

21 "HE,) REH T

BEFZBERRZERAM > REWGERAEFEMER » epl(1D)FT TH

B TARBRETE  "HhREE, ®F4To

(14) SR (FH B+ P B)FE=ZRT o
P AR BR300 3B N 4L(1993) 4% A 69 38 L AR A 5 B HE AR FI AR R
Flegda . "&8E, BREGFHEF > & " BRERRHREF o

TRARMERAR THRBFEZTORASRAIN > BHFAZIHMEALCTRAY
R ik > Batp|(15)89 8 H1L3h 48 > Bl(16)89 T Z AL » PI(17)69 4 RAZBHEE » M
BAI(18)EE AR " T, BE > RENRA— AR

(15) AR &R E+ )y KaE o

(16) 4m T BLABI(* & FL+ PR 42) 8y L BEK o

(17) te B FAR(FH R EE) o

(18) FEA(H R+ %) T & F 1Rk o
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BRHLEF TREGE, o RET RS RERBAE S ATRTER G
WRIMATAKRBERETRFEHANETRERATY > BEREZLEAHANY
B R AR EHERGEER F o

2.2 &)k e

KRAVEE R T R332 R ey 5 7R Ee 0 CAERRART - MR E ~ 35 ~ 8
B~ PGB >~ NP F SR B HTF G ) AR 0 LIEFHE ~ MBS K
B REBRLEMACFRE ©

B RAVHR MR F(KWIC)h abdk th AT A &2 M 2369 &) » 332 H]
A FRAR T E T B RE 40 R © HlheAR A <INOM>#933 %R B & i oh e o
 FLA<DE>1 & 69 B B AR 35 20 6 o JLALAE oy Bl 2= AR S0 A PR S A8 - ok
EALE - MARBHRETRAXIAFTHEE DR  ARFARARA ~ BRF RS
FIET o ZAED ALY ST BRI T

221 &S
EEHET > THA ) WRITAVK  BEBEGEHIA24K 0 REAR
AHRTRERG A ERAREA>ZANT AR AVHE "HhEE, BIA119K
RERZB O FRARMNAHZZF o ERAFEREARE  BRESHLATAY
AiEWI9) e TA TS, HEAHEA R BET A ETF & (#120) °
(19) BT KReLFEEA % SERYE o
(20) KRMRZH ﬁ‘]ﬂ SRBABEITT o
BE m@ﬂ&ﬁﬂTuﬁ&mim 2B 0 ke (2T e T E 5
by 0 RAEH ARG T FRHOHBEER(B22) 0

(l)a tHWERSGHES o

-1
b, AR—ERLEMW o
(22) . FA bk bkAR B BT A 4F o
b, —EREEE RARLERET o




2.2.2 W
TS fo Theg ) LETRAERE "F ) FET  BEMHEZSDEMWBI23) o
s MAEMERARELG ) —AREBSZLZ F—AELRAFAELSZE ©
(23)a. HEH/IR
b. E&FRLE o

o

223 KFTE AR

BREEH TN FRFORBI U RABOEBREFS > 83 THR, H47
Rl s TR H30M s MEGER AN T HE ) ERERF-ZHRARERR
Moy & T, (F124) 0 B BT BRAREME, ﬁiéwﬁi%ﬁk:ﬁ:ﬂﬁ AFERik o ZHA

Cihese | #4230 T A(H1250) » R AR 3E » B A A AT T

(#125b) » FAREHEH KL 1T FIRHG R4

(24) QB BB BRA R o

(25)a. MR B R o

Y T

2.2.4 TFEIH L
AERFEHRSE > T HE, QAGLEE > TREE BIALN6RZS AR
BASZEZT BB kTR THRE ) BRI FBHARGIE > Lo T A & AT
T REHEARE Ty THTR R TH, —RHEAMNERKS HBELTR
Teh ) By o
(26)a. BHTRENEXZRE
b. A—ReBREELE

286



2.2.5 L mieshRe
AR EHRGE AN > REGE L EERRE T EEK . TG
B AFRIAF —BLEMALH AR BRAFELRIE»Z— 0 2R T
LAy T R AR & 15 > BLVT AJEAE £ 38 (H128a) » LT AE{E R 3E(#128b-c) »
HAFRBBAHZ —+ o
@7 @A R —kHE BAKATUREATHRT o
(28) a. TRE AL
b, AHiE LB BBIF TR o
c. BMEFABARLERENEY o
WA LR KROTAFE — BT e Akt "HE, = g

EREFHERE R > B LAAAEE S REE R 0 422 5 A
KAABE o ATHMERBHARAMFORBELERBEL .

(29)

86\ 3R % £ (280) REE (365)

WHiE 8 (3%) 17_(5%)

)iE | 47 17%) 19 (5%)

%) 11 (3%)

RE W 77_(21%)

%) 39 (11%)

FL U 1 (0.3%)

WEFTRAFERESL  BRTREKRBET OIS "B, FSHREF > AR
FORERENREAN  MEBPEMACHRAPIBKFEM MR > T B
THEBUI s LR FTHIBEETERLMCHER c BRHFTHER » 7& TR
RaE A REFEY RERRISFRELY > HLRIEET —Hik—

FHRE RTEEEFRE "HH8, o T, JFEHBEIR
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3. FEHESHBITR
RFRAK R B THRREBT AR PN > H B iR a5
B Ry FEMAER - BERAIZEM > REHGGR > AER Find kTR L

W 5 3Eik £ RO BERM o

3.1 #k & & £ 4L <tchange of state>
B ROFAGEHRIGREFNGR - F0 "THR, fo THhE ) k&R
Ry FHHAA > WHEBALARBEI s B HEN LRI~ H R o

3.1.1 & kA

ERE ORI ENE s THE o THRE, ARELEAATEZARA
B ThE, shiEBRELE TSR A EBEWHB0) F=
Mt | TUAMRLZBHREHLF0 ) "THE ) BIRFWEBDF=> TH
B BET AT THE ) Bl &LAEWHI32)

(30) AR R HAE+RL) > BBIR L RR o

(31) S T B (F 75 S+ e )Ag L3RR o

(32) RAVR(F B RE)BFIRMAHRT o
BRHILET THE, P TRE BATRGEHRERE THE ) BN E
3 BB FHRATRAENTERE B RELEREE L GERAMW
32) 0 Tt ) BIABMEGE 0 TOAR B RAE R F 69 AR (H130) 0 £T LK
e —EEHWB])c ARKETRERT » AMTAH "HE ) 2HKRESR
ft(change- of-state) 8935 E4F 14 » "t | AIRAE R ~ 3K 69k 8B (homogeneous

state) ©
3.12 ¥R

—BFFEREREAKFM AR EEHNL > TEHAZERLRTAEFHE
HME 3T TEHH, RAFRREERATH S RRERE » FIARHAT L
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TRBAZHR TT, o EBREAGMEENRKETE T8BT, o RZ > RikeyBE
TEFHEES Thit ) BHBTIHEARE
(33)a. FA(RBEHRE)TEEMRE
b,  RHMIE T R(F EA P L) o
AR S F B ET & 0 LWHARMOHLER » XMk EHE
TE, BAEH TER, > mEAEAKREGEE TRk, MBS TR, o
(34) a. HATEFE(SH+*RE) > RK--
b.  ARE(HkgE+FHHE)

TARBORELE » RMERTABEERLENHE oGS T "RFT, >

RAE THE) RHAKEE LY TFARMERME  opl(35b)F ey T XA
3, 0 RTFREFHELEZEPEENHFH o

(35)a. —EFPIHE > AX(RE+ZTEVFLMAET °

b, HAw IR (F FAHREE)F R ST o

BAERB R s MA RSB EZATROEERY > "HH ) KA
SHREGEHEHFLRFE > whl(36a)F ey "R, o 2BIEHI(36b)FH
EMAOFS "TRE ) A KER 2R ftk%J RIZ A R4 > 15456 F4
£ ERFEE TR 0

(36) a.  Ms(PREE+FHE) M HR o

b. ARA(KREHFHHE)M—fpk -

BAEMZBNFGZE > REPITEORERARERRAE TR G EERS > "HE
BEREGFARPIEGFATA > SRR TREGEERGENLER » (3T2)F
8 T, @) F e TE 3 Tt | AR BEOBEKEHFALLE » BRHE
BEehcE o RBERRGRFRE

BN a BEEFERBEHRGH)

b. HAEF(IRSS B RGE) ©
(38)a. F2 BRI ~PLANFNNFA~FNSFREN + £ + B8

b. B8~ FE/6 ~ FL2 S /1 + 15+ st
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Wa)itH o RA T HRE

S, TAT—EEHBEAELNIKE c FEX L RER
MHFRBH GG LG T > T HR, FHEHSRGABH LR

Bk~ vh s B B, — RO BESE RG> TR BEOH RALXERS
R TiE - BREBEEGRESEF o
LHEAER AR B 6 AL

EB > rré:.)-iﬁ%J Fu rl}k%J i&ﬂéﬁ%ﬁ‘-?@dz—é
EoHARMEFAGSHEHUEAN > "HE, TABKRBAE m " HRE
B BAE T H 6K AE » IR T o

3.2 & E 6% B4 <tvolition>

BETRKMUEBHTEBIZBEARGUEAR » FAHF —ATAER
S A TR B ENN PREEASMRMORERE G ZREEEH o

321 FAEE

"HE, A TR AT EFBLERRE LR GEFRA > e FI(3)HT

"HE TUEEBARED ", BEEE S ERFETRE LT T4

EFEoEA TG BERHEBMLGEE

(39) a. (P +FH HE)E ?
b.

HA A o
SIAE o AF(REHSZE)RER o
322 g H

ERROV T E > RELEZREATHEEZE [ F— >
RRATS- & (F140) s = A
(40) a.

b.

2E THE | TAW

Mhest | @ EPUERE & B (H141) o
(B f+riese) —8 1

B (% EL P i) |
(41) a. AAR(HRB+H G HE) !

b,  HEEHE (g EHR) |

WA G4 4 R B RIS A 2 MR » B A A RA PUTHEA > FAUEE
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FEBHEHGRYE > BMIBEFOPUTIRS c Bt R "HE | 4L

WA AFREZRBERERTRIEHGKE c RZ > THhE | FENBEEDH
b a) » PA A EMEE£IERIE o

| BARBTUABEN I HAMEZBHOBRE > "HE, AL ARE
BAEZE - EARBALEAIEHGES  "hE, B8 8 RERGKE > I
ZINN EA o PIABEGH ZATE FELT > AL F3F/LIT o

TERABAGIMNRLRGABRRIBFE AR G4 REALLFZIHMA
HEREEAFHGE "HR, TR mFEs= "TRE -~ &, (Fl42)°

(42) a. ARBH(FHFEAHRE) o

b,  ER(H AL MG R IT A |
AR RA THA) BRCERE §FARBFERL EMATITRLE
(#143) °
(43) a.  FT# R (GHEIRE) o
b. HMREABRT(HERE) o
B TRBRFEHE > EAEHERRY > B CRH "THE, (Hl44) o
(44) 2. BRI ERTEF(SEHHHRLE) o
b. AREE(H A+ RE) o
R RK Th BRCHEGARRR  BEMRLESGES TTREY
FAMEBAIETE > ERFLAFRFALOER (H145) o
(45)a. TR KRG+ G RE)S ?
b. A& E THFREHGR)

ARIE LRy F Fforbd > KRMVFAKBH FHBOEBLRSL > FHadHER
ReyE) EBEHMN 0 — HREH £ 4 ¥ t<ichange-of-state> » — & E LT A
By 3% #l<tvolition> » MW FARMEFNR G MR EFNFHRAAM o B —BEpHE
Pustejovsky 1991 » Levin 1993 ¥ 4k M e43 &-4 2 28R A » £ F L THEEE
F ) ik b e £ o
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4. &4

VAL RATR A FEH R 0 5 R h AR ECH 0 A AT i BUR R FIZ Mg
EITHBREGFARFENMN c SATRAVEHERARGHEZ ST LM LA
B> RWABEARFNETR > BRAFTNRE > RAFZABMBFE > RITHAR
PRABTRAZTOULHFRE  EEIHHRETHBT ALK E—8

RARG T =PRI A PS8 PR iR R0 o

fi5

' Teng (1994) 88 KRR B X R0 8 > # T Hew ~ ) EHB AR €11k
TAREGREANS » BFRELAFRG DR o RMB] EiRAMF I 4 Eh iR
RE|SFHR | —ERRT AR LG LR 1wk B H7E) "4, TR A
HAEML S KB FEESESR R > — LR T AR R RE 978K
Bode THERBFE—ARFEREE ) —gFFmes "X, ~&# A, ~
&7 T AE | EERTABEIRE N L o ‘

? BpTeng (1994) 71 38 64 35 A i% o

PTAGE ) AEMAERERY SRR E—ER L AR EHTHFEIN
FEEEA S EFREH > FHIRETHRAENLEL F XA VHRE R B M itidE o 3 s
EHEALFRZRELTE > BAERMAERT » "8, BRELSHMLLH 2
RARAFOFE TH) 536048 TR "#0, > BAPOE "o, LR
o AR B E &L MR o BRIHRA R —FARE  HEEFRLKE
RERMER > EAS M ER— LR LE > SRERRTHH o

5% ER

XN o N, 1993, A L E AT 593-05 FXFEAAH. 6 Tk
HRIT.

¥ X ke ik R N 1994, FE )N H TR E94-01 F X E iy 55 HE F 75 8 (FF B 5EAY
FIHELEF. 6 hmi FRAARK.

FEA= 1995 HEELSBESMR—FHEBTEREIREET
FTRPRANMERMANE G LR RS

KAz, ROUEE, TRAF, FEE 1995, T RAA R FEHEHBEN. FANESEZ
TR X K pp. 81-99. AR AE LER.

LEVIN, B. 1993. English Verb Classes and Alternations: A Preliminary Investigation.
Chicago: University of Chicago Press.

e

Z A EREE
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AL B AR

TR B~ W E ~ RAH
BIkEXPTANEL A
%ﬁ'% 1 30043 K48 % —F 101 3§
Email: jschang@cs.nthu.edu.tw

#BWE

A H %%&?%Jﬁﬂ;——ﬁ%ﬁﬁ‘%?%éﬁﬁ & mAFEMERTHLRRZEEN
1% REEDETAAGEF o KIM A RFFHR TR BENFSE5FHR o

KAV AN with ) » BRI TE GE8FRMEMmAYH » AR F3E -~ HiE
LR -RE-HR-BHE-XF-HE -HEFAR AFHEBELIAR
BEMAR T QEQRFBEAN  HREBHERER » KAAR & Eﬁ}iﬁ%%d)ﬂ%i%&
BEARZFESFIRNEAGHL o KNSIABEAMERBRLA AL V-O-P-N
BTG ORNREGMMS > ARHEESHATR ©

B VARA S R R R B I GG 6 B 8REH > I & T8 V-O-P-N
A BRI AR RFFHRGBEEES > BH A KR E 5(decision list) £ & £ %R o

SRR R eG4 REIT A28 5%y FIEREH o

295



—-WT

A3 % & ¥ (function word) » £ &) ¥ & 79 L3 KR &) F K69 B4R » B Sk
AARAMBAGEFLEETERER o LERLS > REATRA - RFHE
ZHFHASRESA 36.4%84 8 FE Y 8 —MEA43(Chen,1991) o {3 ey Alikdia g
Wik > 5 BQAAE ST

(1-1) He bound it on with rope. (&l & F e €8 srie 1)

(1-2) Will you walk up to the shop with me? (4 fe % — 38 51 % /& 88475 7)

PR X & X, 38 3% & A2 79 i (Longman English-Chinese dictionary of contemporary English)
F o with A =@ K o sush > AAB R LMY Hlle T a3 R
# (PP attachment disambiguation) o475 £ #HF % EF5 ©
FHHRIEN - AFAERESARS - HARBTAAGARARE ¥R
SFEBNAFNARAGER c AP XFuR L EH]) > £ B4 AT £ 25(Tang,1979) :
. RXAMFARZRH > P ABEGFTFARNHE REREAKAH
Fodwat (f£) > to (%)) ~ into (iff)e —EHILAE R EF M PHEFHB RO
2. EXAMNAGAFRAFNRBHLEFABAR MY XFEFmL—EE
"E&, ~T#&\, #9&453 (localizer) o 47/4w onthe desk (£ £F L&)
3. RXAFANBELRGNFALERTRRYE - P XA FRLEFNHY
& o 44e © beside the desk (£ £ F % %) ~ inthe desk (£ £ T &) ©
4 RIXPFAGBEFEARRAGANARZHLFARBRT o Hlde . at 6

o’clock ~ onFriday o A B¥ R dy $38 KK A3 & T o 4w . arriveat ~ angry
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with o st R (collocation) R, £ 4 % X b R A4 o
5. RXAAEASWEE L RFNAAERERTHRGER o bt 10
minutes before / to 6 o‘clock © ¥ 5 % $AL&Y BT o
BT R > FREA MM » 838 RIS o
S HHAFEFINE
(YA a4

(A) #8545 35 Pk (case grammar)

Bela 3Bk 6 R RBERTE Mk T MRE & & & & H#(Cook, 1989)(Rich and
Knight, 1991) o Ravin (1990)/ F# ¥ ' to VERB with NP | % X, 84 #24% » ARk A3
ERBER o HARAF T F &) F B (states of affairs) » 3 with ) ERTF A5 !

1. USE :48%# "bymeansof ; " using ; o4w " toobscure withacloud ; " to surround with

anarmy ;, o X 42 USE-of-Instrument % &/ #§ ©

2. MANNER : st A4 %3083 o do | to anticipate with anxiety ; Bp4a# 34 " to anticipate

anxiously ; ° X424 Intention-as-MANNER % & /)+#f

3. ALTERATION :4g3%# " make , " putinto/onto ;o= " to mark withabar , " to impregnate

with alcohol ; o X 4~ ALTERATION-by-Marking % v9.Jv%§ ©

4. CO-AGENCY %, PARTICIPATION :#a%3 " and | o4 " to combine with other parts | ©

5. PROVISION : #a## " give ; o #l4w I to fit with clothes | ©

6. PHRASAL : BplrigE o |

Ravin 247648 HF B B2 EF G THM o bt > FREAF S HEMAFZ

B © 4o USE-of-Substance $& ALTERATION #2Rsk <998 ©

Chen(1991) K B B E B LB HEA - NP AMBHER > HIHRBTAL
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(thematic role) o 42}t A& & > 4% Agent ~ Source ~ Goal ~ Location ~ Instrument -

Path ~ Benefactive ~ End ~ Extent Time - Point Time + #§ o Durand(1993) f #54%3&

&) 3% & M} 1% (semantic relation for modifier)$} -3 48938 ; R BB E R % o
BRBESHHNFNARTES » L& ERTROEFARELEOMI .

(2-1) The cars were all bedecked with flowers. (&5 % 46 _E 18)

(2-2) She covered her ears with her hands. (3 f F #54& ¥ %)
BHAOMMAEObject | > 12—F "L, »—F "H, o 4o

(2-3) Her hair became grey with the passing of the year.

(2-4) a child with a dirty face

AL ¥ 3 4 A -8 B 3 (2-3)become F» pass W] 4y B 1% o (2-4)child 3% face M144
Mg > P LERMGOEERBAN » RS &5 BT mASHR o

(B.) 8 X F ey o4

AR ERFEERERFRT > # with —Fy sl F 20 BLRASEL:

1. B R o f—& FF & b stayingwithafriend (FAMAARKL) ~ living with
one’s children (3& & T 89 3% F 44 —#)
2. 4 ~ @& . abook with a green cover (% &3 @ &9 %) » a child with a dirty face (K #k45 /s
| %) » afactory with its chimney smoking (X2 5 & ¥ 1% 89 T &)

3. A : fight with a sword (Al &]47F]) » to hear with one’s ears (] ¥ %k i%)
4. A FEEHH > AF) . acake made with eggs (Fi % #8944 2)
5. %4 . %A ¥ . tovote with the government (3& ¥ /i 44 &)
6. 3§ F(IEHR) : to compete with foreign company (3 7 & # %)
7. R EE . tosail with the wind(WE B AL4T) - carried along with the crowd (% ¥ A B 45 #)

8. KE3..; #L.F 8 . Her hair became grey with the passing of the year (K§ ¥ 5% A #4974 #f > .89
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

RERAT)

B R A(HFF e ) to compare chalk with cheese (§ #.8% RA= 4y % 1) ~ to match
a coat with a skirt (2 F B 5M &) ~ level with the street (S #7 5% — K& F)

3% ; | fm(d54#) o to part with money (#4%) ~ to break with the past (F= i & K 4 M} 1£)
$EAR..TR ; B¥.. TR . With the best will in the world, T can’t make her like kme HEFEx
#Hifh > FRRF LGB )

B ..4F... BAH . singing with joy (% R 3.3:°8) » grass wet with rain (B HH B E
3) ~ eyes bright with excitement (B #% P93 #4&) ~ With 3 children we cannot afford new
furniture (B & A = @K T » &M B FRHEMR)

X .4 . totrust someone with a secret (Fefk F % 3% ¥ A)

HM . E3 . #35 . Be careful with that glass (B¢ 18 33 3 2 ) S48 )

SR, M fe(d5iddk) ¢ connect with

(A#44) . Down with the school (374 %:4%)
&...% i} | The decision rests with you (dy {7 3 €)
in with (SR X B 3R)

withit (EF ¥ -~ B8 - fTAFFRBRAKR)

with me/you (B8 % 69/4R 69 3%) © Are wou still with me? (4R E 0 & &K &9 %5)

HHAMGRB QT > RIBA LS RE RUALE

1.

2.

ARREFORELH K6 R AP s AFR "R MTFBRALRES o
FRSFHORERENY A 1256 F3l5Ee 5 3k FodtARENG B>
SFLAABER ot "1, THRERMABMEEY T Object ; & Ravin ff

#ey " Manmner ; > "B HRFHABRGIH > BT Ay LR o

(DA FEF RO R B
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(A)F T HEE dhikRl

Chen (1991)é94F 3k » #p38 40 ~ A48 ~ R B4R T3 &L (semantic

feature) s 44w the rﬁan who he met in the park ¥ &) met ~ in ~ park #93EEHH > 5

cat : tv 1 . )
bi - feature : animate cat: x.moun cat: prep
met :| * case : agent ,pafkl num : singular ,in: c: %
feature : animate feature :_location chinese: | c2: X
obj : . . | el EE c3: M
case : patient chinese : .
chinese : HR, n: L n:X

B30 LR 3E A B S » X5 23 ik - #a(subcategory) » & Al £ X 534 (Sells, 1985) »
P AP 4LEY R E o HRILIEF 4) ik 47 R (syntactic rule)Fe &35 3 R (transfer rule) o

(B.)#] &) F # B (example database)

18] & AR g 4E ik > o R B S & FH R A F £ i (thesaurus) o Sumita fe
Tida(1992) A 3£ B X ATR $&# & » 17,000 4](270,000 =) Pk 22 £ HF 31 B 31 MF e 3 3% o

(CB#FZEZH

FOAONAREZZHERARETNTREF > AR —TEFFXARESE
¥ BEFFE RFMARE > L3 T X 0 3 H R B AR oY = T3 & & (distance
bigram) » $f A Bl A F3k 6433 45 WARB T L REAR PR R R £ RFo

(D.)3% & #83 (semantic network)

3% &M% o WordNet » £ 59 » 5% » B E# & &3 F # % (synonym group)
M &4 R % 3% (antonym) ~ F &%) (hyponym) ~ F] &%) (synonym) ---3 B} 4% o B Y
4 % oh & 9 #8%3 $£ (Longman Lexicon of Contemporary English) & ¥ 3¢ #4 ] %3939

oo M IRFIRIATEES  THRAMERXLEH > LRHBERS
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E)FEXEEH

FRIXEHAEINRN > THREMARR > SREFRFT LRI/ HS L B
WAEBHALAGRBGFTY > AEWNRBEIF ASRRRE ABARR—H
S AR BUESEREM > LA HF TR MR FREGT,1993) o Sekine F»
Tsujii(1995) % 42 5| > B RREBE LI > HRARBEEAG 28 AHABRG %
B R o B4k de Guthrie(1991) ~ Yarowsky(1992) ~ Chen f» Chang(1995) o

AR AZEHRFESHWRE > #4F T ¥ (content word)sy 3k X 3 EH/ R F
XEEH > BERBYFIIRA X ERERS S Bl B £33k o AR 14
8 £ M (subject) R &3k » HMEEMH 7 £ 12 MIBA(title) » HEIEH 4 10 £ 50 /848
MF ey EA(set)o 3t A X T A 2504 A E LR KR BIMRFARLA > BRR ©
MEEBIRRA T~ DEH AR 12 K8 948 1428 IR " H, &b
AWmEEERS . BiOTB BB "4, &> Bi B "#ip, &K BT RIR "#Mak,)
FoDAISMD B "3 £ Fh F > DA B "M K> DAIS BT AL £ H MR )0

(F)47 4 £ 2% (Theory of Generative Lexicon)

Pustejovsky(1991)4% i & & 3% & & # (qualia structure) > FEFHEERL %
(Constitutive role) ~ # A& (Formal role) ~ zh #t(Telic role) ~ % sk (Agentive role)vs J & fw
itk s A "E ) A0 LEBREELEHS (Pustejovsky,1993) .

book(X,y)
CONST = information(y)
FORMAL = physobj(x)
TELIC = read(T,W,y)
AGENTIVE = write(T, z,y)

41 %% X 4 % % (container) ~ L A (instrument) ~ % /] 4 8¥ (figure-ground object) % A
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& o Ri& X% & #3528 & 4 (Lexical Conceptual Paradigms, LCP) » 4 & 35 &4 &%
£EELHRTRARTAGHEELEREF © do door X EMiptE > BHTHR paint
& scrub ¥4 A B f 4 64 839 > & TR walk through Fo fill 2 #Re4 % M €y4F ©

(G &% & kKR

B & 32 2] Chen(1991) %9315~ 23 M8 F 5 B AR R E A MFZR R L3AR
ABE o GRERTTERL  BRAEGFLARIBAN > HEFA - THANY
Bh o JE4-H7 A-38 with B > RPIRAA T AT b oy &) kAT ARG o
(2)AFRFAF RS

(A)ERI A wytEik

Chen (199184 ik X A F OB EFMF R RAABRALRE R R] » RASFER
RRAFAEHGER c SRIERRSFMARTXRARBEN RS L HRH
ERBEHR MmBAMRR—¥ S A4 M o Durand(1993)#44F ik 3k Chen MRk o

- B)pi 4 Ak

Sumita F= Tida(1992)#) 4| 4] & £ &33F & & » 353 A ¢4 % 394 (adnominal) 432 JE. 5§
% 87% » %)M (adverbial) 3 £ it 90% o {2 A X A X ATR #ZEH A LB > Bk
BRAARRAGR REHSER  AAHNFREFMAM RATREF X F LBk
(CrEAX%E

F(1994) g BAZE B > MAATHRAGFY > RERTHRHES o flde :
(2-5) I ate a fish with a fork.
PR S-V-O-P-N B s

E= {I,eat,ﬁsh,with,fork}
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tCT)y={& » & &> KA}, a(T)=4
(CWith”)y={F » fo » 2X » 3B » &4 > B » ...}, a(“with”)=12
t(“eat”y={*L » "L > M4k > 424k}, a(“eat”)=4

tEORAXXFNLEFEHRATIRS > a@QRIEHEXT e FART X0 » A THAME
BoRA—ABARRPLCEFERENEE - RBR > RBEEM TE) PR BRER:
TEHE > A > AX >k B (Ko Fos AR s B0 (K> B> AL o 8.}
RAEZOFBEANFNHROTIRBIE, FBHEEMRL, FEXRESEH
(W BREHRREF
BV FRRBEMAS ZRER REBRORRAGEZFH@F T BIREAY !
(2-6) I played a game with her.
Fak T RB—RTHER X TR —RER ) c KNMNOUFTAS T XREF
(2-7) Glass; handle with care.
FAFEX T, eOE | P T, BEAS o HERFTRVESR L R
BRTHRARER FRIF—ME o BIFoF > MFA9) G4 X > BRTHEAWGGEF o
BoRKk > REBEFEGHIR o Pl :

(2-8) Every night she finished her prayers with a chaplet.

with £ BARSEF 44 A9 © HTHA THERABRSRAS ) » REERED
Mebsk ) BB (telicverd) > RFA " FRBEDKLTHE, ok
FTHH AR R BELRTFE c SRAORRET > £k R LRILKE o
AN BT B (style) 1 L » F & K9 4 kS » f B ARIE B4 BT X R #4799
REH BRAREABOR R ARBERORETERLEZERARAFALEAR -

R B EHT A (fertility) kA4 — ~ £4K.7 (zero ananphor)(fR, 1994) ¥ F &y £ ©
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(2-9) He acted with a Shakespeare company.
THFL BB BRI B —RRE, cZhOTHSL TRAFLEHE
GRE, sde®¥E Tact , HAEE TRA, ok d BARBE P RAQFNQGEF o

(2-10) The ladies were ablaze with jewels.

(2-11) He was ablaze with anger.

TS ThENMAREAEL, b TREREHES, AR TLEMNESHRAR
fd TREBESE, cANLERESY  AF-KT > GFLE ALY B
WK BERE » #F TR GEF o BB —RTHRLAFBRM AR :

(2-12) She was born with a silver spoon in her mouth.

Kb ERFaRY B LNEEA - RSR, » Hk RARER, o EMK
OF > RERE > FRFHBRFH@FRY c TARAEFRALLHHBREARN o
(R)BHRER

BRI EAH AL > AT 5 ZEFAFRXEEMARIH > TESAH
BAREE  EREOFREFRTREFHME SRFANLAMBERAX -/
HioBABRESALEY o 2QFEBE FREASRAR S » MRAEAH
K (interactive) » ZMB W8T o FEXAX TFRAOKFE > RALIHEBHFR > B
R RA KB EH o RN IBE BB ARG RS BB F AR E—F5 KMo
=~ ARG S with B4
(—)with &7,k Hé&aF

(A) K 3= (Phrasal)

HRARESWAE S RARGRFEGT c RFFARTRIEAMEAR -
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(3-1) I cannot put up with your behaviour any longer. (& A& R EEZGMITAT)

(3-2) Nothing is the matter with me. (£ % 5)

(B.) 1 3¢ %3] (Direct Object)

V-O-with-N & # + &5 83 V & B3 X3 & F &9 38 i R 9 3R # (syntactic
subcategorization code) & A F 3L ¥ 2 —8F » with Bp 2 2b#g -

[A] : 4 % #539(double-object verb) » F — Hik %3 fo— %% o o fill ~ emboss ©
[B] [Wv5] : % #-ed ®4E%H E%) A X $%) o 4o bedeck ~ ornament ~ pinch o
[C] [T1 » &%E#S]: TIIEHHF > AFBARFNRYLHAXMELEZ T — 43 o L]

3 F A M S X, R, o 4o beset ~ encompass ©
BALE A > BEHEL-FIE Object o AP AT CELAERX TR S
#odA THBLE, Mo MFAREEY > —FR THL > HRAAAEY S !
(3-3) The river was contaminated with waste from the factory. (77 )\ 3 T B3k h ey B 4754 T)
%R GFERE o £ with FR—ZEBGe "L )RBEHEWI "H, ) !
(3-4) A machine is clogged with dirt. (¥ 3 £ 55 T #4)
(3-5) to spray a wall with paint (46 #°% £ # %)
SLAE )35 > dv emboss K Dl+ton/with > 4 with -4 " H323) , /o L&a3F
# on $ T3 8/48 % > & emboss Sy A I A @ L & withsF T k| o X embed
K45 D1+in/with % $h4E4E A $4pEE K88 5 with 34 " A, o emboss &9 F & Thn
FRefesot. k) o fill 9ARFER "M o &3k with e9EasE o

(CHHh 7k (Telic)

=85 "HE, BT AR, "R FEGFE), FBA o

(3-6) Polish your shoes with a brush. (J #] 3 3 45 64 %)
Fa Bq Bp
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LrkwE R A &

(3-7) He fobbed me off with a story. ({6 T —fE#& ¥ R 5 K)
Hn Aa Dk
BT AWHE  XH

(3-8) He refreshed himeself with a glass of beer. (4475 T 4% & 242 4%)
Je Aa Br
BE  ANER R

PBABREINNETXEHARBF o 4 F with F3F& ", X "x, > &R

BAY WALATR HARERMAAERSGH > BRTXHREELATH
AmAETE, TRE SARBERL TR, > THE, GhkHEL TG, o
Bk ey AvF "L A (instrument)¥i o R "HhEE, MER AL FAWHEL >
Tohl, MBE K o(3-6)88 "RIF, AL A 2C-N8 "8F,, RATARRBE
12®E{ TR F XBREMABIRE > LRBRK o

(D)EE (Cause)

Fwimas "A, Hoo&F TRAE, 44,

(3-9) The child’s eyes rounded with excitement. (3 - [ £ 4 0 85 8 45 [ 0 #9)
Th Ga
|4 IR
(3-10) His back was bent with age. (48 B % /& ¥ 48 % o)
Fd Ca
248 KN
(3-11) Your hands are ~ blue with cold. (4:#9% F R iF&H % T)

XX Ec Eb
be®y¥ RE k%R

Durand(1993)&9 - #rdLH "RE | Mo XXMM > KFHRFR "B, c RTH
BEGRERS R AHM(Ca) ~ HE(Bo) ~ BA(EL) » KA HH(Ga) o KT RE

\TRE, BHEZEMGE > FHER I ETH FHR
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(E)t#k (Manner)
FEIE TR B FNFNRERA GG kAR E A 366 & b

(3-12) He assailed the difficulty with cagerness. (& #5035 3& % Bk 1 )
Jd Da Df
#ik ¥ &

(3-13) The boy’s heart fluttered with excitement. (i % 3 & £ 13 S Ff 5 3. 3k)
Ib Ga
£BRE SEKE

FEM > BFHRFR "W, c AFFEYFCERILEREEIAGOBETY
MR BEEB AL ER ON-#ET Be) KL (Ga) wEES (Gb)%¥ >
IR ASE M E o Ravin & Durand 69438 » 4,4 Manner #g o

(F)BH (Attribute)

Fds "B R oENLEBYREFEANTHL "SOBREN |, sHEN
ABFHOF > AIFHZ "SOAN, cokT2 > NTRASKXOG—MEEM :

(3-14) some fresh blood with new ideas (% #i ¥ A 89 #A)

Al Dk
3 X
(3-15) people with certain diseases (& £ R A)
Aa Dl
Ay &R
(3-16) The servant came into the bedroom with a cup of tea. (A% ¥ —
Hj Bn Br X#EARE)
%% &Y &
(3-17) He acted with great nobility of purpose. (.18 ¥ & & 8 B 8947 F)
Hi Db
+x L 3]

BREAFRFTXGAGRAL c BAATXBEEZELHFTHHFREF o o

"hEe, MARE > TR HAKBFormal)F & ey I 0 MIEH T & © FF
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LR EBER By~ 2R A "TRE ) RN o ZLAEHF > 81 A
FARe) "R, e TH, o RLAY  EREERENMFREGBEME o

desh s T B e R A9 ik £ 5] 5309 4% » Durand (1993) 44 Quality
P A BMARBA 0 T4E Ravin(1990) 95 R R EE TR A B H R o

(GOAF (Co-agency)

Rtia "AE B BFHEAA TSBRO/AMN - VO | HEoAAL
BHRAAHRLESEHN —RUVERHAFOEHT > BEABILELE P Agent 47 ¢
(3-18)Iam  quits with him. (& Ff Z R48 R)

XX Ed Aa
be #y% WH - AL

(3-19) Sweeden has  frontiers w1th Norway. (%% 3 3% & 48 38)
Jd Cb Di
#E EM A Hk
(3-20) She is always fun tobe  with. (Fob e — A2 88 & 1R 4 %)

XX
be $439)

RERALE "R, "H,) T, = EPEF oM T AR FFRoTHH199)
BAREBEH A A045% EF—BARTHA RABYHR

(H)#H % (Concern)

BAERS "HE, Bk "HRA, "HAL F484 o Durand (1993)4L % sLIR ¢

(3-21) I am losing my patience with him. (£ 4%k k%< T)
Jd Ee Aa
HE ¥ AWYERE

(3-22) I have some authority with the young boy. (XIS H A LB EH)

Jd Je Ab
HE »E¥ ZkEY

N R AR LR EES TH, KA THR, o
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(I.)#1% (Relation)

FHIRA" W% B0 &7 O N M &y M 4% » 44w 77 38 ¢4 Part-Whole Relationship :

(3-23) He has got a good position with an oil company. (4 2.4 & 2 8) #4F — 4y 5 T 4)

Jd Di Dm
BE HEECE £ %
(3-24)Iam back to square one with the work. (E R L HFK BFR)
XX Da Di
be $¥] ¥H HEIE

XROBHAEGHEE,R  ANSLRE > Hldo !

(3-25) John is a great favourite with his grandmother. (## % #8889 % %)

XX
be #33)

(3-26) I need some guidance with my studies. (%88 &AL H)

o Fikilsk > BERBLFRK o wEEAK o "HME, BAGF > M FRLERA ©

.—..-—-.-—-—-—-\ooo\la\u-&wwi—
AW =0

—
[- NN |

—
=)

Jc
[ A3

#®
YT
A

A~ FG#H)
EX ;|
B(HiR)
MR

¥
B(HE)
B(5 %)
3K
Ha-~#
XA
AW HE
B (2¢ 3%)
&%)
W..i% 3

in with

with it

Agent

Instrument
Object
Object
Agent
Agent

Object
Object

Object
Benefactive

Ag Ah

AR R #BA
Hg Dk
At XH

Co-Agency

Use

Alteration/Provision

Co-Agency
Co-Agency
Co-Agency
Co-Agency
Co-Agency

Manner
Co-Agency

Phrasal
Phrasal
Phrasal
Phrasal
Phrasal
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BEHHH O BN 69 B4% > 4% Durand(1993)F M4 o O N &9M1% > A

#AF

Rt/ W14
ik
e/ B L
#F

#F

Part-Whole

While

Phrasal
Constraint
Cause

Phrasal
Phrasal
Phrasal
Phrasal
Phrasal




|20 |with meyou | |Phrasal |#% |Phrasal |
#%3-1 Longman ~ Case Grammar -~ Ravin ~ A AT HR w5 es R &

B £ AR AN DA AT GBI A ¢
L RS ARAEAET AR E M SR £ T B A B R A 5
S BT TR W B o MR 9 B A B A8 6 8R4 B A o

2. £ "o, BUBR, BET REASREFRTORA o TR Ak

REZGHYRE > RENFREA > BFTH EHEGNFEF o

3. 3 TEEEH, Mo 4ERMINTRE AT I RETE o

4 3N TR, A TRAE, 5o B O RN ERE o A4 ik ASALIH o
(D) RAEAFI0 5

AERAANDFRFETTAAMN © BRI o4 185+ X 8T
with » LF B ERE o BA o AFRE RS LR G A AN AALTER o

FXEFAEBBHMY A TRIKZH > 48.8%ey with EH R F X o &4
FBEOUIA JM1%ABREHGR AR BWRALHBGF X B REEMAME
W ~ AFAH SR
(OeETHYRE

KA B8 R IR BT IS with 69 % SRR & A IR GEH o X & K
%14 4% 35 (Church, 1988) &R K T » K16 & 1A X KR 5 95 6 2 490 » 193]
X QR IEEBES o BIRE P 4 B E M F RIFN > 5§ R
FERATXBEBRSFAN o BUREBENN > BT SERXFEREES

(Chen and Chang,1994; Chang and Chen,1996a; Chang and Chen,1996b; Chang et al.,
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1996) » 3t % A% % 3 5 #F & # R (#7,1993; Ker and Chang, 1995; Ker and Chang, 1996) o
A MAFGPAE > 0 V-O-P-N B u&&#' %% 4 F (Hindle and Rooth, 1993)
(3%, 1994) (Chen and Chang, 1995) o 343 A1 & &) V-O-with-N & 48(3F,1994) 5 ik 4 F ©
1. with X3 % — @B RGBFEE V-O-with-N &M F ey V o
2. HHFER with M £3450 > ARRKFEF OB L L L RYEH
3. with X4 A A EE > REVF G FwiEs V-O-withN BN o
B 1,424 18 V-O-with-N &#4& » 466 & with ¥ XEFEREALKRRT ©

(4-1)Tgpen  thedoor withakey (RAME M M )
Mb065 Db024 Hd131 Bo03 Fa3l Bn04
HERMS MAXEAK  HRAR wE MM ME

R IEEABIRE =4 > § ¥ (open) B F 43§ 4k » % 3(door) Rk Fdh ey — &y >
A FEkey) RL A o A kit "M, » FOBHHERTAMAME KA TF
ALREERNELEME oA S TFTAMRAEBE T BAKRKRD F TG MAE

(4-2) I went out with a doctor. (KR —BE4 —&Hk)
Bj166 Ael5

(4-3) I went out with a lawyer. (&R —BEF—& H¥)
Ck201 Ael2

AT R F RI9F 04 18§ BB EA2 s RHF R V-O-with-N & e with 88138 o
(Z)ERIs AR .

3% A ik %K $ #(decision list)(Rivest,1987; Yarowsky,1994a; Yarowsky,1994b)3 &

1. 'Viamme ¥ OkE¥H » PN NAAFTEG P OB o XE—FRKE S-V-
O-P-N st #hehis > L&y S ki¥)

2. %V -0 NAT—MBAAFTHE > MA—kZ obidw : | gowithyou. § F8 O e+ XEES
Bt - o
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AR Rlo R A EIER A FAL Mo with$aF WA ARL WA TEMLIHK o
2 & AR BAmAREREHFHREY

L $¥%As%k & with ABZHBRY X FLEHTFARAN > TEFAFTATX AR ER
F3E A B A o 4ot B mix with » with B85 T8, (. IR...584) o aufait with
FHFA "BA, > withiksFs "HE, WMo

2. rﬁ&%‘-‘i‘hﬁI%Q%*%ﬁﬁﬁﬁiﬁ##éﬁii&&}ﬁﬁﬁé "D,~"Twvs;~ Tl

CEEHE ) MR KAV with 53 T BRLE, Mo

KBYHAYV ~ O~ N> THREAGBRBAARTLHE !

l. VON : Z2=@EHEHEGFH - FHRATHAELLEYV ~ O - NEZARBTHTR -
B A 2544 A4 » FTR R 6 XA FEE o

2. VO~VN-ON:RE-_M@EHE AT VNHREBDFRL R LYME > ONBARK
Part-Whole % % 1 M ey 38 & W46 o Z4M » FRRAAM » T2 hH HAARR o

3. RE—MEHA o VERGHIARE AT o N IR 546 @adjunc) A B8 c O M &
R A2 0 F G K AKE M AT I ok B O 246 MR AR 4 Mok L PI »
M A BAA 8T o HEZMMETRGAAM > B2 BBRRR o

RA&IBRBETRERGEEB X > 2R TREG]T

VON Hik Fa( b ik # #5) Bp(Al &) Bk(2 %)

VO #He Hi(#: %) Aa(A 8L 5%)

VN #£¥ Hj(47%) Aa(A By 48)

ON He Ee(# ) Aa(Atyis#K)

v Hik Ig(¥X)

o h# Bm(# #)

N #¥F Aj(A &Y Bi1%)
%41 FRBA#HEGXR

¥A%k 4-1 # — 7] Fa-Bp-Bk &4 > ARFH T RAA TR 42 T ehw@pis .

[She untied the knots with dexterous fingers.
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B He drummed on the table with his fingers.

ik Hit the ball with a long free swing of the arm.
3 k. If you pick up the ball with your hand in golf, you suffer a penalty.

% 4-2 Yl sk 3EH F Fa-Bp-Bk &4 4)
FABi VON BFE&FM 2R MEHE » RAMRS | RF4 —EEiH
Bk o M EMETRAOBEC » HEY with 8P » Lo $ES

Count(C, P)
Count(C, P)

Score(C,P) =

Count(C, P) % 7 # 8 C B with 64 338 & P ¢5 R > P &7 JL 4T .6y with 54 o

SPEGRIEERS > ERAEM c SREAXA—F» ATHORBEILEK S | ART

APTEAE o 2 FRFIBME(HRA 0 B)» AFREZIKEH FPREGNL > BEE

R o BAk 4-2 B4 > WEFEE C 4 Fa-Bk-Bp » P& "shék, » A RIEA

Score(Fa-Bk - Bp, THEE) =% |

B Fa-Bk-Bp i #Lw3ik » with %8 "shék, %R » ﬂ.#i#ﬁl#%ﬁ&iﬁé%ﬂéj o 1§ X F
WERTEAES °

12 2 AR R #H#% Bi(sparse) &y R 8 > ] 445 £ (smoothing) o MR E AT A ¢4 F AR

RUABYLRR AMEFRAREG A I X T 2B F > @It 1/

(Agresti,1990) o ko & 4-2 » VON BRI TRAL— ) = 7T &M+ » BRBRA

Fa-Bp-Bk B.4M3] with B "zhat, MeyB440 » 2 RIEH

Score(Fa - Bk - Bp, HE) = — = — = 48333

3. P ARTHROAMFNIRAAASR > TAGH "HE, BOR THR LW, ROTAAR» A2ATRA
RERT  MALEAAZREAXRETH LR
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-~ RREREHS

()EBmER

£ S-1ES3RAEABRGEA-EARNRAFIBEEHASHRRIHGN T4

#£%¥ | Hj Aa | 28.714 25 You must come with us, I insist.
#F | XX | - | Aa | 11.571 10 The poor are always with us.
tkk | Fc | - | Ga | 7.0000 6 The children squealed with delight.
shée | Fb | — | Bk | 7.0000 6 One old lady walked with heavy foot.
et | Ig | - | Dk | 5.8571 5 The party finished with a song.
#H%KE | XX | Ee | Dj | 4.7143 4 He is carefrec with his money.
HE | XX | Ee | Ab | 4.7143 4 They are very strict with their children.
HeEe | XX | Ee| Aa | 4.7143 4 Are you being straight with me?
£F | H | - | Aj| 47143 4 She is shacking up with her boyfriend.
¥ | H | - | Aa | 4.7143 4 You must not joke with him.

451 VONHKRIGH T4

1,424 18 V-O-with-N &4+ » "3F, #EK 5 > 45361 §(253%) » kA "9
BB 0 324 4)(22.8%); T A with e 3748 EH 3o AR SHEH R L IBK o

#1194 R R % (applicability) & % 5% # (precision)tF & 3745 T 4 & R 494R3E !

_ SERRIE IR VOPNE _ IEREHRIRIVOPNEY
B ERBMOVOPNE T SR BisRVOPNE
. p do
ek 21.716 Cut it with the scissors.
¥ | XX | - 16.002 She was here with her betrothed.
hie | Ig | - 13.716 The story opens with a snowstorm.
hik | Fa Bp | 13.716 Bind the prisoner with rope.
itk | Fa Bk | 13.716 Hit him with your right.
B —~ | Aa 10.287 iSomeone with creativity is needed.
B | - | Ab 9.1444 The man with the big dog came in.
ik | Fa | Aa 9.1444 I cut myself free with an axe.
e | Ig Dk | 9.1444 The party finished with a song,
%52 VO/VN/ON ¥R 6987+ %

& 5-4 & 1,424 &) RIRRIR ST SRR A % 43 3 3 R AL ARk 2 & Collins

Cobuild English Langauge Dictionary &3 109 18 with &) @41 4] o T & Rk 5-5 o
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ShERRRT A L 0 FIEEAS » RARMAME  BARESG o ZARMA YRR

BEABRE(FIEES D) THEES6HER !

BRANIH THoOMERAES » TERAD , HERELHS o REL—
1AL 8 B & 2 9RARSE > B R T MA D > M T AR » A2 TR R LR %

HARARAL o AR E N SR A » A EHE LT & T4 2% with 69833 ;

10.043 He splashed his face with cold water.
ik Fa | 5.7143 5 He set the machine going with a push.
e | Ig 4.9032 19 Let‘s top off the evening with a drink.
ek | Hd 4.8696 14 They feed the pig with the parings.
e Fa 45714 4 He gave me a rap with her pencil.
ik Gb | 4.5217 13 Cross the road with care.
£¥ Af | 4.2667 8 He arrived with several attendant helper.
£¥ [ Ja 3.7333 7 The decision lies with you.
£F Aj | 3.4872 17 I‘m storing my television with a friend.
I Bm 3.4286 3 He probed the mud with a stick.
%53 V/ON#ERAH+ 45
iE K 1397 | 1396 1174 | 1005 iERE 82 72 54
s8R 27 26 106 438 43R 27 21 9
P 0 2 144 371 k4o 0 16 46
KR % | 100% | 99.9% | 89.9% | 74.0% RAE 100% 85% 58%
Bekd |98.1%(98.2% | 91.7% | 95.4% ReEE 5% 77% 86%
& 54 AR RNER

& 5-5 ShEp Al ey &R

Hig g 7(100%) 0(0%)
AiE 21 | 1990%) | 2(10%)
VON 27 | 2385%) | 4(15%)

VO/VN/ON | 49 | 3367%) | 16(33%)
V/O/N 5 0(0%) 5(100%)

& 5-6  SMERAISKE RAKE R B A A IR

(5-1) Do your work with care. («]» & # 4R 69 T 4)

(5-2) Cross the road with care. (-»i8% %38)
Bn

Hj

Hf

Dk
2% XH

Gb
SIRE )

Gb

315




RABER Y EEH

(5-3) Wash the cups with care. («Js o3 HF)
Fa Bp Gb
LrEEE AR SHEEH

WEZHTHR > R FILHFF 42K 304 with care” 488 TR, B (3N
BOEHE T 0B THR, ) o RAWNFREE » FHER A B 5k (over-
specialization) e B §: » 4754 J& i ¥ » AR 5 4 7 A8 LAAS 695 ) o
(S)ERERAH

RIS SR AR (P 1) » 504 with - BRRA » TH B4 T & 5-7 syl |

KiE 14 14(100%) 0(0%)
Hiped) 7 7(100%) 0(0%)
Hak 4 4(100%) 0(0%)
h i 16 15(94%) 1(6%)
£ F 36 27(75%) 9(25%)
HE 8 6(75%) 2(25%)
) 43} 7 3(43%) 4(57%)
M 1% 5 2(40%) 3(60%)
B 12 4(33%) 8(66%)

k57 tkwith@FoREESR

WANBMIEERL T5%A L » HZFRATE 50% o KIMGRFEL .

1. F&EJIme%ﬂ”ﬂﬁﬂ&?&&&%%ﬁﬂ’%“ﬁ$ﬁﬁﬂﬁ
% # L F X ¥ (4o interest) » 3ty AR L F 6942 M(topic) A A 4 & o AT B
PHLABRBRAL c —HFYRATHRE—BA > —ERE > £ERX 18
A SERE o AKV ~ O - NRFAEAHAFTELARRTRA
o o LR HER G T HIBE TR B AW ITAR RN @ ) 890 &

A6y FTHRMILEAZER "HA | o #l4w“Metal expands with heat.” » &
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ZATER OB — REEAEWIE, T8 TRE, PARBELELHER o

2. TBE,  TBAME, BEHEILARME O RN M4 o KM with 1 4 5§
# R A 308 % (Sumita and Tida,1992) » 444 IISKIBH 4 17516 KA
'm o 1ris(19ss)§v;z§ Part-Whole fi 4 - BB R A2k > K » AR BHH
TR 42 (de Valentine‘s Day-February) » # 2  Fl F LA 45 % 9 # B (do
sheep-flock) o & MM K » H KB P 45 1,400 4 F » LB TE/ 8 o

3. TEM, A4ROAGT  ASOHAFAERARIAGEE > R E
Bk KA #F R o M TEBRIE K E S-V-O-with-N » 35 TiA gk o

M A ey S4R R B L35

L BHFR:RA—FuES@EIKRE > FHORRBERE o

2. RAFFRGIH AR —ERAFAFRGTHE > AR BEE I o
BARA Yarowsky(1992)#)" Bl — 58+ ¢y 24 £ & | 022 “Cut the cloth with
the knife.” ¥A & “Put the cloth with the knife.” % #] » &A1 M 71 F & %
Gﬁ&aﬁ&?ﬁ@un—ﬁi&&ﬁ%ﬁﬂﬂ°Wﬂﬁm¢ﬁ*ﬁ’ﬁ%
RAAAR M6 K MCe XXM BER) » LA REHLEA ERFHEH o

3. WAOMR  WAROARTMEDELR o WILITE » F WIEHE
R A 97.495% Y B 5 F o fR S F oY 3k K 0 A 94%44 % 5 £ (Chang and Chen,
1996) o & g # & » & 93.3%(Ker and Chang,1995) o 3t X 35 & BH & » A
& 93.4%(Ker and Chang, 1996) o BRI > LR ARHFENED o

4. MR FHEE  FRABRAAETR  HARANEEL BN A
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AHABHLIRAMBRELE o 2F @ FRTFHRALL > mELEELGME
AR E5(Zernik, 1991) » B L& 5 BB IEF &35 F B £ o Hearst (1991)3%

B MAFTAHELEELBORE > FUHCR FHORARER o

S ERRARRYE

BETRGERRIF > EMNBLE - LAFMBEIRATROERTE

1.

5.

oM

BREAGNF ) EERLNEF > MBI EHGRBGFRE o
REABALSRISGFHGMA  REBALZEKIIZLAY O

MEBREFRRAAMA N A AN RBIFOFA o HF MR

ANGEENN > BUTREAAET X DR A CH RE—F BB o

F R ek F i f T OABEIRG AR > #]4wiAR4 (domain code) » T & »

BESMYRER MG RFRESHRAGRL

AR AR EFEH > RERARFF R AF R — M~ FHEHEER o

AE B S4TH B A3 % 5 5% NSC85-2213-E-007-042 458 » 4% B3 o
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ABSTRACT

Our objective is to develop productive approaches for constructing million-entry
Chinese lexicon. The emphasis in this paper is on the development of the fresh
context-centered lexicon construction methodology. Beginning with an intuitive
explanation, we gradually worked out the formal mathematical model and the
productive lexicon construction algorithm. The effectiveness of the proposed scheme
is demonstrated in a detailed case study.

Keyworps: Lexicon Construction, Term Identification, Chinese Computing,
Language Modeling, Statistical and Corpus-based NLP.

1 INTRODUCTION

The objective in this paper is to build a lexicon with huge number of entries. The task is strongly
application motivated. For example, the Chinese Dictation Kit (CDK) developed at Apple-ISS (Yuan,
etc., 1996) is based on a lexicon of over 350,000 entries. The Chinese-English Machine Translation
System from SYSTRAN (Yang and Gerber, 1996) employs a lexicon of over 600,000 words. From my
personal experiences in Chinese text spell checking and proofreading (Guo, 1994) and Pinyin-to-
Hanzi transcription (Guo, 1993), huge lexicon on the size of million entries would be of great help,
especially for alternative suggestion and error correction. Large lexicon can also be found in many
other applications such as text-to-speech (Sproat, 1994) and information retrieval (Harman, 1995,
Harman, 1996).

Moreover, such lexicon is largely for general purpose rather than domain specific. For example, I was
- told that most obvious domain specific and/or technical terms are purposely excluded from the
Apple’s CDK lexicon. This is to ensure the general suitability of the system. Domain specific entries
are supported with a function limited supplementary user dictionary management mechanism.

Inevitably, many entries in such huge lexicon are not simple words but compounds, idioms, rigid
phrases, or even complete (short) sentences. The question here is not the justification of whether or
not entries in such lexicon are words, ar such huge collection is still a lexicon proper. Rather, what is
challenging us is: how do we build up such a huge lexicon and make it useful?

Past efforts in unknown word identification and dictionary construction can be classified into the
following categories. Manual construction is of course the first way. The 600,000 words SYSTRAN
lexicon (Yang and Gerber, 1996) is from a government department. Automatic extraction from large
(partially) parsed corpora such as Brown corpus (Kucera and Francis, 1967) and the Penn TreeBank
(Markus, et al., 1993) also falls into this category. This is definitely a quality approach, provided that
enough resources are available.

Grammar-based automatic generation is the second way. Basically, the 350,000 words Apple CDK
lexicon (Yuan, etc., 1996) is from the enumeration of some well-designed Prefix-Body-Suffix
patterns on a core dictionary of about 10,000 multi-character words. For example, as an entry, the
Chinese phrase “7ZEFFH (very beautiful)” follows the pattern “adv + adj + de” where “T} (very)”
is the adverbial prefix, “Z5ff (beauty)” the body and “fY (de mark)” the suffix sometimes functioned
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similar to the English adjective suffix “-ful”. One of the obvious problems is Vthe lexicon’s (lack of)
coverage. Too many words and terms are not compositional, at least not composed in such a simple
way.

Sub-language modeling is the third way. For example, Sun and Huang (1996) systematically
presented several intelligent agents each for identifying a type of constructs such as Chinese names
(CName Agent), Transcribed Foreign Names (TFName Agent) and Chinese Place Names (CPName
Agent). Song, etc., (1996) presented sets of rules for company name and person’s name identification.
Mo, etc., (1991) derived the grammar for Chinese-specific determination-measure compounds and
implemented an identification parser. Chen and Liu (1992) implemented rules for reduplication and
A-not-A constructions and some other kinds of derivable constructions. Sub-language approach is the
mainstream in unknown word processing in Chinese text processing (Chang, 1994, Nie, Jin and
Hannan, 1994, Zheng and Liu, 1993, Lee, Lee and Chen, 1994, among many others). All these works
are limited to their predefined type of constructs.

Entity-centered statistical modeling is yet another way. The assumption behind this school is that
“words are tightly-bounding and frequently-using entities”. Fung and Wu (1994) applied CXtract, a
localized version of Xtract by Smadja (1993), to extract statistically significant Chinese character
ngrams as possible entries for dictionary augmentation. This approach is not applicable for the
identification of the majority of low frequency words, a drawback deeply rooted in its underlying
assumption (Smadja, 1993)". From a corpus of about 2 million Chinese characters, Fung and Wu
(1994) only extracted about 5,000 new entities. Other examples of works in this category are Chiang,
etc., (1992), Lin, etc., (1993) and Sproat and Shih (1990). Mutual information and t-test are the two
representative means in this school (Church and Hanks, 1990).

The only work I am aware of which is more or less away from the above mentioned categories is by
Luk (1995). He proposed to use his heuristically defined “lexicographic index” as an indicator to
highlight potential “words”. The unique characteristics of his approach is its capability of extracting
low frequency words: a character string is highlighted as long as it occurred in at least two different
contexts. With this approach, Luk (1996) extracted 75,535 new entities from the 4-million-character
PH corpus (Guo and Lui, 1992), clearly higher recall than what Fung and Wu (1994) achieved with
their entity-centered ngram statistical approach, if the two are comparable.

To reach the million-entry target, however, the recall rate must be significantly higher. As Luk (1995)
has already loosed the requirement to two different occurs, the question here basically becomes: how
do we extract words that occur only ONCE in corpus?

Note, even for huge corpus, the majority are still those occurring few times. For instance, in a
collection of about 60 million characters news articles from China’s Xinhua News Agency, there are
1,129,313 unique word bigram types, of which 339,839 bigram types occur once, and 172,467 twice.
That is, even for a corpus of that huge size, there are still about half bigram types occurring merely
once or twice. That is yet a result based on close-dictionary tokenization (that is, there is no effort
taken for unknown word identification in the process of text tokenization and all tokenized words are
in the given tokenization dictionary). Situations for trigrams and general ngrams under open-
dictionary tokenization will be even more apparent.

Some readers might argue that those low frequency entities are not important, simply because each of
them, as an individual entity, is next to never been used. That is true in one sense. Collectively,
however, the “silent majority” forms a large mass. If all bigram types occurring less than 11 times are
filtered out as Fung and Wu (1994) did, on average, there will be at least one unknown bigram type in
each sentence’. As bigrams are the core of unknown words or compounds, discarding low frequency

y Smadja (1993, page 165) himself pointed out that: “.Xtract has only been effective at retrieving collocations for
words appearing at least several dozen times in the corpus”. However, “For the 10 million-word stock market
corpus, there are some 60,000 different word forms” and “Out of the 60,000 words in the corpus, only 8,000
were repeated more than 50 times.” ‘

" This could also be validated on data from many other publications. For example, Church and Gale (1991) listed
in their Table 1 that, in a corpus of 22 million words, bigram types with frequency up to 9 totally count for
5,210,157 occurrences. That is, on average, for every four bigrams encountered, there is a low-frequency
bigram type. And normally sentence length is far more than four words.
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bigram types effectively ruled out the possibility of collecting and utilizing that significant portion of
knowledge.

Entity-centered statistical approaches are good for highlighting those few “top stars”. In contrast, our
attention is on the largely ignored “silent majority”. The key idea here is to let context play the center
role.

We will first in Section 2 give an intuitive explanation of our basic idea, and then, in Section 3,
present a detailed case study. Section 4 is reserved for formal presentation of our mathematical
modeling. Then, the baseline lexicon construction algorithm is given in Section 5. Then a short
conclusion is in Section 6. Complete data list for the case study is in Appendix.

2 INTUITION

In this section, we will first give an intuitive start of our context-centered thinking, then contrast it
with traditional entity-centered thinking, and sketch our context-centered lexicon augmentation
algorithm.

2.1 “Thisis a word.”
Suppose I have no idea of English but was told that the sentences below are all legitimate in English:

(1.a) This is a pear.
(1.b) This is a table.
(1.c) This is a man.
(1.d) This is a dog.

Moreover, I was told that pear, table, man and dog are all legitimate English-words. Then, if I know
the sentence

(1.e) This is a xxx.

is also correct, by analogy, I will feel comfortable to agree that the entity xxx here ought to be an
English word also. Moreover, I am happy to accept the assertion that: any single entity taking the
position of “xxx” in the sentence above is a word. In other words, any entity which could be filled
up into the empty slot in

(2) Thisisa .

is a word. In this paper, the empty slot is named a word holding slot or simply (word) slot and (part of)
the sentence containing such word holding slot a word holding template or simply (word) template.

To go a step further, let us agree that “a pear”, “a table”, “a man” and “a dog” are all a type of entity
called chunk (Abney, 1991, Abney, 1996). Notice that all these chunks take the empty slot in sentence:

(3) This is .

Then, it should sound reasonable to accept that: anything taking the empty slot above is a chunk. Or,
the empty slot is a chunk holding slot and (part of) the sentence a chunk holding template.

2.2 Context-centered Definition

Note, we do define what are words or chunks above. Explicitly, @ word is an entity that could take up
a word holding slot in a word holding template.

This definition makes itself apart from the tradition of entity-centered thinking. Linguistically, as
evidenced in grammar books and dictionaries, “word” is normally defined as an entity with
“phonological, lexicographic, syntactic and/or semantic independence (meaning)”, and “free usage in
text” (e.g., Hu, 1987). In NLP community, the widely followed criterion for justifying word is the
notorious eight Chinese characters: “4F 4 & #, (/B (tight-in-combination and stable-in-
use)” (GB-13715, 1993). We call them entity-centered definitions since the judgment is mostly based
on the characteristics of the entity to be judged, but with no explicit reference to context.

Such entity-centered definitions worked fine for those high frequency “top stars”. If an entity occurred
thousand or even million times in text, it is easy to judge whether or not it is “tight-in-combination
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and stable-in-use” or “with phonological, lexicographic, syntactic and/or semantic independence
(meaning)”. However, such high frequency entities, if they are words, are by and large already
recorded in out-of-the-shelf dictionaries, a resource already in use. What becomes problematic are
exactly those with low usage frequencies. Yet, without high profile in text, we are not able to reliably
determine their (statistical) characteristics.

To the “silent majority”, context becomes the primary source. Yes, as long as you believe in the
correctness of the sentence “This is a xxx”, you will not hesitate to agree with the acceptability of
“xxx” as a word, no matter how rare, odd, exotic, strange or mysterious it is. We only need to see one
occurrence of the word and confidently make our judgment. That is the power of context, an
information source largely neglected in literature.

Note, we are not rejecting the entity-centered thinking. What we are emphasizing here is that, with
the compensation of the context-centered thinking, we may even have a more complete understanding.
The entity-centered model and the context-centered model are somehow in opposition. Both have their
pros and cons. Yet they could co-exist in one system, as they are the complement of each other in
nature. In this paper I will purposely ignore the good part of the entity-centered model.

2.3 Algorithm Sketch

The intuitive illustration above suggests itself the following two-phase dictionary augmentation
algorithm:

Phase 1: Template Preparation

This is to collect a large set of high quality word holding templates such as “Thisisa ___.”. Later, we
will discuss how this could be done in an automatic manner on corpus and dictionary.

Phase 2: Template Matching

This is to identify words from text by matching sentences against above prepared templates. Those
entities in text with surrounding context matching some templates and themselves taking word
holding slots will be collected as candidates for dictionary augmentation.

The core of our dictionary augmentation algorithm is that simple. To actually put the algorithm into
practical use, of course, some preprocessing such as dictionary-based tokenization and part-of-speech
tagging, and some postprocessing such as linguistic filtering and statistical selection, are also required.
Our focus, however, is only on the above-mentioned two phases. Before going into details of the two
phases, let us have a real world case study first.

3 CASE STUDY

The task in this section is to have a detailed case study on context-centered template matching word
identification. We will first introduce our template pattern, and discuss various properties of a
particular template used in this case study. Then, word candidates extracted from corpus with that
particular template are presented, categorized and analyzed. We will also make a short conclusion in
the last subsection.

3.1 Template Pattern

Practically, to make the collection of word holding templates manageable, most word templates could
not be full sentences but small sentence fragments. Although various template types are possible, we
only tried the simplest one as given below:

<LeftContext> <WordHoldingSlot> <RightContext>

Depending on the level of preprocessing, the <LeftContext> and <RightContext> could be
strings of characters (for un-tokenized text), words (for tokenized text), part-of-speeches (for part-of-
speech tagged text), or their combinations. Similarly, the <WordHoldingsSlot> could take up a
fixed or variable number of characters, words and/or part-of-speeches.
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3.2 <K Jg> <character bigram> <comma>

To be specific, let us examine in detail a relatively simple real world example given below.

<R > <character bigram> <commas

This template is exactly five characters long, with the left two characters fixed to the two Chinese
characters “Jz J& (develop or development, if used as a word)”, and the rightmost character bounded
to the specific punctuation mark comma. The middle two character positions are left unconstrained to
form the word holding slot. For this template, there is no text preprocessing required.

This template is not as trivial as the template “This is a ___.” we illustrated in the section above. It is
purposely selected for highlighting some potential inherent difficulties.

First, we assume no text pre-tokenization. At least theoretically, this will bring in all kinds of traps
associated with the notorious Chinese text tokenization problem widely believed to be caused by the
lack of English blank space equivalent word delimiter in Chinese text. In Chinese, “%J& (develop,
development)” itself is a legitimate word, but “% JE#r (developing)” is also an entry in some
dictionaries. Moreover, in sentence “% % /B K ¥ (Zhang Fa is flying high)”, the character “%
(Fa)”, the first character in “& J&”, is in fact the given name of the person “3§ % (Zhang Fa)” and
thus a part of the proper noun, and “f&”, the second character in “& J&”, is the initial character of the
predicative idiom “JE#¥K#H (fly high)”. In short, depending on the context it appeared, the
continuous character bigram “%&&” could be used as a word, or part of a word, or parts of two
adjacent words.

"Even if the text is properly tokenized and “% J&” is confirmed to be used as a word in text, its part-of-
speech is nevertheless ambiguous. Chinese is a language lack of inflections. Depending on the context
it is used, the two-character word “& J&” could be used as either a noun (“development”) or a verb
(“develop”), yet written exactly the same. We have to count on the context for part-of-speech
determination and/or disambiguation. But in the template, in terms of the part-of-speech ambiguous
Chinese word “%& J&”, its right context is by design a “word holding slot” meaning an unknown word,
yet its left context is not mentioned at all.

In addition, the template is not a full sentence. We do not even know whether or not the five-
character-long template is a syntactically or semantically self-contained unit like a phrase or a term.
Rather, in terms of the word holding slot, only two left characters and one right character are given.
That is the only indicator or constraint.

In a word, the information provided in this template is rather poor. Many ambiguiﬁes and unknowns
could be expected to arise even for human expert explorers simply because of the lack of information.
Realistically, we could not expect high predictability of the template in word recognition.

Nevertheless, not to make the thing too hopeless, two positive constraints are also built into the
template. One, the right context of the word holding slot is chosen to be a punctuation mark (the
comma). This effectively removes the right boundary ambiguity of the word in question. Definitely, if
the comma is replaced with a Chinese character string with an ambiguity level comparable with the
left context “X& J&”, the effectiveness ofthus formed template will be even less predictable.

Second, the word holding slot is restricted to exactly two Chinese characters long. This effectively
reduces the variety of words in question. We will report elsewhere case studies for other word holding
slot lengths.

3.3 Data

We extracted all partial sentences matching the above template from the 4-million-character PH
corpus (Guo and Lui, 1992). The complete list of all the 257 matches is in Appendix A. As the
number of matches is not large, readers are recommended to have their own detailed examination. All
the character pairs taking the template’s word holding slot are listed in the table below. They are in
the same order as in Appendix A. Duplications are not removed, since they may correspond to
different context.
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Table 1: The 257 Chinese character bigrams taking the word holding slot in template “< % &
><bigram><comma>". Extracted from the PH corpus. Duplication preserved.

mE | £ | BR | EFE | B | Fx | EEF | #HL | LHF | A
U | WE | MR | Fm | Bk | B | B | &% | EE& | FA
RO R | bR | R | BER | EE | RE | EF His | B#R
) Bis | Him BYC OWR | AR | %we | BRR | & | JE
HR | B e | RE | 2% | R | FE | FEHR | MR | £~
MEE | BE | FE | BR | FE | Au | Bk | B | Wl | B®R
Rl | iR Brg | R | K¥ | Heg | WH HEE | AR | &
B% | B | BHE | 28 | XK | EE | WF | E& B2E | BE
BOK | &7 | &£ | &% | A% | sk | #e | & | XFR | RE
g | dfR | B | BEE | WS | MR | WHR | BB | RE | HE
XE | KR BrEr | simt | KF | 3F | SRR OB | IR | #E
BE | HNE | BR | KE | OBF | MR | Fm | Bk | &£ | XER
B | BaE | A& | bPE | MR | HR | RH | tH& | BBy | A&
Al | mF £ | o | K | BB | B | 2% | EHE | |
BfR | ®E | EM | FWR | MW | B | Fm | 2% | 2% | B
| pkdE | B | HaE | ik | RN | B | M | SRR | 28
fu | BMR | ZF BE | 7 | K¥F | EX BAs | BR¥F | 18O
Rl | AR R | B | Kk | MR | BB | Oz | ZEE | ¥
mE | Btk | BaE | kRE | OME | Bk | XK | HE | M | #h
£% | HmE R | MR | fK | R | BE | S8 | Bk | T
mE | RE | BR | FMA MU | B | e | 23 | R | kY
g | I wg | RE | % | RE | 2 | BES | HK | AR
RO & | BE | AR | 2% | k¥ | EE | R | R | WX
Rl | % | R | HE | BB | ®¥ | A | BE | B | &#
R TH Arc | EEE | OEE | XA | B | EX TE F Bt
MY | Bm | BEF | BM | 2% | £& | BE * * *

3.4 Analysis

The majority listed above are legitimate dictionary words. There are only 39 bigrams not found in
XianHan (1983), a famous medium size authentic Chinese dictionary with about 50,000 entries.

Table 2: analysis of the Chinese character bigrams not in the XianHan dictionary.

structure num Unknowns words in XianHan
adv + adj 24 wir/o, 8eth/o, Efh/1 p 4N
R/l RtR/1, it/
AH/1, g/l
prop noun 3 /3 TEARBRE
| verb + verb 3 ¥if/2, kE/1 (TS Wik, Bk)

¥+ noun 3 ZH/2, BE/1 f7
verb + noun 2 $f/1, F%/1 FE, i

Z + loco 1 ZH/1 ZHl, ZJE
adj + T 1 £7/1

verb + adj 1 wig/1 WAL WA, BE5. WD

Among the 39 non-dictionary bigrams, the dominant portion are those following the compounding
pattern: “adv. + adj.”, where both the adverb and the adjective are a single Chinese character. There
are totally 7 distinct types (fR{f(very fast)/9, #iifi(relatively fast)/9, iR (faster)/1, R (fastest)/1,
AiR(not fast)/1, 3E4(too fast)/1, A (overly fast)/1, 3% (too many)/1) accumulatively occurred
24 times. Note, “adv. + adj.” is a valid Chinese word formation pattern (the so-called L #45#%,
modifier-predicate compounding). There do exist in XianHan words like “KZL (bright red)”
following this pattern. Moreover, all these bigrams are with high usage frequency and expressive
mutual information score. That is, they are all “tight-in-combination and stable-in-use”. Because
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Chinese words, phrases, and sentences are formed under the same principle (Zhu, 1985), there is
essentially no clear boundary for words, phrases and even sentences. Whether or not they are words
might largely depend on the taste of individual lexicographers. Nevertheless, they are all legitimate
and self-contained syntactic and/or semantic entities.

The rest 14 occurrences represents seven different types. Proper nouns such as country names like “dr
(China)” above are normally not collected in the main body of a dictionary. Rather, they are
conventionally compiled as supplementary dictionary appendices. What we want to emphasize here is
that such sub-language entities emerge themselves naturally in context.

“Jki%” and “XE” are not recorded in XianHan, but they are nevertheless tightly bounded and
frequently used. In addition, they have quite unique characteristics in usage and peculiar (syntactic)
meaning.

“ByE"” and “Z #&” are not in XianHan. But “fY1%" does. Similarly, XianHan has “2Z j5§” and “2 §{”
but no “Z#1”. Both “Fr3” and “Jff3” are not in XianHan, but “5:%” and “Ffifh” are in it.
XianHan has “VEAK”, “WE", “W55" and “B /D", but no “WH18".

3.5 Conclusion

Frankly, I would hesitate to quantify the precision and/or recall achieved from the particular template
above, as there exist significant inter-judge variances on whether or not what listed above are words.
Instead, I make relevant data available in full and suggest readers to do their own calculation. What I
hope to accomplish in this section is to convince readers the following two observations.

(1) Word/chunk identification/extraction by template matching is effective. At least this is true for the
particular non-trivial template of “<Jj fE><bigram><comma>". This observation is important as it
provides us with an empirical support of our context-centered template matching word identification
scheme. )

(2) The effectiveness of a template in word identification is quantitatively measurable with respect to
given corpus and dictionary. This observation is important as it implies the learnability or trainability
of word identification templates. That is, we may have automatic ways for template preparation.

4 MATHEMATICAL MODELING

In this section, we will put the context-centered thinking into a broad world. Through formal
mathematical modeling, we will achieve deep understanding on both the word identification problem
and its different problem solving strategies. Entity modeling and context modeling are to be
introduced and contrasted.

4.1 The World

Given context as a word holding iemplatc and entity taking up the word holding slot of the template,
the question here is: whether or not the entity is a word. Assume there are only two clear-cut answers:
“yes” or “no”. Then, in the language of probability, we have created a tiny world with three citizens
or random variables: the word holding template T taking set of mutually independent templates as
the universe, the word holding slot S which could be filled up with certain type of entities, and the
answer A to the question taking either “yes” or “ro”. Moreover, the joint probability

(1) Pr(A, S, T)

gives us the precise and complete description of the three-random-variable world. That is, having the
joint probability (1) known, any question about the world could be answered.

4.2 Word Identification Modeling

In particular, suppose word holding template T=¢ match a natural language sentence extracted from a
corpus, and ‘S=s be the sentence fragment taking the word holding slot. Then, it has been well
established (Duda and Hart, 1973) that, on average, the minimum error decision is, S=s is a word in
sentence if and only if there holds
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(2) Pr(A=yes, S=s, T=t) > Pr(A=no, S=s, T=1).
Assume

(3) Pr(T,S1A) = Pr(TIA)Pr(SIA),

and denote

(4) Lt = In Pr(A=yes\T=t) / Pr(A=nolT=t),

(5) Ls = In Pr(A=yes|iS=s) / Pr(A=nolS=s),

(6) La = In Pr(A=yes)/ Pr(A=no),

the decision rule (2) could be rewritten as

(7) Lt + Ls > La.

]

That is, under the assumption given in formula (3), to have minimum error solution to the word
identification problem is equivalent to calculate the context likelihood Lt, the entity likelihood Ls and
the solution likelihood La, and to make decision with rule (7). This is in turn equivalent to estimate
the context probability Pr(AIT), the entity probability Pr(AlS) and the solution probability Pr(A).

4.3 Entity Modeling

The task of entity modeling is to estimate for any possible entity S=s the entity likelihood defined in
formula (5):

(5) Lt = In Pr(A=yes|S=s) / Pr(A=nolS=s).

As we elaborated before, depending on system configuration, an entity could be a plain character
string, a string of simple words, or some type of character, word, and part-of-speech combinations.
We use the term entity for generality.

Note that, since we have assumed only two possible answers, there holds
(8) Pr(A=yes|S=s) + Pr(A=nolS=s) = 1.

Then, the entity likelihood could be equivalently written as

(9) Lt = In Pr(A=yes|S=s5)/ (1 - Pr(A=yes|S=s)).

Hence, the heart of entity modeling is in modeling the probability Pr(A=yes|S=s) for any possible
entity 5. In essence, the probability Pr(A=yes|S=s) is expressing the fitness of entity S=s as a word
out of context.

Entity modeling is nothing but the theme in both sub-language oriented and entity-centered word
identification research. Numerous modeling approaches have been proposed in literature. For example,
in Lee, Lee, and Chen (1994), the probability of character trigram C; C,C; used as a Chinese name is
estimated as the product of Pr(C,lsurname), the probability of the first character C; as a
surname, Pr(C;Ilmiddlename), the probability of the second character C, as a middle name, and
Pr(Cslgivenname), the probability of the third character C; as a given name:

(10) Pr(A=yes|S=C1C2C3)
= Pr(C;\surname) Pr(C;lmiddlename) Pr(Cslgivenname).

The ngram-based approach by Fung and Wu (1994) is in fact implicitly modeling
Pr(A=yes|S=ngram) through a statistical decision procedure, while their linguistic filters (Wu and
Fung, 1994) are implicitly modeling Pr(A=nolS=ngram) through a set of linguistic selection rules.

4.4 Solution Modeling
The task of solution modeling is to estimate the solution likelihood defined in formula (6):

(6) La = In Pr(A=yes)/ Pr(A=no).

Similar to what we did for entity modeling, only the probability Pr(A=yes) is to be estimated.
Theoretically, this could be done directly from a corpus by counting the cases where positive and
negative decisions are made.
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In practice, however, the likelihood of La=InPr(A=yes)/Pr(A=no) is better obtained from user
assignment than from corpus training. Similar to what we did in Chinese spell checking and
proofreading (Guo, 1994), the solution likelihood could be used as a control variable for
recall/precision balancing. Different solution likelihood settings will result in different recall and
precision rates. You may be able to get high precision at the cost of low recall, or to go the other way
around. We found this is a practical mechanism for fulfilling different preferences within the single
system.

4.5 Context Modeling

The task of context modeling is to estimate from any possible word holding template T=¢ the context
likelihood defined in formula (4):

(4) Lt = In Pr(A=yes|T=t) / Pr(A=nolT=t).
Similar to the discussion above, this likelihood could also be written as
(11) Lt = In Pr(A=yes|T=t) / (I - Pr(A=yes|T=t)).

The core here is to estimate Pr(A=yes|T=t), the probability of entity taking the word holding slot of
the word holding template T=¢ a valid word. Given a tokenized corpus, its Maximum Likelihood
Estimation (MLE) is:

(12) Pr(A=yes|T=t) = n/N

where N = “the number of times template 7= matches a corpus sentence” and n = “the number of
times the entity in the matched template slot is a valid word”.

For example, in the case study above, there is N=257. If we treat only those in XianHan (1983) as
valid word, there is n=219. Thus, there are:

Pr(A=yes|T=“< % f&><bigram><comma>")=219/257=0.85,
Lt =1In 219/38=1.75.
If only the three cases under the pattern “#J + noun” are considered non-words, there are:
Pr(A=yes|T=“< %k ><bigram><comma>")=254/257=0.99,
Lt = In 254/3=4.44.

4.6 Template-Slot Independence Assumption

It must be pointed out that, to reach the word identification model (7), we explicitly made the
following assumption in formula (3):

(3) Pr(T,S1A) = Pr(TIA)Pr(SI|A).

This assumption could be read as that, with respect to any specific answer A=a, the word holding
template 7 and the word holding slot § are probabilistically independent. In this paper, this is
referred to as Template-Slot Independence Assumption.

This assumption does not hold for templates such as parts of collocational patterns. This assumption
is adopted for two reasons. First, we are not aware of any practically computable modeling approach
which could take into account all the three random variables simultaneously. We have to decompose
the three variable world into several one or two variable subworlds. That is, we have to accept some
compromise.

Second, tight-bounding collocations are relatively rare in real text. For an English corpus of 10
million words, according to Smadja (1993), only about 8,000 collocations are reliable, a neglectable
portion among millions of other bigrams and ngrams. Moreover, as words which could take up slots
in such collocational templates are highly constrained, such collocations, even if chosen as word
holding templates, are not productive.

In short, the assumption we adopt is necessary for efficient computational modeling and feasible for
productive practical application.
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4.7 Short Summary

According to the word identification model given in formula (7), to solve the problem unbiasly, both
entity modeling and context modeling are necessary. In literature, however, the emphasis has almost
exclusively been put on entity modeling and it is hardly possible to find a proposal with the context
model explicitly incorporated.

In contrast, by exploring the word identification problem in such a systematic way, we make it explicit
the importance of context modeling, and proposed a concrete context-modeling approach.

The use of context information in such an explicit and systematic way is the fundamental difference
between the approach proposed in this paper and the rest in literature.

5 ALGORITHM

In this section, we will first go to the extreme by trying to construct lexicon and perform tokenization
without dictionary. Such an algorithm is proposed. Some notes, variations and improvements are then
given to contrast the key idea and to make the thing realistic.

5.1 Start from Empty
In Section 3, we presented in detail a case study which gives us strong confidence on context-centered

word identification and lexicon construction. Note, in that case study, we did not do any preprocessing.

In particular, we did not do text word tokenization. Moreover, we did not use any dictionary in word
identification. The dictionary XianHan (1983) is employed only for human evaluation of the
effectiveness of the scheme. Explicitly, we are building up lexicon from scratch and doing text
tokenization without lexicon. This section is on the algorithm proper.

5.2 Baseline Algorithm
The baseline algorithm has four phases:

5.2.1 Initialization (n=1)

e Put all none Chinese character symbols in the working character set such as GB, Big5 or
UNICODE into the lexicon. Punctuation marks, numerical digits and Roman alphabets are part of
these symbols.

e Put all function words, such-as prepositions, pronouns, particles and classifiers, into the lexicon.
o Put a few special Chinese characters such as “&&” and “45” into the lexicon.
¢ Put a special sentence begin symbol and a special sentence end symbol into the lexicon.

e Prepare a large text corpus by appending the sentence begin and sentence end symbols at the two
ends of every sentence in corpus.

e Set amaximum word length.

5.2.2 Bootstrapping (n=2)

e For each word W; and W, in the above initialized lexicon, form word holding template T(W;, W;)
= <WI><Chinese character bigram><W2>, where the word WI and W2 are the left and right
context respectively, and the Chinese character bigram takes the word holding slot.

¢ For each thus formed word holding template and for each sentence in corpus, check to see if there
is a match.

e If yes, put the Chinese character bigram found in the matched Chinese sentence and taking the
word holding slot of the word holding template into lexicon.
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'5.2.3 Iteration (n>2)

Suppose lexicon up to word length n-1, n>2, has been constructed. Now, to augment the lexicon with
words of length n,

e For each word W; and W; in the previously constructed lexicon, form word holding template
T(W,W,) = <WI><Chinese character ngram><W2>, where the word WI and W2 are the left
and right context respectively, and the Chinese character ngram takes the word holding slot.

e For each thus formed word holding template, evaluate its context likelihood Lt for word holding
slot of length m<n Chinese characters. This is done by (1) matching the modified (that is, the
requirement for the word holding slot has been relaxed to allow any Chinese m<n grams) word
holding template against the whole corpus, (2) counting the number of m-grams which are taking
the word holding slot and are or are not words in the latest lexicon, and (3) calculating the log
ratio according to the formula Lt = In Pr(A=yes|T=t) / Pr(A=nolT=t) introduced in the last section.

o If the context likelihood is better than a preset threshold (the solution likelihood), the template is
confirmed.

¢ For each thus confirmed word holding template and for each sentence in corpus, check to see if
there is a match.

e If yes, put the Chinese character ngram, which is found in the matched Chinese sentence and takes
the word holding slot of the confirmed word holding template, into lexicon.

Repeat the above procedure successively for each n, until it reaches the preset maximum word length
limit.

5.2.4 Completion (n=1)

e Add all single Chinese characters into the lexicon.

5.3 Notes

First, in Phase 2, only bigrams are collected, and bigrams involving none Chinese character symbols
are excluded.

Second, compared with Phase 2, template evaluation and confirmation are added to Phase 3.
Operations in this phase will be executed consecutively for n=3 up to the preset maximum word
length,

Third, the last phase, Phase 4, is to make the lexicon complete. As defined in (Guo, 1996), a lexicon
is complete if all words in open text are in the lexicon. Operationally, this is proven to be equivalent
to have all characters in the working character set be included in the lexicon (Guo, 1996).

5.4 Improvements and Variations

Countless improvements and variations of the baseline algorithm are possible. To keep the description
brief, only a few are discussed below.

~

5.4.1 “Top Star” Templates

In the baseline algorithm above, both the left and right template context are single word long. This
could be updated to allow multi-word context for higher reliability. Most rare templates are better to
be discarded in production, since their word predicting power could not be faithfully estimated. A
practical way is to generate various context length templates but only keep those appearing at least
several dozen times in the corpus. This trick will both boost the lexicon’s quality and the algorithm’s
computational efficiency. The efficiency comes from the fact that, only high frequency entries in the
lexicon need to be considered in template preparation, evaluation and matching, yet these high
frequency entries are always a tiny portion of the whole lexicon. Moreover, the frequent appearance of
a template in corpus makes the estimation of its context likelihood operationally reliable, and thus
reduce the noise level.
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Methodologically, this is essentially to let a few “top star” context templates call back the “silent
majority” slot words.

5.4.2 Resource

In what we did above, there is neither lexicon nor lexicon-based tokenizer employed. However, the
two resources are not too difficult to obtain. Suppose we already have a machine readable high quality
dictionary and a lexicon-based tokenizer such as the simplest longest (maximum) matching segmentor.
Then, we could start by using that dictionary as initial lexicon. Moreover, before each iteration begin,
we could tokenize the corpus according to the current available lexicon. This will help us both in
reducing errors caused by cross word boundary template matching and in enhancing computational
efficiency through precompiling corpus ngram statistics. Furthermore, part-of-speech tagger could
also be incorporated.

5.4.3 Linear Pattern Matching

It is also worth noting here the Aho-Corasick pattern matching algorithm (Aho and Corasick, 1975,
Aho, 1990) and its derivation (Pinter, 1985) which allows the inclusion of don’t-care symbols in
patterns. By organizing lexicon and/or templates in &rie (Knuth, 1973) structure, the pattern matching
can be implemented in time linearly proportional to the corpus size and independent of the size of
lexicon and/or template. However, detailed discussions on efficiently applying these algorithms to
lexicon-based tokenizations are out of the scope of this paper. Interested readers are referred to (Guo,
1996).

6 CONCLUSIONS

In this paper, we have established the fresh context-centered Chinese lexicon construction
methodology which is first introduced with an intuitive explanation and an informative case study,
and then generalized with formal mathematical modeling and algorithm development. Due to space
limit, experimental evaluations will be reported elsewhere.

The primary advantage of the context-centered lexicon construction approach is its unmatchable
productivity of recalling the “silent majority”. The algorithm we proposed could extract almost all
words and phrases in text, even if they only appear once or twice. Moreover, as our case study
depicted, the precision could also be very good.

Under the guidance of our mathematical word identification model, several possible improvements are
also highlighted in this paper. It is understood that we have restricted ourselves to be within the
framework of traditional syntactic analysis. What we believe to be worth further pursuing are the
following two aspects:

e Chunks: In English, a chunk is essentially a “non-recursive core of an intra-clausal constituent”
(Abney, 1991, Abney, 1996). To make it applicable to Chinese, some adaptations are required.
The principle, however, is nevertheless there. Only after introducing the concept of chunks, we
can have a better understanding of our task. In Chinese, lexicon construction is nothing but chunk
collection. It is practically not critical to argue the definition of words. Rather, if an ngram is a
chunk, we collect it.

e Semantics: The more effective way of enhancing the quality of a lexicon is by introducing
semantic databases such as the multilingual SenseWeb (Dong and Guo, 1996) or the English
WordNet (Miller, 1990). Normally we do not work from scratch but augment an already validated
lexicon. Then, with SenseWeb or WordNet, we could check the similarity between what we are
extracting from corpus and what are already in the lexicon.
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APPENDIX

Listed below are the 257 partial sentences in the PH corpus matching template “< & &
><bigram><comma>". See section 3 for analysis.

1. HEFH AL Bz LR RRHE, 25 . ERBRREER,

2. BEBAMCIRTU/REMERN 1 9 BHIERHUIR 26 RAHBEFTHATEERFN L EEX,
HREEEIKFES/RE?2 O HERPE 27 HBMAHRT T REKAEZBRE,
WELENTEENGE S RREE, 28 . X— 1AM R B E,

3. 2R TEFRIILERRER, 29 . B EEHF,

4. BEMEBESAEVHENEREM, 30. BT R BB,
5. HEARY O LR, 3L.NBRREHEA,

6. REHARTX, 32. xfELE L R B E R,

7. ERMENEETREFETESNRREE, 33.MERERRE M,
8. REM T BEEREAFELERELL, 4. KRREH,
9. B HRRA, 35. FEESNMTEN R IFEEXR RN

10. X F S VSBRHEREN [, #,

11. EXRBEEW, 36. ZANHR EBUFHIIT TEREE BRI,

12. 5B = 4 FE 2 B R R 1k, 37. ABRMLEERBSBRULERE,

13. ZRHIET RREMA, 38. RR&F,

14 . B EHRBE M R R [, ' 39 . B BER R BATS,

15. 384 = h KRRk, 40 . 9M7E " MERFH,

16. 3838 RWVEER, 41 5P ENRNELEERREHER

17 .\ ST 4 RsE & Bk, R ERBILX,
18. LB AREHT “REZLW, Q2. ZFFERFEHLEXERHERASRE

19. FRPBEIMERBLRES, Bk,

20. ELREFA2 0 AFINELVER G OIAESEEEIFIIERESLEX - KBS
Fefa, B,

21 EMRBELTFT AL LRI, 44 . EBPOV S &R E R,
22. LRSS KEREIGE, 45. ST RIEERBHRAREEREHR

23 R R AR IR R B R RIS, RREZW,

24 . RHZFERIBR,
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46 X KITRKEWERRKARFDLRR
-

47 . RIARELRFE,

48 . KIRER,

49 . RHERE MK BN REM R EME,
50. R/Di 5 R F R ZRAER,

51. & EBUFA RIEREFEEFCRRER
[

52 . fil5E 4 1A 2 B SERR N & JR AR,
S3.MERRTF %,

S4. iR T KX HNETEERR,
SS.MAXFEARRT X,

S6. B &EA R ELW,

S7. REHFEAMIVEERETFRFERE
*,

58 . S 4ERE MR UL HEA TR E 1.2 R,
59.4tHE 1 9 8 9 FHRZWF ML RRITR
BERBRAL 9 9 0 EERALF NS E
BRI,

60. EATHE EXN—-NMEEER,
61.4tHE 1 9 8 9 FERZLWF L KRR
PEFER1 9 9 0 EFERZFHIM S %
BRI,

62.#tHE 1 9 8 I FERAFMM SRR
BRI 9 9 0 ERRAZKIMELE
377

63. AT —IMHHERENE,

64 . RAT%IE FE BORMZ P4 LRI,
65. P RKBHBHXH LRSS HATA LY
it 2E RS RREKT,

66 . 1R 1% E &K A9 7= M BUR LR B 1R,

67 . R FHMERIH,

68 . (14 ZF FIiE [ B M & JR1E 3%,

69. H AT B R R A,

70. R4S,

71. MEEEEZFEAHREES,

72 . 3RV R RIS %,

73 . EVIHE M E RGNV R RS,

74 BRI B DEIE MR T EERE N
WihimERERE,

75 . HHMX RE XERASRFNREEXLER,
76. TV AEFRF—EHNREEE,

77 . FEENEESERRF,

78 . BRIV ERESE,

79 . WHRAFIABEEMNA2 00 0 ALRLR
BES,

80. & AFHHELRFRMERTE,

81 . fi1Z& BB MEFIIT R KR RBUE,
82 . HEMRAVNESEYWRUREEF,

83 . WARBLERIHELENERBE,
smﬁﬁTﬁﬁﬂ#ﬁﬁmﬂﬁEﬁﬁﬁiﬁ

85. KEBE A HE TIHFRATHRREM
X,

86 . T ARKHLBEMEVEEREER
",

87 . it T BT H A B RiE R R
o,

88 . WHHERE L BHENIMERBEF,
89 . RIHRFHPRBER,
90.#—FEREN,

Il.EWMBIE LR,
92.iEJLERGB IR BT,

93 . EEN KRB,

9. INREERMBHIIEKIEEN 4 22T
MRIVERES,
IS.XNMERHEEFRABVERESE,

96 . 3. TXANEEF T B EA RMER
R,

97 ARFEFEM KB,

98 . HBH T /RERXKREKASGHEA—IFH
EREH B,

' 99 . RE L 55 & R K,

100. FERRAEMFEBF VLR S,
101.BFE ML EH BHRERIM,

102. I FIE4ERFHEAM R B AR,

103 . FEHMRIEATEHFHNRERE,
104 . AFUR MEFK I SR K R 1k,

105 . AEEREREMNLT XL BEE EK
F,

106. [AFLESE N+ —B=FL4& RN T
BE R,

107. EFESXEHE KRR LR,

108. O LBALEH 1 0 MAERANNFR
BBHR,

109. #lEH —A & BRI,

110 RAERBHGARK#OEB T EES
ERORREHE,

111 . 3K Xkt H 0B 4 R R K,

112 . BEHEARA KA EARNE,

113. “IERERNELRERE,
114. “REKE,

115. A HME WML ER %,

116 MHEMREIET “XBETF” TRSEER
BRI,

117 . ZMEMEREF M,

118 . EHAMEAMN B AR & BHRIR,

119 . RREE MR RE,

120. KB RBEMEEF -REER
&,

121. R T ILRE X JLEL BT R R EBHR,
122. A FRRBRE,

123. B hRBREF,

124 . FHERRBRFH,

125 . KERHEATREERL,
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126 HTAGEIFHISCHE “8 6 3~ BHEAR
WRERT R,

127 . WA /MK B YLH T 4%k & RRIR,
128 . WHEMT 1 0 EXRFEBEFFALZNR
KRRIESR,

129 . B EIERAFAENE S ZESE
RUATH RRIZE,

130 . RET HRBEF,

LB1. 2R TEAKER SRR,
132. “NEHEERIF,

133 . L4 B EMNERZFAL S L RIT
%,

134 NHIAAR 55 2 RYIL IR 558 & Rt 72,
135. AR ZFBELZBIX,

136 . XiFEERE TS T NHRBEBZIHA
T—MHHERHE,

137 . R E X LW R EER S,

138 . W 2 M EH TR EME REH,
139 GEM AR R RIEE,

140 . RPMEXREEN TR ELERE,
141 . XM X AR AP & R BEAR,

142 . = EMRE RISV ERTEE,
143 .. 5B AR BIE K,

144. R AT EBX ML R ER,
145 AFUBIKR I RIIA DX B E R 235¢
it &R B,

146 . th RS KRR,

147 . B & KRR TF R HETHRA ST FI BT
REEM EHE &R M,

148 . RUEREUMRELH,

149 . B H AR TR RATE R —LE I
BRRESR,

150 . B ERRIER S FIERX W EEM
BREER,

151. B AR R M,

152. REIRYE,

153 . FEEFRE S+ NEF LN R RE
: 1k,

154 . RERE TV & R HE,

155 e RIEREI T AP X RMKERT
' =,

156 MEEXRSER—VIRBHRRRE
A,

157 . ERAFEQLE VKRS,
158 . F A EFEH T LG LB K%,
159. KRB,

160. Ak & REE,

161. RREZV,

162. +ENE W EEHRKEEAL,

163 . HIEREEARMUTELAELT 54
ERZH,

164 . T ERX TAE &R HRE,
165 . NMEHIRAEBERZFARKRE T,

rd

- 166.KE/NREREKTE,
CRBSEMTVESRE “HERR
“NEWHR” PHERBRESR,
BRELEAHTHRIZFERBRPHER
WA RSB P AR & B B AR,
Mz BEHK RSN GSA—
BERIEKR h KRBk,

Bl BB 2 2K — 47 B B 55 Be 4 X Ak T A
RTHPELZFHFXNLRENR,
B ERERREITIR “AR” R
R,
CHAREREVE N FHBENFBER
NEARSREATE,
KRBEBEARATHEENELT - IMEENE
JEatH,

174 . Z R BHEE,
—BELRBERBIOERRESVHTR
_ EMX#EV LR K,

176 ENMEEEBFHIIESES HAF LR
R,

177 . MR ITE&HEATHFRNRREN B,
178. ML LR ESbEBI ANV EREZ
5,

179 . SN LR ESM BN R R Z
: 2%,

180 . M EREFHE,

181. RRiE,

182 . A EF W R BESR,

183. U SE T WA EHRMRAER= L LR
i,

184 . HAMNFBKIENAEF L REKE,
185 . AN T —HEWFEBEREN
&,

186 . — MR ZFEARGEL B L3,
187.[A H & H REM 45 A K& H 2 HAh B
RUKERBXR,

188 {BXFRIRFEGIBH & BTE,

189 . ZFHEHIE T UBARSEL A FEEHERE
AR,

190. WA M TERRATHERRERS,
191. % (&I HRENERZFRH SR
BAE%,

192. Bt —FHABA T RNNESZITBURH
5,

193 . ELITAR 553 RFIMCIR KB & BT 78,
194 . KA TAEFF QI R M & BK,
195. £ ZFBEREHL K,

196 WHAEN BT HEBER LB L
WERRBEN,

197 . J PR SMRRE Bk & R K,

198. ZFRKEZ 2,

199 . iR ik AR b L RBEK,

167

168

169

170.

171

172

173

175.
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200. 4 s a] DURBUK £ BEA S UME R 20
BERRIT,

201 BENRRIVERTE,

202 EEREER WY & BB,
203 . ERBBRF|EHFREHEARARBIR,
204. X —HEARBH AN BEMNERE N
I,

205 . FHHhTWRELUE,

206 .\ TEREERE,

207 . FEFEHFIT R F K L R R EE,

208 . hit — - H B B X B R A,
209. BREX BRBFI,

210 . EMARR,

211 HFESIEAN T ENBRERER B,
212. IR AL EmRKhE SER NS
MEWREILE,

213 . A= RERAE,

214 BCEF B REIRE L & B RE,
215. B RBUF TS ZF KRB,
216 . fE5E AN R R I,

217 . RRER,

218. AR KRBE S,
m&ﬁﬁﬂﬁﬁﬂméFﬁ#EZKMiﬁ
fK,

220 . MEERBNXREE WHREIR,
221 . A ATTEHRZFR BT,
222 I Ab e HE R R TR 1,

223 . FE¥RBEFRRTE,

224 . R BIERRBILBEMRBIL,
225. RRZW,

226 . REBENRELE"= HERKE,

227. 451 OFERFEFZANEYRRE
&,

228 . XKRESERKMERAR,

229 . WHMEN A THEERX YR ENZ

TR R,
230. [FHHE M EE T — BT R MR R
ilj’

231 ARERBHE R BER,

232. BRHEZEH LN R B,

’ 233.TEMERER,
2. FATPENEBFNIRERHRE,
235 . FEPMMEEEBRAEPEE=RE
S 9 0 ERUWAREEFPFEHFEA -
B R RB B,

236 . MBRERFREIATEM 1 {LEELRE
BE,

237 . T F AT E F kB E &S
RRBER,

238. “FBRLEMBEAEHETSETEN
R RERE,

239 FITE HR K SR 8K B 15k,

240 HEUEBRL S EH LS RERMN,
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241 . LHHBE LR BT,

242. HEHSENABERFE,

243 . RAMEMERNPOEFREBLES,
ML%M%%%i“ﬂ&%E”m%mﬁﬁ
R,

245. REH ZRHNE,

246 FEFETFHMENZFRERLR,
247 . R X T IR E AR I B & B VLIS,
248. “FRBBEHWEIRRTEFEN L
BER,

249 . EREFERTHE,
%mﬁﬁ?-¢ﬁ%?ﬂ%%%ﬁiﬁﬁﬁ
Kk,

251. Bl R R,

252. K A% TS BE ML B R,
%&Mﬁ%ﬁ%%ﬂﬂéﬁ%%ﬁﬁgﬁ
254 . WRESEHEEH - SR T AKE
O R R R,

255. BB RREW,

256 . HYITME R ZHAERRES,
257 . 5FK ‘WL MRS RTENRER
&3]



	R96-1001.pdf
	R96-1002.pdf
	R96-1003.pdf
	R96-1004.pdf
	R96-1005.pdf
	R96-1006.pdf
	R96-1007.pdf
	R96-1008.pdf
	R96-1009.pdf
	R96-1010.pdf
	R96-1011.pdf
	R96-1012.pdf



