MEXFHEZAR

FHE HRE
REREENFL A

{ms8805, ksj@cis.scu.edu.tw}

#H 7
AXERZUREHERIIHB IR A MG EITAGXHRERE > 5 AhE S
Ry ERABTHE ERM > URIFEAARAAA LT RAER ZHTT - BAH I EITOHKR
FOREXFEEBATAGETHRERE RPRELEEZMENH ) TFAHAHE - 75>
BATRAHZAHN XA AR E E L 0 B b5 18 WordNet 32 F4Z 288948 B35 & -
HAZRER REITHA > RRE LS AMOT > BiwiEENERZN > EMHBIE
XA PR FHRARAABABMOBEEY c AFRFE T E 0 RFARE —BEU AT A&
TEOHMEBTHNRE BRI T —EIHLAARTRABELER - TR ARET
—RESBARBARAETEMEGM BN > H KRR TIIO%S BHEERHE R

R ABEN 65.6% 8 K E S RFERUET 9.6% ((71.9%-65.6%) / 65.6% = 9.6%) °

L.

EEAHAEBENSD > XHCHBANETRERTA BBy o - B
BNARBGEZLEOEREBRRED SR ELEEA%L > BifE RS TR S EiH
WA E R EM -

BMRBABAN AFRTYEHER BRI L3 ET5 @A T
WICE o MBAE L T REAR A BB AR S5 FHI TR E XM B HRE S eyt
RERERE-—FEMFEE MABRAXMANRAXBEZTEIIFHNE > &

MAB RSB RETHEABTER - BATH M @66 33t — 1848 % 4694
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F o BB BRI M ALTR IR BB ERYE R L REZEACHE
Rt o BH BN EIREBERE > ERRA BRI DY -

BRI HBEIARALHREABRAI T ARET  AAIHRZYLE
G 2B RFHEMRRGERNE > AERN T ERBRERESE - Am >
B8 X F O BHTIE R AR S ESEANAE - A XN B ERTAHRIXZTNEE
BMAHR  BBEbEABEHHE  REALTHREAMAGRREXFHES » #
WE B A F R MARBMHAABZEXEZRT A T RIS -

BEXRRT » CHAF SN B R EHAR 0 MARREEEHT I RHER
Z RS EATA RIS © B E R FIET X E AR AR AEHE R - BRI TRARE
B EREAT THIRE ST RIFOBENR 7o H3HR E 8 RBGHE
AARRE T —EHGEE > WERZHRFERELER - ZMEHELERBKE A
XM BATHFARIE - BUAS AL RRBREN T AK - BE 0 KM EETRES
HYHREZEN ABRAASXRETIE  E7BARELEZ G R LETRAA
B ERER -

AEXFELSANE > B HB AP XGHEA RO XRETDE - F
ZHNBAXPER IR E IR > O35S AL R M EH P AR 3 RN A 69 BAEH
B B ERRARALAERGRERERS * M ERHE X ERUARKZL
TRAFE o A4 AWH T RIARE —EUASBEAARIILEHERZOBE - B R
HHHAXRBOWMEFT EZT— A9 E R URBANMBHETHERE > LK
HMEEREI P PELG > BHPBERETHS - KA KROEF A NHRELSHUR

R H G ¢

2. A8 M %
BEHNIAMEGAE > SNE—XAAHE > bk L REH— B XENEREAT

WMERE  ERAREGETT  REREAIMGPHEZE R - HF > FLEATEEHNT
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LSRR EXTrEAGEE < id) BB EEATREXH P RAEEEHAF £
i MmPAR L A H & %37 6938 4) R A% E(Forsyth and Rada, 1986) « & 6957 50 A &
414 X F #4T & MAH R (information extraction) R 3 > R E X FNHAL ~ L ~ 8
LEBRLF AHBLEERALFAMMNIGRERE G E > ERIERE X4 T4y
ERE(ERT A, 2000) - FEHFTAE REGAIMFFOME > BABRAEL LS
BT FFREEEMN  TRAHMRE R E1E4 £ (Hovy and Lin, 1997) -
MABHNE—SIRGHR > FELEBANSE X RGHEHRFR > I HIRERE —
FH0 5B M XAFMTIIAELUR © SRPERE b By o MUK EH
# & (McKeown and Radev, 1995; Barzilay, McKeown and Elhadad, 1999; Chen and
Huang, 1999) - % X R EA T F A GLM > R T L@ GERNE - RB R
RIL Yy k5 > McKeown % AR 248 B 7 2 M 47 F 64 37 B 3% 2 7 AR AR (template) >
HIRARHR S BEXFNGEN > R ERR - RTBH - FHE4LBH - FHEL
B EEFme) TR B E TR SHERILHRIER > X EMTEE
o E Al —18 % UK By #(McKeown and Radev, 1995) -
SHMNBERAFAAH O EZN MR ML > KI DA UFEME LR IE
BR-BEFERSATARFIXFNEZNTF ARELFARETE— S ORI
BREEZEBORWAEE - AHRAAAARBTRERN 4 AE BT F (cue
word) ~ £ F X (discourse) & IZE RIBBI PR P ey EH3E 4 (Marcu, 1999) - &
IR A/ FE LR TR BRBEN)TAERENERME o 78R Btas
BEHEREBNOTFERBELET XG> LBREEZ > HMERERBAEE -
ek BAFANSHEMR > BAE—HRSEZARNRFTERNE Bk A2
RHE
MM A EAE > EMRHEREIHOERZMS - £ 1999 F > Hovy £ A% A WordNet

%
BT AR R > AFAMBBABMSRZERRRTALY - RERH
] & % S AR i & 2 1] &9 48 B M3 45 (Hovy and Lin, 1999) - Woods 1 R A 35 89 947
AT R A — B ST 6 IR AR(Woods, 1997) - (B8 RE T AR R RA BARMES
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Fo M A B MERBERATRBERE HEFN -

3. HREE IR
AxAamtRi@fz P o EH "WordNet " B EAHMBH & T 5ZLBKMNENH
PAEME | FERRETHZE R o #7 WordNet 89148 > 3H 4 A Miller 5 A8

#F(Miller et al., 1993; Fellbaum, 1998) - £ F & > &AIFHIEZE RHBETRE—NE -

3-1 ¥ 3% AL 37 B 250K

3% 4 37 B 358 B (Reuter Corpus) » 8 Lewis £& 1992 sFAriic & » B ATSb3EHE & 44

TEMRTRFEANEZINEZ - ARRRAE 90 FRIGBERNHMIE L5
B R B ARk 5 FASA ) 4 X 4+ (Hayes and Weinstein, 1990; Lewis and Ringuette,
1994) » M AN RAEE 2R LA BERA > LIRAG) £ F 4 Yang 9% X T A

B3 & uh b8 (Yang, 1999) -

AEIFIRA 3 6935 A BATRATH BRI TEEH © SLIRA BB
BB 5 7789 BAlsR 42 3309 &Rl > £ % 93 4585 - MEZHRT %
VAR F R — A ERFRAE RN A L XA D B o BB
% HBAVF 2o I RBA BB > BE X TFHBENE 7 A 123 Fo 1.24 -

EBRFANMEIRT BREXHFONERER— ALEXHTRAFZMBSF
R+ % U b - BiBHITE > AIRBHARRER T BE XTI
Q7B A 6.8 a8 73 & M KMEBEHAE  BEXHHZAENTHEE
%) 2 7.4 0 126.9 183 5 -

3-2  AEE AN AMA SN E

A7 BA3E 4 B (Brown Corpus) 2 £ B3R EAMA R L FHRERANBHEZ — - KX
FRAE R e BASE M E » X &3F AR AR o9 WordNet 3£ o BEAH BB E
R o 3 R HE K 2 3040 £ 22 B % (Cognitive Science Laboratory) » #] | WordNet 4 #4

BREH UALFTKXALENRNGE T HTHARZL  LWEHRETH
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WhEHE 4T 0 £ £ 4 brownl, brown2, brownv =

18384 > Ftay BRI R 1

1 ARRARGHRABNE-F@E R -

4 7% R H £AZRIHE CARLARGFR
brown]1 103 A3 - B3~ A E L8] 3 106,725
brown2 83 435 ~ B3 - WEF R3] 86,414
brownv 166 %3 41,525
Total 352 234,664

HEINE > THEBEAHRADHELR 352 @45 % - B WordNet R &4 43
B}E) W AFEAEEmEEMN  Hib ) R oERMaE TR i
Ve o JERARER R P 0 483 A 234,664 1813 4% 4% 22 £ WordNet 38 & o &AEA A 2

AT BASERE » PRAR LAY FEI REFAR B H 0 RIBB AP R BATIH R IR -

4. Ry R

ERE > BPVEART EE AR BIFERIFETHR - £ 41 242/ F >
BAVRARX LT EARLEGATERGRET X - A5 AARRE —ERS 5T
RAGT R B RAN % SHBRIIFEAG I EARSL £ 43 M FRiTHmE
W -

4-1 B i B AR AT A X AR

RN EREE > O ER)BE GMEHEEFLFTHME - BILKHAE
AEREBE EMEHE R RN E X9 P74 - Edmundson B4 & 0428 F
093E 4) 0 @XM X AA 8 448 B (Edmundson, 1969) - B 4h » RERMEHBE R LR
Jo XA BAT T R A B AR o b Hovy E AL A XA F/EEH TME
HeAr] G 4B AR B 69T B ST AT R RGRFIRAE T HA NN TR A H N E
R %E o LEAREEFEZFRRG; oM B X4F69 £ £ B (Hovy and Lin, 1997) -
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http://www.cogsci.princeton.edu/~wn/

AR HINRBH R BTN EZZGMEHE - MERMEH CH ik
# A 7 Edmundson #1 Hovy % A 895 % > FI A XA 64 B 82 F R &3t o 47 A& AF M 89 R
—ERE  HBONZAFTEARSEEM -

EMBEFHERY @ RMEAELET AR ey tf x idf 75 RIEEX
HREGERFAE AR EZARTHIRE — AR R RUAMET > T
BEEFZARGFTE AKX 12T BER—EAXMd> ARBEBRAd PR E 1

BMEEtEdFHBEREOHEME W, d) Artiaed FTOERRE Y KRAFF A

\

GO E RN df, BRI d PREEANESE - B2 KRABEEARDOANE
A d i EEAE

(f, x idf,
/4 d)y=——"--"-,

D= Max () .
idf . = log ( djft £1) @)

. P XEdFRAEHFH -
df,  :HEEt BBRAVRER Py TR
T CIRBR PR XFLEE -
BEOBABEHESEFRETEEIMENHR - KMRZELEHEFHEZMHLL
XHPREBRYFEES  MA—EERZNEGRATLERSOMET -
BV HL R — A d> wRFFE B d eBsEF > REHEA M EM
Wit, dy> 24 > BREFHEM > FEEIXMHNETF s ArafA YA E/ Score(s, d)
HEOGTFHEEN T EwBE AKX 3 AT e

Score(s, d) = > Wit d) » 3)

Os st Fy
t CHEBREXd FeEK -
ERORE XM FHE—18 6 FoytE EE% > K TR EMEHERT KFXMHT
TR BT o RPTAINGEH NPT A I RITELORE > T Ao dH—F
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XHFERETFHRE N - & BRPIG S BB EEXHNATHRE O E LS
AT EMAIALERBRE ERMEAAN ) TULRBE © &6 Ll - KADHF LI

EHEGRE B A > FIHNE ] -

TRMEREH RN EE
I ERBR 5
FEE— AR AR 1822 HEINRBHRNE M ELEE -
B BREXHNEZARARETES  RAZXFHMET -
FER= AR A ﬂ3’#$&§x#mﬁ%%ﬁé@ ERBAEEERAETE
XA P B b E B HEAT
SRR LMo ER = I e B AT AT 0 SR R AR b SRER P
EEfE SRR o
BRI 5
T —  HHIXHJHEREEZMEALEN ) FRERBE -

Bl 1: ERmBMET ENERRL -
4-2 Y& AAZARE)
BRABFTAIXHEREABRSWBMEE > KIBAIMF FE 4 F5 58 5F85
Jbé) FRIXH TR CEARGHAMAZE > RILTHREARZHR B (21X >
TRNSALRBIEER  EFRMRERTEFRAGEN - MEEA—BXFET >
ETREERRRNFARREKER —FHRHF > BARG BRI TH £
SR PR ARITERFRILEBRE T > LLHIBEF ROERERATEK -
HHBHRORE  BIIRAXFEHHARTRMEA S RMOFARREERN X8 R
BHRBATERNARLEZELEZEASEAMESR - Bk AMNAFELHREXE
YE5 A T ReAE A a94a B3R & o
BTREEZBANEEAMETNF R > &MIHE DS WordNet 498 g2 B #H% >
FAMBEIRR S —EFERGE RFALERF - B RPIRALEBRBEARARY
#

REVHEAGAE > BRECHLAREA - R BHEE - B #1145 A
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WordNet K% AR E % » B BN ERBRBIARBRABMAB£F - LRAATEN
B3R BB LR RRAREAR RAAHERNBER SHER A TROTE -
#£ WordNet W » HE—3F % ZNFARTHA FEFA R - BbL£HR LA RZAT
BV AL B R FHEAFR > LRARBRM T L AR A RKZEGEAE - RARE
F T A8 77 ik R AT HAR A3 R ATHE R 0 4 %0 A s WordNet &9 52 & #2 X439 &
HEBMRETHZLEWHE > AARABHEARERAKREBTARLERE -
4-2-1 2L WordNet 3#4T35) 5% % B 93k
TR ik AMBRAEZRY —ERA LS BA LER R A RAITE L RGMAEFEE
EXH P HRGEERZETHEONHECARNITAERE - PARMEHZEANG L
)~ BRI AEA R 0 A WordNet REBBEFAREREFANRTAHA QE ZF M
ERF UAREFANRAZEZNMERARE > AR LB ER—EARES - &%
BESNOF AN T BT KPR EREERRSIHESHARENFER
AT RHLFENFR - B 2 Aok EHAR R ANES > B T EIEA n
£ > MmENBARSHNALAMRLR C LERSREEANMFAE RiLeA nER%
&4 o

\ §
it
S
—

B & F rEF ]

A& LA % % :)
A A LA F z & :)

2: # % WordNet PR ) SR R H AR &S -

v
pi-ly
?ﬂ
\ §

:‘I\l_‘\‘i

S

Do

; WA # & E 4

% H A A WordNet $AZAEHF REF EPBT > —BERETHHARNEESH

THEAE XA LR BAR — 4 0 B RIEREF B R RS RARFI T EERR o LB
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KV E R R B YR AR B ER R AR RATA RSB
4-2-2  FIRERER R B R R ETE R B IR

FoER AR KRR T AR RAEHETR T RN - AXAIEAME
R EAR T R 890 BB R & (Brown Corpus) » AR 3-2 /& F # LB B A Hta
B3R o LB E NG F EEM T WordNet REATH KRR » KFIH B LEF F#AT
St FIHFARAEFRAA T HRGKE - RILAIBRAROBE T > RIAIEHEH E
HRIEERSNHE  RMEAREARERASESHAAORE - HhShwRE
X o KAET #8504 WordNet $rsa 9 R 2 > MR D RAPFRE -

FIRA LR RBTHRREL > T A HEAE B R REL LA 0
AR -FARBANSR A BRERA LN LAF B RANEZNEEREMER &
AR R R AR AR R A F o BAVEIZAEA RABRAKLOARRALERZ AR
B2 OHEBEGTFABANEZARE A TFOTE REFRERS >
QFRMEAME - BAZBAETHET EZOEILE > ROLERE3 -

A E T L EES
SR — AU d A2 & 10 45 WordNet 3% L B e &L -

SRR FAR A RARESCAX dNNFARETILE  FEE LS ER
REL o

SHZ HAEARNRSAFARBRGEARZWLGME - £ r ANERAARRE
BPIEE h o AR TFAR R RABARBRZNESMREKGAL T F
Al BBRGTHEHETERARZSNAR -

FHv AR PR R RBABAEAE AR ART - ERATAR
SR EE X

SWE | HORAARRBA RO FAHXAYERAE -
SN HERM ARG TF s AN ERARE O REEHARS LRARD G

THRABENE -

3 RAFAARN R BT ANHEL
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4-3 HAE Tk

BEM B REA T HEL IR T - — &M LR ERAG T E
Ty AmiEEk c F—HEERHAENE ZFHBMENTRITHE  ATHENE
REWE > RAGDEGERAT LR o F FERR A ENEIERA» LT E
TAEE > BER T AR 64 & AR H I 69 &k (Mani and Bloedorn, 1999) -

AR RIEE —EFE e AL 0 R E B R Mani FAFTIR B 6 F A8 £
SRR - B H A HAETHRBETR > TREMN AR EALGIMIHN > B
BN XY TR E B ey 55 - BMRALRRIAROBERRAL
AERERS  ABREEMERIBAIMN  RAELBENEZLXHTRELZS ST
Fréam » B8 TATREMN R MEZRHR AL - BbZ B EE&EREG S
AAREITSERE S MBPRASXRETHIR  ESBRXRELEZERALET A
R BIFOEESE - HRBEERE > RAET R AL AL KRB RITETIH Z 6T
& TAE -

AFF R ARYE Ker o Chen (2000)A742 ey - #a ik o i 7 R+ — 1A kR4t
HXHEXEITBEAGL - Bh > BRIEEH TR RNE TE > ERRE
A7 Bl q T ReEE T UBRMIL(stemming) B 32 o 544 A 43 8 3 e o R 45 L
F(feature) o %% > HAMISTEHINREN T BEER ¢ FBAGIN > REELBEHRT f
RETHRITRE > & TCHBRAVHEEEW(f,c) > M EHEES T XX 4,5

Fif 7 o

W(f,c)=tf; *idf; - (4)

idf, = log, dJT, 5)

f

ff,, PHBTfHRALES c BE
T :Epeyses

df, @ BT R BB RE R AR o
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BT — R ARRER X d RIPVER TR FRRBF 0 LIRS UM N TS 8
SRR T BT EAOE > DAFRI AR T 948 E4E R(c, d) ° #
% Bt SRR QRN EAE 0 I U R e A R B 098 Class(d) 0 3 E K

oK 6,7 Ao e

R@¢D=;§U@XWTfm)’ (6)
Class(d) =argmax R(c,d) > (7)

iy @ HHCF S XM d HBREIEE

F, 80 c B E B o

B LM R T — B A G o BT R B B R I 4 % i A T B

ARG DA BRI FERRE D 65.6%:0 B R - B R R R E 1
REBHE > RUAT R AR AL -

5. XHBEER

BERER R B XA BT EZZBR  BARBELGHEHZHRORA AT
BREMBIT T — 27T REZEMEHERIL - 8% RIVENLBE R AT
BRIE - BE  BoiNBEaRMEERI L OAFRBGTRAERERE R4 Y
B REITW -

5-1 Al B R 1E

EETHERIZZAN  BPAHNTREMGATEREZE LA THAMBISER - BhLA
EM15 A F(stopword) » D R EERE RN F R - HFARBALGRIE » THHH
IR FERXFREA REFEME L o 4o relate - relation - relative > & = {83 & %%
ARG TR AL RELCRARR IR MBRMACHEAN E 6930 & % &
B30 FAR > 4w relate 0 BT R LBF RN T RIS AT R -

52 B ERAET U XA

HAVERE 41 DG PREGT LRI XM ERM B o THATA INREH
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X EREBBER) T BARBEMENEZHEL AR RETHEE > &My
WERMEAA - A ANBEAMEEHOIHFHREOH MG T Bk
FRBBEHREHAE =B TEERAGE - T KMARAREFRY=BEER
g - FPRGABBEF > BB T EHEARBBRSOME - HHRARE G S MEHL

HITR 2R AR _EE - F—BRE-—QAE=KFE—4a (84 PS, PS>

P;S,)» dok 2 Ao o

%2:PS, ~ P&QPS&%&X#W%%%&E R B o
FMBE\EEM — = = | i 4ot
P,S, 1584 2227 1303 626 355 6095
P,S, 3142 1338 617 412 364 5873
P.S, 385 975 1692 1012 631 4695
BEOREK2NE > BRIMERALHE 778 EWdkiERy  F—BRE—GHA
EXHREERLHFHBER] S E 3142 k> RILTHBEH BT B sbir B 2 sb 3 M54

FPHRERZME - ENF_RE-GBRE=ZKRE—9  ShEMEN S FHRALES

NREZEFORE A 2227 R$ 975 R > HEBEMERN TRHEWELZRLE > A

REFMERB NG —KF—6) - S A E o4 0 BAIFF 4o 4 8835 AL B
BRI ER)TFHANMERIITINAE—KRE—6 ~ F_FKFE—1
UERE=ZE—4 -

A BB ERXMFREATEEL ST 0 484452 30800 £ 18 6) F 5 f2d i X
EXFAFERRAS » ERB[MR BN THBLBNNBBD THS - Kd > B
THRM B mey =B B4 346 T 16663 184 T4b 0 R B4a 3 HR T 4 14200
B BN HRRBERS > BB RHEem Bt —Fe R -

Ko A2 R

R RIS RAN MR TAHNERMEHNRRERT
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FHEOER BZBEEFTRNEIZL ZARBARMENEZM » 2R #ERE R E 4 &
ay % o
st BAE AR ZANEEN PREENAHEAXHFORESFRA— XFE
RELFTR—# (k3 A7 > 585 acq XHay-F4 4 Kk & 5.3 4 » Mm%E%] money-fx
XAEE R RAA 89 6 ) ARBKWENT > EEZMESHERLFTEARANRR
I8 BAVRIEFEDIFA o AR RARHH B HER S =% earn ~ acq
K& money-fix » #ATARE] 9 F M » HEAIF LA REBEAUGIAN T2 TFHR
B ERE - - HELELZ ROV RCTHLWEATRwEIF T~ T Tr—

DR BB AT E B 0 M A=A TR A & B SR R 4875 4T 48 B iR 3R

RI EEZMEMETEZERELE °

48 %) % B AR ¥ X AR E(D) XA E(R)
F 5 — HAE B3R 2B R 7.3 3309
TEy — $8 %] earn 7.4 1176
EH= $87%)] acq 5.3 776
B g %8 %] money-fx 8.9 207
W wmaATRMOMEEREZTERMEY 0 5B A{PS,} -~ {PS,P,S}{PS,PS,
P;S }%#ﬁi%l’q@-

5-2-2 B RIH
FARHHEEMEBERME N AN OATh > SRS BAKRKRIZS » IR 0K
HE g AT A EEROREASG O THRERR  EAHELE XN REL
Bl R B o /AT E L 7] R B R Bk A AR d e B K B AT 2 ey R L
RFEEMERD GHERH -

Wk 4 ¥ BROTURRINER _EER= G2 OHE > SN EEHA -
Hib RIMRABKROBEHAGNEELIBZALT > RPFTERAO T EHAIHELE

BE5OEN G EABIFO s BEPEER > BN ER S 09585 ecam £ acq M F >

35
13




Hofams e

4

KA ERMEBETENTRER

BE— = B = T
F & BRI
HEER | RE | HER| KE | BER| KE | H#EER | kE
P.S, 55.4% | 13.8% | 70.2% | 13.5% | 76.8% | 19.0% | 46.4% | 11.3%
P,S, #i P,S, 66.9% | 26.1% | 94.4% | 26.4% | 77.7% | 35.4% | 65.7% | 20.2%
P\S,~P.S, 2 PsS|| 6599% | 37.2% | 95.2% | 39.2% | 73.2% | 48.1% | 67.1% | 28.4%
2 65.6% | 100.0% | 95.8% | 100.0% | 76.7% | 100.0% | 68.1% | 100.0%

WEBR— > —BWHERRE  AERREZMEN G FAHE > LW BIELX

B

MERERFIRE=Z2Z— EEHOBERET BEAELCTHERERLR S B
b BB ER B A X N SERAEL c B E RN EIE - EHENTH W =
REZFEMER BERETEINOXNOYIZ—E=p2—  BHOBERET
HMREBRALYEN Ao LBHERNERAGERMEN FAAR > Bt i &7
FE S BERLCEHLZ BTN DX ABER -

A BRFVBMELR acq FTEATHE R BREBERAAS XN =0ZT— 22
DB BHROBEATRYBTNEALLRLLY > BLTRAKLCERBETHAE
AEREF c BRI F = FRMER MBORELLAIES 48.1% > SHEHLSL
X —F fERE S BERERRZTET 4%RE  BrTBROBEEIR TR
RELZERNEN -

AL gh 0 RFFREATT A — BB 5 > RIVKEBIRER & X P REME =
Z—WE TR R E > BT BEIFE > FET S5.7%0 n kR o sbthrE R f
BT — s tatei » RMTAE R XHNGEAB L EZMENGTLE > 4 €EFE
FEMEBA RO EA S FARE LA BRI AL ET 202%4E4 °

HERBEERTY  RITRAHNRE RIBRE A 0 RBLIBHI 4 T 2
HFrol EEZMENAL  EMMBILERRREERZ)T - MKTRERT - KRIARAH—
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BEHEHEL > CONBRETUALEARNEZHIME—F —~ K F—4  ARHZ
REHEZHEABTHEE -

5-3 Y& AAZARE) &

BAZAEFEEZ AL VIZBNG L - R AN EH A S ETRIE > Rb&RMILA
R g EN o ST U REZAENGE ERETHAEREL AXE A B Y HE
T #7154y SLS(Spoken Language Systems Group)ft 1993 4 pi%s kg9 HiZe T A
(http://www.sls.Ics.mit.edu/sls) » & —#& LA IR, B & A (rule-based) &y 4Z 2238 M & 7% -

HE o SEARRANG L >~ B A AE o RIFVER T4 4-2-1 1 4-2-2 N A7
RAEGRE T ZRETHEZIE - THBPRBNFAER > RAZERREITHL &
N$LAZREE & A48 B o) WordNet B £33 ~ L RFHEZAE
5-3-1 BRI
HABRMAA 4-2-1 NEARBOE —EFERAZAFRZHRIAR o BIFEEAR
AR A9 WordNet A A 0938 R EATIL S R B RBARHEEFAR -

BB FRT > RN 23,200 ZEFEAEF £ P o Pl T 19,600 % EF 4 E)
B3 I R FE 093 o RAIAIA B EE L WordNet #ATLL 4% 0 4835 14,600 %
B33 & 4 B WordNet + o 2R ARER 6,44 WordNet N &y % > HMEBBE >
BRAVHFSABNEA L > floo IBM -~ COMPAQ %% ; RABLERRALR
» WordNet ¥+ - &AM EAH AT RBARIE - B35 K 14,600 %183 %
FooHET 69300 FEEE P —EREAE 47 FRARFL o KB WordNet
N E ML RE TEFRNBEIRTE - ERFURE T ZH N AR FE £ FE M4 R
E ko EER—E—EFERES -

EERENARESEE L RSL  AMFIACLEREE AN S E B L
HoHEBEEES TR R R G RE - HH—EEAF R BMEBHREERSZ
HESHRENFREARFARHFER - KM FLLHRBERSZNESLE—EYHE
o RAPVE Sk FI B 3L 3% 5 B A — B3R & o BEFRMVEAA F =8 R Rk
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BP LR A E TR E ERNFAR > AT REARARE BT PR TE

R H T AR R R F R 2L RIOVETRIBEZEHET LR 0 RAEL
FREATFRFALA A - FRFLOT A EZAHK WordNet F » 5 & 4038 & &
Fl&3F - LEFRREENIEEMFRHMERER RO S LEBAAERMERA G
RBAAR g 0 WRRARGBES -

T o HRATEAE TR AR o RS R — B BRI 0 AT HAEAR
BFRAXTHRGZEAT  MABZRERAGTFARBALNT ROVREFE &S
—8) > LA BAZRAE L L 0 RA —1EFE & baker MR ALY MAR LA EEL
KA 4 PR B T treasury & L % 37 {funds, finances} » B4 & shift #§ b % 33

{modifications} » # 3 15 448 B ¥ AL 5 LR F — 4 AT HARAA R A AR -

F 5 F AR AR 6 S Futp]

XA B N %

1% AR U.S. TREASURY'S BAKER SAYS RATE SHIFTS ORDERLY..

WASHINGTON, April 9 - Treasurj Secretary James Bakej said that changes in

P.S, exchange have generally been and have improved the prospects for
a reduction in external imbalances to more sustainable levels.

In remarks before the IMF's policy-making Interim Committee, m reiterated a
P,S, Group of Seven statement last night that the substantial exchange changes
since the Plaza agreement 18 months ago have "now brought currencies within
ranges broadly consistent with economic fundamentals."

Bakej also urged the International Monetary Fund's executive board to review
P.S, possible modifications to the Fund's compensatory financing facility before the
annual meeting this fall.

3% : {consistent} & orderly &) J5] £33 » {change, modification} & shift & F %33 > {funds,
finances} & treasury #9 b %3 o

BE O BEORFABCBHRALNEAARRAFNELAR 4T —H#
FE 0 BILH XN ) FRTER S FHER - L5420 RIVFRAER R EIFE LA
WP RTRANMEBEERTS | BRHERAEAREANERE - ARTHHERL
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%o BOAIR 41 HH AR 4 LA EXHNEES FRBEA G EAME  BEREE
BEBRSHN ) THAXHRE ARZRELFEL > RMBRA =02 -84 F (&
$=¢6) fAWME -

5-3-2 EREFHENH

REBRERT - RAIAVERAALEE 3309 B ey RRREH 4T » A 2916 B XA s b
WA TR E N & REEZHF AW R E - iy 393 B B AL H
RAFE A OFARLARE BRA RN EFRMAETE G FHREESF > XHA
A THEMEAEH 0 BmBEEREAEMY) TRV AME - TRNATHRAEA
FERMESF AT EXH EREFERL DK - RO EBALAFANERMEST LH TR

R ZUPA 3309 B X AR E  MELERTIZE 61.9%8) pfathek &k -

A6 RABAAEMEATRE R

X #E RN RE R
RIECEEE S &t 2916 70.3%
BRI R Ut 393 0.0%
FIT A XA 3309 61.9%

Tl o RBAVEFERERLTF > REREALAMEE A4 2916 B @ &
FI=T L5 2] 70.3%69 o $AAEAE % o Bk > L e T RRER - RIMIRFE T & LARAAH
RMETEMAELOWE  ERMENBNELSTIHNOELY T A F3 84
WAL o BAEAF— R ALEFRITEI Y > RO T AR E LA EaRR
WA AR R L H KA TRAE > RIGBIIRAARAER T L0 8IT -
54 HEBAGAARHBTRMEMES K
FE 5-3 /08 F o HRAIA A PR AR AR E S R RBAEUAE N 84 &) F AT R A o 12423
RLLHBR T 0 ROVERILRZATA 69 XN ARG RARREHF | SARYFHAES
HeEXHRAHRELENETILHBRARE > MEXERUEEMFHR  BLEE
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XMW ENEHEREGN A TRBRBEARBE T RO T L RITEET
52N B A BT A WIS R 0 A I BT ok Rt B -

5-4-1 TR

AFRF T — @K% RIAVEAH R IEARAA R E 5 E R PTA A RATRIE
BREVHAERNEBLEES3 NG FRARGRE - BE ZMREBERZAE
BUXH UNEEMERE T ERETRIE KM ABERE XS FHE—&E—4
oG UBARRRE AR R ENE - RO BRER R L RIMETR
HATA XA ERe)F o

5-4-2 FEREREH

BPEFLORE @B BAKRRIZE  F2] T 71.9%8) 5 88MHEE > BB 65.6%
BB BRI T 9.6%( (71.9%-65.6%) / 65.6% = 9.6%) o i BAT H KA & 98 A2
AR ET R BAERME HWHB MEROBE RETLEXHFHNEENE
EAFSPAE RIKAEA RIBE WYL & -

6. HHBBEEARFG

HELHEEBENTRER > KMATUEREZMER R TR F R B0 KB

FOERER > RATXMHNNEFLEZAEIRAMOFLCERME - B> &Kid
TRERT  RETHRRELSRZII XM =02 FTRELHEZ T AL

FEAE -
ARAFAFAERHETRT > RAFIA T WordNet a9454 » HECH Y FEE

WG R REATR IR > M TRANBE) > RE SR ERAM B EAN S
N ABATRBETY > RIMEALTERMETZALFRZR  ERZRAHHMHH
NER— A ERAAEREAMARGEL - Bt RIVRE T — S50 KAIEA
ARREENBOMEN L BOLESRES ERBB A QXTI EL L TS
WENE > SHROEZEFITLARENBEREL > B BBERRAT 9.6% -
KRR BIAVEAF AR E G EHEBAR T XA L ARERL RN
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(robustness) ; KA AMREEEZRRARERMEREAHE % BANFXELEZE
AR ERK - A B B BAATXH @ 0 RA — MM WordNet 22448 5
oo Rk THRSKZEARAFBIART LRGP XXM ETHERIE -

AXOHERR > EERUAIXMNAH R BTEIRANHERE - KW [
% WP AT 0 AT RMTREHRIF SR - ZBTHEM - Bib > KMAFE
AR RPEARREARRES XANBERE L2 5B THERE -

5% XRK
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®F BB RS A2 F T AR
£ FEREY 2 < F M

Association Rule Based Language Models for

Discovering Long Distance Dependency in Chinese

YRR SRR G N A -

Email : jtchien@mail.ncku.edu.tw

®E

e el - AP R R T A S AL v T R S 2 B P
Bl > E-eh SV R FOoRLER ¢ L 4 R 17 e Apriori w2 o @A n-gram
7% HRAI R B on-gram ALE PRESE1G PURLAT I R JRLANT UL JR T
AR A BRA i 4 3 PR T RSN WAL A £ & G s dee
JR. n-gram #7404k 2 KBRS - B E 2L AP Rt 7 BT ﬁ%%ﬁ‘ﬁ%i&—&ﬂ v

S ARG R R R LR R R A H TR S U 2 e

2 BB T > R B A ST b TR BB BB § AR B S
TR Hor i e L EIERTI A RS A hG 2

A (B Ui 3 B 44 0B 18 i e perplexity 0 pt B B E P HES T LG skenr H
BoAI B2 R T i R £ 3T BRI e e L 2 B a4k
Rohfihhe S BN HA A S S AE S SRR RN > Bt

EoRBACZATRBATEL R kAo

1. §4
ILp] R P WTiE g’ﬁgj;ﬁei'r v — MR A ERIEATE AP Y p BT R
FAEAJ pEZARA REFZ N TEAR A ‘J_’?J’Kikd R Feihp Bt E I

CERCE TITer SR B ST IR AN S 2 ST UL £ 47
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S S e N SIS SRR S Rie S S S A
BeAMEFEn g By PaEid T RBE- BRI aReEEE 2R

B AR RE S FE ST A FRELL TR AR AHT Y

ZgrH R T BE Y Aol @ AR R R B i 4 4
“RIGTF T Y CRAQA DRI REIpEF D 2 EF B RFEACR R
TROE Y A g o T e L RT AN )*I,%E; REB A SenE s 4
Bf, V- ek R BEF T E Y A B F 0 B a4 ’ikfrﬁfjﬁ? IV &4
PSS A PRI R A SEE X T B 2oL 3 T R A e-mail B 2
R TR 2o HER ’7&? MRER R AP YT L SRR o

BRIRT RE A AFE S P aEE > AiE S e 7 B8 H07 (acoustic
model)¥2 p ?X3% % 23] (natural language model)en A 2 > @ &7 I8 Py B AR
e gEZpE S SHPE Ao N EALTEET TP 2 BRI 6 g
Yy ’g’xip;ﬁ‘i&éip;;ﬁiﬁ:&:«’grﬁbﬁ,,ua g RN T LN =3 I
ETRENFEAPE AL O FL Y G 1 LAY A %8 A S
e pPEIRAAHET 0 pRFTHANOFES K LIpD o BAom 2 ATk F
i B B K p mi*ruﬁ BT B AR A RETEH P o R

FEAE A RF AR A o AP ans A i)j‘—«vﬁ‘% piRES
BAlendEzd > AP R-E A ARFE TR - L s R T RLE Y e

n-gram F3 HARASL PP A H ABR Y A BLE RN A Ah Y

IRy
o
_\:‘_t'
=
(0=}
—
oo
=i
Fi
ey
pjud
T
=
ES
3=
*
b
Pt
T
&
=l
-
&=
8‘
&
oo
3
It
|
o
She
_f\
.“3:
IS
s
J

EHRE B AR L REEAGGE T e B2 L o HA S

ARARETHRACG G AR FF S AROE R AN FARAS L= B
}f’

woo— ~ FRGE S F v B I ene 2 (grammar) A 45 0 =~ ARG A

SO
ol

ARET FHE 0 = s FEN AT AFE Nhn-gram $A] o A AP LR EFEN

iV an- -gram A A% 'E_;‘_ ¢ 2% it n-gram #-% Etmen ) o ¥ %

Hap g 4R > B = R0 B¢ 4 5 B A4 nogram fEF] ik BRSO ih
&

i o X T R - AR R T A S WA T B BgE g R
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AT 2 AU kS § - R eh§l e o

2. n-gram 3E 3 HA @A
P n-gram[ 1Al SR 342t LA BN R 2 Bk 2 2 40§ on
TR A BT LA B - R B ARy o s d

¢

a4

bt ¥ 5 4 Y i n-gram HEA) 20 T o n-gram #-3] Aovkay e EE AR R

P42k BAF P APREH ngram HA A AL R FE2ZAK o

2.1 n-gram #-3] 2. f *
- k@ 3 on-gram #F 3 A ¥ R Y Y L 38 4 85 B(Bayes classifier) » 0% ¥
7 1% ¥ (priori probability) & €_7 it |+ ( likelihood )i & & » m3F 5 FER 5 b+ A
3 0 BEF - KBS A E(acoustic signal)X > AP A3 P F LSS
T v e 2 #(sentence) ST v & * B 5N A K HAS MR F S S o
S" =argmax P(S| X) =argmax P(X | S)- P(S) (1)
-ﬂﬂmgmwﬁmH&@ﬁ%&ﬁ%&ﬁﬁiSw&@%éﬁﬂ?ﬁwﬁ@—gﬁ
P EE A A PXIS) 0 RS EEG AT E TR aanE S B34
PS) > #aFipf RiFhditzr o PLLEEAELT TRy O o
‘T*‘“Q‘ EaREAMER S T 0 BT Y d PREAIHEF YR AR
L] ¢ (category) > K A PR E T E T kK BaEL o ¥ @ B R i e 22
BA4FH Foag s eon-gram -3 Ly~ Ly~ ... vLpo R LS EAENE Y2
o i EPI5E B ¢ ¥ (BN
¢ =argmax P(c|d)=argmax P(d | c¢)- P(c) (2)
tizi# n-gram H#-74) P(dIC)ﬂf;‘ﬁﬁ E Vi 'Vi{é_iﬁ'lﬁﬂi ¢ > FiEF T AW SE
FOLEW P(dlc) chiE > B B AT AT s 5% > TR @ P(do)h

T R TR B d SR T AR Y

2.2 n-gram #-3| 2 2 >
FEEANLENH RN A AT - B RO O BRF -~ SEER

LT Hd - -F)’L»;F”}%’ 2| WiWWs.. Wréties > B S ﬂﬁﬁ.‘ﬁﬁ‘giiﬁ " ,?1 =N
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P(S)=P(W,,W,,...,W,)

= PW)PWy |W,).... POy | W Wy Wy )

L 3)
=[[pw, \wm,,.....W_)

i=1

e R R A E - B B PERE T T G G a B

FE - mEZFR FELEBREATYG n-gram HA) A 4 0 A on-gram $

¢ v AER- BRNRAEF TR e n-l BT Mo F Q)N T T
~ —l

HS):HVI{:VZJ/Ka """ W) HP(W| i—n+l (4)

He w! 3R] Aot - K@ F pgram ¥ L £ &gt

i—n+l1

AW, W

R B E T Y S SR B o s — A negram 8 X 53 POV, |

i—n+l
b e R RE ﬁﬁ»{.ﬁiéi R ANW W e W 8 IR, 0T B f P
P Wi Wiy 2 G0 T ﬂ}‘«k
pov Wiy = W) _ C0sr)
C(W’ n+l ZC(VVi—nH) (5)
VVi

B CW/ )R & W adj~ B¢ D h=dic o

2.3 n-gram #-3| 2 :*& i

AR AR - B n-gram HF] ek % * perplexity[12]iE B 3R &

Boa FF v A A B85 03 hentropy » entropy Bt L3R b dp ih AU
& PFk o F-logP > &% ton-gram HA ST R A 5
H,=-PlogP
—limt S PO, log PO, ©)
=—lm-= Z (WW,..Wp) log PFIWW,.. W)
(]

HHm R & 4T b8 - B n-gram 34 40 entropy PF 0 % F L 0L ¢ a i
A AL E VR ARDR ] W, Wy 0 F 2T AV R IR E A S

BE MR AF L Ay TF F I n-gram 3] entropye B EF F A F A FIR

he AR e B R T R - B R Ae B A R R R A Ao B A
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Rl

DR A AL MR P S ergodic 0 (B)FN T B G

1
H,=—(—)log POWWW,.... W,
» (Q) og P( o) -

ad

perplexity sh#E_& &

perplexity = P (8)
perplexity % 7 n-gram fic3] ¢ 0T 354 3L Flfc(average branching factor) »
perplexity A% i X £ n-gram $3)] A RS F G REF S A8 Pl L ARD o )’I-%‘«‘?Lt“

HoA] e FARAF o

2.4 n-gram -7 4 BL
n-gram fcA] & A ¢ KRG AF = B L8 O EE > 4 £ 7 n-gram #7304

- B AP AP L AT

L.k~ B2 pliA~ BA4FE_+ 2 F fE(domain mismatch) :

n-gram #A) fiE 2 pEF S B IER - PR BRI A e S
n-gram H-34] X F130 T R oo IR B4 TIEREE L € @ n-gram 3R
Uy e e FBAE 3 (domain) » K 30 P e B E A SR nRTH 0 2 £t n-gram fiC
AP R KRPREFSATE > 7VA fg BARAIEL piE A ¥ g
fa— Bt TR BT L TRY BORfRA B R AL w4 f e Aok S
b T e B2 00 A e n-gram 503 0 2 n-gram 3] RGPIEE R & B 2 4R
BATH A E NG IEF L APF Y APRESLLRTRE AP dhn-gram $23) £k =
PSR en PIRE GATRE PF n-gram ¥4 L ih e MGG S0 B g g Ko
Joo 7 ¥ n-gram 030§ e o @ 08 A 2 ek BI4IIS]T] -
2.7 % > £ 7 &(data spareness) :

n-gram H-A| R PVRPEE 0 T2 A REDRT B e § Ty e s o U3
AR RS IR R e pd oS LR 0 A ELFIPR Foa T
ﬁ”%*ﬁ?wlm%iﬁlv%m—kﬂ,aéﬂﬁﬁéﬁwﬁf%?iﬁn
HiFg 4 > % vf&[z]v’ g5 R EDenT 1 B 3 P .
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3. £ fE4 771 (long distance) 4 £ 2 4 :

n-gram #-73) 3t 8 P iR FF AU % T n-gram 4R § (n-gram window) i
P AHEE T AR REEELERF by FIL R SR MA T n-gram
HAl P2 E 2 P RT R KRR GRFI A R A 0 A gk A 0y
AT A § 3+ n-gram HCRRGEPFAR ALK RFL 0 BAr P RIP R FERLOT R

—E_‘IE.’ A_n-gram ¥ P ApF L PIPRP ] kA o — A Z P W n-gram #

AT T IONFEA L B RA L A MR R S 2 B LR T R
i E o B Y v B n-gram B gk o

3. n-gram F-A|:ziE 3

G4 n-gram BCA| PR R SR F I H R Nt E o AR o AP
B S mEP enf2 S N A o301 & -~ n-gram #-7|(cache n-gram model)
228 & 3% n-gram i3] (mixture n-gram model)[3]en/i 5 o S EIEE G T B @
n-gram 3] { @ ERE FABTEE K 328 A PRI - BATF R
HEd LA FlEEDE §ookih Witten-Bell T i $[13]0 3.3 & 408 B ¥
(Trigger pair)[8][9]f /i > f§5 A AR LR T M- fAF »een? 2 > 7
72 %AE ff n-gram HCR R EEAE T AN B0 A A 4 B A - e s A

$ens i SHBE S K AR RS W R

3.1 -B~(cache)n-gram #7322 ;8 & ;% (mixture)n-gram $5-7

& 1 & n-gram HCF] R R B A RIERFAUER 0 T A 2 T A B
Aot A R AN —R R E - By 0§ F - BT R v 2 Wy
ﬁv%frrﬁ?;i&w gy B B R AR > B B ST AT (Ao P ;frﬁ)# - By
LA R B F A G RORIEERE S FIF 2 R G NIRNFT 0 B R 7 S e
n-gram #-3] 0 @ FA P ORCA oA AN PRIEY B > A ERE
)’iﬁ’ﬁ PeBPCA120R & SV HCA e A 2 o

PP~ n-gram H-A4R % %z»]* L AP I 5 B 5
oo WA RAPPREY A - Ry M & BIRAT

oy
F}-
&
&
I
SR
=3
i
‘-r'
N}
7

g}ta’\;_ﬁ;‘?‘:?ﬁ,}]]g]%ﬁ—ﬂ{;ﬁa,ﬁ@;\‘.fﬂ —ﬂ_@_,g;;g_ﬁug‘;}%,;q@zrrg;é‘“ﬁﬁé _E’“’i,’i”

T
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BB L EEAPAY - RERP PR AR B R 8 R i
FRA P AT UH A P SRR AR § BT - A
B @ e BRIGERE > § RHBGTRIRE ST o £ KR BB n-gram #53) PO
B fapcnsd 03 PP & 0 APl s r )N &7
T+l
PORW, e W) = L 1= 0P OFIW ) + 0 OF 00 o
HY piikgev g o
MR P oo AR E 2 SRR AR & 5% n-gram $i-7] (sentence-level
mixture n-gram model) > f&& FiF- ¥ {8 > T%?'I?’f P e TR AR A AR
ERCAlamt £ Slfc o AP AT P Bk SREDITH 0 G AP as E
oo @ A E RIpAFESZ Y EYRIF R L F E2 ngram #h] 0 Rl
YUPp AR %k BE e in-gram B3] 0 @ ARURIRPE > R EE A BE 2 i

ﬁ&£€$%W$*ﬁﬂ%m1ﬁﬂ’ﬁﬁiﬁﬁ%?‘*@S?
W iWoWs...... Wy Bt < @ﬂ:ﬁﬁ#}‘ﬂé
T+1 T+l m
PS)=11rPw W50 =112 ABW WL,
=1 i=1 k=1 (10)

Ho g M4 LB Bl © 5 B A Bt B o~ 50 EAE B

fd gty s o i S TR fFet(data sparseness) 0 * B H - H e R F & 3
& & - B At e d](general model) 0 * U H Ao B T AR 0 F > RIRIER
2= g’ﬁ # A7 1 (nontopic) > B 73 B 0 AT AR R SR H— AR A e ~
e — BRAABFEE » GNP R BRI Pe 21 0 P TR G
m,G T+1
P(S)=2 A [l W, WL+ (I=a) B, W) (11)

k=1 i=1
Pk BE RS- VA e L o R &N n-gram #-3)Y o

g

hr
8
w

*}

IR BEL e 2 A 3 AMEIRE N ngram A Ak dpm 2 kd o B
BE bA g Ry SHFEF 2 E R NE A E PRERFE LF -2 0%
AL 2 - LA E @ A FEd (TF A WG A (12)(13)50

I

new _ zkzl ldP (W |Wl n+l
ZT 1=l i=1 a;;/dp (W |VVzlnl+l)+(l aOId)P (W |VV;ln+l (12)

I=1
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He T84 v o [l N 27 ek ehih> ke

qrew = 13 AR, W)
k A7 m,G
NT < 50
PP (13)
=

B NE A Fh~ o fce %E{;ﬁ’% FEena B AR RIEEE 2 2 E
e n-gram HEA g ER 2 AF BE KA NRAPF ZRE > BB R
FH Al LT o W R APRE B Flépy Lo R & n-gram #
i‘]f‘ué R AR e BRI G4 0 B I 23 BEiE 8 2 n-gram BEA) MRR
H o 2 a1 R L RRIRE AT E AR A B efaikae B ek £
AR TR T]&(Information structure) i L 4 o
3.2 Witten-Bell T 7§ i* 3 jis

BT R AEE A Ealie LA R ¥ X ] Eeheh Witten-Bell T
e POTI3] R A e 58 20 i n-gram H03) ek A0 T 1Y B & 22 2 50 K- n-gram
PRl Y R TR AR B 2 R0 ¥ (n-1)-gram #5030 4 f]*u{
W W)= Ay, POV L) +(= A P W) (14)

Bery -
- Bk S Ko 99 e n-gram HOA E E A1 (n-1)-gram B gt 1
## A, ®FOLEH n-gram & (n-1)-gram 2 4 £ > @ Witten-Bell = i i+ 3t
P - B E G - BEAGER D N AeF AR PR RYT PR

N (L) =W, COV, W) > 0} | (15)
N, WL &4 WO, 7 famatcr B9 T4 T+ &4 Ldd- B
2 F e BE Pl

-4, = l”ﬂ+( D) |
e NG H;C Wit (16)

F % Witten-Bell crin-gram $c3]2E = 2 38> B 1@ 3 5 £ 07 it DR

P hok WL 05 6 Ao AR S > St BPOW WL )i gL F o2 B
* % en(n-1)-gram fAE 0 K o bigram S RL ¢ 5 - AT A G

APFR AR B¢ TR S SRR TR, - t“ﬁi&% TR %
unigram w0 3B F G LG AL e BT RS R AR A F

priugt— 5 TR0 ) 187 a5 dh bigram 8 5 FRIRE Y AT R
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P2 5o )t pF unigram B E F A B e % 0 EAR T RS TR A
RFT AR REES -

3.3 f§% B ¥ (Trigger Pair) ;% & 2

P ARFETYPOFAFFIRAMBME O AR REF AL L
Jcéiﬂr;# M- 32 ¢ s fed TP Ao 3 P ¥ 4pad o
#7020 n-gram BRI G PREE R DR P2 B B ET a0 F)) Lbi} 1A R
Hengd 4 o 8 AR A & A RAL JER T AT n-gram #3073 b
AL R ST E G R 2 B TR BT R g TR R RURP o &Y
FHREHEUF AL L “BRE” ~FEF-BL VO AFARAFEHE Y 15 T n
PR B dost - kT R B R BEITHI R o

BRI RFL N AP ETE - BB RERT S A JF R

g Pea & A _ikyp-T¥94p 3 F 3 (average mutual information) o f§ fAMI > v A
*OIGER A B W e Wiz B A L > AMI BB N A e

PW,,W.) — PW.,W))
g—————+P(W,, W) log————
P(W,)P(W,) 7T P(W)P(W)

— P W)  ——  POW,W)
+P(Wi,W/.)P_—-+P(Wi,WI.)_—-_
(W,)P(W)) P(W,)P(W,)

AMIW W) = POW,, W) lo

(17)
B PWW) & Wis W, SRtk - G i » POV, W) &4 blp— BARL
TR NI WA IR Wi S o BB AMI R AR o AP HE S E A
$o LB SW,) A7 BHERR LG LR R HE BAE A A
48 3 F 3 MI (mutual information) » * ¥t#ic# 77 2 4o

PW,W,)

MIW,W.)=log—————L—
) =8 b eom,) (18)

4w Wide Wi B4R 3 o2 cng o BIMIW, W) =00 403 FuE ph fg 4 A gt e o
#E?F'“‘m M o fEFERHT RZE PR Y[14] FIE T Rk prd @

BRI F AR A A 2 -E 2 unigram R S 0 Aot - ko F e E
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vode n-gram H0E] S 0 R BEERAOTII 0 20 2 AR R ¥ Hid T &
r 2 max(Li-ws)
log P(S) = logPW)+>. > MI—Trigger(W, > W,)
= (19)
H e logP(W;) 5 unigram #3414 % > ws & 4 window size » Tt 2% ¥ e 2
¢ ¥ window size T_ 2 ¥ S L B 0 » /]'}KF;L*L— P2 P A E R AR
i 3 B ¥ (sentence-level trigger pair)’ & £ 7 2 3B - 2 o ¢ i B
T oo A P S MR B ¥4~ n-gram BCA| 2P RE L EAE T AEE-2 4
Bh > 3% 45 4 64T (linear interpolation) == 38 » AP F 11— EE g BHRL H
Ol k
10g Pyyspaen (S) = 2, -1ogP(S) (20)
S -1 BEEATG S B A
1. Pi(S) = Pugram(S) % n-gram H-A|4= &2 So7m R D2 5 o
2. Py(S) = Purtriggerpair(S) & fE# B A= & Sz Rl 2
B BQ0) N R E o AT L I R E - B peh

HP 0<q <1 *

S

EEEALT G b ALl e nogram B AT RBD 3 -

MERZEREE B
i A sl 7 - B TR 4F #4 (Data Ming)4E 3 X 3 - A R ELE * on

Apriori jF B E[1] 0 s F E A7 0w dod 2 BASROMEE R B oA T 0 BK

4.1 Apriori ;7§ %
BRAPF - 2ATEEFFE D> e e 7T DAF  FH2 B
ﬁ%f;—i L={W,Wyyeoeyw, } 03+ & > % G e+ 2RI L
e+

mEER Y XY ad|Nkag o BY X~ Y3EaE L a3



WE ek b 8 F X RP G % B & 5T Y RIANPT M
FRX=Y 5 e FHRE D P i & & (confidence) i co #t *hE G 8% 2 IR
ez XY pIavie v fEB B P X =Y 12 4L 3 R (support) s 73 &3 TR D
Voo oE o B AR - AR RIM I P iRl > a L3RR AT
dORAHEE B R AP TR TR RE AR PP A PR &
Z MBI RE R FRIDL P AP

YUTE A SRR BB R P e B on AR > A TR P e Apriori R 2
SRAAATEE A R F AP G E bR 2 BRAPEG =23 A% a-s
b~c * 4% » Apriori # & % )*J%—EL’&_:}S%‘&“E DM B U mf«fﬁ;j}u{i%@gﬁ
e - w2 B¥EE@Db) (ac) (b)) T %?#ﬁi@éﬁﬁﬁ - B &
FRENRANE- 2 ¢ 0 BREG (@b (bo) BB EEEEE Bl H#(ac)
1““]“,% s LA EE 2 (a,b) v (bo)BE B2 B o 0t M TR R ek B(step) A= 0 R
WAPRFHFEHCEREAER A PTNIERF- F2F A RFar
B b o WL HEH R o a AP L RPIET 2B H(ab)  botb s S
s(abc) TIFIR2 EV (abc)f P ERFNRIT- 2 aF o dek LT E.I'H"'J%
2o F T RS E S MR Z W S PR L P ek s L =
HE DO IR 2R s AR s T R sAs s > RA BRI Y Tk
ARG o PR AP kGE > Apriorl T B2 E R b € — L & PFR ol 0T

EY AE& R K/},T} £ 2 je 7% fif(hash tree) s R B & 4 { § B R P
B o

Apriori ;& ¥ /&

1) L,={words | counts is large than support threshold };

2) for( k=2;L,, = @; k++) do begin

3) C,=unification (L . ,); / produce new candidate sets

4)  for all sentence f do begin

5) C, = subset(C, )/ candidates contained in sentence ¢
6) for all candidate ¢  C, do

I} Increment count of candidate ¢ ;

8) end

9) [, ={ceC,| count of candidate is large than support threshold }
10) end

11) Answer = J L, ;

Fo- o M RIFE 2
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o AP s e Aprior B 2 0 APV U EETE R B EED 0 5 B
B % Pl ehA) 3N 4o T

WordSeq =Y confidence =c%  suppport =s5% & £ I 7 5 7|
WordSeq 1= %7 3 c%ersf ¢ IR Y » @ 5 s% 12 TR PFe 7 7 WordSeq
BY NTLiflrgArFF-gLt o oL AagNFAFF gL =L
- LR hrcip AT TREE L ahd BEREEE PIEE B 0 % - BERE IR PR B G
Z o R iEakmpL =
(lzd = +~B%
confidence = 90% support = 6.25%
QK Tz > &

confidence = 100% support =2.25%

b p@ g MR 2@ ATEEE T 0% s F e g IR A e
FoOBBRMEERET R e 6.25% Aok R ETECL W R D IRE  ATH

igE-'
AL T 100 %E 4 £ IIRSE AT A R EE R0 BT 9 2.25%

4.2 MBE P53 3 2 n-gram A F ¥
SR BT RN F PR T RO A - A R R R Y e
B0 AR Y ART TR S AT 0 G 4Pl A - R - M9

WordSeq = B » AP EHApS T L * Hifick 1 2

P(WordSeq, B)
P(WordSeq)P(B) 2D
hoié % BB R S K RS S edf B ch ngram RIS S 0 50 2 QA T

¥
*

MI — Association(WordSeq; B) = log

T T
log P(S) =D log P(W,) + > MI — Association(WW,.... W, = W,) (22)

i=1 i=1
HY P(W)®& 4 unigram 3] 2. F o MI-Association(W W,.. Wi, ;= W,) & 4 i@
® PRI WiWol Wiy P13 M2 B K 2 BEBEE B WordSeq = Wi fhdp 3 F

Mo Aol f§F R - & ws & window size © fizi# AL - window size

A P ERE s AN R B E 2 ok R B2 B (sentence-level
v
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association rule) o 4ol ff 25 B ¥ — 4% > VB AR B E P2 B 5L n-gram oA A
& Ark (20)5% > P

1. PiS) = Prgran(S) 5 negram %% 00 S #7242 g 2

2. Py(S) = Purassociation(S) % BB PIHA| ¥ =2 & S Bl 2 8 5 o

4.3 MR EEHHE2 R
CIRA B PER RO R £ S S S RN e R AR A= R B P I
g S @ e (multi-word) 2. FF BB > A IR R H T AR RE LT

(word pair)erf B+ » T 4pit 2 T AP S 2 e e Bl- S M IR E
fA RY 21 LB Bl REEA T MBS o d Bl AT A 'Jp—:".@“fuﬁﬂ
bigram #-4] T it d oo AT IILARP RE P B AT AP A 5% 0 T n-gram

3l = ?’F'a*ﬁ?f’aéﬁiﬁ'ﬁﬂm?/ﬁﬁﬁ?’ B R4 n-gram R F 2 4] o A fRE R HAT

Bt B N R - B o d TR IR G AT R B g Ao

F B B R U] G R R PR B 2 [ enbd o @ A erd 2 B

@bigram@bigram@bigl’am bigram bigl'am@bigram@

bigram

trigger pair
@» bigram @ bigram @ bigram

bigram ¥ Trigger pair

assogiation
bigram \M bigram 4,’7 bigram 4,‘7 bigram @ bigram @

association

bigra 1mg>.@* igre 1m@

trigger pair

bigram ¥ Association rule

Bl- ~ bigram #i-3] ~ Trigger pair ¥¥ Association rule 2. +* #&
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R ART LRI o R 5 A e Fap s M %o T R B

it WY o

5. %
50 R%FHE

SRR EEFRM A 2 ks s F AR ERIT - L e
A &0 E CKIP ¥ 250 [15] 0 v 2 & £40% BE P AFFL Y Qe F PR
T A AR 2 AR EE 2 F AR LAY o AR R R B
BAWES > TR FIEARELTA O RNAY - o V2 s penA (F i
:»\.lpamikﬂkﬁq:ﬁ_ s XAl A LI FTA PSP L Rt o

FOANPEE A BRI HFTAHL 5 - L CKIP L F R > &8 -
BLA- L aEEE - FFF LR EFFREREI P T2+ AN
FEAe T HAP LS A F - Fr ) L p T L BT EATRE
PEAL PRI T FATH R B EATH - ETtoday ¥ 4R T e 3 ek ondT
Be s 3118 » ¢ 3 A4~ ALg ~ kP~ F% 8T B Fs 2 MY
EAEn BPHRE RS IR E(r ) L pFe e p R 2234 K)o
BliE2 (e ? L7 ~ L2 p Xk 884 K)o &7 AL bigram R K E AT

5 =

52 2 FFFHALT RS
g TR HONRGTE R 0 #-18 5 n-gram $03) & 4e ~ Witten-Bell *

Fopren n-gram oA ot 0 g AP % CKIP Tl B4 F 3TE =

By THPIEEY BRGEG A 2 % - A 4 B n-gram #A]) o iF 2 B %
%= 75 4 ~ Witten-Bell #2igfs 2 2% o ¥ ebavip ¢ f A0 & ¢ $R & 5541
Aleri EEG 0 R AN e o AR * CKIP T 3 s — 411t #5-7)
2R o TS AR IR F oSN BEEIRF 2T HRRE &
BUREE 0 PTIRI{E 2. perplexity 4 & = % Z P o BT R EHFEE B WS R
e ot g > @A PR * CKIP T g B 4c F 3TF 2102 B
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T HPEE B RGEG L ESRC S FIFt L kw7 o

Bigram(Baseline) 258.8
Bigram + Witten-Bell 193.5
Bigram + Mixture n-gram 201.5
Bigram + MI-Trigger pair 237.5

%2 ~ 7 B iE S oA FCE 2 perplexity Ftod

5.3 B BHE P2 $03] sat

AR B o - B PR B B R & R s dic¥t perplexity 2o
PR Az Amer CKIP THEREE TR IR B 37 $plE=
BRBRE 22T mBL 8% Bl S EEFFREDR LT T Y

T

!
1

“}E‘“\

SLE B é] “’}*‘—’ﬁi‘?ﬂ 4v > perplexity ’ﬁ - TARRGTE > d JLIEERT UFEP AP
e AN enAp 3 T 5 AAHCOM B E BT n-gram BCR) iR g AR § ARR Dt
Lo @2 s AT o A g BB R A A PL FIRE AR

Association Step 2 3 4 5 6 7

Bigram +Association 239.5 | 221.7 | 217.3 | 215.7 | 215.6 | 2155

=~ RBEE R B K 57 ATiR] 1 2 perplexity R

----m---- Bigram + Association rule
Bigram + Trigger pair

240 -
235
> 2304
X
ke
2 225
(0] N
o
[ 8
220
215 T - =
T T T T T T T T T r T
2 3 4 5 6 7

association step

B= 3 A2 LR 7 B R 97T 2 perplexity ¢ #
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BRI g L0 Aok 0 Bt 2 BEEF R Sl 4o o perplexity 37§ AR
R AR T PR R T S R r
BB E LR NP g R R FI PPN T B A RO B R Y G
CKIP T g 42 B 4v F ATE DR 2 & 250 @ {5 $HiPlE 2 & # perplexity 2 3%/

=,
—gmw:

K2

i B ek w fror o0 Ale §’7 BN E T J‘l*ﬁ xm‘ibl,ﬁut;ﬁ:ﬁv

£ & R 0§ negram Y] i T L L -

Bigram (Baseline) + Witten-Bell 193.5
Bigram + Mixture n-gram + Witten-Bell 178.3
Bigram + Witten-Bell+MI-Trigger Pair 168.8

Bigram + Mixture n-gram + Witten-Bell+ MI-Trigger pair| 160.4

Bigram + Witten-Bell+ MI-Association 148.2

Bigram +Mixture n-gram + Witten-Bell+ MI-Association | 135.8

Fw ~ % g & 2 perplexity Vb

L 2

E—»

-l

53 F4 7%
AR n-gram 3F T BRI GE G SRR TG 6 R IR AVERG S
A HCAI(HMM) 2 A& > Sicdhlics: - 2~ 135 $ilcdhdk d 12 o
MFCC -~ 12 F¢ errdelta MFCC ~ delta log energy ¥ delta delta log energy #7ke = >
EE BB S L 8kHz f247 R 5 16Dbits > == -] 5 256 2:(23.22ms) °
F =M S 5 85 B(7.74ms) o #7i * h3F F T AL E L Mandrain Across
Taiwan(MAT) #7# &7 MAT-160  Rlz#35 40 d 7 fE 24 B2 7 1% & Pordd
ZRFH PR BB TEER 5 500 o0 0 BRI AR o AT SR
WEA TR 2 FERE S 0 % - 7| (Baseline) 5 H @ * 3 & {0 Fras et (8

2 %% > % = 7|(Bigram) i § @ BRI PR Bl 4o P BAIFES A BT Z R

«\m

% % = 7|(Bigram + MI-Trigger pair) | £ L $3F 3 #73] @ * f§3F B Heci {8 97§
2o BoE B SR A S EATE 28 % % e 7|(Bigram + MI-Association) B

AAFF T AR B R AT T 2 s o £ B S A A e h B T
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sl

2

el b E AR RS R S E N £355 L1 X2 D

FAFREE Witten-Bell & it Popwfa A2 L i B AT

&

Baseline 51.33

Bigram 51.86

Bigram + MI-Trigger pair| 52.31

Bigram + MI-Association| 52.92

23 7 FETHEATRIE 2 &1 S (%)

54 % A2

ARG Y > NP EE R TR T et 3
PA R ATRYRD R E N PR A U nogram 52 5 R4
BE) o 7 ohde n FAE R BT R B S it 2 B0 0 R0 S e

PR AKTRRL (P DAL A LT B o d A ¢ T OURRF|A Pk

S gte AT (AR b

EE (S A A E AR T b 42 B 52 n-gram A As S el A

_L

FooLMER GRTE S A AN PG PTEF R T2 Aodp P ehd £ R F) AL d AT i B
RTH 2 %3 AFE Tt (ambiguous) iR AL oL AT 2 i A b E A TS
ARNE O R R FRE ST AR Y AE 2T o p e B AP ARRA

K e e 4 T e

P fkg (R R% T (B s Mg [T
Bigram(Baseline) 64.8 | 77.1169.8|72.6|84.6|754|869|72.1|75.4
MI-Trigger pair 66.6 | 783 1 69.6 | 70.9 | 85.2|76.0 | 86.9 | 74.8 | 76.0
MI-Association 66.8 | 783 (70.8 719 (852|758 |88.6|75.1]|76.6

2R ET AR Y B AL R (%)

55 B4 L AEC AT E
G e defs > AP AGES HCU S8 R AR SEICA SRR ¢
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MRRITE Y PRM AN X RBBARFNYR o Z M- R EBALER

{ﬂ.

AR CHEE WA SR fAN - R ARFATR 2 & o
Bl= TS AR ECRT P ERdia o J5d Fio 7 o v B {AT e
#

Y fi ] ¢ R
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ol
B
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1
11
—A—
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b
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Ell
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1
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ué@

Pl A BT v AR
R H T RARRTH § A AR R R T - g R g

NBA crfp i sg -+ 2 e s 2 0 L w p NBA R 5 F F I 4wl 1% AiE 6

)

WATREPT BRAPM e B e Z AT o R Y F A2 ST pHTES

>(-;\-

HATRE P > kAL g B A NBA AP B chy I RAT o Ao Ble AT o

6. B2 AR w

BAgh e ¢ ST B A ngram WA RO = B0 B SR e 2 2
P PR B RS 0 0 - B REARP o A AL S4E IE n-gram H#07
Gk BE A U AT E k- MRS iR N #4509 8 & X negram #5

3] - Witten-Bell 3 i+ 3aess i 5 444 % 0 4 st Pige @ R s o 4 P i

B 2% $T el n-gram BEF] L A G s e
FobAims A B0 - BRI G B2 2 S EE- B AT

Wb Lo D Apriori R E 0 1 v e B iRt > R 2 o g ik
EnFa k2 v o WS M B P -H F 3 nogram R e L B E
VLR PR Ar ik o AR B B A 2T G AE M perplexity > ZEP A P dhit

e

i {8 2. n-gram A AR @ AR s B 0 Befs AR R Y A pE

4
[

AT REF A - AR e d o

A % fon-gram $3] b AT A @0 2N R @ 5 n-gram $03) b chak e @

b dhn-gram FA EAEA A F B A 1 0 R RET 2 - BREDR R

\nﬂ-
3‘
'44'*&:
w
i

3

N\

Fr ol awAHP - BEL L 0 AR

FRAFTEARE AL L F 5 WA A defe Bz e £[10]8- & - 4 Al
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KA F15 negram 03 S A % 2 RIS B 42 i b] > 5
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BAAS TR EALAEEXEREAL %RARRTEINXE
BB FREEEIREAXFESAME - RFHRA-HEEEXF
HEAG BEERAFAGXFROA—FHE bk—A BB
FHEEXTUXEIFEMNBRORELR RERAZREL—THEIN
AR EEAEXEATHAETNER UEEERENHR  RALENR
MBS EHRERN -

HMHBRANBEE MBS EXERRAL 2GMAELNBERE
HELATHREES HAREERE HMERNEIHEEMN ERREALY
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B THARLBAE HIAKEN G Fofs TR ENEIAAMME E
BHEEMHIMARBREBINO T REBREZ ) GRIKR  WFER
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#1944 NTCIR 45 248 B x &40 50 B E B BAERR * AT
BE2mgte® s 5%t - KBMT  EANMENELETHAREAEAN
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L.f 7

1Ll SAEHHLE &)
MEEREBOEHER  BREN (LETFR BALE 2%
BARE) R FRAH FTECAAAXEREBATAGEL B
RAEEFOBHRE - BEAAENBXTEGAHERR KERE
MEAE  WAENBLEXEMMEN TP B - Bib o244
EHEaE RGNS REREAGHMAMKR S XE RE P
SHMMEN  MARBE G R -
BNANSHHELA G HUEEXEREHE Bkt Tl
HMXEELARE REMAEE—E— BB E - b REHFR—ES
EXERZ AL BULBAFHOXELLOR—BEHE £F @4
FzR ZXEFOXETARMMAEOEREER (RTNREBELE) RERE
A HHZN ARTEEXEATHLENER UBEL LE0E
Mo RAMEMRKEB EOAEER -
Bt AN B REANER—BSEXERB AL CRALAR
BREBRAT RMEEMSE
. #EXFHHEGFHE MALRMEIRIFIEB R  RFEFHASZ
ORBEBBEXENIMFARELR - LB TOIHEREG T F
MAEMREELBEG  FULEN LM BTEEFEEME 2
WEE-F4 BEXENEREVAL R AAREHEN &
G mERXENERAEFE - AL4MBH  BAKXETHE
RURAEEXENO T CBEHETRAAINHEES -
2. AoEMEM (topic) BM EEEERAFGENREFAE > UTL
BREHAES R -
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12 BRefMAL

Baeyim e A A A KA &4 #Hikk (Extraction) £ & # %
(Abstraction ) » S EMABF X T FHHEgRRER KA EBSRA
BE EHERAMBEAARXENZAUANINXGET - BATASN
NOBEAGSEABES Y R BATERME R 24 TR ®
REEEIETXEHBAR -

BEaYHAAE L E R EAA (Generic) AEME MMM A
(Topic-Related) - HBR AWM EM T » AERAEMEEHHELT
HEAXE-HALREHHE AL MAAEELBBE - A E
WEMMMEE AaEAAe 5 (query X topic) BT i 6948 A & M
w3 R TR AR, ©

B LT R4 FHEBRNBERFSERFHELR oA
Rk EmELA OB BRI RBE EHEEM -

13 2 EXHMELRAYBHAE

REAGWME  CAZAS HMEEREBOEHHER AER
MBBEE EASHNBEALAAEEX AR - FRXHRELL
WRF R A R — W SR % 3] A2 K R 89 4R -McKeown Fv Radev(1998)
ECPBALTR TS AL @RLGWE EANMMEEHE
%gméwgiﬂ%'&ﬁﬂmxﬁ%&&ﬁ(%memMm)%gi
wmE -

Mani #v Bloedorn (1999) m5r#7 > T4 6R=ZFBRELRHZ >
i##] M WordNet R+ E & FrRIeMGZ - FFRAEZBEXFMHNERE
Fog B & sboh o i #) B Spreading Activation % F ik 4§ 91 & 35 X 248
Meh s FHARE S - &M A4 EWEMES (Topic-Oriented) #1452 -
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Chen #v Huang (1999) # ¥ HEF4R > YR B YHFHRA LR
R5 4R 4835 k&9 #7 M » £4 Complete-Link clustering ( Salton, 1989) &% ik »
RFEH,E RBEFEGTFHGBLUE  ELEHXAAFTAHZ -

FEN P X WordNet SRR X2 BATHAE PXHMBBELY
EHE AUARMALRLLAETIRRSEFETHOERT Rkt H
ABRERGBEANY ) F B E-—F RO FTREZATLHR TARRH M
HHE -

2. 3B E R

2.1 BEaEMS

M BEREMEE - FHR > HXFABRAGREAERR TS - &
EHRBBE RAERBAIABEGFSF B IBELEIXFRFLHLM
Tt BEALAGLBEERXFTHREFL Aol Iy BOGER
BERIMERFHENTRMAAALE -

AHENHEA G HARXEFHRE WSS > RO RBE - E
HMEHOTF MERRSNT—F - REGFHHIE KEA thdf 9%
o XA FHeyE 424 (Lexical Chain)- $ E X EHEHRBAXE >
B2 MHA —RREGBE - BLARAREY FRGBUESE

22 BEEALETH

REBHOHBE HRAUNEGHBER RAKT RN £EGZ AT
B RMIFE T R G TFRINFEBERA NG FOEHEFL
BB X LA E REFETEFo3 4427 (Part-of-Speech Tagging ) © &
QF By L AFFARTERENIAMME - £ER F I
o RPAFERE PG FREEHEGHREANE  MEAKLHIEL - K&K >
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BRIV R N ofTE—FRRBETFAERG D OMER BB EEM[E -

2.3 Wfé) Hiie

W@ ek (o) o3k (5 ) Bk (1) fRI% (?2)
MAEEOHER CRTZ —EARENSTRAULEAQERLFRMAL
RBe-méFPeiEs () MAlLgarRiE  29kEENTRT
BEREBAERZG OB  E—FRIBEHRE -

B735 7 & » BJA Chen (2000) PRsd & a9 83l = A - ¥ &) T4k 873
FoE MR 0 R A WA EE o B FRSHERRKE -

2.4 & F3%4 (Sentence Scoring )
T8 F 4 MGk 7 RAKRY HTHEEERME RMALAH
OFEN ARMEAMSS  MMRHUEEEREI G ¢
L AREXFPHRENR (O FRERAUARRABXENER -
270 W EM (topic) SYMMBRE W) TFRELENEEA MR -
BEA—GF S EnEadmiaRkL R
A. #7M# (Indicativeness) : S HE# o FHIRFEE  H SHEAXE
AR FHRTEE  HAERPRTHE  HALEMIFARY
8 FRTAZEAE A IPIRR T -
B. &AMt (Topic Relevance): 4 F & X Me MBMRAE -
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) IEFETE
- REET]
) =
s1 | sl sl | s1
s2 s2 ' 52 s2 % s2
s3 s3 f 53 s3 - s3
s4 s¢ | | s docd | 4
docl s5 doc3 docS
doc2

B —. &) FeyRrm i EAmmpte

24.1 o FHRTIHE

ERH— A FRAAROTHEE REEHAMEERTESRY
FHE EHGHB - AR HHERAT P uHELE (LEXEE
£9) hBEMRAEESTHEZEL BREAZAT  RMUNSHE
F(A)UEAHEALEEAERMUAENEREL  LHEH > X
WEFE—BULYBRAHPRLF AMNEREHE FRA ZER
Bt ERTH -

LEARARGTY > RMBBRTHES HNIFRTHAIFRTME - A
FRAMIEORLGHNE - XFRRARO FRRTER SRR
B RLHNEEXER ) FHRTEE - ERRTHGSEE - &
s =4 ik

24.1.1 #xAl:

® LHFRHMRANL MmOTFSASZEGEMAER & S SLR
—EXEN BMANFRFMN S SEE—E£WMEM (topic)
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HARBIXEN » BB/ BN TH

V.+N.
1”: Y 13
"V N,

Vi Si#e SR e as (EAERRS)
Ny: S SmimAnsEEY% (FHEARST)
Vit S e s gt
N S 2 EaH
EWARZT RGO FREAFERGSHAELABRE > &
ZMEEAZGR T - AT ERM (normalize) » B LA S #7839
WL B S bR SERGERFELE BB S Y S8
R -
@ HFSHRTHIB BRSHmMEYF (S j=1~m) FHRFM®
B S e ¥ [ ke o 32 X5 BRI (OL) R EHR
e (1K) R EF KXo TF -

o1 =Y. 1, » SAIS FER I EEPY
i, =31, + S8 RHER—

i=l

oo :
5 = "EBESTERASTERIENE WS b SEMARESETE
i NESEEEANSEE  CHEER TREeBTE  THELBEEE -
e T Al L BF N BT E T L S v NS S
R 5 S L0  BHRER A > SRR T o S R T RO ATIRLE - 4
5= TEEATREAETERWE 1SR ARESETER - K
EETHRSE R  CRTRER T EEE T SMETEESE -
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mORAA 20 EREAHARLE (KPR LS HRWR AT
B-vEA—E) @S OHHF L LML 36 AT
I,,=20/36=0.5556

2.4.1.2 % Bl
® O FRGRTIEL Sk SAHBERY

I = Mj+ Vy
e

Ni» Vi B E R Sifo S Peh 63 ($39) &%
NN HRAES (S) vwaEse
Vi Vit BRAS (§) v#1%# %8
® HFSHRTHR I BEETR—BEXSHEmMAEYF (S j=lm) FR
T B Sie 8B [ sl
RS Fo S B S0 S, ZEQRTHA

__8 1
J16*8  20*12

=0.7071+1.0607 =1.7678

242 B xAasMte (Topic Relevance )

ARGWBERMR TEARSHEIREMABR, BRRTHEY
FAEHPXFORAN BEFRGTFTRENEIEIMGHHEME - KM
B NTCIR-2 %3 X 28 Concepts #4r P 6938 A Mékia > A ENHKE

(Information Retrieval ) 89 7 X, » RE ) FeE M BAaAMMEMES - &
WEMAEH T
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ID{SECTION CONTENT

1 | Number |[CIRB010TopicZH001

1 Title |(R&®BTEAHETHESR

EHNECETEFTANMERREERI N RALRTZG
E R

1 |Question

MM XHERNERMLECHITERAHEIREEEZ RS
FELEZRY O HERAFTHAEXPHTHEGEEARA#EY
FHE o RETHLBRAOANARE  2FELRXNHBEE
o URESHATEEXNERRIA -

1 [Narrative

E®AETEHE - FEHBT-KEE-EXK - -TwED RE

1 | Concepts £EER  -EBRLE KRBT LE-5E4EX -

k—. B x4 (topic) #.1]
BB RMAETIREGFK A T BT E -

2421 Fix A2
AL FaX
# of (Terms in S, 1 Conecpt terms in fopic)

R = xC
‘ # of (Concept terms in topic)

—E@HFPHERTARSENEI ARG MRF o ENEHeBH
BEHRAS - ATHOFOARTHEIETH ([HERSZEL0I~I0 XA -
RE#EEO~ 2 ) FRALARREH Co (KRG T CHRRMES
10) > #le -

S, = TEBESFEEREAEESERE  HE—PREARESETER  REE
FEBHMTE%  CRWRTR " EEHTE ) BORBEER -

L FFas T TEeRT O TRERTHE TRE,TRET

&, wiE<topic 1>#y R4 » Mm<topic 1> K 11 A& > AL L E

ﬁﬁmﬁ%ﬁﬁ%A&:ﬁﬂMﬂmm
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2422 7% B2

# % K% £ TREC-2 ( Text Retrieval Evaluation Conference ) ¥+ 3%
B R Eg KO ik £ TREC-S (¥ X&) # NTCIR-2
(PXBRAXEN) BAEFEHBR - LERXFTEP FIALLAREKE
FSRENEHREGMERE AAXT !

R =log O(R|S,,0)+K
P(R|S.Q) .
P(R|S,,0)
~3.51 +37.4% X, +0.330 * X,
+(=0.1937 )* X, +0.929 * X, + K

i

P(R|S,,0) : SF1EH (Query) FHBARIREE

P(R|S,,Q) : S,FI#EH (Query) TR

K: BTHESEANE ALY  EAEESMERS
X, X,, X, X, - AXIUESE - SHEAEOT

_ 1 < g
I -\/.]\.f‘+li=]qf+35
I & df
X, =S log—2i_
2 Jﬁ+z§ €21 +80
1 o,
X =Y
’ _\/FH,Z;‘ cl
X,=N

N < %> il < &3 > PR FAE
qtf : FaTE < B > PHIRAVEE

gl < EH > @S0 FrafER

dif : FraE < B34 > i RR R
dl < B—3 > T SeF R

ctf - FRAE < ArE % > PHERAVHE
cl < BT > BENFHREE

AR EANBRRGEEXSG  BANREREAN G TL
e E a8 I NERERAELE AT FHRFESETE LB,
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E—EFEK (ERZKT Ky FEREAS) -

243 HF o B FHERREES T RERTE > SRTH
REWEBAML > HELXL T

score, =F,

ot

*Ol +r, *1I.+(1-r, , -1

ot in

)* R,
OF - #h3p4RTH

I M3 mit

R:&E®mxagiamn

Fout - SRERFESTME - BARAS L] 0 N 0~1 Z B

rin © NER TS BAAAE A o AN 0~1 21

LERAZGP BALTFTHER-H IERFHAETHEIHAEHE
MBEGEEE > Bbru=rn=13-

2.5 B4 4 =8 (Key Sentence Selection )
RiFeHmE Rk TR T, A TREIET ; R HEA
ol FAGEHHERECG TFARINR T RUAREES) FRXE
e FRAZMGRFHER P B L ERMEGHEAL L AELE
g R T T %
. BE—BHARFEAXTEGME T KRBT EHAHE]
Hk—1BaFLE (list)
2. o mAM T aREEFRYE  RABEGES T
3. laf—AREBERTH (ANEETRE) 9 F HRELEFP
idra
4. EHRTH] > BRTE ) FEMHTER
wit— R BTUEERAHRTIEIBLEH Lo F -
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B &4 5kErER

2.6 & F#454 (Sentence Reduction )
LT FHREBERAE RV REMBERH RG] KMLAHR
OF FRaMEPBAHN R -EBF—E)FRLESTEMB G REHR()
Sz wREL NGBS THRGES  ARAKBE P HIR:
| ERZHEN  BHBTAREAXTAHEIEZLE  pRAREFHAEH
SAEY )RR HBRARAY PREAFRANE - SXDONHBAST
P W B RN E AR LT

FERE I/ g LAWBESER Y K

T,

L BATANTCIR-2 89 A XE (R+=Z88) AIREH >
E ezl id £ 98 TWw=08  AFERZEHE > TR
HEARERG ]G -

2. BEMEMRAEM R DORNTLSET—EEH ERGH LS
(Concepts #fL P8y F3 ) BlZAMEMEIATHMN -
MEZ WwR—EGHRBASEEN 0 BRLSEM—EBEN

-76-



FAEMEE B EKBREIRRZ Rk th X Xay e T E
HRE

I 3R AEF 4o [xxxxx] -~ (xxxxx) FXF « KEFSHMEA - &
fmsERT T L/t b/RE], (Pl [2EB82ESLR
] O FRXEFNEATLEM > TURABERKR - @/ HEEA
MXFAAULBTRLARG AN EE (FlTRESDEREBHE £
2 (PPl 2B IRAMAR) 2HAIRNLERE,) AHBHGE
M LABHEGER (o "THEAAE (A) BRRRHSGTRE)  —
BnE BHRAEHMENTA AR THESHBRA - LA
F’% o

2. ZEAFUTH NG  wTEF -2 Ak AR KXt FET L
RiG o phdh o B HE..... g F 8 AEREREIRELE  F
BRTAOHBEEZR > RATENER - BHARKRIABMHTERX
Qe RENE > EEHN R TRAM, TEEE  ALKMTUAK
SHRBZ o mEFA LN TRETESTEAR (LT FHR
FEBmir, RAAHELEY NG HLFREYG -

Blin : BRBE~F+E (Fo<ZHEMR2>HEM) BAARBELT

BEREEERE— M B IER - MRS EEEEKBIIR? HE
M BAERBUR T — E MBI RERT - TRBTHTHE - DAKESES
bR ERORY  REEEEK - EAGHERY - ETFEIIRRE
By - SREHTS > SREHNTHEIREREE  FRRAERE - ENHERE
i EE AR AREIEF R LIPS - BAE(E RSB R RIEE - R
BE A RMTE  EHRRGEREIL I EE S ARNSE -

PR EXEY UEBFRIGETEB I RS EMEAL



MisksE > mAE T2, TER, - Te, - THe, AMEY X EE
HAEZBERE PRAERENQHRBAREL > TR X - L3586 FRE
%o BAWHELT

FERAETRE—MAEHBINRE AU REKBEEREIIR 2 #%
B SR T — E BB RAES MR ITAE RGNS
rhRnE » KR o FEEITERP  HRBHERS - BRI TAE
IR B - BRI R OOF % MBI FT ML PR SR
2 BEEES A RS B ARREEILEMBEESBIARNEE -
B MBEEZN BB FsE HEAARS»AOFEALT X &

b B RFH AR PEE TR GHR -

3. FmAMALX

3.1 A

RAithtyBeos B E A £ X448 42 (topic-related) & % & X4
BMUTRENLBELASXFHEN XA (topic) ¥t - KA K
EristHPxEREXE > BLKMER NTCIR2 ¥ XEH > 8%
MEMEA (topic) KAENHABRELEFIREZEXT S § 30 fo
SEERNEMOBELERANR AUTRAGXFARUA 2B R -
3.2 g KA

AXUAIFE LSt A EmAEAL S BERESIRKE-LE
BIEB A4 THRARG K B EHmMieyitoy X WagE i
FHopfengdy  NRORBRZIEMNHER -

32,0 Rkt EFAHER
KO et R AR KA TRERE S FT X - Fik Al P ik
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Bl ghtb & R0 F -

Bty E#E XA (topic) %% 50 BBk
E (F#)
A Al 11,3,4,6,9,10,11,12,14,17,20.24,26,30,31,32.33,34, (F%k Al)
g1t 37,39,42,48,50 (423 &) 8073
# & Bl [2,5,7,8,13,16,18,19,23,25,27,28,35,38,40,41,43, ( F % B1)
Bk 44,49 (%X 19 &) 8582
48 3] 15,21,22,29.36,45,46,47 ( &£ 8 & )

£ BaHesrE At

{ik%ﬁ’:}‘éﬁ%%? Ak Al TR R R GG T8 > MARTIEA
&30 £ A MRS -

A topic 34— & ™ B &g 81 4E B B 4]0 H ik Al Fo b0k Bl PR & 4 6548
245

<Fik Al> BT - FIRIREITIR F4a pRe B 00#% A » 2 TEIR BRI
HEGNG - EREY - BAEE 2B TRSRMSELEYE TN, T
Thl  BONEEL | AR BEAIER - MISEEEER - 2HREEED
TR TR Hr A SR B RS A SRS
ShAE D WOEC R TR -

<Jiik BI> © AR EEE R BT - PIE(EEE S BT R
R BB s B RS | T REA TS NN TR R R A
B - SR - BREE LB T RSRAEE AR (W, T

AL FY RERBELARIEHNIMOIZER BT %
Al FREAA B ZATEHE Y RILBFOHR -

AL LT 0 Fik Bl 69 E 8 ERAA G FHI LR
%+ f5]4o topic T—FHH 4 ¢
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<fjgk Al>: TR ERFEE - ERFHEFE R EEFHURRE R - SEERAN
- BFEHEE - FRERGERITENNZREE  HERRAFRILEHGSE
ARER - FRGIBSREREEE CHME - 2B FESEEMET -

<AH¥: BI>: REHENE HAVBEECE & L0028 it & W E S B 2 W0 H 8l
MR uRRMITE R EZ LA LEN - HREMRRERGEIRR TS
i EFIEHCEMWRE - BHRAEMREITZ AHNE AR ER N EIWEL - (BEF
FHHEEEMRERAE TR T A S AMRMR - R TRREVIREE - BL
RO A SO R RS it Ak g WEERINE ST - fhirEs
W TR R = DRI T R SR AT AR KERZT A -

PR EAREONE D S RANES  RREEZAR
Bl o it Bl A A A 0IBEE REBA » BB 4 Al BEHE -

BE R EWGFTE4 FEAl o HFEBl AERGBERE
BHMERA(23:19) BRI %Al FA LB EBEFEaE (8073 ¢
8582 %) : Hub Hik Al i BRAFRMGES -

322 M EAMAAMIELER
BTR KOs HREEMERBMMEG T AL (HEE

Hg A A HRABRMLLET )

#B4Fay B XA (topic) 4% 50 ek
B (F#)

>k A2]1.10,12,13.14.18,20,23,24.25,32,34,38,42,43 44 47| (F & A2)
Wi 484950 (£20 %) 6530
¥ i B214.16,17,28,29.30,3537,41 (£9 &) (7 i B2)
B 6902
A 12.3.5.6.7.8,11,15,19,21,22,26,27.31,33,36,39,40,45,

46 (421 &)

k= EmEaaAamMiastE S Xee#
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WIFFLERVTRER  Hk A2 9% E R E b5 % B2 (#] A Berkeley
a9 IR 2~ RK,) RAF4 (20:9) THEE % Berkeley ¢4 IR & » £ E PR32
FHBRIGUEEXE HPERESEBYHFOT  BHERSEMEE ()
W 0) #EEE  BRARBGSENE-BYEK BEREEFATE

ik GRS EGATE  EEEWNEIAEMMGOF Bmaik
WEBER BEOHGTFTHREGLEBEET dHEREGLEBEPER KA
Btedk > RIOIDAF E A2 URABERFSRMATK -

323 &) FeEmah v
ETRAEMSH O TFHRETEOBE LREFHAHGTHEEHK Y
BERE -

#ireh B E A (topic) %% 50 RS E
B (F#)
454a37(10,21,30,31.47 (£ 5 &) (4EHaT )
#E 8073
424344 13.4.6,8,9,11,12,13,14,15,16,17,18,19,20,24,25,26,30, | (4414 )
sp4e 133,34,35,36,38,39.,40,44,45,48,50 (30 & ) 6902
38E [1.2,5,7.22.2327,2829,37,41,42,43,46,49 (£ 15 &)

(1 &) Fhsariaegtbi

ERAFBESNIMOBEY  FLERRARBHEIGLEREE
By o SEARAEMIR G N R S BB ERE 2B R REME) FHREE
BOFAGHBFRAR ERHEABT ERAS FATRE BERES MG
% > 540 topic 10— BRBRHIE  RAGHEAE -

EEREIETERANS  BREAE? KK KEFETLIREIHLFRER
AR RS EFAIH FRE  fRIE 0% - HRBHEE : &
HHAF 8 Al B R a] IR 358 AL RS - {ﬁf%iﬁﬁﬁﬁ%{*aﬁﬁﬁ'éﬂ.?ﬁﬁfﬁ%ﬁ
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PO BB NG F S BB ¥ aORRRaELT £
M FERREABRAFE MANRE _HAERRR RATASHEY
AT ERIRBRTAIF QM ROBRR B —HRARLHRAE
RFESHEVRHBHRATE  PFHEASGERN -

S THEA BB E 23T 45K ERE  PARNKEL K
RABE R4F - RRBIIA ZHMBR R E MG HBARE]F 0 B— 20
QM ENH  FELEREBEREYGREE L ae) TR E T EGRE
TR -

3.2.4 Wi vs. i F
B MR B EENTBANRTF s TG EE B
FHErMMey ACREMARER AR ARNRETAEANTY
EAAMEOHESE AHBERGTRE ?H—EF X LBIF?
FASTH EM EARMM e B AL R A MR A SRR
RE&MeidF (Overlapping Bigram ) #tb#t > A& R4 TF ¢

1 4Fey 3 £ A8 (topic) %L
1,3,7,11,22,26,34,35,39.45,46,49

iﬁzﬁii%%% (FR14 9.12,14,17,18,19,20,24,33,38,44,47

Bi3d (H ik A2)

2.5.6.8.10,13,15,16,21,23,25,27,28,29.30,31,32,36,37,
18 ] 40,42.43,48,50

5 MR atTHhaBEengEFabig

A BRMER  F— (Rt RELHEN AL RES &R
PAERH=ZHVTAAAE—ROBE  FELLSFBEE REHHEA
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BT A% - XA topic 17T—HRBFIFTESH] -

<> BRI ET [ HERSTEEDA - BT T — (E EE R
g I R e i - i) B AN O L 2 R G MR » T R 2 BTN
ASERR - S Er BRI L B %E - E%mfﬁﬂéﬁhu REEREPIK
HENIBLE - o T E G T REBHILETE - KM ABATETT B ABHIR

S ILIIETE - RS AR EHIEL /N EH & T @Mr%&%L%ﬂm&TW
REE o BE—UER U REERE L -

<ﬁé%*@ﬁ%@mm%¢+ﬁﬁ@&ﬁﬁd%'E%MEWJE%ﬁ@§ﬁ§%
TSGR I ZE Fak o - i H bR (OO EL 2 MR A MU AT P - SEETT IR AL AL
AERS - HNSTRREIT A B - AR P B R ERE PR
3RS b g SRR AR - STk I B S AR A

=} o (TIPS T BEpUE 2 AR TR A e S Pl it ¥ BRLER Aty

FRATRZE  FERHE—IRETR R R MR - RGBT A GER

HIFRARZ -

Bt &ATRIFE —EER TR MstE s 8RR ERERE
FoREMERS o 42 NTCIR-2 4R €3 T AR E B A M 2
13 AHF 0 PRUL 45 A M43 R 40 F s £ (Information Retrieval ) 45 39
Rt A B B4k (4o Title » Question » Narrative % » 528 & — ) 4
R FiEsF oL AR HER UL R ERA RS M6 7R
T MIEREES R HARAEHEEF - RiBBR T NTCIR-2 A% -
EBNFIFRBGEMEMELERAE R AR W B LR &IRE
W RMEEE RS T > THE € F — LAY 2 - 477 8 & B739 6 53R AT 15 AR,
amP g -
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4.1 xABmEHe S ERE

ABEBXRETEBEEXGEHREAKL AR ATHRMAA
HEEEN g T A U NTCIR2 X ERENETHAETRE L 44
GFeR T ENEIHEAMEFES EHEARTHEXBELIFLE
FoBagFRREZG ORI ALERTHEBLZ -

AEBEARTHAOHEL KATH X Al AEHTHAMME
B r @ RAFEA2 A ERG QL TERIR - RXEF 197423
BE AT EMEHETHAE 002 BF  FHEE 138 F: BLEHLE 3S
96 o

NOHRBE AR ERSETRFHBE ,HER RASEERLT
o topic 32— B R HE B E > HRFAKEL - MK BEEFKRE- B
BB TERTR  URFL B80T SHESFRINE—E
EEF (flho 2 60 F ) 845 LM NG @8 R EBIPRBS NG &K
RMEYRE - BB EAESFTEBTHRN -

42 KRR FH &

AKrgpiA ket AEA TREENE AR FRIGFAEL
HeAMXERAYHFEETREIL FRGEHE  FEQER THELY
BARGES AL EMR (199 3 EREREY REARBLAR
REGERE HEAXRRAAR-BREAARSHOAZALIAFTGEHRL
REY > BEEENFAEIXEGECHE W REBREMA  TH
TEERRAGBESN -

B BTGB EFERGA—BRROHMR  EHMENEREE
BEA (52~349 FzF  BEEA 638) THMRBAXETHFHK
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AR — o BBMLAM KT E > £F )RR T HF BRI R
(You Yu-Ling) o gtop » A £ FHE4aey SR ERUR - BT/ 9
29 RERGFEELTU—GMG B&—F - BRABRREAEFETLNE
7 (Bl D THIRR—ME FERESHKR) -

AXHHR  EE2AMUAMEAE BA B MALRHE—E
4 EANBBEOHR - BIF LR THE I LERELEN HHRE T
B8 (pliodERSE ) AABAEETHOZROHE -
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CEEM199. SXHEHFTERMERAE. EERXETHNIARTA

im0 gt

LB ALE O HES o MURE O R 1992, PRXXHEH S BEIAER.

PERBAT - FEXNEEE T LT EHXE » pp.217-233.
BAT RS R 1993, B BN BR LRI
HEASERAEA TR LR 0 #4T
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Abstract

A phonetic representation of a language is used to describe the corresponding
pronunciation and synthesize the acoustic model of any vocabulary. In order to obtain
better phonetic representation, context-dependent units are used to model co-articulation
effects between phones and have been broadly in speech recognition. However, this
representation generally increases the number of recognition units. A phonetic
representation with smaller phonetic units such as SAMPA-C for Mandarin Chinese can
be applied to reduce the number of recognition units. Nevertheless, smaller phonetic
units such as SAMPA-C will contain confusion characters and generally degrade the
recognition performance. In this paper, a statistical method based on chi-square testing
is used to investigate the confusion characteristics among phonetic units and develop a
more reliable phonetic set, named modified SAMPA-C. Finally, experiments on
continuous Mandarin telephone speech recognition were conducted. Experimental
results show an encouraging improvement on recognition performance can be obtained.
In addition, the proposed approaches represent a good compromise between the

demands of accurate acoustic modeling.
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1. Introduction

From the viewpoint of speech recognition, a phonetic representation is functionally defined by
the mapping of the fundamental phonetic units of a language to describe the corresponding
pronunciation and synthesize the acoustic model of any vocabulary. In the past years, context-
dependent units have been broadly used to model the co-articulation effects such as triphone models,
which consider both left and right phonemes at the same time. However, this representation
generally increases the number of recognition units. Approaches for designing a smaller number of
phonetic units are needed in the context-dependent based recognition.

In recent years, many phoneme-based phonetic representations have been used such as
International Phonetic Alphabet (IPA) [1], Speech Assessment Methods Phonetic Alphabet
(SAMPA) [2], and SAMPA for Chinese (SAMPA-C) [3]. Among these representations, SAMPA-C
is more flexible and consistent than other phoneme-based phonetic representations for Mandarin
Chinese. However, in SAMPA-C, several phonetic units with short duration are not easy to be
distinguished and therefore degrade the recognition performance.

For Mandarin speech, the confusion characteristics can be found and analyzed in syllable-
dependent, subsyllable-dependent, or phoneme-dependent situation. In a training database, syllable-
dependent confusion characteristics are difficult to extract due to the sparse data problem. In
contrast, the inconsistent phoneme segment in the training data is also not suitable to detect the
phone-dependent confusion characteristics. The misdetected phones will result in misrecognition of
syllables/subsyllables. Consequently, the phone-dependent confusion characteristic is not helpful
for the analysis and representation of confusion characteristics of SAMPA-C based Mandarin
speech recognizer. Therefore, the subsyllable is chosen as a compromising unit for the analysis of
subsyllable-dependent confusion characteristics.

In this paper, based on the statistical hypothesis, the jf (chi-square) testing [4] is an alternative
test for evaluating dependence, which does not assume normally distributed probabilities. The
underlying principle is to compare the observed frequencies with the expected frequencies. For
investigating the effects of the confusion characteristics, the ;{2 statistic is used to examine the
consistencies of two probabilistic distributions and the statistical decision criteria are applied to
evaluate the statistical evidence for the confusion degree of two subsyllables. According to the
analysis result, a less confusable phonetic set, namely modified SAMPA-C, is applied to develop a

new Mandarin speech recognizer and compared to the original SAMPA-C.
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The architecture for constructing the recognition model is shown in Fig. 1 and can be divided
into two processes: development process and evaluation process. In the development process, an
acoustic training database is collected and classified statistically for establishing SAMPA-C based
recognition models. By analyzing the output distributions of confusion models, the confusion
characteristics are extracted and used to generate the modified SAMPA-C. Moreover, using
decision tree, the context-dependent models are generated for evaluating the performance. In the
evaluation process, two continuous Mandarin speech recognition systems are developed and used to
evaluate the syllable recognition rates using SAMPA-C and modified SAMPA-C HMM-based

recognition models, respectively.

L DEVEIOPMENt |
: Process

Start — :
SAMPA-C . Evaluation | ..
D Process ;
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: Extraction Q - b l
; Sa————— —— -
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l
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Generation

Model Generation
Using Decision Tree

f

—
Fig. 1. Overall scheme for developing the HMM-based recognition models
using modified SAMPA-C

Splitting
Criteria

Stopping
Criteria

Modified
SAMPA-C

2. Analysis of Confusion Characteristics

To accurately represent the confusion characteristics of Mandarin speech, the subsyllables are
used as the basic units in the analysis process and extracted from the recognition outputs generated
by the SAMPA-C based syllable recognizer. In this analytic procedure, 50 context-independent left-
to-right HMMs with 4 states and 12 mixtures are built as the basic recognition models. 1551
utterances generated by 80 speakers in Mandarin Speech Database Across Taiwan (MAT) are used
for advance analysis. In the following tests, the effect of the confusion characteristics between every

two subsyllables is considered.
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2-1 Testing for subsyllable-dependent confusion characteristics

To clarify the subsyllable-dependent confusion characteristics, the training and misrecognized
data are used and divided into several categories, which are defined as subsyllable attributes (SA).
For each SA, the numbers of occurrences and misrecognitions generated by the recognizer are
accumulated. Then, these two corresponding frequency distributions of the training and
misrecognized data, treated as SA distributions, are utilized to quantitatively analyze the confusion
degree by using the ;{2 testing. The jf value, which is greater than a threshold of the predefined
significance level, implies that the SA distributions can be regarded as different. Accordingly,
several subsyllables are treated as confusable and need further discrimination. The formula to

calculate the 3° value is defined as follows.

N (M,-E,)(M,-E,)

2 i
X ,Z=1 z (1)

i

where N is the number of SAs, M; is the number of misrecognitions of the i-t4 SA and E; is the

expected value of M; and can be defined as
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t
I
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.M2
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LN

J
where W; is the number of appearances of the i-th SA.

The effects of confusion characteristics are analyzed and extracted from the recognition
outputs generated by the SAMPA-C based syllable recognizer. Table I and Table II show two SA
distributions of INITIALs and FINALSs represented by SAMPA-C, respectively. It is clear that “d”
and “V:” has the largest number of appearances in INITIALs and FINALs. However, the tendency
of “dC” and “IM” was misrecognized frequently more than that of “d” and “V:”, respectively. “dC”,
“IM”, “d”, and “V:” are the Mandarin syllables represented by SAMPA-C. As a result for a
Mandarin speech recognizer, the confusion characteristics seems to strongly depend on the
subsyllables. Next, since insufficient training data happen for some SAs, the ;(2 testing conditions
might not be satisfied. Thus, the following two conditions in each SA have to be considered [5].

(1) The percentage of the expected value over five is above 80%.
(2) All expected values are more than one.

In Table I and Table II, the ;{2 values are 164 and 97 for INITIALs and FINALS, respectively. It

is clear that the jf value is greater than 5% of the significance level. Therefore, the analyzed results

126



show significant evidences that the confusion characteristics of INITIALs and FINALs can be

regarded as subsyllable-dependent.

Table I. SA distributions of INITIALs represented by SAMPA-C, y* value = 164, p<0.05

INITIAL |NULL| b p m f d t n 1 g k
Number of
141 | 65 46 | 47 17 | 227 | 71 87 97 59 56
appearances
Number of
49 27 11 10 6 57 38 23 26 21 14
misrecognition
INITIAL h dC | tC C dz | tS S R dz ts ]
Number of
80 54 51 49 62 56 72 52 57 49 56
appearances
Number of
18 51 31 19 32 51 38 11 36 44 | 20
misrecognition

Table II. SA distributions of FINALSs represented by SAMPA-C, y* value =97, p<0.05

FINAL NULL| a: o | V: ai el |aU | ou |aM |@M| aN | VN | r
Number of
38 | 72 8 | 194 | 60 | 40 | 61 | 53 | 69 | 52 | 59 | 56 8
appearances
Number of
11 | 32 3 33 | 24 | 14 | 36 | 29 | 13 | 20 | 18 | 14 2
misrecognition
FINAL i | ja: | JE | jai |jaU | jou [JEM | IM |jaN | IN | uw: | wa: | wO:
Number of
41 | 15 | 37 4 30 | 29 | 47 | 34 | 25 | 43 | 58 | 21 | 47
appearances
Number of
21 | 11 | 11 2 6 11| 25 | 25 6 22 | 13 8 22
misrecognition
FINAL wai | wei |(waM |w@M|waN (WVN| y: | yE |yEM| yM | yN
Number of
23 | 57 | 58 | 38 | 27 | 53 | 17 | 23 | 24 | 14 | 16
appearances
Number of
8 9 23 | 20 | 12 4 1| 11 | 12 4 8
misrecognition
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2-2 Examination of confusable phonetic set

According to the previous analysis, the misrecognition happens in some specific SAs. In
general, the misrecognition is caused by the incorrect pronunciation or the confusable phonetic set.
The incorrect pronunciation is due to inarticulacy such as the retroflexion in Mandarin speech. For
examples, the “tS” and “IN” is usually pronounced as “ts” and “IM” in INITIALs and FINALs,
respectively. Thus, in this paper, the confusion characteristic of each recognition units in the
SAMPA-C based recognizer has to be examined and the phonetic set should be redefined. Table III
shows some examples of SA distributions of confusions for recognition units in SAMPA-C. The
upper two measures show the ;{2 values are greater than 5% of the significance level and the
phoneme will cause the subsyllable-dependent confusion according to the ;{2 testing. On the other
hand, the lower two measures show the 3 values are smaller than 5% of the significance level and

these subsyllables possess less confusion characteristic.

Table III. Comparison of SA distributions of syllables represented by
concatenating (+) phonetic units in SAMPA-C
Subsyllable d d+C | d+Z | d+z

Num. of appearances 227 54 62 57

Num. of misrecognition | 57 51 32 36
7 value =55, p<0.05

(a)
Subsyllable y+E |y+tE+M| y+M | y+N

Num. of appearances 23 14 14 16

Num. of misrecognition | 11 4 4 8

7 value =1.65, p=0.05

(b)

2-3 Determination of confusable phones

Given a subsyllable A, the subsyllable-dependent confusion characteristic between
subsyllables A and B can be analyzed in Table IV, which show the four possible outcomes for a
given trial. The confusion relationship between subsyllables 4 and B can be shown in Fig. 2.

According to this representation, the ;(2 testing serves as a way to quantify the confusion between
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these two distributions. Hence, based on the four outcomes in Table IV, the ;{2 testing can be

applied to determine the degree of confusion between subsyllables 4 and B and is given by

2 f,,-—E,»j fu_Eu
X =Z( 2,;( ) 3)

cells ij

where f;; is the observed frequency. Ej; is the expected frequency and defined as

E, =ff— 4)

2 fio

k=1
where fjy is the totals of the i-4 row and fj; is the totals of the j-4 column. If the value in Table IV is
small, Yate’s correction method is used to estimate a robust ;{2 value [6]. Therefore, the confusable
phone, which causes the subsyllable-dependent confusion, can be found. Table V shows some
examples of confusion measure. In this table (a) and (b) have high confusion contrast to (¢) and (d).
Accordingly, subsyllable “d+C” and subsyllable “U+N” are likely confused with subsyllable “C”

and subsyllable “i+U+N”, respectively.

—~
A \ <—— Significance Level

P(RA|OA)/ \

K e
/ /\/
/ \

// | Mﬂi HIES \\

P(R 410 ) P(R g0 ,)

Fig. 2. Confusion relationship of subsyllables 4 and B

Table IV. Four possible outcomes for a given trial

Recognition Result
R4 Rp

O4 | PR4|O4 | P(RplO4)

Os | P(R4|Op) | P(Rs|Os)

Observations
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Table V. Examples of confusion measure (number of appearances)

Recognition Result Recognition Result
d+C C d+C d
. d+C 3 23 Observations | d+C 3 12
Observations
C 3 30 d 0 170
7 value =0.00265, p>0.05 7 value =23.16,p<0.05
(a) (c)
Recognition Result Recognition Result
U+N i+U+N U+N V+N
U+N 49 0 Observations | U+N 49 3
Observations
i+U+N 7 8 V+N 2 42
7 value =0.00146, p>0.05 1 value =76.98, p<0.05
(b) (d)

3. Design of the Modified SAMPA-C

Based on the analysis of confusion characteristics, several confusion subsyllables caused by
the confusable phonetic representation can be extracted. The confusable phonetic representation can
be automatically detected using the above process. In our experimental results, the automatic speech
recognition based on SAMPA-C cannot model the rapid variation between subsyllables. This is
because that the confusion always occurs in the short duration between two subsyllables and the
phonetic units representing the short phones cannot model this short duration well. Accordingly, a
longer phonetic representation similar to subsyllable units is adopted to eliminate the confusion
between two confusable subsyllables. These unsuitable phonetic units are manually analyzed. Each
unit is concatenated with other phonetic unit to form a new, longer phonetic unit. The testing
process is performed on the new representation iteratively. Finally, a modified SAMPA-C phonetic
set, which suitably represent Chinese pronunciation is obtained and listed in Table VI. The original
SAMPA-C phonetic set is also listed in Table VI for comparison. The phonetic units with boldface
are the newly defined units. For example, the new phonetic unit “G” is defined by concatenating the
phonetic units “d” and “C.” The total number of phonetic units in the modified SAMPA-C becomes
52 compared to 45 in the original SAMPA-C.
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Table VI. Modified SAMPA-C and the examples with

the corresponding Chinese characters and PinYin

Modified Examples by Modified Examples by
SAMPA-C PINYIN SAMPA-C PINYIN
G(d+C) GIN (Fﬁ’ll jingl) z(d+z) zI: (7 zi3)
Q(t+C) Qi: (= qil) c(t+s) cu@M (ff cunl)
X(0) XiaU ('] xia03) aN(a+N) laN (Y4 lang2)
Z(d+Z) ZUN (f[1 zhongl) aM(a+M) maM (& man4)
C(t+S) Ca: (# cha2) iU(I+U) XiUN ()4 xiong)

4. Experimental Results

In the experiment setup, a Mandarin Speech Across Taiwan (MAT) telephone speech database,
pronounced by 160 speakers (81 males, 79 females), with 8,237 files (sampling rate of 8kHz) was
employed. Another speech database with 500 utterances was also collected and used as the testing
data. In the following experiments, 12 Mel-Frequency Cepstrum Coefficient (MFCC), 12 delta
MFCC, one delta log energy, and one delta delta log energy are extracted as a 26-dimension feature
vector.

In the first experiment, the SAMPA-C based recognizer and the modified SAMPA-C based
recognizer were built for the comparison of recognition performance. In these systems, the context-
independent models were adopted and the subsyllable recognition rates of INITIALs and FINALs

for the two systems are listed in Table VII.

Table VII. Recognition rates using SAMPA-C and modified SAMPA-C, respectively

SAMPA-C | Modified SAMPA-C

INITIAL | 55.86% 75.08%
FINAL | 66.53% 67.26%

For Mandarin speech, the confusion effects of INITIALs are more obvious than that of
FINALSs. Due to the channel distortion of telephone network, the unvoiced INITIAL part with short
duration is easy to be misrecognized. Therefore, the confusion between INITIALs can be

discriminated using the modified SAMPA-C and the recognition performance can be improved
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significantly.

Moreover, another phonetic representation set is also developed for evaluating the confusion
characteristics analysis. This phonetic representation with 58 fundamental subsyllables [7-9] was
adopted in this experiment. With the same training database, the distributions of misrecognition for
subsyllable “dC”, “C”, “dZ”, and “d” are shown in Fig. 3. The subsyllable “dC” is usually
misrecognized to “C”. However, the subsyllable “C” is not usually misrecognized to “dC”. It is
difficult to detect the confusion characteristic of subsyllable “dC”. In our approach, the ;{2 value of
“dC” compared with other subsyllables is shown in Fig. 4. The confusion characteristic of
subsyllable “dC” can be detected. For the significance level, the subsyllable “C” usually confused
with subsyllable “dC”.

In the next experiment, the context-dependent models were applied for evaluation and the
experimental results are shown in Fig. 5. It is clear that the modified SAMPA-C can achieve an
encouraging recognition performance, which is better than that obtained using the SAMPA-C.
Especially, for the context-dependent models, the confusion between syllables can be efficiently

discriminated and the recognition performance can also be improved.

50 dz
X 40
L 30
<
= 20
e
g 10
0
C d dz p tC NULL b n dz d s S C NULL dC ts
Confusion Subsyllabe Confusion Subsyllabe
(a) (c)
C d
40
50 S
X 40 9;30
g % 820
20 5
5 £10
= 10 1|
w 0
0
(S
tc dc  ts s p R T T e e s e
Confusion Subsyllabe Confusion Subsyllabe

(b) (d)
Fig. 3. Distributions of error rate for subsyllables (a) dC, (b) C, (¢) dZ, and (d) d.
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Fig. 5. Syllable error rates with respect to SAMPA-C and
modified SAMPA-C based recognition system.

In order to evaluate the performance of different phonetic representations, we conducted
experiments on three continuous syllable recognition model types. Three forms of subsyllablic
units — right-context dependent INITIAL/FINAL (RCD-IF), SAMPA-C based tri-phones, and
modified SAMPA-C based tri-phones were conducted to evaluate the syllable recognition rates
(SRR). Table VIII shows the experimental results and the modified SAMPA-C based approach

outperformed the other two types.
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Table VIII. Syllable recognition rates using RCD IF, SAMPA-C based tri-phones, and modified
SAMPA-C based tri-phones

RCD IF SAMPA-C Modified SAMPA-C
Tri-phones Tri-phones
No. of Nodes 675 754 812
SRR 46.12% 43.23% 50.23%

5. Conclusions

In this paper, the confusion characteristics for Mandarin speech using SAMPA-C were
analyzed. The confusion characteristics generated with respect to confusable phonetic set can be
discriminated by incorporating a statistical categorical data analysis method without any model
assumption. Redefining the phonetic set, the effect of the confusion characteristics can be reduced
and the recognition performance can be improved significantly. Hence, a modified SAMPA-C is
proposed to provide a corresponding phonetic representation for building more reliable recognition
models. Experimental results show that the proposed approaches give an encouraging improvement.
For the portability to other languages, the proposed procedure can be easily applied to detect the
confusion phonetic units of that language. Accordingly, a more reliable phonetic set for that

language can be obtained.
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Abstract

In a text-to-speech (TTS) conversion system based on the time-domain
pitch-synchronous overlap-add (TD-PSOLA) method, accurate estimation of pitch periods
and pitch marks is necessary for pitch modification to assure an optimal quality of the
synthetic speech. In general, there are two major issues on pitch marking: pitch detection
and location determination. In this paper, an adaptable filter, which serves as a bandpass
filter, is proposed for pitch detection to transform the voiced speech into a sine-like wave.
Based on the sine-like wave, a peak-valley decision method is investigated to determine
the appropriate part (positive part and negative part) of the voiced speech for pitch mark
estimation. At each pitch period, two possible peaks/valleys are searched and the dynamic
programming is performed to obtain the pitch marks. Experimental results indicate that

our proposed method performed very well if correct pitch information is estimated.

1. Introduction

In past years, the approach of concatenative synthesis has been adopted by many
text-to-speech (TTS) systems [1]-[6]. The concatenative synthesis uses real recorded
speech segments as the synthesis units and concatenates them together during synthesis.
Also, the time-domain pitch-synchronous overlap-add (TD-PSOLA) [6] method has been
employed to perform prosody modification. This method modifies the prosodic features of
the synthesis unit according to the target prosodic information. Generally, the prosodic
information of the speech includes pitch (the fundamental frequency), intensity, and
duration, etc. For a synthesis scheme based on TD-PSOLA method, it is necessary to
obtain a pitch mark for each pitch period in order to assure an optimal quality of the

synthetic speech. The pitch mark is a reference point for the overlap of the speech signals.
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It is useful to have a speech synthesizer with various voices for speech synthesis.
Sometimes it is also important for a service-providing company to have a synthesizer with
the voice of its own employee or the speaker of its favorite. For conventional TTS
systems, however, it is a professional but tedious job to create a new voice. Recently,
corpus-based TTS systems have been appreciated which use a large amount of speech
segments. Some approaches selected the speech segments as the candidates of synthesis
units. Establishing the synthesis units includes speech segmentation, pitch estimation,
pitch marking, and so on. However, pitch marking is very labor-intensive among them if
there involved no automatic mechanism.

In general, there are two major issues on pitch marking: pitch detection and location
determination. Compared to pitch detection [7]-[14], few papers have been presented for
pitch marking [15][16], which is also a difficult problem because of the great variability
of the speech signals. Moulines et al. [15] proposed a pitch-marking algorithm based on
the detection of abrupt changes at glottal closure instants. At each period, they assumed
that the speech waveform could be represented by the concatenation of the response of
two all-pole systems. On the other hand, Kobayashi et al. [16] used dyadic wavelet for
pitch marking. The glottal closure instant was detected by searching for a local peak in the
wavelet transform of the speech waveform.

In this paper, we propose a pitch-marking method based on an adaptable filter and a
peak-valley estimation method. The block diagram is shown in Fig. 1. The input signals
are constrained to the voiced speech because only the periodic parts are interested. We
introduce an adaptable filter, which serves as a bandpass filter, to transform the voiced
speech into a sine-like wave. The autocorrelation method is then used to estimate the pitch
periods on the sine-like wave. Also, a peak-valley decision method is presented to
determine which part of the voiced speech is suitable for pitch mark estimation. The
positive part (the speech with positive amplitude) and the negative part (the speech with
negative amplitude) are investigated in this method. This is motivated from Fig. 2(a),
which displays an example of waveform having the negative part reveals explicit
periodicity. In general, it could synthesize better speech quality if the pitch marks are
labeled at the positions of extreme points (peaks and valleys) of the speech. At each pitch
period, two possible peaks/valleys are searched. Finally, the pitch marks are obtained by
the dynamic programming by calculating the pitch distortion.
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Figure 1: Block diagram of the proposed pitch-marking method.

2. Pitch Detection Using an Adaptable Filter Followed by

The proposed adaptable filter serves as a bandpass filter in which its pass band is from
50 Hz to the detected fundamental frequency, up to 500 Hz, of the voiced speech. The

adaptable filter is achieved by the following three steps.

Step 1. It computes the FFT (Fast Fourier Transform) to transform the voiced speech

into the frequency domain.

spectral contour.

to obtain the filtered speech.

Step 2. The fundamental frequency, fo, is detected by searching the first peak of the

Step 3. The IFFT (Inverse FFT) is invoked over the passband between 50 Hz and fy
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the voiced speech with explicit periodicity on the negative part. (b) Waveform of the
filtered speech. (c) Detected pitch marks. (d) Spectral contour (note that the frequency

axis is not linearly plotted).

An example of the adaptable filter is displayed in Fig. 2. Panel (a) and (b) shows the
waveforms of the original speech and the filtered speech, respectively. It can be seen that
the filtered speech is generally a sine-like wave that reveals clear periodicity than that on
the original speech waveform. For a frame in the middle of the voiced speech, the spectral
contour is depicted in panel (d). Note that the frequency axis is not linearly plotted for the
reason of inspecting the first spectral peak. The first peak was found at 168 Hz, which is
the fundamental frequency. Finally, the pitch periods are obtained by analyzing the

filtered speech using the conventional autocorrelation method.

3. Pitch Mark Determination Using a Peak-Valley Decision Method and

Dynamic Programming
3-1 Peak-Valley Decision
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From observations, we found that the voiced speech, s[-], is synchronous with the
filtered speech, o[ ], either at peaks or at valleys. For the case illustrated in Fig. 2 (a) and 2
(b), they are synchronous at valleys having explicit periodicity instead of those at peaks.
As a result, the pitch marks could be easily determined at the negative part than those at
the positive part. In the following, peak-valley decision method calculates two costs by
summing the amplitudes of s[m], where m represents the position of the local extreme

point of o[ ] over each pitch period:

N
1 peak
Cpeak = N—k O 21 s[Pospeak [n]] (1)
peal n=
_ 1 Nvalley
Cvalley =——0 z S[POSvalley[n]] (2)
Nvalley n=1

where the symbols are defined as follows:

C peak - Cost estimated at the peaks of o[ ].

C. .., . Cost estimated at the valleys of o[ ].

valley *

N .. - Total number of the peaks of o[ ].
N a1y - TOtal number of the valleys of o[].
Pos ... [n]: Position of the n-th peak of o[].

POS, i, [N] : Position of the n-th valley of o[ ].

The peak-valley decision is made as follows: If C ., >C,,., then the positive part (peak)

of s[-] is adopted for the evaluation of pitch mark. Otherwise, the negative part (valley) of

s[-] is adopted.

3-2 Pitch mark determination Based on Dynamic Programming

Once the adoption of the peak or valley has been decided, say peak, the positions of
pitch marks are determined by picking the peaks of s[-]. For the i-th pitch period, P;, two
highest peaks in the corresponding voiced speech are searched. Suppose the highest and
the second highest peaks are located at Lj; and L;,, respectively. It might occur that the
second one is absent. For this case, we let Lij = Lj;. For all the detected peaks, the
determination of pitch mark is then performed based on dynamic programming. The

distortion of pitch period, di(j,k), and its accumulation, Ai(j), are defined as follows:

d,(3.K) = Ly = L]~ Pi|+ 9(i.K) , for i=2,...,PN 3)

5
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d; (1.1 + AL (),
di(1,2) + AL(2)

where PN is the total number of pitch period and j, k=1,2. In Equation (3), g(j,k) isa

A(j)= min{ },for i=2,3,...,PN 4)

penalty function represented as
0,if j=1lork =1
90310 = i,othervvise ©)
PN
The penalty function is introduced here due to the preference of the highest peak.

The search path of the dynamic programming is illustrated in Fig. 3. The peak
locations (pitch marks) can be obtained by back tracing the peak sequence corresponding
to the smallest value of Aj(1) and Ai(2). An example of the results of pitch marking is
shown in Fig. 2(c). Similar procedures described above can be applied to the case of

. m C:Xi)
Peak 2

1 2 3 4 PN-1 PN

“valley”.

Figure 3: Illustration of the peak-picking search path of the dynamic programming.

4. Experiments and Results
4-1 Experimental environment

A continuous speech database was established which provides the basic synthesis
units of our Mandarin Chinese TTS system. This database is composed of 70 phrases and
their lengths are between 4 to 6 Chinese characters. It includes an amount of 436 tonal
syllables comprising the required 413 basic synthesis units. A native female speaker read
them in normal speaking style. The speech signals were then digitized by a 16-bit A/D
converter at a 44.1k Hz sampling rate. The syllable segmentation was manually done in
order to obtain the precise boundaries of voiced speech and unvoiced speech. The total
duration of the 436 voiced speech is about 2.1 minutes. For each syllable, the voiced
speech was used to test the proposed methods. The frame size used in the adaptable filter
was set to 4096 speech samples (92.8 ms).

For the voiced speech, the waveforms along with the pitch marks obtained from our
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pitch-marking program were visually displayed. The pitch marks were then checked and
corrected by an experienced person through a friendly interface. For the evaluation of the
experiments, we obtained 436 sets of human-labeled pitch marks, denoted as H, which

comprises 23868 pitch marks.
4-2 Performance of the pitch marking method

The results of the peak-valley decision were verified by human judgment on visual
displays. A success rate of 99.1% is obtained (4 of the 436 results were disagreed). For the
female speaker, we found that 97.2% of the voiced segments reveal clear periodicity on
the negative parts.

The proposed method generated 23860 pitch marks, denoted as I, without any
duplication. The success rate of the pitch marking method is defined as follows:

{x]x01and x OHJ|

Correct rate = |
H|

x100% (6)

As shown in Table 1, a success rate of 97.2% is obtained (baseline), in contrast with the
95% and 97% success rates of the methods of [15] and [16], respectively. However, we
found that most of the errors are resulted from the incorrect results of pitch detection.
Most of the pitch errors are due to large changes of pitch locating at the boundaries of the
voiced speech. Providing correct pitch information, our method leads to a success rate of
99.5%.

Table 1: Success rate of the pitch-marking method.

Condition Baseline | Using correct pitch

Success rate 97.2% 99.5%

5 Conclusions

In this paper, a preliminary work on pitch marking has been proposed. We present the
adaptable filter combined with the autocorrelation method for pitch detection. On the
other hand, a peak-valley decision method is introduced to select either the positive or the
negative parts for evaluation of pitch mark. Also, a dynamic-programming-based pitch
mark determination method is demonstrated where two peaks/valleys are searched at each
period. In the experiments, our pitch-marking method achieves 97.2% success rate.

7
143



Furthermore, a high success rate of 99.5% is obtained providing correct pitch information.
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Abstract
In this paper, the tabu search algorithm is employed to train Hidden Markov Model (HMM) to
search out the optimal parameter structure of HMM for automatic speech recognition. The proposed
TS-HMM training provided a mechanism that allows the searching process to escape from the local
optimum and obtain a near global optimum. Experimental results show that the TS-HMM training has

a higher probability to find the optimal model parameters than the traditional algorithms.

Keywords: tabu search, Hidden Markov Model, speech recognition, global optimum

1. INTRODUCTION

HMM is a highly robust statistical method and widely used for automatic speech recognition. It is
a powerful algorithm used to estimate the model parameters and can achieve high performance [1,2,3].
Once a structure of the model is given, the model parameters are obtained automatically by feeding
training data. The HMM model parameters take an important role in a HMM based speech recognizer
because they can characterize the behavior of the speech segments and affect the system recognition
accuracy directly.

Many heuristic algorithms are developed to optimize the model parameters in order to describe the
trained observation sequences better, such as the forward-backward method [4] and the gradient
method [5]. However, all these methods start from an initial guess and at last converge to a local

optimum in practice. Few methods can escape from the local optimum to obtain the global optimum.
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The tabu search algorithm [6] is the generalized heuristic global search technique with short-time
memory, and suitable for solving many nonlinear optimization problems. The basic idea of the tabu
search approach is to explore the search space of all feasible solutions by a sequence of moves. The
spirit of this method is embedded in its short-term memory process. The elements of the move from
the current solution to its selected neighbor are partially or completely recorded in the tabu list for
forbidding the reversal of the replacement in future iterations. The search would cycle between the
first encountered local optimum and its neighbor without this assurance.

In this paper, the tabu search algorithm is utilized to HMM training to search out the optimal
structure of HMM for automatic speech recognition. The proposed TS-HMM training provided a
mechanism that allows the searching process to escape from the local optimum and to obtain a near
global optimum.

In Section 2 of this paper, the definition of HMM is given, then the tabu search algorithm is
described in Section 3. The TS-HMM training algorithm is presented in Section 4. Simulation results

are shown in Section 5 and conclusions are given in Section 6.

2. HIDDEN MARKOV MODEL

HMM is a probability model used to represent the statistic property of the stochastic process and
is characterized by the model parameters. The stochastic process in speech recognition is the finite-
length stochastic sequences called observation symbol, denoted by O =o¢,0,---0,,, where M 1s the
dimension of the observation symbol. One HMM with N states (S, S2, ***, Syv) can be characterized by
the parameter set A = {n A, B} , where
=g, m,, -1 N] is the initial distribution. It is used to describe the probability distribution of the

observation symbol in the initial moment when ¢ =1, namely

71-:P(q1 :Si) i=12,---,N (l)
. . N
it must satisfy =1 (2)

(2) A={ay | i, j=1, 2, **-, N} is the transition probability distribution matrix. Its element at row 7,

column j is the probability a; of transition from current state 7 to next state j, namely
ay=P (¢S] g=15) €)

it must satisfy the following condition:
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iazy =1 @

(3) B={by |1=1,2, =, N, k=1, 2, -*-, M } 1s the observation symbol probability distribution matrix in
the discrete HMM. Its element at row i, column £ is the probability b of observation symbol with

index k emitted by current state i and must satisfy the following condition:
b =1. 5)

As above-mentioned, HMM is used to approximate the probability of each observation symbol
existing in the current state. When z , A, B are given, the probability P (0|4 ) of the HMM system
generating one random observation symbol can be calculated. Three essential problems of HMM must
be solved, they are:

(1) how to effectively calculate the probability P (0|2 ),
(1) how to select the optimal state sequence when the model 4 1is given;
(111) how to adjust the model parameter 4 to make the probability P (0|4 ) higher.

People often employ the Forward algorithm to solve the first problem and the Viterbi algorithm to
solve the second one. For the third problem, people use Gradient algorithm. This paper aims at

solving the last problem, we use the tabu search algorithm to search the optimal model parameters 4 .

3. THE TABU SEARCH ALGORITHM

The tabu search algorithm, which was proposed by Glover [6], is a generalized heuristic global
search technique with short-time memory. Its basic idea is to explore the search space of all feasible
solutions by a sequence of moves and to forbid some search directions at the present iteration in order
to avoid cycling and jump off local optima. The elements of a move from the current solution to its
selected neighbor are partially or completely recorded in the tabu list for the purpose of forbidding the
reversal of the replacement in a number of future iterations.

The tabu search approach begins with test solutions generated randomly and their corresponding
objective function values are computed. If the best of these solutions is not tabu or if it is tabu but
satisfies the aspiration criterion, then select this solution to be the new current solution to generate test
solutions for next iteration. It is called aspiration criterion if the test solution is a tabu solution but the
objective value is better than the best value of all iterations. The tabu search algorithm is given as

follows:
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Tabu Search Algorithm ()

{
generate the initial solutions;
calculate the current solution and the best solution;
while termination criterion not reached
{
generate the test solutions in the neighborhood of the current solutions;
calculate the corresponding objective values;
update the current solution and the best solution;
update the tabu list;
j
j

4. THE TS-HMM ALGORITHM

In this paper, the configuration of HMM is a five states left-right model and the speech feature
vectors are vector quantized into the codebook with the size of 256. So A4 is a 5-by-5 matrix and B is a
5-by-256 matrix. As shown in Fig. 1, this model can represent speech signal whose properties change
over time in a successive manner.

Due to the configuration of the model, some transitions between states do not exist so that the
corresponding elements in matrix A are constantly zero and these elements will not be encoded when
performing search.

The optimal model parameters searching problem must be mapped to the tabu search algorithm
before it can be used. The mapping procedure is described as follow:

In TS-HMM training, the model is encoded into a string of real numbers between 0 and 1, and of
course they satisfy the equation (4) and (5). As shown in Fig. 2, this string is composed of two parts:
SA and SB. These two parts are composed of the rows of matrices 4 and B respectively.

A solution of this algorithm 1s defined as s; consisting of a set of real numbers like the one shown

in Fig. 2. The probability p.(0O|4 ,) of the HMM solution 4 , which generates the training observation

sequences O = 0,0, ---0,, must be calculated as the objective function value.

The initial test solutions are generated randomly. After the first iteration, the test solutions are

generated from the best solution of current iteration by swapping two indicies randomly. The tabu list

4
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memory stores the swapped indices only. It is a tabu condition if the swapped indicies to generate the

new test solution from the best solution of current iteration are the same as any records in the tabu list

memory.

Let @, :{lez,---st}to be the set of the test solutions, let A, ={ _(1).,4.(2),---,4 (N} and

4, =%,1M),4,(2),-4,(N} be the best solution of current iteration and the best solution of all

iterations respectively, let Vi={vi, v2,..., vns}, vcand v, denote the set of objective function values for

test solutions, the objective function value for the best solution of current iteration and the objective

function value for the best solution of all iterations, respectively, where v; is the objective function

value for solution 4,, 1</ < N_. The algorithm 1s given as follows:

Step 0.

Step 1.

Step 2.

Step 3.

Set the tabu list size 7, the number of test solutions N, and the optimum number of iterations
[, . Set the iteration counter /i =1 and insertion point of the tabu list 7, =1. Generate N,
solutions @, =Y. ,,4,,**,4 NS} randomly, calculate the corresponding objective values

Vi={v1,v2,...,vns} and find out the current best solution 4, =4 ,, j=argmax(v,) , 1s/<N.
!

Seti, =4, and v, =v,.

Copy the current best path 4, to each test solution4,, 1</< N_. For each test solution 4,
1</< N_, generate two random integers #, and r,, 1< <N, 1<r, <N, r, #r,. Generate
the new test solutions by swapping 4 ,(r,) and 4 ,(r,). Calculate the correspanding objective
values v;,v,, -+, v, for the new test solutions.

Sort v,,v,,-++,v, in increasing order. From the best test solution to the worst test solution, if

the test solution is a non-tabu solution or it is a tabu solution but its objective value is larger
than the best value of all iterations v, (aspiration level), then choose this solution as the current

best solution 4 , and choose its objective value as the current best objective value v.,go to step

3; otherwise, try the next test solution. If all test solutions are tabu solutions, then go to step 1.

If v, <v,,seti,=4,and v, =v,. Insert the swapped indices of the current best solution
/4 .into the tabu list. Set the inserting point of the tabu list #, =¢, +1. If ¢, >7 ,sett, =1. If
i<l ,seti=i+1 and go to step 1, otherwise, record the best path index and terminate the

algorithm.
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5. SIMULATIONS

10 experiments are conducted to validate the algorithm proposed in this paper. We recorded each
word’s pronunciation 10 times. Then we have 100 training observation sequences. For each word, we
used the tabu search algorithm and the forward-backward algorithm to train the HMM respectively, and
then we can obtain two sets of HMM model parameters and compare them. In this paper, the length of

the tabu list 7, = 20, the threshold of the probability P, =0.17%, the number of the iteration 7,, =800,

the number of the solutions in each iterationNs =20. The initial model parameters are created randomly
and are normalized to satisfy the equation (4) and (5).

In each experiment, the HMM training using the forward-backward algorithm will be terminated
when the increase of the average log probability less than 0.00001 and TS-HMM training will be
terminated after 800 iterations.

In this paper, we compared the HMMs trained by the tabu search algorithm and the forward-
backward algorithm respectively. Simulation results are shown in Table 1. They are made up of two

parts: P and P,. P, denotes the average log probability of the HMM generated by the 10 training
observation sequences of this HMM and P, denotes the average log probability of the HMM generated

by the other 90 training observation sequences of the other HMMs.

As shown in Table 1, the HMMs trained by the tabu search algorithm that have higher average log
probabilities than the HMMs trained by the forward-backward algorithm except experiment #6. It
means the HMMs trained by the tabu search algorithm can better describe and recognize the training
observation sequences. The experiment #6 is not satisfying because the better optimum is not

encountered during searching, thus the whole search procedure is not globally optimal.

6. CONCLUSIONS

This paper proposes the TS-HMM training method. The tabu search algorithm 1s employed to
repair the HMM model parameters 4 and make P,(O|4 ) highest. The simulation results indicated that
TS-HMM training has a higher probability in finding the global optimal parameters with better
performance than the forward-backward algorithm. Besides, parallel implementation of TS algorithm
can be employed to reduce searching time such that its searching time can compare with other heuristic

algorithms.
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Fig. 1. A five states left-right model

SA ! SB
|
Ist row of 2nd row of I Ist row of
matrix A matrixA 1 T ; matrixB 1 T
|
|
di,i di,2 dz,2 d2;3 |-+ | dss b1,1 b1,2 ce b1,256 bZ,l ce b5,256

Fig. 2. The string representation of HMM

Table 1 The comparison of average log probability obtained with two algorithms

Experiment TS Forward-Backward

P, P4 P, Py
#1 -3.3463 -9.0765 -4.2946 -8.9249
#2 -4.8036 -9.4363 -4.8116 -8.4035
#3 -4.6056 -8.4663 -5.6599 -8.3756
#4 -3.5379 -8.3139 -4.3562 -7.9967
#5 -4.6579 -9.9391 -5.1033 -7.6877
#6 -4.5324 -9.3661 -4.3394 -8.6031
#7 -3.2752 -9.3218 -4.7167 -8.4162
#8 -3.6225 -9.3123 -4.3607 -8.2275
#9 -3.8032 -9.6469 -4.5107 -9.2521
#10 -4.3190 -8.2152 -4.4864 -7.8755

8
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-.*.L
Y LY AR
AN

B+ = 4% % 1% 45 #1E(Oka, 1988)
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AR AT Sk
00000003-1-01.bmp: (56)4%
00000003-1-02.bmp: (58)% % (57)E£ % (56)E ¥ (55)FE %
00000003-1-03.bmp: (56)i% ik (53)if ik 5k
00000003-1-04.bmp: (60)4%
00000003-1-05.bmp: (59)%+ &
00000003-1-06.bmp: (5944 £ 4
00000003-1-07.bmp: (60)F
00000003-1-08.bmp: (60) &
00000003-1-09.bmp: (59
00000003-1-10.bmp: (63) 7

B+mw - - OCR#WHEBEAMEFAN T LHEEFE
BPAET " EXFRAMAREFREUMILHZ R FZELE R A4

BALH T R T R - & — @AM X F G ZHPFERG > s AR EH8E B
SRR TR P AL 3 o SR U3 H AR B A BB BOR B AT R IE 0 F
HE QY S E AR B B 0 AB U Ao — 4 0 B sbAR LR 6 o B R 0 2] 64 2R >
2B H K E BB R AGARARA

TER— AL T XA —XFREAR 23R EFR P TR

T P A ME S AT
3 1010100010001101110100100000101111101010010001011111111111001111

1%: 1010100000001101010101100000100111101010010001011111111111001111
#%: 1110100000011111010001000100100111101100010001011111111111101101

LSRR EF R ", FHAMES 60 50 BT, FRAMEA 50

S Bk TR RAXEBGGE — LIEEF -

B+ & A EERR I T e B OCR P A AT+ 4 915 8 F

& TUFEE—LOIEEFIHEHLFHLGIIET S @ BLEES R LN
RAEMTLOEEFTEY - T—H# &M EHA OCRZRES L BERLES
— LW ERERE

ERE —LMAPBRERO TR B CHER=F AT HA TEL
A CARGBRE  AENAR ® TEFHXIE THRAME  HARNAEN
B - ERBIFHET 0 L OCR #RFE — L MALEHEEFE > ERRRTE

91.5% > & MR LTEF] 78.5%F0 81.5% > T.H RE5a b o
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—
= N
—_—

OCR #HEFT & R

- TOTAL | CORRECT | ERROR MISS

L SEESEY Y 809 739(91.5%) | 69 (8.5%) 0
eFRZTE 684 537(78.5%) | 110(16.1%) 37(5.4%)
LR Y S 750 611(81.5%)| 86(11.5%) 53(7.1%)

8. OCR# R

FE AT & &N F P40 OCR % — & 09 E WNBARKEFE R 4 4 90% > AT+
& B ERE R B 95% © AT A BAPT 8 BAZ R A A E RATREAF OCR i Rey 7 B ok %
AEIBIT 95% B P LR EREL FREME Y MBEARNHRE - L AL
FEARHAMRF ARG - Al R S PBE > ARG EZEZNBeRA -

8.1 RABREN%

BREIXFHEHEE ROERERELAT + 4 B2EF B ARG ME
SEBRTwEETA (PRREEF EABRMEIBAF L EL4 U LE(E
B4 )RR TR SURD RRIBILH AT RGMM(EB T w P AR E X
THAROEET) c BT RKEE —BFHYS  BREFGE=ZMBXFHHREEEA
ABC) ZMHAEEF M AB) & BiCi REAFHRF AH_FF XA S FH4)—
Bre &L R AaREEFAMEAR FRSEAZE - LkBATA ABjF BjCy
Fiidn Bk R oraiEETas AB)) i E AB;j & AB ey 9R& X »
KRB BFZMEAXFHECHE ERATRG T H(E CDE) 2R K& 5 MEEF
WHBC AEEE —BEXFHBRANE - LEET A AEWRER > Kid
% AXF AL B MY 0 EEAT @S ERGE BCD) -

82 HRELWARS

BT THREBBRRER TEALEFEMABUTHETASL  RAE—
LEETAAEEN  REREFTARTERAATR T QT RATE B > KA
RET=ZHFRNBZRE RS L HAERE — L1EEF URERARFE L
R P45 89 & RAB L -

[Res— R ERIXFTHENGEETE T EAANEETEL -
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[Reg =MW —EEHFhROEE HP—EAREF—RLE —LOBEF -
Bl EPBEXFHE ABH REHAB ~AB ... ~ABI CAB e
BHROMERA T E — S 1ZEFHEE-

(R Z]2GFWBEXFHE  SEAANEEFASPERA—BAFR T AD
FEARNZTWFEAAEWBRLER - FEAANFEEE =BAXFHEL > &
FARZFRNEEFAS - WwRAUNZAWBRLER EAEF U RSB =
W REFELER -

83 F R

128 7 B o 34 2R B 53 Discovery Channel 89 % R ( " $h4h 25 |~ T 9885

BT ERE  AROBRTE T RAFBE—FRLK CTHAREE CTER

XZ B ) 8RR TSI A F R4 » 458 2,256 KB FayHFHME -

FWE AN AMHZRBAMFRIFHRTIFITRER AP E

Sk ARQBRE  BAAENAR @ T eFH2E THRREE | ¥A A

BEINAR o KA P EARME AR ¢

TOTAL: Th P FRETE

CORRECT: #¥3#kE 5% &9 F 2

ERROR: X FHRARZEFE FEPFRME RN FH

MISS: X FRBFARET R T O FH

Improve:  OCR 44 R ¥R A 43 69 2L 1R

REEL BRE-LEEFAWRER

k¥EEA BREEFATHRAATFERRIAFAPBRLER

AW -OCRARELERGEHA "E483% AANHE )

TOTAL | CORRECT | ERROR MISS Improve
EEIE 4 809 739(91.5%) | 69(8.5%) 0o |
E /B4 809 753(93.1%) | 56(6.9%) 0 1.6%
s — 809 751(92.8%) | 58(7.2%) 0 13%
ok — 809 759(93.8%) | 50(6.2%) 0 2.3%
Huk = 809 762(94.2%) | 47(5.8%) 0 2.7%
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AE -OCREBRELERFR 25382 T )

TOTAL | CORRECT | ERROR MISS Improve
BAEIE & 684 537(78.5%) | 110(16.1%) | 37(5.4%) | --—---
E 348 & 684 544(79.5%) | 103(15.1%) | 37(5.4%) 1.0%
g — 684 546(79.8%) | 101(14.8%) | 37(5.4%) 1.3%
Sl — 684 559(81.7%) | 88(12.9%) | 37(5.4%) 3.2%
Hug = 684 563(82.3%) | 84(12.3%) | 37(5.4%) 3.8%

AN OCREBRIELERFHR "HABS )

TOTAL | CORRECT | ERROR MISS Improve
BB 750 611(81.5%) | 86(11.5%) | 53(7.1%) | -
EAE4 750 614(81.9%) | 83(11.1%) | 53(7.1%) 0.4%
g — 750 635(84.5%) | 62(8.3%) | 53(7.1%) 3.0%
g — 750 640(85.3%) | 57(7.6%) | 53(7.1%) 3.8%
g = 750 644(85.9%) | 53(7.1%) | 53(7.1%) 4.4%

B R B ENTUER

A 82.3%%u 85.9%m) EFER » £ E WAL T2 94.2% °

R ZRPTR T ik PR RA N o SR EINRRKT

AR BREFTRMERE 2265 BF 0 £ESRRT YA 5.4%F 7.1%
MFHRXFREMLYE BARETFREBHARRY ER T2 — -

HOCRZREREZ N ERERARMOCR AR E(REEZEL)NERER
o EBRE R A R X T o HF “True to False” &R AMRREE L
F BT EAE ~ RER =S H BTSSR G 0 ™ “False to True” &= /B AMRERAEE L
FETE53% ~ g = VT FIBTIERE QY HE T - iR £ 7T R, OCR 2 R AL &% R 0.7% 4

S AR EE3R o BPAE S FI BT IEAE 3.0%%] 52% X F > db T 4otk RITAYH B o
AL RBR-HBRAFEAZERLLE S

Total |Result| True to True | True to False | False to True |False to False
EEeHLE | 809 194.2%| 738(91.2%) 6(0.7%) 24(3.0%) 41 (5.1%)
AFEx F| 647 |87.0%| 532(82.2%) 5(0.8%) 31(4.8%) 79(11.2%)
R 697 192.4%| 608(87.2%) 3(0.4%) 36(5.2%) 50 (7.2%)

9. BAMERAZL &

HOAAETHAMENYT R OCR ik KRICTEEKEH R T FHRERE

oo B F T EA E AR F BT - kAR AR LB BHREANY h i K B
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ER % RFABRE

3 MDI A pplication -18] x|

File Edit Window Help

=10

B R i

»i [ [« o

;IQI_I

ﬁﬁ%m-ooommal@@
E\vocr_resutWOCR_Autorgh_PEl

4

e, 00000207 /

R HBEENT

QA 24 EEy A E
List § EE2 F—23/2 4%

B+E& -%HRHAZ44Fa
91 BhRAZAR&%

Bl+AERATREMERAOT R ANLLALKGTE o R H T AE AR EARY
MR A BB AR ERINELETRE T B LE5EHI LR ETHR
TEREAESE  c SERAERRREL Y —AEENREDH 0 TEHELE

CABMET AR R HRAR -

WA LG AN A A Lin AR &8 R T oy BtiTHE
B RHTF 0 4H# Video OCR PR & Tk - AV HEZEENL > RANFY
XRA S FPRAKNER > b kW@ Rk BF 40 XFHREAE L 82.3% 24
I HRAETEERE - b BB A 20T B H(CRRARMES ~ B
£33 EEZREEMGRE) #LBEES OCR £ A 8535 Rb4 XX
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HaoF X mEIIAOCR ‘M ) 5%

score(qw;, pw;) =0 if |qw,-| # ‘pwj

lqwi|
elseZ[ >.Ocr(qcy., pcy) |qw,-| x weight(qw;) (2)
k=1

H P gwFv pw; AT B L ) RABE o [qwi| RTFE gw; P o F OB gor
R F qw 15 kKB F T (pw; 89K TIER] gwi) ° Ocr(qek, per) & gerFe peg # OCR
AR 53 BT B BE LR EH AT 0 BRI 64 0 DMEE A SEE KA 0~1 2
Fl o weight(qw) B 2 & J& qw; Fo pw; 48 B BF AT 4T 649 o0 8 -

9.2 FERITE
9.2.1 FAaH) RIR

B8 69 R R A& Discovery ¥ % v xx 483 (http:/chinese.discovery.com) > H“#
FIARTNATRAGT R AR AR o AR — 1B £ & MR K 65k
hBRGHEER  SEG ST —EEM REMAART LB BPGASNHE
BURLED F i ~ AR A9 EE) - U RAR M MR F R MR A RN SR
shEY R -

Bl ZayE LAY EHR BT AMER R a9 e B R AR 0 R ERAI90E R S
A ERNAMERZES LORAE EZRRLRALMAEARE N T — &
Mo b Bhaoth A TRKE TARRE o aFdsr: KEMAK TRz
B~ Tay R DA EaER HNE Fo
922 WL RGKEHFE

#1912 sb42 B MRR(Mean Reciprocal Rank)3 P& X 42 ey B > T & A
A A ST IE(TREC QA-Track) ¥ A7 A 893 & 7 7% (Voorhees, 2000) °

EXRFBRFEE 43 EAMAE > HERwEANAHT - MRR 5% 4 0.1848

(0.1848=(4+5/2+3/3+1/4+1/5)/43) » KR8 R 5 32.6% (14/43) -

171



EAEN-BRBBZ24FFEX
B—4% | B4 | B4 | WL | FRL | ABZER
4 5 3 1 1 29

AT MRR R & 0.1848 » B R FMAE/% » TR AT L4 LERA -

(1) SRR MYMEFXFRLGAERETREF -
Bl PR TR Ew TR ? YO TE, F oo

(2) PAEMAAEP R FHRAFR—4%
Bl T REGITRG—BERSA? AV THERAOE TKRE
BEBEXG— A AWKIFH+=F - |

() BRIHENHPGHRAKRE -
PR TPT TR E SRR | AP B AKERENS”
FRMMEE A BRERFENRBOEE > MR LM
BREBEHWEAAERAEE"RBABHLEE -

(4) FIIANFHRRIEEF -
UMBA TR LR M EERAOAZLHE? | Al - BR PHIRE

1752 5> SHAMMTHEEES 2L R FRI“E " EHHF

ol

R ALK EEFRMERLEE A -

PR E BB XFIRALNME R BATASAS%A S A M HET
EHARP BN FREALALLRNRE - A PAHAGMBRS FERS
HutiflioBiABE LA FTREADSHE R - M BN ERNLEEN
Why & How * ZHA R ARILE AR - Rb > RREIH 5 PR ZMER
RE P o
10. &3

AXA# Video OCR 89 A T8 BB RO Z PR - FHETBFPFHR
FEBRHME - BT 5 > FodE - OCR RiE B A ARE T MRS OCR
B PR E > B4 T Video OCR 89— 2L E A ° Video OCR &9 93k £ &£ & WA >

YA SR LY IERER » ME SRR EF AN R LG EE R o
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KAFPNBERE LB HEBREET KRS TIEE — R ENTFARH S S
O FRENRAHG = FAMEEEE D W@~ OCR B R IR o LT £
—E—EL Rt e

FEMBARENTFARAS - BATRMATRESF LR 7818 BT
AN P RA 2256 MARMF 0 M — AR F A FEA 5,401 18 AR S
FHRAHR -

FoERBATFEREAALF ERIESHFERAT FRHTUEHE
MG ERAT FN IR LS RBERFREDERT ROT ERFR 2L
BEREHGUFTF mEFREOFTZXAERANEZ TR AERE
RIRFIFTRILFE - MARERNT F B ER @Y F TE A OCR ##3

FoAARARARFAEIMESR  SFFRAAT FRAIRILFAER

FoERAEAL OCR 4RI R - TEMNBEEEZLAREE —FF A
Mo RARRITUENFALTRAALR  CRAGCHREEEFTT > AT E
HRAPEBRA S — LN T > BAMZ TR MALPRET -

sboh 0 AR E R E KB B Discovery Channel #98 B » FHheyF 4 - 28
ERARPHLE - ARAEREAIROTA XFH HLBERLE—F
WARR AR FA ~ REMSKXAFROBE -

ERRATIAEY » X ZURA FEBI R E)EIZRETE > UE
TENFAERMET IR - BB EFER T F A EURER 4749 OCR Model
FHAARAE TR MBRIZER LB UL —FH A EHN TR
BB R R AT A GE R -

%% R

Discovery Channel, http://chinese.discovery.com/.

Li, Huiping and Doermann, David (1999). “Text Enhancement in Digital Video Using
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P XEH R RS A S

HEE HEA HEHE Ram
Nl X A E L 2
{ma, morris, kchen} @iis.sinica.edu.tw

ms8903 @cis.scu.edu.tw

# %

— B SRR SRR T A PR R £ XA ARET TR A LR RT Sk
AL AMEERE AR EFALSGLENEBHEAEETZH/ARENAN RER -
HTRABZOLEDRRSZENBEEZGME > EFEF B RMEILTUAIASL
BReENEAREAEBHROEHE  LHRE—FENE - HEF & RIRFT—
EHRERBULME TOETFAART HRM T ABEDTEN TAF - BEIHEY

F—FAEHEE  ALARMEFTEESHLEN D EHLEER LY FNETF
XHER LAEEEHTENRBREFPASH >N EIAKR - F 52 EHGEHEA

1230 0 BAE B R AFEEE A ARTFAR T ATRIE > RIBR S TEHEE LR A
EFEM D B BANRIEN B - & —FRATRR > RV THRERRGA
THERA 0 0 345 A3 S P R R 69 SR R AR AR A S S R A TR AR ) FI BT 0 TR
Brsa ~ SEHA 4] T e 4 fs TAE -
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L. a1

3Bk E A AR (corpus-based) WA R AL FRIFBZZRFTABZ AN —BER
% & [ Church, Mercer93 )~ [ Chen94 ) ~ [ Huang95 ] °

EBFERAR G TEENERE —EERG IR BLRARETHARGEIHT
#2 (infrastructure) - H & & HAF3EH & » w4 B > LOB » London-Lund % Ff#7
AW REFRRRAFEIEA -

" S R IR R A T AR P4 ER & (Sinica Corpus) 0 A # R
L F—BF RAEF AL T E B AR R 2 1994 F AR S B N SR AT FAR

A AEAAE R B PAF R W AR 0 A TR B AR UL AT 7T LA L B a9 15 GE o 1997 5B 2K
B RIRER R 3.0 R EEE R A A ¥ B AR A - R L4 2003 Fref9E 3]
—F ¥ BEMRE -

A8 P Xy AR RRAR AR R S BRI E  EREE(a s
FHER ~ AER SR WFEBRREE) AT - TG EEETR T - dd sk
ZAHBHTE > KMEBTATeRE (1) FEARMAE R o9 KF AEH R
B — B ERTASBTERRNGIA S XAGEXE M UFIREASXFEIAL
ZATRTZ c BHRUERAEM BB ER IR O TERLIAERME > FIFHA
IR TEsERME LILRAFEE - (DREBHORE 4% - 2B - RERX
HEADBENT A mARIE > L RA—WREN B HREEZ LT - (DBER
4% A 2 B0l 40 B AT B89 & 6 [ Chen, Liu92 ] #3554 ho BT 4R 32 » 4P SR i 7 X
RE P R FNBL > B A ROBARARIEGTHE WL BAEEFERENAN &
HRE 3 e (4) ATRER > gnEEARF AR LH T AL RERLEL  REH
BR TR IR ARBR AR B 64 Ak Sge ] o 1 R FI BT Le B 0 R A3 R BHE BT EAR SR AR
HLERAME - SLPAR TERAETE LOBEEZI » FIFAATREGBRE T
LB TREGOAN AR > £ETFERTH — B LR 5 4 -

Rk > BARAEZABFHEHR—EZH BT FEERE > LAZTTH—FR
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HHEEFX BRE —EHERANBERENRMAG Sl T B A A TR
EEHGFEL AR ERAEREELEMNTEF X > AR XKL B4 Bk
A &#E (database) 89 2 H4EF > — B XA A B B 6 —£224k (record) » A4
KB stz skeg i (field) madifs - £EHORE L RTHEEABHEMR
R R LSRR LR —ERRIR BRI T —EBHAEN @
fEF s ak Ay SURIARR T R » £ L Cmak F A A 8 oA EXRIFE F45 K 0 Rk
AN AYE o AR MEFEIRE T & 0 kARG AEFEAR TR AN RER
W Bk RAMRE - E ek AETEAR AT 0 AA A B AT 0 Rk #ER
F 48 AR AR SR B R 4038 > 245 v DABT3 AR 32 0 o sbEAF BT 69 0 B K8 L a94R & ©
REAATARROID » B THEMEBREG DY AL RBEEREM —HBEXHAT
Bk o #&A windows BT HE T —2a B AR EHOAIRRN @ > R THREHRR
BRZID RRYBFEENZRRELE T ARTHEUARZATRAGZRE  FARRAE
fE B IR 69 B3 SE L b AE B 69 F R 0 T A AT AR AR B9 3B R R E P B4 B ey s fl o
B B AR BR i IERE 84 F BT

AXFHE R FREILPEBHNEY AR KT EBRARE - F0HAREETH

P ERBR 3 BB AL -

2. BITPHEIZHENRKES

AABEZOLWET A4 2R ABHAEN @ - RioF BB A - BiEiRi
B DRATRERN @ - £ PR AEN BAEALRRN @ L4 windows 8938 3%
MR E AR 40 R BT AR oA A linux B93R3E T384F - T A SRR A e AEY

A4k A client-server 8RR, - AR AEE wE — -
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T EHERNE J— -
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o + AR AR
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Pror crae S
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‘ ieaite Eat - R HO T N T S T

— I AHNARE

BB REN DAL E AT EAEINE R 4 R (text) 3E4HHH4F T 4ak
BE A EXBELERK > CBERERRERE > BREIXAGEATHE > £
% 8B R SAAR I TAE » XA P 8 & R &R ey R 4038 0 3 AR BTE RFE AR R
G EE > BILBGERENFH —F L ALK LR B AR R 4038 » B R4 SUR
B Aty B 64 K S0 37 1% BT EIAR SO 400 R 45 UK Ao DABTEIAR 3T 0 IRAR A A TR 4R
E o BB — R ENRFURRBEOALTRR  FREFARLBROIA S TUHEAE
MR PR AEH -

RGBT RZE A o T aEE (1) KR BB A A B R e A X ATl &
AL FE TR REETFR T EER > BRANEES G - (2) 4HE—
XA REBHWALBRBRTAERRAYAEE  TXRAETRHBAIEMEHE L4
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WMAREAE C R LB EA Pk RE N AAN Y B EEHYER
HRBETERNEM -(3) ABHLHERERIBHEEYNKLER - - (4) ALK
B R TR AR LA RN A A G - F oA BB 0 1B e

EREM o

21 EHRENE
M2 FEREB SRR KREXALAEFILOBKER > BEATRE i
BIsRig bk » AR EM AR RA - KAEBHOBRBEE  LTURERARRTY
By IE TR R 0 R —EME A N @ 0 AR RAT BN 0 AR B AR N R
RUE R X
FHREBHOIFTARRNETFXFHAE  LBEFATRERNEKK > 2BER
HFHREOEFHNUAIFMEENR A A BETE > AR BRI EFTLAL
BHEE -  BHBER LB ERAELBAATRGETFNRBEEE > S EH
R L AR R T EREZE R R R NUMEE BB RIRA RS — A -
BTREFEEMA  ERAEIHYTHEEARE RN @ LAFET
Fl=EER T (DHB—IRARBY ATERZ(DA A @R ETFRE - ATERAE
WMEAER EHRENTBREAT AL (DXABRQE BB ARG 8 B EH
AR o

2.1.1 —JRARBRY ALE#Z

EREBHGBREY  ERAHERTREIXAZI > BRLBEHEHE HEHF A
TARE SIEXHR o XHE CER 0 A R - MEEu s MR B B2 BR
B~ BERME - B4R B H7 ~ Bk [ Chen94,Huang95 ) - 4 % 3EBGE R & F 4 8 § 3|
B A GAR BB A 0 F RIEBIR B TR B R ER A Z RGN B
(B =pfw ) R TR ES G EAETEREBRT N @ L#TH AR
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B BEXEHE LOEE > L —Feay s X mEF S R RA

X ARR IR e BEAE o
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P il 1 IR
[P RE =] HATEHE
[FERTR o B RN =] wran | ww |
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IEE A s H‘I :’-!IIEEE % il HAﬂEﬁ‘F BTERERE
u Em"‘ﬁmiﬁﬂﬁﬁﬁmﬁﬁz Tt TR
Ve e s, pey e ogning

'”‘Eﬁﬂiﬁﬁﬁﬁﬁlfﬁﬁﬁmj@ﬁ' !f“ﬁﬁ*“%!*&ﬁ%-!ﬁféi#ﬁ =

. AERTEERREE =]
S = st Iwnuan |
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#45) :  Jundefimed i [

% [FREH ] [P00L.07.02

g T %Eir¢d|

B SHASRERANS

2.1.2 A EABBETAFRE

BATHEE @R L) EF XLt HIML A X F A AL TEBAN BABETMA

Be A MAk - BARARKRBIEIE AR L 269 HIML TAG » 2B A IR R1E A 4 F A% %

B, BhFATRT  BEENRX PR - FETE R B A BaEAH

e AFERBAEH o b TR RO X FHFHE T SLEFLTRANRANA A

PRABHBOWERANRBEHE ALY - B - @ EAEEFEHFETR

( http://news.chinatimes.com/) #AER ¥ XA 2K BRIE P 5T F 3 HTML P, st R
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BERHRRGZA G AR LRIEF BN AXAFEREBRN OFEETHE
RGN EAR TR AR AEATE L BETXFHOBIBLTAF -

22 R&iBFFREEA

WA B A IR TR BT R R RV BT R0 P K S B SRR A i R e ey 3R
Bldo * A&~ BE - BEFAFAXATHROKRERES > 8 BHETFE AR AUF R
B AR B A RH — BRI E R g AR BT RAR T A BB 43R -

B AT K 5 #od R a4 & BB A2 R 4038 48 ol OB » RAod dy
FH KU MBI R E BN EFRTFE > 2B AdBHF KX (Sproatd0] -
(Smadja93,96 ) ~(Wu93) ~[Chang97) sk (Yeh91) ~(Lin93) &y&iiFhe
LA f 38 SR 40 T 40 AR, Ay R S0 3] o

KA GPTHR A 6 R So s $ABRAE 40 0 8 B0k KBS E R R IREAR 69 2 0 TR T SLET3)
RAEMREZ S EEFE T RS 0 §BLB— K@ MR A (Chen, Baid7 ) AR
B PR K i@ — 3 AERRARKEANERAGET - BN RLdE ey EF
XA ST ARTESARTFTAEH R ARLE - ol = -

A semlence HREHSIAER AR AR Bk RS BUTHURR
L J
amloles autotag
F5(Cbb) fED) FEVC) F7(P) FEFIFE(N) LUK (Can) B (Na) F(V) HK(Na) | (Ned)
L ol ekt HERF(V.T) RAF(VH) Hofsi(Na) |

T
unknown word

detection

#0(Chb) BEOD) BBV C) TEOE) FIFRON) LR 0(Can) B ()(Na) FNVI)
a sel of Lokens H(7)(Na) _LO(Ned) HERFOVT) BUFOVH) HAEO(Na)

{ some ol them wikh qeestion mark §

mnkmrwm wind
deieciiom

L]
combination

oo bimalion procedure
procedure i
¥ FEO(CHb) REOD) FBEIO(VC) TEOP) BRIFO(Na) LLE()(Caa) BEZHE(Na) b
A segmemled senlence Oed) HERFO(VI) BUEFO(VH) FAR0Na)

Bl = K40 HAIRAL AR A2 B & S

181



g — 84 FRBETF AR ROFARRTEL > KRB GHRI D ARG RS B
FTHEFHEGRETIREE>HR > BILBRMTRE - BTH BN EF e EFH
THBRREFG R 0 LEBAR KT REAE LSR5 172 K403 0 BREX
4a33) o P9 3R L4805 R 23948 (Chen, Bai, Chen97 )

o B Z BT EMA T EREBRAEFNEFUARE B R EEH RIFARE
&BETFEIAR 4T T2 (Chb) #8 (D) #& (VO) £ (P) £4F (Na) mA
(Caa) % (Na) % (V]) % (Na) k (Ned) #3 (V]) R4 (VH) &% (Na), -
BTREBRLFARES > FETE "8 (Na),~" 5 (V)T & (Na), TrER K40
e (AFRET ) LEBSHEFBFEZSHRERIE TEEE > Bow T &
HE | NI EEFALEES Na -

AR S > RIATE R 43t XA RER K ey > st F @ > RE®
ATAME BN R AR AT T MARKEE XA PRFHT TN TAR
BHRMBARS B R FEEBE XA AT LA LR BN AT LEAES -

FERI XG5 RAOFIAERZRE G 2R URBEBGR R AT S
F B R R B RA] - fldo LR AR B R A B B A F F A A LR AR

5 -

23 EBrEfRi A

BB RFoE R 215 > R TET AR —EE3E xR AR IF 0 FHXE
B AMPATHABRE R KR &[G FIHAHERE AT RbFLBUAIREN T
REFEHER NG BRE R 403 BA A BTRARCE AR e A TR 6 K403
R4 SR ERETFEARE BB A EEGER -

B bk o B A ff R b0 R E AT RERNE o "THEBE (Na), - AT

ol

FIET R B BAS L RIGM 4 K403 o 242 B EAE ) KRR AR R 46 X AR 4

Br3EAZ e st g o

182



KB EAZ R AR ANFEER AR HEAR TE XK ke3E F3E
LB gy AR E A — Ik 4udE e B AR B B RATET AR > RATT AR T —
IRk 4odE g E Ao R OR ML 0 AEER AR PRBEAEERHIF L > R

BRI ETFAR I ITAE o

24 AITARER @

B AT & E AN L 0 RATER AR B ho {7 B 4 IR B R W b 8d TR A 3550
C B d R Ao E HABUIE 40 R T3 AR S AR A SUR Ao DA EIAR ST o A LB IRA B B
IBREF X > RMEF K E M ARG TEH AR L —RME > ZR B A+TE ALY
EREGR - R AERBRBZLHBETY  RAR MR & ~ R R KA
FIET GG E# - PTOA > AR H RGFRLERE S @A LF R - HATERSLE
BB E AT RERBREEL RS R - Btk T2 — B2 A RMBIRIZEFF L
BAORBREE - ZAATREGENN DEREG HOBRETX - REGEANRER - 3L
AR BT A AR ~ SRR LA A S RE A L T ARETE - FEE g T
&)t -

2.4.1 2%k

REAGHABETFEREBBREELZ AL - ERAETUALEMN—EETHLE > FBE
BB R ERREMNERFAGTHBARE - RERKRGE AR EH
FAEE BB R F - % B oRHEFIIR 85 & U s gk SQL Server ATaEsE > A B2 & 2L

Web Server s ey % MR AEH & » LA Gl ) HERH L - B WA -

183



Bz
AR

Web Server

SQL Server

EHERN BRI ZMAEBRATTLENE > HHRGRE - FREIBLH 4

& FFERMERWE AT °

BE T He =4 50

g | I% ZRZ . @ﬁﬂ B @Rz Imorrls 232103—

L ° [PERIODCATEGORY] Pit(Cho) ERE(WH] B B[Nz BE(VH) SRV ° [COMMACATEGORY) j;ll

2. (COMMACATEGORY) B0 ENREN 2EHMa 2800 EED) EWVH Bk (COMMACATEGORY)
4 ¥ &
3. [COMMACATEGORY] H(P) HHNd) +—(New HNf #E(Ng ZEvC ¥FH&va) e (PERIODCATECORY) =

=

HFNGHNDE)Z FIVH) © 2MFW) A (Nes) 5 (Na)AHDE)EF 7 Neqa) BLEA(Na) »
SUEHENBRVOMEEIE () » A(Nes) {F—(New) ) FNREN) » [F(4A)
BVOIEHRENDFEENL) » E(Nes) (FT(New) ) BNDTEANa)
v BNaFR(V T AN + F(D)TED) LA ELMNO BVOEREVE
ANRFE(Na) © [H(Nep) BTN g) » AR(Nes)HR O NOEEND) RN ZF(VE)
5 o7 FEHING EFEVHIRRRND) > F(Nes) LGN FERHVEIFHPIENG (
= Rl BI(DEVEHIES(Na) o FRIELAPRDE) » AR (Nes) H O (Ne) TR (DIEEP REBMVCL)

o s L H (N R (VHEI(V A)ENE) > A (Nes) () BI(D) FEFE(V H)BE(Can)
BIDEYREN S (NaZZIE(VC) » A (Wes) Fria(Nc) HETNAER(E)
-‘,—;‘5 M [z B Can mrEEAEVHY « FBALThEY » A(Ne) A NGOFEPI RN BEIEE N id

12304 4) %

BEZ:X ALKRRE®

BAKTHNHZZAEXEE B W -

(D %#EE
G AT R RBFER AR Ed A HERXABRBATZRE R

o ARETUABA A NES - »HRELE—4  GEORT—4 > HHURE

184
10



MBERFHERES  SHIATWBENEARMER LR RGHE BRI RBEYN TN
B dRER LR ENE AR R -

FTEREREATEUR AR BATAEESHREA T AR - KM FTHG
I AR G R P ik ddn R oR 0 I A H B R o A HE T A GHE S T A
AR REERRRIENFARAESHEBYALREER > RERSGRRERETF
RAEMKAF B EERRIUTHRE - TLEART UL T ¢
(DF GG T A8 TESH ~ WHFEB - M ZHEE D - b ES o3RI
B RS EIEETEANFA AT LR BERFEE - MERF—HREE 24
FATHN S BERREAE AT @EERFABRR LR —RORUELE - £K
EERE Iy AR R Ly o a3 e
(b) &) Fe e 3R FH M3 - ABFARRNBEY > ATHREGA R EENE LR E
A BEREZESSONNE . B ERAETRAF B BEATALIRAT FORRT
2V EFRT  ARAGELEEXRTRZIE EN %I T FIRE RS Z A
MR FH o UAREERESF -

e

(C)LMEIhAE AN BREY ERAX B XEERTR-BOEL EXFEE

¢

RARE LA Bl 69 453% - ML > ZSRRE THRAE KO LKEERE SRR R
F R 0 FHEAEHEANFABA R ERANTH 0 BRI RBERAE 0 B
A %R 6 B HEEIE - A REIRBERREMNAAEFE LSS E - $bR EHeyRIFH
FAREXANE  £2XEFRAEFERARGFA L AwRI S - HERLFEELE IR
e
(DREQ AL - B LS4 ERH BATRE G T A EE R R 3F 23K 0
R 6 5 R An A BE® 0 SRR A HE BRI IXF R ZHF RS o
(2) ##&

L ERBEAIRE T o RAVEIL T —MBRF A AR F R TR E > £ A LT REA
— AR BEMEFE AR TERMERAFEZANFABRANE BRSOV ? B 4 AR

185
11



b ? ROV ELELERBRETRE » UEHREEN T X ZRAR  FEREF LT
REIZHEA £V EE 0 R AR F AR H -
(3) Buplage

A RIVEST P AARIRHME R E TR GERRARBE LR B
(http://www. sinica. edu. tw/ftms-bin/kiwi. sh)# % &% F o 22354 & 64 350 P45
RARBGHEREXL  BEOFZAEERAZS  ARAREZLE SWEg P —
BEREAENEAR - ZEARNBHEN AL REERAZF ZHANEND > £BTH
BRY OB EGHABFARCLOER - KASLB B PR REAH
PREARAGT GBI > ABERENNF > BRTHALEEEH G NG
FI i dE A B 6y 4] F 0 BEAEM] 4 AR RAR B - b — R EAFTREF B
B R R BATHARAR L FIET - WS AR A TBEB S EL > FAHREMTAT
BAMO BRI AL RV B > RERBNERERERMOETR > FIEFEH 4
B o BN A TR E B BRI F T 53] 4444 F5) 8 0 B RABIATIA
e "Ney & "Na - &394 5 808 Rl Kiathik s 59 £ -

AT FEF il

N DEEFIVE) » $FWIA(Nea)=0(Na) BN DERRSY (Neqa) B ERNa) »
EREAR(Ma )RV OETRS (R) « A(Nes) (+—(Heu) } F(Na)#E(MND » &)
WiV O INb) 52 (Na) » A(Nes) {2 (New) ) EBINDTE A (Na)
¢ E(Na)FROV]) F (NewlifNe) + F(D) D) LUP B LN BV GRS RVE)
+JEF(Na) © Hh(Mep)EINE) + A (Nes) o) BEND) 3 {E(M=) EE(VE)
B HENA) & TECVH) RREEN) » A(Nes) HE O NG FHERCV EVELE HRNA) ( Tﬁi?
HY(DE) EHHEE (Na) » BRIELIACDE) + A (Nes)HrNCTRD) BRI RHVCL) -
+ BN ERAVE IV A)EN) + A(Nes) dr (e Nc) B0 TS VD B Caa)

B DE RIS Na) 3 BV T » B Nes) 5] B FHL BB
Biraawmr ek rv o BAELTRRD ¢ TR T et R R TP SR rA R W e Ll

50 FEH

BIEHCVC) IRV GYEE Mes) Fi N A Nea) SE B Na) T SN B S T Na)
FFENMA) ¢ (T DBV O M) 5 Nes ) BLON2 ) (R (Mo ) E N DE) SR )
FREf(Na) + T DSV O) s (M) AR Nea) B (Na) P Nad )5 D E) S Na)

B EHI—{ Neu) RN TR E (NG Al Nes) 5 B Na iR Di) #V HIES D E)
o SRR T ENhFEF) 22 F (W) 25 Mes i (ta B D E R TR (M)
B e SRV E N[ 4nom |22 S & e Mes) B 0Ha) 1, H (N4) 2 B0 O #RRRVC)
FEE MR LU (Caa) T e e A Mes) B BN S (v _ 203 Neqa) BE 2 (Ma)
ER(Caa 3 iiitia) « D88V OB Mo 3 (Mes) BL N2 B Caa ) Hfs b ) »
RN = FRERT RN EIER R A N B O BN TS FRVED

BN WAk g ERER

186
12




2.0 EEoRWMBHESRZETELZAN G

AABURE N @ESTE AR CEE - R REa A Tk d@ =248

1% A SR E R

un\-

S8 v B B 79 BB ke T
(1) xAERAEEN '@

78 Bp T 46 L 09 33K SR @ AT IR R A9 UK

@~ ReoFEGHEN @ - AR @ E 55 2

BRI ARAR 30 0 SBORE B2 AR 35

oo AR A SRR SR 0 T E B AR & SRR XA B3 7 AMER R A IR B P AR

Hoe Bt 24 RBEERAZFUARENVREE - 2 F TR T !

RS ‘
i > fR A B 39
articleN O Type Style Method
[200100 | | Bl = | R
Subiject SubjectClass Media [ B0
- ;I I ;I IcorpusB Lok
aticleMo | PublishDate | Title: a1k 89 U A 7] 5% |
l 200100 1995 ERFMAETRT 1 SRS
| 3
arlicleNo collector tager tagRow 4R
IEDD‘IDD IcorpusSS il Imorris IEI I
flag collect time tag Time
|n Inull |2E|E|1 4702 M 03:43:21
ﬁ%ﬁ*‘ﬂﬁﬁ%&}&f&ﬁ%& F HARASHSEEEIE  §I &ﬁ géiﬁ&@?ﬁ% ° -

E 2

CEEELSEREESSLLILLE - (RAREEE
Hi 5"% IEE’.EHE'EJ‘VP*L%%J«A@EE-I: S aE L ERELIEE
%ﬁéﬁﬁ%ﬁﬁ%l?ﬁﬁm SMMER SR Tt BT

j‘no

(B2 EH A SR B B R » R ETRR R ) Bm R
1 EL 20 & LRESTHE T LEIN T o B DUt h S e ol » B3
ZEERRETLA, - %EELF RIS - AT e - EERT
RN - SRIERNEE 1T 0 LIRS -
EEE eI - H 2o B —H b o HEPAR ) AR o I

FEIE A L AN A

|- |

1.

= [PERIODCATEGORY) HEFHChl) JEEGVH) REN REVH RBENVD - (COMMACATEGOE ﬂ
* (COMMACATEGORY) HAMe) HMes) ZEHMNx SV EOD EWVH) B0 0 (COMM:

P ICOMMACATEGOR'Y) H(E) AN +—Mew HMNO BNz ZHAC) #&EMA - FERD

o (PERICDCATEGORY) &XMo MNERMNG #HER FEEMN0 O EHGO BI0E [E

» (COMMACATEGORY) FED) 2EHD ##E &EN) 24N FiCa #EMBN) S5T0R)

2
3
4.,
5
&

al

s (COMMACATEGORY) SEE(Na #BHVD) #%i’%(Na) BEN) HAZ+MNep LNz %mil;l
3

Bt XAZERLZEFNN G

(2) k4udEéhiE/N @

BEXREEZLE  HEZXRTA BH23088

187
13

R e EBERE#ITERRR
BB ENE o RZ > A% & iE b k22218069 B 45 SUR AT R 4038 HEE » 18 A 5 7T 4t



FHAB R 6 R 4o AT HHY ~ MR RS R FHBEIHIE > B AT - B RBEIR

B 44838 1% 04 R So 3] 34 B B 36 4% 2 e i LA BT AR 3 -

B %%ﬂ%%

FENEREERERE » GATDIE |
JrmEy ) P ESERE . f%ﬁ”’? Na
n?ﬁﬂﬂﬁ@%{%ﬁiﬁﬁ%ﬁﬁﬁiﬁﬁﬁ TERHE | [{EEEE Na
MR, » EEESEOAL At Na
ERFEST ’é‘“ﬁiﬁﬂjﬁ@éﬁéﬁﬁ'z

ﬁhﬁiﬁﬂ
Eﬁiﬁﬂiﬂﬁbb@]&?” > it —
1 HEE

ﬂ% TR _,—'
BE R ] -

BB EE T Dl - —
ST EAD LIk o SERK |

B\ k4o miEN) &
(3) ATERAN @
FHAR2 4 PRHA -
(4) EHBAG N &'

TR A ER ARG BARAR K EERA FRMHANEE > TREBZLN @ik

FTAE B o ho B JLFF® o

[@ligeir =48R

article MO |EIEIT title [EREEMETR 7 ! S =g LR
Type [#&% -1 Style [eo#t x| Method [writen ~|
i z ST
Suhject [&F | SubjectClass [nul ~] bedic [RERE ~]
Name [RBs sex [BE +| nationality [FEEER nativelang
publisher [Eiax2 publishLocation [S&sdtm publishDate [1995 edition |
2 EEH
collector  [eompus35 ctime [rul
FERMEFFERRSE SRS RNRERIENR - ENA+—HREEEHE - SRNIBESEREHM LN (€ « |
1| e |

- : e i
tager [maris tagrow Jo tagtlmeP””W"“M 094321 gl:statui:

L. e (PERICDCATECORY) HEFCCho JEEGVH) HEN) RFEVH) BEV) - COMMACATEGORY)

2+ (COMMACATEGORY) S0 A(es) SHIMR S0 EOVD EVH EMN) o COMMACATEST

G (COMMACATESORY) HE) MAMND —+—New EliNﬂ N FHVC) HEVA - PERIODCATEG ¥
4

«

b SRR A |

188
14



2.5.1 R&%MHBhIRE

Armb g — LA CHB RN ET SRR A T ¢
(a) Help 7t * Rt — 2 2F ok - do 5 RARE - METHIFEMA - BT B Sk
MOEMHBIE  BERESE 0 BOARER A NFRRLHE B —ORE -
(b) REEGEF AL * SHEM LR %I XM AR - ZFBIENIRE LT 24
GREEME R BB -

(c) RGBT BATRBEE L RS -

3. R&AXK
A AME A I CHBE A 0 EXREELF Fes R - £BH B ERRER
b ERAXABRAMERE R RER L RMHLRA A4 BHAEY

ke

fr > BEREEALRBAIRGEN - B8 FH-RBIXRQIEA L LR
Bl RGN S8 HIML A XA B 29X THEHAEN @A BHZ TR
X~ BB AT AL BRGS0 BERBEEMERME  FHETHZIATRYE
T B R ARG XA o SR e BRI S 0 B X BN KRR A 0 BTEAR
WK REARITI 0 0 BAFATREFE T ZIERENERE R I »E8
BE > FH—BEXNBFHOXAETRHE+ 54 c RALBRIFRRE A AT RE > £
BEERR A RAE FBEEOUE > BAAAHS R ERERT R I 0 pldo
XA - B3Rt S A I BIATIRIER w5 5 iR > FH—BXEFH

XA ERERM S+ RN -

189
15



4. 4

we

&

A X —EEEREEBN R A KK 0 TRRISEEEEFRUABIRD
FIILBEMREANTR  SBFHREFLFFHFRE - SHOBETXEZTHEE
BAEE  AIRHE I DARK ERBI ALY FREHEE -

RAGWBEARTOERZA= (1) ZHALENEX A B ¢ B ATRI 2444
SE W 4B HE R > 3B SE 6 HTML 4% X 3h B i OR 694580 > 38 &0k B 8649 0 b7 FI BT P A 48
nhey HTML 45 K, - (2) R #RB a5 4% & R4 AR a4t 4 MEB AT
HAREAWEEE  ROHNEAIBARAREBROIA > BN RIFALZE
AGITMERTAMR R B RGBRMAFRAENEM - (3) HALEA
X REMD BT T QENEABE -

5% URR

Church, K. W. and R. L. Mercer, “Introduction to the Special Issue on Computational
Linguisitcs Using Large Corpora,” Computational Linguistics, Vol.19, No.1, 1993,

pp.1-24.

Chen, Keh-jiann, Shing-huan Liu, Li-ping Chang and Yeh-Hao Chin, “A Practical Tagger

for Chinese Corpora,” Proceedings of ROCLING VII, 1994, pp.111-126.

Hsu, Hui-li and Chu-Ren Huang, “Design Criteria for a Balanced Modern Chinese Corpus,”
Proceedings of ICCPOL'95, Hawaii.

Smadja, Frank, “Retrieving Collocations from Text: Xtract,” Computational Linguistics,
Vol.19, No. 1, 1993, pp. 143-177.

Smadja, Frank, McKeown, K.r. and Hatzivasiloglou, V. “Translating Collocations for
Bilingual Lexicons: A Statistical Approach,” Computational Linguistics, Vol. 22,

No.1,1996

190
16



Chang, Jing Shin, “Automatic Lexicon Acquisition and Precision-Recall Maximization for
Untagged Text Corpora,” National Tsing-Hua Universith, P.h.d. thesis, 1997

Wu, M. W. and Su, K. Y. “Corpus-based Automatic Compound Extraction with Mutual

Information and Relative Frequency Count,” Proceedings of ROCLING VI, Nantou,
Taiwan, ROC, Sep. 1993 pp.207-216

Sproat, Richard and Shin, Chilin “A Statistical Method For Finding Word Boundaries In
Chinese Text,” Computer Processing of Chinese & Oriental Language, Vol. 4, No. 4,
March 1990.

Yeh, Ching-Long and Lee, His-Jian, “Rule-Based Word Identification for Mandarin Chinese
Sentences — A Unification Approach,” Computer Processing of Chinese & Oriental
Languages, Vol. 5, No.2, March 1991.

Lin, M.Y., Chang, T. H. and Su, K. Y., “A preliminary study on unknown word problem in
Chinese word segmentation,” Proceedings of 1993 R.O.C. Computational Linguistics
Conference, Taiwan, 1993, pp.119-137.

Chen, Keh Jiann, Bai, Ming Hong, “Unknown Word Detection for Chinese by a
Corpus-based Learning Method,” Proceedings of ROCLING X, Taipei, Taiwan, ROC,
1997, pp.159-174.

Chen, Keh Jiann and Liu Shing Huan, “Word Identification for Mandarin Chinese
Sentences,” Proceedings of COLING-92, vol. 1, 1992, pp. 101-107.

Chen, C.J., M.H. Bai, & K.J, Chen, 1997, “Category Guessing for Chinese Unknown
Words,” Proceedings of 4™ Natural Language Processing Pacific Rim
Symposium(NLPRS’97) pp.35-40.

Gl INGH, “Hr sz GaAES T (=Ri) . CKIP Technical Report n0.93-05.

Al Jf/ N, R R R A A BRI (2R TR 7 CKIP Technical Report

n0.95-02/98-04.

p=(l}

191
17



Design, Compilation and Processing of CUCall: A Set of
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Abstract

The design and compilation of the CUCall telephone speech corpora is described in
this paper. Speech database is an indispensable resource for research and development
of state-of-the-art spoken language technology. These speech recognition systems rely
greatly on a huge amount of well-designed and appropriately processed speech data for
parameters training. On the other hand, as telephony applications are becoming more
demanding and complicated, natural language interface is gaining more popularity than
the traditional touch tone operation. Therefore, large telephone speech databases are
required for such system building. Separate speech corpora are needed for telephone
systems since there exist significant differences due to the channel difference. In this
paper, we will describe the design and processing of a set of spoken language corpora for
Cantonese that are collected over fixed line as well as mobile telephone networks. The
corpora are intended as a versatile set of training data for general purpose application
systems that adopt a statistical approach to spoken language processing. The designed

set of corpora will be made up of over 1000 speaker calls.

193



1 Introduction

Speech data collected over telephone network is an essential resource for telephone based
spoken language systems. The increasing penetration of remote system or service access
over telephone networks has created a great driving force for collecting a huge amount
of telephone speech data from a large speaker population and for different languages.
Since the current state-of-the-art speech recognition techniques are statistically based,
the availability of annotated data is particularly important. In general, the greater the
amount and coverage of the data, the better the speech applications developed. In order
to build a spoken language system over telephone network, the speech data has to be
collected over telephone network and properly transcribed. The goal of this work! is to
collect and compile a set of general purpose Cantonese telephone speech data from a large
group of people of both genders. With the availability of this set of corpora, the rapid
growth in the spoken language applications over telephone networks for the Cantonese
speaking community is made possible.

Over the past decades, many telephone based spoken language systems have been
developed with great success. They all take advantage of the existence of several spoken
language corpora compiled in recent years. Examples include the Jupiter from MIT [25],
HMIHY? from AT&T [17] and the European Union projects such as ACCeSS [27] and
ARISE [28] etc. Nowadays, there are quite a large number of companies that make
use of simple automatic telephone service systems to reduce the cost of employing human
operators. Many of them have upgraded or wish to upgrade their touch-tone based system
to speech enabled versions. It is obvious that continuous efforts are needed to enhance
these services via speech technologies as much as possible.

For building telephone speech recognition systems, there has long been a great demand
on Cantonese telephone speech data. This work is an initial effort to collect a set of
Cantonese spoken language corpora over telephone network. It is targeted to provide
some versatile data for public use. It aims to enrich the infrastructure for spoken language
technology by providing the speech community with well-designed corpora in Cantonese.
The compiled database will enable the integration of Cantonese speech technology to

many of the existing telephone based interactive systems.

Thttp://dsp.ee.cuhk.edu.hk/speech/cucall.html
2How may I help you? is the service offered by AT&T.
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1-1 Background

There has been much effort in spoken language corpora development over the past decades.
These include the TIMIT [8], Resource Management [15], Wall Street Journal [14], Air
Travel Information Service [16] etc. from the United States. In Europe, there are the
EUROM1 [21] and SpeechDat [3] etc. They contain microphone data and telephone
data as well. From the early adaptation of microphone corpora to network versions like
NTIMIT [5] and the collection of real-world telephone data such as MACROPHONE [1],
CALLHOME [30], SpeechDat [3], POLYPHONE [29] etc., there is an abundant amount
of data available for the western languages. The availability of these telephone corpora
has successfully helped drive the research and development of telephone-based speech
technologies of these languages.

For Asian languages, there has been limited investment spent on corpora development.
Much effort came from Japan, for example those reported in [6, 7, [13]. For Chinese
language, speech database collection has only started relatively recently. More widely used
databases include microphone speech corpora such as the USTC95 [19], HKU96 [2, 24],
HKU99 [4], CMSC [22] and others [23]; and telephone speech corpora such as MAT-160
and MAT-2000 [18, 20, 31]. These telephone data become valuable resources for many
voice-activated telephony applications development.

Among the many Chinese dialects, Cantonese is one of the most popular Chinese
dialects used in the southern China. Development of spoken language corpora has just
started within the past decade [9) 10, 11]. It began with some small-scale corpus collection
for specific projects. There is great shortage in Cantonese speech corpora to drive the
growth and advancement of Cantonese speech technologies.

In 1997, the development of CUCorpora® [9, 11, [12] was initiated at the Chinese
University of Hong Kong. CUCorpora is the first large-scale Cantonese spoken language
corpora that are made available for public access. It is designed to cover both phonetically
based content and common task oriented and application-specific content. The present
work on telephone speech data compilation is a momentous extension of this effort. The

vast variation of operator network protocols in Hong Kong? yet enrich the content of the

3http://dsp.ee.cuhk.edu.hk/speech

4Hong Kong has a large number of mobile network operators offering different kinds of network services
using different protocols. This includes the GSM900, GSM1800, TDMA, CDMA.
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corpora. Since the speakers will have to call our server to activate the data collection pro-
cess, the resultant corpora are thus code named CUCall. The availability of the invaluable

CUCall will undoubtedly nourish the booming technologies to a greater extent.

1-2 Paper organization

The paper is organized as follows. The design of the corpora materials will be described in
detail first in Section 2. The design selection of the major parts of data will be elaborated.
After that, actual collection process is presented. From the recording system setup down
to the collection process, every detail of the process will be given. In Section 4, the post-
processing of the captured data will be explained. The validation, transcription as well
as the organization procedures are described. We will then provide some initial analysis

on the designed corpora materials. Finally, conclusions are made in Section 6.

2 Corpora Design and Organization

The design of the CUCall has been based on our previous experience with CUCorpora.
The concepts behind stay the same. Like CUCorpora, CUCall comprises of linguistically
oriented and application-specific data. In CUCall, we take a step forward to include
spontaneous conversations and short paragraphs data. These will altogether make up two

major parts in the corpora:
1. Phonetically oriented continuous speech data that focus on:

(a) coverage through carefully designed corpora materials; and

(b) different speaking styles from short paragraphs and free form spontaneous con-

versation style.
2. Application-oriented short phrases and digit strings.

Figure 2 shows an overview of the organization of the CUCall telephone spoken language

corpora.
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2-1 Phonetically-oriented data

2-1-1 Phonetic coverage oriented

The phonetically oriented data in the CUCall is based on the design of the CUCorpora
with some variations. This part of the data set is made up from sentences and short
paragraphs. The materials for the sentences are based on the test and training materials
of the CUSENT corpus in CUCorpora and the short paragraphs are excerpted from local

newspapers.

Sentences The sentences are chosen to be phonetically rich in the sense that they con-
stitute complete coverage of bi-phone class context. The selection of sentences was detailed
in [9, 11]. It was implemented as a semi-automatic process where human intervention is

included to decide on the readability of the automatically selected sentences.

Short paragraphs The short paragraphs attempt to emphasize more on the variations
of the speaking behaviour and characteristics. For short paragraphs, the selection is
solely based on the readability of the paragraphs without taking into consideration of the
phonetic content. It aims to enrich the sentence data as well as provide data that bears

very different speaking style. Table 1 shows the amount of data for each of these types.

Table 1: The number of reading materials for each type of the phonetically oriented data.

material number

sentences 5719

short paragraphs 90

2-1-2 Speaking style oriented
For collecting speech data of different speaking styles, the design of CUCall included

specifically short paragraphs and conversation parts.

Short paragraphs While the short paragraphs can enrich the phonetic coverage as
mentioned in 2-1-1, the data collected in this part is believed to be very different from

that of the stand alone sentences. There are many different speaking phenomena being
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exaggerated when people reading a section of long text materials. These include correc-
tion, hesitation, breathing, long pause etc. Therefore, these recorded materials can also
serve the purpose of representing another kind of speaking style in addition to enriching

the phonetic content of the sentence corpus.

Spontaneous conversation In the CUCall corpora, a new type of speech data to
be collected is the spontaneous conversation type of utterances. These data are collected
with the aim to obtain the characteristics of various speakers when prompted to speak
in an unprepared manner. There are expected delay, hesitation, correction and skipped
words etc. In addition, there are also many colloquials, pronunciations and agrammatical
sentences that will not be found in normal read speech. These will provide us with
invaluable data for the study of the variation of speaking characteristics under different
situations.

The design of “prompts” for this part of data collection has been carefully planned.
It is implemented as a single round dialogue between the speaker and the system. Since
the speakers are free to answer anything to the prompts, the phonetic content is uncon-
trollable. The major consideration here is to ensure that there is a high proportion of
speakers capable of responding to the prompts. Due to the lengthy nature of the recording
process, some speakers are expected to skip these prompts intentionally while some may
be too enthusiastic to give very long answers. Several points are considered during the

design of prompts:

1. The prompts must be simple enough that “spontaneous” response is possible. Cal-

culation, memory recall or questions requiring accuracy are not suitable.

2. The prompts must have different answers from different speakers so as to increase
the variations of the collected data. It would be even better if the same speaker will

give different answers at different time.
3. The responses to the prompts may be either long or short.

4. Both for legal purpose and encouraging speakers to answer, the content of the answer

must be irrelevant to privacy of the speakers.

Based on the considerations mentioned above, we have carefully designed six prompts.

These prompts are carried out at the end of each of the collection sessions. It is done
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this way because by that time, the speaker will be more familiar with the recording
process. This will then reduce the probability of making mistake since unprepared types
of responses are usually “error” prone. In Figure 1, the six prompts are listed for reference
(in English translation, because of the colloquial nature of the Cantonese prompt, not all

words are writtable in characters ).

Figure 1: The Cantonese prompts (with English translation) for spontaneous spoken response
collection.

1. E*F'%E.ﬁiﬁ%”—ﬁﬁ"ﬁﬁ?ﬁf%ﬂé%f%f% > BIAN > IR EEHT - Bi%
SO A > SO EYESE
-nm%—[ﬂ:{’mjn;ié‘ ﬂﬁ%ﬂ?l‘éc WJZZDEF'E* LG BRI SRR -
ar ] > ORI S GRPR A F BX T2 7ERE 7
nmn% AR - [FIEE A R ECE R E A
PRICEEREL. A - Fm R e OEE =S 2
A MR EAS T S 2CE TH - [RIBATRTERE H A -

PR W N

1. Would you please describe the environment of your recording, such as where
are you, anybody nearby and anything happening?

2. Which schools have you been studying at? Such as primary and secondary
school. Did you study other short courses of any kinds?

3. Are you using a mobile phone? (this is intentional for a short yes-no answer)

4. In which district of the city do you live? And what is the name of the estate
or street?

5. Besides Cantonese, what other languages do you speak?

6. What kinds of transportation do you take the most frequently and where do

you go?

2-2 Application-specific data

The CUCall corpora also contain digit strings as well as application-specific short phrases
in some specific domains. The design of the digit corpus is similar to that of the CUD-
IGIT [9] corpus. In CUCall, the reading materials include all of the single digits together

with some random generated long digit strings. This makes up a small-scale digit string
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corpus collected over telephone network from a large number of speakers.

The short phrase materials are designed with reference to CUCorpora. Phrases are
chosen from various reading materials including names of listed companies and their ab-
breviations, name of foreign currencies, district names and major housing estates in Hong
Kong together with the navigation commands adopted from the CUCMD [9, 11] corpus.
These phrases cover the financial domain, navigation commands, as well as major local
places. They could be used when building command based speech applications for the

related domains. [Table 2! lists the amount of corresponding type of phrases.

Table 2: The amount of different types of phrases for the application-specific data.

material amount
name of places (districts & housing estates) 228
listed companies 1085
foreign currencies 37
navigation commands 90
Total 1440

3 Data Collection Process

The data collection is facilitated by using an automatic call centre type telephone server
system. The overall set-up is shown in Figure 3. This server system allows the speakers to
call in and then read the provided materials. It is also equipped with the usual navigating

features with a touch-tone telephone system.

3-1 Telephone Server

The telephone server is a cluster of computers with one file server and two computer
telephony servers (see Figure Figure 4). The file server has a large 64 GB harddisk and is

directly connected to the two telephony servers over a 100 Mbps isolated ethernet.® The

5This is intentionally set up to improve the security and robustness of the systems. The cluster of computer
connected in their own network could eliminate the interference of possible network traffic from other irrelevant
processes.
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computer telephony servers are equipped with a Dialogic D/41-ESC four port telephony
cards for telephone network connection.

There are eight ports available on the Dialogic D/41-ESC card, but only two ports are
used. This is sufficient for our current scale of speech collection. Also, additional ports
may be used as backup during system maintenance or occasional system breakdown.
Furthermore, we can also even out the potential analog channel discrepancies among the
different ports by intermittently changing the answering ports over the course of data

collection.

3-2 Collection Process

The actual collection process was implemented in several steps:
1. Preparation of the reading materials;
2. Distribution of the reading materials;
3. Accepted speakers call to the telephone server.

4. Return of filled questionnaires from speakers.

Preparation of reading materials The reading materials are mixtures of phrases
and sentences described in Section 2. Each part is randomly shuffled and printed out on
paper. Every 10 to 30 successful calls will gives a complete set for that part of the corpora.
In order to differentiate against different gender and different kinds of telephone networks,
the reading materials are prepared and distributed in four parallel streams: male mobile,
male fixed-line, female mobile and female fixed-line. At the end of each of the prompt
sheets, there is a short questionnaire to enable the collection of information about the
speaker’s age group, telephone network operator (for mobile phone) or type of telephone

(whether they are using extension line or direct line).

Distribution of prompt sheet The prepared prompt sheets are distributed through
recruited agents. They pass the reading materials to candidate speakers. After recording,
the speakers then return the prompt sheet with questionnaire duly completed to the agent
and then the agent pass them back to us for processing. The adoption of an agent based
distribution network allows an efficient collection process while we could indirectly control

the speaker community by choosing appropriate agents.
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Speakers call The speakers will make call to our telephone server at any time they
so wish. The server would answer the calls whenever it is idle. The speakers are then
requested to jot down a generated serial number for bookkeeping purpose. After that,
our server program will prompt the speaker by the item numbers on the prompt sheet
and then wait for the speakers’ speech data with an automatic silence detector. After the
speakers have read the prompted item (or time-out if the speakers do not say anything),
the data is immediately stored on to the server’s hard disk. This prompting process
repeats until the last item is finished. The server then reminds the speakers to fill out the

questionnaire and hang up subsequently.

Questionnaire return After the agents have collected the prompt sheet, the serial
number and questionnaire results are entered into our database for bookkeeping and
analysis purposes. Up to this point the collection process is completed and the data are

kept for later post-processing.

4 Post-Processing of Data

The most important part of a spoken language corpora development process is the post-
processing of the collected speech data. The collected data need to be accurately an-
notated with necessary labels and organized properly for easy distribution and usage.
Based on our previous experience from developing the CUCorpora [9], we have carefully
designed the post-processing procedure for the telephone speech data. [Figure 5| illustrates

the general flow of the post-processing procedures.

Validation of the calls Among the large number of calls received, there is a small
percentage of useless data. It may be due to the reason that the speakers give up reading
after a short while, the recording environment is too noisy that the silence detector failed
totally, or even the system broke down. Based on the serial numbers, we validate all of
the calls by checking if there is reasonable amount of data being recorded. If the call is
finished properly, the information of the speaker provided on the questionnaire is entered

into our speaker database anonymously.

10
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Phonemic transcription of the validated data A major effort in spoken lan-
guage corpora development is annotation. This is the most important and labour intensive
process. In our case, all of the validated data will be transferred using cassette tapes to our
contracted professional transcribers. They will listen to the recording tapes and provide
Cantonese phonemic transcriptions to all data or mark them as noise wherever applica-
ble. Those successfully transcribed data will then be accompanied by the corresponding

phonemic transcription when distributed.

Partitioning and distribution of the collected data The transcribed data will
then be partitioned according to the different parts (e.g. digit strings, short phrases,
sentences, spontaneous conversation etc.). The partitioned data will be organized into
different directories according to different speakers. The phonemic transcription will also
be provided in the form of LSHKY transcription symbols. These organized directories of

speech data and transcription will be printed on to compact disk for distribution.

5 Data Analysis

In this section, some statistical information of the designed corpora reading materials
will be presented. Although there are many expected discrepancies from the actual data
that are collected, these statistics can still give an overview of the characteristics of the
designed corpora. The discrepancies between the designed materials and the recorded
data are mainly due to the reason that there are many speakers who read colloquial and
'lazy’ pronunciations, mis-read of materials (e.g. insertion, deletion and substitution of
words), and mis-use of the recording systems (e.g. start reading before the recording
actually started, stop reading before all of the materials are read, etc.). These could only
be analyzed after all data have been transcribed. Detailed statistical analysis of the actual
collected data will be released after the information has been prepared.

Table 3/shows the basic information for different parts of the corpora. From this table,
it can be observed that out of the 1600 common tonal syllables in Cantonese, the sentence
materials have covered over 85% of the syllables. In the short paragraphs corpus, even

though the tonal syllable coverage is not as high as that of the sentence recording, we are

SLinguistic Society of Hong Kong.
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Table 3: Statistical information of the reading materials for the phonetically oriented and
application-specific parts of the corpora.

Part 7# per speaker # tonal syl. # base syl. syllable count

Phonetically oriented corpora

sentences 50 (out of 5719) 2251 1030 4 to 31
short paragraphs 3 (out of 90) 768 418 23 to 120

Application-specific corpora

1-digit string 10 N.A. N.A. N.A.
7-digit string 5 N.A. N.A. N.A.
8-digit string 5 N.A. N.A. N.A.
16-digit string 5 N.A. N.A. N.A.

phrases 48 (out of 1440) 562 344 2to8

expected to obtain speech data in the form of sentences of length ranging from 23 to 120
characters. These could give us a number of important and unique characteristics in long
utterances.

Figure 6 gives another way to look at the properties of the designed reading materials in
the sentences and paragraphs parts of the corpora. These are the frequency-of-frequency
(FOF) scattered plots for the base and tonal syllables in these parts of the corpus. The
FOF plots show the distributions of the occurrences of the syllables. From these figures,
it is observed that the content of the corpora is reasonably distributed. While there are
some frequently occurred syllables and also some rarely occurred syllables, the majority
of the syllable occurrences lie in the middle range. This could then enable us to obtain a
normal distribution for the syllables in these parts of the corpora.

For the application-specific corpora, information shown in Table 3 can give us an idea
of what is being collected for the database. We have some randomly generated digit strings
of various lengths. They should cover most of the common applications where digit strings
are needed to be recognized. These may include getting identity card number, telephone
number, credit card numbers etc. The 7-digit, 8-digit, 16-digit strings together with the
single digits are targeted for these applications. However, since digit strings are so general

that continuous digit string data can definitely be applied to other areas of applications.
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The other application-specific data collected in this corpora are phrases of various
kinds (see Section 2). The phrases from the various different domains are mixed and
shuffled for each of the speakers so as to increase the variation in the collection data.
From [Table 3, it may be found that the acoustic coverage of the phrase part is not as
good as that of sentences and paragraphs. Since these data are designed for use in the
designated domains, phonetic coverage is not the major concern during corpus design.
Nevertheless, the base syllable coverage for these phrase is not far deviated from the
complete Cantonese syllable inventory.

Regarding the amount of data in the corpora, a rough estimation has been made. Up
to the time of writing, there have been over 1,000 successful calls received. These calls
give a total of around 200 hours of data covering all sorts of acoustic events (speech,
silence, noise, background etc). Among this volume of recording, the sentence, speaking
style, short phrases and digit parts roughly contains 84, 40, 28 and 59 hours of recording.
We are currently post-processing these data and they will be made available for public

release in the near future when the data are processed.

6 Conclusions

In this paper, the design and data collection process for a telephone spoken language
corpora is presented. Details about the post-processing and preliminary analysis of the
data are given. Based on the previous experience in microphone speech data collection,
this work is extended to collect telephone speech data so as to provide sufficient materials
for the building of statistical spoken language systems. The corpora are again divided
into two parts: phonetically oriented data and application-specific data. In this work, we
have further extend our previous design to include also short paragraph for encompassing
speaking characteristics when people reading long materials. Furthermore, we have also
included some free-form open questions or prompts for obtaining speaking characteristics
in spontaneous speech. Spontaneous speech presents new challenges to speech recognition

and the collected data is a valuable resource for investigating possible solutions.
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Figure 2: This is an overview of the organization of the CUCall telephone spoken language
corpora for Cantonese.
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Figure 3: The data collection process for the CUCall corpora over the telephone networks.
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Figure 5: Data post-processing for the CUCall corpora.

19

211



E

FOF plot of Base Syllable

5 FOF plot of Tonal Syllable
10 10 T T T
3
3
10”E B
- ]
8 | 8
= =
2 | = g
> 10" = b 3 =
= < k=1 >
> >< >
=] . s =
>0 > sac
>
>0< > 10* 7%)( |
Semme< > =%
<>
SO K X o<
S >C< >
SRMEITIENE O SO > SO
SR RO ><
10° n Sec 10° e .
o 200 400 600 800 o 200 400 600 800
no. of occurences no. of occurences
. FOF plot of Base Syllable . FOF plot of Tonal Syllable
10 T T 10 T T T T
3
>
>
o<
10° |- —
B3 >
>
8 = 8
= == 2 =
> 10" | 1 > =
k=] =
S > = =
2 2
o< >
> > > 10tk e |
> > =<
>
> >
>0< >0< 3 o< X
> >
<< 3 >
> o<
10° k< n 10° n i n n
o 50 100 150 o 20 40 60 80 100
no. of occurences

no. of occurences

(b)

Figure 6: Scatter plots showing the frequency-of-frequency statistics for syllables in (a) the
sentence and (b) the paragraph reading materials.

20

212



An Empirical Study of Zero Anaphora Resolution in Chinese
Based on Centering M odel

Ching-Long Yeh and Yi-Jun Chen
Department of Computer Science and Engineering
Tatung Universigy
40 Chungshan N. Rd. 3°. Section
Tapa 104
R.O.C.
chingyeh@cse.ttu.edu.tw d8806005@cseserv.cse.ttu.edu.tw

Abstract

In this paper, we describe the creation of Chinese zero anaphora resolution
rules by performing experiments. The rules were constructed based on the
centering model. In the experiments, we selected several texts as testing
examples. We compared the referents of zero anaphors in the testing texts
identified by hand with the ones resolved by using an algorithm employing
a resolution rule. Three rules were used to carry out the experiment. The
results show that the rule considering grammatical role criteria and domain
knowledge obtained the best result: 85% of zero anaphors in the test texts
were correctly resolved. We investigate problems of miss-resolution of zero
anaphorsin the test text and propose solution to dedl with them.

1. Introduction

In Chinese text, anaphors are frequently eliminated, termed zero anaphor (ZA)
hereafter, due to their prominence in discourse [LT81]. For example in (1), the topic

of the utterance (1a) is “ Electronics stocks,” which is eliminated in the
second utterance and the topic of utterance (1c), * Securities stocks,” is
eliminated in the utterance (1d).
Da !

Electronics stocks were affected by high-tech stocks fallenheavily in America

b. ¢
(Electronics stocks) continued fdling down today.

C. J
Securities stocks aso had respondence.

d ¢!
(Securities stocks) fdll by close one after another on the market.

A simplerule, Rule 1, can be formulated by observing the phenomenon of topic chain

in Chinese text. This rule can be used to correctly resolve the referent of the ZA in
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(1a), for example.

Rule 1. If a ZA occurs in the topic position of utterance i, then its
antecedent isthe topic of utterancei-1.

In general, zero anaphors in Chinese can occur in any grammatical dot with an
antecedent that may occur in any grammatical slot, regardless of their distance [LT79].
Thus Rule 1 is obvioudy insufficient to account for the resolution of ZAs.

Within the theories of discourse, Certering is a computational model, which has
been developed as a methodology for the explanation of the local coherence and its
relationship to attentional state at the local level and focuses on pronomina and
nominal anaphora [GJW83, GJW95]. It is formalized as a system of constraints and
rules, which can, as part of a computational discourse model, act to control inference
[JW81]. In the centering model, each utterance in a discourse segment has two
structures associated with it, called Forward-Looking and Backward-Looking centers,
which correspond approximately to Sidner's potential foci and discourse focus [Sid79].
Forward-Looking Centers, C;, is a set of discourse entities in an utterance, and
Backward-Looking Center, Cy, is a speciad member of this set, which is the discourse
entity that the utterance most centrally concerns. Our analysis is based on this
computational model to resolve the intersentential ZAs.

In this paper, we aim at formulating rules for the resolution of zero anaphors in
Chinese. We start with arule, Rule 2, formulated by employing the centering mode!.

Rule 2: For each utterance U; in a discourse segment Uy, ... , Un: If Cy(U))

is realized by a zero anaphor in Ui, then the Cp(Ui+1) must be realized by

Ch(U)).

We performed an experiment by using an algorithm employing this rule to see how
the ZAs in news text are resolved. The initial result showed that about half of the ZAs
could not be correctly resolved. Consequently we considered adding other constraints,
such as grammatical role criteria and semantic knowledge, to enhance the rule and get
better results. We repeated the experiment and the result showed that about 85% can
be correctly resolved by using the new rule. The remaining 15% errors of the ZAs
resolution occur because of the lack of sufficient semantic knowledge and the
character of locality of centering model. We further investigate these situations and
propose an gpproach to solve the problem.

In the next section we describe his nature of zero anaphora in Chinese. In

Section 3, we describe the centering model, and we illustrate the result of the
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empirical study we made by observing the industry news we collected in Section 4.
The discussion and implementation are in Section 5 and 6, respectively, and finally

conclusions and future works are made.

2. Zero Anaphorain Chinese

In Chinese, anaphors can be classified as zero, pronominal and nomina forms, as
exemplified in (2) byp ', and , respectively [Chen87]*. Zero anaphors are
generally noun phrases that are understood from the context and do not need to be
specified.
a
Zhangsan frightened and ran outside.
b. ¢ _ !
(He) bumped into a person.
c. | j
He saw clearly that person's appearance.
d o' _ !
(He) recognized who that manis.
According to [LT81], zero anaphors can be classified as intrasentential or
intersentential. Intrasentential zero anaphora occur mainly in topic-prominent
constructions, namely, sentences having a topic but not a subject such asthe ¢ in
(3). In this sentence, the noun phrase, (house), is the topic while the subject is
not present. In sentences of this sort, subjects, in general, refer to general classes or
unspecified noun phrases. In English, you, they (or more formally one is used in this
function. This kind of zero anaphor occurs specifically in topic-prominent

condructions, they have nothing to do with entitiesin previous sentences in discourse.

©) ®
The house, (someone) has finished building it.

In the intersentential case, antecedent and anaphors are located in different

sentences. Depending upon the distance between the sentences containing antecedent

'Weusea f ;’ to denote a zero anaphor, where the subscript a is the index of the zero anaphor itself

and the superscript b istheindex of thereferent. A single @ without any script represents an
intrasentential zero anaphor. Also note that a superscript attached to an NP is used to represent the
index of the referent.
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and anaphor, it can further be divided into two types. immediate and long distance.
The former is where the sentence containing the antecedent is immediately followed
by the one containing the anaphor, such as f, in (4b) and f ) in (4d). For the long
distance type, the sentence containing the antecedent and anaphors, on the other hand,
are not inimmediately succeeding order, such as f, in (4e).
@a | ,-
A crab hasfour pairs of feet.
b.
(They) are commonly caled "tuier.”
k

Since every "tuier"'s joint can only bend downwards,

d. ff
(it) can't bend backward or forwards.

e f,
(When) (it) crawls,
f. f)
(it) must use the tips of feet on one sde to grasp the ground.

g fs
(It) then uses the feet on the other sde to move upwards.

h. f;
( t; pushes (its) body towards one side.

Since Chinese has no inflection, conjugation, or case markers, the pronominal
system is relatively ssmple, as shown in Table 1 [LT81]. A third-person pronoun can
be used to replace an intersentential zero anaphor, except for first- and second-person
pronouns, without changing the meaning of the sentence. Though the resulting
meaning of each sentence is unchanged, the whole discourse becomes less coherent.

Table 1: Pronomind systemin Chinese

Number Per son Pronoun
singular firg
singular second ,
singular third .
plurd firg
plura second ,
plurd third , ,
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3. Centering M odel

Centering has its computational foundations established by Grosz and Sidner [Gro77,
Sid79] and were further developed by Groze, Joshi and Weinstein [GIW83, GIW95].
Within the framework of the centering model, each utterance U in a discourse
segment has two structures associated with it, called forward-looking centers, Cy(U),
and backward-looking center, Cy(U). The forward-looking centers of Up, CiUp),
depend only on the expressions that congtitute that utterance. They are not constrained
by features of any previous utterance in the discourse segment (DS), and the elements
of C¢(U,) are partially ordered to reflect relative prominence in U,. The more highly
ranked an element of Cy{(Up), the more likely it is to be Cp(Un+1). The highest ranked
dement of C¢(U,,) that isredized® inUn.1 isthe Co(Uns1).

The set of forward-looking centers, C;, is ranked according to discourse salience.
The highest ranked member of the set of forward-looking centers is referred to as the
preferred center, C,[,.3 The preferred center of the utterance U, represents a prediction
about the Cy, of the following utterance Un:+1 and is the most preferred antecedent of
an anaphoric or eliptical expression in Un:1. Hence, the most important single
construct of the centering model is the ordering of the list of forward-looking centers
[WIC94, SH96].

3.1 Condgraintsand rules

In addition to the structures for centers, Cp, and C;, the theory of centering specifies a
set of congtraints and rules [WIC94, GIW95].

Constraints

For each utterance U; in adiscourse ssgment Uy, ..., Upy:

1. U hasexactly one Cp.

2. Every dement of Ci(U;) must beredizedin U;.

3. Ranking of dementsin C¢(U;) guides determination of Cp(Ui+1).

4. The choice of Cp(U;) isfrom Cy¢(Ui.1), and can not be from Cx(U;.,) or other prior
setsof Cy.

2 An utterance U, realizes cif cisan element of the situation described by U, or ¢ is the semantics
interpretation of come subpart of U.
3 The notion of preferred center corresponds to Sider’ s notion of expected focus [Sid83]

241



Backward-looking centers, Cps, are often omitted or pronominalized and discourses
that continue centering the same entity are more coherent than those that shift from
one center to another. This means that some transitions are preferred over others.
These observations are encapsulated in two rules [WIC90, WIC94, GIW95]:

Rules

For each utterance U; in adiscourse segment Uy, ..., Up:

I. 1. If any element of C{(U;) isrealized by apronoun in Uj.1 then the Cyp(Ui+1) must
be realized by a pronoun aso.

Il.  Sequences of continuation are preferred over sequence of retaining;, and
sequences of retaining are to be preferred over sequences of shifting.

Rule | represents one function of pronominal reference: the use of a pronoun to
realize the Cp, signals the hearer that the speaker is continuing to talk about the same
thing. Psychological research and cross-linguistic research have validated that the Cy,
is preferentialy realized by a pronoun in English and by equivalent forms (i.e. zero
anaphora) in other languages [GIW95].

Rule 11 reflect the intuition that continuation of the center and the use of
retentions when possible to produce smooth transitions to a new center provide a basis
for local coherence. The trangtion states are further described in the next section.

3.2 Trangtion states

The typology of transitions from U;.; to U; is based on two factors. whether the C,(U;)
is the same as Cy(Ui.1), and whether this discourse entity, Cp(U;), is the same as the
Cp(U)):

1. Cu(Ui) = Cp(Uj-1), or Cp(U;.1) isundefined.

2. Cp(Ui) =Cp(Uy)

If both (1) and (2) hold then a pair continuations across U, and across U.1. If (1)
holds but (2) does not then the utterances are in a retaining transition, which
corresponds to a situation where the speaker is intending to shift onto a new entity in
the next utterance. If (1) does not hold then the utterances are in one of the shifting
transition states depending on whether or not (2) holds. The definition of transition
datesissummarized in Table 2 [WIC94].
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Table 2: Trandtion Sates

Ch(Ui) = Cp(Ui- . .
or Cz((Uzl) |sfj(nde‘l|)ned Co(Ui)Z Cp(Ui-1)

Ch(Ui) = Cp(Us) CONTINUE SMOOTH-SHIFT

Co(U))Z Cp(U) RETAIN ROUGH-SHIFT

For illustration purpose, consider the example (1) in Section 1; in the Table 3, the
centering structures contain Cp, Ct and C, where the set of C; are partially ordered to
reflect relative prominence in each utterance. The first two transition states of (1a) and
(1b) are CONTINUE corresponding to the two factors, “Cp(U;) = Cp(Ui-1), or Co(Ui1)
is undefined” and “‘Cp(U;) = Cp(U;), or Cp(Uj) is undefined.” In (1c), the transition
state is RETAIN because of “ Cyh(U1c)Z Cp(Uic).”. SMOOTH-SHIFT is the last
transition state of example (1) while “Cp(U1g) = Co(U1g)” and “Cp(U1g)Z Coh(U1c)’
hold.

Table 3: Centering structures and trangition states for example (1)

Cbp: undefined
(13) Cr. [ , ] CONTINUE
Cp:

CbZ
(1b) Cr. [ZA ( )] CONTINUE
Cp ZA( )

Ch:
(1c) Cr [ ] RETAIN
Cyp:

Co:
(1d) Cr. [ZA ( )] SMOOTH-SHIFT
CZA( )

4. Experiment and Result

This paper is concerned with resolving the problem of zero anaphora in Chinese using
the centering model. In this section, we first describe the methodology of zero
anaphora resol ution we adopted based on centering. Second, we explain how to apply
our rules and represent the results of gpplying the different rulesto the test texts.

4.1 Experiment for zero anaphora resolution
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The task of zero and nominal anaphora resolution is performed after the semantic
interpretation phase that converts the syntactic structure of a sentence into a semantic
representation form such as the logic form [JA94]. After semantic interpretation, an
anaphor becomes a parameter in alogic form. For example, the logic form of the (5b)
is (@ ). The task of anaphora resolution isto find out the referent of the omission
inthelogic forms.
OF! !
Zhangsan bought an apple.
b. ¢
(It) isvery fresh

Recall that the centering model, an utterance, U, is associated with a set of
forward-looking centers, C;, with each element an entity in U;. The highest ranked
element in the set, C,, becomes the prediction of backward-ooking centers, Cy, of the
following utterance, which is zeroed if it does not violate syntactic constraints, such
as the object of a prepositional phrase [LT81]. Therefore to apply the centering model
for zero anaphora resolution, the essential task is to rank the elements in the set. The
task of ranking elements is determined according to certain rules, for example Rule 2
described previoudly in Section 1. In this paper, our goal is to develop effective rules
to obtain better result.

We performed an experiment to examine the effectiveness of using a rule for the
resolution of zero anaphors. In the experiment, we selected a number of industry news
as the test texts. Table 4 summarizes the total news, paragraphs, utterances, zero

anaphors and words in the test texts.

Table 4: Summary of test texts

Paragraphs Utterances Words ZeroAnaphors
1 4 36 199 25
2 3 26 229 9
3 4 31 213 13
4 4 29 213 15
5 3 27 208 11
6 4 35 282 15
7 3 28 234 14
8 3 27 289 12
Total 28 239 1867 115

In the experiment, we first of al identify by hand the referent of each zero
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anaphor occurring in the texts. Then we compute the referents of zero anaphors
identified by using an algorithm employing a resolution rule. The computed result is
then compared with the one by hand to see the correction rate of the resolution rule.
The correction rate of aresolution ruleis defined as beow.

Correction rate: Assume that m ZAs occur in n utterances. The correction

rate of a resolution rule is the number of referents of ZAs resolved by an

algorithm employing the resolution rule that are identical to the ones

identified by hand.

The experiment is performed repeatedly by replacing new rules and it is stopped
until promising result is obtained. The initia result of using Rule 2 shows that only
55% of the ZAs are correctly resolved, whichis obviously not effective enough. The
errors occurs in the initial result may be that Rule 2 does contain enough semantic
knowledge. In the following, we propose other rules to replace Rule 2 and compare

the reaults.

4.2 Results of using other rules

Grosz et al., in their paper [GIW95], assume that grammatical roles are the maor
determinant for ranking the forward-looking centers, with the order “Subject >
Object(s) > Others”. In Chinese, the concept of subject seems to be less significant
while the topic in a sentence appears to be crucia in explaining the structure of
ordinary sentences in the language [LT81]. By adopting the concept of grammatical
roles and topic-prominence in Chinese, we order the grammatical roles in Chinese
with topic having the highest priority as shown in Figure 1. The subject and objects
occurring in an embedded clause, that is, Secondary Subject and Secondary Objects,

are give lower priority.

Topic > Main Subject > Direct Object >
Secondary Subject > Secondary Objects

Figure 1. Gramméticdl role criteria

By adding the grammaticd role criteriato Rule 2, we obtain anew rule, Rule 3:

Rule 3: For each utterance U; in a discourse segment Uy, ... , Uy If Cp(U))
isredlized by a ZA in U;,1 and no other noun phrase having higher priority
of grammatical role criteria than the ZA then the Cp(Ui+1) must be realized

by Co(Uy).
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Rule 3 is used to verify if the order of the elements in grammatical role criteria
we assumed is helpful to raise the correction rate of zero anaphora resolution. We
further developed another rule, Rule 4, by considering the domain knowledge
corresponding to the test texts.

Rule 4: For each utterance U; in a discourse segment Uy, ..., Un: If Cp(U))
isrealized by both specific nouns in the lexicon and a ZA having the highest
priority of grammatical role criteria in Ui+1 then the Cp(Uis1) must be
redized by Cb(Ui).
In Rule 4, in addition to grammatical role criteria, we further add the lexical semantic
knowledge to the nouns specified in the lexicon. The experiment results of using these

rules are investigated as follows.

4.3 Experiment resultsusing threerules

The experiment is performed three times by using Rule2, 3 and 4, respectively. The
first experiment employs the simplest rule, Rule 2, as described in Section 1. Since
Rule 2 does not have constraint to order elementsin Cs, here we take the surface order
of entities from left to right in the utterance. After performing the experiment, the
correction rate is 55%, which is obviously not satisfied. In the second experiment,
we employed an enhanced rule, Rule 3, and the correction rate is 62%. The result is
better but it is still not significant. In the third experiment, we used a further enhanced
rule, Rule 4, the correction rate becomes 85%, which is more promising. The results

are summarized in Table 5.

Table 5: Summary of experiment results using three rules

Rule 2 Rule3 Rule4
ZAscorrectly
resolved 63 71 98
Correction Rate 55% 62% 85%

5. Discussions

We have performed experiments on ZA resolution by using three rules with different
complexities. The result is promising to some extent; however, there are still 15% of
ZAs in the test texts can not be correctly resolved. In the following, we investigate the
problems and propose methods to deal with them. One problem is because of

insufficient semantic knowledge, namely domain ontology. In the lexical database,
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one word may have several word senses and there is a set of synonyms for each sense
[MBF+90]. Besides, one word may have hypernyms, hyponyms, coordinate sisters,
and other relationship to another word, e.g., ‘Tatung,” is a hyponym of

* Electronics stocks’ and ‘listed securities,” is a hypernym of

‘ Electronics stocks.” If the domain ontology contains sufficient lexical and semantic
knowledge, it would be hepful to andyze a discourse by understanding the context.

Another problem is with the locality of Cp(U;) as mentioned in Constraint 4 in
Section 3.1. The centering model only accounts for local coherence, that is, the
computation of Cp, and Cs is confined within successive utterances. Thus the rules we
proposed in Section 4 can only deal with immediate zero anaphors. For zero anaphors
having their antecedents outside this scope, the rules would be ineffective. Worse yet,
the miss-resolution of a long distance zero anaphora would fail to resolve the
following zero anaphors, or error chaining [SH96]. To solve this problem, we extend
the referent set of Cp(U;) to be the collection of entities occurring in utterances
previoudly in the discourse, that is, U; ...Ui.1. The referent of a long distance zero
anaphor is then determined by examining the elements in the extended referent set.
The dgorithm for resolving long distance zero angphorsis described as below.

Description: A long distance zero anaphor z is found in the current utterance U;
and then it enters the following procedure. Assume that the extended referent set
iISE. A temporary set, temp_set, is used to record the elements in E that satisfy
the semantic congraints of z.

Procedure:
For each element ein E do
If e stisfies the semantic condraints of z, then add e to temp_set.

end for;
If thereis one dement in temp_set then return the dement as the result;
else return the dement in temp_set having longest distance from z as the result.

The semantic constraints we used in the above procedure come from the
selectional restrictions of the main verb in utterance U; [JA94]. This kind of
restrictions can be used to select the referents of zero anaphors in the topic position.
On the one hand, in the sentence which the topic and subject are identical, the zero
anaphor in the topic position is restricted by the semantics of the main verb. On the
other hand, for sentences with both topic and subject, the topic is frequently moved
from the object position of the sentence. Thus zero anaphors of this sort are restricted

by the main verb as well. We ignore the selectional restrictions of other syntactic
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constructs such as coverb and adjective phrases because the objects or heads of these
kinds of phrases can not be zeroed according to syntactic constraints in Chinese

[LT81]. Consider, for example, the long distance zero anaphor f, in (6d). Before

entering the above procedure, assume that the extended referent set, { |

5 X, '}, was obtained, where the first two elements satisfy the

selectional redrictions of the main verb of (6d), . Here the first one is selected
because it isin amore prominent postion.

(6) a i i k
People on the market worry that Central Bank will intervene the exchange rate
agan.
b. f,
(They) are afraid to enter the exchange market.
| k

The NTD's exchange rate stops to dowly fal down.

d f) J J
(They) expect that Central Bank of Chinawill not let NTD be depreciated.

6. Implementation

The goal of this paper is to resolve zero anaphors occurring in discourses based on the
centering model. A discourse is a sequence of utterances exhibiting coherence
[GIW95]. The resolution of zero anaphors in adiscourse is therefore divided into two
parts. First, we process each utterance in turn and identify zero anaphors occurring in
the utterance. Then we apply a zero anaphor resolution algorithm to resolve the
referents of the zero anaphors.

The first part consists of tasks of word segmentation, parsing and semantic
interpretation. An input utterance is fragmented into word sequence, and after parsing
and semantic interpretation, the semantic form is obtained. Therefore, in this part, the
input is a sequence of utterances and the output is the corresponding sequence of
semantic forms. Zero anaphors with the information of either immediate or long
distance are represented as arguments in the semantic forms. Basically, a zero anaphor
isconsidered an immediate one. But if there are linguistic cues accompanied with the
utterance, such as the utterance is the beginning of a new full sentence, and it has

initial adverbial connectives, etc., then the zero anaphor is considered a long distance
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case. In the second part, the resolution procedure examines each zero anaphor in turn.
If an immediate zero anaphor is found, then apply the resolution rules described in
Section 4. Otherwisg, if it is along distance zero anaphor, then apply the procedure as
described in Section 5. The system architecture is shown in Figure 2.

> D
v \—/
Grammar | & n .
Semantic Iln n on Resol ut|fi on Rul es
Rul es

NLP Modpul e ;
val ild
Refefents
) uttr ZA Res( E)*o As
Wor d
i n

Di scolur 5 e[Segmer
Segmegmd

Par s

Seman
I nter f

Fgure 2: Sysem architecture

In the system the NLP Module carries out in order the work of word
segmentation, parsing and semantic interpretation by consulting the lexicon and the
syntactic and semantic rules. This module corresponds to the first part described
previoudy in this section. According to the segmentation standard proposed by
Academia Sinica [HCC96, HC+97], we built a small lexicon for the test texts, and
employ a simple algorithm of word segmentation. The algorithm is according to a
strategy that prioritizes the longest word first. The syntactic grammar rules we
construct are from the utterances of the test texts and refer to Sinica Corpus and Auto
tag program [SC01, CKIP99] and then the parser corresponding to the grammar rules
is build as a sentence-level parser in DCG [GM89]. Each utterance within an input
discourse segment is converted into a syntactical structure by the parser and the
output structure is interpreted to produce the semantic form, which includes the
entities in the utterance and is also used to judge whether the utterance contains zero
anaphors or not.

ZA resolution by consulting the domain ontology and resolution rules is the
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second part of our system. If an input utterance contains a zero anaphor, then apply
the resolution rules described in Section 4 to obtain the referent of the zero anaphor.
Currently, the ZA Resolution only deals with the immediate zero anaphors. We will
extend the algorithm to include the resolution of long distance zero anaphors
described in Section 5.

7. Conclusions

In this paper, we performed the experiments on zero anaphora resolution in Chinese
based on centering model. In the experiments, 85% of zero anaphors in the test texts
were correctly resolved. The remaining zero anaphors were miss-resolved because of
lack of sufficient domain knowledge and occurrence of long distance zero argphors.
Since the centering model only focuses on local coherence in discourse, we therefore
propose to extend the referent set of a zero anaphor to include all entities occurring
previoudly in the discourse. Though the experiment results are promising to some
extent, we found that there are problems that are worth further study. First we need to
build domain ontology to get better resolution. Second, the phenomenon of error
chaining is inherent in zero anaphors resolution. Thus an effective method is needed
to account for this problem. The method we proposed in Section 5 is a step towards
solving this problem. Third, the test texts used in this paper were selected from
industry news. We will further extend our experiment to include texts from other

domains.
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Abstract
We present a new method for automatic classification of Chinese unknown verbs.
The method employs the instance-based categorization using the k-nearest neighbor
method for the classification. The accuracy of the classifier is about 70.92%.

Keyword: unknown word, lexical similarity
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Chen~Bai ¥2 Chen(1997)4] * # % (prefix)-~ & % (suffix) &3t & a2 > IR en A Fods
TREF K E T6% @ v P2 ~FAZ 2R 22 5o 52(1998) @ * Chen~Bai ¥2 Chen (1997)
ST diens g2 o A 182 e 4 %A 5 Chen ~ Bai .ki’ Chen (1997) i# % &_
2 e HEAEFRF D 8383% o AFFIREL SR R DERT 0 Ay M

s
B2 Sn b A R e AT b o ¥ P A Y #?ri%ﬁ;é_@ff‘—l%%résé?ﬁﬁ ENI N
% e 38

B ? F AE R R o AT 0 F R A o e e
B RS B RO 3 QAT N FEE o R F b AR AT 0 P R
R FRENIEFTALR 2B IEE LG APRIEPp B LG

R BARPEHS R PR EFERERLL A TR EF AR LR ) H R
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FEZERB LS DAF L FFRAF PPN NG
AP RS R B A DY R R ] e (1993) R AR o B
SRPRE A REE G O ISHF o R T 2EE - IR E 5 B A o g g Rlder -

B S B LPHT 0 P P :w:t/w;ﬂ SRR H G A b PR
R 158 3 OA LG FA ML 2 OFANY TR R 65
FAPRGHEA R S AP E LR A TR AP RN B
LA 0EA 2 S B(VA) s § 152 $$(VO) ~ 8 (72 S doio + 0 2 F 33
(VCL) ~ & i¥ g § :37(VD) ~ & {72 § $:37(VE) » 4 #78:30(VG) ~ R 5 7 2 - 8
F(VH) ~ i 12 § 522 (VHC) ~ 1 8 2 $ #35(V]) o

1.2 #3°

A ¥ %%rf‘?s’v’ﬂfr;%‘ P RpRL Y PR o FUSLiE ~ MAZZR(1997) 4 47
RIS A 5 - A HP I 2- e Eﬁifé_i o e A BB
T EE O RPE R (Regular Express1on)i,§ ABFEE G dol F o 4 4 4 E(PF
F)s—+BF = Lo(HF) 2= Arz =44 (TH)E - %240
H- Zp;{m#\—rr' FIER %Blpp/z k2 E AHLEPTHE-FFeoo P T AgReE
P 5 RE(1998) A 45 ¢ BT firs e EEES R R S %4
AN RN Il P

AFH ALY A A ABU I hES S L ELEA R BB A RN
[ 3 2 (base)” o Af = 12 (1968) ~ Li ¥2 Thompson (1981)%7 ;8 2254 (1988)4% % ;¥
WOAMF AR G H TP IS b T 0 ) T 8 T @9 B
Rad s BrA Benbl 56 F S RFALT " R AP AEPA
e EHER L P E RS T LM AR Ftd 20 AP R R
V1ot -k - A S

BA Y ¢ AP AR 0F kB0 A KT F 45 A SoBs P endp e o 3
EARad @ m 2 Fadpinh » B RS 4p R R BIRSEA B o K E B
0B K BAR Ak s Bt g s Bt T s fF' P b
308 T IOREAE R Aods R e dE T B ERAE B AP 1T SR 4R

Sproat £ Shih (1996) FEP R H = % 343 (root) » Chen ~ Bai £ Chen (1997)# i@ cn¥ = 4
T % (prefix) £ 15 & (suffix) o 2 7 PSR H = 5 39 A (base) » ¥ 4 * Katamba (1993:45) #3:7#
(base)#rF F_% :“...abase is any unit whatsoever to which affixes of any kind can be added....In other
words, all roots are bases. Bases are called stems only in the context of inflectional morphology.” 2% i
B AT R T FA LA PR nE R F AN H A NI R REI (root) -~ FEF (stem) B
Bhlo RPN P st r o D AR FHEHP AP 2 TG B I ehg & Fpt A

FLEY - BERUROTET i F AT AT RS 2 Gl o
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1-3 R A 47 8 st

Pt A A bR iR T R A SR PR T R e A

WmATEBFOEL  ATEB R I EF U N D BEG A Manpiries
*”wvfﬁﬁﬁmﬁ°w%’%ﬁ%ﬂrtﬂj' T AR EPT I PR
T AT TR - R SR EAGP R F T e AT
Bl EERE R o

B APsus s BFEAT IR A FOSE - B F AT
R SR AP 2 e SR Btk AR LR Y IR ) 2(1993)
FETH 0 ¢ PR BN 45 - THRE F APk BEALN
YR TRE ] 2 1.97 ﬁép\?zﬁﬁ’ T — Tﬁggi;z;iﬁ:‘ HEP R 2 F AR o T

i

B

—N

APREIFLTET 2L PR o - B B ¥ £l anasg
P “VC+Na”m#\ frﬁm AL F g VAR FIS BB B A ok e aop
FEH L m IR - PR L Na) KRG LF G s (T2 i’r?”fﬁ?'é’(VC)b'“rlﬁ 1\

Srm o BRARETE £ 7 2 pdeie s FRL ARG B g BT
SR

VR R AR F IS A oA iR R 0 RIER A o

AP AP iE RSP L N B A THF P E 0 P E AR
BAR MR B adp iR o R AP R R R o KE B E P B~ K
BAp e Ak Heapd Ap R ena B T B A o R I E BRsg T s
FEH > A v R anesg T H pEM B AP T I8 o

2-1 4p = (Instance-Based Categorization)

L dofe @ Ap E RIFPIE L B o AT angF s - 4
¥ F P AR A bl RE R 0 56 BIPAAS hiE
PRI AP RGEET G e P Faeies B RanER 00 2 etk

ERNEAFEFFA Py T EA TR MRRE EE LR -
JI3 A A OB P R R A bR SRS - RS i )
LT R 0 R R T LR A xoqwnw Aipil o daanE o %

F BIPEERLY A rh “’Kg FH — WE2RP > F F ATOR R IR A
gretd ends e ot i )R AT A ﬁrrﬁ%?é?lfi’fJ",éﬁ?I%fiﬂ s AR 1R ATehA
AR PRV PGEAL P e AR P AT A B ARG Vo BT H Ap b

B3
r‘i’!;‘?zkx"o ]—!1\?':’ »:-y,'?cﬂfb °'F I—; ;:-bJ E: ,Fa),ll ﬁq_‘,}la mf,_,”’l,rcg;{J Ti/\;
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TR AR L S - &2 T E S Lh S PR
i B TR T T I
fuﬁi Fg ’ E]'J % 7T Tﬁl_J l;’E’ l—‘za 6 m“l"]‘%{‘a&? o, p. ?iJ —';’E’ I—‘la B m ,g) #E IJI%}_&

B g o B DB R e R T *r’*J#EF°
N R URERE iy S wwmwaﬁmmww”’ﬁww&%ﬁ%’liﬁ

VAERGRAE AR PR T UIERF RSSO B RIPAF 0 £
FiEA BRI FAHE B TP
AR AT g AT EFREWHA R SRR D 2 RT R Apigeih

E BB K el R IR o

22 AR BB

Ak AP e i ELREOLE P AE TR 2 0 B
B AE 0 A FAT o
- TS - (Y Y E )@l o d FRAEFERRER S
e R B L FYOEEEAORGEL - ¢ 2 RS
P TR ACRY CMARM B L RN A F BN AE CHEMN
OB REBED R d AR AP AATE P B Rl ® Y o
PRELANREFE S 2
SR AR 2 SRMTRE 10 ¢ 5 L RE 2 FAF ST
= ﬁﬂvf*ﬁﬁ'ii -z +

SN

=

o

/.

thce ke LT BiRie A o SRR
Co AP A i L =8 R Fn%.f?ﬁj—,pj

2-2-13Z 3 PR BE

ENEF T - F-FIRBRARLERY FEFORRLY PR B2
E i BERRL TR GaA e 4o i THE _%‘-;ag; TRE T H
I'?;(?J;l@‘%a}f{!{%rﬁa\l’—%rf&-:‘ 14}’/”\#"4%1’%\7? e |—§J"% [—%(ﬂ ]
& f 2o [ R i o

SR - B AR Videt S BEIE REIANIPADS I 7
PR AR & A B Word),Word, FF erfp i B Ap £ 208 B &
X AP o

N

%

n

HowNetSimScore(Word:, Word:) = maxHowNetSimScore(Word: — Entrys, Word2 — Entryy )

=
\:’;\
el
=
o
o
!
“'_"
@‘
\\-J

"T'l‘::\;"&["r?‘;g——J—’

pull
oo
4
AN
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T TE e THET  ZBARRETE D iR RAEP Y > AR ED

M ERBRY R -BRRA- TALEZLALH S MARF T M %
(is-a relation) > %3: Bz R ETE ®AEFR 2O njaﬁ.}l;?p FEE_ 0 R PR
TR AR P E A BWERANAF AR ZRREERPRZF O LA E

EoRFREAL I EERABRTE o F

HowNetSimScore(Word1 — Entryx, Wordz — Entryy)
=wi* PrimaryScore(Semx,l e Semy,l)

+ w2 * SecondaryScore((Semx.a...Sems. n ), (Semy....Semy. m ))

P s hitERERR2Z F’J’;’v’nrgb/éi B Thens SEa > AP A it
HERZTM s AR APILEZERF PR o B AR
(1997:270)70 5 & B3F R AF A0 AR 2204 BF R Zx“?’ £ &‘Fﬁfi FaganE LA
4 & (Information Content) > #-% i 320 4 1‘]%‘: pa- BAL R - BIEFLY
Sem (4p § *>avip? dhk R)g L £ Entropy(System) Entropy(Sem) o #% i

EREEC N FM&JL(1997)*L;‘: 22 4
WLE o

frged B BEERRAUPIE LSS BEARTLESBFILALE TE I

BALEARG L FE0 BRRARAR 0 Fpt 5 - IR AP IR LRACT

(‘“\ﬁr wk \

mw;z. j\“J-E,rr-;&_c’ é%}’ém

PrimaryScore(Semx M Semy.1)
= InformationContent (Sem..: N Semy.1)/Entropy(System)
= (Entropy(System) - Entropy(Semx,l N Semy,l))/Entropy(System)

I L A 57 RV s kA
SecondaryScore((Semx,z. ..Semx, n), (Semy,z. .Semy, m))
i=2 j={l.m}

(Zn: MaX((InformationContent(Semx,i M Semy, j)/Entropy(System))/ (n - 1))]

i=2 j={l..m}

(Zn: Max ((Entropy(System) - Entropy(Sernx, iMNsemy, j))/Entropy(System))J/ (n - 1)

AL (n>=m)r s AR - BERIEDTERAORR IR ENF - BRIEOR
RoKF- BFE? S BRRAF T RERE S - BRE? 2 BER Y
#E WE & - BFRiE?P ERERT TES - BRIER RIS KRS DL B

- BiEe 2 BERE 'm/n\ﬁ;:—“f-’ia’?j&{‘k P AR Z IR P A o



P AR ",f 12 Entropy(System) £_% 4% 4p 12 8 4 3+ 0,1 2 f¥ o

2-2-2 WHEEAR LR B E

BT T R L B R 47 AR SR g RS
F ]‘%" v Tﬁ.)}*‘]’mﬁa o)

S
theme
NP .
quantity 1 quantity NP --> Head_Nega
NP 1 theme NP --> head_Nad
- 1 S --> quantity NP theme NP Head VHI1
cal

Head Head VHI1
Neqga Nad
Wordl Word2 Word3

DREIERS ST O S

F - B Ed AR GBS RGN RaAMEF AL L 2R S B
Foop ko R BRAUE S > FA RSB NI A 0 R 5 0 T
AT o

i={VA, VAC, VB, VC, VCL,---Na, Nb---.A,---P,---}

Categoryi =< freq(parent node1), freq(parent nodez),...freq(parent noden ), freq (sibling node1),
freq(sibling node2 ),..., freq(sibling nodem ) >

ER L Bpsp e £ 150 P QIF T ANk g a2 B ehdp AR R - 4T
B A0~ 2ZF 1 47224 F 0&2 72272 F
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Category: ® Category;

CategoryScore(Categoryi, Categoryj) = .
|
A s 3R A VH 8 ende i@ L d i fp RS £ 1 o "f 7 VH #T ena 58
VHC #g ¢ » VH &8+ 302 VI 8540 A28 B - VH £52 VI 55 % ' 5 ki de30
o Pend B AN T Eanh ~kcE o VIdg sl '}gfﬁv”j R AY S AP
FE“ R A VIFFAd R ad i PRS- BH > BZH oAz 2 IR AHE
g R - BAPKGHAA N KeRm VHIFE VAR A2 R 53
VH#E VAGFHE? 2 F 5300 6 Pand w3 d FE Rk Eaow s o

‘Category[‘ *

TE!

¥l @HEAR MR ENA)

1 AR 2 AR R
VH VA 0.674
VH VC 0.611
VH VD 0.643
VH VE 0.540
VH VG 0.591
VH VH 1.000
VH VI 0.736
VH \A 0.655
VH VHC 0.852

2-3 Ap (230 chiE B~

B R AR R RIERIFGOA SR 0 Z BRI Fe - A By
AR ERER - SRR ATH R E A NG IR 2 5T A TR R
B - BATATE P I > AP T D A R D E R s 1 8 AT
R B SO I F]R TR F AL B R B RGER Y chls g 3 enA A
B30 AR DR 0 F A5 DUAR R B SRR 0GR 1T R ATENA S s 3R I RGP AT e i

A E R A BRI IRE R Y R AT

3
If Word= wordbase;+wordbase,+wordbases...+wordbase,
Sim(Word,nknown, WOordknown)
=weight;*Sim(wordbase;_ynknown, Wordbase; known)
+weight,*Sim(wordbase; ynknown, Wordbases known)
+...

+weight,*Sim(wordbase, ynknown, Wordbasen known)
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EHH B AL R EDRGER Y hE - B R AP A B0 A
50 0 R T B R P ERRPGE R Y B AT b 5
AR P R B AR PR R AA R 2 PR G
F BB E RN ki indp 0030 B ATGA S hAp B i
ﬁﬁmui SHEA BEWRAP DR DT E T

Sim(wordunknown,wordknown)
=w*Score;+w,y*Score,
=w;*HowNetSimScore(Base;,Base;)

+w,*CategoryScore(category(Base;),category(Base;))

Wordknown :‘; 7]{ 2 ir2 ;‘?
Base; » A fr# @B Ap o4 B e A
Basej & 40 3082 A frds 304 B P A

Bis- BHBIATALH PR AP F 1 - FAPNE BEE B LP
4F B Rt andp A fice AT U AR R R RIS A o K F BESEE Y B
DK BAp Sk o BB atdp A B LT, @R AR R D E B
T FAFEYE » K Frds e g T H REAR B AR 1T AR o AN xr“rl%’h T - §RIEE
RARMAE Y b F S ERE PG F 1R K @ eh ) I S PR R o

3. F&%E%

PR GRERE S Z KT [ R 0 AR L3 fRie s BiRE 9170
B b 182%  Liwsg s 40455 % > @ 80.3% > 23 A5 F 5 761 B > ik 1.5% -
o~ mw@_%’@i 9170 & A Fds 3@ > T2 5 fgpd ¥ nd e o 87 o B
1000 B #32 § %P8 3% 4L (Final Test Set)> H 4 cn & ods :00§ (T2 %35 4L (Training
Set) » PBl:F% %—nurg % E A1 Eeaasg o

B Ap 2 ¥ @zﬂ%Tw;%o— AEFLAAMARY PLRBZREIL R
IﬁzFé“‘z’v’wL—a‘ » = ;%fgg% o faipnEantE > = ~AFKED ]

TREFDEE G
I FES = HRI & FEehA o 37/(1000- & 2 F-pl ek s 37)

FFIVERNRTE
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AP ALFALS PR FRLEFH O LR KB A R REIR A
‘a‘m%r“énﬁ-? e T A LS K=l FR e £ 5 1200 kfRip
(10 W ek L S L v

FEF PR AT 4 o
28 2 B EE I

+
T~

FREFH LR F AR DR E (W1, W) &R
(1,0) (1,0) 54.04%
(1,0) (0.9,0.1) 57.58%
(1,0 (0.8,0.2) 57.70%
(1,0 (0.7,0.3) 57.58%
(1,0) (0.6,0.4) 56.97%
(1,0) (0.5,0.5) 56.85%
(1,0 (0.4,0.6) 56.23%
(1,0 (0.3,0.7) 55.87%
(1,0) (0.2,0.8) 56.11%
(1,0) (0.1,0.9) 56.11%
(1,0 (0,1) 56.09%

AR ERIWVEL 08 EIXEE RO E L 02FFT UEI RS

AAFERY AP 0820275 L BERBEE BRIV FE o

AEg g

3-2 P% & bb“'

S AR R E R T
RIS A

T w5 088 wy, 5 02 K=l LRI L EFGW £ en

AR 3 FLavgER ISR £

FloEpE@E L) Fi R £ (viw) & FE 5
(1,0) (0.8,0.2) 57.70%

(0.9,0.1) (0.8,0.2) 58.41%

(0.8,0.2) (0.8,0.2) 58.30%

(0.7,0.3) (0.8,0.2) 58.85%

(0.6,0.4) (0.8,0.2) 58.85%

(0.5,0.5) (0.8,0.2) 59.40%

(0.4,0.6) (0.8,0.2) 59.62%

(0.3,0.7) (0.8,0.2) 60.40%
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0.2,0.8 0.8,0.2 60.51%
(0.2,0.8) (0.8,0.2)

(0.1,0.9) (0.8,0.2) 60.62%

(0,1) (0.8,0.2) 48.97%

=

gd P AR AP SRR P
LBt E S 0pF ) T hr S Y
& E R R F ;j—_”':\‘ui'ﬁ A W EI S B i

% chffa) o

ke

T S N SRR R S
Moo b APFIR GG - PR AT
P IR 0 NG RS

33 K g% i

Ed PPk APRAK AN TR L 08202 AR L

ﬁw—égi; 0.9 2 0.1 kPBEK E%i é«%mziﬂ 252 S

% 4 K-value &2 F rr i 4

Frgwge L ERAPMR WV E K-value s
0.1,0.9 0.8,0.2 1 60.62%
(0.1,0.9) (0.8,0.2)
(0.1,0.9) (0.8,0.2) 2 65.82%
0.1,09 0.8,0.2 3 66.70%
(0.1,0.9) (0.8,0.2)
0.1,0.9 0.8,0.2 4 67.48%
(0.1,0.9) (0.8,0.2)
(0.1,0.9) (0.8.0.2) 5 67.15%
0.1,0.9 0.8,0.2 6 67.26%
(0.1,0.9) (0.8,0.2)
0.1,0.9 0.8,0.2 7 67.59%
(0.1,0.9) (0.8,0.2)
0.1,09 0.8,0.2 8 67.81%
(0.1,0.9) (0.8,0.2)
0.1,0.9 0.8,0.2 9 68.14%
(0.1,0.9) (0.8,0.2)
(0.1,0.9) (0.8,0.2) 10 68.25%
(0.1,0.9) (0.8,0.2) 20 68.14%
(0.1,0.9) (0.8,0.2) 30 67.59%
(0.1,0.9) (0.8.0.2) 40 67.48%
(0.1,0.9) (0.8,0.2) 50 68.25%

BBEAPER AP G| ST g g
zd ¢ L’I‘Jﬁ??j‘%;{% 2\ ipe m:;" éﬁ;{—f_\:‘ ) f 18 ,rl éﬁ ‘} i‘a A ,E“%_
RSP AP FIREHL AP F 3L P
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K!f_’ j%_p\o 4
T dhi

EERRSE4antge B § k=l fr2pF AR S mIot &
4 0 Fu IFB{::\‘}F? At mﬁ*f&&" Fl A F AL v

—ﬁ_ ,Jw"rg/,J mfﬂ?] B2z e

REPPE FAPEFS CEApIREREF > TS RS "‘ﬂle‘*

ik & o

%% 5 K-value®2 i g 4

ER R R FERAAMELE K-value it FEF

(0.1,0.9) (0.8,0.2) 1 58.59%
0.1,0.9 0.8,0.2 2 65.12%
(0.1,0.9) (0.8,0.2)
0.1,0.9 0.8,0.2 3 67.65%
(0.1,0.9) (0.8,0.2)
0.1,0.9 0.8,0.2 4 67.97%
(0.1,0.9) (0.8,0.2)
(0.1,0.9) (0.8,0.2) 5 67.86%
0.1,0.9 0.8,0.2 6 68.49%
(0.1,0.9) (0.8,0.2)
0.1,0.9 0.8,0.2 7 68.49%
(0.1,0.9) (0.8,0.2)
0.1,0.9 0.8,0.2 8 68.49%
(0.1,0.9) (0.8,0.2)
(0.1,0.9) (0.8,0.2) 9 68.81%
0.1,0.9 0.8,0.2 10 68.91%
(0.1,0.9) (0.8,0.2)
0.1,0.9 0.8,0.2 20 70.60%
(0.1,0.9) (0.8,0.2)
0.1,0.9 0.8,0.2 30 70.50%
(0.1,0.9) (0.8,0.2)
(0.1,0.9) (0.8,0.2) 40 70.71%
(0.1,0.9) (0.8,0.2) 50 70.92%
0.1,0.9 0.8,0.2 60 70.71%
(0.1,0.9) (0.8,0.2)
0.1,0.9 0.8,0.2 70 70.60%
(0.1,0.9) (0.8,0.2)
(0.1,0.9) (0.8,0.2) 80 70.39%
0.1,0.9 0.8,0.2 90 70.18%
(0.1,0.9) (0.8,0.2)
0.1,0.9 0.8,0.2 100 70.07%
(0.1,0.9) (0.8,0.2)
(0.1,0.9) (0.8,0.2) 200 68.81%
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KL VA | VC % 5 VH | VA # VvC | VA ~E® | VC | VI
® P VvC | VH Az VvC | VH i VH | VJ S VA | VC
RE Vi VA A vJ VH il VH | VA ¥kwvk | VA | VC
o VH | VC o ] VD | VC B VA | VE RiER | VC | VH
EL VA | VC T VA | VH PR VvC | VA Awifc | VC | VA
T VE | VC R VvC | VA R it VG | VC ek | VA | VC
LN VH | VC % | VH | VC w4 1% VG | VC wid | VA | VC
R VH | VC 3p VA | VH A VvC | VA M4I | VC | VCL
LY VH | VA b VA | VH AR VvC | VA vk | VA | VC
gz | vCcL | VC I 4 VH | VC 4 7 VvC | VH gk | VA | VC
9] VA | VH 1 VH | VA JE R VA | VH ERE S 1 VA | VH
£ VvC | VHC k§ | VH | VC ## | VA | VCL &~3 | VH | VA
Aig VvC | VH ¥ VvC | VH B ig] VvC | VA Feud | VC | VH
f¥ | VH | VC e vC | VI (E$74 VvC | VA wix | VC | VCL

271




#T4 | VA | VC BEHE | VE | VH HFET K| VA | VC
BTk | VA | VH k& VH | VA A% 37| VC | VE
70 VvC | VG BRI k| VA | VC wHEN K| VC | VA
Er® | VH | VI XA VH | VA BT | VA | VH
&P | VH | VA #EFAR| VA | VC £ A4z VC | VI
#@igk | VA | VCL T PR VA | VH FHAF| VC VA
4 ¥ | VC | VA BlEe 4| VH | VA BLBE| VC | VH
fz® | VA | VE Hrdedk| VA | VH #2¥v%| V] | VH
HmE VH VA CTIFE| VH VA #BRE%X| VC | VH
L E vC vJ 2 HKA| VH | VA #wi4 i VA | VH
*§¥#H | VC | VE HipiEk| VA | VC HENK| VC | VH
& | VC | VCL fried | VvC | VA “wa ez | VA | VH
&4 | VA | VC Fatig| VC | VH g E| VH | VC
#ED | VC | VH AA | VC | VH 2@\ | VC | VH
Wwied | VA | VCL W@ Ve | VI + %74 VA | VH
T4 | VA | VC mnz 4| VA | VH A HFE[ VH | VA
< vC | VD < %% | VA | VH #HF | VE | VA
F¥r | vC | VH B0 % VA | VC TEul®H| VA | VH
gHR I | VC | VI 45 EE| VH | VA ¥a 2|l VC | VH
427 7 VH | VJ F#iEE | VA | VH Eehfic| VH | VA
U3 VC | VH EHd® | VI | VC
<33 | VA | VH <HEHL| VH | VA
3 | VC | VH Bz | VH | VA
HEEG | ve | VI £HMIT| VH | VA
3201 VvC | VH FEHRE| VC VA
FriE | VC vJ WEE%| VC | VH
#2% | VA | VC #®a4| VA | VCL
@gvE: | VCL | VC FHEHE| VC | VA
24% | VA | VC w4k | VA | VH

A% 4A| VH | VA HEMHE | VA | VH

g4 %52 VC | VH “RE 2| VA | VH

ALk | VA | VHC WwEEH| VA | VH

#Lde | VA | VH <~ #HiE| VE | VH

£2#%<| VH | VA #F2F & VH | VA

P§p#i| VA | VH Am A L| VC | VA

BT k| VH | VA BB R VH | VA

HFkew| VC | VH A EiTEB| VC | VA
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RS
MEHMELARE T RERA LR EENFEZ — 2B ERAKS

EFLLB R 0BT 0 SR AR EE - LR R AREE
BEMFIENBRIT ARERHBLERARSHFALL B THE (Cross
Language Information Retrieval ) v/ & - AHE T EWHBAL -
WEAHENTHERAE > ETH3F (Query Trandation) - 2K w41 3%
B R LB F X RO A S WA TR R e
R BATHY B MR R0 R A AR EERE >
18 A — A M ey 3B R B AR R TE A & o U 48 B 6980 3E - B b R AT
YHHFEBGhTAA B ENMIERBTENHEANEE URS
BB TREORE - AEBHXT > MBIt X R B8FH
Ao BEBITER  BFEAEANERA VLT AMSIEAN G2 7
R BHESEFOEE -

1 @

MEIFRARETREAR LK EZHRAZ— AUNFTHERSE
PoARE T ML be et - AR X ERMK BEFLBRARDNHE T > F A
EO AR ENE > BT R M R RRE - BESAEN T
FX Ao WRE AHMEREBIINT T R BT 0 REMS TR EE
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L ¥535% #x % ( Cross-Language Information Retrieval ) » ST 44809 A & ©

A RABXHEFL  RBEWFAKEIRANGg T HE M > &

RIT - AHETHENMAL  TuskE " x#443% , (document
translation ) - % " &3 F3R&F , (query trandation) &y #7% (McCarley
1999) - B AT R 5 69 B T A AR PR IR B30 B S R B0 F 00 U% © il » £
NTCIR-2 ¢ 3% 2] & 64 B3k £ 74675 % (Kandoeta. 2001) +ay—{E &
MEART O RMBREUAT AR XEF > RSN A4 KEAEH T X
AR RE T ¢

® Assembly Parade Law

Parade and Demonstration
Constitution
Freedom of speech
Indemnification
Communism
Country separation

Council of Grand Justices

Legidation

Amendments

B30 B 423 69 803% 5 A £35 & A4 (Word Sense Disambiguation )
&4 F #2( Ide and Veronis 1998, Chen and Chang 1998 ) ¥ K 3% &4 413%( Phrase
Trandation) &9 F1A8 > o — AR B R ER O REE » ENEIFHER -
REERA AR (Text Collection) +34F 4 - AT A EnFayE &
AT S EN R 093 84 (Lexical Choice) s/BFn XM R 03B A & A8
ABRBAME o oA L3 B 4239 49 demonstration & 15 » £ 4PT Rk 04 ZA &0 E AT
FHELE TR MARREEER R
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BATLHEMRBESHENEE AR B R .

1. # A T3 R E eyEniEsk g (Gey and Chen 1997, Kwok 2001 )
2. {8 — AP ay B e g (Oard 1999, Kwok 2001 )

BERARME  RPBAMNT AR A X B EE - E-BHR

FEGEAR LE R HE - Kwok 345 H1E A R B F il fo — R4

EBE > R AE4F 2] Michael Jordan &£ X 4 B Y EEE3E T AT 51, B
R TREA TN — KA -

B TRSEFoX4EasE > Chen % (1999) #H & R4 %
(occurrence statistics) FAFFE R EEZHE R T - FENTFELA L
FEBETRENEEN  LAMRFRE T —LEAFT AKX M
£ BT Es R B E A 4% (Knight and Graghl 1997, Chang et al.
2001) - Bk SEAHNB B TREA —EORR  FH 2k LB
M RENEREE  CRLBER SRR EM -

BIEVRHBMFH BT REPOENMERNGIFE LAF—£2
mmEENSE  FRER OB BEEED AR BWFHOMEF
%) B Rk (Example-based Approach) o &3t Xk B 803F - ALK E
&6 (data-driven) a9k > LR AE S & A& o B3R R M B 48 B 6980
3F - H 9 XL IBM Watson #F 32 69 Brown % (1988, 1990, 1993) #2
B e AR BEFME > AER LRARE  EEBAEELBRAN
REFTAT o

Rt B M A LAEDER - HR3T X HBEMK S BFHE
( Satistical Alignment and Machine Translation) Jk 47 % 3 B 42 5] 649 %y
¥ ABETREN NI FRE BB A AR RCGEEE - A
BERIXT - RARE — I EFE R E (Alignment Probability )
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Bk REITEHR EROERETH AR R EREHES
B BE -

2. HItAMBMIFHA
HBEFTHRANETEF 0 LBy B A6 & #&M0E (Direct
Approach) » % R & #48 R £ B2 &)k o A7 A AR dE e 3 X ey ok
(Transfer Approach) - £ 1980 X K » B 7L e A8 F Lb AR & 73 X a9 i
% (Empirical Approach) » sA&n3Eeg S5 R-FATHHE AR - BRM SH
Fh o Brown REMBEBHEAAZ KT XME  AEBNERRAT
# oo & Brown 94t AM BB HA T > B SHEX T ehdnFh %
( Tranglation Probability) Pr(T|S)» o s 5 A2 s A T 84 =8 4% & R # ¢

25

)L

() =) #=E0EMH % (Lexica Trandation Probability )
Pr(S|T;)
(b) Z 4 # % (Fertility Probability )
Pr(a|b)
() fxE4mehk % (Distortion Probability )
Pr(i |j, k, m)
P

S A& SHE i AF
T A TWE | B
a®ks kA
ba T k&
k&S ®kE
maT &kE

Brown 44 B e 2 KB @35 T4k ey 2 4750 E > B EE8RE
S TR A T R4k % Bk (Expectation and Maximization
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Algorithm)» =T 43 2| i =B i B eh M 2 B St - £ T & 421k
WH R A B A HREREETAT > RRETHROEEFHE - @
THREAEAE R W ER A AT A 6 B A W R 9 ESE R E
B At AR R EE -

FZBEM EREE > S AR SEEEA PR R R B
A UAL - £ 5ERBEAEA (Noisy Channel Model ) T » & A %038 4%
& o #AARE N-gram 323 84 (Language Model ) - =T LA 44 &
EE R o R IR F % (Beam Search) R fE s R ah H KX > & £ 803F -

3. WANKBHEEMFG KT A

Brown F##A v Eindh® > REANE - FHIFERMEML
HE RS E - AR L EHGBRT 0 £ —@&32E (dignment)
FROEER > AREFTEMET AATOMHEFTOMED RO E
MM ERENRME  BRLE B FWFE A E I T mEm
BEABEOEMME RS, VZIHAHER T BISHEZ BZMLE |
M ELEA L

Pr(j i,k m 01 2 Pr(j|i’,km)=0,i #i

F b LB T eI E - & KI5 a BT H A B IRafE3 - BPEZ
BITRRGBEHE T > EARFEEL S SnEm BBy RA
SbEAAIE TN EE - Bl MAEZFREAXLPEXREBHA
RTAEIZEHE A* THZEFSSSEEILME  »F&

S.I. - {Tli T2}

& - {T?n T4}

S - {Ts}
kA AF=(0,12,34,5) (£ — B OREFAG T XFEALIE  BA T
XFEREHEIEXFHEAL)  £K=3EAM=58 R EBHEAR? » &%
A A B LA 1E 35% o A A ey KT REAE A (Maximum
Likelihood Estimation) » 45 %]
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Pr MLE( A* ) =0.35
2R iy A2 Mk BB 3L ey 1Bk
Pr( A* ) =P(1)1,3,5) P(2/1,3,5) P(3|2,3,5) P(4]2,3,5) P(5]3,3,5)

BPiEg A S ey Ein bk F 4 (0.6) 42t P( |i,3,5) » HEFH#E7RBIK -
BRASESHE

Pr( A* ) < (0.6) °>= 0.046656 < 0.35

Pr(A* ) < Pr e (A*)

BT EEELSEOAHEFERAMENRE > RMRE T AEAT
RARENE A B L T B MUk - AL BURT > EAKR M Endh ik
RO R AT FEEMAZ (Alignment Probability ) - B sb R B45 3% & 18
Bley T E - BFARME BANTH  MmAUMFHER-HF
Ko EBHMRET  RIMERX SHEXT WEEAEPr (T|S) %
AR AR AT 0 R B M R R B

(@ #EEnEM % (Lexicd Trandation Probability )
Pr(T(A) |S)
(b) %4 EM % (Alignment Probability )
Pr(Alk, m)=Pr (Ao Ay Ay, ..., Al k, m)
P

S A SwE i AF

TA)A T FHER S 8935

Ao 5 T FRAHIEE Suyaf 5 etk
A BT FHEZR S 935094235, 1>0
k%S wEE

mzT e&E

WwREHNFSHHEFTAET PAHRE AAMTURAHEBEKE
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phAeEE B(A 1) #2425 E(A 1) > RIGICHE A &RE > LA

S - TA) ={Teni) Teniyn Teap}

A={ B(Ai), B(Aj)+1, ... , E(AI) }

4. B8
RIVEATT — 2P E R UEBRERMR L I E kB8R R
BITATHE - BB E R R T AR A M T 7R E A

1 UEFHERERRELAR SR EREKRE  TETUHFIER
IEFE B ¥R A7 2

2. WMBHRLTEPALELAN WAL FZEHNHEBAZMEY
B AL P EEHEAREN AT €A 0 S 0 Btk
EE&R€i8% ?

3 EFHEMRNLABEMEARE BRI T > EA&RMEN%RT
TEEERGHIK?

4 R HBEFEREY > BRAEBETMENTITHSRK?

41 FEeyxcroiie b R Ee%E

BN GBI R EHE R BB R4k A BDC % 3t 5 (BDC 1992)
MR ERBAEATRGBREHN - A TERETHRYBAR - LHRA
KRPBEAERAXS N 3EANGKE  EFXRERR - BARMELE
WP XYW FEREGRE - BEEBOF ¥R FAATEFE > T2
B TR R E RO 3R - R QB ¥E 2 1% - RI145% 96,156 #
TREE P B BEENRE - B (P, Qn) ,n=1 N KX KiE@E
e

AR > BTN EM FEEL > RAFRE AR B R EaEA
B R EAER o RO T —AREF > =544 Och £ A (2000)
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$7 IBM A4 R A 0 B GETER O HUE - B B 928 2 4 8 fuik 4 R 0y fE 3t

1. BA% 69 B51E > &AIHRIR Brown A R A tyfr B it % o & EM
AL E 2 B A B E R R EEH R E -

2. HAVBZE P R BEEEN  RAX P X TR —RGK TR
B FFAE —HREEMAEE AN BB RE R R T AST
HuA Pr(li,km)=1Um> mikA &G %TE S B
Hkw o F

Pr(i]j,k,m) :1—| J-05_] ’k°'5|

[1]

Ed i= ExFME k= AXFBRE J= PXF/ME M= F

XFBE -
S | 1 [ilk[jIM] Pr(jlikm
flignt| 8 |[1]2]1]4 0.875
fligt| = [1]2]2]4 0.875
flignt| #& |1]2[3]4 0.625
fligt| 47 |1]2]4]4 0.375
goght | 8 |2]2[1]4 0.375
dgoght | = |2]2]2]4 0.625
doht | #& |2]2[3]4 0.875
doht | 47 |2|2]4]4 0.875

%) 1 Bk e) BFHAH

UG- EEZRE > ROBREERT T AEFRL PIEMT—
B XF EXEKRRGRMEREME -l —Fnsht 2EHEX
FEERABPXFE > KT AFE 8 ER P X FHEZTEY - &— 18
Bty Bim e R Ao AR 169 Pr(j | i KmERE - fl4e » $350§
¥R % (flighteight, 3 ##47) HMA AR L TRIFEF2 4wk 18
EEFEREGMERGHRE
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ATEERESMERBEESL > RPN THE LG BZHER B
IEFMEXFENMPXF CHOEFEXREPI(C|IE) AX4TF

N k m

> 2> 3(E R (i)3(C,Q, (1)) Pr(j lik,m)
Pr(C | E) - n=li=1 j=1 [2]

N k m

SN S(E, Ry )) Pr(j |i,k,m)

n=l i=1 j=1
A Pi)& Poz i 5 > Q)& Qx| 5 K=[Pi[» m=|Q
0X,y)=1 #FXx=Y,0(X,y) =0 % x£Yy

S | T |i|k[]|mpPrGikm] Pr(T[S) | Pr(T[S) Prglikm)
flight 8 |1/2/1|4]| 0.875 0.00797 0.00697
flight | % |1|2|2|4| 0.875 0.00797 0.00697
flight | #& |1/2(3|/4| 0.625 0.25770 0.16106
flight | 47 |1|2|4|4| 0.375 0.16901 0.06338
eight 8 |2/2|/1|4] 0.375 0.02903 0.01089
eight | ¥ |2]2|2|4| 0.625 0.04839 0.03024
eight | #& |2]2|3|/4| 0.875 0.06774 0.05927
eight | 47 |2|2|4|4| 0875 0.06774 0.05927

k2 RERGMERAR AR OMGTE
N 2HABLNMEECHAERMARBZTHHRRME B RE
FoPR T XM BEANEE P (CIE)EEENMOF L2 R/ -
RIFAR 2 ATAFEI M R ME » BT ABIHEMT R BNIER F B
MERME - 227 B &k 1HEEREOFN TR E -
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42EM FEX&F —8tE

B — R R A

H T AR RS IME > RFTRT LT EM EEE P ey iEibd
B o $ APk B i B 09 & 48 7% (Greedy Method ) KB — @ %35 h 35 (P,
Qn) MR BEHE - BIVBEXMAENEABA @ —ERATUREEER 0 7]
FEYXF MBEEFPXFRAEHEIN RS —BEREXF - A TRENY
FEWFAM R R R e b A ER AR (k& 2) 0 HFIRT R
BRERRSGERMEY  EARIPXFHRY > TRFEBEXGEL
A SR B X F Rt P X FEE - REWPUT LS SR - &
BlAA R T XF > KM BAEENE —EFPIRME (threshold) % ik - 2
AEBOFTIXT  RAABAAHERRXT - RIKHEHHEPIEME -
TR RAZBE RIRW BRI AN EAOH L - O S0 A
A BBFIRIRBRE 2% 0 L0008 & FI4E1E > 7T £3 RIF RSB A
ar44REL Y - BE 2| “flighteight” a9 F > bk 289 E M@ > RFITHF
Blhok 3yt KX (0,34,12) -

S | T i) kimPr(ikm) o Pr(Ti|S)  |Pr(T;[S) Prfikm)
flignt | # |1]3|2]|4| 0.625 0.25770 0.16106
flignt | 47 |1]4|2]|4| 0.375 0.16901 0.06338
eght | 8 |2|1|2|4| 0375 0.02903 0.01089
dght | ¥ |2]2(2|4| 0625 0.04839 0.03024

% 3 (flighteight, 8 F #&47) 2 &iE#E (0,34, 12)

MEEEE - FHERE R

BB R KA RERK T AE Y HE 7 XA > AT T A B 7] F a9 4
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B R EAFMOETZHEAERLY > HEAEEHEEY X0k
B o RIVMRBRENHEFTFESR S H R PXFHKEMEBET » &
FEHET X Atk R

Al = AT 18 3
Kk m A Pr(Alk,m)
Ao A A

2 4 0 12 34 0.572025052
2 4 0 123 4 0.121317560
2 4 0 1 234 0.085479007
2 4 0 1234 0 0.078056136
2 4 0 0 1234 0.065066110
2 4 0 124 3 0.020992809
2 4 0 2 134 0.016585479
2 4 0 3 124 0.007886801
2 4 0 34 12 0.005915101
2 4 0 13 24 0.004059383
2 4 0 134 2 0.003363489
2 4 0 23 14 0.002551612
2 4 0 4 123 0.002319647
2 4 1 0 234 0.002087683
2 4 0 234 1 0.001855718

R4 RFHOFTRZOEFHERRERSOA IS 4

AERY EMEELANE %A d 0L BHEI R - AR FH
WFRhEME A BT K o K 4 FIARBMEE S B BEIEF] AT 15
LHEF K - k4 TUREE &2
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1 #MEAER > oRFIGRERA BN
BT AE A R SEERSE AR AR G R SR
Fl— 3% X FehdnEe) BARME B K -

— B3 X F R TAEENER 2MA T X F -

2. HRZHHMBAEF AL EEERX L - BTG EHIE 16
T 90% A L tg#s % o

3. HEAERBMALREMRLBR
EOFIH2HAFRBHEMRRMEN S ZTIRGF -

S T [TA) S T(A1) S T(A2)
T-shaped antenna TH R & T-shaped T# antenna R
X-ray examination X Hind X-ray Xk examination twE
irresistible force KT A irresistible  |R¥T4u  [force 71
Unwritten law N unwritten A X |law P
Central Asia 4 25 4m 5 Central + Asia % 4n 5
mutual non-interference | Z R+ mutual a non-interference | & F#
undesirable e ement KRRV E undesirable | R RV 4 |element
unalterable truth & unalterable | 5z 3% [truth
come soon B H B come soon B H B
a desperado RIEZjk a desperado RIEZjk

& 5 ZFRwFhE o RTANSEHES AT H

MEANEHE - ARWFHEAS

EGTHBES KR EOE R RPE KL T 42 HRELHER £
SEXTEERAF P XFEMRE - KOTRRAF — R — etk
FHERAXFHEE FXETHRE > MAEES—ERAXFTLERE
TR TXTE  BEFXFEREsHEALELY > MA
RFMEFROFNB - s REFA VGBI TF > RXHHEBRRZT S
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REGF & - KA A ey % (bound morpheme) % %53 - AT
“Sempty$" AR AR X FH B ZFEHEN - FEEHFL (daa
sparseness) 97T fE - &I FA"Sany$ R AR K E X T H BRI ET
b F B A Good-Turing #4-F %4t 7 % ( smoothing method )
Feb 2t SanySag gasEM £ -

E C Pr (CIE)
flight FAT 0.6480231012
flight e 0.1411528654
flight L% 0.0602616768
flight $empty$ 0.0296114718
flight L 0.0296114718
flight 2 0.0041786956
flight % 0.0041786956
flight e HE A% 0.0041786956
flight FEAL 0.0041786956
flight Fe s 0.0041786956
flight HLAR 0.0041786956
flight Z 0.0041786956
flight 2t 0.0041786956
flight $any$ 0.0000009248

& 6 “flight” &03F A R B F U F S ey &
& 6 7|4 flight 03FRAE PXFEaIHE > G —FWHE -~ FF -
Sempty$ ~ $any$ - f£iZ — B E AL F o flight ¥ & 2] $empty$ey 4

FAF3H4E 0.0296114718 175 2R 3% & o R B 803 3B AL £ 4o %k 4 99(0,0,1234)
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Fv (1,0,234) g9 F > A RSany$SH R ey B3 EAE T F AR R E A
EMEE ke A ey & EHBE P - HETHABEFHFELT » Sempty$ik %
AR IR MM SEYEK -

A3EM FEEZX&E 83t E

AT EET A BT URAERYRIRE B RTRYES
Ko AP _HWEELLY BMABERAARX Ly Bineh & > L
HRRACRETH R R EH ERE -

S T (A A A TA)ITA)] TA) | Pr(TISA)
flight eight|8 5 #&4T| 0 | 34 | 12 #&47 | 8% |0.0000788100
flight eight|8 5= /47| 0 | 3 |124 #& | 84T |0.0000000051
flight eight|8 = #47| 12 | 34 | 0 |8 | A&4T | $empty$ 0.0000000007
flight eight|8 47| 12| 3 | 4 |8 %F| # #  (0.0000000003
flight eight| 8 /47| 2 | 3 |14 | % | #& | 84 (0.0000000001
& 7 Pr(8 F 47| flight eight) # R & & &2 AT S 4

FomEE Y RMYE—EEEBEE (ST KELE X
FEEARAAGOTAGHET XA T ELFREP(T|S A) - #
HE—HETXAPI(T|SA) A A GKEE A FTREHFRERES,
T(A)) s % e A

PY(T 1S) = max Pr(T |5, A) = max Pr(Alk,m)[ ] PrT(A) [S)

F b 7T e $E A* T T o AR EE
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A =arg max Pr(T |S,A)

K [4]
= argmax Pr(AIk,m)U Pr(T(A) 1)

B+ k=[98, m=T|
(S, T) = (flighteight, 8 F#/4T) Al > PN REHE A > HanEk
Rehst B o
A=(0,12,34) :

Pr(T | SA) = Pr(0,12,34 | 2,4) Pr(8 = [flight) Pr(#/7|eight)
A=(0,34,12) :

Pr(T |SA) = Pr(0,34,12 | 2,4) Pr(#47 | flight) Pr(8 = leight)
A=(0,3,124) :

Pr(T | SA) = Pr(0, 3, 124 | 2,4) Pr(#| flight) Pr( 8 =247 |eight)
A=(234,1):

Pr(T | SA) = Pr(2, 34, 1| 2,4) Pr(#47| flight) Pr( 8 |eight)
A= (12, 34,0) :

Pr(T |SA) = Pr(12, 34, 0| 2,4) Pr(#47] flight) Pr($emptyS$leight)

& 734 (flight eight, 8 F#47) A BERSEFRBEOHET K -
T HBAETE SR AT eks 0 TURE B4
HE>H A* = (0, 34,12) -

5. TR FHIE

RIVEATOE IR > B T ORI XA BEFHAET T/ st 4
FEBEGEHENN - FED T EAGEMBHBEREG LSRR CBENY
Bk > Bk 10 3 269 T T B3 dAB 8 T E &9 &AM R ME - T8y
BA SR THIRBMEORM EMBEE QL ENRHMERD  #E %
B Rk b o
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= T R BoEER

T(A))| T(Al) T(A)  [T(A)| T(A) | T(A)

association football | A X 2 A R AR | B
delay flip-flop DA ER 3 DA ER 3 D& | ERAH
| demodulator [ 12 3% A%R [ 12 3% A%R L1238 | A#3A &
Disgraceful act REIFITH RERIFITH AREM | 4TH

disregard to EN kS A EN L) w7
secret ballot R Lk E R LR Rtk | &E
bearer stock N bR A& Feh | kE
false retrieval FEWE FERE FE | ®E

used car &g &g & &
infix operation v REH FEER R | EE

% 8 FomEHXREFERBITNHT

HERNERBRE  UEEHERERERELAR R0 Ein d
R BT T AT LR EAE G HE ST o 23R 69 B R b i ) AR
B DUATS 2R AE 59 0 i SR AR 89 A

1. e dk T

89 E Fl %02% > 4o association B EEER T HE

"# ¢ o M association football ¥ 4pEnsE A sEH3EmM TA X -
2. BREIEF oH AA T Fe R F K2 (light verb ) » 4o make ~
take ~ to % -
3. PR XAR—EEEFIEA > o (flighteight, 8 FR/4T) -

BIBAHEI M OER > BIRFEREAENHFIL > LBRELF

— o e R o KA E Brown R4S R EIE M 0 B4 F
— YT S AT RIERE o BIFE AR T F g o {EH T AR & 5
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%o REHRABEN LRI TS - HothpF HFHL A% 8

B T EERAAE © &A1ER Och % A(2000) #93F-4E 5 7% © #&
PR BB b 2P > MM 100 A A (A4 2 EEXFA 3HE
# X FekAL 50 B) 0 AT HBER AU RGET > AL F
SR MR TR 24 S(sure) Fv P(possible) - S kmAEEMHE 0 P&
T REWIHE 0 BSOP - HERMERAATIRE T LT LR LLE &
95T LAZF B AT 89 72 ©) % (recall) ~ 2 #£ % (precision) $1 44 3% % (error rate) :

X

ecall_%:@:o.sm
. _|AL P _226
preusuon——w —273—0828
AER(S,P;A):1—|AI S*|AI P, 185+226 ).,
A+[S 273+ 212
6

BPIRETROGER > B —Fm- PRI BUEMUE - RPTE 5 &3 K
REEREEA T AR B

6.1 EAbPHILT ik

BB TR LA ENR RS > RIPITAR B E > GEHEY
BB R E  RAEBITAZHEE - L% RMTRER B TR

R B IRE R LA IF I > il de

(flight attendant AR B )

FATHNREH > A F (flight, %) &3 £ Ee > REsEeg 547 (flight
attendant =R B ) &9 ¥ JE - & AR SLuF AT LR A flight #Sany$ey 44 % o
18 7% Sany Sy 1k & T -3 a 5B 0 BIEE B B A D Bl b e Ak LR T
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B8 0 MR S BRI IR DA &R TTHE o B D BL BT ARG K Av P
XEEHEEAY A ALEPXFELHEARSOBFERELE > L&
¥ R AB B BB -

TXEER A ESGR L AR N 6y B e (flight, #17%)
ay R 5-d0s% (flight, #u) 2 (flight, %) /304 9h & 3R 69 7T SEME R K
e trEnsey (flight, B) RIM¥» 0. Bl4key - £ (attendant, AR7
B ) B ¥Hs) F 0 2 5-%03F (attendant, Ak & )~ (attendant, AR )~ ( attendant,
RRFs ) &977 sE M B8 2R 3 7 (attendant, $any$) &9 -F-3491E - 7 SN ER3E A &
EBRGOBERL > LRLETESHFFHRER - HllodbNgB i A
(preservation, %% ) m (preservation, %45 ) ¥ (preservation, %% )
HRAAERALAIRZH T > HTEMNASHEETEAA T2
EHCY

o RAK EMGEE - B (flight attendant AR E ) &4 JE » 3
FEFRE R G AIMLA Pr(Sany$fflight)F Pr(Sany$leight) a9 #4 % & -
BILB TSR T AW B  do bl A d 838K R Pr(A23) %
RE— - AZHERAT GRRFE=ZFRAENRSTREE SO, 12,
3) » HAVRT ABAF 2] AT 09 R T2 IERE 69 B AT

(flight, 28R )
(attendant, B )

Bk R A S0 #F (fight %) s (attendant, A &)
CETES F R S R R IR T PR

(flight, %

(attendant, AR B )
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BATRMTEERUARXB P XEFURAIXBFXEFma LTP- R
AR EAIE c R BZAEN B sFHLAHHE  TREBE
FLTP ATt & 32 a3 1E -

6.2 %3t X R EMFHAGENR

FAVR B R st X R B H BB EFOEA » TR ANEFSE S
RE T O BSEE o M A LT D PATIER R R BN R 3B 0 Rt
SR RAR B A9 ENE R MF AR AR R A A AT A o

621 AHETHRELYER

ABEZBTRENARBETBE R —F B ey eERe - TUAASEE

F P BB W EOEE o TRMAHWSEFR AT > BMLBRTFE

BEBFHAFSOIFE mAAN s ERNEIHMMH - 3t XHR B

R TBEAMSEIER

1 BA PR EEFER RELEEHREFTHREIY TR S TR
Moo ERREDIERA > LT BRMKEERS - B XAHER (document
frequency ) i P 69%03% - BEMUKITET4T - LT B H R D $05F 40 X
P B A8 B AR K ey B 2 o

2. ZHBMBEEY  BEEFRRIE > AXFEAIKRE R
N-gram:Zs# A - STU A FRE k0 £ ASRRAICHEE - 218
BOETT AR R RAFFZLE RGO R -

BAZE 6 R 0 AR Rey B R R R I EHERE > RMEES
REEHMEF A SHREETZET - KRMOTUEHTFTH LK -

Pr(T|S)=m/?xPr(T|S,A)
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fzagqyﬁﬁ}&ﬁﬁ)
=arg mTax m/?x Pr(T |S,A) Pr(T)

= argmax max I:’f(Alk,m)lj Pr(T(A)1S)Pr(T)

Ed Pr(T)= #2 TyE s A4 R
k=S#F#
m=T & FH

Pr(A |k meg st f16 7 Pr(T | Sayst 5 > 543 A1 X 5 A p 2 SR A
2 7% (Branch and Bound Algorithm) 44 & #% % 5z KAbey T*4E - %A
Ak B EME Pr(A|k *)~Pr(* |S) 44y #z (solution) B4 %
i F ey 5 (upper bound) > HAIA Pr(* |S) ~ Pr(T)&y N-gram £ #4
R BHEEME SRR ERBORRE AFRERREBGERLT -
YEsady Fhy R -

622 A% RHEHEHEM

ZERSRAG AR BEFRARABAGT - ARNEEARNH
ORI ER MR - TARLBHNFTRET > ARHENER > F
RABFH - mEARN S TR % (Kupiec 1993) -

FIA R R B E — B % BT R BHIEME -
e it XA EEERY A T BT RBB TR FH - LK T
5 6) PHABE JE G B P R 35 o 5] 6) PO LR AR R 3B P AT sazt
HERAEEFHE A SEF AL Tt jom

argmax Pr(A[n(i),m) Pr(Tp,y jum [P, A)
. J,m

=arg r/p% Pr(A|n(i),m) Pr(Tj+lyj+m | Se A

n(i)
=ag r/p% Pr(A|n(i),m) I<_| Pr(Tj+B(A,K),j+E(A,k) | Spiis)
al =1

HEf A Bn EAREXHEER m BT XEEM T AL HE
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Pr(Aln,m) & Aeyt R R2E
Spik1 BHERAREP 9FE K BAF
T vEak A POEK BFAEZTHE A TOHEFELAL

3@‘,’35‘.%%% %f}@/h»“
BN EXGF SEXHFT
i @ KEEEZERE (P, Q) (P2 Q) ... h(Py, Q)

(1). w3742 X (Part of speech tagger) 447 3 X 6] F S &y & 5 643
Mo EERAFRBALE 8 FR (lemma) o

(2). sA 34 (shallow parsing) &9k - #i% & T4 &k A 35 (basic
phrase) : Py, Py, ..., Pc & Py = Sy, ey, | Pol=n(i)

Q). HE—EARAREP, HELREOEFHRALEZFIEL T
ey © BRTE S SA ar #L R4 (Branch and Bound Algorithm) 34 & #&
RALTF 7] Ky A* (i), j* (i), m*(i)

n(i)
g mex Pr(Aln(i),m)lj Pr(T s ean.ieecak) | Shks)
" =1

(4) %L‘& ’ﬂﬁﬁaj&}f’ F)I %Aif(Pl, j*@*1, jtm* (|))

7. HREARGHAET A

AKX RBWIORAR > CEA TS FBEL  EABIR T BME
R ARARRAOREER > A RERFBOHELREFT & - KR
ot KR B AREBITREGHE S LTEANENHEZF O H
FoURSGEEIHRENEE - RPATRTY P RENOEY i
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Brown gy B 48R EE T At A EF B HBHRR L ARAGEE -

GBI RBUEETHIER 2K - BB ABRAYNEA - £EE
WX P BIEI RS A R EEHESAL > BRI R EEAL S
Gy R EHESMIE -

BMRARRGT X EBHEARBEF > BB TREELEA
R E BT AT - AT R8P 0 64

L BAGENRE  HNARR M EF ~ §3F) ~ BEFRF 0 JRKF 4
st XA > TRET I B2k R4t ey 3R g e R -

2. WAFEE MM Y AT N B EEMBERE 0 4 BE
EIENEE -

3. B HGIRE] 0 4o Wordnet &9 F 3] A S FEEA R P > UERAE
FIE R BT UL -

&)
AXZHR % 3 B # € 4% 892420H007001 ++ £ 2 44 8h - YEH b IE E R
WELEEHFIRBE T EER -

%&£ RK
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Metaphor, Inference, and Conceptualisation :
On the Development of V-diao Construction in Mandarin
Louis Wei-lun Lu (¥ ‘2i4)
Graduate Institute of Linguistics, National Taiwan University
weilunlu@taiwan.com / r89142004@ms89.ntu.edu.tw

Abstract

Keywords: Construction Grammar, metaphorical transfer, conceptualization

V-diao constructions, according to their semantics, fall into three categories:

A) Physical disappearance from its original position, with the V slot filled by
physical verbs, such as tao-diao “escape”, diu-diao “throw away”, and so on.

B) Disappearance from a certain conceptual domain, rather than from the
physical space, with the V slot filled by less physically perceivable verbs,
such as jie-diao “quit”, wang-diao “forget” and the like.

C) The third category of V-diao involves speaker’s subjective, always negative,
attitude to the result. Examples include: lan-diao “rot”, ruan-diao “soften”,
huang-diao “turn yellow”, and so forth.

The meaning in Type C constructions cannot be gained by simply putting their
component parts together, so in this study, I shall term V-diao as a construction
(Goldberg 1995) rather than merely a resultative compound (Li and Thompson 1981).

Metaphor, as a mechanism of semantic change (Sweetser 1990, Bybee, Perkins
and Pagliuca 1994, Heine, Claudi and Hunnemeyer 1991), is a plausible account of
the polysemy between Type A and B. Type A denotes disappearance from physical
space, while Type B disappearance from the conceptual space. I thus speculate on
the mapping relation between the physical and the abstract, conceptual domain.

Other than metaphor, pragmatic inference is claimed to be a major mechanism of
semantic change (Hopper and Traugott 1993, Bybee, Perkins and Pagliuca 1994). In
such changes, context plays a crucial role. Frequent use of a grammatical or lexical
unit in a particular context may lead to the inference that the context is an integral part
of its meaning. The development of Type C V-diao may relate to frequent
co-occurrence of negative verbs and -diao. (The reason why only negative verbs are
allowed in the construction will be further addressed in the next section.)
Consequently, negative connotation may spread to the entire construction and give

rise to the constructional meaning.

" I'm grateful to Dr. Lily I-wen Su for her insightful comment on this paper.
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There also exists a cognitive constraint on its applicability. The construction
does not allow verbs with positive connotation in the V slot. This is because, the
semantics of the construction cannot contradict the metaphor it is based on (Huang
and Chang 1996). Also, it cannot override, either, the orientational metaphor based
on human experiential basis (Lakoff and Johnson 1980): GOOD IS UP; DOWN IS
BAD.

Hopefully, this study can serve as a valid argument for the interaction of our

language use and grammar, and the conceptual basis of human language.

300



1 V-diao as a Construction

V-diao is traditionally termed as a resultative compound (Li and Thompson

1981). However, in this study, I shall avert this conventional terminology and treat it

as a construction instead, because it actually denotes something more than what its

components literally give. In this paper, I shall adopt the definition of Goldberg

(1995), and Fillmore, Kay, and O’Connor (1988), to define a “construction” as

follows: A construction refers to a form-meaning pair, the meaning of which cannot

be strictly predictable from its component parts or from other previously established

constructions. It may specify not only syntactic, but also lexical, semantic, and

pragmatic information.

But as a construction, what is its constructional meaning? Also, what are the

driving forces of the emergence of constructional meaning? Furthermore, a

selectional restriction seems to stand in what properly fits into the V-slot. In this

paper, I shall attempt to look into the constructional meaning, its driving forces, and

finally, the selectional constraint of the verb.

V-diao construction comprises a verb (be it action or stative), and a verbal suffix

-diao. It gives the final state of the agent, if used intransitively, and of the receiver

of the action, in transitive cases. It may represent: A) Physical disappearance of an

entity from its original position, B) Disappearance from a certain conceptual domain,
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and C) Speaker's subjective evaluation on the result of an event, as in (1)-(3)

respectively.

(1)ta giaogiao pao-diao le
he quietly run away CRS
"He ran away quietly."

(2)ta jie-diao le nage huai

xiguan

he get rid of Perf that bad habit
"He got rid of that bad habit."

(3) diennau zuotien huai-diao le
computer yesterday break down CRS

"The computer broke down yesterday."

I shall begin this paper with a close look at the semantics of the foregoing types

of V-diao, especially the last one, since Type C constructions involve an intriguing

phenomenon: the interpretation of negative results cannot be gained directly from the

compositional parts of a construction, as indicated in Goldberg (1995). Later I shall

further look into how the constructional meaning emerges.

1.1 Physical Disappearance

It is reported that a suffix in a resultative verb compound indicates the result of

an action (Li and Thompson 1981). The first kind of -diao gives the final state, i.e.,

physical absence, of the agent or the patient. Mostly this kind of -diao is affixed to

easily perceivable physical action verbs such as pao "run", as in (1), diu "throw", shao

"burn", and so on.
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1.2 Disappearance from a Conceptual Domain

The second sort of V-diao denotes also the result of an action. However, this

differs from type A in the sense that it represents a less "concrete" disappearance. It

is often attached to low transitive verbs, without obvious physical motion, and

accompanies an abstract noun phrase. Consider example (2) again:

(2) ta jie-diao le nage huai
xiguan
he get rid of Perf that bad habit

"He got rid of that bad habit."

A bad habit is an abstract entity. The giving up of it is almost an undetectable.

But how can we perceive its existence and disappearance? Also, from where does

the habit disappear?

This has everything to do with our conceptual system. We experience many

things, through sight and touch, as having distinct physical shapes and boundaries.

We thus tend to project physical shapes and boundaries on them, conceptualising

them as entities and imposing on them physical characteristics such as existence and

disappearance, even though we can never really feel them with our hands or sense

them with our eyes or nose (Lakoff and Johnson 1980).

Therefore, in this case, a habit is conceptualised as a physical entity. It can be

done away with, fade out, and finally disappear from our conceptual domain as
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physical things do from the physical space. Thus, Type B seems to represent the

final state of usually a non-physical action, i.e., an abstract entity being done away

with and finally disappearing from one's conceptual domain.

1.3 Negative Evaluation on the Result

Type C V-diao denotes a somewhat negative evaluation on the result in question.

It often co-occurs with verbs with negative connotation, such as /lan-diao “rotten”,

si-diao “die”, shu-diao “lose”, and et cetera. However, its negative meaning does

not seem to come from the preceding verb in every case. Consider the following

instances (4) and (5):

(4) binggan ruan-diao jiu bu hauchi le
cookie soften PARTICLE not tasty CRS
“Cookies won'’t taste good if becoming soft.”

(5) cai huang-diao  jiu bu xinxien le
vegetable yellow PARTICLE not fresh CRS

“Vegetables won’t be fresh if they turn yellow.”

In (4) and (5), the words Auang “yellow” and ruan “soft” do not themselves

carry negative meanings, but the constructions clearly involve one’s unfavourable

attitude to the final state of vegetables and cookies. The constructional meaning,

which carries negative attitude, cannot be gained from the compositional parts

(Goldberg 1995), in this case, -diao and the verb preceding it. In the following

sections, I shall examine the semantic change of -diao, and try to account for the
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emergence of the constructional meaning of V-diao.

1.4 Data and Methodology

Two main sources provide the examples of the expressions discussed in this

research. The written source mostly comes from the Academia Sinica Corpus. The

spoken source comprises the Taida Spoken Corpus, and another eight hours of data

from Professor Lily I-wen Su.  An approximate total of sixteen hours of

conversational Mandarin is adopted to serve the purpose of this study.

2 Metaphorical Relation

It is argued that, when a grammatical meaning is derived from its source, there

often exists a metaphorical relation between the two meanings (Sweetser 1990, Bybee,

Perkins and Pagliuca 1994). Such semantic change takes place to serve certain

functional end in grammar and discourse, as indicated by Heine, Claudi and

Hunnemeyer (1991:48):

We try to demonstrate that metaphorical transfer forms one of the main driving
forces in the development of grammatical categories; that is, in order to express

more “abstract” functions, concrete entities are recruited.

Similarly, Goldberg considers metaphor a mechanism to develop polysemous

construction. Her study on the way construction indicates that metaphor be a

plausible cause of semantic change, since it involves a “metaphorical self-created

path” (1995: 203). This corresponds to my observation on V-diao: a metaphorical
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transfer takes place when the construction proceeds from the physical domain to a

conceptual domain, denoting metaphorical disappearance.

2.1 From Type A to B: Metaphor at Work

The above claim seems to be the case in the development of -diao. The
meaning of Type A is the most concrete and physical, since it indicates a salient result
after some physical action is carried out. Type B, on the other hand, denotes
disappearance from our mental space instead of from the physical space. Now

consider (6), a typical instance of such metaphorical transfer:

(6)a.ta xiang pao keshi pao-bu-diao
He think run but run-not-away
“He tried to escape but failed.”
b. zhuan ge shiwan pao-bu-diao
earn PARTICLE a hundred thousand run-not-away

“(Someone) should earn more than a hundred thousand dollars.”

Pao-bu-diao in (6a) denotes the unsuccessful outcome of the agent’s escape.
The agent fails to escape and will not disappear. In (6b), it means that, the landmark
“a hundred thousand” is certain to be met. However, not every single case of Type B
has a counterpart in A.  Actually, most Type B constructions do not.  Pao-bu-diao is
simply a case employed to illustrate the metaphorical relation between the two
polysemous constructions. In most cases of type B constructions, the V slot is filled

by less physical verbs, such as jie “get rid of” in (2), hulue “ignore”, wang “forget”,
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and so on.

2.2 Summary

In this section, I have shown that the physical “resultative compound” V-diao has

undergone a metaphorical transfer, and develops the sense of disappearance from a

conceptual domain. Thus, it makes perfect sense to speculate that the polysemy of

the construction is at least partly contributed by metaphor, since disappearance is a

common feature of Type A and B. This corresponds to the observation of Goldberg

(1995). Figure 1 is representative of the mapping relation between Type A and B

V-diao:
Type A (physical domain) Type B (conceptual domain)
mapping relation
disappearance of > disappearance of
physical shape conceptual shape

Figure 1 Metaphorical Transfer Between Type A and B V-diao

3 Pragmatic Inference

Other than metaphor, pragmatic inference is claimed to be a major mechanism of

semantic change (Hopper and Traugott 1993, Bybee, Perkins and Pagliuca 1994). In

such changes, context plays a crucial role. Frequent use of a grammatical or lexical
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unit in a particular context may lead to the inference that the context is an

incorporated part of its meaning. Goossens’ research on Old English modals (1982)

reports that, there were rarely “real” epistemic markers in OE, and that possibility

markers frequently combined with adverbs to express epistemic functions. That is,

speakers could have generalised and have extracted the epistemic meanings from the

context and have imposed them on modals. This suggests that frequent

co-occurrence with a particular context may “colour” the semantics of a gram.

It is highly likely that the final stage of development of V-diao is based on such

mechanism. I have argued for the existence of the constructional meaning in 1.3.

Now let us see how language use and context collaborate to lead to the constructional

meaning in this case.

3.1 From Type B to C: Emergence of Constructional Meaning

In Type C construction, the sense of disappearance retains, but there seems to be

something more than the combination of the verbal sense and disappearance. In

general, these constructions involve undesirable assessment from the speaker. That

is, the speaker obviously does not favour the consequence of the change of state.

It is noteworthy that Type C constructions can be further divided into two

subtypes by the verbs in the V slot: 1) Verbs with negative connotation, such as lan
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“rot”, si “die”, po “break”, shu “lose”, and so on. 2) Neutral verbs, such as huang
“yellow”, ya “croak”, ruan “soft”, and so on. This classification highly pertains to
the emergence of constructional meaning. Let us see how.

Initially, only the former constructions are formed. They simply denote a
metaphorical disappearance, labeled Type B.  As frequency of use increases,
speakers tend to associate the construction with the adverse image. Such frequent
collocation of verbs and the suffix may invite the inference that the constructions are
used to express one’s unfavourable appraisal of the situation at issue. The context is
thus “semanticized” (Hopper and Traugott 1993:75), and becomes an integral part of
the construction. Consequently, the construction may accommodate neutral stative

verbs in the V slot and still gain a negative interpretation. See (4) and (5) again for

illustration:
(4) binggan ruan-diao jiu bu hauchi le
cookie soften PARTICLE not tasty CRS
“Cookies won'’t taste good if becoming soft.”
(5) cai huang-diao  jiu bu xinxien le
vegetable yellow PARTICLE not fresh CRS

“Vegetables won’t be fresh if they turn yellow.”

“Yellow” and “soft” themselves do not signal any adversity. The adverse
meaning is subtly signalled and triggered by the frequent occurrence of negative verbs
in the construction. In other words, the constructional meaning, i.e. speaker’s

negative attitude, derives neither from the suffix denoting disappearance nor the verb
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preceding it, but could have been generalised from the constant collocation of

negative words and -diao. Now even neutral verbs may fit into the V slot and

indicate negative assessments.

3.2 Summary

Pragmatic inference is one of the driving forces of semantic change, and I have

proven that it is at crucial play in the development of V-diao construction as well.

First only verbs that result in physical and conceptual disappearance may occur in the

construction. Then a group of verbs with negative connotation prompts a deduction

of constructional meaning. Consequently, the negative sense of the verbs has

transferred onto the entire construction, and the constructional meaning is drawn: the

speaker’s undesirable appraisal of the result. The following figure illustrates the

development path from Type B to C:

Type B Type C
negative meaning meaning has transferred
comes from context > onto the construction

semanticization of context

Figure 2 Semanticization of Context and Emergence of

Constructional Meaning
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4  Conceptual Structure and Selectional Restriction

As the construction develops its polysemy, it comes be used in increasingly

wider contexts. At the beginning it only accommodates physical verbs and denotes

physical disappearance. It further proceeds to tolerate less physical verbs and

metaphor allows a sense of conceptual disappearance. Finally, it may apply to a

variety of stative verbs to express speaker attitude. Nevertheless, in spite of its

seemingly free occurrence, some restriction still exists. Consider the following pairs

for illustration:

(7) a.wo zhengge ren sha-diao le
I entire person stun-Suffix CRS
“I was entirely stunned.”
b. *wo congming-diao le
I smart-Suffix CRS
(8) a.dongxi langfie-diao le
thing waste-Suffix CRS
“The thing is wasted.”
b. *dongxi jenxi-diao le
thing cherish-Suffix CRS

From the above pairs, it is evident that the V slot does not allow verbs with

positive connotation. It seems that the semantics of positive verbs clashes with that

of the entire construction. Why is this the case? What is basis of such selectional

restriction?
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4.1 Metaphorical Basis of Selectional Restriction

Previous studies on Mandarin -gilai constructions claim that the development of

grammatical units cannot contradict the metaphor that they are based on, and that the

collocation of -gilai and verbs are conceptually restricted on a semantic basis (Chang

1994, Huang and Chang 1996). My following observation on V-diao corresponds to

this claim.

I have argued for metaphor as the driving force of semantic change from Type A

to Type B V-diao. Further, this metaphorical transfer obeys the orientational

metaphor GOOD IS UP; BAD IS DOWN (Lakoftf and Johnson 1980:16):

Physical basis for personal well-being: Happiness, health, life, and control- the

things that principally characterize what is good for a person— are all UP.

The physical and experiential basis for DOWN IS BAD is also evident in our

language use and conceptual system. Syncronically, the most basic meaning of diao

is physical dropping / falling and involves downward movement. It follows that

diao can relate to something bad in our conceptual system. Be it grammaticalised or

not, diao should never override the conceptual restriction to modify something good.

In other words, if the metaphor DOWN IS BAD is truly at work in the emergence of

the construction, it seems rather natural for the construction not to accommodate a

verb with positive connotation. Thus, conceptual / cognitive restriction can fully
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account for the intrinsic incompatibility of positive verbs in V-diao construction.

The above semantic restriction is critical in the development from Type B to C

V-diao, and without it, the rise of constructional meaning would be impossible. The

constructional meaning is language users’ generalisation from a previous existin
truct 1 1 > lisation fi t

pattern. The constraint must have existed prior to the formation of constructional

meaning. Otherwise, without such a selectional restriction, the construction would

fail to emerge, since positive verbs would intervene. Therefore, it is justified to say

that this constraint metaphorically shapes, or at least helps to shape, the constructional

meaning.

4.2 Summary

In this section, the incompatibility of positive verbs and -diao is closely

examined from a semantic viewpoint. The meaning of diao metaphorically

constrains the verb types it co-occurs with, which proves the metaphorical nature of

our conceptual system. Also, such selectional restriction results in the emergence of

constructional meaning. The metaphorical condition on constructional meaning thus

reflects the interaction between grammar and human conceptual system.
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5 Conclusion

In this study, I have classified V-diao constructions according to their

semantics, and have explained the constructional meaning. In the second section,

metaphorical transfer is argued to be an important mechanism in the development of

the construction. Furthermore, I have discussed how pragmatic inference enables

language users to arrive at the constructional meaning. Figure 2 shows the different

stages of V-diao construction and their change of mechanism.

Finally, a selectional restriction on the V slot exists. The exclusion of positive

verbs is conceptually conditioned by the semantics of diao. This suggests, the

semantic change and grammaticalisation process of a grammatical unit, or a

construction, is conditioned by human physical and experiential basis. Hopefully,

this study may serve as a valid argument for the interaction of our language use and

grammar, and the conceptual basis of human language.

TYPE A TYPE B TYPE C

physical (metaphor) conceptual (inference)  negative evaluation

Figure 3 Development of V-diao and Change of Mechanism
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