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Abstract: Probabilistic grammar assigns a probability to a sentence or a string of words, while
attempting to capture more sophisticated syntactic information than the context-free grammar
(CFG). A probabilistic context-free grammar (PCFG) is a context-free grammar in which every
rule is annotated with the probability of choosing that rule. Each PCFG rule is treated as if it were
conditionally independent; thus the probability of a sentence is computed by multiplying the
probabilities of each rule in the parse of the sentence. The CYK algorithm is a bottom-up dynamic
programming parsing algorithm. It can be augmented to compute the probability of a parse while
it is parsing a sentence. PCFG probabilities can be learned by counting in a parsed corpus
(tree-bank), or by parsing a corpus. The Inside-Outside algorithm is a way of dealing with the fact
that the sentence being parsed is ambiguous. Probabilistic lexicalized context-free grammar
augments PCFG with a lexical head for each rule. The probability of a rule can be conditioned on
the lexical head or nearby head.

Keyword: context-free grammar, probabilistic context-free grammar, probabilistic CYK
algorithm, probabilistic lexicalized context-free grammar
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1. EFXERIEE S TR X
N3G KB (Context-Free Grammar, fij#k CFG)G AJ LL5E X M PU e G={N, =, P,
S} b, NZAEZMRFTSHES, T REWS SIES, S BYIGTTS, P 2mEHn,
F e A
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B, FATEW I BRI KIEZE{N, 2, P, S}:
N = {S, NP, VP, PP, Prep, Verb, Noun}

> ={like, swat, flies, ants}

S={Ss}

P:

S > NPVP

S>VP

NP - Noun

NP - Noun PP

NP - Noun NP

VP > Verb

VP > Verb NP

VP - Verb PP

VP - Verb NP PP

PP > Prep NP

Prep > like (%302 “Ug™

Verb = swat (% 3Ug “Hiili” )

Verb > flies (% & “ %7, FREER — AFRILAERT)
Verb > likes (£ Y& “F=X”)

Noun > swat (L7 %1, GIHIHAT)
Noun -> flies (% X “tmii”, HH)
Noun > ants (7 St “Hi”, 40

PANEER], swat 7] MBS, thn] ML A A2 17 48 s likes W] LA I
AT LMEA G s flies wT LAMSEhIAAE,  thn] DA 1
WERFA L LR SCITAEERI R HOR (e &l o brik. Earley 50545, MUHRIXFE
(RS S AT 91 R “swat flies like ants”, P LA EI a1 R = AN G5 R A ] (R B 1 1)

S
|
VP
e
Verb NP PP
| | T
swat Noun Prep NP
| | |
flies like Noun
|
ants

K1 BEK TL

HATRXA MR S5 T R0) 5108 SO “ B dr s — e o i 7.



S

/\

NP VP

NLun Verb/\PP

sv|vat fl|ies Prep/\NP
e an

ants
K 2. BB T2
HAXAHEE gty T2 0) 718 ot “Swat G i—AE L &7,

S
NP/\VP
NOLm/\NP Verb/\NP
P T
fli|es an|ts

K 3. WIEK T3
HATIX A TE I 2548 T3 1A 1) 7 SO “ Ui Swat [ — S84 i = 0 s 7
[FIRE— AN DT TR T =P AT 45 R o R IXA ) T IS RN &5 SORAT A2 3.
VAR T2 AN A 30030 9 e ) PR 85
H AT D3 T AN Fr 58 SV i v A HE B 5 SC, 80, 6138 4% PR A1 14 7 v
BE 1) i 1] SCHEB 73855 o AR X S8 B5E TR 7 VR il 5 SO AR B4R . T2,
SEA PR S bR SRR, R T ek, YA TR SO IRV I ) i
MR, IR Rk gt B SO OGE .
76 HARVE 5 AR B OG- RU 7 VA AN G v vk I e S W TV A R I B T SO S
206 DRI L o AT — SE S A AT R A AR i P 0 o
Noam Chomsky .7 1956 “Flidi, , “SRIMMN MINRE], “A)FIIMR XS, 7E(F
AN TR ARE R R, #E—A e EHS.”  Chomsky 584 TEH “ A+
(IR, Ao T Gevt iz DL
I IBM 72w Watson BIFF0H Lo il S iF 5 4L 1 5N Fred Jelinek 76 1998 4 (i fth 7E
IBM & EFFALD) A5 R, M sasRis s N “BE 98 5 K B T RATTH
R4, WS RBRSIE S T MR g AT BRE 5 U TE 5 2 K 20 H AR

LIXE Jelinek ¥ 1988 41 12 J1 7 HAE FUARTE F AP e 2 LK kR . 7E Palmer Fil Finin
(1990) HRXANVHE N, BWASE FPIXBGIC: SN el ARz, Jelinek U
FIESE 2R %I, Ahili: “Every time | fire a linguist the performance of the recognizer improves.”
AU —MET R, BT PRGN ER S eE 28,7




AP .

A%, IX P A8 2 TR LA R A 3 B o

PUE A= 1D/ o A1 1 PP SR AY 82126 72 5 W R o ME v W T e 0 B ol X
MR B 5T, — PR IR BRSO REE, R R BRI AL | SO kT
o NHEEATD RN AL PR

2. BEZE EFXCTREE
MEZ |- 306 %183 (Probabilistic Context-Free grammar, &% PCFG) YA KL IR 3¢
JeKiEV): (Stochastic Context-Free Grammar , &% SCFG). XFhiZil 2 i1 Booth (1969)
AR KRN
RS FEERT LE SCAHPUICAIN, =, P, SYo M N O RIE LR — A RS
W A> B EXI—AAH M p -
A-> B [p]
K. BRSO REER T o — Rt 6 = (N, 2, P, S, D}, L D 24— H
FRURMEE p IR, XA BRSO T AR AT S A B NAF 5 5 B B % p. XA
SWUBIRCYTF
P (A> B)
WA HA:
P(A=> B[N
MN—ANFELFT S A S B N NAXE IE— DI GRS OL, I HILHEZ 2 RN %55 T

i, AR T TR R U BUBER M ZE T, BATRT DASRAG RN (R, IR, FRATT
AT AZE R (A BN SOTE SRR IR . g B — 2R B 1o T, FRATT
A AR T A B SCTE SRR O — M S MR R R SO RERE T XSS iR
ORI

S > NP VP [0.8]
S>VP [0.2]
NP - Noun [0.4]
NP - Noun PP [0.4]
NP - Noun NP [0.2]
VP > Verb [0.3]
VP > Verb NP [0.3]
VP - Verb PP [0.2]
VP > Verb NP PP [0.2]
PP > Prep NP [1.0]
Prep - like [1.0]
\Verb - swat [0.2]
Verb - flies [0.4]
Verb > likes [0.4]
Noun - swat [0.05]
Noun > flies [0.45]
Noun - ants [0.05]

VER, XL, P AR — AR AT S S K R Z RO A 1o HATEL




Noun A ZciB MM MEZE 2 A 1, T2 EcE, FRATA R RS2 T L4, IXEe4)
P>k H Eugene Charniak )& 2 (41115 75 5 >J )(Statistical Language Learning, The MIT Press,
1993.), HEA RBINERT o HER s B 2% B e o 22 3R

WA HT AR AT B, B BN SOGB4 1) IR — MR M
—AMRTEE T REZE %5 T WEE— DR 5 145 2 n 5 7 IR r (R 1) Sl A

Tors § BTae)
n& T

SO, n TR SRS, T BRI R B AR, NS p R
B T B, T BB, KSR P e MR R . SR, e L ke
AR R, WA SO R T

B, AT LR “swat £lies Like ants” =R KRG f—
AR L I AT SR

BRI T I T 52 IR

S[0.2]
V|P [0.2]

Verb [0.2] NP [0.4] PP [1.0]

swat Noun [0.45] Prep[1.0] NP [0.4]
fl|ies like Noun [0.05]

ants
Bl 4. JEZmzgl i BT MR RTE K T1
45 L RN RO AR S, AT DATHSE R TR I T a0 R -
P(T1) = 0.2x0.2x0.2x0.4x0.45x1.0x1.0x0.4x0.05
=2.88x10”
WIBIE T2 I T M2 522

S[0.8]
NP [0.4] VP [0.2]
Noun [0.05] Verb [0.4] PP[1.0]
sv!/at flies Prep [1.0] NP [0.4]
like Noun [0.05]
a|nts

K 5. AR S ri BN T AR IR B 1E] T2
L R BRI R R R AR SR, At nT AT AR I T2 (R R



P(T2) = 0.8x0.4x0.05%0.2x0.4x1.0x1.0x0.4x0.05
= 2.56x107
WIBIE T3 I T M2 542

S[0.8]
NP [0.2] VP[0.3]
Noun [0.05] NP [0.4] Verb [0.4] NP [0.4]
svv|at Noun[0.4] like [0.4] Noun [0.05]
flies ants

Bl 6. AEZemgl i b T MR E] T3
45 R L RN RO AR SR, AT DATHSC R T 1] T3 B0 R -
P(T3) = 0.8x0.2x0.05%0.4x0.4x0.3x0.4%x0.4x0.4x0.05
= 1.2288x10°
HEROX =AM AR, FRAT 14T
P(T1) > P(T2) > P(T3)
FRIERFE B M, FRATTAT LA “swat flies like ants” X AN n] BE I S5 44 )2 T 1]
T1 BRSO T — R T e XA 5 AT B — 80, 2 IIX
ANTRESR AT DRI, A HIXFE ) 5, I LU R]— AN 08 S ) 1 A [ 78 151 P
B, RPENER BRI TR I A 2 T a5 R, (8] LLIA BB SR ) H
MBSO R SERISE RS : AT S BT IS 3 B T MRE IR (GRATHEE AT
1 T (S)) ik A IR B (FRATTHEE IS T VA IERR g A .
ML, WERT € 1(8),, MAa, MERERKBILE T(S)K55F T argmax P(T). Al
f:
T(S) = argmax P(T)
T argmax P(T), #tAT A SIS s KIOR B I . WL, R LR SO0 SAEVE =2 5 SO
fEIAT 1 TR

3. & CYK Hik

(TR BRI A s AVE M iR (&R, 2000)H, FAT1E A4t CYK
#% (Cocke-Younger-Kasami algorithm), CYK 52 —Fh A i i) sh A BRI,
S E R SO EE R ST, ] DO ARSI — AN 1 I R R o X PRI SR
M “HE CYK 511k,

e, BAMoE, MR BRSO R & H A Chomsky Jix{(Chomsky Normal Form)f,
WHE UL, R —MEZET A ESHNEA S S A> BC, 8N A>a, 4,
XANEEE B AT Chomsky Y. CYK SVEBUE I N AN i L RUE 454 «

® ffiN.

-- Chomsky =¥ PCFG G = (N, =, P, S, D). EILMT S IN RS I5H

1,2,..... N[, WHGTFSIREIS R 1.

—~ n NI WL L. Wi
® HdligEi. ShAMEIEAL n (i, ], Q] nEEAE I 0L B AEEWR TS N a K
PadiB N b v P O <o) @ T e W AR e o T U el [ O3 222



® inthe HOMERTINTRZE w1, n, 1] HIHTR IS S, ST 5 70 50 wy ... w, 19

FIRHEAN 45 HR b

LA RIEE—FE, CYK BERM Akt e iR 54], MRk, &8
AT IHAN . AT RS, FRATH wi R WA T BRI j R RS 8. IXFE, 3R
(NEEE

@ LK WAVHEKIE N LA (e —AN 598 wi) . £ Chomsky Yo H,
S EMARLRRAT S A ETF N — N5 wy R 8 FURSR BRI A > wy (R HACY
A> w2 PNEGHUE, A= w).

® . XTKEKT 1 dength > 1) WFIEFFSH, M HACY R DA A
> BC LKAk, 1<k <], A1 B HESH wi (AL kK DMFF S, CHESH wy ST j
—k ANFFT R UK BT B L SO AT 5 B wyg 2250, BT A PP (0 R
m o, AR BN AT, 15 wy OER . 248K, X B wy BT g L A
(AT, T A, BRATTEEAE T n] RERAEIAT o (2 76 T A mT e K PAE R A ] RE R O,
PR S K IR 1 A AT TR AT &5 2R

PifEMESE CYK Bk, FRAT o] LM A2 Earley 5L, MR 4k B0 ATk 4

4. FRIFIBEZR HRE

MEZE R SCTERIEVA MR 202 IR FEL R IR 2 AR P Rd 42 ] LAZG TE R AR IR 2R o foe 4] 1
IR ) T O G BIINT B R . IXFERTERIEE A “BHEE” (tree-bank).

WIRFATE NN TIF HESL T /M, B2 R A — AN 1 S 350 A Jleo i 1. PR A% T
Bl i TR I b ) g — AN 2R A R I I B ) A7 £ TR ) R (sub-tree) A4 T
— 4% BN SCOEORTEVE R R R, DRI, FRATT T LA v R B BT B o B AR R
X EE bR SRR EAT ST, win] DA — R B SOTE TR . R
BAF BN R L R SO BT

B, 35S HARES (Linguistic Data Consortium) & A7 () FE /A % (Penn Treebank)
(Marcus %%, 1993), f4f Brown WRHZERIHIHTR, BUBAT 100 J7 n], k32K H AR
frZx i (Wall Street Journal), #43iE#l K [ Switchboard 5. 45E — MW, —AMIEL
WRAF 5 BB —AN SR IF AEZR A n] DU I R o R AR Rk V&, SR E R LA —1k, mlhin LIS
B —FBMEE LR SO R

R, B PER N RN N2 R AR AR, BEE B RIS 52 R, S nl AT 1) 75
AR AR N U B R RUBSTE B oK B b 27 SV RN, 3XAE IR 1 302 >, 8 A o
A4 (grammar induction) .

W BRSO, AT BRI i, ASIE I EM O APy,
Iy “CIEINGRIAR 7, —fB 502 “ S UIZRSE) 7. Pl e m I ZRsel, 4800 Rk zE s
SR IE 8 Tx0E 5 A 1B SRS Y ) A R o IE N RS SR AR T DL — R R R
Bt o BTl G I GRS e 2B LEAN 8 T8 5 2R/ 8 . ANTTERMTEL H g &, a0
AN R 1 1) U 2R SE BRGNS, A4, bR SO IGELR A A9l S AN mT fig
(o SR, HATIRATE A WHRRE A ) PRS0 A 8B, Pk, T — i) B SCk
AEE, WERAGE AR R HER o

XFTHEEE BRSO OCTEE, VRGN ISR AR AnE sk B 34 2 SRR AR
WA MEZEHTEE, ITAEAS 1E [ I 2R S48 vh (1) F) 1 MRS 5 K el i, DRI, AN R ZEATAT 1)
BRI ZRSEAG T LUEAT T o BREL, 76 “IBVEIAgh” i, R BRSO GERI— R B
LI RKTEVE R S AT .

WA =R T B RE, FRATRA “m N m4hE” (inside-outside algorithm),



H Bl H W TE R} ZE o2 SN R 2, 5t mT DS B — 8RR bR SCE i AR “ 1)
ANGEVET I, WA TR B U, A AR AR T R SRR E T T, BT
RN, A RE— ARG I — NS, ARG TIA— AR BE, T DI B . (HE,
H TR 2 H0 ) 7S A B ST, 8 SERR _EIRATTDA AR — AN 7 1R — AT 23 AR — A
W0H, IF EARIEIHT NER 25— N R R U AL . 1] Y [ 4TS Baker (1979) #H4
1), XFEER AR, 72 Manning Fil Schuetze (1999).

— ) BTN SCTERIEVE RN R, U] — HLENT, AR A A2 T 4 T T
(1, RBAAEAME, (H5E, hTEs A, AR A 302 ) iR E R, XL
PRAUFSRE T VE R B 141, R A S BT E I G 2l DA e B R G
g o AR MR BRSO REE, — MU A A R T 2 A, AR
R AL, HEGIFEAR TR K, BT DR IE LR AT 1R = (P UHERPE o X TR/ — ey 1 F
I TAEIRF ARSI AMOTE T IS, W% LR SO BRI LLEATTE A NI R, T8RN
MOATIAEAE B B o IXFE, R R SCTESTBETR A T LA B AL B A L fr i “l 47 1E S
MWE

— R R SO TRVEE ) I, HURESS AR R CORGVE” iR E% . AR
FI AR5, ARG FIREREES, AR o X R IMELE T B S2iERHN L 2
MEAT, RUOMAE S HE R, AR 2400 7 1A R AR 2 (1), S RN, X IR IR
T S 2 DU AL AT A ARE 5 0B R A THEIR P XEM B, A2 5 I8 RS 2K . R
FAMEZ R OB, BAG AL AT LU RIIRER,, BAG LT LU/ D IR,
R, M LR SO B AMY AR BE VLI 7, BREAEBEAGVEI ) T, AT
BT “HESLRIGE " MINEE, Bk T “ORIRE " FRPE, (R GH & T 2345 1 Ab H fg
77, MIXFERI AT AR BERE 0T 52 ) FARTE 5 A B R G T2 1

5. MR BT XRREER TR R B

N T REMS AN T B AR T iR M, MR R SCIC R R B R
Bk 1 - ArETEREBE: T4 MR 1% 74 nU B SR A R e ) 7 AL
TR

N TAET U, AEARAMAE 5 2 T RERIEE T A, BAS R — AN AR AS b
Hab=y E P SN LAY

1:5[0.8]
2|:VP [0.2]

3:Verb [0.2] 4:NP [0.4] 6:PP [1.0]

sv!/at 5:Noun [0.45] 7:Prep [1.0] 8:NP [0.4]
fl|ies like 9:Noun [0.05]

ants
B 7. 45 ni Bbs TSI IBIE T1
K7 b, FERXAIBIEIALE 4, A — D NP > Noun, 7EA7E 8, WA — KL
NP > Noun, S 455l NP AMEAFMIAE, WUE, A4 NP B RE I 747 Hh 4L
& Noun, BTLL, 45 NP AEIX P AN AL E I BER AR AT A Y, #0455 T[0.4] « il ii,



S SR S B R R I 4 5B Noun 45 5¢, 15 Noun 764) 71 AL B G54
fRix 2- EFXCRRMRE: 45 IR 5 A% 4 U E I AL AT 5 ek

i, e 7 MR EY, G RAE iE swat i kill, RSO E 3 4
Verb (3, HUZ, AasrBXANRIE B A2 A S 3 45 5 Verb it B I SLAh 45 1
PR, e, BRI IHALSLE S NP, PP 25 MERE (R EEAA . AT WL, BAa ks
SO T B 4% SO R3] R 2R 5 (R R 26T R ), T 1A% T2 P& v Py At A 2 0 25 i Ak
WA o XA R SO AR A7 T AR, et T, et B RS0k
WA, AMCGESMNE BRSO M, i, SRR AR R SO
B 3 - AL RTRWEBE: T 45 mi MR 5S4 S T A Ze 45 R TE K

Bitn, R 7 MRS, ALE 4 (455 NP FIALE 8 (145 5 NP (1 HEZH A0 [H] 1,
U AT EEE SR 2 B AR Noun, T2, 7EA7E 4 194580 NP (R4l mU2 i E 2
(1) VP LALAAE LIS, ZEL7E 8 1145 55 NP R SE S, RURATE 6 [f) PP, IXUEH S 4f i (1
HRAANG S AEAL B 4 FITEALE 8 B4l sl NP [ .

M A X =AM, MR R SO SGEVERAMY AR AR T — M B R SO GEER BR
TERIREE, AR & T B NSO GRS, Fdi T v] LRI A bR 3¢
T RABEIATA)VEHINT (parsing)o B SEAE @ H 1) BN SCRSGERI 40 i BRI A 7
RN FIANESINT I E B SR )G, R — N EEZR S S E—/MbAE, 75 Bk = AMEx
N B AN AE LR G R A AR AR M 4 k25 TS A AU T B A )
REZR, FRATAS 2R T B2 A A MR R TR I o an SR f) 70 B, FRATTE 15 2IAN R
WEMEZRRINIE K], HROX e TR MES, PR a5 K (B T A S R T (R 45
A AT LUK B0 ) AT 8 SO R I H

6. S5 FIIRICAKAT I ) AR

SR, R bR SRR AR SR TCRIN, B AEAE A5 A A R AR A ) i
6.1 Z5HMKAT IR R

AR IR = AN TR B, e R SCTE OB, R 38 () R AR A5 kAT
N, AT HABRAELRAT 5 o IR B TSR BRSO SGEE T, B 2
ML, BT DLRU R4 R] LAAH 3

SR, AEDETE, 45 BRI S 5 45 (M B R A B2 A R . BN, Seifn)
TR A ) T FH AR, 3R R DR A R R R e IR R, TR S [ TEAE S
AT AT, A AT B Ho At A2 i A4 T 9 INBHE . A4 Francis (1999) 1) 7,
7 Switchboard &k}, MRk A) 1) 31EF 31,021 4, o 91%1) 5 2 ACHE . KA 9%I1
TR AR . 5, 7E 7,498 NEEH, KA 34% &, 1M 66% 2 HiAthi .
Fif: - She is able to take her baby to work with her. [{Ciaff =&, & 91%]

My wife worked until we had a family. [AECiA =55, H b 9%]
R 53 (1) 8 AR o
R Some laws absolutely prohibit it. [fCiFE/ =15, 1 34%]
All the people signed applications. [AEfCia M 28, 1 66%]
R 53 () v 2 AR

IXFE 5 5 SO R SCTERTEE I IR T S ABGAL 1) ™ T Bk R o AR TE G AR
W, MR BRSO RIBEA R P FE )15 S5 IS
6.2 WCAKAT IR R

(1) PP : AESEA)TH, AT PP Al LA L sl a6 VP IFRIRIE, o m] LU
ORI T R NP REMTE, SR T VP, S+ NP, Xt il “PP-Hi”



(PP-attachment) [, PP-f{# il 47 5%,
%40, {Ef]§ “Washington sent more than 10,000 soldiers into Afghanistan™, 1141
(PP) *“into Afghanistan”z# B % T4 17 f61i% (NP)  “more than 10,000 soldiers”, Bk [if}
FHTEhRE (VP) “sent” (PRSI 1] LUR — AN B A ) o 3X BAEAE PP-Bf 5 n) i .
FENEZE R SCTRRIETR, 3R PP- 5 1R ) A5 1 T ()R 2 ) AT 3 %«
NP > NP PP (PP {5 T~ NP)
Pl VP > VP PP (PP [fi# T VP)
XA HE I 2 A T I B b . ENZRTERLZE T, NP FEEFT VP A RS vl 45
RUrr:

Eikatds PP M NP | PPIfHE T VP
AP Newswire (13 00 /5 1]) 67% 33%
\Wall Street Journal & IBM manuals 52% 48%

ATCAE H, ERAIIZERES, “PP BT NP” #8Ab T L5 AT o ARHE XA Zert
ghE 0, FAINAZIERE PP B T NP, /&L +$¢ PP “into Afghanistan”[ff# T NP “more than
10,000 soldiers” X/ Mg (HZ&, ERAT EMMA, rid%iE “into Afghanistan” H1E
T PR B0 N A% A P 6 T 3R] B EE VP( “sent” ), IXAERIAIXAS VP “sent” 1EAFERK—AFoR
J7 1) B R T PP, Al S8 “into Afghanistan” TE4F & T IXANESK . % R S0Ek
VB AR AN BE AL BRI A (TR AR A 1) AL

@ FEHIERIE
£ 7 “dogs in houses and cats” 4217 £ 4 15, X ) :

AR NP A AT NP
NP/’ChP NP/\PP
o b ot
A e A

8 JFHIL I X

JUEAE A B EFRATN R ZE AR 2 EA0 Y, H2, H 324G m U AR A T AR 02 5 42—
FERY, X LR

NP > NP Conj NP

NP > NP PP

NP - Noun

PP > Prep NP

Noun - dogs

Noun ->house

Noun - cats

Prep = in

Conj - and



WA A TR, i TR S A AR ], Ao 3 S0 D) o) MR 4 3 o557 L DR P Y
AR BRI %02 — PRI o FEIXPPIE DL T, MEAR bR SO OR R IRIX I TE
DIAH R OREA, Rt i, MEA BSO8R TCIE A 2 1A 1 1B

HIBETT I, BE3 1N SO0 IR TR R AE A8 31 45 R A7 MR I AR T w1 P ol ot #5318 DL
N ToREA T FATE TR B R ILAN @ AR RS — DI T R LR SO A Dhfe, IL
T — N REAE, B BRSO RIEE T S INRNAE B SR OB sk
ik AEBER TR SO SRR AR T AR TR SO R

7. MEEIWICAL B SCRERE

Charniak (1997) #&H T i A OB R R 1 8 A VA SRR b —Fhalil a2
(lexical grammar.), 3XFf iyt Y AONE 22 1m0 bR S0 e 6 1% (Probabilistic Lexicalized
Context-Free Grammar ). 7t Charniak [IMERE ST, FIHTR 45— N5 S B bR Li%gs )
Huthia Chead). 40, fiJF“Workers dumped sacks into a bin” R R <1 T -

S(dumped)
/\
NP(workers) VP (dumped)
NN|S(workers) VBD(dumped) NP(sacks) PP(into)
Workers dumped NNS(sacks) P(into) NP(bin)
sacks into DT(@) NN(bin)
a bin

B9 VAL IR AT AR
XIS, BRIV A B SO ORIEE R UL H A LU B R SO GEE M 2145 % .
Bldn, FATAT LA W RO, RO BE AL R A, AR R

VP(dumped) > VBD(dumped) NP(sacks) PP(into)  [3x107%]

VP(dumped) > VBD(dumped) NP(cats) PP(into) ~ [8x10™"]

VP(dumped) > VBD(dumped) NP(hats) PP(into)  [4x107%]

VP(dumped) > VBD(dumped) NP(sacks) PP(above) [1x107%]

AN FAR T AR R 55— RO, AN, XA LA IER ) -

S(dumped)
NP(workers) VP (dumped)
N N|S(workers) VBD(dumped) NP(sacks)
Workers dumped NP(sacks) PP(into)

NNS(sacks)  P(into) NP(bin)

sacks into DT() NN(bin)



a bin
K10 AN IER BT AR
WA VP(dumped) 5 VBD NP PP, HS4, AT AR IEM AT .
RIAHE VP(dumped) 5% VBD NP, ASA4, 5AS EI LT PIX A AN IEA IR AT o
FRATTAT LLKEHE Penn Tree-bank H 1K) Brown 154 i T 433 il YA 0 00 F14 M %5 .
ANl B VP(dumped)>VBD NP PP [#I455 J; :
C(VP(dumped) > VBD NP PP)
P(VP - VBD NP PP|VP, dumped) =

¥ sC(VP(dumped) > B)
=6/9 = .67
5 AL ] VP(dumped)>VBD NP MANYE Brown & RHE T HEL, K24 “dump”
XA B LR AR B SR T BA R AL S, DRI, a0 e Ja e A v, R A B
C(VP(dumped) - VBD NP)
P(VP > VBD NP|VP, dumped) =

¥ sC(VP(dumped) > B)
=0/9=0.

TESEBRE R, W SRR I A, — AR AT (smoothing), A i S Ui,
K IRATTATE &1 0]

158 ANV AR e 2 o &2, B DL, AR XS A 2 1 1) 10w AT AR A
ETI o

BAr It my DU [IRE I 7 32k b B3 b O] [P 2R

TEIERARHIATR 25 50 PP [ BESE 45 A (X) & 0 1d] “dumped”, 7EAS IEf B BTAR
45 05 PP [ RESE 45 A (X) A2 0yiA] “sacks”
H 4 Penn Tree-bank.[¥] Brown iEEHE, HATH

C(X(dumped) - ...PP (into)...)
P(into PP, dumped) =

> sC(X(dumped) - ...PP...)
=2/9=.22
C(X(sacks) = ...PP (into)...)

P(into |PP, sacks) =
> sC(X(sacks) > ...PP...)
=0/0="

RO, SEI L PP 4SRRI RER S s, B AT LUAI PP(into) f& 1 dumped ML EL
&1 sacks FIHEZR K.

R, SUR— AP AN REUF B — N v LU 5 vk o 53 4h, JRATT T 21
MER IRV TE VA HUZ Charniak 1 SEBRBEEI— AN IRAS . A3 I T — 2L i 45 14 R 35
(hn, g MR A S fUAETE W IR SR A2, JRERH T S A DR 5P Bk, A
ik, B TR R R IOX B G T I AR KN T o Sy A2 Ge v T A 4 5 2 (1
#, B, XArigooisr (argument) S5 JE sy Cadjunct), ST ] IS 26 b A el
(RTRIT AR A G 2R LI 28 L B a2 (1) 11V AR A7 R JR 45 DU K IR (Collins, 1999), K iE1ES:
SE RO T = A e 22 1R (Magermen AT Marcus, 1991), DU 2% & —FR 1 5 R AR 47 55 & (19
U1, JEIE A 2 A5G ) (Briscoe A1 Carroll, 1993), 4545, X sU kb L], R
R, XIURAERR T .

MER bR SO R TEVE R b SCTE B TR TV E R Ge vt Tk 454, 3



1T TH BB E, RRHUE SR 1 R SO REE ARBCSCRIRE )« IR R TET202 244K
THEE S I — PR, Nz s EBATE R .

SE IR
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