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d 1 *@E%L?I%%Iﬂﬁ (probabilistic context free grammar)
Q1.1 RN
Q 1.2 Viterbi &2
Q 1.3 [N R SN

QA 2 #5775V (partial parsing / shallow parsing / chunking )
Q2.1 JTHMMRHR 73 4 TR
Q2.2 B4 AR B WL 20 B 5ok
Q2.3 B TR R BT IR KB 7 0 B R




| ol N W S R A

PCFG: JyCFGH [HE 4 MU i — bR {E

Y P(A—>a)=1
a

OFG POFG
S>NP VP | S>NP VP 1.0
VP>V NP VPOV NP 0
NP >N " NP>N 0.3
NP> NP [JNP NP> NPJNP 0.5 = )
NP> VPIJNP T NP> VPHINP 0.2 "



i ST Y A 2

férﬁ% I%?ET 3TEU& EI|‘J ZTII

N \Y

N

Sio
VP

/\ 5
NP3 NPo3
|

P 0.5

0.3NP

|
N V N H N

"] N

P(S)=1.0X0.3X1.0X0.3X0.5X0.3
=0.0135



i 1R ke 4 1

sentence = “John ate fish with bone”
t;: /5\ o /S\
N|P VP 1\|fP VP
TN T T~
John v NP John VP PP

‘ N\ PN /N
ate NP p ‘V NP P NP

N

fish P NP ate fish with bone

with  bone




SHTRIOIE 15 A TR

S—NP VP 1.0 NP—NP PP 0.4
PP—P NP 1.0 NP— John 0.1
VP—V NP 0.7 NP—bone 0.18
VP—VP PP 0.3 NP—star 0.04
P—with 1.0 NP—fish 0.18
V—ate 1.0 NP— telescope 0.1
P(t1))=1.0x0.1x0.7x1.0x0.4%x0.18x1.0x1.0x0.18
= 0.0009072
P(t2)=1.0x0.1x0.3x0.7%x1.0x0.18 x1.0x1.0x0.18
= 0.0006804

P(sentence) = P(t1) + P(t2) = 0.0015876



i PCEGIK] =A™ 1] 11

25— T B W=w,w,..ow I —HB % BT SO GLEG,

(1) G PR v 55 th G~ AR A 5 B W P(W|G)?
(2) R WA Z Pl BEF)TEVARY ,  WMATIzE 3 — PR i A 2
argmax P(tree | W ,G)

(3) AR ARG RN R 25, A3 P(W|G) & K ?
argmax P(W | G)



Wi Wip Wi e Wy Wi oo Wy Wi oon W

n

A EEFF AR N EB#EZE (inside probability) & X4

FRAE SO G MAHE T B Hw,ow [OMERE, 0 o, (A) i<

T AR




i R A R

a, (A)=P(w,.w, |A) i<
= ZP(Wi...Wk,BQWkH”'WjDC|A)

B,C.k

— ZP(B,C | A)P(w,...w, | 4, B, CO)P(Wy W, | W,..w,, 4,B,C)

B,C.k

= Y P(B,C| A)P(w,..w, | BYP(w,,,..w, | C)

B,C.k

- 3P B0 (B, (O

B,C.k

WS EAR (

 (A)=PA->w) =]



i N R )

MIN: G=(S,V\,V P), FHR HW=w,w,..w,
it P(w,..w,|G)=a, (S)

D) ¥Iaaftk: o, (A) =P(A>w,), Ae Vy, 1 <i<n
2) MG : jM1En, iN1Fn-j, TE NHETHE

ai,i+j(A) — Z ZP(A — Bc)ai,k (B)ak+1,i+j(c)

B,CeVy i<k<i+j

m

3) 45 P(SOw,..w,|G)=a, ,(S)

10
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5 a(NP)=0.18
4 a(P)=1.0 | o(PP)=0.18
3 a(NP)=0.18 a(NP)=0.01296
2 a(V)=1.0 | a(VP)=0.126 a(VP)=0.015876
1 |a(NP)=0.1 a(S)=0.0126 a(S)=0.0015876
1 2 3 4 5
John ate fish with bone

11



i 1.2 Viterbi®

= ViterbiZZ 3, (A): RIEIIEG, MARA LT AHET i
Fw,ow, BT AN BB AR, iR IR
FIACS | (A) o

¢ Hﬁf&

M N B0, (A) E AP fw,.ow TR HES
B2

12



A%

iViterbif%T?in‘i?r‘%?ﬁ?t_

fAN: G=(S,V\,Vp, P), T EHEW=w,w,..w
frd: t* (WLEG Ml BE M )

) ¥Eth: 8, (A) =P(ADw,) Ae Vy,1<i<n
2) NGNS jN1 R, iMN1Bn-j, TR FHFTE

o ___\5,-,,4 (A= max P4 BCYS,(B)S.,.,(C)
U AL (A)= argmax P(A—> BC)S,,(B)S,.,., (C)
UREiD ’ B.CeVy si<k<i+) ’ ’

Pk 3) & P(t*) =35, (S)

AR 5 0S CCBTFIATE ) |
A, (S)TFRAIEI, 35S b 45

13



i Viterbirid: st B 1 i

0.0009072

0.009072 0.006804

0.01296

0.18
John ate fish with bone
1 2 3 4 5
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D )
Viterbit& y o FE s (42)

PSR il e A 205 S A

1 NP 1 1 0.1

2 V 2 2 1.0

3 NP 3 3 0.18

4 VP 2 3 0.126 (2,3)

5 S 1 3 0.0126 (1,4)

6 P 4 4 1.0

7 NP 5 5 0.18

8 PP 4 5 0.18 (6,7)

9 NP 3 5 0.01296 (3,8)

10 VP 2 5 0.006804 (4,8)

11 VP 2 5 0.009072 (2,9)

12 S 1 5 0.0009072 | (1,11)

15



WieWep Wi e W Wiy e Wi Wigg oo W,

A LT A Ah MR Coutside probability) & X -

MR SCIRG AHEH i) Fw,.owy 0 B RSCHOMER, D4R, (A) 1<




i SN R 5 7

1,4 =1=S

IBI,n(A) — {O,A £ S

P, (A)=Pw..w_,4Aw, ..w, |G)

= ZP(WI...WI._I, C, Wiy W, )P(C —> AB)P(B > w,,,..w,)

B.,C,j<k

+ ZP(WI...wh_l,C,w

B,C.h<i

.w YP(C —> BA)P(B—>w,..w,_,)

j+1°

= Y B, (C)P(C—> 4B)a,,,(B)+ Y. B, ,(C)P(C > BA)a,, (B)

B.,C,j<k B,C.,h<i

17



VAN R 2] CF

B=0.015876 o =0.1

‘ B=0.0015876

John

B =1.0
2=0.0009072

=0.0126

=0.0015876
o=1.0

ate

=0.0015876

B=1.0
0=0.0006804

B =0.1
0=0.009072

B =0.00882
0=0.18

[=0.0015876

IO

B =0.1
0=0.006804

3=<0.07
o=0.04296

B =0.00882
0=0.18

g B =0.00882
aEIOdOOISS% —0.18

=0.0015876 =0.0015876

fish

with bone

3

4 5

18



i;smu T

SRR e, mT AR 2 20 v
Number (A — &)

P(4— &)=
Z Number (A — y)
v

SONPVP SONP VP P(SONP VP)
VP>V NP VP>V NP P(VP>V NP)

NP >N ) NPON P(NP>N) |
NP > NP [fJNP NP> NPJNP  P(NP>NP ] NP)
NP> VPHINP | NP> VPIINP  PNPVP ] NP) |
PINP > N) = Number(NP — N)

Number(NP — N) + Number(NP — NP 1] NP) + Number(NP — VP '] NP)

19



i%ﬂ)ﬂw@ YR B T

MI“A>B C il IR HeA S e g e il m 561 T
A, B, C X =" AR 575 RN H Bt

Number(A— BC) = ZP(AZ.,J. B s Crpj IWow,,G)

1<i<k<j<n

ZP(AZ.,J. , B\, Ck+1,j9 W..W,)

_I<i<k<j<n

Pw,.w )

Zﬂi,j(A) P(4— BC)«a,,(B) ak+1,j(C)

_I<i<k<j<n ARD

P(w,..w )

20



iwnmmz (5

Number(A — B C)

P(A—> B(C)=
( ) ZNumber(A — %)
v

Zﬂi,j(A) P(A— BC) a,,(B) ak+1,j(c)

_ I<isk<j<n .
Zﬁiaj(A)ai,j(A)

1<i<j<n

21



I/L’

i 0 A A SN R

« WAL BEHLHIZGP(A>p) B, I73E P(A> p) =1,
1FREVLG,, i=0
o THAAHAT PR, HAEPA>W)IIEL:
= 1) MRIEA ﬁ@ﬁﬁtﬁwuwﬁ/@&ﬁﬁﬁﬂ£1E

= 2) RYE E—P g I E, BRI A K@), vt
P(A>p) , 132iEVAG,,,

llml

7] N ) ANV R, A2 LR ZNRF 2000, FR12E

22



ipcm AR e

W=
s 0] DUGSFA)VE B B8 X &5 SR AT MR HE
= PEESGEMAEEE)) (robustness)

B
= AT G RERDXS S AL 53 Mt ) 5
o WAHHRE LR SO S5 R o A )5

23



2 WA ST I

s MIEER)ESNT (complete parsing) FI#437)1% 4381 (partial parsing)

= ELSCTRRLE A Sk

o EEFIRMAL

I TR OR V&S

NH HERIKE) e.g. fimdSKARIR (Named Entity Recognition)

shallow parsing / V%)= 43 #T

A AYAN ety e, ANZ R
58 o3 A IR S A A 24 R chunking / 4155 b

24



+

G AN

XY C g 5 5% B ) 3l ST

S

7 T

VP NP

AN ANl

X1 caglie ASE ® FEE

25



AL IENARSEED

The peculiar fossil was found by a famous scientist who died last year

AN

WhNP VP AdVP

|

The peculiar fossil was found by a famous scientist who died last

year

26



i 2.1 FETFHMMHPES 5 3 B AR

PO Hbr: RIS IENP
YT AW TEFP AR SiARES, RARoR g B

[ The/ DT prosecutor/ NN | said/ VB in/IN [closing/ NN | that/CS ...

27



i b

— X AR il <o, B> 1A A] BE T A BIPRIC

(1)
(2)
(3)
(4)
(5)

[ TR — NP TF UG

] T — NP 4501

1[ RN NPL HAAAT

I RIRANENPHYIA T, HALAENP A
O KARANENPAHYA T, HALAENPAME

28



1“

ii - HMMIGINPL Bt Pk

(D) AW MERRE . AL TR 11 EHZE Corpus
(2) ISR S 4 At bl Xt sll<a, B>
(3) Bk SAAIBEMINPLH BIL Fidnid (chunk tag)
(4) #R* Corpusiigiit, 53

(D RSB,

(1D REASDRAR S HAS F]A PR AR 1 R

$ The prosecutor  said n closing that

<$, DT> <DT,NN> <NN,VB> <VB,IN> <IN,NN> <NN,CS>

[ I ] O [ ]

29



2.2 FEFAT BRARZS H B LA 7073 Hr

S EA RS B3I (finite state cascades)

Pron

Level 1: NP—D? A% N+ | Pron
VP—Vz | ...

Level 2: PP—P NP

Level 3: SV—NP VP

......................................................

........................................................................................................................

/\ ? A ELECH LK |
515NP: D N; D A N; Pron; A N; NN RO, LAY

3|5/§§EI’JNP ADN;,DDN; NAN RIS

......................................................



y

2)
3)
4)

H T FSARIHR 73 I3 AT I RE 1 12

Y

M SN TAT &, 1% M Li J2 9 B R IENERIE
BB TIHEY, SR RIEPA, X FH A R A

TCIEAZIIRT S, HEERH
=i+1, {58 Li 29, H1

- IA A AT VA 45

AT FIRPER, HERITIRHA ML,
IR FE AT 2R, LIS i ve Bl s K JH 4y

TH MR AR

31



i/iéfFSAEI‘J%%\%*ﬁiﬁ%%W

- j N

L, AV K NP PP Adv
\
L, NP vP NP yp NP PP Adv
] \
L, NP VP NP VP NP P NP Adv

Pron Vz Pron V2 D N P D A N Adv
| | | | | | | | | |

He said he read a book by a famous writer yesterday
32



FFSAF 543 357 445

[SV [NP He] [VP said]]

'SV [NP he] [VP read]]

NP a book]

PP [P by] [NP a famous writer]]
Adv yesterday]

33



I 0 R B DR B S ) R 0 o AT

o

33

Eric Brill (1995)

Ramshaw & Marcus (1995)

R UNNPA B A1) ) RS [R] 1] PERRE (7] 2
AN THRT VB R 2 57 > e i )

34



| |

12 M ) B DR O B R F 20 o A s D)

Y
2)
3)
4)
5)

He
PRP

O ZR71 & BITXS Y. i) A AE 44 1] ZH BR IR A1

L 27 e RS Y. ) ) & 42 ) ZH R ) 221 5
I 7N BTN I, L) AR 44 1] A B Y R
RGN IS . [ HRL 3R] 2 44 TR A B ) A T
S 7 "e TS . IR B ] PR R ol 44 TRl L BR

puts his dirty  hand in the bag

VBZ PRP$ JJ NN IN  ART NN
O L I R O L R O

35



i%ﬁ%ﬂwﬂﬂ

il A S A

(POS[0]=v) & (POS[-1]=q) & (POS[1]=n) & (CT[0]=0)
ARSI

CT[0] =0 = CT[0] =L

—/m  4h/q BN FRZHEM KN Th

O O O S O O

’
0O O L S O O
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id\%

5t o3 BT SRR T VPN I LA $R A
(1) 3%

(2) K4ARE

(3) 4y

(4) M H H#5
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i HE— 4k B SR

M/, 2000, (HARPGE ABhaHT) 5 SR12F MR, JbntiE S 30K
R

s HER. ERFE (1998) «i+ﬁ1%§?§m/e>> , 8%, EfhaRE A

n GRVERZE GE, 2000, (HLESEHEEIRERY , myURVE DR b, 555.2, 5.37

= Christopher D. Manning & Hinrich Schutze, 1999, Foundations of Statistical
Natural Language Processing, The MIT Press. Chapter 11, 12

- ﬁzz;@ﬂ G 2000, BRI OTEEEEY 3 CHAGEF ) 2000

TS

= Abney, Steven, 1991, Parsing by chunks, in Robert Berwick, et al, eds.

Principle-based parsing, Dordercht: Kluwer Academic Publishers.

= Church, K. 1988, A stochastic parts program and noun phrase parser for
unrestricted text. In Proceedings of the Second Conference on Applied Natural
Language Processing, pp.136-143.

= Ramshaw L. & M. Marcus, 1995, Text chunking using transformation-based
learning, In Proceedings of the3rd Workshop on Very Large Corpora.
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i 55 HL

1) G R CFG RN, 1a) W SR THEL ) 122 %
AL T A6 N HIH) R

2) Mg BER M CFGRIN, H Viterbi vt 5] il
XF 2 1) = AR R B B AR 4 M

3) MiEAEIEIENRIES, Ha)Fe— 1 REZRRIL
T 22NN R R 4 R T (RS
FINP)
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