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o Penn Treeba

FAENF OIS LT

nk [Marcus et al. 1993]

o SUSANNE [Sampson 1995]
o TIGER Treebank [Brants et al. 2002]
o Prague Dependency Treebank [Hajic 1998]
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o W —)\> DRSS CFGHR |J7' EARGE

L CHAH 9 B [Charniak 1996; 1997] c.f. [Sekine1995]
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| d /\_ |
We applied the algorithm to IE
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V\|/e selected the approach to II|E
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(1) SLEMNAKREON
o CFGABIMD B BNEME [Krotov et al. 1998; 1999

o CFG%EE\IJ O)EE’—%—'_ T) l/'f I_/,u [Magerman 1995; Collins 1997;
Charniak 2000]

(2) FAREDMELY

o IERRImEC =DM b [Magerman 1995; Collins 1996; 1997;
Johnson 1998; Charniak 2000]
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o Markov Grammar: CFGxR 8l Z S0 (C &

B} 9 B [Collins 1997; Charniak 2000]

p(NP — DT NN NN | NP)
= p(NN | NP) p(NN | NN, NP) p(DT

o [RIEBMY(C(E. = COCFGHAIZ

| NN, NN, NP)

5 PCFG
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2 i = D) 1[4

o 385t Head percolatlon table (Magerman
1995 ZHWT. 3ERimsc=(C head word &

Sapplied Head percolation table
\ Pipplied HFHDELE | FEIZLHLHFDEEE
/\
V/Papplied PR, S VP, ...
NRu /ﬁ@orithm ﬁNl P | VP |VPVBD,VBZ ..
NN VBD DT NN IN NN NP NN, ...
We applied the algorithm to |E PP IN, ...

Charniak [1996]: 80% vs. Magerman [1995]: 86%
o (&3) B={LDEIK [Gildea 2001; Bikel 2004]
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o IEHRIRIAE 12 T (HEEZ R BIBIRNRL
® (WIJ) %ﬁ.d);F%gﬁﬁdﬁga%_Cﬁ‘Eﬂﬁ'ft [Johnson 1998]

A ) @ s

\
T =5
© T /O

V

DONP & EI’J s2(DNPH

FEB(IRZEEO T )

SEEIEC SR AN SR - N A

v
XBITED

o T, $RAIRELDEH T IE [Charniak 2000; Klein

d

- &

et al. 2003]

21



N
L

I T3k

| ~¢_‘|"



VIV TS

. CFG%EE\IJ %EEZ"‘_—( E"] (C 5552 9D [Collins 1997;
Charniak 2000]

p(NP — DT NN NN | NP)
= p(NN | NP) p(NN | NN, NP) p(DT | NN, NN, NP)

o RIEM(C(F. & TOHOCFGHEAIZHED PCEG

® Penn Treebank MSIHI UTZEDEXRFIRD
PCFG KD EREZIEMT D
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o HWED (BHHELZT) &mEMEEED/ (-5 —
(Charniak&]ohnson2005)®' i ﬁ%
» Charniak(2000)D/\—Y —DHNZT >
- —iAN{biEZ U Creranking
o Charniak/\—H5 —E&)L D TISED—FE

[TETY

collins1999 88.19%

charniak2000 89.55%

r
‘charniak&johnsonZOOS 91.02%
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» Nana eats“ an ???7? | VICZEIR
o IR(CARTDR D DT A

C(an apple)

C(an)
C(eats an apple)
C(eats an)

o ‘\\Th54ﬁEA
™
‘ "Q 25
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P(apple|eats an)=




SPNmWL ) (2

o FHISHEXL

pP(A B)
B|A)=
p(B|A) o(A)

o TTH\5,
P(A B)=p(A)p(B|A)

o DFED,

P(A) = p(A)

P(ALA) =pP(A)P(A | A)

P(AL AL A) =P(ALA)P(ATAA)=p(A)P(A | A)P(A AL A,)
PCA -+ A)=PA)P(A TA)P(A TALA)-P(A A, ALL)
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EEBRBI|DMEXRTET )L
P, -+, W, ) = p(wWy) PIW, [ W) p(w, | Wy, Wy ) POW, [ W, Wy, Wy ) - - P(W, [ W, -+ W, )

EHEESIDNT S AETILIN-URDY )L TiBiE)
o BRION-VEDEEIIDHZEDHZTS

p(Wn |W1""Wn—1) ~ p(Wn |Wn—N+1"”Wn—1)
o A=TSAORDTILITIBR)
p(Wn | Wl’ o 'Wn—l) ~ p(Wn)
o NADTSAVRDTILITEIR)
p(Wn | W1’ o °Wn—1) ~ p(Wn | Wn—l)
L NS AOSAQRDTILI DB
P
P, W W)~ pOW, (W, W)
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o #RAZFHRETE (linear interporation) |
o NJ S LDHERBEERIRDMT S Is(M<N)DE

A8 SRR (CHfE I D730

5(Wn | Wn—N+1’ T Wn—l) = ﬂ‘p(wn | Wn—N+1’ B Wn—l) + (1_1‘) p(Wn | Wn—N+2 1T Wn—l)
o NSAUSLDGE
5(Wn | Wn—2 J Wn—l) = /11 p(Wn | Wn—2 ! Wn—l) + /12 p(Wn | Wn—l) + /13 p(Wn)
el
o At AL+ A4 =1
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o HEFRBNTHETE

o NJ)L 770 MDA (held-out interpolation)
o T —F ENLRT T T —F DTS
o i —FTNI S LZFE
o NU RO b= THIBGRESZ ¥ 3

o FHEMREUIEM 7))L T Y X LA TERICHETE
o NSAUSLDZE

) — 1 & )zlp(wn |Wn—2’Wn—1)
//li | Dh |§2’1p(wn |Wn—2’Wn—1)+/12 p(Wn |Wn—1)+/13p(wn)
) . 1 % 12 p(Wn |Wn—1)
L i | Dh | n=1 ﬂlp(wn |Wn—2’Wn—1) +ﬂ‘2 p(Wn |Wn—1) +23p(wn)
e 1T Ap(w,)
‘ - : % | Dh |§ ﬂlp(wn |Wn—2’Wn—1) +/12 p(Wn | Wn—l) +/13 p(Wn) 30
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=F = * -
® EE %,f t l-_lezd percolation taé)/e;
TOP HDEEE | EFHICELFDES
’ S VP, ...
S(bought, VBD) VP | VP, VBD, VBZ, ...
NP NN, ...
PP IN, ...
NP(IBM, NNP
NP(week, NN) ( \ ) VP(bought, VBD)
NNP(IBM, NNP) /\
JJ(Last, J]) I VBD(bought, VBD)NP(Lotus, NNP)
IBM \
¢ \ “"NN(week, NN) / NNP(Lotus, NNP)

faéf‘ | bought ‘

| _"Q week Lotus 33
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= + F&¥aa + Fa¥anan) ) DR (CTRD T
o pure CFGDIEX AR/ — *: NP
o 5=t CFGODIEX AR/ — *: NP(IBM, NNP)

o ERAIEEFEILEINIZ /) — R TXIR

o pure CFG: S — NP NP VP

» 585{ECFG: S(bought, VBD) — NP(week, NN)
NP(IBM, NNP) VP(bought, VBD)
I
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L= L CECG =1

o SHARHY

@ M(h) — Ln(ln)-"Ll(ll)H(h)Rl(rl)-"Rm(rm)
e H: head-child
o M: 3R
o L: EEOAAIDIZERT]
o R: EEFOAAIDEERT)
o h: &5 & & maa DT
o | LOFFEE & EHIADNRT
o r: ROEFE & THRADRT

o SRR DAESR
p(Ln+1(|n+1)""’ Ll(ll)’ H (h)’ Rl(rl)""1 Rm+1(rm+1) | M J h)
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o SHRRAIDHESR

p(Ln+1(|n+1) """ Ll(ll)’ H (h)! Rl(rl) """ Rm+1(rm+1) | M ! h) —
p,(H[M,h)x

n+1

]:[ p, (L (1)L (l),....L_(IL_),M, h/H)x

n+1

[P R IL ) Ly (). R, R (1), M 0, H)

et L
Ln+l(|n+1) =STOP, I:2m+1(rm+1) =STOP
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» BRI ORER
o JRMDN )L T18%= (cf. charniak(2000)(F3/RD
LT
p (L) L), Ly (i), M hyH) = p (L () [ M, hyH)
P (R ()L, Ly () R R (), ML H) = p, (R.(F) [ M, B, H)

® DE: D RN
p(Ln+1(|n+1) """ Ll('l)! H (h)’ Rl(rl) """ Rm+1(r.m+1) | M J h) —

ph('H |M’h)XH p, (L ()] M’h’H)XH p,(Ri(r)[M,h,H)

’ (Bt &) SHHRBIDERDEBRNENDITIT T, ZDMh(Epure
‘ PCFGERIL TH B = & (THE | A




===l L)) | = | )

® S(bought) — NP(week) NP(IBM) VP(bought)
o p(NP(week)NP(IBM)VP(bought) | S(bought)=
PL(VP |S, bought) X

pi(NP(IBM) | S, VP, bought) X

pi(NP(week) | S, VP, bought) X

p(STOP |S, VP, bought) X

p,(STOP |S, VP, bought)

N ;D
‘t':
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o )L T16DERICDistanceFE#EX 7z 1B
p (L)L), L), M, hH) = p (L) | M,h,H, 5 (1-1))

P (Ri(F) [ Loy, Loy (g R, R (6 ), ML R H) =
P (Ri(r)[M.h,H,5 (1-1))

p(Ln+1(|n+1) """ Ll(ll)’ H (h)’ Rl(rl) """ Rm+1(rm+1) | M J h) —
pu(H ML) [Ty (L ()M, H5G-2)
Vrr+1 -

IH FﬁRi(n)IM,h,H,@(i—n)
i=1
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Distancel=z0pH

» DistanceEEXNME I B DA

M(h)
L,(1y) H(h)  Ry(rp) .. Riq(rig) Ri(r) . Ry(rp)

O(i-1)(FZ
DARDZ &
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Distancez=ZopEa=:

o RDEDS EFTBHEIA — ROZMAT =

Ep(Ry(r) | ...)0D—D=

=HID_J — RR,(1,1)D

T CIAN BEB D HESIARI AT SR
o DistanceB&8ZXDi1x I &

o RRML, THD?

o BIDIBXARD T (CEIFAZZONEN ?
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o ER{L+HEE (D) MERREE(R) DX

S(bought, VBD)

NP-C(IBM, NNP)  VP(bought, VBD)

NP(week, NN) /
NNP(IBM, NNP) NP-C(Lotus, NNP)
JJ(Last, J]) NN(week, NN) \ VB(bought, VBD) /

IBM
/ / NNP(Lotus, NNP)

|
v
| 5 ' s bought \
“’.}6 Lotus 43



o {#i38(complements)/ Wﬁfﬁng(ad]ucts)d) X7l
o ROFEMSFZ M I IFRimEe 5 (F2 CHiEE

(complements)

o IR S FRDDIBEDOWVNIT NN THD
1) #FNSTHBNP, SBAR, S
o) BNVPTHBNP, SBAR, S
o) BHSBARTHBS

o JERRIMELS (FIRDDEDUT 1N Dsemantic tagZ
B2 CTULYTELTFIRLY
» ADV, VOC, BNF, DIR, EXT, LOC, NMR, TMP, CLR or PRP

o TNICHIR T, BIEGEBDFEIFDORICT < (CH

KRB/ —REHETHD
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o HEEVZEREEDXRIZ DI CH. SUENICRD T
B & 1E UL VB OMESR (CEMN DOV
o (f57)

@

ﬂ\v . /\
we e /N = &
was
/ \ ADJP AD]P
Dreyfus  the best fund \ Dreyfus the best fund

low Iow
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o WEDIEMEEDX A EDIFTH. SCEM(CES =
FES E1F ULVESXCOORESR (CEN DHVRLY
o (f512)

é%%aﬁ\\ ‘-’//iiﬁ\ ER

was

NPC /

was
The Issue The issue I
a b|II NP- a bill NIT

funding

r
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MEE AT

o BERTR
o MMigBls b T L — Is(subcat frame)ZE A
o fi3E & U CHN D IFRImEc S DZEES (multi set)
» HPSG CHI CETZVALD F DSUBJY?COMPSTOSPR
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o LC(ZERID T AI8E851E J L — /) ERC(ERID T
fgEis{E I L — L) DEA

p(Ln+1(|n+1) """ L1(|1)1 H (h)’ Rl(rl) """ Rm+1(rm+1) | M 1h) —
ph(H ||V|,h)>< plc(LC|M1H1h)X prc(RC | M,H,h)X

n+1

H p (L ()M, hH,5(1-1),LC)x

n+1

[P (R () IM,hH, 6, (-1, RC)

o {31
#iIRC={NP-C, NP-C}, LC={NP-C}
({NP-C, NP-C} | S, VP, bought}¥2p, ({NP-C, VP-

IV ‘O.Ei | VP, VB, was) (3B



IVETi= (|

o FAIEEIE(L T L — A ZWEEDEDEDE
(g/ﬁ%éﬂ% (/}_y‘j L)Y < )

o TIFEEs{E T L — ACERZH%RD TUL\DME
([FSTOPIC XTI DIHESR (30

o MMIFIS{E T L — AICERZHNEVGE(L.
B & DHESR(I0
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VT 6 l/—. 4

» S(bought) — NP(week) NP-C(IBM) VP(bought)U)
fESR

0,(VP|S, bought) X

0,.(INP-C} | S, VP, bought) X

0,:({} |S, VP, bought) X

0,(NP-C(IBM) | S, VP, bought, {NP-C}) X

0,(NP(week) | S, VP, bought, {}) X

0,(STOP |S, VP, bought, {}) X

> 4 o,"@TOP S, VP, bought, {})
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Collins:Model®

o JEHN(Trace) & wh-T5 &)
» ex.1 The store (SBAR which TRACE bought
Brooks Brothers)

» ex.2 The store (SBAR which Marks bought
TRACE)

» ex.3 The store (SBAR which Marks bought
Brooks Brothers from TRACE)

R o
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Collins Mo

® {9 IJ NP(store)

SBAR(that)(+gap) z."’:. {
NP(Store) /\
/ WHNP(that)

/ S(bought)(+
The store WDT /\

/ NP-C(Marks) VD

that /
Marks

" boughtd iz ﬁl VBD TRACE  NP(week)
| Bl L—A: | |

\ {N = C} K bought last week
. 52




® PP

Py (L (1, W ) [M,h,H,8,(—1),LC) = p(Ly(1t) [M,h, H, 6 (i -1), LC)x
o, (W, |[M,h,H,8 (i-1),LC)

p. (R ((rt;, rw))|M,h,H,5,(i—-1),RC) = p, (R,(rt)|M,h,H,5, (i —1), RC)x

pr(rvvi | M’h’ H ’5r(i _1)’ RC)

o HIPR#fEI7A(deleted interporation)

1 M,w,t MHwt | MHwLdLC L, It, M, H,w,t,6,LC

2 M.t M,H,t M,H,t,6,LC L, It, M, H,t,6,LC
1 3 M M,H M,H,8,LC LIt

4 It

T’ - - - 53



» PARSEVAL & L\ D E#E T
o BEYA — ROME (RIS SAROME) &I

v
.-

& ¥

;o= INIL

Labeled Precision (LP)=(/\— = EfELTIZSAN)L

)/ () =T UIES ALY

Labeled Recall (LR) = (/\—H —H 1EFRUTZSNILE) /(Y

J—) DS ARILE)

Labeled F-Score(F1-Score) = labeled precision &labeled
£15=2*LP*LR/ (LP+LR)

recallDiEFIY

Magerman95 84.3% 84.0% 84.1%
Collins96 85.7% 85.3% 85.5%
| Model 1 87.6% 86.8% 87.2%
| Model 2 88.1% 87.5% 87.8%
Model 3 88.1% 87.5% 87.8%
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o YILITIE
o YL 71612

o A==

o Collins Model 1
o Collins Model 2
o Collins Model 3

® uﬁ?ﬁz 7|L|'

o http:/ /aiweb.cs.ehime-u.ac.jp/~ninomiya/ai2/
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