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1.1 OO

ogoooooOoooo,00000ooooooooooooo.oboooobooo,200
oooooooooooOoOoOooOOoOoO,oO,00000,00000000000O0O
ooo0oooooooo,000o00000000000. 000ODOO00O,0000
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O0O0OD0. 0000000000000000000000000000O0O0O00O0O00O0
ooooo.

0000000000000 000000000000 (Probabilistic Context-Free
Grammar, PCFGO 2] 000000000000 0O0O0OOO0ODO. OO00O,00000O
OoOoobD pCcrGUOOOOOO0ODOOOODODOOOO,000O0O00D0O00O00O0O0DO,O
O0000000o0oO00oooooooOoOoooOoOooo(o 11). 00,0000 (3]0
oooooooooooOoOo,booo0ooooooooooooogo,boob000ooo
ooooooooooooobooOooobooooooboooooo.

oo0,000000000000C0DODOOO000OODOODOOOO,000000000
oobooooooo. oobo,0o00000000000DO0O0,000000D0D0O00O
ooo0o00o0ooooooo0ooooooooooooboooooo.

oo,00000000oooo00oooooo0ooooo,0opobooOooo
oooooo0o0oooooooobooooooooOoboooooooooooooboooD
oooooOoooooo.



speaki ng

\

Agent B

Ull:0b0b0oggobboodgogan

gogdgg,ggbbobbobobtugdgoooooboobbbbooo,oobooobo
goooogoooobbboooooobobuobooooo. oo, bbbboaad
guobgoodgbbbouooobbooooobobon.

1.2 0JOO0O0O0O0O

gd,0bobbooodgooooboooob,bboooobobobbooo. ooaaa,
gobuoggbboogoobdooobbboooboodobo,ooobbooabbodan
g. boo,obugoogogoooooboobo,bbbobooooooobboobn
gubbbbobuotuoougooodoboboabobobobobaoad. bouoooooaada,
gboboggbboogbbob,boggbobooobboogobooobboon
O00.0000,0000000000000000C0O0C00OO 11].000,000
gboubobogbobbogboobobobuoobbo.bo,bogbbbooobobo
goobobbooobobboooob,bogoobobboooobboboo. goon
gboboo,gbbbuogobouoogobo,obboooobouooobbboan.



1.3 0O00OOoooooooonbon

ggbb,dgbbbodgdoboobbooobboobbboobbboobboo
goo. obb,bbbobbbdugoogao,ooobbobobbbooboooan
goobod.

1.3.1 Mate Finding Problem

oo oobuoboob. bbb bbobbboboouobooa
godo,dobubbbobtbddddooooooobbobbbboboooooag.
I I I T A A A I 6 6

000000000000000000000000000, WernerJ Dyer [17]00
godgooobooooooobodood. oo ouoouuuoua
oo, o000 oUUUUug
gooobobobbb,bbooodooooobbbbouboooo.bbbooooa
40000000000, 0dooobuobouobobobboouoa.

00 Ono,N. [13] 0, OO Mate Finding Problem 0 0000000000000 OO0O
godooooodgbouoboobooogoooooooououobodo. oo ua
OO0 Wemmer D Dyer U DO OOOUOOOO, 0000000000 00O00O0OOO0O0O
guodooboogbbbtbooddoooobbobbuoboooooa.

1.3.2 0000000

Hashimoto O Tkegami [4] [5| 00 0000000000000 0OOOOOCOOOOO
gobo,bbbodoogoobobbo,goubobobooooouobboobooooon
goobooog,boboooboobbbbooo.obbooboouooobobbooon
g,0bbgggbbboooobobbbooob.obbbbooooobbboooan
gobo,bboogdgoobobod,gogoobobobuoooogbobobboooood
gb.boou,gobbbbobdoboobbboooobbbboooobbbbooad
gboobooogoooo.

00000000,00000000000 [4oooo0o0o.

type 0 OO OO0

typel OOOOOO



type 2 OO OOOO

type 3 00O

ggoooooboobobobobodooooodo,gooobooboobobo. ogb,00d
gbbogbobouodgobuoobbooobuooobboobbo.gobboobboon
goobobobbooogoooooob. bbobobbobooo,0ogog,uoan
gbo,bbobbbbdouobduoooooboobbob. bbo,bbuouooood0an
gboboboobgbobobooogoboboogoobo.

1.3.3 0UU0U0uoouobouoogoog

00 [7j00000000000000000000D000DODOOD0OODODOOOOO
goodgbbodb.ogobbogooboobboobboogbbbooboon
00,00000000000000000000O0. 000000 TAG(Tree Adjoining
Grammar) 0000, 00000000 20000000000000000000, O
gobgoob,gbboobbogbouodbooobboooob.bo,boobobo
000000 ABCL/f000O000O0O0OO0OOOOOOO, 0000000000000
guogboogoobooboood.

1.34 0OU00OO0OOOOOOOOUO

00000 [12)0,0000000000000000DO0OODOOODOOOOOOOO
O0000000.000000000000 NJoooboooo000ooooooooo.
OO0,0000D0000D0000, Bickerton OO OOOOOOOOO,000000O
guobdoboooobbbooboobbbooodgoboobooboooob. bbb,
gbbouodgobbuoooboboogboboooo,bbobboobboobbadan
gbobogbboogoboobboooboo.gobboogbonobobobboon
gbbooogbbu,gogbobbuobooguoobbbboobbooobbodad
ooob. ObO0,000b0obob0oobo0oooob,oboooooboooooo, SVo
Oo,sovioibdboooooooooo,oobooboboobobob.obob,bo
gogoogogobobobbobodg,bguoooooooboboobbobda. oog, d
gobobooooobbbooodobbooooobobbooobo.



1.3.5 00O0O0OO0OUO Rhea

00 9000000000000 Rhea(neaR Human languagE Acquisition) O 0 O
O00000000D0. 0000b00 RheaOUDOODODOODODOODODOOOODODODOO
00, 000do0odobooouooboobboonoobooo, oonoooooon
guoooboouoooo. oo, oo ugooooo, o
0oodooooooo, oo oooooooooooooon
goooooogon.

oo, 0000ooon,0oddooodnoodoooonoo,ogoooggod
dood,0doodooooooono, oo booooooooooon
O00o00obOooboO,Rheal 000000 0O0OOOO0ODOOODODOODOOODODOO
dodo,0goooboooodoouooboooboooooooa.

1.3.6 0OUO0OOUOO

0000000000000000,0000000000000000000000
000000.00000000000,000000000000000000000
000000.0000000000000000000000000000000.

00,000000000,000000,00000000000.00000000,
000000000000000,000000000000000000000000
000000. 00000,0000000000000. 000,000000000
0000000000000000000000000000000000000.

0000000,20000000000. Werner, Dyer, 100 Ono,N.OOOOOO,
000000000000000000. Hashimoto, Ikegami 000000000000
0000000000,000000000000000000000000. 0000
000000000000000,0000000000000. 000,000000
0000000000000,000000000000000.

00000 [12]000000000000000000000000000000. O
0000000000000,00000000000000000000000000
0,00000000000000000000000.

00,0000000000000000000000,0000000000000
0000000000000 000000000000000000.000,00000
0000000000000 000000000000000000000000. O
0000000,00000000000000000000000000000000



gooogboboboooobb,gbbboooobboobbooobobooobboon
goboooog.

1.4 OO

ggobobobooogoogob.bo2000,bbbooodbooooooobobbod
gboobbobuoooodgboob,3000 2000000obbbbb,b0bo000400
gbogoggbobodgooboo.40b,00bb0o0gob,ogbbooobbodn
gbobO.b0oodgobsbboogobbobodn.
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g, ggbobbbobbbooduouooooooobbobobobag. o4, g
godbobogbobbooobooobboobboobbooobbo.obbooooon
gbboggbbuogobbuooobboooboda,bbooobbooobbood
goobooon.

2.1 0O0O0OO

oo oo wboobooboo,0b0bwdoooooooog,
gbobobooodbwbbbooobobbbooooboooogb. gob,booan
0000000000000 (parser) 000,

goobo,guogbobogggoboog.

2.1.1 CYKU[O

cykoopoogooooooboobobooboooooooboooogo. cykooooo
gboboggbboggbboogobboogobobgobob,bbooobbodd
gboboboboooa. oo,bbuotuouooa,oobbbbbobooooodoon
gbobobogg. ggobbbouoooob,buooobbbboooobbbbooan
O00000000oOoooooo (o 2.1).

A— BC (A B,C € Vy)

A—a (AEVN,CLEVT)



(1) S —= N V
(2) S ) PP
3 S =V N
4 VvV =V N
(5) PP — P N
6 N — N PP
1 N = I

(8 N — Maria

(9) N — pizza

(10) V. — eat

(11) P  — with

g 21000000

00o,V,000O00OO0oO0o,V,00000000000000.00,00000
00000,00000000000000000000000000000.
000,CYKOOOOOOOODOOOOOOOO0OO00,0 2200000000000
0000. 00 NODOOOOO w,---wy0OOOOOOOO,NONDOOOOOOOO
00.000,0220000000050000w---ws0000000000000
00000.00,00000+40,;000000007,0000.
CYKOOODODODOOO, 7,,0000 AODO w---w,0000000000000
0000000000000 000000000. 000,000000000000
07T, <:<N)OOOO. 00000000 000 A — »wO0OOODOOODO
0000, 7,0000000000000000. 0000000000000000
T.a(1<i<N-1)0000.00000,7,,000000 7,0 Tiy,n00000.
A—BCOOOOOOD (B,CO0O0O00D)0000,BeT,,00C€Ti,pm000
000 A0 T, ,00000.
000000000000, 00000 0000000 7,,,,000000000
00000. Be Ty 100 C € Tipyipm (1 < j <n)0000,00000 BO
0w+ w1, CO000 wiy, -+ w,00000000000000000. 000
A—BCOOOOOO AODT,,,00000.000,A00 w---w,,000000
0000000000000000.0000000 Ty,4,Tuy.--000000000.



oo000,7y,y00000 suooooo00,00000 w---wyd SOOOO0O0OO
(00OooOoOoUooOoOooo)oooooooog.

00000 220000000 “Ieat pizza with Maria” 0000000000000
O00000 23000. Ty3000 Tys00 “eat pizza” OO0 “eat pizza with Maria”
Oo0od2000000000C00000O000. 0O, TysOOoOoooo sooooo
00, “Teat pizza with Maria” OO 0000000000000 0O0O0OO0O. OO, “Ieat
pizza with Maria” 000000000000, T ;000 SO 200000000000
0.002000000 23000000000.0000 2100000 (1),0000
000 (2)00oo0o0o0oooooo.

wy---wyd OO0 CYKOOODODOOOOOOODOOOODOO.

cyxogouogooono

1. A—-e000000DO0ODOO,00000000000DOO.
2. A—-pBCO000OO0O0OOoOOooOO,20000b00obODO0obDOobOobDOOOg.

fori=1to N
T = {A|A - wi}

2. A—-pCOUO0O00O0O0O0ODOO,2000000000D0O0ODODDO.

form=1to N —1
fori=1to N —n
Tiiin = J{AJA = B C, B€Ty1jo1, C € Tiyjitn}

j=1

3. SehyOoouoo,w,---wy0ooog SOOOCOOOOO0.

00,CYKOOOOOOOOOOOOODOOO0O0000 20000000000000
TiienD [A,(B,i,i+j—1),(Ci+4,i+n7)]000000,0000000000000
00o0O0o0ooooooog.

2.1.2 00OO0OOO

gbbouodbooboooobuoobouobobobooboooooobboobbon
goobodo. obbobooooobbob,0bobbodbodgdoogg,oooon
gbooboogoooo.



wy T1,1 T1,2 T1,3 T1,4 T1,5
Woy Too | Toz | Tog | Top
ws T3z | T34 | T3p
Wy T4,4 T4,5
Wx T5,5

022 CYKOODOOO

I eat pizza with Mria
A R R oy
I N S S . S;
eat V | SV S,V
pi zza N N
with P PP
Mari a N

0 2.3: “T eat pizza with Maria” OO OO0OO0O0O

10



U 24 000000

000000000000 00000000000000000000. 00000
000000000000.0 2400 W =wwews---wy 0000,00000000
00000 4 (i=1,23.---N)000000000000.0,0000 A—B €00
0000. 00000000000000 25:)000000.000,000 A00OO0
00000000 BOODOODOODO,000 BOOODOODOOODOO c000O00O00,
000000 ADDODODOOOOCOOO C000000000000.000,0000
00000000000000000000000000000000. 00,000 B
000000000 wwy, - wp,0000,000 CO00000000 wywgys - - - w,
O000000000,00000 BOOOOOO0O wwy, - wy,000000,00
000 CO0000000 wewes;---w;,0000000000000000.000,00
000 ADOO wwy - wpwees ---w;,0000000000000000.

0000000000,000 WOOOOOO »,0000000000000000
00000000000,00000 ;0000000 A —w0d0,w,0000000
A0000000000000000000000.000,000000000000
000000000000000000000000000000000000000
0,0000000000000000.000,00000000000000 100
oooooo.

0000000000000000000000,0000000000000000
00000000000,0000000100000000000000000.

00000000000,000000000000000000000000000
000000000,000000000000000000000000000000
0000.0000000000000000000. 00000,000000000
0000000000000 0000000000000000000000. 000,
000000000000 0000000000000000000000000000
000.000000000 2.5b)000.
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B C
W, W,
A B C
(a) A—-BCOODOD (byO0Ooooooo

U 25 000000

O000,A BC[|O0000O0O0O0OOOO0OOOOODOOO.OOO,00000 A4
goobbobooooooooboob,ooobbobb,0o0ooboobobbooooon
OO0 “pPoo000000. 0000000000000 D “pooooooooOon
0.0 25b)000000 A—-BCOU0O0 AD BOOOODDOOOOODODOOOOOO
gb.boboobdgbbbboodobbooooabobod.

gboboog,boboooobooob,gobbodobbooobboogbo,obdooobd
gbbodgbbodg,bbboodbuooodbboobbbooobbooobbood
gboboogobobo.ggoobobooobbooooog.

gooobobooobboo
1. 0ogbgbobbooooobouooooboboooboboaoa.

2. 00b0b0000bb,00000bbodao,bboooooboob.booooaobon
gobboobbbooooogob. bbbobboooooobbbobboboon. g
gbbboodoobdoboadg,bbbdooobobboooobbboooob.

. gbbuooooboboboogobbod .ggno 2.000404d.

god, .obbooddooooobobbbb 200000000000, 00040
goboboooo. ob,1.boudogobobuooobbobboooobo 20b00040n
goooggobo.goboobo,bboobboboobbooobbooobboon.

ggoooobobooo,bboboboboooooobbobobbboda. bogda,uod
gogggooobooogoboboboo, bbb ooboooooboob. b

12



O I O eat O  pizza O  with O  Mria O

PP

O 2.6: “I eat pizza with Maria” 0 00O 00

go,dgobobogbbooobouboooooobbobobbboobboon
gboobog.

goobooooobo,ooooboboobbobouoobo sb0booboboobooo
gbboggbboobobbooobobbooooboooob,boooboobbodn
g.026000000000000000.

2.2 0O0O0O0O

ggbob,tbdoodgobbbuooogobbboooobboooooboboboda. g
goboboodgobbbobooobbuoogobooboa.

1) 00000000000 wWOOooooooooooooo
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2) 00000000000 WOOOooooDoooooooo

3) J00O00UOoOoOoUobO (bouo)ooo

0000,0000000000000000O0OOOO000O0,000000 3)00
gboboboudgbobooooon.

2.2,1 0JOO0OO0OOOO

0000 “Time flies like an arrow.” OO 0O OO0000O0OOO. OOO,00000
obooooocooboooboOoooboOoboOoOoUo.OoooboboOoOoooOooboOooooboOooo
oboob0ooboooooooo,ocoooooooboOobobobOb0bOoboooooooooo
00000.000,Mies” 0000000000000 O0OO0ODODOO(D)0DOO,
“like” 0000000000000 (0O0)000000000O0O0.00000,000
O100000000000000000000o00o0o000000,0000000A0
oobobooooooboooooboooogooooooooboog.

obooooobooooooooobo NOOODOOOOOODOOOOOODODOODOO
00,000000000000(00D0)0000000D0000DO0OOODOO0ODOO
Oo0,000000000O00000000O0DOCODODOOOOO.

ooooobooooobooooobocOoooobooooooooooOooooboOooon
O.0000ooobobooooooooobobooooon, A—-000000000o
0. 000,A000000,«00000C00000000000. OOOO0COOO
000 A0OO0O0O0000D00 «D00oobObobbooooooboob. 0000, A0«@
00000000000000 Pe|A) 00000000, 0000000000000
0000000000. D0000000000 (Probabilistic Context-Free Grammar,
PCFG)O0OO0.00,A—-000000000,0000000000A000000O
ooboooodol1ooooooooooo. oooa,

S P(ald) =1

ood.odbobooooobdob 27b00.obo,goboboboobobonbog
0000000000. 0000 ()0 (2)0000O00OO0 SoboooOO,00000 1.0
gboobod.gobbbuoogbboooobboboooooobbg.
027000000 W = “Swat flies likeants” OO0 OO0 28 0000 2000000
ooo.0owdboooobobob @K, Roboooo,oo »y,,00o00,0b0b 0

14



VP>V PP [0.2]
VP -V NP PP [0.2]
(10) PP — PRE NP [10]

(1) S — NP VP [0.8] | (11) PRE — like  [1.0]
(2) S —S PP [0.2] [ (12) V  — swat [0.2]
(3) NP =N 04 | (13) V. — flies [0.4]
(4) NP — N PP [0.4] | (14) V  — like [0.4]
(5) NP =N NP 02 (15 N — swat [0.05]
(6) VP—-V [0.3] | (16) N  — flies [0.45]
(7) VP—-V NP 03] | (17) N — ants [0.5]
(8)

(9)

U270000aooboo

gbobbboodgbobbbuooodbbooooobboobooobbobooooobbo.

P(W,T;) = 08x0.4x0.05x02x04x1.0x10x04x0.5
= 26x10*

P(W,T3) = 0.8 x0.2x0.4 x0.05x0.45 x 0.3 x 0.4 x 0.4 x 0.5
= 3.5x%x107°

gbboggbobobobbuodbooobboobbuooob.oobboobb 10
goobobboooooooobobdoooob,bbbooooooboboobooboo,0d0n
obooboobobbobooooboo.gobob oo i;oobooooobo
goboooog.

go,0owdbodobog,booboobobogbooboon.

P(W) = P(W,Ty) + P(W,Ty) = 2.95 x 10~*

gbobobooooobbbobooobboboogd,1tobbooooobbbooon
gbbodggd,bugobbuoooobobo,bobooobobouooobbooan.

2.2.2 JUOOO0OOoboooOooOooo

gogbboobobooobb,gobbuooobbooobbooobboobbod
O00000,000004000000 G=(Vy,Vp,P,S)000000. 00000

15



NP VP
|
N \
|
PP
swat \
flies PRE N
| |
like ants
NP VP
N NP A% NP
| | | |
swat 1? like 1?
flies ants

O 2.8: “Swat flies like ants” O O 0O O O
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0ooooooooo.
1) Vy : 00000000
2) Vo : 0000000
3) P . 00000000000
4) 5§ : 0000

000,000000000 (4 — op)0000000. 000, A€ Ny, a €
(Vy UVp)* 000,

00,0000000000000,-,00000000000000000 X,000
00000. 0000000000,00000000000000000000000
00O000000O00O0. 0ooo,

P(Xn = wn|X1 =wy, o Xpo1 = wn—l) = P(wn)

gbooobo,0cwidbopibobi0T=w,  -,w,JO0O0DO00O0000O0OOO.

PW,T) = P(Xi=wy, - Xm = wn)
= JIP(Xi=wl|X1i=wi, - Xim1 = wi_q)
i—1
= JIP(w)

1

«.
I

00,0 WOODOOD,0woODOOO0O00O0 T0000000000000.
P(W) =) P(W,T)
T

00,000000000000000000000000000 100000000
0.000000,00G={(5=a p),(S—S5 S ¢}00000,

o0

ZP(ai):min[l,p/q]
i=1
Jdoodoodpoooogo. oo 1ogog
oo,00000000 (Consistent)DDDDDDDD.
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2.23 0O0O0OO0OOOOOOOOO

gooddoooodoootboooobooooooooooooboooooo. od
goooodoooo,ooodoooooodooooooooooooooooa,
dodoooooooooooooboooooooooonooonoooooonoon
00o0o0oooD. 00, 0b00b0d0b0bb000ooo,b0d0 A—-aOO0O
000000 C(A—ee)0000,0000 A—-e000O0O0O0O0OOODOODOO.
C(A — a)

P(A—a)= —ZC(A—MB)
B

gobo,bbbbuogogobb,bbuoooobobbbooooguoobooooob
gobogb.budgobgobbooobboobboobobogboboobboon
gbbobogoboboobd.

gogo,bbbbuogogaoboobo,uooboobobbbooooooboobbod
gbbobodod. ggoaboo,ggbbbuoooobbbboooobbbboood
gbobobboougd. guooogoobbbo,bbbbbboodugg,ooooon
goobbboooooobobboouoooboobbbooooobobobbooooaa,
ooooooooooo. ob,0whooooo oo A—-0DOonDgo
00 C(A—- ;7,W)00000000. O000,0000 A—-eODODODODODOO,
00700000 P(W,T)/P(W)00000,000000000.

P(W,T
C(Aﬁa):;%C(Aﬁa;T,W)

gobboodgbbbboooobboooobbbobobbbooad.

goboboboogobboboooobboo
1. 00000 A—-00D0ODODOOO0 PA—ao)000ODO.

2. 000000000 WDOUOOO,WOUDOOOOU A—0ODOOO0DOODO C(A = a)
goood.

C(A— a)= Z%C(/X — o T, W)

T
. ubbudgbboobboobbooooogbboobboobo1bbooaon

gobooogaooo.

?

_ _ C(A— o)
P(A—a)= —ZC(A ~ )
B
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4. 0000000000PA—)0000.2. 000000.

23 U0O0O0OOOOOO

ggodooodooobobobobboobobbobobbbbob,o000oooooboon.
O00000000000,000000000000000000 )j00Oooooo.
gbboodgdb,ggboboodgboboodobbboobboobobooob. boaa,
gboogobuodgobogbbobobbuogbboooobobooobooboad
gbbob,bbooodgoobbobooooobobbb,bboooobbbboooan
gboboboogbobobobod. ggobouoooooobooooaobobg.

2.3.1 JU0Ooobooooooobobbgn

0000000000000 ooO 8)0,000000000 (00) T,,T,Ts,..00
oooooo,bbooboobuoobooo TOODbObOobOoOobbD. OOoOo,00oDo
goobooooob,bggoobobboooobobooobbbobooono. o
gb,bbbbooodoobobuogoooobb,bbuoooobbbobbooaoon
gobodgu. budobooboboooobooobooobbooonbooboboan
00000000,00000(0)0000000O0DODOUODOOO0DDOUOODO.

2.3.2 JUOOOOobooooao

0000000000 B|o0,0000000000D0D00O0)000o0ooOOo0oOO
gboboo. god,ggbbouooobbboobbbooo,booboobo,obbodan
gbobobooooobbboooog,bbuoooboboooobbobboooob. O
gb,godobbodood,booodgg,ogobobobobbooodb,bodd
googboobo. oo, bboobodbogbbgbboobag,uogooobooon
gbobobb,boodgoobboboooooobbbbo,ooobbbbbooaoad
gbod. gbogbbobobodgbog,uogogbgbboobuaoboobb,bbod
gogdbobobo,dbbodbuooobbogbbooobbooooboo,boaon
gboboggob,dbboodbbou.bbboobbooobboooobooon.
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2.3.3 UOO0O0ooon

gogobboboooooob,bogooobbbooooboboooooboboobooa. g
gbobobooogobboboooda,bbbuooobboboooobboboooo. o
g,0bobbbogdooboboooooobobobboo,oooboobbooooon
gobooood.

gb,gdbogbobogbbogbbooooogbobo2boboo,gbad,od
gbbogobouodgoboob.booobbobobbodobbodobboobboon
g,ggboobbgobbobduooooonoobobobbodg. guboog,oo0oo
goboboooobbobogooo20b0b0ooobobooobooda.

ggoogobbbbobbibooooooooooobobbboboodg, boooogg
gooboboooobbobooobboooooboobobboooobo.bbb,00n
gbbouoggbbodgobbuooobboboboodgobobobbboadgobo,d
goboooog.

ggbobobbbuoooobb,buogooobobboooobbbbo,o00 20
goboo.

gbbbodod buboooooboobbbbbboboo,bbuuooooaan
gbobooooobooooobobobooo

gbbbodod boodgbbboooobbbboobbbbuoooob

goobb,bggdooboboooooobobbboooooobobo,oooon
gbbooodgbboog,bbuooobbbooobbbobobboboooboo
good,bboodgaoobobobo,bggoooobbbobooobbboooon
gboboo.gobb,gbgoguobboobbbooobooobboooboaann.
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1 30

Juoogdgootdd

3.1 0ooond

gogbobbgoboogbbbuoodgb,goobobbooboooboboobod
g,gggobboobobobdotogdoooo. oo, bobbobooooooon
goobog.

e [0 1
O00doodoo0ooooooooooooooooo.

gb1d,0bo0dbboodbboooobbuooobbooobbooobbodad
goobobo. obo,bobbbboododgooooooboobobobo,bboboooooon
gboob.ood,bbbooodgobboboooobbbooboboboao. oo,
gobobooodg20boboogobobbooggooon.

o 100 2
ggoobbboooouoobbooouoboboobbboooooobbbooa
go.

ggobuodgboboodbooooboobuooobbooooboa,bb 20000
gbobgobogo. bog,boobooobuooboobobob,ugobboobon
gboogogobobodooobobdoooboboobbboobobobo,bbboobooon
gboboboooobobbbouoooobobbo.og,gbbbboooobobbbooon
gb,dggobobobogoobon.

gg,tgbobbbuogoggobbo,guguguobobouooogobobbod
gbobboogbobo,0bboogbooouboboobbboooobooobbodon
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gooboood. gob,boooobobbbooobbobbooooobbooon
goobooob. uggg,gg 2b0bbouooooobobbboboboboog,ooon
gbobogobobbogobuooobboobobboogbobo,gbbooobbodn
gb.ooboogobbbdoaodad.

e (10 3
0000000000, 0dddb0boobo0o0d0o0ooOooDoobooboooOooao
ooog.

e [ 4
000000 oobOoooboo0ooboboobooooobooooooobooooooag,
oo0oooooo.

gbogoggbbboboobooobbooobbood,booggbgobobbobn
Os, 00000000 NP, VP AdODUOODOOOODOOOODOOO ADOO. 00O
gobbgobbogobbobobboobbboooooooboboooob, o
goggbogoboobobodboooboo.bboboobo,00booobobon
goubgbbbooobobobobbooobobogob,ogbbooobbobn
gooo.

ggobobo,buguagubobbbooooooboboodg,goobbbbod
good. bod ,gg3gbugouogubogboobbooooboboboboboon
gbobbbboodad. guooobbbooog,gbobooboboobbboab
gbouoggobogbogbbuodgbog,booboobboobbobboobbon.
gbbdobobodooooooobo,gooobobboboooobbbbobao,oan
gboboboogooboon.

3.2 0OO0U0oOoooooont

3.2.1 UUO0Ooooood

ggbodbooooggbbobouoouobboooobooboboooobobo.bb,d
gboodgbbobdooboobbooboouoobooobooboooboobbon
gbbobbodog,goobbobuoooodobobbbbooa,oobbbbooaoa
gbobobooooob,boggubobobuoao.goboboboobobbbboon
gbob,odobbbodgudguobbodgooobbbooobobooad.
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00000000000 4000< Ve, Vy,P,S>000000. 000, Vp0O000O
0000 {wy,..,w,}, Vw00 OOOOOOO {4,..,4,}000. 000, A4,0000
000000 SO00.POOOONOO,00000000000000000000
A —o00000.0000000000000000 P(A;—q,)00000. 00
000000 A4000000,000 A40000000000000,00000000
00.2200000000,4;—¢,0000,Y P(4 —a;)=1000.000000

00,000 40,00000000000000000000.
0000000,0000000000000000000.000000,00000
000000000000000000000000000,000000000000.
000,0000000000000000000000000. 0000000, 00
00000000000000000,0000000000000000000,00
0000000000000000 P(4 —a,)0000000000.
00,0000000000000000,0000000000000000000
0000000,000000000000,0000000000000000000
oooooooo.
000,000000000000223000000000000000000. 223
000000000,0 WoOO0OOOO 7000000 4A— 0000000 C(A —
o;T,W)0,00 700000 P(W,T)/P(W)00000,00000000000.

P(W,T)

CA—a) = ;WC’(AHQ;T,W)
_ CA— )
P(A—a) = m
B

gboooo,boboobgowdobobgorogbob,obobboobobbob
goooo.odd,

PA— a1, W) = A= AT W)
TN (A - BT, W)
B

gobo. obbgbboo,bbobuugooooobboboooobo,boobgb
gobobobooobobbooooobooboooooobo.bobbooo,0bbbooon
gboboboboooobbobbboooob. oo, 0obboouooooobobooan
g,bodggobodd,buogobboggbobooobobboooboboo.oob,on
O000o0000O0000ooO0o00ooO00(D0)0DooooUoooUoooOo(oo)
goboboboogobboboogoobboooooon.
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ggooboboobooooooooooobobobobobbobooooooob. oo,
gubboubbobobbbdooobbooooboboobboooboboog,boan
gobobooogoobbbooodg. gg,bbuoooobbobbooooobbboood
gbuoouodgbbobbogobuooobodobo,boobobobboobb.oon,d
gboboobooooobbbooogoobob. bog,gbbobbobdobobodooan
g,ggbbggbboboboobboobboda.boooboa,obdoboogbo
guobboodgbdgbouodg,bbogogobbbobooboboogb.

3.2.2 000

ggdgbobuogbdooobbbobodooada,2bboaoobodaobobbob. Ood
gboobobbobog,obbbobuoooooobbobobooooboobobbooon,d
googbooooobobbooooboobooooooboob.bbooo,obbbobobn
gboboboogobb,gg,bobuoboobobbobooobiboboooan.

gogd,ggoboobobobbbdodouooooobooboob.bobb,bbbood
gboobbbbboododd. oo, o0oboobobbbbbooduooogo,ooo
goboboogobbbuogodoboooooboboad.

gd,buogodgbo,gbboobbboobbobbooan.

3.3 Uubooguuuon

000000000000000000000.000000000000,0000
000000000000000000,0000000000. 000,000000
0000000000,0000000000,000000000000000000
000000000000000000. 000000000000000000000,
00000000000000.000,000000000000000000000
000000000000000000000,000000000000000000
00,0000000000000.

000000000000000000000000000000000000000
(O 3.1).

() D0oO00o0oOo0oooOoUoOoOOUOoDOOoUObODOOOO

(2) 000D0O0O0O0D0D0DD0OO0DU00O0OOOO0OOOD0ODODODUOODODOOOO
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processor A processor B processor C

Agent A Agent B Agent C

spear k i nference recogni ze
T T
I I
| |
A |4
- - - - - - -
I I
T T
I I I I
|
|
I
\/ A 4
|
1
Fl ow of
Agent D Agent E ¢—— - — conmuni cation
recogni ze i nference Information for
*---— PCFG and | LP
processor D processor E

g 31000000
(3 000000000000 OOOOODUOOOobOOooOoOO

gbooobooo,bbbuoguoooog,goobbbobbobdugdg. ooooo
gooboboooboobo, bbb oooobbooobo. gg,0u0boooon
guobobobobbbobodouoooooooobob. oobobobbooooooon,
O0ooo0o0ooooo0ooooooooooooo.ooo,3)Uoooooooo
gbbboodgodbbuooobouooooobooooobn.

(3) 0000000000000 0O0O000O0D0OoOoooOO. 0 3200000000
ooobooboooooooo.ooo,bog Ss,w,rRO,00000A00O0O0DOODO
Ooboooo.0ooboooooboooobboooo.gooo,0gboono Ay B,cO0OO
goboboooon.

S : 00,00000000 (Start)
W: 0000 (Wait)

R : 0000000 (Repeat)
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00o0doooo0ooodooooooooooooDooO0. D0ooooooboOooog
O00put00000000,00000000 (Input Flag)OOOO. OOOOOO
0000000000000, 00000000000000000000D00D000O0
O000. 000 Speak OO0, Output 000000000 ODODODOOODODODODO
0.000,000 “Lock Flag” 0, 00000000000,000000000000
OO0o0O0oooboooo.

00000000000 Input, Parse, Speak, Output U0 0O. OO0 OO0OOOOOO
O000000000, mputd Ouwtput 00 0O. O0O0ODOO0ODOO0ODOO,00000
000000000 DODODODOO000O0DO00DO00O,D0D0000D00000D000D00DO
OO000000d0O0ooooooooo, 000000000 ooooogoo. ogo
00,000000000000D00000DOO00DO0ODOD. 00O, SpeakDOODO
O0000D00OD0O00000000D00,0000000000 Speak000O0O0OODOO
ooooo.

0 3200,0000000000000O000DLO,000,00000D00000 Input
FlagOOOOOO,000000 (Parse), 100 (Speak) D0 O000O0O. OOOO0O,00
O00O0 BO Speak DO ODODOOO0O0OOODO. ODDOO0O,000000 ADODOO 2
0000000 (R)ODOD0O00O0. 000000 BO Speak 00000, 000000 A
000 (Output) DO0ODOO (S)0D00O0,0000000000000 BOODOOOO
000000, 0000 (W)0000o00.00000,000000 BO 10 SpeakO
O00000,000000 CO500Speakl0000O0OODO.

00000,0000000000000DbO0DO0000DOOoDoOooOoooooDag,
O00O0 Speak 000 O0000OOODO,D0000D0D00000DO0DO0O00DOODODODOO
O0d.

26



S-Stat W-Wait R - Repeat

Status S R R S-w W S -W W S
| | | | | | | | |

s | [ ] [ e | [wok | [k | [woa | | [owa] | [iw]
A : [ Tnput Flag ‘ ‘ ‘ | : : [ Lock Flag | Output Flag |

F|wS 3 \S;:)eakFIag | : ‘ I | I

Process 3 ‘ Input ‘ ‘ Parse ‘ ‘ Speak ‘ 3 ‘ Out‘put ‘ 3
B | [Tnput Flag ‘ I Lock Flag [ Output Flag |

il

Process | [Input | [Parse | [Speak| [Spesk | [Spesk | ! [Speak | [Speak] | [oupt |1 [input|
C T e ‘ ‘ 5 o

= ags : e ] ] : [ Lock‘FIag I O‘utput Flag |

032 0000000000000O00DO0O0
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1 4 [

HEN

gbbooogoubobboobbboobbuooobooobboooo.ogoboo
goboogbboogb,gbooboobbobbboobbboooboooobboon
gboboboogbobobo,ogbbuooogboboboab.

4.1 0O0O0OO0O

gboboouobogobbooobboobbuooobuooobobooo.bbo 2000
gbboogdgb,ggbbbooobbboodgbbbouobooobboboooboaan
gboogobodbobod. bg,bbogoboooobogobg,bbbbobbn
goooogogbbobbbobbobooooogooboobobbbb. bbooood,
goodoobobobbbobobbbobboobouooboouogouooooooonon
g.gbbobb,jgdgobdodoobobbooobbobbooooobobobboboon
gboboggbobbuabbouobobdo.od,buoogbbooggbbooobooon,
gobobooooboboad.

ggboo,ggbbogubouoggbboobbbboobbooabooobbod
goooo.

4.2 O000O0OOOOOO

ggoobbbobboboboobdb 41, 42000, 00000bbObobOoOo0aod
goboooog.
gd,tobbbbtudgodgdoobbboooooboboboobbooo,gbobobobbod
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S— A Ay | A3 — Ay Ay
Ay — Ay Ag | Ay — A Ar Ay
Ay — A Ag | Ay — A7 Ay
Ay — As Ag | Ay — A7 A
A — Ag

0 41: 0000000

000  Ag | 0001 Ay 1001 A,
001  Ag | 0010 Ayg 1010 As Ay
011 A5 | 0011 As A; | 1011 As Ay
100 Ay | 0100 A; Ay | 1100 Ag

101 Ag| 0101 A, 1101 A,
110 A, | 0110 A, 1110 Ag A,
111 Ag| 0111 A, 1111 A,

0000 Ag | 1000 Ay

042 00000

gbobobooooobboo. bggooboo1gogoobooooobobb,oon
gbogobguoboobba,buogbooobbbbooobbodgbbogbaann.

4.3 UQ0OOO

4.3.1 0000

gbobd,2b0dgboogogbbooooboboboobobboboobobo. g
gbogdoboobbbobbobooobugbboboboogbuooboobbon
gobobooooobbooooo.booooooboobon.
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0oooo 30 Step 50 Step

oood
agent A | agent B | agent A | agent B | agent A | agent B

A — A, Ag | 022 0.22 0.08 0.09 0.07 0.09
A — As As | 0.33 0.18 0.37 0.39 0.42 0.44
Al — Ag Ag | 0.36 0.22 0.10 0.14 0.09 0.11
A — Ag 0.09 0.38 0.45 0.38 0.42 0.37

0415 — A AUO000 A000

gooo
gobooobdgd 2
lgooobodag 1o
gooaogo 1000 step

4.3.2 0O

goboooobooboooo.oobo S—=4, AAUboobo A,0000000
gobbooooobooodn 41004d.

04100 300000000000000 A, BOODODOOOODODOODOODOO
gboogboodgbdod. boooog,bbobogbuabobobbooooooobobobood
gobooguogobboobboboo.gbobo,ooobobooobbooeobbbno,d
gbouogobodgobodgob,bbogbobbbobuooobagbbooobon.

gogd,dbofol1googoboobbbooooooooobob. bgo,00aa
00000 z=(0,1]0000000,000000000O0OOODODOOOOOOOOO
goodb. obobbo,bbdoooodo,gooobobbbbooooooon
go.

U430 00o0o0o0googoeesbbbobuoooobobbooooooo. ggo
goboggbobbibooobooobboooo,gobbooobbooobboon
gbooboogoobooo.
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100

oL

per =0.008 —

X n

number of grammar rules
iy
o

. ™

[

0 200 400 600 800 1000
step

043 0000000004

4.4 U0 2

4.4.1 0000

gb200b0000bbdb1boodobobbobooboobbo.bboga,bbd
gbobooboobboogobbbuooobbboogboboooob.booon 2
gb,dgdobbobddodgobdodoooobbobooobbbooadad.
gb,db20o00bu00bbobooobboo,gbboobobooooobbbo
g,0oboddg. boggoooboboooooobobooooboboobon
gbobodg,gugoouboooobbobobbbobbobobo,dod,0guoguuaoan
goboboodgbo,bbodbooobuodgobuoobboobuooboboooooobo.
gb,bbbooogubbbbuoooouobobbboo,ooobbbbboooad
gobogbobd.obogoboogo.buo,boob,ggbboooboon
gbbooobodgb1obogobda. gbboooooboobboobba,bbod
gboboboboodgogobbuoougbobo. goooboboogogn
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a2
gobooobgd 10
goboobooboon 2
1goagoood 100

oo 2
googgo 1000 step
4.4.2 00

oobo20000000000000 4 — A AD00O0 A00D0000D0O0O0
oooooobobooboobooboooo 42000, b00, P, 0, 0000000000
Ooboob.ob0oboooobobboobooooooooobooDg, Ay — Ay Ag
gboboggbboogbbuoooobooobbooo,oogobooobbodan
ooooooo0 A —- A A00000000000DO0O0.000,A4O000000O0
OO00o0 A000000 A, —- A AA0D00000O0OODOOO,0000D000D
gooboogobbbuooooboob.og,obbboooooboooooon.
oboO0,00000boobooboob0obobbooboooooonDOonD A — Ay Ag
goooboobobobobobboodg,booooobobbooooboobog.
ggbobobobodg,ogdobobboodg,ooobobbboooooobobbod
goobobobboboooooodon 44000. 0O0O0OOOO,000000000
gbbobbboooooobbbood,gobobbbbooad,gobbbooooan
gobobooogoobobo. bog,oobougoobbobbooooobbbooan
gobooo,gdbbobbogooobobuooooobon.
gogoboboboboooboo,bbbboouoooboobooooobbo,bod
goo,bogbobuogbbodboob,ggbboooboooooooooboa,boooon
gbbodgbbodgobo.obb,4000b0b0b0bo,boogbboobbood
gboboggobobooooboobboo.gb,oobbooobbobobobooan,
gb40000000000O0O00000OOLOOOO0OOODODOOOO0O0OD. bOo,00
gboboggbboog,budbbooobbbooobboboboobooobbodon
goobbodoob,bogooobooboon.
gogboboboboboog,gboibbbbuoooogobob,guooogbobobbod
0(000)0000,000000000000000,00000000D0000O (O
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step Agent | Ay — Ay Ag | A} — A5 Ag | A1 — Ag As A — Asg
P, 0.48 0.52 0.0 0.0

Py 0.0 0.0 0.0 1.0

A 0.24 0.0 0.42 0.34

B 0.0 0.0 0.48 0.52

0 step C 0.29 0.44 0.27 0.0
D 0.48 0.52 0.0 0.0

E 0.0 0.26 0.29 0.45

A 0.33 0.0 0.44 0.22

B 0.38 0.0 0.38 0.24

20 step C 0.44 0.0 0.33 0.22
D 0.38 0.0 0.38 0.24

E 0.38 0.0 0.38 0.24

A 0.45 0.0 0.36 0.19

B 0.45 0.0 0.36 0.19

40 step C 0.40 0.0 0.40 0.20
D 0.45 0.0 0.36 0.19

E 0.45 0.0 0.36 0.19

A 0.56 0.0 0.22 0.22

B 0.56 0.0 0.22 0.22

70 step C 0.56 0.0 0.22 0.22
D 0.56 0.0 0.22 0.22

E 0.56 0.0 0.22 0.22

0 4.2 A2 — A7 A1DDDD A1DDD
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100

learning from positive and negative example -----
Learning from negative example -----
Learning from positive example ——

80

60

40

number of grammar rules

20

0 200 400 600 800 1000
step

U444 00000000

00)000000.000,000000000000000,00000000000
gooboooobbobooooon.

g, ggobbbbbooobooobbo,bbbbououoooobbobbbogan
. 0bdodgb 45000. 0b0ugo o004, bgobbooobbboon
gbo,gbboggbbbdobobbo.gub,gobobbbooooboodbb, o
gboboggbboogobbooobbodgo,buggbboogbbooobbodn
gboboboogobbbooooaob.

gb,gbbogoboobog,ugboobboobobogoeosbonbboonon
gobobooooobobboooobobobodb.ob,boooobobooon
gbbododgd. ggoobouooog,bbuoooobbbboooobobbbooad
goboboobooooon.
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100

per =0.004 —
per =0.006 -----
per =0.008 ----
per=0.02 ----

80

60 [

40

number of grammar rules

20

0 200 400 600 800 1000
step

U 45 000000obobobogd

4.5 00O 3

4.5.1 0O0OOO

gb 2000000000000 b0bo0boogoboooboooooo.gbooa
gbboudgl1bobbbobouoobbobobooobobboooa,ugoobbbod
guodbobogobbogdgb. boobbooobboobbuooobooooooon
goobooooobo. bbb, gobbboobobobooooobobbooan
gobbod,bogobogoobbooboobboobboobooba.obobg, b
g20000000,bbbodoooooboboboobobboooboboobono.ooon
gboooboo.

od 3
ooooood 4
100dooooooad 18 O (3 x 6 loops)
goooad 1000 step
goooooo 0.008
ogoooao SS5, ultrab
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Agent 1 : speak = 1015 times ——
Agent 2 : speak = 5995 times ----

0.8

0.6 [

fffffff

*****

similarity

0.4 "

0.2 R

*****

0 200 400 600 800 1000
step

046: 10 10000

4.5.2 [0

g s3bo,bobuoougboogboobbobobobdugg,40bbbobobood
goobodgo. ogd,dgggooobbobbbbooooo 1bo,bbo0uooon
g1obo20000000000000b.bb,000b0bboooobobbbooon
gobobooboboobbbooooobooooobobooo. bbb 46000,

U460, 0000000000000D0DOO0OO0,00000DbO0bDDbOO0OODbDDO0.
gb200000,000000000000400boob0b0b0000. 0oob,bb 3
gbbodubobo40b00od0bbboobbooobb,o02b0000b04040d
gbhogobuodboooogoobood,buogobogboooboooboobban.

gbboodgb,odboodbdooob,bobbobboodobboobabb,
gboobobobubooooogoooooog. bbboboodaoa, 20000000
godgobod,bboogoboboggoboooboboooo.bog,b 460000
gbobogbi1ooggbboggoboboobbodg,bboooog 20000000
lggobbuogobboooooo,gobobogubuogobobooo.bboboo,bod
gbobbbodobobuooobbooodobobooooobn.
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Agent 1 : speak = 6000 times ——
Agent 2 : speak = 6000 times ----
Agent 3 : speak = 5933 times -----
Agent 4 : speak = 1045 times -

0.8

0.6 |-

similarity

0.4

0.2

0 200 400 600 800 1000
step

0473010000

gd,buoggbbboogobooobbooobobbbooobbooooboo
gooboboooboboobobo. 0 470,000000403bbobbboboboooon
gbobob1l1booogbobbooboobbboooboboooao.

gdo,ggbbbogoboobobbbooobbbooobooobbooobbooa
gbooogdgo.oa,bb20d0bbodadgobouboooobbooobooad,
gbobogbboobobboobobooob. oobboooboooooobboon
gbbouoggbbooobbuooobbo,gbbboobboboboooobbbod
ooboboboobuobbobuoobuobbobuoobobono.oob,b0 47000 46
goobbboogo,gbbobooogoboobosobobooo,obobobon
gbobobooogoobb. buooaoda 3b,ug 2000b0bboobbbbbdooad
goobobbooogoo,obbboboooogo. bboboob 1ggooobg 2
gboboggobodg,bugobbodg sgbbbouooooubbooobbogan
goobobbobbooogodo. ggoboboo,bobbbbodgooooob,
gboboboodgobbbouoooobboad.

gd,bogguboboogboboobbuosgbbooobooobbooobbod
00000 10000000000 (O 4.8).
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gogboboobi1oogoboboboobboobbooobbbooobboo,bb 20
gbogooobo,bouogbooboad. obbo,boobbogbboboodgobbod
gbobooood,bboggoobbooooobboooobobobod.

gdb,ododbboodggoboobbuooobbboobboob 20000000
gooboodgoobon 49000.

ggodoooboooodo,bbouoobdauouobobdoooooooooobon.
gou,bogbgusgbboobbuodgbdg 40buogbbobiboooaob.og 2
goobobobobboboooobooboooooboobbooo. oob,booon
gbobobooodo 300bbbuooodobod 4bouooobb20b00000.
gobo,d0bbodgdbbboodoogubobbboobboogb.boo,b s.200
O0,000000 B,CO0 SpeckODOUODOOOOOO AODDOODOO BO Speak
FlagOQOQOUOODOOOODOODOOOOO,0000 Speakd0D0OOoouonooooonon
gboobooobobodad.

ggbobbbooggbbo,1boogboobooooobobooooobbbod
gbo,0dobgbdbbboodbobuooobooobbbooobbooooboon
gboo,0obbbbbbbdooooonooboboobbodgb. dgg,o0000o
goobooooobobbooob. gobbob,ooobbobbooooobobobobobooon
gobbobogobbbodagd.
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similarity

similarity

0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

Agent 1 : speak = 6000 times ——
Agent 2 : speak = 2563 times ----
Agent 3 : speak = 1796 times -----
Agent 4 : speak = 1045 times -~

200

400 600
step

048 1030000

800 1000

Agent 1 : speak = 6000 times ——
Agent 2 : speak = 6000 times ----
Agent 3 : speak = 2403 times -----
Agent 4 : speak = 1234 times -

200

400 600
step

04920 20000
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1 5[

HEN

5.1 0O 0O

gogboboo,gbbooggoubobbuoobobbooobooobbooobbod
gobobdoobboob. jgdboboooooboboooog.

20000000000000000LO,000000DLDLDOOODLDODDOOOOODbDOOD
gogddoob. ogbogobobogoobbboooooobobboooo,oobobb
gubouggbbogobbuooobbooobo,gbboogbbooobbogd
gooboobobuoobooob. og,ggbooo,o00obobbooouoooon
. gbbobodggboob,booobodobouoooobbbbooobobbbooad
gob,ddbbodgbogbuogobbobbboobbbbuobobooobbond
goo.

ggbobbboogoobbog,2u0bobbbobooobbboboobbbod
goo.

e LUUOUOUDLODLDOOUOOOODLDOO,0DbDLDLOOOLDbLDbDOOOn.

e U ooobbbbbooo,oobbbbob. oobbbbooooaadd,
gbobooogobbobooobbbooooobog.

gb,gbboouabogbboo,boobboobbobboobb,bboobbd
gbbgboogobboboooooboooon.

ggbbdoodb,dgobbouodobodoobooobobooboooobboa
gbobdbooobobbobobo. oogobobog,gobboooobbbbooon
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gooboboobboobdo,gggoooobobooobb. oboddgoooo,oon

gbobboogbbbdd,ggbuoogbboboodbbooaooobbaod.
goo,0obbboboggoobbobbobooooobb,booooobobod

gobdgbbboobbobbbuooobbbuooodobobboad.

5.2 UUOUOO

gogbboodbooogbbbuooobbooobooobbooa,uoobobon
gbbodgboboooboboobbboobooobboo.bboobboobbood
Ooo00,0000000 (00000000000 LUOO0DOOOoooDoOOooOO,o0o00
goooobobobobbbobobbbbboobuoooodboboooooooonoo
gobooooodgon.

00,0000000000000000 (probabilistic parsing) 0000, 00000
gbobogubodbobbbooooobbuoooobboboobbbbod.
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L] [

ggoboob,ogobdoobboooooobobobooooobobooo,od
gboboo,0bogdgb,uggobbuoogbouoobbo.boooboobo,obbodgd
goobodgg,budo,ggobouoggbobooob.bbooooboboao,bobn
gbobodgbobboboooobboboda. ogg,bbbbooooobbooboobbn

goboo.
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