DDDD(DDDDDDDDDDDDDDDD)I

0000000 (Augmented Transition Networks)[Woods 70]

Jobogoboobuoobogon
(Grammar Formalisims for

Natural Language Processing)

000000 (Categorial Grammar) (0O OO [Lambek
58][Oehrle 88][Wood 93])

000 (Case Grammar)[Fillmore 68|

0000000 (Montague Grammar)[Montague 73]
oo

0000 (Conceptual Dependency, CD)[Schank 72]
00000000 (Extended CFG)

— 0000 (Attribute Grammar)

— LINGOL[Pratt 75]

— 00 LINGOL(Extended LINGOL)[O O O 77]

20040 50 280 (O)

Combinatory Categorial Grammar(CCG)[Steedman 96]

e 0 00OO (Tree Adjoining Grammar, TAG)[Joshi 75,98]
— Lexicalized Tree Adjoining Grammar (L-TAG)[Schabes
90,92]
— Tree Insertion Grammar (TIG)[Schabes 95]
e 00000 (Unification-based Grammar)
LFG(Lexical Functional Grammar)[Kaplan & Bresnan 82]
GPSG(Generalized Phrase Structure Grammar)[Gazdar * Gapping Grammars(GGs)[Dahl 84], Discontinuous

82][GKPS 85] Grammars(DGs)[Dahl 89]
Head Grammar[Pollard] * PATR-II[Shieber 84]
— HPSG(Head-driven Phrase Structure Grammar)[Pollard &
Sag 87, 94] [Sag 03]
— 0000 (Logic Grammars)
* Metamophosis Grammars(MGs)[Colmerauer 78]
* Functional Unification Grammar(FUG)[Kay 80]
* Definiete Clause Grammars(DCGs)[Pereira & Warren 80]

* Extraposition Grammars(XGs)[Peraira 81]




DDDDDDDI

G = (Vy,Vr, P,S)

vw 0000000000

Vp 000000000 VanVe=6
P 0000 (00D00)0000O0
S 0000 (QO00) SeVy
ooooooogo

a—f3 (ae(VyUVp)t, Be(VnUuVp)*)

goon

A—BO A—aB (A B€VN,a€Vy)

gogoooo

A—=p (AcVn, e (VNUVp))

gooooo

ajAas = a1fae (0000« <|A|000O)

RTN:Recursive Transition Networks'

e JJ000DUDDOD (OUDDOOODO)OODO
e 100D (00)OODUODOOUODDOODODUODDOOODOOO
o JOODODODODOOO

30 00 Transition Networks

e Transition Networks = Finite state Automata
e Recursive Transition Networks = Context Free Grammars

e Augumented Transition Networks = Type-0 Grammars

RTN(Recursive Transition Networks) 0 [0

PP

—» POP

NP

ADJ PP

CEEGRE g m

PREP : */\ NP < > POP




‘ ATN(Augumented Transition Networks)

e RINOIODOODOOOOODOOOLOOODOODOOOOODOODODOO
oboooooooobooooobobooooobooog

e ]J00ODUUDOOOOUOHoldODOOODOUOD (COOOUDODO
0000000oooooooo)

e JOIODUOODOODLOODOODODODOO
¢ DCG(Definete Clause Grammar) 00000

AUX NP

S --> ( NP, ( AUX ;

PPx ——> [].
PP* —-> PP, PPx.

[l ) ; AUX, NP ), V, NP, PPx.

10

000000 (Categorial Grammar) I

e J00JDOIDODUDOD (DDOD)DOODODDDOOUOODOOD
gbobooboooooooboboooooboooooaon

e JO00OO0O0OO0OOODOODOOOODOOOOOODOOOODOOO
gbooooOoboooooono

ooogooboo

1. 00000000N,SO200000000000 (DO0O)O
goooooo

2. 0000000000 z20000000000D00D0O00O0DOO
gboboobObobooooobooooobooboobooboooonog
00000000000X0YOoOOooouoooXxX/y, X\Y
oooooood

11

DDDDDDDDDDDI

googn oagd RN
0000 (Application): X/YY — X (>A)
Y X\V - X (<A)

00 (Associativity):

00 (Composition):

0000 (Raising):

00 (Division):

(X\Y)/Z & (X/2)\Y

X/YY/Z - X|Z (>C)
Y\Z X\Y — X\Z (<C)
X = Y/(V\X

)
X = Y\(Y/X)
)

(
XY = (X/2)/(Y]Z)
X\Y = (X\2)\(Y\2)

12




DDDDDDDDDDDDDI

13

DDDDDDDDDDDDDDDI

1. 0000:
John, Mary: N, loves: (S\N)/N

John loves Mary
N (S\N)/N N
>A
(S\N)
<A
S

14

2.00: (X\V)/Z - (X/2)\Y
loves: (S\N)/N — (S/N)\N

(i) ( John loves ) Mary
<A
S/N
>A
S
(i)  ( Mary cooked ) and ( John ate ) the cookie
N (S/N)\N Conj N (S/N)\N N
—_— <A —_— <A
(S/N) (S/N) 4
Conj
(S/N)

>A

15

3.00: (<C) Y\Z X\Y — X\Z
0000: X — Y\(Y/X)
Mary, Bill: N — (S\N)\((S\N)/N) (=wvp\(vp/N) OO D)

John saw Mary yesterday and Bill today
N wp/N  wp\(vp/N) vp\vp Conj  vp\(vp/N)  wp\vp
<C —<C
vp\(vp/N) vp\(vp/N)
Conj
vp\(vp/N)
vp (= (S\N))
<A
S

(Co-ordination) 0O OO OO

Xt Conj X = X

16




4. 00: X\Y = (X\2)\(Y\2)
(i) (John lives)  here

N S\N  S\S
— <A

<A
S

(i) here: S\S — (S\N)\(S\NV)

John (lives here )
N S\N (S\N)\(S\NV)
<A
(S\NV)
<A
S

17

00000 (Tree Adjoining Grammar) I

0000000500 (X,NT,I,A,S) 0000000000
e YOUOOOOOODONTOODUODOODOD

e /0 ADIOUOOOOOOOOOOOODOIOOOOOOO
(initial trees)D AOD DO O0O0O (auxiliary trees) D000

e SONTOOUODOODOUODODODODODOO

e /0 AUDODDOUDOODOOO (elementary trees) 00 OO
000 00000000 (@Oo0o0)0o00ooooooo
000 ooboobooboobooboboboboboobooo

18

DDDDDDDDDDI

00 (substitution): 00 0000000000000 O0OO0OO
gbbooboobooboboobobbobooboboboan

gboooboobooogn

00 (adjoining): 000000 (000 XO0OOOO0DOO0O0)00
0000000000000000X00000000000
0000000000 0adjunction 0000000

19

gboboboooobbodad

|

A AR
A

20




DDDDDDDDDI

@ (b1) (1)

00000000 (Lexicalized Tree Adjoining Grammar) I

e J0ODODOOODOODODOUODODDODLOODLODOO
go

AT N

peTd Nb Vi prepd  Npl

M R G
,

the man  walks

© e © s e JOODODDOOOOOOO

e JO0ODOODODOODDOODDOODOODOODODOOODOO
ugboabooaboodaogad

21 22

DDDDDDDDDDI DDDDDDDDDDDDDDDDDI

@ @ s e J0UDDO (D0OUDUODDOO)DOUDOODODOODOOUD

/\\ Mﬁ\; ooo

whoo /\ 000000000000 MOO0O000000000OOn
/\xl b oooooo
|

likes

gbobooboobooooobooboooboooobooboooonoag
oo

googboboboobooboobobbobooboboon
gbooooOobooooonoo

© Npl/s\vp
v/ \S*
\

know

O000000000000000 (argument structure) 00 00O
oo

gboboobobooooboboobooboooobooboooon
OO0O000000 linking rule 00O

23 24




Unification Based Grammar Formalisms (000 O0) I
Jooooooooo I e LFG(Lexical Functional Grammar)
GPSG(Generalized Phrase Structure Grammar)

HG(Head Grammar)

e JO0O0O0OOOODOOLOODODULDODODODOOOODD
gbooabooboobooboobobbobooboboan
0000000000oU0ooO0o0oo (Dooo)ooooooo
00000000000000000000 (-0000000

HPSG(Head-driven Phrase Structure Grammar)

Logic Grammars

oo)
e 0000000000000 0O0000O0000O00000nn e FUG(Functional Unification Grammar)
googooooboobooboobooboboboon e MG(Metamorphosis Grammars)

e DCG(Definite Clause Grammars)

e XG(Extraposition Grammars)

25 26

gboboboooobbodo

|

¢ DG(Discontinuous Grammars)

e PATR-II 1. 0go0oobooobooobon

LFG, GPSG, --- 2. J0obbobboooooobobobbbooda
gbobooobobooobooboooboooboooooobobooooooonn 3.000000000000000000000000 (node
ooo admissibility condition) 00000000000

4 0000000000000000000000000 (acyclic
FUG, DCG, PATR-IL - - graph) 000000000000 O0O0O

nootooooooubooouoooodooouooo 5. 00000000000000000000000000

(unification) 00 000000

27 28




00000 (Definite Clause Grammars)

e J0OIDODDOUOODOOOHemOODODDOOODODDOODOOD
goooogd

e JOOOOODOODOO

e JJIDODDOUOODDODODODODOD PrologODODOOODODO
oood

e Prolog00000D0DO0OO0O0DOOOOODOOOOODOOOO
goooog

29

(O]

setence(SFrame, s(NP,VP)) -->
np (NPFrame, NP),
{ case(NPFrame, subject) },
vp(VPFrame, VP),

{ make_new_frame (NPFrame, VPFrame, SFrame) }.

sentencel np U vp U OODOOODOOODOOODOOODOOODOO
0000000o0ooooooooooo YyoooUooo
goooooooboooooo

30

\DDDDDDDDDDDDI

000000 (Lexical Functional Grammar, LFG)

e J0U0DOUDUDOUDOUD (¢:DOODOODODODO)DOODO
00000000000 (K-0000000o00)o00o0o

« 0000 (00)0000000000000000000 (00
oooooo)

c-U0: 0dbugbooboobobboabod

f00: 00000000000000 (D000U0oooo)ooooo
go0oooOooOoot+ooboooooobooo +0oogo
c-0000000000 (annotation) 000000000

31

000000000 (Head-driven Phrase Structure
Grammar, HPSG)

e J0UD(0D)0O0UDODODOUOUDODOUODDOOUOODDOUD
000000 (Doooooon)

e JO0ODOODODOODDOODDOODOODOODODLDOODOO
00000000000o0o0ooooooooo(oo)ooo
obooooobooooooo

32




000000 (LFG, Lexical Functional Grammar) I

LFGOOOOOODO (e-0000DDOD 000D0)

S - NP VP +— 00
(tSUBJ) =1 t=1 —foooo

VP - A NP NP — 00
t=1 (t1OBJ)=| (1OBJ2)=| « {0000

0(S)00000 (NP)OODOO (VP)OOOOOOOOO00000
0000000 (VP)ODODOO (V)0D00000 (NP)OD0ooo
0ooooo

f0o0000oo00ooo0oooooobooOoooooooono
gbooobooooooboooboooao

33

ggbobobooaoabo

S — NP VP «— c-00
(rsuBl)y=] 1= «~— f-000oag
C—DDDD:D(S)DDDDD(NP)DDDD(VP)DDDDDEI
oood
t0000: 0000000000000 00000000b000
gooooooooooo

OooNPOOOfO0OO0O:SO00SUBJOOOOOOO
oNPOOODOOODOODOO

ooovpOODfOD0OODO: SOOOOO VPOOOOOO
gboooooooooon

34

DDDDDDI

a: DET (1 SPEC) = A
(+ NUM) = SG
girl: N (t NUM) = SG
(t PRED) = ‘GIRL’
handed: V (t TENSE) = PAST
(t PRED) = ‘HAND(({ SUBJ)(t OBJ)(+ OBJ2))’
the: DET ( SPEC) = THE

oo ff0oood

cO000000000000000000000000 00000
00 ccO000O0O0O0O0O0O0f000oooooooooooonooo
oooobooogn

35

00000 (subcategorization) I

000000000 PREDOOOCOOOUOO (DODO)0O0OOO
oo

ask: V(1 TENSE) = PRES
(1 PRED) = ‘ASK((1 SUBJ)(1 OBJ)({ COMP))’
(t TENSE) = PRES

(1 PRED) = ‘GO((1SUBJ))’

go: 'V

e ask 00 00D0OUDOD (that 00 0)0000go0OOOD
oood

36




O0ooooooo@oooon)

try: V(1 PRED) = ‘TRY((1 SUBJ)( VCOMP))’

(t VCOMP SUBJ) = (1 SUBJ)

(t VCOMP TO) =, +
promise: V  (f PRED) = ‘PROMISE((t SUBJ)(t OBJ)(t VCOMP))’
(t VCOMP SUBJ) = (1 SUBJ)
(t VCOMP TO) =, +

(1 PRED) = ‘PERSUADE((1 SUBJ)(1 OBJ)(1 VCOMP))’
(t VCOMP SUBJ) = (1 OBJ)

(

1T VCOMP TO) =. +

persuade: V

37

e tryU00O0OD0OODOO0OOODOOOOOOODOODOODOODOO
gooooOooooooboooooooo

e promise 0O OODOOOOOOOOODOODOOODOODOODOO
gboooboooboobgoobooboobobbobo

e persuage(0000)000000000O0ODDOOOOOOOOO
gbobogbooboobooboobobbobooboboan
ooo

38

DDDDDDDDDDDI

000000 (e-0O00O0O0ODODOf0000)

S — NP VP
(tSUB)) =] 1=
VP = v NP (VP)
t=1  (1OBJ)=L (fVCOMP)=]
VP o (to) VP
(t TO) = t=1

)=+
(T INF) =. +

39

gogoooo

a:  DET ({SPEC)=A
(t NUM) = SG
the: DET (1 SPEC) = THE
girl: N (1 NUM) = SG
(t PRED) = ‘GIRL’
(1 SPEC) = THE
(1 NUM) = SG
(t PERS) = 1ST

I NP

40




LFGO c-000 0000 (promise O D)I

[ sPEC THE
SUBJ NUM SG
S | PERS 1ST
PRED  ‘PPOMISE((t SUBJ)( OBJ)(t VCOMP))'
[ sPEC THE
NP VP OBJ NUM  SG
/R | PRED ‘GIRL'
[ SPEC THE
Vv NP VP’
SUBJ NUM SG
VCOMP PERS 1ST
DET N Y INF 4
| o
I promise the girl to go | PRED ‘GO((t SUBJ))'
41 42
LFGO c-000 0000 (persuade J0) i -
SPEC THE
SUBJ NUM SG
S | PERS 15T
PRED  ‘PERSUADE((t SUBJ)(t OBJ)(t VCOM P))’
[ SPEC THE
NP VP OBJ NUM  SG
/R | PRED ‘GIRL'
[ SPEC THE
V NP VP’
SUBJ NUM  SG
/\ PRED ‘GIRL
VCOMP

| persuade the girl to go

43

DET N \%

INF  +
TO +
| PRED ‘GO((t SUBJ))’

44




ggboobuoggoboood

e promise 0 persuade 0000000000000 (0DOOO
0000000)0000000000000DO00O0oO0

o LFGOOODOODOOODOOOODOOOODOOOODOO
goooo

e JO00OO0OO0ODOOOOODOOOLUDOODOOLOODOOOODOOO
oono

e JJ00IODODOUOUDDODUOUDOODOODLFGOOOOD
HPSGUUOOOOODOO(OOUOOOO0OO)00oooooo
oooooood

45

f—DDDDDDDDI

00000 (Uniqueness condition)

oooooooOo o000 z2000000000

00000 (Completeness condition)

f0o0000poo00ooo0oooooooooooooooooon
goo0oooooOopooofOoo00oOooO0oooDoo f0Doo
ooooboboooobooboooog

* The girl handed.
‘hand{(T SUBJ)(1 OBJ2)(1 OBJ))’

46

00000 (Coherence condition)

fOoo00oooo0ooooo0ooooooooboooooooooo
gooOoOoOoOoOoOOOOODOOOOODOOfOOOOODODODODOO
oo00fO0O0O000O00OO0DODODODOOOODOOOOOOOOO

* The girl fell the apple a dog.
‘fall{(T SUBJ)Y’

(0)DOOOO0ODOOOO SUBJ,OBJOOOOOOODOOOOOO
gbooobooboooood

47

HPSG(Head-driven Phrase Sturcture Grammar) I

00000000 (00000000o0)0000o0o0o0oooo
oobooboobooboooobooobooobooobooboooboooooon
oood

HpPSGUOODODODOOOOODOOOOOO

SYNODOOOODOSEMOODOOOOODOD

[ word/phrase
HEAD category
SYN FORM
SUBCAT
| SEM ]

48




DDDDDDDDDDDDI

HEAD 00 000O0O0O0ODOO0OOO0OO0O0

SUBCAT 0000000000 (0000000000 (SPR)O
00 (COMPS)0O00D000000

HPSGOODO

e ]J000DUDDODUDDOO(DOUOOD)DOOODO 20
good

e J0DOODODDODOODUOODOODDODDLDODOO
gbooobooobooon

e JO0O0OO0ODOODOOUOODODOODOODOOO

e JO0DOODODOODLOODODODODLODDODOODODOO
gooooood

49

DDDDDDDI

ooboooooboooooobooobooobooooboooooooon
oooooooo

000000 (Head Feature Principle)

M. HEAD[1]]

00-0000 (Head-Complement rule)

SUBCAT OO000O0OOCO0OO0ODOCOOOODOOOODOOOOOO
gboogobooan

M [ SUBCAT(~--)]

H C
[...SUBCAT<,~~>]

51

00-00000 (Head-Specifier rule)

00000000000 SUBCATOOOOOOO0
SPR(Specifier) 000000000000 (COMPS) 000

M ... SUBCAT ()]

C H
|-+ suBcar (1)) |

52




OOoooog SuBCATO SEMDDDI

o tend (Raising) They tend to run.
[ SUBCAT (NP, VPlinf, SUBCAT (NP)]) ]

| SEM | RELATION  tend |

o 1Y (Equ) They try to run.
[ SUBCAT (NB, VPling, SUBCAT (NA))

| RELATION try |

B | TRYER ngs

53

) persuade (Obj-Equ) They persuade him to go.
( SUBCAT (NP,NP,VP[z'nf7 SUBCAT (NP)])
RELATION persuade

SEM | PERSUADER [llref
L PERSUADEE [2)ref

o PTOMISE (Subj-Equ) They promise him to go.
[ suBcAT (N N, VPlinf, SUBCAT (NA7))
1 7 7 )
RELATION promise

SEM | PROMISER [llref
PROMISEE [2]ref

54

HPSGDDDDDDI

[ AEAD } (= Slfin])

SUBCAT ()

{ frEAD } (= VvP[fin])

im
H C C
HEAD 1rcrb[f'in,]
SUBCAT ([ 1|NPlnomlg,q sing) | 2 [NPlacel.[3 [N Place] )
SandyFido
gives
55
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