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LFG, GPSG, HPSG, ......
PATR-II, DCG, FUG, ......
PR FETEE (TAG)

BE1EvE (Link Grammar)
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KFEiEYE (Dependency Grammar)
A1EvE (Word Grammar)
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(2) MNFERE:
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S 1L, -+ T 2 = /, o BN ==
/I\*EJ/E‘}%I‘%H\J ::__Ei‘ﬁl'-’ A !:JljFDﬁ§IVJE]:ﬂ'5!!1E)"L’ NEIES;
H 193 2R =2
TR I FEd F B A
[FIBEAT R X 90 ( TG, GB, MP
/ Phrase-based | | TAG ( GPSG
- HPSG
| Unification-based < FuG
Formal grammatical LEG
system { (oo

(Grammar Formalism)

- Categorial Grammar

L ) Dependency Grammar
RAEIERE T8 Word-based Word Grammar
AFRIRET I X 90 Link Grammar
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TG(1957), GB(1981), MP(1992)

— Chomskyik
LFG(1982) °
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PATR-II (Stuart M. Shieber, 1984, 1986)
CFG +|[ FfiEgi#) | &—3X [ eREL ] |((AHE RS

DCG (F.C.N. Pereira & D.H.D. Warren, 1980)
TEVERU ] DL B B2 4 N Prologe 7 1E &

FUG (Martin Kay, 1979, 1985)
ST FEDRIHLN | + ARt | CRbs

Lingware (& Sail Labs/s 71 5 AR MR TE 5D
LispAe 18 5 MU IR
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@ Lexical Function Grammar

€ Kaplan, R. and J.Bresnan, 1982, Lexical-
Functional Grammar : A Formal System for

Grammatical Representation, In J.Bresnan ed.
The Mental Representation of Grammatical
Relations, MIT Press 1982.

& http://www-Ifg.stanford.edu/Ifg/bresnan/

& http://www.parc.xerox.com/istl/members/kaplan/
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A A \T\: VAR

& SR IRFEFIE SR CA I S5,
i HEm E (bottom-up) 2 EAR IS5 2
FERVC A T S s B LR L2
TR E, REEHRT — )RR
MG BT RE S B IR
® T EE R
C-%4584 (constituent structure) : X&) Ha)yELE KM b
F-%45#) (functional structure) : XfH)rP I ThaEFRGIA




B FRewriting Rule

t%ﬁﬁ
S>> NP VP A A
V FRH

(TsuB))=4  T={ GIREDCE

TSUBJ %

VP-> V NP SRAL S

A FISUBJ

T={ (TOBJ)=14 FEE, =

VP>  V DL
=1
NP-> N

T={



A5 BiiR CRRIEZS 1)

N (TLEX)="#& 7K’
(TSEM)=HUMAN
(TPERS)=3

N 7] |
vV (TPRED)="#¥<(TSUBJ), (TOBJ)>’

(TSUBJ SEM)=HUMAN
(TOBJ SEM)=HUMAN



C—45H

(Tsuey)=1{ |NP VP

TV NP | (foBy)={

EmAK 2R BMil&



MC— G 2| F — &5 1)

S, x1

T=J
o MERAYGE R B (TSUB)= " INP k2 VP,x3

oy} NI T

r=] NP, x4

o MIhfEITRER N
TR T B G 1y \

Fk  BW bk
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x1.SUBJ = x2
x1=x3

x3.0BJ = x4 MHET “hy”

x2.LEX = “EEK”
x2.SEM = HUMAN
x2.PERS = 3
x3.PRED = “E-¥<(x3 SUBJ),(x3 OBJ)>"
x3.SUBJ.SEM = HUMAN

. X3.0BJ.SEM = HUMAN

10. x4.LEX = “tAili”

11. x4.SEM = HUMAN

12. x4.PERS =3

© 0N R WDNRE



PRED
SUBJ = X,
'OBJ =X,

L EX = &K
ESSWALS

SEM = HUMAN

 PERS =3

sk TH ek 4L+
AN BB =714

=X < SUBJ,0BJ > |

LEX = Bl &
SEM = HUMAN

PERS =3




“HK BT BT RE S )

PRED = =Xt < SUBJ ,OBJ > |

LEX = #K
SUBJ =| SEM = HUMAN
PERS =3

FS (X,) = - i
: LEX = -hfili%

OBJ =|SEM = HUMAN

|PERS =3
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2 GPSG (J XHiELEHIETE)

e Generalized Phrase Structure Grammar

e Gerald Gazdar, Ewan Klein, Geoffery K. Pullum,
lvan A. Sag, 1985, Generalized Phrase Structure
Grammar, Oxford, England, Blackwell Publishing
and Cambridge, 1985.

e http://www.cogs.susx.ac.uk/lab/nlp/gazdar/gazdar.html
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¢ 1%/2*3‘2@
FEARFN -> GrstEr > P 451
o FAHIN:
HPZEHN (Immediate Dominance Rule)
JCHLN] (Meta Rule)
" SRR
FFESLBLR#1 (Feature Co-occurrence Restriction)
2 4R (Linear Precedence Statements)




3 HPSG ( th NS ON h A Ag B o KB yE )
N I WA 21 57405 YA B 6 M YN AR Vi =T i o) R 7 b (VAN

e Head-Driven Phrase Structure Grammar

« Pollard, Carl and Ivag A. Sag. 1987. Information
Based Syntax and Semantics. CSLI Lecture Notes,
No.13, The University of Chicago Press,Chicago.

 Pollard, Carl and Ivag A. Sag. 1994. Head-Driven
Phrase Structure Grammar. The University of Chicago
Press,Chicago.

e Sag, lvan A. & Thomas Wasow, 1999, Syntactic
Theory: A Formal Introduction, CSLI Publications,
Stanford, California.

e http://ling.ohio-state.edu/research/hpsg/

e http://hpsg.stanford.edu/
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| JD\“[/EI%

e A
ZE AT RS

R TR 55 A R0 R 1

FriE — 4 E1EFN] (Head — Complement Rule)

HUnE — fasiERN] (Head — Specifier Rule)
HUOE — BIHEN] (Head — Modifier Rule)

PRI 4 FFEEN + & isR

T

- ‘[:Diﬁj E]/‘J/% ‘féli#%‘tﬁ%@ (Head Feature Principle, ...)
LRI ) 24 T AR A AV RN ORI SRR



4 PATR-II

Shieber, Stuart M., 1984, The Design of a Computer
Language for Linguistic Information, In Proceedings of
Coling84(10t), Stanford University, Stanford, California.

Shieber, Stuart M., 1985, Using Restriction to Extend Parsing
Algorithms for Complex-feature-based Formalisms, In
Proceedings of the 22" Annual Meeting of the ACL, University
of Chicago, Chicago, lllinois.

Shieber, Stuart M., 1986, An Introduction to Unification Based
Approaches to Grammar, CSLI Lecture Notes Series, No.4,
Stanford University.

http://www.eecs.harvard.edu/~shieber/
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ML CFGHEAL I MAFIE S M 5 6 —18F
FERL 5] A FhnyasE (b anisBesT *. %)
fEE—x g AR S (lbidmorph_gen())

SINE R IAFT S sm AN Rk me /1 (tbanz A E—
M b
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5 DCG (ETHJiEE)

e Definite Clause Grammar

 Pereira, F.C.N., and D.H.D. Warren, 1980,
Definite Clause Grammars for Language
Analysis - A Survey of the Formalism and a
Comparison with Augmented Transition
Networks, In Artificial Intelligence, Vol.13, pp231-
278, 1980.



» DCGIEVAM] uﬁ@im%%ﬁ%?'wrolog ﬂ?m i

C S->NP VP s(P1, P3) np(Pl,PZ), vp(P2,P3).

| VP->VNP vp(P1, P3) © v(P1,P2), np(P2,P3).
| NP->N np(P1,P2) :- n(P1,P2).
N->H 7K is_n(FEK).

word(#E7K,1,2).

1_&_ X/\B/I:/ﬂ-l-lﬁﬁ . WOFd(éX/P’\,Z,?’)-
word(-t1l %¢,3,4).

I1mh
LLll

OO0




n(From,To) :- word(Word,From,To), is_n(Word).
v(From,To) :- word(Word,From,To), is_v(Word).

?-s(1,4).
** Yes. WA — 2], HE I 55 U5 N AR A 4

s(P1,P3,s(NP,VP)) :- np(P1,P2,NP), vp(P2,P3,VP).

s(1, 4, s(np(n(F& 7K)),vp(v(EXK), np(n(-tAliZ))))).

T

15 2R 15 A 045 R B 0 B 46 2R




6 FUG (Ijge&—1i875)

Functional Unification Grammar

Martin Kay, 1979, Functional Grammar, In
Proceedings of the 4" Annual Meeting of the Berkeley
Linguistics Society.

Martin Kay, 1985, Parsing in Functional Grammar, In
D.Dowty, L. Karttunen, and A. Zwicky eds, Natural
Language Parsing, Cambridge University Press,
Cambridge, 1985.
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XA A 1E S A 45— K HFDIE 2\ gk
&EE T4 (Generation)




7 TAG (WAREEIEE)

e A.Joshi, L. Levy, & M. Takahashi, 1975, Tree
Adjunct Grammar, Journal of Computer & System

Science, 1975, 10(1): ppl36-163.

 Anne Abeille, Owen Rambow, 2000, Tree Adjoining
Grammars : Formalisms, Linguistic Analysis and
Processing, CSLI Publications.

e http://www.cis.upenn.edu/~xtaqg/




TAGE —ECFGH] X I

TAGHEE — X CFGHI X 1) 1

ET e B HRE S BRI

RN TE, MWW SEEN, .

Pces: VP -> VP NP
VP -> V NP

(R1)
(R2)

P.aei VP->VP(VNP)NP  (R)

so called “mildly context sensitive grammar formalism”

N TS HARE S P IXUEEH, CFG S TAGKIUAN R N




o FEARVEVEEAL: FEAWZEH Elementary Tree)
KIAER (nitial Tree)
EHENPY CAuxiliary Tree)
o B _EHIIEARAE
e (substitution)
it (Adjunction)
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TAG F# | CFG #i

T1) S>e Cl) S>e
C2) S>aT
T2) S>a T(Sb) C3) S=>Tb
C4) T>Sb
T3) T > a S(TDb) g C5) T->a$S
Whio, T
i Y
. ,.f‘l“a _ ._...}_}3'IZ"*i‘
f:"f ],'I2
Gl ., v A
-'. f-"J'“M
S b1



LTAG (Lexicalized TAG)

LTAGXK TAGHI Y & & E & KB WI a5 W A0 4
B AR R AN 5 — b B AR ) 1R AH S R R S

—/NLTAGH S5 R “1a] 7 5 AR FRE 21X
) “Pasiz k7 Canchor)

%ﬂ:/a\_‘ El’(J fF%%ﬁ é/‘j EE ( unification-based features >



LTAG: 58 S iy

S VP
Né\vp VP*/\ PP
v P NP
V\’/aik’ed t’v

* John walked Pennsylvania.

John walked to Pennsylvania.
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S o2 S
N/\P NF'{*-'K\s
likes ’U’/\P

transitive lik

es e

object extraction

| BHEORH S (Technique Report) A Lexicalized Tree Adjoining Grammar
for English, XTAG Research Group, UPenn, 2001, 2, 26
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Bill



" s ) S \; :
Np{ﬂ(\ M/\P /\ .
i /\ i /\
ST NP , P v #* does
NP i /\ ‘
‘ v p think

Wwho o4 NP

likes e ‘

Harry Bill






LTAG : F A AF 25 M A

S* COMP:...
V S* [ COMP: . J ‘ MODE: INF
‘ MODE: CS

think want

John thinks that Mary loves Sally.

John wants to love Mary.



XTAG R4 :

Tnpur Sentence

qu

LTAGE 1S A X i 1Y) S B

v

Motph Analyzer

— g SR P.0ONS Blender

Gitfal | l
C AEE L . S
( StatDB H+._
e T TN ,
| Troe Sclection
T
( Trees DB ;7
- - : Parser
|
RHEE (T : Tree Gratting
’ |
B !

____________________

ST ETFHAR

JI TN B E
~—{ SynDB ) I
: e T

|

L

|

_:L

--------- _——

Denvation Structure



- > H-
XTAG R G ) FE A 2H 1l 5 F A

AT SIESEHEE: KZ4317000 4 (5%
MESIERD , HAHE 1R K27900001, ﬁﬁuﬂ%u
@%ﬁﬁiiﬁa G N 1A e R A PR B R 1A 28

ﬂ fﬁiﬁ/ﬂi%& (POS Tagger) f#ixsr#rés (Parser)

VEEAEE (Syn Database) iﬁl.BlOOO/l\iﬁl,
lﬂ@ SEMEE R, bﬁ)ﬂ%ﬁ’]ﬂ LR BEASIEZ R
W%ITEE (Tree Database) : 10048E#}, H1534M#
Kk (Tree Family) F1221 HoAth 7Yl 45 14
(Individual Tree) 2H A%




8 Link Grammar (F5iE7L)

FETEVEHIZECMU R 2R 2 KT THEANL R R
Daniel Sleatorfl13& E Columbia University (&} L E K
%) IR R )Davy Temperley3L @ #2H, & 50 &= 2
1991 — M AR T, M HZ “Parsing English with
a Link Grammar” (CMU-CS-91-196, October 1991)

e http://www. 1ink. c¢s. cmu. edu/1ink/




BETRVA I FACRT £

TBvE (Link Grammar) A& 28 37 E M 25 f B 6

ﬁﬁT\E’I—J‘lm = %Hl/\jﬁé/%%ilJl‘J/EﬁﬁiHJ: % —J‘lil E/J%L_jrﬁ
(Link) Jg, RXHa) #4747

* BEIRTRN AT A %i‘%fﬁ'jj’jﬂF‘ﬂ/EZ_IEﬂE’J%dﬁ?%,\,

BIAE “B” giky, T “B7 451,

» HRHEARAIEE RGAMLL, ‘lfl_ VR R il

EXEER G EIHARBAES N FERAEGRKR, 1M
NIV R E IR, T B s

AT HREEWNEZE R ERERR, UAGEH AR




PAEEIE A B HR V6T A 1 B R Al

o A T BERR Y 1A

>0l
B E\B BB By B

! o U ¢ . s o

a cal Mary ran chased
the snake
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chased
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N
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—
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snake



SR

s —/MMESH—EERIEVEL S ZIE S
A NSRS, FEHIEAN R #R e T

J£5)

T HAEREESR  (linking requirement

EA

B IR

]
B

] F e 0K P LI — A~ Bl -

-4

IEO

A1, (formula of connector) &



—MEELE

BERRIE

D+

O- or S+

{@A} & D-

A)
A)

2543

Ui ]

D2t (Determiner) F144ia] (1 4%

+ FER ) 4 R

O FE 5N M 715 (Object) )%
SRR FE (Subject) [%5E
& XA B “HFH” KRR

- N [A) fe B

or ynigHE L) “E” SRR

@AK IR ZH 1A A I 2 ARE%



(1) —MeEERIAA B F (connector)  —Ju#(E
75 (&, or) u&mi&%ﬁ (A THEFRE P en
7)) B, RE— MR B R IA A N TRIFR N
FEHE T

(2) —MEiEFHEE4 (name) FIEEE:J7 1 (direction)
PR B 2H K

(3) LN TH, TPl B Z 1A B % &R ;
(4) BT AW, [ O MEhE (4
e.g. Cat: D-&(O-orS+)




ﬁﬂ%*/\%‘ﬂ%i%;iﬁ
LA R4 9% 2 BB

B P 22 05 U N I

2R T H A TR

% A I ZER

Hﬁﬁu “cat" M BERERIE AT :
D- & (O- or S+)
MAGEE :  (O-or S+) & D-

ARG REFE, =
iREPIR

HILeH O, A DHE



BEFZ T H 2

o FRE]HR H RS B D SR — A IR A ) BE R T

Bl anX+, 15— BiEA — AL BT X-,
AL IR PR A0 BLULEC (match) , 7EIX
AN BAGA] 2 (8] g AT DA — 25 X B . IXB), FRATTUE
TR X+EUX-1931] 1 3 /£ (Satisfication) BY 1517
TE—ANEERE, WA 1B T X EX -




1R A 2 2

O HERIAN X &Y E#ma, WEEzLaE
36 A2 EHE T XY

O RIAR XorY ZEgmie, NEEmbamse
D SR R RE T XY H —




R R Y (A e R A e

o XtF—AHEEHKRNE (S) , WHERYE—PEEEE (LG) , S
P L] B B R AT 25 2 HAAR MR B R R g 2 — ik, IF
HArE MRS N4z e (Meta Rule) 1%k

v P (Planarity) , #5828 BAHAAE X
v EEME (Connectivity) , FrA B R NAZEEE—E, EAGEEE.
v T (Ordering) ,  #ER2ERIA 0 58 B 1 B2 7 BR B B % R A Bl
R B e e, BERERIA A AR B BERE TR
P B PR ) B 1Y) B TR] B
v Hee Mt (Exclusion) , — X 5] 2 [a] AN g8 R A AR

FLiSELGHTE X HIiE S FHIA) T . Mg SEiAmamsE &N —14
HERSE (Linkage) , BEZREMERSEEZ A THI4ER, WFE—#K
FICFG 7 M1 45 RN AR AR -



BETAVA BN 7~ B

(1) the cat chased a snake.
(2) * the Mary chased cat.



cat

The

snake.

a

chased



T



Y e B TR S O PR 1) e

The blackd og dled ¥ > Act

sleep : Tc- dog: Ssc+ iIdea : Ssa+
S WU Ssa%L 5 Te#EAgelAf£E— Linkage



PIEEETETAAS 27 A HLE S LR

LI

H A 4 1)

S
|‘ S S

s |
Danny and Davy wrote and debugged a program.

| gave John a doll and Mary a gun. — £ #5E1E R4
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o R FIE—ACiAlt

1) It seemed likely that John would go.

3) * It acted likely that John would go.
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9 Dependency Grammar (K718

WAFTEIE MR R RiEVE, P AEEIES 5 emR (L
Tesniere) #EH1, ,\EE%“&E\ELZI‘E&H%T@zJ%ﬁ}:?NSQEtHﬁ)iEl’J (&
fa)EEREY  (Element de Syntaxe Structruale) — i, 1Elq'ﬂzf7yt
K1 193451 CEFFEL— ﬁlﬂ/j&» (Comment Construire Une
Syntaxe) XWX HI LR TX—iEE B,

Haim Gaifman, 1965, Dependency systems and phrase-structure
systems. Information and Control, Vol.8, No.3, pp304-337.

Jane J. Robinson, 1970, Dependency structures and
transformational rules. Language, 46:259-285.

GG, 1983, (REBHVRMEKRTEER) , # (EIMESF)
19834 25 11

Peter Hellwig,1986, Dependency Unification Grammar, Proceedings
of Coling’86, Bonn.

SH (1992) , B, EHET (1994)



\J SN

y SEAAL]

Tesniere K FiE 1L P FL AT

o H& (Jonction) : A RIS

o FhiAA TR, BliE SR
5 B

o HiAE AR RIATEI0 (act

o ATBNICHIEH B2 B iR K £

[FH

R

19" Ji

A7 (Translation) : iFiEINREMIER

SR A S

KEE (Connexion) : &) F a2 Mg R

ELFE A2 5] SCHC AT 44 1A 1) 4L RN Bl 1] ] 2

ant) ;

gIia] e 2H A2 Bl PR A G Ceirconstant)

(valence)



A AT 2106 Ac

TN A LR,
i SR MTRIE, ik
B CREAMTEIE, %
=i KRR, R

AFTE: —— M iEvE (Valence Grammar)



Robinson#g H K A7 5 2 U0 K 3

1 AT U — AR R SLA
2 AR RSN, )T R AR R A AR AE T 5 R
3 AT AN 4 B BE R AE AN BRI AR 15

4 WA MNE B, TCH T ER)HALFARIBZ[H],
MC 7 EE MNETA, B MNETB, 5 Mg TABZIH
B S5

> RSB, BREETEVA M, MKAETAIN IR B2 A R 5 1]
ZEIPEBERRA, MHRXMIX ARG AR CGZEE—M
E) ) — MRS AR AR A “ a7, JEMEWERR N M
17 )




HAF I 55 R 4

=]
NS

Submbj
= K PN

l De
[

l Poss

poispi: G

Dependency Relation Tree

FRI A

S

NP/\VP
np
n V N u N

HK & il B SR

Phrase Structure Tree



F 1]

Subj

H K

Gov

RER T — DR
IR
(Government)

||||||||||||||||||||

De

Poss

ib)

Obj

SR



DO MAFTEVE HI AT 7T

o SFF (1992) , FHH, HET (1994)

o TRIEARME S B RRAT CH BRAE SREIRAE)

INN -
= & BB B T X IR 3EEE

o BN (EEFMAR) HSEMEN KPR HD

] Sk
=
/\ l
#k Lk f@

Tl %



DB PIHAT R R R
o HZ/MMIKAFRZ? (327 1067 45?2 44?2 )

o RAFRARZEH: HERR (Ob))

TR AR 7~
N
Vv N w1 Z HE
N
\ Q AT XL LA

7N
% De XA B A ZE KEH



LT RN R,
NS TN N
2 At = &, i S E Kl
_
------------------------------------------ HRMKELR, B

///////f———\\\\\\\\ TGRS
y§] 73

3 Jdkww & B #h



\ﬁ \_':: AN » EI
/f'l/\’I@-[’IZi 17 @t I—I(:l' {'E'JI AT:E

o MRAFPIBA SR 2 R 2V SE R Ok &R, BRI AE AR A7 AR 1Y
FLhih b AT B R F AL e b A R R

o HRET IS HRFIRTRR IS R ME . 5 ORI
Ha)ik (RIEFF) RO .

CNA

F5% I T RFE 1] Ak EESURRAX

N N
TR W T RE (2] Fonk mrAES, TR AWARS

/-

\_/ 4[{_:_(

E% %@é ANE: B4, “F72” MWNgT

\_/ ((ﬁa%‘—%” , ((%” /fl‘—[‘a'_“ ((EE%” ;FD ((ﬁa
R ZIA], AH G877 AMKAF T LA

Vi
w




WAFTEVE IS K

—1

i3

o MLMTiEVE (Valency Grammar)

o aliEVE (Word Grammar)

Richard Hudson, 1984, 1990, Blackwell
e http://www.phon.ucl.ac.uk/home/dick/wqg.htm

o RTHRAEENEZAMTNE, " LLUim
http://ufal.mff.cuni.cz/dg/dgmain.htmi & ]




10 Categorial Grammar (JuBF1EE)

e Lesniewski, 1929, Ajdukiewicz,1935
Bar-Hillel,1950, Lambek,1958,1961,
Montague,1970, 4B52FH,1995, % ™ &% ifF1£,1998,
12,1998

o JOBFIETARIAZ O AR HUTE T T ) S A X BN
S “RAY” [abE” , HUE S AR R G T AR B,
N CRALY [aBE” Z AR AR

e http://www.cs.man.ac.uk/ai/CG/




H AW

WA TR A TR ARG . SHIN. HIBS MR, S
HIS T Fr, NS T4

— M A TN (KD hIEATES N 50
FIAMIELE “V, P, GRS, R 7 Hk.
GBS VIR “EB . CPRT AR, B
WL, BT TRARSRR S, HIBIHL, SR
AT LU AT 7 T BRIEIE B 16 5 o B
A B S 2 IR S A SR, T
W ARG ik B I8 Fh R B it

RA5




A

FEREIE

<A
N
L]
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