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How to Use Qualia Structure to Solve “Tennis Problem”

YUAN Yulin, LI Qiang
(Dept. of Chinese Lang. & Lit. , Peking University, Research Center of Chinese Linguistics,

Ministry of Education Key Laboratory for Computational Linguistics. Beijing 100871, China)

Abstract; “Tennis Problem” tries to link racquet, ball and net that are in a situational association relationship, and
find the semantic and reasoning relationship among them. This is a worldwide problem in natural language process-
ing in the construction of related language knowledge or resources. Aiming at solving the “tennis problem”. this pa-
per reviews several mainstream systems of linguistic lexical and conceptual knowledge base (including WordNet,
VerbNet, FrameNet, ConceptNet, etc. ), illustrates their limitations on solving this problem, and explains on why
they cannot solve it. This paper furcher proposes that the descriptive system of knowledge based on the theory of
generative lexicon, i.e. , the qualia structure of nouns, can be adopted, and that the qualia structure and relevant
syntactic combinations can be used to build a noun-based or entity-based lexical network. This conceptual network
may make up for the inadequacy of the above-mentioned systems of knowledge base and provide a knowledge base of
lexical concepts for natural language processing.
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( ) . ball( ) .net( ) s Prince-
o , ton University( )
court game( ) G A Miller ( ). R C Beckwick( ). C
s (activate) Fellbaum ( ) 1985 ,
o , W oo N 30 , 1991 version
“ ”»” “ ” ‘“ ” “ ” “‘ ”» “ ” 1. O 2007 Version 3‘ O , Version
o ’ 3. 1 .
o tel ] , WordNet
(similarity) . (organiza- ,
tion) (derivation) , Fellbaum , ,
‘ 7, WordNet (synsets) .
° » WordNet (mental lexicon)
’ WordNet
(systematicness) (order) ’
systematieness raer (thesaurus), WordNet
’ WOI‘dNet
“ ” ’
w . ' (hyponymy/hypernymy) . — (meron-
’ ymy/holonymy) . (antonymy) .
' w , ' (entailment) 31, (Ontology)
) , WordNet
, (information retrieval) .
(word sense disambiguation) . (machine
translation) . (knowledge engineering)
: 2 ’
WordNet ) “ B (semantic web)
[4]
s 3 VerbNet , °
« » .4 FrameNet s (computational lexi-
, « » . con), (2008) ol
5 ConceptNet, ’ .
. ° ) ’ Word—
“ » ; 6 R Net o
, “ 2 “ 2[6] .
2 WordNet “ ? . Word-
Net
WordNet , ,



wl

(co- “physician”( ), WordNet

occurrence) . , “hospital” ( ) 1 2 .

Noun

* (25)}{03545775) <noun.artifact=[06] S: (n) hospital#1 (hospital%1:06:00::),
infirmary#1 (infirmary%1:06:00::) (a health facility where patients receive treatment)

+ [08071169} <noun group=[14] S: (n) hospital#2 (hospital%1:14:00::) (a medical
institution where sick or injured people are given medical or surgical care)

1 “hospital”( ) WordNet

Noun

* (7){10040615} <noun.person=[18] S: (n) doctor#1 (doctor%1:18:00::), doc#1
(doc%1-1800-), physician#1 (physician%1:18:00::), MD#2 (md%1-18-:00-), Dr#2
(dr.%1:18:00::), medico#2 (medico%1:18:00::) (a licensed medical practitioner) "I felt
so bad I went to see my doctor”

2 “physician”( ) WordNet

1 2 . “ hospital”( ) ) 7“ ”
“ physician ” ( ) ; . “ ”» “ ”»” s “
“physician” ( ) 7, “ N
“hospital” ( )6 , WordNet 7 oo ” “ o/
“hospital”( ) “physician” ( ) ? , “ / 7,
. y “ / . / ”» R
o b .
“ 9 [9-10]
b o o b
“ ” “ ”
’
“ ”»
b ’
, , 3 VerbNet “ ”
o ’
(taxonomic relation) (thematic rela- , WordNet
tion) , , , (entailment) . (op-
H position) (causation) ,
b Y b Y
[7-8]
b o ’
R WordNet . , University of
. . Colorado at Boulde( )
WordNet, VerbNet, WordNet .
s . (thematic roles)
(selectional restrictions)
, “ 7 0 VerbNet Levin(1993)
“ ”
’ o
b b
b .
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(alternation) ,
. VerbNet 3 ,
: (1) Members,
; (2) Thematic Roles,

9

; (3)Frames &. Predicates,

[5,11]

VerbNet .

-

N N

hit

mw (1, 2, 3, ml, 3;¢c1, 4)
msa (v 1; wi 1)

axx (m1, 2, 3; w4 c2)
msw (w 3; ¢ 2)

surre (w1, 3; ¢ 1)

sqmasa (wi 1)

T (mr 1)

e (w1, 2; wo3)
monck (e 1; w 1)
wack (w 1; ¢ 1)

* Acewr [+mwr_cowrro]
o Parmnr [Hooscrere]

« Instrmewt [+concrere]
* Resmt

“Paula hit the ball.”
Acent V' Parresr

EXAMPLE
SYNTAX

HP V NP PP. INSTRIMENT
exawrlr  “Paula hit the ball with a stick.”
swmx pcewr V Parmewr el Insremest
semantics cause (Acent, E) (E),

use (uRmHC (E),  AcENT, INSTRIMENT)
HP V NP TocrmHER

EXAMPLE “Paula hit the sticks together.”
SWIAX  Acewt V PaTrENT CHPiomar>  (TOCETHER)

smawrics  cause (Acewt, E) PaTIENT_T) (E),

(E), .
wner(ewo(E), rorcerur, Parrent_y) cowracr (ewo(E), Parmewt_i, Parrenr_y)
HP ¥ NP ADJP
exawrie “Paul kicked the door open.”
SENTAX Acenr V Parrewr Resmr

HP V NP ADJP PP. INSTRIMENT
exawie “Paul hit the door open with his foot. ”
SITAX  Agewr V Pariewr Resmr {wrma} InstRoden
smmntrcs cause (Acewt, E) (E),
st (urmwG (E),  Acewr, InstRment)

3 hit

VerbNet ,

VerbNet

(1) VerbNet ,
“racquet” (
) VerbNet R

‘‘racquet’

. ,“tennis” ( )

‘ ”»

‘tennis’
, hit, [NP, e
V NP, ient PPincirument ] (Paula hit the tennis with a
racquet)

“tennis” “racquet”

(2) .
VerbNet

“ ”»

]
<
]

sewantics cause (Acewt, E) wawer(purmic(E), breecreoworron, Acewt) wor(cowtact (urmwG(E}, Acewt, Parrewt)) saen(ewn(E), romcerm, Acewr) cowtact(ewp(E), Acewt, Pariest)

not (cowmact (purmeG (E),  IwstRumewt, Parxent)) warer (eno(E), romceruL, Instmmeent) contact(ewp(E), INstmowent, Parrewt)

Parment_1) wor (cowtact (pukmvc(E), Partewt_1, Partrent_1)) sawee (ewp(E), FORCEFUL, PaTTENT T)

sewantics cause (Acewt, E) wuawer(purmc(E), brrecremworron, Acewt) wor(cowract (purmc(E), Acewr, Parrewr)) sawer(ewn(E), romcerm, Acewr) cowrsct(ewn(E), Acewr, Pariewt) Pren(resuLt(E), Parrewt)

ot (cowract (pummvG (E),  Twstmuwewt, Parrewt)) sawer(ewo(E), romceru., Instmomewt) cowtact(ewn(E), Instmumewt, Parrest) Preo(resoir(E), Parrewt)

VerbNet
7, VerbNet
“eat” ( ) . “
” “ ” “ ”»
b
. “eat”( )  VerbNet
4 . “celebrate”
o VerbNet “ ”
“celebrate” , ,
[NP.nt V NPy ] (We celebrated
Mary’s birthday) , “ 7,
“ ”
(3) VerbNet
’ ’
o b
“ ”»” “ ”»
o b ’
“ ”
b
o b ’

VerbNet
o , VerbNet

(routine) o

3 , VerbNet

H .
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FRAMES
HP ¥ HP

EXAMPLE  Cynthia ate the peach.”

SYNTAX Acent V Parrest

seuantics TaRE_1H(ourmvG (E), AGENT, PATIENT)
WP ¥

EXAMPLE “Cynthia ate.”

SYNTAX Acent W

somantics Taxe_tw{purmec (E), Acewr, 7TPATIENT)
HP ¥ PP—CoMATIVE

aMPie Cynthia ate at the peach.”

SYNTAX Acewr ¥V {ar} Parienr

SEMANTICS TARE_ TN(DURING (E), AGENT, PATIENT)
HP ¥ PP. SouURCE

EXAMPLE “He ate off of the table.”

SNTAX Acewr V {{+sec}} Soumce

sewaNTICS TARE TW{purmvc(E), Acewr, 7Pirrent) Prer(purinc(E), 2Parient, Source)

4 eat( )

b

?®D(spreading activation)

o b

[ ”

4 FrameNet

(University of Califor-
(FrameNet) ,

(frame semantics)

nia, Berkeley)

. Fillmore
’
b Ay Ay A
b
B-121  Fillmore
“ ”(scene) ” (situa-
tion) “ ” “ ”
b
b
o b
b
sl , heat
(cook) (food) (heating instru-
ment) ,

bake, blanch, boil, broil, brown, simmer, steam
. heat “
”(frame element) ,
“ ”(lexical unit) .
FrameNet (lexicon) .
(FrameNet database) (annotated

example sentences) 3 .

VerbNet
(  Word-
Net/Comlex) .
b [14] o b 5
“ ” hit  FrameNet .
. VerbNet .
(bottom-up) , FrameNet
. (top-down)
. , FrameNet VerbNet
VerbNet o s
(D ,
(tennis)”.“ (keyboard)”.“ (dog)” ,
“ ” . , FrameNet
(2) ,
(birthday)”, “ (hospital )”
FrameNet ; ,
@ s ( )
(trigger) o
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Frame: Hit_ target

Definition:

COD: strike (a target).

Frame Elements and Their Syntactic Realizations

The Frame Elements for this word sense are (with realizations):

|Frame Element |Number Annotated|Realization(s)
(2) WP.Ext (2)
(w PP[in].Dep (1)
(2) NP. Obj (2)

Valence Patterns:

These frame elements occur in the following syntactic patterns:

Humber Annotated Patterns
1 TOTAL 5 t

Age 1 g
P PP[in]

w Ext Dep (0]%]
A arget

1 TOTAL

t

NP NP
(W Ext ||Obj

=4=3

Clear Sentences Turn Colors Off

[x] %8 missed the snake and the lez of the end ble that was on one side of the sofaj

a nearby tourist P

[¥] 411 the shots missed their target , but

5 hit  FrameNet

“hospital” “buildings”, , : FrameNet

“a building which houses an institution providing
medical, surgical, and nursing care for sick or in- , VerbNet
jured patients”, . ,

“building ., function, material, name, place, relative ”

location, time of creation”, FrameNet
“ ”»” “
N N
”
. o
(3) s . “  FrameNet . R
b o b

, FrameNet

7 FrameNet 5 ConceptNet

20

b b

(Alan Turing,1912—1954)

b o b
, FrameNet
b Y
R , FrameNet o
“ ”
’ o b

http://www.cnki.net
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7
o , ) 6 , )
; OMCS )
, bl . ConceptNet
, 160 30
, (Feigenbaum) s ;
“ 7 (Lenat) * ” , 20, .
Is(A,B): A dog is an animal.
. ConceptNet Location Of(A,B): Books are in the library.
. Used For(A.,B): Forks are used for eating.
ConceptNet Subevent Of(A,B) . After waking up in morn-
, Liu  Singh“* ing , he checked his email.
, ,“Is” “dog” “animal”
(semantic knowledge) , o
» ConceptNet (topic extraction) . (emo-
OMCS(Open Mind Common Sense) > tion tagging) . (word sense disambigu-
(knowledgebase) , ation) (text inference)
N . N . ConceptNet
» ConceptNet OMCS 70 6

6 ConceptNet

,ConceptNet , (travers-

° al) 1)
(spreading activation )

mechanism)
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9w ” W ”»

“ ” W ”»

”»

(generation)

[17]

o b

(information extraction) ,

o

o

20

b o
Net
“ ” “ ”» )

pound concept, .

’

ConceptNet o )

o

, ) VerbNet
,ConceptNet

“ ”»

ConceptNet

b

6 “

ConceptNet

, Concept-

(comr

FrameNet

”»

. o , Pustejo-

[18-19] (Generative Lexicon,

vsky
GL), :

TF & AR TR B b B8 E TR — AP R 4 A iE
L PR B IR E AR R P e E L AT 5 5 A )

(contextual modulation)"**) ,

(
). (
), o

. Pustejovsky

. (lexi-
cal ontological knowledge) s
®o ’
(emerge)
. Pustejovsky
4 9,

(1) #&% % & (constitutive role) : # 5 — /4
k5 328 R Bk 4 Z 18 09 K £, 845 A (material) |
T (weight) . F 5 5ARR S F; LB MWIKE—AN
R W TE B A AR SR E A K

(2) HX A & (formal role): # B £ £ & K
Hikmm AR A T 20 BM®, &K
(magnitude) . 7% 3k (shape) . 4 & (dimensionality)
F= B &, (color) % ;

(3) % A A & (telic role) . # 5 xF % 69 A ik
(purpose) #e 2 4t (function) , * & & 36 & &7, — #F
R HAEH A A E (direct telico)) ATAES X HEAEA
HEIK F de beer 092 A A & 5T drink; 5 — AP 2 19 3%
o JA i & (purpose telic) , 3 EAFH T LB k-85
TR IEAFE S, 4o knife 893 B A &2 cut;

s Dirk Geeraerts'22/,
@ s Pustejo-
vsky[19:231
® Moravesik(1975)

7 (aitia) (243,



(4) 3 % 4 & (agentive role) : # 5 3+ £ EAHH
PR A el AR XARF e R TFRA K
Foda )L LB RO AR AT 93k A &t A 67X
ANEHAE,

Pustejovsky )
[25-26]
’
Pustejovsky s 4
’
’
10 o
) 6 .
@
. . . . .
’
.
“
”
b
b
.
b
[25-26]
o b .
b
’
- o
’
“
”
.
“ ” “
’ Y )
”» “ ”»
. .
o ’
, CCL
[25-26]
b b
“ ”» “ ”»
( . N
)N o
“ ”

02 wangqita % 3 , P )

’ ’ o ’

Q)
FOR: N H

N

CON; . ( )
UNI: NN ,

EVA: S s s s s s ;

AGE . \ R s 3

TEL: N N H

ACT: NN s 3

N ’ H

(2)

S1: CON+C +)_| + —+CON

e~ | FE~ | BB~ | ~HABE

| ~H A
S2: NUM+UNI+__
A~ | R~ e~ | A~ | 3
~| —EF~| —RAR~| —H~
S3: EVA+  +_
c HREME~ | Sktg~ | BEh~ | #eh~ |
Beg~ | Teh~ | ey~
S4:. AGE+_
s~ | A~ | sER ~
S5: TEL+___
dos AT~ | Edr~ | b~
S6. _+ACT
: ~(—H)R% | ~kGRER) | ~(ETF)H#
h
S7: HAN+__
FE | F | e | | S | B
B~ | Mk~ | ER~ | A~ |
(heuristic) (
. )
“ 7 “ ” (complex
nouns) , (semantic facet),
o 7" 7 2”7
o
[25 25-\0
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7 ‘
” “ ”
2
“ ”»
o
“ ”
s 2
“ ”
1
9« ”
)
“ ” (
o
’
”
’
’
°
[}
“
[}
” “ ”
“ ”
o

shengri{ &8, ) )

@)
FOR: N
CON:.

’

”
]
»”
s
” “
2

UNI: N ’ 3
EVA. . N N . ,

TEL.: N N H
ACT : N ’ 3
HAN . N ’ H

(2

S1

. _+CON
B |~ |~ | ~F R |~

| ~Ra | ~F2

S2.

S6 .

NUM+UNI+__

A~ | —k~

. EVA+  +_

R~ | Hrakeh~ | ey~ | wleiR
| AR B ~

. TEL+

s R~ | Ak~ | i~

. +ACT

: ~EBR | ~ k&
HAN+ _

s IBAE~ | Wk~
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5 “ ”
“ ” “ ”
. b
“ ”» “ ”
b N o b
“ ” “ ”»” “ ” “ ”»
° ’ N 5 ’
s VerbNet,FrameNet
b o
. y “ ”»” ( “ ”) 5. ( .
“ ’,( “ ,,) “ ”( “ )
b
¢ ¢
”) s “ ”»” “ ”» ;
“ ”» “ ”
5 (
“ ’7) “ ”» ( “ ’7)
o
“ “ ‘
s ,,( ”) .
”» “ ” “
o b
” “ ” .
\ (routine) (sub-
event) o “ oo 7,
“ ”
5 ’ ’
“ ”»
o .
“ ”» “ ” “ ”»
Y b
o o b
“
b Y Y
” “ ”
Y Y b Y
’ H
: ( 2008) ,
1. , s
, . o , WordNet
o b
VerbNet,FrameNet s
s 5
R “ ” ; VerbNet
2. D) D) -
b b
[27-287 ,
o b ’
, FrameNet
o
ConceptNet ,
5 ’ N
3. ; Concept-
) Net .
. b Y
o Y o b
ConceptNet , “ ? ,
, o , ( . )
.
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