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ABSTRACT

In marral lamguage processing, case frames are
frailed 06 eqseniin]l in eapressing the meaning of
sensences. A deep case expressing semantic relation
between & verb amd its case is importamt for the
analysis of sentences, In che case of use of deep cuses
for semantic analysis, it |s an knapartant peollem that
they have namblguiy, Each user has  varous
classifications of deep coses. In the case thai the
syeiem hos ped aequined o doop ense, ihe sysiom aiks
the user what kind of the deep case, Then, the sysiem
nouires deep cosee widng quecies and replies o adapt
w0 user. In this paper, we proposs the acquisition
sstem of deep case which adapts (o & wer uging
queries and ceglies. Them, we camied oul the
experiment for evalusting the sysem. We gpot the
reauall which was effective i declde deap case which
adopls to B user.

Key Words: Deep Case, Ambiguiny, Queries

Replies, Semantic Relation

1 INTRODUCTION

It is used v ¢lnsses of caes 1o express the struciure of
sentenecss, that arc surface cases and deep cases, For the
nralysis of sentences in natural longuage procassing, the
desp cases are importan, because the deep cases can
express semantic relations which the surfsce cases can ninl
oapross. Therefane, U is necessary o determing deop cases
of words in the semantic analysis of n natarad lonpuage
procassing &y wem,

A desp case expresses the semanbic relation betwesn a
verb and the other woeds in & senience, However, (he
defimitien of deep cases hag amblguites, tat there wa no
aulstanding opinions nbout the kinds of desp caiea, 1he
standanls 1 determine o desp case in 4 sanlesce, and ela,
Accordingly, when 1he deep cases are fixed in @ naharal
lunguage processing syabemn, o wier has 1o uae the given
deep cases even if they differ from the user's definition.
mmfm the udur's satisfaction to (he sysiem becomes
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We consider that there are two types af case relations,
Ome is the typienal case relation that the judgment of
almast wll users comespond, The ather i the cnss relatlon
that has ambiguities. In the cass, the judgments of them
wre different ench uper. They are nol always same in il
specific user, Thess ambipuitics are called “the user's
amilbdguily” in ks poper. In the past, the decp cass
decision methads do not allow the user o heve the user's
ambiguity.

To ncrease the wser’s satsfaction, we propose a deep
cage decision method in this paper. The system based on
our progesed method wsea querbes and raplles 1o adapt
case decisions 1o 4 specific user. And the system allows
Che usee 10 have e usee's ambiguliy, Becouss we consider
that the allowance of the wser’s ambiguity is necessary, for
example, o the semantic comprehension system. adapting
o & specific user. This proposed sysicm analyzas (ho
Japanegs seniences andd soquires the desp cases between
words of ibem using information of mophological
analyss and parzing. The |1 Kimnds of desp cases are used
in our propoeed method,

Firse, the syslem acquiree Information of the deep case
using queeries and replies, Mext, the system determines a
dlep case for o relution with n particle betwesn o poun and
a veeb inoa oew sendence by using information of the desp
chia oblaingd, Determining all deep cases wibng querios
and replies nesds heavy labod becanse there are 3 Jolb of
relacions  with paricles  batween noune  and  verbs.
Therefore, in e case that thers are lack of information of
the deap cased about the noun and ithe verh, this system
predicis and determines the deep cases by 1he usege of the
particle. Amdl the system uses the thesaonas o the deep
case declsion. Therefore, this system is able o acquire
deep cases efflclently.

Wa alse describe the expermendnl resubis of the
evaluation of this sysem. 1o this expediment, the sysiem
acejaires information of 1the deep casea In 1600 Japanass
semiences, We evaluate this system by wsling the lasi 400
Tapanese seniences becsuse the system adapt o a specifle
ser fram 1,200 to 1,600 Japaress santemoes,
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Table 1; Kinds of decp cases

Deap Coxas Meaning
AGENT Thing that causes ation
QBRIECT Cibgect ol welkin

PLACE Place where sculon & 1aken
INSTRUMENT | [nstrument for action

CALSE Cause of action

TIME Time for ecthon
BENEMCIARY | Thing (hol nctlan s aken fos

MANNER Mammer of action

MATERIAL Manerinl of action
LSO0URCE Sowrce of seticn

GOAL Clinal of action
2 OUTLINE

Figare: | shiows the owline of the processing process. Firse,
the input Jopanese sentopce @ analysed  in the
morphological nnokysls system and (ke parking system,
Inforraton on the noun and the verb with a particle is
odtaiped by bath aralyses of the momphological analysis
and paralng. Mext, this system processes it in the deep case
decision purt, Deop cases are degided by using the deep
case decisbon rula in this part. The one that & deep case
can be declded in the deep case decision part outpiois a
deep case and the ope that it is not possibbe to decide
processes it im the deep case acquisition pant. The user
judgas the auipul deep cnse, In the following, deils of
each processing ame descnbed,

2.1 MORPHOLOGICAL ANALYSIS AND

PARSING
Japancse morphological analysis svelem JUMAN [5] s
used aboat the processing of morphological analysis of
this sysiem.

The parsing processing in this system uses Japanese
parsing avuem KMP [6]. Ag o resuld, Informadon on b
newn and the verh with a particle is obinined,

22 DEEP CASE DECISION RULES

“Deep case decision roles” are males 1o decide deep cases
of the verb and the noun with & panticle obiined by this
reaearch. In this research; ibe system crear wich only
relntion that can decide a deep cnse from the relation
between & noun asd a verb with a particle in elassification
of deep cases, The scquired rules are scoumulaied by the
eombination of [noun}-[pertcle)-[deep case] and [verb]-
[particle)-[deep cnse]. The resson why the deep case
decislon miles are described separately for 1he noun o
the verh i5 10 have considered that the system cun decide
adeep cosas whan ane of the wonn and the verb does nog
exist in the deep cage decision rules. Table 2 and table 3
ahiw the examgite of deép cnse decislon rules,

2.3 DEEP CASE DECISION PROCESS

It is very difficalt 1o deolde desp cases using queries and
replics with & user about the relations between all nouns
and wertd, YWhen there (s one or no deep cose deckalon nale
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Japanese Sentence

| Morphalogical Analysls (JUMAN) |
A -

T

Deep Coae Acquisition Process
Figure 1: Process

about the noun osnd the verh in new inpul sentance, he

sysiem decides deep cases by using deep case decision

rules and thesmuens [3).

In the case that the deep case decision rules of the verb
ond the nown exiat, the deep case can be decided by thess
rules.

Next, the procedure ln the case that the desp case
declalon rubes of the verb caly exist |a explained, First, the
deep cote which can be obtsined from ke reladion
between the particla snd the verb in the deep case decision
rules is chosen. Ar ks tinee, the sysiem judges whether
the kind of the decp case which cam be extracied is
singular or plural, In the case that the kind of ihe deep
case is singular, the sysem decides s deep case, In the
case that the kind of the deep case iy phural, the system
seprches the word in the deep casa decision reles tha is
sitnilar in the meaning 0 the Inpul nowsn uslng the
thesaurnus. If there i the similar word, the deep case is
decaded by using the deep case declalon mabes of (he wond,
If there |5 ot the similar word, the sysiem processes il in
the desp cose ncquisition process.

In the case that the desp ense deaision tubes of bath the
werb and the noun do nod exist, the procedure of the deep
ense decision I8 explainel as follows, First, the system
seprches the impat varb and nous in the thesmums, When
there are the inpot words i ihe thesaurug, the system
depmchas the words In tbe deep cade declsion rales ihat ore
similar in the meaning 1o the input words using the
thagaurus, If there are the similar words, the deep case bs
decided by using the deep case decision rules of the words.
IF the similar words do nol exist, the sysem processe
them in the deep case acquisition process,

= |8E—




Tahle 3: Examples of deep cass declshon rulea (noun)

Noun Particls: Doop Case
i Enilixh.i
RErlFT T pAGENT all BENEFICIARY
{1} e AGENT wo, OBRIECT
kare gazAGENT ai: BENMEFICIARY
{hal i AGENT wo: ORIECT
kelrarkr de: INSTRUMENT woOBIBECT
[ compubar )
Finko wl:OBJECT ni:PLACE
hank _
keumchp wa: AGENT wo, OBRJECT
{ Inaset )
denwa puzOBIECT de INSTRUMENT
| {telephone ) | wo:OBIECT wrQBJECT
dawne w:OBJECT wor30URCE
[ road ) de; SOURCE
TN A CAUSE wo OBIECT
[ war )
ki e SOURCE mizCGOAL
{ siation } | wo:SOURCE

Table 3 Examples of deep case decision mbes (vech)

Werb I-"nni.t:h::fh:p Case
i BEnglish ) L
AbeTeru g ADENT ni:BENEFICIARY
[ give 3 wWEAGENT warOBIECT
HTEFY de INSTRUMENT wa: AGENT
{ erosa } wi FLACE
[ de: INSTRUMENT wo QBJECT
{ berm wr AOENT
daubwi i pAGENT de:PLACE ai TIME
[ &al } de INSTRUMENT ai FLACE
sowpirirn | e INSTRUMENT wai AGENT
folgan } | weePLACE
hatirar geAGENT de:INSTRUMENT
{ eies ) el CROAL reliIAL:
WEr wic OBJECT ai; PLACE
I { plari j vt AEMNT
e karg:SOURCE wo SOURCE
Ligeout) | gasACGENT

2.4 DEEP CASE ACQUISITION PROCESS

Processing in the deep cnse agquisition process is as

fllaws:

#  |nmibe cae that i 3 nac posslble o declds deep casea
in the deep case decision process,

# I the case that e vser judged dhat it was ermor about
the gurpat deep ouse,

[n ahe deep ecase acquisition procgss, deep cases ans
acfuired using quecies snd replies with a usec In this
process, the system asks the uwser which desp case is
correct, The user answers it Therefore, the deep case is
decided and the svstem adds pew nales 1o the dictionsry of
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Input sentemee: tore wa gabko & ik
{ He goei ia schodal )

HRemilt of marpholegical amalysis;
ke noun) vl particled gakka! roan)
el particle) fhulverh)

Result of parsing: &

e
bare g gaklo &

Queries amd replies;
Sysramy
Ta the deap ease of [kare]-[wa]-[(ka] “AOENT™?
LIser: Yis, it B,
Systemy
Wt kel af deep case b (gakka)-|&]-] ik )?
Llzer: T i "GROAL™,
Addition to the
Moun
krre
[T

Verb
L]

Prriic e Deep Casg
wa AGENT

il
Farticle:Deep Chse
wir! ALTERT e GOAL

Flgure 1: Exasmple of dedp case sequisition process
deep case decision rule. Figure 2 shows the example of
this procesa, In this example, the input sentence la 8
Japamess one. Pleae, the morphologicsl analysis ls doss,
Second, the parsing is done. Then, if it is not possible to
decide deep cases in tho deap case docision process, the
systeim Bska the user aboat the kind of desp case, The wser
answars il, and so the system adds deep cass decikion
rules showing in figure 1.

3 EXPERIMENT

The deep case cecigion nabé ig empty in the lnlisl sate,
The gt sentencs & given, and then the system acquines
the deep cuse deedsion rudes by aeing queries and replies
with & user. First, the svsiem leammed about the input 1,200
lapameps seniences and obtained the deep case decikion
rules, Mext, the evaluation experiment with 400 Japansse
sentences was done, and then the effectiveness of the
ayisem was venlied. These Jeponese sentémce are the
active voice.

3.1 EXPERIMENT METHOD

The examines of this expecinment I8 8 aniversity stodend of
the science course and a male. First of all, 1200
Jopaiies ganiences were input and the morphaobogical
analysls and parsing were done. The errors of the
maephologhcal analysis resalt and the parsing resolt was
corrected by a user, The resuls of both analyses afier
cormecting was input to the system and it acquined the desp
case decision rules, These Japanoss sentences are
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Tuble 4: Mumber of deep case decision rules before an

evaluation eaperiment
E"T-.._ Mumber of rules

Verb 769
~Fious T8

e

Table 5: Mumber of words in deep case decision rules
before an evabantion experiment
Muimbear of words

Wl S48
PN 1,056

tranalationg of English in o English-Tapanese dictionary

(7], These Jopanese sentences are senbences which can

judge a deep cage from the relotion between the verb and

the nown wilh the particls, and the santonce which depends

on the context i pot included, When the processing ended,
the deep cnse decilon rules shawn |k tble 4 was cbealned

abowt nouns and verks. Moreover, the number of words of
the noun and verb in the deep case declslon malas is shown

in table 5, On the average, 1.95 kinds of rules per nous

and 4.21 kinds of rales per verh were acquired in the deep

onse deolslon noles,

The evaluation experiment of 400 Japanese seniences
wis done by usieg ibe deep case decislon rules oblained
by processing the sbove-mentioned, The Japomess
sentences used o this saperiment are translaticons of
English In English-Japanese dictionary [7]. Firat, the
marphological onalysis and parsing wers done and the
errors of both analysis results were corrected by the usar,
The evaluation experiment by this system was done by
usng the comect result of the moephologicnl analysis ansd
the parsing. As for the cormecineds of the deep case
deciabon, It ks the one by the jdgment of the weer,

3.2 EXPERIMENT RESULTS

Tabde & and tabde 7 show the ovaluation experiment
results. Table & shows the correct answer rates by the
existence of ihe noun and the verb jo the deep case
deciglon rules, As for the result &s a whole, ibe correct
answar mles became T2, Table T shows e comec
angwar rales in the case that ar least ome of the nown o
werh axisted in the deep case decision rules. Tabla 8 ahows
the nwmbes of deep case decigion rales after the evaloation

Table fi: Comect decision rate by existence ﬂ%ﬂmmumﬂ:ﬁ

experiment  with 400 Jspanese sentences  findshed.
Comgpared with the state before the evaluation experiment,
ihe number of roles of verbs increased by 340 kinds and
the muember of mbes of soung increased by 428 kinds.
Mareaver, the mumbens of nauns and verbs in the deep
case decision robes are shown In wable 9, Compared with
the sinte before evaluation experiment, the verbs Increased
by 232 words and the nouns increassd by 320 wosds. On
the average, 1.5] kinds of rules per noun and .89 kinds of
rules per verb wene acquired in the deep case decislon
rules afier the evaboation axperimans,

4 DISCUSSION

n this section, we consider the mesults of evaluation
expariment about toble & which is classified by the
exiience of the noun and ihe verb in the deep case
decision miles.

L thes case thit the deep case declslon mles of bolb ibe
verh and the moun exist, the system cotputs the resalt
aecording to the desp case declibon niles because boll ihe
relation between inguet verb and partcle apd the felation
beiween inpul noun and partiole exist in them, Then, the
user judges the owput deep cnse coorect because the
relation barween npui verb and noun with particle was
cnce sofuired by the user, However, the ussr judges that
the owiput deep case i ermomeous by wser’s ambiguity
nbout deep cases, In this experimand, the outpat result of
coe kind was agsumed by wser's ambiguity i the
comivinatione of 290 kirds of nouns and verbs and it aas
commected, Accarding io 1he resull of this experiment, this
Syatem declded deep case which adapes o the user. Figure
3 shows tha exampls of user's amblguity. In chds example,
1he relation betwesn the verb “sery” and the pown
brevldg” with iho particls o™ was decided the deep case
"IMSTRUMENT" by processing the sentence of (a) in
figura 3, Therafore, the deop case paswll of the autpil is
“IMNSTRUMENT" for the inpu seatence of (b} in figure 3,
However, the user judged chat a deep case & this  1ime
whs i INSTRUMENT® sndl it was ““PLACE".

In the case that the deep case decision rules of the noun
only exisie, thers were 238 Kinds of the combinalions {iba
verb and the noun with the particle) in this case.Their
cuitput deep cases included two srrore. These errars wers
by uwser's amblgury. There were 15 kinds of ihe

Dieep Cose Decloton Rules Correcingss | Error

Impossible 1o Decide | Total | Corect Decision Rates{ %) |

Werh and Moun Enist 249 1 i 250 0 &
Cnly Moan Exlis 241 | 15 258 3.4
Cmly Yerb Exksts 140 1K a5 17 0.0

Verk and Moun Never Exist 43 15 183 241 17.8
Total a7 8 123 934 12.4

Tuble T: Correct decislon raies bn the coss that

case deciion nules of verb or noan existed

Dresp Case Declsion Rules Comrectness | Emor | Tmpossible to Declde | Total | Comect Decision Rates(%)
Verb or Moum Exdsts CET LA 40 [ K] 022




Table 8: Munher of deep case declsion moles afier am

evaluation rimant
:'-_-..: Bumber alf rules

Yert L
Haoum PR

Table ¥ Mumbsr of words la desp case declsion rales
afber an evaluation experiment

ber ol rulss
Yarb B0
Naum 1,016

(0] keEnoyo wie linumes beddo de ner,
{ She always sleeps n che bed. )
by ket wa asa made beddo de piru
{ He sleeps in the bed ontil morming. )
Noun | Purticks | Verb |
el de nend
INSTHU&ENT—P PFLACE
Figure 3: Examples of user"s ambiguity

combinetbons that twa of mone deep cases were able o be
taken, Becnuse the system could mod decide a desp case by
using thessunag, the querics and replies with the user in
the processing of the above-mentioned deep case
sceigitlon process was parformed sind deep cases were
decided.

In the cose that the decp case decision mles of the verk
only sxista, tham were |75 kinds of the combinations in
ihis case. Their cutput deep cases incluoded ten errors,
These errars wene oocurred by lack of desp case declsion
rolies. Mareover, theee were X5 kinds of the combinations
that two of more deep cates werd able o be dnken,
Becanse the system could not decide & deep case by wsing
ihesaurus, the quecics and replics wilth the user in ihe
processing of the above-mentioned deep case acquisiion
process was parformed and deap cnses wers decided,

In the cose that the desp cose decision niles of bath the
virb asd the moun mever exisl, there ware 241 kinds of the
combdnations, 5B kinda of owput decp onses included
fifte=n emrors, Thess emrors were ccoumed by lack of deep
cuse cecision roles, There wers 183 kinds of the
combinations that the systom were not able o decide
deep case uaing thesnunas, These were also processed in
deep case acqulsldon process,

5 CONCLUSION

The acguisition system of desp case which ndaps 10 &
specific user using queries and replies was propossd in
ihls poper, We conflomed that this systenm wis effective o
decide deep case which adapts to & specific user and deep
coped of verbs and nouns with panicles from the esults of
the evaluabon experiment. Bspeclally, deep cases were
decided without using queries and replies with a user in
the case that oae of the noun of the verb was exisosd lo the

desp case decision rules by high accuracy.

The principal cause which the sysiem can pot decide a
dieep case |8 what there ks no word in deap case declsion
rules that is similar to the input ward, However, increasing
e inpid  somlences, docressing  the  mumber  of
combinatons not 1o be able 1o decids. Maoresver, when the
word that wants to judge in ihe thesanrus nol registered,
this system canmot decids deep cases even if the nput
senences are increased. To solve this problem, the
automath: sxpanalon melhil of the thessuwrus by ihe
automatic addition registration of the word from aoquinsd
cdedp casen |nfomnation (o the thedawmns b exuemdned,

Whether ambd gubty bersean wsens can be absorbed with
ghis systém i8 schedoled fo be verified as a research
problem in the ftare, The expressions of passive woice
and po on are examined,
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