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A B S T R A C T :  In this paper, we give a formal rep- 
resentation of the thematic-rhem~tic  (T-II) s t ructure  
of a n~tnr,'~l language discourse, b~tsed on ~ typed ~- 
calculus. 

I. I N T I I . O D U C T I O N  

In this paper, we give a formed representation of the 
themat ie-rhemat ic  ( 'P-ll) s t ructure  of a, nahum] lsLn- 
triage discourse. Some pairs, triples, or in general 
n-tuples of sentences in a discourse may differ in the 
1)hLee of theh' information focus. The distribution of 
this inform~ttion focus is c~dled the themat ic- themat ic  
(T-R) structure, or dichotomy. [n English, the use of 
paa'ticles tile and a (an) is deeply related to tile T- l l  
s trnctu re. lit general, a noun with the particle a con- 
st i tutes a r h e m e  part  of tit(; sentence that  appears at 
the ])cginiug of the discourse or text, while tha t  noun 
with the p~Lrticle tl~e ~ppe~rs ht the second, third, etc. 
sentences ~LS themes. In Ja.p~Lnese, the %1{ dichotomy 
is we.ll represented by postposit lons wa and .qa. The 
Korean bLnguage h~s a similar system. Meanwhile, 
in Slavic langu~rges ~s Polish, Czech, and ]lnssian, 
the word order is free ~nd this degree of freedom is 
used h)r the represent~tion o[ the T-R dichotomy. In 
Chinese, the word order is also used f(~r the T-R di~ 
chotomy. Besides theme and rheme, simibLr terms s.s 
old-information and new-itgormation, topic ~nd com- 
ment, topic ~tnd focus etc. ~re used in the l i terature 
concerning functionaL1 lingnistics (see, e.g., Va]lduvi). 
In our ~tn~dysis, since we do not define these terms 
explicily, it is not essenti~d which terms are used. We. 
give implicit definition of these concepts a.z'iomati- 
cally. We eonside.r the problem mainly for J~p~Lnese. 
We propose to Its('. typed A-c~deulus to analyse the 
problent. A logie~d notation is seen as a typed X 
term. Batsi(: types sLre T and l{. t{.onghly speaking, 
7' and ll  s tand for a thenw, l)~rt ~Lnd a rhemc part  
of e~ sentence, respectively. Tile difference of T-It  di- 
chotomy is given by different types. Thus tile same 
sentence *nay h;~ve different types depending on the 

*l';tchujim~ Kotc-ku Tokyo J~tpa, n 

sitnation. For utterstnces, type inference will be per- 
formed. The corre<:tness of ~t given discourse can bc 
proved by eheckh~g the correctness of the types of 
each utters, ace. ]in tills p~q)er, we elaborate on this 
ideaL. 

II .  R E P R E S E N T A T I O N  B A S E D  O N  A 
T Y P E D  A - C A L C U L U S  

'I'll(; purpose of this psLper is to propose ~t formaJ 
model for nttersu~ce interprctsLtion of the them~ttic 
rhematic s t ructure  of a ,|~tp~tnesc s c n t e l / e e  using tt 
typed k-cedculus. In our sLn~dysls, a logical notsttion 
is seen as a typed A-term. B~tsic types stre. 51' a, nd 
/L Roughly spe~king, 7' and /{ sttuld R)r ~ theme 
ps~rt and ~ rheme part  of a sentence, respeetlvely. 
Although we analyse ma.hdy Japanese sentences, the 
resnlts can be tLpp]ied to other langn,Lges. The T-[~ 
dichotomy of ~t Japanese sentence is represented by 
the postpositions wa a.nd ga. For extLmple, the folo 
lowing two sentences ~re different in T-I{ dichotomy, 
~nd used in dit[rent situtttions: (a) Taroo wa Gakusei 
,lea,,. (Speaking of Ta,'oo, he is a s tudent )  (b) 'l'aroo 
ga (?akusei desu. ( (O f  all the people we are talkino 
abo,a) "*~,'oo (and o,~l,a 7a,'oo) i.~ ~, .,t,,,~e,~t.) T h e  
mo~ning or both  (,,) a~,(l 0 ' )  i,~ ~'~,,.0o i., a .~,,t~,,~, 
~nd thus ma.y be wrlten ~s student(Tn.roo).  I[ow~ 
ever this representation is obviously not sufficient for 
an ~tcc'ount of the utter~Lnce interpretat ion of (~) and 
(b). The NI' (noun phrase) of (a) marked with wa 
functions as ~ theme, i.e., it should h~Lve ~dready ,~p- 
petered in the preceding discourse and thns can be 
considered ~m ~n old information. Therefore, in the 
discourse, sentence (~) should t)e preceded by ~t sen- 
tenee tha t  contains "l'a~'oo sm a rhe.me (new informa- 
tion), l,'or example, Taroo in the. fol]owing sentence 
can be considered as ~L new information: (c) 7a,'0o ga 
ima.su. (llc,'e is 7h,'oo.) The pair (e), ( a ) i n  this 
order is ~L correct discourse utterance.  On the other 
h,~nd, the p~dr (c), ( b ) c a n n o t  be considered correct 
since student functions ,as ~ theme in (b) while it h~m 
not appeared in the preceding context. As is seen 
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f rom (b)  and (c), an N P  marked  wi th  pos tpos l t ion  
.qa fnnc t ions  as a t h e m e  (i.e., in fo rmat ion  focus). To 
explain the  difference between (a)  and  (b) in the  ut- 
t e rance  level, we a n n o t a t e  Ax.student(x) of (a)  and 
(b)  by  different  typed  A-terms. Rough ly  speaking  we 
assign T ---* I t  and R to each Ax.studeM(x) of (a) 
and (b) ,  respectively.  Based on this, if we can show 
student(Taroo): 12 then we say sentence  (a) (or  (b))  
of the  discourse is correct .  For example ,  if Taroo of 
(@ has  a type  T then by the  f l - reduct ion of typed 
A-calculus, we have student(Taroo) : 12. For Taroo 
to have a type  T, we impose  a cons t r a in t  t h a t  Taroo 
must  have appeared  in a preceeding sentence.  O t h e r  
cases can be  t rea ted  similarly. See the  following de- 
scr ip t ions  for detai ls .  Thus  the  correctness  of the  
discourse CaLL be proved by checking the  correctness  
of the  types  of eavh formula.  In general ,  given a dis- 
course  so ,sa ," ' , s ,~  in logical forms, wha t  we have 
to show is t ha t  (k so : 12), (so : 12 k st  : R),  . . . ,  
(so : R , . . . ,  s ,~-L : R ~" s,~ : R ) ,  succesively. 

F i rs t  cons ider  the  following discourse cons is t ing  of a 
single sentence.  

Taroo ga imasu. (Here is Taroo.) (1) 

T he  m ean ing  of this  sentence  is: 

so = here_is(Taroo) (2) 

We define this  discourse to  be correct if so : R. This  
is done  in the  following way: T rans l a t e  Taroo ga in to  
Af. f (Taroo) .  We let this  fo rmula  have e i the r  type  of 
T --+ 12 or 12 --~ 12 when the  p roper  noun  Taroo is 
marked  with the  pos tpos i t ion  ga. T h u s  we have the  
following t r ans la t ion  rules: 

Taroo ga ~ Af . f (Taroo)  E so : T ---, R (3.1) 

Taroo ga ~ Af . f (Taroo)  ~ s0 :  R ~ R (3.2) 

This  can be  wri ten  for shor t  as 

Taroo ga ~ A f . f (Taroo)  ff so :  (T  or 12) -+ tt (4) 

In the  above,  t ~_ s0 means  t h a t  t is a typed A-term 
c o m p o n e n t  of the  logieM formula  so. T h a t  is 

t g s o  i f ]  ( ? t l , t 2 ) t L t t 2 = s o  (5) 

A sentence  of nea t r a l  descr ip t ion  in the  Jap~nese  lan- 
guage was first found and n a m e d  by K u r o d a  (1965). 
This  kind of sentence has  no t h e m e  par t .  For this  
kind of verb, we assign a type R and wri te  ms follows: 

k Ax.here_is(:~) E_ so: 12 (8) 

Now by (6) and (8) we can deduce  the  following judge- 
ment. 

eo : A o ,  ea : A1  F 

( A f . f (  Taroo) )( Acv.here_is(x) ) 

= ( A x . h e r e _ i s ( * ) ) ( T a r o o )  

= hereSs(Taroo) = ,so: R (9) 

where e0 : A0 and el : A1 s t and  for (6) and (8), 
respectively.  Thus  ,so : 12 has been proved and the  
correc tness  of the  discourse (1) has  been es tabl i shed.  
To deduce (9), we have of course  used the  inference 
rule of the  typed A-caJculus given by 

co : a --+ fl, e l  : cY P eoel : fl (10) 

Note  t h a t  the  type  used for (Af .](Taroo))  in deduc- 
tion (9) is R -+ R. In general ,  for a neu t r a l  descrip- 
t ion, f l - reduct ion for 12 + R ~nd R occur.  Next  we 
consider  the  discourse cons is t ing  of the  following two 
sentences.  

Taroo 9a imasu. (Here is Taroo.) (11.1) 

Taroo wa 9akusei desu.(Taroo is a student.) 
(11.'2) 

The  T - R  d ichotomies  of tile above sentences  are as 
follows: 

Taroo ga imasu. 
Rheme Rheme (12.1) 

Taroo wa gakusei desu. 
Theme Rheme (12.2) 

The  N P  (noun  phrase)  of (12.2) marked  with wa func- 
t ions as a theme.  It  should have a l ready appea red  in 
the  preceding discourse as a rheme.  The  discourse 
(12) satisfies this  cons t r a in t  since Taroo appears  
a rhemc  in (12.1) since it is marked  wi th  the  post-  
posi t ion ya. T h e  discourse  (12) is ax:tnally correct .  
We now formal ly  s ta te  the  correc tness  of (12). T h e  

t le re  t~ a n d / o r  t2 may  be empty.  Thus  so _. so. F rom logical forms of (:12.1) and (12.2) are given as 
(3), we have 

~- A/. /(T~roo) C .90 : (T or R) --, n (6) 

T h e  verb  imasu allows a neu t rM descr ipt ion.  A neu- 
t ra l  descr ip t ion  has  the  following T -R  d ichotomy:  

Taroo ga imasu. 
Rheme Rheme (7) 

.~o = ~ e r e _ i 4  T ~ r o o )  (13.1)  

sL = ~ t ~ d e , ~ t ( T a r o o )  (13.2) 
Firs t  we mus t  show so : 12, however  we have M- 
ready seen this. T h u s  we show sL : R. Note  t h a t  
so = (Ax.student(x))(Taroo). It  is na tu r a l  to ~ssigu 
Ax.student(x) a t ype  T ~ R since (12.2) con ta ins  
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the i)ostposition wa. This  pos tpos i t ion  is catlled the 
themattic wa. We wri te  this ~s follows. 

wa flakusci  desu ==~ 

Ax.studt:nt(a:) ~ s, : 7' ~ R 

(l'h¢~s we ht~ve 

(14) 

2'hcrefore if Taroo h~us at type  T, we hKve st  : 1~ by 
f l -reduct ion.  The  NP ca,n be ,~ t heme  if it has MreMy 
atppeared in the preceding discourse ms t~ rheme. This  
rule e~tn be wr i t ten  as follows: 

& f . / ( T o . r o o )  ~_ so : ('1' or ~ )  --~ ~ ~ ~r,,.o,, g s ,  : "r 

(~6) 
Now .st :  ]/, e~n be show,, ats follows. By (6) amd (H0,  

~- T,.roo ~ st : 7' (17) 

Applying the f l - reduct ion rule to (15) atnd (17), we 
hatve st  : R. Thus  the discourse (11) is correct.  

in Japatnese, the  following sentence  art the beginning 
of the discourse is not  n~turM. 

~r,,.oo ,,,,,. ,,,a:.,,,s~; des,,.(:r~,.o~ is ~,..~,,.d~,,~.) (~s) 

This is bec~Luse Taroo atppe~trs ats t~ thente but it is not  
proceeded by ~ sentence  in which ~lhroo atppeatrs aa ~ 
rheme,  in our formM descript ion,  the incorrectness  
of the  discourse (18) is descr ibed ~us at fatihlre of type 
cheekhlg. We define the  discourse to be incorrect  if 
e i ther  so : I?. or Sl : R is not  proved. Indeed,  so : I~, 
where so = st~Ment(Taro,o) is not  proved since we do 
not  have Ta.roo E .so : T. 

We now consider  the  following discourse consis t ing 
of two sentences.  

Ga.k'l~.s~i ga imasu.  (19.1 ) 

7'o.roo (.la f lokusci desu. (19.2) 

The  logleM forms re," (~9.1) atnd (19.2) ~re given ,'us 
fol low s. 

.so = (9:c)studcnl(x) A here_is(x) (20.1) 

S 1 : :  s~,l(tg'l],l(T(troo) ( 2 0 . ~ )  

Since f lakusci (s tudent)  is m~rked with the postposi -  
tlou Oa, atnd the  verb imasu  ~fllows ~ nentratl descrlp- 
tiolG w e  h~tve 

l"rom this we hatve, 

(3,)st~,~,,t(~,) ~ .%: ~ (uu) 

In genera] we hnpose  the  following postub~te. 

A A B E s I :  I?,F A E s ~ :  1~ (23) 

Fur the rmore  we atdd the following postula, t,e. 

(&;y(x)  E so : I~ ~- ~x ' / ( : ' 0  E s, : "r (24) 

where Q s tands  for a qn~ud;ifier V or 3. This  postul~d;e 
means  thatt at predlc~tte thatt ~ppeatred as ~t rheme  catn 
be treatted sts at theme  in the  succeeding sentences.  
From this ~uM (22) we c~n deduce  

a:,,.s,,,ee,,,,~(.~) C s , :  T (~s) 

We. now show s, : R. I"irst l)y (4) we h~ve (6). Ap- 
plying the  fl- reduct ion rule (10) to (6) ~t,~<l (25) wc 
hatve sl = sbu.denl(Ta.roo) : R. Therefore,  the  dis- 
course (19) is correct .  Note tha t  the  type  used for 
A/ . f (Taroo )  is 7 ' - ~  l l .  Compatre this with (9). 

We now consider  the following discourse consis t ing 
of at single sentence~ 

Taroo 9a gakusei  desu. (26) 

[n the atbove sentence  type checking fMls ~,s follows. 
Since the pos tpos i t ion  9a is ,~ttavhed to Taroo, we. 
hatve (6). Therefore,  Ax.s tudent (x)  E .so mus t  hatve 
~t type of e i ther  T or 1L I lowever  this  is impossible.  
Since f lakusei desu c~tn not  be used in at sentence  
of neutrM descript ion,  Am.student(x) F si never has 
at type  /L The  sentence x ga gakusei  dcsu Mwatys 
meatns thatt it is x who is a s tudent  ~nd is used only 
in the  situattkm where  gakusci  is a theme.  Accord- 
ing to Kuno  (1973), this use of predicate  is cMled the  
exhgust lve-l is t ing.  On the o ther  h~nd,  Ax.s tudent (x)  
catn have ~ type T only when s tudent  ha.q atppeatred a.s 
in (21) in the preceeding context  atnd the postulatte 
(24) catn be used. Since (26) does not  h~ve ~ pre- 
ceeding text ,  it never hatppens. Thus  it fMls to prove 
so : II ~md it h~ts been estM)lished thatt (26) is not  n 
correct  disconrse.  

So fitr we h~ve considered discourses consis t ing of two 
sentences,  fIowever the  atbove me t hod  ctLn be easily 
ex tended  to a discourse tha t  is consis t ing of more  
th~n three sentences.  In this case, the  inference rules 
used over severM sentences  atre modified.  For exatm- 
pie, (16) can be modified ats follows: 

Af . f (Taroo )  E s l , i  < j : (T  or R) -+ R 

H Taroo E ,sj : T (16') 

where si denotes  the  logleM h)rm correspond ing to the  
i- th sentence  of ~ discourse. Fur thermore ,  7 'aroo c~n 
of course be atrbitratry term,  a~nd thus  we (:atn estM)]ish 
the following more genera] rule: 

(1c,") 
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I I I .  C O N C L U S I O N S  

In this paper, we have given a formM representation 
of the T-R structure of a natural language discourse. 
We have proposed using a notion of typed /k-cMculus. 
A logical notation has been seen as a typed ),-term. 
The correctness of a given discourse can be proved by 
checking the correctness of the types of each utter- 
ante. Although we have analysed mainly Japanese 
sentences, the results can be applied to other lnn- 
guages by considering adaquate translation rules to 
encode a given sentence to formal representations. 

in Uetake (1993, 1994), the author has proposed an- 
other tool for the analysis of the T-R structure. The 
tool nsed there is a logical notation called ontologi- 
cal promiscuity of Ilobbs (1985), which is first-order 
and nonintensionM. Using this description, a proof 
process of utterance interpretation of a discourse is 
obtained. It is interesting that two concepts sim- 
ilar to these (i.e., typed A-c~dculus and ontological 
promiscuity) used in the analysis of the T-R struc- 
ture of a discourse are used in the theory of con- 
structive mathematics (r-realizability and construc- 
tive type theory). The concept of ontological promis- 
cuity in Uetake(1993, 1994) corresponds to the r- 
reMizability and the typed ),-c~lculns of this paper 
to the constructive type theory. See Uetake (1994) 
for more detailed discussion. 
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