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Abstract 

The report presents an experimental 
( P i c t o r i a l ) Representation - In format ion -
Text - Author system intended f o r work 
w i th t e x t s in n a t u r a l language and simple 
geometr ical composit ions. The general 
p r i nc i p l es o f the system opera t ion , i t s 
a r c h i t e c t u r e , and basic problems are 
discussed. 

I n t roduc t i on 

RITA is an experimental software 
Picture<->Text system intended f o r opera
t i o n w i t h i n the bounds of a most simple 
"wor ld" of graphic compositions cons t ruc t 
ed from a small number of elementary geo
m e t r i c a l f i g u r e s . The system is supposed 
to be capable o f : 

- const ruct ing a graphic composition ac
cording to a g iven t e x t u a l d e s c r i p t i o n . 

- composing a s u f f i c i e n t l y adequate and 
n a t u r a l desc r ip t i on f o r any geometr ica l 
composit ion. 

It was agreed that both graphic compo
s i t i o n and t e x t u a l descr ip t ions should be, 
at the opening stage of the pro ject r e a l i 
z a t i o n , as simple as poss ib le . 

COMPOSITION: One, two, or three c i r c l 
es located on a square screen. The propor
t i o n s of the c i r c l e s and t h e i r l oca t i on on 
the screen, botl absolute and r e l a t i v e to 
each other a r b i t r a r y . 

DESCRIPTION: One Russian sentence of 
a maximal number of 45 words, conta in ing 
no comparisons or metaphors. To make up 
f o r the p r i m i t i v e geometr ica l " w o r l d " , a 
reasonably large margin is suggested f o r 
the syn tac t i c s t ruc tu re o f desc r i p t i ons . 

Pr inc ip les of System Rea l i za t ion 

The system consists of two independ
en t l y operat ing p a r t s : 1) Language proces
sor or L-processor and 2) Composition p ro 
cessor or C-processor, both intended f o r 
analys is as we l l as syn thes is . 

The two par ts are l i nked together 
through an intexmediate l e v e l of the Seman
t i c Presentat ion of In format ion (SemP) , 
see F i g . 1 . 

SemP, as a matter of f a c t , is an i n 
var ian t corresponding, on the one hand,to 
a s u f f i c i e n t l y broad class of synonymous 
t e x t s , and, on the other hand, to a cer 
t a i n number of composit ions; f o r any of 
these, every t ex t of the class is an ac
ceptable desc r i p t i on . Apart from t h i s , 
SemP is constructed as a formal object 
f eas ib l e f o r computer software representa
t i o n . SemP acts as an in termediary language 
in Picture<=>SemP<=>Text t rans fo rmat ions . 
SemP, in the RITA system, is a d i r ec ted 
graph, i t s ve r t i ces marked w i th symbols of 
elementary ( tha t i s . w i t h i n the frames o f 
the system in question) "senses1*, i . e . 
"predicates'1 and "ob jec ts " and arcs l a b e l 
led w i th symbols of r e l a t i ons between the 
predicates and t h e i r arguments (note tha t 
predicate arguments may be predicates or 
ob jec t s , whereas ve r t i ces marked w i t h ob
j e c t symbols are always te rmina l ones*) . 

The t ransformat ions corresponding to 
the phases of processor operat ion as i n d i 
cated by pointers in P i g . 1 are not unique 
in a general case (w i th the exception of 
the Text *> SemP phase). It should be noted 

The system conception is based on a gene
r a l ideology of l i n g u i s t i c Text <=* Sense 
models presented in [ 1 ] . 
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that: System Architecture 

1) the representation of d i f f e r e n t 
descript ions by one and the same SemP im
p l ies that these descript ions correspond 
to one and the same set of compositions; 

2) the representation of a cer ta in 
composition by more than one SemP does not 
imply that sets of compositions correspond' 
ing to each of these SemP are the same 
but , r a t h e r , that t h i s composition belongs 
to the in tersect ion of these sets ; 

3) since the world we confine our
selves to is extremely scanty and simple, 
sense uni ts that need f u r t h e r semantic de
composition in a more general context may 
be used as elementary ones. 

A. The L-processor includes 3 main 
blocks. ANALYSIS, SYNTHESIS and DICTIONARY. 

While in the analysis mode, the It-
processor executes the standard rout ines 
1 of na tura l tex t analysis: 

At the opening stage of system r e a l i 
zat ion it was agreed to avoid the morpho
l o g i c a l analysis and include a l l necessary 
forms of words in the DICTIONARY. Thus , 
the sequence of the analysis mode stages 
is as fo l lows: 

Every word of the input sentence pro
cessed by the DICTIONARY is replaced by 
i t s entry form plus cer ta in number of 
grammar character is t ics ( i . e . the s o - c a l l 
ed deep morphological representat ion of 
the word, or the word's DMR). The output 
s t r ing of the DMR's is an input f o r the 
ANALYSIS block. The surface analysis t r a n s 
forms the s t r ing in to a surface syntact ic 
t ree (SSS). At the deep analysis phase , 
the SSS is made in to deep syntact ic s t r u c 
ture t ree (DSS). At the las t stage of ANA
LYSIS, the DSS t ree is transformed in to 
a SemP. 

The SYNTHESIS carr ies out the reverse 
funct ion , i . e . transforming the SemP in to 
a sentence of the output descr ip t ion . 

The SYNTHESIS standard stages are : 

1) Transi t ion from SemP to a deep 
syntact ic structure (DSS) 

2) Trans i t ion from DSS to SSS 
3) Trans i t ion from SSS to DMR s t r i n g 
4) Morphological Synthesis. 

DICTIONARY: A prel iminary study of 
more than 100 d e t a i l e d t e x t u a l descr ip 
t ions of a r b i t r a r y compositions from a 
chosen class has shown that a d ic t ionary 
of about 200 entr ies is su f f i c i en t f o r 
the current stage of the system r e a l i s a 
t i o n . 

Since the morphological l e v e l i s , f o r 
the time being, excluded from the L-pro-
cessor (see above), the d ict ionary may 
contain as many as 2000 entr ies including 
a l l paradigms of words. 

B. The C-prooessor consists of 4 main 
blocks (see P i g . 4 ) ; 

1. Computational Model of Composition 
2. Analysis-Synthesis of Predicates 

(ASP) 
3 . Predicate F i l t e r 
4. Analysis-Synthesis of SemP 

(ASSemP) 
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1) The computational model [5] of the 
composition uses a number of simple r e l a 
t i one defined on the set of elementary nu 
mer ica l cha rac te r i s t i cs of an image ( e . g . , 
the "distance between the 1st c i r c l e and 
the screen bottom edge", " r a d i i r a t i o of 
the 2nd and 3rd c i r c l e s " , e tc . ) and s t a t e 
ments concerning geometr ical proper t ies 
of image elements ( e . g . "the second c i r c l e 
contacts the p r i n c i p a l d iagonal " , " the 1st 
and 2nd c i r c l es i n t e r s e c t " , e t c . ) , the 
statements can be e i the r " t r u e " or " f a l s e " . 

Proceeding from given values of cer
t a i n charac te r i s t i cs and statements, the 
model ca lculates values of other characte
r i s t i c s and statements, connected w i th 
the given ones through a system of "com
putable" r e l a t i o n s . For example, in the 
P ic ture <=>SemP t r a n s f o r a t i o n , the basic 
cha rac te r i s t i cs are the c i r c l e and i t s 
center coordinates. 

2) Analysis-Synthesis of Predicates 
sets a corresponding between values of 
statements and composition numerical cha
r a c t e r i s t i c s and a ce r ta in set of element
ary predicates which are SemP elements. 

3) The predicate f i l t e r operates at 
the Picture=> SemP t r a n s i t i o n stage on ly . 
Prom the predicate set obtained at the 
previous stage the f i l t e r w i th the help 
of some heu r i s t i cs se lects a " representa
t i v e " subject whose predicates have to be 
used as raw mate r ia l in the SemP construc
t i o n . 

4) ASSemP: in the analysis mode,comp
lex predicates are constructed from the 
chosen ones. These complex predicates t o 
gether w i th some of the elementary p r e d i 
cates which have not been used before are 
made up i n to a SemP which must be " s u f f i 
c i e n t l y adequate" and "minimal ly redund
ant". In the synthesis mode the input SemP 
is decomposed i n t o predicates, complex 

predicates are f u r t he r decomposed in to 
elementary ones. The set of elementary 
predicates obtained is passed to the i n 
put of the synthesis module of the ASP 
b lock . 

Discussion 

The progress of l a rge sof tware sys 
tems r e q u i r e s a p r a c t i c a l s o l u t i o n of the 
MAN-COMPUTER d ia logue on a human language 
b a s i s . T h e o r e t i c a l and exper imenta l study 
of bo th l i n g u i s t i c and sof tware components 
of a n a t u r a l language d ia logue systems is 
one of t he p r i n c i p a l aims of the RITA p r o 
j e c t . We a l so wish to con f i rm or co r rec t 
our i n i t i a l hypotheses as to what f u n c 
t i o n a l b locks of the L-processor can be 
recommended as a standard "preprocessor" 
f o r a more or less broad c lass of comput
er systems. 

The preprocessor of any computer s y s 
tem capable of "unders tand ing" a n a t u r a l 
language i nc ludes th ree main components: 
d i c t i o n a r y , grammar (syn tax + morphology) , 
and semantics are de f ined by the system 
o r i e n t a t i o n , grammar be ing t h e on ly s y s 
tem-independent c o n s t i t u e n t o f the p r e p r o 
cessor . 

We b e l i e v e t h a t the t e x t process ing 
f rom a sentence to the Deep S y n t a c t i c 
S t r u c t u r e (DSS) l e v e l may be i n t roduced 
as a u n i v e r s a l b lock of the p reprocessor . 
Th is b l o c k a lso de f ines t he fo rmats o f t h e 
s y n t a c t i c s e c t i o n o f a d i c t i o n a r y e n t r y , 
which can thus be made s t a n d a r d . 

Besides the u n i v e r s a l b l o c k the p r e 
processor must con ta in an i n t e r f a c e b l o c k 
of the DSS SemP t r a n s f o r m a t i o n . The i n t e r 
face r e a l i s a t i o n i s e n t i r e l y dependent on 
the SemP r e p r e s e n t a t i o n methods wh ich , in 
t h e i r t u r n , must f i t i n t o the user sys tem. 
I t i s ev ident t h a t , f o r the s tandard p a r t 
o f the preprocessor changeable i n t e r f a c e 
b locks should be s u p p l i e d , each of them 
o r i e n t e d on some s p e c i f i c c l ass of comput
er systems (au tomat ic managemen t , re t r i eva l 
systems, da ta banks, e t c . ) . 

The SemP language of i n t e r f a c e d e t e r 
mines the o t h e r (semant ic) pa r t o f a d i c 
t i o n a r y e n t r y . So, the computer system 
( o r c lass o f system) determines b o t h t h e 
g lossa ry o f the preprocessor d i c t i o n a r y 
and the s t r u c t u r e o f the semant ic pa r t o f 
The e n t r i e s . 

The L-processor cons t ruc ted w i t h i n 
the framework o f t h e RITA system w i l l 
serve as an exper imenta l t e s t o f the r e 
por ted i deo logy : f i r s t , a c e r t a i n p r o t o 
type o f the u n i v e r s a l par t o f the p r e p r o 
cessor is made up to the s tandards a t t a i n 
able a t t h i s s tage , second, the o p e r a t i o n 
o f t h i s u n i v e r s a l par t o f the p rep roces 
sor the complex of t he system as a who le . 

As we wish to concent ra te our main 
e f f o r t s on t h i s problem the res t o f t he 
system is as much " l i g h t e n e d " as p o s s i b l e , 
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i t s " w o r l d " be ing ext remely l i m i t e d , t h e 
SemP l e v e l s i m p l i f i e d , a b u i l t - i n l e a r n i n g 
mechanism renounced, e t c . 

However, the propect purposes are not 
r e s t r i c t e d by the problems d i r e c t l y a s 
soc ia ted w i t h the L-processor . I n t he 
course of the C-processor e l a b o r a t i o n a 
number o f problems a lso a r i s e t h a t r e q u i r e 
s p e c i a l i n v e s t i g a t i o n . 

To g ran t an example, cons ider t he 
concept " t h e c i r c l e i s i n the ( s c r e a n ) c o r 
n e r " . Moving f rom t e x t to image, we s h a l l 
n e c e s s a r i l y have to pass over f rom a f o r 
mal express ion of t h i s oonoept on the SemP 
l e v e l t o i t s i n t e r p r e t a t i o n i n a most 
s imple but " r e a l " wor ld o f composi t ions. 
What s o r t of i n t e r p r e t a t i o n s do we mean? 
Let us c o r r e l a t e each w i t h an i n t e r p r e t a 
t i v e f u n c t i o n ( I - f u n c t i o n ) the va lues o f 
which vary f rom the " f i r m YES" to the 
" f i r m NO" depending on va lues of c e r t a i n 
parameters. For i n s t a n c e , w i t h the wor ld 
maximal ly s i m p l i f i e d ( t h e e f f e c t o f o t h e r 
composi t ion elements n e g l e c t e d , t he c o r 
ne r and screen s i zes ( f i x e d ) , t he I - f u n c 
t i o n in our case depends on the t h ree pa
rameters ! the two coord ina tes of the 
c i r c l e cen te r and i t s r a d i u s . To make the 
I - f u n c t i o n u s e f u l * we have to develop 
techn iques of t h e i r gene ra t i on and com
pu te r p r e s e n t a t i o n . I t o f f e r s n o p a r t i c u 
l a r d i f f i c u l t i e s i n t he case o f a n I - f u n c 
t i o n o f a few v a r i a b l e s ; f o r f u n c t i o n s o f 
many v a r i a b l e s , though , the problem is 
f a r f rom t r i v i a l . Most p robab ly , the on ly 
p o s s i b i l i t y we have i s t o t r y t o f i n d ap 
p rox ima t ion methods f o r I - f u n c t i o n s , i . e . 
u l t i m a t e l y , to rep lace a complex concept 
w i t h a s u p e r - p o s i t i o n of s imp le r ones. 
The e f f o r t s to e labo ra te a s u f f i c i e n t l y 
adequate procedure of such replacement 
can go in a few d i f f e r e n t d i r e c t i o n s : 

1) "Exp lana to ry d i c t i o n a r y " : a r e s t 
r i c t e d base set o f "e lementary" concepts 
i s se l ec ted . For each non-elementary con
cepts and t h e r e f o r e i s i n i t s e l f a n e x p l a 
n a t i o n ( o r " d e f i n i t i o n " ) o f a non-e lement 
ary concept th rough elementary ones. The 
ev ident advantages of t he approach are 
t h a t 

(1) the I - f u n c t i o n s are f o r c e d i n t o 
a " l owe r l e v e l " where they can be h a n d l 
ed w i thou t p a r t i c u l a r d i f f i c u l t i e s and 
t h a t 

( i i ) i t enables deep synonymous pa ra 
phras ing on SemP l e v e l . 

The disadvantage of the approach is 
t h a t we do not d ispose of an o b j e c t i v e 

rocedure o f b u i l d i n g - u p " e x p l a n a t i o n s " 
a l though we can imagine an o b j e c t i v e p r o 

cedure o f t h e i r v e r i f i c a t i o n ) . The draw
back is the more troublesome as t he re are 
p o s i t i v e l y no p roo fs t h a t the e x p l a n a t i o n 
techn ique i s p o w e r f u l l ( o r , r a t h e r , n a t u 
r a l ) enough to prov ide a " c l o s e " a p p r o x i 
mat ion f o r complex I - f u n c t l o n s of many 
v a r i a b l e s * 

2 ) A n a l y t i c a l approx imat ion : t he r e -

c o n s t r u c t i o n , w i t h a n a l y t i c methods, o f a 
complex I - f u n c t i o n f rom p a r t i a l d a t a , e . g . 
i n d i v i d u a l c r o s s - s e c t i o n s * p r o j e c t i o n s , 
e t c . We can a lso ment ion the approx imat ion 
o f I - f u n c t i o n s o f many v a r i a b l e s w i t h me
thods c lose t o those o f p a t t e r n r e c o g n i 
t i o n (when the s i t u a t i o n i s desc r ibed as 
a set of va lues of s imple concep ts ) . 

3) Research in techn iques of a " n a t u 
r a l " foxmat ion o f complex concepts f rom 
simple ones, c lose to t h a t in psych ic and 
p s y c h o b i o l o g i o a l mechanisms* 

A combined s t r a t e g y may prove to be 
the most o f f i c l e n t one: an exp lana to ry 
d i c t i o n a r y up to a d e f i n i t e l e v e l , then 
methods o f hand l i ng I - f u n c t i o n s d i r e c t l y * 
The search f o r such a s t r a t e g y and s p e c i 
f i c methods o f i t s r e a l i z a t i o n i s a l so 
one of the main problems of the RITA p r o 
j e c t * 
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