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A b s t r a c t 

The f o l l o w i n g p a p e r c o n t a i n s a d e s c r i p t i o n o f a 
c o m p u t e r p r o g r a m t h a t c o n s t r u c t s h i e r a r c h i c a l s e ­
m a n t i c n e t w o r k s f r o m n a t u r a l l a n g u a g e t e x t s i n s im­
u l a t i n g c o m p l e t e l y and p r e c i s e l y t h e m e a n i n g o f 
t h e i n p u t t e x t . The p r o g r a m w o r k s w i t h a f o r m a l 
grammar d e s c r i b i n g s e n t e n c e s s y n t a c t i c a l l y and a 
f o r m a l s e m a n t i c s t r a n s d u c i n g t e x t s t o n e t w o r k s d e ­
p e n d e n t o n t h e i r s y n t a c t i c d e s c r i p t i o n . The n e t ­
w o r k s ' nodes have c o n c e p t s or a g a i n ne two rks , as 
t h e i r v a l u e s . The n e t w o r k s ' edges a r e m a n y - p l a c e 
r e l a t i o n s among t h e c o n c e p t s r e s p e c t i v e l y n e t w o r k s . 
They a r e r e a l i z e d a s r e f e r e n c e s t r u c t u r e s . The p r o ­
gram in i t s fie t u a l st at e work s on doma i ns wh i ch 
a r t t o comprehend s e m a n t i c a l l y r a t h e r w e l l : A n e t ­
w o r k has been c o n s t r u c t u r e d a u t o m a t i c a l l y f o r t h e 
a r e a o f g e n e r a l t o p o l o g y f r o m a compendi urn's d e f -
i n i t i o n s (N . B o u r b a k i . E len ien t s of M a t h c m a t i cs . 
G e n e r a l topo logy ) . A n o t h e r one i s b e i ng c o n s t r u c t ­
e d f o r t h e a r e a o f c o m p u t e r s c i e n c e . 

I n t r o d u c t i o n 

The u l t i m a t e goal o f the research d e s c r i b e d here 
is to deve lop a computer program t h a t cou ld c o n ­
s t r u c t a h i e r a r c h i c a l l y o rgan i zed semant ic ne twork 
f rom n a t u r a l language i n p u t t e x t . T h i s network con-
c i s t s of a se t of concepts and a se t of many-p lace 
r e l a t i o n s over t h i s s e t . Examples o f t hese r e l a ­
t i o n s are t h e r e l a t i o n between a term and i t s su~ 
p e r o r d i nated t e r m , c a l l e d SUP, e . g . "mapp ing" SUP 
"homeomorphism", or t h e r e l a t i o n REF between an 
a d j e c t i v e and each noun t h a t c o u l d be m o d i f i e d by 
t h i s a d j e c t i v e e . g . " commuta t i ve " REF " g r o u p " - Re­
l a t i o n s among terms; can expand to r e l a t i o n s among 
terms and n e t w o r k s . For example , t h e r e l a t i o n REF 
ho lds between t h e a d j f c t i v e " con t i nuous " and the 
noun " m a p p i n g " . Th i s can be d e s c r i b e d by the n e t -
work 

h i e r a r c h i c a l graph (see [ 3"! ) . To cons t ruc t , such a 
n e t w o r k , one can use h i e r a r c h i c a l network genera ­
t i o n r u l e s as d e s c r i b e d in [7] . The network ob­
t a i n e d from an i n p u t t e x t shou ld be ab le to r e p r o ­
duce t h e meaning o f the t e x t comp le te l y and p r e ­
c i s e l y , t h a t i s t o s a y , i t shou ld b e the semant ics 
o f t h e a p p r o p r i a t e t e x t . S o the c o o r d i n a t i o n o f 
n a t u r a l language t e x t t o a n e t w o r k , b e i n g r e a l i z e d 
by a computer p r o g r a m , r e p r e s e n t s what we mean by 
understanding the t e x t : the f i t t i n g computer p r o ­
gram underetands n a t u r a l language d i s c o u r s e . Com-
p l e t e r e p r o d u c t i o n of di scourse by a network means 
t h a t no i n f o r m a t i o n i s l o s t on the t r a n s d u c t i o n o f 
the t e x t i n t o the network and consequen t l y t h a t i t 
shou ld be p o s s i b l e t o r e c o n s t r u c t t h e p r i m a r y tex t , 
f rom t h e network once g e n e r a t e d . But t h e r e c o n ­
s t r u c t i o n is no t o n e - v a l u e d . There cou ld be more 
than one t e x t b e i n g reproduced f rom a n e t w o r k , f o r 
t h e r e migh t occur d i f f e r e n t t e x t s to have the same 
mean ing , and these must co r respond to the same n e t ­
work . So g e n e r a l l y we o b t a i n one s i n g l e network 
f o r more than one t e x t . P r e c i s e r e p r o d u c t i o n o f 
d i s c o u r s e by a network means t h a t f o r each t e x t 
t h e r e cou ld be a t most one network i n t o wh ich t h a t 
t e x t i s t r a n s d u c e d . S o the c o o r d i n a t i o n t e x t s - n e t ­
works i s a n o n - i n j e c t i v e mapping. Th i s mapping i s 
r e a l i z e d i n t h e f o l l o w i n g way: There has been 
w r i t t e n a f o r m a l grammar d e s c r i b i n g a r b i t r a r y n a t ­
u r a l language t e x t s by whi ch a phrase s t r u c t u r e 
t r e e i s b u i l t f o r each sentence (see C11) . Trie s e ­
mant ic r u l e s are f o r m u l a t e d dependent on t h e s y n ­
t a x t r e e s f o l l o w i n g s t e p - b y - s t e p t r a n s d u c t i o n o f a 
phrase s t r u c t u r e t r e e i n t o a semant ic ne twork f r a g ­
ment * . The c o n c a t e n a t i o n o f a l l t h e f ragments o b ­
t a i n e d b y a t e x t i s t h e f i n a l ne two rk . I n the f o l ­
l o w i n g we w i l l demonst ra te ( f o r an example sen ­
tence ) the e f f e c t o f t he p rog ram, t h a t i s t o s a y , 
how i t unders tands a t e x t . The example sentence 
stems f rom a m a t h e m a t i c a l t e x t out o f g e n e r a l t o p ­
o l o g y . 

D e f i n i t i o n . In a t o p o l o g i c a l space X , a f u n d a ­
menta l system of ne ighbourhoods of a p o i n t x is 
any se t S of ne ighbourhoods of x such t h a t f o r 
each ne ighbourhood V of x t h e r e is a n e i g h b o u r ­
hood such t h a t 

For t h i s d e f i n i t i o n t h e program f i n d s o u t : 
1 . What concept is de f i ned? 
P. What o the r concepts do h e l p to accomp l i sh t h e 

d e f i n i t i o n ? 
.3 Which concep tua l r e l a t i o n s do e x i s t among t h e s e 

concepts? (see F i g u r e 1). 

The names o f t h e concepts ( g i v e n to them in the 
t e x t ) are kep t f o r f u r t h e r r e f e r e n c e s . L a t e r o n 
they can be r e p l a c e d by t h e concepts they d e s i g n . 
The p r e p o s i t i o n a l r e l a t i o n OF h o l d s between a 
concept and i t s p r e p o s i t i o n a l supp lement . The r e ­
l a t i o n s EPS and CONT b e l o n g to t h e m a t h e m a t i ­
c a l s i gns and 
+ Th is work has been suppo r ted by t h e SFB 49 of 

t h e Deutsche Fo rschungsgeme inseha f t . 
* see ( [ 2 ] ) 
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A h i e r a r c h i c a l ne twork c o n s i s t s o f a s e t o f co n ­
cep ts and a s e t of many-p lace r e l a t i o n s among the 
c o n c e p t s . The f o l l o w i n g c o n c e p t u a l r e l a t i o n s have 
been s u f f i c i e n t t o d e s c r i b e the semant ics o f ma­
t h e m a t i c a l t e x t s . 

S u p e r o r d i n a t e d and s u b o r d i n a t e d t e r m s : 
For each noun d e f i n e d in a t e x t e x i s t s a supe r im­
posed t e r m . A d j e c t i v e s not a lways possess supe r im­
posed t e r m s . Nouns t h a t have no s u p e r o r d i n a t e d 
te rm are c a l l e d pr imes ( e . g . " s e t " , " c l a s s " , " e l e ­
m e n t " ) . Supterm 0 , s p e c i f i e d f o r a term B in t h e 
t h e s a u r u s , must always be a d i r e c t l y s u p e r o r d i n a t ­
ed one , i . e . t h e r e i s no o t h e r s u p e r o r d i nated term 
f o r B s u b o r d i n a t e d f o r 0 . 
T h i s d i r e c t s u p e r - r e l a t i o n i s n o t e d SUPo. 

R e f e r e n t i a l a rea f o r a d j e c t i v e s : 
For every a d j e c t i v e C t h e r e is a t l e a s t one noun 
B t h a t can have t h e p r o p e r t y d e s c r i b e d by the ad­
j e c t i v e . B i s c a l l e d r e f e r e n t i a l t e rm f o r C -
B i s p a r t o f t h e r e f e r e n t i a l a rea o f C , i . e . 
t h e s e t o f nouns t o t h a t C i s a p p l i c a b l e . The 
r e f e r e n t i a l r e l a t i o n is no ted KEF . 

The a d d i t i o n a l c o n d i t i o n e x c l u d e s r e l a t i o n s a s 
" i s o m o r p h " REF " a n t i i s o m o r p h i s m " o r " i n j e c t i v e " 
REF " b i j e c t i o n " o r " b i j e c t i v e " REF " b i s e c t i o n " . 
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E3 I f a noun C is a p r e p o s i t i o n a l a d j u n c t f o r a 
t e r m B , each sub te rm M of C is a p r e p ­
o s i t i o n a l a d j u n c t o f B . 

(B PREP C A C SUP M) -> B PREP M . 

E . g . : " e l e m e n t " PREP " S e t " and " s e t " SUP " f i e l d " 
-> " e l e m e n t " PREP " f i e l d " . 

I f two nouns L,M are p r e p o s i t i o n a l a d j u n c t s 
f o r a te rm B , t h e n each subterm 0 of L 
and each subterm P of M is a p r e p o s i t i o n a l 
a d j u n c t f o r B . 

(B ,L ,M) G PRPP A L SUP 0 A M SUP P -> 
( B , 0 , P ) e PRPP. 

For example: ( " m a p p i n g " , " s e t " , " s e t " ) e PRPP 
and " s e t " SUP " g r o u p " «+ ( " m a p p i n g " , " g r o u p " , 
" s e t " ) € PRPP and ( " m a p p i n g " , " s e t " , " g r o u p " ) 
e PRPP and ( " m a p p i n g " , " g r o u p " , " g r o u p " ) e PRPP. 

SYN is an e q u i v a l e n c e r e l a t i o n . 

Sample n e t w o r k : 

To d e s c r i b e the semant ics o f computer sc ience 
t e x t s , we must add more types o f r e l a t i o n s , e . g . 
come v e r b a l r e l a t i o n s , t h a t i s t h e r e l a t i o n s t h a t 
h o l d between a v e r b , i t s p o s s i b l e s u b j e c t s and 
i t s p o s s i b l e o b j e c t and p r e p o s i t i o n a l supp lemen ts . 

S y n t a c t i c and semant ic d e s c r i p t i o n o f t e x t s 

The t e x t s wh ich are to be t r ansduced i n t o semant ic 
ne tworks are ana lyzed by c o n t e x t - s e n s i t i v e r u l e s 
of a f o r m a l grammar G , t o g e t h e r w i t h a se t of 
t r a n s f o r m a t i o n r u l e s T and a l e x i c o n LEX . G 
is a t y p e - 2 - l a n g u a g e . G = (A , P, PEF). A is t h e 
a l p h a b e t c o n s i s t i n g o f g r a m m a t i c a l c a t e g o r i e s 
l i k e VP.NP ( v e r b a l p h r a s e , nomina l ph rase ) and 
l e x i c a l c a t e g o r i e s l i k e p r e p , a r t . The l e x i c a l 
c a t e g o r i e s are t h e t e r m i n a l s A „ o f t h e grammar. 
P is a se t of p r o d u c t i o n r u l e s and DEF G A t h e 
s t a r t i n g symbo l . LEX is a se t o f t y p e - 2 - p r o d u c -
t i o n s . For each l e x i c a l ca tego ry X e AT t h e r e 
i s a t l e a s t one p r o d u c t i o n r u l e o f t h e fo rm 
X : : = x . x is t h e n c a l l e d l e x i c a l e n t r y f o r X. 
For example : a r t : := t h e € LEX . " t h e " is a l e x ­
i c a l e n t r y f o r t art. 

The f o l l o w i n g sample grammar i s a t y p i c a l p a r t o f 
t h e grammar d e s c r i b i n g t h e d e f i n i t i o n s o f " E l e ­
ments o f ma themat i cs " b y N . B o u r b a k i . I t i s w r i t t e n 
u s i n g B N F - n o t a t i o n . T e r m i n a l s a re i t a l i c i z e d . I n 
some r u l e s s u b s c r i p t s have been used to d i s t i n ­
g u i s h between occu r rences o f i d e n t i c a l n o n t e r m i ­
n a l s . These s u b s c r i p t s a re i r r e l e v a n t f o r s y n t a x . 
They w i l l be needed l a t e r by t h e semant ic r u l e s . 
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1. Transformation of a NP to a relative pronoun. 
2. Transformation of a NP to a proper noun. 
3. Transformation of an embedded sentence to a 

part ip ic ia l sentence. 

We w i l l not l i s t transformations here in detail, 
for they are not relevant for the meaning of sen­
tences. They only generate surface structures from 
deep structures. LEX can be seen in detail in 
the program data. 

The set of concepts occurring in a definit ion to­
gether with the hierarchical graph they form is 
bui l t up in a step-by-step manner corresponding to 
the phrase structure of the def in i t ion. This can 
be done by assigning attributes to the nonterminal 
symbols and semantic rules to the production rules. 
Each attribute a corresponds to a set of values 
Va . The semantic rules define a l l of the a t t r ib ­
utes of a nonterminal in terms of the attributes 
of i ts immediate descendants, so ultimately values 
are defined for each attr ibute. 

For our purposes, we have used a set of attributes 
A = {d, c, g, lex, n} where 
Vd is the power set of the set of a l l concepts. 

The value of d within a definit ion w i l l be 
the set of concepts defined. 

Vc is the power set of the set of a l l concepts. 
The value of c within a definit ion w i l l be 
the set of a l l concepts occurring in the def i ­
n i t ion. 

Vg is the set of hierarchical graphs. The value 
of g within a definit ion w i l l be the hierar­
chical graph that means this def ini t ion. 

Vlex is the union set of a l l sets of lexical en­
tr ies of G . 

Vn is the set of relation names. The value of n 
within parts of a definit ion is an arc label 
belonging to the hierarchical graph being 
bui l t up. 

The attributes correspond to the nonterminal sym­
bols in the following way: 
g belongs to {DEF, S, S1, S2, S3, C, CNB, ND, AP, 

NP, NPO, NP1, N, AD, PP, PREDD, DAB, SS, VP, 
SS1) 

c belongs to the same symbols as g . 

d belongs to {DEF, S, S1, S2, C, DNB, ND, PREDD, 
DAB, AD} 

lex belongs to {NB, AB, adv, verb, prep) 
n belongs to {VP, PP}. 

Now the grammar may be augmented so, that semantic 
rules are given for each rule of the syntax. 

* * is the concatenation of graphs. G1 - G2 is a 
graph which contains a l l nodes and edges of G, 
and Ga where nodes with the same value are 
identi f ied. 
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Sample sentence r e c o g n i t i o n and network t r a n s d u c ­
t i o n 

D e f i n i t i o n . A base o f the t opo logy o f a t o p o l o g i ­
c a l space X is any set B of open subsets of X 
such t h a t every open subset o f X is the un ion o f 
se ts b e l o n g i n g to B -

The r e d u c t i o n and t r a n s d u c t i o n i n t o the network o f 
t he f i r s t p a r t o f t h i s sentence i s a s f o l l o w s : 

The computer program t h a t has been w r i t t e n f o r t h e 
c o n s t r u c t i o n o f a semant ic network f rom t h e d e f i n i ­
t i o n o f " g e n e r a l t o p o l o g y " a c t s on t h e b a s i s o f a 
d i c t i o n a r y o f t r i v i a l terms which - a t t he b e g i n ­
n i n g o f a run - o n l y c o n t a i n s a r t i c l e s , p r e p o s i ­
t i o n s , pronouns and v e r b s . There a re o n l y about 
seven verbs in t h i s mathemat ica l t e x t s . These can 
be t r e a t e d as terms not b e a r i n g conceptua l i n f o r m a ­
t i o n because they g e n e r a l l y do not ac t as c o n c e p t s . 
( E x c e p t i o n : t o converge . But f o r t h i s verb t h e r e i s 
a n a d j e c t i v a l e q u i v a l e n t : c o n v e r g e n t . ) I n p e r f o r m ­
i n g the network c o n s t r u c t i o n , the program recog ­
nizer, ( " l e a r n s " ) the terms o c c u r r i n g i n the t e x t ar. 
w e l l as t h e i r g rammat i ca l ca tegory u s i n g these 
" l e a r n e d f a c t s " t o ana lyse the f u r t h e r d e f i n i t i o n s . 
The grammar r u l e s do no t act as parameters of t h e 
program bu t are i n s e r t e d as p r o c e d u r e s . T h i s makes 
t h e program more e f f i c i e n t b u t l ess i n d i f f e r e n t t o 
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changes. The a l g o r i t h m p a r t l y proceeds l i k e a f o r ­
mal language r e c o g n i t i o n a l g o r i t h m , i . e . i t a t t emp ts 
t o match sentence p a r t s w i t h r i g h t hand s i d e s o f 
t h e grammar r u l e s . But t h e sentence s t r u c t u r e i s 
de te rm ined on l y i n so f a r as i t i s needed by the 
semant ic r u l e s . 

Open q u e s t i o n s 

1. Embeddings of more than one p r e p o s i t i o n a l c l a u s e . 
P r o d u c t i o n r u l e (17 ) a l l o w s to embed one p r e p o s i ­
t i o n a l supplement f o r a noun p h r a s e . By r u l e (22) 
and aga in (17) we can embed r e c u r s i v e l y ano ther 
p r e p o s i t i o n a l c l a u s e . Clauses l i k e "an i n t e r i o r 
p o i n t o f a subset A o f X . . . " a re c o r r e c t l y an ­
a l y s e d by these r u l e s . But c o n s i d e r t h e c lause "a 
mapping f of a t o p o l o g i c a l space X i n t o a se t 
X ' . . . " . The a n a l y s i s o f t h i s c lause by the r u l e s 
d e s c r i b e d above is no t adequate because the two 
NPO "a t o p o l o g i c a l space X" and "a se t X' " 
a re bo th embedded p a r a l l e l l y i n t o t h e NPO "a 
mapping f " . To f i n d the c o r r e c t a n a l y s i s i n each 
case , we need t h e i n f o r m a t i o n t h a t "mapping" gen­
e r a l l y requires two p r e p o s i t i o n a l supplements 
whereas " p o i n t " and " s u b s e t " r e q u i r e on ly one. 

2. I f we embed a r e l a t i v e c lause i n t o a noun phrase 
c o n t a i n i n g a p r e p o s i t i o n a l supplement we can not -
on the b a s i s o f syn tax r u l e s - c o r r e c t l y de te rmine 
t o which noun the r e l a t i v e pronoun r e f e r s . I n the 
c l ause *an i n t e r i o r p o i n t o f t h e se t wh ich con­
t a i n s . . . " t h e r e f e r e n c e can b e de te rmined c o r r e c t ­
l y u s i n g t h e semant ic i n f o r m a t i o n t h a t on ly s e t s 
but no t p o i n t s can c o n t a i n a n y t h i n g . But i n t h e 
c l ause " a s e t o f t he f i l t e r wh ich c o n t a i n s . . . " 
t h e c o r r e c t c o o r d i n a t i o n i s no t p o s s i b l e because a 
f i l t e r i s a se t t o o . Wi th t h e e x e p t i o n o f f a i l u r e s 
l i k e t hose d e s c r i b e d above the program c o r r e c t l y 
t r ansduced a l l d e f i n i t i o n s o f t h e compendium. 

F u r t h e r development 

A c t u a l l y we are d e v e l o p p i n g an a l g o r i t h m to work 
on d e f i n i t i o n s out o f t h e a rea o f computer s c i e n c e . 
To p e r f o r m t h i s we w i l l need more concep tua l c a t e ­
g o r i e s and r e l a t i o n s t h a t i s t o say we w i l l need 
ve rbs as concepts and c o n c e p t u a l r e l a t i o n s between 
ve rbs and nouns. T h i s program i s i n t e n d e d to work 
w i t h r u l e s as pa rame te r s . So i t can be used f o r 
more than one grammar l a t e r . We i n t e n d to i m p l e ­
ment i t w i t h the h e l p o f a c o m p i l e r c o m p i l e r . 
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