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Abst ract 
This paper descr ibes a system which t rans la tes 

a query in I t a l i a n language i n t o a representa t ion 
which can be immediately i n te rp re ted as a sequence 
of a lgebra ic operat ions on a r e l a t i o n a l data base. 
The use of a lookshead bu f fe r a l lows the system to 
operate d e t e r m i n i s t i c a l l y . D i f f e r e n t knowledge 
sources are used to cope w i t h semantics (associated 
w i t h the lex icon) and syntax (represented as pajt 
t e r n - a c t i o n r u l e s ) . These knowledge sources cooper 
ate dur ing the query t r a n s l a t i o n so that independ-
ent t r a n s l a t i o n steps and intermediate representa
t ions of the command are avoided. Therefore the 
term "determin ism" is used to mean that a l l the 
s t ruc tu res b u i l t dur ing the process concur to b u i l d 
the f i n a l command rep resen ta t ion . 

I n t r oduc t i on 
One of the most popular new ideas in the f i e l d 

of na tu ra l language processing is the "determin ism" 
introduced by Marcus / 1 / . The system presented in 
t h i s paper accepts Marcus' proposals f o r the synta£ 
t i c ana lys is o f the t e x t , but extends tha t ana lys is 
to a r e a l t r a n s l a t i o n of an input query in I t a l i a n 
language by means of a more semantical s t r u c t u r e of 
the ac t ions associated to the p a t t e r n - a c t i o n synta£ 
t i c r u l e s . These act ions have the purpose of b u i l d 
ing representa t ions of the cons t i tuen ts w i t h which 
the syn tac t i c r u l e is assoc ia ted, in a form which 
al lows the system to perform semantic checks by us 
ing the semantic in fo rmat ion ava i l ab le from the 
l ex i con . 

One of the main features of the system is a co 
operat ion between dec la ra t i ve ( l ex i con and pa t t e rn 
par t of the syn tac t i c ru les ) and procedural (proce 
dures to perform semantic checks and the ac t i on par t 
of the syn tac t i c ru les ) knowledge sources such that 
the c o n t r o l f low is au tomat ica l l y t rans fe r red from 
one knowledge source to another w i thou t the i n te r 
ven t ion of a c e n t r a l c o n t r o l l e r . 

As a benchmark, the system has been spec ia l i zed 
to act as an i n t e r f a c e to a medical consu l t a t i on 
program f o r the ana lys is of the l i v e r f u n c t i o n a l 
assessment / 2 / . 

Command representa t ion 
The i n t e r p r e t a t i o n process t rans la tes the in 

put command i n t o a set of frame i n s t a n t i a t i o n s l inlc 
ed together . By " f rame" we mean a c o l l e c t i o n of 
s l o t s , each of which has a name, may conta in a v a l 
ue and may be associated w i t h a procedure which 
checks the semantic correctness of the value i nse r t 
ed i n t o the s l o t by the grammar r u l e s . 

The system contains a set of prototype frames 
( c u r r e n t l y 4: ACTIONFR, COMMANDFR, RESTRICTIONFR, 
CONCEPTFR) which are i ns tan t i a ted under request of 
the grammar r u l e s . Not ice tha t the checks associated 
w i t h the s l o t of a given f raae F may operate on data 
not necessar i ly stored in F, but in other frames coil 
nee ted to F. The check procedure associated w i t h a 
frame s l o t i s executed when the s l o t i s f i l l e d : i t 
may happen t h a t , at that t ime, some of the s l o t s 
( i n the same frame or not) needed to perform the 
checks are s t i l l empty. In t h i s case the procedure 
is suspended and i t s suspension po in t is stored in 
a l i s t together w i t h in fo rmat ion which al lows the 
procedures associated w i t h s l o t f i l l i n g and frame 
l i n k i n g to resume i t s execut ion as soon as poss ib le . 

Lexicon 
The lex icon contains noise words, non-content 

words ( e . g . p repos i t ions) and content words. The 
l a t t e r are used to b u i l d the f i n a l representa t ion 
of the command and the in fo rmat ion associated w i t h 
them concerns t h e i r syn tac t i c category and ( f o r 
some of them) semantic in fo rmat ion stored as l i n ks 
to other content words / 3 / , so tha t the lex icon may 
be considered as a network which al lows the system 
to v e r i f y the semantic correctness of the command. 
A s p e l l i n g co r rec t i on is performed to detect and 
co r rec t poss ib le typ ing e r r o r s . 

A more de ta i l ed d e s c r i p t i o n of the l e x i c a l 
knowledge source is reported in / 4 / . 

Syntax 
The syn tac t i c knowledge is represented by means 

of Syntact ic Rule Packets (SRP) each of which coit 
t a ins a set of p a t t e r n - a c t i o n ru les which spec i fy 
the d i f f e r e n t forms a p a r t i c u l a r cons t i t uen t may as 
sume. The pa t te rn par t of the ru les a l lows the sy£ 
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tem to d e t e r m i n i s t i c a l l y i d e n t i f y the ru le of the 
Packet which has to be appl ied to analyze the inpu t . 
The pa t te rn cons is ts in a sequence of syntact ic cat 
egories or cons t i t uen ts which have to be matched on 
the lookahead b u f f e r , which is f i l l e d under request 
of the syn tac t i c knowledge (CAT statements; see be 
low) w i t h the exact po r t i on of input s t r i n g needed 
to d i sc r im ina te among the ru les of the Packet. For 
the sake of e f f i c i e n c y , the set of pat terns concern 
ing the same SRP have been represented by means of 
a d isc r im inan t net which guides the f i l l i n g of the 
b u f f e r . 

The a c t i o n par t of the ru les is a procedure in 
vo l v i ng imperat ive statements: 
- FILL. I t f i l l s a s l o t of a frame and t r i g g e r s the 

checks associated w i t h tha t s l o t . 
- CREATE. It bu i lds a new i n s t a n t i a t i o n of a frame. 
- LINK. It connects aframe i n s t a n t i a t i o n to a s l o t 

of another one. 
- CAT. It checks the category of the cur rent word 

of the lookahead bu f f e r . I f a l l the elements in 
the bu f fe r have already been scanned, a new word 
i s t rans fe r red i n t o i t from the input s t r i n g . I l l 
c i d e n t a l l y , the categor ies used in the grammar 
(and the cons t i tuen ts as we l l ) are not the classi 
ca l categor ies (noun, a d j e c t i v e , e t c . ) but are 
more semant ics l ly biased (concept, p roper ty , e t c ) . 

- PUSH. It involves the t r i g g e r i n g of the SRP asso 
c ia ted w i t h the embedded cons t i tuen t that has to 
be analyzed and the t rans fer of con t ro l to the 
SRP handler . 

- DEL. It de le tes a word from the bu f fe r . 
When a FILL or LINK operat ions is executed,the 

l i s t of suspended checks is scanned to decide wheth 
er some of them may be resumed. A f te r the complet ion 
of the ac t i on par t of a r u l e , the con t ro l is re tu r t i 
ed to the a c t i o n which ac t i va ted the SRP conta in ing 
the r u l e whose ac t ion has been completed. 

As an example of Syntact ic Rule Packet, consid 
er the cons t i t uen t ELEMENT: it re fe rs to a group of 
ob jec ts def ined by a concept name (e .g . Pat ient ) 
fo l lowed by the cond i t ions se lec t ing the indiv i id 
uals tha t should belong to the group, o r , in case 
the group is r e s t r i c t e d to a s ing le i n d i v i d u a l , by 
i t s name ( I d e n t i f i e r ) . The s t ruc tu re of the SRP is 
as f o l l o w s : 

n o t e x p l i c i t l y p r e s e n t i n t h e i n p u t s e n t e n c e ; i n 
t h i s example a l l t h e s l o t s c o n t a i n i n g & w i l l b e 
f i l l e d b y t h e semant i c check p r o c e d u r e a s s o c i a t e d 
w i t h t h e s l o t VAL, b y i n s p e c t i n g t h e seman t i c i n f o r 
m a t i o n s t o r e d i n t h e l e x i c a l e n t r y c o r r e s p o n d i n g t o 
t h e c u r r e n t i d e n t i f i e r . A s r e g a r d s RELEM, i t i s a 
v a r i a b l e w h i c h i s f i l l e d b y t h e CREATE o p e r a t i o n 
w i t h the a c t u a l name o f t h e new ly c r e a t e d i n s t a n t i £ 
t i o n . 

I t may b e obse rved t h a t , i n t h i s c a s e , t h e d i s 
c r i m i n a n t n e t i s v e r y s i m p l e because o n l y one word 
has t o b e examined i n o r d e r t o d e t e r m i n e w h i c h r u l e 
has to be a p p l i e d . I n the GROUPSPEC d i s c r i m i n a n t 
n e t i t i s a p p a r e n t t h a t two o r t h r e e l ookahead words 
a r e needed t o d e t e r m i n i s t i c a l l y d e c i d e wha t r u l e has 
t o b e a p p l i e d ; f o r t h i s r e a s o n t h e lookahead b u f f e r 
s i z e i s n o t f i x e d , even i f our grammar neve r r e 
q u i r e s more t h a n f o u r c e l l s . 

The symbol + r e f e r s t o the c u r r e n t f rame i n s t a n t i a 
t i o n ( i n t h i s case a copy o f CONCEPTFR), whereas 
t h e symbol & means t h a t t he f i l l e r o f t he s l o t i s 

N o t i c e t h a t t h e t r v e l l i n g o n t h e d i s c r i m i n a n t n e t 
does n o t i m p l y t h a t a n i n p u t word i s consumed ( f o r 
examp le , t h e f i r s t word i n t h e PUSHed GROUPSPEC i s 
the same Concept t e s t e d by ELEMENT). 

Examples and comments 
One of t h e most i m p o r t a n t f e a t u r e s o f t h e sys 

tem i s i t s a b i l i t y t o o b t a i n t h e same r e p r e s e n t a 
t i o n f o r s e n t e n c e s w h i c h have t h e same mean ing b u t 
c o m p l e t e l y d i f f e r e n t s u r f a c e s t r u c t u r e s . C o n s i d e r 
f o r example t h e s e n t e n c e s : 
S 1 ) Dammi i l v a l o r e d e l l a b i l i r u b i n a t o t a l e per i 

p a z i e n t i con i t t e r o ( G i v e m e t h e v a l u e o f t o t a l 
b i l i r u b i n f o r t h e p a t i e n t s w i t h j a u n d i c e ) . 

S2) Per i p a z i e n t i che hanno i t t e r o d immi q u a n t o va 
l e l a b i l i r u b i n a t o t a l e (For t h e p a t i e n t s who 
have j a u n d i c e t e l l m e what the t o t a l b i l i r u b i n 
i s ) . 

S3 ) Quanto hanno d i b i l i r u b i n a t o t a l e i p a z i e n t i con 
i t t e r o p r e s e n t e ? (How much t o t a l b i l i r u b i n have 
t h e p a t i e n t s w i t h j a u n d i c e p r e s e n t ? ) . 

For a l l o f them t h e f i n a l r e p r e s e n t a t i o n i s the 
same and i s r e p o r t e d i n f i g . 1 . 

I t s h o u l d b e p o i n t e d o u t t h a t i n f o r m a t i o n 
w h i c h i s i m p l i c i t i n t h e i n p u t command has been 
made e x p l i c i t ( e . g . i n RESTR3 t h e f a c t t h a t " j a u n 
d i c e " i s t he "name" o f t h e symptom and i n RESTR2 
t h a t t he " v a l u e " o f t h e j a u n d i c e used f o r p a t i e n t 
s e l e c t i o n shou ld b e " p r e s e n t " , even i f i n t h e sen 
t ences S1 and S2 i t i s u n d e r s t o o d ) . 

The r e s u l t i n g r e p r e s e n t a t i o n may seem r a t h e r 
awkward. For examp le , i t may n o t be a p p a r e n t why 
RESTR2 is l i n k e d to an a c t i o n (named SHOW) i n s t e a d 
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of the concept i t q u a l i f i e s ( j aund i ce ) . The advan 
cage of t h i s representa t ion is the one-to-one na£ 
ping between the po in te rs which l i n k the frames and 
the a lgebra ic operators of the r e l a t i o n a l approach 
to database cons t ruc t i on . For example, each po in ter 
to a r e s t r i c t i o n impl ies a SELECT operat ion on the 
r e l a t i o n to which the concept (or the ac t ion ) is 
assoc ia ted , each po in te r connect ing an ac t i on and a 
concept imp l ies a JOIN operat ion on the two involv 
ed r e l a t i o n s and so on. 

I t i s worth n o t i c i n g the d i f f e rence between 
the representa t ion of the sentence SI ( f i g . l ) and 
the representa t ion ( f i g . 2 ) of the sentence: 
S4) Dammi i l va lo re d e l l a b i l i r u b i n a t o t a l e per i pa 

s i e n t i di sesso meschi le (Give me the value of 
t o t a l b i l i r u b i n f o r the pa t ien ts o f male sex) . 

The d i f f e rence is due to the f a c t t ha t "sex" is a 
proper ty o f a pa t i en t and f o r t h i s reason i t is 
s tored in the data base r e l a t i o n PATIENT, whereas 
" j aund ice " is an i d e n t i f i e r of the concept "symptom" 
( i . e . a key of the data base r e l a t i o n SYMPTOM), so 
tha t the value of jaundice f o r a g iven pa t i en t is 
stored in the connect ion r e l a t i o n named SHOW. 

In f i g . l and 2 the frame s t r u c t u r e was heav i l y 
s i m p l i f i e d f o r the sake of r e a d i b i l i t y ; l e t us con 
s ider as an example the ac tua l s t r uc tu re of RESTRIC 
TIONFR: 

RESTRICTIONFR (FEATURE, OP, VAL, FEATURE!, OP!, 
VAX!, BACK, RESTRCHAIN) 

The s l o t s composing the frame are of three k i nds : 
E x t e r n a l , I n t e r n a l , L i nk ; the Externa l s l o t s ( e . g . 
FEATURE, OP, VAL) con ta in the a c t u a l l e x i c a l e n t r i e s 
appearing in the input sentence; the I n t e r n a l ones 
( e . g . FEATURE!, OP!, VAL!) concern the correspond 
ing i n t e r n a l r ep resen ta t i on , which w i l l be used to" 
access the data atored in the data base r e l a t i o n s ; 
the L ink s l o t s ( e . g . RACK, RESTRCHAIN) con ta in the 
po in te rs to other i n s t a n t i a t i o n s . 

In RESTRICTIONFR the s l o t FEATURE conta ins the 
name of the a t t r i b u t e used to perform the s e l e c t i o n , 
whereas the s l o t s OP and VAL con ta in the operator 
and the l i n g u i s t i c or numeric va lue involved in the 

SELECT opera t ion . When the s t r i n g "di sesso raaschi 
le" in the sentence SA is analysed, the s l o t s FEA 
TURE and VAL are f i l l e d w i t h "sesso" and "meschi le" 
r e s p e c t i v e l y , whereas the s l o t OP is f i l l e d w i t h & 
(undef ined) . The semantic checks associated w i t h 
FEATURE end VAL provide not only the f i l l i n g of FEA 
TURE! end VAL! w i t h the i n t e r n a l representa t ion of 
"sesso" and "meschi le" ( i . e . SEX and MALE),but a lso 
the f i l l i n g of OP! w i t h EQ (the choice of EQ depends 
on the in fo rmat ion associated w i t h "maschi le") thus 
leading to the s i t u a t i o n of RESTR2 shown in f i g . 2 . 

The s l o t BACK conta ins a backward po in ter to 
the CONCEPTFR (or ACTIONFR) i n s t a n t i a t i o n f o r which 
the RESTRICTIONFR i n s t a n t i a t i o n acts as a c o n d i t i o n . 
F i n a l l y , the s l o t RESTRCHAIN may conta in a po in ter 
to another i n s t a n t i a t i o n of RESTRICTIONFR which acts 
as a f u r t h e r cond i t i on f o r the se lec t i on ( i . e . the 
two - or more - cond i t ions are ANDed). 

The system has been implemented in LISP on a 
DEC-10; the l e x i c a l and syn tac t i c processes have 
been tested f u l l y , wherees the procedures assoc iat 
ed w i t h the semantic checks are c u r r e n t l y under 
debug. 
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