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A b s t r a c t 

The paper p resents f o r m a l i s m and 
Imp lementa t ion aspects o f t h e program­
ming system f o r A r t i f i c i a l I n t e l l i g e n c e 
( A I ) a p p l i c a t i o n s . The system con ta i ns 
Reso l re r wh ich Is based on the Ideas 
of LISP - l i k e languages combined w i t h 
new AI f o r m a l i s m s . Semantic Memory Is 
another p a r t o f the system wh ich Is 
Implemented by means of h l e r a r o h l o a l 
Data-Base. I n t e r a c t i o n w i t h a user Is 
goreraed by Metaprocessor wh ich genera ­
tes a s y n t a c t i c ana lyse r d r i v e n by the 
grammar f o r the s p e c t l f l c v e r s i o n o f the 
I npu t language . 

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

The AI problems r e q u i r e I n c o r p o r a ­
t i o n o f new f e a t u r e s I n t o t h e t r a d i t i o ­
n a l programming systems. These f e a t u r e s 
I n c l u d e : the a v a i l a b i l i t y o f p o w e r f u l 
v e h i c l e s f o r c r e a t i o n and amendment o f 
s t r u c t u r e d d a t a elements - l i s t s , s e t s , 
t e x t s ; comfo r tab le and e f f i c i e n t fo rma­
l i s m f o r r e p r e s e n t a t i o n o f knowledge I n 
d i f f e r e n t problem domains; new t e c h n i ­
ques f o r " n o n - a l g o r i t h m i c " programming 
s t y l e , such as p a t t e r n - d r i v e n p r o c e ­
dure I n v o c a t i o n and au tomat ic b a c k t r a c k ­
i n g ; the a v a i l a b i l i t y o f s tandard p roce ­
dures f o r the a s s o c i a t i v e search in Data 
Base; au tomat ic l o g i c a l i n f e r e n c e , e t c . 

Some of these f e a t u r e s cou ld be 
found in L ISP, REFUL, SNOBOL, and a l s o 
in " b i g " language systems such as P L / 1 , 
APL, ALGOL-68. At the same t ime the re 
e x i s t s a growing tendency f o r the design 
of new languages combining the best 
techniques and most s u i t e d f o r AI a p p l i ­
ca t i ons [ 1 ] . 

The system descr ibed h e r e i n - L i s p -
Or ien ted Resolver and Data-Hase - is 

des igned a t the Computing Center o f the 
USSR Academy of Soienoes w i t h the p u r p o ­
se to p rov ide an e f f i c i e n t I ns t rumen t 
f o r d i f f e r e n t A I a p p l i c a t i o n s [ 2 ] . The 
system is des igned on the bas i s of some 
e s s e n t i a l ideas be ing de r i ved a t t he 
d i f f e r e n t s c i e n t i f i c groups and m a t e r i a ­
l i s e d in the Imp lemen ta t i on of some expe­
r i m e n t a l sys tems, v i z . , PLAINER, CONNI-
VER, L ISP-70 , SAIL , QLISP, POPLER 1 . 5 . 

G e n e r a l System O r g a n i s a t i o n 
and Data-Base 

The LORD system c o n s i s t s of t h r e e 
r e l a t i v e l y Independent p a r t s : R e s o l v e r , 
Semantic Memory and Metaprocessor. Eaoh 
o f these p a r t s uses s i m i l a r t echn iques 
f o r memory a l l o c a t i o n , f u n c t i o n s t o r a g e 
and c a l l mechanisms, l e x l o a l a n a l y s i s 
procedures e t c The Data-Base (DB) i s 
the common ground f o r keep ing and r e t r i e -

ml o f bo th program and da ta e lemen ts . 
DB has a f i x e d number of h i e r a r c h i ­

c a l l e v e l s . The l a r g e s t s e c t i o n o f DB is 
an a r e a . Eaoh area i s i d e n t i f i e d by i t s 
name and may c o n t a i n an a r b i t r a r y number 
o f s e t s . A se t c o n s i s t s o f reco rds eaoh 
o f which c o n t a i n s a f u l l c h a r a c t e r i s t i c 
o f an o b j e c t . U s u a l l y , such an o b j e c t i s 
generated and used w i t h i n the boundar ies 
of a s p e c i f i c user t a s k . The access to 
the o b j e c t s is per formed by means of 
hash f u n c t i o n ( s t anda rd o f i n d i v i d u a l 
f o r each s e t ) . 

Objects may have s e v e r a l d i f f e r e n t 
p r o p e r t i e s , and eaoh p r o p e r t y has i t s 
own va lue (sometimes a l i s t o f v a l u e s ) . 
L i s t o f r e f e rences t o the p r o p e r t i e s i s 
s t o r e d I n the body o f t he reco rd c o r r e s ­
ponding t o the g i v e n o b j e c t . 3aoh p r o ­
p e r t y i n i t s t u r n i s s t o r e d a s a s e p a r a -
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t e o b j e c t w i t h p r o p e r t y i n d i c a t o r used 
as an o b j e o t name* 

Thus in t h e h i e r a r c h i c a l DB we have 
t h e f o l l o w i n g l e v e l s a s s o c i a t e d w i t h 
sys tem n o t i o n s : 
Da ta -Base d i v i s i o n s LORD n o t i o n s 

a r e a 
s e t 
reoo rd 
f i e l d 

o o n t e n t s o f t h e 
f i e l d 

p r o b l e m domain 
c o n t e x t 
o b j e o t 

p r o p e r t y 
v a l u e o f t h e p r o p e r ­

t y 

The LORD access l a n g u a g e I s p r o v i ­
ded w i t h f u n c t i o n s f o r e s t a b l i s h i n g t h e 
name of t h e p r o b l e m domain and t h e name 
o f t h e w o r k i n g c o n t e x t . S p e c i a l r e f e r e n ­
ces a r e g e n e r a t e d d u r i n g t h e c r e a t i o n o f 
new o b j e o t s and a d d i t i o n o f new p r o p e r ­
t i e s t o t h e e x i s t i n g o b j e c t s . A c c o r d i n g 
t o t h e s e r e f e r e n c e s t h e o b j e c t s and t h e 
v a l u e s o f t h e i r p r o p e r t i e s may b e d e r i ­
ved f r o m DB l a t e r . 

I n many A I a p p l i c a t i o n s i t i s 
n e c e s s a r y t o c r e a t e t h e h i e r a r c h y o f 
c o n t e x t s (and even t h e h i e r a r c h y o f 
p r o b l e m d o m a i n s ) . T h i s i s p r o v i d e d b y 
a u t o m a t i c b o o k k e e p i n g o f s p e c i a l " s e t 
o f r e f e r e n c e s " c o n t a i n i n g t h e o b j e c t s 
w h i c h v a l u e s a r e p o i n t e r s a t t h e d i f f e ­
r e n t D B s e c t i o n s . The h i e r a r o h y o f c o n ­
t e x t s o r p r o b l e m domains i s r e p r e s e n t e d 
b y I n t e r c o n n e c t i o n s o f t h e o b j e c t s i n 
t h i s r e f e r e n c e s e t . 

Semant io Memory 

One o f t h e most I m p o r t a n t p r o b l e m s 
i n A I sys tems i s a o c u m u l a t i o n o f i n f o r ­
m a t i o n r e p r e s e n t i n g " k n o w l e d g e " a b o u t 
some p r o b l e m domain . T h e r e a r e two d i ­
s t i n c t a p p r o a c h e s t o t h e t e c h n i q u e s o f 
know ledge r e p r e s e n t a t i o n . One way i s t o 
use a s e t o f e x p r e s s i o n s d e s c r i b i n g 
s e p a r a t e f a o t s o r h y p o t h e s e s . S i n g l e 
e x p r e s s i o n may r e p r e s e n t t h e r e l a t i o n 
be tween two o b j e o t s o r be tween a n o b j e o t 
and i t s p r o p e r t i e s , o r be tween two o r 
more d i f f e r e n t f a c t s . A n o t h e r a p p r o a c h 

i s based o n t h e u t i l i s a t i o n o f a s e t o f 
p r o c e d u r e * . P r o c e d u r e e x e c u t i o n checks 
t h e e x i s t e n c e o f d e f i n i t e r e l a t i o n s 
b i n d i n g s p e c i f i c o b j e c t s , p r o p e r t i e s o r 
f a c t s . 

These two a p p r o a c h e s , " r e l a t i o n a l " 
and " p r o c e d u r a l " , a r e o f t e n i n t e r m i x e d 
i n a c t u a l i m p l e m e n t a t i o n s . Semant io 
Memory i n t h e LORD s y s t e m i s I n t e n d e d t o 
s e r v e t h e same p u r p o s e . A c c u m u l a t i o n o f 
know ledge a b o u t d i f f e r e n t p r o b l e m doma­
i n s , s t r u c t u r i n g o f a c c u m u l a t e d i n f o r ­
m a t i o n a c c o r d i n g t o p r e d e t e r m i n e d h e i r -
a r c h y , and r e t r i e v a l o f r e l e v a n t n o t i o n s 
and f a c t s - t h e s e a r e t h e main f u n o t l o n s 
p r o v i d e d by Seman t i o Memory. 

The examples o f s i m p l e e x p r e s s i o n s 
p r o c e s s e d by t h e Seman t i c Memory: 
(PRODUCT =IS-SBT= (CARS, O I L , C R A I N ) ) ( A 1 ) 
(PRODUCT =HA5-PR0PERTY= SHORTAGE) 
(PRODUCT =BECOME-AN-OBJECT-OF:s 

BLACK-MARKET-OPERATION) ( A 2 ) 
A f t e r p r o c e s s i n g o f t h e s e e x p r e s ­

s i o n s s p e c i a l D B s e c t i o n s a r e f i l l e d . 
These s e c t i o n s a r e named NOTION - L IST 
and FACT - L I S T . 

1) New o b j e c t s : PRODUCT, C A R S , . . . 
a p p e a r i n t h e NOTION-LIST i f t h e y were 
n o t p u t t h e r e e a r l i e r . 

2 ) E x p r e s s i o n s A1 and A2 a r e p l a o e d 
i n t o t h e PACT-L IST, and i d e n t i f i e r s A 1 
and A2 become t h e names o f t h e c o r r e s p o n ­
d i n g o b j e c t s , t e x t o f t h e e x p r e s s i o n b e ­
comes t h e v a l u e o f t h e ma in o b j e c t p r o ­
p e r t y . 

3 ) Kaoh o b j e c t i n t h e NOTION-LIST 
i s accompanied b y t h e p r o p e r t y l i s t . One 
o f t h e p r o p e r t i e s has t h e v a l u e s h o w i n g 
t h e o b j e c t t y p e , a n o t h e r p r o p e r t y i s 
e v a l u a t e d i n t o a l i s t o f r e f e r e n c e s t o 
a l l f a c t a o o n t a l n i n g t h e g i v e n o b j e c t . 
Examples o f o b j e c t s b e i n g s t o r e d i n t h e 
NOTION-LIST: 

PRODUCT t y p e S E T , f a c t s (A1 A2) 
OIL t y p e SET-ELEMENT, f a c t s ( A 1 ) 
SHORTAGE t y p e PROPERTY, f a c t s ( A 2 ) 

Bes ides t h e above m e n t i o n e d s e o t l o n s 
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t h e r e I s a l s o RELATION-LIST i n DB. I n a 
sense t h i s l i s t i s a s u b s e t o f NOTION-
L I S T , - a l l s ys tem and u s e r d e f i n e d r e ­
l a t i o n s a r e k e p t i n t h i s s e o t i o n s , e . g . , 
IS -SBT , HAS-PROPERTY e t c . 

Seman t i c Memory p e r f o r m s p r o c e s s i n g 
o f t h e i n p u t e x p r e s s i o n and a l l t h e n e ­
c e s s a r y changes i n t h e DB. F u r t h e r m o r e , 
t h e Seman t i c Memory p r o c e s s o r p r o - r i d e s 
a n s w e r i n g s i m p l e q u e s t i o n s o f t h e t y p e : 

The answer i s based on b i n d i n g t h e 
p a t t e r n v a r i a b l e ? X w i t h t h e o b j e c t 
PRODUCT, w h i c h r e s u l t s f r o m t h e a n a l y s i s 
o f t h e p r o p e r t y l i s t o f t h e o b j e c t OIL 
and " b a c k w a r d " p r o c e s s i n g o f t h e f a c t A 1 . 

B e s i d e s f i l l i n g D B w i t h t h e s i m p l e 
f a c t s , e x p r e s s i o n s d e s c r i b i n g complex 
s t r u c t u r e s may a l s o be i n p u t t o t h e 
Semant ic Memory. One f o rm o f com lex e x ­
p r e s s i o n o o u l d b e t h e d e f i n i t i o n o f t h e 
f u n c t i o n w h i c h g o v e r n s t h e m a i n t a i n a n c e 
o f Seman t i c Memory. An example o f such 
a f u n c t i o n i s : 
(PROPERTY-TRANSFE 

T h i s f u n c t i o n a c t s a s a n a n a l o g o u s 
IF-ADDED f u n c t i o n i n CONNIVER, i . e . , 
e v a l u a t e s o p e r a t o r s i n t h e f u n o t i o n body 
when the f a c t m a t c h i n g t h e g i v e n p a t t e r n 
i s added to t h e Semant ic Memory. Here 

a r e p a t t e r n - v a r i a b l e s 
and a r e t h e c o r r e s p o n -
d i n g v a l u e s , o b t a i n e d b y p a t t e r n - v a r i a ­
b l e s a f t e r s u c c e s s f u l m a t c h i n g . 

T h e r e f o r e t h e appe rance o f t h e 
f a c t (O IL =RAS-PROPERTY= SHORTAGE) in 
t he p resence o f A 1 , A2 and A3 i m p l i e s 
a u t o m a t i c a d d i t i o n o f t h e f a c t : 
( O I L =BECOMB-AN-OBJECT-OF= 

BLACK-MARKET-OPBRATION) (A4 ) 
I t i s w o r t h n o t i n g t h a t A 3 has t h e 

same f o r m a t as e x p r e s s i o n s d e f i n i n g t h e 
u s u a l r e l a t i o n s , e . g . , A 1 and A 2 . T h a t 
is why A3 may be amended in t h e same 
way a s any o t h e r f a c t i n t h e Seman t i c 
Memory. For e x a m p l e , t h e f o l l o w i n g 
q u e s t i o n may be a s k e d : 
(PROPERTY-TRANSFER 

I n o r d e r t o d e r i v e a n answer p a t ­
t e r n - v a r i a b l e s g e t a s 
v a l u e s t h e c o r r e s p o n d i n g t e x t s p l o k e d u p 
f r o m A 3 . T h i s f e a t u r e g i v e s a c o n v e n i e n t 
a b i l i t y t o i n v e s t i g a t e and m o d i f y t h e 
s y s t e m by i t s own means . 

S t a n d a r d o b j e c t t y p e s a r e e s t a b l i s h ­
e d a t t h e t i m e o f s j rs tem c r e a t i o n , 

e . g . , c o n s t a n t , o b j e o t , r e l a t i o n name, 
f u n c t i o n name, e t c . A u s e r may a l s o 
i n t r o d u c e h i s own t y p e s u s i n g e x i s t i n g 
r e l a t i o n s , t h e i r l o g i c a l c o m p o s i t i o n s 
and m o d a l i t i e s . 

Any f a c t and n o t i o n have a l i m i t e d 
soope - DB c o n t e x t . We c a l l i t " s t a t i o " 
c o n t e x t a s opposed t o " d y n a m i c " c o n t e x t 
b e i n g d e a l t w i t h i n o o n t r o l s t r u o t u r e s 
d i s c u s s e d i n t i l e n e x t p a r a g r a p h . The 
Seman t i c Memory a c c e s s l anguage c o n t a i n s 
o p e r a t i o n s f o r m a n i p u l a t i n g s t a t i c c o n ­
t e x t s - r e a r r a n g e m e n t o f t h e c o n t e x t 
t r e e , r e m o v i n g c o n t e x t s , u n i t i n g them 
w i t h each o t h e r , g e n e r a t i n g new c o n t e x t s . 
A s i t was m e n t i o n e d , t h e s e o p e r a t i o n s 
a r e p e r f o r m e d b y p r o c e s s i n g the s p e c i a l 
r e f e r e n c e s e t . 

R e s o l v e r 
W h i l e t h e S e m a n t i c Memory i s used 

m a i n l y f o r s t o r i n g and r e t r i e v a l o f 
f a c t s , f u n c t i o n s , o b j e c t s and t h e i r p r o ­
p e r t i e s , t h e R e s o l v e r s e r v e s f o r e v a l u a ­
t i n g t h e p r o c e d u r e s c a r r y i n g o u t d i f f e ­
r e n t k i n d s o f l o g i c a l i n f e r e n c e , s e a r c h ­
i n g AND/OR t r e e s , r e d u c t i o n t o d i s j u n c ­
t i v e n o r m a l f o r m and o t h e r g e n e r a l o r 
s p e c i f i c f u n c t i o n s . 
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The Resolver may be considered as 
an extension of LISP con ta in ing new f a ­
c i l i t i e s both In the Input language and 
In prooessor Implementat ion. A b r i e f l i s t 
o f these f a c i l i t i e s f o l l o w s . 
Nota t ion 

One of the doubtless requirements 
f o r Resolver implementat ion i s the a b i ­
l i t y to process programs w r i t t e n in s t a n ­
dard LISP [ 3 ] . At the same time spec ia l 
preprocessor can accept and t r ans la te 
i n t o standard L ISP-notat ion the expres­
sions w r i t t e n in ALGOL-like input langu­
age, e.g.,, 

BEGIN NEW X,Y; X;= ' ( 1 3 ) : = 
X CONS CDR(X); RETURN(Y) END 

The given no ta t i on is s i m i l a r to 
t ha t of MLISP2 [ 5 ] and is character ized 
by the absence of superf luous parenthe­
ses, i n f i x no ta t i on of most operators and 
usual mathematical n o t a t i o n f o r f unc t i on 
c a l l s . 

The operator and f u n c t i o n set is 
provided w i t h the p r i o r i t y system which 
f a c i l i t a t e s w r i t i n g and reading complex 
express ions. 
A-po ln ts and backt rack ing 

Resolver has the a b i l i t y to back­
t rack programs which imp l ies r e s t o r i n g of 
program and data s ta te in some prev ious ly 
passed p o i n t and choosing and i n i t i a t i n g 
an a l t e r n a t i v e path of s o l u t i o n as in 
[ 5 ] . A -po in t ( a l t e r n a t i o n p o i n t ) i s set 
up by the c a l l f o r one of s p e c i a l func ­
t i o n s : REP ( r e p e t i t i o n ) , ALT ( a l t e r n a t i ­
on) and OPT ( o p t i o n ) . Generat ion of f a i ­
l u r e and r e t u r n to the l a s t A-po in t is 
produced by the f unc t i on FAIL which is 
ca l l ed d i r e c t l y o r i n d i r e c t l y , e . g . , on 
unsuccessful pa t te rn matching. Backtrac­
k ing mechanism compels t a l k i n g about 
"dynamic" context def ined by access l i n k , 
b ind ing l i n k , con t ro l l i n k and process 
s ta te in the sense of Bobrow [1] . 

The numbers of generated and e l i m i ­
nated a l t e r n a t i v e branches (dynamic con­
t e x t s ) are f i x e d as values of spec ia l 

system var iab le APOINT. There is a p o s s i ­
b i l i t y to t r ans fe r new values to the " h i ­
gher" dynamic con tex ts . This is accompl­
ished by the f o l l o w i n g general ized a s s i -
gnement operator : 

(SETO u (n1 n2 . . . np) v) , 
where n1, n2, . . . , np stand fo r A-po in t 
numbers (poss ib ly expressions evaluated 
to numbers) i n d i c a t i n g the dynamic con­
t e x t s , where va r i ab le u has to accept 
the new value v. The p a r t i c u l a r form of 
t h i s operator : 

(SETO u v) 
changes the value of u in the cur ren t 
dynamic context. Another p a r t i c u l a r case: 

(SETQ u (GLOBAL) v) 
changes the value of u in the whole p r o ­
gram. 
I n d i r e c t funo t lon c a l l s and debugging 
a ids 

One of the most important t rends in 
modern "non-procedura l " programming is 
the use of i n d i r e c t f unc t i on c a l l s . In 
LORD t h i s is achieved by means of pa t t e rn 
- d i rec ted f u n c t i o n c a l l , suspension of 
f unc t i on eva lua t ion and "by-pass ing" of 
f u n c t i o n s . 

The idea and implementation of p a t ­
t e rn -d i r ec ted f u n c t i o n c a l l are analogo­
us to the corresponding f a c i l i t i e s of 
PLANNER and CONNIVER (V) . The main po in t 
i s the i nc l us ion o f f unc t i on c a l l p a t t e r n 
i n t o the f unc t i on d e f i n i t i o n express ion . 
Resolver performs only one type of p a t ­
t e rn c a l l , namely: a f unc t i on w i t h a p a t ­
t e r n is ca l l ed when some va r i ab l e is as ­
signed a value which represents an ob jec t 
matching the f u n c t i o n p a t t e r n . This WHEN-
ASSIGNED type of c a l l is used f o r i n i t i a ­
t i o n of re levant procedures when s p e c i f i c 
i n fo rma t ion appears in the cur rent dyna­
mic contex t . 

Two other types of c a l l , WHEN-ADDED 
and WHEN-REMOVED, r e l a t e to the Semantic 
Memory processor, i . e . , to a d d i t i o n and 
removing the s t r u c t u r e s matching the 
f u n c t i o n p a t t e r n . 

5*7 



The suspension o f f u n o t i o n e v a l u a ­
t i o n is per formed by the o p e r a t o r (STOP 
f m) whioh I n t e r r u p t s e v a l u a t i o n of the 

f u n c t i o n f c o n t a i n i n g t h i s o p e r a t o r . The 
c o n t r o l i s t r a n s f e r e d to the dynamic con ­
t e x t , embracing the c a l l o f f u n c t i o n f . 
The argument m is a message (a va lue of 
I n t e r r u p t e d f u n c t i o n f ) be ing sen t t o 
the embracing program. I f l a t e r the ope­
r a t o r (CONT f ) i s met then e v a l u a t i o n o f 
f w i l l be resumed f rom the p o i n t of in­
t e r r u p t i o n . Th is t o o l pe rm i t s the s y n ­
c h r o n i s a t i o n o f compu ta t i ona l p rocesses; 
moreover, combined w i t h c o n d i t i o n a l ex­
p ress ions i t may be used f o r o r g a n i s a t i o n 
o f a l t e r n a t i v e branches. 

" B y - p a s s i n g " o f f u n c t i o n c a l l s f a c i ­
l i t a t e s debugging o p e r a t i o n s . I t i s i m ­
plemented by s u b s t i t u t i o n of a debugging 
f u n c t i o n g everywhere i ns tead of " suspec­
t e d " f u n c t i o n f . The s u b s t i t u t i o n i s p e r ­
formed a f t e r e v a l u a t i o n o f the express ion 
(BYPASS f p g) . P red i ca te p is eva luated 
each t ime when f u n c t i o n f is c a l l e d . By­
pass ing i s t a k i n g p lace on l y i f p i s 
t r u e . 

Other debugging a ids a r e : s e t t i n g - u p 
the maximum number of c a l l s f o r the spe­
c i f i e d f u n o t i o n , e s t a b l i s h i n g the "a l a rm 
c l o c k " f o r the cu r ren t dynamic c o n t e x t , 
e t c . 
I n t e r a c t i o n w i t h Semantic Memory 

The R e s o l v e r i n t e r a c t s w i t h Semantic 
Memory p rocessor by means of f u n c t i o n s 
ADD, REMOVE, FIND, CHECK and o t h e r s , 
which per fo rm s t o r i n g and removing exp re ­
ss ions f rom the DB, a s s o c i a t i v e search 
by a g i ven p a t t e r n in the s t a t i c c o n t e x t , 
check f o r the presence/absence o f d e f i n i ­
te o b j e c t p r o p e r t i e s e t c . Whi le the Re-
s o l v e r i s d e a l i n g w i t h a toms, l i s t s and 
t e x t s , Semantic Memory may c o n t a i n ob­
j e c t s o f d i f f e r e n t t y p e s , such as s e t , 
t r e e , a r b i t r a r y s t r u c t u r e . The Semantic 
Memory processor is capable of pe r f o rm­
ing such a c t i o n s as un ion and i n t e r s e c ­
t i o n o f s e t s , check f o r membership, e t c . 

S p e c i a l types o f p red i ca tes i n Re-
s o l v e r - e x i s t e n t i a l and u n i v e r s a l quan ­
t i f i e r s - are a l so implemented w i t h the 
use of FIND and CHECK ope ra t i ons in the 
Semantic Memory. The cor respond ing exp­
r e s s i o n s i n Reso l ve r : 

(EXIST (x1 x2 . . . ) e c) and 
(FORALL (x1 x2 . . . ) e o) , 

where x 1 , x 2 , . . . - q u a n t i f i e r v a r i a b l e s , 
e - e x p r e s s i o n , e v a l u a t i n g the c o n d i t i o n s 
o f q u a n t i f i e r a p p l i c a t i o n , o - s t a t i c 
c o n t e x t . 

There is a l so an aggregate o p e r a t o r : 
(FOREACH x p e ) , 

i m p l y i n g the execu t i on of express ion e 
f o r each o b j e c t x in Semantic Memory 
s a t i s f y i n g p r e d i o a t e p . 

Metaprocessor and f u n c t i o n c o m p i l a t i o n 

Resolver and Semantic Memory accep t 
the express ions s a t i s f y i n g f o r m a l s y n t a x . 
In the meantime the idea o f g i v i n g the 
user the a b i l i t y t o c r e a t e h i s own v e r s i ­
ons of i n p u t language becomes more and 
more p o p u l a r . For t h i s purpose LORD system 

c o n t a i n s Metaprooessor which i s s i m i l a r 
to the one designed f o r MLISP2 [ 5 ] . 

Metaprocessor manipu la tes the s e q u e ­
nce of grammat ica l r u l e s whioh have the 
f o l l o w i n g f o r m a t : 

DBF f ( x 1 , x 2 , . . . ) =<syntax> 
MEAN <semantlcs> , 

wher f s tands f o r me tava r i ab le name or 
program name; x 1 , x 2 , . . . - pa ramete rs ; 

<syn tax> d e f i n e s the f o rma l s t r u c t u r e 
of an Inpu t ph rase ; <sematlcs> - seque­
nce of f u n c t i o n s to be eva luated by the 
Reso lver or the Semantic Memory p r o c e s ­
s o r . 

A se t o f these r u l e s de f i nes a f o r ­
mal con tex t f r e e grammar which d e s c r i b e s 
the s p e c i f i c v e r s i o n o f the I n p u t l a n g u ­
age. I t i s wor th n o t i n g t h a t t h i s cou ld 
be a s imple " f u n c t i o n a l " language, where 
each name f cor responds to the program 
composing the <seman t i cs> Such a p r o ­
gram could be i n i t i a t e d e i t h e r by f u n c -
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t l o n a l exp ress ion or by 
some phrase cor respond ing to the g i ven 

On the o the r hand, the n o n t r i v i a l 
language w i t h deep phrase s t r u c t u r e cou ld 
be d e f i n e d by means of m e t a r a r l a b l e s used 
in the syn tax of some r u l e s . Thus a 
s p e c i a l language system cou ld be I m p l e ­
mented, which f i n a l l y i s i n t e r p r e t e d b y 
means of LORD Resolver and Semantic 
Memory. 

The r o l e o f <semantlos> cou ld be i l ­
l u s t r a t e d by the fol lowing example. Suppo­
se we would Iike to c r e a t e a L I S P - d l a l e c t 
to be t r a n s l a t e d I n t o s tandard LISP 1.5 
program. In t h i s case the sequence o f 
grammatic r u l e s w i l l d e f i n e the gene ra l 
syntax of the LISP - d i a l e c t express ion 
w i t h the topmost r u l e l o o k i n g a s f o l l o -

i n g i 

where c o n t a i n s p ieces 
of LISP 1.5 program i c o r p o r a t i n g 
. . . va l ues p rov ided by syn tax a n a l y s e r . 

<semant i cs> i n t h i s example i nc ludes 
two m a c r o c a l l s : t h e f i r s t one generates 
LISP 1.5 t e x t i n the s p e c i f i e d f i l e , the 
second one c a l l s LISP 1.5 t r a n s l a t o r 
w i t h generated f i l e as a source o f i n p u t . 

In the s i m i l a r way we could d e f i n e 
any c o n t e x t f r e e i n p u t language w i t h 
semant ic i n t e r p r e t a t i o n p rov ided by the 
programming language which e x i s t s in the 
computer a l r e a d y . 

A l l f u n c t i o n s composing the seman­
t i c s are compi led i n t o macro-assembler 
language and then i n t o machine code. The 
modules of compi led oode are s t o r e d in 
the Data-Base. The LORD Mon i t o r c a l l s 
them f rom the DB a c c o r d i n g to Resolver 
and Semantic Memory f u n c t i o n i n g . 

Besides DEF express ions Metaprocessor 
accepts a l s o s p e c i a l command opera to rs 
s e r v i n g i n on - l i n e i n t e r a c t i o n w i t h 

the LORD system - t h i s i nc ludes e d i t i n g 
t e x t f i l e s , s w i t c h i n g t o d i f f e r e n t ope­
r a t i o n modes, choos ing i n p u t / o u t p u t 
channe ls , e t c . [ 6 ] j . 

Conc lus ion 
The design of a new system capable 

o f s u c c e s s f u l compet ing w i t h c o n v e n t i o n a l 
widespread programming languages suoh as 
LISP or PL/1 is a hard and f a s c i n a t i n g 
t a s k . The ground f o r op t im ism, l i e s , on 
the one hand, in the f a c t t ha t many of 
t he ideas comprised by the LORD p r o j e c t 
are t e s t e d to some degree in e x p e r i m e n t a l 
systems such as CONNIVER, MLISP 2, POPLER 
1 .5 . On the o the r hand , people connected 
w i t h t h i s p r o j e c t are i nvo l ved i n system 
imp lementa t ion as w e l l as in deve lop ing 
methods o f i t s usage f o r s o l v i n g p r a c t i ­
c a l A I prob lems. I n p a r t i c u l a r these 
problems are connected w i t h system a n a ­
l y s i s research f o r bus iness and e n v i r o n ­
ment c o n t r o l , c o n s t r u c t i o n o f i n f o r m a t i o n 
r e t r i e v a l systems and n a t u r a l language 
p r o c e s s i n g . 

The n e c e s s i t y f o r i n t e l l i g e n t systems 
o f t h i s k i nd i s u r g e n t , and even the 
p r o t o t y p e des ign w i l l make a v a l u a b l e 
c o n t r i b u t i o n t o the exper ience o f c o n s t ­
r u c t i n g and usage of AI systems. 
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