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ABSTRACT 

The CAN system f o r automat ic unders tand ing of LISP programs is p resented . Uhen a p p l i e d on 
a LISP program, CAN needs no a s s e r t i o n about what the program is intended to do. CAN's 
genera l task is to assoc ia te e meaning to a program, from which i t is ab le to diagnose 
semantlc p r o p e r t i e s (unused p o r t i o n s o f code, u n d e f i n i t i o n s , underused programs, c lasses 
Of data f o r which e v a l u a t i o n of an express ion never t e r m i n a t e s ) , and to e x h i b i t deep 
s e m a n t i c p r o p e r t i e s . 
CAN's u n d e r l y i n g theory is the conceptual calculus, based on the c l a u s a l form of p r e d i c a t e 
l o g i c . I t i nvo l ves two main ideas : 

- an I nduc t i on p r i n c i p l e s p e c i a l l y adapted to program unders tand ing (as opposed to program 
v e r i f i c a t i o n ) . 

- An ex tens ion of u n i f i c e t i o n to equa t ion s o l v i n g . 

Keywords: program understanding, program meaning, concept, equation solving, unification, 
equilibration, Induction, clausal form of predicate logic. 

1. INTRODUCTION 

CAN is an implemented program unders tand ing system. 
I t i s f u l l y automat ic and d e t e c t s semant ic 
p r o p e r t i e s : 

- unused p o r t i o n s of code, or undef ined f u n c t i o n 
a p p l i c e t ions 

- c lasses of data f o r which a program execu t i on never 
te rm ina tes 

- programs which are underused in a g i ven task 

t h i s d iagnos i s a c t i v i t y i s superimposed to CAN's 
normal a c t i v i t y x ass i gn i ng a meaning to a program. 

CAN'S u n d e r l y i n g fo rmal t heo ry , the conceptual 
calculus, is baaed on c l a u s a l form of p r e d i c a t e 
l o g i c . I t admits new types of v a r i a b l e s (segment 
v a r i a b l e s , typed element v a r i a b l e s , index n o t a t i o n s ) 
and c o n s t r u c t o r s (sequences, bags, se t s ) w i t h i n 
terms, w i t h assoc ia ted equa t ion s o l v e r s . I t uses an 
I nduc t i on r u l e whose tesk is to Induce p r o p e r t i e s of 
data from r e c u r s i v e equat ions [ 6 ] , r a t h e r then to 
prove them. The a p p l i c a t i o n c r i t e r i a of t h i s 
I nduc t i on r u l e is a vicious circle d e t e c t o r . 

As opposed to program v e r i f i c a t i o n , which l i e s on 
v e r i f i c a t i o n c o n d i t i o n s gene ra t i on (VCG) [3 ,8 ] and 
theorem p r o v i n g , program unders tand ing l i e s on 
meta-evaluation [17,4] and 
equation solving [5,7,15,163. 

Me ta -eve lue t i on as de f i ned in [53 is e g e n e r a l i s a t i o n 
o f symbol ic e v a l u a t i o n [ 9 , 1 8 ] . 

2. FROM VERIFICATION CONDITION GENERATION TO 
META-EVALUATION 

Statements subsume i m p l i c i t s t r u c t u r e s w h i c h they 
access and modify ( t a b l e s of i d e n t i f i e r s , I/O 
b u f f e r s , s t a c k s , a r r a y s ) . Symbolic e v a l u a t i o n pays a 
c l o s e r a t t e n t i o n t o these i m p l i c i t s t r u c t u r e s than 
v e r i f i c a t i o n c o n d i t i o n g e n e r e t i o n . Ins tead o f be ing 
h idden in l o g i c a I express ions , they are 
I n d i v i d u a l i z e d as data a b s t r a c t i o n s . As an example, 
where assignment is reduced, w i t h i n VCG, to e mere 
o p e r a t i o n of s u b s t i t u t i o n on a l o g i c a l express ion 
[ 8 ] , symbol ic e v a l u a t i o n uses an a b s t r a c t data 
s t r u c t u r e uh ich models a t a b l e o f i d e n t i f i e r s . I t 
pe rm i t s to e a s i l y take in account d i f f e r e n t 
assignment modes, as they e x i s t in programming 
languages. 

But symbol ic e v a l u a t i o n , as i t is de f i ned in most 
works, leaves some problems unso lved. A c e l l to e 
L ISP-de f ined symbol ic eva lua to r of LISP express ions 
(as cop ied on e x i s t i n g ones [ 1 8 ] ) , would appear as : 

(EVAL-SYMB expression identifiers-table) 

Identifiers-table would be a l i s t of t up l es : 

(Identifier . value-of-1d) 

A c t u a l symbol ic e v a l u a t o r s on ly a l l ow value~of-1d to 
be meta -descr ibed . Me ta -eva lua t i on r e q u i r e s both 
Identifier and expression to be e v e n t u a l l y 
meta-descr ibed too ( f o r i ns tance , the SET f u n c t i o n 
w i l l i n t roduce mete-descr ibed Identifiers in the 
Identifiers-table. EVAL and the p o s s i b i l i t y to make 
programs b u i l d and use o the r programs, w i l l bo th 
In t roduce meta-descr ibed exp ress i ons ) . 
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The ex tens ion from symbol ic e v a l u a t i o n to 
me ta -eva lua t i on is not s imply a t h e o r e t i c a l 
Improvement, but a p r a c t i c a l need. 

On another hand, the combined uses of EVAL and FEXPRs 
a l l ow the programmer to d e f i n e h i s own c o n t r o l 
s t r u c t u r e s ; new c o n d i t i o n a l s , i t e r a t i o n s , 
r e p e t i t i o n s and m isce l laneous . 

We have adopted a formal ism fo r r ep resen t i ng program 
meanings which a l l ows : 

- any l e v e l of a b s t r a c t i o n in the d e s c r i p t i o n of the 
environment of an express ion to be meta-evaluated 
( i n c l u d i n g the express ion i t s e l f ) . 

- I n c r e m e n t a l i t y : CAN's meta-eva luator is a S9t of 
conceptua l r e p r e s e n t a t i o n s of the bas ic LISP 
f u n c t i o n s , s ta tements , and c o n t r o l s t r u c t u r e s . I t 
increases i t s e l f as i t understands new user 
d e f i n i t i o n s . The meta-eva lua tor t ransforms each 
new LISP d e f i n i t i o n in a conceptual r e p r e s e n t a t i o n . 
Th is r e p r e s e n t a t i o n extends the unders tanding power 
of the me ta -eva lua to r . 

Our formal ism is based on the c l a u s a l form of 
p r e d i c a t e l og i c [ 1 0 ] . Ue have adopted a new syntax. 
Clauses are rep laced by concepts and f u n c t i o n a l terms 
by conceptua l r e p r e s e n t a t i o n s [ 1 7 , 5 ] . One concept 
g e n e r a l l y corresponds to seve ra l c lauses , which share 
I d e n t i c a l subterms. Th is new syntax is e s p e c i a l l y 
adapted to the i n d u c t i o n r u l e o f the conceptual 
c a l c u l u s . 
Ue have a l so extended the c l a s s i c a l resolution rule 
[14] to an equilibration rule, where u n i f i c a t i o n [14] 
la extended to equa t ion s o l v i n g . Th is ex tens ion has 
been f i r s t suggested by [13 ) . Our equat ion s o l v i n g 
system inc ludes u n i f i c a t i o n under axioms of : 

- a s s o c i a t i v i t y and commuta t i v i t y [16,7] 
- a s s o c i a t i v i t y [12,15] 
- a s s o c i a t i v i t y , commuta t i v i t y , idempotence [11] 
- Index n o t a t i o n s [6 ,5 ] 

Index n o t a t i o n s are ob ta ined from the i nduc t i on r u l e . 

Me ta -eva lua t i on is a s t r a t e g y which e x c l u s i v e l y uses 
the e q u i l i b r a t i o n r u l e . E q u i l i b r a t i o n performs in a 
u n i f i e d way the va r i ous tasks of : 

1 - choosing which concept app l i es on the cu r ren t 
s y n t a c t i c u n i t , In the express ion to be 
meta -eva lua ted . Th is c o n f r o n t a t i o n process is an 
equa t ion s o l v i n g process, r a t h e r than a t e s t , 
s i nce the s y n t a c t i c u n i t may be meta-descr ibed. 

2 - e v a l u a t i n g the r e l e v a n t p a r t s o f the cu r ren t 
s y n t a c t i c u n i t , as s t a t e d by the chosen concept. 

3 - c o n s t r a i n i n g the re tu rned values and mod i f i ed 
env i ronments , as asked by the chosen concept ( t h i s 
Is s t i l l done by equa t ion s o l v i n g , and may cause 
case a n a l y s i s ) . 

4 - c o n s t r u c t i n g the r e s u l t i n g abs t rac t environment 
and va lue r e t u r n e d by the s y n t a c t i c u n i t . 

CAN is not s imp ly a meta -eva lua to r . It uses one to 
pe r fo rm, w i t h the he lp of i n d u c t i o n , a program 
a n a l y s i s task . 

3. THE CONCEPTUAl, CALCULUS 

SYNTAX : 

The bas ic s y n t a c t i c u n i t s of the conceptua l c a l c u l u s 
are the concepts. A concept is a couple : 

CONCEPT = <LOGIC , CONTROL> 

where CONTROL is e i t h e r : 

t e r s + term 
or 

term -► (BP term . con t ) 

the (BP term . cont ) form is a breakpoint, t e r n is 
a procedure c a l l and cont is a set of subconcepts. 
Subconcepts are concepts. The d i s t i n c t i o n w i l l 
however be h e l p f u l f o r the e x p o s i t i o n of the 
e q u i l i b r a t i o n r u l e . 
The LOGIC component is a c o n j u n c t i o n of l i t e r a l s , 
terms are s imple p o i n t e r s to the LOGIC component. 

SEMANTICS 

Ue have de f i ned a semantics f o r concepts, which 
assoc ia tes e set of HORN c lauses [10] to a concept . 
The r e s u l t s which ho ld f o r c l a u s a l form of p r e d i c a t e 
l o g i c ho ld f o r the conceptua l c a l c u l u s . 
I n p a r t i c u l a r , the f o l l o w i n g e q u i l i b r a t i o n r u l e 
corresponds to the r e s o l u t i o n r u l e [ 14 ] . The 
i n d u c t i o n r u l e and the v i c i o u s - c i r c l e d e t e c t o r , 
however, heve no known e q u i v a l e n t . 
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STRATEGIES 

E v a l u a t i o n and me ta -eve lua t i on are s t r a t e g i e s which 
s y s t e m a t i c a l l y use the e q u i l i b r a t i o n r u l e . These 
s t r a t e g i e s may not s top when a p p l i e d to r e c u r s i v e 
concepts . CAN uses a program analysis s t r a t e g y which 
c o n t r o l s the a p p l i c a t i o n o f e q u i l i b r a t i o n r u l e , and 
uses i nduc t i on to s i m p l i f y the c o n t r o l component o f 
r e c u r s i v e concepts. To c o n t r o l the a p p l i c a t i o n of 
e q u i l i b r a t i o n and i n d u c t i o n on a set of concepts , CAN 
b u i l d s the dependency graph of the set of concepts , 
which corresponds to the connec t ion graph [ I0] b u i l t 
from HORN c lauses . Th is c o n t r o l , and the s i t u a t i o n s 
I t I s s e n s i t i v e t o , are developped In [ 5 ] . 
The s t r a t e g y of program a n a l y s i s used by CAN Is as 
f o l l o w s : The dependency graph of a set of concepts 
I s developped by e q u i l i b r a t i o n u n t i l a l l loops 
( s e l f - r e f e r e n t concepts) are v i c i o u s c i r c l e s . Then, 
i nduc t i on Is s e l e c t i v e l y a p p l i e d [5] and the whole 
process Is r e s t a r t e d . 
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INTERESTING FEATURE. 

The fo l lowing POWERSET program bui lds the list of 
subsets of a set represented as a l i s t of i t s 
elements : 

(DE POUERSET (E) 
(IF (NULL E> (CONS NIL NIL) 

(LET (X (POUERSET (CDR E))) 
(APPEND X 

(DCONS (CAR E) X ) ) ) ) ) 

(DE DCONS (A L> 
(IF (NULL L) NIL 

(CONS (CONS A (CAR D) 
(DCONS A (CDR L ) ) ) ) ) 

Though POUERSET may not be conceptualized, or 
s i m p l i f i e d , more than as a recursive program, qui te 
Ident ica l to i t s LISP form, we may use CAN in a 
pa r t i cu la r model, a s imp l i f i ed space of propert ies 
of LISP objects [2], where LISP l i s t s are 
abstrected to the number of the i r elements. In 
t h i s model, CAN conceptualizes POUERSET in : 

(POUERSET n) -> 2n 

which says that if POUERSET is applied to a l i s t of 
length n, i t s resu l t has length 2 power n, which is 
the number of subsets of a set . 

UNDERSTANDING WHAT ft PROGRAM DOES. 

As a student-examination s imulat ion, let us wr i te a 
program which tests whether two l i s t s have the same 
length or not , without using the LISP funct ion 
LENGTH : 

(DE SAMELENGTH (L M) 
(IF (NULL L) (NULL M) . . . 

Ue now t ry a smell subt le ty : instead of tes t ing 
whether M Is empty, we swap L and M at the 
recursive c a l l , w i th only one of them reduced. 
Thus, we obtain : 

(DE SAMELENGTH (L M) 
(IF (NULL L) (NULL M) 

(SAMELENGTH M (CDR L ) ) ) ) 

Ue can ve r i f y if t h i s program f i t s our intent ions 
by asking CAN to understand i t . CAN's 
conceptuel izat ion of SAMELENGTH shows that the 
value is T ( t rue) when L and M have equal lengths, 
but the conceptual izat ion exh ib i ts an undesired 
case : SAMELENGTH's value is T also when L has 
exact ly one s ing le element more than M. In the 
other cases, .the value is co r rec t l y NIL ( fa l se ) . 

5. CONCEPTUAL REPRESENTATIONS 

Conceptual representat ions are an attempt to : 

- maximally s impl i fy the CONTROL component of a 
program, for the benef i t of the LOGIC component. 

- make the most of the l i t e r a l s in the LOGIC 
component be of the form varieble=term or 
var iable term. That i s , propert ies of terms and 
re la t ions among terms are maximally represented in 
the form of subs t i tu t ion l i s t s , which d e t a i l the i r 
s t ruc ture . 

A conceptual calculus program (concept) is a couple 
<LOGIC , CONTROL>. The maximum s imp l i f i ca t i on of the 
CONTROL component is as a ru le : term => term. The 
s i m p l i f i c a t i o n process consists in ge t t ing r i d of 
breakpoints in the CONTROL component. Breakpoints 
can be suppressed by : 

- Equ i l i b ra t i on . The LOGIC component is augmented 
with the solut ions of the solved equations. 

- Induct ion. The LOGIC component is augmented wi th 
i nde f in i te sequences of associat ions, represented 
with index notat ions. 

In other words, the s t ructure of terms, which is 
imp l i c i t in the CONTROL component, is exp l i c i t ed in 
the LOGIC component. The la t te r may then be of 
invaluable help in fur ther equation solv ing 
s i tuat ions. 

However, the only notat ions (var iables and 
constructors) which may be allowed in the LOGIC 
component are those for which equation solvers have 
been designed. For instance, equation solvers which 
deal with associat ive constructors and segment 
var iables (pref ixed here wi th a "?") allow to replace 
the c lass ica l recursive d e f i n i t i o n of APPEND : 

(APPEND () y) -> y 
(APPEND (a . x) y) - (BP (APPEND x y) (1) 

v -> (a . v)) 

(LOGIC and CONTROL are intermixed for more 
readab i l i t y ) by the one CAN uses in the ATOMS-LISTS 
model of LISP : 

(APPEND (?x) (?y)> -> (?x ?y) (2) 

CAN automatical ly obtains (2) from (1). 
By developping conceptual representat ions, we have 
been able to maximally s imp l i f y the CONTROL component 
of the conceptual de f i n i t i ons of many basic LISP 
functions : 

- Typed element variables for functions CAR, CDR, 
CONS, NULL, ATOM, NUMBP, EQUAL. 

- Segment var iables and associat ive constructors for 
functions APPEND, LAST. 

- Index notat ions for MEMBER, NTH, ASSOC, REVERSE, 
LENGTH. 

~ Associative-commutative constructors for ar i thmet ic 
funct ions. 

- Associative-commutative-idempotent constructors for 
in terna l functions such as the binding and 
unbinding of an i d e n t i f i e r (SETQ, SET, and 
I d e n t i f i e r evaluat ion) . 
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6. EQUATION SOLVERS 

The equat ion so l v i ng methodology is an improvement on 
the c l a s s i c a l procedural s p e c i f i c a t i o n technics : 
How is an automatic program understanding system 
going to f i n d a redundancy in : 

(PROGN (SETQ X ( ) ) 
(LENGTH X)) 

A t y p i c a l AI s o l u t i o n , based on procedural 
s p e c i f i c a t i o n s , would be to make LENGTH decide 
i t s e l f , dur ing meta-eva luat ion , whether or not i t s 
abs t rac t argument is too much r e s t r i c t e d or not . 
This s o l u t i o n would need every LISP f u n c t i o n , user 
de f ined or no t , to do so. Our s o l u t i o n is to commit 
t h i s dec is ion to a general equat ion so l v i ng system 
which is independant from LISP func t ions (user 
de f ined or n o t ) . 
In the present case, the dec is ion is taken from the 
comparison of the two abst rac t sequences : 

( S 1 . . . an) = 0 

where a1 . . . an and n are v a r i a b l e s , which gives the 
c o n s t r a i n t n=0. 

The equat ion so l v i ng methodology cons is ts in grouping 
the procedural capac i t i es which are redundant ly 
sca t te red in to independant reasoning systems. 
The implemented equat ion so lvers that CAN uses, 
i nc lud ing the index no ta t i on cases, are developped in 
[5] 

7. CONCLUSION 

lie have presented the CAN system for automatic 
understanding of LISP programs. CAN is programmed in 
the conceptual ca lcu lus framework and shows 
c a p a b i l i t i e s wide ly beyond the scope of other 
e x i s t i n g program understanding systems. The reasons 
behind these achievements w i l l not be found in a 
spec ia l e f f o r t to devise ad-hoc s o l u t i o n s , but in the 
d i r e c t i o n s we focussed our a t t e n t i o n to , which 
i n d i v i s i b l y concern the represen ta t ion and deduct ive 
power of the conceptual ca l cu lus . 
W h i l e t r a d i t i o n a l l og i ca l expressions and theorem 
prov ing were adapted to program v e r i f y i n g , new 
v a r i a b l e s , cons t ruc to rs and equat ion so l v ing have 
ra i sed the program understanding task to p rev ious ly 
unreached summits. 
We have recen t l y s tud ied a promising new d i r e c t i o n : 
the automatic choice of a leve l of r ep resen ta t i on . 
This p o s s i b i l i t y would a l low CAN to conceptua l ize , 
using for instance set no ta t i ons , programs which are 
not b u i l t from set opera t ions , but whose opera t ion 
may advantageously be abst rac ted to a set opera t ion . 

In f r o n t of the m u l t i p l i c i t y of new d i r e c t i o n s , and 
w i th regard to the promising achievements we expect 
from them, we can consider the program understanding 
problem as h i gh l y deserving e n t i r e l y devoted works. 

CAN and the conceptual ca lcu lus are implemented on a 
POP KL-10 in the VLISP language [ 1 ] . 
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