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Abst ract 

The paper descr ibes MAGMA-Lisp, an extended L isp 
system proposed as an implementation t o o l f o r A . I . 
languages e x p l o i t i n g nondete rmin is t i c techniques. 
The main idea in forming MAGMA-Lisp is tha t a t ree 
s t r uc tu re of conceptual ly indipendent computation 
environments (contex t ree ) is the suppor t ing s t ruc 
tu re of any nondetermin is t i c system. MAGMA-Lisp 
proposes t h i s s t r u c t u r e in a qu i te v i r g i n a l form, 
so tha t the user can s ta te h is own techniques to 
prune, se lec t and explore the ava i l ab le a l t e r n a 
t i v e s . In t h i s sense, MAGMA-Lisp is to be viewed as 
a "machine language". 

The ideas of MAGMA-Lisp are cont ras ted w i t h the 
systems tha t most in f luenced i t s des ign . The tech 
nique used in context implementat ion is descr ibed, 
showing how a very f l e x i b l e context mechanism can 
be rea l i zed wi thout an i n t o l e r a b l e loss of e f f i c i e n 
cy. In p a r t i c u l a r , in sp i t e of the complexi ty of 
the system, garbage c o l l e c t i o n does not r esu l t much 
more time consuming than in standard L isp systems. 

1 . I n t r oduc t i on 

Many o r i g i n a l f ea tu res , embedded in the l a n 
guages developed fo r A . I . so f a r , invo lve nondeter-
minism <3.4 ,6 ,12>. In f a c t , fea tu res l i k e "pa t t e rn 
d i r ec ted procedure i nvoca t i on " and "assoc ia t i ve 
data-base r e t r i e v a l " g ive r i s e to s i t u a t i o n s in 
which many p o s s i b i l i t i e s are open f o r the computa
t i o n to proceed. Such a fea ture is t y p i c a l of non-
de te rm in i s t i c procedures, which are charac ter ized 
by the presence of choice p o i n t s , where the subse
quent act ions are not un i voca l l y determined. 

The nonde te rmin is t i c behaviour of A . l . systems 
has been f i r s t r e a l i z e d by automatic back t rack ing . 
D i f f e ren t a l t e r n a t i v e s are attempted one by one. 
Whenever one f a i l s , the s ta te of the computation is 
au tomat ica l l y res tored as i t was before the l a s t 
choice was done, and a new one is at tempted. As a 
matter of terminology, we say tha t each a l t e r n a t i v e 
is attempted in a newly created con tex t , whi le the 
context in which the choice po in t has been encoun
tered is " f r o z e n " to mainta in the s ta te of the 
computation as when the attempt begins. 

Automatic back t rack ing , al though s u p e r f i c i a l l y 
a t t r a c t i v e , tu rns out to be not adequate to face 
the main problem w i t h A . I . programming: that i s , 
the a b i l i t y to prune the open a l t e r n a t i v e s , hope
f u l l y be e x p l o i t i n g in format ions gathered dur ing 
the execution of the program i t s e l f . In f a c t , pure 
backtrack ing f o rb i ds the programmer's i n t e r v e n t i o n 
in the choice p o l i c y , l i m i t i n g the system to an ex 
haust ive search of a l l the p o s s i b i l i t i e s and lead 
ing to i n e f f i c i e n t computations. A few f e a t u r e s , 
l i k e f a i l u r e messages, have been proposed since 
PLANNER design <7>, to over r ide t h i s handicap. Any
way, a r e a l l y s a t i s f a c t o r y s o l u t i o n seems to res ide 
in the design of languages in which the programmer 
can state h is own ru les to prune, se lec t and explore 

the a l t e r n a t i v e s . From t h i s v i ewpo in t , the a b i l i t y 
of t r a n s f e r r i n g in format ions from the context of 
an a l t e r n a t i v e to another one turns out to be pa r 
t i c u l a r l y impor tant . I t i s t h i s a b i l i t y , indeed, 
that a l lows to s ta te ru les not based upon a - p r i o r i 
knowledge o n l y , but a lso upon in format ions ga th 
ered at run - t ime . MAGMA-Lisp has been designed in 
order to provide a nondete rmin is t i c programming 
frame in which these requirements are s a t i s f i e d . 

Systems aiming to solve the above problem have 
been already proposed and r e a l i z e d . I t is conven
ient to discuss b r i e f l y some c h a r a c t e r i s t i c s of 
the systems that most in f luenced the design of 
MAGMA-Lisp, in order to cont ras t i t w i t h them. 

Bobrow and Wegbreit <2> proposed a very " f l u i d " 
con t r o l s t r uc tu re that sure ly al lows the user to 
de f ine h is own h e u r i s t i c s and p o l i c i e s . There is 
no no t ion of con tex t , in the sense of a b u i l t - i n 
a b i l i t y to save the s ta te of computat ions. The 
system provides instead a mechanism to save the 
con t inua t ion po in t and the anonymous p a r t i a l r e 
s u l t s of procedure a c t i v a t i o n s , whi le the user is 
in charge of r es to r i ng the s ta te of the data base. 

CONNIVER <14> provides a b u i l t - i n mechanism(cno 
tex t frame) to save and res to re the data base i n 
c rementa l l y , supported by a con t ro l s t r uc tu re 
s i m i l a r to tha t of Bobrow and Wegbreit . The gene£ 
a t i on and the de le t i on of context frames are asso_ 
c ia ted w i t h procedure invocat ions and r e t u r n s . The 
r e s t o r i n g mechanism appears, t h e r e f o r e , on the 
same leve l of the con t rq l s t r u c t u r e , w h i l e , more 
gene ra l l y , it should be able to save and res to re 
the con t ro l s t r uc tu re i t s e l f . 

Both systems appear to lack the mechanism t h a t , 
s t r i c t l y speaking, charac te r i zes nondetermini s t i c 
programming systems, i . e . the p o s s i b i l i t y to save 
complete "snapshots" of computations to be resum
ed af terwards if needed. 

QA4 <12>, on the other hand, appears to be some_ 
what unbalanced; i n f a c t , i t i s c l e a r l y o r i en ted 
towards nondetermin is t i c programming, but h is non-
d e t e r m i n i s t i c feature are only p a r t i a l l y c o n t r o l l j i 
b l e , and, bes ides, provides a f u l l y c o n t r o l l a b l e 
context mechanism, t h a t , once again, does not 
a l low to save con t ro l i n fo rmat ions . 

What, in our o p i n i o n , d i s t i ngu i shes MAGMA-Lisp 
system is i t s s i m p l i c i t y of concept ion. The main 
idea under ly ing MAGMA-Lisp design is the no t ion 
of con tex t , to be thought of as a complete env i ron 
ment capable of a " d e t e r m i n i s t i c " computat ion, 
i n c l us i ve o f the con t ro l s t r u c t u r e . Nondeterminism 
is a t t a i ned by exp lo r i ng d i f f e r e n t a l t e r n a t i v e s in 
d i f f e r e n t con tex ts . Generat ion, d e l e t i o n , s w i t c h 
ing and communication among contexts are in charge 
of the programmer, so tha t the cho i ce -po l i cy is 
under user ' s c o n t r o l . In o ther words, the user has 
the neat and i n t u i t i v e no t ion of context as a bas
ic programming concept: he can t h i nk of having a» 
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many indipendent computation environments as he 
needs to attempt a l l the a l t e r n a t i v e paths to h is 
goa l . On the other hand, the system enables him to 
break the "apar theid* ' among con tex ts , in order to 
t r ans fe r use fu l in format ions from one to another. 

2. MAGMA-Lisp: a user view 

MAGMA-Lisp has been designed as an implemen
t a t i o n support f o r the r e a l i z a t i o n o f soph is t i ca t 
ed programming systems a l l ow ing nondeterminism 
and complex con t ro l regimes. This sect ion sketches 
the main fea tu res of MAGMA-Lisp, descr ib ing i t s 
basic cha rac te r i z i ng concepts: contexts and app l i 
ca t i ons . 

2.1 The contex t ree 

I n t u i t i v e l y speaking, the s implest v iewpoint 
f o r the user of a nondete rmin is t i c language is the 
f o l l o w i n g one: at each cho ice-po in t c ross ing , as 
many new computation environments are created as 
the a l t e r n a t i v e s to be explored are . So, a t ree of 
computation environments (context t ree) grows and 
cont rac ts according to cho ice-po in t crossings and 
f a i l u r e s . The i n i t i a l s ta te of newly created con
tex ts is i d e n t i c a l to the one in which the choice 
point is encountered. 

MAGMA-Lisp considers the context t ree to be 
the s t ruc tu re under ly ing any nondete rmin is t i c 
system, br ings i t to the l i g h t and commits i t s 
c o n t r o l to the user . 

A small set of p r i m i t i v e s al lows adding and 
dropping nodes to the context t r e e ; t h i s way, com
pu ta t i on environments can be created and destroyed. 
The func t i on newcxt (cx t ) creates a new computation 
environment, whose i n i t i a l s ta te is t ha t of the 
context i d e n t i f i e d by cxt ( * ) . The newly created 
context is added to the con t ro l t ree as a son of 
c x t . newcxt re tu rns the i d e n t i f i e r of the created 
con tex t : context i d e n t i f i e r s are regarded as a 
spec ia l data t ype , a l l ow ing the e x p l i c i t manage
ment of con tex ts . 

The s ize of the context t ree can be reduced 
by the func t i on c o n t r a c t ( c x t 1 , c x t 2 ) whose e f f e c t 
is the s u b s t i t u t i o n of the subtree rooted in c x t l 
by the subtree rooted in cxt2 ( * * ) . 

The format of t h i s f unc t i on r e f l e c t s the non-
d e t e r m i n i s t i c t rend o f MAGMA-Lisp. In f a c t , i f 
cx t2 is m iss ing , cont rac t a l lows to drop contexts 
associateJ to f a i l e d computat ions, w h i l e , i f cxt2 
is not miss ing and i t is a l e a f , cont rac t a l lows 
to draw the f i n a l consequence of a successful com-
p u t a t i o n , reducing the whole t ree to the s ing le 
n °de c x t 2 . Any in termedia te s t ra tegy can be p ro 
grammed as w e l l . 

The context t ree can be inspected from ins ide 
any con tex t , using the func t i ons son(cxt) and 
g e t c x t ( n , c x t ) t ha t r e t u r n the l i s t o f the context 

(*) *^ cx t is m iss ing , the context in which newcxt 
is executed is assumed. 

(**) cxt2 must be a descendant of c x t l ; i f cx t2 
is m iss ing , the whole subtree rooted in c x t l 
is dropped. 

i d e n t i f i e r s of the sons of cxt and the n_-th ances
to r o f cxt in the context t r e e , respec t i ve l y ( * ) . 

2*2 App l i ca t i ons and t ree con t ro l s t ruc tu res 

Each node of the context t ree represents a 
computation environment, which is e s s e n t i a l l y tha t 
of a standard LISP system. That i s , adding a new 
node to the context t ree r e s u l t s in c rea t ing a 
new computation environment, whose s ta te is i n i 
t i a l l y a copy of i t s fa the r (*"*). Computation 
environments provided by MAGMA-Lisp d i f f e r from 
tha t of standard LISP systems in what t h e i r nature 
has been extend to a l low growing a t ree con t ro l 
s t r u c t u r e . In other words, ins ide each context i t 
is poss ib le to depart from the normal l a s t - i n -
f i r s t - o u t d i s c i p l i n e of LISP in order to de f ine 
more complex con t ro l regimes, l i k e corout ines e t c . 

The basic component of t ree con t ro l s t r u c 
tures is the a p p l i c a t i o n , which is to be viewed 
as a f unc t i on a c t i v a t i o n frame. In f a c t , an a p p l i 
ca t ion conta ins : 

- a f u n c t i o n d e f i n i t i o n ; 
- a l oca l environment, i . e . b indings and 

l o c a l s ; 
- a r e tu rn p o i n t e r , i . e . the i d e n t i f i e r of 

the a p p l i c a t i o n to which the value of 
the f unc t i on has be re tu rned ; 

- an environment p o i n t e r , i . e . the po in te r 
to an assoc ia t ion l i s t ; 

- a con t i nua t i on po in t in the a p p l i c a t i o n 
i t s e l f . 

An a p p l i c a t i o n A is a son of B in a t r ee c o n t r o l 
s t r uc tu re i f i t s re tu rn po in te r i s the i d e n t i f i e r 
of B. App l i ca t i ons are generated e i t h e r i m p l i c i t 
ly by c a l l i n g a f u n c t i o n def ined as an EXPR, or 
e x p l i c i t e l y by invocat ion of apply . In the former 
case, both the re tu rn and the environment po in te r 
are set according to the normal LIFU r u l e . In the 
l a t t e r case, both po in te rs can be def ined in the 
invocat ion of app ly . 

App l i ca t i on i d e n t i f i e r s can be obtained by 
the f unc t i on getap(n,appid) tha t re tu rns the 
i d e n t i f i e r of the n_-th ancestor of appid (**#) 
in the con t ro l t r e e . 

2.3 The f u n c t i o n apply 

MAGMA-Lisp is supposed to be a uniprocessor 
system, so, at any t ime, there is on ly one context 
in which the computation is proceeding (ac t i ve 
c o n t e x t ) . Swi tching among d i f f e r e n t contexts can 
be obtained by app ly . In our system apply is 
genera l ized both to manage t r ee con t ro l s t ruc tu res 
and to execute sw i tch ing among con tex ts . 

(*) I f cx t is m iss ing , the context in which the 
f u n c t i o n is executed is assumed. 

(**) I t goes w i thout saying tha t t h i s is only a 
use r ' s v iew. Contexts are s imulated as de
scr ibed in sec t . 3 . 

( * * * ) I f appid is missing the i d e n t i f i e r o f the 
ac tua l a p p l i c a t i o n is assumed. 
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The format of apply is the f o l l o w i n g : 
a p p l y ( f n , a r g i l t e n v p , r e t p . c x t ) where envp and r e t p 
are a p p l i c a t i o n i d e n t i f i e r s and cx t a context 
i d e n t i f i e r . I t ac t i va tes a new a p p l i c a t i o n to ap
p ly £n_ to args . The new a p p l i c a t i o n is added to 
the con t ro l t ree of context cxt as a son of r e t p , 
wh i le envp def ines the environment p o i n t e r . The 
environment is b u i l t up appending b ind ings and 
l oca l s to the assoc ia t ion l i s t po in ted by a p p l i c a 
t i o n envp. I f the l a s t argument is m iss ing , the 
ac t i ve context is assumed. 

Apply is the only means to execute context 
swi tch ing and to depart from the normal LIFO r u l e 
ins ide any s ing le con tex t . Then, i t i s the basic 
t o o l f o r the user to con t ro l the nonde te rm in is t i c 
features of the system, and, at the same t ime , to 
de f ine procedures tha t e x p l o i t non-standard r e 
gimes of c o n t r o l . 

2.4 Communications between contexts 

Contexts, as they are prov ided by MAGMA-Lisp, 
must be thought of as nodes in a t ree s t r uc tu re 
of indipendent environments. The computation can 
proceed in the leaves as we l l as in the o ther 
nodes. Act ions in any context do not a f f e c t the 
s ta te of any o the r , unless the programmer expl ic i_t 
l y s ta tes the c o n t r a r i e s . 

In fo rmat ion can be t r a n s f e r r e d between con
t ex t s v i a apply : in t h i s case there is a con t ro l 
t r a n s f e r too . To make in fo rmat ion t ransmiss ion 
eas ie r , the func t i ons put and get have been ex
tended in MAGMA-Lisp by an a d d i t i o n a l argument, 
spec i f y ing the context in which p rope r t i es are to 
be set or inspected. As a r u l e , changes performed 
by put are l o c a l i z e d to a s ing le con tex t , accord
ing to the general ph i losophy. In many cases, 
however, i t seems usefu l that mod i f i ca t i ons be 
g l o b a l , i . e . they propagate from a context to a l l 
i t s descendants. This happens i f the a d d i t i o n a l 
argument of put is a l i s t (of a s ing le context 
i d e n t i f i e r ) instead of a context i d e n t i f i e r . 

3. Context implementation 

This sec t ion descr ibes some techniques used 
in the implementation of the system. The main 
problems tha t have been faced have Co do w i t h the 
t ree con t ro l s t r u c t u r e and the context mechanism. 
Here spec ia l emphasis is g iven to the so lu t i ons 
adopted to r e a l i z e the context mechanism. 

Before d iscuss ing the d e t a i l s , i t i s worth 
to o u t l i n e the general approach used to implement 
MAGMA-Lisp. The system has been r e a l i z e d in two 
qu i t e d i s t i n c t subsequent s teps. F i r s t , a LISP 
system extended by a t ree con t ro l s t r u c t u r e was 
implemented, then the context mechanism has been 
superimposed on t h i s basic suppor t . 

Context mechanism is r ea l i zed in a very 
simple and general way: in fo rmat ions having a 
contex tua l nature are r e f e r r e d to in an i n d i r e c t 
way, through tnu l t i def ined value l i s t s (MVL). 
MVLs are l i s t s p rov id ing a l l the values in the 
d i f f e r e n t con tex ts , w i t h a technique tha t some
what r e c a l l s tha t of QA4 <12>. MVL's o rgan iza t i on 
w i l l be discussed in d e t a i l s , and i t i s such to 
guarantee e f f i c i e n t search and bookkeep i r j This 

technique is app l ied throughout the whole system, 
c o n t r o l i n fo rmat ion i nc luded . In other words, 
there is a unique t ree c o n t r o l s t r u c t u r e in the 
system. Any element of the t ree may belong to more 
than one con tex t . In such a case, the correspond
ing memory block may conta in a few po in te rs to 
MVLs. T y p i c a l l y , the con t i nua t i on po in t is a con
tex t depending i n f o rma t i on . 

No soph is t i ca ted techniques have been s tud ied 
in order to implement the t ree con t ro l s t r u c t u r e , 
using instead a s t r a i gh t f o rwa rd l i s t o r g a n i z a t i o n . 
Whenever a f u n c t i o n is invoked ( e i t h e r i m p l i c i t l y 
o r e x p l i c i t l y v i a apply) an a p p l i c a t i o n b lock is 
a l l oca ted to s tore basic in fo rmat ion ( i . e . the 
f unc t i on d e f i n i t i o n , the re tu rn and environment 
po in te rs and the con t i nua t i on po in t ) together w i t h 
a su i t ab le amount of memory f o r b ind ings and l o 
c a l s . F i n a l l y , a u x i l i a r y memory may be a l l oca ted 
dur ing the computation f o r in termedia te r e s u l t s . 

Memory is obtained from areas organized in 
f r ee l i s t s . Returning from a f unc t i on a p p l i c a t i o n , 
the corresponding memory is g iven back to the f ree 
1 i s t s , i n the simplest s i t u a t i o n s ; o therw ise , i t s 
recovery is defer red to garbage c o l l e c t i o n . 

The technique of r e t e n t i o n is qu i t e s imple: 
if an a p p l i c a t i o n A has undergone a getap (see 
se t . 2 . 2 ) , A and a l l the app l i ca t i ons on the path 
from A to the roo t are r e t a i n e d ; recovery, i f 
t ha t w i l l be the case, w i l l occur a t garbage c o l 
l e c t i o n t ime. 

3.1 Summary of MVL techniques 

Whenever a piece of in fo rmat ion ( e . g . the 
proper ty of an atom) has d i f f e r e n t values depend
ing on the con tex t , the c e l l which should po in t 
to the value po in ts ins tead to an MVL. 

An MVL is a l i s t of dot ted pa i rs ( c . v . ) 
where c is a context i d e n t i f i e r and j / the va lue 
of t h e - i n f o r m a t i o n in c_. When a new context is 
c rea ted , no memory is a l l oca ted at a l l . Memory 
w i l l be a l l o c a t e d , by growing or generat ing MVLs, 
only when updat ing is a c t u a l l y performed in tha t 
con tex t . Moreover, the s ize of an MVL depends on 
the number of contexts in which updat ing occurred; 
in other words, it does not depend on the number 
of e x i s t i n g con tex ts , i . e . on the s ize of the 
context t r e e . 

I t is fundamental tha t MVLs are generated 
on ly when they are r e a l l y needed, both w i t h r e 
spect to execut ion t ime and memory space. There 
are two cases: the g loba l data base and the l o c a l 
environments. MVLs are generated to record prop
e r t i e s in p r o p e r t y - l i s t s ( the g loba l data base) 
when the context t r ee is not t r i v i a l , i . e . there 
are more than one con tex t . MVLs are generated to 
record items of i n fo rmat ion in l oca l s env i r on 
ments, on ly i f the invo lved a p p l i c a t i o n is to be 
re ta ined even i f i t i s e x i t e d . By t h i s simple 
techn ique, MVLs are generated almost on ly when 
they are r e a l l y needed. 

To f i n d the value corresponding to a context 
£ in a MVL, a pa i r ( c . v ) is looked f o r f i r s t l y ; 
i f i t does not e x i s t s , t hen , accord ing ly t o the 
user-v iew o f the context t r e e , i t i s enough to 
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l o o k f o r the p a i r c o r r e s p o n d i n g t o t h e n e a r e s t 
a n c e s t o r o f £ . Thus, the c r u c i a l p o i n t w i t h r e g a r d 
to e f f i c i e n c y i s t o f i n d a MVL o r g a n i z a t i o n capa
b l e to speed up s e a r c h i n g an e lement or i t s nearest 
a n c e s t o r a c t u a l l y p resen t i n the MVL. 

The f o l l o w i n g s u b s e c t i o n s d e s c r i b e an o r g a n i 
z a t i o n t h a t a l l o w s to search and update MVLs w i t h 
a s a t i s f a c t o r y e f f i c i e n c y . 

3 .2 The c o n t e x t t a b l e 

MAGMA-Lisp memorizes t h e c o n t e x t t r e e in an 
a r r a y ( c o n t e x t t a b l e ) indexed b y c o n t e x t i d e n t i 
f i e r s . Each row s t o r e s p o i n t e r s i n o r d e r t o memo
r i z e the c o n t e x t t r e e as a b i n a r y t r e e . Moreover , 
row £ a s s o c i a t e s c o n t e x t £ w i t h a p a i r of i n t e g e r s , 
t h a t w i l l be denoted by r ( c ) and s ( c ) : 

- r ( c ) is the number of nodes p receed ing £ 
i n the p r e o r d e r t r a v e r s a l <8> o f t h e 
c o n t e x t t r e e ; 

- s ( c ) i s the r-number o f t he l a s t descendant 
o f c i n the p r e o r d e r t r a v e r s a l , i . e . 
s ( c T i s the l a r g e s t r-number among 
c ' s descendan ts ; s ( c ) i s se t t o r ( c ) 
i f £ has no descendan ts . 

r -numbers and s-numbers are c h a r a c t e r i z e d by 
the f o l l o w i n g p r o p e r t y : g i v e n two c o n t e x t £ * and 
£ n , £ * i s a descendant o f £ M i f and o n l y i f 

r ( c " ) < r ( c ' ) <_ s ( c " ) . 

3 .3 Search ing MVLs 

MVL1s components a re l i s t e d by d e c r e a s i n g 
v a l u e s o f r -numbers . 

The f o l l o w i n g a l g o r i t h m searches a MVL f o r 
the v a l u e i n c o n t e x t £ . 

A l g o r i t h m 1 

1) scan t h e MVL u n t i l a p a i r ( c ' . v " ) is 
f o u n d , such t h a t 

r ( c ' ) <_ r ( c ) 

2 ) r e s t a r t i n g f r om ( c ' . v ' ) , scan the MVL 
u n t i l a p a i r ( c " . v " ) such t h a t 

s ( c M ) _> r ( c ) 

i s f o u n d . 

T h i s way, c " i s e i t h e r £ o r the ances to r o f 
£ w i t h t h e g r e a t e s t r - number , i . e . t he n e a r e s t 
a n c e s t o r o f £ , a c t u a l l y p resen t i n the MVL, i s 
f o u n d . 

3.4 Upda t i ng MVLs 

In u p d a t i n g a MVL w i t h r e s p e c t to £ , ca re 
must be p a i d so t h a t the m o d i f i c a t i o n does n o t 
p ropaga te to any descendant o f £ , o r does p r o p a 
ga te t o a l l i t s descendan ts , a c c o r d i n g t o the 
a s s i g n i n g m o d a l i t y (see s e t . 2 . A ) . I n the f i r s t 
case , f o r each son of £ n o t a l r e a d y in the MVL a 
p a i r must be added to p r e s e r v e the o l d v a l u e in 
c o n t e x t c . I n the second case a l l t he descendants 
of c must be e l i m i n a t e d f r om the MVL. In bo th 

cases t h e o p e r a t i o n can be per fo rmed in a s i n g l e 
scann ing o f t he MVL. T h i s i s obv ious i n the sec 
ond case . In the f i r s t one the o p e r a t i o n can be 
per fo rmed b y a l g o r i t h m 2 , t h a t needs the l i s t o f 
sons of c o r d e r e d by d e c r e a s i n g r -numbers . Such 
a l i s t can be drawn f r om the c o n t e x t t a b l e 
d i r e c t l y . 

A l g o r i t h m 2 

1) w h i l e t h e r e a re sons o f £ : sea rch , by r -
numbers, the p a i r c o r r e s p o n d i n g t o the 
son o f £ w i t h the g r e a t e s t r -number ; i f 
t h e r e i s n o such a p a i r , i n s e r t i t and 
push the p o i n t e r to i t on a s t a c k , say S; 

2) when a l l t he sons have been c o n s i d e r e d , 
l o o k f o r the v a l u e i n c ( a l g o r i t h m 1 ) , 
s t o r e i t i n a l l t he p a i r s p o i n t e d b y 
s t a c k S , f i n a l l y update the v a l u e i n c 
( i n s e r t i n g a p a i r , i f m i s s i n g ) . 

Because of MVLs1 o r d e r i n g , the search of t he 
( i + l ) - t h son o f £ can r e s t a r t f rom t h e p a i r corre_ 
spond ing t o t h e i - t h one . 

Assuming t h e number o f accesses to t h e 
c o n t e x t t a b l e as a measure of the c o m p l e x i t y o f 
search and u p d a t i n g a l g o r i t h m s , i t f o l l o w s f r om 
the p r e v i o u s d i s c u s s i o n s t h a t the c o m p l e x i t y has 
an upper bound wh i ch i s l i n e a r w i t h the l e n g t h 
o f t h e MVL, whereas i t does n o t depend on the 
s i z e o f t he c o n t e x t t r e e . T h i s i s one o f t h e most 
i n t e r e s t i n g advantages o f f e r e d by MAGMA-Lisp 
o r g a n i z a t i o n . Ano ther advan tage , e s t i m a b l e i n a 
system des igned t o a l l o w s o p h i s t i c a t e d e x p l o r a 
t i o n s o f g o a l t r e e s , i s t h a t s w i t c h i n g among 
c o n t e x t s i s p r a c t i c a l l y g r a t i s , c o n s i s t i n g i n 
chang ing the a c t i v e c o n t e x t i n d i c a t o r . 

A sma l l overhead is imposed in c r e a t i n g new 
c o n t e x t s , s i n c e the c o n t e x t t a b l e must be u p 
d a t e d . We n o t e , however, t h a t t h i s t a s k can be 
accompl i shed by a s i n g l e scann ing of the c o n t e x t 
t a b l e . I n f a c t , the r u l e t o update the c o n t e x t 
t a b l e in o r d e r to add a node c ' as a son of c i s : 

1) l e t re and sc denote r ( c ) and s ( c ) 
r e s p e c t i v e l y ; 

2) f o r each row: 

i f r_<rc and s>sc then inc rement s by 1; 

i f sc<r then inc rement r and s by 1; 

3 ) f i n a l l y se t r ( c ' ) and s ( c f ) t o s ( c ) . 

3.5 Garbage c o l l e c t i o n 

The f u n c t i o n c o n t r a c t d e l e t e s c o n t e x t s o n l y 
f r om t h e u s e r ' s v i e w p o i n t . I n r e a l i t y , c o n t r a c t 
s imp l y marks the rows o f the c o n t e x t t a b l e c o r r e 
sponding t o d e l e t e d c o n t e x t s , making i t p o s s i b l e 
t o d e t e c t a t t emp ts o f f u r t h e r use o f r e f e r e n c e s 
t o dropped c o n t e x t s ( i l l e g a l r e f e r e n c e s ) . Rear
rangement o f the c o n t e x t t a b l e i s d e f e r r e d t o 
Garbage C o l l e c t i o n t i m e , as w e l l as the r e a r r a n g e 
ment o f MVLs, i . e . the a c t u a l e l i m i n a t i o n o f t h e -

p a i r c o r r e s p o n d i n g t o d e l e t e d c o n t e x t s . 

The d i r e c t e x t e n s i o n o f the s tanda rd garbage 
c o l l e c t i o n p h i l o s o p h y to a system s u p p o r t i n g a 
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context mechanism would r esu l t in repeated t r a c i n g 
of the whole system. The d i r e c t ex tens ion , indeed, 
is the f o l l o w i n g : f i r s t , t race and mark a l l items 
reachable s t a r t i n g from the ac tua l " p o s i t i o n " in 
the ac t i ve con tex t ; then, t race the system again 
and again u n t i l a l l contexts whose i d e n t i f i e r s 
have been found in previous t r ac i ng have been con 
s idered. F i n a l l y go through the system once more 
to rearrange MVLs. 

MAGMA-Lisp garbage c o l l e c t o r <13> takes 
instead advantage of the f a c t tha t the management 
of the con t ro l t ree is completely committed to the 
user. The system is traced only once, since the 
context t ree def ines e x p l i c i t e l y the context to be 
re ta ined . 

The main input in fo rmat ion of the garbage 
c o l l e c t o r are : 

- the l i s t of the contexts to be r e t a i n e d ; 
- a l i s t o i s t a r t i n g po in ts ( a p p l i c a t i o n 

i d e n t i f i e r s ) in the t ree con t ro l s t r u c t u r e . 

The f i r s t l i s t is drawn from the context t a b l e . 
The second l i s t contains the i d e n t i f i e r s of a l l 
the a p p l i c a t i o n s , which have undergone a getap 
operat ion and are s t i l l l e g a l l y re fe rab le in one 
context at l eas t . Thi s l i s t is handled by the 
system according to the f o l l o w i n g ph i losophy, 
which de f ines , from the user ' s v i ewpo in t , the 
behaviour of the t ree con t ro l s t ruc tu re ins ide 
each context : whenever an app l i ca t i on is e x i t e d , 
the subtree rooted in i t is dropped from the con
t r o l t r e e . This is only a user 's v iew; the system 
has instead a mechanism to update the l i s t of 
s t a r t i n g points in the unique t ree con t ro l s t r u c 
ture ac tua l l y e x i s t i n g in the system. 

F i n a l l y we note that the rearrangement of 
MVLs is not a t r i v i a l business. In f a c t , i t is not 
s u f f i c i e n t to e l im ina te the pa i rs corresponding 
to deleted contex ts . In many cases, the pai r corre 
sponding to a deleted context c must be re ta ined 
and updated w i th regard to the context i d e n t i f i e r 
i n i t , since i t i s possib le that pa i rs correspond
ing to su rv i v ing descendants of c are not present 
in the MVL. The rearranging a lgor i thm e x p l o i t s the 
order ing by decreasing r-numbers of MVLs and the 
fact thaL the l i s t of the contexts to( be re ta ined 
is ordered in the same way: MVLs are rearranged 
in a s ingle scan and the number of accesses to the 
context tab le is l i nea r w i t h the sum of the length 
of the MVL and the number of contexts to be r e 
ta ined. 

Conclusions 

The main idea in forming MAGMA-Lisp is tha t a 
t ree of conceptual ly indipendent computation e n v i 
ronments is the suppor t ing s t ruc tu re of any p r o 
gramming system a l low ing nondeterminism. MAGMA-
Lisp provides t h i s basic support in a qu i t e v i r g i n 
al form: in t h i s sense it must be considered as 
a "machine language". The language has ne i the r 
p r i m i t i v e s to set up choice po in ts in programs nor 
p r i m i t i v e s t o f a i l , e t c . . There a re , i ns tead , 
p r i m i t i v e s tha t add and delete nodes from the con
text t ree and f a c i l i t i e s to swi tch and t r ans fe r 
in format ions among environments. So, the user can 
tune the power of the system to match h i s own r e 

quirements by the d e f i n i t i o n of a su i t ab le set of 
f u n c t i o n s , expressing h is own techniques to ex 
p lore the ava i l ab le a l t e r n a t i v e s . 

Experiments in t h i s l i n e are p resent ly in 
progress. A language f o r nonde te rm in is t i c programm 
i n g , ND-Lisp <10>, has been de f i ned . ND-Lisp is 
much more problem-or iented than MAGMA-Lisp, provid^ 
ing s p e c i f i c ways to set up choice p o i n t s , p r i m i 
t i ves to f a i l and to suspend and resume a l t e r n a 
t i v e s . ND-Lisp enjoys a f i n e s t r uc tu re and s t i l l 
al lows complete freedom in the cho i ce -po l i cy de
f i n i t i o n . This i s obtained f i l t e r i n g the wi ldness 
of MAGMA-Lisp, that ND-Lisp users are not encourajj 
ed to employ d i r e c t l y , through a few func t ions 
r e a l i z i n g the p r i m i t i v e s of ND-Lisp. Besides, a 
pat tern-match ing language (SNARK <9>), which i s , 
more g e n e r a l l y , a formal ism f o r the d e f i n i t i o n of 
symbolic i n t e r p r e t e r s , and a proof-checker <1>

I 

which al lows a high degree of i n t e r v e n t i o n of the 
user in the p roo f , are present ly being implemented 
in MAGMA-Lisp. 

In the l i g h t of these experiments, MAGMA-Lisp 
shows i t s e l f as a good too l fo r the implementat ion 
of A . I . systems ( * ) . This is mainly due to i t s 
n ice balancing of c l a r i t y and i n t u i t i v e n e s s of i t s 
basic programming concepts, on one hand, and a 
reasonable leve l of e f f i c i e n c y on the o the r . 
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