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Abstract 

The Andorra family of languages (which includes the Andorra Kernel Language 
-AKL) offers the advantage of supporting simultaneously the programming 
styles of Prolog and committed choice languages. However, Prolog programs 
cannot be executed directly on the AKL. This is due to a number of factors, 
from more or less trivial syntactic differences to more involved issues such as 
the treatment of cut and making the exploitation of certain types of parallelism 
possible. These differences can be bridged, however, through program analy
sis and transformation. This paper provides basic guidelines for constructing 
an automatic compiler of Prolog programs into AKL. F irst we revisit the An
dorra Kernel Language flow of control and then introduce t he basic translation 
paradigms for dealing with each type of transformation needed. F inally, we 
present a basic translation algorithm. The t ranslation process benefits from 
an abstract interpretation-based global analysis of the program. We also put 
special attention on a style of translation which attempts to achieve indepen
dent and-parallel execution where possible, since this type of parallel execution 
preserves through the translation the user-perceived "complexity" of the orig
inai Prolog program. This process is simplified in part by making use of some 
compile-time analysis technology developed in the context of the &-Pro}og com
piler. 

1 This work was funded in part by both ESPRIT project 2471 "PEPMA" and CICYT project 305.90. 
2 Please direct correspondence to Manuel Hermenegildo at the above address. 
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l Introduction 

Arguably, a desirable goal in logic programming language design is to support both the 
don't-know nondeterministic, search-oriented programming style of Prolog and the don't

care indeterministic, concurrent communicating agents programming style of committed

choice languages. Furthermore, from an implementation point of view it is interesting to 

be able to support the or- and independent and-parallelism often exploited in the former 

(e.g. [15, l , 14, 8]) as well as the dependent and-parallelism exploited in the latter (e.g. 

[5, 12, 11]). The Andorra family of languages is aimed at simultaneo~sly supporting 

these two programming paradigms and their associated modes of parallel execution. The 

Andorra proposal in [21] (called the "basic" andorra mode! and on which the An:dorra-I 

system [3] is based) defined a framework which allowed or-parallelism and also the and

parallel execution of deterministic goals ( deterministic "stream and-parallelism"). 

An important idea behind the choice of contro! in the basic Andorra mode! is to per
form the least possible amount of computation while allowing the maximum amount of 

parallelism to be exploited. Another and complementary way of achieving this goal which 

has also been identified [9, 10] is to also run in parallel nondeterministic goals, but pro

vided (or while) they are independent ( "independent and-parallelism" -IAP). In order to 

also include this type of parallelism the Extended Andorra Mode! (EAM) [22, 6] defines an 

execution framework which allows IAP in addition to the forms of parallelism supported 

in the basic Andorra mode!. The EAM defines rules which specify a series of admissible 

steps of computation from each possible given state. Severa! rules can be admissible from 

a given state and this gives rise to both non-determinism and indeterminism, and also to 

opportunities for parallel execution. One important issue within this framework is thus 

that of contro!: i.e. which of the admissible rules should be applied in order to achieve the 

most efficient execution while attaining the maximum parallelism. 

Two obvious approaches to treating the above mentioned issue are to put contro! de

cisions in the hands of the programmer or to try to do this automatically by compile-time 

and/or run-time analysis. These two approaches lead us to two interesting user languages 

being actually developed; on one hand, the Kemel Andorra Prolog (KAP), which looks 

after the implicit contro!; on the other hand, the Andorra Kernel Language (AKL) [6, 13], 
which looks after the explicit contro!. 

In particular, AKL allows (dependent) parallel execution of determinate subgoals, as 

stated by the Andorra Principle, but it also allows the more generai forms of parallel 

execution of the EAM, albeit controlled by the programmer. The specification of contro! 

is done, among ·other mechanisms, by positioning the goals an d constraints before or after 

a guard operator, in a way that can be reminiscent of the labeling of unification as input 

or output (i.e. ask or tell constraints [19]) in the GHC language [20]. These operators 

divide body clauses into two parts, the guard and the actual body. Guards are executed in 

independent environments and proceed unless they attempt to perform output unification, 

while bodies wait unti! guards are completely solved and goals in the body promoted. Such 

goals are then executed concurrently provided they are deterministic, in the spirit of the 

Andorra Principle. These properties give a means of contro! to the programmer which can 
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be used to achieve parallel execution of generai goals. 

The AKL is therefore quite a powerful language. However, it does put a burden on the 

programmer in requiring certain specification of contro!. In particular, Prolog programs 

cannot always be executed directly on the AKL. This is due to a number of factors, from 

more or less trivial syntactic differences to more involved issues such as the treatment of cut, 

labeling of unification, and making the exploitation of certain types of parallelism, most 

notably IAP, possible without user involvement and preserving the programmer-perceived 

complexity of the originai program. 
The objective of this paper is to investigate how the above mentioned differences can be 

bridged, through program analysis and t ransformation. It points out the problems involved 

in performing such a translation, and then provides solutions for some of these problems. 

Building on partial translation approaches presented in [13, 7] the paper presents a basic 

algorithm for constructing a translator from Prolog to AKL. An important feature of the 

translation approach proposed herein is that it automatically detects and allows the par

allel execution of independent goals ( as well of course as or-parallelism, an d the parallel 

execution of deterministic goals even if they are dependent as per the Andorra Princi

ple). The execution of independent goals in parallel has the very desirable properties of 

preserving the program complexity perceived by the programmer [9]. Important issues 

to be solved in doing such a translation are the detection of goal independence and the 

determination of inputjoutput modes. This requires in generai a global analysis of the 

program, perhaps using abstract interpretation. In the approach proposed herein heavy 

use will be made of the tools being developed in the context of &-Prolog [8] given the 

commonality of objectives. In particular, Prolog programs are first analyzed and anno

tated as &-Prolog programs (thus making goal independence explicit), and then they are 

translated into AKL. 
The rest of the paper proceeds as follows: the AKL contro! mode! and its rules are 

briefly reviewed in section 2, together with some syntactic conventions. Then the basic 

translation rules combining AKL rules with our purpose of independent parallelism are 

shown in section 3. Section 4 will show how advantage can be taken of the &-Prolog 

compiler analysis tools and why they are needed in the translation process. The complete 

translation algorithm is presented in section 5 and section 6 presents some conclusions. 

2 The Andorra Kernel Language Revisited 

In this section we present a brief overview of the AKL mode! of execution. The purpose 

is to, based on an understanding of these rules, extract the correct rules for a translation 

of Prolog which achieves the desired results. The niles in the AKL mode! allow rewriting 

of configurations (states) leading to valid configurations from valid ones. They are fully 

described in [13], so we will simply enumerate them, providing very informally the concept 

behind the rule, rather than a precise definition: 
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1. Local forking: unfolds an atomic goal into a choice of ali the alternatives in its 
definition (but without creating copies yet of continuation goals). 

2. Nondeterminate promotion: promotes one guarded goal with solved guard in a choice 
of severa! of them (an d creates a copy of the continuation environment)· 

3. Determinate promotion: special case of the above when there is a single guarded 
goal in a choice if its guard is solved (no copying of the continuation environment is 

necessary) . 

4. Failure and synchronization rules: remove or fail configurations in the usual intuitive 

way. 

5. Pruning rules: handle the effects of pruning guard operators. 

· 6. Distribution and bagof rules: do the distribution of guards and the bagof operation. 

These rules basically represent the aliowable transitions of the EAM. The last three 
rules are less relevant for our purposes. In addition to these rules there are three ba
sic contro! restrictions in the generai computation model (meta-rules) which contro! the 
application of the above rules and which are highly relevant to our independent style 

translation: 

• Pruning in AKL has to be quiet, that is, a solution for a guard of a cut or commit 
guarded clause may not add restrictions to variables outside its own configuration. 

• Goals in the guard of a clause are completely and locally executed. This means that 
execution of guards is simultaneous but independent of the parent environment. 

• Nondeterminate promotion is only admissible within a stable subgoal of a configura
tion. A goal is stable if no rule is applicable to any subgoal, and no possible changes 
in its environment will lead to a situation in which a rule is applicable in the goal. 

As we shali soon see the above three restrictions force the conditions under which 
translation has to be done if we want to achieve IAP an d correct pruning in the translated 

clauses. 
As mentioned before, guards in AKL are executed in independent environments and 

proceed unless they attempt to perform output unification, while bodies wait until guards 
are completely solved and goals in the body promoted. Then, promotion rules will be 
applied according to the configuration, and body goals stopped or unfolded depending on 
the stability of this configuration. Basically, and provided the underlying implementation 
is capable of and-parallel execution, the stability rules will result in an execution of this 
program where deterministic goals execute in parallel and nondeterministic goals suspend 
until deterministic promotion is possible or there is no other work to be done, much as in 
Andorra-l. Or-parallelism will also be achieved, again if the underlying AKL implementa
tion supports it. However, if parallel execution of (independent) non-deterministic goals 
is desired then the transformation presented in section 3.4 has to be used. 
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But first, and as an introduction to next section, we have to mention some syntactic 
conventions of AKL: 

3 

• Each clause is expected to have one and single guard operator; the guard operators 
are wait (:), cut (!), and commit (1). 

• Ali clauses in the definition of a predicate have to be guarded by the same guard op
erator. So, if any of the clauses is not guarded, the guard operator of its companions 
is assumed and positioned just after the clause neck. 

• A wait operator is assumed where no other operator can be assumed the way men
tioned above, and in the above mentioned position. 

Translating Prolog Programming Paradigms 

Having the aforementioned rules in mind, we now discuss basic translation rules for trans
lating some Prolog programming paradigrns, with the restrictions required for them to 
achieve both syntactic and semantic correctness. This is done mainly through examples. 
The aim is thus not to provide precise and formai definitions of program transformations 

, but rather to previde the intuition behind the process of translation. 

3.1 Direct translation 

A first step in the translation should be to transform directly Prolog into AKL, disregarding 
any possible exploitation of IAP. Even this straightforward step is nontrivial, as we shali 
soon see. This is due mainly to the semantics of cut in both Prolog and AKL. 

As the AKL cut operator is regarded to be a guard operator, an d furthermore, as i t 
has to be quiet, there are some Prolog constructions which can not easily be translated 
to AKL. First we can show the problem of local pruning, i.e. if-then-else. Indeed, an 
if-then-else can be viewed as a disjunction with a cut of local scope, that is, a cut that 
only prunes the choices in the disjunction itself; then, some preprocessing can be done 
as shown in section 3.2. Cuts within disjunctions are found to be more peculiar, as their 
scope is not local at all, so they need a kind of translation which we have borrowed from 
some Prolog implementations (i.e. SICStus) as shown also in section 3.2. 

Last but not least, we have to ensure the quietness of ali AKL cuts. A cut is quiet if 
it does not attempt to bind variables which are seen from outside its own scope, that is, 
the clause where they appear. Then, if this is not the case, we have to make that binding 
explicit in the form of an equality constraint (a unification) and place it after the cut itself, 
i.e. outside the guarded part of the clause. Note that there is a real need for knowing 
inputjoutput modes of variables for doing this, and note also that this transformation can 
not always be safe. These issues will be further discussed in section 3.3. 

Finally, there is the syntactic restriction that only a single guard operator can appear 
in a clause, which is not the case in Prolog. This can be easily achieved by a simple 
transformation like the foliowing one: 
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Example l Single guard operator in a clause 

Source program code is: 

p(X,Y):- test(X), !, 

produce(Y), !, 

accept(X,Y). 

Preprocessed code becomes: 

p(X, Y):- test(X), ! , 

foo(X,Y). 

foo(X,Y):- produce(Y), !, 

accept (X ,Y) . 

Another and very important issue is that of side-effects synchronization. In generai, 
the purpose of side-effect synchronization methods is to prevent a side effect from being 
executed before other logically preceding side-effects or goals. In our context, if side-effects 
are allowed within parallel AKL code and a behaviour of the program identical to that 
observable on a sequential Prolog implementation is to be preserved, then a good solution 
appears to be to add some sort of synchronization code to the program. 

3.2 Translating disjunction and if-then-else 

In the previous section we have seen that there are two main problems concerning the 
preprocessing of disjunctions. First, the inner cut of an if-then-else is to be local, then the 
scope of a cut inside a disjunction is the whole clause, rather than the disjunction itself. 
Thus 

Example 2 Global pruning of cut inside disjunction (I) 

Source program code is: 

f(X) :- p(X), ( q(X,Y) , ! , r(Y) 
s(X,Z) ), 

t(Y,Z). 

Preprocessed code becomes: 

f(X):- p(X), foo(X,Y,Z), t(Y,Z). 

foo(X,Y,_):- q(X,Y), !, r(Y). 
foo(X,_,Z):- s(X,Z). 
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is incorrect since it would cut the alternatives of q/2 and all s/2, but not the alternatives 
of p/1 as the originai cut would. This can be solved using a "$choice/1" built-in (present 
in most systems, e.g. SICStus [2]) which provides a handle on the current choice point at 
the time of calling this primitive, and a "$cut/1" built-in which eliminates all alternatives 
generated after the choice that it refers to, as follows: 

Example 3 Global pruning of cut inside disjunction (II) 

Source program code is: 

f(X):- p(X), ( q(X,Y), !, r(Y) 
s(X,Z) ) , 

t(Y,Z). 

Preprocessed code becomes: 

f(X):- '$choice'(B), p(X), foo(X,Y,Z,B). t(Y,Z). 

foo(X,Y,_,B):- q(X,Y), '$cut'(B), r(Y). 
foo(X,_,Z,_):- s(X,Z). 

The meaning of these built-ins in terms of the AKL execution model is not straightfor
ward, but in any case the specification is, in the sense that the result of their application 
has to mimic the effect in Prolog. Though this procedura! specification is not elegant, this 
should not matter, since these primitives are an internai tool of the compiler which the 
AKL user need not be aware of. 

If-then-else sequences also require special treatment. An if-then-else can be viewed as 
a disjunction containing a cut whose scope is limited to the disjunction itself, rather than 
the clause in which it appears. Thus the standard translation can be used: 

Example 4 Local pruning of if-then-else 

Source program code is: 

p(X):- (condition(X) -> q(X,Y) 
r(X,Z) 

), s(Y,Z). 

Preprocessed code becomes.: 

p(X):- foo(X,Y,Z), s(Y,Z). 

foo(X,Y,_):- condition(X), !, q(X,Y). 
foo(X,_,Z):- r(X,Z). 
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In the case of nested disjunctions or if-then-elses this unnesting of predicates has of 
course .to be done recursively. Note that, except for disjunctions that don't contain cuts 
the result of the preprocessing includes clauses containing cuts which will require the 
techniques described in the following section. 

3.3 Translating pruning clauses 

When at least one of the clauses in a predicate definition has a cut in its body, the following 
steps are required. First, 

• extract output arguments from the guard of the pruning clause and add binding 
constraints for them in the body part of it. 

In addition, if the cut doesn't appear in ali clauses, 

• spii t the definition into sets of predicates so that each set has a unique guard operator. 

As ali clauses in a definition are forced to have the same guard operator, by doing this 
we ensure this is achieved. For example: 

Example 5 Making cut quiet in AKL 

Source program code is: 

p(X,Y):- q(X), r(Y). 
p(X,Y):- test(X), output(Y), ! . 
p(X,Y):- s(X,Y) . 

Preprocessed code becomes: 

p(X,Y):- q(X), r(Y) . . 
p(X,Y):- pc(X,Y). 

pc(X,Y):- test(X), output(Yl), !, Y=Yl. 
pc(X,Y):- s(X,Y). 

Note that clauses before the pruning one will have an (assumed) wait operator and 
clauses after that one (and that one itself) will have an (assumed) cut operator. Ali of 
them but the pruning one have an empty guard. Note that, had the program not been 
rewritten, the rules for assuming guard operators would have put a cut operator in the 
first clause, which is obviously not the .correct translation. 

Note also, that only one guard operator is to be allowed in a clause. Therefore repeated 
cuts in the same body (which are otherwise strongly discouraged as a matter of style 
and declarativeness) ha~e to be "unnested" using the technique described in section 3.1. 
Producing output inside guards is also discouraged although output variables in a guard 
often appear after a trivial translation as will be seen in the next section. 
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Also, and most import antly, note that the knowledge of inputjoutput modes in the 
Prolog program that is assumed in this transformation requires in generai a global analysis 
of the program an d can only be approximated, the translator having to make conservative 
approximations or warn the user when insufficient informatjon is available. This subject 
will be discussed further in section 4.2. 

3.4 Achievem ent of indep endent and-parallelism 

In order to achieve more parallelism than that available by the translations described so 
far one might think of translating Prolog into AKL so that every subgoal could run in 
parallel unrestricted. However, this can be very inefficient and would violate the premise 
of preserving the complexity of the computation expected by the user. On the other hand, 
and as mentioned before, parallel execution of independent goals, even if they are non
deterministic, is an efficient and desirable form of parallelism and its addition mot ivated 
the development of the EAM, on which the AKL is based. Clearly, one important issue 
in this context is how goal independence is detected. In the framework of the &-Prolog 
system we have already developed technology and the associated tools for determining 
independence conditions for goals and partially evaluating many of those conditions at 
compile-time through program analysis. These tools will be described further in section 
4.1. Herein it will be assumed that the output of this analysis is already available, and 
in the form of an annotated &-Prolog program [8], i.e. the program itself expresses which 
goals are independent and under which conditions. These conditions are expressed in 
the form of if-then-elses which have the intuitive meaning of "if the conditions hold then 
run in parallel otherwise sequentially." The parallelism itself is made explicit by using the 
"&" operator to denote parallel conjunction instead of the standard sequential conjunction 
denoted by ",". 

At this point the &-Prolog conditionals are therefore regarded as input to the translator. 
As such, if-then-elses are then preprocessed as mentioned in the previous sections and the 
remining issue is the treatment of the parallelization operator &. In implementing it we 
will use the AKL property that allows !oca! and unrestricted execution of guards, i.e., 
goals that are encapsulated in a guard can run in parallel with goals in other guards even 
if they are non-deterministic. The transformation that takes advantage of this will: 

• put goals known to be independent in (different) guards, and 

• extract the output arguments out of these guards, binding them in the body part of 
the clauses, 

the last step being required so that the execution of these goals is not suspended because of 
their attempting to perform output unification. With the guard encapsulation we ensure 
that those predicates will be executed simultaneously and independently. The following 
example illustrates the transformation involved: 



498 

Example 6 Encapsulation of independent subgoals 

Analyzed (&-Prolog) program: 

p(X):- (condition(X) -> q(X,Y) & r (X,Z) 
q (X ,Y) , r(X,Z) ) , 

s(Y,Z) . 

Translated as: 

p(X):- pp(X,Y . Z). s(Y , Z). 

pp(X,Y ,Z):- condition(X). ! , qp(X ,Y), rp(X,Z). 

pp(X ,Y,Z):- q(X ,Y) , r(X,Z). 

qp(X,Y):- q(X,Yl), ., Y=Yl. 
rp(X,Z):- r(X,Zl), ., Z=Zl. 

When the condition is met, both subgoals will be tried by the local fork rule, then both 

guards will be completely and locally solved, and then, as goals are indep~ndent on X .(x 
generally ground) and no output is produced in the guard, the nondetermmat~ promotlon 
rule is always applicable and ali solutions will be tried in the standa~d carte~lan product 
way. Thus, parallel execution is ensured for those goals that are identlfi.ed as mdependent. 

On the other hand, when the condition fails (the goals being depen~ent) ~hey a~pear 
together in a body with an empty guard. This means that the guard w1ll be lmmedlately 
solved, the clause body promoted, and subgoals tried simultaneously. Then the standard 

stability and promotion rules will apply. . . 
It should be noted that, as in the case of cut, and in addition to detectmg goall~depen-

dence, in order to be able to perform this transformation it is necessary to h~ve mfer~ed 
mode information regarding the predicate clauses. In the next sections techmques whlch 

can be used in order to infer this information will be reviewed. 

4 Compile-time Analysis 

4.1 Annotating independent subgoals 

Conceptual models for independent and-parallel execution have been presented and their 
correctness and efficiency proved [9]; among all we focus on the and-Parallelism models 
proposed in [10, 9]. For different but related models the reader is referred to the references 
in those papers. As mentioned before, in the translation process we propose to use al~o
rithms and tools already developed in the context of &-Prolog. In this context, a senes 
of algorithms used in the &-Prolog compiler for annotating Prolog programs have been 
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Figure 1: Combined &-Prolog Compiler and AKL Translator 

implemented and dt'scribed in [18]. These algorithms select goals for parallel .execution 
and, using the sufficient rules proposed in [9], generate the conditions under which inde
pendence is achieved and therefore independent parallel execution ensured. The result 
is a transformation of a given Prolog clause into an &-Prolog clause containing parallel 
expressions which achieve such independent and-parallelism. 

Three basic algorithms are proposed and implemented within the &-Prolog system. 
We briefly present the basic idea behind each of these algorithms: 

• The CDG algorithm seeks to maximize the amount of parallelism available in a clause, 
without being concerned about the size of the resultant &-Prolog expression. This 
algorithm uses if-then-else constructs in addition to Conditional Graph Expressions 
( CGEs [18]) in the resultant &-Prolog clauses. 

• The UDG algorithm is essentially the same as the CDG algorithm, except that only 
unconditional parallelism is exploited, i.e., only goals which can be determined to 
be independent at compile-time are run in parallel. Thus, no run-time checks are 
generated, and therefore resultant expressions only use the & parallel operator. 

• The MEL algorithm creates only CGEs in its expressions to achieve parallelism, 
while seeking to maximize the number of goals to be run in parallel within a CGE. 
Actually, CGE expressions are unnested and rewritten to if-then-else expressions. 

As mentioned before, the AKL translator can be viewed as a processor for &-Prolog 
compiler output. This means that its input is provided by the described annotators, having 
then to deal with if-then-else expressions and the & parallel operator, as shown in section 
3.4, and the other issues discussed in previous sections. This is shown in figure l which 
describes a complete Prolog to AKL translator. 
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4.2 Inferring input-output modes 

We have already mentioned in previous sections the need for inferring modes of clause 
variables (i.e. whether they are input or output variables) in Prolog programs. The main 
reason for this need is that we have to know which are the output variables in a clause in 
order to rename them apart and place corresponding bindings for them in the body part 
of the clause in both 

• the pruning clauses (as in example (3.3) .5), and 

• the remade clauses for parallel execution (as in example (3.4).6). 

Much work has been done in global analysis of logic programs to infer run-time prop
erties, and, in particular, modes, mostly using the technique of abstract interpretation [4]. 
A more sophisticated sort of variable binding analysis ( comprising groundness, aliasing, 
and freeness information) is also useful in the process of inferring the independent condi
tions for subgoals in a body. While not strictly needed, it is extremely useful as it allows 
to reduce the number of such conditions and therefore improve performance by reducing 
run-time checking [23, 16]. These papers provide references to other work in this area. 
The standard global analyzer in the &-Prolog compiler, shown in figure l and described in 
[16], infers groundness and variable sharing/aliasing. Since variable freeness is also needed 
for determining the input-output modes needed in the AKL translator this analyzer has 
been extended, as described in [17] to infer variable freeness information. 

It turp.s out that freeness information is very useful for at least three reasons. First, 
the information itself is vital in the detec;tion of non-strict independence among goals [10], 
a condition which allows efficient (independent) parallelization of more programs than the 
traditional notion of independence. Second, by computing this freeness information in 
combination with the sharing it is possible in turn to obtain much more accurate sharing 
information. Conversely, keeping accurate track of sharing also allows more precise infer
ence of freeness. And third, freeness information is essential in determining inputjoutput 
arguments, which is the real need of our translator. 

5 A Translation Algorithm 

We are now ready to outline an algorithm for trarislating Prolog clauses to equivalent 
AKL ones, achieving our aims. We assume a system such as that depicted in figure l and 
describe the functionality of the &-Prolog to AKL translation step. This algorithm is as 
follows, where we assume that the program clauses are in LIST, and the current clauses 
defìning a single predicate in DEF. 

l. Unnest disjunctions and if-then-elses. Program clauses become npw LIST. 

2. If LIST is empty, end; otherwise extract the defìnition of fìrst predicate al)d delete 
it from LIST. This is DEF. 
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3. If any of the clauses in DEF, except the first one, has a cut in its body, split DEF 
into two sets. Add the second ont to the beginning of LIST, keep the first one as 
DEF. 

4. Extract the fìrst clause out of DEF; if there is none, continue on 2. 

5. If the current clause has more than one cut, split it into two clauses. Add the second 
one to the beginning of LIST, keep the fìrst one as current. 

6. If the current clause has a cut, extract output arguments related bindings from the 
neck and place them in the body, i. e. just after the cut operator. 

7. If the current clause has any parallel conjunction operators (&), replace them with 
standard conjunction operator (,) and for every connected call to a predicate, rename 
it and create a defìnition for the renamed predicates in the style of example (3.4) .6. 

8. Output the current Clause and the definitions created. Continue on 4. 

6 Conclusions 

We have presented a first algorithm for translating Prolog into AKL which in addition 
achieves independent and-parallel execution of (not only determinate) goals. We have 
seen how to take advantage both of AKL execution characteristics and the independence 
analysis performed in the context of &-Prolog and how it presents and interesting bridge 
between these two lines of work. A sequential AKL implementation is already being de
veloped at SICS with a first prototype already running. The translator itself is also being 
implemented and a preliminary version is already integrated with the &-Prolog system 
compilation tools. However, work remains to be done: further work is expected in the 
translator as better translation algorithms are developed, in better determining the role of 
input and output variables, in adapting the algorithms to possible evolutions of the AKL 
(for example, the inclusion of an explicit sequentialization operator), in the important issue 
of the treatment of side-effects, and in the formai proof of the correctness of the trans
formation and its preservation of user expected computation size, the latter point being 
supported already to some extent by the basic results on independent and-parallelism. 
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