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1 The ACE Project

The goal of the ACE project is to exploit all forms of parallelism—or-parallelism, independent and-
parallelism, and dependent and-parallelism—present in Prolog programs, as well as investigate the
applicability of the implementation techniques developed to other types of logic programming systems
such as concurrent constraint systems and constraint logic programming systems. The project was very
successful, and the results obtained, we believe, went beyond what we expected.

Two principle types of parallelism arise in logic programming systems: Or-parallelism: arises when
more than a single rule define some relation and a procedure call unifies with more than one rule head—
the corresponding bodies can then be executed in or-parallel fashion. And-parallelism: arises when more
than one goal is present in the query or in the body of a procedure, and the resolution of the different
(sub)goals is attempted in parallel. Two classes of and-parallel systems can be further identified: (i)
Independent And-Parallelism: arises when run-time bindings for the variables in two or more goals are
such that they are independent of one another, i.e., the bindings produced by each subgoal will not affect
the computation of the other subgoals (e.g., they do not have any unbound variables in common); such
independent goals can be run in parallel. (ii) Dependent And-parallelism: arises when dependent goals,
i.e. goals that “compete” in the creation of the binding for common variables, are executed in parallel.
Dependent and-parallelism is readily found, for example, in applications that involve producer-consumer
interactions.

n the ACE project we have developed systems: an independent and-parallel system called ACE

, , , an and-or parallel system called ACE , , and a tool for visuali ing and-or parallel
execution called ACE . n addition, ACE has been augmented with dependent and-parallelism.
ACE supports the full Prolog language , and exploits parallelism implicitly. A model (based on a
technique called stac -splitting) for exploiting or-parallelism from constraint logic programming systems,
as well as ordinary Prolog systems has also been developed. n the ACE system, the user is not burdened

with exploiting parallelism. The original motivation for the ACE system can be foundin , . ome
very large benchmar s have been run on the ACE system and good results obtained. The largest
benchmar that has been run is an approximately line long multi-lingual machine translation

system developed by a natural language processing research group.

ndependent and-parallelism arises when two goals that do not in uence each other s execution are
executed in parallel. oal independence is a runtime property. oals that are independent can be
mar ed by the user using a suitable annotation, or they can be automatically detected at compile-time.

e adopt the latter approach since our aim is to exploit parallelism implicitly. A Prolog program
is processed by a compiler (developed by our collaborators at niversity of adrid) that annotates
independent goals. f course, the users are free to annotate their own programs if they choose to do
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