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Abstract

Associative computation 1s characterized by the in-
tertwining of search by content and data parallel com-
putation. This intertwining facilitates the integration
of knowledge retrieval and data parallel computation.
This paper describes a formal set of archilecture inde-
pendent rules for associative model of logic program-
ming, and an abstract instruction set. The model
integrates knowledge retrieval, data parallel computa-
tion, and rule based reasoning within logic program-
ming paradigm. An ezample of abstract instructions
has been presented through the compilations of illus-
irative programs. Benchmark results have been pre-
sented. Benchmark result shows that tight integration
of rule based reasoning and data parallel computation
has reduced overhead on high performance supercom-
puters
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1 Introduction

Associative computation is characterized by seam-
less intertwining of search by content and data par-
allel computation [11]. This intertwining facilitates
the integration of knowledge retrieval and data par-
allel computations [1, 2, 3]. This work is an effort to
generalize the associative computation model which
started with our earlier work to exploit associative
computation on SIMD architectures. In this paper,
we describe an abstract representation of data, basic
set of computation on this abstract data representa-
tion, and the corresponding abstract instruction set
f['o]r a formal model of associative logic programming
3].
The major significance of the associative model is
that it supports a large class of queries to derive un-
specified relations based on incomplete information
about attributes [2], knowledge discovery, reasoning
about meta-relations - relations about relations, and
queries which Integrate search by content, inequality,
and data parallel scientific computation. The domain
of application for this model are data intensive prob-
lems such as geographical information systems, image
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understanding systems, statistical knowledge bases,
and alignment analysis in genome sequencing. For
example, in geographical information systems, spatial
data structures such as quad-trees and oct-trees can
be represented associatively. Different regions hav-
ing the same values can be identified using associative
search on value, and integrated with intelligent rule
based reasoning. In large knowledge bases, statisti-
cal queries can directly benefit from associative search
by content, associative representation of structures,
data parallel arithmetic computations, and data par-
allel aggregate functions. Genome sequencing schemes
which need knowledge retrieval, efficient insertion and
deletion from a sequence, and efficient manipulation
of matrices for heuristic matching and statistical anal-
ysis of sequence-alignments can directly benefit from
This scheme. Interested readers may refer to (3] for
associative representation of abstract data.

The motivation for this abstract representation and
computation is

1. to formalize the kernel set of associative compu-
tations which form the basis for the integration
of knowledge retrieval and data parallel compu-
tation, and :

9 to facilitate implementation of the associative
model of logic programming on different massive
parallel architectures.

A compiler and an emulator for the current model
have been implemented. The compiler has been writ-
ten in C**, and the emulator has been written us-
ing ANSI C. The emulator supports both scalar and
data-parallel computations, and is portable to any ar-
chitecture which supports a data parallel version of C.
The benchmark results show that overhead of shallow
backtracking and deep backtracking has been signif-
jcantly reduced which allows seamless integration of
knowledge retrieval, rule based reasoning, and data
parallel scientific computation. Associative represen-
tation of data reduces the overhead of sequentiality
caused by pointer based data representations [11].

2 Preliminaries

We expect the readers to be familiar with logic pro-
gramming [9]. A logic program consists of rules and
facts. Facts are also known as the data base part,






