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ABSTRACT

Associative computation is characterized by seamless intertwining of search-by-content
and data parallel computation. The search-by-content paradigm is natural to scalable
high performance heterogeneous computing since the use of tagged data avoids the need
for explicit addressing mechanisms. In this paper, the author presents an algebra for
associative logic programming, an associative resolution scheme, and a generic framework
of an associative abstract instruction set. The model is based on the integration of
data alignment and the use of two types of bags: data element bags and filter bags of
Boolean values to select and restrict computation on data elements. The use of filter
bags integrated with data alignment reduces computation and data transfer overhead,
and the use of tagged data reduces overhead of preparing data before data transmission.
The abstract instruction set has been illustrated by an example. Performance results
are presented for a simulation in a homogeneous address space.

Keywords: Artificial intelligence, Associative computing, Data-parallel computing, Het-
erogeneous computing, Parallel computing, Scalable high performance computing, Logic
programming.

1. Introduction

Associative computation is characterized by seamless intertwining of search-
by-content and data-parallel computation [15]. This intertwining facilitates the
integration of logic programming paradigm and data-parallel computations on a
heterogeneous collection of massive parallel machines. This work generalizes the
associative computation model which started with our earlier work to exploit asso-
ciative computation on SIMD architectures {1.2].

Heterogeneous collections of machines have different address spaces, and there
is no uniform mechanism to handle this heterogeneity. Current popular approaches
to handle heterogeneity {14.16] use a message passing paradigm for information
transfer. However. structured data. if transferred across a heterogeneous address
space. has to be linearized (unpacked) in one address space, and restructured
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(packed) in the other:

1. The unpacking algorithm goes through a chain of references to linearize the
data,

2. The packing algorithm has to build up a chain of references, and

3. The implicit attributes have to be tagged during the message transfer.

In order to reduce this overhead, the associative computing paradigm maximizes
the use of sedentary data, uses duplicate copies of tagged data, manipulates and
transfers bit-vectors. and exploits intertwining of the search-by-content paradigm
and data-parallel computation. The motivation for this paper is to formalize the
rules for an associative computation model of logic programming, and develop a
framework of an associative abstract instruction set which will facilitate implemen-
tation of the associative model of logic programming on a heterogeneous collection of
massive parallel architectures. The major contribution in this paper is the extension
of associative computation formalism to resolution process of logic programming,
and description of a framework of associative abstract instruction set. This frame-
work is the basis for our effort to develop heterogeneous abstract machines suitable
for a heterogeneous collection of high performance machines having a heterogeneous
address space.

The associative computational model has direct applications for a large class of
problems which require the integration of high performance symbolic computing.
knowledge retrieval, and scientific computation. Some examples are geographical
knowledge bases, genome sequence analysis. and intelligent simulation of complex
engine processes.

The rest of the paper is as follows. Section 2 describes the necessary terminol-
ogy for logic programming, notations, a generic architecture for which the model
is applicable, and the abstract data representations used in the associative compu-
tation model. Section 3 describes an algebra for associative computation and its
application to data-parallel computation on distributed data. Section 4 describes
an extended algebra for associative logic programming, a framework of associative
model of logic programming, and an associative resolution strategy. Section 5 de-
scribes a generic description of an abstract instruction set. Section 6 illustrates
the abstract instruction set using an example. Section 7 describes the performance
evaluation of a simulation of the framework in homogeneous address space. The
last section concludes the paper.

2. Preliminaries
2.1. Notations
In this paper. the author will denote a bag or a set within curly brackets

{ ... }, a tuple within angular brackets < ... >, implication by =. equivalence
by =. membership by €. and complement by -. A subscripted definition of the form






