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FOREWORD

We live in a golden age of computer architecture innovation. The advent
of parallel processing has produced a flood of architecture paradigms, some
more successful than others.

The most well known taxonomy for parallel computers was proposed by
M. J. Flynn in 1966. It is based on the multiplicity of the instruction and
data streams, which identifies four classes of computers: (1) Single instruction
stream single data stream (SISD) computers correspond to regular Von Neu-
mann non-parallel computers that can execute one instruction at a time on
one data item at a time. (2) Single instruction multiple data (SIMD) computers
are based on a central program controller that drives the program flow and a
set of processing elements that all execute the instructions from the central
controller on their individual data items. (3) Multiple instruction single data
(MISD) computers are based on a pipeline principle. A given data item passes
from processor to processor and is acted on differently at each stage of this
assembly line. (4) Multiple instruction multiple data (MIMD) computers con-
sist of a number of SISD computers configured to communicate among them-
selves in the course of a program.

Examples of recent successful MISD computers include the Cytocomputer
and the PIPE. Instances of the MIMD category are too numerous to list but
include NCUBE, iPSC, PASM, WARP, ZMOB, transputer based machines,
Encore, Sequent, Alliant and Datacube.

In this book we explore the SIMD category. After a chapter of background
that includes a brief discussion of the PEPE, STARAN and SOLOMON early
machines, seven important SIMD machines are examined in depth: Illiac IV,
MPP, DAP, GAPP, Connection Machine, GAM and CLIP4. Other significant
SIMD machines not covered here include the Adaptive Array Processor,
GRID, Non Von, Hughes Wafer Stack, GF11, PAPIA and CLIP7.

All of the machines in these categories have distinct characteristics, dif-
fering in connectivity, word size, memory management, and other major
parameters. But even then the field of parallel processing is not fully mapped
because there are whole classes of architectures that do not neatly fit the
Flynn taxonomy. What is one to do with neural network computers, logic
enhanced memories, data flow architectures and heterogeneous machines?
And Very Long Instruction Word machines? And optical computers? In the
face of this abundance, the premise of this book is simple. SIMD computers
are a successful category of parallel processors because they provide an ef-
fective balance between complexity and simplicity. They are rich in algo-
rithmic opportunity yet conceptually clean and easy to understand. The material
presented attempts to offer a rebuttal to both camps of SIMD critics: those
that claim the range of applicability is narrow because many problems are
not sufficiently parallel to use so many processors efficiently and those that
claim that having all of the parallel processors execute the same instruction
is too restricted to embody the complexities of real world problems. I say



instead that the range of applicability is enormous and hence broad enough
to make good general computing and economic sense. And I say that the
conceptual clarity of the architecture provides an ease of programming that
keeps software costs within reason. The contents of the book are intended to
allow the reader to judge these issues for himself.

Much of the material included here is based on and adapted from work
previously published in government reports, journal articles, books and vendor
literature. A listing of the major sources is provided following the text.



PREFACE

Parallel Supercomputing in SIMD Architectures is a survey book providing
a thorough review of Single-Instruction-Multiple-Data machines, a type of
parallel processing computer that has grown to importance in recent years. It
was written to describe this technology in depth including the architectural
concept, its history, a variety of hardware implementations, major program-
ming languages, algorithmic methods, representative applications, and an
assessment of benefits and drawbacks.

The book is intended for a wide range of readers. Computer professionals
will find sufficient detail to incorporate much of this material into their own
endeavors. Program managers and applications system designers may find
the solution to their requirements for high computational performance at an
affordable cost. Scientists and engineers will find sufficient processing speed
to make interactive simulation a practical adjunct to theory and experiment.
Students will find a case study of an emerging and maturing technology. The
general reader is afforded the opportunity to appreciate the power of advanced
computing and some of the ramifications of this growing capability.

Although there are numerous books on parallel processing, this is the first
volume devoted entirely to the massively parallel machines of the SIMD class.
The reader already familiar with low order parallel processing will discover
a different philosophy of parallelism—the data parallel paradigm instead of
the more familiar program parallel scheme.

The contents are organized into nine chapters, rich with illustrations and
tables. The first two provide introduction and background covering funda-
mental concepts and a description of early SIMD computers. Chapters 3
through 8 each address specific machines from the first SIMD supercomputer
(Illiac IV) through several contemporary designs to some example research
computers. The final chapter provides commentary and lessons learned. Be-
cause the test of any technology is what it can do, diverse applications are
incoporated throughout, leading step by step to increasingly ambitious ex-
amples.
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