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Preface

It has long been recognized that computer design utilizing more than one processor
is one promising approach — some say the only approach — toward more powerful
computing machines. Once one adopts this view, several issues immediately emerge:
how to connect processors and memories, how do processors communicate efficiently,
how to tolerate faults, how to exploit the redundancy inherent in multiprocessors to
perform on-line maintenance and repair, and so forth.

This book confronts the above-mentioned issues with two keys insights. There
exist error-correcting codes that generate redundancy which is efficient in terms of
the number of bits. Such redundancy is used to correct errors and erasures caused by
component failures and resource limitations (such as limited buffer size). This insight
comes from Michael Rabin. The next insight, due to Leslie Valiant, demonstrates the
criticality of randomization in achieving communication efficiency.

We intend to make this book an up-to-date account of the information dispersal
approach as it is applied to parallel computation. We also discuss related work in the
general area of parallel communication and computation and provide an extensive
bibliography in the hope that either might be helpful for researchers and students
who want to explore any particular topic. Although materials in this book extend
across several disciplines (algebra, coding theory, number theory, arithmetics, algo-
rithms, graph theory, combinatorics, and probability), it is, the author believes, a
self-contained book; adequate introduction is given and every proof is complete.

Technical Summary

Efficient schemes are presented for the following problems: fast parallel commu-
nication, low congestion, fault tolerance, simulation of ideal parallel computation
models, synchronization in asynchronous networks with low sensitivity to variations
in component speed, and on-line maintenance. All of the schemes either employ, or
have inspirations from, Rabin’s information dispersal idea. We also describe efficient
information dispersal algorithms (IDAs) and their application to the enforcement of

xiii
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xiv Preface

regions of fault containment.

Let N denote the size of the hypercube network. We present a randomized
communication scheme, FSRA (“Fault-Tolerant Subcube Routing Algorithm”), that
routes in 2 log N + 1 time using only constant size buffers and with probability of
success 1 — N~©UW8N) pgrA furthermore tolerates O(N) random link failures with
high probability. Similar results are also proved for the de Bruijn network. A general
framework for fault-tolerant routing is described for the large class of node-symmetric
networks (such as the hypercube).

FSRA is employed to simulate, without using hashing, a class of CRCW PRAM
(“Concurrent-Read Concurrent-Write Parallel Random Access Machine”) programs
with a slowdown of O(log N) with almost certainty if combining is used. Fault-
tolerant simulation schemes for general CRCW programs are also presented.

A simple acknowledgment synchronizer can make the routing schemes in this book
run on asynchronous networks without loss of efficiency. We further show that speed
of any component — be it a processor or a link — has only linear impact on the
run-time of FSRA; that is, the extra delay in its run-time is only proportional to the
drift in the component’s delay and is independent of the size of the network.

On-line maintainability makes the machine more available to the user. We show
that, under FSRA, a constant fraction of the links can be disabled with essentially no
impact on the routing performance. This result immediately suggests several efficient
maintenance and repair procedures.

Based on the above results, a fault-tolerant parallel computing system, called HPC
(“hypercube parallel computer”), is sketched at the end of this book.
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