IN DEPTH
PARALLEL PROCESSING

T800

and Counting

The T800 transputer and the Occam language
are a hardware/software team designed to work together

ankind con-
M stantly seeks
ways to solve
. the technologi-
cal challenges found by ob-
serving the natural universe.
Today, ‘our understanding of
nature is increasingly depen-
dent on computer-based simu-
lation of theories, supposi- -
tions, and curiosity.
- Such complex operations as
- verifying the fluid flow of air
-around the wing section of an
airplane to determine drag
and stability, studying chemi-
cal reactions in the prepara- “
tion of a new drug, and study-
ing weather patterns require
the increases in performance
provided by parallel-process-
ing computers. In fact, many
problems are beginning to re-
quire that increase in speed to
quench our growing thirst for
immediate responses. As par-
allel-processing computers
become more and more avaxlable, these
workhorses of science and industry are
emerging as a key to continued techno-

logical growth.

Multiprocessors vs. Multicomputers
Parallel-pmoessmg computers can be di-
vided into two basic architectures: the
shared-; multiprocessor (see fig-
ure 1a) and the multicomputer (see fig-
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ure 1b). The shared-memory multipro-
cessor comprises a collection of CPUs
connected by a bus to a common pool of
memory.

A multiprocessor performs parallel
computations in several ways. One is to
dedicate a complete processor to each ac-
tive process; this is called control paral-
lelism. Each process is free to operate on
memory without appreciable interfer-

ence from the others. Why
not add more processors and
keep partitioning the prob-
lem, one process to each pro-
cessor, to gain more speed? A
problem arises as you add
CPUs to the bus: When one
CPU tries to access an ad-
dress in memory, it must first
get permission from the
others. Arbitration among the
CPUs leads to contention.
Each CPU requires a finite
-amount of time to fetch some-
thing from memory, and
while this is going on, the
other CPUs must wait if they
need data as well. Adding
more CPUs simply makes the
problem worse, and a bottle-
neck results.

This is the so-called von
Neumann bottleneck. It’s the
reason multiprocessors sel-
dom have more than four
CPUs simultaneously operat-
ing on a common pool of
memory. The bus bandwidth is saturated
by simultaneous requests from the
CPUs. The shared resource leads to a
form of inflation, where the cost of per-
forming an operation becomes increas-
ingly expensive and therefore less effi-
cient. This is the key limitation to
multiprocessor architectures: Finite bus
bandwidth means that only a fixed num-
continued
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