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ABSTRACT

We consider a simple model of a multiprocessor digital system, with three
main ingredients: a load of different transaction types with given arrival statis-
tics, an architecture consisting of a network of loosely coupled nodes with
tightly coupled symmetric multiple processors at each node, and a load parti-
tioning or assignment of each step of execution of each transaction type to a
given node. In order to quantify this problem, we adopt a Jackson network for
ease of analysis. Qur goal is to consider tradeoffs between the workload, the
architecture, and workload partitioning to maximize performance. We measure
performance by two indices, the mean throughput rate of completing each tran-
saction type, and the mean response time to completely execute each transac-
tion type.

We present analytic formulae for the mean response time for a job assum-
ing simple Poisson arrival statistics.

To illustrate the many tradeoffs possible, we consider one example in
detail. We show that if we fix the total mean instruction rate, the mean
response time for the multiprocessor network is always greater than the mean
response time for a job submitted to one equivalent fast processor. In the spe-
cial case of purely random arrivals and equal utilization of all network nodes,
the mean response time will be at least N times that of a.single equivalent fast
processor. Moreover, the optimum assignment of excess processing capacity to
each node to minimize mean response time does not obey a simple linear pro-
portionment based on utilization, but rather a square root assignment of excess
capacity.

This model accounts for randomness in arrival and service patterns.
Significant features left out of this analysis are the system overhead in coordi-
nating all the multiprocessor interactions, memory contention, and so forth,
which presumably will only further degrade performance. In many applications,
other issues, such as flexibility, reliability, cost, and so forth, may play a dom-
inant role in a design decision; here we concentrate solely on the system
response time as the performance measure, with a fixed total instruction rate.
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