HEEY 27 206 &M 17 -1
(1982 10 4)

QUEUEING NETWORK MODELS AND THEIR APPLICATIONS - A SURVEY

Hisashi Kobayashi, Science Institute, IBM Japan Ltd.

Summary :

As the complexity of today's data processing systems
grows, system design, performance tuning and capacity planning
can no longer be done effectively by brute-force simulation
as we have done in the past. The need for a more systematic
and economical way of evaluating and predicting system
performance has been recognized for several years. In fact,
we have witnessed considerable progress in performance
evaluation methodology. For instance, queueing network
theory, which originated in operations research back in the
early 1960's, has been substantially extended by the computer
performance community, and is now widely used by system
designers and performance analysts.

We view a computer system as a multiple-resource system,
where the resources are the CPU, memory, auxiliary storage,
and I/0 channels and devices. Jobs or programs demand
services from these resources or servers. A primary function
of the operating system is to manage the use of resources
among many porgrams. Most performance problems are therefore
related to queueing delay caused by contention for resources.
A gueueing network (or network of queues) representation
provides us with a basic mathematical framework in dealing
with resource allocation/contention problems in such a

system.



In this tu£orial presentation we will review a general
class of queueing network models in which a simple "product
form" solution exists for the joint queue size distribution.
We will then discuss their applications to computer systems
and communication networks. Various computational algorithms
related to these models will also be discussed.

Many of the assumptions that we must make in such
queueing models may seem unrealistic or oversimplified, yet
the prediction results obtained are often found to agree
surprisingly well with either the actual observations or the
estimates obtained through more realistic simulations. These
agreements are not coincidental; some measures of performance
are rather insensitive or robust with respect to the distributional
forms of service time and to the scheduling rules adopted.

It is important for the system analysts to acquire some
feeling as to when bold assumptions can be introduced without
seriously affecting the prediction results.

There is an important constraint in queueing theory
that intrinsically limits its applications to multiple
resource systems-that is, a job (or customer) cannot occupy
more than one resource (or server) simultaneously. Certainly
this rule is violated in modeling a computer system: A job
in execution holds at least main-memory space and the CPU
simultaneously. The hierarchical modeling approach may

sometimes overcomes difficulties of this kind.
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