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Measuring computer performance

A practitioner’s guide

Measuring computer performance sets out the fundamental techniques used in analyzing and
understanding the performance of computer systems. Throughout the book, the emphasis is
on practical methods of measurement, simulation and analytical modeling.

The author discusses performance metrics and provides detailed coverage of the strategies
used in benchmark programs. He gives intuitive explanations of the key statistical tools needed
to interpret measured performance data. He also describes the general ‘design of experiments’
technique, and shows how the maximum amount of information can be obtained for the
minimum effort. The book closes with a chapter on the technique of queueing analysis.

Appendices listing common probability distributions and statistical tables are included,
along with a glossary of important technical terms. This practically oriented book will be of
great interest to anyone who wants a detailed, yet intuitive, understanding of computer sys-
tems performance analysis.
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Preface

“Education is not to reform students or amuse them or to make them expert technicians. It is
to unsettle their minds, widen their horizons, inflame their intellects, teach them to think
straight, if possible.”

Robert M. Hutchins

Goals

Most fields of science and engineering have well-defined tools and techniques for
measuring and comparing phenomena of interest and for precisely communicat-
ing results. In the field of computer science and engineering, however, there is
surprisingly little agreement on how to measure something as fundamental as the
performance of a computer system. For example, the speed of an automobile can
be readily measured in some standard units, such as meters traveled per second.
The use of these standard units then allows the direct comparison of the speed of
the automobile with that of an airplane, for instance. Comparing the perfor-
mance of different computer systems has proven to be not so straightforward,
however.

The problems begin with a lack of agreement in the field on even the seemingly
simplest of ideas, such as the most appropriate metric to use to measure perfor-
mance. Should this metric be MIPS, MFLOPS, QUIPS, or seconds, for instance?
The problems then continue with many researchers obtaining and reporting
results using questionable and even, in many cases, incorrect methodologies.
Part of this lack of rigor in measuring and reporting performance results is
due to the fact that tremendous advances have been made in the performance
of computers in the past several decades using an ad hoc ‘seat-of-the-pants’
approach. Thus, there was little incentive for researchers to report results in a
scientifically defensible way. Consequently, these researchers never taught their
students sound scientific methodologies to use when conducting their own
experiments.

One of the primary goals of this text is to teach the fundamental concepts
behind the tools and techniques used in computer-systems performance analysis.

xi
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While specific programs or tools are sometimes mentioned as example imple-
mentations of the concepts presented, the goal is to teach the basic ideas, not the
details of specific implementations. It is purposefully not a goal to make you an
expert in using a specific software tool or system instrumentation package. My
belief is that, if you understand the fundamental ideas behind these tools and
techniques, including the basic assumptions inherent in the tool and in any
statistical methods used to interpret the measured data, you can easily figure
out how to use a specific tool or technique. True proficiency with individual tools
can come only when you deeply understand the concepts on the basis of which
they are developed.

So, if you want to learn how to use the latest and greatest version of the hottest
simulation package, for instance, go buy its user’s manual. If you want to
develop a deeper understanding of the field of performance analysis, however,
keep reading. When you then decide to use that exciting new software package,
you will understand how to interpret its results in a meaningful way. Also you
will, I hope, have developed some insight into the potential benefits and hazards
that it may present.

Philosophy

The question of which topics to include in a text, and, perhaps more importantly,
which topics to omit, has as many different answers as there are potential
authors. So does the related question of how to treat each topic. Some authors
would prefer to take a more mathematically rigorous approach to the topics than
I have used in this text, perhaps, or they may choose to emphasize different
aspects of the selected topics. Many, perhaps even most, texts on computer-
systems performance analysis tend to focus on analytical modeling techniques
from a rather mathematical point of view. While this is an important topic with
an extensive body of literature, I chose in this text to instead emphasize practical
tools and techniques that I have found to be useful in analyzing and evaluating
the performance of a variety of different types of computer systems.
Furthermore, standard statistical tools, such as the analysis-of-variance
(ANOVA) tests and the design-of-experiments concepts, have not found their
way into the fabric of the computer-systems research community. This lack of
statistical rigor has been a major weakness in the field of computer-systems
performance-analysis. Consequently, I have chosen to present many practical
statistical tools and techniques that are not commonly taught in a performance
analysis course. While many of these ideas are presented in introductory prob-
ability and statistics courses, I have found that a surprisingly large number of
computer engineering and computer science students never really learned these
tools and techniques. Many, in fact, have never even been exposed to the ideas.
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xiii Preface

Instead of providing detailed mathematical derivations of these tools and
techniques, though, I prefer to provide a more intuitive sense of why we might
choose a certain type of statistical analysis, for instance. I want you to learn how
to apply the appropriate tools and techniques so that you will become more
thorough and careful in the experiments and analyses you perform. There are
many other textbooks available if you then want to continue your studies into
the deeper mathematical underpinnings of these tools and techniques.

Organization

The first chapter begins with an introduction to the basic ideas of measurement,
simulation, and analytical modeling. It also describes some of the common goals
of computer-systems performance analysis. The problem of choosing an appro-
priate metric of performance is discussed in Chapter 2, along with some basic
definitions of speedup and relative change.

The next three chapters provide an intuitive development of several important
statistical tools and techniques. Chapter 3 presents standard methods for quan-
tifying average performance and variability. It also introduces the controversy
surrounding the problem of deciding which of several definitions of the mean
value is most appropriate for summarizing a set of measured values. The model
of measurement errors developed in Chapter 4 is used to motivate the need for
statistical confidence intervals. The ideas of accuracy, precision, and resolution
of measurement tools are also presented in this chapter. Techniques for compar-
ing various system alternatives in a statistically valid way are described in
Chapter 5. This presentation includes an introduction to the analysis of variance
(ANOVA), which is one of the fundamental statistical analysis techniques used
in subsequent chapters.

While Chapters 3-5 focus on the use and interpretation of measured data, the
next two chapters emphasize tools and techniques for actually obtaining these
data. Chapter 6 begins with a discussion of the concept of events. It also
describes several different types of measurement tools and techniques, including
interval timers, basic block counting, execution-time sampling, and indirect mea-
surement. The underlying ideas behind the development of benchmark programs
are presented in Chapter 7, along with a brief description of several standard
benchmark suites.

Chapter 8 uses a discussion of linear regression modeling to introduce the idea
of developing a mathematical model of a system from measured data. Chapter 9
presents techniques for designing experiments to maximize the amount of infor-
mation obtained while minimizing the amount of effort required to obtain this
information.
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Up to this point, the text has focused on gathering and analyzing measure-
ments of existing computer systems. The fundamental problems involved in
simulating systems are discussed in Chapter 10. The standard simulation strate-
gies are presented along with a description of how the sequences of random
numbers that are often needed to drive simulations can be generated. Finally,
Chapter 11 concludes the text with a presentation of the fundamental analytical
modeling techniques derived from queuing theory.

A glossary of some of the more important terms used in the text is presented in
Appendix A. Several common probability distributions that are frequently used
in simulation modeling are described in Appendix B. Appendix C tabulates
critical values used in many of the statistical tests described in the earlier chap-
ters.

While suggestions for further reading are provided at the end of each chapter,
they by no means comprise an exhaustive bibliography of the field of computer-
systems performance analysis. Rather, they are intended to guide the curious
reader towards additional information that I have found to be both useful and
interesting in my own research, in teaching my performance-analysis course, and
in preparing this text.

Some exercises are provided at the end of each chapter to help the reader focus
on some interesting aspects of the chapter’s topic that are not covered in detail
within the text. They also should help provide instructors using this book within
a course with some ideas for further homework and project assignments.

Suggestions for using this text

This book is intended to be used as the primary text in a one-semester course for
advanced undergraduate and beginning graduate students in computer science
and engineering who need to understand how to rigorously measure the perfor-
mance of computer systems. It should also prove useful as a supplemental text
for students in other computer science and engineering courses who need to
understand performance. It would make a good supplement for a course on
high-performance computer architecture or high-speed computer networking,
for instance.

This text will also be useful as a reference text for professional engineers and
scientists who use computers in their daily work, or who design systems that
incorporate computers as their primary control elements. Application experts
from any discipline should also find this book useful in helping to understand
how to analyze the performance of their systems and applications.
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