Wiley Series in Systems Engineering

and Management
Andrew P. Sage, Series Editor

HOW T0 DO

SYSTEMS
ANALYSIS

PRIMER AND CASEBOOK

JOHN E. GIBSON
WILLIAMT. SCHERER
WILLIAM F. GIBSON
MICHAEL C. SMITH

W

S |
. WILEY




How to Do

Systems Analysis
Primer and Casebook

John E. Gibson
William T. Scherer
William F. Gibson
Michael C. Smith

WILEY



Copyright © 2017 by John Wiley & Sons, Inc. All rights reserved

Published by John Wiley & Sons, Inc., Hoboken, New Jersey
Published simultaneously in Canada

No part of this publication may be reproduced, stored in a retrieval system. or transmitted in any form or
by any means, electronic, mechanical, photocopying, recording, scanning, or otherwise, except as
permitted under Section 107 or 108 of the 1976 United States Copyright Act, without either the prior
written permission of the Publisher, or authorization through payment of the appropriate per-copy fee to
the Copyright Clearance Center, Inc.. 222 Rosewood Drive, Danvers, MA 01923, (978) 750-8400, fax
(978) 750-4470, or on the web al www.copyright.com. Requests to the Publisher for permission should be
addressed to the Permissions Department. John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030,
(201) 748-6011, fax (201) 748-6008. or online at http://www.wiley.com/go/permission.

Limit of Liability/Disclaimer of Warranty: While the publisher and author have used their best efforts in
preparing this book, they make no representations or warranties with respect to the accuracy or
completeness of the contents of this book and specifically disclaim any implied warranties of
merchantability or fitness for a particular purpose. No warranty may be created or extended by sales
representatives or written sales materials. The advice and strategies contained herein may not be suitable
for your situation. You should consult with a professional where appropriate. Neither the publisher nor
author shall be liable for any loss of profit or any other commercial damages, including but not limited to
special, incidental, consequential, or other damages.

For general information on our other products and services or for technical support, please contact our
Customer Care Department within the United States at (800) 762-2974, outside the United States at
(317) 572-3993 or fax (317) 572-4002.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print may
not be available in electronic formats. For more information about Wiley products, visit our web site at
www.wiley.com.

Library of Congress Cataloging-in-Publication Data

Names: Gibson, John E., author.
Title: How to do systems analysis : primer and casebook / John E. Gibson,
William T. Scherer, William F. Gibson, Michael C. Smith.
Other titles: How to do systems analysis (2017)
Description: Hoboken, New Jersey : John Wiley & Sons, Inc., [2017] | Includes
index.
Identifiers: LCCN 2016019023 | ISBN 9781119179573 (cloth) | ISBN 9781119179597 (epub)
Subjects: LCSH: System analysis. | System analysis—Case studies.
Classification: LCC T57.6 .G5434 2017 | DDC 658.4/032-dc23 LC record available at
https:/leen.loc.gov/2016019023

Printed in the United States of America

10987654321



Preface

The systems approach, systems analysis, systems engineering, or systems thinking,
whatever one calls the concept, is more likely to be caught than taught. Asking the
right questions is often more important than knowing the right answers. The collec-
tive experience of the authors in teaching and practicing systems engineering in aca-
demia and in the public and private sectors exceeds a combined 100 years. This
experience leads us to conclude that the best way for students and practitioners to
master the systems concepts is to face realistic, often unstructured, and typically
ambiguous problems that require much more than reciting answers or applying
methods from the text. Moreover, we have observed that students discover that what
they learn from the material presented in Part One of this text becomes integrated
into the way they think, as they gain more experience applying the principles
and methods through cases such as those provided in Part Two. These cases, devel-
oped by instructors based on their professional experience, are situations that
students and practitioners face in their own lives, from finding places to live while in
school, evaluating employment opportunities, reading about current events and
issues, or making other major life decisions.

The unique approach in this book is to motivate systems thinking, or as we like
to say: “See the world with new eyes—that of a systems thinker.” Throughout
the book are examples from the past and from today’s pressing issues, which illus-
trate these concepts, along with case studies in Part Two to give the reader exposure
to the practice of systems analysis and systems engineering. The resulting book is
appropriate for numerous fields and professionals that need the perspective and tools
of systems analysis, including anyone working in the analysis of complex systems,
such as in business consulting, financial services, healthcare, telecommunications,
and so on.

The goal of the book is to assist in creating the active learning experience such
that both students and practitioners internalize systems thinking and the systems
approach as they become more effective systems engineering practitioners, including
greater proficiency in both technical and professional competencies. We measure the
success of this approach by observing the extent to which students demonstrate good
systems thinking in the way they approach cases, conduct analysis, communicate
findings and recommendations to clients and other stakeholders, and demonstrate
professionalism in their ability to both collaborate with others and conduct them-
selves within ethical standards of practice.

We believe that present books in the area of systems analysis and engineering
are excellent; however, many fail to emphasize the art of systems problem-solving
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X  Preface

(systems analysis) by focusing instead on operations research methods (mathemati-
cal models, such as linear programming) or on the formal systems engineering pro-
cesses (as stressed by INCOSE: The International Council on Systems Engineering).
This book focuses on systems analysis, broadly defined also to include problem for-
mulation and interpretation of proposed alternatives in terms of the value systems of
stakeholders. Therefore, this book is a complement, not a substitute, to the other “tra-
ditional” books when teaching systems engineering and systems analysis. However,
the nature of problem-solving discussed in this book is appropriate to a wide range of
systems analyses—thus, it can be used as a stand-alone book for teaching the analy-
sis of systems.

Numerous other books describe the processes of systems engineering, including
systems engineering handbooks developed by NASA, DOD. Boeing, and so on.

Currently, there is also considerable discussion on the concept of system-
of-systems—that is, systems that are of significant complexity and order that
they require methodologies beyond the classic systems methodologies that are
all basically derivatives of MIL-499B, a classic systems engineering military
standard. The emphasis of this book, however, is not on the formal process of
systems engineering eloquently described in the referenced books, but on the
systems analysis component and the associated thought processes.

The design of this book is such that it can be used at different educational levels.
Undergraduates, for example, focus on the basic problem-solving ideas, and the
expected depth in their analyses and cases would be significantly less than expected
from graduate students. How the book is used, that is, as a primary text or supple-
mental/complementary text, also depends on the student level. Experience at both
levels has shown that experienced students (such as our Accelerated Master’s
Degrees students—working professionals in an executive degree format program)
clearly understand (from their experiences) the issues addressed in the book and can
relate the material directly to their work experiences, especially from what we call
the systemic perspective; thus, for them the book is a required and a primary source.
Undergraduates, typically without the benefit of significant work experience, see the
value in a general problem-solving method that applies to many situations, with
more focus on the systematic aspects of the material. For them, we use the book as
supplemental.

Fundamentally, we see two worlds typical in systems engineering (both are
necessary!):

Methodology-focus Our book
Systematic Systemic

* Methodologies— * Thinking—New eyes
process . i .

« Modsls ” : ft;a,:.;inven, Top-down

 Standards Hosephy

e A formalism * Right-Brained
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Preface xi

By systemic, we mean affecting the entire system or holistic.' By systematic, we
mean a formal step-by-step process (in the most direct form, computer code is an
example). This book makes a unique contribution by addressing the right-hand side,
the systemic side. An analogy could be made to the left-brain (logical; often engi-
neers) and right-brain (artistic) thinkers. The book focuses on problem definition,
which is in our opinion a very difficult part of the systems process and an often
neglected (or failed) part in practice (and books).

So, we have How to Do Systems Analysis: Primer and Casebook. This book
is not intended to be an instructional guide to systems engineering (such as prac-
ticed in industry or government), but a book that engages one in beginning or
enhancing their journey toward becoming a systems thinker—a requisite skill for
systems engineers and all problem solvers. Trends come and go, but quality Sys-
tems Analysis thinking abides. Throughout the book are pointers and references
to excellent books and articles that provide detailed techniques, research, and
think pieces on the disparate aspects of systems analysis. We have deliberately
left much of Jack Gibson’s original material alone. We feel strongly that there is
considerable wisdom in these words and that this wisdom is timeless.
Unfortunately, systems thinking and good systems engineering remain elusive,
as evidenced by the fairly recent (Summer 2006) experiences with the Big Dig
in Boston and the current U.S. healthcare system debates. Many of Jack’s exam-
ples and experiences, some dating back to the 1950s, add considerable insight to
the realm of systems thinking. We have used draft parts of this book in graduate
and undergraduate courses that introduced systems engineering concepts since
the early 1990s; then the first book of this nature was based largely on Jack
Gibson’s contribution, How to Do Systems Analysis, published in 2007. The
material uniformly received excellent reviews from students for its unique per-
spective on problem-solving in all types of domains. It is particularly relevant
for students with some professional experience who appreciate its practical and
accessible conceplts.

How would we read this book? Top-down of course. One might start with read-
ing in Part One, beginning by reading Chapter 6 completely, followed by Chapter 1,
then reading the first several pages of Chapters 2-5, using the cases in Part Two to
reinforce and practice the concepts presented in Part One. For undergraduate
students, Chapters 2-4 form the core concepts of a general systems analysis

' A wide-reaching term designating views in which the individual elements of a system are determined by
their relations to all other elements of that system. Being highly relational, holistic theories do not see the
sum of the parts as adding up to the whole. In addition to the individual parts of a system, there are
“emergent,” or “arising,” properties that add to or transform the individual parts. As such, holistic theories
claim that no element of a system can exist apart from the system in which it is a part. Holistic theories can
be found in philosophical, religious, social, or scientific doctrines. (Source: Public Broadcasting Systems.)
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methodology. Chapter 6 is, in effect, an executive summary of systems analysis and
can basically stand on its own.

We encourage you to engage in and enjoy the material.

WiLLiaM T. SCHERER
WiLLiam F. GiBson
MicHAEL C. SMITH
Charlottesville, Virginia
January 2016



Original Preface from Jack Gibson

There appear to be three generic points of view one may take in writing a textbook.
These are . . . the problem-centered viewpoint, the technique-centered viewpoint,
and the reader-centered viewpoint. Of course, it is also possible to write a book
with no consistent point of view at all, one probably need not add. The problem-
centered view is not common in general texts but is an acceptable approach for
advanced texts on focused, narrow topics. My text, Designing the New City,
Wiley, 1977, was written from this perspective. However, if the author has an
introductory, general purpose in mind, this approach leads to difficulties. In such
a situation, problem-centering usually leads to a book of recipes. That is, the
author is led to saying for a series of instances, “given this problem, here is how
to handle it.” One becomes bogged down in specifics, and it is difficult to
achieve a general perspective of the topic. This is a severe limitation in itself,
and, furthermore, it is unappealing to the academic mind. The technique-centered
approach is more common in basic introductory texts.

Generally speaking, technique-centered texts typically provide a chapter or two
of introduction and then launch into a survey of the main topics and techniques in the
field. It is assumed that the reader will be able to select the appropriate tools to solve
his or her specific problem. If one is faced with a problem similar to the type of
problems used to illustrate the technique under discussion in the text, this is a good
approach. But what it gains in general perspective and an overall viewpoint, it may
lose in usefulness in applicability. The technique-centered approach seems to be
popular with academics, since we generally have a mind bent that seeks general
understanding and we are less interested in problem-solving and specifics. I have
written several texts with this perspective, among them being Introduction to Engi-
neering Design, Holt, Rinehart & Winston, 1968, and Nonlinear Automatic Control,
McGraw-Hill, 1963.

The reader-centered point of view has initial appeal as a guide to the perplexed,
but in practice it sometimes descends to pontification and anecdotal generalities—
that is, retelling of old and possibly irrelevant personal “war stories.” This approach
assumes a common starting point for its readers, and, as in the present text, this start-
ing point is usually an assumption of a reader’s unfamiliarity with the topic. Scien-
tific American magazine practices this approach in a masterly way. The first
paragraph or two of each of its articles is couched at a simple, obvious level and
then acceleration is smooth and gradual.

For better or worse, the reader-centered approach is the one taken in this text. |
will assume you are a systems analyst faced with a problem situation. We will go
through a step-by-step approach to the application of the systems approach to the
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situation, using techniques as the need arises. We will not focus on the details of the
analytic techniques to be used; it is assumed that you will learn the details of these
(mostly mathematical) techniques elsewhere. From the present text, I hope you will
learn just what “systems analysis™ (SA) is and what the “systems approach™ means.
You will see from examining the cases, which are based on actual practice, how the
need for mathematical techniques develops, and how to apply them. Moreover, [
hope that you will develop a sense of the pitfalls and difficulties in practicing SA.
This is a tall order, especially for readers without professional work experience.

Unless you are able to provide a “reality check” from your own work experi-
ence, you may be tempted to accept the suggestions herein for analyzing problems
as simple and obvious. In reality they are neither, but unlike advanced mathematics,
which is obviously difficult going in, SA appears almost trivial on first observation.
We will discuss this trap as we go on.

Jack GiBsoN
Ivy, Virginia
January 1991
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About the Companion Website

This book is accompanied by a companion website:
www.wiley.com/go/Gibson/HowtoDoSystemsAnalysis

The Student’s website includes:

* Excel data sets associated with specific cases

* Other materials may be added to this website that complement the materials in
the textbook and enhance the learning experience.
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