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FOREWORD TO THE
THIRD EDITION

Today’s industrial products, and many public sponsored projects,
show a strong increase in functionality and complexity. Think of au-
tomobiles, mobile phones, personal computers, airplanes, or a space
mission. To ensure success and cope with inherent risks of modern
products, project management and systems engineering have be-
come indispensable skills for forward-looking enterprises. They
have been thrust into the center of attention of top executives. Both
fields, project management and systems engineering, ensure success
by focusing on technical performance, cost, and schedule—and be-
yond that on parameters such as return on investment, market ac-
ceptance, or sustainability.

Anyone who has lived with the space program, or any other high-
tech industrial product development, can immediately appreciate
this acclaimed book. It addresses and “visualizes” the multidimen-
sional interactions of project management and systems engineering in
several important ways. The book shows the interdependencies be-
tween the two disciplines and the relationships that each discipline
has with the many other engineering, manufacturing, business ad-
ministration, logistics, enterprise, or market-oriented skills needed
to achieve successful products.

Since the early 1970s, many of the world’s space projects have
been planned and implemented through broad international cooper-
ation. Having lived through some of these as engineer, project man-
ager, and managing director, I well understand the need for simple
and broadly accepted principles and practices for the practitioners
of project management and systems engineering.

My years in industry gave me significant insight into the dif-
ferent engineering and project management cultures and practices
prevailing in Europe and the United States. It enabled me to un-
derstand and easily interact with the different organizations that
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were involved in the most complex transatlantic cooperation of the
1970s. Remember, failures result not only from poor hardware engi-
neering, software engineering, or systems or project management;
they can also originate from differing cultural interpretations of en-
gineering, communications, or management practices.

On more recent, highly complex international projects, such as
the world’s largest radar missions (SIR-C and SRTM) flown on the
space shuttle, and the International Space Station (ISS), we
learned again the lesson that project management and systems en-
gineering, when focused on the essentials, are key ingredients to
assured success.

At the Technical University of Delft in The Netherlands a few
years ago, we initiated a new international postgraduate Master pro-
gram of space systems engineering for senior engineers with a focus
on modern “end-to-end” systems engineering. We emphasized the
importance of multidisciplinary engineering, communication, and
management interaction on the basis of a common use of terms and
definitions. We also gave strong consideration to the fact that sys-
tems engineering and project management need to closely interact to
achieve results.

The importance of this excellent book, able to encompass these
two key disciplines, cannot be overemphasized. I was hence delighted
to have been invited to write the Foreword for this third edition.

—Heinz Stoewer

Heinz Stoewer is the president of the International Council on Systems
Engineering (INCOSE). Professor Stoewer started his career in aero-
space. He spent a number of years in German and U.S. industry
(MBB/EADS and McDonnell-Douglas/Boeing). In the 1970s, he was ap-
pointed the program manager for the Spacelab, the first human space-
flight enterprise at the European Space Agency. He eventually became a
managing director of the German Space Agency. As professor for space
systems engineering at the Technical University of Delft in The Nether-
lands, he initiated a highly successful space systems engineering Master
program. Throughout his career, he has been aware of the need to interact
effectively with compatriots in other fields and in other countries in areas
covering the management of projects, systems, and software engineering.



FOREWORD TO THE
SECOND EDITION

There are a thousand reasons for failure but not a single excuse.
Mike Reid

It is every manager’s unending nightmare: In today’s world of in-
creasing complexity, there is less and less tolerance for error. We see
this daily in the realms of health care, product safety and reliability,
transportation, energy, communications, space exploration, military
operations, and—as the above quote from the great Penn State foot-
ball player Mike Reid demonstrates—sports. Whether the venue is
the stock market, a company’s customer base, consumers, govern-
ment regulators, auditors, the battlefield, the ball field, or the
media, “No one cares”™—as the venerated quotation puts it—"about
the storms you survived along the way, but whether you brought the
ship safely into the harbor.”

Over the course of my own career in aerospace, I have seen an
unfortunate number of failures of very advanced, complex—and ex-
pensive—pieces of equipment, often due to the most mundane of
causes. One satellite went off course into space on a useless trajec-
tory because there was a hyphen missing in one of the millions of
lines of software code. A seemingly minor flaw in the electrical de-
sign of the Apollo spacecraft was not detected until Apollo 13 was
200,000 miles from Earth, when a spark in a cryogenic oxygen tank
led to an explosion and the near-loss of the crew. A major satellite
proved to be badly nearsighted because of a tiny error
in grinding the primary mirror in its optical train. And, as became
apparent in the inquiry into the Challenger disaster, the per-
formance of an exceedingly capable space vehicle—a miracle of
modern technology—was undermined by the effects of cold temper-
ature on a seal during a sudden winter storm. Murphy’s Law, it would
seem, has moved in lockstep with the advances of the modern age.
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THEORETICALLY, SUCCESS IS MANAGEABLE

In the grand old days of American management, when it was pre-
sumed that all problems and mistakes could be controlled by more
rigorous managerial oversight, the canonical solution to organiza-
tional error was to add more oversight and bureaucracy. Surely, it was
thought, with more managers having narrower spans of control, the
organization could prevent any problem from ever happening again.
Of course, this theory was never confirmed in the real world—or as
Kansas City Royals hitting instructor Charlie Lau once noted regard-
ing a similar challenge, “There are two theories on hitting the knuck-
leball. Unfortunately, neither one works.”

The problem with such a strategy of giving more managers
fewer responsibilities was that no one was really in charge of the
biggest responsibility: Will the overall enterprise succeed? I recall
the comment a few years ago of the chief executive of one of the
world’s largest companies, who was stepping down after nearly a
decade of increasingly poor performance in the marketplace by his
company. He was asked by a journalist why the company had fared
so poorly under his tutelage, to which he replied, “T don’t know. It’s
a mysterious thing.”

My observation is that there is no mystery here at all. After
decades of trying to centrally “manage” every last variable and con-
tingency encountered in the course of business, Fortune 500 com-
panies found themselves with 12 to 15 layers of management—but
essentially ill prepared to compete in an increasingly competitive
global marketplace. Or as I once pointed out in one of my Laws, “If
a sufficient number of management layers are superimposed on top
of each other, it can be assured that disaster is not left to chance.”

A NEW LOOK AT PROJECT MANAGEMENT

Today’s leaders in both the private and public sectors are rediscov-
ering the simple truth that every good manager has known in his or
her heart since the first day on the job: Accountability is the one
managerial task that cannot be delegated. There must be one per-
son whose responsibility it is to make a project work—even as we
acknowledge the importance of teamwork and “worker empower-
ment” in the modern workplace. In other words, we are rediscov-
ering the critical role of the project manager.

The importance of the project manager has long been noted in
our nation’s military procurement establishment, which has tradi-
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tionally considered the job to be among the most important and most
difficult assignments in peacetime. Performed properly, the project
management role, whether in the military, civilian government, or
in business, can make enormous contributions and can even affect
the course of history.

Challenges of this technology-focused project management role
are particularly noteworthy for the insights they provide into the
broader definition of project management. Perhaps the greatest of
these is inherent in technology itself. In the effort to obtain the max-
imum possible advantage over a military adversary or a commercial
competitor, products are often designed at the very edge of the
state of the art. But as one high-level defense official noted in a mo-
ment of frustration over the repeated inability of advanced elec-
tronic systems to meet specified goals, “Airborne radars are not
responsive to enthusiasm.” In short, managerial adrenaline is not a
substitute for managerial judgment when it comes to transitioning
technology from the laboratory to the field.

Despite considerable tribulations—or, perhaps because of
them—the job of the technology-focused project manager is among
the most rewarding career choices. It presents challenging work
with important consequences. It involves the latest in technology. It
offers the opportunity to work with a quality group of associates.
And over the years, its practitioners have generated a large number
of truly enormous successes.

THE LURE OF PROJECT MANAGEMENT

This brings me to the broader observation that the project man-
ager’s job, in my opinion, is one of the very best jobs anywhere.
Whether one is working at the Department of Defense, NASA, or a
private company, the project manager’s job offers opportunities
and rewards unavailable anywhere else. Being a project manager
means integrating a variety of disciplines—science, engineering,
development, finance, and human resources—accomplishing an
important goal, making a difference, and seeing the result of one’s
work. In short, project management is “being where the action is”
in the development and application of exciting new technologies
and processes.

The principles of successful project management—picking the
best people, instilling attention to detail, involving the customer,
and, most importantly, building adequate reserves—are no secret,
but what is often missing in the literature on the subject is a
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comprehensive, easy-to-understand model. This is one of the many
compelling aspects to Visualizing Project Management. The authors
have taken a new, simplified approach to visualizing project man-
agement as a combination of sequential, situational management ac-
tions incorporating a four-part model—common vocabulary,
teamwork, project cycle, and project management elements. The
beauty of their approach is that they portray management complex-
ity as process and discipline simplicity.

Kevin Forsberg, Harold Mooz, and Howard Cotterman are emi-
nently qualified to compose such a comprehensive model for suc-
cessful project management. They bring a collective experience
unmatched in the commercial sphere. One author has spent his en-
tire career in the high-tech commercial world; the two others have
more than 20 years each at a company (Lockheed Corporation,
which is part of the new Lockheed Martin Corporation) that estab-
lished a reputation strongly supporting the role of the project man-
ager. Collectively, the authors have spent many years successfully
applying their “visualizing project management” approach to com-
panies in both the commercial and the government markets. Their
technical skill and work-environment experience are abundantly ap-
parent in the real-world methodology they bring to the study and
understanding of the importance of project management to the suc-
cess of any organization.

SUMMARY

As corporate executives and their counterparts in the public sector
expect project managers to assume many of the responsibilities of
functional management—indeed, as we look to project managers to
become “miracle workers” pulling together great teams of special-
ists to create products of enormous complexity—we need to make
sure that the principles and applications of the project management
process are thoroughly understood at all levels of the organizational
hierarchy. This book will help executives, government officials,
project managers, and project team members visualize and then suc-
cessfully apply the process. I recommend this book to all those who
aspire to project management, those who must supervise it in their
organizations, or even those who are simply fascinated with how
leading-edge technologies make it out of the laboratory and into the
market.

—Norman R. Augustine
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Norman Augustine retired in 1997 as Chair and CEO of Lockheed Mar-
tin Corporation. Upon retiring, he joined the faculty of the Department
of Mechanical and Aerospace Engineering at Princeton University. Ear-
lier in his career he had served as Under Secretary of the Army and prior
to that as Assistant Director of Defense Research and Engineering. Mr.
Augustine has been chairman of the National Academy of Engineering
and served nine years as chairman of the American Red Cross. He has also
been president of the American Institute of Aeronautics and Astronautics
and served as chairman of the “Scoop” Jackson Foundation for Military
Medicine. He is a trustee of the Massachusetts Institute of Technology
and Johns Hopkins and was previously a trustee of Princeton. He serves on
the President’s Council of Advisors on Science and Technology and is a
former chairman of the Defense Science Board. His current corporate
boards are Black and Decker, Lockheed Martin, Procter and Gamble, and
Phillips Petroleum. He has been awarded the National Medal of Technol-
ogy and has received the Department of Defense’s highest civilian award,
the Distinguished Service Medal, five times. Mr. Augustine holds an MSE
in Aeronautical Engineering from Princeton University.

[vww.ebook3000.con)



http://www.ebook3000.org




ABOUT THE AUTHORS

Kevin Forsberg, PhD, CSEP, is co-founder of The Center for Sys-
tems Management, serving international clients in project manage-
ment and systems engineering. Dr. Forsberg draws on 27 years of
experience in applied research system engineering, and project
management followed by 22 years of successful consulting to both
government and industry. While at the Lockheed Palo Alto, Califor-
nia, Research Facility, Dr. Forsberg served as deputy director of the
Materials and Structures Research Laboratory. He earned the NASA
Public Service Medal for his contributions to the Space Shuttle
program. He was also awarded the CIA Seal Medallion in recogni-
tion of his pioneering efforts in the field of project management.
He received the 2001 INCOSE Pioneer Award. Dr. Forsberg is an
INCOSE Certified Systems Engineering Professional. He received
his BS in Civil Engineering at Massachusetts Institute of Technol-
ogy and his PhD in Engineering Mechanics at Stanford University.

Hal Mooz, PMP and CSEP, is co-founder of The Center for Sys-
tems Management, one of two successful training and consulting
companies he founded to specialize in project management and
systems engineering. Mr. Mooz has competitively won and success-
fully managed highly reliable, sophisticated satellite programs
from concept through operations. His 22 years of experience in
program management and system engineering has been followed
by 24 years of installing project management into federal agencies,
government contractors, and commercial companies. He is co-
founder of the Certificate in Project Management at the Univer-
sity of California at Santa Cruz and has recently developed courses
for system engineering certificate programs in conjunction with
Old Dominion and Stanford Universities. He was awarded the CIA
Seal Medallion in recognition of his pioneering efforts in the field
of project management and received the 2001 INCOSE Pioneer

xiii

[vww .ebook3000.con}



http://www.ebook3000.org

Xiv

ABOUT THE AUTHORS

Award. Mr. Mooz is a PMI certified Project Management Profes-
sional (PMP) and an INCOSE Certified Systems Engineering Pro-
fessional (CSEP). Mr. Mooz received his ME degree from Stevens
Institute of Technology.

Howard Cotterman has served The Center for Systems Manage-
ment in capacities ranging from project manager to president, and
has held executive positions at leading technology and aerospace
companies, most recently as vice president of Rockwell Interna-
tional. Mr. Cotterman has successfully managed a broad range of
system, software, and semiconductor projects, including Intel’s fam-
ily of microcomputers and peripherals. His 36 years of project man-
agement experience began with the development of IBM’s first
microprocessor in the mid-1960s and includes research, develop-
ment, and manufacturing projects as NCR’s Director of Advanced
Development and at Leeds & Northrup where he was Principal Sci-
entist. Mr. Cotterman was co-founder of Terminal Communications,
Inc. and founder of Cognitive Corporation, specializing in knowl-
edge management and online training. Mr. Cotterman received his
BS and MS degrees in Electrical Engineering from Purdue Univer-
sity where he was a Sloan Fellow.



ACKNOWLEDGMENTS

he process models, best practices, and lessons learned embodied

in Visualizing Project Management have been significantly en-
riched and refined in this Third Edition by collaboration among the
many new contributors and by the reinforcement from successful
project management and systems engineering practitioners.

We particularly wish to acknowledge the following contributors:
Ray Kile for articulating the cause and effect relationships among
the visual models, process improvement, and the achievement of
peak performance; Frank Passavant for sharpening the core systems
engineering messages, and particularly for his thoughtful and in-
depth critique of requirements management and the Dual Vee; and
John Chiorini for clarifying the synergies among our primary mes-
sages and those of the PMI® PMBOK® Guide and INCOSE Systems
Engineering Handbook. We appreciate the substantial subject mat-
ter expertise contributed by Ray Kile relating to the SEI-CMMI®
and cost estimating; by Jim Chism in clarifying the role of UML and
SysML; and by Jim Whalen’s DoD 5000 insights. We thank Marsha
Finley for helping to identify the 100 most commonly misunderstood
terms; Greg Cotterman for his contributions to Part I and to manu-
script production; and Chris Fristad for his perspectives on the
PMI® PMBOK® Guide and OPM3®. We are grateful to Neal Golub
for agreeing to add his software project planning and estimation
templates to our downloadable template database.

XV

[vww .ebook3000.con}



http://www.ebook3000.org




CONTENTS

Introduction Using Visual Models to Master Complex Systems XXi

PART ONE
USING MODELS AND FRAMEWORKS TO
MASTER COMPLEX SYSTEMS

1 Why Are Project Requirements a Critical Issue? 3

Maintaining consistency of the business case, the project scope, and customer needs

2 Visualizing the Project Environment 8

Using systems thinking to understand and manage the bigger picture

3 Modeling the Five Essentials 19

Visualizing the critical relationships in managing projects

PART TWO
THE ESSENTIALS OF PROJECT MANAGEMENT

4 Organizational Commitment 37

Ensuring success with management support, quality environment, and needed resources

5 Project Communication 48

Communicating clearly, completely, and concisely

6 Teamwork 69

Xvii

[vww .ebook3000.con}



http://www.ebook3000.org

xviii CONTENTS
Maximizing team energy and output
7 The Project Cycle 84
Understanding the steps and gates in every project life cycle
8 The Ten Management Elements 129
Comprehending the relationships among the techniques to be applied
throughout the cycle
PART THREE
THE TEN MANAGEMENT ELEMENTS IN DETAIL
9 Project Requirements 137
Ensuring satisfied users by determining and delivering what’s wanted
10 Organization Options 167
Selecting and adapting the structure for the project
11 The Project Team 181
Getting the right people
12 Project Planning 196
Determining the best way to get there
13 Opportunities and Their Risks 223
Seeking and seizing opportunities and managing their risks
14 Project Control 254
Making sure the right things happen and the wrong things don’t
15 Project Visibility 278
Providing project transparency for everyone involved
16 Project Status 292
Discovering the problems
17 Corrective Action 312

Fixing the problems



CONTENTS Xix

18 Project Leadership 319

Motivating and inspiring the team

PART FOUR
IMPLEMENTING THE FIVE ESSENTIALS

19 Principles and Tactics for Mastering Complexity 341

Implementing the technical development process

20 Integration, Verification, and Validation 361
Delivering the right thing, done right

21 Improving Project Performance 381

Moving beyond success

Appendixes

A Web Site for Forms and Templates 401
B The Professional and Standards Environment 403
C The Role of Unified Modeling Language™ in Systems Engineering 409
D A Summary of the Eight Phase Estimating Process 415
E Overview of the SEI-CMMI 421
Glossary One Hundred Commonly Misunderstood Terms 427
Notes 435
Index 441

[vww .ebook3000.con}



http://www.ebook3000.org




INTRODUCTION

USING VISUAL
MODELS TO MASTER
COMPLEX SYSTEMS

The traditional telephone is heading for extinction—one more
casualty of the Internet and evolution. Consider how quickly
the cell phone grew from its modest beginnings as a mobile
version of Alexander Graham Bell’s telephone to being a “The ability to simplify means
. to eliminate the unnecessary
complex entertainment, knowledge management, and so that the necessary may
communications system. But technology advance represents speak.”
the most manageable facet of the complexity growth.
Consider the business and social implications. Your boss will
be able to contact you no matter where you are. Vacations
will exist in name only.

While some organizations cite complexity as an excuse
for late, flawed, and overrun projects, others welcome the
challenge and strive to simplify and manage complexity as a
competitive advantage. This book is dedicated to mastering
complexity.

Hans Hoffman’

IT'S ALARMINGLY COMMONPLACE FOR
PROJECT TEAMS TO FAIL

Almost daily we are made aware of projects that have failed or
haven’t met customer expectations. Past examples include Iridium,
Globalstar, and many others where the technical solution worked as
specified but the business case was never realized. The English
Channel tunnel has never achieved predicted revenues and the
Boston “Big Dig” has overrun its $2.6 billion budget many times over

XXI1
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Since projects and project
teams are temporary, their
performance may be incor-
rectly attributed to the luck of
the draw.

($14.6 billion and counting). At the other extreme, billions of dollars
in failed projects have been attributed to minor technical problems,
such as a missing line of code or crossed wires. Concurrent with these
troubled projects are those that meet or exceed expectations. The
Olympics are perhaps the best examples. Except for isolated instances
such as Montreal, they routinely accomplish difficult objectives on
time and usually with substantially—sometimes surprisingly—higher
profits (Los Angeles Olympics profit was $100,000,000—ten times
that expected). Product introductions such as the Apple iPod and the
Toyota Lexus are among the excellent examples of projects that were
very well executed.

Widely varying project results would lead one to conclude—
quite correctly—that project success is too often dependent on the
specific team. But any team can succeed when it is committed to im-
proving its processes and applying the fundamentals of project man-
agement and systems engineering comprehensively, consistently, and
systematically.

RESPONDING TO THE ULTIMATE “WHY?”

Ironically, most of the billions of dollars lost in high-tech project
failures have been traced to low-tech causes. Following each failure
there is usually an extensive analysis that seeks to identify the root
cause. Here’s a representative list of reported root causes:

* No one communicated a change in design.
* A piece part was not qualified.

* A line of software code was missing.

e Two wires were interchanged.

¢ Unmatched connectors were mated.

* A review or decision gate was skipped.

We have only to ask “Why?” to see that these are symptoms of
the real root cause. They are human errors—the results of behavior.
Why wasn’t the change communicated? Was it fear of interrogation?
Why wasn’t the part qualified? Was it a cost savings? And why
weren't the interchanged wires detected? Was it incompetence or
expediency? These are the ultimate “Whys?” that should be an-
swered for every failed project. Chapter 4 addresses this question in
a cultural context.
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WHY DO COMPLEX SYSTEMS HAVE A DISMAL
PROJECT PERFORMANCE RECORD?

Failure often results from flawed perception of what is involved in
successfully managing complex system development from inception
through completion. Even experienced managers often disagree on
important aspects, like the blind men who encounter the elephant
and reach different conclusions concerning the nature of the beast.
In the parable, the man feeling the tail concludes the elephant is like
a rope, while the man holding the trunk decides the elephant is like
a snake. Project reality is such a complex organism that personal ex-
perience alone can result in biased and flawed views.

Being temporary, projects often bring together people unknown
to each other. The newly formed group usually includes specialists
motivated by the work itself and by their individual contributions.
Teams of highly skilled technicians can make costly errors—even

THE FAR SIDE By GARY LARSON
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INTRODUCTION

Improved visualization and
intuition can be developed

with time and training.

L4

fatal ones—simply because the members fail to understand or inter-
nalize a systematic approach for applying best practices to project
management. A major factor critical to project success is the avail-
ability of an effective and intuitive management process—one the
group will quickly buy into and build their team upon.

VISUALIZATION: A POWERFUL TECHNIQUE FOR
ACHIEVING HIGH PERFORMANCE

No matter how much intuition you have, you can’t rely on personal ex-
perience alone as you navigate through the increasingly complex and
dynamic environment of projects. On the other hand, management ex-
cellence cannot simply be taught any more than excellence in Olympic
gymnastics or being a great artist. Fortunately, Complex systems do not
require complex management, quite the contrary. The most effective
project managers are able to decompose the apparent complexity of
their project environment in order to view it more simply.

Psychologists agree that most people have insight and creative
abilities far beyond those used routinely. This has been attributed to
childhood education that favors left-brain (logical) modes of think-
ing, while downplaying the right brain’s creativity. Albert Einstein
is just one of many people believed to have overcome traditional
Western society left-brain learning patterns. He was able to “see”
three-dimensional pictures in his mind before he wrote equations.
He emphasized the importance of visualization to his own working
methods. Everything he did on the theory of relativity was already
in the literature, but other physicists just couldn’t visualize how to
put it all together. Experts now believe that visualization, and the
subsequent intuition improvements from right-brain thinking, can
be developed with time and training.

Visualization can be a powerful technique for achieving high
performance and success in business as it is in fields such as sports.
Top athletes often perform successfully in their minds before com-
peting. They experience their winning achievement visually—see
it—even feel it. NASA researcher Dr. Charles Garfield reports that
most peak performers are visualizers. Business people who need to
persuade others, such as salespeople or entrepreneurs, prepare for
the responses they expect by visualizing scenarios of their situation.
Visualization—a right brain activity—is a vital characteristic of lead-
ership, another right brain activity. We employ this technique to gain
insight into the logical and systematic project management and sys-
tems engineering environments and processes—left brain activities.
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XXV

THE SIMPLIFYING POWER OF MODELS

Visual models enable us to see the big picture. They provide a pow-
erful language for comprehending each key element in the project
environment and for visualizing how each element relates to the
whole and to the others:

* Models help us to explain and to understand how things work by
simplifying complexity. Models enable us to visualize and char-
acterize what to expect. What young science student hasn’t
been enlightened by a physical model of the reciprocating en-
gine or of a molecule?

* Models can broaden our perspective as does a desktop globe or
a model of the solar system.

* Models provide a common conceptual frame of reference just as
a common vocabulary does for communications.

* Models can express rules and ideas more simply, models like pic-
tures are worth more than a thousand words.

* Models clarify relationships, identify key elements, and elimi-
nate confusion factors. In Thomas Kuhn’s words, “. . . all models
have similar functions. Among other things they supply the
group with preferred and permissible analogies or metaphors.”

The appropriate models help avoid costly errors that can lead to
failure. One of the major sources of project failure is flawed re-
quirements and scope management. Models of the project environ-
ment, therefore, need to address the development and management
of project requirements. Continuing to work on the project solution
with an insufficient understanding of stakeholder requirements and
a deficient requirements development process often leads to expen-
sive time delays and redesigns. This doesn’t have to be the case. A
strong requirements development and management process model
can provide that ounce of prevention.

THE INTEGRATED PROCESS MODEL

The most popular models in the development project environment
focus either on project administration, technical development, or
process improvement, often to the exclusion of the other areas.

All too often projects proceed with innovation and sophisticated
development without paying heed to the evolving business case. Fur-
thermore, the managers of supporting subsystems or items usually
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Model: A representation of the
real thing used to depict a pro-
cess, investigate risk, or to
evaluate an attribute.

“The power of a science
seems quite generally to
increase with the number of
symbolic generalizations its
practitioners have at their
disposal.”

Thomas Kuhn

From road maps to wind tun-
nels, models help us avoid
costly errors and dead ends—
that is, if we're correctly mod-
eling the right things.
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INTRODUCTION

Developers often focus on
what is possible technically
regardless of the constraints
of cost, a limiting schedule, or
what the customer requires.

To implement an effective pro-
cess, any model must be intu-
itive because it is impossible
to install if it can’t be quickly
understood and affirmed.

The visual models presented
here can broaden your per-
spective on all aspects of your
project, enabling you to lead
from your right brain and
manage with your left.

have little knowledge of the driving business case and of the deriva-
tive cases at their level. This lack of awareness of the underlying busi-
ness issues stems from inadequate collaboration between the business
and technical disciplines and can lead to a wrong project solution that
is ultimately rejected by the users, customer, or marketplace.

How then to best accommodate the evolving business case and
to have it drive the technical and financial decisions throughout the
project life cycle? The answer begins with internalizing the inte-
grated process model presented here, tailoring the processes, and
then putting the practices to work. The set of models presented in
these pages builds on the natural synergies of project management
and systems engineering, enabling project teams to:

* Develop new products and services that meet customer needs—
the right solution the first time.

* Shorten time-to-market for new developments—effective busi-
ness strategies and development tactics.

e Improve efficiency and productivity—organizational and per-
sonal capability maturity.

* Establish competitive positions in national or world markets—
best in class processes leading to best in class performance.

Installing an integrated project management and systems engineer-
ing culture, based on the models in this book, coupled with training
and certifying key team members has significantly improved project
success rates. Moving beyond success to a strong project culture and
a predictable performance improvement program can represent a
distinct competitive advantage.

Navigating the Book—Exploring the Models

This book is organized with three goals in mind:

1. Visualizing what’s involved in mastering complex systems at the
concept level. Part One introduces the integrated process model
that enables you to visualize the major relationships.

2. Internalizing the processes and understanding how to leverage
them. The chapters in Parts Two and Three correspond to the
visual process model’s building blocks and introduce supporting
tactics, methods, and techniques.

3. Mastering complexity with a deeper understanding of systems
engineering principles and their application. Part Four presents
advanced topics that prepare you to confidently accept respon-
sibility for the challenges of complex projects.



PART ONE

USING

MODELS AND
FRAMEWORKS TO
MASTER COMPLEX
SYSTEMS

As in previous editions, the wheel and axle model is the center-
piece—the basis for visualizing the overall project management
process and for structuring the book’s content. The theme of the
book, and our metaphor for a great project team, is a symphony or-
chestra, each musician capable of solo performances, but committed

Note that the first violinist is
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to teamwork. This edition emphasizes the pivotal role of systems en-
gineering, the first violinist in the orchestra metaphor.
Visualizing Project Management, third edition, has four parts:

Part One draws on systems thinking to consider the project en-
vironment, highlighting the critical role of solution and stake-
holder requirements.

Part Two applies our visual model to reveal the relationships and
interdependencies among the major project success factors.
Part Three provides the tactics required to navigate skillfully in
order to achieve the project goals.

Part Four describes how processes can best be deployed to
achieve predictable performance improvements.

COPYRIGHTS AND SERVICE MARKS

PMI® and PMBOK® Guide are service and trademarks of the Proj-
ect Management Institute, Inc. that are registered in the United
States and other nations.

PMBOK® Guide MARGIN NOTES

This form of margin note is
used for PMI PMBOK® Guide

This third edition uses two forms of margin notes. As in previous

references. .. . . .
editions, margin notes are used to emphasue a point or to annotate a
INCOSE diagram, such as the systems engineering role in the first paragraph.
This form of margin note is The second form, shown here in the margin, is used to reference
used for INCOSE Handbook specific sections of the PMI PMBOK® Guide and the INCOSE Sys-
references. tems Engineering Handbook, Version 3 (2006).

SECTIONS

We occasionally refer to specific chapters by number and to a sec-
tion nearby. Sections are delimited by headings in all caps and cen-
tered, such as this one.



WHY ARE PROJECT
REQUIREMENTS A
CRITICAL ISSUE?

In the mid- to late-1980s, cellular phones had very limited
operational range and were generally used only in large cities.
A strong business case for a satellite-based mobile phone was
made and the Iridium Program was born. By the time the 12-
year development and deployment was complete, GSM cellular
technology had matured and spread through all markets. Only a
fraction of the potential Iridium customers remained. The
consortium, unable to pay the $5 billion debt, filed bankruptcy.
A realistic business case, appropriately updated, would have
revealed that the program could not survive—and it would have
revealed the problem years before any satellites were launched.

his chapter speaks to the challenges of maintaining consistency

of the business case, the project scope, and customer needs. Sub-
sequent chapters address the many creative ways to maintain this
consistency, including opportunity management. In the case of the
Iridium Corporation, opportunity seekers bought the assets for about
2 percent of the original investment. By late 2004, the new team had
enlisted 100,000 customers and could be headed for success in a more
limited market and greatly reduced investment (the original Iridium
Corporation needed 1.6 million subscribers to survive).

Projects and their solutions are the lifeblood of most businesses.
Projects are either the main business, as in construction, or they are
expected to provide new products, as in most commercial product

“It was a painful lesson to
learn, but it was an engineer’s
dream. ... | had a great time,
but, in the end, it taught me a
great lesson in business
planning. You need to
minimize the investment as
well as reduce the risks. We all
need to think in terms of
business, not straight
engineering anymore.”

Roger Taur’

Dr. Taur was a member
of the original Iridium
development team.

For some businesses, such as
aerospace and
communications, project
management is the lifeblood
of the enterprise and systems
engineering is the heart of
project management.

[vww .ebook3000.con}
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Tougher competition demands
shorter time to market and

squeezes the break-even point.

Outside influence is
persistent—an increasing
distraction.

companies. Whether for survival or to sustain market leadership,
projects are the key to succeeding in world competition. Project suc-
cess is delivering a result that does what it is supposed to; when it is
supposed to; for the predicted development, operating, and replica-
tion costs; and with the reliability and quality expected.

THE MARKETPLACE DYNAMICS DEMAND MORE
RESPONSIVENESS AND AGILITY

Marketplace shifts often force abrupt changes of direction. Longer
projects face particularly elusive targets. Budget and contingency
planning rarely account adequately for market shifts and schedule
slips. A prolonged project can face inflated labor and material costs
and eroded prices when it eventually shoulders its way into the mar-
ketplace. Competitive danger signs include:

* Shorter market windows with higher risks.
* More contenders carving available markets.
* Pricing pressure reducing profit margins.

* Plethora of emerging technologies.

Conditions such as inflation/recession cycles, lack of borrowing
power, and stockholder pressures have always existed, but not so
tightly coupled with technology shocks and worldwide competition.
Diversionary pressures include:

e High rate of technology change.

* More attention to legal, ethical, and fair conduct.
e Greater international involvement.

* Internet-based worker mobility.

The only certainty is uncertainty, especially with regard to proj-
ect requirements. The Agile Alliance, an organization formed to ad-
dress the conflicting demands on software developers, has issued a
set of principles and practices to deal with changing requirements.
This excerpt of their principles acknowledges the inevitability of
changing requirements:

* Requirements are not negotiated up front, but rather evolve as a
result of constant collaboration between the customer and de-
velopment team.

* Welcome changing requirements, even late in development.

* Agile processes harness change for the customer’s competi-
tive advantage.
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These tactics do apply to some environments, especially in smaller
projects, but they could lead to failure in others. Development tac-
tics are addressed in Chapters 7 and 19.

PROJECT SUCCESS DEPENDS ON DELIVERING THE
RIGHT SOLUTION, DONE RIGHT—THE FIRST TIME

We refer to the purpose and final result of any project as the solu-
tion. Delighting the customer with the right solution could be deliv-
ering a product or service as expected, or even resolving a problem.
“Done right—the first time” means it was developed as intended
without burning out the team.

Projects usually exist to address a business opportunity; there-
fore, to achieve project success, all decisions must be consistent
with the business case (also known as the mission case for some gov-
ernment projects). It is often difficult to achieve cooperation and
balance among the business and technical aspects. Business cases
and technical issues are often subject to conflicting priorities and
external forces, such as those in the previous section.

MANAGE REQUIREMENTS TO
MANAGE THE PROJECT

The Project Management Institute (PMI), the leading certification
body for project management, defines project management as: The
application of knowledge, skills, tools, and techniques to project ac-
tivities to meet project requirements. Seasoned project teams view
managing requirements and the project scope as the most critical el-
ements of managing the project. The project and its requirements
start with expressed needs and end only when those needs are satis-
fied as evidenced by successful user validation. Chapter 9 covers the
end-to-end chain of technical and business development.

Once technical and business requirements are established as con-
sistent, the balance (referred to as congruency) needs to be main-
tained. The budget and schedule must enable achievement of the
technical requirements. Conversely, the technical requirements must
be achievable within the budget and schedule. Projects without con-
gruency at the outset are usually doomed and unrecoverable unless
the inconsistencies are resolved very early (Figure 1.1). In some in-
dustries, projects of this type are known as a “suicide run.” Through-
out a project’s duration, there is continual pressure to change the
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Business and technical
conflicts are usually resolved
through trade studies,
negotiation, or similar
processes.

Nonessential or overspecified
requirements frequently result
in missing schedule and cost
targets.
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(WALLY, WE DON'T HAVE
TIME TO GATHER THE
PRODUCT REQUIRE-
MENTS AHEAD OF

I WANT YOU TO START
DESIGNING THE
PRODUCT ANYWAY.
OTHERWISE TT WILL
LOOK LIKE WE AREN'T
ACCOMPLISHING ANY-

OF ALL MY PROJECTS,
I LIKE THE DOOMED
ONES BEST.

www.unitedmedia.com

SAdkms

g[q!q7 ® 1997 United Feature Syndicate, Inc.

Figure 1.1 The “suicide run.” Reprinted by permission of United Feature Syndicate, Inc.

established agreements. Schedules are compressed, available re-
sources decreased, and technical features added. The project team
must be able to recognize and respond to serious inconsistencies.
When implementing schedule, budget, and technical changes, congru-
ency must be reestablished or the project will fail.

REQUIREMENTS MANAGEMENT: THE
INTERSECTION OF PROJECT MANAGEMENT
AND SYSTEMS ENGINEERING

Why are project requirements a critical issue? The answer to this
question lies partially in the pervasiveness of the requirements, the
diverging interests of project stakeholders, and confusion over roles.
Just as we have done up to this point, stakeholders talk about man-
aging requirements without a common understanding of just what—
and who—it involves (Figure 1.2).

The two key stakeholders on the project team are the project
manager and the systems engineer. The previous section began
with the PMT’s definition of project management, which empha-
sized the role of requirements. While we support and applaud
that emphasis, our definitions that follow reflect the interdepen-
dency of project management and systems engineering in regard
to managing requirements.

Project management: The process of planning, applying, and

controlling the use of funds, personnel, and physical resources

to achieve a specific result.

Systems engineering: The process of managing requirements to

include user and stakeholder requirements, concept selection,

architecture development, requirements flowdown and trace-
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PROJECT
MANAGEMENT

REQUIREMENTS
MANAGEMENT

SYSTEMS
ENGINEERING

Figure 1.2 Requirements management: The intersection defined.

ability, opportunity and risk management, system integration,
verification, validation, and lessons learned.

Requirements management: Management of the project busi-
ness, budget, and technical baselines. The objective is to keep
the three baselines congruent. The process includes baseline
change management and authorization. Also included are re-
quirements flowdown, traceability, and accountability.

The business case and the systems engineering management
process provide the framework for requirements management—the
place where project management and systems engineering intersect.

In many environments, project managers are held accountable
for the cost and schedule performance of their projects even though
the technical solution is being developed outside of their range of
authority. Because the solution development usually consumes the
largest portion of the budget and determines the schedule, this con-
dition is likely to be unmanageable. Fortunately, this situation is
changing as project management takes center stage and the project
manager’s role becomes better understood.

In environments where project managers are responsible for
the development and deployment of the solution, the project man-
ager should be skilled in the orchestration of solution development
(systems engineering) or closely share that responsibility with some-
one who is.

The next chapter examines the intersection between project
management and systems engineering in the context of the overall
project solution environment.

[vww.ebook3000.con)
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22 percent reported having
resource control.
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Systems thinkers see the root
causes and courses of action
that control events.

VISUALIZING
THE PROJECT
ENVIRONMENT

Solutions to devastating events, such as forest fires, illustrate
the power of systems thinking (Figure 2.1). For many
decades, the conventional wisdom for controlling forest fires
was to prevent them. This led to unacceptable fuel
accumulation and even greater devastation over the long
term when the accumulation did ignite in an uncontrollable
rage. By considering the bigger picture, preemptive
controlled burns emerged as the best solution. Similar bigger
picture approaches have been used successfully for solving
pest control and flooding threats.

hen we fail to grasp the systemic source of problems, we are

left to treat symptoms rather than eliminate underlying
causes. Without systemic thinking, the best we can ever do is adapt
or react. Systems thinking, powered by visual models, stimulates
creative—rather than adaptive—behavior.

On most complex system development projects, the systems engi-
neer is the champion and curator of the big picture, including the cus-
tomer’s perspective of the problem and the solution. To benefit from
systems thinking, the project team needs to extend that viewpoint
upward to the bigger picture of the project’s overall environment.

Systems thinking encompasses critical thinking, solutions
thinking, future and forward thinking, longer-term thinking, and
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Systems Thinkers . . .

Appreciate the interconnectedness of all things.
One of Leonardo da Vinci's seven elements of genius

| See the forest and the trees.

""' 3
$5%
Comprehend the relationships among \

system components and external factors |

and how they influence performance. /
Systems Thinkers

See the whale picture

Seck diverse perspectives
Laok for interdependencies
Find opportunities and risks

Focus on structure, not blame
Use tension and paradox to advantage
Consider how mental models create futures
Use peripheral vision to consider cause/effect
Give voice to the long-term

Figure 2.1 Systems thinkers take a broader view of the world. Adapted
from Systems Thinking Playbook, Linda Booth Sweeney and Dennis
Meadows, 1995.

high-level thinking. It is not analytic thinking, which is tactical and
parts oriented. To illustrate the stretch in our training events, we
ask the participants to picture the class they are in as a system and
to identify its major elements. The first responses typically focus on
the actors, the materials, and the dynamics of the event itself. By
asking the participants to consider everything they bring into the
classroom, including environmental factors, the brainstorming ses-
sion leads to a result similar to the bigger picture illustrated in Fig-
ure 2.2.

By providing frameworks and perspectives for systems thinking,
models enable us to visualize the big picture, which is so vital to
project management and systems engineering. In this chapter, we
employ systems thinking to model and visualize the system solution
environment to provide context as we zoom in on the area within
which most of the system development decisions will be made, re-
ferred to as the trade-off area or, more simply, the trade space.

The final result of any project is a product, service, or even a
problem resolution, all of which we refer to as the system solution.
In the vernacular of systems thinking, a system and the project solu-
tion are used interchangeably.

[vww.ebook3000.con)
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Figure 2.2 Systems thinking focuses on relationships, multiple outcomes,
holism and boundaries, the environment, the larger system, and feedback.

This next section characterizes the overall environment and space
within which the solution is created in terms of:

* The available trade space.
* Models, frameworks, lessons learned, and best practices.
* Project stakeholders.

Subsequently, the remainder of this chapter zooms back out to the
big picture to address the opportunities, risks, and ultimate payoff
for those whose future depends on moving beyond project success to
higher levels of performance:

* The professional atmosphere.
* Opportunities and risks.
* The payoff.

ZOOMING IN ON THE SOLUTION TRADE SPACE

Trade-off studies are used to select the best solution by evaluating
the alternative concepts and architectures against a set of criteria.
The trade-offs are performed within the project’s trade space—
the area bounded by project and solution constraints, as shown in
Figure 2.3.
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1

Environment
Lessons Learneq

Figure 2.3 The trade-off area at the core of the environment.

Models, frameworks, and best practices influence the tactical
approach and processes to be applied within the solution space.
While these three terms are often used interchangeably, they are
most valuable when their differences are understood and properly
applied. In the context of project management and systems engi-
neering, the following definitions and descriptions apply:

Models: A model is a representation of the real thing used to de-
pict a process, investigate an opportunity or a risk, or evaluate an
attribute. Properly constructed models are valuable tools because
they focus attention on critical issues while stripping away less
important details that tend to obscure what is needed to under-
stand and to manage. Because they idealize a complex situation, a
variety of different models can be constructed to represent the
same situation. A useful model will be simple, but it must retain
the essence of the situation to be managed—the driving force for
the process model defined in the next chapter.

Frameworks: Within the solution space, a framework is a set of
assumptions, concepts, values, and practices that constitutes a
way of viewing reality. The Software Engineering Institute’s
(SEI) Capability Maturity Model Integrated (SEI-CMMI®) is

[vww .ebook3000.con}
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as simple as possible—but no

simpler.”

Albert Einstein



http://www.ebook3000.org

12

USING MODELS AND FRAMEWORKS TO MASTER COMPLEX SYSTEMS

the centerpiece of the SEI framework for assessing, rating, and
subsequently improving an organization’s performance. We dis-
cuss this framework further in Chapter 21.
Best Practices: Best practices are about doing what has been con-
sistently demonstrated to work well—processes, procedures, and
techniques that enable project success. Best practices need to be
documented for the purposes of sharing, repetition, and refine-
ment. Best practices are usually based on lessons learned by ex-
perienced project managers, as was done in developing the
Project Management Institute’s A Guide to the Project Manage-
ment Body of Knowledge (PMBOK® Guide).! The PMBOK®
Guide is updated periodically through feedback from practi-
tioner experiences. The behavior-based process models in Visu-
alizing Project Management integrate systems engineering and
project management best practices, the latter being consistent
with the PMBOK® Guide. Figure 2.4 continues the trade space
delineation.
Figure 2.5 illustrates the solution space shrinking to the trade
space (Figure 2.3), leading to the value-driven concept. The letters
on the diagrams correspond to the following:

. Stakeholder constraints imposed.

. Legacy system conformance requirements.

. Technology limitations.

. The trade space where requirements are satisfied by performing
trade-offs among alternative solution concepts.

E. The ideal concept fills out the trade space.

F. Low-value features are eliminated.

O =

From a technical perspective, the ideal concept is one that fills out
the trade space, pressing on all boundaries. However, a well-con-
ceived business case provides a basis for determining the value of
optional system features or capabilities. When low-value features
are eliminated, the value-driven concept is realized as shown in
step F of Figure 2.5. The widely practiced techniques of Value En-
gineering and Cost as an Independent Variable (CAIV) promote this
approach.

IDENTIFYING THE PROJECT STAKEHOLDERS

The next step in characterizing the solution space is identification of
the key stakeholders or groups. The project stakeholders fall into
several categories:



Environment

The project environment is shown bounded by the
relevant lessons learned. Process frameworks,
best practices, and industry standards are depicted
as overlapping areas.

L Industry Best
Organization’s Practices

Best Practices PMI, INCOSE,
Agile Alliance

Frameworks
SEI-CMMI,
Six Sigma Industry
Standards
ISO, EIA, IEEE

.\

The various user needs are overlaid, Needs,
which may very well extend beyond the Expectations,
previously defined solution space in and Solutions
violation of either lessons learned or
best practices.

Laessons Learney

User #1 User #3

Needs,
Expectations,
and Solutions

User #2
Needs, Expectations,
and Solutions

When the boundaries imposed by the
Business Case and User CONOPS
(Concept of Operations) are defined, all
of User #3’s needs can be incorporated,
but not all of the others.

Environment

Figure 2.4 The project environment boundaries.
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Figure 2.5 Getting to the value-driven solution concept.

e Customers and users.

* Project participants.

e Marketplace.

* Professional societies, regulatory bodies, and standards organi-
zations.

The customers and users could be the same, but they are frequently
different. For example, the project’s customer could be the sponsor-
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ing organization’s internal marketing department, which is serving
as an intermediary for the final user or consumer of the project
product or service.

Project participants include the core stakeholders: the project
team, sponsoring enterprise, internal customers (such as the mar-
keting/sales department), and functional organizations.

The marketplace has two key stakeholders: sales channels and
competitors.

Professional societies, regulatory bodies, and standards organiza-
tions exert significant influence on project practitioners, the project
vocabulary, and the solution space. Several of the key organizations
are listed here and the most influential are profiled in Appendix B
and in Part Three of our book Communicating Project Management.”

ASAPM—American Society for the Advancement of Project
Management

DoD—U.S. Department of Defense

EIA—Electronics Industries Alliance

IEEE—Institute of Electrical and Electronics Engineers
ITE—Institute of Industrial Engineers
INCOSE—International Council on Systems Engineering
IPMA—International Project Management Association
ISO—International Organization for Standardization
PMI—Project Management Institute

SEI—Software Engineering Institute

SESA—Systems Engineering Society of Australia

THE PROFESSIONAL ATMOSPHERE

A large number of professional organizations and societies share
their lessons learned, develop their own best practices, and offer
various forms of support and mentoring to their members. They
range in size from the Agile Alliance to the 28 separate professional
societies that make up the half-million-member Institute of Electri-
cal and Electronics Engineers.

The Agile Alliance is of particular interest because its methods
(such as Extreme Programming) and feature-driven tenets are fre-
quently misunderstood to conflict with a structured framework
such as the SEI-CMMI. We view Agile methods as means for opti-
mizing requirements flexibility and discovery while concentrating
on constant improvement of the team’s development practices.
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From this perspective, agility may actually help an organization in
achieving its capability and process maturity goals.

The SEI mission is to advance the practice of software engineer-
ing and to make predictable the acquiring, developing, and sustaining
of software-intensive systems, from design through operation. The
integrated systems engineering/hardware/software CMMI Product
Suite was introduced in August 2000 to replace the Software Capabil-
ity Maturity Model (SW-CMM) in use since 1987.

The SEI is one of the three professional organizations that,
through continued growth in scope, influence, and collaboration,
are expected to shape the future of the professional surroundings
for projects. The Project Management Institute (PMI) and the In-
ternational Council on Systems Engineering (INCOSE) represent
the project management and systems engineering professional com-
munities, respectively.

INCOSE expanded to international scope in 1995 and launched
its Certified Systems Engineering Professional (CSEP) certification
program in August 2004. The INCOSE Systems Engineering Hand-
book, the organization’s certification guide, is referenced in margin
notes throughout Parts Two and Three of this book using the IN-
COSE designation.

Holding a PMI PMP certification is the de facto basis for judg-
ing an individual’s knowledge about project management, especially
in the United States.

Professional certification of project managers and systems engi-
neers is a strong short-term driver for career growth and personal
development. Enlightened practitioners see certification as a means
to establish and maintain their life skills rather than as an end in it-
self. For organizations, certification sponsorship represents a power-
ful motivator for establishing a culture of professionalism and
personnel development.

OPPORTUNITIES AND RISKS

As the professional atmosphere improves, so does the local climate.
Project practitioners can look forward to increasing opportunities to
broaden their influence, enrich their knowledge, sharpen their
skills, and advance their careers in the emerging era of professional
collaboration. But we’re not quite there.

Bad Habits Were Learned and Barriers Were Built

It starts with the universities and other institutions of higher learn-
ing that separate their Schools of Business from their Schools of
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Engineering. New graduate engineers are ushered into the engi-
neering environment and situated among other engineers—likewise
the new recipients of a master’s degree in business administration
(MBAs) move into the nontechnical side of the business. Similarly,
engineering and business staffs are often located in different build-
ings—possibly in different campuses or cities. Business and techni-
cal collaboration, if present at all, is not emphasized or facilitated.
The barriers between disciplines grow. In many companies, organi-
zation structures keep technical and business management apart
until the second level of management. It is often impractical to
bridge the gap without abandoning one’s career path.

Historically, associated professional organizations have further
exacerbated this situation by not having a common vocabulary and
not engendering collaboration.

Finally, technical and business professionals frequently establish
their own independent customer contacts, each believing the other
doesn’t really know how to communicate with their custormer. In-
stinct replaces understanding, and when the product fails to satisfy,
it is often attributed to the customer’s “lack of appreciation.”

Getting rid of past bad habits begins by recognizing them.

Breaking the Barriers—A Future of Collaboration
and Integration

The concept of ensuring business-driven technical decisions
throughout the project by integrating project management and sys-
tems engineering, while not new, is receiving renewed interest and
investment in academic, government, and commercial venues. Sev-
eral major universities, including MIT, Stevens Institute, and Stan-
ford, are offering coordinated project management and systems
engineering programs or are aggressively preparing to do so.

The growing professionalism, certification, and recognition
of the systems engineering practice by INCOSE are deliber-
ate steps to clarify the systems engineering role and recognize its
significance.

The SEI provides a comprehensive framework for assessing an
organization’s system development process maturity and for estab-
lishing an integrated processes culture from the project to the enter-
prise level. Furthermore, the SEI-CMMI promotes blending of the
engineering management disciplines and processes.

One of the primary purposes of this book is to encourage broader
collaboration among individuals and between the disciplines.

While this transformation is breaking down historical barriers
at the institutional level, the real change agents are the readers of
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this book who have a vested interest not only in acquiring the skills
for mastering complex systems, but also in realizing the payoff.

THE PAYOFF: PERFORMANCE IMPROVEMENT

Near-maximum productivity improvements have already been
wrought from conventional skills training and capital improvements
such as computers and knowledge management. The integration of
project management, systems engineering, and process improvement
is being widely recognized as the wave of the future—the best

PYOfecty,

n
oy stems Ena o X means to improve project performance and ensure career advance-
055 \mprovemes ments. Forward thinking organizations are laying a new keel based

QXOG on this premise, which is the focus of Chapter 21.




MODELING THE
FIVE ESSENTIALS

“Treasure hunters had no control. . .. They were subject to
too many whims . . . that is why most of them failed.”"
Treasure-hunt projects are notorious for ad hoc management.
By contrast, the story of the search for the SS Central
America and the recovery of its treasure, as told in Ship of
Gold by Gary Kinder, is one of the most dramatic illustrations
of the power of blending business opportunity leadership
with systematic engineering approaches.? During the early
stages of the feasibility study, one of the key stakeholders
made this observation: “Einstein didn’t create anything new,”
said Glower. “Everything he did on the theory of relativity
was already in the literature, but other physicists just didn't
quite see how to put it all together.”

his chapter is about visualizing “how to put it all together”—a
management process much bigger than the sum of its parts—
once the relationships among those parts are understood.

MODELING THE INTEGRATION OF PROJECT
MANAGEMENT AND SYSTEMS ENGINEERING

The process model that frames this book was developed to pro-
vide a visual depiction of the integrated project management and
systems engineering processes. We characterized the behavior of

“Principles that are
established should be viewed
as flexible, capable of
adaptation to every need. It is
the manager’s job to know
how to make use of them,
which is a difficult art
requiring intelligence,
experience, decisiveness, and,
most important, a sense of
proportion.”

Henri Fayol®

19
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project managers, systems engineers, and teams that exhibited con-
sistent successes as differentiated from behaviors that led to trou-
bled and failed projects. Our resulting integrated process model is
compliant with the many practices defined in the Project Manage-
ment Institute’s (PMI) PMBOK® Guide as well as those of the Inter-
national Council on Systems Engineering (INCOSE).* The model is
intended to:

Communicate how a project should be managed.

Encourage stakeholder involvement.

Orchestrate the technical development process.

Keep the health of the project transparent and available.
Encourage pursuit of high-value opportunities while managing
their risks.

Trigger swift action to address problems.

VALIDATION CRITERIA FOR THE INTEGRATED
PROJECT MANAGEMENT MODEL

Experts have identified the general criteria for effective models, to
which we have added criteria specifically for project management
and systems engineering:

Explicitly and operationally defined structures and relationships.
Obviously valid and intuitive to all project stakeholders. If a
model has to be studied each time it’s applied, it has minimal—
perhaps even negative—value. It is difficult to install a process
if the model isn’t quickly understood and confirmed.

General applicability throughout the project environment in a
way that accounts for the complexity and dynamics of the proj-
ect processes and the driving role of project requirements.
Differentiates sequence-driven from situation-driven manage-
ment. Viewing a project solely as a sequence of phases and events
cannot properly represent management dynamics, processes,
roles, and responsibilities.

Validated empirically on real projects by real teams. This model
is a result of the experiences—both successes and failures—of
thousands of practitioners and hundreds of projects.

Easily remembered and effectively applied.

FIVE ESSENTIALS FOR EVERY PROJECT

The dictionary defines a team as a group of people working or play-
ing together to achieve a common goal. But anyone watching a
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swarm of 6-year-olds playing at soccer, with each child self-focused
rather than on the team, knows that this definition is incomplete.

Imagine the challenges faced by a newly formed jazz group,
composed of highly trained specialists, each capable of an excellent
solo performance. Then consider one of the freest expressions of
creativity in music—improvisational jazz. One of the apparent mys-
teries is that, while it seems free and unstructured, at the same time
it doesn’t result in uncontrolled noise. Music is produced, just as
surely as music is produced by a symphony orchestra that is respond-
ing to a musical score.

However, each jazz session is unique—ijust like a project. It is
improvisational and thus being created at the time. That music is re-
liably produced by the combined efforts of a group of jazz musicians
suggests that there is an underlying process that facilitates the musi-
cians in a group setting. In fact, jazz has rules. For example, each
piece has a time signature. The musicians exercise creativity within
their adopted boundaries and respect each other’s contribution, just
as project participants should.

When musicians of any kind come together for a short-term en-
gagement they depend on five essentials:

1. Resources and environment (organizational commitment);
2. A common music communications language;

3. Teamwork;

4. A score or plan (cycle); and

5. Guidelines, rules, and techniques.

The process model for a successful project team is based on these
same five essentials:

Organizational commitment: The foundation for the proj-
ect that includes: (1) a culture responsive to the project
manager; (2) the project team’s charter to do the job;
(3) the financial and other necessary resources; and (4) the
tools and training for effective and efficient execution.

Communication: The language and the techniques used by
a particular person or group to achieve understanding. In
project management, this is the essential that enables team
members to interact effectively and function as a team.

Teamwork: Efficiently working together to achieve a
common goal, with acknowledged interdependency and
trust, acceptance of a common code of conduct, and with
a shared reward.

[vww .ebook3000.con}
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Project cycle: The project’s overall strategic and tactical
management approach that is performed in periods and
phases punctuated by decision events. The broadest proj-
ect cycle usually starts with the identification of user
needs and ends with disposal of project products. The
project cycle is comprised of three aspects: business,
budget, and technical.
Management elements: The ten categories of interactive
';‘_” management responsibilities, techniques, and tools that
|ﬁ.ﬁ are situationally applied throughout all phases of the
74 project cycle by all stakeholders.

Visualizing the Relationships among the Five Essentials

ferentiates between practices that are ever present (perpetual),

those that are sequential, and those that are situational. When view-
ing the structure of each essential and the relationships among
them, organizational commitment, communication, and teamwork
are perpetual properties of the enterprise that transcend the
boundaries of any single project.

The phases of the project cycle are sequential and should
be tailored to each project. Project success usually depends on
meeting the business objectives by performing a set of technical
tasks within an authorized budget (cost and schedule). The three
project cycle aspects (business, budget, technical) must be kept in
balance.

The ten management element groups are situationally applied to
the management of the project through the project cycle. There are
several hundred techniques (practices such as using a spreadsheet or
The several hundred Gannt chart to depict a schedule) and tools (the means to perform a
successful techniques and technique, such as Microsft Excel or Microsoft Project software)
tools for both project . . . .
management and systems that successful project management and systems engineering practi-
engineering fit naturally into tioners use to address project situations. By grouping related tech-
ten homogeneous groups. niques, we can identify homogeneous management elements. For
instance, the work breakdown structure (WBS), WBS dictionary,
project network diagrams, critical path analysis, scheduling, esti-
mating, and others naturally fit into the planning element. Similarly,
the techniques of measuring cost, schedule, and technical perfor-
mance fit within the Project Status group. Iteration until all tech-
niques and tools fit naturally into homogeneous specialties results in
a ten-element structure.

To aid in understanding and communication, the visual model dif-
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Figure 3.1 Management elements.

Techniques and tools are located within the element where their
benefit is most significant. For instance, phase transition reviews
(known as decision gates) provide the team with visibility as to what
is happening, but the most significant benefit of decision gates is to
provide project baseline approval and control. Therefore, decision
gates are included in the Project Control group.

The first nine management elements are depicted as the spokes
of a wheel:

1. Project Requirements,

. Organizational Options,
. Project Team,

. Project Planning,
Opportunities and Risks,
. Project Control,

. Project Visibility,

. Project Status, and

. Corrective Action,

1O ULk W o

©

and are held intact by the rim, Project Leadership (Figure 3.1).

The project cycle is best visualized as an axle with the three
congruent aspects—business, budget, and technical—depicted as its
core (Figure 3.2). To illustrate the relationship between the situa-
tionally applied management elements and the sequential project
cycle, a third dimension is required (Figure 3.3).
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Figure 3.2 The project cycle portrayed as an axle.

The wheel progressing along the axle represents the project’s
logical sequence of events. Turning the dial—rotating the wheel—
represents the dynamic selection and application of the technique(s)
and tool(s) appropriate to the project situation at any point and to
any aspect of the cycle. This sequential project cycle axle and the
situational management wheel are supported by the ever-present
piers of communication and teamwork on a foundation of organiza-
tional commitment. Without a solid foundation, the model collapses
just as real projects do when management support and the infra-
structure is inadequate.
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Figure 3.3 The wheel and axle model.
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ELABORATION OF THE WHEEL
AND AXLE MODEL

This model has been validated by extensive project team experience
and through its application as a template for evaluating troubled proj-
ects. Assessing how project teams address each aspect of the model
can surface deficiencies and oversights in team conduct and manage-
ment processes. Clients report that they have significantly improved
project performance by basing their culture on this model. Even the
most experienced project managers express a clearer understanding
of their roles and increased confidence in their project execution.

Organizational Commitment—The Springboard
for Successful Projects

Project success is rooted in the foundation support systems that en-
able effective teams. That support can be demonstrated every time
executive management charters a new project by authorizing the
leadership role(s) and resources. The foundation is solidified by an
organizational culture that recognizes project management and sys-
tems engineering as a team sport with the project manager calling
the plays. The foundation is further reinforced by infrastructure
that includes tools and training to support the project team in the
achievement of its specific objectives.

Forward-looking organizations are equipping their teams with
both PM and SE computer-based tools that facilitate planning and
tracking of progress, technical analysis of concepts, and assistance in
conducting trade studies such as decision support systems. INCOSE
is currently leading the development of a common graphical template
for expression of both requirements and concepts that will be
adopted and supported by multiple tool vendors.

Enterprise culture, team behavior, and interpersonal relation-
sips are key factors of the organizational commitment. The answer
to the ultimate “Why?” raised in the Introduction and addressed in
the next chapter is to be found in the execution of this essential.

A useful executive management project support technique
is monthly and/or quarterly reviews that address progress and
shortcomings with the objective of helping to resolve issues that
can benefit from higher level assistance such as added or different
resources, high-level customer communication, pressure on suppli-
ers, and the like. These reviews should not be a forum for blaming
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The trend toward emerging
technology specialties, each
with its own language,
coupled with the global and
temporary aspects of projects,
necessitates the definition of a
common vocabulary for each
project—even small ones.

All project practitioners should
understand earned value and
the implications of
incremental and evolutionary
development.

and criticizing team members or they will lose their effectiveness
as a positive contribution to the project team support system.

Communication Based on a Common
Vocabulary—An Ever-Present Challenge

The imagery of a jazz group or a symphony orchestra illustrates the
interdependency among the five essentials. Removal of just one es-
sential leads to vulnerability and instability. For example, imagine
the confusion triggered by simple misunderstandings if you were to
try to recover lost luggage in a foreign country without knowing the
language.

The orchestra metaphor also reminds us that most of the orches-
tra’s communication is based on a graphical vocabulary (notes) and
the physical motions and facial gestures of the conductor that musi-
cians understand. During a performance, no words are used, yet com-
munication is timely and effective. To be an effective team member,
an orchestra member must be conversant in both the graphical and
physical languages. Similarly, team members must be conversant in
the project’s languages and communication techniques. Graphical
languages, such as the Unified Modeling Language™ (discussed in
Chapter 9), and tools such as Microsoft Visio and PowerPoint, aid
communication and are commonly used in project related communi-
cation. While these tools may not always create substance, they do
help display the results of team creativity and design evolution.

We are constantly reminded of the consequences of communi-
cation breakdown in our consulting and training sessions. Several
terms we use to teach the practice of project management are con-
fused with similar or identical terms used, with different meaning,
in the context of a domain specific business or technical field.

A prominent project management word, status, has nothing to
do with prestige. The project management context is usually unam-
biguous, but what troubles some people is the common practice of
using statusing as a verb.

Vocabulary problems lead to conflict and serious misunder-
standings. Therefore, a common vocabulary is necessary before you
can effectively communicate about the project and develop the nec-
essary teamwork. Furthermore, the common vocabulary of projects
should include both project management and systems engineering
terms. Communicating Project Management, a companion to this
book, addresses communication techniques of many types and pro-
vides an integrated vocabulary with definitions for project manage-
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ment, systems engineering, and software engineering, including the
Software Engineering Institute’s CMMI® glossary.” The Glossary to
this book defines terms that are frequently misunderstood and con-
tribute to confusion.

Project Teamwork among All Stakeholders

Project stakeholders consist of people and organizations that can af-
fect or be affected by the project.

Teamwork is often defined as working together to achieve a
common goal. However, this definition falls short of the scope of
the teamwork required in the project environment. The work por-
tion of teamwork—that is, the creative effort needed to harness the
creativity of all stakeholders—is usually not well understood. Be-
cause of this, real teamwork is only partially achieved. For teamwork
to flourish, each of the following fundamentals must be developed
and nurtured:

e Common goals;

* Acknowledged interdependency, trust, and mutual respect;
e A common code of conduct;

e Shared rewards; and

e Team spirit and energy.

Most project teams, including stakeholders, fail to adequately ad-
dress these teamwork factors. Of these five factors, the most often
overlooked is the common code of conduct. All too often, managers
assume that a code of conduct is implied and understood even though
it hasn’t been explicitly defined and agreed to by all participants. This
can lead to tension and separation among the team members, destroy-
ing teamwork. Many authors, including Jackman® and Kinlaw,” have
addressed the issues involved in achieving successful teamwork.

Without a commitment to and implementation of teamwork,
daily project activity would resemble rush hour in the subway. It’s
difficult to imagine a talented group of musicians making good
music without a common score and a conductor. Even in self-
directed teams, the leadership role is filled circumstantially by
strict adherence to proven processes supported by all team mem-
bers. And while it is possible for a leaderless group to become a team
complete with teamwork, it is a time-consuming process at best and
likely to fail in today’s rapid-paced virtual project environments.
With company survival often riding on project successes, we doubt
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Conflict and confusion may
drive team members into
incorrect practices—even to
performing incorrect work.

The visual evidence of
teamwork . . .

The coffeepot is never left
empty for teammates!
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that most CEOs would gamble on the odds of creating effective
leaderless project teams—any more than ticket buyers would gamble
on the performance of a conductor-less orchestra.

With adequate organizational commitment and an established
vocabulary, the project team will be equipped to tailor the project
cycle to match the challenges of their project.

The Sequential Project Cycle—The Template for
Achieving Predictable Performance

All projects have a cycle. It may not always be documented and it
may not be fully understood, but there is a sequence of phases
through which the project passes in pursuit of the project’s opportu-
nity (Figure 3.4).

The Project Cycle contains Each Period contains
Periods such as Phases
Study Implementation Operations
X[
Concept # I
Definition Verification

Activity Level] ———>

Time

Project Cycle
Typical Intensity Trend

Figure 3.4 The sequential project cycle.



MODELING THE FIVE ESSENTIALS

29

Professional project management organizations usually have a
standard or template project cycle that embodies their proven ap-
proach and lessons learned. That reference cycle serves as a founda-
tion for achieving predictable performance from project to project
and is tailored to the special characteristics of the project at hand.
The resultant project cycle then becomes the parent or driver of the
project’s logic network (represented by, e.g., PERT and GANTT
charts) that will be developed during planning.

The project cycle for development projects should represent
system solution maturation. It usually contains Periods (such as
Study, Implementation, and Operations), and Phases within the Pe-
riods (such as Requirements Development and Concept Defini-
tion). Phases include activities such as Trade-Off Candidate
Concepts, products such as System Concept Document, and deci-
sion gates or phase transition reviews such as System Concept Re-
view (Figure 3.5).

\
\
Budaget These events involve planning for, and securing,
9 project funding to fuel the project through the cycle.
|
Periods \
LW | phases
- l
©)
> » I .
O o Specific actions taken to meet the goals of the project,
= e.g., Define user requirements,
- ; Trade-off candidate concepts,
O 2 Develop user validation approach.
1]
Q
o
o %) The output of activities—to be approved at the Decision Gate,
()] o e.g., System Concept Document
< g Specifications, drawings, and manuals,
- o Internal hardware and software feasibility models,
o Deliverable hardware, software, and documentation.
Decision Predetermined decision check points to be satisfied
before advancing to the next set of activities,
Gat J
ates e.g., System Concept Review.

Figure 3.5 Recommended format for the project cycle.
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Known by a variety of names that help to characterize it,
the project cycle has been called: budget cycle, acquisition cycle,
implementation cycle, and others. These are typically condensed
functional views of portions of the overall project cycle.

A complete project cycle is usually designed to achieve the proj-
ect strategy and includes the tactical development and integration
methods determined for the project.

There are three aspects of any project cycle that are best envi-
sioned as layers: business, budget, and technical. Each layer uses the
common periods and phases but contains its own set of activities
and products. The interwoven events of the three aspects constitute
the total project cycle that is sometimes referred to as the project
opportunity cycle. The project cycle should span from user wants to
project deactivation or any reduced span appropriate to the project’s
scope (Figure 3.6).

The business aspect of the cycle contains the overall business
tactics for accomplishing the business or mission case that is the
root justification for pursuing the project opportunity. The busi-
ness aspect includes such activities as teaming, alliances, licensing,
market analysis, market testing, and other events relevant to the
business case success. Important business decision gates include

Technical Aspect

Collect
User
Req’ts

Sele|
Conc

Figure 3.6 The three aspects of all projects.
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approval of the overall program plan and contracting and subcon-
tracting milestones.

The budget aspect contains the management approach (tactics)
for securing and managing the funding of the project. It includes de-
velopment of the detailed project “should cost” and “should take” es-
timates and the events associated with applying for and getting
approval for the project funds. It also contains the financial manage-
ment approach, such as phased work release timed with funding
availability and cash flow management.

The technical aspect identifies the activities and events re-
quired to develop the optimum technical solution in the most effi-
cient manner, a systems engineering responsibility. Tactics such as
unified, incremental, linear, or evolutionary development and single
or multiple deliveries should be reflected within the technical as-
pect of the cycle. While the business aspect is the driver of the
project for development projects, the technical aspect will contain
the arrangement and sequence of periods and phases to best pro-
duce the system solution. The technical cycle will usually frame the
project network and will most likely represent the critical path.

» THE PROJECT MANAGEMENT ELEMENTS—
TEN CATEGORIES OF SITUATIONAL
TECHNIQUES AND TOOLS

Technical, schedule, and cost performance are not naturally com-
patible and synergistic. They are opposing forces in dynamic tension
that require compromise based on knowledge of the project’s prior-
ities and health. The management elements, summarized here, pro-
vide the necessary techniques and tools that can be situationally
applied to manage the project through the project cycle.

Many texts and organizations attempt to apply the Fayol model to
projects (depicted in the first column of Table 3.1). While the Fayol
model and its more recent derivatives (second column) have a time-
less validity to ongoing general management, they have critical defi-
ciencies related to project management and the relatively short
duration of projects. They fail to address the unique role of require-
ments as the project initiator and driver. Even more significantly,
they do not provide enough detail to manage highly complex project
processes, particularly those of high-risk, emerging-technology proj-
ects. To provide greater comprehension of what is required, we have
expanded these models. The resulting ten elements, applicable to all
phases of the cycle, identify those indispensable responsibilities of
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Technical, schedule, and cost
performance are opposing
forces in dynamic tension that
require compromise.

The wheel-and-axle process
model adds details that too
often are misunderstood,
minimized, or ignored in
practice. Lack of attention to
these details is precisely the
kind of omission that dooms
projects.
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Situational management
depends on the proper
application of each

technique . . . skillfully.
Projects sometimes fail by
flawed application of excellent
techniques.

project management and systems engineering that are too often mis-
understood, trivialized, or ignored in practice. This is not an aca-
demic reorganization. Lack of attention to these techniques leads to
omissions that often doom projects.

The added and changed elements are shown in bold. For project
control, the distinction between being proactive and reactive, noted
in the last column, is particularly significant. Project Control em-
bodies those techniques that help ensure that events happen as
planned, and that unplanned events do not happen (proactive),
whereas the three variance control elements define the means for
detecting and correcting unplanned results (reactive).

Table 3.1 Relating the ten elements to traditional models

Fayol Recent Our Ten- Major
(1916) Derivatives Element Model Rationale for Expansion Focus
Requirements Failure to manage requirements, which
initiate and drive projects, is the major
cause for failure.
Organizing Organizing Organizing
Staffing Project Team Teams are newly formed for each
project and include subcontractors and
outsourcing. Formulate
Proactive
Planning Planning Planning
Opportunity Usually ignored in the project
and Risk environment and a significant cause of
Management project failures.
Project Control  Often improperly implemented as
monitoring. Many failures are due to a
lack of proper controls.

Controlling Controlling Visibility Visibility systems must be designed Variance
and implemented to keep all control
stakeholders informed.

Coordinating Status Hard measurement of progress and
variance, as opposed to the more Reactive
typical activity reporting.

Commanding Directing Corrective Innovative actions required to get back

Action on plan.
Leadership Creation of team energy to succeed to .
Motivate
the plan.
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Because they are situational, the techniques must be applied re-
sponsively, relative to the active project phase and the team or indi-
vidual circumstances at the time. An example is the Organization
Options element that is applied frequently (almost continually) as
the project moves from phase to phase and changes its organization
form to best satisfy the objectives of the active phase. In addition,
the organization option for a supplier or an internal manufacturing
department is likely to be considerably different from that of the
project office. Similarly, the element of Project Visibility will call
for those techniques that are best suited to the active project-cycle
phase and the geographic distribution of stakeholders.

The ten project management elements (Table 3.1) are the team’s
tool chest containing the best available techniques and tools in each
category. This implicitly depends on the team being skilled in the
application of all of the techniques and tools—which is often not the
case. Projects do fail by flawed application of excellent techniques.

It is becoming increasingly popular for organizations to select a
tool suite for project management and systems engineering func-
tions. Microsoft Project is by far the most popular project planning
tool set. Risk management tracking is another popular tool capabil-
ity. While the tools don’t discover the risks, they do help track the
mitigation progress. Many systems engineering tools are available
and range from requirements management all the way to executable
simulations. Some are feature rich and require training to realize
their full capability.

The ten elements are summarized in Chapter 8 and discussed in
detail in Chapters 9 through 18.
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The project risk, size, and
management style determine
the extent of application, but
not whether a particular
element will be present or
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project success.
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PART TWO

THE ESSENTIALS
OF PROJECT
MANAGEMENT

P art Two devotes one chapter to each of the five essentials of the
process model introduced in Chapter 3.

Communication Teamwork Project Cycle Mgmt Elements

The five essentials model,
being behavior-based,
provides the framework for
relating the functional areas
and best practices of project
management and systems
engineering.

Organlzatlonal Commitment

Previous editions of Visualizing Project Management describe
four essentials of project management: vocabulary, teamwork, the
project cycle, and the ten management elements.

\ O/ While the project environment and enterprise infrastruc-
ture have always been considered key to the four es-

) sentials, our lessons learned in building and sustaining
project cultures have illuminated the critical importance
of organizational commitment as the foundation and en-
abler for the other four essentials.
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Nonverbal languages play an increasing role in project
management and systems engineering, particularly in the
graphical expression of requirements. We must, there-
fore, be more precise with our own process model vocab-
ulary. While a concise vocabulary is a vital project
success factor, it is now more properly characterized as
part of project communication.

The next five chapters, and the ten that follow in Part Three, in-
clude margin notes (as defined in the opener to Part One) to corre-
late the functional attributes of the five essentials with industry
practices set forth in the PMI PMBOK® Guide and the INCOSE
Systems Engineering Handbook.



ORGANIZATIONAL
COMMITMENT

Commitments are sometimes triggered by a life-threatening
event. In the case of one high-tech company, it was the
corporation’s life at risk. A sharp drop in proposal win rates was
further complicated by a declining economy. Customers rated
the company high on creativity and quality, but unacceptably
low on managing development projects. The 25 largest
contracts (Top 25) were all behind schedule—by as much as 50
percent—and all were over budget. Prospects for recovery were
grim. A 20 percent layoff, the firstin the company’s 20-year
history, was further evidence of the problems.

Despite the short-term crisis (or because of it), the
company president acknowledged the need for a long-term
solution at the culture level. His team selected our company to
establish the necessary processes facilitated by a training
program. Everything we provided was based on the
foundation concepts of this book.

Top management was trained first. Over the next two
years, all professional staff—from accounting to marketing to
engineering—were required to take two weeks of training in
project management, systems engineering, and project
business management. One year into the program, despite no
significant improvement in business results, the president
insisted on staying the course of rebuilding the company’s
culture. He reinforced this commitment with a performance
improvement incentive program tied to measurable results. By
the end of the second year, all projects showed significant
improvement and the Top 25 were all performing within
budget and on schedule to the amazement and delight of the
executive team and their customers. The next 15 years saw
four presidents and many Top 25 project changes, but with
only one exception the on-time, in-budget, high-quality results
continued with significant client award fees and profit.

Communication  Teamwerk Project Cycle Mgmt Elameants

PIVLD

Organizatonal Commitnent

ESSENTIAL 1

PMBOK® Guide
The PMBOK® Guide does not
directly address organizational
commitment.

However, PMBOK® Guide Sec
1.5.3 Understanding the
Project Environment,

2.3 Organizational Influences,
and 9.2 Acquire the Project
Team contain relevant
information.

INCOSE
INCOSE also does not directly
address organizational
commitment. Sec 7.2
Enterprise Environment
Management, 7.3 Investment
Management, and 7.5
Resource Management are
consistent with this chapter.
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“Commitment unlocks the
doors of imagination, allows
vision, and gives us the ‘right
stuff’ to turn our dreams into
reality.”

James Womack’

Education programs are
usually among the first
casualties of a company’s
recovery, but that’s the time
they’re most needed and have
the highest impact.

In the cited company, ESL, the commitment unlocked the doors of
imagination, allowed the vision, and provided the organization
with the right stuff. They cultivated a learning organization long be-
fore the phrase was coined.

This ESL story illustrates many of the key messages that follow,
particularly the importance of setting the overall objectives, estab-
lishing priorities, staying the course and:

* Building a project culture, starting at the top,
* Obtaining buy-in through shared discovery, and
* Keeping the faith in the vision by staying focused on the long view.

Many organizations are benefiting from their own decision to in-
vest in a project culture, one in which project management and sys-
tems engineering are integrated as a core competency and as a
competitive force. What’s unusual about this case is the company’s
commitment of energy and resources in a deteriorating situation
where the typical response is to cut all discretionary spending. ESL
survived and prospered because organizational commitment started
at the top, providing the fabric of the culture.

ESTABLISHING A PROJECT CULTURE
WITH ALL THE RIGHT STUFF

Much more has been said than done about meaningful and lasting
culture changes. Establishing a culture is not about creating a social
club with a certain theme. All organizations exist to accomplish
something; they have a core mission—a purpose. The delivered sys-
tem is the end; the project culture is the means.

By project culture, we mean an enterprise-wide belief system
that empowers the project manager to get the job done while openly
addressing the critical balance needed between the enduring func-
tional organizations and the relatively short-term project teams.
What is needed is a project culture that views and rewards the proj-
ect stakeholders inclusively; that is, by including all stakeholders, not
just the assigned team members.

Dr. Judd Allen likens the stages of cultural change to those
of farming:?

* Analyze and plan:
Prepare the soil.

e Introduce systems and processes:
Plant the seeds of change.
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. Integrate, train, and mentor:

Water and fertilize—the seeds take root.
* Evaluate and extend:

Harvest and gather new seeds to plant.

The Role of Executive Management

When a company forms a new division, the top executive makes an
announcement alerting everyone in the company. Personnel assign-
ments are announced and roles and responsibilities are defined. In
particular, relationships between existing and new organizations are
clarified. In an effective project culture, each new project should be
viewed as a temporary new division, with the project manager in the
role of the general manager.

Executive management must determine the project manager’s
level of authority and then hold him or her accountable consistent
with that defined authority. To hold the project manager account-
able for cost and schedule with no power over the technical content
is irresponsible and unfair.

Just as every project needs a champion, the project culture
needs its champions—the organization’s chief executive and appro-
priate top management. This is a proactive role as represented by
the qualities in the middle column of the following list, yet many ex-
ecutives provide only lip service (the last column). As an example of
lip service, it serves little purpose to charter a project team and
project manager if the cultural support isn’t already in place:

Culture Proactive Lip Service
Ingredient Management to Project Team
Project manager Fully empowered Responsibility
authority only
Communications Open to broad scrutiny — Arbitrary
Project training Available to all levels None
Management Continuously Impossible edicts
support involved
Management process  Kept up-to-date Counterproductive
Funding and budgets ~ Planned and realistic No budget authority
Project controls Comprehensive Arbitrary

Why are some executive management teams reluctant to
make necessary cultural commitments? As managers rise in the
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Table 4.1 A project culture depends on proactive management

Proactive Reactive Slow React Lip Service No Interest
Project Fully Selective Reluctant to Responsibility Unspecified
manager empowered delegation delegate without
authority authority
Communica- Opento broad Formal Defensive Avoided Closed to any
tions scrutiny scrutiny
Project All levels Project team Managers only None None
training
Management Continuously Reference Reluctant Impossible Sink or swim
support involved manual edicts
Management Up-to-date Standard As customer Counter- None
process demands productive

involvement
Funding and Planned Controlled By variances No budget Excess
budgets authority spending with
cash cow

Project Comprehensive Basic Force fit Arbitrary Uncontrolled
controls and effective

organization, they often suffer a gradual loss of perspective re-
garding the change process itself. Too many executives are reluc-
tant to leave their comfort zones and depart from tradition. They
typically don’t embrace or emphasize disciplined project manage-
ment or systems engineering on any level. Their behavior can range
from resistive to showing no interest at all as contrasted with the
ideal proactive management attitude (Table 4.1).

Career Paths

Many companies treat project management and systems engineering
as roles or assignments rather than as professional career paths. Oth-
ers provide career paths with compensation linked to demonstrated
proficiency levels. These companies also encourage certification, usu-
ally with financial support. In companies where project management
is a defined career step to general management, the project manager
position may be positioned more senior than a functional manager.
This approach ensures that functional managers view the project
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manager as a customer. Cultures that are not project-oriented, where
functional management is perceived as a step up from project man-
agement, generally exhibit less effective project execution.

The Learning Organization—Getting to the Ultimate “Why?”

Referring to the farming metaphor described previously, cultural
change starts with preparing the soil and turning over a few rocks by
analyzing the organization’s behavior. This begins by determining
why projects fail as addressed in the Introduction.

This analysis requires an open culture where participants learn
to “admire” and solve problems, not to hide or excuse them.

A Culture of Learning

To install and sustain a project culture, project teams and stake-
holders need ongoing training beginning with training in the culture
itself. A project culture views project management and systems en-
gineering as essential core competencies—Ilife skills to be sustained
and improved. Companies serious about their project performance
provide both project management and systems engineering training
and encourage certification in both disciplines—the PMP and
CSEP discussed in Chapter 2. Organization performance improve-
ment is also encouraged through capability assessments and ratings
such as SEI-CMMI and ISO certification levels of achievement.

Enlightened organizations treat professional certifications as a
means to encourage professionalism and self-improvement, but not
as an end in themselves. Support considerations should include bud-
geting time for certification training and ways to recognize and re-
ward the accomplishment.

Lessons Learned

Many projects fail by repeating the lessons learned—the technical or
business mistakes of others. For example, the SeaSat Satellite failed
in orbit when an arc across the solar-array-slip rings caused a cata-
strophic power supply failure. About a year earlier, a prior project at
the same company had solved this problem, which had been discov-
ered in a thermal vacuum chamber test before their launch. This
finding was not communicated to the SeaSat team. Lessons learned
developed by project teams after project completion can be invalu-
able to other project managers, present and future. But there is usu-
ally no convenient mechanism for the lessons to get into the hands
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A learning organization is one
that identifies ways in which it
could strengthen itself and
successfully incorporates
those ideas into its culture and
operations.

Don't fix the blame . ..

fix the problem.
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Projects defy tradition.
Traditional management
methods simply don't apply.

(and minds) of those who would benefit most. There may even be a
cultural bias against exposing prior failures. Furthermore, project
teams are dispersed to other projects just at the time they should be
documenting their learning experiences. Perhaps Thoreau had this
predicament in mind when he queried, “How can we remember our
ignorance, which our growth requires, when we are using our knowl-
edge all of the time?” One of the most neglected project manage-
ment concepts is lessons learned from prior failures and successes.
Later, we treat lessons learned as one of any project’s requirements
artifacts. In some U.S. government Request for Proposals (RFPs),
the solicitation requires bidders to explain how they plan to respond
to relevant lessons learned. The bidders must research and consider
relevant lessons as part of the requirements.

If You Can’t Change the People, Change the People

Few people embrace culture change. Some resist change openly (or
worse, subversively). While it is important not to give up on someone
prematurely, one person with a bad attitude can destroy teamwork
and drag down the team as well as affect the organization’s project
culture. When removing an uncooperative team member, the man-
ager needs to let the others know why, in direct, factual terms.

THE PROJECT ENVIRONMENT

Projects are quite different from traditional operations. A common
form of development project is exemplified by a construction indus-
try project or by DoD- and NASA-contracted developments that
typically create projects among many geographically and nationally
dispersed companies. When the project team has completed its ob-
jectives, it is disbanded and its members seek new assignments
through their skill-center home organization. Still other projects are
formed with one organization at the core that then uses other com-
panies, divisions, and subcontractors as skilled resources. In all
cases, project team members typically serve two managers: one for
the project duration focused on tasks, and the other, the functional
manager, focused on career and technical performance (providing
the guarantee for the project assignment).

The evolution of a typical project, such as a new product or ser-
vice development, usually follows three periods or stages (Figure 4.1).

Traditional management approaches deal well with the first and
third of these three periods. For development projects, they typically
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1. Proposal: A project
often starts in a
functional organization
with a proposal or in

3. Production: For
standard production
and/or operational
support, it is common to

return to a functional form
of management.

response to an external
request.

2. Development: For the
development phases, a

cross-functional team is
formed and empowered.

Figure 4.1 The evolution of a typical project.

do not work well during period two—the heart of project manage-
ment. Traditional working conditions have meant stability, continuity,
and security to the personnel. Conventional wisdom and traditional
management textbooks have long emphasized the need for the man-
ager to create a productive work environment and a consistent climate
including:

e Stable work environment.

* Minimum of conflict among employees.

* Ambitious employees driven to be their personal best by perks

and personal competition.

e Simple, clear reporting structure and organization.

* Responsibility matched with authority.

* Maximum creative freedom.

There’s very little of this list that relates to the project environment.
Conventional wisdom seldom holds true for projects. In many cases,
it’s dead wrong.

As depicted by Figure 4.2, projects are as important to institu-
tions as leaves are to a tree. Traditional management models focus on
the enduring organizations—the roots—such as functional depart-
ments. By contrast, project management is more narrowly focused
on the specific objectives of the project at hand. Like task forces and
other temporary groups, project teams are drawn from various
long-term permanent organizations. But, unlike other temporary
groups, projects are managed to a defined plan including a budget,
schedule, and specific output—usually a product or service. Proj-
ects are requirements driven. The customer or user defines the
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Projects, like shedding leaves,
are dissolved when the project
is complete.

[

The trunk and roots like functional organiza
tions, product centers, and executive staff,
sustain long-term growth and security.

But without the renewal
of leaves, the tree will die.

Figure 4.2 Projects are like the leaves on a tree.

requirements to be met by the project team. This may be done
through an intermediary such as the marketing organization.
Projects should not be forced Unlike the activities that occur wholly within traditional, func-
into traditional structures used tional organizations, project work depends on lateral flow across do-
];%rrli petitive or long-term main specialties. Therefore, projects lend themselves to some form
of matrix organization (see Figure 4.3). Horizontal dotted-line in-
terfaces need to be encouraged and strengthened rather than used
reluctantly as exceptions to the linear chain of command.
The vast majority of projects exist in the matrix environment
where there is a small project office (typically under 5 percent of the
total project team), and project managers rely on borrowed or con-

General
Manager
Program . . . System
Management Engineering Manufacturing Effectiveness Test
Project _d-————— | .
Manager A
Project | ] o e d e e e -
Manager B

Figure 4.3 Typical matrix organization.
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tracted personnel to do the required work. Individuals on the project
often answer to the project manager as well as their functional man-
ager. This is a very powerful and positive structure, but the project
managers, functional managers, and all of the project team members
must understand their respective roles or it can fail. Management
understanding of—and support for—the project environment is re-
quired at all levels, from executive to first-line managers, from engi-
neering to manufacturing, from contracts to procurement.

To effectively install project management and systems engineer-
ing, a foundation is necessary. An executive should issue the project
charter to authorize the project, appoint key personnel, and estab-
lish the working relationships including the code of conduct and
spirit of the relationships.

If the functional managers control what their people do, project
managers become powerless and are reduced to being project coor-
dinators and monitors, simply reporting on what is happening and
why projects are not meeting their objectives. Alternatively, if the
project manager has full control, the functional departments be-
come “body shops,” supplying people on demand and removing
them when budgets are cut. Such managers are often judged by how
little overhead funds are used to sustain their people, in which case
it is difficult to build a core corporate technical competence. These
undesirable extremes can be balanced when executive management
works with all organizations to define their roles and responsibilities
in the project environment and culture.

PROJECT RESOURCES

Project management and systems engineering require substantial
support systems. There is extensive planning, coordinating, commu-
nicating, measuring, analysis, controlling, statusing, reporting, and a
host of other activities requiring thoroughness and attention to de-
tail. Timeliness is of the essence since corrective action must be
swift if projects are to meet their cost and schedule constraints.
The increasing complexity of projects is exacerbating this chal-
lenge as the number of entities and interfaces soar exponentially. No
longer are hand-entered tables and matrices effective and efficient.
Supporting systems for planning, work release, cost collection, sta-
tus reporting, earned value, technical performance, personnel man-
agement, material and parts procurement, subcontractor management,
and so forth should all be designed to support the project with a mini-
mum of overhead and bureaucracy. Well-managed companies have
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Project management and
systems engineering are
difficult to describe succinctly.

INCOSE
The INCOSE Handbook Sec 7.5
Resource Management cites
the necessity of coordinating
project staffing with the
resource needs of the entire
enterprise.
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PMBOK® Guide
The PMBOK® Guide Sec 2.3.3
Organizational Structure
illustrates the degree of
authority of the project
manager as a function of the
type of organization created
by general management.

planning centers, planning software, cost collection daily, cost report-
ing in real time (either daily or weekly), requirements-management
software, system-simulation software, decision-analysis software,
lessons-learned databases, and other support systems.

Forward-looking organizations are equipping their teams with
both PM and SE computer-based tools that facilitate planning and
tracking of progress, technical analysis of concepts, and aid in in-
formed trade studies such as decision support systems. INCOSE is
currently leading the development of a common graphical template
for expressing both requirements and concepts, which is to be made
available by multiple tool vendors.

A major support environment issue is authority of the project
manager, which must be determined by executive management.
There is a very wide dynamic range for this position that extends
from no power to supreme dictatorial power. In government—related
projects performed to defined contract terms and conditions, it is
not uncommon for the project manager to have complete authority
over the project. In these cases, the project is run as a line of busi-
ness with cost-center performance. In this environment, the project
manager decides and implements with autonomy and is held ac-
countable for the results. The project manager “buys” internal ser-
vices by issuing work tasks with associated budgets. If internal
support systems fall short, the authority extends to cancelling the in-
ternal services and acquiring the support from whatever organiza-
tion can provide it, even from a competitive source. Buyers like
their supplier project managers to enjoy this level of authority. In
this environment, the concept of “make a promise, keep a promise”
has a chance of working because of the threat of work cancellation.

The other exteme is caused when functional organizations are
funded on an annual basis by general management rather than by
the project managers. Project managers must then solicit functional
support by requesting it (begging for it) followed by managing the
resource with no authority or financial power. In extreme cases, it
comes down to the project manager having to complain to senior
management to get the support needed to complete the project as
planned. Because the functional managers own the resources, they
are the ones that determine the project priorities and the effort ex-
pended on them. In this environment, the concept of “make a
promise, keep a promise” almost always fails.

The organization’s culture should recognize and respond to the
project manager as the overall authority of the project and to the
chief systems engineer as the senior technical authority of the proj-
ect and the keeper of the customer’s perspective. Functional man-
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agers should view the project manager as their customer with cus-
tomer satisfaction as their ultimate driver. Functional managers
should be willing to guarantee the performance of their specialists
and be willing to step in and rectify substandard performance.

ORGANIZATION COMMITMENT EXERCISE

Based on your current or recent work experience, list the tangible
evidence of organizational commitment. Include executive support,
career paths, processes, tools, and training.

Make a second list of those organizational actions that would
significantly improve the project team’s ability to succeed.
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Organizational Eommitment

ESSENTIAL 2

“The greatest problem in com-
munication is the illusion that
it has been accomplished.”

George Bernard Shaw

PMBOK® Guide
This chapter is consistent
with PMBOK® Guide Ch 10
Project Communications Man-
agement.

* 10.1 Communication Plan-
ning.
* 10.2 Information Distribution.

INCOSE —
This chapter is consistent with
INCOSE Handbook Sec 5.2
Planning and Sec 5.7 Control
Process.

—— PMBOK® Guide
Communication process areas
are portions of three of the five
PMBOK® Guide Chapter 3 Pro-
cess Groups:

* 3.2.2 Planning.

» 3.2.3 Executing.

* 3.2.4 Monitoring and Con-
trolling.
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PROJECT
COMMUNICATION

“The Board believes that deficiencies in communication,
including those spelled out by the Shuttle Independent
Assessment Team (1999), were a foundation for the
[Columbial accident [on February 1, 2003].”
From the Final Report of the Columbia Accident
Investigation Board, August 2003."

Communication problems are the root cause of many project fail-
ures. Miscommunication routinely leads to conflict that can de-
stroy teamwork. Techniques for communicating in the project
environment and a common vocabulary are prerequisites for develop-
ing teamwork and for us to be able to discuss the remaining Essentials,
Teamwork, the Project Cycle, and the Ten Management Elements.

It is beyond the scope of this book to enumerate the thousands
of communication techniques that can benefit projects of all sizes
and complexity and to define the countless terms from which a
project-specific vocabulary can be assembled. We draw on ex-
cerpts and examples from our companion book, Communicating
Project Management, and refer to several other sources that we
have found especially valuable.?

Communicating is difficult enough in familiar work, social, and
family settings. The project environment can be particularly chal-
lenging. Due to their temporary nature, projects often bring to-
gether people who were previously unknown to each other, which is
reason enough for miscommunication, especially in the early project
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Facilitators, Polling, Open Culture,
Training Constructive Feedback Associations

Enablers —/\‘

Common Vocabulary,
Integrated/Documented

| | o | o | s
Participants @ Techniques @ Environment /@ Language = cosn;jﬁgﬁlséiﬁ%m
Barriers—| | | |

Bad Attitude, Not Listening, Security,
Excessive Rivalry  Destructive Criticism Stovepipes

Lack of Standards

Jargon,

Figure 5.1 The Project Management Communication model.

phases. Because projects also integrate people with very different
backgrounds, they represent a microcosm of a general organization
or company. Negative labels, such as geek and bean counter, exem-
plify some of the attitudinal barriers that interfere with project
communications, not to mention the vocabulary ambiguities among
the various disciplines. As illustrated in Figure 5.1, communication
results can only be as good as the least of the multiplication factors
in this product:

Participants X Techniques x Environment X Language = Communications

Several general models have proven helpful in visualizing and
understanding the communication process. Many models dating
from the late 1940s are referred to as transmission models because
they approach communications as an information transfer problem
based on some variation of four fundamental elements:

Sender (or Source) > Message > Channel (or Medium) > Receiver

The transmission models have also influenced early studies of
human communication, but many theorists now consider them to be
misleading. These models and their derivatives focus more on the
study of message making as a process rather than on what a message
means or how it creates meaning.

The issues of meaning and interpretation are reflected in the
model depicted in Figure 5.2, introduced in 1960, which empha-
sizes the interpretive processes. Berlo defined five verbal communi-
cation skills: speaking and writing (encoding skills), listening and
reading (decoding skills), and thought or reasoning (both encoding
and decoding).

For those interested in a deeper understanding of the theo-
ries underlying these and other models, we offer these references.
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To press a suit means one

thing to a tailor and something

very different to a lawyer.
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Medium.
Noise.
Decode.
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SOURCE

Communication Skills

Knowledge

Social System

Culture

Attitudes

MESSAGE CHANNEL RECEIVER
\ / - -
Elements Structure SEEING Communication Skills
HEARING Knowledge
TOUCHING Social System
T T
R N/ |8 SMELLING Culture
E E 8
AM .
T TASTING Attitudes

Content

Figure 5.2 David Berlo SMCR model.

Theories of Human Communication by Stephen Littlejohn is con-
sidered the seminal text in the field.® Richard Lanigan in Phenom-
enology of Communication focuses on semantics—what a message
means and how it creates that meaning.*

The remainder of this chapter speaks to the communications
issues of project teams by considering each of the four communica-
tion model factors: participants, techniques, environment, and lan-
guage (Figure 5.1).

PARTICIPANTS AND THEIR INFLUENCE ON
PROJECT COMMUNICATIONS

We often think of project participants as being limited to the team
members. But from total influence and broader communications
viewpoints, the participants encompass a wide array of stakehold-
ers, including:

* Functional and middle management;

¢ Executive management;

* Closely related stakeholders, such as policy makers, contractors,
customers, and potential users; and

* Global stakeholders, such as professional associations and stan-
dards organizations.

Stakeholders all bring their own vocabulary, behaviors, commu-
nication styles, attitudes, biases, and hidden agendas to the project
environment.
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Personal Behaviors and Communication Styles

To communicate effectively, we all need to be aware of differing be-
haviors and styles and their potential impact. Leaders often need to
adapt their own style rather than “shape up” the other person.

There are numerous texts and self-study guides for analyzing
your style tendencies and preferences. In Chapter 18, we summarize
two models proven to be particularly effective. However, the details
of any specific self-typing or group analysis scheme are less impor-
tant than the process itself—exploring your own preferences and
stretching your range of styles. To benefit from that process, you
have to be self-aware and open to discovery.

Models help discern cognitive preferences and do not represent
behavioral absolutes. They provide insight into how we gather infor-
mation, process it, and communicate. Regardless of your preferred
style, your actual style at any time should be affected by factors such
as the maturity level of team members and the gravity or priority of
the situation. Variety and shifts in style are not only necessary—
they’re healthy. Communicating in projects requires flexibility and
adaptability in dealing with the task at hand, the personalities
involved, events, and the situation. As the Columbia Accident Inves-
tigation Board noted, “In highly uncertain circumstances, . . . man-
agement failed to defer to its engineers and failed to recognize that
different data standards—qualitative, subjective, and intuitive—
and different processes—democratic rather than protocol and chain
of command—were appropriate.”

Attitudes and Biases Can Build Bridges of
Understanding or Destroy Projects

We refer to negative personal biases regarding important project
management techniques as the hidden enemies. For example, our
surveys of approximately 20,000 managers regarding their attitude
about red teams revealed that only 20 percent of project partici-
pants have a positive attitude about this important document evalu-
ation and communication technique.

The Berlo SMCR Model (Figure 5.2) identifies attitude as one of
five facets that affect personal communications. (Some models com-
bine Berlo’s social system facet with culture.) An inappropriate atti-
tude or bias regarding project subject matter or a specific technique,
once understood, can usually be dealt with rationally and amicably.
But undisclosed attitudes toward oneself or toward another in the
communications loop are a much more significant barrier. If you
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Red team—objective peer or
expert review of documenta-
tion and presentation material
to identify deficiencies and
recommend corrective action.

(See the Glossary for a more
complete definition.)
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PMBOK® Guide
The PMBOK® Guide Chapter 10
Project Communications Man-
agement recommends that
meeting owners should plan
for conflict resolution to ensure
meetings are productive.

Win/Win - =
Constructive
Challenge
Compromise 0
Zone : ﬁ
The slippery slopes of communicating L
require trust and cooperation % :
S| |8
.| |
Win/Lose
LosellVin
@ - Destructive @‘:
Adversarial Confrontation Authoritative

Figure 5.3 Attitude: The slippery slopes of communicating.

have a low opinion of the person with whom you're dialoging, you will
certainly formulate your message differently from the way you formu-
late it for your respective collaborators. It is regrettable that the type
of productive dialog illustrated at the top of the mountain in Figure
5.3 is so unstable and susceptible to sudden erosion and decline.
Constructive challenge (Figure 5.3) is a problem-resolving tech-
nique that depends on good communication skills and a positive at-
titude. Known as constructive confrontation in some circles, it can
easily turn destructive without the right intentions, skills, or the
commitment to immediately solve problems. To keep the process
constructive and effective the following ground rules apply:

* On recognizing a problem, go directly to the most likely prob-
lem solver—independent of organization structure.

* Confront the problem, not the person, and use facts.

* Exclude personalities from the discussion.

* Work jointly toward resolution, holding each other accountable
for the shared responsibilities.

Used skillfully, this approach eliminates whining and solves prob-
lems quickly. Some leading companies have built this practice into
their culture. But when used in name only, as a weapon in rivalry or
for other wrong purposes, it can destroy teamwork and the project.
Excessive rivalry can be just as destructive at the individual level as it
is at the global level. As long-time participants in professional associa-
tions and industry standards organizations, we have observed a trend
of increasing cooperation among the key project disciplines. We ad-
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dress this collaborative spirit in several sections. Unfortunately, this
industry-level collaboration frequently fails to permeate the very or-
ganizations and projects that form their constituency. Sometimes this
is a result of competitive pressures. More often, it is ignorance or mis-
directed ambition.

In the face of management and global barriers, how can project
managers ensure effective communications on their own project?
Just like every other responsibility within a project, it starts at
home—Dby taking responsibility for communicating skills, attitudes,
and training at the individual and team levels. You, as project man-
ager, need to assess the skills within your team and take the appro-
priate measures, which often start with good guides such as those
identified in the next section.

The project participants have the greatest potential to promote
understanding by proactively strengthening the other three com-
munication factors: technique, environment, and language. When
you or other key stakeholders anticipate a communication break-
down or encounter a barrier, the best strategy may be to turn to a
nonstakeholder for objective feedback or assistance. For example,
the initial project planning session is often held before the newly
formed project team has coalesced; therefore, they may benefit
greatly from an outside facilitator, one who is skilled in the subject
matter as well as the art of communicating among disparate fac-
tions. This approach can:

* Accelerate the convergence to a workable plan,
Provide valuable on-the-job communication training,
Lead to the building and realization of teamwork, and
e Serve as a model for future conduct.

TECHNIQUES FOR COMMUNICATING IN PROJECTS

Exchange and feedback are key words in describing communication
techniques. Whether engaged in a simple conversation or conducting a
multifaceted design review, the most powerful techniques are those that
result in some kind of exchange or feedback.

The next paragraph provides guides for communication tech-
niques that are particularly helpful. While many of the suggestions
offered in these sources may seem like common sense, they help
focus on critical points that may be taken for granted, such as
preparing for a one-on-one conversation, testing a potentially touchy
conversation, or actively listening to what other people say. In addi-
tion, they offer some helpful conversational strategies and tips for
determining when a meeting is going off course.
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“Communication is the soul of
management: analysis and
solid decisions translated into
clear messages that influence
people to act and feel good
about their performance.”

Dianna Booher®

“Talk is by far the most acces-
sible of pleasures. It costs
nothing in money, it is all
profit, and it completes our
education, founds and fosters
our friendships, and can be
enjoyed at any age and in
almost any state of health.”

Robert Louis Stevenson

In her book, Communicate with Confidence!, Dianna Booher
provides a compilation of 1,042 tips, all with explanations.7 The
compilation is directed toward better governance with words, both
written and oral. The book by Harkins and Bennis describes proven
communication techniques for improving growth and productivity.®
Kegan and Lahey offer practical solutions to several communication
barriers.” The article by Brown and Isaacs elevates the casual con-
versation to business process status.'

We previously discussed the situational nature of communica-
tions, particularly in projects. In addition to being aware of your
own and others’ communication styles, you need to consider your
purposes, such as:

* Social (entertainment, enjoyment, or passing time).

* Relationship (build rapport, teamwork, trust, and commitment).
e Information exchange (present, learn, and share).

* Collaborate (work toward common goals or outputs).

* Resolve problems (address issues, remove barriers, vent hostility).
* Influence (persuade, negotiate, or direct).

You may find it useful to identify your purposes and describe
your situation in order to anticipate the way in which you and the
others involved may respond. Start by identifying your motivation
source (personal need served).

Over the course of a project, shifts in purpose and situations
occur almost routinely. For example, you may start a project with
generous support from the functional engineering department, only
to witness that support later wane as another project competes for
the same resources. Apply the following when collaboration sud-
denly turns to negotiation:

* Identify or reinforce the common vision or expected outcome.

e Identify the interests of each party in the outcome.

* Have each party prioritize his or her interests.

* Generate alternative solutions.

* Choose the solution that satisfies the mostinterests of both parties.

We next discuss communication techniques that are often over-
looked or underused to the point of project failure.

View Dialog as a Core Process

Fundamental communication techniques are brought into play
whenever one project member engages another in conversation. The
potential impact of the ubiquitous one-on-one conversation is too
often ignored or taken for granted. The caricatures in Figure 5.3 il-
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lustrate a few of the situations we have all been in—on one side or
the other.

Hundreds of valuable and creative conversational techniques are
explored in the sources listed earlier. Brown and Isaacs cite research
demonstrating that informal conversations can often be much more
powerful and satisfying than formal communication processes. They
offer this thesis: “Consider that these informal networks of learning
conversations are as much a core business process as marketing, dis-
tribution, or product development. In fact, thoughtful conversations
around questions that matter might be the core process in any com-
pany—the source of organizational intelligence that enables the other
business processes to create positive results.”!! We hasten to add that,
while informal conversation techniques can be effective, their utility
and power is greatly diminished when they are practiced as a substi-
tute for inadequate project visibility and statusing processes.

By definition, deep dialog goes beyond an informal conversation.
It extends to the exchange of constructive feelings and attitudes in
order to reach a common understanding. The practice of this commu-
nication technique is a good sign that teamwork is flourishing. Open-
ness and sharing can elevate passive dialog to active collaboration and
create an environment for resolving conflict, but it requires the in-
vestment of time. One useful technique is to selectively schedule
meetings with no fixed agenda to facilitate open-ended discussions.

To promote dialog as a core process, consider these ground rules:

* Test assumptions and inferences.

e Share all relevant information.

¢ TFocus on interests, not positions.

* Be specific and use examples.

* Agree on what important words mean.

* Explain the reason behind one’s statements, questions, and actions.
* Disagree openly.

* Make statements, then invite questions and comments.

* Donottake degrading “cheap shots” or otherwise distract the group.
* Allmembersare expected to participate in all phases of the process.
* Exchange relevant information with nongroup members.

* Make decisions by consensus.

* Do self-critiques.

Be Proactive—Use Glance Management

The most important job for the project manager or technical leader
is to be in touch with the team members. You cannot manage your
project by sitting in your office all day waiting for people to come
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“The more you say, the less
people remember.”

Anatole France

“It's a toss-up as to which are
finally the most exasperat-
ing—the dull people who
never talk, or the bright people
who never listen.”

Sydney Harris

to you. Management-by-walking-(or wandering)-around (MBWA)
is a vital skill. Yet project communications often suffer because
team leaders spend too much time managing by PowerPoint and
e-mail. By occasionally circulating among team members in their
work setting, team leaders can resolve—or at least learn about—
issues that may never make it to a formal review, address morale or
even technical problems before they become issues, or simply enter
into a brief conversation that helps maintain an open culture. In
Chapter 14, glance management and MBWA are discussed in more
detail.

Improving communications through brevity when less is more.
Very often, the real impact of communication doesn’t occur until
the information is recalled. As a rule of thumb, retention halves for
each of five communication steps, which leaves us with eight min-
utes in the bank for a two-hour investment:

We hear half of what is said 2 hours
We listen to half of what we hear 1 hour

We understand half of what we listen to 30 minutes
We believe half of what we understand 15 minutes
We remember half of what we believe 8 minutes

Beyond two hoursin asingle session, another factor takes over—fatigue.
Hiding problems by saying nothing is not a positive application
of this technique.

Observing and Listening—Encouraging Communications
by Remaining Silent

Perhaps the most difficult communication technique of all is effec-
tive listening. We all know this from our own experiences and from
the proliferation of great thinkers who have lamented the lost art of
listening. Do you sometimes find yourself practicing one of the fol-
lowing nonlistening behaviors?

* Dreaming—thinking of other things.

* Acting—focusing on delivery methods rather than content.
* Rehearsing—formulating responses or rebuttals.

* Placating—agreeing, just to be nice.

* Derailing—switching.

e Debating—discrediting or discounting the message.

e Filtering—hearing selectively or with bias.

* Knowing-it-all—succumbing to the urge to talk.
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One listening technique we favor begins by turning off the nat-
ural tendency to immediately react to what you're hearing. It re-
quires turning up the gain on your receiver—and turning off your
transmitter to fully experience the power of remaining silent. Some-
times your silence can speak volumes. This is especially difficult if
you are an expert in your field or a high-level manager and believe
that you know it all. But that’s one of the most critical listening sit-
uations for understanding and removing barriers, learning fresh
ideas, building rapport, and demonstrating positive leadership at the
project level. Imagine the positive outcome if NASA management
had really listened to the Challenger and Columbia interactions dis-
cussed earlier.

Polling Techniques—Overcoming the Danger of
Remaining Silent

What do you do when people withhold their interpretations for the
wrong reasons?

In her Tip 40, Dianna Booher asserts that you need to hear si-
lence as it is intended (and we add, not as you want to interpret it).

She points out that people who believe that silence is consent are
in for a big disappointment. She identifies 16 meanings for silence,
including reflection, confusion, anger, revulsion, rebuke, shock, and
powerlessness.'? We add one that often dooms projects: fear.

Polling is a communication technique that has been traditional
in aerospace programs for years. It consists of addressing individu-
ally each representative in a launch operation and recording his or
her decision as to proceeding with the launch. Every individual has
the right and obligation to stop a launch if his or her area is not
launch worthy.

The power of using this technique, and the danger of inappro-
priately omitting it, is illustrated by ABC Television’s faithful reen-
actment of the Challenger launch decision telephone conference
with Thiokol. It shows a team of responsible Thiokol engineers being
overpowered by their management, who are determined to please
NASA officials with a favorable launch decision even though the en-
gineers believed that the low launch temperature was far too risky
for the solid rocket booster O-rings. NASA attempted to ensure that
Thiokol’s decision was based on team consensus by asking over the
conference call telephone, “Is there anyone in the room with a differ-
ent opinion?”'® The engineers fearfully remained silent, their facial
expressions and body language telling the true story of their discom-
fort with the reckless decision. NASA management was unable to see
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“He knew the precise
psychological moment to

say nothing

”

Oscar Wilde

“The best way to persuade
others is with our ears.”

Dean Rusk

“There are no facts, only inter-

pretations.”

Friedrich Nietzsche
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the telling body language so that critical communication did not
occur. Had NASA recorded a poll requiring those present to state
their name and launch decision, the launch probably would have been
postponed.

Make Meetings Meaningful—and Don’t Neglect to Follow Up

This subject is addressed in Chapter 15, where meetings are re-
ferred to as the project manager’s dilemma. High-value meetings
are critical to project success while ineffective meetings can be
worse than wasteful—they can destroy morale.

Constructive Feedback—Ensuring That the Exchange Is
Understood by All

You haven’t fully communicated until your intended meaning is con-
G firmed through your audience’s response or by some other form of

‘Wﬁ”—i.: feedback. For instance, the buyer and seller in the cartoon in the

S margin have very different views of what a “house” should be.

—

B The importance of this communication technique is not only
Nf% critical when eliciting requirements, but at every step in the project
r-.l; " cycle. Feedback provides the basis for project decisions:

Agrestuent =
.

Fast feedback enables fast decisions.

Fast honest feedback enables fast sound decisions.

Projects are driven by the project cycle with its reviews and de-
cision gates. Since these events bring together the key stakeholders,
they offer one of the most powerful and efficient opportunities for
project communications. But unless that all-important feedback loop
is reinforcing and constructive, the experience will be worse than no
communications at all. Some situations can benefit greatly from a
two-way feedback agreement to establish trust and create a comfort-
able environment for candor. Here’s one approach to consider:

In order for us to be effective, I give you permission to be totally hon-
est with me. (As long as you focus solely on work content and don’t at-
tack me as a person.)

I will do my best to comprehend your message and to remain
calm and objective as we resolve the issues together.

In turn I intend to be honest and forthright with you.

Feedback works best as part of an organizational culture that
encourages it to be given and received without reservation. Keep
these guidelines in mind:
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Effective Ineffective
Frank and objective Emotional and personal
Specific and complete General and vague
Actionable Not actionable
Facts Opinions
Timely I1l-timed

Before providing feedback, consider the categories depicted in
Figure 5.4. Your approach should take into account the potential for
conflict (e.g., the degree of criticism or counseling), the sensitivity
of the receiver, and your own skills.

In the management of projects, access to facts is necessary but
not sufficient. There must be confirmation that key decision makers
are cognizant of the relevant facts and are bringing them to bear on
decisions important to the project. This is best accomplished at deci-
sion gates where proof of concept performance and proof of design
producibility provide the basis for moving ahead. In the conduct of
decision gates, constructive challenge and constructive feedback are
key to achieving confidence. Receivers must be open to this input
and concentrate on hearing the suggestions and solution as best in-
tentions. No matter how caustic the delivery may be, don’t react as if
you are attacked personally or you may end up shooting the messen-
ger and inhibiting future valuable information.

Decision gates are not the only forums for constructive feed-
back. Others include: personnel performance reviews, project status
reviews, fee evaluation reviews, proposal evaluations, proposal de-
briefings, peer reviews, red team reviews, and tiger team reviews.
There is no limit to the additional informal opportunities and meth-
ods for providing essential, ongoing feedback, including conversation
around the water cooler.

Feedback Categories

COMMENDING COUNSELING

Significance of
content
and impact

CONVERSING COLLABORATING

Potential for conflict and need for
communication skills and a thick skin

Figure 5.4 Providing feedback.
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“The secret of running a suc-
cessful business is to make
sure that all key decision mak-
ers have access to the same

set of facts.”

Jack Welch™



http://www.ebook3000.org

60

THE ESSENTIALS OF PROJECT MANAGEMENT

“A major obstacle to the
development of a common
language is our relative insu-
larity. In the same way that
physical isolation breeds lan-
guage dialects, our intellectual
isolation has bred project
management dialects.”

William Duncan'™

We have found peer reviews to be very effective when the re-
view methods of all parties are aligned. There are three distinctive
types of peer reviews for content and quality:

Type 1—Please Comment
e Author requests comments.
* Commenter provides comments without expecting feedback.
* Authordecides whatwill be incorporated and what will be ignored.

Type 2—Collaborate to Consensus (C2C)
* Author requests C2C.
* Reviewer(s) provides comments and expects discussion or de-
bate resulting in consensus.
* Both are willing to vigorously defend the agreement.

Type 3—Red Team Reviews are used when comparing to a
reference such as a request for proposal or an industry standard.

* Reviewers score against preestablished criteria.

* Reviewers assess strengths and weaknesses.

* Reviewers recommend improvements.

e Authors discuss details with the reviewers to ensure under-
standing of the scoring, strengths, weaknesses, and recommen-
dations, but not to debate their validity.

* Authors respond to the reviewers’ suggestions as the authors
deem appropriate.

THE ENVIRONMENT

This section considers the organization’s project environment,
which has about as much variation as does the world’s political land-
scapes—ifrom free and open to dictatorial and suppressive.

Effective leaders need to be able to listen, and not doing so can
have dire consequences. In the final report on the Columbia Acci-
dent Investigation,'® the Board noted the similarities between the
two shuttle disasters and commented:

Risk, uncertainty, and history came together when unprecedented
circumstances arose prior to both accidents. For Challenger, the
launch time weather prediction was for cold temperatures that were
out of the engineering experience base. For Columbia, a large foam
hit—also outside the experience base—was discovered after
launch. . . . In both situations, all new information was weighed and
interpreted against past experience. . . . Worried engineers in 1986
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and again in 2003 found it impossible to reverse the Flight Readi-
ness Review risk assessments that foam and O-rings did not pose
safety-of-flight concerns. . . .

In the Challenger prelaunch teleconference, where engineers
were recommending that NASA delay the launch, the Marshall Solid
Rocket Booster Project Manager repeatedly challenged and discred-
ited Thiokol’s risk assessment. Similarly, Columbia’s Mission Man-
agement Team Chair made statements reiterating her understanding
that foam was a maintenance problem and a turnaround issue, not a
safety-of-flight issue.

In both cases, engineers presented concerns as well as possible solu-
tions—a request for images of Columbia and a temperature con-
straint on Challenger’s launch. Management did not listen to what
their engineers were telling them and instead overruled their in-
formed technical recommendations.

The organizational structure and hierarchy stifled effective com-
munication of technical problems.

A Balanced Environment Encourages Feedback

An organization’s culture and process should not become one where
feedback providers must spend excessive time massaging the mes-
sage so as not to irritate the receiver. Speed and clarity must prevail
in the interest of achieving swift but informed decisions.

Feedback receivers must develop immunity to being offended in
the interest of swift, clear communication. A Teflon coat or thick
skin helps. The receiver also needs to give the provider some slack.

Stovepipes and Silos

One form of organizational isolation is known as stovepipes or silos.
This jargon refers to virtual barriers proudly built by functional
teams of a single discipline or power group. If not carefully man-
aged, we might end up with “we creators” and “those bean counters”
or, as another example, “our night shift” and “that dazed shift” or
any other equally derogatory division. These virtual barriers, which
are so proudly built, not only partition and inhibit communication
but also foster negative communication that alienates and punishes.
One of the authors would visit customers without informing his
marketing personnel because he felt they were not technically qual-
ified. This practice is seriously wrong and can be disastrous for any
project depending on free and open communication to ensure the
best decisions.
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To communicate clearly, you
first have to think clearly.

LANGUAGE AND VOCABULARY—THE MANY
MEANS USED TO EXPRESS THOUGHTS

By language we mean everything from a common vocabulary to ap-
propriate attire and body language, and we also include the effective
use of silence. Some simple advice regarding body language: Believe
the body language you're seeing if it conflicts with the words you're
hearing. Likewise, intonation speaks louder than words.

Verbal communication problems are sufficiently widespread
that they are spawning a niche business. Some consultants are find-
ing that by the time project requirements are translated into imple-
mentation tasks communicated either orally or in written form, the
resulting task may have little to do with satisfying the project’s re-
quirements and objectives. These consultants report eliminating at
least 40 percent of potential project work deemed irrelevant to the
intended outcome, significantly reducing the project’s cost. The
cause of this inefficiency is illustrated by the parlor game where a
story is passed around the table. When the last person recites the
story to the group, there is usually little similarity to the original.
This same message erosion can occur in the project environment as
contract terms are converted into system requirements, which are
converted into concepts and architectures with design-to specifica-
tions. Designers then respond to the specifications without ever
having seen the parent documents. This environment is one where
misinterpretation can occur and grow unchecked. One of the roles
of systems engineering is to audit project work in the light of the
customer’s objectives to ensure that all work is properly contribut-
ing to the planned result.

Graphical languages, such as UML and SysML (discussed briefly
at the end of this section and in more detail in Chapter 9), are play-
ing an increasing role in project communication, particularly for com-
plex systems where words may not be enough (or may be too much).

To Communicate Effectively, You Have to Think Clearly
and Use a Common Vocabulary

The successful practice of project management and systems engi-
neering involves areas of conflict that can only be resolved with a
clearly defined vocabulary.

John Beckley articulates the essence of clarity: “It isn’t hard to
write something which, if a person takes the time to study it, is ab-
solutely clear. But writing that has to be studied is not good com-
munication. The meaning of good writing is so immediately clear
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and obvious, it doesn’t have to be studied.”'” Beckley tells the fol-
lowing story about a man who wrote to a government bureau asking
if hydrochloric acid could be used to clean the tubes in his steam
boiler:

This was the bureau’s reply: “Uncertainties of reactive processes
make the use of hydrochloric acid undesirable where alkalinity is
involved.”

In appreciation, the man wired back: “Thanks for the advice. I'll
start using it next week.”

Washington wired back urgently, but still in the bureaucratic jar-
gon: “Regrettable decision involves uncertainties. Hydrochloric acid
will produce sublimate invalidating reactions.”

This extra courtesy prompted this acknowledgment: “Thanks
again. Glad to know it’s okay.”

Finally, another urgent, but unmistakable, message: “DON'T
USE HYDROCHLORIC ACID! IT WILL EAT THE HELL OUT
OF YOUR TUBES!”

Our society criticizes attorneys and politicians for their confus-
ing, often incomprehensible, prose. It seems intended to obscure
rather than to clarify events. But in a similar fashion, managers and
technical people often use confusing jargon.

Unfortunately, Orwellian “doublespeak” has proliferated to all
segments of politics and business, often in the form of jargon that
finds us blaming everything on “paradigms” or a lack of “infrastruc-
ture.” On the other hand, capitalizing on new technologies and prac-
tices can be facilitated by emerging, appropriately defined jargon.

Acronyms can simplify communication if they are uniformly un-
derstood by the team. Remember to leave the jargon behind and
spell out the acronyms when making presentations or writing for au-
diences outside the project environment. If acronyms are used, de-
fine them as they are introduced and provide a glossary.

The truly impressive communicator doesn’t set out to impress
anybody—just tries to get ideas across in the simplest, clearest fash-
ion. Such a person is likely viewed as an outstanding communicator
and project contributor.

We All Speak the Same Language, Don’t We?

Many words, which are viewed as synonyms in common usage, have
unique and distinct meanings in a technical sense. Stress and strain,
commonly used interchangeably to refer to personal anxiety, refer to
quite different technical phenomena, as do the project management
terms verification and validation. Few people confuse bread with its
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“Snow jobs”—intended or
not—can backfire. Your words
may mean something quite
different to your listener.

Jargon needs to be used as a
means, rather than becoming
an end, for communicating.

All too frequently, when an
engineer sounds as if she's
speaking a foreign language—
one composed mostly of
acronyms—it’s because she
wants to.
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The listener’'s ego may
discourage him from seeking
clarification.

It can be very costly to assume
people understand when they
don't.

“Validation” is a good exam-
ple. The PMBOK® Guide
defines validation as ensuring
a product complies with the
specific requirements,
whereas ISO 9000: 2000 (cited
in the INCOSE Handbook)
defines validation as, “confir-
mation by examination and
provision of objective evi-
dence that the particular
requirements for a specific
intended use are

fulfilled.”

chief ingredient, flour, but the ingredient cement is often used in-
correctly to refer to concrete. Not many people care, but the distinc-
tion is critical if you are a civil engineer or a building contractor.

The assumption that we have a common language when we don’t
can have far worse consequences than trying to communicate non-
verbally. After all, as jargon proliferates, the language of choice will
often revert to the more trustworthy standby: body language.

A leading corporation asked us to participate in a team building
session convened to identify the opportunities, associated risks, and
appropriate actions for a new team. It was the first time the com-
plete team had been brought together, so the project manager
opened the meeting with a 40-minute overview of the project. We
jotted down approximately 20 terms we didn’t understand and later
asked the team members which of the terms they understood. Over
half of the group didn’t understand any of the 20 terms. Without a
clarifying reference, the team didn’t get the important message the
project manager was trying to convey. But each member remained
silent, being too embarrassed to ask and assuming the others knew.
The most dangerous assumption was on the part of the project man-
ager, who assumed everyone understood.

A major corporation signed a contract with a foreign govern-
ment to rebuild that country’s entire communication structure
without understanding the meaning or implications of many of the
contract provisions. The resulting five-year, multibillion dollar
project was completed on time but at zero profit—not a career-
enhancing outcome.

To prevent misunderstandings, one U.S. government agency in-
cludes electronic and printed versions of their terminology manual
with their request for proposal (RFP) so that all received proposals
are based on identical definitions. Similar techniques are proliferat-
ing to other project environments.

Each project needs its own terminology baseline. To make this
point in our training sessions, we ask the class to define several com-
monly used terms. We frequently select the following five from a
substantial list of misunderstood terms: prototype, baseline, qualifi-
cation, verification, and validation.

The class participants always argue among themselves as to the
correct meanings. The debate continues inconclusively until the or-
ganization’s project management terminology manual is used to clar-
ify the meanings.

There is a need for a common vocabulary at the project level be-
cause most enterprises don’t have a common vocabulary and words
are used differently across projects, companies, and industries. Fur-
thermore, broad-based terminology manuals are often imprecise.
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The term qualified was not understood and not responded to
during the prelaunch readiness review of the space shuttle Chal-
lenger, leading to the O-ring failure and causing the tragic deaths of
seven astronauts. One of the decision makers in the Flight Readi-
ness Review asked, “It’s my understanding that the Solid Rocket
Boosters are qualified by contract for operation between 40 and
90°F. . .. Are the solids qualified to 40 degrees or aren’t they?”!®
The question was never answered, and since the predicted tempera-
ture at launch was 29°F there should have been no question about
postponing the launch.

The process of creating a terminology manual of any kind is not
trivial. Consider the plight of James Murray when he agreed in 1878
to take the assignment as editor to create the Oxford English dictio-
nary." The job had been scoped several years earlier as a two-year
project involving 60,000 definitions. It was completed 50 years later
with over six million definitions (estimating project size and duration
has never been easy). However, the process we use today to build a
terminology manual is not unlike that used by Murray, where multi-
ple sources must be consulted to create a meaningful document.

When building a project-management terminology manual, one
would think that, in the present era, existing sources in the disci-
plines supporting projects would provide a strong starting point.
However, in reviewing one 387-page dictionary of mechanical de-
sign, we could not find common project terms such as prototype, en-
gineering model, mock-up, specification, or qualification.? Yet, it is
the mechanical designer who must implement those concepts on any
project involving hardware. Fortunately, the software profession has
been more aware of the need for accurate definitions; four of these
five terms were found in the appendix to a software tutorial.*!

When we turned to a well-respected reference from the project-
management field, we were astounded by the absence of the term
requirements, which not only represents the intersection of project
management and systems engineering but drives them both. We de-
vote Chapter 9 to this topic. The PMI PMBOK® Guide uses scope to
refer to requirements.?> Though these words are not identical in
meaning, this clearly illustrates the need for terms to be carefully
defined on your project. It also emphasizes the need for complete-
ness. Requirement is a term widely used in high-technology indus-
tries, and scope is widely used in the construction field.

A terminology database, tailored to the project at hand, can go a
long way toward fixing the problem. It needs to consider the termi-
nology appropriate to the industry, company, and the specific proj-
ect. The cardinal rule in constructing a project vocabulary is to
make sure every item added is justified. It must contribute more to
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INCOSE ——
The INCOSE Handbook
defines baseline as, “a specifi-
cation or product that has
been formally reviewed and
agreed upon, that thereafter
serves as the basis for further
development, and that can be
changed only through formal
change control procedures.”

PMBOK® Guide
The PMBOK® Guide Glossary
defines baseline as “the
approved time phased

plan ... plus or minus
approved project scope, cost,
schedule, and technical
changes.”

PMBOK® Guide
Both the PMBOK® Guide and
the INCOSE Handbook include
glossaries of terms.

A secondary benefit of a
project-terminology database
is the increase in everyone’s
sensitivity to the need for pre-
cise communications.

Why use “utilize” when you
could utilize “use”?
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understanding than it detracts as potential excess verbiage. Try first
to use ordinary language to represent a needed concept, using short
words where possible. Only if the resulting expression is unduly
burdensome should a new term or acronym be coined or borrowed
from a related field or industry. In the latter case, the use of the ex-
isting nomenclature should clarify, rather than mislead, through its
similarities.

When Words Are Not Enough (or Too Much)

Flowcharts and behavior diagrams have long been used for express-
ing ideas and designs. In recent years, these forms of graphical com-
munication are replacing the written word as a means to express
project requirements and as a primary artifact throughout system
development. The emerging role of the Unified Modeling Lan-
guage™ (UML) and SysML in systems engineering is discussed in
detail in Chapter 9 and in Appendix C.

The need for more precision to express requirements and con-
cepts for complex systems is one reason for the growth in popularity
of graphical languages and diagramming. The other main driver,
analogous to the growth of the ubiquitous spreadsheet made into a
household utensil by Lotus123, is the availability of productivity
tools that support language standards such as UML and that inte-
grate with other productivity tools.

Some Critical Decision Gates Have Critically
Confused Titles

While the definition of decision gates involves more than terminol-
ogy, some titles themselves have been a historical source of confu-
sion. We will use this section to clarify particularly egregious
nomenclature. Decision gates are discussed in more depth in the
next chapter.

Professional societies have defined decision gates that are com-
mon to both government and commercial projects. Since these defi-
nitions are being broadly adopted by commercial industry in
international environments, it is important to alert new users to mis-
leading nomenclature. Some decision gate titles are incorrectly
based on their position relative to design approval (e.g., being pre-
liminary to or critical to design approval). There is no universal set
of terms all agree to. The Preliminary Design Review is also called
an Initial Design Review by some and a High Level Design Review
by others. The intent of these three reviews is similar, but not iden-
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tical. The terminology we have selected is in wide use and clearly
represents the concepts we wish to convey.

The Preliminary Design Review (PDR) is actually the final
“design-to” of the concept, specification, and verification plan re-
view. PDRs are really Performance Guarantee Gates because test
and analytical evidence should prove that all performance numbers
are achievable, that no significant performance risk remains, and
the end product will satisfy the customer. But in many PDRs you
can count on only three things: coffee, donuts, and pictorials of the
project approach. Specifications (major evidence to be evaluated)
are often conspicuous by their absence, as are verification plans,
having not yet been developed. Because it’s preliminary, the audi-
ence is easily contented, although it should not be. This confusing
terminology may well cause the team to not deliver their decision
gate products. Countless hours are wasted in PDRs that don’t satisfy
the criteria for the review.

All decision gates are the final points for important project de-
cisions. Even though one of the better-known decision gates is
called a Critical Design Review (which is the “build-to” design re-
view), all decision gates are critical events in the project cycle.
Critical Design Reviews (CDRs) are really Production Guarantee
Gates because test and demonstrations should prove that building
and coding to the proposed documentation is achievable with ac-
ceptable risk and that the end product will satisfy the customer.
That is, the design approach and processes are well understood and
are repeatable.

The most critical of all design reviews is the System Concept
Review where the system concept is approved, thereby committing
to the associated life cycle costs and risks of the concept selected.

Formal Is as Formal Does (Not as Formal Says)

We often find that formality is erroneously associated with the
amount and appearance of documentation, rather than properly re-
lating to project conduct that’s in accordance with established
forms, conventions, and requirements.

Formality has to do with team adherence to baselined principles
and practices regardless of the elegance of their documentation.
Well-documented projects are sometimes undisciplined, ignoring
their own documentation and operating in an informal mode. Con-
versely, we have witnessed projects with almost no documentation
that operated in accord with the requirements and conventions
adopted by the project—a very formal and binding discipline.
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There is nothing preliminary
about the Preliminary Design
Review. It would be better
called the Performance
Guarantee Gate.

There is nothing uniquely criti-
cal about the Critical Design
Review. It would be better
called the Production
Guarantee Gate.

The most critical decision gate
is the System Concept Review.
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Accountability is an important
part of every project’s
vocabulary.

Formality relates to whether the agreements (oral or otherwise) are
“binding.” A “make a promise, keep a promise” culture is formal.

Accountability—Walking the Talk

Project managers should hold their teams accountable to the project
vocabulary. It is reasonable to have team members certify that they
have read the baseline project terminology and that they are com-
mitted to using it.

PROJECT COMMUNICATION EXERCISES

Jot down your definitions for prototype, baseline, qualification, ver-
ification, and validation. Compare what you have to the definitions
in the Glossary.

For your project, identify the means used for communicating
and prioritize them as to their importance. Based on the information
provided in this chapter, identify potential improvements.

Rank the four communication model factors (participant behav-
iors, techniques, environment, and language) as to their relative
contribution to your project communication problems. Identify sev-
eral examples of situations or behaviors that illustrate your highest-
ranking problem areas and compare your results with others in your
organization.
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There was a period during which the U.S. government taught
adversarial project management. The theory was that contractors
being told they were not measuring up would cause a positive
reaction—work harder to improve—thereby benefiting the
government. Teamwork waned, as did morale. One government
agency, the CIA, did not subscribe to this philosophy and decided
to find a better way to enhance teamwork and enhance both
creativity and productivity. In 1988, Len Malinowski was assigned
to develop a precedent-setting project management training
program. It was to baseline the combined best practices in both
project management and systems engineering for the entire
agency. Len took this learning experience one step further,
campaigning to team the government project manager with the
related contractor project manager. Security and ethics barriers
were thrown at Len, but he prevailed and the two-week, off-site
learning experience was based on the teamwork concept. Thirty-
five hundred personnel in team pairs learned of each other’s
objectives, methods, and biases. At the same time, they learned a
common vocabulary and a common approach to managing
technical development projects. As a result, project performance
dramatically improved throughout the agency. The program logo
(at the end of this paragraph), prominent throughout the training
materials, stressed the importance of teamwork. The
relationships were characterized as partners hooked at the hip
while in an arm’s-length business relationship. The most
successful learning experiences occurred when an entire project
team of government, contractor, and subcontractor personnel
was trained as an intact team at project start-up.

Lver Project Office Conttractor  Subcontractor

Communication  Teamwaork Froject Cycle Mgmt Elements

Organizational Commitment

ESSENTIAL 3

“Coming together is a begin-
ning. Keeping together is
progress. Working together
is success.”

Henry Ford

PMBOK® GUIDE ——
This chapter is consistent with
PMBOK® Guide Sec 9.3.2
Develop Project Team: Tools
and Techniques.

INCOSE
The INCOSE Handbook
emphasizes the value of
teamwork in the introductory
sections and in Section 5, SE
Project Management
Processes.
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Of all the challenges facing
project teams, the greatest
involves the people
themselves.

Few terms are as evocative of
today’s desired work setting as
team and teamwork.

Once a group is formed, the
people tend to believe they are
a team even when they’re not.

When teamwork fails, it's
seldom due to lack of good
intentions.

r I Yeam effectiveness relies on many things, including chemistry,
attitudes, and motivational sources. Achieving real teamwork
depends on three steps:

1. Forming a group capable of becoming a team,
2. Creating and sustaining a teamwork environment, and
3. Inspiring teamwork success through leadership.

In this chapter, we focus on the second of these: creating and
sustaining a teamwork environment. Team formation emphasizes the
techniques for selecting the right people and defining their roles—
an ongoing process throughout the project cycle. The motivational
techniques needed to sustain the project team are an integral part of

leadership.

WHY DO SO MANY TEAMS FAIL?

Teamwork, so essential to effective project performance, receives
considerable attention today. We want our project staffs to become
empowered teams—perhaps even self-directed teams. We organize
our work groups into integrated project or product teams. We use
Red Teams for peer review and Tiger Teams to solve problems. To
manage quality achievement, we team with our customers. We have
Continuous Improvement Teams. We agonize over the impact of
telecommuting on teamwork. And then with all this emphasis on
teaming and teamwork, we still collect groups of people, tell them
they’re empowered, leave them alone, and hope that a functioning
team somehow emerges from that forced proximity of a small con-
ference room or an Internet facilitated collaboration.

If that wished-for team fails to emerge from the self-discovery
process, then we resort to an event called a “team build” at an off-site
location. The staff discusses goals and generates mission statements.
The event is full of good social activities—perhaps the traditional
“build a tower out of drinking straws”—and even some outward-
bound type of outdoor experience like a “trust fall.” Then, full of so-
ciable camaraderie, we go back to work and watch the team that
started to jell so nicely in the woods or at the conference site fall
quickly and quietly apart, back into the collection of individuals that
we started with (Figure 6.1).

Failure usually results from a lack of a common approach to ac-
complish the work as a team. Inadequate leadership fails to create
the environment in which teams can flourish. Furthermore, poten-
tial team members are seldom trained in how to share their efforts to
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The special recognition usually given to the “team” portion of teamwork
makes members aware of the need for cooperation.

Yet many teams fail.

Most team efforts fail because of insufficient attention to the involved.

Figure 6.1 The “work” in teamwork.

accomplish team goals. The team may also assume they know more
about teamwork than they actually do. So we need to be able to dif-
ferentiate between superficial teamwork and the real thing.

THE FUNDAMENTALS OF AN EFFECTIVE
TEAMWORK ENVIRONMENT

Effective teams share several common characteristics. They can ar-
ticulate the common goal that they are committed to achieve. They
acknowledge their interdependency with their teammates, coupled
with mutual respect. They have accepted boundaries on their ac-
tions—a common code of conduct for the performance of the task.
They have accepted the reward of success they will all share. Add
team spirit and a sense of enjoyment when working together, and
the result can be a highly effective and efficient team that produces
quality results.

One of our metaphors for a team is an orchestra with a common
score and a conductor. A successful performance depends on the di- The image of an orchestra )
rection of the score (project plan) and a single point of accountabil- f:;rorm.ance reflects today’s
. . A . project environment and
ity for setting the tempo. However, having a conductor just wave the the nature of operating project
baton (or a project manager authorize tasks, which is the functional teams.
equivalent in today’s project environment) is insufficient to build
and sustain a team.
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Significant involvement leads
to a sense of responsibility
for—and therefore, commit-
ment to—project goals.

Our dilemma today is that we can’t take the time or risk for self-
directed group discovery. And merely having a project manager and a
kick-off event is insufficient to sustain real teamwork. So, where do
the shared goals, the sense of interdependency, the common code of
conduct, and the shared rewards come from? That’s the work of cre-
ating teamwork.

Fundamental 1: Common Goals

In contrast to a conventional, ongoing functional department, project
teams are usually comprised of a heterogeneous group of people from
various functional responsibilities. For this reason, as well as the na-
ture of project people and the teamwork culture, each team member
wants involvement and proactive participation in management activi-
ties. These include planning, measuring, evaluating, anticipating, and
alerting others to attractive opportunities and looming risks.

Building teamwork begins with clearly defining the individual
and joint objectives and outlining the various roles and responsibili-
ties required to accomplish the objectives. Gaining consensus for the
top-level goal is often easy. You must probe to the second or third tier
to reveal and resolve overlaps and gaps. Having that team activity
available, ask each member of the group, “Now that you understand
the content of the tasks, do you really want to be a member of this
team?” A “yes” identifies a potential team member.

Fundamental 2: Acknowledged Interdependency and
Mutual Respect

We concur with Stephen Covey’s assertion: “The cause of almost all
relationship difficulties is rooted in conflicting or ambiguous expec-
tations around roles and goals.” In the team environment, mutual
respect, relationships, roles, and interdependencies are inextricable
and develop in concert.

At the project’s beginning, a revealing team effort is defining
roles. After team orientation and goal setting, the task of preparing
personal task descriptions provides a maturity calibration point and
offers a revealing way of getting feedback regarding team role per-
ceptions. The following are steps for the team to acknowledge inter-
dependency and to establish expectations:

* Define the specific functions, tasks, and individual responsibilities.

* Develop an organizational structure and define team interde-
pendencies.

* Define the scope of authority of each member.
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Some roles are assumed, undeclared, and/or undefined, including
personal activities such as tutor, interpreter, cheerleader, or trou-
bleshooter. While there are usually formal, written responsibilities
for project managers and leaders, team members’ roles are too fre-
quently unwritten. In her book, Star Teams, Key Players, Jackman
emphasizes the responsibility of each team member for ensuring out-
standing performance of the team by becoming a key contributor.? As
each member is added to the team, it is a wise, proactive practice for
that new member to define his or her roles and to have those roles ac-
knowledged by the rest of the team and the project manager. Then
the roles are adjusted as appropriate, to create both team synergy and
minimize discord.

Later, in the planning process, the cards-on-the-wall technique
(discussed in Chapter 12) provides a highly effective team building
opportunity. As the schedule network evolves, personnel interde-
pendencies are easily recognized.

You can have well-defined responsibilities, but if the interdepen-
dencies are not acknowledged, there is no basis for teamwork—only a
well-structured individual effort. For interdependencies to be recog-
nized, there must be an acceptance of, and respect for, the roles that
must be filled by each team member.

Like teamwork itself, mutual respect is easier said than done.
You need to be aware of, acknowledge, and accommodate both
strengths and weaknesses—both yours and others’.

Role biases can be major roadblocks to respect, and that can
lead to potholes, as one of the authors learned long ago when mixing
asphalt for a road-resurfacing project. The contractor personnel took
great pleasure in fooling the state inspector. A faulty scale allowed
too much sand in the mix, causing the inspector to approve every
bad batch. The workers thought it was a great joke until they de-
pended on those roads. Many years later, the potholes are still a
grim reminder of the deficient mix, and especially of the lack of ap-
preciation for the inspector’s vital role.

Role biases can be particularly true of the project management
and systems engineering disciplines. Systems engineers often see
themselves as the key technical contributors carrying the rest of the
project on their “technical backs.” They sometimes believe that no
one else is capable of communicating with them or of appreciating
their “contributions.” Likewise, project managers believe systems
engineers have little regard for cost and schedule. This book is in-
tended to help overcome these communication and teamwork barri-
ers by providing the information necessary for the entire team to
participate in determining the system solution approach.

[vww .ebook3000.con}

Roles and mutual dependen-
cies need to be acknowledged
by all project members.

Mutual respect means accept-
ing the need for the role per-
formed by each team member
and respecting his or her com-
petency, especially if it is out-
side your field of expertise.
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The right time to address legal
and ethical issues is when they
are only potential problems—
before they become a career-
limiting lesson learned. When
it comes to conduct, just as in
planning, an ounce of preven-
tion is worth a pound of cure.

Ask yourself, “Would | be
embarrassed if my behavior
appeared on the front page of
the newspaper?”

In a production environment, manufacturing often sees qual-
ity assurance (QA) as an enemy to be circumvented rather than
a vital member of the team necessary to project success. Con-
versely, QA has been known to stop production lines just to exercise
its authority.

The space shuttle tile program, which developed and produced
the external heat shield for the orbiter vehicle, demonstrates how
teamwork, based on mutual respect, can mean the difference
between success and failure. In the transition from research to pro-
duction, problems occurred that no one knew how to solve. Manufac-
turing and QA personnel worked together very effectively, helping
each other resolve the many technical challenges. Responsibilities for
traditional QA tasks were even shifted between organizations when
people on the production line found a better way. A true cooperative
and lasting team spirit, based on mutual respect, was developed be-
tween manufacturing and QA.

Though respect is earned, it begins by putting your critical atti-
tude aside and giving others the benefit of the doubt without being
condescending or patronizing. By keeping an open mind, you can ac-
quire respect for your lack of specific skills, for another’s compe-
tency, and for traditionally adversarial roles.

Fundamental 3: A Common Code of Conduct

Legal and ethical issues have been receiving widespread attention
in the news media as more and more companies restate their earn-
ings. The most obvious conduct issues are usually well-documented
prohibitions by company or government policies. But they may not
be well known to all team members. And the gray (or ambiguous)
areas, especially those involving contractor and customer inter-
faces, may not be understood or interpreted consistently. The proj-
ect manager is responsible for reviewing these issues, together with
the relevant company policies, to ensure that all team members are
sensitized to areas of risk. Figure 6.2 lists legal conduct issues for
review with the team.

Ethical conduct issues are more difficult to enumerate. Ulti-
mately, you have to depend on personal values to navigate through
the possible conflicts that can occur between company practices,
laws and regulations, and management direction. When dichotomies
persist, these guidelines may help:



75

TEAMWORK
Legal
Conduct
Issues
if:onflicl Dgfgcjive Product Mi C’:)st . cfla[se —— PMBOK® Guide
of Interest ricing Substitution ischarging aims PMBOK® Guide Sec 9.3.2.4
Develop Project Team: Ground
grr'gﬁj?{igs Falme dl Labor ggg'{r‘:"ﬂ Rules relates to the team’s
) Sub- Sub- Materials code of conduct.
Kickbacks contractors contractors Research gﬁ;;?:sl
::?é?r?]ration Wendors Vendars Proposals Constructive
i ] ; Change
Influence Subiiers Subliers Pléect ?r Orders
Peddling ndirec

* Seek higher management guidance to confirm difficult choices
for conflicts among the various codes of conduct.

e If asked to operate in a potentially improper manner, make sure
that the request is written and verify it with the cognizant au-
thority. Do nothing that violates your personal ethics.

Figure 6.2 Legal conduct issues.

* Report any improper conduct, anonymously if necessary.

To be effective, a common code of conduct needs to:

* Resolve potential sources of conflict,

* Clear the air on gray areas, and

* Cover areas not addressed by other standards such as:

—Working on new scope in response to an oral request and
—Threshold value of a change proposal.

Categories to consider include:

Customer relations.

Personal use and care of company property.

Attendance and work hours.

Safety.

Sexual harassment.

Smoking, alcohol, and drug abuse.

Gambling.

Falsification of records.
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Ask each potential member of
the team, “Will you commit to
abide by these rules of con-
duct?”

A “no”will surface issues to be
resolved.
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Money spent on pizza for all
may be more effective than a
bonus given to the most out-
standing contributor.

—— PMBOK® Guide
PMBOK® Guide Sec 9.3.2.6
Develop Project Team: Recog-
nition and Rewards provides

additional reward information.

Instilling teamwork coopera-
tion often begins with unin-
stalling the “me-first”
competition culture deeply
scripted in most people by
their education and business
experience.

Allow the team to come to
consensus even though you
know the answer and could
tell it to them. They will feel
more energized about the
solution if it is theirs.

Acceptance of gifts.
Standards of quality.

Fundamental 4: Shared Rewards

Shared recognition for contributing team members of a successful
project is often far more important than cash bonuses. People are
motivated to do a good job and to cooperate with one another when
they are confident that their individual and team performance will
be publicly recognized and appreciated by their peers and their
management.

Effective cash rewards begin with fair and equitable compen-
sation for team members. You can also devise awards that can
be earned by the entire team. The concept of shared rewards
suggests dividing a bonus pool equally by the number of partici-
pants. With this approach, the lowest paid receives the highest
percentage compared to base compensation causing a ground swell
of enthusiasm.

A Hyundai executive was forced to resign because he rewarded
370 quality management division employees for the dramatic im-
provement in Hyundai quality, which surpassed even Toyota. His
error was that he failed to reward all 35,000 Hyundai employees.
Hyundai ultimately agreed to include all employees, as the union
contract required, and paid $29 million to the 35,000 employees (ap-
proximately $830 per person).

Fundamental 5: Team Spirit and Energy

This quality depends on personal attitudes as well as company cul-
ture and begins with:

* An agreement to pool resources.

e Interdependence rather than independence.

* Desire to do whatever is necessary to succeed.

* Placing team needs above one’s own needs.

* Never asking the team to do what you are not willing to do.
* Setting the example for others to follow.

Independent thinking alone is not suited to the interdependent
project reality. Putting the team ahead of oneself, however, does
not mean the elimination of strong pacesetters. Driving personali-
ties need to exercise their assertiveness and energy without domi-
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nating their teammates. This sometimes involves subtle leadership
techniques.

TECHNIQUES FOR BUILDING AND SUSTAINING
TEAMWORK: THE WORK OF TEAMWORK

Creating and sustaining effective teamwork requires ongoing work on
the part of all team members. Many team building efforts fail either
because essential techniques are unknown or applied inappropriately
by participants unaware of the situational nature of project manage-
ment and leadership.

While team building is a total team responsibility, we will focus
first on what the project manager can do to foster and nurture a fledg-
ling team. First, we need to refine our image of the team as an orches-
tra led by the project manager. In the project reality, the project
manager is both the composer and the conductor. To quote Peter
Drucker, “This task requires the manager to bring out and make effec-
tive whatever strength there is in his or her resources—and above all in
the human resources—and neutralize whatever there is as weakness.
This is the only way in which a genuine whole can ever be created.”

Like any other development process, there is a gestation period
involved. The project manager must avoid over directing and smoth-
ering the team. Alternatively, too much freedom can cause a new
team to founder. The project manager must:

* Clearly define unambiguous responsibilities,

* Define and communicate a project process and style,

* Delegate wherever possible,

* Empower the team to be accountable,

 Balance support with direction as required,

* Train the team, by example, to operate as a team,

* Deal with underperformers who drag the team down,

e Establish team-effort rewards, and

* Design the tasks and work packages in a way to encourage teamwork.

The leadership techniques discussed next pertain especially to
building teamwork.
The Team Kick-Off Meeting—A Teamwork Opportunity.

The kick-off meeting should be a working session. When properly
led by the project manager, it can provide each team member with a
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Teams don't always need
managers to do things right,
but leaders always need teams
doing the right things.

The project manager is the
most responsible for sustain-
ing a whole that is larger than
the sum of its parts.

—— PMBOK® Guide
PMBOK® Guide Sec 9.3.2.3
Develop Project Team: Team
Building Activities cites the
value of project-related team-
building events.

The kick-off meeting may be
the best opportunity the
project manager has to
communicate the project
vision to the team in relation-
ship to their work.
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As in football, a successful
kickoff has the team lined up
and heading for the common
goal (post).

Planning is a continuing
activity, not a one-time event.

sense of organization, stability, and personal as well as team accom-
plishment. Proper leadership includes a detailed agenda. In Dy-
namic Project Management, the authors offer a detailed agenda for
the team kick-off meeting.* Emphasizing this opportunity to com-
mit the team members to a common goal, they list ten meeting goals,
which we have paraphrased:

1. Introduce project team members.

2. Define the overall project (objectives, goals, strategy, and tactics).

3. Describe key deliverables, key milestones, constraints, opportu-
nities and risks.

. Review the team mission and develop supporting goalsinteractively.

. Determine reporting relationships and interaction with other teams.

. Define lines of communication and interfaces.

. Review preliminary project plans.

. Pinpoint high-risk or problem areas.

. Delineate responsibilities.

10. Generate and obtain commitment.

© 00 1 O Ul i~

Avideo recording of the kick-off meeting is an important resource
to bring new team members up to speed as they join the project.

Team Planning and Problem Solving

In a team context, planning and problem solving are excellent team
building techniques, offering opportunities for training, environ-
ment setting, and reinforcement. For planning and network devel-
opment, we use a technique called cards-on-the-wall, described in
Chapter 12, to actively involve the project team in the planning
process. It facilitates team development of the tactical approach
and buy in on the planned actions. Once created, the plan will
need to be revisited by the team at each phase transition point to
ensure that it remains valid and that current plans respond to pre-
vious lessons learned.

Defining and Communicating a Decision Process and Style

Even though leadership style and the decision process will vary with
the project situation, most managers have a preferred or default
style that needs to be communicated to the team. This is detailed in
the section on leadership in Chapter 18. In many project environ-
ments, a consensus decision process fosters teamwork and is more
effective than the extremes of unilateral or unanimous decision
making, depicted in Figure 6.3.
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Figure 6.3 Alternative decision processes.

A consensus decision process consists of a thorough discussion
until all team members have had a fair hearing and all members are
committed to accept and support the group decision. Reaching a
consensus may require compromises, but it does not involve:

* Voting or averaging,
* Bargaining or trading-off, or
e Steam rolling or flipping a coin.

Consensus decision making is most effective when:

* You don’t know who has the expertise,

* Your facts are insufficient to decide and you need the judgment
of a group of involved personnel, and

* You need the commitment of the group for the implementation.

Setting the decision environment is not a one-time activity.
Let’s say you've decided to operate throughout the project on a
consensus basis. You find that it works well for team planning of
the project, but not as you get into the actual work. Individual con-
tributors with differing work habits and desire for flexible work

[vww.ebook3000.con)

Management styles need to

be appropriate to the situation.
The key to success is in
communicating your style
appropriately as well.
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A project information center—
or project-specific web site—
should portray timely,
accurate, and relevant
information.

When removing a team
member, the manager needs
to let the others know why—
in direct, factual terms.

Be careful not to leave
someone out!

schedules make consensus building at each decision point cumber-
some. Finally, as you hit a real crisis in the program, you can’t wait
for the team. You make a decision unilaterally and that irritates ev-
eryone on the project. The urgency of the situation called for a
change in style—an important right for the leader. But teamwork
suffers when you change your style without letting the team know
when or why a change is necessary. An effective leader reveals the
reasons when making a change in management style.

The Project Information Center

Sharing information with the team is a way of reinforcing the vision
and setting a good communications example. A room, wall, or web
site where staff can review current information on the project in
near real time offers an efficient means to share information. Cur-
rent information also enhances the team’s ability to reach a shared
reward. But what information do you share and how often do you
share it? Typical project dynamics suggest that selecting relevant in-
formation throughout the project is essential because as the project
changes so does the type of information needed, as well as its time-
liness. Out-of-date status charts and schedules vividly reveal a lack
of attention to the details of project management and the lack of im-
portance you place on team communication.

Dealing with Underperformers Who Drag the Team Down

All too often project managers are reluctant to lose a warm body be-
cause of scarce replacements. This can be shortsighted. The under-
performer may represent more of a drag than his or her contribution
represents. It also sends the wrong message to the remainder of the
team. They need to know exactly what kind of performance it takes
to earn job security.

Team Events and Celebrations

These are opportunities for creative team building. Events that sim-
ulate the project environment through outdoor activities, for exam-
ple, are extremely useful at start-up time. There is also a continuing
need for team rebuilding throughout the project as new challenges
are faced and especially as new project members join. The tech-
niques useful in the later stages of the project should focus more
closely on actual project issues where lessons learned can be incor-
porated into the event.
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Look for positive events and report them publicly at staff meet-
ings and project reviews. Enlist the customer when appropriate. Go
off-site—even if only for pizza and beer (no money is no excuse).

Training

Either as formal courses and seminars or as an integral part of any team
activity, learning events can contribute significantly to teamwork.
Project management and systems engineering courses, such as those we
conduct for our clients, are only the starting point for training an ongo-
ing management responsibility. Project managers should make oppor-
tunities for team members to share their learning experiences.

Reward Achievement

Remember that rewards come in many forms and, wherever possi-
ble, should recognize group contributions, as do the shared rewards
discussed earlier.

Rewarding achievement is the one technique that most consider
easy to apply. There is a talent, however, in rewarding performance
effectively. For example, if you like to start meetings by recognizing
good performance, you're obliged to make sure you're aware of the
supporting details. Many a compliment backfires by irritating some-
one else who contributed to the work while the recipient was just the
most visible (or worse, the highest ranking). Paying for accomplish-
ments is another traditional reward that has to be done judiciously.

Reinforcement

Techniques that emphasize working as a team include: focusing on the
common goal once established and accepted by the team; maintaining
respect for the functions, roles, and positions within the team; accep-
tance of interdependencies; continued acceptance of the evolving
common code of conduct; and adjusting the shared rewards as the
project matures. The leader must emphasize the essentials of team-
work throughout the project. Posters and slogans around a team room
(reminding people of important aspects) can be helpful.

WHEN IS YOUR GROUP REALLY A TEAM?

Teamwork is something everyone claims to believe in. People tend to
believe they're a team, even when they are not. It would be useful to
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—— PMBOK® Guide
PMBOK® guide Sec 9.3.2.2
Develop Project Team: Train-
ing covers the role of training
in team development.

Good performance needs to
be rewarded—what gets
rewarded gets done.

Team members should take
any opportunities to reinforce
the team principles presented
in training sessions.

You need to confirm that your
leadership is working on an
ongoing basis as measured by
observable behavior.



http://www.ebook3000.org

82

THE ESSENTIALS OF PROJECT MANAGEMENT

have a means to assess if your team really is one. Kinlaw has drawn
on his decades of experience in working with both industry and gov-
ernment teams to create a “superior team development inventory
(STDI).” His inventory questionnaire is presented in the appendix
of his book. The surest way to get off on a false start is to convene
the troops for a kick-off session that is little more than a pep talk. It
may cause good feelings but it will not last. Likewise, it is equally in-
effective to use teamwork techniques only as reactions to problems.

Positive Teamwork
Indicators
A positive, cooperative climate
prevails.

Information flows freely
between team members.

No work is considered beyond an
individual’s job description. If it
needs to be done then someone
is doing it.

Interpersonal interactions are
spontaneous and positive.

The collective energy of the team

is high.

Real teamwork focuses the
energy of a diverse group of
individuals, having different
personality traits and skills, to
optimally accomplish a common

goal.

Negative Teamwork
Indicators
A climate of suspicion and distrust
exists.

Information is hoarded or withheld.

Finger pointing and defensiveness
prevail.

Counterproductive subgroups and
cliques begin to form.

Fear of failure causes individuals to
avoid or postpone making important
decisions.

The absence of teamwork doesn’t lead
just to low productivity, it creates a
counterproductive environment that
saps the energy of the group and
demotivates the individuals.

TEAMWORK EXERCISE

From your personal experience, work related and otherwise, iden-
tify those teams that exhibited good and poor teamwork. For each
team identified, evaluate to what extent they implemented the four
fundamentals to effective teamwork.
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Factor

Score

Reason

Recommended
Improvement

Common goal

Acknowledged
interdependency
and trust

Code of conduct

Shared reward

Team spirit
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THE PROJECT CYCLE

The impact of not establishing a gated project cycle can be
substantial, as in the case of a national Health Maintenance
Organization (HMO) in the construction of new medical
facilities. In the absence of a defined project cycle, the HMQO’s
management did not get involved in detailed design
decisions. Further, there were no binding decision gates that
involved the appropriate using stakeholders to get formal
approvals of the configuration before proceeding. For
example, the doctors (the operational users) were not
required to approve the dimensionally correct floorplan (an
early concept artifact) that vividly displays how the hospital is
laid out to support the required medical functions. As a
result, after the hospitals were constructed, the doctors
directed considerable redesign and rework before accepting
occupancy—a costly and time-consuming impact. A gated
project cycle, requiring doctor approvals, was adopted to
correct this process deficiency.

he project cycle is the sequential Essential of project manage-

ment and systems engineering. It’s about progressing from stake
to stake—the decision gates and other timeline events. Figure 7.1 il-
lustrates the project cycle format. This chapter presents the signifi-
cant features of a basic project cycle with a single thread from
beginning to completion. Many projects are more complex, so Part
Four provides additional detail on the principles, techniques, and
terms introduced here, such as the characteristics of unified, incre-
mental, linear, evolutionary, and agile development, baseline man-
agement, and the Waterfall, Spiral, and Vee models.
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The Project Cycle
. |
Periods STUDY PERIOD Groups of related phases, named by purpose
Concept
Phases Definition Groups of related activities, named by purpose
Phase

Tasks that produce the products

Activities :‘:‘:’ required by decision gates

E‘:k__._-— Conduct Concept Selection Trade Studies time 3

z:l Concepl
Definition Products required for

Products Concept @ Document baseline elaboration and

Trade Study baseline justification

Results
Decision A The baseline elaboration
Gates Concept Definition decision gates

Decision Gale

Figure 7.1 The project cycle format.

DEFINING THE RIGHT ROAD TO SUCCESS

In our training and project management experience, we encounter
the following unfortunate situations; those teams that:

* Accept and follow a standard project cycle because it’s dictated
by their customers or management.

e Don’t define a project cycle, not having previously heard of
the concept.

The former tolerate the concept because compliance is directed,
and the latter resist it because it appears rigid and bureaucratic.
Both are victims of a failure to appreciate the power of the project
cycle as a reliable road map for an enterprise and as a flexible and
effective navigation tool to execute individual projects correctly the
first time.

In the absence of a defined-management approach, and without
the defined milestones (decision gates) to ensure progress and base-
line approval, project teams are left to create an ad hoc sequence of
events believing they are navigating correctly.

Staying competitive often requires a short time to market.
An institutionalized project cycle based on time-proven lessons
learned can be tailored up or down, but only if you first know the
preferred route.

This chapter presents a baseline template that can be applied to
a wide range of development projects in all environments, whether
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We define the project cycle as
an orderly sequence of inte-
grated activities, performed in
phases, leading to success.

Even though all projects travel
through a sequence of phases,
the road may not be clearly
understood.

“We all want progress, but if
you're on the wrong road,
progress means doing an
about-turn and walking back
to the right road; in that case,
the man who turns back soon-
est is the most progressive.”

C.S. Lewis
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Eliminating a feature from a
proven template must be
justified.

PMBOK® Guide
The PMBOK® Guide Sec 2.1.1
Characteristics of the Project
Life Cycle, provides relevant

discussion.

Many disciplined companies
follow some version of a
project cycle that is divided
into periods and further
subdivided into phases.

government, commercial, or nonprofit. This framework facilitates
the sequential proactive management of projects that is:

* Orderly,
e Methodical, and
* Disciplined.

Since not all events and features in our template are universal in
application, you should create your own version. To tailor a project-
specific cycle, each entry must be evaluated, resulting in a conscious
decision to include it or not. This avoids errors of omission while
taking advantage of proven baseline.

An effective way to build a tailored project cycle is to take
these four steps:

1. Decide on the appropriate periods or stages (Study, Implemen-
tation, or Operations) for your project. The periods are related
to the evolving system solution, which paces the project. The
development of the system is what is maturing and is a measure
of progress.

2. Identify the decision gates and the associated phases within
the periods that are required to ensure the best value system
development steps. There are always decision gates at the end
of each phase; additional decision gates are often beneficial
within a phase.

3. Define the products or artifacts (documents, models, test arti-
cles, etc.) that must be in evidence and ready for baselining at
each decision gate to ensure that the project has delivered to
the objectives of the phase or subphase and is ready to move for-
ward (exit and entry criteria).

4. Define the tasks required to create the products or artifacts.
These tasks will provide the input for building the project net-
work and schedule (discussed in Chapter 12).

Our baseline project-cycle template contained in this book is di-
vided into three periods or stages: the Study Period, the Implemen-
tation Period, and the Operations Period. These periods correspond
to the major objectives of the system solution as it matures from an
identified user need through concept determination, implementa-
tion, and ultimately to production and user operation. Figure 7.2 de-
picts representative government and commercial periods and phases
along with our project cycle template. The NASA cycle comes from
two references, one for the systems engineering cycle and the other
for program or project management.! The U.S. Department of De-
fense cycle comes from a recent publication.> The ISO/IEC cycle
comes from 1SO-15288.3
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Figure 7.2 Project cycle templates.

In their book, Microsoft Secrets, Cusumano and Selby describe
the Microsoft project cycle for new product development.* The Mi-
crosoft cycle, which typically lasts from 12 to 24 months, has three
phases (Planning, Development, and Stabilization). Each of the
phases has detailed activities, products, and decision gates. The
final decision gate, at the end of the stabilization phase, has a title
that should delight Microsoft product users: “zero bug release.” Al-
though their terms differ somewhat from those used in Figure 7.2,
their description of the cycle maps exactly to our baseline model.

All cycles begin with a user needing something. Typically, cus-
tomers determine the need and the user requirements and then con-
tract with one or more providers (ultimately, the project team) to
develop the product or service. Customer types include government
agencies, commercial enterprises, or a company’s internal marketing
department.
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Even though projects can be
initiated very differently, they
are subject to similar project
management and systems
engineering processes

once the requirements are
established.
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| Concept |

Development of Rides and Exhibits for an Amusement Park

Design I

Implementation

System Verification
]

KEY MILESTONES

- Complete Concept Complete Begin State and
Development Schematic Exhibit/Ride Local Agency
Design Production Safety

- Creative Buy-Off Inspection

(Storyboards and Complete Begin Ops
Sketches) for User Facility Training
Interface Build-to
Drawings
Begin Open
Facility Exhibit/
" " " Constructionv Ride to
Public
Candidate Feasible Concept Complete Design-to Documents Begin
for New - Complete Exhibit Lists and - Design Details Established Exhibit/Ride
Customer Ride Layout - Exhibit and Ride Design Installation
Attraction - Complete Cost, Schedule, Requirements Complete

and Technical Assessments

Figure 7.3 Project cycle chart for amusement park exhibits and rides.

PMBOK® Guide
The PMBOK® Guide Sec 2.1.2
Characteristics of Project
Phases identifies “initial,”
“intermediate,” and “final” as
phases of a project.

INCOSE
The INCOSE Life Cycle Stages
identifies stages as:

Pre-concept exploratory
research.

Concept.

Development.

Highly creative commercial organizations benefit from having a
defined requirements-driven process. The development of new
amusement park attractions usually begins with “blue sky” explo-
rations and concludes with a new exhibit or ride (Figure 7.3). Many
theme park organizations, including Walt Disney Imagineering, fol-
low a cycle like this.> Note that this cycle closely matches the
processes illustrated in Figure 7.2.

In government acquisitions and larger commercial projects,
team members and managers may change with the project-cycle pe-
riod. For example, in the case of a Department of Defense (DoD)
project, once a mission need is identified, a project champion is se-
lected and a core team is formed to develop the user requirements
and to produce the tender or bidder documents. That core team may

) Prc_)fjuc_tlon' change during the implementation period, although some team
" Utilization. members may stay to provide continuity throughout the three peri-
" Support. ods. Bidders will generally form a proposal preparation team, the
* Retirement.

core of which may also continue through all or part of the imple-
mentation phases.

Large, decentralized corporations often follow the government
practice of having separate customer (e.g., product marketing) and
provider (e.g., product development) teams. In this case, the mar-
keting team will prepare the user requirements for the product de-
velopment team.
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Large commercial suppliers of systems built up from their “stan-
dard” components offer another example. The sales team signs a con-
tract with defined requirements. The implementation team manages
the project after contract signing and procures, installs, and verifies
the system. Their project cycle should reflect the activities and prod-
ucts for the required modifications, verification, and readiness to
hand off to the operations team.

Smaller commercial projects are more likely to consist of a sin-
gle project manager selected as soon as the scope and nature of the
project is established and who will serve throughout delivery. Even
in this case, the size and composition of the project team will likely
change as appropriate to the periods and phases.

THE STUDY PERIOD YIELDS A HIGH
RETURN ON INVESTMENT

The Study Period typically determines the scope, feasibility, and
funding of a project (Figure 7.4), therefore, making or breaking can-
didate projects. Yet, important cost estimation studies are often cir-
cumvented in the rush to implementation. High-level government
panels, such as the Hearth commission and Packard commission,
concluded that hasty Study Periods, resulting in flawed or incom-
plete requirements, are the major cause of project failure. Their
findings continue to be reverified; the General Accounting Office
(GAO) reported in 1999 that high-tech government projects con-
tinue to fail for low-tech, often mundane, reasons. Typically these
low-tech reasons are flaws built in as a result of incomplete studies
as well as improper implementation of an otherwise sound project
management process.

Flawed Study Period project estimation seems to be the root
cause of the predicted several billion dollar overrun for the twenty-
first century construction of the Oakland-San Francisco Bay Bridge.
The cost problem is so severe that a change in design concept is
being considered even though construction is well underway. In ad-
dition, the public is calling for an investigation of the study period
managers, CalTrans.

The Big Dig in Boston, with an overrun several times the
original estimate, is another example of flawed project scope and
cost determination in the Study Period and scope creep during
implementation.

The project team generally must engage in considerable analysis
and negotiation in order to develop the requirements. The project
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The project periods often
represent natural boundaries
to team responsibilities and
composition.

A major cause of project
failure is insufficient focus on
product opportunities and
inadequate attention to
resolving development risks
during the study period.



http://www.ebook3000.org

90

THE ESSENTIALS OF PROJECT MANAGEMENT

% of Projected Funds

100

80

60

40

20

1100%
1

%Committed

Total Expenditure
Profile

SCR = System Concept Review

PDR = Preliminary Design Review

AR = Acceptance Review
T

[}
'PDR AR !

1
~—— Study —>|<— Implementation —>|<— Operations —>|Disposal

Figure 7.4 Typical expenditure profile: Committed versus spent.

manager and systems engineer must work as a team to ensure that
the technical requirements match the business case objectives.

A comprehensive analysis can often prevent the time lost and
the funds wasted on requirements-driven rework as illustrated in
Figure 7.5. This figure is uncommon since most organizations do not
collect the necessary data to create this relationship. The chart au-
thor, Werner Gruhl, worked in the comptroller’s office at NASA
Headquarters and had access to actual project costs by category for
both the study and development periods. He also knew the develop-
ment costs as estimated at the end of their study period, and he
knew what the project requirements were at the start of the devel-
opment effort. He was able to adjust for financial distortions caused
by events beyond the control of the project team. For instance, the
most expensive part of the Hubble Space Telescope Program was
not the mirror or the spacecraft itself, but rather the three years of
environmentally controlled storage of the completed satellite fol-
lowing the Challenger accident. Mr. Gruhl was able to compare the
actual costs incurred for the work that was planned at the start of
the development period to the estimated costs for that same effort.
This resulted in the “Final Overrun as a Percent of the Commitment
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Figure 7.5 Twenty-six NASA program files.

(Estimate) at the Start of Development.” The horizontal axis is the
ratio of the cost of the study period to the cost of the development
period. He did this analysis for 26 space projects. The conclusion is
that greater investment in the study period will yield a more accu-
rate estimate of the ultimate cost of development, enabling the proj-
ect manager to manage the implementation period effectively.

As an example, if you estimate the development cost for your
project to be $10 million, and if you have spent less than $1 million
on the study period, there is a high probability that you will have an
overrun in excess of 20 percent. After unacceptable project perfor-
mance in the early 1990s, NASA implemented an executive require-
ment that any project that is predicting greater than 15 percent
development cost growth must appear at a Cancellation Review to
“show cause” why the project should not be cancelled. Study period
interest increased as a result.

Our baseline cycle template provides four phases within the
study period: User Requirements Definition, Concept Definition,
System Specification, and Acquisition Preparation. Systems engineer-
ing has primary responsibility for the technical decisions during
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these phases, but the project manager must ensure consistency with
the business case and with customer needs.

User Requirements Definition Phase

The major objective of the User Requirements Definition Phase is
to determine exactly which of the user’s many requirements will be
included in, and satisfied by, the responsive project. In some cases,
user requirements may be more comprehensive than can be reason-
ably incorporated into a single project and those of lower priority
are rejected. Also included in this phase is the development of
stakeholder requirements that impose constraints on the solution
trade space. This phase is essential in both government and com-
mercial projects because it is key to correctly bounding the project
and avoiding over specification and grandiose expectations. It is also
essential to establishing the feasibility of meeting the user’s require-
ments, because what may seem reasonable at the first communica-
tion may be too challenging—or even impossible—to meet at a
subsystem or component level.

Concept Definition Phase

The objectives of the Concept Definition Phase are to evaluate sys-
tem concept alternatives, to select the best value concept and its
architecture, to develop the associated life-cycle budgetary should-
cost estimate, the target should-take schedule, and finally, to iden-
tify opportunities to pursue and risks to mitigate. During this phase,
estimates of required funding are updated as the credibility of the
basis of the estimates is improved.

There is a pitfall, however. During this phase, aggressive sell-
ing of a project concept is often necessary to secure the funding
to move ahead to the implementation period, and in so doing
unachievable expectations (both for cost and schedule) are often
established. The Boston Big Dig, the Denver Airport, and the
Oakland-San Francisco Bay Bridge projects take their place with
colossal projects of prior centuries, such as the Panama Canal. All
of these projects were (or will be) successfully completed, but with
huge cost and schedule growth—and with career-limiting impact
to the succession of project managers who each advanced the proj-
ect incrementally forward. The proactive defense against false ex-
pectations is a comprehensive study period to size the project
correctly.
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A positive example is provided by the project team that man-
aged the @resund Bridge-Tunnel project (between Copenhagen,
Denmark, and Malmo, Sweden, at the time the world’s longest
bridge) from concept development through construction. Starting
on a predicted decade-long effort in 1991, they spent three years in
the study period, and then finished the bridge early (July 2000) and
within budget.® In addition, they are currently meeting their traffic
growth prediction, which is more than the English Channel Tunnel
has achieved. It can be done.

System Specification Definition Phase

The objective of the System Specification Definition Phase is to
quantify the system and interface requirements for the selected
concept and to perform technology opportunity investigations and
risk reduction actions in areas where technical feasibility is uncer-
tain. Experimentation and modeling should ensure that all specified
performance is achievable and affordable. There can be substantial
cost and schedule penalty if this is not done properly. One program
consisting of incremental delivery of satellites over a 15-year period
encountered significant problems in initial manufacturing. The first
system was years late and could only be delivered with a waiver of
specification requirements. But as evidence of a nonachievable
specification, the last satellite in the series, due to launch in 2008,
will also require the same waiver because it still will not be able to
meet the initial specifications.

Acquisition Preparation Phase

The final phase of the study period, the Acquisition Preparation
Phase, is used to prepare for the implementation period. It includes
development of the schedule and budget for acquiring or develop-
ing the proposed system and ensures the availability of the funding
at the level of the most-probable cost for the project. This phase
also defines the method of acquisition, identification of partici-
pants in the acquisition process, and identification of candidate
suppliers, which may include internal organizations. The final event
is to obtain approvals needed to proceed with the project. For inter-
nal development projects, the final event in the study period is to
present the technically substantiated business opportunity to exec-
utive management and secure their commitment.
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THE IMPLEMENTATION PERIOD IS FOR
ACQUISITION OR DEVELOPMENT

The Implementation Period consists of three phases: Source Selec-
tion, System Development, and Verification. In government projects,
the implementation period may be referred to as the Acquisition Pe-
riod. In this case, it sets the contractual foundation for procuring the
project and initiates the process of building the buyer-seller team
that will work together through at least development.

Source Selection Phase

The objective of the Source Selection Phase is to choose, through
fair and open competition and through the comprehensive evalua-
tion of contractor proposals, the “best value” bidder. For acquisition
projects, the buyer releases the Request for Proposal, receives and
evaluates bidders’ proposals, and negotiates a contract with the se-
lected bidder. For internal developments, the implementation pe-
riod may have one or more Source Selection Phases for individual
increments of the system. These phases often occur after the “de-
sign to” specifications are available.

System Development Phase

In both external and internal developments, the objective of the
System Development Phase is to design and build the first article or
develop the service concept if the solution consists of services only.

Verification Phase

In the Verification Phase, the project team integrates and verifies
(by inspection, test, demonstration, or analysis) the system or ser-
vice in accordance with defining specifications. These activities
prove that the solution has been built right. It is high risk to deploy
the system without verification. However, this sometimes happens
when executive management eagerly deploys a new system for
reasons outside the project’s scope or beyond the control of the
project manager. Skipping verification is almost always far more
costly in time, money, and reputation than following the proper
sequence.

President Carter agreed to build a new embassy in Moscow, even
though his security team said they could not verify the structure
would be secure. After five years, the six-story building was nearing
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completion when the project had to be stopped because listening de-
vices were found to be cast into the concrete of the Russian-built
columns and beams. The building stood idle for almost a decade. A
modified version, built by U.S.-security-cleared workers, was com-
pleted in 2001, 22 years after the project was initiated.

More recently, the Bush administration mandated deployment
of the $15 billion missile defense system without a single successful
system test. As widely reported in major U.S. news media, even
though no flight tests had been conducted previously, 7 untested
missiles were already in underground silos by the end of 2004 with
12 more scheduled for 2005 deployment. “Pentagon officials defend
what they call a “spiral development” approach to the program, say-
ing it’s designed to put a missile defense system into operation
rapidly by simultaneously deploying, evaluating and upgrading com-
ponents. “This is not a traditional development program, where op-
erations begin only once testing is complete,” Taylor said [Chris
Taylor is a spokesman for the Missile Defense Agency].”” In this
case, spiral development means uncontrolled management practices
that bear very little resemblance to the Spiral Model discussed later
in this chapter.

THE OPERATIONS PERIOD IS FOR
FULFILLING USER NEEDS

The Operations Period proves that user needs are fulfilled through
realizing the project solution. It consists of three phases—the first is
called either Deployment or Production, depending on the main pur-
pose, such as a system acquisition versus a commercial product to be
manufactured and marketed. The second phase is Operations and
Maintenance or Sales and Support, again named to reflect the pur-
pose or emphasis. The third and last phase of the Operations Period is
Deactivation for both government and commercial projects.

Deployment and Operations/Maintenance Phases

In government acquisition projects, the objectives of the Deploy-
ment Phase are to transfer the system from the contractor’s facility
to the operational location and to establish full operational capability.
Operations and Maintenance consists of operating and maintaining
the system in conformance with user requirements and identifying
system improvements for future implementation.
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There is technical logic for the
recommended sequence of
stages and phases. Perceived
political necessity cannot
overcome engineering reality.
Deploying a system before a
successful system test is high
risk.
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Decision gates are used to
review and approve the base-
line elaboration.

Production and Sales/Support Phases

In commercial projects, the objective of the Production Phase is
to transfer to manufacturing operations, often accompanied by a
hand off to a new project team dedicated to the production func-
tion. Finally, the system is delivered to users in the marketplace
and the Sales and Support Phase begins. During this time, the
project team handles design changes justified by manufacturing
or by market demands.

Deactivation Phase

The Deactivation Phase disposes of all elements of the project. To
facilitate this requirement, many products are being built with the
requirement that they be totally recyclable. Early planning for a
deactivation phase is vital in certain projects. The NASA Skylab
randomly fell to earth in an uninhabited part of Australia. Pieces
of a Russian satellite fell uncontrolled onto Canada. Love Canal
and other super-fund sites are also examples of inadequate deacti-
vation planning. (Super-fund refers to U.S. government money set
aside for high-priority environmental clean up.) Deactivation and
disposal considerations should be a part of the concept selection
criteria.

Recycling considerations, now mandated by some European
countries, have long been normal design and manufacturing prac-
tice at BMW. Environmentally oriented thinking and practices
geared toward closed-loop recycling are today as much a part of the
company’s culture as “Sheer Driving Pleasure.” Integrating the Re-
cycling and Dismantling Center into the automobile development
process has resulted in car designs that consider the full product life
cycle—all the way to recycling. Starting in 2006, manufacturers in
the European Union retain lifetime responsibility for the environ-
mentally sensitive materials in their products.

THE IMPORTANCE OF DECISION GATES

A decision gate (also referred to as a control gate or quality gate) is a
baseline approval event in the project cycle, sufficiently important
to be defined and included in the schedule by executive manage-
ment, the project manager, or the customer. Decision gates repre-
sent major decision points in the project cycle. They ensure that new
activities are not pursued until the previously scheduled activities,
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on which the new ones depend, are satisfactorily completed and
baselined. The primary objectives of decision gates are to:

e Ensure that the elaboration of the business and technical base-
lines are acceptable and will lead to satisfactory verification and
validation.

* Ensure that the next phase team is prepared, and that the risk of
proceeding is acceptable.

* Continue to foster buyer and seller teamwork.

While many decision gate titles sound like design reviews and
are often conducted as such, they are business reviews addressing
these questions:

* Does it still satisfy the business case?
e Is it affordable?
e Can it be delivered when needed?

Too often decision gates like Preliminary Design Review (PDR)
and Critical Design Review (CDR) are conducted as technical re-
views rather than combined technical and business reviews. Market
demand, affordability, and realistic schedules are important deci-
sion criteria leading to concept selections and should be updated and
evaluated at every decision gate. Inadequate checks along the way
can set up subsequent failures—usually a major factor in cost over-
runs and delays. At each decision gate, the decision options are:

Acceptable: Proceed with project;

Acceptable with reservations: Proceed and respond to action
items;

Unacceptable: Do not proceed; repeat the review when ready; or
Unsalvageable: Terminate the project.

Upon successful completion of a decision gate, the elaborated
baseline, usually in the form of artifacts (documents, models, or
other products of a project cycle phase), is put under configuration
management, requiring buyer and seller agreement to incorporate
changes. All future creativity must be based on the updated baseline.

Decision gate definitions should identify the:

* Purpose of the decision gate,

* Host and chairperson,

e Attendees,

e Location,

* Agenda and how the decision gate is to be conducted,
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Decision gates focus the
creativity where it is most
needed.

Decision gates, although
heavy in technical content, are
business reviews. They need
to occur throughout the proj-
ect phases to control all three
project cycle aspects: busi-
ness, budget, and technical.

PMBOK® Guide
The PMBOK® Guide Sec 2.1.2
defines phase-end gates and
notes that they are also called
“phase exits,” “phase gates,”
or “kill points.”

The critical role of gates in
approving the elaboration of
the baseline is not addressed.

Each decision gate’s definition
should be included in the proj-
ect’s terminology database.
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INCOSE
INCOSE Handbook Sec 3.2
covers decision gates as
related to the development
maturity of the project or ser-
vice.

Decision gate approval must
involve the necessary disci-
plines and stakeholders and
must be based on hard evi-
dence of compliance.

e Evidence to be evaluated,
e Actions, and
¢ Closure method.

A broadly employed decision gate, the System Requirements
Review (SRR), should be held to confirm that a provider adequately
understands the customer’s requirements. It usually occurs near the
beginning of the project cycle and involves the primary customer
and the primary provider. Subequently, it occurs when any new
provider is added to the project, the primary provider then becom-
ing the customer of the added provider.

The consequences of conducting a superficial review, omitting a
critical discipline, or skipping a decision gate altogether are usually
long-term and costly. The executives at a leading conglomerate liter-
ally choked on their new product (a microwavable meal) when they
set out to investigate its market woes. When challenged to evaluate
their own product, the executive group identified 28 product defi-
ciencies that should have been caught during the project cycle, well
before product introduction to the marketplace. A few of the more
significant flaws included: when positioning the open carton to read
the heating instructions, the contents spilled; the instructions,
printed in black on a dark blue background, weren’t legible; the
specified microwave heating time was insufficient to heat the food,
but when the time was increased adequately food material migrated
into the plastic container material.

Car design flaws and recalls provide many examples of the
hazards of skipping decision gates or omitting critical skills, such
as human factors, in the baseline decision process. Such problems
can also result from inadequate concurrent engineering, a subject
addressed in Chapter 9.

Even when appropriate decision gates are mandated, such as in
building construction, there is little chance of success if the partici-
pants do not scrutinize the artifacts. A neighbor of one of the authors
had a custom-designed home built with an attached garage. He re-
quested that one garage bay be designed extra wide and extra high to
accommodate his recreation vehicle. After the building was finished
according to the drawings and passed all inspections, his vehicle did
not fit. He found the architect’s error on the drawings, which he had
personally approved and signed 10 months earlier—a mistake costly
to him.

After completing a new post office building in a major U.S. city
at a cost of $140 million, the city engineers found that post office
trucks would not fit into the enclosed loading dock. Similarly, nor-
mal food service trucks are too large to service Denver Airport’s
concourse restaurants.
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THREE ASPECTS OF THE PROJECT CYCLE:
BUSINESS, BUDGET, AND TECHNICAL

The three aspects of the project cycle can be viewed as layers (Fig-
ure 3.6 and Table 7.1). Each layer—business, budget, and techni-
cal—contains its own logic set. The interwoven events for the three
aspects constitute the total cycle, which can also be considered as
the project opportunity cycle. The project cycle can span from user
wants to project disposal or a reduced scope in accordance with the
project objectives.

The business aspect (Table 7.1) drives the project and is based
on the business case that justifies the pursuit of the opportunity.
The business aspect contains the necessary business events related
to customer management, justifying the project, business alliances,
the overall business management events, and associated contractor
and subcontractor management. Also included are the tasks neces-
sary to solicit, select, and manage vendors. In the government proj-
ect environment, the business case is usually called the mission case.
The business aspect starts with seeking value-driven project opportu-
nities to help achieve the strategic objectives of the enterprise.
Trade-offs are made to select those projects suitable for the organiza-
tion’s portfolio as justified by the business case. The business case an-
alyzes the project’s fit within the organization’s business objectives,
the investment required, the expected market and market share, the

Table 7.1 The three aspects of the project cycle

Study Implementation Operations
Figuring out what to do Doing it Using it

Period | Yser o .
Phase Require- Concept System Acquisition Source Develop- Deploy- Ops and Deactiva-

ments Definition Spec Prep Selection ment Verification ment Maint tion

Is it worth doing? How to acquire? Are we getting value? ‘ Are we glad we did it?
Business | Recognize  Develop Prove Select Select best Manage suppliers. Manage Improve; Evaluate
aspect opportunity business business acquisition value In-process ROI doers add value ROI
case feasibility approach supplier projections
Can we afford to do it and is money available? ‘ Are financials on plan? ‘ Was it financially worth it?

Budget Determine  Predict Refine Ensure Determine  Manage budgets, Manage Manage Provide
aspect resource should-cost should-cost phased most funding, and value value value closure

availability and and resource probable

and source phasing phasing availability cost

What is the problem and the solution? How to do it and prove it? Is the customer smiling?

Collect user  Select Prove Identify Select Manage design-to, build- Ensure Provide Provide
Technical requirements, concept; technical capable capable to. Buy, build, code. validation technical technical
aspect user develop feasibility. suppliers supplier Ensure integration and support support

CONOPS, and system Develop verification

select system CONOPS spec

requirements
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The business case must be
updated to reflect changes in
the business environment that
could significantly impact the
justification for the project
being in the portfolio or con-
tinuing at all.

profit expected, and the associated risks. It’s essential that the busi-
ness case is accurate in predicting both the need and the demand for
the product or service and what customers will be willing to pay.
Perhaps most important of all, the business case must be kept up to
date as the business environment evolves.

To get approval to start a new project, the project champion must
create an attractive business proposition and then aggressively sell it
to the stakeholders. In their eagerness to get approval to proceed with
their project, some project champions exaggerate the return and min-
imize the costs of development, so the seeds of failure are sown
early—and it is often a business constraint that forces creation of an
unworkable technical solution, which is then driven to the point of
collapse. That is what happened to NASA’s “faster, better, cheaper”
approach in the 1990s. Early successes seemed to validate this busi-
ness approach, but budget cuts were made for each successive project
until ultimately the “cheaper” attribute drove the design teams to
create fragile technical solutions taking shortcuts to proven processes
resulting in too many failures (NASA has abandoned “faster, better,
cheaper” in favor of a more balanced and traditional approach).

History offers many examples of setting out on a flawed base,
driven by an aggressive business case. The French selected Ferdi-
nand de Lesseps to head their Panama Canal effort because of his
Suez Canal experience. His experts recommended:®

* A sea-level canal (no locks), just like the Suez canal,

* Reducing the time to complete the canal from 12 years to 8 years,

* Reducing the projected cost from $240 million to $169 million,

* Reducing the contingency in the cost estimates from 25 percent
to 10 percent, even though the cost estimate did NOT include
paying interest on the capital, the large cost for purchasing the
Panamanian railroad, administrative costs during construction,
and sums due the holder of the canal option in the selected area,

* While reducing the estimated cost, the reviewers increased the
anticipated volume of excavation by 50 percent.

De Lesseps made one trip to Panama, spent a week touring the
proposed route, and then returned to speak to potential investors. In
his speech he further cut the predicted costs from the optimistic
$169 million to $132 million (compared to the $240 million engineer-
ing estimate). He also discounted the deadly climate as, “an invention
of adversaries” (ultimately over 20,000 died from malaria and yellow
fever). The ultimate failed French effort cost about $287 million, the
largest expenditure on any single peaceful undertaking of any kind.?
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The roots of the failure were that estimates were based on what the
team (De Lesseps) thought they could sell, not what it would actually
take to do the job. This process is still alive and well. From mega proj-
ects (i.e., space station, Boston Big Dig) to small ones, intentional un-
derestimates to “get the job going” are common. In every such case
the initial project manager starts off with a severe handicap and is on
a suicide run.

These disasters could have possibly been avoided by having each
project-cycle decision gate reaffirm the business or mission case and
carefully adjust to the ever-present dynamics of the market. This is
particularly relevant and meaningful because most project team
members do not know and cannot articulate their project’s business
case nor the business case at their level of responsibility.

Sometimes financial challenges are created by external project
stakeholders and are outside project control. The agreement between
the governments of Sweden and Denmark established the rules gov-
erning the @resund bridge-tunnel construction and operation. “The
agreement stipulates that the @resund Bridge and its operations must
be financed by toll fees (the road section) and fees from the rail op-
erators. However, it was subsequently decided that the operators are
now liable for Value-Added Tax (VAT) on revenue from the road traf-
fic. As competing ferry routes do not pay VAT, the bridge operators
cannot compensate for VAT payments by increasing charges on pri-
vate vehicles. This has led to lower-than-expected income.”

The original budgets and schedules for the bridge and tunnel
were met, but the change in revenue rules forced a longer bond re-
payment schedule.

The business aspect of the project cycle also reflects the ap-
proach to acquisition and fielding, including competitive source se-
lections, if required. During the acquisition period, the focus is on
supplier management and on the trading of features and benefits in
the marketplace as designers and producers seek to enhance the
project’s concept. Then as production and fielding begin, the
activity shifts to customer service and increasing value by continu-
ous improvement in both service and product performance. Incre-
mental or version upgrades are the generally accepted way of
implementing this approach. In software, this is done with timely
enhancements and automatic downloads that keep users at the
state of the art.

The budget aspect of the project cycle depicts the activities and
events necessary to secure funding and to fuel the project through-
out its project cycle. The executive’s challenge is to prioritize the
projects (by business case) and then to allocate available funds
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The technical aspect usually
drives the project’s length and
cost.

Systems engineering is doing
the right thing right, the first
time.

INCOSE ——

The relevant section of the
INCOSE Handbook is Sec 1.2
The Purpose and Scope of
Systems Engineering.

among the proposed and active projects. The project manager’s
challenge is to secure the necessary funds for the project at hand
and to properly manage them.

Government and commercial organizations usually have to op-
erate within a total budget, typically established on an annual
cycle. New project initiatives have to compete with ongoing proj-
ects for a share of the total budget. This reality may present diffi-
cult timing constraints, especially with increasingly narrow market
windows.

The budget aspect for government projects is complex, involving
both the executive and legislative branches. In the past, projects
were often approved without knowledge of or preparation for the
operating costs that often loomed as the most significant. Now life-
cycle costs are included when estimating project cost.

The budget activities and business management activities
are combined with the technical aspect (Table 7.1) to yield the
complete project cycle. The technical events of development proj-
ects are usually the most significant force driving project length
and development cost, and they’re often the most difficult to
manage. For these reasons, we will treat the technical aspect in
more detail than the other two aspects. However, this does not
mean that the business and budget aspects should be discounted.
If the project is to succeed on both financial and technical crite-
ria (the only true definition of success), all three aspects of the
project must be skillfully balanced using ultimate project value as
the driver.

SYSTEMS ENGINEERING IS VITALLY IMPORTANT
TO THE TECHNICAL ASPECT

The technical aspect starts with user needs, which are developed
into system functional and performance requirements by adjusting,
adding, and eliminating requirements to yield a set that has the
promise of being satisfied while providing sufficient value to be
supported. Concept trades are then performed to determine the
best value concept to satisfy the system requirements. The System
Concept Baseline is decomposed into the entities of the system and
the concepts and specifications for each entity. The resulting de-
composition represents the system architecture. This process and
the resultant artifacts define the concepts for all the entities down
to the lowest-configuration item (LCI) from the systems engineer’s
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viewpoint. The technical artifacts should also define the approach
for system integration and for the verification and validation at each
level of integration, including that the final result satisfies the ulti-
mate customer and users. That is the essence of the systems engi-
neering process.

Systems engineering’s role is sometimes confused with that of
design engineering. Systems engineering does not create the design;
rather, it creates the requirements, concepts, and architecture that
are documented in baseline specifications and other artifacts. Start-
ing with the User Requirements Document, systems engineering is
responsible for conducting the analysis and trade studies that lead to
the concepts and their specifications.

One of the most important responsibilities of systems engineer-
ing is the overall system architecture. As Rechtin and Maier noted,
“Clearly, if a system is to succeed, it must satisfy a useful purpose at
an affordable cost for an acceptable period of time. ... But of the
three criteria, satisfying a useful purpose is predominant. Without it
being satisfied, all others are irrelevant. Architecting therefore be-
gins with, and is responsible for maintaining, the integrity of the
system’s purpose.”™ Stevens et al. said, “Architectural design de-
fines clearly what is to be built. This is potentially the most creative
part of the system process, and the point at which the cost of the
system is largely fixed.”'?

Examples of systems engineering failures illustrate the distinc-
tion. In the initial B-1 bomber, the advanced electronic and counter-
attack systems interfered with each other—the plane’s own electronic
countermeasures for jamming enemy systems jammed its own B-1
targeting electronics—yet the design engineers met the individual
specifications for each system. On the Blackhawk helicopter, the “fly-
by-wire” system failed when exposed to radio broadcast at short
range—a test flight crashed when flying over a radio station. On the
commercial front (waterfront, that is), a shipping container from a
British exporter was fully loaded with hair dryers for sale in the
United States. The dryers were built only for 50-cycle, 220-volt power.
The exporter did not know that the U.S. commercial home products
operate on 60-cycle, 110-volt power.

The systems engineering manager should direct the overall pro-
cess toward achieving the optimum technical solution, including:

* Systems engineering planning,
* Requirements development and management,
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Systems engineering defines
what is to be done technically;
functional engineering decides
how to do it.
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There is no universally
accepted approach to manag-
ing the technical aspect of
projects.

* Requirements analysis and audit,

* Concept and architecture development,
* Performance management,

* Baseline management,

* Design audits,

e Interface control,

e Opportunity and risk management, and
e Verification and validation management.

The systems engineering process progressively flows down from
system and entity concepts and requirements to the lowest level of
decomposition (e.g., hardware and software units), usually the low-
est configuration item or lowest replaceable unit (LRU). Each level
of decomposition represents one or more entities or configuration
items (CIs) that make up the system at that level. A CI typically re-
quires its own:

e Specification (functions, performance, interfaces, design con-
straints, quality attributes),

* Design reviews,

* Qualification testing and certification,

* Acceptance reviews, and

* Operator and maintenance manuals.

A CI should be selected to facilitate management accountability
and replacement capability. For example, a car and a car battery
are both CIs to the consumer, because they can be readily acquired
and replaced. However the battery’s individual cells are not a
CI, because they cannot readily be purchased and replaced by the
consumer.

MODELING THE TECHNICAL ASPECT

This section summarizes several historical and current models used
to represent the technical aspect. While these models enhance the
visualization process and provide insight into specific characteris-
tics of the product development cycle, they all have important omis-
sions. Part of the problem is that there is no widely understood or
universally accepted model for managing the technical aspect of
projects. While a variety of models are available, some err in the se-
quencing of project events while others focus on entity development
and ignore the management of architecture complexity.
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We often hear strong preferences voiced for one model to the
exclusion of all others. This is dangerous. It is important to take ad-
vantage of the wide array of management models by understanding
their strengths and limitations and then applying them appropri-
ately. For example, some models are useful primarily for visualiza-
tion and comprehension while others are better suited for day-to-day
management. Our critique has two purposes:

1. To use the strengths and contributions of each model to enhance
understanding and the visualization process.

2. To become aware and learn from the important omissions in
popular portrayals of the project management and systems engi-
neering processes.

The circular model in Figure 7.6 was previously used by a lead-
ing government agency to manage complex technical projects. This
model’s visible flaws, noted in the diagram, are highly instructive.
In this and other linear, sequential models, continuously present sit-
uational activities, such as risk analysis and management and config-
uration management, are incorrectly depicted as sequential events
rather than continuously applied processes.

Some early models, such as DoD STD 2167A, depict hardware-
related events as independent from software-related events (Figure
7.7). The message that these two vital development paths can and
should be managed separately until final system integration resulted
in hardware-software incompatibility for many projects. This model

1. Project and Mission
Requirements/Need Definition

9. Verification &
Validation

These continuous
processes are
incorrectly shown
as sequential
events.

8. Technical
Oversight

2. Risk Analysis/_—] present situational
Management

3.

Most approaches fail to differ-
entiate among ongoing
processes and sequential and
situational events.

This continuously

activity is incorrectly

shown as a sequential
event.
Systems
Analysis
Concept

Development

/ should occur
: 7. Configuration 4. Concept immediately
Implementation y + Development fter #1
Planning should anagemen P after #1.
occur early in the

cycle and System

Integration occurs 6. Implementation Planning 5. Derived Requirements

at the end. & System Integration Definition

Figure 7.6 This circular model has several flaws.
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Figure 7.7 Hardware- and software-related events are erroneously separated.

was in use for several decades, but was abandoned in the mid-1990s
when the Department of Defense directed its staff and contractors
to apply commercial standards for software development.

The 2167A model (Figure 7.7) and the Waterfall Model (Fig-
ure 7.8) require that work downstream should not begin until up-
stream uncertainties are resolved and major reviews (decision
gates) have been satisfied. The Waterfall, developed by Dr. Win-
ston W. Royce, is so named because software development is de-
picted as flowing from the top to the bottom in discrete,
sequential, linear phases.’® The model represents the software de-
velopment cycle as a series of steps progressing diagonally from
upper left to lower right. In complex, high-risk projects, this is in-
appropriate. Rona Stillman, a computer scientist at the U.S. Gen-
eral Accounting Office, maintains that, “The waterfall model is
risk-averse. It encourages unrealistic cost and schedule estimates
and the appearance of problem-free development.” There is often
a need to initiate software design and coding, as well as hardware
modeling, earlier in the development cycle to ensure that the re-
quirements are properly understood and to prove technical feasi-
bility. For these reasons, many organizations do not embrace these
and similar technical development models.
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System » Sequential phases that may overlap
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— Horizontal dimension is not time Pre-operations .\
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Operations and
Royce (1969) Maintenance

Figure 7.8 The Waterfall Model.

The Spiral Model (Figure 7.9) is an excellent risk-driven model
that attempts to address the shortcomings of the Waterfall. This
model was developed by Dr. Barry W. Boehm to resolve the Water-
fall deficiencies." Dr. Boehm addresses the need for early require-
ments understanding and feasibility modeling including operational
scenario modeling. Many software organizations use the Spiral as
their development method and model. Microsoft, for instance, uses a
process that is, ... similar to the risk-driven, incremental ‘spiral’
life cycle model.” The Spiral is another view of the technical aspect
of the project cycle that emphasizes early risk analysis and software
“prototyping.” While it does achieve the objective of early risk miti-
gation, the spiral representation can be confusing. The circular time
representation is inconsistent with traditional left-to-right time rep-
resentations and risk management is portrayed as a sequence of ser-
ial analyses (in the upper left quadrant) preceding and delaying
low-risk product development rather than offering the option of per-
forming risk management as an ongoing, parallel part of the develop-
ment process. In addition, all risk management is shown to cease
once the concept represented by the operational prototype is avail-
able, giving the impression that the required detail design, coding,
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Figure 7.9 The Spiral Model.

and testing will be risk free as in the Royce Waterfall representation.
This is rarely the case. To draw on the Spiral’s strengths for risk
management, we return to it in Chapter 13.

VEE MODELS: TOOLS FOR VISUALIZING AND
MANAGING TECHNICAL DEVELOPMENT

Project cycles progress from left to right in a series of phases usually
depicted horizontally consistent with the conventional time axis.
However, some models have altered the depiction to emphasize se-
lected attributes. In the Waterfall, the series of phases descend
from the upper left down to the lower right. Emphasis here is on the
flowdown of requirements as the system detail is elaborated. The
Spiral Model’s phases are shown wrapped around a center point in
the form of a spiral; emphasis is on repetitive modeling (each revo-
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Figure 7.10 Architecture Vee Model.

lution) to address known risk. The final wrap of the spiral, however,
contains Royce’s Waterfall.

As depicted by the Waterfall, system decomposition extends
from the needs of a user or customer down through concept devel-
opment and subsystems to low-level entities. In reality, the entities
are then built and integrated with others up through system realiza-
tion. The resulting Vee form (Figure 7.10) most accurately repre-
sents system evolution from the perspective of decomposition and
integration activities.

There can by any number of levels in the decomposition. As
a reference, the INCOSE Handbook defines seven decomposition
levels (system down to part). For simplicity, the basic Architecture
Vee is illustrated with three levels, refering to the lowest level as the
LCI from the architectural perspective of the systems engineer.

At each decomposition level, there is a direct correlation between
activities on the left and right sides of the Vee. This is deliberate. For
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Business case and budget allo-
cations flow down with the
technical requirements and
constraints. When properly
allocated, each entity receives
a business case and a budget.
Hence, all three aspects of the
project cycle take a Vee form
to faithfully represent the solu-
tion development path.

example, the method of verification to be used on the right must be
determined on the left—at the time requirements are first defined—
for each set of requirements developed at each level. This minimizes
the chances that requirements are specified in a way that cannot be
measured or verified.

System Decomposition and Definition

Decomposition: The hierarchical, functional, and physical parti-
tioning of any system into hardware assemblies, software compo-
nents, and operator activities that can be scheduled, budgeted,
and assigned to a responsible manager.

Definition: The design to, build to, and code to artifacts that de-
fine the functional and physical content of every entity.

The increasing thickness of the Vee (orthogonal to the paper)
is symbolic of the number of entities at each decomposition level,
which relates to system complexity. Referring to Figure 7.11, the
concept of the evolving baselines, progressively increasing in ar-
chitecture depth and under change control, is represented by
the Vee core. The left leg of the Vee represents system decomposi-
tion and definition and the right leg represents integration and
verification.

Our Vee model supports the real-world need for exploratory
technical investigation early in the cycle to pursue opportunities and
reduce risk. For example, we encourage early hardware and software
requirements-understanding models and technical feasibility mod-
els. This helps clarify user requirements and ensures that customer
requirements are achievable. Early participation of domain experts
is essential to the credibility of this process. Upward iteration with
the user is often needed to get buy-in to the opportunities and to
manage the risks in the continuous process of user requirements
clarification. The details of these “off-core” studies are explored in
greater depth in Chapter 13.

Time and project maturity flow from left to right on the Vee;
therefore, once a decision gate is passed, backward iteration is not
possible. However, vertical iteration is encouraged all the way up
to the user and user requirements and down to the lowest-level
hardware component or software unit (along the “time now” verti-
cal line). This is the typical activity at every “time now” point pro-
gressing along the core of the Vee. Changes in user requirements
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Figure 7.11 Vee Model: Decomposition and definition.

introduced after the PDR will impact baselined concepts and their
design-to specifications and may best be held for later versions or
releases. If substantive changes to user requirements must be made
subsequent to the PDR, then the project should be reset to the po-
sition, within the Vee, of the requirement impact. The repeat of
much of the development sequence may be faster because of previ-
ous experience and lessons learned, but all affected phases and de-
cision gates must be repeated in view of the major change in
requirements.

As the project progresses, requirements flowdown analyses
and opportunity and risk investigations continue. This is shown in
Figure 7.11 by the vertical off-core activities that descend to the
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decomposition level necessary to evaluate available opportunities
or to satisfy concerns. For instance, if there is a question about new
material or piece part technology, the downward off-core activity
will descend to the material or part level where modeling can
prove that incorporation will be beneficial.

While technical feasibility decisions are based on these off-
core activities, only the decisions at the core of the Vee are put
under configuration management (change control). Off-core analy-
ses, studies, and modeling are performed to substantiate the core
decisions. The studies ensure that opportunities have been as-
sessed and are being managed and that risks have been mitigated
or determined to be acceptable. The laboratory or model shop off-
core analysis may not require rigorous controls and will usually be
repeated at the appropriate decomposition level to justify baselin-
ing the result.

The Vee development approach is consistent with—and sup-
ports—the current best practices in iterative evolutionary software
development. If iterations are expected to be part of development,
the architecture must be robust and flexible enough to adapt to the
evolving requirements. As Craig Larman states:

The Unified Process (and most new methods) encourage a combina-
tion of risk-driven and client-driven iterative planning. This means
that the goals of the early iterations are chosen to pursue the oppor-
tunity of a solution by: (1) identifying and driving down the highest
risks, and (2) building visible features that the client cares most
about. Risk-driven iterative development includes more specifically
the practice of architecture-centric iterative development, meaning
that early iterations focus on building, testing, and stabilizing the
core architecture. Why? Because not having a solid architecture is a
common high risk.'®

The project development process is dynamic. Throughout the
project cycle there is iteration at all levels, studying user needs, inves-
tigating alternate concepts, performing analyses, building models, and
conducting evaluations. The Vee model establishes order out of what
might emerge as a chaotic process. The baselines on the core are the
anchor for the “time now” iterations, but these baselines can be re-
vised through the change management process. The upward iterations
address the evolution of user requirements, while downward itera-
tions evolve improved solutions. This iterative, evolutionary process
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can continue for as long as the project team desires, constrained only
by the user’s schedule, the customer’s budget, and the project’s ulti-
mate objectives.

Beware, however, of system-level changes made late in the de-
velopment process. Such changes carry a high risk that the conse-
quences will not be completely identified and implemented. The
cause of the Apollo 13 disaster was traced to a late change.'” It took
a sequence of five events to trigger the disaster, but the root cause
was an increase in the spacecraft bus voltage incorporated after the
PDR. All hardware was modified to accommodate the voltage in-
crease except for one part that was eventually overstressed by the
higher voltage and sparked the explosion that almost caused the fatal
failure of the mission.

During the development of the Space Shuttle, a series of drop
tests were performed to verify the landing characteristics of the or-
biter. A full-scale engineering model (named the Enterprise), with
pilots on board, was carried on the back of a Boeing 747 to a high al-
titude and released to glide back to the Dryden Flight Test Facility
and verify landing behavior. Because this vehicle would not go to
orbit, and hence did not have the high-temperature reentry, sheets
of styrofoam were machined and bonded to the external surfaces to
simulate the tile contours. The styrofoam was painted green to sim-
ulate the color of the insulation tile coating being used at that time.
During the year it took to prepare the orbiter engineering model,
work continued on the tile project to develop a better coating. A new
black coating passed a series of verification and qualification tests,
and, because it was superior in most respects to the green coating,
the black coating was adopted as the updated baseline. A few days
before the flight test of the full-scale orbiter model was to begin, an
executive on the shuttle project decided that even though the color
of the vehicle had nothing to do with the landing tests, it would be
better for publicity if the orbiter was painted black on the bottom.'
The RF signals to transmit the test data should be unaffected by the
vehicle color. So the vehicle was repainted. This change, being con-
sidered so trivial, did not go through the change control process.
During checkout just before the test was to start, it was found that
no signals could be transmitted or received. The black paint that
covered the antennae contained lampblack, which was opaque to
RF. Thus, RF opaque lampblack covered the antennae. Consider-
able rework was required before the tests could start. No change is a
small change.
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Validation is about building
the right thing.

Verification is about building it
right.

A complex verification process
may overdrive cost and sched-
ule and be the determining
factor when considering alter-
native decomposition and
integration concepts.

As a design matures, concept and design iterations must de-
crease and ultimately stop. When design solutions are under config-
uration management, engineers and designers can often see further
potential improvement. Just remember the post-PDR decision gate
motto: “Better is the enemy of good enough.” Late changes trigger
continually changing requirements to other areas, usually with
broad and expensive impact to the system.

Agile software developers have adopted the motto, “Embrace
change,” and have designed their development processes to accom-
modate frequent changes. However, there should be limits. If the
team is developing network software for a cellular wireless system,
and after PDR the customer decides that the system should be based
on satellite communication, the impact to project cost and schedule
will be substantial. There is another post-PDR rule: “Meeting cus-
tomer requirements and walking on water are equally easy—when
both are frozen.”

System Integration and Verification
System Integration and Verification ascend the right side of the Vee.

Integration: The successive combining and testing of system
hardware assemblies, software components, and operator tasks
to progressively prove the performance and compatibility of all
entities of the system.

Verification: Proof of compliance with specifications.
Validation: Proof of user satisfaction.

The method of verification to be used at each level on the right
Vee leg must be determined as the specifications are developed at
the corresponding decomposition level on the left Vee leg.

The critical aspects of the integration and verification process
are indicated in Figure 7.12. Note the overt distinction on the right
leg of the Vee between verification and validation. Verification is
the process of proving that each entity meets its specifications. Val-
idation is the process of demonstrating (as opposed to proving) that
the users are satisfied, regardless of the specified performance.

As the integration and verification processes ascend the right
Vee leg, anomalies encountered should involve systems engineering
in anomaly identification, assessment, and resolution. Issues that can-
not be resolved but can be tolerated may require a waiver or devia-
tion from the customer in conjunction with a modified as-verified
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Off-Core User Approval
of Baseline and Baseline Modification
“Is the verified performance acceptable?”

Baselines to be
Defined . L Verified
System Baseline Validation
Performance “Are we building the right thing?”
Defined Baseline
E n"ty Being
Performance Baseline Verified
Verification
“Are we building
it right?”
Core of the Vee Baselines
Plans, specifications, and Verified
products are under progressive
configuration management
—

Time and Baseline Maturity

“Off-Core” Verification Problem
Investigation and Resolution
“Is the problem cause understood?”

Figure 7.12 Vee Model: Integration and verification.

baseline. In some environments, a deviation (to a specification) is
granted before the fact (the requirement does not need to be met),
while a waiver is granted after the fact (the entity is built and fails
verification). In many organizations, the terms are used interchange-
ably, just as concrete and cement are used (incorrectly) as synonyms
in common usage.

Applying the Vee to Business and Budget Aspects

If the technical aspect naturally tracks the Vee form, what about
the business and budget aspects? Do they also form a Vee or some
other shape?

In the management of many projects, the business and budget
aspects do not track the Vee shape of the technical aspect. But they

[vww.ebook3000.con)



http://www.ebook3000.org

116

THE ESSENTIALS OF PROJECT MANAGEMENT

Evolutionary development
provides for investigation and
experimentation to develop a
capability. Delivery is usually
in entity versions each deliver-
ing improved performance.
Individual increments can be
developed using the evolu-
tionary approach.

INCOSE ——

INCOSE Handbook Sec 3.4
identifies life cycle develop-
ment approaches such as:

» Single Thread Development.
* Incremental Development.

» Evolutionary Development.

should. For comprehensive project management, all tasks for all sys-
tem entities should have individual business cases and commensu-
rate budgets. For this to occur, the business case and budget
allocations must flow down with the technical requirements and
constraints. When properly allocated, the lowest configuration item
manager will receive a business case and a budget. Hence, all three
aspects of the project cycle take a Vee form to correctly represent
the system development path.

TECHNICAL DEVELOPMENT TACTICS

The strategic goals of a project will drive the development tactics. A
single instance of the basic Vee Model represents the most straight-
forward tactical approach: a unified, linear development with a sin-
gle delivery. If a project goal is to upgrade the system over time
with newly developed improvements, then a system architecture
with increments configured for easy upgrading and fielding is the
best tactical method. This alternative to a unified method deliber-
ately decomposes the concept into modular entities to be developed
incrementally, that is, separately for later integration as is done in
the auto industry. If a goal is to migrate technology into the system
over time, then an evolutionary development method may be appro-
priate. The concepts of incremental and evolutionary development
are only summarized here. Chapter 19 addresses technical develop-
ment tactics in more depth.

If some user requirements are too vague to permit final specifi-
cation at the design-to decision gate (PDR) or if the development
process itself uncovers unforeseen needs and system applications, a
tactic is to proceed with a combination of straightforward (linear)
development and evolutionary releases, typical of commercial soft-
ware development. We illustrate this combination in a product
structure with four increments: A, B, C, and D. Figure 7.13 depicts
a combination of development tactics selected to meet specific
strategic objectives: The evolving product breakdown structure is
shown in the margin.

Development and delivery decisions are usually driven by the
business case in response to the demands of the market or the cus-
tomer. While the project manager should be well versed in the
business case, the systems engineer usually has the best apprecia-
tion for the flexibility of the project to accommodate and benefit
from the various tactical development and delivery methods dis-
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Figure 7.13d All increments are integrated to form the enhanced system.
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cussed here. To arrive at the best decision for the sake of the mar-
ket and the project, the project manager and the systems engineer
should collaborate until consensus is reached. Then, the decision
should be baselined and broadcast to the project team so that the
tactics can be built into the tailored project cycle and all subse-
quent planning.

TECHNOLOGY INSERTION

Projects are sometimes initiated with known technology shortfalls
or anticipate an emerging technology. Technology development can
be done in parallel with the project evolution, shown in Figure 7.14,

New technology
may “create” user
requirements

Manage as Critical Issues

Hardware Fabrication

Code and Unit Test

Software

New Technology Development

Figure 7.14 Technology insertion.
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Effective Baseline
Management depends on
effective change management.

and inserted as late as the design-to decision gate when the perfor-
mance of the new technology must be specified and guaranteed. In
the example, the required technology development is represented
by a horizontal bar shown off-core at the level where it will impact
the project if expected performance is not available. Technology
development should be managed and statused by the project man-
ager and systems engineer as an opportunity critical to the success
of the project.

BASELINE MANAGEMENT

Baselines contain all the business, technical, cost, schedule, and de-
liverable requirements that are sufficiently mature to be accepted
and placed under change control, usually at decision gates or phase
transition reviews. The project team then relies on these baselines as
the approved state of the project for further elaboration. Projects
should be managed to a coordinated business or mission baseline
(contract, schedules), budget baseline (should cost, most probable
cost), and technical baseline (requirements, concepts, specifica-
tions, verification plans, etc.).

Baseline management is accomplished by configuration manage-
ment including a formal change control regimen that, for each type
of artifact, establishes:

* The event that places that artifact under change control,

* The method for considering change, and

* The required change approval, usually involving both a buyer
and a seller.

The overall objective of baseline and change management
is to establish a reliable knowledge reference for the project business
and design maturity. This is necessary for accurate communications
among supporting business, technical, training, sparing, replication,
and repair personnel. The change control process, addressed in
Chapter 14, is usually initiated by the first official artifact of the
project, which in many cases is the contract (for internal projects
the contract may be a memorandum from management). This first
artifact is usually business based and provides the overall objectives
and business (or mission) case for the project. It is especially
important that this artifact be managed so that any changes to
the business or mission case are properly accounted for and re-
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sponded to. Too often, projects drift from their initial, undocu-
mented objectives, no longer reflecting what was originally or even
currently intended.

It is common over the life of a project for the sponsor to change,
bringing new personalities and requirements to the project. These
new requirements should receive disciplined change management so
that they are properly interpreted and accommodated with com-
mensurate changes in budget and schedule constraints.

The technical baseline is often initiated by the User Require-
ments Document—usually the first technical artifact to be placed
under formal configuration management. As the project cycle pro-
gresses, systems engineering together with the contributing engi-
neering disciplines produce a series of technical baselines consistent
with the maturation of the solution and the phases of the project.
Examples of technical baselines are:

User Requirements As-Replicated (Production Release)
System Requirements As-Built

Concept Definition As-Tested

System Specification As-Deployed

“Design-to” As-Operated

“Build-to” (Pilot Production)

Changes to the business, budget, or technical baselines require
joint action (review and approval) by the customer and the provider.
In the case of commercial projects, the customer is often repre-
sented by the marketing manager or general manager. In this case,
the business baseline is established by the initial agreement between
executive management and marketing as to the project scope, fund-
ing, and schedule.

For contractual work authorized by an external customer,
the provider’s business baseline is usually a contract. Business base-
line changes require contract action, and for large federal government
contracts funding changes may even require congressional action.

Systems engineering should work closely with the business man-
ager (both customer and provider) so that the technical require-
ments are congruent with business and budget baseline provisions.
When there is a reduction of funds, systems engineering and the
project manager have to ensure there is a commensurate reduction
in technical scope and work content.

Baseline management is discussed in more depth in Chapter 14.

[vww .ebook3000.con}



http://www.ebook3000.org

122

THE ESSENTIALS OF PROJECT MANAGEMENT

PMBOK® Guide
Both the PMBOK® Guide and
the INCOSE Handbook cite the
need to tailor generic cycles to
the specifics of the project.
INCOSE Handbook Sec 8
describes tailoring of the
cycle.

User Requirements
and Verification Plan

Toothbrush
Specification and
Verification Plan

Q
L

TAILORING THE PROJECT CYCLE

A project for hosting the Olympics is unlikely to perform well if it is
following the technical project cycle tailored for developing a tooth-
brush as illustrated in Figure 7.15.

Each project, or at least each project type, needs a project cycle
tailored to the strategic objectives and the tactical approach to
achieving those objectives. Major project types, which usually have
a template project cycle and are common to both the government
and commercial environments, include:

* System development—creation of a new product to meet a need.
(Example: mobile telephone system)

* System integration—combining of existing entities into a func-
tioning system. (Example: automated manufacturing facility
using commercially available equipment)

* Production—processimprovement of product replication to exist-
ing documentation. (Example: reduce cost of building computers)

"Did | build the
right toothbrush?" Toothbrush Delivery

and Validation

"Did | build the
toothbrush right?"

Toothbrush Assembly
and Verification

[Toothbrush “Design-To"

| Handle "Design-To"

Test Bristles

Bristle "Design-To"
Specification and
Verification Plan

[ Toothbrush "Build-To"

[ Handle "Build-To"
Bristle "Build-To"
Documentation and
Verification Procedures

Test Handie

Inspect Bristles
Inspect Handle

Build Bristles
Build Handle

Figure 7.15 A technical project cycle tailored for developing a toothbrush.
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Table 7.2 Project Types Characterized by Driving Force and Risks

Project Type If Driven By Then the Risk Is
System development #1 Performance Cost, schedule
System development #2 Cost Performance,

schedule
System integration Compatibility Entity availability
Production Cost Performance, quality
Research and Technology Strays from corporate
development needs
Facility Schedule Quality, cost, trades
personnel

* Research and development—discovering a new approach to solv-
ing a problem. (Example: use biological models to increase com-
puter capabilities)

* Facilities—produce a new facility to meet a prescribed need.
(Example: Airport, hospital, wafer production facility)

Each project type is characterized by its driving opportunity
and risk factors. Table 7.2 is ordered by degree of risk and manage-
ment complexity, with system development projects at the high end.
There are exceptions: A company depending on specialized technol-
ogy research for the bulk of its income could attribute the highest
risk to research projects. Some pharmaceutical companies fit this
category. Likewise, a company that develops very simple and pre-
dictable products, such as campaign buttons, but depends on very
low-cost production, will view manufacturing projects as high-risk.

The project cycle template developed by your organization
needs to be adapted to each project based on the:

* Project type, content, scope, and complexity.

* Management environment—customers, contractors, and top
management.

e Mandated constraints.

* The management style.

* Balance between project opportunities and risks.

The customer and provider project managers should jointly define

their project cycle, the content and conduct of the decision gates,

and the nature and content of the required decision gate artifacts.
Tailoring may add or delete project cycle features as shown:
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Most well-known examples of
failures and lessons learned
come from big projects. That's
because failures of small proj-
ects get little publicity.

Deviations from the relevant
template cycle need to be sub-
stantiated with solid rationale.
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The tailoring process is one of
the most important aspects of
project planning.

Select the phases.

Select the baseline manage-
ment decision gates.

Select the lower level decision
gates.

Identify decision gate
products.

Identify all activities.

Review pertinent lessons
learned.

Get executive concurrence.

Feature Modified: Example Modification

Phases Deactivation Phase added
Source Selection Phase deleted

Decision gates Consent-to-Pour-Concrete Review added
Qualification Acceptance Review deleted

Products and activities Field Test Model added
On-Site Training deleted

Tailoring requires foresight and informed judgment on the part
of everyone involved, orchestrated by the project manager. We rec-
ommend these tailoring steps:

* Phase selection is based on project type (development, research,
product integration, production, facilities, service); content (e.g.,
the hardware/software balance); tactical development and deliv-
ery method (unified, incremental, linear, evolutionary, single,
multiple, as defined in Chapter 19); scope; and complexity.

* Decision gate selection is based on the baseline sequence and
artifacts to be developed and managed. Decision gates should
always occur at phase transitions and are often beneficial within
some phases. Some decision gates can be included to help keep
the project sold to supporting organizations. Too few decision
gates allow the project to operate without control. Too many
may overburden the project with superfluous administration.

* Interim gates should be chosen to enhance opportunities and to
minimize risk. Plan interim decision gates to ensure readiness
for the baseline management decision gates.

* Identify the products (artifacts) required at the decision gates:
documents, deliverables, models, and agreements.

e Identify the activities necessary to produce the products re-
quired at each decision gate.

* Validate the project cycle against past experience. Consider and
apply lessons learned from related projects and previous con-
tract experience, secured directly from project officials and in
contract files.

* To obtain approval for your project cycle, develop justification
for all deviations from the organization’s template. Although tai-
loring is encouraged, changes need to be justified.

Specific internal and external standards may be an explicit fea-
ture of your project cycle template. Those standards, as well as all
requirements and standards, should be appropriate to the reliability
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and risk level of the project. Those embodied in contracts need to
be critically reviewed as part of the tailoring process. Situations
that prompt tailoring of standards include:

e Inappropriate application of standards.

* Blanket imposition of standards.

e Underimposition of standards.

e Implementation of a “no-tailoring” policy subsequent to con-
tract award.

* Cost versus benefits of standards implementation is ignored.

* The inappropriate imposition of high reliability or severe envi-
ronmental standards.

e Standards applied arbitrarily, “just to be safe.”

* Extensive and uncontrolled cross-referencing of standards.

* Imposition of obsolete standards.

* Application of government standards where commercial prac-
tices are acceptable.

These tailoring techniques are applicable to standards and other
artifacts, especially contract terms and conditions:

* Specify exact applicable paragraphs.

* Specify exempted provisions.

* Specify tailored values for referenced standards.

* Expand referenced standards as necessary.

* Specify exact documentation deliverables.

e Extractselected standards and include in contract documentation.
* Allow contractor choices when risk is acceptable.

* Prioritize requirements.

SHORTENING THE PROJECT CYCLE TIME

The increasing challenges of time to market and technical obsoles-
cence are familiar pressures for shorter schedules. Not only are
shorter schedules less expensive, but they free up skilled personnel
who are usually needed on other projects.

The project cycle is the driver of subordinate project net-
works and, consequently, the project schedule and its critical path
(Figure 7.16).

Approaches to shorten the schedule should begin at the broad-
est level—the project cycle. Techniques such as shortening the
critical path or running multiple shifts will be addressed in Chap-
ters 12 and 17.
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Figure 7.16 The project cycle template drives the network.

When you do it right the first
time, you get there quicker.

A skunk works may be
appropriate for time-critical
missions or emergencies, but
there are not enough experts
to staff all projects using the
skunk works model.

The best way to ensure the shortest schedule and quality results
is by applying a strategically and tactically correct project cycle
managed by qualified and motivated personnel. Consider reducing
the technical risks and other impediments by selectively using pre-
viously developed or previously qualified products.

The Geostationary Operational Environment Satellite (weather
satellite) project team decided to shorten the project cycle by gam-
bling on a short cut.' To reduce the predicted four-year develop-
ment, the study period was deleted. The satellite was delivered nine
years later, an embarrassing five years late. Technical feasibility de-
velopment under the direction of creative scientists was performed
concurrently with ongoing system development. This approach even-
tually drove costs and schedules to multiples of the original predic-
tions. Conversely, properly planned technology insertion projects
have succeeded in many instances at NASA and elsewhere.

When exceptional performance is required, the project team
should be staffed with experts and co-located to facilitate efficient
communications and reduce distractions. This approach is called
skunk works after Kelly Johnson’s Lockheed organization that pro-
duced quantum leaps in technology in very short time spans.?” John-
son’s team applied project cycle discipline, baseline management,
change control, and decision gates. The team applied all practices
using a “sweet spot” approach that was simple, yet formal, with low
amounts of documentation.
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The pursuit of “better, faster, cheaper” has caused some teams
to discard the discipline of the gated project cycle or to skip se-
lected phases and decision gates without due regard for the conse-
quences. This approach has proven to be unacceptably risky
and multiple failures have confirmed that proven practices were
often eliminated in the desire to meet a “faster, better, cheaper”
mandate.

The key to success is to tailor a gated cycle, based on a proven
template, so that it is lean, efficient, and effective. Decision gates
should add the value of baseline review and approval without caus-
ing schedule delay or stalling ongoing progress. In a skunk works
environment, decision gates are usually working sessions, but re-
tain the discipline required for ensuring binding and informed exe-
cution. Decision gates should not require lengthy and cumbersome
processes and should not include people who are peripheral to
the baselining decision. For example, to skip a Consent-to-Pour-
Concrete Review is irresponsible and can result in a misplaced or
poorly constructed foundation. The review should take just a few
minutes requiring only an inspection of the layout, forms, steel,
concrete mix, and the personnel credentials.

The following are inspiring examples of successful transitions to
faster cycle times:

Implementation Period

in Months
Product Original Improved
HP computer printer 54 29
Ford automobile 48 16
Ingersoll-Rand air grinder 40 15
Warner clutch brake 36 10

PROJECT CYCLE EXERCISE

You and your partner are preparing to build a custom home on a site
yet to be selected. You want to ensure a smooth process and that you
remain friends with each other and with all the other stakeholders
when it is completed.

To minimize risk, you are to create your preferred project cycle
complete with periods, phases, and decision gates by formulating the
three parallel congruent aspects (business, budget, and technical).

For the business aspect, consider: site location; resale; commu-
nity trends; school districts; selection of architect, engineer, and
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contractor; whether you will act as general contractor or not; com-
munity approval; architecture committee approval; planning permits;
building permits; and certificate of occupancy. This is not a complete
list. Add to it as necessary to ensure consideration of all stakeholders.
Make sure your phases and decision gates structure an orderly pro-
gression and provide the necessary agreements.

For the budget aspect, consider: target budgets, should-cost esti-
mates, available assets, loan qualification, loan commitments, prog-
ress payments, funds disbursements, management reserve, contractor
holdbacks, performance bonuses, and penalties. This is not a com-
plete list. Make sure your phases and decision gates structure an or-
derly progression and provide the necessary agreements.

For the technical aspect consider: zoning, community or subdi-
vision themes, concept development, design-to specifications, build-
to artifacts, code compliance, quality control, material control, and
inspections. This is not a complete list. Make sure your phases and
decision gates structure an orderly progression and provide the nec-
essary agreements.

Your final product should be a three-row project cycle, one row
for each of the three aspects. The columns should represent periods
and their phases. For example, the first period might be the study
period with the first phase defined as Owner Requirements Defini-
tion. This is the phase in which you and your partner establish re-
quirements, along with the overall budget and schedule, for the
project, independent of the selected site or building design.



THE TEN
MANAGEMENT
ELEMENTS

Effective management can indeed move mountains. One of
the management breakthroughs in the Panama Canal project
was the realization that the major challenge was logistics—
how to relocate what amounted to a mountain of dirt, instead
of the prior view of digging a big ditch.

In a very different logistics challenge, that of supporting
the Gulf War with a military force equal to the population of
Alaska, General William G. Pagonis offers several
management lessons. In his book, /In Moving Mountains,’
Pagonis outlines his management style, which includes:

» Constant informational flow on index cards to all levels of
the organization,

 Daily bulletins and stand-up meetings (limited to 30
minutes and anyone interested, regardless of rank, can
attend), and

 Articulation of each leader's management style, “so that
subordinates need zero time and energy guessing how
the manager manages.”

General Pagonis also had some sage advice regarding
project planning, control, and execution. “If you have good
people, and if you have the capability to expand and
delegate, and you have a centralized plan, imagination and
ingenuity will always win. | believe in centralized control and
decentralized execution.”

Communication Teamwaork Froject Cycle Mgmt Elements

Organizational Commitment

ESSENTIAL 5

PMBOK® Guide
The PMBOK® Guide identifies
nine knowledge areas.

INCOSE

The INCOSE Handbook cites
16 technical and 10 project
management processes.
These are analogous to the ten
project elements described
here but do not correlate
exactly as these elements are
behavioral rather than func-
tional.
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Project management and sys-
tems engineering techniques
and tools share the same
drawers because they are
most commonly used
together.

PMBOK® Guide
This element is consistent with
PMBOK® GuideCh 5 Project
Scope Management.

INCOSE
This element is consistent with
INCOSE Handbook Sec 5.6
Technical Processes and
Decision-Making Process.

his chapter and the ten that follow are about those good people;

the planning, control, and execution together with organizing
the project and installing the management processes. The integrated
process model (wheel and axle), introduced in Chapter 3, helps to vi-
sualize project management and to appreciate the functional rela-
tionships. The wheel depicts the first nine situational management
elements as the spokes of a wheel, held together by its rim, Project
Leadership.

“Effectiveness lies in balance,” is Stephen Covey’s way of ex-
pressing the need for a sense of proportion. Too much focus, he
quips, “. . . is like a person who runs three or four hours a day, brag-
ging about the extra ten years of life it creates, unaware he’s spend-
ing it running.”?

THE ELEMENTS

The elements are the project’s tool chest, with project management
and systems engineering techniques and tools sorted and grouped
into like categories requiring ten drawers. The ten categories of
management responsibilities, functions, techniques, and tools are all
essential to orchestrating the team and developing the project’s sys-
tem solution. They apply to:

* All types of projects.
* All phases of the project cycle.
e All organizations participating in the project.

An important facet of the wheel metaphor is the actual interde-
pendence of the spokes of a wheel. The wheel is structurally much
greater than the collection of its parts. But, one weak spoke reduces
its overall effectiveness. The elements are described briefly in the
following section and are then detailed in the ten corresponding
chapters that follow.

Project Requirements

Project Requirements is all about managing the three baselines:
business, budget, and technical. It covers both the development and
management of requirements. Included are business, budget, and
technical requirements and spans from project conception to deac-
tivation. Business requirements include, for example, the business
or mission case; contracts involved; stakeholder constraints; indus-
try standards, policies, and trends; and funding sources. The budget
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aspect covers the securing of funding and the spending plan. The
technical aspect covers system maturation across requirements
identification, substantiation, concept selection, architecture selec-
tion, decomposition, definition, integration, verification, and valida-
tion. The requirements element is situational rather than sequential
since new requirements, which can be introduced at almost any
point in the project, need to be managed concurrently with the re-
quirements already driving the development. While the project’s
business case drives this element, systems engineering accounts for
most of the execution.

Organization Options

Organization Options considers the strengths and deficiencies of var-
ious project structures (wiring diagrams), how each resolves account-
abilities and responsibilities, and how each promotes teamwork and
communications. Complex projects do not have to result in complex
structures, and there is no single “best” organization. There are many
options including matrix, integrated product teams, and integrated
project teams—even skunk works, where exceptional systems engi-
neering has been demonstrated.® (The skunk works is a name adopted
by the highly creative Lockheed aircraft development organization.)
The Organization Options element is personnel-independent and of-
fers a basis for selecting and changing the structure appropriately as
the project progresses through project cycle phases from inception to
deactivation.

The Project Team

The Project Team element addresses staffing the organization. Selec-
tion criteria should consider character attributes, qualifications, and
the specific skills demanded by the challenges of each project phase.
Competency models that include necessary attributes and qualifica-
tions should form the basis of selection for key positions such as the
project manager, the business manager, the systems engineer, the
planner, and the subcontractor manager. The preferred management
approach requires that the team participants be matched to the re-
qurements of the project cycle phase.

Project Planning

Project Planning spans the team’s conversion of the project’s re-
quirements into team task authorizations, including delivery sched-
ules and resource requirements. But it doesn’t end there. Too often
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PMBOK® Guide
This element is consistent
with PMBOK® Guide Sec 2.3.3
Organizational Structure, Ch 4
Project Integration Manage-
ment, and Ch 9 Project Human
Resources Management.

INCOSE
This element is consistent
with INCOSE Handbook Sec
5.3 Organizing Process.

PMBOK® Guide
This element is consistent
with PMBOK® Guide Ch 9
Project Human Resources
Management.

INCOSE
This element is consistent
with INCOSE Handbook Sec
5.3 Organizing Process and
Sec 5.11 Concurrent Engineer-
ing Process.
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PMBOK® Guide
This element is consistent

with PMBOK® Guide Ch 6 Proj-
ect Time Management and Ch
7 Project Cost Management.

INCOSE

This element is consistent with
INCOSE Handbook Sec 5.2
Planning.

PMBOK® Guide
This element is consistent with
PMBOK® Guide Ch 11 Project
Risk Management.

INCOSE —
This element is consistent with
INCOSE Handbook Sec 5.8
Risk Management Processes.

PMBOK® Guide
This element is consistent with
PMBOK® Guide discussions
on control in Sec 5.5 Project
Scope, Sec 4.5 Monitor and
Control Project Work, and Ch 8
Project Quality Management.

INCOSE
This element is consistent with
INCOSE Handbook Sec 5.7
Control Process and Sec 5.9
Configuration Management.

planning is done once and is then forgotten as the project strays
from its intended path. Plans must be kept current, reflecting new
information and actual progress. The planning process should in-
clude both manual and computer tools that support the development
of the best tactical approach for accomplishing the project’s objec-
tives. We encourage the use of the cards-on-the-wall technique de-
scribed in Chapter 12 to develop the project’s task network and
schedule.

Opportunities and Risks

Opportunities and Risks is about pursuing opportunities and manag-
ing their risks. It encompasses the identification, evaluation, and man-
agement of both opportunities and their associated risks. It spans the
techniques for determining and quantifying the value of potential ac-
tions to enhance the opportunities and those necessary to mitigate
the risks. Opportunities and risks may be identified at any point in
the project cycle, so the techniques and tools of this element must be
applied perceptively as the project progresses through the cycle. Al-
though an integral part of planning, it is common for both of these
factors to be treated superficially by the project team and many proj-
ects have failed as a result. The conventional mode of focusing the
team just on risks tends to foster negativism. An alternative is to have
the team seeking and seizing opportunities to excel and then to exam-
ine and manage the risks of those opportunities. This approach en-
courages innovation and fosters positive teamwork. The uniqueness
and importance of opportunities and risks and how they should be
managed justifies treatment as a separate element.

Project Control

Project Control is often misunderstood because many projects have a
project controls organization that reports activity and status rather
than actually controlling anything. Controlling the project is neces-
sary to ensure that planned events happen as planned and that un-
planned events don’t happen. Control methods should apply to all
three baselines (business, budget, and technical). In our approach,
proactive control is recognized as process control where every aspect
that needs to be controlled must have a control standard, a control au-
thority, a control mechanism, and a variance detection system. Using
schedule control as an example, the standard is the baselined master
schedule, the authority is the business manager, the mechanism is the
change board, and the variance detection is schedule status. Cate-
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gories of controlled processes may include baselines, configuration,
security, safety, requirements, manufacturing processes, software de-
velopment environment, schedule, cost, and so on. Reactive control
consists of corrective action initiated in response to unacceptable
variances. Many projects fail when control systems are not estab-
lished or are circumvented.

Project Visibility

Project Visibility encompasses all of the techniques used by the
project team, including external stakeholders, to gather data and
disseminate information to ensure that the health of the project is
transparent to the project team. It includes techniques like manage-
ment by walking around (MBWA) and project information centers
as well as electronic techniques such as voice mail, e-mail, and
video conferencing. The visibility system and associated techniques
must be designed to serve the active project phase, the organiza-
tional structure, and geographic complexity.

Project Status

Project Status is frequently confused with project activity rather
than performance metrics. Project Status is comprehensive measure-
ments of performance against the plan to detect unacceptable vari-
ances and determine the need for corrective action. Status should
encompass schedule, cost, technical, and business progress. The eval-
uation and measurement should also include the rate of change of
variances if not corrected. Technical Performance Measurement and
Earned Value Management are included in this technique and tool set.

Corrective Action

Corrective Action is the culmination of variance management and
emphasizes that reactive management is necessary and proper for ef-
fective project management. Corrective Actions are taken to return
the project to plan and usually take place as a result of project status-
ing. The techniques may include overtime, added work shifts, an al-
ternate technical approach, new leadership, and so on. Projects that
ignore variances and fail to implement corrective action are usually
out of control.

Project Leadership

Project Leadership is the mortar that holds the other elements of
project management and systems engineering intact and ensures that
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PMBOK® Guide
The PMBOK® Guide and the
INCOSE Handbook do not
specifically address visibility
as a management technique
category, although both cite
the need to monitor ongoing
work.

PMBOK® Guide
This element is consistent with
PMBOK® Guide Ch 5 Project
Scope Management, Ch 6
Project Time Management,
and Ch 7 Project Cost Manage-
ment.

INCOSE
The INCOSE Handbook Sec 6.3
addresses Technical
Performance Measurement.

PMBOK® Guide
This element is consistent
with PMBOK® Guide treat-
ment of corrective actions in
each knowledge area.

INCOSE
The INCOSE Handbook
addresses deviations from
specifications.
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PMBOK® Guide
Both the PMBOK® Guide and
the INCOSE Handbook
address the importance of
leadership but neither
embraces leadership as a
separate knowledge area or
management category.

all are being properly implemented and applied. Leadership depends
on the ability to inspire—to ensure that project members are moti-
vated on both the individual and team levels to deliver as promised
within the desired project management culture. Leadership empha-
sizes doing the right things, while doing things right is a primary
management responsibility. Leadership depends on the skillful ap-
plication of techniques such as handling different personalities and
maturity levels, and team composition and rewards. History has con-
firmed that, without strong leadership, the team is likely to stray
from sound fundamentals and implement high-risk, failure-prone
short cuts. If the team members are fully trained in the worth of the
elements and are believers in the process, then the need for strong
leadership is reduced.

PROJECT MANAGEMENT ELEMENTS EXERCISE

Make a list of every project management technique that you can think

of. Then group them according to the ten project management ele-

ment categories. When a technique serves more than one element, lo-

cate it in the element with the most significant impact. For instance, a

decision gate often provides visibility, status, and control of baseline

evolution; however, the primary purpose is baseline control.
Example:

Requirements Organization Options
Specification Functional organization
Lessons learned Integrated product team

Process standard Matrix organization
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he axle and wheel in the following figure depict the relationship

between the sequential and situational essentials of our model.
The project cycle, represented by the axle, is the time-phased back-
bone of the project and identifies the tactical approach, project deliv-
erables, and the sequence of major events. The movable wheel is the
project’s tool chest, representing the ten categories of processes,
techniques, and tools that the enterprise encourages and supports for
skillful application. In organizations that employ the CMMI, ISO, or
Six Sigma frameworks, these processes and techniques are usually
controlled and well documented to ensure proper application. Like-
wise, the knowledge areas identified in the PMI PMBOK® Guide and
the best practices in INCOSE Systems Engineering Handbook can be
organized and mapped into these ten categories to complete the inter-
related set of management methods for consistent deployment.

NF Project
Planning
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The ten management ele-
ments facilitate the tactical
approach to realizing the
strategic goals of the project.

Each chapter in Part Three is
devoted to one of the ten man-
agement elements—the
spokes of the wheel.
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Skillful application of a feature-
rich tool chest is becoming
increasingly relevant to mas-
tering complexity.

The techniques and tools in each category are applicable to proj-
ect management and systems engineering as well as to hardware and
software development. In today’s evolving tool environment, includ-
ing more extensive use of symbolic languages, widespread tool
knowledge is rare. Care must be exercised to guard against flawed
communication through improper tool or language application. A
shift in the tactical approach, or the introduction of unfamiliar, so-
phisticated tools, may require specialized training.
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A major challenge in expressing project ideas in writing is the
selection of words that accurately represent the things
themselves. Unfortunately, poorly chosen or missing words
often create major problems. This excerpt from the 1907
specification for the Wright brothers’ first production contract
may be the ancestor of one of our most abused requirement
clichés, the ubiquitous “user-friendly.”’

the Government and trial flights will be at Jort Myer, Virginia,

1 should be so designed as Lo aseent in any country which may be enconntered in field service,
The starting device must be simple and transportable. 1 shoutd also fand in a field without
requiring a specially prepared spot and without damaging its structure.

Tt should be provided with some device to permit of a sate descent in case of an accident to the
propelling machinery.

70, {Ushould be sulTiciently simple in s construction and operation o permit an intelligent man o
become proficient in its use within a reasonable length of fime.

L

4

10. 1t should be sufficiently simple in its construction and operation
to permit an intelligent man to become proficient in its use
within a reasonable length of time.

14, Bidders must state the time which will be required for delivery after receipt of order.

JAMES ALLEN
Rrigadier General, Chief Signal Officer of the Army
SIGNAL OFFICE
wWashington. . C... pocemper 23,
1907,

Wright Brothers’ production contract, circa 1907.

It is always a challenge to ensure that the requirements and their
implications are understood. When the U.S. Signal Corps in 1907
released the invitation to bid on a heavier-than-air flying machine,
their overall objective was clear, even though the specification had
many unclear details. At that time, it was not certain that anyone
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. .. Requirements
only half a word:
user requirements,
customer requirements,
stakeholder requirements,
contract requirements,
internal requirements,
baselined requirements,
unbaselined requirements,
concept independent,
concept dependent,
allocated requirements,
derived requirements
functional requirements,
performance requirements,
design requirements,
verification requirements,
requirements musts,
requirements wants,
requirements weights.

PMBOK® Guide
This chapter is consistent with
PMBOK® Guide Ch 5 Project
Scope Management and Ch 10
Project Communication
Management.

INCOSE ——
This chapter is also consistent
with the entire content of the
INCOSE Handbook.
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“We should have a great
many fewer disputes in the
world if words were taken for
what they are, the signs of our
ideas only, and not for the
things themselves.”

John Locke®

Nonessential or overspecified
requirements frequently result
in missing schedule and cost
targets.

could satisfy the requirements. Technical experts argued, “there is
not a known flying machine in the world which could fulfill these re-
quirements.”” Only the Wright brothers knew the project was
achievable and that the U.S. Army had written the specification
based on the Wright brothers’ claim that they had already built ma-
chines that proved feasibility of the concepts. The army expected
only 1 bid, but received 41. There were 40 bidders who had little
chance of succeeding because they did not have a clear understand-
ing of what the vague requirements really implied, and what would
be needed to meet them. Two contracts were awarded, but only the
Wright brothers delivered.

SIGNS OF OUR IDEAS

Project requirements start with what the user really needs (not what
the provider perceives that the user needs) and end when those
needs are satisfied as evidenced by successful user validation. In the
end-to-end chain of technical and business development, there is an
ongoing danger of misunderstanding and ambiguity. This often leads
to nonessential, overspecified, unclear, or missing requirements, as
illustrated by Figure 9.1—a cartoon familiar to every marketing
student. Beyond just humor, this illustrates the current drive toward
graphical representations of system and mission requirements, solu-
tion concepts, and solution behavior.

Overcoming Paradigm Paralysis

Recognizing a user need and having a great idea for solving it are not
enough. Consider the typewriter. Viewing it as a widely used office
appliance for more than a century, one could conclude it had been
an instant success. On the contrary, acceptance was so slow that its
promoters nearly abandoned it as a failure. It took more than a
decade for users to realize that they needed the typewriter.*

In more recent history, the word processor had a similar slow
beginning. Users (mostly typists) did not appreciate the significance
of the new technology. When surveyed in 1970 about what could
improve their productivity, many typists requested a way to correct
the spelling of the last word typed before the text was transferred to
the paper. Typewriters were then produced that displayed one line
of text on a built-in one-line screen, with software to check spelling.
It took several years for users to understand that, if the software
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As the work statement

As the RFP requested it specified it

As it was negotiated

As engineering designed it As it was built What the customer
wanted

Figure 9.1 Swings, a classic revisited.

could handle one line, a larger screen would allow composition and Project requirements end only
spell checking paragraphs and even whole pages. when the user has been

For several years, management strongly resisted the concept satisfied.
that a word processor was a tool that engineers and managers should
use. The executives who viewed word processors as typewriter re-
placements could not make the paradigm shift needed to envision a
time when it would become commonplace for engineers and execu-
tives to create their own text documents.

Reliance on the wrong users can be misleading. Clayton Chris-
tensen presents a strong argument in his book, The Innovator’s
Dilemma,’ that relying on current users may prevent you from taking
advantage of an emerging technology poised to sweep away your cur-
rent product. Competitors and new entrants with a more accurate vi-
sion may capture your business. Christensen uses the computer hard
disk and its evolution to illustrate his point. Early mainframe com-
puter manufacturers used 14-inch hard drives. When smaller, lower-
capacity 8-inch drives were demonstrated, disk manufacturers asked
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INCOSE ———

INCOSE Handbook Sec 4.6
cites user involvement in the
Implementation Process as a
best practice and lack of user
involvement as a traditional
problem area. The INCOSE
Handbook also emphasizes
user involvement in:

» Sec 4.7 Integration Process.
» Sec 4.8 Verification Process.

» Sec. 4.9 Validation process.

On most projects, new
requirements are introduced
throughout the project cycle.

the mainframe manufacturers for their user requirements. Computer
manufacturers were not interested in the smaller drives because the
smaller size advantages could not offset the associated higher cost per
megabyte and the associated reduction in storage capacity and speed.
Established disk manufacturers stopped their small drive develop-
ment. However, emergent disk drive companies found minicomputer
manufacturers who were willing to pay a premium for reduced physi-
cal size. Within a few years, the 8-inch drive matured and surpassed
the larger drives in capacity and speed while maintaining a lower
price. The emergent companies had captured the new market. Chris-
tensen said, “Ultimately, every 14-inch drive maker was driven from
the industry.” What is compelling about his thesis is that this cycle
was repeated at every change in disk size evolving from 14 inch to 8
inch to 5.25 inch to 3.5 inch to 1.8 inch. The emergent firms that de-
veloped a new market became the established firms that were in turn
driven out of business by the next technological advance. Christensen
said, “The problem established firms seem unable to confront suc-
cessfully is that of downward vision and mobility. . . .” He noted that
disk manufacturers, held captive by their customers, delayed in mak-
ing the strategic commitment to lead the market transition.

When Users and Developers Converge

It is important to decide on the approach to developing requirements,
as it will directly affect the team’s ability to perform successfully.

Most projects start with relatively well-defined user or customer
requirements that can be further refined and developed by a struc-
tured process. These processes are based on frameworks, methods,
techniques, and tools all rooted in lessons learned and best prac-
tices. Projects managed to these principles can usually be accurately
planned and predicted.

However, many projects start with ill-defined user and customer
requirements, leading to their discovery by the development process
itself. Today, Rapid Application Development, Agile Development
(including Extreme Programming), Hardware Model Shop Develop-
ment, and others are flexible approaches to simultaneous discovery
of both requirements and their solutions. Schedules and costs for
these projects are difficult to predict.

Many techniques have been developed to help project champi-
ons more effectively discover and elicit user needs, and more effec-
tively market solutions to meet those needs. One such technique,
Quality Function Deployment (QFD), has proven to be very useful
and enduring. QFD defines and prioritizes product quality (re-
quirements satisfaction) from the users’ perspective, and conveys to
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the designers what to emphasize. It then maps the system features
to the prioritized requirements vividly illustrating both unsatisfied
requirements and satisfaction overkill. This and other techniques
are illustrated in the following section on the decomposition analy-
sis and resolution process.

There is a notable trend that impacts the timely development of
user requirements. In his book, Business @ the Speed of Thought,
Bill Gates emphasizes the orders of magnitude reduction in time re-
quired to gather data on customer interests and customer reactions
to fielded products.” He discusses how corporations such as Coca-
Cola and Jiffy Lube have made very effective use of such data min-
ing to better profile user interests and needs to improve their
responsiveness and competitive position.

Rapid access to data via the Internet does not alter the basic de-
velopment processes. As noted in Chapter 7, Microsoft follows a proj-
ect cycle consistent with our template.® Gates’s vision of the next
decades reemphasizes the need to continually hone project manage-
ment and systems engineering processes.

Getting the right set of users’ requirements is a major challenge
facing the systems engineer, the project manager, and marketing or-
ganizations. For new products or for substantially new applications
of existing ones, some combination of incremental and evolutionary
development is often the most effective approach to adjust to chang-
ing market demands.

The Chain of Requirements Baselines

The project’s customer usually controls the definition of user re-
quirements. The provider further refines these requirements within
the baseline definition. User requirements are typically the first to
be baselined and placed under configuration management. An exam-
ple is when a couple decides to build a house, they each make a list
of their individual requirements. The combined list is the User Re-
quirements Document (URD). Paired with this set of requirements
is the context of implementation or user Concept of Operations
(CONOPS), which describes the project’s solution space, behavior,
and environment.” In general, CONOPS is similar to, but broader
than, current system or software “use cases.” This is changing with
the development of SysML, the object-oriented systems engineering
modeling and design language. The Object Management Group
(www.omg.org) is designing templates for systems engineering sce-
narios and use cases to include all the content necessary for a com-
plete CONOPS. The intent is to eliminate the need for a separate
CONOPS document.
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The CONOPS for a house char-
acterizes the community, cli-
mate, and infrastructure
associated with the selected
building site and describes
how any house solution is
expected to be used by the
residents.
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Figure 9.2 Requirements management: The chain of requirements baselines.

System development proceeds from system requirements to the
creation of the “design-to” and “build-to” artifacts (documents,
drawings, architectural models, engineering models, etc.) for every
entity of the architecture. Each entity can adopt linear, unified, in-
cremental, or evolutionary development, but for simplicity of expla-
nation we use linear development here. The process is applied
repeatedly until the requirements have been elaborated to piece
part and process details (Figure 9.2).

REQUIREMENTS MANAGEMENT: A CRITICAL
ACTIVITY THROUGHOUT THE PROJECT CYCLE

We must concern ourselves with both requirements development
and requirements management. The requirements artifacts, which
are products of the project-cycle phases, detail the maturing sys-
tem solution.

The requirements management element is situational since new
requirements can be introduced into the project at almost any time
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Requirement Changes in the Real World UL
— — New Requirements
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T Changed Requirements .
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Changes in the Environment

Figure 9.3 Requirements change environment.

and decomposition level, to be managed concurrently with the ma-
turing baselines. In fact, the current trend is to embrace require-
ments changes to keep abreast of both the moving business case and
emerging technologies. Figure 9.3 illustrates the real world of
changing requirements. Failure to respond to the changing environ-
ment can cause project failure—a situation often experienced in
today’s project environment.

REQUIREMENTS MANAGEMENT COMPLEXITY

Requirements management encompasses the transfer of business and
technical details among the domain specific participants. In the in-
formation transfer, voids and conflicts will emerge if the communica-
tion is imprecise or misunderstood. Much like in the parlor game of
passing a story from one person to another among the attendees, there
is a danger that the end result is not what the originator intended. Re-
quirements management and requirements management artifacts
must be configured to ensure undistorted communication. Figure 9.4
illustrates the challenge to be addressed.

FROM REQUIREMENTS TO SYSTEM SOLUTIONS

The sequential facet of requirements development is represented by
the core of the Vee Model (Figure 9.5), as described in Chapter 7. A
simple three-level hierarchy is shown here, with the system at the
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PMBOK® Guide
The PMBOK® Guide Sec 5.4
Scope Verification presents
verification as stakeholder for-
mal acceptance of deliver-
ables.

INCOSE ——

The INCOSE Handbook and
this book define the stake-
holder formal acceptance
activity as Validation. Verifica-
tion is proof of specification
compliance.

Figure 9.4 Requirements management complexity.

top level. At the lowest level, there can be many configuration items
(CIs), and so the Vee is shown thicker at its base. On the left leg of
the Vee, requirements are identified and concepts are created. On
the right leg, the completed configuration items are verified and in-
tegrated into subsystems, which in turn are verified and integrated
to make the system.

System development is described by the process called Decom-
position Analysis and Resolution (DAR; Figure 9.6). The DAR pro-
cess guides the systems engineering activities that flow down and
define the requirements for each entity and how they should be sat-
isfied or resolved. Systems engineering typically manages the DAR
process.

The Verification Analysis and Resolution (VAR) process (Fig-
ure 9.7) defines the tasks spanning from assembling of parts and
processes and the coding of software through integration, verifica-
tion, and validation. As integration and verification activities are
conducted, verification anomalies that occur must be resolved to a
satisfactory conclusion or the project will stall. The VAR process il-
lustrates the activities required to resolve anomalies to the satis-
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System
Requirements, Concept,
Architecture, Design-to,
Build-to, and Verification

and Validation Plans

2

Architecture Vee

Customer Confirmation

System
Verification and
Validation

Customer Confirmation

Subsystem

Requirements, Concept,

Architecture, Design-to,

Build-to, and Verification
and Validation Plans

Verification and Validation Planning
(all levels)

Subsystem

Verification/Validation

and Preparation for
System Integration

\

R

Lowest Cl
Requirements, Concept,
Architecture, Design-to,
Build-to, and Verification

and Validation Plans

Investigation

Architecture Issues

Lowest CI
Verification/Validation
and Preparation for
Subsystem Integration

Investigation

System Realization ————>

Figure 9.5 The basic Architecture Vee model.

faction of the customer. Systems engineering typically oversees the
VAR process.

For a given decomposition level of the Architecture Vee, say a
subsystem, the DAR represents the development of the solution and
the elaboration detail required for that subsystem. For Commercial-
Off-The-Shelf entities (COTS), the build-to detail is not required
because it already exists. The DAR process is repeated for every ar-
chitecture entity from the system, down to the lowest-configuration
items, such as computer software units. Likewise, the VAR process
is applied to each entity on the right leg of the Architecture Vee.
Figure 9.8 illustrates the DAR and VAR processes applied in a plane
orthogonal to the Architecture Vee. DAR and VAR processes are ap-
plied separately to each entity when there are multiple entities at a
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Figure 9.6 Decomposition Analysis and Resolution Process (DAR).

INCOSE
INCOSE Handbook Sec 4.4
Architectural Design Process
treats both concept and archi-
tecture determination within
the Architectural Design
Process.

given level in the architecture hierarchy (e.g., in Figure 9.8 two sub-
systems are shown).

To understand the complete sequence—one that represents best
practices—requires the more detailed view of the intersecting Vees
provided in Chapter 19.

THE DECOMPOSITION ANALYSIS AND
RESOLUTION PROCESS ENSURES THE DESIGN
SATISFIES USERS AND STAKEHOLDERS

The DAR is the essence of systems engineering in which trade stud-

ies ensure the best value concept and architecture at every decom-
position level. This section addresses each of the activities in the
DAR process illustrated in Figure 9.6.

To illustrate the DAR process, this section uses one author’s ex-
perience in remodeling his home. Further, the example demonstrates
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Figure 9.7 Verification Analysis and Resolution Process (VAR).

the benefits of using this process—even for simple or familiar proj-
ects. In this case, the process is applied to selecting a home-heating
system. For this heating system, the “higher-level requirements and
constraints” include personal comfort zones, aesthetics, and the ex-
isting house structure. The margin notes relate this example to the
DAR steps that follow.

The Sources and Techniques for Determining Requirements

For each entity, the DAR process is initiated and driven by
higher-level requirements and constraints. These come from al-
ready approved baselines such as the service utilities provided to a
structure and the influences of users and stakeholders at the sys-
tem level and at succeeding levels of decomposition down to the
level under analysis.

To ensure all requirements have been elicited from users and
stakeholders, a check-and-balance system should be implemented,
usually consisting of multiple techniques. Some examples follow:
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The sources for remodeling
requirements include building
codes, and most important,
the users’ comfort. The Con-
text of Implementation is the
historical climate of the area,
the expected energy loss of
the structure, the constraints
of the existing structure, and
the available utilities.

What did you like and dislike
about heating systems with
which you have had
experience?
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Figure 9.8 The DAR and VAR processes applied to the Architecture Vee.

PMBOK® Guide
The PMBOK® Guide Sec 2.2
Project Stakeholders covers the
significance of stakeholders to
project success and Sec 10.4
Manage Stakeholders covers
stakeholder management.

The PMBOK® Guide does not
address stakeholder manage-
ment as critical to Require-
ments Management.

Technique

Documentation
review

Interviews

Focus groups

Surveys

Comment cards

Observation and
confirmation

Comments and suggestions.

Review best available data and records before
interviewing stakeholders.

Face-to-face stakeholder discussions.
Best conducted using a checklist.

Document and prioritize requirements and
constraints as they are identified.

Ask open-ended questions.

Used to identify issues and establish realistic
expectations.

Questionnaire to sample users.
Quantitative type questions.

May require statistical analysis.

Must be comprehensive and unambiguous.

Provides feedback on an existing product or
service.

Verify that users really do what they say they
do.
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Prioritization is perhaps the most significant technique for
proactively managing project requirements and avoiding overspeci-
fied and biased solutions. The extent to which management disci-
pline can be exercised by putting first things first obviously depends
on knowing and understanding priorities. If they are not explicitly
stated in contracts, and they usually are not, they must be under-
stood by the time the user requirements and system requirements
artifacts are baselined and placed under change control. Require-
ments prioritization is essential to the implementation of design-to
cost, cost as an independent variable (CAIV), and in pursuing value-
driven solutions.

Prioritization is usually done in two forms: weighted criteria for
trade-off analysis and independent priority levels (at least three lev-
els: must, want, and nice to have).

Understand the Context of Implementation

The context of the implementation describes the environment
within which the project solution must operate. To understand the
context, you need to define the system boundaries and include all in-
terface and operational factors such as reliability, maintainability,
availability, human factors, and security. In addition, brainstorming
sessions can help to verify your understanding. Ask probing ques-
tions and listen. It’s often helpful to verify the understanding with a
customer approved behavioral model.

The contractor in Figure 9.9 had a clear understanding of the
requirements, but was a little short on understanding the context.

Define the Problem to Be Solved and Establish Weighted
Evaluation Criteria

At each level of decomposition, the problem is defined by the higher-
level baseline (e.g., user requirements, entity requirements, concept,
and specification at each level). Each requirement should include
weighted evaluation criteria, together with applicable scoring meth-
ods to represent how well any candidate solution satisfies the criteria.
Concept selection criteria can become unwieldy if dozens of criteria
are used in evaluating candidate concepts. A more practical approach
is to select the most challenging, high-priority factors to drive the se-
lection. To illustrate the point, consider the selection criteria for a
new family car. Critical safety and performance factors may be diffi-
cult to achieve and should be included. However, a black color and an
automatic transmission, while absolute “musts,” are easy to achieve
and should not complicate the evaluation.
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In our heating system exam-
ple, fast temperature
response, low noise level,
minimum dust, and “set it and
forget it” operation ranked
much higher than cost.

For example:

San Francisco Bay area—mild
weather; no freezing, but rapid
changes of up to 25°F with fog
patterns; maximum outside
temp of about 90°F (32°C) and
minimum of about 32°F (0°C).

The problem to be solved is
maintaining a comfortable
home temperature under all
conditions. The evaluation cri-
teria include a fast reaction
time, economical fuel, clean
(low dust), low noise, fully
automatic operation, and low
initial cost.
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THE FAR SIDE By GARY LARSON

© 1990 FarWorks. inc.

Suddenly, a heated exchange took place
between the king and the moat contractor.

Figure 9.9 The Far Side © 1996 Farworks, Inc., distributed by Universal Press
Syndicate. Reprinted with permission. All rights reserved.

You also need to decide the risk philosophy because risk toler-
ance drives risk management. Answers to the following typical ques-
tions will help establish the risk philosophy for your project:

* What are the consequences of system failure?
Loss of life, mission failure, enterprise embarrassment, cost,
schedule, technical, or safety.

e What is the technology maturity? Can “off-the-shelf” enti-
ties be used?
Consequence of delivering a new, but obsolete, system versus a
state-of-the-art system with no logistics.

e What are the opportunities of and for the system? How will
they be managed?

* What are the future growth expectations?
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e What are the risks to, in, and from the system? How will they
be managed?

Risk philosophy (tolerance) is often expressed in terms such as
“single thread design,” or “no single point failure modes in mission
critical functions” or in a reliability rating such as 0.03 percent fail-
ure probability.

The risk philosophy will drive these risk adjustment decisions:

Risk Decision Decision Range
Design for growth Planned or none
New technology High use to no use
Expendable margins High margins to no margin
Reliability High to low
Part derating Substantial to none
Redundancy Full to none
Inspection 100 percent to none
Qualification Required high margins to none
Verification 100 percent unit verification to none
Certification Full pedigree proof to no proof
Sparing Full to none
Cost Mandatory constraint to desirable target
Schedule Mandatory constraint to desirable target
Other market Planned to none
applications

Define the Required Behavior and Performance.

The objective is to describe the behavior of the essential system func-
tions. This can be done in narrative form, but the trend is toward
graphical techniques such as the functional flow diagrams shown
here, which are usually more effective. When characterizing behav-
ior, use action verbs such as detect, trigger, initiate, deliver, and can-
cel. For example, the accompanying margin note is the narrative
description of the behavior for the house heating system.

The two methods for flowing requirements to lower-level entities
are derivation (analysis) and allocation (past experience and judg-
ment). In the derivation method, the requirements for each succeeding
architecture level are established on the basis of quantitative analysis.
Allocated requirements are based on past experiences and rules of
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Repeat

Until
| Function 2 I I Function 3 '

End

Behavior Diagram {(Example}

The required behavior is that
the heating system detect the
difference between the temper-
ature setting and the current
ambient temperature. The sys-
tem then introduces heat until
that difference is close to zero.

The performance require-
ments are:

1. Detection of temperature
differences of two degrees.

2. Maximum of five-minute
heater response to bring
the temperature back to
the set point.
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For this example, the heating
candidates are electrical and
hydronic baseboard, electrical
radiant ceiling, hydronic-in-
slab, and forced-air heating.

The hydronic-in-slab solution
provides the opportunity for
quiet, dust-free heating. The
risk: Glycol pipes in slab floors
are difficult to repair.

In our example, none of the
standard conventional solu-
tions meet all of the criteria.
Radiant solutions are too
slow; forced air is too noisy
and dirty.

thumb, and, therefore, their validity and applicability must be con-
firmed as the design evolves. Incorporating COTS or existing ob-
jects into the solution also contributes to defining allocated
requirements.

Develop the Candidate Logical or Physical Solutions

Identify potential solutions that satisfy the functional and perfor-
mance requirements, using past experience, analytical approaches,
brainstorming candidate concepts, or other means. Assess the
candidates and develop system discriminators for each viable one.
Discriminators may be technical, cost, schedule, or risk. Avoid re-
jecting “obvious misfits” prematurely until they have had fair con-
sideration.

* Develop the top-level architectures to understand each candi-
date’s relative complexity.

* Flowdown functional and performance requirements. (Lower-
level requirements will usually be concept and architecture
specific.)

e Identify critical issues (may require investigating down to hard-
ware part or software unit level).

e Use available performance history or hardware and software
feasibility models to determine and confirm achievable perfor-
mance values.

Select the Best Solution

By using the weighted concept selection criteria previously defined,
make an informed selection of the best solution (Figure 9.10). Score
each candidate solution against the criteria. This ultimately leads to
a comparison of weighted scores and the basis for rational design
choices that meet the highest priority requirements.

The techniques for weighting criteria include: weighting against a
fixed standard, weighting relative to the most important criterion or
best alternative, and pair-wise comparison (e.g., Analytical Hierarchy
Process'). The decision criteria may need to include subjective crite-
ria obtained from many individuals. These weighted criteria can be
decided by consensus, voting (permitting multiple votes per individ-
ual), or the geometric mean of individual scores. If at all possible,
the customer or user should confirm that the decision criteria and
weights are appropriate for concept selection. This helps avoid deci-
sions that are based on incorrect assumptions.
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A Heating Debate

The heating system selection process had to be repeated with new candidate solutions. Radiant
systems were analyzed to try to improve response times and no practical solutions were found.
Forced air was analyzed for ways to reduce noise and dust. One creative contractor suggested
suspending a forced-hot-air system in the thermal- and sound-insulated attic on shock- and
vibration-isolated rods hung from the rafters to minimize noise and to ground residual vibration to
the outside walls and foundation. By achieving further isolation with flexible fabric ducting and
clean air with an electronic air filter, all criteria could be met with a modified forced air system.
This was the system selected for implementation.

Select Trade
Study Team
\

Define and Challenge
Decision Statement

Limits or Musts

Establish Decision
r___.____- Criteria

Wants
identify and Evaluate )
Alternatives I Weight Wants

Figure 9.10 Selection flow chart.

Perform Risk
Analysis

Select Concept and
Prepare Trade Study

Report
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INCOSE ——
INCOSE Handbook Sec. 6.4
Trade Study and Sensitivity
Analysis provides additional
trade study information.



http://www.ebook3000.org

154

THE TEN MANAGEMENT ELEMENTS IN DETAIL

% of Weighted Factors

Before Analysis After Analysis

Group #1 was determined to be over driving the selection criteria.

Figure 9.11 Sensitivity analysis (example).

It is a good practice to perform a sensitivity analysis of the
weighted criteria to ensure that the criteria weightings are not dis-
torted. For instance, if more than half of the decision criteria
weightings are concerned with vehicle appearance factors such as
color, shape, and upholstery, then a vehicle selection decision may
be inappropriately driven by aesthetics rather than performance,
safety, and reliability features. Figure 9.11 illustrates the weighting
criteria before and after sensitivity analysis revealed a skewed
distribution.

One of the most powerful ways to compare alternatives is to
use the decision analysis process developed by Kepner and Tre-
goe.!! The weighted comparison matrix shown in Figure 9.12 illus-
trates the process.

The selection process is not complete until “other factors” have
been considered. The highest scoring candidate may not be the best
choice if other factors, not in the evaluation criteria, significantly
impact the decision. The final step in the decision process is to eval-
uate the other factors in the following five steps:

1. Assess other factors of the most promising alternatives:

¢ Consider both business and technical issues.

* Determine the consequences.

* Estimate probability and impact.
Identify possible actions to take advantage of opportunities or
mitigate risks.
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Selecting Candidates for Further Consideration

Decision Select the best vehicle to meet the needs of the Patrick family.

Statement:  (Mom, dad, and three kids, ages 5 to 16)

Evaluation Alternative 1 Alternative 2 Alternative 3 Alternative 4
Criteria: Mid-Size Domestic Car|  Japanese Sports Car| Domestic Mini-Van Italian Sports Car
Musts (Go/No-Go):

. Under $25,000 X X X —

. Transport 5 people X - X -

Score Score Score Score
Wa n ts Y Weight Comments Raw Comments Raw Comments Raw Comments Raw
®) |RW ®) |Fw ®) |RW ®) |RW
e 25 mpg (10.6 kpl)* 8 |26.2 mpg avg. 10| 80 25.1 mpg avg. 7| 56
(11.2 kpl) (10.7 kpl)
e Carry garden supplies 10 |Trunk only 2120 Good capacity 10| 100|
Meets min.
¢ Crash safety 9 |Rated high on 10| 90 regmts 7| 63
tests
“Parents” type
* Use on dates (16 yo.) 4 |Considered 10| 40 car 5120
“Cool” by peers
Max Score (10xW): 310
Total Score: 230 239

*1 mpg (miles per gallon) = 0.426 kpl (kilometers per liter)

L Note: Scores that are within 10% J

are essentially equal

Figure 9.12 The Study Process, based on Kepner-Tregoe Decision Analysis Methodology.

2. Evaluate failure modes and effects of the promising candidates:
e Determine impact on the system.
* Determine approach to mitigate effects (e.g., requirements

for increased reliability, fault tolerance, or fail safe operation).

* Incorporate in the solution.

3. Adopt other factor actions identified in step one.

4. Rescore candidates with actions incorporated.

5. Reconsider the effect of residual factors.

Quality Function Deployment—House of Quality

A second method for comparing the relative value of concepts is
the application of QFD (also known as the House of Quality since
the graphic representation is in the shape of a house with a pointed
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Figure 9.13 Quality Function Deployment example.

roof). The purpose of QFD is to map prioritized requirements
against solution (concept) features to determine unsatisfied re-
quirements and requirements overkill. Figure 9.13 is a completed
example for the heating system used in this chapter. Note the first
and second columns contain rows of prioritized requirements and
their weights. The remaining columns are the concept features with
column and row intersections revealing degrees of coincidence. The
roof structure reveals intersections of correlation and conflict.

Architecture Selection

Once the concept is chosen, the “best” of alternate architectures
must also be selected. There are usually multiple ways in which a
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system or solution architecture can be decomposed. Ease of integra-
tion, ease of upgrading, simplicity of management accountability, or
ease of development, among others, usually drives the selection.
The product breakdown structure represents the architecture and is
driven by the integration approach. Figure 9.14 illustrates four inte-
gration approaches to a single concept and architecture.

The following are two dramatic examples of how innovative ar-
chitecture selection at the second level of the product breakdown
structure resulted in huge leaps in schedule performance.

The first involved the ship building industry, which typically
built ships by laying the keel on the launching ways (the ramp used
for launching the completed ship) and then expanding the struc-
ture, followed by each trade, in its turn, installing the plumbing,
electrical, propulsion, and so on. This architecture made it impos-
sible to work multiple trades in parallel as many had to wait their
turn to participate. Additionally, only one ship could be con-
structed at a time on the launching ways, thereby seriously con-
straining the total throughput. The launching ways literally were
the critical path.

Bath Iron Works in Maine had incentive contracts with bonuses
for early delivery. They envisioned the ship as a series of fully inte-
grated modular slices allowing simultaneous participation of all

ABCD

ABCD I

1088 | =

ABCD ABCD

5 g Etc...

Figure 9.14 The Product Breakdown Structure provides a road map for
integration.
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In our example, “forced hot
air” becomes the requirement
for lower level decisions such
as furnace and filter selection,
furnace room, ducting design,
foundation design, wall
design, and service locations.

trades on multiple modular slices of the ship. Additionally, time on
the critical-path launching ways was greatly reduced, thus providing
increased throughput. Ship delivery was so rapid that the U.S. Navy
had difficulty finding parking places for the ships.

The home building industry achieved similar breakthrough re-
sults in terms of construction time. The city of San Diego, California,
held a home construction contest to determine just how fast a three-
bedroom house could be constructed, starting with bare ground and
using no prefabricated modules. Like the shipyard, the building indus-
try also was hampered by the serial trades sequence. Two contractors
excelled by changing the second level of their product breakdown
structure (PBS) from the usual trades-defined PBS elements such as
framing and plumbing. They defined instead fully integrated PBS
modules, such as north wall and roof assembly. This allowed a crew of
300 to work in parallel. Two houses were built on bare lots, which had
to be fully landscaped and ready for occupancy in less than three
hours each. Since the focus was on speed of construction, and not
low-cost replication, this new approach did not “sweep the industry.”
However, it is an amazing example of creativity.

These two illustrations highlight the importance of selecting the
proper architecture. Today, antivirus software companies structure
their software architecture to facilitate easy updating and we rou-
tinely download new versions of one or more of the architecture in-
crements to combat new viruses.

The specification for the selected concept and architecture pre-
pares the team for elaboration of the details at each level of decompo-
sition. The creation of the design-to and build-to artifacts completes
the DAR process at each level. The approved baseline now includes
the concept, architecture, design-to specifications, and the decision-
support artifacts such as trade-off analyses. Each concept specifica-
tion must answer the following:

* What is the problem to be solved, and in what context?

* What is the proposed concept?

e What must the solution do? (Functional Performance)

e How well must the solution do it? (Quantitative Performance)

e Within what context and interfaces?

e Is there a preferred architecture?

* What is the risk tolerance (risk philosophy)?

e How will customer satisfaction be determined (verification and

validation planning)?

This results in the approved higher-level baseline for the next lower
architecture decomposition level.
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The DAR process is repeated until all architecture entities,
down to the lowest configuration item, have been baselined. The
baselining of any one entity at a level requires collaborative develop-
ment with interfacing entities to ensure mutual compatibility.

THE VERIFICATION ANALYSIS AND
RESOLUTION PROCESS

The companion to the DAR process is the VAR, a process re-
peated through the integration and verification sequences as new
groups of entities are combined to ultimately form the system (Fig-
ure 9.7).

The VAR process is an integral part of requirements manage-
ment. It provides the framework for verifying each level of integra-
tion according to the verification criteria embodied in the entity
specifications. Conventional wisdom is that tests are more percep-
tive than analysis because tests encompass the “real-world” issues
that are very hard to model analytically. But beware—tests can in-
troduce complications of their own and can mask the actual condi-
tion or behavior. In the spring of 1999, an expensive system was in
its final system test. The system incorporated explosive bolts. The
bolts were to fire only on operator command. Analysis predicted
that voltage transients at system start-up could cause the explosives
to fire prematurely, but laboratory tests repeatedly indicated no
anomalies.

The first time the system was put into operational use, the ex-
plosive bolts fired on system start-up, just as the analysis predicted.
The lab tests had, in fact, experienced a high voltage transient the
first time the system was turned on, but it was never repeated on
many subsequent trials that day, even after sitting idle for several
hours. So the test director concluded there were no transients and
the system was safe. In fact, it took a day of idle time for the tran-
sient to reoccur—but in the press of time, that test was never rerun.
The test omission allowed a defective solution to be installed, result-
ing in a multimillion-dollar loss.

The improper setup of a test device allowed the flaw in the
Hubble mirror to go undetected for six years, until the telescope was
in orbit and the problem was there for all to see. The unfortunate
fact is that the flaw was detected six years prior to launch. Those
troubling data were ignored until it was too late. In college, we often
ran lab experiments until we got the right answer, then we quit and
ignored the prior failures. Such habits have carried over to the
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The success of the VAR pro-
cess is rooted in left Vee plan-
ning for right Vee execution.

INCOSE
INCOSE Handbook Sec 4.7
Integration Process, 4.8 Verifi-
cation Process, and 4.9 Valida-
tion Process provide
additional information.
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workplace with serious consequences. In a project, all anomalies
must be fully resolved or you risk finding bad news when its impact
is devastating.

Verification may be done by analysis, inspection, demonstration,
or test. With the previous cautions in mind, testing is the preferred
approach in most situations, supplemented by the other techniques
as necessary. Depending on the objectives, various types of tests
are performed:

Engineering: Prove feasibility and demonstrate performance to
support the design process.

Informal: Demonstrate readiness for formal testing (cus-
tomer acceptance).

Formal: Produce acceptance of verification data. Verifica-
tions are witnessed by the customer.

Qualification: ~ Demonstrate that the design will perform in its
intended environment with margin (temperature,
vibration, shock, humidity, transaction overload,
unexpected power shutdown and recovery, etc.).

Acceptance: Demonstrate that the deliverable item is built
with sufficient quality that it replicates the qual-
ification item performance and that it will per-
form as intended in the operational environment.

Environmental: Simulate the operating environment by subject-
ing the test article to temperature, vibration, hu-
midity, acoustic, shocks, salt spray, radiation, and
so on. Can also be used to stress parts to find
weaknesses.

Life: Demonstrate system life and failure modes in the
expected environment. Accelerated life tests may
be used to shorten test duration if accelerated ex-
posure does not distort the expected results.

Reliability: Demonstrate system failure rates and failure
modes.

First Article: ~ Demonstrate quality of first manufactured article.

Nth Article: Demonstrate that the quality of any selected unit

has not degraded from the first article. Sampling
plans may be used when sufficient data have been
gathered to provide a reliable statistical basis.
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PROJECT REQUIREMENTS TRACEABILITY
AND ACCOUNTABILITY

The identification and management of the proper “parentage”
(parent-child relationships) from the highest-level system require-
ments to the lowest-level configuration item requirement and to ver-
ification requirements and methods is referred to as Requirements
Traceability—a requirements management responsibility.

Requirements development, analysis, and management are suf-
ficiently complex to require computer-based tools to facilitate the
interactive mapping and change management. A comparison of many
of the commercial requirements traceability tools available can be
found on www.incose.org.

The purpose of requirements accountability is to ensure that
all requirements have been responded to and have been verified by
test, inspection, demonstration, and, where the foregoing are not
possible, simulation and analysis. Systems engineering is responsi-
ble for auditing the verification results and certifying that the evi-
dence demonstrates conclusively that the requirements have been
achieved. A compliance matrix, called Requirements Traceability
and Verification Matrix (RTVM), presents the verification results,
and is often used as the certified evidence for customer acceptance.

MANAGING TO BE DETERMINED AND TO BE
RESOLVED REQUIREMENTS

Unresolved requirements should be viewed as liens against the base-
line and must be resolved as early as possible to reduce program-
matic risk. Undefined requirements are referred to as To Be
Determined (TBD). TBDs are a risk to the project since their im-
pacts cannot be priced or scheduled. When the TBD is defined, it
may have an impact that leads to contractual actions, such as an en-
gineering change proposal, to adjust the contract baseline or a re-
quest for equitable adjustment.

Requirements whose definition is approximately but not exactly
known are called To Be Resolved (TBR). Usually, rough estimates of
a TBR’s impact can be made and accommodated in the contract
baseline. However, there is always a risk that the resolution of a
TBR may be beyond the schedule or cost baseline, resulting in a
contract action to adjust the baseline.

Formal work-off plans must be developed for both TBDs and
TBRs, including “must have” delivery dates (Figure 9.15). Failure of
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Late
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Resolution NOT
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System Spec
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Required to
Proceed
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Product
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Meet User
Needs

May Impact
Schedule

Timely
Resolution

TBD - To Be Determined
TBR - To Be Resolved

_or-
To Be Reviewed

Deviation — Temporary spec.
relaxation before

Leads to Product
Consistent With
System Specification

the fact

Waiver - Acceptance of non-
conformance after
the fact

Figure 9.15 Resolve TBDs and TBRs early.

the customer to deliver on these negotiated delivery dates may be
grounds for contract-based constructive change claims, including
compensation.

THE POTENTIAL FOR LOW-RISK HARDWARE
AND SOFTWARE SOLUTIONS

Previously Developed Products consist of COTS, Government-
Off-The-Shelf (GOTS), and Nondevelopment-Item (NDI) hard-
ware and software products. Because others have already
accomplished the development, these products offer potential low-
risk solutions to those who can benefit from their reuse. However,
they are not risk free because interface, performance, and techni-
cal support problems may override whatever advantages they may
appear to have. Thorough investigation is required to examine both
the opportunities and risks of the intended reuse. The push for
better, faster, and cheaper products in both the commercial and
government environments has created added pressure to use
COTS and NDI entities. In most cases, this is exactly the right
thing to do. However, the pressures to shorten the schedule, as
well as reduce costs, have caused use of existing entities without
fully understanding their limitations. Avoiding these problems will
be discussed in Part Four.
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In today’s office automation systems and business information
systems, there are high percentages of COTS in use. In command
and control systems, the percentages are markedly lower. This is un-
derstandable, recognizing the proliferation of high-quality and reli-
able business applications and the comparative nonexistence of
commercial multipurpose interactive command systems.

Users of COTS products seek to realize reduced development
time and costs and to achieve known and predictable perfor-
mance. Users also expect to rely on long-term technical support.
While these advantages are attractive, the user may actually expe-
rience substandard performance, difficulty in producing integra-
tion code, rights to data issues, and no technical support due to
modification of the product or later version releases superseding
the chosen product.

In evaluating COTS products, requirements should be priori-
tized to facilitate selection between candidate COTS products, none
of which may satisfy all requirements. Therefore, a best available
choice may have to suffice.

The following twelve lessons learned regarding the use of
COTS or other previously developed products is an alert to poten-
tial problems:

1. COTS may be more or less capable than needed.
2. Required features may be dropped by the vendor in later up-
grades.
. Bugs in present versions may never be fixed.
. Upward compatibility may not be assured.
. Interface hardware and software is often required.
. COTS maybe difficult to integrate with other parts of the solution
and once integrated its performance may not be easy to predict.
7. Source code may be required but difficult to get. The source
code may have to be held in an escrow account.
8. Capability certifications are difficult to achieve.
9. Altering the COTS item voids its warranty.
10. Vendors abandon products at their convenience.
11. Training may not be available.
12. Life-cycle costs depend on supplier commitment to the prod-
uct line.

Ut~ W

REQUIREMENTS MANAGEMENT TOOLS

From an information systems viewpoint, the handling of require-
ments data is similar to inventory control. Both involve complex,
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interrelated tables; cross-references; and “where-used” indices. Man-
ual tools such as card files and index tables are readily available.
General-purpose database applications, many of them inexpen-
sive desktop products, can be further customized to address a spe-
cific project or even an organization’s tailored project template.
Currently, there are a number of specialty requirements manage-
ment tools available, some with extended capabilities such as system
simulation, behavior analysis, and trade-off analysis. Most of these
tools are found in the systems engineering domain and at systems en-
gineering conferences rather than in the project management domain.
The International Council on Systems Engineering (INCOSE)
maintains a web site (www.incose.org) with a compilation of about
1,500 systems engineering tools.
Several popular graphical tools, such as SmartDraw and Mi-
crosoft Visio, incorporate templates for behavior diagrams and pro-
cess flowcharts using the Unified Modeling Language™ (UML).

A REQUIREMENTS MODELING LANGUAGE—
THE EMERGING ROLE OF SysML

Appendix A contains an overview of the emerging role of UML and
SysML in systems engineering. Large, complex systems must be
structured in a way that enables scalability, security, and robust exe-
cution under stressful conditions, and their architecture must be
clearly enough defined so that they can be built and maintained. A
well-designed architecture benefits any program, not just the largest
ones. Large applications are mentioned first because structure is a
way of dealing with complexity. The benefits of structure (and of
modeling and design) compound as application size grows large. The
Object Management Group’s Unified Modeling Language (UML)
helps specify, visualize, and document models of software systems,
including their structure and design, in a way that meets all of these
requirements.'? Fortunately, these same benefits can be extended to
systems engineering.

To develop any complex system requires a team of engineers
working at the system level to analyze the needs of the stakeholders,
define all the requirements, devise the best concept from several al-
ternatives, and define the system architecture. The system team must
also provide the designers with all of the models and visualizations
that describe the architecture down to the lowest decomposed level.
David Oliver in his book Engineering Complex Systems with Models
and Objects states, “These descriptions must be provided in the rep-
resentations, terminology, and notations used by the different design
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disciplines. They must be unambiguous, complete, and mutually con-
sistent such that the entities will integrate to provide the desired
emergent behavior of the system.”® So how does the systems engi-
neer benefit from UML, designed primarily for software personnel?

First, there are many systems being developed that use object-
oriented software development. As such, the current structured
approach to systems engineering poses a communication barrier be-
tween the systems engineer and the software developers due to dif-
fering visual representations. Basically, there is the lack of a common
notation, semantics, and terminology as well as a definite tool incom-
patibility. This gap needs to be bridged to take full advantage of ob-
ject-oriented design and full use of UML. To be effective, in
addition to the structure language (UML), one needs a systems-
engineering method consistent with that language and additional
systems-engineering notation.

In November 2000, the INCOSE Object Oriented Systems En-
gineering Methodology (OOSEM) Working Group was established
to help further evolve the methodology.

The OOSEM working group goals are to:

* Evolve the object-oriented systems engineering methodology.

* Establish requirements and proposed solutions for extending
UML to support-systems engineering modeling.

* Develop education materials to train systems engineers in the
OOSEM systems-engineering method.

OOSEM includes the following development activities:

* Analyze needs.

* Define system requirements.

* Define logical architecture.

 Synthesize candidate allocated architectures.
* Optimize and evaluate alternatives.

* Validate and verify the system.

These activities are consistent with the systems engineering Vee
model and process that is applied at each level of the system hierar-
chy. Fundamental tenets of systems engineering, such as disciplined
management processes (i.e., risk, configuration management, plan-
ning, measurement), and the use of multidisciplinary teams, must be
applied to support each of these activities to be effective.

SysML is to be a customized version of UML 2 to support the
specification, analysis, design, verification, and validation of com-
plex systems that may include hardware, software, data, personnel,
procedures, and facilities. The customization effort began on Sep-
tember 13, 2001, with a meeting of an OMG chartered group called
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the Systems Engineering Domain Special Interest Group (SEDESIG).
“The goals of that group were to:

* Provide a standard SE modeling language to specify, design, and
verify complex systems.

* Facilitate integration of systems, software, and other engineer-
ing disciplines.

* Promote rigor in the transfer of information between disciplines
and tools.”!4

It is expected that SysML will be formally adopted by OMG in 2005.

REQUIREMENTS ELEMENT EXERCISE

The objective of this exercise is to provide experience in developing and
stating requirements using a method of musts, wants, and priorities.

You have decided to purchase a new vehicle. You have not yet de-
cided on the model or brand and want to make certain that you select
the best solution for your needs. Make a list of your “musts” (will not
buy without them), “wants” (not mandatory, but desirable), and
weight the “wants” according to their importance.

The “musts” need to be strictly quantitative, such as, “must cost
less than $35,000” or, “must have four or more doors.” Qualitative state-
ments such as “must be low maintenance” do not qualify as a “must.” It
is acceptable to have an evaluation factor in both categories. For in-
stance, “must stop from 70 mph in 170 feet (110 kph in 52 meters)” can
be a “must” and “short braking distance” can be a “want” to give credit
to those that pass the “must” and are better than others at braking.

Once you have identified the “musts” and “wants,” prioritize the
“wants” by selecting the most important “want” and assign it a
weight of 10. Determine the relative importance of the other
“wants” and weight them accordingly. If two or more “wants” are of
equal importance, they will have equal weights. The final list with
weights provides the evaluation criteria against which alternatives
can be scored. Now, conduct a sensitivity analysis to ensure that the
weights are properly apportioned to your selection objectives so that
the many entertainment and convenience features are not unbalanc-
ing the selection.

Rate the vehicle that best satisfies a “want” with a score of ten
for that “want.” Score the other alternatives relative to that “want.”
Equal scores are acceptable. Multiply the criteria weight by the al-
ternative score results to arrive at a weighted score for each “want”
factor. Sum the scores to determine the overall ranking.
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Lockheed’s wide-body L1011 was heralded by both pilots and
passengers as an excellent aircraft. However, Lockheed'’s
creditors and stockholders were not complementary, since
the L1011 was a financial albatross, taking the corporation to
the brink of bankruptcy. How is it that this technical winner,
superior in many ways to its DC-10 competitor, was such a
financial loser? A significant contributor was the conflict built
into the organization. Functional departments reporting to the
general manager were expected to respond to a staff project
manager. The general manager allocated resources directly
to the functional departments, such as marketing,
engineering, manufacturing, quality, and product test. The
project manager was then expected to manage these
stovepipes without resource control or other authority. L1011
team members reported that the engineering manager
actually barred the project manager from attending change
control meetings. This ineffective structure resulted in futile
turnstile changing of the project manager and, at the same
time, ongoing change of the aircraft baseline without
commensurate sales-price adjustments. The general manager
should have assumed the role of the project manager or
chartered the project manager with the financial resources
and the authority to buy necessary services from the best
source. In the latter case, the project manager would have
been the functional organizations’ customer.

MANAGEMENT
ELEMENT 2

“Confusion is a word we have
invented for an order which is
not understood.”

Henry Miller’

PMBOK® Guide
This chapter is consistent with
the PMBOK® Guide Sec 2.3
Organizational Influences and
Ch 9 Project Human Resources
Management.

INCOSE —
Related areas are the INCOSE
Handbook Sec 5.3 Organizing
Process and Sec 5.11 Concur-
rent Engineering.
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Organization: A reporting
structure in which individuals
function as a unit to conduct
business or perform a function.

s Peter Drucker puts it, “At best an organizational structure

will not cause trouble.”” As the previous situation illustrates,
the wrong organizational structure will not only cause trouble, it can
destroy the project.

In the case of the L1011, the only person with the authority to
maintain consistency between the business goals and the technical
solution was actually the general manager, not the project manager.
While this organization is not ideal, it could work if the project were
properly chartered and stakeholder roles and responsibilities were
defined and properly executed (e.g., if the general manager actively
resolved emerging conflicts).

A great deal has been written about organizational theory—a
favorite topic of industrial psychologists. The variations on form and
order are limitless, as are the behavioral implications. Experience
reveals that the point of confusion usually occurs when the order,
though rationally structured by management, is not adequately ex-
plained to those who must operate by it—team members and others
who participate in the project. This confusion is largely eliminated
when individual, as well as organizational, roles and relationships are
determined by a defined process. Preferably, the structure itself im-
plies much of this order; for example, the logical path to problem
solving, conflict resolution, and information. But even so, these need
to be explicitly defined in the organization charter and reinforced by
the project manager.

This chapter addresses organization options independent from
the physical or geographical location. The growing trend toward
telecommuting and “virtual” teams may have little effect on the or-
ganization structure but it may significantly impact communications
and teamwork, so those trends are addressed in Chapters 5 and 6.

Each project manager faces the task of changing the organiza-
tion structure to suit the changing phases of the project cycle.

The project manager must also ensure that supplying organiza-
tions, including subcontractors, also have effective organization
structures. One of the authors had a major subcontract where the
project manager did not have resource control and was essentially
impotent to manage. To fix the problem, a contract change was made
to ensure that the subcontractor’s project manager was given re-
source control by his management. Improved performance was a di-
rect result of the directed change.

While effective management, leadership, and teamwork are
more important success factors than structural details, the optimal
organization can contribute significantly to project performance
and efficiency. In most organizations, the project manager does not



ORGANIZATION OPTIONS

169

have freedom to reshape the external reporting relationships of the
project unless the project is the major part of the corporation or the
project is a major customer of a subcontractor. For instance, you
usually do not have the freedom to choose a functional structure in
a matrix-oriented corporation. If you are in a well-established, tra-
ditional hierarchical organization, then trying to convert to a matrix
or trying to introduce cross-functional project teams can be a major
and distracting challenge.® However, understanding the organization
strengths and weaknesses of various options will allow you to work
more effectively within your constraints and to push for change
when there is a high return in doing so. Chapter 11 covers the proj-
ect team, the associated management element focused on building a
working organization.

The organization’s design should promote the team’s dominant
interfaces and preferred communication channels. Its purpose is to
ensure that project requirements are met, hence, the importance
of designing the organization after the requirements of the project
are established and understood. As a practical matter, the core
team (initially consisting of the project manager, systems engineer-
ing manager, and other lead positions) is probably involved during
the study period.

Most projects are best served by some form of matrix organiza-
tion combined with elements from pure functional organizations and
others from pure project form, each addressing a specific subproject
or support function. We address the primary reasons for selecting
each form after reviewing their relative strengths and weaknesses.

FUNCTIONAL ORGANIZATIONS

The functional organization is the traditional business structure. It
has prevailed throughout the manufacturing-driven, industrial era.
With a few exceptions, the functional organization has proved its ef-
fectiveness for single-technology companies having one high-volume
product line serving a common market with a common manufactur-
ing process and/or a business segment with relatively slow or pre-
dictable technical changes. One notable exception is a company
serving a broad common market, but also having one large customer
with special requirements that requires the focused attention of a
project manager. A semiconductor company, for example, supplying
standard parts might benefit from a separate product or project or-
ganization to serve customers requiring “ruggedized” versions of
the same products.
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The following sections explain the strengths and weaknesses of
common organizational structures. It is beneficial to understand
how to deal with the weaknesses of your configuration.

Pure Support (Functional)

Skill Centers
Strengths Weaknesses
+ Skill development. —Customer interface unclear.
+ Technology development. —Project priority unclear.
+ Technology transfer. —Confused status communications.
+ Low talent duplication. —Project schedule/cost controls
+ High personnel loyalty. are difficult.

As organizations grow to multiple projects/products with multi-
ple markets/customers, the pure functional organization (Figure 10.1)
often proves ineffective. For example, one of our clients was trying to
manage approximately 50 project/product lines through a traditional
functional organization. When a customer called the salesman to find
out how their project was doing, the following scenario often oc-
curred. The salesman would refer the customer to one of the func-
tional departments, such as engineering or production. The functional
managers would either pass the inquirer along to others or respond in-
appropriately, being aware only of the status of their portion of the
work. For projects that were in the design or production phase, the
customer might end up talking to an engineering manager or to pro-
duction control, who would either give partial or misleading informa-
tion or avoid blame by disclosing the internal problems of other
departments. This resulted in the frustrated customer calling the
president for better service. The president would raise that cus-

General
Manager
Engineering Manufacturing System Test
Function Function Effectiveness Function

Figure 10.1 Pure support skill centers.
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General
Manager

Receiver Antenna Transmitter Power
Group Group Group Supply Group

Figure 10.2 Pure support product centers.

tomer’s priority to the top, causing all the other projects to suffer
as the priorities in design or on the shop floor shifted. Priorities
would change daily as the top position was given to the most recent
squeaky wheel. This confusion in managing priorities and determin-
ing status usually leads to setting up product centers or divisions (Fig-
ure 10.2).

Pure Support (Functional)
Product Centers

Strengths Weaknesses
+ Product development. —Customer interface unclear.
+ Technology development. —Technology transfer difficult.
+ High personnel loyalty. —Project priorities unclear.

—Communications confused.
—Schedule/cost controls are difficult.

THE PURE PROJECT ORGANIZATION

The pure project organization, shown in Figure 10.3, is composed of
separate autonomous units, each being one project. They often
evolve from functional or support organizations with the success of
a high-priority task force as a model. Because the project manager
has full line (hire and fire) authority over the team for the project’s
duration, this structure maximizes the project manager’s control
and the clarity of the customer interface. However, the project man-
ager may become consumed by human-resource issues. Unfortu-
nately, the dramatic success of a single, high-priority task force is
not easily replicated when multiple projects are competing for key
company resources and priority.
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PMBOK® Guide
The PMBOK® Guide Sec 2.3.4
The Role of the PMO in Orga-
nizational Structures cites the
value of a Project Manage-
ment Office (PMO) for all orga-
nizational structures but
particularly for projectized and
matrix organizations to over-
see project management and
work prioritization.

The strengths of a matrix
organization can usually be
increased by effective
leadership.

General

Manager
Project Project Project

Manager A Manager B Manager C
Engineering Manufacturing System Test
Function Function Effectiveness Function
Figure 10.3 Pure support organization.
Pure Project Organization
Strengths Weaknesses

+ Accountability clear.

+ Customer interface clear.

+ Controls strong.

+ Communications strong.

+ Balances technical, cost,
and schedule.

—Talent duplication.
—Technology awareness.
—Technical sharing.

—Career development.
—Hire/fire.

—Staffing irregular workloads.

Project organizations are relatively costly because of the inabil-
ity to share part-time resources and they may also cause isolation of
personnel from the company’s strategy and technology focus. There
is also a natural tendency for team members to be kept on the proj-
ect well beyond the date that is justified. Team members are typi-
cally dedicated full time—another contributor to the inefficiency of
this organization. This is one of the reasons that some functions
such as personnel (human resources) and finance are often main-
tained as central support organizations, with talent assigned to proj-
ects as required.

THE CONVENTIONAL MATRIX ORGANIZATION

Most organizations are a blend of functional and project structures
in the form of a matrix with solid (hire/fire management) vertical
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General
Manager

System
Effectiveness

Program

Management Manufacturing

Engineering

Project
Manager A

Project
Manager B

Figure 10.4 The conventional matrix.

lines and dotted (task assignment or borrow/return) horizontal lines.
The most common form of matrix has the team members connected
to project managers by dotted lines and connected to their functional
managers by solid lines as shown in Figure 10.4. These structures
combine the best aspects of the pure functional and pure project or-
ganization forms, as demonstrated by their relative strengths.

An effective matrix structure is perhaps the strongest of all
project management organizational options. The key word is “effec-
tive.” To succeed, all participants have to understand their roles and
responsibilities. The project team member has two bosses, but this
should not cause conflict to the project team member if it is clear
that the project manager defines only what is to be done and the
functional manager defines how to do it. All three authors worked
for decades in highly efficient matrix environments in a variety of
situations. As consultants, we have also witnessed poorly imple-
mented matrix organizations. In fact, in the large-scale mergers that
have occurred in the 1990s many organizations lost their formula
and their current matrix structures are staffed with unhappy team
members. A well-functioning matrix organization is like a bicycle—
it is dynamically stable but statically unstable.

Those readers familiar with military resource deployment have
seen a similar battlefield evolution brought about largely by technol-
ogy. Traditional, vertically organized functional branches (army, air
force, and navy) are rapidly being “matrixed” into battle units or
task groups. This counterpart to the business task force consists of
tightly coordinated resources under the direction of, perhaps, a tank
commander, for the period of one engagement. The infantry, armor,
aircraft, and even ships form a team, coupled more by computer
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tional managers (weak) and
the project manager (strong).

The military matrix in the field
is analogous to the conven-
tional matrix on the business
battlefield.
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The compound and collocated
matrix forms offer effective
compromises between the
project and conventional
matrix structures.

communications than by voice. These task groups, after having car-
ried out their mission, return to their permanent units available for
other deployments.

Conventional Matrix Organization

Strengths Weaknesses
+ Single point accountability. ~ —Two boss syndrome.
+ Customer interface clear. —High management skill level
+ Rapid reaction. required.
+ Duplication reduced. —Competition for resources.
+Technology development. —Lack of employee recognition.
+ Career development. —Management cooperation required.

+ Disbanded easily.

Functional organizations that have evolved to product centers
may transition to a matrix organization based on those product cen-
ters. While this structure does offer some of the advantages of the
conventional matrix, it combines the disadvantages of both the ma-
trix and the product-centered functional organization. It tends to in-
hibit both technology and career development and requires greater
integration skills. The following discusses variations of the conven-
tional matrix that have proven to be effective.

Conventional matrix organizations can operate in one of two
ways. In the first, the project manager borrows people from the sup-
port managers and provides daily supervision and funding. In the
second form, the project manager “subcontracts” the work to the
support manager, providing a task statement and funding. For exam-
ple, a key technology development may require the combined talents
and synergy of a team of specialists working in close proximity. This
need may best be met by the specialists meeting periodically with-
out disrupting their ongoing work routine.

THE COMPOUND OR COLLOCATED
MATRIX ORGANIZATION

Some environments may benefit from variants of the conventional
matrix form. To compensate for structural and/or personnel short-
comings, most large projects will introduce pure functional struc-
ture and/or pure project structure sections to form a compound
matrix. For example, critical resources (either administrative or
technical) may report directly (solid line) to the project manager or,
alternatively, be collocated with the project office. The latter,
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General
Manager
Project . . . System
Engineering Manufacturing Effectiveness Test

n

12

Figure 10.5 The collocated matrix.

known as the collocated matrix, is shown in Figure 10.5. It provides
for maximum focus on project objectives with a corresponding dis-
advantage: isolating the project team members from the company’s
overall strategic operations.

The Collocated Matrix

Strengths Weaknesses
+ Single point accountability. ~ —Technology awareness.
+ Clear customer interface. —Management support.
+ Good control. —Technical sharing.
+ Single location. —Staffing irregular workloads.
+ High personnel loyalty. —Personnel evaluation by
+ Career development. functional manager.

In some project intensive environments, such as the aerospace
industry, and in geographically dispersed multinational companies,
the relationships are sometimes reversed. In the hybrid matrix, the
team members are connected to the project manager for the dura-
tion of the project by solid lines approaching a pure project organi-
zation. In this case, the functional departments are small core staffs
responsible for long-term strategic technology and concept develop-
ment—perhaps even common component or subsystem develop-
ment. For example, the corporate engineering manager typically
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The hybrid matrix retains the
focus and most advantages of
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while improving efficiency.
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All decision criteria should be
prioritized.

looks for means to avoid duplication, share technology, and provide
for professional development. He or she may have line/budget au-
thority for proprietary technology development projects—some or
all of which may be performed by direct reports. Another variation
shares a common (typically high-tech) manufacturing operation, but
assigns the production engineering function, usually part of the
manufacturing function, to the project.

DESIGNING AND MAINTAINING
A RELEVANT STRUCTURE

A single government agency or company will often simultaneously
use several organization options for project management. Further-
more, each project will typically evolve through several structures
during its life and the project manager and customer can signifi-
cantly influence the option selected. Deciding on the initial struc-
ture involves both subjective criteria, such as prior organizational
experience, and objective criteria, such as the availability and loca-
tion of resources. The guidelines that follow are for simple projects
or subprojects:

* Pure Functional organization is the best match for a single proj-
ect that is relatively independent in interface or technology. Pure
functional is not preferred for management of multiple projects.

* Pure Project is a good choice for projects for which schedule, se-
curity, and/or product performance is paramount and cost is rel-
atively unimportant.

* Conventional Matrix works well if the project manager has au-
thority to manage the funds and has business relationships with
supporting managers, including formal work commitments and
participation in project planning. The matrix fails when the
project manager is seen only as a coordinator with the support
managers operating on a “best effort” basis.

* Collocated Matrix should be considered for high priority proj-
ects dependent on critical resources and/or technologies and
when ongoing involvement with company strategy and long-term
business goals are secondary.

INTEGRATED PROJECT TEAMS AND
INTEGRATED PRODUCT TEAMS

There are many ways to develop an organizational structure. Some
managers begin by assuming a starting form, perhaps a conventional
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matrix, and then they modify it to resolve staffing barriers. We pre-
fer a process that matches the organization to the requirements (as
segmented into major work packages by the work breakdown struc-
ture). In this process, the total project is viewed as a set of simple
projects, defined by the nature of their deliverables and/or resource
requirements (Figure 10.6). The terminology for this approach is In-
tegrated Product Teams.

Matrix refinements, such as Integrated Project Teams and Inte-
grated Product Teams, have solved product responsibility issues;
however, these forms bring a new set of issues regarding system in-
tegration and responsibility for the perpetuation of the enterprise,
such as technology development and technology sharing. The role of
systems engineering, always important, becomes crucial when inte-
grating a system developed by multiple product teams.

Integrated Project Teams and
Integrated Product Teams
instill responsibility and
accountability.

=+ Project Engineer and Chief Systems
Engineer COULD be the same person
on smaller programs

All contributing functions are represemnted on all product feams

Figure 10.6 Typical project team organization.
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Complex projects need not
lead to complex structures.

When defining the original structure, you need to plan re-
sponses to the inevitable project-cycle dynamics. Without anticipat-
ing changes, you may find yourself evaluating the following symptoms
and thrashing through crisis-driven reorganizations. While no orga-
nization is expected to be perfect, some may be flawed to the extent
that project success is at risk. Before reorganizing, be sure it is justi-
fied. The authors of Dynamic Project Management offer these symp-
toms of an inappropriate organization to watch for:

Is there a [lack of] product pride and ownership among the
team members?

Is too much attention typically given to one particular technical
function, to the neglect of other technical components?

Does a great deal of finger-pointing exist across technical groups?
Is slippage common, while customer responsiveness is negligible?
Do project participants appear unsure of their responsibilities
or of the mission or objective(s) of the project?

Are projects experiencing considerable cost overruns as a result
of duplication of effort or unclear delegation of responsibilities?
Do project participants complain of a lack of job satisfaction,
rewards, or recognition for project efforts?

The authors observe that, “Unfortunately, when symptoms of
inadequate organizing appear, some companies typically respond by
applying more time, money, or resources to the already weakened
and inadequate project organization. If the problem truly is an inap-
propriately structured project organization, simply addressing the
symptoms while ignoring the basic problem itself may leave the or-
ganization and its people frustrated and demoralized, as projects
continue to slip and conflict continues to grow.”*

On the other hand, each of the symptoms previously discussed,
taken separately, could have little to do with the organization and a
lot to do with leadership, or the lack thereof. One has to look closely
at the combinations and patterns to conclude that reorganization is
indeed needed.

The single biggest error in organization design is overcomplexity
or redundancy leading to confused responsibility. We've defined
several complex configurations and suggested others in an effort to
define the problem and provide choices. However, some configura-
tions such as the hybrid matrix are suitable for only the very largest
projects or for an entire multidivisional corporation.
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WIRING IN THE SYSTEMS ENGINEER

Regardless of the organization form, the systems engineer is the
technical leader for the project and should be prominently posi-
tioned and directly connected to the project manager. In some
cases, the systems engineer is staff to the project manager. For
larger projects, the systems engineer as a direct report supervises a
requirements development staff and a separate integration and
verification staff. This configuration provides the checks and bal-
ances to ensure the right solution is being built right. It is undesir-
able for the systems engineer to report directly to the engineering
department and then be loaned to the project manager. In that
structure, the systems engineer will be biased to satisfying the en-
gineering position rather than that of satisfying the client. Chapter
11 suggests a structure to enhance the teamwork within the proj-
ect office level.

MATRIX MANAGEMENT OPERATIONS

While matrix structures often result in turf conflict and reduced
morale, this can be prevented by using a fairly simple technique.
The technique is for the project office and the functional managers
to collaborate on an operating procedure to clarify the roles, re-
sponsibilities, and relationships in the potential conflict areas of the
dual-manager environment. One well-developed matrix organization
defined its operating procedures and relationships in 26 areas. Fig-
ure 10.7 is a template for this procedure. Note that the most impor-
tant column is the Relationship column. This column should stress a
collaborative team relationship for the good of the project and the
project’s customer.

ORGANIZATION OPTIONS EXERCISE

You've been appointed the project manager for a new nine-month
project. The first three months are allocated to design, four months
for product development, and two months to testing and delivery. De-
sign will require four skilled experts. The development will require a
large number of technicians working in four separate locations, one
of which is overseas. Test, integration, and final delivery will be
performed in your plant 30 miles from your office location. Your com-
pany typically uses matrix management and all technical resources

[vww .ebook3000.con}
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PROJECT RESPONSIBILITY
FUNCTION RELATIONSHIP
PROJECT MANAGER | FUNCTIONAL MANAGER
Contract Responsible for Contracting Officer Contract negotiation is a

Negotiations

developing negotiation
strategy and is
accountable for
negotiation results.
Carries primary
responsibility for
resolution of technical
definition and
programmatic issues.

(Contract Administrator)
chairs the negotiating team
and is responsible for
documenting the
negotiation proceedings
and obtaining final
execution of the contract.
Carries primary
responsibility for resolution
of contractual and cost
issues.

team effort, and close
rapport must exist among
all negotiating team
members.

Assignment of
key personnel

Responsible for
identifying the
time-phased needs for
personnel and the skills
required. Responsible
for providing adequate

advance notice of return.

Assigns key personnel to
the project with the
concurrence of the Project
Manager. Responsible for
the performance of the
assigned personnel to
deliver in accordance with
the terms of the “contract”
with the project manager

The Functional Manager

adds, removes, rewards and
disciplines personnel utilizing
supporting information from the
Project Manager. Key personnel
will not be added to the project or
removed without the

concurrence of bof

\___\_—‘_'_‘____,-'

Figure 10.7 Matrix management operating procedure template.

exist within the company; however, other projects frequently com-
pete for the same resources. You can elect to borrow staff by name or
contract for services by department, but you must decide which mode
best suits your needs. You are aware that another project of signifi-
cance is about to start and will probably need similar resources
to yours.

List the advantages and shortcomings of matrix management in
this context. Define actions you should take to minimize potential
staffing difficulties.
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One of the authors had a contract with a premier tape recorder
supplier for an existing flight-proven tape recorder. One day
the company announced that several of its team had quit. As it
turned out, they were the finest of the engineering team. Costs
began to accelerate and schedules began to slip as the
company futilely staffed the project with unskilled personnel.

Before long it became apparent that there was no hope
of achieving delivery as contracted. The contract was
terminated and a new contract was awarded to the new
company the departing engineers had formed. It was a
painful decision and not without risk as the new company
was a start-up and the new recorder design had to be
qualified before being certified for flight. Credibility is a major
factor in building a team and, in this case, the contract had to
follow the technical capability of the team. There was no
other viable choice.

In Chapter 6, we focused on instilling teamwork, a perpetual prop-
erty of projects and the third Essential to successful project man-
agement. We now look at team formation, a situational process
ongoing throughout the project cycle, as each phase requires a dif-
ferent mix of talented individuals. As Lewis comments in his book,
Team-Based Project Management, “Teams don’t just happen—they
must be built.”! Forming the team requires six steps:

1. Defining the project manager’s roles, responsibilities, and authority.
2. Selecting the project manager.

MANAGEMENT
ELEMENT 3

“The meeting of two personal-
ities is like the contact of two
chemical substances: if there
is any reaction, both are
transformed.”

Carl Jung

PMBOK® Guide
This chapter is consistent with
the PMBOK® Guide Ch 9 Proj-
ect Human Resources Man-
agement and Sec 4.1 Develop
Project Charter.

Forming the team starts with
selecting the right people and
defining their roles.
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PMBOK® Guide
The PMBOK® Guide Ch 9 Proj-
ect Human Resources Man-
agement identifies four
process groups:

* Human Resource Planning.
» Acquire Project Team.
» Develop Project Team.
* Manage Project Team.

Systems Divisions
LTANT S = ™ W
o Project

Manager

Project
Plan

Figure 11.1 The project team.

3. Chartering the project and confirming the project manager’s
authority.

4. Staffing the team.

. Selecting the right subcontractors.

6. Managing the organization’s interfaces and interrelationships.

Ut

The Project Team element goes beyond the traditional staff-
ing function and includes management of the interfaces with sup-
porting organizations, contractors, upper management, and the
customer (which may be the internal marketing/sales department)

(Figure 11.1).

ATTRIBUTES AND COMPETENCIES

When selecting individuals to populate an organization there are two
primary factors that should be considered. The first is the attributes
of the individual and whether those attributes fit the organization
you have or plan to have. Attributes have to do with personal conduct
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and behavior such as being prompt, honest, forthright, communica-
tive, alert, self-reliant, trustworthy, and a host of others. We would
not want to make up our team of lazy, dishonest, or unproductive in-
dividuals. Reference checks and interviews tend to focus on evalua-
tion of a person’s attributes. In making reference checks, get the
referred-to person to name yet another qualified reference so that
you base your judgment on people not directly named by the candi-
date. You will be surprised and enlightened by what you learn from
the second-generation references.

The second factor is the competencies of the individual and how
skillful he or she is within the claimed competencies. An individual
may be competent enough to be certified by an authorizing body
and at the same time have no valuable skills except being able to
pass evaluation tests. Many people will claim successful past project
performance when they had little to do with it. In some cases, they
happened to be on staff to the movers and shakers of the project and
are eager to claim the credit for themselves.

Rigorous evaluation against predetermined criteria is valuable
to ensure the proper mix of attributes and competencies for each
project position. The competency model to follow is both a tech-
nique and a tool to help make an informed decision. Hiring deci-
sions should not be made without one.

DEFINING THE PROJECT MANAGER’S ROLES,
RESPONSIBILITIES, AND AUTHORITY

The project manager’s roles are broad—Ilike those of general man-
agers—and range from administration to technical to leadership.?
However, there is a shorter-range focus than that of a line manager
who is responsible for the long-term strength of the organization. By
contrast, the project manager should be correctly focused on the rel-
atively short-term results of the project. In many environments, the
project manager is viewed as the general manager for the project
and, although the project assignment may be for a relatively short
duration, the project manager may also be charged with eternalizing
the project through follow-on and derivative business.

Roles Complications

Manage the project through-
out the project cycle.

Meet an aggressive schedule.

Balance technical, schedule,
and cost performance.

Managing changing requirements
and implementing emerging
technologies.

[vww .ebook3000.con}

PMBOK® Guide
The PMBOK® Guide Sec
9.1.3.1 Human Resource Plan-
ning identifies resource plan-
ning output as:

» Roles to be performed.
» Authority needed.

* Responsibilities to be carried
out.

» Competency needed.

PMBOK® Guide
The PMBOK® Guide Sec 2.3.3
Organizational Structure covers
alternative matrix management
structures and the authority of
the project manager.

A major challenge is to make
both the customer and the
organization successful by
leading the project team.
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The project manager must
have total project responsibil-
ity and accountability, yet
often has too little authority.

The project manager must

have authority for resource
control and must be able to
start and stop work.

Roles Complications

Solve problems expeditiously ~ Perform within the budget by using

as they arise. unlimited funds and resources.
Inspire and motivate the Optimize the mix of dedicated,
entire team. shared, and contract personnel.

Project management challenges are often exacerbated by an imbal-
ance among:

Responsibility—the duty or obligation to complete a specific act
or assignment.

Authority—the power to exact obedience and make decisions to
fulfill specific obligations.

Accountability—being answerable for success or failure.

Broad responsibilities increase the need for information and

force the project manager to cross organizational lines, which is sim-
ilar to a general manager. But without the general manager’s formal
authority, the project manager (equipped with implied authority)
must often depend on interpersonal skills and negotiating abilities to
influence others.

While the range of the project manager’s authority varies greatly,

effective project management policy should require that:

The project manager has financial control.

The support managers view the project manager as their customer.
A culture of “make a promise, keep a promise” exists.
Delineation of responsibilities is understood and agreed to.

Before selecting the project manager, the responsibilities need

to be determined. They should include responsibility for:

Establishing the project vocabulary;

Establishing the team and teamwork environment;

Inspiring and motivating the team;

Ensuring all project requirements are defined and that they
flow down to the lowest level;

Leading the planning and managing to the plan;

Pursuing opportunities and managing risk;

Ensuring controls are in place and effective;

Controlling the evolving baseline through a change control system;
Ensuring that visibility techniques are in place and are effective;
Determining the frequency and content of project status re-
views, and

Executing timely action to correct variances from the plan.
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SELECTING THE PROJECT MANAGER

There are many sources for ideas for a new project. When an idea
seems promising enough to pursue, a project champion is either ap-
pointed or someone seizes the opportunity to aggressively evaluate
the opportunity (the user’s needs and potential return from meet-
ing them) and to estimate the resources required to pursue the op-
portunity. The champion also evaluates the risks inherent in
satisfying the user and other stakeholders. Even on projects that ul-
timately involve billions of dollars, the project champion usually
works alone, with occasional input from domain experts, to create
the first estimate of the project plan. If it is decided that a study
team is warranted, the project champion may be the appropriate
one to lead the early effort or even the entire study period. At the
end of the study period, the project requirements should be ade-
quately understood and the project manager for the implementation
period should be selected. It is unusual for the project champion to
continue in this role.

Selecting the implementation-period project manager is a critical
matchmaking task for executive management. In too many cases, the
project manager is selected before the requirements and the organi-
zational form of the project are determined. This should be reversed
to match the project manager skills with known challenges of the job.

The project manager should be carefully selected because the
right choice is critical to project success. The project manager must
fulfill the requirements of the customer or user; must answer to se-
nior management by generating a fair return on investment; and
must provide a stimulating, positive work environment for the proj-
ect team, while at the same time satisfying personal family obliga-
tions and goals.

Our experience reveals that strong leadership can compensate
for insufficient authority. Peters and Waterman report a high corre-
lation between project success and the leadership qualities and/or
delegated authority of the project manager.® In many types of proj-
ects, leadership qualities are more important than authority. But
this should never be taken for granted. It is essential that the project
manager operates as a manager/leader rather than just as a coordina-
tor/monitor and has effective business interrelationships with the
managers supporting the project.

When selecting any team member, it is beneficial to have an
objective basis for evaluating the most critical competency factors
for the project. This example competency model (Table 11.1) illus-
trates only a portion of a comprehensive set of management skills.
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PMBOK® Guide
The PMBOK® Guide Sec 1.5
Areas of Expertise identifies
five areas of knowledge and
skills necessary on the project
team:

The PMBOK® Guide.

Application area (knowl-
edge, standards, and regula-
tions pertinent to the project
domain).

Understanding of the project
environment.

General management knowl-
edge and skills.

Interpersonal skills.

The project manager has roles
in three different arenas: the
customer’s, executive
management’s, and the
project team'’s.
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Table 11.1 Competency Model Excerpt

Rating Factor Weight Basic Score Advanced Score Expert Score
Project Has had some Has had the Has earned the
management project company's or company's,
training management equivalent PMI, or
training project equivalent
management certification in
training project
management.”
Project Has served as a Has been a Has managed
management deputy or successful several
experience assistant project project manager successful
manager projects
Contracting Is knowledge- Has participated Has consider-
and able of types in developing able experience
negotiating and applications contract in contract
of relevant negotiation negotiation
contract types strategies strategy and
participating in
negotiations
Sub- Is knowledge- Has participated Has successfully
contracting able in the in the selection managed
difference and award of subcontractors
between subcontracts
purchasing and
subcontracting
Decision Is aware of the Has been Has been
analysis importance and trained in trained and
practice of Analytical routinely
Analytical Decision practices
Decision Process' Analytical
Process’ Decision
Process'

“PMI (Project Management Institute) certification as a Project Management Professional is based on a comprehensive

examination.

TAnalytical Decision Process was originated by Kepner Tregoe Associates (Princeton, New Jersey).

The base structure for most projects is some form of matrix, de-
signed to take advantage of critical technical demands, to accommo-
date unique management strengths and weaknesses, and to balance
short-term project priorities with the long-term priorities of the
company and/or functional organizations. All matrix forms are char-
acterized by complex interpersonal relationships requiring that the
project manager be selected more on the basis of behavioral (e.g.,
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negotiating and leadership) skills than on technical skills. However,
the project manager should be “conversant” in the project domain
and cognizant of the systems engineering process. Systems engi-
neering experience is very beneficial preparation for the challenges
of project management. The person selected must have the right
combination of attributes and qualifications. ... the ideal project
manager would probably have doctorates in engineering, business,
and psychology, with experience at ten different companies in a va-
riety of project positions, [yet] be about twenty-five years old.”* In
addition to the required skills, the project manager should exhibit
the following capabilities:

* Leadership and team building;

e Entrepreneurial and business acumen;

* Balance between technical and business capabilities (gener-
alist); and

 Planning, organizing, and administration abilities.

Since balance and synergy between business and technical ca-
pabilities is critical, some organizations require a program manager
to have had experience as a chief systems engineer. Yet, other orga-
nizations are having success by installing project managers with a
business management background strongly supported by a qualified
systems engineer to manage the technical development.

CHARTERING THE PROJECT AND CONFIRMING
THE PROJECT MANAGER’S AUTHORITY

The first step in gaining recognition for a new project and team is to
formally charter the project manager and project office. High-level
authorization of the project’s charter mitigates the historical handi-
cap mentioned earlier—project management responsibility without
commensurate authority. Harold Kerzner offers this sage advice:
“Generally speaking, a project manager should have more authority
than his responsibility calls for, the exact amount of authority usu-
ally depending upon the amount of risk that the project manager
must take. The greater the risk, the greater the amount of author-
ity.”> Here again, taking risk really means pursuing opportunity. The
greater the opportunity, the greater the required authority.

The project manager’s authority should be documented when
the project is chartered. The project’s charter, represented by the
sample letter shown in Figure 11.2, performs several key functions:

* Identifies the project and its importance to the organization.
e Appoints the project manager and other key personnel.

[vww .ebook3000.con}
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MEMORANDUM

Date:

To: All Functional Managers; President’s Office; List
From: Vice President, Special Projects

Re: Establishment of the Advanced Systems

Development Project

I'm pleased to announce that, after tough competition, we have heen selected
by the customer as the prime contractor for the Advanced System
Development. We have pursued this prestigious opportunity aggressively and
we are now committed to providing this state-of-the-art system.

To carry out this critical project, I am establishing the ASD Project Office
with Fred Jones as Project Manager, reporting directly to me. T have delegated
to Mr. Jones the authority to manage all activities necessary to fulfill our
contractual obligations by working directly with our key subcontractors. Mr.
Jones will be held fully responsible and accountable for the technical,
schedule, and financial success of this project.

Others with key responsibilities for the ASD project are: Joan Wait as System
Engineering Manager, Jim Wu as Business Manager, and Mary Fay as
Contract Administrator.

The Program Implementation Review will be held 30 days from today with
the primary objective of executive approval of the total Project Plan. At that
time, I expect to approve the necessary funding, under Mr. Jones’s control, for
the next period of the project.

Congratulations to all of you who contributed to this important win! I am
asking for your full support for Mr. Jones and his team in this most important
business opportunity.

Our customer is counting on us to perform and, in turn, I am counting on you
to deliver as we have promised in our proposal.

fsigned/
Vice President,
Special Projects

Figure 11.2 The project team charter.
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e Establishes top-level responsibilities and authority.

* Positions the support organizations and their authority.

e Places subcontractors in a service relationship.

e Acknowledges the project team.

* Establishes the funding and spending control.

* Confirms that the cognizant executive started the project and
chose the manager.

Figure 11.2 sets the tone for teamwork by accepting personal ac-
countability for the proposal made by the team. This may seem like
an obvious gesture, but even though accountability, unlike authority,
can never be delegated, not all senior managers publicly acknowl-
edge their accountability for the team’s efforts. Publicizing such
memoranda is effective.

The project manager’s authority needs to be confirmed and
reaffirmed daily. Authority is a way of thinking that starts by dele-
gation at the top and is accepted and seized by the project manager.
Continuing authority is based on the project manager earning the
respect of the organization through being effective and credible. As
Kerzner observes:

Authority can be delegated from one’s superiors. [Personal] power,
on the other hand, is granted to an individual by his subordinates
and is a measure of their respect for him. A manager’s authority is a
combination of his power and influence such that subordinates,
peers, and associates willingly accept his judgment.

In the traditional structure, the power spectrum is realized through

the hierarchy, whereas in the project structure power comes from
credibility, expertise, or being a sound decision maker.®

STAFFING THE TEAM

The stages of staffing correspond to the project phases and funding
milestones, beginning with selection of the core team. We frequently
refer to just the project manager when discussing management re-
sponsibilities, authority, and accountabilities, but there are three
critical roles of the project office (Figure 11.3).

The systems engineer/technical manager—second only to the
project manager in responsibility and accountability—is responsi-
ble for the technical integrity of the project while meeting the
cost and performance objectives of project requirements. The sys-
tems engineer is a key participant in the planning process and pro-
vides technical management of the systems engineering process
directed at achieving the optimum technical solution. To ensure

[vww .ebook3000.con}

PMBOK® Guide
The PMBOK® Guide Sec 4.1
Develop Project Charter covers
project charters, starting with
the Project Statement of Work.

The organization’s culture
should view the project man-
ager as the customer.

While the proper chartering is
necessary for establishing the
project manager’s authority, it
is far from sufficient.

For small projects, two or
three roles of the triad may be
performed by the project
manager.
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Technical
Management

= Customer Management

Project = Executive Management
Management = Team Management
Business
Management
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= Systems Engineering Mgt.
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= Requirements Audit
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Domain Specialist Organizations

Figure 11.3 The project office triad.

the appropriate balance between technical and business factors, it
is highly desirable to have a systems engineering manager or chief
systems engineer responsible for:

Requirements management, analysis, and audit.
Orchestrating technical players in timing and intensity.
Baseline, opportunity, risk, performance, and verification
management.

Interface control.

Design audits.

Understanding and managing to the customer’s perspective.

For small projects the project manager will typically perform

the systems engineering function.

The business manager is responsible for all business aspects of

the project including plénning, scheduling, and contractual matters,
as well as legal, moral, and ethics issues. The business manager also
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assists the project manager in implementing planning, control, visi-
bility, statusing, and corrective action systems.

Before personnel staffing selections occur, the required func-
tions and related skills should be determined. The nature of the
project will dictate the core team functions, for which the project
manager should prepare job descriptions. Most job descriptions
should be based on the task descriptions developed within the Work
Breakdown Structure (WBS). These job descriptions are not only
important in the selection process, but they are the basis of negotia-
tions within the matrix structure.

Those who thrive in the project environment will typically be
adaptable and interdependent as well as independent and results
driven. To paraphrase Stephen Covey, independent thinking alone is
not suited to the interdependent project reality. “Independent peo-
ple who do not have the maturity to think and act interdependently
may be good individual producers, but they won’t be good leaders or
team players.””

While all team members are selected on the basis of both skills
and personal attributes, it is particularly important that the core
team have previous project experience, preferably at the task and
project management levels.

As each member is added to the team, it is wise for new mem-
bers to define their roles and to have these roles acknowledged by
the rest of the team, beginning with the project manager. Doing this
early affords the opportunity to make adjustments to create synergy
and minimize discord. Until the detailed planning is done, roles and
responsibilities may have to be defined in general terms with later
refinement consistent with the planning results.

Outsourcing is an increasingly popular alternative to applying
direct project staff. Subcontractors, vendors, and consultants can be
a cost-effective way to fulfill functional capability. However, you
should be just as diligent in selecting external sources as you are in
selecting employees, including reference checks, facility tours, and
key person contract clauses.

THE IMPORTANCE OF
CONCURRENT ENGINEERING

The project team needs to consider, from the outset, all elements of
the project cycle. Involving all stakeholders in the development pro-
cess is known as Concurrent Engineering (Figure 11.4). For exam-
ple, airline pilots should participate in the concept definition of a
new plane to properly influence the operational aspects of the system.

[vww .ebook3000.con}

Concurrent Engineering is the
concept that all stakeholders
need to be considered
throughout the project cycle
in order to produce the best
product.
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INCOSE
INCOSE Handbook Sec 5.11

covers Concurrent Engineering.

Systems engineering must
ensure the timely involvement
of all disciplines.
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Figure 11.4 Concurrent engineering fosters stakeholder influence.

Likewise, the baggage handlers should influence that part of the de-
sign pertinent to their operations. Similarly, recent generations of
computer architecture have benefited greatly from having software
engineers involved in the hardware design. Concurrent engineering
also promotes simultaneous product and process development to en-
sure that efficient producibility is designed in.

Systems engineering is responsible for involving the key person-
nel (to address human factors, safety, producibility, inspectibility, re-
liability, maintainability, logistics, etc.) in each phase. This does not
require a dedicated team of specialists. However, it does require a
proactive systems engineer who can ensure domain specialists are ap-
propriately applied to pursue high value opportunities and their risks.

MANAGING THE MAJOR INTERFACES
AND INTERRELATIONSHIPS

The authors of Dynamic Project Management have likened matrix
interactions to those of a marketplace. “Negotiations concerning as-
signments, priorities, equipment, facilities, and people are constant.
Matrix team members often complain of the continuous meetings,
but it is through such meetings that the characteristic decentralized
decision making occurs.”

The complex relationships and confusing lines of authority in
the project/functional lattice demands thoughtful planning. As illus-
trated in Figure 11.5, the project manager identifies what is to be
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Defines
WHAT

SUPPORT -I_h

Managing Functions
e Customer
* Requirements
¢ Interfaces
¢ Contractors/Subcontractors
¢ Schedule

¢ Cost

HOmM<«QOIT

Provides:
Skills

or
Products Negotiate
WHO
WHEN
Defines HOW MUCH
HOW

Figure 11.5 Matrix functions chart.

done, primarily by means of work authorizing agreements or MBOs
derived from the requirements. The functional organizations are re-
sponsible for defining and negotiating with the project manager how
the tasks are to be performed and then implementing them.

Both project- and support-management responsibilities are as-
signed by executive management. The project manager ensures
that project objectives are achieved on schedule and at the lowest
cost compatible with user/contractual requirements. The support
managers ensure the performance of specific project requirements
as defined and authorized by the project manager. In addition, as
the advocate for technical excellence, each support manager is re-
sponsible for:

* Performing for executive management in support of all projects.

* Performing as agreed with each project manager.

* Maintaining personnel expertise consistent with emerging tech-
nology and industry best practices.

* Recommending creative ways to meet project objectives.

* Providing function’s cost, schedule, and technical opportunity
and risk assessment.
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Teams rarely go wrong by
themselves—more often they
suffer from lack of direction
and false assumptions.

* Assigning skilled personnel to support projects.
* Actively participating in problem solving and conflict resolution.
* Correcting deficiencies in performance.

One of the most significant techniques for minimizing confu-
sion and avoiding excessive interaction is to clarify roles and re-
sponsibilities where conflict in authority and function are likely to
take place. The critical areas of potential conflict that should be
resolved are:

* Project direction, objectives, priorities, planning, reviews, sta-
tus, and controls.

* Assuring project effectiveness and customer commitments.

* Proposal preparation, contract negotiations, and contract man-
agement status.

* Technical, schedule, budget, and make versus buy decisions.

e Assignment of key personnel and establishment of employee
objectives.

e Communications, correspondence, and data requirements.

e Point of contact for customer, upper management, and support
interfaces.

A technique for managing any form of matrix organization is
the Project Work Authorizing Agreement (PWAA) or an equivalent
method for authorizing work. The PWAA is a contract between the
project office and the supporting organizations. As illustrated in
the next chapter on planning, it contains task definition, budget,
schedule, performer’s commitment, and project office authoriza-
tion (Figure 11.6). Companies or organizations that have a formal,
quantified, and measurable MBO program can make use of that
system to supplement, or in the case of simple projects, substitute
for the more definitive PWAA. These methods are addressed in
Chapters 12 and 16.

These are common expectations of executive management, the
customer, and the team members:

* Timely, accurate information—for teams to work well, informa-
tion and ideas have to flow smoothly.

e No Surprises—for cooperation to grow, communication must be
complete and candid. There is no place on a project team for a
problem withholder.

* Credit given where credit deserved—the rewards must match
the risks and recognition given for both individual and team
efforts.
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Executive
Customer Management
Buyer wants Buyer wants
delivery as promised delivery as promised
Seller wants Seller wants support
fair deal as requested

You

A Buyer wants

delivery as promised

Seller wants fair deal

Support
Organizations
Contractors

Figure 11.6 The buyer/seller viewpoints.

PROJECT TEAM EXERCISE

The objective of this exercise is to provide experience in identifying
the issues facing a project manager in staffing a project.

You are the project manager for a project your company is bid-
ding and, if successful, it will position you and your company for sig-
nificant growth. Unfortunately, the last similar project was poorly
staffed and the delivered product required extensive rework before
being acceptable to the customer. Your company’s reputation has
suffered and management is concerned about a repeat.

You have been asked to prepare a staffing plan. The project is
predicted to last 18 months, and will require the equivalent of ten
full-time people although actual head count will vary, beginning
with just a few key designers, expanding to a larger staff of develop-
ment people, testers, and so on, and then tailing off to key engineer-
ing staff during final testing and delivery. All staff will report to you
for the duration of the project and will be collocated in your facility.

What information should you develop to guide your staffing plan?

[vww .ebook3000.con}
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ELEMENT 4

“It is a bad plan that admits of
no modification.”

Publilius Syrus

PMBOK® Guide
This chapter is consistent with
the PMBOK® Guide Ch 5 Proj-
ect Scope Management, Ch 6
Project Time Management, Ch
7 Project Cost Management

INCOSE
This chapter is consistent with
INCOSE Handbook Sec 5.2
Planning Process.

PROJECT PLANNING

Planning must reflect the tactics selected to achieve the
project’s strategic objectives including the integration
sequence of the various system entities. The infamous Denver
Airport construction project failed to do this and suffered huge
overruns and schedule delays as a result. Even though
baggage handling is a key part of any airport, the Denver
Airport state-of-the-art baggage handling system was an
afterthought not factored into the concept, the architecture, or
the operating scenarios. As a result, the baggage system had
to be designed and installed within the inadequate physical
constraints of existing designs and operations already under
construction. Furthermore, the constraints also prohibited an
effective backup system. Unfortunately, the approved Denver
Airport plan was never rebaselined to accommodate the add-
on baggage handling capability as it should have been. As a
result, the costs soared from $1.7 billion to more than $4.8
billion, a 200 percent overrun, and the operational readiness
was delayed 16 months.

Planning is performed in each
project-cycle phase to prepare
for the subsequent phases.

Project planning is an iterative
process on several levels, as
well as an ongoing one.

196

PLAN THE WORK AND WORK THE PLAN

We define planning as the process that determines beforehand the
tasks necessary to complete the project. Planning continues and
the plan evolves as the project progresses through the phases of the
project cycle. A plan contains at least:

e What is to be done.
e When it should be done.
* Who is responsible for doing it.

A complete plan adds physical and financial resource profiles.
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At the highest total project level, planning is performed in each
project-cycle phase to prepare for the subsequent phases. The low-
est level of iteration occurs within each activity—such as iterating
through network development and task schedules to determine and
shorten the critical path. While the emphasis, level of detail, and
opportunity and risk factors change from one phase to the next, the
process that follows is relevant to every project phase.

Project planning and statusing are directly related to each
other and inextricably linked. You select the status methods before
planning, since the planning needs to support and relate to the
statusing method and its intended granularity. For example, to
benefit fully from the power of earned value, tasks need to be de-
fined in sufficient detail to minimize the need to judge percent
complete. The preferred method is to establish interim milestones
with related percentages. For instance, a report might earn 10 per-
cent for the outline, 30 percent for the first draft, 10 percent for
red team review, 30 percent to incorporate improvements, and 20
percent to produce the final version. We address earned value in
Chapter 16.

The project plan (Figure 12.1) is usually composed of a set of
specialty plans. Some plans, such as the acquisition plan and the
source selection plan, apply only to projects that need to evaluate
and select competitive suppliers. The implementation plan for solu-
tion development is common to all development projects and will

Project
Planning

Many experts see earned
value as a planning technique
as well as a method to status

the project.

Program
Plan

Acquisition
Plan

Implementation
Plan

Validation and Source

Operations

and

Maintenance

Plan

Selection
Plan

Verification
Plan

Deployment
Plan

Deactivation
Plan

Figure 12.1 The total project plan consists of multiple plans.

[vww .ebook3000.con}



http://www.ebook3000.org

198

THE TEN MANAGEMENT ELEMENTS IN DETAIL

be used throughout this chapter to illustrate the overall planning
process.

IMPLEMENTATION PLANNING: CONVERTING THE
PROJECT REQUIREMENTS INTO ORDERLY WORK

We define implementation planning as the process of converting all
project requirements into a logically sequenced set of negotiated
work authorizing agreements (Figure 12.2) and subcontracts.

Project Work Authorizing Agreements are internal contracts
containing;:

e Task description.

¢ Schedule for deliverables.

* Time-phased budgets.

e Agreement by the implementer.

e Agreement by the project manager.

o
Project Work Authorizing Agreement (PWAA) Program No. | FU0AA
Job Title In Scope Contract No.
no l yes
Reference No. (RFQ, ECP, CCN) Accounting Charge | WA. Stat. No.
CL. IW'O'
Need Date Est. Start Date Est. Completion Date Total Labor Time - Phased Labor Hours

Hours

Rinspection Requirements

Destination §f items

Task. Scope, and/or Justification: \ o Subeontr(®) | gy |Comueriov
: ©OPS3)

Schedule

Statement Of Work Budget

Functional Manager

oy
Task Leader 1 Org/Tele Date Signed JBusiness Manager l Org/Tele Date signed

Project Manager

Figure 12.2 The project work authorizing agreement (PWAA).
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Subcontracts are external contracts containing all of the previ-
ous items plus:

e Contract terms and conditions.
* Legal authority to perform.
¢ Conditions for default.

THE PLANNING PROCESS:
SIMULATING THE PROJECT

Figure 12.3 shows an overview of the plan development objectives
and process, highlighting the role of the project manager in integrat-
ing the customer’s objectives with those of the enterprise’s manage-
ment. It emphasizes a major reason projects fail: insufficient team
interaction. Productive interaction helps motivate and commit the
team. But it has to be a meaningful interactive process. The most
difficult project objectives offer the best team brainstorming oppor-
tunities. When the team members resolve strategies and tactics to
achieve their objectives and develop the plan, their investment sky-
rockets—they become committed to implementing “their” plan.

A significant contributor to poor planning is lack of a systematic
and structured process. As emphasized in Chapter 2, to test for a
sensible plan it is important to be able to envision it—to be able to

Implementation planning is
driven by the project’s
objectives, the need to
communicate, and the need
to obtain agreements and
commitments.

Customer Management
Objectives Objectives
Objectives Project Process
» How to do the project — project strategy ObleCtWeS « Define project deliverables and milestones
¢ What tasks are required ¢ Define intermediate deliverables and milestones
* When the tasks are required * Define the work tasks to produce all deliverables
* What the task inputs and outputs are Team o Sequ_ence anqllink the tasks into the project network
* Who will do the tasks Interaction « Identify the critical path
* The team/task interrelationships ¢ Define and evaluate the risks
* What is the critical path ¢ Develop risk management tasks and link to network
* How the risks will be managed * Develop schedules and establish contingencies
* What critical actions are required ImplementatlonI * Re-evaluate the critical path
¢ What control systems will be used ¢ Plan the physical resources
¢ Plan the personnel resources
¢ Calculate the required budget and establish reserves
e |terate as required
Te?}m  Obtain agreement and commitment
Commitment * Authorize the work

Figure 12.3

Planning objectives, process, and drivers.
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decompose it into deliverables and then to simulate the flow of
the work in a visual walk-through. Our planning process steps con-
verge on a cards-on-the-wall (COW) networking technique that
provides this visualization. The main process elements are listed in
Table 12.1.

This approach, shown as a flowchart in Figure 12.4, offers a sys-
tematic way to transform the project activities into a baseline plan
suitable for both proactive and reactive management. In the re-
mainder of the planning section, we will address each flowchart ele-
ment in detail.

The goal of planning parrots the project goal: to ensure that all
commitments to the customer are met. To get there, we start the

Table 12.1 The Planning Process: Major Elements and Techniques

Key Element

Process

Primary Technique

Products

Development
strategy and
tactics

Opportunity
and risk
tactics

Tasks

Network

Schedules

Resources

Commitments

Decomposing deliverables into their hierarchical
(architecture) structure—from senior most down to
the lowest level internal and external deliverables.

Determining the development strategy and tactics
such as fast time to market and unified, incremental,
linear, and/or evolutionary development with either
single or multiple deliveries.

Identifying opportunities and associated risks and the
customer-compatible opportunity and risk actions
with preventive, causative, and contingent action
plans.

Defining the tasks needed to develop each
deliverable.

Logically arranging the interactive tasks to portray
the best value development and delivery approach.

Scheduling each task according to the calendar and
resource availability and then refining and shortening
the critical path where possible and meaningful.

Defining resources (personnel, equipment, finances)
needed to accomplish each task on schedule.

Committing the necessary resources and funds to
carry out the plan.

Project Product List and Fact
Sheets

Application of the “Vee
model”

Lessons Learned

Work Breakdown Structure

Cards-on-the-wall network,
followed by a computerized
network and critical path

determination and analysis

Scheduling software

Spread sheets and cost
estimating models

Project Work Authorizing
Agreements




Management
m yl Lessons
Learned

Standards Best
Practices

Project
Requirements
Proposal

L 4
y \ 4
Project Plans and Updates
A J - - Config. Management Plan Procurement Plan
Project Products List Contingency Plan Project Management Plan
Deployment Plan Quality Plan
PPL Fact Facilities Plan Reliability Plan
Sheet Interface Control Plan Risk Management Plan
Maintainability Plan Opportunity Mgt. Plan
Make or Buy Plan Safety Plan
Manpower Plan Software Plan
Manufacturing Plan Spares Plan
A / A / Operations Plan System Engineering Mgt. Plan
Master Schedule (High level) Piece Parts Plan Verification Plan
IL—<7
_ A RV
p— s=— \ 4
LN —
— PAS —d Organization [—
E E §/5/ §
O O 5/8/ ¢ 2
g/3 /e & $/8
£/5/95 S/
PS8 5/S/s
Task /W /S jor S/ /& [O
\ 4 o—>» 11 |s|s| s |s|s|R
Work Breakdown 12 |R| S| s | S
Structure 21 |S|R| s |s|s|s
= 22 |s|s R
K E [34 WBS Dictionary < R = Responsible
(1.3 '@ (3.3 Task1______ S = Support
Task2—
B3 |task 3 >
Task4——— Updated Task/
Responsibility Matrix
Y v
Network Development - COW Detailed Schedules [}
WP No. 1 A—V/
WPNo.2 A—A—V s
P [WPNos T A—A—Y| ¥
Updated
Task
Estimates
Labor Project Manager — Task Manager
| | Negotiations
/ N
s )
* Computerized Project Network Management
¢ Critical Path Determination Reserve Plan \ 4
and Analysis
Detailed Task Planning Subcontracts
— Project Work
— Authorizing
— Agreements
—] Task »
— — >
— Ready for
E Sched Release
E Budgets F M A M J
Approved Acgep(ed
— Project Initiation Review (PIR)

Figure 12.4 The planning process: From problem solving to commitment.
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The Project Products List and
Fact Sheets are techniques
that facilitate this step.

As the keystone of the plan,
the WBS depicts the project
decomposition and the associ-
ated tasks.

planning with the project requirements that include the Statement
of Work (SOW), the milestone schedule (Master Schedule), cost tar-
gets, and definition of all deliverables. The Master Schedule identi-
fies the overall start and stop dates and all major milestones.

DETERMINING THE PROJECT DELIVERABLES

One of the first planning steps is to determine all of the project de-
liverables and to provide a narrative description of each. The Proj-
ect Products List (PPL) is derived from the decomposition and
definition of the system and is a list of all external deliverables and
internal deliverables, in all forms produced, with the quantities re-
quired. Examples of the different forms of products that could be
produced are:

e Drafts.

e Simulations.

* Models (user requirements understanding, technical feasibility,
physical fit, field test, preproduction, etc.).

e Qualification units.

e Deliverables.

* Spares.

An example of a hardware PPL and a software PPL are shown in
Figure 12.5. Other PPLs would include support equipment, docu-
mentation, and services.

A Project Product List Fact Sheet should accompany each PPL
(Figure 12.6). Its purpose is to provide a description and expected
use for each item. It is usually written by the most knowledgeable
expert available, whether he or she is to work on the project or not.
The fact sheets are used by project participants to plan and esti-
mate labor and material for each deliverable to facilitate costing
and pricing.

DEFINING THE WORK BREAKDOWN
STRUCTURE AND THE TASKS

The WBS for development projects is best depicted as the system
architecture consisting of system, subsystems, and compon-
ents rather than by discipline or functional organization (such as en-
gineering, manufacturing, test, etc.). The WBS is represented
graphically or in an indented list (Figure 12.7) and illustrates the
way the project will be integrated, assigned, and statused. The WBS



. . Legend
Title: Propulsion System Dual Tank o p— Date
Proi ect Configuration atus TF — Technical Feasibility Model
PF — Physical Fit Model —
Products (WBS 11.01 02) TS - Thermal Simulation Model
N = New SI - System Integration Model Revision
H . . FT - Field Test Model 1
List Project Office Approval M = Modified Q- Qualfcaton ot
DV - Development Vehicle Page of
E=Exisng |5 fiont N
Organ No. Name: S - Spares 1 >
ltem| Nomenclature and Drawing Recommendation Quantity Per Contract
no WBS Number (or similar to) Make | _Status Category Remarks
orbuy I'Des Hdwe| TF PF TS SI FT Q DV _F S
1 |Propulsion Module
(10.01.02 .19) M N N 1 2 Assemble, Install
& Test
2 |Propellant Tank 8160485 - X B [M|N 2 1| 2| 4| 1 |Spherical Version
(10.01.02.07) (2P64002) Of 2P64002
(cylindrical)
3 |Reaction Engine Module 8160481 -X B M N 14 | 16| 1 2 2| 32| 2 |RRCintelsatV
(10.01.02.06) (2P64000 - 13) 0.5 LBF Thruster
Mounted In Pairs
4 |Latching Solenoid Valve 2P60481 - 3 or B E N 4 1 4 8| 1 [OnAnREM
(11.01.02.11) equivalent
5 |Service Valve 2P60483 - X B E N 3 3 6 1
(11.01.02.11)
6 |PR XDucer 8111210 - X B M N 1 4 1 1 4 8 1 [Modify To
(11.01.02.15) Increase
Shielding For New
7 |Filter 8103465 - 15 B E N 4 4 8 1 |Radiation
(11.01.02.10) Environment
| Also software
| Also support equipment
[ Also documentation
[ Also services
WBS NO.
PROJECT STATUS LEGENPDRODUCT (EVEL |2zl | DA Jwe i
PRODUCTS SUBSYSTEM »
LIST N - New CSCI-  Computer Software | Data Compression Revision 1.2
] iguration It
M - Modified CSC-  Computer Software | WORK PKG NO.
Software E - Existing Component 1.3.7.1.0 Page 1
PRODUCT LEVEL | VERSION IDENTIFIER STATUS
(N, M, E)
=] —
2 2 2 8 w|&
|32 53|25(52|28|E5
Tg|lcd UR[FC|SZ2(=28|58
58158 5| 3 |2z|s8(28|50(2%
NOMENCLATURE |[MNEMONIC| Cl | CSC Ss|lep| | ?|=0|ea|laa|85|hD REMARKS
Data Base Core| RDMS X X X X M M N [125K|uncl| Convert to Ada
Report Writer WRIT X M N | 87K |Uncl|
Graphics GRAF 42K |Uncl
Dictionary DICT X N N | 65K |Uncl

Figure 12.5 Project product list (PPL) examples.
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Item: Pressure transducer
Part No: 8111210 - 503
Source: Electromech, Inc.
WBS No: 11.01.02.15

Description:  This transducer is identical electrically to existing part
no. 8111210-501. The envelope is to be modified to
increase heat survivability. The shield concept must
be proven by tests of the development model. The
shielding design must be qualified by selected
qualification tests per the test plan.

Figure 12.6 PPL fact sheet example.

is critical to project planning because it is the basis for work assign-
ments, budgeting, scheduling, risk assessment, cost collection, and
performance statusing.

Figure 12.8 illustrates how the WBS relates the work required
to produce the individual components (from the Product Break-
down Structure) to the work required to integrate those components
into the system.

The WBS has been successfully employed by government agen-
cies such as the Department of Defense (DoD) and NASA for many
years and is now a standard planning technique for projects of all
kinds. The Project Management Institute’s Practice Standard for
Work Breakdown Structures is a guide to the development of an ap-
propriate WBS. Both product and service WBS forms are covered
by the standard.!

For government projects, the Request for Proposal usually pro-
vides a top-level WBS that the project’s WBS must interface with.
MIL-STD-881A (former DoD WBS standard) embodies WBS re-
quirements as well as examples. It accurately states that the WBS
provides a system management structure for:

Graphic Display Indented List

1.0 System
System
1.1 Element A
13 12 1.1.1 Task
lE'memAl |E'e“‘e"‘BI 1.1.2 Task
1.2 Element B
| 111 I | 1.1.2 I
Task Task

Figure 12.7 The work breakdown structure (WBS).
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Hardware WBS Example Integrated

Message Set

_ " Message Project System System
Processor I Management Engineering Test

20 ‘ 30 4.0 5.0 6.0
. ‘ - - ‘ ‘ Project Specification System
Signal Final Signal Low-Noise Data ‘[M } Devel }
[ Processor } [ Amplifier } ‘Amplifier Processor Converter anagement evelopment Tost
1.1 13 T 23 34 " Tessage 41 51 6.1
ransmitter . Recei oice Project Interf
Design { Antenna } Design [ Test } i Antenna Design { e } Design | Processor } Design { Processor } ‘{ Reviews } Control
111 131 211 231 311 331 Test
Material 2 Material 14 L Material 22 | Material Material 32 L Material 34 42 52
12 Design o2 212 Design 252 312 Design 2 Configuration) Audit &
Fab 121 Fab Fab 221 Fab Fab 321 Fab Management Verification
113 Material 183 213 Material 233 313 Material 333
Insp 122 Insp Insp 222 Insp Insp 322 Insp 43 53
114 Fab 13.4 Fab 234 314 Fab 334 Quality
Test 123 Test 223 Test L Test 323 Test Assurance
115 135 235 315 335
Insp Insp Insp v
124 224 324
Test Test Test
125 225 325
Space Telescope
Software WBS Example Science Support Module|
14
Key:
PDA — Preliminary Design & Analysis ( | (
SCWP — Subcontract Work Package D) T )
Software
1.4.7
|
f T 1
Flight Operating System Mission
Software Software Software
1.4.71 1.4.7.2 1473
Navigation SW 1/0 System Main Mirror
1.47.1.1 1.4.7.241 1.4.7.31
Motor Control SW Logic Primary I/R
14712 14722 1.4.7.3.2

Telemetry SW ‘I’_‘| ALU | Qns(rument Controller7|
1.4.7.1.9 1.4.7.213 1.4.7.3.

1.4.7.1.9.1 PDA 1.4.7.2.13.1 PDA 1.4.7.3.7.1 PDA
1.4.7.1.9.2 Detailed 1.4.7.213.4 Test 1.4.7.3.7.2 Detailed
Design 1.4.7.2.13.5 Integration Design
1.4.7.1.9.3 Coding 1.4.7.2.13.6 SCWP 1.4.7.3.7.3 Coding
1.4.7.1.9.4 Test 1.4.7.3.7.4 Test
1.4.7.1.9.5 Integration 1.4.7.3.7.5 Integration

Figure 12.9 Hardware and software WBS examples.

System decomposition Budgeting
Specifications and drawings Scheduling
Configuration management Responsibility

The guidelines in Figure 12.9 reflect our experience in refining
this planning technique:

* For development projects structure the WBS by product and el-
ements of the product.

For service projects and for the study and operations periods
structure the WBS by functional disciplines.

¢ Include all authorized tasks.
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Component Test

This task consists of preparing test procedures, test facility, test
personnel, and test conduct including documentation and
resolution of all test discrepancies. The output from the task is a
satisfactorily completed test, resolution of all test anomalies, and
the final test report.

Figure 12.10 WBS dictionary excerpt.

* Cost collection is usually one level below budget performance
reporting to facilitate problem cause identification.

* Identifiersforlike tasks should be similar. Example: x.x.x.4 Material.

e All tasks for an element should be collected with the element
identifier.

e WBS depth (number of levels) depends on the risk to be man-
aged and reported.

e Level-of-effort tasks are usually at the second level, which may
include project management, systems engineering, system inte-
gration, and system-level testing.

* The product level should consist of entity nouns and the task
level should apply verbs such as design, fabricate code, assem-
ble, and test.

The WBS is supported by the WBS dictionary, which links the
WBS elements to the task definition—work packages. As Figure 12.10
shows, the WBS dictionary is a narrative description of each work
task identified in the WBS. The descriptions drive the task estimating
and are the basis of task assignments.

The work package contains a complete task description, includ-
ing what, when, how, by whom, and also includes the budget and
schedule allocations. It may incorporate the WBS dictionary entry
or reference it. The work package represents another important link
in the planning—the connection between the WBS and the func-
tional organization or contractor assigned to the task, which is ac-
complished by the Work Authorization Agreement.

WBS TASKS AND THE PROJECT DASHBOARD

The establishment of WBS tasks determines the instruments of the
project’s dashboard. For each task there should be an associated bud-
get and work accomplishment plan. Then, as work is accomplished
and labor charges are accumulated against the task, the expenditures
compared to the budget (fuel gauge) will become apparent as well as

[vww .ebook3000.con}

A work package is prepared
for each element at its lowest
level in the WBS.
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—— PMBOK® Guide
PMBOK® Guide Sec 6.2.2
Activity Sequencing identifies
three types of dependencies:
1. Mandatory (those inherent
in the nature of the work).

2. Discretionary (also known
as preferred logic, prefer-
ential logic, or soft logic
based on best practices).

3. External (relationships
between project and non-
project activities).

—— PMBOK® Guide
PMBOK® Guide Sec 6.5.2.6
The Critical Chain Method, dis-
cusses this technique which
accounts for the effect of
resource availability.

the progress of accomplishments as compared to the milestone plan
for the task (odometer). A well-managed project will have these in-
struments for all significant tasks and the project manager will drive
the project in accordance with their readouts.

DEVELOPING THE PROJECT
NETWORK AND SCHEDULES

There are three types of schedules to resolve: deliverable accom-
plishment, personnel, and budget. This section deals primarily with
deliverable schedules, bounded by the required start and stop dates
for each task. They form the basis for the other supporting sched-
ules. Personnel schedules identify the timing for required personnel
involvement and facilitate resource planning. Cost schedules define
the allocation and spending for each task as a function of time. Their
primary purpose is to facilitate funding management.

Scheduling usually involves more iterations than any other func-
tion in the planning process. This is mainly due to the trade-offs that
must be made among the constraints of time, cost, technical re-
quirements, available personnel, and risk. Another complicating fac-
tor is that all task interdependencies may not be obvious when
scheduling is developed at the task level.

The WBS tasks are the foundation for the project network and
schedule as shown in Figure 12.11.

The scheduling process iterates through these steps:

* Link the tasks to form a project network.

* Identify opportunities for project improvement.

* Identify and evaluate risks.

e Develop opportunity and risk management actions and add to
the network.

* Factor in task duration times.

* Determine the critical path.

e Shorten the critical path.

e Commit to meeting the task schedules.

Historically, there have been two principal methods for con-
structing network diagrams, the Program Evaluation and Review
Technique (PERT) and the Critical Path Method (CPM). In their
very basic but easy-to-use book, the Bakers characterize these meth-
ods as follows:

PERT and CPM emerged in different ways in the late 1950s. PERT
was developed by Lockheed and Booz, Allen, and Hamilton for the
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Figure 12.11 The WBS tasks are the foundation for the project network and schedule.

U.S. Navy Special Projects Office. The CPM was developed at
about the same time by Morgan Walker and James Kelly for E.I. Du
Pont. . . . (The primary difference is in the way the two techniques
treat time estimates for tasks.) ... [T]he networks are largely the
same in terms of sequencing possibilities. In CPM, one time esti-
mate is used for creating the schedule; PERT uses a more analytical
system based on three time estimates that are used to determine the
most probable time for completion.?

The distinction is that the PERT network allows a three-point esti-
mate for the duration of each task (nominal, earliest completion, and
latest completion). With the three-point estimates you can perform
Monte Carlo simulations for the network and determine the nomi-
nally expected completion date (the output of the CPM), the proba-
bility of achieving that date, and the date for 95 percent or 99
percent probability of completion. The widespread availability of
high-speed, high-capacity desktop computers makes this process
readily available and potentially useful to the project team. Mi-
crosoft Excel can perform Monte Carlo simulations.

[vww.ebook3000.con)

Technically, the COW tech-
nique result is similar to
PERT/CPM, but the process is
much more visual and inter-
active, leading to more reliable
schedules.
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Project Planning Forms

g o WBS No:
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Task ID: Estimated Duration: Minutes Hours r;:y:";/em Months
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Form Prepared By: Form Preparation Date:
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1. 1.
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2, 2,
From: To:
3. 3.
From: To:
Resource Requi

Figure 12.12 The cards-on-the-wall (COW) method.

Computer-based PERT or CPM affords very limited opportuni-
ties for team interaction during network construction. Computer-
based network construction, regardless of the specific software, is
usually built from work packages and input by a single person work-
ing alone at the keyboard and viewing the resulting network on the
computer screen. The problem with using a computer at this early
stage is that the team is not creating the network. We prefer a more
interactive network diagramming technique that begins with a
method we have dubbed cards-on-the-wall (COW). In this method,
the team literally hangs each work package on the wall, by project
phase, and interconnects them using markers or yarn to reflect the
interdependencies (Figure 12.12). We prefer the wall as a work
space because it allows the team to cluster in areas of interest of the
evolving network to discuss the logic. We use “wetware” (the brains
of the team) for creating the network and software for capturing
that network and computing the critical path. We've devised a form
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for creating the network, as shown on a section of the network wall
in Figure 12.12.
Our COW technique uses:

* A 5”x8” project planning form for each task,
* Yarn or string for interconnecting the cards, and
e Ample walls to hang and arrange the cards.

The COW technique consists of interconnecting the tasks (cards)
to reflect the optimum order of tasks and their interdependencies.
Among the benefits of this interactive, visual procedure are:

e Participative decision making.

e Fewer “I forgots.”

e Shared risks.

e Shared concessions.

* Quality results.

* And most important: team ownership of the plan.

In a recent planning session, someone commented that it was a
shame that the walls weren’t magnetic. “But they are,” said the
leader, looking at the cluster of people over at the wall discussing
how to shorten a link in a critical path, “they have animal magnet-
ism.” We've never seen people crowd around a computer terminal
talking about how to reorder tasks, but we’ve seen lots of groups
cluster around a wall draped with cards and yarn, arranging “logic”
to make an impossible schedule feasible.

Schedules at the task level usually employ a linear format
or bar chart such as the Gantt chart. Figure 12.13 shows the rela-
tionship between the project network and the task schedules. Bar
charts that include task interconnects are often called time phased
networks. This is the most effective form for day-to-day project
management.

The next step after network construction is determining the
critical path—the task sequence that paces the project. When asked
to identify his project’s critical path, one rather defensive project
manager we encountered asserted, “This project has no critical
path, if it does, we will eliminate it.”

We define the critical path as the sequence of project activities
for which there is minimum or zero slack. The critical path for a va-
cation preparation is shown in bold in Figure 12.14. For conve-
nience, we talk of “the” critical path. In fact, there may be several
critical paths, and there are frequently many other “near-critical”
paths. The following discussion applies to all of these situations.

[vww .ebook3000.con}

The critical path paces the
project schedule.

—— PMBOK® Guide
PMBOK® Guide Sec 6.2 Activ-
ity Sequencing covers the
Precedence Diagramming
Method (PDM) described here
and also the Arrow Diagram-
ming Method (ADM) in which
activities are shown on the
arrows connecting activity
dependency junctions.
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Figure 12.13 Schedule development: The relationship between the project network and the task schedules.

After adding contingency spans and opportunity and risk man-
agement tasks, the critical path needs to be reevaluated. Analyzing
resource requirements for concurrent activities and using the criti-
cal path as the time scale will usually reveal suboptimal lumping of
personnel resources (the critical chain). At the same time these tasks
are being considered for resource leveling or smoothing, the follow-
ing actions to reduce the critical path should be considered:

* Eliminate or shorten tasks on the critical path.
* Replan serial paths to be parallel.
* Overlap sequential tasks.
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Figure 12.14 Critical path example: Vacation preparation.

* Increase the number of workdays or work hours.
e Shorten tasks; the best candidates are those:
—That are long, or easy, to speed up.
—For which you have available resources.
—That cost the least to speed up.
—That your organization controls.

Actions taken to shorten the critical path usually have other im-
pacts. Using the vacation preparation example (Figure 12.14), the
critical path could be shortened by having the hitch installed while
the car is being fixed, or you could rent a car to pick up supplies
while the car is being repaired. In the first case, if the car is having
the fuel injection system repaired, the mechanic may not have the
skill to install the hitch, hence a risk would be added. In the second
case, renting a car adds cost. You could also have your friends pick
up the supplies (add project resources) or, as one student proposed,
you could go on vacation without your friends (change require-
ments). In each case you must ask yourself, “Is it worth it to shorten
the schedule?”

Sometimes risk reductions and critical path reductions are syn-
ergistic. You can expect to move lower-risk tasks off the critical
path, which can contribute needed resources to the higher-risk
tasks, thereby reducing the critical path and/or the risk. The opti-
mum balance is achieved when both sets of tasks end up on the new,
shorter critical path.

Next, resource leveling and optimization can be performed.
These steps can be performed with the help of computers once the
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Each action to shorten the crit-
ical path should be justified.
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—— PMBOK® Guide
PMBOK® Guide Sec 6.3 Activ-
ity Resource Estimating and

Ch 7 Project Cost Management
provide additional information
on estimating and costing the
planned work.
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Figure 12.15 Schedule compression/expansion effects.

network is constructed. However, resource restrictions or problems
are usually localized, and good judgment and common sense will
produce meaningful results. Reducing the critical path and optimiz-
ing resource allocation can significantly affect a task’s cost as illus-
trated graphically. Shortening a task schedule below the optimum
point can lead to an increase in its cost (Figure 12.15). On the other
hand, optimization at the network level may consist of offsetting a
relatively small increase in task cost with a significant savings at the
project level. For example, the incremental cost associated with
compressing one task may result in equivalent burn rate savings for
the total project.

PLANNING THE RESOURCES

While this section focuses on the two limiting resources in most
projects, personnel and funds, a unique physical resource can also
impact the schedule. Take nothing for granted. Just when you need a
special piece of test equipment that hasn’t been used for six months,
you can be sure Murphy will need it too. And Murphy’s team re-
served the equipment when they planned their project much earlier.
Another property issue to plan for in government projects is the use
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of Government Furnished Equipment, Services, and Material (gen-
erally called GFE). First, contractual commitments must be negoti-
ated for the GFE delivery dates. Second, permission must be
granted by the government agency that owns the equipment (or ser-
vices or material) that authorizes use of the material on your proj-
ect. In one instance, one of the authors won a contract that involved
manufacturing of components on special equipment owned by the
U.S. Army. Unfortunately, prior permission for the use of the equip-
ment had not been obtained. When asked for permission to use the
machinery, the Army project office said, “Of course. What is the
Army project number?” Answer: “It is a U.S. Air Force contract.”
Response: “Air Force? What Air Force? We don’t have an Air Force.
Permission denied.” Incomplete planning and preparation almost al-
ways lead to a bad outcome.

To illustrate the time-phased resource requirements at the task,
personnel category, and total project levels, Gantt charts are useful.
They are derived from the PERT/CPM network, but use a conven-
tional time scale, which may be more easily understood by the team.
Having already adjusted tasks to smooth resource requirements, en-
hance opportunities, or reduce risks and/or the critical path, the
next step is to return to the task level and define the personnel as-
signments and schedules.

The WBS is the basis for identifying task responsibilities (Fig-
ure 12.16). As a checklist, the Task Responsibility Matrix (Figure
12.17) is useful in summarizing which personnel and organizations
have been assigned primary and support responsibilities for each
task, and who will participate in the COW process. Figure 12.18 is
an example of a planning form that extracts the monthly personnel
needs from the task Gantt chart at the functional organization level
and combines them with other resource requirements.

ESTIMATING, COSTING, AND PRICING

An essential part of planning is calculating the most probable cost to
complete the project and then determining the market price. This
process is often called cost estimating, but is more accurately de-
scribed as estimating, costing, and pricing because each is a distinct
process and is usually performed by domain specialists.

Estimating is usually performed by the task managers most fa-
miliar with the work to be done. Estimates are made regarding per-
son hours, pounds and feet of material, number of lines of code, and
so on. As much as possible, estimates are based on sound information
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Figure 12.16 Relationship between WBS and organization.

such as build-to drawings or direct past experience, but in most
cases the estimates are extrapolations, some of which depart signif-
icantly from the extrapolation baseline.

Costing is the conversion of the estimates into currency. Cost
analysts are trained experts in making this conversion. While mak-
ing the conversion they take into account the current hour or mate-
rial to currency conversion, expected inflation or deflation over the
period of the project, and all relevant burdens such as overhead and
general and administrative charges. When the hours and all other
resources have been costed with their appropriate burdens, then
the cost of the project has been estimated. There are several tools
in the marketplace to aid in costing hardware and software based
on attributes such as weight, lines of code, or function points. Many
companies also maintain a past-history database to substantiate es-
timating and costing.
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Figure 12.18 Resource planning form.
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Authorization agreements and
subcontracts authorize the
project work and, collectively,
represent and authorize the
implementation plan.

Organization
Developed
—+  Estimates

Labor

| Material
Computer

Labor Summary
Time |Task Talent

Pricing is a strategic decision made by management. It consists
of adding or subtracting profit from the cost number. Negative
profit is applicable when the project desires to capture a new market
and is willing to invest to do so. Some companies have bid a total
fixed price of zero to ensure capturing a high-value market. As the
profit is increased, the probability of winning in a competitive envi-
ronment decreases. Hence, this decision is one of marketplace strat-
egy and risk tolerance. Figure 12.19 illustrates the estimating,
costing, and pricing process.

The payoff of the detailed planning and scheduling is in secur-
ing support and commitment on the part of the team, functional or-
ganizations, subcontractors, general management, and the customer
or user. The key negotiations, made easier by detailed scheduling,
are those with the functional and task managers. The resulting
agreement, the heart of the project’s controlled work release sys-
tem, should be documented in the form of a Project Work Authoriz-
ing Agreement (PWAA) shown earlier. The PWAA contains task
definition, budget, schedule, performer’s commitment, and project

Forward Pricing
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= 2006
+ 2007
= 2008

Bill of Material G&A
Item Cost « 2006
X - 2007
+ 2008
* Material .
* Subcontracts  Cost Estimate &
Subcontracts

Pricing Strategy

Cost Risk Factor

Figure 12.19 Estimating, costing, and pricing process.
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office authorization. Subcontracts add terms and conditions clauses.
The approved PWAA results from having:

Open and direct negotiations ~ Budgets accepted
Tasks understood Contingencies identified

Milestones agreed Caveats documented

Our project cycle template includes a Project Initiation Review
decision gate. The objectives are to secure executive management
approval of the implementation plan and to obtain management com-
mitment of resources. The items to review include: contractual state-
ment of work or memorandum of agreement for internal projects,
deliverables, incentives; project strategy and tactics; implementation
plan; opportunities, risks, and actions; functional organization com-
mitments; and resources required.

KEEPING THE PLAN CURRENT

The project manager is responsible for:

* Assuring that all plans are consistent with current strategy, con- The harder it is to plan, the
. . > . more you need to.
straints, and the project’s environment.
* Establishing the methods, techniques, and tools used in planning.
 Using the techniques and tools to update the plan.

The techniques and tools, especially software applications that
support these responsibilities, are constantly improving. Before com-
mitting to a new software tool that may come up short as the project
grows, you may do well to heed the following precautions:

* Beware of nonstandard data input and output formats.

* Some products are conceived and promoted as a full-manage-
ment tool, but may only provide a scheduling algorithm.

e Test run the software.

 Use implementation tools. There are many computer-based tools
available to mechanize the planning process and capture the
project’s data. These tools facilitate the planning process all the
way from product decomposition through network development,
critical path analysis, and schedule definition. They also provide
for cost estimation, budget development, personnel planning,
and resource leveling. Most tools will facilitate status reporting
and associated rebaselining, if necessary.

e Talk to users who manage projects similar to yours.

* Set up operating procedures and standards.

e Insist that the standards be used.
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The objective of this exercise is to provide experience in developing
a project network and in identifying and calculating the critical path

PLANNING ELEMENT EXERCISE

for a simple but relevant project.

Scenario: Develop a logic network and the critical path for the
turnaround of a commercial 140-passenger airliner from final land-
ing approach to takeoff clearance. A sample WBS for the airplane

turnaround is provided.

WBS for the Aircraft Turnaround Project

1.0

2.0

3.0

4.0

5.0

Passengers and crew.
1.1 Passengers.
1.1.1 Unload arriving passengers.

1.1.2 Load “Pre-board” passengers.
1.1.3 Load terminal-area passengers.

1.1.4 Obtain head count.
1.2 Flight crew.

1.2.1 Unload arriving crew (if required).

1.2.2 Load departing crew.
Baggage.
2.1 Unload arriving baggage.
2.2 Load baggage from terminal.
Cabin service.
3.1 Food.

3.1.1 Unload empty food carts.

3.1.2 Load new meals and beverages.

3.2 Cleaning.

3.2.1 Pick up trash.

3.2.2 Vacuum or sweep cabin.
3.3 Sanitation.

3.3.1 Clean lavatories.

3.3.2 Empty toilet sump tanks.
Fuel.
4.1 Determine fuel load required.
4.2 Load fuel.
4.3 Verify fuel onboard.
Operations Integration.
5.1 Landing control.

5.1.1 Obtain permission to land.

5.1.2 Land aircraft.
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6.0

5.2 Takeoff control.
5.2.1 Obtain permission to takeoff.
5.2.2 Takeoff.
5.3 Taxi control.
5.3.1 Obtain permission to taxi after landing.
5.3.2 Taxi to gate.
5.3.3 Obtain permission to taxi prior to takeoff.
5.3.4 Taxi to takeoff holding point.
5.4 Gate control.
5.4.1 Obtain permission to open door.
Ensures that the exit ramp is in place before opening
the door.
5.4.2 Open cabin door.
5.4.3 Obtain permission to close door.
Ensures that all ticketed passengers in gate area are
on board, and that all maintenance and service per-
sonnel have completed their tasks and have left the
plane. The pilot and ticket agent must both concur
plane is ready.
5.4.4 Close cabin door.
5.5 Deicing application if required.
The deicing operation is done after all passengers are
on board and the cabin door is closed. Deicing can be
done at the gate or on the taxiway near the terminal. It
must be completed within 15 minutes prior to actual
takeoff.
5.5.1 Apply deicing if required.
5.5.2 Verify deicing application is within time limit.
Project management.
6.1 Data management.
6.1.1 Gather turnaround time statistics.
6.1.2 Report performance.
6.2 Manage “Turnaround Improvement Project.”

The following functions should be provided for:

Air Traffic Control.

Ground Control.

Passenger and Crew Management.
Food Management.

All operational tasks in the WBS are linked into the serial/paral-

lel relationships and then timed (example: Clean airplane—12 min-
utes) that will satisfy a turnaround time of 40 minutes. Plan events
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from aircraft touchdown to aircraft liftoff. You must budget three
minutes from touchdown to gate arrival and three minutes for de-
parture from gate to liftoff, and allow two minutes additional for de-
icing in winter.

The results should be (1) determination of the critical path ac-
tivities and (2) what tasks should be addressed to further shorten
turnaround time.
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OPPORTUNITIES
AND THEIR RISKS

California is a great place to live, complete with excellent
climate, ethnic diversity, vibrant economy, and unlimited
recreational possibilities. The opportunity of enjoying these
benefits comes at the risk of earthquake devastation. Over the
years, homeowners mitigated this risk by carrying earthquake
insurance at modest rates. They had little need to call on the
benefits until October 17, 1989, when California was hit by
the magnitude 7.1 Loma Prieta earthquake causing huge
insured losses with deductibles as low as $1,000. The claims
impact to insurance companies was profound and the
insurance industry began canceling homeowner policies and
declining earthquake insurance. The California Earthquake
Association was formed to provide homeowners with
earthquake insurance with a deductible of 15 percent of the
replacement value. But an important provision changed the
insurance value proposition: In the event of a large quake
without enough money to go around, benefits are to be
prorated. While California is still a place of opportunity, the
risk is considerably higher than pre-Loma Prieta.

THE OPPORTUNITY—RISK RELATIONSHIP

Over the past three decades, there has been a gradual paradigm shift
in risk management. The 1960s and 1970s introduced the concept of
risk management and the idea that project teams should anticipate
risks and plan to reduce their impacts. This led to risk identification,
top ten risk lists, and even risk management plans, although uniform

MANAGEMENT

ELEMENT 5

PMBOK® Guide
This chapter is consistent with
the content of PMBOK® Guide
Ch 11 Project Risk Manage-
ment although there are defi-
nition differences that will be
noted.

INCOSE ——
This chapter is consistent with
INCOSE Handbook Sec 5.8
Risk Management Process.

“A ship in a harbor is safe, but
that's not what ships are built
for.”

William Shedd

Ships are built to pursue
opportunities, as are projects.

Risks are born of opportuni-
ties. Without opportunities
there are no risks.
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When you're encouraged to
take risk, make sure to keep
the driving opportunity in per-
spective.

PMBOK® Guide
The PMBOK® Guide Ch 11
Project Risk Management
states that risks can have a
positive or negative outcome.
Our approach recognizes that
opportunities seek a positive
outcome and their associated
risks diminish that opportunity.

The value of the opportunity
must justify the incurred risks.
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adoption and implementation were slow. Then in the 1980s and
1990s, opportunities began to be addressed along with risks.

A review of current texts on risk management reveals that books
written in 2000 and 2001 may mention opportunity and may even
devote a paragraph to it. Then in 2002 and 2003, the emphasis
climbs to a page or two, but opportunities are treated as things that
happen with good results as opposed to being the very thrust of
project management. A prominent risk management text defines op-
portunity, “as a possible occurrence that will have a positive effect
on the project.” It goes on to say that, “opportunities should be iden-
tified to balance out the negative occurrences (risks) as well as to
take advantage of additional benefits of the project.” We take issue
with this perspective.

Project management is all about pursuing an opportunity to
solve a problem or fulfill a need. Opportunities enable creativity in
resolving concepts, architectures, designs, strategic and tactical ap-
proaches, as well as the many administrative issues within the proj-
ect. It is the selection and pursuit of these strategic and tactical
opportunities that determine just how successful the project will be.
Of course, opportunities usually carry risks. Each will have its own
set of risks that must be intelligently judged and properly managed
to achieve the full value of each opportunity.

This chapter is not about risk management, but rather about
managing opportunities and their risks to enhance ultimate project
value. We see problems and risks much as Henry Kaiser did, as just
opportunities in work clothes.

In project management, opportunities represent the potential
for improving the value of the project results. The project champi-
ons (the creators, designers, integrators, and implementers) apply
their “best-in-class” practices in pursuit of opportunities. After all,
the fun of working on projects is doing something new and innova-
tive. It is these opportunities that create the project’s value. Risks
are defined as chances of injury, damage, or loss. In project manage-
ment, risks are the chances of not achieving the results as planned.
Each of the strategic and tactical opportunities pursued have asso-
ciated risks that undermine and detract from the opportunity’s
value. These are the risks that must be managed to enhance the op-
portunity value and the overall value of the project.

Opportunity and risk management are essential to—and per-
formed concurrently with—the planning process, but require the
application of separate and unique techniques that justify this dis-
tinct project management element.

When we pursue the opportunity to arrive at a destination early
by speeding down the highway, we accept the risk of incurring an
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expensive traffic fine and higher insurance rates. To speed, our ac-
celerator foot instinctively stabilizes at the exact position where we
perceive the probability and benefit of arriving early is exactly
equal to the probability and consequences of getting caught. We
naturally and regularly make this trade and balance the expected
outcomes with our accelerator foot for this combination of opportu-
nity and risk.

The power of this concept is in the ability to adjust the opportu-
nity to reduce or eliminate an undesired risk. One of the authors
wanted a multiuse vehicle with all-wheel drive to get to the ski
slopes. The opportunity was to purchase a sports utility vehicle
(SUV), but the local newspaper and television vividly portrayed the
risk of rollover. Risk was significantly reduced by simply adjusting
the opportunity from an SUV to a minivan with all-wheel drive and
a lower center of gravity that significantly reduces the rollover po-
tential. Many project situations can be addressed by adjusting the
opportunity to fit the risk tolerance of the project.

It is sometimes difficult to identify the opportunity that causes
the risk (the “causing opportunity”). For instance, inhabitants of the
southeastern United States are subjected to hurricanes almost every
year. The causing opportunity, of course, is enjoying the benefits of
living within the hurricane zone. Many people knowingly make that
decision and consider the risk worthwhile. Similarly, other people
prefer San Francisco as a place of residence in spite of the well-
known risk of earthquakes.

If you have difficulty identifying or evaluating the causing op-
portunity, the risk just might not be important enough to accept and
manage. In this case, consider eliminating the item or circumstances
creating the risk.

LEVELS OF OPPORTUNITY AND RISK

In project management there are two levels of opportunities and
risks. Because a project is the pursuit of an opportunity, the first
category, the macro opportunity, is the project opportunity itself.
The approach to achieving the project opportunity and the mitiga-
tion of associated project-level risks are structured into the strategy
and tactics of the project cycle, the selected decision gates, the
teaming arrangements, key personnel selected, and so on.

The second level encompasses the tactical opportunities and
risks within the project that become apparent at lower levels of de-
composition and as project cycle phases are planned and executed.
This can include emerging, unproven technology; incremental and

[vww .ebook3000.con}

When we pursue opportunity,
we normally incur risk. The
opportunity to experience the
thrill of an exciting sport like
hang gliding or scuba diving
brings with it the attendant
risks. Many people instinc-
tively make the trade that the
thrill is worth the risks. Others
decline.

Opportunities and risks are
endemic to the project envi-
ronment. However well
planned a project may be,
there will always be residual
project risk.
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There is no simple way to
prevent disasters. Nothing
short of a systematic, detailed
process will work.

If you don’t identify opportuni-
ties, they won't be in your field
of view.

If you don’t actively attack
risks, the risks will actively
attack you.

evolutionary methods that promise high returns; and the tempta-
tion to circumvent proven practices in order to deliver better,
faster, and cheaper.

In the heat of project battle, it is easy for opportunities and risks
to slip by or to slip in inadvertently. It is the project manager’s re-
sponsibility to maintain a high level of awareness among all project
participants, especially during various activities, such as:

* Project definition,

e Concept definition,

e Architecture definition,

* Strategic and tactical planning,

e Artifact selection and development,
e Hardware and software development,
* Manufacturing and coding,

* Supplier selection,

e Verification,

e Shipping and handling,

* Deployment, and

* Change evaluation.

Regarding the career-limiting effect of underestimating future
risks, March and Shapira have articulated this management di-
chotomy: “Society values risk taking but not gambling, and what is
meant by gambling is risk taking that turns out badly. ... Thus,
risky choices that turn out badly are seen, after the fact, to have
been mistakes. The warning signs that were ignored seem clearer
than they were; the courses that were followed seem unambiguously
misguided.”

The rest of this chapter is about maximizing opportunities and
dealing directly with the inevitability of their risks—the foresee-
able ones as well as the “unknown unknowns” that occur throughout
the project.

PROJECT-VALUE-DRIVEN OPPORTUNITY AND
RISK MANAGEMENT

Project value can be expressed as benefit divided by cost. Opportu-
nities and their risks should be managed jointly to enhance project
value. This is based on the relative merits of exploiting each oppor-
tunity and mitigating each risk. In the context of the opportunity
and the resultant project value, you make that kind of evaluation in
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your personal life every time you estimate how much you will drive
per year (your opportunity) to decide how much insurance you
should carry and with what level of deductible, which is the amount
of residual risk you are willing to accept (your risk tolerance).

We carry a spare tire to mitigate the risk of a flat tire by re-
ducing the probability and impact of having a delayed trip. The
high value we place on getting where we want to go far exceeds the
small expense of a spare. When deciding to pursue the opportunity
of a long automobile trip, we may take extra risk management pre-
cautions, such as preventive maintenance and spares for hard-to-
find parts.

The assessment of opportunity and risk balance is situational.
For instance, few of us today have a car with more than one spare
tire (multiple spares were a common practice in the early 1900s).
However, a friend of one of the authors decided to spend a full
month driving across the Australian Outback in late spring. He was
looking for solitude in the wilderness (the opportunity). On advice
from experienced friends, he took four spare tires and wheels. They
also advised him that the risk of mechanical breakdown was very
high on a 30-day trip, and the consequence would almost certainly
be fatal. However, the risk of two vehicles breaking down at the
same time was acceptably low. So he adjusted the opportunity for
absolute solitude by joining two other adventurers. They set out in
three cars. Everyone survived in good health, but only two cars re-
turned, and two of his “spare” tires were shredded by the rough ter-
rain. The mitigation approach proved effective.

We define opportunity and risk management as the process to
enhance the opportunities and reduce their risks by:

* Identifying potential opportunities and their risks.
* Assessing associated probabilities of occurrence and the impact
(benefit or consequence) of the occurrence to the project’s value.
* Deciding to:
Do nothing OR  Take causative OR  Take contingent

action for action in response
opportunity, to a predefined
preventive trigger.

action for risk.

Opportunity management is driven by the desire to excel and
risk management is driven by the desire not to fail or fall short of
the objectives. The major driving forces for each are shown in Fig-
ures 13.1 and 13.2.
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PMBOK® Guide
The PMBOK® Guide Ch 11
Project Risk Management
identifies six processes:

1. Risk Management
Planning.

Risk Identification.
Qualitative Risk Analysis.
Quantitative Risk Analysis.
Risk Response Planning.

oo~ wDd

Risk Monitoring and
Control.

INCOSE —
INCOSE Handbook Sec 5.8
Risk Management Process
defines risk management as:

* Risk Identification.
* Risk Planning.

* Risk Assessment.

* Risk Prioritization.

* Risk Handling and
Mitigation.

Risk Monitoring.
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Since many opportunities and
risks are discovered in the
decomposition process, it is
impossible to identify all
opportunities and their risks at
the outset.

Manage to achieve high benefit and

1.0+ high probability
» Seek opportunities to support the strategic objectives
n » Foster creativity to achieve best-in-class performance
o » Keep the team energized to excel
' » Proactively manage success
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Figure 13.1 Opportunity management objectives—driven by the desire to excel.

Opportunity and risk management depends on a solid founda-

tion of planning and proactive management of the plan. Good plan-
ning practices are:

Develop (and use) an implementation plan that is:
—Developed—and committed to—by the project team.
—Kept current.

Use proven processes tailored to your project.
—Systems engineering methodology.

—Software development methodology.

—Hardware development methodology.

—Reliability and quality methodology.

Manage the business and technical baselines.

—Keep participants informed of the evolving baseline.

The project team may feel they have already “managed” the

risks by creating the initial opportunity/risk management plan. But
opportunity and risk management is ongoing—it evolves as the proj-
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Manage to reduce probability and consequence

1.0+ toward zero
» Adjust driving opportunity to reduce or eliminate the risk
» Reduce probability by removing failure causes (drive safely)

Sy » Reduce impact by anticipating the result and preparing for it
o (wear seat belts)

qI; * Hold management reserve for reactively handling risk
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Figure 13.2 Risk management objectives—driven by the desire not to fail.

ect proceeds. Plans must be updated as new opportunities and risks
are identified and the impacts are evaluated.

Opportunities and risks are interrelated and the risks must be
justified by the opportunity pursued. The following eight-step op-
portunity and risk management process justifies decisions based on
expected value analysis:

1. Identify the opportunities and risks.
e What opportunities are available? What benefits?
What are their risks? What consequences?
Describe with “If . . ., then .. .” statements.
Group by like categories, such as funding, safety, sched-
ule, and so on.
2. Assess both probability and impact. Forecast the expected value.
3. Prioritize according to expected project value.
4. Develop candidate management actions to enhance opportuni-
ties and mitigate risks.
5. Estimate the cost of both immediate and contingent actions.
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Each opportunity and its risk
should be evaluated as a
whole, taking into account
relative probabilities and
offsetting benefits and
conseqguences.
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6. Compare changes to expected value against action costs (Miti-
gation Leverage).

7. Decide on actions required and obtain concurrence.

8. Document and incorporate decisions in all planning.

Some project managers and executives make a distinction be-
tween eliminating risks versus insuring against them (such as liabil-
ity insurance) or deciding on an action versus planning a contingency.
In our view, these are simply alternative cases of opportunity and
risk management and need to be evaluated as such. For example, we
consider insurance as one possible mitigating action for product lia-
bility risks. The examples that follow demonstrate techniques that
are unique to opportunity and risk management. Opportunity and
risk management actions fall into four categories:

1. Accept the opportunity and its risks with no exceptional action.
We use this approach when we cross a street at a crosswalk
with no exceptional actions to enhance the experience or re-
duce the risk.

2. Avoid the risk, which can often be accomplished by adjusting
the opportunity to eliminate the risk cause. Driving carefully
within the speed limit with seat belts fastened is an example of
risk avoidance.

3. Retain the opportunity and transfer the unacceptable portion
of the risk to a third party usually with only a small effect on
the expected value of the opportunity. This is commonly
achieved by insurance such as collision insurance and home-
owners insurance.

4. Mitigate the risk and retain the opportunity. Reduce the proba-
bility or consequences of the risk to an acceptable level by one
or more actions. In technical projects, redundant circuits and
high reliability parts are possible mitigation actions.

IDENTIFYING OPPORTUNITIES AND THEIR RISKS

A major challenge of the project manager is team motivation. The
“risk list” is a demoralizing force as the team engages in ongoing dis-
cussions to identify all the things that could go wrong. As Rita Mul-
cahy phrased it in her book Risk Management, “opportunities should
be identified to balance out the negative occurrences (risks) as well
as to take advantage of additional benefits of the project.” Mulcahy
recognizes the negative morale that can result from incessant risk
management viewed exclusive of the creating opportunities.
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The “managing opportunities and their risks” approach main-
tains harmony and balances the evaluations. A risk that key person-
nel may not be available when required sounds serious. If the real
situation is that the best supplier in the country has agreed to do the
work (opportunity), but their best personnel may not be available
(risk), then a key personnel clause in the contract may be sufficient
to mitigate the risk. Having the opportunity and risk tied together
puts the problem in context and balance.

On the Boeing 777 development, Boeing engineers wanted to
seize the opportunity of using aluminum-lithium to save weight,
gain payload capacity, and maximize fuel economy (opportunity).
However, machining the material caused cosmetic cracks that would
have to be explained in their maintenance manuals (risk). Discus-
sions were held at the highest levels of management to evaluate the
value trade-offs and impact to the 777 program. Aluminum-lithium
was rejected as too risky to the market image of Boeing. It was a sig-
nificant project-value-based judgment, as well as a vivid case of sys-
tems thinking.

A simple approach is to reward those who identify opportunities
and risks. A cost-effective technique is a prominent posting (perhaps
outside a manager’s door) of all the opportunities and their risks in
a manager’s domain. A brief statement of what actions will be taken
(or if no action is to be taken, why not) and who has the action
should be included in the listing. The listing has powerful effects. It:

* Shows that the manager is serious about pursuing and managing
creativity.

* Rewards participants (printed recognition is an effective, inex-
pensive reward).

e Stimulates others to think of opportunities.

¢ Precludes redundant efforts.

* Prompts others to offer suggestions for how to mitigate identi-

fied risks.

It can be helpful to subdivide the myriad of possible opportuni-
ties and risks into categories. Opportunity categories are strategic
and tactical, like deciding what business to be in (strategic) and then
pursuing the business (tactical). Figure 13.3 illustrates examples in
each category. Using emerging technology or new development tools
are examples of tactical opportunities that bring with them the risk
of unsuccessful implementation.

Risk categories include risks to project implementation and risks
to, of, and by the product, such as lack of sufficient funding (imple-
mentation) and incorporating dangerous toxins (product). Figure 13.4
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To evaluate risk without regard
to the driving opportunity is
almost meaningless and could
be irresponsible.
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Project
Opportunities/Risks

Strategic Tactical
Right Solution? Right Approach?
* Market(s)? » Concept?
» Objectives? » Features?
« Product? « Technology?
« Timing? » Development tactics?
» Strategy? « Delivery tactics?
« Price? » Cost?

* Warranty? » Schedule?
Portfolio Systems
Management Engineering
Issues Issues

These can seriously influence the project’s value

Figure 13.3 The two categories of opportunities and risks.

illustrates examples in each category. This is only a representative
list—all relevant areas must be considered. Each of these areas
should be evaluated in the context of the causing opportunity.
Identify the opportunities and risks for each project-cycle phase
by systematically applying the appropriate techniques based on

analysis, planning, and history. Techniques based on analysis include:

* Opportunity and risk checklists (the categories and lists in Fig-
ures 13.3 and 13.4 offer a beginning checklist).

* Rules of thumb and standards of performance.

* System decomposition and critical items (Vee off-core analysis).
* Hazard analysis.

* Failure modes analysis.

* Interviews with experts.

There is a wide variety of texts available that provide insight and
checklists on identifying risks having to do with project administra-
tion, that is, risks associated with schedule, critical path, funding, re-
sources, personnel, and so on. Tom Kendrick’s book, Identifying and
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Tactical
Opportunities and Risks

Programmatic Product
Ability to deliver Ability to satisfy
as planned the needs
« Stakeholder support * Feasibility
¢ Funding * Design
+ Cost/budget * Producibility
¢ Schedule ¢ Development
* Resources ¢ Failure modes
¢ Suppliers e Hazards
Project Systems
Management Engineering
Issues Issues |

These can seriously influence the ability to deliver

Figure 13.4 The two categories of tactical opportunities and risks.

Managing Project Risk,® and Rita Mulcahy’s book, Risk Manage-
ment,* are excellent references.

Figure 13.5 illustrates three areas of risks relative to the oppor-
tunity of product solution creation on development projects.

The first are “risks to the solution,” such as shipping and han-
dling. We are all very familiar with the use of foam popcorn and
bubble wrap to mitigate the handling risk when shipping a fragile
product. This category also includes the need for contamination con-
trol in semiconductor manufacturing, in pharmaceutical develop-
ment and production, and in spacecraft development. In secure
projects, security risks are critical and risk management must en-
sure the project’s opportunity is not compromised by inadvertent
disclosure. A recent mishap, when the NOAA N Prime $200 million
satellite fell off of its tilt stand and crashed to the floor, is an excel-
lent example of the handling risks not being properly managed. In
this case, operators bypassed good workmanship practices and did
not follow established procedures.

The second category is “risks of the solution,” which become
imbedded within the product only to surface later and cause project
failure. There are many famous illustrations of this type of poorly
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‘ Product Risk Areas ’

Risks Risks Risks
to the solution of the solution by the solution
» Handling « Failure modes « Hazards
« Shipping « Deficient design « Radiation
+ Contamination « Deficient quality « Explosives
» Workmanship + Insufficient margin « Potential energy
» Flawed process * Wrong assumptions < High voltage
* Part substitution « Toxins
» Sabotage « Infectious

These can lead to product failure and lawsuits

Figure 13.5 Areas of product risk.

managed risk. The Hubble telescope, the space shuttle Challenger,
the Ford Pinto, the submarine Scorpion, and all the vehicles and
other products that are the subject of product recalls were deployed
with flaws built in to their products. Good design and verification
practices should have caught and fixed every one of these flaws be-
fore first deployment. However, other stakeholders may have over-
riding priorities. A tragic case of this opportunity/risk relationship
occurred in the 1970s. Lee Iacocca, head of the new Ford Pinto car
development, was committed to pursuing the opportunity to enter a
new market segment in competition with Japan and Germany for a
low-cost car. He mandated 2,000 pounds and $2,000 as the value
criteria that had to be met with no exceptions. It was soon discov-
ered that the car would explode on rear impact because of gas tank
location and design. To address that risk, the company could have
made an $11 per car modification. However, they elected to accept
the risk and pay for injury and deaths because the liability cost
would be less than the tank modification cost. This unfortunate de-
cision was based solely on a cost of the opportunity versus the cost
of the consequences and resulted in several hundred lost lives.

The third product category is “risks by the solution” where the
solution contains risks that can cause injury to the product or to
those using the product. Nuclear power plants, radiation benches,
weapons, and hospitals are all solutions that can cause injury to the
innocent. Hospitals now shorten rehabilitation time to quickly exit
patients from the potentially infectious environment of the hospital.

All of these areas must be considered in opportunity and risk
planning in order to achieve a high probability of success.
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Hazard analysis is a risk identification technique used to ensure
all system hazards have been identified and anticipated in plans.
Once identified, all hazards to personnel and to the system are
either accepted, reduced by design, or contained by practice. For
example, a high-pressure gas hazard can be reduced by designing
the equipment with a large safety factor. Alternatively, the risk of
explosion can be contained by placing sand bags or other protection
between the hazard and personnel.

Failure Modes and Effects (and Criticality) Analysis (FMEA
and FMECA) are risk identification techniques used to ensure all
significant failure modes have been identified and anticipated.
These techniques employ the following:

* Selection of a ranking or prioritizing scheme for project failure
modes concern and attention.

e Identification of all single-point failure modes and ranking of
them.

* Analysis of additional failure modes and the resultant opera-
tional effects.

* Determination of those failure modes requiring elimination, re-
dundancy, and/or increased reliability.

* Implementation of the corrective action.

When ranking FMEA risks, it is helpful to have clear categories.
Consider the following category examples:

Category #1—Loss of life.

Category #1R—Loss of life but the mode has redundancy.
Catego