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Introduction
by
William J. Perry

The Department of Defense has recently charted a new course to
further improve the way in which it provides weapon systems for the
warfighter. This path has seen a fundamental change in how mem-
bers of the Government/industry acquisition team work together to
develop America’s arsenal for defense. These changes center around
the use of Integrated Process and Product Development concepts
and the use of empowered, multifunctional teams, called Integrated
Product Teams. Integrated Product Teams have been used success-
fully in industry for a number of years. One particularly successful
example has been the use of Integrated Product Teams on the
Boeing 777 program. Now several programs in the Defense Depart-
ment are operating under these concepts. The earliest, and the
leader in these concepts, is the Air Force F-22 Advanced Tactical
Fighter development program.

In this book, Lieutenant Colonel Michael D. Williams, USAF, first
describes the principles and the concepts of the F-22 program. These
thoughts and ideas are broad in nature and applicable to all weapons
development programs. He then describes how the F-22 program
implemented this theory. Here you will find detailed explanations of
how the F-22 program operates and see practical examples of how the
theoretical concepts can be applied in the real world. In the book’s
final section, Colonel Williams shows several examples of how we
have successfully applied these concepts throughout the Department.

I believe that to truly improve the Defense Department’s acquisi-
tion process we must do much more than reform rules and regula-
tions. True change will come only from initiatives taken by the out-
standing men and women serving in program offices, headquarters
staffs, development laboratories, testing facilities, contractor plants,
and throughout industry. This book explains successful program
management initiatives that will improve the way the Department of
Defense provides for its operational forces. This example can serve as
a model and as an inspiration to all of us.

William J. Perry served as Secretary of Defense from 1994 to 1997.
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Foreword

The F-22 development program has served as a flagship for
defense acquisition reform. In this program, fundamental concepts
such as integrated product development using integrated product
teams were created, tested, refined, and fully implemented. These
and other ideas from the F-22 program have propagated throughout
the Department of Defense and defense industry. Examples abound
in such programs as the Joint Strike Fighter, the New Attack Subma-
rine, and the Landing Platform Dock (LPD)-17.

The F-22 management approach has yielded much nearer term
benefits as well. Today, the Air Mobility Command operates the C-17
airlifter responding to missions that span the globe. In stark contrast
to earlier predictions, the Boeing Company is delivering this airlifter
below projected cost and ahead of schedule—all as a direct result of
much hard work on the part of government and industry to implement
management reforms flowing out of the F-22 program.

In Acquisition for the 21st Century: The F-22 Development
Program, Lieutenant Colonel Michael D. Williams captures the ele-
ments which have spelled success for this new fighter program.
However, this is much more than a documentation of history. Part 1
describes the theory behind the F-22 program acquisition innovations.
Part II demonstrates how the program leadership applied this theory
to the actual tools and techniques used to run the fighter development
effort. Part III shows how the theory has been applied to several
acquisitions throughout the Department of Defense, proving that the
theory is applicable well beyond the F-22 program.

Acquisition for the 21st Century serves as both a history and an
acquisition primer for successful program management. I commend it
to Program Managers for their study. Perhaps most importantly, I
commend it to the men and women in the program offices and defense
suppliers throughout the Nation and the world who continue to devel-
op the world’s finest equipment for the world’s best military.

Thorroe P, Cona.

Thomas Crean
President
Defense Acquisition University
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Preface

The history of acquisition is characterized by dedicated individu-
als working within, and sometimes around, the system to provide
weapons to the warfighter in the best way possible. Few outside our
often-maligned defense procurement process know of the many
success stories in the weapons developed by the United States.
Admittedly, a few highly visible programs have fallen far short of
being considered successful. The hallmark of every development effort
is the desire of the program’s management to learn from those who
went before, capitalize on their lessons learned, and implement
new procedures to improve the process of developing a system that
meets the warfighter’s needs. The development of America’s next-
generation air-superiority fighter—the Air Force F-22—is an example
of a program that has done just that: capitalized on past successes,
heeded warnings from past failures, created new tools and methods,
and, as a result, developed a model acquisition program.

This account describes new methods and processes used in devel-
oping the F-22. What are these innovations, and why would readers
want to know about them?

In 1986, General Larry D. Welch, the Air Force Chief of Staff,
singled out the F-22—then called the Advanced Tactical Fighter
(ATF)—program as an opportunity to improve the acquisition process.
This book explains how leaders of the program have met that man-
date; what they’ve done to improve the process of designing and devel-
oping a weapon system. But, again, why is it important for readers to
know about the F-22 program?

By picking up this study you are obviously interested in acquisi-
tion. The F-22 system program office hosts more than 100 visitors
every year; they, like you, share an interest in acquisition. The visi-
tors have included program managers from within the Air Force,
from other services, and from elsewhere within the Department of
Defense (DOD) as well as congressional staffers, procurement offi-
cials from agencies outside the DOD (such as the National
Aeronautics and Space Administration and the Federal Aviation
Administration), and officials from other countries. All have wanted
to know how the F-22 program operates.

Perhaps you’re an acquisition official trying to see what all the
hoopla is about. Perhaps you're trying to reform the acquisition
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process. Maybe you'’re a program manager merely trying to survive
to see another sunrise. Whatever your position, this book tells how
the F-22 program operates. More important, it shows why the F-22
program runs the way it does. Before diving in, however, you need to
know the answers to several questions.

WHAT ARE THE BOOK’S CONVENTIONS?

The subject of this study has known two names—the ATF
program and the F-22 program. In October 1986, to pursue a
replacement for the F-15 fighter, the Air Force awarded two air vehi-
cle design contracts for the demonstration/validation phase. This
effort pitted Lockheed Aircraft Systems Company (teamed with the
General Dynamics Corporation and Boeing Aircraft Company)
against Northrop Aircraft Division (teamed with McDonnell Douglas
Corporation) to conduct design and technology demonstrations in
order to validate their weapon system approaches for the next-
generation air-superiority fighter. These approaches stemmed from
the previous concept development investigation phase. Lockheed’s
prototype, designated the YF-22A, and the YF-23A Northrop, were to
fly and demonstrate their respective team’s predicted perform-
ance. Simultaneously, the ATF program office took control of
the ATF Engine program, previously called the Joint Advanced
Fighter Engine program. This engine program similarly followed a
competitive demonstration/validation prototype program in which
General Electric Aircraft Engine Company vied with Pratt &
Whitney Government Engine Business to see who would develop
and produce the ATF’s engine.

In April 1991, Secretary of the Air Force Donald B. Rice selected
the Lockheed F-22 team to develop the weapon system (the fighter
plus the training and support systems). He also selected Pratt &
Whitney to design and build the ATF’s F119 engine. (See appendix A
for a brief history of the program.)

Following Secretary Rice’s decision, the engineering and manu-
facturing development phase started on August 2, 1991. At that time
the ATF program became the F-22 program. This account refers to the
ATF program when discussing the early program (such as the demon-
stration/validation phase) and the F-22 program when describing
engineering and manufacturing development, the subsequent phase.
Also, several of the main participants changed rank during the course
of events. For example, James A. Fain, Jr., the Program Director from
1986 until 1992, started the program as a colonel and retired from the
Air Force in 1995 as a lieutenant general. I refer to him as General
Fain throughout the text.



WHO ORIGINATED THE IDEAS IN THE BOOK?

The ideas, thoughts, and collective wisdom presented come from
the founders of the ATF program: General Fain, Eric E. Abell, Colonel
Wallace T. Bucher, and Jon T. Graves, whose positions in the program
appear below.

These four leaders drew support from an able staff of some of the
Air Force’s and industry’s finest personnel. The entire ATF/F-22 team
had a hand in creating and shaping the concepts described. That team
consists of members of the program office, representatives of the opera-
tional user (Air Combat Command, formerly Tactical Air Command),
representatives of other Government organizations, and, significantly,
members of the contractor community (the F-22 and F-23 aircraft teams
and the F119 and F120 engine teams). Among this team, Colonel Robert
Kayuha, Colonel William Buzzell, Michael Nock, Ronald Runkle, and
Lieutenant Colonel Janet Bloom stand out as major contributors to the
acquisition innovations now in use by the program.

The ATF Program Founders

James A. Fain, Jr. Program Director 1986-1992
Eric E. Abell Technical Director 1985-1993
Wallace T. Bucher Deputy Program Director 1986-1991
Jon T. Graves Deputy Program Director 1984-1996

WHAT Is MY PERSPECTIVE?

I joined the ATF program as a project officer in January 1990, at
the end of the demonstration/validation phase. In March 1991, I
became General Fain’s executive officer, gaining firsthand access to
the program director and his staff. I left the program for 14 months
but returned in September 1993 to head the Support System
Integrated Product Team, one of the F-22’s four major teams. In that
position, I had to live or die with the tools and procedures described
in chapters 7 and 8.

Thus, during my two tours with the F-22 program, I saw the
program from the perspective of the program director and his key
advisors and then participated in day-to-day program execution.
Admittedly a biased observer, I've seen firsthand how the program
operates. Moreover, I've worked with the team that laid the founda-
tion for the program.



How Is THE Book LAID Out?

Simply put, it’s theory first, practice second, and other examples
third. Don’t bypass the theory, or what I call the principles and
methods. Here’s why: The way the F-22 program carries out its
mission works well for the F-22. However, its solutions are system
specific. They meet the unique needs of the F-22 program—or a
similar program of its size and in the same environment. None-
theless, the F-22’s fundamental concepts should apply to most acqui-
sitions in most environments. Thus, the section on theory (part I)
gives basic acquisition truths—the really important material. Their
application (part II) shows how the F-22 program operates and gives
examples that help prove the value of the underlying theory. Part III
describes several programs and activities within the DOD that are
using these techniques today and the way the Department has man-
dated their use in all aspects of weapon acquisition for the future.
For those who are especially hearty, more detailed discussion on
some special topics follows in the appendixes.

How BEST TO READ THis BOOK?

I suggest that you read the conclusion (chapter 11) first. It sum-
marizes the entire book and includes the most important points. Then
read the preface and the first page of each chapter. At the beginning
of each chapter is an outline of that chapter, which you can scan to
find the information you most want to read in more depth. Chapters 2
and 3, on principles and methods, present the heart of the basic acqui-
sition truths, and chapter 9 describes the lessons learned from the use
of these ideas on the F-22 program.
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PART |

Theory

that the same procedures that have been successful in one

weapon development program are appropriate for another. If
the environment and all conditions are the same in both programs,
such an approach may work. However, when the situations differ
(as is usual), the unchallenged application of original prescriptions
will likely fail. Part I examines basic acquisition truths that are
appropriate for most conditions and environments. Twenty princi-
ples make up the first part of these truths (described in chapter 2).
Two methods complement them (chapter 3). The Advanced Tactical
Fighter (ATF) program’s leadership used these concepts to conduct
the ATF demonstration/validation phase and to establish the F-22
engineering and manufacturing development phase.

B ecause circumstances vary, there’s some danger in assuming
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Congress has warmly embraced well-disciplined, trim and fit,
ready to fight programs such as the advanced tactical fighter
(ATF), now known as the F-22.

Senator John W. Warner,
“Legislative Perspective,”
in Military Project Management Handbook

most important, the Air Force warfighters view the F-22 devel-

opment effort as a model acquisition program. It is instructive
to remember that the first two groups have, in the past, frequently
seen much to fix within the weapon development process. What have
been the problems, and what role has the F-22 program played in
helping improve the way America builds weapons?

Congress, the Department of Defense (DOD) leadership and,

BACKGROUND: THE UGLY YEARS OF WEAPON DEVELOPMENT

Interest in improving the acquisition process for U.S. military
weapons and supplies began with the founding of the Nation. However,
since World War 11, the executive and legislative branches have shown
an exponentially increasing interest in military acquisitions.

Fear of the Soviet threat in the 1950s spurred U.S. development
of weapons that would provide the Armed Forces a military edge.
DOD acquired weapon systems with a strong focus on perform-
ance, at the expense of cost and schedule. In 1962, the Harvard
Weapons Acquisition Research Project examined 12 major defense
projects and found a tendency for cost and schedule overruns
(costs averaged seven times more than initially estimated and
development toock 36% longer than originally scheduled). The
Project recommended:

Making cost equal in importance to performance and schedule
Eliminating “gold plating” (developing performance and features well
beyond that reasonably needed for effective military capability)
Increasing competition at the start of a new project

Reducing the number of cost-type contracts, particularly cost-
plus-fixed-fee contracts.
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By the mid-1960s, in an effort to improve the acquisition process,
Robert H. Charles, the Assistant Secretary of Defense for Installations
and Logistics, conceived of the total package procurement concept. His
motivation was to

Reduce cost overruns

Instill greater competition

Assign the contractor total responsibility for system design
Prevent contractors from “buying into” programs by submitting
artificially low bids.

Although the total package procurement concept had some
limited success (the Air Force Maverick air-to-surface missile is
the best example), it did not solve the traditional problem of cost
overruns. In addition, programs continued to slip schedules and
frequently did not meet their performance specifications. Programs
that encountered problems under the concept included the Air Force
C-5A cargo aircraft, the Army AH-56A Cheyenne helicopter, and the
Navy DD-963 destroyer.

CONGRESSIONAL AND DOD REFORM

The problems on the C-5A, AH-56A, and DD-963 programs raised
concern in Washington about the federal acquisition process and led
to numerous studies, including that of the Commission on
Government Procurement, established by Congress in November
1969. Also in reaction to the problems of cost, schedule, and technical
performance, the Deputy Secretary of Defense, David Packard (the
co-founder of the successful electronics giant Hewlett-Packard), initi-
ated a host of efforts to reform the Department’s method of developing
and acquiring weapons. These included:

* Establishing a Defense Systems Acquisition Review Council (the
predecessor of the current Defense Acquisition Board) to examine
and assess a program’s readiness to proceed to the next phase of
its development

* Increasing competition through the use of prototype systems to
decrease reliance on technically unreliable “paper” competitions

* Encouraging early testing and evaluation of a system to gauge its
performance and limitations and thus its operational suitability
as soon as possible

* Requiring formal Secretarial approval at three points in the
weapon development cycle known as milestones (between the four
phases of the cycle: concept formulation, validation, operational
systems development, and production; see Figure 1-1).
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Figure 1-1. Original Packard Weapon Development Phases, 1970

Concept Operational
Validation Systems Production
Formulation Development
Milestones 1 il Hi

In 1972, following Packard’s changes to DOD procurement, the
Commission on Government Procurement released its four-volume
report, which made 149 recommendations—82 requiring executive
action and 67 requiring legislative action. Among the major recom-
mendations were:

¢ Emphasize up-front competition on alternative system approaches

*  Simplify the decision process by relying more on sound judgment
and less on regulations and complicated contracts

¢ Reduce the layers of management and administration between
policymakers and program offices

* Require more government reliance on the private sector and less
on in-house facilities for procurement

¢ Give visibility to Congress so that it can exercise its responsibili-
ties (i.e., provide Congress with the information it needs to make
key program decisions and commitments).

DOD had already implemented many of the recommendations by
the time the Commission released the report. One major change lay in
the search for alternate ways to eliminate mission deficiencies. This
resulted in a new milestone (termed Milestone 0, so that the existing
milestones would not be renumbered) that required the approval of a
need statement before the start of concept exploration.

The 1970s saw continued acquisition reviews and studies. In
1976, the Office of Management and Budget issued Circular A-109,
which defined the federal acquisition process and aligned the majori-
ty of executive departments with the DOD phased procurement
method (including Milestone 0).

In 1981, Frank C. Carlucci, the Deputy Secretary of Defense,
directed changes to the acquisition system through his 31 Initia-
tives. His objective was to improve the acquisition system. His
goals were to:



6 Acquisition for the 21st Century

Reduce cost

Improve the efficiency of the acquisition process
Increase the stability of weapon development programs
Decrease the time it took to acquire military hardware.

In 1983, the spotlight again fell on federal and, specifically, DOD
procurement. Kenneth L. Adelman and Norman R. Augustine, in The
Defense Revolution, describe the times this way:

Stories of wildly inflated prices for ordinary items [toilet
seats, coffee pots, diodes, pliers, and hammers] first sur-
faced in the early years of the Reagan defense buildup when
the then secretary of defense extensively publicized such
incidents in an apparent effort to demonstrate that the
Defense Department would be a scrupulous and tough
manager of the increased funding it was seeking. Somehow
the whole effort backfired. The public concluded that the
department must be grossly incompetent to have paid so
much money for everyday items and that the defense indus-
try must be composed of crooks.

With the tortured history of weapon acquisition and the image of
the infamous $400 hammer firmly in mind, President Ronald
Reagan established his Blue Ribbon Commission on Defense
Management. This Commission brought David Packard back to the
center stage of DOD acquisition reform. The Acquisition Task Force
(headed by William J. Perry), a subgroup of the Commission,
released its initial findings and recommendations in A Formula for
Action: A Report to the President on Defense Acquisition on April 7,
1986. The study found that cost and schedule overruns still existed.
The task force summarized the issues as follows: “All too many of
our weapon systems cost too much, take too long to develop, and, by
the time they are fielded, incorporate obsolete technology.” The key
recommendations of the study included:

Streamline the organization and procedures of acquisition
Use technology to reduce the cost of acquisition (by stressing
the importance of prototypes and demonstrations that prove the
effectiveness of technology)
¢ Balance cost and performance (by encouraging early trade-offs to
meet military needs at a lower cost)
Stabilize acquisition programs
Expand the use of commercial products
Increase the use of competition in the acquisition process
Enhance the quality of acquisition personnel
Improve the nation’s capability for industrial mobilization.
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THE CHARGE: CREATE A MODEL ACQUISITION PROGRAM

The $400 hammer and the Packard Commission’s report set the
tone in the halls of the Pentagon in December 1986. The newly
appointed director of the Air Force program to develop the next-
generation air-superiority fighter, General James A. Fain, Jr. (then a
colonel), was summoned to meet with General Larry D. Welch, the Air
Force Chief of Staff. General Welch was quick and to the point in his
charge to Fain:

1. Develop the Air Force replacement for the aging F-15 fighter
2. Create a model acquisition program and thereby set the
standard for all future weapon developments.

General Fain had just served as the Director of the Low-Altitude
Navigation and Targeting Infrared for Night (LANTIRN) program (he
is credited with bringing it back from the brink of disaster). As such,
he understood the first task, to lead the program that would develop
and field an F-15 replacement. However, his second task, to create a
model acquisition program, seemed daunting, perhaps even impossi-
ble. As he flew out of Washington on his way back to Wright-Patterson
Air Force Base, Ohio, he decided he would tackle the comprehensible
issue first. He’d figure out the model acquisition part later.



The 20 Principles
of Acquisition




It’s not what we did that’s important. It’'s why we did what we
did that people should remember!

General James A. Fain, Jr.

‘A Ihen General Fain became the Director of the Advanced
Tactical Fighter (ATF) development program, he brought
with him a list of what he would avoid in managing an

acquisition program. He had created the list from hard-won experi-

ence running the Low Altitude Navigation and Targeting Infrared
for Night (LANTIRN) program. For example, on LANTIRN, he had
become frustrated by its failure to integrate the cost-reporting
system with the statement of work. Unable to track actual cost
performance by task, he found the cost-reporting tool of little value.

He vowed then never to run another program without properly inte-

grating its various management tools.

Fain, and the principal members of his team, Eric E. Abel,
Colonel Wallace T. Bucher, and Jon T. Graves, examined the
successes of earlier weapon development programs, such as those
for the F-15 and the F-16 fighters. They also looked at where these
and other programs had run into trouble. Armed with the LANTIRN
list and lessons learned from other programs, they drew on their
accumulated acquisition experience to evolve a set of operating
principles for managing the ATF/F-22 program. Using these operat-
ing principles as the foundation for their decisions and actions,
they hoped to create a program that would successfully yield an
air-superiority fighter responding to the needs of the Tactical Air
Command. Figure 2-1 lists the operating principles they defined.

THE PRINCIPLES OF ACQUISITION

1. Operate with Integrity — Integrity stands out as the
conspicously most important principle. Webster’s New World
Dictionary defines integrity as “the quality or state of being of sound
moral principle; uprightness, honesty, and sincerity.” Defined for the
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Figure 2-1. The ATF/F-22 Program’s Principles of Acquisition

1. Operate with integrity.
2. Work as a team.
3. Use logic and common sense.
4. Involve everyone.
5. Integrate the entire system.
6. Ensure ownership.
7. Use a disciplined approach.
8. Understand what is really required.
9. Set realistic expectations and meet them.
10. Provide realistic options.
11. Take a long-term view.
12. Do it right the first time.
13. Have what you need for the effort.
14. Ensure everyone knows what it takes to meet the goal.
15. Use an event-based schedule with defined success criteria.
16. Define success and be able to measure it.
17. Reward success.
18. Focus on a win-win relationship.
19. Guarantee open communications.
20. Achieve success with a positive attitude and focus.

F-22 program, integrity went further. It demanded two things of every
team member:

* Conduct all business relationships honestly
¢ Make sure the receiver understands one’s message.

General Fain amplified the second point. On more than one occa-
sion, he had seen those who would intentionally present factual
details in such a way that the person receiving the information
would incorrectly assume a certain condition to be true. Although
knowing that the information could (and likely would) be misinter-
preted, the presenters technically would not be lying. Fain required
all members of the ATF/F-22 team to not only present—but also
make sure that the receiver understand—the full, true story.

2. Work as a Team — Teamwork seems a somewhat obvious
notion. Working together and sharing ideas and suggestions allow
many brains to focus on a problem. Teamwork also draws individuals
together, helps them bond, and helps commit them to the endeavor.
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The program leadership recognized the enormous complexity, techni-
cal as well as managerial, of developing a supersonic, highly reliable
stealth fighter. They realized that to succeed at this undertaking they
had to constantly reinforce the idea of teamwork.

In designing the ATF, the attributes of stealth, aerodynamic
performance, supercruise (the ability to fly faster than the speed of
sound without using afterburner), integrated avionics, cost, reliabili-
ty, and ease of maintenance could all work against one another. For
example, a very low observable aircraft could be made by ridding the
aircraft of most of the maintenance access doors, thus eliminating
their cracks and gaps (which can reflect radar energy and make the
aircraft easier to detect). But that would make the aircraft much more
difficult to service, because the maintenance technician, with fewer
access panels, would have a harder time checking fluid levels or get-
ting to parts that need replacement. The goal, then, is to balance these
attributes while designing a fighter that meets all requirements.

The way to reach a balanced design is to make sure that the
various disciplines responsible for the attributes (such as reliability
engineering, signature engineering, and manufacturing as well as
those concerned with logistics, finance, and contracting) cooperate,
that is, work as a team. Each discipline needs to understand the con-
straints imposed by other disciplines, and those responsible must
coordinate and interweave their work to achieve a balanced design.

The ATF management team realized the need for teamwork from
the beginning. So that everyone understood the requirements, the
team saw that the government program office and the contractors
worked closely with the operational users (the combat fighter pilots
who create the requirements). At the same time, the team leadership
made sure that the users saw firsthand what their requirements
meant in terms of aircraft complexity and cost. Thus, teamwork
applied to all levels and members of the team: the users, the contrac-
tors, and the program office.

3. Use Logic and Common Sense — General Fain had a
deep-seated belief that the only reason for rules and regulations was
to try to prevent people from repeating past mistakes. His view was
that reasonable people, who were aware of the intended direction of
the organization, would use their common sense and make the right
decisions. In other words, he assumed they would make decisions
logically, based on the facts and not on emotions. In his own words,
“If something doesn’t feel right, look right, smell right, it probably
isn’t right. Don’t do it! Just use plain old everyday common sense in
everything you do, and you'll do the right thing.” He also encouraged
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each team member to take on “the system” to eliminate rules or
regulations that failed the logic test.

4. Involve Everyone — As Principle 2 states, teamwork is
important. But who makes up the team? Simply put, anyone who
has a stake in the outcome belongs on the team. For the ATF
program, the core, the everyday functioning team, consisted of
representatives of the contractors, the program office, and the
user—those working most closely with the program and thus having
a greater stake in the outcome.

However, the program team also included those outside this
immediate family. The program’s leadership saw a need for each
person who would come in contact with the ATF to be tied into the
program so that everyone would understand the nuances of the
program better. More importantly, the leadership wanted all team
members to feel they had something to gain by the success of the ATF.
In earlier programs, members of various staff groups and oversight
agencies (most of the organizations outside the program office) creat-
ed great turmoil through their questions and requests to review the
program because they weren’t intimately familiar with the programs.
Many of their perceptions and beliefs were inaccurate. These groups
did not necessarily share the desire to see the program succeed
that the user, the program office, and the contractors did. The ATF
program management knew that these groups formed a necessary
part of fielding a weapon system successfully and focused on making
them an active, contributing part of the ATF development team.

The program office achieved this involvement in many ways. For
example, before release of the final request for proposal (RFP)—the
document that tells the competing contractors what the Government
wants them to offer to do—the program office called together 18 Air
Force generals and Navy admirals involved in the ATF program. At
this General Officer Review, the program office explained precisely
what it was requesting of the contractors and consulted the flag offi-
cers for their advice and insights. Dissent by any member of this
forum could have easily delayed or complicated the procurement.
However, the program office had thoroughly prepared the RFP and
the overarching acquisition strategy. Both proved to be examples of
excellent coordination with, and involvement by, affected government
agencies and competing contractor teams. For these reasons, there
was no dissent, and each attendee agreed to the release of the RFP
without major change. Moreover, since the review directly involved
these senior officers they not only became part of the process but also
readily bought into the effort.
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5. Integrate the Entire System — In the LANTIRN program,
General Fain had been concerned that the many management tools
available (such as cost performance reports, work breakdown struc-
tures, and specifications) rarely related to one another. These tools
frequently reported conflicting information and, as a result, often
worked at cross-purposes. In addition, some information developed
and used by the contractor personnel, such as internal cost-account-
ing information, did not follow the regulation-required government
format. As a result, the contractor had to translate this information
into that format. General Fain’s intent was to coordinate and focus all
of the tools in the acquisition “tool set” to deliver a high-performance,
high-quality product on schedule and within cost. Ideally, the contrac-
tor and the Government would use the same information (thus elimi-
nating the need for translation of data).

As the ATF demonstration/validation phase progressed, the prin-
ciple of integration expanded. It was a driving force behind the
creation of the acquisition strategy for the next phase, engineering
and manufacturing development (EMD). The founding fathers
ensured that all the elements of the acquisition strategy were tied
together to support the overall goal of fielding the ATF. They
described the concept as a stone wall. Just as fine New England stone
walls are carefully crafted by interlocking each uniquely shaped
stone to create great strength, all the elements of the ATF acquisition
strategy had been carefully fitted. If one element (stone) of the strat-
egy was taken out or changed, it would affect the entire strategy
(wall). Change was allowed, but the integrated process had to recog-
nize all the implications of any change. The F-22 integrated acquisi-
tion strategy “stone wall” is shown in Figure 2-2.

6. Ensure Ownership — As stated in the fourth principle, the
program leadership wanted everyone involved to be committed to
success of the F-22. Their logic was that, if all team members owned
the program, all would want to see it succeed and would do what it
took to develop a high-quality product.

The F-22 program office established ownership in many ways. At
the unit level, the program office structured the government and
contractor organizations around teams, called integrated product
teams (see chapter 7), that focused on developing a specific product
(for example, the cockpit team or the landing gear team). To drive
ownership down to the individual level, the program leadership
gave the team members ultimate responsibility for their product by
allocating a budget, requirements, and a schedule—making them
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Figure 2-2. The F-22 Integrated Acquisition Strategy
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“mini—program directors” for their product. The leaders wanted all
team members to know their product so well that they could describe
its current status at a moment’s notice (i.e., know the technical
performance achieved to date, as well as the latest production cost
and weight estimates.)

The management team also wanted to establish ownership among
participants who worked at the various headquarters and associated
organizations around the country primarily by involving them in the
full program. As in the General Officer Review, members outside the
program office, not traditionally viewed as members of acquisition
teams, had an opportunity to become involved by casting their vote.
The direct result was buy-in and greater ownership of the F-22.
Pentagon staff officers were surprised and pleased that they were
invited to attend F-22 reviews. Members of the Defense Plant
Representative Offices were stunned to hear the Program Director say
they were to be treated like members of the program office and that
they were full members of the F-22 development team. Once they
were convinced of this, ownership and its inherent desire for program
success followed naturally.

7. Use a Disciplined Approach — Perhaps a disciplined
approach to a program seems like common sense (and it is), but the
founders had seen many earlier programs fail for lack of a structured
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method of management. Time wasted working on previously solved
problems, uncontrolled schedule slips, inexplicable cost growth, and
development of items not needed by the user were common in other
programs. The founders realized that, to avoid these and similar
problems and to implement the other principles they planned to use
on this program, they needed to manage the effort tightly.

8. Understand What Is Really Required — A key failing of
many acquisition programs is changing requirements. The most
palatable reason is a change in threat. To counter the new threat, the
program office must change the weapon. However, other reasons for a
change in requirements can be much less palatable. The program’s
management, which had seen these problems before, wanted to make
sure that the ATF’s requirements matched user requirements and
that the users understood the impact, including the cost, of changes
they were asking for. For this understanding to develop, they found it
was important to involve everyone who had a stake in the outcome of
the fighter in the requirements process.

Tactical Air Command personnel, as the operational users, estab-
lished the requirements. They worked their requirements iteratively
with the program office to understand the impact on the cost, sched-
ule, and performance of the fighter and then evaluated the opera-
tional benefit of these revised requirements (a disciplined, “bang-for-
your-buck” analysis). The ATF program office also found it helpful to
have the requircments coordinated at a level in the Air Force high
enough that any change would require an argument good enough to
sway the opinion of a senior decisionmaker (the Chief of Staff of the
Air Force). See chapter 5 for a discussion of the definition and refine-
ment of the ATF requirements.

9. Set Realistic Expectations and Meet Them — In talking
to a group of budding program managers, General Fain explained,
“The definition of a successful program is a program that never
surprises the Beltway—you cannot allow mis-expectations!” The
founders knew that the definition of success depended on (a) the
individual judging you, and (b) that individual’s expectation of what
you would deliver.

As an example, in the General Officer Review the 18 flag officers
had the chance to see what the program office was asking for in the
EMD phase. This session set their expectations of what the ATF
program would and would not do. For example, the expectation that
the ATF was to be a single-engine aircraft would be reset as they
learned that both team’s concepts called for two engines. If they
believed the ATF would fly with engine-thrust reversers (originally
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planned at the start of demonstration/validation), they would learn
that the user and the program office dropped reversers for reasons of
reliability, cost, weight, and complexity. The power of the General
Officer Review was that it gave these key individuals the opportunity
to voice disagreement with the plan and adjust the program’s project-
ed course. Because the General Officers all saw the projected program
at the same time, they all shared the same view. Their expectations
(by design) matched those of the program office.

The second part of the principle, meet expectations, has an impor-
tant corollary. An individual who cannot do what was promised needs
to explain the reason to the correct people and readjust their expec-
tations. Timeliness is critical. As soon as a team member knows an
event will not follow the original schedule, or that a performance
point will not be met, that individual must reset everyone’s expecta-
tions as fast as possible.

10. Provide Realistic Options — Life in a program office is
spent answering questions. Frequently Pentagon program element
monitors (the staff who budget the necessary funds) call the program
office to find out the impact of a proposed change in future funding.
Typically such questions need answers in a short time (minutes,
hours, or days). These “budget drills” or “what-if exercises” often
become reality, resulting in a change in the program’s expected
funding profile. The F-22 team policy was to answer every question
with multiple (generally three) accurate, executable courses of
action. Each answer had to explain the impact on cost, in both
the affected years and over the total life cycle; on schedule; on the
performance of the aircraft; and on opportunity costs. The program
leadership found this approach critical to maintaining its credibility
inside the Pentagon and helped the program office meet realistic
expectations with the Air Force Headquarters and the user, Tactical
Air Command.

11. Take a Long-Term View — Historically, program directors
have occasionally caused problems by basing decisions on short-
term expedients and failing to take into account long-term conse-
quences. For example, the B-1B program’s decision to delay develop-
ing support equipment hurt the initial readiness of the aircraft.
Deputy Program Director Graves and the rest of the F-22 team vowed
not to let that kind of problem happen in their program. In resolving
all problems, the program office weighs how the solution will, in the
long term, affect the operational user. The team calls this life-cycle
decisionmaking.
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Lockheed demonstrated this concept early in the design of the
production aircraft when the fundamental design issue arose of how to
attach the wings to the fuselage. One method would attach the wing
sturdily and allow it to be installed and replaced relatively easily. The
second method would keep the wing attached equally well but would
make the wing harder to install and much more difficult to replace.
The second type of wing was cheaper to manufacture and would yield
a lighter airplane (both good news to a program director at the start of
EMD). The team opted for the more expensive (at least initially) and
heavier attachment method because the life-cycle decision clearly
highlighted the problems the user would have, should a wing need
replacement. If the program director had chosen Option 2, he would
have committed the Air Force to a complex, and thus expensive, wing
replacement process. The decision chose the method that cost more in
the short term but would be much cheaper in the long term.

12. Do It Right the First Time — At the start of the demon-
stration/validation phase, Lieutenant General Thomas H. McMul-
len, who commanded the Aeronautical Systems Division (the higher
headquarters of the ATF program office) was adamant about elimi-
nating inefficiency in programs and improving the way the
Government developed weapons. He wanted his people to accom-
plish a task correctly on the first try. To do otherwise meant coming
back and redoing the task—clearly a waste of time and money. Thus,
clearly guided by McMullen and Fred Rall, his director of Engineer-
ing, and reinforced by lessons learned from past programs, Fain and
Abell set up ATF program operations with the power and procedures
to “do it right” on the first pass.

Fain redoubled this effort toward the end of demonstration/
validation, when the Pentagon directed a cost-type contract for the
EMD phase. He was concerned that there would not be enough
money in the budget to make errors on the first pass and accomplish
a task on the second try. As the EMD phase of the F-22 program
began, he reiterated that all members of the F-22 team were to “do
it right the first time.”

13. Have What You Need for the Effort — Abell did not want
to start development of the aircraft until he knew what would
work and what wouldn’t. Having seen other programs work hard to
discover or invent something before they could put their system into
production, he knew that chasing technology could prove expensive
in both time and money and resolved not to let the F-22 be held
hostage to unprogrammed advancements. The ATF’s primary focus
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in demonstration/validation was to refine requirements and mature
technology for the EMD phase of the program. Only if the contrac-
tors could demonstrate a technology would Abell allow them to plan
for its use in the development and production of the fighter.

14. Ensure Everyone Knows What It Takes to Meet the
Goal — A powerful advantage of having a tightly run, highly integrat-
ed program structure is that the Program Director has better insight
into how much money and time the contractor needs to complete a pro-
gram. With a firm understanding of the expected costs, the program’s
leadership could credibly defend the F-22 budget. They made sure the
acquisition leadership in the Pentagon as well as the leadership at
Tactical Air Command (which requests the program’s funding) knew
what resources the program needed to be successful. Providing credible
cost and schedule requirements to senior decisionmakers helped ensure
that the F-22 program received its budgeted funding.

15. Use an Event-Based Schedule with Defined Success
Criteria — This principle is the backbone of the F-22 management
system, the integrated master plan (discussed in detail in chapter 8).
While working on other programs, the F-22 management team had
participated in many preliminary and critical design reviews that
were held precisely on their scheduled date, even though the contrac-
tor and the program office were not ready. A review like this would
generate many open-action items that had to be completed. In some
cases, a second or third review took place months later. As the F-22
leadership knew, holding a critical review before everything is ready
yields items that must be scrapped and reworked (clearly violating
Principle 12, do it right the first time). As a solution, the management
team devised a method in which the contractor defined intermediate
checkpoints in the program with criteria for when an activity could
be considered complete. The contractor sequentially arranged these
events to establish an event-based schedule that clearly showed what
had to be done and when. By instilling the concept that the F-22 would
be an event-based program (i.e., the program wouldn’t proceed until
the event had successfully met its success criteria), the founding
fathers helped ensure that major reviews would take place at the
correct time—when the work was done and the program was ready to
move on to the next step.

16. Define Success and Be Able to Measure It — In general,
people want to do a good job, but frequently they don’t know what job
needs to be done, or they do not find out how they are doing so they
can improve. The leaders of the program must define what needs to be
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done, and team members must know the leader’s view of success. The
F-22 program leadership believed that any activity that could be
measured could also be improved. They envisioned this measure-
ment process to be routine and standard, a normal part of doing busi-
ness. Their goal was to measure and regularly track every major part
of the F-22 program and focus on areas that exceeded certain prede-
termined limits. Fain and his directors defined these limits based
on their agreed-on measures of success—technical performance mea-
sures (see chapter 8). Significantly, they chose the success criteria
before the event.

17. Reward Success — The F-22 program has rewarded success
at many levels. The current development effort uses a cost-plus-
award-fee contract in which the Government awards the contractor its
profit every 6 months based on how well it has performed. On a small-
er scale, every Friday the program office picks the outstanding indi-
vidual or team for that week. An old adage says that success breeds
success, and a key to making that adage come true is identifying and
acknowledging success. Having a standard measurement process that
easily enables the leadership to evaluate program performance also
enables the leadership to fairly identify success. Recognition serves to
reinforce positive behavior by providing positive feedback to the win-
ners and to all other members of the team.

18. Focus on a Win-Win Relationship — A popular program
office saying was, “If the contractor wins, the Government wins. If
the contractor loses, the Government loses.” In the past, whether
reviewing a specification or conducting a negotiation, the contrac-
tors and the Government often would be at odds. The program lead-
ership realized that the Government/contractor team would be more
effective if the members were working together to solve their prob-
lems. If the contractor developed a fighter system that met the user’s
stated needs within the planned budget, cost, and schedule, the
Government would be satisfled—it would win. If the contractor
delivered the weapon system as promised, it would win—that
is, earn the full profit (awarded through the cost-plus-award-fee
contract). The converse is true as well. If the contractor did not
deliver a system that met the user’s needs or was over budget, cost,
or schedule, the Government would lose because it wouldn’t be
satisfied; so would the contractor, since its profit would be reduced.
This idea encouraged all Government team member