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A NOTE FROM THE
EXECUTIVE EDITOR
In recent months, we have witnessed a flurry of activity
within Acquisition, Technology, and Logistics (AT&L). In this
edition of the ARQ, we will address some of the most current
issues, but even as we go to press, the dust around them still has
not settled.
This edition starts off with a discussion about a practical
approach to evolutionary acquisition. The terms evolutionary
acquisition and spiral development have probably received more
attention over the past year than they have since they were defined and introduced several
years ago. This shows a healthy desire to make the acquisition process work well and work
for us as we support our warfighters, whose safety and effectiveness are the reasons we go
through all of the acquisition activities necessary to provide them with quality products, on
time and within budget when possible.
The next topic, interoperability, is also receiving continuous attention as we expand
from single systems, to systems of systems. Our level of interoperability is reflective of the
level of dependencies we see among the system of system components. The more complex
this issue becomes, the more attention we must give to standardizing the elements that
make interoperability function.
We then investigate the use of auctions in government procurement and the particular
advantages to DoD in using on-line auctions. Usually when we hear the word “auctions,”
most of us think of an activity that happens on weekend mornings under a tent or in an art
auction center like Southby’s. While true, this is certainly not the whole picture. The
prohibition on using auctions for government procurement was lifted, and now auctions
are becoming very popular, especially on-line auctions.
Finally we round this edition out by discussing contracting, which has historically
been thought of as a somewhat adversarial process. In the acquisition world today, we must
move beyond this perception toward an attitude conducive to conducting business in an
environment of cooperation and commitment to common goals, while recognizing the
unique needs of both government and industry parties to the contract. We contract in an
environment with a heavy layer of legislative requirements. Part of our function is to bring
to light how we can improve and streamline the contracting process to gain the best possible
advantage for our warfighter customer, while still operating within a legislative framework
that offers protection to the parties and a sensible system of oversight.
These articles by no means claim to have the final word on the subjects they present,
but it is our hope that they will be the catalysts for discussion within the AT&L community
through this forum. Feel free to get actively involved in the ARQ process by submitting
manuscripts or acting as a peer reviewer. I, along with the ARQ staff, look forward to
hearing from you.

James H. Dobbins
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The Promise andTUTORIAL
Perils of Spiral Acquisition

THE PROMISE AND PERILS
OF SPIRAL ACQUISITION:
A PRACTICAL APPROACH TO
EVOLUTIONARY ACQUISITION
Col Wayne M. Johnson, USAF (Ret) and Carl O. Johnson
Many in the Department of Defense consider the acquisition process broken.
One means to address these problems involve spiral acquisition, an approach
often misunderstood. It is evolutionary in the sense that the changes are
incremental instead of one long, large acquisition. This gains flexibility in
requirements definition and application. But few can actually state where they
have seen spiral development in practice, or simply explain the difference
between spiral development and block approaches or other approaches tried
in the past. This paper offers a practical guide for spiral development, the major
attributes in order to be successful, and one specific example. It is hoped this
discussion is useful and provoke some additional thinking into how best to use
spiral development.

E

very five years or so, the Department
of Defense evaluates the state of defense acquisition and comes to a notso-startling conclusion. The acquisition
process for defense in the United States is
considered broken. To many, it seems ripe
for repair. After all, tens of billions of
dollars go into a system plagued by cost
over-runs, late schedules, and unfulfilled
expectations. Of course, there are many,
many reasons for this.
Many causes are often cited. There are
problems with changing or incomplete requirements or misunderstandings on what
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the ultimate need should be. Sometimes
unrealistic or demanding expectations lead
to high production costs. But so do changing budgets, inefficient production quantities, and occasional incompetence. Often
the technical and schedule risks are understated by those “selling” the program, in
and out of government, and wishful thinking by the end user also plays into the
eventual problems that surface.
So when there are enough of these problems and a string of partial and full-blown
failures occur in succession, good people
in and out of government look for fixes to
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the underlying systemic causes. Sometimes there are causes and cures that cannot be addressed. Some would argue it is
not that the problems cannot be solved.
Some might suggest it is the systemic
characteristics of defense acquisition that
we must accept and realize in order to
move forward.
Certainly there are fundamental facts
that are a way of life in defense acquisition. But this is not to say that the experts
are not trying to solve the problems. For
example, low order quantities of fighter
aircraft can be partially addressed by buying more through production partnerships
with coalition allies (e.g., F-16 or Joint
Strike Fighter). The downside is that partnerships can get complicated with varying requirements and the
“The checks and
sharing of probalances put in
duction costs.
place to ensure the
Other probacquisition office is
lems arise such
doing it right often
as technology
contribute to why it
transfer. The
takes so long to do
fact is that an
it at all.”
increased production base
will solve only part of the problems. Other
initiatives such as extensive increased use
of commercial-off-the-shelf items and
multiyear buys can help in some cases, but
these initiatives, too, have their own
baggage when it comes to solving the
problems in defense acquisition. The
community also needs to face the fact
there is tremendous oversight to defense
acquisition.
The checks and balances put in place
to ensure the acquisition office is doing it
right often contribute to why it takes so
long to do it at all. Most of the acquisition

176

process improvements streamline around
the edges and make marginal improvements in cycle time. Sometimes the acquisition community even tries new approaches.
Now there is a new (some would argue,
repackaged) approach to defense acquisition called spiral development.
As in most cases when the acquisition
community desperately looks for answers
that could save billions of dollars, the term
spiral development has the potential of
becoming little more than a buzz phrase.
It is part of the overall plan to change how
acquisition is done. The term has been in
vogue for a little over two years and seemingly, one cannot turn around without running into a Pentagon staff briefing or business manager pitch that is not singing the
praises of evolutionary, spiral development. It is evolutionary in the sense that
the changes are incremental. The acquisition strategy is no longer to try to develop
one big acquisition. Spiral developments
are one way (some would agree the obvious way) to accomplish this. But few can
actually state where they have seen spiral
development in practice, or simply explain
the difference between spiral development
and block approaches or the old style
P 3I (Preplanned Product Improvement)
approach that has been used for decades.
The purpose here is to offer a practical
guide for spiral development. The primary
audience is program managers who are
considering whether it should apply to
their programs. Others in the acquisition
and programming communities may find
this helpful as well. This discussion will
produce a simple (albeit nonregulatory)
definition, some areas where it can be
used, some attributes and must-dos in
order for it to be successful, and one
example in which it has a good chance of
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working. It is hoped this discussion will
be useful and provoke some additional
thinking about how best to use spiral
development.
There is one point that needs to be made
up front. A spiral approach is not the way
to proceed with every new acquisition.
This is one of the perils of taking a spiral
approach. As with any good idea, it does
not apply to all situations. The intended
spiral acquisition characteristics are large
proportion of commercial technology or
previously developed military technology;
a desire to shorten technology insertion
life cycles; schedule urgency; flexibility
in requirements for later insertions and
budgetary uncertainty. There are many
tools in the acquisition toolbox, and the
acquisition community needs to use them
all. Remember the old saying, “If all you
have is a hammer, then everything starts
looking like a nail.” There are times when
a spiral development will not work, as will
be shown by looking at the definition.

A PRACTICAL DEFINITION
For Command and Control Systems
(C2) in the Air Force, there exists an AF
Instruction 63-123 that discusses spiral
development. It states:
The spiral development process is
an iterative set of sub-processes
that may include: establishing
performance objectives; design;
code; fabricate, and integrate;
experiment; test; assess operational utility; make tradeoffs; and
deliver. (AF Instruction 63-123,
Evolutionary Acquisition for C2
Systems)

That is a good, technical definition. But
for practical purposes, a spiral acquisition
could also be defined as a set of acquisition activities incrementally incorporated
into an evolving baseline. Each increment
or spiral increases capability and does so
in a rapid pace, with each spiral building
on the previous spiral and spreading risk
and development costs over a longer period of time. Each spiral is made up of
one or more projects developed independently to the maximum extent possible.
When each of the developments is ready,
it is dropped into the production baseline.
Testing, both internal to the program
(DT&E) and external (IOT&E) is done incrementally.
Okay; with that longer, but hopefully
simple, definition come several significant
subtle differences between this and other
acquisition approaches, and points to
consider.
First, we need to define the differences.
A traditional block approach involves
fielding a revamped, upgraded capability.
If a program office is designing a fully
integrated systems solution,
requiring sev- “A spiral approach
eral pieces that is not the way to
must all be proceed with every
new acquisition.”
fielded at the
same time, that
may require a block. A software example
might be the complete changing of operating systems and languages, which requires a complete rewrite of a million lines
of code. These developments could take
several years and are more revolutionary
than evolutionary in nature. A new fighter
or completely new avionics baseline also
come to mind as examples. A P3I approach
is a case in which the developer knows up
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front what the entire development is going
to look like, hence the name “Preplanned”
Product Improvement. But in a spiral, the
program office has an idea of the end goal,
but each spiral can be changed. Therefore,
it is not completely preplanned. The succeeding spirals are based on the success
of the previous spiral, changing requirements priorities, feedback from the field,
or changing budgets (pluses as well as
minuses) and speed of development. Now
it is time to turn the discussion from the
brief look at contrasts with other types of
development and concentrate on the key
points for spiral developments.
For a spiral development, these points
concern the requirements definition, acquisition strategy, and employment concept. All of these are done with the goal
of providing rapidly developed, smaller
projects, fielded quicker to the user. These
rapid developments must be as independent from each other as possible and yet
provide a capability that is of“The user has to be
ten synergistic
involved up front
with the user.
and understand the
That way the
desired end state
program office
solution will not
can separate
come with the first
the different
delivery.”
parts and focus
on where the
program needs attention. This is a main
tenet of controlling risks. If the developments do not depend on one another for
success, then the risk of parallel developments impacting the overall program is
mitigated.
Now we continue with a look at what
is required for the spiral approach to work.

REQUIREMENTS DEFINITION
First, the rapid developments fall into
an “evolving” baseline. The user has to
be involved up front and understand the
desired end state solution will not come
with the first delivery. This requires a great
deal of communication between the user
(most often considered the “warfighter”),
the program office in charge of managing
the product, Pentagon staff (OSD and service level) who support the program, and
the contractor that ultimately builds the
system. It is essential that this process have
some formalized way of doing business.
This group, led by the user, must agree on
content of the spiral increment and then
structure the required program documentation that supports the strategy.
It is difficult to do, but there must be
near-continuous feedback among the
stakeholders and an understanding by all
that the ultimate course may vary with
time. In modern warfare, few programs
work in isolation. In this age of E-mail
and voice messages, a face-to-face meeting is still the best, most effective method
for reaching a rapid agreement. A formal
regularly scheduled meeting with all
stakeholders is necessary to agree on requirements for the next spiral. As different systems evolve, the contribution requirement of any one program may need
to change. Spirals can accomplish changes
if there is an opportunity for flexibility.
Flexibility is one of the main strengths of
spiral development. But the group must
function as a team. The team’s success
requires communication and trust.
To be honest, if the user does not trust
the acquisition community, this will not
work. The old rule of thumb has been, if
users do not insist on getting everything
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needed up front, then they end up settling
for the first capability delivered, and never
get the end item envisioned when the
requirements document was first penned.
A spiral approach requires a spiral requirements document. Users must state up front
that they are willing to accept less-thanperfect systems in the beginning. They
will test it, field it, and use it knowing it
does not meet all their needs, but it does
have operational utility. This is a big
commitment on several levels.
To begin with, Operational Requirement Documents (ORDs) are hard to
write. They often are plagued with either
vague or incomplete requirements, or the
ORD goes the other way and directs a
specific, point solution. Either end of the
spectrum causes cost and schedule
impacts. Either the program office is left
wondering what is required, or worse,
faces the “I don’t know what I want, but I
will know it when I see it” dilemma. This
gives little direction to the program office
and less direction to the testers. Chances
are, the user will not be satisfied with the
end product. The second problem of a
point solution is just as bad. The user will
state, “Get me what I saw at…” and the
program office can fill in the blank with a
specific solution. The influence for this
point solution might have been in a marketing pitch given by a contractor or demonstrated at a trade show or a written
magazine article. Experience has shown
that the system is never quite like the view
graph presentation that spawned it, and the
end system is usually more difficult to
modify and integrate to meet the end user’s
needs.
A spiral ORD requires a new way of
thinking. The user must work in concert
with the program office to state the
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requirements in such a way that a so-called
80 percent solution can first be fielded.
Because the team goes into the acquisition knowing they will modify the system
as they go, the architecture of the system
must be built so it can be modified. The
ORD must accept that the first few deliveries will not meet all the needs; however,
the goals will be incrementally accomplished. The testers must be open to the
idea that in testing a spiral ORD, the definition of “effective and suitable” is going
to be widened to fit the strategy.
To help lay out the strategy, the ORD
could state the objectives in such a way
that the end goal is understood, but not
spelled out with a hard and fast time and
date as a block approach would. It might
be as follows: Spiral 1, deliver an aircraft
that carries at least 80 percent of the Spiral
4 payload requirements; Spiral 2, upgrade
the infrastructure so it can integrate advanced navigation and communication avi- “Users must state
onics when they up front that they
are later devel- are willing to
oped; Spiral 3, accept less-thanperfect systems in
update the avithe beginning.”
onics and logistics; Spiral 4,
allow for higher payload and reliability;
and Spiral 5, to be determined. The
requirements process needs to be flexible.
The balance in this approach is simple
to state, but harder to sell to a user community burned with failures in the past.
The requirements must be sufficiently
broad to give the acquisition community
latitude to make trade-offs, yet give sufficient guidance so the acquisition team
(government and contractor) knows where
it is trying to head. In testing and fielding
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the early systems, expectation management is important in order for users to
avoid getting discouraged (“It doesn’t do
everything I want, why should we build
more?”) and allow the lessons learned
from early operations use to be incorporated in later spirals.
Somewhere about now, most experienced acquisition professionals may still
be wondering how this differs from a block
approach. To emphasize what was pointed
out earlier, there are several key differences. First, in a spiral approach the program developer may make
“The first challenge
improvements
to acquisition is the
that do not
development of a
readily seem to
framework to place
support the end
the spiral requiregoal. An exments document
ample might
into action.”
be communications open
system architecture. In an earlier spiral,
the program might put in the hooks for
later improvements without actually making the improvements for another spiral.
Some would argue for making all the
known upgrades up front. Why not just
incorporate the communications processor upgrades at the same time as the updates for the avionics boxes and electrical
power to accommodate them? It might
take a little longer, but so what? The result would be getting the final capability
to the user sooner. That approach is the
traditional block approach.
In a spiral acquisition, a program manager might know what the power requirements are and might preposition the wiring harnesses, but might not know what
the commercial standard computer processor will be. Or, the processor might not

be fielded yet and the program is now on
the leading edge. Those architecture hooks
may not cost much in budget or time up
front, so putting them in gives the program
flexibility. Trying to do it all immediately
means the program manager must know
everything he or she will eventually need.
This occurs sometimes, and can often be
done successfully, but it is a block approach. The second difference is that a
block approach is usually considered a final end item. The aircraft fielded in block
20 are not always meant to go back
through retrofit or field install to become
a block 30 (the F-16 aircraft is an example). But in a modern spiral approach,
the program can expect and plan to take
the aircraft back through an upgrade to a
later spiral. There are some unique challenges to this as well, and that “peril” will
be addressed later.

ACQUISITION STRATEGY
The first challenge to acquisition is the
development of a framework to place the
spiral requirements document into action.
The acquisition community is not immune
to communications failure and the program office must consistently work to
keep the communications lines open with
the user and test community. This is the
formal, regularly scheduled meeting we
discussed earlier.
We have resisted naming that group up
to now, for fear of incorporating more Integrated Product Teams (IPTs) than necessary into the thought process. But in fact,
the name used in AFI 63-123 is Spiral
Development Integrated Product Team
(SDIPT). We believe this is an essential
part of the process and needs to be in place,

180

The Promise and Perils of Spiral Acquisition

tailored to meet the program, so that the
program office stays in step with the user.
That does not mean the user and testers
run the day-to-day acquisition. It does
mean they have insight into what the
program office and contractor are doing.
Keeping the user informed is not always
the same as asking permission. The team
needs to realize the difference between
insight and oversight and act accordingly.
Spiral development is a different way of
doing business on all sides. There is an
element of trust that needs to develop. It
will not happen overnight. All sides need
to work on it. Flexibility in testing will be
very important. The testing community
cannot become rigidly fixed on an end
requirement, or a spiral development will
not work. One of the major tenets of spiral
development is the management of risks.
If too much capability and technology
needs to all work at one time, then the risks
go up. The burden of development will
increase time, costs, and risk to success.
In the words of an old engineer, “You can
make the rock so big, no one can carry
it.” By cutting the development into
smaller compartments, a spiral approach
can manage that risk.
For example, the program manager
might have several different development
activities going on at the same time. If they
are developed in such a way the interdependencies are minimized, if one development falls behind, it does not impact
the rest. This approach will keep the program from depending on one miracle that
needs to occur to keep the schedule on
track. A more acquisition-friendly way of
saying it is this: keep the critical path
simple and singular. If too many risky
projects need to occur before any project
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can have success, it is not a critical path,
it is a train wreck.
The acquisition strategy must take a
systems view: not just for the next spiral,
but for long-term flexibility. Flexibility is
a two-edged sword to some of the old war
horses in acquisition. We see it as an imperative with tight budgets and dynamic
requirements. An example scenario will
illustrate.
The program manager for a spiral development sets up a series of spirals, each
fielding a capability update at the beginning of each production lot. The upgrades
are small, but all of them are required by
the ORD. The
program office
deputy gets a “Flexibility is a
two-edged sword
call from the
to some of the
Pentagon staff old war horses
saying that, due in acquisition.”
to other priorities, the program has lost 15 percent of next year’s
development budget. They want to know
how this will delay the next spiral. Answer? It will not. What it will do is require the program manager to contact the
contractor and user and advise them the
bottom priority item of Spiral 2 will have
to slip to Spiral 3, but the rest of the items
will stay on track. When the individual
projects are developed and tested, they will
be incorporated into the production line.
So in other words, there will not be huge
impacts to the overall program, but some
spiral development content will slip. The
program will have the flexibility to move
on. The peril here is it makes it easier for
the program to take hits to the budget and
survive. That sounds like a contradiction.
But those in Washington who are straightforward will say it puts the program at risk
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for cuts because it is a flexible program
that can take cuts. It becomes easier for
them to take money from the spiral program than from an old-style program that
can show any cutbacks will delay fielding any capability for one year and thus
will not meet their ORD or acquisition
program baseline.
Some may be cynical and argue that
kind of flexibility works against the spiral program, but do not believe it. If the
United States is going to continue to field
the best military in the world, flexibility
is needed. Our
leaders should
“If the United
demand all
States is going to
programs be as
continue to field the
flexible as posbest military in the
sible, not “bulworld, flexibility is
let-proof” to
needed.”
cutbacks because
of
resulting dire consequences if cutbacks
occur. Well, enough of the patriotic
rhetoric.
There is a programmatic practical side
as well. Not all cutbacks are from Washington, DC. When a program gets in
trouble and an element costs more than
budgeted, the program needs to be able to
survive with as few consequences as
possible. Remember, a five percent increase in the cost of a project impacts the
program like a five percent decrease in the
budget dictated from above. So the program
can avoid risks with several parallel
developments by making them as independent as possible.
There is a side benefit as well. Program
offices and contractors only have so many
experts to manage the difficult tasks. If a
spiral has five parallel developments, but
only one of them is required for the other

four, then the contractor and government
know where to focus their maximum
attention to manage the risks and to watch
for trouble. If all five are interdependent
and all must work for the program to fly,
then the risks are more difficult to watch.
It is said that one of the reasons Charles
Lindbergh decided on a single-engine
aircraft for his historic crossing of the
Atlantic instead of a two-engine plane was
due to the risk of adding the second
engine. At that time two-engine aircraft
could not sustain flight on a single engine.
By having two engines, both required for
flight versus one, he would effectively
double his risk of failure if he lost an
engine. The lesson here is, keep the risks
simple and singular.

EMPLOYMENT CONCEPT
For the user, the employment concept
is complicated but pays dividends early
on. A block approach may take years, and
a traditional development could be structured with a three-year development and
one year of tests before the user knows
what he or she has. This is easier to manage, because if it does not work and fulfill
the ORD, it is sent back. And the user has
many years to prepare for its fielding. But
of course, that means years without having
had any capability as well, and the chances
the user’s requirement might have some
changes over that four-year period are
pretty high. So how should the program
be set up?
The first thing is to get the user with
the program office and testers and work
out the priority list of capabilities they
would like to see fielded. This gives the
program office a means to make focused

182

The Promise and Perils of Spiral Acquisition

decisions. Of course, this requires the user
to trust the program office to combine
capabilities where efficiencies occur,
sometimes taking the requirements a little
out of order.
An example would be an engine upgrade (Priority 4) with an alternate fuel
certification (Priority 6) in Spiral 1 and
Spiral 2 containing the navigation avionics upgrades (Priority 5). Communication
here is again essential. The program office
would explain that by doing both the
engine and fuel upgrade in the same spiral,
the program could save resources in wind
tunnel tests, thus lowering the sum of the
development costs as opposed to placing
these priorities in separate spirals, all other
things being equal.
Another consideration is logistics for
the fielded systems. Do not overlook the
challenge that will face the logistics team.
Under this concept of spiral development,

a program could easily have three different configurations of the system out in the
field at the same time. Before the roar of
the nay-sayers gets too loud, allow us to
point out that the situation exists already.
With diminished manufacturing sources
available, technology improvements,
block approaches, and P3I efforts, multiple
configurations currently exist on many
fielded programs. The difference is with
a spiral approach, the program expects,
plans, and condones different configurations, allowing capability to be fielded
more quickly. The program does not expect
everything to be “saucered and blown”
before it reaches the field, which is rare
anyway.

A PRACTICAL EXAMPLE
It is time to look at what can be considered a practical example of spiral

Figure 1. Draft Example of a Global Hawk Sprial Development
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development, the Global Hawk unmanned
air system. The Global Hawk started as
an Advanced Concept Technology Demonstration (ACTD) program and entered
Engineering and Manufacturing Development (EMD) in the winter of 2001. The
problem was the ACTD was not what the
user wanted to field and the development
into what was wanted as a two-staged
development was going to take seven
years and two configurations before the
user would gain the type of capability
wanted. The initial capability was very
basic, and the program was challenged to
field additional capabilities quicker by the
Commander of Air Combat Command.
Although the program office touted the
initial plan as a spiral development, it was

not responsive to the user needs without a
major shift in thinking. That shift became
a transformation of the original program.
Given the task to develop a more rapid
way to field capability, the program office
and contractor took these two “spirals”
and examined their characteristics. These
spirals were three and four years long
each, so for all intents and purposes they
were blocks. Working with the contractor
and user, the program office looked at how
these individual projects could be logically
broken out and allowed fielding priority
upgrades more quickly. In the summer of
2001 the Global Hawk became a Transformation Program, and based on direction
and funding, became a true spiral development with capability being dropped into

LEGEND
LL = Long Lead
OA = Operational Assessment
IPR = Interim Program Review
EMD, Pre-EMD and PH IIC refer to specific contract names, tied and program execution.

Figure 2. Example of an Initial Spiral
Designed to Deliver Baseline Capability
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the production line on a yearly basis (see
Figure 1). The user conducted a requirements conference to get out in front of the
formal requirements process, because the
dynamic program was moving faster than
the standard ORD process could keep up.
The results are a flexible, dynamic program that is more able to keep up with
changing requirements, better communication with the user, and more capability
fielded in shorter time.
The first spiral would line up to deliver
a baseline capability. Additional spirals
would follow rapidly, allowing the user
to interject or remove forecast requirements. As long as the interdependencies
are kept to a minimum, then maximum
flexibility can be achieved. In each case a

systems review and risk analysis would
need to occur to ensure the program
content can function (see Figure 2).
Additional spirals would follow the
same format and logic but would drop
capability into the production line when
ready (see Figure 3).

THE PROMISE OF SPIRAL DEVELOPMENT
To sum up, spiral acquisition can offer
some unique advantages over traditional
acquisition if done properly:
• Incremental capabilities can be fielded
quickly, giving the warfighter more
capability sooner.

LEGEND
LL = Long Lead
OA = Operational Assessment
IPR = Interim Program Review
EMD, Pre-EMD and PH IIC refer to specific contract names, tied and program execution.

Figure 3. Example of a Secondary Spiral
Designed to Move Upgrades into Production
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• Risks can be spread across a series of
spirals, allowing demonstrated capability to the user.

partial long-term capability must be
seen as a success).
• The requirements must be flexible with
possible updates in the middle of
acquisition.

• Lessons learned in earlier fielded
spirals can be added to later spirals,
making the acquisition community
more responsive to user needs.
• Lessons learned from operations, such
as Enduring Freedom, can be interjected more quickly.
• Technology can be incorporated faster
— lean, agile acquisition by its very
nature.

THE PERILS OF SPIRAL DEVELOPMENT
The preceding is an example of how
spiral development can work; however, we
would be remiss if we did not add a review of the perils touched on throughout
this article. The difficulties and problems
with a spiral approach follow:
• A spiral approach does not work if the
user cannot accept fielding an 80
percent solution in the beginning (an
example might be a nuclear power
station).
• Spiral acquisition is inherently flexible
and could lead to budget cutbacks in
difficult times because the program can
weather the impacts without catastrophic failure (the peril is it could be
viewed as a “cash cow” for less flexible
acquisitions).
• The test community must be on board
to negate an automatic failure (planned

• Another peril is the false comparison.
Some will compare the first spiral of a
new system with the legacy system it
is destined to replace. Worse yet, they
will compare the new system’s first
spiral with the next planned block upgrade capability of the legacy system.
Then the question will be, “Why fund
the new system that does not greatly
perform over the older system?”
• The logistics community must buy into
having multiple configurations in the
field.
• Communication must be continuous
and trust must be built among the team,
but each must know what is in each
“job jar.”
• The financial community and leadership must accept that content in later
spirals is subject to change based on
technology and user needs. They must
accept placeholders in some cases and
budget for that.

CHECKLIST FOR THE FUTURE
If the program manager believes the
proposed project is a good candidate for
spiral development, he or she needs to ask
these questions:
• Does the program have a good foundation program on which to build? If
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there is no basic capability, that is
where the program must start. In the
case of Global Hawk, the ACTD provided a basic capability on which to
build.
• Are the forecast upgrades severable?
Spirals need a series of discrete,
smaller upgrades; otherwise, it is
essentially a block program.
• Can the user accept incremental
changes and multiple configurations?
• Can the user accept lower performance
initially, at a lower price and shorter
schedule? Most would say they can accept the lower cost and quicker schedule, but there are no free lunches. An
initial quick capability comes with a
cost in the fact it will not be 100 percent of what the user wants. A spiral
ORD is needed.

SUMMARY
This has been a very quick overview of
spiral developments. In a practical sense,
spiral development must be a partnership
among the user, program office, contractor, testers, and headquarters in order to
work. It is hoped that program managers
and others have found this discussion helpful. Spiral development is not a panacea
for every activity in defense acquisition.
But it can shorten technology cycle time
and cut down on risks. The payoff is
quicker capability upgrades, manageable
risks, and flexibility in development and
fielding the systems necessary for the
warfighter to fight and win the next war.

• Does the program have the support of
headquarters for this type of development? It is difficult to get the staff to
buy into the concept, but if they see
the benefits, it can be successful.
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INTEROPERABILITY IN
DOD ACQUISITION PROGRAMS
THROUGH
ENTERPRISE “ARCHITECTING”
Mary Linda Polydys
Joint Vision (JV) 2020 guides the continuing transformation of America’s Armed
Forces toward information superiority in the ongoing “information revolution.”
JV 2020 states that information superiority “is a key enabler to this transformation,” and that interoperability facilitates information superiority. This article
discusses the role of enterprise architecture in the acquisition of interoperable
systems in the Department of Defense.

J

oint Vision (JV) 2020 guides the continuing transformation of America’s
armed forces toward a goal of information superiority.1 JV 2020 states that
“the ongoing ‘information revolution’ is
creating not only a quantitative, but qualitative change in the information environment that by 2020 will result in profound
changes in the conduct of military operations” (Chairman Joint Chiefs of Staff
[CJCS], 2000, June, p. 8). Because information, information processing, and communications networks are at the core of

every military operation, JV 2020 acknowledges the major role of information and information technology in
achieving information superiority.
The JV 2020 discussion on information superiority is followed by a discussion on interoperability2 and its role in
achieving information superiority. JV
2020 states that “Interoperability is a
mandate for the joint force of 2020 —
especially in terms of communications,
common logistics, and information
sharing” (CJCS, 2000, p. 15). With re-

DISCLAIMER
Any opinions expressed in this article are those of the author and do not reflect the official
policy or position of the National Defense University, Defense Acquisition University, the
Department of Defense, or the United States Government.
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spect to interoperability, JV 2020 states
that “Information systems and equipment that enable a common relevant
operational picture must work from
shared networks that can be accessed
by any appropriately cleared participant” (CJCS, 2000, p. 15). JV 2020 further acknowledges that interoperability
goes beyond technical interoperability
and includes a
focus on pro“JV 2020 further
cedures or oracknowledges that
ganization.
interoperability
“A l t h o u g h
goes beyond technitechnical
cal interoperability
interoperand includes a focus
ability is eson procedures or
sential, it is not
organization.”
sufficient to
ensure effective operations. There must be a suitable focus on procedural and organizational elements, and all decision-makers at all levels must understand each
other’s capabilities and constraints”
(CJCS, 2000, p.15).
This article addresses the role of enterprise architecture in documenting
interoperability requirements and to
some extent, procedural and organizational interoperability requirements in the
Department of Defense (DoD) system
acquisition. More specifically, this article
addresses the use of enterprise
architecture products 3 in creating
interoperability key performance parameters4 (KPPs) for Capstone and Operational Requirements Documents (CRDs
and ORDs) and documenting interoperability and supportability requirements
for the Command, Control, Communication, Computers, and Intelligence
(C4I) Support Plan. However, before
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these subjects are covered, it is useful
to briefly review the concepts of enterprise architecture as mandated in law
and regulation.

“ARCHITECTING” AS A MANDATE
The requirement for enterprise architecture is mandated in the ClingerCohen Act of 1996. This act requires
that all Federal Government chief information officers “develop maintain,
and facilitate the implementation of a
sound and integrated information technology architecture” [40 U.S.C. §1425
¶(b) (2)]. The act further defines information technology architecture (often
called enterprise architecture) as “an
integrated framework for evolving or
maintaining existing information technology and acquiring [emphasis
added] new information technology to
achieve the agency’s strategic goals
and information resources management goals” [40 U.S.C. §1425 ¶(d)].
The Clinger Cohen Act architecture
mandates are implemented in Office
of Management and Budget (OMB)
Circular A-130 (2000). OMB Circular
A-130 (2000) states that an enterprise
architecture must include a description
of the business or operational processes, information flows and relationships, data descriptions and relationships, applications, and technology infrastructure. The enterprise architecture
must also include a technical reference
model and standards profile (including a security standards profile). This
circular requires that federal agencies
establish an architecture framework
that would provide specific agency
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direction on developing enterprise architectures.
The DoD developed their architecture framework in 1997, titled Command, Control, Communication, Intelligence, Surveillance, and Reconnaissance (C4ISR) Architecture Framework
(future editions to be renamed DoD
Architecture Framework; see DoD,
2001b, ¶C6.3.2). This framework organizes DoD’s enterprise architecture
into three views (e.g., operational architecture view, systems architecture
view, and technical architecture view)
and provides a set of rules for DoD organizations to follow in creating their
architecture descriptions.
The purpose of the operational architecture view is to provide a clear operational picture for decision-making. At
the heart of this view are the operational
concept, operational processes, and
information exchanges. This view contains graphical and textual descriptions
(architecture products) defining the
tasks/activities/processes, operational
nodes 5 or elements, and information
exchange requirements (IERs)6 between
nodes. The process and IERs descriptions may be supplemented by business
rules, data descriptions, and sequencing and timing descriptions.
The purpose of the system architecture view is to provide a clear picture
of the systems and communications that
support the operational concept. At the
heart of this view are the descriptions
of system interfaces and communications needs and capabilities. This view
contains graphical and textual descriptions of the applications and technology infrastructure to satisfy operational
needs and associates the physical re-

sources to the operational view. This
view illustrates multiple systems information exchanges via communication
links and may describe the internal construction and operations of particular
systems. More specifically, this view
includes the
physical con“In addition to the
nections, locathree architecture
tions, and idenviews, the DoD
tification of key
architecture
hardware and
framework also
software; may
identifies architecinclude data
ture products that
stores, circuits,
are used
to describe each
and networks;
view.”
and may specify
system and
component performance parameters.
The purpose of the technical architecture view is to provide the minimal
set of rules governing the arrangement,
interaction, and interdependence of system parts or elements. This view consists of technical standards, conventions,
rules, and criteria organized into
profile(s) that govern system services,
interfaces, and relationships for particular systems views.
Figure 1 provides a cross-walk between the architecture components described in OMB Circular A-130 and the
DoD architecture framework. In comparing OMB Circular A-130 with descriptions of each of the views, it is evident that DoD is consistent with the architecture policy mandates of the Federal Government.
In addition to the three architecture
views, the DoD architecture framework
also identifies architecture products that
are used to describe each view. The
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OMB
Circular A-130

DoD (C4ISR)
Framework

Business
Processes

Operational
Architecture
View

Information Flow
and Relationships

Systems
Architecture
View

Data Descriptions

Applications
Technical
Architecture
View

Technology
Infrastructure

JTA

Technical
Reference Model
and Standards

DoD Technical
Reference Model

Figure 1. A Comparison of Architecture Components

products that are used in DoD system acquisitions to document interoperability requirements and derive interoperability
KPPs are defined and illustrated in this
article. They include the following:

• SV-6, Systems Information Exchange Matrix.
• TV9-1, Technical Architecture Profile.

USING ARCHITECTURE PRODUCTS
IN DOD SYSTEM ACQUISITIONS

• OV7-1, High-Level Operational Concept Graphic.
• OV-2, Operational Node Connectivity
Description.
• OV-3. Operational Information
Exchange Matrix.
• OV-6c, Operational Event Trace
Description.
• SV8-1, System Interface Description.

There are two primary uses of architecture products in DoD system acquisitions. The first use is in the development of interoperability KPPs that must
be included in CRDs and ORDs. CJCS
Instruction 3170.01B (2001) and CJCS
Instruction 6212.01B (2000) provide
direction in deriving interoperability
KPPs from IERs. Additionally, CJCS In-
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struction 6212.01B (2000) provides a
list of DoD enterprise architecture products that must be included as part of the
CRD (CJCS, 2000, pp. C-A-4 through
C-A-6) and ORD (CJCS, 2000, pp. CA-7 through C-A-10). The architecture
products that are included with the CRD
and ORD provide supporting documentation for the interoperability KPP and
document high-level interoperability
requirements.
A second use is in the evolution of
detailed interoperability requirements as
an acquisition proceeds through its life
cycle. These detailed interoperability requirements are documented in the C4I
Support Plan. CJCS Instruction
6212.01B (2000) provides a list of DoD
enterprise architecture products that
must be included in C4I Support Plan
(CJCS, 2000, pp. C-B-3 through C-B9), and Appendix 5 of DoD 5000.2-R
(DoD, 2001b) further explains the use
of architecture products in the C4I Support Plan. This plan “identifies C4ISR
needs, dependencies, and interfaces for
programs in all acquisition categories,
focusing attention on interoperability,
supportability, and sufficiency concerns” (DoD, 2001b, ¶AP5.1.1). The
regulation further states that the “level
of detail in a C4I Support Plan will increase as an acquisition program proceeds from program initiation to Milestone C, and to follow-on blocks of an
evolutionary acquisition” (DoD, 2001b,
¶AP5.5.2).

“ARCHITECTING” INTEROPERABILITY
KPPS AND REQUIREMENTS FOR THE CRD

ments for the CRD using enterprise architecture products specified in the DoD
architecture framework (DoD, 1997;
also see CJCS, 2000, pp. B-1 through
B-3).

CRD STEP ONE
Create OV-1, High-Level Operational
Concept Graphic. The OV-1 is a graphical and text description of the operational concept. The graphic includes
high-level organizations, missions, geographic configuration, and connectivity. It is also the most general and flexible in format. Therefore, the graphical
appearance depends on the scope and
intent of the architecture product. The
value of OV-1 may be characterized as
follows:
• Provides context or scope for a
family-of-systems or system-of-systems.
• Facilitates human communications
during the acquisition process by
orienting and focusing detailed discussions.
• Facilitates the understanding of complexity.
Figures 2 and 3 are Joint Meteorological and Oceanographic (METOC)
Architecture examples 10 of an OV-1
graphic and its text description for the
CRD.

CRD STEP TWO

The following is a process for identifying interoperability KPPs and require-
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From the OV-1, identify top-level
IERs. The following is a partial list of
top-level information exchanges for the
example:
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Joint
METOC
Database

Figure 2. CRD – High-Level Operational Graphic (OV-1) for METOC

• METOC Forecast Centers receive
information from weather satellites.

JTF area of operation receive weather
information from the local weather
observation facilities.

• METOC Forecast Centers receive information from local weather observation facilities at the Joint Task
Force (JTF) Commander’s location.
• Naval and air forces operating in the

CRD STEP THREE
Document top-level IERs depicted in
OV-1 in an Operational Information
Exchange Matrix (OV-3) format. The
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OV-1: Operational Concept for Meteorological and
Oceanographic Support to the Joint Task Force
This acquisition falls within the context of the METOC operational concept. This graphic
represents the high-level operational concept diagram for Joint METOC. This graphic
conveys two major ideas.
First, within the Area of Operations (AO), forces require access to the observations and
forecasts of all other forces operating in the AO. In some cases the exchange of METOC
information also includes results of tactical decision aids (TDAs) or other detailed
METOC information that drives the TDAs hosted on the computers of the other Services. Local observations from the AO also need to be communicated to the METOC
Forecast Centers (MFCs) for future analysis.
The second major idea that the graphic is designed to depict is the concept that forces
in the AO require access to the theater-scale and space environment products created
at two types of MFCs:
•

Air Force and Navy worldwide production and climatology facilities.

•

Air Force and Navy theater component/regional METOC production facilities
that are responsible for a specific geographic area.

Additionally, the graphic depicts METOC satellites transmitting imagery data and atmospheric profiles to all of the conceptual nodes. This shows that all of the operational
[business] nodes require METOC satellite information. Determining which nodes receive direct access to METOC satellite data and which ones receive stored data or
products derived from stored data, is a design decision based on CINC requirements,
Service-provided capabilities (including METOC forecast center capabilities) and
weather agency advice on the integration of space-based data with other sources of
METOC data. The resulting structure is included in the system architecture.
For the purpose of this architecture, it is not important to understand exactly how an
MFC supports each of its customers. However, an understanding of how the MFCs
support a Joint Task Force is important. This level of detail is provided in the information
exchange requirements (IERs).

Figure 3. CRD – OV-1 Text Description for METOC

contents of this matrix are the high-level
interoperability requirements for the
CRD. Table 1 is a METOC example of
OV-3. For the sake of brevity, not all
information exchanges are included in
the example.
Several points are important in understanding OV-3. Columns 1 through
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5 are mandatory and 6 through 8 are
optional. Optional columns are suggested in the DoD architecture framework (1997, pp. 4-19 through 4-22).
Column 1 contains the tasks listed in
the Universal Joint Task List (UJTL).
Column 2 identifies the event. These
events should be systemically designed
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Table 1. CRD – Information Exchange Matrix (OV-3) for METOC
1
Info UJTL
Exch

1

2

2

3

4

5

EVENT

INFORMATION

SEND
NODE

REC
NODE

Op2.2
Collect
Collect METOC
Ops Information
Info

Atmospheric
CJTF
Regional
Information: Air,
(JMO/
METOC
Cloud, Visibility,
JMFU)
Forecast
Precipitation,
Center
Lightning,
Local
(MFC)
Unusual Weather Weather

OP2.2
Collect
Oceanographic
Collect METOC
Information: Ice,
Ops Information Ice Berg, Wave,
Beach
Bathymetry,
Water Column

Satellite

using some form of process modeling
technique. One such technique is called
IDEF0, Functional Modeling Language.
(Discussion of process modeling techniques is out of the scope of this article.)
Column 3 lists the information that is
exchanged, column 4 identifies the
sending node, and column 5 identifies
the receiving node.

Regional
Sensor

CRD STEP FIVE
Derive an interoperability KPP from
the IERs documented in the OV-3 matrix. Table 2 includes a very simple
interoperability KPP for the critical IER

7

MEDIA QUALITY

8

9

QTY

CRITICAL

Text,
Data

Updates 200Every
300MB
20
“raw”
Minutes
data

YES

Text,
Data

Updates 200Every
300MB
20
“raw”
Minutes
data

NO

in the METOC example. The first information exchange in OV-3 must be
satisfactorily accomplished for the
threshold objective value of 100 percent, and all information exchanges
must be satisfactorily accomplished for
the objective value of 100 percent.

“ARCHITECTING” INTEROPERABILITY KPPS
AND REQUIREMENTS FOR THE ORD

CRD STEP FOUR
Identify and label critical top-level
IERs.11 In addition, IERs that must flow
down to specific ORDs must be clearly
identified. IERs that are critical will be
required at threshold. Notice that in column 9 of Table 1 METOC, the first IER
is identified as critical and the second
is not.12

6

Although the interoperability requirements in the CRD are specified for an
FoS or SoS, the interoperability requirements for an ORD are specified for the
proposed system that is being acquired.
The following is a process for identifying ORD interoperability requirements
using architecture products specified in
the DoD architecture framework (DoD,
1997; also see CJCS, 2000, pp B-3
through B-5).
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Table 2. CRD – Interoperability KPP for METOC
Interoperability KPP
All top-level IERs will be
satisfied in the threshold
and objective values.

Threshold (T)

Objective (O)

100% of top-level IERs
designated critical.

ORD STEP ONE
Identify top-level external interfaces
using a high-level operational concept

100% of top-level IERs.

graphic (OV-1). If the system identified
in the ORD falls within the FoS or SoS
identified in the CRD, the ORD OV-1

Weather Satellites

Imagery
Theater-Scale Products
METOC
Forecast Centers
(CONUS/OCONUS)

METOC
Forecast Centers
(CONUS)

“Regionalized”
Products

SOFOR
AFFOR

Area of Operations

Local
Weather
Observations

NAVFOR
Commander JTF

ARFOR

Local
Forecast
& Decision Aids

MARFOR

Figure 2: CRD — High-Level Operational Graphic (OV-1) for METOC
Figure 4. ORD – High-Level Operational Graphic (OV-1) for METOC
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must be derived from the CRD OV-1.
Therefore, in some cases the ORD OV1 may essentially be the same OV-1 for
CRD. Figure 4 illustrates an ORD OV-1
for METOC.
Notice that this OV-1 is directly derived from the CRD OV-1 for METOC.
However, in the OV-1 for the ORD the
notion of a central repository of information is the central requirement for the
ORD. In the graphic this central repository is identified as the Joint METOC
Database (JMDB). A text description is
also included with this OV-1 similar to

MFC
(Production
Center)

STEP

C2/CS
System(s)

MSS
/EMS
S

METOC
Analyst W/S

Identify legacy, current, and future
external systems interfaces that are
required to exchange information using a System Interface Description (SV1). The SV-1 provides a high-level pic-

MFC
(Regional Center)

GBS
Injection
Manager (M)

GBS
TIP

Note: The GBS Injection
Manager must be situated
on the network so as to
efficiently ingest content
from sources and move
them to the GBS injection
point.

UFO
CINC
MET
GBS
LAN METOC METSAT
SENSOR Receiver Radar
GRT
(Optional) (Optional) (Optional)

Multi-Band
Satellite Receiver
(X, C, Ku, Ka)

Service Tactical Unit/METOC Unit
IPR Dial-in
Mobile
Handheld
STUIII
Device
METOC
C2/CS
Analyst Terminal
GBS
System(s)
W/S
Server
GRT
METOC
Sensor

ORD STEP TWO

SPIRNet

Commercial
Gateway CINC/SMO

DSCS
Military &
Commercial
Communications
Satellites

the text description for the CRD OV-1.
However, in this case the text focuses
on the objectives of the particular acquisition requirements identified in the
ORD (i.e., the information repository —
JMDB). For the sake of brevity, the text
example is not included.

METSAT MET JMDB GBS
Receiver Radar
Receive
Manager
(RM)

GBS
TIP
CJTF/JMO/JMFU
IPR Dial-in

SPIRNet

JMDB
(Mirror)

STUIII
METOC
C2/CS
Analyst Terminal
System(s) W/S
Server
METOC
Sensor

GBS
GRT

METSAT MET JMDB GBS
Receiver Radar
Receive
Manager
(RM)

Figure 5. ORD – Systems Interface Description (SV-1) for METOC
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ture of the systems and their interfaces
for each node and needline.13 In addition, it represents the communication
systems that provide a path for the information exchange between systems.
The value of SV-1 is characterized as
follows: it links operations or business
to the physical need or existing capability.
Figure 5 is an SV-1 example for
METOC. Notice that Figure 5 provides
a picture of legacy, current, and future
systems. The system being acquired,
JMDB is found in the lower right box
(node) labeled CJTF/JMO/JMFU.14 This
can be traced back to ORD OV-1. Also
notice that the ORD OV-1 depicts the
JMDB in the CJTF area of operation.
There should also be a text explanation
of this graphic to define each system
and the functions they perform. For the
sake of brevity, the text description is
omitted from this article.

ORD STEP THREE

Matrix (OV-3) format. These high-level
IERs are derived from the ORD OV-1
and the ORD SV-1.
The IERs from the ORD are addressed first. For the purposes of this
illustration, the IERs for the ORD flow
down from the CRD. In other words,
the IERs for the ORD are the same as
the IERs for the CRD. However, reality
suggests that the top-level IERs for the
CRD are likely to be decomposed into
additional specific operational IERs for
each ORD under a CRD.
The next task is to document the IERs
depicted in SV-1. These IERs are systems information exchanges. These system IERs can be documented by adding systems information columns to the
OV-3. Table 3 is the OV-3 with systems
information included. In Table 3, two
columns are added. Column 4b is added
to identify the system that sends the information, and column 5b is added to
identify the system that receives the information.

Document top-level IERs for the
ORD 15 in the Operational Exchange

Table 3. ORD – Information Exchange Matrix (OV-3) for METOC

Info
Exch

1

2

1

2

3

4a

4b

5a

5b

6

7

8

9

UJTL

EVENT

INFORMATION

SEND
NODE

SEND
SYSTEM

REC
NODE

REC
SYSTEM

MEDIA

QUALITY

QTY

CRITICAL

Op2.2
Collect
Ops
Info

Collect
METOC
Information

Atmospheric
Information: Air,
Cloud, Visibility,
Precipitation,
Lightning,
Unusual Weather

CJTF
(JMO/
JMFU)

Joint
METOC
Database

Regional
METOC
Forecast
Center
(MFC)

MFC
Database

Text,
Data

Updates
Every
20
Minutes

200300MB
“raw”
data

YES

Satellite

Regional
Sensor

MFC
Database

Text,
Data

Updates
Every
20
Minutes

200300MB
“raw”
data

NO

OP2.2
Collect
Ops
Info

Collect
METOC
Information

Oceanographic
Information: Ice,
Ice Berg, Wave,
Beach
Bathymetry,
Water Column

Local
Weather
Satellite
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ORD STEP FOUR
Identify and label critical IERs at the
ORD level. If the IER is critical at the
CRD level, it is critical at the ORD level.
A critical IER at the CRD is likely to be
decomposed at the ORD level into additional specific IERs for the particular
acquisition. It does not follow that all
the decomposed ORD IERs will be critical.

• OV-1, High-Level Operational
Concept Graphic.
• OV-2, Operational Node Connectivity Description.
• OV-3, Operational Information Exchange Matrix.
• OV-6c, Operational Event Trace Description.

ORD STEP FIVE

• SV-1, System Interface Description.

Derive an interoperability KPP for the
ORD from the ORD Information Exchange Matrix (OV-3). In the example,
the interoperability KPP is the same as
the CRD interoperability KPP.

• SV-6, Systems Information Exchange Matrix.

“ARCHITECTING” C4I SUPPORT PLAN
INTEROPERABILITY REQUIREMENTS
DoD 5000.2-R requires a C4I Support Plan “for programs in all acquisition categories when they connect in
any way to the communications and information infrastructure. This includes
IT systems,16 National Security Systems
(NSS),17 and all infrastructure programs”
(2001b, ¶C6.4.2). The regulation requires that the plan be kept current
throughout the program’s acquisition
process.
The mandatory procedures and formats for the plan are found in Appendix
5 of DoD 5000.2-R (2001b). The procedures require the use of enterprise
architecture products to describe information technology interoperability requirements. Specifically, the plan must
include the following:

• TV-1, Technical Architecture Profile.
The OV-1, OV-3, and SV-1 may initially be the same as those included as
part of the ORD. However, as the acquisition progresses, those architecture
products should be revised to contain
progressively more detailed and specific
descriptions of information requirements and information technology requirements. The following are the steps
in creating the additional architecture
products needed for the C4I Support
Plan.

C4I SUPPORT PLAN STEP ONE
Create the Operational Node Connectivity Description, OV-2. The OV-2
is derived from OV-1 and is a representation of operational nodes and elements performing activities, represents
needlines between operational nodes,
and identifies the characteristics of information exchanged between nodes
and elements. Although this enterprise
architecture product is not required by

202

Interoperability in DoD Acquisition Programs through Enterprise “Architecting”

ACTIVITIES PERFORMED AT THE NODES
A31: Take Atmospheric Observations
A311: Take Surface Observations
A312: Take Upper Air Observations

Geostationary Imagery
• Updates every 20 min-1
hr
• 200-300 MB

ACTIVITIES PERFORMED AT THE NODES
Regional MFC
A31: Take Atmospheric Observations
Take Surface Observations
Global MFC A311:
A312: Take Upper Air Observations

○

○

○

CINC

○

SMO

○

○

CJTF

CJTF

○

JMO/JMFU

JMO/JMFU
Tactical
METOC Unit

Weather Radar

○

Surface
Observations
• Hourly
• 0.1KB each
• Upper Air
Observations
• Every12hours
• 1KB

○

Upper Air
Observations
• Every 12 hours
• 1KB each

○

CINC
Regional MFC
SMO

Global MFC

Surface
Observations
• Hourly
• 0.1KB each

Polar Orbiter Imagery
• Updates every 2-12 hrs
Geostationary Imagery
• 200-300 MB
• Updates every 20 min-1 hr
○ ○○
• 200-300 MB
○ ○ ○○ ○○
○
Polar Orbiter
Imagery
○
○ every2-12hrs
○
○
•○
Updates
○
• 200-300 MB ○ ○ ○
○ ○
○
○
○
○
○
Polar Orbit
○ ○
○ ○ Orbit
SAT
○ Polar
○ SAT
○Geo-Station
Geo-Station
○
SAT

TacticalUnits

SAT

Weather
Radar

= Limited Capability Currently
= Node Performing Activity

Tactical
Units
Figure 6: C4I Support Plan — Operational Node ConnectivityTactical
Desription (OV-2)
for METOC
METOC Unit
= Limited Capability Currently
= Node Performing Activity

Figure 6. C4I Support Plan –
Operational Node Connectivity Description (OV-2) for METOC

the CRD or ORD, documenting the
nodes and needlines before documenting the IERs (OV-3, Operational Information Exchange Matrix) makes it
easier to identify the IERs that are used
to derive interoperability KPPs. The
value of OV-2 is characterized as
follows:
• Helps in understanding complex information flows by providing a highlevel picture of those flows.

Figure 6 is the METOC OV-2. A text
description should also be included with
each graphic as an aid in understanding the contents (not included here for
brevity). Notice that for this particular
OV-2, there are several activities that are
performed by the “node performing
activities.”
The business or operational activities
performed by those nodes include the
taking of atmospheric observations,
which includes taking both surface and
upper air observations. The graphic also
illustrates where adequate and limited
capabilities exist, suggesting a need for
improvement in the movement of in-

• Useful in making the link between
business/operations and systems.
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formation between the nodes (a needed
interoperability improvement). Also included in this graphic are boxes that
contain high-level descriptions of information that is needed between nodes.
One such example is the description of
information relative to surface observations. Surface observations are taken
hourly and involve the use of 0.1 KB
of data space.

C4I SUPPORT PLAN STEP TWO
Create the Operational Event/Trace
Description, OV-6c. The OV-6c is derived from the OV-2 and the OV-3. To
ensure events are sequenced correctly,
a process model (e.g., OV-5, Activity

Model) is helpful. The value of OV-6c
is characterized as follows:
• Allows the tracing and timing of actions in a scenario or critical sequence of events.
• Can be used to describe dynamic
behavior of processes.
Figure 7 illustrates the METOC OV6c. In Figure 7 the timing is shown on
the left, the operational nodes are at the
top, and the events are shown by arrows between nodes. The nodes and timing can be traced back to the OV-2 and
the OV-3.

CJTF
JMO/JMFU

0100 hr

Satellites

Collect Atmospheric
Information
Collect Oceanographic
Information

0100 hr

0120 hr

Regional MFC

Collect Atmospheric
Information

Collect Oceanographic
Information

0120 hr

Figure 7. C4I Support Plan –
Operational Even/Trace Description (OV-6C) for METOC
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Table 4. C4I Support Plan –
Technical Architecture Profile (TV-1) for METOC
Command
and Control

Combat Support

Application
Class

GCCS
METOC
Application

METOC
Analysis
Application

Joint
METOC
Database

Alphanumerics

WMO A/N Codes
Bulletin
WMO No. 306,
Volume I.1, Part A

WMO A/N Codes
Bulletin,
WMO No. 306,
Volume I.1, Part A

WMO A/N Codes
Bulletin,
WMO No. 306,
Volume I.1, Part A

Coded
Observations

BUFR, WMO No.
306, Volume I.2,
Parts B & C; OTH-T
Gold WEX

BUFR, WMO No.
306, Volume I.2,
Parts B & C

BUFR, WMO No.
306, Volume I.2,
Parts B & C

METSAT
Imagery/Radar

NITF-v2.0,
MIL-STD-2500A

NITF-v2.0,
MIL-STD-2500A

NITF-v2.0,
MIL-STD-2500A

Other Imagery
and
Graphics

GIF, JPEG, MPEG,
FIPS Pub 128-1
CGM

GIF, JPEG, MPEG,
FIPS Pub 128-1
CGM

GIF, JPEG, MPEG,
FIPS Pub 128-1
CGM

C4I SUPPORT PLAN STEP THREE

• Includes a discussion of relevant
interoperability considerations.

Create the System Information Exchange Matrix, SV-6. The SV-6 is, in
essence, documented when systems
characteristic are added to the OV-3 (see
previous paragraphs regarding the creation of the ORD OV-3).

Table 4 illustrates a portion of TV-1
for METOC. The standards in Table 4
were chosen from the standards listed
in the JTA at the time that this example
was documented. Figure 8 provides an
example of the text explanation that
may accompany the TV-1 matrix of
standards.

C4I SUPPORT PLAN STEP FOUR
Create the Technical Architect Profile, TV-1. The TV-1 lists the technical
standards chosen from the Joint Technical Architecture (JTA) that apply to
the system described in the ORD. The
value of TV-1 is characterized as follows:
• References how the standards need
to be, or have been, implemented.

FUTURE RESEARCH OPPORTUNITIES
DoD has taken the first steps in linking
enterprise architecture to investment planning, acquisition, and interoperability. The
illustrated interoperability KPPs are very
high-level, overarching performance
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•

Note 1: Section 2.4.1.2 of the Joint Technical Architecture, v 2.0 states that the
minimum level of COE compliance is Level 5. An Assistant Secretary of Defense for
C3I letter dated 23 May 1997, Subject: Implementation of Defense Information
Infrastructure Common Operating Environment Compliance states, “All UNIX-based
legacy C4I systems, other than mainframe base systems, shall be Level 5 DII COE
compliant. All new C4I emerging systems and upgrades shall be level 6 DII COE
compliant with the goal of achieving level 7.”

•

Note 2: The requirement that the Service’s METOC Analysis applications use the
common mapping services of the DII COE implies that the JMTK will evolve to
support the display and analysis tasks required by the Services. Service METOC
Analyst applications will most likely migrate to the common mapping services of
the DII COE in concert with the tactical systems that they support.

•

Note 3: The ultimate objective among all METOC applications is to use common
physical schemas whenever it makes sense. A number of factors will influence the
extent to which this can be accomplished, including the nature of the application
and the location of the data fill. The existing data management services in the COE
may be appropriate for certain data functions and not others.

•

Note 4: In GCCS and in the Navy, the OTH-T Gold message specification provides
a major link to tactical systems. While the Joint METOC Segment (JMS) does not
require OTH-T Gold formatted data as input (i.e., it is capable of decoding GRIB,
BUFR, WMO A/N, VPF, etc. directly), there are operational requirements (e.g., passing
of METOC products to communications-constrained environments) in which OTHT Gold messages are the only viable alternative. In the Army, the USMTF message
specification (for alphanumerics) and MCS SITMAP-compatible formats (for vector
products) fulfill a similar link between METOC analyst and Army tactical systems. In
the Air Force, Appendix 30 formats provide the link between METOC analyst and
USAF tactical systems. It is possible that in the future, the Joint VMF may replace
the tactical message formats currently used by both GCCS and the Services.

Figure 8. C4I Support Plan – Text Explanation of TV-1 for METOC

parameters. As such, the performance
parameters will be difficult, if not impossible, to measure. Therefore,
interoperability KPPs need to be specified at a level where interoperability can
truly be measured. To that end, there is
an opportunity for research in developing a generic process for identifying specific measurement criteria associated
with interoperability KPPs. This generic
process could be derived from the work
done in measuring Levels of Informa-

tion Systems Interoperability (LISI).
Linking LISI criteria to the
interoperability KPPs may provide an
organized structure for specifying more
detailed interoperability measures.

CONCLUSIONS
Using enterprise architecture products in DoD systems acquisition documentation helps to clarify not only the
operational and system requirements,
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but also facilitates the development of
interoperability KPPs in support of JV
2020. In addition, illustrating a specific
system from a larger enterprise perspective (e.g., FoS or SoS) enables DoD to
determine how well the investment supports the overall mission. Lastly, the
continuous refinement of the architecture products into more detailed and
specific, time-phased descriptions
throughout the acquisition process
should help ensure that the investment
continues to support the overall mission
related to the applicable FoS or SoS.
Even though benefits are evident, there
is a cost associated with creating, evolving, and maintaining the architecture
products in support of the acquisition.
It should be evident that skilled personnel are needed to document and
update enterprise architecture descriptions. In addition, it should be clear that
the acquisition program organization is
likely to end up with the task of updating the architecture products, especially
during the systems engineering process.
Therefore, program managers need to
hire skilled personnel and ensure that
adequate time is budgeted for the
“architecting” mission of the program.

Even though JV 2020 states that
interoperability includes more than
technical interoperability, the use of architecture products as identified in the
DoD acquisition regulation focuses primarily on technical or systems
interoperability. This is evidenced by
CJCS Instruction statements: “top-level
IERs are defined as information exchanges between systems” (6212.01B;
2000, p. B-1) and “Even though there
are many facets of interoperability...that
need to be identified in the ORD, the
focus for the interoperability ORD KPP
will be the information exchange and
interoperability level for the ORD system information needs” (3170. 01B;
2001, p. E-6). Even though systems successfully share information, interoperability is not guaranteed.
To that end, investment and acquisition managers need to clearly understand and document the operational or
business aspects of interoperability using a structured method similar to the
method described in this article for creating systems interoperability KPPs.
Only then can interoperability be
achieved. That said, most efforts continue to focus primarily on technical or
systems interoperability.

Mary Linda Polydys is the Chairperson of the Systems and Acquisitions
Department, Information Resources Management College, National Defense
University. A former contracting officer and DoD data administrator, she
currently leads the development and delivery of acquisition, architecture,
and data management education for chief information officers and DoD/DAU
information technology acquisition professionals. She has a bachelor’s degree
in decision sciences, master’s degree in information systems, and is currently
a doctoral student in information technology at George Mason University,
Fairfax, VA.
(E-mail address: polydysm@ndu.edu)
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ENDNOTES
6. IERs characterize the information
exchanges to be performed by the
proposed Family of Systems (FoS),
System of Systems (SoS), or system. For CRDs, top level IERs are
defined as those information exchanges that are between systems
that make up the FoS or SoS, as well
as those that are external to the FoS
and SoS. IERs identify who exchanges what information with
whom, why the information is necessary, and how the information exchange must occur. Top-level IERs
identify warfighter information used
in support of a particular missionrelated task and exchanged between at least two operational systems supporting a joint or combined
mission. The quality (i.e., frequency, timeliness, security) and
quantity (i.e., volume, speed, and
type of information such as data,
voice, and video) are attributes of
the information exchange included
in the information exchange requirement (CJCS, 2000, p. GL-10).

1. Information superiority: the capability to collect, process, and disseminate and uninterrupted flow of
information while exploiting or denying an adversary’s ability to do
the same (JP1-02). Information superiority is achieved in a noncombat situation or one in which there
are no clearly defined adversaries
when friendly forces have the information necessary to achieve operational objectives (JP1-02).
2. Interoperability: the ability of
systems, units, or forces to provide
services from other systems, units,
or forces and to use the services so
exchanged to enable them to operate effectively together (JP1-02).
3. Architecture products are the
graphical, textual, and tabular output that are created in the course of
building a given architecture description and that describe characteristics relevant to the architecture
description’s purpose. (DoD, 1997,
p. 4-1).

7. OV is an indicator for an operational
architecture view product. In the
DoD architecture framework (DoD,
1997, p. 4-4) there are seven operational architecture view products.

4. Key performance parameters are
those capabilities or characteristics
considered essential for successful
mission accomplishment (CJCSI
6212.01B, 2000, p. GL-12).

8. SV is an indicator for a systems
architecture view product. In the
DoD architecture framework (DoD,
1997, p. 4-4), there are eleven systems architecture view products.

5. A node is a representation of an element of architecture that produces,
consumes, or processes data (DoD,
1997, p. GL-2).
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9. TV is an indicator for a technical
architecture view product. In the
DoD architecture framework (DoD,
1997, p. 4-4), there are two technical architecture view products.
10. The examples used throughout this
article are derived from the Draft
Joint Meteorological and Oceanographic (METOC) Architecture.
Some of the graphics and descriptions have been modified for the
purposes of this article.

16. Information Technology (IT): Any
equipment, or interconnected system or subsystem of equipment, that
is used in the automatic acquisition,
storage, manipulation, management, movement, control, display,
switching, interchange, transmission, or reception of data or information. The term “equipment”
means any equipment used by a
component directly or used by a
contractor under a contract with the
component that requires the use of
such equipment, or the use, to a significant extent, of such equipment
in the performance of a service or
the furnishing of a product. The
term “IT” includes computers, ancillary equipment, software, firmware, and similar procedures, services (including support services),
and related resources. The term “IT”
also includes national security systems. It does not include any equipment that is acquired by a federal
contractor incidental to a federal
contract (DoD, 2001c, ¶E2.1.5).

11. A critical IER is an information exchange that is so significant that if
it does not occur, the mission area
will be adversely impacted (CJCS,
2000, p. B-3).
12. The second IER is identified as not
critical for the sake of illustration.
13. A needline is a requirement that is
the logical expression of the need
to transfer information among
nodes. The content of the transfer(s)
is specified by reference to IERs
(DoD, 1997, p. GL-2).
14. CJTF (Commander, Joint Task
Force)/JMO (Joint Force METOC
Officer)/JMFU (Joint METOC Forecasting Unit).

17. National Security System: Any telecommunications or information system operated by the U.S. Government, the function, operation, or use
of which involves intelligence activities; cryptologic activities related
to national security; command and
control of military forces; equipment that is an integral part of a
weapon or weapons system; or subject to the limitation below, is critical to the direct fulfillment of mili-

15. For ORDs, top-level IERs are defined as those information exchanges that are external to the system (CJCS, 2000, p. GL-10).

209

Acquisition Review Quarterly — Summer 2002

tary or intelligence missions. This
does not include a system that is to
be used for routine administrative
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and business applications (including payroll, finance, logistics, and
personnel management applications). This definition is from the
Clinger-Cohen Act of 1996 (DoD,
2001c, ¶E2.1.14).
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Auctions in Defense Acquisition:
Theory and Experimental Evidence

AUCTIONS IN
DEFENSE ACQUISITION:
THEORY AND
EXPERIMENTAL EVIDENCE
Bruce G. Linster, Ph.D. and David R. Mullin, Ph.D.
This article explores the implications of the theory and experimental evidence
for auctions in the defense acquisition process. We begin with a brief review of
the simplest auctions and proceed to recent theoretical/experimental results.
The theoretical and experimental results discussed can shed light on efficient
acquisition in the Department of Defense.

A

uctions have been around for thousands of years. People buy and sell
goods, services, and financial assets every day through auctions. More to
the point, individuals and governments
routinely use auctions to purchase goods
and services from suppliers. Anyone wishing to see just what sorts of things are
bought and sold by auction need only
check one of the many online auction sites
available today. When the Federal Acquisition Rules were rewritten in 1997 (Harris, 2001), the Office of Management and
Budget eliminated the prohibition on auctions (Messmer, 2000). The enhanced
technology currently available makes
online auctions more appealing than ever,
and the General Services Administration
(GSA) has encouraged it’s use.

The Department of Defense (DoD) has
recently begun purchasing with online
auctions — receiving offers from suppliers for things ranging from computers to
equipment for U.S. Navy vessels. The
Navy was the first to try online auctions
for procuring airplane and ship parts. The
Army’s first venture into auctions was to
purchase IBM ThinkPads, saving 40 percent off the standard GSA price. Since
then, the Army has bought spare parts for
the Patriot Missile system. The Air Force
first tested the online auction waters in August 2000 to acquire computer equipment
and saved about $88,000, or 27 percent
of the estimated cost.
Now that auctions are possible, even
encouraged, for DoD acquisition, the
question arises as to how these auctions
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should be conducted. The purpose of this
essay is to discuss the different types of
auctions DoD may employ and describe
the characteristics and qualities associated
with each. When buying a single item (or
lot of items), like a certain quantity of
computers as in the Army case, what are
the properties of a sealed-offer auction
relative to a reverse auction conducted
online? After discussing the theoretical
properties of these auctions, we will review
some of the pertinent experimental literature that may have something to say about
each type of auction. Finally, we will conclude with a summary of the significance
of these results for DoD auctions.

THE THEORY
The most commonly studied auctions
are the sealed-bid auction and the English
auction. These auctions, along with the
complementary auctions designed to purchase items, are described in Table 1. It is
not immediately clear that any of these
auctions has an advantage over the others.
The theory of sealed-bid and English auctions is well developed elsewhere.1 In this
section we discuss the types of auctions
most likely used in government acquisition, sealed-offer and reverse auctions, and
draw inferences for these auctions from
the substantial literature for the complementary sealed-bid and English auctions.

Table 1. Description of Auction Types
Auction
Type

Bidding/Offer
Process

Description

English

bids increase

This is the typical auction in which a single seller of a
single item (or lot of items) receives increasing bids
from prospective buyers. The auction ends at a
predetermined time, and the item goes to the highest
bidder for the highest bid price.

Reverse

offers decrease

The exact opposite of the English auction. A single
buyer of a single item (or lot of items) receives
decreasing offers from prospective sellers. The
auction ends at a predetermined time, and the item is
purchased from lowest offerer for the lowest offer
price.

Sealed-bid

Sealed bids

A single seller of a single item (or lot of items) receives
sealed bids from potential buyers. Bids are unknown
to all other bidders. The object goes to the high bidder
for the highest bid price.

Sealed-offer

Sealed offers

A single buyer of a single item (or lot of items) receives
sealed offers from potential sellers. Offers are
unknown to all other offerers. The object goes to the
high offerer for the lowest offer price.
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A derivation of predicted behavior in
sealed-offer and reverse auctions under the
assumption of risk-neutrality is provided
in Appendix A. It is important to note that
in both types of auctions with risk-neutral
suppliers the expected price of the item
sold to the government is the same,
although the bidding strategies are clearly
different. The intuitive result that the expected offer price decreases as the number
of suppliers increases is also made concrete. It is clear that the two types of auctions are, in this very simple environment,
equivalent in terms of expected outcomes
although they do not have the same optimal bidding/offer strategies. This result is
well known in the auction literature as the
revenue-equivalence result,2 which in the
context of the auctions we are discussing
might better be called an expenditureequivalence result. Note, however, that this
expenditure-equivalence depends heavily
on the risk-neutrality assumption. It can
be shown that, whereas risk aversion will
not alter the results for the reverse auction,
the sealed-offer auction will generate
lower expected offer prices when suppliers
are risk averse.3
Although the sealed-price and English
auctions have been the most commonly
analyzed, the isomorphism between these
auctions and their complements, the
sealed-offer and reverse auctions, allows
us to make inferences from the auction
literature and apply it for acquisition purposes. Also, economists have conducted
many experiments to test the theoretical
predictions of behavior in auctions. In the
next section we describe some of the
experimental economics literature on
auctions and how it relates to the kind of
government auctions that interest us here.

THE EXPERIMENTAL EVIDENCE
In general, the experimental evidence
does not address sealed-offer or reverse
auctions directly. However, the fact that
the experimental evidence suggests that
bidding behavior in English auctions is
consistent with theoretical predictions
strongly indicates equilibrium behavior
among suppliers in reverse auctions. The
results of experimental sealed-bid auctions
are consistent with risk-averse buyers,
however. Specifically, Cox, Roberson, and
Smith (1982) and Coppinger, Smith, and
Titus (1980) reported higher than expected
bids in their sealed-bid auction experiments — results
consistent with
risk-averse buy- “It is clear that
ers. These re- the two types of
sults hold re- auctions are, in
gardless of the this very simple
environment,
number of bidequivalent in
ders who par- terms of expected
ticipated. This outcomes….”
leads us to expect risk-averse
behavior among suppliers in the sealedoffer auctions and lower offer prices
irrespective of the number of suppliers.
We can measure efficiency in sealedbid auctions by calculating the proportion
of times that the bidder who values the
object most wins the auction. Although the
English auctions almost always end with
the highest value bidder winning, an inefficient outcome took place in sealed-bid
auctions about 12 percent of the time in
the experiments conducted by Coppinger
et al. (1980) as well as Cox et al. (1982).
In terms of sealed-offer auctions, this
means we can expect suppliers who do not
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have the lowest cost to offer the lowest
price occasionally. Again, this result held
irrespective of the number of participants.
To test the prediction that a larger number of participants leads to higher bids in
the sealed-bid, Battalio, Kogut, and Meyer
(1990) varied the number of bidders in a
simple sealed-bid auction environment.
The bidders were asked to submit bids for
an item with
the same value
“Again, the
in two potenexperimental
tial markets,
evidence supports
one with 5 bidthe prediction that
ders and the
more participants
other with 10
in sealed-offer
bidders. The
auctions will lead to
actual market
lower offer prices.”
size was randomly determined after bids were made. Battalio et
al. came as close as possible to holding
all other things constant with this procedure. They reported that 86 percent of bidders made larger bids in the market size
of 10 relative to the market of only 5. Sixty
percent of the increases were statistically
significant. The application to sealed-offer
auctions is straightforward — an increase
in the number of suppliers implies lower
offer prices in sealed-offer auctions.
In another study, Dyer, Kagel, and
Levin (1989) asked subjects to tender bids
contingent on the size of the market. Specifically, subjects in a sealed-bid auction
experiment were asked to make a bid in a
market of three bidders and one for a market of six. They found that bids were
higher in the market of six than in the market of only three in about three-quarters
of the cases. In only 3 percent of the cases
were the bids different in the opposite direction. When they ignored the bidders

with the lowest one-third of the valuations,
the proportion that increased their bids
jumped to 85 percent. Again, the experimental evidence supports the prediction
that more participants in sealed-offer auctions will lead to lower offer prices.
McAfee and McMillan (1987b) and
Matthews (1987) considered the effect of
uncertainty with respect to the number of
bidders in a market. They were able to
show theoretically that with risk-neutral
bidders in a sealed-bid auction the expected revenue (or expenditure in the
sealed-offer auction) should not be affected by uncertainty about the number
of bidders. Dyer et al. (1989) examined
this result using their experimental results
from the contingent bids. They found that
uncertainty about the number of bidders
in a market tends to increase the bids in
these auctions and used this as evidence
to support the claim that higher than predicted bidding in these auctions results at
least partially from risk aversion. Again,
the relevance to sealed-offer auctions is
clear.

SUMMARY AND CONCLUSIONS
The theory of auctions has been developed and refined recently through the
development of game theory and experimental economic methods. As the DoD
shifts toward the use of auctions for purchasing goods and services, an understanding of these auctions becomes ever
more important. This article examined
some of the theory and experimental
evidence with respect to auctions.
We first described the predicted bidding
strategies in sealed-offer and reverse
auctions. Although the expected results are
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the same for risk-neutral participants in
both auctions, we pointed out that lower
offer prices would obtain in the sealedoffer auctions with risk-averse suppliers.
The experimental evidence suggests,
however, that the two auctions will not
yield the same offer prices, and suppliers
in a sealed-offer auction will tend to offer
lower prices more than predicted. This
result is fully consistent with risk-averse
behavior.
We also explored the importance of the
number of bidders in an auction. Here the
evidence from experimental auctions reflects the sort of behavior we predict from
the theory. As the number of participants

increases, the winning offer price decreases. When uncertainty over the number of participants is present, behavior
consistent with risk-averse participants is
once again apparent.
Although buying goods and services
through auctions is relatively new to DoD,
auctions have been studied in other contexts since game theory was introduced
as an economic tool, and the use of laboratory experiments has become popular.
Achieving efficiency or low price goals
will be more likely in DoD auctions if we
look to the economic literature for some
insight.
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APPENDIX A
Suppose the government is buying a good through an auction in which potential
suppliers submit a sealed offer for a price at which they will provide the good. We will
assume initially that there are only two risk-neutral suppliers with different costs, which
we assume to be independently and identically distributed according to a uniform distribution with support

. Strategies in this auction will be offer price functions that

yield an offer price as a function of the supplier’s actual cost.
It is not difficult to show that an equilibrium offer price function, or relationship
between the supplier’s cost and his offer price, in the auction described above is
, where c is the cost to the supplier and p(c) is the price paid by the government. To see this, consider a supplier’s expected profit maximization problem. We will
contemplate only affine (straight line) offer price functions; that is, we are thinking
with

about offer price functions of the form

. Notice that this

function is strictly increasing in cost. If suppliers employ this offer price function and
costs are uniformly distributed on
higher than c is just

, then the probability the supplier has a cost

. Also, the increasing offer price function ensures that the seller

with the lower cost will make the lower offer and win the auction. Therefore, the prob. The profit a supplier

ability a seller with a cost c has the lower cost is
gets if he wins the auction is

. Hence, each supplier solves the following program
.

and maximizes his expected profit:
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The first order maximization condition for a supplier, then, can be stated as
. Since

, it is easy to verify that when

and

the first order conditions are satisfied. Hence,
is an equilibrium offer price function under the conditions specified.
Now, suppose there are n suppliers of the item, and the costs are still identically and
independently distributed from the uniform distribution on the interval
ability that a supplier wins the auction is now

. The prob. That is, the

probability a supplier wins is once again just the probability it has the lowest cost. A
. The first order

supplier chooses p to maximize the following:
condition is now
yields

through by
that

. Dividing

and

. Again, it is easy to verify

satisfy the first order conditions because

.
.

That is, the equilibrium offer price function is:

Before moving on to the reverse auction that is now being used by many government
agencies, let us consider the expected results of these sealed-offer auctions. First, what
is the expected price the government will pay? The buyer can expect to pay
where

is the lowest cost. It can be shown that with n suppliers having costs drawn

from a uniform distribution on the interval
will be

, the expected value for the lowest cost

. Hence, the expected price will be

. Note

that as the number of suppliers increases, the expected price goes to zero, the minimum
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possible cost. Also, the winning supplier’s profit decreases similarly. The profit for the
supplier with the winning offer price (lowest cost) is
gets large profits go to zero. Also, since each supplier has a
a supplier’s expected profit is

. Here, as n
probability of winning,

.

Now we can compare these results to the reverse auction. Fortunately, the equilibrium strategy is much more easily determined in the reverse auction than in the sealedoffer auction. We make the same assumptions about the distribution of costs as above.
Since suppliers see the price descending, the dominant strategy for a supplier is to
continue to reduce the offer price by the minimum increment until the price falls below
his cost. As in the sealed-offer auction, the supplier with the lowest cost wins the auction, but here he sells at a price equal to the next lowest cost.
In order to determine the expected price in a reverse auction, we begin by considering the case of two suppliers. From above, it is clear that the expected cost of the
winning supplier is . Conditional on the fact that the losing bidder did not win, the
expected cost for the losing bidder is
tween

. That is, in terms of expectation any cost be-

and 1 is equally likely, so the expected value will be the midpoint because

costs are uniformly distributed. Hence, the expected price with two suppliers is . Note
that this is the same expected price as in the sealed-offer auction described above.
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More generally, with n suppliers the expected cost for the winning supplier is

,

and the expected cost for the next lowest cost supplier is
,
which is exactly the same result we derived above. As before, the expected profit for the
winning supplier is

.
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ENDNOTES
1. See, for example, McAfee &
McMillan, 1987a.

3. See, for example, Davis & Holt, 1993,
pp. 306.

2. See Davis & Holt, 1993, pp. 282–284.
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OPINION
Just Contracting Parties,
or Partners as Well?

JUST CONTRACTING PARTIES,
OR PARTNERS AS WELL?
Thomas I. Siemsen
Government and contractor acquisition personnel are frequently directed by
their superiors to trust one another and others with whom they have contracts.
Unfortunately, relatively little thought may have been given to what trust consists
of or what an act of trust must entail. This paper considers what is involved
when one chooses to trust another person, under what circumstances trust
may or may not be appropriate, and the consequences of trusting or not
trusting. The paper concludes with brief suggestions concerning the ways in
which trust might be incorporated into the source selection process.

I

recently had an interesting experience that led to this paper. I had just
finished outlining an exercise involving a simulated negotiation to a group of
students. When I asked for questions or
comments, one of the students raised his
hand and asked, “Are we supposed to treat
the people we’re negotiating with as if
we’re all on the same team, or like it is in
the real world?” I responded to his question
by asking him to explain why he would
not want the “other party” on his own team,
and he said, “Because, in the real world, I
don’t trust them.” The question and his
response prompted me to think about the
possibilities of teaming, partnering, and
trust these days.
For a number of years, now, the ideas
of teaming and partnering have dominated
much of the thinking and practice of
management, to include the thinking and

225

practice of defense acquisition management. The U.S. Army Corps of Engineers
published a manual titled Partnering for
Success that discusses the importance of
partnering between the government and
its contractors and goes on to describe how
a partnering agreement can be established.
Similarly, Navy program managers and
contracting officers have been employing
a process known as “Alpha Acquisition,”
by which confrontational negotiation in
“sole source” acquisitions is replaced by
a collaborative process of joint preparation of proposal, which can then be accepted as the contract, without further
negotiation. The Air Force has employed
a similar process for negotiating contract
changes under the title “One-Pass,” and
the Defense Contract Management Agency has established an equivalent process
for many of its negotiations under the term
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“IPT Pricing” (see Caldwell, 2001;
McDonald, 2001; Nibly & Dyer, 2001;
Norby, 2001; Norgard & Valley, 2001).
Indeed, when I went to the Defense
Acquisition Deskbook and entered the
search word team, I got 5,616 “hits”; IPT
produced an additional 1,460 hits, and
partner and partnering produced a combined list of 558.
Although each of these practices or programs is a different application of the ideas
of teaming and partnering, they all have
in common an increased reliance upon
trust, not only
between the
“One way to start
government
that process is to
and its conrecognize that
tractor(s), but
there is a difference
also a greater
between selecting
degree of trust
a contractor and
between manselecting a
agement and
partner.”
workers on
both sides.
However, as the employees of the Enron
Corporation recently learned, trust can be
dangerous (Glassman, 2001). Indeed,
there is always a potential risk associated
with trusting someone. Given that, why is
trust important, why are managements all
over the world encouraging more of it, and
why should those of us in contracting be
particularly concerned to understand it?
Or, to put the last of these questions a little
differently, what should we in acquisition
begin doing as a way of taking trust seriously, of really incorporating it into our
acquisition practices rather than simply
admonishing our acquisition professionals on both the contractor and government
sides to trust one another?
One way to start that process is to recognize that there is a difference between

selecting a contractor and selecting a
partner. Those of us in government have
become fairly adept at the former; but, if
we are to accomplish the latter, we need
to give some thought as to how our source
selections will need to be altered. Gilbert
Fairholm has suggested that “Trust has not
been given much specific attention by
either theoretical or practicing professionals” of any kind (Fairholm, 1994, pp. 95–
96). This piece is an initial suggestion of
the need for some thinking about trust in
acquisition and some further preliminary
thoughts regarding some possible lines
along which some adjustments might be
made. But before turning to those adjustments, I want to briefly consider what
“trust” is and why it is important.

THE NATURE OF TRUST
AND ITS SIGNIFICANCE
Anyone who has played on or even
closely watched a successful athletic team
has seen trust in action. This is because a
team, whether athletic or some other kind,
really amounts to a collection of interdependencies or set of mutual reliances.
Robert Shaw wrote that “trust grows when
we rely on others who, over time, fulfill
our expectations” (Shaw, 1997, p. 23).
Trust, then, stems from the belief that the
other person will do as he/she says, and
that the person is both willing and capable
of doing what we expect him or her to do.
Conversely, if a disparity develops between what we expect of another and the
actual performance we receive, distrust is
the likely outcome. Although trust among
team members or partners does not guarantee success, distrust virtually does guarantee failure. Why this latter is the case
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we will see shortly. Before we do that,
however, we should note that although
trust is generally a good thing, it too is a
notion that entails potential problems.
In the first place, in the absence of sufficient information to allow us to make a
decision, we naturally begin our relationships with others in a state of ignorance
as to whether trust or mistrust is appropriate. Developing information to allow
us to make an appropriate judgment, however, is never without cost or risk. At a
minimum, it will require effort on our part,
and the effort devoted to one thing obviously cannot be devoted to anything else.
In other words, there is an opportunity cost
involved in the development of information. Unfortunately, there will probably
also be additional costs in the form of time
that must pass before sufficient information is available to allow a proper judgment to be made. And of course, in the
worst case, we may end up with some sort
of negative experience in our dealings with
the other that will persuade us that distrust would have been, indeed, more appropriate. It goes without saying that the
cost of that learning experience may be
very high.
Beyond these costs, however, are the
potential problems of trust itself. Consider
for a moment the terms we used above to
characterize the trust relationship, words
like “rely” and “dependence.” Trust, in
other words, means making oneself vulnerable to the acts of others; as Fairholm
(1994) puts it, “trust is a risk relationship”
(p. 96). Indeed, trust might be defined as
one’s conscious and voluntary acceptance
of one’s own dependence upon another.
But anytime that I must depend or rely
upon another, I am risking the possibility
that the other will not meet my expectations.
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I have therefore relinquished a degree of
control over what can happen to me every
time that I choose to trust someone else.
Given that, why should I ever choose to
trust anyone? What are the advantages that
can accrue to me when I trust someone
else, that are sufficient to warrant the risks
I incur?
The first thing to note is that, in fact,
we do engage in acts of trust all the time,
whether we are aware of it or not. After
all, even the simplest of economic transactions, buying or selling an item off a
shelf, requires at least a minimal amount
of trust. But the question, “Will I get what
I think I will get?” is seldom something
we explicitly ask ourselves when we purchase an item off a grocery shelf, for example. Instead, we rely on our trust of the
producer and the
“…however, we
grocer and the
should note
rules that govern
that although
things placed on
trust is genergrocery shelves
ally
that the descripa good thing, it
tion we are protoo is a notion
vided is correct.
that entails
Partnerships, on
the other hand, are
much more complex than relationships
between grocery seller and purchaser and
require considerably more conscious trust
because they involve an ongoing working
relationship, rather than a single act of cooperation. It is therefore interesting that
we normally spend so little time thinking
about trust and the ways of identifying
potential partners.
This normal inattention to trust is particularly interesting when we consider the
benefits of trusting our partners (government or contractor, depending on our place
in the acquisition process) and the costs
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entailed when we choose not to do so.
Although I suggested above that trust
entails risk because of one’s increased
dependency on another, when that dependency is warranted (that is, when one trusts
successfully), one is rewarded with increased productivity. Productivity is the
relationship between the amount (of something) produced and the resources required
for that production; trust increases productivity by increasing efficiency.1 This is the
case for several
reasons. In the
“Trust is, therefore,
first place, we
worth a great deal,
require fewer
but only if the
resources to
potential costs of
accomplish a
trusting can be
particular task.
overcome, avoided,
When we are
or at least
working on the
reduced.”
basis of trust,
all of those
who would normally be devoted to monitoring the actions of others can be reduced
or eliminated entirely. People do what others want, after all, either because they
share similar values and goals and are
trusted or because they are compelled to
do so by external forces. When the latter
approach is employed, someone must
bring those external forces to bear. Lack
of trust, in other words, requires more
control and that requires more effort.
Second, and more important, however,
trust has the paradoxical outcome of increasing our dependency upon another,
which increases risk, and simultaneously
empowering us. This empowerment occurs because, when we trust another, we
are able to rely on the resources of that
other as if those resources were our own.
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Again, when we trust another we are confident that the other will act as we expect.
This means that uncertainty is reduced
because we now have a specific expectation. Thus, less uncertainty is empowering because, with greater certainty, we are
able to act in ways that greater uncertainty
might have precluded. In effect, although
trusting another increases our dependency,
the resulting risk is simultaneously decreased by the security we obtain through
the reduced uncertainty.
Trust is, therefore, worth a great deal,
but only if the potential costs of trusting
can be overcome, avoided, or at least reduced. As suggested above, our risk of
incurring the costs of trust is reduced by
increasing our information regarding the
one(s) we seek to trust. In the absence of
any effort to gather such information,
trusting another, putting ourselves in a
condition of increased dependency, must
seem like something of a “pie-in-the-sky”
approach to life in general and certainly
an unrealistic approach to acquisition. But
if we can base our decision to trust, to enter
into a partnership, on the basis of information that gives us reasons to trust, there
is nothing utopian or foolish about that
decision. As Walter Powell has noted, trust
should not be blind; it “must be deliberate or even studied” (Powell, 1996, p. 52).
Of course, there are no guarantees; we can
always make a mistake in trusting someone, just as we can always make a mistake in selecting a particular career path
or marriage partner. But when we trust
wisely, based on the best evidence available, the benefits, as I have suggested, are
substantial. So, what kind of information
should we look for?
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TRUSTING IN ACQUISITION
We noted above that trust stems from
the belief that the one we choose to trust
is both willing and capable of meeting our
expectations. Of course, the way that we
in government normally determine a
contractor’s capability, at least initially, is
through a source selection, and there is
no reason to depart from that approach
when trying to determine the capability
of a potential partner-contractor. Although
the government does not always require a
technical volume, it is still the norm for a
source selection to include an evaluation
of the offerors’ technical approach, particularly in systems acquisition. Again,
such an evaluation is entirely consistent
with the goal of establishing a partnership.
If we fail to make judgments regarding
viable candidates for our trust, we lapse
into a utopian world in which everyone is
trusted without any distinctions. Only
those who are capable of meeting our
expectations should be candidates for our
trust and, if the effort we are asking of
our partner is technically challenging, an
evaluation of the offeror’s technical
capability is not only appropriate, but
essential.
As important as a technical evaluation
can be, however, it cannot replace our
experience with an offeror. In systems
acquisition, of course, that experience is
captured in the form of past performance:
Has the particular offer met our expectations in the past, or have we been disappointed? Past performance is a powerful
indicator of an offeror’s potential for trust
because it addresses both the capability
of an offer to satisfy one’s expectations,
and that offeror’s willingness to do so. A
technical proposal may tell an evaluator a

great deal about an offeror’s capability to
meet a requirement and satisfy an expectation, but it indicates little or nothing
about an offeror’s willingness to do so;
past performance does. Moreover, past
performance information can immediately
reduce one of the potential costs normally
associated with the decision to trust
another — the cost of time. It is very common to find discussions of trust
statements to “As important as a
the effect that technical evaluation
can be, however, it
“it takes time to
cannot replace our
establish a basis experience with an
for trust.” That offeror.”
is, I think we
can all agree, a
true and very reasonable statement. What
past performance attempts to do, however,
is capture experiences over time with a
particular offeror in a form that is useable
by those trying to decide whether to trust
another. In other words, past performance
makes the time required to establish trust
the time of others rather than our own
time. Using it means that we do not necessarily have to spend time with the other
and see if it meets our expectations before we decide to give that other our trust,
because others have already done just that
and have documented their experiences for
us. Does this mean that past performance
is some sort of infallible tool that will tell
us we can trust another without risk? Of
course not; but, can it help us with our
decision regarding our willingness to
trust? Most certainly.
Another tool that is available to the
government organization desiring to establish a partnership, in addition to a contractual relationship, is the management
volume of the offeror’s proposal. Now,
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although a technical volume is commonly
requested as a part of the proposal and past
performance is almost always evaluated,
management volumes are much less frequently required. But, if given some
thought when the Request for Proposal is
crafted, a management volume can provide a great deal of useful information to
help the government make its partnering
decisions. I should note that the following guidelines are only that — guidelines
that must be tailored to the particular needs
of the evaluation team conducting the
source selection.
One of the most important indicators
of whether an offeror should be a candidate for trust is
the extent to
“One of the most
which that offimportant indicators
eror trusts its
of whether an
own employofferor should be
ees. After all,
a candidate for
contracted eftrust is the extent
forts are ultito which that
mately accomofferor trusts its
plished or not
own employees.”
accomplished
by contractor
employees; if the firm does not trust those
people, why should the government? But,
more important, if the firm is unwilling to
trust its own people, is that firm really
prepared to enter into a relationship of
trust, a partnership, with the government?
The answer to that question may be “yes,”
but trust tends to be contagious (as does
distrust) and organizations tend to be oriented either favorably or unfavorably toward trusting others. If an organization
does not trust its own personnel, it must
be prepared to demonstrate how and why
it will deal with others in a trusting manner.
There are, after all, lots of good reasons

for organizations to trust their own employees, just as there are good reasons for
establishing a relationship of trust between
the government and its contractor. Trusted
employees, like trusted contractors, do not
have to be as closely monitored and there
are economic savings as a result.2 Additionally, when people are trusted they tend
to speak their minds more readily and
problems thereby surface more quickly
(Shaw, 1997).
Other things that a management proposal can reveal that can be helpful in determining an organization’s candidacy for
trust are things like the kinds of relationships a firm seeks to establish with its suppliers. The sociologist Richard Sennett
wrote, “Bonds of trust are tested when
things go wrong and the need for help
becomes acute” (Sennett, 1998, p. 141).
If a contractor has only the provisions of
its subcontracts or supplier agreements to
turn to when an emergency arises, that
contractor is in a much weaker position
than a contractor that has established relationships of trust with its suppliers and
vendors that extend beyond the terms of
its subcontracts. How are vendors dealt
with by the contractor when the vendor
experiences a problem? How are employees dealt with when they make a mistake
or when there is a need for the company
to downsize? What were employees told,
by way of explanation, the last time the
company went through a reorganization
involving a substantial number of those
employees? Do the employees themselves
believe that “management” trusts them,
and do they trust “management”? If a contractor is prepared to trust its suppliers and
its workers, indeed, has already begun to
do so, and is, in turn, trusted by them, that
may indicate a willingness and an ability
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organization. Although contractors may
not have formal “past performance”
records for some of those same government organizations, the government’s past
dealings with that contractor should be
taken into account when a contractor is
considering a particular government organization as a potential partner (rather
than just another customer). A government
organization wishing to establish partnerships with its contractors should probably
begin by surveying its own workers regarding their sense of trust in the organization and then examine how it has practiced or failed to practice trust within itself. Like almost everything worth anything, genuine lasting trust is not automatic and cannot be presumed. It comes
about as a result of thinking, planning, and
working. But those organizations that develop the courage to trust both within and
outside themselves will be well rewarded.

to establish a trust-based partnership with
the government. For anyone interested in
pursuing the development of a solicitation
that calls for the submission of information along the lines suggested here, they
would be well served to look over the survey that Robert Shaw (1997) offers as a
guide for determining the extent of trust
within an organization or a team.
Having said all of this, let me now note
that, although I have written this from the
“government perspective,” nearly everything I have suggested is equally applicable to contractor personnel who would
like to establish a more trusting relationship with their government counterparts.
Although it is true that contractors do not
write (prime contractor) solicitations, a lot
can be gleaned about a government
organization’s willingness and ability to
trust its contractors by looking over past
solicitations issued by that particular
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ENDNOTES
1. “Efficiency” is, in economic terms,
greater production with fewer resources, i.e., less waste.

2. In the discipline of economics, this
issue falls under the subject of principal-agent theory and the savings referred to here are the avoided “transaction costs” that must otherwise be
expended to ensure that employees
(agents) will act in the principals’ interest. See Sappington (1991).
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