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The Department of Defense continues to place great
significance on systems engineering activities, be-
lieving these activities are critical to the success
of acquisition programs. However, this greater sig-
nificance must be well-placed throughout the life

cycle. Prior to program initiation at Milestone B, appro-
priate levels of engineering activities must be performed
and managed. One such activity, concept strategy for-
mulation, can be accomplished and managed only by a
“capability planning” organization with appropriate staffing
and cross-domain expertise.

Disconnects at the Seams
Recently, a series of historical systems engineering case
studies have been produced by the Air Force Center for
Systems Engineering at the Air Force Institute of Tech-
nology, Wright-Patterson AFB, Ohio. They were written
on a number of programs including the Hubble Space
Telescope, Theater Battle Management Core Systems, the
C-5 Galaxy, the F-111, the B-2 Spirit, and the Joint Air-to-
Surface Standoff Missile. Others studies under way are
the A-10 Thunderbolt II, the Global Positioning System,
and Peacekeeper Missile Systems <www.afit.edu/cse>.
Many important learning principles can be drawn from
the studies; one that transcends this body of work is that
systems engineering and analysis exist as a continuum
across the life cycle. Mission and systems analyses start
well before a Milestone B program initiation and must be
part of the entire systems engineering continuum. To en-
sure a continuous and strong set of integrated systems
engineering activities, it is necessary to apply rigorous
processes and tools early, from the conceptual solutions
throughout system developmental and operational life.
The cases point out how this thread can break at many
points for many different reasons, and show that there
are no shortcuts. In particular, the case studies often high-
light disconnects at the seams in the continuum, as roles
and responsibilities transition between requirements
(user), acquisition (product center), and developer (con-
tractor) communities. 

Another conclusion drawn from the case studies is that
the needs of the program vary and, therefore, different

tools, organizations, and skills are required. It will be nec-
essary to continually develop the needed skills and ex-
pertise and to educate, train, and retain the people asso-
ciated with implementing the systems engineering and
analysis processes. 

Office of the Secretary of Defense and Air Force goals
should ensure that early capability planning and analy-
sis are as comprehensive as possible to guarantee that
cost-effective solutions are being pursued; early cost es-
timates for the concepts and systems are reasonably ac-
curate; technical and projected programmatic risks are
identified; schedules for concept implementation are re-
alizable; and the concepts will actually deliver the right
operational capabilities. 

The systems engineering and analysis processes have
generally been proved to be effective to meet these goals
in the post-Milestone B life cycle phases—during systems
design and development, during production and de-
ployment, and during operations and support to sustain
and modernize systems. However, the systems engi-
neering processes and tools should also be used during
the preconcept and concept refinement phases prior to
program initiation.



Pre-Milestone B Systems
Engineering Activities
The current DoD Acquisition Man-
agement System, described in DoDI
5000.2, is fed by early operational
utility analysis, called out in the Joint
Capabilities Integration and Develop-
ment Systems (JCIDS), CJCSI/M 3170.
There are numerous events that trig-
ger the start of the JCIDS process. Ex-
amples, shown in Figure 1, are a uni-
fied look at a mission analysis, a joint
examination of a new operational
concept, operational shortcomings,
technology opportunities, and a broad
look at a functional area. The SE-rel-
evant activities prior to concept deci-
sion are the Functional Area Analysis
(FAA), Functional Needs Analysis (FNA), and Functional
Solutions Analysis (FSA). These analyses are documented
in the Joint Capability Document (JCD) and Initial Capa-
bility Document (ICD). 

The pre-Milestone A activities to address these triggers
are as follows:
• Understand problems in joint terms and in terms of at-

tributes and measures of effectiveness.
• Identify and prioritize capability gaps using a joint per-

spective. Establish basis for concept strategy.
• Identify candidate solutions (not candidate systems)

using a joint perspective looking across doctrine, orga-
nization, training, materiel, leadership and education,
and personnel and facilities (DOTMLPF).

• Evaluate candidates against attributes, measures of ef-
fectiveness, and early cost estimates.

• Perform trade analysis on top candidate concepts. Iden-
tify candidate measures of performance and key per-
formance parameters, and conduct formal cost/risk as-
sessments.

• Decide on concept(s) and develop a concept strategy.
Select preferred system(s).

• For each system, establish user key performance pa-
rameters (including determining operational require-
ments) and define the acquisition strategy (including
defining system requirements and performing risk re-
duction and mitigation).

• Manage the set of possible concepts throughout their
life cycles.

These activities are supported by a vast systems engi-
neering toolset including requirements analysis, and
model-driven design and development and its formal in-
clusion in enterprise- and system-level architecture. Also
applicable are numerous decision-analysis methodolo-
gies incorporating risk inclination, operational scenario
modeling and simulation, utility theory, and parametric
and analogy-based cost estimation techniques. Lastly,

early optimization within competing concepts may be
employed. But who will accomplish these pre-Milestones
A and B activities?

A broad variety of different organizations is currently re-
sponsible for conducting, supporting, and documenting
the analyses for each pre-Milestone B activity. This list,
which changes throughout the eight previously listed ac-
tivities, includes organizations such as the Joint Staff; func-
tional capability boards; combatant commanders and
their staffs; “user/sponsor” requirements and planning
sub-organizations; the acquisition community (product
centers and logistics centers); Service acquisition staff of-
fices; laboratories; analysis organizations (Organization
for Aerospace Studies); the U.S. Joint Forces Command’s
director for joint capability development (J8); the under
secretary of defense for acquisition, technology and lo-
gistics; Office of the Secretary of Defense director of pro-
gram analysis and evaluation; and even industry. 

Concept Strategy
Examination of this end-to-end systems engineering
thread uncovered issues regarding the activities leading
up to, and surrounding, the concept decision. For exam-
ple, the ability to achieve improved precision strike ca-
pabilities could be accomplished by current manned air-
craft with new munitions, new aircraft with either existing
or new weapons, new targeting sensors, ballistic missiles,
or modifications to artillery. How one makes this early
conceptual decision and how one tracks and manages
progress of these decisions is critically important. 

Most systems engineers are taught that these early deci-
sions have huge ramifications on cost and schedule. Smart
decisions can directly determine the majority of life-cycle
costs, so the importance of this decision point cannot be
overemphasized. The majority of the trade space is given
up once the concept decision has been made. Currently,
the concept decision is not a major milestone; it precedes
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FIGURE 1. Six Triggers Initiate Early JCIDS Analysis



payoff and/or low risk/lower payoff can be brought for-
ward. Concepts have different technical and program-

matic risks and may include both materiel and non-
materiel (DOTMLPF) aspects. In our example of
precision strike, perhaps various acquisitions regard-

ing the unmanned air system, the artillery, and the net-
work service are part of the mid-term or long-term solu-
tion. Perhaps there are immediate non-materiel,
short-term solutions. All of these characteristics become
the elements of a concept strategy. But who will manage
this strategy of integrated capability improvements?

Implementing the idea of concept strategies creates a
new approach that is a structured activity for government
and industry. It will require collaboration and mutual un-
derstanding, resulting in some changes to the overall
process. These include moving the concept decision to
the Milestone A timeframe so that all the necessary work
is completed to define the concepts and refine the con-
cept strategies. The concepts to be pursued are still de-
cided at Milestone A. We suggest an additional part of the
solution lies in expanding the role of capability planning
and creating an approach and organization to manage
the concept strategies. 

The Capability Planning Organization
Development planning (today often called “capability
planning” or “capability-based assessment”) existed in
robust forms in the past when the DoD was primarily sys-
tem- and platform-centric. The development planning
mission in the past would seem narrowly defined today
and is certainly not adequate for solutions that demand
system-of-systems concepts. Further, organizations per-
forming this function were usually adequately funded. 

Today, the capability planning function is still vital, but
none of those former organizations exists. The analyses
must span multiple domains and Services. Operational
users have the responsibilities in today’s process but nei-

concept refinement and analysis of alternatives, which
then lead to a Milestone A decision. Often, the concept
decision is made with relatively little analysis of the full
solution space and even less cost analysis of candidate
concepts and systems. 

Applying improved systems engineering and analysis to
pre-Milesone A activities needs to be a managed process
(across the life cycle) in concert with a concept strategy.
This idea is consistent with a recent Government Ac-
countability Office best practice for portfolio manage-
ment (GAO-07-388). Necessary concept strategies would
initially precede and then continue to parallel acquisition
strategies. A concept strategy would start during pre-
Milesone A, carry into technology development, and be
updated throughout the entire life cycle. This would also
be a time of risk reduction with technology forecasting
inputs and analysis of multiple concepts and solutions. 

What could be included in a concept strategy? Extend-
ing our previous example of precision strike, let’s suppose
a decision is made to pursue both new stealthy unmanned
aircraft in addition to modified artillery systems. This strat-
egy would reference maturing technologies from the Ser-
vice laboratories, and it would drive system acquisition.
It might address integration of various systems that make
up the concept. For example, perhaps some Web services
or a networked information system are also required to
more effectively push information targeting to both the
new unmanned air vehicle and modified artillery. This
system might be either a new system unto itself or a mod-
ification of existing systems. The strategy should begin
to document how requirements flow down from this sys-
tem of systems into the respective systems. It might also
capture the interfaces, information flows, organizations,
and operational activities in enterprise or broad mission-
area architecture. By managing this early operational
analysis, combinations of solutions with high risk/high
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FIGURE 2. Missing Structure to Manage 
Capabilities Across the Life Cycle



ther the time nor the requisite skills. There are some ef-
forts under way to reconstitute some of these capability
planning groups within the Air Force. But those that have
been reconstituted have no clear role in the process, are
excessively domain-specific, and are at too low an orga-
nizational level. Lastly, these efforts are struggling to find
adequate and consistent funding for their activities. This
missing organizational role needs to include the man-
agement of concept strategies, in addition to a broad ar-
chitecting and engineering responsibility, as depicted in
Figure 2 on the previous page. 

Concept strategies must be managed; this makes it im-
portant to discuss who would be the program manager
and chief engineer equivalents at the concept level. In
many ways, the role of managing the integration across
several systems and conceptual solutions is that of a port-
folio manager. The concept strategy often dictates a sys-
tem-of-systems perspective. So the chief enterprise ar-
chitect (or capability architect) who supports the portfolio
manager will need to engineer in this system-of-systems
context. The chief architect’s main products will be en-
terprise-level or mission-level architectures, program and
capability roadmaps, levels of performance, and coordi-
nated user requirements/capabilities documents. 

A top-tier organization should be created at the DoD level,
reporting directly to the Joint Staff at the senior level. Note
that this places the concept strategy, managed by a port-
folio manager and supported by a chief enterprise ar-
chitect, as reporting within the user as opposed to the ac-
quisition community. Creation of sub-tier organizations
should follow at the Service and product center levels,
also reporting to their senior staffs. This construct will not
work effectively without the creation and maintenance
of stable sources of funding for the organizations. 

The concept formulation and decision process needs a
strategy and a robust management organization to sup-
port it. We recommend that capability planning organi-
zations be created, funded, and empowered to manage
the enduring joint warfighting capabilities. These capa-
bilities would then be realized through numerous cre-
ations, modifications, and disposals of component weapon
systems. Adoption of these recommendations by the DoD
and the Services would enable the delivery of effective
capabilities that come from a sound application of sys-
tems engineering and robust analysis.
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The authors welcome comments and questions. Con-
tact them at john.colombi@afit.edu, david.jacques@
afit.edu, markkwilson@earthlink.net, and griffinj@
ameritech.net.

fixed percentage is assigned to each major milestone.
When that milestone is achieved, the task is considered
that percentage complete.

The level-of-effort method is generally used for service-
type tasks. In this methodology, the percentages are spread
uniformly across the time required for the task. On a one-
year contract, after one quarter, it would be 25 percent
complete, two quarters, 50 percent complete, and so on.
As you can see, EV is extremely simple and so not nec-
essarily useful for service-type tasks. It doesn’t tell you
anything except how much of the contract time has
passed—and you already know that from the calendar.

How EVMS Goes Wrong
Like any tool, EV is not perfect—but it is one of the best
around. The problems come when people or projects
make one or more of the following mistakes:
• Tasks are made too large.
• Tasks are ill-defined.
• There is too much level of effort rather than defined

products.
• There are too many changes.
• EVMS is made too complicated.
• Managers either don’t believe or ignore the results.

Look Forward Rather Than Backwards
“The really nice thing about not planning is that failure
comes as a complete surprise and is not preceded by long
periods of worry and depression!” according to that well-
known subject matter expert, Anonymous.

EV shows where the project really is at any given point
and whether the PM can be relatively assured that the
project is (or isn’t) on track. It is a good way to measure
performance on a project and is a tool that should be
used. The alternative is simply to estimate how much has
been done, and that is not very accurate. The really good
thing about EV is that it is forward-looking rather than
backwards-looking, and it focuses management atten-
tion at an early stage when something is going wrong.
What is great is that it looks at and compares everything
(work completed, money spent, and time elapsed) to the
pre-established baseline. So you really do have good data
on where the project is.

For further and more detailed information on EVMS in
DoD, see the Defense Acquisition Guidebook and the EVM
Implementation Guide, which, with other EVMS-related
documents, are available at <www.acq.osd.mil/pm/>. 

The author welcomes comments and questions and
can be contacted at wayne.turk@sussconsulting.com
or rwturk@aol.com.

EVMS continued from page 25.




