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“enterprise level”, it is clear that the collaboration across
these domains is necessary to cost-effectively produce an
end-product—be it a piece of warfighting equipment, a
training device, new doctrine and tactics, or some
combination of these.
While there is certainly a significant degree of collaboration across the Army M&S domains already, the premise
of the SMART initiative is to enhance and support this collaboration through modified business practices and targeted technology investments (Purdy 1999).
The U.S.
Army Model and Simulation Office (AMSO) has been designated the Executive Agent for the SMART initiative.
Part of that responsibility includes the requirement to define an information technology (IT) “architecture” for
SMART. In this article, we suggest an architectural philosophy to support the development and evolution of such
an IT architecture.

ABSTRACT
A collection of architectural principles is developed that
support Army’s Simulation and Modeling for Acquisition,
Requirements and Training (SMART) initiative.
1

INTRODUCTION

During the past decade, the notion of “simulation-based
acquisition” has emerged within the materiel acquisition
community of the U.S. Department of Defense (see Bernstein 1998, Konwin and Miller 2001, Johnson, McKeon
and Szanto 1998, and Lutz and Keane 1999). Within the
U.S. Army, the notion of simulation-based acquisition
(SBA) has evolved into an initiative called SMART –
Simulation and Modeling for Acquisition, Requirements
and Training. SMART, as the acronym implies, extends
beyond what we typically think of as acquisition and embraces the broad spectrum of applications of modeling and
simulation (M&S) within the Army.
Historically, the Army M&S community has been divided into three so-called domains: (1) Advanced Concepts
and Requirements (ACR); (2) Research, Development, and
Acquisition (RDA); and (3) Training, Exercises and Military Operations (TEMO). This separation tends to reflect
the different types of M&S typically employed within the
domains.
For example, TEMO simulations include
manned simulators such as the Close Combat Tactical
Trainer (CCTT). RDA models include computer-aided design and manufacturing (CAD/CAM) models for engineering-level system design and analysis. ACR models tend to
be noninteractive and reflect relatively high levels of aggregation. These models, e.g. JANUS and CASTFOREM,
are typically used to develop future doctrine and tactics.
The differentiation of the Army M&S community into
the ACR, RDA and TEMO domains is useful in the sense
that it reflects meaningful differences in modeling objectives and techniques within these activities. However,
when the Army is viewed at the highest level, the so-called
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THE SMART EXECUTION PLAN

In Fall 2000, the SMART Execution Plan was drafted and
accepted by the Army Model and Simulation Executive
Council (AMSEC). Noteworthy is the fact that the plan
does not contain language relating to the regimented design, development and acquisition of an Army-wide IT infrastructure to support SMART. Generally, the philosophy
accepted by the AMSEC is that IT aspects of SMART—
which are not the key elements of SMART, the organizational and cultural changes are—should be emergent rather
than rigorously prescribed. As such the SMART Execution Plan contains a number of tasks related to the derivation of a SMART architecture:
•
•
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Develop and promulgate SMART architectural
reference models.
Identify target opportunities for technology insertion.
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•
•
•

to the other. It seems that in almost any domain you see a
mixture of general-purpose and special-purpose solutions—
programming languages, hand tools, vitamins, medical doctors, and so forth. So, appealing to proof-by-existence, a
marketplace for both types of solutions must exist.
Returning to the specific example of the scenario generation tool above, it would still seem that the commonality
of function would justify a general-purpose solution here,
right? Perhaps, but perhaps not. Certainly commonality of
function is a factor to be considered, but one must also consider the costs associated with defining and constructing a
general solution. And while commonalities can be easy to
spot, the costs of generalization may be extremely difficult
to quantify. How many meetings must take place between
the interested parties to specify the general solution? How
much time does this coordination add to the delivery schedule? How is maintenance and evolution of the product to be
handled? The hidden (and not-so-hidden, but certainly under-appreciated) costs of developing general-purpose solutions make finding the optimal solution elusive. If I can
build and maintain ten nearly identical pieces of software for
$100 each, and the cost of constructing and maintaining a
single general-purpose solution is $100,000, then unless I
can reduce the total cost of the general-purpose solution,
“paying for the same thing twice” (in this case, ten times) is
the more cost-effective approach.

Identify and resolve technical issues associated
with moving toward a digital (model-based) Request for Proposals (RFP) system.
Identify and/or develop standards for data and information interchange.
Formulate strategic directions in simulation research and direct funding to address those challenges relevant to SMART.

In the following, we briefly relate a collection of principles
that undergird the diffuse tasks comprising the architecture
portion of the SMART Execution Plan
3

SMART ARCHITECTURAL PRINCIPLES

The instantiated SMART IT architecture will be a collection of software, hardware, data and standards. Supporting
an enterprise as vast as the U.S. Army implies a certain diffusion with respect to the IT components of SMART. That
is, the SMART architecture will be embedded within a
wide variety of business practices throughout the Army.
Providing a diagram of the SMART architecture on a single Powerpoint slide would probably be a meaningless, if
not impossible, endeavor. We believe that the SMART
architecture will be best described “in-the-large” through a
collection of reference models, where each of these reference models includes the traditional technical, systems and
operational views of the architecture.
The SMART architecture reference models will be
provided in future articles. As a precursor to these reference models, we offer a set of principles which we hope
will facilitate the “proper” interpretation of the SMART
architecture.

Within the SMART architecture, we accept the possibility of redundancy across special-purpose solutions and we reject the argument that such redundancy is inherently inefficient.
3.2 SMART Architecture Principle #2:
The Worst Thing you Can Do is Spend
a Lot of Money on Technology

3.1 SMART Architecture Principle #1: Generalization
is Not Free nor is it Always the Best Answer

SMART is about making an enterprise-level activity more
efficient and effective: the “better, faster, cheaper” mantra.
Technology is simply a means to that end. Information
technology is not, and should not become, the focus of
SMART. We observe, however, that once you invest a significant amount (in dollars or time) on something, there is an
implied level of importance, and hence focus, on that item.
We further observe that large investments typically equate to
longer delivery cycles. Delays in delivery of any technology can very well mean that the technology, once delivered,
is obsolete. The government has faced this dilemma for
many years in the acquisition of large systems like battleships. But while battleships can probably never be a disposable economy, information technology can. How often do
you replace your desktop computer or laptop or palm device? How often do you upgrade your web browser or antivirus software? With software, these updates can even be
automatically, and transparently effected!

This is perhaps an obvious point, but it seems a point worth
making and re-making. The understandable push toward
cost-effectiveness in the government has produced an environment where decision makers are loathe to “pay for the
same thing twice.” “Why am I paying ten different contractors to develop ten separate scenario generation tools?”
is a hypothetical, but plausible, example. The implied
mathematics of that statement is that:
Developing one system that satisfies each of the
ten needs is cheaper than developing ten separate
systems.
This seems like a compelling argument on the surface,
but in all likelihood the issue is far more complicated and
goes to the heart of the tension between “general-purpose”
and “special-purpose” solutions. Clearly, neither approach
(general-purpose nor special purpose) is inherently superior
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Consider a hypothetical simulation system that costs
$1 billion dollars to build. How long do you think that system will be used? Probably a long time—one billion dollars is a lot of money. How long before the system is
really obsolete? And how long before it is delivered in the
first place? Presumably, the system serves an analytical or
training need. The need should be the focus. But once a
large enough investment in a tool is made, there may be a
strong tendency to confuse tool with solution—potentially
even leading to a situation in which needs are redefined to
suit the capabilities of the tool.
But what if you held the cost of the system down?
Discounting the effects of inflation, for $1 billion you
could deliver and throw away a $1 million system each
year for 1000 years, or a $10 million system each year for
100 years. For sake of argument let’s say that the hypothetical system takes seven years to develop and has an operational life of 20 years. Using the throw-away economy,
and assuming a $10 million per year investment level, you
save a little over $700 million over those 27 years plus you
have a system to use during the first seven years that you
waited for the $1 billion system to be delivered!
But is it possible to shift costs that dramatically? It is
a notion worth careful consideration. Perhaps one way is
simply to pick a reasonable spending limit and avoid the
temptation to seek general-purpose solutions. As Brooks
(1995, p. 259) observes:

3.3 SMART Architecture Principle #3:
There is No Right Answer
Except in rare cases, finding optimal solutions to complex
problems is generally an exercise in intractability and/or
undecidability. In any context, the analysis of complex
systems requires an appeal to models of these systems
(mental or otherwise). Depending on the factors one considers within a model, and how heavily one weighs each,
one man’s optimal solution may be criticized within another man’s model(s). You need only look at the debates
over global economic or climatic conditions to see this
phenomenon. The question, “are you better off today than
you were x years ago”, for example, is completely relative.
Within the SMART architecture, we recognize that
achieving optimality is beyond reasonable expectation, and further, that consensus regarding the
quality of any given architectural solution is
unlikely.
4

SUMMARY

The SMART initiative is first and foremost about effecting
behavioral change, at both the individual and organizational levels, within the Army enterprise—engendering an
environment for effective and widespread collaboration
within the system life cycle. SMART is not a technology
demonstration, nor should SMART become one. On the
other hand, the behaviors targeted by SMART will be enabled through the application of science and technology.
Broadly speaking, the infrastructure for SMART will consist of a vast array of information technologies—
computers, databases, languages, protocols, standards, and
so forth. The nature of these technologies, and the means
through which they may be effectively introduced into, accepted by, and evolved within the Army enterprise is the
subject of the architecture and infrastructure sections of the
SMART Execution Plan.
With regard to information technology, we assert the
following:

“Paradoxically, it is much more difficult to design
a general-purpose tool than it is to design a special-purpose tool, precisely because one has to assign weights to the differing needs of the diverse
users. … The besetting temptation of the architect
of a general-purpose tool … is to overload the
product with features of marginal utility, at the
expense of performance and even ease of use.
The appeal of proposed features is evident at the
outset; the performance penalty is evident only as
system testing proceeds.”
Information technology represents an economy in
which dollars spent in the future buy more than dollars
spent today. Certainly Moore’s Law indicates the increasing processing power of computing systems. And while
chip densities (and processing speeds) tend to double every
18 months, the cost of these systems does not rise that
steeply, and in many instances tends to decrease. This is
another reason to discipline ourselves in IT expenditures.

•

Within the SMART architecture, we recognize that
organizational and cultural behaviors are the focus of SMART. Information technology is merely
an enabler for these behaviors.
•
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Information Technology (IT) investments should
provide near-term benefits at minimal cost per
annum. To foster continuous improvement in
Army processes, the technologies must not become entrenched. Large investments discourage
“throwing away” obsolete or outdated technology
as superior technology emerges. Further, IT
represents a time-value-of-money that is reversed
from that of many other economies: dollars spent
next year buy more, and better, IT than dollars
spent this year.
The SMART architecture should be grown rather
than built. Inherently, the collection of technolo-
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gies and processes that manifest SMART, should
emerge as collaborative needs and opportunities
are identified. Dictating a technological solution
to a non-problem is rarely cost-effective.
In addition to the information technology aspects of
the SMART initiative, the vision implied by SMART requires significant advancement in the sciences associated
with M&S. Certainly, accomplishing more of the system
development life cycle through the application of computer-based models is well within the bounds of current
limitations. To accomplish all of the system development
life cycle solely with computer-based models requires significant maturation of the mathematics and statistics that
apply to the use of models, as well as considerable advancement in our ability to describe and reason about
nonlinear systems. To the extent practical, the architecture
and infrastructure sections of the SMART Execution Plan
prescribe activities to address these scientific challenges.

AUTHOR BIOGRAPHIES
ERNEST H. PAGE is a Lead Scientist in modeling and
simulation with The MITRE Corporation and is the Technical Advisor to the U.S. Army Model and Simulation Office
(AMSO). He received the Ph.D. in Computer Science from
Virginia Tech in 1994. He is an associate editor for the
ACM Transactions on Modeling and Computer Simulation,
the IEEE Transactions on Systems, Man and Cybernetics
and the SCS Transactions. He served as Chair of the ACM
Special Interest Group on Simulation (SIGSIM) from 19992001, and is currently the SIGSIM representative to the
Winter Simulation Conference (WSC) Board of Directors.

For more information on SMART see:
<http://www.sisostds.org/webletter/siso
/iss_61/art_296.htm>
<http://www.amso.army.mil>

WENDELL H. LUNCEFORD is the Director of the U.S.
Army Model and Simulation Office (AMSO) which is responsible for shaping and guiding the Army's use of simulation technology. Previous assignments include Lead Engineer/Project Manager for the Seawolf Submarine Combat
System shorebased and on-board training systems, Chief
Engineer for the Army’s Combined Arms Tactical Trainer,
Technical Director for the Defense Advanced Research
Projects Agency's (DARPA) Synthetic Theater of War 97
Demonstration, DARPA Program Manager for Advanced
Simulation Technology and the Technical Advisor for
AMSO. Mr. Lunceford is also Vice Chairman of the
Simulation Interoperability Standards Organization (SISO)
and Editor of Simulation Technology Magazine. Awards
include the Superior Civilian Service Medal, the Office of
the Secretary of Defense Award for Excellence (two times)
and the Program Executive Officer SCWS Medallion for
Excellence. Mr. Lunceford is a graduate of Florida Technological University and the Defense Systems Management College (PMC 91-2) and is member of the U.S. Army
Acquisition Corp.

For more information on SBA see:
<http://www.msosa.mil.inter.net/sba/>
ACKNOWLEDGMENTS
This article is a revision and update of “On Software and
Systems Architecture – Toward an Architecture for
SMART,” Simulation Technology Magazine, 4(2), SISO,
January 2001. The authors wish extend their thanks and
appreciation to Dr. Arnold Buss for inviting this article.
REFERENCES
Bernstein, R. 1998. A road map for simulation based acquisition. Report of the Joint Simulation Based Acquisition Task Force, December.
Brooks, F.P. 1995. The mythical man-month. Essays on
software engineering. Anniversary Edition. Reading,
MA: Addison-Wesley.
Johnson, M.V.R., McKeon, M.F. and Szanto, T.R. 1998.
Simulation based acquisition: a new approach, Report
of the Military Research Fellows, Defense Systems
Management College, December..
Konwin, K. and Miller, R. 2001. Simulation based acquisition: from motivation to implementation. In Proceedings of the 2001 Spring Simulation Interoperability
Workshop, 01S-SIW-092, Orlando, FL.
Lutz, R. and Keane, J. 1999. An architecture for simulation based acquisition. In Proceedings of the 1999

770

