
JOHNS HOPKINS APL TECHNICAL DIGEST, VOLUME 29, NUMBER 2 (2010)186

I
systems engineering and standard acquisition paradigms to meet these challenges.  
We argue that, by applying principles from agile software development, which has 
achieved strong success in recent years, there is great potential to meet these chal-
lenges directly and, in doing so, to save money, increase efficiency, and ensure that the 
right decisions are being made as systems are developed and deployed. Furthermore, 
we suggest that this movement to “agile systems engineering” can largely be accom-
plished by employing systems engineering practices that are centered on evolution-
ary, end-to-end implementations of physics-based modeling and simulation. Finally, we 
argue that the DoD must have qualified, independent, trusted agents that will help it 
execute these improved systems engineering practices if it is to be successful.

n the face of globalization, with the rapid pace at which the very nature of 
warfighting is changing, and with ever-increasing rates of technological innova-

tion, much attention has been given in recent years to transforming traditional 
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INTRODUCTION
The Global Engagement Department (GED) contin-

ues to strive to help the DoD address its future needs. 
In both the core, legacy GED programs in the Preci-
sion Engagement and Strategic Systems Business Areas 
(Tomahawk and Trident, respectively) as well as for 
newer programs, GED has been challenged by its spon-

sors to define how it can best support them in current 
system modification and support activities as well as 
in new systems development. These challenges reflect 
a broader need in the DoD to better understand and 
navigate the future in the face of globalization, dynamic 
adversaries, and persistent competition for acquisition 
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dollars. To meet these challenges, we must find ways to 
significantly improve the way that systems engineering 
processes often are executed. The push for faster devel-
opment times, lower costs, longer shelf lives, and more 
flexible deployment options, as well as the recognition 
of the DoD’s trend toward even more complex and more 
interdependent programs in the midst of already inad-
equate acquisition processes, almost mandates that this 
transformation occur.1

We argue that by borrowing and applying con-
cepts from agile software development, which has 
achieved notable success in recent years, there is great 
potential to transform traditional systems engineer-
ing processes to save money, increase efficiency, and 
ensure that the right decisions are being made as sys-
tems are developed and deployed. As this thesis is not 
entirely new,2 we move beyond it to suggest that this 
transformation to “agile systems engineering” can be 
largely accomplished by employing systems engineer-
ing practices that are grounded in an evolutionary, 
end-to-end utilization of physics-based modeling and 
simulation (M&S). In addition to software engineer-
ing, agile approaches have been successfully applied 
to other domains (e.g., project management3), and we 
believe similar success could be realized in applying 
the fundamental values and principles of the approach 
to systems engineering, primarily through physics- 
based M&S.

Finally, we suggest that the DoD should have trusted 
agents that would help it to implement this transforma-
tion. This role is well-suited to APL’s unique culture and 
organizational “mantras.” Recent interactions with sev-
eral of our sponsors suggest that they are looking to us 
to help them, independently, with their future systems 
engineering challenges. These sentiments reinforce the 
need for us to think hard about how we can continue 
to leverage our unique organizational identity, history 
of strong performance, and vision for the future to help 
them in this strategic role.

THE TRANSFORMATION TO AGILE SYSTEMS 
ENGINEERING

Traditional Systems Engineering
Wikipedia’s definition of systems engineering is “an 

interdisciplinary field of engineering that focuses on 
how complex engineering projects should be designed 
and managed.”4 Its formalization and broad-scale usage 
began during the 1940s,5 and ever since it has been 
recognized as necessary for the successful creation of 
systems, especially for those that are complex. Most 
standard views of the systems engineering process 
revolve around a progression from the identification of 
requirements through concept/capability assessment 

and exploration to solution validation, implementa-
tion, and deployment. Figure 1 shows the systems engi-
neering “V” diagram, which often is used to illustrate  
this concept.

Although the basic construct of this process is sound, 
several potentially undesirable characteristics are pres-
ent in many traditional implementations:
•	 There is a strong emphasis on defining requirements 

up front in their entirety and usually a strong resis-
tance to changing them as the system is developed.6 

A relatively sequential process typically is used to 
progress through systems engineering “phases.” 
Even if some phases are worked in parallel, once 
they are complete, cost and schedule pressures make 
it difficult to revisit them.6

•	 Many times, for systems that involve hardware, 
hardware prototypes are built early and often to 
explore concepts and define capability (although 
this is happening less frequently as software tech-
nologies increase in capability). This practice leads 
to the absorption of high costs of change early in 
system development.

•	 For the DoD, there typically is a tight coupling 
between the systems engineering and acquisition 
processes,7, 8 which results in more resistance to 
change and, most likely, less efficiency.

We recognize that these characteristics do not hold 
universally true for all implementations of the systems 
engineering process; nevertheless, we believe that they 
are common enough that we will contrast them with 
the changes that we are recommending. Furthermore, 
we do not advocate completely abandoning traditional 
systems engineering techniques; instead, we suggest 
augmenting (and, where appropriate, removing) those 
techniques that limit efficiency.

The Need for Change: Borrowing from Agile
The challenges to systems development in today’s 

environment, outlined above, drive us to an approach 
that is different from what has been employed in the 
past. Just as the software engineering community 
has faced analogous challenges and largely addressed 
them through agile software development, we believe 
that using a similar approach may yield equally dra-
matic improvements in systems engineering. These  
values and principles are defined in detail in The Mani-
festo for Agile Software Development9 and are summa-
rized below:

•	 Strong focus on customer satisfaction and continu-
ous customer involvement in product development

•	 Continuous integration and frequent delivery of 
incrementally useful products (weeks versus months)
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•	 Requirements changes embraced, and managed, 
throughout the development cycle

•	 Development performed by self-organizing, moti-
vated teams with a strong focus on face-to-face con-
versation, close cooperation, and trust

•	 Progress primarily measured through functional 
product updates achieved through test-driven devel-
opment

Many questions arise in this proposed leap from soft-
ware development to systems engineering. The most 
serious of these involve the development and integra-
tion of hardware, as hardware is the primary difference 
between software engineering and systems develop-
ment (many software applications are, in fact, software 
“systems” that have to perform required functions to 
established standards with some level of accuracy and 
reliability, just like any other system). The inclusion of 
hardware accelerates the increase of the cost of change 
as the system is developed, and, in fact, traditional sys-
tems engineering implementations (and older software 
development techniques) were designed to mitigate 

this effect by spending as much time up front defining 
requirements so that changes to those requirements 
could be avoided as much as possible during develop-
ment. This “change avoidance” has led to several of the 
disadvantages of traditional systems engineering imple-
mentations mentioned above.

As the potential benefits of applying agile concepts 
to systems engineering already are beginning to be 
explored in the literature,2 we present these ideas simply 
as an introduction for the reader to agile principles, and 
we accept that increased agility in systems engineering 
will bring tangible benefits. We base this conclusion 
on a variety of sources from both systems engineering 
and system acquisition perspectives, not the least of 
which is a report from the Government Accountabil-
ity Office that states “the conventional acquisition pro-
cess is not agile enough for today’s demands.”1 For the 
remainder of the article, we focus instead on the best 
method to enable this transition to agile systems engi-
neering, which in our opinion, can best be achieved 
through an end-to-end, evolutionary implementation 
of physics-based M&S.

Figure 1.  The systems engineering “V” diagram.19
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Using M&S to Enable the Transformation

History of Using M&S for Systems Engineering
The idea that M&S can benefit systems engineering 

has existed for several decades6; one of the first widely 
cited uses of M&S was in the modeling of nuclear deto-
nation during the Manhattan Project.10 In the past 
two decades, as software technology has improved, the 
number of documented cases of M&S improving sys-
tems engineering activities has increased. Although 
encouraging, many of these efforts have been disjointed 
and suffered from inefficient redundancies and poor 
management. In 1997, the Acquisition Council of the 
DoD Executive Council for Modeling and Simulation 
adopted a broader vision for simulation-based acquisi-
tion (SBA).11–13 The vision of SBA was to enable the 
“collaborative use of simulation technology that is 
integrated across acquisition phases and programs.”14 
Although SBA promised to yield increased cost effec-
tiveness and efficiency early on in system development, 
its vision was never fully realized. A Pentagon-funded 
survey,15 in addition to other reports, 
found the following:

•	 The limited tenure of program 
managers, coupled with the 
demand for immediate results, 
produces no incentive to invest 
in long-term, expensive M&S

•	 There often is duplication of 
effort that results from programs 
spending money on similar 
M&S components.

In addition to these problems, 
we can identify other issues:

•	 SBA has some positive elements 
and has had limited success; 
however, it does not include an 
overall process that addresses the 
roles of various supporting orga-
nizations, nor does it include a 
systematic process to manage/ 
track its execution even within 
organizations.14

•	 SBA does not cover system 
development from “cradle to 
grave.”

Although remnants of SBA 
still exist, even the term itself 
has become fraught with conflict 
because of SBA’s poor track record. 
Some have even gone so far as to 
label SBA a “myth.”15

M&S-Based Systems Engineering: Overall Vision
Although SBA and other historical M&S efforts 

have made some inroads into improving systems engi-
neering, the vision presented in this article proposes a 
complete and coordinated integration of M&S through-
out the entire systems engineering process. The later 
section M&S-Based Systems Engineering Process contains 
a more specific discussion of implementation, but the 
basic overall concept is presented below.

Figure  2 shows a slightly different representation 
(than the one in Fig. 1) of the traditional systems engi-
neering process (upper diagram). Although we do not 
take exception to any of the components of this process 
(critical needs, capability assessment, etc.), the imple-
mentation of it typically involves an early lock-down 
of requirements and early development of hardware  
prototypes/components that incur high costs when 
changes are required, as mentioned above. We believe 
that this early “requirements lock” is primarily because 
of the pressure placed on programs to show tangible 
progress as soon as possible, the tight coupling between 

Traditional system
development

(potentially limited agility)

Agile systems
engineering
using M&S

Figure 2.  Agility in systems development. 
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systems engineering and system acquisition processes, 
and system developers who may not believe that they 
can answer relevant system design questions any other 
way. However, if representative, physics-based M&S 
is used instead to supplement development in a well-
managed framework (represented by the lower diagram 
in Fig. 2), many, if not most, systems engineering pro-
cess tasks can be performed virtually—exposing issues 
likely to be encountered during later stages of the 
process and providing an environment to explore and 
identify solutions wherein there is a low cost associated 
with making changes. Feedback from this “look ahead” 
approach (represented by the arrows in Fig. 2) can better 
inform efforts at current stages of system development 
and provide insights that will increase confidence that 
the right decisions are being made along the way. This  
approach is similar to the intent of agile software 
development because it enables a much wider look at 
requirements, options, performance envelopes, subsys-
tem interactions, etc., by permitting iterative improve-
ment at low change costs. In essence, the more one can 
do before “metal is bent” (and, indeed, while it is being 
bent), the more efficient, flexible, and powerful the pro-
cess will be. Examples of the potential uses of M&S 
at each phase of the systems engineering life cycle are 
shown in Fig. 3.

In addition, with the remarkable progress in computer 
technology in the last decade, high-fidelity physics- 
based subsystem, system, and environment models are 
feasible—models that capture not only physics-based 
phenomena in real time or near real time but also 
emergent interaction effects for the complex envi-
ronments in which these systems will be deployed. 
Advances in processor speed, computer memory, new 
hardware [e.g., high-performance graphics processing  

units (GPUs)], and algorithms to optimally utilize 
that hardware have been essential. Fast, physics-based 
approaches have been developed and used for special 
effects in the gaming and film industries and show 
promise for application to systems engineering (e.g., 
smoothed particle hydrodynamics). Finally, recent 
paradigm shifts in software development approaches 
(e.g., agile software development, as discussed in this 
article) have enabled drastic increases in efficiency and  
overall flexibility.16

M&S-BASED SYSTEMS ENGINEERING PROCESS

Process Description
Given that systems engineering will benefit from 

agile practices, and that these practices can be enabled 
by evolutionary, end-to-end use of physics-based M&S, 
the following sections outline a proposed high-level pro-
cess with which to accomplish this transition. A repre-
sentative flow diagram is shown in Fig. 4.

As motivated by Fig. 3, every phase of systems engi-
neering presents a unique set of problems to be solved 
or questions to be answered. These “needs” could range 
from concept design and initial feasibility at the begin-
ning of system development to mission planning and 
training near the end. The idea is that this set of needs 
(represented by the leftmost box in Fig. 4), in the context 
of the appropriate concept of operations (CONOPS), 
should be evaluated within an analysis framework. By 
using this framework, the types of data that need to be 
studied can be determined, appropriate metrics can be 
defined, the respective roles of M&S and field tests can 
be defined, and the paths that will most efficiently and 

Figure 3.   M&S supports the systems engineering life cycle.
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ment matures, the M&S portfolio will expand in size 
and capability as components are added. As a result, the 
portfolio will become increasingly capable of addressing 
systems engineering needs “out of the box,” thus reduc-
ing cost and improving analysis speed as the system is 
developed. As the size of the portfolio increases, the rate 
of M&S component addition should decrease, and the 
number of ways the portfolio can be used to perform sys-
tems engineering studies should increase. Of course, the 
M&S components must be interoperable to fully realize 
this capability improvement, but if the portfolio is man-
aged by capable leadership (see The Need for an M&S 
Portfolio Manager), it certainly is possible. This iterative, 
overall process is shown in Fig. 5.

If successful, this evolutionary M&S portfolio expan-
sion may, by design, provide a majority of the components 
necessary for efforts that typically are not conducted 
until the end of system development—efforts such as 
training, mission planning, and testing and evaluation. 
For example, models built during concept exploration to 
study the feasibility of a given sensor could be leveraged 
for integration in a mission planner for a system that 
contains that sensor. Simulations built to help validate 
subsystem performance in operational environments 
should be directly expandable into simulations capable 
of assessing the performance of the entire system. Models 
designed to capture subsystem interactions for use during 
system design should be usable for system evaluation and 
operator training. Historically, this investment in M&S 
reusability has not been fully realized as a life-cycle com-
panion to systems engineering.
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Figure 4.   Notional M&S-based systems engineering process.

most cost-effectively address the initial needs can be 
decided. These actions will lead to results and conclu-
sions, which will then initiate a new set of needs, and 
the process can iterate as necessary.

The M&S portfolio shown in Fig.  4 represents the 
set of extant M&S relevant to the system being devel-
oped at a given point in system development. It could 
be that some M&S components already exist and are 
available, and, if so, they may be used directly. If they do 
not exist or are not directly available, then they need to 
be acquired or developed and then must be verified and 
validated before integration into the M&S portfolio for 
use. The M&S portfolio, as determined by the analysis 
framework, will either address the needs sufficiently or 
cue up the appropriate field tests to “fill in the gaps.” By 
using this integrated process, field tests can be custom-
ized and designed to yield the maximum possible benefit. 
In some cases, M&S may help obviate field tests, thereby 
saving time and money. In other cases, M&S may show 
field tests to be indispensable, thereby ensuring that the 
system is properly scrutinized and provides the necessary 
reliability and performance.

Use of a structured, M&S-driven process can yield 
benefits within a given phase of systems engineering by 
yielding more agility; however, we believe that the true 
power in the concept presented in this article is the use 
of this approach across the entire systems engineering 
life cycle. The implementation of each process compo-
nent will depend on the phase (specific needs, types of 
M&S used, etc.; see Fig. 3), but the overall process struc-
ture can be maintained. Specifically, as system develop-
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Tenets of M&S Portfolio Implementation
The process described above is a start, but given the 

diversity of systems, and the many uncertainties at the 
beginning of system development, there is much to con-
sider. Much like the agile software development commu-
nity has developed a core set of values and principles, we 
identify a core set of tenets below that should be consid-
ered as a basis for process implementation.

Tenet 1
Ensure that the evolving portfolio mirrors the 
real system’s architecture and interactions. 
(What system do you want to build?)

If the abstraction between the real system and the 
M&S portfolio can be minimized, the M&S should be 

able to readily capture emergent behavior and identify 
unanticipated downstream consequences of system 
changes, upgrades, failures, etc. Without such M&S, 
these system interactions may not ever be adequately 
understood, even if they could be identified. M&S that 
mirrors the real system’s architecture and subsystem 
interactions reduces the risk that significant modifica-
tion will need to be made to model those interactions. 
This approach emphasizes developing integrated fami-
lies of solutions to avoid building and maintaining a 
myriad of different point solutions.

Tenet 2
Use an agile approach for developing the M&S 
portfolio. (How are you going to build the system?)

Figure 5.   Process framework used at each stage.
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We have described above the thesis that systems 
engineering can be made more agile by evolutionary, 
end-to-end use of M&S; however, this tenet suggests 
that the creation and sustainment of the M&S port-
folio itself be executed in an agile way. This paradigm 
focuses on continually maximizing value by building 
what is necessary when it is needed and allowing the 
M&S components to change (performance, scope, fidel-
ity, etc.) as the systems engineering process is executed. 
This approach enables one to derive short-/shorter-term 
value from the portfolio, thus avoiding the traditional 
approach to investing in M&S, which typically gives 
only long-term returns (see History of Using M&S for 
Systems Engineering).

Tenet 3
Govern the development, verification and vali-
dation (V&V), and integration of each M&S 
component into the M&S portfolio. (How are 
you going to manage development of the system?)

Although agility enables flexibility while delivering 
constant value, it does not directly ensure that the port-
folio evolves into a correct, normalized, and interoper-
able representation of the system—an issue also present 
in the development of a service-oriented architecture 
(SOA).17 Best practices from the SOA community sug-
gest that proper governance is critical to maintaining 
the quality and vision of the portfolio, especially with 
the participation of multiple organizations. Specific 
practices would likely differ depending on the system 
under development, but, in general, governance would 
consist of developing “an enforceable set of policies for 
building, deploying, [integrating], and managing [com-
ponents].”18 In fact, problems with organization, gover-
nance, coordination, and overall strategy are cited as 
one of the major reasons that SBA has had such limited 
success.15 This begs the question of how we think our 
concept will work when SBA failed in this regard. In 
the best-case scenario, sponsors will include the devel-
opment and integration of M&S into their contractual 
relationships with system developers, such that the 
M&S become formal deliverables in some way. (Gov-
ernance is much easier when funding is at stake.) The 
specifics of how this would work will depend on the 
system and organizations involved. Even if this tenet 
is not fully realized, however, we do believe that some-
thing is better than nothing. At a minimum, if we can 
achieve partial buy-in from the organizations involved, 
it will be an improvement over the primarily stovepiped 
implementations currently in practice.

Tenet 4
Continually assess the relative cost versus benefit 
of using M&S throughout system development 
and deployment. (When and how are you going to 
use the portfolio during system development?)

We are suggesting that M&S should typically be the 
starting point for most systems engineering activities. 
However, at some point in a given systems engineering 
activity, there may be a cost-effective alternative (small-
scale prototyping, actual testing, etc.) for deriving the 
answers needed to continue that particular activity. 
M&S should help with the design and structure of the 
alternatives (e.g., field tests) to maximize invested time 
and money, but consideration needs to be given to not 
using M&S when field tests and/or subsystem tests may 
be more efficient or effective. Figure 4 helps to illustrate 
this point.

THE NEED FOR AN M&S PORTFOLIO MANAGER

Concept
So far we have suggested that agile systems engineer-

ing could lead to significant improvements in efficiency, 
and we have introduced evolutionary, end-to-end M&S 
as a key enabler of this transformation. We have pro-
posed a high-level process and listed a set of tenets that 
should followed to maximize the probability of success. 
However, without strong leadership and governance, 
there is no guarantee that the process will be followed, 
that the tenets will be considered, or that the overall 
strategy will be defined and implemented in a consis-
tent, optimal way throughout system development.

Typically for system development, the prime contrac-
tor will subcontract various components of the system. 
The main responsibility of the subcontractors is to 
deliver a hardware and/or software product that meets 
the requirements of the contract, and, in turn, the prime 
contractor (or one of its surrogates) will integrate these 
components into the overall system. There is nothing 
wrong with this division of labor per se; however, there 
is a great deal of cost and time associated with change 
(e.g., if something does not work or a better solution is 
found somewhere along the way), especially because 
contract incentives, instead of evolving needs, can 
drive development.7 In addition, there is no easy way 
for subcontractors to test their individual components 
at a system or mission level before “final” delivery. Most 
of the time, all they can do is build according to pre- 
specified requirements, which often change during 
system development.



T.  M.  FREY  and  M.  C.  VALENCIA

JOHNS HOPKINS APL TECHNICAL DIGEST, VOLUME 29, NUMBER 2 (2010)194

We believe that this dilemma can be at least partially 
addressed by the approach outlined in this article. The 
remaining problem is that, although the subcontractors 
may very well have used M&S as part of their develop-
ment, they probably did so in the absence of an overall 
strategy for system M&S development,8 including spe-
cific requirements for the interoperability and perfor-
mance of M&S components. The end result is a plethora 
of (possibly redundant) M&S components related to 
the system that cannot be used together to answer any 
questions about the overall system itself. Their util-
ity is bound to the system component for which they 
were built, and even worse is the reality that most of 
them cannot be used outside of contractor oversight 
because of intellectual property considerations. Intel-
lectual property is important to protect, but there are 
ways to package proprietary components to ensure that 
they interoperate with the rest of the M&S portfolio but 
still do not give away company secrets (through dynami-
cally linked libraries, web services, etc.). One survey of 
22 major acquisition programs reveals that most of the 
M&S developed for specific projects within a program 
were unique to that project and owned by the con-
tractors, not the government.15 As a solution to these 
issues, we suggest an M&S portfolio manager, an orga-
nization empowered to manage a versatile and powerful 
plug-and-play M&S portfolio by defining performance 
and interoperability requirements and managing M&S 
development throughout system maturation (without 
necessarily needing the source code for all individual 
M&S components).

The areas of primary concern to the portfolio man-
ager are highlighted in the yellow dashed box in the 
center of Fig.  6 (shown in the context of the process 
shown in previous figures). The portfolio manager 
should have some level of cognizance over the entire 
process as well as special responsibility to coordinate the 
activities highlighted in Fig. 6. The portfolio manager’s 
role should consist primarily of being the caretaker of 
the M&S portfolio, which includes deciding when the 
portfolio should be used to address an identified need, 
understanding what the portfolio requires to address this 
need, and verifying and validating that the components 
in the portfolio meet the necessary performance and 
interoperability requirements. Note that this role does 
not preclude the portfolio manager from being an M&S 
co-developer or participating in defining the overall 
M&S strategy. Indeed, the portfolio manager should be 
a full participant on the leadership team of any system 
program office. The portfolio manager role also includes 
helping to design field tests and correctly integrating the 
output of those tests with the results of M&S to achieve 
the goals of the given work task.

Potential APL Role
The M&S portfolio manager will be central to the 

success of this process and should be an organization 
that has the breadth of capability to understand the 
system in all its complexity, from physics to mathematics 
to engineering, and also the ability to integrate system 
concepts into mission-level impacts. This organization 
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Figure 6.   Role of the portfolio manager.
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should have strong software engineering capabilities 
and be effective at managing processes and coordinat-
ing participation from multiple organizations. We also 
believe that the M&S portfolio manager should be inde-
pendent and able to provide guidance to the government 
free from conflicts of interest. Agile systems engineering 
may yield “rudder changes” throughout the course of 
system development that are in the best interest of the 
sponsor but may be undesirable for system developers for 
a myriad of  reasons. For example, some program man-
agers may not want realistic models because they may 
“make the program look worse. The performance of a 
weapon can deteriorate when factors such as turbulence, 
terrain, or targets are factored in. If the models are ‘too 
realistic,’ the estimates look worse.”15 This potential 
conflict of interest again argues for the involvement of 
an independent organization.

APL has a unique opportunity to take a stronger 
role in the systems engineering activities of our spon-
sors. Given our organizational strengths and values, the 
M&S portfolio manager role described herein is a good 
fit for us. As we look to the future for all of our (current 
and potential) sponsors, we should consider the poten-
tial benefits of the ideas presented herein and identify 
opportunities to apply them as appropriate.

SUMMARY
In recognition of recent DoD trends and feedback 

from sponsors, we suggest an application of agile prac-
tices to systems engineering processes through some-
what of a paradigm shift for the use of M&S in system 
development and deployment. There is great potential 
for an integrated M&S-based systems engineering pro-
cess managed by an independent agent to save money, 
increase efficiency, and ensure that the right decisions 
are being made as new systems are developed and 
deployed. The fact that the approach is grounded in 
physics, and that fidelity can be customized to particular 
applications, helps to ensure that the predicted results 
are believable and can easily be modified to tackle a 
wide variety of systems engineering problems. In addi-
tion, ensuring that M&S components are interoperable 
will increase the power and flexibility of the M&S port-
folio to answer more questions “out of the box” as system 
development matures. The reusability and scalability of 
the portfolio should give great insight to system design-
ers, architects, and end users alike and, by its design, 
should be able to overcome the many roadblocks that 
SBA faced and leverage the lessons learned from past 
attempts at SBA implementation.

We realize that the ideas and concepts presented in 
this article cast a large net and, in some cases, are a bit 
utopian. Some of our claims (e.g., in the long run this 

will save money) are improvable a priori (although there 
are several smaller-scale, in-house use cases that give us 
confidence in the approach and a plethora of quantita-
tive evidence from the software community that agile 
approaches work). The transformation described herein 
will require whole-scale commitment to realize optimal 
benefit, and indeed the creation and management of 
such a process is not trivial. It will require everything 
from a broad understanding of the use of systems at 
the mission level down to detailed technical expertise 
in the way that subsystems operate and interact. It will 
require world-class expertise in the design and building 
of M&S and an intimate knowledge of current stan-
dards of M&S interoperability. It will necessitate big-
picture thinking, accurate anticipation of future trends, 
rigorous project management, and attention to detail. 
Indeed, these factors present a formidable challenge, but  
organizations like APL are uniquely positioned to bring 
the independence and technical credibility to make 
it work.
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