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Abstract. Many sources have reported that the technical and manage-
rial maturity of the acquirer is the essential key to success of Software-
Intensive System Acquisition (SISA) and recommended to adopt the best
practices. However, DoD is inactive to implement the SISA practices be-
cause DoD doesn’t fully understand how and why the SISA practices
affect the performance of software-intensive system development.

In this research, we analyze the effects of SISA practices on acquirer
and developer using hybrid software process simulation modeling. Our
approach represents the dynamic characteristics (e.g., the interactions of
acquisition organization and development organization and the effects of
several SISA practices) and discrete characteristics (e.g., specific char-
acteristics of discrete phase, etc.) of SISA programs. This research will
contribute to reveal how the acquirer’s activities influence the perfor-
mance of the developer’s process.

1 Introduction

The software is becoming a more dominant portion in defense systems such as
weapon systems and C4I systems (Command, Control, Communications, Com-
puters and Intelligence). Based on the report of the Defense Science Board (DSB)
in 2000, the percentage of functionality requiring software of F-16 combat air-
craft is 45% and that of F-22 is 80% [1]. Moreover, the annual cost to acquire,
develop, and maintain defense software is approaching 20 Billion dollars [1].

The software-intensive characteristic of a defense system increases the com-
plexity and uncertainty in Software-Intensive System Acquisition (SISA). A
number of reports from the Inspector General (IG) and General Accounting
Office (GAO) have raised issues with the way the U.S. DoD acquires software-
intensive systems, and have identified numerous acquisition programs to be late,
over-budget, and low quality [2][3].

The DSB concluded that the software acquisition problems came not from
technical difficulties, but from poor management and recommended to adopt
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best practices for SISA [1] such as DoD-5000.2-R [4], 16 Critical Practices from
Software Program Managers Network (SPMN) [5], Software Acquisition Capa-
bility Maturity Model (SA-CMM) [6], etc. A Best practice is a documented
practice aimed at lowering an identified risk in system acquisition [7]. The prac-
tices are identified to improve the performance of the acquisition organization
whose roles are illustrated in Fig. 1.

User
Organization

Acquisition
Organization

Development
Organization

User Needs,
Operational Concept

Requirements,
Acquisition Strategy

Operational
System

Artifacts to Review,
System to Test

(Acquirer) (Developer)

Fig. 1. Roles of acquisition organization in SISA

However, DoD was inactive in response to recommendations to implement
best practices. Turner reported that the actual implementation is average 25%
in 2002 [7]. Lisa Pracchia, a member of the Naval Air Systems Command’s
Software Resource Center, stated that subsequent DoD’s inaction in response to
GAO’s recommendations played a pivotal role in Congress legislating software
acquisition process improvement [8].

This phenomena indicate that there are some barriers to implement the ac-
quisition practices in defense acquisition organizations. Some of the barriers
reported were lack of management understanding, management commitment,
and credible evidence [7]. This implies the acquisition managers don’t fully un-
derstand how and why the acquisition best practices affect the performance of
software intensive system development and don’t believe the importance and
effectiveness of the acquisition management practices.

In this research, we analyze the relationships between acquirer and developer
and the effects of acquisition practices using hybrid software process simulation
modeling (SPSM) method. This will help acquisition managers understand the
importance of and evaluate the effects of the acquisition practices on software
development organizations. We study the characteristics of SISA, analyze the
potential effects of acquisition practices qualitatively, derive the quantitative
information, and implement the simulation model.

We plan to apply the DEVS-based hybrid SPSM [9] method to realistically
model the SISA. The military project usually takes long time, develops a large
size product, and constrains the development process to follow various military
standards (e.g., DoD 5000 series), which strictly distinguishes the milestones.
The staffing profile can change discontinuously during the development because
of the long development time and unexpected subcontract change. Moreover,
large military software projects devote more effort to producing paper documents
and to removing bugs or defects than to producing source code [10]. Therefore,
we need a hybrid simulation modeling method which can analyze the specific
characteristics of each phase with continuously changing dynamic properties.
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The structure of this paper is as follows. In Section 2, we introduce previ-
ous SPSM approaches for acquisition. In Section 3, we qualitatively analyze
the effects of SISA practices on acquisition programs and describe the hybrid
simulation modeling approach. Section 4 describes the expected results and con-
tributions.

2 Related Work

Häberlein [11] developed a system dynamics model for software acquisition
projects. He captured causal structures common to all models of acquisition
projects and designed a system dynamics framework focuses on the supplier
monitoring and controlling activity. He analyzed that the acquisition projects
are more complex because of the subjective variables such as perceived state of
the project and reported state of the project. However, Häberlein’s model does
not clearly define the interactions between acquirer’s and supplier’s activities.

McCray and Clark [12] developed a system dynamics model for outsourcing
decision support. The questions they ask and the problems they model are differ-
ent from our research goal. They ask ”Given a certain market or organizational
situation, is it advisable to outsource software development and maintenance in
the long run?”.

D. Houston [13] identified significant software development risk factors and
developed a dynamic simulation model to study the effects of risk factors. He de-
veloped the base model from published system dynamics models such as Abdel-
Hamid & Madnick [14] and Tvedt [15], then incorporated the effects of risk
factors in the base model. The simulation model is used to support risk analysis
and risk management in software development organization. This approach gave
us some insight into how to model the effects of acquisition practices on software
development organization.

3 Develop Simulation Model for SISA

3.1 Qualitative Analysis of the Effects of Acquisition Practices

Fig. 2 qualitatively analyzes the relationships between acquirer and developer
and describes the potential effects of acquisition practices on SISA. This figure
does not include all the aspects of SISA, but tries to represent the most influential
factors of general SISA environment. We derive the developer’s external risk
factors caused by the lack of acquirer’s technical and managerial maturity, which
affect the performance of the developer. The acquirer’s technical and managerial
maturity represents the overall performance of the acquirer, which is caused by
many factors as shown in Fig. 2. The acquisition practices improve the technical
and managerial maturity of the acquirer and mitigate or eliminate the external
risk factors of developers.

We derive the developer’s external risk factors by literature review [10][16][17],
experts interview, andour experience: ”Creeping requirements”, ”Excessivepaper-
work”, ”Long review/approval cycles”, and ”Variability in development process”.
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Fig. 2. Qualitative analysis of SISA

“Creeping requirements” are the requirements emerging slowly after basic re-
quirements have been agreed, which cause the job size, communication overhead,
and design rework to be increased and the morale to be decreased. ”Excessive
paperwork” can be caused by bureaucratic acquisition organization which ad-
heres to overly detailed development process or caused by acquisition staff inex-
perience, etc. ”Excessive paperwork” makes the productivity and morale to be
lowered. ”Long review/approval cycles” are due to the lack of acquirer’s technical
knowledge on the project or lack of process discipline, which cause the project
duration increased. ”Variability in development process” is caused by acquirer’s
lack of process discipline, which causes the schedule pressure to be high and the
project duration to be increased.
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We also define the acquirer’s risk factors which affect the performance of the
acquirer. We use negative names for risk factors rather than neutral names to
represent the acquisition practices to mitigate the risk factors. In contrast to
the developer, the acquirer does not produce the software system directly but
monitors and controls the development process. Based on these characteristics
of acquirer, we define the performance of an acquirer as follows: ”Capability
of monitoring, controlling, scoping”, ”Quality of requirements”, and ”Amount
& depth of review”. If the ”Capability of monitoring, controlling, scoping” is
low, the developer is put at risk of ”Creeping requirements” and ”Excessive
paperwork”. If the ”Quality of requirements” are low, the developer can suffer
the ”Creeping requirements” risk. If the ”Amount & depth of review” is small &
not intensive, the developer can be in trouble of ”Long review/approval cycles”.

We analyze some of the acquisition practices discussed in Turner [7] for our
research. Fig. 2 explains that the acquisition practices can mitigate the risk
factors of SISA if an acquisition program adopts the practices. The Require-
ments Trade-off and Negotiation practice requires Program Managers to explic-
itly trade required functionality for schedule, time, project/product stability,
and risk without compromising the overall system objectives [1]. This practice
can mitigate the risks of ”Incapable acquisition management” and ”Creeping
requirements”.

The Demonstration-based Review recommends using executable demonstra-
tions of relevant scenarios as an integral part of project reviews to stimulate
earlier convergence on integration, support tangible understanding of design
trade-offs, and eliminate architectural defects as early as possible [7]. This prac-
tice can mitigate the risks of ”Incapable acquisition management”, ”Creeping
requirements”, ”Excessive paperwork”, and ”Long review/approval cycles”.

The Independent Expert Review intends to help the acquirer ensure that: the
disciplined processes and methodologies are in place, the program’s resources are
adequately allocated, the technical baseline is understood and solid with atten-
dant risks and opportunities identified and managed, and the adequate progress
is being achieved [1]. The review team should consist of government, academic,
and industry experts who have program and software management skills, tech-
nical skills appropriate to the program, and requisite domain knowledge. This
practice can mitigate the risks of ”Lack of process discipline”, ”Lack of acquirer’s
technical knowledge”, ”Long review/approval cycles”, and ”Variability in devel-
opment process”.

3.2 Hybrid SPSM for SISA

The software process simulation model should represent the dynamic interactions
between acquirer and developer as well as discrete characteristics of SISA. The
SISA program usually takes long time and distinguishes the milestones strictly,
which makes the development phase to have specific characteristics (e.g., differ-
ent production rate in each phase and discretely changing quality of staff).

Fig. 3 illustrates the high level view of software process simulation model
for SISA. The process model of a developer should have an explicit interaction
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points to integrate with the acquirer’s practice modules. Some of the practices
can only be applied to a specific phase of a developer. The practice modules are
plugged in to evaluate the effects on the development organization’s process.

Requirements Design Code Test

Development OrganizationAcquisition Organization

Practice A Practice B Practice C

Fig. 3. High level view of hybrid SPSM for SISA

We apply the DEVS-based Hybrid SPSM approach which fully incorporates
the feedback mechanism of the system dynamics, explicitly represents the dis-
crete process phase, and analyzes the performance of it [9]. This approach also
provides the explicit extension points to easily integrate the process models. For
more detailed description, please read K.S. Choi et al. [9].

The simulation model implementation is still in progress at this point. We
are implementing the base model of the development organization which shows
the characteristics of the large size military software project by analyzing the
previous models such as Tvedt [15] and Houston [13]. We are implementing the
simulation model of the acquisition organization and deriving the parameters
and equations for the model from the literatures and surveys.

Table 1 shows an excerpt of the SISA best practice profile reported in Turner’s
dissertation [7]. He surveyed various software-intensive system working groups1

including renowned researchers such as Dr. Victor Basili, Dr. Barry Boehm, and
Dr. Lawrence Putnam. Turner analyzed the responding data and developed a
best practice profile which provides a reference for a practice that would include
descriptive, qualitative, and quantitative information as shown in Table 1.

Table 1 provides high-level data for relationships between SISA practices and
the performance of the project, so we will use the information as a reference
behavior mode and to validate our simulation model. We also plan to apply the
V&V guidelines by Richardson [18]. This will make our model useful to SISA
managers.

4 Expected Results and Contributions

We defined the interactions between acquisition organization and development
organization in SISA. The performance of the acquisition organization such as
“Capability of monitoring, controlling, and scoping”, “Quality of requirements”,
1 the Defense Software Collaborators, the Software Engineering Science and Technol-

ogy Summit, the National Defense Industrial Association, the Tri-service Assessment
Initiative assessor cadre, etc.
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Table 1. Excerpt of the SISA practices profile [7]

Software-intensive System Acquisition Best Practice Profile

Name Requirements trade-off and negotiation

Description
Within a funding constrained environment, engaging in the explicit
trade-off between required functionality, schedule, time, and risk with-
out compromising overall system objectives

Characteristics Overall Result
Ease of Implementation Moderate (4-6%)

Cost to Apply Moderate (4-6%)
Cost to Achieve Readiness Moderate (4-6%)
Benefit to Cost (Effort) High (15-30%)

Benefit to Schedule Very High (> 30%)
Benefit to Quality (Defects) High (15-30%)

and ”Amount & depth of review” affects the external risk factors of the devel-
opment organization. The external risk factors of the development organization
affect the performance of the SISA program. The SISA practices are effective
because they mitigate or eliminate the risks of acquisition organization and de-
velopment organization. We analyzed the effects of the acquisition practices on
the SISA programs qualitatively and showed the high level view of the DEVS-
based hybrid software process simulation model.

We expect to develop a simulation model which can show the effects of SISA
practices quantitatively. The results will contribute to persuade the decision
makers and managers of SISA to fully understand and believe the importance
of acquisition practices to make a success of SISA. Particularly, this research
will reveal how the activities of the acquisition organization influence the perfor-
mance of the development organization’s process and provide integrative view
on the SISA program. Furthermore, we can use this simulation model as a deci-
sion support system by analyzing the effects of new acquisition practices before
actually implementing the practices.

However, this research is still in progress and has difficulties to derive the
parameter values and equations for the simulation model. The most difficult
problem is validating our model to give confidence on our results because we
have very limited historical project data on SISA.
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