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ABSTRACT:

The utility and benefits of a well-defined
requirements engineering process are cited in
many articles describing software engineering
research and similar industry studies. In this
paper we consider to what extent the M&S
community employs software requirements
engineering (SRE) in the model development
process. We motivate the desirability of having
an SRE component by first outlining current SRE
models and their touted benefits. To help
formulate a reasoned conclusion, we examined
several recent M&S books and three M&S Life-
cycle models for references to requirements in
the M&S activities. Our findings, also outlined
in this paper, indicate that the use of any formal
SRE activities within M&S development and
analysis is minimal, at best. Nonetheless, our
investigation has also uncovered some recent
changes that point to a rise in the awareness of
the need for a more formal, well-defined
approach to software requirements engineering in
the M&S model development process. We note
those changes and some additional opportunities
for increased SRE use.

Keywords: Requirements, Conceptual
Modeling, Model Development

1. INTRODUCTION

The objective of this paper is to explore the
following question:

Do modeling and simulation (M&S) studies
employ software requirements engineering
(SRE), implicitly or explicitly, in the model
development process?

By “explore” we do not mean simply to answer
the question. In fact, a categorical answer is not
possible. What is sought here is to examine what

is entailed in the engineering of software
requirements, to identify where such activities are
performed or not in evidence in M&S model
development methodology, and to note changes
that might ensue from the increased use of SRE.
As a precursor, we address the motivation for
producing an answer to the question and the
natural follow-up question: Why is SRE of
importance to individual M&S projects or to the
community in general?

1.1 BACKGROUND

No area within software engineering or software
systems development has seen more research
activity within the last decade than the software
requirements phase. Interestingly, the emphasis
in software systems research appears to follow a
reverse of the development path.  Software
systems research had an early focus on the testing
phase, then a transition is seen to code generation,
followed by program organization and design
methodology, and for the past ten or more years
the sights have centered on the requirements
phase. A question prompted by this observation
is: To what degree have the simulation modeling
phases followed a similar pattern?

Explanations of the reverse path of research
emphasis are not difficult to produce.

1. The path reflects the movement from more
concrete (possibly simpler) representations of
a problem solution to the more abstract (more
difficult).

2. Progress in the latter stages continues to
affirm the importance in time and cost of
errors in the early stages.

3. Increasingly, the data from practical project
experience, captured through the adoption of
development methodologies, reveals the high
cost incurred by incomplete and incorrect
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requirements and the impact of requirements
changes (requirements volatility).

The co-dependency of simulation modeling
methodology and software engineering is an
acknowledged fact that can be traced to the
infancy of both, which is generally about 1958
for the former and 1968 for the latter. Tocher’s
General Simulation Program (GSP), a collection
of routines recognized by him as used with
parameter specifications or minor modifications
in almost every application of the technique, is a
very early example of code reuse [1]. Conceptual
advances in modeling methodology have exerted
major influences in software engineering, e.g. the
use of abstract data types, and the object-oriented
paradigm in software development that are
traceable to SIMULA 67. Likewise, progress in
software engineering is quickly reflected in
simulation, e.g. external access compilers, the
adoption of programming language control
constructs, and graphical interfaces, to name but a
few.

The interplay between simulation modeling
methodology and software engineering could be
characterized as mutual influences affecting
different domains of the abstraction continuum.

e The influence of software engineering is
evident in the more concrete areas of
implementation - the programming to
produce an executable simulation model
representation.

¢ In contrast, simulation modeling methodology
has contributed to raising and resolving issues
surrounding the more abstract domain of
capturing and expressing the architecture and
design of software systems.

Evidence supporting the first claim is provided in
the genealogical tree for simulation programming
languages (SPLs) [2] that shows the emergence
of variants (or dialects) for the original SPLs in
the branches for GPSS, SIMULA, and GASP.
The second claim is supported by the slow but
sure emergence of models and modeling as
serving a major function in  software
development. Interesting speculations regarding
the relationship  between modeling and
programming dot the computing landscape over
the past 25 years (see [3, 4]), and apparently
Model Driven Development (MDD) is now one
of the “hot” topics on the software horizon [5].

1.2 ORGANIZATION

In Section 2 a brief overview of SRE is given,
noting the effect of the emphasis in delineating
the activities comprising the requirements phase.
The role of requirements in current M&S
development is examined from multiple
perspectives in Section 3. Section 4 offers a re-
examination of the M&S development process
giving attention to areas where SRE activities
could or should be employed. A concluding
summary is provided in Section 5.

2. SOFTWARE REQUIREMENTS
ENGINEERING

The engineering of requirements is a necessary
function in the production of a software system.
While requirements generation (earlier termed
“analysis”) is identified from the beginning as a
part of the software development life cycle
(SDLC), its importance is slow to draw
recognition. An explanation of this observation
follows, and the emergence of the recognition of
its importance is briefly traced.

21 A BRIEF REVIEW OF SOFTWARE
PROCESS DEVELOPMENT

The sequential version of the Waterfall model [6],
shown in Figure 1, is the earliest description of
the software development life cycle.

The objectives of each phase are described by
Lobo [7] as:

e Requirements Analysis: Entailing
understanding of the function, behavior,
performance and interfaces of the proposed
system. In addition, the software requirements
are documented and reviewed by the
customer.

e Design: Translating requirements into a
system representation that can be assessed for
quality before coding begins.

e Coding: Transforming design into machine-
readable (executable) representation.

e Testing: Conducting tests to uncover errors in
code and to ensure that the results produced
are correct for a given input.

e Maintenance: Accommaodating and
incorporating necessary changes in the
software.

Requirements

Analysis ¥ Design =" Coding

——>| Testing p—=>| Maintenance

Figure 1: The Sequential Waterfall Model



Numerous modifications to the waterfall model
follow: (1) incorporating feedback both within
and among the phases, (2) recognizing that phase
overlaps are necessary, and (3) prescribing the
verification activities that assure the phase-to-
phase transformations are made properly. While
inadequacies lead to continuing modifications,
the identification of the major software
development phases forms the core of the
subsequent model variations that include the
iterative enhancement model [8], the prototyping
model [9], spiral model [10], and extreme
programming [11]. Despite the numerous
refinements leading to model variations, the
failure to adequately address requirements creep
(the addition of or change in requirements as the
project progresses) remains a persistent problem
[12].

With the advent of the SDLC models, the phases
in the development process become more
apparent. However, the activities and techniques
defining each phase remain only vaguely
clarified, resulting in the software engineer
having difficulties in carrying out the process.
Hence, refining the description of activities
comprising the SDLC phases provides essential
guidance on performing these phases during the
development process.

Although logic suggests that attention should be
directed towards the first SDLC phase
(requirements analysis), for the reasons explained
above, the examination emphasis begins with the
end product, and phase refinement historically
proceeds in reverse order [13]. Initiating with
maintenance and testing also reflects an economic
influence since studies show that 60-70% of the
product life cycle is spent in the maintenance
phase [14]. The emphasis on testing produces
techniques for black box and white box testing
that are used extensively for the detection on
errors in code [15]. Tools to automate testing
methods are also developed.

The shift in attention to the programming phase
occurs with subtle effects. Code and process
analysis, sometimes conducted during testing,
reveals the ad-hoc nature of the development
processes, making the code difficult to
comprehend. Hence, coding guidelines are
produced to improve the readability,
understandability and testability of the code.
Integrated Development Environments (IDEs)*
emerge to assist programmers in writing and
debugging the code.

! IDEs provide an integrated set of tools and artifacts
supporting a process; e.g. Microsoft’s Visual Studio

Following the period of emphasis on the coding
phase, the attention shifts to the design phase.
The design phase is attacked by dividing the
high-level activities into low-level components in
the application of “step-wise” refinement,
(solving complex problems by decomposition
into smaller units). Additionally, new design
approaches, such as the object-oriented paradigm,
are proposed as adding better structure to the
design and the code, increasing understandability
and maintainability. Notations, such as those
proposed by the Unified Modeling Language
(UML), and supporting tools are advanced to
improve representations utilized during the
design phase [16].

Requirements analysis is the final phase to
receive the focused attention of the software
engineering community. In all likelihood, the
somewhat inappropriate name “Requirements
Analysis” has contributed to the delayed
attention, creating a perception that activities
such as needs analysis and requirements
elicitation are minor [17].

2.2 THE FOCUS ON REQUIREMENTS

The examination of the requirements analysis
phase has produced a flurry of activity, and a
number of techniques and methods are currently
drawing some attention. The brief descriptions
that follow are taken with minor changes from
[18].

2.2.1 SOFTWARE PRODUCT PLANNING
THROUGH REQUIREMENTS
TRIAGE

Davis [19] contends that “knowing what not to
build is as important as knowing what to build.”
For a software development effort to be
successful, he advocates “software product
planning” through Requirements Triage to help
elicit the “right” product features. Requirements
Triage considers factors such as price, market,
cost, time-to-market, market size, feature mix,
market penetration, revenues, profits and return
on investment as keys to project success. Its
principal activities include Risk Analysis, Cost &
Schedule Estimation, Price Analysis, Market
Analysis and a “Feature Triage.”

The triage process is iterative and begins by
eliciting potential product features that, in turn,
are categorized and prioritized based on their
relative importance, cost and risk. Using the set
of available resources as a guide, decisions are
then made as to which features are to be included
in the product and which are to be excluded. If an
acceptable compromise is achieved, then software
product planning is accomplished. If, on the
other hand, a constraint is exceeded or a conflict



arises, one or more of the evaluation criteria must
be adjusted to find a satisfactory balance.

2.2.2 KNOWLEDGE-LEVEL PROCESS
MODEL OF REQUIREMENTS
ENGINEERING

The Knowledge-Level Process Model of
Requirements Engineering is a set of abstractions
that  represents  requirements elicitation,
manipulation, and maintenance processes [20].
For each of these processes, the corresponding
third layer of abstraction is most instructive.
More specifically, the third layer is a
decomposition of a higher-level abstraction, and
depicts a set of sub-processes related through
input/output specifications.  The “elicitation”
process stresses gathering initial problem
descriptions, domain knowledge, and
requirements and scenarios. The “manipulation”
process emphasizes requirements and scenario
quality, e.g., consistency and necessity. Within
this process, requirements and scenarios are
reformulated to reflect a (semi-) formal
representation. The relationships among
requirements and scenarios are also established.
The principal goal of the “maintenance” process
is to produce documents in which requirements
and scenarios are described, as well as the
relationships among them. The Knowledge-
Level Process Model provides a useful approach
to process modeling through (a) its
decomposition based on *“separation of concerns”
(facilitating a deeper understanding of the process
as a whole), and (b) its realization of a generally
applicable characterization.

2.2.3 AGILE MODELING

Agile Modeling (AM) is a practiced-based
approach to modeling and documenting software-
based systems [21]. It stresses the development
of multiple representations (or models) of system
components. Those “viewpoints” are based on
the perceived needs of the stakeholder(s). AM
embraces a collection of principles, such as
assuming simplicity and embracing change,
because requirements do, in fact, change
throughout the modeling process. A set of
practices that support those principles is also
defined within AM.

The AM can be applied to requirements, analysis,
architecture and design. From a requirements
perspective, AM recognizes project stakeholders
as the definitive source of requirements. In
collaboration with the developer, the stakeholders
plays an active role in identifying, defining and
prioritizing requirements, and to accept (or reject)
suggested ones from the developer. Iteration is
the practice that is used to refine the high-level
requirements within the bounded project scope.

2.24 THE WINWIN SPIRAL MODEL

The WinWin Spiral Model extends Boehm’s
original Spiral Model to include elements that
promote “Theory W” [22]. Theory “W”
maintains that making winners of the system’s
key stakeholders is a necessary and sufficient
condition for a project’s success. A prominent
element of the WinWin Model is the emphasis it
places on negotiations—base approach to defining
software requirements, architecture, development
products and management strategies. The
WinWin Model extends the original model by
including three activities at the beginning of each
spiral:

e Identifying the system’s key stakeholders —
these include the developer, user and
customer;

e ldentifying the stakeholders’ “win” conditions
for the system - win conditions for the
customer include schedule and cost; win
conditions for the user include functionality;
for the developer, win conditions include
schedule, profit, and adequate resources; and

e Negotiating “win” conditions so that all key
stakeholders are satisfied.

A major strength of the WinWin Spiral Model
lies in explicitly recognizing that each
stakeholder has a set of “win conditions” that
need to be addressed.

2.2.5 APREVIEW APPROACH TO
MANAGING VIEWPOINTS

The Viewpoints approach is introduced through
the CORE system in 1979 [23]. The central tenet
of Viewpoints is that no one stakeholder has a
complete understanding of what the target system
should do. From the Viewpoints perspective
then, we are encouraged to elicit multiple
viewpoints, and to reconcile their perspectives
into a single, comprehensive view of the system.
Sommerville, Sawyer and Viller [24] propose a
generic process model, PREview, which is spiral
in nature and emphasizes the viewpoint approach.
The model’s three basic activities are:

e Requirements Elicitation - guided by
organization concerns, requirements
elicitation focuses on understanding the
problem and the application domain, and then
evolving corresponding requirements.

e Requirements Analysis — requirements are
collected and then analyzed for completeness,
inconsistencies and potential conflicts.

e Requirements Negotiation — analysts and
stakeholders ~ examine  inconsistent  or
conflicting requirements, and formulate
resolutions that promote consensus and
acceptable “win” conditions for all.



Each of the above activities stresses the
Viewpoint perspective. That is, viewpoints are
identified during elicitation; their interactions are
examined during the analysis activity; and finally,
during the negotiations viewpoints are accepted,
modified or tagged for additional examination
during the next cycle of the spiral.

2.2.6 THE REQUIREMENTS
GENERATION MODEL (RGM)

Within the conventional Waterfall Model (or one
of its many variants), five development phases
are most prominently represented: requirements
analysis, design, implementation, testing, and
maintenance. Additionally, one or more of these
phases is further decomposed to emphasize
important sub-components. For example, it is
common to find design split into a high- and a
low-level design phase; similarly, implementation
is often divided into code and unit-testing sub-
phases.

Like design and implementation, the evolution of
requirements is based on two fundamentally
distinct sets of activities: those focused on
requirements generation and those supporting
requirements analysis.  Historically, however,
requirements generation is included as an activity
within requirements analysis. This view,
unfortunately, promotes the misconception that
requirements generation is only a minor activity
[25]. Clearly, such implications run counter to
the established importance of requirements
generation.

Requirements Generation

...................................

Iteration

Concept | Requirements Capturing i Requirements

DefinitionEIndoctrinatiom | Analysis
] |Preparation [ Elicitation | Evaluation |

Figure 2: The Requirements Generation
Framework

To address the misconception perpetuated by
historical practices and to bring into focus the
importance of the requirements generation
“phase”, the Requirements Generation Model
(RGM) refines the conventional requirements
analysis phase. As illustrated in Figure 2 the
refinement is a structured framework that
distinguishes  between  concept  definition,
requirements  generation and requirements
analysis.

Concept definition provides an initial problem
description and a preliminary set of needs.
Requirements analysis focuses on examining the

individually generated set of requirements as a
collective whole. Principal activities focus on (a)
verification and validation, (b) confirming set
completeness, and (c) producing a requirements
specification document.

Requirements generation, the most prevalent
process component, is composed of four
distinctively different activities (or sub-phases):
indoctrination,  preparation, elicitation and
evaluation. Indoctrination focuses on educating
the stakeholders; preparation prescribes pre-
meeting tasks that help increase the potential of
conducting a successful meeting; elicitation
activities center on the identification and
recording of requirements during meeting with
the stakeholders; and finally, evaluation is
concentrated on organizing, verifying and
validating the evolved requirements set. The
latter three activities are placed within an iterative
process whose exit criterion is the realization of a
complete and sufficiently well defined set of
requirements.

2.3 SUMMARY OF POINTS OF EMPHASIS

The review in the prior section is necessary to
provide a sufficient understanding of the diverse
yet related approaches to overcoming the
“requirements  problem.” The following
summary of comparative and contrasting points is
intended to assist the reader in noting the
presence or absence of SRE techniques and
methods in simulation modeling methodology.

Excepting requirements triage, requirements
elicitation and analysis are prominent activities in
all of the models outlined above. Requirements
Triage, like the WinWin model, stresses risk
analysis. The scope of the WinWin and Agile
Modeling extend beyond requirements to include
activities focused on architecture, design, and
implementation; the RGM, on the other hand,
focuses exclusively on the generation of
necessary and sufficient requirements.

Distinctive differences are seen in the extent to
which a model: (1) structures the requirements
generation process and (2) advocates the use of
specific methods and techniques to achieve stated
objectives. The RGM provides an iterative
framework and a monitoring methodology that
define structure, activities and methods to support
requirements generation. The Knowledge-Level
Process Model provides a well-defined process
structure for requirements elicitation,
management and documentation, but suggests no
supporting methods or techniques. Agile
Modeling, on the other hand, defines 17
principles, 21 practices and four values, but offers



no real structure within which to employ those
practices. PREview appears to fall somewhere
between the Knowledge-Level Process Model
and Agile Modeling, and like the RGM,
emphasizes similar activities within an iterative
(spiral) process.

3. THE PERCEIVED ROLE OF
REQUIREMENTS IN MODELING AND
SIMULATION

The expansion in understanding of both the
importance and the complexity of the
requirements phase in general software
development is not reflected in M&S process
descriptions. This assertion is supported by the
paucity of treatment given the requirements
specification function in recent M&S textbooks,
the lack of identification of the activities
identified for general software in M&S life-cycle
models, and the relative lack of attention in
publications in the M&S literature. With the
exception of military applications, the advances
in requirements engineering described in Section
2 are not evident in model development for
simulation analysis.

The obvious counter to the negative implications
of this assertion is that requirements engineering
is a software engineering activity not a M&S
activity. However, this partitioning that did not
serve well in the past is even less workable today.

3.1 TREATMENT OF REQUIREMENTS
IDENTIFICATION IN M&S BOOKS

Early textbooks for M&S courses typically
describe the steps or phases in developing a
model in rather general terms, reflecting the “six
‘major phases’ of an operations research study”
attributed to Churchman et. al. [26] by Mize and
Cox [27]:

1. Formulating the problem.

2. Constructing a mathematical model to
represent the system under study.

3. Deriving a solution from the model.

4. Testing the model and the solution derived
from it.

5. Establishing controls over the solution.

6. Putting the solution to work: implementation.

Early courses in M&S appear in a number of
academic departments; thus the claim might be
made that books targeted for students in
mathematics or statistics might not view model
development as an essential element in learning
the subject. However, an informal survey of
books spanning the last three decades reveals no
direct treatment of topics such as “model

requirements,” “requirements specification,” and
“simulation requirements.” This survey included
books emphasizing the learning of a simulation
programming language or environment, books
including multiple languages or environments,
and those stressing M&S concepts and the
management of simulation projects.

Recent books in M&S or updates of earlier texts,
with one exception, continue to give little or no
attention to model requirements. That exception
is the work of Robinson [28, pp. 66-67], who
references the five general qualities of an
effective model identified by Willemain [29]:
validity, usability, value to client, feasibility, and
aptness for clients’ problem. Robinson
emphasizes the importance of the conceptual
modeling phase and identifies the four main
requirements of a conceptual model as accuracy,
credibility, utility and feasibility. He proceeds to
describe the product of the conceptual modeling
phase as a simulation project specification that
includes [28, p. 69]:

e Background to the problem situation.

o Objectives of the simulation study.

e Expected benefits.

e The conceptual model: inputs, outputs,
content (scope and level of detail), assumption
and simplifications.

e Experimentation: scenarios to be considered.

e Data requirements.

e Time-scale and milestones.

e Estimated study cost.

Robinson does not delve into the process for
generating, analyzing, and verifying functional
requirements.

While the criticism is pointed at M&S, early
programming texts are equally unconcerned
about the activities in progressing from problem
recognition to solution program. As noted above,
a change is obvious over the last 15 years.

3.2 TREATMENT OF REQUIREMENTS IN
MILITARY AND GOVERNMENT M&S
STUDIES

Among contemporary applications of M&S, the
military and government agencies form a notable
contrast in their attention to requirements. These
studies could be classed as “contract driven,” and
the concern for having test criteria that support an
acceptance decision is apparent. The in-depth
discussion of general requirements for simulation
models used in waste management [30] is a
notable example. The development of the Global
Systems Simulation Program is another [31],
albeit one that deals primarily with continuous
simulation models.



3.3 TREATMENT OF REQUIREMENTS IN
M&S LIFE-CYCLE MODELS

The attention to requirements in M&S life-cycle
models is difficult to examine based on explicit
references. One approach is to consider an M&S
study as a software project and to utilize general
project management software that imposes a pre-
defined set of activities [32]. Such a generic
description of each activity renders the
identification of SRE actions and techniques
almost impossible. Consequently, we restrict our
attention to three life-cycle models specifically
intended to describe M&S studies.

3.3.1 THE KREUTZER MODEL

Kreutzer [33, p. 7-9] describes “the life cycle of a
simulation project” with the activities and
information flow shown in Figure 3. While
similar descriptions of the steps in a simulation
study can be found in other simulation books, this
source admits to emphasizing the modeling
methodology issues that are referred to as the
“nine aspects of simulation methodology” [33, p.

9].
4'[ System identification
:
—-[ Model design
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Data collection &
arameter estimation

Program design

Program implementation

Program verification

|
—[ Model validation J
|
[ Model experimentation ]:_

:
4{ Output analysis ]—1‘

Figure 3. The Kreutzer Life-cycle Model of a
Simulation Project

Kreutzer’s treatment of the conduct of a
simulation study occurs at a junction point in
modeling methodology: the transition from
emphasis on programming language specification
to conceptual model specification. Model

development environments are the subject of
research investigation and discussions [34, 35].
In his own words, the focus of treatment is
“modeling styles and programming techniques.”

Interesting perspectives are shared regarding
conceptual understanding and the languages or
notations used to represent such, but no explicit
references to model requirements, requirements
specification, or similar terms are evident. The
recognition of the importance of SRE remains in
the future.

3.3.2 THE BALCI-NANCE MODEL

The simulation project life cycle introduced by
Balci and Nance [36] is touted as a
comprehensive identification of the activities
beginning with  problem recognition and
concluding with use of the results in decision
support. Three groupings of phases are shown in
Figure 4: (1) Problem Formulation, (2) Model
Development, and (3) Integrated Decision
Support.  An emphasis is placed on the
verification and validation (V&V) actions
required as the transformation from each phases
to its successor.

i | Formulated Problem

VVET

DECISION '::"I'

MAKERS

sasibility Assessment
s Simulation

Acoeptability of
Simulation Results

! | System and Objectives
Definition VVE&T

TEGRATED
DECISION SUPPORT

Figure 4: The Balci-Nance Life Cycle
Model of a Simulation Project

The first four phases (Communicated Problem to
System and  Objectives  Definition) are
categorized as the Problem Definition phases.
(Actually, the System and Objectives Definition
serves as a transition to the Model Development
phases, and a similar role is filled by the
Simulation Results phase in transition to
Integrated  Decision  Support.) Problem



Formulation, sometimes described in the
literature as “Problem Structuring” or “Problem
Definition,” is the process by which the initially
communicated problem is translated into a
formulated problem sufficiently well defined to
enable specific actions toward a solution. The
difficulties in this essential translation can be
traced to:

e Insufficient attention is given to these initial
phases in the life cycle.

e The problem is educational; few courses
devote much attention to the issues because
instructors either do not understand what is
involved in this “art form” or feel inadequate
to convey it to students.

e The accuracy of problem formulation greatly
affects the acceptability and credibility of
simulation results.

Prescribed actions within the Problem Definition
phases might include some elements of SRE, but
the existence of project requirements appears to
be assumed. The mention of requirements occurs
in the following question:

Can all of the specific requirements of the
simulation project be satisfied (e.g., access
to pertinent classified information)?

However, no explicit guidance or direction is
given for developing, analyzing or using such
requirements. The potential for employing SRE
techniques within Model Formulation and Model
Qualification appears to exist, but no explicit
discussion is given as to how this might be done.

3.3.3 THE SARGENT MODEL

Figure 5 characterizes the on-going and evolving
relationships between the simulation model and
the system under study [37]. While not originally
offered as such, the illustration provides an
effective life-cycle model of an evolving
simulation model of a continually changing
complex system.

This model permits questions to be formulated as
system experiment objectives that can be
examined through the simulation model behavior
or the converse: the simulation model behavior
can be validated by examining the system
behavior under the modeled conditions. An
interesting interplay of validation is shown in
three forms: theory, the conceptual model, and
operational results. Experimentation is conducted
on the system as well as the simulation model.
Like the Balci-Nance Model, the description of
activities does not advance to the details of
specifying model requirements.

SYSTEM EXPERIMENTING SYSTEM SYSTEM
DATARESULTS [PROBLEM  [aggee--rom EXFERIMENT
ENTITY) CRIECTIVES

ADDITIONAL
Oparations! —em T B B P EXPERIMENTS
T B (TESTS) NEEDED

Figure 5. The Sargent Life-cycle Model of
the Evolving System/Model Relationship

4. INCORPORATING EXPLICIT SRE
ACTIVITIES TO IMPROVE M&S
CREDIBILITY

None of the M&S life-cycle models address
requirements at the level of detail permitting SRE
actions, for example following the RGM
approach, to be introduced. No doubt, the
avoidance of this level of details reflects the past
division between modeling and programming,
where the former was the domain of the
simulation analyst and the latter, that of the
programmer. This division has experienced a
blurring over the same period as SRE has
received greater emphasis. Current thinking in
the software domain advances terms such as
“model-driven  design” and  “model-driven
development” (MDD) [5]. Some software sages
cite MDD as the next step in the evolutionary
influences of object-oriented design and rapid
application development (RAD). Clearly, efforts
such as the systems modeling language (SysML)
are eradicating the prior distinctions between
modeling and programming.

Extending the SRE process changes into M&S
development is likely to affect the problem
definition phases in the Balci-Nance life-cycle
model and the conceptual and communicative
modeling activities in both the Balci-Nance and
Sargent models. The explicit production of
model requirements, a common artifact in
military M&S applications, is likely to be adopted
as an industry standard. A consequence of this
outcome is to improve model testing and the
verification and validation activities applied in
the communicative and conceptual modeling
phases.  The precise definition of methods
revisions remains dependent on other aspects of
the model development methodology employed.



5. Summary and Conclusions

In this paper we have presented some
observations and conjectures regarding the role of
software requirements engineering in M&S
model development. Within the software
engineering arena both the theories and practices
of requirements engineering are current areas of
exploration. The RGM, PREview and Win-Win
Spiral Model all reflect the importance of
requirements engineering in software
development, as well as the derived benefits.
From the perspective of Modeling and
Simulation, the emphasis on requirement
specification during model development and
analysis is somewhat less. With the notable
exception of Robinson’s book, current modeling
and simulation books tend to ignore, or only
slightly mention, the role that requirements can
(or should) play in model development.
Similarly, the three M&S Life-cycle models
discussed in Section 3.3 lack explicit references
to activities supporting the evolution of model
requirements. Their decomposition and
enunciation of distinct M&S activities, however,
do provide “gaps” for the introduction of
complementary requirements engineering
activities.

Robinson’s book and *“requirements friendly”
M&S models are positive indicators that
requirements specification has potential utility in
the M&S development life-cycle. An additional
indicator is DoD’s encouragement (or insistence)
that requirements specification be an integral
component of its M&S contracts for large-scale
systems. It is the authors’ shared opinion that
these are moves in the right direction. We
conjecture that, although development models
differ between the Software Engineering and
M&S disciplines, the derived benefits of a formal
requirements specification process in either
domain are similar: a higher quality product.
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