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For reasons of increasing productivity, efficiency, and decreasing time and cost for complex system innova-
tions, modelling and simulation (M&S) becomes a standard “tool” for a huge variety of applications. The
demand for controlling and demonstrating the quality of a model and its applications by introducing appro-
priate quality measures, techniques, and tools is obvious. Consequently, a variety of structured and even
standardized processes for development of modelling and simulation (M& S) applications as well as for veri-
fication and validation (V& V) has been proposed. All of them require, however, due to different characteris-
tics of organisation structures and project environments, some kind of adaptation or tailoring prior to applica-
tion. This paper describes a multistage approach for tailoring of an M&S project in compliance with the
principles of the V-Modell XT, which is considered as the German standard IT development process obliga-
tory for federal engineering projects. Along with the integration of the M& S-specific components into the V-
Modell, this tailoring approach enables the project-specific selection of essential products, documents and
activities for developing M& S applications and conducting their V&V according to specified cost, time and
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application constraints.

I ntroduction

Enabled by rapid advances of computer and network
technologies, the development and application of
increasingly complex simulation models and applica-
tions (M&S) in various domains is inevitable. Ac-
companied by increasingly powerful visualisation and
simulation infrastructures and tools, quality assur-
ance, especially correctness and validity of models
and of simulation results becomes an urgent requirement.

As a consequence, a large number of well-structured
and even standardized processes [1, 2, 3, 4, 5, 6] for
development of M& S applications and also for their
verification and validation (V&V) have been intro-
duced. However, since there exist no two organisa-
tions with the same structural properties, and fur-
thermore, every M&S project differs in terms of ob-
jectives, scale, scope, technical challenges etc., none
of these processes is well suited for all possible cir-
cumstances. Therefore, the potential of an M&S
process to be adapted to various application domains
and different project environments is a crucia issue
for its acceptance in practical application [7, 8].

Instead of proposing new standard processes, this
work investigates the opportunity to use the V-Modell
XT [9, 10, 11, 12] for conducting an M&S project,
and introduces a multistage approach to adaptation of
model development and V&V to the actual project
context in accordance with the principles of the V-
Modell. As the official German standard devel opment

process for IT systems, the V-Modell describes de-
tailed requirements and guidelines necessary for sys-
tem development throughout the entire life cycle,
integrating various essential management processes,
such as quality assurance, project management, and
configuration management. It is based on a modular
structure, and can be flexibly extended. A consider-
able amount of benefits can be directly achieved by
using the V-Modell for M& S development, since:

e the V-Modell covers al relevant aspects for
software and hardware devel opment;

o theV-Modell XT can be flexibly adapted to pro-
ject-specific constraints due to its advanced tai-
loring concept;

e documentation, templates, training material, and
open sourcetools are publicly available;

e supporting tools developed for the V-Modell
could be also applied to model development;

e comprehensive experiences collected from V-
Modell applications in practice are also meaning-
ful for model development;

e the V-Modell XT obtains growing (national as
well asinternational) acceptance.

As dready discussed in [13, 14], since some essential
elements for conducting a simulation study are not
available in the V-Modell XT, the M& S-specific
components have to be additionally defined and inte-
grated. Therefore, the scope of adaptation addressed
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in the context of this paper is twofold: (1) enabling
the V-Modell XT to conduct an M&S project; (2)
tailoring of an M& S project with respect to specified
time, cost and application constraints.

The remainder of this paper begins with a brief intro-
duction to the V-Modell XT. Section 2 points out the
required M& S-specific aspects to be integrated in the
V-Modell. In Section 3, the adaptations of the V-
Modell for conducting an M& S project and a multi-
stage tailoring approach are introduced. Section 4
presents an application example of the tailoring proc-
ess. Finaly, Section 5 concludes the work.

1 Overview of theV-Modell XT

The V-Modell XT defines detailed requirements and
guidelines necessary for developing a successful
software and hardware system throughout the entire
project life cycle from the project planning up to the
acceptance of end products. The following descrip-
tion provides a general outline of the basic concepts
included in the V-Modell [9, 12], particularly the
concepts of Project Types, Process Modules, Project
Execution Strategies and Tailoring.

1.1 Project Typesand Project Type Variants

The success of a system development depends on
whether the user requirements are fulfilled to the full
extent. Therefore, clients should be involved in the
entire project life cycle and work closely with other
project participants. According to the particular per-
spectives of clients and contractors on the develop-
ment process, the V-Model XT distinguishes differ-
ent project types, each of which defines a set of spe-
cific tasks from the viewpoint of a client (acquirer) or
a contractor (supplier), concerning the different pro-
ject execution. To describe project characteristics in
more detail, different project type variants are defined
for each project type. A project type variant specifies
the basic requirements for a possible project execu-
tion regarding contents and time, and thus, deter-
mines an ordered development life cycle.

1.2  Process Modules

The essential structure of the V-Modéll is represented
by various process modules. Each process module
focuses on a particular task to be accomplished within
the scope of a V-Modell project, and defines a set of
products, activities and roles required to complete the
intended task in the context of a certain process area,
such as project management, software devel opment,
quality assurance, etc.
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Figure 1. Structure of a process module.

Figure 1 shows the structure of a process module
defined in the V-Modell. Products stand in the central
point and represent the main project results. Each
work product being developed is completed exactly
by one activity. To define the responsibility of prod-
uct creation, a well-structured role concept is intro-
duced. During a project execution, a person or an
organisationa unit can be assigned to a role, accord-
ing to the competency. Several roles may contribute
to a product’s creation concurrently, but only one of
them carries the responsibility. A product can be sub-
divided further into several subjects. In addition,
products can be also integrated into a product group
(or adiscipline) with regard to contents, and the asso-
ciated activities belong to the same discipline.

The concept of process modules is a typical compo-
nent-based approach [10]. Each process module con-
tained in the V-Modell is an independent unit, and can
be changed and extended for different project situa-
tions. The four process modules. Project Manage-
ment, Quality Assurance, Configuration Manage-
ment, and Problem and Change Management speci-
fied in the V-Modell XT, are mandatory to be used for
each software development project, and therefore, are
also designated as the core process modules or the V-
Modell Core.

1.3  Project Execution Strategies and Decision
Gates

Since a process module does not contain any informa-
tion about the order of preparing certain products,
project execution strategies are introduced to specify
the possible sequence of product development. With
respect to time aspect, each project execution strategy
represents an ordered development life cycle for a
certain project type, and defines in detail the different
project progress stages to be achieved, which are
designated as decision gates. A decision gate is com-
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parable with a milestone in a project, and indicates
which products have to be finished in which order
[10]. To achieve the decision whether the defined
products have been completed correctly and accu-
rately, diverse verification and validation (V&V)
methods must be applied to evauate the quality of
products. The relationship between project types,
project type variants, process modules, and project
execution strategiesisillustrated in Figure 2.

14 Tailoring

According to specified cost, time and application
congtraints, the V-Modell XT can be adapted to dif-
ferent project constellations. This project-specific
adaptation is called tailoring. The tailoring process of
the V-Modell begins with the selection of a project
type. Since a set of process modules is predefined for
each project type, this step determines mandatory
process modules preliminarily. After that, a possible
project type variant of the selected project type is to
be determined, by means of which not only the pro-
ject execution strategy but also further process mod-
ules can be selected.

Moreover, different project characteristics describing
the project in more detail are assigned to the selected
project type and the associated project type variant.
During the Tailoring process, one value that has to be
selected from a number of possible values must be
determined for each project characteristic. This step
could add additional process modules and modify the
project execution strategy. As a result, besides the V-
Modell Core only relevant process modules and a
suitable project execution strategy with well-defined
decision gates are determined exactly in consideration
of the actual project conditions. The work process for
further tailoring of products and activities within a
process module is, however, not defined in the stan-
dard V-Modell XT.

2 Moddling and Simulation in the
Context of the V-Modell XT

Modelling and Simulation (M&S) requires a specific
development process, which can not be completely
specified by the V-Modell XT [13, 14]. This section
investigates the essentia features of an M& S project,
and points out the M&S-specific elements which
have to be additionally defined and integrated in the
V-Modell for conducting a simulation study. The
resultant new variant of the V-Modell is referred to as
the V-Modell XT-M&S.
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Figure 2. Relationship between the basic concepts.

21 Addingthe M& S-specific Aspects. towards
theV-Modell XT-M&S
Commonly, regardliess of how a concrete modelling
process looks like, a simulation model is developed
through the progress stages of Model Initialisation,
Model Design, Model Realisation and Model Appli-
cation in the course of any M&S project. For each
progress stage, one or more (intermediate) work
products are to be prepared, and the quality of them is
also to be estimated as part of the model develop-
ment. For example as shown in Figure 3, the progress
stage Model Initialisation includes the work product
Soonsor Needs (SN), in Model Design the products
Sructured Problem Description (SPD), Conceptual
Moded (CM) and Formal Model (FM) are defined,
Executable Model (EM) is prepared in Model Reali-

Project o
@’ Definition Model Initialization
Sponsor Needs ‘

System

Analysis Model Design

Conceptual Model

_______ .',:

Experimentation|

Simulation
Results

Figure 3. Progress stages of an M& S project.
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sation, and Smulation Results (SR) are achieved in
Model Application.

As a standard process for software and hardware
development, the V-Modell XT does not contain all
necessary elements specifying the development of
simulation models and applications. Therefore, the
following missing aspects must be taken into account
when applying the V-Modell to conduct an M&S
project:

e Model Design The specification and formalisa-
tion of a well-defined simulation model is not a
part of software development. During the model
design process, the mathematical / logica /
graphical / verbal representation of the real sys-
tem of interest is developed for the objectives of
a particular study. Since a typical simulation
study requires multifaceted knowledge in differ-
ent disciplines [15], a variety of representation
means such as mathematical equation systems,
gueuing networks, Petri nets, process algebra
[16] and Discrete Event System Specification
(DEVS) [17] etc. can be used for developing the
work products SPD, CM and FM. The associated
activities and roles are also to be integrated in the
V-Modell XT. It should be noted that some mod-
els, such as the different model types defined in
Model Driven Architecture (MDA) [18] pro-
posed by the Object Management Group, could
be also established during software development
process, however, they (for example models de-
scribed in UML [19]) serve as aids for specifying
the functionalities, the structures, and the behav-
iors of a software system, and are used in con-
verting a well-formed simulation model into a
software and hardware form. This aspect is ad-
dressed at the progress stage Model Realisation
and completely covered by the V-Modell.

e Data Modelling Throughout the entire M&S
development life cycle, an enormous amount of
information must be gathered, analyzed and
modeled in terms of qualitative and quantitative
data. This task is referred as to data modelling
[20]. Three types of data [21] are to be handled:
some data are used to specify the model compo-
nents, and finally, become integrated into the
model built; while other data are used either to
compare with the simulation results for test pur-
pose or to perform simulation experiments. Ac-
cording to the different applications of input
data, data modelling has to closely cooperate

with each project progress stage, and therefore, is
considered as an integrated part of model devel-
opment [22]. This aspect has a so to be contained
intheV-Modell XT-M&S.

e Model Application Model Application refersto
the process of experimenting with the simulation
model for a specific purpose, including design of
model experiments, execution of simulation runs
and interpretation of simulation results. This as-
pect is out of the consideration range of every
software and hardware devel opment process.

2.2 M&SVerification and Validation

As discussed above, the essential M& S-specific as-
pects model design, data modelling, and model appli-
cation are not contained in the V-Modell, while others
like model initialisation and model realisation are
completely covered. This means that the M&S
specific components should be additionaly intro-
duced in the V-Modell. For the purpose of model
V&V, two issues must be followed:

1. the M& S-specific elements must be in form and
content completely compatible with the V-
Modell XT;

2. appropriate V&V activities must be defined to
evaluate each (intermediate) product of the
common V-Modell XT as well as the M&S
specific aspects consistently.

To specify the aspects of model design, data model-
ling and model application in the context of the V-
Modell, the M& S-specific work products as well as
the associated activities and roles have to be addition-
ally defined in the form of process modules. Further-
more, it is aso to be determined in which order the
new products should be completed and which V&V
activities should be applied to ensure their quality.
This means that appropriate project execution strate-
gies and additional decision gates are also to be intro-
duced. More details about the extension of the V-
Modell will be discussed in the next section.

Regarding assessment of product quality, the V-
Modell XT defines concrete requirements for per-
forming V&V activities. Each product defined in the
V-Modell must be evaluated. An evaluation can be
conducted either by the developer himself, the so-
called self-evaluation, or by independent verification
and validation (IV&V) [12, 23]. In the V-Modéell, it is
clearly specified whether an IV&YV is required for a
product.
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V-Modell Component M & S-specific Extension

Process Modules Model Design
Model Application
Decision Gates Model Designed
Data Edited

Simulation Prepared
Simulation Conducted
Results Interpreted

Templates ] Documentation templates

Table 1. M& S-specific extensions.

The process module Quality Assurance of the V-
Modell is used to specify how and by which means
the project quality is intended to be ensured, includ-
ing the essential V&V activities for planning, execu-
tion and documentation of product evaluation. To
achieve unified V&V of al products, quality assur-
ance messurement must be defined for the M&S-
specific products consistently with the original products.

Therefore, appropriate V&V activities should be
specified for evaluating each new product involved in
Model Design and Model Application by using the
same quality assurance mechanism of the V-Modell.
Since the quality of data modelling is also a crucia
factor for the credibility assessment of M& S applica
tions, correctness and accuracy of data acquisition,
data analysis, data transformation and data use must
be estimated in accordance with model V&V for each
model development phase [14, 22]. Thus, evaluation
of each individual product and credibility assessment
of an overall completed M&S application can be
achieved within the scope of the V-Modell XT.

2.3 Documentation of Model Development and V&V
Documentation is an essential issue for a successful
simulation study. However, under pressure, time and
cost constraints, model documentation in practical
applications is often sacrificed first [24], or conducted
only in an arbitrary and informal way [25, 26]. Such-
like problems of documentation not only reduce the
application efficiency of simulation models and make
their reuse as well as further development difficult,
but also lead to increasing risks of using improper
V&V results. Therefore, a structured and well-defined
documentation is required for developing M&S ap-
plications as well as for conducting their V& V.

According to [25], the M&S documentation should
describe detailed information about historical, techni-
cal, developmental, maintenance and implementation
aspects of a model, including all assumptions, impli-
cations and impacts of using the simulation results.

Concerning model verification and validation, not
only planning, design and execution of each individ-
ual V&V activity, data used, conclusions, but also
separate evaluation results of the intermediate prod-
ucts SPD, CM, FM, EM, and an overall summary
should be documented [27]. This documentation
approach should be also integrated into the V-Modell
XT-M&S, and corresponds to each phase of model
development and V& V.

3 Adaptation of Modelling and
Simulation Processes

As described above, an M& S project requires specific
work products, activities, roles and work flows com-
pared to the standard V-Modell XT. This section pre-
sents the integration of the M& S-specific components
in compliance with the basic structure of the V-
Modell. Based on the extension, a refined tailoring
concept is introduced, which enables the step-by-step
adaptation of an M&S project to suit actua require-
ments of model development, V&V and documentation.

31 M&Secific ExtensgonstotheV-Moddl XT

Largely in the form of additional process modules
and new decision gates, the M& S-specific compo-
nents are integrated into the V-Modell as shown in
Table 1. Furthermore, useful templates are introduced
for the purpose of documentation of model develop-
ment and V&V [28]. A more detailed description of
the M& S-specific extensions can be found in [13,14].

The new process module Model Design comprises the
necessary activities and work roles to prepare the
intermediate products of Sructured Problem Descrip-
tion (SPD), Conceptual Model (CM) and Formal
Model (FM). Since data modelling cooperates closely
with model development, the aspects of the associ-
ated data acquisition, data analysis, and data trans-
formation are also specified. Additionally, with re-
spect to model V&V, this process module includes the
specification of V&V requirements for each con-
tained model element, guidelines for definition of test
cases and V&V execution, and documentation of
V&V activities and results.

The other new process module Model Application
contains the activities, roles and products required for
planning, designing, executing, and documenting
model experiments, as well as for interpreting ssimula-
tion results. The necessary products and activities for
the purpose of V&V are also defined in this process
module.
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In order to indicate the milestones in the project se-
guence, where the M& S-specific work products have
to be evaluated, new decision gates are introduced in
project execution strategies for every project type.
For an M&S project of the developer (supplier) side,
two additional decision gates Model Designed and
Data Edited are defined for ensuring that the M&S-
specific work products SPD, CM, FM, and the asso-
ciated input model are completed correctly and accu-
rately. On the other side, for an acquirer (client) pro-
ject, the new decision gates Smulation Prepared,
Smulation Conducted and Results Interpreted enable
to conclude that the model experiments are performed
as planned, and the observed simulation results are
also interpreted appropriately.

To enable a well-defined documentation of model
development and V&V, concrete structure and con-
tents requirements for each model element created
during the M& S life cycle are provided and specified
in the form of document templates.

3.2 Tailoring of an M& S Project in Stages

In due consideration of the new process modules and
decision gates, the M& S-specific project types in-
cluding the individual project type variants for an
acquirer and a supplier and the corresponding project
execution strategies are introduced. Thus, an M&S
project can be principaly tailored by using the V-
Modell XT's own tailoring concept, which enables
the selection of the mandatory process modules and a
suitable project execution strategy in the order of
determining the project type, then the possible project
type variant, and finally, identifying the values of the
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Figure 4. Multistage adaptation of an M& S project.

associated project characteristics. As mentioned pre-
viously, there are no additional tailoring steps defined
for further adaptation at the product and even at the
subject level inthe V-Modell XT.

For the purpose of reaching a more precise tailoring
decision on a suitable set of necessary work efforts
concerning model development, V&V and documen-
tation in relation to project-specific time, cost and
application constraints, a refined adaptation processis
defined and applied to conducting an M&S project.
Asillustrated in Figure 4, the tailoring efforts of this
approach are organized in a hierarchical structure,
and the project-specific selection can be made respec-
tively on different levels, viz., the process level, the
product level, the subject (or topic) level, and the role
level.

Basically, each M& S-tailoring process starts at the
process level. In the event of adaptation at this level,
the same tailoring process as in the V-Modell is per-
formed, in which a mandatory set of process modules
and a suitable project execution strategy with well-
defined decision gates are selected in accordance with
identified project requirements and constraints.

Based on more detailed project constraints related to
the product level, the aready determined process
modules can be further tailored. As a result of this
process, only relevant work products and their associ-
ated V&V activities for the current project are speci-
fied. When further details about how to select essen-
tial subjects of a product or to determine concrete
documentation topics are available, the subject-
related adaptation can be arranged.

Compared to the process tailoring, the last two tailor-
ing steps are optional and only applicable, when the
corresponding product- and subject-related con-
straints are identifiable in the course of an M&S pro-
ject. Otherwise, all selected process modules must be
fully taken into account. Finally, depending on the
tailoring results at the process, product, and subject
levels, the right to access a particular model element
is defined for al involved roles according to their
assigned responsibilities.

Similar to the original tailoring concept of the V-
Modell XT, both static and dynamic adaptations are
arranged in this tailoring context. Static tailoring
refers to selecting required process modules or even
products and subjects based on a prescribed and al-
ready identified set of requirements and constraints at
the beginning of an M& S project.
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Typically, identifying project requirements and con-
straints all at once is, however, virtually impossible,
for example, the exact impact of using an existing
model component or using a particular simulation
tool on project execution can be only investigated,
when some experiences have been already gained in
the context of the current project. In addition, the
application profile of a project might be changed
during the development process. Therefore, certain
modifications of the determined process modules,
products, subjects, and the project execution strategy
still need to be made in the course of developing an
M&S application. This kind of adaptation is desig-
nated as dynamic tailoring.

4 An Application Example

This section illustrates how this multistage adaptation
process can be used for tailoring a model develop-
ment project on the supplier side by means of a sim-
ple practical example. This example is based on ared
simulation project [29], in which a training simulator
is to be developed by using some legacy model com-
ponents available from an early M&S project. As an
extended system component, the completed simulator
has to be integrated into an existing computer aided
training system environment, and has to cooperate
with other components.

In order to keep compatibility with the other existing
system components, a specified simulation develop-
ment tool needs to be applied to the model design and
implementation phases of this M&S project. The
hardware part of the simulator comprises the training
workstations and other physical devices for network-
ing, operation, display etc. Based on information
available a the beginning of the project, tailoring
efforts can be arranged within the scope of project
planning. As described above, the tailoring process
begins at the process level. Namely, the project man-
ager has to determine a mandatory set of process
modules and a suitable project execution strategy for
the current project.

Like the standard tailoring concept of the V-Modell
XT, the M& S-specific adaptation at the process level
is structured as follows:

1. determining the project type,
2. selecting the correct project type variant, and

3. identifying the values of the associated project
characteristics.

With respect to the project constraints identified so
far, the newly introduced project type “M&S Devel-

opment Project (Supplier)” is to be selected. Process
modules to be used for this project type include
Drafting and Conclusion of Contract (Supplier),
System Development, Delivery and Acceptance (Sup-
plier) and the new process module Model Design in
addition to the V-Modell Core, namely Project Man-
agement, Quality Assurance, Configuration Man-
agement and Problem and Change Management.

Two possible project type variants, namely “Project
with Development, Enhancement, or Migration” and
“Project with System Maintenance’, are available to
this project type. Obviously, the former is to be se-
lected in this case. Since the existing model compo-
nents are applied to the development of this smula-
tor, the predefined project execution strategy “Com-
ponent-Based Development” is well suited for this
project context.

Afterwards, other project characteristics are to be
considered. In this example, the project subject char-
acteristic is of major interest. As the training simula-
tor involves software and hardware parts, two more
process modules Software Development and Hard-
ware Development are finally identified.

The next step is the tailoring within the selected proc-
ess modules at the product level. Because no detailed
project constraints related to the product level are
identifiable at this point in time, all the work products
defined in these process modules, especiadly the
M& S-specific products Sructured Problem Descrip-
tion (SPD), Conceptual Model (CM), Formal Model
(FM) and Executable Model (EM) are considered as
required (or obligatory) in the project plan so far. The
same applies to the associated documentation and
V&YV activities.

Since the previous tailoring decisions are made ac-
cording to the project-specific constraints identified at
the beginning of the project, these adaptation efforts
can be viewed as static tailoring. In addition to static
tailoring, further modifications of the aready deter-
mined work products, the work flows in the project
execution strategy, the related documentation and
V&V activities can be made in the course of the
model development project. In this case, some adap-
tations with respect to the development of the work
products FM and EM have to be conducted because
of the application of the simulation environment
“Virtools' [30].

Since the physically correct behaviors and interac-
tions of al the objects considered in the simulation
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study have to be realized by means of the “Havocs
Physics Engine’ which is integrated in the simulation
environment of Virtools, and its associated mecha
nisms are, however just like a black box, not avail-
able to the development team members, it becomes
apparent at the time of this M& S phase that the plat-
form independent Formal Model can not be created
and the complete documentation of FM is also impos-
sible according to the project constraints. In the
model document of FM, the reasons for this tailoring
decision need to be documented.

Similarly, the detailed impact of using this simulation
tool on the development of the M& S product EM can
be only identified in the course of the model devel-
opment. In this project context, the source code of the
training simulator is in large part automatically gen-
erated by the applied simulation tool. Only the soft-
ware of the control system and user interface needs to
be designed and implemented completely by the
development team.

Based on the information obtained at this time, fur-
ther tailoring decisions relating to the documentation
at the subject (or topic) level can be made. Finally, as
the result of this adaptation step, the documentation to
be conducted for thework product EM includes only:

e description of the overall software and hardware
systemsinvolved in the training simulator;

e description of the proprietary development soft-
ware, namely the control system and user interface.

5 Conclusion

Applying a well-structured and flexibly adaptable
M&S process is an essential requirement for effec-
tively developing simulation models and conducting
their V&V. This work introduces a lightweight ap-
proach to adaptation of the German standard IT de-
velopment process, the V-Modell XT, for conducting
M&S projects. As the V-Modell does not specify
some essentiadl M& S-specific aspects, the related
components in terms of model development, V&V
and documentation are additionally defined and inte-
grated in accordance with the basic structure of the V-
Modell, without modifying any existing elements.

In addition, based on the M& S-specific extensions, a
refined tailoring approach is presented, which facili-
tates the project-specific adaptation of model devel-
opment, V&V and documentation at severa levels.
Furthermore, two different ways of tailoring — static
tailoring and dynamic tailoring — are discussed.

While static tailoring reaches a selection decision at
the beginning of a project, additional modifications of
selected products, activities and documents are sub-
ject to dynamic tailoring. The application of this
multistage M& S-tailoring process is then demon-
strated by apractical example.
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