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ABSTRACT

Verification and Validation (V&V) of simulation models have been strongly investigated in the context of defense
applications. Significantly less substantial work can be found for applications in production and logistics, which is surprising
when taking into account the massive impact that wrong or inadequate simulation results can have on strategic and
investment-related decisions for large production and logistics systems. The authors have, therefore, founded an expert group
for this specific topic in the year 2003. The major result of this expert group was the development of a specific procedure
model for V&V in the context of simulation for production and logistics, which was documented in a book (in German) and
summarized in a paper at the WSC’2008. This paper explains details of the approach, discussing the criteria to be applied
when assessing the validity of a model, and providing examples how to conduct V&V with reference to these criteria.

1 INTRODUCTION

Simulation is an established analysis method for production and logistic purposes. It is frequently used when decisions with
high risks have to be taken, and the consequences of such decisions are not directly visible, or no suitable analytical solutions
are available. This, however, implies that correctness and suitability of the simulation results are of utmost importance.
Wrong simulation results, translated into wrong decision proposals which are then implemented, can cause cost that are by
orders of magnitude higher than the total cost of the simulation study. This illustrates the relevance of verification and
validation (V&V) within simulation studies in this application domain.

The goal of V&V activities is the assessment of the model’s credibility (Rabe, Spieckermann and Wenzel 2008b). As
credibility is a question of acceptance, the aim should be to provide a systematic approach that leads to a decision upon
acceptance, and to document it in a readable and transparent way. Only by such systematic approach and by structuring it into
single, directly usable sub-tasks with specific V&V techniques, V&V can be managed. Just taking the final results of a
simulation study into account is a very tight limitation for V&V. Therefore, a procedure model is required that defines V&V-
related activities for each single modeling step and its results.

The authors have proposed a suitable procedure model at the 2008 Winter Simulation Conference, and explained its
structure and major elements. Therefore, in this paper the major elements of this model are summarized, and the focus is set
on the explanation of V&V criteria to be applied as well as the description of V&V activities related to these criteria.

This paper is structured as follows. After a short review of related work in chapter 2, a Simulation Procedure Model is
described in chapter 3. In chapter 4, criteria are given for V&V in simulation. Continuing on this ground, a V&V Procedure
Model is presented in chapter 5 and exemplary V&V activities are described in chapter 6.

2 SUMMARY OF RELATED WORK

There have been numerous research efforts related to procedure models, V&V, and simulation. For an analysis of the related
work, different classes of procedure models have been investigated. This chapter gives a brief overview on some literature in
the field. Details can be found in Rabe, Spieckermann and Wenzel (2008a and 2008b).

Significant attention has been dedicated to procedure models for simulation studies, which to a different extent contain
elements for V&V. The focus of these procedure models is to provide guidelines for the professional performance of
simulation studies; with quite different level of detail. However, independently of their varying complexity and content they
typically just name V&V as an essential part of the procedure. Thus, they underline the relevance of V&V, but they do not
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guide the execution of V&V activities (cp. Banks et al. 2005; Law 2007; Hoover and Perry 1990) as well as in guidelines (cp.
USGAO 1979; VDI 2009).

Procedure models for V&V, in contrast, are meant to guide a professional performance of V&V activities within a
simulation study, i.e. they describe the activities to be conducted for V&V as well as the relationship of the activities to the
procedure model for the simulation study. An approach that names criteria for V&V was provided by the General Accounting
Office (USGAO 1979). These criteria include documentation, theoretical validity (concerning the validity of the conceptual
model), data validity, operational validity (concerning the validity of the executable model), model verification, ease of
maintenance, and usability. A quite similar approach with slightly different terms was proposed by Sargent (1982).

In the 1980s and 1990s, especially the Department of Defense (DoD) with its Defense Modeling and Simulation Office
(DMSO) has driven major activities in the V&V domain (cp. Balci et al. 2002; Brade 2003; Davis 1992). In this context, the
V&V process is part of a general problem solving approach, which comprises the procedure model for simulation as well as a
process for accreditation (DMSO 2007). For each process element recommended practices are given as a guideline (DMSO
2007a). A procedure model that has significantly influenced the one presented in this paper was introduced by Brade (2003),
defining a stepwise procedure for the V&V of models and simulation results. It is based on a simulation procedure with
explicit intermediate results, which are the input for the next phase. Just recently, Skoogh and Johansson (2008) proposed a
methodology for input data management that involves data validation and has several aspects in common with the role of
data and data validation outlined in the following.

The general context of V&V is, however, much broader than the application domain of simulation in production and
logistics, which is the focus of this paper. Other scientific disciplines have developed procedure models that relate to V&V
activities, e.g. management science and, especially, computer science. Some of these approaches, e.g. the V-model XT
originating from software engineering research, have a significant relevance for the development of simulation models.
Candidates are operations research (OR) (cp. Landry and Oral 1993) or computer science (cp. Boehm 1979; Bel Haj Saad et
al. 2005).

A comparison of the discussed procedure models shows many similarities, but also significant differences. All procedure
models for simulation comprise similar basic steps of a simulation study, and consider V&V as a necessary activity.
However, the degree of consideration can range from just naming the relevance of V&V to a detailed V&V Procedure Model.
This paper is based on the conviction that verification and validation must accompany the whole simulation project, leading
to the following basic requirements for a valid procedure model for V&V:

e Formulation of a Simulation Procedure Model, defining the phases of a simulation study as reference points with

well-defined intermediate results (“Phase Results™)

e Formulation of a V&V Procedure Model that supports the execution of V&V

e Elaboration of V&V activities to be conducted under the systematic framework of the V&V Procedure Model.

3 PROCEDURE MODEL OF SIMULATION WITH V&V

In order to propose a procedure for V&V, it is necessary to understand the role of V&V within the procedure that is applied
for the simulation study. The authors propose a suitable procedure model for simulation including V&V (Figure 1), based on
a guideline of the German engineers’ association VDI (VDI 2009).

Starting from the Sponsor Needs, this procedure model considers only tasks that normally occur after the acceptance of
the task and cost plan for a simulation study, not distinguishing between external and internal service providers. Therefore,
the proposed procedure starts with the Task Definition, which is considered to be the first analysis step within a simulation
study. The procedure model is characterized by the consequent definition of intermediate results, and the separate paths for
models and data. The model path is structured into Task Definition, System Analysis, Model Formalization, Implementation,
and finally Experiments and Analysis (ellipses in Figure 1).

A Phase Result is assigned to each phase (rectangles in Figure 1). Phase Results can be models, documents, or a
combination of both. In the following, for simplification the term document is used for the Phase Results in general. The
document “Sponsor Needs” is no Phase Result, but the base for starting the simulation study.

The phases Data Collection and Data Preparation (with the results Raw Data and Prepared Data) are deliberately defined
in a second path, as they can be handled in parallel with respect to content, time, and involved persons. Therefore, the
graphical arrangement of Raw Data does not indicate that they can only become available after the conceptual model. Raw
Data does not need to be completely collected before the elaboration of the Formal Model. The same applies to the Prepared
Data, analogously. The procedure model just defines that Data Preparation requires Data Collection to be done, and that for
the use of the Executable Model the Prepared Data have to be available.

As V&V has to be conducted during all phases of the modeling process, V&V — both of the data and the models — is
arranged along the whole simulation study (see the rectangle on the right of Figure 1). Even the Document “Sponsor Needs”,
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whose development is not subject of the simulation study, should be validated before starting the Task Definition, with
respect to consistency and structural completeness.

Thus, V&V is not at all a task that is conducted at the end of a project. Especially, it should never be considered as a
procedure that is iterated after the implementation until the model seems to operate, correctly. In contrast, V&V has to
accompany the simulation project from the start until the very end, and specific V&V activities are indispensable within each
single phase of the modeling process.

Verification and Validation imply tests, which in turn require a subject of testing. Therefore, V&V is always performed
with the results of a modeling phase. In the procedure model this is indicated by arranging the “V&V of data and models”
along the documents which are the Phase Results. Thus, a careful documentation of these results is an important prerequisite
for a consequent application of V&V. Even in those cases where the test is conducted with a running computer model (e.g.,
supported by animation), the assumptions and preconditions must be available as a document, allowing for the systematic
check if the model is compliant with this description.

According to this high importance of the Phase Results, the authors propose a generic document structure for each of the
Phase Results, which are published in detail by Rabe, Spieckermann and Wenzel (2008a) and have been given in a
summarized form by Rabe, Spieckermann and Wenzel (2008b).
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Figure 1: Procedure model for simulation including V&V (cp. Rabe et al. 2008b)
4 VERIFICATION AND VALIDATION CRITERIA

Each model represents the original system under study for a given set of questions and goals. Therefore, validity can only be
considered in this given context. As Box (1987) states in a very illustrative way, “Essentially, all models are wrong, but some
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are useful". Consequently, validation analyzes if the model is an acceptable representation of the real system for the given
goals (Kleijnen 1999).

The validity of a simulation model is closely correlated with its credibility. Credibility, however, is based on a subjective
impression and is defined by the user on the basis of his or her own acceptance criteria. Balci (1990, p. 28) defines a
hierarchy of credibility assessment stages for evaluating the acceptability of simulation results, dependent on the procedure
model applied for the simulation study. In Balci et al. (2000) more than 400 indicators for credibility assessment are given,
which can be structured at the highest level into

e Requirements Credibility,

e Application Credibility,

e  Experimentations Credibility,

e  Project Management Quality,

e Cost,and

e Risk.

These categories can then be fine-structured in several levels of detail. As an example, Application Credibility can be divided
nto

Credibility of the conceptual model,

Credibility of the design,

Credibility of the implementation,

Credibility of the integration

o  Credibility of the data

e  Quality of the product, and

e  Quality of the application documentation.

Robinson (2006) discusses the requirements to a conceptual model, referring to Willemain’s (1994) five quality attributes for
an effective model: Validity, Usability, Value to the Clients, Feasibility, and Aptness for the Client’s Problem. Eppler (2006)
discusses information quality criteria in knowledge-intense products and processes independently of simulation, and
assembles a comprehensive list of criteria that form a basis for the evaluation of validity of the data to be used and can
therefore be used as acceptance criteria.

Thus, acceptance criteria do not only comprise V&V criteria, but also more general requirements to the quality of the
product, the process, and the project (cf. Balci 2003). This shows the strong relation to the overall quality of the simulation
project, which has also to be evaluated with respect to credibility as well as the technical and social competence of the person
that conducts the modeling (cp. e.g. Robinson and Pidd 1998).

In general, V&V will not lead to a complete and formal prove of a model’s validity. However, the confidence in the
simulation model can be increased, reducing both to the user and the simulation expert the perceived risk with respect to the
model’s application. In this context, it should be clear that “the process of verification and validation is no one of trying to
demonstrate that the model is correct, but is in fact a process of trying to prove that the model is incorrect” (Robinson 2004,
p. 214). Therefore, it is quite helpful to define a set of V&V criteria (cf. Pohl et al. 2005). As a matter of risk analysis, the
consequences of non-perceived faults of the model on the usability of the model should be analyzed with respect to the V&V
criteria. The more risk is seen in not meeting one of the criteria, the higher should be the confidence that is correlated with
this criterion.

Due to the goal-oriented setup of V&V, providing a generally valid set of criteria is not possible. Taking into
consideration the very broad set of criteria to be found in literature, the authors propose a set of essential criteria that form a
pragmatic base for the use in production and logistics projects (Table 1). This set is the basis for the procedures and guidance
provided in the following chapters. These criteria cover generally all information and data to be used within a simulation
study. However, they partially own focal points in their concrete use.

Criteria to ensure the correctness of a model mainly assess content and structure of the models, documents, information,
and data. These include mainly completeness and consistency, not withstanding that also accuracy and currency have some
meaning in this context. The suitability of the results for the targeted application can also be proven through accuracy and
currency as well as through the criteria applicability, plausibility, and clarity. For the practicability of a project on the levels
of organization, techniques, and model theory the major criteria are feasibility and accessibility.

Table 1 names in the first column the V&V criterion and correlates it in the second column with its general focus.
Different facets with respect to the content are listed in the last column.
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Table 1: V&V Criteria for Simulation in Production and Logistics

V&YV Criterion Scope of V&V
Focal Points Examples
Completeness  Correctness of Content and e Does the structural review point out missing requirements and
Structure information?
e Which level of conformity does exist between requirements and
model?
Consistency Correctness of Content and e [s the semantic context free of contradictions?
Structure e Are the structures of the documents, information and model free of
contradictions?
e [s the terminology consistent?
Accuracy Correctness of Content and e [s the model free of visible faults and carefully built?
) Stq.}dur; is well als . e s the level of detail appropriately chosen?
Sultabiﬁzy : tliie&iislf 10T o Are the scope of information and the granularity of data adequate?
PP e Are the random distributions sufficiently precise and close enough to
reality?
Currency Correctness of Content and e Are the information and data valid with regard to content and time?
_ Structure as well as o Is the model valid with respect to the given task?
Suitability of the Results for
the Application
Applicability  Suitability of the Results for e s the model usable and convenient for the intended purpose?
the Application o Does the effort related to the model correspond to the given task?
e [s the model performance adequate?
o [s the benefit for the user distinguished?
Plausibility ~ Suitability of the Results for e [s the procedure, the background of information, and the model
the Application context traceable?
e Are the results free of contradictions?
Clarity Suitability of the Results e Are the phase results understandable or comprehensible to the target
for the Application groups?
e [s the model building process understandable for the user?
e [s the wording well-defined?
e Are the documents readable and understandable?
Feasibility Practicability e Can the requirements be technically realized?
e Are the required project objectives achievable?
e [s the project plan realizable in time?
Accessibility Practicability e [s there a continuous and unobstructed way to get to the needed

information?
Are the information and data sources reliable?

Are time and effort for the process of information acquisition
acceptable?
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5 PROCEDURE MODEL FOR V&V

Based on the procedure model for simulation in production and logistics including V&V (Figure 1), the procedure for the
V&YV itself can be defined. The considerations given in the previous chapter already imply that this procedure model for
V&V must support all phases of the simulation procedure model. In addition, the procedure model should list and structure
the single steps that are necessary for V&V, and provide guidelines for the execution of these steps. The procedure model
proposed by the authors was presented at the 2008 Winter Simulation Conference (Rabe, Spieckermann, and Wenzel 2008b).
Therefore, here only the essentials are given that are the basis to understand the V&V activities that are given in the next
chapter. Especially, aspects of documentation and V&V planning, which have been described in the mentioned paper, are not
discussed here.

As discussed above, at each point of time during a simulation project all documents and models can be analyzed with
respect to all other documents and models that have previously been created. This approach, however, will in most cases be
neither acceptable in terms of time consumption, nor economically feasible. On the other hand, the execution of activities for
V&V just “by accident” can never be acceptable. For a systematic procedure it is essential that a dedicated decision
procedure is applied to identify those activities that are necessary and economic for the specific project. For this purpose, a
V&V Procedure Model is necessary. This procedure model can be used to establish and monitor process quality at the
simulation service provider itself as well as for the communication between the service provider and the customer. In the
latter case, it can be used as a common guideline. The scope and the level of detail of this procedure model need to be
adapted to specific modeling constraints, in order to achieve an efficient and pragmatic application.

From the precious discussion within this paper, the following requirements and constraints can be deduced for a V&V
Procedure Model:

e V&V must be performed in an integrated way, i.e. all actions and procedures related to either verification or

validation are discussed in one single approach

e V&V is a process that accompanies the whole simulation study
In the following sections, the characteristics of the procedure model that was developed on the background of these
requirements and constraints are presented as an overview.

5.1 Systematic of the V&V Procedure Model

The proposed V&V Procedure Model is shown in Figure 2. It takes into account the principles given by the simulation
procedure (Figure 2) and is, therefore, separated into two major sections representing the model path and the data path. The
lower part of the procedure model relates to data collection and preparation; the upper part relates to modeling and
simulation. Thus, the eight rows of the V&V Procedure Model represent the results of the phases defined by the simulation
procedure model.

In order to conveniently refer to the Phase Results, they are enumerated from 1 (Sponsor Needs) to 6 (Simulation
Results). The results with respect to data cannot be clearly related to the modeling phases, as explained above. In order to
avoid any misinterpretation, they are not characterized by numbers. Instead, the letters “R” (Raw Data) and “P” (Prepared
Data) are assigned to these documents.

Each row of the V&V Procedure Model consists of V&V Elements, which are indicated by rectangles. The V&V
Elements comprise a set of possible V&V activities. In order to establish a unique relation to the V&V procedure, each V&V
Element is denoted by two indices:

e  The first index defines the Phase Result which is validated by the activities of this V&V Element

e The second index defines the Phase Result which is used as the reference for the V&V with respect to this V&V

Element
Thus, the index (1,1) indicates that the Phase Result “1” (Sponsor Needs) is tested with reference to the Phase Result “17, i.e.
with respect to itself. The index (3,2) indicates that the Phase Result “3” (Conceptual Model) is tested with reference to Phase
Result “2” (Task Description).

In the following section, the V&V Elements are described in more detail. For the sake of simplicity, the V&V Elements
are called “elements” in the remaining text, as long as this does not reduce the clarity of description.

The V&V Procedure Model establishes a causal — and in parts a timely — relationship among the V&V Elements and the
phases of the simulation procedure model. The arrangement of the Phase Results (from Sponsor Needs to Simulation Results)
defines a time axis in the upper part of the model, which leads from left to right. From the lower part of the procedure model,
the elements from (2,R), (2,P) and all elements shown to the right of these elements can only partially be related to this time
axis, since Data Collection and Data Preparation are not strictly aligned with the other phases of the simulation procedure
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model (as discussed earlier). The three elements (R,R), (P,P), and (P,R) have no relation to this time axis, but only among
each other (as for the latter two, data preparation must have been accomplished).

For simplification and readability, the time axis does not at all indicate iterations, which are obviously necessary.
However, it should be clear that this simplification in the graphical representation of the procedure model in no way denies
the necessity for such iterations:

e V&V can (and should!) not only be executed at the end of one phase, but when ever a suitable intermediate state is
achieved. This helps to identify problems, early, and to reduce the implications. The V&V of intermediary states can
in principle relate to all results achieved at that point of time, and therefore does not show substantial differences
with respect to V&V done at the end of the phase. Therefore, the separate definition of procedures for V&V in
intermediary states is not necessary.

e Negative validation results in one phase may have their roots in problems induced by other phases, leading to the
necessity to revise this (preceding) phase. In this case, for a complete V&V all V&V Elements based on this
previous result need to be reconsidered, and tests repeated if it cannot be assumed that the change has no

implications on the test results.
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Figure 2: Procedure model for V&V of simulation in the production and logistics domain (Rabe, Spieckermann and Wenzel
2008b)
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5.2 Classification of V&V Elements

The circle in some of the V&V Elements given in Figure 2 stands for an intrinsic test, i.e. the document is analyzed with
respect to itself, and only to itself. Such intrinsic V&V Elements always have an index with two identical digits (or letters), as
both the first and the second index indicate the same Phase Result.

A simple arrow indicates the test of a Phase Result with respect to the results of a previous phase. The arrow in element
(3,2) stands for the reference from the Conceptual Model to the Task Description, asking if the requirements defined by the
latter document are correctly mirrored by this Conceptual Model. The arrow indicates the direction of this relation.

The third type of V&V Elements provides a relationship between the Phase Results of modeling and the results of data
collection and preparation. Therefore, these elements are indexed by one letter and one digit, and represent tests in
combination of both documents. As the modeling and the data phases of the simulation process model are to a certain degree
independent, the test of a data document “against” a modeling document or vice versa has no meaning. None of the
documents can be fully derived from the others, even if this can be the case for some parts of the documents. Therefore, there
is no direction of the relationship, and the element is indicated by a double-sided arrow.

The last type of V&V Elements, which is marked by a triangle, stands again for the test of one Phase Result (of the
modeling domain) to another one. But, for the tests of this fourth type the availability of the Prepared Data is a precondition,
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and the test is conducted using these prepared data. Negative results can have their roots in any of the three Phase Results
used for the test. This type of V&V Element is applicable in the two last phases, only (Implementation as well as
Experiments and Analysis).

6 EXEMPLARY V&V ACTIVITIES

The V&V Procedure Model described above contains 31 V&V Elements. All these elements are described in detail by Rabe,
Spieckermann and Wenzel (2008a) in German. Obviously, this paper does not provide enough space to present this detailed
work. Therefore, a set of V&V elements has been selected in such a way, that examples for all different types of V&V
elements are discussed as well as both the modeling and the data part of the simulation procedure model are considered:

e The intrinsic V&V of the Sponsor Needs as an example for intrinsic elements on the modeling side

e The intrinsic V&V of the Raw Data as an additional example for the data side

e The V&V of the Conceptual Model with respect to the Sponsor Needs and the Task Description as examples for the

“simple arrow” elements

e The V&V of Prepared Data in relation to the Conceptual Model as an example for the “double-sided arrow”

elements

e The V&V of the Executable Model and the Simulation Results in relation to the Task Description under usage of the

Prepared Data as examples for the “triangle” element

Intrinsic V&V of the Sponsor Needs (V&V element (1,1) in Figure 2) ensures the correct and suitable representation of the
planned tasks and intended project objectives. Therefore completeness, consistency, accuracy and currency of the phase
result documentation have to be checked. This implies e. g. to ask whether the Sponsor Needs comprise all bullet points
mentioned in the proposed document structure or whether the given requirements are free of contradictions, exactly defined
and not obsolete. For checking the suitability it has to be thoroughly considered whether the described solution approach and
methods as well as the project objectives sufficiently fulfil the intended purpose of the study (applicability). The precondition
is that the project activities with all participating project partners (internal and external) have been planned. A further
important objective of this V&V element is the question, whether simulation is the right technology to achieve the goals and
tasks of the study. Additionally, plausibility and clarity of the Sponsor Needs determine the suitability of the Sponsor Needs
for the task to be done. Plausibility implies e. g. a project plan free of contradictions and a reasonably justified specification
of the scope of the project. According to the V&V criterion clarity the description of all relevant project aspects relating to
non-ambiguity and comprehensibility to the target groups need to be checked. Last but not least the feasibility of the
specified Sponsor Need has to be considered. On the one hand this comprehends the review of the planned way to conduct
the project under the given organizational, financial and technical constraints. On the other hand it has to be made sure that
the complexity of the task and the scope of the system allow for the use of simulation and that well-defined buy-off criteria
specify the success of the project.

Intrinsic V&V of the Raw Data (V&V element (R,R) in Figure 2) also has the formal aspect of checking if the
documentation for completeness and consistency. However, there is a specific emphasize on feasibility and availability with
respect to organizational issues: if regular updates of the Raw Data are needed throughout the project, a suitable process
needs to be in place or prepared to ensure these updates. A second organizational issue has its roots in possible standards and
regulations for interfaces and data exchange, which IT departments in some large companies have implemented. In such
cases, it is part of element (R,R) to check whether these standards are met by the project. Additional V&V activities relate to
the plausibility, consistency, and applicability of the raw data themselves. In this context, it needs to be checked if collected
data have been collected without measurement errors, if generated data do really match the constraints given for the
generation, if attribute values are within the specified range, etc. To conclude with, the documentation itself might specify
plausibility and consistency checks. In that case, V&V also has to make sure that these checks have been executed.

V&V of the Conceptual Model with respect to the Task Description (V&V element (3,2) in Figure 2) deals on the one
hand with the complete, consistent and accurate transformation of all specifications designed in the Task Description into the
Conceptual Model. On the other hand applicability, currency, plausibility and feasibility of the Conceptual Model have to be
checked with respect to the specified task, the planned use of the model, the defined solution approach and the model
requirements. Therefore, the documentation of the Task Description as well as the description of the planned or real
production or logistics system is part of the V&V investigation. The implementation of the specification designed in the Task
Description demands that all specified processes and structures, system elements, structuring requirements (e. g. partial
models, sub model building) as well as organizational and system load specifications are adequately considered
(completeness). The consistency check should answer the questions whether the structures of the conceptual model
sufficiently and unambiguously correspond to the system to be modeled. Additionally, the appropriateness of the level of
detail chosen for the conceptual model and the specified output values have to be checked taking in consideration the
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problem definition and the system as given (accuracy). The accuracy check also comprehends whether the acceptance and
buy-off criteria will be measured. According to the V&V criterion applicability the usability and suitability of the Conceptual
Model have to be checked with respect to the requirements on the model building process, the scope of the planned use of the
model and the estimated model performance. The last one is also a V&V objective for the technical feasibility check.

In addition to the V&V element (3,2) the V&V of the Conceptual Model with respect to the Sponsor Needs (V&V
element (3,1) in Figure 2) has to ensure the adequate consideration of the intended goals and constraints described in the
Sponsor Needs (integrated as first chapter of the Task Description) within the Conceptual Model. Therefore, the external
partners named in the Sponsor Needs should be involved in designing and aligning the Conceptual Model. With regard to the
V&V criteria completeness and consistency you have to ask e.g. if the functionality of the system is fully taken into account
as given in the Sponsor Needs, including the system's processes and structures, or if there are any comprehensible and well-
grounded differences. However, the most important criterion in this context is the applicability, which has to be checked by
different questions like: Does the Conceptual Model represent the Sponsor Needs appropriately in scope and level of detail?
Are the specified output values, analysis approaches and measuring points appropriate to achieve the kind of results requested
in the Sponsor Needs? Are the Conceptual Model and the simulation model implementation specified therein adequate for the
intended model usage?

The first step of the V&V of Prepared Data in relation to the Conceptual Model (V&V element (3,A) in Figure 2) is the
comparison of the respective documentations. The Conceptual Model as well as the Prepared Data Documentation include a
data specification down to attribute level. Hence, both descriptions need to be consistent and applicable. Also, the Prepared
Data need to be checked for completeness with respect to the model elements and structures specified in the Conceptual
Model: Basically, all data (possibly) required by the elements should be available or it should be possible to make them
available throughout the further progress of the project. Furthermore, the concepts and the data allow for a first estimate of
the model performance during runtime. This enables to assess whether the given performance requirements are feasible or
not.

A significant difference of the V&V of the Executable Model in relation to the Task Description (V&V element (5,2) in
Figure 2) with respect to the V&V elements described so far is that it is based on the outcome of three phases of the
simulation procedure model (hence the triangle in Figure 2). Here, main V&V tasks are to make sure that the Executable
Model matches the Task Description with respect to model structure, control rules, visualization, animation, modeling
conventions, hardware and software requirements, interfaces, output etc. In order to perform some of these checks the model
needs to be actually executed, in almost all cases requiring Prepared Data. Thus, the element (5,2) has most similarity with
the “outdated” old V&V understanding of starting validation once the model has been fully implemented.

The V&YV of the Simulation Results in relation to the Task Description (V&V element (6,2) in Figure 2) makes sure that
the results fulfill the requirements given in the Task Description with respect to criteria such as completeness, consistency,
accuracy, applicability, and clarity. It needs to be verified e.g. that all required experiments are part of the experiment design
and that the experiments have been performed in accordance with this design. Also, output variables and simulation period
need to be compliant to the Task Description and the results have to be presented in a clear manner. Of major importance in
this V&V element is to validate that the simulation experiments and the results meet the purposes given in the Task
Description. Finally, the buy-off criteria specified in the Task Description have to be checked.

7 CONCLUSIONS AND OUTLOOK

The quality-oriented application of simulation for production and logistics tasks requires that the significance of V&V is
acknowledged, and the related activities are budgeted as an important part of the simulation study. In joint efforts, the
members of the project team have to assure that models are sufficiently accurate, that the estimation of their credibility can be
re-assessed at any time, and that the V&V activities are defined, systematically. Therefore, this paper presents a procedure
model, which
e increases the probability to recognize (early) if the task description, models, or result analysis could lead to invalid
conclusions,
e structures the steps to be done for V&V into a well-defined framework of V&V elements, thus providing the
possibility to prove all activities at any later point of time, and
e provides exemplary advice how to conduct V&V activities within different V&V Element types as defined by the
procedure model.
From the ASIM simulation society as well as from the last Winter Simulation conference, the authors have received very
positive feedback on the proposed procedure models. First evaluations have been conducted at the authors’ companies and
institutions within running simulation projects. Tutorial material has been prepared for the dissemination in university
education as well as in courses for professional simulation managers and experts. The first tutorial had been conducted in
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October 2008 during the ASIM conference on simulation in production and logistics in Berlin (Germany) with significant
attendance and very good resonance. Currently, the authors consider to provide a book in English that represents and extends
the content summarized above, because the extensive description of the V&V Procedure Model is still available in German,
only.
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