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a b s t r a c t

Conceptual Modeling (CM) is a fundamental step in a simulation project. Nevertheless, it is
only recently that structured approaches towards the definition and formulation of con-
ceptual models have gained importance in the Discrete Event Simulation (DES) commu-
nity. As a consequence, frameworks and guidelines for applying CM to DES have
emerged and discussion of CM for DES is increasing. However, both the organization of
model-components and the identification of behavior and system control from standard
CM approaches have shortcomings that limit CM’s applicability to DES. Therefore, we dis-
cuss the different aspects of previous CM frameworks and identify their limitations.
Further, we present the Hierarchical Control Conceptual Modeling framework that pays
more attention to the identification of a models’ system behavior, control policies and dis-
patching routines and their structured representation within a conceptual model. The
framework guides the user step-by-step through the modeling process and is illustrated
by a worked example.
� 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Conceptual Modeling (CM) is one of the most important aspects of a simulation project (see [24]). It involves the abstrac-
tion of a model from the real world system, identifying what has to be modeled and how. Despite its importance, CM has only
recently gained popularity in Discrete Event Simulation (DES) literature. As a consequence, the definition of CM is still evolv-
ing and is interpreted slightly differently by varying authors. However, there is a common agreement that it should be inde-
pendent of any implementation paradigm, or software solution, and that it is initiated early in the simulation project life-cycle
and iteratively revisited. According to Pace [20], a conceptual model is a tool of communication between all parties in a sim-
ulation project. In addition, among other features, it provides the basis of the model documentation; guides the development
of a computer model; provides guidance for experiments; and is an aid for model verification and validation (see [25]). On the
other hand, Balci and Ormsby [4] and Balci et al. [5] discuss CM for large scale models and therefore address re-usability of
simulation models as the largest gain from structured and standardized CM in addition to the previous features.

A recent summary on definitions, frameworks, representations and other aspects of CM was published by Robinson et al.
[27]. Robinson [29] gives a brief tutorial on CM. Issues and further research requirements for CM were summarized by
Robinson [24]. Among others, Robinson [24] identifies the following key research requirements: developing consensus over

http://dx.doi.org/10.1016/j.simpat.2015.04.004
1569-190X/� 2015 The Authors. Published by Elsevier B.V.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

⇑ Corresponding author. Tel.: +43 316 873 8000.
E-mail address: nfur003@aucklanduni.ac.nz (N. Furian).
URL: http://www.engineering.auckland.ac.nz (M. O’Sullivan).

Simulation Modelling Practice and Theory xxx (2015) xxx–xxx

Contents lists available at ScienceDirect

Simulation Modelling Practice and Theory

journal homepage: www.elsevier .com/ locate/s impat

Please cite this article in press as: N. Furian et al., A conceptual modeling framework for discrete event simulation using hierarchical con-
trol structures, Simulat. Modell. Pract. Theory (2015), http://dx.doi.org/10.1016/j.simpat.2015.04.004

http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1016/j.simpat.2015.04.004
http://creativecommons.org/licenses/by/4.0/
mailto:nfur003@aucklanduni.ac.nz
http://www.engineering.auckland.ac.nz
http://dx.doi.org/10.1016/j.simpat.2015.04.004
http://www.sciencedirect.com/science/journal/1569190X
http://www.elsevier.com/locate/simpat
http://dx.doi.org/10.1016/j.simpat.2015.04.004


the definition of CM; the identification of requirements of CM; developing methods for designing conceptual models; the
definition of modeling frameworks; and moving towards standard methods for representing and communicating conceptual
models.

This paper proposes a new framework for CM and hence addresses mainly the design and definition aspects of the
research requirements discussed in Robinson [24]. The concepts of the framework are based on previous definitions and
frameworks for CM, but replace queuing networks by both more sophisticated mechanisms for entity behavior that enable
explicit, centralized control policies (such as dispatching). Control mechanisms (such as optimized dispatch) with complex-
ity beyond common queuing methods have been identified as the key factor for accurately representing a real system, espe-
cially for health care models (see [8]). Hence the prevailing practice of representing DES models with queuing networks may
not always be appropriate. The paper is structured as follows: Section 2 revisits the most common definitions and views on
CM and discusses their relevance for this paper; Section 3 includes a summary and discussion of frameworks for CM and
representation methodologies; Section 4 introduces the proposed framework and the new concepts are illustrated by a
example from Birta and Arbez [6]; the paper concludes in Section 5 with final remarks and further research topics.

2. Definition of a conceptual model

As mentioned in the introduction, to date no generally accepted definition of a conceptual model and the associated mod-
eling tasks exists. This section gives a brief overview of existing literature and concludes with the authors’ view on CM.

Zeigler [35] is the first work that pays attention to different abstraction levels of simulation models by identifying five
elements: the real system; the experimental frame; the base model; the lumped model; and the computer model. The exper-
imental frame denotes the circumstances under which the real system is observed (input & output patterns). The base model
is a hypothetical, complete representation of the real world, which is obviously not known. The lumped model is a simplified
version of the base model that is able to reflect all input & output patterns and the computer model denotes the implemen-
tation of the lumped model. In the terminology from Zeigler [35], the lumped model is mainly independent to the computer
model and represents what is now understood as a conceptual model.

Balci [3] analyses the early stages of a simulation study and identifies iteratively repeated steps that include model for-
mulation, model representation and programming. Nance [14] distinguishes between the model that exists in the mind of
the modeler, the conceptual model, and its representation for use in for communication, the communicative model. In
the defense sector, Pace [17,19] interpret the conceptual model as a definition of what has to be modeled and how, providing
information on assumptions, algorithms, characteristics, relationships and data. Further, Lacy et al. [12] distinguishs
between a domain-oriented problem that describes the requirements of the model and a design-oriented model that is used
as a basis for model implementation.

More recently, Balci and Ormsby [4] discuss CM for large scale simulations. Thereby, they identified three major abstrac-
tion layers that a simulation model passes through in it’s life cycle: simulation conceptual model; simulation design model;
and simulation model implementation. They argue that the implementation is accomplished by using programming lan-
guages as Java, C++ or C#. The transition between the design layer and the implementation layer is undertaken by the
use of discrete-event world views, e.g. event scheduling, three-phase approach or process interaction (see for example
[2]). Hence, the design model is a description of the components of the implementation model using object-oriented or pro-
cedural paradigms. The conceptual model represents the highest layer of abstraction and is the model that is formulated in
the mind of the modeler. Note that their work is motivated by large scale models in the defense sector. The number of mod-
elers and domain experts involved in these studies is usually large. Hence, requirements for CM differ to business oriented
models by focusing on documentation, communication and re-usability (see [25]).

In Birta and Arbez [6] state that CM is concerned with developing a meaningful representation of the real system. Further,
they define two major requirements for a conceptual model: it must be sufficiently transparent to be used as a means for
discussions by all stakeholders in the project; and it must be sufficiently transparent so that it can serve as a specification
for the computer program.

In Karagöz and Demirörs [10] state that CM is a tool that provides a clear understanding of the target domain or problem.
Hence, it is a simplified representation of the real system including structural and behavioral features.

The most recognized definition of a conceptual model is given in Robinson [25]. Robinson argues that a conceptual model
is derived from an understanding of the problem situation, which is external to the conceptual model. Hence, it is a partial
description of the real world that is sufficient to address the problem situation. Further, it consists of four main components:
objectives; inputs (experimental factors); outputs (responses); and the model content. Content is further divided into the
scope of the model and the level of detail. During the identification of the model’s content assumptions and simplifications
have to be made. This leads to the following definition of a conceptual model (see [25]):

‘‘The conceptual model is a non-software specific description of the computer simulation model (that will be, is or has
been developed), describing the objectives, inputs, outputs, content, assumptions and simplifications of the model’’.

The task of conceptual modeling is therefore concerned with an understanding of the problem situation and the identi-
fication and determination of the components of a conceptual model. Furthermore, in Robinson [28] the model design is
added as an artifact to the project life-cycle. The model design is defined as the design of constructs for the computer model,
see also Fishwick [7].
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