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Abstract
Modeling and simulation(M&S) engineering is one of the
most challenging areas that have to deal with problems from
multiple domains. Hence, in the M&S field, the various do-
main experts and the M&S experts often work together to
build a simulator. Yet, in some domains like military, coop-
eration has been limited because of the security policies in
domains. Therefore, the domain experts in such fields are re-
quired to have M&S knowledge on the top of their domain
knowledge to build simulation models by themselves.

This paper describes our experience of developing a sim-
ple warship simulator and assisting such domain experts to
obtain the M&S knowledge using Warship Simulator Project.
From the experience of the project, we found that the DEVS
formalism is easy to learn, and it is suitable for developing a
simulator easily with implementation of DEVS formalism.

1. INTRODUCTION
Computer simulation,which is called a computer model or

a computational model, is a computer program or a network
of computers that attempts to simulate an abstract model of a
particular system. Computer simulation has become a useful
method of mathematical modeling of many natural systems
in physics (computational physics), chemistry, biology, hu-
man systems in economics, psychology, and social science
and in the process of engineering new technology, to gain in-
sight into the operation of those systems, or to observe their
behavior[1].

In order to build a simulator, the developer of the simulator
should consider the objectives, e.g. abstraction of the simu-
lation models, of the simulation. for example, In the realtime
simulations, simulation models of the simulator should oper-
ate within the deadline, therefore, abstract simulation models
are required in the realtime simulations. However, simulators
for analyzing the target systems should simulate target system
accurately without computational deadline.

Once modeling objectives are decided, modeling and sim-
ulation(M&S) experts can describe only the abstract level of

the target system. to describe more lower level of target sys-
tem, M&S experts should have deep knowledge of the target
system. However, this is not always the case. On the other
hand, domain experts - e.g. researchers in national defense
research institute - have detailed knowledge of the target sys-
tem. However, they do not have M &S knowledge to develop
abstract models of target system which meets the simulation
objectives. Therefore, modeling requires cooperative team-
work between domain experts and M&S experts in a whole
modeling process. There have been some efforts for com-
municating and co-operation between domain experts and
M&S experts using Unified Modeling Language (UML)[2].
In this approach, domain experts analyze the system spec-
ification using UML,develop several diagrams of UML, and
then M&S experts transform the diagrams to simulation mod-
els with additional information which is necessary for dis-
crete event simulation. In the case of the military field, most
of the information of the system, such as system behavior,
protocol, and doctrines, is not opend to the M&S experts.
Therefore,they can not develop accurate models which meets
the modeling objectives. On the other hand, domain experts
are required to have M&S knowledge on the top of their do-
main knowledge to build simulation models by themselves.
The Agency for Defense Development(ADD) launched War-
ship Simulator Project1 with System Modeling and Simula-
tion Laboratory(SMSLAB) in Korea Advanced Institute of
Science and Technology(KAIST). To overcome such prob-
lems, we applied Co-simulation methodology in our new
project[3]. The objectives of this project are two fold; one
is building warship simulator to measure the effectiveness of
the warship and its equipments and the other is assisting the
researchers in ADD to build their own simulation model. In
order to achieve these goals, M&S experts of SMSLAB and
the domain experts in ADD cooperate together based on the
Discrete Event Systems Specification (DEVS) formalism.

1This research is funded by Agency for Defense Development. The infor-
mation of the project is classified at the CONFIDENTIAL level. Therefore,
we use the name Warship Simulator Project instead.
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2. DEVELOPMENT METHODOLOGY
ADOPTED IN WARSHIP SIMULATOR
PROJECT

As we mentioned earlier, the objectives of Warship Simu-
lator Project are to build a simulator, and assist the researcher
to obtain M&S knowledge so that they can build their own
simulation model. In order to build a warship simulator, we
adopted the Co-modeling Methodology. In this section, we
briefly review the co-modeling methodology proposed in [3].

2.1. Modeling Process using UML and DEVS
The co-modeling methodology is analogous to HW/SW

co-design in VLSI systems design. HW/SW co-design means
the meeting of system-level objectives by exploiting the
trade-offs between hardware and software in a system
through their concurrent design. To do so, system specifica-
tion is partitioned in hardware and software parts for concur-
rent job. After that, each part is implemented and then inte-
grated for co-simulation[4][5]. Co-modeling methodology is
analogous to HW/SW co-design and the process is shown by
Figure1.

Figure 1. Co-modeling methodology using UML and
DEVS[3]

At first, we design the simulator architecture from require-
ments and specification for a system to be simulated. Mostly,
M&S experts do not need detailed knowledge on an object
in atomic DEVS modeling, they define three sets and four
functions according to DEVS formalism. On the other hand,

if atomic DEVS modeling needs detail knowledge on the ob-
ject, domain experts define such knowledge in forms of op-
erations on the object using UML. Then, M&S experts em-
ploy the operations as services. Specifications of DEVS and
UML models are implemented by DEVSim++[11] and C++,
respectively.

2.2. Advantages of applying Co-modeling
methodology

Within the proposed methodology, M&S experts and do-
main experts design simulation models in a closely-coupled
manner. Co-modeling methodology clearly gives M&S ex-
perts how they can change behaviors of the model. In the
co-modeling methodology, M&S experts and domain experts
partition the target system into two parts; discrete event mod-
eling and object modeling. Discrete event modeling deals
with abstracted level of behaviors, mostly in state-transition
level and Object modeling treats domain-specific calculation
and decision making.which indicates object modeling. In or-
der to transit between states, decision making or calcula-
tion that involves domain-specific knowledge are necessary
in most cases. With the structure of separating discrete mod-
eling and object modeling, M&S experts do not need specific
knowledge of objects which only domain experts understand.
Domain experts may concentrate the operations of an object
in detail. In this sense, DEVS modeling is viewed as soft-
ware and UML modeling viewed as hardware in the HW/SW
co-design methodology. Thus, the main advantage of the co-
modeling methodology is a concurrent process in models de-
velopment.

3. UML AND DEVS FORMALISM: BRIEF
REVIEW

In this section, we briefly introduces the UML and DEVS
formalism used in Warship Simulator Project.

3.1. UML Modeling
The Unified Modeling Language (UML) is a stan-

dard language for specifying, visualizing, and document-
ing the artifacts of an object-oriented system under
development[6][7][8]. It simplifies the complex process of
software design, making a blueprint for construction. This
sub-section describes only three diagrams in UML, which are
used for modeling of an object of the warship simulator. They
are use case diagram, class diagram, and sequence diagram.

3.1.1. Use Case Diagram
A use case diagram is a behavior diagram that defines a set

of use cases and actors and relationships between them. As
a behavioral classifier the diagram defines a sequence of ac-
tions, performed by one or more actors and a system, which
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results in an observable value to one or more actors. For sys-
tem developers, this is a technique for gathering system re-
quirements from a user¡¯s point of view.

3.1.2. Class Diagram
A class diagram is a structure diagram that shows a set of

classes, interfaces, and/or collaborations and the relationships
among these elements. A class includes name, attributes and
operations. This diagram is a central modeling technique that
runs through nearly all object-oriented methods and repre-
sents the static part of a system.

3.1.3. Sequence Diagram
A sequence diagram is an interaction diagram that focuses

on the time-ordering of a message between objects. A se-
quence diagram depicts a sequence of actions that occur in
a system which is a very useful tool to easily represent the
dynamic behavior of the system. This diagram includes ob-
jects and messages in two-dimensional form in nature. On
horizontal axis, it shows the life of objects that it represents,
while on the vertical axis, it shows the sequence of the cre-
ation or invocation of these objects.

3.2. DEVS Formalism
The DEVS formalism is a set-theoretic formalism which

specifies discrete event models in a hierarchical and mod-
ular form[9]. With this formalism, one can perform model-
ing more easily by decomposing a large system into smaller
component models with coupling specification between them.
There are two kinds of models: atomic model and coupled
model.

An atomic model is the basic model and has specifications
for the dynamics of the model. Formally, a 7-tuple specifies
an atomic model M as follows.

AM = < X ,Y,S,δext ,δint ,λ, ta >
where

X : a set of input events,
Y : a set of output events,
S : a set of sequential state,
δext : Q×X → S, an external transition function

where Q is the total state set of
Q = {(s,e)|s ∈ S and 0≤ e≤ ta(s)},

δint : S→ S, an internal transition function,
λ: S→ Y , an output function,
ta: S→ R +

0,∞, a time advance function,
where the R +

0,∞ is the non-negative real numbers
with ∞ adjoined.

A coupled model provides the method of assembly of
several atomic and/or coupled models to build complex
systems hierarchically. Formally, a coupled model is defined

as follows.

CM =< X ,Y,M,EIC,EOC, IC,SELECT >

where
X : a set of input events;
Y : a set of output events;
M : a set of all component models;
EIC ⊆CM.X×∪M.X , external input coupling;
EOC ⊆ ∪M.Y ×CM.Y , external output coupling;
IC ⊆M.Y ×∪M.X , internal coupling;
SELECT : 2M− /0→M, tie-breaking function.

An overall system consists of a set of component models,
either atomic or coupled, thus it is in a hierarchical structure.
Each DEVS model, either atomic or coupled model, has
correspondence to an object in a real-world system to be
modeled. Within the DEVS framework, model design may be
performed in a top-down fashion; model implementation in
a bottom-up manner. Detailed descriptions for the definitions
of the atomic and coupled DEVS can be found in [9].

3.3. DEVS Abstract Simulator
The abstract simulator introduced in [9] is a conceptual

device capable of interpreting the dynamics of DEVS mod-
els. Two types of the abstract simulator have been defined:
one for the atomic DEVS and the other for the coupled DEVS.
Within the DEVSim++, a pair of a model and an abstract sim-
ulator is created, and association of the two is made for sim-
ulation. The job of an abstract simulator for an atomic model
is to schedule the next event time and execute the model’s
transition functions and output function timely as simulation
proceeds. The responsibilities of the abstract simulator for a
coupled DEVS model are to synchronize the component ab-
stract simulators for scheduling the next event time and to
route external event messages to component simulators. The
complete algorithms for both abstract simulators and proof
for the correctness for the algorithms can be found in [10].

3.4. DEVSim++
DEVSim++ is an implementation of abstract simulator al-

gorithm of DEVS based on C++[11]. It therefore provides
the advantages of object-oriented framework, such as encap-
sulation, inheritance, and reuse. The DEVSim++ coordinates
the event schedules of atomic models in a system and pro-
vides classes and APIs for simulation. DEVSim++ is pro-
vided as a software library to model developers, and synthe-
sized with DEVS models, it forms a stand-alone simulator.
The classical DEVS formalism deals with systems of closed
form and static structure. There have been many researches
to extend DEVS formalism to express variable structure, real-
time and interactive systems. DEVSim++ supports these fea-
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tures as well. DEVSim++ has an additional event queue to
handle events from interactive components such as Graphical
User Interfaces, and other monitor/controllers. These inter-
active components can be connected through networking or
shared memory technology.

We get several advantages with the DEVS formalism and
DEVSim++ to verify implementation of DEVS diagrams.
First, we can specify the simulator models mathematically
and easily verify the model. Second, we can model hierarchi-
cal and modularized systems, which enhance understandabil-
ity and extensibility. Third, we can reuse simulation models.

4. DEVELOPMENT & EDUCATION PRO-
CESS OF WARSHIP SIMULATOR
PROJECT

In co-modeling methodology, M&S experts develop DEVS
models that represent system behaviors in the state tran-
sition level. Domain experts are responsible for develop-
ing specific algorithms as individual functions. These algo-
rithms typically require domain-specific knowledge. Major-
ity of co-work between M&S experts and domain experts in
co-modeling is to specify function prototypes. The functions
should be designed independently and self contained as possi-
ble. DEVS models call associated functions inside each state
transition function. The contents of the function, specifically
the level of abstraction of equations used to implement the
function, do not affect the model behavior as long as the I/O
types of the function is consistent. Figure 2 describes these
procedures.

Figure 2. Developing Simulator using Co-modeling
Methodology

During the Phase I of Warship Simulator Project, the M&S
experts in SMSLAB developed the DEVS model based on the
Simulation Logic Documents which domain experts in ADD
wrote, and then domain experts and the M&S experts veri-
fied the DEVS models together. In Phase II, domain experts
developed the DEVS models, and then the M&S experts ver-

ified the DEVS model based on the simulation aspect. In this
section, we explain the phase of warship simulator develop-
ment process and the results of the Warship Simulator Project
in detail.

4.1. Phase I of the Warship Simulator Project
Since the M&S experts of SMSLAB do not have the do-

main knowledge, the domain experts in ADD made doc-
uments, called Simulation Logic Documents(SLD). In the
SLD, it contains the use case diagram, sequence diagrams,
and some functions to denote the simulation models. After
receiving the documents, the M&S experts made the DEVS
graph based on the sequence diagrams and the functions of
the simulation models[2]. Figure 3 and Figure 4 are one of
the sensor model of the sequence diagram of SLD and the
DEVS model of it.

Figure 3. Sequence diagram of Sensor Model

Figure 4. DEVS Graph of Sensor Model

After the SLD and DEVS graphs have been made, the do-
main experts and the M&S experts had a meeting to under-
stand the SLD and DEVS graph. In order to assist the domain
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experts to understand the DEVS graphs, we have made a pro-
totype of the warship simulator using DEVSim++, and we
have hand the source code to the ADD. By showing the re-
sults of the prototype in the debugging mode, the researcher
of ADD have understood the simulation model easily. Figure
5 shows the prototype of the warship simulator.

Figure 5. Prototype of warship simulator

After the meeting with ADD, we have found several mis-
understanding of the simulation models. First, for some sim-
ulation models, the M&S experts have made the DEVS graph
completely wrong due to the lack of domain knowledge. Sec-
ond, the researchers have found some insufficient models
based on the result of the prototype. Therefore, we get the
revised version of SLD and the DEVS graphs modified based
on the results of the meeting. According to these documents,
ADD have implemented the object models and KAIST have
implemented the DEVS models.

4.2. Phase II of the Warship Simulator Project
Based on the experience of Phase I, the ADD have devel-

oped their own simulation models in Phase II. During this
Phase, The researcher of ADD tried to modify the source
code of the prototype in Phase I, and test their models using
the prototype before creating DEVS models. After that ADD
have made serval DEVS models and they send the DEVS
graphs to the KAIST. Especially, the researchers in ADD did
not send the SLD due to the security polices. However, M&S
experts of SMSLAB can analyzed the DEVS graph and tune
the simulation models without modifying semantics of DEVS
models. To verify a DEVS model, the information in SLD is
not essential, but supplementary.

While the researchers of ADD build the DEVS model, the
M&S experts of SMSLAB made the simulation framework
using DEVSim++. This framework supports the simulator to
change simulation model easily, i.e. Plug-in fashion. There-
fore, it enables the the researchers of ADD to build their own

models in DEVSim++ and analyze the result without violat-
ing security polices. Figure 6 is the overview of the frame-
work.

Figure 6. Plug-in Framework for warship simulator

5. LESSONS LEARNED
In this section, we share the lessons learned from Warship

Simulator Project.

5.1. Necessity of formalism in development of
a simulator

During the project, we are convinced that DEVS formalism
is useful for the development of a simulator, and it is essen-
tial, not optional in many ways. We have applied the DEVS
Formalism to develop a simulation models, and there are ser-
val advantages which the researchers in ADD have agreed.

First, The DEVS formalism can support the modelers
to make an accurate simulation models. By developing the
DEVS graph, the domain experts can trust the simulation
models. Moreover, by developing the DEVS models using
DEVSim++, the modelers can verify their models quickly.

Second, The DEVS formalism are efficient to model the
discrete event simulation model. In discrete event simula-
tions, UML diagrams, e.g. sequence diagram, are not suf-
ficient due to the properties of events. The events may be
periodic and it may cause complex transitions based on the
state of the models. Therefore, it is hard to express in the
sequence diagram. However, the DEVS formalism specifies
discrete event models in a hierarchical and modular form with
Time information. Using these properties of DEVS formal-
ism, complex events can be treated and complex models can
be expressed by decomposing them into several models.
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Third, the DEVS formalism is easy to learn, and it can be
applied in the development of simulator easily. During the
Phase I of the Warship Simulator Project, there were one lec-
ture and two meetings for the researchers of ADD. After that,
the researchers who took the lecture were able to teach and
help other researchers to understand the DEVS formalism.

5.2. Prototyping & Education
We have found that the fast prototyping can assist the do-

main experts to understand the operations of the simulation
models. Usually, the domain experts are familiar to program-
ming languages so that the source code of simulator helped
them to understand the operation of simulation model in the
aspect of programming language. DEVSim++ is an imple-
mentation of abstract simulation algorithm of DEVS based
on C++. Therefore, they were able to use integrated devel-
opment environment, such as Visual Studio .NET, to follow
the execution sequence, and it help them to understand the
operations of simulation model quickly using the prototype.

In additions, the source code of prototype can assist the do-
main experts to understand the simulation model. During the
Warship Simulator Project, we have handed the source code
of warship simulator prototype to the ADD. The researchers
of ADD have compared the source code and the design doc-
uments, i.e. DEVS graph, to know about the simulation mod-
els. Moreover, the domain experts have built their own mod-
els in C++ and test their models, and it enabled them to build
accurate models without violating the security policies.

6. CONCLUSIONS
In this paper, we described our experience of developing

the warship simulator and assisting the domain experts to
make their own models by teaching M&S knowledge to them.
During the Warship Simulator Project, we have found the for-
malism is necessary for the developing the simulators in mil-
itary area, and DEVS formalism is suitable for simulator de-
velopment. We believe that this case study can serve the do-
main experts how to obtain simulation knowledge and model
the simulation model of their domains. As a future work, we
will measure the effectiveness of DEVS formalism during the
simulator development process formally.
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