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ical methods of operational research represents a particularly difficult endeavor, due to
the system’s complicated structure or the impossibility of reaching a mathematical so-
lution. In cases when we are not able to use the standard methods of operational re-
search, we can use simulation modeling. Sometimes simulation modeling as a tool for
supporting practical decision-making offers a possible solution for this problem. The
aim of this paper is to characterize briefly the development of discrete-event simulation
methodology over the past 50 years on the grounds of the evolution of various simula-

tion programs, describe the essentials of the simulation program tool Simul8 and
present, on the basis of a case study, how we can analyze and optimize complicated

real-life systems.
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Introduction

Simulation modeling represents a useful tool for
analyzing complicated systems where we cannot
use standard methods of operational research. This
is due to the fact that standard methods of opera-
tional research can mostly solve tasks with exactly
given structure. On the one hand, this represents a
disadvantage of these methods, while on the other
they often give an optimal solution to the problems
analyzed. In such complicated systems, when we
are not able to optimize processes with the afore-
mentioned standard methods of operational re-
search, we need to use some other approaches. As
we mentioned above, the simulation modeling me-
thodology might be of use in these cases. On the
one hand, the robustness of the proposed metho-
dology is a major advantage, yet it must be admit-
ted that sometimes we cannot reach an optimal
solution, only the best one from a certain subset of
alternatives.

We define simulation modeling as an approach
analyzing and modeling an existing or nonexistent
system on a computer through experimenting with
them. Banks (1998, p. 3) defines simulation as an
imitation of the operation of a real-world process
or system over time. Simulation involves the gener-
ation of an artificial history of the system and the
observation of that artificial history to draw interfe-
rences concerning the operating characteristics of
the real system that is represented. Law (2007, p. 1)
remarks that in simulation we use a computer to
evaluate a model numerically, and data gathered in
order to estimate the desired true characteristics of

the model. Simulation modeling synthesizes me-
thods and approaches from mathematics, statistics,
the theory of probability, computer science and the
theory of systems.

We can distinguish between two types of sys-
tems, discrete and continuous. In a discrete system,
the state variables change instantaneously at sepa-
rate moments of time. In a continuous system the
state variables change continuously over time. Fur-
thermore, we will deal with discrete event simula-
tion in which the time is continuous, but the events
are discrete.

The aim of this paper is to characterize briefly
the development of discrete-event simulation me-
thodology over the past 50 years on the grounds of
the evolution of various simulation programs, de-
scribe the essentials of the simulation program tool
Simul8 and present, on the basis of a case study,
how we can analyze and optimize complicated real-
life systems using simulation methodology.

1. A brief history of simulation

The practical use of simulation modeling is closely
associated with the development of computer
technology, without which it would be very diffi-
cult to apply, and which gradually expands its lim-
its. This was due to the fact that the simulation
model is a computer program which realizes a huge
number of computational operations. We can say
that the development of computers and simulation
programs help advance the field of simulation
modeling methodology and its practical applica-
tions. Therefore, the following characterization of
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the historical development simulation modeling
over the past 50 years will be made on the basis of
the development of simulation software and gener-
al programming languages.

The need for simulation modeling, driven by
the demands of a world at war, arguably motivated
the development of computer technology in the
1940s (Jenkins & Rice, 2009, p.755). These basic
models were programs created in general pro-
gramming languages which were previously the
only available, such as FORTRAN. In the sixties,
the gradual development of computer technology
and the development of new specialized software
tools, such as SIMCRIPT or GPSS caused that
simulation modeling has become increasingly pop-
ular in the manufacturing industry and finance
(Harrington & Tumay, 2000, p. 8). It is important
to note that in 1967, the first object-oriented pro-
gramming language was discovered. Its name was
SIMULA and it supported simulation modeling.
All this happened two decades before the introduc-
tion of the first general object-oriented program-
ming language (Dlouhy, Fabry, Kuncova, &
Hladik, 2007, p. 8). The development of personal
computers and advanced simulation programs such
as SLAM or SIMAN in the 1980s caused that si-
mulation modeling started to be used more inten-
sively in production, management, planning,
project management etc. However, only the expan-
sion and development of the computers in the last
25 years enabled a substantial shift of various simu-
lation techniques from theoretical concepts to
practical applications. At this time, various simula-
tion programs offering the possibility of graphic
representation of the system modeled started to
appear on the market. Animation has gradually
become a standard tool in simulation modeling
software. This has led to programs supporting si-
mulation model creation in a user-friendly graphi-
cal environment.

Banks, Carson, Nelson, & Nicol, (2005, p. 96)
provides the following way of dividing the histori-
cal development of simulation programs based on
papers by Richard Nancy and information from the
panel discussion from the Winter Simulation Con-
ference 1992:

= 1955 - 1960 - In this period, simulation models
were mainly created in general programming
languages (e.g. FORTRAN).

= 1961 - 1965 - In this period, the predecessors of
today's simulation programming languages ap-
peared on the market (e.g., GPSS or SIM-
SCRIPT and GASP based on FORTRAN).
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= 1966 - 1970 - Concepts from the previous pe-
riods were tested, tuned and gradually reno-
vated and became widespread among profes-
sionals (e.g. GPSS/360, SIMSCRIPT II and
SIMU).

* 1971 - 1978 — in this period, the development in
the field of simulation programs continued and
the first GPSS/Norden program was created,
through which it was possible to form a model
in an interactive visual environment.

" 1979 - 1986 — the period represents the begin-
ning of the production of simulation programs
for desktop computers and microcomputers.
Most existing simulation programs were ad-
justed to be applicable on desktop computers
and microprocessors (e.g. Siman, GASP IV,
SLAM II, GPSS).

= since 1987 — The development of simulation
programs for personal computers and the de-
velopment of graphical user interface for the
creation of simulation models in 2D or 3D
graphics environment is characteristic for this
period. Most of the software already includes
modules for statistical analysis of input and
output data and/or for optimization. Simulation
through the internet, the so-called web-based
simulation, is the most recent advancement in
the field.

2. Currently used programs for
simulation

Choosing an appropriate simulation program is an
important stage in the process of reaching a sound
simulation project or study. Our choice might have
a crucial importance for the success of our analysis.
Generally, this decision depends on the nature of
the specific simulation project. The program cho-
sen should be flexible enough to cover all require-
ments, but using it should not be too difficult, be-
cause then the creation of the model can be too
complicated. Currently, there are many different
simulation software tools, which can be divided
into three groups:

®  General Programming Languages — e.g. Visual
Basic for Application (VBA), C, C++, C#, Java.
It is time-consuming to create a simulation
model using a general programming language,
but these languages provide the widest possibili-
ties to adapt the model to the reality. Such ap-
proach is appropriate even if it is necessary to
reduce the computing time. The costs of the
general programming languages are often lower
than the costs of specialized simulation pro-
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grams, but the total costs of the projects in the
first case can be sometimes much higher. The
possibility of creating a simulation model in a
general programming language is not popular
among professionals, because of the existence
of a wide range of specialized simulation pro-
grams, which allow more efficient modeling.

= Specialized Simulation Software Tools — these
are programs specifically developed for simula-
tion modeling. These software tools allow the
modeler to use graphical interface, integrated
programming languages and other built-in tools
that facilitate the creating of simulation models
and simulation analysis. Such software often
contains tools for error detection, which helps
to shorten the time needed for the production
of the model. These programs provide built-in
tools for input data analysis and output data
analysis and support their presentation. Some of
them provide the option of exporting the out-
puts of programs into MSWord or MS Power-
Point directly and thus facilitate the processing
of results for further use. These software tools
can be divided into two main groups, namely
simulation programming languages and the ap-
plication-oriented programs. In simulation pro-
gramming languages, the model is generated by
writing code. Their main advantage is flexibility,
but the creation of the model is time- consum-
ing. In the case of the application-oriented
software, the model formulation proceeds by
using graphical interface, dialog boxes and vari-
ous other built-in tools. On the one hand, their
advantage is shorter time needed to develop the
model, yet the lack of flexibility is one of their
major disadvantages. Currently, there are also
programs, which are a combination of these
two types of software. These allow the users to
simultaneously use simulation programming
languages and application-oriented simulation
software, and to create models of complex and
large systems in a clear form in a relatively short
time. Another way of dividing these programs is
into universal simulation software and applica-
tion-oriented packages. Application orientation
means that they are intended to solve certain
specific types of tasks. Universal simulation
programs have general application. At present,
the best known specialized simulation software
tools are ARENA (www.arenasimulation.com),

AUTOMOD (www.automod.com),

EXTEND (www.imaginethatinc.com)

FLEXSIM (www.flexsim.com),

MICROSAINT

(www.maad.com/index.pl/micro_saint),
PROMODEL (www.promodel.com),
SIMULS (www.simul8.com),

SIMPROCESS (www.simprocess.com),
WITNESS (www.lanner.com),

GPSS/H www.wolverinesoftware.com),
SIMSCRIPT I1.5 (www.simprocess.com), etc.

*  Other Programs — these are suitable for model-
ing simpler processes, such as those that do not
capture the dynamics of the system, i.e. static
models with a less complicated structure. Ex-
amples for programs are MSExcel and other
programs for optimization, such as MATLAB,
which are not specialized simulation software,
but allow the user to create essential simulation
models with certain limitations.

3. Ski resort simulation modeling
(case study)

In this part of our work, we would like to describe
an actual simulation model with its main properties
and possible areas of use. This simulation analysis
is based on information from a real ski resort in
Slovakia. We use the discrete-event simulation me-
thodology and the SIMULS software tool because
they allow us to analyze and model complicated
discrete-event systems, such as the ski resort dis-
cussed in the present papet.

Currently, SIMULS represents one of the most
widely used simulation packages. SIMULS supports
discrete-event simulation methodology and is not
based on programming or statistical data, but on
drawing one’s own organization (with the comput-
er mouse) on the screen, and only filling in numeri-
cal information whete it is needed. However, it is
possible to use SIMULS for traditional hard num-
ber crunching simulation. It is built with the expec-
tation that this is the likely finale of most simula-
tion studies. The users can build their SIMULS
simulation by drawing it on the screen and, addi-
tionally, they can improve the simulation model by
an integrated programming language called Visual-
Logic. There is a wide range of additional tools
which support the simulation model creation
process, such as OptQuest for Simul8 or StatFit
for Simul8. OptQuest is a specialized optimization
module which provides the ability to optimize var-
ious systems modeled in SIMULS. StatFit for SI-
MULS is a specialized statistical tool which can be
useful during input data analysis.

During the preparation of the ski resort simula-
tion model, we follow eight steps which are helpful
in creating a sound simulation study. This proce-
dure is based on the progresses of Dlouhy et al.,
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(2007) and Law (2007). Our approach is a combi-
nation of the modified versions of the aforemen-
tioned approaches. It is not a universal procedure,

but it can help us reach a sound simulation study.
The steps are (Domonkos, 2010):

® Analyzing the problem and formulating our
goals — at this stage, we identify the problem
and outline the goals, and we must decide
whether the simulation modeling methodology
is an appropriate approach;

= Creating a conceptual model — at this step, it is
recommended to collect as much information
about the nature of the simulated system as
possible. It is also useful to create a conceptual
model which can help us to learn more about
the system that is being studied,;

= Collecting data and constructing the model — at
this step, we must learn what kind of data are
available and whether these data can be used for
the simulation study. The construction of the
actual model includes programming the simula-
tion model,;

= Verification and validation of the model — veri-
fication is done by comparting the conceptual
model and the computer simulation model. Va-
lidation is done by comparing the computer
model with the real system;

® Designing experiments and realizing experi-
ments — at this step, we define the circums-
tances relevant to the simulation experiments
and, subsequently, we run the experiments;

= Analyzing output data — Correct documentation
is highly needed if we want to work with the
model later. It is important to present the re-
sults to the submitter of the analysis with cor-
rect and exact interpretation;

= Implementation of results.

Our model was programmed in the software
tool Simul8 and the methodology used was discrete
event simulation. In the ski resort modeled, four
sky lifts are run. Three of them are ski-tows which
are able to pull one skier or snowboarder uphill.
One of them is a six-seat chairlift. The skiers might
sometimes miss the tow even when they are in the
queue. We determined that ninety-five percent of
the skiers waiting in the queue catch the tow and
five percent of them miss it. Modeling the number
of skiers transported in one passenger ropeway
cabin is somewhat more complicated. We use a
special probability profile distribution which was
created directly in the software Simul8. Specifically,
we use six different discrete probability profile dis-
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tributions depending on the number of the skiers
waiting in the queue. These distributions are:

Table 1 Characteristics of the probability profile distributions
used for the number of passengers in the ropeway cabin
depending on the number of skiers in the queue

Probability in Number of skiers in the cabin
percentage 0 1 2 3 4 5 6
0 100% 0% 0% 0% 0% 0% 0%

< 1 5% 9% 0% 0% 0% 0% 0%
2g| 2 5%  15% 80% 0% 0% 0% 0%
2gl 3 4% 1% 30% 55% 0% 0% 0%
s o 4 3% 7%  20% 30% 40% 0% 0%
2% 5 2% 5% 13% 25% 30% 25% Q%
2 6 and

more 03% 07% 4% 5% 20% 40%  30%

The skiers can use each of the ski lifts and ski
sloops in the center. There are four different ski
slopes. The choices of the individual skiers are sto-
chastic and based on a set of complicated probabil-
ity rules when selecting one of the ski slopes or ski
lifts. One of the important features of the model is
that skier waiting for too long in one queue will
next time choose another ski lift with higher prob-
ability. The intensity of the changes in probabilities
depends on the skier’s last queuing time. The
length of skiing down a ski slope was set from 5
minutes to 10 minutes. The discipline in each
queue is based on the principles of FIFO (first in
first out). The maximum number of skiers pulled
uphill in each ski tow is approximately nine hun-
dred per one hour. The maximum number of
people transported uphill with the six-seat chairlift
is approximately two thousand and four hundred
per hour.

The skiers can arrive at the ski center by cars
before midday from eight a.m. to midday. Eighty
percent of visitors come to the center from eight
a.m. to ten a.m. and twenty percent of skiers arrive
at the centre from ten a.m. to twelve a.m. The in-
ter-arrival time of vehicles is modeled by exponen-
tial distribution. The number of visitors who ar-
rived in one car is modeled with a discrete proba-
bility profile distribution. A car contains one skier
with the probability of ten percent; a car contains
two skiers with the probability of twenty-five per-
cent; a car contains three skiers with the probability
of thirty-five percent; finally, a car contains four
skiers with the probability of twenty-five percent.
The skiers can leave the ski center from one p.m.
to four p.m. The intensity of leaving the ski center
rises in time.
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Figure 1 Ski resort simulation model in Simul8

This model provides us with the ability to ana-
lyze vatious system configurations, such as chang-
ing the intensity and/or the organization of the
arrival discipline, the capacity of the ski tows, the
capacity of the ski slopes, the queuing discipline
etc. Furthermore, it is also possible to analyze and
model the behavior of the system with respect to
changing numbers of skiers in the center. We can
analyze the average and maximum queuing time
spent by the skiers in the queues and the average
and maximum number of skiers in these queues up
to the ski lifts in discrete moments of the day. The
model in Simul8 is shown in Figure 1.

4. Conclusions

The objective of this paper was to briefly charac-
terize the development of discrete-event simulation
methodology over the past 50 years on the basis of
the evolution of simulation programs, describe the
essentials of the simulation program tool Simul8
and present a case study in which we analyze and
optimize complicated real-life systems.

The practical use of simulation modeling is
closely associated with the development of com-
puter technology, without which it would be very
difficult to apply, and which gradually expands its
limits. After all, the simulation model is a computer
program which realizes a high number of computa-
tional operations and thus requires robust hard-

ware. The development of computers and simula-
tion programs helps advance the field of simulation
modeling methodology and its practical applica-
tions.

Choosing an appropriate simulation program is
an important stage in the process of reaching a
sound simulation project or study. Our choice
might have a crucial importance for the success of
our analysis. The program chosen should be flexi-
ble enough to cover all requirements, but using it
should not be too difficult, because then the crea-
tion of the model can be too complicated. Current-
ly, there are many different simulation software
tools, which can be divided into three main groups:
General Programming Languages; Specialized Si-
mulation Software Tools; Other Programs.

To sum up, in the present paper, we described a
relatively complicated simulation model, based on
an actual ski resort situated in the Slovak Republic.
The model was programmed in the software tool
Simul8 and the methodology used was the afore-
mentioned discrete event simulation. We followed
eight steps during the preparation of the model, all
of which can help us reach a sound simulation
study. This model provides us with the ability to
analyze various system configurations such as
changing the intensity and/or the organization of
the arrival discipline, the capacity of the ski tows,
the capacity of the ski slopes, the queuing discipline
etc. Finally, it can be stated that the analysis rea-
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lized clearly demonstrates that the methodology of
discrete event simulation is a useful tool for analyz-
ing such complicated systems.
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