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Introduction and Motivation 
 

Brief Explanation of the project 

The project Simulation Case Studies consists of examining all the aspects of a typical simulation 

course, focusing primarily on the software aspects and lab work. A topic structure will be 

proposed in order to create the base of the course and this project will be organized according 

to this structure. Each topic will be explained briefly and in those pertinent there will be 

guidelines for creating the lab work required. These models should be separated either into 

classwork or homework for students. 

Interest in Simulation and this project 

My interest in creating this project arose after learning the basics of using Simio Simulation 

Software1 from Dr. Stephen Roberts. This was at a course I took this semester in Universidad 

de los Andes. During my undergraduate studies, I have always liked using all kinds of software 

and programming to solve problems. When I took my first simulation course I fell in love with 

the possibilities of simulation. I believe one of the critical aspects of being an industrial 

engineer is to be able to understand different types of systems from top to bottom. Simulation 

is a tool that allows an industrial engineer to replicate, analyze, change, optimize and animate 

different kinds of systems. The software we used in this first course was Arena Simulation 

Software from Rockwell. Although this software is easy to use on a basic level, advanced 

modeling can get complex with extremely large models with hundreds of modules. During that 

semester, I decided to participate in a simulation contest that used a different software, 

Flexim. This software had amazing 3D modeling while the version of Arena that we learned to 

use in our course had only 2D capabilities. Although modeling in Flexim was quite complicated, 

this was when I learned that one of the most important aspects of creating a simulation model 

is its animation. It’s priceless for a client to be able to see a computer version of his own 

factory or store, with people moving though a 3D version of their own area. This is why when I 

started using Simio2, I knew this was the best software I had seen so far and it motivated me to 

create a graduation project using this software. 

Typical systems that simulation can model 

As with every tool that an industrial engineer can use, simulation cannot be applied to any kind 

of system, assuming we expect the best results possible. This is why the first question we must 

ask ourselves is when to simulate and when to not. The answer to this question is generally 

not too complicated. When the system we are attempting to model is simple enough to use 

deterministic models we should use them as they provide more accurate results. Sometimes 

queuing theory, probability models, algebraic models or any kind of deterministic approach 

will give us the results we need. However, when dealing with real world problems instead of 

limited and shortsighted scenarios we usually need to model complex systems. This is when 

                                                           
1
 SIMIO LLC. Simio. [Software] : Version 4.58. Pittsburgh, PA : Simio LLC, 2006. 
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deterministic models will fall short and simulation becomes an incredible tool to have in our 

hands. 

Over the years, simulation has been used to model a wide variety of systems. This does not 

mean that any time you are modeling any of these systems you should use simulation, nor 

does it mean that we cannot use simulation to model a different kind of system. We should 

take consideration of each specific system in order to understand which set of tools works 

best.  In order to understand the reach of simulation, I will give you some examples of systems 

in which simulation has been used professionally to solve real world problems. These systems 

are: Airports, Hospitals, Ports, Mining, Amusement Parks, Call Centers, Supply Chains, 

Manufacturing, Military, Telecommunications, Criminal-Justice System, Emergency-Response 

System, Public Sector and Customer Service. 

Importance of lab work in a simulation course 

In any simulation course there is typically a theoretical aspect to the course and a practical 

aspect. It is clear that without having the theoretical concepts of simulation, a strong queuing 

theory foundation and an understanding of what is the reach of a simulation model, it is 

impossible to build a decent simulation model that reflects accurately any system. 

The purpose of the lab work lies in the objective of simulation. This is a tool for modeling 

systems, obtaining statistics and evaluating alternatives and choices. In order to do so, it is 

absolutely necessary to create a simulation model. This model can be done using manual 

simulation, a programming language or a simulation specific software problem. As I mentioned 

before I decided to use Simio simulation software due to its modeling and animation 

capabilities. I will further explain this decision and the reasons behind it later on. 

The practical aspects of a simulation course should have computer lab work, where a student 

is guided by an appropriate professor or professor's assistant in modeling certain problems 

assigned to the class. This is the space where students can learn the basics and ask questions. 

Also students should be assigned homework in order to hone their skills by their own without 

the assistance of a teacher. Doing homework or a class project is where a student can become 

independent in modeling with a simulation software. 

Benchmark from Top Industrial Engineering Schools 

In order to support the importance of lab work during a simulation course I researched 

simulation courses from top industrial engineering schools in the United States. Using the 

ranking for Industrial/Manufacturing universities from U.S. News I could find 4 examples of 

simulation courses that used lab work and simulation software in their course. All of these 

examples are in the top 10 universities according to the ranking mentioned. 

School: Georgia Institute of Technology 
Course: ISYE 3044 – Simulation Analysis & Design 
Source: 
https://oscar.gatech.edu/pls/bprod/bwckctlg.p_disp_course_detail?cat_term_in=201108&sub
j_code_in=ISYE&crse_numb_in=3044 
 

https://oscar.gatech.edu/pls/bprod/bwckctlg.p_disp_course_detail?cat_term_in=201108&subj_code_in=ISYE&crse_numb_in=3044
https://oscar.gatech.edu/pls/bprod/bwckctlg.p_disp_course_detail?cat_term_in=201108&subj_code_in=ISYE&crse_numb_in=3044
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School: University of Michigan 
Course: IOE 474 – Simulation 
Source: 
http://www.engin.umich.edu/bulletin/ioe/courses.html#section-3 

School: University of California, Berkeley 
Course: IEOR 131 – Discrete Event Simulation 
Source: 
http://www.ieor.berkeley.edu/AcademicPrograms/Ugrad/Courses/IEOR131.htm 

School: North Carolina State University 
Course: ISE 762 – Computer Simulation Techniques 
Source: 
Syllabus provided by Dr. Stephen Roberts who dictates this course. 

Objectives and Final Purpose of the Project 

The final purpose of this project is to construct the groundwork of the assignments required in 

a graduate level simulation course. Although the main focus is the practical aspects of the 

course, this project proposes a topic structure that will guide both the theoretical and practical 

aspects of the course.  

Objectives 

 Construct a topic structure for a graduate level simulation course. 

 Crate a written report documenting the all the primary aspects of this project. 

 Choosing appropriate software to use in a graduate level simulation course. 

 Constructing guidelines for creating the practical course content for the class. This will 

consist of classwork exercises, homework exercises and a course project. 

Long Term Objective 

 Making this project a first step into creating a graduate level simulation course in 

Universidad de los Andes, using Simio Simulation Software. 

Topic Structure of a Simulation Course 

One of the necessary parts in constructing a successful simulation course is building an 

appropriate topic structure for the class to follow. In order to construct this topic structure I 

took as a base example the topic structure of a simulation course called “Computer Simulation 

Techniques” from North Carolina State University. The professor who dictates this course is Dr. 

Stephen Roberts and he was kind enough to help us with his course material. These topics are 

the basic topics that a simulation course should contain in order for a student to gain an 

intermediate knowledge in simulation. Each topic is presented next, along with a short 

summary. 

A. Intro and fundamentals  

This initial topic introduces a simulation course. It starts by explaining what simulation is, when 

to use simulation, applicable systems and the pros and cons of using simulation as tool to 

http://www.engin.umich.edu/bulletin/ioe/courses.html#section-3
http://www.ieor.berkeley.edu/AcademicPrograms/Ugrad/Courses/IEOR131.htm
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model a system. It continues on to explain important simulation concepts, how a typical 

simulation model looks like, the outputs it will produce and the basics of basic event processes. 

It concludes by using manual simulation as a first approach to a simulation model. 

B. Event Scheduling and Simulation Programming 

This topic handles the first interaction with simulation software. It´s approach is to introduce 

the possibilities of simulation with a programming language. In order to do this, students must 

gain an understanding of the basic event processes that occur during simulation. After this, the 

basic components of the simulation software of choice for the class can be introduced. 

C. Process Modeling  

Learning process modeling goes hand in hand with learning the basics of modeling in a 

simulation software. This topic should explain most of the commands that students will use 

while building a simulation model. This will be complemented by building the first basic model, 

setting the appropriate parameters and running the model. 

D. Programming Language 

The possibilities of simulation through a programming language are introduced in topic B. This 

topic exclusively explores the use of programming languages in simulation. Generally, 

simulation software has its own programming language. Some simulation software allows the 

user to program in code and others restrict the use through the GUI. Also there can be 

interaction with other main programming languages like Java, Visual Basic, C++, etc. 

E. Random Number Generation  

This topic explains the principles of random number generation. Simulation models typically 

contain thousands of random numbers generated from a wide variety of statistical 

distributions. In order for a student to understand how these numbers where created he must 

understand the concepts behind random number generation and several manual methods to 

generate random numbers. 

F. Software Modeling 

This topic creates the base knowledge a student must have in order to start modeling in 

simulation software. It is the topic with the most amount of content and so it is divided into 4 

sections. The simulation modeling concepts that are contained in each section will be 

explained below. 

1. This section contains the use of panels in simulation software of choice. It 

explains a single server model using seize, delay and release. This is the first 

running of a complete model. 

2. This section explains how to assign attributes, collect statistics, use priority in 

servers, batching entities, making process decisions and collecting output 

variables. 

3. This section introduces to the use of resources and machines, using schedules, 

failures and sets. 
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4. In this section the concepts of balking, reneging and jockeying are introduced. 

Entity holding and external input modeling is also used. 

G. Advanced Transfer  

One of the main differences between a basic simulation model and a complex simulation 

model is the flow of entities through the system. This topic covers the advanced transferring of 

entities in a simulation model. To do so it uses routing between stations, entity sequences and 

routing to achieve a flow line process. It also covers animation for stations, model entities and 

plotting tally statistics. 

H. Cases 

This topic covers the abilities of building complete simulation models from real life systems. It 

presents different real life cases that will require many of the concepts learned before in order 

to build an accurate model. 

I. Verification and Validation  

The concepts covered in this topic are verification and validation. It covers the verification of a 

model from running trace instances and setting breakpoints. It explains the common errors of 

a model and different ways to correct them. Validation presents the case of output analysis 

and validating it with a real life system or with subject experts. This allows students to be able 

to take the next step after finishing the first instance of a simulation model. 

J. Continuous and Discrete 

Until this topic is covered most simulation models cover only discrete variables. This topic 

introduces modeling of continuous variables in order to model systems that use liquids or 

other objects that require these types of variables. Most models covered will be combined 

models that use both discrete and continuous simulation variables. This broadens the types of 

system that a student can model. 

K. Terminating Output Analysis  

It is not always pertinent to run a simulation during a fixed amount of time. Certain models 

require that the simulation ends when something happens within the model or when a certain 

amount of people have gone through the system. This topic covers the various ways of 

terminating a simulation and how to proceed to do output analysis from these simulation runs. 

L. Experimentation and Optimization 

One of the many advantages of using simulation as a tool for modeling systems is how simple 

it is to make changes within a model. These changes allow finding options of improving the 

current state of a real life system. The best way of evaluating alternatives within simulation 

software is the use of scenarios. In these scenarios you can change certain model parameters 

that affect certain critical parts of the system. This topic covers the use of scenarios and the 

use of optimization tools within a simulation model, like OptQuest, which allows finding semi-

optimal values for certain specified parameters. 
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M. Replications for Steady State Analysis 

This topic explains how to correct possible mistakes from starting a simulation with 0 entities 

in the system and all resources idle. The first part covered is to understand when it is correct to 

have a stabilized WIP when the simulation starts. Afterwards, different ways of initializing a 

simulation model are introduced. The main method used is to introduce a warm-up period in 

the simulation. 

N. Batching for Steady State Analysis   

This topic covers one of the many alternatives in analyzing the output from a simulation 

model. It explains the use of batching or truncating observations using the batch means 

method in order to obtain independent samples. 

O. Input Modeling 

In order to model real life systems data must be collected and analyzed. This topic covers 

different approaches on how to process raw data and obtain useful parameters for a 

simulation model. Manual methods are introduced to attempt to fit observations to a 

statistical distribution. Understanding the concepts behind these methods will allow a student 

to use statistical software to analyze data without making common mistakes. 

Q. Variate Generation 

This topic recalls some of the aspects covered in topic E. However, it focuses on generating 

random numbers that come from certain specific distributions by using inverse transformation 

of the cumulative distribution functions. It also explains how to create variation within a 

simulation model and an approach to model non stationary arrival processes. 

R. Wrap Up 

This is the final topic covered in the simulation course. It contains a basic review of the most 

important aspects of the course and some tips and suggestions for building accurate 

simulation models. This emphasizes on the fact that a correct objective should be to build a 

complete simulation study. This entails everything from collecting raw data, analyzing it, 

building a model and constructing a complete output analysis.  

As I mentioned before, my main focus in this project will be the practical aspects of a 

simulation course. This means that I will only help construct course content for the topics that 

require lab work and simulation software modeling. These topics that I will be focusing on are 

the following: 

 E. Random Number Generation 

 F. Software Modeling 

 G. Advanced Transfer 

 H. Cases 

 I. Verification and Validation 

 J. Continuous and Discrete 

 K. Terminating Output Analysis 
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 L. Experimentation and Optimization 

 M. Replications for Steady State Analysis 
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Software Selection 

 

Why use Simio 

Software selection is a very important decision that must be made in a simulation course. As I 

mentioned before, the simulation course given at Universidad de los Andes uses Arena as its 

main software. In this project, instead of using Arena I will use a newer software named Simio. 

I believe this software is superior to Arena in many critical aspects. In order to make this clear, 

I will make a comparison between the two programs. I will classify this comparison in three 

main aspects: Interface, Modeling and Animation. 

Interface 

The Arena GUI is composed by 4 mayor areas. The top area where all the buttons are, the left 

area where the libraries of modules dock, the mid area which is the modeling space and finally 

a bottom area where you can edit all the properties of the different objects of the model. The 

different panels serve their purpose appropriately by allowing easy access to much of the 

modeling capabilities of Arena. Most of the buttons on the top panel are standard to most 

windows programs so their use is intuitive, however some of the buttons you would have to 

read the manual or experiment to know exactly what they do. The user interface makes us 

reminiscence of a Windows 98/XP user interface due to the lack of tabs or modern design.  

 

On the other hand, Simio’s interface gets an A +, although it should be noted that it has certain 

similarities to Arena in its layout.  Simio has its interface divided into 4 mayor Areas same as 

Arena. There is a top area where most options appear to configure our model, a left panel 

which holds the libraries for the objects and entities used in our model. A right panel divided 

into three parts, a navigation area, a configuring panel to personalize each of our objects and a 

small description panel where we can see certain definitions that Simio has for its utilities. 

Finally on the center there is the modeling panel which we will fill with all the objects of our 

model. This central panel will change depending what part of our model we are editing. 
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Although this might seem quite similar to Arena, the truth is that Simio uses 2 tabbed menus 

which open depending on what part of our navigation we are on and what object we are 

selecting. This allows a much bigger spectrum of buttons, configuring options and navigation 

without ever having to minimize, open and close sub windows like we do in Arena. Being able 

to configure objects without having to do so in pop-up windows can save a lot of time while 

modeling. On top of all this, Simio is quite pleasing to look at. It has a Windows 7 feel and it is 

filled with modern looking icons. All these aspects which may seem irrelevant for the modeling 

capabilities of the software will take great importance when we are spending several hours 

modeling. 

 

Modeling 

In order to compare the modeling capabilities of the two software programs, we must first 

acknowledge the fact that Arena has been around much longer than Simio.  

Arena is a simulation software that is process oriented and the models we create will reflect 

this. We need to think in terms of the process logic in which an entity is involved in a specific 

system. To do this we use certain modules and connections to model this logic. Each module is 

only “activated” when an entity passes through, with the exception of certain modules that are 

scanning for a global condition to be activated. Entities in Arena can have certain attributes 

assigned to them but other than this they are just a token passing though out the modules.  

Simio on the other hand introduces the concept of intelligent objects. Al the process behavior 

is embedded inside each of the objects allowing a much simpler model that only contains real 

world objects. All the process modeling done in Arena can also be modeled in Simio through 

the process tab. This is a component that allows us to create process logic for an entity at 

different parts in our models. These are connected to our objects through an add-on process 

capability of each object. For example, the Server module allows add-on processes when an 

entity has entered the module, while it is being processed, after it is processed and when it 

leaves. This allows us to create a unique behavior inside each of our modules. 
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Simio’s entities are also intelligent objects. In our navigation panel, we are allowed to select 

our entity and not only add certain attributes but we can add process logic to them. What this 

implies is that entities can make decisions .This gives them a much more appropriate role in 

our model vs. what they are able to do in Arena.  

In terms of sub-modeling capabilities both software allow us to create sub-models within our 

model. However, Simio takes this a step further by allowing us to subclass objects or create 

new objects from scratch. This means that we can create an object tailored specifically to our 

needs. Sub-classing means to take an existing object like for example the transfer node and 

then changing the internal logic of the object so that it performs different activities that we 

require in our model.  

The last thing that I will mention is an advantage that Arena has over Simio in modeling 

capabilities, the use of the SIMAN programming language. The use of a programming language 

in a simulation software allows a model builder to create a very specific logic to the model that 

cannot be done in any other way. Arena allows a complete model to be created by using only 

the SIMAN language. In Simio, extended functionalities can be created via add-ins using a .net 

programming language, but this cannot be done directly in Simio’s UI. 

Animation 

Simio has a humongous advantage over Arena in animation and it is quite simple to describe: 

3D animation. Although certain professional versions of Arena include 3D animations, the 

student and academic versions do not include it. This means that in a university course we 

cannot actually use or learn to animate in 3D. On the other hand, Simio’s student version is 3D 

ready. All we have to do is press the “3” key from our keyboard and our 2D model is seen from 

a 3D perspective. This allows us to model in 2D which is simpler and then worrying about 

perfecting our 3D animation later. 
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Animation is clearly a key factor when presenting a finalized model either in an academic or 

business environment. It is the difference between seeing a 2D animation which is basically a 

picture that moves or a 3D animation that represents people moving and real life objects. A 

finance oriented manager will not understand when you are trying to explain that the entity 

went through the server. It is much easier to illustrate a 3D person being tended to by the 

cashier and then actually walking towards the exit. 

There are also two other factors which make Simio’s animation superior. The first one is the 

fact that on Arena you have to create your model logic in a window and then animate it on a 

different window. On Simio you animate as you model then you apply underlying logic to each 

object. This makes it much faster to create a fully 3D animated model in Simio. The second and 

final thing worth mentioning is Simio’s built in capabilities of importing Google Warehouse 3D 

objects. This makes it incredibly easy to obtain the 3D animation we desire without having to 

go through the trouble of actually designing the object.  
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Course Content 

Homework and In-Class work assignments 

The most important practical aspect of a simulation course is clearly the course content. In 

order to help design this class content I have included certain guidelines to create both 

Homework and In-Class work assignments. These guidelines are structured according to the list 

of topics I proposed earlier and a course project.  

E. Random Number Generation 

Since this topic is a first interaction with a simulation software there should only be one simple 

classwork exercise. This exercise should illustrate how the simulation software randomly 

assigns numbers to entity attributes and processing times. 

F. Software Modeling 

This topic contains the most amount of practical content in the course. Due to this, it should 

also contain plenty of classwork exercises. The topic is divided into 4 sub-sections and it should 

contain at least one homework exercise for each sub-section. The exercises in this topic should 

be of beginner to intermediate difficulty. The main focus should be that the student learns 

how to use different elements within the software. There is no need for the problems to be 

challenging in terms of modeling ingenuity. 

G. Advanced Transfer 

As the title mentions, the priority in this topic is that the student learns different techniques of 

transferring entities within a model. These classwork and homework exercises should 

challenge a student into a more personal problem solving situation. There will no longer be 

one simple way of creating a model. There will be several approaches to solving a problem and 

he or she will have to start using his preferred method. The problems used in this topic should 

contain path alternatives for the entities, multiple types of entities and some process modeling 

within objects. 

H. Cases 

The exercises presented in this topic should be case studies. These exercises will present a 

greater challenge for students. They will require using everything they have learned so far and 

possibly more. These problems will represent real life situations that need more advanced and 

complete modeling.  

I. Verification and Validation 

Frequently students will encounter that the first model they create for a system is not accurate 

or it does not run. The homework and classwork exercises should challenge a student into 

understanding how to solve these common problems. They should require running trace 

instances and using different tools to monitor which part of the system may contain an error. 

J. Continuous and Discrete 
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The classwork and homework exercises for this topic should broaden the spectrum of systems 

that a student can model. They will be combined models that use both continuous and 

discrete variables. Since continuous variable modeling can be a bit complex to understand in a 

discrete event simulation software, the students should focus on understanding the way rates 

affect level variables and how this occurs in a discrete event environment. 

K. Terminating Output Analysis 

This topic should add an additional modeling tool for students. The homework and classwork 

modeling difficulty shouldn’t be the priority. The challenge will be present in how to find 

different ways of terminating a simulation run and integrating them into the model. Students 

should have relevant exercises in which different ways of terminating the simulation is 

relevant. 

L. Experimentation and Optimization 

The exercises in this topic should help students learn the importance of using experiments and 

optimization in models. These two tools will provide the basis of evaluating current and 

prospective scenarios for comparison which is one of the most important aspects in 

simulation. The problems should require the use of multiple scenarios to solve a problem, the 

use of OptQuest and other methods for creating and selecting an optimal scenario. 

M. Replications for Steady State Analysis 

The exercises proposed in this topic are not of mayor importance. By this point the student 

should be able to handle complex models but this is not the intention here. The student must 

learn different ways of initializing the system, when they are necessary. The most common one 

will be to introduce a warm up period in order to prevent the system from starting with 0 

entities in all stations. 

Course Project 

The course project will be the most complex problem that students must face in the simulation 

course. It will be solved and presented in groups due to the amount of work it requires. This 

project will represent a real world business problem that requires solving. Student will have to 

be prepared to use all of the tools they learn in the course and more. It is impossible to teach 

everything there is to simulation modeling during a semester. This is why students must learn 

to figure certain things out on their own. This must come from being creative and adjusting 

certain tools they already know how to use, working in groups in order to come up with new 

ideas and researching for solutions in books, forums, tutorials and anything they can find. They 

must learn to ask teacher’s aids the right questions on how to solve certain simulation 

problems without asking them to do their own work. 

The project will be divided into two sections. The first part will be presented mid-semester and 

the final part will be presented during final exams. The work will be cumulative and the groups 

who advance the most in the first part will have an easier job for the final part. The main 

components of the two sections are stated next: 
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Part 1 – Mid-Semester 

 Understanding the problem at hand. This includes the type of model that sould be 

used for the production process and inventory modeling.  

 Using flexible modeling in order to make easy adjustments for the final part of the 

project. 

 Input analysis for all of the raw data that comes with the problem. 

 A functional and complete simulation model on Simio. 

 Written report that synthesizes the problem and their approach to solve it.  

 Oral presentation that explains the advances made on the project. 

 Students must understand that all deliverables must have the professionalism 

required. They are presenting a proposal to a client and not project to a teacher.  

Part 2 – Final Exams 

 Students must use the advances they made in their project and take it to the next 

level. 

 Machinery selection and parameter optimization will be introduced. 

 Financial analysis must be included in all components of the model. 

 Complete 3d animation must be created for the model. 

 Optimization and output analysis is required. 

 A complete totally functional model must be included. Financial aspects and decisions 

should be taken from within Simio. 

 There should be a final written report and presentation. 
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Conclusions 
 

The primary goal of this project is very specific. It is to create groundwork for the practical 

aspects of a simulation course. The Introduction and Motivation presented aids in 

understanding the necessity of simulation as a tool for an industrial engineering and how the 

practical aspects and lab-work of a simulation course are essential. The topic structure 

presented will help organize both the theoretical and the practical course content. Having all 

of the classwork and homework assignments classified according to this structure will facilitate 

the association between theoretical and practical concepts. Also having Simio Simulation 

Software as the selected software will provide great modeling capabilities for students both in 

their academic and professional lives. 

In my perspective, this project fulfills its goals by creating an adequate support in creating a 

simulation course. The main focus of the project was the practical lab work associated with a 

simulation course. With this in mind, the guidelines for creating course assignments that is 

proposed in this project can become a useful tool in designing a simulation course so that 

students can hone their skills in simulation software.  

Finally, the course project proposed will bring a high level challenge to the modeling 

capabilities of students. It is during this project that students will have to put all of the 

knowledge acquired in class and while solving their homework assignments to the test. This 

project will give students hands on training in solving real life problems by modeling a complex 

system. 

Although there is still the need of constructing the theoretical aspects required, I believe this 

project could be a first step towards creating a graduate level simulation course at Universidad 

de los Andes. 
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