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What is simulation? 

¨  Simulation 
¤ A model of a complex system and the experimental 

manipulation of the model to observe the results 
¤ Systems that are best suited to being simulated are 

dynamic, interactive, and complicated 

¨  Model 
¤ An abstraction of a real system 



Constructing models 

¨  Continuous simulation 
¤ Treats time as continuous 
¤ Expresses changes in terms of a set of differential 

equations that reflect the relationships among the set of 
characteristics 

¤ Meteorological models fall into this category 



Constructing models 

¨  Discrete event simulation 
¤ Made up of entities, attributes, and events 

¨  Entity 
¤ The representation of some object in the real system 

that must be explicitly defined 

¨  Attribute 
¤ Some characteristics of a particular entity 

¨  Event 
¤ An interaction between entities 
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Queuing systems 

¨  Queuing system  
¤ A discrete-event model that uses random numbers to 

represent the arrival and duration of events 
¤ The system is made up of 

n Servers 
n Queues of objects to be served 



Queuing systems 

¨  Can you name at least three queuing systems that 
you interact with every day? 



Queuing systems 

¨  To construct a queuing model, we must know 
¤ The number of events and how they affect the system in 

order to determine the rules of entity interaction 
¤ The number of servers 
¤ The distribution of arrival times in order to determine if 

an entity enters the system 
¤ The expected service time in order to determine the 

duration of an event 



Queuing systems 

¨  Given a hypothetical service station, what are 
¤ The event? 
¤ The number of servers? 

¨  How can you determine 
¤ Distribution of arrival time? 
¤ Expected service time? 



Meteorological models 

¨  Meteorological models 
¤ Models based on the time-dependent partial 

differential equations of fluid mechanics and 
thermodynamics 

¤  Initial values for the variables are entered from 
observation, and the equations are solved to define the 
values of the variables at some later time 



Meteorological models 



Meteorological models 

¨  Computer models are designed to aid the 
weathercaster, not replace him or her 
¤ The outputs from the computer models are predictions 

of the values of variables in the future 
¤  It is up to the weathercaster to determine what the 

values mean 



Computational biology 

¨  An interdisciplinary field that applies techniques of 
computer science, applied mathematics, and 
statistics to problems in biology 

¨  Encompasses bioinformatics, computational 
biomodeling, computational genomics, molecular 
modeling, and protein structure prediction 
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Graphics 

¨  Graphics 
¤ Originally the language of communications for 

engineers, designers, and architectures 

¨  Computer-aided design (CAD) 
¤ A system that uses computers with advanced graphics 

hardware and software to create precision drawings or 
technical illustrations 



Graphics 



Quote from the textbook 

¨  In our day-to-day lives, we do many things without 
thinking about them. We see objects without thinking 
about the way they are illuminated by light. We 
move ourselves and objects without thinking about 
the locations of our joints or how to avoid hitting 
other objects. But when it comes to computer 
graphics, we have to think about all of these 
concerns because we have to write computer 
programs to create images showing just these sorts 
of things. 



Graphics 

¨  How does light work? 



Graphics 

¨  Shapes and surface influence an object’s 
appearance 
¤ Equations used to describe planes, spheres, and 

cylinders 
¤ Real world surfaces are rough, which scatter light 

differently, requiring texture mapping techniques 



Graphics 

¨  Illumination model 
¤ Simulation of light interaction at one point on an object 

¨  Shading model (shading) 
¤ Process of using an illumination model to determine the 

appearance of an entire object 

¨  Rendering 
¤ The process of creating an entire image 



Modeling complex objects 

¨  A natural computer-generated landscape 



Modeling complex objects 



Modeling complex objects 



Modeling complex objects 



Modeling complex objects 



Modeling complex objects 



Modeling complex objects 

¨  What is the most difficult object to model? 

¨  What is the next step up in complexity? 
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Computer gaming 

¨  Computer gaming is a simulation of a virtual world 
¨  Game designers must have knowledge of the 

following to make people, objects, and environments 
behave realistically in a virtual world 
¤  Computer graphics 
¤  Artificial intelligence 
¤  Human-computer interactions and simulation 
¤  Software engineering 
¤  Computer security 
¤  Fundamentals of mathematics 
¤  Laws of physics relating to gravity, elasticity, light and sound 



Gameplay 

¨  Gameplay: the type of interactions and experiences 
a player has during the game 

¨  Game genres, based on gameplay, include 
¤ Action games 
¤ Shooter games 
¤ Action-adventure games 
¤ Life-simulation games 
¤ Role-playing games 
¤ Strategy games 



Creating the virtual world 

¨  Game engine: a software system within which 
games can be created 

¨  Following functionality provided by tools of a game 
engine 
¤ A rendering engine for graphics 
¤ A physics engine to provide a collision detection system 

and dynamic simulation 
¤ A sound-generating component 



Creating the virtual world 

¨  Additional functionality resulting from tools of a 
game engine 
¤ A scripting language apart from the code driving the 

game 
¤ Animation 
¤ Artificial intelligence algorithms (e.g., path-finding 

algorithms) 
¤ A scene graph that holds the spatial representation in a 

graphical sense 



Soft skills 

¨  High quality game design and development 
requires effective use of “soft skills” 
¤ Effective collaboration with designers, programmers, 

and artists on various technical ideas throughout the 
entire game design and development process 

¤ Flexibility and adaptability as the game design 
constantly evolves and changes throughout the 
development and production process 



Soft skills 

¨  Willingness to abandon much of the completed 
design work when the game’s story line, mechanics, 
art, programming, audio, video, and/or scripting 
requires significant changes 



Game programming 

¨  After all the design decisions have been finalized, 
programmers produce the code to create the virtual 
world of the game 

¨  Popular languages include: C++, Java, and C 
¨  Some well-established game engineers have 

created custom languages based on their games,  
¤ e.g., Epic Game’s UnrealScript for the Unreal Game 



Game programming 

¨  A variety of application programming interfaces 
(APIs) and libraries are available to help 
developers with key programming tasks 

¨  The choice of API determines which vocabulary and 
calling conventions the programmer should employ 
to use the services 

¨  The target game platform determines which service 
the programmer will use; some libraries permit 
efficient cross-platform development 



Game programming 

¨  Coding process begins with the creation of “the 
game loop” 

¨  Game loop is responsible for managing the game 
world, regardless of any input from the use 

¨  For example, the game loop might update enemy 
movement in the game of check for victory/loss 
conditions 

¨  Basically, the game loop manages the simulation 



Game programming 

¨  Large design teams have different programmers 
focus on different aspects of the game 

¨  Thus, you might find yourself working as 
¤ A Junior Engine programmer writing and maintaining 

code for the game loop 
¤ A 3D Software Programmer designing and 

implementing the 3D graphics component 
¤ A User-Interface Programmer working on the APIs in the 

game engine 



Game programming 

¨  Collaborating effectively is essential to creating a 
streamlined, “killer” computer game 

¨  Collaboration and cooperation will be necessary 
because, despite beta testing and demoing, 
invariably bugs may begin to adversely effect the 
operation of the game 

¨  If it is an online game you helped develop, you will 
be able to perform any fixes without having to 
interrupt the ongoing action or force the company to 
order a costly recall of the game 
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