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Games are widely used as educational tools, not just for pilots, soldiers
and surgeons, but also in schools and businesses ... . Games require
players to construct hypotheses, solve problems, develop strategies, [and
to] learn therules of the ingame world through trial and error. Gamers
must also be able to juggle several different tasks, evaluate risks and make
quick decisions ... . Playing games is, thus, an ideal form of preparation
for the workplace of the 21st century, asngoforwardthinking firms are

already starting to realize.

- The Economist, August 4, 2005

~ 4 ~
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Rochester Institute of Technology
Department of Information Technology

Master of Science
in

Game Design and Development

Introduction

This innovativeprogram is designed to provide broad educational exposure to all of the
facets of game design and development for the commercial computer games industry. The
primary focus of the curriculum is the skills sought by the games industry as well as by
associaté industries such as computer simulation, edutainment, or serious famites

an emphasis on working successfully in a multidisciplinary team environment.

The computer games industry primarily produces software for home computers and game
machines, oiline games, and arcade games, as well as console hardware and computer
peripherals. In 2005, the industry realized just over $7B in sales in the United States for

software aloné.Total video game sales were estimated to be around $27B worltiwide.

Sales ofgames and gamelated hardware have continued strong each year, despite
economic downturns in nearly every other market segment. The consumer electronics
market is one of the few to show an economic upiarithe recent pastNearly all
forecasts indicat staggering potential growth for the electronic entertainment market;
growth rates as high as 70% have been projected over the next 10 years.

Games are becoming the medium of thé 2&ntury. This status is not due to dollars
generated alone. Media tivests and academics around the world are evaluating computer
games in peereviewed journals, such as tdeurnal for Game Developmeahd IEEE
Computer Graphics and Applicatignand at dedicated academic conferences, such as
ACMO s Speci al s ih rCongputey SGraphi€r amdu [mteractive Techniques
(SIGGRAPH) and in Computer Human Interaction (SIGCHI), and the Academic Summit
that meets annually at the Game Developers Conference. Textbooks are being offered
from many textbook publishers, including MIPress, AddisoiWesley, Morgan
Kaufman, Premier Press and Charles River Publistiivgn the defense industry has
acknowledged the opportunity for research collaboration with the game developer
community?

Entertainment Software Associatic?Q06 Essential Facts about the Computer and Video Game Industry

2006 fttp://www.theesa.com/archiv@€06/05/2006_essential.ghetrieved on 11/12/2006)

Plunkett Research (200@ntertainment and Media Industry Statistics: Entertainment and Media

Industry Overviewhttp://www.plunkettresearch.com/Industries/EntertainmentMedia/Entertainment
MediaStatistics/tabid/227/Default.asprtrieved on 11/12/2006).

®)M. Capps, P. Mc Dowel | , M. -dtpdae NAsSEat olEEECDOI abbDt at i
Computer Graphics and Applicationgol. 21, Issue 1, Jaikeb. 2001, pages: 243.
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Perhaps even more important than the size of#mees industry is its breadth and scope.
Computer games in all forms are, in fact, quite complex, and serve as a rich and colorful
form of entertainment to a variety of audiences. Games come in a variety of genres,
including those that recreate historieakents, recreate sporting activities, build cities and
systems that operate using strategy and cooperation, as well as enacting traditional war
games. In 2006, market research indicated that 69% of all American head of households
are computer game plage38% of those are women. Of those surveyed, the average age
of game players was 33 across all genres, and in 2005 25% of players were over age 50.

There are a wide variety of careers available in the games industry as shown by this partial
list, taken fromGet in the Game! Careers in the Games Industry.”

e Playability Testing & Quality ¢ Atrtificial Intelligence Programmer
Assurance e Audio Programmer

e Game Designer e Artists

e Level Designer e Producer
e Programmer e Netwok Engineer
e Lead Programmer e System Administrator

e 2D/3D/Graphics Programmer

Games are created with building blocks from disciplines such as artificial intelligence,
graphics, mathematics, art and design, and literature. Plus games drive the technologies
used in other scientific and data visuatibn endeavor$ including graphics hardware,
engine algorithms, and collaborative and mu#ier technologies. Game technologies
support interactive education in science, computer programming, and business as well as
in the military.

This unigue Masteof Science program is a collaborative effort between the faculty in the
Information Technology and Computer Science departments in the Golisano College of
Computing and Information Sciences (GCCIS) along with faculty from the Computer
Graphics Design pragm in the College of Imaging Arts and Sciences (CIAS) here at
RIT. As such, the program includes theoretical, techneb@ped and artistic tracks for

an intense experience that both challenges and encourages individual creativity.

More information abaou t his program and our student
http://games.rit.edu

Admission Requirement$§

Applicants must have a-ydamdedres Ifronr @nsaccredited e q u i V ¢
institution with a minimum cumuteve gradepoint average (GPA) of 3.2&n a4.0 scale
(solid 6B6 average). Strong candidates wi |l

Technology, Computer Science, Software Engineering, or Computer Graphics. Excellent

* AOlder Gamers Now the Nowrby D&C staff and wire reportsDemocrat and Chronicl®ct 9, 2002.
® M. MencherGet in the Game! Caresiin the Games Industrilew Riders Publishing, New York, New
York, 2002.
®RI'Tds ETS reporting number for the GRE and TOEFL exa
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performance in other, relatedisciplines will also be giverconsideration. Applicants
below this achievement levehay be considered, but should submit standard Graduate
Record Exathi(GRE) scoresind a strong portfolito demonstrate their capabilities.

Applicants whose native langge is other than English must demonstrate strong English
language skills. A score of at least 570 (pammsed), 230 (computdvased), or 88
(internetbased) on the TOEFL examination is required. International applicants must
submit GRE scores (generalamination)®

Entering students are expected to have strong background in computer programming and
interactive multimedia development. This competency may be demonstrated by previous

course work, technical certifications, or comparable work experiencilitidnal details

are discussed in the AProgram Prerequisiteso

Applicants are evaluated based upon their performance in previous academiarstudy

creativity as demonstrated by personal statement @ortfolio examination. All
applicantsmustsubmit a portfolio of gameelated creative endeavors. This portfolio may

include previous programming projects gamerelated or noti and otheroriginal
programming,writing, design orartistic work. To be competitivehis portfolio should

demonstrate sustained interest in games, imaginatiahat least baseline competence in

the major track (see fAThe Curriculumod secti
interest.

The curriculum focuses on collaborative development with hechnologybased and
artistic tracks. Therefore, students are chosen for admission in such a way as to ensure
balance among the various tracks and specialties within the curriculum.

Application Deadline & Materials
The department faculty evaluatespipants only after all of the information has been
submitted and verified by a counselor in RIT's office of Graduate Enrollment Services.

The RIT calendar is based uponavt@ e k academic term called a
to this degree are admitteak ffull-time study in fall quarters only.

Quarter | Typical Starting | Domestic Application | International Application
Date of Quarter Deadline (full time) Deadline (full time)
Fall September 5 January 1 December 15
Winter December 1 Not Permitted Not Permited
Spring March 7 Not Permitted Not Permitted
Summer June 1 Not Permitted Not Permitted

Admission to this program is highly competitive. The faculty begins reviewing
applications in January for the upcoming fall term of the next academic year. Dcision
are typically announced by February 1. Strong applicants are encouraged to apply;
however, due to the multidisciplinary and tebased nature of this program, individuals
applying after the review is completed will be considered on a spatkable bas.

All applicants are required to submit the following:
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e An electronic or paper application with a wellitten statement opurpose that

discusses (1lacademic backgroundlexant to this degree, (2hoice of major and

minor concentrations, and (Bgreonal goalgelevant to the degree

Current résumé

Application fee

Valid transcripts from all universities listed on the application

GREscore3( i f required; see AThe Admi ssion Requ
Two (2) letters of recommendation from recent etlooal or professional sources

A portfolio that demonstrates creativity, imagination and at least baseline competence

in the major track of your interest

An electronic graduate application is available at the Wb //www.rit.edu/emcs/ptgrad/
grad_app.html Requests for information can be made from this web site.

Program Prerequisites

For admission to this program, applicants must show evidence of strong programming
skills in a current ob@-oriented &nguage, typicallyC++, Java or C#. In addition,
applicants must have at least introducteyel website development skills. These skills

can be demonstrated through standard academic study, specialized training, or equivalent
work experiene.

These requirements may be completed at RIT or at any other convenient accredited
college or university. Please have official transcript(s) sent to RIT. All prerequisite study
must be completed with the equieegliwent of a
work experience, information relevant to the prerequisites should be provided in the
personal statement and résumé. Please provide sufficient detail so that the depth and
guality of knowledge or experience can be determined. Some formifa¢atérn, such as

copies of training certificates or references, should also be included.

Object-Oriented Programming Requirement

Students are expected to have at least one year of significant programming experience in a
current OOP language. Eithef the following introductory programming coursase
available from RIT to satisfy this requirement (prerequisites are shown in parenthesis):

e 4002714 Java for Programmers (previous programming experience in an OOP
language other than Java;-campus or online learning formats), or

4002716 C++ Programming Workshop (previous programming experience in an
OOP language other than C++; online format only)

Interactive Multimedia Requirement
e 4004741 Fundamentals of WeBased Multimedia(computer literacy; oitampus
format only)

The prerequisite study is not part of the credit required for the degree.
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The Curriculum

The Master of Science in Game Design and Development consists ctvaixt{62)
quarter credits of academic study. The program is designedfeith(4) academic
components: a 2dredit major track, a 20redit common seminar sequence, and a 12
credit minor track. A tearbasedB-credit MS capstone completes the experience.

Major Track Options
The major track provides the foundation focus of tteet udent 6 s st udy
program. Two (2) area options are available.

Option #1: Game Engine Developmen24 credits) Credits
4005761 Computer Graphics | 4
4005762 Computer Graphics Il

4002734 2D Graphics Programming

4002735 3D Grahics Programming

4005763 Computer Animation Algorithms & Techniques
4002836 Game Engine Design & Development

R RS

Option #2: Artificial Intelligence & Simulation (24 credits) | Credits

4005750 Introduction to Artificial Intelligence 4
4002791 Artificial Life & Evolutionary Simulation 4
4005752 Al for Interactive Environments 4
4005759 Topics in Artificial Intelligence 4
4005756 Genetic Algorithms 4

4005755 Neural Networks & Machine Learning 4

Note Applicantsshould specify a prefence for a major track in the personal statement
that is included withher applicatiors.

Common Seminar Sequence
The common seminar sequenpeovides fundamental, breadth concepts relevant to the
games industry.

Common Seminar Sequenc€0 credits) Credits
4004731 History and Critical Analysis 4

4004734 Online Identity 4
402-790 Emerging Themes 4
4002792 Development Processes 4
4002793 Business and Legal Aspects 4
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Minor Track Options

The minor trackconsists of three (3) courses tipabvide an opportunity to investigate a

gamer el ated specialty area of the studentos i
are as follows.

Asset Creation & Animation (12 credits) Credits
2014-721 3IDG Modeling (requiredprerequisitg 4
2014-722 PDG InteractiveMotion 4
2014-731 3DDG Lighting

2014-732 3DDG Shading 4
2014-733 3DDG Character Design 4
2014-747 3DDG Rendering 4
2014-798 3DDG Production Pipeline 4
Content Authoring for Games (12 credits) Credits
4004728 Interactre narrative for Games 4
4004732 Game World Design 4
4004744 Building Online Communities 4
Database Architecture & Design(12 credits) Credits
4002720 Data Object Development 4
4002784 Multi-Client Database Implementation 4
4002785 Fund. bBDBMS Architecture & Implementation 4
Human Computer Interaction (12 credits) Credits
4004745 Foundations of HCI 4
4004748 Usability Engineering 4
4004749 Usability Testing 4

Students may create a special minor track from three (3) coulseteddrom the other
major track that they did not select as the focus of their studies.

Partial Major (12 credits) Credits
Three (3) courses witprior faculty approval 12

Students may also propose a special topics concentration that supportalargpeest.

Special Topics (12 credits) Credits
Three (3) courses witprior faculty approval 12

Course descriptions are included at the end of this documBefpending upon the
student s background, additiontal t perquudene
preferred minor track.
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Capstone Project

A capstone is the culminating creative experience for a graduate program. The capstone
for this degree is a twquarter, teanbased game creation project which is completed
during the winter and psing terms of the second year of study. Students form
development teams to design (46887 in winter term) and develop (40888 in spring

term) a computer ganieincluding the game engine aiadl components for a complete
working title.

Capstone Courses(8 credits) Credits
4002887 Capstone Design 4
4002888 Capstone Development 2

The capstone process is as follows:

e Register for 400887 (winter term of second year)
e Form capstone teams and work with teammates to design a game.
¢ Write a formal game ppwsal for faculty review and approval.

e Students with approved game proposals will be registered for-88®Zspring term
of the second year) by the IT department. In this second term they will:

e Complete the game development as defined in the proposal.
¢ Formally defend their capstone wdidr final faculty approval

The capstone includes both individual and td@sed expectations. Both the team and
individual components of the project will be evaluated by the program faculty. The
capstone defensecludes a presentation atpecial miniconference before representatives
from the games industry at the end of the spring term of the second year. An alternate
defense, for teams that are unable to complete their work by the conference date, will be
available athe end of the next fall term.

Course Scheduling
With the appropriate background, the degree can be completed in two (2) years. Course
scheduling information is available https://infocenter.rit.edu/unde  t Stheduld of

CoursesO | i n Rublic sectianh Ehe general plan for this degree is shown below.

Year #1

Fall Quarter Winter Quarter Spring Quarter

Major Track(4 credits) Major Track(4 credits) Major Track(4 credits)

Seminar Sequence cralits) | Seminar Sequenge credits) | Seminar Sequendge credits)

Minor Track(4 credits) Minor Track(4 credits) Minor Track(4 credits)
Year #2

Fall Quarter Winter Quarter Spring Quarter

Major Track(4 credits) Major Track(4 credits) Capstone Develapent

Major Track(4 credits) Seminar Sequence credits) | (2 credits)

Seminar Sequende credits)| Capstone Desig@ credits)

" Thenumber ofcapstonereditsdoes nofully represent the expectégiel ofeffort and work involved
(i.e. more thart creditsof coursavork) in successfully completing the development of a game.
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Program Cost

For the 208-9 academic year, the cost of graduate studg#88redit or $3392 for each
4-credit course. fe cost of fulitime study is $0,058for up t018 credits per quarteor
$30,174 per year plus some minor feasad the cost of living Seehttp://www.rit.edu/
emcs/financialaid/ costs.htrfdr estimates of the fucost of graduate study at RIT.

The final two (2) credits for 406288, which completes the capstone project, are paid on a
percredit basis.

Facilities

The computing facilities of the department of Information Technology are designed to
meet the needsf our curriculum. Our labs provide students with access to computing
resources outside of scheduled class and lab times. In addition to general laboratory
facilities, the IT department has specialized laboratories that support curriculum in the
areas bwebsite design, streaming media, computer gaming, hao@puter interaction,
programming, and database implementation and administration. Students use our labs to
investigate concepts, and to design and develop content for eithefaBtardcomputers

or network delivery. Many of our students also work as lab and teaching assistants,
adding an additional practical dimension to their educational experiences.

Many IT courses are laboratebased. Some courses have separsheduled
laboratory sessits in which an instructor provides a structured learning experience that
reinforces lecture concepts. Other courses are taught in specielly i gned nacti
l earningo | abs, in which each student has
lecture and andson sessions to facilitate learning. The IT classrooms and labs also have
display facilities with one or more large screens located at the front of the room so
students may see demonstrations of work and immediately apply them.

The IT Entertainment dchnology laboratory is a unique lab designed for sgrallip

study of game concepts. The lab contains-eigti PC and Macintosh computers outfitted

with stateof-the-art graphic cards and dual monitors on a gigabit network. This lab is
primarily used tadevelop multiuser game and social computing environments. Students

in this lab have access to a variety of digital cameras, camcorders, scanners, console video
game systems, a HD TV, and an overhead projection unit.

The | T depart mented are conmeuntpduto ithe gigabitaRETi campus
backbone which has multiple OC3 connections to the Internet. Institutional facilities
provide a location for students to develop their own presence on the Web. Overall, the
RIT campus facilities have consistgnbeen rated in the top twenty universities by
national surveys.

Financial Aid

The Department of Information Technology can offer a small Merit Scholarship to
qualified students who are not receiving financial support from their employers or other
sources. Financial assistance options are available on the IT website at
http://www.it.rit.edu/it/grad/gradFinancial.maml
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Students who have not completed the program prerequisites at the twmission may

or may not receive a scholarship at the discretion of the Graduate Program Coordinator.
When the student has satisfactorily completed the prerequisites, the student may request a
review of his/her academic record to determine if a scHofarsan be awarded or
increasedif awarded at less than the maximum level)

The Merit Scholarship is awarded initially for one (1) academic year (dcademic

termg from the quarter in which the student is admitted. The standard award usually does
not cover the fourth quarter in the year (typically summer). After the initial award
guarters, the student must submit an application to request continuation of the scholarship.
The award will, in general, be extended if the student maintains at led@4 & &PA,

which is the minimum required to earn a graduate degree at RIT.

Contact the RIT Office of Financial Ai& Scholarshipswebsite athttp://www.rit.edu/
emcs/financialaidfor information on paying for graduaséudy.

Contact Information

Pl ease visit the Department [tp:/whwmifribedumat i on
for more information about our department, our programs, and our course offerings. Visit

the IT gane website ahttp://games.rit.ed@ior more information about our students and

our games curriculum Visit the main RIT website dbttp://www.rit.edufor general
information on RITand links to all programs and services available at RIT.

To schedule an appointment (in person, via telephone or via IM chat) with the Graduate
Program Coordinator, contact the Department of Information Technology during normal
business hours (8:30 AM #30 PM, Eastern Time) or send email. Contact information

is shown below.

US Mail: E-mail: ITGradCaord@it.rit.edu
Graduate Program Coordinator Telephone:(585) 4756179 (v/tdd)
Department of Information Technology FAX: (585) 4752181
Rochester Institute of Technology
102 Lomb Memorial Drive
Rochester, New York 14623608

Program Coordinator:
Prof. Andrew Phelps E-mail: amp5315@rit.edu
Telephone:(585) 4756758
FAX: (585) 4752181
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Detailed Course Descriptions

The following is a list of the catajpdescriptions for the MS/GDD curriculum. Information Technology
course descriptions (4002, 400dhd Computer Science course descriptions (4005paceavailable at
http://games.rit.edu/courses/graduatePrerequisite course descriptions are includédhe end of this
section.

Major Track Courses

Game Engine Development MajofTrack

4002734 2D Graphics Programmming

Use of an advanced graphics API to access hardware accelerated graphics. Discussion of scene graphs,
optimizations, and integration witthe API object structure. Advanced use of the API calls in production
code, to construct environments capable oftieag¢ performance.

Prerequisites: 4002714 and 400446; Credit 4

4002735 3D Graphics Programming

Use of a graphics API to acceBardware accelerated graphics. Discussion of the API scene graph, 3D
optimizations, and integration between the 2D graphics mode and a 3D immediate mode implementation.
This course builds upon studentsdé pafelyfurctiosal3®or k and
Engine, with library construction for game development.

Prerequisites: 4002734; Credit 4

4002836 Game Engine Design & Development

The success or failure of any entertainment technology software title can often be linkedésigineand
implementation of its corresponding game engine technology. The focus of this course is to synthesize
theory and practical skills from prior entertainment technology courses with the intent of developing robust
game engine frame works. In pattiar, this course will provide students with theory and practical skills in
game engine design topic areas such as understanding the graphics pipeline as it influences engine design,
hardware principles and the relationship to game engine constructitremadical principles, scene graph
construction and maintenance, advanced scenegraph manipulation, textures, materials, and lighting, collision
systems, physics, particle systems, and control systems. In addition, this course will examine software and
toolsets that assist game engine designers in their tasks. Students will be expected to design and implement a
game engine in teams as well as properly document their design and development strategy.

Prerequisites: 4002735; Credit 4

4005761 Computer Graphics |

This course is a study of the hardware and software principles of computer graphics. Topics include an
introduction to the basic concepts:D2transformations, viewing transformations, display file structure,
geometric models, picture structure, teiractive and noimteractive techniques, raster graphics
fundamentals, -® fundamentals, graphics packages and graphics systems. Students use and develop a
graphic software system based on an accepted graphics standard. Programming projects are required.
Prerequisites:4003704; Credit 4

4005762 Computer Graphics Il

This course will investigate the theory of computer image synthesis. Seminal computer graphics will be used
to describe the various components of the image synthesis pipeline and eyptaas, ip photography, how

the path of lights in a virtual scene can be simulated and used to create photorealistic imagery. The course
will emphasize the theory behind various rendering tools and libraries available for image synthesis. The
student willput theory into practice via programming assignment and a capstone project. Topics will include
light and color, ED scene specification, camera models, surface materials and textures, rendering (local, ray
tracing, radiosity), procedural sharing and matglitone reproduction, and advanced rendering techniques.
Prerequisites:4002761; Credit 4
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4005763 Computer Animation Algorithms & Techniques

This course | ooks at computer ani mation from a prog
algoithms and techniques for describing and programming motion for virtual 3D worlds. Approaches that

will be explored include keyframing systems, kinematics, motion of articulated figures, and procedural and
behavioral systems. The course is a program+oimented course with major deliverables including the
implementation of techniques presented in leture as well as a fial project concentrating on an area of the
studentds choice. Students wild.l al so readmatond summar
literature.

Prerequisites: 4005761 or 4002734; Credit 4

Artificial Intelligence & Simulation Major Track

4002791 Artificial Intelligence and Evolutionary Simulation

This course will provide students with theory and practical skills in AigifiLife (A-Life). Topic areas
include the history and evolution of Artificial Life algorithms, uses of Artificial Life as a simulation tool, as
well as applications of Artificial Life algorithms to applied domains such as game artificial intelligence,
computer music, simulation, and visualization. Software and toolsets that assist Artificial Life programmers
will be examined. Students will be expected to design and implement a simulation in teams as well as
properly document their design and developméateyy.

Prerequisites: 4002746 and 400550; Credit 4

4005750 Introduction to Artificial Intelligence

This course provides an introduction to the field of artificial intelligence, including both theory and
applications. A programming language thibws effective symbolic manipulation (PROLOG) is used to
demonstrate the capabilities and limitations of the material presented in class. Topics include search
strategies and their implementation, logic, networks, frames and scripts, production, synamptialation

and list processing, problesolving methods, expert systems, natural language understanding, and
selections from vision, robotics, planning and learning. Programming assignments are an integral part of the
course.

Prerequisites:4003709; Cralit 4

4005752 Atrtificial Intelligence for Interactive Environments

This course delves into the user of artificial intelligence in the creation of modern computer games. The
focus is hand®n development using existing tools for programming assignrirergenres such as
interactive fiction, firstperson shooter, reéime strategy, and simulations. The topics include pattern
matching, intelligent group movement, tactical reasoning, artificial life, and learning.

Prerequisites: 4005750; Credit 4

4005755 Neural Networks

Neural networks, systems with massively connected parallel primitive computing elements, are,
metaphorically, computers structured after natural brains. Such systems promise much better performance
than classical computers at patteznagnition and related areas. This course presents several neural network
models, introduces current research activity, and develops some underlying mathematics. Students develop
and present modelsboth paper and software simulatednd utilize cannedimulators. Students are also
exposed to current literature research. Programming projects are required.

Prerequisites:4005700; Credit 4

4005756 Genetic Algorithms

Genetic algorithms provide a powerful approach for searching largeehidived probla spaces. In this
course, we will study the theoretical foundations of genetic algorithms as well as their application to a
variety of search and optimization problems. This course will cover topics from the current research
literature, and students wilkebexpected to do a library research review and perform an experimental project.
Programming projects will be required.

Prerequisites: 4005700 and 400510; Credit 4
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