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Abstract

Computer gaming is a key component of the rapidly growing en-
tertainment industry. While building computer games hgs-ty
cally been a commercial endeavor, we believe that desigairly
constructing a computer game is also a useful activity farcatt

ing students about geometric modeling and computer grapihic
particular, students are exposed to the practical issuesusuling
topics such as geometric modeling, rendering, collisiciect®n,
character animation and graphical design. Moreover, ingldn
advanced game provides students exposure to the real-gsiddd

of software engineering that they are typically shieldexirfiin the
standard computer class. In this paper, we describe ourierpes
with teaching a computer science class that focuses onrdegig
and building the best game possible in the course of a semé&hie
paper breaks down a typical game into various componentatéa
suited for individual student projects and discusses tkeofisnod-

ern graphical design tools suchMayain building art for the game.
We conclude with a rough timeline for developing a game dyrin
the course of a semester and review some of the lessonsdearne
during the three years we have taught the class.

1 Overview

In the fall of 2000, one of the authors (Warren) returned fitam
sabbatical to teach the introductory computer graphicsa@aRice
University. This class followed the standard mold of mostiduc-
tory graphics classes using the textbook by Foley et algffet al.
1990]. Normally, at Rice, this course is followed by a classhie
Spring that focuses on a related advanced topic such as tfgome
design, visualization or computational geometry. In thergpof
2001, Warren decided to create a new class whose sole foaus wa
based on the following goalAs a class, build the best computer
game possible in the course of a single semegtéer its third in-
carnation here at Rice (the last in spring 2003), this clasghoven

to be a remarkably successful tool for motivating studemigarn
about 3D modeling and graphics.

Atfirst glance, offering a class on computer gaming seenherat
frivolous. Many people view computer games as an idle forenaf
tertainment. However, the entertainment industry is a iniilion
dollar industry with computer gaming forming a core compane
In 2001, the computer gaming industry earned revenues iatige
of nine billion dollars in the US (as opposed to eight billidal-
lars grossed at the box office for movies) [Eddy 2003]. Moezpv
the distinction between computer gaming and the traditioravie
industry is blurring with the reliance on 3D computer grayshin
movies such a3oy Storyand close tie-ins of new computer games
to traditional movies. For example, the gaffeter the Matrixin-
corporates a good deal of motion-captured video shot dutieg
filming of the movieThe Matrix Reloaded

Putting aside the commercial importance of computer gaming
the educational importance of computer game design andiamea
lies in the fact that it provides an ideal framework for stoigdeto
gain expertise and experience on a range of topics from ctampu
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graphics to software engineering. Given the popularityomfiputer
games with college students, the class is extremely wedlived
here at Rice and attracts the best students in computercscten
the area of computer graphics. At Rice, this computer garciags
serves as an upper-level capstone course that perfornrsisiene-
tions including:

e Exposing students to the practical realities of advancpit$o
in computer graphics and geometric design. For most games
these topics include some type of polyhedral modelingreal
time rendering, collision detection, character animathoal
networking.

Exposing students to the demands of building a real-timte, ne
worked application. Since computer games typically have
high performance requirements, students are forced to fo-
cus on the performance of their code as well as correctness.
Moreover, building a multi-player game requires studeats t
confront the difficulties in writing, integrating and delgigg
real-time, asynchronous code.

Providing students with experience in software engingerin
Whereas previous classes in the CS curriculum focus on
smaller individual coding projects, building a computemga
involves a large team of students integrating various giete
code developed during the current class as well as recycling
code written in previous semesters.

Generating a framework for integrating on-going research
projects into the educational process. At Rice, student-
produced games have served to demonstrate the practical ap-
plicability of research ideas. For example, the geBeasts
(built in spring 2002) demonstrated the ability of Dual Con-
touring [Ju et al. 2002] to contour large grids in real-tiraeg
figure 1).

Our goal in this paper is to provide a blueprint for others who
wish to build a class that focuses on designing and builderg-c
puter games. To this end, we discuss the algorithmic andanog
ming aspects of building a computer game in the next section.
section three, we consider the problem of making the resuttbm-
puter game look “good”. In particular, we provide an ovewief
the role of graphic design to building such a computer ganaxt,N
we include a rough timeline for constructing and integmtihe
major components of the game. Finally, we conclude with a set
of observations drawn from our experience of teaching thimigg
class three times.

2 Computer game structure

In building a computer game, our approach is to decompose the
game into a half-dozen main components and assign eachs# the
pieces to a student (or pair of students). The student'oresipil-

ity is to implement these components during the first thirdhef
semester and then integrate their components into the feékeo
game. In this section, we give an overview of the decompmsiti
used in our class. (Note that this decomposition while sintd that



Figure 1: Destructive geometry Beastaising Dual Contouring to
model the geometry.

used in commercial game design and construction retaingrésa
distinct to the class’s educational purpose.) Before weged, we
first consider some relevant programming issues.
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Figure 2: Destructive geometry Hive Assault Left shows player
standing in columns. Right, a hole has been created in the floo
where the player has dropped through.

portant piece of the game. The choice of modeling systenatdist
what type of geometry will appear in the game, the functiiyalf

that geometry during game play and the way artists will malaite

and produce the geometry for the game. For the game to be suc-
cessful, the modeling system must be completed and in pkte e

in the development process.

Previous versions of the class have used different reptesen
tions for game geometry each with its own strengths and weak-
nesses. One representation is implicit modeling where ggene
ometry is not explicitly stored, but instead computed astheour

Long before work on the game starts, we must decide on what f(x y,7) = 0. Instead of explicitly storind, we represent function

language the game will be written in. In the Rice CS departmen
the mainstream language taught in the lower level classésvis
Since the real-time performance of the game is criticalnevéac-
tor of two slow-down due to language overhead is unaccegptabl
Therefore, we have chosen C++ (usidicrosoft Visual Studias
the compiler) for its speed and ability to interface with [xcily
available libraries. This decision allows us to introduome of the
more beneficial aspects of the language such as templatessbu

f as a set of discrete samples on a uniform grid (or an octree). T
produce the game geometry for rendering, we employ an dgori
such as marching cubes (MC) [Lorenson and Cline 1987] ttmat pr
cesses each cell in the grid individually and extracts pmhggo ap-
proximate the surface over those cells. One advantagentipéitit
modeling provides is that approximate CSG operations ateafad
can be performed by using a Min/Max operator on the grid westi
Real-time CSG allows the players to modify the game geonietry

requires us to address other issues such as manual memory maneractively and offers a feature that is not found in mostic@rcial

agement.

games. Figure 2 shows two screenshots of a game ddiledAs-

To manage the code for a project as large as a computer gamesault developed in the first incarnation of the class. On the left,
we employ a source code control program. While a tool such as a player stands in the middle of four columns. On the righe, th

PerForcewould be ideal, the class is limited to software that the
University can purchase or acquire for free. As a result, ae u

geometry has been destroyed and the player has droppedeto t
chamber below allowing some of the “bugs” to crawl out of the

CVSto manage the code repository for the class. This repository tunnels underneath the floor.

serves as a single distribution point for the code and helas-m
age concurrency issues that arise during developmentc&cuode
control also provides an archival mechanism so that codebean
rolled back to a stable state if serious errors are introdiultging
the coding process.

One disadvantage to this approach is that a programmer must
write conversion code to generate this implicit repreg@marom
a polygonal model. Also, the game cannot represent geortfetty
is smaller than a grid square, which limits the freedom oélele-
signers. Furthermore, the level designer’s job is also dicated

The class also enforces a strict standard for adding code topy the fact that the geometry that appears in the game is depen

the repository. Minimally, newly checked-in code must cdmp
“Breaking the build” is a serious offense and is discourateough
peer-pressure (the identity of the offender is announcetieaest
of the class via email). Ideally, the code should also passiassof
runs testing its correctness before check-in. In practiie method
of testing is difficult to implement. Many factors influentetgame
and its state such as precise timings of input and even paeket
livery over the network, both of which are problematic to woh
Consequently, many of our tests are performed in a stantealer-
sion with networking disabled and are not usually sufficterguar-
antee the program is in complete, working order. Howevas, th
strategy does catch many trivial errors that would normedlyse
great headaches for the rest of the development team.

2.1 Modeling

When distributing different components of the game to sttgle
we try to give core components to students that are experitaicd
motivated to work on the game. Modeling is perhaps the most im

on how the imported polygons lie in the grid.

In the most recent game produced by this class, we electesto u
a more traditional method of simply storing a “soup” of paiyg.
This approach yields the greatest flexibility in terms of mlath
as arbitrarily complex geometry can be stored independeany
underlying grid. Moreover, the polygons and vertices carexe
plicitly annotated with information such as texture coaades and
normals. Popular modeling packages suctMaya are also able
to export these polygonal models into standard formatschvban
then be imported into the game. However, the downside istbat
have sacrificed the constructive/destructive geomettyntiakes the
implicit form so attractive.

Another advantage to conforming to popular practices i$ tha
we can adopt existing geometry formats from commercial game
whose data formats are known. For instance, for the moshtrece
game, Time Bomberwe decided to utilize the level format from
Quake Il which immediately provided test levels that are publicly
available. This choice alleviates a bottleneck in the cggirocess
as the students responsible for modeling have more timerte co



plete the conversion process for the levels the designersrgee.
Furthermore, students that are assigned tasks such asingnaied
collision detection are very dependent on having thesdddee
testing and can debug their code before the conversion ggdse
ever completed. However, using existing level formats alsogs
the design decisions and features present in that data forwhih
can be unneeded or even unwanted.

2.2 Rendering

The students assigned to the rendering component havesihane
sibility of drawing the polygons generated by the modelirag-p
tion of the game. There are really only two choices for 3D API’
(OpenGL and DirectX) and we haven chosen OpenGL both for its
ease of use and portability. Since our primary bottlenecfame
performance is rendering polygons, it is important to usedee
provided extensions to increase the frame-rate. Unfotélyalif-
ferent graphics card vendors provide different extensidnekily
our target platform (the computers in the lab) is very welbkn
and all the machines have identical hardware, which alloudests
to concentrate on optimizing performance for a specific lgicp
card. Students assigned to rendering are also responsibthef
lighting in the game and writing any vertex or pixel shaderguired
by the look and feel of the game (for instance cartoon rendgri
Any advanced effects such as shadows and per-pixel liglfitithg
under this category as well and students are encouragesdearah
and implement these methods if time permits.

2.3 Collision detection and physics

Typically the games that we create in the class are firstopers
games and, consequently, collision detection is very itambfor
defining how players interact with the game. Our games requir
collision information for a variety of primitives. We appimate
players in the game as axis-aligned ellipsoids since thgepta

geometry can be composed of thousands of polygons and is con-

stantly changing. This simplification introduces errorgafiision,
but is rarely noticeable and makes the collision detectigarghm
faster as the game must support many players interactirgtiagt
geometry in real-time. The collision system must also sup@y
intersection calculations with the geometry and ellipsoidRays
are used for line-of-sight calculations and for weapons@égame.
Particle effects can also use ray collision detection teratt with
the geometry.

Collision detection must be very fast if the game is to run at
playable frame rates. To alleviate concurrency issues, exi@imn
all game play calculations on a server, which then updatesttte
of the client computers during the game. This server is mesipo
ble for all of the collision detection operations and must@xe
over a thousand collision tests per second using only aidracf
the total CPU. Maintaining these high frame rates requirgsadial
partitioning data structure to enable fast lookup of theygohs that
might collide with a specific primitive as testing all of thelpgons
is prohibitively expensive. In games where we use an intplep-
resentation to perform real-time CSG, the polygons in lezaehs
of the geometry can change at any time. Therefore, we carseot u
a data structure that requires any significant procesgimg tib con-
struct such as a BSP tree. Luckily, the data in these repsmTs
resides in a grid or octree and naturally provides a spagiditjpn-
ing structure. The programmers must then perform ray qusalid
collision detection against some subset of the polygons.

In our most recent gamdjime Bomberwe store a “soup” of
polygons for the game geometry. To effectively processgbaam-
etry, we decided to use a more traditional BSP tree [Fuchs et a
1980] to partition the data. BSP trees partition space intovex
regions using a binary tree. Branch nodes contain a sgliftiane

(usually chosen from the set of polygons) that separateespto
two pieces and the geometry is distributed to each chilcespond-
ing to the front and back sides of the plane. Leaf nodes reptéise
convex regions of space and contain information denotingtigr
the region is solid or empty.

To build the BSP tree, we require that the geometry is mani-
fold, oriented and not self-intersecting so that the pohggtmcally
describe whether the surrounding space is inside or outsitiee
solid. Unfortunately, these constraints limit the typedevkls the
designs can generate within the same polygon budget. Fam-exa
ple, our level designers were content to allow columns tepeate
into the floor, but these columns must be unioned with theakst
the model to generate a non-intersecting manifold and slrikie
polygon count of the level up despite no visual change. I, fac
we found the only way to reliably ensure that our geometrissat
fied these constraints was to limit the operations the legsgighers
could perform to functions such as CSG, extrude, etc. Sinee t
polygon count increases dramatically with these operationthe
same visual quality, we opted to use two sets of polygons:fane
constructing the BSP tree, the other for display. Unfortelyathis
decision adds complexity to the design process. FurthernBsP
construction is fraught with numerical issues arising froearly
coplanar faces and sliver polygons.

Point and ray collision are fast and easy to perform using BSP
trees. To perform ellipsoid collision detection we use aprag-
imate algorithm [Melax 2000] that reduces the problem tapoi
classification by moving each of the faces bounding the smlitt
vex regions outward. Altering the planes in this fashionsdpet
generate a true offset surface and the error increases ticaltya
as the dihedral angle becomes large. These errors leadisd inv
ble walls in the collision detection where players seenyirgin-
not move through open space. To combat these problems, we are
forced to add beveling planes on edges of convex regionsatieat
orthogonal to the direction of maximal error. The bevelitanes
reduce the amount of error caused by offsetting the congirme,
but do not eliminate the error. We found this solution diffido
implement and not extremely robust. At the end of the claS? B
collision was an order of magnitude faster than ellipsoillision
with simply polygonal information. Despite the problemswBSP
trees, this experience was educational for the studentgastams
that seem simple in theory can be burdened with unseen diiisu
in practice.

The student(s) assigned to the physics component of the game
typically must work closely with the group working on coibs
detection. These students do not simply implement Newtonia
physics, but must also define how entities react to one anathe
the game. For instance, fime Bombethe players throw bombs
that bounce off the geometry. Physics is responsible forimgak
these bombs bounce, controlling how much they bounce and pro
viding the necessary change in trajectory when two bombileol

2.4 Animation

In our games, animation controls how the actions of otheyegsta
are visually conveyed. For example, when a player fires algen t
animation system alters the visual appearance of that ptayss-
play the specified motion. While this feature may not be calti
to game play, the game is substantially less playable wittwe
visual cues animation provides and, hence, we view it as@neq
ment. Students have implemented two different optionsrionat-
ing characters over the past three years: skeletal animatid key
frame animation. Each approach has different strengthdimitd-
tions discussed shortly. The game then transitions betdiffenent
animations using a state table that is indexed by event®igdme
and the current animation being performed.

Skeletal animation [Magnenat-Thalmann et al. 1988] is dn an



mation technique that uses a graph structure to represetakéle-
ton” of the character with each edge (called a “bone”) in thlete-
ton” representing a local coordinate frame. The charastemi-
mated by representing vertices of the model in terms of thallo
coordinate frame of a given “bone”. Animators then deforra th
skeleton structure, which induces a deformation on thecesiof
the model and causes the character to animate. In areas thieere
model bends substantially such as the elbow, vertices cagpoe-
sented in multiple coordinate frames and affinely blendgettrer
to generate more aesthetically pleasing animations. TEtes
creates small animation files since only the graph struateszls
to be stored for the animations and provides the animatdr avit
simplified interface for constructing these animations. réddwer,
this method lends itself well to dynamic animations in gamehs
as having the characters recoil in different ways from beimgt at
various locations without using pre-scripted animations.

Constructing the skeleton for a model and assigning thécesrt
to the bones can be a non-trivial task. Our solution has been t
use publicly or commercially available tools to construw ani-
mations. One such tool that we have useBadser which contains
a sizable database of pre-existing animations. Howevesetiani-
mation tools do not export animations to any common format th
contains all of the information necessary for skeletal atiom. For
example, these tools usually contain heuristics for autimaldy as-
signing weights to the vertices given influence bounds obkdut
do not expose the assigned weights to the programmer. Tthiefa
information requires the programmer to infer the missing @end,
consequently, our animations do not always appear exaoiithe
animators intended causing further frustration.

In contrast, key frame animation does not use a skeletormfor a
imation. Rather the only information provided is the pasitiof
the vertices of the character at specific points in time. Trfope
the animation, the program simply blends the position ofvisie
tices together as a function of time between two differeainfes.
The advantage of this approach is that the data is simple iayd a
animation program can export models at specific instancesa
Furthermore, this system frees animators from any spesiéietal
constraints and can allow for greater flexibility in the aatrons
created. However, key frame animation does not lend itself tw
performing dynamic animation and generates substantiattyer
animation files since the size of the file is proportional ® tlom-
plexity of the model and not of the underlying skeleton.

2.5 Networking

Students assigned to networking have a difficult task as toeie

working and is simple to implement.

The games that we create have typically used a client/sarver
chitecture for communication where the clients are passiiiies
directing input to the server and displaying the currentestd the
game. The server itself actually performs all of the gamemadar
tions and acts as the communications hub for the players. 3&/e u
two different networking protocols for communication irethame:
TCP/IP and UDP. The game uses TCP/IP for guaranteed messages
that are essential to the game such as player death. Thesprobl
with this protocol is that it has a high latency and cannot $edu
for messages such as player positions that need to be sensivpyt
times per second. In contrast, UDP does not guarantee detive
order of packets, but does provide very low latency. Theegfae
use UDP in the game for messages that need to get to theinaesti
tion quickly but do not affect the overall game if some arepghex
(for instance particle effects).

2.6 Other components

Besides the programming components that we have already men
tioned, there are several other tasks that are not nedgssitical
to the game but improve the game experience. For instanag; ma
of our menus and configuration options tend to be command line
based because they are simple to program. However, fronr'a use
perspective, this interface is less than ideal. In our lashg we
assigned two students the job of creating a menuing systethdo
game. This task required that they work closely with a 2Dsarti
that could provide them the required art for the menus as agell
transparency masks and fonts that fit the look-and-feeleofjtme.
The result was a much more professional looking game thdugh t
functionality did not change significantly.

Another component that is typically found in commercial gam
is artificial intelligence (Al). All of our games have beeiffn the
first-person perspective and we have attempted to congithet
entities in the game to serve as the antagonist or simplyharae
the game play experience by adding other creatures thataperp
can interact with. Unfortunately, Al requires deciding naty how
computer controlled entities react and their strategietsdétermin-
ing how they move in the game as well. For our first two games, we
provided players with the ability to perform constructivedade-
structive geometry. Path planning in these types of eniemts is
extremely difficult and students had many problems implangn
the movement of computer controlled entities. Our last gaome
tained static geometry and we had more success with pathiptan
but our games typically degenerated into large, multi-ptagames
where the Al played a fairly insignificant role. Given thefifilty
of implementation and the small benefits for a multi-playame,

must be written and debugged early in the semester. Our gamesy| is considered an add-on to the game, but is usually drofroed

begin as stand-alone games, but are really designed to hedpla
with many players networked together. Without a well-definet-
working interface for communication, progress in the gaae loe
limited during the first part of the semester.

the final implementation.

Sound is also a task that we assign to students that does-not di
rectly affect the game’s playability but does enhance timeegplay
experience. For instance, the sound of footsteps or gurdirgive

To make matters more complicated, we run the networking sys- the player clues to where other players are as well as prayidi

tem on a different thread than the game to assure low latency i
packet delivery. This decision requires careful thoughbashere
mutexes need to be placed in the code to avoid concurrenggsiss
To this end, students have developed a networking infretstre
that restricts the way the separate threads communicatsitmie
shared queue as well as minimizing the amount of code retyirire
the portion of the code locked by the mutex. In this desige -
working thread constantly delivers messages into a holdireye.

a deeper level of immersion in the world of the game. Unfortu-
nately, the difficulty with sound is not programming, butahing

the sounds needed for every situation. The sound effectotha
games do have are either found from public sites on the ietern
or recorded using very rudimentary methods. For programgmin
we typically use an external library such BMOD, which offers
decoding and playback of many popular sound formats.

When the game thread is ready to accept messages, it locks the

gueue, switches the active queue with an empty queue andehen
leases the lock. Now the game thread has exclusive accelss to t
message queue while the networking thread can continuditede
messages to the switched, empty queue. The students hawd fou
this design alleviates the concurrency problems assakieith net-

3 Graphics design for games

To build a visually appealing game, good graphic design its cr
ical. For most commercial games, the manpower devoted to art
greatly exceeds the total programming effort. Given thatiass is



typically composed of computer science students, not adestts;
achieving good graphic design is usually more difficult theo-
gramming the game itself. In each of the games developeckin th
first three versions of the class, we devoted an increasimgiahof
resources to graphic design with only a modest increaseeinith
sual quality of the game. In our experience, the key to goaglgc
design is locating students with artistic talent and theovigling
them with access to and training in state-of-the-art 3D lgicp
design tools. For example, in the latest version of the gamee,
recruited Architecture students from outside of the Corap@&i-
ence department to add more graphic design expertise mtdahs.
Together with the several CS students, we then trained ttese
dents in the basics of 3D modeling and had them focus solely on
3D graphic design during the class.

3.1 Level design

Designing levels for a game such as a first-person shootairesq
not only geometry, but also realistic textures for the getoyndn
practice, building a custom tool to facilitate this processot pos-
sible in the course of a semester since the tool itself woelthbre
complicated than the game. Instead, we have adopted thegstra
of using a commercial modeling tool to design game geomettdy a
then export this geometry to the game engine. In the moshtece
game, we have focused on usikigya a state-of-the-art 3D mod-
eling environmentMayahas many advantages; it has a natural in-
terface that is easy to learn, extensive functionality asdripting
languageMayasScriptthat facilitates exporting geometry designed
in Maya Note that from an educational point of view, exposure
to a tool likeMayagives students more experience in the everyday
practice of computer graphics.

In our experience, designing a game level breaks down iné@th
subtasks:

e Constructing a polygonal representation for the level.
e Assigning texture coordinates to the vertices of the pahggo

e Generating textures for the polygons.

The first task, building a polygonal representation for thel, is
one of the core functionalities dflaya We designed components
of the levels using mainly polygonal mesh operations andaioeu
these components using CSG operations. However, we recaothme
that one avoid taking CSG combinations of separate mesla¢s th
share coplanar polygons since this operation is unstaldecan
often lead to meshes with non-manifold geometry. (Non-ffiodchi
meshes cause serious difficulties during BSP tree congtruct

Maya also provides excellent support for assigning texture co-
ordinates. Specifically, it allows the user to specify a stilo§ the
polygons in the mesh and then to project these polygons argera
specified plane. This planar mesh can then be exported t@egomno
suchAdobe Photoshopnd textured usinghotoshofs 2D image
processing capabilities. Of course, generating the attxaires
used for the level is a full-fledged problem in itself. In piee, the
students scoured the web for free textures that providedehbized
effect.

3.2 Character design

When generating a character for the game, there are twohilessi
ties for procuring models. The first (and easiest) is to synfipld
an existing model available on the web and to make modifisatio
to that model. This solution is usually motivated by lack dfsdic
manpower and also has intellectual property issues. Thex sttu-
tion is to have students build models themselves, which eguire

Figure 3: Character sketch created Téme Bombe(left). Actual
model generated for the game (right).

substantial effort as modeling humanoid figures is much rddre
ficult than constructing levels composed of rectilineaidsolHow-
ever, we have found that the later solution is possible ircthese

of a semester. The design of these characters can also biisitnp
by moving away from humanoid objects to more rigid shapeh suc
as robots or spaceships (see figure 3).

The artists that create characters are not as constrairtbein
development as the level designers in that there is mordagipo
cal freedom. However, these students must observe a silygqn
budget as the game must be able to handle many players amjmati
all at the same time. Therefore, we limit these models to@gpr
mately 1500 polygons. The students typically create moddls
out respect to this limitation and use software such as Qfian-
land and Heckbert 1997] to reduce the model to the specifiegd nu
ber of polygons. This strategy imposes an artificial liniitaion the
connectivity of the models because the simplification safeahas
difficulty simplifying visually closed surfaces composefiabut-
ting open patches. Therefore, modeling primitives such@dRBIS
that generate “T"-vertices cannot generally be used if sfioation
must be performed later.

Once the geometry for a character is complete, the studargs m
create textures and assign texture coordinates to thecsurfiex-
tures are used to add detail such as facial features thabtchen
incorporated into the geometric model due to the polygorgbtd
for each model, and texture coordinates are assigned initsim
manner to level design. Finally, the complete model is atécha
in Mayaby annotating the geometry with skeletal information and
animations are extracted usiMpyaScript

3.3

Items such as weapons and powerups also play an important rol
in our games. To obtain models for these objects we try to find
freely available models on the internet that suit the pugpder the
game or, lacking an alternative, purchase low cost modéts tive
funds available for the class. Another method is to havettidents
construct these objects themselves. However, our gameslyusu
require a fair number of different types of weapons and paper
and it is not always feasible to model each item during thesmu

of a semester. One method that we have had success with is to
create two-dimensional icons for the powerups in the gardeten

to extrude the boundaries of these images into a three-diowsd
object. This method automatically generates the textuvedioates

for the objects and creates visually appealing models.

Item design

3.4 Otbher graphical elements

Besides three-dimensional modeling, students can beraskig
more traditional two-dimensional art if there are any téderartists



in the class. These students can work with the programmers as that arise during the course of their projects. Schaefelalags-

signed to the user-interface to produce menus for the garhietfw
includes alpha masks for transparency) and fonts to theramog
mers’ specifications. Students talented in drawing have dés

sistant, performs the role of coding czar to set and enfoockng
standards, tutor students in advanced programming skith as
OpenGL and assist student in tracking down bugs that arisa fr

signed images for our web page as well as title screens for thethe interaction between several components.

games.
If the class contains any musically gifted students, thastests

During the spring semester, class meets for 2 hours on MWF
afternoons and typically consists of a short tutorial on edopic

can be encouraged to generate music for the game as well.r In ou of interest (e.g. modeling iMaya), followed by a progress report
most recent game, two of the students were able to createabeve of various components of the game and finally time for indiaid

original soundtracks for background music in differenelev This

work that may include programming, integration, debuggarg

addition enhances the game play experience and imparts @ mor play testing. Students are encouraged to work for all or most

professional quality on the final product.

4 Class structure and timeline

Having covered the basic elements of programming and graphi rgom/programming lab.

design needed to construct a game, we next consider theizagan
tion of the gaming class and a rough timeline for completimg t
various portions of the game. In a typical fall, between 30 &0
CS students take the introductory computer graphics chassind

of the two hour class period (even if not directly working on
their project so that other students may interact with thém i
necessary). At Rice, class is held in the Symonds Il laboyato
(http://cohesion.rice.edu/naturalsciences/citi/sydstabs/index.cfm),
a custom-designed space that serves as a hybrid class-
The lab contains 20 PCs equipped
with high performance graphics cards and provides a very-com
fortable environment for learning and working. Since shide
also work extensively outside of class time, the lab serngs a
a common meeting place for students to collaborate on class

Thanksgiving, we give a demo of the previous spring’s game to activities (meetings, debugging, play testing).

the computer graphics class and encourage the top studettis i
class to apply to be included in the next semester’s gamiasscl
Restricting the enroliment in the game class has severafioeal
features. First, restricting enroliment allows the instous to cull
students whose performance in the introductory class istaob
dard. This process serves to eliminate those students whio th

computer gaming is “cool”, but who are not ready for the high

workload required by the class. Second, the remaining stade
view being part of the class as an honor and tend to work hamder

the class as a result. (One student compared the class tingiork

for a startup company, but without the pay.) One consequehce
this view is that peer pressure, instead of traditional gsaderves
as the primary motivating force in the class. Students aongly
encouraged (and supported) by their classmates to conthkite
individual components in a timely manner since building ecess-
ful game requires all pieces of the project to be completadhé

rare case when it becomes clear that a student is unable to com

plete his or her component, the instructors encourage thueist
to drop the class and the remaining members of the class fimésh
component.

In a typical instance of the class, we have between 10 to 15 stu

dents with 6-8 students focusing on programming and 4-6esifisd
focusing on graphics design. The most recent class alsodedl
several Architecture students whose primary interest waphic
design. Various programming and graphics design compserast
assigned to the student based on their interests, talethtwifimg-
ness to undertake the project. One critical part of thisgassent
process is that proactive students (which tend to perfortebia-
dependently) be assigned the core infrastructure of thegaich as
the level modeling and networking. Reactive students thatire
more direction can then be assigned more peripheral tasksasu
building a user interface.

In our structuring of the class, the authors’ role is lesg tfa
instructors and instead more that of managers. Warrenés asl
professor was to serve as a senior manager that lays outghe hi
level conceptual design of the game and a timeline for dgvelo
ing/integrating these components of this design. Thisgesould
include choices such as using a particular modeling tectentq
represent game geometry (say implicit modeling). The stisde
themselves would then be responsible for learning the gpiate
material needed to implement these concepts as well asogévgl
interfaces for connecting their code to the game. Duringthese
of the semester, Warren serves the role of overseer to ethsiithe
students are adhering to the timeline and also serves adkepro
solver assisting the students in solving various techmpoatblems

While each game has its own timeline in terms of implementing
and integrating the various components that makeup the ghere
remains a common high-level structure to these timelineshdps
the most important point to note is that a 15 week semestar is a
extremely short time span to build a reasonably detailedegahs
a result, starting early on the planning and design of theegam
critical. Typically, we begin holding weekly meetings tosdiiss
game design late in the fall semester prior to the start ofpinimg
semester. These discussions allow the class to have inpilteon
type of game being developed (a first person shooter, aireal-t
strategy game, etc.) and start the process of assigningaticus
game elements to individual students. One approach thaioker
designing the game was to build a variant of an existing gdmie,
include several unique hooks to distinguish the game fromeat
games. For example, the first gatdve Assaultwas essentially a
standard first person shooter with two unique hooks: detittac
geometry and real-time fluid dynamics.

At the end of fall class, the instructors make a preliminasy a
signment of students to game components. Then, over Clagstm
break, students are responsible for completing the groaridiaec-
essary to jumpstart their project in the spring. For examngplstu-
dent might read a paper on implicit modeling or review antags
portion of the code base that will be reused. Having student a
tively work on their projects during the first few weeks ofsdas
key since most students have a relatively light workloadftoadi-
tional classes during this time.

During the semester, the class timeline is broken into theets,
each corresponding to a five week period.

e First five weeks: Implement various componerigpically,
we require a rough prototype of the geometry engine and net-
working to be finished early in this period. The graphic desig
group should have exported a simple test level (untextured)
to the geometry engine. Having these components available
gives the class its first taste of what the game will look likd a
allows other components to be tested more thoroughly using
this core infrastructure.

e Second five weeks: Integrate various compondntparticu-
lar, students add collision detection/physics, simpleattar
animation and a preliminary user interface to the game. The
graphics design group should have at least one high-quality
textured game level. The group should have also produced at
least one test character for the animation system.



e Third five weeks: Debug and play test gan®&udents typi-
cally enhance the character animation and add Al to the game.
Various graphical design elements are added to the game and
its user interface. The graphical design group prepares sev
eral levels and several full-fledged characters for the anim
tion system. Game play is adjusted to enhance the game’'s ®
“fun”.

to form. This culture encourages students to assist eael oth
in the learning, design and programming necessary to build
the game. Having a comfortable work area also encourages
students to congregate outside of class to work on the game.

Finally, grades in the class should be a non-issue. Students
should enroll in the class not to earn an A, but instead to be
part of a fun and enjoyable learning experience. In our éxper
ence, peer pressure from other students in the class idysual
sufficient to motivate a student to complete their part of the
game.

While this timeline is not too precise, we typically set caate,
weekly goals for the various components in the game. For pl@am
in character animation, a sequence of short-term goalstrhigh
display a character as a cube, move cube via simple keyboard ¢
mands, replace cube by a skeleton, add infrastructure fdetsk
animation, build animation for more complex actions sucjuagp-

In future versions of the class, we would like continue toéase
the artistic component of the game. Our experiences in @uevi

ing, add polygons to skeleton, add texturing to polygonsesgh
weekly deadlines are important in partially mitigating thevitable
delays that result from students underestimating the difficn
their project or being swamped by work from other classes.

5 Conclusions

Having taught three cycles of this gaming class, a numbessdns
about making this class a success have become apparent.

e Perhaps, the most import lesson is that following good soft-

ware design and coding practices is essential to the successEPPY:

of the game. All three of the finished games included more
than 75K lines of C++ code. While a project of this size is

small by industrial standards, the code base for the game is

the largest that most students will have ever worked on. Main
taining good coding standards allows other students taereus

classes have helped us determine what portions of the gptaive
lematic and we can plan accordingly. We also believe thatave c
increase the complexity of the games by leveraging codeydedi

in previous versions of the class to avoid having to recocstore
components (such as rendering and networking). This rduméds
give the programmers more time to focus more on game plagrath
than getting the game to a baseline, working state.
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