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Less Is More:

Improve the success of undergraduate
students learning graphics programming...

...by replacing a 30-week 3D graphics
programming sequence with a 15-week 2D
course, followed by a 15-week 3D course.
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About our program

Challenges w/ trad. graphics courses
Curriculum changes

2D graphics course/topics

Results (expected and unexpected)

Q/A
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C++ Programming II Game Architecture
Intro to Networking & Security Game Production I

Discrete Math Data Structures

Graphics I (3D) Graphics II (3D)
Linux / Unix Game Production II

Computer Systems for Soft Eng Elective

Game Capstone Game Physics

Al for Games Senior Production

Networking for Games OS Architecture

+ an additional 48 credits of core liberal arts
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Matrices, Vectors & 3D Math

GOC 3

An Innovative Math Course for Undergraduate Game Programming Majors

GDC 2012 by Scott Stevens (Champlain College) °
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Goal: Undergraduate Graphics
Programming Education

A solid foundations in fundamentals...

RY=NCGCIN=3

GPUGems 3 1 3 Qunity C




My Teaching Philosophy

self-driven, project-based learning
with a hint of competition



Graphics Programming Challenge

e Solid C++ skills
o Data Structures, File IO, Use of APIs

e Good 3D Math Skills
e Matrix and Vector Math

e Significant Programmer Confidence
« When something goes wrong (scale, orientation, etc)
o Ready for paradigm shift (GPU programming)

e Huge amount of “base knowledge”
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Traditional 3D Graphics Education

e Missing “"Game Topics” Computer Graphics
o UI

« Fonts & Localization
« Menus, Transitions, & Safe-frames

e Polish
» Giving Control to Designers
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Traditional 3D Graphics Education

III

o Time wasted on “traditional” CS topics
e Spend time programmatically generating shapes

\

—
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Traditional 3D Graphics Education

e Missing the “Value of Artist”
o 3D models formats (not .OBJ) e pe mee
o Artists write their own shaders = ==
. Every system needs an editor

or>
<created>2007-04-04T23:08:51Z</created>

<modified>2007-04-04T23:08:51Z</modified>

o terrain o Tae s S5 5% wataire:
o particle systems R
. fonts

« tools integration
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Summary:

Can’t be offered until 37 year.

Even then, the average student is
overwhelmed ... then disillusioned.

No space for additional course.
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C++ Programming II

Game Technology
Matrices, Vectors, & 3D Math

Game Architecture

Game Production I
Intro to Networking & Security

Graphics II (3D)

Game Production II
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Senior Production
OS Architecture

+ an additional 48 credits of core liberal arts
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G hics I

Graphics Programming in 2D?



Language and API?

C# | XNA

Any language w/ any graphics library.
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Graphics I (2D) — Game Topics

o Artist
o Loading assets from file in specific formats (sprites) from a
sprite editor *XML - Collada prep
o Creating an editor for particles
o Loading tiled level * heightmap prep
o Polish

e UI, Fonts, Transitions



Graphics I (2D) — 3D prep

o Introduction to the API (XNA, DirectX, OpenGL)

o Color, alpha-blending functions

o Display Buffer and double buffering

o Tracking depth and draw-order (intro to depth buffer)

o Image-file formats, image compression

o Filtering — magnification/minification techniques

o Review of Vector Math (addition, normals, dot products)
o« Camera location, Scaling Matrix

o Optional: Rotation and Translation in 2D with Matrices



Graphics I (2D) — 3D prep

Triggering Animation Cycles

Building and performance of a particle system

Curves - Interpolation, Splines

Vector Graphics — Intro to rasterization (GPU)
Pixel-perfect Collision Detection - Spacial Partitioning
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Graphics I (2D) — 3D prep

e GPU programming via pixel/fragment shader

e Applications:

 blur techniques

« anti-aliasing

« bloom effect

e upscaling interpolation (linear, nearest neighbor, etc)
e Topics:

e attributes (passing data from CPU to GPU)

« accumulation buffers and masking

« texture sampling

» performance monitoring
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Project-based Learning

e Various Projects

e Minor (1 week)

e Sprite animation, importers, level editors, etc
e Major (2-4 weeks)

o Particle System

o Pixel Shader
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Major Projects

o Particle System
o Mmultiple effects
e include an editor
o deploy to low-end hardware

e competitive elements:
o performance
e Visuals
e interaction
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Major Project

e Pixel Shader

o Mmultiple effects
o deploy to low-end hardware

e competitive elements:
e Visuals

e research element




2D Course Topics

(&)
5 ZSPRITE

COMPRESSION L 2% S CAMERA
DEPTH-FIGHTING 7- FIGHTINGMATRchliLETSEIP{AE(G)RT 8 = SDJ;LTZEIBI{IX% POLISH
TRANSFORMATION
NEAREST-NEIGHBOR NORMPALl'jE L) A T%?; - S8 X DEPTHBUFFERLED
TEXTURE COMPRESSION TGA " o TERRAIN- DATA

LERP_ISOTROPIC SCALING S ZPIXEL-SHADERS &

1 JAGGES .
8 COMPUTER SRADERS RASTERIZATION
5!;3 LLY pousLE-BOFFERING ~ TEXTURE.COORDINATES 2" A ICLEEDITOR

accumuLaTion-BUFFER 5 DIRECTX
oﬁuxrﬁé QEENGLervesp x| SBUFFERGRes

,,:COMPUTER-GRAPH CS

TEXTURESAVPLING CARTESIAN-COORDINATES
L MULTIPLICATION-ORDER _ INTER
Q""ASK"“GRGIBA RAENEF(';A'\#%%KI%AGMENT bIIEI)AD
<L PARTICLE-SYSTEMS VECTOR-ADDITIO!

AD
HLSL=T" GRAPHICS-PIPELINE STENCIL Bbrr 3
XMLI COLOR- BLEEDING BICUBIC ZTARGA
up D -CASTING ONU RBS

ASSET-LOADING
TRANSLATION TRANS|T|0NSRENDER'NG< GPGPU

OPENGL- ESLIJ
LLBSPLIN

N

CATMULL RO

ASPECT-RATIORO
o
)
m
<
c
b
%
Io
>

FOG KHRONOS
MOTION- BLURS

R

Y

ANTI-ALIASING;,

CMYK xF’
SPLINES @
HEIGHT-MAP
= ORIENTATION® Z
KEYFRAME-ANIMATION

=z
OPIXEL-SPACE
LINE| \NEA
FPS SIMD
ALPHA-BLENDINGS &35
{ et
S

=
@©
O GEOMETR

HERMI

MAGNIF

3D Course Topics

o
=0
TORUS 3 £ 3D- NODES > 22 <
v ow
VOXELSo @ CLBPINGZ =<  oSRHERE GCCUIUSION SX =
@ <5 “zo © FEJ SHADINGRAY CASTING 57 <
i SE »O< 9 o ROTATION RAVCASTING 3=
Eo —& H5= $ OoVERTEXU JRAGERTAIE S 2
a2 Sk ERd & OVIEWVECTOR VECTOR-QFFSET
S5 = B 25 SDVIEW-SPACE VERTEX-SPACE _pIXES- FUNCTION
32  © 3 3% SO ORENTATION SPECULAR-MAP CROSS P DUCT
<53 Z 0 Cma VEFc{nTuE:IX-SHADERS VIEW-ANGLE VERTEX-DRA
XTURING 8222 FTBaners AR oL 08l
TEXTURIN = ggs @MULTIPLICATION ORDERE:,,O %ggg 2
'- TUM ST IXDIRECTIONALLIGHT % 2822 &
& QUATERNIONS =503 O VERTEXBLENDING 25 £$2C 1
Z MODEL-SPACE @ ZEF5 0 ZMESHEDGE-DETECTIONES 8“?:':('5 &
< QUAD-STRIPL 9% 3585 CUBE CLAMP-TO-EDGE 5 22 2
&€ POINT-LIGHTA Tz £ INDEX- BUFFERSSCALEzE;‘ 589: g
PSPOHGAT EVEZE S SMIRRORGBALLOCK - 22 OO -
TEARINGEMISSIVE 5 © WIREFRAME FAR. PLAwN,_& 558 TRIANGLES
TS Tt s (=37 E N
= éog ~PHONGDIFFUSE
¥ S5O0=
v B-d




GDC EDUCATION SUMMIT GAME DEVELOPERS CONFERENCE® 2014 MARCH17-21,2014 GDCONF.COM

Outcomes?
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e Improved average student performance

o« Improved quality of 3D applications
o Higher level of polish
o Better understanding of “tech demos”

e We now have the numbers required to
offer an “advanced graphics” course



GDC EDUCATION SUMMIT GAME DEVELOPERS CONFERENCE® 2014 MARCH17-21,2014 GDCONF.COM

o Opportunities for success for others
e tools development & integration
o low-end API work
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o« Improved Retention

o students see relevancy sooner
performance ->
data structures ->
computer architecture



Unexpected Outcomes

e Game Architecture
e Nnot distracted by graphics programming



Unexpected Outcomes

e Game Design Students



Employment Outcomes

With new curriculum: ( 2011 graduated in 2013 )
100% Employment including:

Graphics Software Engineer WB/Turbine
Rendering Software Engineer  Apple Inc
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Resources
Graphics I (2D) Graphics II (3D)

2D Graphics
Programming
for Games

Real-Time
Rendering

Third Edition

JSIIQNI-BUIUSNY

uewy oM
saueH

John Pile Jr

e
i)
(]
30
0
53
@ 0
Third
Edition

Naty Hoffman
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Further 2D Graphics Resources

2D Graphics Programming for Games ==

Source Code GitHub

https://github.com/alaskajohn/2dGPfG

Ask the Author

'SOURCE CODE VIDEOS PURCHASE FORUMS CONTEST Other Option:

Pixel Delta?

i i sk the Autror E
== Or, download latest zip here.
Particle Effects -
What types of 2D particle effects can | make?
Videos e e T Categories Current Status as of July 2013:
* 5]
GPU and Shaders 2D Graphics Programming
How can | compile for Pixel Shader model 3.07 ""_VGT'"; [ CH# 7 XNA Complete

ing shaders in HLSL? sk or) C++/ OpenGL Started
e 2012 G 2D Graphics Topics

. - sprite - crart
Chapter 1 - Introduction Is it possible to test pixel snader code in real time? :”;ns‘:w.‘u C4 / Directx 11 Not Started
.- « Game Cameraf Flash Not Started
 Simulating Depth)
How do | get C# 4.0 or C# 5.0 commands to run on the Xbox? L User Intert
— 2012 30
- Particle Effectsf) Additional APls and Languages will be added regularly to the GitHub repo. If there is specific
How do | install XNA Game Studio 4.0 on Windows 8 LGPl and Shaders) 57es ©
et Seaned by Sk 3 i — material you're looking for, please use the poll on our facebook page and Il prioritize based on
How do | create a ccgame file in Visual Studio 2012 or 20137 - Vector Graphicsf the results.
e 2 [oed Graphics APIs B =
How do | use XNA on 10S, Anroid, Mac, Linux, or the Playstation - piree)
Lxn Y - -
5‘{‘}‘?» . B g‘ﬂ If you have specific questions, please post them in the 2D Graphics Programming for Games
crmant Staned by Sscksjonn a L GpenC ” h
What do | need to get started with XNA? Languages forum.

More Discussions Share this: n oo

OpenGL

How can | import PNG spritesheets in OpenCL?

Resources
L Art Resourcasf)

[re

Is there a framework for 2D games using C++ and DirectX 117

Discussions

Art Resources SignIn

Can you recommend resources for artists 100King to create
spritesheets and animated sequen

e * Syllabus




2D Graphics Programming

for Games

Questions? AK Peters | CRC PRESS
uestl S

=D Graphit:s
Programming

for Gam o

John Pile Jr

2dGraphicsProgramming.com
Twitter: @JohnPile
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