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Schedule

9:00 Welcome and Overview
9:10 How to Attend SIGGRAPH
9:20 The Graphics Process
9:40 Graphics Hardware

10:00 Modeling

10:30 Break

10:45 Maybe our vision isn’'t as good as we think it is ©
10:50 Rendering

11:15 Animation

11:50 Finding Additional Information

12:00 Finish

Oregon State University
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Seminar Goals

« Provide a background for everything else you will s

« Create a common understanding of computer graphics
+ Help appreciate the images you will see

« Get more from the Exhibition

« Provide pointers for further study

ee at SIGGRAPH 2012

vocabulary

Oregon State University
Computer Graphics.
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Specific Topics

The Graphics Process

How to Attend SIGGRAPH

Graphics Hardware

Modeling

Rendering

Animation

Finding More Information

Oregon State University
Computer Graphics.
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You can't see itall, so ... OMG — Where do | Start in the Exhibition?
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The Basic Computer Graphics Pipeline

EC cc
% Per-vertex %l__,! Projection %_ !Humogeneuus 1=
© Lighing = | Transform i= [  Division =
= = &=
NDC
Transform h

l SC

Fragment

processing, 1 e— | Rasterzaion 4

Raster

Ops '

»
[e]

Texturing,
Per-fragment
Lighting

MC = Model Coordinates
WC = World Coordinates
EC = Eye Coordinates
CC = Clip Coordinates

_ NDC = Normalized Device Coordinates
Dsu Oregon State University SC = Screen Coordinates

Computer Graphics.
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The Graphics Process

The Graphics Process: Geometric Modeling

3D
Scanning

Interactive
Geometric

—_—
Modeling .
Rendering
Mode| /

Libraries

Displacement
Mapping

Material
Properties

Oregon State University
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The Graphics Process: Texturing

Image
Storage aud|
Display

Scanned

Image
Textures \
Procedural

(computed)
Textures

Models

Texture

NN | nfor mation Rendering

Painted
Textures
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The Graphics Process: 3D Animation

Motion
Design

Motion

Rendering

(physics)

Motion /
Capture
Dynamic

Deformations

Oregon State University
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The Graphics Process: Lighting

0
Geometric

Lighting
Types
(point, directional, spot)

AN

Lighting

PN | nfor mation

Image
Storage aud|
Display

Models

Light

Positions Rendering

Light Light
Colors Intensities

Oregon State University
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3D
Geometric
Models

3D
Animation
Definition

Oregon State University
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The Graphics Process: Rendering

Lighting
Information

Image
Storage

== and

Display

Texture
Information

————
L
—
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The Graphics Process; Summary
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Network

Input R

Devi
evices cPU
—
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Generic Computer Graphics System

IMC Vertices

Vertex
Processor

Soverices §,_J Vanablesto nterpolate

Fragment
Processor

RGBA
Texels

Double-buffered
Framebuffers

Texture Memory

i Ma¥29.201
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The Graphics Process:
Image Storage and Display
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Fragment
Processor

N

The Framebuffer

Double-buffered
Framebuffers

Oregon State University
Computer Graphics.
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Oregon State University
Computer Graphics.

The Framebuffer Uses Additive Colors (RGB)

Red, Green, and Blue are provided. The
rest are combinations of those three.

Yellow

Cyan = Green + Blue
Magenta = Red + Blue
Yellow = Red + Green

White = Red + Green + Blue

mb - May 292012
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The Framebuffer:
Floating Point Color Storage

+ 16- or 32-bit floating point for each color component

Why so much?

Many modern algorithms do arithmetic on the
framebuffer color components, or treat the
framebuffer color components as data. They need
the extra precision during the arithmetic.

However, the display system cannot display all of
those possible colors.

i - ay 20,201

N

The Framebuffer

« Z-buffer
— Used for hidden surface removal
— Holds pixel depth
— Typically 32 iits dbzgp
Integer or floating point

# Bits / z Total Z Values:
32 232= 4B

Oregon State University
Computer Graphics.
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The Framebuffer:
Integer Color Storage

# Bits/color # Intensities per color
8 28 = 256
10 210=1024
12 212 = 4096
# Bits/pixel Total colors:
24 224=16.7M
30 23%=1B
36 2% =69 B

Oregon State University
Computer Graphics.
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The Framebuffer

« Alphavalues

— Transparency per pixel
a = 0. is invisible
a = 1. is opaque

— Represented in 8-32 bits
(integer or floating point)

— Alpha blending equation:

Color =aC,+1-a)C,
BSU --00 s a s 10 ‘
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The Framebuffer

Double-buffering: Don't let the viewer see any of the scene until the entire scene is drawn

Update

Double-buffered
Framebuffers

Update _4 Back

i
Oregon State University
Computer Graphics.
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Double-buffered
Framebuffers
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The Video Driver

Double-buffered
Framebuffers

Oregon State University
Computer Graphics.
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The Computer Graphics Monitor(s)

“Video !
Driver i

|
i
wastonasr |

| oo |
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« Gascell

« Phosphor

« Grid of electrodes

Oregon State University
Computer Graphics.

Displaying Color on a Plasma Monitor

address electrode

front piste gass:

http://electronics.howstuffworks.com |

The Video Driver

« Nrefreshes/second (N is usually between 50 and 100)
* Framebuffer contains the R,G,B that define the color at each pixel

« Cursor
- Appearance is stored near the video driver in a “mini-framebuffer”
- X,y is given by the CPU

 Video input

Oregon State University
Computer Graphics.
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Displaying Color on a
Computer Graphics LCD Monitor

 Grid of electrodes:

« Color filters

Source: http://electronics.howstuffworks.com

Oregon State University
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Display Resolution

« Pixel resolutions (1280x1024, 1600x1200, 1920x1152 are common on the desktop)
« Screen size (13", 16", 19", 21" are common)

« Human acuity: 1 arc-minute is achieved by viewing a 19" monitor
with 1280x1024 resolution from a distance of ~40 inches

Mobile devices have
set this back.

http://en.wikipedia.org/wiki/File: Pixel_geometry_01_Pengo.jpg

mib - May 292012
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The Fragment Processor

Rasterizer

Fragment
Processor

I
[ |

Double-buffered
Framebuffers

Texture Memory

Oregon State University
Computer Graphics.
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The Rasterizer

Vertex
Processor

v

Rasterizer ;

Fragment
Processor

Oregon State University
Computer Graphics.
mb - May 20,2012

N

Anti-aliasing is Implemented by Oversampling within Each Pixel

No AA 4x 16x

NVIDIA

Oregon State University
Computer Graphics.
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The Fragment Processor

« Takes in all information that describes this pixel
« Produces the RGBA for that pixel's location in the framebuffer

\I:Z:ZZZZ'I_'Z:Z:

Oregon State University
Computer Graphics.
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Rasterization
« Turn screen space vertex coordinates into pixels that make up lines

and polygons
Aliased

#
—

Anti-Aliased

« A great place for custom electronics

« Anti-aliasing is often built-in

1]

s
l S

Oregon State University
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Anti-aliasing is Implemented by Oversampling within Each Pixel

4x I 16x

NVIDIA

Oregon State University
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N

Rasterizers Can Interpolate:

« XandY

Red-green-blue values

.

Alpha values

.

Z values

Intensities

.

Surface normals

Texture coordinates

.

Custom values given by the shaders

Oregon State University
Computer Graphics.
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Texture Mapping

“Stretch” an image onto a piece of geometry
Image can be generated by a program or scanned in

Useful for realistic scene generation

http://2ols.com

Oregon State University
Computer Graphics.
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Procedural Texture Mapping

Create a texture from an equation. In this case, the equation
takes a grid of heights and produces surface normals for lighting

Oregon State University
Computer Graphics.
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Texture Mapping

Fragment
Processor

([}

Texture Memory

Oregon State University
Computer Graphics.
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Something Cool:
Write-Your-Own Fragment-Processor Code

Rasterizer |
| Rasterizer §

Fragment

Processor

Double-buffered

Framebuffers

1]

Texture Memory

Referred to as:
Pixel Shaders or Fragment Shaders

Oregon State University
Computer Graphics.
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Procedural Textures

Oregon State University
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Procedural Textures

Josie Hunter

‘Oregon State University -
Computer Graphics
mi - May 29,2012

Vertex Processor

« Coordinates enter in model units
« Coordinates leave in screen (pixel) units
« Another great place for custom electronics

Oregon State University
Computer Graphics.
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Vertex Processor:
Windowing and Clipping

« Declare which portion of the 3D universe you anteiiested in viewing
« This is called theiew volume
« Clip away everything that is outside the viewirgjume

Oregon State University
Computer Graphics.
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The Vertex Processor

Vertex
Processor

e
i

Oregon State University
Computer Graphics.
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Vertex Processor: Transformations

« Used to correctly place objects in the scene

« Translation

 Rotation I:I

« Scaling

Oregon State University
Computer Graphics.

SR
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Vertex Processor: Projection

* Turn 3D coordinatesinto 2D

— Parallel projection

— Perspective projection

Oregon State University
Computer Graphics.

Parallel lines
remain parallel

i

“vanishing point"

Some parallel lines
appear fo converge

mib - May 292012




Something Cool:
Write-Your-Own Vertex Code

Vertex Processor: Projection

Wireframe
Parallel Teapot Dome
Vertex Projection
Processor
CPU
L v
i Rasterizer

I
-l
]
B
L

Mars
Panorama
Dome
Projection

Oregon State University Oregon State University
Computer Graphics Computer Graphics
mi - May 29,2012

The CPU and Bus All Together Now !
C Vertices
Vertex
= Vertex D'"P_Lﬂ — Processor
Processor evices CPU
D:ﬁis — . ! Soverices | varabies
CPU e Rasterizer '
— Network i Prctpoanees ] § varabes
Network Fragment
Processor
Type of Speed to Speed MG = Model Coordinates 1
Board Board from TG Torure Continates
Board
PCI 132 132 RooA
Mb/sec Mb/sec
AGP8X | 2Gblsec | 264 || video |
Mb/sec 1 Driver |
PCI 4Gblsec | 4 Gbisec bl i
Express Fxture Memory Framebuffers |
—
Dsu Oregon site Unversy Dsu Oregon site Unversy
Computer Graphics o viay 20,201 Computer Graphics oo 201

What is a Model?

Ais a model of B if A can be used to ask questions about B.

In computer graphics applications, what do we want to ask about B?

* What does B look like?

« How do | want to interact with (shape) B?
« Does B need to be a legal solid?

« How does B interact with its environment?

« What s B'’s surface area and volume?

These questions, and answers, control what type of
geometric modeling you need to do

Oregon State University
Computer Graphics.
mib - May 292012




Explicitly Listing Geometry and Topology

Models can consist of thousands of vertices and faces — we need
some way to list them efficiently

http:/igraphics.stanford.edu/data/3Dscanrep

Computer Graphics.

Explicitly Listing Geometry and Topology

mib - May 20,2012
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Cube Example
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Curve Sculpting — Bezier Curve Sculpting

P(O)=(1-tR+3(-tfR+3* (-t P,+t7P,

0.<t<1.

Oregon State University

Computer Graphics.
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2 3
static GLfloat CubeVertices [][3] =
6 {-1,-1,-1.},
{1,-1,-1}
{-1, 1.,-1.},
{1, 1,-1.},
0 1 {-1,-1, 1.},
{1,-1, 1},
, {-1, 1., 1.},
‘ {1,1,1}
h
static GLfloat CubeColors [][3] =
static GLuint Cubelndices [ ][4] =
{0.,0,0.}, {
{1.,0,0.} {0,2,3,1},
{0.,1.,0.}, {4,5,7,6},
{1,1,0.} {1,3,7,5},
{0.,0,1.} {0,4,6,2},
{1.,0,1.}, {2,6,7,3},
{0,1.,1.}, {0,1,5,4}
{1.1,1} h
i3

bS

mib - May 29,2012
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Solid Modeling Using Boolean Operators

e

Two Overlapping Solids Union

on Intersection Difference

Computer Grapnics.

B
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Curve Sculpting — Bezier Curve Sculpting Example

Oregon State University
Computer Graphics.
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Curve Sculpting — Bezier Curve Sculpting Example

Oregon State University
Computer Graphics.
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Surface Equations can also be used for Analysis

With Contour Lines Showing Curvature

Oregon State University
Computer Graphics.
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Surface Sculpting

Wireframe Surface

Oregon State University
Computer Graphics.
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Volume Sculpting

Sederberg and Parry

Oregon State University
Computer Graphics.
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Rendering

Rendering is the process of creating an image of a geometric
model. Again, there are questions you need to ask:

« How realistic do | want this image to be?

« How much compute time do | have to create this image?
« Do | need to take into account lighting?

« Does the illumination need to be global or will local do?
« Do | need to take into account shadows?

« Do | need to take into account reflection and refraction?

Oregon State University
Computer Graphics.
mib - May 29,2012
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Fundamentals of Computer Graphics Lighting The Computer Graphics Lighting Environment

White Light

What the light
can produce

Ep —m— My

Eg Mg
Eg «—m— My Green Light
What the
whatte e ean
reflect P Point being illuminated
I Light intensity
Er = Lg* Mg L Unit vector from point to light
Eg = Lg* Mg n Unit vector surface normal
Eg = Lg*Mg R Perfect reflection unit vector
E Unit vector to eye position

Oregon State University Oregon State University
Computer Graphics. Computer Graphics.
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Three Elements of Ambient
Computer Graphics Lighting

Three Elements of

Computer Graphics Lighting
1. Ambient = a constant Accounts for light bouncing “everywhere”

2. Diffuse = I*cos® Accounts for the angle between the
incoming light and the surface normal

Accounts for the angle between the "perfect
reflector” and the eye; also the exponent, S,
accounts for surface shininess

3. Specular = T*cosS@

| Note that cos@ is just the dot product between unit vectors L and n ‘

| Note that cosgis just the dot product between unit vectors R and E ‘

Oregon State University Oregon State University
Computer Graphics. Computer Graphics.
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Lighting Examples Two Types of Rendering

1. Starts at the object

Spot Lights

2. Starts at the eye

Omnidirectional Point Light

mib - May 29,2012
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Starts at the Object

This is the typical kind of rendering you get on a graphics card.
Start with the geometry and project it onto the pixels.

Oregon State University
Computer Graphics.
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Another From-the-Object Method -- Radiosity

Based on the idea that all surfaces gather
light intensity from all other surfaces

The fundamental radiosity equation is an
energy balance that says:

“The light energy leaving surface i equals the

amount of light energy generated by surface i

plus surface i's reflectivity times the amount of
light energy arriving from all other surfaces”

BA=EA+AY BAF,

Oregon State University
Computer Graphics.
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The Radiosity Shape Factor

F. = [ [visibility(di o) 20 €09,
- V) s,y

A

Oregon State University
Computer Graphics.

mib - May 29,2012

How do things in front look like they are really in front?

Your application might draw the polygons in 1-2-3-4-5-6 order,
but 1, 3, and 4 still need to look like they were drawn last:

Either the polygons need to be re-arranged to be drawn yas
in a back-to-front order, or we need to have a Z-buffer A

Oregon State University
Computer Graphics.
mib - May 29,2012

The Radiosity Equation
BA=EA+RD BAF
J

BI is the light energy intensity shining from surface element i

A is the area of surface element i

E is the internally-generated light energy intensity for surface element i
P, is surface element i's reflectivity

Fl .iis referred to as the Form Factor, or Shape Factor, and describes
what percent of the energy leaving surface element j that arrives at

surface element i

Oregon State University
Computer Graphics.
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The Radiosity Matrix Equation

Expand BA =EA +1> BAF,

For each surface element, and re-arrange to
solve for the surface intensities, the B's:

1-pF ., -pF., °°° —PFin B, E,
“PFy 1-pF, , cce —pFLy B, E,

“PnFna ARt -y R LBy Ey

This is a lot of equations!

Oregon State University
Computer Graphics.
mib - May 29,2012
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Radiosity Examples

AR Toolkit

Oregon State University
Computer Graphics Autodesk
g 12

Starts at the Eye

The most common approach in this category is ray-tracing:

The pixel is painted the color of
Dsu Oregon State University the nearest object that is hit.
Computer Graphics

Starts at the Eye

It's also easy to handle reflection

Fire another ray that represents the bounce from the
Dsu oregonsate reflection. Paint the pixel the color that this ray sees.
Computer Graprics

mib - May 292012
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Radiosity Examples

Cornell University

Oregon State University i
uter Graphics Cornell University otz

1]

Starts at the Eye

It's also easy to see if this point lies in a shadow:

Fire another ray towards each light source. If the ray

oregon st DtS @anything, then the point does not receive that light.

Computer Grapnics.

N

Starts at the Eye

It's also easy to handle refraction

Fire another ray that represents the bend from the

oregonstare F€fraction. Paint the pixel the color that this ray sees.
omputer

Grapnics
mib - May 292012
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Ray Tracing Examples

Oregon State University
Computer Graphics.
mb - May 292012

Ray Tracing Examples

IBM's Cell Interactive Ray-tracer

Oregon State University
Computer Graphics.
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Forward Kinematics:
Change Parameters — Things Move
(All Children Understand This)

Oregon State Unversity
Computer Graphics.
mib - May 292012
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Ray Tracing Examples

Quake 4 Ray-Tracing Project

mib - May 292012
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Forward Kinematics: Transformation Hierarchies

Oregon State University
Computer Graphics.

Locations?

Ground

mib - May 292012
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Inverse Kinematics (IK):

Things Need to Move — What Parameters Will Make Them Do That?

Oregon State University
Computer Graphics.

Inverse Kinematics

Forward Kinematics solves the problem “if | know the link transformation parameters,

where are the links?".
Inverse Kinematics  (IK) solves the problem “If | know where | want the end of the chain

to be (X*,Y*), what transformation parameters will put it there?”

01?2
PP T LTI ST 7777777777777

Ground

mb My 292012

Particle Systems:
A Cross Between Modeling and Animation?

Oregon state UL
Computer Graphics

i - ay 20,201

Particle Systems Examples

Chuck Evans

Oregon State University
Computer Graphics.
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DSU ‘Oregon State University
Computer Graphics
b vy 29,2017
Particle Systems:
A Cross Between Modeling and Animation?
The basic process is:
Emit —
Update
Dsu Oregen Ste Unversy
Computer Graphics o tray 26,201

Animating using Physics

AR,

Or, if you know the
displacement, the force
exerted by the spring is:

F=k(D-D,)

is known as Hook

Force = F

Oregon State University
Computer Graphics.

Dy = unloaded spring length
Do F
D (D-Dy) = N
k = spring stiffness in
Newtons/meter or
D-D, pounds/inch

law

mib - May 292012
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Animating using the Physics of a Mesh of Springs

IS S TS ST IS TSI ST S

“Lumped Masses”

Oregon State University
Computer Graphics.
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Placing a Physical Barrier in the Scene

Oregon State University
Computer Graphics.
mb - May 20,2012

Cloth Examples

Oregon State University
Computer Graphics. /
Mo vy 3 2012
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Oregon State University
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Simulating a Bouncy String

mib - May 29,2012

DSU

Animating Cloth

% Drrro @l

N

4

Oregon State University
Computer Graphics.

OO O ¢
(;_m%
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Oregon State University
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Cloth Examples

David Breen, Donald House, Michael Wozny: Predicting the
Drape of Woven Cloth Using Interacting Particles

mib - May 29,2012
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Cloth Examples

Oregon State University
Computer Graphics.

MiraLab, University of Geneva

N
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Where to Find More Information about
Computer Graphics and Related Topics

Mike Bailey
Oregon State University
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David Rogers and J. Alan Adanidathematical Elements for Computer GraphigkGraw-Hill, 1989.

John SnyderGenerative Modeling for Computer Graphics and CotaepAided DesignAcademic Press,
1992.

1.3 Scientific Visualization

John Dill, Rae Earnshaw, David Kasik, John Vinagd #ak Chung Wond;xpanding the Frontiers of
Visual Analytics and VisualizatioSpringer, 2012.

Christopher Johnson and Charles Han3&e, Visualization HandbooElsevier Academic Press, 2005.

Klaus Engel, Markus Hadwiger, Joe Kniss, Christ@zRSalama, and Daniel Weiskop®eal-Time
Volume GraphicsA.K. Peters, 2006.

David Thompson, Jeff Braun, and Ray FdbghenDX: Paths to Visualizatipivisualization and Imagery
Solutions, Inc., 2001.

Chandrajit BajajPata Visualization Technique3ohn Wiley & Sons, 1999.
Min Chen, Arie Kaufman, and Roni Yag®olume GraphicsSpringer-Verlag, 2000.

William Schroeder, Ken Martin, and Bill Lorenséfhe Visualization Toolkit3¢ Edition, Prentice-Hall,
2004.
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Luis Ibanez and William Schroeddihe ITK Software Guide: The Insight SegmentatiahRegistration
Toolkit (version 1.4)Prentice-Hall, 2003.

Greg Nielson, Hans Hagen, and Heinrich Muli8cientific Visualization: Overviews, Methodologies,
TechniqueslEEE Computer Society Press, 1997.

Brand Fortner,The Data Handbook: A Guide to Understanding the @igation and Visualization of
Technical DataSpyglass, 1992.

William Kaufmann and Larry SmariSupercomputing and the Transformation of Scigr@mentific
American Library, 1993.

Robert Wolff and Larry YaegeYisualization of Natural Phenomen@pringer-Verlag, 1993.

Peter Keller and Mary KelleKisual Cues: Practical Data VisualizatiptEEE Press, 1993.

1.4 Shaders

Mike Bailey and Steve Cunningha@pmputer Graphics Shaders: Theory and Pract&econd Edition,
CRC Press, 2011.

Randi Rost, Bill Licea-Kane, Dan Ginsburg, John $&sch, Barthold Lichtenbelt, Hugh Malan, and
Mike Weiblen,OpenGL Shading Languagaddison-Wesley, 2009. (3Edition)

Steve Upsitill,The RenderMan CompanipAddison-Wesley, 1990.

Tony Apodaca and Larry GritZAdvanced RenderMan: Creating CGI for Motion Picgirélorgan
Kaufmann, 1999.

Saty RaghavachariRendering for Beginners: Image Synthesis using &dfah Focal Press, 2005.
Randima Fernand@&PU GemsNVIDIA, 2004.
Matt Pharr, Randima FernandePU Gems 2NVIDIA, 2005.

Hubert NguyenGPU Gems 3NVIDIA, 2007.

http: //ww. cl ockwor kcoder s. cont ogl sl

1.5 Gaming

http://gamedevel oper.texterity.com ganmedevel oper/fall 2011cg#pgl
Jesse SchellThe Art of Game DesigiMorgan-Kaufmann, 2008.

David Hodgson, Bryan Stratten, and Alice RuBtajd to Play: An Insider's Guide to Video Game
Careers Prima, 2006.

Alan Watt and Fabio Policarpédvanced Game Development with Programmable GraghHardware
AK Peters, 2005.
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Jacob Habgood and Mark Overmarke Game Maker’'s ApprenticApress, 2006.

David Eberly, 3D Game Engine Design: A Practical Approach to IRéme Computer Graphics
Morgan Kaufmann, 2006.

Alan Watt and Fabio Policarp@D Games: Real-time Rendering and Software Techgokddison-
Wesley, 2001.

Eric Lengyel,Mathematics for 3D Game Programming and ComputeapBics Charles River Media,
2002.

David Bourg,Physics for Game Develope@'Reilly and Associates, 2002.

Munlo Coutinho,Dynamic Simulations of Multibody Systet@pringer Verlag, 2001.
Mark DeLouraGame Programming Gem&harles River Media, 2000.

Mark DeLouraGame Programming Gems Qharles River Media, 2001.

Dante TregliaGame Programming Gems Gharles River Media, 2002.

Andrew Kimse Game Programming Gems@harles River Media, 2004.

Kim Pallister,Game Programming Gems Gharles River Media, 2005.

Mike DickheiserGame Programming Gems Gharles River Media, 2006.

Scott Jacob<same Programming Gems Charles River Media, 2008.

Adam Lake Game Programming Gems 8harles River Media, 2010.

http://ww. ganedev. net
http://ww. gamasut r a. net

http://ww. yoyoganme. com

1.6 Color and Perception
Maureen StonéA Field Guide to Digital ColarAK Peters, 2003.
Roy Hall, lllumination and Color in Computer Generated Imagespringer-Verlag, 1989.
David Travis,Effective Color DisplaysAcademic Press, 1991.
L.G. Thorell and W.J. SmithJsing Computer Color EffectiveliPrentice Hall, 1990.
Edward Tufte,The Visual Display of Quantitative Informatic@raphics Press, 1983.

Edward Tufte Envisioning InformationGraphics Press, 1990.
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Edward TufteVisual ExplanationsGraphics Press, 1997.
Edward Tufte Beautiful EvidenceGraphics Press, 2006.
Howard ResnikoffThe lllusion of RealitySpringer-Verlag, 1989.
1.7 Rendering
Andrew GlassneRrinciples of Digital Image Synthesiglorgan Kaufmann, 1995.
Michael Cohen and John Wallad¢gadiosity and Realistic Image SyntheMergan-Kaufmann, 1993.
Andrew GlassnerAn Introduction to Ray TracingAcademic Press, 1989.
Rosalee Wolfe3D Graphics: A Visual ApproactOxford Press, 1999.
Ken Joy et allmage SynthesisEEE Computer Society Press, 1988.
1.8 Images
David Ebert et alTexturing and Modeling?™ Edition, Academic Press, 1998.
Alan Watt and Fabio Policarp®he Computer Imagéddison-Wesley, 1998.
Ron BrinkmanThe Art and Science of Digital Compositifdorgan Kaufmann, 1999.
John MianoCompressed Image File Formasddison-Wesley, 1999.
1.9 Animation
Alan Watt and Mark WattAdvanced Animation and Rendering Technigéelslison-Wesley, 1998.
Nadia Magnenat Thalmann and Daniel Thalmadntgractive Computer AnimatiofPrentice-Hall, 1996.

Philip Hayward and Tana Wollefruture Visions: New Technologies of the Scrdediana University
Press, 1993.

1.10 Virtual Reality
John Vince Virtual Reality System#&ddison-Wesley, 1995.
1.11 Web

Don Brutzman and Leonard Dal}{3D: Extensible 3D Graphics for Web Authokdorgan Kaufmann,
2007

Rémi Arnaud and Mark Barne€ollada — Sailing the Gulf of 3D Digital Content &ation AK Peters,
2006.

Gene Davisl.earning Java Bindings for OpenGL (JOGKRuthorHouse, 2004.
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Andrea Ames, David Nadeau, John Morelafide VRML 2.0 Sourcebgalohn Wiley & Sons, 1997.
Bruce Eckel;Thinking in JavaPrentice-Hall, 1998.
David Flanagan]ava in a NutshellO’Reilly & Associates, 8 edition, 2005.
David Flanaganjava Examples in a NutsheD'Reilly & Associates, '8 edition, 2004.
Rasmus Lerdorf and Kevin Tatrdesogramming PHRPO’Reilly, 2002.
Yukihiro MatsumotoRuby in a NutshellO’Reilly, 2003.
1.12 Stereographics

David McAllister, Stereo Computer Graphics and Other True 3D Teclyie$p Princeton University
Press, 1993.

Lenny Lipton,The CrystalEyes Handbop&tereoGraphics Corporation, 1991.
Shab Levy Stereoscopic Imaging: A Practical Guideravitram Creations, 2008.
1.13 Graphics Miscellaneous
OpenGL 3.0 Programming Guidaddison-Wesley, 2009 {7edition). (Eighth Edition coming?)
Aaftab Munshi, Dan Ginsburg, and Dave Shrei@genGL ES 2,0Addison-Wesley, 2008.

Tom McReynolds and David BlytheAdvanced Graphics Programming Using OpenGWYorgan
Kaufmann, 2005.

Edward AngelOpenGL: A PrimerAddison-Wesley, 2009.

Andrew GlassneRecreational Computer Graphidsiorgan Kaufmann, 1999.
Anne SpalterThe Computer in the Visual Art&addison-Wesley, 1999.

Jef RaskinThe Humane Interfac&ddison-Wesley, 2000.

Ben Shneidermaresigning the User Interfac@&ddison-Wesley, 1997.
Clark DodsworthDigital lllusion, Addison-Wesley, 1997.

Isaac Victor Kerlow;The Art of 3-D: Computer Animation and Imagi2§00.

Isaac Victor Kerlow and Judson RosebuSbmputer Graphics for Designers and Artjst&n Nostrand
Reinhold, 1986.

Mehmed Kantardzidpata Mining: Concepts, Models, Methods, and Aldorig Wiley, 2003.
William Press, Saul Teukolsky, William Vetterlingnd Brian FlanneryNumerical Recipes in ,C
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Cambridge University Press, 1997.
James Skakoon and W. J. Kifdhe Unwritten Laws of EngineerindSME Press, 2001.
1.14 Softwar e Engineering

Shari Lawrence Pfleeger and Joanne Atleeftware Engineering Theory and Practid&rentice Hall,
2006.

Tom Demarco and Timothy Listéaltzing with BearsDorset House Publishing, 2003.

Erich Gamma, Richard Helm, Ralph Johnson, and Bbhlissides,Design Patterns: Elements
of Reusable Object-Oriented Softwakeldison-Wesley, 1994.

1.15 Parallel Programming
Peter Pachec@n Introduction to Parallel Programmind/iorgan-Kaufmann, 2011.

Aaftah Munshi, Benedict Gaster, Timothy Mattsorméda Fung, and Dan Ginsbuf@penCL
Programming Guidéddison-Wesley, 2012.

Benedict Gaster, Lee Howes, David Kaeli, Perhaagtryliand Dana Schaldeterogeneous Computing
with OpenCl. Morgan-Kaufmann, 2012.

Wen-mei Hwu,GPU Computing Gems Morgan-Kaufmann, 2011.
Wen-mei Hwu,GPU Computing Gems,IMorgan-Kaufmann, 2011.

David Kirk, Wen-mei HwuProgramming Massively Parallel Processors: A HaasApproach
Morgan-Kaufmann, 2010.

Maurice Herlihy and Nir Shavifihe Art of Multiprocessor Programmiplylorgan Kaufmann, 2008.
James Reinderintel Threading Building Block<O'Reilly, 2007.

Rohit Chandra, Leonardo Dagun, Dave Kohr, Dror Maydleff McDonald, Ramesh Mendparallel
Programming in OpenMPMorgan Kaufmann, 2001.

Bradford Nichols, Dick Buttlar, and Jacqueline Riwtrarrell,Pthreads Programming)’Reilly, 1998.

lan FosterPesigning and Building Parallel Programaddison-Wesley, 1995.

2. Periodicals

Computer Graphics and Applicatiansublished by IEEE
(http://ww. conput er. or g, 714-821-8380)

Computer Graphics Worlgublished by Pennwell
(nttp://ww. cgw. com 603-891-0123
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Journal of Graphics, GPU, and Game Toglsblished by A.K. Peters
(http://ww akpeters.com 617-235-221)

Game Developeipublished by CMP Media
(http://ww gdmag. com 415-905-220D
(Once a year publishes tlimme Career Guide

Computer Graphics Quarterlypublished by ACM SIGGRAPH
(htt p: //ww. si ggr aph. or g, 212-869-744)

Computer Graphics Forumpublished by Eurographics
(http://www.eg.org/EG/Publications/CGF)

Computers & Graphigspublished by Elsevier
(http://www.elsevier.com/locate/cag)

Transactions on Visualization and Computer Graphpsblished by IEEE
(ht t p: // www. conput er . or g, 714-821-838)

Transactions on Graphicpublished by ACM
(http://ww. acm or g, 212-869-744)

Cinefex
(nttp://wwmv. ci nef ex. com 951-781-191y

3. Professional organizations

ACM................ Association for Computing Maéry
http://ww. acm org

212-869-7440

SIGGRAPH .....ACM Special Interest Group on Corep@@raphics
http://ww. si ggraph. org

212-869-7440

SIGCHI ............ ACM Special Interest Group oon@puter-Human Interfaces
http://ww. acm or g/ si gchi
212-869-7440

SIGHPC ........... ACM Special Interest Group oghdPerformance Computing
http://sighpc.org
212-869-7440

EuroGraphics ... European Association for CompGtephics
http://ww. eg. org

Fax: +41-22-757-0318
IEEE................ Institute of Electrical aitectronic Engineers
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http://ww. conputer.org
202-371-0101

IGDA ....cccnnnnee International Game DevelopAssociation
http://ww.igda.org
856-423-2990

NAB .......cooeen. National Association of Braadters
http://ww. nab. org
800-521-8624

ASME .............. American Society of MechaniEalgineers
http://ww. asne. org

800-THE-ASME

4. Upcoming Confer ences

ACM SIGGRAPH:
2012: Los Angeles, CA — August 5-9
2013: Anaheim, CA — July 21-25
2014: Vancouver, BC — August 10-14
htt p: //wwv. si ggraph. org/s2012
http://wwv. si ggraph. org/s2013
http://ww. si ggraph. org/s2014

ACM SIGGRAPH Asia:

2012: Singapore — November 28-December 1
http: //ww. si ggraph. or g/ asi a2012

ACM SIGCHI:

2013: Paris, France — April 27 - May 2
http://ww. sigchi.org

SC: International Conference for High Performanoen@uting, Networking, Storage, and Analysis:

2012: Salt Lake City, UT -- November 10-16
http://ww. super conputi ng. org

IEEE Visualization:
2012: Seattle, WA — October 14-19
http://visweek. org

Eurographics
2013: Girona, Spain — May 6-10
http://eg2013. udg. edu/

Game Developers Conference:

2013: San Francisco, CA — March 25 - 29
http://ww. gdconf. com

E3Expo
2012: Los Angeles, CA —June 7-9
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http://ww. e3expo. com

PAX (Penny Arcade Expo)

2012: Seattle, WA— August 31 — September 2
http://ww. paxsite.com

ASME International Design Engineering Technical f@oances (includes the Computers and Information
in Engineering conference):
2012: Chicago, IL — August 12-15
http://ww. asneconf erences. org/i det c2012

National Association of Broadcasters (NAB):
2013: Las Vegas, NV — April 6-11
http://ww. nab. org

5. Graphics Performance Char acterization

The GPC web site tabulates graphics display speedsvariety of vendors' workstation products. gt
the information, visit:

http: //ww. spec. or g/ benchmar ks. ht m #gwpg
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