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Linear Algebra Review

(On document camera)




Triangle made of vertices which are Points
Vectors (P1-P2)
P1+V=P2

Vector magnitude (normalizing vectors),
what does ||xx|| mean?

Dot product of two vectors (Wikipedia)
Cross product of two vectors

Matrix

Matrix * Point

Matrix * Matrix



Break time — 4 minutes

(Survey link in Zoom Chat)

Participation Apr 2




About GL and WebGL




OpenGL version history

Version Release Date Features

1.1 March 4, 1997 Texture objects

5 R R 3D textgres, BG.RA‘and packed pixel formats,>¥! introduction of the imaging subset useful to image-
processing applications

1.21 October 14, 1998 A concept of ARB extensions

1.3 August 14, 2001 Multitexturing, multisampling, texture compression

14 July 24, 2002 Depth textures, GLSlang!?4!

15 July 29, 2003 Vertex Buffer Object (VBO), Occlusion Queries!?®]

2.0 September 7, 2004 | GLSL 1.1, MRT, Non Power of Two textures, Point Sprites,®! Two-sided stencill®®]

2.1 July 2, 2006 GLSL 1.2, Pixel Buffer Object (PBO), SRGB Textures®°!

3.0 August 11, 2008 GLSL 1.3, Texture Arrays, Conditional rendering, Frame Buffer Object (FBO)®)

3.1 March 24, 2009 GLSL 1.4, Instancing, Texture Buffer Object, Uniform Buffer Object, Primitive restart'?®]

3.2 August 3, 2009 GLSL 1.5, Geometry Shader, Multi-sampled textures!®®!

33 March 11, 2010 GLSL 3.30, Backports as much function as possible from the OpenGL 4.0 specification

40 March 11, 2010 GLSL 4.00, Tessellation on GPU, shaders with 64-bit precision>?!

41 July 26, 2010 GLSL 4.10, Developer-friendly debug outputs, compatibility with OpenGL ES 2.0

e August 8, 201152 GLSL 4.20, S_haders with atomic counters, draw transform feedback instanced, shader packing,
performance improvements
GLSL 4.30, Compute shaders leveraging GPU parallelism, shader storage buffer objects, high-quality

43 August 6, 201213 ETC2/EAC texture compression, increased memory security, a multi-application robustness extension,
compatibility with OpenGL ES 3.0
GLSL 4.40, Buffer Placement Control, Efficient Asynchronous Queries, Shader Variable Layout, Efficient

4.4 July 22, 2013033 Multiple Object Binding, Streamlined Porting of Direct3D applications, Bindless Texture Extension, Sparse
Texture Extension!®?]

L5 August 11, 20145158 GLSL 4_.5_0_, Direct State Ac-cess (DSA), Flush Control, Robustness, OpenGL ES 3.1 APl and shader
compatibility, DX11 emulation features

o July 31, 201767138 GLSL 4.60, More efficient geometry processing and shader execution, more information, no error context,

polygon offset clamp, SPIR-V, anisotropic filtering




- Example (old style)

he University ol New Mexico

type of object

/ location of vertex
glBegin (GL POLYGON) ‘//////n

glvertex3£(0.0, 0.0, 0.0);

glVertex3£(0.0, 1.0, 0.0);

glvertex3£(0.0, 0.0, 1.0);
glEnd( )

T~

end of object definition

Angel and Shreiner: Interactive Computer Graphics 7E © Addison-Wesley 2015



I'he University ol New Mexico

- Example (GPU based)

* Put geometric data in an array

var points = |
vec3(0.0, 0.0, 0.0),
vec3(0.0, 1.0, 0.0),
vec3(0.0, 0.0, 1.0),
17

*Send array to GPU
* Tell GPU to render as triangle

Angel and Shreiner: Interactive Computer Graphics 7E © Addison-Wesley 2015



- OpenGL 3.1

I'he University ol New Mexico

* Totally shader-based

- No default shaders

- Each application must provide both a vertex
and a fragment shader

*No immediate mode
* Few state variables
* Most 2.5 functions deprecated

« Backward compatibility not required
- Exists a compatibility extension

Angel and Shreiner: Interactive Computer Graphics 7E © Addison-Wesley 2015



K Other Versions

*OpenGL ES
- Embedded systems
- Version 1.0 simplified OpenGL 2.1

- Version 2.0 simplified OpenGL 3.1
Shader based

* WebGL

- Javascript implementation of ES 2.0
- Supported on newer browsers

*OpenGL 4.1,4.2, .....

- Add geometry, tessellation, compute shaders

Angel and Shreiner: Interactive Computer Graphics 7E © Addison-Wesley 2015 10



<#" Lack of Object Orientation

* All versions of OpenGL are not object
oriented so that there are multiple functions
for a given logical function

« Example: sending values to shaders
—gl.uniform3f
-gl.uniform2i
-gl.uniform3dv

* Underlying storage mode is the same

Angel and Shreiner: Interactive Computer Graphics 7E © Addison-Wesley 2015 R



<#'" WebGL function format

function name

e

gl.uniform3f (x,y, z)

7 AN

X,y,z are variables

dimension

belongs to WebGL canvas

gl.uniform3fv (p)

\ P 1s an array

Angel and Shreiner: Interactive Computer Graphics 7E © Addison-Wesley 2015 12



I'he University ol New Mexico

*l. WebGL constants

 Most constants are defined in the canvas
object

- In desktop OpenGL, they were in #include files
suchasgl.h

* Examples

—desktop OpenGL
glEnable (GL DEPTH TEST) ;

-WebGL
gl.enable (gl.DEPTH TEST)

-gl.clear (gl.COLOR BUFFER BIT)

Angel and Shreiner: Interactive Computer Graphics 7E © Addison-Wesley 2015 13



GLSL Shaders Overview




Program

glCreateProgram

glAttachShader

1

Vertex Shader

glCreateShader

]

glShaderSource

1

glCompileShader

glAttachShader

glLinkProgram

glUseProgram

Fragment Shader

glCreateShader

]

glShaderSource

]

glCompileShader




JavaScript

functon many() {
v g(.-qg'WebGL

f‘:’S'»L“)’."') '

00.00.00.10)
S 100

Figure 211 Tre simpified version of Figure 2.9 _






- Example (old style)

he University ol New Mexico

type of object

/ location of vertex
glBegin (GL POLYGON) ‘//////n

glvertex3£(0.0, 0.0, 0.0);

glVertex3£(0.0, 1.0, 0.0);

glvertex3£(0.0, 0.0, 1.0);
glEnd( )

T~

end of object definition

Angel and Shreiner: Interactive Computer Graphics 7E © Addison-Wesley 2015
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I'he University ol New Mexico

B

* Put geometric data in an array

var points = |
vec3(0.0, 0.0, 0.0),
vec3(0.0, 1.0, 0.0),
vec3(0.0, 0.0, 1.0),
17

*Send array to GPU
* Tell GPU to render as triangle

Angel and Shreiner: Interactive Computer Graphics 7E © Addison-Wesley 2015

Example (GPU based)

20



CPU GPU
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gl.createBufter()

JavaScript

mmboetw*m'-"

JavaScript

function main() {
vargl=getWebGlL .

gl‘ctealeBuﬂer(...);

Figure 3.6 Create a byffer ob]n



gl.bindBuffer()




gl.bufferData()




gl.vertexAttribPointer()




gl.vertexAttribArray()
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Vertex shader runs for each item in the buffer

Figure 3.11 How the data in a buffer objeét Is__., ‘:on[L(o a ver



How is shading done in OpenGL?

1. Attributes are specified on vertices.



How is shading done in OpenGL?

2. Attributes are interpolated across
triangles by the rasterizer

(see appendix for details)

Rasterizer also breaks the triangle into “fragments.”



How is shading done in OpenGL?

3.Each fragment runs the shader using
interpolated values as inputs.

Xl float4 main{ float3 X )
{

}

float4 main{ float3 X )
{

}

X2.= X3

Exact same routine, different inputs.



Whatis a shader?

] — SHADER |—>COLOR




LINE(e o); TRIANGLE(0 @ o )

Vertices Transf Vertices Connectivily
o ° o nformation
~ o Geom. Ops.
e o o o
Assembly
] pr—— O'/’_,_O
Colored Fragments Fragments : . /
Raster
o [
Interpolation
L ]
[




What is a shader?

INPUTS —=»>| SHADER |—>» POSITION

“displacement” or “vertex” shader

i normal mapped
original PP

displaced



Super simple vertex shader

void main()

{

gl _Position = gl_ProjectionMatrix * gl_ModelViewMatrix * gl_Vertex;



void main{void)

{

vecd v = vecd (gl_Vertex);
v.z = sin(5.0*%v.x )*0.25;

gl_Position = gl_ModelViewProjectionMatrix * wv;

W -, K



uni form wvec3 lightDir;

varving float intensitv;

Vertex void main()
Shader | vec3 14;

intensitv = dot (lightDir,gl_Normal) ;

gl_Position = ftransformi);

varving float intensity;

void main()

Fragment { vecd color;
Shader if {intensitv = 0.95)

color = vec4(1.0,0.5,0.5,1.0);
else if (intensity = 0.5)

color = vec4(0.6,0.3,0.3,1.0);
else if (intensity > 0.25)

color = vec4(0.4,0.2,0.2,1.0);
else

color = vec4(0.2,0.1,0.1,1.0);

gl_FragColor = color;



Simple diffuse lighting

The following vertex shader shows the GLSL code to achieve this.

void main{) {

vec3 normal, lightDir;
vecd diffuse;
float NdotL;

/* first transform the normal into eve space and normalize the result */
normal = normalize{gl_NormalMatrix * gl_Normal) ;

/* now normalize the light's direction. Note that according to the
OpenGL specification, the light is stored in eve space. Also since
we're talking about a directional light, the position field is actuallwy
direction */

lightDir = normalize (vec3 (gl_LightSource [0] .position));

/* compute the cos of the angle between the normal and lights direction.
The light is directional so the direction is constant for every vertex.
Since these two are normalized the cosine is the dot product. We also
need to clamp the result to the [0,1] range. */

NdotL = max(dot {(normal, lightDir), 0.0);

/* Compute the diffuse texrm */
diffuse = gl_FrontMaterial.diffuse * gl_LightSource[0] .diffuse;

gl_FrontColor = NdotL * diffuse;

gl_Position = ftransform();

Now in the fragment shader all there is left to do is setting the fragments color, using the varying gl_Color variable.

void main()

gl FragColor = gl_Color;



Assignment O and 1 Overview

(There are videos in Youtube Channel)




Assignment 0 — Intro HTML, Javascript, Linear Algebra

vi:x o y 5
v2:X 5 y 0
Draw

Operation: Add 4 Scalar:

Draw



AQO — Detalled directions

I8 Assignment 0: Vector Library X

+

< C Y @ canvas.ucscedu/courses/36498/assignments/157754
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Assignment O: Vector Library 2 Edit

Videos:

« Assignment O: Lab Section
https:/www.youtube.com/watch?

v=CkbO7_jYAmM&list=PLbyTU_tFlkcOUaZ9klLznqF6Eyv4jUwgmS
=

|'.T7"

Objectives:

Extend the matrix library provided by the textbook to support vector operations such as addition,
subtraction, multiplication, cross product, dot product, etc. With this assignment, you will learn:

« How to create objected oriented graphics projects in Javascript.
« How to draw to a <canvas> element using a 2D context.

« Review fundamental concepts of Linear Algebra.

Introduction:

The textbook provides a matrix library called cuon-matrix.js which contains functions to create 4x4
matrices and operate with them. We will use this matrix later in this course for transforming (translate,

https://www.youtube.com/watch?v=CkbO7_jYAmM&tlist=PLbyTU_tFlkcOUaZ9%LzngF6Eyv4jUwgmS wever far now we want to nse this librarv for reviewine basic concents of

Q % w0 o 6N

Q 01:09:14 - slides for... » Other bookmarks

Related Items
v SpeedGrader™
Y Download Submissions

0 out of 5 Submissions Graded




AQ — Detailed grading rubric

I8 Assignment 0: Vector Library X +
& C 1} @ canvas.ucscedu/courses/36498/assignments/157754 Q % wm g
O Automated Mesh G.. @ CSE101-IntrotoD.. [@ CSE10%:Introto Da.. ¥ Bookmarks (@) My Profile - Zoom () ZoomJED [JJ CSE160-Fall2020|.. @B Channel videos-Y.. (@) 01:09:14 - slides for... »

S ——rrr— e

ASGO Rubric QW
Criteria Ratings Pts
Setup the DrawRectangle example from the book with our matrix library. 1.0pts | 0.0 pts
Full No 1.0 pts

Marks Marks

Draw a red vector v1 on a black canvas instead of the blue rectangle. The origin of the 10pts | 0.0 pts
vector should be the center of the canvas. Full No 1.0 pt
. S
Marks Marks B
Add to your webpage an interface for the user to specify and draw the v1 vector. 20pts | 0.0 pts
Full No 2.0 pts
Marks | Marks '
Add to your webpage an interface for the user to specify and draw a second vector v2. 10pts | 0.0 pts
Full No 1.0 pts
Marks | Marks ’
Add to your webpage an interface for the user to perform and visualize the results of add, 2.0pts | 0.0pts
sub, div and mul operations. Full No
2.0 pts
Marks Marks P
Add to your webpage an interface for the user to perform and visualize the results of 10pts | 0.0 pts
magnitude and normalize operations. Full No 1.0 ot
.0 pts

Marks Marks

- o

o »

Other bookmarks




Assignment 1 — WebGL, Paint

Clear Canvas

Drawing Mode:

Squares Triangles Circles

Shape Color:
Red Green Blue

Shape Size: (Circles) Segment Count:



Detailed help videos (starting with A1

I Syllabus for Intrc X { U Assignment 1: Pz X | I3 Piazza

& Cc 0O & youtube.com/playlist

D Automated Mesh G % Bookmarks () My Profile - Zoom

= VYouTube

L Assignment 1
21 videos * 131 views * Updated yesterday
Public ~

No description

LS

g UCSC CSE160
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- oI EH

x | [ CSE-160-01200 X | @ Assignment1-' X [ G| addingmanager: X | +
* = Q
» ks
Q HoOOA a0

= SORTBY

- 1.1a Where is the sample code?
U

E160

1.1b HelloPoint1 Introduction
UCSC CSE160

. 1.1d Passing attribute data from javascript to GLSL
UCSC CSE160

- 1.2a ColoredPoints. Organizing code. Debugging.
UCSC CSE160

B 13:22 |

- 1.2b ColoredPoints. click()
UCSC CSE160

N 201 ]

. 1.2c ColoredPoints. ConvertCoordinates. Mouse
events. Debugger.

.  5:55 UGS

. 1.2d ColoredPoints. RenderAllShapes.

UCSC CSE160



Detailed WebGL examples

WebGL
Programming Guide

Interactive 3D Graphics Programming
with WebGL

'\‘;}‘
1\_ - ’ A

\ \
/ "qunr. ‘

Kouichi Matsuda = Rodger Lea

Publication date: July 2013

ISBN-10: 0321902920 | ISBN-13: 978-0321902924
From Amazon

From Addison-Wesley Professional directly

Kouichi Matsuda Rodger Lea

Publications

Research
Bio

Contact us at: webgl.pg at gmail.com

Welcome

This web site acts as the primary location for the example code in the book as well as
a place for us to provide updates and new materials as we get feedback.

This book covers the WebGL 1.0 API along with all related JavaScript functions. You
will learn how HTML, JavaScript, and WebGL are related, how to set up and run WebGL
applications, and how to incorporate sophisticated 3D program “shaders” under the
control of JavaScript. The book details how to write vertex and fragment shaders,
how to implement advanced rendering techniques such as per-pixel lighting and
shadowing, and basic interaction techniques such as selecting 3D objects. Each
chapter develops a number of working, fully functional WebGL applications and
explains key WebGL features through these examples. After finishing the book, you
will be ready to write WebGL applications that fully harness the programmable power
of web browsers and the underlying graphics hardware.

Book examples by chapter
Full text example chapter: Chapter 3

Chapter 1: Overview of WebGL

Chapter 2: Your First Step with WebGL

Chapter 3: Drawing and Transforming Triangles
Chapter 4: More transformations and Basic Animation
Chapter 5: Using Colors and Texture Images

Chapter 6: The OpenGL ES Shading Language (GLSL ES)
Chapter 7: Toward the 3D World

Chapter 8: Lighting Objects

Chapter 9: Hierarchical Objects

Chapter 10: Advanced Techniques

Appendices: A, B, C,D,E, F,G, H

Extras: extra examples

Download all examples

Some useful links

Errata an updated list of

Recent site activity

WebGL Programming
Guide. Matsuda & Lea

edited by R

WehGL PG Errata
edite: y Rod:

1. Overview of WebGL
edited by R Lea

WebGL-PG Errata

WebGL Programming
Guide. Matsuda & Lea

View All
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