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OpenGL Overview

http://www.opengl.org

OpenGL was first created as an open and reproducable alternative to Iris GL
...Silicon Graphics workstations... OpenGL 1.0 ...non-SGI 3rd party...

OpenGL 2.0...0penGL Shading Language (also called GLSL), a C like language
with which the transformation and fragment shading stages of the pipeline can be
programmed.

OpenGL 3.0 adds the concept of deprecation (FEHE#E)... GL 3.1 removed most
deprecated features, and GL 3.2 created the notion of core and compatibility
OpenGL contexts.

Official versions of OpenGL released to date are 1.0, 1.1, 1.2, 1.2.1, 1.3, 1.4, 1.5,
2.0,2.1,3.0,31,32,33,4.0,41,42,43,44,45
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OpenGL Bf%

http://www.khronos.org

OpenGL 4.5
OpenGL SL 4.5 (“/:J:v—fj‘*/]) yﬁ%gg_

OpenGL ES 3.1 ({1AiAZ > A7 A H) i0S, Android, Symbian

WebGL 1.0 (=~ OpenGL ES 2.0)
WebGL 2.0 (~ OpenGL ES 3.0) <« ZOFHERITITEENR0,
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Shader-based OpenGL (T & % OpenGL #FH

- OpenGLIZZ 57 4w 7 2D APl & L TEEHBES, TH 2 bNTE T,
- (EER DT & LA D 7o 72,

- L ZAH OpenGL 3.0 7° 5, OpenGL 1T k% < 21k (Shader-base 1),
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OpenGL ver. 3.1 25 DR 72284k

ETOT TV r—rasidbeltb—o20HA Y =—F L&, D»iplt
HL—ODTTITAY N2 —H 52 HNERD D,

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 14 / 417



OpenGL DJfEH

OpenGL ver. 3.1 25 DR 72284k

//
// Hello_World . c

//

// To compile on Mac.
// gcc this_source.c —framework GLUT —framework OpenGL

//

#include <GLUT/glut.h>

void display (void)
{
glClear (GL.COLOR_BUFFER.BIT) ;
glBegin (GL.POLYGON) ;
glVertex2f(—0.5, —0.5);
glVertex2f(—0.5, 0.5);
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glVertex2f( 0.5, 0.5);
glVertex2f( 0.5, —0.5)
glEnd () ;
glutSwapBuffers();

}

int main(int argc, char xxargv)

{

' 1

glutlnit(&argec, argv);
glutinitDisplayMode (GLUT_-RGBA | GLUT.DOUBLE);
glutCreateWindow (" Hello World");
glutDisplayFunc(display);
glutMainLoop () ;

}

Listing 1: 7\ > OpenGL = — R
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XL DIZ

OpenGL ¥ =—5 ¢ > 7/ 5#% (OpenGL SL, GLSL) 4.0
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+ GLSL(TES Y =—4) Y—Ra—F

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 18 / 417



V=Kl e—F 475 GLSL

OpenGL ‘./:E“_‘T/]' /7 |:|nn

=Zh
= Ag

- GPUWESTEL LD T 1 7T I
- HHER

-V x—T 4Tl I A (HDHWITHEI
- BT A CHEEAE e 7T Ao—Fl

-vz—T 4TI

v—H&) EMEENS
[R5 9% % 72 BB AL EE A ATBE (— GPGPU)
- WA LEE

Kageyama (Kobe Univ.)

WebGL 1.0 A

2018.04.10 19 / 417



Va—Hlvx—F 4/ Eil: GLSL

TT7 74T A

® immediate-mode

o HlIFE— K API

o DNy — k% GPUIZiED, T XBETERRLTYH,
® retained-mode

° {REFE— N API
o U= kA ET GPUIED, TORIFEFMOIET 2155,

WebGL IZHIFFE— K API
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OpenGL ES 2.0

OpenGL for Embedded Systems (1A iAZ T AT A H)
Immediate E— K API

glBegin/glEnd 72 L, THRELHIAAHE S,

D e S A =/ A Ny N %

TV —yaras . C/C++, Objective-C, Java
OpenGL ES 2.0 =~ WebGL

WebGL % JavaScript TH-5,
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HTML5 canvas

HTML5 : 25 5 o> HTML
canvas: JavaScript THfi[E T & % & H I 6Ek
— [HTMLS canvas %> 770275 1]
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CG L HIEHE

- WEBNFHRIZOWTIE R A TE T,

- ZEMESEILC, @EAOAEY AL T, MPI CEfELT -
2= 7A1’E DITAEREREE, — KRN RETZ0 5
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- CG DALFEDZ < 3 embarrassingly parallel
- AR, TOATF v ~x v T =T 47, TARZK, etc.
- CG H M %A% — GPU (Graphics Processing Unit)
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Ea—ARY 2—2A

canonical view volume (E#HEE 2—HR U =2—L4)

WOR S 2 DN
(_17_15_1) < (:an7 Z) < (17171)

UL 2 —R Y 2 — AWNOEE 2 ER LT 7S A4 2J#FE (Normalized
Device Coordinates, NDC) & FE5S,

VARA NI AT =UOEENL, T =2 a URRE LT CG R A
Ea—R) a—Allvy7lT5Z ¢,
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N7 =Ny T77

- 27 &/ RGBA
- 16 bits, 23 bits, 32 bits
- RGBA32 = R8 + G8 + B8 + A8
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LNy 77

- Z-buffer

-FFAT A b

- Edwin Catmull 2382,

- RS (1974 48),

- RenderMan BA¥¢ (7 77 X —H)

SIV— AT 4 — BT Y —FR,

-UFNVE T Y R e T2 AT gy s AXUSE
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WebGL is ...

- OpenGL ES 2.0 for the Web
- JavaScript binding for OpenGL ES

http://www.khronos.org/webgl/

- 77V ADBRERENLE, UTFTOR—VTHERIND Z & LR
&

http://tinyurl.com/kageyama2018v
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Web 77
HTML + CSS + JavaScript + ¥ 1 —¥Y—20—K + A 7Yz I b F—5

v

‘ WebGL ’

JavaScript API

FUS5 1 FTHHLT

I7IAV Y=Y

RNFHITIVYT
AFYINTRAS

FAFUVY

WebGLABHEI/Y 7 7 cavasDft DER

| 27U—y |
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Web 77
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JavaScript API

TYSF 4 THEHALT
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vr—H

HEY 2= (R—F I Ay x2—HK) LTI T A hye—H

Web 77V

HTML + CSS + JavaScript + ¥ T —%Y—ZXA—K + A 7Yz I b F—%

v

WebGL
JavaScript API
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WebGL 7 7'V r—3 g o~

Web 7 7°U = HTML + CSS + JavaScript

WebGL 7 7'V = HTML + CSS + JavaScript + ¥ = —# i (OpenGL
SL)
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Ry =— DA T —%#

BERyz—%BAY—R3—F
(GLSL)

TEsattributeZ#
(EEHE, &x&)

ERyz—%

Y

d—HERuniformZE#
(ZRITH. KROIE)

HHAAHZEL
gl_Position
gl_FrontFacing
g_IPointSize
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WebGL 757 4w 7 ZNA T4
[EV =R i/ = 57 VN
e CERRIZETWS

® OpenGL SL (Shading Language)
® 44T ABIDFTHINR Y b IVIE T AR AIA 2 B EL

attribute vec3 aVertexPos;
atrribute vec4 aVertexColor;

uniform mat4 uMVMatrix;
uniform mat4 uPMatrix;

varying vec4 vColor;
void main() {

gl_Position = uPMatrix * uMVMatrix * vec4(aVertexPos, 1.0);
vColor = aVertexColor;
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HRY=—Z70u /75

attribute vec3 aVertexPos;
atrribute vec4 aVertexColor;

attribute (JB1E) Bl

o T—WNTEFTHEK

o RTHSICHEADT —4 ((E<Ch)
RGBA T 4 45y dX7 kL

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10

58 / 417



WebGL 757 4y 7 ANAL T T4

HRY=—Z70u /75

uniform mat4 uMVMatrix;
uniform mat4 uPMatrix;

matd (X, 4 x 4 DITH| DY
uniform 2% & 1%

o« S PRERTBEHK

o (ZOWK (7L —24) I2) &2TOE
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HRY ==X 707 A

| varying vec4 vColor;
varing 224§ (varying variable) & %
© TI T AL M= —HIEREET 2D DR
o I —PNREXLRTED
o HH I A S varying B L H D
® gl _Position

® gl _FrontFacing
® gl _PointSize
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S0 > —
]‘\u\\‘/:‘:‘—& 7 A 7 7A

void main() {
gl_Position = uPMatrix * uMVMatrix * vec4(aVertexPos, 1.0);
vColor = aVertexColor;

T Y —&HRA 2 b main
EAEIZ R L

1L AR L TODTHAOME (3 RITCHIEILT /S ZFERE) % 4 RoTIZ
LT

2. BT VR 2 —EWITHNE DT T
3. WEEHATIN T T
4. fFIAF varying BT o % gl_Position (ZIAAT 5

BT Z DTAR Ot % varying 24 Td 5 vColor IZH 1A
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TV I T 4 THANT

primitive assembly
TVIT 4T
® 3£/ (OpenGL 1.x TIXRILDOTY I T 4 T3 H TRV EIL3 A
B L#or. RDI,)
o oy
e KAV IATTA R
VADIA /8 15 ( Sl § B oY g I3
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7 A &AL
TVIT 4TINS T T T A b EAED AL
TITA B8 BEABRTAMIEBKR L7 T 7 A RETN
HiEE 7 22 5)

A
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varying Z ¥ D i
e HRY=—HX MH 7T 7 A Ny =—F [ varying ZH % 1l
HREED,
o K7 T AL MO varying ZHUEIT B EIRICEIERIR S D,

varyingVa
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TITRA N2 —H DA T

BCHOT T A FNTHWHIIE, v =—FT 4 T EBEBTTT T L,

75XV N z—5H
Y —AX—K (GLSL)

HHPAHEH
gl_Position
gl_FrontFacing
g_IPointSize

A—YERvaryingZEH

A7 A—LEH
FTUORFvRAY VTS
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FHAHAPZEL
gl_FragColor
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TITA N 2= TR T T A

precision mediump float; // precision qualifier (FEEESGT)
varying vec4 vColor; // fifl&hi-1E

void main() {
gl_FragColor = vColor;
}

FEREASH+ « R lRERAES D KGR,
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WebGL D75 7 v 7 254 F 574 > ()
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v

‘ WebGL ’

JavaScript API

TYSF 4 THEHALT

I7IAV Y=Y

RNFHITIVYT
AFYINTRAS

FAFUVY

WebGLABHEI/Y 7 7 cavasDft DER

| 27U—y |
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WebGL 757 4w 7 234 TS5 A
Y =T A b
fim > FUO—HOMmEEKZ T % NEEH (scissors) | TUIV IS (1%

EHEVSTHEEDETIIR, EFHEDOHR),

TANIEK LT=T7 T 7 A N2, REKT 77 A MIENLL
BeD A T T4 285 7R — WD & EAL

Y —FT A hOfH 724 : OpenGL Super Bible (2011, p.112)

IH-FANFER

SH—FZh
Bk
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< )VFY T T

TrFA VTV T =RDOM FHTIZITKPRIR) OX X E L
% 51k

~NVFY TN T =RAMOEED T T TR N T o MR LT
BEIRED

OpenGL Super Bible (2011, p.382) &,
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WebGL 757 4y 7 ANAL T T4

AT VLT AR

AT Ny T 7 ORI T HALE O & T 2 M35,
REKET T 7 A2 NI
OpenGL Super Bible (2011, p.399) &M,
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TAYFV T

AT =Ny 7 7DEy MRV E & Pz RS 50,
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WebGL [Z & % = A2 D HEE
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7N a— R

WebGL T® = AT O
webgl_sample_triangle_00.html
Y—ZAa—RoRJ: [Safari] BAFE — N—YDOY =X zFR
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3 AT O

HTMLTEW e TF X

WebGLTHW ==/

canvas
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webgl sample_triangle_00.html

<!DOCTYPE HTML>

<html lang="en">

<head>

<title>WebGL Sample Triangle 00</title>
<meta charset="utf-8">

<style type="text/css">
canvas {
border: 2px solid grey;

}

Ctext {
position:absolute;
top: 40px;
left: 20px;

font—size: 1.5em;
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color: black;

}

</style>

<script type="text/javascript’>
var gl;

var canvas;

var shaderProgram;

var vertexBuffer;

function createGLContext(canvas) {

var names = ["webgl”, "experimental—webgl"];
var context = null;
for (var i=0; i<names.length; i++) {

try {
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context = canvas.getContext(names[i]);
} catch(e) {}
if (context) {

break;

}

if (context) {

}
}

r

context.viewportWidth = canvas.width;
context.viewportHeight = canvas. height;
else {

alert(” Failed to create context.”);

eturn context;
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function loadShader(type, shaderSource) {
var shader = gl.createShader(type);
gl.shaderSource(shader ,shaderSource);
gl.compileShader (shader);

if (!gl.getShaderParameter(shader, gl.COMPILESSTATUS)) {
alert(”" Error compiling shader” + gl.getShaderInfolLog(
shader));
gl.deleteShader (shader);
return null;

}

return shader;
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function setupShaders() {
var vertexShaderSource =
"attribute vec3 aVertexPosition; \n" +

"void main() { \n" +
" gl_Position = vec4(aVertexPosition, 1.0); \n" +

"} A\n";
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var fragmentShaderSource =
"precision mediump float; \n" +
"void main() { \n" +
" gl _FragColor = vec4(0.2, 0.4, 0.6, 1.0); \n" +
"} An";
var vertexShader = loadShader(gl.VERTEX SHADER,
vertexShaderSource);
var fragmentShader = loadShader(gl.FRAGMENT_SHADER,

fragmentShaderSource);

shaderProgram = gl .createProgram();
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gl.attachShader(shaderProgram, vertexShader);
gl.attachShader(shaderProgram , fragmentShader);
gl.linkProgram (shaderProgram);

if ('gl.getProgramParameter(shaderProgram, gl.LINK.STATUS))

alert(” Failed to setup shader.”);

}

gl .useProgram (shaderProgram);

shaderProgram.vertexPositionAttribute =
gl.getAttribLocation (shaderProgram, "aVertexPosition");

}

function setupBuffers() {
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WebGL (Z & % =T O

vertexBuffer = gl.createBuffer();
gl.bindBuffer (gl .ARRAY_BUFFER, vertexBuffer);

var triangleVertices = [
0.0, 0.0, 0.0,
0.8, 0.0, 0.0,
0.0, 0.5, 0.0

gl.bufferData(gl.ARRAY_BUFFER, new Float32Array(
triangleVertices),
gl .STATIC_.DRAW) ;
vertexBuffer.itemSize = 3;
vertexBuffer . numberOfltems = 3;

function draw() {

gl.viewport (0, 0, gl.viewportWidth, gl.viewportHeight);
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gl.clear(gl.COLOR.BUFFERBIT);

gl.vertexAttribPointer (shaderProgram.
vertexPositionAttribute ,
vertexBuffer.itemSize, gl . FLOAT,
false, 0, 0);
gl.enableVertexAttribArray (shaderProgram.
vertexPositionAttribute);
gl.drawArrays(gl.TRIANGLES, 0, vertexBuffer.numberOfltems);

}

function startup() {
canvas = document.getElementByld (
gl = createGLContext(canvas);
setupShaders();
setupBuffers();
gl.clearColor (0.8, 0.8, 0.4, 1.0);
draw () ;

"myGLCanvas” ) ;
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}

</script>
</head>

<body onload="startup();">
<canvas id="myGLCanvas” width="480" height="480"></canvas>

<div class="text">Hello. This is my first WebGL program.</
div>
</body>
</html>
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a7 % A MERK

e HTML5 @ canvas Z 5% getContext method % -5
o 5% (LFH) 1% “experimental-webgl” Z¥ET CRFEZ UL “webgl”
WAEARINDLDOT, EHHICHRMETED L HICLTEL),
e getContext method 233 D% WebGLRenderingContext 47 =
7k,
® WebGL MO #°B9% 1% = © WebGLRenderingContext 0 A > 73—,
o IOV LTINTu T ATIHg EVWIOEKIZZOFT V=Y b
R,

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 87 / 417



WebGL (Z & % =T O

v x—HA7Ta s A

o HAY =—XMD (GLSL EiEm) Y —2=a— R, GPUIZXED,
GPU Iz /A L &85,

® HTML (& %\ M3 JavaScript) O3CIRTIL GLSL ¥V — 2 22— RIZHZ2
% 35,

o = Z TIEXTFHNEEL fragmentShaderSource |2 Y — A 21— RLFF| %
RALTESTWND,

[(EE] @iz oL, bo LERRGIENRD D, %Kik,
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WebGL (2 X % = o i
v rx—X7u T AOVERK

CEHRY == ATV =7 b EAED

L1 HRY =—F Y —=Aa— Ry =—F A7 V=7 Mcua— 15
12 a M T35
L ITTRA N 2= F T2 NEED
21 797 A Mo x2—F Y —RAa—R& 777 A v 2= E ATV =
7 Mce—F¥5%
22 ILNANT B

3. eI ATVl NalED

4. T T T LA TVl NMNIERY ==X ATV NeT Xy TFT
5 (ZH5HN5E)

IR TEF T2 NCTTTA Mo == E X TV N7
LTI 5

6. Vo795

7. 207 s I LF 7YV % WebGLRenderingContext (2 8%3 %
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(GLSL @) TESEIEIZ >\ T
FEANX TOpenGL 4.0 75 7 4 7 AV AT A @ p.60 250

THRY == WTELTE D attribute £

float, vec2, vec3, vec4,

mat2, mat3x2, mat4x2,

mat2x3, mat3, mat4x3,

mat4, mat2x4, mat3x4

HE INTWTHEEDLIL TV attribute B8 — 77 7 4 7 Tl
NS > T T 4T

T U T 4 777 attribute BRI FE LD TERA VT v 7 ATEHIN
% (KA RiZ MAX_VERTEX_ATTRIBS), Zh 240 attribute 255
WZIXZ oA T v 7 A THEHT 5,
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int BindAttribLocation(unit program, unit index, const char *name);

® name &9 attribute A% index 231 > K5 (E#EX),
program (XU 7 L7 a7 LA T =7 D4,
HTHA v R LARWEESIEGL REENNIC A T 5,
DL ED index (TLL T O TS TE %,

int GetAttribLocation(unit program, const char *name);

attribute 284 (name) ZHE L T, ZOEENREDA 7 v 7 AT A
Y RENTWEhEMWEDE S,
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V—XTa s T A

gl.useProgram(shaderProgram);

shaderProgram . vertexPositionAttribute =
gl.getAttribLocation(shaderProgram, ” aVertexPosition ” );

ET, v=2—FT7 1T AD vertexPositionAttribute & V) T RT 1 4
EE=

shaderProgram .anyNamelsOK =
gl.getAttribLocation (shaderProgram, "aVertexPosition");
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Ny 7 7 DVERR

function setupBuffers() {

vertexBuffer = gl.createBuffer();
gl.bindBuffer(gl.ARRAY_BUFFER, vertexBuffer);

var triangleVertices = |
0.0, 0.0, 0.0,
0.8, 0.0, 0.0,
0.0, 0.5, 0.0

I

gl.bufferData (gl .ARRAY_BUFFER, new Float32Array(
triangleVertices),
gl .STATIC_DRAW) ;

vertexBuffer.itemSize = 3;
vertexBuffer . numberOfltems = 3;
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N 7 7 OVERK

SAROERT — 2%y == ZEL DTNy T 7 ATV
F%ﬁﬁo

Ny 77 F 7Y =7 X WebGLRenderingContext @ createBuffer()
A Yy RTERRT 5,

YERL L7 WebGLBuffer 47 ¥ = 7 K % JavaScript ® 7 &2 — /3 )LE#K
vertexBuffer IZfUA

vertexBuffer 2 [HIEDEFIN Y 774727 M IZL 2 K95,
HBTHEZD LI ZOEARSOFE®R (HAEE) HFENTEL
(EHRoTELTH L),
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AH 1]

function draw() {
gl.viewport(0, 0, gl.viewportWidth, gl.viewportHeight);
gl.clear(gl.COLOR.BUFFERBIT);

gl.vertexAttribPointer (shaderProgram.
vertexPositionAttribute ,
vertexBuffer.itemSize , gl . FLOAT,
false, 0, 0);
gl.enableVertexAttribArray (shaderProgram.
vertexPositionAttribute);
gl.drawArrays(gl.TRIANGLES, 0, vertexBuffer.numberOfltems);

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 95 / 417



=3
i

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 96 / 417



HE

[HEY = — X COEE

THRY =— X Of CRIEARBIEEREZ LT X D,
5l : webgl _sample_triangle_01.html
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HE

webgl sample_triangle 01.html

funct
var

"

"”

ion setupShaders() {
vertexShaderSource =
attribute vec3 aVertexPosition; \n" +
void main() { \n" +
gl_Position = vec4(aVertexPosition, 1.0); \n" +

" gl_Position %= vec4(-0.2,-1.0,1.0,1.0); // Here !l \n
i

H} \nH;
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® webgl_sample_triangle_00.htm| OTEA Y = — X ZZH L Coud =M
LiFHoE (K) Z2H#HZ 9,
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fiii#i : DrawArrays & DrawElements

{41E : DrawArrays & DrawElements
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fiii#i : DrawArrays & DrawElements

FEAHY 72 Al

-HELEATRETOEZ A%<
- gl.clear()

- FLOFEE gl . clearColor ()

- s
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fiii#i : DrawArrays & DrawElements

TIVIT 4T

- HIE 3 AL TIED

- OpenGL 1.x EFEEKRIZRC (72 L7V 7 4 TIZ=AIETIC
nolm,)

- TRIANGLES, TRIANGLE_STRIP, TRIANGLE_FAN
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Hfii# : DrawArrays & DrawElements

gl. TRIANGLES
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Hfii# : DrawArrays & DrawElements

gl. TRIANGLE_STRIP
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Hfii# : DrawArrays & DrawElements

gl. TRIANGLE_FAN

V2

Vs
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fiii#i : DrawArrays & DrawElements

Front Face & Winding Order

SABIIIRE & EHDH D
REIERAOFEFIETRE D, 774V MI GFR,
SEFE 7 (Counter Clock Wise, CCW)

WXREE 7 (Clock Wise, CW)

V2
\"4

Vs
V3 V 5

Vo Vi1 Ve

Va
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fiii#i : DrawArrays & DrawElements

HEioH) o7

"z R5 2 ENeWGE, HiD 7 A7 —AEITER TV,
pu (o

71U 7 (culling)

gl.frontFace(gl.CCW); /| T 7 AN b
gl.enable(gl. CULL_FACE); // 7 7 # /v kTl disabled
gl.cullFace(gl.BACK); /] T 7k

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 109 / 417



Hfii# : DrawArrays & DrawElements

TRIANGLE STRIP
TA T 4 T A =S =2 R AF LT Z A5 & B BRI

—fJE 1
= 2
=fJF 3
—J 4
—f4JF 5
— 4 6

Vo

v1
v2

V2
U1
V2

U3
U3
V4

V4
U3
V4

U5
U5
V6

V6
U5

v

Kageyama (Kobe Univ.)

V3
WebGL 1.0 AfY

2018.04.10

110 / 417



fiii#i : DrawArrays & DrawElements

gl LINES

Vo

/Vs

V2
V4

V1

Vs
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fiii#i : DrawArrays & DrawElements

gl.LINE_STRIP

Vo

V2 V3

V4

V1

Vs
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fiii#i : DrawArrays & DrawElements

gl LINE_LOOP

Vo

V2
V3

V4

V1

Vs
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fiii#i : DrawArrays & DrawElements

NN

KA A7 Z A4 K (point sprite)
RESHFFo TR
gl PointSize THE (¥ =—4T)
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fiii#i : DrawArrays & DrawElements

TOOHEE A Y v R

gl.drawArrays() : BlFITO HNIEF B ITTHENG T Y I T 47
ZHERT %

gl.drawElements () : BIDOREI (BFRES) 24> TIHAZHFFHS 2
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fiii#i : DrawArrays & DrawElements

gl.drawArrays()

void drawArrays(GLenum mode, GLint first, GLsizei count)

Z ZTmode X gl.X: X={POINTS, LINES, LINE LOOP, LINE STRIP,
TRIANGLES, TRIANGLE_STRIP, TRIANGLEJ'AN}

first (ZTHART —ZBSND 5 5, MONMHTLEEOA T v 7 A
count (ZAAEDTH L Z i 5 7>

fAIDBLH Z Al 5 DNDIFE D 72N T L IR,
HEWE4 D TES T — Z B )IE, gl.ARRAY BUFFER LR E > T 5D,
gl.ARRAY BUFFER |Z/3A4 o RSB/ 7 7 ICTE S D JERE 2 AL D,
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fiii#i : DrawArrays & DrawElements
J—ZXa— R

/] Ny T AT s MEK
vertexBuffer = gl.createBuffer();
/] ENEALRTD
gl.bindBuffer (gl .ARRAY_BUFFER, vertexBuffer);
/] CEEo) FF|THEEEHE
var triangleVertices = [0.0, ..
/] EBOEF)ORUT EEF|AED | %ﬂ’i’/\/77é 7y a—FK
gl .bufferData(gI.ARRAY,BUFFER,
new Float32Array(triangleVertices)...
/) RS =— A DR LT 0Ny 77 55 = b 25T 5
gl.vertexAttribPointer (shaderProgram.
vertexPositionAttribute , ...
/] ERY = — X OIEREMERS 2E> L2 EE
gl.enableVertexAttribArray (shaderProgram.
vertexPositionAttribute);
/] =T
gl.drawArrays(gl. TRIANGLES,

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10

117 / 417



Hfii# : DrawArrays & DrawElements

TES OEHE
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fiii#i : DrawArrays & DrawElements
drawArrays() THi < 55
EE§|J/§‘777’ V0 ‘ U1 ‘ V2 ‘ U3 ‘ V4 ‘ Us ‘
%z M E LT gl. TRIANGLES C#i<,
TR vy & v (T, WELR A€ Y Li@fE,

Vo

Vs

V1

V2 = V3 V4
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fiii#i : DrawArrays & DrawElements

drawElements()
@Eﬁ']f§777’ Vg ‘ v ‘ V9 ‘ U3 ‘ vy ‘ L.

FHRESI N7 7[0]1][2]2]3]4]%MELTgl.TRIANGLES Tt
<o (WebGLBuffer #7 =7 h& = 5,)

Vo

V4

V1

Vo V3
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fiii#i : DrawArrays & DrawElements

gl.drawElements()

void drawElements(GLenum mode, GLsizei count, GLenum type,
GLintptr offset)

mode | gl.X: X={POINTS, LINES, LINE.LOOP, LINE STRIP,
TRIANGLES, TRIANGLE STRIP, TRIANGLE_FAN}

LLUF. ab % gl .ELEMENT_ARRAY BUFFER |Z/3A o R &7 EHERSI N v
TrETHE,

count IZ ab IZfE DA T v 7 A& 5 D>

type X ab DEFEA 7T v 7 ADK, g1 . UNSIGNED BYTE % 7=(%
g1.UNSIGNED_SHORT O X% 57>

offset % ab D TEHERME S A 7 v 7 ZAOBIRALE (A7 1)
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fiii#i : DrawArrays & DrawElements

73— R webgl_sample_triangle_02.html

function setupBuffers() {
vertexBuffer = gl.createBuffer();
gl.bindBuffer (gl .ARRAY_.BUFFER, vertexBuffer);
var triangleVertices = [
0.000000, 0.866025,
—0.500000, 0.000000,
—1.000000, —0.866025,
0.000000, —0.866025,
1.000000, —0.866025,
0.500000, 0.000000,

gl.bufferData(gl.ARRAY_BUFFER, new Float32Array(
triangleVertices),
gl .STATIC_.DRAW) ;
vertexBuffer.itemSize = 3;
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fiii#i : DrawArrays & DrawElements

73— R webgl_sample_triangle_02.html

indexBuffer = gl.createBuffer();
gl.bindBuffer (gl .ELEMENT_ARRAY_BUFFER, indexBuffer);

var indexNumbers = |
0, 1, 5,
1, 2, 3,
3, 4, 5
gl.bufferData (gl .ELEMENT_ARRAY_BUFFER, new Uintl6Array(

indexNumbers) ,
gl .STATIC_.DRAW) ;

indexBuffer.size = 9;
}
function draw() {

gl.viewport(0, 0, gl.viewportWidth, gl.viewportHeight);
gl.clear(gl.COLOR.BUFFER.BIT);
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fiii#i : DrawArrays & DrawElements

73— R webgl_sample_triangle_02.html

gl.vertexAttribPointer (shaderProgram.
vertexPositionAttribute ,
vertexBuffer.itemSize, gl . FLOAT,
false, 0, 0);
gl.enableVertexAttribArray (shaderProgram.
vertexPositionAttribute);

gl.drawElements (gl . TRIANGLES, indexBuffer.size,
gl .UNSIGNED_SHORT, 0);

}

function startup() {
canvas = document.getElementByld (
gl = createGLContext(canvas);
setupShaders();
setupBuffers();
gl.clearColor (0.8, 0.8, 0.4, 1.0);
draw () ;

"myGLCanvas” ) ;
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fiii#i : DrawArrays & DrawElements

webgl_sample_triangle_02.html| DS THE R

Three Triangles.

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 125 / 417



WebGL O a—F 4 JAH A )1

WebGLDO—T 4 VT RXZ AL
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WebGL O =a—F 4 FAH A )b

(ZDFEFETO) KA

canvas.getContext() THU Y i L 7= WebGLRenderingContext X% 1 gl
& D BEUTIRAE

gl X7 m— LR L5

JavaScript & ¥ = —#' %, camelCase

v — X OEKTIE, B (attribute) (ZiXa DTV T 4T A,
e.g., aVertexPosition

=X OEHTIL, varying BHUTIZI v T 4w 7 A, eg,
vColor

V=X OEETIL, uniform IZIZu DTV T 4T A, eg.,
uMVMatrix
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WebGL =1— KD 7 /3y 7

WebGLaO— KD F/\v 45
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WebGL at— RDF /3y 7

JavaScript = >/ — /b

ENEhOT T oW T [ary—LEKR]

e Safari DG B - =T —a Y — )L EFKIR
TT—AvE—UNRKRRIND
JavaScript @ console.log(" SLFH"); — XFHNE T b
“printf 7N 7 TfEX D
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WebGL at— RDF /3y 7

1

Safari DT —=a Y — LA X,

e HYEHTML 7 7 A L@ JavaScript 7 12 7' L7 console.log() B
o FHeEE I,
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WebGL at— RDF /3y 7

WebGL HDF /X 7> — )L

e Chrome: Chrome 71 v /3—Y — )L
e Firefox: Firebug (Firefox D=2/ 27 2 3 )
o Xff~7 7 v Web Inspector
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WebGL at— RDF /3y 7

Safari Web Inspector

e Sarafi A Web BA%>Y — v
e OS X & i0S
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WebGL at— RDF /3y 7

Safari Web Inspector

7

* WebGL 7 7'V @ ie~— T & FR

o A=a—: B — Web A > A7 X & FoR
VLS LR

o A= —: %%—)‘\/‘—ﬂ//\*—%ﬁxé?—y/]’x‘ — Web A vz~
DT A AL T —=NN—=IIRT T
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WebGL =— FDF /3y 7

Web Inspector /X% /L @ detatch

(Q-uw—2
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Inspecting DOM

o DOM tree
® DOM D/ — RiIZh—YNVEEL &L, ®GTHT L AL F2Ma THER
o V— 2/ DOM »H)& mlfE
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A RFR

¥ =

J | ARYwsR

o /=L 21X, HTML @ canvas IZ~ 7 A — BlEY A ARER
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WebGL =1— KD 7 /3y 7

DOM / — RiE#H

D

e J/RNL7ZHTML 0% FE (DOM D/ — F) OffF#H
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WebGL at— RDF /3y 7

Timelines

o Xy u— NI O
e JavaScript D707 7 A 7
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WebGL at— RDF /3y 7

Timelines

BT ay (BALT7A4) 7w

& rna— N OfENT & JavaScript D77 7 A
Xy hU—7 B

VAT RELZ YT

e JavaScript & X2 |

IF AT RHHIE
e TuTZy AN (ETF) — iRy
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TN A

e JL—UKRAr bk (ETF)
o a— )L AKX v (L)
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o HiEIOEEREDOHE, TOK (HAHWIMTEH OK) %=
drawElements & TRIANLGE_STRIP % » TH#il7,

e /=72 L. 4 HIX WebGL Inspector DY — /L H > TH L 9,
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DOM
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DOM

DOM &%

Document Object Model (DOM)

e HTML ®° XML X(FEIZT 78 AT 57200 API
o FursIh (A7 UTERE) b (MWExbo) XFEICT7ER
ERA
o FuryIn (X7 YT EH) POLEOME, AFAN, WAEZE
Ll B

URL: http://www.w3.org/DOM/DOMTR
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DOM

DOM D]

B> 7/ : document_object.html

Web Inspector (£721Z=7 4 %) TY—RAa— K& THEL I,
FATRER & A~ 5,

DOM > U —% R THL I,
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DOM

DOM node tree
WEE SR E = ) —FoAREELRD

<html>
<head>
<title>sample</title>
</head>
<body>
<h1>Test</h1>
<p><a href="http://www.kobe-u.ac.jp/">Kobe Univ.</a>
is hilly.
</p>
</body>
</html>
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DOM

DOM node tree

PEEME 2R E = / — FOARE L 25

| html T head
T

DOM i34/ — F~D 7T 7 ¥ AFE &R 2,

title "sample”
— —
body hi "Test"
N T
p a "Kobe Univ."
" L—
"is hilly." I
WebGL 1.0 AfY 2018.04.10
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DOM

) — RO s

o VU —Zroot b ED, P :
document.firstChild.childNodes[1].childNodes[1].childNodes[1].nodeValue
T s hilly.” 2B

o T4 (¥ 4) THET S getElementsByTagName() 2V v K
® FHEDid THET D getElementByld() AV » K
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DOM

DOM %A 5 7= D g

Bz L
7T I AIAFENL TV D

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 149 / 417



DOM

1

73— K dom_sample_00.html
Web Inspector ® Y —AFEKR (£721F=T 4 4%) TY—AZFTHELD,
Web Inspector T DOM > U —% KR L THL 9,
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DOM

DOM %o lc¥ v I 7w 7 A
dom_sample_00.html

<!DOCTYPE HTML>

<html lang="en">

<head>

<title>DOM Sample 00</title>

<meta charset="utf-8">

<script type="text/javascript’>

window.onload = function () {
var paragraphs = document.getElementsByTagName("p");
var p00 = paragraphs[0].textContent; // 1lst paragraph
var p0l = paragraphs[1l].textContent; // 2nd paragraph
alert (p01 + p00);
document. getElementByld ("id000").style.color = "red"”;
document. getElementByld ("id000" ). textContent = " Here it

"
1
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DOM

</head>
<body>

<h2> Sample HTML </h2>
<p> Hello. This is the 1st paragraph. </p>

<p> Hi. |'m 2nd paragraph. </p>

<div id="id000"> You can dynamically change the contents. </
div>

</body>

</html>
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DOM

USZRTTE S

Sample HTML

Hello. This is the 1st paragraph.

Hi. I'm 2nd paragraph.

You can dynamically change the contents.

o

@

Javascript

Hi. I'm 2nd paragraph. Hello. This is the 1st

paragraph.
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DOM

FLIRIA Trifiti A

800 .11 S— - s
Sample HTML

Hello. This is the 1st paragraph.

Hi. I'm 2nd paragraph.

Here it is!
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DOM

DOM Zffio> Ty =—HF Y —Xa—RKxua— K715

o INFTOH U TINT R T T ATIE, v=—FY—ZXa— I
JavaScript O CFHINER L L CHEEZE N TN,
® DOM APl ZfEx 1T H - LA T < TED
e HTML @ script # 7 & L TEL
o HET x—X& .
<script id="shader-vs" type="x-shader/x-vertex">
® IIT TRV Nz —H
<script id="shader-fs" type="x-shader/x-fragment">
o Z D OO script type &7 7 UHITH LW THEL T 5,
(EE] HTML O~y ZIZENTICT 7 A A bt ik &
5 (),
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DOM

webgl sample_triangle 02 shader_from _DOM.html

<script id="shader—vs" type="x—shader/x—vertex">
attribute vec3 aVertexPosition;

void main() {
gl_Position = vec4(aVertexPosition, 1.0);

}

</script>

<script id="shader—fs” type=
precision mediump float;

"x—shader/x—fragment”>

void main() {
gl_FragColor = vec4(0.2, 0.4, 0.6, 1.0);
}

</script>
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DOM

& & 13X DOM Zfili > THEARIAD TN

function loadShaderFromDOM (id) {
var shaderScript = document. getElementByld(id);

if (!shaderScript) {
return null;

}

var shaderSource = ;
var currentChild = shaderScript.firstChild;

while (currentChild) {
if (currentChild.nodeType = 3) { // 3 <= TEXT_NODE

shaderSource += currentChild.textContent;

nno

}

currentChild = currentChild . nextSibling;
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DOM

var shader;

if (shaderScript.type = "x—shader/x—fragment”) {
shader = gl.createShader (gl .FRAGMENT_SHADER) ;

} else if (shaderScript.type = "x—shader/x—vertex”) {
shader = gl.createShader(gl.VERTEXSHADER);

} else {

return null;

gl.shaderSource(shader, shaderSource);
gl.compileShader (shader);

if (!gl.getShaderParameter(shader, gl.COMPILESSTATUS)) {
alert(gl.getShaderlnfoLog(shader));
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DOM

return null;

}

return shader;

}

function setupShaders() {

var vertexShader = loadShaderFromDOM (" shader—vs");
var fragmentShader = loadShaderFromDOM (" shader—fs");
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DOM
FATHRE R

‘WebGL Sample Triangle 02 shader from DOM

Using loadShaderFro M
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® WebGL T#f & 72X 2 fii 1,
o LIy =—H#T /T AEIDOMAPI ZfioTr— K52 &,
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ik =M

“ODOEHE

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 164 / 417



ik =M

ROD & % TRIANGLE_STRIP

® gl.drawArrays() <° gl.drawElements() % FEOMH 9 [RIEL I 7200 J5 23
AL

e RU'D & % TRIANGLE_STRIP

\' \'

0 o Yy Ve

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 165 / 417
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! <:ﬁﬂ:/

~
_’»~

gl. TRIANGLE_STRIP T L CWR WA N w7 &2 FEET 5
X T HESIC THER=ATF) 2E<
X I—PIEAZ L

ik

<
7

“AR=ERT O =M — GPU 23R, HEIRYICHE
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AP Vg Vs A\
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«012
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ik =M

e — -/
Mk = AIE
A v, v, Vg
v, VaooVg v,

lof1]2]s]s]4]a]s]6]7]

«(0,1.2) »
«(213) »

1/‘;'('2','3,'?5)': """"""""" N

;’I <« (334> BRZ AT \\‘.

| <« (344)» /

R o R '

< (4,5,6) »

«(657) »
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ik =M

BAJDA N > A= A[IENTEME S 556

[o]1]2]3]alafa]s]5][6]7]8]
< (0,1,2) » BRESINYT 7
<« (21.3)»
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£ & Bl

0

B =EA
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T & Bl

RULT & EdS

e JavaScript 31 TV —F =X DUENRGE ThH -7
o FUfF RIS (typed array) DEA
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AT & g

RULT & EdS

var buffer = new ArrayBuffer(8);

* 8/ DNV T 7
° Ny 77 NDOT—H EZEERETE RV
o —> T a—MiE A
var viewFloat32 = new Float32Array(buffer);
A ANy 77 IO 2—%2E VU TLHIENTE D,
var viewUint16 = new Uint16Array(buffer);
var viewUint8 = new Uint8Array(buffer);
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Ny T 7

viewFloat32

viewUint16

viewUint8

Kageyama (Kobe Univ.)

T & Bl

RULT & EdS

8B

[0] I [1]

[2]

Bl |

o [ m e @] ] e ||
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i 01

{3 01

e “HODOEFH%E TRIANGLE_STRIP —[EIDI-ONH L THE T,
o HODOAIIEE, —ATOKFRITH 2 TH X,
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TERRIEDA 5 — ) —F

TS @M (attribute)

o JEAE

o &

o BN L
o T I AT ¥ AR

VERBEEZTERICE LD T—2DORERNNY T 7ITMHD D,

TNENDORMEZ 2 DNy 7 7 IO 5 HIELH DD, T DITET
B,
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TERBYEDA v o=V —T

webgl sample_triangle 03.html

BEHRY =—X&

<script id="shader—vs" type="x—shader/x—vertex">
attribute vec3 aVertexPosition;
attribute vec4 aVertexColor;
varying vec4 vColor;

void main() {

vColor = aVertexColor;
gl_Position = vec4(aVertexPosition, 1.0);
}

</script>
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webgl sample_triangle 03.html

TIGTA "N z—&

<script id="shader—fs” type=
precision mediump float;

"x—shader/x—fragment”>

varying vec4 vColor;
void main() {
gl_FragColor = vColor;

}

</script>
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TERJBMEDA 2 — Y —F
webgl sample_triangle 03.html

Yx—HADEvy hNT v

function setupShaders() {
var vertexShader = loadShaderFromDOM (" shader—vs");
var fragmentShader = loadShaderFromDOM (" shader—fs");

shaderProgram = gl.createProgram();
gl.attachShader(shaderProgram, vertexShader);
gl.attachShader(shaderProgram , fragmentShader);
gl.linkProgram (shaderProgram);

if (!gl.getProgramParameter(shaderProgram, gl.LINK.STATUS))

alert (" Failed to setup shader.”);

}
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HABREDA v 57—V —T

gl .useProgram(shaderProgram);

shaderProgram.vertexPositionAttribute =
gl.getAttribLocation (shaderProgram, "aVertexPosition");

shaderProgram.vertexColorAttribute =
gl.getAttribLocation (shaderProgram, "aVertexColor");

gl.enableVertexAttribArray (shaderProgram.
vertexPositionAttribute);

gl.enableVertexAttribArray(shaderProgram.
vertexColorAttribute);
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webgl sample_triangle 03.html

JavaScript ¥ CT7 — % = HE

var triangleVertices =

/] x y
0.000000, 0.866025,
—0.500000, 0.000000,
—1.000000,—-0.866025,
0.000000,—-0.866025,
1.000000, -0.866025,
0.500000, 0.000000,

1

Kageyama (Kobe Univ.)

[

z

0
0
0.
0.
0
0

0
0
0
0
0
0

)
, 255,
, 255,
: 0,
' 0,
: 0,
, 255,

WebGL 1.0 A

g
0,
255,
255,
255,
0,
0,

b
0,
0,
0,
255,
255,
255,

255,
255,
255,
255,
255,

255

)

// red

// yellow
// green
// cyan

// blue

// magenda
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webgl sample_triangle 03.html

b LT EETHY

Ny Ty7DEy N7 v
1. "y 7707 —1  (new ArrayBuffer)
2. Ny 7 72 Float32Array B = — %~ v 7 (fLEJEEH)
3. R /Ny 7712 Uinit8Array £ = — %~ v 7 (A H)
4. JavaScript BdH|DEZ /Ny 7 7l — R
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webgl sample_triangle 03.html

Sl

(%

&)

BEANYT7DEY VT v

1. BEARy 7708y v T v
2. BEH#E Ny 7 7% ELEMENT_ARRAY_BUFFER (2314 ' K
3. BENY T 7ICHEOT — X — R
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webgl sample_triangle 03.html

B
H

N 7 7 % ARRAY_BUFFER 231 > K (bindBuffer)

Ny 77 HOMET — % OBLE AR (vertexAtrribPointer)
Ny 7y HOET — X OFLE ZFLa  (vertexAtrribPointer)

. il (drawElements)

=

Ul GELIZY —Ra—F&HR)
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webgl _sample_triangle_03.html
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TiE 02

{%‘ 22

o [HNT—HDA L H—)—TOEEEL LI,
o JGUIMTE,
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R
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gl
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C
w
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1. ZORBMYEOIHBEMNA T v 7 A2+ 5
(disableVertexAttribArray)
2. EBEEMT — 2 ZHEET D (vertexAttribaf )
® gl.vertexAttrib4f(index, v0, v1, v2, v3)
gl.vertexAttrib3f(index, v0, v1, v2)
gl.vertexAttrib2f(index, v0, v1)
gl.vertexAttrib1f(index, v0)
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EHIERT — 4

THREY & EBIART — 2 NRAET D & &

gl.enableVertexAttribArray 73 2 —/L I3 T\ 5 — THAELSID 6 Fide

gl.disableVertexAttribArray 73 =2 —/L 31TV % — gl.vertexAttrib() Ti%
ESNTEEE D
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EHIERT — 4

il : webgl_sample_triangle_04.html

DO, THARS
ROM  ERERT —4 ()

800 WebGL Sample Triangle 04 2

webgl_sample_triangle_04
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HrobiEH v —FHNHTD

HR Y =— XN TOFHA
webgl_sample_triangle_04b.html

(x,y,2,1) = (y/2,2/2,2,1) (/b L THEIRL)
Hifiz&r (RoOEHEAY 7)

800 WebGL Sample Triangle 04b w1

webgl_sample_triangle_04b
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&= 03
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TiE 03

{%22 03

o EHTALT
o KIRIIT
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glMatrix OFE

glMatrix DB

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 199 / 417



glMatrix OFE

TIZA 7T

WebGL Tl JavaScript TIT8I&H 5> LERH 5
ETVEML, B o H A

4x4 F 721% 3x3 DATHIEE

JavaScript TITAIZH] 5 74 77 VT H 5
ZOHT, T ZTlEglMatrix Z{# 9
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glMatrix OFE

gIMatrix.js

http://glmatrix.net

BT /N— 3 13 2.0

DR TIEAN—T a2 0.9.6
RO URL 2B Y —RAa— R&E AT

http://www.research.kobe-u.ac.jp/csi-viz/members/kageyama/lec

B2 D WebGL Y —Z2a— RERIUT 4 L7 b UIZ glMatrix.js &V 9 44 Hi
TIRAF
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glMatrix O#AS

glMatrix.js Copyright
/%
x glMatrix.js — High performance matrix and vector
operations for WebGL
* version 0.9.6

*/

/%
* Copyright (c) 2011 Brandon Jones

This software is provided 'as—is ', without any express or
implied
% warranty. In no event will the authors be held liable for

any damages
arising from the use of this software.

Permission is granted to anyone to use this software for
any purpose,
% including commercial applications, and to alter it and
redistribute it
x freely , subject to the following restrictions:
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glMatrix OFE

glMatrix DX kL L4175

vec3, vecd4, mat3, mat4, quat4

A C B = BB Float32Array
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glMatrix O#AS

glMatrix @ B4k

vec3.{create/set/add/subtract/negate/scale/normalize/cross/length/
dot/direction /lerp/str}

mat3.{create/set/identity/transpose/toMat4 /str}

mat4.{create/set/identity/transpose/determinant/inverse/
toRotationMat/toMat3/tolnverseMat3/multiply/multiplyVec3/
multiplyVec4 /translate/scale/rotate /rotateX /rotateY /rotateZ /
frustum /perspective/ortho/lookAt /str}

quatd . {create/set/calculateW /inverse/length /normalize/multiply/
multiplyVec3/toMat3/toMat4/slerp/str}
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glMatrix O#AS

% : glMatrix_exercise_00.html

<IDOCTYPE HTML>

<html lang="en">

<head>

<title >glMatrix Exercise </title >

<meta charset="utf-8">

<script type="text/javascript” src="glMatrix.js"></script>
<script type="text/javascript’>

function test000() {
console.log('————————— [test000] ");
var v0l = vec3.create([1.0, 0.0, 0.0])
0.0]

var v02 = vec3.create([0.0, 1.0, )
vec3.add(v01l,v02);

console.log("v0l =" 4 vec3.str(v01l));
console.log("v02 =" 4 vec3.str(v02));

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 205 / 417



glMatrix O#AS

test001();

}

function test001() {
var v0l = vec3.create([1.0, 0.0, 0.0]);
var v02 = vec3.create([0.0, 1.0, 0.0]);
var v03 = vec3.create();
v03 = vec3.add(v01l,v02);
console . log("———————— [test001] ")
console.log("v0l =" 4 vec3.str(v0l));
console.log("v02 =" 4 vec3.str(v02));
console.log("v03 =" + vec3.str(v03));
test002();

}
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function test002() {

var v0l = vec3.create([1.0, 0.0, 0.0]);
var v02 = vec3.create ([0.0, 1.0, 0.0]);
var v03 = vec3.create();
vec3.add(v0l,v02,v03);
console.log('————————— [test002] ")
console.log("v0l =" 4 vec3.str(v01l));
console.log("v02 =" 4 vec3.str(v02));
console.log("v03 =" 4 vec3.str(v03));

}

</script>

</head>
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glMatrix OFE/

glMatrix_exercise_00.html : 755

[BESTLES £ 3
WLAFTRELYF IS
) JavaScript £ <> b

[testoea]
1, 1, @]
= [8, 1, @]
[testoa1]
1, 1, ol

ZFR7r AL

(e, 1, o]
1, 1, o]

[testB@2]
= [1, o, 0]
[e, 1, 0]
=1, 1, 0

exercise.
exercise.
exercise

exercise.
exercise.
exercise.

exercise.

exercise
exercise.

exercise.

exercise.
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glMatrix OFE

giMatrix (ZF 1T 55 1E D /L—)L

7 MO LE
—HIBEH SN D
vec3.add(v01, v02); // vO01 + v02 = v01

Kageyama (Kobe Univ.) WebGL 1.0 A

2018.04.10

209 / 417



glMatrix OFE

D EE—GIBREHR S NS
v03 = vec3.add(v01, v02); // v01 + v02 = vO01 & v03
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glMatrix OFE

BBl HETHF LI 20WEEIEZ 975
vec3.add(v01, v02, v03); // v01 4+ v02 = v03
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glMatrix OFE/

N7 MV OWNIE &S E

glMatrix_exercise_01.html

g Ry RT=SER

O LIPORELYSUSY

< JavaScript &£ 23

[test
= (1.
= (1,
)
test

o7zl

= [o,
le,

le,
test
= [1,
= lo,
le,

dot product]--——
2, 3]
1, -1]

cross product (a)]----
e, 1]

1, o]

e, 1]

cross product (b)]-—-
e, o]

1, o]

e,

glMatrix

exercise

alMatrix

exercise

glMatrix

exercise

glMatrix

exercise

alMatrix

exercise

alMatrix

exercise

glMatrix

exercise

glMatrix

exercise

alMatrix

exercise

glMatrix

exercise

glMatrix

exercise

alMatrix

exercise
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glMatrix OFE

N7 N ILVOWNFE

glMatrix_exercise_01.html

var v01 = vec3.create([1.0, 2.0, 3.0]);
var v02 = vec3.create([1.0, 1.0, -1.0]);
var ans = vec3.dot(v01, v02); // ans =0
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glMatrix OFE

X7 MV OSE (a)

glMatrix_exercise_01.html

var v01 = vec3.create([1.0, 0.0, 0.0]);
var v02 = vec3.create([0.0, 1.0, 0.0]);

var v03 = vec3.create();

v03 = vec3.cross(v01, v02); /) VOLITHEFT & d (=v03)
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glMatrix OFE

X7 ML OSE (b)

glMatrix_exercise_01.html

var v01 = vec3.create([1.0, 0.0, 0.0]);

var v02 = vec3.create([0.0, 1.0, 0.0]);

var v03 = vec3.create();

vec3.cross(v01, v02, v03); /] VOL X S ey,
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e glMatrix_exercise_00.htm| &
e glMatrix_exercise_01.html Z &/ L TH KL 9,

TS Tar Yy — xS L,
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X7 MVOERAE (a)
glMatrix_exercise_02.html

E&XZ11ct5%

var v01 = vec3.create([3.0, 4.0, 0.0]);
vec3.normalize(v01);
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HE

~7 ML OKRAE (b)
glMatrix_exercise_02.html

var v01 = vec3.create([3.0, 4.0, 0.0]);

var v02 = vec3.create();

vec3.normalize(v01, v02);
/] VOl ZHUEAL L7 b D V02 IZA D,
// VOLIEFH S 720y,

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10

219 / 417



N7 MLDORKEE
glMatrix_exercise_03.html

var v01 = vec3.create([3.0, 4.0, 12.0]);
var amp = vec3.length(v01);
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HE

N7 KD —
glMatrix_exercise_03.html

var v01 = vec3.create([1.0, 2.0, 3.0]);
var v02 = vec3.create();
vec3.set(v01,v02)
// v01 D 3 AETHv02 IZa—3i5
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Ny VORI ()
glMatrix_exercise_03.html

vec3.negate(v01);
/] VOl D5 EEZ D
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HE

N7 hVOFEE RS (b)
glMatrix_exercise_03.html

var v01 = vec3.create([3.0, 4.0, .0]);

var v02 = vec3.create();

vec3.negate(v01, v02);
[/ V01 DFF 5 a2 2 T2 b DA V02 IZ A D,
/) VOL IZZED B 7200,
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7 MV DFIER
glMatrix_exercise_03.html

add &[A U

vec3.add = vec3.subtract

A I (Y =AAAN

add L[FERIZ 3D DEZXTTNH D,
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HE

N7 R VOYLRHE/ N (a)
glMatrix_exercise_03.html

var v01 = vec3.create([1.0, 2.0, 3.0]);
var s = 0.1;
vec3.scale(v01, s);

/) V0L B s S5,
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HE

N7 R VOYLRE/N (b)
glMatrix_exercise_03.html

var v01 = vec3.create([1.0, 2.0, 3.0]);

var v02 = vec3.create();

var s = 0.1;

vec3.scale(v01, s, v02);
// V0l & sfE L= DR V02 IZAD,
[/ VOl IZEDL BT,
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HE

ZOD R EFESHALITRAN T RV (a)
glMatrix_exercise_03.html

var v01 = vec3.create([1.0, 2.0, 3.0]);
var v02 = vec3.create([1.0, 2.0, -2.0]);
vec3.direction(v01, v02);
/] FNOL 225 FV02 (273 D DAL S VDI V0L IZA D,
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HE

TODRZEFESBALITEANT R L (b)
glMatrix_exercise_03.html

var v01 = vec3.create([1.0, 2.0, 3.0]);

var v02 = vec3.create([1.0, 2.0, -2.0]);

var v03 = vec3.create();

vec3.direction(v01, v02, v03);
/] o0l 226 Fv02 122D H A OBALRZ RV V03 IZAD,
/) V0L 132550 5,
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R ORRIEARE (a)
glMatrix_exercise_03.html

var v01 = vec3.create([1.0, 2.0, 3.0]);

var v02 = vec3.create([1.0, 2.0, -2.0]);

var s = 0.6;

vec3.lerp(v01, v02, s);
/] Av01 & giv02 ZifE SRRy & bR s TRUBAI L7 ALiE~ 2 hv
/] FEFITVOLIZA D,
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— AR OB (b)
glMatrix_exercise_03.html

var v01 = vec3.create([1.0, 2.0, 3.0]);

var v02 = vec3.create([1.0, 2.0, -2.0]);

var v03 = vec3.create();

var s = 0.6;

vec3.lerp(v01, v02, s, v03);
/] BNO0L & Rv02 Z il SRy 2 LR s THUBARR L7 friE~ 2 v
/] FERIZVO3IZAD, vO1IFED ST,
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4x4 BANIATS]
glMatrix_exercise_04.html

BAATH] (b o LERIZRAED J7ITRD~<—2) var m01 = mat4.create([
1.0, 0.0, 0.0, 0.0, // 1st column
0.0, 1.0, 0.0, 0.0, // 2nd column
0.0, 0.0, 1.0, 0.0, // 3rd column

0.0, 0.0, 0.0, 1.0 // 4th column

1)
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4x4 BANLHAZA T
glMatrix_exercise_04.html

HNATAZAEDITIZZ 5§ 2 DA
var m01 = mat4.create();

mat4.identity(m01);
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HE

iniE (a)
glMatrix_exercise_04.html

var m01 = mat4.create(|
1.0, 1.0, 1.0, 1.0, // 1st column
0.0, 1.0, 1.0, 1.0, // 2nd column
0.0, 0.0, 1.0, 1.0, // 3rd column
0.0, 0.0, 0.0, 1.0 // 4th column
D:
mat4.transpose(m01);
// m01 DHRE
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HE

Al (b)
glMatrix_exercise_04.html

var m01 = mat4.create([
1.0, 1.0, 1.0, 1.0, // 1st column
0.0, 1.0, 1.0, 1.0, // 2nd column
0.0, 0.0, 1.0, 1.0, // 3rd column
0.0, 0.0, 0.0, 1.0 // 4th column
)
var m02 = mat4.create();
mat4.transpose(m01,m02);
// m01 DEREAD m02 I A D, mOLITEDL LT,
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1151

ITHI o OBRLEIISIER TH D Z LI

mat4.create(|
a00, a10, a20, a30, // % 1 %
a0l, all, a21, a31, // % 2 %
a02, al2, a22, a32, // % 3 %]
a03, al3, a23, a33 // F# 4 %1

1)
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HE

TTHN DT E

var m03 = mat4.multiply(m01, m02)

1751 mO1 & 175 m02 % /3T 724 K3 m03 IZ A%,
75 m0l bEZHD S (=m03)

1781 m0l 2 L=< 7o WigAiTE
mat4.multiply(m01, m02, m03)

LT 2,
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114158
glMatrix_exercise_04.html

var m01 = mat4.create(]
1.0, 1.0, 2.0, 1.0, // 1st column
2.0, 1.0, 2.0, 2.0, // 2nd column
0.0, 2.0, 3.0, 3.0, // 3rd column
0.0, 3.0, 4.0, 4.0 // 4th column

1)

console.log(” det(m01) =" + mat4.determinant(m01));

Kageyama (Kobe Univ.) WebGL 1.0 A

I
1
N
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HE

1T (a)
glMatrix_exercise_04.html

var m01 = mat4.create(]
1.0, 1.0, 2.0, 1.0, // 1st column
2.0, 1.0, 2.0, 2.0, // 2nd column
0.0, 2.0, 3.0, 3.0, // 3rd column
0.0, 3.0, 4.0, 4.0 // 4th column
Di

mat4.inverse(m01);

mO01 23 B 2y DO THICE & #io b
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HE

WirT41 (b)
glMatrix_exercise_04.html

var m01 = mat4.create(]
1.0, 1.0, 2.0, 1.0, // 1st column
2.0, 1.0, 2.0, 2.0, // 2nd column
0.0, 2.0, 3.0, 3.0, // 3rd column
0.0, 3.0, 4.0, 4.0 // 4th column
Di

var m02 = mat4.inverse(m01);

mO01 2N A DOWITHNCE E# 5, mO2 IZFRICH DN AD,
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HE

W7 (c)
glMatrix_exercise_04.html

var m01 = mat4.create([
1.0, 1.0, 2.0, 1.0, // 1st column
2.0, 1.0, 2.0, 2.0, // 2nd column
0.0, 2.0, 3.0, 3.0, // 3rd column
0.0, 3.0, 4.0, 4.0 // 4th column
Di

var m02 = mat4.create();

mat4.inverse(m01,m02);  //mO01 23 A%y 2725, mO2 bEILH D
var m03 = mat4.create(); mat4.multlply(m01,m02,m03) // mOL [ ZAZE
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HE

3x3 B 4x4 175~ (a)
glMatrix_exercise_05.html

var m01 = mat3.create(]
1.0, 2.0, 3.0, // 1st column
0.0, 1.0, 2.0, // 2nd column
0.0, 0.0, 1.0 // 3rd column
1);

var m02 = mat3.toMat4(m01);
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HE

3x3 5 4x4 175~ (b)
glMatrix_exercise_05.html

ELED3TIINCEHRZza =T 5, ThLSMI, 41T4%HIT 1. £h
PSMEZ0 T D,

var m01 = mat3.create(]

1.0, 2.0, 3.0, // 1st column

0.0, 1.0, 2.0, // 2nd column

0.0, 0.0, 1.0 // 3rd column

Di
var m02 = mat4.create();

mat3.toMat4(m01,m02)
// mol =[1,2 3,0,
0

2,0,0, 1]
// mo2 =[L, 2,3, 2,0

1, 1
,0,1,20,00,1,0,0,0,0, 1]
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HE

4x4 7> 5 3x3 1751~ (a)
glMatrix_exercise_05.html

LD 3By & DI,

var m01 = mat4.create([
1.0, 1.0, 2.0, 1.0, // 1st column
2.0, 1.0, 2.0, 2.0, // 2nd column
0.0, 2.0, 3.0, 3.0, // 3rd column
0.0, 3.0, 4.0, 4.0 // 4th column

);
var m02 = mat4.toMat3(m01);

//m0l=[1,1,2121220,2 3 3,03, 4, 4]
J/mo2=[1.1,2 21202 3
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HE

4x4 7> 5 3x3 1751~ (b)
glMatrix_exercise_05.html

E LD 33y E LV ET,

var m01 = mat4.create(]
1.0, 1.0, 2.0, 1.0, // 1st column
2.0, 1.0, 2.0, 2.0, // 2nd column
0.0, 2.0, 3.0, 3.0, // 3rd column
0.0, 3.0, 4.0, 4.0 // 4th column
)

var m02 = mat4.create();

mat4.toMat3(m01, m02);

// m0l =11, ,1,2,2,0,23,3,0,3, 4, 4]
// m02 = [, . 2,2, ,2,0, ,3]
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3x3174D = B —

mat3.set()
V713 vec3.set() &R U
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INETORPATUTOFIEAN ) =343 CATZEED
T, U, WRSIE L72puy,

mat4.operator(src_and_dest, param)
dest = mat4.operator(src_and_dest, param)

mat4.operator(src, param, dest)

7272 L. RO multiplyVec3 1%
mat4.multiplyVec3(param, src_and_dest);
mat4.multiplyVec3(param, src, dest);
LWHNRI—=ThD,
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HE

4x4 174 & vec3 DFF (a)
glMatrix_exercise_05.html

var M = mat4.create(]

1.0, 0.0, 0.0, 0.0,

2.0, 0.0, 1.0, 0.0,

3.0, 1.0, 0.0, 0.0,

4.0,0.0,0.0,1.0

Di

var v01 = vec3.create([1, 0, 0]);
//[1,0,0,1] £\ 9 vecd IZEHBINTH D, BEED

mat4.multiplyVec3(M,v01);  //FEDHERD vecd DF 4 i3I THND
// V01 =[5, 0, 0]
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HE

4x4 175 & vec3 DFF (b)
glMatrix_exercise_05.html

var m01 = mat4.create();
mat4.identity(mO01);

var v01 = vec3.create([1.0, 0.0, 0.0]);
var v02 = vec3.create();

mat4.multiplyVec3(m01, v01, v02);
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zFhDJE O DREATHN 25026 03T D
glMatrix_exercise_05.html

var M = mat4.create(|
1.0, 0.0, 0.0, 0.0, // rotate
0.0, 0.0, 1.0, 0.0, // around
0.0,-1.0, 0.0, 0.0, // x-axis
0.0, 0.0, 0.0, 1.0 // for 90 deg.
)k
var angle = Math.P1/2;
var N = mat4.create();
mat4.rotateZ(M, angle, N); // N = MR (not RM)
var v01 = vec3.create([1,0,0]);
mat4.multiplyVec3(N, v01);  // v01l = [0, 0, 1]
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AR B

maté.rotateX() : x #liJE ¥ DREIFATH 2 73T 5
maté.rotateY() : y #hJE ¥ OREIEATH 22T D
maté.rotate() : FRXE L7 JE  OEIEEITHIZ )3T D
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HE

FATREATIN Z GBS S
glMatrix_exercise_05.html

var M = mat4.create(|
1.0, 0.0, 0.0, 0.0, // rotate
0.0, 0.0, 1.0, 0.0, // around
0.0,-1.0, 0.0, 0.0, // x-axis
0.0, 0.0, 0.0, 1.0 // for 90 deg.
Di
var transv = vec3.create([0,1,0]); // translate iny
var N = mat4.create();
mat4.translate(M, transv, N); // N =MT
var v01 = vec3.create([1,0,0]);
mat4.multiplyVec3(N, v01); // v0l =[1,0, 1]
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HE

B RATHN DVERL

o ETILE 2 —Z ML WEEBIIOWTIIR T (BY) 75,
o TNENOREBDOENFITZOHOY T L a— T,
o FEMIILY —Aa— R (gIMatrix.js) & &R,

mat4.frustum(left, right, bottom, top, near, far, dest);
mat4.perspective(fovy, aspect, near, far, dest);
mat4.ortho(left, right, bottom, top, near, far, dest);
mat4.lookAt(eye, center, up, dest);
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HE

< DOARAER] 72 A%k

mat4.tolnverseMat3 : /2 E 3x3 174 D# T4 2 Y H3, ERT b
DI AFF

mat4.scale : 515D vec3 THE L7 CTAr—4 5
quatd.* : 4 JTE 1R
{vec3,vec4,mat3,mat4,quatd}.str : T DEXTZL
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e glMatrix_exercise_02.html 7> 5
e glMatrix_exercise_05.html £ TAZ~X—X {24 HHBHIZ,
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SRS E R & FIRER

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 256 / 417



S A L R UK PR

7 R

INFETIZZ VU TEEEDONL RO F 7210 THEE L Tz, ©F D
Ea—=Rl a—AFER e 2—RY 2—2A4

[_17+1] X [_17+1] X [_17+1]
THEETH-T=, ZHIUIHAFE,

RSO (RKEZ) ZKUTLABRNWT, D% U—/b NEETYIERZ 8
HIZER L2V,
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SRS & (R EAE

B 2

o ERE
o BHIE

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 258 / 417



S A L R UK PR

ES
e AT z=00lTMEL., —z FAZHEWNTWD,
o FHYtE 2—RY 2 — ADBERITLE TR,

T I right
far near left
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S A L R UK PR

152

y A
X X'
Z|
z
(right, bottom, near) 7 (1,0,-1)
(11-1) —

(left, top, near)

o EHEMNOIHKR (EHFILE 2—R Y 2 —24) ~DOHfli/s X r—/L
EHATH,

o A TCITAERET DD HMHIEN, WOBEEPHESNTWD

® mat4.ortho(left, right, bottom, top, near, far, projectionMatrix);
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S A L R UK PR

GRS S
o I AZIFFRAIAEL, —z FhZEFEWTWn5,
o WK & L « BEISHIUEWNOTH —2 HANCR 25 X210 TE 5,

height

far

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 261 / 417



S A L R UK PR

A5
y y
Z
z height (1.0-1)

far near

o WHERTE DL TR~ DI,
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S A L R UK PR

A5

x —Bx/z
v | = -By/z
z c1 2+ co

B> 0,c1,c0 lTEE, =& ylZBLTIX—F/2 5D A — VAL,

(ZORT—MAREUE, T2 &2iE, BB O Ly = -7 223y = +1
CEMEND Z & CHERTE 5,)
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S A L R UK PR

(1)

TR
x! T+t
y | =1 v+t
2 z4+t,

(XRIKIERE & 5 EATHIEAE THEIT 7=,

x 1 0 0 ¢ T
vy | 101 0 ¢t Y
2 o 00 1 ¢, z
w’ 0 0 0 1
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S A L R UK PR
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b LRTAIUTITHIITEHE T 5022

1, B
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PG P, SR T )

g

e TR,

—Bx/z
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c1z+ co
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S A L R UK PR

()

b LRTAIUTITHIITEHE T 5022

1, B

SRS
~ 0~

PG P, S T |
PG P, SR T )

g\

—Bx/z
—By/z

c1z+ co

PG P, S TR, |
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S A L R UK PR

z ffE] O
o BRI DS, b O —OERE LRITIUIWIT2WEELR® 5,
o HE 7T VAL My —HZIEZNDHIFD varying fED A BRE
F [

VsF4T
TIVEF17 L I5uxuR
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LR E 7 B p IXERBRD 1/ 2 1235

BiR ay+bz=c,;

B (.2 mE (pc,)

(ap/c, +b)z=c;

1 a b
z Co C1 C1
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T—) ZERIR, 2 FRNC b BARICERIEOBRIEMFIZ 5,
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2! —a—/z
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A T T A T O EERE D HILFR

Web 7 7Y
HTML + CSS + JavaScript + ¥ T —4%Y—21—K
+ATIT I NTF—=Y

v

WebGL
JavaScript API

v
(x, Y, Z, w)

TYET 4 TRHIT

PE2 2 % B

° (@, ) = (x/w,y/w, z/w)
* GPU 78 HEIAIZFE4T
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GRS AT ORE

height
y
nyr
P fiii:@—}
T !
far near  width
6 0 0 0
0O B 0 O
0 0 a v
0O 0 -1 0

NRIA=ZF o, B, vy DIRE = FHHET D DIEMMH,
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GRS AT ORE

height

mat4.perspective(fovy, aspect, near, far, projectionMatrix);
fovy (field of view) I[THEFOE S (y) FRIOMAE, aspect TR,

BT EEAICIERNS: frustum (FiER) 21EDHEAIX
mat4.frustum(left, right, bottom, top, near, far, prOJectlonMatrix);

(AT VAHEBREELRFCIL, AEHRAOERE B HOBEBRBLETH
Do D& E, BB ITELIESR,)
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webgl_sample_spiral _00.html

FT V= N ORERRESY

var dz = 0.1;
var pitch = 1.0;
var pof = 0;
var cof = 12;

// positionOffsetlnFloats
// colorOffsetInBytes

for (var k=0; k<Nz; k++) {

var z = kxdz;
positionView [

positionView [l+pof] =
positionView [2+pof] =
colorView [ cof]
colorView |1+ cof]
colorView[2+ cof]
colorView [3+4 cof]

pof 4+=vertexSizelnFloats;

Kageyama (Kobe Univ.)

pof] = 0.0; // x
=0.0; //vy

z; /] z

= 255; // R
= 255; /] G
= 255; // B
= 255; /] A
WebGL 1.0 AfH
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cof +=vertexSizelnBytes;

phase = pitchxz;

positionView [ pof] = Math.cos(phase); /] x
positionView[l+pof] = Math.sin(phase); /]y
positionView[2+ pof] = z; /] z
colorView|[ cof] = 255«Math.cos(phase); // R
colorView[l+cof] = 255«Math.sin(phase); /] G
colorView[24+cof] = 255xMath.sin(phasex0.2); // B
colorView[3+cof] = 255; /] A

pof 4+=vertexSizelnFloats;
cof 4+=vertexSizelnBytes;
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BT VIR
webgl_sample_spiral 01.html

7V EBE) - fi/)N - A5 5174 modelViewMatrix ->< 0, TE
Y —HIikD, THHIESENE (attribute)

mat4.identity (modelViewMatrix) ;
mat4. translate (modelViewMatrix, [0.8,—0.
mat4.scale(modelViewMatrix ,[0.3,0.3,0.3
mat4 . rotateX (modelViewMatrix,—Math. PI/3
mat4.rotateY (modelViewMatrix,—Math.PI/3
gl.uniformMatrix4fv(uniLocation ,
false ,
modelViewMatrix) ;

SN

5, —0.8]);
)

]
)
)

//——</new>——

gl.clear(gl.COLOR_BUFFER.BIT) ;
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modelViewMatrix & T8 53 @ attribute
158 . &2 ToIE RIS L 7= attribute fEIX uniform

<! — new —>

<script id="shader—vs" type="x—shader/x—vertex">
attribute vec3 aVertexPosition;
attribute vec4 aVertexColor;
uniform mat4 uMVMatrix; //<—new
varying vec4 vColor;

void main() {
vColor = aVertexColor;

gl_Position = uMVMatrix * vec4(aVertexPosition, 1.0);

—new

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10
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® webgl_sample_spiral_01.htm| D[RRl & [AlHiAH 222 H L CTEDORR%E
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LA
webgl_sample_spiral_02.html
WICERbE 2 =R ) 2 —20H A XEE#H L TETLVEBE) - fil -

R ETH LD S, U—IL FEE (CGHIR) OHIZh AT EHRET
L. LEZEINBER,

= HTR A,

mat4.perspective C projectionMatrix Z1E%

projectionMatrix % uniform & L CTHA Y = — X IZ£ 5D

T x— A TIEI D ODITHNENT D

gl_Position = uPMatrix * uMVMatrix * vec4(aVertexPosition, 1.0);

DOV TN Ta T T EDOZNUNDRA N E LT, TTAT AL
ERY ATy DD DAITE R,
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\‘%‘EEIQ

e webgl sample_spiral_02.html| OHFEATHIDFKE matd.perspective(...)
EERLTCEOREER LD,

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 289 / 417
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I DLHATE D B

WS 2R P BB OBER PO SN TWD &R E, AT (i
78 IFEELTHT, BEFAE 2 —{THITBHECEHR L Tr— 15
BEliE, BT NAE 2 —ATHNID AL v 7 %Al 5 OMEF], (LLETO
OpenGL (OpenGL 1.x) (Z1% glPushMatrix(), glPopMatrix() 73& - 7273,
4@ OpenGL (21720, )

JavaScript (ZIZALHNIZ push & pop D A Vv KMo > TWADTI A
fiE 21T,
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ZEHATH D push & pop
webgl_sample_spiral_04.html

}

modelViewMatrix = modelViewMatrixStack.pop();

}

//——new function
function uploadModelViewMatrixToShader () {
gl.uniformMatrix4fv(uniLocation [1],
false ,
modelViewMatrix) ;
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BEHATHN DY = —F ~Dra— K
webgl_sample_spiral_04.html

function uploadProjectionMatrixToShader () {
gl.uniformMatrix4fv(uniLocation[0],
false |,
projectionMatrix);

}

//——new function —
function draw_a_spiral() {
// Draw triangles

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10
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i8]
webgl_sample_spiral_04.html

}

function startup() {
canvas = document.getElementByld (" myGLCanvas”);
gl = createGLContext(canvas);

shader_program = create_shader_program();
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* glMatrix ZffiVy, EEOFHEEZE L, EHRAE,

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 297 / 417



\2e

e

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 208 / 417



YA

YT NT I AF Y OF T — R

ZOERDT =T X—=U s, SHOEECHEHATLIROT 7 AF ¥
TR =T £ AT IRIEL TL 72 &0,

® kobe_u_logo_512x256.jpg
® yokohama_512x512.jpg
® uribos_256x256.jpg

® kobe_1024x512.jpg

RETFIE (F) : 77 0FTRR > Crl+ 7V w7 > 4 A=V ERF

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 299 / 417



FURAF¥w LS

TFTHORFYIVvELY

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 300 / 417



FUARFyv oS

TIAF ¥y~ T (T AF¥ I 7)) LI

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 301 / 417



FIAF v oS

VA vi%

INNEEN
<

Kageyama (Kobe Univ.) WebGL 1.0 AlY 2018.04.10 302 / 417



Kageyama
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FUARFyv oS

HTML image & WebGL image

HTML Image TIAF¥

*
(0.0, 0.0) (1.0, 0.0) (0.0, 1.0) (1.0, 1.0)

(0.0, 1.0) (1.0, 1.0) (0.0, 0.0) (1.0, 0.0)

PEARIANTEER & N RS D T2 DIZUL T &2 RS
gl.pixelStorei(gl. UNPACK_FLIP_Y_WEBGL,true);
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e

FUARFyv oS

T AF ¥ O — RFEIAOHEE]

gl.createTexture() C WebGLTexture 47 = 7 ~ Z/Ek 7 %
new Image() THTML DOM @ Image 47 ¥ =7 bt &/ET %
Image 47 = 7 R® onload /> KT & ET 5
Image 4+ 7Y = 7 hDsrc 73T 4 lZr— RT 5D URL &
Y b D

(WE725) gl pixelStorei(gl. UNPACK_FLIP_Y_WEBGL,true); T I
TREET %
gl.texParameteri() T7 27 A F ¥ RTA—=Z DREET D
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1. WebGLTexture &7 > = 7 b Z{ERk9 %

var texture = gl.createTexture();
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TIAFYv T

2. TV AT ¥ HN A RT 5

gl.bindTexture(gl. TEXTURE_2D, texture);
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3. Mg T —Z2u— 7T 5%

PNG, GIF, JPEG 7 7 A /L7 K73 AIRE
FIE -

1. HTML DOM @ Image =7 ¥ =7 h&{ERT 5
image = new Image();

2. image D src 7N T g lZun— R 5O URL 2 ET D,
3. T—H0a— RBRKkbo7b GPUIZT—4# %27 v 7 u— K75
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webgl_sample_texture_mapping_00.html
FLIPY 72 L
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o777 A 00b
webgl_sample_texture_mapping_00b.html
FLIP.Y 9

800 WebGL Sample Texture Mapping 00b )

webgl_sample_texture_mapping_00b
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VI Ta s g A
Vo777 A 00c
webgl_sample_texture_mapping_00c.html

TR N2 — A TDOT I AF ¥ T —F DA

8006 WebGL Sample Texture Mapping 00c e 800 WebGL Sample Texture Mapping 00c )

webgl_sample_texture_mapping_00c webgl_sample_texture_mapping_00c

\\“i\\
RN
™= PR
i)
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Yo7V 7e 77 A 00d
webgl_sample_texture_mapping_00d.html
BT — 2 DO—HIE T2~y BT

800 WebCL Sample Texture Mapping 00d o

webgl_sample_texture_mapping_00d
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T U AT DIER - Hih

T I AT ¥ DYLK
gl.texPara meteri(gI.TEXTU RE_2D, gl TEXTURE_MAG_FILTER,

gl.LlNEAR);
HRIEA (gl LINEAR)
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T AF % DIER - b

T AT X O (JEKR)

gl.texParameteri(gl. TEXTURE_2D, gl. TEXTURE_MAG_FILTER, gl.LINEAR);
gl.texParameteri(gl. TEXTURE_2D, gl. TEXTURE_MAG_FILTER, gl. NEAREST);

® gl.LINEAR ZD7T 7 AF X FERE & Te 4 DD T 7 & ME O BAR AR
® gl.NEAREST 7 7 ZF ¥ JEFEITI bt T 7 BV D& 5
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F I AF ¥ DK + fi/h

vkl — g DA
gl NEAREST

webgl_sample_texture_mapping_00e.html

800 WebGL Sample Texture Mapping 00e e

webgl_sample_texture_mapping_00e
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T AF % DIER - b

T 7 AF ¥ O (i)

gl.texParameteri(gl. TEXTURE_2D, gl. TEXTURE_MIN_FILTER, gl.LINEAR);
gl.texParameteri(gl. TEXTURE_2D, gl. TEXTURE_MIN_FILTER, gl. NEAREST);

® gl.LINEAR 2D 7 7 AF ¥ FEFEIZ /PGS 2 4 5 (EE) OF 7 kv
fEDINE -2

® gl.NEAREST 7 7 AF ¥ JEfEITIR itV T 7 B /LD AEE S
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TN T T A 01
webgl_sample_texture_mapping_01.html
7 v 7% — R . REPEAT
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webgl_sample_texture_mapping_02.html
Z v 7%%— R : MIRRORED_REPEAT

N
AT TR
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BERRRRSYY
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gl.texelmage2D(gl. TEXTURE_2D, 0, gl.RGBA, gl.UNSIGNED_BYTE, image);
gl.generateMipmap(gl. TEXTURE_2D);
A X (L& S) 132 ORFTRIFIUINT RN,
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TOoOD N

1. JavaScript @ setlnterval() Zf£ 5
2. requestAnimationFrame() % 9

requestAnimationFrame() (X HTML DOM @ window 47 ¥ = 7 K ® X
Y K
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setlnterval

‘setlnterval(codeToCaII, timeoutInMilliSeconds) ‘
T

function draw() {
}
function start() {

setInterval(draw, 16.7);
}
16.7 X U BT draw() Z RS,
1/60 ~ 0.0167
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T=A—var

setinterval Z i~ 7=V 7/ a— R
webgl_sample_spiral_05.html
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8 00 WebGL Sample Spiral 05 el
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requestAnimationFrame

o — LV DEIFIAI LT HT T UWITER D,
e THLLDHENIY,
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requestAnimationFrame Z{fi > 7= 7 /L2 — |
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webgl_sample_spiral_05b2.html
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requestAnimationFrame D J7

FIBIZT T O FNLIFOH T 2 — Ny 7 B AT,
requestAnimationFrame(draw);

FBE LTea— Ny 7 draw BIEAEONH &b & X(2iE, 51%E LCHE
HERH (currentTime) NEEIIZIEINS,

DF V., draw() BIEUT currentTime Z 514 & LTEITID K 9 ITER
RN

7272 L. startup BAZ S AN draw() ZFEONH T & X 1213515k LT
a—/b 4%, (JavaScript TIXET 7 —(272 B 720, )
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requestAnimationFrame D J7

function draw(currentTime) {
requestAnimationFrame(draw);

}...

function startup() {
draw();
}
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function draw(currentTime) {
// 1. BAED 7 L— A A Bha T HRICIRO 7 L— L%
// BT 2B 72 72OV L & 2R
requestAnimationFrame (draw) ;

/] 2. —rOFRTE AT V=V FONEEEH

// 3. Ir— A
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L KIRHET L o OMKOFELFRICAN D,
2. JBETIRHET NV fOMEDFEL BRT S
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JRPTRREE T L
IEIRACR I TE 720,

BB 3 2 BRI K THREMIZZ DR E A D,
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SRR T L
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7 4 (Phong) DOHHET IV

Bui Tuong Phong (1942-1975)

* JRFTET IV
o IFMHDNEE R D,
* BR5EE (Ambient Light)
* JL@ok (Diffuse Light)
e BEMmE (Specular Light)
o ZNENDMSLITEMERZIR S T,
o ZTNENOFITMLOE (RGB) ZFFo,
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7 4 (Phong) DOHHET IV

WA R 2T (B ORI

® 3 ODEDZENZIUTK L TR KT 5,
o IREEIYLHT (Ambient Reflection)
o Pt (Diffuse Reflection)
o S (Specular Reflection)
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BREEE

bHBWHIIM G DI L D M
H DA S I KD,

I IR B O AL fit

F9OICAND, #l: (0.2,0.2,0.2,1.0)
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RECDOY 2 —Fa—F

NeF g A =N
uniform vec3 uAmbientLightColor;
varying vec3 vLightWeighting;

vLightWeighting = uAmbientLightColor;
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RECDOY 2 —Fa—F

TIGTA Nz —X

varying vecd vLightWeighting;
vec4 texelColor = texture2D(uSampler, vTextureCoordinates);

gl FragColor = vec4(vLightWeighting.rgb * texelColor.rgb,

texelColor.a);
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float diffuseLightWeightning = max(dot(normalEye,
vectorToLightSource), 0.0);
vLightWeighting = uAmbientLightColor +

uDiffuselightColor * diffuseLightWeightning;
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const float shininess = 32.0;
float rdotv = max(dot(reflectionVector, viewVectorEye), 0.0);
float specularLightWeightning = pow(rdotv, shininess);
vLightWeighting = uAmbientLightColor +
uDiffuselLightColor * diffuselLightWeightning +
uSpecularLightColor * specularLightWeightning;

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 354 / 417



iG]

Bt DY 2 —H a— R

T3 A N —K [EEARL]

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 355 / 417



)
i

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 356 / 417



GRS (LATOHERER L D)

y=-p" { %/

N L
SR A

|
x —Bx/z
v | = -By/z
z c1 2+ co

B> 0,c1,c0 lTEE, =& ylZBLTIX—F/2 5D A — VAL,

DR —UARET, T 2E SO By = B2y = +112
BHIND Z & TESICHERTE 5,

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 357 / 417




1wy

GBI WD — DD AT 7 (LANIOHKZERI L D)

(1) FREREDITHIEE (ZOFFIE—BIITRE SRV, 22 THITFS
DIE—2>DH;)

af g 0 0 O x
vl _| 0B 0 o0 y
1 00 a ¥y 2
w' 0 0 —1 0 1

(2) wEETOEIVFE, TnEBHEHEE VS, U T 4 TSI TR
WZFEITSND,

x/ xT/wT

Z/ ZT/'LUT

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 358 / 417



wE

AT T A TOEEDORE (LIRTOERER L D)

Web 7 7Y
HTML + CSS + JavaScript + ¥ T —4%Y—21—K
+ATIT I NTF—=Y

v

WebGL
JavaScript API

B

CRVERY N N

(X', y|1 Z‘) TYET 4 TRHIT

PE2 2 % B

° (¢, 7) = (x/w,y/w, z/w)
* GPU 78 HEIAIZFE4T

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10

359 / 417



FrTra—F

HoF)a—FK

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 360 / 417



o7 a—§k

Yo7 a— RaE R AR

kxR AT MDY = — X TOFETE

Kageyama (Kobe Univ.) WebGL 1.0 A 2018.04.10 361 / 417



FrTra—F

TH R BGRB8 9 BAALA~ 2 B L

N=T I AL =—H

// Get the vertex position in eye coordinates

vec4 vertexPositionEye4 = uMVMatrix * vec4(aVertexPosition, 1.0);
vec3 vertexPositionEye3 = vertexPositionEye4.xyz /
vertexPositionEye4.w;

// Calculate the vector (1) to the light source

vec3 vectorToLightSource = normalize(ulightPosition -
vertexPositionEye3) ;
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// Transform the normal (n) to eye coordinates
vec3 normalEye = normalize(uNMatrix * aVertexNormal) ;
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// Calculate the reflection vector (r) that is needed for

specular light
vec3 reflectionVector = normalize(reflect(-vectorToLightSource,

normalEye)) ;
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vec3 viewVectorEye = -normalize(vertexPositionEye3);
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<html>

<head>

<title>My first Three.js app</title>

<style>canvas { width: 100%; height: 100% }</style>
</head>

<body>

<script src="js/three.min.js"></script>

<script>
var scene = new THREE.Scene();
var camera = new THREE.PerspectiveCamera(75, window.innerWidth/wi:
var renderer = new THREE.WebGLRenderer();
renderer.setSize(window. innerWidth, Window.innerHeight);
document .body.appendChild(renderer.domElement) ;
var geometry = new THREE.CubeGeometry(1,1,1);
var material = new THREE.MeshBasicMaterial ({color: 0x00ff00});
var cube = new THREE.Mesh(geometry, material);
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scene.add(cube) ;
camera.position.z = 5;

var render = function () {
requestAnimationFrame (render) ;
cube.rotation.x += 0.01;
cube.rotation.y += 0.01;
renderer.render(scene, camera);

};

render();
</script>

</body>
</html>
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