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Data Visualization




Why a new engine for D.V.”

Mass rendering of large—scale data.
Efficient Utilization of GPU.
Easy to Use.



GPU#WebGL#3D



Simple (Turtle) Graphics

tHink oF a turtie Holding a Pen




Modern Graphics System
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CPU vs. GPU




WebGL pipeline
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fragments Test pixels

and Blending




Parallel processing

Vertex Shader
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Fragement Shader



JavaScript to GPU

_________________________________________________________________

-----------------------------------------------------------------

JS phase ~ GPU phase
vertices vec4 position
colors ~ vec4 color
textures  sampler texture

| ArrayBuffers f

typed array attl.']icbutes
5 uniforms

__________________________________________________________________________________________________________________________________



Create Object Model

CEINEIEES ,
w‘ee.JS

Meshes

Ah.js

Figures




Path Contours & Triangulations







Mesh.js

const figure = new Figure2D(); o0
figure.addPath('MO0 0L100 OL100 100L0 100z");
---------- >
100, 100
const mesh = new Mesh2D(figure, resolution); 2 /
mesh.setFill{color: [1,0,0,1T}); T TTTTTTTT g 1 e
const renderer = new Renderer(canvas); = TTTTTso=o=s =

renderer.drawMeshes([mesh]);



Draw meshes

https://codepen.io/akira—cn/embed/WNezZaqw/?height=300&th...



https://codepen.io/akira-cn/embed/WNezZqw/?height=300&theme-id=13617&default-tab=js,result

Mesh API vs. Canvas API

const canvas = document.querySelector('canvas');

const figure = new Figure2D();
figure.rect(0, 0, 100, 100);

const mesh = new Mesh2D(figure, canvas);
mesh.setFill({color: [1, 0, 0, 11});

const renderer = new Renderer(canvas);
renderer.drawMeshes([mesh]));

const canvas = document.querySelector('canvas');
const context = canvas.getContext('2d');
context.rect(0, 0, 100, 100);

context.fillStyle = 'red’;

context.fill();



Mesh Compression

// mesh1 : // compressed: mesh1 + mesh?2
{ {
positions: [[x11, y11], [x12, y12], [x13, y13]], positions: Float32Array(x1, y1, x2, y2,
cells: [[0, 1], [1, 2], [2, 0O]], x3, y3, x1, y1,
attributes: { X2, y2, x3, y3),
a_color: [[1, 0, 0], [1, 0, 0], [1, O, O], cells: Uint16Array(0, 1, 1, 2, 2, O,
1 3,4,4,5,5, 3),
uniforms: { attributes: {
a_color: Uint8Array(
} 255, 0, 0, 255, 0, 0, 255, O, O,
} 0, 255, 0, 0, 255, 0, 0, 255, 0,
),
// mesh2 : I3
uniforms: {
{
positions: [[x21, y21], [x22, y22], [x23, y23]], }
cells: [[0, 1], [1, 2], [2, O]], }

attributes: {
a_color: [[0, 1, 0], [0, 1, 0], [0, 1, O]],
3,

uniforms: {



Mesh Compression

mesh1 positions mesh2 positions mesh3 positions

ArrayBuffer

mesh1 cells mesh?2 cells mesh3 cells

ArrayBuffer




Mesh Compression

https://codepen.io/akira—cn/embed/gOYeGyV/?height=300&th...



https://codepen.io/akira-cn/embed/gOYeGyV/?height=300&theme-id=13617&default-tab=js,result

Transforms

https://codepen.io/akira—cn/embed/OJLvxdL/?height=300&the...



https://codepen.io/akira-cn/embed/OJLvxdL/?height=300&theme-id=13617&default-tab=js,result

Shader optimization

uniform float u_colorSteps[40];
uniform float u_radialGradientVector[6];

void main() {

if(u_radialGradientVector[2] > 0.0 || u_radialGradientVector[5] > 0.0) {
radial_gradient(color, u_radialGradientVector, u_colorSteps);
}
}



Shader optimization

uniform float u_colorSteps[40];
uniform float u_radialGradientVector[6];

void main() {
if(u_radialGradientVector[2] > 0.0 || u_radia’  Jic '51> 0.0){
radial_gradient(color, u_radialGradientVs< .or, u_colorSteps);
}

}



Shader optimization

uniform float u_colorSteps[40];
uniform float u_radialGradientVector[6];

void main() {
if(u_radialGradientVector[2] > 0.0 || u_radia’  Jic '51> 0.0){
radial_gradient(color, u_radialGradientV< or, u_colorSteps);
}
}

#tifdef GRADIENT

uniform float u_colorSteps[40];

uniform float u_radialGradientVector[6];
#endif

void main() {

#ifdef GRADIENT
if (u_radialGradientVector[2] > 0.0 || u_radialGradientVector[5] > 0.0) {
radial_gradient(color, u_radialGradientVector, u_colorSteps);
}
#endif
}



Blending

opacity non-opacity

get enableBlend() {
if(this[_blend] === true || this[_blend] === false) return this[_blend];
return this[_uniforms].u_opacity < 1.0
|| this[_strokeColor] != null && this[_strokeColor][3] < 1.0
|| this[_fillColor] != null && this[_fillColor][3] < 1.0
|| this[_uniforms].u_colorMatrix != null && this[_uniforms].u_colorMatrix[18] < 1.0;



Offscreen Canvas + Worker

const worker = new Worker('./worker.js');
const canvas = document.querySelector('canvas');
const offscreenCanvas = canvas.transferControlToOffscreen();
worker.postMessage({
type: 'created’,
canvas: offscreenCanvas
}, [offscreenCanvas));

importScripts(‘'mesh.js');

self.addEventListener(‘'message’, (evt) => {
const canvas = evt.data.canvas;
const renderer = new Renderer(canvas);



Offscreen Canvas + Worker

https://meshjs.org/demo/#/worker/flappy_bird



https://meshjs.org/demo/#/worker/flappy_bird

User Program

https://codepen.io/akira—cn/embed/GRKxMBe/?height=300&t...



https://codepen.io/akira-cn/embed/GRKxMBe/?height=300&theme-id=13617&default-tab=js,result

forward and backward

webgpu
Renderer webgl2 done
Context
...... . Webgl dOﬂe

canvas2d partial
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— A graphics system born for visualization.



https://meshjs.org/

