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& Physical

& Mathematical

k Representation
& Implementation

Introduction - Paradigm
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x Limited resources
@ Time
@ Data
@ Hardware
@ Software

& Make good use of resources

Introduction - Paradigm
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& Today’s Paradox
@ Quality — Cost
] “Good enough”

Introduction - Paradigm
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. Unity
@ Procedural Modeling & Animation
3y Real time

y Variable geometry
% (Time) Growth & Evolution

Introduction - Objective
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v Procedural

@z Modeling
8 Geometry
§ L-System, Fractals, etc
@ Animation
8§ Time - Position
3y Inverse Kinematics, Physics, etc

Introduction
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Introduction - Modeling
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Introduction - Animation
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v Model & Animation

Introduction — Both
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k& Tree modeling & animation
@ Simple
@ Scalable
@ Already implemented

Unity - Case
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v Branch

Q

Unity - Case
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Houdini
SpeedTree

Games / Film

S
Unity - Case
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2 Basic
. Unity 2019 new features
& Advanced

Unity - Approach
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 Mesh

2 Mesh + Slice

 Mesh + Slice + Geometry Shader
 DrawProcedural + ComputeBuffer + Shader

v Aditional
@ Jobs, Burst Compiler

Unity - Approach
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class Example:

Update() {

mesh = GetComponent< >().mesh;
Vector3[] vertices = mesh.vertices;
Vector3[] normals = mesh.normals;

(1 1=0;1i<vertices.Length;i++)

{
}

mesh.vertices = vertices;

vertices[i] += normals[i] * Mathf.Sin(Time.time);

Unity - Approach
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void setupMesh( mesh, <Vector3> v,
<Vector2> uv, <int> tri)

{
mesh.Clear();
mesh.SetVertices(v);
mesh.SetTriangles(tri, 0);
mesh.SetUVs(0, uv);

}

Mesh

Sunday, June 30, 2019



 Calculate tree surface (vertices, uvs, triangles)
k& Setup mesh

@ List<T>- Variable size, pre-set max capacity
7y C# syntax
] List<T>.Clear()
5 List<T>.Add(  T(...))

Mesh
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void setupMesh( mesh,
Vector3[] v, int vCount,
Vector2[] uv, int uvCount,
int[] tri, int tCount)

mesh.Clear();
mesh.SetVertices(v, 0, vCount);

mesh.SetTriangles(tri, 0, tCount, 0);
mesh.SetUVs(0, uv, 0, uvCount);

}
Mesh + Slice
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& Calculate tree surface (vertices, uvs, triangles)
& Setup mehs

@ T[] - Fixed size, int count — used size
7y C# syntax
a T[i]=T(..)

Mesh + Slice
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& Same setup of Mesh + Slice
 Less data(vertices, uvs, triangles)
& Expand data inside the Geometry shader

Mesh + Slice + Shader
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Memory Resources
(Buffer, Texture,
Constant Buffer)

Input-Assember
Stage

Vertex Shader
Stage e

Hull Shader i
Stage

Tessellator
k& Programmable shader =
Y

Domain Shader
Stage —

Geometry Shader | _
Stage -

Stream Output
Stage

Rasterizer
Stage

Pixed-Shader
Stage e

Pipeline
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 Shader program
@ Vertex(id) -> 3 points segment
@z Geometry(...) -> Triangle strip
@ Pixel(...) -> Color*

Mesh + Slice + Shader
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e Geometry shader —
expand lines to
surfaces

k Same operation

multiple data =>
GPU

Mesh + Slice + Shader

Sunday, June 30, 2019



& Advantages

@ Less data to setup

@ Take advantage of GPU parallelism
k& Disvantages

@ Cant use unity surface shaders. Need to write all
stages of shader.

Mesh + Slice + Shader
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v Same data as mesh+slice+shader

@ Skip Unity Mesh object overhead entirely
w Unity API:

@ ComputeBuffer

@ Graphics.DrawProceduralf...)
8 DrawProcedurallndirect(...)
] DrawMeshlInstanced(...)
] DrawMeshlInstancedIndirect(...)

@ Custom material - Shader

ComputeButter + Shader
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v.SetData(vertices, 0, 0, VCount);
u.SetData(uv, 0, 0, UVCount);
t.SetData(triangles, 0, 0, TCount);

material.SetBuffer("_vertices", vertices[idx]);
material.SetBuffer("_uv", uvs[idx]);

material.SetBuffer("_triangles”, triangles[idx]);

Graphics.DrawProcedural(material, bounds,
MeshTopology.Points, TCount);

ComputeButter + Shader
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& Unity Jobs
@z Advantage of multi-core
@ Easier than setting threads and syncronization

@ Can use Burst compiler
jy vectorization /SIMD
3 High performance code generation-LLVM

@ Works only with native types.

Aditional - Jobs
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struct MyJob : IJobParallelFor

{
NativeArray<float> a;
NativeArray<float>b;
NativeArray<float>result;
void Execute(int i)
{
result[i]=a[i] + b[i];
}
)

MyJ ob job =new MyJob();
job.Schedule(...)
job.Complete()

Aditional - Jobs
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. lest scene

@ 24 trees

@ 1.932M triangles

@ Surface discretized with 3 points
g PC

z 17 3770

w GTX 1080

z 16Gb RAM

Comparison - Numbers
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Mesh (22.11, 14.74, 44.22)
81.07

Mesh+Slice . (22.11, 14.74, 44.22)
81.07

Mesh+Slice+Shader : (7.37,4.91, 2.46) 14.74

ComputeBuffer . (7.37,4.91, 2.46) 14.74
+Shader

Comparison - Numbers

32
Sunday, June 30, 2019



v Performance
v API
& Examples

Conclusion
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& Keijiro Takahashi — Unity

R (T e e e
'

e r ey - ————

- ———

e s

34

To Watch

Sunday, June 30, 2019



