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Overview

This course section:

real-time rendering of 

efficient substitutes for subdivision surfaces.

ïRecent theoretical results

ïLeveraging DirectX 11  

Topics:
ï Introduction to DirectX 11 Tessellation  

ï Implementation on DirectX 11 pipeline

ï Implementation on current hardware

ïPractical implementation issues
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Current  Authoring Pipeline

é
Generate LODs

GPU

Control Cage, or 

SubD Mesh Smooth Surface Displaced Surface
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Direct3D 11 Pipeline For Real-time 
Tessellation Rendering

Control Cage

Optimally Tessellated Mesh

GPU

Displacement

Map

+
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Level 8 Level 16 Level 32 Level 64

Regular Triangle Mesh 16MB 59MB 236MB 943MB

D3D11 compact 
representation

1.9MB 7.5MB 30MB 118MB

+=

© Bay Raitt

ÅSave memory and bandwidth 
- Memory is a critical bottleneck to render
highly detailed surfaces

Direct3D11 Tessellation Pipeline
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Direct3D 11 Tessellation Pipeline

Control Cage

Optimally Tessellated Mesh

GPU

Displacement

Map

+
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D3D11 Tessellation Process on GPU  

+
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Direct3D 11 Graphics Rendering Pipeline 

Domain Shader

Hull Shader

Tessellator

Input Assembler

Vertex Shader

Geometry Shader

Setup/Raster

Pixel Shader

Output Merger

R
e
s
o
u
rc

e
s
 (

b
u
ff
e
rs

, 
te

x
tu

re
s
, 

c
o
n
s
ta

n
ts

)

Programmable

Fixed function

New Direct3D 11 

Pipeline Stages
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Direct3D 11 Tessellation  

+

Vertex Shader
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Vertex Shader

ÅTransforms control cage vertices

Domain Shader

Hull Shader

Tessellator

Vertex Shader
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ÅApplications
ÅRealistic animation: skinning, morph targets, etc

ÅPhysical Simulation: hair simulation, 
particle system, soft body deformation

Domain Shader

Hull Shader

Tessellator

Vertex Shader

Vertex Shader
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Direct3D 11 Tessellation  

+

New Primitive 

Type: Patch
Hull Shader

Vertex Shader
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Hull Shader

ÅNew patch primitive type
- The only supported primitive when 

tessellation is enabled
- Arbitrary vertex count (up to 32)
- No implied topology

ÅComputes control points 

ÅComputes tessellation factors

Tessellator

Vertex Shader

Hull Shader

Domain Shader
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Å Curvature,  view-dependent Level of Detail

© Bay Raitt© Pixolator @ ZBrushCentral

Adaptive Tessellation  
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ÅAll control points Pj are a weighted sum of 
vertices: 
PjҐ ң  wij Vi

ÅFor each connectivity, pre-computes wij
and stores them in a stencil texture
ÅThe hull shaderinvokes multiple threads. 

Each thread computes one control point.

Hull Shader: Control Point Construction  
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ACC_CONTROL_POINT SubDToParametricPatchHS( 

InputPatch<CONTROL_POINT_OUTPUT, M> p,

uint tid : SV_OutputControlPointID,

uint pid : SV_PrimitiveID )

{

ACC_CONTROL_POINT output;

int topo = getPatchConnectivityID(pid);    

int num = getVertexCount(pid);

float3 output.pos= float3(0,0,0);

for (int i=0; i< num; i++)

{

int idx = getVertexIDinPatch(pid,i); 

int index = fetchIndexInStencil(topo, idx, tid);

output.pos += p[i] * gStencil.Load(int3((index, 0,0));

}

return output;

}

connectivity type ID

the number of vertices in the patch primitive

Compute 

one control 

point per 

thread 

use index global ordering
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Direct3D 11 Tessellation  

+

Vertex Shader

Hull Shader
New Primitive 

Type: Patch

Tessellator
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Hull Shader

Vertex Shader

ÅFixed function stage, but configurable

ÅDomains:

- Triangle

- Quad

- Isolines

ÅSpacing:

- Discrete

- Continuous (fractional)

- Pow2

Tessellator

Domain Shader

Tessellator
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Tessellator

Level 5 Level 5.4 Level 6.6

Hull Shader

Vertex Shader

Domain Shader

Tessellator
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Direct3D 11 Tessellation  

+

Vertex Shader

Hull Shader

Tessellator

New Primitive 

Type: Patch

Domain 
Shader
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Domain Shader

Hull Shader

Vertex Shader

Domain 
Shader

Tessellator

Control 
points

U V {W} 
coordinates

one vertex

ÅOne invocation per generated vertex
ÅEvaluate surface given parametric UV{W}

coordinates
ÅApply displacements
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Overview

This course section:

real-time rendering of 

efficient substitutes for subdivision surfaces.
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Tessellation Process  

+
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Patch Construction Schemes 

ÅPN Triangles
by Alex Vlachos, JörgPeters, Chas Boyd, and Jason Mitchell

άCurved PN TrianglesέΣ Lо5 нллмΥ tǊƻŎŜŜŘƛƴƎǎ ƻŦ ǘƘŜ нллм {ȅƳǇƻǎƛǳƳ ƻƴ 
Interactive 3D Graphics, pages 159-166,2001.
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PN Triangles on Direct3D 11 Pipeline  

Tessellator

Domain Shader

HS input:

DS Output:
Åone tessellated vertex

Hull Shader

DS Input from Tessellator:
Åuvw coordinates for one vertex

control points

Tessellation factors 
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Patch Construction Schemes 

ÅACC Patches
by Charles Loop and Scott Schaefer

άApproximating Catmull-Clark Subdivision Surfaces with BicubicPatchesέ, 
ACM Transactions on Graphics, Vol. 27 No. 1 Article 8 March 2008.
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ACC Patch on Direct3D 11 Pipeline  

Tessellator

Domain Shadercontrol points

HS input:

Hull Shader

DS Input from Tessellator:
Åuv coordinates for one vertex

Tessellation factors 
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