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struct VsTfmInput

{
float4 vPosOS : POSITIONO;
float2 vTexCoord: TEXCOORDO;
float3 vNormal : NORMALDO;

b

struct VsTfmOutput

{

float4 vPos : POSITION;
float fVertexID : TEXCOORDO;
float3 vPosCS : TEXCOORD1I;

Y

VsTfmOutput VSRenderTransformed( VsTfmInput i)

{
VsTfmOutput o;

int nVertexID = floor( i.vPosOS.w );
int nTextureWidth = g_vTformVertsMapSize.x;

// Compute row and column of the position in 2D texture
float2 vPos = float2( nVertexID % nTextureWidth, nVertexID / nTextureWidth );
vPos /= g_vTformVertsMapSize.xy;

vPosy = 1.0 - vPos.y;

vPos = vPos * 2 - 1.0; // Move to [-1; 1] range

o.vPos = float4( vPosxy, 0, 1 );

// Propagate the vertex ID to the pixel shader:

o.fVertexID = i.vPosOS.w;

// Transform vertex position to screen-space
float4 vPositionCS = mul( float4( i.vPosOS.xyz, 1), g_mWorldView );
vPositionCS /= vPositionCS.w;

0.vPosCS = vPositionCS.xyz;

return o;

} // End of VsTfmOutput VSRenderTransformed(..)
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struct VsTFInput

{
float4 vPositionOS : POSITIONO; // (xyz) - camera-space position, w - vertex ID
b
struct VsTFOutput
{
float4 vPositionCS : POSITION;
float fTessFactor : TEXCOORDO;
b
[ o ooooooooooooooooo

VsTFOutput VSCalculateTFs( VsTFInput i)

{
VsTFOutput o;

// Current vertex ID:
int nCurrentVertID = (int)( i.vPositionOS.w );

// Determine the ID of the edge neighbor's vertex (remember that this is done with non-indexed primitives, so
// basically if the current vertex is vO ,then we have edges: vO->v1, v1->v2, v2->v0

// Note: currently (Jan 08) MS HLSL compiler has a bug in MOD ('%') computation.

// Had to implement MOD myself because MS HLSL compiler didn't do it right - apparently using nCurrentVertID % 3
// produced over 17 instructions and _wrong_ results. So did it myself [NT]. MS was notified

int nCurrentVertEdgelD = nCurrentVertID - 3 * floor( (float)nCurrentVertID / (float) 3);

int nEdgeVertOID = nCurrentVertID;  // this works if current vertex is vO or vl
int nEdgeVertlID = nCurrentVertlD + 1;

if ( nCurrentVertEdgelD == 0)

{

nEdgeVertOID = nCurrentVertID + 1;
}
else if ( nCurrentVertEdgelD == 1)
{

nEdgeVertOID = nCurrentVertID + 1;
}
else if ( nCurrentVertEdgelD == 2)) // In case of v2 we need to wrap around to v0
{ .

nEdgeVert0ID = nCurrentVertID - 2; Micrpsaft® .

} & Visual Studio



// Compute the fetch coordinates to fetch transformed positions for these two vertices to compute their edge statistics:
int  nTextureWidth = g_vTformVertsMapSize.x;

// VertexO: nCurrentVertID, compute row and column of the position in 2D texture:
float2 vWertOCoords = float2( nCurrentVertID % nTextureWidth, nCurrentVertID / nTextureWidth );
vWertOCoords /= g_vTformVertsMapSize.xy;

// Vertex1l: nEdgeVertOID, compute row and column of the position in 2D texture:
float2 vWertlCoords = float2( nEdgeVertOID % nTextureWidth, nEdgeVert0ID / nTextureWidth );
vwertlCoords /= g_vTformVertsMapSize.xy;

// Fetch transformed positions for these IDs:
float4 vVertOPos = tex2Dlod( sTformVerts, float4( vWertOCoords, 0, 0));
float4 vWertlPos = tex2Dlod( sTformVerts, float4( vWertlCoords, 0, 0));

// Swap vertices to make sure that we have the same edge direction regardless of their triangle order (based on vertex ID):
if ( vWertOPos.w > vWertlPos.w )
{
float4 vImpVert = vWertOPos;
vVertOPos = vVertlPos;
vWertlPos = vimpVert;
}

// Use the distance from the camera to determine the tessellation factor:
float fEdgeDepth = 0.5 * ( ( vWertlPos.z) + ( vWertOPos.z ) );

float fTessFactor = clamp( fEdgeDepth / g_fMaxCameraDistance, 0, 1 ); // map to 0-1 range
fTessFactor = (1 - fTessFactor ) * 15; // map to 0-15 range and invert it (higher to lower)

const float fMinTessFactor = 1.0;
const float fMaxTessFactor = 14.99999;

o.fTessFactor = clamp( fTessFactor, fMinTessFactor, fMaxTessFactor ); // clamp to the correct range

// Compute output position for rendering into a tessellation factors texture
int nVertexID = floor( i.vPositionOS.w );

// Compute row and column of the position in 2D texture

float2 vOutputPos = float2( nVertexID % nTextureWidth, nVertexID / nTextureWidth );
vOutputPos /= g_vTformVertsMapSize.xy; Vicrosafe
vOutputPos.y = 1.0 - vOutputPos.y; 1aose .
vOutputPos = vOutputPos * 2 - 1.0; // Move to [-1; 1] range Q\ . V|Sua| StUd'O
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struct VslnputTessellated

{

// Barycentric weights for tessellated vertex from the super-primitive (low-resolution input) mesh
// Le. each tessellated vertex quantities are computed via barycentric interpolation from the

// three super-primitive input vertices
float3 vBarycentric: BLENDWEIGHTO;

// Data from superprim vertex O:
float4 vPositionVert0 : POSITIONO;
float2 vTexCoordVert0 : TEXCOORDO;
float3 vNormalVert0O : NORMALO;

// Data from superprim vertex 1:
float4 vPositionVertl : POSITION4;
float2 vTexCoordVertl : TEXCOORD4;
float3 vNormalVertl : NORMAL4;

// Data from superprim vertex 2:
float4 vPositionVert2 : POSITIONS;
float2 vTexCoordVert2 : TEXCOORDS;
float3 vNormalVert2 : NORMALS;

%

struct VsOutputTessellated

{
float4 vPosCS : POSITION;
float2 vTexCoord : TEXCOORDO;
float3 vNormalWS : TEXCOORD]I,;
float3 vPositionWS : TEXCOORDZ2;

%
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BaryCentric Coordinate

P=(A*w1)+ (B*w2)+ (C*w3)
where
wl+w2+w3=1.0

C weight = Area of APB /Area of ABC Micrsoft ,
@ 1 Visual Studio



VsOutputTessellated VSRenderTessellated( VsInputTessellated i)

{
VsOutputTessellated o;

// Compute new position based on the barycentric coordinates:
float3 vPosTessOS = i.vPositionVert0.xyz * i.vBarycentric.x + i.vPositionVertl.xyz * i.vBarycentricy +
i.vPositionVert2.xyz * i.vBarycentric.z;

// Output world-space position:
o.vPositionWS = vPosTessOS;

// Compute new tangent space basis vectors for the tessellated vertex:

o.vNormalWS = ivNormalVertO.xyz * i.vBarycentricx + ivNormalVertlxyz * ivBarycentricy +
i.vNormalVert2.xyz * i.vBarycentric.z;

// Compute new texture coordinates based on the barycentric coordinates:

o.vTexCoord = ivTexCoordVertO.xy * i.vBarycentric.x + i.vTexCoordVertl.xy * i.vBarycentricy +
i.vTexCoordVert2.xy * i.vBarycentric.z;

// The model we exported is from Maya, so the texture space needs to be adjusted accordingly:
o.vTexCoord = float2( o.vTexCoord.x, 1 - o.vTexCoord.y );

// Transform position to screen-space:
0.vPosCS = mul( float4( vPosTessOS, 1.0 ), g_mWorldViewProjection );

return o;

} // End of VsOutputTessellated VSRenderTessellated(..)
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hr = D3D11CreateDevice

(

NULL, // default gfx adapter
D3D_DRIVER_TYPE_HARDWARE, // use hw

NULL, // not sw rasterizer

uCreationFlags, // Debug, Threaded, etc.

NULL, // feature levels

0, // size of above

D3D11 SDK VERSION, // SDK version

ppDeviceOut, // D3D Device

& FeatureLevelOut, // of actual device
ppContextOut );  // subunit of device



Example HLSL code

#define BLOCK_SIZE 256
StructuredBuffer gBufl;
StructuredBuffer gBuf2;
RWStructuredBuffer gBufOut;

[numthreads(BLOCK_SIZE,1,1)]
void VectorAdd( uint3 id: SV_DispatchThreadID )

{
gBufOut[id] = gBufl[id] + gBuf2][id];



HLSL A<,

hr = D3DX11CompileFromFile(
“myCode.hlsl”, // path to .hlsl file
NULL,
NULL,
“VectorAdd”, // entry point
pProfile,
NULL, // Flags
NULL,
NULL,
&pBlob, // compiled shader
&pErrorBlob, // error log
NULL );



CS M A gl Hpol g

OO X L. O-

pD3D->CreateComputeShader(
pBlob->GetBufferPointer(),
pBlob->GetBufferSize(),
NULL,
&pMyShader ); // hw fmt

pD3D->CSSetShader(
pMyShader, NULL, 0 );
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D3D11_BUFFER_DESC descBuf;

ZeroMemory( &descBuf, sizeof(descBuf) );

desc.BindFlags = D3D11_BIND_UNORDERED_ACCESS;
desc.StructureByteStride = uElementSize;

desc.ByteWidth = uElementSize * uCount;

desc.MiscFlags = D3D11_RESOURCE_MISC_BUFFER_STRUCTURED;

pD3D->CreateBuffer( &desc, plnput, ppBuffer );
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Read/Write Buffers and Textures
Structured Buffer
Byte Address Buffer
Unordered Access Buffer or Texture

Append and Consume Buffer
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Access By Byte Offset

Access By Index

Texture2D<float4> myTexture;

float4 myVar = myTexture[pos];

Access By Mips Member

float4 myColor = myTexture.mips[0][float2(x,y)];
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Atomic Functions

InterlockedAdd
InterlockedMin
InterlockedMax
InterlockedOr

InterlockedAnd
InterlockedXor
InterlockedCompareStore
InterlockedCompareExchange
InterlockedExchange
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View &AM G}7|

D3D11_UNORDERED_ACCESS_VIEW_DESC desc;
ZeroMemory( &desc, sizeof(desc) );

desc.ViewDimension = D3D11 UAV_DIMENSION BUFFER;
desc.Buffer.FirstElement = 0;

desc.Format = DXGI_ FORMAT UNKNOWN;

desc.BufferNumElements = uCount;

pD3D->CreateUnorderedAccessView(
pBuffer, // Buffer view is into
&desc, // above data
&pMyUAV ); // result



AlS
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pD3D->CSSetUnorderedAccessViews(
0,
1,
&pMyUAY,
NULL );

pD3D->Dispatch( GrpsX, GrpsY, GrpsZ );



pDevll->Dispatch(3, 2, 1);

[numthreads(4, 4, 1)]

void MyCS(...)
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D3D11 BUFFER_DESC desc;

ZeroMemory( &desc, sizeof(desc) );
desc.CPUAccessFlags = D3D11_CPU_ACCESS_READ;
desc.Usage = D3D11_USAGE_STAGING;
desc.BindFlags = 0;

desc.MiscFlags = O;

pD3D->CreateBuffer( &desc, NULL, &StagingBuf );
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pD3D->CopyResource( debugbuf, pBuffer );
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D3D11 135.41 fps Vsync off (800x600),
HARDVARE: ATI Radeon HD 4800 Series
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N-Body Demo App:

AMD Phenom II X4 940 3GHz + Radeon HD 5850
CPU 13.7GFlops Multicore SSE, not cache-aware
GPU 537GFlops DirectCompute

Intel Xeon E5410 2.33GHz + Radeon HD 5870
CPU 25.5GFlops Multicore SSE, not cache-aware
GPU  722GFlops DirectCompute
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Supporte
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Replace multiple 2D thread arrays with a single
3D array

Double the memory available for inter-thread
communication

More efficient shared memory I/O

Allows each thread to operate on protected
memory locations — greatly simplifies
implementation of CPU-based algorithms on
GPU

Allows 64-bit floating point precision for
omputations

Useful for building and accessing data in list or

stack form

Allows each compute shader to access multipl
buffers for more flexibility

Allows pixel shaders to access compute shader
data for interoperability with renderin
pipeline
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http://cfs7.tistory.com/original/30/tistory/2008/08/28/13/07/48b6248d46acf

int i Render ThreadCount ;
HANDLE pbeferredihreaddandieArr
HANDLE» pBegir UhThrerb“H tHan j

HANDLE *
D301 1DeviceContext=«
| D301 1CommandL i st =« iﬁpﬁnﬂmandL E[Pﬂi“Tfthrd}.
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this->m_iRender ThreadCount = iThreadCount ;

this—=m_pDeferredThreaddandleArray = new HAMDLE[ this-=m_iRender ThreadCount ];
thiz—>m_pBeginDeferredEventHandleArray = new HANDLE[ this->m_iRender ThreadCount ];
this->m_pEndDefer redEventHandleArray = new HANDLE[ this—>m_iRenderThreadCount ];
this->m_ippDeferredContextPointerArray = new 103D11DeviceContext+[ this—>m_iRender ThreadCount ];
this->m_ippCommandListPointerArray = new 103D11Commandlist+[ this—>m_iRender ThreadCount ];

HRESULT hr = E_FAIL;
D301 10eviceContext= ipResul tPointer = Ox00:
torl int i = 0; i = this->m_iRender ThreadCount ;

DeferredContext £ 444 5iC]

ipResul tPointer = JinRenderUtil::CreateDeferredContext{ this-—=>m_ipGPU );
this-»m_ippDeferredContextPointerArray[ i ] = ipResultPointer;

L =85 ddeti

CREATE_SUSPENDED S 2 F0|A ResumeThread off MEHm7IK| A= A3 E

this-=>m_pDeferredThreaddandleArray[ i ] = (HANDLE) beginthreadex{ NULL,
o,
DeferredProcForRenderPerScene,
&i,
CREATE_SUSPENDED,
NULL ) ;

A, _=3|:_:' AlsH S|

=

ResumeThread{ this—=m_pDeferredThreadHandleArray[ i ] );

€ Visual Studio




unsigned int WINAP| DeferredProcForRenderPerScene( LPVOID |pParameter )
i

HRESULT hr = E_FAIL:

const int ilnstance = »( int* ) IpParameter;
ID3D11DeviceContext= ipDeferredContextPtr = Jin3D::Get Instance( )->GetDeferredContext{ ilnstance ):;
ID3011CommandL ist= ipCommandListPtr = Jin3D: :GetInstance( )->GetCommandList{ ilnstance ):

farl

{

szt =tedo|l =2 Eoalxl 7|cleic)

ciWaitForSinglefbject( Jin3D: :Getlnstancel )-—>GetBeginDeferredEventHandle{ ilnstance ). INFINITE }:

r"___________________________________________________________.

N R S R S R S R S R R R S R S R R R S R R R R R R R R

BOOL S22+ =
ImmeidiateContex
M=o 18] A] FALS

o —

hr = ipDeferredContextPtr—=FinishCommandList{ FALSE, &ipCommandListPtr ).
assert{ hr == S_0K }:

FHHE g|AES2| E¢o| BEUES o/HIERZ 2H8lC

c:8etEvent{ Jin3D::GetInstance( )-=GetEndDeferredEventHandle( ilnstance ) );

€ Visual Studio
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DrawPrim DrawPrim

DrawPrim

Execute

Execute
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i = this-=m_iThreadCount ; ++i )

this—>m_iplmmediateContext—>ExecuteCommandList{ this->m_ippCommandListPointerArray[ i ], TRUE );

4 Visual Studio
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S0l 2HOIZHE LiEHYE R

Rendering Command& M/d5t= Zi!
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DirectX SDK Document & Sample
GameFest 2008, 2009
MSDN & ATI & NVIDIA web site

Realtime-Rendering *H
NVIDIA Tessellation GDC10
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VS_OUTPUT_HS_INPUT VS( VS_INPUT i)

{

VS_OUTPUT_HS_INPUT Out;

// Compute position in world space
float4 vPositionWS = mul( i.inPositionOS.xyz, g_mWorld );

// Compute denormalized light vector in world space
float3 vLightWS = g_LightPosition.xyz - vPositionWS.xyz;
// Need to invert Z for correct lighting

vLightWS.z = -vLightWS.z

// Propagate texture coordinate through:
Out.texCoord = i.inTexCoord * g_fBaseTextureRepeat.x;

// Transform normal, tangent and binormal vectors from object
// space to homogeneous projection space and normalize them
float3 vNormalWsS = mul( ivInNormalOS, (float3x3) g_mWorld );
float3 vTangentWS = mul( ivInTangentOS, (float3x3) g_mWorld );
float3 vBinormalWS = mul( i.vInBinormalQOS, (float3x3) g_mWorld );

// Normalize tangent space vectors

vNormalws
vTangentWs
vBinormalWs

normalize( vNormalWs );
normalize( vTangentWs );
normalize( vBinormalWws );

// Output normal
Out.vNormal = vNormalWs;

// Calculate tangent basis

float3x3 mWorldToTangent = float3x3( vTangentWs, vBinormalWs, vNormalWws );

// Propagate the light vector (in tangent space)
Out.vLightTS = mul( mWorldToTangent, vLightWs );

#if ADD_SPECULAR==1
// Compute and output the world view vector (unnormalized)
float3 vViewWS = g_vEye - vPositionWSs;
Out.wiewTS = mul( mWorldToTangent, vWiewWsS );

#endif
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// Write world position
Out.vWorldPos = float3( vPositionWS.xyz );

#if DISTANCE_ADAPTIVE_TESSELLATION==
// Min and max distance should be chosen according to scene quality requirements
const float fMinDistance = 20.0f;
const float fMaxDistance = 250.0f;

// Calculate distance between vertex and camera, and a vertex distance factor issued from it
float fDistance = distance( vPositionWS.xyz, g_vEye );
Out.fVertexDistanceFactor = 1.0 - clamp( ( ( fDistance - fMinDistance ) / ( fMaxDistance - fMinDistance ) ),

0.0, 1.0 - g_vTessellationFactor.z/g_vTessellationFactor.x);
#endif

return Out;
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HS_CONSTANT_DATA_OUTPUT ConstantsHS( InputPatch<VS_OUTPUT_HS_INPUT, 3> p, uint PatchID : SV_PrimitivelD )
{

HS_CONSTANT_DATA_OUTPUT output = (HS_CONSTANT_DATA_OUTPUT)Q;

float4 vEdgeTessellationFactors;

#if DENSITY_BASED_TESSELLATION==1

// Retrieve edge density from edge density buffer (swizzle required to match vertex ordering)
vEdgeTessellationFactors = g_DensityBuffer.Load( PatchID ).yzxw;

// Multiply them by global tessellation factor
vEdgeTessellationFactors *= g_vTessellationFactor.xxxy;

#else

// Tessellation level fixed by variable
vEdgeTessellationFactors = g_vTessellationFactor.xxxy;

#endif
#if DISTANCE_ADAPTIVE_TESSELLATION==

// Calculate edge scale factor from vertex scale factor: simply compute

// average tess factor between the two vertices making up an edge

float3 fScaleFactor;

fScaleFactorx = 0.5 * ( p[1l].fVertexDistanceFactor + p[2].fVertexDistanceFactor );
fScaleFactory = 0.5 * ( p[2].fVertexDistanceFactor + p[0].fVertexDistanceFactor );
fScaleFactor.z = 0.5 * ( p[0].fVertexDistanceFactor + p[1].fVertexDistanceFactor );

// Scale edge factors
vEdgeTessellationFactors *= fScaleFactor.xyzx;

#endif

// Assign tessellation levels

output.Edges[0] = vEdgeTessellationFactors.x;
output.Edges[1] = vEdgeTessellationFactors.y;
output.Edges[2] = vEdgeTessellationFactors.z;
outputnside = vEdgeTessellationFactors.w;
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[domain("tri")]

DS_OUTPUT DS( HS_CONSTANT_DATA_OUTPUT input, float3 BarycentricCoordinates : SV_DomainLocation,

{

const OutputPatch<HS_CONTROL_POINT_OUTPUT, 3> TrianglePatch )
DS_OUTPUT output = (DS_OUTPUT)O;

// Interpolate world space position with barycentric coordinates

float3 vWorldPos = BarycentricCoordinates.x * TrianglePatch[0].vWorldPos +
BarycentricCoordinates.y * TrianglePatch[1].vWorldPos +
BarycentricCoordinates.z * TrianglePatch[2].vWorldPos;

// Interpolate world space normal and renormalize it

float3 vNormal = BarycentricCoordinates.x * TrianglePatch[0].vNormal +
BarycentricCoordinates.y * TrianglePatch[1].vNormal +
BarycentricCoordinates.z * TrianglePatch[2].vNormal;

vNormal = normalize( vNormal );

// Interpolate other inputs with barycentric coordinates

output.texCoord = BarycentricCoordinates.x * TrianglePatch[0].texCoord +
BarycentricCoordinates.y * TrianglePatch[1].texCoord +
BarycentricCoordinates.z * TrianglePatch[2].texCoord;

float3 vLightTS = BarycentricCoordinates.x * TrianglePatch[0].vLightTS +
BarycentricCoordinates.y * TrianglePatch[1].vLightTS +
BarycentricCoordinates.z * TrianglePatch[2].vLightTS;
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// Calculate MIP level to fetch normal from
float fHeightMapMIPLevel = clamp( ( distance( vWorldPos, g_vEye ) - 100.0f ) / 100.0f, 0.0f, 6.0f);

// Sample normal and height map
float4 vNormalHeight = g_nmhTexture.SampleLevel( g_samLinear, output.texCoord, fHeightMapMIPLevel );

// Displace vertex along normal
vWorldPos += vNormal * ( g_vDetailTessellationHeightScale.x * ( vNormalHeight.w-1.0 ) );

// Transform world position with viewprojection matrix
output.vPosition = mul( float4( vWorldPos.xyz, 1.0 ), g_mViewProjection );

#if PERPIXEL_DIFFUSE_LIGHTING==1
// Per-pixel lighting: pass tangent space light vector to pixel shader
output.vLightTS = vLightTsS;

#if ADD_SPECULAR==1
// Also pass tangent space view vector
output.wiewTS = BarycentricCoordinates.x * TrianglePatch[0].vWiewTS +
BarycentricCoordinates.y * TrianglePatch[1].vWiewTS +
BarycentricCoordinates.z * TrianglePatch[2].vViewTs;
#endif

#else

// Per-vertex lighting

float3 vNormalTS = normalize( vNormalHeight.xyz * 2.0 - 1.0 );

vLightTS = normalize( vLightTS );

output.vDiffuseColor = saturate( dot( vNormalTS, vLightTS ) ) * g_materialDiffuseColor;

#endif

#if DENSITY_BASED_TESSELLATION==1 && DEBUG_VIEW==1 && PERPIXEL_DIFFUSE_LIGHTING==1
output.vDiffuseColor = BarycentricCoordinates.x*input.VertexDensity[0] +
BarycentricCoordinates.y*input.VertexDensity[1] +
BarycentricCoordinates.z*input.VertexDensity[2];

#endif

#if DEBUG_VIEW==2
float fRed = saturate( fHeightMapMIPLevel );
float fGreen = saturate( ( fHeightMapMIPLevel-1.0 ) / 2.0 );
float fBlue = saturate( ( fHeightMapMIPLevel-2.0 ) / 4.0 );

output.vDiffuseColor = float4(fRed, fGreen, fBlue,0);
#endif

Microsoft®

€ ) Visual Studio



