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struct VsTfmInput
{

float4 vPosOS : POSITION0;
float2 vTexCoord: TEXCOORD0;
float3 vNormal : NORMAL0;

};

struct VsTfmOutput
{
float4 vPos : POSITION;
float  fVertexID : TEXCOORD0;
float3 vPosCS : TEXCOORD1;

};

//--------------------------------------------------------------------------------------------------------------------------------------------

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

o.vPos =  float4( vPos.xy, 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;

o.vPosCS = vPositionCS.xyz;

return o;

}  // End of VsTfmOutput VSRenderTransformed(..)







struct VsTFInput
{

float4 vPositionOS : POSITION0;   // (xyz) - camera-space position, w - vertex ID
};

struct VsTFOutput
{

float4 vPositionCS : POSITION;
float  fTessFactor : TEXCOORD0;

};

//--------------------------------------------------------------------------------------------------------------------------------------------

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 v0 ,then we have edges: v0->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 nCurrentVertEdgeID = nCurrentVertID - 3 * floor( (float)nCurrentVertID / (float) 3);

int nEdgeVert0ID = nCurrentVertID;     // this works if current vertex is v0 or v1
int nEdgeVert1ID = nCurrentVertID + 1;

if ( nCurrentVertEdgeID == 0 )
{

nEdgeVert0ID = nCurrentVertID + 1;
}
else if ( nCurrentVertEdgeID == 1 )
{

nEdgeVert0ID = nCurrentVertID + 1;
}
else if ( nCurrentVertEdgeID == 2 )                // In case of v2 we need to wrap around to v0
{

nEdgeVert0ID = nCurrentVertID - 2;
}



// Compute the fetch coordinates to fetch transformed positions for these two vertices to compute their edge statistics:

int nTextureWidth = g_vTformVertsMapSize.x;

// Vertex0: nCurrentVertID, compute row and column of the position in 2D texture:
float2 vVert0Coords   = float2( nCurrentVertID % nTextureWidth, nCurrentVertID / nTextureWidth ); 

vVert0Coords  /= g_vTformVertsMapSize.xy;                                           

// Vertex1: nEdgeVert0ID, compute row and column of the position in 2D texture:
float2 vVert1Coords   = float2( nEdgeVert0ID % nTextureWidth, nEdgeVert0ID / nTextureWidth );       

vVert1Coords  /= g_vTformVertsMapSize.xy;                                           

// Fetch transformed positions for these IDs:
float4 vVert0Pos = tex2Dlod( sTformVerts, float4( vVert0Coords, 0, 0 ));
float4 vVert1Pos = tex2Dlod( sTformVerts, float4( vVert1Coords, 0, 0 ));

// Swap vertices to make sure that we have the same edge direction regardless of their triangle order (based on vertex ID):
if ( vVert0Pos.w > vVert1Pos.w ) 
{

float4 vTmpVert = vVert0Pos;
vVert0Pos = vVert1Pos;
vVert1Pos = vTmpVert;

}

// Use the distance from the camera to determine the tessellation factor:
float fEdgeDepth = 0.5 * ( ( vVert1Pos.z) + ( vVert0Pos.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;                                           
vOutputPos.y = 1.0 - vOutputPos.y;
vOutputPos = vOutputPos * 2 - 1.0;   // Move to [-1; 1] range

o.vPositionCS = float4( vOutputPos.xy, 0, 1 );







struct VsInputTessellated
{

// Barycentric weights for tessellated vertex from the super-primitive (low-resolution input) mesh 
// I.e. each tessellated vertex quantities are computed via barycentric interpolation from the
// three super-primitive input vertices 
float3 vBarycentric: BLENDWEIGHT0;    

// Data from superprim vertex 0:
float4 vPositionVert0 : POSITION0;   
float2 vTexCoordVert0 : TEXCOORD0;
float3 vNormalVert0   : NORMAL0;

// Data from superprim vertex 1:
float4 vPositionVert1 : POSITION4;   
float2 vTexCoordVert1 : TEXCOORD4;
float3 vNormalVert1   : NORMAL4;

// Data from superprim vertex 2:
float4 vPositionVert2 : POSITION8;   
float2 vTexCoordVert2 : TEXCOORD8;
float3 vNormalVert2   : NORMAL8;

};

struct VsOutputTessellated
{

float4 vPosCS : POSITION;
float2 vTexCoord : TEXCOORD0;
float3 vNormalWS : TEXCOORD1;
float3 vPositionWS : TEXCOORD2;

};





//--------------------------------------------------------------------------------------------------------------------------------------------
// Render tessellated mesh without displacement
//--------------------------------------------------------------------------------------------------------------------------------------------
VsOutputTessellated VSRenderTessellated( VsInputTessellated i )
{

VsOutputTessellated o;

// Compute new position based on the barycentric coordinates:
float3 vPosTessOS = i.vPositionVert0.xyz * i.vBarycentric.x + i.vPositionVert1.xyz * i.vBarycentric.y + 

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 = i.vNormalVert0.xyz * i.vBarycentric.x + i.vNormalVert1.xyz * i.vBarycentric.y + 

i.vNormalVert2.xyz * i.vBarycentric.z;

// Compute new texture coordinates based on the barycentric coordinates:
o.vTexCoord = i.vTexCoordVert0.xy * i.vBarycentric.x + i.vTexCoordVert1.xy * i.vBarycentric.y + 

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:
o.vPosCS = mul( float4( vPosTessOS, 1.0 ), g_mWorldViewProjection );

return o;

}  // End of VsOutputTessellated VSRenderTessellated(..)
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Hull Shader

patch control points
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• Compiler (fxc or library) generates target-
specific instructions (IL) from shader

• Different instruction sets for different 
generations of hardware

• Shader IL is highly optimized
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DirectCompute 사용하기

DirectCompute 초기화.

GPU에 HLSL 로드.

입력을 위해 GPU 버퍼 설정.

액세스를 위해 뷰를 생성.

뷰를 바인딩.

GPU 에서 실행.

결과를 CPU 버퍼로 복사



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

);

DirectCompute 초기화



#define BLOCK_SIZE 256

StructuredBuffer gBuf1;

StructuredBuffer gBuf2;

RWStructuredBuffer gBufOut;

[numthreads(BLOCK_SIZE,1,1)]

void VectorAdd( uint3 id: SV_DispatchThreadID )

{

gBufOut[id] = gBuf1[id] + gBuf2[id];

}

Example HLSL code 



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  ); 

HLSL 컴파일.



pD3D->CreateComputeShader(

pBlob->GetBufferPointer(),

pBlob->GetBufferSize(),

NULL,

&pMyShader ); // hw fmt

pD3D->CSSetShader(

pMyShader, NULL, 0 );

CS 생성 및 바인딩.



Resources



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, pInput, ppBuffer );

GPU 에 데이터 입력을 위한 버퍼 만들기.



• Read/Write Buffers and Textures

• Structured Buffer

• Byte Address Buffer

• Unordered Access Buffer or Texture

• Append and Consume Buffer

CS를 위한 리소스.



• 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)];

리소스에 대한 접근



• InterlockedAdd

• InterlockedMin

• InterlockedMax

• InterlockedOr

• InterlockedAnd

• InterlockedXor

• InterlockedCompareStore

• InterlockedCompareExchange

• InterlockedExchange

Atomic Functions



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.Buffer.NumElements = uCount;

pD3D->CreateUnorderedAccessView(

pBuffer, // Buffer view is into

&desc, // above data

&pMyUAV ); // result

View 설정하기



pD3D->CSSetUnorderedAccessViews(

0,

1,

&pMyUAV,

NULL );

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

실행.



pDev11->Dispatch(3, 2, 1);

[numthreads(4, 4, 1)]

void MyCS(…)



D3D11_BUFFER_DESC desc;

ZeroMemory( &desc, sizeof(desc) );

desc.CPUAccessFlags = D3D11_CPU_ACCESS_READ;

desc.Usage = D3D11_USAGE_STAGING;

desc.BindFlags = 0;

desc.MiscFlags = 0;

pD3D->CreateBuffer( &desc, NULL, &StagingBuf );

CPU 에서 액세스 할 수 있는 버퍼를 생성



pD3D->CopyResource( debugbuf, pBuffer );

결과를 CPU 로 전송.



N-Body Galaxy Simulation

demo 



결 과.

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







Rendering

Resource loading

AI / Physics

Entity loading

각자의 길을 가다
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분리된 인터페이스

Device
thread 
safe

Device Context

Immediate 
Context

Deferred Context
Rendering
Command



http://cfs7.tistory.com/original/30/tistory/2008/08/28/13/07/48b6248d46acf








http://cfs7.tistory.com/original/30/tistory/2008/08/28/13/07/48b6248d46acf


Rendering

화면에 무엇인가를 나타내는 것!

Rendering Command를 생성하는 것!





참고 자료

• DirectX SDK Document & Sample

• GameFest 2008, 2009

• MSDN & ATI & NVIDIA web site

• Realtime-Rendering 책

• NVIDIA_Tessellation_GDC10

• http://microsoftpdc.com/Sessions/P09-16

• http://http.developer.nvidia.com/GPUGem
s2/gpugems2_chapter07.html

http://microsoftpdc.com/Sessions/P09-16
http://microsoftpdc.com/Sessions/P09-16
http://microsoftpdc.com/Sessions/P09-16
http://http.developer.nvidia.com/GPUGems2/gpugems2_chapter07.html
http://http.developer.nvidia.com/GPUGems2/gpugems2_chapter07.html
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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 vNormalWS = mul( i.vInNormalOS,   (float3x3) g_mWorld );
float3 vTangentWS = mul( i.vInTangentOS,  (float3x3) g_mWorld );
float3 vBinormalWS = mul( i.vInBinormalOS, (float3x3) g_mWorld );

// Normalize tangent space vectors
vNormalWS = normalize( vNormalWS );
vTangentWS = normalize( vTangentWS );
vBinormalWS = normalize( vBinormalWS );

// Output normal
Out.vNormal = vNormalWS;

// Calculate tangent basis
float3x3 mWorldToTangent = float3x3( vTangentWS, vBinormalWS, vNormalWS );

// 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 - vPositionWS;
Out.vViewTS = mul( mWorldToTangent, vViewWS );

#endif



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

#if DISTANCE_ADAPTIVE_TESSELLATION==1
// 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;
} 



//--------------------------------------------------------------------------------------
// Hull shader
//--------------------------------------------------------------------------------------
HS_CONSTANT_DATA_OUTPUT ConstantsHS( InputPatch<VS_OUTPUT_HS_INPUT, 3> p, uint PatchID : SV_PrimitiveID )
{

HS_CONSTANT_DATA_OUTPUT output = (HS_CONSTANT_DATA_OUTPUT)0;
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==1

// Calculate edge scale factor from vertex scale factor: simply compute 
// average tess factor between the two vertices making up an edge
float3 fScaleFactor;
fScaleFactor.x = 0.5 * ( p[1].fVertexDistanceFactor + p[2].fVertexDistanceFactor );
fScaleFactor.y = 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;
output.Inside = vEdgeTessellationFactors.w;

return output;
}



//--------------------------------------------------------------------------------------
// Domain Shader
//--------------------------------------------------------------------------------------
[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)0;

// 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;



// 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 = vLightTS;

#if ADD_SPECULAR==1
// Also pass tangent space view vector
output.vViewTS = BarycentricCoordinates.x * TrianglePatch[0].vViewTS + 

BarycentricCoordinates.y * TrianglePatch[1].vViewTS + 
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


