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Metal Performance Shaders 

GPU-accelerated primitives, optimized for iOS and macOS 
• Image processing 
• Linear algebra 
• Machine learning—inference

Using Metal 2 for Compute WWDC 2017

What’s New in Metal, Part 2 WWDC 2016
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Ray Tracing

Tracing a ray’s path as it interacts with a scene

Applications 
• Rendering 
• Audio and physics simulation 
• Collision detection 
• AI and pathfinding
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Rasterization

Projects triangles onto the screen one at a time

Fast—method of choice for games and real-time applications

Difficult to model behavior of light



Ray Tracing 
Reflections

Can be computed accurately with 
ray tracing

Amazon Lumberyard Bistro © 2017 Amazon.com, https://developer.nvidia.com/orca/amazon-lumberyard-bistro   Ray traced with Metal, https://creativecommons.org/licenses/by/4.0/



Ray Tracing 
Soft shadows

Can be computed directly with 
ray tracing 

Realistic transition from hard 
to soft shadows



Ray Tracing 
Global illumination

Naturally modeled with ray tracing

Sponza Atrium © 2009 Frank Meinl, Crytek, https://casual-effects.com/data/  Ray traced with Metal, https://creativecommons.org/licenses/by/3.0/
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Ray Tracing

Many other effects—ambient occlusion, refraction, area lights, depth of field, 
motion blur

Method of choice for photorealistic, offline rendering

Significantly more computationally expensive—doing more work to simulate 
physical effects
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Rendering with Ray Tracing

Work backwards from camera to 
light source

Cast primary rays from the camera into 
the scene

Compute shading at intersection points
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Rendering with Ray Tracing

Compute direct lighting contribution

Cast shadow rays from intersection 
point to light source

In shadow if shadow ray does not 
reach light
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Rendering with Ray Tracing

Cast secondary rays from intersection 
point in random directions

Add direct lighting reflected from 
secondary intersection point

Repeat to simulate light bouncing
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Rendering with Ray Tracing

Ray count grows exponentially with 
number of bounces

Avoid growth—one shadow ray and 
secondary ray per bounce

Average over multiple frames
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Generate Primary Rays
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Generate Primary Rays Intersect with Scene
Primary Rays
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Generate Primary Rays Intersect with Scene Shading
Primary Rays Intersections

Shadow, 
Secondary Rays

Image
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MPSRayIntersector 

Ray intersector accelerates ray/triangle 
intersection tests on the GPU

Accepts batches of rays in a Metal buffer

Returns one intersection per ray

Encodes into a Metal command buffer

Ray Buffer Intersection 
Buffer

Command Buffer

Intersector

NEW
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Scene represented by triangle vertices 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MPSRayIntersector 

Scene represented by triangle vertices 
in a vertex buffer

Build an acceleration structure over 
the vertex buffer

Pass acceleration structure to intersector

Ray Buffer Intersection 
Buffer

Acceleration 
Structure

Intersector

Vertex Buffer



Ray Tracing with Metal Performance Shaders 



Ray Tracing with Metal Performance Shaders 

Primary Rays and Shading



Ray Tracing with Metal Performance Shaders 

Primary Rays and Shading Shadow Rays



Ray Tracing with Metal Performance Shaders 

Primary Rays and Shading Shadow Rays Secondary Rays



Ray Tracing with Metal Performance Shaders 

Primary Rays and Shading Shadow Rays Secondary Rays
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Image

Shading

Intersection 
Buffer

Generate Primary Rays

Ray Buffer

Vertex Buffer

Acceleration Structure

Intersector



Creating an Intersector

Create an MPSRayIntersector with a Metal device:

let intersector = MPSRayIntersector(device: device)
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Creating an Acceleration Structure

Create an MPSTriangleAccelerationStructure with a Metal device:

let accelerationStructure = MPSTriangleAccelerationStructure(device: device)



Creating an Acceleration Structure

Create an MPSTriangleAccelerationStructure with a Metal device:

let accelerationStructure = MPSTriangleAccelerationStructure(device: device)

accelerationStructure.vertexBuffer = vertexBuffer 
accelerationStructure.triangleCount = triangleCount

Assign vertex buffer:



Creating an Acceleration Structure

Create an MPSTriangleAccelerationStructure with a Metal device:

let accelerationStructure = MPSTriangleAccelerationStructure(device: device)

accelerationStructure.vertexBuffer = vertexBuffer 
accelerationStructure.triangleCount = triangleCount

Assign vertex buffer:

accelerationStructure.rebuild()

Build acceleration structure:
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Primary Rays and Shading 

Acceleration Structure

Vertex Buffer

Image

ShadingIntersector
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Generate Primary Rays

Ray Buffer
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Generating Primary Rays

Launch one thread per pixel

Write Ray struct to ray buffer:

Origin

struct Ray { 
    float3 origin; 
    float3 direction; 
};



Generating Primary Rays

Launch one thread per pixel

Write Ray struct to ray buffer:

Origin
Direction

struct Ray { 
    float3 origin; 
    float3 direction; 
};
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Primary Rays and Shading 

Generate Primary Rays

Acceleration Structure

Vertex Buffer

Image

Shading

Ray Buffer

Intersector

Intersection 
Buffer



Finding Intersections with the Scene

Encode intersection test into a command buffer:

intersector.encodeIntersection(commandBuffer: commandBuffer, 
                               intersectionType: .nearest, 
                               rayBuffer: rayBuffer, 
                               rayBufferOffset: 0, 
                               intersectionBuffer: intersectionBuffer, 
                               intersectionBufferOffset: 0, 
                               rayCount: rayCount, 
                               accelerationStructure: accelerationStructure)
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Finding Intersections with the Scene

Encode intersection test into a command buffer:

intersector.encodeIntersection(commandBuffer: commandBuffer, 
                               intersectionType: .nearest, 
                               rayBuffer: rayBuffer, 
                               rayBufferOffset: 0, 
                               intersectionBuffer: intersectionBuffer, 
                               intersectionBufferOffset: 0, 
                               rayCount: rayCount, 
                               accelerationStructure: accelerationStructure)
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Primary Rays and Shading 

Generate Primary Rays

Ray Buffer

Acceleration Structure

Vertex Buffer

Intersector
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Shading

Apply lighting and textures similar to fragment shader 

Depends on intersection point and vertex attributes



Shading 

struct Intersection { 
    float distance; 
    int primitiveIndex; 
    float2 coordinates; 
}; Intersection 

point
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Shading 
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Shading 
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struct Intersection { 
    float distance; 
    int primitiveIndex; 
    float2 coordinates; 
};

Barycentric coordinates     andu
<latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit>

v
<latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit>



Shading 

u
<latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit>

v
<latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit>

w
<latexit sha1_base64="0EsugjWiB4mZf14746qxLNJZwd4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtOu3WzC7kYpob/AiwdFvPqTvPlv3KYR1Ppg4PHeDDPz/JgzpR3n0yqsrW9sbhW3Szu7e/sH5cOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96fXC795TqVgkbvUspl6Ix4IFjGBtpNbDsFxx7Mt6te7WkGs7GVZJBXI0h+WPwSgiSUiFJhwr1XedWHsplpoRTuelQaJojMkUj2nfUIFDqrw0O3SOzowyQkEkTQmNMvXnRIpDpWahbzpDrCfqr7cQ//P6iQ7qXspEnGgqyHJRkHCkI7T4Go2YpETzmSGYSGZuRWSCJSbaZFPKQshfXiXfIXQubNex3Va10rjK4yjCCZzCObhQgwbcQBPaQIDCIzzDi3VnPVmv1tuytWDlM8fwC9b7Fx06jR8=</latexit><latexit sha1_base64="0EsugjWiB4mZf14746qxLNJZwd4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtOu3WzC7kYpob/AiwdFvPqTvPlv3KYR1Ppg4PHeDDPz/JgzpR3n0yqsrW9sbhW3Szu7e/sH5cOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96fXC795TqVgkbvUspl6Ix4IFjGBtpNbDsFxx7Mt6te7WkGs7GVZJBXI0h+WPwSgiSUiFJhwr1XedWHsplpoRTuelQaJojMkUj2nfUIFDqrw0O3SOzowyQkEkTQmNMvXnRIpDpWahbzpDrCfqr7cQ//P6iQ7qXspEnGgqyHJRkHCkI7T4Go2YpETzmSGYSGZuRWSCJSbaZFPKQshfXiXfIXQubNex3Va10rjK4yjCCZzCObhQgwbcQBPaQIDCIzzDi3VnPVmv1tuytWDlM8fwC9b7Fx06jR8=</latexit><latexit sha1_base64="0EsugjWiB4mZf14746qxLNJZwd4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtOu3WzC7kYpob/AiwdFvPqTvPlv3KYR1Ppg4PHeDDPz/JgzpR3n0yqsrW9sbhW3Szu7e/sH5cOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96fXC795TqVgkbvUspl6Ix4IFjGBtpNbDsFxx7Mt6te7WkGs7GVZJBXI0h+WPwSgiSUiFJhwr1XedWHsplpoRTuelQaJojMkUj2nfUIFDqrw0O3SOzowyQkEkTQmNMvXnRIpDpWahbzpDrCfqr7cQ//P6iQ7qXspEnGgqyHJRkHCkI7T4Go2YpETzmSGYSGZuRWSCJSbaZFPKQshfXiXfIXQubNex3Va10rjK4yjCCZzCObhQgwbcQBPaQIDCIzzDi3VnPVmv1tuytWDlM8fwC9b7Fx06jR8=</latexit><latexit sha1_base64="0EsugjWiB4mZf14746qxLNJZwd4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtOu3WzC7kYpob/AiwdFvPqTvPlv3KYR1Ppg4PHeDDPz/JgzpR3n0yqsrW9sbhW3Szu7e/sH5cOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96fXC795TqVgkbvUspl6Ix4IFjGBtpNbDsFxx7Mt6te7WkGs7GVZJBXI0h+WPwSgiSUiFJhwr1XedWHsplpoRTuelQaJojMkUj2nfUIFDqrw0O3SOzowyQkEkTQmNMvXnRIpDpWahbzpDrCfqr7cQ//P6iQ7qXspEnGgqyHJRkHCkI7T4Go2YpETzmSGYSGZuRWSCJSbaZFPKQshfXiXfIXQubNex3Va10rjK4yjCCZzCObhQgwbcQBPaQIDCIzzDi3VnPVmv1tuytWDlM8fwC9b7Fx06jR8=</latexit><latexit sha1_base64="0EsugjWiB4mZf14746qxLNJZwd4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtOu3WzC7kYpob/AiwdFvPqTvPlv3KYR1Ppg4PHeDDPz/JgzpR3n0yqsrW9sbhW3Szu7e/sH5cOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96fXC795TqVgkbvUspl6Ix4IFjGBtpNbDsFxx7Mt6te7WkGs7GVZJBXI0h+WPwSgiSUiFJhwr1XedWHsplpoRTuelQaJojMkUj2nfUIFDqrw0O3SOzowyQkEkTQmNMvXnRIpDpWahbzpDrCfqr7cQ//P6iQ7qXspEnGgqyHJRkHCkI7T4Go2YpETzmSGYSGZuRWSCJSbaZFPKQshfXiXfIXQubNex3Va10rjK4yjCCZzCObhQgwbcQBPaQIDCIzzDi3VnPVmv1tuytWDlM8fwC9b7Fx06jR8=</latexit><latexit sha1_base64="0EsugjWiB4mZf14746qxLNJZwd4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtOu3WzC7kYpob/AiwdFvPqTvPlv3KYR1Ppg4PHeDDPz/JgzpR3n0yqsrW9sbhW3Szu7e/sH5cOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96fXC795TqVgkbvUspl6Ix4IFjGBtpNbDsFxx7Mt6te7WkGs7GVZJBXI0h+WPwSgiSUiFJhwr1XedWHsplpoRTuelQaJojMkUj2nfUIFDqrw0O3SOzowyQkEkTQmNMvXnRIpDpWahbzpDrCfqr7cQ//P6iQ7qXspEnGgqyHJRkHCkI7T4Go2YpETzmSGYSGZuRWSCJSbaZFPKQshfXiXfIXQubNex3Va10rjK4yjCCZzCObhQgwbcQBPaQIDCIzzDi3VnPVmv1tuytWDlM8fwC9b7Fx06jR8=</latexit>

struct Intersection { 
    float distance; 
    int primitiveIndex; 
    float2 coordinates; 
};

Barycentric coordinates     and

Third coordinate:

u
<latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit>

v
<latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit>

w = 1� u� v
<latexit sha1_base64="TASnSc1efEsT/GvDsVyV3+hx72E=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyGRQutBKHrxWMF+QBvKZrtpl242cXdTKaW/w4sHRbz6Y7z5b9ymEdT6YODx3gwz8/yYM6Ud59PKrayurW/kNwtb2zu7e8X9g6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NH13G+NqVQsEnd6ElMvxAPBAkawNpL3gC6Ri85QYmrcK5Yc+6JarroV5NpOimVSggz1XvGj249IElKhCcdKdVwn1t4US80Ip7NCN1E0xmSEB7RjqMAhVd40PXqGTozSR0EkTQmNUvXnxBSHSk1C33SGWA/VX28u/ud1Eh1UvSkTcaKpIItFQcKRjtA8AdRnkhLNJ4ZgIpm5FZEhlphok1MhDSF7eZl8h9A8t13Hdm/LpdpVFkcejuAYTsGFCtTgBurQAAL38AjP8GKNrSfr1XpbtOasbOYQfsF6/wKgP5AK</latexit><latexit sha1_base64="TASnSc1efEsT/GvDsVyV3+hx72E=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyGRQutBKHrxWMF+QBvKZrtpl242cXdTKaW/w4sHRbz6Y7z5b9ymEdT6YODx3gwz8/yYM6Ud59PKrayurW/kNwtb2zu7e8X9g6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NH13G+NqVQsEnd6ElMvxAPBAkawNpL3gC6Ri85QYmrcK5Yc+6JarroV5NpOimVSggz1XvGj249IElKhCcdKdVwn1t4US80Ip7NCN1E0xmSEB7RjqMAhVd40PXqGTozSR0EkTQmNUvXnxBSHSk1C33SGWA/VX28u/ud1Eh1UvSkTcaKpIItFQcKRjtA8AdRnkhLNJ4ZgIpm5FZEhlphok1MhDSF7eZl8h9A8t13Hdm/LpdpVFkcejuAYTsGFCtTgBurQAAL38AjP8GKNrSfr1XpbtOasbOYQfsF6/wKgP5AK</latexit><latexit sha1_base64="TASnSc1efEsT/GvDsVyV3+hx72E=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyGRQutBKHrxWMF+QBvKZrtpl242cXdTKaW/w4sHRbz6Y7z5b9ymEdT6YODx3gwz8/yYM6Ud59PKrayurW/kNwtb2zu7e8X9g6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NH13G+NqVQsEnd6ElMvxAPBAkawNpL3gC6Ri85QYmrcK5Yc+6JarroV5NpOimVSggz1XvGj249IElKhCcdKdVwn1t4US80Ip7NCN1E0xmSEB7RjqMAhVd40PXqGTozSR0EkTQmNUvXnxBSHSk1C33SGWA/VX28u/ud1Eh1UvSkTcaKpIItFQcKRjtA8AdRnkhLNJ4ZgIpm5FZEhlphok1MhDSF7eZl8h9A8t13Hdm/LpdpVFkcejuAYTsGFCtTgBurQAAL38AjP8GKNrSfr1XpbtOasbOYQfsF6/wKgP5AK</latexit><latexit sha1_base64="TASnSc1efEsT/GvDsVyV3+hx72E=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyGRQutBKHrxWMF+QBvKZrtpl242cXdTKaW/w4sHRbz6Y7z5b9ymEdT6YODx3gwz8/yYM6Ud59PKrayurW/kNwtb2zu7e8X9g6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NH13G+NqVQsEnd6ElMvxAPBAkawNpL3gC6Ri85QYmrcK5Yc+6JarroV5NpOimVSggz1XvGj249IElKhCcdKdVwn1t4US80Ip7NCN1E0xmSEB7RjqMAhVd40PXqGTozSR0EkTQmNUvXnxBSHSk1C33SGWA/VX28u/ud1Eh1UvSkTcaKpIItFQcKRjtA8AdRnkhLNJ4ZgIpm5FZEhlphok1MhDSF7eZl8h9A8t13Hdm/LpdpVFkcejuAYTsGFCtTgBurQAAL38AjP8GKNrSfr1XpbtOasbOYQfsF6/wKgP5AK</latexit><latexit sha1_base64="TASnSc1efEsT/GvDsVyV3+hx72E=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyGRQutBKHrxWMF+QBvKZrtpl242cXdTKaW/w4sHRbz6Y7z5b9ymEdT6YODx3gwz8/yYM6Ud59PKrayurW/kNwtb2zu7e8X9g6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NH13G+NqVQsEnd6ElMvxAPBAkawNpL3gC6Ri85QYmrcK5Yc+6JarroV5NpOimVSggz1XvGj249IElKhCcdKdVwn1t4US80Ip7NCN1E0xmSEB7RjqMAhVd40PXqGTozSR0EkTQmNUvXnxBSHSk1C33SGWA/VX28u/ud1Eh1UvSkTcaKpIItFQcKRjtA8AdRnkhLNJ4ZgIpm5FZEhlphok1MhDSF7eZl8h9A8t13Hdm/LpdpVFkcejuAYTsGFCtTgBurQAAL38AjP8GKNrSfr1XpbtOasbOYQfsF6/wKgP5AK</latexit><latexit sha1_base64="TASnSc1efEsT/GvDsVyV3+hx72E=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyGRQutBKHrxWMF+QBvKZrtpl242cXdTKaW/w4sHRbz6Y7z5b9ymEdT6YODx3gwz8/yYM6Ud59PKrayurW/kNwtb2zu7e8X9g6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NH13G+NqVQsEnd6ElMvxAPBAkawNpL3gC6Ri85QYmrcK5Yc+6JarroV5NpOimVSggz1XvGj249IElKhCcdKdVwn1t4US80Ip7NCN1E0xmSEB7RjqMAhVd40PXqGTozSR0EkTQmNUvXnxBSHSk1C33SGWA/VX28u/ud1Eh1UvSkTcaKpIItFQcKRjtA8AdRnkhLNJ4ZgIpm5FZEhlphok1MhDSF7eZl8h9A8t13Hdm/LpdpVFkcejuAYTsGFCtTgBurQAAL38AjP8GKNrSfr1XpbtOasbOYQfsF6/wKgP5AK</latexit>



Shading 

u
<latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit>

v
<latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit>

w
<latexit sha1_base64="0EsugjWiB4mZf14746qxLNJZwd4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtOu3WzC7kYpob/AiwdFvPqTvPlv3KYR1Ppg4PHeDDPz/JgzpR3n0yqsrW9sbhW3Szu7e/sH5cOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96fXC795TqVgkbvUspl6Ix4IFjGBtpNbDsFxx7Mt6te7WkGs7GVZJBXI0h+WPwSgiSUiFJhwr1XedWHsplpoRTuelQaJojMkUj2nfUIFDqrw0O3SOzowyQkEkTQmNMvXnRIpDpWahbzpDrCfqr7cQ//P6iQ7qXspEnGgqyHJRkHCkI7T4Go2YpETzmSGYSGZuRWSCJSbaZFPKQshfXiXfIXQubNex3Va10rjK4yjCCZzCObhQgwbcQBPaQIDCIzzDi3VnPVmv1tuytWDlM8fwC9b7Fx06jR8=</latexit><latexit sha1_base64="0EsugjWiB4mZf14746qxLNJZwd4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtOu3WzC7kYpob/AiwdFvPqTvPlv3KYR1Ppg4PHeDDPz/JgzpR3n0yqsrW9sbhW3Szu7e/sH5cOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96fXC795TqVgkbvUspl6Ix4IFjGBtpNbDsFxx7Mt6te7WkGs7GVZJBXI0h+WPwSgiSUiFJhwr1XedWHsplpoRTuelQaJojMkUj2nfUIFDqrw0O3SOzowyQkEkTQmNMvXnRIpDpWahbzpDrCfqr7cQ//P6iQ7qXspEnGgqyHJRkHCkI7T4Go2YpETzmSGYSGZuRWSCJSbaZFPKQshfXiXfIXQubNex3Va10rjK4yjCCZzCObhQgwbcQBPaQIDCIzzDi3VnPVmv1tuytWDlM8fwC9b7Fx06jR8=</latexit><latexit sha1_base64="0EsugjWiB4mZf14746qxLNJZwd4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtOu3WzC7kYpob/AiwdFvPqTvPlv3KYR1Ppg4PHeDDPz/JgzpR3n0yqsrW9sbhW3Szu7e/sH5cOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96fXC795TqVgkbvUspl6Ix4IFjGBtpNbDsFxx7Mt6te7WkGs7GVZJBXI0h+WPwSgiSUiFJhwr1XedWHsplpoRTuelQaJojMkUj2nfUIFDqrw0O3SOzowyQkEkTQmNMvXnRIpDpWahbzpDrCfqr7cQ//P6iQ7qXspEnGgqyHJRkHCkI7T4Go2YpETzmSGYSGZuRWSCJSbaZFPKQshfXiXfIXQubNex3Va10rjK4yjCCZzCObhQgwbcQBPaQIDCIzzDi3VnPVmv1tuytWDlM8fwC9b7Fx06jR8=</latexit><latexit sha1_base64="0EsugjWiB4mZf14746qxLNJZwd4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtOu3WzC7kYpob/AiwdFvPqTvPlv3KYR1Ppg4PHeDDPz/JgzpR3n0yqsrW9sbhW3Szu7e/sH5cOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96fXC795TqVgkbvUspl6Ix4IFjGBtpNbDsFxx7Mt6te7WkGs7GVZJBXI0h+WPwSgiSUiFJhwr1XedWHsplpoRTuelQaJojMkUj2nfUIFDqrw0O3SOzowyQkEkTQmNMvXnRIpDpWahbzpDrCfqr7cQ//P6iQ7qXspEnGgqyHJRkHCkI7T4Go2YpETzmSGYSGZuRWSCJSbaZFPKQshfXiXfIXQubNex3Va10rjK4yjCCZzCObhQgwbcQBPaQIDCIzzDi3VnPVmv1tuytWDlM8fwC9b7Fx06jR8=</latexit><latexit sha1_base64="0EsugjWiB4mZf14746qxLNJZwd4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtOu3WzC7kYpob/AiwdFvPqTvPlv3KYR1Ppg4PHeDDPz/JgzpR3n0yqsrW9sbhW3Szu7e/sH5cOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96fXC795TqVgkbvUspl6Ix4IFjGBtpNbDsFxx7Mt6te7WkGs7GVZJBXI0h+WPwSgiSUiFJhwr1XedWHsplpoRTuelQaJojMkUj2nfUIFDqrw0O3SOzowyQkEkTQmNMvXnRIpDpWahbzpDrCfqr7cQ//P6iQ7qXspEnGgqyHJRkHCkI7T4Go2YpETzmSGYSGZuRWSCJSbaZFPKQshfXiXfIXQubNex3Va10rjK4yjCCZzCObhQgwbcQBPaQIDCIzzDi3VnPVmv1tuytWDlM8fwC9b7Fx06jR8=</latexit><latexit sha1_base64="0EsugjWiB4mZf14746qxLNJZwd4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtOu3WzC7kYpob/AiwdFvPqTvPlv3KYR1Ppg4PHeDDPz/JgzpR3n0yqsrW9sbhW3Szu7e/sH5cOjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96fXC795TqVgkbvUspl6Ix4IFjGBtpNbDsFxx7Mt6te7WkGs7GVZJBXI0h+WPwSgiSUiFJhwr1XedWHsplpoRTuelQaJojMkUj2nfUIFDqrw0O3SOzowyQkEkTQmNMvXnRIpDpWahbzpDrCfqr7cQ//P6iQ7qXspEnGgqyHJRkHCkI7T4Go2YpETzmSGYSGZuRWSCJSbaZFPKQshfXiXfIXQubNex3Va10rjK4yjCCZzCObhQgwbcQBPaQIDCIzzDi3VnPVmv1tuytWDlM8fwC9b7Fx06jR8=</latexit>

V0
<latexit sha1_base64="PQKRp9YARzezhZuQjYPJliRu/pY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HgrevFY0X5AG8pmu2mXbjZhdyOU0J/gxYMiXv1F3vw3btMIan0w8Hhvhpl5QcKZ0o7zaZXW1jc2t8rblZ3dvf2D6uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hrhdx+oVCwW93qWUD/CY8FCRrA20l1n6AyrNce+9Oqe20Cu7eRYJTUo0BpWPwajmKQRFZpwrFTfdRLtZ1hqRjidVwapogkmUzymfUMFjqjys/zUOTozygiFsTQlNMrVnxMZjpSaRYHpjLCeqL/eQvzP66c69PyMiSTVVJDlojDlSMdo8TcaMUmJ5jNDMJHM3IrIBEtMtEmnkodQvLxKvkPoXNiuY7u39VrzqoijDCdwCufgQgOacAMtaAOBMTzCM7xY3HqyXq23ZWvJKmaO4Res9y8O1o2h</latexit><latexit sha1_base64="PQKRp9YARzezhZuQjYPJliRu/pY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HgrevFY0X5AG8pmu2mXbjZhdyOU0J/gxYMiXv1F3vw3btMIan0w8Hhvhpl5QcKZ0o7zaZXW1jc2t8rblZ3dvf2D6uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hrhdx+oVCwW93qWUD/CY8FCRrA20l1n6AyrNce+9Oqe20Cu7eRYJTUo0BpWPwajmKQRFZpwrFTfdRLtZ1hqRjidVwapogkmUzymfUMFjqjys/zUOTozygiFsTQlNMrVnxMZjpSaRYHpjLCeqL/eQvzP66c69PyMiSTVVJDlojDlSMdo8TcaMUmJ5jNDMJHM3IrIBEtMtEmnkodQvLxKvkPoXNiuY7u39VrzqoijDCdwCufgQgOacAMtaAOBMTzCM7xY3HqyXq23ZWvJKmaO4Res9y8O1o2h</latexit><latexit sha1_base64="PQKRp9YARzezhZuQjYPJliRu/pY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HgrevFY0X5AG8pmu2mXbjZhdyOU0J/gxYMiXv1F3vw3btMIan0w8Hhvhpl5QcKZ0o7zaZXW1jc2t8rblZ3dvf2D6uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hrhdx+oVCwW93qWUD/CY8FCRrA20l1n6AyrNce+9Oqe20Cu7eRYJTUo0BpWPwajmKQRFZpwrFTfdRLtZ1hqRjidVwapogkmUzymfUMFjqjys/zUOTozygiFsTQlNMrVnxMZjpSaRYHpjLCeqL/eQvzP66c69PyMiSTVVJDlojDlSMdo8TcaMUmJ5jNDMJHM3IrIBEtMtEmnkodQvLxKvkPoXNiuY7u39VrzqoijDCdwCufgQgOacAMtaAOBMTzCM7xY3HqyXq23ZWvJKmaO4Res9y8O1o2h</latexit><latexit sha1_base64="PQKRp9YARzezhZuQjYPJliRu/pY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HgrevFY0X5AG8pmu2mXbjZhdyOU0J/gxYMiXv1F3vw3btMIan0w8Hhvhpl5QcKZ0o7zaZXW1jc2t8rblZ3dvf2D6uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hrhdx+oVCwW93qWUD/CY8FCRrA20l1n6AyrNce+9Oqe20Cu7eRYJTUo0BpWPwajmKQRFZpwrFTfdRLtZ1hqRjidVwapogkmUzymfUMFjqjys/zUOTozygiFsTQlNMrVnxMZjpSaRYHpjLCeqL/eQvzP66c69PyMiSTVVJDlojDlSMdo8TcaMUmJ5jNDMJHM3IrIBEtMtEmnkodQvLxKvkPoXNiuY7u39VrzqoijDCdwCufgQgOacAMtaAOBMTzCM7xY3HqyXq23ZWvJKmaO4Res9y8O1o2h</latexit><latexit sha1_base64="PQKRp9YARzezhZuQjYPJliRu/pY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HgrevFY0X5AG8pmu2mXbjZhdyOU0J/gxYMiXv1F3vw3btMIan0w8Hhvhpl5QcKZ0o7zaZXW1jc2t8rblZ3dvf2D6uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hrhdx+oVCwW93qWUD/CY8FCRrA20l1n6AyrNce+9Oqe20Cu7eRYJTUo0BpWPwajmKQRFZpwrFTfdRLtZ1hqRjidVwapogkmUzymfUMFjqjys/zUOTozygiFsTQlNMrVnxMZjpSaRYHpjLCeqL/eQvzP66c69PyMiSTVVJDlojDlSMdo8TcaMUmJ5jNDMJHM3IrIBEtMtEmnkodQvLxKvkPoXNiuY7u39VrzqoijDCdwCufgQgOacAMtaAOBMTzCM7xY3HqyXq23ZWvJKmaO4Res9y8O1o2h</latexit><latexit sha1_base64="PQKRp9YARzezhZuQjYPJliRu/pY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HgrevFY0X5AG8pmu2mXbjZhdyOU0J/gxYMiXv1F3vw3btMIan0w8Hhvhpl5QcKZ0o7zaZXW1jc2t8rblZ3dvf2D6uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hrhdx+oVCwW93qWUD/CY8FCRrA20l1n6AyrNce+9Oqe20Cu7eRYJTUo0BpWPwajmKQRFZpwrFTfdRLtZ1hqRjidVwapogkmUzymfUMFjqjys/zUOTozygiFsTQlNMrVnxMZjpSaRYHpjLCeqL/eQvzP66c69PyMiSTVVJDlojDlSMdo8TcaMUmJ5jNDMJHM3IrIBEtMtEmnkodQvLxKvkPoXNiuY7u39VrzqoijDCdwCufgQgOacAMtaAOBMTzCM7xY3HqyXq23ZWvJKmaO4Res9y8O1o2h</latexit>

V1
<latexit sha1_base64="bjq581P2Y2ddIIIRCxzTKZqIJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HgrevFY0X5AG8pmu2mXbjZhdyOU0J/gxYMiXv1F3vw3btMIan0w8Hhvhpl5QcKZ0o7zaZXW1jc2t8rblZ3dvf2D6uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hrhdx+oVCwW93qWUD/CY8FCRrA20l1n6A6rNce+9Oqe20Cu7eRYJTUo0BpWPwajmKQRFZpwrFTfdRLtZ1hqRjidVwapogkmUzymfUMFjqjys/zUOTozygiFsTQlNMrVnxMZjpSaRYHpjLCeqL/eQvzP66c69PyMiSTVVJDlojDlSMdo8TcaMUmJ5jNDMJHM3IrIBEtMtEmnkodQvLxKvkPoXNiuY7u39VrzqoijDCdwCufgQgOacAMtaAOBMTzCM7xY3HqyXq23ZWvJKmaO4Res9y8QWo2i</latexit><latexit sha1_base64="bjq581P2Y2ddIIIRCxzTKZqIJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HgrevFY0X5AG8pmu2mXbjZhdyOU0J/gxYMiXv1F3vw3btMIan0w8Hhvhpl5QcKZ0o7zaZXW1jc2t8rblZ3dvf2D6uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hrhdx+oVCwW93qWUD/CY8FCRrA20l1n6A6rNce+9Oqe20Cu7eRYJTUo0BpWPwajmKQRFZpwrFTfdRLtZ1hqRjidVwapogkmUzymfUMFjqjys/zUOTozygiFsTQlNMrVnxMZjpSaRYHpjLCeqL/eQvzP66c69PyMiSTVVJDlojDlSMdo8TcaMUmJ5jNDMJHM3IrIBEtMtEmnkodQvLxKvkPoXNiuY7u39VrzqoijDCdwCufgQgOacAMtaAOBMTzCM7xY3HqyXq23ZWvJKmaO4Res9y8QWo2i</latexit><latexit sha1_base64="bjq581P2Y2ddIIIRCxzTKZqIJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HgrevFY0X5AG8pmu2mXbjZhdyOU0J/gxYMiXv1F3vw3btMIan0w8Hhvhpl5QcKZ0o7zaZXW1jc2t8rblZ3dvf2D6uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hrhdx+oVCwW93qWUD/CY8FCRrA20l1n6A6rNce+9Oqe20Cu7eRYJTUo0BpWPwajmKQRFZpwrFTfdRLtZ1hqRjidVwapogkmUzymfUMFjqjys/zUOTozygiFsTQlNMrVnxMZjpSaRYHpjLCeqL/eQvzP66c69PyMiSTVVJDlojDlSMdo8TcaMUmJ5jNDMJHM3IrIBEtMtEmnkodQvLxKvkPoXNiuY7u39VrzqoijDCdwCufgQgOacAMtaAOBMTzCM7xY3HqyXq23ZWvJKmaO4Res9y8QWo2i</latexit><latexit sha1_base64="bjq581P2Y2ddIIIRCxzTKZqIJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HgrevFY0X5AG8pmu2mXbjZhdyOU0J/gxYMiXv1F3vw3btMIan0w8Hhvhpl5QcKZ0o7zaZXW1jc2t8rblZ3dvf2D6uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hrhdx+oVCwW93qWUD/CY8FCRrA20l1n6A6rNce+9Oqe20Cu7eRYJTUo0BpWPwajmKQRFZpwrFTfdRLtZ1hqRjidVwapogkmUzymfUMFjqjys/zUOTozygiFsTQlNMrVnxMZjpSaRYHpjLCeqL/eQvzP66c69PyMiSTVVJDlojDlSMdo8TcaMUmJ5jNDMJHM3IrIBEtMtEmnkodQvLxKvkPoXNiuY7u39VrzqoijDCdwCufgQgOacAMtaAOBMTzCM7xY3HqyXq23ZWvJKmaO4Res9y8QWo2i</latexit><latexit sha1_base64="bjq581P2Y2ddIIIRCxzTKZqIJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HgrevFY0X5AG8pmu2mXbjZhdyOU0J/gxYMiXv1F3vw3btMIan0w8Hhvhpl5QcKZ0o7zaZXW1jc2t8rblZ3dvf2D6uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hrhdx+oVCwW93qWUD/CY8FCRrA20l1n6A6rNce+9Oqe20Cu7eRYJTUo0BpWPwajmKQRFZpwrFTfdRLtZ1hqRjidVwapogkmUzymfUMFjqjys/zUOTozygiFsTQlNMrVnxMZjpSaRYHpjLCeqL/eQvzP66c69PyMiSTVVJDlojDlSMdo8TcaMUmJ5jNDMJHM3IrIBEtMtEmnkodQvLxKvkPoXNiuY7u39VrzqoijDCdwCufgQgOacAMtaAOBMTzCM7xY3HqyXq23ZWvJKmaO4Res9y8QWo2i</latexit><latexit sha1_base64="bjq581P2Y2ddIIIRCxzTKZqIJGU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ik0HgrevFY0X5AG8pmu2mXbjZhdyOU0J/gxYMiXv1F3vw3btMIan0w8Hhvhpl5QcKZ0o7zaZXW1jc2t8rblZ3dvf2D6uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Hrhdx+oVCwW93qWUD/CY8FCRrA20l1n6A6rNce+9Oqe20Cu7eRYJTUo0BpWPwajmKQRFZpwrFTfdRLtZ1hqRjidVwapogkmUzymfUMFjqjys/zUOTozygiFsTQlNMrVnxMZjpSaRYHpjLCeqL/eQvzP66c69PyMiSTVVJDlojDlSMdo8TcaMUmJ5jNDMJHM3IrIBEtMtEmnkodQvLxKvkPoXNiuY7u39VrzqoijDCdwCufgQgOacAMtaAOBMTzCM7xY3HqyXq23ZWvJKmaO4Res9y8QWo2i</latexit>

V2
<latexit sha1_base64="Mccqtvj35aD8CQGqotEBtFqCS3Y=">AAAB6nicbVBNS8NAEJ3Ur1o/WvXoZbEInkJSCq23ohePFe0HtKFstpt26WYTdjdCCf0JXjwo4tVf5M1/4zaNoNYHA4/3ZpiZ58ecKe04n1ZhY3Nre6e4W9rbPzgsV46OuypKJKEdEvFI9n2sKGeCdjTTnPZjSXHoc9rzZ9dLv/dApWKRuNfzmHohnggWMIK1ke66o9qoUnXsy2a96TaQazsZ1kkVcrRHlY/hOCJJSIUmHCs1cJ1YeymWmhFOF6VhomiMyQxP6MBQgUOqvDQ7dYHOjTJGQSRNCY0y9edEikOl5qFvOkOsp+qvtxT/8waJDppeykScaCrIalGQcKQjtPwbjZmkRPO5IZhIZm5FZIolJtqkU8pCyF9eJ98hdGu269jubb3ausrjKMIpnMEFuNCAFtxAGzpAYAKP8AwvFreerFfrbdVasPKZE/gF6/0LEd6Now==</latexit><latexit sha1_base64="Mccqtvj35aD8CQGqotEBtFqCS3Y=">AAAB6nicbVBNS8NAEJ3Ur1o/WvXoZbEInkJSCq23ohePFe0HtKFstpt26WYTdjdCCf0JXjwo4tVf5M1/4zaNoNYHA4/3ZpiZ58ecKe04n1ZhY3Nre6e4W9rbPzgsV46OuypKJKEdEvFI9n2sKGeCdjTTnPZjSXHoc9rzZ9dLv/dApWKRuNfzmHohnggWMIK1ke66o9qoUnXsy2a96TaQazsZ1kkVcrRHlY/hOCJJSIUmHCs1cJ1YeymWmhFOF6VhomiMyQxP6MBQgUOqvDQ7dYHOjTJGQSRNCY0y9edEikOl5qFvOkOsp+qvtxT/8waJDppeykScaCrIalGQcKQjtPwbjZmkRPO5IZhIZm5FZIolJtqkU8pCyF9eJ98hdGu269jubb3ausrjKMIpnMEFuNCAFtxAGzpAYAKP8AwvFreerFfrbdVasPKZE/gF6/0LEd6Now==</latexit><latexit sha1_base64="Mccqtvj35aD8CQGqotEBtFqCS3Y=">AAAB6nicbVBNS8NAEJ3Ur1o/WvXoZbEInkJSCq23ohePFe0HtKFstpt26WYTdjdCCf0JXjwo4tVf5M1/4zaNoNYHA4/3ZpiZ58ecKe04n1ZhY3Nre6e4W9rbPzgsV46OuypKJKEdEvFI9n2sKGeCdjTTnPZjSXHoc9rzZ9dLv/dApWKRuNfzmHohnggWMIK1ke66o9qoUnXsy2a96TaQazsZ1kkVcrRHlY/hOCJJSIUmHCs1cJ1YeymWmhFOF6VhomiMyQxP6MBQgUOqvDQ7dYHOjTJGQSRNCY0y9edEikOl5qFvOkOsp+qvtxT/8waJDppeykScaCrIalGQcKQjtPwbjZmkRPO5IZhIZm5FZIolJtqkU8pCyF9eJ98hdGu269jubb3ausrjKMIpnMEFuNCAFtxAGzpAYAKP8AwvFreerFfrbdVasPKZE/gF6/0LEd6Now==</latexit><latexit sha1_base64="Mccqtvj35aD8CQGqotEBtFqCS3Y=">AAAB6nicbVBNS8NAEJ3Ur1o/WvXoZbEInkJSCq23ohePFe0HtKFstpt26WYTdjdCCf0JXjwo4tVf5M1/4zaNoNYHA4/3ZpiZ58ecKe04n1ZhY3Nre6e4W9rbPzgsV46OuypKJKEdEvFI9n2sKGeCdjTTnPZjSXHoc9rzZ9dLv/dApWKRuNfzmHohnggWMIK1ke66o9qoUnXsy2a96TaQazsZ1kkVcrRHlY/hOCJJSIUmHCs1cJ1YeymWmhFOF6VhomiMyQxP6MBQgUOqvDQ7dYHOjTJGQSRNCY0y9edEikOl5qFvOkOsp+qvtxT/8waJDppeykScaCrIalGQcKQjtPwbjZmkRPO5IZhIZm5FZIolJtqkU8pCyF9eJ98hdGu269jubb3ausrjKMIpnMEFuNCAFtxAGzpAYAKP8AwvFreerFfrbdVasPKZE/gF6/0LEd6Now==</latexit><latexit sha1_base64="Mccqtvj35aD8CQGqotEBtFqCS3Y=">AAAB6nicbVBNS8NAEJ3Ur1o/WvXoZbEInkJSCq23ohePFe0HtKFstpt26WYTdjdCCf0JXjwo4tVf5M1/4zaNoNYHA4/3ZpiZ58ecKe04n1ZhY3Nre6e4W9rbPzgsV46OuypKJKEdEvFI9n2sKGeCdjTTnPZjSXHoc9rzZ9dLv/dApWKRuNfzmHohnggWMIK1ke66o9qoUnXsy2a96TaQazsZ1kkVcrRHlY/hOCJJSIUmHCs1cJ1YeymWmhFOF6VhomiMyQxP6MBQgUOqvDQ7dYHOjTJGQSRNCY0y9edEikOl5qFvOkOsp+qvtxT/8waJDppeykScaCrIalGQcKQjtPwbjZmkRPO5IZhIZm5FZIolJtqkU8pCyF9eJ98hdGu269jubb3ausrjKMIpnMEFuNCAFtxAGzpAYAKP8AwvFreerFfrbdVasPKZE/gF6/0LEd6Now==</latexit><latexit sha1_base64="Mccqtvj35aD8CQGqotEBtFqCS3Y=">AAAB6nicbVBNS8NAEJ3Ur1o/WvXoZbEInkJSCq23ohePFe0HtKFstpt26WYTdjdCCf0JXjwo4tVf5M1/4zaNoNYHA4/3ZpiZ58ecKe04n1ZhY3Nre6e4W9rbPzgsV46OuypKJKEdEvFI9n2sKGeCdjTTnPZjSXHoc9rzZ9dLv/dApWKRuNfzmHohnggWMIK1ke66o9qoUnXsy2a96TaQazsZ1kkVcrRHlY/hOCJJSIUmHCs1cJ1YeymWmhFOF6VhomiMyQxP6MBQgUOqvDQ7dYHOjTJGQSRNCY0y9edEikOl5qFvOkOsp+qvtxT/8waJDppeykScaCrIalGQcKQjtPwbjZmkRPO5IZhIZm5FZIolJtqkU8pCyF9eJ98hdGu269jubb3ausrjKMIpnMEFuNCAFtxAGzpAYAKP8AwvFreerFfrbdVasPKZE/gF6/0LEd6Now==</latexit>

struct Intersection { 
    float distance; 
    int primitiveIndex; 
    float2 coordinates; 
};

Barycentric coordinates     and

Third coordinate:

Interpolated: uV0 + vV1 + wV2
<latexit sha1_base64="MZz9FjLKaCBL/xz0lHwKXqAwCNw=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBZBEEpSCq27ohuXFewD2hAm00k7dPJgZlIpoeCvuHGhiFu/w51/4zSNoNYDwz2ccy/3zvFizqSyrE9jZXVtfWOzsFXc3tnd2zcPDtsySgShLRLxSHQ9LClnIW0ppjjtxoLiwOO0442v535nQoVkUXinpjF1AjwMmc8IVlpyzeMEtV0LXaCJrrau97pWXLNklS/r1bpdQ3bZyrBMSpCj6Zof/UFEkoCGinAsZc+2YuWkWChGOJ0V+4mkMSZjPKQ9TUMcUOmk2fkzdKaVAfIjoV+oUKb+nEhxIOU08HRngNVI/vXm4n9eL1F+3UlZGCeKhmSxyE84UhGaZ4EGTFCi+FQTTATTtyIywgITpRMrZiHkX14m3yG0K2XbKtu31VLjKo+jACdwCudgQw0acANNaAGBFB7hGV6MB+PJeDXeFq0rRj5zBL9gvH8B/vyS6w==</latexit><latexit sha1_base64="MZz9FjLKaCBL/xz0lHwKXqAwCNw=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBZBEEpSCq27ohuXFewD2hAm00k7dPJgZlIpoeCvuHGhiFu/w51/4zSNoNYDwz2ccy/3zvFizqSyrE9jZXVtfWOzsFXc3tnd2zcPDtsySgShLRLxSHQ9LClnIW0ppjjtxoLiwOO0442v535nQoVkUXinpjF1AjwMmc8IVlpyzeMEtV0LXaCJrrau97pWXLNklS/r1bpdQ3bZyrBMSpCj6Zof/UFEkoCGinAsZc+2YuWkWChGOJ0V+4mkMSZjPKQ9TUMcUOmk2fkzdKaVAfIjoV+oUKb+nEhxIOU08HRngNVI/vXm4n9eL1F+3UlZGCeKhmSxyE84UhGaZ4EGTFCi+FQTTATTtyIywgITpRMrZiHkX14m3yG0K2XbKtu31VLjKo+jACdwCudgQw0acANNaAGBFB7hGV6MB+PJeDXeFq0rRj5zBL9gvH8B/vyS6w==</latexit><latexit sha1_base64="MZz9FjLKaCBL/xz0lHwKXqAwCNw=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBZBEEpSCq27ohuXFewD2hAm00k7dPJgZlIpoeCvuHGhiFu/w51/4zSNoNYDwz2ccy/3zvFizqSyrE9jZXVtfWOzsFXc3tnd2zcPDtsySgShLRLxSHQ9LClnIW0ppjjtxoLiwOO0442v535nQoVkUXinpjF1AjwMmc8IVlpyzeMEtV0LXaCJrrau97pWXLNklS/r1bpdQ3bZyrBMSpCj6Zof/UFEkoCGinAsZc+2YuWkWChGOJ0V+4mkMSZjPKQ9TUMcUOmk2fkzdKaVAfIjoV+oUKb+nEhxIOU08HRngNVI/vXm4n9eL1F+3UlZGCeKhmSxyE84UhGaZ4EGTFCi+FQTTATTtyIywgITpRMrZiHkX14m3yG0K2XbKtu31VLjKo+jACdwCudgQw0acANNaAGBFB7hGV6MB+PJeDXeFq0rRj5zBL9gvH8B/vyS6w==</latexit><latexit sha1_base64="MZz9FjLKaCBL/xz0lHwKXqAwCNw=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBZBEEpSCq27ohuXFewD2hAm00k7dPJgZlIpoeCvuHGhiFu/w51/4zSNoNYDwz2ccy/3zvFizqSyrE9jZXVtfWOzsFXc3tnd2zcPDtsySgShLRLxSHQ9LClnIW0ppjjtxoLiwOO0442v535nQoVkUXinpjF1AjwMmc8IVlpyzeMEtV0LXaCJrrau97pWXLNklS/r1bpdQ3bZyrBMSpCj6Zof/UFEkoCGinAsZc+2YuWkWChGOJ0V+4mkMSZjPKQ9TUMcUOmk2fkzdKaVAfIjoV+oUKb+nEhxIOU08HRngNVI/vXm4n9eL1F+3UlZGCeKhmSxyE84UhGaZ4EGTFCi+FQTTATTtyIywgITpRMrZiHkX14m3yG0K2XbKtu31VLjKo+jACdwCudgQw0acANNaAGBFB7hGV6MB+PJeDXeFq0rRj5zBL9gvH8B/vyS6w==</latexit><latexit sha1_base64="MZz9FjLKaCBL/xz0lHwKXqAwCNw=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBZBEEpSCq27ohuXFewD2hAm00k7dPJgZlIpoeCvuHGhiFu/w51/4zSNoNYDwz2ccy/3zvFizqSyrE9jZXVtfWOzsFXc3tnd2zcPDtsySgShLRLxSHQ9LClnIW0ppjjtxoLiwOO0442v535nQoVkUXinpjF1AjwMmc8IVlpyzeMEtV0LXaCJrrau97pWXLNklS/r1bpdQ3bZyrBMSpCj6Zof/UFEkoCGinAsZc+2YuWkWChGOJ0V+4mkMSZjPKQ9TUMcUOmk2fkzdKaVAfIjoV+oUKb+nEhxIOU08HRngNVI/vXm4n9eL1F+3UlZGCeKhmSxyE84UhGaZ4EGTFCi+FQTTATTtyIywgITpRMrZiHkX14m3yG0K2XbKtu31VLjKo+jACdwCudgQw0acANNaAGBFB7hGV6MB+PJeDXeFq0rRj5zBL9gvH8B/vyS6w==</latexit><latexit sha1_base64="MZz9FjLKaCBL/xz0lHwKXqAwCNw=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBZBEEpSCq27ohuXFewD2hAm00k7dPJgZlIpoeCvuHGhiFu/w51/4zSNoNYDwz2ccy/3zvFizqSyrE9jZXVtfWOzsFXc3tnd2zcPDtsySgShLRLxSHQ9LClnIW0ppjjtxoLiwOO0442v535nQoVkUXinpjF1AjwMmc8IVlpyzeMEtV0LXaCJrrau97pWXLNklS/r1bpdQ3bZyrBMSpCj6Zof/UFEkoCGinAsZc+2YuWkWChGOJ0V+4mkMSZjPKQ9TUMcUOmk2fkzdKaVAfIjoV+oUKb+nEhxIOU08HRngNVI/vXm4n9eL1F+3UlZGCeKhmSxyE84UhGaZ4EGTFCi+FQTTATTtyIywgITpRMrZiHkX14m3yG0K2XbKtu31VLjKo+jACdwCudgQw0acANNaAGBFB7hGV6MB+PJeDXeFq0rRj5zBL9gvH8B/vyS6w==</latexit>

u
<latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit><latexit sha1_base64="5en9wswLw/Z88jNN61xXNBy8QOg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgadkVIfEW9OIxAfOAZAmzk04yZvbBzKwQlnyBFw+KePWTvPk3TjYrqLGgoajqprvLjwVX2nE+rcLa+sbmVnG7tLO7t39QPjxqqyiRDFssEpHs+lSh4CG2NNcCu7FEGvgCO/70ZuF3HlAqHoV3ehajF9BxyEecUW2kZjIoVxz7qnZZc6vEtZ0Mq6QCORqD8kd/GLEkwFAzQZXquU6svZRKzZnAeamfKIwpm9Ix9gwNaYDKS7ND5+TMKEMyiqSpUJNM/TmR0kCpWeCbzoDqifrrLcT/vF6iRzUv5WGcaAzZctEoEURHZPE1GXKJTIuZIZRJbm4lbEIlZdpkU8pCyF9eJd8htC9s17Hd5mWlfp3HUYQTOIVzcKEKdbiFBrSAAcIjPMOLdW89Wa/W27K1YOUzx/AL1vsXGjKNHQ==</latexit>

v
<latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit><latexit sha1_base64="wlCyvdhfVigOTgafrXEmxnak0F0=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0ik0HorevHYgv2ANpTNdtKu3WzC7qZQQn+BFw+KePUnefPfuE0jqPXBwOO9GWbm+TFnSjvOp1XY2Nza3inulvb2Dw6PyscnHRUlkkKbRjySPZ8o4ExAWzPNoRdLIKHPoetPb5d+dwZSsUjc63kMXkjGggWMEm2k1mxYrjj2db1ad2vYtZ0M66SCcjSH5Y/BKKJJCEJTTpTqu06svZRIzSiHRWmQKIgJnZIx9A0VJATlpdmhC3xhlBEOImlKaJypPydSEio1D33TGRI9UX+9pfif1090UPdSJuJEg6CrRUHCsY7w8ms8YhKo5nNDCJXM3IrphEhCtcmmlIWQv7xOvkPoXNmuY7utaqVxk8dRRGfoHF0iF9VQA92hJmojigA9omf0Yj1YT9ar9bZqLVj5zCn6Bev9Cxu2jR4=</latexit>

w = 1� u� v
<latexit sha1_base64="TASnSc1efEsT/GvDsVyV3+hx72E=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyGRQutBKHrxWMF+QBvKZrtpl242cXdTKaW/w4sHRbz6Y7z5b9ymEdT6YODx3gwz8/yYM6Ud59PKrayurW/kNwtb2zu7e8X9g6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NH13G+NqVQsEnd6ElMvxAPBAkawNpL3gC6Ri85QYmrcK5Yc+6JarroV5NpOimVSggz1XvGj249IElKhCcdKdVwn1t4US80Ip7NCN1E0xmSEB7RjqMAhVd40PXqGTozSR0EkTQmNUvXnxBSHSk1C33SGWA/VX28u/ud1Eh1UvSkTcaKpIItFQcKRjtA8AdRnkhLNJ4ZgIpm5FZEhlphok1MhDSF7eZl8h9A8t13Hdm/LpdpVFkcejuAYTsGFCtTgBurQAAL38AjP8GKNrSfr1XpbtOasbOYQfsF6/wKgP5AK</latexit><latexit sha1_base64="TASnSc1efEsT/GvDsVyV3+hx72E=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyGRQutBKHrxWMF+QBvKZrtpl242cXdTKaW/w4sHRbz6Y7z5b9ymEdT6YODx3gwz8/yYM6Ud59PKrayurW/kNwtb2zu7e8X9g6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NH13G+NqVQsEnd6ElMvxAPBAkawNpL3gC6Ri85QYmrcK5Yc+6JarroV5NpOimVSggz1XvGj249IElKhCcdKdVwn1t4US80Ip7NCN1E0xmSEB7RjqMAhVd40PXqGTozSR0EkTQmNUvXnxBSHSk1C33SGWA/VX28u/ud1Eh1UvSkTcaKpIItFQcKRjtA8AdRnkhLNJ4ZgIpm5FZEhlphok1MhDSF7eZl8h9A8t13Hdm/LpdpVFkcejuAYTsGFCtTgBurQAAL38AjP8GKNrSfr1XpbtOasbOYQfsF6/wKgP5AK</latexit><latexit sha1_base64="TASnSc1efEsT/GvDsVyV3+hx72E=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyGRQutBKHrxWMF+QBvKZrtpl242cXdTKaW/w4sHRbz6Y7z5b9ymEdT6YODx3gwz8/yYM6Ud59PKrayurW/kNwtb2zu7e8X9g6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NH13G+NqVQsEnd6ElMvxAPBAkawNpL3gC6Ri85QYmrcK5Yc+6JarroV5NpOimVSggz1XvGj249IElKhCcdKdVwn1t4US80Ip7NCN1E0xmSEB7RjqMAhVd40PXqGTozSR0EkTQmNUvXnxBSHSk1C33SGWA/VX28u/ud1Eh1UvSkTcaKpIItFQcKRjtA8AdRnkhLNJ4ZgIpm5FZEhlphok1MhDSF7eZl8h9A8t13Hdm/LpdpVFkcejuAYTsGFCtTgBurQAAL38AjP8GKNrSfr1XpbtOasbOYQfsF6/wKgP5AK</latexit><latexit sha1_base64="TASnSc1efEsT/GvDsVyV3+hx72E=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyGRQutBKHrxWMF+QBvKZrtpl242cXdTKaW/w4sHRbz6Y7z5b9ymEdT6YODx3gwz8/yYM6Ud59PKrayurW/kNwtb2zu7e8X9g6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NH13G+NqVQsEnd6ElMvxAPBAkawNpL3gC6Ri85QYmrcK5Yc+6JarroV5NpOimVSggz1XvGj249IElKhCcdKdVwn1t4US80Ip7NCN1E0xmSEB7RjqMAhVd40PXqGTozSR0EkTQmNUvXnxBSHSk1C33SGWA/VX28u/ud1Eh1UvSkTcaKpIItFQcKRjtA8AdRnkhLNJ4ZgIpm5FZEhlphok1MhDSF7eZl8h9A8t13Hdm/LpdpVFkcejuAYTsGFCtTgBurQAAL38AjP8GKNrSfr1XpbtOasbOYQfsF6/wKgP5AK</latexit><latexit sha1_base64="TASnSc1efEsT/GvDsVyV3+hx72E=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyGRQutBKHrxWMF+QBvKZrtpl242cXdTKaW/w4sHRbz6Y7z5b9ymEdT6YODx3gwz8/yYM6Ud59PKrayurW/kNwtb2zu7e8X9g6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NH13G+NqVQsEnd6ElMvxAPBAkawNpL3gC6Ri85QYmrcK5Yc+6JarroV5NpOimVSggz1XvGj249IElKhCcdKdVwn1t4US80Ip7NCN1E0xmSEB7RjqMAhVd40PXqGTozSR0EkTQmNUvXnxBSHSk1C33SGWA/VX28u/ud1Eh1UvSkTcaKpIItFQcKRjtA8AdRnkhLNJ4ZgIpm5FZEhlphok1MhDSF7eZl8h9A8t13Hdm/LpdpVFkcejuAYTsGFCtTgBurQAAL38AjP8GKNrSfr1XpbtOasbOYQfsF6/wKgP5AK</latexit><latexit sha1_base64="TASnSc1efEsT/GvDsVyV3+hx72E=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyGRQutBKHrxWMF+QBvKZrtpl242cXdTKaW/w4sHRbz6Y7z5b9ymEdT6YODx3gwz8/yYM6Ud59PKrayurW/kNwtb2zu7e8X9g6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NH13G+NqVQsEnd6ElMvxAPBAkawNpL3gC6Ri85QYmrcK5Yc+6JarroV5NpOimVSggz1XvGj249IElKhCcdKdVwn1t4US80Ip7NCN1E0xmSEB7RjqMAhVd40PXqGTozSR0EkTQmNUvXnxBSHSk1C33SGWA/VX28u/ud1Eh1UvSkTcaKpIItFQcKRjtA8AdRnkhLNJ4ZgIpm5FZEhlphok1MhDSF7eZl8h9A8t13Hdm/LpdpVFkcejuAYTsGFCtTgBurQAAL38AjP8GKNrSfr1XpbtOasbOYQfsF6/wKgP5AK</latexit>
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Shadow Rays versus Primary Rays
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Shadow Rays versus Primary Rays

Maximum intersection distance

Don’t need triangle index or barycentric 
coordinates

Propagate color from shading kernel 
to final kernel

M
axim

um
 Distance



struct Ray { 
    packed_float3 origin; 
    float minDistance; 
    packed_float3 direction; 
    float maxDistance; 
    float3 color; 
};

Customizing the Ray Struct 

Ray type is configurable
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Ray type is configurable 

Choose what data is provided to the intersector 

Append app-specific data

struct Ray { 
    packed_float3 origin; 
    float minDistance; 
    packed_float3 direction; 
    float maxDistance; 
    float3 color; 
};

intersector.rayDataType = .originMinDistanceDirectionMaxDistance 
intersector.rayStride = MemoryLayout<Ray>.stride

Configure MPSRayIntersector for new Ray struct type:
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Ray type is configurable 

Choose what data is provided to the intersector 

Append app-specific data

struct Ray { 
    packed_float3 origin; 
    float minDistance; 
    packed_float3 direction; 
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};

intersector.rayDataType = .originMinDistanceDirectionMaxDistance 
intersector.rayStride = MemoryLayout<Ray>.stride
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Customizing the Ray Struct 

Ray type is configurable 

Choose what data is provided to the intersector 

Append app-specific data

struct Ray { 
    packed_float3 origin; 
    float minDistance; 
    packed_float3 direction; 
    float maxDistance; 
    float3 color; 
};

intersector.rayDataType = .originMinDistanceDirectionMaxDistance 
intersector.rayStride = MemoryLayout<Ray>.stride

Configure MPSRayIntersector for new Ray struct type:
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Finding Shadow Ray Intersections

Modify call to MPSRayIntersector:

intersector.encodeIntersection(commandBuffer: commandBuffer, 
                               intersectionType: 
                               rayBuffer: rayBuffer, 
                               rayBufferOffset: 0, 
                               intersectionBuffer: intersectionBuffer, 
                               intersectionBufferOffset: 0, 
                               rayCount: rayCount, 
                               accelerationStructure: accelerationStructure)

.nearest,
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Finding Shadow Ray Intersections

Modify call to MPSRayIntersector:

intersector.encodeIntersection(commandBuffer: commandBuffer, 
                               intersectionType: 
                               rayBuffer: rayBuffer, 
                               rayBufferOffset: 0, 
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                               intersectionBufferOffset: 0, 
                               rayCount: rayCount, 
                               accelerationStructure: accelerationStructure)
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Finding Shadow Ray Intersections

Modify call to MPSRayIntersector:

intersector.encodeIntersection(commandBuffer: commandBuffer, 
                               intersectionType: 
                               rayBuffer: rayBuffer, 
                               rayBufferOffset: 0, 
                               intersectionBuffer: intersectionBuffer, 
                               intersectionBufferOffset: 0, 
                               rayCount: rayCount, 
                               accelerationStructure: accelerationStructure)

intersector.intersectionDataType = .distance 

.any,
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Adding Ray Color to the Image 

struct Ray { 
    packed_float3 origin; 
    float minDistance; 
    packed_float3 direction; 
    float maxDistance; 
    float3 color; 
};

struct ShadowIntersection { 
    float distance; 
};
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Adding Ray Color to the Image 

struct Ray { 
    packed_float3 origin; 
    float minDistance; 
    packed_float3 direction; 
    float maxDistance; 
    float3 color; 
};

struct ShadowIntersection { 
    float distance; 
};
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struct Ray { 
    packed_float3 origin; 
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Adding Ray Color to the Image 

struct Ray { 
    packed_float3 origin; 
    float minDistance; 
    packed_float3 direction; 
    float maxDistance; 
    float3 color; 
};

struct ShadowIntersection { 
    float distance; 
};

In Shadow

No

Yes

Image

Positive Not in Shadow, 
Add Color to Image

Shadow Ray 
Buffer

Intersection 
Buffer
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Secondary Rays

Simulate light bouncing around the scene

Iterate, continuing in random direction  
at each step
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Updating Secondary Rays 

Update secondary rays during each 
iteration:

ray.origin = intersectionPoint; 
ray.direction = getRandomDirection(surfaceNormal); 
ray.color *= surfaceColor;
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Updating Secondary Rays 

Update secondary rays during each 
iteration:

ray.origin = intersectionPoint; 
ray.direction = getRandomDirection(surfaceNormal); 
ray.color *= surfaceColor;
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Sample Code

This app is available as a sample 

Add your own geometry, light sources,  
camera model, shading model 

Refer to documentation for more information

Cornell Box © 2009 Morgan McGuire, https://casual-effects.com/data  Ray traced with Metal, https://creativecommons.org/licenses/by/3.0/



Wayne Lister, GPU Software Engineer

•Extending to Multiple GPUs 
•
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Copy data between GPUs

Synchronize execution
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Copying Scene Data 

let copy = accelerationStructure.copy(with: nil, device: newDevice) 
copy.vertexBuffer = copyBuffer(accelerationStructure.vertexBuffer, device: newDevice)
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Copying Scene Data 

let copy = accelerationStructure.copy(with: nil, device: newDevice) 
copy.vertexBuffer = copyBuffer(accelerationStructure.vertexBuffer, device: newDevice)
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Creating a Shared CPU Allocation 

let bufferA = deviceA.makeBuffer(length: bufferLength, 
                                options: .shared)! 

let bufferB = deviceB.makeBuffer(bytesNoCopy: bufferA.contents(), 
                                      length: bufferA.length, 
                                     options: .shared 
                                 deallocator: nil)!
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Creating a Shared CPU Allocation 

let bufferA = deviceA.makeBuffer(length: bufferLength, 
                                options: .shared)! 

let bufferB = deviceB.makeBuffer(bytesNoCopy: bufferA.contents(), 
                                      length: bufferA.length, 
                                     options: .shared 
                                 deallocator: nil)!
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GPUs can have different performance

Some regions are more complex to render
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Load Balancing 

Adjust region sizes to keep GPUs fully utilized 
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Load Balancing 

Adjust region sizes to keep GPUs fully utilized 
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Timing GPU Work 

commandBuffer.addCompletedHandler { commandBuffer in 
    completionTime[commandBuffer] = mach_absolute_time() 
}

Command 
Buffer 0

Execution Timeline

Command 
Buffer 1

Command 
Buffer 3

Command 
Buffer 2

Duration to Measure
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Summary

Accelerates ray/triangle intersection on the GPU

Optimized for macOS and iOS

Scales across multiple GPUs



More Information
https://developer.apple.com/wwdc18/606
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