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RGL Realistic Graphics Lab

Agenda for today
Inverse rendering 

Example problem  

Differentiable rendering 

Challenges 

1. How to do this at all? 

2. Efficiency 

3. Discontinuities 

4. Robustness
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3Scene: "bed classic" from jiraniano

Geometry, materials, emitters, ...
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RGL Realistic Graphics Lab

Inverse rendering in computer vision
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OpenDR: an Approximate  
Differentiable Renderer 

[Loper et al. 2014]

Soft Rasterizer: Differentiable Rendering for  
Unsupervised Single-View Mesh Reconstruction 

[Liu et al. 2019]

Neural 3D Mesh Renderer 
[Kato et al. 2017]

BlockGAN: Learning 3D Object-aware Scene  
Representations from Unlabelled Images 

[Nguyen-Phuoc et al. 2020]

Unsupervised Geometry-Aware Representation for 
3D Human Pose Estimation 

[Rhodin et al., 2016]

HoloGAN: Unsupervised Learning of 3D 
Representations From Natural Images.  

[Nguyen-Phuoc et al.  2019]



RGL Realistic Graphics Lab

Focus of today’s talk

- Inverse rendering for realistic  
 
Global illumination, complex materials, participating media, 
polarization, color spectra, etc. 
 

- No neural networks. 
 
Shouldn’t need them, we understand the underlying equations. 
(Of course you can still put neural networks around the renderer)
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Shape & material reconstruction

Target Target

Target Target

Reparameterizing discontinuous integrands for differentiable rendering  [Loubet et al. 2019]
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RGL Realistic Graphics Lab

Application: caustic design
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Optimized density voxels

Multi-view setup

Uniform illumination

View

Optimized albedo voxels

Optimized gradient-index lens

Directional area lights

Projected causticOptimized geometry

Directional area light

(a) Caustic design: surface displacement (b) Caustic design: gradient-index optics (c) Volume density reconstruction (d) Textured translucent slab

Schwartzburg et al. 2014
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(Meta-) material design

Mitsuba 2: A Retargetable Forward and Inverse Renderer  [Nimier-David et al. 2019]
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RGL Realistic Graphics Lab

Fabrication: color optimization for 3D printing
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Optimized density voxels

Multi-view setup

Uniform illumination

View

Optimized albedo voxels

Optimized gradient-index lens

Directional area lights

Projected causticOptimized geometry

Directional area light

(a) Caustic design: surface displacement (b) Caustic design: gradient-index optics (c) Volume density reconstruction (d) Textured translucent slab

Target Naive print

Elek et al. 2017
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Mitsuba 2: A Retargetable Forward and Inverse Renderer  [Nimier-David et al. 2019]
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Mitsuba 2: A Retargetable Forward and Inverse Renderer  [Nimier-David et al. 2019]



RGL Realistic Graphics Lab

Beyond computer graphics: a world of applications

Many disciplines rely on understanding or controlling the behavior of 
light in images or other kinds of measurements.

12



RGL Realistic Graphics Lab

Beyond computer graphics: a world of applications

Many disciplines rely on understanding or controlling the behavior of 
light in images or other kinds of measurements.

12

[Solar Carve Tower - Studio Gang]

[WSP USA][WSP USA]
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Current rendering



RGL Realistic Graphics Lab 14

Target 



RGL Realistic Graphics Lab

Objective function (a.k.a. “loss”)
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Rendering Target

The problem: minimize
x2X

g( f (x))
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Objective Rendering algorithm

Scene parameters



RGL Realistic Graphics Lab

Gradient-based optimization

16

The problem: minimize
x2X

g( f (x))
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The problem: minimize
x2X

g( f (x))

<latexit sha1_base64="vfUS132Yaw8R0hDTawppW5MLihM="></latexit>

x

<latexit sha1_base64="p3Q0vFESrwcpyRERWbDXTe+n/YE=">AAACHXicbVDLSgMxFL1TX7W+qi7dDBbBVZmRgrorunFZwT6wLSWTZtrQTBKSjFiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cgLJqDae9+3kVlbX1jfym4Wt7Z3dveL+QUOLWGFSx4IJ1QqQJoxyUjfUMNKSiqAoYKQZjK7TevOBKE0FvzNjSboRGnAaUoyMle47ETLDIEweJ71iySt7U7jLxM9ICTLUesWfTl/gOCLcYIa0bvueNN0EKUMxI5NCJ9ZEIjxCA9K2lKOI6G4ydTxxT6zSd0Oh7OPGnap/JxIUaT2OAtuZOtRzNYmYdc/F3I0k7ZPoaUG1e9LCf3vasQkvugnlMjaE45mpMGauEW4aldunimDDxpYgrKj9l4uHSCFsbKAFG5i/GM8yaZyV/Ur58rZSql5l0eXhCI7hFHw4hyrcQA3qgIHDM7zAq/PmvDsfzuesNedkM4cwB+frF+ipo9o=</latexit>

y

<latexit sha1_base64="tCm9k6wRj71+RNtdKSluiQzXmZU=">AAACHXicbVDLSgMxFM3UV62vqks3wSK4KjMiqLuiG5cV7APbUu6kmTY0kwlJRhiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cnzJmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVNHsSK0QSIeqbYPmnImaMMww2lbKgqhz2nLH99k9dYjVZpF4t4kkvZCGAoWMALGSg/dEMzID9Jk0i9X3Ko7BV4mXk4qKEe9X/7pDiISh1QYwkHrjudK00tBGUY4nZS6saYSyBiGtGOpgJDqXjp1PMEnVhngIFL2CYOn6t+JFEKtk9C3nZlDPVeTwK17Ec3dSLM+CU8Lqt2TFf7b04lNcNlLmZCxoYLMTAUxxybCWVR4wBQlhieWAFHM/guTESggxgZasoF5i/Esk+ZZ1TuvXt2dV2rXeXRFdISO0Sny0AWqoVtURw1EkEDP6AW9Om/Ou/PhfM5aC04+c4jm4Hz9Aupao9s=</latexit>

f(x)

<latexit sha1_base64="ae4qMc7SaiN/R/zwdDa1j+x0134="></latexit>

- meshes

- textures, etc.
- material (BSDF) parameters

- parameters of procedural models
- volumes, light sources, …
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The problem: minimize
x2X

g( f (x))

<latexit sha1_base64="vfUS132Yaw8R0hDTawppW5MLihM="></latexit>

x

<latexit sha1_base64="p3Q0vFESrwcpyRERWbDXTe+n/YE=">AAACHXicbVDLSgMxFL1TX7W+qi7dDBbBVZmRgrorunFZwT6wLSWTZtrQTBKSjFiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cgLJqDae9+3kVlbX1jfym4Wt7Z3dveL+QUOLWGFSx4IJ1QqQJoxyUjfUMNKSiqAoYKQZjK7TevOBKE0FvzNjSboRGnAaUoyMle47ETLDIEweJ71iySt7U7jLxM9ICTLUesWfTl/gOCLcYIa0bvueNN0EKUMxI5NCJ9ZEIjxCA9K2lKOI6G4ydTxxT6zSd0Oh7OPGnap/JxIUaT2OAtuZOtRzNYmYdc/F3I0k7ZPoaUG1e9LCf3vasQkvugnlMjaE45mpMGauEW4aldunimDDxpYgrKj9l4uHSCFsbKAFG5i/GM8yaZyV/Ur58rZSql5l0eXhCI7hFHw4hyrcQA3qgIHDM7zAq/PmvDsfzuesNedkM4cwB+frF+ipo9o=</latexit>

y

<latexit sha1_base64="tCm9k6wRj71+RNtdKSluiQzXmZU=">AAACHXicbVDLSgMxFM3UV62vqks3wSK4KjMiqLuiG5cV7APbUu6kmTY0kwlJRhiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cnzJmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVNHsSK0QSIeqbYPmnImaMMww2lbKgqhz2nLH99k9dYjVZpF4t4kkvZCGAoWMALGSg/dEMzID9Jk0i9X3Ko7BV4mXk4qKEe9X/7pDiISh1QYwkHrjudK00tBGUY4nZS6saYSyBiGtGOpgJDqXjp1PMEnVhngIFL2CYOn6t+JFEKtk9C3nZlDPVeTwK17Ec3dSLM+CU8Lqt2TFf7b04lNcNlLmZCxoYLMTAUxxybCWVR4wBQlhieWAFHM/guTESggxgZasoF5i/Esk+ZZ1TuvXt2dV2rXeXRFdISO0Sny0AWqoVtURw1EkEDP6AW9Om/Ou/PhfM5aC04+c4jm4Hz9Aupao9s=</latexit>

f(x)

<latexit sha1_base64="ae4qMc7SaiN/R/zwdDa1j+x0134="></latexit>

g(y, ...)

<latexit sha1_base64="aNfvLSAU6NTvInIpNjq7ewwg0g4="></latexit>

z

<latexit sha1_base64="Q6GJjsrx8UIiz7UedZ268iFsUTc=">AAACFHicbVDLTgIxFO3gC/GFunTTSExckRlDou6IblxCIo8EJqRT7kBDp9O0HROY8AVu1a9xZ9y692eMBWYh4EmanJz7Oj2B5Ewb1/12chubW9s7+d3C3v7B4VHx+KSp40RRaNCYx6odEA2cCWgYZji0pQISBRxaweh+Vm89gdIsFo9mLMGPyECwkFFirFSf9Iolt+zOgdeJl5ESylDrFX+6/ZgmEQhDOdG647nS+ClRhlEO00I30SAJHZEBdCwVJALtp3OjU3xhlT4OY2WfMHiu/p1ISaT1OApsZ0TMUC/VJOHWtIiXbqSzPkkmK6rdMyv8t6eTmPDGT5mQiQFBF6bChGMT41lCuM8UUMPHlhCqmP0XpkOiCDU2x4INzFuNZ500r8pepXxbr5Sqd1l0eXSGztEl8tA1qqIHVEMNRBGgZ/SCXp035935cD4XrTknmzlFS3C+fgEtdZ+8</latexit>
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The problem: minimize
x2X

g( f (x))

<latexit sha1_base64="vfUS132Yaw8R0hDTawppW5MLihM="></latexit>

x
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y

<latexit sha1_base64="tCm9k6wRj71+RNtdKSluiQzXmZU=">AAACHXicbVDLSgMxFM3UV62vqks3wSK4KjMiqLuiG5cV7APbUu6kmTY0kwlJRhiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cnzJmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVNHsSK0QSIeqbYPmnImaMMww2lbKgqhz2nLH99k9dYjVZpF4t4kkvZCGAoWMALGSg/dEMzID9Jk0i9X3Ko7BV4mXk4qKEe9X/7pDiISh1QYwkHrjudK00tBGUY4nZS6saYSyBiGtGOpgJDqXjp1PMEnVhngIFL2CYOn6t+JFEKtk9C3nZlDPVeTwK17Ec3dSLM+CU8Lqt2TFf7b04lNcNlLmZCxoYLMTAUxxybCWVR4wBQlhieWAFHM/guTESggxgZasoF5i/Esk+ZZ1TuvXt2dV2rXeXRFdISO0Sny0AWqoVtURw1EkEDP6AW9Om/Ou/PhfM5aC04+c4jm4Hz9Aupao9s=</latexit>

f(x)

<latexit sha1_base64="ae4qMc7SaiN/R/zwdDa1j+x0134="></latexit>

g(y, ...)

<latexit sha1_base64="aNfvLSAU6NTvInIpNjq7ewwg0g4="></latexit>

z

<latexit sha1_base64="Q6GJjsrx8UIiz7UedZ268iFsUTc=">AAACFHicbVDLTgIxFO3gC/GFunTTSExckRlDou6IblxCIo8EJqRT7kBDp9O0HROY8AVu1a9xZ9y692eMBWYh4EmanJz7Oj2B5Ewb1/12chubW9s7+d3C3v7B4VHx+KSp40RRaNCYx6odEA2cCWgYZji0pQISBRxaweh+Vm89gdIsFo9mLMGPyECwkFFirFSf9Iolt+zOgdeJl5ESylDrFX+6/ZgmEQhDOdG647nS+ClRhlEO00I30SAJHZEBdCwVJALtp3OjU3xhlT4OY2WfMHiu/p1ISaT1OApsZ0TMUC/VJOHWtIiXbqSzPkkmK6rdMyv8t6eTmPDGT5mQiQFBF6bChGMT41lCuM8UUMPHlhCqmP0XpkOiCDU2x4INzFuNZ500r8pepXxbr5Sqd1l0eXSGztEl8tA1qqIHVEMNRBGgZ/SCXp035935cD4XrTknmzlFS3C+fgEtdZ+8</latexit>
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The problem: minimize
x2X

g( f (x))

<latexit sha1_base64="vfUS132Yaw8R0hDTawppW5MLihM="></latexit>

x
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y

<latexit sha1_base64="tCm9k6wRj71+RNtdKSluiQzXmZU=">AAACHXicbVDLSgMxFM3UV62vqks3wSK4KjMiqLuiG5cV7APbUu6kmTY0kwlJRhiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cnzJmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVNHsSK0QSIeqbYPmnImaMMww2lbKgqhz2nLH99k9dYjVZpF4t4kkvZCGAoWMALGSg/dEMzID9Jk0i9X3Ko7BV4mXk4qKEe9X/7pDiISh1QYwkHrjudK00tBGUY4nZS6saYSyBiGtGOpgJDqXjp1PMEnVhngIFL2CYOn6t+JFEKtk9C3nZlDPVeTwK17Ec3dSLM+CU8Lqt2TFf7b04lNcNlLmZCxoYLMTAUxxybCWVR4wBQlhieWAFHM/guTESggxgZasoF5i/Esk+ZZ1TuvXt2dV2rXeXRFdISO0Sny0AWqoVtURw1EkEDP6AW9Om/Ou/PhfM5aC04+c4jm4Hz9Aupao9s=</latexit>

f(x)

<latexit sha1_base64="ae4qMc7SaiN/R/zwdDa1j+x0134="></latexit>

g(y, ...)

<latexit sha1_base64="aNfvLSAU6NTvInIpNjq7ewwg0g4="></latexit>

z

<latexit sha1_base64="Q6GJjsrx8UIiz7UedZ268iFsUTc=">AAACFHicbVDLTgIxFO3gC/GFunTTSExckRlDou6IblxCIo8EJqRT7kBDp9O0HROY8AVu1a9xZ9y692eMBWYh4EmanJz7Oj2B5Ewb1/12chubW9s7+d3C3v7B4VHx+KSp40RRaNCYx6odEA2cCWgYZji0pQISBRxaweh+Vm89gdIsFo9mLMGPyECwkFFirFSf9Iolt+zOgdeJl5ESylDrFX+6/ZgmEQhDOdG647nS+ClRhlEO00I30SAJHZEBdCwVJALtp3OjU3xhlT4OY2WfMHiu/p1ISaT1OApsZ0TMUC/VJOHWtIiXbqSzPkkmK6rdMyv8t6eTmPDGT5mQiQFBF6bChGMT41lCuM8UUMPHlhCqmP0XpkOiCDU2x4INzFuNZ500r8pepXxbr5Sqd1l0eXSGztEl8tA1qqIHVEMNRBGgZ/SCXp035935cD4XrTknmzlFS3C+fgEtdZ+8</latexit>

∂z/∂x

<latexit sha1_base64="SCU5O2XKSx9bb7JuyqgtVhr5Rr4="></latexit>
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x

<latexit sha1_base64="p3Q0vFESrwcpyRERWbDXTe+n/YE=">AAACHXicbVDLSgMxFL1TX7W+qi7dDBbBVZmRgrorunFZwT6wLSWTZtrQTBKSjFiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cgLJqDae9+3kVlbX1jfym4Wt7Z3dveL+QUOLWGFSx4IJ1QqQJoxyUjfUMNKSiqAoYKQZjK7TevOBKE0FvzNjSboRGnAaUoyMle47ETLDIEweJ71iySt7U7jLxM9ICTLUesWfTl/gOCLcYIa0bvueNN0EKUMxI5NCJ9ZEIjxCA9K2lKOI6G4ydTxxT6zSd0Oh7OPGnap/JxIUaT2OAtuZOtRzNYmYdc/F3I0k7ZPoaUG1e9LCf3vasQkvugnlMjaE45mpMGauEW4aldunimDDxpYgrKj9l4uHSCFsbKAFG5i/GM8yaZyV/Ur58rZSql5l0eXhCI7hFHw4hyrcQA3qgIHDM7zAq/PmvDsfzuesNedkM4cwB+frF+ipo9o=</latexit>

y

<latexit sha1_base64="tCm9k6wRj71+RNtdKSluiQzXmZU=">AAACHXicbVDLSgMxFM3UV62vqks3wSK4KjMiqLuiG5cV7APbUu6kmTY0kwlJRhiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cnzJmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVNHsSK0QSIeqbYPmnImaMMww2lbKgqhz2nLH99k9dYjVZpF4t4kkvZCGAoWMALGSg/dEMzID9Jk0i9X3Ko7BV4mXk4qKEe9X/7pDiISh1QYwkHrjudK00tBGUY4nZS6saYSyBiGtGOpgJDqXjp1PMEnVhngIFL2CYOn6t+JFEKtk9C3nZlDPVeTwK17Ec3dSLM+CU8Lqt2TFf7b04lNcNlLmZCxoYLMTAUxxybCWVR4wBQlhieWAFHM/guTESggxgZasoF5i/Esk+ZZ1TuvXt2dV2rXeXRFdISO0Sny0AWqoVtURw1EkEDP6AW9Om/Ou/PhfM5aC04+c4jm4Hz9Aupao9s=</latexit>

f(x)

<latexit sha1_base64="ae4qMc7SaiN/R/zwdDa1j+x0134="></latexit>

g(y, ...)

<latexit sha1_base64="aNfvLSAU6NTvInIpNjq7ewwg0g4="></latexit>

z

<latexit sha1_base64="Q6GJjsrx8UIiz7UedZ268iFsUTc=">AAACFHicbVDLTgIxFO3gC/GFunTTSExckRlDou6IblxCIo8EJqRT7kBDp9O0HROY8AVu1a9xZ9y692eMBWYh4EmanJz7Oj2B5Ewb1/12chubW9s7+d3C3v7B4VHx+KSp40RRaNCYx6odEA2cCWgYZji0pQISBRxaweh+Vm89gdIsFo9mLMGPyECwkFFirFSf9Iolt+zOgdeJl5ESylDrFX+6/ZgmEQhDOdG647nS+ClRhlEO00I30SAJHZEBdCwVJALtp3OjU3xhlT4OY2WfMHiu/p1ISaT1OApsZ0TMUC/VJOHWtIiXbqSzPkkmK6rdMyv8t6eTmPDGT5mQiQFBF6bChGMT41lCuM8UUMPHlhCqmP0XpkOiCDU2x4INzFuNZ500r8pepXxbr5Sqd1l0eXSGztEl8tA1qqIHVEMNRBGgZ/SCXp035935cD4XrTknmzlFS3C+fgEtdZ+8</latexit>

∂z/∂x

<latexit sha1_base64="SCU5O2XKSx9bb7JuyqgtVhr5Rr4="></latexit>
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x

<latexit sha1_base64="p3Q0vFESrwcpyRERWbDXTe+n/YE=">AAACHXicbVDLSgMxFL1TX7W+qi7dDBbBVZmRgrorunFZwT6wLSWTZtrQTBKSjFiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cgLJqDae9+3kVlbX1jfym4Wt7Z3dveL+QUOLWGFSx4IJ1QqQJoxyUjfUMNKSiqAoYKQZjK7TevOBKE0FvzNjSboRGnAaUoyMle47ETLDIEweJ71iySt7U7jLxM9ICTLUesWfTl/gOCLcYIa0bvueNN0EKUMxI5NCJ9ZEIjxCA9K2lKOI6G4ydTxxT6zSd0Oh7OPGnap/JxIUaT2OAtuZOtRzNYmYdc/F3I0k7ZPoaUG1e9LCf3vasQkvugnlMjaE45mpMGauEW4aldunimDDxpYgrKj9l4uHSCFsbKAFG5i/GM8yaZyV/Ur58rZSql5l0eXhCI7hFHw4hyrcQA3qgIHDM7zAq/PmvDsfzuesNedkM4cwB+frF+ipo9o=</latexit>

y

<latexit sha1_base64="tCm9k6wRj71+RNtdKSluiQzXmZU=">AAACHXicbVDLSgMxFM3UV62vqks3wSK4KjMiqLuiG5cV7APbUu6kmTY0kwlJRhiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cnzJmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVNHsSK0QSIeqbYPmnImaMMww2lbKgqhz2nLH99k9dYjVZpF4t4kkvZCGAoWMALGSg/dEMzID9Jk0i9X3Ko7BV4mXk4qKEe9X/7pDiISh1QYwkHrjudK00tBGUY4nZS6saYSyBiGtGOpgJDqXjp1PMEnVhngIFL2CYOn6t+JFEKtk9C3nZlDPVeTwK17Ec3dSLM+CU8Lqt2TFf7b04lNcNlLmZCxoYLMTAUxxybCWVR4wBQlhieWAFHM/guTESggxgZasoF5i/Esk+ZZ1TuvXt2dV2rXeXRFdISO0Sny0AWqoVtURw1EkEDP6AW9Om/Ou/PhfM5aC04+c4jm4Hz9Aupao9s=</latexit>

f(x)

<latexit sha1_base64="ae4qMc7SaiN/R/zwdDa1j+x0134="></latexit>

g(y, ...)

<latexit sha1_base64="aNfvLSAU6NTvInIpNjq7ewwg0g4="></latexit>

z

<latexit sha1_base64="Q6GJjsrx8UIiz7UedZ268iFsUTc=">AAACFHicbVDLTgIxFO3gC/GFunTTSExckRlDou6IblxCIo8EJqRT7kBDp9O0HROY8AVu1a9xZ9y692eMBWYh4EmanJz7Oj2B5Ewb1/12chubW9s7+d3C3v7B4VHx+KSp40RRaNCYx6odEA2cCWgYZji0pQISBRxaweh+Vm89gdIsFo9mLMGPyECwkFFirFSf9Iolt+zOgdeJl5ESylDrFX+6/ZgmEQhDOdG647nS+ClRhlEO00I30SAJHZEBdCwVJALtp3OjU3xhlT4OY2WfMHiu/p1ISaT1OApsZ0TMUC/VJOHWtIiXbqSzPkkmK6rdMyv8t6eTmPDGT5mQiQFBF6bChGMT41lCuM8UUMPHlhCqmP0XpkOiCDU2x4INzFuNZ500r8pepXxbr5Sqd1l0eXSGztEl8tA1qqIHVEMNRBGgZ/SCXp035935cD4XrTknmzlFS3C+fgEtdZ+8</latexit>

∂z/∂x

<latexit sha1_base64="SCU5O2XKSx9bb7JuyqgtVhr5Rr4="></latexit>

∂z
∂x

=
∂z
∂y

· ∂y
∂x

<latexit sha1_base64="W04JxOny/6C5wkDt3fbLlm4S+mw="></latexit>

CHAIN RULE
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x

<latexit sha1_base64="p3Q0vFESrwcpyRERWbDXTe+n/YE=">AAACHXicbVDLSgMxFL1TX7W+qi7dDBbBVZmRgrorunFZwT6wLSWTZtrQTBKSjFiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cgLJqDae9+3kVlbX1jfym4Wt7Z3dveL+QUOLWGFSx4IJ1QqQJoxyUjfUMNKSiqAoYKQZjK7TevOBKE0FvzNjSboRGnAaUoyMle47ETLDIEweJ71iySt7U7jLxM9ICTLUesWfTl/gOCLcYIa0bvueNN0EKUMxI5NCJ9ZEIjxCA9K2lKOI6G4ydTxxT6zSd0Oh7OPGnap/JxIUaT2OAtuZOtRzNYmYdc/F3I0k7ZPoaUG1e9LCf3vasQkvugnlMjaE45mpMGauEW4aldunimDDxpYgrKj9l4uHSCFsbKAFG5i/GM8yaZyV/Ur58rZSql5l0eXhCI7hFHw4hyrcQA3qgIHDM7zAq/PmvDsfzuesNedkM4cwB+frF+ipo9o=</latexit>

y

<latexit sha1_base64="tCm9k6wRj71+RNtdKSluiQzXmZU=">AAACHXicbVDLSgMxFM3UV62vqks3wSK4KjMiqLuiG5cV7APbUu6kmTY0kwlJRhiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cnzJmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVNHsSK0QSIeqbYPmnImaMMww2lbKgqhz2nLH99k9dYjVZpF4t4kkvZCGAoWMALGSg/dEMzID9Jk0i9X3Ko7BV4mXk4qKEe9X/7pDiISh1QYwkHrjudK00tBGUY4nZS6saYSyBiGtGOpgJDqXjp1PMEnVhngIFL2CYOn6t+JFEKtk9C3nZlDPVeTwK17Ec3dSLM+CU8Lqt2TFf7b04lNcNlLmZCxoYLMTAUxxybCWVR4wBQlhieWAFHM/guTESggxgZasoF5i/Esk+ZZ1TuvXt2dV2rXeXRFdISO0Sny0AWqoVtURw1EkEDP6AW9Om/Ou/PhfM5aC04+c4jm4Hz9Aupao9s=</latexit>

f(x)

<latexit sha1_base64="ae4qMc7SaiN/R/zwdDa1j+x0134="></latexit>

g(y, ...)

<latexit sha1_base64="aNfvLSAU6NTvInIpNjq7ewwg0g4="></latexit>

z

<latexit sha1_base64="Q6GJjsrx8UIiz7UedZ268iFsUTc=">AAACFHicbVDLTgIxFO3gC/GFunTTSExckRlDou6IblxCIo8EJqRT7kBDp9O0HROY8AVu1a9xZ9y692eMBWYh4EmanJz7Oj2B5Ewb1/12chubW9s7+d3C3v7B4VHx+KSp40RRaNCYx6odEA2cCWgYZji0pQISBRxaweh+Vm89gdIsFo9mLMGPyECwkFFirFSf9Iolt+zOgdeJl5ESylDrFX+6/ZgmEQhDOdG647nS+ClRhlEO00I30SAJHZEBdCwVJALtp3OjU3xhlT4OY2WfMHiu/p1ISaT1OApsZ0TMUC/VJOHWtIiXbqSzPkkmK6rdMyv8t6eTmPDGT5mQiQFBF6bChGMT41lCuM8UUMPHlhCqmP0XpkOiCDU2x4INzFuNZ500r8pepXxbr5Sqd1l0eXSGztEl8tA1qqIHVEMNRBGgZ/SCXp035935cD4XrTknmzlFS3C+fgEtdZ+8</latexit>

∂z
∂x

=
∂z
∂y

· ∂y
∂x

<latexit sha1_base64="W04JxOny/6C5wkDt3fbLlm4S+mw="></latexit>

CHAIN RULE

∂z
∂y

<latexit sha1_base64="gbleKtHwaiJq0FL3aPnIY3ZzgXg="></latexit>
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x

<latexit sha1_base64="p3Q0vFESrwcpyRERWbDXTe+n/YE=">AAACHXicbVDLSgMxFL1TX7W+qi7dDBbBVZmRgrorunFZwT6wLSWTZtrQTBKSjFiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cgLJqDae9+3kVlbX1jfym4Wt7Z3dveL+QUOLWGFSx4IJ1QqQJoxyUjfUMNKSiqAoYKQZjK7TevOBKE0FvzNjSboRGnAaUoyMle47ETLDIEweJ71iySt7U7jLxM9ICTLUesWfTl/gOCLcYIa0bvueNN0EKUMxI5NCJ9ZEIjxCA9K2lKOI6G4ydTxxT6zSd0Oh7OPGnap/JxIUaT2OAtuZOtRzNYmYdc/F3I0k7ZPoaUG1e9LCf3vasQkvugnlMjaE45mpMGauEW4aldunimDDxpYgrKj9l4uHSCFsbKAFG5i/GM8yaZyV/Ur58rZSql5l0eXhCI7hFHw4hyrcQA3qgIHDM7zAq/PmvDsfzuesNedkM4cwB+frF+ipo9o=</latexit>

y

<latexit sha1_base64="tCm9k6wRj71+RNtdKSluiQzXmZU=">AAACHXicbVDLSgMxFM3UV62vqks3wSK4KjMiqLuiG5cV7APbUu6kmTY0kwlJRhiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cnzJmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVNHsSK0QSIeqbYPmnImaMMww2lbKgqhz2nLH99k9dYjVZpF4t4kkvZCGAoWMALGSg/dEMzID9Jk0i9X3Ko7BV4mXk4qKEe9X/7pDiISh1QYwkHrjudK00tBGUY4nZS6saYSyBiGtGOpgJDqXjp1PMEnVhngIFL2CYOn6t+JFEKtk9C3nZlDPVeTwK17Ec3dSLM+CU8Lqt2TFf7b04lNcNlLmZCxoYLMTAUxxybCWVR4wBQlhieWAFHM/guTESggxgZasoF5i/Esk+ZZ1TuvXt2dV2rXeXRFdISO0Sny0AWqoVtURw1EkEDP6AW9Om/Ou/PhfM5aC04+c4jm4Hz9Aupao9s=</latexit>

f(x)

<latexit sha1_base64="ae4qMc7SaiN/R/zwdDa1j+x0134="></latexit>

g(y, ...)

<latexit sha1_base64="aNfvLSAU6NTvInIpNjq7ewwg0g4="></latexit>

z

<latexit sha1_base64="Q6GJjsrx8UIiz7UedZ268iFsUTc=">AAACFHicbVDLTgIxFO3gC/GFunTTSExckRlDou6IblxCIo8EJqRT7kBDp9O0HROY8AVu1a9xZ9y692eMBWYh4EmanJz7Oj2B5Ewb1/12chubW9s7+d3C3v7B4VHx+KSp40RRaNCYx6odEA2cCWgYZji0pQISBRxaweh+Vm89gdIsFo9mLMGPyECwkFFirFSf9Iolt+zOgdeJl5ESylDrFX+6/ZgmEQhDOdG647nS+ClRhlEO00I30SAJHZEBdCwVJALtp3OjU3xhlT4OY2WfMHiu/p1ISaT1OApsZ0TMUC/VJOHWtIiXbqSzPkkmK6rdMyv8t6eTmPDGT5mQiQFBF6bChGMT41lCuM8UUMPHlhCqmP0XpkOiCDU2x4INzFuNZ500r8pepXxbr5Sqd1l0eXSGztEl8tA1qqIHVEMNRBGgZ/SCXp035935cD4XrTknmzlFS3C+fgEtdZ+8</latexit>

Vector
∂z
∂x

=
∂z
∂y

· ∂y
∂x

<latexit sha1_base64="W04JxOny/6C5wkDt3fbLlm4S+mw="></latexit>

CHAIN RULE

∂z
∂y

<latexit sha1_base64="gbleKtHwaiJq0FL3aPnIY3ZzgXg="></latexit>
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x

<latexit sha1_base64="p3Q0vFESrwcpyRERWbDXTe+n/YE=">AAACHXicbVDLSgMxFL1TX7W+qi7dDBbBVZmRgrorunFZwT6wLSWTZtrQTBKSjFiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cgLJqDae9+3kVlbX1jfym4Wt7Z3dveL+QUOLWGFSx4IJ1QqQJoxyUjfUMNKSiqAoYKQZjK7TevOBKE0FvzNjSboRGnAaUoyMle47ETLDIEweJ71iySt7U7jLxM9ICTLUesWfTl/gOCLcYIa0bvueNN0EKUMxI5NCJ9ZEIjxCA9K2lKOI6G4ydTxxT6zSd0Oh7OPGnap/JxIUaT2OAtuZOtRzNYmYdc/F3I0k7ZPoaUG1e9LCf3vasQkvugnlMjaE45mpMGauEW4aldunimDDxpYgrKj9l4uHSCFsbKAFG5i/GM8yaZyV/Ur58rZSql5l0eXhCI7hFHw4hyrcQA3qgIHDM7zAq/PmvDsfzuesNedkM4cwB+frF+ipo9o=</latexit>

y

<latexit sha1_base64="tCm9k6wRj71+RNtdKSluiQzXmZU=">AAACHXicbVDLSgMxFM3UV62vqks3wSK4KjMiqLuiG5cV7APbUu6kmTY0kwlJRhiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cnzJmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVNHsSK0QSIeqbYPmnImaMMww2lbKgqhz2nLH99k9dYjVZpF4t4kkvZCGAoWMALGSg/dEMzID9Jk0i9X3Ko7BV4mXk4qKEe9X/7pDiISh1QYwkHrjudK00tBGUY4nZS6saYSyBiGtGOpgJDqXjp1PMEnVhngIFL2CYOn6t+JFEKtk9C3nZlDPVeTwK17Ec3dSLM+CU8Lqt2TFf7b04lNcNlLmZCxoYLMTAUxxybCWVR4wBQlhieWAFHM/guTESggxgZasoF5i/Esk+ZZ1TuvXt2dV2rXeXRFdISO0Sny0AWqoVtURw1EkEDP6AW9Om/Ou/PhfM5aC04+c4jm4Hz9Aupao9s=</latexit>

f(x)

<latexit sha1_base64="ae4qMc7SaiN/R/zwdDa1j+x0134="></latexit>

g(y, ...)

<latexit sha1_base64="aNfvLSAU6NTvInIpNjq7ewwg0g4="></latexit>

z

<latexit sha1_base64="Q6GJjsrx8UIiz7UedZ268iFsUTc=">AAACFHicbVDLTgIxFO3gC/GFunTTSExckRlDou6IblxCIo8EJqRT7kBDp9O0HROY8AVu1a9xZ9y692eMBWYh4EmanJz7Oj2B5Ewb1/12chubW9s7+d3C3v7B4VHx+KSp40RRaNCYx6odEA2cCWgYZji0pQISBRxaweh+Vm89gdIsFo9mLMGPyECwkFFirFSf9Iolt+zOgdeJl5ESylDrFX+6/ZgmEQhDOdG647nS+ClRhlEO00I30SAJHZEBdCwVJALtp3OjU3xhlT4OY2WfMHiu/p1ISaT1OApsZ0TMUC/VJOHWtIiXbqSzPkkmK6rdMyv8t6eTmPDGT5mQiQFBF6bChGMT41lCuM8UUMPHlhCqmP0XpkOiCDU2x4INzFuNZ500r8pepXxbr5Sqd1l0eXSGztEl8tA1qqIHVEMNRBGgZ/SCXp035935cD4XrTknmzlFS3C+fgEtdZ+8</latexit>

MatrixVector
∂z
∂x

=
∂z
∂y

· ∂y
∂x

<latexit sha1_base64="W04JxOny/6C5wkDt3fbLlm4S+mw="></latexit>

CHAIN RULE

∂z
∂y

<latexit sha1_base64="gbleKtHwaiJq0FL3aPnIY3ZzgXg="></latexit>
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x

<latexit sha1_base64="p3Q0vFESrwcpyRERWbDXTe+n/YE=">AAACHXicbVDLSgMxFL1TX7W+qi7dDBbBVZmRgrorunFZwT6wLSWTZtrQTBKSjFiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cgLJqDae9+3kVlbX1jfym4Wt7Z3dveL+QUOLWGFSx4IJ1QqQJoxyUjfUMNKSiqAoYKQZjK7TevOBKE0FvzNjSboRGnAaUoyMle47ETLDIEweJ71iySt7U7jLxM9ICTLUesWfTl/gOCLcYIa0bvueNN0EKUMxI5NCJ9ZEIjxCA9K2lKOI6G4ydTxxT6zSd0Oh7OPGnap/JxIUaT2OAtuZOtRzNYmYdc/F3I0k7ZPoaUG1e9LCf3vasQkvugnlMjaE45mpMGauEW4aldunimDDxpYgrKj9l4uHSCFsbKAFG5i/GM8yaZyV/Ur58rZSql5l0eXhCI7hFHw4hyrcQA3qgIHDM7zAq/PmvDsfzuesNedkM4cwB+frF+ipo9o=</latexit>

y

<latexit sha1_base64="tCm9k6wRj71+RNtdKSluiQzXmZU=">AAACHXicbVDLSgMxFM3UV62vqks3wSK4KjMiqLuiG5cV7APbUu6kmTY0kwlJRhiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cnzJmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVNHsSK0QSIeqbYPmnImaMMww2lbKgqhz2nLH99k9dYjVZpF4t4kkvZCGAoWMALGSg/dEMzID9Jk0i9X3Ko7BV4mXk4qKEe9X/7pDiISh1QYwkHrjudK00tBGUY4nZS6saYSyBiGtGOpgJDqXjp1PMEnVhngIFL2CYOn6t+JFEKtk9C3nZlDPVeTwK17Ec3dSLM+CU8Lqt2TFf7b04lNcNlLmZCxoYLMTAUxxybCWVR4wBQlhieWAFHM/guTESggxgZasoF5i/Esk+ZZ1TuvXt2dV2rXeXRFdISO0Sny0AWqoVtURw1EkEDP6AW9Om/Ou/PhfM5aC04+c4jm4Hz9Aupao9s=</latexit>

f(x)

<latexit sha1_base64="ae4qMc7SaiN/R/zwdDa1j+x0134="></latexit>

g(y, ...)

<latexit sha1_base64="aNfvLSAU6NTvInIpNjq7ewwg0g4="></latexit>

z

<latexit sha1_base64="Q6GJjsrx8UIiz7UedZ268iFsUTc=">AAACFHicbVDLTgIxFO3gC/GFunTTSExckRlDou6IblxCIo8EJqRT7kBDp9O0HROY8AVu1a9xZ9y692eMBWYh4EmanJz7Oj2B5Ewb1/12chubW9s7+d3C3v7B4VHx+KSp40RRaNCYx6odEA2cCWgYZji0pQISBRxaweh+Vm89gdIsFo9mLMGPyECwkFFirFSf9Iolt+zOgdeJl5ESylDrFX+6/ZgmEQhDOdG647nS+ClRhlEO00I30SAJHZEBdCwVJALtp3OjU3xhlT4OY2WfMHiu/p1ISaT1OApsZ0TMUC/VJOHWtIiXbqSzPkkmK6rdMyv8t6eTmPDGT5mQiQFBF6bChGMT41lCuM8UUMPHlhCqmP0XpkOiCDU2x4INzFuNZ500r8pepXxbr5Sqd1l0eXSGztEl8tA1qqIHVEMNRBGgZ/SCXp035935cD4XrTknmzlFS3C+fgEtdZ+8</latexit>

MatrixVector
∂z
∂x

=
∂z
∂y

· ∂y
∂x

<latexit sha1_base64="W04JxOny/6C5wkDt3fbLlm4S+mw="></latexit>

CHAIN RULE

∂z
∂y

<latexit sha1_base64="gbleKtHwaiJq0FL3aPnIY3ZzgXg="></latexit>
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x

<latexit sha1_base64="p3Q0vFESrwcpyRERWbDXTe+n/YE=">AAACHXicbVDLSgMxFL1TX7W+qi7dDBbBVZmRgrorunFZwT6wLSWTZtrQTBKSjFiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cgLJqDae9+3kVlbX1jfym4Wt7Z3dveL+QUOLWGFSx4IJ1QqQJoxyUjfUMNKSiqAoYKQZjK7TevOBKE0FvzNjSboRGnAaUoyMle47ETLDIEweJ71iySt7U7jLxM9ICTLUesWfTl/gOCLcYIa0bvueNN0EKUMxI5NCJ9ZEIjxCA9K2lKOI6G4ydTxxT6zSd0Oh7OPGnap/JxIUaT2OAtuZOtRzNYmYdc/F3I0k7ZPoaUG1e9LCf3vasQkvugnlMjaE45mpMGauEW4aldunimDDxpYgrKj9l4uHSCFsbKAFG5i/GM8yaZyV/Ur58rZSql5l0eXhCI7hFHw4hyrcQA3qgIHDM7zAq/PmvDsfzuesNedkM4cwB+frF+ipo9o=</latexit>

∂z/∂x

<latexit sha1_base64="SCU5O2XKSx9bb7JuyqgtVhr5Rr4="></latexit>

∂z
∂y

<latexit sha1_base64="gbleKtHwaiJq0FL3aPnIY3ZzgXg="></latexit>
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x

<latexit sha1_base64="p3Q0vFESrwcpyRERWbDXTe+n/YE=">AAACHXicbVDLSgMxFL1TX7W+qi7dDBbBVZmRgrorunFZwT6wLSWTZtrQTBKSjFiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cgLJqDae9+3kVlbX1jfym4Wt7Z3dveL+QUOLWGFSx4IJ1QqQJoxyUjfUMNKSiqAoYKQZjK7TevOBKE0FvzNjSboRGnAaUoyMle47ETLDIEweJ71iySt7U7jLxM9ICTLUesWfTl/gOCLcYIa0bvueNN0EKUMxI5NCJ9ZEIjxCA9K2lKOI6G4ydTxxT6zSd0Oh7OPGnap/JxIUaT2OAtuZOtRzNYmYdc/F3I0k7ZPoaUG1e9LCf3vasQkvugnlMjaE45mpMGauEW4aldunimDDxpYgrKj9l4uHSCFsbKAFG5i/GM8yaZyV/Ur58rZSql5l0eXhCI7hFHw4hyrcQA3qgIHDM7zAq/PmvDsfzuesNedkM4cwB+frF+ipo9o=</latexit>

∂z/∂x

<latexit sha1_base64="SCU5O2XKSx9bb7JuyqgtVhr5Rr4="></latexit>

∂z
∂y

<latexit sha1_base64="gbleKtHwaiJq0FL3aPnIY3ZzgXg="></latexit>
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x

<latexit sha1_base64="p3Q0vFESrwcpyRERWbDXTe+n/YE=">AAACHXicbVDLSgMxFL1TX7W+qi7dDBbBVZmRgrorunFZwT6wLSWTZtrQTBKSjFiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cgLJqDae9+3kVlbX1jfym4Wt7Z3dveL+QUOLWGFSx4IJ1QqQJoxyUjfUMNKSiqAoYKQZjK7TevOBKE0FvzNjSboRGnAaUoyMle47ETLDIEweJ71iySt7U7jLxM9ICTLUesWfTl/gOCLcYIa0bvueNN0EKUMxI5NCJ9ZEIjxCA9K2lKOI6G4ydTxxT6zSd0Oh7OPGnap/JxIUaT2OAtuZOtRzNYmYdc/F3I0k7ZPoaUG1e9LCf3vasQkvugnlMjaE45mpMGauEW4aldunimDDxpYgrKj9l4uHSCFsbKAFG5i/GM8yaZyV/Ur58rZSql5l0eXhCI7hFHw4hyrcQA3qgIHDM7zAq/PmvDsfzuesNedkM4cwB+frF+ipo9o=</latexit>

∂z/∂x

<latexit sha1_base64="SCU5O2XKSx9bb7JuyqgtVhr5Rr4="></latexit>

∂z
∂y

<latexit sha1_base64="gbleKtHwaiJq0FL3aPnIY3ZzgXg="></latexit>
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x

<latexit sha1_base64="p3Q0vFESrwcpyRERWbDXTe+n/YE=">AAACHXicbVDLSgMxFL1TX7W+qi7dDBbBVZmRgrorunFZwT6wLSWTZtrQTBKSjFiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cgLJqDae9+3kVlbX1jfym4Wt7Z3dveL+QUOLWGFSx4IJ1QqQJoxyUjfUMNKSiqAoYKQZjK7TevOBKE0FvzNjSboRGnAaUoyMle47ETLDIEweJ71iySt7U7jLxM9ICTLUesWfTl/gOCLcYIa0bvueNN0EKUMxI5NCJ9ZEIjxCA9K2lKOI6G4ydTxxT6zSd0Oh7OPGnap/JxIUaT2OAtuZOtRzNYmYdc/F3I0k7ZPoaUG1e9LCf3vasQkvugnlMjaE45mpMGauEW4aldunimDDxpYgrKj9l4uHSCFsbKAFG5i/GM8yaZyV/Ur58rZSql5l0eXhCI7hFHw4hyrcQA3qgIHDM7zAq/PmvDsfzuesNedkM4cwB+frF+ipo9o=</latexit>

∂z/∂x

<latexit sha1_base64="SCU5O2XKSx9bb7JuyqgtVhr5Rr4="></latexit>

∂z
∂y

<latexit sha1_base64="gbleKtHwaiJq0FL3aPnIY3ZzgXg="></latexit>
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x

<latexit sha1_base64="p3Q0vFESrwcpyRERWbDXTe+n/YE=">AAACHXicbVDLSgMxFL1TX7W+qi7dDBbBVZmRgrorunFZwT6wLSWTZtrQTBKSjFiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cgLJqDae9+3kVlbX1jfym4Wt7Z3dveL+QUOLWGFSx4IJ1QqQJoxyUjfUMNKSiqAoYKQZjK7TevOBKE0FvzNjSboRGnAaUoyMle47ETLDIEweJ71iySt7U7jLxM9ICTLUesWfTl/gOCLcYIa0bvueNN0EKUMxI5NCJ9ZEIjxCA9K2lKOI6G4ydTxxT6zSd0Oh7OPGnap/JxIUaT2OAtuZOtRzNYmYdc/F3I0k7ZPoaUG1e9LCf3vasQkvugnlMjaE45mpMGauEW4aldunimDDxpYgrKj9l4uHSCFsbKAFG5i/GM8yaZyV/Ur58rZSql5l0eXhCI7hFHw4hyrcQA3qgIHDM7zAq/PmvDsfzuesNedkM4cwB+frF+ipo9o=</latexit>

∂z/∂x

<latexit sha1_base64="SCU5O2XKSx9bb7JuyqgtVhr5Rr4="></latexit>

∂z
∂y

<latexit sha1_base64="gbleKtHwaiJq0FL3aPnIY3ZzgXg="></latexit>

∂z
∂x

=
∂z
∂y

· ∂y
∂x

<latexit sha1_base64="W04JxOny/6C5wkDt3fbLlm4S+mw="></latexit>
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Gradient-based optimization
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x

<latexit sha1_base64="p3Q0vFESrwcpyRERWbDXTe+n/YE=">AAACHXicbVDLSgMxFL1TX7W+qi7dDBbBVZmRgrorunFZwT6wLSWTZtrQTBKSjFiH/oVb9WvciVvxZ8RMOwvbeiBwOPd1cgLJqDae9+3kVlbX1jfym4Wt7Z3dveL+QUOLWGFSx4IJ1QqQJoxyUjfUMNKSiqAoYKQZjK7TevOBKE0FvzNjSboRGnAaUoyMle47ETLDIEweJ71iySt7U7jLxM9ICTLUesWfTl/gOCLcYIa0bvueNN0EKUMxI5NCJ9ZEIjxCA9K2lKOI6G4ydTxxT6zSd0Oh7OPGnap/JxIUaT2OAtuZOtRzNYmYdc/F3I0k7ZPoaUG1e9LCf3vasQkvugnlMjaE45mpMGauEW4aldunimDDxpYgrKj9l4uHSCFsbKAFG5i/GM8yaZyV/Ur58rZSql5l0eXhCI7hFHw4hyrcQA3qgIHDM7zAq/PmvDsfzuesNedkM4cwB+frF+ipo9o=</latexit>

∂z/∂x

<latexit sha1_base64="SCU5O2XKSx9bb7JuyqgtVhr5Rr4="></latexit>

Challenges 

1. How to do this (at all?) 

2. How to do it efficiently? 

3. How to deal with edges? 

4. How to make it robust?

∂z
∂y

<latexit sha1_base64="gbleKtHwaiJq0FL3aPnIY3ZzgXg="></latexit>

∂z
∂x

=
∂z
∂y

· ∂y
∂x

<latexit sha1_base64="W04JxOny/6C5wkDt3fbLlm4S+mw="></latexit>
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How to do this (at all?)

19

Use finite differences!

∂y
∂xi

=
f (x + # ei)� f (x � # ei)

2 #

<latexit sha1_base64="7T5QVlBd5yUDAeDsu0sAseJa5fo="></latexit>
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How to do this (at all?)

19

Use finite differences!

∂y
∂xi

=
f (x + # ei)� f (x � # ei)

2 #

<latexit sha1_base64="7T5QVlBd5yUDAeDsu0sAseJa5fo="></latexit>

Potential problems:

- Bad approximation (big   ), rounding error (small   )#

<latexit sha1_base64="2jExYGRlefhe83VOdskJm6HoUKw=">AAACaXicbVHLSgMxFM2Mr1qf1Y3oZrAUXEiZkYK6K7pxqWC10JZyJ73ThmaSkGSEWvoZbvW7/AZ/wkytYqsXAodzz32dxIozY8Pw3fOXlldW1wrrxY3Nre2d3dLeg5GZptigkkvdjMEgZwIbllmOTaUR0pjjYzy8zvOPT6gNk+LejhR2UugLljAK1lGt9hNoVIZxKbq75bAaTiP4C6IZKJNZ3HZL3k27J2mWorCUgzGtKFS2MwZtGeU4KbYzgwroEPrYclBAiqYznu48CSqO6QWJ1O4JG0zZ3xVjSI0ZpbFTpmAHplj5nVTA3QFCThZLcu3pd+liMp9k5tlcr+B5oZFgFBMN9N/2PxvN3WeTi86YCZVZFPTrvCTjgZVBbnvQYxqp5SMHgGrmHAroANwI6z6n6LyPFp3+Cx7OqlGtenlXK9evZr9QIEfkmJyQiJyTOrkht6RBKJHkhbySN+/DL/kH/uGX1PdmNftkLvzyJ5x+vk8=</latexit>

#

<latexit sha1_base64="2jExYGRlefhe83VOdskJm6HoUKw=">AAACaXicbVHLSgMxFM2Mr1qf1Y3oZrAUXEiZkYK6K7pxqWC10JZyJ73ThmaSkGSEWvoZbvW7/AZ/wkytYqsXAodzz32dxIozY8Pw3fOXlldW1wrrxY3Nre2d3dLeg5GZptigkkvdjMEgZwIbllmOTaUR0pjjYzy8zvOPT6gNk+LejhR2UugLljAK1lGt9hNoVIZxKbq75bAaTiP4C6IZKJNZ3HZL3k27J2mWorCUgzGtKFS2MwZtGeU4KbYzgwroEPrYclBAiqYznu48CSqO6QWJ1O4JG0zZ3xVjSI0ZpbFTpmAHplj5nVTA3QFCThZLcu3pd+liMp9k5tlcr+B5oZFgFBMN9N/2PxvN3WeTi86YCZVZFPTrvCTjgZVBbnvQYxqp5SMHgGrmHAroANwI6z6n6LyPFp3+Cx7OqlGtenlXK9evZr9QIEfkmJyQiJyTOrkht6RBKJHkhbySN+/DL/kH/uGX1PdmNftkLvzyJ5x+vk8=</latexit>

[Wikipedia]
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Use finite differences!

∂y
∂xi

=
f (x + # ei)� f (x � # ei)

2 #

<latexit sha1_base64="7T5QVlBd5yUDAeDsu0sAseJa5fo="></latexit>

Potential problems:

- Bad approximation (big   ), rounding error (small   )

- Need to correlate Monte Carlo samples 

#

<latexit sha1_base64="2jExYGRlefhe83VOdskJm6HoUKw=">AAACaXicbVHLSgMxFM2Mr1qf1Y3oZrAUXEiZkYK6K7pxqWC10JZyJ73ThmaSkGSEWvoZbvW7/AZ/wkytYqsXAodzz32dxIozY8Pw3fOXlldW1wrrxY3Nre2d3dLeg5GZptigkkvdjMEgZwIbllmOTaUR0pjjYzy8zvOPT6gNk+LejhR2UugLljAK1lGt9hNoVIZxKbq75bAaTiP4C6IZKJNZ3HZL3k27J2mWorCUgzGtKFS2MwZtGeU4KbYzgwroEPrYclBAiqYznu48CSqO6QWJ1O4JG0zZ3xVjSI0ZpbFTpmAHplj5nVTA3QFCThZLcu3pd+liMp9k5tlcr+B5oZFgFBMN9N/2PxvN3WeTi86YCZVZFPTrvCTjgZVBbnvQYxqp5SMHgGrmHAroANwI6z6n6LyPFp3+Cx7OqlGtenlXK9evZr9QIEfkmJyQiJyTOrkht6RBKJHkhbySN+/DL/kH/uGX1PdmNftkLvzyJ5x+vk8=</latexit>

#

<latexit sha1_base64="2jExYGRlefhe83VOdskJm6HoUKw=">AAACaXicbVHLSgMxFM2Mr1qf1Y3oZrAUXEiZkYK6K7pxqWC10JZyJ73ThmaSkGSEWvoZbvW7/AZ/wkytYqsXAodzz32dxIozY8Pw3fOXlldW1wrrxY3Nre2d3dLeg5GZptigkkvdjMEgZwIbllmOTaUR0pjjYzy8zvOPT6gNk+LejhR2UugLljAK1lGt9hNoVIZxKbq75bAaTiP4C6IZKJNZ3HZL3k27J2mWorCUgzGtKFS2MwZtGeU4KbYzgwroEPrYclBAiqYznu48CSqO6QWJ1O4JG0zZ3xVjSI0ZpbFTpmAHplj5nVTA3QFCThZLcu3pd+liMp9k5tlcr+B5oZFgFBMN9N/2PxvN3WeTi86YCZVZFPTrvCTjgZVBbnvQYxqp5SMHgGrmHAroANwI6z6n6LyPFp3+Cx7OqlGtenlXK9evZr9QIEfkmJyQiJyTOrkht6RBKJHkhbySN+/DL/kH/uGX1PdmNftkLvzyJ5x+vk8=</latexit>

[Wikipedia]
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How to do this (at all?)

19

Use finite differences!

∂y
∂xi

=
f (x + # ei)� f (x � # ei)

2 #

<latexit sha1_base64="7T5QVlBd5yUDAeDsu0sAseJa5fo="></latexit>

Potential problems:

- Bad approximation (big   ), rounding error (small   )

- Need to correlate Monte Carlo samples 

- Extremely slow when many there are many parameters.

#

<latexit sha1_base64="2jExYGRlefhe83VOdskJm6HoUKw=">AAACaXicbVHLSgMxFM2Mr1qf1Y3oZrAUXEiZkYK6K7pxqWC10JZyJ73ThmaSkGSEWvoZbvW7/AZ/wkytYqsXAodzz32dxIozY8Pw3fOXlldW1wrrxY3Nre2d3dLeg5GZptigkkvdjMEgZwIbllmOTaUR0pjjYzy8zvOPT6gNk+LejhR2UugLljAK1lGt9hNoVIZxKbq75bAaTiP4C6IZKJNZ3HZL3k27J2mWorCUgzGtKFS2MwZtGeU4KbYzgwroEPrYclBAiqYznu48CSqO6QWJ1O4JG0zZ3xVjSI0ZpbFTpmAHplj5nVTA3QFCThZLcu3pd+liMp9k5tlcr+B5oZFgFBMN9N/2PxvN3WeTi86YCZVZFPTrvCTjgZVBbnvQYxqp5SMHgGrmHAroANwI6z6n6LyPFp3+Cx7OqlGtenlXK9evZr9QIEfkmJyQiJyTOrkht6RBKJHkhbySN+/DL/kH/uGX1PdmNftkLvzyJ5x+vk8=</latexit>

#

<latexit sha1_base64="2jExYGRlefhe83VOdskJm6HoUKw=">AAACaXicbVHLSgMxFM2Mr1qf1Y3oZrAUXEiZkYK6K7pxqWC10JZyJ73ThmaSkGSEWvoZbvW7/AZ/wkytYqsXAodzz32dxIozY8Pw3fOXlldW1wrrxY3Nre2d3dLeg5GZptigkkvdjMEgZwIbllmOTaUR0pjjYzy8zvOPT6gNk+LejhR2UugLljAK1lGt9hNoVIZxKbq75bAaTiP4C6IZKJNZ3HZL3k27J2mWorCUgzGtKFS2MwZtGeU4KbYzgwroEPrYclBAiqYznu48CSqO6QWJ1O4JG0zZ3xVjSI0ZpbFTpmAHplj5nVTA3QFCThZLcu3pd+liMp9k5tlcr+B5oZFgFBMN9N/2PxvN3WeTi86YCZVZFPTrvCTjgZVBbnvQYxqp5SMHgGrmHAroANwI6z6n6LyPFp3+Cx7OqlGtenlXK9evZr9QIEfkmJyQiJyTOrkht6RBKJHkhbySN+/DL/kH/uGX1PdmNftkLvzyJ5x+vk8=</latexit>

[Wikipedia]
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Differential Monte Carlo

20

“Monte-Carlo calculation of derivatives of func-
tionals from the solution of the transfer equation 
according to the parameters of the system” 

G. A. Mikhailov, Novosibirsk, July 1966

“Monte Carlo Analysis of Reactivity 
Coefficients in Fast Reactors, General Theory 
and Applications” 

L.B. Miller, Argonne Natl. Laboratory, 
March 1967
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Let’s differentiate the rendering equation

Lo(x, w) = Le(x, w) +
Z

S2
Li(x, w0) fs(x, w, w0) cos q dw0

<latexit sha1_base64="LG+6w2PakaggQIJcrhn9G8ZJMWY="></latexit>

Lo(x, w) = Le(x, w) +
Z

S2
Li(x, w0) fs(x, w, w0) cos q dw0

<latexit sha1_base64="LG+6w2PakaggQIJcrhn9G8ZJMWY="></latexit>

Lo(x, w) = Le(x, w) +
Z

S2
Li(x, w0) fs(x, w, w0) cos q dw0

<latexit sha1_base64="LG+6w2PakaggQIJcrhn9G8ZJMWY="></latexit>
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<latexit sha1_base64="LG+6w2PakaggQIJcrhn9G8ZJMWY="></latexit>

Lo(x, w) = Le(x, w) +
Z

S2
Li(x, w0) fs(x, w, w0) cos q dw0

<latexit sha1_base64="LG+6w2PakaggQIJcrhn9G8ZJMWY="></latexit>

) +
Z

S2
Li(x, w0) fs(x, w, w0) cos q dw0



RGL Realistic Graphics Lab

Let’s differentiate the rendering equation

Lo(x, w) = Le(x, w) +
Z

S2
Li(x, w0) fs(x, w, w0) cos q dw0

<latexit sha1_base64="LG+6w2PakaggQIJcrhn9G8ZJMWY="></latexit>

) = Le(x, w) +Lo(x, w) = Le(x, w) +
Z

S2
Li(x, w0) fs(x, w, w0) cos q dw0

<latexit sha1_base64="LG+6w2PakaggQIJcrhn9G8ZJMWY="></latexit>



RGL Realistic Graphics Lab

Let’s differentiate the rendering equation

Lo(x, w) = Le(x, w) +
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Lo(x, w) = Le(x, w) +
Z

S2
Li(x, w0) fs(x, w, w0) cos q dw0

<latexit sha1_base64="LG+6w2PakaggQIJcrhn9G8ZJMWY="></latexit>

∂x

<latexit sha1_base64="KjN4DFZ2wT0RNg243oU1pw0hj34="></latexit>

derivative wrt. scene parameters
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Z

S2
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<latexit sha1_base64="LG+6w2PakaggQIJcrhn9G8ZJMWY="></latexit>

) +
Z

S2
Li(x, w0) fs(x, w, w0) cos q dw0∂x

<latexit sha1_base64="KjN4DFZ2wT0RNg243oU1pw0hj34="></latexit>

∂x

<latexit sha1_base64="KjN4DFZ2wT0RNg243oU1pw0hj34="></latexit>

derivative wrt. scene parameters
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Let’s differentiate the rendering equation
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Z
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) +
Z

S2
Li(x, w0) fs(x, w, w0) cos q dw0∂x

<latexit sha1_base64="KjN4DFZ2wT0RNg243oU1pw0hj34="></latexit>
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<latexit sha1_base64="LG+6w2PakaggQIJcrhn9G8ZJMWY="></latexit>



<latexit sha1_base64="nFwMCt4o3o0TgJtjZb/KmDuHkbY=">AAACZHicbVHdSsMwGE3r36xTN4dXghTHwAsZrQzUu6E3u5zgfmArI83SLZqmIUmFWfYO3uqb+QI+h+lWZev8IHA43/n+TnxOiVSO82WYW9s7u3uFfeugeHh0XCqfdGUUC4Q7KKKR6PtQYkoY7iiiKO5zgWHoU9zzXx7SfO8VC0ki9qRmHHshnDASEASVprpDn0wmg1Gp6tSdRdibwM1AFWTRHpWN1nAcoTjETCEKpRy4DldeAoUiiOK5NYwl5hC9wAkeaMhgiKWXLNad2zXNjO0gEvoxZS/Y1YoEhlLOQl8rQ6im0qqtJjmkencWzfMlqfbqtzSfTCfJdTbVc/iWa8QIwoGA6N/2fxut3aeCWy8hjMcKM7Q8L4iprSI7ddweE4GRojMNIBJEO2SjKdQjlP4XS3vv5p3eBN3rutuo3z02qs377BcK4AxcgEvgghvQBC3QBh2AwDN4Bx/g0/g2i2bFPF1KTSOrqYC1MM9/AD21u84=</latexit>
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Li(x, w0) fs(x, w, w0) cos q dw0

<latexit sha1_base64="LG+6w2PakaggQIJcrhn9G8ZJMWY="></latexit>
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<latexit sha1_base64="KjN4DFZ2wT0RNg243oU1pw0hj34="></latexit>
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∂x

<latexit sha1_base64="KjN4DFZ2wT0RNg243oU1pw0hj34="></latexit>

) = Le(x, w) +∂x

) +
Z

S2
L


0) fs(x, w, w0)∂x
Z

S2
Li(x, w0)

Lo(x, w) = Le(x, w) +
Z
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<latexit sha1_base64="LG+6w2PakaggQIJcrhn9G8ZJMWY="></latexit>

∂x

<latexit sha1_base64="KjN4DFZ2wT0RNg243oU1pw0hj34="></latexit>
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<latexit sha1_base64="LG+6w2PakaggQIJcrhn9G8ZJMWY="></latexit>

Differential radiance is “emitted” by scene 
objects with differentiable parameters

 TL;DR
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S2
Li(x, w0) fs(x, w, w0) cos q dw0

<latexit sha1_base64="LG+6w2PakaggQIJcrhn9G8ZJMWY="></latexit>

∂x

<latexit sha1_base64="KjN4DFZ2wT0RNg243oU1pw0hj34="></latexit>



<latexit sha1_base64="nFwMCt4o3o0TgJtjZb/KmDuHkbY=">AAACZHicbVHdSsMwGE3r36xTN4dXghTHwAsZrQzUu6E3u5zgfmArI83SLZqmIUmFWfYO3uqb+QI+h+lWZev8IHA43/n+TnxOiVSO82WYW9s7u3uFfeugeHh0XCqfdGUUC4Q7KKKR6PtQYkoY7iiiKO5zgWHoU9zzXx7SfO8VC0ki9qRmHHshnDASEASVprpDn0wmg1Gp6tSdRdibwM1AFWTRHpWN1nAcoTjETCEKpRy4DldeAoUiiOK5NYwl5hC9wAkeaMhgiKWXLNad2zXNjO0gEvoxZS/Y1YoEhlLOQl8rQ6im0qqtJjmkencWzfMlqfbqtzSfTCfJdTbVc/iWa8QIwoGA6N/2fxut3aeCWy8hjMcKM7Q8L4iprSI7ddweE4GRojMNIBJEO2SjKdQjlP4XS3vv5p3eBN3rutuo3z02qs377BcK4AxcgEvgghvQBC3QBh2AwDN4Bx/g0/g2i2bFPF1KTSOrqYC1MM9/AD21u84=</latexit>

Lo(x, w) = Le(x, w) +
Z

S2
Li(x, w0) fs(x, w, w0) cos q dw0

<latexit sha1_base64="LG+6w2PakaggQIJcrhn9G8ZJMWY="></latexit>

Differential radiance is “emitted” by scene 
objects with differentiable parameters

Differential radiance 
“scatters” like 

normal radiance

 TL;DR
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∂z
∂x

=
∂z
∂y

· ∂y
∂x

<latexit sha1_base64="W04JxOny/6C5wkDt3fbLlm4S+mw="></latexit>
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∂z
∂x

=
∂z
∂y

· ∂y
∂x

<latexit sha1_base64="W04JxOny/6C5wkDt3fbLlm4S+mw="></latexit>

∂z
∂y

<latexit sha1_base64="gbleKtHwaiJq0FL3aPnIY3ZzgXg="></latexit>
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Derivative wrt. parameters

Derivative wrt. objective

Dot product (discrete)

Gradients
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Derivative wrt. parameters

Derivative wrt. objective

Dot product (discrete)

Gradients
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What is wrong with this approach?

28

1MPix rendering &  
1M parameters:
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What is wrong with this approach?

28

∂y
∂x

2 R1000000⇥1000000

<latexit sha1_base64="R3LAQxgV5FpI46tVoru7Y4nnrD4="></latexit>

(~3.6 TiB)

1MPix rendering &  
1M parameters:
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Directionality of differentiation
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Forward mode

×
+
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Forward mode

×
+

Gradient
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Directionality of differentiation
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Forward mode

×
+

Gradient

struct ad_float {
    float value;
    float derivative;  
};
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Directionality of differentiation
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×
+
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Directionality of differentiation
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Reverse mode

×
+
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Directionality of differentiation

30

Reverse mode

×
+

Gradient
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Directionality of differentiation

30

Reverse mode

×
+

Program execution

Differentiation
Gradient
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Differentiable rendering in Mitsuba 2

31

Point2f sample = sampler->next_2d(); 

Ray3f ray = camera->sample_ray(sample); 

SurfaceInteraction3f si = scene->ray_intersect(ray) 

BSDFSample3f bsdf_sample = si.bsdf->sample(sampler.next_2d()) 
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Differentiable rendering in Mitsuba 2

31

Point2f sample = sampler->next_2d(); 

Ray3f ray = camera->sample_ray(sample); 

SurfaceInteraction3f si = scene->ray_intersect(ray) 

BSDFSample3f bsdf_sample = si.bsdf->sample(sampler.next_2d()) 
mov.$b0 $r0, 0x00000001

Type: cuda u32 Size: 1

ID #7 E:0 I:2

add.$t0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #334 E:0 I:1

 2

add.$t0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #352 E:0 I:1

 2

[evaluated array]

Type: cuda u64 Size: 1024

ID #10 E:1 I:0

mov.$b0 $r0, 0x5851f42d4c957f2d

Type: cuda u64 Size: 1

ID #11 E:0 I:2

mul.lo.$t0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #324 E:0 I:1

 2

mul.lo.$t0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #342 E:0 I:1

 2

mov.$b0 $r0, 0x00000012

Type: cuda u32 Size: 1

ID #50 E:0 I:2

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #326 E:0 I:1

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #344 E:0 I:1

 2

mov.$b0 $r0, 0x0000001b

Type: cuda u32 Size: 1

ID #53 E:0 I:2

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #328 E:0 I:1

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #346 E:0 I:1

 2

mov.$b0 $r0, 0x0000003b

Type: cuda u32 Size: 1

ID #56 E:0 I:2

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #330 E:0 I:1

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #348 E:0 I:1

 2

mov.$b0 $r0, 0x0000001f

Type: cuda u32 Size: 1

ID #62 E:0 I:2

and.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #335 E:0 I:1

 2

and.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #353 E:0 I:1

 2

mov.$b0 $r0, 0x00000009

Type: cuda u32 Size: 1

ID #66 E:0 I:2

shr.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #338 E:0 I:1

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #356 E:0 I:1

 2

mov.$b0 $r0, 0x3f800000

Type: cuda u32 Size: 1

ID #68 E:0 I:2

or.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #339 E:0 I:1

 2

or.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #357 E:0 I:1

 2

mov.$t0 $r0, 0f3f800000

Type: cuda f32 Size: 1

ID #71 E:0 I:2

sub.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #341 E:2 I:0

 2

sub.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #359 E:2 I:0

 2

[evaluated array]

Type: cuda u64 Size: 1024

ID #115 E:1 I:0

[evaluated array]

Type: cuda u64 Size: 1024

ID #295 E:1 I:2

add.$t0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #325 E:0 I:4

 2

add.$t0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #343 E:1 I:0

 2

[evaluated array]

Type: cuda u64 Size: 1024

ID #311 E:0 I:4

 1

 1

xor.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #327 E:0 I:1

 2

 1 1

 1  1

xor.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #345 E:0 I:1

 2

 1

 1

 1

cvt.$t0.$t1 $r0, $r1

Type: cuda u32 Size: 1024

ID #329 E:0 I:2

 1

shr.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #332 E:0 I:1

 1

shl.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #336 E:0 I:1

 1

cvt.$t0.$t1 $r0, $r1

Type: cuda u32 Size: 1024

ID #331 E:0 I:2

 1

 2

not.$b0 $r0, $r1

Type: cuda u32 Size: 1024

ID #333 E:0 I:1

 1

or.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #337 E:0 I:1

 1

 1

 1

 2

 2

 1

 1

mov.$b0 $r0, $r1

Type: cuda f32 Size: 1024

ID #340 E:0 I:1

 1

 1

 1  1

 1

cvt.$t0.$t1 $r0, $r1

Type: cuda u32 Size: 1024

ID #347 E:0 I:2

 1

shr.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #350 E:0 I:1

 1

shl.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #354 E:0 I:1

 1

cvt.$t0.$t1 $r0, $r1

Type: cuda u32 Size: 1024

ID #349 E:0 I:2

 1

 2

not.$b0 $r0, $r1

Type: cuda u32 Size: 1024

ID #351 E:0 I:1

 1

or.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #355 E:0 I:1

 1

 1

 1

 2

 2

 1

 1

mov.$b0 $r0, $r1

Type: cuda f32 Size: 1024

ID #358 E:0 I:1

 1

 1
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Point2f sample = sampler->next_2d(); 

Ray3f ray = camera->sample_ray(sample); 

SurfaceInteraction3f si = scene->ray_intersect(ray) 

BSDFSample3f bsdf_sample = si.bsdf->sample(sampler.next_2d()) 

[evaluated array]

Type: cuda u64 Size: 1024

ID #10 E:1 I:2

add.$t0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #114 E:0 I:4

 2

add.$t0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #140 E:1 I:0

 2

[evaluated array]

Type: cuda u64 Size: 1024

ID #31 E:0 I:4

mul.lo.$t0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #113 E:0 I:1

 1

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #116 E:0 I:1

 1

xor.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #117 E:0 I:1

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #122 E:0 I:1

 1

[evaluated array]

Label: "view_0_0"

Type: cuda f32 Size: 1

ID #80 E:1 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #158 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #162 E:0 I:1

 1

[evaluated array]

Label: "view_0_1"

Type: cuda f32 Size: 1

ID #81 E:1 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #159 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #163 E:0 I:1

 1

[evaluated array]

Label: "view_0_2"

Type: cuda f32 Size: 1

ID #82 E:1 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #160 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #164 E:0 I:1

 1

[evaluated array]

Label: "view_0_3"

Type: cuda f32 Size: 1

ID #83 E:1 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #161 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #165 E:0 I:1

 1

[evaluated array]

Label: "view_1_0"

Type: cuda f32 Size: 1

ID #84 E:1 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #166 E:0 I:1

 1

[evaluated array]

Label: "view_1_1"

Type: cuda f32 Size: 1

ID #85 E:1 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #167 E:0 I:1

 1

[evaluated array]

Label: "view_1_2"

Type: cuda f32 Size: 1

ID #86 E:1 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #168 E:0 I:1

 1

[evaluated array]

Label: "view_1_3"

Type: cuda f32 Size: 1

ID #87 E:1 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #169 E:0 I:1

 1

[evaluated array]

Label: "view_2_0"

Type: cuda f32 Size: 1

ID #88 E:1 I:0

[evaluated array]

Label: "view_2_1"

Type: cuda f32 Size: 1

ID #89 E:1 I:0

[evaluated array]

Label: "view_2_2"

Type: cuda f32 Size: 1

ID #90 E:1 I:0

[evaluated array]

Label: "view_2_3"

Type: cuda f32 Size: 1

ID #91 E:1 I:0

[evaluated array]

Label: "view_3_0"

Type: cuda f32 Size: 1

ID #92 E:1 I:1

add.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #170 E:0 I:2

 1

[evaluated array]

Label: "view_3_1"

Type: cuda f32 Size: 1

ID #93 E:1 I:1

add.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #171 E:0 I:2

 1

[evaluated array]

Label: "view_3_2"

Type: cuda f32 Size: 1

ID #94 E:1 I:1

add.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #172 E:0 I:7

 1

[evaluated array]

Label: "view_3_3"

Type: cuda f32 Size: 1

ID #95 E:1 I:1

add.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #173 E:0 I:2

 1

[evaluated array]

Label: "view_0_0"

Type: cuda f32 Size: 1

ID #96 E:4 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #200 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #204 E:0 I:1

 1

[evaluated array]

Label: "view_0_1"

Type: cuda f32 Size: 1

ID #97 E:4 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #201 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #205 E:0 I:1

 1

[evaluated array]

Label: "view_0_2"

Type: cuda f32 Size: 1

ID #98 E:4 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #202 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #206 E:0 I:1

 1

[evaluated array]

Label: "view_0_3"

Type: cuda f32 Size: 1

ID #99 E:4 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #203 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #207 E:0 I:1

 1

[evaluated array]

Label: "view_1_0"

Type: cuda f32 Size: 1

ID #100 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #208 E:0 I:1

 1

[evaluated array]

Label: "view_1_1"

Type: cuda f32 Size: 1

ID #101 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #209 E:0 I:1

 1

[evaluated array]

Label: "view_1_2"

Type: cuda f32 Size: 1

ID #102 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #210 E:0 I:1

 1

[evaluated array]

Label: "view_1_3"

Type: cuda f32 Size: 1

ID #103 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #211 E:0 I:1

 1

[evaluated array]

Label: "view_2_0"

Type: cuda f32 Size: 1

ID #104 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #212 E:2 I:0

 1

[evaluated array]

Label: "view_2_1"

Type: cuda f32 Size: 1

ID #105 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #213 E:2 I:0

 1

[evaluated array]

Label: "view_2_2"

Type: cuda f32 Size: 1

ID #106 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #214 E:2 I:0

 1

[evaluated array]

Label: "view_2_3"

Type: cuda f32 Size: 1

ID #107 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #215 E:2 I:0

 1

[evaluated array]

Label: "view_3_0"

Type: cuda f32 Size: 1

ID #108 E:2 I:0

[evaluated array]

Label: "view_3_1"

Type: cuda f32 Size: 1

ID #109 E:2 I:0

[evaluated array]

Label: "view_3_2"

Type: cuda f32 Size: 1

ID #110 E:2 I:0

[evaluated array]

Label: "view_3_3"

Type: cuda f32 Size: 1

ID #111 E:2 I:0

mov.$b0 $r0, 0x5851f42d4c957f2d

Type: cuda u64 Size: 1

ID #112 E:0 I:2

 2

mul.lo.$t0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #139 E:0 I:1

 2 1

 1

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #141 E:0 I:1

 1

xor.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #142 E:0 I:1

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #145 E:0 I:1

 1

mov.$b0 $r0, 0x00000012

Type: cuda u32 Size: 1

ID #115 E:0 I:2

 2  2

 1

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #119 E:0 I:1

 1

mov.$b0 $r0, 0x0000001b

Type: cuda u32 Size: 1

ID #118 E:0 I:2

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #143 E:0 I:1

 2

cvt.$t0.$t1 $r0, $r1

Type: cuda u32 Size: 1024

ID #120 E:0 I:2

 1

shr.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #124 E:0 I:1

 1

shl.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #130 E:0 I:1

 1

mov.$b0 $r0, 0x0000003b

Type: cuda u32 Size: 1

ID #121 E:0 I:2

 2  2

cvt.$t0.$t1 $r0, $r1

Type: cuda u32 Size: 1024

ID #123 E:0 I:2

 1

 2

not.$b0 $r0, $r1

Type: cuda u32 Size: 1024

ID #125 E:0 I:1

 1

or.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #131 E:0 I:1

 1

add.$t0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #127 E:0 I:1

 1

mov.$b0 $r0, 0x00000001

Type: cuda u32 Size: 1

ID #126 E:0 I:2

 2

add.$t0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #149 E:0 I:1

 2

and.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #129 E:0 I:1

 1

mov.$b0 $r0, 0x0000001f

Type: cuda u32 Size: 1

ID #128 E:0 I:2

 2

and.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #150 E:0 I:1

 2

 2

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #133 E:0 I:1

 1

mov.$b0 $r0, 0x00000009

Type: cuda u32 Size: 1

ID #132 E:0 I:2

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #153 E:0 I:1

 2

or.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #135 E:0 I:1

 1

mov.$b0 $r0, 0x3f800000

Type: cuda u32 Size: 1

ID #134 E:0 I:2

 2

or.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #154 E:0 I:1

 2

mov.$b0 $r0, $r1

Type: cuda f32 Size: 1024

ID #136 E:0 I:1

 1

sub.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #138 E:9 I:8

 1

mov.$t0 $r0, 0f3f800000

Type: cuda f32 Size: 1

ID #137 E:38 I:2

 2

sub.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #156 E:5 I:4

 2 2 2  2  2

 2 2  2  2

 1 1

 1

cvt.$t0.$t1 $r0, $r1

Type: cuda u32 Size: 1024

ID #144 E:0 I:2

 1

shr.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #147 E:0 I:1

 1

shl.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #151 E:0 I:1

 1

cvt.$t0.$t1 $r0, $r1

Type: cuda u32 Size: 1024

ID #146 E:0 I:2

 1

 2

not.$b0 $r0, $r1

Type: cuda u32 Size: 1024

ID #148 E:0 I:1

 1

or.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #152 E:0 I:1

 1

 1

 1

 2

 2

 1

 1

mov.$b0 $r0, $r1

Type: cuda f32 Size: 1024

ID #155 E:0 I:1

 1

 1

 2 2  2  2

 3 3  3  3

 3 3  3  3

 2

 2

 2  2

div.rn.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #174 E:4 I:3

 1

neg.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #176 E:0 I:1

 1

div.rn.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #179 E:4 I:3

 1

neg.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #180 E:0 I:1

 1

 2

rcp.approx.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #175 E:4 I:2

 1

 2

div.rn.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #182 E:4 I:3

 1  2

neg.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #183 E:0 I:1

 1

div.rn.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #185 E:1 I:0

 2  1

neg.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #186 E:0 I:1

 1

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #188 E:0 I:1

 1  2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #196 E:8 I:8

 1

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #177 E:0 I:4

 1 2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #178 E:1 I:0

 1

 2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #181 E:1 I:0

 2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #184 E:1 I:0

 2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #187 E:1 I:0

 2

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #189 E:0 I:1

 1  2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #197 E:4 I:4

 1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #190 E:0 I:1

 1  2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #198 E:4 I:4

 1

 1  1

 3

 3

rsqrt.approx.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #191 E:3 I:6

 1

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #192 E:0 I:1

 1  2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #193 E:0 I:1

 1

 2

 2

 2

 2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #195 E:1 I:0

 2

mov.$t0 $r0, 0fbf000000

Type: cuda f32 Size: 1

ID #194 E:0 I:1

 1

 2 2  2  2

 2 2  2  2

 2 2  2  2

 2 2  2  2

 3 3  3  3

 3 3  3  3

 3 3  3  3
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Differentiable rendering in Mitsuba 2
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Point2f sample = sampler->next_2d(); 

Ray3f ray = camera->sample_ray(sample); 

SurfaceInteraction3f si = scene->ray_intersect(ray) 

BSDFSample3f bsdf_sample = si.bsdf->sample(sampler.next_2d()) 

Reverse-mode AD

Renderer

Lazy JIT compiler

[evaluated array]

Type: cuda u64 Size: 1024

ID #10 E:1 I:2

add.$t0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #114 E:0 I:4

 2

add.$t0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #140 E:1 I:0

 2

[evaluated array]

Type: cuda u64 Size: 1024

ID #31 E:0 I:4

mul.lo.$t0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #113 E:0 I:1

 1

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #116 E:0 I:1

 1

xor.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #117 E:0 I:1

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #122 E:0 I:1

 1

[evaluated array]

Label: "view_0_0"

Type: cuda f32 Size: 1

ID #80 E:1 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #158 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #162 E:0 I:1

 1

[evaluated array]

Label: "view_0_1"

Type: cuda f32 Size: 1

ID #81 E:1 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #159 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #163 E:0 I:1

 1

[evaluated array]

Label: "view_0_2"

Type: cuda f32 Size: 1

ID #82 E:1 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #160 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #164 E:0 I:1

 1

[evaluated array]

Label: "view_0_3"

Type: cuda f32 Size: 1

ID #83 E:1 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #161 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #165 E:0 I:1

 1

[evaluated array]

Label: "view_1_0"

Type: cuda f32 Size: 1

ID #84 E:1 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #166 E:0 I:1

 1

[evaluated array]

Label: "view_1_1"

Type: cuda f32 Size: 1

ID #85 E:1 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #167 E:0 I:1

 1

[evaluated array]

Label: "view_1_2"

Type: cuda f32 Size: 1

ID #86 E:1 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #168 E:0 I:1

 1

[evaluated array]

Label: "view_1_3"

Type: cuda f32 Size: 1

ID #87 E:1 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #169 E:0 I:1

 1

[evaluated array]

Label: "view_2_0"

Type: cuda f32 Size: 1

ID #88 E:1 I:0

[evaluated array]

Label: "view_2_1"

Type: cuda f32 Size: 1

ID #89 E:1 I:0

[evaluated array]

Label: "view_2_2"

Type: cuda f32 Size: 1

ID #90 E:1 I:0

[evaluated array]

Label: "view_2_3"

Type: cuda f32 Size: 1

ID #91 E:1 I:0

[evaluated array]

Label: "view_3_0"

Type: cuda f32 Size: 1

ID #92 E:1 I:1

add.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #170 E:0 I:2

 1

[evaluated array]

Label: "view_3_1"

Type: cuda f32 Size: 1

ID #93 E:1 I:1

add.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #171 E:0 I:2

 1

[evaluated array]

Label: "view_3_2"

Type: cuda f32 Size: 1

ID #94 E:1 I:1

add.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #172 E:0 I:7

 1

[evaluated array]

Label: "view_3_3"

Type: cuda f32 Size: 1

ID #95 E:1 I:1

add.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #173 E:0 I:2

 1

[evaluated array]

Label: "view_0_0"

Type: cuda f32 Size: 1

ID #96 E:4 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #200 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #204 E:0 I:1

 1

[evaluated array]

Label: "view_0_1"

Type: cuda f32 Size: 1

ID #97 E:4 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #201 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #205 E:0 I:1

 1

[evaluated array]

Label: "view_0_2"

Type: cuda f32 Size: 1

ID #98 E:4 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #202 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #206 E:0 I:1

 1

[evaluated array]

Label: "view_0_3"

Type: cuda f32 Size: 1

ID #99 E:4 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #203 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #207 E:0 I:1

 1

[evaluated array]

Label: "view_1_0"

Type: cuda f32 Size: 1

ID #100 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #208 E:0 I:1

 1

[evaluated array]

Label: "view_1_1"

Type: cuda f32 Size: 1

ID #101 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #209 E:0 I:1

 1

[evaluated array]

Label: "view_1_2"

Type: cuda f32 Size: 1

ID #102 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #210 E:0 I:1

 1

[evaluated array]

Label: "view_1_3"

Type: cuda f32 Size: 1

ID #103 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #211 E:0 I:1

 1

[evaluated array]

Label: "view_2_0"

Type: cuda f32 Size: 1

ID #104 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #212 E:2 I:0

 1

[evaluated array]

Label: "view_2_1"

Type: cuda f32 Size: 1

ID #105 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #213 E:2 I:0

 1

[evaluated array]

Label: "view_2_2"

Type: cuda f32 Size: 1

ID #106 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #214 E:2 I:0

 1

[evaluated array]

Label: "view_2_3"

Type: cuda f32 Size: 1

ID #107 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #215 E:2 I:0

 1

[evaluated array]

Label: "view_3_0"

Type: cuda f32 Size: 1

ID #108 E:2 I:0

[evaluated array]

Label: "view_3_1"

Type: cuda f32 Size: 1

ID #109 E:2 I:0

[evaluated array]

Label: "view_3_2"

Type: cuda f32 Size: 1

ID #110 E:2 I:0

[evaluated array]

Label: "view_3_3"

Type: cuda f32 Size: 1

ID #111 E:2 I:0

mov.$b0 $r0, 0x5851f42d4c957f2d

Type: cuda u64 Size: 1

ID #112 E:0 I:2

 2

mul.lo.$t0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #139 E:0 I:1

 2 1

 1

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #141 E:0 I:1

 1

xor.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #142 E:0 I:1

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #145 E:0 I:1

 1

mov.$b0 $r0, 0x00000012

Type: cuda u32 Size: 1

ID #115 E:0 I:2

 2  2

 1

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #119 E:0 I:1

 1

mov.$b0 $r0, 0x0000001b

Type: cuda u32 Size: 1

ID #118 E:0 I:2

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #143 E:0 I:1

 2

cvt.$t0.$t1 $r0, $r1

Type: cuda u32 Size: 1024

ID #120 E:0 I:2

 1

shr.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #124 E:0 I:1

 1

shl.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #130 E:0 I:1

 1

mov.$b0 $r0, 0x0000003b

Type: cuda u32 Size: 1

ID #121 E:0 I:2

 2  2

cvt.$t0.$t1 $r0, $r1

Type: cuda u32 Size: 1024

ID #123 E:0 I:2

 1

 2

not.$b0 $r0, $r1

Type: cuda u32 Size: 1024

ID #125 E:0 I:1

 1

or.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #131 E:0 I:1

 1

add.$t0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #127 E:0 I:1

 1

mov.$b0 $r0, 0x00000001

Type: cuda u32 Size: 1

ID #126 E:0 I:2

 2

add.$t0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #149 E:0 I:1

 2

and.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #129 E:0 I:1

 1

mov.$b0 $r0, 0x0000001f

Type: cuda u32 Size: 1

ID #128 E:0 I:2

 2

and.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #150 E:0 I:1

 2

 2

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #133 E:0 I:1

 1

mov.$b0 $r0, 0x00000009

Type: cuda u32 Size: 1

ID #132 E:0 I:2

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #153 E:0 I:1

 2

or.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #135 E:0 I:1

 1

mov.$b0 $r0, 0x3f800000

Type: cuda u32 Size: 1

ID #134 E:0 I:2

 2

or.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #154 E:0 I:1

 2

mov.$b0 $r0, $r1

Type: cuda f32 Size: 1024

ID #136 E:0 I:1

 1

sub.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #138 E:9 I:8

 1

mov.$t0 $r0, 0f3f800000

Type: cuda f32 Size: 1

ID #137 E:38 I:2

 2

sub.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #156 E:5 I:4

 2 2 2  2  2

 2 2  2  2

 1 1

 1

cvt.$t0.$t1 $r0, $r1

Type: cuda u32 Size: 1024

ID #144 E:0 I:2

 1

shr.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #147 E:0 I:1

 1

shl.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #151 E:0 I:1

 1

cvt.$t0.$t1 $r0, $r1

Type: cuda u32 Size: 1024

ID #146 E:0 I:2

 1

 2

not.$b0 $r0, $r1

Type: cuda u32 Size: 1024

ID #148 E:0 I:1

 1

or.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #152 E:0 I:1

 1

 1

 1

 2

 2

 1

 1

mov.$b0 $r0, $r1

Type: cuda f32 Size: 1024

ID #155 E:0 I:1

 1

 1

 2 2  2  2

 3 3  3  3

 3 3  3  3

 2

 2

 2  2

div.rn.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #174 E:4 I:3

 1

neg.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #176 E:0 I:1

 1

div.rn.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #179 E:4 I:3

 1

neg.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #180 E:0 I:1

 1

 2

rcp.approx.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #175 E:4 I:2

 1

 2

div.rn.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #182 E:4 I:3

 1  2

neg.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #183 E:0 I:1

 1

div.rn.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #185 E:1 I:0

 2  1

neg.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #186 E:0 I:1

 1

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #188 E:0 I:1

 1  2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #196 E:8 I:8

 1

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #177 E:0 I:4

 1 2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #178 E:1 I:0

 1

 2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #181 E:1 I:0

 2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #184 E:1 I:0

 2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #187 E:1 I:0

 2

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #189 E:0 I:1

 1  2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #197 E:4 I:4

 1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #190 E:0 I:1

 1  2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #198 E:4 I:4

 1

 1  1

 3

 3

rsqrt.approx.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #191 E:3 I:6

 1

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #192 E:0 I:1

 1  2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #193 E:0 I:1

 1

 2

 2

 2

 2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #195 E:1 I:0

 2

mov.$t0 $r0, 0fbf000000

Type: cuda f32 Size: 1

ID #194 E:0 I:1

 1

 2 2  2  2

 2 2  2  2

 2 2  2  2

 2 2  2  2

 3 3  3  3

 3 3  3  3

 3 3  3  3



RGL Realistic Graphics Lab

Differentiable rendering in Mitsuba 2
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Point2f sample = sampler->next_2d(); 

Ray3f ray = camera->sample_ray(sample); 

SurfaceInteraction3f si = scene->ray_intersect(ray) 

BSDFSample3f bsdf_sample = si.bsdf->sample(sampler.next_2d()) 

Reverse-mode AD

Renderer

Lazy JIT compiler

[evaluated array]

Type: cuda u64 Size: 1024

ID #10 E:1 I:2

add.$t0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #114 E:0 I:4

 2

add.$t0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #140 E:1 I:0

 2

[evaluated array]

Type: cuda u64 Size: 1024

ID #31 E:0 I:4

mul.lo.$t0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #113 E:0 I:1

 1

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #116 E:0 I:1

 1

xor.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #117 E:0 I:1

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #122 E:0 I:1

 1

[evaluated array]

Label: "view_0_0"

Type: cuda f32 Size: 1

ID #80 E:1 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #158 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #162 E:0 I:1

 1

[evaluated array]

Label: "view_0_1"

Type: cuda f32 Size: 1

ID #81 E:1 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #159 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #163 E:0 I:1

 1

[evaluated array]

Label: "view_0_2"

Type: cuda f32 Size: 1

ID #82 E:1 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #160 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #164 E:0 I:1

 1

[evaluated array]

Label: "view_0_3"

Type: cuda f32 Size: 1

ID #83 E:1 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #161 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #165 E:0 I:1

 1

[evaluated array]

Label: "view_1_0"

Type: cuda f32 Size: 1

ID #84 E:1 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #166 E:0 I:1

 1

[evaluated array]

Label: "view_1_1"

Type: cuda f32 Size: 1

ID #85 E:1 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #167 E:0 I:1

 1

[evaluated array]

Label: "view_1_2"

Type: cuda f32 Size: 1

ID #86 E:1 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #168 E:0 I:1

 1

[evaluated array]

Label: "view_1_3"

Type: cuda f32 Size: 1

ID #87 E:1 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #169 E:0 I:1

 1

[evaluated array]

Label: "view_2_0"

Type: cuda f32 Size: 1

ID #88 E:1 I:0

[evaluated array]

Label: "view_2_1"

Type: cuda f32 Size: 1

ID #89 E:1 I:0

[evaluated array]

Label: "view_2_2"

Type: cuda f32 Size: 1

ID #90 E:1 I:0

[evaluated array]

Label: "view_2_3"

Type: cuda f32 Size: 1

ID #91 E:1 I:0

[evaluated array]

Label: "view_3_0"

Type: cuda f32 Size: 1

ID #92 E:1 I:1

add.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #170 E:0 I:2

 1

[evaluated array]

Label: "view_3_1"

Type: cuda f32 Size: 1

ID #93 E:1 I:1

add.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #171 E:0 I:2

 1

[evaluated array]

Label: "view_3_2"

Type: cuda f32 Size: 1

ID #94 E:1 I:1

add.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #172 E:0 I:7

 1

[evaluated array]

Label: "view_3_3"

Type: cuda f32 Size: 1

ID #95 E:1 I:1

add.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #173 E:0 I:2

 1

[evaluated array]

Label: "view_0_0"

Type: cuda f32 Size: 1

ID #96 E:4 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #200 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #204 E:0 I:1

 1

[evaluated array]

Label: "view_0_1"

Type: cuda f32 Size: 1

ID #97 E:4 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #201 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #205 E:0 I:1

 1

[evaluated array]

Label: "view_0_2"

Type: cuda f32 Size: 1

ID #98 E:4 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #202 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #206 E:0 I:1

 1

[evaluated array]

Label: "view_0_3"

Type: cuda f32 Size: 1

ID #99 E:4 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #203 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #207 E:0 I:1

 1

[evaluated array]

Label: "view_1_0"

Type: cuda f32 Size: 1

ID #100 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #208 E:0 I:1

 1

[evaluated array]

Label: "view_1_1"

Type: cuda f32 Size: 1

ID #101 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #209 E:0 I:1

 1

[evaluated array]

Label: "view_1_2"

Type: cuda f32 Size: 1

ID #102 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #210 E:0 I:1

 1

[evaluated array]

Label: "view_1_3"

Type: cuda f32 Size: 1

ID #103 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #211 E:0 I:1

 1

[evaluated array]

Label: "view_2_0"

Type: cuda f32 Size: 1

ID #104 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #212 E:2 I:0

 1

[evaluated array]

Label: "view_2_1"

Type: cuda f32 Size: 1

ID #105 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #213 E:2 I:0

 1

[evaluated array]

Label: "view_2_2"

Type: cuda f32 Size: 1

ID #106 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #214 E:2 I:0

 1

[evaluated array]

Label: "view_2_3"

Type: cuda f32 Size: 1

ID #107 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #215 E:2 I:0

 1

[evaluated array]

Label: "view_3_0"

Type: cuda f32 Size: 1

ID #108 E:2 I:0

[evaluated array]

Label: "view_3_1"

Type: cuda f32 Size: 1

ID #109 E:2 I:0

[evaluated array]

Label: "view_3_2"

Type: cuda f32 Size: 1

ID #110 E:2 I:0

[evaluated array]

Label: "view_3_3"

Type: cuda f32 Size: 1

ID #111 E:2 I:0

mov.$b0 $r0, 0x5851f42d4c957f2d

Type: cuda u64 Size: 1

ID #112 E:0 I:2

 2

mul.lo.$t0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #139 E:0 I:1

 2 1

 1

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #141 E:0 I:1

 1

xor.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #142 E:0 I:1

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #145 E:0 I:1

 1

mov.$b0 $r0, 0x00000012

Type: cuda u32 Size: 1

ID #115 E:0 I:2

 2  2

 1

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #119 E:0 I:1

 1

mov.$b0 $r0, 0x0000001b

Type: cuda u32 Size: 1

ID #118 E:0 I:2

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #143 E:0 I:1

 2

cvt.$t0.$t1 $r0, $r1

Type: cuda u32 Size: 1024

ID #120 E:0 I:2

 1

shr.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #124 E:0 I:1

 1

shl.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #130 E:0 I:1

 1

mov.$b0 $r0, 0x0000003b

Type: cuda u32 Size: 1

ID #121 E:0 I:2

 2  2

cvt.$t0.$t1 $r0, $r1

Type: cuda u32 Size: 1024

ID #123 E:0 I:2

 1

 2

not.$b0 $r0, $r1

Type: cuda u32 Size: 1024

ID #125 E:0 I:1

 1

or.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #131 E:0 I:1

 1

add.$t0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #127 E:0 I:1

 1

mov.$b0 $r0, 0x00000001

Type: cuda u32 Size: 1

ID #126 E:0 I:2

 2

add.$t0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #149 E:0 I:1

 2

and.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #129 E:0 I:1

 1

mov.$b0 $r0, 0x0000001f

Type: cuda u32 Size: 1

ID #128 E:0 I:2

 2

and.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #150 E:0 I:1

 2

 2

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #133 E:0 I:1

 1

mov.$b0 $r0, 0x00000009

Type: cuda u32 Size: 1

ID #132 E:0 I:2

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #153 E:0 I:1

 2

or.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #135 E:0 I:1

 1

mov.$b0 $r0, 0x3f800000

Type: cuda u32 Size: 1

ID #134 E:0 I:2

 2

or.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #154 E:0 I:1

 2

mov.$b0 $r0, $r1

Type: cuda f32 Size: 1024

ID #136 E:0 I:1

 1

sub.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #138 E:9 I:8

 1

mov.$t0 $r0, 0f3f800000

Type: cuda f32 Size: 1

ID #137 E:38 I:2

 2

sub.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #156 E:5 I:4

 2 2 2  2  2

 2 2  2  2

 1 1

 1

cvt.$t0.$t1 $r0, $r1

Type: cuda u32 Size: 1024

ID #144 E:0 I:2

 1

shr.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #147 E:0 I:1

 1

shl.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #151 E:0 I:1

 1

cvt.$t0.$t1 $r0, $r1

Type: cuda u32 Size: 1024

ID #146 E:0 I:2

 1

 2

not.$b0 $r0, $r1

Type: cuda u32 Size: 1024

ID #148 E:0 I:1

 1

or.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #152 E:0 I:1

 1

 1

 1

 2

 2

 1

 1

mov.$b0 $r0, $r1

Type: cuda f32 Size: 1024

ID #155 E:0 I:1

 1

 1

 2 2  2  2

 3 3  3  3

 3 3  3  3

 2

 2

 2  2

div.rn.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #174 E:4 I:3

 1

neg.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #176 E:0 I:1

 1

div.rn.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #179 E:4 I:3

 1

neg.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #180 E:0 I:1

 1

 2

rcp.approx.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #175 E:4 I:2

 1

 2

div.rn.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #182 E:4 I:3

 1  2

neg.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #183 E:0 I:1

 1

div.rn.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #185 E:1 I:0

 2  1

neg.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #186 E:0 I:1

 1

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #188 E:0 I:1

 1  2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #196 E:8 I:8

 1

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #177 E:0 I:4

 1 2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #178 E:1 I:0

 1

 2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #181 E:1 I:0

 2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #184 E:1 I:0

 2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #187 E:1 I:0

 2

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #189 E:0 I:1

 1  2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #197 E:4 I:4

 1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #190 E:0 I:1

 1  2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #198 E:4 I:4

 1

 1  1

 3

 3

rsqrt.approx.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #191 E:3 I:6

 1

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #192 E:0 I:1

 1  2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #193 E:0 I:1

 1

 2

 2

 2

 2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #195 E:1 I:0

 2

mov.$t0 $r0, 0fbf000000

Type: cuda f32 Size: 1

ID #194 E:0 I:1

 1

 2 2  2  2

 2 2  2  2

 2 2  2  2

 2 2  2  2

 3 3  3  3

 3 3  3  3

 3 3  3  3



RGL Realistic Graphics Lab

Differentiable rendering in Mitsuba 2

31

Point2f sample = sampler->next_2d(); 

Ray3f ray = camera->sample_ray(sample); 

SurfaceInteraction3f si = scene->ray_intersect(ray) 

BSDFSample3f bsdf_sample = si.bsdf->sample(sampler.next_2d()) 

Reverse-mode AD

Renderer

Lazy JIT compiler

[evaluated array]

Type: cuda u64 Size: 1024

ID #10 E:1 I:2

add.$t0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #114 E:0 I:4

 2

add.$t0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #140 E:1 I:0

 2

[evaluated array]

Type: cuda u64 Size: 1024

ID #31 E:0 I:4

mul.lo.$t0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #113 E:0 I:1

 1

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #116 E:0 I:1

 1

xor.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #117 E:0 I:1

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #122 E:0 I:1

 1

[evaluated array]

Label: "view_0_0"

Type: cuda f32 Size: 1

ID #80 E:1 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #158 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #162 E:0 I:1

 1

[evaluated array]

Label: "view_0_1"

Type: cuda f32 Size: 1

ID #81 E:1 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #159 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #163 E:0 I:1

 1

[evaluated array]

Label: "view_0_2"

Type: cuda f32 Size: 1

ID #82 E:1 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #160 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #164 E:0 I:1

 1

[evaluated array]

Label: "view_0_3"

Type: cuda f32 Size: 1

ID #83 E:1 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #161 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #165 E:0 I:1

 1

[evaluated array]

Label: "view_1_0"

Type: cuda f32 Size: 1

ID #84 E:1 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #166 E:0 I:1

 1

[evaluated array]

Label: "view_1_1"

Type: cuda f32 Size: 1

ID #85 E:1 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #167 E:0 I:1

 1

[evaluated array]

Label: "view_1_2"

Type: cuda f32 Size: 1

ID #86 E:1 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #168 E:0 I:1

 1

[evaluated array]

Label: "view_1_3"

Type: cuda f32 Size: 1

ID #87 E:1 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #169 E:0 I:1

 1

[evaluated array]

Label: "view_2_0"

Type: cuda f32 Size: 1

ID #88 E:1 I:0

[evaluated array]

Label: "view_2_1"

Type: cuda f32 Size: 1

ID #89 E:1 I:0

[evaluated array]

Label: "view_2_2"

Type: cuda f32 Size: 1

ID #90 E:1 I:0

[evaluated array]

Label: "view_2_3"

Type: cuda f32 Size: 1

ID #91 E:1 I:0

[evaluated array]

Label: "view_3_0"

Type: cuda f32 Size: 1

ID #92 E:1 I:1

add.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #170 E:0 I:2

 1

[evaluated array]

Label: "view_3_1"

Type: cuda f32 Size: 1

ID #93 E:1 I:1

add.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #171 E:0 I:2

 1

[evaluated array]

Label: "view_3_2"

Type: cuda f32 Size: 1

ID #94 E:1 I:1

add.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #172 E:0 I:7

 1

[evaluated array]

Label: "view_3_3"

Type: cuda f32 Size: 1

ID #95 E:1 I:1

add.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #173 E:0 I:2

 1

[evaluated array]

Label: "view_0_0"

Type: cuda f32 Size: 1

ID #96 E:4 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #200 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #204 E:0 I:1

 1

[evaluated array]

Label: "view_0_1"

Type: cuda f32 Size: 1

ID #97 E:4 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #201 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #205 E:0 I:1

 1

[evaluated array]

Label: "view_0_2"

Type: cuda f32 Size: 1

ID #98 E:4 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #202 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #206 E:0 I:1

 1

[evaluated array]

Label: "view_0_3"

Type: cuda f32 Size: 1

ID #99 E:4 I:2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #203 E:0 I:1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #207 E:0 I:1

 1

[evaluated array]

Label: "view_1_0"

Type: cuda f32 Size: 1

ID #100 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #208 E:0 I:1

 1

[evaluated array]

Label: "view_1_1"

Type: cuda f32 Size: 1

ID #101 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #209 E:0 I:1

 1

[evaluated array]

Label: "view_1_2"

Type: cuda f32 Size: 1

ID #102 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #210 E:0 I:1

 1

[evaluated array]

Label: "view_1_3"

Type: cuda f32 Size: 1

ID #103 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #211 E:0 I:1

 1

[evaluated array]

Label: "view_2_0"

Type: cuda f32 Size: 1

ID #104 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #212 E:2 I:0

 1

[evaluated array]

Label: "view_2_1"

Type: cuda f32 Size: 1

ID #105 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #213 E:2 I:0

 1

[evaluated array]

Label: "view_2_2"

Type: cuda f32 Size: 1

ID #106 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #214 E:2 I:0

 1

[evaluated array]

Label: "view_2_3"

Type: cuda f32 Size: 1

ID #107 E:3 I:1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #215 E:2 I:0

 1

[evaluated array]

Label: "view_3_0"

Type: cuda f32 Size: 1

ID #108 E:2 I:0

[evaluated array]

Label: "view_3_1"

Type: cuda f32 Size: 1

ID #109 E:2 I:0

[evaluated array]

Label: "view_3_2"

Type: cuda f32 Size: 1

ID #110 E:2 I:0

[evaluated array]

Label: "view_3_3"

Type: cuda f32 Size: 1

ID #111 E:2 I:0

mov.$b0 $r0, 0x5851f42d4c957f2d

Type: cuda u64 Size: 1

ID #112 E:0 I:2

 2

mul.lo.$t0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #139 E:0 I:1

 2 1

 1

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #141 E:0 I:1

 1

xor.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #142 E:0 I:1

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #145 E:0 I:1

 1

mov.$b0 $r0, 0x00000012

Type: cuda u32 Size: 1

ID #115 E:0 I:2

 2  2

 1

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #119 E:0 I:1

 1

mov.$b0 $r0, 0x0000001b

Type: cuda u32 Size: 1

ID #118 E:0 I:2

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u64 Size: 1024

ID #143 E:0 I:1

 2

cvt.$t0.$t1 $r0, $r1

Type: cuda u32 Size: 1024

ID #120 E:0 I:2

 1

shr.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #124 E:0 I:1

 1

shl.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #130 E:0 I:1

 1

mov.$b0 $r0, 0x0000003b

Type: cuda u32 Size: 1

ID #121 E:0 I:2

 2  2

cvt.$t0.$t1 $r0, $r1

Type: cuda u32 Size: 1024

ID #123 E:0 I:2

 1

 2

not.$b0 $r0, $r1

Type: cuda u32 Size: 1024

ID #125 E:0 I:1

 1

or.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #131 E:0 I:1

 1

add.$t0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #127 E:0 I:1

 1

mov.$b0 $r0, 0x00000001

Type: cuda u32 Size: 1

ID #126 E:0 I:2

 2

add.$t0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #149 E:0 I:1

 2

and.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #129 E:0 I:1

 1

mov.$b0 $r0, 0x0000001f

Type: cuda u32 Size: 1

ID #128 E:0 I:2

 2

and.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #150 E:0 I:1

 2

 2

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #133 E:0 I:1

 1

mov.$b0 $r0, 0x00000009

Type: cuda u32 Size: 1

ID #132 E:0 I:2

 2

shr.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #153 E:0 I:1

 2

or.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #135 E:0 I:1

 1

mov.$b0 $r0, 0x3f800000

Type: cuda u32 Size: 1

ID #134 E:0 I:2

 2

or.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #154 E:0 I:1

 2

mov.$b0 $r0, $r1

Type: cuda f32 Size: 1024

ID #136 E:0 I:1

 1

sub.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #138 E:9 I:8

 1

mov.$t0 $r0, 0f3f800000

Type: cuda f32 Size: 1

ID #137 E:38 I:2

 2

sub.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #156 E:5 I:4

 2 2 2  2  2

 2 2  2  2

 1 1

 1

cvt.$t0.$t1 $r0, $r1

Type: cuda u32 Size: 1024

ID #144 E:0 I:2

 1

shr.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #147 E:0 I:1

 1

shl.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #151 E:0 I:1

 1

cvt.$t0.$t1 $r0, $r1

Type: cuda u32 Size: 1024

ID #146 E:0 I:2

 1

 2

not.$b0 $r0, $r1

Type: cuda u32 Size: 1024

ID #148 E:0 I:1

 1

or.$b0 $r0, $r1, $r2

Type: cuda u32 Size: 1024

ID #152 E:0 I:1

 1

 1

 1

 2

 2

 1

 1

mov.$b0 $r0, $r1

Type: cuda f32 Size: 1024

ID #155 E:0 I:1

 1

 1

 2 2  2  2

 3 3  3  3

 3 3  3  3

 2

 2

 2  2

div.rn.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #174 E:4 I:3

 1

neg.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #176 E:0 I:1

 1

div.rn.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #179 E:4 I:3

 1

neg.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #180 E:0 I:1

 1

 2

rcp.approx.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #175 E:4 I:2

 1

 2

div.rn.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #182 E:4 I:3

 1  2

neg.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #183 E:0 I:1

 1

div.rn.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #185 E:1 I:0

 2  1

neg.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #186 E:0 I:1

 1

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #188 E:0 I:1

 1  2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #196 E:8 I:8

 1

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #177 E:0 I:4

 1 2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #178 E:1 I:0

 1

 2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #181 E:1 I:0

 2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #184 E:1 I:0

 2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #187 E:1 I:0

 2

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #189 E:0 I:1

 1  2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #197 E:4 I:4

 1

 1

fma.rn.ftz.$t0 $r0, $r1, $r2, $r3

Type: cuda f32 Size: 1024

ID #190 E:0 I:1

 1  2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #198 E:4 I:4

 1

 1  1

 3

 3

rsqrt.approx.ftz.$t0 $r0, $r1

Type: cuda f32 Size: 1024

ID #191 E:3 I:6

 1

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #192 E:0 I:1

 1  2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #193 E:0 I:1

 1

 2

 2

 2

 2

mul.ftz.$t0 $r0, $r1, $r2

Type: cuda f32 Size: 1024

ID #195 E:1 I:0

 2

mov.$t0 $r0, 0fbf000000

Type: cuda f32 Size: 1

ID #194 E:0 I:1

 1

 2 2  2  2

 2 2  2  2

 2 2  2  2

 2 2  2  2

 3 3  3  3

 3 3  3  3

 3 3  3  3

fmadd

#128 E:1 I:0

fmadd

#124 E:0 I:1

 1

fmadd

#120 E:0 I:1

 3

mul

#111 E:0 I:4

 2

"view_2_0" [s]

#73 E:1 I:1

 1

fmadd

#129 E:1 I:0

fmadd

#125 E:0 I:1

 1

 2

fmadd

#121 E:0 I:1

 3

"view_2_1" [s]

#74 E:1 I:1

 1

fmadd

#130 E:1 I:0

fmadd

#126 E:0 I:1

 1

 2

fmadd

#122 E:0 I:1

 3

"view_2_2" [s]

#75 E:1 I:1

 1

fmadd

#131 E:1 I:0

fmadd

#127 E:0 I:1

 1

 2

fmadd

#123 E:0 I:1

 3

"view_2_3" [s]

#76 E:1 I:1

 1

fmadd

#116 E:0 I:1

 3

mul

#110 E:0 I:4

 2

"view_1_0" [s]

#69 E:1 I:1

 1

rsqrt

#108 E:0 I:3

 2

div

#103 E:1 I:3

 1

 2

fmadd

#117 E:0 I:1

 3

"view_1_1" [s]

#70 E:1 I:1

 1 2

fmadd

#118 E:0 I:1

 3

"view_1_2" [s]

#71 E:1 I:1

 1  2

fmadd

#119 E:0 I:1

 3

"view_1_3" [s]

#72 E:1 I:1

 1

mul

#112 E:0 I:1

 3

mul

#109 E:0 I:8

 2

"view_0_0" [s]

#65 E:1 I:2

 1

 2

div

#102 E:1 I:3

 1

 2
mul

#113 E:0 I:1

 3

"view_0_1" [s]

#66 E:1 I:2

 1 2
mul

#114 E:0 I:1

 3

"view_0_2" [s]

#67 E:1 I:2

 1  2
mul

#115 E:0 I:1

 3

"view_0_3" [s]

#68 E:1 I:2

 1

fmadd

#107 E:0 I:1

 1

fmadd

#99 E:0 I:5

 2 1

 2 1

 2

div

#101 E:1 I:3

 1

 2  1 2 1  2  1

 2
fmadd

#98 E:0 I:1

 1

 2

fmadd

#97 E:0 I:1

 1

 2  1

fmadd

#106 E:0 I:1

 3

 2 1

mul

#105 E:0 I:1

 3

 2  1

fmadd

#95 E:0 I:1

 2

"view_3_2" [s]

#47 E:1 I:1

 1

fmadd

#94 E:0 I:1

 2

"view_3_1" [s]

#46 E:1 I:1

 1

fmadd

#93 E:0 I:1

 2

"view_3_0" [s]

#45 E:1 I:1

 1

fmadd

#90 E:0 I:1

 1

fmadd

#91 E:0 I:1

 1

fmadd

#89 E:0 I:1

 1

fmadd

#86 E:0 I:1

 2

"view_1_1" [s]

#38 E:1 I:1

 1

fmadd

#87 E:0 I:1

 2

"view_1_2" [s]

#39 E:1 I:1

 1

fmadd

#85 E:0 I:1

 2

"view_1_0" [s]

#37 E:1 I:1

 1

mul

#82 E:0 I:1

 2

"view_0_1" [s]

#34 E:1 I:2

 1

mul

#83 E:0 I:1

 2

"view_0_2" [s]

#35 E:1 I:2

 1
mul

#81 E:0 I:1

 2

"view_0_0" [s]

#33 E:1 I:2

 1

 1

 1 1
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Point2f sample = sampler->next_2d(); 

Ray3f ray = camera->sample_ray(sample); 

SurfaceInteraction3f si = scene->ray_intersect(ray) 

BSDFSample3f bsdf_sample = si.bsdf->sample(sampler.next_2d()) 

Reverse-mode AD

Renderer

Lazy JIT compiler



RGL Realistic Graphics Lab

Differentiable rendering in Mitsuba 2 

32

Point2f sample = sampler->next_2d(); 

Ray3f ray = camera->sample_ray(sample); 

SurfaceInteraction3f si = scene->ray_intersect(ray) 

BSDFSample3f bsdf_sample = si.bsdf->sample(sampler.next_2d()) 

Reverse-mode AD

Renderer

Lazy JIT compiler



RGL Realistic Graphics Lab

Differentiable rendering in Mitsuba 2 

32

Point2f sample = sampler->next_2d(); 

Ray3f ray = camera->sample_ray(sample); 

SurfaceInteraction3f si = scene->ray_intersect(ray) 

BSDFSample3f bsdf_sample = si.bsdf->sample(sampler.next_2d()) 

    ldu.global.f32 %f90, [%rd0]; 
    fma.rn.ftz.f32 %f91, %f90, %f84, %f89; 
    ld.param.u64 %rd0, [arg15]; 
    mul.wide.u32 %rd1, %r0, 4; 
    add.u64 %rd0, %rd0, %rd1; 
    st.global.cs.f32 [%rd0], %f91; 
    mul.ftz.f32 %f92, %f58, %f79; 
    fma.rn.ftz.f32 %f93, %f58, %f79, %f92; 
    fma.rn.ftz.f32 %f94, %f61, %f82, %f93; 
    ld.param.u64 %rd0, [arg16]; 
    ldu.global.f32 %f95, [%rd0]; 
    fma.rn.ftz.f32 %f96, %f95, %f84, %f94; 
    ld.param.u64 %rd0, [arg17]; 
    mul.wide.u32 %rd1, %r0, 4; 
    add.u64 %rd0, %rd0, %rd1; 
    st.global.cs.f32 [%rd0], %f96; 
    ld.param.u64 %rd0, [arg18]; 
    ldu.global.f32 %f97, [%rd0]; 
    mul.ftz.f32 %f98, %f97, %f79; 
    fma.rn.ftz.f32 %f99, %f97, %f79, %f98; 
    ld.param.u64 %rd0, [arg19]; 
    ldu.global.f32 %f100, [%rd0]; 
    fma.rn.ftz.f32 %f101, %f100, %f82, %f99; 
    ld.param.u64 %rd0, [arg20]; 
    ldu.global.f32 %f102, [%rd0]; 
    fma.rn.ftz.f32 %f103, %f102, %f84, %f101; 
    ld.param.u64 %rd0, [arg21]; 
    mul.wide.u32 %rd1, %r0, 4; 
    add.u64 %rd0, %rd0, %rd1; 
    st.global.cs.f32 [%rd0], %f103; 

    add.u32 %r0, %r0, %r1; 
    setp.ge.u32 %p0, %r0, %r2; 
    @!%p0 bra L1; 

L0: 
    ret; 
} 

- Compilation is fast (~100 us)  
(just hash table lookups +  
string concatenation)  

- PTX (CUDA), soon: LLVM (CPU) 

- Caches compiled kernels 

- Can prototype rendering code  
in Jupyter notebooks with 
reasonable performance.



RGL Realistic Graphics Lab

Differentiable rendering in Mitsuba 2

33

Point2f sample = sampler->next_2d(); 
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RGL Realistic Graphics Lab

Differentiable rendering in Mitsuba 2

33

Point2f sample = sampler->next_2d(); 

Ray3f ray = camera->sample_ray(sample); 

SurfaceInteraction3f si = scene->ray_intersect(ray) 

BSDFSample3f bsdf_sample = si.bsdf->sample(sampler.next_2d()) 



RGL Realistic Graphics Lab

Differentiable rendering in Mitsuba 2

33

Point2f sample = sampler->next_2d(); 

Ray3f ray = camera->sample_ray(sample); 

SurfaceInteraction3f si = scene->ray_intersect(ray) 

BSDFSample3f bsdf_sample = si.bsdf->sample(sampler.next_2d()) 

1 2 3 4 5 6 7 8Inputs

Kernel 2Kernel 1

1 2 3 4 5 6 7 8Outputs
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Autodiff-based differentiable rendering
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Gradient of objective 
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Primal rendering
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Backpropagate Adjoint rendering

Radiative backpropagation

Rendering 
algorithm

Vector explosion by upklyak at Freepik



RGL Realistic Graphics Lab

Autodiff-based differentiable rendering

34

Rendering 
algorithm

Reverse-mode AD

@

<latexit sha1_base64="0kkubUsQfL1HhA2po9V6Lba5OfI="></latexit>

@x

<latexit sha1_base64="a8gGCXzUppZ6kpSzRNhhw9/Sczw="></latexit>

Gradient of objective 
w.r.t. each pixel

Primal rendering

Objective function

Reference image

Scene parameters

Backpropagate Adjoint rendering

Radiative backpropagation

Gradient of objective 
w.r.t. each pixel

Primal rendering

Objective function

Reference image

Scene parameters

Backpropagate Adjoint rendering

Radiative backpropagation

Gradients

Rendering 
algorithm

Vector explosion by upklyak at Freepik
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Differentiable rendering using reverse-mode AD

35

'color.0' [s]
#4 [E/I: 1/18]

'color.1' [s]
#5 [E/I: 1/18]

'color.2' [s]
#6 [E/I: 1/18]

mul [s]
#7 [E/I: 0/1]

mul [s]
#8 [E/I: 0/1]

mul [s]
#9 [E/I: 0/1]

mul
#10 [E/I: 0/1]

mul
#11 [E/I: 0/1]

mul
#12 [E/I: 0/1]

select
#13 [E/I: 0/1]

select
#14 [E/I: 0/1]

select
#15 [E/I: 0/1]

scatter
#16 [E/I: 0/1]

scatter
#17 [E/I: 0/1]

scatter
#18 [E/I: 0/1]

mul
#19 [E/I: 0/1]

mul
#20 [E/I: 0/1]

mul
#21 [E/I: 0/1]

mul
#22 [E/I: 0/1]

mul
#23 [E/I: 0/1]

mul
#24 [E/I: 0/1]

add
#25 [E/I: 0/1]

add
#26 [E/I: 0/1]

add
#27 [E/I: 0/1]

select
#28 [E/I: 0/2]

select
#29 [E/I: 0/2]

select
#30 [E/I: 0/2]

select
#31 [E/I: 0/1]

select
#32 [E/I: 0/1]

select
#33 [E/I: 0/1]

scatter
#34 [E/I: 0/1]

scatter
#35 [E/I: 0/1]

scatter
#36 [E/I: 0/1]

mul
#37 [E/I: 0/3]

mul
#38 [E/I: 0/3]

mul
#39 [E/I: 0/3]

mul
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mul
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mul
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mul
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mul
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#237 [E/I: 0/1]

add
#238 [E/I: 0/1]

add
#239 [E/I: 0/1]

add
#240 [E/I: 0/1]

select
#241 [E/I: 0/2]

select
#242 [E/I: 0/2]

select
#243 [E/I: 0/2]

max
#244 [E/I: 0/1]

max
#245 [E/I: 0/1]

mul
#246 [E/I: 0/1]

min
#247 [E/I: 0/1]

rcp
#248 [E/I: 0/3]

mul
#249 [E/I: 0/2]

mul
#250 [E/I: 0/2]

mul
#251 [E/I: 0/2]

mul [s]
#252 [E/I: 0/1]

mul [s]
#253 [E/I: 0/1]

mul [s]
#254 [E/I: 0/1]

mul
#255 [E/I: 0/1]

mul
#256 [E/I: 0/1]

mul
#257 [E/I: 0/1]

select
#258 [E/I: 0/1]

select
#259 [E/I: 0/1]

select
#260 [E/I: 0/1]

scatter
#261 [E/I: 0/1]

scatter
#262 [E/I: 0/1]

scatter
#263 [E/I: 0/1]

mul
#264 [E/I: 0/1]

mul
#265 [E/I: 0/1]

mul
#266 [E/I: 0/1]

mul
#267 [E/I: 0/1]

mul
#268 [E/I: 0/1]

mul
#269 [E/I: 0/1]

mul
#270 [E/I: 0/1]

mul
#271 [E/I: 0/1]

mul
#272 [E/I: 0/1]

add
#273 [E/I: 0/1]

add
#274 [E/I: 0/1]

add
#275 [E/I: 0/1]

select
#276 [E/I: 0/2]

select
#277 [E/I: 0/2]

select
#278 [E/I: 0/2]

select
#279 [E/I: 0/1]

select
#280 [E/I: 0/1]

select
#281 [E/I: 0/1]
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mul
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mul
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#313 [E/I: 0/1]

select
#314 [E/I: 0/1]

select
#315 [E/I: 0/1]

select
#316 [E/I: 0/1]

scatter
#317 [E/I: 0/1]
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add
#331 [E/I: 0/1]
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mul
#367 [E/I: 0/1]
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mul
#400 [E/I: 0/1]

mul
#401 [E/I: 0/1]
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mul
#405 [E/I: 0/1]
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scatter_combine
#558 [E/I: 0/1]

mul
#559 [E/I: 0/1]

scatter_add
#560 [E/I: 0/1]

scatter_combine
#561 [E/I: 0/1]

mul
#562 [E/I: 0/1]

scatter_add
#563 [E/I: 0/1]

scatter_combine
#564 [E/I: 0/1]

mul
#565 [E/I: 0/1]

scatter_add
#566 [E/I: 0/1]

scatter_combine
#567 [E/I: 0/1]

mul
#568 [E/I: 0/1]

scatter_add
#569 [E/I: 0/1]

scatter_combine
#570 [E/I: 0/1]

mul
#571 [E/I: 0/1]

scatter_add
#572 [E/I: 0/1]

scatter_combine
#573 [E/I: 0/1]

mul
#574 [E/I: 0/1]

scatter_add
#575 [E/I: 0/1]

scatter_combine
#576 [E/I: 0/1]

mul
#577 [E/I: 0/1]scatter_add

#578 [E/I: 0/1]
scatter_combine
#579 [E/I: 0/1]

mul
#580 [E/I: 0/1]scatter_add

#581 [E/I: 0/1]

scatter_combine
#582 [E/I: 0/1]

mul
#583 [E/I: 0/1]

scatter_add
#584 [E/I: 0/1]

scatter_combine
#585 [E/I: 0/1]

mul
#586 [E/I: 0/1]scatter_add

#587 [E/I: 0/1]
scatter_combine
#588 [E/I: 0/1]

mul
#589 [E/I: 0/1]scatter_add

#590 [E/I: 0/1]

scatter_combine
#591 [E/I: 0/1]

mul
#592 [E/I: 0/1]

scatter_add
#593 [E/I: 0/1]

scatter_combine
#594 [E/I: 0/1]

mul
#595 [E/I: 0/1]

scatter_add
#596 [E/I: 0/1]

scatter_combine
#597 [E/I: 0/1]

mul
#598 [E/I: 0/1]scatter_add

#599 [E/I: 0/1]

scatter_combine
#600 [E/I: 0/1]

mul
#601 [E/I: 0/1]

scatter_add
#602 [E/I: 0/1]

scatter_combine
#603 [E/I: 0/1]

mul
#604 [E/I: 0/1]

scatter_add
#605 [E/I: 0/1]

scatter_combine
#606 [E/I: 0/1]

mul
#607 [E/I: 0/1]scatter_add

#608 [E/I: 0/1]

scatter_combine
#609 [E/I: 0/1]

mul
#610 [E/I: 0/1]

scatter_add
#611 [E/I: 0/1]

scatter_combine
#612 [E/I: 0/1]

mul
#613 [E/I: 0/1]

scatter_add
#614 [E/I: 0/1]

scatter_combine
#615 [E/I: 0/1]

mul
#616 [E/I: 0/1]

scatter_add
#617 [E/I: 0/1]

scatter_combine
#618 [E/I: 0/1]

mul
#619 [E/I: 0/1]

scatter_add
#620 [E/I: 0/1]

scatter_combine
#621 [E/I: 0/2]

gather
#622 [E/I: 0/1]

gather
#623 [E/I: 0/1]

add
#624 [E/I: 0/1]

'render'
#625 [E/I: 1/1]

sub
#626 [E/I: 0/1]

mul
#627 [E/I: 0/1]

hsum [s]
#628 [E/I: 0/1]

'objective' [s]
#629 [E/I: 1/0]
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'color.0' [s]
#4 [E/I: 1/18]

'color.1' [s]
#5 [E/I: 1/18]

'color.2' [s]
#6 [E/I: 1/18]

mul [s]
#7 [E/I: 0/1]

mul [s]
#8 [E/I: 0/1]

mul [s]
#9 [E/I: 0/1]

mul
#10 [E/I: 0/1]

mul
#11 [E/I: 0/1]

mul
#12 [E/I: 0/1]

select
#13 [E/I: 0/1]

select
#14 [E/I: 0/1]

select
#15 [E/I: 0/1]

scatter
#16 [E/I: 0/1]

scatter
#17 [E/I: 0/1]

scatter
#18 [E/I: 0/1]

mul
#19 [E/I: 0/1]

mul
#20 [E/I: 0/1]

mul
#21 [E/I: 0/1]

mul
#22 [E/I: 0/1]

mul
#23 [E/I: 0/1]

mul
#24 [E/I: 0/1]

add
#25 [E/I: 0/1]

add
#26 [E/I: 0/1]

add
#27 [E/I: 0/1]

select
#28 [E/I: 0/2]

select
#29 [E/I: 0/2]

select
#30 [E/I: 0/2]

select
#31 [E/I: 0/1]

select
#32 [E/I: 0/1]

select
#33 [E/I: 0/1]

scatter
#34 [E/I: 0/1]

scatter
#35 [E/I: 0/1]

scatter
#36 [E/I: 0/1]

mul
#37 [E/I: 0/3]

mul
#38 [E/I: 0/3]

mul
#39 [E/I: 0/3]

mul
#40 [E/I: 0/1]

mul
#41 [E/I: 0/1]

mul
#42 [E/I: 0/1]

mul
#43 [E/I: 0/1]

mul
#44 [E/I: 0/1]

mul
#45 [E/I: 0/1]

add
#46 [E/I: 0/1]

add
#47 [E/I: 0/1]

add
#48 [E/I: 0/1]

select
#49 [E/I: 0/2]

select
#50 [E/I: 0/2]

select
#51 [E/I: 0/2]

mul [s]
#52 [E/I: 0/1]

mul [s]
#53 [E/I: 0/1]

mul [s]
#54 [E/I: 0/1]

mul
#55 [E/I: 0/1]

mul
#56 [E/I: 0/1]

mul
#57 [E/I: 0/1]

select
#58 [E/I: 0/1]

select
#59 [E/I: 0/1]

select
#60 [E/I: 0/1]

scatter
#61 [E/I: 0/1]

scatter
#62 [E/I: 0/1]

scatter
#63 [E/I: 0/1]

mul
#64 [E/I: 0/1]

mul
#65 [E/I: 0/1]

mul
#66 [E/I: 0/1]

mul
#67 [E/I: 0/1]

mul
#68 [E/I: 0/1]

mul
#69 [E/I: 0/1]

mul
#70 [E/I: 0/1]

mul
#71 [E/I: 0/1]

mul
#72 [E/I: 0/1]

add
#73 [E/I: 0/1]

add
#74 [E/I: 0/1]

add
#75 [E/I: 0/1]

select
#76 [E/I: 0/2]

select
#77 [E/I: 0/2]

select
#78 [E/I: 0/2]

select
#79 [E/I: 0/1]

select
#80 [E/I: 0/1]

select
#81 [E/I: 0/1]

scatter
#82 [E/I: 0/1]

scatter
#83 [E/I: 0/1]

scatter
#84 [E/I: 0/1]

mul
#85 [E/I: 0/3]

mul
#86 [E/I: 0/3]

mul
#87 [E/I: 0/3]

mul
#88 [E/I: 0/1]

mul
#89 [E/I: 0/1]

mul
#90 [E/I: 0/1]

mul
#91 [E/I: 0/1]

mul
#92 [E/I: 0/1]

mul
#93 [E/I: 0/1]

add
#94 [E/I: 0/1]

add
#95 [E/I: 0/1]

add
#96 [E/I: 0/1]

select
#97 [E/I: 0/2]

select
#98 [E/I: 0/2]

select
#99 [E/I: 0/2]

mul [s]
#100 [E/I: 0/1]

mul [s]
#101 [E/I: 0/1]

mul [s]
#102 [E/I: 0/1]

mul
#103 [E/I: 0/1]

mul
#104 [E/I: 0/1]

mul
#105 [E/I: 0/1]

select
#106 [E/I: 0/1]

select
#107 [E/I: 0/1]

select
#108 [E/I: 0/1]

scatter
#109 [E/I: 0/1]

scatter
#110 [E/I: 0/1]

scatter
#111 [E/I: 0/1]

mul
#112 [E/I: 0/1]

mul
#113 [E/I: 0/1]

mul
#114 [E/I: 0/1]

mul
#115 [E/I: 0/1]

mul
#116 [E/I: 0/1]

mul
#117 [E/I: 0/1]

mul
#118 [E/I: 0/1]

mul
#119 [E/I: 0/1]

mul
#120 [E/I: 0/1]

add
#121 [E/I: 0/1]

add
#122 [E/I: 0/1]

add
#123 [E/I: 0/1]

select
#124 [E/I: 0/2]

select
#125 [E/I: 0/2]

select
#126 [E/I: 0/2]

select
#127 [E/I: 0/1]

select
#128 [E/I: 0/1]

select
#129 [E/I: 0/1]

scatter
#130 [E/I: 0/1]

scatter
#131 [E/I: 0/1]

scatter
#132 [E/I: 0/1]

mul
#133 [E/I: 0/3]

mul
#134 [E/I: 0/3]

mul
#135 [E/I: 0/3]

mul
#136 [E/I: 0/1]

mul
#137 [E/I: 0/1]

mul
#138 [E/I: 0/1]

mul
#139 [E/I: 0/1]

mul
#140 [E/I: 0/1]

mul
#141 [E/I: 0/1]

add
#142 [E/I: 0/1]

add
#143 [E/I: 0/1]

add
#144 [E/I: 0/1]

select
#145 [E/I: 0/2]

select
#146 [E/I: 0/2]

select
#147 [E/I: 0/2]

mul [s]
#148 [E/I: 0/1]

mul [s]
#149 [E/I: 0/1]

mul [s]
#150 [E/I: 0/1]

mul
#151 [E/I: 0/1]

mul
#152 [E/I: 0/1]

mul
#153 [E/I: 0/1]

select
#154 [E/I: 0/1]

select
#155 [E/I: 0/1]

select
#156 [E/I: 0/1]

scatter
#157 [E/I: 0/1]

scatter
#158 [E/I: 0/1]

scatter
#159 [E/I: 0/1]

mul
#160 [E/I: 0/1]

mul
#161 [E/I: 0/1]

mul
#162 [E/I: 0/1]

mul
#163 [E/I: 0/1]

mul
#164 [E/I: 0/1]

mul
#165 [E/I: 0/1]

mul
#166 [E/I: 0/1]

mul
#167 [E/I: 0/1]

mul
#168 [E/I: 0/1]

add
#169 [E/I: 0/1]

add
#170 [E/I: 0/1]

add
#171 [E/I: 0/1]

select
#172 [E/I: 0/2]

select
#173 [E/I: 0/2]

select
#174 [E/I: 0/2]

select
#175 [E/I: 0/1]

select
#176 [E/I: 0/1]

select
#177 [E/I: 0/1]

scatter
#178 [E/I: 0/1]

scatter
#179 [E/I: 0/1]

scatter
#180 [E/I: 0/1]

mul
#181 [E/I: 0/3]

mul
#182 [E/I: 0/3]

mul
#183 [E/I: 0/3]

mul
#184 [E/I: 0/1]

mul
#185 [E/I: 0/1]

mul
#186 [E/I: 0/1]

mul
#187 [E/I: 0/1]

mul
#188 [E/I: 0/1]

mul
#189 [E/I: 0/1]

add
#190 [E/I: 0/1]

add
#191 [E/I: 0/1]

add
#192 [E/I: 0/1]

select
#193 [E/I: 0/2]

select
#194 [E/I: 0/2]

select
#195 [E/I: 0/2]

mul [s]
#196 [E/I: 0/1]

mul [s]
#197 [E/I: 0/1]

mul [s]
#198 [E/I: 0/1]

mul
#199 [E/I: 0/1]

mul
#200 [E/I: 0/1]

mul
#201 [E/I: 0/1]

select
#202 [E/I: 0/1]

select
#203 [E/I: 0/1]

select
#204 [E/I: 0/1]

scatter
#205 [E/I: 0/1]

scatter
#206 [E/I: 0/1]

scatter
#207 [E/I: 0/1]

mul
#208 [E/I: 0/1]

mul
#209 [E/I: 0/1]

mul
#210 [E/I: 0/1]

mul
#211 [E/I: 0/1]

mul
#212 [E/I: 0/1]

mul
#213 [E/I: 0/1]

mul
#214 [E/I: 0/1]

mul
#215 [E/I: 0/1]

mul
#216 [E/I: 0/1]

add
#217 [E/I: 0/1]

add
#218 [E/I: 0/1]

add
#219 [E/I: 0/1]

select
#220 [E/I: 0/2]

select
#221 [E/I: 0/2]

select
#222 [E/I: 0/2]

select
#223 [E/I: 0/1]

select
#224 [E/I: 0/1]

select
#225 [E/I: 0/1]

scatter
#226 [E/I: 0/1]

scatter
#227 [E/I: 0/1]

scatter
#228 [E/I: 0/1]

mul
#229 [E/I: 0/3]

mul
#230 [E/I: 0/3]

mul
#231 [E/I: 0/3]

mul
#232 [E/I: 0/1]

mul
#233 [E/I: 0/1]

mul
#234 [E/I: 0/1]

mul
#235 [E/I: 0/1]

mul
#236 [E/I: 0/1]

mul
#237 [E/I: 0/1]

add
#238 [E/I: 0/1]

add
#239 [E/I: 0/1]

add
#240 [E/I: 0/1]

select
#241 [E/I: 0/2]

select
#242 [E/I: 0/2]

select
#243 [E/I: 0/2]

max
#244 [E/I: 0/1]

max
#245 [E/I: 0/1]

mul
#246 [E/I: 0/1]

min
#247 [E/I: 0/1]

rcp
#248 [E/I: 0/3]

mul
#249 [E/I: 0/2]

mul
#250 [E/I: 0/2]

mul
#251 [E/I: 0/2]

mul [s]
#252 [E/I: 0/1]

mul [s]
#253 [E/I: 0/1]

mul [s]
#254 [E/I: 0/1]

mul
#255 [E/I: 0/1]

mul
#256 [E/I: 0/1]

mul
#257 [E/I: 0/1]

select
#258 [E/I: 0/1]

select
#259 [E/I: 0/1]

select
#260 [E/I: 0/1]

scatter
#261 [E/I: 0/1]

scatter
#262 [E/I: 0/1]

scatter
#263 [E/I: 0/1]

mul
#264 [E/I: 0/1]

mul
#265 [E/I: 0/1]

mul
#266 [E/I: 0/1]

mul
#267 [E/I: 0/1]

mul
#268 [E/I: 0/1]

mul
#269 [E/I: 0/1]

mul
#270 [E/I: 0/1]

mul
#271 [E/I: 0/1]

mul
#272 [E/I: 0/1]

add
#273 [E/I: 0/1]

add
#274 [E/I: 0/1]

add
#275 [E/I: 0/1]

select
#276 [E/I: 0/2]

select
#277 [E/I: 0/2]

select
#278 [E/I: 0/2]

select
#279 [E/I: 0/1]

select
#280 [E/I: 0/1]

select
#281 [E/I: 0/1]

scatter
#282 [E/I: 0/1]

scatter
#283 [E/I: 0/1]

scatter
#284 [E/I: 0/1]

mul
#285 [E/I: 0/3]

mul
#286 [E/I: 0/3]

mul
#287 [E/I: 0/3]

mul
#288 [E/I: 0/1]

mul
#289 [E/I: 0/1]

mul
#290 [E/I: 0/1]

mul
#291 [E/I: 0/1]

mul
#292 [E/I: 0/1]

mul
#293 [E/I: 0/1]

add
#294 [E/I: 0/1]

add
#295 [E/I: 0/1]

add
#296 [E/I: 0/1]

select
#297 [E/I: 0/2]

select
#298 [E/I: 0/2]

select
#299 [E/I: 0/2]

max
#300 [E/I: 0/1]

max
#301 [E/I: 0/1]

mul
#302 [E/I: 0/1]

min
#303 [E/I: 0/1]

rcp
#304 [E/I: 0/3]

mul
#305 [E/I: 0/2]

mul
#306 [E/I: 0/2]

mul
#307 [E/I: 0/2]

mul [s]
#308 [E/I: 0/1]

mul [s]
#309 [E/I: 0/1]

mul [s]
#310 [E/I: 0/1]

mul
#311 [E/I: 0/1]

mul
#312 [E/I: 0/1]

mul
#313 [E/I: 0/1]

select
#314 [E/I: 0/1]

select
#315 [E/I: 0/1]

select
#316 [E/I: 0/1]

scatter
#317 [E/I: 0/1]

scatter
#318 [E/I: 0/1]

scatter
#319 [E/I: 0/1]

mul
#320 [E/I: 0/1]

mul
#321 [E/I: 0/1]

mul
#322 [E/I: 0/1]

mul
#323 [E/I: 0/1]

mul
#324 [E/I: 0/1]

mul
#325 [E/I: 0/1]

mul
#326 [E/I: 0/1]

mul
#327 [E/I: 0/1]

mul
#328 [E/I: 0/1]

add
#329 [E/I: 0/1]

add
#330 [E/I: 0/1]

add
#331 [E/I: 0/1]

select
#332 [E/I: 0/2]

select
#333 [E/I: 0/2]

select
#334 [E/I: 0/2]

select
#335 [E/I: 0/1]

select
#336 [E/I: 0/1]

select
#337 [E/I: 0/1]

scatter
#338 [E/I: 0/1]

scatter
#339 [E/I: 0/1]

scatter
#340 [E/I: 0/1]

mul
#341 [E/I: 0/3]

mul
#342 [E/I: 0/3]

mul
#343 [E/I: 0/3]

mul
#344 [E/I: 0/1]

mul
#345 [E/I: 0/1]

mul
#346 [E/I: 0/1]

mul
#347 [E/I: 0/1]

mul
#348 [E/I: 0/1]

mul
#349 [E/I: 0/1]

add
#350 [E/I: 0/1]

add
#351 [E/I: 0/1]

add
#352 [E/I: 0/1]

select
#353 [E/I: 0/2]

select
#354 [E/I: 0/2]

select
#355 [E/I: 0/2]

max
#356 [E/I: 0/1]

max
#357 [E/I: 0/1]

mul
#358 [E/I: 0/1]

min
#359 [E/I: 0/1]

rcp
#360 [E/I: 0/3]

mul
#361 [E/I: 0/2]

mul
#362 [E/I: 0/2]

mul
#363 [E/I: 0/2]

mul [s]
#364 [E/I: 0/1]

mul [s]
#365 [E/I: 0/1]

mul [s]
#366 [E/I: 0/1]

mul
#367 [E/I: 0/1]

mul
#368 [E/I: 0/1]

mul
#369 [E/I: 0/1]

select
#370 [E/I: 0/1]

select
#371 [E/I: 0/1]

select
#372 [E/I: 0/1]

scatter
#373 [E/I: 0/1]

scatter
#374 [E/I: 0/1]

scatter
#375 [E/I: 0/1]

mul
#376 [E/I: 0/1]

mul
#377 [E/I: 0/1]

mul
#378 [E/I: 0/1]

mul
#379 [E/I: 0/1]

mul
#380 [E/I: 0/1]

mul
#381 [E/I: 0/1]

mul
#382 [E/I: 0/1]

mul
#383 [E/I: 0/1]

mul
#384 [E/I: 0/1]

add
#385 [E/I: 0/1]

add
#386 [E/I: 0/1]

add
#387 [E/I: 0/1]

select
#388 [E/I: 0/2]

select
#389 [E/I: 0/2]

select
#390 [E/I: 0/2]

select
#391 [E/I: 0/1]

select
#392 [E/I: 0/1]

select
#393 [E/I: 0/1]

scatter
#394 [E/I: 0/1]

scatter
#395 [E/I: 0/1]

scatter
#396 [E/I: 0/1]

mul
#397 [E/I: 0/3]

mul
#398 [E/I: 0/3]

mul
#399 [E/I: 0/3]

mul
#400 [E/I: 0/1]

mul
#401 [E/I: 0/1]

mul
#402 [E/I: 0/1]

mul
#403 [E/I: 0/1]

mul
#404 [E/I: 0/1]

mul
#405 [E/I: 0/1]

add
#406 [E/I: 0/1]

add
#407 [E/I: 0/1]

add
#408 [E/I: 0/1]

select
#409 [E/I: 0/2]

select
#410 [E/I: 0/2]

select
#411 [E/I: 0/2]

max
#412 [E/I: 0/1]

max
#413 [E/I: 0/1]

mul
#414 [E/I: 0/1]

min
#415 [E/I: 0/1]

rcp
#416 [E/I: 0/3]

mul
#417 [E/I: 0/2]

mul
#418 [E/I: 0/2]

mul
#419 [E/I: 0/2]

mul [s]
#420 [E/I: 0/1]

mul [s]
#421 [E/I: 0/1]

mul [s]
#422 [E/I: 0/1]

mul
#423 [E/I: 0/1]

mul
#424 [E/I: 0/1]

mul
#425 [E/I: 0/1]

select
#426 [E/I: 0/1]

select
#427 [E/I: 0/1]

select
#428 [E/I: 0/1]

scatter
#429 [E/I: 0/1]

scatter
#430 [E/I: 0/1]

scatter
#431 [E/I: 0/1]

mul
#432 [E/I: 0/1]

mul
#433 [E/I: 0/1]

mul
#434 [E/I: 0/1]

mul
#435 [E/I: 0/1]

mul
#436 [E/I: 0/1]

mul
#437 [E/I: 0/1]
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• Forward mode 
Too slow for interesting problems with many parameters. 

• Reverse mode 
Computation graph explodes even having spent a  
considerable amount of time on optimizations  
(JIT, graph simplification, etc.) 

• What now?

Kind of depressing ..
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Radiative Backpropagation

37

Radiative Backpropagation: An Adjoint Method for 
Lightning-Fast Differentiable Rendering 
 
SIGGRAPH 2020 

Merlin Nimier-David, Sébastien Speierer, 
Benoit Ruîz, Wenzel Jakob



RGL Realistic Graphics Lab

Motivation: Adjoint Sensitivity Method
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“Adjoint” — that sounds familiar!

39

s=0, t=3 s=1, t=2 s=2, t=1 s=3, t=0

s=0, t=4 s=1, t=3 s=2, t=2 s=3, t=1 s=4, t=0

s=0, t=5 s=1, t=4 s=2, t=3 s=3, t=2 s=4, t=1 s=5, t=0

s=0, t=6 s=1, t=5 s=2, t=4 s=3, t=3 s=4, t=2 s=5, t=1 s=6, t=0

Bidirectional Estimators for Light Transport
Veach & Guibas, 1994

(Underlying principle: self-adjoint operators)
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Derivatives projected into the scene
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Gradients

Deriv. from objects

Deriv. from sensor

Product integral
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Gradients

Deriv. from objects

Deriv. from sensor

Product integral



RGL Realistic Graphics Lab 43



RGL Realistic Graphics Lab 43



RGL Realistic Graphics Lab 44



RGL Realistic Graphics Lab 44



RGL Realistic Graphics Lab 44



RGL Realistic Graphics Lab 44



RGL Realistic Graphics Lab

Another perspective

“Normal” rendering

45



RGL Realistic Graphics Lab

Another perspective

“Normal” rendering

45

Radiance Importance- Transporting from sensor/light 
may yield lower variance.



RGL Realistic Graphics Lab

Another perspective

“Normal” rendering

45

Radiance Importance- Transporting from sensor/light 
may yield lower variance.



RGL Realistic Graphics Lab

Another perspective

“Normal” rendering

45

Radiance Importance

∂ from objects

Differentiable rendering

- Transporting from sensor/light 
may yield lower variance.

∂ from sensor



RGL Realistic Graphics Lab

Another perspective

“Normal” rendering

45

Radiance Importance

∂ from objects

±±
Differentiable rendering

- Transporting from sensor/light 
may yield lower variance.

∂ from sensor



RGL Realistic Graphics Lab

Another perspective

“Normal” rendering

45

Radiance Importance

∂ from objects

±±
Differentiable rendering

- Transporting from sensor/light 
may yield lower variance.

- Transporting from objects is 
completely impractical.

∂ from sensor
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Surface BSDF optimization
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Initial scene Target (only given as image)
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Surface BSDF optimization
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Surface BSDF optimization
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Volume density optimization

51

Mitsuba 2 (AD-based) Radiative Backprop. 
(biased I + II)

Target
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Volume density optimization

51

Mitsuba 2 (AD-based) Radiative Backprop. 
(biased I + II)

Target
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Volume density optimization
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Relative speedups vs autodiff-based
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TL;DR

• Radiative Backpropagation is “just” another kind  of light transport 
simulation with weird sensors and emitters. 

• Orders of magnitude faster (up to ~1000× in our experiments) 

• Lifts memory limitations entirely 

• Only need to differentiate BSDFs etc. (“easy”) 

• Can build on decades of research 
targeting such problems!

54
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ArXiv paper by Jos Stam

55

arXiv:2006.15059

Computing Light 
Transport Gradients using 
the Adjoint Method
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Agenda for today
Inverse rendering 

Differentiable rendering 

Example problem 

Challenges 

1. How to do this at all? 

2. Efficiency 

3. Discontinuities 

4. Robustness

56
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Differentiating Monte Carlo Estimates

57

Pixel integrals

Light integrals

BSDF integrals

dω

dω

dx dy
Z
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Z

<latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit><latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit><latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit><latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit>
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Z

<latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit><latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit><latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit><latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit>

Z

<latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit><latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit><latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit><latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit>

Z

<latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit><latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit><latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit><latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit>

Z

<latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit><latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit><latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit><latexit sha1_base64="MZPzi4OB8GZkiJWEbQpsQfa5Fko=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLPaGxX635dX8OskqCgtSgQLNf/eoNYpYqrpFJam038BMMM2pQMMlnlV5qeULZhI5411FNFbdhNr91Rs6cMiDD2LjSSObq74mMKmunKnKdiuLYLnu5+J/XTXF4HWZCJylyzRaLhqkkGJP8cTIQhjOUU0coM8LdStiYGsrQxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8ecp78d69j0VryStmjuEPvM8fIqiOSQ==</latexit>

xi
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The problem
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What we want. Differentiated simulation.
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Discontinuities in differentiable renderers

• Analytic pixel occupancy (NASA)
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Discontinuities in differentiable renderers

• Analytic pixel occupancy (NASA)

62

[Jalobeanu et al. 2004][Smelyansky et al. 2002]

[Rhodin et al. 2015] [Kato et al. 2018]

[Liu et al. 2019]

[Petersen et al. 2019] [Yifan et al. 2019]

Approximations using blur (direct visibility)
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Differentiable Monte Carlo Ray Tracing Through Edge Sampling

63

Tzu-Mao Li, Miika Aittala, 
Frédo Durand, Jaakko Lehtinen  

 
SIGGRAPH Asia 2018
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Differentiable Monte Carlo Ray Tracing Through Edge Sampling
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A Differential Theory of Radiative Transfer 

Cheng Zhang, Lifan Wu, Xhanxi Zheng, 
Ioannis Gkioulekas, Ravi Ramamoorthi, 

Shuang Zhao 

SIGGRAPH 2019

Path-Space Differentiable Rendering 

Cheng Zhang, Bayley Miller, Kai Yan, 
Ioannis Gkioulekas, Shuang Zhao 

SIGGRAPH 2020
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Edge sampling
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Edge sampling
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Edge sampling

65

We currently don’t have good acceleration data structures for this operation.
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Our approach: reparameterizing integrals
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Non-differentiable Monte Carlo estimates

Pixel filter or BRDF

Differentiable Monte Carlo estimates

xi xi
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Our approach: reparameterizing integrals

66

Non-differentiable Monte Carlo estimates

Pixel filter or BRDF

Differentiable Monte Carlo estimates

xi xi

Change of variables
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More details

67

Reparameterizing Discontinuous Integrals for 
Differentiable Rendering 

Guillaume Loubet, Nicolas Holzschuch, 
Wenzel Jakob 

SIGGRAPH Asia 2019
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Results: comparison to reference gradient images
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Ours Reference  
(Finite differences)

Without  
changes of variables 



RGL Realistic Graphics Lab

Results: comparison to reference gradient images

68

Ours Reference  
(Finite differences)

Without  
changes of variables 



RGL Realistic Graphics Lab

Results: comparison to reference gradient images

68

Ours Reference  
(Finite differences)

Without  
changes of variables 



RGL Realistic Graphics Lab

Results: comparison to reference gradient images

68

Ours Reference  
(Finite differences)

Without  
changes of variables 



RGL Realistic Graphics Lab

Results: comparison to reference gradient images
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Glossy reflection

Shadows

Refraction

Ours Reference  
(Finite differences)

Without  
changes of variables 
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Results: comparison to edge sampling

70

Mesh subdivision

Glossy reflection

Edge sampling 
[Li et al. 2018] Ours Reference 

Finite differences
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Agenda for today
Inverse rendering 

Example problem 

Differentiable rendering 

Challenges 

1. How to do this at all? 

2. Efficiency 

3. Discontinuities 

4. Robustness

71
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Robustness
Major contrast to neural networks: 

- Neural networks use random initialization! High-dimensional layout of 
local minima + noisy SGD tends to find good solutions. 

- Not true for differentiable rendering.  
(would be nice to start from random/empty initialization)

72
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Robustness
Major contrast to neural networks: 

- Neural networks use random initialization! High-dimensional layout of 
local minima + noisy SGD tends to find good solutions. 

- Not true for differentiable rendering.  
(would be nice to start from random/empty initialization)

73

- Optimization objective: what to choose?

- Which scene representations promote convexity?

- Tweaking multiple knobs at during optimization seems hacky..

Exciting times!!



Differentiable Simulation of Light 
Why it is Important, and What Makes it Hard!

RGL  
 Realistic Graphics Lab

Merlin Nimier-David Guillaume Loubet Benoît Ruiz Sébastien Speierer Delio Vicini Tizian Zeltner Nicolas Holzschuch

Model credits: 
• Olesya Jakob  
• Benedikt Bitterli’s scene repository 
• HDRI Haven 
• BlenderArtists/TurboSquid users  

     Warcos, blendswapisweird, Master2main and Young_Wizard
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My lab is hiring (PhDs + Postdocs)

75

EPFL — Lausanne, Switzerland

Computer 
Science


