
einsum optimizer
is all you need



Einsum



Beyond original einstein summation

- outer indices can be empty
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Beyond original einstein summation

- order matters



Beyond original einstein summation

- outer indices can repeat on left side: einsum('ii->i', f)



Matmul as einsum



Convolution as einsum

- need a linearly indexed view
- ie, "fold" or "im2col" operation

better memory

better time



Factored convolutions



Factored convolutions

- factored convolution
- depthwise convolution
- spatially separable convolution
- bottleneck layer
- 1x1 convolution

- 492 3D convolutions



=sum over weighted walks





Hessian



Efficient computation: factoring



Efficient computation: factoring

https://colab.research.google.com/drive/1ItfFMp6WGdZLSrFtI-ppnVcD2ahLxIH
g#scrollTo=ICV7-1SrEDAI

https://colab.research.google.com/drive/1ItfFMp6WGdZLSrFtI-ppnVcD2ahLxIHg#scrollTo=ICV7-1SrEDAI
https://colab.research.google.com/drive/1ItfFMp6WGdZLSrFtI-ppnVcD2ahLxIHg#scrollTo=ICV7-1SrEDAI


More gradients



More gradients



Per example gradients



Gradient norms squared



Gradient norms squared: conv layers?

https://colab.research.google.com/drive/16nK
r_LmiiH8pgGkF1gNNahK83WVCpqk4#scroll
To=_E8yzItiWaUS

- hessian trace
- gradient norms
- Hessian-vector products
- batch of per-example Hessian traces 

https://colab.research.google.com/drive/16nKr_LmiiH8pgGkF1gNNahK83WVCpqk4#scrollTo=_E8yzItiWaUS
https://colab.research.google.com/drive/16nKr_LmiiH8pgGkF1gNNahK83WVCpqk4#scrollTo=_E8yzItiWaUS
https://colab.research.google.com/drive/16nKr_LmiiH8pgGkF1gNNahK83WVCpqk4#scrollTo=_E8yzItiWaUS


Graphical view

needs hyper-edges
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Graphical view


