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ROB 430/599: Deep Learning for Robot 
Perception and Manipulation (DeepRob)



Today
• Feedback and Recap (5min)
• Backpropagation

– P1 - Linear Classifier gradients  (25min)
– Computational Graph: Examples of calculating backprop 

(30min)
– Backprop with vectors (25min)

• Summary and Takeaways (5min)



P1 Hints
• .view vs. .reshape

– .view more memory efficient, but only works with 
contiguous memory tensor. Preferred in our P1.

– .reshape works with both contiguous and non-contiguous 
memory tensor. May return a view or a copy.

• torch.chunk(tensor, NumChuncks, dim): split a tensor in 
chunks - useful in cross validation

• Compute_distances_no_loops - good place to debug RAM issue (see 
next two slides)
– Hint: Euclidean distance 



P1 - Debugging RAM issue



P1 - Debugging RAM issue

(previous solution/discussion from Piazza)

Also, upgrade to Google Colab Pro, select “High-RAM 
runtime” 



torch.Tensor Practice Resources

torch.Tensor
https://docs.pytorch.org/docs/stable/tensors.html

Broadcasting:
https://docs.pytorch.org/docs/stable/notes/broadcasting.
html  

https://docs.pytorch.org/docs/stable/tensors.html
https://docs.pytorch.org/docs/stable/notes/broadcasting.html
https://docs.pytorch.org/docs/stable/notes/broadcasting.html


P1 Hints
• Deriving Derivatives dW for Linear Classifiers

https://mmuratarat.github.io/2019-0
1-27/derivation-of-softmax-function 

Hand-derivation video: 
https://youtu.be/qW2awlotMzo 

https://mmuratarat.github.io/2019-01-27/derivation-of-softmax-function
https://mmuratarat.github.io/2019-01-27/derivation-of-softmax-function
https://youtu.be/qW2awlotMzo


Recap P1 Deadline: Feb. 1, 2026



How to Compute Gradients? 



Bad Idea: Derive             on paper



Better Idea: Computational Graphs 
(example)

Regularization term



Deep Network (AlexNet)



Deep Network (Neural Turing Machine)

https://arxiv.org/abs/1410.5401
andrej karpathy (graph) 

https://arxiv.org/abs/1410.5401


Backpropagation: A simple example
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Backpropagation: A simple example



Local Properties of Backpropagation
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Local Properties of Backpropagation



Patterns in Gradient Flow important!



Backprop Implementation: “Flat” gradient code
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Backprop Implementation: “Flat” gradient code

Multiply



Backprop Implementation: “Flat” gradient code

Multiply



“Flat” backprop: Do this for Project 2



Backprop Implementation: Modular API



Example: PyTorch Autograd Functions



So far: backprop w/ scalars…

 What about vector-valued functions?



Recap: Vector Derivatives
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Backprop with Vectors

Jacobian is sparse: 
off-diagonal entries 
all zero! Never 
explicitly form 
Jacobian; instead 
use implicit 
multiplication
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Backprop with Matrices (or Tensors)
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Example: Matrix Multiplication
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Example: Matrix Multiplication



Backpropagation: Another View
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Reverse-Mode Automatic Differentiation
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Forward-Mode Automatic Differentiation



Forward-Mode Automatic Differentiation



Forward-Mode Automatic Differentiation



Summary



Summary



Summary

Next up: Convolutional Neural Networks

Reminder: 
20260127 NN + 20260128 BackProp 
Quizzes released on Canvas
(Due next Tuesday Feb. 3, 2026)



Announcement

P1 - Due Feb.1, 2026
P2 will be released soon (upcoming)

Next Monday Feb.2nd: Lecture 7 CNN
Next Tuesday Feb.3rd: in Vis Studio (1401 Duderstadt)


