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E9:309 Advanced Deep Learning

Housekeeping

✴Midterm project II presentations 

➡Remaining presentations (31-12-2020) Starting from 430pm 

➡ Same format as previous evaluation 

✴Midterm project III  

➡Abstract submission deadline (Jan 10th) 

✓ Evaluation after final exam (1st week of Feb) 

✴ Final Exam (as per IISc schedule) 

✓ Jan 23rd afternoon!
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Knowledge distillation for explainability
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LIME model - text example

✴Building sparse linear regression for each output class
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LIME model - Image example

✴Building sparse linear regression for each output class
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Future Research Directions 
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Topics thus far … 

• Visual and Time Series Modeling: Semantic Models, Recurrent neural models and LSTM 

models, Encoder-decoder models, Attention models. 

• Representation Learning, Causality And Explainability: t-SNE visualization, Hierarchical 

Representation, semantic embeddings, gradient and perturbation analysis, Topics in 

Explainable learning, Structural causal models. 

• Unsupervised Learning: Restricted Boltzmann Machines, Variational Autoencoders, 

Generative Adversarial Networks. 

• New Architectures: Capsule networks, End-to-end models, Transformer Networks. 

• Applications: Applications in in NLP, Speech, Image/Video domains in all modules. 

•
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Problem with current deep learning networks 

✴Convolutional neural networks with 
filtering and max pooling layers 

✓ Generate indicators of object 
parts 

✓ check the presence of object 
parts and confirm the object 
identity.  

✓ Often fails to understand the 
spatial relationship between 
object parts. 

Is this a face ?
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Problem with current deep learning networks 

✴Question 

➡Can we learn the presence of 
object parts and their implicit 
spatial information (position) 

✴ Invariance versus equivariance 

➡ Invariance - resistance to 
translations and shifts 

➡Equivariance - relationship of parts 
with other parts have to preserved.

Is this a face ?
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Capsule networks 

✴Traditional networks 

➡Weigh the inputs and generate a scalar output 

✴Key idea in capsule networks (neurons to capsules) 

✓ Move individual neuron outputs from scalar to vector  

✓ Encode the probability of presence of an attribute along the magnitude 
of the vector output  

✓ Encode the pose (translation + rotation) in the angle of the vector output 
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Capsule Networks
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From a layer of neurons to layer of capsules 

✴Conventional neurons
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✴Capsule network

From a layer of neurons to layer of capsules 

✴Conventional neurons
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Instantiation parameter
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Capsule network

✴ Squashing non-linearity 

➡Makes the vector magnitude range from (0,1) 

✓ Interpretation of the length of the vector as a probability of the presence 
of a particular object part 

➡Preserves the direction of the original vector. 
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Capsule network

✴Coupling 

✴The coefficients  

✓ Initial values indicate prior probabilities that i should be coupled with j 

✓ Depend on the location and type of the capsule
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Capsule network

✴Coupling 

✴The coefficients  

✓ The dot product measures the agreement of the layer output  at j with 
the prediction made only based on i 

✓ Depend on the location and type of the capsule
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Neurons versus Capsules 
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Routing algorithm
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Capsule networks - final layer

✴ Final layer consists of C output capsules  

➡The length of the instantiation vectors indicates the 
probability of the class for the given input. 

✴ Loss function  

✴Total loss 
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Convolutional capsule networks
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Reconstruction as a regularization loss

✴Use the final capsules to reconstruct the digit images 
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Capsule networks
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Understanding the capsule output
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Capsule network performance


