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From Linear to Nonlinear
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•One of the major weaknesses of linear models (perceptron 
and regularized linear models), is that they are linear! 
•They are unable to learn arbitrary decision boundaries.
• One approach to do better is to chain together a collection of 

Perceptrons to build more complex Neural Networks (NN).

• Neural networks 
• Takes an input vector of p variables X = (X1, X2, . . . , Xp) and builds a nonlinear 

function f(X) to predict the response Y.
• Identify good basis transformations for our data.
• Extraordinarily flexible class of models.
• Used to solve a variety of different problem types.
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Single Neuron = Linear regression + Activation function
(neuron a.k.a. “unit” or “node”)

“Activation” Output
of “Activation Function”
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Neural Network  

Neural Network
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Neural Network Notes on notations:
--If input-layer is not “counted”, 
then, a0

(2) would be denoted 
as a0

(1) and so on…
--Some books/resources use 
different notations like that…
--In these slides, we “count” input-layer 
as layer “1” 
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Notes on notations:
Some books/resources use 
different notations: 
--“activation” a1

(2) would be the 
weighted summation
--output of “activation function” 
g(.) would be called neuron 
“output” denoted as z1

(2) = 
g(“activation”)
--parameters θ are also commonly 
denoted as ω (for “weights”)
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Multi-layer Neural Network - Binary Classification

L here is number of Layers

L here is Loss
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Multi-layer Neural Network - Activation functions
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Multiple Output Units: One vs. Rest
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Multi-class classification: Softmax + Binary Cross-Entropy (BCE)

Multi-layer Neural Network - Regression
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Neural Networks are arbitrary function approximators

Training Neural Networks
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Perceptron Learning Rule
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Batch Perceptron
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Learning in NN: Backpropagation
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Cost Function

Notes on notations:
--Cost function “J” is loss function “L”
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Optimizing the Neural Network
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Gradient Descent (GD)

Need to calculate
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Forward Propagation

Notes on notations:
--Here z(2) is new notation to 
represent the weighted 
summation (i.e., linear regression)  
--“Activation” a(2) denotes the 
output of “activation function”
--Differences in notations are not 
that important; conceptually, they 
describe the same thing!
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Forward 
Propagation:

Need to compute partial derivatives (used by optimization like GD):

For Output layer: For Hidden layers:

Backward Propagation:

BackProp gives us derivatives needed by GD:
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Backpropagation: Gradient Computation
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Backpropagation Intuition
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Backpropagation Intuition
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Backpropagation Intuition
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Backpropagation Intuition
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Backpropagation Intuition
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Backpropagation Intuition
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Training a Neural Network via 
Gradient Descent with BackProp
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Training issues:
Neural networks are non-convex
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Training issues:
Neural networks are non-convex
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• Training is too slow:
• Use larger step sizes, develop step size reduction schedule
• Use GPU resources
• Change batch size
• Use momentum and more exotic optimizers (e.g., Adam)
• Apply batch normalization
• Make network larger or smaller (# layers, # filters per layer, etc.)

• Test accuracy is low
• Try modifying all of the above, plus changing other hyperparameters

• https://playground.tensorflow.org/ 

• http://yann.lecun.com/exdb/lenet/ 
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Training issues
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PART 2
Code Time!
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Code Time
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•See demonstration and discussion in class.

•See also links in the “Code Examples” for this 
Lecture.
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Conclusion
Takeaways
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Training a Neural Network
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Training a Neural Network
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Gradient Descent
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