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	Problem
	Points
	Score

	1
	25
	

	2
	25
	

	3
	25
	

	4
	25
	

	Total
	100
	



Notes:
(1) The exam is closed books and notes. You are allowed on double-sides 8.5x11 in. page of notes. If you don’t have an equation that you think you need, please ask me during the exam.
(2) Please clearly indicate your answer to the problem.
(3) Note that ungrammatical sentences, incoherent statements, or general illegible scratches will get zero credit.
(4) If I can’t read or follow your solution, it is wrong, and no partial credit will be awarded.
(25 pts) Problem No. 1: You are given the data shown to the right as a training set for a simple neural network.Index
Class
F1
F2
1
1
T
T
2
1
T
F
3
0
F
F
4
0
F
T
5
0
F
T


(a) Design a network that best models this data. Be very specific and estimate all the important parameters of your model. Draw a topology, show weights, etc. Estimate the error classifying the training data.
(b) You are given two additional measurements shown in the second table to the right. Classify this data using your network and estimate the error rate, which will either be 0%, 50%, or 100%. Explain why your result makes sense. Do these measurements reinforce what you learned from the first table?Index
Class
F1
F2
6
1
F
T
7
0
T
F


Your answers will be evaluated not based on casual observations (which one might argue are obvious) but based on your ability to justify these observations using calculations based on machine learning theory.
(25 pts) Problem No. 2: Consider a standard three-layer (multilayer) perceptron that uses an activation function given by:

(a) Derive an expression to update hidden layer weights assuming , and  are constants.
(b) Improve the convergence properties of this system by adding regularization. Carefully explain all details of your approach and derive the necessary update equations.
(25 pts) Problem No. 3: Consider a signal defined by the equation:

where  is zero-mean Gaussian white noise with a variance of . Compute a linear regression model for this signal that predicts the next sample based on the previous sample. Hint: Consider the form of the correlation function. You must show your calculations – you cannot simply state the obvious. Did your regression model accurately model this signal?
(25 pts) Problem No. 4: Consider a simple neural network consisting of:
Network architecture: 2 inputs → 1 hidden layer (2 neurons) → 1 output neuron
Activation function: Sigmoid,  (use the approximations given below)
Weights and biases:
	Layer
	Weights
	Bias

	Hidden
	w₁₁ = 0.5, w₁₂ = 1.0, w₂₁ = −0.5, w₂₂ = 0.5
	b₁ = 0, b₂ = 0

	Output
	w₃₁ = 1.0, w₃₂ = −1.0
	b₃ = 0


Input:  | Target output:  | Learning rate: 
Useful approximations: , , 
(a) Forward Pass: compute the net input and output of each hidden neuron , then compute the final output .
(b) Loss: compute the Mean Squared Error loss: 
(c) Backpropagation: using gradient descent, compute  and , then update those two output-layer weights.
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