Assignment: Homework 3

How to Hand It In

1. Put all your solutions in one folder. Compress this folder and name it
<firstname>_<lastname>_HW3.zip. For example, “Zhiyao_Duan_HW3.zip”".
2. Submit to the corresponding entry on Blackboard.

When to Hand It In

It is due at 11:59 PM on the date specified on the course calendar. Late assignments will receive
a 20% deduction of the full grade each day.

Problems (10 points in total)

1. (1 point) Load two datasets with sklearn.datasets.make blobs and
sklearn.datasets.make moons, each with 100 samples for positive and negative
classes respectively. Visualize them. Are they linearly separable?

2. (3 points) Perceptron is a simple linear classifier described as

y =sgn(w’x),

where x is the expanded feature vector, w is the weight vector, and y is the binary output of
perceptron. The training of perceptron has different ways.

a.

(1.5 points) Implement perceptron with the “perceptron learning rule”, the single-
sample stochastic gradient descent update rule. Run this algorithm on both
datasets. Does your algorithm converge to a good solution? If so, draw the
classification boundary on the data visualization graph. If not, explain why not.
(1.5 points) Implement perceptron with the “delta rule”, the all-sample gradient
descent update rule. Run this algorithm on both datasets. Does your algorithm
converge to a good solution? If so, draw the classification boundary on the data
visualization graph. If not, explain why not.

3. (3 points) Logistic Regression

a.

(1.5 points) Implement logistic regression with the “squared error loss” using
gradient descent. Run this algorithm on both datasets. Does your algorithm
converge to a good solution? If so, draw the classification boundary on the data
visualization graph. If not, explain why not.

(1.5 points) Implement logistic regression with the “log error loss” using gradient
descent. If interested, you can also try the Newton’s method. In that case, you
would need to compute the Hessian matrix and perform matrix inverse. Run this
algorithm on both datasets. Does your algorithm converge to a good solution? If so,
draw the classification boundary on the data visualization graph. If not, explain why
not.

4. (3 points) Predict whether a semiconductor product will pass or fail quality control tests
based on sensor measurements collected during the manufacturing process. The SECOM



dataset comprises data from a semiconductor manufacturing process, aiming to predict
product quality outcomes. The file secom.data includes 1567 instances, each with 590
sensor measurements capturing various aspects of the manufacturing process. The
'Pass/Fail' status of each product recorded in the file secom labels.data isrecorded
in a separate label file, where '-1' indicates a pass and '1' indicates a fail.

a.

(0.5 point) Load the dataset and divide the dataset into training, validation and testing
sets with sklearn.model selection.StratifiedShuffleSplit.

(0.5 point) Train an SVM classifier to predict faulty vs. normal conditions based on the
input voltages and currents. Tune SVM hyperparameters on the validation set. After you
have finished tuning, report the classification accuracy on the training, validation and
test sets.

(0.5 point) Train a Decision Tree to perform the same task. Tune the hyper-parameters
on the validation set. After you have finished tuning, report the classification accuracy
on the training, validation and test sets.

(0.5 point) Train a Logistic Regression classifier to perform the same task. Tune the
hyper-parameters on the validation set. After you have finished tuning, report the
classification accuracy on the training, validation and test sets.

(0.5 point) Compare the results of all models you implemented. Try to explain the
performance difference. Compare the pros and cons of these models/approaches
involved.

(0.5 point) You may find that the models predict “pass” for nearly all the test data
samples. That is because the dataset is highly unbalanced, with about 1:14 fail-to-pass
ratio. Do you have any idea to further improve the performance of the models? You
don’t have to implement your idea here, but you are welcome to give it a try.

NOTE: Submit your code as Jupyter Notebook AND as a PDF (you can export as PDF from
modern browsers). Your code should be well commented. Make sure to include any special
instructions to run your code, e.g., additional files, folders, libraries, etc.



