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Instructions
• DO NOT TURN OVER THIS PAGE UNTIL YOUR ARE TOLD TO DO SO

• Write your name and student number in the boxes provided.

• You have 2 hours to complete this exam.

• Write your solutions in the space provided. We will only consider work written within
these pages.

• This exam has 8 problems that are not necessarily in order of difficulty. The problems
are worth 100 points total.

• A correct answer does not guarantee full credit and a wrong answer does not guaran-
tee loss of credit. You should concisely indicate your reasoning and show all relevant
work. The grade on each problem is based on our judgment of your level of under-
standing as reflected by what you have written.

• A basic, non-programmable calculator is permitted.

• Write clearly! If we can’t read it, we can’t grade it.
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Problem 1 - Feature selection - 8 marks
1. Before training a model, we typically remove all correlated features. Give two reasons

why we do this. (2 marks)

2. If we provide a K-nearest neighbor model with a large number of features and some
of those features are not important, the model will perform poorly. Why? (2 marks)

3. List two models (that we learned in this course) that have internal feature selection
methods and describe how they internally select features. (4 marks)
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Problem 2 - Model interpretation and explanation - 14
marks

Figure 1: Statsmodel output.

Consider the output in Figure 1. Use a statistical significance level of 0.05 and answer the
following questions

1. What type of model has been fit? (1 mark)

2. What is the target? (1 mark)

3. Which features are positively associated with the target? (2 marks)
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4. Which features are negatively associated with the target? (2 marks)

5. What is the interpretation for the cigsPerDay variable? (2 marks)

Figure 2: Statsmodel output.

Consider the output in Figure 2. Answer the following questions.

6. What is the target value for a 55 year old non-smoking male with diabetes, a systolic
BP of 140, and a total cholesterol of 110? (2 mark)

7. If the person in question 6 were to start smoking, by how much does his target value
increase? (1 mark)
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Figure 3: (a) ROC curve for the model in Figure 2, and (b) corresponding confusion matrix
for a pre-determined threshold.

Consider Figure 3 and answer the following questions.

8. What does the dashed line represent in Figure 3(a)? (1 mark)

9. Calculate the false negative rate using Figure 3(b). (1 mark)

10. Indicate the point on the ROC curve shown in Figure 3(a) that corresponds to the
confusion matrix in Figure 3(b). (1 mark)
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Problem 3 - Clustering - 10 Marks
1. Why is it important to normalize the data before clustering? (2 marks)

2. Explain the difference between k-means and hierarchical clustering. (2 marks)
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Figure 4: Hierarchical clustering dendrogram.
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Consider the dendrogram shown in Figure 4 and answer the following question.

3. How many clusters are formed if the max inter-cluster distance is 800? (1 mark)

Figure 5: K-means cluster centroids.

Suppose we run K-means clustering on a movie dataset with 8 features, where each
feature represents a genre. We find 7 clusters with the centroids shown in Figure 5.

4. What type of movies can you expect to find in cluster 0? (1 mark)

5. A new movie is classified only as a drama and romance. What cluster does it belong
in and what is the euclidean distance between the new movie and its cluster? (2
marks)

6. If we run the K-means algorithm 10 times, should we expect to find the same clusters
each time? Why or why not? (2 marks)
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Problem 4 - Out-of-sample error, overfitting, and reg-
ularization - 20 marks

1. Out-of-sample error can be decomposed into three components. Name and define
each component. (6 marks)

2. Draw the relationship between the three out-of-sample error components and model
complexity (i.e., model complexity should be on the x-axis) (4 marks)

3. What is overfitting and why is it undesirable? (2 marks)
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4. Give one example of a model that is prone to overfitting and one example of a model
that is not. (2 marks)

5. Define lasso regularization mathematically (i.e., what term do we add to the least
squares problem?). (1 mark)

6. Practically speaking, what are the effects of lasso on the regression coefficients? (2
marks)

7. Define ridge regularization mathematically. (1 mark)

8. Practically speaking, what are the effects of ridge regression on the regression coeffi-
cients? (2 marks)

9. What is elastic net regularization? (1 mark)
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Problem 5 - Ensembles - 20 marks
1. What is the definition of weak learner? Give an example of a weak learner. (2 marks)

2. What is the definition of a strong learner? Give an example of a strong learner. (2
marks)

3. Provide two differences between bagging and boosting. (2 marks)

4. For random forest, we need to ensure diversity between the individual CART trees.
List two approaches that can be used to increase diversity. Explain how your methods
increase diversity. (4 marks)
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5. What are the features and the target in a stacked model? (2 marks)

6. What is the motivation for stacking? (2 marks)

7. Explain how the observation weights are updated in a boosted model. (4 marks)

8. When would you prefer boosting over bagging? (2 marks)
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Problem 6 - SVM and deep learning - 20 marks
1. What is the mathematical formulation/definition for the perceptron? (2 marks)

2. Provide a graphical representation/visualization of the perceptron. Label each com-
ponent. (4 marks)

3. What is a support vector? Provide a graphical representation. (4 marks)
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4. What is the difference between an artificial neural network (ANN) and a convolutional
neural network (CNN)? (2 marks)

5. What is the difference between a feed forward neural network and a recurrent neural
network? (2 marks)

6. What type of practical application is particularly suited to a recurrent neural net-
work? Why? (2 marks)

7. What is the role of the activation function? List one activation function and draw
it. (4 marks)

13 of 15



University of Wisconsin - Madison
Department of Industrial and Systems Engineering

ISyE 601: Machine Learning in Action
Fall 2019

Problem 7 - Model training - 6 marks
We learned the following algorithms this year:

• Linear and logistic regression

• k-means and hierarchical clustering

• K-nearest neighbors

• CART and random forest

• Ensembles (boosting, bagging, stacking)

• SVM

• Neural networks and deep learning

1. List the methods that are typically solved to optimality (i.e., we do not use a heuris-
tic). (2 marks)

2. Provide two advantages and two disadvantages of an optimal model. (4 marks)

14 of 15



University of Wisconsin - Madison
Department of Industrial and Systems Engineering

ISyE 601: Machine Learning in Action
Fall 2019

Problem 8 - 2 marks
What is your favorite machine learning model and why?
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