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Answered Questions 1, 2 and 4. 


Question one: 
Multiple choice questions 
A-   Determine which of the following statements about random forests is/are true? [3 Marks]
I. If the number of predictors used at each split is equal to the total number of available predictors, the result is the same as using bagging. 
II. When building a specific tree, the same subset of predictor variables is used at each split. 
III. Random forests are an improvement over bagging because the trees are decorrelated. 
1. (A)  None 
2. (B)  I and II only 
3. (C)  I and III only 
4. (D)  II and III only - 
5. (E)  The correct answer is not given by (A), (B), (C), or (D). 
ANSWER = C
 B - Determine which of the following considerations may make decision trees preferable to other statistical learning methods.  [3 Marks]
I. Decision trees are easily interpretable. 
II. Decision trees can be displayed graphically. 
III. Decision trees are easier to explain than SVM.

(A) None 
(B) I and II only 
(C) I and III only 
(D) II and III only 
(E) The correct answer is not given by (A), (B), (C), or (D). 

ANSWER = B

C- For a random forest, let p be the total number of features and m be the number of features selected at each split. [3 Marks]
Determine which of the following statements is/are true. 

I. When m = p, random forest and bagging are the same procedure. 
II. is the probability a split will not consider the strongest predictor. 
III. The typical choice of m is  .

(A)None 
(B) I and II only 
(C) I and III only 
(D) II and III only 
(E) The correct answer is not given by (A), (B), (C), or (D). Rule out C and D

ANSWER = B


PTO


D- Taking a bootstrap sample of n data points in p dimensions means:  [3 Marks]
I. Sampling p features with replacement. 
II. Sampling  without replacement.
III. Sampling n samples with replacement.
IV. Sampling k < n samples without replacement. 
(A)None 
(B) I only 
(C) II only
(D) III only
(E) I and III only 
(F) II and III only 
(G) The correct answer is not given by (A), (B), (C), or (D).

ANSWER - B
E- Suppose you are using a Linear SVM classifier with 2 class classification problem. Now you have been given the following data in which some points are circled red that are representing support vectors. 
[image: Chart, scatter chart

Description automatically generated]
If you remove any of the red circled data points from the data. Does the decision boundary change? Justify your answer? [5 Marks]
A) Yes
B) No
ANSWER = A, if you remove any one of them, it introduces slack within the constraints resulting in the decision boundary changing
F) [True or False] If you remove the non-red circled points from the data in the previous questions, dose the decision boundary change? [3 Marks]
A) True
B) False

ANSWER = B 
PTO


Question two: 
2a) The following tree was constructed using recursive binary splitting with the left branch indicating that the inequality is true. [5 Marks]
[image: Chart

Description automatically generated]

Determine which of the following plots represents this tree, and explain why? 

	[image: A picture containing text, white, chest of drawers

Description automatically generated]
	[image: A picture containing text, furniture, white, chest of drawers

Description automatically generated]

	(a)
	(b)

	[image: Chart

Description automatically generated with low confidence]
	[image: Calendar

Description automatically generated with low confidence]

	(c)
	(d)

	[image: A picture containing text, white, chest of drawers

Description automatically generated]
	

	(e)
	


PTO

2b) You are performing a K-means clustering algorithm on a set of data. The data has been initialized randomly with 3 clusters as follows: 
	Cluster 
	Data Point 

	A
	(2,-1)

	A
	(-1,2)

	A
	(-2,1)

	A
	(1,2)

	B
	(4,0)

	B
	(4,-1)

	B
	(0,-2)

	B
	(0,-5)

	C
	(-1,0)

	C
	(3,8)

	C
	(-2,0)

	C
	(0,0)


A single iteration of the algorithm is performed using the Euclidian distance between points.  What are the data points in the cluster containing the fewest number of data points? Explain your answer. [10 Marks]
ANSWER = Cluster C has the fewest points with three.
4c) What are the main components of a rule–based Expert System? [2.5 Marks]
ANSWER = A rule-based expert system has five components: the knowledge base, the database, the inference engine, the explanation facilities, and the user interface
4d) Describe at least two advantages and two disadvantages. [2.5 Marks]
ANSWER = 
Advantages – Simple to understand, easy to map a human’s experience to a knowledge system, straightforward to implement and easy to debug
Disadvantages – It requires constant updating, it doesn’t work well with noisy data, and it can cause overfitting in the expert system.
Question three: 
3a) Consider this scenario. You and your friend Alex like to play tennis every Saturday morning. However, today you're running late. Alex has a history of playing or not playing tennis based on the weather conditions at the time, which is shown in the table below. Using Naive Bayesian Classification, determine whether a game will be played today, if the weather conditions are:
X=(Outlook=Sunny, Temperature=Cool, Humidity=Normal, Wind=Strong) [10 Marks]





PTO

Training Data
	Outlook
	Temperature
	Humidity
	Windy
	Play

	Sunny
	Hot
	High
	FALSE
	No

	Sunny
	Hot
	High
	TRUE
	No

	Overcast
	Hot
	High
	FALSE
	Yes

	Rainy
	Mild
	High
	FALSE
	Yes

	Rainy
	Cool
	Normal
	FALSE
	Yes

	Rainy
	Cool
	Normal
	TRUE
	No

	Overcast
	Cool
	Normal
	TRUE
	Yes

	Sunny
	Mild
	High
	FALSE
	No

	Sunny
	Cool
	Normal
	FALSE
	Yes

	Rainy
	Mild
	Normal
	FALSE
	Yes

	Sunny
	Mild
	Normal
	TRUE
	Yes

	Overcast
	Mild
	High
	TRUE
	Yes

	Overcast
	Hot
	Normal
	FALSE
	Yes

	Rainy
	Mild
	High
	TRUE
	No


The four tables below describe the probability tables which contains the conditional probability of play or not play for any given features.
The conditional probability tables:  

	Outlook
	Play=yes 
	Play=yes 

	Sunny
	2/9
	3/5

	Overcast
	4/9
	0/5

	Rain
	3/9
	2/5


	Temperature
	Play=yes 
	Play=yes 

	Hot
	2/9
	2/5

	Mild
	4/9
	2/5

	Cool
	3/9
	1/5




	Humidity
	Play=yes 
	Play=yes 

	High
	3/9
	4/5

	Normal
	6/9
	1/5


	Wind
	Play=yes 
	Play=yes 

	Strong
	3/9
	3/5

	Weak
	6/9
	2/5



4b) The goal in machine learning is to use training data to learn a model that can make predictions on new data. Answer the following questions. 

PTO
1- Suppose we increased the size of the training set. Would this likely improve or deteriorate the performance of the model on new data? Why? [5 Marks]
2- Suppose we reduced the feature representation to include only the features with the highest mutual information with the target concept. Would this likely improve or deteriorate the performance of the model on new data? Why? [5 Marks]
Question four: 
4a) Suppose we train a model to predict whether an email is Spam or Not Spam. After training the model, we apply it to a test set of 500 new emails (also labelled) and the model produces the following contingency table. 
	
	
	True Class

	
	
	Spam
	Not Spam

	Predicted Class
	Spam
	70
	30

	
	Not Spam
	70
	330


1. Compute the Accuracy of this model? [2 points]

2. Compute the precision of this model with respect to the Spam class? [2 points]
ANSWER = = 70 / (70 + 30) = 70 / 100 = 70%
3. Compute the recall of this model with respect to the Spam class? [2 points]
ANSWER = 70 / (70 + 70) = 70 / 140 = 50%
4c) A KNN classifier assigns a test instance the majority class associated with its K nearest training instances. Distance between instances is measured using Euclidean distance. Suppose we have the following training set of positive (+) and negative (-) instances and a single test instance (o).  
[image: A picture containing text, different

Description automatically generated]

1. What would be the class assigned to this test instance for K=1 [2 points] 

ANSWER = It would be predicted negative as the single nearest neighbour is negative.

2. What would be the class assigned to this test instance for K=3 [2points] 

ANSWER = It would be predicted as negative. Reason is, there are three nearest neighbours, two are negative, one is positive.

3. What would be the class assigned to this test instance for K=5 [2 points] 

ANSWER = It would be predicted as positive. There are five nearest neighbours and most of them are positive. Three of them are positive and two are negative

4. Setting K to a large value seems like a good idea. We get more votes! Given this training set, would you recommend setting K = 11? Why or why not? [8 points]
ANSWER = The majority of the results in the graph are positive instances, by setting K>10, it would only result in positive results because the majority of the instances would always be positive so the test would always be predicted as positive. 
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