Worksheet for Decision Tree Learning

Part 1: Worked questions.

Background reading: Chapter 3 of Tom Mitchell’s book.

         a) Decision Tree Learning uses a particular method for choosing the variables that are used at each decision node. Explain in words how one decision variable is chosen over another.   


ANSWER:

At a decision node all possible decision variables are considered. For each value associated with the variable a set of examples is defined. The Disorder of the set is then calculated. This disorder value is multiplied by the proportion of examples associated with that branch. Finally an average disorder is calculated. The variable with the lowest average disorder is chosen.

b) Consider the following database of houses represented by 5 training examples. The target attribute is ‘Acceptable’, which can have values ‘yes’ or ‘no’. This is to be predicted based on the other attributes of the house. 

	House
	Furniture
	Nr rooms
	New kitchen
	Acceptable

	1
	No
	3
	Yes
	Yes

	2
	Yes
	3
	No
	No

	3
	No
	4
	No
	Yes

	4
	No
	3
	No
	No

	5
	Yes
	4
	No
	Yes


i) compute the entropy of the target attribute [Note that 
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ii) Construct the decision tree from the above examples, that would be learned by the ID3 algorithm.





    

iii) Show the value of the information gain for each candidate attribute at each step in the construction of the tree.





ANSWER:

i) 
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ii) 

i) Information gains for Step1:

Gain(S,Furniture)=0.971-0.9508=0.0202

      Gain(S,Nr Rooms)=0.971-0.5508=0.4202

      Gain(S,New Kitchen)=0.971-0.8=0.171

          Step 2:

     H(S’)=0.918

    Gain(S,Furniture)=0.918-2/3 = 0.2513

    Gain(S,New Kitchen)=0.918-0=0.918

c) Decision trees employ greedy heuristics. Explain what is meant by this. Can you give a situation where this is not optimal?

ANSWER: 

Once the decision on the best (most informative) attribute has been made, there is no backtracking. This is a greedy heuristic as subsequent decision nodes may have high disorder associated with them. 

The greedy heuristics is not likely to be so good when the decision variables are not independent of one another so that order is important.

Part 2. Exercise questions

Deadline: before we solve these exercises in the class (typically in the following weeks tutorial class)

Exercise 1 [5%]

a) Machine learning methods are often categorised in three main types: supervised, unsupervised and reinforcement learning methods. Explain these in not more than a sentence each and explain in which category does Decision Tree Learning fall and why? (you may want to look at the very first lecture handout for memory refreshment)
b) For the sunbathers example given in the lectures, calculate the Disorder function for the attribute ‘height’ at the root node.

Exercise 2 [5%]

For the sunbathers example given in the lectures, calculate the Disorder function associated with the possible branches of the decision tree once the root node (hair colour) has been chosen.

Exercise 3 [5%]

Using the decision tree learning algorithm, calculate the decision tree for the following data set

	Name
	Hair
	Height
	Weight
	Lotion
	Result

	Sarah
	Blonde
	Average
	Light
	No
	Sunburned

	Dana
	Blonde
	Tall
	Average
	Yes
	None

	Alex
	Brown
	Short
	Average
	Yes
	None

	Annie
	Blonde
	Short
	Average
	No
	Sunburned

	Julie
	Blonde
	Average
	Light
	No
	None

	Pete
	Brown
	Tall
	Heavy
	No
	None

	John
	Brown
	Average
	Heavy
	No
	None

	Ruth
	Blonde
	Average
	Light
	No
	None
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