COMP364 Quiz 2

Question 1. Pros and cons of nearest neighbor (2 points)

List the advantages and disadvantages of the nearest neighbor classifier.

Solution.
o Advantages: Simple to implement; makes no assumptions about the data; no training phase
required.
o Disadvantages: Inefficient compute and memory for large training sets; performance is de-
pendent on suitable scaling of the data and/or feature selection.

Question 2. Pros and cons of large k in nearest neighbor (2 points)

List the advantages and disadvantages of using a large value of k£ for nearest neighbor classification.

Solution.
o Advantages: Increases robustness to outliers.
» Disadvantages: Smoothes the decision boundary, which can lead to poor accuracy.

Question 3. Definition of expectation (2 points)

Let X be a discrete real-valued random variable whose possible values are xy,xs,...,x,, with
corresponding probabilities p(z1), p(x2),...,p(z,). Give a formula for F(X), the expectation of
X.

Solution.

Question 4. Definition of entropy (2 points)
Let X be as in the previous question. Give a formula for H(X), the entropy of X.

Solution.

Question 5. Computing entropy (15 points)
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Compute the entropy of the following distribution:

x ‘apple banana lemon grape plum

p(@) | 5 ) % 5
Solution.
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We now introduce a data set termed the widget data set. Here are the widget data set’s attributes
and corresponding values:

Color = {Blue, Green, Yellow}
Sound = {Quiet, Loud}
Texture = {Rough, Smooth}
Material = {Wood, Metal, Fiberglass}

The class variable is Material. Below is the widget data set itself, containing eight instances. Each
attribute value is abbreviated to its first letter.

Color Sound Texture Material
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Question 6. Computing first decision tree split attribute (15 points)
Compute the first split attribute for the widget data set.

Solution.

We need to try splitting on each attribute and see which results in the lowest expected entropy.
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1. Color
‘ W M F|tot entropy weight
B2 2 0| 4 1 4/8
G| 2 0 0| 2 0 2/8
Y| 0 0 2|2 0 2/8
4 2 2 1
ted ent =—14--0+=--0==.
expected entropy 3 + 3 + 5
2. Texture
‘ W M F ‘ tot entropy weight
Rl 2 0 2 1 4/8
S12 2 0 1 4/8
4 4
expected entropy = 3 1+ 3 1=1.
3. Sound
W M F ‘ tot entropy weight
2 1 1 3/2 4/8
2 1 1 3/2 4/8
ted ent 23280
expected entropy = s 5tg 3=73

So splitting on the Color attribute yields the lowest expected entropy (1/2 bit). Here’s the resulting
decision tree built so far:

color

QRW QsSW QRF
LRW LsSW LRF

QS M \ /

L SQ pure nodes -- don't split

impure node -- choose new
split attribute
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Question 7. Computing next decision tree split attribute (15 points)
Compute the split attribute for the Blue node of the above tree.

Solution.

We need to try splitting on each attribute and see which results in the lowest expected entropy.

1. Sound

‘ W M F ‘ tot entropy weight
Q|1 1 0| 2 1 2/4
L1 1 0] 2 1 2/4

-1=1.

I

2
total expected entropy = 1 1+

2. Texture

‘ W M F ‘ tot entropy weight
R 2 0 0| 2 0 2/4
S0 2 0] 2 0 2/4

2 2
expected entropy = 1 0+ 1 0=0.

So Texture has the lowest expected entropy. Splitting this node gives:

texture

rough smooth

QW QM
L W LM

N\

pure nodes -- don't split

Question 8. Assembling complete decision tree (5 points)
Draw the complete decision tree for the widget example above.

Solution.
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yellow
Y
texture| | metal fiberglass
| | | g
rough
smooth
|
| wood | | metal |

Question 9. Working with a more complex decision tree

The computer science students at Red Devil College are worried about passing the notoriously-
difficult AI course, and they decide to build a decision tree to determine whether students are
likely to pass or fail the course. The current students collect data from several previous years’
students, based on answers to three yes/no questions: (i) Did you complete all assigned readings
from the textbook? (ii) Did you attend all of the lectures? (iii) Did you complete all of the
homework assignments? These questions are abbreviated as T for textbook, L for lectures, and
H for homework; answers to the questions are abbreviated as y for “yes” and n for “no”. The
previous years’ students were also labeled according to whether they passed (P) or failed (F) the
course. The data collected from 1789 students is summarized in the following table:

Homework (H)

Y n
grade grade
P F P F
y 402 0 350 31
y Lectures (L)
Textbook (T) n 390 10 150 72
y 220 5 35 40
n  Lectures (L) o 63 23 0 23

The figure below shows a partially-completed decision tree constructed from the above data. You
may assume that the tree has been constructed correctly according to the algorithm studied in
class.
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(a) (4 points) Fill in each of the leaves in the partially-completed tree above with the correct
decision (i.e. P or F.)
Solution.

o 1st (left-most) leaf: contains 402 P instances and 0 F' instances, hence P.

e 2nd leaf: contains 390 P instances and 10 F' instances, hence P.

o 3rd leaf: contains 220 P instances and 5 F' instances, hence P.

o 4th leaf: contains 63 P instances and 23 F' instances, hence P.

(b) (2 points) Which nodes in the partially-completed tree above are pure nodes?

Solution.

Only the first (left-most) leaf node is pure.

(c) (15 points) Complete the tree using the algorithm studied in class. Include all labels for edges
and nodes. For full credit, you must explain your reasoning. To speed your calculation, you may
use without proof the fact that, when we take the instances for which H = “no” and split them
on the attribute L, the expected entropy of the resulting split is 0.743.

Solution.

We need to try splitting on each remaining attribute and see which results in the lowest expected
entropy.
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1. Textbook
‘ P F ‘tot entropy weight
y | 500 103 | 603 0.6595 0.8602
n| 35 63 | 98 0.9408 0.1398
expected entropy = 0.8602 - 0.6596 + 0.1395 - 0.9408 = 0.6988
2. Lecture

We are told the expected entropy is 0.743.

Because 0.6988 < 0.743, Textbook has the lowest expected entropy. Splitting this node gives:

350 P 150P 35P 0P
31 F 72F 40F 23F
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Question 10. PyTorch matrix addition and broadcasting (12 points)

Assume that import torch has already been executed. For each part, write the output produced

by the final print statement.

(a)

1 |A = torch.tensor ([
2 [1, 21,

3 [3, 4],

4 [5, 6],

5 1)

6 |B = torch.tensor([
7 [10, 20],

8 [30, 40],

9 [50, 607,

10 [1)

11 |C=A+B

12 | print (C)
(b)

1 |A = torch.tensor ([
2 [1, 21,

3 [3, 4],

4 [5, 6],

5 1)

6 |v = torch.tensor([
7 [10] 5

8 [20],

9 [30],

10 [1)

11 | C=A+ v

12 |print (C)
(c)

1 |v = torch.tensor ([
2 (11,

3 (21,

4 (31,

5 1)

6 |w = torch.tensor([[10, 20]])
7|IC=v +w

8 | print(C)

Page 8




COMP364 Quiz 2

Solution.

(a):
1 |tensor([[11, 22],
2 [33, 44],
3 [65, 66]1]1)

(b)
1 |tensor([[11, 12],
2 [23, 24],
3 [35, 36]1)
(c):
1 |tensor([[11, 217,
2 [12, 227,
3 [13, 2311)

Total number of points: 77
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