
DATA MINING 2
Exercises – Evaluation, NN, Ensemble
Riccardo Guidotti

a.a. 2019/2020



Evaluation



Learning Curves



Fitting Graphs



Evaluation Curves



Evaluation Curves - Solution



Neural Networks



W1= 0.4

W2= -1.5

W3= -0.1

W0= 1

f=signid X1 X2 X3 Y

1 0 0 0

2 1 1 1

3 1 0 1

4 0 2 0

Predict with Perceptron



W1= 0.4

W2= -1.5

W3= -0.1

W0= 1

f=signid X1 X2 X3 Y

1 0 0 0 1

2 1 1 1 -1

3 1 0 1 1

4 0 2 0 -1

Predict with Perceptron - Solution

Y1 = sign(1 + 0.4 * 0 + -1.5 * 0 + -0.1 * 0) = sign(1) = 1
Y2 = sign(1 + 0.4 * 1 + -1.5 * 1 + -0.1 * 1) = sign(-0.2) = -1
Y3 = sign(1 + 0.4 * 1 + -1.5 * 0 + -0.1 * 0) = sign(1.3) = 1
Y4 = sign(1 + 0.4 * 0 + -1.5 * 2 + -0.1 * 0) = sign(-2) = -1



Predict with a Neural Network



Predict with a Neural Network - Solution
H1 = sign(0.4 * -1 + 0.1 * 1 -0.2) = 

= sign(-0.5) = -1
H2 = sign(0.0 * -1 + -0.4 * 1 -0.2) = 

= sign(-0.6) = -1
H3 = sign(-0.1 * -1 + 0.4 * 1 -0.2) = 

= sign(0.1) = 1

Y1 = sign(0.2 * -1 + 0.2* -1 + 0.1 * 1 -0.2) = 
= sign(-0.5) = -1



Train Linear Perceptron
it W0 W1 W2 X.W f(X.W) error delta0 delta1 delta2
1 -1 0 0

2

3

4

5

6

7

8

9

10

11

12

Lambda = 0.3

id X1 X2 Y

a 0 1 -1

b 0 0 1

c 1 2 -1

f = sign



Train Linear Perceptron
it W0 W1 W2 X.W f(X.W) error delta0 delta1 delta2
1 -1 0 0 -1
2

3

4

5

6

7

8

9

10

11

12

Lambda = 0.3

id X1 X2 Y

a 0 1 -1

b 0 0 1

c 1 2 -1

f = sign



Train Linear Perceptron
it W0 W1 W2 X.W f(X.W) error delta0 delta1 delta2
1 -1 0 0 -1 -1
2

3

4

5

6

7

8

9

10

11

12

Lambda = 0.3

id X1 X2 Y

a 0 1 -1

b 0 0 1

c 1 2 -1

f = sign



Train Linear Perceptron
it W0 W1 W2 X.W f(X.W) error delta0 delta1 delta2
1 -1 0 0 -1 -1 0
2

3

4

5

6

7

8

9

10

11

12

Lambda = 0.3

id X1 X2 Y

a 0 1 -1

b 0 0 1

c 1 2 -1

f = sign



Train Linear Perceptron
it W0 W1 W2 X.W f(X.W) error delta0 delta1 delta2
1 -1 0 0 -1 -1 0 0
2

3

4

5

6

7

8

9

10

11

12

Lambda = 0.3

id X1 X2 Y

a 0 1 -1

b 0 0 1

c 1 2 -1

f = sign



Train Linear Perceptron
it W0 W1 W2 X.W f(X.W) error delta0 delta1 delta2
1 -1 0 0 -1 -1 0 0 0 0
2

3

4

5

6

7

8

9

10

11

12

Lambda = 0.3

id X1 X2 Y

a 0 1 -1

b 0 0 1

c 1 2 -1

f = sign



Train Linear Perceptron
it W0 W1 W2 X.W f(X.W) error delta0 delta1 delta2
1 -1 0 0 -1 -1 0 0 0 0
2

3

4

5

6

7

8

9

10

11

12

Lambda = 0.3

id X1 X2 Y

a 0 1 -1

b 0 0 1

c 1 2 -1

f = sign



Train Linear Perceptron
it W0 W1 W2 X.W f(X.W) error delta0 delta1 delta2
1 -1 0 0 -1 -1 0 0 0 0
2 -1
3

4

5

6

7

8

9

10

11

12

Lambda = 0.3

id X1 X2 Y

a 0 1 -1

b 0 0 1

c 1 2 -1

f = sign



Train Linear Perceptron
it W0 W1 W2 X.W f(X.W) error delta0 delta1 delta2
1 -1 0 0 -1 -1 0 0 0 0
2 -1 0
3

4

5

6

7

8

9

10

11

12

Lambda = 0.3

id X1 X2 Y

a 0 1 -1

b 0 0 1

c 1 2 -1

f = sign



Train Linear Perceptron
it W0 W1 W2 X.W f(X.W) error delta0 delta1 delta2
1 -1 0 0 -1 -1 0 0 0 0
2 -1 0 0
3

4

5

6

7

8

9

10

11

12

Lambda = 0.3

id X1 X2 Y

a 0 1 -1

b 0 0 1

c 1 2 -1

f = sign



Train Linear Perceptron
it W0 W1 W2 X.W f(X.W) error delta0 delta1 delta2
1 -1 0 0 -1 -1 0 0 0 0
2 -1 0 0 -1
3

4

5

6

7

8

9

10

11

12

Lambda = 0.3

id X1 X2 Y

a 0 1 -1

b 0 0 1

c 1 2 -1

f = sign



Train Linear Perceptron
it W0 W1 W2 X.W f(X.W) error delta0 delta1 delta2
1 -1 0 0 -1 -1 0 0 0 0
2 -1 0 0 -1 -1
3

4

5

6

7

8

9

10

11

12

Lambda = 0.3

id X1 X2 Y

a 0 1 -1

b 0 0 1

c 1 2 -1

f = sign



Train Linear Perceptron
it W0 W1 W2 X.W f(X.W) error delta0 delta1 delta2
1 -1 0 0 -1 -1 0 0 0 0
2 -1 0 0 -1 -1 2
3

4

5

6

7

8

9

10

11

12

Lambda = 0.3

id X1 X2 Y

a 0 1 -1

b 0 0 1

c 1 2 -1

f = sign



Train Linear Perceptron
it W0 W1 W2 X.W f(X.W) error delta0 delta1 delta2
1 -1 0 0 -1 -1 0 0 0 0
2 -1 0 0 -1 -1 2 0.6
3

4

5

6

7

8

9

10

11

12

Lambda = 0.3

id X1 X2 Y

a 0 1 -1

b 0 0 1

c 1 2 -1

f = sign



Train Linear Perceptron
it W0 W1 W2 X.W f(X.W) error delta0 delta1 delta2
1 -1 0 0 -1 -1 0 0 0 0
2 -1 0 0 -1 -1 2 0.6 0
3

4

5

6

7

8

9

10

11

12

Lambda = 0.3

id X1 X2 Y

a 0 1 -1

b 0 0 1

c 1 2 -1

f = sign



Train Linear Perceptron
it W0 W1 W2 X.W f(X.W) error delta0 delta1 delta2
1 -1 0 0 -1 -1 0 0 0 0
2 -1 0 0 -1 -1 2 0.6 0 0
3

4

5

6

7

8

9

10

11

12

Lambda = 0.3

id X1 X2 Y

a 0 1 -1

b 0 0 1

c 1 2 -1

f = sign



Train Linear Perceptron
it W0 W1 W2 X.W f(X.W) error delta0 delta1 delta2
1 -1 0 0 -1 -1 0 0 0 0
2 -1 0 0 -1 -1 2 0.6 0 0
3 -0.4
4

5

6

7

8

9

10

11

12

Lambda = 0.3

id X1 X2 Y

a 0 1 -1

b 0 0 1

c 1 2 -1

f = sign



Train Linear Perceptron
it W0 W1 W2 X.W f(X.W) error delta0 delta1 delta2
1 -1 0 0 -1 -1 0 0 0 0
2 -1 0 0 -1 -1 2 0.6 0 0
3 -0.4 0 0
4

5

6

7

8

9

10

11

12

Lambda = 0.3

id X1 X2 Y

a 0 1 -1

b 0 0 1

c 1 2 -1

f = sign



Train Linear Perceptron - Solution
it W0 W1 W2 X.W f(X.W) error delta0 delta1 delta2
1 -1 0 0 -1 -1 0 0 0 0
2 -1 0 0 -1 -1 2 0,6 0 0
3 -0,4 0 0 -0,4 -1 0 0 0 0
4 -0,4 0 0 -0,4 -1 0 0 0 0
5 -0,4 0 0 -0,4 -1 2 0,6 0 0
6 0,2 0 0 0,2 1 -2 -0,6 -0,6 -1,2
7 -0,4 -0,6 -1,2 -1,6 -1 0 0 0 0
8 -0,4 -0,6 -1,2 -0,4 -1 2 0,6 0 0
9 0,2 -0,6 -1,2 -2,8 -1 0 0 0 0

10 0,2 -0,6 -1,2 -1 -1 0 0 0 0
11 0,2 -0,6 -1,2 0,2 1 0 0 0 0
12 0,2 -0,6 -1,2 -2,8 -1 0 0 0 0

Lambda = 0.3

id X1 X2 Y

a 0 1 -1

b 0 0 1

c 1 2 -1

f = sign



Ensemble



Bagging



Bagging - Solution



Bagging - Solution



Bagging - Solution



Bagging - Solution



Bagging - Solution



Bagging - Solution



AdaBoost

state travel sex class weight new 
weight

norm
weight

Italy Yes F Y 1/7

Germ Yes M Y 1/7

Italy No M N 1/7

Italy No F Y 1/7

France Yes M Y 1/7

Germ No F N 1/7

France Yes M N 1/7

1. Find the best split for AdaBoost
2. Which is the value of the importance

(alpha) for the best split?
3. Which are the values of the new 

weights?
4. Which are the values of the new 

weights normalized?

Gain Function = Misclassification Error



AdaBoost

state travel sex class weight new 
weight

norm
weight

Italy Yes F Y 1/7

Germ Yes M Y 1/7

Italy No M N 1/7

Italy No F Y 1/7

France Yes M Y 1/7

Germ No F N 1/7

France Yes M N 1/7

State Y N
Italy 2/3 1/3
France 1/2 1/2
Germ 1/2 1/2

Gain Function = Misclassification Error



AdaBoost

state travel sex class weight new 
weight

norm
weight

Italy Yes F Y 1/7

Germ Yes M Y 1/7

Italy No M N 1/7

Italy No F Y 1/7

France Yes M Y 1/7

Germ No F N 1/7

France Yes M N 1/7

State Y N
Italy 2/3 1/3
France 1/2 1/2
Germ 1/2 1/2
Delta Gain = 3/7*1/3 + 2/7*1/2 + 2/7*1/2 = 3/7 

Gain Function = Misclassification Error



AdaBoost

state travel sex class weight new 
weight

norm
weight

Italy Yes F Y 1/7

Germ Yes M Y 1/7

Italy No M N 1/7

Italy No F Y 1/7

France Yes M Y 1/7

Germ No F N 1/7

France Yes M N 1/7

State Y N
Italy 2/3 1/3
France 1/2 1/2
Germ 1/2 1/2
Delta Gain = 3/7*1/3 + 2/7*1/2 + 2/7*1/2 = 3/7

Travel Y N
Yes 3/4 1/4
No 1/3 2/3
Delta Gain = 4/7*1/4 + 3/7*1/3 = 2/7

Gain Function = Misclassification Error



AdaBoost

state travel sex class weight new 
weight

norm
weight

Italy Yes F Y 1/7

Germ Yes M Y 1/7

Italy No M N 1/7

Italy No F Y 1/7

France Yes M Y 1/7

Germ No F N 1/7

France Yes M N 1/7

State Y N
Italy 2/3 1/3
France 1/2 1/2
Germ 1/2 1/2
Delta Gain = 3/7*1/3 + 2/7*1/2 + 2/7*1/2 = 3/7

Travel Y N
Yes 3/4 1/4
No 1/3 2/3
Delta Gain = 4/7*1/4 + 3/7*1/3 = 2/7

Sex Y N
M 2/4 2/4
F 2/3 1/3
Delta Gain = 4/7*2/4 + 3/7*1/3 = 3/7

Gain Function = Misclassification Error



AdaBoost

state travel sex class weight new 
weight

norm
weight

Italy Yes F Y 1/7

Germ Yes M Y 1/7

Italy No M N 1/7

Italy No F Y 1/7

France Yes M Y 1/7

Germ No F N 1/7

France Yes M N 1/7

State Y N
Italy 2/3 1/3
France 1/2 1/2
Germ 1/2 1/2
Delta Gain = 3/7*1/3 + 2/7*1/2 + 2/7*1/2 = 3/7

Travel Y N
Yes 3/4 1/4
No 1/3 2/3
Delta Gain = 4/7*1/4 + 3/7*1/3 = 2/7

Sex Y N
M 2/4 2/4
F 2/3 1/3
Delta Gain = 4/7*2/4 + 3/7*1/3 = 3/7

Gain Function = Misclassification Error



AdaBoost

state travel sex class weight new 
weight

norm
weight

Italy Yes F Y 1/7

Germ Yes M Y 1/7

Italy No M N 1/7

Italy No F Y 1/7

France Yes M Y 1/7

Germ No F N 1/7

France Yes M N 1/7

Split by Travel

Gain Function = Misclassification Error

Travel
Yes No

Correct 3
Incorrect 1

Correct 2
Incorrect 1

Error = 2/7



AdaBoost

state travel sex class weight new 
weight

norm
weight

Italy Yes F Y 1/7

Germ Yes M Y 1/7

Italy No M N 1/7

Italy No F Y 1/7

France Yes M Y 1/7

Germ No F N 1/7

France Yes M N 1/7

Split by Travel

Gain Function = Misclassification Error

Travel
Yes No

Correct 3
Incorrect 1

Correct 2
Incorrect 1

Error = 2/7

Alpha = 1/2 * ln((1-2/7)/(2/7)) = 1/2 ln(5/2) = 0.458



AdaBoost

state travel sex class weight new 
weight

norm
weight

Italy Yes F Y 1/7 0.63

Germ Yes M Y 1/7 0.63

Italy No M N 1/7 0.63

Italy No F Y 1/7 1.58

France Yes M Y 1/7 0.63

Germ No F N 1/7 0.63

France Yes M N 1/7 1.58

Split by Travel

Gain Function = Misclassification Error

Travel
Yes No

Correct 3
Incorrect 1

Correct 2
Incorrect 1

Error = 2/7

Alpha = 1/2 * ln((1-2/7)/(2/7)) = 1/2 ln(5/2) = 0.458

1/7 * e0.458 = 1.58 misclassified

1/7 * e-0.458 = 0.63 correctly classified



AdaBoost

state travel sex class weight new 
weight

norm
weight

Italy Yes F Y 1/7 0.63

Germ Yes M Y 1/7 0.63

Italy No M N 1/7 0.63

Italy No F Y 1/7 1.58

France Yes M Y 1/7 0.63

Germ No F N 1/7 0.63

France Yes M N 1/7 1.58

Split by Travel

Gain Function = Misclassification Error

Travel
Yes No

Correct 3
Incorrect 1

Correct 2
Incorrect 1

Error = 2/7

Alpha = 1/2 * ln((1-2/7)/(2/7)) = 1/2 ln(5/2) = 0.458

1/7 * e0.458 = 1.58 misclassified

1/7 * e-0.458 = 0.63 correctly classified

Z = 6.31 



AdaBoost

state travel sex class weight new 
weight

norm
weight

Italy Yes F Y 1/7 0.63 0.09

Germ Yes M Y 1/7 0.63 0.09

Italy No M N 1/7 0.63 0.09

Italy No F Y 1/7 1.58 0.25

France Yes M Y 1/7 0.63 0.09

Germ No F N 1/7 0.63 0.09

France Yes M N 1/7 1.58 0.25

Split by Travel

Gain Function = Misclassification Error

Travel
Yes No

Correct 3
Incorrect 1

Correct 2
Incorrect 1

Error = 2/7

Alpha = 1/2 * ln((1-2/7)/(2/7)) = 1/2 ln(5/2) = 0.458

1/7 * e0.458 = 1.58 misclassified

1/7 * e-0.458 = 0.63 correctly classified

Z = 6.31 



AdaBoost - Classify

state travel sex class

Italy Yes F

Germ Yes M

France No M

If travel = Yes then Y else N - alpha = 0.46
If sex = F then Y else N - alpha = 0.53
If state = Germ then Y else N - alpha = 0.32



AdaBoost - Classify

state travel sex class

Italy Yes F Y

Germ Yes M Y

France No M N

If travel = Yes then Y else N - alpha = 0.46
If sex = F then Y else N - alpha = 0.53
If state = Germ then Y else N - alpha = 0.32

1. N 0.32 Y 0.46 Y 0.53 -> Y
2. N 0.53 Y 0.32 + Y 0.46 -> Y
3. N 0.32 + N 0.46 + N 0.53 -> N


