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1. Association Rules Let S be a finite set and 2 a collection of transaction
records (each record is a subset of §).

(a)
(b)

Explain what an assoctation rule is, then define the support, confidence
and [ift of an association rule.

By defining a suitable probability measure on €2, give a probabilistic
interpretation of the support, confidence and lift of an association rule.

[3 + 3 = 6 marks]

2. Classification Trees

(a)
(b)

Name some advantages and disadvantages of classification trees as clas-
sifiers?

Does pruning a classification tree increase or decrease performance
sometimes/always/on-average for

(i) the training data set, and
(i) the test data set?

The following data consists of inputs x; and x5 and output y:

Z1 T2 Y
red 51 0
red 08 1
red 6.6 0
red 77 1
red 1.3 1

blue 4.6 1
blue 6.0 1
blue 4.6 0
yellow 7.4 0
yellow 5.9 0

Suppose that the first split is on x;. Using gini impurity, calculate the
gain for each possible split of x;, and hence identify which split you
should make.

Explain the trick for optimally splitting a continuous variable with fea-
sible computation.

[3 4+ 2+ 6 + 3 = 14 marks]
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3. Logistic Regression Suppose that we have inputs x(i) € R? and outputs
y(i) € {0,1}, fori=1,... n.

(a) What is a logistic regression model for y?

(b) How do you fit a logistic regression model? Express the fitting as an
optimisation problem, then suggest a numerical technique for solving it.

(c) (i) Explain what overfitting is and why it is a problem.

(ii) Define the Akaike Information Criteria (AIC) and explain how it is
used to perform parameter selection for a logistic regression model.
Include a description of how you would search the parameter space.

(d) Explain how each of the following techniques could be used to avoid
overfitting by a logistic regression model:

(i) Test data set;
(ii) Cross validation;

(iii) Penalised maximum likelihood.
[2 + 3 + 6 + 8 = 19 marks]
4. Optimisation Let f : R? — R.

(a) Define the gradient-descent method for finding a local minimum of f.

(b) (i) Define Newton’s method for finding a local minimum of f.

(ii) Give a derivation of Newton’s method.

(c) Suppose that X € R? and Y € R are dependent random variables.
Show that the function g : R? — R which minimises E(Y — g(X))? is
9(x) = E(Y | X = x).

[2 + 5 4+ 4 = 11 marks]
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5. Neural Nets

(a) The neural net below uses the linear activation function at node 5 and
the following activation function at nodes 3 and 4:

1, 1< o
flz) = z, —1< z <1
—1, r < -1

Suppose that the input at node 1 is x and at node 2 is y, for z,y € R.

(i) What is the range of output values produced by this neural net?
(i) What values of x and y achieve the maximum output value?

(b) (i) Specify the architecture, activation functions and loss/error function
for a neural net to be equivalent to linear regression.

(ii) Specify the architecture, activation functions and loss/error function
for a neural net to be equivalent to logistic regression.

[6 + 6 = 12 marks]
6. Regression

(a) What is the curse of dimensionality, and how does a Generalised Additive
Model (GAM) avoid it?

(b) A Multivariate Adaptive Regression Spline (MARS) fits a regression
function from a class S of functions.

(i) Specify S, then explain how the MARS algorithm selects an element
from it. That is, explain how the MARS algorithm works.

(ii) How does the MARS algorithm avoid overfitting?

[4 + 10 = 14 marks)]
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7. Clustering Suppose x1,...,X, € R%

(a) Give the k-means algorithm.
(b) What value of a minimises Y ., ||x; — a||*? Justify your answer.

(c) Show that for clusters Ki,..., Ky

k

k
min > > lx; — %[> = max > Nj|x; — x|,
Ki,...,Ky Ki,..., Ky Y

--------

i=1 jeK;

where NN; is the size of cluster i, X; is the centroid of cluster i and X is
the centroid of the whole sample.

[3 + 3 + 3 = 9 marks]
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