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Q1. What does the term ’Outlier’ mean?

A. A value that is left out of the analysis because of missing data

B. When two data points are the same and one can be discarded

C. An extreme value at either end of a distribution

D. A type of variable that is not easy to quantify

E. None of the above

[2 marks]

Q2. Given function F (t) =

8∑
n=0

12cos(2πnt), what is the least number of sample points

needed to satisfy the Nyquist criterion?

A. 16

B. 24

C. 18

D. 96

E. 108

[4 marks]

Q3. Let the Fourier Series expansion of a function f (x) to be:

f (x) = Σ∞n=0ancos(
2πnx
T
) + bnsin(

2πnx
T
).

Here are two different functions:

f1(x) = x
2, − π < x < π and f2(x) = 1 + |x |, − 5 < x < 5

If functions f1(x) and f2(x) were expanded by their Fourier Series, then which is the

correct statement below:

A. All the an coefficients in both functions are zero.

B. All the bn coefficients in both functions are zero.

C. The an coefficients in f1(x) and the bn coefficients in f2(x) are zero.

D. The bn coefficients in f1(x) and the an coefficients in f2(x) are zero.

E. For even n values only, the bn coefficients in both functions are zero.

[5 marks]

Q4. Here are five statements about PCA (Principal Component Analysis):

1. PCA can be effective when multi-collinearity is suspected among features
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(cont.)

2. After performing PCA in a 6D feature space and retaining the first three principal

components, this means that the discarded components were not orthogonal to all

other components.

3. The curse of dimensionality is when the number of features increases, so does the

number of samples, resulting in a more elaborate model.

4. The purpose of eigenvectors in PCA is to determine the number of principal com-

ponents to retain.

5. PCA is performed to reduce the number and increase the effectiveness of the fea-

tures used.

Select the option below that is fully correct:

A. 1, 2 and 3 are TRUE.

B. 2, 3 and 4 are TRUE.

C. Only 3 and 5 are TRUE.

D. 3, 4 and 5 are TRUE.

E. 1, 3 and 5 are TRUE.

[5 marks]

Q5. In the design of your autonomous driving system, you need to decide (as a binary

classification problem) whether the path in front of the car shown by the front camera is

‘road’ or not. For this, you need to assess the performance of 3 different and independent

features (fa, fb, fc) by evaluating their tscore for 100 images taken by the front camera.

The mean and standard deviations of the resulting two classes for the 100 images and

the size of each class (M and N) for each feature are:

fa : (µ1 = 3.5, σ1 = 0.5), (µ2 = 1.5, σ2 = 0.2),M = 75, N = 25

fb : (µ1 = 12.2, σ1 = 0.8), (µ2 = 5.7, σ2 = 0.9),M = 67, N = 33

fc : (µ1 = 1.5, σ1 = 1.5), (µ2 = 4.4, σ2 = 0.2),M = 78, N = 22

Which of the following statements best explains the tscore values?

A. fa is the best feature, and fb is the second best.

B. fb is the best feature, and fc is the second best.

C. fa is the best feature, and fc is the worst.

D. fb is the best feature, and fa is the second best.

E. fc is the best feature, and fb is the worst.

[8 marks]

Q6. The eigenvalues of the covariance of a dataset are: [26.0, 20.2, 14.3, 10.0, 7.8, 5.3,

2.0, 1.1, 0.77, 0.15]. How many eigenvalues represent 95.41% of the dataset?
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(cont.)

A. 5

B. 6

C. 7

D. 8

E. 9

[4 marks]

Q7. You are given a signal that needs to be sampled and quantised into binary values. You

have already decided that the best sampling frequency is 4Hz and that you are going to

use 3 bits to digitise the analog signal. What would be the correct binary representation

of the signal plotted in the image below?

0 0.25 0.5 0.75 1.0 1.25 1.5 1.75 2.0

−3

−2

−1

0

1

2

3

4

5

time

f
(α

)

A. 000011000010100011000111001

B. 111010000001100011000001100

C. 111011000010100011000011100

D. 000011000010100111101111001

E. 111011001010111000100111100

[6 marks]

Q8. Consider you are in Shanghai (at the origin of a coordinate system of distances to

other cities). The coordinates of the city of Seoul relative to you is (80,115), while

Page 4 of 9 Qu. continues . . .



(cont.)

the coordinates of the city of Manila relative to you is (10,-330). What is the Cosine

Distance between Seoul and Manila?

A. 1.803

B. -0.803

C. -0.197

D. 0.197

E. 1.197

[5 marks]

Q9. Here are a number of distances measured between two entities as stated:

(i) M = (-8,7), N = (-2,-2) - Distance MN using ∞-norm (L∞) is 10
(ii) P = (5,6,12), Q = (2,1,2) - Distance PQ using 3-norm (L3) is 10.483

(iii) E = (-8,6,-5), F = (-6,-4,9) - Distance EF using ∞-norm (L∞) is 4
(iv) W = ‘Blasted’, X = ’Plastered’ - Distance WX using Hamming Distance is 3

(v) Y = ‘Divides’, Z = ‘Conquer’ - Distance YZ using Edit Distance is 6

Which of the results in the above statements are CORRECT:

A. (ii), (iv) and (v).

B. (i), (ii) and (iii).

C. (iv) and (v)

D. (i), (ii) and (iv).

E. (ii) and (v).

[6 marks]

Q10. Your friend was recently on an 11-hour, long-haul flight. Each hour during the flight, he

or she made a note of the ”outside air temperature” reading as displayed on the aircraft

information screen. The readings are shown as signal R below:

R =
(
0 25 −44 −70 −70 50 −40 0

)
.

You decide to apply an averaging filter h to smooth this R signal, which then results in

signal S (noting edge effects when performing convolution), i.e. S = R ∗ h:

S =
1

6

(
0 50 −38 −178 −368 −180 −120 20 −80 0

)
.

Given 1
6
as the normalisation factor, which of these filters below is the correct filter h?

A. h = 1
6
(−1 4 − 1)
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(cont.)

B. h = 1
6
(2 − 2 2)

C. h = 1
6
(−2 2 − 2)

D. h = 1
6
(2 2 2)

E. h = 1
6
(2 3 2)

[5 marks]

Q11. Which of these statements about the natural logarithm and its use in data science is

FALSE:

A. The logarithm converts products into sums, i.e. ln x · y = ln x + ln y .
B. The logarithm converts powers into products, i.e. ln xa = a ln x

C. The derivative of the natural logarithm is ∂ ln x
∂x
= 2x−1

D. When computing the Maximum Likelihood Estimate (MLE), the parameters

with the highest log-likelihood are the same as the parameters with the highest

“raw” likelihood.

E. Using log-probabilities rather than “raw” probabilities helps us avoid numerical

under/overflow.

[2 marks]

Q12. Which of the following statements about the MLE is FALSE?

A. The MLE is an optimality criterion.

B. The MLE is asymptotically unbiased.

C. The MLE achieves the Cramer-Rao Lower Bound.

D. The MLE is a consistent estimator.

E. The MLE cannot always be obtained in closed form.

[3 marks]

Q13. Let x denote a Rayleigh distributed random variable with probability density function

given by

p(x |θ) =
x

θ2
exp

(
−
x2

2θ2

)
What is the MLE of θ?

A. θ̂MLE =
1

2

√
1

N

∑N
i=1 x

2
i

B. θ̂MLE =
1

2N

√∑N
i=1 x

2
i

C. θ̂MLE =
1

2N

∑N
i=1 x

2
i
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D. θ̂MLE =

√
1

2N

∑N
i=1 x

2
i

E. θ̂MLE =
1

N

∑N
i=1 x

2
i

[5 marks]

Q14. What is the estimator that minimizes the Bayes risk when the cost function used for its

derivation is the absolute error between the estimate and its true value, i.e. C
[
θ, θ̂(x)

]
=

C(ϵ) = |ϵ|?
A. The mode of the posterior distribution.

B. The mode of the prior distribution.

C. The median of the posterior distribution.

D. The mean of the likelihood function.

E. The median of the likelihood function.

[4 marks]

Q15. For a Maximum-a-Posteriori (MAP) estimator assume that the likelihood PDF is Gaus-

sian with variance σ2n defined as:

p(x |θ) =
1

σn
√
2π
exp

[
−
(x − θ)2

2σ2n

]
,

and that the prior pdf is a zero mean Gaussian with variance σ2 defined as

p(θ) =
1

σ
√
2π
exp

(
−
θ2

2σ2

)
.

What is the expression for the MAP estimate of θ?

A. θ̂ =
σ2n
σ2
· x

B. θ̂ = σ2

σ2n
· x

C. θ̂ = σ2

σ2n+σ
2 · x

D. θ̂ =
σ2n
σ2n+σ

2 · x
E. A MAP estimate cannot be obtained in closed form.

[7 marks]

Q16. For the following data,

x y

-2.1 0

-0.9 0

0.2 0

1.2 1

2.4 1
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Fit a Gaussian distribution to each class, and compute the posterior probability that

x = 1.3 is in class 1, given a prior of P (y = 1) = 0.4.

A. 0.92

B. 0.95

C. 0.97

D. 0.99

E. 1.00

[8 marks]

Q17. In a two-class classification problem with a single feature, x , the pdfs are Gaussians

with variances σ2 = 1/2 for both classes and mean values 0 and 1, respectively:

P (x |ω1) =
1√
π
exp(−x2)

and

P (x |ω2) =
1√
π
exp

[
−(x − 1)2

]
If P (ω1) = P (ω2) and the loss matrix is L =

(
0 0.5

1 0

)
, what is the threshold value, x0,

for minimum risk classification?

A. 1/2

B. 1 + ln 2/2

C. (1 + ln 2)/2

D. (1− ln 2)/2
E. 1− ln 2/2

[7 marks]

Q18. For the data displayed in the following table, compute the least-squares parameter fit

for a model of the form ŷ = w1 + w2x

x y

0.5 3.2

1.0 2.4

1.5 2.1

2.0 1.1

A. ŷ = 4.89 + 0.78x

B. ŷ = 3.67− 0.92x
C. ŷ = 4.33 + 1.24x

D. ŷ = 3.85− 1.32x

Page 8 of 9 Qu. continues . . .



(cont.)

E. ŷ = 3.85− 1.36x
[7 marks]

Q19. When is overfitting least likely to be a serious issue?

A. When fitting a straight line (i.e. y = w0x + w1) with lots of training data.

B. When little training data is available.

C. When fitting a complex nonlinear function.

D. when input data, x, is a high-dimensional vector.

E. When fitting a high-order polynomial.

[4 marks]

Q20. Which of the following statements is FALSE?

A. Regularisation mitigates overfitting.

B. Regularisation always improves prediction performance.

C. Regularisation penalises very large values of the weights.

D. The regularization parameter controls the strength of the penalty applied to

the model’s loss function.

E. Regularization is particularly useful when fitting a complex function.

[3 marks]
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