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All answers are to be written in C++ code files which will compile when included in
a project. Use one file for each question. If a question asks for any statement about
the results, include the answer as a comment in the code.

Question 1. [26 marks]
Suppose that we want to calculate

g(x; n) =
n−1

∑
k=0

2k cos(2(n − k)x)
(k + 1)!

for any real x and positive integer n.

(a) Write a function that returns g(x; n). The input arguments should be x and n. [12]

(b) Write code for an object which has n as a member variable, and a member
function of the form shown below

struct Cosn{
...

double operator()(const double x){
...

}
};

This member function should take x as the input argument and return g(x; n).
Also give the object a constructor to assign a value to n. [8]

(c) Calculate and output to the screen g(x; n) for n = 12 and x = 2.6, using the
code from part (a) and then from part (b). [6]

Question 2. [18 marks]
Suppose that the size y of a population of animals at time t follows the following
ordinary differential equation

dy
dt

= α + βy − µ (1 + ε sin(2πt)) y

where α, β, µ, and ε are constants.
Use the Runge-Kutta fourth order method to numerically solve this equation from
t = 0 to 20, with y(0) = 200, α = 200, β = 0.4, µ = 0.6 and ε = 0.25, using n = 1000
steps. Output the final value of y(t) to the screen. [18]
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Question 3. [34 marks]
The standard logistic distribution has cumulative distribution function (cdf)

F(x) =
1

1 + e−x , x ∈ R.

(a) Write code that calculates the inverse function of F(x), i.e. the function G(u)
such that if u = F(x) then x = G(u).

Hence, using the inverse cdf method, write code to generate random variables
from this logistic distribution. [12]

(b) Using the code from part (a), fill in a vector with 10, 000 random values from the
logistic distribution. Calculate the mean and variance of this random sample. [10]

(c) The above logistic distribution has probability density function

f (x) =
e−x

(1 + e−x)2 , x ∈ R.

Suppose that we want to evaluate the integral

I =
∞�

−∞

cos(x) e−x

(1 + e−x)2 dx.

Calculate an approximation to I using importance sampling, by generating a
random sample of size 10, 000 from the logistic distribution. [12]

Question 4. [22 marks]

(a) Write a function called contains which takes as input arguments a
vector<int> v and an int a. The function should return a bool value of true if
any element of v is equal to a, and false otherwise. [9]

(b) Write another version of the function from part (a), this time as a template
function called contains template that takes as input a vector containing any
numerical data type. The data type of the value to search for should be the
same as the data type of the vector elements. [6]

(c) Use each of the functions from parts (a) and (b) to check whether the vector of
elements (7, 4, 2, 11) contains the value 4, using variables of type int.

Then use the function from part (b) to perform the same check, but using
variables of type unsigned long long. [7]

End of Paper.
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