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Exercise Sheet 2

Exercise 1: C++ Quiz (5 points)

On https://cppquiz.org you can find a quiz with C++4 specific questions. In this exercise, answer
the following questions:

Question 1: https://cppquiz.org/quiz/question/197 (variable lifetime)
Question 2: https://cppquiz.org/quiz/question/161 (Duff’s Device)
Question 3: https://cppquiz.org/quiz/question/9 (reference arguments)
Question 4: https://cppquiz.org/quiz/question/113 (overload resolution)
Question 5: https://cppquiz.org/quiz/question/5 (initialization order)

The questions are sorted (more or less) according to the structure of the lecture. For questions 1, 3,
4, and 5, write a short statement what information the question and its solution are trying to convey.
Regarding question 2: inform yourself about the construct that is used. What is its purpose? Would
you suggest using this in real-world code? Why, or why not?

Exercise 2: Rational Numbers (10 points)
Write a class for rational numbers. The number should always be represented as a fully reduced fraction

of the form
numerator

denominator
with denominator > 0.

(a) What is an appropriate data structure for rational numbers?

(b) Start by writing a function int gecd(int,int) (greatest common divisor), you will need it to
reduce fractions.

e You can use the Euclidean algorithm to determine the greatest common divisor.
e For an algorithm see https://en.wikipedia.org/wiki/Greatest_common_divisor
e Implement this scheme as a recursive function.

(c) Write a class Rational, which represents a rational number. The constructor should have the
numerator and the denominator as arguments. Be sure to check for valid input. In addition, the
class has two functions numerator () and denominator () that return the values of the numerator
and denominator. The class should have three constructors:

e a default constructor that initializes the fraction with 1,
e a constructor that initializes the fraction with a given numerator and denominator, and
e a constructor that initializes the fraction with a given whole number.

(d) Supplement the class with operators for *= += -= /= and ==.

(e) Use the newly implemented methods to implement free operators * + - /.
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(f) Check your implementation using various test cases. Initialize three fractions

3 4

fo= 3, f3=%

fi="1 3

Test the operators with the following examples:

fa=h+f, fs=h-fo, fs=4+fs fs=[f2+5 [f3=12-fi, fs=/)1-6, f3=2-
Print the result after each operation. The corresponding solutions are:
B 116 v 3 3 3
12’ 37 37 37 1’ 2’ 16
Exercise 3: Farey Sequences (10 points)

A Farey sequence Fy of degree N (or: the Farey fractions of degree N) is an ordered set of reduced
fractions

bi with pi <q <N and 0<i<|Fyn|
qi
and . 4
Pi o Pi o <i<j<|Fyl
qi q;

Use the class Rational from the previous exercise to write a function
void Farey(int N)

which calculates the Farey fractions up to degree N and prints the resulting Farey sequences up to
degree N on the screen.

Algorithm: The sequences can be computed recursively. The first sequence is given by
R= (1)

For a known sequence Fiy one can get Fy,; by inserting an additional fraction 22+l

i i+1

consecutive entries % and Zq)?—ﬁ if ¢; + gi+1 = N + 1 holds for the sum of denominators.

between two

Ezxample: Determining Fr from Fg results in the following construction:

Fr — 01111 213 23451
6 =\ 1767574737 5727573747576 1
~— ~ —— ~—

1 2 3 4 5 6
7 7 zandz 7 7
The new elements are:
o+1 1 . 141 _ 2 . 241 _ 3 143 _ 4 243 5 541 _ 6
146 — 7 ° 443 7 * 542 7 0 245 7 ° 344 T ' 641 7
The sorted sequence then is:
Fro=(0 111 12123143235345861
T\ T T T T 53T 2506071
For checking: There is a beautiful illustration of these fractions,
The Farey sequences up to degree 6 the Ford circles®:
— 01
A= (14)
_ 011
Iy = (17271)
_ (01121
Iy = (Iv@@gﬂ)
_ (0111231
0111213234.1
F5 = (7 5743757275737 4°5 77)

1
_ 011 1 4 5 1 a . S . - .
Fs = (1’6’571’5’5’5’57@1’5’5’T)' see https://en.wikipedia.org/wiki/Ford_circle
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