Answer THREE questions, including question 1 or question 2 (or both).

Design aC++ function called r ever se wor ds that takes a string and reversesthe
individual wordsin it. You may assume that aword is defined as any sequence of
characters (excluding the special character’ \0’ ) not containing a space. For exam-
ple if stringisastring containing" This is a special string", then

after using the function as follows:
reverse_words(string);

string should containsi hT si a | ai ceps gnirts". Youmay make use
of theusual functionsst r | en and st r cpy but you may not assume that any other
functionsare available. Your answer should include afull design, and properly com-

mented C++.
[28 marks]

. Briefly explain, giving examples where necessary, how you would test the function

designed in thefirst part of the question.
[5 marks]

[Total 33 marks]

TURN OVER



2. This question involves writing a C++ class to represent smple maps. A map is afinite
collection of citiesidentified by consecutive numbers, starting with 1, along with the dis-
tances between cities that are connected. A map of this kind can be represented using a

grid of numbers as follows:

1
Columns

1 2 3 4

0 2541 -1
250 27 -1
41 27 0 75
-1 -1 750

41
2 Rows

A W DN PP

27 75

Onthe left are four cities, labelled from 1 to 4, with the distances between them marked.
Ontherightisagridrepresenting the samemap. Thegrid hasnumbersof rowsand columns
equal to the number of cities, and the distance between any pair of cities« and b appearsin
row «, column b. All citiesare distance 0 from themselves, and if cities are not connected

then their distanceis —1.

The following isabasic class called Map which can store a map for any number of cities
using thisidea. The gr i d pointer pointsto the grid of numbers, which is stored using a

separate array for each row. Thevariableci t i es storesthe number of cities.

cl ass Map
{
private:
int ** grid;
int cities;
publi c:
Map(int = 1);
“Map() ;
b

CONTINUED



a. The constructor for the Map classis asfollows.

Map: : Map(i nt nunber)

{
cities = nunber;
if (cities < 2)
{
cout << "There nust be at |least 2 cities" << endl;
cities = 2;
}
grid = newint * [cities];
for (int i =0; i <cities; i++)
{
grid[i] = newint [cities];
for (int j =0; j <cities; |J++)
if(i==1j)
*(grid[fi] +j) =0;
el se
*(grid[fi] +j) = -1,
}
}

Explain in detail how this constructor works. Draw a diagram similar to that given

above, showing the map produced by the single line of C++,
Map a_map (4);

[8 marks]

TURN OVER



b. The destructor for the Map classis asfollows.

Mep: :~ Map()

{

for (int i =

delete [] grid[i];

delete [] grid;

}

O; I <cities; i++)

Explain in detail how this destructor works.

[3 marks]

c. Writeanew member function called set _di st ance for the class Map. The func-

tion should take two numbers specifying two cities, and anumber specifying thedis-

tance between them, and update the grid so that the distance is stored correctly. The

function should return 1 if the update is successful and 0 otherwise.

[15 marks]

Design an overload of oper at or << for the Map class which allows usto print out

the distance between each pair of citiesthat is connected. The overload should work

in such away that the distance between two citiesisonly printed once. For example,

if the grid in the diagram above is printed we might obtain:

Cities
Cities
Cities
Cities

1
1
2
3

and 2:
and 3:
and 3:
and 4:

di st ance
di st ance
di st ance

di st ance

25
41
27
75

[7 marks]

[Total 33 marks]

CONTINUED



3. a Explainswhat it meansto say that afunctionis*“recursive’. Givetwo propertiesof a

recursivefunctionthat arerequiredin general for such afunction to operate correctly.

[3 marks]
b. Explain what the following recursive function does, and how it works.
int recursive (char * string, char character)
{
if (string[0] =="\0")
return O,
el se
{
if (string[0] == character)
return 1;
el se
{
string = string + 1;
return recursive(string, character);
}
}
}
[7 marks]

c. Explainin detail how the functionr ecur si ve operates when called using,
| etter_search("H ppo",’'p’);

[3 marks]

d. Describe in detail, including a pseudo-code description, the operation of the binary

search agorithm.
[10 marks]

TURN OVER



e. Describein detail, illustrating your answer with suitable examples, the operation of

the mergesort algorithm.
[10 marks]

[Total 33 marks]

4. Writean essay on the subject of pointersand their usein C++ programming, included their
usein the implementation of data structures. Your essay should beillustrated with exam-

ples of C++ code.

[Total 33 marks]

5. a Briefly describeeach of thefollowing featuresof C++ and explain how they are used,
including examples of C++ code where necessary: operator overloading, references,

classes, destructors, virtual functions.
[25 marks]

b. Explain, including examples, the distinction between the publ i ¢ and pri vat e
membersof aclass. Explain how, in general, it ispossible to decide whether amem-

ber should be publ i c or pri vat e.
[8 marks]

[Total 33 marks]

END OF PAPER



