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2.	Introduction
In this report a detailed discussion of the importance of OOP will be present, illustrations of the main concepts with examples of the written code will be shown. 
Code inheritance, polymorphism and testing will also be discussed in this report along side appropriate evidence of how these different concepts have been used throughout the code, finishing off with an in-depth conclusion to reflect back all the whole process.
3.	Game choice idea
The game is a classic ‘BattleShips’. This allows the user to go head-to-head against a computer and the aim of the game is to try and sink the other persons ships before they essentially run out of hits.
This is a good option to express the requirements onto the game due to the number of different classes etc that could be implemented into this game.
4.	Importance of OOP
	a.	What is OOP – Object Oriented Programming 
Object Oriented Programming is a way of writing computer programs using “objects” to stand for data and methods [1]. The main concepts used in the code will be illustrated  below.
 Computer programs use objects that talk to one another to change the data in those objects [1]and to work in a way that would benefit the user. 
There are many other languages that will allow users to write computer programs in object-oriented programming this is not just limited to C++ [2], these languages include Java, Ruby, Perk, Python, etc.
b. Why and how is OOP used and the importance 
OOP language allows the user to break the program into the bit-sized problems that can be solved easily [3], this would help the user to have less syntax errors in their code as one object at a time can be amended.

c. OOP advantages over Procedural Programming
Procedural programming is a programming paradigm, derived from imperative programming [4].
There are many advantages to using OOP compared to procedural programming, the first being OOP is fast and easier to execute, it then provides a clear structure for the programs that are being written [5]. As mentioned above the benefit of using OOP helps to keep the code DRY this stands for “Don’t repeat yourself” this keeps the code easier to maintain and modify [6].
If a developer was to put up another developer’s code if it was messy and a load of repeated code this could become difficult and confusing to amend and to debug.

5.	Code inheritance 
	a.	What is Code inheritance
Code inheritance is one of the key features of Object-oriented programming in C++. It allows the user to create a new class from an existing class [7]. Due to being able to inherit attributes and methods from another class this saves the user from having a bunch of repeated code that would look messy.
	b.	How this is used in the code
Code inheritance can be implemented into a game like this but creating different verisons of ships that would have different attributes/types but be from the same class. The benefits of these different types of ships will allow for different outcomes to the game some may do more damage than others.
Below is the ship type and size a user will be able to pick from, these different types of ships will have different benefits same with size, the size of the hit will reflect of the size of each of the hits, a smaller ship will hit 1 box in the array, a bigger ship could hit 2 boxes in the array.
Each type of ship is based off real life modern warships, this helps bring realism to the game for the user.
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Figure 1 - Image displaying code for ship type
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Figure 2 - Image displaying code of type of ship
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Figure 3 - Image displaying code for size class



6.	Polymorphism
	a.	What is polymorphism?
Polymorphism means having many forms, this typically occurs when there is a hierarchy of classes and they are related by inheritance [8].
C++ polymorphism means that a call to a member function will cause a different function to be executed [9], this is all depending on the type of object.
d. How this is used in the code
The benefits of using this in the code is the benefit of code reusability, being able to resuse created attributes and methods of an existing class when a new class is created [10], this allows for cleanness of the code if someone is reviewing the code they wouldn’t get confused by the repeated code.
Both of the presented display screens will be held in a class called display, one class for winning and another for loosing, these are displayed below.
If ‘ship_hit’ is equal to 4 which is the number of ships declared at the start of the code then first display screen will be presented to the user, else losing screen will be presented
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Figure 4 - image displaying code for display class
There are a couple of ways to implement polymorphism into this game, the use of a winner and loser screen is a suitable option for this. As displayed below are the two different types of outcomes 
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Figure 5 - Image displaying winning screen
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Figure 6 - Code to display winning screen
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Figure 7 - Image displaying losing screen	
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Figure 8 - Code to display losing screen
7.	Main concepts used
	a.	How these concepts have been implemented throughout the code
Here the main concepts/features will be discussed and the reasoning behind each implementation with provided screenshots.
A main menu has been implemented into this game to allow the player to ‘Play’ the game and this is a great place to implement the rules of the game, this ensures the user knows what they are doing.
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Figure 9- Main menu display

Below is the code that will close down the command line if the user wishes to select option 3, this is important to have because it allows the user to have more flexibility with what they can do.
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Figure 10 - Displaying code for exit on menu
When the game is over a display screen has been implemented that shows the players game grid, this was added to display the end of match results.
This is followed up by a while to check if the user wants to ‘Rematch’, this adds cleanness to the game instead of just shutting down the command line when the game has finished, if the user selects ‘Y’ as displayed in the screenshot the game will re-run else it will close the console.
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Figure 11 - Displaying end game screen display
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Figure 12 - Displaying while code for the user to play again
Next implementation added is the display message for the user actually hitting one of the located ships followed up by an else statement for if they miss the ship. If the user manages to sink the ship the game will end, and they will be presented with a winner screen display that will meet the polymorphism requirements.
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Figure 13 - Code displaying message outputs based on users choices
Next implementation added is the suitable use of a main menu, this is the face of a game this gives the user the opportunity to get a feel of the game in the first couple of seconds [11].
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Figure 14 - Image displaying menu working on command line
A while loop is used to contain all of the different options that is being displaying for the user the benefit of using this is it will repeat a specific block of code an unknown number of times, until a condition is met [12].
in this code the user has an option of 3 different cases to choose from once one of the conditions have been met the while loop will then redirect the user to the selected condition. This is where the use of a switch also comes into play, this allows a variable to be tested for equality against a list of values [13]. In this instant ‘Rules’, ‘Play’ and ‘Quit’.
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Figure 15 - Image displaying code for function of main menu
Due to the game being player against computer, the computer needs to set random locations for each of the ships for the user to attempt to hit them, this is where rand() function comes into play, this generates randomly numbers [14] in this case random locations on my declared variables ‘rowup’ and ‘location’.
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Figure 16 - image displaying rand function being used
One of the benefits to using IF function is that it allows you to make a logical comparison between a value and what you expect by testing for a condition [15]. 
The use of this has been put to good use to ensure the program is organized into logical segments of code, as presented below this code will only run if the condition meets.  Output message has been added to make the user aware this will make them feel more connected with the game.
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Figure 17 - image displaying validation for setting random ship in non-used location with output message
To ensure the user knows they have hit or missed a the computers ships, the use of if statements have been implemented followed up by appropriate output messages to ensure the user knows what is going on.
Srand() similar to rand is a function built into C++, this function is used to initialise random number generators [16]. Once again due to the user playing against a computer the use of this function has been put to good use for the randomisation of the positioning of the boats.
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Figure 18 - image displaying code for output message based on if the user hit or missed
It is important for the overall logic of the code being created, this void function looks for the presented array, 0 represents if the ship is not that the selected location inputted by the user. Followed up by a ‘For’ function this will then store if the v is greater than location meaning if the user inputs the correct location this will then clear the array.
This code is linked to matrix that is created above the void function. A matrix allows for a two-dimensional array.
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Figure 19 - image displaying code to display looking for presented array
Followed up by ‘ShowArray’ function this is following the same logic as the presented code above but this time the value is being printed, unlike the above code is setting the value. These both relate to the created two-dimensional array that has been declared.
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Figure 20 - image displaying code to show array to user

Below is an important feature, this code allows the user to be presented with the score of the current game, the example image below shows the game being ‘1’ to the Player and ‘1’ to the Computer.
This is good to track because it allows the user to see if they are winning or losing, tracking multiple games without a score counter can be difficult.
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Figure 21 - Image displaying code for displaying score to user
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Figure 22 - image displaying score output	
8.	Testing
	a.	Reasoning for testing 
There are many reasons why testing should be applied to every piece of work, this helps spot mistakes before developing the project or realising a piece of work.
In regard to the code created, unit testing ensures that all code meets quality standards before it’s deployed. This ensures a reliable engineering environment where quality is paramount. Unit testing saves time and money, and this style benefits the developer [17].
	b.	Expected outcome 
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Figure 23 - Image displaying expected outcome

	c.	Actual outcome
Once again this is why tests are important when it comes to any piece of development because always something can go wrong, reflecting on test ‘No 4’, the user cannot see the rules.
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Figure 24 - Image displaying actual outcome
As displayed below the rule’s menu isn’t viewable due to ‘case 1:’ not being properly linked up to anything, this means once the user clicks for this option it will return nothing as it is having nothing to present back to the user.
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Figure 25 - Image displaying missing code for rules
9.	Conclusion
In conclusion to the create of the code of this game, when it comes to making validations and ensuring everything is ran smoothly this can become quite blocky if certain functions are not used the code can become confusing to someone looking from an outside if not commented correctly.
When thinking of the overall logic of the code look for the simplest option but reaches all of the intended features required for the best possible outcome, doing so will lead to clean code that is easy to fix if an issue raised. 
Finding a game that is suitable for the input of polymorphism and the other required features for a game can become a challenge in itself, this is something that should be considered when thinking of the game before writing the code.
Inheritance can be very useful for ensuring the code doesn’t become blocky, this allows the code to be neatly assigned and a lot of different features can be inherited from this, example being in regard to the ships more attributes could be added and different types of grids if there was an update to do this again this would be a good consideration.
Testing is important to ensure the functionality of the game is up to the standard of the user, one simple mistake at the start of the code can lead to the whole code failing and becoming unplayable.
10.	Video demo
	a. YouTube link
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Eiclass size { // different sizes of hits based of ships
int Destoryer = 2;
int Corvettes = 1;
int Assultship = 3;
int Fridgates
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iclass display { // left off on this step last time - displaying different screens
private:

int Hit, ship_hit;

int Score;

char playerl, computer;

void displayscreen(playerl, computer) {
ont g, 5, ks

bool score = false;

char ship_hit;

score = true;
for (j = @; j < 4; §++) { // if hits greater than 4 play 1 wins, there are only 4 ships

iF (score) {
ship_hit = 4; // if player gets 4 on ship hits this means all computer's ships have been destoryed
if (ship_hit == 1) {
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Player I WON

SCORE: Player I: 1 Computer: @
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cout << - << endd;
cout << "\t Player 1 WON" << endl;
cout <<

<< endl;
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Computer WON

SCORE: Player I: 1 Computer: 1
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cout <<

- -" << endl;
cout << "\t Computer WON" << endl;
cout << " - << endl;
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 return 0
defaults

! cout << "Good Bye";
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<< endl]
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cout << "Your Grid: " << endl;
playerl Showarid(); // this is to display the grid at the end of the match

} while ((rematch = 'v') || (rematch == 'y")) {|
init();

return 0;
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‘cout << “Input your location to fire upon
if (Attack(pos3, pos2))

cout << "Well done ship sunk” << endl;
else

‘cout << "Sorry no ship at that position!" << endl;

«cin >> pos3 >> pos2;
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while (1) {
cout << MENU" << endL;
cout << "\t 1. Rules” << endl;
cout << "\t 2. Play” << endl;
cout << "\t 3. Quit” << endl;
cout << endl;

cin > ch;

suitch (ch) {

case 1: {

7"
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while (1 < maxships) // while 1 is smaller than maxships
{

int x = rand() % rowup; // this rand makes the ship in random rows
inty

rand() % location; // this rand makes the ships place in random locations
T
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if (a[x][y] != 1) // if a ship isn’t located at this position a
{

alxlly]l = 15
cout << "Ship has been set at random location”;

1
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Bint main()

Srand(time(WULL)); // this allows it to be fully randomise
int pos3, pos2;
while (1)
cout << "Input your location to fire upon "; cin >> pos3 >> pos2;
if (Hit(pos3, pos2))
cout << "Hit" << endl; // if ship has been hit output message will be displayed
else

B cout << "Miss” << endl; // if user misses the ship output message of miss will be presented
3

return 0;
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int a[rowup][location]; // the use of a two dimensional array is used here to declare my intergers - a is my matrix

Blvoid ClearArray() // void function, this looks for an array

ks

for (int x = @5 x < rowsp; x++) // © will represent if the ship is not at that location
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F_‘\vnid ShowArray() // function to show an array
{

For (int x = @5 x < rowsp; x++)

{

[ for (int v = 0; v < location; vi+)
{
| cout << a[x][v] < * " // this time the value is being printed the value, above is setting the value
¥

cout << endl;
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Elvoid displayscore()
{
cout << endl;
cout << "SCOR:
if (computer)
cout << " Player 1:

<< playerl.displayScore() << " Computer: " << computer.displayScore() << endl;
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SCoRe:

Player I: 1

Computer: 1
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1 This test is to ensure the user can click the play button User can click play
2 Test to ensure user csan select different type of ship | Different ships can be selected

3 Test to ensure user can see displayed score score is displayed

a Testto ensure user can see rules Rules are displayed

s Test to ensure user can quit the game User can quit

6 Testto ensure Player 1 winning screen is displayed | Player 1winning screen displayed
7 Test to ensure Computer winning screen is displayed | Computer winning screen displayed
8 Test to ensure user can click rematch User can click rematch
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Test No.

Test sceanrio

Expected outcome

Pass/Fail Comments

This test is to ensure the user can click the play button

User can click play

Pass

Test to ensure user csan select different type of ship

Different ships can be selected

Pass

Test to ensure user can see displayed score

Test to ensure user can quit the game

Score is displayed

User can quit

Test to ensure Player 1 winning screen is displayed | Player 1winning screen displayed Pass
7 Test to ensure Computer winning screen is displayed | Computer winning screen displayed Pass
8 Test to ensure user can click rematch User can click rematch

Pass
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switch (ch) {
case 1

break;




image1.png
Eiclass shiptype { // ship class
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Bclass Type {  // different type of ships
char Destroyer;

char Corvettes;

char Assultship;

char Frigates;





