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Introduction
Object-Oriented Programming, or OOP, is a programming paradigm based on the idea of objects and types of objects as opposed to just thinking about the procedural instructions which form the building-blocks of every program. OOP is a technique which a programmer can leverage to manage complexity when developing software. Timothy A. Budd writes about the idea of abstraction, and how OOP allows the programmer to work at different levels of abstraction depending on what is appropriate for the task at hand. He describes abstraction as “the purposeful suppression of detail”[1]
This suppression of detail allows the programmer to break complex problems down into logical units which work together. This is achieved through conceptualization, which allows the programmer to represent real-world entities and their interactions in code. For instance, an OOP programmer who is tasked with writing back-office software for a Library would instinctively break the problem down into Books, Bookshelves, and Libraries. The exact implementation details and instructions to be executed would come secondary to this.
[bookmark: _Toc155763815][bookmark: project-overview]Project Overview
This report demonstrates the importance of OOP concepts and how they have been applied to a demonstration program created by the author. The program is a simple simulation of an e-commerce website, similar in principle to sites such as Amazon or eBay albeit with a fraction of the functionality.
The program is written in the C++ programming language, as specified in the assignment brief being followed. Features of the program include:
· Standalone — Does not require any additional software or libraries to run. The only requirement to run this software is a reasonably modern version of Windows. (Note: The program is not portable to Unix/Linux/POSIX systems)
· Supports multiple users — When the program starts, it presents the user with a login screen where they can access their own account. A practically unlimited number of user accounts can be created by modifying users.csv.
· Password-protected user accounts — The program will only allow access to an account if the user inputs the correct password.
· Validation & Error handling — The program takes steps to verify that incorrect input gets rejected, and an error message gets displayed when it detects incorrect input
· User-friendly menus — The program displays user-friendly menus which allow the user to quickly navigate around the various categories and products that are available.
· Useful success/error messages — The program displays informative and concise success and error messages. The user can quickly determine whether their chosen task completed successfully or whether there was some kind of problem.
· User Manual — The program has a helpful and accessible user manual which shows the user how to browse the store and add products to their basket. This is accompanied by helpful messages across the program overall, including success and failure messages for different operations.
[bookmark: _Toc155763816][bookmark: X498ec53541b665d3ee3de3140a8b296ced9fbab]Object-Oriented Design Principles and Examples of their use within the Program
The following sections of this report cover several OOP principles and examples of their use within the program
[bookmark: _Toc155763817][bookmark: classes]Classes
Arguably the second most significant building block of OOP behind objects themselves is the Class. A class is a logical unit which can be thought of as a type of entity. In the real world, a hatchback is a class of car, which is a class of vehicle. This same idea can be represented in software using OOP classes. Raut defines an OOP class as “a named collection of attributes and behaviour”. [2]
Referring back to the simple car analogy, we can think of some examples of attributes and behaviours of a car. Every car has a colour and some number of doors. Cars can start, stop and turn. The hatchback, being a type of car will also have a colour, doors, and the ability to move.
Some examples of the use of classes in the simulation e-commerce program are:
· User — The User class represents the customer who is accessing the program.
· class User
{
  public:
  char *name;
  User(char *name);
};
· This is a very simple example of a class which is responsible for holding the customer’s name as a null-terminated array of characters.
· Basket — The Basket class represents the customer’s basket (sometimes referred to as ‘cart’).
· class Basket
{
 public:
 vector<Product> getProducts();
 void addProduct(Product product);
 void clear();
 int getItemCount();

 private:
 vector<Product> products;
};
· This class has a number of member functions which serve as an interface for interacting with the basket. These functions closely model the real world usage of a basket, such as adding and emptying the basket. The vector products represents the items contained within the basket.
At this stage of the report, the author hopes to have conveyed the idea that OOP principles closely model the real world. This resemblance to the real world helps to make programming concepts appear less abstract.
[bookmark: _Toc155763818][bookmark: attributes]Attributes
Much like in the real world, an attribute is a property associated with an object (or class). Once again referring back to the car analogy, the colour of a car is one of its properties (attributes). Attributes can describe the state of an object and the object’s features. [3]
An example of an attribute within the program can be found in the Product class:
class Product : public MenuItem
{
public:
  // Call the superclass constructor with the provided values
  Product(int productId, string productName, float productPrice);
  float getPrice();

protected:
  float price;
};
Each product must have some information associated with it. One such piece of information is the price of the product, which is stored here as an attribute.
[bookmark: _Toc155763819][bookmark: methods]Methods
Methods are similar to attributes in that they belong to a class or object. However, a method is more concerned with the behaviours of an object. A method is a procedure that belongs to a particular class or object and is primarily used as an interface to interact with the object it belongs to. [4]
An example of the use of methods within the program can be found in the Table class:
class Table
{
public:
  const char *relFilePath;
  Table(const char *relFilePath);
  int addRow(std::vector<std::string> data);
  std::vector<std::string> operator[](std::size_t index);
  int size();
private:
  std::fstream f;
  int rewind();
};
The Table class contains a number of methods. Some of these methods are public and can be accessed from outside the class. Sometimes this is not desirable. For instance there may be cases where if the code calls a class’ method from outside the class unexpectedly, it would cause undefined behaviour or crashes. Or, there may be cases where it is simply not necessary for some methods to be exposed to the wider program. In these cases, we can conceal some methods using the private keyword.
To pick a single method belonging to the Table class as an example, the addRow() method takes a vector of strings and adds it as a ‘row’ to the table.
[bookmark: overloading]Overloading
One line of the above code snippet may have stood out to some readers as being different from the rest. Line 7 contains the operator[] keyword. This is known as overloading, which allows us to extend the functionality of a class. In particular, this type of overloading is called operator overloading. [5] We are overloading the [] operator in order to provide some further functionality.
Operator overloading is useful to a programmer. If the developer needs their class to behave like an array, they can opt to overload the [] operator as shown in the above snippet. If the developer needs their class to behave like a numerical value, they can opt to overload the + operator and so on.
[bookmark: _Toc155763820][bookmark: inheritance]Inheritance
Inheritance is a mechanism in OOP that allows an object to re-use or ‘derive’ attributes and methods from another object. A subclass is one that inherits properties from another class. A superclass is one whose properties a class inherits from. [6] A real-world example is helpful to understand this concept. Cats and dogs are both mammals. They are both warm-blooded and have more complex brains than a large portion of the animal kingdom. Therefore, it stands that they belong to the class of mammals. They both inherit core traits which are characteristic of this group.
Whilst these two species share some common attributes, they are different in many ways. Their looks and behaviour are obviously not exactly the same. Consider the following pseudocode implementation of a cat and a dog.
class Mammal:
  method eat():
    print "is eating."

  method sleep():
    print "is sleeping."

  method makeSound():
    print "Hello"

class Cat extends Mammal:
  constructor():
    super()

  method climb():
    print "Cat is climbing."

  method makeSound():
    print "Meow! Meow!"

class Dog extends Mammal:
  constructor():
    super()

  method fetch():
    print "Dog is fetching."

  method makeSound():
    print "Woof! Woof!"
As shown, the cat and dog both inherit behaviours such as sleeping and eating from the Mammal class. However, the two different species each have their own specific behaviours.
An example of where the program features inheritance is in the MenuItem class, which represents a single item within a numbered menu such as this one:
Welcome to the store, Scott! Please choose a category to browse, write 'help' for the user manual or write 'exit' to exit.

0. Home & kitchen
1. Health & household supplies
2. Electronics
3. Garden
4. Clothing
5. Books
6. Sports & outdoors
7. Toys & games
8. Automotive
Both Product and Category inherit from the MenuItem class. They are both subclasses of the superclass MenuItem. In this case, we are looking at instances of the Category class. The code for this is as follows:
class MenuItem
{
public:
  MenuItem(int id, string name);
  int getId();
  string getName();

protected:
  int id;
  string name;
};

class Product : public MenuItem
{
public:
  // Call the superclass constructor with the provided values
  Product(int productId, string productName, float productPrice);
  float getPrice();

protected:
  float price;
};

class Category : public MenuItem
{
public:
  Category(int categoryID, string categoryName);
  string getName();
  vector<Product> getProducts();
};
The id and name attributes are common across both products and categories. Therefore, it makes sense for Product and Category to inherit from a superclass which contains both of these fields, while each subclass adds appropriate customization.
This type of inheritance is hierarchical inheritance. [6] There are other kinds of inheritance that the programmer must consider.
[bookmark: single]Single
Single inheritance is when a subclass inherits from only a single base class.
[bookmark: multiple]Multiple
Multiple inheritance is when a subclass inherits from two or more base classes.
[bookmark: multi-level]Multi-level
Multi-level inheritance is when a subclass inherits from another subclass.
[bookmark: hybrid]Hybrid
Hybrid inheritance is when a class uses a mixture of the above inheritance types. For example, a class could inherit from both a base class and a subclass.
[bookmark: _Toc155763821][bookmark: polymorphism]Polymorphism
Polymorphism is where a developer writes multiple methods inside a class with the same name but with distinct function declarations. For example, a programmer implementing a calculator class might have two functions called add. However, one function may take two integers while another may take three.
When implementing polymorphism, the functions must either have a different number of parameters or the types of parameters need to be different, so that the compiler can tell the functions apart. [7]
An example of polymorphism can be found in the Product class of the program:
class Product : public MenuItem
{
public:
  // Call the superclass constructor with the provided values
  Product(int productId, string productName, float productPrice);
  Product(int productId, string productName, float productPrice, bool discountApplied);
  float getPrice();

protected:
  float price;
  float multiplier;
};
When constructing this class, it is possible to supply an optional third parameter to the constructor which will cause the program to run an entirely different function when instantiating an object of the same class. In this case, supplying true as the third parameter causes a discounted rate of 15% to be subtracted from the cost of all products.
The author had considered that an alternative way of doing this would be to create a subclass of Product, then overload the getPrice() method with a modified one. This would, however, have been more complex and time-consuming.
[bookmark: _Toc155763822][bookmark: encapsulation]Encapsulation
Encapsulation is the idea of restricting access to some parts of an object so that they cannot be accessed from outside the class. This is typically done so that the state values of an object cannot be directly accessed. [8] Instead, one should use accessor and mutator functions read and write to the data members of an object, respectively. This makes code safer by disallowing access to read or change data which could cause undefined behaviour or crashes.
[bookmark: _Toc155763823][bookmark: program-architecture]Program Architecture
This section of the report covers the architecture of the program, how each component works and how the components fit together.
[bookmark: _Toc155763824][bookmark: main-function]Main Function
The program follows the typical pattern where execution starts with the main function. The high-level organization of the program’s functionality happens within this function. It is kept simple, with most of the details concealed inside other functions.
The entire main function consists of just five executable lines of code:
int main()
{
  init(); // Do some setup tasks to initialise the program

  userGreetingName = loginPrompt(); // Display the login screen and grab the user's login

  Store myStore; // Create an instance of Store

  homeMenu(myStore, userGreetingName); // Display the home menu (dialogue tree)

  return 0;
}
Breaking this down per line:
· The init() function, short for initialize, is called first and is responsible for initializing the program, particularly the persistent storage.
· The loginPrompt() function displays a login prompt to the user and returns the user’s name.
· The line Store myStore instantiates an instance of the Store class, ready to be used within the rest of the program
· The homeMenu() function displays a main menu to the user. This is where the program calls the majority of its functionality. The main menu can be seen as the root node inside a tree structure of menus.
[bookmark: _Toc155763825][bookmark: data-storage-and-persistence]Data Storage and Persistence
It is useful to talk about the program’s data storage and persistence first, as much of the program’s functionality relies on being able to read and write persistent data to disk. This section covers how this was achieved.
For most programs to be useful, they must be able to store data persistently. This can be done either by writing to a local file or a remote database. This program stores data locally, albeit in a format which bares some resemblance to a SQL database in that there are rows and columns. The program stores and retrieves data as comma separated value (CSV) files.
One benefit of using CSV format is that it is widely understood by many software packages including Microsoft Excel. [9] Another benefit is that the data is human-readable and so can easily be debugged by opening the file in a text editor.
In order to streamline the reading and writing of CSV data, the program has a Table class which is an abstraction layer which encapsulates the functions required for manipulating this data in a tabular format. Putting all of this functionality into a single place makes the code more maintainable.
Observe the following declaration of the Table class (Found in Table.h):
class Table
{
public:
  const char *relFilePath;
  Table(const char *relFilePath);
  int addRow(std::vector<std::string> data);
  std::vector<std::string> operator[](std::size_t index);
  int size();
private:
  std::fstream f;
  int rewind();
};
This class has a number of useful properties:
· The constructor for Table takes a relative file path to a .csv file. This allows the program to instantiate multiple Tables each pointing to different data sources with minimal code repetition. For instance, the program stores category data in category.csv and product data in product.csv.
· The addRow(...) method allows adding new data entries to the file.
· The [] operator has been overloaded to allow accessing rows of a file using square-bracket notation.
· The size() method returns the number of rows in the file.
This abstraction simplifies the process of creating, reading from and writing to a .csv file.
[bookmark: _Toc155763826][bookmark: initialization-function]Initialization function
The init() function is responsible for initializing the program, setting its current working directory and populating the .csv files required for the program to run, namely:
· category.csv
· orders.csv
· product.csv
· users.csv
It also creates a flag file called firstrun. If this file exists already then the initialization of these .csv files gets skipped.
Breaking the init() function down into steps, the first thing it does is change the working directory of the program to the directory in which the executable resides.
// Create a buffer
// Using wide chars here (Unicode) as PathCchRemoveFileSpec only supports wide chars by the looks of it
// Wide chars aren't compatible with the usual cout, wcout needs to be used
// There is an older function called pathremovefilespeca but this is deprecated, vulnerable to overflowing and crucially...
// It does not support emoji filenames :(
wchar_t buffer[MAX_PATH];

// Get the path to the currently running executable
GetModuleFileNameW(NULL, buffer, MAX_PATH); // https://learn.microsoft.com/en-us/windows/win32/api/libloaderapi/nf-libloaderapi-getmodulefilenamew

// Strip the filename from the path
PathCchRemoveFileSpec(buffer, MAX_PATH); // https://learn.microsoft.com/en-us/windows/win32/api/pathcch/nf-pathcch-pathcchremovefilespec

//Change the working directory of the program
//This is probably not require when running the exe file standalone.
//However, my IDE insists on making the working directory the same as the source directory for some reason
_wchdir(buffer); //https://stackoverflow.com/a/3485200
The code creates a buffer of wide characters to store the path of the executable. The size of this buffer is MAX_PATH which is a constant provided by the Windows.h header. [10] This is the maximum path length supported by the system. On the author’s machine, this is 260.
Next, the code attempts to read the file firstrun. If this succeeds, the init() function returns as it has no further work to do. If it does not succeed, the function creates the file and continues execution.
// Exit the function if the program has already been run
std::ifstream infile(FIRST_RUN_FLAG_FILENAME);
if (infile.good())
{
  return;
}

// Create the file
std::ofstream output(FIRST_RUN_FLAG_FILENAME);
The function then begins populating the required files (abstracted as tables). Some lines have been omitted for brevity.
// Username, Password
users.addRow({"scott", "password"});
users.addRow({"divya", "password2"});

Table category(CATEGORY_TABLE_FILENAME);

// ID, Name
category.addRow({"0", "home & kitchen"});
category.addRow({"1", "health & household supplies"});
category.addRow({"2", "electronics"});
category.addRow({"3", "garden"});
category.addRow({"4", "clothing"});
category.addRow({"5", "books"});

// ...

Table product(PRODUCT_TABLE_FILENAME);

// ID, Name, Category ID, Price
product.addRow({"0", "Leather Sofa", "0", "535.12"});
product.addRow({"1", "Silver Kettle", "0", "17.99"});
product.addRow({"2", "Pink Shampoo", "1", "3.00"});
product.addRow({"3", "Cotton Buds", "1", "4.00"});
product.addRow({"4", "Video Game Console", "2", "300.00"});
product.addRow({"5", "Smartphone", "2", "687.45"});

// ...

Table orders(ORDER_TABLE_FILENAME);

return;
Once the init() function has completed successfully, the product.csv file looks as shown.
0,Leather Sofa,0,535.12
1,Silver Kettle,0,17.99
2,Pink Shampoo,1,3.00
3,Cotton Buds,1,4.00
4,Video Game Console,2,300.00
5,Smartphone,2,687.45

...
Using the Table class, the program can quickly query the data from inside this and other .csv files.
[bookmark: _Toc155763827][bookmark: class-diagrams]Class Diagrams
This is a class diagram showing each class and its relationships.
[image: image.png]
A class diagram of the program
[bookmark: _Toc155763828][bookmark: login-system]Login System
When the program first runs, it displays a login screen to the user and prompts them to enter a username and password. First, the function initializes some variables that it will later need. This includes instantiating an object of the Table class.
string username = "";
string password = "";
char userFoundInDatabase = 0;
char passwordCorrect = 0;
int userIndex = 0;

Table users(USER_TABLE_FILENAME);
The next step is to prompt the user for their username and try to look them up in the User table.
do
  {
    cout << "Please enter your username: ";
    cin >> username;

    for (size_t i = 0; i < users.size(); i++)
    {
      if (username == users[i][0])
      {
        userFoundInDatabase = 1;
        userIndex = i;
        goto passwordEntry;
      }
    }

    cout << "User not found, please try again." << endl;

  } while (!userFoundInDatabase);

passwordEntry:

  do{

// ...
This code will check the User table to see if the user’s input matches a valid user. If the program finds a valid user, it breaks out of the double-nested loop using goto. Using goto in modern programming languages is typically not best practice in most circumstances. However, breaking out of nested loops is one of the few recognized reasons for its use. [11]
The next step is to get the user’s password and compare it to the one stored in the user’s record.
passwordEntry:

  do
  {
    cout << "Please enter your password: ";
    cin >> password;

    if (password != users[userIndex][1])
    {
      cout << "Incorrect password, please try again." << endl;
      continue;
    }
    passwordCorrect = 1;

  } while (!passwordCorrect);

  username[0] = toupper(username[0]);

  return username;
This part of the code will continue to prompt the user for their password until they enter it correctly, breaking out of the loop and causing the function to return the user’s name.
[bookmark: _Toc155763829][bookmark: help-menu]Help Menu
The program features a built-in user manual to guide users around the system. The user can access this manual by writing help at the home menu, which they are prompted to do.
# Welcome to the User Manual. Press any key to exit.

The following steps should help guide you around the program:

1. To start the shopping app, run the program and you'll be prompted with a login page.
2. Enter your credentials to access the home menu.
3. In the home menu, choose a category by entering the corresponding number.
4. View the list of products in the selected category.
5. To add a product to your basket, enter the product's number.
6. Repeat steps 3-5 for multiple products.
7. Write 'return' to go back to the previous menu at any point.
8. Enter 'basket' at the home screen to view your current basket.
9. Place an order by entering 'checkout' at the basket screen.
10. Exit the program when you're done shopping by entering 'exit' at the home screen.

Press any key to go back to the home menu.

\_
[bookmark: _Toc155763830][bookmark: menu-system]Menu System
Each menu in the program is a function. The program can display a menu by calling its associated function. When a menu function returns, the menu closes and returns to the previous menu. This arrangement of menus can be viewed as a tree, from which the Home Menu is the root node. Menu ‘pages’ are put onto and taken off the system’s function stack. A simple example of a menu screen can be seen in the addToBasketSuccess(...) function.
void addToBasketSuccess(Product product, Basket &basket)
{
  while (true)
  {
    system("cls");

    cout << "You have successfully added " << product.getName() << " to your basket. Your basket now contains " << basket.getItemCount() << " item(s). Press any key to continue." << endl;

    cout << endl;

    getch();

    return;
  }
}
When the function gets called, it clears away the previous menu screen and displays a new message. It awaits an input from the user and proceeds only once input has been received. This is a pattern that gets re-used frequently in the program’s code.
Initially, the author had implemented the ‘back’ action of each menu by calling the parent menu directly. However, this was quickly abandoned because it would continue to add to the function stack without ever cleaning up which could cause a crash or at the very least would be memory-inefficient.
[bookmark: _Toc155763831][bookmark: home-menu]Home Menu
The Home Menu is the central hub from where most interactions with the program happen, for example browsing departments and opening the basket. The home menu appears as follows:
Welcome to the store, Divya! Please choose a category to browse, write 'help' for the user manual or write 'exit' to exit.
You have a discounted rate!
You have (2) item(s) in your basket. Write 'basket' to view.

0. Home & kitchen
1. Health & household supplies
2. Electronics
3. Garden
4. Clothing
5. Books
6. Sports & outdoors
7. Toys & games
8. Automotive

_
The home menu provides some cursory details as well as a list of categories that the user can choose from. Entering a number from the list causes the program to navigate to a new menu.
The first thing the Home Menu code does is initialize some variables.
vector<Category> categories = store.getCategories(userGreetingName == DISCOUNT_USER_NAME);
Basket basket;
It first initializes a list of categories which is populated using each category that the store provides. It then instantiates an instance of the Basket class which will be used to hold any items that the user decides to add to their basket.
After greeting the user, the code outputs a list of categories that the user can choose from and awaits their response.
for (size_t i = 0; i < categories.size(); i++)
{
  cout << i << ". " << categories[i].getName() << endl;
}

cout << endl;

string response;

cin >> response;

if (response == "exit")
  exit(0);

if (response == "basket")
{
  basketMenu(basket, userGreetingName);
  continue;
}

categoryMenu(categories[stoi(response)], basket);
The user can choose to either exit the program, view their basket or select a category. Each category is a class called Category which extends a superclass called MenuItem. This was done to improve code-reuse when displaying lists of categories and products. The two class declarations are shown below:
class MenuItem
{
public:
  MenuItem(int id, string name);
  int getId();
  string getName();

protected:
  int id;
  string name;
};

class Category : public MenuItem
{
public:
  Category(int categoryID, string categoryName, bool discountPricesEnabled);
  /* We always want our category names to start with an uppercase letter,
  therefore we overload the getName function of MenuItem with one that
  capitalises the first letter. This is an example of polymorphism. */
  string getName();
  vector<Product> getProducts();
  bool discountPricesEnabled;
};
Note that the Category class overrides the getName() function. In the function definition (not shown), the function gets overloaded with one that changes the first letter of the name to be uppercase.
[bookmark: _Toc155763832][bookmark: category-menu]Category Menu
Once a user has chosen the category they would like to view, they are shown a list of products which belong to that category.
You have selected Garden. Please select a product to add to your basket, or write 'return' to go back:

1. Cheeky Gnome
2. Wheelbarrow
3. Solar-Powered Garden Lights
4. Hedge Trimmer

_
The MenuItem class gets re-used here, extended by the Product class.
class Product : public MenuItem
{
public:
  // Call the superclass constructor with the provided values
  Product(int productId, string productName, float productPrice);
  Product(int productId, string productName, float productPrice, bool discountApplied);
  float getPrice();

protected:
  float price;
  float multiplier;
};
When constructing this class, it is possible to supply an optional third parameter to the constructor which will cause the program to run a different function. In this case, supplying true as a third parameter causes a discounted rate of 15% to be subtracted from the cost of all products.
[bookmark: _Toc155763833][bookmark: product-menu]Product Menu
Once the user has selected a product that they would like to purchase, they are shown a confirmation screen.
You have selected the 'Cheeky Gnome' which costs £5.00
Are you sure you want to add this to your basket? [y/n]

_
Entering ‘y’ at this stage adds the product to the basket and a success message gets shown.
You have successfully added Cheeky Gnome to your basket. Your basket now contains 1 item(s). Press any key to continue.

_
The code for this interaction is similar to that of other menu screens within the program.
void confirmProduct(Product product, Basket &basket)
{
  while (true)
  {
    system("cls");

    cout << "You have selected the '" << product.getName() << "' which costs " << POUND_SIGN;
    printf("%.2f", product.getPrice());
    cout << endl
         << "Are you sure you want to add this to your basket? [y/n]" << endl;

    cout << endl;

    string response;

    cin >> response;

    if (response == "y")
    {
      basket.addProduct(product);
      addToBasketSuccess(product, basket);
      return;
    }

    if (response == "exit")
      exit(0);

    if (response == "n")
      return;
  }
}
Note that the confirmProduct(...) function expects to receive the address of the user’s basket so that it can add the product to the basket.
[bookmark: _Toc155763834][bookmark: basket]Basket
Once the user has added one or more items to their basket, they are prompted to view the basket at the Home Menu, as shown below.
Welcome to the store, Scott! Please choose a category to browse, write 'help' for the user manual or write 'exit' to exit.
You have (3) item(s) in your basket. Write 'basket' to view.

...
If the user writes basket, they are taken to the basket screen.
You have the following items in your basket:

Cheeky Gnome - £5.00
Mystery Novel - £12.95
Car Engine Oil - £17.95

Total cost: £35.90

Write 'checkout' to place an order or 'return' to go back

_
This screen shows a list of every item the user has in their basket, the total cost of the items and a prompt to either go to place an order or go back. The code for this is as follows.
system("cls");
cout << "You have the following items in your basket:\n\n";

total = 0.0F;
for (size_t i = 0; i < products.size(); i++)
{
  cout << products[i].getName() << " - " << POUND_SIGN;
  printf("%.2f", products[i].getPrice());
  cout << endl;
  total += products[i].getPrice();
}

cout << endl;

cout << "Total cost: " << POUND_SIGN;
printf("%.2f", total);
cout << "\n\n";

cout << "Write 'checkout' to place an order or 'return' to go back\n\n";

// ...
The program iterates over the basket’s contents and prints information about each item by calling each product’s accessor methods. If the user writes checkout, they are presented with a confirmation screen.
Are you sure you wish to place an order for £35.90? [y/n]

_
If the user writes y at this stage, an order is ‘placed’ and the program displays a success message.
You have successfully placed an order for £35.90. Press any key to continue.

_
When this happens, the program adds a new record to the orders.csv file, stating the name of the user who placed the order and the total cost of the order.
Scott,7.500000
Scott,35.900002
[bookmark: _Toc155763835][bookmark: modular-design-and-code-organization]Modular Design and Code Organization
When a programming project grows larger, it becomes more difficult to maintain. In order to keep their code maintainable, a programmer must be able to break their code down into manageable chunks, functions, modules, or files.
C++ has the notion of separating an object’s declaration from its definition. You can declare an object at the top of a file but keep its definition at the bottom. This is good for being able to quickly see all the available function calls at the top of the file while keeping the code out of the way. At some stage though, putting all a program’s code into main.cpp becomes unruly.
C++ allows the programmer to declare and define objects outside main.cpp. By convention, declarations get placed into files ending in .h. ‘H’ in this case stands for header, and typically never contains any definitions. The definitions get placed into a corresponding file with the same base name, but ending with the .cpp extension. [12]
The programmer can then call upon the externalized functionality using the #include preprocessor directive. This technique gets used extensively within the program. Most of the program’s functionality is in external .cpp and .h files.
An example of this in the program is the MenuItem class, which has been moved out of main.cpp and placed into separate files; MenuItem.h and MenuItem.cpp.
// MenuItem.h

#ifndef MENUITEM_H
#define MENUITEM_H
#include <string>

using namespace std;

class MenuItem
{
public:
  MenuItem(int id, string name);
  int getId();
  string getName();

protected:
  int id;
  string name;
};
#endif
Convention states that header files should use ‘header guards’ to ensure that a header does not get included multiple times unnecessarily. [13] Header guards take the form of a preprocessor directive.
#ifndef MENUITEM_H
#define MENUITEM_H
//declarations here
#endif
MENUITEM_H will be defined if it is not already. If it has already been defined, the declaration gets skipped.
The function definition gets stored in MenuItem.cpp.
// MenuItem.cpp

#include <string>
#include "MenuItem.h"

using namespace std;

MenuItem::MenuItem(int id, string name)
{
  this->id = id;
  this->name = name;
}
int MenuItem::getId()
{
  return this->id;
}
string MenuItem::getName()
{
  return this->name;
}


int id;
string name;
Note that the .cpp file #includes its respective header file. When it comes to calling the externalized functionality from other parts of the program, this is done by #includeing the necessary header file.
#include "Product.h"
#include "MenuItem.h"

using namespace std;

// Call the superclass constructor with the provided values
Product::Product(int productId, string productName, float productPrice) : MenuItem(productId, productName)
{
  this->price = productPrice;
  this->multiplier = 1.0F;
}

// ...
[bookmark: _Toc155763836][bookmark: error-handling-and-exception-handling]Error Handling and Exception Handling
The program takes steps to ensure it handles errors gracefully, detecting incorrect input and rejecting it with an error message that is easy for the user to read and understand. An example of this can be found in the Home Menu code. When reading the user’s input, it makes two validation checks. The first being concerned with exceptions thrown during the conversion from an input string to an integer with the stoi() function.
try {
  responseAsInt = stoi(response);
}
catch (const std::exception & e) {
  system("cls");
  cout << "Invalid Response. Please try again. Press any key to continue.\n\n" << endl;
  getch();
  continue;
}
The program uses a try-catch block to catch exceptions thrown by the stoi() function. If an exception gets thrown, the program displays an error message to the user which they can dismiss by pressing any key. The program will then go back to the menu so that the user can try again. The next form of validation and error handling ensures that the user does not select an option which does not exist, which would cause a crash.
if (responseAsInt < 0 || responseAsInt >= categories.size()){
  system("cls");
  cout << "Category number does not exist. Please try again. Press any key to continue.\n\n" << endl;
  getch();
  continue;
}
The function checks the response against the number of categories to ensure that the user does not select a category which does not exist.
[bookmark: _Toc155763837][bookmark: testing]Testing
It is important to test programs to verify their output and detect bugs. This section of the report covers testing of the program, including a test plan with expected vs actual results.
[bookmark: _Toc155763838][bookmark: unit-testing]Unit Testing
Unit testing is a way of testing software whereby single units of code get tested individually. A unit is any small or atomic piece of functionality within a program such as a function or method. [14]
The program includes some example unit tests in the file tests.cpp. This file contains functions which test the output of individual methods of certain classes. It does this by #includeing the relevant functionality’s .h file and passing dummy data to the functionality. It then compares the output of this functionality to a known-good value. For example, the testAddProductsToBasket() instantiates an object of the Basket class and calls its addProduct() method 15 times, adding 15 dummy items to the basket. It checks for any exceptions that occur during this process and also checks that Basket keeps track of the correct amount of items. If either of these test cases fail, the test outputs a fail result, indicating that there is a bug or regression somewhere in the code.
[bookmark: _Toc155763839][bookmark: test-plan]Test Plan
The following section is a comprehensive test plan that was used to verify the correct operation of the program.
[bookmark: login-with-wrong-username]Login with Wrong Username
Test case to verify that it is not possible to log in with the wrong username.
· Expected outcome: The program must not allow access if the user enters an invalid username. Additionally, an error message should be displayed. The program must not crash.
· Actual outcome: Actual outcome matches expected outcome
[image: image-1.png]
Screenshot of the program successfully rejecting an invalid username
[bookmark: login-with-the-wrong-password]Login with the Wrong Password
Test case to verify that it is not possible to log in with the wrong password
· Expected outcome: The program must not allow access if the user enters an invalid password. Additionally, an error message should be displayed. The program must not crash.
· Actual outcome: Actual outcome matches expected outcome
[image: image-2.png]
Screenshot of the program accepting a username before successfully rejecting a mismatched password
[bookmark: navigating-categories]Navigating Categories
Test case to verify that each of the nine available categories can be opened and viewed.
· Expected outcome: Each of the nine available categories can be opened in succession. The program must display each category’s available products. The program must not crash.
· Actual outcome: Actual outcome matches expected outcome
[image: image-3.png]
A screenshot of the program having successfully opened each of the categories without crashing
[bookmark: user-selects-an-invalid-category]User Selects an Invalid Category
Test case to verify that the program correctly handles incorrect category selection (out of bounds check/type check)
List of test inputs: dog, one, -1, 20
· Expected outcome: Entering the invalid values must cause the program to gracefully reject the input and respond with an error message. The program must not crash.
· Actual outcome: Actual outcome matches expected outcome
[image: image-4.png]
A screenshot of the error message the program displays when it detects an invalid input
[image: image-5.png]
A screenshot of the error message the program displays when it detects a category number which is out of range
[bookmark: unit-test-add-products-to-basket]Unit Test: Add Products to Basket
Test case to verify that products can be added to the basket and that the basket successfully keeps track of the amount of items in the basket. This is a unit test, and therefore this test happens programmatically using a verification function in tests.cpp.
Test Function:
void testAddProductsToBasket(){
  const int ITEM_COUNT = 15;

  // Test Statement
  cout << "Test: Add some items to the basket then verify the number of items in the basket - ";

  // Test Body
  Basket basket;

  for (size_t i = 0; i < ITEM_COUNT; i++)
  {
    Product product(i, "item", 123.45F);

    try{
      basket.addProduct(product);
    } catch (exception & e){
      cout << "Failed! Exception was thrown.\n";
      return;
    }
  }

  // Result Validation

  if (basket.getItemCount() != ITEM_COUNT){
    cout << "Failed! Incorrect number of items in basket\n";
    return;
  }

  // If the function did not fail any of our test cases, assume success
  cout << "Pass\n";
}
· Expected outcome: The test passes with the output Pass
· Actual outcome: Actual outcome matches expected outcome
[image: image-6.png]
A screenshot of the test log output showing that the test completed successfully
[bookmark: unit-test-product-discounts]Unit Test: Product Discounts
Test case to verify that the program applies the correct discount to products. Verifies the output of the getPrice() method of a discounted product.
Test function:
void testVerifyDiscountRate(){
  // Test Statement
  cout << "Test: Verify product discounts are applied as expected - ";

  // Instantiate a discounted product
  Product product(12, "Rust-eze Ointment", 10.00F, true);

  // Discount rate should be 15% off
  if (product.getPrice() != 8.50F){
    cout << "Failed! Incorrect discount applied.\n";
    return;
  }

  cout << "Pass\n";
}
· Expected Outcome: The test passes with the output Pass
· Actual outcome: The test fails with the output Failed! Incorrect discount applied.
[image: image-7.png]
A screenshot of the test results
· Remedial action: Investigated the problem to determine root cause. Root cause found to be a logic error in the code. The program used the incorrect value to calculate the discount.
· this->price = productPrice;
if (discountApplied)
  this->multiplier = 0.90F; //This should have been 0.85F
· Rectified the logic error causing the test to pass successfully
· [image: image-8.png]
· A screenshot of the test results, showing that the test passed successfully
[bookmark: _Toc155763840][bookmark: X2b28599e833e27967d970545bc0ae5119d607ba]Challenges and Lessons Learned/Areas for Improvement
As with any project, there are areas which could be improved on and lessons learned. These areas are learning opportunities which will form a basis to build better software moving forward.
[bookmark: _Toc155763841][bookmark: portability]Portability
One area for improvement could be portability. The program in its current form makes heavy use of operating-specific calls and libraries. For example, the init() function uses the Windows-specific GetModuleFileNameW() and PathCchRemoveFileSpec(). These functions require library imports that are only available in Windows.
#include <iostream>
#include <Windows.h>
#pragma comment(lib, "Shlwapi.lib")
#include <shlwapi.h>
#pragma comment(lib, "Pathcch.lib")
#include <pathcch.h>
#include <direct.h>

// ...

// Get the path to the currently running executable
GetModuleFileNameW(NULL, buffer, MAX_PATH);

// Strip the filename from the path
PathCchRemoveFileSpec(buffer, MAX_PATH);
This means that the program would need to be modified to compile on Linux or Unix systems. One way this could be done is by having a different version of the source code per operating system. However, this would be difficult to maintain. Another way this could be achieved is by writing platform-agnostic code and using preprocessor directives to select code based on system architecture.
[bookmark: _Toc155763842][bookmark: source-code-organization]Source Code Organization
After splitting out the program’s functionality into separate files, the source code structure had become quite unorganized. There are many .h and .cpp cluttering the root of the project directory. To take the program further it would be better to organize the project files into folders.
[bookmark: _Toc155763843][bookmark: conclusion]Conclusion
This report demonstrates the usefulness of object-oriented programming in breaking down large problems into smaller, logical and re-usable pieces. The report outlines the principles of OOP, how they are useful and examples of their use in the program. It is clear from this report that OOP has several advantages over simple procedural programming. Namely, that it encourages safe handling of data via the use of access specifiers and accessor/modifier methods, supports logical organization of a program and enables efficient code reuse.
[bookmark: _Toc155763844][bookmark: video]Video
A video demonstration of the program can be found at the following location:
https://uowtsd-my.sharepoint.com/:v:/g/personal/2306895_student_uwtsd_ac_uk/EQAXbEKrJ2BGoo7aluk6u94Bep7L4KzIpewEsGkM3zgWPg
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