I approached the assignment by possibly overthinking the scenario solution. First thing I did was to decide on a set of requirements that would comprise the car park or parking lot as I named it in the program:
1. The car park was seen as a multi-storey in my code so it could have multiple floors where customers can park their cars.
2. The car park could have multiple entry and exit points.
3. Customers can collect a parking ticket from the entry points and can pay the parking fee at the exit points on their way out.
4. Customers can pay the tickets at the automated exit panel or to the parking attendant.
5. Customers can pay via both cash and credit cards.
6. Customers should also be able to pay the parking fee at the customer’s info portal on each floor. If the customer has paid at the info portal; then they wouldn’t have to pay at the exit.
7. The system should not allow more vehicles than the maximum capacity. If the car park is full, the system should be able to show a message at the entrance panel and on the parking display board on the ground floor, this replaced the sign we created in class.
8. Each floor will have many parking spots. The system must therefore be capable of supporting multiple types of parking spots such as Compact, Large, Handicapped, Motorcycle, etc.
9. As the more modern cars are on the market, specifically electric cars; we could have some parking spots specified for electric cars. These spots will have an electric panel through which customers can pay and charge their vehicles.
10.  Accounting for the types of parking space, the system would support parking for different types of vehicles like car, truck, van, motorcycle, etc.
11. Each parking floor should have a display board showing any free parking spot for each spot type.
12. The system needs to have some method for calculating parking ticket fees on a case-by-case basis. For example, customers have to pay £4 for the first hour, £3.50 for the second and third hours, and £2.50 for all the remaining hours.
Expanding on the initial concept I decided on these are the main classes of the Car Park System:
· ParkingLot: The central part of the organization for which this software has been designed. It has attributes like ‘Name’ to distinguish it from any other parking lots and ‘Address’ to define its location.
· ParkingFloor: The parking lot will have many parking floors.
· ParkingSpot: Each parking floor will have many parking spots. The system will support different parking spots as outlined above: 1) Handicapped, 2) Compact, 3) Large, 4) Motorcycle, and 5) Electric.
· Account: There will be two types of accounts in the system: one for an Admin, and the other for a parking attendant.
· Parking ticket: This class will encapsulate a parking ticket. Customers will take a ticket when they enter the parking lot.
· Vehicle: Vehicles will be parked in the parking spots. The system will support different types of vehicles: 1) Car, 2) Truck, 3) Electric, 4) Van and 5) Motorcycle.
· EntrancePanel and ExitPanel: EntrancePanel will print tickets, and ExitPanel will facilitate payment of the ticket fee.
· Payment: This class will be responsible for making payments. The system will support credit card and cash transactions.
· ParkingRate: This class will keep track of the hourly parking rates. It will specify an amount for each hour. For example, for a two-hour parking ticket, this class will define the cost for the first and the second hour.
· ParkingDisplayBoard: Each parking floor will have a display board to show available parking spots for each spot type. This class will be responsible for displaying the latest availability of free parking spots to the customers.
· ParkingAttendantPortal: This class will encapsulate all the operations that an attendant can perform, like scanning tickets and processing payments.
· CustomerInfoPortal: This class will encapsulate the info portal that customers use to pay for the parking ticket. Once paid, the info portal will update the ticket to keep track of the payment.
· ElectricPanel: Customers will use the electric panels to pay and charge their electric vehicles.

To represent this concept and design, I created a very basic CRD or Class Relationship Diagram that was expanded upon with help from moderators at Education.IO (https://www.educative.io/courses/grokking-the-object-oriented-design-interview/gxM3gRxmr8Z, 2020)
[image: Class diagram]
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Class diagram showing the UML conventions and inheritance logic.



Customer paying for parking ticket: Any customer can perform this activity. Here are the set of steps:
[image: ]


When I began to create the program, I refined this template even further. Firstly, the ticket class was absorbed into the ParkingLot main file. I also found that the DisplayBoard and Payment were also easier to combine into other classes. After refinement I ended up with -
 1. Car – the main control coding that we use to define the car itself.
2.  Motorcycle – instead of having all the vehicles on one .cpp I separated them into individual entries instead.
3. Van – New class not initially in the design process but added during development and testing.
4. Vehicle – retained this class that now simply controls the license plate information and no longer holds all of its children classes within itself.
5. ParkingSpot – Class that controls the individual parking lot spaces for each type. Cars can be parked in the Large and Compact space sizes, Motorcycles will only park in their designated spaces on each floor.
6. ParkingLotManager – This is the new central lot controller. ParkingLotManager controls how the parking lot will recall what vehicles are stored and on which floor.
7. ParkingLot – The main control code for the program.
My testing had proven that the initial template designed above looked impressive but was a bit too convoluted in C++, it did work amazingly in Python, however. The end result was I had to rebuild the program from the ground up in order to get something that worked and fulfilled the scenario requirements.










User Guide
We have been presented with a scenario whereby our parking lot will manage the flow of traffic into the lot and then provide a record of what type of vehicle is parked, where in the parking lot it is parked, what happens when it has filled all slots and what the program does when a vehicle leaves the lot.
On opening the application, you will be presented with this screen:
[image: ]
Select an option – this menu will be the main interface with our system.
1 Park a new Motorcycle – on entering 1 then pressing enter you will be presented with this screen -
[image: ]
The system has now logged that we added a motorcycle to our parking lot into the first available plot. It will automatically define this item as M1 for its number plate. Later revising and improving on the code would add the user functionality to enter this manually but for the purposes of this exercise the program adds it sequentially for us.
 2 Park a new Car – entering 2 then pressing Enter will present this same screen in order to allow you to continue adding vehicles. For the purposes of this guide, I will add one of each vehicle type in order to demonstrate how the vehicles are stored.
 3 Park a new Van – as with the other two vehicle types, we will not be presented with the item onscreen, but the system has stored where these items are stored in our car parking lot.
4 Unpark – Will delete the record from the system (see below).
5 Print – When you enter 5, the system will display the following screen:
[image: ]
1 Address – the numbers on the left-hand side are telling us the plot number for each type of vehicle parking space we have in our parking lot.
2 S/ L/ C – Small spots are reserved for motorcycles; Large spots are for cars though vans take up two spots and Compact spaces are only for cars and motorcycles when the Small and Large slots are filled.
3 Status – We can see here that motorcycle M0 is parked in slot 010101, Car C0 is parked in slot 010201 and then the Van B0 is parked in three addresses 010202-010204. Unoccupied is the default status meaning the slots are not currently full.
Full slots – when we have filled slots of a type, the system will perform two different actions depending on what Vehicle type we are trying to enter. If we have a full park like the display below -
[image: ]
and we try to add any vehicle we are presented with –
[image: ]
“Parking space not available for xy” where x is the vehicle type (m = Motorcycle, c = Car or b = Van) and y is the individual identifier number for that vehicle. When we use Option 4 Unpark to clear a space for an updated item, this will delete the previous entry from our records.
The Unpark Sequence
Unpark is used whenever a vehicle vacates the parking lot and completely removes that vehicle from the system record completely. We begin by pressing 4 when prompted at the main menu –
[image: ]
the system will now ask us to input the vehicle ID of the vehicle which just pulled out of the lot. For this Guide I will say that Motorcycle M0 has just left the lot. If we enter M0 here when prompted at the cursor, the prompt below will be displayed –
Enter a vehicle ID: M0
Pressing Enter will not present a confirmation text line however, when we then press 5 to view all of the parking spots, we will see this display –
[image: ]
As we can see, the slot that m0 previously occupied is now showing Unoccupied to verify that the Motorcycle has left the system. If we now allow another Motorcycle rider to park in the parking lot, we will see this –
[image: ]
The system has automatically created the new record for the new Motorcycle as M6.
Appendix – Source Code
ParkingLot.cpp –
// ParkingLot.cpp : Defines the entry point for the console application.
//

#include "stdafx.h"
#include <fstream>

using namespace std;

int main()
{
	vector<vector<pair<int, SpotSize>>> parkingSpotsData;
	string parkingDataFileName = "parkingSpots.in";
	ifstream dataFile;
	int levels, rows, numberOfSpots, type;
	pair<int, SpotSize> base_pair;
	dataFile.open(parkingDataFileName);

	// Number of spaces per floor and number of floors for the parking lot

	if (dataFile) {
		dataFile >> levels;
		for (int i = 0; i < levels; ++i) {
			dataFile >> rows;
			vector<pair<int, SpotSize>> rowsVector;
			for (int j = 0; j < rows; ++j) {
				dataFile >> numberOfSpots >> type;
				base_pair = make_pair(numberOfSpots, SpotSize(type));
				rowsVector.push_back(base_pair);
			}
			parkingSpotsData.push_back(rowsVector);
		}
	}

	dataFile.close();

	ParkingLot myParkingLot(parkingSpotsData);

	// This is the core logic and interface coding to use the program
	
	int choice = 1;
	string id = "";
	Vehicle *vehicle = nullptr;
	map<string, Vehicle*> vehicles;
	while (choice) {
		cout << endl << "| Select an option ; Please press 0 to exit." << endl;
		cout << "| 1. Park a new Motorcycle" << endl;
		cout << "| 2. Park a new Car" << endl;
		cout << "| 3. Park a new Van" << endl;
		cout << "| 4. Unpark" << endl;
		cout << "| 5. Print" << endl;
		cin >> choice;
		switch (choice) {
		case 1:
			vehicle = new Motorcycle();
			goto parking;
		case 2:
			vehicle = new Car();
			goto parking;
		case 3:
			vehicle = new Van();
			goto parking;
		case 4:
			cout << "Enter a vehicle id: ";
			cin >> id;
			id[0] = toupper(id[0]);
			if (vehicles.find(id) != vehicles.end()) {
				try {
					myParkingLot.unparkVehicle(*(vehicles[id]));
				} catch (const string &e) {
					cout << e << endl;
				}
			} else {
				cout << "Vehicle ID is invalid" << endl;
			}
			break;
		case -1:
		parking:
			vehicles[vehicle->getNumberPlate()] = vehicle;
			try {
				myParkingLot.parkVehicle(*vehicle);
			} catch (const string&e) {
				cout << e << endl;
			}
			break;
		case 5:
			myParkingLot.printParkingSpots();
			break;
		default:
			cout << "Please enter a valid choice" << endl;
			break;
		}

		if (cin.fail()) {
			cout << "ERROR -- You did not enter an integer";

			// get rid of failure state
			cin.clear();

			// discard 'bad' character(s) 
			cin.ignore(std::numeric_limits<std::streamsize>::max(), '\n');

		}
	}
	
	myParkingLot.printParkingSpots();

    return 0;
}
ParkingLotManager.cpp
#include "stdafx.h"
#include "ParkingLotManager.h"

using namespace std;

ParkingLot::ParkingLot(vector<vector<pair<int, SpotSize>>> parkingSpots) {
	ParkingSpot* spot;
	string id;
	for (int level = 0; level < parkingSpots.size(); ++level) {
		for (int row = 0; row < parkingSpots[level].size(); ++row) {
			for (int position = 0; position < parkingSpots[level][row].first; ++position) {
				id = generateID(level + 1, row + 1, position + 1);
				spot = new ParkingSpot(id, level + 1, row + 1, position + 1, parkingSpots[level][row].second);
				this->parkingSpots[id] = spot;
			}
		}
	}
}


ParkingLot::~ParkingLot() {
	for (auto it = parkingSpots.begin(); it != parkingSpots.end(); it++) {
		delete (*it).second;
	}
}

void ParkingLot::parkVehicle(Vehicle &vehicle) {
	ParkingSpot *spot = nullptr;
	auto it = parkingSpots.begin();
	vector<string> adjacentSpots;
	while (it != parkingSpots.end()) {
		spot = it->second;
		if (!spot->isOccupied() && canFitVehicle(spot->getSize(), vehicle.getSize())) {

			// If the vehicle is a van, find if the adjacent parking spaces are free and allot accordingly
			if (vehicle.getSize() == VehicleSize::van) {
				adjacentSpots = getAdjacentSpots(spot->getID(), 2);
				auto spot_it = adjacentSpots.begin();
				for (; spot_it != adjacentSpots.end(); spot_it++) {
					if (parkingSpots.find(*spot_it) == parkingSpots.end() || parkingSpots[*spot_it]->isOccupied()) {
						break;
					}
				}
				if (spot_it != adjacentSpots.end()) {
					it++;
					continue;
				} else {
					for (spot_it = adjacentSpots.begin(); spot_it!=adjacentSpots.end(); spot_it++) {
						parkingSpots[*spot_it]->parkVehicle(&vehicle);
					}
				}
			}

			spot->parkVehicle(&vehicle);
			parkedVehicles[vehicle.getNumberPlate()] = spot;
			break;
		}
		it++;
	}
	if (it == parkingSpots.end()) {
		throw "Parking space not available for " + vehicle.getNumberPlate();
	}
}

vector<string> ParkingLot::getAdjacentSpots(string id, int count) {
	vector<string> spots;
	string row_id = id.substr(0, 4);
	int position = stoi(id.substr(4));
	string pos;
	for (int i = 1; i <= count; ++i) {
		pos = (position + i) >= 10 ? to_string(position+i) : '0' + to_string(position + i);
		spots.push_back(row_id + pos);
	}
	return spots;
}
// Removing the vehicle when they 'pull out of the lot'
void ParkingLot::unparkVehicle(Vehicle & vehicle) {
	auto it = parkedVehicles.find(vehicle.getNumberPlate());
	if (it == parkedVehicles.end()) {
		throw "The vehicle is not parked anymore.";
		return;
	}
	if (vehicle.getSize() == VehicleSize::van) {
		vector<string> spots = getAdjacentSpots(it->second->getID(), 4);
		for (int i = 0; i < spots.size(); ++i) {
			parkingSpots[spots[i]]->unparkVehicle();
		}
	}
	it->second->unparkVehicle();
	parkedVehicles.erase(it);
}
// Full slots, the program handles the situation with this code
bool ParkingLot::canFitVehicle(SpotSize spotSize, VehicleSize vehicleSize) {
	return static_cast<int>(vehicleSize) <= static_cast<int>(spotSize);
}

string ParkingLot::generateID(int level, int row, int position) {
	string result = "";
	result += (level >= 10) ? to_string(level) : '0' + to_string(level);
	result += (row >= 10) ? to_string(row) : '0' + to_string(row);
	result += (position >= 10) ? to_string(position) : '0' + to_string(position);
	return result;
}

void ParkingLot::printParkingSpots() {
	auto it = parkingSpots.begin();
	while (it != parkingSpots.end()) {
		cout << (*(*it).second) << endl;
		it++;
	}
}
ParkingLotManager.h –
#pragma once
// Main coding that controls the layout of the parking lot floors and the lots themselves
class ParkingLot {
private:
	std::map<std::string, ParkingSpot*> parkingSpots;
	std::map<std::string, ParkingSpot*> parkedVehicles;
	std::string generateID(int level, int row, int position);
public:
	ParkingLot(std::vector< std::vector< std::pair<int, SpotSize>>> parkingSpots);
	~ParkingLot();
	void parkVehicle(Vehicle &vehicle);
	std::vector<std::string> getAdjacentSpots(std::string id, int count);
	void unparkVehicle(Vehicle &vehicle);
	bool canFitVehicle(SpotSize spotSize, VehicleSize vehicleSize);
	void printParkingSpots();
};
ParkingSpot.cpp –
#include "stdafx.h"
#include "ParkingSpot.h"

using namespace std;
// Control code for the spaces our lot has
SpotSize ParkingSpot::getSize() const {
	return size;
}

string ParkingSpot::getSizeName() const {
	switch (size) {
	case Small:
		return "Small";
		break;
	case Compact:
		return "Compact";
		break;
	case Large:
		return "Large";
		break;
	default:
		return "Unknown";
	}
}

Vehicle* ParkingSpot::getVehicleReference() const {
	return vehicle;
}

string ParkingSpot::getID() const {
	return id;
}

bool ParkingSpot::isOccupied() const {
	return vehicle != nullptr;
}

void ParkingSpot::parkVehicle(Vehicle * vehicle) {
	this->vehicle = vehicle;
}

void ParkingSpot::unparkVehicle() {
	this->vehicle = nullptr;
}

ostream &operator<<(ostream &out, const ParkingSpot &spot) {
	string isOccupied = spot.isOccupied() ? spot.vehicle->getNumberPlate() : "Unoccupied";
	out << spot.id << " | " << spot.getSizeName() << " | " << isOccupied ; 
	return out;
};
ParkingSpot.h –
#pragma once
// Controls for the Parking spots themselves
enum SpotSize { Small = 0, Compact = 1, Large = 2 };

class ParkingSpot {
private:
	SpotSize size;
	std::string id;
	int level;
	int row;
	int position;
	Vehicle* vehicle = nullptr;
public:
	ParkingSpot(std::string id, int level, int row, int position, SpotSize size) :
		id(id), level(level), row(row), position(position), size(size) {
	};
	SpotSize getSize() const;
	std::string getSizeName() const;
	Vehicle* getVehicleReference() const;
	std::string getID() const;
	bool isOccupied() const;
	void parkVehicle(Vehicle* vehicle);
	void unparkVehicle();
	virtual ~ParkingSpot() {};

	friend std::ostream &operator<<(std::ostream &out, const ParkingSpot &spot);
};
Vehice.cpp – 
#include "stdafx.h"
#include "Vehicle.h"
// Vehicle class functions that are only called by the Vehicle.h file itself
std::string Vehicle::getNumberPlate() const {
	return numberPlate;
}

Vehicle::~Vehicle() {

}
Vehicle.h –
#pragma once
// Master code to control the number plate values to identify the vehicles parked in our parking lot
enum class VehicleSize { motorcycle = 0, car = 1, van = 2 };

class Vehicle {
private:
	std::string numberPlate;
public:
	Vehicle() : numberPlate("0000") {};
	Vehicle(std::string numberPlate) : numberPlate(numberPlate) {};
	std::string getNumberPlate() const;
	virtual VehicleSize getSize() const = 0;
	virtual ~Vehicle();
};
Motorcycle.cpp –
#include "stdafx.h"
#include "Motorcycle.h"
// Control coding for the Motorcycles in our lot
int Motorcycle::numOfVehicles = 0;

VehicleSize Motorcycle::getSize() const {
	return size;
}

Motorcycle::~Motorcycle() {
}
Motorcyle.h –
#pragma once
// Motorbike class control to call the data displayed for this class
class Motorcycle : public Vehicle {
private:
	const VehicleSize size = VehicleSize::motorcycle;
	static int numOfVehicles;
public:
	Motorcycle() : Vehicle("M" + std::to_string(numOfVehicles)) { ++numOfVehicles; };
	Motorcycle(std::string numberPlate) : Vehicle(numberPlate) { ++numOfVehicles; };
	virtual VehicleSize getSize() const;
	virtual ~Motorcycle();
};
Car.cpp –
#include "stdafx.h"
#include "Car.h"
// Control coding for the Cars in our lot
int Car::numOfVehicles = 0;

VehicleSize Car::getSize() const {
	return size;
}

Car::~Car() {
}
Car.h –
#pragma once
// Car class control to call the data displayed for this class
class Car : public Vehicle {
private:
	const VehicleSize size = VehicleSize::car;
	static int numOfVehicles;
public:
	Car() : Vehicle("C" + std::to_string(numOfVehicles)) { ++numOfVehicles; };
	Car(std::string numberPlate) : Vehicle(numberPlate) { ++numOfVehicles; };
	virtual VehicleSize getSize() const;
	virtual ~Car();
};
Van.cpp –
#include "stdafx.h"
#include "Van.h"
// Control coding for the vans parked in the lot. Each van will occupy two Large spaces
int Van::numOfVehicles = 0;

VehicleSize Van::getSize() const {
	return size;
}

Van::~Van() {
}
Van.h –
#pragma once
// Van class control to call the data displayed for this class
class Van : public Vehicle {
private:
	const VehicleSize size = VehicleSize::van;
	static int numOfVehicles;
public:
	Van() : Vehicle("B" + std::to_string(numOfVehicles)) { ++numOfVehicles; };
	Van(std::string numberPlate) : Vehicle(numberPlate) { ++numOfVehicles; };;
	virtual VehicleSize getSize() const;
	virtual ~Van();
};
stdafx.cpp –
// stdafx.cpp : source file that includes just the standard includes
// ParkingLot.pch will be the pre-compiled header
// stdafx.obj will contain the pre-compiled type information

#include "stdafx.h"

// Additional headers are referenced in STDAFX.H , not this file
stdafx.h –
// stdafx.h : include file for standard system include files,
// or project specific include files that are used frequently, but
// are changed infrequently
//

#pragma once

#include "targetver.h"

#include <iostream>
#include <tchar.h>
#include <string>
#include <vector>
#include <map>



// Additional headers our program requires here
#include "Vehicle.h"
#include "ParkingSpot.h"
#include "Car.h"
#include "Motorcycle.h"
#include "Van.h"
#include "ParkingLotManager.h"
targetver.h –
#pragma once

// Including SDKDDKVer.h defines the highest available Windows platform.

// If you wish to build your application for a previous Windows platform, include WinSDKVer.h and
// set the _WIN32_WINNT macro to the platform you wish to support before including SDKDDKVer.h.

#include <SDKDDKVer.h>
parkingSpots.in (Reference file) –
2
2
5 0
5 2
1
10 1
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