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Section 1. [bookmark: _Toc65875879]Overview
1.1 [bookmark: _Toc65875880]General
The task is to create working code for a Car Park implementing the principles of Object-Oriented Programming (OOP) using C++ programming language. 
This report details the classes that are created within the code, discusses their attributes and the methodologies used to implement the relationships between the classes to create the car park. Each class is described in detail in the report with the corresponding code. The classes are implemented in a program written in C++.  The code is also fully annotated.
1.2 [bookmark: _Toc65875881]Purpose
The task of developing an OOP C++ car park application based upon the car park narrative we analysed in class.  The class diagram of figure 1 illustrates the anticipated classes and their relationships.  
[image: ]
Note: this class diagram is incomplete.  You will need to identify and add additional classes, methods and/or attributes.
Further details of the carpark discussed in class are described in the initial section describing how some of the classes had been derived.
Task 1 requests that the following is developed:
Use C++ to develop an objected oriented application using Visual Studio 2019.
Develop suitable code for each class and:-
1. Separate the classes into appropriate header and .cpp files; 
1. Develop suitable constructors for each class;
1. Implement each class.  Should you identify any additional classes, methods or attributes required to ensure the correct operation of the car park, then you must implement these also. 
1. Simulate the execution of the carpark using the update framework outlined in class and shown in Appendix 1 of this document.
1. Appy the OO concepts we developed in class including aggregation.

 Task 2 requests that the following is developed:
Add additional functionality to the carpark simulation.  Use the concept of inheritance to develop two specialized IDReaders.  One is an ID barcode reader, the other is a numberplate reader.  The readers can be simulated by using keyboard input and the C++ IOStream.

The application should store the numberplates of the cars that enter the carpark and remove them when they leave. Implement a suitable dynamic data structure to store the numberplates or barcodes read by the IDReader class.

This document is laid out with the following structure:
Section 1: is this overview.
Section 2: describes how the classes were derived, their attributes and methods and relationships. This includes the header files and the constructors.
Section 3: describes the routines and shows them being tested and the results.
Section 4: describes future implementations and alterations that could be made to the programme.
Section 5: lists the program code in sections.

Section 2. [bookmark: _Toc65875882]Class Derivation and Definitions
OOP is a method of programming that determines that the various aspects of a system as being objects which are then coded with the use of classes. The classes contain attributes and methods which are coded as variables and functions. This is described more succinctly by WikiPedia below:
‘Object-oriented programming (OOP) is a programming paradigm based on the concept of "objects", which can contain data and code: data in the form of fields (often known as attributes or properties), and code, in the form of procedures (often known as methods).’ [1]

There is a methodology for determining the classes as cited by Bob Myers in his webpage https://www.cs.fsu.edu/~myers/cop3331/notes/analysis1.html where the technique is stated to have been 
‘Pioneered by Russell Abbott (1983), popularized by Grady Booch’ [2]
This involves finding the nouns and verbs within the passage of descriptive text that pertains to the system being built using OOP.
The class exercise described the details of the car park exercise in a passage of text that is seen below with nouns or objects highlighted:
A local company has decided to improve security by placing barriers at its staff car park.  It has been decided to issue staff identity cards which all employees are expected to carry with them whilst on site.  These cards will also be used to gain entry into the staff car park.  They will also record the name, department and number of the staff member.  

A barrier and a card reader are placed at the entrance to the car park.  The driver of an approaching car inserts his or her numbered card in the card reader which then checks that the card is known to the system.  If recognised, the reader sends a signal to raise the barrier and the car can then enter the car park.

At the exit is also a barrier which is raised when a car leaves.  When there are no places in the car park free, a sign at the entrance displays “FULL” and is only switched off when a car leaves.

Special visitors’ cards exist.  These record a number and the current date and allow access to the car park.  These cards may be sent out in advance or collected at reception.  A visitor’s card must be returned to reception when the visitor leaves.
This exercise provides the following derived classes coloured green and blue above (blue for overall class or system and green for objects that allow the system to function):
	Car park
	overall class for system being implemented.

	Barriers
	These prevent or allow access into the car park.

	Card Readers
	To read the staff cards upon entry and exit.

	Full sign 
	To display to the approaching driver that the carpark is full.

	
	

	Sensor
	To check that the car has passed the barrier. 



A further class was discovered upon thinking about the real-world aspect that was not mentioned during the text above which is the sensors that accompany the barriers. The sensor determines not only that the barrier can safely be lowered, it determines that the car has actually entered or left the carpark. Therefore, the last class of sensor was added above.
The above classes were determined necessary for the implementation of a correctly functioning carpark.
The Class’s attributes and methods are discussed below.

2.1 [bookmark: _Toc65875883]Car Park Class
This class has the following attributes and methods:

	Car Park

	isFull
Capacity
Freespaces
Car In
Car Out

	setCapacity()
getCapacity()
setFreeSpaces()
getFreeSpaces()
incrementSpaces()
decrementSpaces()





Created within the header file below:
class cCarPark
{
public:
	//Constructor
	cCarPark(int);		//the integer is for the size of the carpark when initialising
 
	//declare attributes
	bool isFull;			//Public variable for when car park is full (used in multiple classes)
 
	//declare methods
	void setCapacity(int);		//set size of CarPark by sending integer
	int getCapacity(void);		//get size of CarPark returns capacity integer
	
	void setFreeSpaces(int);		//set freeSpaces value by sending integer
	int getFreeSpaces(void);		//get number of freespaces returns freeSpaces integer
 
	bool incrementSpaces();		//increment spaces when car leaves (returns true) 
	bool decrementSpaces();	//decrement spaces when car enters (returns true)
 
	//instantiate any dependant objects that are available to all classes
	cIDReader entryReader;		//instantiate IDReader for entry to carpark
	cIDReader exitReader;		//instantiate IDReader for exit from carpark
	cDisplaySign fullSign;		//instantiate FullSign
 
 
private:
	//Declare private attributes that are accessible only to the carpark class
	int capacity;			//capacity of car park (dynamically set at runtime)
	int freeSpaces;		//number of free spaces in car park
	bool carIn;			//car has passed entry barrier
	bool carOut;			//car has passed exit barrier 
 
	//instantiate dependant objects that only car park can communicate with
	cBarrier entryBarrier;		//instantiate entry Barrier default settings
	cBarrier exitBarrier;		//instantiate exit barrier with default settings
 
 
};

As can be seen above, the private variables of capacity and freeSpaces are safe within the carpark class and can only be altered by calling the respective get and set methods or functions that reside in the carpark class. These functions are in the .cpp files discussed in the next section. The header determines the types of parameters that get provided to the method and what type of information is returned.

The constructor passes the size of the carpark to be built, calling the constructor in the ‘carpark.cpp’ code below:
cCarPark::cCarPark(int Capacity)
 
{
	setCapacity(Capacity);		//Call setCapacity to create a carpark with x number of spaces
	setFreeSpaces(Capacity);	//Create carpark empty.
	isFull = false;		//and therefore not full.
}

This creates the carpark with the required number of spaces through setCapacity and setFreeSpaces to initialise the carpark. 

The following items are instantiated within the carpark class:
entryReader, exitReader, fullSign and privately, entryBarrier and exitBarrier
Instantiating these items within the class of Carpark makes them components of the carpark system, and is a form of aggregation.
 Aggregation is defined as the following by David Parsons in his book Object Orientated Programming with C++
‘Objects which are composed of other objects are known as aggregations. They may involve containment (the contained objects are components of the larger object) or containership.’ [3, p. 382]
The entryReader, exitReader and fullSign are accessible from the source.cpp main function and can be polled or altered from other objects. These items do not control the integrity of the attributes core to the carpark class.
The main methods are ‘incrementSpaces’ and ‘decrementSpaces’ which return a Boolean value that provides the caller with confirmation that the action completed. This is linked to the barrier sensor confirming the car passing.

2.2 [bookmark: _Toc65875884]Barriers
The Barriers are instantiated within the private section of the carpark class. This helps prevent external code attempting to access these objects (to raise or lower without altering carpark contents). 
This class has the following attributes and methods(overpage):
	Barrier

	barrierIsUp
barrierTimeout
barrierUpTime


	raiseBarrier()
lowerBarrier()
setBarrierTimeOut()
getBarrierTimeOut()



The barriers can be said to be components of the Carpark and the header file for the barrier containing the above attributes and methods is listed below:
class cBarrier
{
public:
	//Constructors
	cBarrier(void);		//constructor with no parameters required to setup.
	cBarrier(bool, int);		//constructor with parameters to control initial start-up.
 
	//Public Methods
	bool raiseBarrier(void);		//declare raise barrier function
	
	void setBarrierTimeOut(int);	//set how long the barrier remains up if the sensor is not triggered
	int getBarrierTimeOut(void);	//return current barrier timeout value
 
private:
	//Declare private variables
	bool barrierIsUp;		//required so that the sensor is polled until car has passed through
	int barrierTimeout;		//the length of time the barrier remains up before auto lowering
	time_t barrierUpTime = time(NULL);//to provide a timer until the barrier lowers in case car does not pass through 

	//Private methods
	bool lowerBarrier(void);	 //lower barrier function- private as only the sensor can tell the barrier to lower 
 
	//Instantiate components of Barrier
	cSensor Sensor;		//instantiate a sensor that belongs to the barrier class
};
As can be seen above all the attributes of the Barrier are private. Barrier is also a container class in that it includes the object of a sensor. The barrier can open, but will only close when the sensor shows that a car has passed, or if the barrier has been raised for a number of seconds.
Note: In the real world, the sensor is likely to be an inductor coil within the floor positioned after the barrier. There are two reasons for this, one is that the system can tell when the car has passed and that it is safe to lower the barrier and the other is that the system knows that the action of the car entering or exiting has actually taken place. 
The constructors in the ‘.cpp’ file shows the following:
//constructor of class barrier default - barrier is lowered and barrieruptime is initialised, timeout set to 5 seconds
cBarrier::cBarrier(void)
{
	barrierIsUp = false;		//barrier down
	barrierUpTime = time(NULL);	//initialise barrieruptime
	barrierTimeout = 5;		//Set barrier stays up for 5 seconds 
				(in reality more like 30 seconds, but for emulation and testing 5 is fine)
}
 
//constructor of class barrier with parameters provided - barrier can be set up or down and barrier up time altered.
cBarrier::cBarrier(bool isUP, int timer)
{
	barrierIsUp = isUP;		//barrier set from instantiation
	barrierUpTime = time(NULL);	//initialise barrieruptime - current time, not user set
	barrierTimeout = timer;		//Barrier timeup set from instantiation.
}

These constructors create the barrier, raised or lowered (default), initialise the barrierUpTime, and sets the time delay for lowering again in the absence of a car passing through or the sensor failing. 

The main functions code is listed in the next section but comprise of the two main routines of raiseBarrier and lowerBarrier. These return a Boolean value that is set to true once the car passes over the sensor or the timeout is reached. The raiseBarrier is called once the IDReader has provided a valid registration. 
Raise barrier calls lower barrier and returns true if the car has passed the sensor. If the barrier times out it returns false. This is so that the numbers of spaces in the carpark are not incremented or decremented when the car has not actually entered or exited the carpark.


2.3 [bookmark: _Toc65875885]Card Reader class
The IDReader objects are instantiated in the carpark class, publicly. They can send data out via the methods. The attributes and methods are listed below:
 
	IDReader

	regNo

	readReg()



The header file for the above class is listed below:
class cIDReader
{
public:
	//constructor
	cIDReader(void);	//Constructor without parameters
 
	//Attributes
	string regNo;	//Create string to store Car reg plates (if char array - 7 characters plus stop char).
 
	//Method
	string readReg (void);	//Declare read registration plate function. Returns a string.
 
 
private:
 
};
The ID Reader only needs to read the car registration plate and pass it back to the calling routine. It could be implemented where the list of authorised plates is polled within this class and the IDReader object purely returns a Boolean value stating whether a valid Car reg plate has been read. However, please review the future amendments section for how this may be implemented in the future.
However, this becomes a very simple class, but lends itself to inheritance, as two types of reader are mentioned within the project. That of a car registration plate reader and that of a code reader – possibly a barcode for guests to use.
Inheritance is described by Somashekara et al as
‘Inheritance: In OOP, a new class can be constructed from the existing class without affecting the existing class. The new class will have the features of the higher level class from which it is derived and, in addition, can have its own feature.’ [4, p. 9]
This would involve the barcode reader converting the string into a number to be returned. However, this has not been implemented in this project. It is listed in the future implementations section.
The constructor within the ‘.cpp’ file is listed below:

cIDReader::cIDReader(void)		//Constructor for ID-reader with no parameters
{
	string regNo = { "       " };		//Create array large enough to store Car reg plates 
				(7 characters plus stop char), initialise with spaces.
}
This initialises the regNo variable as a string full of spaces to return reg plate.
ReadReg is the method with which the vehicle registration plate is read and returned as a string.

2.4 [bookmark: _Toc65875886]Display Sign class
The Display sign object is instantiated in the carpark class, publicly. It doesn’t require anything passing to it as it purely outputs a FULL warning or if not full it displays the numbers of spaces left. The attributes and methods are listed below:

	Display Sign

	fullLightOn

	DisplaySpaces()
setFullLightOn()
getFullLight()



The header file for the above class is listed below:
class cDisplaySign
{
public:
	//Constructor
	cDisplaySign(void);		//constructor with no parameters required to setup.
 
	//Methods
	void DisplaySpaces(int);		//method to display spaces
	void setFullLight(bool);		//method to set Full light on
	bool getFullLight(void);		//method to get state of Full Light
 
private:
	//Declare variables
	bool fullLightOn=false;
};

Again, this is a simple object. And the constructor in the ‘.cpp’ file is listed below:
//constructor
cDisplaySign::cDisplaySign(void)
 
{
	bool fullLightOn = false;		//initialise fullLightOn as false as carpark initialises as empty
}

This initialises the fullLightOn attribute when instantiated. Display spaces requires the integer of the freeSpaces to be passed to it. If it was just a simple FULL sign, this parameter is not required. However, having this information displayed is good during testing, and is also seen on some carparks. It can also be useful if there is a queue for the carpark, to know whether to continue queueing. 

2.5 [bookmark: _Toc65875887]Sensor class
The sensor object is instantiated in the carpark class, publicly. It doesn’t require anything passing to it as it purely returns a Boolean value whether it has been triggered. The attributes and methods are listed below:
	Sensor

	carPresent

	hasCarPassed()
resetSensor()



class cSensor
{
public:
	cSensor(void);	//constructor with no parameters required to setup.  
 
	//Methods
	bool hasCarPassed(void); //declare hasCarPassed function - returns bool to state whether car has passed
	void resetSensor(void);	  //resets sensor to zero - in real world, this would happen once car has cleared sensor
	
private:
	//Declare variables
	bool carPresent;	//single variable that represents sensor state.
};

This simple class only records whether a car has triggered the sensor. The reset sensor method would be unlikely to be required in reality as it would be a physical sensor. However, for this exercise, it is triggered by user input and rest with the method above. 
The constructor in the ‘.cpp’ file is listed below:
//constructor
cSensor::cSensor(void)
 
{
	carPresent = false;             //Sensor initialised as being untriggered.
}
 
This initialises the sensor as being untriggered.


Section 3. [bookmark: _Toc65875888]Implementing the Classes
The below sections describe the code that has been written for each class. The simplest routines such as get and set have not been included as they do not perform anything more complicated than assigning a value to a variable or returning its value. The code is fully annotated so minimal text is written around the functions. 
3.1 [bookmark: _Toc65875889]Car Park Class
There are two main routines in the car park class, these are:
· decrementSpaces, called when a valid registration plate is read on the entry ID reader representing a car entering the carpark 
· incrementSpaces, called when a valid registration plate is read on the exit ID reader representing a car leaving the carpark
3.1.1 [bookmark: _Toc65875890] decrementSpaces()

bool cCarPark::decrementSpaces()					//When cars enter the carpark spacesFree reduces
{
	if (!isFull)			//Check that the carpark isn’t FULL otherwise barrier will not open
	{
		cout << "Entry ";	//As there is one barrier class, for clarity 'Entry' is displayed here
		carIn = entryBarrier.raiseBarrier();	//Entry Barrier is raised - the function returns true … 
					//	…if the car passes through the barrier.
		if (carIn)			//Only if the car has passed through the barrier 
		{
			freeSpaces--;	//decrement freespaces
			if (!freeSpaces)	//check if there are no freespaces (i.e., this car fills carpark)
			{
				isFull = true;			//set isFull to true
				fullSign.setFullLight(isFull);	//set fullLight on within the displaysign.
			}
		}
		else
		{
			cout << "Car did not enter carpark" << endl;	//Display car did not enter carpark.
		}
	}
	return carIn;				//return whether the car has successfully entered carpark
}

3.1.2 [bookmark: _Toc65875891]Tests and results
Initial start-up screen below shows carpark being instantiated with 6 authorised registration plates and 6 spaces. 
[image: ]
After entering (i) for car in and entering the Car Registration plate it can be seen that the spaces free has reduced. After Entering another 5 cars the carpark displays full as below:
[image: ]
If another car tries to enter the registration plate is read, as it would be in reality, however the sign just displays CarPark full and the barrier does not raise. As below:
[image: ]

3.1.3 [bookmark: _Toc65875892]incrementSpaces()

bool cCarPark::incrementSpaces()		//When cars leave the carpark spaces free increase
{
	
	if (freeSpaces < capacity)//Check that freespaces is less than capacity (i.e., there are cars in the carpark to leave) 
				// if it equals then there have been more cars in the carpark than entered.
	{
		cout << "Exit ";		//Display exit barrier as class is unaware.
					//As there is one barrier class, for clarity 'Exit' is displayed here
		carOut = exitBarrier.raiseBarrier();	//Exit Barrier is raised and records if car leaves 
		if (carOut)			//Only if car has left the barrier are the following executed.
		{
			freeSpaces++;	//increment freeSpaces
			if (isFull)		//if carpark was full, it isn’t any longer
			{
				isFull = false;	      //isFull now false
				fullSign.setFullLight(isFull);   //fullsign set to isFull which is now false.
			}	
		}
		else
		{
			cout << "Car did not leave carpark" << endl;//if the sensor after exit barrier 
						          //has not been triggered the car
 						          //does not leave, spaces not incremented.
		}
	}
	else
	{
		cout << "How did you get in? Please leave and don't tailgate again!\n";						//Extra cars in carpark - maybe should display call reception but this OK for now
			//maybe barrier shouldn’t raise so they can be caught... but.. real world issues
		exitBarrier.raiseBarrier();												.
	}
	return carOut;	//return whether car has successfully exited the carpark
}

3.1.4 [bookmark: _Toc65875893]Tests and Results

After the test earlier, where it can be seen that the carpark is full I now choose (o) for car out and it can be seen that the spaces free has increased.
[image: ]
Using (o) another 5 times shows the car park as empty as below, however I use (o) once more to pretend an unknown car is trying to exit, A warning message is displayed but the barrier still raises, there are still only 6 spaces free:

[image: ]
 

3.2 [bookmark: _Toc65875894]Barrier Class
There are two main routines in the Barrier class, these are:
· raiseBarrier, called from the decrementSpaces and incrementSpaces functions above, when a valid request to raise the barrier has been made.
· lowerBarrier, called from raiseBarrier above, to wait until the sensor is triggered or a timeout situation occurs.
Two barriers have been instantiated, one for entry and one for exit.
3.2.1 [bookmark: _Toc65875895]raiseBarrier ()

bool cBarrier::raiseBarrier(void)		//raise barrier function returns a bool whether a car has passed – 
				//only then can spaces be altered
{
	//Declare variable
	bool carThrough = false;		//car not through yet, initialise variable
	barrierUpTime = time(NULL);	//record barrierup time to start timer for lowering
 
	cout << "Barrier is UP" << endl;	//display to screen, would actually be a signal to barrier in reality
	barrierIsUp = true;		//barrier is now up
	carThrough=lowerBarrier();	//call lower barrier function which returns whether car has passed through
 
return carThrough;			//return whether car passed through
}
3.2.2 [bookmark: _Toc65875896]Tests and results
The barrier can be seen to raise in the screen shot below.
[image: ]
3.2.3 [bookmark: _Toc65875897]lowerBarrier ()

bool cBarrier::lowerBarrier(void)		//lower barrier function returns a bool whether 
				//car has passed through based on sensor output
{
	time_t currentTime;		//create a variable for keeping track of time
	bool carPassedSensor = false;	//initialise car passed sensor variable
 
				//Loop while the car hasnt passed the sensor or the difference in time 
				//between barrierup and now is less than barrierTimeout.
	do									
	{
		currentTime = time(NULL);		//check time
		carPassedSensor = Sensor.hasCarPassed();	//poll sensor
	} while ((!carPassedSensor) && ((difftime(currentTime, barrierUpTime)) <getBarrierTimeOut()));		
	
	cout << "\tBarrier is DOWN" << endl;		//display to screen barrier is down - in reality a signal to barrier
	barrierIsUp = false;			//put barrier down
 
	Sensor.resetSensor();			//reset sensor - used for simulation to turn sensor off.
return carPassedSensor;				//return whether car passed sensor
}

3.2.4 [bookmark: _Toc65875898]Tests and Results
[bookmark: _Hlk65877232]The barrier can be seen to raise in the previous section, however the screen shot below demonstrates how the barrier lowers after the timeout is reached. First a question is asked of the user, whether the sensor has been activated. If activated, the car has passed through the spaces free is updated. However, if the car does not pass through, a warning message is displayed to show that the car did not leave the carpark and as can be seen the number of spaces did not alter.
[image: ]

3.3 [bookmark: _Toc65875899]Display Sign Class
There is only one main function within this class, it is for displaying FULL or the number of spaces. This has been already shown in screenshots above.
3.3.1 [bookmark: _Toc65875900]DisplaySpaces ()

void cDisplaySign::DisplaySpaces(int spacesFree)
{
	if (!fullLightOn)			//If fullLight is off:
	{
		cout << spacesFree << " Space";	//Display spaces free
		if (spacesFree > 1) cout << "s";	//Plural or not
		cout << " Free\n";							
	}
	else
		cout << "CarPark FULL - sign\n";	//Otherwise display CarPark FULL
}

3.4 [bookmark: _Toc65875901]ID Reader Class
There is only one main function within this class, it is for reading the registration plate of the car, in this instance by the user typing it in.
3.4.1 [bookmark: _Toc65875902]readReg ()

string cIDReader::readReg(void)
{
	//Declare variable for user entry of registration plate.
	char regNo[8];
	//Loop the Reg plate entry until it is either larger than 0 characters or not greater than 7 chracters.
	do
	{
		cout << "Enter Reg No: ";		//Request Reg Plate
		cin >> regNo;			//User input reg plate
		if (((strlen(regNo)) > 7) || ((strlen(regNo)) == 0))	//If the regNo is too long or contains nothing
		{
			cout << "Invalid number plate";	//display Invalid number plate
			char regNo[8] = "";		//clear regNo variable
		}
	} while (((strlen(regNo)) > 7) || ((strlen(regNo)) == 0));	//Loop conditions described above

return regNo;					//return regNo as a string.
}

3.4.2 [bookmark: _Toc65875903]Tests and Results
The screenshots above already show the car registration plate being entered.
3.5 [bookmark: _Toc65875904]Sensor Class
There is only one main routine for this function which just requests the user to input (y) if the car has passed through.
3.5.1 [bookmark: _Toc65875905]hasCarPassed ()

bool cSensor::hasCarPassed(void)
{
    //Declare variable 
    char carPast;                   //to store user entered sensor activation
 
    resetSensor();                  //make sure sensor starts as false
    cout << "Has car past sensor? ";
    cin >> carPast;                 //request user to type y to simulate car passing sensor

    if (carPast == 'y')             //check if y is typed
        carPresent = true;          //if so, set car present as true
    else
        carPresent = false;         //Otherwise car did not pass barrier.

return carPresent;
}

3.5.2 [bookmark: _Toc65875906]Tests and Results
The screenshots above show this feature being used effectively.
Section 4. [bookmark: _Toc65875907]Future Enhancements

Although the code here ran perfectly well, it utilised object orientated methodologies for all the aspects that did not require strings to be passed around the objects. It was apparent during the coding of this project that these types of data structures should be passed by reference and that pointers be used.
Call by value and call by reference are described by Michael SMITH in his book Object Orientated Software in ANSI C++ as the following:
‘Call by Value: a Copy is made of the actual parameter and this copy is used as the formal parameter in the function. Using this mechanism information can only be imported into the function.
Call by Reference: A reference to the actual parameter is used as the formal parameter inside the function. Any changes to the formal parameter will consequently change the actual parameter passed to the function. Using this mechanism information can be imported and exported form the function. The mechanism is implemented by passing the memory address of the actual parameter to the function.’ [5, pp. 79-80]
Also, it would be necessary to use destructors to cancel anything that has been created on the heap during runtime.
This is achieved as described in the  book by Nicolai M.Josuttis as below:
‘…memory that is explicitly created for every object has to be freed when the object is destroyed. For this reason, the destructors (the counterpart to the constructors) are defined.’ [6, p. 355]
The example for my code would look like the below:

cCarPark::~cCarPark()				
{
	if (authorisedPlates) delete[] authorisedPlates;		//Deallocate memory
	if (carsInCarPark) delete[] carsInCarPark;
	cout << "Deleting array within cCarPark" << endl;
}

Therefore, my main aim would be to re-write the code using full OOP principles throughout the code. It would only be by utilising the methodologies listed above that this would be possible. However, initial forays into using them created code that would not perform as expected or throw continual exceptions. 
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Section 5. [bookmark: _Toc65875909]Appendix
The code for the Classes is listed below including the .h or header file with the .cpp file following. Each is in their own sub-section.
5.1 [bookmark: _Toc65875910]Car Park Classes
Consists of cCarPark.h, CarPark.cpp  listed below under sections 5.1.1 and 5.1.2 respectively.
5.1.1 [bookmark: _Toc65875911]cCarPark.h

#pragma once
#include "cBarrier.h"
#include "cDisplaySign.h"
#include "cIDReader.h"
 
class cCarPark
{
public:
	//Constructor
	cCarPark(int);					//the integer is for the size of the carpark when initialising
 
	//declare attributes
	bool isFull;					//Public variable for when car park is full (used in multiple classes)
 
	//declare methods
	void setCapacity(int);			//set size of CarPark by sending integer
	int getCapacity(void);			//get size of CarPark returns capacity integer
	
	void setFreeSpaces(int);		//set freeSPaces value by sending integer
	int getFreeSpaces(void);		//get number of freespaces returns freespaces integer
 
	bool incrementSpaces();			//increment spaces when car leaves (returns true) 
	bool decrementSpaces();			//decrement spaces when car enters (returns true)
 
	//instantiate any dependant objects that are available to all classes 
	cIDReader entryReader;			//instantiate IDReader for entry to carpark
	cIDReader exitReader;			//instantiate IDReader for exit from carpark
	cDisplaySign fullSign;			//instantiate FullSign
 
 
private:
	//Declare private attributes that are only available to the carPark class
	int capacity;					//capacity of car park (dynamically set at runtime)
	int freeSpaces;					//number of free spaces in car park
	bool carIn;						//car has passed entry barrier
	bool carOut;					//car has passed exit barrier 
 
	//instantiate dependant objects that only car park can communicate with
	cBarrier entryBarrier;			//instantiate entry Barrier default settings
	cBarrier exitBarrier;			//instantiate exit barrier with default settings
 
 
};
 
//_________________ Below Attributes and Methods trialled when trying to implement the authorised plates within the CarPark class    ______________
//_________________ To implement these structs and arrays correctly use of pointers and passing by reference to be used.             ______________
//_________________ THese functions have largely moved to the main function in 'source.cpp' - future iterations will find them here. ______________
//public:
//	void setnoOfAuthorisedPlates(int);	//Dynamically read from textfile "authorised plates.txt" to find the number of authorised plates
//	int getnoOfAuthorisedPlates(void);	//Returns number of authorised plates - to create correct sized array.
 
//	bool isCarRegValid(int, regPlate);	//declare the is carRegValid   
 
//	int noOfAuthorisedPlates;			//Public variable for the number of authorised plates - set during constructor
//	struct regPlate;					//declare the regPlate structure - defined within the cpp file.
 
//	regPlate* authorisedPlates = NULL;	//declare a pointer to authorisedPlates of type regPlate - dynamically assigned array of authorised plates.
 
 
//	~cCarPark();						//to Delete carPark on exit.
 
//private:
//	regPlate authorisedPlates[6];		// regPlate* authorisedPlates = NULL;	//Declare pointer to regplate array(pointer to where registered plates array sits)
//	cIDReader entryReader;				//instantiate IDReader for entry to carpark
//	cIDReader exitReader;				//instantiate IDReader for exit from carpark

5.1.2 [bookmark: _Toc65875912]CarPark.cpp

#include "cCarPark.h"
#include "cBarrier.h"
#include <iostream>
 
using namespace std;
 
//constructor of CarPark - requires a capacity to create
cCarPark::cCarPark(int Capacity)
 
{
	setCapacity(Capacity);				//Call setCapacity to create a carpark with x number of spaces
	setFreeSpaces(Capacity);			//Create carpark empty.
	isFull = false;						//and therefore not full.
}
 
 
void cCarPark::setCapacity(int totSpaces)
{
	capacity = totSpaces;							//Set capacity to passed value totSpaces
}
 
int cCarPark::getCapacity(void)
{
	return capacity;								//return stored value of capacity
}
 
void cCarPark::setFreeSpaces(int totSpaces)
{
	freeSpaces = totSpaces;							//Set freeSpaces to passed value totSpaces
}
 
int cCarPark::getFreeSpaces(void)
{
	return freeSpaces;								//return stored value of freeSpaces
}
 
bool cCarPark::decrementSpaces()					//When cars enter the carpark spacesFree reduces
{
	if (!isFull)									//Check that the carpark isn't FULL otherwise barrier will not open
	{
		
		cout << "Entry ";							//As there is one barrier class, for clarity 'Entry' is displayed here
		carIn = entryBarrier.raiseBarrier();		//Barrier is raised - the function returns true if the car passes through the barrier.
		if (carIn)									//Only if the car has passed through the barrier are the following executed.
		{
			freeSpaces--;							//decrement freespaces
			if (!freeSpaces)						//check if there are no freespaces (ie this car fills carpark)
			{
				isFull = true;						//set isFull to true
				fullSign.setFullLight(isFull);		//set fullLight on within the displaysign.
			}
		}
		else
		{
			cout << "Car did not enter carpark" << endl;	//Display car did not enter carpark.
		}
	}
	return carIn;									//return whether the car has successfully entered carpark
}
 
bool cCarPark::incrementSpaces()					//When cars leave the carpark spacesFree increases
{
	
	if (freeSpaces < capacity)						//Check that freespaces is less than capacity (ie there are cars in the carpark to leave) - 
													//if it equals then there have been more cars in the carpark than entered.
	{
		cout << "Exit ";							//Display exit barrier as class is unaware.
		carOut = exitBarrier.raiseBarrier();		//As there is one barrier class, for clarity 'Exit' is displayed here
		if (carOut)									//Only if the car has passed through the barrier are the following executed.
		{
			freeSpaces++;							//increment freespaces
			if (isFull)								//if carpark was full, it isnt any longer
			{
				isFull = false;						//isFull now false
				fullSign.setFullLight(isFull);		//fullsign set to isFull which is now false.
			}	
		}
		else
		{
			cout << "Car did not leave carpark" << endl;	//if the sensor after exit barrier has not been triggered the car does not leave, spaces not incremented.
		}
	}
	else
	{
		cout << "How did you get in? Please leave and don't tailgate again!\n";	//Extra cars in carpark - maybe should display call reception but this OK for now
		exitBarrier.raiseBarrier();												//maybe barrier shouldnt raise so they can be caught... but.. real world issues.
	}
	return carOut;									//return whether car has successfully exited the carpark
}
 
 
//___________ Unused code below, or code that has been implemented in the main source function.				___________
//___________ Some fo these routines may be re-instated once pointers and pass by referencing is mastered.	___________
//_____________________________________________________________________________________________________________________
 
//cCarPark::~cCarPark()				
//{
//	if (authorisedPlates) delete[] authorisedPlates;		//Deallocate memory
//	if (carsInCarPark) delete[] carsInCarPark;
//	cout << "Deleting array within cCarPark" << endl;
//}
 
//void cCarPark::setnoOfAuthorisedPlates(int noOfAuthPlates)
//{
//	noOfAuthorisedPlates = noOfAuthPlates;
//}
//
//int cCarPark::getnoOfAuthorisedPlates(void)
//{
//	return noOfAuthorisedPlates;
//}
 
//bool cCarPark::isCarRegValid(int noOfPlates, regPlate readReg)
//{
//	bool carRegValid = false;
//	for (int i = 0; i < noOfPlates; i++)
//	{
//		if (!strcmp(readReg, (authorisedPlates[i].regNo)) carRegValid = true;
//	}
//return carRegValid;
//}

5.1.3 [bookmark: _Toc65875913]cBarrier.h

#pragma once
#include "cSensor.h"
#include <time.h>
 
class cBarrier
{
public:
	//Constructors
	cBarrier(void);						//constructor with no parameters required to setup.
	cBarrier(bool, int);				//constructor with parameters to control initial startup.
 
	//Public Methods
	bool raiseBarrier(void);			//declare raise barrier function
	
	void setBarrierTimeOut(int);		//set how long the barrier remains up if the sensor is not triggered in seconds.
	int getBarrierTimeOut(void);		//return current barrier timeout value
 
private:
	//Declare private variables
	bool barrierIsUp;					//required so that the sensor is polled until car has passed through
	int barrierTimeout;					//the length of time the barrier remains up before auto lowering
	time_t barrierUpTime = time(NULL);	//to provide a timer until the barrier lowers in case car does not pass through or sensor fails
 
	//Private methods
	bool lowerBarrier(void);			//function that calls the lower barrier - is private as only the sensor can tell the barrier to lower 
 
	//Instantiate components of Barrier
	cSensor Sensor;						//instantiate a sensor that belongs to the barrier class
};

5.1.4 [bookmark: _Toc65875914]Barrier.cpp

#include "cBarrier.h"
#include <iostream>
#include <time.h>
using namespace std;
 
//constructor of class barrier default - barrier is lowered and barrieruptime is initialised, timeout set to 5 seconds
cBarrier::cBarrier(void)
{
	barrierIsUp = false;				//barrier down
	barrierUpTime = time(NULL);			//initialise barrieruptime
	barrierTimeout = 5;					//Set barrier stays up for 5 seconds (in reality more like 30 seconds, but for emulation and testing 5 is fine)
}
 
//constructor of class barrier with parameters provided - barrier can be set up or down and barrier up time altered.
cBarrier::cBarrier(bool isUP, int timer)
{
	barrierIsUp = isUP;					//barrier set from instantiation
	barrierUpTime = time(NULL);			//initialise barrieruptime - current time,not user set
	barrierTimeout = timer;				//Barrier timeup set from instantiation.
}
 
void cBarrier::setBarrierTimeOut(int seconds)
{
	barrierTimeout = seconds;
}
 
int cBarrier::getBarrierTimeOut(void)
{
	return barrierTimeout;
}
 
bool cBarrier::raiseBarrier(void)		//raise barrier function returns a bool whether a car has passed - only then can spaces be altered
{
	bool carThrough = false;			//car not through yet
	barrierUpTime = time(NULL);			//record barrierup time to start timer for lowering . 
 
	cout << "Barrier is UP" << endl;	//display to screen, would actually be a signal to barrier in reality
	barrierIsUp = true;					//barrier is now up
	carThrough=lowerBarrier();			//call lower barrier function which returns the bool stating whether car has passed through
 
	return carThrough;					//return bool
}
 
bool cBarrier::lowerBarrier(void)		//lower barrier function returns a bool whether car has passed through based on sensor output
{
	time_t currentTime;					//create a variable for keeping track of time
	bool carPassedSensor = false;		//initialise car passed sensor variable
 
	//Loop while the car hasnt passed the sensor or the difference in time between barrierup and now is less than barrierTimeout.
	do												
	{
		currentTime = time(NULL);					//check time
		carPassedSensor = Sensor.hasCarPassed();	//poll sensor
	} while ((!carPassedSensor) && ((difftime(currentTime, barrierUpTime)) <getBarrierTimeOut()));	//check whether the sensor has been triggered or the barrier has been raised for 5 seconds (20-30 seconds for a car)
	
	cout << "\tBarrier is DOWN" << endl;//display to screen barrier is down - in reality a signal to barrier
	barrierIsUp = false;				//put barrier down
 
	Sensor.resetSensor();				//reset sensor - this may not be needed in reality but for simulation is used to turn sensor off.
	return carPassedSensor;				//return whether car passed sensor
}
 

5.1.5 [bookmark: _Toc65875915]cSensor.h

#pragma once
 
class cSensor
{
public:
	cSensor(void);				//constructor with no parameters required to setup.  
 
	//Methods
	bool hasCarPassed(void);	//declare hasCarPassed function - returns bool to state whether car has passed
	void resetSensor(void);		//resets sensor to zero - in real world, this would happen once car has cleared sensor
	
private:
	//Declare variables
	bool carPresent;			//single variable that represents sensor state.
};

5.1.6 [bookmark: _Toc65875916]Sensor.cpp

#include "cSensor.h"
#include <iostream>
using namespace std;
 
//constructor
cSensor::cSensor(void)
 
{
	carPresent = false;             //Sensor initialised as being untriggered.
}
 
bool cSensor::hasCarPassed(void)
{
	//Declare variable 
	char carPast;                   //to store user entered sensor activation
 
	resetSensor();                  //make sure sensor starts as false
	cout << "Has car past sensor? ";
	cin >> carPast;                 //request user to type y to simulate car passing sensor
	if (carPast == 'y')             //check if y is typed
		carPresent = true;          //if so set car present as true
	else
		carPresent = false;         //Otherwise car did not pass barrier.
return carPresent;
}
 
void cSensor::resetSensor(void)     //Should not be required ultimately but useful in emulation.
{
	carPresent = false;             //Just to reset sensor after above force.
}
 
//I wished this bit to be a realtime scan of the keyboard to emulate the sensor being triggered, however, using getchar() and other methods all either required enter, 
 //or picked up on the keyboard buffer from the in/out case statement.

5.1.7 [bookmark: _Toc65875917]cDisplaySign.h

#pragma once
 
class cDisplaySign
{
public:
	//Constructor
	cDisplaySign(void);				//constructor with no parameters required to setup.
 
	//Methods
	void DisplaySpaces(int);		//method to display spaces
	void setFullLight(bool);		//method to set Full light on
	bool getFullLight(void);		//method to get state of Full Light
 
private:
	//Declare variables
	bool fullLightOn=false;
};

5.1.8 [bookmark: _Toc65875918]DisplaySign.cpp

#include "cDisplaySign.h"
#include "cCarPark.h"
#include <iostream>
using namespace std;
 
//constructor
cDisplaySign::cDisplaySign(void)
 
{
	bool fullLightOn = false;		//initialise fullLightOn as false as carpark initialises as empty
}
 
void cDisplaySign::DisplaySpaces(int spacesFree)
{
	if (!fullLightOn)								//If fullLight is off:
	{
		cout << spacesFree << " Space";				//Display spaces free
		if (spacesFree > 1) cout << "s";			//Plural or not
		cout << " Free\n";							
	}
	else
		cout << "CarPark FULL - sign\n";			//Otherwise display CarPark FULL
}
 
void cDisplaySign::setFullLight(bool carParkFull)	//Provide information whether carpark is full
{
	if (carParkFull)								//if carpark is full
		fullLightOn = true;							//set fullLight On.
	else
		fullLightOn = false;						//Otherwise set fullLight off.
}
 
bool cDisplaySign::getFullLight(void)				
{
	return fullLightOn;								//Return value of FullLightOn
}


5.1.9 [bookmark: _Toc65875919]cIDReader.h

#pragma once
//#include <stdio.h>
//#include <iostream>
#include <string>
 
using namespace std;
 
class cIDReader
{
public:
	//constructor
	cIDReader(void);				//Constructor without parameters
 
	//Attributes
	char regNum[8];					//Create string to store Car reg plates (if char array - 7 characters plus stop char).
	string carPlate;				//Create string to store numberplate for return from function
 
	//Method
	string readReg (void);			//Declare read registration plate function. Returns a string.
 
 
private:
	//char regNum[8];
};




5.1.10 [bookmark: _Toc65875920]IDReader.cpp

#include "cIDReader.h"
#include <stdio.h>
#include <iostream>
#include <string>
 
using namespace std;
 
cIDReader::cIDReader(void)				//Constructor for ID-reader with no parameters
{
	string carPlate = { "       " };	//create string for storing car reg plate	
	char regNum[8] = { "" };			//Create array large enough to store Car reg plates (7 characters plus stop char), initialise with spaces.
};
 
 
string cIDReader::readReg(void)
{
	
	do
	{
		cout << "Enter Reg No: ";								//Request Reg Plate
		cin >> carPlate;										//User input reg plate
		strncpy_s(regNum, carPlate.c_str(), sizeof(regNum));	//copy string to char array
		if (((strlen(regNum)) > 7) || ((strlen(regNum)) == 0))	//If the reg No is too long or contains nothing
		{
			cout << "Invalid number plate";						//display Invalid number plate
			carPlate = "";										//clear carPlate variable
		}
	} while (((strlen(regNum)) > 7) || ((strlen(regNum)) == 0));//Loop conditions described above
	strncpy_s(regNum, carPlate.c_str(), sizeof(carPlate));		//copy string to char array
 
return carPlate;												//return carPlate as a string.
}
 
//Declare variable for user entry of registration plate.
	//char regNo[8] = { "" };
	//Loop the Reg plate entry until it is either larger than 0 characters or not greater than 7 chracters.


5.2 [bookmark: _Toc65875921]Main function

This function should be very simple and only link to the carpark class, however, due to issues raised in section 4 it combines function programming with what was achievable with the OOP class based programming.
#include "cCarPark.h"
#include <iostream>
#include <stdio.h>
#include <string.h>
 
using namespace std;
 
//Declare structure of regPlate
struct regPlate
{
	char regNo[8] = { "       " };							//Create array large enough to store Car reg plates (7 characters plus stop char).
};
 
//Function to return the number of authorised plates in the text file
int numberOfAuthReg(FILE* fp)
{
	int NumOfPlates;
	char ReadText[32];
 
	fgets(ReadText, 32, fp);					//Read First line - file created is controlled so no check of content
	fscanf_s(fp, "%d\n", &NumOfPlates);			//Read in the number of Plates
	return NumOfPlates;							//Return value back
};
 
// Create array of authorised Reg Nos from textfile here 
void populateArray (regPlate authorisedPlates[], int noOfPlates, FILE*fp) 
{
	char ReadText[32];							//used to store currently read text from text file
 
	fgets(ReadText, 32, fp);					//Read Third line - file created is controlled so no check of content
	for (int i = 0; i < noOfPlates; i++)
	{
		fscanf_s(fp, "%s", &authorisedPlates[i].regNo, sizeof(ReadText));	//Reads in RegPlate
	}
}
 
 
void displayPlates(regPlate Plates[], int noOfPlates)	//Loop through array of Plates to display contents for CarPark contents or debug
{
	for (int i = 0; i < noOfPlates; i++)
	{
		printf_s("%d %s\n", i, Plates[i].regNo);
	}
}									
 
string readReg(void)
{
	string carPlate;
	char regNo[8];
	do
	{
		cout << "Enter Reg No: ";								//Request Reg Plate
		cin >> carPlate;										//User input reg plate
		strncpy_s(regNo, carPlate.c_str(), 8);					//copy string to char array
		if (((strlen(regNo)) > 7) || ((strlen(regNo)) == 0))	//If the reg No is too long or contains nothing
		{
			cout << "Invalid number plate";						//display Invalid number plate
			//regNum = { "" };										//clear carPlate variable
		}
	} while (((strlen(regNo)) > 7) || ((strlen(regNo)) == 0));//Loop conditions described above
 
return carPlate;												//return carPlate as a string.
}
 
bool isPlateValid(regPlate authorisedPlates[], int noOfPlates, string checkPlate)
{
	bool carRegValid = false;									//variable for return
	char regPlate[8];											//char array to be used for conversion from string
	strncpy_s(regPlate, checkPlate.c_str(), sizeof(regPlate));	//copy string to char array
	regPlate[sizeof(regPlate) - 1] = 0;							//Place null terminator at end.
 
		for (int i = 0; i < noOfPlates; i++)											//Loop through authorised plates
		{	
			if (!strcmp(regPlate, (authorisedPlates[i].regNo))) carRegValid = true;		//Compare IDreader string to entries in authorised plates. set Valid to true if match.
		}
	return carRegValid;																	//Return result.
}
 
void addRegToCarPark (regPlate carsInCarPark[], int carparkSize, string carReg)
{
	int checkPos = 0;											//checkPos which position in array is being checked
	bool emptyPos = false;										//whether position is empty
	char Plate[8];											//char array to be used for conversion from string for string compare function.
	strncpy_s(Plate, carReg.c_str(), sizeof(Plate));		//copy string to char array
	Plate[sizeof(Plate) - 1] = 0;							//Place null terminator at end.
			
																//routine to be placed here to check that plate is not already in (to check for cloned plates)
 
	do
	{
		if (!strcmp("", carsInCarPark[checkPos].regNo)) emptyPos = true;	//check if nothign is stored in that position of array - if empty set emptyPos to true
		else checkPos++;													//else move to next position
	} while (!emptyPos&&checkPos<carparkSize);								//repeat while emptypos is false and checkpos does not go out of bounds.
 
	strncpy_s(carsInCarPark[checkPos].regNo, Plate,sizeof(Plate));	//once empty position found, copy carReg into that position 
	//displayAuthorisedPlates(carsInCarPark, carparkSize);					//for debug purposes during testing - use same routine for authorisedPlates but send other array
}
 
void removeRegFromCarPark(regPlate carsInCarPark[], int carparkSize, string carReg)
{
	int checkPos = 0;										//checkPos which position in array is being checked
	bool RegPos = false;									//whether regpos is found
	char Plate[8];											//char array to be used for conversion from string for string compare function.
	strncpy_s(Plate, carReg.c_str(), sizeof(Plate));		//copy string to char array
	Plate[sizeof(Plate) - 1] = 0;							//Place null terminator at end.
 
	do
	{
		if (!strcmp(Plate, carsInCarPark[checkPos].regNo)) RegPos = true;	//check if carReg is stored in that position of array - if found set regPos to true
		else checkPos++;													//else move to next position
	} while (!RegPos && checkPos < carparkSize);							//repeat while regPos is false and checkpos does not go out of bounds.
 
	strncpy_s(carsInCarPark[checkPos].regNo, "", sizeof(Plate));			//once reg position found, empty it 
	//displayAuthorisedPlates(carsInCarPark, carparkSize);					//for debug purposes during testing - use same routine for authorisedPlates but send other array
}
 
int main(void)
{
	//Declare main routine variables
	char menuOption;								//User entered menuOptions				
	int totSpaces = 0;								//If carpark size being chosen by user it can be changed with commented lines below.
	int Spaces = 0;									//To store poll of carpark freespaces, initially same as totspaces.
	bool stopCarPark = false;						//For loop of carpark running.
	bool isAllowed = false;							//Whether reg plate is valid
	regPlate carPlate;
 
	string scannedReg;								//to recieve the string read by the IDReader
	
	
	FILE* fpr = NULL;								//To create file pointer to where the textfile will be loaded into memory.
	int noOfAuthorisedPlates;						//to store the number of authorised plates in the file. This will set how many 
 
	regPlate* authorisedPlates = NULL;				//Create pointer to where array of authorised car Reg plates will be stored.
	regPlate* carsInCarPark = NULL;					//Create pointer to where array of cars that have entered the carpark is kept. 
	
	//___________________________	Instantiate CarPark to user requested size	_________________________________________________
	//___________________________________________________________________________________________________________________________
	cout << "What is the capacity of the carpark? ";		//REquest User to state size of carpark
	cin >> totSpaces;										//User inputs size of carpark
	Spaces = totSpaces;										//CarPark is intially empty
 
	cCarPark StaffCarPark(totSpaces);						//instantiate StaffCarPark
	carsInCarPark = new regPlate[totSpaces];				//Dynamically assign array for number of carpark spaces
													
													
	//____________________________	Read in list of authorised plates from "AuthorisedPlates.txt" textfile	_____________________
	//___________________________________________________________________________________________________________________________
	fopen_s(&fpr, "AuthorisedPlates.txt", "r");		//open file to read into memory position.
	if (!fpr)										//Check if file can be opened
	{
		printf("Can't open file");					//If unable to open inform user
		return 0;									//Quit.
	};
 
	noOfAuthorisedPlates = numberOfAuthReg(fpr);						//Call numberOfAuthReg function to find size of array required for the storage of authorised plates
	authorisedPlates = new regPlate[noOfAuthorisedPlates];				//Dynamically assign array for size of authorised plates
	populateArray(authorisedPlates, noOfAuthorisedPlates, fpr);			//Populate this array with the authorised plates from the textfile
	if (fpr) fclose(fpr);												//Close text file
	
	cout << "The List of Authorised Plates is given below:" << endl;
	displayPlates(authorisedPlates, noOfAuthorisedPlates);				//Useful to check authorised plates has been read correctly.
	cout << "\n\n" << endl;												//Padding on screen
 
	//_____________________________	Main loop of menu to simulate the carpark running	_________________________________________
	//___________________________________________________________________________________________________________________________
 
		while (!stopCarPark)											//Start loop of CarPark simulation.
		{
			cout << "Menu Options:\ni = Car in\to = Car Out\tv = View Cars in\tQ = Quit : ";
			cin >> menuOption;
			switch (menuOption)					//Switch used for menu code.
			{
			case 'i':
				//scannedReg = readReg(carPlate, 8);
				scannedReg = StaffCarPark.entryReader.readReg();//Should use StaffCarPark.entryReader.readReg();
				cout << "Reg read by scanner is " << scannedReg << endl;	//Used for debugging during testing.
				isAllowed = isPlateValid(authorisedPlates, noOfAuthorisedPlates, scannedReg);
				if (isAllowed)
				{
					if (StaffCarPark.decrementSpaces()) addRegToCarPark(carsInCarPark, totSpaces, scannedReg);			//if user choice is i - 'car in' decrement spaces available
				}
				else
					cout << "This Reg is not recognised";
				break;
			case 'o':
				//readReg(carPlate, 8);
				scannedReg = StaffCarPark.entryReader.readReg();																				//Should use object StaffCarPark.exitReader.readReg();
				if (StaffCarPark.incrementSpaces()) removeRegFromCarPark(carsInCarPark, totSpaces, scannedReg);		//if user choice is o - 'car out' increment spaces available
				break;
			case 'v':
				displayPlates(carsInCarPark, totSpaces);
				break;
			case 'Q':
				stopCarPark = true;
				break;
			default:
				printf_s("No such option");
				break;
			}
 
			cout << "\n" << endl;
			Spaces = StaffCarPark.getFreeSpaces();
			if (!stopCarPark) StaffCarPark.fullSign.DisplaySpaces(Spaces);
		
		};
 
		if (authorisedPlates) delete[] authorisedPlates;		//Deallocate memory for authorisedPlates
		if (carsInCarPark) delete[] carsInCarPark;				//Deallocate memory for carsInCarPark
	return 0;
}
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