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This report looks at the development of an object-oriented program designed in C++ to meet requirements of the design of a car park as specified by the assignment brief. It investigates design decisions surrounding classes, provides user instructions for navigating the program, and shows evidence of testing output as well as some recommendations for potential improvement.
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Diagram created using Creatly [1]
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As the main class, the CarPark object keeps track of data that needs to be maintained throughout the running of the program, specifically these attributes and methods are:
· Capacity: The total number of spaces in the car park, to remain flexible this is the only place where the number is hardcoded, all other references use this variable. For testing purposes a small car park of just 5 spaces has been used as this allows for quicker testing of the ‘full’ functionality.
· freeSpaces: A record of the number of spaces currently available in the car park, this value is set to equal capacity when the program runs.
· numPlatesList: This calls the LList class to create a linked list which holds a record of the number plate for each car that has entered the car park.
· incrementSpaces(): Adds one freeSpaces, utilised when a car leaves the car park.
· decrementSpaces(): Takes one from freeSpaces, utilised when a car enters the car park.
· spacesLeft(): Returns the current value of freeSpaces.
· Update(): This is where the main code resides, the source file instructs this to loop and it does so for the amount of times the source file dictates. In a real-world scenario this would be continuous but for testing purposes it is dictated to run 10 times.
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The sensor class is instantiated twice, one for the entrance and one for the exit. In another car park set up there may be more than one entrance or exit barrier so it would be possible to instantiate more instances. The sensor identifies whether a car has pulled up to the barrier. To do this it utilises the following:
· present: This is a Boolean value which is set to either true or false depending on whether a car is present. [2]
· carPresent(): This sets the present value, and returns true or false to the main update function to indicate whether a car is present. For the simulation this is determined by a question and user input, and a text output is in effect to confirm a car is present – in a real-world scenario this would instead be triggered by input from an actual piece of hardware.
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The ID reader is a piece of hardware which reads an value from an external source, and stores it or processes it. In this particular car park, the IDReader acts as a parent element to two more specific readers with slight differences in functionality: the barcode and number plate readers. Common to all ID readers and therefore part of this parent calls is:
· readValue: a string which stores the value collected.
· read(): a function which takes the outside input and stores it in the readValue variable. In this case asks for and takes a user input, however in a real-world use case this value would be collected by physical sensors, most likely a barcode scanner for the barcode, and a camera with some form of OCR technology for the number plate.
BarcodeReader
As a child of the ID reader, the barcode reader has specific functionality in that it checks the barcode against a list of valid barcodes.
· validBarcodes: a string array which stores known valid barcodes, for testing purposes four-digit numbers have been used. [3] In a real-world scenario the reader could be a standard 12 digit code, or possibly something more complex like a QR code [4]– for this reason a string variable has been selected, some error handling and entry checking would need to be implemented depending on expected values.
· checkBarcode(): this takes the readValue and compares it against the validBarcodes list and returns a Boolean value to confirm whether the barcode is or isn’t a match, and consequently whether it is valid. [5]
NumPlateReader
As a child of the ID reader, the number plate reader has the functionality of passing the value of the collected number plate to the numPlatesList in the CarPark for record keeping.
· getNumPlate: this returns the value stored in the readValue field so that it can be used for storage in the linked list.
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Similar to the sensor class, the barrier calls is also instantiated once for the entrance and once for the exit. In another car park set up there may be more than one entrance or exit barrier so it would be possible to instantiate more instances. Barrier takes input to either raise or lower to allow a car to pass. To do this it utilises the following:
· up: This is a Boolean value which is set to either true or false depending on whether the barrier is up or down. [2]
· raise(): This sets up to true to raise the barrier, and outputs a confirmation message.
· lower(): This sets up to false to lower the barrier, and outputs a confirmation message. In the simulation this happens once the barrier has been raised and the freeSpaces value has been update, in a real-world scenario might utilise a timing delay alongside other sensors to detect when a car has physically cleared the barrier before it triggers.
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This sign is lit when the car park is full, i.e. when freeSpaces is equal to 0, and switches back off when this value becomes higher than 0.
· lightOn: This is a Boolean value which is set to either true or false depending on whether the sign is on or off. [2]
· SwitchOn(): This sets lightOn to true to turn the light on, and outputs a confirmation message. It checks first to see whether the light is already set to on, and if so no action is required.
· SwitchOff(): This sets lightOn to false to turn the light off, and outputs a confirmation message. It checks first to see whether the light is already set to off, and if so no action is required.
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This defines a linked list [6], used in this scenario to store the number plate values of all cars which enter the car park. It has been named more generically as LList as depending on the car park in question, it could also prove useful for storing other data such as the barcode numbers for example. Once instantiated it creates a head node to which future nodes can be appended.
· pCurrent: This is a pointer set to the currently selected node, in this particular set up it should always point to the last node in the list as all nodes are appended to the end.
· pHead: This is a pointer set to the head of the list, it should remain a static value so the head can always be quickly located.
· add(): This function takes an input (in this case the number plate) and adds this to the data field of a newly created node, it sets the next filed of the last node (identified by pCurrent) to point to itself, and sets pCurrent to this new node which is now last in the list.
· printList(): Beginning form the second node in the list (as the first head node is blank) this function checks that the list is not empty, and if so utilises a while loop to traverse the list and print out the data filed from each node. If the list is empty it prints an error message to say so. This function is called by a question and user input in the main code for demonstration purposes.
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Due to this program being a simulation, some functionality utilises manual user input where it would alternatively use direct input from a hardware device in a real-world scenario. Also, for demonstration purposes this program is set to loop 10 times, but would loop continuously in a real world scenario to allow constant monitoring of any changes in state to any of the components.
1. Input either ‘y’ (yes) or ‘n’ (no) when asked whether there is a car at the entrance barrier. If any other value is entered, you will be asked to retry. 
If you answer ‘n’, skip to step 9
2. A check will be completed on available spaces. If the car park is full skip to step9
3. Enter a barcode number, for testing purposes correct values are 4 digits all the same i.e. 0000,1111,2222 etc.
4. Barcode will be validated. If barcode not valid, skip to step 9
5. Enter a number plate.
6. Entrance barrier raised.
7. Number of free spaces decremented.
8. Entrance barrier lowered.
9. Input either ‘y’ (yes) or ‘n’ (no) when asked whether there is a car at the entrance barrier. If any other value is entered, you will be asked to retry. 
If you answer ‘n’, skip to step 13
10. Exit barrier raised.
11. Number of free spaces incremented.
12. Exit barrier lowered.
13. Input either ‘y’ (yes) or ‘n’ (no) when asked if you would like to view recorded number plates. If any other value is entered, you will be asked to retry. 
If you answer ‘n’, skip to step 15
14. A list of number plates recorded is displayed, if no plates have yet been recorded you will receive a message to confirm this.
15. You will receive a message to state ‘Polling carpark components’. The first loop has finished, hit any key to loop again.
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Relevant Code
	//user input for responses to questions
	char p,v;
	bool pb;

	//User input - Check whether car present at entrance barrier
	cout << "Is car present at entrance barrier? (y/n)" << endl;
	cin >> p;
	//Check user has entered a correct value, if not throw error and enter again
	while (p != 'y' && p != 'n') {
		cout << "Please enter either y or n:";
		cin >> p;
	}
	//if no car set bool to false
	if (p == 'n') {
		pb = 0;
	}
	//if car present set bool to true
	else {
		pb = 1;
	}

cout << pb << endl;



Test
	Input
	Expected Result
	Actual Result
	Result

	y
	pb = 1
	pb = 1
	Pass

	n
	pb = 0
	pb = 0
	Pass

	0
	Request again
	Request again
	Pass

	1
	Request again
	Request again
	Pass

	8
	Request again
	Request again
	Pass

	T
	Request again
	Request again
	Pass

	test
	Request again
	Request again*
	Pass/Fail

	Yes
	Request again
	pb = 1
	Fail

	No
	Request again
	pb = 0
	Fail

	?
	Request again
	Request again
	Pass


*repeats for each character entered
Results
Due to the string ‘Yes’ and ‘No’ containing the ‘y’ and ‘n’ characters, these were accepted incorrectly. The string ‘test’ printed the request to renter the input 4 times (once for each character). Due to this piece of code only being used for demonstration/simulation purposes there is no need to rectify. In a real-world scenario the only variable in use would be the Boolean pb directly.
Screenshots
[image: ][image: ]
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Relevant Code
	//Entrance - check if car present
if (EntranceS.carPresent(pb)) {	
	cout << "Car present at Entrance." << endl;
}
else {
	//if no car at barrier
	cout << "Car not present at Entrance." << endl;
}

bool cSensor::carPresent(bool p) {
	present = p; //set car present value
	return present;//return bool value
}



Test
	Input
	Expected Result
	Actual Result
	Result

	pb = 0
	Car not present
	Car not present
	Pass

	pb = 1
	Car present
	Car present
	Pass



Results
As input is Boolean variable, only 0 or 1 are possible, these both return the expected results.
Screenshots 
[image: ][image: ]
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Relevant Code
	//Entrance - check if spaces available
int freeSpaces;

if (spacesLeft() > 0) {
	cout << "Spaces available, please scan your barcode:" << endl;
else {
	//if car park is full
	cout << "The car park is full, you cannot enter." << endl;
}

int cCarPark::spacesLeft(void) {
	return freeSpaces;
}



Test
	Input
	Expected Result
	Actual Result
	Result

	freeSpaces = 0
	Car park full
	Car park full
	Pass

	freeSpaces = 1
	Spaces available
	Spaces available
	Pass

	freeSpaces = 100
	Spaces available
	Spaces available
	Pass

	freeSpaces = -1
	Car park full
	Car park full
	Pass



Results
Whilst this does return the intended values based on the code, the tested values of 100 and -1 are outside of the car park capacity (in this test capacity was set to 5 so all values should be between 1 and 5). At any point where the value of freeSpaces is changed (either to increment or decrement) checks are carried out to ensure the value is not set outside of this range so these figures are theoretically not possible, however in a later revision it may be sensible to include an error message if figures are outside of the expected range as a backup.
Screenshots
[image: ] [image: ]
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Relevant Code
	string readValue;
string validBarcodes[10] = { "0000","1111","2222","3333","4444","5555","6666","7777","8888","9999" }; //known valid barcodes

Barcode.read();	
//Check if barcode is valid
if (Barcode.checkBarcode()) {
	cout << "Barcode Accepted" << endl;
}
else {
	//if barcode not valid
	cout << "Barcode rejected." << endl;
}

void cIDReader::read(void) { //Enter a value
	cout << "Enter value: ";
	cin >> readValue; //store value
	cout << "The value entered is: " << readValue << endl; //confirm value to user
}
bool cBarcodeReader::checkBarcode(void) {
	bool valid = std::any_of(std::begin(validBarcodes), std::end(validBarcodes), [&](string i) //return true or false whether matching value found within array
		{
			return i == readValue; //set search term to value currently stored
		});
	return valid;
}



Test
	Input
	Expected Result
	Actual Result
	Result

	readValue = 1111
	Barcode Accepted
	Barcode Accepted
	Pass

	readValue = 11111
	Barcode rejected
	Barcode rejected
	Pass

	readValue = 1234
	Barcode rejected
	Barcode rejected
	Pass

	readValue = 111a
	Barcode rejected
	Barcode rejected
	Pass

	readValue = word
	Barcode rejected
	Barcode rejected
	Pass

	readValue = ….
	Barcode rejected
	Barcode rejected
	Pass



Results
All values returned expected results, potentially some more graceful error handling and retries could be employed in the future depending on the format of barcodes expected – this would be dependent on what type of barcode scanner is used.
Screenshots
[image: ] [image: ]
[bookmark: _Toc62836673]Number Plate Storage & retrieval
Relevant Code
	string readValue;

NumPlate.read();
//Add number plate to linked list
numPlateList.add(NumPlate.getNumPlate());

void cIDReader::read(void) { //Enter a value
	cout << "Enter value: ";
	cin >> readValue; //store value
	cout << "The value entered is: " << readValue << endl; //confirm value to user
}

typedef struct nodetag {
	string item;
	nodetag* next;
} node;
node* pCurrent;

void LList::add(string data)
{
	node* x = new(node); //reserve new node
	x->item = data; //input data into node
	x->next = NULL; //set next pointer to NULL (end of list)
	pCurrent->next = x; //set next pointer of currently selected node to this new node
	pCurrent = x; //set this new node as the current node
}

numPlateList.printList();

void LList::printList() {
	node* t = new(node); //create temporary node
	t = pHead->next; //set to 2nd node in list (first node is blank)
	if (t == NULL) { //check whether list is empty
		cout << "No number plates yet recorded." << endl;
	}
	else { //if list not empty
		cout << "Number Plates recorded:" << endl;
		while (t != NULL) { //while selected node is not empty
			cout << t->item << endl; //print data
			t = t->next; //set temporary node to next node, once last node reached this value will be NULL and loop will stop.
		}
	}
}



Test
	Input
	Expected Result
	Actual Result
	Result

	readValue = xf12 ghj
	xf12 ghj
	xf12
	Fail

	readValue = 1234567890
	1234567890
	1234567890
	Pass

	readValue = numberplate
	numberplate
	numberplate
	Pass

	readValue = -1
	-1
	-1
	Pass

	readValue = ???
	???
	???
	Pass

	readValue = number plate
	number plate
	number
	Fail

	Multiple number plates
	X1
X2
X3
X4
X5
	X1
X2
X3
X4
X5
	Pass

	No number plates
	No number plates yet recorded
	No number plates yet recorded
	Pass



Results
Error identified with values containing a space, most likely this would be rectified by the actual number plate reader/OCR which would be expected to pass values in a particular format without a space. Also, values which are likely not considered to be number plates (???, -1 etc.) are accepted when they most likely should not be, this would also likely be solved by the reader itself. However, it would be sensible for some error handling to take place in the program just in case of erroneous data either to request it be rescanned or manually entered, or otherwise to clear any whitespace and ensure data received is in an expected format.
Screenshots
[image: ] [image: ]
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Relevant Code
	bool up;
int freeSpaces;

//Raise barrier
EntranceB.raise();
//decrement free spaces
decrementSpaces();
cout << "Entrance ";
//lower barrier (in reality this would not happen immediately, would be based on time delay and sensor on barrier to determine car has cleared completely)
EntranceB.lower();

//Decrement number of free spaces
void cCarPark::decrementSpaces(void) {
	//Check frees paces is more than 0
	//If yes, decrement free spaces
	if (freeSpaces > 0) {
		freeSpaces--;
		cout << "Number of free spaces reduced to: " << freeSpaces << endl;
	}
	//if not, set free spaces to 0 and throw error
	else {
		freeSpaces = 0;
		cout << "Error: Free Spaces lower than 0. Reset free spaces to: " << freeSpaces << endl;
	}
}

void cBarrier::raise(void) {
	up = 1; //set barrier up to true
	cout << "Barrier Raised" << endl; //print result
}

void cBarrier::lower(void) {
	up = 0; //set barrier up to false
	cout << "Barrier Lowered" << endl; //print result
}



Info: Previously tested statements have checked spaces are available and barcode accepted before this point, so expectation is that barrier should raise and lower regardless at this stage.
Test
	Input
	Expected Result
	Actual Result
	Result

	freeSpaces = 1
	Barrier raised.
Barrier lowered
freeSpaces = 0
	Barrier raised.
Barrier lowered
freeSpaces = 0
	Pass

	freeSpaces = 0
	Barrier raised.
Barrier lowered
freeSpaces = 0
Error thrown
	Barrier raised.
Barrier lowered
freeSpaces = 0
Error thrown
	Pass

	freeSpaces = -1
	Barrier raised.
Barrier lowered
freeSpaces = 0
Error thrown
	Barrier raised.
Barrier lowered
freeSpaces = 0
Error thrown
	Pass

	freeSpaces = 10
	Barrier raised.
Barrier lowered
freeSpaces = 9
	Barrier raised.
Barrier lowered
freeSpaces = 9
	Pass



Results
Value correctly decrements once per each time the barrier raises and lowers, erroneous values (those 0 or lower) throw an error and set the value to 0.
Screenshots
[image: ] [image: ]
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Relevant Code
	bool up;
int freeSpaces;
int capacity = 5;

//Raise barrier
ExitB.raise();
//decrement free spaces
incrementSpaces();
cout << "Exit ";
//lower barrier (in reality this would not happen immediately, would be based on time delay and sensor on barrier to determine car has cleared completely)
ExitB.lower();

//Increment number of free spaces
void cCarPark::incrementSpaces(void) {
	//Check frees paces is less than total capacity
	//If yes, increment free spaces
	if (freeSpaces < capacity) {
		freeSpaces++;
		cout << "Number of free spaces increased to: " << freeSpaces << endl;
	}
	//if not, set free spaces to capacity and throw error
	else {
		freeSpaces = capacity;
		cout << "Error: Free Spaces larger than capacity. Reset free spaces to: " << freeSpaces << endl;
	}
}

void cBarrier::raise(void) {
	up = 1; //set barrier up to true
	cout << "Barrier Raised" << endl; //print result
}

void cBarrier::lower(void) {
	up = 0; //set barrier up to false
	cout << "Barrier Lowered" << endl; //print result
}



Test
	Input
	Expected Result
	Actual Result
	Result

	freeSpaces = 1
	Barrier raised.
Barrier lowered
freeSpaces = 2
	Barrier raised.
Barrier lowered
freeSpaces = 2
	Pass

	freeSpaces = 0
	Barrier raised.
Barrier lowered
freeSpaces = 1
	Barrier raised.
Barrier lowered
freeSpaces = 1
	Pass

	freeSpaces = 5
	Barrier raised.
Barrier lowered
freeSpaces = 5
Error thrown
	Barrier raised.
Barrier lowered
freeSpaces = 5
Error thrown
	Pass

	freeSpaces = 3
	Barrier raised.
Barrier lowered
freeSpaces = 4
	Barrier raised.
Barrier lowered
freeSpaces = 4
	Pass



Results
Value correctly increments once per each time the barrier raises and lowers, erroneous values (those equal to or higher than capacity) throw an error and set the value to equal capacity.
Screenshots
[image: ][image: ]
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Relevant Code
	bool lightOn;

//Full sign - check number of spaces left
if (spacesLeft() <= 0) {
	//if no spaces left, trigger full sign to on
	FullSign.SwitchOn();
}
else {
	//if spaces left, trigger full sign to off
	FullSign.SwitchOff();
}

//Return number of free spaces
int cCarPark::spacesLeft(void) {
	return freeSpaces;
}

void cFullSign::SwitchOn(void) {
	if (lightOn == 0) { //check light is not already on
		lightOn = 1; //set light to on
		cout << "Full sign switched on." << endl; //print result
	}
}

void cFullSign::SwitchOff(void) {
	if (lightOn != 1) { //check light is not already off
		lightOn = 0; //set light to off
		cout << "Full sign switched off." << endl; //print result
	}	
}



Test
	Input
	Expected Result
	Actual Result
	Result

	spacesLeft() = 0
	Sign switched on
	Sign switched on
	Pass

	spacesLeft() = 1
	Sign switched off
	Sign switched off
	Pass

	spacesLeft() = -1
	Sign switched on
	Sign switched on
	Pass

	spacesLeft() = 10
	Sign switched off
	Sign switched off
	Pass



Results
Value correctly turns sign off or on. Value of -1 should not be possible due to error checking and correction in previous in previous functions, however designed to fail safe and display the car park as full if the value does ever become negative somehow. In this testing it was also discovered that the function to check whether the light is already on or off before performing the action does not work as expected, due to the value of lightOn being reset for each loop, as a result the relevant message is printed regardless of whether there has been a state change, a variable could instead be used in the car park class to resolve this.
Screenshots
[image: ][image: ]
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This report has covered the development of an object-oriented program that is designed to satisfy the requirements of a car park which was laid out in the assignment brief. It covers the thinking behind classes and their relationships, provides some instructions on how to use the program, and shows evidence of testing. As a result of the testing, multiple areas for improvement have been identified and potential solutions provided, however many of these do not apply to this particular program outside of a real-world scenario where input is taken directly from external sensors.
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Source.cpp
	#include "CarPark.h"
#include <iostream>
#include <conio.h>
using namespace std;
int main(void)
{
    cCarPark* NCP = new(cCarPark);
    for (int i = 0; i < 10; i++)
    {
        NCP->update();
        cout << i << ": polling carpark components and reacting to state" << endl;
        _getch();
    }
    return 0;


}



CarPark.h
	#pragma once
#ifndef CARPARK_H
#define CARPARK_H
#include "Barrier.h"
#include "Sensor.h"
#include "IDReader.h"
#include "FullSign.h"
#include "LList.h"

class cCarPark
{
public:
	cCarPark(void);
	void incrementSpaces(void);
	void decrementSpaces(void);
	int spacesLeft(void);
	void update(void);
protected:
	int capacity = 5;
	int freeSpaces;
	LList numPlateList;
};
#endif



CarPark.cpp
	#include "CarPark.h"
#include <iostream>
using namespace std;

//Constructor

//Car Park
cCarPark::cCarPark(void) {
	freeSpaces = capacity;
	LList numPlateList; //Linked List for number plates
}

//Increment number of free spaces
void cCarPark::incrementSpaces(void) {
	//Check frees paces is less than total capacity
	//If yes, increment free spaces
	if (freeSpaces < capacity) {
		freeSpaces++;
		cout << "Number of free spaces increased to: " << freeSpaces << endl;
	}
	//if not, set free spaces to capacity and throw error
	else {
		freeSpaces = capacity;
		cout << "Error: Free Spaces larger than capacity. Reset free spaces to: " << freeSpaces << endl;
	}
}

//Decrement number of free spaces
void cCarPark::decrementSpaces(void) {
	//Check frees paces is more than 0
	//If yes, decrement free spaces
	if (freeSpaces > 0) {
		freeSpaces--;
		cout << "Number of free spaces reduced to: " << freeSpaces << endl;
	}
	//if not, set free spaces to 0 and throw error
	else {
		freeSpaces = 0;
		cout << "Error: Free Spaces lower than 0. Reset free spaces to: " << freeSpaces << endl;
	}
}

//Return number of free spaces
int cCarPark::spacesLeft(void) {
	return freeSpaces;
}

//Carpark update logic (some of this requires manual user input for deomnstration but would be operated by sensors in reality)
void cCarPark::update(void)
{   	//1.  poll car park components (sensor/etc).
		//************************************************
		//2.  if car present at entrance then

	//instantiate objects
	cSensor EntranceS;
	cSensor ExitS;
	cBarrier EntranceB;
	cBarrier ExitB;
	cBarcodeReader Barcode;
	cNumPlateReader NumPlate;
	cFullSign FullSign;

	//user input for responses to questions
	char p,v;
	bool pb;

	//User input - Check whether car present at entrance barrier
	cout << "Is car present at entrance barrier? (y/n)" << endl;
	cin >> p;
	//Check user has entered a correct value, if not throw error and enter again
	while (p != 'y' && p != 'n') {
		cout << "Please enter either y or n:";
		cin >> p;
	}
	//if no car set bool to false
	if (p == 'n') {
		pb = 0;
	}
	//if car present set bool to true
	else {
		pb = 1;
	}

	//Entrance - check if car present
	if (EntranceS.carPresent(pb)) {	
		cout << "Car present at Entrance." << endl;
		//Check if spaces available
		if (spacesLeft() > 0) {
			cout << "Spaces available, please scan your barcode:" << endl;
			//Read barcode - for testing any 4 digit string of same digits is valid i.e. 0000,3333,8888
			Barcode.read();	
			//Check if barcode is valid
			if (Barcode.checkBarcode()) {
				cout << "Barcode Accepted" << endl;
				cout << "Please enter your number plate:" << endl;
				//Read number plate
				NumPlate.read();
				//Add number plate to linked list
				numPlateList.add(NumPlate.getNumPlate());
				cout << "Entrance ";
				//Raise barrier
				EntranceB.raise();
				//decrement free spaces
				decrementSpaces();
				cout << "Entrance ";
				//lower barrier (in reality this would not happen immediately, would be based on time delay and sensor on barrier to determine car has cleared completely)
				EntranceB.lower();
			}
			else {
				//if barcode not valid
				cout << "Barcode rejected." << endl;
			}
		}
		else {
			//if car park is full
			cout << "The car park is full, you cannot enter." << endl;
		}
	}
	else {
		//if no car at barrier
		cout << "Car not present at Entrance." << endl;
	}

	//User input - check whether car present at exit barrier
	cout << "Is car present at exit barrier? (y/n)" << endl;
	cin >> p;
	//Check user has enetered a correct value, if not throw error and enter again
	while (p != 'y' && p != 'n') {
		cout << "Please enter either y or n:";
		cin >> p;
	}
	//if no car present set bool to false
	if (p == 'n') {
		pb = 0;
	}
	//if car present set bool to true
	else {
		pb = 1;
	}

	//Exit - check if car present
	if (ExitS.carPresent(pb)) {
		cout << "Car present at Exit" << endl;
		cout << "Exit ";
		//Raise barrier
		ExitB.raise();
		//Increment number of free spaces
		incrementSpaces();
		cout << "Exit ";
		//lower barrier (in reality this would not happen immediately, would be based on time delay and sensor on barrier to determine car has cleared completely)
		ExitB.lower();
	}
	else {
		//if no car present at exit barrier
		cout << "Car not present at Exit" << endl;
	}

	//Full sign - check number of spaces left
	if (spacesLeft() <= 0) {
		//if no spaces left, trigger full sign to on
		FullSign.SwitchOn();
	}
	else {
		//if spaces left, trigger full sign to off
		FullSign.SwitchOff();
	}

	//Testing purposes - query whether user would like to see list of number plates recorded
	cout << "View recorded Number Plates? (y/n)" << endl;
	cin >> v;
	//check validity of user input
	while (v != 'y' && v != 'n') {
		cout << "Please enter either y or n:";
		cin >> v;
	}
	//print list of number plates recorded
	if (v == 'y') {
		numPlateList.printList();
	}

}



Sensor.h
	#pragma once

class cSensor
{
public:
	cSensor(void);
	bool carPresent(bool);
private:
	bool present;
};



Sensor.cpp
	#include "Sensor.h"
#include <iostream>
using namespace std;

cSensor::cSensor(void) {
	present = 0; //Default to false (car not present)
}

bool cSensor::carPresent(bool p) {
	present = p; //set car present value
	return present;//return bool value
}



IDReader.h
	#pragma once
#include <iostream>
#include "LList.h"
using namespace std;

//Parent
class cIDReader
{
public:
	cIDReader(void);
	void read(void);
protected:
	string readValue;
};

//Child 1 - Barcode reader
class cBarcodeReader : public cIDReader {
public:
	cBarcodeReader(void);
	bool checkBarcode(void);
private:
	string validBarcodes[10] = { "0000","1111","2222","3333","4444","5555","6666","7777","8888","9999" }; //known valid barcodes
};

//Child 2 - Number Plate reader
class cNumPlateReader : public cIDReader {
public:
	cNumPlateReader(void);
	string getNumPlate(void);
private:
};



IDReader.cpp
	#include "IDReader.h"
#include "LList.h"
#include <iostream>
#include <algorithm> //for any_of
using namespace std;

cIDReader::cIDReader(void) {
	readValue = -1; //default to knwon incorrect value
}

void cIDReader::read(void) { //Enter a value
	cout << "Enter value: ";
	cin >> readValue; //store value
	cout << "The value entered is: " << readValue << endl; //confirm value to user
}

cBarcodeReader::cBarcodeReader(void) {}

bool cBarcodeReader::checkBarcode(void) {
	bool valid = std::any_of(std::begin(validBarcodes), std::end(validBarcodes), [&](string i) //return true or false whether matching value found within array
		{
			return i == readValue; //set search term to value currently stored
		});
	return valid;
}

cNumPlateReader::cNumPlateReader(void) {}


string cNumPlateReader::getNumPlate(void) {
	return readValue; //return stored value
}



Barrier.h
	#pragma once
class cBarrier
{
public:
	cBarrier(void);
	void raise(void);
	void lower(void);
private:
	bool up;
};



Barrier.cpp
	#include "Barrier.h"
#include <iostream>
using namespace std;

cBarrier::cBarrier(void) {
	up = 0; //default to barrier down
}

void cBarrier::raise(void) {
	up = 1; //set barrier up to true
	cout << "Barrier Raised" << endl; //print result
}

void cBarrier::lower(void) {
	up = 0; //set barrier up to false
	cout << "Barrier Lowered" << endl; //print result
}



FullSign.h
	#pragma once

class cFullSign
{
public:
	cFullSign(void);
	void SwitchOn(void);
	void SwitchOff(void);
private:
	bool lightOn;
};



FullSign.cpp
	#include "FullSign.h"
#include <iostream>
using namespace std;

cFullSign::cFullSign(void) {
}

void cFullSign::SwitchOn(void) {
	if (lightOn == 0) { //check light is not already on
		lightOn = 1; //set light to on
		cout << "Full sign switched on." << endl; //print result
	}
}

void cFullSign::SwitchOff(void) {
	if (lightOn != 0) { //check light is not already off
		lightOn = 0; //set light to off
		cout << "Full sign switched off." << endl; //print result
	}	
}



LList.h
	#pragma once
#define NULL 0
#include <string>
using namespace std;

typedef struct nodetag {
	string item;
	nodetag* next;
} node;
						
class LList
{
private:
	node* pCurrent;
	node* pHead;
public:
	LList(void);
	void add(string);
	void printList(void);
};



LList.cpp
	#include "LList.h"
#include <string>
#include <iostream>
#define NULL 0
using namespace std;

LList::LList(void)
{

	pHead = new(node);  //create a dummy head node
	pHead->item = ""; //set blank
	pHead->next = NULL; //set next filed to NULL
	pCurrent = pHead; //set current node to head node
}

void LList::add(string data)
{
	node* x = new(node); //reserve new node
	x->item = data; //input data into node
	x->next = NULL; //set next pointer to NULL (end of list)
	pCurrent->next = x; //set next pointer of currently selected node to this new node
	pCurrent = x; //set this new node as the current node
}

void LList::printList() {
	node* t = new(node); //create temporary node
	t = pHead->next; //set to 2nd node in list (first node is blank)
	if (t == NULL) { //check whether list is empty
		cout << "No number plates yet recorded." << endl;
	}
	else { //if list not empty
		cout << "Number Plates recorded:" << endl;
		while (t != NULL) { //while selected node is not empty
			cout << t->item << endl; //print data
			t = t->next; //set temporary node to next node, once last node reached this value will be NULL and loop will stop.
		}
	}
}
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