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Abstract
This report is based on a brief to create a simulation of a car park system for the purposes of demonstrating object-oriented programming practices and philosophies. The author gives an overview of the various classes in the implementation, and how they are related. The report also details the test plan used to ensure correct functionality of the classes, as well as a user guide for how to operate the program. Finally, the author draws their conclusions regarding their implementation. The code for the implementation can be found in the appendix.
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[bookmark: _Toc63193804]Introduction
This report contains details of the author’s simulation of a car park system that demonstrates object-oriented programming practices, including aggregation, inheritance, overriding and polymorphism. The report initially gives an overview of the classes, including their contents and relationships to one another. The following section contains details of the testing carried out to confirm the desired operation of the system, as well as the results of that testing. The next section contains a user guide for how to run the application, and the final section of the report contains the author’s conclusion.
The code for the application can be found in the appendix. 
[bookmark: _Toc63193805]Class overview
[bookmark: _Toc63193806]Class diagram
The class diagram can be found in Appendix A.
The CarPark class is a container for the other classes. These classes cannot exist independently of the CarPark class and are therefore associated to it through composition [1]. This relationship is represented on the Unified Modelling Language (UML) diagram through a filled diamond at the container end of the line linking the classes [2]. 
The BarcodeReader and NumberPlateReader classes are derived from the IDReader base class, and therefore inherit the public and protected attributes and methods from it [3]. Inheritance implements an ‘is a’ relationship (e.g. a numberplate reader is an ID reader) [3]. This relationship is represented through an arrow at the container end of the line linking the classes [2]. 
[bookmark: _Toc63193807]Class descriptions
[bookmark: _Toc63193808]CarPark class
The CarPark class is composed of the other classes as indicated in the class diagram. As such, objects from the other classes are instantiated when a CarPark object is instantiated.
[bookmark: _Toc63193809]Attributes
· capacity – this is a private, integer attribute that stores the number of spaces the car park has.
· usedSpaces – this is a private, integer attribute that stores the number of spaces that are currently occupied in the car park.
[bookmark: _Toc63193810]Methods
· void IncrementSpaces(void) – this public method increments the value of the usedSpaces attribute to indicate a car has parked in the car park.
· void DecrementSpaces(void) – this public method decrements the value of the usedSpaces attribute to indicate a parked car has left the car park.
· void SetCapacity(int cap) – this public method sets the value of the capacity attribute to the value of the cap parameter, thereby setting the number of parking spaces available in the car park. 
· int GetCapacity(void) – this public method returns the value of the capacity attribute as an integer.
· int FreeSpaces(void) – this public method returns the number of remaining spaces in the car park (capacity minus usedSpaces) as an integer.
· void Update(void) – this public method contains the operating logic for the car park. Various methods from the composed objects are called to determine the appropriate logic branches. The exit barrier is processed before the entry barrier as this may allow a space to be released prior to a new car entering the car park. 
· void OutputMessage(string message) – this private method outputs the passed in message on-screen.
[bookmark: _Toc63193811]Constructors
This class contains two overloaded constructors which are outlined below. The overloading allows the objects to be instantiated differently based on the parameters passed into the constructor [4]. 
· cCarPark(void) – this constructor instantiates the CarPark object with the capacity and usedSpaces attributes set to 0. The other class objects the car park is composed of are also instantiated.
· cCarPark(int cap) – this constructor instantiates the CarPark object with the capacity and usedSpaces attributes set to the value of the cap parameter. The other class objects the car park is composed of are also instantiated.

[bookmark: _Toc63193812]Destructor
· ~cCarPark(void) – this destructor destroys the CarPark object and ensures the enclosed LinkedList object is destroyed through its own destructor.
[bookmark: _Toc63193813]Barrier class
The Barrier class is used to instantiate two composed barrier objects (entry and exit) in the CarPark class.
[bookmark: _Toc63193814]Attributes
· bool up – this is a private, Boolean attribute that indicates whether the barrier is up (true) or down (false).
[bookmark: _Toc63193815]Methods
· bool IsBarrierUp(void) - this public method returns the value of the up attribute as a Boolean.
· void RaiseBarrier(void) – this public method sets the value of the up attribute to true to indicate the barrier is raised.
· void LowerBarrier(void) – this public method sets the value of the up attribute to false to indicate the barrier is lowered.
[bookmark: _Toc63193816]Constructors
This class contains one constructor.
· cBarrier(void) – this constructor instantiates the Barrier object with the up attribute set to false.
[bookmark: _Toc63193817]Sensor class
The Sensor class is used to instantiate two composed sensor objects (entry and exit) in the CarPark class.
[bookmark: _Toc63193818]Attributes
· bool carPresent – this is a private, Boolean attribute that stores whether a car has been detected by the sensor (true) or not (false).

[bookmark: _Toc63193819]Methods
· bool IsCarPresent(void) - this public method returns the value of the carPresent attribute as a Boolean.
· void SetCarPresent(bool carPres) – this public method sets the value of the carPresent attribute to the value of the carPres parameter to indicate whether a car has been detected.
· void Reset(void) – this public method resets the value of the carPresent attribute back to false.
[bookmark: _Toc63193820]Constructors
· cSensor(void) – this constructor instantiates the Sensor object with the carPresent attribute set to false.
[bookmark: _Toc63193821]FullSign class
The FullSign class is used to instantiate a composed object in the CarPark class.
[bookmark: _Toc63193822]Attributes
· bool lightOn – this is a private, Boolean attribute that stores whether the light that indicates the car park is full is on (true) or off (false).
[bookmark: _Toc63193823]Methods
· bool IsLightOn(void) - this public method returns the value of the lightOn attribute as a Boolean.
· void SwitchOn(void) – this public method sets the value of the lightOn attribute to true to indicate the light is on.
· void SwitchOff(void) – this public method sets the value of the lightOn attribute to false to indicate the light is off.
[bookmark: _Toc63193824]Constructors
· cFullSign(void) – this constructor instantiates the FullSign object with the lightOn attribute set to false.


[bookmark: _Toc63193825]IDReader class
The IDReader class is the base class for the BarcodeReader and NumberPlateReader classes. It is an abstract class as it contains a pure virtual method for ‘reading’ the ID [5][6][7]. This means the method must be defined in the base classes through overrides [6], and prevents the method being used in the base class. In the case of this program, the IDs ‘read’ for both the BarcodeReader and NumberPlateReader are simply values entered manually by the user. In a production system, the ‘Read’ methods of these classes may be very different due to different implementations for the readers, and it is therefore necessary to define them for each class. This also allows for dynamic polymorphism, where objects based on derived classes can be referenced as the base class [8]. This means the appropriate, overridden method is used when the ‘Read’ method is called against objects referenced in this way.
[bookmark: _Toc63193826]Attributes
· bool serialNumber – this is a protected, string attribute that stores the serial number of the ID that has been scanned.
[bookmark: _Toc63193827]Methods
· void Read(string serial) - this is a public pure virtual method and is therefore not defined in the base class. It must be defined in the derived classes.
· string GetSerialNumber(void) – this public method returns the value of serialNumber as a string.
· void Reset(void) – this public method resets the value of the serialNumber attribute back to blank.
[bookmark: _Toc63193828]Constructors
· cIDReader(void) – this protected constructor instantiates the IDReader object with the serialNumber attribute set to blank.
[bookmark: _Toc63193829]NumberPlateReader class
This is a derived class that inherits from the IDReader class. 
[bookmark: _Toc63193830]Attributes
· cLinkedList* pNumPlateList – this is a private pointer to a linked list object that is used for storing number plates.
[bookmark: _Toc63193831]Methods
· void Read(string serial) - this public method sets the value of the serialNumber attribute to the string passed in as a parameter. It defines the pure virtual method that is declared in the base class.
· void OutputNumberPlates(void) – this public method outputs the number plates in the linked list on-screen.
· bool AddNumPlate(void) – this public method adds the value of serialNumber (an inherited attribute) to the linked list of number plates. Checks are carried out to ensure it is not already in the list. A Boolean value is returned indicating whether the number plate was added successfully.
· bool RemoveNumPlate(void) – this public method removes the value of serialNumber (an inherited attribute) from the linked list of number plates. A Boolean value is returned indicating whether the number plate was removed successfully.
· void SetNumPlateList(cLinkedList* pList) – this public method sets the private attribute pNumPlateList to the value passed in as a parameter (a pointer to a linked list object that will be used to store the number plates).
[bookmark: _Toc63193832]Constructors
· cNumberPlateReader(void) – this constructor instantiates the NumberPlateReader object with the pNumPlateList attribute set to NULL.
[bookmark: _Toc63193833]BarcodeReader class
This is a derived class that inherits from the IDReader class.
[bookmark: _Toc63193834]Attributes
· string filename – the private, string attribute is used to store the filename of the file that ID cards will be checked against for validity.


[bookmark: _Toc63193835]Methods
· void Read(string serial) - this public method sets the value of the serialNumber attribute to the string passed in as a parameter. It defines the pure virtual method that is declared in the base class.
· bool IDValid(void) – this public method returns a Boolean value indicating whether serialNumber (i.e. the ID that has been scanned) is valid for entering the car park.
[bookmark: _Toc63193836]Constructors
· cBarcodeReader(void) – this public constructor instantiates the BarcodeReader object with the filename attribute set to the filename of the file containing valid ID cards.
[bookmark: _Toc63193837]LinkedList class
This class is used for creating singly-linked lists, a type of list implemented with dynamic memory allocation through the use of pointers [9]. The .h file contains a declaration of a structure for a ‘Node’ which is used to represent an item in the list. This node contains the data itself, plus a pointer to the next node in the list.
[bookmark: _Toc63193838]Attributes
· Node* pHead – a private attribute containing a pointer to the first node in the linked list.
· Node* pTail – a private attribute containing a pointer to the last node in the linked list.
[bookmark: _Toc63193839]Methods
· void AddNode(string data) – this is a public method that adds the data passed into the method to the linked list as a new node. The pTail attribute is updated to point at the new final node.
· void DeleteNode(Node* nodeBefore) – this is a public method that deletes the node after the node passed in as a parameter. The pHead and pTail attributes are updated if necessary.
· Node* FindNode(string dataToFind, bool returnPrevNode) – this public method returns a pointer to the node that contains the value passed in as a parameter (dataToFind) if the returnPrevNode parameter is set to false. If it is set to true, the previous node in the list is returned (this functionality is used for the DeleteNode method). A NULL value is returned if the data could not be found in the linked list.
· void OutputNodes(void) – this public method is used to output the values in the linked list on-screen.
[bookmark: _Toc63193840]Constructors
· cLinkedList(void) – this constructor instantiates the LinkedList object. A new node is created and the pHead and pTail attributes are set to the pointer to the new node.
[bookmark: _Toc63193841]Destructor
· ~cLinkedList(void) – this destructor destroys the LinkedList object. This ensures the memory used by the object on the heap is deallocated [5]. If the list is not empty, each node is deleted, starting with the last node and working backwards.
[bookmark: _Toc63193842]Testing class
This class is used for testing the program. It presents a menu to the user which allows them to trigger events and see the resulting output. This has been done so the test methods are kept separate from the main code where they may not be required. This also means the methods for reading the various sensors can be added to the classes without affecting the functionality of the test methods.
[bookmark: _Toc63193843]Attributes
This class does not contain any attributes.
[bookmark: _Toc63193844]Methods
· void OutputState(cCarPark* testCarPark) – this private method outputs the current state of the car park and the objects it is composed of. A pointer to the car park object is passed in as a parameter. 
· void ManualTest(cCarPark* testCarPark) – this public method presents a menu to the user allowing them to simulate various events for the car park. When an option is chosen, the various sensors are set to simulate the event and the car park’s logic is run. The user is prompted for any required inputs, such as number plate or card ID values.
[bookmark: _Toc63193845]Constructors
This class does not contain any constructors.


[bookmark: _Toc63193846]Testing
This section of the report contains the test plan used to validate the functionality of the car park system. The testing for this test plan was done with the capacity of the car park set to three spaces.
[bookmark: _Toc63193847]Car approaching the car park entrance
The tests in this section of the report focus on the system’s response when a car approaches the entry barrier.
	Test
	Check the entry barrier is opened when a valid ID is presented and the car park is empty

	Pre-requisites
	Car park empty

	Testing data
	Number plate: AA11AAA
Valid ID: 123

	Testing method
	· Choose option 1 on the testing menu
· Enter the number plate (above) and press Enter
· Enter the ID (above) and press Enter

	Acceptance criteria
	· ID confirmed as valid
· Entry barrier raised

	Result
	Passed
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	Test
	Check the entry barrier remains closed when an invalid ID is presented and the car park is empty

	Pre-requisites
	Car park empty

	Testing data
	Number plate: AA11AAA
Invalid ID: 000

	Testing method
	· Choose option 1 on the testing menu
· Enter the number plate (above) and press Enter
· Enter the ID (above) and press Enter

	Acceptance criteria
	· ID confirmed as invalid
· Entry barrier remains closed

	Result
	Passed
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	Test
	Check the entry barrier remains closed when a valid ID is presented and the car park is full

	Pre-requisites
	Car park full

	Testing data
	Valid number plates: AA11AAA, BB11BBB, CC11CCC, DD11DDD
Valid IDs: 123, 321, 333, 999

	Testing method
	· Choose option 1 on the testing menu
· Enter the 1st number plate (above) and press Enter
· Enter the 1st ID (above) and press Enter
· Choose option 2 on the testing menu
· Repeat the above steps for the 2nd and 3rd number plates and IDs
· Choose option 1 on the testing menu
· Enter the 4th number plate and press Enter
· Enter the 4th ID and press Enter

	Acceptance criteria
	· Entry barrier remains closed

	Result
	Passed
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	Test
	Check the entry barrier remains closed when an invalid ID is presented and the car park is full

	Pre-requisites
	Car park full

	Testing data
	Valid number plates: AA11AAA, BB11BBB, CC11CCC
Valid IDs: 123, 321, 333
Invalid number plate: DD11DDD
Invalid ID: 000

	Testing method
	· Choose option 1 on the testing menu
· Enter the 1st number plate (above) and press Enter
· Enter the 1st ID (above) and press Enter
· Choose option 2 on the testing menu
· Repeat the above steps for the 2nd and 3rd number plates and IDs
· Choose option 1 on the testing menu
· Enter the invalid number plate and press Enter
· Enter the invalid ID and press Enter

	Acceptance criteria
	· Entry barrier remains closed

	Result
	Passed
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	Test
	Check the entry barrier is opened when a valid ID is presented and the car park has spaces remaining but is not empty

	Pre-requisites
	Car park has spaces remaining but is not empty

	Testing data
	Valid number plates: AA11AAA, BB11BBB
Valid IDs: 123, 321

	Testing method
	· Choose option 1 on the testing menu
· Enter the 1st number plate (above) and press Enter
· Enter the 1st ID (above) and press Enter
· Choose option 2 on the testing menu
· Repeat the above steps for the 2nd number plate and ID
· Choose option 1 on the testing menu
· Enter the 3rd number plate and press Enter
· Enter the 3rd ID and press Enter

	Acceptance criteria
	· ID confirmed as valid
· Entry barrier raised 

	Result
	Passed
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	Test
	Check the entry barrier remains closed when an invalid ID is presented and the car park has spaces remaining but is not empty

	Pre-requisites
	Car park has spaces remaining but is not empty

	Testing data
	Valid number plates: AA11AAA, BB11BBB
Valid ID: 123, 321
Invalid number plate: DD11DDD
Invalid ID: 000

	Testing method
	· Choose option 1 on the testing menu
· Enter the 1st number plate (above) and press Enter
· Enter the 1st ID (above) and press Enter
· Choose option 2 on the testing menu
· Repeat the above steps for the 2nd number plate and ID
· Choose option 1 on the testing menu
· Enter the invalid number plate and press Enter
· Enter the invalid ID and press Enter

	Acceptance criteria
	· ID confirmed as invalid
· Entry barrier remains closed

	Result
	Passed
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[bookmark: _Toc63193848]Car entering the car park
The tests in this section of the report focus on the system’s response when a car at the entrance barrier attempts to enter the car park.
	Test
	Check the functionality if a car attempts to enter the car park when the entry barrier is raised and the car park is empty

	Pre-requisites
	Car park empty
Barrier is raised

	Testing data
	Number plate: AA11AAA
Valid ID: 123

	Testing method
	· Choose option 1 on the testing menu
· Enter the number plate (above) and press Enter
· Enter the ID (above) and press Enter
· Choose option 2 on the testing menu

	Acceptance criteria
	· Car allowed to enter car park
· Entry barrier lowered
· Number plate added to the list
· Number of remaining spaces decremented
· Full sign light remains off

	Result
	Passed
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	Test
	Check the functionality if a car attempts to enter the car park when the entry barrier is lowered and the car park is empty

	Pre-requisites
	Car park empty
Barrier is lowered

	Testing data
	Number plate: AA11AAA
Invalid ID: 000

	Testing method
	· Choose option 1 on the testing menu
· Enter the number plate (above) and press Enter
· Enter the ID (above) and press Enter
· Choose option 2 on the testing menu

	Acceptance criteria
	· Car not allowed to enter car park
· Entry barrier remains lowered
· Number plate not added to the list
· Number of remaining spaces stays the same
· Full sign light remains off

	Result
	Passed
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	Test
	Check the functionality if a car attempts to enter the car park when the entry barrier is raised and the car park has spaces remaining but is not empty

	Pre-requisites
	Car park has spaces remaining but is not empty
Barrier is raised

	Testing data
	Valid number plates: AA11AAA, BB11BBB
Valid IDs: 123, 321

	Testing method
	· Choose option 1 on the testing menu
· Enter the 1st number plate (above) and press Enter
· Enter the 1st ID (above) and press Enter
· Choose option 2 on the testing menu
· Enter the 2nd number plate and press Enter
· Enter the 2nd ID and press Enter

	Acceptance criteria
	· Car allowed to enter car park
· Entry barrier lowered
· Number plate added to the end of the list
· Number of remaining spaces decremented
· Full sign light remains off

	Result
	Passed
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	Test
	Check the functionality if a car attempts to enter the car park when the entry barrier is lowered and the car park has spaces remaining but is not empty

	Pre-requisites
	Car park has spaces remaining but is not empty
Barrier is lowered

	Testing data
	Valid number plates: AA11AAA, BB11BBB
Valid ID: 123, 321
Invalid number plate: DD11DDD
Invalid ID: 000

	Testing method
	· Choose option 1 on the testing menu
· Enter the 1st number plate (above) and press Enter
· Enter the 1st ID (above) and press Enter
· Choose option 2 on the testing menu
· Repeat the above steps for the 2nd number plate and ID
· Choose option 1 on the testing menu
· Enter the invalid number plate and press Enter
· Enter the invalid ID and press Enter
· Choose option 2 on the testing menu

	Acceptance criteria
	· Car not allowed to enter car park
· Entry barrier remains lowered
· Number plate not added to the list
· Number of remaining spaces stays the same
· Full sign light remains off

	Result
	Passed
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	Test
	Check the functionality if a car attempts to enter the car park when the entry barrier is raised and the car park has one space remaining

	Pre-requisites
	Car park has one space remaining
Barrier is raised

	Testing data
	Valid number plates: AA11AAA, BB11BBB, CC11CCC
Valid ID: 123, 321, 333

	Testing method
	· Choose option 1 on the testing menu
· Enter the 1st number plate (above) and press Enter
· Enter the 1st ID (above) and press Enter
· Choose option 2 on the testing menu
· Repeat the above steps for the 2nd number plate and ID
· Repeat the above steps for the 3rd number plate and ID

	Acceptance criteria
	· Car allowed to enter car park
· Entry barrier lowered
· Number plate added to the end of the list
· Number of remaining spaces decremented
· Full sign light turned on

	Result
	Passed
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	Test
	Check the functionality if a car attempts to enter the car park when the entry barrier is lowered and the car park is full

	Pre-requisites
	Car park is full
Barrier is lowered

	Testing data
	Valid number plates: AA11AAA, BB11BBB, CC11CCC, DD11DDD
Valid IDs: 123, 321, 333, 999

	Testing method
	· Choose option 1 on the testing menu
· Enter the 1st number plate (above) and press Enter
· Enter the 1st ID (above) and press Enter
· Choose option 2 on the testing menu
· Repeat the above steps for the 2nd and 3rd number plates and IDs
· Choose option 1 on the testing menu
· Enter the 4th number plate and press Enter
· Enter the 4th ID and press Enter
· Choose option 2 on the testing menu

	Acceptance criteria
	· Car not allowed to enter car park
· Entry barrier remains lowered
· Number plate not added to the list
· Number of remaining spaces stays the same
· Full sign light remains on

	Result
	Passed
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[bookmark: _Toc63193849]Car approaching the exit barrier
The tests in this section of the report focus on the system’s response when a car approaches the exit barrier to exit the car park.
	Test
	Check the exit barrier is opened when a car with a valid number plate is presented and the car park is full

	Pre-requisites
	Car park full

	Testing data
	Valid number plates: AA11AAA, BB11BBB, CC11CCC
Valid ID: 123, 321, 333

	Testing method
	· Choose option 1 on the testing menu
· Enter the 1st number plate (above) and press Enter
· Enter the 1st ID (above) and press Enter
· Choose option 2 on the testing menu
· Repeat the above steps for the 2nd and 3rd number plates and IDs
· Choose option 3 on the testing menu
· Enter one of the valid number plates

	Acceptance criteria
	· Number plate confirmed as valid
· Exit barrier raised

	Result
	Passed
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	Test
	Check the exit barrier remains lowered when a car with an invalid number plate is presented and the car park is full

	Pre-requisites
	Car park full

	Testing data
	Valid number plates: AA11AAA, BB11BBB, CC11CCC
Valid ID: 123, 321, 333
Invalid number plate: DD11DDD

	Testing method
	· Choose option 1 on the testing menu
· Enter the 1st number plate (above) and press Enter
· Enter the 1st ID (above) and press Enter
· Choose option 2 on the testing menu
· Repeat the above steps for the 2nd and 3rd number plates and IDs
· Choose option 3 on the testing menu
· Enter the invalid number plate

	Acceptance criteria
	· Number plate confirmed as invalid
· Exit barrier remains lowered

	Result
	Passed
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	Test
	Check the exit barrier is opened when a car with a valid number plate is presented and the car park has spaces remaining but is not empty

	Pre-requisites
	Car park has spaces remaining but is not empty

	Testing data
	Valid number plates: AA11AAA, BB11BBB
Valid ID: 123, 321

	Testing method
	· Choose option 1 on the testing menu
· Enter the 1st number plate (above) and press Enter
· Enter the 1st ID (above) and press Enter
· Choose option 2 on the testing menu
· Repeat the above steps for the 2nd number plate and ID
· Choose option 3 on the testing menu
· Enter one of the valid number plates

	Acceptance criteria
	· Number plate confirmed as valid
· Exit barrier raised

	Result
	Passed
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	Test
	Check the exit barrier remains lowered when a car with an invalid number plate is presented and the car park has spaces remaining but is not empty

	Pre-requisites
	Car park has spaces remaining but is not empty

	Testing data
	Valid number plates: AA11AAA, BB11BBB
Valid ID: 123, 321
Invalid number plate: DD11DDD

	Testing method
	· Choose option 1 on the testing menu
· Enter the 1st number plate (above) and press Enter
· Enter the 1st ID (above) and press Enter
· Choose option 2 on the testing menu
· Repeat the above steps for the 2nd number plate and ID
· Choose option 3 on the testing menu
· Enter the invalid number plate

	Acceptance criteria
	· Number plate confirmed as invalid
· Exit barrier remains lowered

	Result
	Passed
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	Test
	Check the exit barrier remains lowered when a car with an invalid number plate is presented and the car park is empty

	Pre-requisites
	Car park is empty

	Testing data
	Invalid number plate: DD11DDD

	Testing method
	· Choose option 3 on the testing menu
· Enter the invalid number plate

	Acceptance criteria
	· Number plate confirmed as invalid
· Exit barrier remains lowered

	Result
	Passed
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[bookmark: _Toc63193850]Car exiting the car park
The tests in this section of the report focus on the system’s response when a car at the exit barrier attempts to exit the car park.
	Test
	Check the functionality if a car attempts to exit the car park when the exit barrier is raised and the car park is full

	Pre-requisites
	Car park full
Exit barrier raised

	Testing data
	Valid number plates: AA11AAA, BB11BBB, CC11CCC
Valid ID: 123, 321, 333

	Testing method
	· Choose option 1 on the testing menu
· Enter the 1st number plate (above) and press Enter
· Enter the 1st ID (above) and press Enter
· Choose option 2 on the testing menu
· Repeat the above steps for the 2nd and 3rd number plates and IDs
· Choose option 3 on the testing menu
· Enter one of the valid number plates
· Choose option 4 on the testing menu

	Acceptance criteria
	· Car allowed to exit car park
· Exit barrier lowered
· Number plate removed from the list
· Number of remaining spaces incremented
· Full sign light turned off

	Result
	Passed
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	Test
	Check the functionality if a car attempts to exit the car park when the exit barrier is lowered and the car park is full

	Pre-requisites
	Car park full
Exit barrier lowered

	Testing data
	Valid number plates: AA11AAA, BB11BBB, CC11CCC
Valid ID: 123, 321, 333
Invalid number plate: DD11DDD

	Testing method
	· Choose option 1 on the testing menu
· Enter the 1st number plate (above) and press Enter
· Enter the 1st ID (above) and press Enter
· Choose option 2 on the testing menu
· Repeat the above steps for the 2nd and 3rd number plates and IDs
· Choose option 3 on the testing menu
· Enter the invalid number plate
· Choose option 4 on the testing menu

	Acceptance criteria
	· Car not allowed to exit car park
· Exit barrier remains lowered
· Number plate not removed from the list
· Number of remaining spaces stays the same
· Full sign light remains on

	Result
	Passed
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	Test
	Check the functionality if a car attempts to exit the car park when the exit barrier is raised and the car park has spaces remaining but is not empty

	Pre-requisites
	Car park has spaces remaining but is not empty
Exit barrier raised

	Testing data
	Valid number plates: AA11AAA, BB11BBB
Valid ID: 123, 321

	Testing method
	· Choose option 1 on the testing menu
· Enter the 1st number plate (above) and press Enter
· Enter the 1st ID (above) and press Enter
· Choose option 2 on the testing menu
· Repeat the above steps for the 2nd number plate and ID
· Choose option 3 on the testing menu
· Enter one of the valid number plates
· Choose option 4 on the testing menu

	Acceptance criteria
	· Car allowed to exit car park
· Exit barrier lowered
· Number plate removed from the list
· Number of remaining spaces incremented
· Full sign light remains off

	Result
	Passed
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	Test
	Check the functionality if a car attempts to exit the car park when the exit barrier is lowered and the car park has spaces remaining but is not empty

	Pre-requisites
	Car park has spaces remaining but is not empty
Exit barrier lowered

	Testing data
	Valid number plates: AA11AAA, BB11BBB
Valid ID: 123, 321
Invalid number plate: DD11DDD

	Testing method
	· Choose option 1 on the testing menu
· Enter the 1st number plate (above) and press Enter
· Enter the 1st ID (above) and press Enter
· Choose option 2 on the testing menu
· Repeat the above steps for the 2nd number plate and ID
· Choose option 3 on the testing menu
· Enter the invalid number plate
· Choose option 4 on the testing menu

	Acceptance criteria
	· Car not allowed to exit car park
· Exit barrier remains lowered
· Number plate not removed from the list
· Number of remaining spaces stays the same
· Full sign light remains off

	Result
	Passed
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	Test
	Check the functionality if a car attempts to exit the car park when the exit barrier is lowered and the car park is empty

	Pre-requisites
	Car park empty
Exit barrier lowered

	Testing data
	Invalid number plate: DD11DDD

	Testing method
	· Choose option 3 on the testing menu
· Enter the invalid number plate 
· Choose option 4 on the testing menu

	Acceptance criteria
	· Car not allowed to exit car park
· Exit barrier remains lowered
· Number plate not removed from the list
· Number of remaining spaces stays the same
· Full sign light remains off

	Result
	Passed
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	Test
	Check the functionality if a car attempts to exit the car park when the exit barrier is lowered and the car park is empty

	Pre-requisites
	Sensors detecting car present

	Testing data
	Invalid number plate: AA11AAA
Invalid ID: 000

	Testing method
	· Choose option 1 on the testing menu
· Enter the number plate (above) and press Enter
· Enter the ID (above) and press Enter
· Choose option 3 on the testing menu
· Enter the number plate (above) and press Enter
· Choose option 5 on the testing menu

	Acceptance criteria
	· The sensors are reset so there is no car detected at either barrier

	Result
	Passed
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User guidance
This section of the report provides guidance for how to use the software.
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An initial menu (shown below) is displayed when the program is first loaded. This is also displayed when the main loop or testing are exited.
[image: ]
The menu will display three options: testing (T), run the main loop (M) and exit (X). Select the appropriate option by entering either a T, M or X via the console.
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The main loop process can be started by entering ‘M’ on the initial menu. The main loop process is an example of the polling method that would be used in production, where the various objects would have additional methods for reading data that would not require a console input. This is currently set to poll ten times, then return to the initial menu. In a production environment, this would run indefinitely. Each poll checks the state of the various sensors, barrier, ID readers and lights and reacts accordingly.
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The testing process can be started by entering ‘T’ on the initial menu. The testing process allows the user to test the operation of the car park logic through manually triggered events and text entry. For each event, the necessary sensors are set, and the user is prompted for input if required (e.g. to simulate a card reader). The objects are then polled by the car park and the logic dictates the response which is outputted on-screen.


When the user first chooses to test, they will be prompted to enter the capacity of the car park (shown below). An integer value needs to be entered to continue.
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The testing options (shown below) will be displayed once the car park capacity has been set. System messages are printed on-screen as the car park logic runs. Once each option has completed running, a summary of the car park’s current state is printed on-screen. The user chooses a menu option by entering the associated number. The menu is display again after the option has finished running.
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The functionality of each option is as follows:
1. Car approaching the entry barrier – this simulates a car approaching the entry barrier. This entails the entry weight sensor stating a car is present, the number plate reader reading the number plate and the barcode reader reading the serial number of the ID card. The number plate and barcode readers are simulated through the user entering values when prompted. Valid ID card serial numbers can be found in ValidIDCards.txt. If a valid ID is entered, the barrier will be raised, otherwise it remains lowered. Option 5 can be used to ‘clear’ this car from the barrier for further testing.
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2. Car entering the car park – this simulates a car at the entry barrier entering the car park. If the car is allowed to enter, the full sign light is turned on if there are no spaces left, the number of remaining spaces is decremented, the entry barrier is closed, and the number plate added to the list. Otherwise, the barrier remains closed.
[image: ]
3. Car approaching the exit barrier – this simulates a car approaching the exit barrier. This entails the exit weight sensor stating a car is present and the number plate reader reading the number plate. The number plate is simulated through the user entering value when prompted. If a valid number plate is entered (i.e. one that is currently in the car park), the barrier will be raised, otherwise it remains lowered. Option 5 can be used to ‘clear’ this car from the barrier for further testing.
[image: ]
4. Car exiting the car park – this simulates a car at the exit barrier exiting the car park. If the car is allowed to exit, the full sign light is turned off if it was on previously, the number of remaining spaces is incremented, the exit barrier is closed, and the number plate removed from the list. Otherwise, the barrier remains closed. 
[image: ]
5. Reset sensors and readers – this resets the state of the sensors and readers in the system. This can be used if a car is remaining detected at a barrier, but access has been rejected. 
[image: ]
6. Display the current car park status – this prints the current state of the car park on-screen, including the log of number plates that have entered the car park.
[image: ]
7. Exit the test – exits the test process and returns to the initial menu.
[image: ]

[bookmark: _Toc63193856]Conclusion
The author believes their implementation of a car park simulation covers many of the key concepts of object-oriented programming. One concept that could perhaps be better demonstrated is dynamic polymorphism, particularly late binding, where the appropriate override method is chosen at runtime based on the object it is called against [8].
With regards to the system’s functionality, additional sensors could be added after each barrier to allow the system to have a better understanding of the vehicle movements. This would better cope with a car approaching an open barrier and subsequently deciding not to pass through. 
The author believes the testing carried out sufficiently exercises the classes in the program in their current implementation. Further development of the car park (for example, the previously mentioned sensors) would require the current test plan to be amended and additional tests included.
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#include <iostream>
#include <stdio.h>
#include <string.h>

#include "CarPark.h"
#include "Testing.h"

using namespace std;

int main()
{
	//	Create the car park object
	cCarPark* NCP = new cCarPark;

	//	Check to see if the NCP pointer was set to a memory address. Exit the program if not
	if (NCP == NULL)
	{
		exit(1);
	}

	//	Create the test suite object
	cTesting* testSuite = new cTesting;

	//	Check to see if the testSuite pointer was set to a memory address. Exit the program if not
	if (testSuite == NULL)
	{
		exit(1);
	}

	//	Variables used for the menu system
	char processType;
	bool exitChosen = false;

	//	Loop until the user chooses to exit
	while (!exitChosen)
	{
		//	Prompt the user for how they would like to run the program
		cout << endl << "\tWould like like to do testing (T), run the main loop (M), or exit (X)? ";
		cin >> processType;

		//	Validate the input and prompt again if invalid
		while (1)
		{
			if (cin.fail())
			{
				cin.clear();
				cin.ignore(numeric_limits<streamsize>::max(), '\n');
				cout << "\tPlease enter a valid character: ";
				cin >> processType;
			}

			if (!cin.fail())
			{
				break;
			}
		}
		
		//	Case statement based on the user's choice
		switch (processType)
		{
			case 'T':
			case 't':
				
				//	Run the method for testing, passing in the pointer to the car park object as a parameter
				testSuite->ManualTest(NCP);

				break;
			case 'M':
			case 'm':
				//	Set the car park capacity to 10
				NCP->SetCapacity(10);
				
				//	Loop through the car park logic 10 times
				for (int pollLoop = 0; pollLoop < 10; pollLoop++)
				{
					cout << "\tPoll loop: " << pollLoop << "\tPolling car park components and reacting to state..." << endl;

					NCP->Update();
				}

				break;
			case 'X':
			case 'x':
				exitChosen = true;
				break;
			default:
				cout << "\tInvalid choice!" << endl;
				break;
		}
	}


	//	Deallocate the test suite object
	delete testSuite;

	//	Deallocate the car park object
	delete NCP;

	return 0;
}
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#pragma once

//	Composed classes
#include "Barrier.h"
#include "Sensor.h"
#include "FullSign.h"
#include "NumberPlateReader.h"
#include "BarcodeReader.h"
#include "LinkedList.h"

class cCarPark
{
public:

	//	Constructors
	cCarPark(void);
	cCarPark(int);

	//	Deconstructor
	~cCarPark(void);
	
	//	Methods
	void IncrementSpaces(void);
	void DecrementSpaces(void);

	void SetCapacity(int);
	int GetCapacity(void);
	int FreeSpaces(void);

	void Update(void);

	//	Composed objects
	cBarrier entryBarrier;
	cBarrier exitBarrier;

	cSensor entryWeightSensor;
	cSensor exitWeightSensor;

	cBarcodeReader barcodeReader;

	cLinkedList* numPlateList = new cLinkedList;

	cNumberPlateReader entryNumPlateReader;
	cNumberPlateReader exitNumPlateReader;

	cFullSign statusSign;

private:

	//	Attributes
	int capacity;
	int usedSpaces;

	//	Methods
	void OutputMessage(string);
};
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#include "CarPark.h"
#include <iostream>

using namespace std;

//	Constructor for the class
cCarPark::cCarPark(void)
{
	capacity = 0;
	usedSpaces = 0;

	entryBarrier;
	exitBarrier;

	entryWeightSensor;
	exitWeightSensor;

	barcodeReader;

	entryNumPlateReader.SetNumPlateList(numPlateList);
	exitNumPlateReader.SetNumPlateList(numPlateList);

	statusSign;
}

//	Overload constructor for the class with a parameter for setting the car park capacity
//		INPUT - int cap - the number of parking spaces the car park will have
cCarPark::cCarPark(int cap)
{
	SetCapacity(cap);
	usedSpaces = 0;

	entryBarrier;
	exitBarrier;

	entryWeightSensor;
	exitWeightSensor;

	barcodeReader;

	entryNumPlateReader.SetNumPlateList(numPlateList);
	exitNumPlateReader.SetNumPlateList(numPlateList);

	statusSign;
}

//	Deconstructor for the class
cCarPark::~cCarPark(void)
{
	//	Deallocate the number plate list object
	delete numPlateList;
}

//	Method for incrementing the number of used spaces in the car park
void cCarPark::IncrementSpaces(void)
{
	usedSpaces++;
}

//	Method for decrementing the number of used spaces in the car park
void cCarPark::DecrementSpaces(void)
{
	usedSpaces--;
}

//	Method for setting the private capacity attribute with the capacity of the car park. If the parameter value is
//	less than 1, the capacity is set to 0
//		INPUT - int cap - the number of parking spaces the car park will have
void cCarPark::SetCapacity(int cap)
{
	if (cap > 0)
	{
		capacity = cap;
	}
	else
	{
		cap = 0;
	}
}

//	Method for returning the private capacity attribute
//		OUTPUT - int - the value of the private attribute capacity
int cCarPark::GetCapacity(void)
{
	return capacity;
}

//	Method for returning the number of used spaces in the car park
//		OUTPUT - int - the number of free spaces remaining in the car park
int cCarPark::FreeSpaces(void)
{
	return capacity - usedSpaces;
}

//	Method that defines the operation logic for the car park based on the values
//	of various sensors and attributes
void cCarPark::Update(void)
{
	
	//	Check the sensor at the exit barrier
	if (exitWeightSensor.IsCarPresent())
	{
		OutputMessage("Car at exit barrier");
		
		//	Raise the barrier if it hasn't been raised already
		if (!exitBarrier.IsBarrierUp())
		{
			if (exitNumPlateReader.CheckForNumPlate())
			{
				OutputMessage("Valid number plate");

				OutputMessage("Raising exit barrier");

				//	Raise the exit barrier
				exitBarrier.RaiseBarrier();
			}
			else
			{
				OutputMessage("Number plate not found. Barrier remaining closed");
			}
			
		}
		else
		{
			OutputMessage("Car waiting at raised exit barrier");

			//	If the number plate is valid (i.e. the car has entered the car park)...
			if (exitNumPlateReader.CheckForNumPlate())
			{
				OutputMessage("Valid number plate");

				OutputMessage("Exit barrier remaining raised");
			}
			else
			{
				OutputMessage("Number plate not found. Lowering exit barrier");

				//	Lower the exit barrier
				exitBarrier.LowerBarrier();
			}
		}
	}
	else
	{
		//	Lower the barrier if it hasn't been lowered already and the number plate reader has a number plate reading
		if (exitBarrier.IsBarrierUp())
		{
			if (exitNumPlateReader.GetSerialNumber() != "")
			{
				OutputMessage("Lowering exit barrier");

				//	Lower the exit barrier
				exitBarrier.LowerBarrier();

				//	Remove the read number plate from the list
				exitNumPlateReader.RemoveNumPlate();

				//	Decrement the number of spaces used in the car park
				usedSpaces--;

				OutputMessage("Car left car park");
			}
			else
			{
				OutputMessage("No number plate read by reader");

				OutputMessage("Lowering exit barrier");

				//	Lower the exit barrier
				exitBarrier.LowerBarrier();
			}
		}
	}
	
	//	Check if there are free spaces in the car park. If so, the checking process continues for the entry barrier
	if (usedSpaces < capacity)
	{
		//	If there is a car at the entry barrier...
		if (entryWeightSensor.IsCarPresent())
		{
			OutputMessage("Car at entry barrier");
			
			//	If barrier is down...
			if (!entryBarrier.IsBarrierUp())
			{
				//	If number plate not already in car park...
				if (!entryNumPlateReader.CheckForNumPlate())
				{
					//	If the ID is valid...
					if (barcodeReader.IDValid())
					{
						OutputMessage("Valid card");

						OutputMessage("Raising entry barrier");

						//	Raise the entry barrier
						entryBarrier.RaiseBarrier();
					}
					else		//	ID is invalid
					{
						OutputMessage("Invalid card");
					}
				}
				else		//	Number plate already in car park
				{
					OutputMessage("Number plate already in car park");
				}
			}
			else		//	Barrier is up
			{
				//	If the ID is valid...
				if (barcodeReader.IDValid())
				{
					OutputMessage("Valid card");

					OutputMessage("Entry barrier remaining raised");

					//	Raise the entry barrier
					entryBarrier.RaiseBarrier();
				}
				else		//	ID is invalid
				{
					OutputMessage("Invalid card");

					OutputMessage("Lowering entry barrier");

					//	Raise the entry barrier
					entryBarrier.LowerBarrier();
				}
			}
		}
		else		//	No car at the barrier
		{
			//	If the barrier is up...
			if (entryBarrier.IsBarrierUp())
			{
				//	If the number plate reader contains a number plate reading...
				if (entryNumPlateReader.GetSerialNumber() != "")
				{
					//	Add the read number plate to the list
					entryNumPlateReader.AddNumPlate();

					OutputMessage("Lowering entry barrier");

					//	Lower the entry barrier
					entryBarrier.LowerBarrier();

					//	Increment the number of used space
					usedSpaces++;

					OutputMessage("Car entered car park");
				}
				else		//	Number plate reader has no reading
				{
					OutputMessage("No number plate read by reader");

					OutputMessage("Lowering entry barrier");

					//	Lower the entry barrier
					entryBarrier.LowerBarrier();
				}
			}
		}
	}


	//	Check whether the light on the status sign needs to be turned off. 
	//	If so, turn it off, otherwise turn it on
	if (usedSpaces < capacity)
	{
		statusSign.SwitchOff();
	}
	else
	{
		statusSign.SwitchOn();
		OutputMessage("Car park full");
	}
	
}

//	Method for outputting messages on-screen
//		INPUT - string message - the message to be outputted on-screen
void cCarPark::OutputMessage(string message)
{
	cout << "\tSystem message: " << message << endl;
}
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#pragma once

class cBarrier
{
public:

	//	Constructors
	cBarrier(void);

	//	Methods
	bool IsBarrierUp(void);
	void RaiseBarrier(void);
	void LowerBarrier(void);

private:

	//	Attributes
	bool up;
};
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#include "Barrier.h"

//	Constructor for the class
cBarrier::cBarrier(void)
{
	up = false;
}

//	Returns whether the barrier is currently up
//		OUTPUT - bool - output whether the barrier is up (true) or down (false)
bool cBarrier::IsBarrierUp(void)
{
	return up;
}

//	Method for raising the barrier arm
void cBarrier::RaiseBarrier(void)
{
	up = true;
}

//	Method for lowering the barrier arm
void cBarrier::LowerBarrier(void)
{
	up = false;
}
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#pragma once

class cSensor
{
public:

	//	Constructors
	cSensor(void);
	
	//	Methods
	bool IsCarPresent(void);
	void SetCarPresent(bool);
	void Reset(void);

private:

	//	Attributes
	bool carPresent;
};
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#include "Sensor.h"

//	Constructor for the class
cSensor::cSensor(void)
{
	carPresent = false;
}

//	Method for returning whether there is a car detected by the sensor
//		OUTPUT - bool - indicates whether the sensor has detected a car (true) or not (false)
bool cSensor::IsCarPresent(void)
{
	return carPresent;
}

//	Method for setting the private carPresent variable that states whether there is a car present
//		INPUT - bool carPres - a boolean variable indicating whether there is a car present (true) or not (false)
void cSensor::SetCarPresent(bool carPres)
{
	carPresent = carPres;
}

//	Method for resetting the sensor
void cSensor::Reset(void)
{
	carPresent = false;
}
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#pragma once

class cFullSign
{
public:

	//	Constructors
	cFullSign(void);

	//	Methods
	bool IsLightOn(void);
	void SwitchOn(void);
	void SwitchOff(void);

private:

	//	Attributes
	bool lightOn;
};
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#include "FullSign.h"

//	Constructor for the class
cFullSign::cFullSign(void)
{
	lightOn = false;
}

//	Method for returning whether the sign light is on or not
//		OUTPUT - bool - indicates whether the ligh is on or not
bool cFullSign::IsLightOn(void)
{
	return lightOn;
}

//	Method for turning the sign light on
void cFullSign::SwitchOn(void)
{
	lightOn = true;
}

//	Method for turning the sign light off
void cFullSign::SwitchOff(void)
{
	lightOn = false;
}


[bookmark: _Toc63193879]Appendix K
[bookmark: _Toc63193880]IDReader.h
#pragma once

#include <string>

using namespace std;

class cIDReader
{
public:

	//	Methods
	virtual void Read(string) = 0;		//	Pure virtual method - derived classes must define this
	string GetSerialNumber(void);
	void Reset(void);

protected:

	//	Attributes
	string serialNumber;
	
	//	Constructors
	cIDReader(void);
};
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#include "IDReader.h"
#include <fstream>
#include <iostream>

//	Constructor for the class
cIDReader::cIDReader(void)
{
	serialNumber = "";
}

//	Method for returning the private serialNumber attribute
//		OUTPUT: string - the value of the serialNumber attribute
string cIDReader::GetSerialNumber(void)
{
	return serialNumber;
}

//	Method for resetting the private serialNumber attribute
void cIDReader::Reset(void)
{
	serialNumber = "";
}
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#pragma once

#include "IDReader.h"
#include "LinkedList.h"

class cNumberPlateReader : public cIDReader		//	Inherits from the IDReader class
{
public:

	//	Constructors
	cNumberPlateReader(void);

	//	Methods
	void OutputNumberPlates(void);
	bool AddNumPlate(void);
	bool RemoveNumPlate(void);
	bool CheckForNumPlate(void);
	void SetNumPlateList(cLinkedList*);
	void Read(string);			//	Definition of pure virtual method in base class

private:

	//	Attributes
	cLinkedList* pNumPlateList;
};
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#include "NumberPlateReader.h"
#include <iostream>

//	Constructor for the class
cNumberPlateReader::cNumberPlateReader(void)
{
	pNumPlateList = NULL;
}

//	Method for setting the private serialNumber attribute. This is a pure virtual method in the base class
//		INPUT - string serial - the serial number the private serialNumber attribute will be set to
void cNumberPlateReader::Read(string serial)
{
	serialNumber = serial;
}

//	Method for outputting the logged number plates on-screen
void cNumberPlateReader::OutputNumberPlates(void)
{
	//	Print heading on-screen
	cout << "\tLOGGED NUMBER PLATES" << endl;

	//	Call the OutputNodes method on the LinkedList object
	pNumPlateList->OutputNodes();
}

//	Method for adding a new number plate to the linked list
//		OUTPUT - bool - indicates whether the number plate was added to the list successfully
bool cNumberPlateReader::AddNumPlate(void)
{
	//	Check the ID isn't already in the list...
	if (pNumPlateList->FindNode(serialNumber, false) == NULL)
	{
		pNumPlateList->AddNode(serialNumber);

		//	Call function to reset the value of the reader
		Reset();

		//	Return whether the ID was added
		return true;
	}
	else
	{
		//	Return false as the ID wasn't added due to already being present
		return false;
	}

}

//	Method for removing a number plate from the linked list
//		OUTPUT - bool - indicates whether the number plate was removed from the list successfully
bool cNumberPlateReader::RemoveNumPlate(void)
{
	Node* pPrevNode = pNumPlateList->FindNode(serialNumber, true);
	
	//	Check the ID isn't already in the list...
	if (pPrevNode != NULL)
	{
		pNumPlateList->DeleteNode(pPrevNode);

		//	Call function to reset the value of the reader
		Reset();

		//	Return whether the ID was deleted
		return true;
	}
	else
	{
		//	Return false as the ID wasn't deleted due to not being present
		return false;
	}
}

//	Method for checking if a number plate is in the linked list
//		OUTPUT - bool - indicates whether the number plate was found in the list
bool cNumberPlateReader::CheckForNumPlate(void)
{
	if (pNumPlateList->FindNode(serialNumber, false) != NULL)
	{
		return true;
	}
	else
	{
		return false;
	}
}

//	Method for setting the private pNumPlateList attribute
//		INPUT - cLinkedList* pList - pointer to a linked list object
void cNumberPlateReader::SetNumPlateList(cLinkedList* pList)
{
	pNumPlateList = pList;
}
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#pragma once

#include "IDReader.h"

class cBarcodeReader : public cIDReader		//	Inherits from the IDReader class
{
public:

	//	Constructors
	cBarcodeReader(void);

	//	Methods
	bool IDValid(void);
	void Read(string);			//	Definition of pure virtual method in base class

private:

	//	Attributes
	string filename;
};
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#include "BarcodeReader.h"
#include <fstream>
#include <iostream>

//	Constructor for the class
cBarcodeReader::cBarcodeReader(void)
{
	filename = "ValidIDCards.txt";
}

//	Method for setting the private serialNumber attribute. This is a pure virtual method in the base class
//		INPUT - string serial - the serial number the private serialNumber attribute will be set to
void cBarcodeReader::Read(string serial)
{
	serialNumber = serial;
}

//	Method for checking whether the read serial number is a valid ID
//		OUTPUT - bool - indicates whether the serial number is a valid ID
bool cBarcodeReader::IDValid(void)
{
	int rowCount = 0;
	bool idFound = false;

	//	String for the file lines to be read into
	string fileLine;

	//	Open a file stream for the file defined in the attribute
	ifstream validCards(filename);

	size_t delimiterPos;

	string idNumber = "";

	//	Loop through the lines in the file until the EOF is reached or the ID is found
	while (getline(validCards, fileLine) && idFound == false)
	{
		//	Check row count is greater than 0 (the file has a header row)
		if (rowCount > 0)
		{
			//	Find the position of the delimiter in the row
			delimiterPos = fileLine.find(',');

			//	Extract from the start of the row to the delimiter. This is the ID value
			idNumber = fileLine.substr(0, delimiterPos);

			//	Check the ID against the serial number. Set variable if they match
			if (serialNumber == idNumber)
			{
				idFound = true;
			}
		}

		//	Increment the row count
		rowCount++;
	}

	//	Reutn whether the ID was found
	return idFound;
}
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#pragma once

#include <string>

using namespace std;

//	Node structure
struct Node {
	string data;
	Node* next;
};

class cLinkedList {
public:

	//	Constructors
	cLinkedList(void);

	//	Destructor
	~cLinkedList(void);

	//	Methods
	void AddNode(string);
	void DeleteNode(Node*);
	Node* FindNode(string, bool);
	void OutputNodes(void);

private:

	//	Attributes
	Node* pHead;
	Node* pTail;
};
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#include "LinkedList.h"
#include <iostream>

using namespace std;

//	Constructor for the class
cLinkedList::cLinkedList(void)
{
	pHead = new(Node);
	pHead->next = NULL;
	pTail = pHead;
}

//	Destructor for the class
cLinkedList::~cLinkedList(void)
{
	//	Delete any items remaining in the list starting with the last item
	//	and working backwards
	while (pHead != pTail)
	{
		DeleteNode(FindNode(pTail->data, true));
	}

	//	Delete the head pointer
	delete pHead;

	cout << "\tLinked list destructor called" << endl;
}

//	Method for adding a new node to the linked list
//		INPUT - string data - the value for the new node
void cLinkedList::AddNode(string data)
{
	//	Create a new node
	Node* pNewNode = new(Node);

	//	Set the data of the node, and set the next pointer to 0 (i.e. end of the list)
	pNewNode->data = data;
	pNewNode->next = NULL;

	//	Set the next pointer of the current node to the position of the new node
	pTail->next = pNewNode;
	//	Set the current node to be the new node
	pTail = pNewNode;
}

//	Method for deleting the node after the passed in node pointer
//		INPUT - Node* nodeBefore - pointer to the node before the node that needs to be deleted
void cLinkedList::DeleteNode(Node* nodeBefore)
{
	//	Create temporary node pointer
	Node* pTemp;

	//	Set the temporary node pointer to the location of the one to be deleted
	pTemp = nodeBefore->next;

	//	Update the link on the node before to point to the node after the on being deleted
	nodeBefore->next = nodeBefore->next->next;

	//	Update the pointer to the last node if the node before the one to be deleted is now the final node
	if (nodeBefore->next == NULL)
	{
		pTail = nodeBefore;
	}

	//	Delete the temporary node
	delete(pTemp);
}

//	Method for returning a pointer to the node with the value passed in
//		INPUT - string dataToFind - this is the value to be searched for in the linked list
//		INPUT - bool returnPrevNode - this parameter indicates whether the returned node pointer is to the node itself or the previous node in the list
//		OUTPUT - Node* - pointer to a node
Node* cLinkedList::FindNode(string dataToFind, bool returnPrevNode)
{
	Node* pPos = pHead;
	Node* pPrevPos = NULL;
	bool found = false;
	bool exitLoop = false;
	
	while (exitLoop == false)
	{
		if (pPos->data == dataToFind)
		{
			found = true;
			exitLoop = true;
		}

		if (pPos->next != NULL && found == false)
		{
			pPrevPos = pPos;

			//	Set pPos to the next node
			pPos = pPos->next;
		}
		else
		{
			exitLoop = true;
		}
	}

	//	Set pPos to NULL if the data wasn't found in the list
	if (found == false)
	{
		pPos = NULL;
	}

	//	If the previous node was request, return that, otherwise return the actual node containing the data
	if (returnPrevNode == true)
	{
		return pPrevPos;
	}
	else
	{
		return pPos;
	}
}

//	Method for outputing the nodes of the linked list on-screen
void cLinkedList::OutputNodes(void)
{
	Node* pPos = pHead->next;
	int x = 1;
	bool exitLoop = false;

	//	If pPos is not NULL (i.e. there are items in the list)...
	if (pPos != NULL)
	{
		while (exitLoop == false)
		{
			//	Print the value on-screen
			cout << "\t" << x << ". " << pPos->data << endl;

			if (pPos->next != NULL)
			{
				//	Set pPos to the next node
				pPos = pPos->next;
				x++;
			}
			else
			{
				exitLoop = true;
			}
		}
	}
	else
	{
		//	Output that there are no items in the list
		cout << "\tNo items in list." << endl;
	}

}
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#pragma once

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

using namespace std;

class cTesting
{
public:
	
	//	Methods
	void ManualTest(cCarPark*);

private:
	
	//	Methods
	void OutputState(cCarPark*);
};
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#include "Testing.h"
#include <string>
#include "CarPark.h"
#include <fstream>
#include <stdio.h>
#include <iostream>

using namespace std;

//	Method for printing the current state of the car park on-screen
//		INPUT - cCarPark* testCarPark - pointer to the instantiated car park that will have its state displayed
void cTesting::OutputState(cCarPark* testCarPark)
{
	cout << endl << "\tCURRENT CAR PARK STATE" << endl;
	cout << "\tEntry sensor: " << ((testCarPark->entryWeightSensor.IsCarPresent()) ? "Car present" : "No car present") << endl;
	cout << "\tExit sensor: " << ((testCarPark->exitWeightSensor.IsCarPresent()) ? "Car present" : "No car present") << endl;
	cout << "\tEntry barrier: " << ((testCarPark->entryBarrier.IsBarrierUp()) ? "Barrier up" : "Barrier down") << endl;
	cout << "\tExit barrier: " << ((testCarPark->exitBarrier.IsBarrierUp()) ? "Barrier up" : "Barrier down") << endl;
	cout << "\tFree spaces: " << testCarPark->FreeSpaces() << endl;
	cout << "\tSign status: " << ((testCarPark->statusSign.IsLightOn()) ? "Light on" : "Light off") << endl;
	cout << endl;
}

//	Method for testing the car par's functionality with manually triggered events
//		INPUT - cCarPark* testCarPark - pointer to the instantiated car park that will have its functionality tested
void cTesting::ManualTest(cCarPark* testCarPark)
{
	//	Initialise variables
	int desiredCapacity;
	string numberPlate = "";
	string cardID = "";

	//	Output start banner
	cout << endl << "\t~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~";
	cout << endl << "\t~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ENTERED MANUAL TESTING ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~";
	cout << endl << "\t~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~" << endl << endl;
	
	//	Prompt the user to enter the number of spaces the car park will have and store it
	cout << "\tHow many spaces should the test car park have? ";
	cin >> desiredCapacity;

	//	Validate input
	//	REFERENCE: A. Pai, “Validating user input in C++ | HackerEarth,” hackerearth.com. 
	//	https://www.hackerearth.com/practice/notes/validating-user-input-in-c/ (accessed Jan. 21, 2021). [10]
	while (1)
	{
		if (cin.fail())
		{
			cin.clear();
			cin.ignore(numeric_limits<streamsize>::max(), '\n');
			cout << "\tPlease enter a valid number: ";
			cin >> desiredCapacity;
		}

		if (!cin.fail())
		{
			break;
		}
	}

	//	Set the capacity of the car park with the user's entry
	testCarPark->SetCapacity(desiredCapacity);

	int menuChoice = 0;

	//	While loop to display the menu until the user chooses to exit
	while (menuChoice != -1)
	{
		//	Print the menu options on-screen and prompt the user for a choice
		cout << endl << "\t########################################################################################" << endl;
		cout << "\t\tMenu options";
		cout << endl << "\t########################################################################################" << endl;
		cout << endl << "\tA list of valid card IDs can be found in ValidIDCards.txt." << endl;
		cout << endl << "\tPlease choose an option from the menu below:" << endl;
		cout << "\t1. Car approaching the entry barrier" << endl;
		cout << "\t2. Car entering the car park" << endl;
		cout << "\t3. Car approaching the exit barrier" << endl;
		cout << "\t4. Car leaving the car park" << endl;
		cout << "\t5. Reset sensors and readers" << endl;
		cout << "\t6. Display the current car park status" << endl;
		cout << "\t7. Exit the test" << endl << endl;
		cout << "\tChoice: ";
		cin >> menuChoice;

		//	Validate the input
		while (1)
		{
			if (cin.fail())
			{
				cin.clear();
				cin.ignore(numeric_limits<streamsize>::max(), '\n');
				cout << "\tPlease enter a valid number: ";
				cin >> menuChoice;
			}

			if (!cin.fail())
			{
				break;
			}
		}

		cout << endl;

		numberPlate = "";
		cardID = "";

		//	Case statement based on the user's choice
		switch(menuChoice)
		{
			case 1:		//	Replicate car approaching the entry barrier
				//	Prompt the user to enter a number plate
				cout << "\tPlease enter the number plate of the car approaching the entry barrier: ";
				cin >> numberPlate;

				//	Validate the input
				while (1)
				{
					if (cin.fail())
					{
						cin.clear();
						cin.ignore(numeric_limits<streamsize>::max(), '\n');
						cout << "\tPlease enter a valid number plate: ";
						cin >> numberPlate;
					}

					if (!cin.fail())
					{
						break;
					}
				}

				//	Prompt the user to enter a card ID
				cout << "\tPlease enter the card ID of the person driving the vehicle: ";
				cin >> cardID;

				//	Validate the input
				while (1)
				{
					if (cin.fail())
					{
						cin.clear();
						cin.ignore(numeric_limits<streamsize>::max(), '\n');
						cout << "\tPlease enter a valid ID: ";
						cin >> cardID;
					}

					if (!cin.fail())
					{
						break;
					}
				}

				cout << endl;

				//	Set the sensor and ID readers
				testCarPark->entryWeightSensor.SetCarPresent(true);
				testCarPark->barcodeReader.Read(cardID);
				testCarPark->entryNumPlateReader.Read(numberPlate);

				//	Run the car park logic
				testCarPark->Update();

				//	Output the state of the car park
				OutputState(testCarPark);

				break;
			case 2:		//	Replicate car entering the car park
				if (testCarPark->entryWeightSensor.IsCarPresent())
				{
					if (testCarPark->entryBarrier.IsBarrierUp())
					{
						testCarPark->entryWeightSensor.SetCarPresent(false);
					}
					else
					{
						cout << "\tThe barrier is closed. No entry!" << endl;
					}
				}
				else
				{
					cout << "\tNo car present!" << endl;
				}
			
				cout << endl;

				//	Run the car park logic
				testCarPark->Update();

				//	Output the state of the car park
				OutputState(testCarPark);

				//	Output the list of number plates
				testCarPark->entryNumPlateReader.OutputNumberPlates();

				break;
			case 3:		//	Replicate car approaching the exit barrier
				//	Prompt the user to enter a number plate
				cout << "\tPlease enter the number plate of the car approaching the exit barrier: ";
				cin >> numberPlate;

				//	Validate the input
				while (1)
				{
					if (cin.fail())
					{
						cin.clear();
						cin.ignore(numeric_limits<streamsize>::max(), '\n');
						cout << "Please enter a valid number plate: ";
						cin >> numberPlate;
					}

					if (!cin.fail())
					{
						break;
					}
				}

				cout << endl;

				//	Set the sensor and ID reader
				testCarPark->exitWeightSensor.SetCarPresent(true);
				testCarPark->exitNumPlateReader.Read(numberPlate);

				//	Run the car park logic
				testCarPark->Update();

				//	Output the state of the car park
				OutputState(testCarPark);

				break;
			case 4:		//	Replicate car leaving the car park
				if (testCarPark->exitWeightSensor.IsCarPresent())
				{
					if (testCarPark->exitBarrier.IsBarrierUp())
					{
						testCarPark->exitWeightSensor.SetCarPresent(false);
					}
					else
					{
						cout << "\tThe barrier is closed. No exit!" << endl;
					}
				}
				else
				{
					cout << "\tNo car present!" << endl;
				}

				cout << endl;

				//	Run the car park logic
				testCarPark->Update();

				//	Output the state of the car park
				OutputState(testCarPark);

				//	Output the list of number plates
				testCarPark->exitNumPlateReader.OutputNumberPlates();

				break;
			case 5:		//	Reset the sensors and readers
				testCarPark->entryNumPlateReader.Reset();
				testCarPark->barcodeReader.Reset();
				testCarPark->entryWeightSensor.Reset();
			
				testCarPark->exitNumPlateReader.Reset();
				testCarPark->exitWeightSensor.Reset();

				cout << "\tSensors and readers reset" << endl;

				OutputState(testCarPark);
				break;
			case 6:		//	Output the current state of the car park
				OutputState(testCarPark);
				testCarPark->entryNumPlateReader.OutputNumberPlates();
				break;
			case 7:		//	Exit the program
				menuChoice = -1;
				break;
			default:
				cout << "\tInvalid choice!" << endl;
				break;
		}
	}

}
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4. Car leaving the car park

5. Reset sensors and readers

6. Display the current car park status

7. Exit the test

Choice: 1

Please enter the number plate of the car approaching the entry barrier: BB11888
Please enter the card ID of the person driving the vehicle: 321

System message: Car at entry barrier
System message: Valid card
System message: Raising entry barrier

CURRENT CAR PARK STATE
Entry sensor: Car present
Exit sensor: No car present
Entry barrier: Barrier up
Exit barrier: Barrier down
Free spaces: 2

Sign status: Light off
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Menu options

A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below
1. Car approaching the entry barrier

2. Car entering the car park

3. Car approaching the exit barrier

4. Car leaving the car park

5. Reset sensors and readers

6. Display the current car park status

7. Exit the test

Choice: 1

Please enter the number plate of the car approaching the entry barrier: DD11DDD
Please enter the card ID of the person driving the vehicle: 000

System message: Car at entry barrier
System message: Invalid card

CURRENT CAR PARK STATE
Entry sensor: Car present
Exit sensor: No car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: 1

Sign status: Light off

Menu options

A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below
1. Car approaching the entry barrier

2. Car entering the car park

3. Car approaching the exit barrier

4. Car leaving the car park

5. Reset sensors and readers

6. Display the current car park status

7. Exit the test

Choice: 2
The barrier is closed. No entry!

System message: Car at entry barrier
System message: Invalid card

CURRENT CAR PARK STATE
Entry sensor: Car present
Exit sensor: No car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: 1

Sign status: Light off

LOGGED NUMBER PLATES
1. AAL1AAA
2. BB11BBB
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Menu options

A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below
1. Car approaching the entry barrier

2. Car entering the car park

3. Car approaching the exit barrier

4. Car leaving the car park

5. Reset sensors and readers

6. Display the current car park status

7. Exit the test

Choice: 1

Please enter the number plate of the car approaching the entry barrier:

Please enter the card ID of the person driving the vehicle: 333

System message: Car at entry barrier
System message: Valid card
System message: Raising entry barrier

CURRENT CAR PARK STATE
Entry sensor: Car present
Exit sensor: No car present
Entry barrier: Barrier up
Exit barrier: Barrier down
Free spaces: 1

Sign status: Light off

cciiccc

Menu options

A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below
1. Car approaching the entry barrier

2. Car entering the car park

3. Car approaching the exit barrier

4. Car leaving the car park

5. Reset sensors and readers

6. Display the current car park status

7. Exit the test

Choice: 2

System message: Lowering entry barrier
System message: Car entered car park
System message: Car park full

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: No car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: @

Sign status: Light on

LOGGED NUMBER PLATES
1. AAL1AAA
2. BB11BBB
3. cciiccc
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2. BBLIBBB
3. cciiccc

Menu options

A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below
1. Car approaching the entry barrier

2. Car entering the car park

3. Car approaching the exit barrier

4. Car leaving the car park

5. Reset sensors and readers

6. Display the current car park status

7. Exit the test

Choice: 1

Please enter the number plate of the car approaching the entry barrier:

Please enter the card ID of the person driving the vehicle: 999
System message: Car park full

CURRENT CAR PARK STATE
Entry sensor: Car present
Exit sensor: No car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: @

Sign status: Light on

DD11DDD

Menu options

A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below
1. Car approaching the entry barrier

2. Car entering the car park

3. Car approaching the exit barrier

4. Car leaving the car park

5. Reset sensors and readers

6. Display the current car park status

7. Exit the test

Choice: 2
The barrier is closed. No entry!
System message: Car park full

CURRENT CAR PARK STATE
Entry sensor: Car present
Exit sensor: No car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: @

Sign status: Light on

LOGGED NUMBER PLATES
1. AAL1AAA
2. BB11BBB
3. cciiccc
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A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:
1. Car approaching the entry barrier

2. Car entering the car park

3. Car approaching the exit barrier

4. Car leaving the car park

5. Reset sensors and readers

6. Display the current car park status

7. Exit the test

Choice: 6

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: No car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: ©

Sign status: Light on

LOGGED NUMBER PLATES

1. AAL1ARA
2. BB11BBB
3. cciicce

A A A A
Henu options
A

A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:
1. Car approaching the entry barrier

2. Car entering the car park

3. Car approaching the exit barrier

4. Car leaving the car park

5. Reset sensors and readers

6. Display the current car park status

7. Exit the test

Choice: 3

Please enter the number plate of the car approaching the exit barrier: CC11CCC
System message: Car at exit barrier

System message: Valid number plate

System message: Raising exit barrier
System message: Car park full

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: Car present
Entry barrier: Barrier down
Exit barrier: Barrier up
Free spaces: ©

Sign status: Light on
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A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:
Car approaching the entry barrier

Car entering the car park

Car approaching the exit barrier

Car leaving the car park

Reset sensors and readers

Display the current car park status

Exit the test

Nompwee

Choice: 6

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: No car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: ©

Sign status: Light on

LOGGED NUMBER PLATES

1. AAL1ARA
2. BB11BBE
3. cciicce

A
Henu options
A T T A

A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:
Car approaching the entry barrier

Car entering the car park

Car approaching the exit barrier

Car leaving the car park

Reset sensors and readers

Display the current car park status

Exit the test

Nompwee

Choice: 3

Please enter the number plate of the car approaching the exit barrier: DD110DD

System message: Car at exit barrier
System message: Number plate not found. Barrier remaining closed
System message: Car park full

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: Car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: ©

Sign status: Light on
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A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:
Car approaching the entry barrier

Car entering the car park

Car approaching the exit barrier

Car leaving the car park

Reset sensors and readers

Display the current car park status

Exit the test

Nompwee

Choice: 6

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: No car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: 1

Sign status: Light off

LOGGED NUMBER PLATES
1. AAL1ARA
2. BB11BBE

A
Henu options
A

A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:
Car approaching the entry barrier

Car entering the car park

Car approaching the exit barrier

Car leaving the car park

Reset sensors and readers

Display the current car park status

Exit the test

Nompwee

Choice: 3

Please enter the number plate of the car approaching the exit barrier: BB11888

System message: Car at exit barrier
System message: Valid number plate
System message: Raising exit barrier

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: Car present
Entry barrier: Barrier down
Exit barrier: Barrier up
Free spaces: 1

Sign status: Light off
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A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:
Car approaching the entry barrier

Car entering the car park

Car approaching the exit barrier

Car leaving the car park

Reset sensors and readers

Display the current car park status

Exit the test

Nompwee

Choice: 6

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: No car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: 1

Sign status: Light off

LOGGED NUMBER PLATES
1. AAL1ARA
2. BB11BBB

A T A
Henu options
A A

A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:
Car approaching the entry barrier

Car entering the car park

Car approaching the exit barrier

Car leaving the car park

Reset sensors and readers

Display the current car park status

Exit the test

Nompwee

Choice: 3

Please enter the number plate of the car approaching the exit barrier: DD110DD

System message: Car at exit barrier
System message: Number plate not found. Barrier remaining closed

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: Car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: 1

Sign status: Light off
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Menu options

A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:

Car approaching the entry barrier
Car entering the car park
Car approaching the exit barrier
Car leaving the car park
Reset sensors and readers

NowswN e

Exit the test

Choice: 3

Please enter the number plate of the car approaching the exit barrier:

System message: Car at exit barrier

Display the current car park status

System message: Number plate not found. Barrier remaining closed

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: Car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: 3

Sign status: Light off

DD11DDD

Menu options

A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:

1. Car approaching the entry barrier
2. Car entering the car park

3. Car approaching the exit barrier
4. Car leaving the car park

5. Reset sensors and readers

6. Display the current car park status
7. Exit the test

Choice: 4

The barrier is closed. No exit!

System message: Car at exit barrier

System message: Number plate not found.

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: Car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: 3

Sign status: Light off

LOGGED NUMBER PLATES
No items in list.

Barrier remaining closed

Menu options
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A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:
1. Car approaching the entry barrier

2. Car entering the car park

3. Car approaching the exit barrier

4. Car leaving the car park

5. Reset sensors and readers

6. Display the current car park status

7. Exit the test

Choice: 3

Please enter the number plate of the car approaching the exit barrier: CC11CCC
System message: Car at exit barrier

System message: Valid number plate

System message: Raising exit barrier
System message: Car park full

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: Car present
Entry barrier: Barrier down
Exit barrier: Barrier up
Free spaces: ©

Sign status: Light on

A T A A
Henu options
A A A

A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:
1. Car approaching the entry barrier

2. Car entering the car park

3. Car approaching the exit barrier

4. Car leaving the car park

5. Reset sensors and readers

6. Display the current car park status

7. Exit the test

Choice: 4

System message: Lowering exit barrier
System message: Car left car park

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: No car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: 1

Sign status: Light off

LOGGED NUMBER PLATES
1. AAL1ARA
2. BB11BBB
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A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:
Car approaching the entry barrier

Car entering the car park

Car approaching the exit barrier

Car leaving the car park

Reset sensors and readers

Display the current car park status

Exit the test

Nompwee

Choice: 3

Please enter the number plate of the car approaching the exit barrier: DD110DD

System message: Car at exit barrier
System message: Number plate not found. Barrier remaining closed
System message: Car park full

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: Car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: ©

Sign status: Light on

A T A
Henu options
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A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:
Car approaching the entry barrier

Car entering the car park

Car approaching the exit barrier

Car leaving the car park

Reset sensors and readers

Display the current car park status

Exit the test

Nompwee

Choice: 4
The barrier is closed. No exit!
Car at exit barrier

Number plate not found. Barrier remaining closed
car park full

System message:
System message:
System message:

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: Car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: ©

Sign status: Light on

LOGGED NUMBER PLATES
1. AAL1ARA
2. BB11BBE
3. cc1iccc
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A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:
1. Car approaching the entry barrier

2. Car entering the car park

3. Car approaching the exit barrier

4. Car leaving the car park

5. Reset sensors and readers

6. Display the current car park status

7. Exit the test

Choice: 3
Please enter the number plate of the car approaching the exit barrier: BB11888
System message: Car at exit barrier

System message: Valid number plate
System message: Raising exit barrier

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: Car present

Entry barrier: Barrier down
Exit barrier: Barrier up

Free space:
Sign statu:

A T A
Henu options
A A

A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:
1. Car approaching the entry barrier

2. Car entering the car park

3. Car approaching the exit barrier

4. Car leaving the car park

5. Reset sensors and readers

6. Display the current car park status

7. Exit the test

Choice: 4

System message: Lowering exit barrier
System message: Car left car park

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: No car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: 2

Sign status: Light off

LOGGED NUMBER PLATES
1. AAL1ARA
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A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:
Car approaching the entry barrier

Car entering the car park

Car approaching the exit barrier

Car leaving the car park

Reset sensors and readers

Display the current car park status

Exit the test

Nompwee

Choice: 3

Please enter the number plate of the car approaching the exit barrier: DD110DD

Car at exit barrier
: Number plate not found. Barrier remaining closed

System message
System message

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: Car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces:
Sign statu

A A
Henu options
A

A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:
Car approaching the entry barrier

Car entering the car park

Car approaching the exit barrier

Car leaving the car park

Reset sensors and readers

Display the current car park status

Exit the test

Nompwee

Choice: 4
The barrier is closed. No exit!

Car at exit barrier
Number plate not found. Barrier remaining closed

System message
System message

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: Car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: 1

Sign status: Light off

LOGGED NUMBER PLATES
1. AAL1ARA
2. BB11BBB
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A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:
1. Car approaching the entry barrier

2. Car entering the car park

3. Car approaching the exit barrier

4. Car leaving the car park

5. Reset sensors and readers

6. Display the current car park status

7. Exit the test

Choic

B

Please enter the number plate of the car approaching the exit barrier: DD110DD

System message: Car at exit barrier
System message: Number plate not found. Barrier remaining closed

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: Car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: 3

Sign status: Light off

S R R R R

Henu options
A T A

A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:
1. Car approaching the entry barrier

2. Car entering the car park

3. Car approaching the exit barrier

4. Car leaving the car park

5. Reset sensors and readers

6. Display the current car park status

7. Exit the test

Choice: 4

The barrier is closed. No exit!

System message: Car at exit barrier
System message: Number plate not found. Barrier remaining closed

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: Car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: 3

Sign status: Light off

LOGGED NUMBER PLATES
No items in list.
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Menu options

A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:
Car approaching the entry barrier

Car entering the car park

Car approaching the exit barrier

Car leaving the car park

Reset sensors and readers

Display the current car park status

Exit the test

NowswN e

Choice: 6

CURRENT CAR PARK STATE
Entry sensor: Car present
Exit sensor: Car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: 3

Sign status: Light off

LOGGED NUMBER PLATES
No items in list.

Menu options

A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:
1. Car approaching the entry barrier

2. Car entering the car park

3. Car approaching the exit barrier

4. Car leaving the car park

5. Reset sensors and readers

6. Display the current car park status

7. Exit the test

Choice: 5
Sensors and readers reset

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: No car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: 3

Sign status: Light off
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Would like like to do testing (T), run the main loop (M), or exit (X)? u
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Would like like to do testing (T), run the main loop (M), or exit (X)? M

Poll loop: @  Polling car park components and reacting to state.
Poll loop: 1  Polling car park components and reacting to state.
Poll loop: 2  Polling car park components and reacting to state.
Poll loop: 3  Polling car park components and reacting to state.
Poll loop: 4  Polling car park components and reacting to state.
Poll loop: 5  Polling car park components and reacting to state.
Poll loop: 6  Polling car park components and reacting to state.
Poll loop: 7  Polling car park components and reacting to state.
Poll loop: 8  Polling car park components and reacting to state.
Poll loop: 9  Polling car park components and reacting to state.

Would like like to do testing (T), run the main loop (M), or exit (X)?
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Would like like to do testing (T), run the main loop (M), or exit (X)? T

ENTERED MANUAL TESTING

How many spaces should the test car park have?
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Poll loop: 5  Polling car park
Poll loop: 6  Polling car park
Poll loop: 7  Polling car park
Poll loop: 8  Polling car park
Poll loop: 9  Polling car park

components
components
components
components
components

and
and
and
and
and

Would like like to do testing (T), run the main

reacting to state
reacting to state
reacting to state
reacting to state
reacting to state...

loop (M), or exit (X)? T

ENTERED MANUAL

TESTING

How many spaces should the test car park have? 3

Menu options

A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below:
Car approaching the entry barrier

Car entering the car park

Car leaving the car park
Reset sensors and readers

NowswN e

Exit the test

Choice:

Car approaching the exit barrier

Display the current car park status
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Choice: 1

Please enter the number plate of the car approaching the entry barrier: AAL1AAA
Please enter the card ID of the person driving the vehicle: 123

System message: Car at entry barrier
System message: Valid card
System message: Raising entry barrier

CURRENT CAR PARK STATE
Entry sensor: Car present
Exit sensor: No car present
Entry barrier: Barrier up
Exit barrier: Barrier down
Free spaces: 3

Sign status: Light off
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Choice: 2

System message: Lowering entry barrier
System message: Car entered car park

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: No car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: 2

Sign status: Light off

LOGGED NUMBER PLATES
1. AAL1AAA
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Choice: 3
Please enter the number plate of the car approaching the exit barrier: AATIAAA

System message: Car at exit barrier
System message: Valid number plate
System message: Raising exit barrier

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: Car present
Entry barrier: Barrier down
Exit barrier: Barrier up
Free spaces: 2

Sign status: Light off
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Choice: 4

System message: Lowering exit barrier
System message: Car left car park

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: No car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: 3

Sign status: Light off

LOGGED NUMBER PLATES
No items in list.
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Choice: 5
Sensors and readers reset

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: No car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: 2

Sign status: Light off
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Choice: 6

CURRENT CAR PARK STATE
Entry sensor: No car present
Exit sensor: No car present
Entry barrier: Barrier down
Exit barrier: Barrier down
Free spaces: 2

Sign status: Light off

LOGGED NUMBER PLATES
1. AAL1AAA
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Choice: 7

Would like like to do testing (T), run the main loop (M), or exit (X)?
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Would like like to do auto (A) or manual (M) testing? m

ENTERED MANUAL TESTING

How many spaces should the test car park have? 3

Menu options

A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below
1. Car approaching the entry barrier

2. Car entering the car park

3. Car approaching the exit barrier

4. Car leaving the car park

5. Reset sensors and readers

6. Display the current car park status

7. Exit the test

Choice: 1

Please enter the number plate of the car approaching the entry barrier

Please enter the card ID of the person driving the vehicle: 123

System message: Car at entry barrier
System message: Valid card
System message: Raising entry barrier

CURRENT CAR PARK STATE
Entry sensor: Car present
Exit sensor: No car present
Entry barrier: Barrier up
Exit barrier: Barrier down
Free spaces: 3

Sign status: Light off

AATIAAA

Menu options

A list of valid card IDs can be found in ValidIDCards.txt.

Please choose an option from the menu below
Car approaching the entry barrier

Car entering the car park

Car approaching the exit barrier

Car leaving the car park

Reset sensors and readers

Display the current car park status

Exit the test

NowswN e

Choice:





