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Applications are often large and complex. They are often subject to expansion and resulting duplication of existing code in sometimes numerous locations. By expanding the application with similar, or duplicated code, issues arise with the presence of bugs and the suitability of subsequent testing methods. Keeping the application succinct can be difficult and the structure is considerably more ambiguous when the scope of an application widens, often during the latter stages of development [1], [2].
Use of classes throughout is advised to keep a strong framework and they provide an essential structure where code replication is probable. Inheritance (see section 1.2) can easily be implemented with the adoption of this class structure [3], [4], [5].
[bookmark: _Toc509607390] Classes and Objects

A class, as outlined briefly in Section 1., acts as an application framework [3], [6]–[8]. The code below shows the implementation of this in Visual Studio and the empty framework of a class designed to store the details of cars [9]. This application stores the information about whether a car has been imported and if it is in a European-style left-hand-drive configuration.
The demonstrative scenario used throughout section 1. are vehicles and types of transport. The complete application can be found in the supporting code files. 
For the purposes of this exercise, and demonstrate principles, the attributes are not truly representative of an accurate program designed to store the details of vehicle information. 



A class should always be named in the singular as it will contain many instances of ‘Car’ within [3], [10].
A class commonly comprises of four main sections that manage how a car object contained within gets assigned information and how other classes and interfaces can interact with the object [6]–[8], [11]. 
‘Attributes’ are requirements called on an object when it is created. As can be seen below in the graphical representation of objects and classes, there are required fields. The car class below has several common attributes for each vehicle entered. The attributes are always set as ‘private’ so as their visibility is limited to within the boundaries of the class 


The table below demonstrates the visual representation of a class and the fields of it acting in a similar way to that of an objects attributes. Attribute naming standards advise the use of the underscore and the lowercase first alphanumeric character. In practise the addition of the attribute ‘_carName’ is optional given each object assigned to a class is named on creation. Good practise suggests that this is still implemented [12]–[14].




The following ‘Constructor’ block always shares the class name and is public. The aims of the constructors are to take the attributes and pass their values to globally accessible variables that can be handled in the class by the following ‘Properties’ and ‘Methods’. Variables used inside the class follow more commonly adopted naming conventions.



‘Properties’ contain accessibility options for each object attribute created. The code below shows ‘Get’ and ‘Set’ statements for each attribute, the ‘public’ identifier making the ‘Get’ or ‘Set’ namespace globally accessible. The example below shows the ‘Get’ and ‘Set’ for the attribute ‘_CarName’ and ‘_CarManufacturer’, but in this scenario each attribute would have at least the ‘Get’ property (see below). The property block shares the name of the variable which is passed the objects attribute, seen below in the ‘Public Car’ constructor arguments and inside the respective blocks braces.



To prevent the elongated string of blocks the following for each attribute ‘Get’/’Set’ is also applicable:




‘Methods’ of on object are declared last and are similar to properties but offer greater flexibility [10], [15], [16]. By not relying on the constructor block far more operations for an object can be called. This example allows user to change the tyres of a car by calling the following function. Set as a ‘public string’, due to the return type of string, the operation can now be called on any car within the class using the following code block under the methods section [3], [4].


Set as a ‘public string’, due to the return type of string to the Console, the operation can now be called on any car within the class using the following code. Rather than creating a variable of type ‘int’, ‘double’, ‘bool’ or ‘string’ the new object will be of type ‘Car’ and will share their attributes.
An object, named ‘Car1’, has been created below. The use of attributes can be seen as they are required on creation of an object [17]. This example below demonstrates the attributes of _wasCarImported’ and ‘isCarLeftHandDrive’. 
[image: ]


Having created the objects with the following attributed the purpose of the ‘Properties’ blocks is now evident. Any object that has been created in class ‘Car’ is subject to ‘Read’ and ‘Write’ operations.



 The Console, on execution of this code with display the following: Both prints of the ‘Get’ are valid

[image: ]

To illustrate the ‘Set’ property the attribute ‘_wasCarImported’ will be changed. Firstly by getting the original value in the attribute field, then overwriting using the ‘Set’ before ‘Getting’ the status of this attribute field to demonstrate the change to the objects attribute. 



[image: ]

The printing of ‘False’ and ‘True’ in the Console window is correct. The use of the ‘Get’ and ‘Set’ has significance in data encapsulation as the ‘Get’ and ‘Set’ for attributes can be used independently, and critically not overwritten. A variation of the ‘Get’/’Set’ used for the ‘Car’ class outlined above shows that a car’s driving position does not change, and as such its ‘Set’ is now immaterial. The properties for this attribute could now look:



It prevents the use of the ‘Set’ method and the overwriting of its existing value, therefor adding this security. Paying attention to the global identifiers as ‘private’ or ‘public’ is also key restricting access to objects and their attribute values or Boolean states.  
As outlined in the class structure code above, the use of ‘Methods’ can be called on any of the car, ‘Car1’ here has been told to ‘Move’. The return type of this method is string as is shown. As many cars as required can now be created with the same attributes, and the same ‘Get’/’Set’ and Methods can be called too.




[image: ]

1.1 [bookmark: _Toc509607391] Implications of Inheritance, Polymorphism and the use of Interfaces

However, there are more type’s road vehicles than just cars. To further categorise both objects and classes Inheritance can be used. All road vehicles share some similar attributes, such as a name or model and a colour as well as physical attributes such as the chassis specification and the number of doors. 
A ‘base’ class can be created which is very generic and covers a wide range of attributes and methods whilst the ‘derived’ class, containing objects, is far more specific. It is this hierarchical generalisation to specialisation paradigm that makes Object-Oriented Programming based development documentation and management far more structured [9], [11], [15], [16], [18], [19].
The code below now shows the updated ‘Car’ class. Due to the inheritance now in place the attributes of car are now specific to all cars and not all vehicles. The same attributes are being used in the ‘derived’ or ‘child’ class as the more general information is inherited from the class ‘RoadVehicle’. More than the single ‘derived’ class can inherit from this ‘base’ class. As is discussed later, the use of ‘Interfaces’ provides a class with ‘Methods’ that are common to every object created of that type, even though it is common for each object to have different attributes [2], [5], [12].
Below is an image of the generic class ‘RoadVehicle’ containing some attributes that all road-based vehicles have.


One the ‘base’ class is established use of the keyword ‘virtual’ is added which implies that in the base class(s) the ‘Methods’ common to both the ‘base’ and the ‘derived’ will be overridden with a different return (an example of the string can be seen below) [2], [18], [19].
Changes must be made to ‘derived’ class so it inherits these generic attributes [6], [9], [15]. The ‘Car’ specific attributes used will remain. The ‘Constructors’ arguments initially declare all of the attributes found in this class and then those it inherits from the ‘base’ class. The ‘properties’ used are those native to the ‘derived’ class and not those from the parent and this is because ‘properties’ can be set to ‘public’ so they are globally accessible [10], [12], [16]. 


The addition of inheritance in the program now allows the creation of a generic road vehicle and of a car. Code to show the calling of a ‘Method’ named ‘Move();’ is shown on the ‘RoadVehicle’ object and the ‘Car’ object. The ‘RoadVehicle’ does not know what type of vehicle it is and gives a generic response whilst the ‘Car’ uses ‘override’ to return a more specialised response. Of note is the ‘Method’ ‘RoofDown()’ in the car class; it is specific to a car as it not an action that all types or road vehicle can perform and can only be called on objects of this type.






[image: ]

Another class can be created alongside ‘Car’ to store the details of Vans. The table above shows a ‘Transit’ entered in the ‘Car’ class, but to provide a more accurate representation of the activities and information stored about this vehicle type it should now be moved to class ‘Van’, which can now be created also inheriting from ‘base’ class ‘RoadVehicle’.
The power of inheritance means ‘methods’ inherited from the ‘base’ class vary in the ‘derived’ classes such as ‘Car’ and ‘Van’. This has both the effect of limiting the functionality of each type of vehicle to the methods or actions that it can perform. Whilst a van will be able to perform the same ‘override’ methods from the ‘base’ class there are some actions on it that should not be accessible to this vehicle.
A similar class to ‘Car’ can be created for ‘Van’. It uses the same base attributes as ‘Car’ but its specific attribute is its ‘_loadCapacity’. ‘Methods’ that can be called on ‘Van’ here is ‘LoadVan();’



In complex scenarios the class structure can be elongated. If required, the class diagram above could be adjusted to incorporate more types of vehicle, not just road vehicles. This system, as seen in the accompanying code, classes Car, Van, and Lorry can now inherit from class ‘RoadVehicle’ as there can be other types of vehicle, such as ‘SeaVehicle’. ‘SeaVehicle’ itself can be broken down into different types with ‘CargoShip’ and ‘SailingBoat’ demonstrated. The ‘Attribute’s and ‘Methods’ for these two classes, as demonstrated with ‘Car’ and ‘Van’ differ.
[bookmark: _Toc509607392]Object Oriented Programming
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Description of the problem: 
An application is required to record the production and cost of spoons manufactured. The total for both the number of spoons and price should also be displayed to the Console.
· “Counting the number of spoons”, suggests that a class should be made that can be named ‘Count’. Singular naming conventions suggest that calling this ‘Spoon’ is poor practise and should be avoided. 
· “A method should be called each time a new spoon is produced”. The ‘properties’ can be used here with the ‘Get’ and ‘Set’ negating the need for a ‘method’ but given the specific application construction requirements one will be added.
· “This class should be able to calculate the total cost of all spoons produced” suggest that a method is required for this operation in the class. 
Design and design comment: 
Given the relative simplicity of this application the class structure is diminutive. A single class, ‘Counter’ can be created which manages manufacturing of spoons and the calculation of their total costing. 
Practical development: 
The class ‘Count’ is shown below. As outlined in the design phase the creation of a spoon counter, named in this instance ‘SpoonCounter1’, requires several attributes. 
· ‘_noOfSpoons’: This requires the current number of spoons that have been manufactured, useful as it allows the user to add in the current starting number.
· ‘_costPerSpoon’: The addition of the cost-per-item attribute allows the user to change the price of spoon manufacture if so desired. For this application, and as seen below, it is set to ‘0.20’ on ‘SpoonCounter1’ creation.
These are then passed through the ‘Constructors’ and can then be used to ‘Get’ and ‘Set’ either of the attribute values. The code below shows the creation of a counter that manages the production and costings of spoons manufactured. An initial value for the number of spoon is required alongside a cost-per-spoon ‘double’ value. The code below demonstrates this with a direct integer input, but this could easily be captured from the user and passed in using an intermediate variable. 



The ‘Methods’ section handles both the manufacturing of spoons and their costings. Returning the total sum of the cost per spoon against the number produced provides the total cost variable, as seen in ‘Method’ ‘TotalCost()’. This can then be called on ‘SpoonCounter1’ and used in the ‘Main’ as appropriate. 




Alternatively, given potential for iterative-based manufacturing techniques the production of spoons can be produced with an iterative loop, as shown below:



This will write the number of the loop iteration and running total of spoons produced, also on an iteration-by-iteration basis.

2.2 [bookmark: _Toc509607394] Application 2

Description of the problem and Design Discussion:
A class must be produced that represents a circle located at a certain coordinate in 2D space. The circle also has a defined radius ‘R’. The class ‘Circle’ needs a ‘Method’ that tests whether another circle overlaps with it in the 2-dimensional space. 
· “A class must be produced” outlines the need for at least one class in the solution.
· “Class represents a circle located at a certain coordinate”. This class should be named ‘Circle’, the attributes of a circle, in this case its ‘X’ and ‘Y’ are likely to form the classes attributes.
· “Circle also a has defined radius ‘R’. Another attribute of a circle will now be its radius.
· “The class ‘Circle’ needs a method to test whether another circle overlaps with it in the 2D space”. 
Practical development: 
The code below represents class ‘Circle’, the attributes outlined above will be required on the creation of an instance ‘Circle’.


[bookmark: _MON_1583313612]

Having declared a type ‘Circle’ the following ‘Constructors’ and ‘Properties’ are defined as can be seen below.



Of note, and as can be seen above is the omittion of the standard ‘Set’ ‘Property’. The ‘Get’ here is present to get the dimensions of the second circle which will be checked against that already created. As such, the process of calling the second shape could look:



The ‘Method’ ‘OverlapTest’ has the argument ‘Circle circle’ enabling the ‘Method’ to use variables of type ‘Circle’ and the ability to call the attributes of these objects. The first two variables in this block, as shown below, perform part of the circle location calculation by find the difference between Circle2’s ‘X’ and the original ‘_x’ attribute belonging to ‘Circle1’. The same operation is executed for the Y dimension resulting, both are assigned to ‘Len’ variables. The graph below shows the difference calculations visually for two circles that exist in a 2D space. 



[image: ]

Another pair of circle are also put into this equation, which looks as such;
[image: ]

A triangles hypotenuse, or longest side, can be calculated using the equation;
a2 + b2 = c2 
where c2 is unknown and the longest length
The following ‘double’ variable is assigned the result of the operation ‘Sqrt’ on ‘Math’ with the squaring of side a and b of the triangle drawn between the two circles. 








The value of c3 once calculated put against the sum of Circle1 and Circle2 radii. If c3 is greater than r1 + r2 the two circles will never intersect as they will be gap difference somewhere along line c3. If c3 is less than the sums of value r ‘False’ is returned. The outcome of the method can be printed to the Console by nesting the objects ‘Method’ in a ‘WriteLine’.




2.3 [bookmark: _Toc509607395] Application 3

Description of the problem and Design Discussion: 
An Object-Oriented Program revolving around a shopping cart class that can have different purchased products added to it. The price of each product varies (see below) but the tax due depends its type.
different classes are required to represent each type of product despite an obvious solution that requires only the single class structure.
Alongside adding products, the shopping cart should be able to provide a checkout cost including and excluding tax. 

·  “Shopping cart class that can have different purchased products added to it”. This suggests the use of a class as an attribute that could be called on the Cart would be ‘_products’ given all carts will have items added to them. 
· “The individual price of each product will differ, but the tax levied on each type of product will remain a constant”. An Interface, as outlined above, works with classes to provide identical functionality for all classes that inherit from it, resulting in each product class inheriting from this interface.
· “Different classes are required for each type of product”, a single class for each type of product stocked will therefore be required. 
· “The cart must display the different totals for the cart including and excluding product tax”, the use of ‘Methods’ would allow the user to call a totalling function for the cart object. Products inside can then be returned as a ‘double’ value.
Practical Development: 
The first classes developed should be those of the products that will be stocked. The code below shows ‘Book’, ‘CD’ and ‘DVD’ respectively.



































Of note, and mentioned above, is each class implements the ‘Interface’ ‘IProduct’. The ‘Interface’ dictates that each class that implements it must include the same ‘Methods’, resulting in ‘Book’, ‘CD’ and ‘DVD’ all showing the same ‘Methods’. The attributes for each ‘Book’ object will vary when they are created as type ‘Book’, but they will all have the same ‘Tax()’ ‘Method’ returning the pre-defined tax value of ‘0’. All ‘CD’s have the overhead ‘Tax()’ return set to ‘10’ whilst ‘DVD’s are at ‘12’.
The attribute arguments ‘_name’ and ‘_cost’ are required for each type of product added to the e-commerce store. 
The view below shows the implemented ‘IProduct’ class and the two ‘voids’.





Having developed the classes which will be called on ‘ShoppingCart’, this can now be added. Products can be added to cart so a list is created which passes any type of product implementing ‘IProduct’ into the cart contents. The ‘List’ is defined in the attributes and is handed on the ‘Constructors’ block to place items in the contents of the e-commerce basket. 
Alongside the requirement to total the current cost of the cart with and without tax other ‘Methods’ can also be called. A ‘List’ function has a ‘Clear()’ ‘Method’ which can be used to empty the ‘cart’s product list, resting the contents back to 0. The number of items in the cart can also be returned with the in-built ‘List’ ‘Method’ ‘Count()’, again called on ‘_product’.




















With the classes and interfaces created a cart can now be created using the code shown below, with it the list of objects it can store is also created.


 
Objects of type ‘Book’, ‘CD’ and ‘DVD’ can then be defined by the e-commerce store that users can select to purchase. Several CDs, a book and a DVD are illustrated.





The action of adding a specific product to the cart object can then be called as desired. This example takes one of each type of item stocked by the site and adds it to the basket.





[bookmark: _GoBack]Given the return type of ‘string’ the operations carried out on the ‘Cart’ are shown below, it is in scenarios such as this here the ability to call actions on objects is valuable.

[bookmark: _Toc509607396]Object Oriented Program Design 
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     class   Car        {            //Attributes              //Properties              //Constructors              //Methods        }  
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     class   Car        {            //Attributes            private   bool   _carImported;            private   bool   _leftHandDriver;            //Properties              //Constructors              //Methods        }  


oleObject2.bin
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ObjectNo.  _carImported  _c arStolen  

Car1  “True”  “False”  

Car2  “False”  “False”  

Transit1  “True”  “True”  
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class Car
{

//Attributes

private string _carName;

private string _carManufacturer;

private string _carColour;

private double _carAge;

private bool _carStolen;

//Constructors

public Car(string carName, string carManufacturer, string carColour, double

carAge, bool carStolen)

{
_carName = carName;
_carManufacturer = carManufacturer
_carColour = carColour;
_carAge = carAge;
_carStolen = carStolen;

}

//Properties

//Methods









   class Car

 

   { 

       //Attributes

 

       private string _carName;

 

       private string _carManufacturer;

 

private string _carColour;

 

  private double _carAge;

 

  private bool _carStolen;

 

       //Constructors

 

public Car(string carName, string carManufacturer, string carColour, double 

carAge, bool carStolen)

 

       { 

           _carName = carName; 

           _carManufacturer = carManufacturer 

    _carColour = carColour; 

    _carAge = carAge; 

    _carStolen = carStolen; 

       } 

   

//Properties

 

 

       //Methods

 

   }
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     class   Car        {            //Attributes            private   bool   _carImported;            private   bool   _leftHandDriver;            //Properties            public   Car ( bool   wasCarImported,  bool   isCarLeftHandDrive )             {                _carImported = wasCarImported;                _leftHandDriver = isCarLeftHandDrive;            }            //Constructors            public   bool   WasCarImported            {                get   {  return   _carImported; }                set   { _carImported =  value ; }            }            public   bool   LeftHandDriver            {                get   {  return   _carImported; }                set   { _carImported =  value ; }            }        }  
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public bool CarName

{

get { return _carName; }
set { _carName = value; }

public bool CarName { get; set; }









        public bool CarName

 

        { 

            get { return _carName; }

 

            set { _carName = value; }

 

        } 

 

 

public bool CarName { get; set; }
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class   Car        {            //Attributes            private   bool   _carImported;            private   bool   _leftHandDriver;            //Properties            public   Car( bool   wasCarImported,  bool   isCarLeftHandDrive)             {                _carImported = wasCarImported;                _leftHandDriver = isCarLeftHandDrive;            }            //Constructors            public   bool   WasCarImported            {                get   {  return   _carImported; }                set   { _carImported =  value ; }            }            public   bool   LeftHandDriver            {                get   {  return   _carImported; }                set   { _carImported =  value ; }            }            //Methods            public   string   Move()            {                return   "This *car* is now moving" ;            }            public   string   Stop()            {                return   "This *car* has stopped moving" ;            }            public   string   ChangeTyres()            {                return   "This *car* has changed its tyres" ;            }        }  
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             Car Car1 =  new   Car( true ,  false );                Car Car2 =  new   Car( false ,  false );                Car Transit1 =  new   Car( true ,  true );  


oleObject8.bin
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Console.WriteLine(Car1.LeftHandDriver);  //will return 'true'   Console.WriteLine( "Car1 is left - hand - drive is; '{0}'" , Car1.LeftHandDriver);  //alternative  use of the Cars attribute variable    
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Car1 is left-hand-drive is; 'True’
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Console.WriteLine(Car2.WasCarImported);   Car2.WasCarImported =  true ;  //overwrites the 'false'  set during object creation   Console.WriteLine(Car2.WasCarImported);   //print attribute status  using ‘Get’  
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         public   bool   WasCarImported            {                get   {  return   _carImported; }             }  
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Console.WriteLine(Car1.Move());  
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This *car* is now moving




image17.emf
class   RoadVehicle       {           //Attributes           private   int   _roadVehicleAge;           private   string   _roadVehicleColour;           private   int   _noOfVehicleDoors;           //Constructors   public   RoadVehicle( int   roadVehicleAge,  string   roadVehicleColour,  int   noOfVehicleDoors)           {               _roadVehicleAge = roadVehicleAge;               _roadVehicleColour = roadVehicleColour;               _noOfVehicleDoors = noOfVehicleDoors;           }           //Properties           public   int   RoadVe hicleAge           {                get   {  return   _roadVehicleAge; }                set   { _roadVehicleAge = value; }           }           public   string   RoadVehicleColour           {                get   {  return   _roadVehicleColour; }                set   { _roadVehicleColour   = value; }           }           public   int   NoOfRoadVehicleDoors           {                get   {  return   _noOfVehicleDoors; }                set   { _noOfVehicleDoors = value; }           }           //Methods           public   virtual   string   Move()           {                retu rn   "This generic type of road vehicle is moving" ;           }           public   virtual   string   Stop()           {                 return   "This generic type of road vehicle has stopped" ;           }           public   virtual   string   ChangeTyres()           {                return   "This generic type of road vehicle has changed its tyres" ;           }       }  
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class   Car   : RoadVehicle        {            //Attributes            private   bool   _carImported;            private   bool   _leftHandDriver;            //Constructors            public   Car( bool   wasCarImported,   bool   isCarLeftHandDrive,  int   roadVehicleAge,             string   roadVehicleColour,  int   noOfVehicleDoors)                : base (roadVehicleAge, roadVehicleColour, noOfVehicleDoors)            {                _carImported = wasCarImported;                _leftHandDriver = i sCarLeftHandDrive;            }            //Properties            public   bool   WasCarImported  //'derived' attribute constuctor            {                get   {  return   _carImported; }  //as discussed the ommition of 'Set' property            }            public   bool   LeftHandDriver  //'derived' attribute constructor            {                get   {  return   _carImported; }                set   { _carImported = value; }            }            //Methods            public   override   string   Move()  //override from RoadVehicle            {                 return   "This *car* is now moving" ;            }            public   override   string   Stop()  //override from RoadVehicle            {                return   "This *car* has stopped moving" ;            }            public   override   string   ChangeTyres()  //override from  RoadVehicle            {                return   "This *car* has changed its tyres" ;            }            public   string   RoofDown()  //specific to just a car vehicle, no override keyword            {                return   "The roof on this *car* is now down" ;            }        }  
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image19.emf
RoadVeh icle   ExampleRoadVehicle =  new   RoadVehicle (5,  "blue" , 3);  // only the 3 attributes  required from vehicle class   Car   Car =  new   Car ( false ,  false , 3,  "red" , 5);  // requires 3 attributes from 'RoadVehicle'  and the 2 for the Car itself  
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image20.emf
Console .WriteLine(ExampleRoadVehicle.Move());   Console .WriteLine(Car.Move());  
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image21.png
This generic type of road vehicle is moving
This *car* is now moving




image22.emf
     class   Van   :  RoadVehicle        {            //Attributes            private   double   _loadCapacity;            //Constructors            public   Van( double   loadCapacity,  int   roadVehicleAge,  string   roadVehicleColour,  int       noOfVehicleDoors)                :  base (roadVehicleAge, roadVehicleColour, noOfVehicleDoors)            {                _loadCapacity = loadCapacity;             }            //Properties            public   double   LoadCapacity            {                get   {  return   _loadCapacity; }                set   { _loadCapacity =  value ; }  //optionally exclude to avoid overwriting the      function            }            //Methods            public   override   string   Move()  //override from RoadVehicle            {                return   "This *van* is now moving" ;            }            public   override   string   Stop()  //override from RoadVehicle            {                return   "This *van* has stopped moving" ;             }            public   override   string   ChangeTyres()  //override from RoadVehicle            {                return   "This *van* has changed its tyres" ;            }            public   string   LoadVan()  //specific to just a van vehicle, no override keyword            {                return   "This *van* has been loaded" ;            }        }  
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Counter SpoonCounterl = new Counter(®, 0.20); //create a coun-
ter to count spoons producted, set the cost of each product maufac-
tured as desired









Counter SpoonCounter1 = new Counter(0, 0.20); //create a coun-

ter to count spoons producted, set the cost of each product maufac-

tured as desired  
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image24.emf
public double TotalCost() //get total cost by taking pre-de-
fined cost per spoon against the current no. of spoons produced

{
}

return _costPerSpoon * noOfSpoons;

public double ManufactureSpoon() //used to produce a new spoon

{
}

return NoOfSpoons++;

SpoonCounterl.ManufactureSpoon(); //produce a new spoon on ‘SpoonCounterl’









public double TotalCost() //get total cost by taking pre-de-

fined cost per spoon against the current no. of spoons produced 

    { 

          return _costPerSpoon * _noOfSpoons; 

    }  

  

 

public double ManufactureSpoon() //used to produce a new spoon 

    { 

         return NoOfSpoons++; 

    }  

 

 

SpoonCounter1.ManufactureSpoon(); //produce a new spoon on ‘SpoonCounter1’
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image25.emf
for (int SpoonsManufactured = @; SpoonsManufactured < 10; Spoons
Manufactured++)
{
SpoonCounterl.ManufactureSpoon(); //a spoon could be manufa
ctured on a 'scheduled' basis, one per iterative loop
Console.WriteLine("Production iteration {@} - current spoon
total is {1}", SpoonsManufactured, SpoonCounterl.NoOfSpoons);

¥
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Circle Circlel = new Circle(5, 4, 2);









Circle Circle1 = new Circle(5, 4, 2);  
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class Circle
{
//Attributes
private int _x; //Passing in the first Circle X location
private int _y; //Passing in the first Circle Y location
private double _r; //Passing in the first Circle Radius









class Circle 

    { 

        //Attributes 

        private int _x; //Passing in the first Circle X location 

        private int _y; //Passing in the first Circle Y location 

        private double _r; //Passing in the first Circle Radius 

    }  

 


oleObject22.bin

image28.emf
public Circle(int X, int Y, double R) //Cl constructors
{

_X
Y=Y
_r\_

}
//Properties - USED TO 'GET' second circle shape, process of call

ing C2 onto C1
//Optional Method instead of a property
public int GetC2X()

{
return _x;
}
public int GetC2Y()
{
return _y;
}
public double GetC2R()
{
return r;

}









    public Circle(int X, int Y, double R) //C1 constructors 

    { 

          _x = X; 

          _y = Y; 

          _r = R; 

    } 

    //Properties - USED TO 'GET' second circle shape, process of call 

    ing C2 onto C1 

    //Optional Method instead of a property 

    public int GetC2X() 

    { 

          return _x; 

    } 

    public int GetC2Y() 

    { 

          return _y; 

    } 

    public double GetC2R() 

    { 

          return _r; 

    }  
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Circlel.GetC2X(); // ‘get’ C2 X coordinate









Circle1.GetC2X(); // ‘get’ C2 X coordinate 
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image30.emf
int LenX
int LenY

circle.GetC2X() - _x; //checking the X distance difference
circle.GetC2Y() - _y;









int LenX = circle.GetC2X() - _x; //checking the X distance difference 

int LenY = circle.GetC2Y() - _y;  
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image31.png
3> 22 50 circles is WILL overlap





image32.png
10

5.65> 3 50 circles WILL NOT overlap
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if (LocationDifference > (_r + circle.GetC2R())) //sum of ra-
dii greater than location differences

{
return false; //no overlap, difference greater than sum of Cir-
clel and Circle2 radii

}

else

{

return true; //overlap is occuring. Intersect true as ra-
dii sum greater than 'Math.Sqrt'

}









if (LocationDifference > (_r + circle.GetC2R())) //sum of ra-

dii greater than location differences 

{ 

    return false; //no overlap, difference greater than sum of Cir-

cle1 and Circle2 radii 

} 

else 

{ 

    return true; //overlap is occuring. Intersect true as ra-

dii sum greater than 'Math.Sqrt' 

}  
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Console.WriteLine(Circlel.OverlapTest(Cir-
clel)); //used to print the outcome to the console.









Console.WriteLine(Circle1.OverlapTest(Cir-

cle1)); //used to print the outcome to the console.  
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public class Book : IProduct
{
//attributes
private string _name;
private double _cost;

//Constructors
public Book(string name, double cost)
{
_name = name;
_cost = cost;
}
public int Tax()
{
return 0;
}
public double ProductPrice()
{
return _cost;
}









public class Book : IProduct 

    { 

        //attributes 

        private string _name; 

        private double _cost; 

        //Constructors 

        public Book(string name, double cost) 

        { 

            _name = name; 

            _cost = cost; 

        }      

        public int Tax() 

        { 

            return 0; 

        } 

        public double ProductPrice() 

        { 

            return _cost; 

        } 

    }  
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public class Book : IProduct
{
//attributes
private string _name;
private double _cost;

//Constructors
public Book(string name, double cost)
{
_name = name;
_cost = cost;
}
public int Tax()
{
return 0;
}
public double ProductPrice()
{
return _cost;
}









public class Book : IProduct 

    { 

        //attributes 

        private string _name; 

        private double _cost; 

        //Constructors 

        public Book(string name, double cost) 

        { 

            _name = name; 

            _cost = cost; 

        }      

        public int Tax() 

        { 

            return 0; 

        } 

        public double ProductPrice() 

        { 

            return _cost; 

        } 

    }  
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public class DVD : IProduct
{
//attributes
private string _name;
private double _cost;
//Constructors
public DVD(string name, double cost)
{

_hame = name,

_cost = cost;
}
public int Tax()
{

return 12;
}

public double ProductPrice()
{

}

return _cost;









    public class DVD : IProduct 

    { 

        //attributes 

        private string _name; 

        private double _cost; 

        //Constructors 

        public DVD(string name, double cost) 

        { 

            _name = name; 

            _cost = cost; 

        } 

        public int Tax() 

        { 

            return 12; 

        } 

        public double ProductPrice() 

        { 

            return _cost; 

        } 

    }  
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interface IProduct
{
int Tax();
double ProductPrice();









    interface IProduct 

    { 

        int Tax(); 

        double ProductPrice(); 

    }  
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private List<IProduct> _products = new List<IProduct>();

double TotalCartCost = ©; //private class variable Total-
CartCost, being used for Cost Methods.

//Constructors

public void AddProduct(IProduct product)

{

¥
//Methods

public double TotalItems()
{

}
public void EmptyCart()

{

}
public double CurrentCostWithoutTax() //method return with-

out tax

_products.Add(product) ;

return _products.Count();

_products.Clear();

{
foreach (IProduct item in _products)
{
TotalCartCost = TotalCartCost += item.ProductPrice();
}
return TotalCartCost;
}
public double CurrentCostWithTax() //method return with tax
{
double FindPercentile = 9;
foreach (IProduct item in _products)
{
TotalCartCost = TotalCartCost += item.ProductPrice();
FindPercentile = ((FindPercentile * 10) / 100);
TotalCartCost = TotalCartCost += FindPercentile;
}
return TotalCartCost;
}









        private List<IProduct> _products = new List<IProduct>(); 

 

        double TotalCartCost = 0; //private class variable Total-

CartCost, being used for Cost Methods. 

        //Constructors 

        public void AddProduct(IProduct product) 

        { 

            _products.Add(product); 

        } 

        //Methods 

        public double TotalItems() 

        { 

            return _products.Count(); 

        } 

        public void EmptyCart() 

        { 

            _products.Clear(); 

        } 

        public double CurrentCostWithoutTax() //method return with-

out tax 

        { 

            foreach (IProduct item in _products) 

            { 

                TotalCartCost = TotalCartCost += item.ProductPrice(); 

            } 

            return TotalCartCost; 

        } 

        public double CurrentCostWithTax() //method return with tax 

        { 

            double FindPercentile = 0; 

            foreach (IProduct item in _products) 

            { 

                 TotalCartCost = TotalCartCost += item.ProductPrice(); 

                 FindPercentile = ((FindPercentile * 10) / 100); 

                 TotalCartCost = TotalCartCost += FindPercentile; 

            } 

            return TotalCartCost; 

        } 

    }  
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ShoppingCart Cart = new ShoppingCart();









ShoppingCart Cart = new ShoppingCart(); 
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CD CDOQ1 = new CD("Kygo", 1.99);

CD CD@02 = new CD("Jessie Ware", 1.00);

Book Bookl = new Book("Good Day to Die Hard", 3.99);
DVD DVD1 = new DVD("Sense and Sensibility and Sea Mon-
sters"”, 8.99);









CD CD001 = new CD("Kygo", 1.99); 

CD CD002 = new CD("Jessie Ware", 1.00); 

Book Book1 = new Book("Good Day to Die Hard", 3.99);        

DVD DVD1 = new DVD("Sense and Sensibility and Sea Mon-

sters", 8.99);        
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Cart.AddProduct(CDO@1); //a stocked CD has been added
Cart.AddProduct(CDO@2); //a stocked CD has been added
Cart.AddProduct(Bookl); //a stocked book has been added
Cart.AddProduct(DVD1); //a stocked DVD has been added









Cart.AddProduct(CD001); //a stocked CD has been added         

Cart.AddProduct(CD002); //a stocked CD has been added  

Cart.AddProduct(Book1); //a stocked book has been added 

Cart.AddProduct(DVD1); //a stocked DVD has been added  
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