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[bookmark: _Toc49891036]SECTION 2
[bookmark: _Toc49357890][bookmark: _Toc49891037]Introduction
Software testing and testing and implementation must be assisted with a prior knowledge and understanding of the software. This particular section of the report has also been developed on the execution of given set of tasks based on multiple requirements. Through this part, the definition of Arrays and importance of these have been delivered with desired examples. The report also focuses on the concept of inheritance in OOP. It was discussed about different types of inheritance with suitable coding examples. The next part of this report is developed on a short essay construction on software testing with relevant comparisons. The final part of this report’s section presents all the desired software implementation for performing the given tasks. Two separate source codes have been developed for the given vehicle designing and millage calculation operations. 
[bookmark: _Toc49357891][bookmark: _Toc49891038]PART A: UNDERSTANDING
1. Definition of array and its importance in programming
Array can be defined as a specific data structure component that is used to store similar data types that is addressed by an overall common name. Length of the array represents the total number of elemental values that can be stored in the array (Niazi et al. 2016, p.1554). The following diagram shows a basic diagrammatic representation of an array with array size 5. 

[image: D:\august\26.8\1\Capture.JPG]
Figure 11: Arrays used in C
(Source: Niazi et al. 2016, p.1554) 
Examples
string[] rides = {"Audi", "Chevrolet", "Corvette", "Nissan"};
Console.WriteLine(rides[1]);
The above section of coding represents the use of a string type array named ‘rides’ that is used to address all the car models further mentioned in the code. In this case, rides[1] shows the second car model "Chevrolet".
The following are some of the major importance of array in programming,
· [bookmark: _Hlk49630535]The primary importance of arrays in programming is to allocate dynamic memory which in terms saves the overall system memory. Arrays are also important for allocating run-time memory when a program is executed (Alqudah and Razali 2016, p.829).
· [bookmark: _Hlk49630542]The second importance of array can be stated as its Cache friendly nature. The stored values in arrays are near values to each other; hence array data can be easily accessed from CPU to cache memory (Rani 2017, p.8). 
· Compared to hash table, array holds the significant importance of ease of memory reloading due to the comparative simple data structure of array table.
· Another major importance of array is its easier mode of debugging for checking the index validity. 
2. Define inheritance with coding examples
Inheritance
[bookmark: _Hlk49630552][bookmark: _Hlk49630560]OOP is the root concept of Java’s intelligent programming applications where datasets are stored and managed as objects. Considering the relevant study of object oriented programming, otherwise known as OPP, inheritance is usually defined as the particular operation where a particular class acquires its respective properties like fields and methods (Curcio et al. 2018, p.34). In other words, inheritance operations are used in Java based OOPs for creating super-classes, classes and sub-classes of the objects. The relevance of inheritance can be stated as pre-designed classes for faster data storage which in terms reduces the overall program execution time. Single, multilevel, hierarchical, multiple and hybrid are some common types of inheritance concepts that are used in Java oriented OOPs (Akbar et al. 2018, p.2).  
· Single inheritance
[bookmark: _Hlk49630566]Single inheritance can be described as the process when a primary class extends only up to a further single class. In case of single inheritances, relevant features of the super-classes are inherited by their respective sub-classes. The following diagram shows a typical example of single inheritance where class B represents a derived class from the base class A (Vallon et al. 2018, p.162).
[image: D:\august\26.8\1\45.JPG]
Figure 12: Single inheritance
(Source: Vallon et al. 2018, p.162)
Coding example
	class one 
{ 
	public void print_single() 
	{ 
		System.out.println("Single"); 
	} 
} 

class two extends one 
{ 
	public void print_inheritance () 
	{ 
		System.out.println("inheritance"); 
	} 
} 
// Driver class 
public class Main 
{ 
	public static void main(String[] args) 
	{ 
		two g = new two(); 
		g.print_single (); 
		g.print_ inheritance ();  
	} 
}


Table 6: Single inheritance
(Source: Created by Lucian Anghel)
Display output: ‘Single inheritance’
· Multilevel inheritance
[bookmark: _Hlk49630580]According to the basic concept of multilevel inheritance; an immediately derived class, acquired from a primary base class, acts as the secondary base class for a newly derived sub-class. In simple words, multiple inheritance is the operation where classes are derived up to a 3rd subclass (Kuhrmann et al. 2017, p.32). The following diagram shows a diagrammatic representation of multilevel inheritance. As shown in the below figure, A is the primary base class that is derived to sub-class B and class B is also derived to another sub-class C.
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Figure 13: Multilevel inheritance
(Source: Vallon et al. 2018, p.162)
Coding example
	class one 
{ 
	public void print_multilevel() 
	{ 
		System.out.println("Multilevel"); 
	} 
} 

class two extends one 
{ 
	public void print_inheritance() 
	{ 
		System.out.println("inheritance"); 
	} 
} 

class three extends two 
{ 
	public void print_examples() 
	{ 
		System.out.println("example"); 
	} 
} 

// Drived class 
public class Main 
{ 
	public static void main(String[] args) 
	{ 
		three g = new three(); 
		g.print_multilevel(); 
		g.print_inheritance(); 
		g.print_example(); 
	} 
}


Table 7: Multilevel inheritance
(Source: Created by Lucian Anghel)
Display output: ‘Multilevel inheritance example’
· Hierarchical inheritance
[bookmark: _Hlk49630590]The following diagram shows the relevant pictorial representation of hierarchical inheritance with one super-class and three sub-classes. According to the concept of hierarchical inheritance, a primary class operates as the base class for numerous sub-classes (McNamara et al. 2018, p.730). As shown in the below diagram, A is the primary super-class which is inherited to other subclasses like B, C and D. 
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Figure 14: Hierarchical inheritance
 (Source: Vallon et al. 2018, p.163)
Coding example
	class one 
{ 
	public void print_ hierarchical() 
	{ 
		System.out.println("Hierarchical"); 
	} 
} 

class two extends one 
{ 
	public void print_inheritance() 
	{ 
		System.out.println("inheritance"); 
	} 
} 

class three extends one 
{ 
	/*............*/
} 

// Drived class 
public class Main 
{ 
	public static void main(String[] args) 
	{ 
		three g = new three(); 
		g.print_ hierarchical (); 
		two t = new two(); 
		t.print_inheritance(); 
		g.print_example(); 
	} 
}


Table 8: Hierarchical inheritance
(Source: Created by Lucian Anghel)
Display output: ‘Hierarchical inheritance example’
· Multiple inheritance
[bookmark: _Hlk49630603]Taking account of the multiple inheritance, a class generally possesses more than one super-classes as its origin. In other words, multiple inheritance can be described as the process where two or more super-classes are derived into a single sub-class (Cosentino et al. 2017, p.7174). The following diagram shows a typical example of multiple inheritance where two super-classes, namely class A and B, are derived into a sub-class C. However, Java programming does not support the feature of multiple inheritance for classes. 
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Figure 15: Multiple inheritance
 (Source: Vallon et al. 2018, p.164)
Coding example
	interface one 
{ 
	public void print_multiple(); 
} 

interface two 
{ 
	public void print_inheritance(); 
} 

interface three extends one,two 
{ 
	public void print_examples(); 
} 
class child implements three 
{ 
	@Override
	public void print_multiple() { 
		System.out.println("Multiple"); 
	} 

	public void print_inheritance() 
	{ 
		System.out.println("inheritance"); 
	} 
} 

// Drived class 
public class Main 
{ 
	public static void main(String[] args) 
	{ 
		child c = new child(); 
		c.print_multiple(); 
		c.print_inheritance(); 
		c.print_example(); 
	} 
}


Table 9: Multiple inheritance
(Source: Created by Lucian Anghel)
Display output: ‘Multiple inheritance example’
· Hybrid inheritance
Hybrid inheritance can only be performed in Java platforms for the interfaces. The basic concept of hybrid inheritance states that three or more interfaces can be inherited to each other acting as both source-interface and the derived-interface for a particular base-interface. As shown in the below diagram, interfaces A, B, C and D are inter-related to each other. 
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Figure 16: Hybrid inheritance
 (Source: Vallon et al. 2018, p.165)
[bookmark: _Toc49357892][bookmark: _Toc49891039]Part B: TESTING
[bookmark: _Hlk49630616]In order to develop the desired short comparative essay on the 3 different models of testing, I have referred to unit testing, integration testing and functional testing. The unit testing can be defined as the software testing procedure where a particular chosen component from a larger system is tested to acquire desired results. Compared to unit testing, the integration testing can be defined as the testing operation of multiple chosen components of a larger system. In contrast with these two testing methods, the functional testing can be described as the testing method of chosen components for identifying the nature of those components (Guzmán et al. 2017, p.168). 
[bookmark: _Hlk49630623]White box technique is generally used for performing unit testing operations. Compared to unit testing, integration testing is dependent on some additional techniques such as black box and grey box techniques. In contrast with the other two testing procedures, functional testing uses black box as the most preferred testing procedure. In comparison with the other two types of testing, unit testing is the simplest of them all due to its application of smaller codes. In contrast with the unit and integration testing, functional testing possesses the most complexity among all (Zhao et al. 2017, p.62). 
[bookmark: _Toc49357893][bookmark: _Toc49891040]PART C: IMPLEMENTATION
Implemented coding
[bookmark: _Hlk49630630]A primary package must be designed for the vehicle for constructing desired code for the same. Using adequate commands, a public class for this design is created which is further used for final software implementation (Laukkarinen et al. 2017, p.16). 
	package Car;
import java.util.ArrayList;

import javax.management.modelmbean.ModelMBean;
public class Vehicle implements ModelMBean
{
	private static final int Part = 0;
	private ArrayList<Parts> parts = new ArrayList<> ();

	public Vehicle()
	{
this.parts.add(new Manufacturer Audi(20.1f, 45));
		this.parts.add(new Model -Sportback(1));

		this.parts.add(new GasTank (16.2f, 40));
		this.parts.add(new OilTank(1));
		this.parts.add(new Engine 1800cc(0));
		for (int i= 0; i<5; i++)
		{
			this.parts.add(new Tire(32));
		}
)
	public String getParts()
	{
		return toString(this.parts);
	}
	public String int ArrayList;
	toString(ArrayList<Part>partslist)
	{
		String result = "";
		for (Iterator<Part>iter= partsList.iterator(); iter.hasNext();)
		{
			result += ((Part) iter.next().partName)= "\n";
			
		}
		return result;
	}
	}
}


Table 10: Coding for executing the given programming exercise
(Source: Created by the researcher)
Coding for millage calculation
Based on the ‘float’ and ‘boolean’ function the following source code has been developed by myself for calculating the millage of the designed vehicle. 
	package Car;
Public void run() {
	try {
		do {
			float mileage = getFloat("What is the current millage of the vehicle?");
			OilTankoTank = null;
			Engine engine = null;
			for (int r = 0; r<parts.size(); r++) {
				parts.get(r).function(mileage);
				if (parts.get(r).partName == "oil tank") { oTank = (OilTank) parts.get(r); }
				if (parts.get(r).partName == "engine") { engine = (Engine) parts.get(r); }
			}			
			oTank.setEngineAgeModifier(1 + (engine.getLifeInMinutes() / engine.getBestCondition()));
		} while (getBoolean("Searching for a Service Station?"));
		this.status();
	} catch (CarCrashException e) {
		System.out.println(e.getMessage());
		System.out.println("Your vehicle is malfunctioning, search for a new one.");
	} finally {
		System.out.println("Thank you very much for responsible driving.");
	}
}
}


Table 11: Coding for vehicle’s millage calculation
(Source: Created by Lucian Anghel)
The following screenshot represents the desired execution of the program with given data classes for millage calculation for a chosen vehicle. According to the assignment requirements; different data types such as VRN, manufacturer, model, engine size and many others are addressed as respective classes. 
[image: ]
Figure 17: Screenshot for given programming exercise execution
(Source: Created by Lucian Anghel)
[bookmark: _Toc49357894][bookmark: _Toc49891041]Conclusion
Through this second section of the report, extensive concepts of software programming has been displayed. In order to perform all the desired tasks of this section, it has been displayed adequate understanding of software development by answering the given set of questions. The very first part of this report presents a brief definition of arrays along with respective discussions for different array types and their necessity in programming. I have also given adequate example to represent practical use of arrays in a programming. The following part of this report focuses on the definition of inheritance and respective codes for better illustrating of the same.  The next part in this section is delivered as a short and comparative essay highlighting the major testing types used in software testing. Desired application of software implementation through coding has also been delivered in the final part of this section. 
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