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[bookmark: _Toc535586131]Introduction

In Software Development, for software systems that are complex, often the system will be developed using a programming technique called Object Orientated Programming (OOP) [1]. Object Orientated Programming is used to handle more complex systems as oppose to what is called Procedural programming, which includes multiple functions that perform on variables all in one piece of code [2]. As systems become more complex, the functions become inter-dependent on each other, so much so that when one part of code is changed in one function, other functions that depend upon it proceed to break [3]. OOP introduces structure to a software system through Classes and Objects [2]. Classes can be considered like blueprints and hold all the functionality and characteristics of a particular entity [1], [2]. An Object is an instance of a class, inheriting the functionality and properties of that class whilst possibly also having some that are specific to that instance [1], [2], [4]. This technique of compartmentalising is called Encapsulating and is a fundamental concept of OOP. 

This report will detail the importance of high cohesion, loose coupling and data hiding. Secondary research will be carried out on online databases, journals and books in order to conduct the research necessary to report the findings and demonstrate an understanding of the given OOP terminology. 

[bookmark: _Toc535586132]Cohesion and Coupling

Cohesion and coupling refer to a measure that is used to determine how the modules of an OOP system are structured. Cohesion measures the relationship between the elements of a module for a categorised system, it is the functional activity of how ‘together’ these elements are [5]. It is important for a system to have elements that have strong relationships and functionality, so that there is high connectivity and hence a fast and efficient executable program [6], [5], [7]. There are many types of cohesion and each are considered to attribute whether a system has high or low cohesion:

· [bookmark: _Toc535586133]Functional Cohesion refers to essential elements being grouped together ‘contributing to a specific function’ [8, p. 36], making the system more functionally related. Functional Cohesion is often associated with high cohesion [9]. 

· [bookmark: _Toc535586134]Sequential Cohesion refers to how the data within the module is handled by the different elements. Those elements are grouped together and the output for elements becomes the input for another element [8], producing high connectivity [9]. 

· [bookmark: _Toc535586135]Communicational Cohesion is when elements function on the same input data or when they contribute towards the same output data [8] and are so grouped together [9].

· [bookmark: _Toc535586136]Procedural Cohesion is when elements are ‘grouped together’ because they are ‘executed in order’ [9]. These sorts of cohesion are not generally desirable as they are weakly connected [8] and are difficult to reuse [9].

· [bookmark: _Toc535586137]Temporal Cohesion refers to when elements are grouped together by their involvement in a particular task and within a particular time [9], [8].

· [bookmark: _Toc535586138]Logical Cohesion is when elements are not doing the same thing but can be categorised logically as doing similar things [9], [8].

· [bookmark: _Toc535586139]Coincidental Cohesion is when there is no relationship between the elements being grouped [8] apart from that they are being grouped. This is the lowest form of cohesion [8], [9].

A good system will have high cohesion and a developer creating software using OOP should try to attain good practices of high cohesion [5]. Typically, the types that are placed high on the list above, like functional cohesion and sequential cohesion should be utilised, whilst avoiding forms like procedural, temporal, logical and coincidental as these prevent the system from having good connectivity [6]. Although a system should avoid lower forms of cohesion than the superior forms, circumstances often govern the extent to which cohesion types can be implemented [6], [5], [10].  A developer should make efforts to make the system as cohesive as possible [1], [10].	Comment by Valerie Harding: reword

Coupling is a measure of the degree of interconnecting elements and how dependant they are upon each other [5], [7], [11].  It is important for a system to have elements that do not heavily depend on other elements, defined as loosely coupled [12] as tightly coupled systems can suffer from adverse effects to multiple parts of their system when one particular part defects or is changed [11]. There are multiple types of coupling, which attribute to whether a system has tight or loose coupling:

· [bookmark: _Toc535586140]Data Coupling is the most desirable and is considered as a loose coupling measure. It refers to the only dependency between modules is the passing of data from one to another [6], [9], [13].

· [bookmark: _Toc535586141]Stamp Coupling is the grouping together of modules that share ‘data structure’ [9]. This sort of coupling, however, tends to exhibit adverse effects when parts of the module is changed leading to the overall functionality of that module [6], [14].

· [bookmark: _Toc535586142]Control Coupling refers to when a module controls the flow of another [11], passing through information on what to do [9].

· [bookmark: _Toc535586143]External Coupling is when modules are grouped together, based on the fact that the software depends on particular, external hardware [9].

· [bookmark: _Toc535586144]Common Coupling is referred to when modules share ‘global data’ [9], [11]. This type of coupling introduces problems when changes are made that could possibly change the whole program or the way it executes [9]. 

· [bookmark: _Toc535586145]Content Coupling can be considered as the least desirable type of coupling. It is the type of coupling implies that modules can change or use the data from another and where the control is passed from module to module [9], [13].    

A good software system will have loose coupling [11], a developer should aim to incorporate coupling types like Data Coupling or Stamp Coupling whilst avoiding Content and Common Coupling [1], [13].  A system that has loose coupling will be a lot easier to test, to change and to reuse the different modules within [11]. Tightly coupled modules become so dependent on one another that the building and understanding of the system becomes incredibly complex and time consuming. Also, any changes made to one module can consequently change the way another may function [11]. In similarity to cohesion, a developer should aim to achieve the best possible types of coupling for the given situation.	Comment by Valerie Harding: reword	Comment by Valerie Harding: reword	Comment by Valerie Harding: who is this guy?
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Encapsulation in OOP is also referred to as the way in which modules and elements are constructed so that the structure and properties of a particular element are only accessed by that element [2], [15], [10]. Data Hiding is a technique used to hide the particular attributes and functionalities of an element [12], [10]. Data Hiding helps enforce encapsulation, with the aid of ‘getter’ and ‘setter’ functions [13]. These are used to help protect the attributes of an element, whilst controlling what is exactly being accessed, preventing other elements from handling the internal data [13]. 

It is important for a system to incorporate data hiding [13], as it ensures that the system is in an unfailing and stable state, as internal data cannot be manipulated, [6], [12], which could result in inconsistent code [1], [2], [13], [16].  Furthermore, developing, code can be written with the assurance that new code will not tamper with existing code, and so it will avoid breaking code this way. Additionally, testing becomes easier and more effective as the functions that perform on hidden data can be extensively tested, reassuring that the data is handled as expected.	Comment by Valerie Harding: reword	Comment by Valerie Harding: ref this not sure if what I have looked at covers this . It needs a reference !!

Information hiding is a similar technique that is adopted. This mechanism ensures that the attributes and functionalities of an element should be hidden from the end-user [13].  In addition, the attributes of an element should only be accessed by the element itself and its functionalities. An element that adopts this type of hiding uses ‘private’ attributes and methods to ensure that no other elements can handle them [1]. Information hiding makes it easier for a developer to amend a program whilst avoiding changes to unexpected parts of the system [10], [13].

[bookmark: _Toc535586147]Findings and Conclusion

Research conducted from secondary sources on online databases, journals and books has facilitated the understanding of high cohesion, loose coupling, data hiding and information hiding and the importance of these measures and concepts. High cohesion and loose coupling are both measures of a software system that are considered that of a good system. They indicate the high strength of relationships between modules that help achieve greater connectivity, and the loose inter-dependencies between modules and elements that help avoid rippling effects to a system as a result of a change of one element. Data hiding is the act of protecting the inner workings of an element and is achieved through encapsulation and information hiding, packaging the elements of system so that they remain hidden to each other and protect the integrity of an elements attributes and functionalities.	Comment by Valerie Harding: possibly expand with recommendations for practical use or further study???

References
.
[1] 	P. Tilmanis and G. White , “Further Programming in Java,” 2006 RMIT University, Melbourne, 2006.
[2] 	K. S. Chauveau, “Working with C++,” in Proceedings of NORTHCON'93 Electrical and Electronics Convention, Portland, 1993. 
[3] 	R. Buyya, S. T. Selvi and X. Chu, Object-oriented Programming with Java: Essentials and Applications, New Delhi: Tata McGraw Hill , 2009. 
[4] 	Oracle, “The Java™ Tutorials,” 1994-2019. [Online]. Available: https://docs.oracle.com/javase/tutorial/java/nutsandbolts/index.html. [Accessed 3 January 2019].
[5] 	R. C. Martin, Clean Code: A Handbook of Agile Software Craftsmanship, New Jersey: Pearson Education Inc., 2009. 
[6] 	TutorialsPoint, “Cohesion and Coupling,” 2018. [Online]. Available: https://www.tutorialspoint.com/software_engineering_basics/cohesion_and_coupling.asp?fbclid=IwAR0ez4T3NErr3KW7_Pu2SmJz4bN7bh62AJiZqrQV0M2aOfSqqSO40vYCbgo. [Accessed 8 January 2019].
[7] 	TutorialsPoint, “Coupling in Java,” 2018. [Online]. Available: https://www.tutorialspoint.com/Coupling-in-Java?fbclid=IwAR2bUjbIJEOeNAOfPYmlTxYS1PCvU7obDUNew70cpORSW4U1Q7xO-n1PIt8. [Accessed 7 Jan 2019].
[8] 	A. Lakhotia, “Rule-based approach to computing module cohesion,” in ICSE '93 Proceedings of the 15th international conference on Software Engineering, Baltimore, Maryland, 1993. 
[9] 	A. Chakrabort, “TutorialsPoint,” Tutorials Point (India) Pvt. Ltd., 2018. [Online]. Available: https://www.tutorialspoint.com/software_engineering_basics/cohesion_and_coupling.asp?fbclid=IwAR0ez4T3NErr3KW7_Pu2SmJz4bN7bh62AJiZqrQV0M2aOfSqqSO40vYCbgo. [Accessed 9 January 2019].
[10] 	D. SAMANTA, OBJECT-ORIENTED PROGRAMMING WITH C++ AND JAVA, New Delhi: PHI Learning Pvt. Ltd., 2006. 
[11] 	M. Hitz and B. Montazer, “Measuring Coupling and Cohesion In Object-Oriented Systems,” Proc. Int’l Symp. Applied Corporate Computing, Monterrey, Mexico, 1995.
[12] 	N. Ashrafi and H. Ashrafi, Object Oriented Systems Analysis and Design, Essex: Pearson Education Edition, 2014. 
[13] 	M. Weisfeld, The Object-Oriented Thought Process: ObjectOr Thought Process, 4 ed., New Jersey: Developer's Library, 2013. 
[14] 	H. M. Kaung, N. S. Kham and N. L. Thein, “To Visualize the Coupling among Modules,” in IEEE Conferences, Yangon, 2005. 
[15] 	TutorialsPoint, “Data Encapsulation in C++,” 2019. [Online]. Available: https://www.tutorialspoint.com/cplusplus/cpp_data_encapsulation.htm?fbclid=IwAR3jiIwWYvcEenDXP8uwdZuYM5wa6ZhBRCmi54nQe2bRjq08hICBoRTnHiQ. [Accessed 10 January 2019].
[16] 	K Steinbrugge, Frant, “Using C++ in an object oriented paradigm. A practical approach,” in Proceedings of NORTHCON '94, Seattle, 1994. 


2
