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Introduction
The focal point of this report is to research and discuss four important concepts within Software
Development. The concepts themselves will be in the field of software design and architecture. This

expands on the reasons particular design methods are applied.
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1. Important Concepts in Software Development
Software development compiles of several concepts and practices which are applied when software
is built. Coding principles are of high importance as they enforce a development team to write clean
and robust code [1]. This report will discuss the following metrics to assess quality [2] within

software development:

* High Cohesion
e loose Coupling
e Data Hiding

e Information Hiding

The following concepts are applied to a system to overall improve the architecture and integrity.
These are commonly applied in the popular construct; Object-Oriented Programming (OOP). A way
of grouping data and functions into classes, which can be classified as blueprints of objects as they
contain variables and functions that can be used in a software program [3]. When an instance of the

class is declared, it can be considered as an object [3].
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1.1. High Cohesion
The term ‘cohesion’ implies a group of objects, that work well together in close proximity [4]. Thisis
an important concept to build a strong Software system [5] [6]. High cohesion refers to the concept
that classes that support similar functional purposes are in the same area of the codebase’s
structure. For example, if a developer was to build a calculator, a singular operation in that
calculator could be a class, such as a class to apply the addition of numbers, if it was highly cohesive,
there would also be a similar class in that same group of classes for other mathematical operations,
such as subtraction or multiplication. High cohesion also aims to improve the overall structure of the
codebase [7] [8]. It was also found to improve reusability of code [1], reusability in software
development refers to code that can be used for similar functionalities across a codebase by parsing
in different values to the functions. There are several levels of cohesion and can be seen in the

below figure.

Rank Cohesion type Quality

6 Functional cohesion Strongest (good)
= - - -

5 Sequential cohesion

4 Communication cohesion

3 Procedural cohesion

2 Temporal cohesion

1 Logical cohesion

0 Coincidental cohesion Weakest (bad)

Figure 1 - Levels of Software Cohesion

Coincidental cohesion, the lowest form, is usually not designed but are grouped together which can
cause confusion as it hasn’t been planned [5] [6]. Whereas a mid-level of cohesion refers to
procedural cohesion, this refers to classes being grouped together as they perform a particular set of
tasks in a program [5] [6]. The highest level of cohesion, Functional cohesion aims to assist in
building groups of classes which provide singular functionality, these can largely be task-based
functionality [5] [7]. A class can be assessed against this, and if it has near single functionality, it is
classified as highly cohesive [7]. Having high cohesion within a system, can support scalability as the
codebase would be easier to edit when the packages of classes are grouped to similar functionalities.
One method to ensure good practices such as high cohesion are met, is by writing highly readable
code, this reduces the chances of re-writing functionality when revisiting the codebase after
sometime, due to understanding what poorly written code is doing [9]. This further enforces the
coding principle Don’t Repeat Yourself, or DRY [10]. Code which doesn’t repeat improves reusability

across a codebase.
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This also refers to a coding principle, known as the Single Responsibility Principle, commonly
abbreviated to SRP [11]. Furthermore, SRP dictates that if a class does have more than a single
responsibility in a software project, then it overall contributes to high coupling [12], this leads into
the section 1.2 — Loose Coupling. Implementing SRP will build high cohesion amongst classes [5],
moreover, this will improve maintainability which will further reduce the faults that will occur in the
system [6]. The aim of a project is to have loose coupling and high cohesion, as research showed that
this was contributed to a more performant system [2]. These should be considered at the application

design stage.

Figure 2 - Attempting High Cohesion and Loose Coupling

The above screenshot is showing the attempt at keeping responsibility separate in the codebase.
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1.2. Loose Coupling
Coupling is a design metric which refers to the level of dependence that a class has on other classes
within a codebase [1] [13] [14]. Loose coupling specifically refers to the concept that how software
classes connect to one another and that they should have a minimal level of dependency on one
another [2]. By doing this, if a change was made to one class, it wouldn’t affect many others. If the
minimal dependency level was enforced, loose coupling helps reduce the ‘ripple effect’, this refers to
one change causing a chain of problems in the application [15] [16]. This improves the
maintainability of the application and therefore improves the system’s architecture [5], thus, having
high cohesion and loose coupling. Loose coupling also improves the ability to Unit test, due to the
lack of dependencies that the class relies on [17]. Which can also build confidence in a system. Loose
coupling also refers to another coding principle known as the Open Close Principle, this means that
classes should be closed for modification but open for extension, this minimises the chance of
change happening as it is encouraged to add new code for purpose of extension. This promotes
loose coupling as it is closed for modification as in the case of a poorly designed system, a single
change can result in changes being needed across several classes [12]. Research alludes that it is
difficult to implement the coupling method. Metrics such as coupling are often assessed against
factors such as reusability of code in the system [14]. Whereas a system with high coupling would be
the opposite, which means it would have high level of connectivity between classes with classes

having high dependency on one another [18].

The overarching idea of loose coupling is scalability and maintainability. An example of loosely
coupled based architecture is a Microservice architecture, which is consists of small services which
are independently deployable [19] but would operate as one service through communicating with
one another through a layer of the architecture [19]. Their smooth integration implies high cohesion,

making them more scalable
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1.3. Information and Data Hiding
Research referred to Data Hiding and Information Hiding as highly similar concepts, which is the idea
of hiding data members to block access from other classes in a program, leading to a greater level of
security [3]. Access levels would be granted through access modifiers, which means whether a class
is private, or public [20] [21] [22] [23]. Which would further enforce the DRY principle [10]. These are
done through a class constructor and are called through getters and setters. These can also be
accessed through the method of inheritance, a method in which a new class can inherit all the
parent class’s functionality [24], further enforcing code that’s ‘DRY’ [3]. However, this would create
tight coupling, as a change to the parent could result in the child of the class requiring a change.
Implementation of private classes shields access from other classes, thus, promoting loose coupling,
as by blocking access to methods across the code files, there is less code dependent on one another
[20]. This is achieved through encapsulation [3] [20]. As implied, encapsulation can block access to
other classes. This is done through setting variables or functions as private, if they are set as public,
they become accessible [3] [25], research shows that this improves performance [25], while it's also
shown that encapsulation hides complexity [3]. This data is then accessed through a technique such

as developing a function to call them. An example of a function, calling a class which has public

access can be seen below. Main.Java is calling a public class from Board.Java.

Figure 3 - Public Classes in Java
The advantage to encapsulation is that it protects the classes so they can’t be modified. For
example, in an application, user’s data wouldn’t be made available to be called or modified. As can

be seen, if the above function to private, it blocks it from being called in other files.

Figure 4 - Private Class in Java
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Figure 5 - Explanation of the Class being Private

Another way in which private methods may be accessed is through different access levels that are
integrated into a system [20]. A user with a higher level would have a higher level of access. One of
the advantages of implementing information hiding is that it improves the structure of the system’s
security. Information hiding is important as it enforces the architecture of a system to be designed
with thought, while actively being implemented to protect classes against other classes that they

“don’t directly use” [26].

10
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Conclusion

In conclusion, These are all important metrics in an application as many codebases are active for
many years, thus, being understandable is fundamental to how the system can survive the ever-
changing nature of the Software industry. Ultimately, implementing these software design principles
in the system can result in performance improving to an optimal level, while improving security
while making the code reusable, and maintainable [5]. The last conclusion that could be drawn from
the research is that the metrics all link to the popular design choice, to separate the concernsin an
application. A system which implements with the separation of concerns will mean that the program
will be divided into distinct areas [27] . It is linked to information hiding as a good, structured
codebase could have encapsulated code [23]. Interestingly, this could also be considered to have
high cohesion due to it being separated accordingly, while being loosely coupled as the

encapsulation will assist in minimalize classes being dependent to one another.

11
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