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Abstract
The size of the Software System is continuously growing and it is 
very hard for us to understand the structure of a typical software 
system without having a complete and proper documentation. 
But Now-a-days Most of the Software systems which are being 
developed in various software industries are unable to have 
the complete project documentation. The main reason for this 
could be the continuously changing man power who works on 
a particular project for a particular time and in the maintenance 
period the Software System will go through an enormous evolution 
in its structure because of the continuous change in the client’s 
requirements. The main problem will occur when the team who 
have developed the Software system changes and a new team 
come to maintain that Software System. Because of lack of the 
exact and proper documentation they are unable to completely 
understand the total structure of the Software System. This will 
again lead to the wastage of time and resources to give support 
for those types of Software Systems. Here in this paper we are 
discussing an approach called Architectural Knowledgebase with 
proper Outlier Analysis to solve the problem of understanding an 
improperly documented Software System by using the concept 
of Software Clustering.
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I. Introduction
Generally there can be many problems during the system design 
and post implementation when the proper documentation is not 
created. As a project progresses through the Software Development 
Life Cycle, a lot of documentation should be developed. This 
includes a space document, functional specification, technical 
specification, test plans and test scripts, user guide and Release 
notes, questions, concerns, issues, code documentation, etc. 
Writing code, a best practice is to document each line of code. If 
the code does not contain line-by-line explanations then there is 
a risk that a future developer may not understand what the code 
is doing. At some point, when the system requires a change it will 
be a long and expensive process. A developer, who is unfamiliar 
with the system, will need to study the code and in a sense, reverse 
engineer it. What if there is no proper documentation for our 
project, then reverse engineering is a very complex and hectic task 
which will definitely wastes a lot of time and resources.

II. Clustering in Software Systems
Cluster analysis is a collection of multiple techniques whose main 
purpose is to group entities based on their attributes. Entities are 
classified according to their predetermined selection criteria and 
similar objects are placed in the same cluster. The objective of 
any clustering algorithm is to sort entities into groups, so that the 
differences among clusters are maximized relative to differences 
within clusters. In most of the cases gaining an architectural 
level understanding of a software system is important for 

many reasons. When the description of a system’s architecture 
does not exist, attempts must be made to recover it.  The use 
of clustering for recovering a software system’s architecture, 
given only its source code. An approach that can be of significant 
help to the process of understanding, re documenting, or reverse 
engineering a large software system is to create a meaningful 
decomposition of its structure into smaller, more manageable 
subsystems. Many researchers have attempted to create such De 
compositions automatically, giving rise to the research area of 
software clustering [1]. The majority of the software clustering 
approaches presented in the literature attempt to discover clusters 
by analyzing the dependencies between software artifacts, such as 
functions or source files [2-3]. Software engineering principles, 
such as information hiding or high-cohesion and low-coupling are 
commonly employed to help determine the boundaries between 
clusters. 

III. Existing Software Clustering Approaches
All over the world many number of Researchers presently working 
on this particular Software Clustering Problem to find out the 
solution for the problem of ‘Software Reverse Engineering’. Some 
of the prominent Software Clustering approaches:

A. Software Clustering Using Knowledgebase
Md. Nasim Adnan, Md. Rashedul Islam and Dr. Sazzad Hossain 
proposed a knowledge based Software Clustering algorithm which 
states, [4] there are two main steps in our proposed clustering 
approach. Those are described as follows:

1. Soul Cluster Identification
All the software entities are compared with the soul clusters 
defined in the Knowledgebase. The software entities that satisfy 
the preconditions to be a part of the soul clusters are no more 
considered as separate entities and they are put into the appropriated 
soul clusters.

2. Cluster Generation
At this point, we may have some soul clusters along with all other 
software entities which do not belong to soul clusters. We call all 
of them “Candidate Clusters”. The operation performed in this 
step is straightforward. In each iteration, a new similarity matrix 
is determined for the candidate clusters using the Knowledgebase. 
Now, two candidate clusters with the maximum strength of 
similarity form the similarity matrix is merged to form a new 
candidate cluster of bigger size. The iteration stops when the 
number of candidate cluster reduces to a threshold value. This 
threshold value can be defined in the Knowledgebase or a user 
input from the software engineer.

B. Object Oriented Software Clustering Based on 
Community Structure
Software comprehension plays a critical role in software maint-
enance [5]. Understanding a software system is not an easy 
task because in most cases documentation of Software design 
is outdated, incomplete or absent. Therefore support of tools 
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and algorithms are necessary for software developers to 
understand software quicker and easier. Clustering algorithms 
have been widely used for software architecture recovery. Their 
performance depends not only on the algorithm itself but also 
on the nature of the software system. For example, an algorithm 
that is successful for a procedural program or a small software 
system or might be unsuccessful for a large system developed 
in object-oriented paradigm. In this paper, we propose the 
adaption of the fast community detection algorithm for object-
oriented software clustering and evaluate its performance with 
other clustering algorithms in the literature. It is an agglomerative 
hierarchical clustering algorithm that has been introduced to find 
communities in networks. The algorithm can operate on directed 
weighted graphs and it has a considerable speed advantage over 
other algorithms. Experimental results show that the algorithm 
also performs well for clustering object-oriented systems.

C. Scalable Information Bottleneck (LIMBO)
This algorithm proposed by Andritsos et. al. [6] is an improvement 
of the Agglomerative Information Bottleneck (AIB) [7] algorithm 
and capable of handling larger inputs. The aim of this algorithm is 
to use the AIB algorithm but on a smaller set of artifacts (entities). 
In order to reduce the number of artifacts, it performs an initial 
phase, where all the software artifacts are summarized in a newly 
created set of summary artifacts. The LIMBO algorithm proceeds 
in four phases:
Phase 1: Creation of the summary artifacts by computing the 
distance among the existing software artifacts.
Phase 2: Application of the AIB algorithm on the summary artifacts 
to generate clusters.
Phase 3: Association of original artifacts with the clusters.
Phase 4: Determination of the final number of clusters by computing 
the differences among the clusters using a threshold value.

IV. Observations
Common drawbacks for some of the software clustering techniques 
can be:

They apply a generalized similarity measurement criterion for • 
all the software systems. But in reality, one software system 
may consider different similarity measurement criteria from 
another one.
In our opinion simply having a knowledge base as a repository • 
of information about the internal structure of the generic types 
of software systems is not enough to identify the proper sub 
systems of any software system. The main problem can be, 
there may be some projects where we can’t simply put them 
into one generic type and we may not get the exact similarity 
measurement which is very crucial one to decide which 
subsystem will fall under which Cluster.

V.  Solution for the Problems
One of the solutions to this problem could be building an 
architectural knowledge base which will not only cover purely 
single dimensional generic type software projects but also multi-
dimensional multi variant software projects. For example if we 
distinguish software projects in to the following multi variant 
domains, which are actually dependent on one and other in several 
aspects. They are:

Projects on Web Applications• 
Projects on Windows Applications• 
Projects on Mobile Applications • 
Projects on Console Applications• 

Projects on Web Services• 
Projects on Windows Services • 

For example if I am designing a web application the basic needs 
of this application are,

A Front End Software • 
A Back End Software• 
Middleware Software Tools• 

Front end software could be java or vs.net and the back end 
software could be Oracle, Microsoft Sql Server, MySQL or any 
other Database. Not only the above specified software, we may 
also require some of the web services as internal parts might have 
used for some of the tasks to be performed by the software. If 
we don’t have a proper documentation then a new team which is 
working on this project for the first time will definitely face a lot 
of problems. Though the team has the source code, decomposing 
the source code into the subsystems is a complex and serious 
problem which will definitely take a lot of time and resources. 
As we already observed in the above example a single software 
project can be amalgamation of multi variant projects.
So to make any decomposition a simple task first we need to find 
out the basic structure of the software system and the multivariate 
software projects in the system. This can be done by building an 
Architectural Knowledge base which will be a Repository for 
various Multi variant Software Projects, from where we can first 
decompose our projects into purely independent Software sub 
systems later by using the concepts of generic type knowledge 
base we can decompose the total software system into proper 
sub systems.  One more major criterion where we need to take 
a lot of attention and care is, performing proper outlier analysis 
to each and every sub system which has been identified.  The 
method we have used to perform outlier analysis is ‘Distance based 
approach’ [8]. We have used classical Similarity Measurement 
approaches to build a sub system, which can be explained by using 
the following example. Wiggerts presents some classical similarity 
measurements. The measurements are based on classifying how 
a particular software feature is shared, or not shared between two 
software entities [9]. Consider the following table:

a: Number of common features in entity i and entity j
b: Number of features unique to entity j
c: Number of features unique to entity i
d: Number of features absent in both entity i and entity j

Given the above table, similarity measurements
Are formed by considering the relative importance of how features 
are shared between two software entities. An interesting example 
is d, which represents the number of 0-0 matches, or the number 
of features that are absent in both entities. According to Wiggerts, 
the most commonly used similarity measurements are:

simple(i; j) = (a + d) / (a + b + c + d)
and Jaccard(i; j) =a / (a + b + c)
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Thus, the simple measurement treats 0-0 (type d) and 1-1 (type a) 
matches equally. The Jaccard measurement does not consider 0-0 
matches. In a recent paper, Antquil et. al.[10] applied the simple 
and Jaccard similarity measurements to cluster Linux, Mosaic, 
gcc, and a large proprietary legacy telecommunication system.
New Software system architecture which we have proposed is 
shown below.

Fig. 1: System Architecture

VI. Conclusion
By implementing Architectural Knowledge base Approach 
with proper Outlier Analysis we can effectively decompose any 
Software project into perfect Software sub systems if the software 
project comes under the multi variant software project. Future 
work can be done on improving the similarity measurement in 
building the independent clusters.
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