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Abstract
Recent outsourcing /off-shoring software development practices testify that any development
done without a proper sharing mechanism leads to the generation of inconsistent information,
which further results in an undesired, error-prone software. Further, with the business process
automation, a significant way to minimize human effort involves various development, support
and maintenance activities to reuse available information. Thus, reusing and sharing information
in a standardized way is the key operative challenges which foster the need to identify and
exploit novel knowledge-based frameworks. The proposed research provides a tool-based
solution to automate the software documentation process using ontologies. This multi-phase
framework has overall six phases where each phase output contributes to the final automated
documentation. To evaluate the extent of automated documentation it is compared using free and
open source software known as WCopyfind to the existing manual documentation for a Result
Management System case study. Preliminary results show a highest automation of 60 percent,
which is clearly noteworthy.
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Automatic documentation; Ontology;
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Introduction
The “Web/ Mobile Apps,” “Agile Development Practices,” “Big-Data,” “Security,” “Cloud
Computing,” “IoT,” “Open Source,” “Customer-first Design” are some of the key terms that
characterize the latest trends in the software development technology. It has been established
across pertinent literature that a well-balancing act between the Iron Triangle or the Project
Triangle representing the triple constraints of Time-Cost-Quality along with an added scope and
sustainability dimensions can lead to successful software development and delivery (Kumar &
Gupta, 2018). The upsurge in economic globalization has compelled organizations to gain a
competitive advantage by cutting their costs, optimizing efficiency, and at the same time provide
superlative customer service. Outsourcing /off-shore software development practices have
proven to be vital, valuable and profitable for many organizations worldwide as geographically
distributed teams can offer huge benefits in terms of efficiency and cost savings. Moreover, the
ability to choose team members with the best skills by passing the location-based hiring pool can
lead to more focused and strategic development. In this ‘Think Global, Code Local’ approach,
time-zone coordination, diverse development culture collaboration, team unity around a team
charter, strong communication and knowledge sharing technologies arise as significant
challenges. Pertinent studies have indicated that any development work that is done with a lack
of sharing mechanism leads to the generation of inconsistent information, which further results in
an undesired software (Bhatia et al., 2014; 2016b). Moreover, with the business process
automation, a significant way to minimize human effort involves various development, support
and maintenance activities to reuse available information. Thus, reusing and sharing information
in a standardized way is the key operative challenges which foster the need to identify and
exploit novel frameworks (Anunobi et al., 2008; Knight & King, 2010).
The above challenge leads to the integration between research fields of Semantic Web (SW)
technologies and Software Engineering (SE) (Zhao et al., 2009; Bhatia et al., 2016a; Gašević et
al., 2009; Bhatia et al., 2016c) because “Semantic Web provides a common framework that
allows data to be shared and reused across application, enterprise, and community boundaries”
(“W3C”, n.d.a; “W3Cb”, n.d.b). Alternatively, Software Engineering is “the application of a
systematic, disciplined, quantifiable approach to the development, operation, and maintenance of
software, and the study of these approaches; that is, the application of engineering to software”
(IEEE Standards Coordinating Committee, 1990). This integration opened new avenues for
researchers to look at various issues and challenges that got generated due to to the
amalgamation of SW and SE (Jenkins, 2008). Among such issues, one is ontology driven
software development for automated documentation (Bhatia et al., 2016a; Bhatia et al., 2015).
Documentation is an essential part of the software as it is helpful in proper communication and
sharing of information. It consists of various manuals such as Software Requirements
Specification (SRS) generated during requirement engineering phase, Software Design
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Document (SDD) produced during the design phase, source code listing created during the
implementation phase, and test data and test result manufactured during the testing phase. Good
quality of documentation provides a great help in maintenance as well as in reverse engineering
phase. However, in many cases, it is seen that documentation is not built with right enthusiasm.
The documentation is either completely or partially ignored, which is mainly because of cost and
schedule constraint along with the complexity of software system involved (Tang et al., 2006;
Kruchten et al., 2009). The quantity and effort estimates for the right amount of documentation
have been primary concerns too. In IT industry where Agile development methodology is quite
popular, its focus is more on people and interactions between them; software deliverable rather
than lengthy documents, customer collaboration throughout the development cycle, and on quick
responses to change (Cockburn, 2002; Martin, 2002). In such a collaborative development
environment where multiple cross-functional teams are working, automation of software’s
documentation is a primary need to meet the requirements of adopted agile paradigm (Foerstel,
2002; American Library Association, 2013).
Hence, the work presented in this paper provides a solution where an ontology driven software
development framework for automated documentation is modeled, implemented, and analyzed
with a case study. The solution caters few of the requirements of agile paradigm-setting and aids
in its convenient practical adoption.
In ontology driven software development for automated documentation, a different approach is
adopted for software development as compared to our existing traditional approaches. Here we
develop the software using ontologies. “Ontology is formal and explicit specification of a shared
conceptualization” (Studer, 1998). Ontologies are built to model a domain and support reasoning
over the concepts. Ontology Engineering in Semantic Web is primarily supported by languages
such as RDF, RDFS and OWL (Ding, 2007).
To accomplish ontology driven software development for automated documentation, first of all, a
multi-phase framework is proposed which is then exhibited using a case study. This multi-phase
framework has overall six consecutive phases, namely domain ontology phase, software
requirements specification ontology phase, design phase, source code phase, source code listing
ontology phase, and test cases ontology phase where the output of one phase becomes input to
next phase. Each of the phases has its output which contributes towards final automated
documentation. Further, to evaluate and verify the proposed framework for automation, we
compare the automated documentation to the existing manual documentation of case study using
an open source software. This open source software finds out the similarities between two
documents which in turns describes that what percentage of automation is achieved. As a result
of our work, we achieved maximum 60 percent automation when this open source software is
tuned to one of the appropriate settings. Another advantage of this approach is that it generates
the documentation in human as well as in machine-understandable form (American Library
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Association Council, 1939). As it is also available in the machine-understandable form,
documentation is free from inconsistencies and ambiguities (Liu, 2005; Knox, 2015).
The rest of the paper is organized as follows: section 2 discusses the related work; section 3
introduces the framework followed by section 4 which expounds the implementation of the
framework, and section 5 presents the result and analysis. Finally, section 6 concludes the paper
and provides direction for future work.
Background
To improve the overall description of documentation, de Graaf (2011) and Tang et al. (2011)
made an annotating semantic wiki page with the help of lightweight Software Engineering
ontology. This lightweight Software Engineering ontology had limited no. of classes and
properties. Further, properties comprise of Dublin core data properties to allow specification of
metadata. Both the authors created the wiki page with the help of ArchiMind and OntoWiki
Semantic Wiki in which the annotated text can be searched. The only difference between their
work is that Graaf provided the documentation software requirements and architecture design
part only. So far, none of them generated any documentation file. The annotated text in
ArchiMind and OntoWiki Semantic wiki is like a tooltip for particular selected text.
López et al. (2012) developed ontology based tool known as Toeska Rationale Extraction
(TREx) tool for automating the software architecture documentation part only. They
implemented the TREx on a case study and compared its outcome vs. plain text documents, and
it was found that humans are poorer than TREx in identifying rationale, but are better at dealing
with “generic” components.
de Graaf et al. (2014) also provided an exploratory study on ontology engineering approach for
software architecture documentation. They described an approach that uses typical questions for
elicitating and constructing an ontology for software architecture documentation. Along with
that, they also depicted eight contextual factors that influence the acquisition of typical
questions, which are asked from architectural knowledge users. Moreover, they applied this
approach on a case study showing how it can be used for obtaining and modeling architectural
knowledge needs.
Koukias et al. (2015) developed an ontology-based model to represent the technical
documentation content towards using it to optimize the performance of the asset. Furthermore,
Koukias & Kiritsis (2015) discussed a step-by-step ontology-based approach for modeling
technical documentation to optimize asset management using rule-based mechanism.
Bhatia et al. (2015) discussed ontology-based framework for automatic software's documentation
where they have just provided the framework, however, to the best of our knowledge, the
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framework is not realized or implemented so far. This ontology driven software development for
automated documentation is also depicted as an open issue problem by Bhatia et al. (2016a) in
their literature survey article.
Therefore, as far as ontology driven automated documentation is concerned, Authors’ de Graaf,
(2011) and Tang et al. (2011) work does not yield any documentation file. While authors’ López
et al. (2012) and de Graaf et al. (2104) work is limited to architecture documentation only and
that too without specifying what percentage of automation is achieved. Moreover, Authors’
Koukias et al. (2015) and Koukias and Kiritsis (2015) work is also restricted for modeling
purpose only. Author’s Bhatia et al. (2015) work is restrained to providing framework only,
missing the actual realization or implementation. However, in this paper, we are extending their
work by providing ontology driven software development approach for automated
documentation that contains all the requisite details of a software system and not just architecture
information. Further, we are also generating the documentation file in human as well as in
machine-understandable form followed by its comparison with a case study to show what
percentage of automation is achieved.
Framework
The proposed multi-phase Framework for ontology driven software development for automating
the documentation process is divided into six phases, namely domain ontology phase, software
requirements specification ontology phase, design phase, source code phase, source code listing
ontology phase, and test cases ontology phase. Figure 1 depicts this framework.

Figure 1. Framework for ontology driven software development for automated software’s
documentation
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The following sub-sections discuss each phase in detail.
1. Domain Ontology Phase
In this first phase, we develop a domain ontology, which is used to capture key concepts of the
domain under consideration. This domain ontology encapsulates overall domain based
knowledge for a real-world scenario or problem. The domain ontology is typically built from
scratch, though few Machine Learning (ML) techniques can be used to automate it. However,
100 percent automation is not possible because of several reasons. One reason could be the
complex nature of the real-world problem. For e.g. in case of a complex real-world problem, we
may explicitly require domain experts who can help us in understanding various domain related
terminologies. Without domain experts, understanding different terminologies such as synonym,
homonym, context-dependent interpretation, etc. may lead to ambiguity. Another reason is that
ontology development is an iterative process which goes through many cycles of revisions and
refinement before it is finally shaped and can be used. Moreover, after each cycle, some human
intervention is required for technical evaluation of developed ontology to assess its quality. At
the end of all the cycles, the built domain ontology is available in a machine-understandable
form which is then converted into domain HTML. This is primarily done to store the domain
knowledge into a human readable/ understandable form for future use. Thus, this phase creates
and supports understandability in both forms viz. machine-understandable as well as in humanunderstandable form.
2. Software Requirements Specification Phase
The second phase requires an extension of domain ontology to create Software Requirements
Specification (SRS) ontology. The domain ontology serves as the genesis for SRS ontology.
IEEE has defined guidelines and standard to organize an SRS document (IEEE Computer
Society, 1998a; IEEE Computer Society, 1998b). Based on it, the domain ontology is
reconstructed for SRS ontology keeping in mind that it adheres to all the guidelines specified by
IEEE. Once this SRS ontology is developed, it is also converted to SRS HTML which can be
shared among different geographically and virtually located development teams.
3. Design Phase
In the third phase, we develop the design document known as Software Design Document (SDD)
which is same as used in conventional development methodology.
4. Source Code Phase
This phase can also be termed as implementation phase and requires the development and
implementation of source code or the actual program fulfilling all requirements laid down by
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SRS ontology. That is, in this phase, we perform all frontend and backend related activities to
fulfill each and every enlisted requirement.
5. Source Code Listing Ontology Phase
In this fifth phase, a source code listing ontology is built, which enables us to document all the of
classes/ variables/ functions used in the source code. Generally, the names of all the components
along with their purpose in source code listing document are written. This documentation allows
a better understanding of the source code for maintenance purpose. Once this ontology is
constructed, we convert it into its HTML form.
6. Test Cases Ontology Phase
In this phase, the test cases ontologies are developed and converted into HTML form. This phase
ensures that the developed software is verified and validated as per SRS and customer
expectations.
Thus, as an output from these phases, we have domain HTML, SRS HTML, source code listing
HTML, and test cases HTML which consolidate to automate the software documentation
process. The next section illustrates the implementation of this proposed framework.
Implementation
To clearly illustrate the effectiveness of the proposed framework, a case study on Result
Management System (RMS) which is a software developed for Delhi Technological University
(DTU) is presented. It is a management information system that is developed to streamline and
accelerate the result preparation and management process. It is used to manage DTU’s day- today result based activities such as student details registration, student course registration, student
subject details, student marks in each subject, generation of semester-wise and consolidated mark
sheets, amongst others. It also generates summary reports regarding student information,
semester-wise mark lists, and performance reports. The snapshot of problem statement as taken
from case study is shown below in Figure 2.
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Figure 2. Problem statement for Result Management System as taken from case study

The initial software was developed using conventional methodologies such as Unified Modeling
Language (UML) and Object-Oriented programming (OOP) language where the documentation
is manually done. We show that using the proposed ontology driven approach automation of
documentation is achievable with motivating and beneficial preliminary results. The framework
described in the previous section is realized using Protégé version 5.1.0 tool and its plug-ins such
as OntoGraf 2.0.3, BrowserView (OWLDoc) 3.0.3, Pellet Reasoner 2.2.0, and HermiT Reasoner
1.3.8. “Protégé is a free, open-source platform that provides a growing user community with a
suite of tools to construct domain models and knowledge-based applications with ontologies”
(Stanford Center for Biomedical Informatics Research, 2016). Pellet and HermiT reasoners are
used to ensure that developed ontologies are free from any kind of inconsistencies (Stanford
Center for Biomedical Informatics Research, 2008; University of Oxford, n.d.; Motik et al.
2008). To be specific, domain ontology, software requirements specification ontology, source
code listing ontology, and test cases ontologies are developed using Protégé. Plugin OntoGraf is
used to generate graphs of the domain ontology, software requirements specification ontology,
source code listing ontology, and test cases ontologies (Falconer, 2013). Plugin OWLDoc is
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utilized to produce HTML code for all these ontologies (Drummond et al., 2012; Drummond,
n.d.) and their reasoning is checked using Pellet and HermiT reasoners. The following
subsections elaborate phase wise implementation details of the proposed framework:
1. For Domain Ontology Phase
The domain ontology for RMS is built from scratch by understanding it as a real-world problem
with a definitive goal, requirements, and activities. The ontology has 23 classes, 4 object
properties, 22 data properties, 2 annotation properties, 23 individuals, and 4 data types with a
total of 78 entities. Table 1 lists all classes, object properties, data properties, annotation
properties, individuals, and data types belonging to domain ontology.
Table 1. List of classes, object properties, data properties, annotation properties, individuals, and
data types belonging to domain ontology
1. owl:Thing
2. ''Domain_(Requirements)''
3. Availability
4. Communication_interfaces
5. Design_Constraints
6. External_Interface
7. External_Interface_Requirements
8. Functional_Requirements

Classes

Object
Properties

Data
properties

1. accessFollowingScreen
2. defineRoles
1. Address
2. Batch_year
3. Branch
4. Category/_Type
5. Credit
6. Email_id
7. External_marks
8. Internal_marks

9. Functions
10. Hardware_Interfaces
11. Logical_Database_Requirements
12. Maintainability
13. Non_Functional_Requirements
14. Other_Requirements
15. owl:Nothing
16. Performance_Requirements

17. Portability
18. Reliability
19. Result_Management_System
20. Security
21. Software_Interfaces
22. Software_System_Attributes
23. User_Interfaces

3. hasAccess

4. inturnAccess

9. Name
10. Password
11. Phone_no.
12. Role
13. Semester_number
14. Student_enrolment_number
15. Student_name
16. Student_registration_number

17. Student_roll_no.
18. Subject_code
19. Subject_name
20. Total_marks
21. Username
22. Year_of_admission

Annotation
Properties

1. rdfs:comment

2. rdfs:label

Individuals

1. Admin
2. DEO
3. Faculty
4. Generate_marksheet
5. Login_screen
6. Maintain_marks_details
7. Maintain_student's_subject_details
8. Maintain_student_details
9. Maintain_subject_details
10. Marks_entry_parameters_screen
11. Marks_entry_screen

12. Marks_list_report_parameters_screen
13. Marksheet_parameters_screen
14. MEO
15. Print_marksheet
16.
Student's_subject_choice_information_screen
17.
Student's_subject_choice_list_report_paramete
rs_screen
18.
Student's_subject_choice_parameters_screen

19.
Student_information_parameters_screen
20. Student_information_screen
21. Student_list_report_parameters_screen
22.
Subject_information_parameters_screen
23. Subject_information_screen

Data Types

1. Integer
2. rdf:PlainLiteral

3. xs:short

4. xsd:string

Figure 3 shows the graph of domain ontology generated using OntoGraf. To easily understand
the nodes, classes and instances, and their relationship with each other, we explicitly add a
representation of the node and arc types used within the graph. The classes and individuals are all
represented using a rectangular shape. However, a yellow colored circle on the top left side of
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rectangle depicts that it is a class and a purple colored diamond on the top left side of rectangle
exhibits that it is an instance. A plus sign within the node indicates that it can be further
expanded. For easy understanding, a sample graph is shown in the following Figure 3.

Figure 3. Graph of domain ontology with the explicitly added representation of
the node and arc types

Figure 4 shows the HTML of the index page of the domain ontology. This HTML generated
using the OWLDoc plugin is in a human-understandable form which makes it viable for sharing
amongst geographically located development teams. Each class, object property, data property,
annotation property, individual, data type, and the entity in the HTML has a hyperlink which
contains its further explanation. For example, figure 5 shows the HTML of domain ontology
when its classes hyperlink is clicked, which then gets expanded in the right-side column.
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Figure 4. HTML of the index page of domain ontology
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Figure 5. HTML of domain ontology when classes hyperlink is clicked

2. For Software Requirements Specification Phase
As described this phase extends the domain ontology to create an SRS ontology which contains
all the requirement specification as specified for the RMS. The SRS ontology is organized as per
the IEEE guidelines and standards for SRS. This ontology has 43 classes, 4 object properties, 22
data properties, 2 annotation properties, 23 individuals, and 4 data types with a total 98 entities.
Figure 6 shows a sample graph of SRS ontology with the explicitly added representation of the
node and arc types used within the graph.
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Figure 6. Graph of SRS ontology with the explicitly added representation of the
node and arc types

The following Figure 7 and 8 show the HTML of the index page of SRS ontology and the HTML
page of SRS ontology when its object properties hyperlink is clicked (which then gets expanded
in the right-side column), respectively.
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Figure 7. HTML of the index page of SRS ontology

Figure 8. HTML of SRS ontology when object properties hyperlink is clicked
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3. For Design Phase
This phase adopts the conventional design methodology, and thus UML is used to produce the
Software Design Document (SDD). Sample snapshots of UML diagrams generated for RMS are
shown below. Figure 9 explains the sequence diagram of basic login flow where a user tries to
login the system. A user may have different roles such as Admin, Data Entry Operator (DEO),
Marks Entry Operator (MEO), etc. Basic login flow comprises a sequence where the user
provides username and password to login the system and accordingly sequence is followed
which is as shown in the figure below.

Figure 9. UML sequence diagram for basic login flow

Figure 10 describes the activity diagram for generation of mark sheet. It represents the flow of
control from activity to activity for generation of mark sheet right from beginning to end, i.e.,
from initializing to exit as shown in the figure below.
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Figure 10. UML activity diagram for generation of mark sheet

4. For Source Code Phase
RMS is developed using an Object-Oriented Programming language. It uses Visual Basic
programming language and Hypertext Preprocessor (PHP). Figure 11 and 12 depict the snapshot
of Graphical User Interface (GUI) of RMS student details page and mark sheet generator home
page.

Figure 11. RMS student details page
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Figure 12. RMS mark sheet generator home page

5. For Source Code Listing Ontology Phase
In this phase, we list out all the forms, variables, and functions along with their functionalities
that are used for implementation or coding phase. This ontology has 10 classes, 0 object
properties, 0 data properties, 1 annotation properties, 82 individuals, and 1 data type with a total
of 94 entities. Figure 13 shows the graph of source code listing ontology with the explicitly
added representation of the node and arc types used within the graph.
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Figure 13. Graph of source code listing ontology with the explicitly added representation of the
node and arc types
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Figure 14 shows the HTML of the index page of source code listing ontology.

Figure 14. HTML of the index page of source code listing ontology

6. For Test Cases Ontology Phase
For each scenario, test case ontologies are built in this phase. For example, login test cases
ontology, maintain student’s details test cases ontology, maintain subject’s details test cases
ontology, maintain student's subjects test cases ontology, generate mark sheet test cases ontology,
and print mark sheet test cases ontology. However, to reduce the redundancy of no. of graphs and
HTML pages of various scenarios, we included the snapshots of login test cases and maintain
student’s details test cases ontologies only.
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Login test cases ontology has 7 classes, 2 object properties, 1 data properties, 1 annotation
properties, 7 individuals, and 3 data type with a total of 21 entities. Figure 15 shows the graph of
login test cases ontology with super embedded node and arc types.

Figure 15. Graph of login test cases ontology with super embedded node and arc types

Figure 16 shows the HTML of the index page of login test cases ontology.

Figure 16. HTML of the index page of login test cases ontology
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Maintain student’s details test cases ontology has 8 classes, 2 object properties, 1 data properties,
1 annotation properties, 15 individuals, and 3 data type with a total of 30 entities. Figure 17
shows the graph of maintain student’s details test cases ontology with super embedded node and
arc types.

Figure 17. Graph of maintain student’s details test cases ontology with super
embedded node and arc types
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Figure 18 shows the HTML of the index page of maintain student’s details test cases ontology.

Figure 18. HTML of the index page of maintain student’s details test cases ontology

Result and Analysis
All the ontologies are combined to generate consolidated text document which accomplishes the
primary goal of automated documentation. To evaluate and verify the proposed framework for
automation, we compare the automated documentation to the existing manual documentation for
the RMS software. The similarity index between the two documentations is calculated using the
software WCopyfind version 4.1.5, an open source software for comparing two textual
documents. It generates an output report with similarities in words and phrases within the two
documents (Bloomfield, n.d.). The percentage of similarity index is indicative of the proportion
of automation achieved. The result of the comparison is shown along with the adjusted settings
of WCopyfind in Figure 19.
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Figure 19. File Comparison Report by WCopyfind (with 01 and 06 words)

From figure 19, part A, it is clear that 60 percent automation is achieved with the above-adjusted
settings of WCopyfind. Increasing the shortest phrase to match limit to 06 words provides us
around 32 percent automation which is also clearly depicted in part B when the phrase limit is
changed to 06 words and keeping other settings as intact as in part A. Table 2 shows how the
percentage of automation achieved varies when the different settings of WCopyfind are applied.
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Table 2. Automation achieved when the different settings of WCopyfind are applied

WCopyfind Settings Properties
Shortest Phrase to Match
Fewest Matches to Report
Ignore Punctuation
Ignore Outer Punctuation
Ignore Numbers
Ignore Letter Case
Skip Non-Words
Skip Long Words
Most Imperfections to Allow
Minimum % of Matching Words
Overall Match (Automation)

Setting 1
1
1
Yes
Yes
No
Yes
No
No
1
80
60%

Setting 2
6
1
Yes
Yes
No
Yes
No
No
1
80
32%

Setting 3
12
1
Yes
Yes
No
Yes
No
No
1
80
30%

Setting 4
18
1
Yes
Yes
No
Yes
No
No
1
80
29%

Settings 5
24
1
Yes
Yes
No
Yes
No
No
1
80
28%

Figure 20 summarizes the tabular report given in table 2 in bar chart form which clearly shows
how the percentage of automation achieved varies when different settings of WCopyfind are
applied.

Figure 20. Bar chart showing how the percentage of automation achieved varies
when different settings of WCopyfind are applied
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From figure 20, it is visible that there is a sharp decline in the automation achieved, i.e., from 60
percent to 32 percent when we go from setting 1 to setting 2. The reason for this sharp fall is
because shortest phrase to match changes from 01 to 06 in setting 1 to setting 2. However, after
that, there is no major decline in automation achieved even in setting 5 where shortest phrase to
match is 24 words. Therefore, it is clear that our approach for automated documentation provided
a stable and reliable solution even when shortest phrase to match is increased significantly.
Conclusion and Future Scope
Here in this paper, we presented ontology driven software development approach for automated
documentation. We displayed the framework for our approach and exhibited its implementation.
Moreover, comparison of our approach of automated documentation with the manual one shows
60 percent automation with 01word of shortest phrase to match and 32 percent in case of 06
words of shortest phrase to match. Here we would like to mention that percentage of automation
may vary from one case study to another. Also, Wcopyfind software provides similarity index
based on similar text and phrases found between two documents. It does not show any similarity
when two statements are written differently, yet, conveying the same message. Therefore, the
percentage of similarity index is just an indicator of the proportion of automation achieved,
nevertheless, actual automation may be even more. Therefore, our effort for automated
documentation provides very promising results that the proposed approach is definitely better
when it is compared to the manual one. Future work in this area can include further optimization
of automated documentation to achieve a higher percentage of automation.
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