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Abstract— Requirements engineering is the initial process of software development that critically determines the overall software 
process quality. However, this process is error-prone. This is generally related to the factors of communication, knowledge, and 
documentation. With the lack of business knowledge, it is complicated for (technical) engineers to define customer needs. Also, 
modeling and documenting requirements need much time and effort to ensure that the requirements are valid, and nothing is missed. 
The current approach of the requirements modeling process mostly focuses on the Unified Modeling Notation (UML) use case, that 
not provide enough information for a stakeholder to define system requirements. The generated SRS is still lack of detail development 
guideline that increase risk of development error. The purpose of this research is to guide for the elicitation process to avoid missing 
and mismatch requirements, and to make the modeling and documentation process more effective and efficient. We propose an 
ontology framework for generating requirements specification. This framework, namely the Rule-Based Ontology Framework (ROF) 
consists of two main processes: First, requirements elicitation. This step provides a guideline for the stakeholder to define system 
requirements based on the problem of the current system and business process enhancement. Based on this final requirement list, the 
requirements ontology is generated. Second, the auto-generation of the requirements specification document. The document consists 
of semi-formal modeling and natural language. In this research, we use Business Process Modeling Notation (BPMN) is a modeling 
language. For natural language documents, we use IEEE for the SRS template. 
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I. INTRODUCTION 

One of the reasons for the failure of software projects is 
poor management of requirements. Among the most 
common issues are endless changes, incompleteness, 
ambiguous, unrealistic requirements, and up to inappropriate 
modeling process. Particularly for Requirements 
Engineering (RE), which is the first process of software 
development that defines requirements and produces 
Requirements Specification (RS) as an output, mismatch 
requirements lead to significant losses to the project. 

Commonly, requirements specification is built only based 
on general requirements which explicitly written by the 
customer. This document usually contains only initial 
requirements and is not the complete version. With the lack 
of business knowledge, it is challenging for engineers to 
define customer needs. On the other hand, modeling and 
documenting requirements need much time and effort to 
ensure that the requirements are valid, and nothing is missed. 
Errors in this phase could be transferred in the subsequent 
phases of the software development and compromise the 
overall process or increase the cost of the development [1]. 
The use of an ontology helps to formalize the structure of 
requirements specification in a way that system can be 
understood. Study in [2] focuses on developing requirements 

ontologies that define requirements in general, their main 
types, how they are documented, and also how they are 
using requirements during software execution. 

Research question raised are: 1) How to elicit all customer 
needs and avoid missing and mismatch requirements? 2) 
How to improve process efficiency in building software 
requirements specification by reducing the manual writing 
process. This paper is proposing a framework to build the 
requirements specification document using the ontology 
approach. The framework consists of two main processes: 
First, Requirements elicitation process. Second, a process to 
build requirements specification documents automatically, 
which includes Business Process Modeling Notation (BPMN) 
and natural language template. By using the framework, it is 
expected to avoid missing and mismatched requirements. 
Automation of process modeling and documentation 
requirements can make the process more effective and 
efficient.  

Requirements Engineering is a process to help identify, 
clarify, and agree upon the actual requirements with the 
customer [3]. The activities start with eliciting the 
requirements from stakeholders, document it in a certain 
template, continued by validating the criteria to make sure its 
completeness, and manage the requirements changing. This 
research only focusses on the first two processes, which are: 
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requirements elicitation and requirements documentation. In 
contrast, requirements validation and negotiation, and 
requirements management will be considered as the next 
stage in future works. 

II. MATERIALS AND METHOD 

A. Requirements Elicitation 

Requirements elicitation is the process of in-depth and 
thorough information finding from all stakeholders 
associated with the built software [4]. Table 1 shows a 
summary of the classification of the traditional requirements 
elicitation techniques 

TABLE I 
TRADITIONAL REQUIREMENTS ELICITATION TECHNIQUES 

Technique Category [5] 
Classic/Traditional Interview, Questionnaires survey, 

task/domain analysis, introspection  
Contextual Observation/Social analysis 
Modern and 
Group 

Prototyping workshops, brainstorming, 
group work, use cases, JAD/RAD 

Cognitive Card sorting, laddering CRC, Repertory 
Grids 

 
Problems arising from the implementation of traditional 

techniques of the elicitation process are [6]–[8]: 1. The 
effectiveness and efficiency of the techniques depend on the 
scope of the project 2. Stakeholders difficult to define the 
system according to their needs 3. Limited time and 
resources 4. Limited knowledge related to the company's 
business processes. Regarding these issues, several methods 
have been proposed with different approaches (Table 2). 

TABLE II 
APPROACH FOR ELICITATION PROCESS 

Method  Review  
Goad-oriented [9] Focuses on managing final 

requirements from the stakeholder. 
It does not explain how the 
stakeholder defines requirements 
from scratch.  

Conceptual model [10] Works well only if stakeholders 
have enough knowledge to define 
the needs of the system. 

User-centered design 
approach [11] 

Runs effectively on commercial 
software, where the users of the 
services in a very large number.  

 
In respect of these previous research [9]–[11], none of 

them have detailed explanations to assist stakeholders in 
defining their needs from scratch. This research applied 
traditional techniques, such as interviews and brainstorming, 
for setting the list of the initial requirements and continued 
with improving the Analytics Method [6] by proposing Gap 
Identification Process. It guides both stakeholders and 
engineers to identify current system problems and build 
system to solve those problems. This proposed method also 
ensure system enhancement is aligned with business process 
enhancement.  

Once the requirements are collected, the process will be 
continued by determining the priorities of each requirement. 
To choose the appropriate technique, it is essential to 

consider several attributes such as time, effort, and project 
properties. In many projects, simple ad hoc prioritization 
techniques are well suited. Compared to other techniques 
that address customer needs analysis, the Kano model has 
been applied and proven widely in various industries. [12]. 

Kano model is a technique that classifies customer desires 
by assessing how important a product or functionality can 
meet customer needs. In many cases, it is complicated to see 
the customer's needs clearly; therefore, the Kano model 
provides positive and negative questionnaires to ensure each 
functionality matches the customer's expectations. The 
results of the questionnaire classify functionality into several 
areas, which will then determine whether the functionality 
needs to be implemented or even to be eliminated. (as shown 
in fig 1).   

  
Fig. 1 The Kano diagram 

Revealed requirements represent what customers want by 
explicitly doing the interview. Expected requirements 
represent a critical requirement that has to be implemented; 
otherwise, the system will be considered to fail. Those are 
often basic, which stakeholders may fail to describe. 
Exciting requirements is hard to describe, which even 
stakeholder might not even consider it. The proposed 
framework used the Kano model as the validation method to 
finalize and prioritize the requirements list. By answering 
Kano questionnaires, stakeholders define the priority of 
requirements and confirm if any of them should be 
eliminated. 

B. Requirements Documentation 

Requirements documentation [13] is a process to write the 
requirement in a certain way that represents system needs. 
Documentation could be classified based on the degree of 
formality:  

• Informal Method: the most natural way of expressing 
requirements, even it considers lacking the need for 
quality. i.e., IEEE SRS template. 

• Semi-Formal Method: Graphical representation of a 
system with specific symbols. i.e., Unified Modelling 
Language (UML) or Business Process Modelling 
Notation (BPMN) 

• Formal Method: Minimize ambiguity and support full 
automatic test case generation, but it costs much for 
software performance, i.e., methods are Z Notation. 

Natural language strictly needs to be built to gain 
stakeholder understanding. Nevertheless, a Semi-formal 
modeling approach is needed as a bridging language 
between the technical and business domain. Building 
documentation in natural language with minimum errors in 
syntax and semantic perspectives is challenging. UML use-
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case diagram is a good way to represent top-level 
requirements, but UML does not completely represent 
important features associated with the systems [14]. When 
compared to other business process modeling languages, 
emphasize that BPMN may be considered as the de facto 
standard for business process modeling [15]. This research 
focuses on documenting requirements specification through 
informal method (IEEE SRS Template) and semi-formal 
way (BPMN). 

BPMN is developed by Object Management Group 
(OMG), which is dedicated to being easily read by a user 
with both business and technical perspectives. The basic 
categories of elements are [16]: Flow object, Connecting 
objects, Swim lanes, and Artifacts. 

Auto-generating requirements specification propose a 
better way of documenting requirements by minimizing 
human error and efficiently reduce time to build 
specification. It needs the knowledge domain that can store 
the interrelationship between the functions on the 
requirements list. An ontology represents requirements in 
standard terminology, and stores its knowledge using 
concepts, attributes, and relations among concept instances. 
Therefore, ontology is used as the knowledge domain of the 
requirements list.  

There are two main benefits [17] for using ontology as 
domain knowledge. First, relate the semantic processing of 
requirements. To build requirement specification effectively, 
processing of requirement description is necessary. With 
ontology representation, it is easier to detect basic semantic 
properties.  By applying the rules, we can specify the level 
of completeness for the requirements description. Secondly, 
we can use the (semi) automated technique to build an 
ontology. Existing works [18] propose concepts to build 
ontology from the middle to large text documents. These 
concepts can help to reduce the effort of building domain 
ontologies from the scratch.   

Previous research [19], [20] using ontology to build 
requirements specification document (Table 3) in natural 
language. Most of these tools generate documents based on 
one specific template, i.e., IEEE template. 

TABLE III 
REQUIREMENTS DOCUMENTATION METHOD 

Method Review  
GUITAR’s project [19] Ontology-based tools to automatically 

transform the natural language 
specification into a structured 
specification.  

Ontology approach [20] Using ontology engineering to store 
and include additional information to 
build SRS in the IEEE format.  

 
Ontology is used as domain knowledge in the proposed 

framework to auto-generate requirements specification 
document which consists of semi-formal modelling (BPMN) 
and natural language template. 

III.  RESULTS AND DISCUSSION 

This research proposes a framework to build 
requirements specification document using ontology 

approach. The input, process and output of every stages 
shown in Fig 2. 

 
Fig. 2 Rule-Based Ontology Framework (ROF)  

• Stage A is a process of gathering all related documents 
and stakeholder information to elicit company needs. 
Requirements list will be transformed into ontology 
form. 

• Stage B is a process of generate requirements 
specification in modelling language by mapping the 
instance of the ontology into the elements of BPMN. 
Output of this stage is BPMN diagram which is 
generated from the ontology. 

• Stage C is a process of generate requirements 
specification in natural language by mapping 
requirements ontology to SRS template (IEEE). The 
output of this stage is structured requirements 
specification document in natural language. 

A. Requirement Elicitation 

Fig 3 shows the requirements elicitation process which 
consists of four main processes: Gathering initial 
requirements, identifying gap, prioritizing requirements list 
using Kano model, and building requirements ontology. The 
purpose of this process is to define functional requirements 
in ontology form. 

 
Fig. 3 Elicitation process 

1) Gap Identification: It is the process to identify the 
gap between business and system enhancement to ensure 
final requirements solving company issues through 
discussion and brainstorming with stakeholder. Main input 
of this process is current business process document and 
Current System document. Fig 3 shows four information 
classification in gap identification stage which consists of: 
current system, current business process, future system, and 
future business process. Gap 1 is problem. Problems occur 
due to the business process that is not yet supported by the 
current system. In some cases, even if it has been supported, 
the process still faces some difficulties. By finding the 
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problem, we can define the solution which will be 
transformed as requirement list. Errors or missing 
information in source documents often occur that can make 
the gap identification process ineffective. Therefore, it must 
be ensured that all documents have been validated. Gap 2 is 
Business Process Enhancement. Changes in business 
processes become one of the biggest reasons of project 
failure. It is necessary to identify the gap between current 
and future business process to ensure that the system can be 
used effectively. Gap 3 is System Enhancement. When 
problem and business process enhancement is defined, by 
comparing functional of current system and requirements 
list, it can be seen how much the system will be changed, 
and how much effort to implement the requirements. 

TABLE IV 
GAP 4 CONSISTENCY CHECKING 

No Process Name 
(Future) 

Future System 
Type 

Requirement List 
(Rev) 

1 Build 
workload 
rubric 
template 

User interaction  The system should 
provide university HR 
administrator with the 
ability to manage 
workload rubric 
template.  

2 Distribute 
workload 
rubric 
template 

User interaction  The system should 
provide university HR 
administrator with the 
ability to activate 
workload rubric 
template with 
workload template 
form as input.  

3 Review 
workload 
rubric 
template 

User interaction  The system should 
provide faculty HR 
administrator with the 
ability to access 
workload rubric 
template 

 
Gap 4 is Consistency Checking. This process ensures all 
future business processes are supported by new system. Gap 
is identified by checking if there is any process which is not 
supported in requirements list. Requirements will be revised 
until no gap is identified. Table 4 shows example of 
consistency checking which produce requirements list as 
output.   

TABLE V 
KANO QUESTIONNAIRE BASED ON REQUIREMENTS LIST 

If the system provide 
functionality to check 
registration progress, how do 
you feel? 

Like  
Must  
Do not care  
Can’t live with it  
Dislike 

If the system does not provide 
functionality to check 
registration progress, how do 
you feel? 

Like  
Must  
Do not care  
Can’t live with it  
Dislike 

1) Prioritizing Requirements List using Kano Model: 
Based on Kano model, all requirements list will be generated 
to a questionnaire which consists of positive and negative 
questions (Table 5). There will be five possible answers for 

each process. Questionnaires will be distributed to the 
stakeholders. Results of the questionnaire are calculated 
according to Kano formula [21] and classified with 
following order: Must-Be, One-Dimensional, Attractive, 
Indifferent, and Reverse requirements (Fig 4). It is 
stakeholder’s decision to skip or postpone in filtering of any 
of those requirements. 

 

 
Fig. 4 Order of decreasing importance 

2) Data Pre-processing, Ontology Building and 
Evaluation: This process includes defining the class, 
instance, and relationship of ontology from requirements list. 
By using wordnet, we can get Part-of-Speech (POS) of every 
sentence [22] and rule-based approach is used to build 
ontology instance and relationship. The Output of this 
process is Functional Requirements (ontology form). Fig 5 
shows the concept of ontology. 

 
Fig. 5 Ontology Concept 

B. Requirement Documentation 

1) Auto-Generate Requirements Specification Document 
–Modelling Language in Semi-Formal Method (BPMN): Fig 
6 shows auto-generate requirements model process which 
consists of two processes: Map the instances of requirements 
ontology to the BPMN basic elements and generate structure 
file in XML format. Purpose of this process is generating 
requirements model in semi-formal method. 

 

 
Fig. 6 Process of modelling language in semi-formal method (BPMN) 

In this process, the final representation of the 
requirements specification is the BPMN chart. Rule-based 
method is a process to map the requirements ontology 
instance into BPMN elements (Fig 7). The BPMN elements 
are implemented in Web-based programming language to 

1140



visualize the diagram. We use .xml file as data type and java 
as programming language. 

Task

Event

process Start

position End

object Gateway

action Exxclusive Gateway

Swimlane

Pool

Lane

Object

Data Object   
Fig.  7 Ontology Mapping to BPMN Elements 

2) Auto-Generate Requirements Specification Document 
– Natural Language Template: Fig 8 shows auto-generate 
requirements specification process in natural language which 
consists of two main processes: Map the instance of 
Requirements Ontology to IEEE Section and Generate file 
in .docx format. In this process, the final representation of 

the requirements specification is natural language in IEEE 
SRS template. 

 
Fig. 8 Process of building document in natural language template 

This process includes defining specific template of SRS. 
In this case, we use IEEE SRS template with eliminating 
non-functional section (Figure 6). The ontology instances are 
mapped into SRS template. Using Web based programming 
language, word document is generated. We provide interface 
for user to add some additional information in GUI to 
complete the SRS such as: name of project and revision 
history. 

 

 
Fig. 9 IEEE template mapping 

 
By using this framework, it is expected that requirements 

engineering process performed in a more efficient way. 
Evaluation of proposed framework performance will be done 
by implementing a case study in Information system unit at 
Telkom University, Bandung, Indonesia. The case study 
consists of two module programs which are: Workload 
Application. Evaluation is conducted by validating 
requirements ontology and requirements specification 
document. This implementation using similarity metrics for 
validating generated BPMN and checklist for validating 
generated SRS [23]. 

Quality aspect of requirements specification [13] that 
will be used are:  

• Quality aspect “content”: completeness and 
correctness 

• Quality aspect “documentation”: unambiguity and 
Conformity to document format and to documentation 
structures 

• Quality aspect “agreement”: agreed and agreed after 
changes  

IV.  CONCLUSION 

Requirements engineering is the initial process in 
software development that critically determines the success 
of the next process. This paper focuses on reducing missing 
and mismatched requirements in elicitation process and 
increase effectiveness and efficiency in modelling and 
documentation process. We propose an ontology framework 
for generating requirements specification which consists of 
two main processes. The requirements elicitation process 
and auto-generation of requirements specification document 
which consists of BPMN and natural language template. 
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This framework may encourage other researchers to elicit 
initial requirement in different methods. The proposed gap 
identification process contributes in processing resource 
document to gain semantic information. Building ontology 
can be improved automatically since requirements list has 
been defined in a structured template. 
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