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Abstract

Requirements engineering is a very important software engineering process which focuses on
the development and management of different user requirements. Requirements management is a
significant aspect of the requirements engineering process, which plays a vital role in supporting
product development, However, though requirements management is considered to be an
important process, & majority of the software process development projects do not implement it.
The software markets face many problems related to requirements management activities like
identifying user requirements, inadequate requirements, and the quality of these requirements,
which limits the studies addressing these issues. In this study, the researchers explored the
different software issues which cause software failure. Furthermore, they also explored the
various requirements management activities that reduce software failure during the
developmental processes. This study investigated the current requirements management
processes and presented CMMI level 2 as a solution for software failure. In this empirical study,
the researchers have presented many theoretical implications and contributed to the fields of
software engineering and requirements management. This study consists of valuable information
that can be used for implementing the requirements management practices.
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1. Introduction

Currently, the software engineering is one of the most rapidly growing industries in the world,
owing to the significant rise in the software applications. Any system is developed based on its
standards, need for application and finally, the company circumstances.

Software engineering refers to the application of a quantifiable and systematic approach for the
creation and maintenance of any software product [1-3]. This field has to face several challenges
for preserving and supporting the complexities in the field. Though software development is
carried out using meny different approaches, many studies have criticised its management
practices.

Requirements Engineering (RE) refers to the management and development of the user
requirements in the field of software engineering [4]. The development of any software
application is based on the success of the RE. Requirement Management (RM) relies on the
management of the user requirements compared to the overall software development. In other
words, RM is an essential component of the RE process [5]. Zainol [6] stated that most of the RM
activities carried out during the software development go unnoticed. A similar argument was
presented by [7]. In one study, Sommerville [8] specified that the RM must guarantee the
development of good-quality software products and must be favourably considered during the
software development. Furthermore, it was seen that the quality and the specification of the
software requirements gets compromised, which leads to the incorporation of the RE practices
into the RM activities. This is carried out by defining the best available practices and techniques.

In the past few years, many researchers have presented good techniques and tools which can
deliver improved processes [8, 9]. Furthermore, many studies have also verified that
incorporating the RE processes and techniques can significantly affect the software quality and
the general project cost, in comparison to the other RE processes which are not properly defined.
Here, the researchers have described the advantages in exploring the present RM practices that
could be implemented in the Software Development (SD) projects.

Recently, there has been an increasing interest in the software systems which adapt the
modifications in the user requirements for maintaining a continuity and satisfying the software-
based objectives [10]. Several researchers have considered RE to be pertinent for SD [11-13].
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The requirements management and requirement development are important in the RE activities
when any organisation wishes to adopt the best techniques in their procedures. Shubhamangala,
et al. [14] mentioned that the software projects usually failed because of the implementation of
poor RM/ RE practices. Similar thoughts were also expressed by Pandey and Suman [15].
Rikhari and Kumar [16] stated that poor RM and RE developmental practices lead to high costs
which could cause financial problems, bad software product quality, poor customer satisfaction,
waste of time and efforts, delayed product delivery and a poor market value. These factors, in
turn, lead to market failure.

RM has to face many challenges during project development. In their study, Basili, et al. [17],
mentioned that requirement quality was the major problem which affected the RM. Mu, et al.
[18] observed that despite the issues related to the requirement quality, many other problems
affect the RM processes like vague requirement statements, incomplete requirement specification
and the redundant requirement statements. However, Pohl [19] stated that many of the software
products ineffectively managed their user requirements by collecting and storing the necessary
requirements in the spreadsheets. Different requirements are usually stored separately in different
media, which makes their access difficult. Furthermore, a majority of this important metadata
goes missing or is misplaced based on its priority, status, type, etc. [20]. Many earlier studies
focused on the RM activities in the private sector [21-23], while less attention was paid to the
public sector, particularly, in the teaching institutions like universities. Abdulrahman [24] stated
that the application of good practices in the computer centres in the software markets was
essential as it helped the developers to develop a good software product.

Therefore, based on the earlier debate, in this study, the researchers investigated the decisive
problems affecting the adoption of the proper RM processes by the softwarc market.
Furthermore, this study also explored the relationship between the RM practices and the CMMI
level 2, which was an important tool that aides in the success of the RM practices. Samalikova, et
al. [25] and Mahmood, et al. [26] stated that many models could be used for improving the
processes and practices like the Capability Maturity Model Integration (CMMI).

Literature Review

Recently, the application software models have gained a lot of importance as they support the
daily human activities. Some of these services and products include washing machines, car
components, academics, healthcare services, and other operational processes. Many studies stated
that software development was a complicated process and the final product must satisfy all the
daily user requirements. Here, the researchers presented a literature review of the RM processes
and discussed the various dimensions of the RE processes in Section 2.1. Section 2.2 presents the
requirement development and important activities related to user requirements. In Section 2.3, the
researchers highlighted the RM activities while in Section 2.4; they investigated the different
maturity model integrations. Section 2.5 discusses the earlier studies related to the RM activities.
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Requirements Engineering

Software development comprises of many data-intensive activities, which are grouped together
and are defined as Requirement Engineering (RE), which also involves the stakeholders. The
problems related to RE are investigated after defining the goals [27]. RE involves a critical
decision-making process wherein the business objectives are fransformed into technical
specifications. Furthermore, in this process, the conflicting perspectives are also negotiated
according to a pre-defined action plan and the reasoning is revised without sustaining any serious
budget or time overtums. Also, the requirements are controlled and a disciplined approach is
required for handling the heterogeneous, dynamic and huge information volume [28].

RE is the initial stage of the Systems Engineering (SE) process, which consists of the general
requirements that define the application systems at each successive abstraction level. In this
phase of the SE, the software engineer analyses and documents the various system requirements
methodically and implements the development of the system application [29]. The RE activities
incorporated the complete system life cycle. RE is an iterative and incremental process that
indicates that RM is an important aspect of the RE process [8, 30, 31]. Generally, RE is carried
out prior to the development of any system lifecycle [32]. Studies have shown that the
development of any sophisticated system and the stabilisation of the software requirements
usually lasts for many months and even years [31]. As aresult, RE is performed along with other
system developmental activities like the coding and designing of software programs.

On the other hand, several studies have recommended using improved RE activities for resolving
the challenges occurring in the systems development program [33]. Many organisations have
executed all necessary changes in their system acquisition practices, and this assists the SE
processes to decrease the negative effects that could influence the requirements volatility of the
software programs. Wiegers and Beatty [34] classified the software RE process into 2 categories,
i.e., Requirement Development (RD) and Requirements Management (RM). Furthermore, these
domains can be subdivided into 4 other subsections described in Figure 1.
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Figure 1: Requirements engineering sub-domains (source: Wiegers and Beatty [34]).

Requirements Development

Requirement Development (RD) of a process is generally executed along with the RM process.
Rosenkranz [35] stated that the RD is associated with the best activities that define and document
the customer and product requirements using Level 3 processes. This elicits the customer and
product requirements and also analysing and validating the activities of the required products. All
components of the RD process are described in Table 1.

Table 1: Requirement development’s elements

REQUIREMENTS
DEVELOPMENT SUMMARY SOURCES
The requirements specification refers to the document
Requirements requirements of different types in a consistent, .
Specification accessible, and reviewable way that is readily Wisring[20]
understandable by the intended audiences.
The requirements elicitation is the practice of
Requirements collecting the requirements of a system from users, | Wiegers and
Elicitation customers and other stakeholders. Elicitation | Beatty [34]
techniques include both facilitated activities, in which
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you interact with stakeholders to elicit requirements,
and independent activities, in which you work on your
own to discover information.

Requirements  analysis  involves refining  the
requirements to ensure that all stakeholders understand
them and scrutinizing them tor errors, omissions, and

i t: . L .
Requlrem'e . other deficiencies. Analysis includes decomposing Pohl [19]
Analysis . . . .
high-level requirements into appropriate levels of
detail, building prototypes, evaluating feasibility, and
negotiating priorities.
Reduirement Validation ensures that the requirements are correct, Leo. ot al
i/qali:iatizz s demonstrate the desired quality characteristics, and will [;7] )

satisfy customer needs.

Requirements Management

The RM process plays a vital role in the development of the software systems. It is the primary
step in the SE process and has the potential to affect the direction of the subsequent project
activities. Earlier studies have presented a broad definition of the RM process [8, 38, 39].
Dutoit and Paech [40] defined RM as a systematic process used for managing and storing the
relevant and important information about the user requirements, while certifying the requirement
traceability, and also managing all the changes in the requirements that occur during the lifecycle
of this information system. Similar to other management disciplines, the RM process has a simple
principle of establishing and meeting expectations. However, the process gets complicated when
executed in real-world applications. Table 2 presents a list of tasks related to an effective RM
process [41].

Table 2: List of tasks associated with requirements management

NUMBER TASKS
1 Define and communicate what is wanted.
2 | Provide traceability to outside documents.
3 Apply requirements to the solution.
4 Optimize the product before commitment. h
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[ Drive the design and the implementation.

Manage change, problem reports, and suggestions.

Manage the partitioning of work to specialists.

Test and validate the finished product.

Control iterative developments.

Manage project milestones.

:‘gxooo\lmu:‘

| Manage interfaces with external systems.

As shown in the table, the RM process is broad-based. Furthermore, it also influences every
property of the software project development and includes every individual involved in the
developmental process, from the customers to the testers.

Requirements Management Activities

The RM process encompasses all the activities that can maintain accuracy, integrity and the
popularity of the requirement agreements through the software project. Wiegers and Beatty [34]
described 4 main activities which explained the role played by the RM process in the software
development, i.e., version control, change control, requirement status tracking, and requirement
tracing. Figure 2 describes each of these activities.

Requirements
Management

e == e ——
e = -~
Verslon Control Change Control _] Status Tracking | "'.r"dn“
® Dehining a version * Proposing changes = Defining possible ® Dehning links to
identification ® Anslyzing Impact requirement other requirements
() ® Making decislons e e © Detining links to
@ Tracking individial ¥ ® Racording the status other system
requirement © Updating Individual of each requirement elements

requiremen!

® Updating sets of
requitements

* Updating plans

= Messuring
requirementc
velatility

versions
* Tracking versions of
requirement sots

@ Tracking the status
distnhution of atl
requiremants

Figure 2: The Main Activities of Requirements Management Source: Wiegers and Beatty [34].

Capability Maturity Model Integration (CMMD

Many studies have described different models and guidelines which improve the business of the
organisations. The most effective approaches concentrate on one particular area and include a
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systematic technique for solving all the problems affecting the organisation. The CMMI models
help to integrate the models by excelling in the particular areas and also further improving them.
These models consist of the best practices that could be implemented in the software
organisations. This is carried out by addressing the ideas and the delivery of the system products
and ensuring their maintenance. This process improves the CMMs. Both the systems and the
software engineering processes have to be properly integrated for developing and maintaining the
system products [42]. The CMMI model can be represented in 2 different forms, i.e., the Staged
and Continuous forms [43]. Regnell, et al. [44] stated that the huge size of the software systems
has increased the significance of the RM process in the organisation of the developer’s process.
Hence, in this study, the researchers have focused on the Level 2 of the RM process, described in
the next section.

CMMI level 2

The Staged CMMI model comprises of 5 different maturity levels, described in Figure 3, where
every layer in the improvement of the current process was designed from Level 1 to 5 [45]. At
Level 2, the researchers ensured the project requirements using processes which were pre-
planned, measured, executed, managed and controlled. Such processes helped in retaining the
current project practices even during stressful periods.

Software Project Planning

The phase where the implementation methodology of CMMI level 2 is elaborated is known as the
project plan. In this phase, the resources and the timelines necessary for setting up and imparting
fraining to the different improvement teams are estimated and scheduled [45]. The project plan
further includes the introduction of new processes and standards, definition of procedures and

processes involved, training materials, tools, pilots, and checklists [45].
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Figure 3: CMM] five levels with respective process areas

Monitoring and Controlling

The objective of the project monitoring and control process is to supervise and monitor the
project execution and implement corrective actions when the project berformance falls short of
the expectations. It is a norm to track the progress of the project against the project plan and to
implement corrective actions when the progress of the project deviates from expectations [45,
46]. This also includes monitoring the major project performance parameters such as effort,

schedule, and budget.
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Supplier Agreement Management

This process phase plays an important role in managing the acquisition of products from
suppliers for cases where there is a formal agreement. The process of supplier agreement
management involves establishing best practices for satiating supplier agreements which includes
setting up standards and checklists to choose suppliers, creating definitions for agreements with
the suppliers, and defining rules for executing the agreements and accepting the suppliers’
product. The implementation of the generic and specific goals and practices for this process
phase is a responsibility of the supplier management improvement team [45]. The activities

related with supplier selection generally include:

Identifying potential suppliers

Forming an evaluation team

Setting up of an evaluation criteria

Issuing of Request for Proposals

Receiving proposals, and shortlisting suppliets for demonstration

Assessing suppliers against the evaluation criteria

Negotiating, decision-making, and making an agreement and statement of work with the supplier

Software Configuration Management

The objective of the configuration management process phase is to implement the best practices
for setting up of a configuration management system. It involves distinguishing work products
that require to be subject to change control, controlling releases of these work products, creating
baselines, maintaining the integrity of the baselines, controlling changes to these work products
over time, offering precise configuration data to stakeholders, capturing and reporting the status
of configuration products and change requests, and validating the correctness and completeness
of configuration products through configuration audits [45, 47]. The CMMI requirements for this
process phase are implemented by the configuration management improvement team.

The configuration management process phase enables the methodical development of software. It
confirms that the effects of the suggested changes are taken into consideration prior to
authorisation. It makes sure that releases are planned in advance and only authorised changes to
the software are allowed [47]. The components of the sofiware system and their version numbers
are known at all times, and the integrity of the system is maintained.

Process and Produet Quality Assurance

This phase focuses on the work products being produced by the projects, and provides visibility
to the management on the processes being followed. According to O'Regan [45], the objective of
this process phase is to implement the best practices to plan and conduct audits. It involves
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planning and conducting audits for quality assurance, delegating audit actions to groups or
individuals to tackle detected non-compliance issues, monitoring the audit actions to completion,
and documenting and reporting the outcomes to the management and stakeholders. The
implementation of this process phase that provides product quality assurance may be carried out
by the first teams that are set up in the initiative. However, it is necessary for the CMMI project
manager to have a distinct view on how this independent function should be executed.

Measurement and Analysis

The best practice on process implementation includes analysis of measurement information. This
measurement analysis involves the need for management information, specification of measures
and implementation, identification of the objectives of measurement, and the analysis of the
results. The project begins to collect and analyse the measurement data and stores and
communicates the results once the measurement objectives, data collection, measures, storage,
and analysis processes have been clearly defined. The characteristic or standard deliverables for
this process phase include templates, guidelines, a checklist, and a process map. An abstract
summary of the activities involved and the guidelines and procedures are provided in the process
map.

Related studies

Displayed Several studies were conducted on the requirements management in
various disciplines. Table 3 summaries these studies.

Table 3: Summaries the prior studies related to Requirements management in
general and the practices in specific

Author (s) Year Objective Method (s) Cutcome
Zainol [6] 2008 | To gain an insight into the | Quantitative method | This study shows that, the
extent to  which the (questionnaire) software  industry  is
requirements  management lacking of employing good
practices have been adopted practices in  managing
by the organizetions in requirements.
Malaysia
The overall edoption of the
To identify pattems of the | Quantitative Method | practices in the
Solemon, et al. [48] | 2010 | practices of the requirements (Questionnaires) requirements engineering
engineering  for  some in these companies is
software development strong. Nevertheless, their
companies in Malaysia. study also indicted that,

fewer companies use
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appropriate  software or
tools to support their
requirements engineering

The result shows that new

222

Giilke, et al. [49] 2012 | To understanding the | Qualitative Method | requirements or changes
relationship  between the | (Documentations) | on the existing
requirements ~ management requirements lead to three
and costs in Automotive different types of costs: (1)
Development Projects Investment Costs, (2)

Direct Costs, and (3)

Overhead/ Indirect Costs.
[ T N | They identified that, the

processes and limitations

Yu and Shen [50] 2013 | To focus on the practices of | Qualitative method | of current practice
projects constructed under (Interviews) included lack of practical
traditional procurement framework,
system. misinterpretation of

requirements, difficulties
in identifying
requirements, conflicts
between expectation and
constraints, complex
hierarchy  of  client’s
organization and
communication problems
in eliciting client
requirements.
This study found, the
2013 | To examine the practices of | Qualitative Method | ectivities should be shared

Shuhud, et al. [51] requirements elicitation | (Documentation and | among other stakeholders
activities and understanding Case study) to establish 8 common
of how different stakeholders understanding  of  the
collaborate in the requirements and  that
requirements elicitation social software has the
process potential to support this.

Violante and 2014 | The main purpose of this | Quantitative Method | The results obtained show

Vezzetti [52] study is develop a user-based {Questionnaire} that if some features are
strategy based on Kano included in enhanced RM
Methodology to define a tools, the user satisfaction
structured set of guidelines to increases. While, there are
support the design of the several features decrease
features of an integrated PLM the user dissatisfaction.
requirement management
tool.

~ Khankaew and 2014 | To investigate the cument " Qualitative Method | The results show that, the |




~ Riddle [7] state of RE problems and (Interview) companies in Thailand

practices amongst small and encounter common

medium software companies problems such as, clarity,

in Thailand correctness,
competiveness, change
management end customer
communication.

2015 | Propose tool to  assist Qualitati\ie Method | The results indicated that,
education of the basics of | (comparative cases) | the proposed tool (called

Kakeshita and requirement management REMEST) was simple and
Yamashita [53] based on  requirements easy to use. In addition, it
engineering body of is useful for beginner of
knowledge (REBOK) requirement management.
Conclusion

The current study aims to investigate the current situation for the requirements management
practices in software markets. The current study illustrated the situation of requirements
management in the software markets based on the related studies. The concludes, that there is a
weakness point in requirements management development which led to software failure. This
study revealed that hard to identified appropriate approach of managing tequirements to the
software markets: because of lack of using best requirements management practices between the
developer.

There are different models can use helps to improve the requirements management activities,
such as CMMI. The study presented CMMI level 2 as a common model used to improve the
requirements management activities, thus reducing the failure of software development. The final
conclusion of the study on requirements management activities, was that there were two main
recommendations should be mentioned: 1. The software developers needs to awareness and
truing about the importance of using requirements management activities through holding
seminars and workshop, and so on; 2. The software developers should more pay attention the use
of successful requirements management activities model, such as CMML
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