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Introduction 

Software requirements are specification of what should be implemented; they are 
descriptions of how the system should behave, a system property or attribute, or they may 
be a constraint on the development process of the system [1]. Requirements are 
specifications of the services that the system should provide, the constraints on the system 
and the background information that is necessary to developing the system [2]. Finally, a 
requirement is a singular documented need of what a particular product or service should 
perform [3]. The latter definition is applicable in system engineering and software 
engineering. One can notice that the previous definitions are defining software 
requirements as specifications that cover system’s behaviour, attribute, capability, 
characteristic, or quality of a system for a user to utilize and benefit from, satisfying 
planned or expected objectives.  
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Importance of Software Requirements 

Collecting software requirements and analysing them in a professional manner is a key 
element of information systems and information technology projects. Many software 
projects have failed because their requirements were poorly collected and analysed [4]. In 
an empirical study [5] on requirements elicitation subject, the researchers came up with 
the following results: 

1- System requirements engineering problems are universal and very significant 
indeed, 

2- There are several types of errors discovered during SW project development 
phases. The most expensive type is requirements type since the cost of fixing it could be 
up to 100 times the cost of fixing an implementation error, 

3- 60% of errors in critical systems were the results of requirements errors, 
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4- A survey of 12 CMM-certified companies in 2002 came up with the result that out 
of 268 development problems cited almost 50% were requirements problems. 

Defects introduced in requirements elicitation have an impact on all other development 
and deployment activities [6]. Errors encountered due to not fulfilling software 
requirements are typically found only after the testing phase and are mainly found after 
deployment, and tend to be expensive and difficult to correct [7]. Late correction of 
requirements errors could cost up to 200 times as much as correction during requirements 
engineering [8]. Reworking requirements defects in most software development project 
may cost 40-50% of the total project cost [9] while some other estimates go up to 80% of 
the project cost [8]. To great extent, incomplete and changing requirements are considered 
as mean reasons for projects failure (in term of missed deadlines, exceeded budget, and/or 
not meeting quality expectations), those two reasons cover the majority among other 
reasons that cause project to fail [10]. With respect to non-functional requirements (NFRs) 
power of effect, there is a recent research [11] that highlights the fact that NFRs are 
affecting all levels of software life cycle activities, so they should be identified at the 
analysis phase and their elicitation must be accurate and complete. 

The importance of this research is to come up with a framework for NFRs elicitation 
for the purpose of improving software quality in the service-oriented architecture (SOA) 
by advising the service customers on how to select the best web service based on its 
NFRs. 

NFRs elicitation is considered in few process models that include architectural design 
as a stage in the software development process [12] such as the practice adopted by the 
Rational Unified Process. In this research, NFRs elicitation process is seen as part of the 
analysis phase and that elicited NFRs need to be evaluated and tested through all 
subsequent phases. This opinion is supported by [12] in which it confirms that NFRs 
affect mostly the system architecture and they are considered early, at the moment of 
formulating the requirements for the system. Previous researches have emphasized that the 
lack of scientific NFRs elicitation approach will definitely lead to mismatch against 
functional requirements [13]. Such problem can easily result in projects that will take 
more time to be concluded, as well as bigger maintenance costs as well as time waste [14]. 
NFRs have been observed to be frequently neglected or forgotten in the software 
development process in spite of the fact that NFRs plays an essential role in the success or 
the failure of the software systems especially heavy quality-oriented systems [11].  As a 
result of ignoring NFRs, serious problems have been reported during the development of 
software systems such as extra cost, schedule overruns, software systems discontinuation, 
incompleteness of requirements, and dissatisfaction of software systems’ clients [15]. [6] 
states that the consequences of neglecting NFRs are frequently more severe than the 
consequences of functional requirements’ omissions. NFRs are also known as quality 
requirements [16, 7] and unlike functional requirements, NFRs state constraints to the 
system as well as particular notions of qualities a system might have such as, but not 
limited to,  accuracy, usability, safety, performance, reliability, and security. Hence, we 
can say that while functional requirements state ―what‖ the system must do in term of 
services and functions delivered to the user, NFRs state (and may strongly influence) 
―how‖ the system must accomplish the ―what‖ [13]. As a result, NFRs are always linked 
to a functional requirement and influence architectural and design decisions [7] since they 
jointly contribute to the quality product attributes. As an example a computer program 
may run on text-based command line tool such as DOS, graphical user interface 
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environment as MS-Windows, batch mode, or as a web service through some internet 
browser. The actual functionality of the program will continue to be same but the external 
interface with the users may differ significantly and what NFRs are delivering is the ―how-
feel‖ of the program and its constraints, limitations, and environment. 

 

Non-Functional Requirements Elicitation 

NFRs are not systematically gathered even with emerge of new software advanced 
tools and software standards that guide and recommend developers and users to plan for 
clear, precise and correct NFRs [11, 18]. In addition to NFRs elicitation difficulties, 
testing NFRs is not in the minds of people who define the NFRs [19]. It is widely known 
in software engineering discipline that decisions on NFRs determination affect mostly the 
software system structure and architecture [12]. Defining unambiguous NFRs of a system 
requires a lot of accuracy and expertise.  

Why non-functional requirements are neglected during elicitation? 

Neglecting NFRs is counted as one of the top risks of requirements engineering 
because of several reasons such as that they are very context dependent, they are vague, 
and interdependent due to their global nature as discussed in REFSQ’04 [20]. There are 
several reasons for not well-addressing NFRs by the current approaches implemented in 
the software requirements domain; the reasons are diversity, dependency, and conflicts. 

First, NFRs have high level of diversity between SW requirements domains which 
makes the process of deciding on NFRs difficult for the development team or software 
engineers and the rest of stakeholders [15].  

Second reason is the dependency of NFRs on the selected infra-structure components 
(SW and HW) that constitutes the design solution properties. Deciding the network 
topology (Star, Ring, Bus), data transmission (wired or wireless), cable type (fibre optic, 
co-axle, UTP), protocols configuration have main role to play during the NFRs elicitation 
process [21].  

Third reason is the likelihood of having conflicts between NFRs which is very natural. 
An example on the conflict between security and performance, encryption algorithms have 
caused negative effect on the performance of the network as stated by [18]. [22] has 
proposed a technique that mitigates the conflict between maintainability and performance, 
the technique uses heuristics-based algorithm that has improved the computer system 
performance during testing software quality. Very few NFRs models handle the conflicts 
within diverse NFRs during the architectural design stage [12]. One approach to mitigate 
conflicts within NFRs is to make these conflicts explicit; this should include derived 
interdependencies as advised in REFSQ’04 [20]. 

Figure 1 shows a classical security trade off between security and functionality in 
Microsoft operating systems [23]. Windows XP operating system consists of 40 million 
lines of code, and end user applications are becoming equally complex- if not more- when 
systems become this large, bugs cannot be avoided [24]. Figure 1 shows how the 
complexity of Microsoft operating systems (measured in lines of code) has grown over the 
years. It is quite clear that the complexity increases the security level of the product at the 
one hand and affects negatively the functionality required by the stakeholders at the other 
hand. 
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Fig. 1: growth of the Microsoft Operating System from 1990 to 2002 [23]. 

With respect to NFRs conflict, [25] reports a case study in which implementing of two 
steps password-check to have strong security has resulted in usability compromise. In 
another subject related to NFRs stakeholders, [11] confirms that NFRs play an important 
role in checking the satisfaction level at stakeholders in addition to alerting them on the 
trade-off between some NFRs since this role can easily reduce stakeholder-dissatisfaction.  

Service-Oriented Architecture (SOA) 

The SOA is a very powerful and new shift paradigm in the world of information 
systems; its introduction makes ―Software as a Service‖ a unique possibility. As a vehicle 
for SOA implementation, the web services technology is promising that automated 
composition of services can be achieved [26]. Solutions are available for service 
discovery, composition, and description. Users do not have to be tightly connected with 
particular hardware or software vendor and their independence will be achievable through 
selecting preferable middle ware and other protocols (HTTP, XML, and SOAP). 
Moreover, highly cohesive and loosely coupled web service is going to be de facto [27, 
28] in the IT world since the web service is expected to perform one single task with 
known interface and results in addition to matching quality of service level expected by 
the customer as per Service Level Agreement between the two parties i.e. the service 
provider and the service requester. From the management point of view, meeting the 
organization’s vision, mission, and strategic objectives will be doable via using the web 
service technology [29, 30]. SOA provides high abstraction level and it enables the 
organization using its existing legacy systems which could be using COBOL, Object-
Oriented, Component-Based Objects among other technologies. 

Modern Requirements Elicitation Techniques 

Software requirements serve as a contractually binding specification, and guide the 
design, implementation, and testing efforts. In most projects, the requirements are 
proactively elicited from a broadly representative group of stakeholders through a 
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carefully coordinated series of informal interviews, surveys, studies, and organized 
brainstorming sessions such as JAD [31].Collecting software requirements activity is 
considered by various levels of users as difficult, time consuming, and inefficient. 
Abilities of communication services within the intended organization going to conduct 
software requirements elicitation has a major role to play in this context and it affects 
considerably consequent activities, tasks, and processes [32]. People’s opinions differ 
completely and significantly during this activity due to naturally existing flavours between 
individuals. One of the most difficult tasks in building systems is in acquisition and 
encoding of the requisite domain knowledge. Knowledge for systems must be derived 
from expert sources and elicitation of right knowledge can take several years and cost 
huge amount of money [33] especially in case of expert systems or knowledge-based 
systems. The software requirements process, including the tasks of eliciting, analyzing, 
and specifying the functional and non- functional requirements of a system, represents one 
of the most critical phases of the software development lifecycle [31]. The main objective 
of the elicitation techniques is to support the maximum level of stakeholders’ 
collaboration, cooperation, and contribution. In the following sections various elicitation 
techniques will be shown. 

Creativity technique 

The need for creativity techniques in requirements elicitation is emerging in the field of 
computer applications under the notion that that ―requirements are not just out there to be 
found‖ [34]. In spite of such recommendation on elicitation approach, there are 
unavoidable topics such as NFRs that must remain unaddressed so as to guarantee some 
focus [34]. One can say that Maiden’s recommended elicitation technique is human-
intensive requirements generation technique. An example of newly creative techniques in 
requirements elicitation is RESCUE creativity techniques [35]. 

Search-based technique 

Other researchers are promoting different approach for requirements elicitation. This 
approach (which was announced in REFSQ’08) intends to reduce RE problems, like 
requirements selection and prioritization, to search problems, and then apply multi-
objective search-based techniques to lead the search of an optimum [35]. This technique is 
machine-like and formalized. 

Parameterized Online Simulation Environment (POSE) 

Another group of researchers [35] have developed a quality-oriented tool called POSE 
for requirements elicitation. Its function is to facilitate the elicitation of quality 
requirements through interactive simulation of the system which is going to-be maintained 
or developed. The tool is fed with a description of both the business processes and the 
organizational environment in which the business processes are going to take place. Then, 
through a ―business game‖ option in the utility, new requirements can be elicited, or 
various versions of the processes can be compared according to how they match some 
quality requirement. One can say that there is a possible high cost of this approach which 
requires complete process and context specification and a non trivial set-up. Future case 
studies will investigate cost-benefit analysis of such tool (POSE) 

Elicit Method 

Software process elicitation (developed by Madhavji et al.) highly recognized and 
notable work in the field of requirements elicitation. It provides strong framework for 
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eliciting descriptive processes. The framework consists of three stages View, Method, and 
Tool. Elicit Method is technical and platform dependent which impacts its ability for 
practical application by everyday software professionals involved in software process 
improvement. The consequence of this limitation is that not all process users have the 
same level of technical knowledge that can be leveraged in elicitation [32]. 

Spearmint 

This model was development by (Becker-Kornstaedt et al.) for software process 
elicitation. It focuses on technical support for the process engineer. Spearmint provides 
capabilities for classifying and representing process models in an application environment 
that is web based where its power rests in the Electronic Process Guide generator (EPG) 
tool to create process specifications and it provides direct support for the process engineer 
[32]. Spearmint directly impacts efforts for documentation of processes in process 
improvement. 

Prospect 

This model was development by (Becker-Kornstaedt et al.) to formulate a decision 
model to address the problems faced by inexperienced process engineers conducting 
elicitation efforts [32]. Prospect techniques are defined according to a template, this 
template includes the preconditions for the application of a technique, the information 
source types (roles or document types) the technique can be applied to, and the 
information a technique can elicit in terms of process model elements. Prospect technique 
uses natural language and questions to elicit the process model data. 

Win-Win 

This approach assumes that the computer project can be a successful one if and only if 
stakeholders collaborate and make everybody a winner. Win-Win process provides a 
collaborative environment in which stakeholders brainstorm their needs, identify and 
prioritize stakeholders’ win-conditions, identify Issues, Constraints, and Options, and then 
finally negotiate Agreements [31]. In this model, Conditions are recorded as the 
stakeholders’ desired objectives, Issues capture the conflicts between win conditions and 
their associated risks and uncertainties, Options are used to propose alternatives and 
solutions to resolve an issue; and Agreements describe achieved negotiation result [36]. In 
term of market tools there are some tools that support this approach. EasyWinWin tool is a 
groupware system designed based on Win-Win to involve multiple stakeholders and help 
them to gain a better and more thorough understanding of the problem and supports co-
operative learning about other’s viewpoints. WikiWinWin is another tool based on the 
Wiki technology and Win-Win approach to facilitate the collaborations during 
requirements negotiation. 

Joint Application Development (JAD) 

Joint Application Development (JAD) brings users and technical professionals together 
and is designed mainly to discover end user’s functional requirements (FR) in software 
development [37]. JAD gathers a broad range of stakeholders together in highly structured 
and focused meetings to gather information and specify requirements [31]. The focus of 
JAD is a structured workshop known as the JAD Session, in which all stakeholders design 
a system. JAD includes five distinct phases: 
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Project Definition Phase, Research Phase, Preparation Phase, the JAD Session, and the 
Final Document. 

In the first two phases of JAD, it is intended to interview the stakeholders. The JAD 
Session Phase (the heart of JAD) addresses work flow, data elements, screens, reports, and 
open issues. In the opinion of the researcher, JAD can be used in conjunction with other 
methods to deal with quality requirements since JAD has proved itself as a reliable 
method to show FRs which means that we can benefit its strength in that area but not in 
NFRs area. 

The researcher looks at JAD as an effective way of gathering end-users’ functional 
requirements [37] but not NFRs since NFRs elicitation require different approach per each 
NFR. For various types of NFRs, the development teams may follow unique approach for 
some NFRs such as Security which has different aspects in comparison with other NFR 
such as maintainability. As a result, JAD does not provide specific way to elicit quality 
requirements. 

Issue-Based Information Systems (IBIS) 

IBIS was developed in the 1970s to improve the definition, discussion, and resolution 
of "wicked" problems where it intends to address issues that are ill- defined or strongly 
challenged among stakeholders. In IBIS, all problems are decomposed into issues, which 
are phrased in the form of open questions to the stakeholders [37]. IBIS enables 
stakeholders to collaboratively verbalize and explore key issues and related arguments in 
order to find and articulate solutions [31]. 

Each issue is then resolved by proposed positions, which are resolutions to the issue put 
forth by the stakeholders. Every position has corresponding arguments that either support 
or oppose the position [37]. Since IBIS has a good supporting CASE tool freely available 
from the Compendium Institute's Web site [http://compendium.open.ac.uk/institute].Using 
such tool, optionally, the requirements engineer is tasked with recording the 
communication of issues, positions, and arguments. The results are then presented in the 
form of an IBIS Map (IM). The IBIS maps are analyzed by the requirements engineering 
team and stakeholders to elicit the requirements [37]. IBIS was effective for documenting 
complex decision-making discussions but did not provide a structured way of generating 
NFRs such as security [37]. 

Unfortunately the researcher could not found a tool / mechanism that transform the 
IBIS maps into plain requirements. 

Meta-Synthesis Approach (MSA) 

MSA is one of the approaches to deal with open complex giant system problems form 
the view of systems. The heart of the approach is to synthesize the intelligence of experts, 
the high performance of computer and data, information to understand the problems 
comprehensively and to make better decisions [36]. 

Hall of Workshop for Meta-Synthetic Engineering (HWMSE) 

MSA has evolved into Hall of Workshop for Meta-Synthetic Engineering (HWMSE). 
It is composed of three parts: Machine system, Expert system and Knowledge system. 
Experts guide and determine key points through the involvement of creative thinking and 
Machines carry out the repetitive and tedious work. The knowledge system is not static 
but dynamic as it continuously changes by interacting with the environment [36]. All the 

http://compendium.open.ac.uk/institute


International Journal of Computing Academic Research (IJCAR), Volume 2, Number 3, June 2013   

106 

 

three parts are synthesized and integrated by modern high and new technology. Within 
this approach, human experts make full use of advanced information technologies to 
achieve data, information and knowledge support for quantitative analysis. 

Accelerated Requirements Method (ARM) 

ARM (variation of JAD [38]) is facilitated requirements elicitation and description 
activity process [39] and is designed to elicit, categorize, and prioritize requirements and 
includes three phases [38]. ARM is an effective and rapid method of collecting 
requirements developed for use in a commercial environment [38]. Till today, ARM has 
no CASE tool. Figure 2 shows the three phases of ARM. 

 

 

 

Fig. 2: ARM three phases. 

In ARM, the team leader should choose the correct focus question and should prepare 
relatively large number of questions to be asked to the stakeholders per each requirement 
[38] in order to gather systematically the maximum amount of related information about 
FRs and NFRs in the same context. ARM is extremely effective and rapid method of 
collecting requirements particularly security requirements as shown in several case studies 
[37]. In the same reference [37] ARM has outperformed IBIS and JAD due to its 
suitability in NFRs subject. 

In spite of its powerful over other techniques such as JAD and IBIS in NFRs area, 
ARM is not designed to collect NFRs for SOA. 

Misuse Cases 

This approach has been given this name to distinguish it from standard use cases since 
use cases describe system behaviour in terms of functional (end-user) requirements. This 
approach views the software from the perspective of an adversary in which the authorized 
user interaction with the system is diagrammed simultaneously with the hostile user’s 
interactions [40]. Misuse cases approach, is based on UML, to handle NFRs and they are 
the inverse of the standard use cases and it describe functions that the system should not 
allow [11]. Each misuse case drives a requirement and corresponding test scenario for the 
software specially in developing requirements for security functionality [40]. Misuse cases 
apply the concept of a negative scenario that is a situation that the system’s owner does 
not want to occur in a use-case context where major significant attribute of misuse cases 
approach is that it leads to quality requirements, such as safety and security [38]. Although 
this approach is very effective in gathering certain NFRs but it is not to cater for services 
concept. 

 

Quality Function Deployment (QFD) 

QFD is an overall1 concept that provides a means of translating customer requirements 
into the appropriate technical requirements for each stage of product development and 
production [39]. Although QFD covers a broad portion of the product development life 
cycle, the earlier stages of the process are applicable to requirements elicitation for 
software engineering; these stages include [38]: 

Preparation Facilitated Deliverable 
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1. Identifying the customer (stakeholders) 

2. Gathering high-level customer requirements 

3. Constructing a set of system features that can satisfy customer needs 

4. Creating a matrix to evaluate system features against satisfaction of customer needs. 

The problem of QFD is that it does not specify how to gather customer requirements 
and therefore it is not suitable for the research objective. 

Tropos 

Tropos (http://www.troposproject.org/) methodology considers not only the system 
functional requirements but also NFRs such as security, reliability, and performance [11]. 
Tropos offers support to systematically deal with the NFRs elicitation and reasoning [41]. 
Tropos is based on the idea of building a model of the system that is incrementally refined 
and extended from a conceptual level to executable artefacts, by means of a sequence of 
transformational steps [11]. The Tropos material (by Giorgini et al.) is a self-contained 
life-cycle approach; it is very specific in terms of how to go about requirements 
specification. The first version of Tropos was not sufficient for some NFRs such as 
security and that has led to the development of Secure Tropos [40]. 

Problems of Elicitation 

Two increasingly prevalent software engineering practices have undermined the 
effectiveness of traditional requirements elicitation strategies and techniques [31]. First, 
the growth of the global IT marketplace has meant that customers and developers are often 
geographically distributed, and in-person requirements meetings are not feasible on a 
regular basis. Secondly, the growth in size and complexity of software systems and the 
associated increase in the number of stakeholders, introduces significant problems in 
managing and coordinating the human-intensive requirements elicitation process in large 
projects. The elicitation of NFRs is heavily neglected area due to lack of specialized 
elicitation methods in this area [39]. While on the side of functional requirements (FR), we 
may find lots of elicitation methods specialized for that area. One of these several 
functional-requirements based methods is JAD which is brainstorming-based approach 
that cannot fit for NFRs elicitation. The NFRs elicitation is considered in several process 
development models (during the architectural design stage) however, they do not consider, 
explicitly, a particular approach for building the quality model which risk having 
unfulfilled computer system with quality level [12].  

Elicitation Conflicts 

Managing requirements elicitation effectively requires detecting and handling conflicts 
and misunderstandings [42]. 

Documentation and lack of tools 

Requirements elicitation and documentation are complex activities [42]. NFRs are 
among the most difficult and expensive type of requirements to deal with and the lack of 
support to deal with them could put in danger the success of the computer software [41]. 

Stakeholders’ participation 

http://www.troposproject.org/
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Not only the requirements themselves will evolve but also the people involved and the 
means for managing the requirements will evolve too during the project. So, stakeholders’ 
participation improves the quality of requirements products [42]. 

 

Lack of support in UML 

SOA projects are normally not based on Use Cases but on business processes and 
because processes can be easily transformed to service compositions. Therefore, the 
business processes must be documented as well as part of requirements elicitation. Use 
Cases are used to elicit and document the requirements from the point of view of an 
actor(s) and due to their textual nature they can be understood by normal users who are not 
accustomed to Unified Modelling Language and other technical notations [43]. One can 
say that Use Cases are used for functional requirements elicitation and deriving business 
processes in the requirements specification phase but do not fit for NFRs. 

Conclusion 

In SOA, the NFRs (security, fault tolerance, the high availability of services, and the 
dependability) of services should be described separately from their functional 
requirements behaviour (i.e., business logic) because different applications use services 
and connections in different non-functional contexts [44]. Distributed Software Systems 
Group (DSSG) at the University of Massachusetts, Boston defines NFRs are security and 
fault tolerance requirements for a service in the SOA approach [45]. NFRs should be 
captured in an early project development phase and transformed to code or configuration 
files in order to improve development productivity, this activity incurs time-consuming 
and error-prone manual efforts to implement and deploy NFRs in later development 
phases (e.g., integration and test phases) [46]. In order to eliminate incorrect assumptions 
about web services’ behaviour, services are required to announce, clearly, their non–
functional requirements and capabilities in an agreed, machine readable format [47]. As an 
example of a product and its relationship with NFRs, [48] states that the final design and 
performance of complete Virtualization Engine solutions depends on numerous factors 
such as NFRs. These NFRs include requirements for solution characteristics, such as 
reliability, availability, security, maintainability, and performance since NFRs associated 
with any solution have the most influence over its final shape. NFRs construct a natural 
complement to other requirements’ capture techniques such as use-case analysis [49]. 
Current techniques rely on the textual contents of the service descriptions interfaces to 
find web services with disregard to NFRs parameters of the service, this create some 
problems as stated by [50]. The problems that can be encountered due to the lack of 
structured description of the NFRs attributes within the web service are(i) Low-precision 
results are returned and (ii) No methods are provided enabling the stakeholder selecting 
among several services that can perform the same function [50].  

Limited contributions have been brought to support the selection of services on the 
basis of their non-functional characteristics. As a consequence, software developers have 
no automated tools to support the analysis aimed at characterizing the performance and 
reliability (among long list of critical NFRs) behaviour of software applications based on 
the behaviour of the services and the architecture of the application [51]. 
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One can say that the there is a need to address this area due to the lack of tools, 
approaches, frameworks, and methods that help development community selecting most 
appropriate web service(s) based on its NFRs suitability to the users requirements. 
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