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Abstract— This paper presents an analysis of existing different approaches of Goal Oriented Requirement Engineering used 
in the requirement Elicitation Process. We mainly focuses on the different approaches of GORE (Goal Oriented Requirement 
Engineering) and analyzes and compares its applicability on the software system development process. The Goal of our 
research is to determine which technique is best and how and when? The results of our study are particularly important in the 
determination of more effective and efficient GORE technique so that developers could easily adopt and employ the 
technique in the development of a software system. 
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I. INTRODUCTION AND BACKGROUND 
 
1.1 Requirement Engineering 
Requirements engineering is defined in [28] as “the 
branch of software engineering concerned with the 
real-world goals for, functions of, and constraints on 
software systems. It is also concerned with the 
relationship of these factors to precise specifications 
of software behaviour, and their evolution over time 
and across software families”. 
The main measure of the success of a software 
system is the degree to which it meets its purpose. 
Therefore, identifying this purpose must be one of the 
main activities in the development of software 
systems. It has been long recognized that inadequate, 
incomplete, ambiguous, or inconsistent requirements 
have a significant impact on the quality of software. 
Thus, Requirements Engineering (RE), a branch of 
software engineering that deals with elicitation, 
refinement, analysis, etc. of software systems 
requirements gained a lot of attention in the academia 
as well as in the industry.  
Van Lamsweerde [9] describes the following 
intertwined activities that are covered by 
requirements engineering (a similar set of activities is 
also featured in [20]): 
 Domain analysis:  
 Elicitation  
 Negotiation and agreement 
 Specification  
 Specification analysis  
 Documentation  
 Evolution  
 
1.2. Problems 
The requirements elicitation process may appear 
simple: ask the customer, the users and others what 
the objectives for the system or product are, what is 
to be accomplished, how the system or product fits 
into the needs of business, and finally, how the 
system or product is to be used on a day-to-day basis. 

However, issues may arise that complicate the 
process. 
 
In 1992, Christel and Kang identified problems that 
indicate the challenges for requirements elicitation:  
 'Problems of scope'. The boundary of the system 

is ill-defined or the customers/users specify 
unnecessary technical detail that may confuse, 
rather than clarify, overall system objectives. 

 Problems of understanding. The 
customers/users are not completely sure of what 
is needed, have a poor understanding of the 
capabilities and limitations of their computing 
environment, don’t have a full understanding of 
the problem domain, have trouble 
communicating needs to the system engineer, 
omit information that is believed to be 
“obvious,” specify requirements that conflict 
with the needs of other customers/users, or 
specify requirements that are ambiguous or  
untestable. 

 Problems of volatility. The requirements change 
over time. The rate of change is sometimes 
referred to as the level of requirement volatility. 

 
1.3 Quality Improvement 
Requirements quality can be improved through these 
approaches: 
 Visualization. Using tools that promote better 

understanding of the desired end-product such as 
visualization and simulation. 

 Consistent language. Using simple, consistent 
definitions for requirements described in natural 
language and use the business terminology that is 
prevalent in the enterprise. 

 Guidelines. Following organizational guidelines 
that describe the collection techniques and the 
types of requirements to be collected. These 
guidelines are then used consistently across 
projects. 
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 Consistent use of templates. Producing a 
consistent set of models and templates to 
document the requirements. 

 Documenting dependencies. Documenting 
dependencies and interrelationships among 
requirements. 

 Analysis of changes. Performing root cause 
analysis of changes to requirements and making 
corrective actions. 

 
II. OVERVIEW OF GOAL-ORIENTED 
REQUIREMENTS ENGINEERING 
 
2.1 From Traditional to Goal-Oriented RE 
In the recent years, the popularity of goal-oriented 
requirements engineering approaches has increased 
dramatically. The main reason for this is the 
inadequacy of the traditional systems analysis 
approaches when dealing with more and more 
complex software systems. At the requirements level, 
these approaches treat requirements as consisting 
only ofprocesses and data and do not capture the 
rationale for the software systems, thus making it 
difficult to understand requirements with respect to 
some high-level concerns in the problem domain. 
Most techniques focus on modeling and specification 
of the software alone. Therefore, they lack support for 
reasoning about the composite system comprised of 
the system-to-be and its environment. However, 
incorrect assumptions about the environment of a 
software system is known be responsible for many 
errors in requirements specifications [14]. Non-
functional requirements are also in general left 
outside of requirements specifications. Additionally, 
traditional modeling and analysis techniques do not 
allow alternative system configurations where more 
or less functionality is automated or different 
assignments of responsibility are explored, etc. to be 
represented and compared. Goal- Oriented 
Requirements Engineering (GORE) attempts to solve 
these and other important problems. 
It is important to note that goal-oriented requirements 
elaboration process ends where most 
traditional specification techniques would start [34]. 
Overall, GORE focuses on the activities that precede 
the formulation of software system requirements. The 
following main activities are normally present in 
GORE approaches: goal elicitation, goal refinement 
and various types of goal analysis, and the 
assignment of responsibility for goals to agents. We 
will talk about these and other activities later in the 
document. 
 
2.3 Benefits of Goal Modeling 
There are a number of important enefits associated 
with explicit modeling, refinement, and analysis of 
goals (mostly adapted from [27]): 
 It is important to note that GORE takes a wider 

system engineering perspective compared to the 
traditional RE methods: goals are prescriptive 

assertions that should hold in the system made of 
the software-to-be and its environment.             

 Goals provide a precise criterion for sufficient 
completeness of a requirements specification.  

 Goals provide a precise criterion for 
requirements pertinence. A requirement is 
pertinent with respect to a set of goals in the 
domain if its specification is used in the proof of 
one goal at least.  

 A goal refinement tree provides traceability links 
from high-level strategic objectives to low-level 
technical requirements.    

 Goal modeling provides a natural mechanism for 
structuring complex requirements documents.  

 One of the concerns of RE is the management of 
conflicts among multiple viewpoints [4]. Goals 
can be used to provide the basis for the detection 
and management of conflicts among 
requirements [8][22]. 

 A single goal model can capture variability in the 
problem domain through the use of alternative 
goal refinements and alternative assignment of 
responsibilities. Quantitative and qualitative 
analysis of these alternatives is possible. 

 Goal models provide an excellent way to 
communicate requirements to customers. Goal 
refinements offer the right level of abstraction to 
involve decision makers for validating choices 
being made among alternatives and for 
suggesting other alternatives. 

 
III. THE MAIN GORE APPROACHES 
 
In this section, we describe  the  core  of  the  main  
GORE approaches.   
 
3.1 The NFR Framework 
The NFR framework  concentrates on the modeling 
and analysis of nonfunctional requirements. The goal 
of the framework is to put non-functional 
requirements foremost in developer’s mind [12]. The 
framework aims at dealing with the following main 
activities: capturing NFRs for the domain of interest, 
decomposing NFRs, identifying possible NFR 
operationalizations (design alternatives for meeting 
NFRs), dealing with ambiguities, tradeoffs, priorities, 
and interdependencies among NFRs, selecting 
operationalizations, supporting decisions with design 
rationale, and evaluating impact of decisions.  
The NFR framework also supports cataloguing design 
knowledge into three main types of catalogues: 
 NFR type catalogues include concepts about 

particular types of NFRs, such as performance. 
 Method catalogues encode knowledge that helps 

in softgoal refinement and operationalization.  
 Correlation rule catalogues have the knowledge 

that helps in detecting implicit interdependencies 
among softgoals.  

Overall, this framework provides a process-oriented 
approach for dealing with non-functional 
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requirements. Here, instead of evaluation the final 
product with respect to whether it meets its non-
functional requirements, the “emphasis is on trying to 
rationalize the development process in terms of non-
functional requirements” [19]. The provided 
catalogues are an important aid for a requirements 
engineer. 
 
3.2 i*/Tropos 
i* [60] is an agent-oriented modeling framework that 
can be used for requirements engineering, business 
process reengineering, organizational impact analysis, 
and software process modeling. Since we are most 
interested in the application of the framework to 
modeling systems requirements, our description of i* 
is geared towards requirements engineering. The 
framework has two main components: the Strategic 
Dependency (SD) model and the Strategic Rationale 
(SR) model.  
Since i* supports the modeling activities that take 
place before the system requirements are 
formulated, it can be used for both the early and late 
phases of the requirements engineering process. 
During the early requirements phase, the i* 
framework is used to model the environment of the 
system-to-be. It facilitates the analysis of the domain 
by allowing the modeler to diagrammatically 
represent the stakeholders of the system, their 
objectives, and their relationships. The analyst can 
therefore visualize the current processes in the 
organization and examine the rationale behind these 
processes. The i* models developed at this stage help 
in understanding why a new system is needed. During 
the late requirements phase, the i* models are used to 
propose the new system configurations and the new 
processes and evaluate them based on how well they 
meet the functional and non-functional needs of the 
users. 
i* centers on the notion of intentional actor and 
intentional dependency. The actors are described in 
their organizational setting and have attributes such 
as goals, abilities, beliefs, and commitments. In i* 
models, an actor depends on other actors for the 
achievement of its goals. Therefore, each actor can 
use various opportunities to achieve more by 
depending on other actors. The actors are used to 
represent the system’s stakeholders as well as the 
agents of the system-to-be. There are four types of 
dependencies in i*. They are classified based on 
the subject of the dependency: goal, softgoal, task, 
and resource. 
 
3.3 KAOS 
The KAOS methodology is a goal-oriented 
requirements engineering approach with a  rich  set of 
formal analysis techniques. KAOS stands for 
Knowledge Acquisition in Automated Specification 
[3] or Keep All Objects Satisfied [14]. KAOS is 
described in [14] as a multi paradigm framework that 
allows to combine different levels of expression and 

reasoning: semi-formal for modeling and structuring 
goals, qualitative for selection among the alternatives, 
and formal, when needed, for more accurate 
reasoning. Thus, the KAOS language combines 
semantic nets [4] for conceptual modeling of goals, 
assumptions, agents, objects, and operations in the 
system, and linear-time temporal logic for the 
specification of  goals and objects, as well as state-
base specifications for operations. In general, each 
construct in the KAOS language has a two-level 
structure: the outer graphical semantic layer where 
the concept is declared together with  its  attributes 
and relationships to other concepts, and the inner 
formal layer for formally defining the concept. 
Overall, a KAOS specification is a collection of the 
following core models: 
 
 goal model where goals are represented, and 

assigned to agents.    
 object model, which is a UML model that can be 

derived from formal specifications of goals since 
they refer to objects or their properties, 

 operation model, which defines various services 
to be provided by software agents. 

 
3.4 GBRAM 
The emphasis of Goal-Based Requirements Analysis 
Method (GBRAM) [2][3] is on the initial 
identification and abstraction of goals from various 
sources of information. It assumes that no goals have 
been documented or elicited from stakeholders and 
thus can use existing diagrams, textual statements, 
interview transcripts, etc.  
GBRAM involves the following activities: goal 
analysis and goal refinement. 
textual statements, interview transcripts, etc. 
GBRAM involves the following activities: goal 
analysis and goal refinement. 
Goal analysis is about the exploration of information 
sources for goal identification followed by 
organization and classification of goals. This activity 
is further divided into explore activities that explore 
the available information, identify activities that are 
about extracting goals and their responsible agents 
from that information, and organize activities that 
classify and organize the goals according to goal 
dependency relations. GBRAM distinguishes 
between achievement and maintenance goals. 
Similar to the other GORE approaches, a system and 
its environment in GBRAM are represented as a 
collection of agents. Here, agents are defined as 
entities or processes that seek to achieve goals within 
an organization or system based on the assumed 
responsibility for the goals. 
The GBRAM approach helps in goal elicitation and 
refinement by arming practicing requirements 
engineers with standard questions. For example, one 
possible question to determine if a goal is a 
maintenance goal “Is continuous achievement of this 
goal required?” In GBRAM, goals, agents, 
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stakeholders, etc. are specified in the textual form in 
goal schemas. Surprisingly, the method does not 
provide a graphical notation for representing goals, 
goal refinements, agents, etc. While the method 
involves, for example, creating precedence 
relationships among goals, such relationships are 
much easier perceived when represented graphically. 
 
ANALYSIS AND CONCLUSION 
 
Identifying goals is not an easy task. Software 
Requirement Elicitation using GOREP is a technique 
of requirement gathering in which requirements must 
be well analyzed and modeled including its 
appropriate goal selection, refinements and its 
prioritization. Our research work depends on the 
analysis of the different GORE approaches and thus 
our works motivates the developer for improving the 
existing requirement elicitation process using Goal 
Oriented Requirement Elicitation Approaches. While 
goals could be explicitly stated by the stakeholders or 
in the various sources of information available to 
requirements engineers. However, most frequently 
goals are implicit and therefore the elicitation process 
must take place. This analysis can result in a list of 
problems and deficiencies that can be precisely 
formulated. Once some goals have been identified by 
the requirements engineer, the aim is usually to refine 
them into progressively simpler goals until these 
goals can be easily operationalized and implemented. 
This process is usually done by asking the HOW 
questions and refining goals through AND/OR 
refinements. 
We analyses the following facts about the 
Requirement Elicitation Process using different 
approaches of GORE: 
 
4.1 From Goal Conflicts point of View 
Different stakeholders (clients, users, requirements 
engineers, developers, etc.) in general have different 
objectives, needs, concerns, perceptions, knowledge, 
and skills. In order to produce an adequate and 
complete requirements specification, all relevant 
viewpoints on the system need to be captured and 
integrated, with their differences resolved 
appropriately. The importance of viewpoints has been 
recognized since the early days of requirements 
engineering. While inconsistencies may be sources of 
new information, eventually, they need to be 
resolved. 
 
4.2 From the point of Variability  
In Tropos and other i*-based approaches, variability 
is captured using means-ends or OR decompositions. 
The modeling of the alternative responsibility 
assignments for goals, tasks, softgoals, and resources 
is also supported. 
In KAOS, variability can be represented using OR 
goal decompositions and alternative responsibility 
assignments of goals to agents. Additionally, 

identified obstacles can be resolved differently by 
alternative decompositions and application of 
alternative obstacle resolution patterns. Similarly, 
various heuristics can be applied to conflict resolution 
in KAOS. 
 
4.3 From Refinement point of view  
In providing formal support for goal refinement, 
KAOS introduces generic refinement patterns that are 
proven correct and complete and thus are easy to use. 
Darimont and Van Lamsweerde define a number of 
such patters for goal refinement in . The temporal 
logic patters such as milestone-driven or case-driven 
refinement are defined for propositional formulas (a 
number of first-order refinement patterns are also 
proposed). 
In the NFR framework, goals can be refined along 
two dimensions, their type (e.g., security or integrity) 
and their topic (subject matter), such as “bank 
account”. The framework provides a catalogue of 
methods for systematic refinement of softgoals. A 
qualitative label propagation algorithm is used for 
analysis. 
The GBRAM method provides strategies and 
heuristics for goal refinement. It does not provide an 
algorithm for formal or semi-formal analysis of goal 
models or goal refinements. In i* and Tropos goals 
and tasks are refined through means-ends and task 
decompositions. For refining obstacles KAOS 
provides formally proven refinement patterns. The 
AND/OR refinement of obstacles may be seen as a 
goaldriven version of fault-tree analysis 
 
4.4 From the point of Obstacle Analysis 
In GBRAM, once an obstacle is identified, a scenario 
for it must be constructed. Anton notes that while 
obstacles denote the reason why a goal failed, 
scenarios denote concrete circumstances under which 
a goal may fail. Scenarios can, thus, be considered 
instantiations of goal obstacles. Therefore, in 
GBRAM, scenarios are used to analyze obstacles. 
They may help uncover hidden goals or other goal 
obstacles. Once the obstacles have been identified, 
however, 
GBRAM does not provide much guidance on how to 
deal with them. 
On the other hand, KAOS embraced obstacles and 
provides well-developed methods for detecting and 
mitigating them . An obstacle to a goal is formally 
defined as an assertion that is consistent with the 
domain theory, but the negation of the goal is the 
logical consequence of the theory consisting of the 
assertion and the domain theory. Once identified, 
obstacles can be refined in a way similar to goals 
(e.g., by AND/OR decomposition). 
 
4.5 From the Point of Goal Assigning 
In KAOS, agents are assigned leaf-level goals based 
on their capabilities. The process is similar in 
GBRAM. KAOS allows requirements engineers to 
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analyze alternative configurations of the boundary 
between the system-to-be and its environment 
through the use of OR responsibility links. Thus, it is 
possible to compare several system configurations 
where, for example, more or less functionality is 
automated. In the end, the responsibility for the 
achievement of a goal lies with one agent. In 
GBRAM, on the other hand, it is possible for several 
agents to be responsible for the same goal at different 
times. 
The Tropos approach, on the other hand, advocates 
keeping goals and alternatives around throughout the 
development process to produce flexible software 
systems. Since it is based on the i* notation, actors in 
the composite systems do not have to be assigned 
leaf-level goals. In i*, actors usually have initial goals 
that represent their needs in the organization. They 
can be assigned other goal through intentional 
dependencies. Goals of an actor are refined into 
subgoals, subtasks, etc. This refinement is done from 
the point of view of the actor. 
Thus, We reach on the conclusion that each GORE 
approach is rich and vital  in itself and can evaluate 
the objective of the system to be, helps in identifying 
the system  environment and stakeholders, goal 
refinements and analysis and obstacle analysis, and 
removing goal conflicts etc, Thus, We can employ a 
particular technique on a particular situation during 
the Requirement Elicitation process for achieving the 
maximum customer satisfaction in the development 
of a proposed software system. 
 
FUTURE WORK   
 
With regard to the concepts and notations, there are 
several works that use goals, NFR, scenarios, and role 
models. In addition, there is interest in the MAS field 
for the use of patterns to model from an abstract level 
(e.g., social pattern) to a more detailed and 
architectural design level. Moreover, there is a 
significant lack of research on traceability among 
artifacts produced along the MAS development. Our 
future works includes the following interest: 
 
 An important area of research for us is the 

representation and analysis of alternative 
system  proposals / configurations using goal-
based techniques. 

 Manipulation of systems through their goal 
models. 
For example, merging of several goal models 
could correspond to the Enterprise aplication    
Integration; addition, removal or replacement 
or goals may represent requirements evolution, 
etc.  

 Developing RE approaches for truly open and 
dynamic multiagent systems populated by 
smart deliberating agents capable of 
constructing forming teams and constructing 
plans dynamically. 

 We can combine the existing techniques of 
GORE to drive the  more efficient result. 
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