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Abstract

Requirements engineering is concerned with
producing a set of specifications for software systems
that satisfy their stakeholders; and can be implemented,
deployed and maintained using these alternatives. The
last fifteen years have seen the rise of a new phase in
software development which is concerned with the
acquisition, modeling and analysis of stakeholder
purposes (“goals”) in order to derive functional and
non-functional requirements. Goals play a prominent
role in the requirement engineering process; they drive
the elaboration of requirements to support them. Goals
are intended outcomes to be achieved by the system
under consideration. The concept of “Goals” is
increasingly being used in requirement engineering.
Goal oriented requirements engineering refers to the
use of goals for requirements elicitation, elaboration,
organization, specification, analysis, negotiation,
documentation and evolution.

The objective of this paper is to provide a brief and
comprehensive review of the major efforts undertaken
along this line of research. In this paper we have done
literature review of the concepts, terminology,
significance and techniques of Goal oriented
requirements engineering.

Keywords: Requirements engineering, Goals, Goal
oriented requirements engineering,Security
requirements,Scalability requirements,Risk management.

1. INTRODUCTION

Requirement engineering (RE) is the very first step of
the system development process. It is concerned with the
identification of stakeholders’ goals about the intended
system; the specification of services and constraints that
operationalize those goals; and the assignment of
responsibilities for the resulting requirements to agents such
as humans, devices and software [1]. Requirement
engineering is concerned with requirement elicitation,
analysis, specification, validation and requirement
management [2], [3], [4], [5], [6], [7]. Requirements
engineering research has increasingly recognized the
leading role played by goals in the RE process [8], [9], [10],
[11], [12], [13], [14].

RE has been developed as a discipline to identify and
then translate stakeholder needs into system requirements
[14]. Traditional systems analysis concentrates on what
features a system will support, but the Goal Oriented
Requirements Engineering (GORE) approach, is based on
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the identification of system goals and the transformation of
those goals into requirements; it addresses concerns about
why a certain goal is required, how it can be achieved and
who is responsible for it in the system and/or the
environment [4], [15], [1]. The notion of concentrating on
the why is not new; organizing requirements around goals
is relatively new [16]. During goal-oriented analysis, we
start with initial stakeholder goals such as “Fulfill every
book request”, or “Schedule meeting” and keep refining
them until we have reduced them to alternative collections
of functional requirements each of which can satisfy the
initial goals [17].

Goals play a prominent role in the RE process; they
drive the elaboration of requirements to support them [18],
[11], [19]; they provide a completeness criterion for the
requirements specification—the specification is complete if
all stated goals are met by the specification [8]. Goals are
intended outcomes to be achieved by the system under
consideration [22]. The concept of “Goals” is increasingly
being used in requirement engineering [19]. They provide a
rationale for requirements—a requirement exists because of
some underlying goal which provides a base for it [20],
[21]. Goal oriented requirements engineering refers to the
use of goals for requirements elicitation, elaboration,
organization,  specification,  analysis,  negotiation,
documentation; and evolution [23].

The objective of this paper is to provide a brief and
comprehensive review of the major efforts undertaken
along this line of research. Section 2 defines the basic
concepts and terminology of GORE. Section 3
differentiates traditional wversus goal based approach.
Section 4 explains about the benefits of GORE, its
advantages and disadvantages. Section 5 specifies different
GORE techniques and summarizes them briefly. Section 6
specifies future scope and the paper concludes with a brief
summary.

2. CONCEPTS AND TERMINOLOGY

Dardenne [22] defines requirements in terms of goals
and propose a goal directed acquisition technique for
requirements elicitation. Lamsweerde [23] presents
significance of goals and classifies the goals into three
types; the goals have been defined in terms of GORE
concepts. Anton [24] gives a technique for goal
identification and refinement for a software based
information systems based on GORE concepts. GORE
techniques [25], [26] for identification, elicitation, and idea
generation of goals have been proposed based on GORE
concepts. Regev and Wegman [27] define the underlying
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principles of GORE from the principles of General System
Thinking and Cybernetics. Naveed and Anawar [35] give a
critical study of the GORE techniques for evaluation and
common unifying framework. Lapouchnian [29] presents
concepts of goals, beliefs, constraints, taxonomies, agents,
requirements and assumptions.

2.1 Requirements Engineering

Requirements engineering is 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 behavior, and to their evolution
over time and across software families [1, 40]. RE is now
defined by the RE community as goal-driven.

2.1.1 Requirements Engineering Activities

The following intertwined activities that are covered

by requirements engineering [1], [30].

e Domain analysis: the environment for the system-to-
be is studied. The relevant stakeholders are identified
and interviewed. Problems with the current system are
discovered and opportunities for improvement are
investigated. Objectives for the target system are
identified.

o Elicitation: alternative models for the target system
are analyzed to meet the identified objectives.
Requirements and assumptions on components of such
models are identified. Scenarios could be involved to
help in the elicitation process.

e Negotiation and agreement: alternative requirements
and assumptions are evaluated; risks are analyzed by
the stakeholders; the best alternatives are selected.

e Specification: requirements and assumptions are
formulated precisely.

e Specification analysis: the specifications are checked
for problems such as incompleteness, inconsistency,
etc. and for feasibility.

e Documentation: various decisions made during the
requirements engineering process are documented
together with the underlying rationale and
assumptions.

e Evolution: requirements are modified to accommodate
corrections, environmental changes, or new objectives.

A considerable knowledge is built up during early-
phase RE. This knowledge is used to support reasoning
about organizational objectives, alternatives and
implications, etc. It is important to retain and maintain this
knowledge in order to guide system development,
evolution to have a deep understanding about a domain,
one need to understand the interests, priorities and abilities
of various stakeholders. Hence early phase RE models that
deal with organizational goals and stakeholder interests cut
across multiple systems. These can reason about of the
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cooperation among systems. Hence the emphasis in Goal-
Oriented RE is on understanding the “whys”.

2.2  Limitations of Traditional RE approaches
Traditional requirements engineering research takes
start from the initial requirements statements, which
express customer’s wishes about “what” the system should
do. The objective, of traditional requirements engineering
tasks, is to produce a requirements document to pass on to
the developers. The purpose is that the resulting system
should be adequately specified and constrained, often in a
contractual setting. It ignores to focus on “why” the system
should do, which is the focus of Goal-Oriented RE.

2.3 Definition of Goals

Van Lamsweerde [1] defines a goal as an objective
that the system should achieve through cooperation of
agents in the software-to-be and in the environment.

Anton [31] states that goals are high-level objectives of the
business, organization or system; they capture the reasons
why a system is needed and guide decisions at various
levels within the enterprise.

Dardenne [25]) defines the concept of goal as “A non-
operational objective to be achieved by the composite
system.” Oshiro [32] suggests a technique for generation of
sub goals from goals through a refinement process of
meeting involving all the stakeholders. The process
continues until it becomes an objective that can be satisfied
through the process of programming.

The focus on goals can be understood by examining
the following quote from the seminal KAOS paper [25]
Goals are important in several respects. They lead to the
incorporation of requirements components which should
support them. They justify and explain the presence of
requirements components which are not necessarily
comprehensible to clients. They may be used to assign the
respective responsibilities of agents in the system; more
precisely, they may provide the basis for defining which
agents should best perform which actions to fit prescribed
constraints (according to their capabilities, reliability, cost,
load, motivation, and so forth). Finally, they provide basic
information for detecting and resolving conflicts that arise
from multiple viewpoints among human agents [9].

2.4  Definition of Agents

Agents are active components of the system such as
human, devices, and software [22], [43]. Agents are
responsible for the fulfillment of goals. Agents are active
components in system or its environment. [42], [37].

Goals are to be achieved by the cooperation of various
agents. Such agents may include software components that
exist or are to be developed, external devices, and humans
in the environment. The system being considered in the
requirements engineering process is thus composite [32];



it includes both the software-to-be and its environment.
3. TRADITIONAL ANALYSIS VERSUS GORE

Goal-driven requirements engineering takes the view
that requirements should initially focus on the why and
how questions rather than on the question of what needs to
be implemented. "Traditional" analysis and design methods
focused on the the functionality of the system to be built
and its interactions with users. Instead of asking what the
system needs to do, goal-driven methods ask why a certain
functionality is need and how it can be implemented. Thus
goal-driven methods give a rationale for system
functionality by answering why a certain functionality is
needed while also tracking different implementation
alternatives and the criteria for the selection among these
alternatives [33].

Goal-Oriented RE is “Early-phase RE” activities vis-a-
vis traditional RE that is late phase RE. Hence Goal-
Oriented RE supports the activities performed before the
formulation of the initial requirements.

4. BENEFITS OF GOAL MODELING

There are a number of important benefits associated
with explicit modeling, refinement, and analysis of goals.

e |t 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; domain properties and expectations about
the environment are explicitly captured during the
requirements elaboration process, in addition to the usual
software requirements specifications. Also, goals provide
rationale for requirements that operationalize them. Thus,
one of the main benefits of goal-oriented requirements

engineering is the added support for the early
requirements analysis [23].
e Goals provide a precise criterion for sufficient

completeness of a requirements specification. The
specification is complete with respect to a set of goals if
all the goals can be proven to be achieved from the
specification and the properties known about the domain
[8]1.

e 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 [8]. Even without the use of
formal analysis methods, one can easily see with the help
of goal models whether a particular goal in fact
contributes to some high-level stakeholder goal[23].

e A goal refinement tree provides traceability links from
high-level strategic objectives to low-level technical
requirements [23].

e Goal modeling provides a natural mechanism for
structuring complex requirements documents [23].
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e 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 [34] [35].

e 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 [23].

o 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 [23].

e Separating stable from volatile information is also
important in requirements engineering. A number of
researches point out that goals are much more stable than
lower-level concepts like requirements or operations
[31], [23]. A requirement represents one particular way
of achieving some goal. Thus, the requirement is more
likely to evolve towards a different way of achieving that
same goal than the goal itself. In general, the higher level
the goal is the more stable it is.

4.1 Advantages of GORE

The main advantages of goal-oriented RE [23], [36]

are as follows:

a. From goals one can systematically derive requirement
and object models.

b. Goals give the rationale for requirements.

c. A goal graph can provide traceability from strategic
concerns to technical details.

d. Goal formalization can prove if the refinements are
correct and complete.

e. The goal refinement structure can
comprehensible structure that is helpful
requirements document.

f.  Alternative system proposals also could be explored
with the help of alternative goal refinements.

indicate a
in the

4.2 Disadvantages of GORE

The main disadvantages of goal-oriented RE [36] are

as follows:

a. Unless a rigorous automated reason is used with
formal methods, an abstract model may go
unguestioned.

b. Records contain vague intentions without thinking
properly about the practical applications.

5. GORE TECHNIQUES

A variety of techniques have been proposed e.g.
Deriving Tabular Event-Based Specifications from goal
oriented requirement model (DTEBS) [37] GBRAM [38],
AGORA [39], Visual Variability Analysis for goal models



(VVA) [40], Goal-Oriented Idea Generation Method
(GOIG) [41], Deriving Operational Software Specifications
(DOSS)[42], Agent-Based Tactics for goal-oriented
requirements elaboration (A-BT) [22], and goal oriented
requirement elicitation based on General System Thinking
Heuristics (GSTH) [43]. Duboc [44] describes application
of GORE for eliciting the scalability requirements of a
large, real-world financial fraud detection system. Duboc
[44] presents a case study that reveals both the suitability
and the limitations of GORE as a technique for eliciting the
information needed by stakeholders to specify scalability
goals of a system.Requirements engineering community
has accepted the need and importance of security from the
early stages of the software systems development which
has been presented in the publications[45,46,47,48] to
focus on that area.The most advanced ideas in the
information system security risk management (ISSRM) are
reported in the new ISO/IEC 2700x series [49].

This section presents a survey of GORE techniques,
their process and methodology. Table 1 summarizes the
GORE techniques with respect to the coverage of different
requirement engineering activities [16].

The following presents a brief overview of GORE
Techniques [16].

GSTH [43] deals with requirement elicitation. It
defines the highest level goals (a new level of abstraction)
and proposes a set of heuristics based on General System
Thinking (GST) and Cybernetics.

DOSS [42] deals with the Requirement Specification
activity. It defines formal semantics for goals
operationalization based on pre, post and trigger
conditions; agents and their realization of goals and goal
operations performed by agents; also defines taxonomy of
goal patterns.

DTEBS [37] uses the same models proposed by [42]
for deriving tabular event-based specifications.

GBRAM [38] deals with Requirement Analysis
activity. Set of heuristics (25 total) are proposed in
GBRAM, 6 are related to Classification, 8 related to
Refinement, 12 heuristics helps in Elaboration. In addition
elaboration is supported by scenarios.

GOIG [41] is concerned with requirement elicitation.
A process is defined for requirement elicitation based on
idea-generation. Ideas are grouped into goals, and it mainly
uses heuristics for idea-generation based
elicitation.

A-BT [22] mainly proposes tactics for resolving
problems of un-realization of goals by agents. Goals are
assigned to agents and agents realize goals. A goal is
unrealized by an agent when agent cannot observer
monitored variables or cannot control controlled variables.
No formal process is as such defined.

AGORA [39] Strengthens to support selecting goals to
decomposed, prioritizing, conflicts resolution, and
quality estimation. It works by attaching attribute values
(-10 to 10) to nodes and edges in the AND-OR goal graph.
The values express how many degrees the sub-goal
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contributes to the achievement of its parent goal. Different
score is given in each edge in OR and same value is
assigned to all the edges in AND decomposition. It uses
preference matrix to find conflicts and gaps of
understanding amongst different stakeholders (Customer,
Developer, and Administrator).

VVA [40] deals with analysis and provide
comprehensive reports for variability of requirements in
order to achieve the satisfaction of stakeholders.

Table 1: GORE Techniques w.r.t. RE Coverage [16]

Elicitation Domain Analysis GSTH
Requirement and | GSTH
Assumptions GOIG
identification
Analysis Classifying GBRAM
A-BT
AGORA
VVA
Modeling GBRAM
A-BT
AGORA
VVA
Elaboration GBRAM
A-BT
AGORA
VVA
Conflict  Identification | A-BT
and Resolution AGORA
VVA
Prioritization AGORA
VVA
Specification DOSS
DTEBS
Requirement | Requirement AGORA
Management | Change/Evolution
Management
Traceability AGORA
GBRAM
A-BT
DTEBS
DOSS
VVA
Conflict Management AGORA
Measurement AGORA

6. FUTURE SCOPE

We hope this paper motivates the reader to do research
in GORE. The various emerging research directions based
upon GORE are the security requirements, scalability
requirements (software quality) and risk management.

7. CONCLUSIONS



In this paper, the various efforts of GORE research has
been summarized briefly by specifying the importance of
requirements engineering, Goal oriented requirements
engineering and GORE methods.
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