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Abstract—Requirement engineering has been the subject of large
volume of researches due to the significant role it plays in the
software development life cycle. However, dynamicity of software
industry is much faster than advances in requirements engineering
approaches. Therefore, this paper aims to systematicaly review and
evauate the current research in requirement engineering and identify
new research trends and direction in this field. In addition, various
research methods associated with the Evaluation-based techniques
and empirical study are highlighted for the requirements engineering
field. Finaly, chalenges and recommendations on future directions
research are presented based on the research team observations
during this study.
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|. INTRODUCTION

REQUIREMENT ENGINEERING (RE) is the process of
identifying the goa behind a software system by
identifying different stakeholders of the system, evaluate their
needs with regard to the context to which the system will
operate in, state the system services and constraints, and
finally communicate the resulted findings in a form of
requirements throughout the development life cycle of the
software system. According to Cheng and Atlee [3],
Requirement engineering activities differs from other software
engineering activities as they are concerned with identifying
the problem and how the environment will be affected by the
proposed system whereas other activities are concerned with
the solution of the problem and the behavior of the system
under these requirements. Furthermore, different factors
contribute in making RE a difficult task:

1. Requirements are usually abstract and not well-defined at
the beginning of the analysis phase. Making it difficult to
extract correct, viable and complete requirement
Statement.

2. Analysts need to gather requirement information from
various stakeholders, which raise problems like
conflicting requirements, integration and validation
problems. The need to document these requirements in
order to relate them to their source stakeholdersis crucia
for subsequent processing and validation.

3. Requirements must be developed and influenced by the
environment that will host the system (Organization
context), which requires clearly identifying the
environment, constraints that are imposed by the
environment domain, and the complexity of the
environment itself especially when physical aspects of the
environment (e.g. Hardware) need to be taken into
consideration.

. A. Al-Fataftah is currently studying Master degree in Princess Sumaya
University of Technology, Amman, Jordan (phone: +962 6 535 9949, fax: +962 6
534 7295, e-mail: ishrag.fataftah@students.psut.edu.jo)

Ayman. A. Issa, Department of Computer Science, University of Calgary,
Alberta, Canada. (e-mail: issaa@ucalgary.ca).

4. The evolving nature of the environment requires
requirements to evolve as well. Maintaining integrity
and consistency among aready set and new
requirements is crucia for the continuity of the project
and its ability to conform to various changesin future.

5. It is sometimes the case to be unable to form requirement
statements to be understood by both stakeholders (non-
technical) and domain experts (technical) people. The
use of adequate processes and modeling notations is
important to deliver documents that are easly
understood by high-level users and detailed enough for
the usage of engineers.

In this paper, we will evaluate the development of
requirement engineering based on a roadmap designed by
Nuseibeh and Easterbrook [1]. We will aso identify current
trends and revolutions in the main RE activities: dlicitation,
modeling and analysis, agreeing and communicating
requirements, and evolving requirements. Section 2, presents
the latest development in RE activities. In section 3, the main
research methods and the need to focus on empirica research
in RE will be discussed. Finally, new trends in RE will be
highlighted and outlined in section 4 followed by some
recommendation for the future based on what we observed
during thisresearch.

I1. ADVANCESIN REQUIREMENT ENGINEERING ACTIVITIES

A. Reguirements Elicitation

Requirement eicitation is defined as [4] “The practice of
obtaining the requirements of a system from users, customers
and other stakeholders. The practice is also sometimes
referred to as requirements gathering”. So requirement
elicitation employs the discovery of requirements that resides
in the brain of stakeholders, business in use, flowcharts and
business documents to be made after conducting surveys and
meetings. This requires a thorough understanding of the
system to be developed combined with careful extraction of
requirements and business rules and constraints. Usualy, in
this stage the model to be used in later processesis devel oped.

Many elicitation techniques resides to help us in elicit
reguirements from various sources.
These techniques can be grouped as the following:

1. Traditional techniques [1] that intend to identify various
sources of requirements and make sure that anyone
affected by the system is involved in the elicitation
process. Also, an understanding of the existing system in
use, if exists, can be obtained using these techniques.
These techniques include Interviews,  Surveys,
Observation and Document analysis. It also includes
Group €licitation like JAD/RAD and focus groups.

2. Contextual and persona techniques [3] that intend to
analyze requirements in respect to a specific context or
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represented in a way that is difficult to be untsd by

with other environments and systems should be aedly customers. Requirements analysis elaborates orireemgnts

and integration requirements should be extract8dch

collected at earlier stages of the project and usedels to

techniques include the use of ethnography [1] anetflect these requirements, depict user scengioblems and

Interface analysis .Sometimes, when it is diffictidt
obtain
systems, reverse engineering can be used as tlwptam
to extract requirements form existing systems.

3. Innovative techniques that tend to define requiremsné¢hat
help making the system more acceptable and atteatti
stakeholders. These techniques include brainstgyraind
requirement workshops.

4.Feedback techniques that are used to get users

their relationships, functional and flow activitiesid system

requirements from stakeholders and existingehavior. Modeling notations are used to specifyv hbe

system will be constructed and interpreted. Notetioan be
any symbols, text, characters and abbreviated esjomres that
raise the level of abstraction in the requiremesstcdiption [3],
[7]. Notations can be informal, semi-formal or fainthat
provides a level of details with regard to the daldained
from the system, constraints imposed on them, asgdonses
dad various inputs. Scenarios proved their usefnés

stakeholders opinion regarding the system developedliciting, validating and documenting requiremenidany
These can be used when there is no certainty in tpeople spent a considerable amount of time wriiegcription
requirements in hand and need more feedback frem tto real world scenario and stories and thereforeaime the

users of the system. These techniques include typets,
storyboards, visual models, and use models.

center for research for not only requirement madghbut also
the reusing of scenario-based models [8]. Scenbased
modeling when performed before the design phasistdss

Although requirements elicitation have developederov better understanding how the future system willrafge when

years and many argues about the complexity anttwliff of

eliciting requirements, the situations and contextwhich

elicitation is used is variable and never the s§i7g. Each
project has its own characteristics and proper8éskeholders
vary and the degree of communication with analysisjr

experience and maturity plays a significant rolesirccessful
elicitation of requirements. Moreover, technologjiadvances
and solutions are evolving making the elicitationgess vary
by technology used and the degree to which theystnalvare
of these advances. The gap between requiremeritatdio

research and practice still exists due to manyofactike

missing processes documentation, lack of reports Gases
about specific problems, and the difficulty in tséarring

knowledge in this regard.

B. Modeling and Analyzing Requirements

The requirement modeling activity aims to bettgrresent
what the customer wants in terms of more precisespecific
details that are easily understood by high-levedbpte and
detailed enough to carry out the subsequent demwedop
activities [5]. Modeling is carried out to analyde system to
be done. Due to the increased importance of theelimad
phase, many recognize it as a separate activitymiportance
increases as the size and complexity of the systersases.
[6].

Requirement analysis is usually identified as thecess of
studying and refining
Requirements usually referred to the functionaleatp of the
system that need to be presented in a way thatsilye
understood by the community of stakeholders anéhergs of
the system.

Requirement Analysis is usually used to refer ®phocess
of identifying the specifications of the systemtthatisfies the
customers’ demands and provide enough informatdouild
the system. Usually, these specifications are fbwnasemi-
formal description of the problem to be solved that

requirements of the systenj. [7

it will fail to meet demands, and provide descoption

various user behaviors and interactions.

Requirement models have been extended over yeaewh
the concern is no longer bounded only to the enwirent in
which the system will operate in, the organizatimmain in
which the development takes place, and behavior datd
modeling [1].

A considerable attention has been given to [12] :

» State-oriented modeling, where the system is mddele
around a set of states and transition between tases
based on certain criteria. Finite state machineSMs)
used in control systems, finite state machines wila
paths (FSMDs) is an evolution of the FSMs, Statar@h
and Petri nets that provide a mathematical basifofaal
analysis are examples of state oriented models.

 Activity-oriented modeling, where the system is meled
around a set of activities related by data or ddpeay
relation. Data flow diagrams (DFDs) and flowchare a
examples of activity oriented models.

» Heterogonous modeling and Multiple view modeling.
Heterogonous modeling employs various modeling
techniques in one system representation. Theseslmod
could be any of the above models in addition t@ datd
structured models. In contrast, multiple view maugl
uses a different set of models to represent differe
characteristics of the system. UML is an example of
multiple view modeling.

 Structure modeling, where this model is concernél the
physical structure of the system and the charatiesiof
its components. Component connectivity diagrams
(CCDs) is an example of structure modeling.

The resulted requirement model not always can lel us
directly in the design phase. Mapping stakeholder
requirements into design models usually needs akver
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decisions that are not easily done by a tool oethod. Due to
this complication, the need for requirement tramsition

evolved and many approaches and techniques have bee

proposed. Use case models can be transformed bjerte
oriented classes/objects models. Others suggeseedse of
rationale based on goal identification for the sfarmation of
architecture design issues [12].

As described above, the usage of functional anderal
notations in requirement modeling is still in usaere the
progress in the usage of specialized notations hof

environment was slow. Major challenges in requineime

Verification can be made by using Model checkingvhrich
state models are checked automatically [3], [30].

D.Requirement Management

Requirement management is a continuous process
involves documenting, tracing, prioritizing and egjng
requirements. The identification of requirementgnaging of
change, and identifying traceability between theam de
utilized by using management tools and automatelthiques.

tThese tools have been the focus of the marketeaadhd for

managing large volume of requirements from variphases

modeling in Nusaibah's roadmap [1] have been méte tand different location are very important [16], [1These

development of new techniques for formal modelingd a
analysis of non-functional requirements achieveadsterable
advances [9]. The gap between functional and nontional
requirement modeling has been narrowed by the use
techniques from natural language and semantic inogt
formal design analysis and quality attributes taran [10],
[11] and [13].

C.Agreeing and Communicating Requirements

According to Palyagar and Richrads [14}dmmunication
among all involved in SDLC plays a vital role in providing
solution to various problems of the customer. Amongst all
SDLC phases, Requirements Engineering (RE) is the most
communication rich phase.” Communicating requirements
should be carried out in a structural way in orteenhance
the effectiveness of the SE process and overcomeldfects
of unstructured communication where requiremenécisfare
delayed to later phases.

Communications are crucial for global
development where the team members are not lodatede

tools are used also for storing and recalling nemments,
annotating requirements, and assigning relatiosshigtween
them [13]. Indexing is usually used to utilize thearch for
rgquirements. Changes in requirements are very conand
the need to evaluate these changes, planning @n thnd
managing their effects throughout the entire syssbould be
taken into consideration [18], [25].

Global requirement engineering issues should beeaddd
when managing requirements. Requirements are liggd in
nature where the need for an awareness level riegard
workplace implications on RE has always and willl ste
needed. Researchers have focused on addressieg is$ated
to managing global and distributed requirements].[19
Requirements from large scale systems involve aiderable
flow of requirements that need to be carefully ngathand
evaluated.

Quality of requirements can be improved using défife
requirement verification and validation techniquelewever,

softwardt becomes a challenge to select among differectinigues

that best fit the requirement specifications. Terceme these

place. As software business nowadays is highly vacti problems, researcher has suggested a model thatesliv

globally, the need to formalize efforts for comnuating
requirements among various team members is cruzigthe
success of these projects. Researchers found rif@imal
communication faces huge challenges when systeenfaain
distance; tools should be developed to enhance cmioation
among distributed systems [15].

Agreeing requirements is carried out by verifyingda
validating that requirements analyze and model rately
what the stakeholder need. Verification and valaatsually
carried out with direct involvement from the stagleter.
Validation is a subjective evaluation task thatsugsgormal
specifications or undocumented requirements. Whamges
in the requirements are verified and validatedshbuld be
ensured that these changes do not employ bad ingrac
existing requirements [20]. Research in this amzudes on
improving the type of information given to stakedwis for
feedback such as graphical animation that is usedilidate
the design model against the informal requiremgzig [22],
and simulation in which the modeling language isdoon
semantics for the simulator to be able to execikesystem
model [23], [24]. When a formal
requirements exists, verification can be made thensare that
system specifications meet these requirements.

description of the

requirement specifications into executable and exgcutable
specifications. Non-executable specifications amiten in
natural language and requirements can be verifisthgu
Experimental Requirement Management (ERM)
Executable specifications are written in declamianguages
such as java modeling languages and requirememtsbea
verified through developing prototypes [29].

E. Evolving Requirements

Systems evolve over time and so do requirementg Th

dynamic nature of the environment makes it uncerthat
requirements developed and modeled at early stafjelke
project will remain the same toward the end ofgithgject. As

& consequence, more changes are needed to bedapplie

requirements in which complexity of these requirateewill
increase overtime. Taking into consideration gladion,
scalability and outsourcing, adaption to changeukhde
structured and comprehensive to cover all aspdgcREoand
lead toward success of the project.

Researchers focus when managing requirements @rolut
on various interactions with the stakeholders, sbewst
adaption of change and the use of tools for prasgent
information and enhancing traceability and monitgriof

that

tool.
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requirements [26]. Moreover, Empirical analysis
requirement evolution provides practical experiem@asures
on drivers of evolution [27]. The study of requirem
evolution is still in its empirical form and theig no huge
advances in this regard [28].

IIl. RESEARCH IN REQUIREMENT ENGINEERING

The gap between research and practice in requitsmen

engineering is huge. To understand practice andahsons
for this gap, empirical evidence about
engineering practice is needed. Most of discussiade so far
is built on top of solution-based RE that usualludes
proofs and evidences to the applicability of thesl@itions. On
the other hand, Evaluation-based research thandsteo
evaluate current practices and advances is lessnoano be
the subject of RE researches.
demonstrate various research strategies and mdtgiem that
are usually used in research in the software epgdimg field.

By evaluating these methodologies, we shall havélaa on
how these methodologies can be applied to RE. Tineoh

these methodologies is to understand current téohies in

order to better benefit from them, evaluate andaaol these
technologies to anticipate new changes and probedsthe
introduction of new methodologies that either betidlizes

existing approaches or add new knowledge to the stiathe

art.

A. Research Methods and Methodol ogies

A large number of methods and methodologies exist
allow researchers and practitioners to determine llest
choice of them. This choice is significantly imgort and has
a great impact on the employment of these methads
requirement-related researches and activities. € inesthods
are evaluated in order to obtain more knowledgeutloe

of

requirements

In this section, wk w

from observation or experience [33]. Empirical sasbes

are evolutionary in nature in which new models are

proposed not necessarily based on existing oneaand
attempt to study this model and its effects isiedriout.

Once the research methodology is chosen, suitadiie d

collection techniques should be used. Usually, ifaiale

and quantitative measures are used when colledtg
needed for the research. For an empirical resetoch
contribute to the solution of the problem it shopldve

its validity and hence can be measurable and irgtable.

When validating an empirical research, the righdligy of

the research should be sought rather than maxigizin

quality.

4. Paradigm shift: solutions that impose a radicalngeain
new or existing problem in technology. These sohgi
are evolutionary and rare and usually carried oberw
existing technologies cannot make progress any .more
Paradigm shift innovations need time before being
adapted since a level of maturity should be reatieédre
being widely spread and used. There are two
classifications of paradigm shift: one that is drivby the
introduction of new technology into community in ialn
they have a great impact on resolving problemscatied
push paradigm shift. Global requirement engineering
considered a push paradigm shift. The other claasibn
is pulled when there is a huge need for solutiorato
problem when existing solution cannot resolve oerev
improve such problems. The emergence of objechtaie

t  approaches is considered a pull paradigm shift.

5. Generalization: usually, successful organizatioth domain
research methods are generalized to be widely ardd

i applied to different areas of concern. Telecomnativn

notations for example are used in a more generah fo

using UML tools 2.0 [3].

context in which most of RE evaluation based redear6. Evolutionary: this field of research is concerneithwhe

methods are built on.
These methods can be classified as follows:
1. Scientific: it aims at observing the world, propasenodel
or theory, analyze, and validate the model [32]isTh

method acquires knowledge about the world by either

provide assumptions based on ontology (what weebeli
exists) and epistemology (how beliefs are acquaed
how we justify them) [33]. This method usually usetken
we try to understand software process, productpleeo
and the environment.

2.Engineering: it aims at observing existing solusiostudy
them and propose new better solutions that are/zat)|
modified and tested enough until no further modiiicn

continuous improvements of existing technology.sirg
requirements techniques, notations, approaches will
continue to improve and also can be supported by ne
tools, patterns and methodologies. Evolutionargaesh

is the basis for the paradigm shift methodology.

B. Evaluation of Empirical Research in RE

Evaluation-based research in RE is concerned with
assessing the state of the art in requirement eagimg and
evaluate the practices developed in this regardlik€n
solution-based research that is concerned with
technological advances in solving requirement esgyiimg
problem [3]. Goeken and Patas [31] stated thakoawledge

the

can be done on them [32]. Engineering researchadethOf the appropriateness and desirability of requeem

usually used when the practice and implementatibn
technologies introduce a number of research prabtbat
these methods try to simplify and make it easilppdd
by practitioners. Heuristics, patterns, visual falisms
are examples on the engineering research method [3]
3.Empirical: it aims to understand, explore and déscr
natural, social or cognitive phenomena by usinglenvce

g§ngineering techniques are rare and existing wesrknat
unified as we can see a lot of approaches and itpeds that
have been developed based on different principled a
practices targeting the various phases of requineme
engineering and specific tasks within them. Thisklaof
empirical research leads to confusion as to whetheir
results contribute to the solution of a problem agther it is
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suitable for practical use. A recent evaluatiorRte research
criteria was referred to as a framework consistih@ set of

industries to expand their work worldwide. Softwandustry
is affected by this and global software developmanerged

components [31]. These components were chosen l@asedas a paradigm shift in the software industry. Défe needs of

whether RE techniques evolved as a result of bpuddished

in a book, evolved from standard projects or bais@blished

as standards when used for certification. Main comepts
used in this framework were classified into “Teciud,

Result, Role, Activity, Purpose, Notation, Prineipirool and

Context”.

The results of evaluating RE research methods can be
summarized as follows:

» Techniques and activities have been studied the siose
most RE approaches are process or product driven.

» Notations have been studied less regardless theriam
role they play in requirement elicitation, docunagiun
and validation of the system.

* Roles that are involved in assigning responsibditiare
rarely studied.

» Context and principles also needs more attentincesthey
are less considered in researches. Principlesalgikity
and iterative approaches are less being studied
researches.

* Results as the research shows has a tight reltdidioth
techniques and activities since
evaluated in experiments.

* Tools are frequently highlighted in research fomrith
important usage in activities and results.

This shows that only about 10-15 % of the reseamik in
RE is an evaluation based research that develapad@am of
practices and state of the art reports. These @mabir
researches help in highlighting areas that neeck ratention
and focus in requirement engineering research. daditian,
they can help in the selection of the best solutb@sed
techniques for various RE problems.

IV. EMERGING TRENDS AND CHALLENGES IN RE

The rapid revolution of technology nowadays andnitgact
on the software industry is very tremendous. Thedrte adapt
and live with these advances requires the softivatastry to
evolve to meet these emerging needs. Existing $rendy
change or enhanced, new trends may develop andvay ar
another will affect the software engineering precasd hence
have a direct and great impact on RE. The fieldes€arch in
software engineering is very vast and covers atgteal of
what we are talking about now. More attention stidad given
to the field of evaluation-based research as igomance is
tremendous to the field of software engineering] aence,
RE. In this section, we will have an overview omsoof the
emerging trends in software engineering in the pastyears
and its impact on RE, the subject of this paper.

A. Globalization

Globalization has quickly become a significant iz
among various industries, the technological revofutin
telecommunication and infrastructure make it eafierthese

stakeholders had a great affect toward globalinataf

software development as team members located iaraep
geographical workspace, mainly with different crdtuand

skills. The need to develop new roles and orgaioizat

models to accommodate this diversity is huge. Témsibn of

outsourcing specific tasks or in-house is cruaalhte success
of these projects.

Globalization affects RE in different ways. Thetdzited
nature of requirements needs more effort to beegathand
managed [19]. Communicating these requirements gmon
various distributed parties is challenging. Dowsain
activities such as design, implementation andrgstequires
new RE methodologies to support them.

Many challenges are facing RE in this distributed
environment. First, since mostly analysts and dgueknt
teams are located in different locations and gqugcal areas,
requirements should be communicated in an efficieay.
Rifferent cultures, timing, and language shouldtélesn into
consideration. Poor defined requirements have at gnegpact
on the final system as it will not match what stadders want

results are alwagd the cost of re-work will increase. Second,doweded for

eliciting, supporting and modeling distributed regments,
managing and communicating them, negotiating analityu
should be developed and gain more attention anattefid
comply with this huge shift. The introduction ofteénactive
digital surfaces has offered some solutions to the
communication problems, but much needs to be done i
employing such technology in the RE context. Other
challenges are in the area of distributed cooriinatnd
collaboration. Conflicts can arise due to distaacel poor
collaboration among various team members. Enginaassbe
informally involved in change and communicatingstbhange
across multiple sites may be absent. Finally, wlitis huge
pool of people working, not only new roles needbéocreated,
but also assigning responsibilities to right peapald be of a
great challenge [34].

B. Scale

Large scale systems traditionally characterizedabiarge
number of variables mainly uncertainty and nonliitga
Dividing these systems into smaller controllabletpaised to
be in a form of hierarchy. Control systems for egbetthat are
large in nature are supported with current advanices
technology and communications. Software industryr@ving
as most of companies are growing in size. Largke szdtware
systems are not only characterized by number efdincodes
but extended to include number of people employiing
system for different purposes, amount of data dtcaiecessed,
manipulated, and refined, number of connections and
interdependencies among software components [2].

RE in large scale systems is not an easy task. Many
challenges are facing requirement engineering dube large
number of people and distributed teams, assignég rand
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responsibilities, and communication with stakehdde
Scalability of huge number of requirements unfoatety is
not supported by current tools, techniques and teosiace
they are difficult to be applied and do not supptre
complexity, variability and uncertainty of requirents. In
addition, existing requirement methodologies fagquieement
specifications are costly and unlikely to be addpte large
scale requirements. Analyzing, designing, commuimigaand
managing requirements in large scale systems shbeld
supported in new emerged methodologies and trdraige
scale systems increases the reliance on the enwrmn
people, hardware and software are tightly couphed ked to
the emergent of new integrated systems and techsiqu

A substantial research is carried out in the afeRE but
the amount of research regarding RE in large seadeems is
not satisfying, practical advices and guidelineshow we can
overcome these challenges should be studied anchdoted.
Continuous  requirement  engineering  and
improvement, training and documentation, cultutsnge is
essential for improving our experience in RE faigéa scale
systems.

C.Dynamicity

The main work of RE is concerned with static editidn,
representation, and analysis of requirements. Ehaadling
issues related to change is made under the coofestatic
requirements. Advances in technologies and systeatsare

highly adaptive and dynamic with high rate of chang

incorporate requirements to adapt and change dyadlgnias
well [35]. Research in the area of dynamic requéeem
engineering is few and more attention of researaiuation

should be adapted to this newly emerging trend astm

systems are developed toward this trend.

One of the remarkable works on this field was earout by
Berry et al. [36]. They suggested four levels of &tivities
needed to support adaptive systems:
1.Level one, associated with human and related tiviges

associated with elicitation and analysis of requiats.
2. Level two, associated with the system when it isimg and

its ability to adapt according to various inputsdan

behaviors.

procesd!

criteria used to evaluate the approach is misgisp, a set of

models and use cases were developed such as A@¥sgra

and aspect-oriented uses cases.

E. Scenario-Based RE

Scenarios and use cases are the most useful teets in
requirement elicitation, validation and documemiati
activities. A scenario is a series of interactidmetween the
user and the system whereas use cases are arctdistthat
describes these scenarios [40]. According to ityeased
importance in modeling, design, validation, obstaahalysis,
scenario-based requirement engineering has emetged
employ the effectiveness of scenarios in bridging gap in
requirement resulting from model and goal orientiesign.

Many researches have conducted in an effort toneefi

scenario-based requirement engineering, but nceddemal

definition has been introduced. Scenario-based irement
gineering can be defined as an approach thatsepts
requirements based on a real world example or sfoigt of

methodologies and tools have emerged to formalizaario-
based requirement engineering, Natural languag&yrgs, use
cases, behavior and sequence diagrams are all @amp
these models.

F. Service-Oriented RE

As advances in technology nowadays lead the dineatf
business investment, more attention is given noysda
service-oriented technology. Service-Oriented aechire is a
collection of services that communicate with eadheo
delivering service or value to subscribers overititernet. As
more and more service-oriented projects are indestethe
need to clearly understand and identify how recpiénets of
such services can be developed. Although a lo¢sdarch has
been made
techniques, a little attention was given to relateguirement
engineering activities [41].

Having service-oriented in mind, requirement atigg had

to put business point of view before consideringe th

functionality aspect of the system and has to l¢hd
development efforts according to Flores et al.
Researchers outlined that requirements are affeloyetioth

3.Level three, associated with human and related he tS€rvice providers and customers. On one hand, geaviwill

previous level by determining the adaption elemehtse
adaptive system.

4. Level four, also done by human and associated thiéh
general understanding of adaptive systems and vent

D. Aspect-Oriented RE

Software engineering accommodated
advances and requirement engineering architecesigi and
design are affected with this topic. Aspect oridrtiechniques
provide a systematic means for identification, madgation,
representation, and composition of crosscuttingceams [37].
Chitchyan and Rashid [38] conducted a survey orecsp
oriented analysis and design approaches. Althougietaof
criteria has been identified, a precise definitidrsome of the

aspect-orientadgth all these

try to design services that can suit multiple cosos but their
effort to standardize services will not suit alstamers. On the
other hand, customers are looking for services

accommodate their needs and based on service preyithey
will have to change their processes to suit theseices and
therefore requirement engineering must be capabtmply
issues. The research of serviceatate
requirement engineering is promising and can opendoor
for a lot of both solution-based and evaluationeldasearch.

G. Requirement Reuse

The reuse of existing and past requirements atsiféar
future usage is a common trend nowadays. The teyd&n
reuse artifacts from past software developmentrsfieuch as

in the area of service-oriented modeld an

[42]

that
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portion of code, test cases design and alike isnommand so
do requirements. The most reused elements nowaalays
frameworks and components. In order to reuse remgnts,
they should be developed in the most abstract fdlost of
the reuse is done by engineers who developed sipritalucts
before in an informal way. Their experience allothem to
reuse these requirements informally. Frameworksllysare
domain specific, providing common functionalitiesa group
of applications. A number of different frameworksually
used when building complex applications, each \vitghown
requirements. In order for a successful reuse gfirements
across these frameworks, requirements should bedefhed

V.CONCLUSION AND FUTURE WORK

In this paper, an overview on requirement engimgeri
evolution over the past ten years is presentedctiRiienges,
research directions and evolving trends were alstuated.
Many of the research work and practical activiteslved
over time due to changes and paradigm shifts ihngogy
and practice in software engineering in generaff R, in
particular.

Huge effort is needed toward a collaborative woekneen
researchers and practitioners in order to takerfRca further
step to aid in confronting these changes in thewsoé
industry.

and managed and interaction among reused and nevggow, are some suggestions to take into consideration for

requirements should be defined well.

future work in RE:

Most of the research in the area of reuse requimeme ; Requirement engineering field is very huge, thednee

engineering was in the product lining where grofiproducts
are treated as one component and requirementsecderlved
from all products for an individual product. Althglu it is

have some sort of centralized repository or indexhe
work in this field can help researchers utilizeeash
time in evaluating work and find solutions.

argued that requirements reuse can introduce evere My The gap between researchers and practitioners dsHmil

reusability at later stages in the product lifeleydt was not
until recently that requirements reuse has receigeshter
attention by researchers [39]. Researchers [44]nedt that
for an artifact to be reused it should have a stechgbattern
such as context, domain, problem, properties

but more attention should be given from researcltard
practitioners on how we can adapt and employ thatterns.

H. Commercial of the Shelf

and
consequences. Patterns are usually used as aleasdacts 3 | gts of solutions and models have been developed

minimized. The need for collaborative efforts betwe
them will help researchers obtain a better undedstg of

problems and challenges. Real data and cases ptbhig
customers can help researchers in clarifying varidata
impacts on problems to be solved.

addressing specific contexts and scenarios, shahisg
knowledge through standardized channels and repiesit
will be beneficiary.

Commercial of the Shelf (COTS) products are sofe/var4' More attention should be given to evaluation-based

available in the market that can be reused andyiated
throughout the system. These products or componargs

developed by vendors to target various customerd an

therefore does not necessarily accommodate ahébes of a
single customer. Requirement engineering in thgam is
challenged due to huge modifications and changedenam
them over the time that are not in the hand ofcti&omer and
therefore the need by analyst to understand thesgmanents
and changes made on them in order to determindabese to
which this component will still satisfy the needstloe client
[43]. Moreover, risk analysis should be made ineortd assess
the degree of risk associated with these changes.

Many researches have been made in the area ofeeuprit
engineering and COTS, and initial results showed there is
no need to start with requirement gathering and gedecting
the appropriate COTS to meet these requirement sitc
product will satisfy all the needs of a customan. fact,
requirements should be abstract and capable ofrdigiag
which market to search for the COTS without spéogy
internal details and quality measurements. Onceagken is
identified, differences between these componentt ke
identified and used to choose the best product thidt
maximize customer satisfaction. More research shdw
taken in this regard for the challenges that andices when
COTS are selected and integrated in the system.

empirical research.

5. Technological advances and new trends are leadirg t
change now. Requirement engineering activities and
methodologies should evolve too to comply with ées

changes.

In conclusion, requirements engineering facing essive
changes and advances that are affecting it and ngnaii
susceptible to change all the time. An attemptutm sip most
of these changes has been accomplished in thig papstill
lots of work need to be done in this regard. Theeaech
opportunities in this field are drivers and huge amre work
can be done since the reliance on technology aftese will
remain for a quite long time.
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