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ABSTRACT Keywords

Most current aspect composition mechanisms rely on syntactic ref- aspect-oriented composition specification, aspect-oriented require-
erences to the base modules or wildcard mechanisms quantifyingments engineering, evaluation, requirements metrics

over such syntactic references in pointcut expressions. This leads

to the well-known problem of pointcut fragility. Semantics-based 1, |[NTRODUCTION

composition mechanisms aim to alleviate such fragility by focusing The majority of current aspect-oriented (AO) composition mech-

on the meaning and intention of the composition hence avoiding _ . :
. ; anisms rely on syntactic references to enable the aspectual and base
strong syntactic dependencies on the base modules. However, to

date, there are no empirical studies validating whether semantics-artmcactS to be composed. By syntactic references we mean use of

based composition mechanisms are indeed more expressive an&p(_ecific naming conventic_nns "’.‘”d structural references (e_.g., to re-
less fragile compared to their syntax-based counterparts. In this pa—qUIrementS ids) or quantification over such elements using wild-

) . ) é:ards. When performing refactoring or maintenance activities this
per we present a first study comparing semantics- and syntax-base

" ; 4 . . : often leads to the well-documented fragile pointcut problem [8, 9]
composition mechanisms in aspect-oriented requirements engineer-

) e . " whereby a structural change in the base modules may invalidate the
ing. In our empirical study the semantics-based compositions ex- - o .

: . . - aspect composition specifications. Further undesirable phenomena
amined were found to be indeed more expressive and less fragile.

The semantics-based compositions in the study also required one tg' - also occur such as ripple-effects [8]. Additionally, when using
comp >tudy 4 syntactic references the compositions are always constrained by the
reason about composition interdependencies early on hence poten-

tially reducing the overhead of revisions arising from later trade-off syntax of the base artefacts. As aresilt the developer may never be
yre 9 L 9 . able to fully express his/her true intentions [19].
analysis and stakeholder negotiations. However, this added to the . . .
. " The problems associated with syntax-based composition are not
overhead of specifying the compositions themselves. Furthermore,. e - )
. . o . . ust limited to AO programming languages, such as the string-based
since the semantics-based compositions considered in the stud

; o hame pattern matching used in Aspéctiut are also rife in ap-
were based on natural language analysis, they required initial effort ) . ;
investment into lexicon building as well as strongly depended on proaches tackling analysis and design level aspects. For example,

. as demonstrated in [5] most composition mechanisms in aspect-
advanced tool support to expose the natural language semantics. . . X X i
oriented requirements engineering (AORE) rely on syntactic refer-

ences, such as requirement ids and use case step numbers. This

Categories and Subject Descriptors has a number of negative consequences (in addition to the already
D.2.1 [Software Engineering: Requirements/SpecificationsMethod- mentioned problem of pointcut fragility). Firstly, the requirements

ologies (e.g. object-oriented, structured); D.2.8 [Software Engi- compositions have to be expressed in terms of the structure of the
neering]: Metrics—Performance Measures requirements rather than their semantics. As a result, the require-

ments engineer’'s (and stakeholder’s) intentionality is lost in the
General Terms mapping toa syntax-governed model. This c_omplicates subsequent
requirements analysis, for instance, by forcing the analyst to con-

Experimentation, Measurement duct trade-off analysis in terms of syntactic elements. Secondly,
the requirements engineer has to know ahead where the composi-

tions will be applied and has to prepare these points by assigning

o o ) ] ids or names to them or using specific naming conventions (in the
personal o classroom use is granted without fee provided that copies are! 5L OF IS paper such elements are referred to as scaffolding). If
not made or distributed for profit or commercial advantage and that copies these .po.mts are not readily available in the requirements structure,
bear this notice and the full citation on the first page. To copy otherwise, to the existing structure has to be changed before an unexpected com-

republish, to post on servers or to redistribute to lists, requires prior specific position can be defined.

permission and/or a fee. _ o Semantics-based composition mechanisms, e.g., [5, 10, 11, 13],
AOSD’ 09, March 2-6, 2009, Charlottesville, Virginia, USA. aim to address these expressiveness and fragility problems of syntax-
Copyright 2009 ACM 978-1-60558-442-3/09/03 ...$5.00. based composition mechanisms. Chitchyan et al. [5], for instance,

present a semantics-based composition mechanism for AORE which

*http://www.aspectj.org
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utilises the semantics of the natural language as the @asi®i-

position. Similarly, Knoll and Mezini [10] outline their &dion for ;
a programming language to support writing programmes tiijrac 3
the way that people think. Such mechanisms aim to suppoci-spe 4
fication of compositions that: >

e Require less scaffolding by relying on the meaning of the 3

relationships to be captured by the composition rather thans
the structure of the base modules or specific naming conven-¢
tions;

e Are stable in the face of change, i.e., less fragile, and éenc .
unaffected due to structural or syntactic changes in the bas ,
modules;

e Are able to directly capture the composition’s intentiaa, ,i 3
are more expressive, hence bridging the gap between the de;
veloper’s intentions and the composition specificationfmec s
anism.

However, to date, no empirical study exists that demoresrat
whether semantics-based compositions indeed requirestzds
folding, are less fragile and more expressive compared e th
syntax-based counterparts. In this paper we present arfigstieal
study comparing semantics- and syntax-based compositemtn-m
anisms for AORE. Since we are primarily interested in evaga
semantics- vs. syntax-based composition mechanisms inEAOR
we have chosen two representative syntax-based approfohes
contemporary AORE which provide good support for compositi
(some prominent AORE approaches, e.g., Theme/Doc [2] wadre n
selected as they postpone the composition to the desige)stag
have selected one approach from the goal-based catega@yACh
Requirements Models with V-graphs approach (AOVG) [16,, 17]
and one from the viewpoint-based category - the AORE with Ar-
cade approach [14]. While the AOVG approach uses some seman-
tic elements in the compositions, such as term dictiondeiksg
with string-based name matching of syntactic composijiotise
Arcade approach uses a well defined but purely syntax-based c
position. These two approaches are evaluated against tiyeosd-
tion support provided by a purely semantics-based appro#uit
of the Requirements Description Language (RDL) [4, 5]. Ashsu
the selected approaches offer a suitable selection of sm®ato
syntax-based composition techniques for this exploratidy: with
a purely semantics-based approach in the RDL, a partiaityas#cs-

<Concer n nane="Conpl ai nt _Speci fication">

. '<Requi renment id="2">The

<Cbj ect >conpl ai nt </ oj ect>i s
<Rel ati onshup type="Rest" senantics="Maintain">
saved</ Rel ati onshi p> on the
<Cbj ect >syst enx/ Obj ect >
</ Requi r enent >

</ Concer n>

(a) RDL concern.

<Conposi ti on nane="Transactional i t yConposition">

<Constrai nt operator="appl y">subj ect ="update" and
(relationship="commit" or relationship="
rol I _back")</constraint>
<Base operator="after">rel ati onshi p="save" or
rel ati onshi p="change" </ Base>
<Qut cone operator="ensure"/>

</ Conposi ti on>

(b) RDL Composition.

Figure 1: An RDL concern and composition specification.

than defer them to conflict/trade-off analysis later on (and
reduce the subsequent revision and negotiation overheads)
on the other hand, it potentially complicates the compasiti
specification task.

When used for the first time in an application domain, natu-
ral language-based semantic compositions (as utilisdukin t
RDL) may require a significant initial effort investment to
prepare domain-specific lexicons and/or ontologies (which
can only be partially automated). The syntax-based compo-
sitions in Arcade and AOVG do not require such investment.

Semantics-based composition in the RDL is strongly depen-
dent on availability of advanced tool support to expose the

relevant semantics for use in compositions - a natural lan-

guage processing (NLP) tool is used to expose the grammat-
ical semantics of the nature language.

The rest of the paper is structured as follows. Section 2eptes
the AORE approaches and the metrics suite used for the evalua

and syntax-based approach in AOVG, and a purely syntaxdbase tion. Section 3 presents the evaluation set up and methgylolo
approach in Arcade. The findings of our study can be sumntarise The results of the evaluation are presented in Section 4ticdBec

as follows:

5 discusses threats to the validity of the study and how these

been managed in the study setup and execution. SectionGdes

e Semantics-based compositions in the RDL need less scaf-rejated work co-relating our findings with other relevantdies.
folding and are more stable and expressive compared tosyntagection 7 concludes the paper.

based compositions in Arcade and AOVG. Specifically, the

scaffolding required for semantics-based RDL composition 2 ELEMENTS OF EVALUATION

is often detached from the particular specification documen

which enables them to capture new requirements that may  1his section provides an overview of the three approachais ev
come within the scope of a pointcut during maintenance and uated in our study. The approaches are evaluated using &snetr
evolution. Furthermore, RDL compositions rely on abstrac- Suite dedicated to evaluation of composition support. Tiesrics
tion as a referencing mechanism hence resulting in compo- Suite is also discussed.

sitions that are closer to the developer’s intentions antemo
meaningful during subsequent analysis and reasoning.

2.1 Overview of AORE Approaches Used

e Specification of a new composition using the semanticsebase 211 RDL

RDL approach may require review of existing compositions

The RDL is a symmetric approach, i.e., all concerns, whether

to check if these are semantically interdependent with the aspects or base, are treated uniformly using the same elistra
new one. While, on the one hand, this may encourage devel- that of a concern. As shown in Fig. 1(a), this approach anesta
opers to consider composition dependencies early on ratherthe natural language requirements with additional infdiomaon
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their grammatical and/or semantic properties. Grammgpics-
erties are related to the grammatical functions of the wottas
main ones being:

e Subject: the entity that performs the main action of the sen-
tence, or its main theme;

e Verb: the main activity (e.g., save) or property of the sen-
tence (e.g., “is safe”);

e Object: the entities(s) most affected by the activity in the
sentence, or with respect to which the activity is realised.

The semantic properties are related to grouping of word$ien t
basis of synonymy (e.g., complaint, grievance) or type. iRer
stance, verb types are based on the notion of a set of particip
tory roles engaged in the given activities (e.g., both “Adiistra-
tor saved the complaint” and “Susan stored the apples” irtigy
someone (Administrator, or Susan) playing the Causer rote p
into resting (save, store) some Resting Thing role (complaip-
ples), etc. Such grammatical and semantic annotationseofeth
quirements text in the RDL are provided via a general purpide
tool, Wmatrix.

As shown in Fig. 1(b), an RDL composition consists of 3 parts:
Constraint, Base, and Outcome. Each of these parts has asema
tic query (i.e., pointcut) expressed in terms of the natlarajuage
words and their properties. These queries select requiresniee.,
joinpoints) from all across the specification document withref-
erence to any structural information, such as requiremerdri
string-based name matching. For instance, the query:igeiat
ship="save” or relationship="change” in the Base elemehnthe
composition in Fig. 1(b) will select the requirement showri(a)
stating that “Complaint is saved on the system”; the savi weit
match the saved verb of this requirement. Similarly, if herere
any other requirements either directly or via synonymy mréfg to
save, they would also be selected by this pointcut.

For each composition Constraint query selects some reqaires
which crosscut the requirements selected by the Base etsmen
query. The Outcome element may select some requirements whi

should be checked as post-conditions though in some cases (a

in Fig. 1(b)) the outcome may have an empty query (if no post-
condition needs to be checked). The details of the RDL are pre
sented in [4, 5].

2.1.2 Aracade

In AORE with Arcade requirements are modularised into view-
points and aspects, where aspects encapsulate requisethant
crosscut the viewpoint decomposition. Each of the viewjsoamd
aspects has a unique name and encompasses a set of reqtsreme
and sub-requirements. Each requirement has a uniquefidanti
tion number within the scope of its enclosing viewpoint opext
(Fig. 2(a)).The corresponding Arcade composition is shiovig.
2(b). It states that the statement expressed in requirenigmid=1
specified in some Transactionality aspect (not shown in Fp.
should be provided for all the requirements (id= “all”) antbs
requirements (children="include” statement in Fig. 2(bj)the
Employee, Citizen, and Complaint viewpoints. Fig. 2(b) dem
strates that, in an Arcade composition, requirements apects
are referenced via their unique names and ids within théinideg
scopes.

Thus, here the requirements are prepared for compositigmi-by
tially structuring them in such a way that any given requieais
statement of interest for composition is given a separat&lids is

2http://www.comp.lancs.ac.uk/ucrel/wmatrix/
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<Vi ewpoi nt nane="Conpl ai nt">
<Requi renent id="4"> |In the event of a conplaint
being nade, it will be registered on the
system and addresses by a specific
depart nent.
<Requi rement id="4.1"> This departnment wll
able to handle the conplain in an
appropriate nmanner and return a response
when the conpl aint has been dealt with. </
Requi r enent >
<Requi rement id="4.2"> This response will be
regi stereed on the systemand available to
be queri ed. </ Requi r enent >
</ Requi r ement >
</ Vi ewpoi nt >

be

(a) Arcade Viewpoint.

<Conposi tion>
<Requi renent aspect="Transactionality" id="1">
<Constraint action="provide" operator="for">
<Requi rement vi ewpoi nt="Enpl oyee" id="all"
chil dren="i ncl ude"/>
<Requi renent viewpoint="Citizen" id="all"
children="i ncl ude"/>
<Requi rement vi ewpoi nt="Conpl ai nt"
chil dren="incl ude"/>
</ Constraint>

A w N R

6 id="all"

7
8

9 </ Conposition>

(b) Arcade Composition.

Figure 2: An Arcade viewpoint and composition specification

the additional scaffolding needed for composition in thppraach.
The pointcuts are defined by enumerating the unique “smenge
and requirement id” pairs and some wildcards, such as “alll'of
which are syntactic references. A change in the concern maime
id of a requirement will invalidate the compositions - thiadility
arises due to structure dependence.

2.1.3 AOV-Graph

The AOVG [16, 17] approach proposes that aspects can be iden-
tified during goal-oriented requirements analysis, froma ihte-
grated Goal and Softgoal Interdependency Graphs (G/S¢@Gpal-
s/tasks which contribute to more than one other goal.

As in all goal-based approaches, each goal has a type and a
topic. The type reflects the generic functional/non-fuorzai re-
quirement, while the topic captures the contextual infaromaof
the goal. AOVG focuses on representing crosscutting olaliips
and defines AspectJ-motivated constructs for pointcutscacgnd
n ) .

Intertype declarations, as well as a construct for sourcetwife-
fines which goal/softgoal the advice and intertype dedlamatini-
tially belong to. An example of this is shown in Fig. 3.

Composition is carried out by matching the types and topics o
the goals/tasks. The matching is purely name-based. Tles typ
and topics must be manually prepared during SIG development
this is the scaffolding required for composition in this egaxh.
The pointcut specification is based on the Type[topic] emame
tion, and use of some wildcards (e.g., Type.* selects allsgoa
tasks of the given type). As shown in Fig. 3, goals/tasks such
as Specify[complaint], Register[health unit], are seddcthrough
their names by a pointcut called P15.2.1. Advice Commit and
Roll back from the Transactionality goal (source) are to jneliad
around the goals/tasks selected by the P15.2.1 pointcig.igan
example of the use of syntactic elements in the AOVG composi-
tions which lead to fragility.
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Source: Transactionality
poi ntcut P15.2.1: include(Specifiy[conplaint]) and
i ncl ude( Updat e[ conpl ai nt]) and incl ude(Regi ster]|
health unit]) and include(Register[speciality])
and include(Regi ster[enpl oyee]) and incl ude(
Regi ster[di sease]) and include(Register[synptoni)
and inl cude(Request[sanitary |license]) and include
(Update[state of the sanitary license])
poi ntcut P15.2.2: include(Detect[persistence expception
1 and include(Detect[robustness exception])
advice around: P15.2.1
Conmi t
Rol | back
advice after:
Rol | back

P15.2.2

Figure 3: Composition in AOVG

In addition, this approach may use dictionaries and topic pa
rameterisation. Dictionaries describe the concepts usedgiven
project. Parameterised topics allow reference to a numbipe
ics assigned to a given parameter. For instance, if a paeamata
is defined as referring to complaint and certificate by usiegi®
ter[data] pointcut, one would refer to both Register[comnu] and
Register[certificate] goals. This kind of referencing skadhe ele-
ments of semantic referencing used in AOVG.

2.2 Metrics Suite

tated in the same way and do not require any human involvement
However, the lexicon/dictionary entries are counted, evenigh
they may be a part of the tool, as they also need manual updlates
previously unused project-specific terms are introduced.

The mobility index indicates what proportion of the definedfs
folding elements possesses independent semantics arelrenisable.
To evaluate this we use the “What vs. Where” principle: if ghe
ement can be moved from its present location and still be mean
ingful, it is considered mobile. For instance, the conceame is
a mobile element, since (as shown by the NFR framework [6]) a
named concern can be recognised in many different requitesme
documents. Thus, a reference to a Transactionality concsed
in Figs. 1 - 3 carries a definite meaning of coordinated s®iag
discarding of some changes. Conversely, the requiremestad
immobile element. For instance, in Fig. 2(b), moving the=1d
from the context that relates it to Transactionality, make&void
of its intended meaning. Wildcards are also immobile as tiey
not have any definite quantification semantics, but quarmtifgr
the elements of the specific requirements document. In gkner
the closer a mobility index is to 1, the larger the proportidrihe
scaffolding elements that are semantically motivated.

222 Sability

While the scaffolding metrics focus on preparatory charibas
may be required to realise compositions, the stability itgtadapted
from [8], are used to determine the overall effort an appnoae
quires to implement a change. This type of metric has beesesge

In order to evaluate the composition mechanisms of the above fully used to assess the stability of implementation relseftware

discussed AORE approaches we needed an appropriate rsettees
However, to the best of our knowledge, no such metrics soite f
comparison of semantics- and syntax-based compositiothanec
nisms exists. Consequently, we had to be develop such almiite
fore the evaluation could commence. In order to ensure Higt t
metric suite had a sense of validity, it was necessary to exaex-
isting metric suites to draw inspiration from these and lmsesuite
on measures that have previously been accepted by the seftwa
gineering community. Furthermore, concepts that have baen
cessfully assessed in later development stages were eoaditbr
their applicability in the requirements engineering stagd in the
context of this study. The proposed metrics suite is sunsadrin
Table 1. Next we discuss the metrics and the foundations échwh
they are based.

221 <caffolding

Scaffolding refers to structural preparation of base mesi(l-
beit without any direct references to the aspects) for caitipa,
for instance, through use of specific naming conventiongealo
ing up compound requirements into primitive ones so thair the
identifiers may be referenced individually. To evaluatesiteffold-
ing required by AORE approaches, we have proposed two raetric
number of scaffolding elements prepared and the mobildgxof
scaffolding elements.

The number of scaffolding elements prepared measures hoy ma
elements need to be introduced/modified to enable a givepaom
sition. The higher the number the more the preparation diodt ef
required. For instance, in order to be able to write the casitiom
shown in Fig. 2(b) for Arcade, the particular relevant regoient
of the Transactionality concern has to be isolated and givad=1.

It should be noted, that certain elements such as the verpgro
types or subject - verb - object grammatical functions of Rz
are used in composition definitions. They are, however, ootted
in this metric as they do not require any additional prepamnathey
are part of the tool-supported environment and are alwaye-an
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artefacts as demonstrated in [8]. In addition, all thesesmes are
generally derived from the extensively applied couplingl @o-
hesion [3, 20] metrics. For example, Chidamber and Kengrer’
coupling metric measures the number of references from ome c
ponent to other external components. Our stability meteasares
the stability of this coupling when applied to compositio@ohe-
siveness can be inferred from the scope of the changes that ha
to be made. For example, if changes are generally localsed t
single concern or requirement one can infer that these elesnaee
relatively cohesive. Of course, these stability metries raot spe-
cific to RE approaches, but they provide a better sense offibrie e
involved to implement a particular change with a specific posi-
tion approach rather than measuring the time spent impléngea
change due to the differing levels of tool support.

2.2.3 EXpressiveness

Ostermann et. al. [13] introduce the notion of expressissene
in terms of abstraction, precision, and robustness whishiiad
our composition expressiveness metrics. We propose twaaset
related to abstraction and precision: the number of inféionael-
ements used in compositions and the reachability of anrimdition
element, and a third, remembrance, related to robustness.

The number of information elements used in compositions met
ric measures the abstractness of references. For instarcean
“reference” each item in the following set <0, 1, 2, 3, 4, 576,

8, 9> using its concrete name as: “zero, one, ... nine”; or we
can describe them all in a more abstract way as “decimal tadix
In this example the 1st referencing alternative uses 1@rimdition
items (zero,... nine), while the 2nd uses only one (decimdilx).
Similarly, in the compositions, we can enumerate each itéan v
its direct reference (e.g., by listing all goals and topwsch as
Register[health unit], Register[speciality] shown in FR) or ab-
stract over such references (e.g., by using the Registat[daint-

cut where data is defined as a parameter for health unit,ajei

Of course, when using abstractions, one must ensure thaathe



Attribute Metric Description
Scaffolding Number of scaffolding elements Measures how many elements are introduced/modified in theéresnents doc
uments to enable a given composition.
MoDbility TnOex TRhe ratio of scaffolding elements that are context indepandnd can be reusegl.
Added/Changed/Removed Compositiond he number of compositions that are altered during a maamies change.
Stability Added/Changed/Removed CONcerns | The number of CONCerns that are arered during a mainieraae.
Added/Changed/Removed Compositiond he number of cComposItions that are altered during a maames change.
Added/Changed/Removed Requirementshe number of requirements that are altered during a mangnchange.
Number of information items Measures the abstraciness of the compositions by couriiegumber of ele
Expresiveness ments that make up the composition definition.
Reachability The ratio between the number of efements a compositioni@Eand the num-
ber of information items used in the composition.
Remembrance Measures the number of correct elements identified by egiSIDmposItions|
after a maintenance change.

Table 1:

ways refer to the same (possibly open) set of elements; ihiss,
not acceptable to define data as a parameter for health whsn
ciality in one composition, and, in the same specificatiae data
as a parameter that excludes speciality in another coniprosit

The metric for the reachability of an information elementas-
culated as the ratio of the number of references reached bgna c
position over the number of information elements used inra-co
position. This metric evaluates how many intended elemargs
selected by each information item in the composition. Nbsg t
this metric does not advocate wide use of wildcards, as ttezsk
to over-generalise and so reach the unintended items. Tierhi
the reachability indicator, the more abstract and expressach
information item is. For instance, one information item ¢ofeal
radix” reaches ten intended elements (0 to 9), and has aak#ith
of 10/1=10. In contrast, when each number was individuéhgd
ten information elements were used, and reached ten indeteies
resulting in a reachability of 10/10=1.

Furthermore, it is useful to differentiate between cro#soy
and base reachability in addition to calculating the avenagch-
ability. This distinction allows us to investigate if theiptzuts
defined for selection of crosscutting elements (e.g., thexigsi in
the Constraint part of the RDL in Fig. 1(b)) have any distiisging
properties compared to the pointcuts defined for selectidrase
elements (e.g., the query in the Base part of the RDL in Fig)1(b

The final metric used to measure expressiveness is Remerebran
related to the robustness property of Ostermann et. al. [IBis
metric evaluates the number of references correctly pickedy
existing pointcuts defined in a composition when the requénets
are evolved. Essentially, it evaluates the “open-endedind2)]
of the composition, assessing how well a composition witicga-
modate the elements that could potentially be added or euhng
A composition that can sufficiently abstractly define iteirtons
should be able to discriminate in favour of selecting nevdgexd
requirements which fit that intention. For example, if a new r
quirement related to “storing data in Oracle...” is addec teet
of requirements, the RDL composition shown in Fig. 1(b) will
demonstrate remembrance by including this newly addedneequ
ment into the joinpoints selected by its Base query, bec#use
synonym of the save verb (store) appears in this new reqainem
Wildcards too may demonstrate some remembrance (e.gothe c
position of Fig. 2(b) will select a requirement added to tt@e
plaint viewpoint due to “id=all”). A composition with conete
references to existing requirements will have a null renramde.
This metric is similar to the traditional precision and récaea-
sures. However, the precision and recall metrics allowdine
plete” precision and recall (i.e., they allow some incornefer-
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Metric suite summary.

ences to be included, or some correct ones to be omitted)s, Thu
they cannot be meaningfully used for syntactic compositiwhich
use direct pointers to relevant elements. Instead our rdsreToe
metric evaluates the number of references correctly piciety
existing pointcuts upon changes in the requirements.

3. EXPERIMENTAL SETTINGS

This section highlights the various decisions made to seéhep
study to evaluate whether semantics-based compositidinerdbe
perceived benefits of lower scaffolding, higher stabilityd better
expressiveness in comparison with syntax-based compuasiti

3.1 Case-Study Selection

The first major decision was selecting the case-study thatdvo
be the target of our investigation. The system chosen is iaalyp
web-based information system called Health Watcher (HV8).[1
HW is a public health monitoring and complaint registratgys-
tem developed and presently used in Brazil. The system allow
citizens to report complaints, and query information oredses,
health service units, and previously made complaints. 3ygsem
was selected because it met a number of key criteria relévalnis
study. Firstly, HW is a real and non-trivial system and sobées
credible conclusions to be drawn. Secondly, HW is rich irhbot
non-crosscutting and crosscutting concerns. This prevideari-
ety of compositions hence enabling a broad investigatidretoon-
ducted. Thirdly, the HW system has been used in a varietyhafrot
empirical studies [8, 15]. This facilitates co-relationtbé results
of this study with previous studies (Section 6). Finally triginal
requirements are represented as use-cases, which areyatiil-
able. Furthermore, the RDL-, AO goal- and AO viewpoint-lthse
decompositions used in this study were derived from theirmalg
use-cases document prior to the inception of the preseay.stinis
goes some way to reduce the bias that could have been indueed d
to the specific objectives and focus of this study. Each ddrdoc-
ument was developed by a specialist in the given approachs,Th
3 specialists were involved in document preparation, chaegli-
sation, and data collection. Three additional participaook part
in experiment preparation and data interpretation.

3.2 Study Setup

There were a total of 6 participants involved in the study.eOn
participant,the study designer, was dedicated to the design of the
study and alignment between the artefacts from the thremagpbpes.

Scomplete study materials are available from

http://www.comp.lancs.ac.uk/ greenwop/aosd09Evabnati



The study designer was an expert in HealthWatcher but had no
vested interest in any of the approaches. For each AORE agipro
the tester was a specialist in the approach (in case of RDL and
AOVG, the developers of the approach, and in case of Arcade a
senior RA developing tooling for it). The three testers wire
volved in document preparation, change realisation and cait
lection. Two additional participants took part in experithprepa-
ration and data interpretation. The scenarios were exgairiee

for each approach by its specialist tester. Repetition @fttenar-

ios with same testers would not have provided further irtfigh
results about the experiment due to absence of any run-tioters
(e.g., network latency, etc.). On the contrary, such répativould
have introduced a bias due to the familiarity of the spestiadister

with HealthWatcher due to the previous iterations.

3.3 Study Phases

The study was divided into three key phases: (1) the alighofen
each requirement document, (2) applying a series of mantan
changes to each requirement document, and (3) the asseéssmen
the changes made in phase 2 using the metrics detailed iSect
2.2.

3.3.1 Alignment Procedure

The initial set of requirement documents derived from HV¢s-u
cases had to be aligned to ensure that all the requirementtots
were largely equivalent to each other. First, the requirgmdoc-
uments for RDL, AOVG, and Arcade were compared against the
original use-case document. This was to ensure that all &ia m
requirements listed in the use-case document were coverss i
derived requirements documents. Next the level of detadenved
in each of the derived documents was analysed. This was tessld
the contrasting level of detail that was present in eachmec and
the varying degree of direct correspondence to the origisalcase
specification.

The next phase in the alignment process involved making ad-
justments to the derived documents. This mainly involved ek
ing certain requirements from the documentation and dstaby
name correspondence between concerns and requiremerifs of d
ferent documents.

During alignment the study designer discussed changescto do
uments with each testers individually and obtained hiséuzee-
ment. This ensured that the study designer did not misirgegmy
of the document elements specific to an AORE approach. If the
study designer were to prepare the documents for each AORE ap
proach, this would require him/her to be proficient in eagbraach
at the same level as the testers. In practice, this would tzktba
achieve without introducing bias.

After performing these adjustments we were able to establis
high level of equivalence between the concerns and reqgainesm
of the three derived documents and the original use caséswals
verified by ensuring that similar high level concerns andiney
ments were covered in all documents and identifying thesgeal-
goals/tasks from AOVG which corresponded to the concezns/r
quirements of the other documents. It must be noted that dre di

Description

Scenario 1: Add the Transactionality concern with its resipe re-
quirements and compositions to the HealthWatcher reqainésdoc-
ument. This is a perfective change intended to ensure densis
preservation for the data in the database.

Scenario 2: Add the information about Repeating Commuinicat-
tempts to the HealthWatcher requirements document. Thiperfec-
tive change aimed at improving system usability.

Scenario 3: Update the requirements document with a newreeq
ment which ensures that a complaint can be updated only i¢ahe

plaint status has not been set to CLOSED. This is a correctigage
intended to enforce a previously known but not enforcedeissu

Scenario 4: Add a concern which allows the user to requestitasga
licence certificate via the HealthWatcher system. This isdaptive
change, intended to extend the services provided by theraytstmeet
newly emerging requirements.

Scenario 5: Remove a requirement about the need to use & gEou
tocol with the HealthWatcher system. This is a (hypothétiadaptive
change intended to remove a requirement which has become-r

2d

dant.

Table 2: Summaries of the change scenarios applied.

3.3.2 Change Scenarios

The second phase of the study involved applying a seriesef fiv
maintenance scenarios to each of the derived requirements d
ments. The scenarios were explicitly designed to assessctfe
folding, stability, and expressiveness of the three AORE@gches.
However, it was also necessary for each scenario to haveean el
ment of realism and so the original HW developers were coedul
when drawing up the scenarios to determine whether the peabo
changes were valid. The scenarios are summarised in Table 2.

Participants were instructed to realise the scenariopertently
using best practices for their particular approach. Moeegjally,
the participants were instructed to realise the scenarieshy one
and use the output from the previously completed scenado &s
put for the next one, progressively evolving the initialuggments
document through the whole set of scenarios.

Once each of the maintenance scenarios had been applied it w
necessary to again re-apply the alignment proceduresiedtéar-
lier. Furthermore, it was necessary to harmonise each appro
with regards to the metrics suite to ensure the metrics were-a
rately calculated for each approach. For instance, it wasssary
to decide what constituted a concern in AOVG. Upon document
comparison and discussion with the AOVG author, it was d=tid
that 3rd level goals in the AOVG approach mapped naturally to
concerns and any sub-goals mapped to requirements.

4. RESULTS AND ANALYSIS

Having presented the case study and the metrics suite used fo
the study, we now present the data and its analysis.

4.1 Scaffolding should be based on Semanti-
cally Motivated Mobile Elements

not intend for each approach to represent the same elements a As shown in Fig. 4, the RDL approach requires consistently

concerns, only that all the relevant content from the ogbimse-
case document was equally represented in each of the deldeed
uments. It is quite natural that the concern-level eleméifitsr in
each representation as each approach utilises its ownegugikap
on modularising concerns. Evaluation of “good vs. bad” miadu
isation of these approaches is not the subject of the presaay.
Instead we accept the modularisation structure of eacimgioeu-
ment and focus on assessing its compositional properties.
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fewer scaffolding elements to be added (except for sce@avidnile
AOVG requires the highest. In scenario 2 the figure for the RDL
slightly higher as it introduces a relatively large set ofts into the
lexicon, in particular definitions for specific error typekhis sce-
nario also illustrates the problem of initial lexicon dey@inent for
RDL compositions. Though this issue is not a direct focushef t
study, which focuses on evolution and change support, ifikea
requisite for successful use of the RDL for specific domaifise
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Figure 4: Number of scaffolding elements per scenario.

first-time development of the lexicon for a given domain carab
substantial task, as it requires (semi-automatic) pracgss a set
of domain-related documents and identification of domaiecgic
synonymous concepts and their relationships. Such an effest-
ment is often justified by repeated reuse of the lexicon dstesh
long-term maintenance of a specific application. The higheir
cator for AOVG in scenario 4 is due to extensive changes to the
named requirements.

The mobility index for each approach is illustrated in FigAS
all the RDL scaffolding elements are semantically motigiatine
index for all scenarios where RDL adds scaffolding elements

In scenarios 2 and 3 both AOVG and Arcade have a mobility
index of 0, indicating that none of these scaffolding eletadras
an independent meaning outside of the specific setting ajittes
concern/document. In scenarios 1 and 4 both AOVG and Arcade
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Figure 5: Mobility index of scaffolding elements per scenaio.
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Figure 6: Total number of elements affected due to change.

have used named sub-concerns and AOVG has also used a dictio-4-2 Stabi”ty Analysis

nary entry, all of which are considered to be reusable elésmen
sulting in a mobility index well below 1. In addition, AOVG ka
defined a sub-concern for scenario 5 hence a mobility indéxiaf
compared to a mobility index of 0 for Arcade which employs se-
mantically unmeaningful requirements ids as scaffoldilegnents
for this scenario. Note that the RDL has a mobility index of as

no scaffolding had to be used for scenario 5 (this should ecbin-
fused with poor mobility, but indicates absence of relewdatt).
This does not imply that the scaffolding elements are imieobi

In summary, this analysis leads us to conclude that all theide
ered approaches require some scaffolding. However, sqmes tf
the scaffolding elements have self-contained meaning,sarchn
be reused in other locations. For instance, a lexicon eotrgt §pe-
cialised term can be reused in other requirements docunoémts
similar domain, whereas a requirement id, when removed ftem
location completely loses its meaning.

While it is desirable to minimise all types of scaffoldingeel
ments, we consider that semantically motivated mobile etgm
are necessary for the meaningful interpretation of theirements
and their relationships, and so should be maintained. Timeoim
bile elements, on the other hand, are unnecessary. Fonaesta
the lexicon entries used in the RDL are essential to convegple-
cific terms used in a project domain, or to demonstrate tlatioels
between such elements. Conversely, requirement ids haue no
herent contribution to the domain description; they willeof be
changed due to addition/removal of new requirements, thigsg
only artificial and transient information about the reqoients and
should not be expected to be known to the analysts or domain ex
perts. While such information could be produced and maiethi
by tools for internal processing, ideally it should remaidden
from the human users. The metrics for the number of scaffgldi
elements introduced, and the mobility index are compleargnas
a higher number of elements does not always indicate exeessi
scaffolding.
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The total number of elements affected by the changes of all 5
scenarios is shown in Fig. 6. Next we discuss in turn the oeetri
for concern, composition and requirement stability.

4.2.1 Can Semantics-based RDL Compositions Lo-
calise Changes?

From Fig. 6 we observe that the RDL and Arcade approaches
have equal number of affected concerns: one per scenarite wh
AOVG has twice that number of affected concerns. At a glance
this may suggest that RDL and Arcade are compatible in concer
stability measure. However, these approaches differ im#tare
of effects: RDL had added 3 new concerns and modified 2, while
Arcade had modified 5 concerns - one per scenario.

AOVG performs worst for this metric, with 5 added concerns
and 5 modified. Here the largest set of affected concernageim
scenario 4 (3 added and 3 modified concerns). These modifisati
are due to the need to rename and re-structure concernseind th
requirements to ensure the correctness of compositiores ntiim-
ber of additions is somewhat dependent on the previous conce
granularity choice made during the alignment procedur@sein
Section 3 (i.e,. that 3rd level goals in the AOVG approach pealp
to concerns). However, for this metric, if higher-level goé.e.
2nd level goals) were mapped to concerns instead, then tihis n
ber of additions would be lower. A cut-off point had to be sedel
and we found that generally 3rd level goals performed weticas
cerns throughout the study.

Thus, these results are encouraging for semantics-basgubeo
sition, as RDL used the least invasive changes, by direaigify-
ing only 2 concerns. Yet, Arcade - the purely syntactic appho
- also performed comparatively well in localisation of chas to
concerns. Further detailed analysis is performed in sulesgq
sub-sections to accurately determine the effects of secsdoased
composition on stability.



4.2.2 Semantics-based RDL Compositions are More
Sable

The added RDL and Arcade compositions are focused on adding
relationships between concerns/requirements. The cHacme-
positions for these two approaches focus on adding/rergaéfi
erences to existing or additional relationships. AOVG,londther
hand, also creates new requirements via its intertype iddicias.

As shown in Fig. 6, the RDL approach has the smallest number
of affected compositions (2 compositions added and 2 clthnge
However, in scenario 1 this approach has 3 compositionspaem
rable to 3 compositions by AOVG and more than the 1 by Arcade.
This is because when adding a transactionality relatignghe.,
composition), the closely semantically related relatiops on data
storage and data consistency checks are also reviewed. sBuch
mantically motivated composition review may complicate tom-
position specification task for the RDL. On the other hanahsu
related relationship review is left for later conflict/teadff anal-
ysis in AOVG and Arcade. This later exploration of compasiti
interdependencies may lead to overheads in terms of revisid
negotiation subsequent to the trade-off analysis. Coelersce-
narios 2, 4, and 5 for the RDL do not require any new compasitio
definition or change, as the existing semantic relatiorsshgzom-
modate the changes.

For Arcade scenario 4 creates new requirements that caenot b
accessed via existing id= “all” wildcard based referenassse-
lective participation of joinpoints is needed. This cauadarge
number of compositions to be changed (10 in total).

Scenario 4 also has a noticeable effect on AOVG compositions
causing not only addition of new joinpoints, but also reniamfa
joinpoints from existing compositions due to re-named negu
ments. This effect on AOVG compositions is explained by tbech
to review the goal naming conventions due to addition of gdar
number of new goals.

4.2.3 Syntactic Compositions in Arcade and AOVG
Affect Requirement Locations

The RDL has a relatively small number of affected requiretsien
total of 2 (see Fig. 6). Arequirement is added to check theOSED”
state of complaint required by scenario 2 and the secur@qobt
requirement is removed for scenario 5. The rest of the clange
were realised through concern addition. On the other hamd, A
cade has quite a large number of affected requirements agdt u
requirements and not full concern addition for every sdendr3
additions, 1 removal, 1 change).

A significant number of requirement modifications occur @tso
AOVG (1 added, 7 removed, and 3 changed). AOVG removes the
highest number of requirements in scenario 5 where secuare pr
tocol requirement (represented by Cryptography sub-corexed a
number of its requirements) is removed. Here modificatioamip
relate to requirement re-naming, as the adopted namingeotion
had to be updated.

No. of [ No. of [ No. of
info. crosscut- | base inf.
items per | ting info. | items per
scenario items per | scenario
scenario

RDL | 2.6 2.6 0

AOVG | 75 35 5.3

Arcade | 34.5 2.6 36.2

Table 3: Standard deviation values.

4.2.4 Types of Changes

All three approaches are similar in the addition/removat@f-
cerns and compositions. In addition, Arcade has used idinebering
in concerns followed by the corresponding id updates in aemp
sitions. This is because its id-based referencing in coitipns
specifications becomes invalid when id-structure in theauireg
ments document is changed due to addition/removal/move-of r
quirements.

The AOVG approach has used re-naming, and merging changes
along with id-replacement in compositions. This was neagsor
larger changes, for instance, as in scenario 4, when a larmgber
of new goals and tasks were added. It became apparent thethe
viously used naming conventions were inadequate and sedé¢ed
be reviewed.

The RDL approach, on the other hand, was able to accommodate
all changes without any additional types of change, as itloaisl
or name-based structural dependencies.

425 Summary

As shown in Fig. 6, the RDL approach has the lowest number
of concerns, compositions, and requirements affected wbal
ising all change scenarios. This is due to the RDL compasitio
mechanism being decoupled from the structure of the repaines
document: since this structure is not relied upon, any chsintade
to it do not propagate to the compositions.

AOVG is the next best from the stability perspective. Sirus t
approach uses pre-defined naming conventions and conguositi
patterns, the identities of the elements referenced in ¢imepo-
sitions are relatively stable. Problems arise when namattems
need to be reviewed. Of course, the naming pattern defirétioh
preservation effort, as part of requirements preparasioould also
be kept in mind.

Finally, the pure syntactic approach - Arcade - trails whik t
least stable compositions. Here any change to the requitsme
structure must be validated in compositions to check if tlie-w
card matches are still correct after the changes and if thased
referencing needs to be updated.

4.3 Expressiveness Analysis

Thus, we observe that the semantics-based RDL approach uses4.3.1  Compositions should Rely on Abstractions

invasive changes, such as directly modifying requiremantse
concerns only when this is explicitly dictated by the nanfrehange,
relying on purely additive changes otherwise (e.g., adéliiigon-
cerns). Thisis because in the RDL the relevant compositiomt
expect the related requirements to be in a specific module syih-
tactic compositions in Arcade and AOVG, on the other hana:eo
more invasive changes (like inserting requirements intpexiéic
concern, as done by Arcade) since their wildcard-based osimp
tions (e.g., viewpoint = “Complain” id= “all”) will not be ggica-
ble if a relevant requirement is located elsewhere, e.geddia a
new concern.
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From Fig. 7, we can see that the RDL has the lowest number
of (combined base and crosscutting) data items defined pef co
position. The Arcade approach, on the other hand, has tinestig
number of information items used. This is not surprisingihees
RDL composition mechanism relies mostly on word grammaética
functions, types and word groups. AOVG relies mainly on néme
requirements/concerns and occasional dictionary entriesild-
cards. Arcade, on the other hand, relies only on concern rzauthe
requirement id pairs, with significant use of wildcards. $han
average, RDL relies on some form of abstraction, AOVG on mame
elements, and Arcade on named element and id pairs.
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Looking at the data on standard deviation for this metricagho
in Table 3, the RDL compositions in this experiment also Hiree
lowest standard deviation - 2.6, compared to that of 7.5 fov&
and 34.5 for the Arcade. Such a large deviation value for deca
is explained by its frequent use of wildcards: in scenaribwas
not possible to use a wildcard, and individual listing of cem-
requirement id pairs had to be used. If this scenario waslgft
of the analysis, the standard deviation for Arcade woulghdrom
34.5 to 8.5. Indeed, scenario 4 for Arcade demonstratesutiat
tamed use of wildcards can actually deject the abstractimgepof
a composition mechanism rather than foster it.

When comparing the standard deviations of the number oferos
cutting information items with that of the base informatitems
it emerges that for the AOVG and Arcade approaches the stdnda
deviation of base items is significantly higher than thahefdross-
cutting items. This is again a consequence of the use of aittic
(as mentioned above).

4.3.2 Reachability of Semantic Compositionsin RDL
Depends on Reachability of Lexicon Entries

When analysing the reachability metrics for crosscuttif.(
8) and base (Fig. 9) concerns it is clear that the crossaguiti&m
reachability is noticeably lower for all three approachtesn the
base item reachability. This is due to items for crosscgtgfe-
ments in each approach targeting a smaller set of specifigreeq
ments which have a broad (i.e., crosscutting) influence anget
set of other (i.e., base) elements. Since it is natural thertet
are fewer crosscutting elements, each information iterohes a
smaller set for crosscutting elements than for base.

Arcade describes each crosscutting element via a “concetn a
requirement id” causing all its crosscutting item reaclighio be
0.5 with null standard deviation. Similarly, AOVG specifigs
crosscutting elements as a source (i.e., concern of orégid)re-

quirement name. However, unlike in Arcade, a source may con-

tain more than one crosscutting requirement name. Constigue
the larger the number of crosscutting requirements percsotine
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Figure 10: Average element reachability.

closer this metric is to 1, making AOVG reachability vary\wseen
0.5 and 1. The RDL values for this metric are more varied tloan f
the other two approaches, changing from 0.3 to 0.7, yetatsdstrd
deviation is equal to that of the AOVG approach with the valtie
0.2.

Thus, as shown in Fig. 8, on average all three approachesiwoul
normally use approximately 2 information items for crostnog
element definitions to reach a joinpoint. This indicator hagery
low standard deviation for all three approaches which iegpthat
the above conclusion can be made with high certainty.

The values for the base item reachability (shown in Fig. 8) ar
much higher for all three approaches. This is particuladice-
able for the RDL with average base item reachability valu®.af
This is due to the rich lexicon-based referencing model @RBL
compositions. It should be noted that the standard devidtio
this RDL indicator is quite high (5.8) for two reasons. Firtste
lexicon-based referencing can be broad (e.g., if multipifayms
are defined) or narrow (e.g., if a term is used with no or few syn
onyms) depending on the number of entries in the lexiconois&c
the base set will be narrower if the semantic query is restiito
the elements of one concern (as for scenario 3).

The mode value for base item reachability for AOVG elements i
1.0. This indicates that the relevant base requirementalbeau-
merated by name, except for scenario 4 where “Specify.*ledtd
based reference was used. The value of base item reaché#duilit
Arcade varies from 0.7 for scenario 4 where no wildcard isluse
6.3 in scenario 1.

Fig. 10 visualises the combined crosscutting and base ateme
reachability for each approach. This metric is not complede-
curate as several indicators include some “crosscuttitg-cor
“base-only” parts of compositions. These parts were adthediged
when existing compositions were modified. Thus the addedipbd
parts were counted in the indicators, while stable ones wete
This could skew the objective characteristics of the coritipos,
though it reflects the objective nature of change. In accmeavith
this indicator the RDL, having used no wildcards, has théédg



Approach | Sc. 1] Sc. 2] Sc. 3| Sc. 4] Sc. 5] Total
RDL 3 6 2 19 2 32
AOVG 0 2 0 4 0 6
Arcade | O 0 9 [9] 0 9

Table 4. Remembrance values.

average reachability . Arcade has the next highest redilahie
to its broad use of wildcards. Finally, AOVG has an averagee-
bility of 1, indicating that an average item in an AOVG reguirent
composition is a named requirement or a named pointcut.

4.3.3 Semantic Compositionsin RDL have Memory

The ability of compositions to pick out correct referenaeshie
face of change is evaluated by the remembrance metric, soéise
of which are presented in Table 4.

One immediately notices that the RDL provides remembrance-
based references for each scenario. Moreover, in sceriaaosl
4 no additional composition definition was needed, as thetiaxj
compositions were already sufficient. This was achievetiouit
use of any wildcards.

The Arcade approach demonstrates some remembrance only i
one scenario. The newly added requirements are incorgbirzie
existing compositions because in a number of places geseral
tions such as viewpoint id="all” are used. Notably, suchegaii-
sations will include all newly added viewpoints or requiknts of
a certain concern into their selection set even if the newlyed
viewpoints/requirements are not related to the compaosititen-
tion. Consequently, in several cases the wildcard-basetpesi-
tion definitions had to be updated with an explicit “excludéuse
making the wildcard-based remembrance unreliable.

In case of the AOVG approach (scenarios 2, 4) the requiresnent
were named in accordance with a convention adopted for #sis ¢
study, to ensure the correct use of composition remembratee,
knowing that some compositions use “Register.*”, “Showafrid
“Request.*” wildcards, the requirements engineer intarally named
the corresponding requirements she wanted to include hdset
compositions. Even then, certain changes were still nacgss
achieve correct compositions.

4.4 Summary

From the above discussion we conclude that the semantsesdba
approach uses, on average, the smallest number of infanmeiti
ements per composition with the lowest standard deviatiar.
cade - the purely syntactic approach - uses both the highesige
number of information elements per composition, and hakitite
est standard deviation. We explain this fact by the highegllef
abstraction of elements used in semantic compositions:dra i
named requirement references are used; grammar and sesnainti
natural language are exploited instead for quantificatiorcade,
on the other hand, needs to either enumerate each elemdrituse
composition via its “concern name-id” pair, or use wildcéased
quantification. The wildcard-based quantification, howgigenot
always possible to define (as occurred in scenario 4). Merdv
is rather fragile, as shown, for instance, in scenario 5 faraéle
and scenario 4 for AOVG (e.g., Fig. 6).

Furthermore, semantics-based elements in the RDL denat@str
a higher average reachability than those of the syntaxebalter-
natives, although RDL also demonstrates a higher standsasid-d
tion. This is explained by the scoping and lexicon definititwr-
acteristics of the composition reference mechanism. Ixa&da
entry for an element is narrowly defined, the element willeheal-
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atively narrow reachability, bordering, in the worst caséh the
named-requirement like referencing mechanism of AOVG wher
only the joinpoints that exactly match the string of the giveord
are selected. However, such a narrow entry definition ierath-
likely. Normally a lexicon entry will be defined more broadand
the broader its definition the wider the set of intended joints
that will be reached.

In addition, we have also seen (Table 4) that the RDL's seicsnt
based compositions are better suited for preserving arat@ng
the intention of the composition in a changing environmbahtthe
syntactic compositions of AOVG and Arcade. In other words th
RDL compositions have memory of their intentions and are &bl
enforce these intentions when changes occur.

5. THREATS TO VALIDITY

In this section we consider a number of such threats to our ex-
periment and our solutions that would minimise their efemt the
study results.

5.1 Threats Arising from Chosen Artefacts and
Participants
There is a threat that the original requirements documemds a

r}he change scenarios applied favour one approach overeanoth

Furthermore, it could be the case that we purposefully ssdec
weak representatives of semantic, syntactic or hybrid cgares

to bias the results. To minimise these threats we have select
pre-existing industrial case-study (HealthWatcher) \Wwtias been
previously validated in other studies [8]. The changed ades
applied were based on changes applied in a previous mantena
study to assess the stability of AO designs. We were able-to re
apply these changes, in consultation with the original kgpers

of HealthWatcher, to the requirements documents. Thexetoe
requirements documents and maintenance changes haveamt be
influenced by the AORE approaches examined in this study. Fi-
nally, each of the examined AORE approaches have been exten-
sively peer-reviewed and validated through various paktibos [4,

5, 14, 15, 16, 17]. Therefore, we can be sure that these agmea
are strong candidates for such a study. However, it is plessib
that future studies using different AORE approaches oerkfiit
case-studies may uncover different results. Generaisatf the
results can only be achieved by conducting more studiesitimef
works we plan to not only compare other AORE and non-AORE
approaches but to extend the study by examining case-stirdia
other domains.

Another threat to the validity of the study is the particitsase-
lected for the study. A number of participants were necgskar
this study to be conducted, including: the study designgrees
for each AORE technique, and data interpreters. To ensere th
study was notinfluenced by any of the AORE approaches, thlg stu
designer created the study independently. To guarant¢edich
set of artefacts were of the best possible quality, the oreaff the
selected AORE approaches were recruited as testers. Fadie
no restrictions were placed on the practices that the sestald
use to achieve these results, thus ensuring that the besibjeos
practice for each AORE approach was employed. While this bes
“known person and practice” approach provides some oljgcti
for comparable quality of artefacts, it also poses a quesi®to
how well the approaches would have faired if an average usez w
evaluated instead. This however, is a subject for a diftesrrly.

Finally, the study designer also performed the alignmernhef
documents of various approaches. The designer is an expibe i
HealthWatcher system and so has an excellent understaoiting
requirements. However, he did not have an in depth undefistgin



of any of the AORE approaches analysed. It is important tatpoi
out that the purpose of this alignment process was not togehan
the fundamental output of each of the AORE approaches. ddste
the purpose was to align the HealthWatcher related coneayts
terminology used in each set of artefacts to ensure thartetets
could be compared. This did not require an in depth undedstgn

persistence are stable and applicable across a number @iitom
and applications. However, each project also has its owli-app
cation specific lexicon, and such lexicon entries may vaoynfr
project to project. Even within the same project entriesivtetd
from different documents (written by different authors)ynteave
different semantics. Further evaluation of the stabilityhe types

of each AORE approach but needed a thorough understanding ofof lexicon entries is necessary to provide a deeper unatelisig of

HealthWatcher domain. Yet, there still is a threat that hdbvidual
perspective could have inadvertently instilled some elgméat
could have benefited one approach over the others.

5.2 Threats due to Metrics and Procedures

The area of semantics-based composition in RE (and in AOSD
as a whole) is very young. Consequently no previous studies h
been conducted or metrics developed. As a result, thereware n
merous threats to their validity. For instance, the metmsd be
engineered to favour one approach over the others, or, aeéio
be practically informative at all. To provide some level nfdt to
these metrics, we have based them on previously validates. on
When no suitable established metric was available for atiapt
for our purposes, as was the case with our scaffolding metdce-
lied upon our own experiences with requirements engingeaird
the observations of other experienced personnel [4, 5]. 8lieve
that our metrics suite itself is a valuable and new contitivuto
AORE. Nevertheless, we also acknowledge that further atbtd
of this metrics suite must form an integral part of our futwark.

As mentioned previously, we employed a best “known person
and practice” to employ the maintenance changes. We aresof th
view that this allowed us to use the strength of each approatier
than force a change method which could be unsuitable forengiv
technique. Furthermore, the different decomposition rapisms
could be considered a contributing factor to the resultsieeoved.
We have attempted to minimise these effects by the mappidg an
alignment of different approaches discussed in Sectiod 3.3

Yet, the alignment and harmonisation procedures themsetugd
have biased some results. For instance, as discussed,libfoBed
level goals of AOVG were chosen to be equivalent to concefns o
RDL and Arcade. However, as noted in Section 4.2.1, if a difie
level goals were chosen to represent concerns (though \Bztifie
best to the given case study), a different set of data wouldobe
lected for AOVG approach. Removal of such threats could bely
achieved upon repeated application of the developed puoesdo
a number of case studies and experiments.

5.3 Miscellaneous Threats

A variety of other factors that threaten the validity of thedy
also need to be considered. The individual details of eacRBO
approach could influence the results; however, as thesiésdata
intrinsic to the AORE approach being studied it is unde$&rdab
consider them in isolation. Furthermore, it is beyond thepsc
of this study to consider the individual details of each AO&E
proach; we are solely interested in comparing the diffengres of
AORE approaches. The tool support offered by each approagh m
also influence the results. However, by allowing the expestetrs
to use the best possible practices any tools that were biatave
been used. No doubt, the development of new and improved tool
for all three AORE approaches would alleviate some of thd{pro
lems highlighted. We hope that the results from this study wi
inform and influence the development of such tools.

In this study we have considered that concern names and lexi-
con/ontology entries preserve their semantics acrosspieubip-
plications (at least in the same domain). In our experieagiedn
entries dedicated to such concerns as security, errorihgnaind
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the mobility index indicator.

6. RELATED WORK

A number of previous studies have assessed AO approaches at a
variety of development stages. In this section we discussieder
of related studies and co-relate the conclusions drawn frese
studies with the results of our study.

The first study examined is directly relevant to ours as itdpe
cally focuses on comparing AO requirements engineeringogohes
[15]. The study proposes common process and naming schemes f
AORE approaches to enable assessment of the effort expanded
the quality of the requirement artefacts. The quality is soeed in
terms of precision and recall, whereas effort is measuredrins
of time spent creating the requirement artefacts. One ofitpe
nificant findings of this study was the large amount of effbstt
was spent on producing the compositions necessary to apely t
crosscutting concerns. In fact, the composition specifinaiask
was specifically highlighted as an effort bottle-neck in ADRp-
proaches. This finding is significant for our study, espéciahen
one considers that all the approaches examined in thisqugvi
study relied upon syntactic composition mechanisms. Qlsiyo
it would be necessary to re-conduct this experiment to dela
semantics-based AORE approach to determine whether the eff
is also reduced. However, the findings of our study, sucheseth
duction in scaffolding and the improved remembrance, ssigat
semantics-based approaches may mitigate some of the adeske
sociated with specifying and modifying aspect composgtion

A similar study to ours was conducted, again using the Health
Watcher system, whereby a similar set of maintenance ckange
were applied to HW's implementation [8]. The purpose of this
study was to determine how well AO implementations couldmai
tain a stable design compared to an OO implementation. Fn@n t
study, a number of conclusions were drawn that are relevaehw
discussing semantics- and syntax-based compositiontly-itse
results highlighted the need for semantics-based pomidue to
the abundance of fragile pointcuts that are present in téimen-
tation of HW. The results of our study have highlighted thedfis
of semantics-based composition and confirm that semalgissel
pointcuts can address the fragile pointcut problem thraeghan-
tically motivated mobile elements, reliance on abstratjoand
higher remembrance to remain resilient in the face of chaBge
sides, a smaller number of changes have to be made to RDL's com
positions compared to that of the syntax-based approaches-
ondly, the design stability study introduced the notion adevand
deep ripple-effects that relate to different types of uitipated
changes that occur. The results from the design stabilitysthow
that ripple-effects in AO tend to go deeper in that they dffaore
seemingly unrelated artefacts, whereas OO ripple-effiectd to
go wider in that they affect related artefacts much moreresitely.
We have observed that the RDL is able to localise the changes m
efficiently than the syntax-based approaches and so redeceep
ripple-effects. However, it is difficult to directly attnitte this ben-
efit to semantics-based approaches in general as the mibgofar
the examined approaches has not been assessed in our study.

The dependency of aspects on the syntactic structure idatson-
strated in the study performed by [7]. The purpose of thidystuas



to determine how AO can cope when performing extensiveuestr
turing. This study again illustrated the reliance of syrvased
aspect compositions on the underlying structure and thielgmts
which this causes. For example, a number of relocation,nmena
ing and redistribution activities were performed that riegéy af-
fected the aspects that were dependent on the modified @stefa
Some of the changes performed in our study were of a similar na
ture (whereby concerns/requirements had to be renamedtouce
tured in certain approaches). However, the semanticsdhas®-
positions were not influenced by the restructuring changesna
concern renaming was necessary.

The final study examined [1] involves assessing the evaiuifo
a program’s lexicon compared to the evolution of the proggam
structure. The study found that the program’s lexicon isevsia-
ble than the program’s structure and that changes to thedlexire
rare. This conclusion, in some ways, goes against the fisdifig
our study. The majority of the changes that are made to the RDL
artefacts occur within the lexicon. However, the fact tlwet RDL
does not have any reliance on the structure of the base elemen
naturally causes more changes to occur in the lexicon thardwo
otherwise be expected. Furthermore, the previous studypeas
formed at the implementation level. It should be expected tife
lexicon is more stable at this stage of development. Due éo th
requirements engineering phase occurring earlier in theldg-
ment life-cycle, where the problem domain is still being ersood
hence definitions may change as more information is eliciéec-
ing the lexicon to be altered. It should be noted that it is/atd-
main specific entities in the lexicon that are altered dutiiregmain-
tenance changes performed in our study. Well-understondrige
crosscutting lexicon entities, such as security and persig, did
not require modification at any point in the study.

7. CONCLUSION

In this paper, we have presented a first empirical study amajy
the potential benefits of a purely semantics-based conipositech-
anism for AORE (RDL) compared to a purely syntax-based one
(Arcade) and a hybrid approach (AOVG). Our study confirms the
benefits intuitively perceived, i.e. semantics-based asitipns
in the RDL are less fragile and more expressive than syrasedd
ones in Arcade and AOVG. We have also uncovered some irterest
ing challenges for semantics-based compositions as eddfisthe
RDL, including the need for advanced tool support, efforblaed
in initial lexicon development and the need to explore cositimn
interdependencies when introducing a new composition.

Our study also uncovers some key insights about composition
mechanisms in general. Firstly, it shows that the extentaffald-
ing itself is not a major hurdle. In fact, it is the nature cholding
that one needs to consider when developing or using a composi
tion mechanism. Scaffolding elements with location-iretegent

meaning are more mobile and can be used in other concerns or ap [20]

plications in the same domain. Secondly, our study indic#tat
wildcard-based quantification mechanisms can, in facysedhe
abstraction power of a composition mechanism rather thaterfo
it. Thirdly, our study highlights the need for compositiciosex-
hibit memory about their original intention, i.e. when a cba
occurs relevant new joinpoints are selected and irreleva@s dis-
carded without any change to the composition or the need-to re
structure the base elements to provide hooks. These rethultgh
derived specifically in the context of our specific AORE study-
resent generic underpinnings for aspect composition nmesims.
We hope that future studies, both by ourselves and othelisaimi
to validate these findings with a view to developing fundatalen
guidelines for the design of aspect composition mechanisms
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