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Abstract—Service-Oriented Computing (SOC) is an
emerging paradigm for developing software systemshat
employ services. Presently there is already much search
effort in the areas of service discovery and orchéstion,
business process modelling, and the semantic web. ¢h
these are all important aspects for moving towardsthe
pervasive adoption of SOC, most existing work assues the
existence of black box services, with little atteign given to
how such services might be developed in a systeneati
manner. Furthermore, a precise description of what
constitutes a service-oriented system is yet to Hermally
defined, and the overall impact of service-orientabn on the
software design process is not well understood. Ttefore,
this work presents a formal model covering designréefacts
in service-oriented systems and their structural ad
behavioural properties. The model promotes a better
understanding of service-oriented design conceptand in
particular, enables the definition of software metics in an
unambiguous, formal manner. Defining such a model rad
metrics is an initial step towards deriving a compehensive
service-oriented software design methodology.

Index Terms—Service-Oriented Computing (SOC), formal
model of software design, metrics, design methodag

l. INTRODUCTION

Service-Oriented Computing (SOC) is emerging as
promising development paradigm [13, 40] which isdzh
on encapsulating application logic within indepemtde
loosely-coupled stateless services, that intera@

can be orchestrated using business process largj{age
30]. The notion of a service is similar to that af
component, in that services, much like componemts,
independent building blocks that collectively resaet an
application. However,

and hence decoupled from other services [13]
compared with components.
Service-oriented systems in
supporting middleware represent

conjunction

whereby a business process or workflow can ideratify
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services are more platform
independent, business-domain oriented, and auton®mo

a30];
with
Service-Oriente
Architecture (SOA), a more abstract concept whish i

runtime the most suitable services for a particular
scenario and dynamically compose them in order to
satisfy a particular domain requirement [30]. MoreQ

in SOA, enterprises should consider services ablersa

of business processes that reflect workflows witduna
between organisations, rather then treating themplgi

as interfaces to software functionality.

Although SOC (or SOA) is becoming an increasingly
popular choice for the development of enterpridensoe
[20], service-oriented (SO) design principles aoé well
understood and documented, with contradicting
definitions and guidelines making it hard for scirer
engineers and developers to work effectively with
service-oriented concepts [5, 12, 13, 30]. Conseitjye
service-oriented systems are often developed #damoc
fashion [14, 22, 42] potentially resulting in lowguality
software being produced.

In contrast, established development paradigms, in
particular Object-Orientation (OO), are more widely
understood. This understanding is underpinned bydb
models of OO design [8], which have facilitated the
derivation of systematic development methodologies,
metrics for measuring structural software attrilsuta
order to predict and control the quality of prodiice
software [9]. However, such models, methodologesl
metrics are not immediately applicable to SOC sithee
‘aesign of service-oriented systems is conceptually
different to OO, as described in Sections Il ahd I

Therefore, the main contribution of this paperhse t

i D v roposition of a formal model (Section V) covering
messages using standard communication protocols aE

uctural and behavioural properties of the design
artefacts in SO systems. This model extends thergen
model proposed by Briand et al. [8], where a sofewa
design is represented as a relational system, storgsiof
elements, relations and binary operations. Thensidas
‘are based on: i) the core characteristics of servic
orientation as described by existing literature, [12, 30,
i) discussions with industry practitionersii) i

analysis of existing SO systems; and iv) the awthor

gxperience with developing SOA-based applications.

The proposed model was designed to be as genetic an
technology agnostic as possible. Nonetheless, nthm
I?eadily customised as shown in Section V where the
was modified in order to allow for
technological constraints imposed by BPELAWS [4]-
based business process scripts.

There are two main benefits of this model. Firsity,
formalises the design concepts surrounding service-
oriented development which being an emerging
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paradigm, have not always been consistently expdessthan system level implementation details. Such ggses
nor well understood [1, 14, 22, 33]. Secondly, thisdel can be designed by business modellers with theokid
allows software metrics related to the structural software tool support and then transformed into
properties of SO design to be defined and thealdfic executable modules or business process scriptshvene
validated in an unambiguous formal manmershown in  deployed and executed using middleware.
Section VI . This is of utmost importance since nost While SOA represents a conceptual architecture of
can allow comparison and selection of alternatigsigh  service-oriented systems without enforcing any
structures, as well as detection of quality proldezarly constraints on the design and implementation of
in the Software Development LifeCycle (SDLC). individual services, Service-Oriented Computing (3O
Given the above, the model and metrics pitbvidea is the software development paradigm based on the
foundation for the future development of a syst&mat concept of encapsulating application logic withdodely
service-oriented software design methodoloye need coupled, stateless services that interact via ngessg30].
for the methodology and the outline of the stepgiired  Services in SOC are usually self-contained and ldhou
to derive such a methodology are discussed in&@etti not depend on the context or state of other ses\it4,
Note that a shorter version of the model was deedri 40], thereby allowing high reusability.
in a previous publication [35], but the motivatibahind Note that although services are somewhat similar to
its derivation was largely omitted due to the space&omponents in Component-Based Development (CBD),
constraints. In contrast, this article provides edaded implementation inheritance and its complicatior] [8re
motivation behind this research by outlining thelgems  not present in SOA. Also, services can be impleegnt
related to the lack of systematic guidance fordesign using a range of different technologies and deveknmt
of SO systems, and discussing how the proposed Imodearadigms. Therefore, service implementation elésnen
can assist in the derivation of the service-oriertesign should be treated as separate units based on their
methodology. Furthermore, it includes additionalunderlying technology. For example, business pmces
(cohesion) metrics, and elaborates some of thdquely  scripts should be considered as a separate imptatizen
presented model definitions. element type as they have characteristics tharéiftiate
The remainder of this paper is organised as followshem from Procedural or OO implementation elements.
Section Il describes key characteristics of SOA&@C. Consequently, the concept of a service implemeantati
Section 1ll discusses the issues surrounding thelement or module can be sub-divided into: business
development of service-oriented software, thus idiog  process scripts, OO classes, and procedural pazkage
a rationale for this research. Section IV presardsneric  (collection of procedures). This is captured by thedel
model of service-oriented design, which is thendescribed in Section IV.
specialised in Section V for the specific case of Also, an interface should be a first class desitgfact
BPEL4AWS. Section VI shows example metrics forin service-oriented systems which are based orelpos
measuring coupling and cohesion of SO designdénet  coupled services. For example, one advantage ofusi
been defined based on the proposed model. Section VSOAP-based web services, is that they are accessed
describes related work on the modelling of softwarghrough a language and location independent irgerfa
designs and architectures. Finally, Section Vllbsels thus promoting loose coupling [3]. Furthermore,wié

with conclusions and a discussion of future work. consider the use of interfaces in OO languagesc{waie
often used to implement services), coupling through

Il.  FUNDAMENTAL PRINCIPLES OFSERVICE- interfaces again has a lower coupling than throtighs

ORIENTATION types, as widely advocated by experienced pracét®

[18]. Thus, OO interfaces and Procedural headels wi
also be treated as separate entities in the prdposdel.

Given the differences described above, the follgwin
ey principles of service-orientation have a great
nfluence on the software design process, and eBb, su
will be reflected in the model described in Sectign

This section describes the key characteristicshef t
service-oriented paradigm that distinguish it frahe
Procedural and OO development. The descriptio
includes definitions of SOA and SOC, as well as
summary of the key principles of service-orientatibat
influence the overall design process.

Service-Oriented Architecture (SOA) represents anm Building for reuse is a key design principle of SOC
abstract model of software systems that employicesy Service-oriented systems should consist of indepeind
which are composed and orchestrated to fulfil aifipe  platform and language agnostic services that eixhigh
domain or business requirement. SOA involves twaeuse due to low coupling [14, 40]. As such, savic
primary parties: service providers, who publishvieer should be made as autonomous as possibleirged
descriptions and realise such services; and servigervice communication should be performed only via
consumers, who locate a service description, g#yera service interfaces
via a registry, and invoke a service [12, 14]. o SOC introduces an extra level of abstraction

One of the main advantages of SOA is its busines§he procedural paradigm has only one level of
alignment [6, 31]. In contrast to the traditionppaoach abstraction — theprocedure OO has two levels of
of embedding business logic within the software ecod abstraction: methods aggregated intoclasses SOC
itself, SOA utilises independent executable buginesintroduces a third level of abstraction and enclgpisun -
processes represented in terms of business cona#ipts  a service, whereperations(procedures/method, etc) are
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aggregated inteelements(classes/procedural packages,developed in an ad-hoc manner with little consitiena
etc.) that implement functionality ofserviceas exposed given to good software engineering techniques and

through itsservice interface. practices [14, 22, 42]. This is unfortunate sinte t
o Services can be implemented by elements belonging correct engineering of software has obvious advmsan
to various development paradigms / languages terms of the overall development process and soéwa

This is especially relevant given the applicatidnrS®@C  quality in any development paradigm, whether itais

to integration projects with existing/legacy system well-established one such as OO [38] or an emerging
Previous research has shown that the use of ditfereparadigm such as Agent-Oriented Development [29].
development paradigms, such as Procedural design an Furthermore, rigorous software engineering is
00, will result in systems with different structura especially significant for the emerging generatioh
properties [11]. This may be exacerbated when rdiffe  service-oriented systems due to their large scale,
development paradigms are combined, for example atomplexity, and data volume [14]. Additionally, $uc
OO system accessing legacy procedural code as Wweuld systems should accommodate rapid business changes,
the case if C code was called via a Java Nativexfate. therefore they should be designed not only forciffit

o Correctly identifying service interfaces is one ofthe  and reliable performance, but also for maintairigbil

most important service-oriented design activities which is one of the most-resource consuming a@in
This is due to the fact that interface granuladtyd the whole Software Development LifeCycle [41].
cohesiveness of service operations will strongfuénce Moreover, the importance of systematic software

the overall structure of elements implementing thisdesign methodology will increase as service-orignte

service. Also, service interfaces should be desigireethe  systems are becoming larger, more heterogeneods, an
primary internal and external entry points of ateygs are developed by teams that are as heterogeneaus an
thus they must be highly stable as changes tntbeface  geographically dispersed as the systems they seek t

can potentially influence a large number of clients build. Designing and maintaining such systems carab
o Business logic should be encapsulated within daunting task, to which systematic software methaglo
independent business processes can bring formal and clearly specified processed an

Enterprises depend on information technology fairth guidelines. However, in much the same way thatQe
everyday tasks, therefore business logic and alesan paradigm required different methodologies [38] tlilaa
essential part of modern software systems. Thetimadl  Procedural paradigm that preceded it, so too d&@€ S
approach is to code business logic into the soéitaelf, differ from OO. Not only is this intuitively cleasince
whereas SOA advocates situating business logicirwith SOC has aspects that are both procedural and object
centralised business processes that can be easignéd based, it also has additional characteristics dbatot fit

and modified by business modellers with the aid oheatly into either of the aforementioned paradigmss
software tool support [31]. This allows encapsulgti discussed in the previous section.

business logic at a higher level of abstractiord aftso Presently, even at the high level there are cdinftic
results in the increased reusability of individsetvices. opinions as to which general strategy should bed use
o A service is not an explicit design construct when developing SOA-based systems [5, 23]. For

This is in contrast to OO design, in which a metli®md example, according to Fowler et al. [17], develsper
physically encapsulated within a class, whereasraice  should not try to design an application into digpamweb
boundary is logical rather than physicah existing services that talk to each other. Rather, they lshiowild
implementation technologies. As such, there isedrite  the application and expose various parts of it &b w
establish the guidelines for the allocation ofservices, treating those web services as remoselésc In
implementation elements to services in an unamhiguo contrast, Barry [6] and Singh et al. [40] believeatt
formal manner, thereby drawing a physical servicesimply adding web services to an existing applarati
boundary and allowing specification of design nostri does not constitute SOA. They argue that the system
should be composed of discrete internal and externa
[ll. TOWARDS ASERVICE-ORIENTED SOFTWARE DESIGN services resulting in a loosely coupled system.
METHODOLOGY Consequently, developers following this approachldo

This section describes major issues related to thgiructure the entire system as a set of interastmgices,

development of service-oriented software, with sub—from the very jtart of the (E)evelopment Iife-cyﬁ]éheh
section IlIlLA arguing the need for the SOA—specificdorrmlar wewb e_lldvor?ates I? _ottom;judp a%proact, where
design methodology, and sub-section I11.B presgngn  d€Velopers build the application, add web services,

outline of steps required to derive such a metagiol and then combine services into business processes.
This provides a motivation for this research SinceConverser, the latter view prescribes a top-down

formalising SO design structure should be a firsjan approach based on business domain decomposition.

activity when deriving a design methodology Finally, little research effort has been dedicated
' considering how the structural properties of sevic

A. Rationale oriented designs (for example coupling and cohgsion
To date, service-oriented design concepts, espeeial May impact non-functional software quality attriesit

the implementation level, are not fully understoodsuch as maintainability, efficiency, reliability, n&

Consequently, service-oriented systems are oftefecurity. The correlation between structural anch-no
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cohesion metrics were defined in previous work [38],

has been shown in previous paradigms [9, 19], andnd thus it is important to determine those whiatehthe

therefore needs to be investigated for the SO jmrad
B. Methodology Outline

greatest positive or negative effect so that they serve
as design patterns and anti-patterns respectively.
Furthermore, following comprehensive empirical

The above has underlined the importance of creatingvalidation of the metrics, more specific designdglines

software design methodology for

SOA. Such acan be formulated in terms of concrete metric \alG®r

methodology should incorporate a detailed and peeci example, minimum and maximum recommended degrees

specification of models, metrics, notations, prgessand
guidelines. Developing this methodology will invelv
many aspects including formal modelling, mathenadtic
analysis, case studies and empirical design studiies
following summarises major steps required to derdve
service-oriented software design methodology:

o Defining a formal model of service-oriented system

design structure

of coupling for the most important services in fystem

can be suggested based on the data collected from
existing projects. Another important resource f&gisting

in the derivation of methodological guidelines atebign
patterns will be the knowledge of experienced servi
oriented designers, developers and architects, hwhic
should be elicited through the analysis of datdectéd
from qualitative and quantitative studies.

Eormalising the structL!re_z of SO systems shouldHee t o Empirical studies and methodology evaluation
first step towards defining a design methodology. ASince the development of the methodology is by

formal model of SO software design will promoteedtér
initial understanding of the service-oriented payadby

necessity analytical, empirical studies should be
conducted in order to provide a rigorous evaluatibthe

encapsulating the major structural and behaviourahethodology. Such studies should involve participan

properties of design artefacts (services, serviterfaces,
service implementation elements, etc.) in servicented

with varying levels of experience in SOA/web seegic
development performing design tasks, with the

systems. Moreover, the model will allow the preciseindependent variable being specific methodological

definition and specification of metrics for measgri
structural design properties; as well as the estailent
of predictive models for estimating non-functiogaklity
characteristics of service-oriented software.

o Defining and validating metrics for quantifying

service-oriented design structures

The design-level metrics will lay a foundation ftire
design methodology. This is because metrics camsbd

approaches and techniques, and the dependent leariab
the various non-functional attributes (such as
maintainability), which can be predicted using stasal
design metrics. This shows another application haf t
metrics, in which they will be used to assist ire th
empirical evaluation of the methodology. Finally,
established experimental techniques for creating
unambiguous design tasks, collecting data, and

to measure and evaluate structural design propertiestatistically analysing the results should be usach

thereby allowing identification and prevention afsitgn
problems. The metrics can also be used to prediat,

experiments will provide the basis for the iterativ
refinement and enhancement of the methodology.

therefore manage, some of the non-functional qualita Developing automated tool support

characteristics of software products (such
maintainability) early in the SDLC. This is impanta
since the methodology should incorporate guidelsed

agsiven that modern software systems comprise a large

number of artefacts that are shared among a rahge o
personnel with various roles and expertise, autmmat

best practices that target both functional and nonand tool support is crucial for tasks that are eysttic or

functional software requirements and charactesstic
Given the formal model of SO designs, the definitio
and theoretical validation of metrics can be domeai

repetitive. For example, automated tool supportikhbe
provided for: i) editing architectural and detailddsign
diagrams using graphical representation of the &rm

precise mathematical manner with the overall procesdefinitions specified in the model presented in$leetion

characterised by the following activities: i) edisip

IV; ii) the automatic collection of structural dgsi

measurement goals (e.g. measure coupling between Sfetrics from the design artefacts; iii) simulati¢ool

software artefacts in order to predict maintairighil i)

support for generating usage information and

set experimental hypotheses that will be used & thenvironmental or deployment context profiles; ahe t

empirical validation of metrics; iii) formally spig
metrics using the definitions from the proposed eipd
iv) theoretically validate metrics using the defioims
from the proposed model; v) empirically validated aif
necessary, refine metrics.

o Specifying service-oriented design methodology

automatic generation of efficiency and reliabilibetrics.

To conclude, defining a formal mathematical model
covering the structural and behavioural properie$O
system design should be a first step towards defifi

comprehensive systematic design methodology. In

Specifying the methodology should be an iterativeaddition to encapsulating the key characteristids o

process consisting of ongoing evaluation and refier.
To this end, the metrics can provide the first nsetor
identifying initial design guidelines and patterrisor

service-orientation to support a better understandif
the issues related to SO development, the modél wil
provide means for defining structural software iostin

example, the metrics can be ranked in terms ofr thean unambiguous formal manner. Such metrics can be

impact on the non-functional attributes. This isessary
since, as an example, 17 different coupling metiud 6
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readily validated theoretically using one of thellwe
established set-based validation approaches (ssithea
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Figure 1. Example design of service-oriented sy{®®1S)

property-based software engineering measurementedge set E(SOS) = {(sil, pl), (sil, cl), (c1,,dpL,
framework [8]) since the model uses set theoryajgtwre cl), (c1, i), (i, c2), (p1, ph), (p2, ph), (p2, xi2c3, ph),
the design of SO software. Finally, the model wékve (si2, ¢3), (si2, bp), (bp, c4), (c4, sil)}.

as the basis for automatic design consistency chanll Additionally, Fig. 1 shows two sub-graphs 80$
metric collection, therefore supporting identificat of  which represent serviceserl and ser2 For example,
design flaws. serviceserl consists of a vertex s&f(serl)which is a
subset of vertex se¥(SOS) This can be expressed as
IV. FORMAL MODEL OFSERVICE-ORIENTED DESIGN V(serl) = {sil, p1, cl, ph, i, p2, c2}; and an edge set

This section presents a formal model of service-E(Serl): {(siL, p1), (i1, €1), (c1, p1), (pL, c1), (@R.(i

oriented system design that was derived in order tgzg\'léfel’tﬁgi' g?,]zé %?ilhe key aims of the model is to
support the formal definition of metrics, thus prbmg

oo . o identify various intra- and inter-service relatibips
initial _gwdz_ance for th? derivation of the methaalgy as given that a service is not an explicit design tts in
described in sub-section I11.B.

. existing implementation technologies, i.e. a searvic
The model extends the generic model proposed bg g P 9

. ) i oundary is logical rather than physical (thismsontrast
Bfnand et _al. [8]_ mto(rjder tf{mapture th(—i)_dc(ja_ggrt]_ stra;cture to, for example, an OO method which is physically
of a service-oriented system as a bi-directionakpdr encapsulated within an OO class). Therefore, the
expressed using set-theoretic notatidm this model, a

. 1 allocation of implementation elements to servicessw
software systerBis represented as a p&k, R> ’ where done by considering the possible call paths inalse to
E represents the set of elements$ohndR IS a _b'”arY invocations of service operations via the serviterface.
relation onE (RLEXE) representing the relationships |, nactice, this information can be derived from

betweei-.n the glementsf B Vﬁrtices inf thle graph pehavioural design artefacts such as sequence or
symbolise design artefacts (the set of elemels ., aporation diagrams, and flow charts; or by itigc
representing logical and physical software entif®@:d  .j4e execution where available.

in service-oriented systems, namely service inteand As an example, consider again the sample design of

various _imple_mentation elements. _Edges correspond ﬁzig. 1. Even though clag is statically coupled to class
the relationships between these design artefdwssft of c4, the element (class}t is not considered to be part of

relationships R), representing Dboth structural and gopicesert since it is assumed that this element is not
behqwourgl dependencies. Fl_n_ally, from the graphao reachable through methods invoked @2 through
service-oriented system, specific sub-graphs rept#®)  nerations on interfacsil However, in the case of

individual services can be derived. serviceser2 this element is included since it is assumed

Fig. 1 shows an example graph representing thg s c4 is now invoked by business process scbiptin

ar_bitrary design structure of a servicg-origntedtayl response to the invocation of some of the operatizn
with two marked sub-graphs representing its camstit ..\ ice interfacsi2.

services. As described above, this graph can beir@ab 5155 a5 stated previously the decision was made to
using conventional graph theory notation [16] being.qate a generic model that was independent of
represented as a vertex set and an edge set, amecge technology. For example, an OO class design eistity
with end verticesx and y _is denoteq by(x, 'y} For general concept independent of a particular
example, a system SOS (.F'g'.l) consists of: . implementation language such as Java or C++.
- vertex set V(SOS) = {sil, si2, p1, c1 ¢3, phbp, P2, Fyrthermore for generality, the structural chanasties

c2, cak; of a generic business process script are equivatent
those of a procedural package.

! Refer to Appendix A for the notation used in thedal definitions
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Similarly, for generality, the concept of a separat o peFINITION 2 (Operations of an element)
aggregate software component such as an Entedage  All implementation elements have collections oflatale

Bean (EJB) or CORBA component is not included i th operations, which can be treated generically fdr al
model as it can be represented as a combination @hplementation element types. Formally,

interfaces and classes. The same applies to otimedgr
technologies such as scripting languages, since dae
be classified as OO/Procedural implementations.
Finally, due to the size and complexity of the midtle In addition, specific operations can be defined for
is presented in stages to improve readability, Wigub-  different element types, e.g. operations includedai
section IV.A describing the entities representiregign service interface can be defined as: For each ervi
artefacts; ii) sub-section IV.B describing the tielaships  interface sis /7 Sl let SO(s) be the set of service
between such entities; iii) sub-section IV.C prinida  Operationso of service interfacsis.
complete model that combines the definitions frdva t © DEFINITION 3 (Operation parameters)
former two subsections; and finally iv) sub-sectl¥niD  All operations have sets of parameters. As wasctse
presenting different types of service-oriented eyst. with operations these can be treated generically as
follows:

For each element e /7SI (/BPS (JC UI UP (JH let O(e)
be the set of generic operations o of element e

A. System Structure

This subsection defines the structure of a service
oriented system in terms of its services and cuesit N . )
design entities. The relationships between thesitiesn In addition, parameters can be defined for differen
will be described in the following sub-section. operation types, e.g. parameters to the servieefaue
O DEFINITION 1 (System structure, Service structure) ~ OPerations can be defined as: For each serviceabper
The sets representing the compositional elementa of S0/ SO(S) let Param(sope the set of parameterssaf
service §) are subsets of the sets comprising the totag. Relationships
elements of the service-oriented systeé®Y$, with the
exception of the service interfacgis which is a single
element because a service logically has only alesing
service interface. Formally,

For each operation 0Z0(e) let Param(o) be the set of
generic parameters of o

This subsection describes the coupling relatiorsship
between service-oriented design elements. TheighdiV
relationships between directly coupled elements are
expressed in Definition 4. Next, relationships are

SYS =<SI, BPS, C, I, P, H> considered within the context of services in Deéifamis
whereSl is a set of all service interfaces in the syst8fS  4.A-4.D. Finally, the runtime collaboration between
is a set of all business process scripts; C istafsall OO  multiple elements during a specific invocation is
classes; | is a set of all OO interfaces; P is taceall  described in Definitions 4.E and 4.F.

procedural packages; and H is a set of all packagders. Note that since this paper aims to present a generi
Given a system3Y$, a services can be defined as: model, a general definition of a relationship betwe
s = <sis, BPSg Cq, ls, Ps, He> implementation elements is proposed as follows:

is a service of SYS if and onlysif 0 SI O(BPS O BPS A relationship exists between two elements a and b if
0C,0COIls010P0 P OHs O H) O(BPS UG, ?n Iopégration in a either declares an instance fof b
. including as parameters or return types of an
UlsUPU '__'S () ). Note tha()' symbol rgpresentserwce. operatior?) or rl?eferences an operationy%r variable
membership As was explained previously, a service jmplemented in b (including through inheritance or
boundary is logical rather than physical, thus wedto other derivation mechanisms). Furthermore, if b is also
examine the possible call paths in response tocetians related to a according to the above, this is considered
of service operations via the service interfacerier to to be a separate relationship.
determine whether an element is a member of acgervi
Formally, an elemerg is a member of a servigonly if - . .
e belongs to collaboratioa (refer to Definitions 5.A and _artefacts In service °F'e”F9d systems) . .
5.B) ofsisi.e. if e belongs to some collaboration sequence Smce not all cpm_blnatlons_ .Of relat|onsh|p_s are
cs [7 CS as part of collaboratiorey, 7 CO(si) = possible, and to assist in describing the intenbiehind

: o expressing the different relationships betweenediffy
<Param(sa/S0(si)), CS> (refer to Definitions 3 and 5). element types, the relationships are describedlias\é:
Also note that some of the artefacts could be d@bsen _. . :

Firstly, a set ofcommonrelationships R represents

from the system/service structure (e.g. a servieldc relationships that are expected to occur in allviser

have an OO implementation with no procedural . : . .

ackages). As such, the corresponding sets of elsme oriented systems, in which collaboration between
P Idgb ' T di q pb bg he ab software elements is done either through a service
\évgf?nitioni vi&?cgystﬁnsh(;? d I(I::aotfexa% le utthet ﬁenmﬁ Oi\s/e interface or between elements of the same developme
the representation of a se.rvice-orienfed,syﬁﬂﬁ;ar?d a paradigm. For example a class invoking anothersclas
serviceser1from Fig.1: directly (CxC) or through an interface which is
SOS= <S|. BPS, C, .I, .P, H> ={si1, siz}, {bp}, {cl, c2, c3, implemented by a specific classX{i¢. Formally,
ca}, {i}, {p1, p2}, {ph}>; serl= <Skg, BPSery Csers lsers Rc=<CsSlusicuyccUciyicunypesiyusipurprprU
Psery Hser? = <sil,0, {c1, c2}, {i}, {p1, p2}, {ph}> PH U HH U BPSSI U SIBPS U BPSBPS>

O DEFINITION 4 (relationships between different design
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whereCSIO Cx SI, SICOSIxC,CCOCxC, ClOC conform to the “building for reuse” design prinapbf
x|, ICOIxC,00O1xI,PSIOPxSI, SIPOSIxP, PP SOC (refer to Section Il). In contrast, the SIR &©R
OPxP, PHOPxH, HHO H x H, BPSSIO BPSx SI,  relationships (Definition 4.D) should be encouragette
SIBPS 0 SI x BPS, BPSBPSI] BPS x BPS. For they ensure that “service interfaces are the pgimar
example, a set of relationships Cl representingeubf internal and external entry points of a system”.
all OO classes to OO interfaces relationships<(I} for ~ 2 DEFINITION 4.A (relationships between a service
systemSOSwould be CI ={c1, i)} in the design shown interface and service implementation elements)
in Fig. 1, where each single relationship is repnésd as The set of direct interface to implementation riefehips
anordered pair(source, destination). lIR(s), which represents the relationships between a
Secondly, a set gfossiblerelationships Ris specified ~ service interfacsis and the implementation elemewtsf
comprising those relationships which are technologyervices which implementsi, is defined as follows:
dependent, insofar as elements collaborate witleroth IIR(s) = {(sis, €) O Rs| Rs 0 (SIBPS U SIC U SIP) Osis0 SI

elements of a different development paradigm. For Oe O (BPSsU CsU Ps)}

example a function within a procedural packageal®ed  An example of IIR relationships set for servams1from

from a method of a class via a native interfacentfadly, Fig. 1 is as follows IR (serl) = {(sil, c1), (si1, p1)}.

R,=<CPUPCUCHUCBPSUBPSCUBPSIUPBPSU  Note that as previously described in Definition at,
BPSP |J BPSH U PI > service interface cannot be connected to otherstygde

explicit interfaces due to current technological
whereCPO Cx P, PCOPxC,CHOCxH,CBPSOC  (gnstraints.

x BPS, BPSQJ BPSx C, BPSIO BPSx I, PBPSO P x
BPS, BPSR] BPSx P, BPSHI BPS<H, PIO Px | implementation elements)

Finally, some relationships are considered 10 bene set of internal service relationshif®R(s), which

impossible within ~ the logical and technological epresents the interconnection of implementation
constraints of a se_rwc_e—orlented system. As ameka a elementse, and e, belonging to the same serviseis
WSDL based service interface((§il) cannot call another yafined as follows:

service interface (or other explicit interface tgmaich as
OO interface (ill) or Procedural header [{i)) directly ISR(s) ={(e1, &) DRs | RsO(CCUCIUICUNUPPU
since this would be done through a separatepH UHHUBPSBPS U CP UPCU CH U CBPS UBPSC
implementation element such as a business proceps$ s UBPSIUPBPS UBPSP UUBPSH U PI) Des, e2 [ (BPSs

or code module. Also, a Procedural header (h) aan b UCsUls UPs U Hs)}: o
coupled to other headers only (through ‘includes*For example, ISRser]) = {(c1, p1), (p1, c1), (c1, ), (i,
relationships), it cannot be coupled directly tchest €2). (P2, ph)}in Fig. 1.

elements. Finally, it is impossible to have a fetsthip B DEFINITION 4.C (relationships between the service

O DEFINITION _4.B (relationships between service

from an OO interface (i) to the elements belongiag implementation elements of a given service and the
different paradigms such as Procedural packageand elements belonging to the rest of the system)

headers (H), and Business Process Scripts (BP$). Fbhe implementation elemengs belonging to a particular
completeness these are listed below. services are connected to the implementation elements

belonging to the rest of the system by:

i) incoming relationshipsR):

IR(s) = {(e1, €2) ORs | RsO(CCUCIUICUNUPPUPHU
whereSISIO SIxSI, SIIO SixI, 1S1 O 1xSl, SIHO SIxH, HH U BPSBPS U CP U PC U CH U CBPS U BPSC UBPSI
HSIOHxSI, HPOH x P, HCO H xC, HIO H x |, U PBPS UBPSP UBPSH U PI) Oei0(BPS-BPSs U C-Cs
HBPSO HxBPS, IHO Ix HI, IPO | x P, IBPSO | x BPS Ul-IsUP-PsUH -Hs) Oex0(BPSsU Cs U Is U Ps U Hs)}

Note that these sets of relationships are based Gy outgoing relationships@R):
current practice in software-engineering commufi/] OR(s) = {(ex, e5) O Rs | Rs (CC U CIUIC U Il U PP U PH

and the experience of the authors, but are noticderesl @HH UBPSBPS U CP U PC U CH U CBPS UBPSC UBPS|

definitive and could change in response to changin
. ) PBPS U BPSP UBPSH U PI) Oe10(BPSs U Cs U Is U Ps
technology. Nonetheless, they can be readily used |U H) D 0 (BPS- BPSe U C- CeU I - Is U P - Pa U H - Ho)}

order to check the consistency of SO software desig

The set of overall coupling relationshiisn a service- O €xample, IR ger]) = {(c3, ph)}; and OR ger]) =
oriented design can therefore be represented aoa of (62, 4)}in Fig. 1. . _ _
all common and possible relationshipsR = R. {/ Rp. o PEF|N|T|ON -4.D (relationships bgtween S.el'VICe
Accordingly, the relationships belonging to a parar |mplemen§at|qn elements of a particular service and
services can be represented &= Res (/Rps other service |nt§rfaCeS) _

The following definitions address relationships The implementation elements of a services are
involving one or more services. Defining suchconnected to other services in the system (stribtiyugh
relationships is important since they encapsulateesof ~ Service interfacesi) by: .
the key principles of service-orientation describied 1) Service incoming relationshipSiR):

Section Il. For example, the IR and OR relationship  SIR(s) ={(e, si) 0 Rs | Rs 0 (BPSSI U CSIUPSI) O
specified in Definition 4.C should be avoided ider to e 0 (BPS-BPS;UC-CsUP -Ps) Osi =sis Osi O SI}

Ri=<SISIUSIUISIUSIHUHSIUHP UHCUHIU
HBPSUIHUIP U IBPS >
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i) service outgoing relationshipSOQOR:

SOR(s) ={(e, si) ORs | Rs O (BPSSI U CSIUPSI) O

e 0 (BPSs U Cs U Ps) Osi # sis Osi O Sl}

For example, SIRser)) = {(c4, sil1)}; and SOR<ger]) =
{(p2, si2)} in Fig. 1.
O DEFINITION 4.E (direct collaboration relationships

between service-oriented design entities)
To capture the dynamic aspects of service strustuae
concept of airect collaboration(c,) was introduced. A

collaborationc, captures elements that interact in order t

achieve some desired functionality in responsealto
possibleinvocations of operatiom belonging to some
elemente. Formally:

co JCO(e) = <Param(oJO(e)), CS>

where Param(alO(e)) represents parameters (inputs) to

the operationo belonging to set of operatior@(e) of
elemente as per Definitions 2 and &0(e)is a set of all
collaborations of elemeng; and CS is the set of
collaboration sequences(cs,me). A collaboration
sequence captures the set of interacting eleméiats
achieve functionality exposed in operationbased on
specific inputsaand can be defined as:

CSomo(e) [JCS(e) = <Slcs, BPScs, Ces, les, Pes, Hes>
whereSl,. [0 SI, BPS, 0 BPS, G, C, k0 I, P, 0 P,

Hes O H. This represents the set of interacting element

that achieve functionality exposed in operatmmased
on specific inputs. In terms of graph theory natati16],
collaboration sequences, o, represents an open or
closed walk starting at elememst

O DEFINITION 4.F (indirect collaborationrelationships

between service-oriented design entities)

Additionally, a concept of aimdirect collaboration(ic, 7
ICO(e)) was introduced in order to capture tinglirect
collaboration sequencefcsome JI1CS(e)) that include

(0]

JOURNAL OF SOFTWARE, VOL. 3, NO. 2, FEBRUARY 2008

- Union: The union of services = <sis, BPSs, Cs, Is,
Ps, Hs, Rs> andt = <si, BPS;, Cy, Ii, Py, Hi, R> (notations
U t) is the servicet = <sig, BPSsU BPS;, C{UC, IsUli, Ps
U Py, Hs U H, Rs U R, where interfacesiy contains
combined operations frosisandsi,

- Intersection: The intersection of services = <sis,
BPSs, Cq, Is, Ps, Hs, Ri> andt = <si, BPSy, Cy, I, Py, Ht, Re>
(notations N t) is the servicest = <sis, BPSs N BPS;, Cs
N C, IsN I, Ps N Py, Hs N Hy, Rs N Re>, where interfacaiy
contains only operations that can be supportedhiey t
elements originally belonging to serviceandt.

Furthermore,empty, disjoint, compositeand atomic
services can be defined as follows:

- Empty service: services = <0, O> (notation) is
the empty service
- Digoint services: servicess andt are said to be
disjointifsnt=0

- Composite service: services with SOR (s) U OR (s)
# (is said to be a composite service

- Atomic service: service s with SOR (s) ( OR (s]

t is said to be an atomic service

D. Different Types of Service-Oriented Systems

Having defined the general case for any SO system,
without enforcing any constraints on the structutes
following definitions now specify constraints fopexcific
fypes of service-oriented systems. These defirstion
reflect the conformance of a given system desigthéo
fundamental characteristics of SO paradigm.

O DEFINITION 6.A (Partitioned SO System (PARSOS))

A system that is entirely partitioned into serviges.

there exist no implementation elements that ddoetiing

to a service) is consideredpartitioned service-oriented

system (PARSOS)nd can be formally defined as:
PARSOS = <S0S, SER>

is a partitioned service-oriented system, onh\s®S =

indirectly connected elements determined basedhen t <Sl, BPS, C, I, P, H, R> is a service-oriented aysas

overall static coupling (disregarding whether thements
are interacting strictly to achieve desired funadility).
Note that the definitions dt, ICO ics, andICS are the
same as the ones for CO, csandCSonly the rules for
assigning the elements to collaborations are differ

C. Combined Structure and Relationships

per Definition 5, an@BERIis a collection of serviceser of
SOS such that:ObpsIBPS (keflSER (bp&BPS,)) O
OcOC ((sefISER (¢l Co)) OO0l (CsefISER (Dlse)) O
OpOP ((5efJSER (fPs,)) O OhOH (C5efISER (HHse))
O DEFINITION 6.B (Pure SO System (PURSOS))

A system that is both partitioned as per Definita,
and in which every implementation element is paxree

This section presents a complete model combinieg thyng only oneservice (i.e. all services in the system are

structure and relationships from Definitions 1-5.
O DEFINITION 5 (Service-Oriented System and Service)
In the general case, a service-oriented sys&@DSis
formally defined as:
SOS =<SI, BPS,C, |, P, H, R>
Given a system308$, a serviceseris defined as:
Ser = <Siser, BPSser, Cser, Iser, Pser, Hser, Rser>

Based on the above definitions, tlmelusion union
andintersectionoperations can be defined as follows:

- Inclusion: services = <sis, BPSs, Cs, Is, Ps, Hs, Rs> iS
said to be included in servite= <si;, BPS;, Cy, I, Py, Hy,
Re (notations Ot) if BPSOBPSOC O C Ol O, 0P
OPOHOH OROR

© 2008 ACADEMY PUBLISHER

disjoint as specified within Definition 5) is codsred to
be a pure service-oriented system (PURSOShe
‘Academic Management System’ (AMS_PURSDS)vn
in Fig. 2 is an example of such a system consistihg
eleven fully independent services that communigatk
each other strictly via service interfaces. Foryall

PURSOS = <S0S, SER>

is a pure service-oriented system, onlySiDS = <Sil,
BPS, C, I, P, H, R> is a service oriented systenpexs
Definition 5 andSERis a collection of serviceser of
SOSsuch thatObps O BPS (sefISER (bp&IBPS)) O
OcC (C5efJSER (¢1Cs)) 00 i0l (C5efISER (iJls)) O
OpOP ((sefJSER (fPse)) O0h O H ((sefISER (HHser))
00 sey sey O SER (semsef =0).
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Figure 2. Example Pure Service-Oriented Systemdbesi

V. CUSTOMISING THE MODEL— BPEL4WSCASE i) every bpel script has a_separate service interface

: S .which is the_sole point of invocatiori) bpel scripts
Th|s section illustrates hqw the model presented' Rannot access implementation elements directlybped

Section IV can be customised to support constraint§;yint can only access/call service interfaces

imposed byf Ba _par'uc;lar teclclnglolgy' gévl\?lnh' the " Based these constraints, the definition of theesyst

Importance of Business Process Modelling ( hie t and service structures (sub-section IV.A Definitignare

design process of service-oriented systems (refer efined, as are the sets aommon, possibleand

Section 1I), the paper shows the customisation dor ., ssiblerelationships (sub-section 1V.B Definition 4).

Specific business process language. . The rest of the definitions presented in Section IV
There are a large number of techniques and Ianguagpem(,iin the same since they are not influenced b§LBP

proposed for business process modelling rangingn fro specifics. The following shows the modified defimits
workflow languages to UML and Petri Nets. Thesewll with key differences highlighted oold.

business processes to be designed and directlyutexkc .

via middleware support. For example, in earlier kyor o DEFINITION 1 (BPEL) BPELAWS Case (service

Microsoft based XLANG on Pi-Calculus, IBM used Petr .structure) . . ) .

Nets with WSWL, and BPMIl.org developed the Busines%"vfar? a serwce_—orlented systgrﬁ;Y(s as def|r_1ed in

Process Modelling Language (BPML) from scratch efinition 1 (section !V'.A)’ eservices can be. de_flned as
Subsequently, the Business Process Executiof sub—set oSYSconS|§t|ng of just one service interface,

Language for Web Services (BPELAWS) [4] WasandLhew_onebpel script or collection of sets of classes

developed by a consortium of major software vendors(c); 00 _mterfaces I§; procedural packages), and

BPEL4WS combines ideas from XLANG and WSFL Package interfaces/headert (Formally,

specifications and is arguably the most widely used s = <sis, bpels O (Cs, Is, Ps, Hs)>

business process modelling language. The neweiowers . : . .

of BPEL, ‘WS-BPEL 2.0’ has been recently approved almsgssmerc\:néel ODf IS\D(?leDaS(jD%nlygg‘HD SiUbpel, U BPEL

the OASIS Standar#s]. s s s '
Given the above, the following shows how the generi® DEFINITION 4 (BPEL) BPELAWS Case (relationships

model can be modified for the case of BPEL4WS between different design artefacts in SO systems)

executable scripts, because such scripts affect thehe following relationships can exist in servicéeoted

relationships between implementation elements wittgystems employingPEL4WSscripts:

some relationships becoming obsolete and othersgbeii) CommorrelationshipRR, = <CsiUsicUccUciUIC

added to the model. More specifically: UnupsiUsipUPPUPHUHHUBPELSI U SIBPEL>,
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whereCSIO Cx SI, SICOSIxC,CCOCxC,ClOC B. Example Coupling Metrics

x1, ICOIxC, nolxI, PSIOPxSI, SIPU SIx P, PP The two example metrics described below are part of
UPxP,PHOPxH, HHOH x H, BPELSI O BPEL x  an initial suite of SO coupling metrics (17 metricgotal

SI, SIBPEL O SI x BPEL [36]), which was defined and validated using thedsio
i) Possiblerelationships R= <cP U PC U CH U PI>,  presented here. Note that in the context of SOGplary
whereCPO0 Cx P, PCIOP xC,CHICxH, PIOPx | can be defined as measure of the extent to which

iii) Impossiblerelationships R= <sIsI U sil U 1sI U SIH interdependencigs exist between gervices in a Sersy
U HSI U HP U HC U HI U IH U P U HBPEL U BPELH U o Example Metric M1: System Purity Factor (SPURF)

SPURF is a system level metric which measures the
CBPELU BPELCU IBPELU BPELIU PBPEL U BPELP>, . . .
whereSISIT SIx S, SO SIx 1. 1S 01 x S, SIHO S extent to which a software system SOS is partitione

according to the definition of ®ure Service-Oriented
xH, HSID H > SI, HPO H x P, HCO H = C, HI D H x System (PURSOS)In general, as the number of
L IH O xHIIPOIxP,HBPEL O H x BPEL, implementation elements belonging to more than one
BPELH 0 BPEL x H 00 CBPEL 01 C x BPEL, BPELC  ggpyice increases, thenalysability and stability of the
OBPEL x C, IBPEL 0| x BPEL, BPELI 1 BPEL x|, system decreases, since changes to one element will
PBPEL O Px BPEL, BPELP 00 BPEL x P influence more than one service. Formally,

As was the case with the generic model, the set of SPURF (SOS) = 1 - |IS (SOS)| / [SER|

overall coupling relationship® in a service-oriented ] ] o
design can therefore be represented as a uniorl of ¥here ISis the set of all théntersected servicem the

commorandpossiblerelationshipsR = R, UR, systemSOS which can be expressed #3:(SOS) {serl
| serld SERO Cser20 SER(serdN ser2# [0)}; and SER
VI. MODEL APPLICATION— DEFINING METRICS is a set of all the services &0S(described in section

) ) IV.C Definition 5). Values of SPURF range frareroto

In order to provide an example of applying the Modegng whereoneis the best possible value indicating that
described in Section IV, this section considers they the elements in the system belong to at most on
der'ivation.of two coupling and two cohgsmn metmud service. For example, if designing a new systemgusi
their application to the example designs of Figd.2- top-down strategy and following strict principles of
These metrics are part of an initial suite of sEvi seryice encapsulation and reuse it is easier (esilable)
oriented design metrics [34, 36], and are intentted g arrive at a design similar to that of Fig. 2refiected
predict the maintainability [21] of SO software. by the high value 0SBPURF(AMS_PURSOS) = 1.

Note that these metrics had to be defined sincatiegi However, in real life development, many projectsyma
metrics are not directly applicable to the seracented need to followbottom-upor meet-in-the-middistrategies
designs due to the unique characteristics of SO to leverage existing resources or legacy system
discussed in Section Il. This was demonstrated rin ayhich may not be able to be effectively refactored,
exploratory empirical study [32] in which existing thereby breaking principles of service encapsutatiod
metrics [10, 26] were unable to sufficiently digfiish  reyse. Therefore, such a design may end up looking
the structural properties of qualitatively diffeteservice-  |ike Fig. 3 as reflected bBBPURF(AMS) = 0.1.

oriented designs. O Example Metric M2: Weighted Extra-Service

A. Background Incoming Coupling of Element (WESICE)

WESICE for a given service implementation eleneot

& servicesis the weighted count of the number of system
elementse;... nhot belonging to the same service that
%ouple to this element. A high incomirmpupling will
negatively influencechangeability since e;...g, will be

Lack of systematic guidelines and processes for th
development of service-oriented systems can paignti
result in decreased quality of produced softwar
especially in terms of itgnaintainability [21]. This is

significant given that software maintenance is M@t  jependent upon the implementation characteristics o

resource intensive phase of the SDLC [41]. | i SeTvices. As such, the reuse of the services containing
In the past, it was shown that design-level couplin gy;ema) elements;. .., will be limited. Formally,
and cohesion can have a causal impact on specific

external quality attributes (such as maintainafilin WESICE (e) = [{(e, e1) * WeightFactor | {e, e1}JIR(S)}|
both, the Procedural and OO paradigms [9, 15, 19Wwhere IR(s)is the set of inter-service incoming direct
Therefore, a suite of SO design-levebupling and relationships for service (section IV.B Definition 4.C);
cohesionmetrics was derived in previous work [34, 36] andWeightFactolis a value assigned to different types of
in order to: i) predict maintainability of the finproducts relationships based on thejperceived influence on
in terms of analysability, changeability, stabilitagnd system couplingFor exampleCP (OO Class— Procedural
testability [21]; ii) evaluate alternative desigmustures Packagg type of relationship is weighted higher thih
early in the SDLC. In addition to providing @ecise (OO Interface —~ OO Clas} type since the coupling is
mechanism for evaluating and controlling softwareexpected to be ‘stronger’ in the former case [36].

quality, such metrics can also provittétial development In contrast to SPURF, WESICE is an element level
guidelines that should be incorporated in a service measure and as such is useful for identifying ti®spots
oriented development methodology was described in or prioritising areas of the system that need auithi
sub-section 111.B. investigation. For example, WESICELf =3 x3=9n
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*refer to the
legend of Fig.2
for the
description of
symbols used

Figure 3. Example Non Pure Service-Oriented Syfesign

the design shown in Fig. 3 (where clas Crineaning  COllaborationsc of services. Formally:IC (s)={e | e
being accessed by 3 external elements), meanitghisa (BPS U C,U IsU PsU Hg) 0 0 Cyon, Csos O CO(SE) (e O
is a potential design problem that must be adddegser ¢, N c,p)}. Refer to sub-section IV.B Definition 4.E for
to implementation, or refactored during maintenance  the description of andCO(sk).
C. Example Cohesion Metrics . A_s an gxa_mpl'e, SSIEarollStudent) = 11/(3*9) = _0.4
, in Fig. 4 indicating an average cohesiveness araice

The two example metrics presented below are part G regpect to the Implementation category of caesi
an initial suite of SO cohesion metrics (6 metifesotal  (yhich is reflected by service interface operatibeing
[34]), which was again defined and validated using jq,hjemented by the same implementation element [34

proposed model, where cohesion can be define@ as, nere shared/common elements are represented iy bla
measure of the degree to which the operations expiws ovals).

a service interface conceptually belong together o . ) .
Such metrics can be mapped to the qualitative =X@mple Metric M4: Service Interface Usage
Cohesion (SIUC)

categories of service-oriented cohesion proposg@4h SIUC metric quantifies cohesion of a given servisd

(Coincidental (weake_st), Logical, Comr_numcatlonal,based on the cohesiveness of the operations expogsd
External, Sequential, 'mp'emef.“?“o”! andinterface (si), as reflected by the behavioural
Concep'tual(strongest)), there.by providing a _stron ommunication (usage) pattern of service consunyers.
correlation between the metrics and our experience ervice is deemed to be highly cohesive when aViice

based understanding of the concept of service tmhes . : : ; -
. . . . operationgSO (si))are invoked by every client (service
The detailed explanation of the cohesion categarias consumer). Clients will most likely be either imat or

all associated metrics is beyond the scope of afer external services, but in theory, any piece of ataue

ar_ld can be found in [34], but generally the F“e.“"@"“es software can be considered as the client if it ke
will range from 0 to 1, where value 1 indicates the

. . . operations of services being measured. Formally,

strongest possible degree of cohesiveness forteydar
cohesion category, and 0 indicates total lack diesmn.  SIUC (s) = INV(clients, SO(sis)) / (num_clients * |[SO(sis )|)
For example, the following metrics should reflebe t where SO(si) is the set of all service operations as
Implementation and External categories of cohesion.  defined in sub-section IV.A Definition 2iNV(clients,
O Example Metric M3: Strict Service Implementation SO(sis))is the function which computes the sum of all

Cohesion (SSIC) used operations calculated on per client basis;
SSIC metric quantifies cohesion of a given servig num_clientsis the total number of clients invoking
based on the cohesiveness of the operations expo#ed operations ofs. For example, SIUCHnrollStudent) =
interface  (si), as reflected by the associated3/3 =1 in Fig. 4 indicating a strongest possitégree of
implementation element®PS (/C, U s UPs(/Hy). A External cohesiveness (which is reflected by servic
service is deemed to be highly cohesive when allic®  operations being used by the same consumers [34]).
operations (SO(si)) are implemented by the same
implementation elements. Formally, VII. RELATED WORK

SSIC(s) = [IC(s)| / (I(BPSs UCs Uls UPsUHs)| * [SO(sis)]) A widely-referenced and well-documented model of
where IC(s) is the set of all shared service software design was proposed by Briand et al.lf8this
implementation elements derived by intersecting almodel any syster can be captured as a patt,<R>,
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[EnroIIStudent service | EnrollStudent I nterface &3
_——_—————= obtainLibraryClearance (parameter 1 (p1))

7,77 “"=;1 Student pl:int libraryMemberI D
checkPrerequisiteCourses (p2)

p2: XML complex type Course

enrollStudentintoCourse (p3, p4)
p3: String st1D; p4: XML complex type Course

LEGEND:
T Service

> Implementation Element

External cohesior

Implementation cohesiol )
b &P Service Interface

[JExternal Client

Figure 4. Example Categories of Service Cohesion

where E represents the set of elementsSpfandR is a i) allows application of all set-theoretic opeoats; iii)
binary relation on E (RZEXE) representing the maps better to the practical design and implemiemtat
relationships between the elements $fBriand et al. aspects of SO development compared to the absivact
used this model to assist in the definition of cineal  formal, architectural representations of SO systesush
properties of software design, and the derivatidn oas the one described by Arsanjani [5].
associated measures [8, 9]. Note however, thatribidel
was a generic representation of a software systesn a VIIl.  CONCLUSIONS ANDFUTURE WORK
therefore intended to be extended for a particular
paradigm (as was done in this work).

For example, in previous work, the model was

extended by Rossi and Fernandez [37] to represent aaesign according to the fundamental principleseovise-

ggggrag‘?sﬂ] dq;Str'r?,zLej s%it:r:n Zgﬁ\?}:""e' rﬁ;%u?gga fo rorientation presented in the paper, thus promatibetter
concurrent systems [27]. However thgese modelst tre&l.lmderstanding of the service-oriented paradigm. eMor
apolications yas a coII.ection of, local or remote|mportantly, the model supports the precise mathieala
P . . . _definition and theoretical validation of metricsrfo
components independent of specific Implementatlor(]J|uantifying the structural properties of serviceented
architecture, which makes them inapplicable to iserv desians. The metrics lav the foundation for a swstie
oriented systems. This is because services areatlypi 9 o Y . Sy

. ) : . service-oriented software design methodology, dsd a
implemented using a range of different technologied

paradigms, therefore service implementation elexanentprovIde means for evaluating such a methodologg ahc

should be treated as separate units based on th('aslrdenved' A number of steps required to definehsa

. ! . ; . methodology were presented in this paper.
u.nderlylng p_aradlgm rather than be"?g combined ot In order to demonstrate how the model can be used
single generic element as was done in [2, 8, 2J¢, 37

Additionally, many other formalisms can be used toWhen defining metrics, four example metrics from an

model SOA-based svstems. For example there are Initial suite of service-oriented coupling and csiba
number of a roache)s/ that .ro ose formgl l’o icalatso aaesign metrics were presented. Also, the model aims

rapp . propos 9 be generic whilst providing scope to capture thedat of
for capturing semantics of service interfaces (@W/L-S

. S S \ specific technologies. One such example based on
[25]) in orc_jer to aSS'St.'n dynamic discovery, bivg) and BPEL4AWS was presented in this paper and other
orchestration of services. Also, there are a nundfer

D . variations such as component based technologies lik
models that cover communicational and collaborativ . )
; . ; nterprise Java Beans (EJB) could be added inutieef
aspects of services using formal representatioeschan

i L with little change to the presented default model.
Petri-Nets or finite state automata [7]. Furtherep@ome
. . In future work, the authors plan to further evadutite
recent approaches model web services using software . .
: : : . completeness of the proposed model by using it to
architecture notations with formal behavioural caat . :
: . . represent design structures of large-scale comalerci
relationships between service components [24]. dhes " . i .
. . ervice-oriented systems. Such representationstlth
models are not concerned with the design an : T - o
) i L . . . e measured using metrics in order to identify irtgoat
implementation of individual services, instead tirga . NP . . .

u " . design characteristics influencing the quality efvice-
them as "black boxes” or nodes in a workflow. Asfsu oriented software products. Furthermore, the modk|
these models do not capture the structural chaistits P : ’ .

. be augmented with dynamic aspects of SOA in order t
of SO designs. ; . . .
capture the dynamic behaviour of service-oriented

In contrast, the model proposed by Briand et als wa . .
intended to capture the structure of software dessig systems when parame?erlsgd by usage _and physical
deployment context. This will allow derivation offiet

therefore the decision was made to extend Briand's = .7. . . . .
model since this model: i) was successfully usddrbe predictive models for estimating efficiency andability

of service-oriented software.

This paper has described a formal model covering
design artefacts and associated relationships rivicee
oriented systems. The model formalises conceptS@f
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APPENDIXA NOTATION USED INTHE PAPER [10] S. R. Chidamber and C. F. Kemerer, "A Metrics Store
Object-Oriented Design'lEEE Transactions on Software
Set Theory _ Engineering vol. 20 (6), pp. 476-493, 1994.
A={a b, ... %-set a0 A - set membership [11] J. Eder, G. Kappel, and M. Schrefl, "Coupling and
|Al - set cardinality; A OB -Ais asubsetof B cohesion in object-oriented systems”, presentedGit!
A OB - Ais aproper subset of B (A not equal to B) Conference on Information and Knowledge Management
A =10 - empty set; A UB - union (CIKM), Baltimore, USA, 1992.
A N B - intersection; A N B =0 - disjoint set [12] M. Endrei, et al., "Patterns: Service-Oriented Atextture
A x B - Cartesian product; A - B - relative complement and Web Services", IBM Redbooks, 2004.
Propositional Calculus http://www.redbooks.ibm.com/redbooks/SG246303/
O- AND (conjunction); 0- OR (inclusive disjunction)  [13] T. Erl, Service-Oriented Architecture: A field guide to
O - exclusive OR (exclusive disjunction) integrating XML and Web service’lpper Saddle River,
Predicate Calculus (first-order) NJ: Prentice Hall PTR, 2004. _
O - (universal quantification — “for all”) [14] T. Erl, Service-Oriented  Architecture: ~ Concepts,
Technology, and Designindiana, USA: Prentice Hall

O- (existential quantification — “there exists”)
Miscellaneous PTR’. 2005. . e . .
<...> symbol has been used to represent elements ofim se [1°] F- Fioravanti and P. Nesi, "Estimation and preditti

a case when these elements are sets themselveSQSg= metrics for adaptive mair_ltenance effort of objed¢med
<Sl: ... R>. systems”,IEEE Transactions on Software Engineering

vol. 27 (12), pp. 1062-1084, 2001.
[16] L. R. Foulds, Graph Theory ApplicationsNew York:
Springer-Verlag New York, Inc., 1992.

{...} symbol has been used to represent atomic eleroéats
set, e.g. Sl ={si ..., s}).

(...) symbol has been used to indicate an ordered pair (f . .
elements (representing an edge on the design giapha 17] M. Fowler, D. Rice, and D. Hoan&atterns of enterprise

relationship between two implementation elemerts), R = application architectureBoston: Addison-Wesley, 2003.
{@b), ..., (v, 2)}. [18] E. Gamma, R. Helm, R. Johnson, and J. VlissiDesign

patterns: elements of reusable object-orientedwsoft
Reading, Mass.: Addison-Wesley, 1995.

[19] M. Genero, J. Olivas, M. Piattini, and F. Romerdsihg
Metrics to Predict OO Information  Systems

() symbol has been used to represes@iszice membership
(refer to sub-section IV.A Definition 1). e.g{)s).
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