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Adaptation of Service-Based Applications: A
Maintenance Process?

Stephen Lane, Qing Gu, Patricia Lago, and Ita Richardson,

Abstract—In this work, we identified activities relevant to the  consists of two cycles (see Figure 1). In the evolution cycle
adaptation of Service Based Applications (SBAs) from existing shown on the right hand side of the figure, the software

service engineer_ing approaches as well as activities relevant toengineer concentrates on the development of the SBA through
the software maintenance process. We then mapped these two

sets of activities to a reference life-cycle model from a Large the tradlt_lonal stages of reqUIre_mentS englne_erlng, deSI_g
European project. The results highlight the software maintenane ~ construction and deployment, while also focusing on qualit
techniques that can be reused or tailored for SBA adaptation, and assurance. However, as adaptation is desirable featui@As,S
point out the gaps that demand further research. The findings the software engineer must also consider how the applitatio
of this research may provide input for improving existing service  ij| adapt during its life-time. The adaptation cycle, shoan
engineering approaches to fulfill the need of adaptation. the left hand side, ensures that the software engineemislio
Index Terms—Service-Based Application Life-Cycle, Service the processesdentify adapatation needlentify adapatation
Adaptation, Maintenance Process. strategyand Enact adaptationWithin the complete life-cycle,
there must also be a focus owperation and management

I. INTRODUCTION anddeployment and provisioning

. L . The S-Cube life-cycle as presented here is a work in
i ServE.ehBased Appllczztlo?s (f?BAS) are_softv;/s re appl'c.?'rogress, it presents the processes that need to be folliowed
lons which are COMPOSE Ol SOTtwAre SEIVICes, toSe FVIG o 1o develop adaptable SBAs. It does not however present
may be owned by the application developers or by a thlé

party. When services are provided by a third party often theree activities that need to be followed within each of the

is no guarantee that they will be available when requirea.rocesses when developing SBAs. The activities required fo

. . . ) ny of the pr within the evolution le of the life-
Another concern is that their functional or non—funcnonarl‘na y of the processes wit the evolution cycle of the life

. . .cycle ar rrentl ing investi rticipant -
parameters such as cost or quality may change without nOtI%C e are currently being investigated by participantshef §

. . - . Ube project[[R[[B][4][5]. The aim of this paper is to develo
Due to this uncertaynty, the at.)'“ty Qf SBAs FO adapt n Orde{% set of activities for the processes of the adpatation cycle
to chose more suitable services is a desirable attribute.

order for SBAs to be adaptable there are both technical a&ﬂthe life-cycle. This adaptation cycle is the major diéiace

i his life-cycl f inedi
software process challenges. The technical challenges re etween this life-cycle and standard software enginedifiag

: ; ; . . _cycles such as waterfalll[6], or spirall [7] life-cycle moslel
to the implementation details of the adaptation mechamsm%’It may be desirable for an SBA to adapt for many reasons,

while the software process challenges refer to the waylmwhlsuch as business agility or failure recovery, in either of

adaptation affects the applications development lifdecythe these cases it may be desirable to replace services within

focus of this paper are the software process challengeshwhén SBA through self-adaptation or through manual adapta-

we .W'” attempt to addre_ss b_e eliciting adaptation r_elated %ion. Adaptation of SBAs is different from maintenance in
tivities from existing service literature as well as mairgace . . L . o
traditional software engineering in that is a less inexpens

process literature. The maintenance process was chosen_as

o Lo rocess that usually involves the substitution of compbnen
a source of activities because of the similarities that can @ y P

drawn between software adaptation and software maintenan ervices compared to expensive maintenance which usually
P ang olves rewriting parts of an application. However, besmau

Since we are only focusing on adaptation related activitiﬁ?th adaptation and maintenance at a basic level involve
t

in this paper, they will need to be used in go_munctmn wit e modification of an application similarities can be drawn
a process model that addresses the remaining areas of HB8veen the two

SBA development life-cycle. The life-cycle model that we I
have chosen to use is the S-Cubé [1] life-cycle model. ﬁ}ﬁOnce a set of activities have been developed for each of

Cube i | E h ot that d e processes of the S-Cube life-cycle it will provide a ukef

ube 'i’] a t:;rge urofpga?t rese:;rc _pro;ecd Sa tcon YGiide for software engineers intending to build adaptable
research In the area ot softwareé Services and SySIems. Biong |, order to contribute to this life-cycle model, wecdli
S-Cube life-cycle was chosen because it specifically aims

. . ) aptation activities from the software maintenance m®ce
to facilitate the adaptation of SBAs. The S-Cube IIfe'CyCI“Ia'he maintenance process was chosen as a source of activities

Stephen Lane and Ita Richardson are with Lero - The Irishvgo @S it bears resemblance to the SBA adaptation process. W/e als

Engineering Institute, Universitgf Limerick, Ireland. elicit adaptation activities from existing service-bastalel-

E-mail: stephen.lane@lero.ie _ _ opment approaches. By taking this approach existing &ietvi
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University Amsterdam, The Netherlands. are reused in a novel way that can fulfill the adaptation cycle

of the S-Cube life-cycle. The use of the activities from the
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Fig. 1. The Life-Cycle of Adaptable SBAs.

Construction

maintenance process ensure that a level of quality assiratimt suppliers of software follow particular process medel
is built into the life-cycle. Another view of criticality to be considered is that of buesis-

This paper is organised as follows, Sectidn Il describes thdtical. Of course, for organisations depending on retpia
motivation for carrying out this work, followed by Sectibfll not achieving certification will result in the company being
which describes our research methodology. Sediidn IIl prprevented from entering or continuing in a particular marke
vides some background information on SBA adaptation aktbwever, systems down-time can also be business-critical.
service engineering process models. The remainder of fhieis would be the case, with a company such as Amé&zan [10]
paper contains the body of the work in three phases, followadho sells much of its product on the web. In this case, the
by conclusions. reliability of the service is important because down-tinoeld

cause significant loss of business.
Il. MOTIVATION The financial industry has been regulated by Sorbonnes-

The adaptation of SBAs is important because they are me&htley, mainly because it operates where there are business-
to operate in open-world contexts. Services are dynargicafiritical and security-critical environments.
integrated in larger service compositions and/or SBAs,seho We also need to consider feature-interaction and how in-
structure, features, location and qualities are unknowenwhclusion or exclusion of features could cause critical syste
they are developed. Their execution environments are dig-fail. For example, traffic management systems are often
tributed, non-deterministic, unpredictable, heterogeiseand discussed as cases where adaptation can occur [11]. But, the
highly dynamic. All these variables demand that SBAs bguestion is, what happens if the toll system swapped into the
highly adaptable, and that they are developed using a saftwgar also affects the braking system? Should these adaptable
process that accommodates their adaptation requirements.features not conform to regulations? We anticipate that the

Implementing a best practice software process ensures qui@fuirement for software engineering quality processeseto
ity through the optimisation of the engineering processes aused will grow as these critical markets, such as medical
methods during the development life-cycle. This is pakiidy device, automotive and financial domains, grow.
important when developing software within a critical domai  Given this growth and increased availability of services,
In their Evolving Critical Systems White papefr] [8], Leromany SBAs are being used in these critical environments.
researchers discuss four types of criticality: safetjieai, These systems are expected to be adaptable, and, as software
mission-critical, business-critical and security-cdli Failure engineers, we need to ensure that during the adaptatioa cycl
of safety-critical systems can cause serious injury or evéhthe SBA, the software continues to be operationally suc-
death to individuals. Such cases normally come under the agessful. To do this, software engineers need adaptatiole cyc
pices of regulation bodies. These include the medical devi@ractices to be defined.
automotive and financial domains, where software is beogmin In this paper we identify software engineering activities
more prevalent and regulations are inherent within the domawhich should be carried out within the adaptation cycle
For example, development of software for medical devices @ the S-Cube life-cycle, focusing both on service-orieinte
governed in many jurisdictions by the U.S. Food and Drugi¢velopemnt approaches as well as on traditional software
Administration (FDA). In Europe, major car companies - Audieéngineering processes.

BMW group, DaimlerChrysler, Porsche and Volkswagen -

have come together to form the Herstellerinitiative Softwva lIl. RESEARCH METHOD

(HIS) process assessment working grolp [9]. One of theDespite that adapting SBAs is of great importance in service
aims of this group is to achieve standardization, and requiengineering, SBA adaptation remains a challenge due to its



dynamic and unpredictable nature. With the aim of gainirgmongst service$ [14], the optimisation of Quality of Segvi
insights into the state of the art of SBA adaptation, we s€é®o0S) [15] or the implementation of failure recovefy [16].
the need of reviewing the adaptation aspect of the current S8BA adaptation may involves the substitution, replacement
vice engineering approaches. Moreover, given the sirtidari configuration or removal of component services from a SBA.
between software maintenance process and service adaptatbnce adaptation requirements have been determined itns the
we are inspired to investigate if we could borrow some lessonecessary to create an adaptation strategy. After the atdapt
from software maintenance processes which are mature attegy has been developed, it will then be possible totenac
have been practiced for many years. To this end, we carry dhié adaptation.
this work through three distinct phases, which are illustta  This is in contrast to evolution of SBAs which refers to
in Figure[2. the initial requirements, design, implementation and atien
In Phase |, we identified a set of concrete adaptatiai SBAs. In order to appropriately determine whether or not
activities in the S-Cube life-cycle. While the S-Cube lifgsle  adaptation is required, it is useful to monitor the executid
shows the adaptation cycle and breaks it into three copstitu SBAs. Monitoring can be done automatically by an applicatio
processes - ldentify adaptation needs, Identify adaptatior can be achieved manually by reviewing error logs. There
strategy, Enact adaptation, these three processes aredlefirave been many monitoring frameworks proposed. Pistbre
at a high level. In order to gain a better understanding @h (2004) [17] propose a methodology for the monitoring of
these adaptation processes, we analyzed S-Cube dele®rabieb services based applications, so they can be adapted if an
(CD-JRA-1.1.2, CD-JRA-1.2.1, CD-JRA-1.2.2°]12]) whicherror occurs of if QoS requirements are not met.
provided us with more detailed description of the adaptatio Adaptation strategies depend on many factors, one such
activities required for these processes. With this inpetywere factor is whether adaptation will be dynamic or static. iStat
able to refine the S-Cube life-cycle with a set of concretdaptation involves a change to the initial SBA implemeaiat
adaptation activities. while dynamic adaptation occurs at run-time as a behavioura
In Phase Il, we carried out a literature review and identifiechange. With dynamic adaptation the adaptation strategy ha
a set of adaptation activities from service-oriented epgiing to be decided in advance because it has to be built into a
approaches and maintenance activities from software mainBBA in terms of application logic. Dynamic adaptation of
nance process models. As illustrated in Fiddre 2, this phase an SBA can by partially automated or fully automatic. A
been carried out in two steps. In step 1, we studied a numiseenario where adaptation is partially automated is where a
of service-oriented engineering approaches, from which gervice becomes unavailable requiring an actor to choose fr
identified several approaches that are concerned with adafternative services using functionality built-in to a SBA a
tation. From each of these approaches, we elicited aetvitifully automatic SBA this substitution could be enacted auto
that are related to adaptation. In step 2, we studied a numbaatically by the application based on the QoS or availabilit
of software maintenance process models, focusing paatigul of alternative services. Conversely with static adaptatice
on ISO/IEC 14764, from which we elicited activities thatdaptation strategy does not have to be decided when the
potentially could also be used for adaptation. SBA is first implemented as long as it is decided before the
Having the adaptation and maintenance activities from tlaelaptation is enacted. In this way the static adaptation of
literature (from Phase Il), in Phase Ill we mapped them ©BAs is comparable to the maintenance process of traditiona
the refined S-Cube life-cycle (from Phase 1). By observingpftware systems.
the mapping of the adaptation activities and the refined S-1) Processes for Adapting SBASthe three adaptation
Cube life-cycle, we gained an overview of the relation b&tmwe processes required for the adaptation of SBAs as identified
the existing adaptation approaches and identified reseaitH13] are: the identification of adaptation requiremertis
challenges with regard to service adaptation. development of an adaptation strategy and the enactment of
As adaptation is the modification of software in a dynamithe adaptation. These processes were identified during the
environment, by observing the mapping of the maintenanckssification of various adaptation concepts during aewvi
activities to the refined S-Cube life-cycle, we expected thaf service adaptation literature in the S-Cube project.[12]
activities from static modification (maintenance) would or In a fully or partially automated dynamic adaptation sce-
could also be of importance during SBA adaptation. In thizario the processes involved in the adaptation occur simul-
way, we were able to highlight the software maintenandgneously with the development of a SBA. The adaptation
techniques that can be reused or tailored for service ditapta requirements would need to be developed at the same time
and hence improving existing service-oriented enginegeri@s the applications requirements and the adaptation gyrate

approaches to fulfill the need of adaptation. would have to be determined when the system is being
designed. Then the final process, enactment of the adaptatio
IV. BACKGROUND would occur automatically or semi-automatically duringn+u

) time. A comprehensive set of practices required to implémen
A. SBA Adaptation these processes have yet to be defined in the literdture [18].
Within the context of SBAs, adaptation is the modification When there is no suitable mechanism in an application
of an application in order to satisfy adaptation requirethento enable dynamic adaptation, static adaptation is negessa
[13]. There are many adaptation requirements that can be te-satisfy adaptation requirements. Static adaptationires|
sirable in SBAs, for example, the facilitation of interogkility the same processes as dynamic adaptation but the processes
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Fig. 2. An illustration of our research method

required for static adaptation do not need to be carried out tionalities that are required during the execution of a SBA
during initial implementation. As previously mentionedsth can be seen as unplanned maintenance activities.
makes static adaptation comparable to the maintenancegsoc

of traditional software applications. Static adaptatidfieds B. Software Maintenance Definitions

from the maintenance process in that the adaptation of lpose Software maintenance has a variety of definitions, however

cou_pled SBAsfrequres much Iessht|me and effort t_hag t Tost agree that it is the process of modifying software after
malnte?al:jceto t'a software syﬁ;:amtt alt ;Na‘:’ not conceived Witiya| delivery. The following list outlines the five most
ease of a .ap ation as an farc |.ec ural teature. recognised types of software maintenaricé [19] [20] [21]:

~ 2) Gap in Software Engineering Process&¥hen compar- | cqrective Maintenances carried out in response to
ing the engineering of SBAs to the engineering of traditiona system failures.

software alpplications,.the focus of gngineering SBAs iﬁesdhi . Adaptive Maintenancés carried out in response to a
to developing compositions of services, the control of ises change in operating environment or in responce to new
is passed from their users to their owners, and the ability functionality requirements.

of adapting to ever-changing requirements become more im- perfective Maintenances performed to improve perfor-
portant as compared to traditional software applicatidnge mance or maintainability.

to the different focus and additional requirements, tradél « Emergency Maintenancés unplanned maintenance that

soft\_/vare_engineering approaches are no longer sufficient fo 5 -4 vied out in order to keep a system operational.

engineering SBAs. - « Preventive Maintenancés maintenance carried out in a
In particular, the ability to be self-adaptable is an impatt system to detect future errors in a software product.

research topic in the service development community. We

propose the following adaptation processes which are ngssi v, PHASE I: REFINING S-CUBE LIFE-CYCLE

form the software engineering literature, each of the Bses

L . In this Phase we elicit adaptation related activities frow t
are based on similar software maintenance processes:

published S-Cube deliverables. S-Cube’s existing delivies

« Perfective Adaptatioraims at improving or optimizing are a rich source of information for service engineering
the quality attributes of a SBA even it runs correctlyprincipals and practices since Engineering and Adaptation
This corresponds wittPerfective Maintenance Methodologies is one of the primary research tracks of the

o Corrective Adaptationaims at removing any faults in project. The relevant deliverables were inspected fowitiets
the behavior of a SBA. This corresponds wihrfective relating to the adaptation processes of the s-Cube lifeecyc
Maintenance namelyldentify adaptation needdentify adaptation strategy

o Adaptive Adaptatiommodifies a SBA when its executionand Enact adaptation The Identify adaptation neegrocess
environment changes. This corresponds witlaptive has two objectives. One of the objectives is to identify aalap
Maintenance tion requirements that are either raised by the humansuadol

o Preventive Adaptatioraims at preventing potential orin the execution of SBAs or generated by the technological
possible future faults before they occur. This correspondsvironment in which the system is running. Another obyecti
with Preventive Maintenance is to decide if and when to take these requirement into

« Extending Adaptationextends a SBA by adding newconsideration in that some requirements might conflict with
functionalities as required. To an extent, this corresgondach other. With this objective, relevant information o€ th
with Emergency Maintenancie that adding new func- behavior of the system has to be collected and evaluated.



Hence,Monitoring is also required in this processes. As soowell as their underlying services. Lane and Richard$on [18]
as the need for adaptation is identified, the methods ahighlight through a systematic literature review that maify
strategies for adaptation should be decided in lthentify these proposed approaches do not take the adaptation of SBAs
adaptation strategyprocess. The actual adaptation executioimto consideration. Several approaches such as thoseggdpo
takes place in th&nact adaptatiorprocess. by Cortellessa et al [25] or Adil kenzi et al[[26] include atiap
We identified nine adaptation activities from the relevarion as primary concern when developing services. However,
S-Cube deliverables, these activities identified withia tie- these approaches are aimed at the development of services
liverables are necessary in order to develop adaptable SBAather than compositions of services required by SBAs. For
The three deliverables examined were: the research presented here, we analysed 16 SOA approaches,
« CD-JRA-1.1.2 Separate Design Knowledge Models f@nd note that only five approaches explicitly mentioned some
Software Engineering and Service Based Compufing [22Ftivities or tasks that are related to adaptation.
« PO-JRA-1.2.1 State of the Art Report, Gap Analysis of 1) Service-Oriented Engineering Approachea: this sec-
Knowledge on Principles, Techniques and Methodologidéi®n we will discuss the service-oriented development ap-

for Monitoring and Adaptation of SBAS [23] proaches that do have activities that can be used for the
« CD-JRA-1.2.2 Taxonomy of Adaptation Principles an@daptation of SBAs.
Mechanisms[[24] ASTRO [27] is a toolset that is made up from four compo-

The first deliverable CD-JRA-1.1.2 is a knowledge mod@|ent tools: WS-gen, WS-mon, WS-console and WS-animator.
which contains information software engineering printspa 1€ @im of this project is to support the automated compo-
that are relevant to the area of service-oriented computirigfion of distributed business processes. Distributednless
Within the deliverable the concept of adaptable SBAs [yocesses are _represented as (_1|str|buted software srvice
introduced as well as some of the activities required toenehi nd these services can automatically be composed with the
this adaptation. The second deliverable PO-JRA-1.2.leptes Astro tools to make a useful combined business process. The
the state of the art of engineering principals for adaptabf¥yS-gen tool is used to generate business process or service
SBAs, this deliverable produced many adaptation related £OMPpositions by taking BPELAWS as input and generation a
tivities from the state of the art approaches encounterbd. TCOMPOsition based on the BPEL4WS specification. BPELAWS
final deliverable studied, CD-JRA-1.2.2, produced a taxayo is a Business Process Execution Language tailored to meet
of adaptation principals and mechanisms. This taxonomy (¢ needs of Web Services. WS-mon is a monitoring tool

useful because it shows the interrelations between theititi  Which is used to implement and deploy monitors to monitor
encountered during the other deliverables. the composed business processes. The WS-console tool is a

The adaptation activities that were identified in the deliffont end which displays the status of the monitors deployed
erables were mapped to the appropriate adaptation praced¥e the WS-mon tool and the final tool WS-animator is a
in the adaptation cycle of the S-Cube life-cycle. The prati graphical tool which allows the execution of the composed se
are listed in Tabl | under headings that correspond to teeir vices/processes. ASTRO facilitates service compositibithv
sociated adaptation processes. Figdre 3 graphicallytrifites makes it a suitable candidate to look at for service adaptati

where these practices occur within the S-Cube life-@cleactivitiess. _ _ o
They are arranged into logical sequential steps withinrthei The BEA reference lifecycle[28] outlines the activities for

respective processes. The activities identified form a ¢etmp €ach of the following SBA life-cylce processes: Requiretsen
set of what needs to be achieved in order to complete tBd Analysis, Design, Service Development and IT Opera-
adaptation processes. The availability of a complete set ns. For each of these processes it looks at the conceehs su
adaptation activities is based on the co-ordinated workef taS actors, tools, deliverables, key considerations, revemded
S-Cube deliverables studied, which focus on identifying tHProcess and best practices. The lifecycle also has a besines
principals and techniques required for developing ada@talglashboard which monitors the lifecycle as it progressesnd\|

SBAs. with the dashboards the lifecycle had a governance process
which promotes interoperability, discoverability andnstar-
V1. PHASE II: IDENTIEYING ADAPTATION disitation of service teChnOlOgies. The BEA ”fecyde cate
ACTIVITIES for adaptability to some extinct as it provices service rtami
ing, runtime correctness analysis and operational managem

A. Adaptation Activities from Service-Oriented Enginegri

activities.
Approaches

Chang [29] proposes a process model which focuses on
The first Step (1) of this Phase (Il) was to identify subdeveloping highly adaptable web services. It follows the

activities that can be used to complement the adaptatiari-actsequence of steps specified in the SOADI [30] framework,

ties identified in SectiolV, these activities can then uitiety namely: servicédentification servicespecificatiorand service

be used to execute the adaption processes of the S-Cube ligdisation The process model contains six processes each of

cycle. There have been many software development procesgich contain several activities. The processes are: analy

and life-cycles proposed for the development of SEAS [18] agg target services, defining unit services and composition

lanning for acquiring service compositions, acquiring/se
1The shadowed boxes denote S-Cube life cycle processes dtalhokes P 9 q 9 P d v

denote the activities that may occur in the adaptationedlgrocesses. The components, developing service adapters and verifyingcger
arrow lines between the practices represent the deperebetween them components. Each of the processes are targeted at the end



TABLE |

ADAPTATION ACTIVITIES FROM S-CUBE DELIVERABLES

Identify adaptation need

Define adaptation requirements

Identify the aspects of theerS8del that are subject to change, and what the expectedroatco
of the adaptation process is.

Define requirements to the monitoring subject In order to fyatiiee adaptation requirements, this practice focuses ocifgpey what artifacts

are expected to be monitored.

Define monitored property

Specify which properties of the rwimg subject should be monitored.

Provide monitoring functionality

Monitoring functionaks that satisfy the monitoring requirements are provideauttin
monitoring realization mechanism.

Collect monitoring results for adaptation

Results of momitgrare collected and analyzed.

Trigger adaptation

Evaluate the results from the monitoenglysis against adaptation requirements. If the need
for adaptation is identified, send a request to trigger adept process.

Identify adaptation strategy

Design adaptation strategy

Design the ways through whiehattaptation requirements are satisfied.

Select adaptation strategy

Decide which particular adiaptatrategy to be chosen based on the specific adaptateatsne

Enact adaptation

Perform adaptation

The actual adaptation process is peefibithrough adaptation realization mechanisms based
on the selected adaption strategy.

Identify adaptation needs

Define adaptation
requirements

Define requirements to
the monitoring subject

Define monitored
property

Provide monitoring R?quirgmentd
functionality englnde::Srigr? an

A

Collect monitoring
results for —» Trigger adaptation

adaptation
Operation and .
management Construction
Identify adaptation strategies
‘ Deployment and
Design . provision
adaptation Selegtt adaptation
rategy
strategy
|:| S-Cube life cycle
phase
Adaptation-related
Enact adaptation activities identified
P |:| from S-Cube
Y deliverables
Perform
adaptation

Fig. 3.  S-Cube Life-Cycle with Adaptation Activities



. . A TABLE I
result of developing adaptable web services, similarlyheac apaprarion AcTivITIES FROM SERVICE-ORIENTED ENGINEERING

of the processes refer to one or more of the key artifacts in APPROACHES
SOAD. The process model although concise addresses a_lat
of key concerns relating to adaptable services. 1 Astro
The Web Services Development Life Cycle Methodology Monitor message sequences amongst services and its partners
(SLDC) [37] is influenced by several established life-cyclesPetect protocol violations
such as RUP[]32], CBD[[33] and BPM_[B4]. The life- 2 BEA
cycle contains one preparatory planning process and eigldequirements and analysis stage: define KPIs and managemaiggol
other incremental processes: Ana|ysisl Degign, Cong@bryct Monitor service, application, middleware, OS, hardwarel aatwork
Testing, Provisioning, Deployment, Execution and Moriitgr 3 Chang’s
Along with the life-cycle tho methodology cootains a nomberspecifying Service Decision Model
of principals such as service coupling, service cohesiah anDesigning Service Adapters
service granularity that aid in the development of SBAs. The; spic
SLDC methodology contaln_s a_daptatlon specific achtughs Gather QoS metrics on the basis of SLAS
as quality of service monitoring and alerts for complianceset warning thresholds and alerts for compliance failures
failures. Monitor workloads

. - Evaluate SLA QoS metrics

The SeCSE methodology[35] is a set of funouonal_ ar-  Readiust service weights for request queues
eas and processes that focus on service-centric engigeerin_ -
service engineering and service acquisition. The mettoggol : S : _ :
also provides practitioners with the information required ~ Service specification: identify the service propertiespecily

dont th . tool d thods d | d by the SeC ecify monitoring rules according to the adopted SeCSE mamit language
adopt the various tools and methods developed by the Se cMoL)
consortium. The SeCSE methodology is conveniently dividedservice deployment: insertion of monitoring rules and reppvactions in
into two sections: design time processes and run-time prgzoncrete parts of the service composition executable geori

Desian ti tai f the traaliti Service deployment: deploy the monitoring rules and recopeticies within

cesses. Design time processes contain many of the traalitionine monitoring system
software engineering processes such as analysis, desin amonitor services o . o
development, while the run-time processes contain moeﬂ-y s Recovery management: identify, by looking at the monitoringadthe needs

. . . . . . . for a recovery action
vice centric processes such as service binding/rebindiMg,  Runtime Service Discovery
time service composition and recovery management. Presess
such as run-time service composition and service mongorin
illustrate that the SeCSE methodology was designed with . )
adaptation in mind. ability between available services and expected servides.

2) Activities Identified: Having reviewed these five ap-DP€signing Service Adaptemims at bridging the variability
proached in detail any activities encountered relatingdapa P€tween service providers and consumers by allowing sesvic
tation or monitoring were recorded. The monitoring adiat 0 be dynamically adapted.
were recorded because adaptation cannot take place withou8DLC defines five adaptation related activities which re-
the monitoring, so in a way monitoring can be seen as a suglve around the monitoring of quality attributes and afeyt

process of adaptation. The activities that were recorded &ystem users they exceed predefined Sl@ather QoS (Qual-

summerised in Tablelll. ity of Service) metrics on the basis of SLAs (Service Level
Here we will give a brief description of each of theAgreementsjefers to the collect quality data to be monitored,
adaptation activities identified in Tatlg 11 Set warning thresholds and alerts for compliance failures

The Astro toolset contains a monitoring tool which facili-refers to the setting of threshold values for the monitored
tates the two adaptation activitiegonitor message sequencegiuality attributesMonitor workloadsrefers to the monitoring
amongst services and its partnessd Detect protocol viola- of system utilisation, if utilisation is high and responaaés
tions The first activity Monitor message sequences amongéfe affected then the service provider may have to take the
services and its partnersmonitors messages exchanged béppropriate actions to ensure SLAs are niRgtadjust service
tween services and service consumers which could be ueéights for request queuesfers to the re-evaluation of SLAs
as an adaptation trigger. The second actividgtect protocol if they are not being met due to high demand or utilisation.
violation§ monitors whether service consumers behave EByaluate SLA QoS metridavolves the comparison of QoS
expected, if they do not, the monitoring activity could alseetrics to predefined SLAs.
trigger adaptation. The SeCSEapproach contains many detailed activities re-

The BEA life cycle also contains monitoring related aciating to the monitoringNlonitor servicesSpecify monitoring
tivities that could trigger adaptation, theéefine KPIs and rules according to the adopted SeCSE monitoring langhage
management policiesctivity could be used to determineand runtime adaptatiorRintime Service Discovgrgf SBAs.
which properties should be monitored, whNeonitor service, It contains two activities which support corrective adapta
application, middleware, OS, hardware, and netwddscribes tion: Service deployment: insertion of monitoring rules and
the monitoring of services and other system components. recovery actions in concrete parts of the service compwsiti

Changsapproach contains two adaptation related activitieexecutable descriptiorefers to the implementation of moni-
Specifying service decision modeins at specifying the vari- toring mechanisms, whil&ecovery management: identify, by



looking at the monitoring data, the needs for a recoveryacti maintenance process. ISO/IEC 12207 contains the following
refers to the runtime corrective adaptation of a SEB&rvice sub-processes: Process Implementation, Problem and Modi-
specification: identify the service properties to speaifgtes fication Analysis, Modification Implementation, Mainteran
that the service properties to be monitored are determinRdview/Acceptance, Migration and Retirement.
during the service specification phase of developmentllfina The standard was updated in 2008 to include a purpose
Service deployment: deploy the monitoring rules and regoveand the outcome for the software maintenance process. The
policies within the monitoring systestates that the appropri-reference lifecycle from ISO/IEC 15504 has descriptions fo
ate monitoring mechanism is deployed during the deploymesdich process in the software engineering life-cycle, theze
phase. they need to be relatively concise otherwise completingoa-ca
bility assessment may become too labour intensive. Gdperal
there are more detailed ISO/IEC standards for the indiVidua
process areas from the software engineering life-cyclehén

The second step (2) of this phase (Il) we aimed to identigase of the maintenance process there is a separate standard
activities from the software maintenance process that mgQ/IEC 14764, which contains much more detail than the
be useful for the adaptation of SBAs. There were maryocess description from ISO/IEC 15504 or ISO/IEC 12207.
software maintenance processes, definitions, models and sit specifies the details of the inputs, tasks, controls, stsp
dards encountered during the literature review carriedimut and outputs for each of the sub process for the maintenance
Sectio VI-B1, however, ISO/IEC 14764 was the only sourgsrocess. Processes and their associated tasks in ISO/IE82 14
that contained detailed activities. For this reason ISO/IEgre summarised here. Each process also has inputs, controls
14764 was chosen as the sole source of adaptation actiatiessupports and outputs which are not discussed.
this Step (2). In the next Sectidn (VI-B1) a review willbegv  Process Implementationrequires maintenance plans and
of the maintenance process models we encountered leadingtistedures to be created. The maintenance plan should docu-
to ISO/IEC 14764 as a source of adaptation activities. ment the plan for carrying out maintenance, while the main-

1) Software Maintenance Process Modelhere are many tenance procedures should contain more specific details for
software maintenance models proposed in the literaturel-Maarrying out this maintenance. Modification Request/Riwbl
els from Martin and McClure (1983) [36] or Parikh (1982Report procedures are also listed. Procedures need to be put
[37] are simple and loosely defined, while others such #&s place for receiving, recording and tracking modification
Sharpley (1977)[[38] and Yau (1980) [39] provide moreequests and problem reports. A Configuration Management
detailed approaches. The age of maintenance models glgocess also needs to be put in place to track the modification
differs greatly, with Bohem’s [40] model dating back to 197&f an existing system.
when software engineering was in its infancy, right up to the Problem and Modification Analysis requires modification
present day standards such as ISO/IEC 14764. request and problem report analysis before deciding on how

The earliest models that can be found in the literatute proceed with changes. This may involve scoping the main-
are generally less complex or detailed than the more recésbance, documenting possible solutions and documenting i
literature. Bohem[[40] proposed one of the earliest maipact on existing systems. Similarly the maintainer will chée
tenance process models with three processes: undergiandrify or replicate the problem or issue. The maintainerdsee
the software, modifying the software and re-validating th® develop options for implementing the modification. Optio
software. to be developed include alternative work-arounds or smhsti

At the other end of the scale both ISO/IEC and IEEEinally the maintainer need to document and have approved
have published comprehensive standards for the softw#ne modification request or problem report, the analysis and
maintenance process. |IEEE published IEEE 1219 [41] in 1998tential solutions.
which was an elaboration of the maintenance process fromModification Implementation requires the maintainer to
the IEEE 12207 [[42] software life-cycle process standardarry out analysis in order to determine which documents and
ISO/IEC published the maintenance standard ISO/IEC 147&dftware versions need to be modified. Then the required soft
in 1999. However in 2006 ISO/IEC and IEEE combined forcegsare changes need to be implemented during the development
and ISO/IEC/IEEE 14764-2006 replaced the previous vessioprocess.
of IEEE 1219 and ISO/IEC 14764. ISO/IEC/IEEE 14764- Maintenance Review/Acceptancds a process which in-
2006 is one of the most elaborate maintenance process modelses the maintainer carrying out reviews to ensure the
to date, with detailed explanations of the activities inteadntegrity of the modified system. Following this task the
processes of the model. maintainer seeks approval from the appropriate authoniy t

a) ISO Maintenance Process Model$SO/IEC-15504 the maintenance has been completed satisfactorily.

primarily known as SPICE (Software Process ImprovementMigration begins with the identification of all software or
and Capability Determination) contains a detailed refeeendata that is modified if migration from an old platform to a
process model which covers most of the process areasngw platform is performed. If migration is going to occur,
software engineering. The reference process model fratris necessary to create and document a migration plan and
ISO/IEC 15504 is also published as the separate standdrdn execute the migration according to the plan. Prior to
ISO/IEC 12207. ISO/IEC 12207 was first published in 199¢higration a notification of intent should be provided to all
and contained descriptions for sub-processes from theadt system users before migration occurs. Following migration

B. Adaptation Activities from Maintenance Process Models



the old and new environments should be run in parallel while
providing training to end users in order to ensure a smooth
transition. Once migration has been completed, notificatid
completion needs to be sent to the appropriate stakeholders
Post migration review should be conducted after migration i
order to assess the impact of the migration. Finally, allhef t
data associated with the old environment should be achieved
in accordance with the appropriate data protection andtaudi
policies.

Software retirement takes place once a decision has
been made to retire an active software product, a retirement
plan should be developed and documented by the system
maintainer. After deciding to retire software notificatio
retirement intent should be sent to the appropriate so&war
product stakeholders. During retirement parallel operatf
new and retiring software software should be carried outglo
with training of end users. Once complete notification stioul
be sent to the appropriate stakeholders and finally datbngla
to the retiring product should be achieved should it be meqgui
at a later date.

b) CMMI™Maintenance Process Interactiohe Capa-
bility Maturity Model Integration (CMMIM) is divided into
four primary process area groups, each of which contains sev

TABLE Il
MAINTENANCE ACTIVITIES FROM ISO/IEC 14764

Maintenance Practices

1 Process Implementation
Maintenance plans and procedures
MR/PR procedures

Configuration management

2 Problem and Modification Analysis
MR/PR analysis

Verification

Options

Documentation

Approval

3 Modification Implementation
Analysis
Development process

4 Maintenance Review/Acceptance
Reviews
Approval

5 Migration

Migration

Migration plan

Notification of intent

Implement operations and training
Notification of completion
Post-operation review

Data archival

eral processes relating to that group. None of the process ar
groups contain a process specifically designed for software

maintenance. In order to address the maintenance probessyfocesses represent the complete set of activities that toee
CMMI ™ documentation points to the engineering process aigg carried out to implement a maintenance process according
group which contains processes for technical implememiati 1o |SO/IEC 14764. The first set of activities refer to the attu
The CMMI™suggests the use of the engineering processgsplementation of the required process guidelines, whike t
for both new development as well as maintenance activitigner activities detail the execution of those guidelirEise

The engineering process area group contains the followipgyiyigual activities will be discussed in detail with resp to

processes: requirements development, requirements BanNggeir applicability to SBA adaptation in Phase Il
ment, technical solution, product integration, verifioatiand

validation. 3 PHASE Ill: MAPPING ADAPTATION
Since the CMMIMprocess model does not specifically

da h it that . ACTIVITIES
address the maintenance process; concerns that are specific _, . . . .
P ’ b n this Phase (Ill) we will map the adaptation activities

fo maintenance may not be adequately represented durj éntified in the previous Phase (ll) to the refined S-Culee lif

) . . [
Implementation. The process for the analysis of problends a cle from Phase (). The adaptation activities in the refine
-Cube life-cycle are high level activities so the more gian

VII.

modifications, for example, as specified in ISO/IEC 14764

not described and may not get addressed depending on ones ..~ . e .
interpretation of the CMMMEngineering processes. activities identified in Phase (ll) will be mapped as sub-

¢) Maintenance Process in Reference ModeMany activities of those high level activities. The mapping s

software engineering reference lifecycles and assessmmit wil be ca_rried out ir_1 tWO. steps, first the a_ctivities from the
els do not make direct reference to software maintenance.s‘?f.v'ce'OrlenteOI engineenng appr(_)a_c_hes will be mappéiteto
seems like there is little or no coverage of the maintenan%ined S-Cube I|fe-cyc|9, iU L S
process in the major assessment models despite the fact H tbe mapped to the life-cycle.
software maintenance can take up to 60 percent of the time
[43] and 70 percent of the budgét [44] of a software projec?‘.- Mapping Service Engineering Activities to S-Cube Life-
April et al [45] propose a Software Maintenance Maturit)?yde-
Model (SMMM) which can be used as an add-on to the Figure[4 shows the adaptation activities identified from the
CMMI™ it takes best practice processes and activities froservice-oriented engineering approaches studied mapybé t
a variety of sources such as ISO/IEC 14764, IEEE 121Bigh level adaptation activities of the refined S-Cube tijete.
ISO/IEC 12207, CMMIMand SWEBOK [[46] in order to For instanceDetect protocol violationdrom ASTRO aims at
construct the model. catching the misbehaviors by external partners accorditiget

2) Activities Identified:In total there were 19 maintenancebusiness process protoc@yaluate SLA QoS metricgms at
activities identified from the software engineering litere assessing quality attributes of the system of interestcbase
(ISO/IEC 14764). They are categorised in Tgblé Il accaydirthe corresponding SLAs. Both of these two activities assess

to the 5 processes they come from in ISO/IEC 14764. Theséhe execution of the system against pre-defined requirement
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by collecting and analyzing monitoring results. Therefave identified in Phase | of this work (see Figlide 5). Many of these
mapped these two activities tollect monitoring results for mappings are apparent, for example “maintenance plans and
adaptationwithin the refined S-Cube life-cycle. procedures” to “design adaptation strategy” or “modifioati
The figure shows a three layer hierarchy with the three Squest/problem report procedures” to “provide monitgrin
Cube adaptation processédentify adaptation needsdentify functionality”. Some of the other mappings however are not
adaptation strategiesand Enact adaptationat the highest so apparent, such as the “maintenance review/acceptaoce” a
level. The next level down in the hierarchy are representédity that maps to “collect monitoring results for adajat’.
as boxes within the three primary adaptation processeseThelere we will explain the mappings made in Figlie 5.
are the high-level adaptation activities that were idesdifi Process ImplementationThe process implementation pro-
from the several relevant S-Cube deliverables. Theseitiesiv cess area from ISO/IEC 14764 has three activitiglstin-
which make up the lowest level in the hierarchy, are uséénance plans and procedureBroblem reports/modification
to classify the adaptation activities elicited from thevéms- requests (MR/PR) proceduresd Configuration management
oriented engineering approaches in Phase II. each of which were mapped to one of the high level adap-
tation activities of the S-Cube life-cycle from Phase I. The
B. Observations on Mapping of Service Engineering Actigiti Implementation oMR/PR procedures/as mapped t@rovide
to the S-Cube Life-Cycle monitoring functionalityin the life-cycle. The implementation
of problem report procedures would allow application engi-

. . . . neers to receive and track problem reports which would allow
service-oriented engineering approaches do not form a co

. - . hem to determine if adaptation is necessary. Similarlymée
plete view of all the necessary activities required to emab e .
modification request procedure would allow engineers tcktra

the adaptation of SBAs. This is due to the fact that the ..~ " o A

— : o . odification requests and determine if the modification estju
activities were identified from many different sources that . . .

. . . requires adaptation. Thelaintenance plans and procedures
do not treat service adaptation as a primary concern. As we

) L . activity was mapped t@®efine adaptation strategin the S-

can see from FigurE] 3, many activities were in the process: : ! : e
. . : Ube life-cycle. TheDefine adaptation strateggctivity refers

Identify adaptation needswvhile only a few processes were, 7 i
) . e to the definition of plans and procedures for adapting a SBA,
identified in the other two processes. This implies that thges . .

) so it makes sense thdflaintenance plans and procedures
of art of adaptation processes focuses much more on gagherin

requirements and identifying when adaption is needed.érh%CsOUId be used for this activity given the commonalities be-

are tightly relevant to what needs to be monitored. Hower, ween adaptation and maintenanCenfiguration management

soon as the need for adaption is identified, little effortaecha o mapped to th&nact adaptatioractivity, it was mapped

: L . . .to this activity because the resolution of problems aftgaliap
been put in to defining, selecting and executing adaptation.. - . : )
strategies Cations adapt would be much easier if configuration detdils o

component services are recorded. Fahgl [47] illustrate how

Only two SOA approaches, SDLC and SeCSE, explicitl : : .
describe the actual execution of adaptation. Indeed, iraethé¥1e configuration management process would be beneficial to

cases, the adaptation is limited to corrective adaptatitire- adaptation of SBAS. S :
i ; ) Problem and Modification Analysis The problem and
replacement of services when quality attributes do not meet

. . . odification analysis process area contains four activitiat
the expectations. Other types of adaptation such as pedgec . .
) . . . . are useful for SBA aadaptatioRroblem reports/modification
adaptation, adaptive adaptation, preventive adaptationea-

tending adaptation are not supported. requests (MR/PR) analysisverification Options and Ap-

- : . . . roval. In the context of software maintenance these activities
None of the existing service-oriented engineering ap-

. . re undertaken in order to analyze problem reports or modifi-
proaches specifies how to select an adaptation strategyeln {_. . L o
. . cation requests and determine their impact on the appicati
two approaches that actually describe the execution of-ad

tation, the adaptation strategies are (implicitly) préir ?lelR/PR analysis If the reports or modification requests are

While adding these activities to the S-Cube life-cycle, w\éa“d (Verlflcaugn) potential s_olutlons are propose_@p{tlons)
d approval is sought to implement the required changes

noticed that some of them belong to the adaptation cycfa,
; ) ng . P ye {pprova). The MR/PR analysisctivity is mapped tdefine
while there are others which, while coming under adaptation . . . : .
daptation requirements the S-cube life-cycle. Thanalysis

within service-oriented engineering approaches and SCu :
. . . of maintenance requests and problem repaudsld be altered
life-cycle literature, actually belong to the evolutioncty of

the S-Cube life-cycle. For instance, KPIs and managemet%ttheanalIySIs qf adaptation requests anq proplfam repants

- . . Suit the adaptation of SBAs. This analysis activity could-pr

policies (from BEA) as well as service properties (from thé. : ) : ;

. . vide valuable input which could be used Define adaptation

SeCSE methodology) are defined at the requirement engi- . SN

) : requirementdor a SBA. Verificationis mapped to th&ollect
neering process. They are not directly used by adaptation

practices but are relevant in that specifying these ateibu monltqung results for adaptatioactivity because repllf:atlng
. o .~ or verifying the problem can be seen as an analysis on the
makes corresponding monitoring and assessment possible. "~ 7 . . . .
monitoring resultsOptionsis mapped toDesign adaptation
. o ) strategy because options for implementing the modification
C. Mapping Activities from Maintenance Process Models ¢an he seen as adaptation strategy. Finafiprovalis mapped
Out of the 19 maintenance activities identified in Phase tid Select adaptation strateggecause obtaining approval is

(see Tabl&Tll, 13 of them were mapped to adaptation ac#vitipart of adaptation strategy selection in that the it finalite

Unfortunately the adaptation activities identified frome th
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Identify adaptation needs

SDLC: Gather
QoS metrics on
the basis of SLAs

SDLC: Set warning
thresholds and alerts for
compliance failures

ASTRO: Monitor message
sequences amongst services and
its partners

BEA: Monitor service,
application, middleware, OS,
hardware, and network

SeCSE: Specify monitoring rules
according to the adopted SeCSE
monitoring language (SECMOL)

‘ SDLC: Monitor workloads ‘

BEA: define

I KPIs and

management
policies

SeCSE: identify the
service properties
to specify I

Define adaptation requirements ‘ SeCSE: Monitor services ‘
Define requirements to the monitoring subject I
Define monitored property Provide monitoring functionality =
] [ Requirement engineering and desigrl

v
ASTIR? SDLC: SeCSE: Recovery management
elec | Evaluate SLA identify, by looking at the monitoring - 'l
protoco QoS metrics " | data, the needs for a recovery action | [¢—|! Operation and
violations I management I —
Collect monitoring results for adaptation Trigger adaptation - I_Construction
‘ -&—Kf I I
l i | o
[ Tdentify adaptation strategies | | r—— " —————= _|
I . I I SeCSE: insertion of monitoring | | SECSE: dep:oy Ihﬁ‘d
Chang’s Specifying . T rules and recovery actions in monitoring rules an
I Service Decision Cgang s Edesu;{nlng Select adaptation I I concrete parts of the service recovery policies
Model ervice Adaplers | = strategy composition executable within the
I - " I I description monitoring system |
I Design adaptation strategy I I S-Cube life cycle
N = — — - — — r_ Deployment and provisionl phase

Adaptation-related
activities identified
from S-Cube
deliverables
Adaptation-related
activities identified
from SOA
engineering
approaches

I SDLC: Readjust SeCSE: Runtime
service weights for

I request queues

Service
Discovery I

[ ]
| “Enact adapﬁon_ _V 1 |:|
[ ]

I Perform adaptation

Fig. 4. Mapping Service-Oriented Engineering ActivitiesS-Cube Life-Cycle

decision on the selection. the adapted application.

Modification Implementation contains two activitieg\nal- Migration In the context of traditional software engineering
ysisandDevelopmentvhich are mapped tBefine adaptation migration is the modification of a system in order to run in
requirementsand Perform adaptatiorrespectivelyAnalysisis a new environment or context. Rather than migrate a SBA,
usually carried out before anpevelopmentor maintenance it may be possible for the application to adapt in order to
activity in order to determine which artifacts need to be modoperate in a new environment. Therefore the migration m®ce
fied. This may also be useful during the requirements gatheriarea may contain some useful activities that can help a SBA
phase of SBA adaptation in order to determine which parts aflapt to context specific parameters. The maintenancegzoce
the application need to be changed. In the context of trawiti area has three activities that are useful to the adaptafion o
software engineerin@evelopmentmeans the modification of SBAs: Migration, Migration plan and Post-operation review
application code in order to implement requirements, thMigration was mapped tdefine adaptation requirements
activity could be tailored to mean the modification of ambecause, it is important to determine which software antisfa
applications configuration to meet the adaptation requergsn or which data should be migrated (or adapted) during the
of a SBA. requirements gathering stagdigration plan was mapped to

Maintenance Review/AcceptanceThe Maintenance Re- Design adaptation strateglgecause a migration plan can be
view/Acceptance process area contains two activilResiews seen as an adaptation strategy in that it specifies whatdoels
andApproval In the context of software maintenance reviewseeded, how to convert software product and data and how to
are carried out to ensure that the maintenance is carriegipsut execute migration. FinallfPost-operation reviewvas mapped
propriately. In terms of adaptable SBAs reviews can be edrrito Collect monitoring results for adaptatidrecause the impact
out to ensure that adaptation occurs correctly. The arsabfsi of changing to the new environment can be achieved by
collected monitoring results can be used to perform a reviawonitoring.
of SBAs which is why theReviewsactivity was mapped to  During our analysis we discovered that some of the main-
Collect monitoring results for adaptatiofollowing aReview tenance activities are also relevant to the evolution cycle
Approval status may be given to an adaptation engineer afi the S-Cube life-cycle. However, those mappings were
satisfactory adaptation of an application. If adaptatioouns excluded as we are focusing on adaptation in this paper. As
automatically it is impossible to grant approval to the wofk previously mentioned several of the activities from IS@IE
an individual(s) so it may be appropriate to grant approwal 14764 could not be mapped to adaptation activities because
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Identify adaptation needs

2 Problem and Modification
Analysis: MR/PR analysis

3 Modification 1 Process Implementation:
Implementation: Analysis | MR/PR procedures

5 Migration: Migration

Provide monitoring functionality

Define adaptation requirements|
Define requirements to the monitoring subject]
Define monitored property l_ - - - - - - "

i | Requirement engineering and de5|gr‘

2 Problem and :
Modification Analysis : AlAMalnEenanceRRevwew/ (;I'rlgge_r l—
Verification cceptance: Reviews adaptation
5 Migration: Post- 4 Maintenance Review/ I’ -
operation review Acceptance: Approval
I Operation and management

Collect monitoring results for adaptatio
I 7 Constructlon
Identify adaptation strategies - _
A
1 Process 2 Problem and 5 Migration 2 Problem and I_ l
Implementation: Modification Migration plan Modification Analysis :
Maintenance plans | | Analysis : Options » Approval Deployment and provision
and procedures R . .
P Design adaptation strategy Selectadaptation strategy I o — e
I Enact adaptation 1 |:| S-Cu?)igfsee cycle
! ' |
1 Process 3 Modification I Adaptation-related
l Implementation: Implementation: activities identified
Configuration Development from S-Cube
l management process deliverables
I Perform adaptation Adaptation-related
-_——— = |:| activities identified
from software
maintenance process

Fig. 5. Mapping Maintenance Activities to S-Cube Life-Gy/cl

TABLE IV . . L .
MAINTENANCE ACTIVITIES NOT MAPPED D. Observations on mapping Activities from Maintenance

Process Models to S-Cube Life-Cycle

Maintenance Practices . C o . e . . .
The maintenance activities identified in this section were

never previously identified in the service engineeringditere
as candidate activities for the adaptation of SBAs. Many of

2 Problem and Modification Analysis
Documentation

5 Migration L. . - . . . .
Notification of intent the activities |(_jent|f|ed from the service eng|ne9r|ngratare
Implement operations and training tend to deal with the technical details of adaptation rathan
Notification of completion focusing on process details. One of the strengths of elgiti

Data archival activities form a software process standard is that there is

a process focus with process details such as inputs, tasks,
controls, supports and outputs. The activities elicitenfithe
service literature tend to specifiyhat needs to be done in
order to adapt SBAs while the maintenance activities idieqti
can be tailored to specifjow to implement the adaptation
they are too specific to the software maintenance process (B&0Cesses.
Table[TM). There were 4 activities excluded from the mapping The suitability of maintenance activities for SBA adajuati
the Documentation activityand 4 Migration activities. The highlights the commonalities between SBA adaptation and
Documentationactivity from the maintenance process doesoftware maintenance. Both of these processes involve the
not get included or is paid very little attention to in anymodification of software systems albeit in different comsex
of the adaptation activities covered in the literature. Phe Adaptation is a light weight process which may only require
migration activities mentioned in Table_JlV are specific téhe modification of simple configuration details to faciita
the the maintenance of traditional software and cannot bdaptation, so it is important not to include maintenance ac
leveraged for service adaptation. tivities which would add unnecessary overhead to the psces




The Documentatioractivity falls into this categorypocumen-
tation would add a lot of overhead to the process which is
unnecessary due to the agile nature of SBA adaptation.

Since we are reusing activities from a process model
signed for the maintenance process we cannot be guarant
that the activities we have chosen form the complete set
activities required for adaptation. However, when coméin
with the activities from the service literature the resoitaet
of activities are one step closer to the complete set ofitietv
required for SBA adaptation.

The activities identified from the maintenance literature a
designed for the maintenance process which involves mart}
manual activities, such as taalysis of problem reportand
the Developmenof proposed changes, however, the adaptatiofz]
process may be a manual or automatic process. If the adap-
tation is manual many of the maintenance activities can b
applied directly without modification, however, if the atap
tion is automatic then many of the maintenance activitieg ma
become obsolete or require re-interpretation. For exantipée
Analysis of problem reportactivity by definition is a manual
activity carried out by a system maintainer, in the case of
automatic adaptation it becomes obsolete as the appti\catic[)5
analyses problems through its monitoring mechanisms.

(6]
VIIl. CONCLUSION 7

In this paper, we defined activities which should be consid-
ered when carrying out the adaptation processeddefntify
adaptation needsldentify adaptation strategiesnd Enact {g}
adaptation

This has been done through the identification of activities
within S-Cube project deliverables, service-orientededtay- [10]
ment models, and the software engineering maintenance pro-
cess. The importance of this work is that while it consokgat
existing work for service-oriented development into a SB’[Aiz]
development life-cycle, it enhances this with activitiesnf
software engineering. [13]

During Phase Il We noted that there are potential weak-
nesses if we examine service-oriented development appesac
only. Our analysis has highlighted some of the weakness
of the service approaches. However, we identified that tH¢!
inclusion of software maintenance activities can removaeso
of these weaknesses. We identified a set of service adap-
tation activities through analyzing both the service-oiée [15]
development approaches and software maintenance agiviti
Issues which are being dealt with through the implemematio
of software engineering activities into the S-Cube life leyc [16]
include defining, selecting and executing adaptationesjias.

During this research, we have seen how the the SBA adapta;j
tion cycle can be detailed using service-oriented devetgm
and software engineering activities, based particularytre
maintenance standard ISO/IEC 14764. However, we have ngj
considered whether emerging methods, such as agile methods
can be used in a similar format. There is potential for son?&]
research to be carried out on this topic.

In addition, while we have identified the activities whichz20]
should be used during the adaptation cycle, we have not
discussed how each of these activities should be implementg,;
We see this as the next stage of this research project.
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