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Abstract. E-services are services that can be invoked over the Inter-
net. One lik ely use of e-serviceswould be to build businessapplications
that can employ e-servicesfrom di®erent service providers. This poten-
tial use of composite services in business settings highligh ts the issues
of payment mechanisms, reliabilit y, trust, inter-operabilit y and service
guarantees between di®erent service providers. It also becomesessen-
tial to choosee-servicesthat best ful¯l the requirements of a particular
businessapplication. We investigate how patterns can be used in service
composition to help in the development of business applications based
on e-services.
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1 In tro duction

In this paper, we investigate the possibility of using patterns to facilitate the
composition processof electronic services.We will start with the discussionon
e-servicesand servicecomposition. Kotov (2001) describese-servicesas \the re-
alization of federated and dynamic e-businesscomponents in the Internet envi-
ronment". One potential useof e-serviceswould be to build businessapplications
that can invoke e-servicesfrom di®erent providers. Before a suitable composi-
tion model for electronic servicescan be determined, a clear description of an
electronic serviceis needed.Electronic serviceso®eredover the Internet are also
referred to as electronic services,web services,Internet services,web-basedser-
vicesor e-services.Piccinelli & Mokrushin (2001) de¯ne the conceptof electronic
servicesas\electronic visualisationsof standard businessservices".A more tech-
nical de¯nition is given as an interface that describesa collection of operations
that are network accessiblethrough standardized eXtensible Markup Language
(XML) messaging(Colan 2001). One essential characteristic of e-servicesis the
abilit y to be described, published, discovered and invoked dynamically in a dis-
tributed computing environment. The typesof e-servicescan range from simple
calculations and retrievals to complex businessapplications. The examplesof
electronic servicesinclude real-time stock quotes, content syndication, mapping
services,payroll management, and credit scoring.



We would like to propose the use of patterns during the planning stage of
servicecomposition. Patterns represent a proven way of doing something. They
could be businesspatterns such as how to model online store-fronts, or generic
patterns such asproject work patterns. However, the nature of patterns make the
ideasgenericor abstract. Hence,we would like to take the user through di®erent
levels of abstraction from generic to speci¯c, that would result in the concrete
model for businessapplications using e-services.We believe that this approach
will result in a structured and a more intelligent search and composition, using
both usersand serviceproviders' knowledge.

2 Service comp osition

To composea comprehensive o®erfor their customers,successfulcompaniesfo-
cus on their core competencies, and outsource the support services to other
companies.Piccinelli (1999) describesservicecomposition as the abilit y to take
existing services(or building blocks) and combine them to form new services.
A composite serviceis one resulting from the integration, coordination and syn-
chronization of di®erent servicecomponents from two or more serviceproviders.
A composite serviceadds value that is not previously presented within the indi-
vidual services.Piccinelli & Mokrushin (2001) suggestthat the realisation of the
full potential for the e-servicevision dependsupon on composition and interac-
tion orchestration. By using electronic servicesto outsource services,the focus
shifts from the connection to a speci¯c businesspartner, to the de¯nition of a
speci¯c businessneed.The typesof businessapplications that can be developed
using e-servicesfrom di®erent providers include travel booking applications, por-
tals and e-market palaces,on-line stores, supply chain management, inventory
management, shipping and logistics, ¯nance and insuranceservices.Servicecom-
position typically spansthree phases:planning, de¯nition and implementation.
Yang & Papazoglou(2002) describe planning as the phasewhere the candidate
services(elementary or composite) are sought and checked for composability
and conformance.During this phase,alternativ e composition plans may be gen-
erated and proposed to the application developer. The outcome of this phase
is the synthesis of a composite serviceout of desirable,or potentially available,
matching, constituent services.

We would like to propose the use of patterns during the planning stage of
servicecomposition. Our objective is to facilitate the composition processand
to support the developer in selecting components basedon rich descriptions of
services.Our assumption is that the businessgoal is to successfullycomposea
service,not to decomposethe processmodel to the lowest level. We believe that
the composerwill prefer dealing with fewer providers and fewer e-serviceswhere
possible.It would alsoincreasethe security and the trust worthinessof the result-
ing service. Naturally , when composing e-services,the functionalities provided
by service components must be considered.We need to take into account the
comparability of data types,messagetypes,businesssequencelogics etc (Fensel



& Bussler 2002). However, our view is that service composition is much more
than functional composition. Non-functional requirements alsoplay a major part
in the selection processfor servicecomponents. Consideration should be given
for non-functional requirements such as trust, reliabilit y, security, geographical
location, execution time and payment mechanisms.For instance, when compos-
ing a product-ordering e-service,we must also consider auxiliary servicessuch
as insurance¯nancing, payment mechanisms,transporting and compliancewith
government regulations.

3 Patterns

Alexander (1979) describes a pattern as \a three-part rule, which expressesa
relation between a certain context, a problem and a solution". Patterns help
create a shared languagefor communicating insight and experienceabout the
problems and their solutions in a particular context (Appleton 2000).A pattern
catalog is a collection of related patterns (perhaps only loosely or informally
related). It typically subdivides the patterns into at leasta small number of broad
categoriesand may include someamount of crossreferencingbetweenpatterns
(Buschmann et al. 1996). A set of connected patterns provides a framework
upon which any design can be anchored (Salingaros 2000). Someexampleson
how patterns can be connectedto each other include

{ One pattern contains or generalisesanother smaller-scalepattern.
{ Two patterns are complementary and one needsthe other for completeness.
{ Two patterns solve di®erent problems that overlap and coexist on the same

level.
{ Two patterns solve the sameproblem in alternativ e, equally valid ways.
{ Distinct patterns share a similar structure, thus implying a more abstract

version.

The paper by Edmond & ter Hofstede (2000) discussesthe use of libraries of
common patterns of activit y and instantiating and composing task structures
from these patterns to enable service composition. The authors propose that
well-de¯ned frameworks within which servicescan be o®eredrepresent essential
reliabilit y mechanisms. Lord (2001) describes how to facilitate the application
development processusing the IBM Patterns for e-business.Thesepatterns are
classi¯ed as businesspatterns, integration patterns, composition patterns, cus-
tom designand application and runtime patterns (IBM 2002).

Patterns can be used to represent reusable businessprocesslogic for the
applications. We would like to instantiate the genericpatterns that are domain
independent into speci¯c patterns using the domain knowledgeof the developer.
Patterns will bestored in a repository and could be indexedbasedon a number of
classi¯cation codes.The usercould search the repository for appropriate patterns
for the application. It might alsoresult in modi¯cation / instantiation of patterns
to ¯t the particular needs.Every task in the pattern shouldmap to an e-serviceor



another pattern. The processwill cometo an end when the user ¯nds the right
level of abstraction for the processto compare with the service descriptions,
taking into considerationthe issueof trust, reliabilit y and payment mechanisms.
By doing so,the composition logic built into the pattern will beavailable to other
users.It would also result in separation of processlogic from implementation.
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Fig. 1. Pattern instantiation

For example, according to ¯gure 1, the servicesinstantiated as part of pat-
tern X must be con¯gured within a particular three-step framework. According
to this pattern, two steps must be invoked in sequence.After that, a decision
will be made on whether to proceedto step 3, or to stop straight away. It can
be seenthat step 1 would be instantiated to another pattern called pattern Y.
Step 2 would link directly to serviceP and step 3 would instantiate to another
caseof pattern X.

3.1 Generic patterns

In this subsection,we will intro duce the two generic patterns, namely project
pattern and maintain pattern, and illustrate how thesepatterns could be instan-
tiated using domain knowledgewith an educational serviceexample.
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Fig. 2. Making and following a plan
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Fig. 3. Main tenance

The project pattern (¯gure 2) describesa systematic way of making and fol-
lowing a plan. This plan is usedin such commonly arising situations as building



a house,developing software, and holiday planning. First we develop a plan of
somekind, then we executethat plan, and ¯nally we evaluate the outcome.Such
a pattern is not instantiated in a thoughtlessmanner. Its usesuggestsa prepared-
nessfor deliberation, perhaps triggered by past experience,perhaps contrarily
by the realisation that the situation is novel. This pattern highlights the pre-
parednessfor the task and evaluation of the task in addition to the execution.
This pattern is generic in the sensethat it could be applied to any task that
would bene¯t from planning and review. The maintain pattern (¯gure 3), de-
scribes the processinvolved in assessment of a situation and making a decision
to repair / improve the situation. This pattern could be applied in situations
such asmaintenanceof someassetor improvement of processes.The useof such
a pattern would seemto arise from the recognition of the possibility of damage.
We can then employ this pattern as a meansof recovery.

Wewill now considerhow an educationalservicecanbedevelopedusing these
genericpatterns. As described in ¯gure 4, this serviceconsistsof a fairly generic,
topic-free processof preparing a courseof study, followed by the teaching and
assessment of that course,and ¯nishing with somekind of evaluation process.
The entire processcould be viewed as an example of the project framework
discussedearlier: preparing the courseis obviously a form of planning; teaching
the courseis a meansof executing that plan; and, the evaluation of the course
is clearly a form of evaluation.
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Fig. 4. Education as instantiation

The ¯rst stage of the process(prepare course) involves the decision-making
from the userin terms of topics to include, resourceavailabilit y, time constraints,
etc. The outcomeof this phaseis the detailed plan with the particular topics and
resourcesthat will be used in de¯ning the next process.The middle stage, the
actual teaching and assessment, may be further re¯ned into a processbasedon
the outcomeof the preparecourseprocess.For instance, it could be instantiated
asdescribed in ¯gure 5. In this case,it is represented asa processwhereby three
topics (SQL, ER modelling and work°ow concepts)are taught, in sequence.Good
teaching practice requires rapid feedback and the assessments are interspersed
with the teaching, bringing the evaluation of student understanding closerto the
actual teaching. For example, once SQL has been taught, two parallel streams
are triggered { teaching ER and assessingSQL. A similar approach is taken after
ER has been taught, with an additional requirement that the SQL assessment



be ¯nished before the ER assessment begins.Work°ow assessment is performed
in the ¯nal exam, presumably. The ¯nal stage of the process(evaluate course
can be viewed as an instantiation of maintain pattern as shown in ¯gure 6. It
involves the assessment of the coursefollowed by a decision on whether or not
to modify the coursestructure.

Teach

SQL


Teach

ER


Teach

Workflow


Teach:


Assess

SQL


Assess

ER


Examine


Fig. 5. Instantiation of teaching and assessment

Assess

course


Modify

course


Evaluate:


Fig. 6. Instantiation of maintain pattern
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Fig. 7. Educational service pattern

The ¯nal processmodel for an educational serviceinvolving the development
of a coursewith databaseconceptsnow looks like ¯gure 7. Even though an ed-
ucational service example is a simple one, it highlights the di±cult nature of



decisionmaking involved in constructing a service.Our instantiation of an edu-
cation courseis basedon time and resourceconstraints aswell asthe application
of businessrules. The parallel processingmodel and synchronizers are instanti-
ated with the domain knowledgeabout teaching a course.It can be seenthat it
is the result of using genericpatterns to guide the decisionof the composer by
taking into consideration, the generic patterns, time and resourceconstraints,
businessrules as well as domain knowledgeabout education sector. The execu-
tion stageof this examplecan be represented as an e-service.It could also be a
composite e-servicethat usesvarious on-line e-servicesto teach the individual
topics. This processcan also be consideredas part of the processmodel for on-
line educational applications.

Next we will considerthe modi¯cation to the ¯gure 7 when the teach process
is outsourced.Imagine that we needto employ 3 lecturers to teach the topics in
the coursestructure. In that case,we would need to associate each teach pro-
cesswith a payment process.Di®erent payment mechanismscould be associated
with teaching each topic. For instance, the lecturer who will teach SQL might
like payment after his/her duties have been performed and the processcould
be modelled as shown in ¯gure 8. The processesTeachSQLand Payment to lec-
turer are invoked sequentially . On the other hand, the lecturer who will teach
ER would prefer payment in advancebefore teaching is carried out. Hence,the
processwill be modelled as in ¯gure 9.
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Fig. 8. Payment after execution
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Fig. 9. Payment in advance

We believe that associating a payment with the execution of a servicewill be
commonin businessapplications usinge-servicesfrom di®erent providers. Hence,
the di®erent payment mechanismsemployed by theseproviders will becomeone
important criterion to considerwhen selectingservicecomponents.

3.2 Payment mechanism patterns

O'Sullivan et al. (2002) state that an essential ingredient of service represen-
tation is capturing the non-functional properties of services.These include the
methods of charging and payment, the channelsby which the serviceis provided,
constraints on temporal and spatial availabilit y, service quality, security, trust



and the rights attached to a service.Non-functional requirements are considered
to play a crucial role in understanding the problem being addressed,the trade-
o®sdiscussedand the designsolution proposed.Gross& Yu (2001) proposethat
non-functional requirements that are explicitly represented in design patterns
aid in better understanding the rationales of design, and make patterns more
amenableto structuring and analysis.We will now considerhow non-functional
requirements can be represented using patterns with the example of payment
mechanismspatterns.

Most businessinteractions would result in a payment being made between
serviceproviders and servicerequestors.An organisation can employ a number
of payment mechanisms based on the type of user, the type of industry and
product, the type of accounting systems.We are interested in the processesin-
volved in this payment pattern and when a particular processwill be invoked.
Payment mechanisms can be seenas interactions between three di®erent pro-
cesses:billing, payment and execution of service.The billing processrepresents
the processof producing an invoice or a bill by the provider for the service.
The payment processrepresents the processof accounting required when the
payment is received by the provider. The serviceprocessrepresents the process
of invoking the service requested by the user. Next, we will look at di®erent
mechanismsunder which billing and payments could be carried out.

The examplescenariosinclude subscription fees,cashsales,credit sales(ac-
counts receivables).
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Fig. 10. Payment in advance: Subscription

{ Subscription: This is a common payment scenario for membership sub-
scriptions, magazine subscriptions and insurance premium payments. The
user is expected to pay in advancebefore the serviceis performed. There is
a certain order to the interaction as in ¯gure 10. In this case,it is sequential
with the billing processfollowed by payment processand then by execution
of the functionalit y.

{ Cash sales: This type of payment mechanism is used in day-to-day pur-
chases,repair services,and on-line purchases.The user selectsthe serviceor
the product, the cashiertotals the amount and the user pays the amount to
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Fig. 11. Payment: Cash Sales

the cashier.In this case,the billing and execution may be carried out at the
sametime (order is not crucial). It results in the payment for the serviceas
shown in ¯gure 11.
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Fig. 12. Payment afterwards: credit sales

{ Credit sales: This type of payment mechanism is usedmainly in business
to businesstransactions. The businesscustomersendsan purchaseorder, the
order is executedand the invoice is sent to the customer with the due date
set depending on the credit terms. In this case,the function is executed,the
user is then billed and the payment processis performed at a later time as
in ¯gure 12.

4 Issues raised by using patterns

We are interested in the development of businessapplications using pre-de¯ned
patterns as well as in the e®ectsof incorporating non-functional requirements
into payment mechanisms.Our approach to servicecomposition using patterns
raisesa number of issues.



4.1 Patterns repository

Ideally, we would like to store all the patterns in a repository, indexed on a
number of classi¯cations to enablee±cient search and reuse.The questionsraised
include:

{ What type of patterns would be the most useful for businessapplications de-
velopers?The typesof patterns vary betweenorganisational patterns, analy-
sispatterns, designpatterns, processpatterns etc. There is a needto identify
what kind of patterns would be suitable for composite e-services.

{ How could the patterns be derived from well-known situations? It will be
necessaryto identify well-known businessprocessmodels and to derive pat-
terns from these. A lot of work has been carried out to derive patterns
for various problem domains and represent them as pattern catalogs see
(http://www.hillside.net/patterns/onlinepatterncatalog.h tm.)

{ How should the patterns beclassi¯ed in the repository? It might be that indi-
vidual patterns belong to more than one category. The UDDI programming
interface (API) de¯nes a consistent way for businessesto add any number
of classi¯cations to their businessregistrations (UDDI.org 2001). The clas-
si¯cations used include category codessuch as NAIC, UN/SPC, SIC codes,
that are widely usedto classifybusinesses,industries, and product categories
aswell asother classi¯cations designategeographicinformation, or member-
ship in a givenorganization such asindustry codes,product codes,geography
codes and businessidenti¯cation codes. Gamma et al. (1994) organisede-
sign patterns according to the purposeand scope of the patterns. They also
suggestother ways of classi¯cation such as grouping the patterns that are
mostly used together, or alternativ e patterns or patterns with similar out-
comes.We also needto consider the ontologies approach to classi¯cation.

{ How should the patterns that are speci¯c to e-servicecomposition be de-
scribed?It is likely that somepatterns might be speci¯c to servicecomposi-
tion. Appleton (2000) states that the following essential elements should be
clearly recognizableupon reading a pattern: name,problem, context, forces,
solution, examples,resulting context, rationale, related patterns and known
uses.We need to consider the aspects that are the most important for the
patterns to bereusedin e-servicecomposition and describe them accordingly.

These questions highlight the issue of what type of patterns will be included
in the repository for service composition and how to describe and classify the
patterns.

4.2 Pattern instantiations

Weare interestedin usinga top-down approach to servicecomposition, capturing
businessgoalsin terms of establishedpatterns. The issuesraised in instantiating
genericpatterns into speci¯c or domain dependent patterns include:



{ What is the right level of abstraction for the developer?The genericpatterns
could be the building blocks in the repository. The patterns should also de-
scribe the speci¯c functionalit y that is supported such as holiday planning
or internet sales.

{ How can the gapbetweenbusinessgoalsand the initial genericpattern bede-
scribed? In this case,we should considerthe work on multi-criteria decision
making by Corner et al. (2001). The dynamic processof structuring a deci-
sion problem involves the speci¯cation of options, attributes for evaluating
options and states of nature that may occur, with repeated cycling back in
the processto reviseor augment the structure. Corner et al. (2001) advocate
a dynamic interaction betweencriteria and alternativ esas a decision-maker
understandshis preferencesand expandsthe set of alternativ es.

{ How can the gap between available servicesand the composer's needsbe
measured?It is necessaryto identify the mismatch betweenthe descriptions
of available servicesand processesin the patterns. To ¯nd a service that
match exactly with user'srequirements will be very di±cult. We should con-
sider servicesthat match the functionalit y but still needadaptation.

{ What will be the trigger to stop instantiating the pattern? All tasks might
not be performed by e-services.The businessmay want to usein-housefunc-
tionalit y that is not implemented as an e-service.User interaction is needed
to indicate the functionalit y that he/she wants to outsource.

A lot of work still needsto bedoneon bridging the gapbetweenuserrequirements
and patterns as well as the gap betweenpatterns and servicedescriptions.

4.3 Non-functional requirements (NFR) patterns

Service composition is much more than functional composition. We should be
able to represent other non-functional requirements as patterns and incorporate
them into decision making. We have attempted to illustrate the use of pay-
ment mechanism patterns aspart of servicecomposition. A number of issuesare
raised in terms of payment mechanisms patterns and in generalnon-functional
requirements patterns. They include

{ How doesthe payment mechanism for components a®ectthe composite ser-
vice's payment mechanism? The selection of a payment mechanism for the
composite service is not directly related to the payment mechanisms of its
components. However, we observe that the businessesare likely to ask for
payment in advance for their servicesand are also likely to ask for credit
terms to pay for their components.

{ What are the in°uencing factors in determining the appropriate payment
mechanisms for composite services?Someof the factors might be the type



of industry, the type of business,and the type of customer.

{ Is the payment mechanism inseparablefrom the service?There are services
that are free of charge, henceit seemsthat the payment mechanism can be
separatedfrom the service.Even though these servicesdo not o®erservice
guarantees, they could be used reliably if there are third party recommen-
dations and review.

{ How can patterns be used to represent non-functional requirements? The
normal speci¯cation mechanisms focus on functional issues.Non-functional
requirements include the methods of charging and payment, constraints on
temporal and spatial availabilit y, servicequality, trust and quality (O'Sulliv an
et al. 2002). Most of them are hard to de¯ne and quantify and they are also
relative to the user.

{ How could the interactions betweenNFR patterns be represented? One non-
functional requirement could impact on the other requirements. We must
take into account the interdependenciesand trade-o®sbetween NFR pat-
terns.

Non-functional requirements plays a crucial part in decisionmaking processfor
service composition. Consideration should be given on how to represent these
non-functional requirements as patterns.

5 Conclusion

We believe that patterns combined with the domain knowledge could be used
to develop composite servicesin a systematic way. Our objective is to take the
user through di®erent levels of abstraction from generic to speci¯c, resulting
in a concrete businessapplication using e-services.Within this paper, we have
attempted to describe how generic patterns could be instantiated into speci¯c
patterns with the educational serviceexample.We have alsohighlighted the im-
portance of non-functional requirements for service composition and described
how they canberepresented in patterns using the payment mechanismsexample.
We have also raised a number of questionsregarding patterns and in particular
the useof patterns to represent non-functional requirements. The nature of pat-
terns and the classi¯cation of patterns in the repository will play a major part
in service composition. We also need to identify how to con¯gure a match be-
tweenprocessesin the model and the available e-services.To develop a pattern
repository that could be used to composemany types of businessapplications,
theseissuesmust be carefully considered.
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