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Abstract. Web service technologies accelerate application development by allowing
the selection and integration of third-party web services, achieving high modularity,
flexibility and configurability. However, current approaches only alow this
integration by hard wiring the references to concrete web services into the client
applications. Moreover they do not provide any management support, which is
fundamental for achieving robustness. We observe the need for the application to be
independent of specific services and present the WSML, a management layer placed
in between the application and the world of web services. In this paper we identify the
reguirements for this layer to realise the dynamic selection and integration of services,
client-side management of services, and support for rules that govern the selection,
integration and composition. We show how dynamic AOP is ideally suited to
implement the core functionality of the WSML using the JAsCo dynamic aspect-
oriented language to conduct the experiments.

1. Introduction

Web services are modular applications that are described, published, localised and invoked
over anetwork. In the relative short time that web services have been around, an impressive
range of supporting tools has been developed that enable the creation and deployment of
web services and the development of service oriented applications. Large platforms such as
Java ONE and Microsoft.NET provide the key technologies, build around W3C standards
such as SOAP [1], WSDL [2] and UDDI [3], and alow publishing, looking up and
consuming services in a straightforward manner.

However, the approaches typically used to integrate services in client applications are very
static and do not allow any dynamic adaptations of the web services themselves or the way
they are used. As stated in [4], this leads to unmanageable applications that cannot adapt to
changes in the business environment (e.g. a service that is abandoned or changed, a new
service that becomes available on the market, etc).

A second obstacle is that by generating hard-wired proxy -classes, and as such treating the
services as regular software components, the specific requirements of services are
completely ignored. Services are organisationally fragmentized, can be asynchronous and
latent, can become unavailable due to unpredictable network conditions and thus require
more overall management [5]. To deal with these issues in order to create more robust
applications, code has to be written manually and repeated for each service. Thisway, the
code is duplicated, scattered all over the application and becomes an obstacle for future
maintenance.

A third limitation encountered is that services can only be selected based on the
functionality they offer. The web service documentation provided in WSDL-format does
not support the explicit specification of non functional requirements such as constraints
based on Quality-of-Service and management statements, classes of service, access rights,
pricing information, SLA’s (Service Level Agreements) and other contracts between web
services. Explicitly specifying these non-functional requirements at the service side in a
precise and unambiguous way would allow the composition and integration of services to
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occur in a more intelligent and customized manner. This way, applications are able to
specify criteria to be considered at service selection time to integrate those services that
best fit the application requirements.

In this paper we present a management layer called Web Services Management Layer

(WSML), which is placed in between the application and the world of web services. This
intermediate layer allows: dynamic selection and integration of services into an application,
client-side management of the service, and support for rules that govern the selection,

integration and composition.

The focus of this paper isto identify the requirements for atechnological platform to realise
the WSML. We show how dynamic Aspect Oriented Programming (AOP) [6] [7] isideally
suited to build the core functionality of this management layer. To deal with the dynamic
nature of the service environment we suggest the use of a dynamic aspect-oriented
programming language called JAsCo [8] [9]. In the next section we identify the
requirements pursued for the WSML and analyse how state-of-the-art approaches fail in
achieving them. In section 3 we explain the basic architecture of our solution and the
objectives achieved. A following section describes the need for AOP and gives an overview
of the characteristics of JAsCo. In section 5 we show how JAsCo is ideal to implement the
core functionality of the WSML and provide code examples. Finally, we present related and
future work in section 6 and conclude in section 7.

2. Requirementsfor WSML

Web services constitute a promising middleware technology. However, we believe there are
some important management issues that still need to be addressed. Today, the technology
only provides standardised connection mechanisms, but this might not be sufficient to drive
its world wide adoption. We identify the following challenges that have to be taken into
account:

1. Composition of Web services: the real strength of web services lies in the concept of
combining and orchestrating them in order to deliver added-value services. However,
thisleads to the question of how to dynamically (i.e. at runtime) integrate a service in the
consuming application. How can the required service be found and plugged in? How can
one deal with different services delivering similar functionality? How can compositions
of services be made that were not anticipated at design time of the application?

2. Multi-Partner Processes: consuming web services means that processes of several
business partners situated on different locations are being integrated with each other.
This raises significant management issues (e.g. organisational fragmentation of the
application) and technical consequences (e.g. much longer processing times, security
issues, AAA, etc).

3. Dependencies: an application that integrates with external services becomes dependent
on them. Failure of the service will have a negative impact on the execution of the
application.

4. Flexibility: since the context is an ever-changing business environment, the application
must be flexible enough to deal with changes in the functionality, displacement or useof
web services.

If we look at the current approaches of how web services are integrated in applications, we
see that these issues are not addressed at all, or if so only partly:

Inthe Wrapper Approach each web service is wrapped and treated & an internal software
component (see figure 1). State-of-the-art tools like MS Visual Studio.NET and BEA
WebL ogic adopt this mechanism[10]. The software developer enters aweb reference to the
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service into the tool. Then, the WSDL document of the service is automatically looked up,
analysed and code for aproxy class is generated. Programmers can invoke web methods on
this class just like on a regular class and do not have to take into account that they are
actually dealing with remote procedure calls (RPCs). Clearly, the issues mentioned above
are not addressed: (1) services are selected and integrated in a static manner at design time,
(2) code that deals with managing multi-partner processes has to be written manually, needs
to be duplicated for each service and becomes scattered in different modules of the
application code, (3) the application has to deal with the potential unavailability of services
by manually including code that again results tangled and scattered (4) changes in the
environment can only be dealt with by stopping and rewriting the application code.
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Fig. 1. The Wrapper Approach to integrate services

A more dynamic solution is provided when using a tModel [11] instead of a concrete
service. In this approach, a service can be invoked to deliver the required functionality if it
follows the overall system’s tModel specification. However, this only solves some of the
identified issues: (1) only services that exactly implement the tModel can be dynamically
integrated, while services with other interfaces and service compositions that deliver the
same functionality cannot be straightforwardly included, (2) management code still needs
to be written manually and remains scattered over the application code. Problem (3) is
addressed as the dependency on a certain service is weakened because dynamic switching
to other similar services can be achieved in a straightforward manner; however thisis only
tackled to some degree since that code needs to be written manually. Finaly, (4) is
addressed as services that match atModel can be registered at runtime in a UDDI -register
[3] and can as such be included in the application without having to make any changes.

We propose an abstraction layer, caled Web Services Management Layer (WSML),
which is placed between the application and the world of web services and deals with the
identified requirements. We introduce the basic architecture and its objectives in the next
section.

3. Design of WSML

The WSML alows decoupling web services from the core application. It realises the
concept of just-in-time integration of services: multiple services or compositions of services
can be used to provide the same functionality. The advantages of this approach are:
The application becomes more flexible as it can continuously adapt to the
changing business environment and communicate with new services that were not
known or available at design time.
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Extracting all web service related code from the core application facilitates future
maintenance of the code.

By weakening the link between the application and the service, hot swapping
functionality can be installed. This mechanism enables switching to other services
when they become unreachable due to network conditions or service-related
problems.

The hot-swapping mechanism can take into account specific application
requirements. This way, rules specifying criteria based on non-functional
reguirements of services can be considered as part of the layer and customized for
each application, making the selection of services more intelligent.
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Fig. 2. General Architecture of WSML

Figure 2 shows the WSML as a layer between the application and the web services. On the
|eft side the core application resides, which requests service functionality when needed. The
WSML is responsible for intercepting these requests and choosing the most appropriate
service or composition. This is realised by the Selection Module by considering different
service properties. To this end, collaboration with the Monitoring Module is required as
several properties of services might need observation over time. Available services are
looked up in a central UDDI-register [3] or discovered using decentralised Web Services
Inspection Language (WSIL) documents[12].

Generic functionality, necessary to provide support for multi-partner processes (e.g. to
guarantee security, transactions, etc) also resides in the layer, depending on specific
application requirements. Examples of this generic management functionality are:

- Traffic Optimisation: in order to reduce traffic over the network to avoid slowing
response times, losing packages, congesting networks, etc., a caching mechanism
can be considered. Instead of invoking the services each time the application
requests certain service functionality, the results are retrieved from a cache.
Billing: services can specify their own billing strategies and the application might
want to control how billing is applied. Analogously, services might need to be
billed for being integrated in the client applications.

Accounting: many industries are required to provide tracing and logging
capabilities for accounting as well as regulatory purposes.
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Security: web services might have several security mechanisms (e.g. WS-Security
[24]) depending on the environment where they are deployed. Data sent over the
network can be encrypted and user authentication and authorisation might be
required.

Transaction: if the communication with a web service is transaction based and if
in the middle of a transaction the layer must switch to another service, some
compensation or roll-back mechanism might be used to restore the state of the
previousservice.

In section 5 an AOP solution for the encapsulation of these concerns as part of the WSML
is presented. It is important to note that the WSML is reusable in different applications and
is fully configurable to avoid unnecessary overhead. In the following sections we present
the technical decisions made for the implementation of the layer.

4. AOP for WSML

4.1 Motivation for AOP

To achieve high flexibility in the selection of services, hard wiring references to concrete
services in the applications must be avoided. Using traditional software engineering
methodologies it would be the responsibility of the applications to decide which the most
suitable services are for a given request or to explicitly request the layer to do that. In both
cases, code for either implementing or triggering the service selection would be written at
each point where some service functionality is required. As a consequence selection code
would also result scattered in different places in the application and tangled with code that
solves other concerns. Thus, we need support for encapsulating this crosscutting code
separated from the application and plug it in and out in a non-invasive way. To achieve this
we need to intercept the points in the execution of the application where concrete services
are invoked and make the layer decide which the most suitable services for those requests
are.

Moreover the selection of services also involves other management issues to be considered
at the moment the services are selected to be integrated in the applications. For instance,
services might need to control security, accounting, billing concerns at the time their
functionality is requested. This also results in crosscutting code since the application
developer would need to include this management code eachtime a service is requested.

Thus, to avoid tangling the application code with service related code we believe Aspect
Oriented Programming (AOP) is needed. AOP argues that some concerns of asystem, such
as synchronisation and logging, cannot be cleanly modularized using current software
engineering methodol ogies as they are scattered over different modules of the system. Due
to this code duplication, it becomes very hard to add, edit and remove such a crosscutting
aspect in the system. The ultimate goal of AOP is to achieve a better separation of
concerns. To this end, AOP approaches introduce a new concept to modularize crosscutting
concerns, called an aspect. An aspect defines a set of join pointsin the target application
where the normal execution is altered. Aspect weavers are used to weave the aspect logic
into the target application.

Using aspects to express the selection and management concerns as part of the WSML

allows the application to remain independent of the service selection infrastructure.
Moreover, we also pursue dynamism in the management of services and therefore an AOP
technology that provides support for dynamic inclusion and removal of aspects is required.
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To this end, we introduce in the next section an aspect-oriented implementation language
called JAsCo [8] [9] whose features are ideal for achieving the identified requirements.

42 JAsCo

JAsCo is primarily based upon two existing AOP approaches. AspectJ [13] and Aspectual
Components [14]. AspectJ's main advantage is the expressiveness of its language to
describe the join points. However, AspectJs aspects are not reusable, since the context
needed by an aspect to be deployed, is specified directly in the aspect definition. To
overcome this problem, Karl Lieberherr et al. introduce the concept of Aspectua
Components. They claim that when using AOP one must be able to express each aspect
separately, in terms of its own modular structure. Using this model, an aspect is described
asa set of abstract join points which are resolved when an aspect is combined with the base
modules of a software system. This way, the aspect behaviour is kept separate from the
base components, even at run time.

JAsCo combines the expressive power of Aspect] with the aspect independency idea of
Aspectual Components. The advantages of JAsCo are:

Aspects are described independent of a concrete context, making them highly
reusable.

JAsCo allows easy application and removal of aspects at run time.

JAsCo has extensive support for specifying aspect combinations.

The JAsCo language itself stays as close as possible to the regular Java syntax and t
introduces two new concepts that are highly valuable inthe contex of this research:

Aspect Beans. an aspect bean is an extension of the Java Bean component that
specifies crosscutting behaviour in areusable manner. It can hold hook definitions,
which specify when the normal execution of a method should be intercepted and
what extra behaviour should be executed.

Connectors: a JAsCo connector is responsible for applying the crosscutting
behaviour of the aspect beans and for declaring how several of these aspects
collaborate. It specifieswhere the crosscutting behaviour should be deployed.

On atechnical level a new, backward compatible component model is introduced that
enables the run-time application and removal of connectors. This high flexibility and
configurability is exactly what is needed in the context of web services. JASCO's
connectors are ideal to achieve the dynamic behaviour of the WSML and to alow the
runtime integration and management of services without invasively having to change the
core application. Section 5 shows code examples of how JAsCo connectors and aspect
beans are used. For more information about JAsCo and the JAsCo @mponent model, we
refer to [8] [9].
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5. Implementation of WSML

51 Architecture of WSML

i
Legenda Service —— i —
JAsCo Oriented Aspects Monitoring ! .
Connector Module i uDDI
“ - — !
A Aspect p — } -
Bean ( ‘ l — I ' Selection 3
L As ‘ -"\\ Module |
— I
Selection Aspects \\\ I 3
— \\\ i
/ —L N |
) | — —_
(| l )
. . |-| Aa| )< — WSt
~ [ .
i o
I .
Fa i o —.
N »Cole—s ws: -
Core ‘ |Ar| _ o L

I
application i
I
I
L

|
|
I
I
I
|
|
|
|
I
I
|
|
|
|
I
I
I
I
I
I
|
|
|
I
I
3 Accounting Aspects
! .
I
I
I
|
|
|
i
|
I
|
|
|
|
i
|
i
i
|
|
|
|
i
|
|
|
I
I
|

Redirection Aspect ;L__,_.J : WS3 b Y
— ! b
. | — —_
4= i
\ ||Ab‘ N\, | e —
e e wss
Billing Aspects | i
|
| Semantically
|
|
|

Client Application | Web Services Management Layer equivalent services

Fig. 3. Detailed Architecture of the WSML

Figure 3 shows the implementation of the WSML using aspect beans for the generic
functionality of the layer and dynamic JAsCo connectors to specify when they need to be
deployed. The left part of figure 3 illustrates the application requesting web service
functionality. The right part shows four semantically equivalent services that are available
to answer the request.

To enable the application to make requests without referencing concrete services the
concept of Abstract Service Interfaces is introduced in section 5.2. The mechanism based
on redirection aspects that allow requests redirection and hot-swapping is discussed in
section 5.3. Additional management aspects to deal with concerns such as accounting and
billing are described in section 5.4. Finaly, in section 5.5 the selection and monitoring
modules of the WSML responsible for enabling intelligent service selections are discussed.

5.2  Abstract Service Interfaces (ASl)

A basic requirement as identified in section 2 is that hard-wiring of services should be
avoided. Therefore, service requests must be formulated in an abstract way at the left side
of the layer and the WSML will be responsible for making the translation to a concrete
service at theright side. The requests of the application are formulated in an abstract way as
specified in an Abstract Service Interface (ASl). This can be seen as a contract specified
by the application towards the services. This way the syntactical differences between
semantically equivalent services can be hidden. After al, if the same functionality is
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implemented by two different parties, it will be done in a different manner. Two services
may offer the same functionality but differ on a number of considerationslike:

- Web method names

- Synchronous/ Asynchronous methods

- Parameter types & return types

- Semantics of parameters & return values
- Method sequencing order

By introducing the WSML, we can hide the heterogeneity of those services. This approach
differs from the concept of tModels [11] where the services must al have identical
interfaces. Our solution is complementary because we also support services with different
interfaces and even service compositions. In order to enable this we introduce the concept
of mapping schemas to unambiguously describe how the service or service composition
maps to the ASI. These schemas can be provided by the service owner or can be specified
by the application developer. The idea of using sequence diagrams for expressing this
mapping is followed here. This solution is also applied in PacoSuite [15] [16] [17], a
component based development tool where sequence diagrams are used to determine if
composition patterns and components are compatible and to automatically generate glue
code to connect the components. In the same way, sequence diagrams can be used to
specify the mapping between ASIs and concrete service interfaces.

To illustrate these ideas an example of a travel agency application is introduced. The
application offers the functionality to book holidays online which customers can use to
make reservations for both flights and hotels. To achieve this functionality this application
integrates different web services. Suppose Hot el Servi ceA and Hot el Servi ceB are
services that offer the same functionality for the online booking of hotels. Each hotel
service returns exactly the same results.

Assume in the client-application a list of hotels has to be presented to the customer. Thus,
to thisend aHot el Ser vi ceAS| isdefined which specifies the following method:

Hot el Li st gi veAvail abl eHotel s (Date, Date, CityCode)

At deployment or run time the following two services are avail able:
Hot el Ser vi ceAprovidesthe method: gi veHot el s ( CityCode, Date, Date)
Hot el Ser vi ceBprovidesthe method: | i st Hotel s (Date, Date, CityNane)

Figure 4 shows how the Hot el Ser vi ceASI is mapped to the concrete interfaces provided
by these services. In the first example, both the name and the order of the arguments of the
ASI differ from the ones specified in Hot el Ser vi ceA. In the second example a simple
service composition is needed. Because Hot el Ser vi ceB requires city names instead of
city codes, a third service is required to perform the translation between city names and
codes.
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Abstract Service Interface

WSML HotelServicelnterface
giveAvailableHotels (Datg1,Date2 CityCode)
-

return Resuit

Mapping 1

WSML HotelServiceA

giveHotels (CityCode,Date1,Date2)

return Result

~ Mapping 2
WSML HotelService B MappingService

getDestinationName (CityiCode)

refurn Result

listHotels (Date1,Date2, CjtyCode)

refurn Result

Fig. 4. Example of Sequence diagram for Abstract Service Interface mapping

53 Redirection Aspect

In the previous section we introduced how ASIs can be used to make the application
independent of concrete details about specific services by referring to them in a generic and
uniform way. However, to make this abstraction realisable we need to provide means to
map this generic description to concrete service invocations. To achieve this, we make use
of the aspect power of JAsCo and define an aspect in charge of redirecting the generic
requests to the concrete servicesthat will provide the functionality required.

The redirection aspect defines the logic of intercepting the application requests and
replacing them by a concrete invocation on a specific web service. Figure 5 shows the
implementation of the redirection aspect. Note that this aspect is generic and does not refer
to any concrete web service. The mapping to concrete web services is specified in the
connectors that deploy the redirection aspect. Several connectors can exist each in charge of
deploying the redirection to a concrete web service. Figure 6 illustrates the deployment of
the redirection aspect. The connector get Avai | abl eHot el sOF Ser vi ceA specifies the
mapping between the ASl gi veAvai | abl eHot el s(Date, Date, CityCode) andthe
particular way to invoke that functionality on the web service Hot el Servi ceA i.e,
invoking the method giveHotel s(CityCode, Date, Date). To actudly
communicate with Hot el Ser vi ceAthe GLUE library is used [18].

cl ass get Avai | abl eHot el sRedi rection {
hook Redirecti onHook {
Redi rect i onHook( net hod(Date d1, Date d2, CityCode cc)){
cal | (net hod) ;
}

replace(){
speci fi cMet hod(dl, d2, cc);
}

abstract public List specificMethod(
Date d1, Date d2, G tyCode cc);
}
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Fig. 5. The Redirection Aspect Bean for hotel retrieval

static connector getAvail abl eHot el sOf Servi ceA {
Hot el Ser vi ceASt ub hot el Servi ceA = nul | ;

try {
hot el Servi ceA = Hot el Servi ceAHel per. bi nd();

/1 the Stub is instantiated here by anal ysing the WSDL-fil e of
/1 hotel ServiceA by using the GLUE library

cat ch( Exception e)

{
}

get Avai | abl eHot el sRedi recti on. Redi recti onHook rhook =
new get Avai | abl eHot el sRedi recti on.
Redi rect i onHook ( Appl i cati on. gi veAvai | abl eHot el s(
Date, Date, CityCode){

public List specificMethod(Date dl, Date d2, CityCode cc){
return hotel Servi ceA. gi veHotel s(cc, di1, d2));

}
}

Fig. 6. Connector that deploys the redirection aspect on Hotel ServiceA

Each connector encapsulates the mapping between each generic request in the application
and the concrete manner to solve that request in a specific service. Thus, there will be one
connector for each different request performed by the application. The WSML is
responsible for the creation and management of these connectors.

JAsCo allows the creation of connectors to be done dynamically. This characteristic enables
the dynamic integration of new services. When the functionality of a new service has to be
integrated in the application, a connector realizing the mapping for that service is created at
run time. This is achieved transparently for the application. Note that if the description of
the services is extended with the specification of the mapping to ASIs as described in
Section 5.2, the creation of connectors can be done automatically inthe WSML.

This mechanism enables to realise hot swapping of services. If the response time of a
service istoo slow or the service becomes unavailable the selection module can “hot swap”
to another service by activating its connector and deactivating the previous one. Because
JAsCo allows the runtime plugging in and out of connectors, this process is achieved in a
completely dynamic way. Note that if the communication with the service involves more
complex transactions or if the service is state full, a transaction mechanism is required, as
mentioned in section 3.

54  Client-Side Service management

As mentioned earlier, the layer can also deal with other management issues that need to be
controlled at the application side. For instance, suppose Hot el Servi ceA describes a
strategy for billing its use and the application wants to locally control this for auditing
reasons. Imagine the service specifies that each time the method gi veHotel s
(G tyCode, Date, Date) isinvoked, an amount of 5 euros has to be paid. If this
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functionality is implemented as part of the application, code for dealing with the billing
concern would be needed at each point in the application where a request to that serviceis
done. Thus, this code would crosscut the core application and should then be decoupled and
encapsulated in a separate module.

We can achieve this by defining a new aspect that abstracts the logic for a ‘pay per use’
billing strategy. Figure 7 shows the implementation of this aspect. Note that this aspect is
generic and can be deployed and customised for other services that adopt this billing policy.
This deployment is specified as part of the connector shown in Figure 8. In this example,
the billing is done when get Avai | abl eHot el s isinvoked in the application. However, as
the connector get Avai | abl eHot el sOF Ser vi ceA implements this method as a call to
Hot el Ser vi ceA the hilling is only done when this concrete service is used. Note that the
hook can also beinitialised with multiple functionalities provided by aweb service.

class BillingPerUse {
hook Bil | i ngHook {

private int total = 0;
private int cost = 0;

public void setCost(int aCost){
cost = aCost;

}

private void pay(){
total = total + cost;

}

Bi I | i ngHook( net hod(Date di1, Date d2, CtyCode cc)) {
cal | (et hod);

}

after() {
pay();
}
}
}

Fig. 7. Billing Aspect

static connector getAvail abl eHot el sOf Servi ceA {

Bi | i ngPer Use. Bi | | i ngHook bi | | Per Use =
new Bil | i ngPer Use. Bi | | i ngHook( Li st
Appl i cation.gi veAvai |l abl eHot el s(Date, Date, CityCode));

bi I | Per Use. set Cost ( 5);
rhook. repl ace();
bi | | PerUse. after();

}
Fig. 8. Connector extended with Billing

The aspect BillingPerUse defines a billing template that can be reused by different
services. Other more complex billing aspects can be formulated and implemented in a
similar way. This simple example illustrates that a generic library of aspects can be created
to achieve high flexibility in the creation and manipulation of aspects that implement
several management i ssues.
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55  Service Selection & Monitoring

In section 5.3 we discussed how ASls can be mapped to concrete services and service
compositions. This mechanism enables the layer to decide which semantically equivalent
services will be effectively chosen when the application invokes certain functionality. This
is achieved by means of dynamically selecting and activating the corresponding service
connectors. The selection module is responsible for regulating the activation of connectors.
A service will effectively deal with a given request if the selection module of the WSML
selected and activated its connector.

In order to control the properties of the web services that influence the decision, monitoring
is required. A solution using aspects, similar to the one introduced in section 5.4 can be
applied to dynamically install the necessary measurement points. For instance, if the
response time of the services is an important criterion, then a monitoring aspect can be
plugged in to intercept the web service invocations and provide information on the response
time to the selection module.

Note that to be able to specify non-functional properties on web services, an extension of
WSDL is required. WSOL, the Web Service Offering Language [19] can be used for this
purpose. This is however outside the scope of this paper and is the subject of future
research.

6. Rdated work

We redlize that a lot of research is going on in this context and that a lot of vendors are
currently working on web service management platforms. However, most of these products
focus on the service side management of web services. They allow developers to build and
deploy web services and also provide some management capabilities such as load
balancing, concurrency, monitoring, error handling, etc. On the contrary, our approach
provides support for the client applications that want to integrate different third-party web
services and manage them. Some of the most relevant approaches are: The Web Service
Description Service (WSDF) [20] incorporates ideas from the Semantic Web community
[21] suggesting an ontological approach for the side effect free invocations of services. The
Web Services Mediator (WSM) R2] also dentifies the need for a mediation layer to
achieve dynamic integration of services. However, as far as we know there is no
implementation available.

The Web Services Invocation Framework (WSIF) [23] supports a Java API for invoking
web servicesirrespective of how and where the services are provided. WSIF mostly focuses
on making the client unaware of service migrations and change of protocols. We are
analyzing how we can incorporate WSIF capabilitiesinto the WSML.

A lot of work is being done towards standardization of various web service protocols
covering security (WS-Security [24], WS-Policy [25], etc), transaction support (WS-
Transaction [26]), business process definition languages (WSFL, XLANG [27]), etc.
However, they all require the web service clients to address the services respecting specific
protocols. The approach presented in this paper allows respecting these protocols in the
management |ayer without invading the application.

The idea of applying AOP ideas to web services is quite innovative and thus not many
approaches have been developed focusing on this field. However, Arsanjani et al. [28] have
recently identified the suitability of AOSD to modularize the heterogeneous concerns
involved in web services. In particular they refer to technologies like Aspect/J [13] and the
Hyper/J [29] [30] for Multi-dimension Separation of Concerns (MDSOC). However these
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approaches only allow static aspect weaving, contrary to JAsCo which supports dynamic
pluggability of aspects. They dso identify the need for the web services to include the
definition of non-functional interfaces that permit control over performance, reliability,
availability, metering and level of service to take into account at service selection time.

7. Conclusion

In this paper we propose a new management layer WSML to control the integration and
configuration of web services in client application. We identified the need to use AOP as
we are dealing with crosscutting concerns. We propose to use a dynamic AOP
implementation language AsCo to enable hot-swapping and runtime management of
services.

This approach has the advantage that applications become more robust as the layer can
dynamically deal with potential service failures and hot swap to new functionally
equivalent services. Moreover, a high flexibility for the integration of services is achieved
by supporting the “on the fly” pluggability of services.

We are currently working on the definition of alibrary of reusable aspects that would allow
the application developer to dynamically instantiate and configure the needed aspects to
deal with different service management concerns. These reusable aspects can be seen as
generic templates that can be customised and integrated “on demand” to accommodate to
service requirements.

We are also working on realising the hot swapping mechanism in a more intelligent way by
considering service oriented rules. These rules are derived from the application
requirements and are based on the non-functional properties of services. They govern the
selection of services specifying under which conditionsthe services have to be selected.
Other direction of research under attention is the automatic generation of the connector
code. The idea is that each time a service has to be considered the WSML generates the
connector code that will allow the future integration of that service into the application. To
achieve this, the mapping between the ASls and the concrete service functionality has to be
dynamically parsed and translated into code. The non-functional properties of services also
have to be analysed to instantiate the necessary management aspects. Note that this hasto
be achieved dynamically, without stopping the client application.
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