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Abstract. Composition ofe-Services in a multichannel environment requires
taking into account the constraints imposed by the context: user profiles, geo-
graphical locations, available channels, and usable devices.
In this paper, we propose an approach for context-aware composition ofe-Services
based on an abstract description of bothe-Services and context.E-Services are
described in terms of functionality and quality of service. The context describes
the channels that can be used to accesse-Services. The paper proposes adap-
tation rules as the means to allow the composition and dynamically selecte-
Service channels according to the constraints posed by available architectures
and application-level requirements. Composition and adaptation rules are exem-
plified on a simple case for emergency management.

1 Introduction

Nowadays, users are greatly interested in easily accessing a wide variety of services
through different channels [10, 12]. This means thate-Services can be accessed using
different devices (e.g., PCs, laptops, palmtops, cell-phones, TV sets), but also different
network technologies and application protocols. For example, the same service could
be delivered via call centers, the Web, or message-based systems like SMS. In partic-
ular, nomadic users want to access services from their current locations and with the
best possible performance. As a consequence, the need emerges for the design of net-
works and services that are highly flexible and adaptive, capable of exploiting available
resources in an optimal way and with different levels of quality of service.
The Italian MAIS (Multichannel Adaptive Information Systems) project [6] aims to
create an enabling platform, a methodology, and design tools for the development of
distributed information systems based one-Services and with significant adaptability
features.
Adaptive information systems span different research areas. For example, the simplest
way towards adaptation is through transcoding [2]. As to profiles and context informa-
tion, we can mention the WWRF (Wireless World Research Forum) [16], the Cameleon
project [5], and the CC/PP (Composite Capabilities/Preferences Profile) initiative of
the W3Cdevice independence working group[15]. Gu et al. [11] present a precise
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model for quality of service and also propose rules to support the negotiation phase.
But also, the UWA project studied and proposedcustomization rules[7] to describe and
constrain the adaptability of ubiquitous Web applications. Finally, composition is ad-
dressed in [13], where they use DAML-S and coloured Petri nets to reason one-Service
composition.
The goal of this paper is to define a modeling framework for adaptive information sys-
tems based one-Services. We aim at separating the aspects at application and tech-
nological levels and at providing a basis for formalizing contracts betweene-Service
providers and the user.
In the proposed modeling approach,e-Services are defined by means of two comple-
mentary perspectives: the request perspective, which provides an abstract model of the
context where thee-Service is requested and executed, and the provisioning perspec-
tive, which models availablee-Services in terms of their functional description and
composition. Both perspectives consider proper characteristics of quality of service to
allow e-Service negotiation in terms of user requests, channels used in the interaction,
and constraints from thee-Service provider. These negotiation policies are coded in
adaptation rules. The two perspectives and adaptation rules form the basis for context-
aware composition ofe-Services that is able to dynamically selecte-Service channels
according to the constraints posed by available architectures and application-level re-
quirements. In particular, adaptation rules allow us to dynamically adapt the execution
flow of our services – described as workflows – according to the characterization of the
selected channel.
The paper is organized as follows. Section 2 presents the reference example used to
illustrate the proposed approach. Section 3 shows the two modeling perspectives, while
Section 4 discusses the application of the approach to the reference example. Section
5 and Section 6 address the specification of quality of service and adaptation rules,
respectively. Finally, Section 7 introduces the MAIS platform and Section 8 concludes
the paper.

2 E-Service model

In this paper we present two different modeling perspectives related to theprovision-
ing andrequestof e-Services. The provisioning perspective specifies who provides the
e-Service, what thee-Service does and how to invoke its functionality, according to
the available quality of service. The request perspective specifies who requires thee-
Service, i.e., the actor, who wants to have a certain level of quality for the required
e-Service, has a particular user profile, and operates in a particularcontext.
In the MAIS project, we use UML (Unified Modeling Language) [14] as modeling
language because of its expressiveness.

2.1 e-Service provisioning

Figure 1 shows the components used to model ane-Service with respect to the e-Service
provisioning perspective.
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An EServiceis described by means of anamethat identifies it, a short textualdescrip-
tion, a servicecategory(such as, for example,commercial serviceor information ser-
vice), and an aggregation of three types of elements:

– aChannel, on which thee-Service is provided. To pursue adaptativity, ane-Service
can be provided through one or more channels and an association classCQuality-
Dimensionrepresents the quality of thee-Service with respect to the channel used.
There can exist several parameters to express the quality of service, for instance:
response time, channel availability, usability, accessibility, integrity, bandwidth, re-
liability, and price;
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Fig. 1.Service provisioning perspective

– one or moreServiceProviders, each of them described by anameand standard ad-
dress information. An association classPQualityDimensionexpresses the quality
parameters guaranteed by the service provider: for example, data reliability, provi-
sioning time, service availability, price;
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– aFunctionalDescriptionthat describes the operational aspects of thee-Service.

The FunctionalDescription– inspired by WSDL [3] – is a set ofOperations, with a
nameand a short textualdescriptionabout “what the operation does”:

– Each operation requires one or moreInputsand gives back one or moreOutputs;
input and output parameters are described by anameand avalue;

– Each operation is associated with a set ofPreConditionsandPostConditionsthat
predicate on theInputsandOutputsof the operation. The former must be verified
before the execution of the operation, while the latter must be satisfied after the
execution. Pre- and post-conditions can also be defined on whole services;

– ExternalEventsare used to model actions that are asynchronous with respect to the
normal flow of thee-Service. Each event has anamethat identifies it and atype
such astemporal event, data eventand so on: for instance, atemporal eventis a
timeout that occurs during the execution of an operation. Events must be managed
through appropriate rules.

E-Services can be composed in a recursive manner to createCompositeEServices(simi-
larly to BPEL4WS [8]). Compositee-Services are described through workflows, where
componente-Services are connected by means of control constructs [4].
Moreover,e-Services are grouped intoCompatibilityClassesfor substitutability pur-
poses. A compatibility class is associated with anAbstractEService, that is thee-Service
required in a process execution expressed in terms of the functionality it provides. A
compatibility class groups, on the basis of predefined “similarity” criteria performed
through comparison between functional descriptions [9],e-Services that are able to
substitute each other in satisfying the considered abstract service. When ane-Service
during the execution of some tasks is not available anymore, it can be automatically sub-
stituted by anothere-Service that belongs to the same compatibility class and that offers
at least the same functionality. Ane-Service can belong to more than one compatibility
class at the same time.

2.2 e-Service request

Figure 2 presents the elements that define ourservice request perspective. An Actor
issues requests forEServices, already defined in Section 2.1, with a givenQuality Level.
In a simplified setting,Quality Levelindicators could be: speed, availability, security,
conformity to standards, and price. More thorough descriptions should be used in real
cases. The actual quality of service with which the service is supplied comes from
the negotiation of thisQuality Levelwith that supplied by the provider (i.e.,PQuality
Dimensionin Figure 1).
EachActor has aProfile, defined as a set ofUser Preferences. SinceUser Preference
is abstract, theProfile can contain aRole, which identifies the role played by the actor
while using the application, itsExpertiseon the application, and a set ofGeneric Pref-
erencesto add application-specific characterizations to the profile. The hypothesis is
thatRoleor Expertisedefine the minimum profile, which can always be enriched with
further information:Generic Preferencehas anameandvalueto let the designer ren-
der and “quantify” any property. The additional requirement that aProfilemust have at
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most oneRoleand oneExpertiseis not shown here, but can be easily added by means
of an OCL constraint1.
We assume that anActor is insomeContextsat the same time, but only one of these is
hiscurrent Context. The latter identifies the channels that can be used to supply required
services, while the former define the back-up options, that is, the set of availableCon-
texts– and thus channels – in which the user can be moved to recover from problems
with his current channel.
A Contextis characterized by aLocationand aTime Zone. Locationcan be zero or
moreGeo Positions, i.e., latitudes and longitudes,Districts, e.g., special-interest areas,
Towns, andCountries. Moreover, aLocationcan be associated with a set ofProperties:
a general-purpose mechanism to add further information to the context description. For
instance, we could use aPropertyto specify weather conditions.Time Zonedescribes
the Contextwith respect to its time information, i.e., its offset from Greenwich mean
time, and the daylight saving time.
The userrequestsa Serviceon a givenChannel. As soon as thisChannelbecomes
unavailable, theActor can switch to a newChannelamong those associated with his
current Context. The choice is even wider since theActor can changeContextand thus
the set of available channels.
A Channelis characterized by oneDevice, oneNetwork, one or moreNetwork Inter-
faces, and one or moreApplication Protocols. A Devicecomprises oneCPU, one or
moreInput Devices, oneDisplay, and one or moreMemories. These hardware compo-
nents are described through the usual characteristics: for instance, aDisplay is defined
by means of its size and number of colors. Besides specifying the hardware on board,
we also define the software with which it is equipped: one ore moreOperating Systems
and one or moreApplications. Networkdefines the network as anameand abandwith,
Network Interfacesdefine how theDevicecan connect to theNetwork(e.g., Ethernet,
WI-FI), andApplication Protocolsspecify the application protocols that can be used:
for instance, HTTP, SOAP, SMTP.

3 Reference example

The MAIS project defines sample domains to test multichannel adaptive applications.
In this section, we present an example in theemergency managementdomain, where
we have to deal with interventions for territorial emergencies due to hydro-geological
events or sanitary emergencies (e.g., due to car accidents). In particular, we consider
thecollection and diffusion of information at fixed stationsto deliver on-line traffic in-
formation to travelers, policemen, firemen, highway operators, and tele-control centers.
This activity implies rapidity of service provisioning and urgency. We assume that pro-
visioning sites are fixed stations spread on wide areas and endowed with small-sized
computing facilities (e.g., PCs). Data collection is managed by operators and users on
the territory via mobile stations, smart phones, GSM, and radio systems. The fixed
stations coordinate the information flow from and to mobile stations, operate data pro-
cessing, such as check and cross analysis of received data, and distribute information
back to reachable mobile users, and also to the other fixed stations.

1 OCL (Object Constraint Language) is the constraint language supplied with UML [14].
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Given the distributed nature of the domain, GSM/SMS and mobile channels play a key
role. The strategy, in this context, is to maximize the availability of information on these
channels and minimize the delay in redistributing collected critical information.

The scenario considers that fixed stations act as coordinators and mobile stations (e.g.,
travelers as well as police cars) collect data on local traffic and forward them to the
closest, and reachable, fixed station. Fixed stations receive these data, check them for
accuracy and timeliness, and process them with weather information and statistical data
available on site.

Considering composede-Services modeled as workflows, whose steps are operations
or e-Services, the composed serviceCollection and diffusion of information at fixed
stationscan be modeled as thecooperationof two services (Figure 3): ane-Service
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to collect data, which is executed on mobile stations, and ane-Service to process and
re-transmit data, which is executed on fixed stations.
Both services are modeled as workflows and includechannel switches. The coopera-
tion between the two services is modeled through message exchange with conditions.
Each service starts executing as soon as it receives astart event. Service requests are
processed within the given context, but if a message is urgent and the current channel is
not available, the workflow schema specifies a channel switch. Urgency (i.e., priority)
is modeled through a condition in the workflow.
We specify explicitly those channel switches that are visible to the user and may involve
a change in the process composition logic. As shown in the example, service/channel
switches can occur basically because of:

1. e-Service characteristics: these are inherent to the workflow, hence statically iden-
tifiable in the design phase. An example is the condition of no close stations avail-
able for data transmission on Internet-based channels. In this case, the service can
be suspended; alternatively, if the message is urgent, it can be simplified and sent
on a different channel (e.g., SMS). It is a design choice to decide the conditions
that can lead to adaptation actions.

2. Channel status: these are parameters that depend on provisioning and can vary over
time. For instance, system workload, speed, bandwidth, and price – ourPQuality-
Dimensionsin Figure 1 – can make thee-Service be deviated on a different channel
during its execution. At design time, we must foresee both important events, to
capture significant changes of the current channel, and the ways to react to these
changes.

Summarizing, besides conditions, the schema for a composed service must be aug-
mented withadaptation rulesto specify how to adjust the execution flow at run-time.
These rules, presented in Section 5, predicate in terms of parameters bound to the qual-
ity of service and available context. Adaptation actions include: suspend, alternatives in
the workflow, channel switch, and request for channel upgrade.

4 QoS specification

The reference example highlights situations in which channel availability influences
process execution. In this paper, we focus on adaptivity related to quality of service
parameters. As described above, we take in account two perspectives:e-Service request
ande-Service provisioning. In the same way we define the quality of service following
such two standpoints. We define a set of basicquality dimensionsthat characterize the
service being provided on a given channel and requests for quality levels in service
requests. Quality of service dimensions are grouped in quality of service parameters
related to the provider (PQualityDimension) and quality of service parameters related
to the provisioning on a given channel by a given provider (CQualityDimension) as
shown in Figure 1.
Consistently to the models presented in Section 2, we can represent such characteristics
using XML:
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<Service name="sendData">
<Provider name="provider1">

...
<PQualityDimensions>

<ProvisioningTime unit="s">10</ProvisioningTime>
<ServiceAvailability hoursperday=24 daysperweek=7>90%</ServiceAvailability>
<Price currency="USD">100</Price>

</PQualityDimensions>
</Provider>

<Channels>
<Channel name="PDA/HTTP/GPRS">

<Device>PDA</Device>
<ApplicationProtocol>HTTP</ApplicationProtocol>
<Network>GPRS</Network>
<NetworkInterface>ModemGPRS</NetworkInterface>
<CQualityDimensions>

<Bandwidth unit="Kbps" min=56.6 max=113.2/>
<ChannelAvailability hoursperday=24 daysperweek=7>99%</ChannelAvailability>
<Price model="flatrate" currency="USD">100</Price>

</CQualityDimensions>
</Channel>

<Channel name="Phone/HTTP/UMTS">
<Device>Phone</Device>
<ApplicationProtocol>HTTP</ApplicationProtocol>
<Network>UMTS</Network>
<NetworkInterface>UMTSModem</NetworkInterface>
<CQualityDimensions>

<Bandwidth unit="Kbps" min=50 max=1024/>
<ChannelAvailability hoursperday=24 daysperweek=7>99%</ChannelAvailability>
<Price model="per minutes" currency="USD">0.30</Price>

</CQualityDimensions>
</Channel>

<Channel name="PDA/WAP/GPRS">
<Device>PDA</Device>
<ApplicationProtocol>WAP</ApplicationProtocol>
<Network>GPRS</Network>
<NetworkInterface>ModemGPRS</NetworkInterface>
<CQualityDimensions>

<Bandwidth unit="Kbps" min=28.3 max=56.6/>
<ChannelAvailability hoursperday=24 daysperweek=7>96%</ChannelAvailability>
<Price model="per minutes" currency="USD">0.30</Price>

</CQualityDimensions>
</Channel>

</Channels>
</Service>

In this case, we consider servicesendData, which sends data to the fixed stations. The
provider assures its provisioning with aProvisioningTime equal to at most 10
seconds,ServiceAvailability equal to 90% 24 hours 7 days a week, and a price
of 100 USD. We also suppose that it can be used through three wireless channels: a
PDA which uses (i) HTTP or (ii) WAP over GPRS and (ii) a SmartPhone which com-
municates via HTTP over UMTS. These three channels provide different performances
and availability degrees described byBandwidth andAvailability .
From a user perspective, the quality of service can be defined as a set ofquality levels
that depend on either the basic quality dimensions presented above or dimensions that
capture the status of the system. In the first case, the actor that uses the service knows the
quality features and is able to negotiate the more appropriate quality level. In the second
case the system informs the actor that some aspects of the system can be observed. For
example, let us consider the following dimensions:
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<QualityLevels>
<Dimension name="Speed">

<Level name="very high">
<Bandwidth>

<Condition type="greaterThan" unit="Kbps">512</Condition>
</Bandwidth>
<ProvisioningTime>

<Condition type="lessThan" unit="s">2</Condition>
</ProvisioningTime>

</Level>
<Level name="high">

<Bandwidth>
<Condition type="between" unit="Kbps">

<min>60</min><max>512</max>
</Condition>

</Bandwidth>
<ProvisioningTime>

<Condition type="between" unit="s">
<min>2</min><max>4</max>

</Condition>
</ProvisioningTime>

</Level>
...

</Dimension>

<Dimension name="Availability">
<Level name="very high">

<ChannelAvailability>
<Condition type="greaterThan" dimension="hourperday">10</Condition>
<Condition type="greaterThan" dimension="dayperweek">6</Condition>
<Condition type="greaterThan" dimension="percent">99</Condition>

</ChannelAvailability>
</Level>

</Dimension>
</QualityLevels>

The actor can negotiate theSpeed andAvailability of the service. Thus, after
the negotiation phase, the actor selects, for eachofferedquality dimension, the required
level. During the execution of the process which involvese-ServicesendData, the ex-
ecution system has to ensure that the quality does not assume a rate lower than the
negotiated level.

5 Adaptation rules

In an adaptive context,e-Service composition has to handle critical situations. Due to
e-Service failures or insufficient quality of service, the execution could consider service
changes or reconfigurations. The first case has already been studied in [9]: We analyze
the functional aspects of thee-Service to discover a similar one that can substitute the
former.E-Service substitutability and similarity are tackled by considering the compat-
ibility classes introduced above.
The second case is analyzed in this paper. Service provisioning still occurs, but using a
different channel, that is, by changing one of its components: device, network, applica-
tion protocol, or network interface. Additionale-Services might be invoked to handle
aspects related to the reconfiguration.
To disclose those critical situations that require service reconfiguration, we suppose that
a system can monitor the execution and reveal any modification about the quality di-
mensions considered during the negotiation phase. Thus, following the event-condition-
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action paradigm [1], we defineadaptation rulesto specify how the service reconfigura-
tion has to occur. Such rules are associated with the workflow schema.
In our reference example, we consider a critical situation that refers to a communication
breakdown due to a service or channel unavailability while the service is sending data
to a fixed station using a SmartPhone over UMTS. In particular, since priority is high, if
the service becomes unavailable, the service itself will must be changed. For instance,
we could select a different service provider: After a negotiation phase, we would decide
a new quality level. On the contrary, if the channel fails, the system can decide to change
the communication channel by selecting a new transmission protocol like GPRS. In our
approach, we define events to notify significant changes on quality dimensions. For
instance:

<Events>
<Event type="ChangeSpeedEvent">

<Conditions>
<Predicate dimension="Speed" condition="lessthan">

<value>high</value>
</Predicate>

</Conditions>
<Actions>

<Action type="changeDevice"/>
<Action type="eventActivation">ChangeDeviceEvent</action>

</Actions>
</Event>

<Event type="ServiceNotAccessibleEvent">
<Conditions>

<Predicate dimension="Availability" condition="true">
</Predicate>

</Conditions>
<Actions>

<Action type="changeChannel"/>
<Action type="eventActivation">ChangeChannelEvent</action>

</Actions>
</Event>

<Event type="ChangeChannelEvent">
<Action type="notification">The channel is changed</action>

</Event>
<Events>

EventServiceNotAccessible occurs when the communication breakdowns. In
such a situation, ifAvailability is true, we impose a channel switch, because we
need to find another means to deliver the service. IfAvailability is false, we must
switch to another service (this is not shown in the rule). The two rules are applied
to an excerpt of our running example in Figure 4 (thee-Service on mobile stations).
ChangeSpeed can be triggered when sending data to the closest fixed station (be-
cause the speed drops down drastically), whileServiceNotAccessible is trig-
gered when we discover that the channel is not available, but we want to send our data
with high priority. To maintain a consistent environment, every service reconfiguration
generates an event to inform all active services and the user about the new status.

6 MAIS Architecture

The e-service composition and selection approach presented in the previous sections
is based on the adaptive architecture that we are developing in the MAIS project. This
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architecture assumes adaptivity at various levels, as shown in Figure 6. As we discussed
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Fig. 5.MAIS architecture

in Section 2, services may be accessed by different types of devices, provided using dif-
ferent technological channels, and networks may present different levels of quality of
service. All information about networks, devices, and service providers is supplied as
Context descriptionused by theContext manager. The architecture is reflective to pro-
vide functionality to access context information, and to control channel configurations,
according to suitable parameters.
The Interaction enabling platformuses theDefinitions of Quality levelsillustrated in
Section 4 to transform quality of service requests at the E-Service composition platform
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into requests in technological terms to theAdaptive channelsused by the application.
Initially, such transformations are to be obtained by mapping application level rules into
technological constraints; negotiation of parameters at different levels in theInteraction
enabling platformwill be considered at later phases in the project.
E-Services are stored in an E-Service directory, representing the characteristics of e-
services in terms of provided functionality and possible channels for their provisioning.
Thee-Service directory provides functionality for retrievinge-Services to enable a dy-
namic composition of processes according to the characteristics of the user requests and
context information. The directory being realized extends thee-Service registry devel-
oped in the VISPO project [4]. This registry storese-Service information in terms of
descriptors derived from WSDL abstract specifications and allows retrieval and adapta-
tion of e-services to a given composition schema on the basis of a domain ontology.

7 Conclusions and future work

The paper analyzes context-aware composition ofe-Services and discusses the MAIS
approach for a flexible and channel-dependent composition of services. We propose to
separate the characteristics ofe-Service provisioning and user contexts, fore-Service
requests, and we propose two separate models to describe them.
We also discussadaptation rulesfor mapping user level requirements into technological
constraints. These rules allow for the composition ofe-Service specifications based on
context information. In this way, we define flexible processes that are able to provide
and access services which are adequate to the context available to the user.
The MAIS project is developing an adaptive approach that addresses both technology
(e.g., networks, devices, micro-databases) and composition and enabling platforms to
manage and control context information and to allow context-aware dynamic composi-
tion.
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