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Abstract

Current service-oriented architecture (SOA) focuses
on service composition for application development,
i.e. application composition, which is perceived as
volatile (i.e. “compose one time and use one time.”).
This paper focuses on service composition information
(i,e.  service dependency) ~management and
dependency-aware service composition for service
development (i.e. service composition). This paper
explores service composition and service dependency
by proposing an extended SOA model, including: 1)
establishing a dependency-aware service-oriented
architecture (DSOA) that specifies dependency-aware
service interactions, i.e. service publication, discovery,
composition and binding, 2) developing an upper
service dependency ontology for non-volatile DSOA
service composition; and 3) demonstrating the
validation of DSOA service composition by
implementing a DSOA service manager.

1. Introduction

Service-Oriented Computing (SOC) is a new
computing paradigm for service users to compose
services for application and service development to
experience the service age via Internet. Conventional
SOC (e.g. service-oriented architecture [1], Web
service description [2, 3] and service management
platforms [4, 5] ) focuses on service composition for
application development (i.e. application composition),
which is based on the following service interactions:
service publication by service providers, service
registry, and service discovery and binding by service
requesters. As a result, the composition information
between services will be lost after the services binding
and execution, i.e. “compose one time and use one
time.”

2007 IEEE International Conference on Web Services (ICWS 2007)
0-7695-2924-0/07 $25.00 © 2007 IEEE

This paper focuses on dependency-aware service
composition for service development (i.e. service
composition) and service composition information (i.e.
service dependency) management. The remainder of
the paper is organized as follows. Section 2 defines
concepts related to the DSOA model. Section 3
presents the motivation example specific to the home
automation domain for addressing dependency-aware
service composition. Section 4 presents DSOA
architecture and an upper service dependency ontology
is designed in Section 5. Section 6 preliminarily
validates DSOA service composition paradigm. The
conclusion and future work are presented in Section 7.

2. Definitions

There are various definitions about service with respect
to different viewpoints[4, 6, 7]. We summarize
characteristics of a service as follows: service is an
action or operation directed by a service actor (e.g. a
provider or requestor). Service is a marketing service
in the sense of applying the marketing process: service
advertisement, service discovery, and service
engagement. Service is developed, deployed and
invoked within a certain technical environment (e.g.
operating systems and component standards). Service
communicates with the environment through its
interfaces, which encapsulate clear specifications of
what the service requires and provides. Service resides
in [P-capable devices; it can be remotely accessed and
invoked via Web-accessible terminals. A service can
be used for application composition and service

composition.
Application composition is an abstract process of
composing service descriptions. The composed

application only becomes concrete at run time [8].
Composed applications do not provide interfaces for
other services. In this sense, a composed application is
volatile and cannot be deployed over Internet, which
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means the composition information between
elementary services will be lost after the application
executes. In contrast, a service composition has the
same process as the application composition, but the
composed service provides interfaces for other services
and applications, which can be deployed over Internet.
The composite service will be stored and registered
with the composition information (i.e. service
dependency) between elementary services for further
service composition. The person who manages the
service composition is called a service composer or
service aggregator.

Service dependency is beyond traditional poor
service description, and directed by various sources,
such as data, resource, procedure control, utilizing
techniques, etc. Dependency-aware service
management stresses on a complete service
description. Elementary service is a service that does
not have service dependency with other services. In
contrast, composite service is composed of elementary
services, which has at least a kind of service
dependency with other services.

DSOA (dependency-aware service-oriented
architecture) is an extended SOA model which not
only specifies conventional SOA service interactions,
but also defines service composition and its associated
interactions in the context of service dependency.

3. Motivation example

For identifying the goal of service composition and
the requirements for designing the DSOA, a service
composition example is presented in this section.
Suppose a service user wants to design a security
notification service by applying the following steps:
1)The service of security notification is needed; 2)The
service of security notification consists of two
elementary services: door open alarming and motion
detection; 3)In the service registry, the two elementary
services are available; 4)The service of security
notification is composed of the two elementary
services with their dependency description; 5)The
service of security notification is stored and registered
back to a service framework, e.g. OSGi [4]; 6)The
service user remotely invokes and executes the service
of security notification by managing its dependency
information.

The security notification service in conventional
application composition is composed of elementary
services of door open alarming and motion detection at
the run-time by the service user. It is volatile after the
service call, i.e. compose once, use one time. In
contrast, as the example states, the service user
registers the security notification service after the
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composition, so that he/she can call the service as
many times as he/she wants, i.e. compose once, use
many times. Section 6 presents a preliminary demo
which implements the given example for validating the
slogan of service composition.

4. Dependency-aware service-oriented

architecture (DSOA)

DSOA is based upon the interactions between four
roles (Figure 1.): service provider, service composer,
service registry, and service requestor. The interactions
involve the service publish, service compose, service
find, and service bind operations. Together, these roles
and operations act upon the Web Services artefacts,
including the Web service and its dependency
description. DSOA enables design and development
services at an architectural level. In DSOA, service
composer maps out the structure of a composite service
by describing the dependency between elementary
services. DSOA service design and development is
independent on the service deployment and execution.
Roles in the DSOA architecture are as follows:

DSOA service provider is the owner of the
elementary services and hosts access to the service.

DSOA service composer is a special service
provider, which partly takes the role of a service
architect in authoring and composing services with the
dependency descriptions of the existing registered
elementary services.

DSOA service requestor is the logical entity (a
person or a program) that requires certain functions to
be satisfied.

DSOA service registry is a searchable registry
center of service descriptions and service dependencies
where service providers and service composers publish
their elementary service and composite services

descriptions and dependencies.
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Figure 1. DSOA architecture
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5. Service dependency ontology

By analyzing the motivation example created in
Section 3 and capturing main concepts with the
bottom-up analysis method, we develop an upper
service dependency ontology (Figure 2).

Terminal
Actor Device
A
Input data Output data
— Service .
Interface Q0S Application

© Technique

Figure 2. DSOA upper service dependency ontology

Actor-directed. Service must be directed by actors.
An actor might be a person, organization, or a software
agent that either seeks Web services or provides Web
services.

Device-deployed. Service must be hosted and
deployed by at least one device. For example, in the
motivation example, the motion detecting service is
hosted by a motion detection device.

Interface-provided. Normally, a service will have
multiple interfaces corresponding to different access
points.

Terminal-accessed. Service must be accessed by at
least one terminal. Terminal examples are a standard
laptop, Personal Digital Assistant, mobile phone, etc.

Data-processing service. Service must require and
produce some types of data as its inputs and outputs.
The type of each data may be a WSDL message type or
an XML Schema simple type.

QoS-constrained service. Service must meet
specified quality requirements to a certain degree.
These quality requirements are so-called QoSs.

Technique-enabled service. Service must apply
techniques or standards in the request and provision of
the service. For example, the end user remotely
requests the security notification service by applying
networks of xDSL or Ethernet.

Application-oriented service. Application utilizes
services and provides various user interfaces to enable
the end user to achieve certain intentions, e.g. a home
control application uses device services to control
home devices, and home automation services to control
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higher-level automation mechanisms such as complex
alarms, dedicated robot presence, etc.

6. Implementation

The preliminary demo (Figure 3) implements a
dependency-aware service manager, which aims to
validate DSOA service composition, i.e. “compose
once, use many times” and dependency-awareness. In a
conventional way, the event of sending a security
notification can be fired by opening door and detecting
motion separately and consequently. In the demo, this
event will be ignited by the composite service of
security notification. The composition information
about the service of security notification includes: the
service of security notification uses door open service
and motion detection service; the service of door open
precedes the service of motion detection. In addition,
the composite service of security notification will be
defined and registered into the service manager for
future use. To sum up, the implementation of DSOA
service manager involves the following techniques:
= The preliminary DSOA service manager bundle

provides a service composer with a platform for

authoring  composite  services,  describing
composition  dependency information, and

registering composite services (Figure 3 (a)).
= Using the OSGi framework [4] for manipulating

(e.g. registry, unregistry) elementary services (e.g.

door open, motion detection) and the DSOA

service manager bundle (Figure 3 (b)).
= Using the Oscar shell makes a service composer

able to interactively and graphically access the

OSGi services, e.g. activate and deactivate. Oscar

is a compliant implementation of the OSGi

framework specification [9] (Figure 3 (b)).
= The DSOA service manager allows a service

composer to create composite services and specify

composition dependency information, and to
activate and deactivate the composite services
based on the availability of elementary services.

=  Complementary UPnP and OSGi Service
framework. The UPnP device architecture
specification and the OSGi Service Platform
provide complementary functionality. The UPnP
device architecture specification is a data
communication protocol that does not specify
where and how programs execute. That choice is
made by the implementations. In contrast, the

OSGi service platform specifies a (managed)

execution point and does not define what protocols

or media are supported. The UPnP specification

and the OSGi specifications are fully
complementary and do not overlap [4].
COMPUTER

SOCIETY



Elementary services:

MailService
DoorService

Ayailable | Defined |

Available composite services:

£ Dscar GUI Shell

Il State

Location

ANEO ADM Framesark Full

10{Installgd
11|Installed

AME0 ADM Test Application
Sarvice Binder

MotionService

Media Control Pages

e - = inti » 13|Installed Wedia Contral Point
= umpusﬂe service description E@El LT T
FEECE fart: SECUHSEvIEE | 18)instalied  |Elestonic mail service B
joperation description |nD“fY security infarmation | 16{Installed Door opening sensor service
dependency description  DoorService MotionService 17|Installed Maotion detection sensor gemice
18]Active Shell Service
Register composite senvice | | Cancel | 1 alActive Tahle Layout
20|Active Shell GUI =
21|Active Shell Plugin
23|Active Bundle Repository
33| Active 0SGi Sarvice
24|Active CO5Gi Util
26| Active HTTF Senvice B
26|Active HTTP Shell bt
| Create composite service: ] I Delete service composition l ‘ Start ” Stop H Update H Refresh H Uninstall ‘

(a) Dependency-aware DSOA service manager
and composite service description interface

(b) Access OSGi services with Oscar shell

Figure 3. DSOA service manager
7.Conclusions and future work
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