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ABSTRACT

Web services technologies promise to create new business applications by composing existing services and to
publish these applications as services for further composition. The business logic of applications is described
by abstract processes consisting of tasks which specify the required functionality. Web services provision
refers to assigning concrete Web services to perform the constituent tasks of abstract processes. It describes
a promising scenario where Web services are dynamically chosen and invoked according to their up-to-date
functional and non-functional capabilities. It introduces many challenging problems and has therefore received
much attention. In this article, the authors provide a comprehensive overview of current research efforts. The
authors divide the lifecycle of Web services provision into three steps. service discovery, service selection, and
service contracting. They also distinguish three types of Web services provision according to the functional
relationship between services and tasks. independent provision, cooperative provision and multiple provision.
Following this taxonomy, we investigate existing works in Web services provision, discuss open problems,
and shed some light on potential research directions.
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INTRODUCTION ness processes within and across enterprises.
The reason for this great success achieved in
Web services are rapidly emerging as a new  Web services arena can be boiled down to its
paradigm for developing and deploying busi-  declarative lookup and invocation modes. In
particular, Web services highly rely on some
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communication and interaction, and henceforth
some de-facto standards, such as SOAP, WSDL,
and UDDI (Curbera et al., 2002), are speedily
shaping to accelerate the development of Web
services agenda. Currently, enterprises encap-
sulate their internal business processes as Web
services and publish them into public directories
such as UDDI so that other enterprises can
invoke these business processes through well
defined service interface in their business pro-
cesses. Generally, a business process contains a
number of tasks describing the required business
functionalities. Atruntime, appropriate services
need to be chosen to perform these tasks.

Web services provision refers to assigning
concrete Web services to perform the constitu-
ent tasks of abstract processes. In general, the
lifecycle of service provision consists of three
phases. First, itisnecessary to discover services
that can perform the functionality defined by a
task. Considering the fact that many services
provided by different organizations have the
similar functionality, a large number of services
may be obtained after the discovery phase. How-
ever, these services can be further distinguished
according to their non-functional properties,
that is, quality of service (QoS). Therefore, in
the second phase, the best service is selected
for each task from the candidates according to
their QoS. Finally, the composite service makes
a contract with the selected services regarding
usage requirements both at high business level
and low interface level.

Inthereal applications, however, the above
three basic steps may become more complicated
due to service capability. In particular, there are
three types of relations between services and
tasks from a functional point of view: 1) a task
can be fulfilled by one service and this service
can only perform this task; 2) a task cannot be
fulfilled by one service but can be carried out
by aset of services; 3) aservice can accomplish
multiple tasks in a business process. According
to these relations, we distinguish three types of
provision: independent provision, cooperative
provision and multiple provision.

Even in the same phase of Web services
provision, for example, the service discovery

phase, different provision types will introduce
different research issues. Up to now, a large
variety of research works and industrial progress
havebeen made in these aforementioned arenas.
In this article, we provide a survey to review
these works, including their contributions and
potential improvements.

The rest of the article is organized as fol-
lows. Section 2 introduces amotivating example
for Web services provision. Section 3 provides
a survey on Web services discovery, including
simple services matchmaking, services planning
and process matchmaking. Section 4 presents
the recent advances in QoS-aware service
selection. Section 5 introduces semantic Web
services contracting and heterogeneity media-
tion. Finally, Section 6 discusses some open
problems and concludes the article.

MOTIVATING EXAMPLE

Toillustrate Web services provision and provide
application requirements for the research issues
that we focus on in this survey, we describe here
a classic scenario — travel agency — in which
a customer makes a plan for his trip through
a travel agent.

Suppose Bob wants to plan a trip with his
family to celebrate his birthday. At first, he
and his family come to an agreement that the
scenic spot should be close to mountains and
not be too hot, and they can go there directly
by plane. Then, Bob sends a travel agent these
requirements based on which candidate scenic
spots can be searched. After finding these scenic
spots, the agent contacts a flight company to see
whether enough tickets are available. If not, it
notifies Bob the unfortunate result; otherwise,
it tells Bob to select and confirm one scenic
spot and corresponding flight tickets. As soon
as Bob acknowledges the initial plan, the agent
starts to confirm the expected flight. After that,
it reserves hotel rooms nearby and tickets for
the scenic spot. Finally, Bob is informed of the
plan details including flight tickets, scenic spot
tickets, and hotel rooms.
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