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Abstract

A composite Web service designed based on abstract
Web services, which define only interfaces, allows an appli-
cation developer to select services required for his applica-
tion only by setting endpoints for the atomic Web services.
In open environment, however, the composite Web service
configured in this manner may fail due to unique behaviors
of the selected services. It is difficult for the designer of
the composite Web service to prevent the failure because he
does not know which services are selected and how they be-
have. On the other hand, the application developer is not
authorized to modify the composite Web service due to the
need to protect intellectual rights. Our solution is Service
Supervision, which monitors and controls execution of com-
posite Web services. Service Supervision makes the follow-
ings possible. 1) An application developer can control the
behavior of a composite Web service by changing the exe-
cution state, even if the he is not authorized to modify the
composite Web services. 2) A control pattern for coordinat-
ing Web services can be applied to various composite Web
services in order to reduce the load imposed by designing
control processes. In order to realize Service Supervision,
we introduce meta-level control of a composite Web service.
Moreover we then use the choreography to define the inter-
action protocols for the controls. The proposed framework
is based on existing standard languages, WS-BPEL and WS-
CDL. Therefore we can exploit existing tools and expertise
of SOA engineers.

1 Introduction

Recently, various organizations have been publishing
their programs or contents as Web services in the open en-

* This work was done while the first author was a Ph.D student at De-
partment of Social Informatics, Kyoto University.

vironment. This makes it possible for anyone to combine
the Web services provided by various organizations.

For example, programs for language processing such
as machine translators and morphological analyzers, and
contents like dictionaries and multilingual corpora are now
available on Language Grid[7] as Web services. More than
30 programs and contents have been collected from various
organizations like companies and research institutes. This
leads to the creation of new composite Web services cre-
ated by fusing the atomic Web services provided by vari-
ous organizations. On the basis of the Web services and
the infrastructure, some technologies have been developed
such as context coordination between machine translation
services[11] and integration with other infrastructure for
natural language processing components[2].

Once many Web services whose interfaces are standard-
ized based on service types become available, a composite
Web service can be defined based on atomic Web service
only whose interfaces are defined (we call them an abstract
atomic/composite Web service). An application developer
can select atomic Web service which is actually invoked (we
call it a concrete atomic Web service) only by setting an
endpoint for each abstract atomic Web service. Hassine et
al. referred to this style of Web service composition as hor-
izontal Web service composition[6]. Horizontal Web ser-
vice composition will become more and more important as
the number of Web services increases and standardization
of Web service interfaces is achieved. The standardization
also makes it possible to improve performance of commu-
nication between Web services based on contexts[8].

However, in open environment, there is a problem which
have not been considered for development of information
systems in one company or companies which work together.
When an application developer performs horizontal Web
service composition, the designer of the abstract compos-
ite Web service cannot know which concrete atomic Web
services are assigned and how they behave. This may cause
runtime failure due to unique behaviors of each concrete

2009 IEEE International Conference on Web Services

978-0-7695-3709-2/09 $25.00 © 2009 IEEE

DOI 10.1109/ICWS.2009.60

238



atomic Web service which is not represented in WSDL doc-
uments defined for the abstract atomic Web service.

On the other hand, the application developer who se-
lects concrete atomic Web services by setting endpoints
may know details of the specification of the atomic concrete
Web services. But he also has difficulty in coordinating the
Web services to suit the behaviors for the following reasons.

No authority to modify composite Web service In the
open environment, the application developer generally
does not belong to the organization that created the
abstract composite Web service that he configures.
Therefore, the application developer may not be
authorized to modify the abstract composite Web
service under terms set to protect the intellectual rights
of the creator of the composite Web service.

Load of adding processes for coordinationEven if the
application developer is authorized to modify a com-
posite Web service, the user has to add processes to
realize coordination. This burden is too heavy for the
application developer.

Our solution is the concept of Web service coordina-
tion; instances of a concrete composite Web service, whose
atomic services are assigned to concrete services, are mon-
itored and controlled from outside the composite Web ser-
vice. This does not demand modification of the original ab-
stract composite Web service. We call this concept “Service
Supervision”. Service Supervision makes the following two
points possible.

First, Service Supervision makes it possible to separate
the control processes needed for coordination from the com-
posite Web service. This allows the application developer to
describe only those processes needed for the coordination
without modifying the composite Web service.

Next, Service Supervision allows an application devel-
oper to create a general control pattern for coordination.
Once created, the control pattern can be used against other
composite Web services. This reduces the load of describ-
ing control processes for coordination.

Some previous works also aim at changing the behavior
of a composite Web service at runtime by extending a stan-
dard language or the execution engine for composite Web
services. Most of the works have adopted the concept of
AOP (Aspect-oriented Programming). Some monitor and
modify messages exchanged between services for service
selection and error handling[9, 1]. Transparent transforma-
tion of a composite Web service has been also tried[10].
AO4BPEL[4] directly adopted AOP and allows us to weave
a process described in BPEL into an existing BPEL process.

But these works have not focused some requirements for
runtime control. First control process should be described
based on the existing standard frameworks. This is because

there are already many tools compliant with some standards
and engineers have learned a lot about the standards. Next
flexibility of control is required for some types of controls.
For example, weaving a process based on AOP does not re-
alize control of execution of a composite Web service, such
as stopping or restarting a process. But no previous work
solved both of these points.

In this paper, we combine the following two approaches
to realize Service Supervision. First we introduce meta-
level control of a composite Web service, which monitors
and changes the state of execution of a composite Web ser-
vice. We can change the behavior of an active instance of
a composite Web service and collect information for coor-
dination through the meta-level control. Moreover, we de-
fine a protocol as choreography in order to control multi-
ple instances of composite Web services. Our framework
allows us to describe control based on existing standards,
WS-BPEL1 and WS-CDL2 and to flexibly control execu-
tion of a composite Web service.

The rest of this paper is organized as follows. In Sec-
tion 2, we explain the features of Web services in the open
environment and the requirements for coordinating Web
services by showing a typical scenario. We then details
the concept of Service Supervision and the implementa-
tion based on the current standard languages, WS-BPEL
and WS-CDL in Section 3. We first describe the coordi-
nation of atomic Web services in the open environment and
meta-level control as the solution and then show how chore-
ography is used for controlling the interaction of composite
Web services. Section 4 discusses the applicability and the
performance of our framework. After introducing related
works in Section 5, we conclude this paper in Section 6.

2 Scenario

In open environment for Web service, such as the Lan-
guage Grid[7], a Web service can be shared by some com-
posite Web service as shown in Fig. 1. For this reason, an
execution of a composite Web service may affect an execu-
tion of other composite Web service. Moreover, bindings
from atomic Web services in a abstract composite Web ser-
vice to concrete atomic Web services are determined based
on requirements of application developer who invokes the
composite Web service from his application. This is the
reason the designer of the composite Web service does not
know which concrete atomic Web services are actually in-
voked and how they behave.

Take the composite Web service in Fig. 2 as an example.
The notation in the figure follows BPMN, a language for

1http://www.ibm.com/developerworks/library/
ws-bpel/

2http://www.w3.org/TR/ws-cdl-10/
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Service Providers
Concrete atomic Web services

Abstract composite Web services
Users

Management (access control, load balancing, etc.)
Composition(set endpoints)

Invocation
Application developer

Figure 1. Web services in open environment.

modeling a business process. Circles at the both ends rep-
resent the start and the completion of the composite Web
service. A rectangle which has a word inside represents an
invocation of other Web service from the composite Web
service. A rectangle with an arrow forming a round shape
represents a block which is iteratively executed. The Web
service invocations in the rectangle are executed while the
given condition is satisfied. To simplify the figure, we omit-
ted the processes of copying variables between input and
output of the Web service, receiving a request, and return-
ing a response from/to the client.

Several standard languages exist for describing compos-
ite Web services, such as WS-BPEL and OWL-S3. We can
also combine Web services by writing programs in lan-
guages such as Java. However, we focus here on composite
Web services as a business process described in these lan-
guages.

split translate merge
Figure 2. An example of a composite Web ser-
vice.

The composite Web service shown in Fig. 2 translates
document using a machine translation Web service. Our
goal is to prevent the translation of an extremely long docu-
ment from exceeding the limit of length set for the original
machine translation Web service. This composite Web ser-
vice first splits the given document into sentences (split ).
Next it translates the sentences by the machine translation
Web service in the loop. Finally, it merges the results of
the machine translation Web service and returns the transla-
tion result of the given document. The execution engine for

3http://www.daml.org/services/owl-s/1.1/

composite Web services creates an instance of the compos-
ite Web service when it is invoked by other Web service or
a client application.

However, in the open environment, the execution of the
document translation composite Web service shown in Fig.
2 may fail due to the runtime environment. One possible
failure is the limit set by the provider of the machine trans-
lation Web service which is assigned to invocation “trans-
late”. Assume that each user group that can access the ma-
chine translation Web service is assigned an ID, and that the
provider of the machine translation Web service limits the
number of invocations that each user group can make. In
this case, the number of invocations can exceed the limit.
Once the number of invocations exceeds the limit, all in-
stances of the document translation composite Web service
invoked by the users in the group fails.

We can solve these problems if we can modify the doc-
ument translation composite Web service. One solution to
the first case is to switch to a different machine translation
Web service when the number of invocations approaches the
limit. When the interfaces are standardized and support all
machine translation Web services, it is simple to switch to
another machine translation Web service just by changing
the endpoint.

To realize this solution, we need to modify the document
translation composite Web service as shown in Fig. 3.

split translate mergecountsetEndpoint
Figure 3. Control by modifying composite
Web service.

The composite Web service shown in Fig. 3 uses an ex-
ternal service which records the number of invocations. Be-
fore invoking the machine translation service, the compos-
ite Web service invokes the external service to increment
the recorded number of invocations (count ). This exter-
nal service returns the number of invocations. When the
number of invocation approaches the threshold, the end-
point of the machine translation Web service is changed
(setEndpoint ). Figure 3 shows the conditional execu-
tion using two rhombuses.setEndpoint between them
is executed only if the number of invocations exceeds the
limit. An endpoint for each service invocation is repre-
sented as a special variable in a composite Web service.
ThereforesetEndpoint is implemented as a copy op-
eration of a literal to the variable.
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3 Service Supervision

In open environment, it is difficult to design the compos-
ite Web service shown in Fig. 3 because the designer does
not know which concrete atomic Web services are assigned
and how they behaves.

In this paper, we introduce meta-level controls of a com-
posite Web service in order to change its behavior with-
out modification of the definition. The meta-level con-
trols make it possible to define a composite Web service
which controls other composite Web service. The interac-
tion between the composite Web service for the controls and
composite Web services to be controlled is defined using a
choreography. Based on the above approaches, we realize
Service Supervision, which monitors and controls execution
of a composite Web service without modifying the compos-
ite Web service.

In this section, we first describe the meta-level controls
of composite Web services. Then we showed the architec-
ture which uses the meta-level controls and choreography
described in standard languages, WS-BPEL and WS-CDL.

3.1 Meta-level Control of Composite Web
Service

In this paper, we introduce meta-level controls of a com-
posite Web service in order to change its behavior without
modification of the definition. Table 1 shows a list of meta-
level functions. The functions are provided by Web APIs.
This is the reason we can define a composite Web service
which controls the behavior of other composite Web ser-
vice. We refer to such composite Web service as a supervi-
sion composite Web service.

For example, we show a supervision composite Web ser-
vice for the document translation composite Web service
in Fig. 4. This supervision composite Web service counts
the number of invocations of the machine translation Web
service and changes the endpoints to another machine trans-
lation Web service when needed.

Before invoking the document translation composite
Web service, the supervision composite Web service is in-
voked. First the supervision composite Web service sets
a breakpoint (setBP ) before the invocation of the ma-
chine translation Web servicetranslate in the document
translation composite Web service. It also sets invocation
of count in the supervision composite Web service as the
callback Web service for the breakpoint.

Next, the supervision composite Web service stops at
count (receive) in the figure waiting for an invoca-
tion from the document translation composite Web service.
When the document translation composite Web service is
invoked and stops before translate according to the break-
point set by the supervision composite Web service,count

split translate merge

setBP incrementcount(receive) setEndpoint
Supervision Composite Web Service

Document Translation Composite Web Service

Meta-levelcontrol Invocation ofcallback Webservice Meta-levelcontrolcount(invoke)
Figure 4. Supervision composite Web ser-
vice.

is invoked as a callback Web service.
The execution of the supervision composite Web service

is then resumed. The supervision composite Web service
increments the recorded number of invocations of the ma-
chine translation service (increment ). The number of
invocations is recorded as a variable in the supervision com-
posite Web service.

If the number of invocations of the machine translation
Web service exceeds the limit, the endpoint of the machine
translation Web service is changed (setEndpoint ). Dif-
ferent from Fig. 3,setEndpoint in Fig. 4 is an invo-
cation of one of the meta-level control functions, which is
provided as a Web service.

The above steps are repeated according to the control
construct for looping until all sentences of the given doc-
ument have been translated.

count (invoke) at the document translation com-
posite Web service is not a step included in the original def-
inition of the document translation composite Web service.
This is virtually realized by the meta-level function that sets
a breakpoint and a callback Web service. Therefore, this in-
vocation is represented by a rectangle with dashed line in
Fig. 4. In the figure, a dashed arrow represents control of
or setting of the state of execution by the meta-level control
functions. A solid arrow is an invocation virtually set by the
meta-level control functions.

The supervision composite Web service shown in Fig. 4
can be applied to various composite Web services that have
some limit on the number of invocations of atomic Web
service. The configurations that depend on the composite
Web service to be controlled are locations of breakpoints
and the location of Web service invocation whose endpoint
should be changed. These configurations can be parameters
of the supervision composite Web services. Therefore, we
can specify the configurations before invocating the super-
vision composite Web service and do not have to embed the
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Table 1. Meta-level control functions.
API Effect

step Execute the next activity in a composite Web service.
stop, resume, terminate Stop/Resume/Terminate execution of a composite Web service.
getVariable, setVariable Get/Set variable defined in a composite Web service.
setEndpoint Set endpoints of an invocation in a composite Web service.
setExecutionPoint Set the activities which is executed next.
setBP Set a breakpoint at an activity in a composite Web service and a callback Web service

invoked when the the execution stops at the breakpoint.

count(receive) count(invoke)
Figure 5. Choreography for definition of con-
trol protocol.

configurations.
This leads to the reuse of a supervision composite Web

service as a general control pattern. Assuming that several
supervision composite Web services are available, all that
application developer has to do is to choose the appropriate
pattern and set its parameters. This reduces the overhead in
describing processes for coordination.

3.2 Choreography for Meta-level Control

Interactions between a supervision composite Web ser-
vice and composite Web services to be controlled often
needs to follow some protocols.

Assume that two instances of the document translation
Web service try to invokecount (invoke) at almost
the same time. The supervision composite Web service
receives the request forcount (receive) that arrives
first and starts to increment the number of invocations. If
the supervision composite Web service receives the request
from another instance while incrementing the number of in-
vocations,count (invoke) fails because the supervi-
sion composite Web service is not waiting for the request at
count (receive) .

To solve this problem, we introduce choreography,
which defines the protocol of interactions between a super-
vision composite Web service and the composite Web ser-
vice being controlled. We adopt WS-CDL (Web Service
Choreography Description Language), a standard language
for choreography of Web services.

We show an example of choreography in Fig. 5, which
defines the supervision composite Web service and the doc-
ument translation composite Web service shown in Fig. 4.

Figure 5 also follows the notation of BPMN, but a rectan-
cle which has a word inside represents an interaction be-

tween the supervision composite Web service and document
translation composite Web service.

This protocol ensures that the execution ofcount
(receive) in the supervision composite Web service and
count (invoke) in the document translation composite
Web service are processed in this order. This prevent one in-
stance of the document translation composite Web service
from invoking count (invoke) while the supervision
composite Web service is executing increment at the request
of count from another instance.

The choreography shown in Fig. 5 can be applied to any
composite Web services that have some limit on the number
of invocations with the supervision composite Web service
shown in Fig. 4. Therefore we can reuse choreographies for
typical controls.

The process for executing a supervision composite Web
service and composite Web service to be controlled as de-
fined by the given choreography is as follows.

After a supervision composite Web service and the com-
posite Web service to be controlled are invoked, all interac-
tions among the composite Web services and Web services
invoked by them are monitored, and checked if the sequence
of the interactions is accepted by the given choreography. If
the choreography does not accept the sequence, we change
the order of the interactions.

To realize the above, we implemented the architecture
shown in Fig. 6. The architecture shown in Fig. 6 consists
of two parts: Composite Web service execution engine and
protocol control engine. When the composite Web service
execution engine receives a request for invoking a compos-
ite Web service, the engine creates an instance of the re-
quested service.

The supervision composite Web service and the compos-
ite Web service to be controlled interact with each other
at breakpoints and callback Web services set by the super-
vision composite Web service via meta-level control func-
tions.

The supervision coordinator in the protocol control en-
gine monitors all the interactions defined in the given chore-
ography. To process the interactions according to the chore-
ography, the supervision coordinator performs the follow-
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SupervisionCoordinator
Composite Web Service to be Controlled Supervision Composite Web ServiceClientApplication Composite Web ServiceExecution Engin

Interaction Control Engine
Choreography(WS-CDL)

Monitor/Control
Interaction ControlRequest Meta-levelcontrol

Web serviceinvocation
Figure 6. The implemented architecture.

ing steps when it observes that an interaction is going to
occur: 1) Before the interaction is processed, put the infor-
mation of the interaction into a queue which records the set
of information of interactions. 2) Check the queue and pro-
cess the interactions in the queue acceptable by the given
choreography. 3) Remove the information of the interac-
tions that have been processed from the queue.

If any sequence that consists of interactions in the queue
is not accepted by the given choreography, execution of
both the supervision composite Web service and the com-
posite Web service to be controlled are halted and the con-
trol based on the choreography fails.

We extended one interpreter of WS-BPEL, ActiveBPEL4

to implement meta-level control functions on the compos-
ite Web service execution engine. We also modified one
interpreter of WS-CDL, pi4soa5 to implement the protocol
control engine.

4 Experiments

In this section, we show examples of applying Service
Supervision in order to discuss its applicability and the per-
formance. We then consider some of the features of Service
Supervision.

We take the document translation composite Web service
as an example and apply the following two controls.

• Assume the provider of the machine translation Web
service limits the total number of invocations within
some period. When the number of invocations exceeds
the limit, change the endpoint of the machine transla-
tion Web service to select another machine translation
Web service. (Control 1)

• Assume the provider of the machine translation Web
service limits the number of concurrent accesses.
When the number of concurrent accesses exceeds the

4http://www.activevos.com/
community-open-source.php

5http://pi4soa.sourceforge.net/

limit, change the endpoint to select another machine
translation Web service. When the number of concur-
rent accesses falls under the limit, change the endpoint
back to that of the initial service. (Control 2)

To implement Control 1, we used composite Web ser-
vices shown in Fig. 4 and the choreography shown in Fig.
5.

To implement Control 2, we designed a supervision com-
posite Web service that records the number of concurrent
accesses to the machine translation service. This supervi-
sion composite Web service sets breakpoints before and af-
ter the invocation of the machine translation Web service
in the document translation composite Web service. The
callback Web services set for the breakpoints invoke the su-
pervision composite Web service.

The supervision composite Web service waits for the in-
vocation of the two kinds of callback Web services set be-
fore and after invocation of the machine translation Web
service. It increments the recorded number of concurrent
access at the first invocation, and then decrements the num-
ber at the second invocation. The choreography is similar to
one shown in Fig. 5, but it selectively processes one of the
two interactions that occur before or after invoking machine
translation Web service.

First we inspected the execution time of the document
translation composite Web service for each control in or-
der to show that our method is practical. The input to the
document translation composite Web service is a document
consisting of 5 Japanese sentences to be translated into En-
glish. The limits placed on the total number of invocations
and the concurrent access number limit are both 3.

Figure 7 shows the results. In this experiment, we
compared the execution time of the control based on our
framework, Service Supervision, with the execution time of
the equivalent control realized by modifying the document
translation composite Web service like Fig. 3. We executed
multiple instances for each case. The time shown in the
figure represents the average per instance of 10 trials.

5006007008009001000110012001300140015001600

1 2 3 4 5 6 7 5006007008009001000110012001300140015001600

1 2 3 4 5 6Execu
tion ti
me(m
s)

Number of Instances

Control １１１１

No controlService Supervision Modifying ServiceNumber of Instances

Control 2

Figure 7. Comparison of execution time.
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The result shows that Service Supervision yields faster
control than modifying the composite Web service in the
case of 1–3 instances. This is because the invocation of
count defined in the modified composite Web service
takes longer than the access to information of other com-
posite Web service via the meta-level control functions.

In the case of more instances, modifying the composite
Web service yields faster control than Service Supervision.
This is because the queue of the interactions which are not
processed tends to have relatively many interactions and it
takes time to check if the interactions can be processed or
not by the WS-CDL interpreter.

The above result shows that Service Supervision pro-
posed in this paper has disadvantage in scalability of num-
ber of instances compared to the existing framework. How-
ever, the decline of the performance is not serious in case
that the number of active instances is small.

Next we compared the control complexity of supervision
composite Web services to that of modified composite Web
services in order to assess the cost of applying Service Su-
pervision. We used the number of activities (atomic process
step in a composite Web service including service invoca-
tion, copying variables, and interactions with other compos-
ite Web service) and containers of control constructs, and
maximum depth of nested structures as metrics. To choose
the metrics, we consulted a previous work on business pro-
cesses that addressed such metrics[5].

Table 2 shows the complexity comparison results. For
the supervision composite Web services, the sum of the
numbers of activities and containers in the supervision com-
posite Web services and the document translation compos-
ite Web service to be controlled in brackets because they are
used together.

When using Service Supervision, the sum of the number
of activities and containers exceeds that of the document
translation composite Web service modified to realize the
same controls. One reason for this is that the supervision
composite Web services have activities for interacting with
the client and the composite Web service to be controlled.
Another reason is that some of the processes that require
a control construct are separated into the supervision com-
posite service and the composite Web service to be con-
trolled. However, the difference is not significant because
the difference in numbers of activities and containers does
not increase with the complexity of the supervision com-
posite Web service and composite Web services.

5 Related Works

Several researches have tried to change behaviors of a
composite Web service without modifying the composite
Web service. Most of the works have adopted the con-
cept of AOP (Aspect-oriented Programming). Mosincat et

al. proposed a method for dynamic service selection and
error recovery[10]. Their method transforms a BPEL pro-
cess transparently to both the designer of the BPEL pro-
cess and the execution engine. Moser et al. addressed
that BPEL lacks functionalities for dynamic adaptation and
monitoring[9]. They proposed a method for dynamic ser-
vice selection and managing QoS information by intercept-
ing SOAP messages. Dynamo[1] is also based on the con-
cept of AOP. It monitors the messages exchanged between
a BPEL process and external Web services and checks if the
messages satisfy constraints.

The works mentioned above introduce their own lan-
guages or non-standard languages for defining the controls
of composite Web services. However, there are already
many systems which are working based on the current stan-
dard specifications. This may be a problem when we adopt
the methods proposed in the previous works. Our frame-
work proposed in this paper uses standard languages such
as WS-BPEL and WS-CDL. Therefore we can exploit the
existing tools like GUI editors and expertise of SOA engi-
neers. On the other hand, our work requires modification
of execution engine. This can be a disadvantage over the
approach[10] to the execution engine.

AO4BPEL[4] also introduced AOP into BPEL. It allows
the composite service designer to insert any process be-
fore/after an activity specified as a pointcut. Inserted pro-
cesses are also described in BPEL.

This work allows us to define controls as BPEL pro-
cesses. But it only adds a process into an existing BPEL
process and cannot realize some controls such as stop-
ping/restarting execution of a composite Web service which
the meta-level control can perform.

Adaptive Workflow[12] focuses on workflows which are
mainly executed by humans. It aims to adapt to unexpected
exceptions and changes in the environment. Some previous
works adopt case-based reasoning, rule-based systems, and
planning to realize the adaptation [13, 3].

They focused on a method which realizes a feedback for
execution of workflows by inspecting the result of com-
ponents or modifying the workflows. On the other hand,
our work provides a flexible runtime control framework for
composite Web services. Therefore we can implement the
previous works on our framework to solve a certain runtime
problems.

6 Conclusion

In open environment, it is difficult for the designer of
a composite Web service to know which atomic Web ser-
vices are assigned for his composite Web service and how
the services behave. This often causes runtime failure of the
composite Web service due to the unique behavior of atomic
Web services. However, the application developer who as-
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Table 2. Complexity of composite Web services.
# of activities # of containers max depth of nest

No control 9 2 2
Service Supervision (Control 1) 8 (17) 5 (7) 4
Modifying service (Control 1) 12 5 4
Service Supervision (Control 2) 10 (19) 6 (8) 5
Modifying service (Control 2) 15 7 5

signs atomic Web services and uses the composite Web ser-
vice are generally not authorized to modify the composite
Web service. Moreover the overhead of adding processes
required for coordinating Web services can be too heavy for
them.

This paper proposed Service Supervision, which moni-
tors and controls execution of a composite Web service in
order to coordinate Web services in the open environment.

The contributions of our work are as follows:

• We made it possible for application developers to
change the behavior of a composite Web service with-
out modifying the composite Web service by using
meta-level control.

• We reduced the overhead of describing processes for
coordinating elemental Web services in the open envi-
ronment by allowing users to apply control patterns for
coordination to various composite Web services.

The proposed architecture for Service Supervision is im-
plemented on the existing frameworks such as WS-BPEL
and WS-CDL. This allows us to exploit existing tools and
expertise for designing or operating composite Web ser-
vices.

In future work, we will extend our framework and co-
ordinate composite Web services based on the policies of
various stakeholders such as users and service providers.
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