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Abstract. At present the grid workflow is a focus topic in the research on grid
technologies, but few approaches are provided for designing and checking the
grid services adaptation in a workflow, especially in a formal way. As a mobile
process algebra, Pi-Calculus is suitable tool for modeling and analyzing distrib-
uted, concurrent and dynamic system, such as grid workflow. Addressing the
protocol level deadlock, a grid service adaptor is proposed with the Pi-Calculus
based Grid Services Deadlock Eliminating algorithm. Through analyzing the
experiment results the algorithm proves to be available and useful for service
adaptation. As a conclusion the future research work is also discussed.

1 Introduction

In the recent years, Grid technologies are getting increasingly popular and have
developed quickly to a degree of maturity. Grid is a distributed environment that
enables flexible, secure, coordinated resource sharing, among dynamic collections of
individuals and institutions. The benefits of embracing Web services on Grid have
been recently realized in the Open Grid Services Architecture [1], which defines a
service-oriented architecture for Grid systems. One of the compelling reasons for the
acceptance of the web service model as the basis of Grid services is their ability to
combine existing services into new ones, i.e. through workflow, in which its partici-
pant is usually a Web service or Grid service and its engine coordinates the execution
order of tasks.

In the studies of grid workflow, some architectures have been provided, such as
GSFL [2], OCGSA [3] and CCA [4]. But a major limitation of these architectures is that
they do not present suitable means for describing and reasoning on the concurrent be-
havior of interacting service oriented systems. Indeed while these platforms provide
convenient ways to describe the service interfaces and service data, they offer a quite
low-level support to describe the concurrent behavior of service. For instance, system
developers would like to determine beforehand whether the inclusion of a third-party
service may introduce a deadlock into the application under development. In order to
rigorously verify properties of system consisting of large numbers of dynamically inter-
acting services, a formal description of the interactive behavior of services is needed.

Our present goal is to make use of a fair amount of work [5][6][7][8] currently
available on the behavioral descriptions of components and web services at the
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protocol level, in order to apply many of such theoretical results to the practical field
of the grid services. In particular, in this paper we show how the grid workflow can be
checked whether two or more grid services are compatible to interoperate or not, and
if not, whether the specification of adaptors that mediate between them can be auto-
matically generated.

2 Protocol Level Grid Services Adaptation

In a grid workflow application, multi grid services have to coordinate to work accord-
ing to certain rules, but all the service compositions are based on the successful mes-
sage exchange between them. Otherwise, the service deadlock will happen. For in-
stance, when a grid service S, sends a message to invoke a synchronous method on

another service §,, S, will block waiting for the method to complete. If S, attempt to
call S, (invoke a callback) while S, is waiting for the original method to complete,

then each party will be waiting for the other. This is a kind of deadlock. The same
situation could occur if a callback handler attempted to call a synchronous method on
its caller.

Protocol level adaptation [13] can be seen as an interoperability adjustment that
deals just with the partial order between the services’ exchanged methods, and the
blocking conditions that rule the availability of the services. Of course it does not
cover all the semantic aspects of services, but it is not weighed down with the heavy
burden of semantic checks. At the protocol level the problems can be more easily
identified and managed, and practical (tool-based) solutions can be proposed to solve
them.

In OGSI [12], although any grid service has the common NotificationSource/
NotificationSink interface, its message sequence order is distinct due to its inherent
behaviors or semantics, which results in the possible protocol mismatching between
interactive grid services. As a solution, we propose a grid service adaptor (also a grid
service instance) to realize the mapping between heterogeneous service protocols and
then to eliminate the possible deadlocks.

3 Grid Services Adaptor

In figure 1, a grid service adaptor is located between two services. It is created by grid
workflow coordinator and responsible for receiving or sending all the required mes-
sages of these two services in a deadlock free way. As a critical component, adaptor
specification plays important role in protocol level grid service adaptation.

In order to describe an adaptor specification, a grid service is re-defined in follow-
ing style:

GridService ServName = {
signature input and output actions
protocol messages sequencing
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The signature interface of a grid service declares a set of input and output actions,
that is, the set of messages sent and received by the service, representing the methods
that the service offers and invokes, the values or exceptions returned, etc. Both input
and output actions may have parameters, representing the data exchanged in the
communication.

Grid Workflow Coordinator

Adaptor

\ Message Flow \

Fig. 1. Grid Services Adaptor

Data Flow

The protocol description of a service consists of sequenced messages, which
reflects the essential aspects of the finite interactive behavior that a service may show
to its environment in part. Compared with CCS[10], CSP[11] or other process algebra
theories, the pi-calculus[9], allowing link names to be sent and received as values, is a
very expressive notation for describing the behavior of grid services in applications
with changing interconnection topology.

As an example, we assume a book borrowing service, Library, has been deployed
in a library web and one student broker service, Student, sends a request for borrow-
ing some book after passing the login authentication. Via Pi-Calculus, the service
specification can be described as following:

GridService Student = {
signature Book _request!() , reply Wanswer) ;

protocol Book _request!().reply 2(answer).0
}
GridService Library = {
signature Lib_ Query (), Ack\(), Confirmation\() ;

protocol Lib _ Query?(). Ack!(). Confirmation!().0
}

where the parameter answer is a data value either representing a confirmation or a
refusal from a borrowing service.

Hence, we represent an adaptor specification by a mapping that establishes a
number of rules relating actions and data of two services. For instance, the mapping
expressing the intended adaptation for the previous example consists of the following
three rules:
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MA ={request () < Query),Ack!();
reply X" Confirmed") <>  Confirmation!();

reply A" Refused") < Refusal ()}

where the messages in the left refer to the Student service, while those in the right re-
fer to the Library service. The intended meaning of the first rule is that whenever the
student outputs a request message, the borrowing service must eventually input one
Query message, and output one Ack message. The rest rules have the similar meaning.

Given a mapping MA and the interaction pattern P and Q of two services, a con-
crete adaptor is generated by means of a fully automated procedure. Intuitively speak-
ing, such an adaptor will be a component-in-the-middle A such that: 1) the parallel
composition PIAIQ will not deadlock, and 2) A will satisfy all the action correspon-
dences and data dependencies specified by MA.

For such goals, the adaptor A is formed by eliminating gradually all the possible
deadlocks that may occur in the evolution of the system.

4 A Pi-Calculus Based Grid Service Deadlock Eliminating
Algorithm (PGSDE)

For removal of grid service deadlocks in a grid workflow, a Pi-Calculus based grid
service deadlock eliminating algorithm is proposed in this section. The description of
the algorithm is as following:

Input: a grid workflow W ;
Output: the complete adaptor specifications;
List all involving grid services of W, the amount of
them is n;
Adaptor A= 0; Dbool isDeadlock = false; int 1=0;
While (n>0){
Select service(i);
List all the messages required by activities;
Perform the service protocol via pi-calculus;
Find its partner services and produce all mappings MA
between them;
while ( isDeadlock) {
Reconstruct and expanded A[i] ;
To check its correctness by theorems
of Pi-calculus;

}
Output the adaptor A[i];
n=n-1; i = i+1;

3

return all the adaptors

In this algorithm, all the adapters among the involved grid services in workflow W
are produced by exhaustively eliminating possible deadlocks.
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5 Performance of PGSDE Algorithm

Up to now, fewer studies on grid service adaptation are performed and less experi-
ment results are reported in literatures. As an optional comparison, we choose web
service composition method, Keyword-based Service Composition Method (KSCM)
[14], to compare with PGSDE algorithm.
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Fig. 2. Performance Comparison among PGSDE, KSCM and none adaptation
We define successful service adaptation rate 0 as performance data. § is defined
as:

S(w)= Succ_Message(n )

1
Total _Message(n ) M

where w is the tested workflow application which is executed by the services num-
bered n, range over 2 to 30 , and messages numbered range over 10 to 300 .
Succ_Message(n) and Total_Message(n) are defined as the number of successful mes-
sage and the total service message required by n services in w.

Figure 2 gives a performance comparison among PGSDE, KSCM and none adapta-
tion in grid workflow applications, which indicates that PGSDE is obviously better
than the other two methods when the number of grid services in a workflow is more
than 10. And we can also conclude that the number of failure requests increases with
the increasing service number in a same workflow.

6 Conclusion

In order to reduce the deadlocks among services when a heterogeneous service is
included, it’s necessary to adapt the protocol interaction between the service and the
existing ones. So a service adaptor in this paper is presented to meet such demands in
concurrent, distributed and dynamic grid environment through eliminating protocol
mismatching between services with a Pi-Calculus based deadlock eliminating
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algorithm (PGSDE). The analysis of PGSDE performance proves the adaptor is avail-
able and effective.

But in real world, such as in e-Commerce or e-Government fields, the service
workflow process is more complicated, which results in more difficulties to describe
and refine it in process modeling. Such complexities are from two basic properties of
grid service: 1) the status of any service is dynamic during its execution, and 2) a
service may play multiple roles in practice. Moreover, as stated in [15], flows in the
future Internet environment can involve more rich semantics. Therefore, addressing
these issues the future work should be extended to establish a flexible and robust
semantics-rich adaptor, such as adaptor reconstruction once it fails to work properly.
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