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Abstract-Self-healing in workflow is becoming prominent because
of the increasing software complexity. In order to support robust
workflow execution, in this paper, we propose a self-healing
mechanism to replace the faulty service dynamically. It is based
on our previous research work - Workflow Execution System
(WES). The OWLS2BPEL Mapper in WES is further enhanced
to embed the self-healing mechanism into BPEL workflow by
exploiting Semantic Web service technology. In order to realize
service substitution, business rules is utilized to model the
essential business logic behind the service interface (local
business rules) and the service selection policy of a composite
service (global business rules) in a domain-dependent and
semantic-rich manner. A concrete scenario in PC manufacturing
Collaborative Virtual Enterprise is presented to test our self­
healing capable workflow execution system.
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I. INTRODUCTION

In recent years, the increasing software complexity
becomes the most important challenge facing the IT industry
[1]. Management of such complexity has been far more
beyond the human's capability. As a consequence, the ultimate
and possibly only solution is autonomic computing, which is a
new idea introduced by IBM. Inspired by the autonomic
nervous system of the human body [1], an autonomic
computing system would manage the functioning of computer
applications and systems by themselves with limited direct
human intervention in case of failure, malicious attack, etc.
Self-management is the essence of an autonomic computing
system which includes following properties: self-configuration,
self-optimization, self-healing and self-protection [2].

Although most of the autonomic computing concepts are
still premature, several leading IT vendors such as IBM, HP,
SUN and Microsoft are carrying out research on autonomic
systems. Self-healing concepts are typically part of them. A
self-healing system must be able to perceive that the system is
not operating correctly and make the necessary corrections to
restore itself to normal operation without human intervention.
It denotes the system has the ability to detect, diagnose and
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react to system malfunctions to prevent disruptions. To achieve
self-healing, a system must have knowledge about itself and its
environment, such as current status of its components,
available resources and connections with other systems [1].

Today, increasing number of organizations expose their
business functions as Web Services. As the use of Web
services grows, more and more organizations are choosing
Business Process Execution Language (BPEL) [3] for
modeling business processes within the Service Oriented
Architecture (SOA). In order to support robust workflow
execution, self-healing in workflow is becoming prominent. In
general, self-healing includes faults detection and recovery.
BPEL provides a set of standard faults detection and recovery
mechanisms, such as Fault handler, Compensation handler,
and Event handler which are automatically executed by the
BPEL execution engine. However, these basic recovery
mechanisms are quite simple and do not support sophisticated
recovery actions [4], e.g. service replacement which is a natural
way to resort to when a service is not available at run-time,
given a large amount of services accessible in service-oriented
environment. Thus, we can view the standard recovery
mechanisms provided by BPEL language as static self-healing
strategies which are defined in the workflow design phase.

In this paper, we define the "self-healing workflow" as a
workflow which can be locally recovered from the faults
detected during workflow execution by dynamic Web Service
replacement. Thus, the static BPEL self-healing strategy
defined in design phase is not enough. To this end, we propose
a self-healing enhanced OWLS2BPEL Mapper to replace the
faulty service dynamically to support robust workflow
execution. It embeds the self-healing mechanism into BPEL
workflow based on our previous research work [5] - Workflow
Execution System (WES).

Dynamic Web service replacement during self-healing
procedure relies on service discovery and selection. To provide
information for service discovery, we exploit the Semantic
Web service technology. The inputs and outputs of a service
will be marked with domain ontologies. To facilitate policy
based service selection, the description of each atomic
Semantic Web service is enhanced with local business rules
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which capture the essential business logic behind the service
interface. In addition, each composite service is enhanced with
global business rules which set the selection policy for
alternative service.

We have designed the system architecture which is
described in section III. Currently, we are in the process of
implementing the prototyping system to examine the
effectiveness of our WES with self-healing capability. Detailed
experiment results will be reported later.

The remaining part of this paper is organized as follows.
Section II provides a literature review of related research
works. Section III introduces WES with self-healing capability.
The details of self-healing mechanism are presented in Section
IV. The self-healing procedure in a PC manufacturing scenario
is illustrated in Section V. Finally Section VI concludes the
paper.

II. RELATED WORK

As systems increase in complexity, self-healing systems are
attracting a number of researcher's attention. In order to give
researchers a common basis for defining the scope of self­
healing systems, Philip Koopman proposes taxonomy for
describing the problem space for self-healing systems. The
taxonomy includes four general categories: fault model, system
response, system completeness and design context [8].
Debanjan Ghosh presents a literature review in the field of self­
healing systems and attempts a classification based on
similarities or relationship. He believes the key self-healing
process includes maintenance of the system health, detection of
system failure and system recovery process [9].

Only a few research efforts focus on self-healing in Service
Oriented Architecture (SOA) have been reported. Web
Services - DIAgnosability, Monitoring and Diagnosis (WS­
DIAMOND) [10] is a European research project which aims at
developing a framework for self-healing Web Services and
devising guidelines for designing services in such a way that
they can be easily diagnosed and recovered during their
execution.

Kunal and Amit propose a framework to elevate automatic
computing from infrastructure level to process level to create
Autonomic Web Processes (AWPs) [11]. AWPs are Web
service based processes that support the autonomic computing
properties. The behavior of AWPs is controlled by policies
defined by users. However, they didn't give technical details
about the policy. Our global business rules which determine the
alternative plan during the healing process are conceptually
similar to the AWPs' policies.

In general, there are two approaches to achieve self-healing
in BPEL workflow. One is standard fault detection and
recovery mechanisms defined in the static design phase. The
other is realized by dynamic service replacement during
workflow execution.

In [4], a self-healing plug-in for Ws-BPEL engine is
presented to enhance the ability of a standard engine to provide
process-based recovery actions. In addition to the standard Ws­
BPEL recovery mechanism, the plug-in also supports pre-

processing based Ws-BPEL recovery mechanisms and
extended recovery mechanisms. The extended recovery
mechanism allows the substitution of selected service which
quite similar to ours. However, the execution of this
mechanism is hidden to BPEL engine and is managed by a
specific management model. Our self-healing mechanism is
embedded into BPEL workflow. It is the output of
OWLS2BPEL Mapper and its execution still relies on BPEL
engine. Furthermore, Semantic Web service technology is
exploited in the self-healing process. The alternative service
selection is based on user specified policy.

III. SELF-HEALING CAPABLE WORKFLOW EXECUTION
SYSTEM

Globalization leads to an efficient new business paradigm
generally known as Collaborative Virtual Enterprise (CVE)
which demands flexible service orchestration and robust
workflow execution. As two major service orchestration
strategies, OWL-S [6] and BPEL have their own strength and
deficiencies. To meet the challenge in CVE, in our previous
research, we proposed a WES that takes advantage of the
complementary strengths of these two technologies. On the one
hand, having semantic support, OWL-S is used in dynamic
service discovery and composition at high level. On the other
hand, at the concrete level, industry-based BPEL is exploited in
service execution. The description of each Semantic Web
Service is enhanced with business rules that model the essential
business logic behind the service interface. In order to realize
interoperability in OWL-S and BPEL without loss of semantic
information, we further proposed an OWLS2BPEL Mapper to
facilitate the workflow robustness and support rule evaluation
to increase responsiveness to customers.

Figure 1. Self-healing Capable Workflow Execution System

In this research work, we will propose a self-healing
enhanced OWLS2BPEL Mapper to support robust workflow
execution. Figure 1 shows the architecture of our WES with
self-healing capability. It includes the following components:
Service Composer, Global Rule Editor, Self-healing Enhanced
OWLS2BPEL Mapper, BPEL Execution Engine, Service
Repository and Knowledge Base. We will focus on
introduction of self-healing enhanced OWLS2BPEL Mapper,
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