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ABSTRACT

Many applications, and especially the ones implementing multi-
user collaborative environments, fall within the context of soft
real time systems in which only small deviations from timing
constraints are allowed. Furthermore, there is a growing trend that
such applications are deployed in Service Oriented Infrastructures
(SOIs), so as to take advantage of the capabilities that SOIs
provide. In such an environment, the aforementioned applications
are divided into multiple services within workflows. The dynamic
nature of SOIls and their inability to adjust to the ever-changing
resource availability and user demand poses an extra burden as
workflow systems try to carry out more complex and mission-
critical applications. In that frame, we discuss the work that has
been carried out in the area of workflow management - developed
to serve the needs of applications deployed in distributed
environments, along with their limitations and potentials. Based
on that, we present the research effort of the IRMOS EU-funded
Project which advances the field of research in workflow
management in order to support interactive real time applications
on SOIs.

Categories and Subject Descriptors
D.2.11 [Software Engineering]: Software Architectures, D.2.2:
Design Tools and Techniques, D.2.9 Management.

General Terms
Design, Management

Keywords
Workflow Management, Real Time, QoS, Service Oriented
Architecture, Event-driven, Advance Reservation, Multimedia.
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1. INTRODUCTION

Since workflow is a wide concept in technology, the terminology
regarding workflows that is used afterwards in this paper is
defined. Workflow Management Coalition (WfMC) provides the
following general definition [1]: “Workflow is the automation of
a business process, in whole or part, during which documents,
information or tasks are passed from one participant to another for
action, according to a set of procedural rules”.

Service Oriented Architecture (SOA) [2] is an architectural style
that emphasizes implementation of components as modular
services that can be discovered and used by clients.
Infrastructures based on the SOA paradigm are called Service
Oriented Infrastructures (SOIs).

Managing the application workflow operations within a SOI
requires the orchestration of the distributed resources [3]. In that
frame, workflow is an important factor for application
composition promoting inter-organizational collaborations by
integrating the teams involved in managing of different parts of a
workflow. Besides, literature [4] describes additional advantages
of the workflow management such as the utilization of resources
to increase throughput or reduce execution costs and the ability to
build dynamic applications which orchestrate these resources.

Many applications rich in multimedia content are deployed in
such infrastructures benefiting from the aforementioned
advantages. These have strict timing requirements and can be
classified as real time systems [5]. A real time system is one in
which its correctness is defined not only by its final result but also
by the time that this is produced [6]. When any deviation from the
timing constraints is detrimental for the system then it is
considered as a hard real time system. In cases where some
deviations from the timing requirements are acceptable, as long as
these are few in occurrence and within some predefined
boundaries then the system can be considered as soft real time.
Traditional workflow management systems are not suitable for
soft real time applications, as they do not provide the capabilities
needed.

An infrastructure following the SOA principles is the service-
oriented Grid. Grid computing [7] is increasingly considered as an
infrastructure able to provide distributed and heterogeneous
resources in order to deliver computational power to resource
demanding applications in a transparent way [8], [9]. Built on
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pervasive internet standards, Grids allow organizations to share
computing and information resources across department and
organizational boundaries in a secure and highly efficient manner.
Grids support the sharing, interconnection and use of diverse
resources, integrated in the framework of a dynamic computing
system.

In Grid environments, workflow can be defined as the
orchestration of a set of activities to accomplish a complicated
goal including application processes, business processes, and
infrastructure processes [10]. Workflow is an architecturally
important factor for dynamic interoperability and adaptation to
different business models, which can be addressed as workflow
policies, and deployment contexts.

A Workflow Model / Specification is used to define a workflow
both in task and structure level. There are two types of workflows,
namely Abstract and Concrete [11], [12] while concrete
workflows are also referred to as executable workflows in some
literature [13] . In an abstract model, the tasks are described in an
abstract form without referring to specific resources for task
execution since it provides the ability to the users to define
workflows in a flexible way, isolating execution details.
Furthermore, an abstract model provides only service semantic
information on how the workflow has been composed and
therefore the sharing of workflow descriptions between users is
feasible, which is of major importance for the participants of
Virtual Organizations (VOs)[8].

In the concrete model, the tasks of the workflow are bound to
specific resources and therefore this model provides service
semantic and execution information on how the workflow has
been composed both for the service instances and for the overall
composition (e.g. dataflow bindings, control flow structures). In
correspondence with the abstract model and the relationship to the
VOs, the tasks included in a concrete model may also refer to data
movement requests in order to publish newly derived data into
VO [12]. There has to be mentioned that the service instances do
not necessarily correspond to resources since within a resource
more than one service instances may be available and executable.

A workflow mapping mechanism is an integral part of the QoS
provisioning, and especially end-to-end timing requirements,
since this is the only way to estimate, calculate and conclude to
the mapping of workflows and the selection of the available
service types and instances in order to deliver an overall quality
of service across a federation of providers. It is also very
important that the workflow mechanism is aware of events that
are possible to occur and can react in accordance. This can help
meet the time requirements of the workflow even in cases where
individual tasks fail to meet their deadlines or additional
requirements are imposed “on the fly”. The mechanism needs to
be able to produce a new concrete workflow taking into
consideration new requirements per task and do so in a short time
after an event is raised.

In this paper we describe the barriers of workflow management
systems in SOIs to address the real-time needs of applications rich
in multimedia content; and we present an innovative event-driven
approach to overcome the aforementioned issue. This approach is
part of the research effort in the framework of the IRMOS EU-
funded project in the area of workflow management.

The remainder of the paper is structured as follows. Section 2
presents related work in the field of workflow management in

Service Oriented Infrastructures. Section 3 presents the
mechanism that is going to be used within IRMOS to tackle the
identified problems in various workflow management systems
thus far, while Section 4 concludes the paper.

2. WORKFLOW MANAGEMENT IN SOIs

The following sections present the work done in the field of
workflow management in Service Oriented Infrastructures. The
limitation of the presented approaches will be addressed within
the framework of IRMOS project [14].

2.1 Workflow Enactment

A very interesting and well documented survey is found in [15],
indicating the characteristics of some of the major players in
workflow management systems worldwide. One of the most
interesting among them is GrADS [16]. It is based on the Globus
Toolkit, one of the most prevalent Grid middleware, and it aims
specifically at applications with large computational and
communication load. It supports a Directed Acyclic Graph (DAG)
approach for workflows which means that dependencies between
tasks are analyzed and their parallelization can be performed for
enhanced scheduling purposes. It also supports QoS constraints
through estimating the application execution time. This estimation
is performed through analytical modeling and historical data.
Furthermore it is based on a centralized architecture with both
global and local decision making policies, a prediction based
planning scheme and a task level rescheduling for fault tolerance
purposes.

Another worth to mention implementation is that of Askalon
project [17], where attention is given to performance oriented
applications and is based on the Globus Toolkit too. Performance
estimation is also attempted within this project and a positive
feature is the decentralized architecture, but with a global decision
making mechanism. In ICENI [18], another GT oriented
implementation with a computationally intensive scope, the
estimation is less efficient than the previous ones but it has a more
market driven approach, with a global decision making policy and
a centralized architectural scheme. In all of the above cases a very
positive feature is that the workflow composition system can be
extended by the user.

UNICORE [19] is an approach which is becoming quite popular
lately, mainly due to its extremely robust nature. It is mostly
based on internal components rather than already circulating
solutions for Grid integration and it comes with a number of
disadvantages such as concrete workflow models. In a concrete
model the user specifies which part of the workflow must be
executed in a specific resource. This feature not only limits
scheduling performance, as in the case when many users want to
access a single resource while others are idle, but also is quite
risky in dynamic environments where resources come and go
unexpectedly. Nevertheless, one popular characteristic of
UNICORE is that many of its mechanisms such as decision
making, planning policy and strategy are designed in order to be
extensible by the user.

The workflow management service within the GRIDCC project
[20] is tasked with optimizing the workflows and ensuring that
they meet the pre-defined QoS requirements specified upon them.
The project aims at utilizing instruments through Grid
infrastructures. It also focuses on Web Services and SOA and
implements a partner language to use with BPEL4AWS. Instead of



defining a new language for workflows with QoS requirements, or
embedding QoS requirements within a language such as
BPEL4WS, GRIDCC uses a standard BPEL4WS document along
with a second document which points to elements within the
BPEL4WS document and annotates this with QoS requirements.
This allows to take advantage of standard BPEL4WS tooling for
execution and manipulation as well as to provide QoS
requirements. XPath notation to reference elements is used within
the BPEL4WS document; therefore, this approach can be easily
adapted to other (workflow) languages based on XML. The end-
to-end workflow pipeline takes a user’s design and implements it
within the Grid, through reservation services and performance
repository. Workflows are defined through a web based editor
which allows the augmentation of QoS requirements by defining
the user’s expectations for the execution. The WIMS (Workflow
Management Service) provides a mechanism for building QoS on
top of an existing commodity, based on BPEL4WS engine, thus
allowing the provision of a level of QoS through resource
selection from a priori information together with the use of
advanced reservation.

In [21] a QoS-aware Grid Workflow Language (QoWL), subset of
Business Process Execution Language (BPEL) with QoS
extensions and QoS-aware Grid Workflow Engine (QWE) is
presented. Users may specify different QoS constraints addressing
the overall workflow or individual workflow tasks. QWE
comprises of a workflow planning component, which performs
QoS negotiation and service selection, and a workflow execution
component which executes the workflow by invoking the selected
services. Based on the specified QoS constraints, the QWE
negotiates with multiple candidate Grid services to select
appropriate services which satisfy the specified QoS constraints.
Performance prediction for QoS-aware VGE services is based on
application-specific performance models which depend on
metadata about the input data (e.g. matrix size) supplied by the
client during QoS negotiation. VGE services rely on a generic
QoS module which usually comprises of an application-specific
performance model, a pricing model, a compute resource manager
that supports advance reservation and a QoS manager. VGE relies
on standard Web Services technologies such as WSDL, SOAP,
WS-Security, Tomcat and Axis. VGE services enclose native
HPC applications, usually parallel MPI codes running on a
cluster, and expose their functionality via a set of common
operations for job execution, job monitoring, data staging and
error recovery. One limiting factor is the dependency upon
application nature.

2.2 Scheduling

Relevant work in workflow management systems includes [21].
The authors of the specific paper investigate the effect of resource
reservation on external applications as well as on local jobs, and
introduce the design of efficient task scheduling algorithms
considering the tolerance of local jobs to resource reservation. A
new performance metric is proposed, the relative slowdown, to
quantify the performance impact of resource reservation. The
local job process is modeled with an M/G/1 queuing system and
the effect of system parameters on relative slowdown is analyzed.
They investigate both first-come-first-serve (FCFS) and round-
robin (RR) queuing disciplines. Efficient algorithms are designed
and implemented considering local jobs’ tolerance to reservation.
A user-level soft real time CPU scheduler, DSRT, is updated to
enable resource reservation in a general computing platform.

They also define a new metric, the relative slowdown of local
jobs on a resource for a given reservation which is the ratio of the
average waiting time with reservation and the average waiting
time without reservation. DSRT is the implementation of the CPU
server of QualMan middleware. A major component of DSRT is
the resource scheduler, named the dispatcher. A priority
scheduling mechanism is applied to differentiate the processing of
real-time (RT) processes and time-sharing (TS) processes. The
dispatcher runs at the highest fixed-priority.

Paper [22] presents the concept of Manufacturing Grid (MG) as
the application of Grid technology. It follows the Open Grid
Service Architecture (OGSA) as the system framework, and
Globus Toolkit 3.0 (GT3) as the developing toolkit. A QoS-based
Global Process Planning (GPP) and scheduling schema
(Manufacturing Grid Resource Scheduling, MGRS) is presented
and the corresponding module is implemented with the functions
of GPP analyzing, resource discovery, AHP (Analytic Hierarchy
Process)-based resource selection and fault-tolerant handling (re-
scheduling). The goal of the schema is to be the supplement of the
application Grid in manufacturing with better QoS performance,
such as higher user satisfaction, product quality and service, as
well as the lower failure rate, time-to-market, cost, etc. Its main
features are:

e GPP Analyzing: Refers to analyzing the submitted task, and
decomposing the complicated target task into a few serial or
parallel simple, basic manufacturing subtasks, according to
its QoS properties

e Resource Selection: Once the list of possible resources is
known, MGRS will select a resource that is expected to meet
the requirements mostly. In order to fulfil the restrictions, it
has to gather dynamic information about resource
accessibility, machining precision, machining capability, and
resource status, etc

e Fault-tolerant Handling: This is also called re-scheduling.
Manufacturing Grid is inherently a dynamic system where
environmental conditions are subjected to unpredictable
changes as: resource or network failures, system
performance degradation, variations in the cost of resources,
etc. Fault-tolerant handling is the efficient way to guarantee
that the submitted tasks are completed and that the user’s
requirements are met.

AHP is particularly useful for evaluating complex multi-attribute

alternatives involving subjective criteria. The essential steps in the

application of AHP are the following:

1. Decomposing in a hierarchical manner, a general decision
problem into sub-problems that can be easily comprehended
and evaluated,

2. Determining the priorities of the elements at each level of the
decision hierarchy, and

3. Synthesizing the priorities to determine the overall priorities
of the decision alternatives

The most limiting feature is the use of UDDI registry for resource

discovery. UDDI is generally static and lacks monitoring abilities.

Moreover GT3 is considered obsolete, as the current working

edition is version 4.

In the Phosphorus project [23], a number of scheduling algorithms
are proposed in the context of fairness of resource assignment
between users and their tasks. An interesting scheme is the fact
that Phosphorus takes into consideration the time for completion



and the deadline, in order to meet QoS requirements. Phosphorus
also deals task workloads, which are either known or not known a
priori, and advance reservation. The MetaScheduling Service
(MSS) developed by the specific project can tackle complicated
workflows allowing the end-user to execute the individual
components of his application using the most appropriate
resources available. MSS is able to orchestrate resources of
different sites belonging to different administrative domains,
while it is also responsible for the negotiation of agreements on
resource usage with the individual local resource management
systems. The main dependency of this implementation is the use
of the UNICORE middleware.

2.3 Fault Detection and Recovery

In a highly dynamic and heterogeneous SOI geographically and
organizationally  dispersed, heterogeneous resources are
incorporated such as computing systems and software, storage
systems, instruments, scientific equipment, specialized hardware,
communication systems, data sources as well as human
collaborators. In such a heterogeneous environment changes are
numerous, highly variable and with unpredictable effects. These
changes can lead to failure for various reasons: non-availability of
required services or software components, overloaded resource
conditions, memory shortage, and network fabric failures. For
these reasons, workflow management in SOIs, in general, and
especially those supporting workflows execution with real-time
applications, as in the case of IRMOS platform, should be able to
detect and manage failures in order to ensure reliable support of
the execution environment.

Workflow failure handling techniques can be divided into two
different levels: task-level and workflow-level [25]. Whereas
task-level techniques are concerned with masking the effects the
failures of the services impose on the entire workflow, workflow-
level techniques are focused on the manipulation of the workflow
structure in order to deal with erroneous conditions.

The goal of ASKALON [26] is to simplify the development and
optimization of Grid workflow applications. The Enactment
Service is the central service of the ASKALON middleware
responsible for executing a workflow application. The Enactment
Service provides fault tolerance for the middleware. It does so in
three different levels: Activity level, Control Flow Level and
Workflow Level. For the activity level, retry and replication
methods are wused. For control flow level, light-weight
checkpointing and migration are used. With this method, the
workflow state and URL references to intermediate data are saved
and can be recovered in case of a failure. This is very fast, but
poses the disadvantage that the intermediate data are stored on
possibly unsecured file systems. For the workflow-level fault
tolerance the methods of alternative task, redundancy and
checkpointing are used. The last differs from light-weight
checkpointing in that it stores backup copies of intermediate data
into a database and execution can be restored and resumed at any
time from any Grid location. This method posses the disadvantage
of increased overhead.

In Akogrimo [27] once the execution of a business service has
started, it is managed and monitored in order to achieve
continuous conformance to the contractual terms of SLAs. In case
of execution failure or failure to meet the SLA criteria and
depending on the explicit type of failure, EMS is able to
reallocate the execution. In order to detect possible failures and

maintain the state of the execution between possible reallocations,
a fault-detection in conjunction with a recovery scheme is being
used. The EMS establishes a WS-Notification mechanism with
the business services in order to receive notification messages
every time a property of the business resource changes its value.
Resource properties provide to the EMS a view on the current
state of the resource. Every time the EMS receives a notification
message it stores the new value of the resource property. If a
failure occurs during the execution of the business service and the
creation of new business resource is needed (either on the same or
different location), the EMS will set the resource properties to the
last known ones before the failure occurs. This approach makes
use of the WS-Resource specification in order to maintain the
state of the business resources.

3. ADVANCEMENTS IN IRMOS

The IRMOS platform will enable a Service Oriented
Infrastructure to be used by applications that need real-time
assurances. The platform will be built around the concept of
events. Should a new request arrive this will be propagated to a
new mapping mechanism in which high level user requirements
(e.g. frames per second) will be translated into low level
requirements (e.g. CPU cycles). Additionally an abstract user
defined workflow will be automatically transformed into a
platform specific workflow which takes into consideration the
QoS requirements the user has defined. These will be fed into a
novel advanced reservation scheme with the ability to provide
strong QoS guarantees while at the same time promoting
maximum utilization of the resources. The proposed algorithm
will estimate the QoS level prior to any additional reservation
which will allow for QoS provisioning. The constraints that the
user will impose will be related to the workflow as a whole and
not per service. The algorithm will be applicable to single-service,
sequential and non-sequential workflows. The constraints will
also be able to have weights thus giving the user the ability to
express their relevant importance. The algorithm will also be
flexible in terms of start time. When advance reservation has
determined the appropriate resources for the workflow an SLA
negotiator will be initiated in order for the creation and signing of
SLAs to take place.

Major effort will be put in the Fault Detection and Recovery
mechanisms of the platform. This will be event—oriented. The
user will be able to define events and sets of actions that follow
the events defined as well as predefined (or global) events. Should
an event, such as unexpected progress, delay, or SLA violation
occur, the completion of a workflow according to initial timing
requirements may require a rescheduling in response to it. When
adaptation is necessary, a set of potential alternatives is generated,
with the objective of changing a workflow as it continues to meet
initial requirements. For each alternative, prior to actually
carrying out the adaptation in a running workflow, it is necessary
to estimate its impact on the workflow as a whole. The latter is
achieved by not only selecting the optimum service instances
within a given workflow but also by characterizing the not-
selected instances in order to have a-priori knowledge if they are
needed in a rescheduling workflow process. Each time a change is
completed in a workflow, the new timing requirements are re-
estimated in order to meet the user constraints. As an example, if
the event of an SLA violation occurs the platform will be
responsible to automatically take steps to mitigate the effects of



such a violation for the rest of the workflow. In essence a new
SLA will have to be renegotiated taking into consideration the
delay that has already occurred and rescheduling the remaining
tasks in such a way that the deadline of the entire workflow is
met. This will also trigger a process to reschedule the entire
workflow.
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Figure 1. The event-oriented IRMOS approach

In the above figure a simplified version of the IRMOS approach is
depicted, containing the most important components. The user can
start, pause or stop the execution of a workflow through the
workflow enactor, who is responsible of communicating with the
resources. A monitoring component constantly monitors the
execution of the various tasks and if an event is raised this is
reported to the SLA manager and the mapping service. The SLA
manager then notifies the SLA negotiator in order for a new SLA
to be created. This also leads to the creation of a new concrete
workflow through the enactor and the mapping service. The user
is also notified. The user is also able to ask for new resources on
the fly. This is handled by the SLA negotiator and is propagated
through the SLA manager to the Workflow Enactor. It is clear
that the IRMOS approach is event oriented.

4. CONCLUSIONS

In this paper we have shown that the algorithm that have been
proposed thus far concerning workflow management do not
provide real-time assurances or end-to-end QoS guarantees. We
believe that within the IRMOS project a novel workflow
management system will be built that will provide solutions to
these problems, thus making it feasible for SOI to be adopted in
the industry. This will be accomplished by novel event driven
mapping mechanisms, advance reservation and fault detection and
recovery. The workflow management system will be tested on
three different reference applications, namely Film Post-
Production, e-Learning and Virtual and Augmented Reality. All
three applications are rich in multimedia content and have high
real-time needs and are therefore considered as ideal as proof of
concept of our novel event driven design.
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