Workflow Management Systems

Marco Slot (1397117), Paul van Zoolingen (1284657)

Division of Mathematics and Computer Science
Vrije Universiteit, The Netherlands
{marco,pfvzooli} @few.vu.nl

Abstract- Workflow Management Systems (WMS) automate the scheduling,
monitoring and execution of workflow applications. In this paper we discuss
the challenges of managing workflow applications and different solutions that
have been developed for workflow management systems. We will also discuss
how workflow management systems are used in terms of workflow modelling.

1 Introduction

Early grid applications  primarily
focused on utilizing the massive
parallelism facilitated by the grid for a
single task. With the advance of e-
Science the focus is shifting towards
more complex, scientific applications
that use various distributed resoutces,
such as computational units, databases
and scientific instruments, organized in a
workflow.

More so than with parameter-sweep
applications, managing workflow
applications poses a number of complex
issues. Scheduling becomes a major issue
as different components with different
requirements need to be scheduled on
different resources at different times
efficiently. Data has to be moved
between components, different
components have to be monitored and
we wish to achieve some degree of fault
tolerance. ~ Workflow ~ Management
Systems are specifically built to address
the  automated management and
execution of workflow applications.

In this paper we discuss the challenges
of managing workflow applications and
different solutions that have been
developed for workflow management
systems. Specifically we will look at
solutions to modelling, scheduling,

execution and monitoring workflows and
we will discuss fault tolerance for
workflow applications.

2 Workflow modelling

Workflow management systems aid
the programmer and the user in building
and running workflow applications. To
do so the user or programmer needs to
provide the structure of the workflow
and  possibly additional  execution
information.

2.1 Workflow structure

The minimal information a workflow
management system needs is a directed
graph which represents the dependencies
between nodes. A node can represent
any active part of the workflow, it could
for example be a single job, pre-staging a
file, or an entite sub-workflow. The
semantics of the graph is that a child may
not start until all of its parents are done.
The dependency graphs are referred to as
DAG (Directed Acyclic Graph) when
acyclic and non-DAG otherwise [1].

The basic graph already provides the
control structures to run in sequence and
in parallel. A workflow structure may
also contain additional control structures
such as a conditionals and loops.



2.2 Setting constraints

Depending on  the  workflow
management system a number of
constraints on the workflow structure
can be set. The constraints can be very
concrete, such as a specific resource, or
more abstract, such as hardware
requirements or QoS constraints.

Constraints are primarily meant for the
scheduler which will have to take into
account specific resource requirements
and, for example, maximum execution
times. A constraint can also be a specific
resource on which a task needs to be
performed, in this case the scheduler will
not need to do any optimization but
simply has to use that resource.

QoS constraints that are associated
with workflows are time, cost, fidelity,
reliability and security [5]. Constraints
can be set for an entire workflow or a
single task. In the current state-of-the-art
the  possibilities of setting QoS
constraints are somewhat limited.

2.3 Graphical workflow modelling

To make workflow modelling intuitive
for users (e.g. e-scientist) it is generally
done using a graphical interface. The
dependency graph is drawn by dragging
and dropping components that can be
defined using configuration panels. Some
components are predefined. These could
be wvarious scientific analysis tools, or
lower  level  actions such  as
upload/download a file.

24 Langnage-based workflow modelling

A workflow can also be defined using
a, generally XMIL-based, workflow
modelling language. Although mostly
inconvenient to write it is a useful way to
exchange workflows. At this time no
standard workflow language exists. A
workflow language that is being used
extensively in business software is BPEL,
Business Process Execution Language

[6]. The intended use of BPEL is to
describe  business processes in a
programmatic way. It has powerful
primitives such as message passing,
service invocation and XML
transformations. Part of the definition is
model a workflow.

Figure 1 shows a sample BPEL
workflow. Basic control structures such
as sequence (sequence), parallel (flow),
condition (switch) are available, but it
also has more advanced structures such
as while, try-catch and variables. It is in
many respects similar to a programming

language.

<sequence>
<invoke ... />
<flow>
<invoke ... />
<invoke ... />
</flow>
<switch>
<case condition="xpath_exp">
<invoke ... />
</case>
<case
condition=*other_xpath_exp">
<invoke ... />
</case>
</switch>
</sequence>

Figure 1. Example BPEL Workflow

3  Wortkflow scheduling

Once a workflow model has been
defined it can be given to a workflow
execution engine which will then have to
schedule the workflow.

If we wish to make efficient use of
resources we need to plan ahead. For
example, if we have a long job and a
short job that can run in parallel, we do
not want to long job to be scheduled on
a slow resource while the short job is
being scheduled on a fast resource.

3.1 Scheduling strategy

A workflow schedule can be optimized
using different decision strategies. We do
not necessarily want find the fastest way
to schedule our workflow. In a market




environment where a cost is associated
with the use of resources we could be
more interested in the cheapest schedule.
When we are dealing with sensitive data
we may not care about performance
either, rather we would be interested in
tinding the most trust-worthy resources
(ie.  resources from  trust-worthy
organizations). Trust does not necessarily
imply security, it may also cover
reliability and fidelity.

Which strategy can be used depends
entirely on the design of the Workflow
Management System. Most workflow
systems use a performance-driven
strategy.

3.2 Performance estimation

To be able create a schedule optimized
for performance we first need to have an
estimation of the duration of individual
parts of the workflow on various
resources. The duration depends heavily
on the hardware, software, resource
utilization, network throughput, etc.
There are various models that can be
used to estimate the performance of an
application on a specific resource given
the a rough estimation, historical results
(see 5., simulation results Fout!
Verwijzingsbron niet gevonden., or
analysis  of the program itself.
Information services can be used to give
the final estimation or to provide
information which the scheduler can use
to make an estimation itself.

3.3 Creating the schednle

Optimal scheduling on is an NP-
complete  problem and therefore
schedulers use heuristics or other
optimization methods such as genetic
algorithms [7]. The schedule can be
created at the start of the application or
even before. The advantage is that all the
information is available when creating
the schedule and a good schedule can be

found. However, as the grid environment
changes rapidly the information used is
outdated. An alternative is therefore to
plan ahead for only part of the workflow
or even to schedule just-in-time. Which
method works best depends on many
factors (e.g. the environment, the
application) and is hard to predict.

3.4 Scheduling architecture

Scheduling complex workflows
imposes a scalability problem. Workflow
applications may use many different
resources on different locations from
across the globe and as such a central
scheduler may cause large delays and the
risk of failure increases.

Three different scheduling
architectures are being used by workflow
systems of which the centralized
scheduler is the most common. Despite
its scalability issues the advantage of the
centralized scheduler is that is has
information on all parts of workflow and
can find the Dbest schedule. A
decentralized scheduling architecture [3]
has much better scalability, but can only
plan ahead for a small part of the
workflow. As a compromise  more
systems are starting to use a hierarchical
scheduling architecture [4]. Although this
architecture can not protect against
failure of the root, it can improve
performance and still achieve a
reasonable schedule because there is
strict  central control over which
scheduler does what.

4 Workflow execution

For the execution of Grid workflow
applications, different kind of files have
to be moved or copied to multiple places
in the Grid. Input files have to be staged
to remote locations and the output files
have to be returned later on. In workflow
systems this data movement can be
managed in an user-directed and an



automatic manner. In the user-directed
way, the user can specify the data
movement in the workflow himself and
ignore the automatic mechanisms.
Automatic data movement comes in
three flavours; centralized, mediated and
peer-to-peer. In the centralized approach
the data movement between resources is
transferred through a central point.
Although this is easy to implement, it is
not scaleable. In the mediated approach,
a special data management service is used
which keeps track of all the data in the
system. This service can be queried by
processes and used as a mediator to get
the needed data. This approach is more
scaleable and data can be retrieved for
later use. Peer-to-peer is a principle
where the data is moved between
processes without a third-party service.
This removes a possible bottleneck and
can be used for large-scale intermediate
data transfer. The downside is that is
hard to implement and less suitable for
times when intermediate data has to be
monitored.

5 Workflow monitoring

A workflow management system does
not execute the tasks itself, but just
coordinates the execution of them by the
grid resources, it needs information to
guide the workflow and to bring the
tasks to the suitable resources [14]. There
are three dimensions of information
retrieval: static information, historical
information and dynamic information.

Static information refers to
information that does not vary with time.
It may include infrastructure-related,
configuration-related, QoS-related,
access-related and user-related
information. Static information is used
by Grid workflow management systems
to pre-select resources during the
initiation of the workflow execution.

Since during execution, environment
variables and the current status of the
workflow management systems may
change, the Grid workflow management
system also needs to identify dynamic
information such as resource
accessibility, workload, and performance
during execution time. This information
could also task execution information
and market related information such as
dynamic resource price.

Historical information is obtained
from previous events that have occurred
such as performance history and
execution history of Grid resources and
application ~ components.  Workflow
management  systems can  analyze
historical information to predict the
future behaviors of resources and
application components on a given set of
resources. Historical information can
also be used to improve the reliability of
future workflow execution. Several
information services are available for
accessing static and dynamic information
about Grid resources, such as Network
Weather Service (NWS) [13] and
Monitoring and  Discovery  System

(MDS) [11].

6  Fault tolerance

In a Grid environment, workflow
execution failure can occur for various
reasons. They could for example result
from a lack of homogeneity in the
execution environment configuration,
services being unavailable, or overloaded
systems. Grid workflow management
systems should be able to identify and
handle failures and support reliable
execution in the presence of concurrency
and failures. Workflow failure handling
techniques into two different levels; the
task-level and workflow-level.

Task-level techniques mask the effects
of the execution failure of tasks in the
workflow. Task-level techniques have



been extensively studied in parallel and
distributed systems and can be divided
into retry, alternate resource,
checkpoint/restart and replication.

The retry technique simply tries to
execute the same task on the same
resource after failure [12]. The alternate
resource technique submits a failed task
to another resource [12]. The
checkpoint/restart  technique — moves
failed tasks transparently to other
resources, so that the task can continue
its execution from the point of failure [9].
The replication technique runs the same
task simultaneously on different Grid
resources to make sure that the task
execution at least one of the replicas does
not fail [8,10].

Workflow-level fault
techniques manipulate the workflow
structure to deal with faulty conditions.
Just like with the task-level techniques,
there are multiple  workflow-level
techniques, alternate task, redundancy,
user-defined exception handling and
rescue  workflow. The first three
approaches assume there is more than
one implementation for a certain
computation with different execution
characteristics.

tolerance

The alternate task technique executes
another implementation of a certain task
if the previous one failed, while the
redundancy technique executes multiple
alternative tasks simultaneously. The
user-defined exception handling allows
the users to specify a special treatment
for a certain failure of a task in workflow.
The rescue workflow technique system
[9] ignores the failed tasks and continues
to execute the remainder of the
workflow untl no more forward
progress can be made. Then, a rescue
workflow description, which indicates
failed nodes with statistical information,
is generated for later submission.

7 Conclusion

We have discussed the modelling of
workflows and the most important
problems  addressed by  workflow
management systems in scheduling,
monitoring,  execution and  fault
tolerance.

A Workflow Management System
needs a workflow model which is
generally created wusing a graphical
interface. To find an efficient execution
schedule a WMS relies heavily on
heuristics applied to performance metrics
obtained from information services. To
deal with scalability issues in workflow
scheduling distributed scheduling
architectures have been developed.
Workflow Management Systems also
need to provide a method for moving
data between components, e.g. peer-to-
peer or centralized. To achieve a degree
of fault tolerance a WMS may simply
restart or move individual components,
or use a workflow-level technique such
as a rescue workflow.

Although each of the problems
presented in this paper have been
addressed in some way most solutions
are very basic and are more often derived
from necessity than from proper
research.

Most research in scheduling has so far
focussed on optimizing performance
even though that may very often be of
lesser importance. Especially market-
driven scheduling is a wide open topic
which has been given little attention.
Alternative scheduling strategies may also
open up viable research questions,
scheduling based on QoS requirements is
largely unaddressed.

Monitoring has so far been limited by
the  underlying  architectures  and
information services which are oriented
at individual nodes and tasks. Workflow
Management Systems try to obtain



information on their workflow execution
by querying all individual nodes. No
information services that can provide, for
example, the network throughput
between nodes in a partial workflow
currently exist.

Fault tolerance solutions are mostly
similar to those used in parameter-sweep
applications providing task-level fault
tolerance. A lot of work is still to be
done to provide higher level fault
tolerance, especially facilities to create
distributed snapshots are desirable.
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