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Abstract

Scientific workflows (SWF) are traditionally coordinated
and executed in a centralized fashion. This creates a sin-
gle point of failure, forms a scalability bottleneck, and of-
ten leads to too much message traffic routed back to the
coordinator. We have developed PADRES, a content-based
publish/subscribe platform that serves as a runtime envi-
ronment for the decentralized execution, control, and moni-
toring of SWF. Publish/subscribe is a natural paradigm for
event-driven applications such as SWF management, as the
loosely-coupled nature of publishers and subscribers re-
lieves the coordinator from maintaining client connection
and capability information. PADRES has been developed
with features inspired by the requirements of SWF manage-
ment. Its unique features include an expressive subscrip-
tion language, composite subscription processing support,
a rule-based matching and routing mechanism, a query-
based historic data access mechanism, and support for the
decentralized execution of SWFs specified in XML.

1. Introduction

Essentially all scientific disciplines have started to de-
velop large-scale e-science infrastructures comprised of
inter-connected research instruments, computing facil-
ities, data and storage centers, visualization resources,
and networks. These infrastructures can be found to-
day in physics (e.g., the CERN Large Hadron Collider
or the Canadian MRI Facility), in geology and oceanog-
raphy (e.g., the US-Canadian Neptune project), or in
astronomy (e.g., the European eVLBI project). These in-
frastructures are characterized by the large volumes of
data and events generated, by the distributed and hetero-

geneous nature of the involved resources, and by the need
for the effective management and operation of the dis-
tributed resources. A primary and common problem in
this context is how to seamlessly access the infrastructure
and how to make it widely available to the research com-
munity to solve complex scientific problems. Scientists
use the infrastructure for data collection, querying, anal-
ysis, and visualization to experiment, validate, test, and
develop scientific theories. A typical use involves the spec-
ification and execution of a workflow, also referred to as
a scientific workflow(SWF). The SWF ties distributed re-
sources together that are required for experimentation. The
execution of SWF is event-driven.

Workflow management solutions have existed for a num-
ber of decades [10, 14]. The traditional approach to work-
flow management is based on using a central server to co-
ordinate and schedule tasks [10, 14]. This has also been
the predominant solution for scientific workflow process-
ing [16]. The centralized approach is inherently limited, not
only due to the single point of control that constitutes a sin-
gle point of failure and potential performance bottleneck,
but, especially, due to the characteristics of SWFs. SWFs
are by nature distributed requiring the integration of het-
erogeneous computing resources, often operate over unreli-
able public networks and unstable computing resources, re-
quire resources distributed across administrative domains,
are long running requiring fine-grained control and status
monitoring, involve large volumes of data and data move-
ment, and are operated by scientists who prefer to focus on
the experiment at hand, rather than the computer engineer-
ing issues.

The geographic distribution inherent to the SWF pro-
cessing and the above listed requirements have prompted
us to re-think the centralized approach to scientific work-
flow processing and propose a fully decentralized approach.
Moreover, we propose a SWF runtime environment based



on a distributed publish/subscribe model that naturally sup-
ports the event-driven nature of the workflow execution di-
rectly supporting control, execution, and monitoring func-
tions in a decentralized manner. We have fully implemented
this runtime environment and the workflow management
facility in our PADRES distributed, content-based pub-
lish/subscribe system project.

A publish/subscribe system delivers relevant informa-
tion from publishing data sources to subscribing data sinks.
While publish/subscribe has been widely applied to data
dissemination in wide-area networks, we are not aware of
any existing approach for the decentralized management of
workflows in general and scientific workflows in particular.

In Section 2 we provide background and related work
on publish/subscribe and workflow processing. In Section 3
we provide an overview of PADRES. In Section 4 we de-
scribe our approach to decentralize the execution of SWF.
Our presentation aims at providing an intuitive description
of SWF deployment, SWF execution, and SWF monitor-
ing, avoiding formal details due to the limited space. This
section also reports on a few experimental results evaluat-
ing PADRES for SWF processing. Finally, Section 5 dis-
cusses the approach and outlines directions for future work.

2. Background and related work

Scientific Workflow Management: Grid-Flow [17] de-
fines a scientific workflow as a procedure that applies spe-
cific computations (processes) on selected data according to
certain rules. Most of the current SWF management systems
use a directed acyclic graph (DAG) to describe the workflow
process in a graphical model [17]. Tasks in the workflow are
described in a node of the DAG in a specified order over a
set of dispersed data and computing resources. Since it is
hard to express loops in a DAG, Petri Net models are being
introduced for SWF management to model workflows [14].
Two popular scientific workflow specification languages are
the Abstract Grid Workflow Language (AGWL) [5] and
the Grid Services Flow Language (GSFL) [8]. Both lan-
guages are XML-based. Tasks in SWFs are often distributed
across a heterogeneous environment. SWFs orchestrate a
large number of tasks involving diverse resources, such as
computing resources, data storage resources, research in-
struments, and network resources. Because the data and
computing are dispersed in a physically distributed envi-
ronment, the SWF management system needs a mecha-
nism for data transfer, often involving huge volumes of data.
Many Grid workflow systems have been explored for scien-
tific environments [4, 15]. SWF management systems sup-
port workflow specification, workflow execution, workflow
monitoring and workflow control. Task execution events,
such as the completion status of a task, determine the ex-
ecution of the successor tasks. The event-driven nature of

SWF processing lends itself well to a coordination model
based on publish/subscribe interactions. The unique ben-
efit of the application of the publish/subscribe model in
this context is the natural decoupling of all workflow tasks
and the seamless distribution inherent to the model. We
are not aware of any related approaches exploring content-
based publish/subscribe for SWF management. In a some-
what related approach, IFLOW [9] uses a channel-based
publish/subscribe layer to coordinate information flows, but
does not exploit the more expressive content-based pub-
lish/subscribe semantics nor does it support the in-network
processing capabilities of composite subscriptions.

Publish/Subscribe: In the publish/subscribe paradigm,
information producers submit data as publications to the
system and information consumers indicate their interests
by submitting subscriptions. Publications representevents
that have occurred in the system. Possible events in SWFs
are “a task has successfully finished”, “a task has failed”,
“data are available at specified sites”, etc.. In this paper, we
use the terms event and publication interchangeably. The
messaging substrate consists of a distributed broker over-
lay network. On receiving an event (publication), the bro-
ker overlay determines the subset of matching subscrip-
tions and notifies the appropriate subscribers. The key bene-
fit of distributed publish/subscribe is the natural decoupling
of publishers and subscribers. Since the publishers are un-
concerned with the locations and identities of the poten-
tial consumers of their data, and the subscribers are like-
wise unaware of the potential producers of interesting data,
the client interface of the publish/subscribe system is sim-
ple and intuitive. This paradigm has found wide-spread use
in distributed event-based applications ranging from selec-
tive information dissemination to network and distributed
system management.

Content-based publish/subscribe systems typically uti-
lize content-based routingin lieu of the standard address-
based routing. Effectively, the content-basedaddressof a
subscriber is the set of subscriptions issued. Messages are
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Figure 1. PADRES network architecture



then routed according to their content. SIENA [3] is a notifi-
cation service based on the content-based publish/subscribe
paradigm. Existing systems [13, 11] have explored opti-
mizations for content-based routing, such as covering-based
routing and merging-based routing, and we have applied
both these techniques in PADRES. Advertisements, which
are indications of the data that publishers would publish
in the future, are used to form routing trees along which
subscriptions are propagated, further reducing network traf-
fic by avoiding subscription flooding. PADRES uses the
advertisement-based routing model [3] and a rule-based ap-
proach for message matching and routing at each broker.

3. PADRES system description

PADRES [11, 12] is a distributed content-based pub-
lish/subscribe system consisting of a set of brokers con-
nected by a peer-to-peer overlay network. Clients connect
to brokers using binding interfaces such as the Java Remote
Method Invocation (RMI) and the Java Messaging Ser-
vice (JMS). The PADRES subscription language is based
on the traditional [attribute,operator,value]
predicates used in many existing content-based pub-
lish/subscribe systems.

PADRES is distinguished from existing content-based
publish/subscribe systems by the following novel fea-
tures inspired from the requirements of supporting the
decentralized execution and management of scientific
workflows. First, unlike existing publish/subscribe sys-
tems, PADRES allows the subscriber to subscribe to
data published in both thefuture and thepast. For fu-
ture events (publications), PADRES uses the standard
publish/subscribe messaging paradigm. Clients can sub-
scribe to historic events by specifyingtime rangepredicates
in their subscriptions. Historic databases are attached to the
brokers through database bindings. Upon receiving a re-
quest for the historic events, the brokers re-publish relevant
publications from their databases. From the client’s point
of view, PADRES transparently delivers both past and fu-
ture events in the same manner. The subscription language
supported in PADRES allow clients to correlate past and fu-
ture events through temporal joins. Second, PADRES ex-
plores sophisticated event correlations in publish/subscribe
networks. This is achieved by allowing subscribers to ex-
press composite subscriptions[12], which consist of a
set of atomic subscriptions. Composite subscriptions pro-
vide a higher level view of events for clients by combining
information into higher level concepts through aggre-
gation or logical operators. Furthermore, predicates in
composite subscriptions can contain variables for correlat-
ing events matching the individual composite parts (i.e.,
the atomic subscriptions.) For example, a composite sub-
scription {{[appl, eq, $x] [task, eq, B] ...}
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Figure 2. PADRES broker architecture

and {[appl, eq, $x] [task, eq, C] ...}} is sat-
isfied when both tasksB and C have successfully exe-
cuted and are part of the same application. More details on
the composite subscription language in PADRES is dis-
cussed in [6].

PADRES Network Architecture: The overlay network
connecting the brokers is a set of connections that form the
basis for message routing, and each broker maintains in-
formation about its overlay neighbors in the Overlay Rout-
ing Tables (ORT). We assume that publications are the most
common messages, and advertisements the least common.
A publisher issues an advertisement before it publishes, and
using the ORT these advertisements are effectively flooded
to all brokers along the overlay network. A subscriber may
subscribe at any time, and these subscriptions are routed ac-
cording to the Subscription Routing Table (SRT), which is
built based on the advertisements seen by a broker. The SRT
is essentially a list of[advertisement,last hop]
tuples. If a subscription overlaps an advertisement in the
SRT, it will be forwarded to the last hop of that advertise-
ment. Subscriptions are routed hop by hop to potential pub-
lishers, who may publish information of interest to the sub-
scriber. The propagation of subscriptions are used to con-
struct the Publication Routing Table (PRT). Like the SRT,
the PRT is logically a list of[subscription,last
hop] tuples, and is used to route publications. If a pub-
lication matches a subscription in the PRT, it will be for-
warded to the last hop broker of that subscription until it
reaches the subscriber. A diagram showing the overlay net-
work, SRT and PRT is provided in Fig. 1. In this figure, an
advertisement1) is propagated fromB1. A matching sub-
scription2) enters fromB2, and is routed along the SRT.
For instance,2) overlaps1) at brokerB3, and it is sent to
B1. Subscription3) does not overlap advertisement1), so
it is not forwarded byB4. Lastly, publication4) matching
subscription2) is routed along the PRT formed by2) to B2.

Broker Architecture : The PADRES brokers are modu-
lar software components built on a set of queues: one in-
put queue and multiple output queues. Each output queue
represents a unique message destination. A diagram of the
broker internals is provided in Fig. 2. The matching engine
in the BrokerCore maintains the SRT and PRT and is



built using the Java Expert System Shell (JESS) rule engine.
For example, in the PRT, subscriptions are mapped to rules,
and publications are mapped to facts. The matching is per-
formed by the JESS rule engine. When a new message is re-
ceived by the broker, it will be put into the input queue. The
matching engine takes the message from the input queue. If
the message is a publication, it is inserted into the matching
engine as a fact. When a publication matches a subscription
in the PRT, its next hop destination is set to the last hop of
the subscription, and it is placed into the corresponding out-
put queue and sent to the next hop broker as an event. If the
message is a subscription, the matching engine first routes it
according to the SRT, and, if there is an advertisement over-
lapping with the subscription, the subscription will be in-
serted into the PRT as a rule. Essentially, the rule engine
performs matching and decides the next-hop destinations of
the messages. This novel approach allows for powerful sub-
scription semantics and naturally enables composites sub-
scriptions, which are more complex rules in the matching
engine. Mapping the subscription language to a rule lan-
guage is relatively straightforward, and extending this sub-
scription language does not require significant changes in
the engine. Furthermore, rule engines are well-studied, al-
lowing PADRES to take advantage of existing research. The
rule engine-based matching is quite efficient, especially for
composite subscriptions.

4. SWF management in PADRES

A distributed publish/subscribe system offers a loosely-
coupled messaging paradigm, which is a natural fit for the
execution of SWFs. The distributed character of a pub-
lish/subscribe system enables the decentralized SWF ex-
ecution almost for “free” (i.e., it is an inherent charac-
teristic of distributed publish/subscribe and content-based
routing.) Along the same line of reasoning, a centralized
publish/subscribe approach is also a natural fit for central-
ized workflow execution. In both cases, centralized and
distributed, clients interact with the publish/subscribe sys-
tem through simply publishing and subscribing. Since rout-
ing is content-based, the workflow manager does not need
to maintain any address information about computational
tasks of a SWF and their location in the network. The work-
flow manager, unlike in the centralized case, does not need
to bother with the routing of data to and from different tasks,
as this information is automatically delivered using content-
based routing. Computational tasks interact with the pub-
lish/subscribe system through a task execution agent inter-
face. This is a lightweight software layer with the ability to
send and receive messages using the publish/subscribe pro-
tocol, essentially supporting publishing of events and sub-
scribing to events. In this paper, for simplicity, we refer to
the computational task as a publish/subscribe client or a task

agent and do not distinguish between the SWF application
component and the publish/subscribe interface component.

There are several advantages of using a pub-
lish/subscribe system for scientific workflow manage-
ment. First, workflows are by nature event-driven. A SWF
is started by a trigger event, which is a publication mes-
sage issued by a workflow manager located anywhere on
the network, and is driven by publication messages of fin-
ished tasks (i.e., events indicating task success or failure.)
Through publish/subscribe routing, these events (pub-
lications) are automatically and transparently routed to
the appropriate agents, because task agents are linked
by task dependencies described in the SWF. Once exe-
cution starts, a workflow manager is not necessary for
this processing, as is traditionally required with a central-
ized coordinator. In addition, the same kind of control, as
in the centralized processing case, for monitoring, halt-
ing, or resuming a workflow is still supported (monitor-
ing is described in more detail below.) Second, SWFs can
easily be executed across multiple platforms, as the pub-
lish/subscribe paradigm seamlessly supports cross-platform
applications in a distributed environment, only requir-
ing an agreed upon message format for publish/subscribe
messages. Moreover, large-volume workflow process-
ing can be scalably supported through the distributed
publish/subscribe approach. Third, the decentralized so-
lution for executing SWFs avoids the single point of
failure and potential scalability bottleneck of a cen-
tralized solution. Fourth, the monitoring and control of
workflow executions are flexible. Monitoring is a nat-
ural fit for the publish/subscribe paradigm, since the
workflow manager can subscribe to any task execu-
tion or status information, without having to modify the
SWF it is monitoring. Furthermore, it is easy to add, mod-
ify or delete tasks from a SWF. The modification can
be performed dynamically by having task agents un-
subscribe and re-subscribe, for instance. Fifth, multiple
SWFs can be deployed into the publish/subscribe sys-
tem at the same time. Moreover, concurrent execution of
several workflow instances is possible. The flexible sub-
scribing mechanism enables the modifications of entire
workflows, or of workflow instances, and seamlessly sup-
ports versioning of workflows. For example, the latter is
achieved by simply including attributes referring to ver-
sions of workflows and by including predicates over these
version attributes in subscriptions. Sixth, SWFs are by na-
ture distributed and can involve vast amounts of data.
Again, these characteristics are naturally accommo-
dated by the publish/subscribe paradigm, which connects
remote tasks in a distributed manner, rather than link-
ing them through a central coordinator.

To illustrate some of these points, we present a simple
working example of a scientific workflow. Fig. 3 shows the
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Figure 3. A SWF example

workflow specification: taskA is applied to an input fileIA.
The output files of taskA are used as inputs to successors
tasksB andC. Finally, both the output filesOB andOC are
inputs to taskD. The workflow is completed after taskD
produces the resultRD.

4.1. Architecture description
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Figure 4. PADRES protocol stack

Fig. 4 shows the architecture of the decentralized SWF
management system based on PADRES1. Workflow man-
agers and task agents are clients of the publish/subscribe
system. Workflow specifications are defined using an XML-
based language, and the workflow manager converts the
specification to a set of subscriptions and deploys these
messages into the publish/subscribe system to set up data
and control flow paths. The subscriptions encode the depen-
dencies among tasks. For example, the agent for taskB sub-
scribes to messages from taskA. After the translation, the
manager usesagent control messagesto deploy the SWF
(i.e., inject it into the network.) All task agents subscribe by
default to agent control messages. By using acontent-based
address, such as a name of an agent or an agent capability,

1 Not all functions are discussed in this paper due to space limitations.

the control messages can be targeted to specific agents avail-
able in the network. As a result, each task agent knows when
to execute its assigned task (i.e., when its subscription con-
dition is met.) Fig. 3 gives examples of subscriptions that
encode a SWF and the corresponding publications for trig-
gering a SWF instance. The manager issues atrigger event
to start the execution of the deployed workflow. The first
tasks, which subscribe to the trigger event, start to run af-
ter receiving the notification (i.e., after their subscriptions
match the trigger publication.) Each task agent publishes
a taskstatusevent indicating the success of the computa-
tion carried out, which continues the execution by trigger-
ing successors (failure cases are handled analogously.) The
process continues until the SWF terminates.

All interaction, message routing, data transfer, and event
delivery are initiated, controlled, and performed in the pub-
lish/subscribe layer. Once a workflow is deployed, these op-
erations are performed in a fully decentralized manner with-
out the interference of a centralized manager. This is the
fundamentally new concept for SWF management and exe-
cution realized in PADRES.

4.2. Workflow translation

SWFs are specified in XML detailing the order of task
execution and the various dependencies between tasks. In
order to execute a workflow, the XML documents are trans-
lated into a set of publish/subscribe messages. Three kinds
of messages are created from the workflow specification for
each task in the workflow: dependency subscriptions, task
execution information, and advertisements.

Each task agent maintains adependency subscriptionfor
its task. If the subscription is matched, a notification is de-
livered to the agent who issued the subscription. This sig-
nals the agent that its task is ready to run. A dependency
subscription is a composite subscription, as a task depends
not only on all its predecessor tasks, but also on resources,
such as the availability of input data. For example, as shown
in Fig. 3, taskB subscribes to the successful completion of
taskA and to the availability of dataOA1. Both events for
satisfying the composite subscription can occur at different
times and in different order. After agentB is notified that
both events have occurred, it can execute taskB.

Several options for data transfer exist. Data can be part of
a publication and transferred in the publish/subscribe layer.
For instance, after taskA is completed, the agent of taskA
publishes dataOA1. At the same time, the agent of taskB
subscribes toOA1. If the data to be transferred is too large,
it may not be efficient to include the data in the publica-
tion. PADRES handles this by including a reference to the
data in the publication and requires the receiving agent (i.e.,
subscribing agent) to retrieve the data. Also, the data pro-
cessed by a task may originate from several data sources.



For example, taskD processes dataOB andOC . Assume
dataOC is already available at some database or has been
published in the past. In that case, the historic data access
capabilities in PADRES can be used to retrieve the data.
Finally, special-purpose data transfers, such as huge vol-
ume data transfers requiring the setup of dedicated network
links, e.g. User Controlled LightPaths (UCLP) [2], or re-
quiring the use of special protocols, like GridFTP can be
handled by special agents interleaved in the workflow spec-
ification who expose these capabilities. These agents would
be integrated in the workflow like any other agent (i.e., by
subscribing and publishing.)

Task execution informationrepresents the details of a
computational task, such as what script and parameters the
task needs for execution. The task execution information
must be delivered to the task agent if it is described in the
workflow specification, unless it is hard-coded in the agent
and known a priori.

Advertisementsare descriptions of the event templates
that a publisher will publish in the future, and are used to
establish subscription routing paths. These advertisements
are generated for each task in the workflow so that an agent
can publish events about status information of task execu-
tions. Advertisements are delivered to an agent in the de-
ployment phase.

4.3. Workflow deployment
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Figure 5. Workflow deployment

The goal of the workflow deployment phase is to
send the subscriptions and advertisements generated
from the workflow description file to the correspond-
ing task agents. In PADRES this is performed in the pub-
lish/subscribe layer by including the subscription, for in-
stance, as part of anagent control message, which is a
publication compliant with the publish/subscribe messag-
ing infrastructure. In other words, a subscription is em-
bedded in a publication as an (attribute, value)–pair. An
agent receives the publication by subscribing toagent con-
trol messagesby default. Fig. 5 shows how an agent
receives workflow information from a workflow man-
ager. The agent extracts the subscriptions from the received
agent control publication envelope, and issues the sub-
scription as its own subscription. The same process applies
for advertisements. After all the subscriptions and ad-
vertisements are delivered, the dependence information

of the workflow is set up and the agents are ready to re-
ceive and publish events to drive the workflow executions.
This deployment process is performed entirely in the pub-
lish/subscribe layer.

A workflow deployed in the publish/subscribe network
can be modified dynamically. If we want to remove a task
from a workflow, the corresponding task agent is asked to
unsubscribe its task dependency subscriptions, and any suc-
cessor task agent is asked to modify its subscriptions. This
is done in the same message injection-based manner as the
deployment of a workflow. Consequently, the modification
only influences the affected task agents.

4.4. Workflow execution
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Figure 6. Workflow execution

The workflow is ready to execute after the deployment
stage. Task agents, which are regular publish/subscribe
clients, are responsible for executing the tasks in the work-
flow. Agents act as both subscribers and publishers. The
dual roles enable them to exchange messages within the
publish/subscribe messaging system, realizing the coor-
dinated execution of the workflow. The manager triggers
the first task in the workflow to start a new workflow in-
stance, which is driven by events of finished tasks. Execu-
tion continues until all the tasks defined in the workflow
are completed. The key to workflow execution are depen-
dency subscriptions, which determine the execution order
and data resources of the tasks. The message routing is au-
tomatic and transparent to the workflow management
layer. The execution is event-driven; once the execu-
tion starts there is no centralized control. Figure 6 shows
the execution of the previous SWF example.

Composite subscriptions are used to specify task depen-
dencies, so that a task is not executed until all its prede-
cessor tasks have completed. The use of composite sub-
scriptions allows clients to specify complicated task de-
pendencies without requiring significant processing or stor-



age capabilities in the agents. Without composite subscrip-
tions, agents would have to subscribe to each predecessor
task separately, and special logic would be needed to check
whether a task’s execution constraints are satisfied. More-
over, agents would receive a large number of publications
that match only part of a composite subscription. When a
workflow has thousands of tasks with complex task depen-
dencies, an agent may be overwhelmed by individual task
events. Bandwidth consumption would be high, since only
a small portion of the received messages are useful. Essen-
tially, a distributed publish/subscribe system with compos-
ite subscriptions makes the execution of SWFs efficient.

Each workflow instance has a unique instance ID, allow-
ing multiple instances of the same workflow to execute si-
multaneously without interfering, and also serve to keep
track of workflows with long life-spans. Moreover, differ-
ent workflows can be deployed in the network and multiple
instances of these workflows can run concurrently.

4.5. Workflow monitoring and control

Figure 7. Workflow management monitor

PADRES provides a graphical interface which allows a
user or developer to visualize the network topology, the
message routing, and the SWF processing, as shown in
Fig. 7. The monitor can also retrieve and display the status
of a running broker. Through the monitor run-time mon-
itoring can be performed to help debug and troubleshoot
SWFs in a design environment and perform real-time exe-
cution monitoring in a production environment. The moni-
tor can display the status of a running SWF instance by sub-
scribing to events indicating the status of task executions. It
can also visualize the execution and message exchange be-
tween tasks, and can view the details of task instances, i.e.,
the value of a particular variable in a task. Furthermore, the
monitor can modify the value of a variable, if necessary,
throughagent control messagesindicating the new value.

Further run-time control can be exerted withagent control
messages. The manager can “ask” the instance to pause, re-
sume, or halt. The workflow control operates on all con-
current running instances or a particular instance by iden-
tifying the instance ID. With the historic data access sup-
ported by PADRES, the manager can view and manipu-
late previously executed and currently executing instances
by issuing historic queries and correlating historic and fu-
ture queries through temporal joins. The monitor can ma-
nipulate the instances by date and execution status. More-
over, through composite subscriptions, the executing and
previously executed workflow instances can be monitored
at the same time. Based on all this information, statistics
over workflow execution instances can be generated to pro-
vide a high-level analysis of the system operation.

4.6. Evaluation

An evaluation of PADRES proves that our rule-based
matching approach works efficiently. It takes about 5ms
to route a publication against 200,000 subscriptions, while
a matching algorithm similar to the predicate counting al-
gorithm [1] takes about 82ms; a naive matching algo-
rithm which linearly scans the routing table takes about
299ms. Moreover, the SWF management system built with
PADRES successfully performs the decentralized execution
of workflows and workflow monitoring based on composite
subscriptions and historic data access. To evaluate the net-
work traffic overhead of the workflow execution, we design
two SWFs: workflowA is an application with four tasks,
and workflowB has eight tasks. When a composite sub-
scription issued by an agent is matched, only one notifica-
tion message is sent to the agent, as opposed to several indi-
vidual primitive notifications. This simplifies agent process-
ing and significantly reduces network traffic overhead by
eliminating a large number of primitive events. For exam-
ple, if a task depends on ten other tasks, instead of forward-
ing ten messages to the agent, only one notification message
is forwarded to the agent in order to decide whether to ex-
ecute the task or not. As a result, agents do not need extra
logic to process the received messages, as composite event
detection is performed in the broker network. The network
traffic overhead generated by 10 instances is shown in Fig-
ure 8. The network traffic is reduced to 63% of a decentral-
ized approach without composite subscriptions in which all
primitive events are delivered to agents. It is clear that com-
posite subscriptions can save network bandwidth.

5. Discussion

In this paper we have provided an overview of a de-
centralized approach to scientific workflow execution and
management based on PADRES. PADRES is a distributed
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Figure 8. Workflow execution traffic

content-based publish/subscribe system. Our prototype is
implemented in Java with JDK 1.4.2 using the Java Expert
System Shell (JESS) [7] as a message routing engine, and
RMI as the native transport protocol. To accommodate sci-
entific workflow processing, the standard publish/subscribe
paradigm had to be significantly extended. This involved the
development of an expressive subscription language, sup-
porting composite subscriptions, variable bindings in sub-
scriptions, subscriptions to historic data, and a time-based
mechanism to correlate future and past data. We discussed
the advantages of using the content-based publish/subscribe
paradigm for distributed scientific workflow management.
As opposed to a centralized approach, the decentralized
workflow management approach presented in this paper
does not suffer from a single point of failure, avoids the
potential performance bottleneck of a centralized approach,
and reduces overall message traffic. Decentralized manage-
ment, control, and monitoring of workflows is flexibly and
naturally supported with the publish/subscribe mechanism.

PADRES is an on-going project. Directions currently un-
der investigation include the discovery of resources in the
distributed environment, the static and dynamic planning
and scheduling of these resources for a given SWF, and the
incorporation of network services as first-class resources for
the execution of scientific workflows involving the move-
ment of huge data volumes.
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