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Abstract: Workflow management systems received considerable attention lately, motivated by their wide spectrum of
applications. Requirements for workflow management systems comprise a long list, among which one may
highlight distributed execution, cooperation and coordination, and synchronization, that model the way user
communities work cooperatively to perform a given task. This doctoral dissertation addresses a complemen-
tary family of requirements, collectively calledflexible execution. Briefly, workflow management systems
usually interpret a workflow definition rigidly. However, there are real life situations where users should be
allowed to deviate from the prescribed sequence of actions for various reasons, including the unavailability
of required resources. To cope with situations such as this, mechanisms to flexibilize workflow execution are
proposed, that allow execution to proceed in the presence of incomplete information, by adopting presuppo-
sitions, and in the presence of negative information, by suggesting execution alternatives. An implementation
of the mechanisms, that extends known Web service frameworks, is also outlined.

1 INTRODUCTION

Workflow management systems received conside-
rable attention lately, motivated by their wide spec-
trum of applications. Standardization efforts are un-
der way in the context of consortiums, such as W3C,
OASIS and WfMC. Among other contributions, these
efforts resulted in new workflow definition languages
and coordination protocols. In particular, WfMC was
created in 1993 by several companies with the pur-
pose of standardizing the implementation of workflow
management systems (Hollingsworth, 1995).

Requirements for workflow management systems
comprise a long list, among which we may highlight
distributed execution, cooperation and coordination,
and synchronization, that model the way user commu-
nities work cooperatively to perform a given task (Ge-
orgakopoulos et al., 1995; Alonso and Schek, 1996;
Alonso et al., 1997).

This doctoral dissertation addresses a complemen-
tary family of requirements, that we collectively call
flexible execution. Briefly, workflow management
systems usually interpret a workflow definition rigi-
dly. However, there are real life situations where users
should be allowed to deviate from the prescribed se-

quence of actions for various reasons, including una-
vailability of the required resources. The first goal
of this doctoral dissertation therefore is to flexibilize
workflow execution by introducing:

• a mechanism to handle presuppositionsmade in
the presence of incomplete information that allow
workflow execution to proceed;

• a mechanism for choosing alternativesto subwork-
flows, resources and users, thereby allowing work-
flow execution to proceed when the predefined
subworkflow or resource, or the pre-assigned user
is unavailable (i.e., in the presence of negative in-
formation).

Such mechanisms will use additional semantic in-
formation about the workflow definitions, resources
and users involved to:

• suggest presuppositions when the required infor-
mation is unavailable;

• propose alternative subworkflows, resources and
users when the predefined subworkflow or re-
source, or the pre-assigned user is unavailable;

• assess the presuppositions made and the alternati-
ves taken when workflow execution terminates.
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The second goal of this doctoral dissertation is to
propose an implementation of the mechanisms, in
the context of Web services, that extends known ser-
vice frameworks (Cabrera et al., 2002a). In (Papazo-
glou, 2003) the author presents an extended discus-
sion about how to take advantage of the Web Services
technology in the business transaction world. This to-
pic is briefly discussed towards the end of the paper.

The published literature and the software indus-
try provide many examples of workflow technology
in general. In (Du and Elmagarmid, 1997; Mohan,
1997), the authors present the current capabilities of
workflow products and point out some research issues
in the area. Our research focus is closely related to
two of these issues - distributed workflow execution
and management of dynamic workflows.

Despite the large number of workflow systems im-
plemented, the flexible execution requirement has
been scarcely considered.

The idea behind the flexibilization mechanisms
proposed in this doctoral dissertation is very similar
to the query relaxation strategy used in the CoBase
system (Chu et al., 1994) and in the CoSent system
(Chu and Mao, 2000).

This paper is organized as follows. Section 2 pre-
sents some of the basic workflow concepts and outli-
nes the basic distributed workflow execution model.
Section 3 describes the flexibilization mechanisms we
propose. Section 4 outlines an implementation of the
mechanisms in a context of Web services. Finally,
Section 5 contains the conclusions and summarizes
the next steps of the doctoral dissertation.

2 BASIC WORKFLOW
CONCEPTS AND EXECUTION
MODEL

This section presents some of the basic workflow
concepts and outlines the workflow execution model
we base our flexibilization mechanisms.

2.1 Basic Concepts

A workflow definition typically contains a rigid indi-
cation of the tasks to be executed, a description of the
resources necessary to perform the tasks and a user
profile that defines who (or what) is suitable to per-
form the tasks. In particular, the user profile may be
simply a description of the user or device capabilities
required to perform the tasks.

In more detail, a workflow definition involves three
familiar concepts:

• tasks, which are the smallest unit of execution
of workflows. Tasks, and their execution order,

are statically described in the workflow defini-
tion. Each task execution results in a task instance,
which keeps all the required state information. The
definition of tasks and (sub)workflows is static, but
the state information is not;

• resources, which are used during task execution.
The list of resources a task uses is part of the de-
finition of the task;

• users, which are responsible for the execution of
tasks. We use the generic term “user” to refer to
any (human) user, group of (human) users, hard-
ware device or software component that is respon-
sible for executing tasks.

Tasks can bereplicableor non-replicable. A repli-
cable task can be simultaneously given to many users
for execution, whereas a non-replicable task cannot.
In addition, replicable tasks can beinclusiveor exclu-
sive. The replication protocol proceed with workflow
execution only when it receives the results from all
instances of an inclusive replicable task and verifies
that they are consistent with each other. By contrast,
the replication protocol proceeds with workflow exe-
cution when it receives the result of the first instance
of an exclusive replicable task that terminates; when
this occurs, the protocol cancels all other instances of
the exclusive tasks.

2.2 Basic Workflow Execution Model

To become eligible to participate in the execution of a
workflow instance, a user must register himself with
the system. After registering, the user becomesavai-
lable to the system. The registration protocol basi-
cally represents an agreement between the system and
the user that describes the execution capabilities of the
user.

When a userUstarts a workflow instanceW, he be-
comes thecoordinator of W. UserU may delegate a
nested subworkflowW’ of Wto another available user
U’, perhaps with permission to redistribute subwork-
flows. Then,U’ becomes the coordinator ofW’. We
call U the managerof U’ and U’ a subordinateof U.
Hence, we effectively have acoordination hierarchy
for W, rooted atU, which is also called thecentral co-
ordinator of the hierarchy.

The system assigns an identifier to each workflow
or subworkflowW” and creates a common data space
B” for W”, called here ablackboard. Among other
data,B” will keep the values of all variables thatW”
uses, the identifier ofW” and the address of the mana-
ger of the coordinatorU” of W”. Hence,U” has direct
access to the blackboard of its manager, and indirect
access to the blackboard of all its ancestor managers.

Finally, the system treatsW, with its nested
subworkflow instances, as aworkflow transaction, in

2



SEMANTICFLOW: A SYSTEM FOR FLEXIBLE WORKFLOW EXECUTION

the sense of (Worah and Sheth, 1997; Worah and
Sheth, 1996).

In summary, our distributed workflow execution
model can be viewed as an hierarchy of three basic
components: coordinators; workflow instances; and
blackboards. This execution model dilutes the bur-
den of controlling the distributed execution of a work-
flow instance among a hierarchy of coordinators and
avoids the danger of transforming the central coordi-
nator into a hotspot.

3 FLEXIBLE EXECUTION
MODEL

Usually, a workflow management system executes
a workflow exactly as defined, which implies that the
system will wait until the required resources or users
are known (to the system) to be available, if at all.
This rigid execution may hider performance or may
even render workflow execution useless.

This section describes two mechanisms that allow
workflow execution to proceed in the presence of in-
complete information, by adopting presuppositions,
and in the presence of negative information, by sug-
gesting execution alternatives.

3.1 Handling Presuppositions

The mechanism to handle presuppositions is invo-
ked whenever the required information is unavailable.
This mechanism is based on two points:

1. sets of presuppositions for variables, that is, sets
of values, defined by rules, to be assumed for the
variables;

2. a set of consistence criteria that define when an exe-
cution based on presuppositions is valid.

As an example, consider Table1, whereA, B, CeD
indicate the environmental impact of each of the pro-
cedures for cleaning beaches when an oil spill occurs
(assuming that there are 5 types of oil).A indicates
the smallest environmental impact,B some impact,C
a significant impact andD the greatest impact.

Suppose that a user needs to select a cleaning pro-
cedure for a beach affected by an oil spill, but he has
no information about the oil type. Also assume that
the presupposition mechanism has a rule saying that,
if the oil type is unknown, then type II should be assu-
med. Then, the user does not have to wait until the oil
type is known; he can invoke the presupposition me-
chanisms, assume that the oil type is II and proceed
with the execution.

The mechanism to handle presuppositions may be
invoked in two distinct points of the execution. First,

when delegating a subworkflow instanceW’ of a work-
flow instanceWto another userU’, the coordinatorU
of Wmay find out that the value of a variableV, requi-
red to test the pre-conditionC’ of W’, is missing. In
this case,Uexecutes the presupposition mechanism to
find out a valuep for V, testsC’ with p, and delegates
W’ to U’, if C’ succeeds whenV receivesp as value.
Second, when is executingW, he may also miss the
value of some variableT. Then,U may again invoke
the presupposition mechanism to find out a value for
T.

When a subworkflow instance terminates, a consis-
tence check is necessary to analyze the results produ-
ced. Suppose that the consistency check depends on a
setS of variables. Then, this check can be performed
by the first coordinator in the coordination hierarchy,
from the leaves to the root, that has access to the va-
lues of all variables inS.

3.2 Choosing Alternatives

The mechanism for choosing alternatives allows
workflow execution to proceed even when the predefi-
ned subworkflow or resource, or the pre-assigned user
is unavailable (i.e., in the presence of negative infor-
mation).

There are basically three alternatives:

• find a semantically equivalent subworkflow such
that the required resources and the assigned user
are available;

• find semantically equivalent resources that are avai-
lable;

• find a user, with equivalent capacities, that is avai-
lable.

It is worth noting that these three choices are
mutually dependent. For instance, if an alternative
subworkflow is considered, one must verify if the re-
quired resources and users are available. Likewise, if
an alternative user is considered, one must check if he
can really execute that subworkflow and if the resour-
ces are available.

The mechanism for choosing alternatives uses ad-
ditional semantic information about the workflow de-
finitions, resources and users involved, as follows:

• a workflow ontology that captures semantic relati-
onships between workflows;

• a resource ontology that captures semantic relati-
onships between resources;

• a user ontology that captures capacity equivalences
between users.

Moreover, typically more than one alternative is
possible. Hence, the mechanism for choosing alter-
natives must be equipped with a cost model that is in-
voked to select the best alternative, or at least to guide
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Type I Type II Type III Type IV Type V
Natural Degradation A A A A A
Manual Cleaning B B B
Use of Absorbents B A A A
Vacuum Cleaning A A A A
Cold, low pressure cleaning A A B B
Cold, high pressure cleaning B B B B
Hot, low pressure cleaning C C C
Vapor cleaning D D D

Table 1:Environmental impact of beach cleaning procedures according to oil type.

some heuristics that will select a reasonable alterna-
tive.

Consider Table1 already used in3.1. When the
accident is characterized by an oil spill that reached
a beach, several cleaning procedures can be used. If
the oil is of type II, the best procedures are “natu-
ral degradation” (i.e., do nothing), “vacuum cleaning”
and “cold, low pressure cleaning”. If it is impos-
sible to execute these procedures because a predefi-
ned resource is unavailable, then the “use of absor-
bents” and the “cold, high pressure cleaning” proce-
dures should be used, according to the environmental
impact qualification (A, B, etc.) of each available pro-
cedure.

3.3 Using the Flexibilization
Mechanisms

When a user registers to participate in a particular
workflow instance, he must choose the execution pro-
tocol that will dictate his behavior in the system.
There are two possible protocols: the waiting protocol
and the protocol to handle presuppositions.

According to the waiting protocol, the user will
wait until the values of all variables he requires to
proceed execution become available. By contrast, ac-
cording to the protocol to handle presuppositions, the
user may request a (presupposed) value for a varia-
ble, if none is available, to proceed with the workflow
execution.

As already discussed, during the delegation pro-
cess, a coordinator may discover that some of the va-
riables she/he needs to delegate a subworkflow have
missing values. If he registered with the system for
the protocol to handle presuppositions, he can invoke
it to generate a (presupposed) value for a variable,
before delegating the subworkflow to the destination
user.

A coordinator may also detect that a subworkflow
cannot be delegated to a user because of negative in-
formation. In this case, he may invoke the mechanism
for choosing alternatives to request an alternative re-
source or an alternative subworkflow. He may also

request an alternative user and maintain the original
subworkflow.

Figure 1 presents a simplified state diagram of a
coordinator. When the workflow instance starts, the
coordinator enters the workflow pre-compiling phase.
If necessary, the mechanism to handle presuppositi-
ons and the mechanism for choosing alternatives may
be invoked. The next step is to delegate subworkflows
to other users, adding the required information on the
blackboard. After this step, the coordinator waits un-
til he receives all results from their subordinated co-
ordinators. When this occurs, the coordinator checks
the consistence of the results, if they depend only on
values stored on his blackboard. For each variable,
its final value, computed locally, is propagated to the
blackboard that stores the final value of the variable.

The termination protocol, executed by each coor-
dinator, is similar to the two-phase commit protocol.
However, because of the proposed flexibilization me-
chanisms, it must include a consistency check to ve-
rify the consistency of the overall transaction.

Figure 2 presents a simplified state diagram of
a subworkflow instance, emphasizing the transitions
that cover termination.

The initial state of a subworkflow instance is the
“active” state. The instance remains in this state un-
til execution begins. If the execution begins with a
presupposition, the subworkflow goes to the “con-
ditionally executing” state. If the execution begins
without presuppositions, the new state is the “execu-
ting” state. From both states, the subworkflow ins-
tance can be cancelled or it can be ready to terminate
with success. However, the final state of the work-
flow instance can only be reached after the execution
of the termination protocol. Therefore, before the fi-
nal state, there is always an intermediary state, where
each subworkflow instance stays until it receives the
termination message.
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Figure 1:Simplified state diagram of a coordinator.
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Figure 2:Simplified state diagram of a subworkflow.

4 IMPLEMENTATION IN THE
CONTEXT OF WEB SERVICES

We outline in this section an implementation of the
flexibilization mechanisms in a context where each
workflow defines a composition of Web services. We
refer to the system to be implemented in this doctoral
dissertation as theSemanticFlow system.

We will adopt standard technology as much as pos-
sible. In particular, we will use OWL-S (formerly
DAML-S) (Coalition, 2003) to describe the workflow,
resource and user ontologies, and UDDI (Accenture
et al., 2000) as the Web services discovery techno-
logy. A rule language, such as TRIPLE (Sintek and
Decker, 2002), is also required to express presupposi-
tions and consistency criteria.

OWL-S is sufficiently flexible to allow new proper-
ties to be added to service classes that capture details
of our distributed computation model or our flexibili-
zation mechanisms. For example, a boolean property
may be added to indicate if a given service represents

a replicable task, or not.
The flexibilization mechanisms ofSemanticFlow

will be modelled as protocols, extending theWS-
Transactionand WS-Coordinationframeworks (Ca-
brera et al., 2002b). Figure 3 presents an sche-
matic overview of how WS-Coordination and WS-
Transaction work (Freund and Storey, 2002). Very
briefly, an application exchanges context information
with the Web services it invokes, including informa-
tion about the transaction the invoked services is part
of. The coordination modules exchange messages to
coordinate the transaction and select the protocols to
be used.

Figure4 sketches how a workflow instance will be
executed, assuming that there is just one coordinator
and one blackboard, for simplicity. After a workflow
instance starts, any Web service it invokes must re-
gister with the system, indicating which execution or
flexibilization protocols it intends to use. The service
may subsequently access the blackboard, and use any
of the flexibilization protocols it registered for.
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Figure 3:Schematic overview of WS-Coordination and WS-Transaction (Freund and Storey, 2002).

Blackboard

Application Machine

read

write

Start transaction

Setings...

Executing...

SOAP :message

coordinationContext

execute subWorkflow/service

register

write(...)

1

3
4

5

5
register, query blackboard (read)

infer,…,execute, write(...)

2

1. CreateCoordinationContext

2. CoordinationContext created

3. Register for protocol

4. Registration accepted

.

.

.

N. Checkpoint (verify consistency)

.

.

.

M. End

WS-Coordination

WS-Transaction

Activation ServiceAS

RS

AT (Atomic ):

protocols

Transactions

AT (Atomic ):

protocols

Transactions AT (Atomic ):

protocols

TransactionsAT (Atomic ):

protocols

Transactions

BT (Business ):

protocols

Transactions

BT (Business ):

protocols

TransactionsBT (Business ):

protocols

TransactionsBT (Business ):

protocols

Transactions

Registration Service

WS-Coordination

WS-Transaction

Activation ServiceAS

RS Registration Service

WS-Coordination

WS-Transaction

Activation ServiceAS

RS Registration Service

WS-Coordination

WS-Transaction

Activation ServiceAS

RS Registration Service

Web service Web service Web service

Inference Layer Inference Layer Inference Layer

Web Service Machine 1 Web Service Machine 2 Web Service Machine n

…

Figure 4:Execution of a workflow instance in theSemanticFlowsystem.

6



SEMANTICFLOW: A SYSTEM FOR FLEXIBLE WORKFLOW EXECUTION

5 CONCLUSION

We proposed in this doctoral dissertation two me-
chanisms to flexibilize the execution of workflow ins-
tances: a mechanism to handle presuppositions that
allows workflow execution to proceed in the presence
of incomplete information, and a mechanism to cho-
ose alternative subworkflows, resources and users, in
the presence of negative information.

These two mechanisms use additional semantic in-
formation about the workflow definitions, resources
and users involved. This information can be very use-
ful in many situations, specially when the execution
must be terminated in a short period of time.

The idea is to validate the proposed mechanisms by
implementing them using Web services technologies.
Protocols and frameworks for Web Services must be
extended and used to guarantee the flexibilization of
the execution allowed by the proposed protocols.

The development of this doctoral dissertation fol-
lows five steps:

1. Bibliographical research: do research, aiming to in-
vestigate new workflow systems and solutions that
are becoming available;

2. System specification: to formally specify the sys-
tem and each one of the protocols, writing a consis-
tent documentation that will guide the implementa-
tion;

3. Implementation investigation: to study strategies to
implement the system, based on the semantic Web
concept, and considering the new technologies in-
volved;

4. Implementation: to implement theSemanticFlow
system, following the specification, and giving pri-
ority to the flexibilization mechanisms proposed;

5. Benchmark: to evaluate how the proposed mecha-
nisms behave for a meaningful set of workflow de-
finitions.

We are carrying out the first three steps in paral-
lel. The technologies to be used for implementing
the mechanisms in the context of Web services are
being investigated and, so far, we favor using the WS-
Transaction framework (Cabrera et al., 2002a).
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