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Abstract ons for various reasons, including unavailability of the re-
quired resources.

Workflow execution is many times stopped or cancel- 1he so-calledvorkflow adaptative systemgere propo-
led due to unavailability of resources or lack of informa- sed as an alternative to achieve flexible execution. Briefly,
tion. However, recent workflow applications usually require Such systems allow the workflow structure to be changed at
more relaxed execution. To flexibilize workflow execution, 'untime, without necessarily cancelling the workflow exe-
two mechanisms are proposed in this paper: a mechanism tocution. The works reported in [17] [14] [3] [12] [13] [15]
handle presuppositions, which allows execution to proceed![®] [10] exemplify this approach and are related to the re-
in the presence of incomplete information, by adopting pre- Sults reported in this paper.
suppositions; and a mechanism for choosing alternatives, 10 achieve flexible execution, we propose in this pa-
used when the workflow definition is abstract or in the pre- Per: (i) amechanism to handle presuppositidhat allows
sence of negative information. These two mechanisms aréXxecution to proceed in the presence of incomplete infor-
based on an ontology, called here workflow ontology, which Mation; and (i) amechanism for choosing alternatives

represents relationships between workflows, resources andUbworkflows, resources and users, thereby allowing work-
users. flow execution to proceed when the predefined subworkflow

or resource, or the pre-assigned user is unavailable (i.e., in
the presence of negative information). In some sense, these
mechanisms apply the idea of component substitution to the
case of workflow execution, where subworkflows, resources

and users play the role of components [2].

f ¢ . It must be noted that our flexibilization mechanisms are
Workflow management systems (WiMSs) received con- o intended to allow users to directly interfere with work-

siderable attention lately, motivated by their wide spectrum g, execution. These mechanisms rather use previous se-
of applications. Standardization efforts are under way in the mantic information about workflows, their resources and the

context of consortiums, such as WiM@/rkflow Mana- 5 5ijaple users, modelled as a workflow ontology, to suggest

gement Coalitioh Other consortiums, such as W3C, are payer aiternatives to the user, or to make educated guesses

not directly involved with WiMSs, but they contribute 10 51,4t missing data, that allow execution to proceed when

their evolution by defining protocols and workflow lan- otherwise it would have been stopped.

guage standards. The two flexibilization mechanisms are mainly based on:
Requirements for WfMSs comprise a long list, among

which we may highlight distributed execution, cooperation,  ® the workflow the user submitted, that defines relati-

coordination, and synchronization, that model the way user onships between tasks, resources and users;

communities work cooperatively to perform a given task o 3 workflow ontology that models semantic relati-
[11] [1]. onships between objects (workflows, resources and
This paper addresses a complementary family of requi-  users), and that covers an application area;
rements, that we collectively cdlexible executiorBriefly,
workflow management systems usually interpret a work-
flow definition rigidly in the sense that the system fol-
lows precisely the order of the tasks the definition imposes. The paper is organized as follows. Section 2 presents
However, there are real life situations where users shouldthe example that will be used throughout the paper. Sec-
be allowed to deviate from the prescribed sequence of acti-tion 3 shows the workflow ontology used by the flexibili-

1. Introduction

e semantic rulesthat dictates the way alternatives can
be found to allow workflow execution to continue.
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zation mechanisms proposed. Section 4 describes the flexiusers are required to execute each workflow. The relati-
bilization mechanisms. Finally, Section 5 contains the con- onship between abstract and concrete objects is explored by
clusions of this work. the mechanism for choosing alternatives, as explained la-
ter.

This ontology, in addition to other information, can be
seen as a formal and semantic way to represent the table

The example presented in this section is inspired on aPresented in the last section of this paper.
real emergency plan, defined in a large (paper) document. This ontology guides the discovery of possible alterna-
The plan has been translated into a workflow that runs undertives when the execution of a workflow instance fails to
the InfoPAE system [6]. Albeit very simplified and schema- Proceed. Based on the subworkflow that caused the execu-
tic, the example retains the essential characteristics of thetion to halt and on the execution context, the system traver-
original plan. ses the ontology to discover a suitable replacement for the

Consider the prob|em of C|eaning coastal areas affectedSUbWOfkflOW that failed to execute (Or to discover an alter-
by an oil Sp||| This prob|em is addressed by deﬁning a set native resource or user that will let the halted subworkflow
of cleaning procedures that take into account the oil type to proceed).

(Type | through Type V) and the coastal area characteris-

tics (in this case, Sand beach), as showed in Table 1. Cellsy. Flexibilization Mechanisms

are filled with a weight indicating the environmental impact
of each of the procedure8:00 indicates the smallest envi-
ronmental impact).25 some impact).50 a significantim-  flow execution to proceed in the presence of incomplete in-
pact,0.75 the greatest impact, arid00 inapplicable. formation, by adopting presuppositions, and in the presence

Now, suppose that the user comes to a point in the overallof negative information (or of an abstract definition), by
emergency plan execution where he needs to select a cleasuggesting alternatives to the execution. The idea behind the
ning procedure for a sand beach affected by an oil spill. Theflexibilization mechanisms proposed in this paper is very si-
user (or the workflow management system) can then look upmilar to the query relaxation strategy used in the CoBase
in Table 1 to select (or invoke) the best procedure to cleansystem [7] and in the CoSent system [8].
the beach. For example, if the oil is of Type I, the best pro-  The two flexibilization mechanisms use workflow onto-
cedures are “VC: Vacuum Cleaning” and “CL: Cold, Low |ggies, in addition to:

Pressure Cleaning”.
However, if he has no information about the oil type, Ta-

2. A Brief Motivating Example

This section describes two mechanisms that allow work-

e presupposition rules to compute presuppositi-

ble 1 becomes useless. In this case, he may take an edu-
cated guess and assume, say, that the oil is of Type II. He
will then proceed with the emergency plan based on this as-
sumption. Moreover, if he cannot execute the best procedu-
res for Type Il oil (those with weight 0.00), because a pre-
defined resource is unavailable, then he may resort to “UA:
Use of Absorbents” and “CH: Cold, High Pressure Clea-
ning”, which are the second best choices (those with weight
0.25).

3. Workflow Ontology

A workflow ontologyis at the core of the flexi-
bilization mechanisms proposed here. See Figure 1
for a simplified RDF [16] graph, and accessdtp:
[Iwww.inf.puc-rio.br/ ~tati/ontologies/
workflow.owl and http://www.inf.puc-rio.
br/ ~tati/ontologies/br 2.owl for the work-
flow ontology and an example written in OWL, respecti-
vely.

Basically, a workflow ontology represents relationships
between abstract and concrete workflows, resources and
users. Also, this ontology indicates which resources and

ons, when the required information is unavailable.
These rules can state, for instance, to always se-
lect oil Type Il as the default value for oil type;

consistency rulego assess the presuppositions made
when workflow execution terminates. For instance, if
the default oil type is I, the consistency rule must de-
fine that a computation is valid iff, during the compu-

tation, if the value of oil type became known after the

presupposition rule was used, then the known oil type
must be Type II;

semantic proximity propertieghat help finding al-
ternative subworkflows, resources and users, when
the predefined subworkflow or resource, or the
pre-assigned user is unavailable. These proper-
ties give the strength of the relationship between
the various classes of objects: workflows, resour-
ces and users;

semantic rulesthat dictated the way alternatives can
be found, for instance, based on the last parallel work-
flow executed and on the execution context. These ru-
les basically define the semantic proximity properties
for each execution context situation.
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Table 1. Environmental impact of cleaning procedures for sand beaches.

Oil Type Type | Type Il Type I TypelV | TypeV
ND: Natural Degradation 0.00 1.00 1.00 1.00 1.00
UA: Use of Absorbents 1.00 0.25 0.00 0.00 0.00
VC: Vacuum Cleaning 1.00 0.00 0.00 0.00 0.00
CL: Cold, Low Pressure Cleaning 1.00 0.00 0.00 0.25 0.25
CH: Cold, High Pressure Cleaning 1.00 0.25 0.25 0.25 0.25
HL: Hot, Low Pressure Cleaning| 1.00 1.00 0.50 0.50 0.50
HH: Hot, High Pressure Cleaning 1.00 1.00 0.50 0.50 0.50
PC: Vapor Cleaning 1.00 1.00 0.75 0.75 0.75

is-related-to/
relates

is-implementation-of/
is-implemented-by

requires/

@ s—required—by

requires/
is-required-by

is-avaiable

false

Figure 1. Fragment of a workflow ontology that shows the beach cleaning procedures (refer to Table
1 for the abbreviations used).

The mechanism to handle presuppositions is invokedis invoked when the predefined subworkflow or resource, or
whenever the required information is unavailable and es-the pre-assigned user is unavailable (i.e., in the presence of
sentially interprets the presupposition rules. It may be invo- negative information). It uses the semantic proximity pro-
ked in two distinct points of the execution. First, when dele- perties to:
gating a subworkflow instand# of a workflow instanceN
to another used, the coordinatotJ of Wmay find out that
the value of a variabl®, required to test the pre-condition

¢ find a semantically equivalent subworkflow such that
the required resources and the assigned user are avai-

C of W, is missing. In this casd/) invokes the presuppo- lable;
sition mechanism to find out a valyefor V, testsC with o find semantically equivalent resources that are availa-
p, and delegate®/to U, if C succeeds wheN receive ble;

as value. Second, when is executijdhe may also miss the
value of some variabl€. Then,Umay again invoke the pre-
supposition mechanism to find out a value Tor It is worth noting that these three choices are mutually
dependent. For instance, if an alternative subworkflow is
considered, one must verify if the required resources and
users are available. Likewise, if an alternative user is consi-
dered, one must check if he can really execute that subwork-
flow and if the resources are available.

In the first mode, the workflow definition contains spe- In the second operation mode, the workflow definition
cific subworkflow, resources and users, but it may indicate specifies an abstract subworkflow or task, leaving it to the
that the assignment is flexible. In this case, the mechanismmechanism, or in some extent to the user itself, to decide,

¢ find a user, with equivalent capacities, that is available.

The mechanism for choosing alternatives operates in two
different modes, which are essentially equivalent, but re-
quire slightly different interpretations (and modelling) of
the semantic proximity properties.



at run time, which is the best alternative that can be execu- [2] Valeria De Antonellis, Michele Melchiori, and Pierluigi Ple-

ted, that is, whose resources and users are all available.

Moreover, in both modes, typically more than one alter-
native is possible. Hence, the semantic proximity properties
must provide some form of cost estimate, and the mecha-
nism for choosing alternatives must be equipped with a cost
model that is invoked to select the best alternative, or at le-
ast to guide some heuristics that will select a reasonable al-
ternative. The alternatives must be chosen considering also
the availability of users and resources, as indicated by the [4)

is-availableproperty of the workflow ontology.

When a subworkflow instance terminates, the workflow
management system must invoke the consistency rules to
analyze the results produced, if presuppositions were made.

Besides the abstract modelling of subworkflows, resour- (5]
ces or users, from the semantic point of view, there is
another level of abstraction, concerned with technology in-
dependence. The workflow and the respective workflow on-

tology are defined in any high level language, aruialing

is made, at execution time, to the chosen technology. For
instance, each workflow can be implemented as a Web ser- [g)
vice, and the architecture can be based on this trend, using
WS-Transaction [4] and WS-Coordination [5] frameworks.

5. Conclusion

We presented in this paper two mechanisms to flexibilize
the execution of workflow instances: a mechanism to han-
dle presuppositions that allows workflow execution to pro-
ceed in the presence of incomplete information, and a me-
chanism for choosing alternative subworkflows, resources
and users in the presence of negative information, or when [9]

abstract definitions are adopted.

These mechanisms use additional semantic information
about the workflow definitions, resources and users invol-
ved, contained in the workflow ontology. This ontology gui-
des the discovery of possible alternatives when the execul10]
tion of a workflow instance fails to proceed, and helps as-
signing default values for undefined variables, with the help

of additional semantic information.
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