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Abstract
Workﬂow systems have traditionally focused on the so-called production processes which are characterized by predeﬁnition, high volume, and repetitiveness. Recently, the deployment of workﬂow systems in non-traditional domains
such as collaborative applications, e-learning and cross-organizational process integration, have put forth new
requirements for ﬂexible and dynamic speciﬁcation. However, this ﬂexibility cannot be offered at the expense of control,
a critical requirement of business processes.
In this paper, we will present a foundation set of constraints for ﬂexible workﬂow speciﬁcation. These constraints are
intended to provide an appropriate balance between ﬂexibility and control. The constraint speciﬁcation framework is
based on the concept of ‘‘pockets of ﬂexibility’’ which allows ad hoc changes and/or building of workﬂows for highly
ﬂexible processes. Basically, our approach is to provide the ability to execute on the basis of a partially speciﬁed model,
where the full speciﬁcation of the model is made at runtime, and may be unique to each instance.
The veriﬁcation of dynamically built models is essential. Where as ensuring that the model conforms to speciﬁed
constraints does not pose great difﬁculty, ensuring that the constraint set itself does not carry conﬂicts and redundancy
is an interesting and challenging problem. In this paper, we will provide a discussion on both the static and dynamic
veriﬁcation aspects. We will also brieﬂy present Chameleon, a prototype workﬂow engine that implements these
concepts.
r 2004 Elsevier Ltd. All rights reserved.
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1. Introduction
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Workﬂow technology is being applied in quite
diverse areas. This diversity has had a strong
impact on workﬂow research. We can ﬁnd in the
literature, several categories of workﬂow types,
such as production, collaborative, ad hoc, etc. To
determine the suitability of workﬂow technology,
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process characteristics such as functional complexity, predictability and repetitiveness are often
considered, especially in the general class of
production workﬂows. However, the predictability
and repetitiveness of production workﬂows cannot
be counted upon, in the dynamic business environments of today, where processes are being
continually changed in response to new methods
and practices, and changes in laws and policies.
Furthermore, these processes are often confronted
by exceptional cases, and need to deviate from
prescribed procedures without loosing control.
These exceptional cases may or may not be
foreseen.
At the same time, there is a complementary
school of thought, which often speaks of ad hoc
workﬂows, or workﬂows where the process cannot
be completely deﬁned prior to execution [1].
Although we do not advocate ad hocism in
workﬂow processes to the extent of a complete
relaxation of coordination constraints, it is
obvious that ad hocism is meant to promote
ﬂexibility of execution. There is sufﬁcient evidence
that process models that are too prescriptive
introduce a rigidity that compromises the individualism and competitive edge of the underlying
business procedures.
Processes which undergo frequent change cannot be completely pre-deﬁned, or simply have too
many instance types, require a speciﬁcation framework which is in tune with the ﬂexible nature of
these processes. Processes which depend on the
presence of such ﬂexibility for the satisfactory
attainment of process goals can be found in many
applications, for example:
*

*

A typical example of ﬂexibility is healthcare,
where patient admission procedures are predictable and repetitive, however, in-patient
treatments are prescribed uniquely for each
case, but nonetheless have to be coordinated
and controlled.
Another application is higher education, where
students with diverse learning needs and styles
are working towards a common goal (degree).
Study paths taken by each student need to
remain ﬂexible to a large extent, at the same
time providing study guidelines and enforcing

*

*

course level constraints is necessary to ensure a
certain quality of learning.
Effective customer relationship management
(CRM), a critical component in enterprise
solutions, also signiﬁes the need to provide a
ﬂexible means of composing call center activities according to the available resources and
data, by integrating CRM systems with core
organizational workﬂow processes and underlying applications.
Customizable product manufacturing also requires a ﬂexible means of coordination of
production processes, since the requirements
of individual customers cannot be pre-determined. Here, made-to-order products are produced against customer requirements which are
made available for individual items or batches,
and may vary from case to case.

The key issue in ﬂexible workﬂows is the
speciﬁcation of the partial process, from which a
complete workﬂow speciﬁcation may be derived.
Thus rather than enforcing control through a
rigid, or highly prescriptive language that attempts
to capture every step and every option within the
process, the process is deﬁned in a ‘‘ﬂexible’’
manner, that allows individual instances to determine their own (unique) processes. How to achieve
such a means of requirements speciﬁcation is the
main focus of this paper.
In the subsequent sections, we will present a
unique, generic and practical approach for the
speciﬁcation of ﬂexible workﬂows. It is important
to clarify that this paper does not present a new
language for workﬂow speciﬁcation. Instead, we
will only make use of simple, generic and wellestablished constructs, such as sequence, fork,
choice, etc. [32]. To establish a common understanding of these constructs and notation, we have
given in the Appendix, a short explanation of the
semantics. Basically, a Workﬂow is deﬁned as a
directed graph W : There are two types of nodes in
W ; namely activity nodes (rectangle) and coordinator nodes (ellipse). Fig. 1 gives the graphical
representation.
We will use the above notation to demonstrate
various examples in this paper. The remaining
paper is structured as follows: We ﬁrst present the

ARTICLE IN PRESS
S.W. Sadiq et al. / Information Systems ] (]]]]) ]]]–]]]

Fig. 1. Workﬂow modeling constructs.

speciﬁcation framework, followed by a discussion
on achieving the right balance between ﬂexibility
and control. This will demonstrate how this
speciﬁcation framework facilitates the attainment
of such a balance. We then present in detail our
approach to constraint speciﬁcation, which is a
fundamental notion in the framework. Then in the
following section, a discussion on constraint
validation is presented. We ﬁrst deﬁne various
properties of the constraint speciﬁcation approach,
namely transitivity, redundancy and conﬂicts, and
then provide a procedure for achieving a minimal
and conﬂict-free speciﬁcation. In the next section,
the veriﬁcation of templates built under the given
speciﬁcation framework is discussed. We provide
the veriﬁcation algorithms as well as some discussion on template building support from a system/
usability point of view. Finally, we present a short
introduction to a ﬂexible workﬂow engine, Chameleon, which implements the above concepts,
before presenting related work and conclusions.

2. Speciﬁcation framework
It is a long established notion that requirements
speciﬁcation involves the modeling of real-world
knowledge and not just functional speciﬁcation [2].
This representation takes many forms, such as
formal speciﬁcation languages, reactive systems
modeling, and conceptual modeling [3]. Several
modeling perspectives exist [4] such as notion
oriented (e.g. UML) and domain oriented (e.g.
ARIS [5]).
Many workﬂow speciﬁcation languages have
origins in the Petri-net formalism, and process
algebra and report different levels of success in
validation and veriﬁcation. Current workﬂow
products and research initiatives have introduced
an assortment of workﬂow speciﬁcation languages
that support several variants of the typical
(sequence, choice, fork and iteration) modeling
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constructs. Introducing ﬂexibility of speciﬁcation
by introducing more constructs within the modeling language has many drawbacks. There is often a
semantic overlap in many of these constructs,
making it difﬁcult to deﬁne and verify. Furthermore, their enactment introduces unnecessary
complexity in the workﬂow engine, limiting its
scope and interoperability. However, our approach provides the means for ﬂexible deﬁnition
without compromising the genericity or simplicity
of the modeling language.
We present below a framework for requirements
speciﬁcation for ﬂexible workﬂows. This framework is based on the concept of pockets of
flexibility [33].
2.1. Workflow model specification
The speciﬁcation of the partial, which we shall
call the flexible workﬂow, consists of:
*

*

identiﬁable (pre-deﬁned) workﬂow activities
and control dependencies that form the core
process;
pockets of flexibility within the process, represented as a special workﬂow activity called the
build activity, and consisting of
*
set of workﬂow fragments, where a workﬂow fragments may consist of a single
activity, or a sub-process,
*
set of constraints for concretizing the
pocket with a valid composition of workﬂow fragments.

The assumption is that the control ﬂow between
the fragments cannot be completely deﬁned in the
core process. The concept of pockets of ﬂexibility
aims at compensating for this inability to completely specify the process. The concept as such, is
not limited to the workﬂow modeling language
being used. As shown in Fig. 2, the pocket can
simply be seen as a special BUILD activity (dotted
box) within the workﬂow model, together with the
set of workﬂow fragments and constraints from
which the build activity can form a valid composition.
In Fig. 2, we give an example of a ﬂexible
workﬂow representing a call center response to a
user request in a typical CRM environment. This
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can compose the pocket, and the following
constraints are imposed on building:
*
*

Fig. 2. The ﬂexible workﬂow.

model is based on the simple language with
standard constructs as introduced previously. This
language is supported by a process modeling and
veriﬁcation tool FlowMake (www.dstc.edu.au/
praxis).
The example above represents a hypothetical
and simpliﬁed CRM process. Wherein, upon
receipt of a customer call, a call center agent will
create a request with relevant details in the system,
and allocate an engineer based on skills (shown as
the activity ‘‘Log Customer Request’’). The
request then appears on the work list of the
allocated engineer, who will now have to make
decisions on how to resolve the customer request
based on his/her expertise (shown as the activity
‘‘Solve Problem’’). As in typical environments, the
problem is addressed and solved in accordance
with pre-determined procedures. Temporal/control constraints and quality assurance parameters
are associated with these procedures. However, in
some circumstances, a greater level of support may
be required (so-called level 2 support). It is
difﬁcult, if not impossible to determine the exact
response warranted for every possible customer
request. Thus, some ﬂexibility has to be afforded
to the engineers-in-charge. This ﬂexibility is
provided within the pocket, but under given
control.
In the given example, the level 2 engineers have
six different activities (fragments) with which they

any of the tests may be done, but one at a time;
the supervisor approval is required to conduct
site visit.

One can expect in real-life CRM processes, there
will be many more fragments and complex rules,
there may be an iterative building of the pocket for
difﬁcult cases, and there could be an outcome
where the customer request cannot be satisﬁed.
Such complexity is omitted for simplicity. The
underlying objective however is to effectively meet
the customer request within the given constraints,
while making use of individual expertise and
experience.
As a side note, it is interesting to point out that
the procedures deployed to meet certain requests
by different engineers will have different levels of
effectiveness. With sufﬁcient volume of operations,
the workﬂow logs can be mined to determine
effective practices, and identify successful responses.
2.2. Workflow instance specification
The instance speciﬁcation initially consists of a
copy of the core process. As a particular instance
proceeds with execution, the build activities
provide the means of customizing the core process
for that particular instance. The instance speciﬁcation prior to building, we call an open instance. The
instance speciﬁcation after building we call an
instance template. Thus, the instance template is a
particular composition of the fragments within the
ﬂexible workﬂow. The instance templates in turn
have a schema–instance relationship with the
underlying execution. In traditional terms, the
instance template acts as the process model for a
particular instance. Execution takes place with full
enforcement of all coordination and temporal
constraints, as in a typical production workﬂow.
However, template building is progressive. The
core process may contain several pockets of
ﬂexibility which will be concretized through the
associated build activities as they are encountered.
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As such, the template remains open until the last
built activity has completed.
In Fig. 3, we give two example instance
templates for the ﬂexible workﬂow given in
Fig. 2. These present the two different ways in
which customer requests may be handled, however, both templates conform to the build constraints given in the previous section.
Execution will commence with the initial activity
of the core process, which establishes the creation
of the instance and necessary data. After successful
completion of the initial and any subsequent
activities, a pocket of ﬂexibility is encountered,
and the associated build activity is activated. The
execution of the build activity replaces the open
instance with the instance template, which in turn
serves as a process model for that instance.
The objective is to achieve a workﬂow speciﬁcation which effectively captures a business scenario.
The process (or build) constraints are the fundamental feature of this approach. The manifestation
of ﬂexibility through process constraints is the key
to providing conﬁgurable process models. We
believe that the strength of this approach lies in
the separation of the speciﬁcation of the process
constraints which are known, and need to be
enforced, and the instance speciﬁc requirements,
which are difﬁcult to pre-determine and their
knowledge lies with actual (end) users. This
separation introduces the concept of the open

5

instance and transfers greater control into the
hands of actual users, consequently promoting
ﬂexibility in work practice.

3. Balancing ﬂexibility and control
In Section 2.1, we have deﬁned the ﬂexible
workﬂow as having the following components: a
core process (with normal activities as well as
special build activities representing pockets of
ﬂexibility), fragments, and build constraints. On
a continuum of workﬂow speciﬁcation, there is the
completely deﬁned model on one end, and the
model with no pre-deﬁnition on the other. Thus,
the former only has strong constraints, e.g. B must
follow A; and the latter no constraints at all.
Finding the exact level of speciﬁcity along this
continuum will mostly be process dependent.
Below we present a discussion on how the
speciﬁcation of each component of the ﬂexible
workﬂow can be tuned to strike the right balance
between ﬂexibility and control.
3.1. Core process
Within a core process, one or more pockets are
built from fragments and constraints. Once built, a
pocket is basically a sub-process within the parent
core process. The only difference is that the pocket

Fig. 3. Instance templates.
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may have a more restricted version (explained later
in Section 4) of the prescriptive language than the
one used to specify the core process. However,
building a pocket from given fragments and
constraints, or building a process from given
fragments and constraints, are conceptually similar. In other words, the entire process model may
be deﬁned as a pocket.
The previous examples and discussion assumed
that the only components to build a pocket
(or process) are fragments and constraints. A
generalization of this concept is to allow a core
template to be deﬁned as well. This template
represents the pre-deﬁned part of the pocket
(process). The given fragments and constraints
are used to build upon the template, rather than an
empty space.
The subsequent discussion will consider this
generalized deﬁnition of a core process. That is, a
core process is a workﬂow model which may
represent the process itself or a pocket within a
process, and this model may be of any complexity,
including an empty graph. It is henceforth called a
core template.
3.2. Fragments
There is no reason why building should be
allowed from existing fragments only. There are
several examples of processes, where entirely new
(unprecedented and hence not pre-deﬁned) activities have to be performed for a given instance, and
perhaps subsequently used for other instances.
Building from a pre-deﬁned set of fragments,
however, will generally be more realistic since it
provides some degree of control on what is
included in the instance.
3.3. Build constraints
In all of the above cases, the result is basically an
instance template, which is dynamically built. The
speciﬁcation of fragments, which are merely workﬂow activities or sub-processes, as well as the
speciﬁcation of the core process, does not present
any new challenges, over and above process
modeling. Speciﬁcation of the constraints imposed
on the composition of fragments is novel and

speciﬁc to the proposed framework. Building may
be constrained by several factors, including the
data relating to that instance, the stage of
execution of the instance, temporal constraints,
fragments available for building, and the business
rules of the particular application for which the
template is being deﬁned. For example, in education, it will be constrained by the progress of the
student, such that at any given stage of the study
process, the student can build the template from a
speciﬁed set of study activities under given rules. A
student, for example, cannot take up a study
activity for which pre-requisites have not been
met. Similarly, a student may not be permitted to
take more than a given number of study activities
at one time.
These constraints are distinct from strong
constraints. Whereas strong constraints exhibit
the same semantic behavior in all instances, these
weak or ﬂexible constraints map to several
variants.
Although a build environment may be provided
without build constraints, that is, the composition
of fragments is not controlled through constraints,
the challenge lies more in providing a small set of
constraints which will allow the building of a large
number of instance templates in a controlled
environment. What that set of constraints consists
of, is a challenging issue. Another critical question
is, how can a template be validated for conformity
to these constraints. For example, why is the
instance template in Fig. 3 a valid composition.
The subsequent sections will address these
questions.
From the above discussion, we identify the
following options, which deﬁne the continuum of
process speciﬁcation. The ‘X’ in Table 1 indicates
the existence of the component in process speciﬁcation.
Options 2–5 represent various options for
ﬂexible deﬁnition. In the previous sections,
Figs. 2 and 3 provided an illustration of option
4, where the pocket contained fragments and
constraints, but no core process (within the
pocket). Which option provides the right balance
will largely be dictated by the nature of the
application. In the following sections, we will
continue the discussion based on options 2–5.
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Table 1
Options for process speciﬁcation
CP

F

BC

1
2

X
X

X

X

3

X

X

4

X

5

X

6
7
8

X

X

X
X

Complete deﬁnition
Flexible deﬁnition: with given core
template
Flexible deﬁnition: with given core
template, but no constraints on
fragments composition
Flexible deﬁnition: without core
template
Flexible deﬁnition: without core
template, or constraints on fragments
composition
N/A
N/A
No deﬁnition

CP: core process; F: fragments; BC: build constraints.

4. Constraint speciﬁcation
We identify two main classes of constraints,
namely structural class and containment class. The
constraints belonging to the structural class
impose restriction on how fragments can be
composed in the templates. We will discuss three
constraint types under the structural class, namely
serial, order and fork. The constraints belonging
to the containment class identify conditions under
which fragments can and cannot be contained in
the resulting templates. We will discuss two
constraint types within the containment class,
namely inclusion and exclusion.
Below we give the meta-deﬁnitions for these
constraint types. The actual deﬁnitions will be
made in accordance with given domain requirements. It is important to note that, although these
deﬁnitions allow for a large number of arbitrary
structures to be constructed in the given language,
it is not the intention, nor it may be possible, to
give a set of constraint types that can satisfy any
workﬂow structure (against any business logic).
The underlying motivation is to provide a greater
degree of ﬂexibility by dynamic building, while still
maintaining a desirable level of control through
constraint speciﬁcation. A discussion on possible
extensions of the basic set of ﬁve constraint types
will be given later in Section 4.6. We ﬁrst introduce
basic terminology.
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Let F be a set of fragments, and f AF be a
fragment, where a fragment is a sub-process (or a
single activity).
Further let |F |=n; be the number of fragments
in F :
Fm DF where m ¼ 1; 2; y .
C is a set of constraints.
ConstraintType: C- {Serial, Order, Fork,
Inclusion, Exclusion}, where 8cAC; ConstraintType (c) represents the type of c:
W is a workﬂow graph as deﬁned previously. W
represents the core process.
P is a pocket (process) given as P ¼ oW ; F ; C >
where W and/or C may be empty. (Deﬁnition in
accordance with options 2–5 given in Section 3.)
T is a workﬂow, as well as the target template
which is intended to be dynamically built given P:
For the following consideration, the coordinator nodes in T are restricted to begin, end, fork,
and synchronizer. While choice and merge coordinators may be present within workﬂow fragments, we propose that these coordinators not be
used to build the instance template. Since an
instance template represents a particular occurrence of the workﬂow process, the decision of
what to choose should be made as part of the
build activity. For example, the constraint ‘‘do
any one of A; B or C’’ will be built as either
A or B or C; and not all within a choice-merge
construct. The elimination of the choice-merge
construct from the template, further has the
advantage of removing the chance of structural
errors such as deadlocks or lack of synchronization [6].
As a ﬁnal point, note that there will be a
mapping from P-T; where one pocket may map
to several templates. In order for T to be a valid
template, all constraints c1; c2; ycnAC as given
in P ¼ oW ; F ; C > must hold in T, that is
c14c24?4cn must be true.
4.1. Serial constraint
A serial constraint is deﬁned when fragments are
to be arranged serially. However, the choice of
order remains ﬂexible and is determined by the
user during the build. Fig. 4 gives example valid
compositions.

ARTICLE IN PRESS
S.W. Sadiq et al. / Information Systems ] (]]]]) ]]]–]]]

8

Fig. 4. Serial constructs.

It is interesting to note that this ﬂexibility of
composition contradicts conventional sequential
constraints, where ‘‘A is followed by B’’ indicates a
control ﬂow dependency between A and B: This
dependency cannot be established in the above
scenario. However, such a ﬂexible composition is
required to fulﬁll constraints such as ‘‘do all of A;
B and C; but one at a time’’. A further expansion
of compositions can be illustrated by a constraint
such as ‘‘do any k from a given set of fragments,
but one at a time’’. The serial constraint is
basically deﬁned to capture this ﬂexibility. Note
that, the serial constraint does not imply consecutive placement, that is, the fragments may
have other workﬂow activities placed between
them. Also, the serial constraint does not put any
restriction on the number of fragments that must
be included in the resulting template.
Scenario: A number of tests have been prescribed for a given patient, e.g. blood test, X-ray
and ECG. These tests can be done in any order but
only one at a time.
Constraint notation: S(Fm ) where Fm is a nonempty subset of F : Thus S(Fm ) is represented as
Sðff 1; f 2; y;fngÞ; fiAFm for i ¼ 1; y; n:
Constraint definition: Let S(Fm ) be given, and Fk
be a subset of Fm ; such that all fragments in Fk
are present in T: Then 8 fi; fjAFk ; there exists a
unique path between them in T: The choice of
fragments in Fk is user-driven.

However, like the serial constraint, the order
constraint does not imply consecutive placement,
that is, the fragments may have other workﬂow
activities placed between them.
Scenario: Applications for admission in a
university program are processed by the admission
section as well as the faculty. The admission
section receives the applications, screens them for
missing documents and in most cases also determines eligibility. In certain cases, the recommendation of the faculty is required to determine
academic eligibility. This recommendation may be
requested at any stage, provided the application
has been screened for missing documents by the
admission section before being received by the
faculty.
Constraint notation: O(Fm ) where Fm is a nonempty subset of F : Thus O(Fm ) is represented as
Oðff 1; f 2; y;fngÞ; fiAFm for i ¼ 1; y; n: O(Fm )
provides an order on the elements of Fm :
Constraint definition: Let O(Fm ) be given, and
Fk be a subset of Fm ; such that all fragments in
Fk are present in T: Then 8 fi; fi þ jAFk where
i ¼ 1; y; n  1 and j ¼ 1; y; n  i; there exists
a path from fi to fi þ j in T: The choice of
fragments in Fk is user-driven.
4.3. Fork constraint
The fork constraint basically allows selected
fragments to be executed in a fork. Flexibility of
deﬁnition is especially required when the fork can
be built from any number of fragments. A typical
constraint for the above can be ‘‘do no more than
three of A; B; C or D’’. Fig. 5 shows the example
valid compositions.
Note that execution in fork does not necessarily
imply parallel execution, since activities present on

4.2. Order constraint
The order constraint is a special case of the
serial constraint, where fragments must be executed in serial as well as in a speciﬁed order.

Fig. 5. Fork constructs.
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the multiple outgoing branches of a fork may be
activated in any order. Hence, this constraint
rather implies not sequence. Furthermore, the
fragments may appear in fork structures together
with other workﬂow activities.
Scenario: A number of study activities are
designed within a course. A student is expected
to undertake at least three of these for a given
period of time.
Constraint notation: F (Fm ) where Fm is a nonempty subset of F : Thus F (Fm ) is represented as
F ðff 1; f 2; y;fngÞ; fiAFm for i ¼ 1; y; n:
Constraint definition: Let F (Fm ) be given, and
Fk be a subset of Fm ; such that all fragments in
Fk are present in T: Then 8fi; fjAFk ; there does
not exist a path between them in T: The choice
of fragments in Fk is user-driven.
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certain fragments from being included in the
resulting template.
Scenario: Company travel reimbursements can
be made in two ways: payment by cheque or
payment by direct deposit. In a particular instance,
inclusion of one, should exclude the other.
Constraint notation: E(Fp ; Fm ) where Fp and Fm
are two non-empty subsets of F : Thus E(Fp ; Fm )
is represented as E({f 1; y; fq}, {f 1; y; fn});
fiAFp for i ¼ 1; y; q; fjAFm for j ¼ 1; y; n:
Constraint definition: Again, two cases may
occur:
If all fragments from Fp are present in T then all
fragments from Fm must not appear in T:
If not all the fragments from Fp are present in T
then no rule is enforced on Fm :
4.6. Extending the constraint set

4.4. Inclusion constraint
The inclusion constraint identiﬁes a dependency
between two sets of fragments. Essentially, the
presence (or absence) of fragments from one set
imposes a restriction on the fragments of the
second set. Inclusion constraint can be supplemented with a serial/order or fork constraint, that
imposes an additional restriction on how the
included fragments must be composed.
Scenario: In travel booking, a customer making
a booking for both ﬂight and accommodation will
be provided by free transport from/to the airport.
Constraint notation: I(Fp ; Fm ) where Fp and Fm
are two non-empty subsets of F : Thus I(Fp ; Fm )
is represented as I({f 1; y; fq}, {f 1; y; fn });
fiAFp for i ¼ 1; y; q; fjAFm for j ¼ 1; y; n:
Constraint definition: Two cases may occur:
If all fragments from Fp are present in T then all
fragments from Fm must appear in T:
If not all the fragments from Fp are present in T
then no rule is enforced on Fm :

The ﬁve constraints introduced in this paper
provide a basic set, but still allow for a substantial
number of templates to be built. However, as
explained before, there can always be particular
requirements of business processes which these
constraint types may not directly satisfy. One can
envisage extensions to the basic set of constraint
types, which capture additional semantics, for
example Min/Max constraints that impose restrictions on how many fragments can be included; or
constraints on multiple executions such as ‘‘do A k
number of times in parallel’’ where k is instance
dependent. Introduction of new constraint
types will impact on the veriﬁcation algorithms
(Section 6), as well as the existing rules for conﬂicts
(Section 5). For example, fragments that can be
executed multiple times should not be part of the
argument for an order constraint. Extending the
constraint types is similar to extending the constructs in a language. Extensions will allow further
diversity in the building of templates, but can also
be expected to have an impact on the veriﬁcation.

4.5. Exclusion constraint
5. Constraint validation
The exclusion constraint, similar to the inclusion
constraint, also identiﬁes a dependency between
two sets of fragments. However, this prohibits

An important aspect of the above framework is
the validation of the set of constraints. Since these
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constraints are the basis for controlling subsequent
dynamic building, it is vital that the constraints
themselves do not impose a restriction which
cannot be met. In other words, can we say that
possible structures allowable under a given constraint set are acceptable? Below we give a few
examples of such violations:
*

*

*

Suppose that a fork constraint is given as F ({A;
B; C}), however, there is a data dependency
between B and C; i.e. C requires data generated
by B: Constructing a fork between B and C
would result in a violation of this dependency.
Suppose an order constraint is given as O({A; B;
C; D}). However, C has a temporal constraint
speciﬁed as an absolute deadline say, 1 July
2002. At the same time, the initiation of A is
constrained by a given date as well, say 1
August 2002. Thus, the speciﬁed order of
execution would violate these temporal constraints.
Suppose an inclusion constraint is given by
I({A}, {B}), however A and B are incompatible
activities both of which should not be done
together for a given instance. For example, they
could represent an ‘‘Offer discount’’ and an
‘‘Offer on VIP member price’’ activity, respectively, within a sales workﬂow.

Thus, constraints may be invalid for a number
of reasons including missing or lost data, temporal
violations, and business rule contradictions. However, specifying incorrect constraints as above is
equivalent to constructing a process model that
does not meet business constraints and/or process
goals. Obviously, the greater the knowledge of the
designer in terms of the business domain and
properties of underlying activities and applications, the less chance of incorrect constraint
speciﬁcation.
Incorrect or missing constraints in a prescriptive
process model would also result in the process
goals being compromised. That is, a process model
may be structurally correct with respect to the
workﬂow modeling language, but may be incorrect
with respect to the business logic. Similarly, in our
framework, templates may be built which are in
conformance with given constraints, but do not
represent a sensible process due to incorrect or

missing constraints. This is not a new problem and
substantial work exists, especially in the context of
software validation [7].
Constraint validation in the context of our
approach primarily deals with the identiﬁcation
of conﬂicts within the constraint set. Since
individual constraints could hold, but the conjunction of constraints may fail due to conﬂicts. It
is essential to ensure that template veriﬁcation
(Section 6) is conducted on a conﬂict-free and
minimal constraint set. Furthermore, constraint
speciﬁcation may have transitive and/or redundant
elements. In the following sections, we will
discuss further the properties of these constraints
and demonstrate how the above may be
achieved.
5.1. Transitivity in constraints
It is important to note that three of the above
constraint types, speciﬁcally inclusion, exclusion
and order, have a transitivity property. For
example, O({A; B}) and O({B; C}) implies that
there is an order constraint on {A; B; C}, that is
O({A; B; C}) can replace the above two. Similarly,
I({A}, {B; C}) and I({B}, {D; E}) implies that B;
C; D; and E must all be present when A is present.
Although, unlike the order constraint, I({A}, {B;
C; D; E}) does not imply I({B}, {D; E}), and as
such cannot replace the above two inclusion
constraints.
However, as the number of constraints increase,
identifying the transitivity will not be so trivial. In
addition, these constraints may have redundancy
(Section 5.2) in their speciﬁcation, and order
constraints may also contain conﬂicts (Section 5.3).
Fork and serial do not possess the transitivity
property. That is, given S({A; B}) and S({B; C})
does not imply S({A; C}) since the two constraints
can be satisﬁed by the construct given in the
Fig. 6(a). Similarly, given F ({A; B}) and F ({B; C})
does not imply F ({A; C}), as illustrated in the
Fig. 6(b).
5.2. Redundant constraints
Redundant constraints will cause a non-minimal
speciﬁcation and may introduce inefﬁciency in the
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Fig. 6. Non-transitivity in constraints.

Table 2
Redundancy between constraint types

Order
Serial
Fork
Inclusion
Exclusion

Order

Serial

|
|

|
|

Fork

Inclusion

Exclusion

|
|
|

template veriﬁcation procedure. For example, two
constraints O({A; B; C}) and O ({A; B}) are given.
However, O({A; B; C}) subsumes O({A; B})
making it redundant. Table 2 identiﬁes where
potential redundancy may exist. Redundancy
mostly exists within constraint types, except in
the case of order and serial, redundancy can also
exist across constraint types.
Redundancy between order and serial constraints:
We say that if O(Fm ) and S(Fn ) are given and
jFm -Fn j > 1; then there is potential redundancy in
S(Fn ). A trivial case is when Fn DFm ; in which case
the entire constraint, S(Fn ), is redundant. Thus,
the stronger constraint of order will subsume the
serial constraint.
Redundancy between order (serial, fork) constraints: If O(Fm ) and O(Fn ) are given and
jFn -Fm j > 1; then there is potential redundancy
within these constraints. A trivial case is when
Fn DFm ; in which case O(Fn ) is redundant.
Similarly, there can be redundancy between
serial and fork constraints.
Redundancy between inclusion (exclusion) constraints: If I (Fp ; Fm ) and I (Fq ; Fn ) are given and

Fp ¼ Fq ; then there is redundancy within these
constraints. Thus, I (Fp ; Fm ) can be changed to I
(Fp ; Fm ,Fn ), making I (Fq ; Fn ) redundant.
Another case of redundancy also exists when
Fp -Fm a+: Thus, I (Fp ; Fm ) can be changed to I
(Fp ; Fm (Fp -Fm )), without any loss.
Similarly, there can be redundancy between
exclusion constraints.
5.3. Conflicting constraints
Conﬂicts in constraints can potentially cause a
scenario where no template built can be veriﬁed
for conformance to the given constraints. For
example O({A; B}) and O({B; A}) are conﬂicting
constraints, and any given graph containing A and
B will not be veriﬁed.
Similarly consider the constraints S({A; B}) and
F ({A; B}). These are conﬂicting since the serial
constraint requires that a path be present between
A and B; and the fork constraint requires that a
path not be present. However, there may be a
graph constructed that does not contain A or B:
Such a graph can be veriﬁed in spite of the conﬂict.
Although, if an additional constraint I({A}, {B}) is
included, then together the three constraints will
not allow any graph containing A to be built. We
therefore deﬁne a conﬂict between any two
constraint, whether of the same type or of different
types, as the following:
A conﬂict exists between two constraints when
they prohibit one or more fragments from being
included in any valid template.
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Hence, it is critical to identify and eliminate
conﬂicts in the speciﬁed constraints. Table 3
identiﬁes the conﬂicting constraint types. Thus,
conﬂicts can arise within a constraint type (order,
inclusion, exclusion) as well as between constraint
types (fork/serial, fork/order, inclusion/exclusion).
The following identify potential conﬂicts within
and between constraint types. However, the
resolution of the constraints is semantically driven.
That is, if conﬂicting constraints O({A; B}) and
O({B; A}) are given, then only a user with domain
knowledge can resolve which one is to be taken.
Conflict between order constraints: A conﬂict will
exist between two order constraints if any pair of
fragments is present in both, but in conﬂicting
order.
Given O(Fm ) and O(Fn ), there will be a conﬂict
when
(fi; fjAFm such that fi precedes fj in Fm and
(fs ; ft AFn such that fs precedes ft in Fn and
fi ¼ ft and fj ¼ fs
However, due to the presence of transitivity and
redundancy, conﬂicts between order constraints
may not be so straightforward to detect. The next
section will discuss this issue in greater detail.
Conflict between fork and serial constraints: A
conﬂict will exist between a fork and serial
constraint if they have any two or more fragments
in common.
Given S(Fm ) and F (Fn ), there will be a conﬂict
when jFm -Fn j > 1
Conflict between fork and order constraints:
Similarly, a conﬂict will exist between a fork and
order constraint if they have any two or more
fragments in common.
Given O(Fm ) and F (Fn ), there will be a conﬂict
when jFm -Fn j > 1:

Table 3
Conﬂicting constraint types
Order
Order
Serial
Fork
Inclusion
Exclusion

Serial

|
|

Fork

Inclusion

Exclusion

|
|
|
|
|

Conflict between inclusion and exclusion constraints: A constraint set should not have inclusion
and exclusion constraints on the same fragment,
hence conﬂicts may exist between an inclusion and
exclusion constraint.
Given I(Fp ; Fm ), E(Fq ; Fn ), there will be an
obvious conﬂict when Fp ¼ Fq and Fm -Fn a+:
However, there can be less obvious cases of
conﬂicts. For example, given I(Fp ; Fm ), E(Fq ; Fn ),
and Fq ,Fn DFm or Fp ,Fm DFn : As a simple
illustration consider I({A}, {B; C}) and E({B},
{C}). Any template containing A will not be
veriﬁed against the above constraints, hence
representing a conﬂict.
We will present in the next section, a means of
combined speciﬁcation for inclusion and exclusion
constraints, which will identify conﬂicts in a
generic manner, and provide a minimal and
conﬂict free speciﬁcation.
5.4. Minimal specification
Due to the inherent transitivity and redundancy
which may exist in constraints, it is not possible to
identify conﬂicts from the original set of constraints. For example, given a set of order
constraints:
O1 ðfA; B; CgÞ;

O2 ðfA; C; D; GgÞ

and
O3 ðfA; G; BgÞ:
There is potential redundancy since jfA; B; CgfA; C; D; Ggj > 1: There is also obvious transitivity
in constraints O1 and O2 since A must precede B;
and B must precede C according to O1 and, in turn
C must precede D (and D must precede G)
according to O2, indicating an ordering constraint
on {A; B; C; D; G}. Although not obvious from the
original set of constraints, it is obvious that {A; B;
C; D; G} and {A; G; B} are in fact in conﬂict due to
B and G: A resolution of this conﬂict rests on the
user since the ordering represents a semantic
dependency between B and G: However, the
identiﬁcation of this conﬂict deﬁnitely must be
system supported.
What the above example illustrates is that it may
not be always possible to provide a rigorous
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analysis of the constraints from the original set of
constraints as given by the user, due to the ﬂexible
nature of constraint speciﬁcation. This set may
contain transitivity, redundancy, as well conﬂicts.
However, rather than restricting constraint speciﬁcation, which defeats the whole purpose of
ﬂexibility, we will attempt to provide a means of
validating this highly ﬂexible approach to constraint speciﬁcation.
We will present below a means of ﬁnding
minimal representation for each of the above
constraint types. This will provide an equivalent
but minimal (redundancy and conﬂict free) speciﬁcation required for a set of constraints of a
given type. It will then be used in the constraint
validation procedure given in the next section.
5.4.1. Order
Let CðOÞ be a set of order constraints deﬁned on
F 1, F2 ; y; Fn where FiDF for i ¼ 1; 2; y; n:
Further let F Order ¼ fF1 ; F2 ; y; Fng
$ a directed
For each CðOÞ we associate OG;
1
graph.
We say that CðOÞ is conﬂict free if the
$ is a directed acyclic graph
corresponding OG
$ represents a
(DAG). A cycle in the graph OG
conﬂict within the ordering constraints. The
elimination of the conﬂict, which as mentioned
before, is semantically driven, will result in a
different set of order constraints and consequently
$
a different OG:
Let OG be the DAG representing the conﬂict
free set of order constraints CðOÞ:
We say that CðOÞ1 and CðOÞ2 are equivalent if
OG1 ¼ OG2 ; and call them covers. Clearly, the
same OG may be generated by many different
CðOÞi ’s, but all are equivalent covers.
For a given CðOÞ; we deﬁne a minimum cover
CðOÞmin ; as the smallest set CðOÞi ECðOÞ: There
may be several minimum covers, all with the same
number of elements (order constraints), but with
different arguments. The minimal cover CðOÞmin
1

Note that for a given set of order constraints, there can be
$ since not all constraints will have fragment
more than one OG
subsets with common elements. However, the principle remains
the same. This applies to the characterization of the other
constraints as well.
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will be used in the constraint validation procedure
given in the next section.
Finding a minimum cover for a given CðOÞ
constitutes the following steps:
1. For efﬁciency, we can ﬁrst eliminate all
trivially redundant order constraints, that
is for any Fm ; Fn AF Order ; if Fn DFm ; then
CðOÞ: ¼ CðOÞ:  fOðFn Þg:
$ The set of nodes
2. We then map C(O) onto OG:
$
for OG is given by the union of all subsets
contained in F Order ; that is F1 ,F2 ,?,Fn :
Thus, each node represents a fragment. An
edge between any two nodes fi and fj is
deﬁned if fi and fj are elements of the same
subset Fn ; that is an order constraint O(Fn )
exists in C(O).
3. Remove all superfluous edges, where a superﬂuous edge between two nodes is identiﬁed
when there exists another path in the same
direction, between the same two nodes. This
eliminates any redundant speciﬁcation within
the order constraints.
$ if any, and
4. Identify cycles (conﬂicts) in OG
resolve conﬂicts through user input.
5. Repeat steps 1–4 until C(O) maps to a DAG
OG:
6. Traverse OG to determine C(O) min : The
determination of C(O)min from OG; is simply a
matter of ﬁnding all maximal non-branching
paths of OG; such that no two paths have an
edge in common.
The above is now illustrated with the following
example. Order constraints are given as
CðOÞ ¼ f OðfA; B; CgÞ;
OðfA; K; JgÞ;
OðfA; C; JgÞ;
OðA; B; F ; GÞ;
OðfF ; H; IgÞ;
OðfB; F ; HgÞg:
We can construct the graph in Fig. 7 from these
constraints. The superﬂuous edges are already
removed. It is clear that the graph constructed is a
DAG and hence C(O) is conﬂict free. From the
DAG we can extract a C(O)min ; which represents a
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Fig. 7. Minimal cover for order constraint.

Fig. 8. Minimal cover for serial constraint.

minimal cover for CðOÞ: In C(O)min all transitivity
has been captured and redundancies eliminated,
hence leading to a more concise speciﬁcation for
the same set of constraints.

5.4.2. Serial
Let CðSÞ be a set of serial constraints deﬁned on
F1, F2 ; ; y; Fn where FiDF for i ¼ 1; 2; y; n:
Further let F Serial ¼ fF1 ; F2 ; y;Fn g
For each CðSÞ we associate SG; a fully
connected graph.
We say that CðSÞ1 and CðSÞ2 are equivalent if
SG1 ¼ SG2 ; and call them covers. Similar to
minimal cover for order constraints, for a given
CðSÞ , we deﬁne a minimum cover C(S)min ; as the
smallest set CðSÞi ECðSÞ: Again, there may be
several minimum covers, all with the same number
of elements (serial constraints), but with different
arguments.

We ﬁrst illustrate with an example. Suppose the
following serial constraints are given:
CðSÞ ¼ f SðfA; B; DgÞ:
SðfB; D; CgÞ;
SðfA; CgÞ;
SðfD; CgÞ;
SðfB; D; EgÞg:
We can construct the graph in Fig. 8 from these
constraints, and then extract CðSÞmin ; representing
the minimal cover for C(S). Again C(S)min
eliminates redundancies found within the original
speciﬁcation, leading to a minimal speciﬁcation.
Finding a minimum cover for a given C(S)
constitutes the following steps:
1. We ﬁrst eliminate all redundant serial constraints, that is, for any Fm ; Fn AF Serial ; if
Fn DFm ; then CðSÞ ¼ CðSÞ  fSðFnÞg:
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2. The next step is to map C(S) onto SG: The set
of nodes for SG is given by the union of all
subsets contained in FSerial, that is
F1 ,F2 ,?,Fn ; where each node represents a
fragment. An edge between any two nodes fi
and fj is deﬁned if fi and fj are elements of the
same subset Fn ; that is a serial constraint S(Fn )
exists in C(S).
3. Finally, we traverse SG to determine CðSÞmin :
The determination of C(S)min from SG can be
related to a well-known problem, which is the
determination of all (maximal) cliques within a
graph. Although the clique problem is known to
be NP-complete, due to the nature of these
constraints, the number of fragments and
consequently the number of nodes in SG will
always be a small number.
5.4.3. Fork
Let C (F) be a set of fork constraints deﬁned on
F 1, F2 ; y; Fn where FiDF for i ¼ 1; 2; y; n:
Further let F Fork ¼ fF1 ; F2 ; y; Fng:
The characterization of fork constraints can be
done similar to serial. Although the semantics of
the two constraints are different, since they have
the same properties (no transitivity, no conﬂict,
but potential redundancy), the minimal speciﬁcation can be determined in a similar way.
For each C(F) we associate FG; a fully
connected graph. However, the semantics of an
edge in FG is different from SG: In FG; an edge
represents the absence of a path between the
corresponding fragments in any valid template.
We say that C(F)1 and C (F)2 are equivalent if
FG1 ¼ FG2 ; and call them covers. Similar to
minimal cover for order constraints, for a given
C(F) , we deﬁne a minimum cover C(F)min ; as the
smallest set CðFÞi ECðFÞ: Again, there may be
several minimum covers, all with the same number
of elements (fork constraints), but with different
arguments.
The procedure for ﬁnding a minimum cover
CðFÞmin for a given CðFÞ; is the same as for serial
constraints:
1. We again ﬁrst eliminate all redundant serial
constraints, that is, for any Fm ; Fn AF Serial ; if
Fn DFm ; then CðFÞ ¼ CðFÞ  fF ðFn Þg:
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2. Map CðFÞ onto FG:
3. Traverse FG to determine CðFÞmin :
5.4.4. Inclusion and exclusion
The minimal speciﬁcation for inclusion and
exclusion constraints can be determined in a
simple and uniform manner through the use of
truth tables. For every inclusion and exclusion
constraint, we associate TT, a truth table. The
truth table is merely a representation of the logical
relation between constraint arguments. For example, for an inclusion constraint I({A}, {B}), the
truth table would be constructed for :A3B:
We say that two containment constraints are in
conﬂict when they have common columns in their
truth table, and they have a different collection of
rows within the common columns.
We illustrate this with examples. Suppose I({A},
{B}) and E({A}, {B}) are given representing an
obvious conﬂict. The truth tables appear as below,
and indicate different rows among common columns.

Similarly, suppose I({A}, {B; C}) and E({B},
{C}) are given:
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As with other constraints, resolution of conﬂicts
will need user input. In order to ﬁnd a minimal and
conﬂict free speciﬁcation for a set of inclusion and
exclusion constraints, the following simple procedure can be applied:
1. remove trivial redundancies as identiﬁed in
Section 5.2;
2. for every constraint, generate a truth table;
3. identify and resolve conﬂicting constraints
through corresponding truth tables.
Furthermore, truth tables with common columns but no conﬂicting rows can be combined,
such that a single truth table can be constructed
for all constraints with common elements. For
example, given I({A}, {B}), I({B}, {C}) and
E({C}, {D}), we have

The resulting truth tables provide a list of
allowable combinations of fragments. This, in
turn can be used to verify templates, greatly
simplifying the veriﬁcation procedure. The truth
table characterization not only provides a means
of achieving a conﬂict-free speciﬁcation, but it can
be extended to any constraint type under the
containment class of constraints.
5.5. Constraint validation procedure
The constraint validation procedure has the
following basic steps:
1. generation of minimal and conﬂict-free speciﬁcation for each constraint type;
2. conﬂict resolution between constraint types.
The procedures for the individual steps are given
below. Suppose, we are given a set of user speciﬁed
constraints C:

The algorithms for the generation for minimal
covers have been given in the previous section.
Thus, for each set of constraints of a given
constraint type, we ﬁnd the minimal cover.
Collectively C-C min ; where C min consists of the
collection of minimal and conﬂict free speciﬁcations for each constraint type.
We have identiﬁed four conﬂicts between constraint types in Section 5.3, namely order/order,
fork/order, fork/serial and inclusion/exclusion.
Generation of minimal speciﬁcation (Section 5.4)
eliminates conﬂicts between order constraints
(order/order) and between inclusion and exclusion
constraints (inclusion/exclusion). The remaining
conﬂicting constraints that is, fork/order, and
fork/serial are determined by applying the conﬂict
rules as given in Section 5.3. Conﬂict resolution

however, as mentioned before, will be dependent
on the user.
For example, two conﬂicting constraints O({A;
B; C}) and F ({A; B; D}) are given. The conﬂict is
identiﬁed since jfA; B; Cg-fA; B; Dgj is not less
than 2. A resolution of this conﬂict may result in
the fork constraint being changed to F ðfA; DgÞ
and F ðfB; DgÞ; order constraint remaining the
same. Similarly, the order constraint may be
changed to OðfA; CgÞ and OðfB; CgÞ; with the
fork constraint remaining the same. Another
possible change can be the dropping of the order
constraint altogether, and so on.
As a result of choices made during conﬂict
resolution, the constraint set will be changed.
The changes made will need to be validated by
iterating through the above steps, eventually
generating a minimal and conﬂict-free constraint
set.
Thus C min -C valid ; where C valid represents the
minimal and conﬂict free set of constraints.
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Implementation of the procedures given above
in a validation tool will allow a complete analysis
of the constraint set prior to deployment.
Although such a validation tool can only identify
the potential conﬂicts, that is resolution of the
conﬂicts requires the expertise of a domain expert
with knowledge of the underlying semantics of the
business process. However, it is essential to
provide complete automated support for the
identiﬁcation of all conﬂicts, as proposed by the
procedures above.

6. Template veriﬁcation
The set of ﬁve constraints discussed above
provide a minimum set of meta-deﬁnitions for
constraints, which once populated according to
given domain requirements, will be used to verify
an arbitrary construct built within a pocket in a
given language. This takes veriﬁcation to a new
dimension, i.e. template veriﬁcation under (3).
Typically veriﬁcation in workﬂow speciﬁcation
provides (1) and (2) only.
1. Syntactic verification: The model constructed is
correct with respect to the grammar of the
language, e.g. a transition cannot have more
than one from-node, or the graph must have a
single initial and ﬁnal node, etc.
2. Structural verification: Two structural errors for
the given language have been identiﬁed: deadlocks and lack of synchronization [8]. However,
as explained previously, under the restricted
language of the template (allowable coordinator
nodes are begin, end, fork, synchronizer), the
problem of these errors does not arise.
3. Template verification: The constraints given
above basically provide a means by which
requirements for highly ﬂexible processes can
be captured. It is obvious that typically a large
number of models can be built in conformity
with these constraints. Hence, the need to verify
that the model built conforms to the given
constraints is critical.
We illustrate this with the help of a simple
example.
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Let
F ¼ ff 1; f 2; f 3; f 4; f 5; f 6; f 7; f 8; f 9; f 10g:
Let the following constraints specify process
requirements. Underlying assumption is that these
constraints are minimal and conﬂict free: Oðff 1;
f 3; f 5gÞ; F ðff 2; f 3; f 4; f 7gÞ; Iðff 7g; ff 2; f 3gÞ: We
assume that building is done on an empty pocket
(process) as given in option 4 in Section 3.
In Fig. 9, several workﬂow graphs are given,
which represent a valid template against the
speciﬁed fragments and constraints. It is important
to note that these do not represent all possible
valid graphs that can be constructed against the
given constraints. These are merely some examples
to demonstrate the explosion of possibilities, and
consequently the ﬂexibility of workﬂow speciﬁcation afforded by this approach.
We can similarly ﬁnd a set of templates that
violate one or more of the given constraints.
Examples of invalid templates are given in Fig. 10.
In all the above cases it can be easily veriﬁed
when the constraints are being met, or violated. It
is also clear that once the number of constraints
increase and/or the template built is large and
complex, this visual veriﬁcation will not be
sufﬁcient. Thus, algorithms for verifying these
constraints are required. We present below the
algorithms for veriﬁcation of each constraint type.
These algorithms are based on the set of validated
constraints C valid, as determined by the constraint
validation procedure given in the previous section.
6.1. Verification of order constraint O(Fm )
GraphNodes : Set of Nodes in the workflow
graph
OrderFrags: Set of fragments in Fm
Check: Set of Nodes
//Where the sets GraphNodes, OrderFrags, and
Check have elements of the
//same type, i.e. a fragment will be a node in
the graph
//InDownPath (X, Y) returns true when a path
from X to Y can be found in the
//workflow graph
//Count (S) returns the number of elements in
the set S

ARTICLE IN PRESS
18

S.W. Sadiq et al. / Information Systems ] (]]]]) ]]]–]]]

Fig. 9. Valid templates.

Begin
Check : = OrderFrags Intersect GraphNodes
If Check = {} then Return (‘‘No Constraint Violation’’)
For i = 1 to Count (Check) 1
If
InDownPath
(Check[i],
Check[i+1]) o> TRUE
Then
Return-Error (‘‘Order Constraint Violated’’)
End-If
End-For
Return (‘‘No Constraint Violation’’)
End

6.2. Verification of serial constraint S(Fm )
GraphNodes : Set of Nodes in the workflow
graph
SerialFrags: Set of fragments in Fm
Check: Set of Nodes
//Where the sets GraphNodes, SerialFrags,
and Check have elements of the
//same type, i.e. a fragment will be a node in
the graph
//InPath (X, Y) returns true when a path
between X and Y can be found in the
//workflow graph. InPath (X, X) returns true.

ARTICLE IN PRESS
S.W. Sadiq et al. / Information Systems ] (]]]]) ]]]–]]]

19

Fig. 10. Invalid templates.

//Count (S) returns the number of elements in
the set S
Begin
Check := SerialFrags Intersect GraphNodes
If Check = {} then Return (‘‘No Constraint Violation’’)
For i = 1 to Count (Check)
For j = 1 to Count (Check)
If InPath(Check[i], Check[j]) o>
TRUE
Return-Error (‘‘Serial Constraint
Violated’’)
End-If
End-For
End-For
Return (‘‘No Constraint Violation’’)
End
6.3. Verification of fork constraint F (Fm )
GraphNodes : Set of Nodes in the workflow
graph
ForkFrags: Set of fragments in Fm
Check: Set of Nodes

//InPath (X, Y) returns true when a path
between X and Y can be found in the
//workflow graph. InPath (X, X) returns
true.
//Count (S) returns the number of elements in
the set S
Begin
Check : = ForkFrags Intersect GraphNodes
If Check = {} then Return (‘‘No Constraint Violation’’)
For i = 1 to Count (Check)
For j = 1 to Count (Check)
If InPath(Check[i], Check[j]) =
TRUE
Return-Error (‘‘Fork Constraint
Violated’’)
End-If
End-For
End-For
Return (‘‘No Constraint Violation’’)
End

6.4. Verification of inclusion constraint I(Fp, Fm)
//Where the sets GraphNodes, ForkFrags, and
Check have elements of the
//same type, i.e. a fragment will be a node in
the graph

GraphNodes : Set of Nodes in the workflow
graph
Present: Set of fragments in Fp

ARTICLE IN PRESS
20

S.W. Sadiq et al. / Information Systems ] (]]]]) ]]]–]]]

Include: Set of fragments in Fm

7. Chameleon: ﬂexible workﬂow engine

//Where the sets GraphNodes, Present, Include have elements of the same
//type, i.e. a fragment will be a node in the
graph

The concept of pockets of ﬂexibility has been
implemented in a prototype ﬂexible workﬂow
engine: Chameleon (www.dstc.edu.au/praxis).
Chameleon is supported by a process editing and
veriﬁcation tool FlowMake (www.dstc.edu.au/
praxis).

Begin
If Present Subset GraphNode
Then
If Include Subset GraphNodes
Then
Return (‘‘No Constraint Violation’’)
Else
Return-Error (‘‘Inclusion
Constraint Violated’’)
Else
Return (‘‘No Constraint Enforced’’)
End-If
End
6.5. Verification of exclusion constraint E(Fp, Fm)
GraphNodes : Set of Nodes in the workflow
graph
Present: Set of fragments in Fp
Exclude: Set of fragments in Fm
//Where the sets GraphNodes, Present, Exclude have elements of the same
//type, i.e. a fragment will be a node in the
graph
Begin
If Present Subset GraphNode
Then
If Exclude Intersect GraphNodes = {}
Then
Return (‘‘No Constraint Violation’’)
Else
Return-Error (‘‘Exclusion
Constraint Violated’’)
Else
Return (‘‘No Constraint Enforced’’)
End-If
End

7.1. Deployment of the flexible workflow
Below we explain the functions of the ﬂexible
workﬂow management system based on the pocket
of ﬂexibility concept. The discussion is presented
as a series of steps in the speciﬁcation and
deployment of an example process. Fig. 11
provides an overview diagram of these steps and
associated functions of the ﬂexible workﬂow
engine.
Step 1: The deﬁnition of the (ﬂexible) workﬂow
model takes place. The process with or without
embedded pockets, and where applicable, core
templates for pockets, fragments and constraints
are deﬁned. That is, any of the options 2–5 as
given in Table 1 may be utilized.
The pocket is implemented through a BUILD
activity which is followed by a sub-process object.
The sub-process may or may not contain a core
template, fragments and constraints — in this
example it consists of a set of fragments, but no
core template or build constraints are given
(option 5 of Table 1). The sub-process object acts
as a place holder for what is going to be built
dynamically.
Fig. 12 shows another example of a customer
support process model in CRM domain modeled
with pocket of ﬂexibility concept. A customer
problem is logged by a front end customer
interaction center consultant in ‘‘Log Customer
Problem’’ activity. The next activity ‘‘level 1
Support’’ is assigned to a help desk staff with
level 1 expertise. If he is able to solve the problem,
the ‘‘Reply to Customer’’ activity is assigned to a
front end customer consultant. In case level 1
customer is not able to resolve the customer
problem, the problem is passed to a level 2 support
staff. If the level 2 staff member is able to resolve
the problem, the process control is transferred to
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Fig. 11. Deployment of a ﬂexible workﬂow.

‘‘Reply to Customer’’ activity. However, it is
possible that level 2 staff is also not able to resolve
the problem. In this case, the level 2 staff is also
our ‘‘expert user’’ who is able to review the
problem and then build a support pocket with
relevant sub-process deﬁnition to resolve the
customer problem. This pocket of ﬂexibility is
modeled in the process model as ‘‘conﬁgurable
support pocket’’ sub-process.
Fig. 13 shows a snapshot of the modeling tool
that is used to model the process deﬁnition and
associated pocket of ﬂexibility fragments. These
fragments will be used to build a pocket of
ﬂexibility sub process to replace ‘‘conﬁgurable
process model.’’
Step 2: The process is veriﬁed for structural
errors (FlowMake consists of a veriﬁcation engine
that implements two veriﬁcation approaches [6]).
Typically, the validation of the given constraint set
takes place at this time. However, in the example
under consideration, this step in not required.
Step 3: The process deﬁnition created above is
uploaded to the workﬂow engine. This process
model is now ready for deployment.
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Step 4: For each case of the process model, the
user or application would create an instance of the
process model. On instantiation, the engine creates
a copy of the process deﬁnition and stores it as an
instance template. This process instance is now
ready for execution.
Step 5: The scheduled process activities of the
newly created instance are assigned to performers
(workﬂow users) through work lists and activity
execution takes place as usual, until the special
purpose BUILD activity is encountered.
Fig. 14 shows a screen snapshot of the simulation prototype that we have developed as a proof
of concept to build and test process models with
pockets of ﬂexibility. It is showing the status graph
of the process instance. The green color of the
‘‘Level 2 Support’’ shows that it has been
commenced by a level 2 staff.
Step 6: On triggering, the build activity is
assigned to a special workﬂow user, who may be
deﬁned as an ‘‘expert’’ user, since he/she is
responsible for deﬁning (or revising) the subprocess object.
The strength of this approach lies in the user’s
ability to dynamically build instance templates,
and still have the conﬁdence that the built template
is in accordance with prescribed business process
constraints. This not only integrates the process of
change into the workﬂow process itself, but also
allows domain experts (who would typically have a
greater understanding of the business requirements) to deﬁne a process for a given business
case/workﬂow instance, which is reﬂective of the
particular requirements of that case; thereby
introducing a process improvement not always
possible in generic, pre-deﬁned approaches.
Fig. 15 shows one possible composition of a
‘‘conﬁgurable support pocket.’’ In this example,
we use the process modeling tool to build the
pocket and export to the workﬂow enactment
engine for execution. One may envisage, a more
friendly and/or domain-speciﬁc interface for the
support of template building since it is undertaken
by domain users rather than workﬂow designers.
A wizards-based approach for example may be
utilized to progressively build and reduce the build
options based on given constraints and what the
user chooses.
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Fig. 13. Modelling tool to model process models and pockets.

Step 8: When the execution of build activity is
completed, the newly deﬁned (or revised) subprocess will be invoked.
Fig. 16 shows the work item details for level 2
staff. In this form, level 2 staff will identify the
correct sub-process for the pocket (ConﬁgurableSupportPocket 090 ), that had been modeled using the modeling tool.
Execution will continue in typical mode, until
the next build activity is encountered or the
instance is completed.
7.2. Generalization to ad hoc modification

Fig. 12. Speciﬁcation of the ﬂexible workﬂow.

Step 7: The next step is to verify the new
template, to ensure that it conforms to the
correctness properties of the language as well as
the given constraints (where applicable). Template
veriﬁcation algorithms have also been implemented [9] for the ﬁve classes of constraints discussed
in Section 4. The deﬁned and veriﬁed sub-process
is incorporated into the instance template.

An interesting and beneﬁcial outcome of the
above approach is that ad hoc modiﬁcations can
also be provided through essentially the same
functionality. Ad hoc modiﬁcation means that any
unexecuted part of the instance template may be
modiﬁed at runtime. This is possible since the
workﬂow engine provides the facility to modify
instance templates even in the absence of a
dedicated pocket.
The main difference is that in ad hoc modiﬁcation, the change takes place after instantiation,
whereas, in case of a pocket, the change takes
place on the sub-process which has not been
instantiated as yet. However, it is important to
point out that we advocate the approach of a
dedicated pocket because it provides greater
control over allowable changes at runtime.
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8. Related work
Workﬂow technology has typically been deployed in domains with processes that have
obvious coordinative requirements. As such, the
ﬂow of control and data offered by this technology
is easily mapped to process effectiveness. However,
there is growing evidence that workﬂow technology must deliver in domains where coordinative
requirements are less obvious, dynamic, prone to
frequent change or exceptions. As such, research
and development in this area has been diverse, and
spanned several dimensions of consideration [34].
We identify below three dimensions of change in
workﬂow management, and report on the literature in each area.
8.1. Dynamism

Fig. 14. Execution of the process instance and build activity.

The ﬁrst dimension represents dynamism —
which is the ability of the workﬂow process
to change when the business process evolves.
This evolution may be slight as for process

Fig. 15. Building conﬁgurable support pocket.
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workﬂow system to at least provide some version
management support [12]. The second option to
implement the change is to migrate to the new
process. It may be decided that all applicants,
existing and new, will be affected by the change.
Thus all admission applications, which were
initiated under the old rules, now have to migrate
to the new process. This migration may involve
addition of some transition workﬂow activities as
well as rollback activities. Deﬁning the migration
strategy is a complex problem and has been the
target of extensive research in this area [10,13–17].
8.2. Adaptability
Fig. 16. Work item for selecting built pocket.

improvements, or drastic as for process innovation
or process reengineering. In any case, the assumption is that the workﬂow processes have predeﬁned models, and business process change,
causes these models to be changed. The biggest
problem here is the handling of active workﬂow
instances, which were initiated in the old model,
but need to comply now with the new speciﬁcation. The issue of compliance is rather a serious
issue, since potentially thousands of active instances may be affected by a given process change.
Achieving compliance for these affected instances
may involve loss of work and therefore has to be
carefully planned [10,11].
A typical example of dynamic workﬂows can be
found in university admissions. Consider a scenario of a large tertiary institute that processes
thousands of admission applications every year.
The procedure for application, review and acceptance is generally well deﬁned and understood.
Suppose that the ofﬁce of postgraduate studies
revises the admission procedure for postgraduate
students, requiring all applicants to submit a
statement of purpose together with their application for admission. To implement this change,
there can be two options available; one is to ﬂush
all existing applications, and apply the change to
new applications only. Thus, all existing applications will continue to be processed according to
the old process model. This requires the underlying

The second dimension of change is adaptability
— which is the ability of the workﬂow processes to
react to exceptional circumstances. These exceptional circumstances may or may not be foreseen,
and generally would affect one or a few instances.
Of course the handling of exceptions, which
cannot be anticipated, is more complex. However,
a large majority of exceptions can be anticipated
[18,19], and by capturing these exceptions, the
adaptability of the workﬂow is promoted. In fact,
unless these exceptions are captured within the
workﬂow model, their handling will continue to be
done outside of the system, in the form of ‘‘system
workarounds’’, the consequences of which may
come in conﬂict with process goals. However, the
complete set of exceptions for a given process can
never be captured, thus dealing with unanticipated
(true) exceptions will always be an issue [7,20,21].
Using the same example as before, we can
consider dealing with an admission application for
a student with a multi-disciplinary background.
For example, a student with a background in
microbiology may be applying for a degree in IT.
The review of this application may require the
services of an academic outside the offering
department. This may be rare but, if captured
within the process model, could be handled within
the workﬂow system.
Another example, which represents a true
(unanticipated) exception, can be found in the
employment workﬂow. An employment instance
may have reached a stage where even the letter of
intent has been issued. If at that time the
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organization issues a spending freeze, the active
instances of the employment workﬂow will have to
be dealt with, requiring rollback and/or compensation activities, even though the original employment workﬂow remains unchanged.
8.3. Flexibility
The third dimension is ﬂexibility — which is the
ability of the workﬂow process to execute on the
basis of a loosely, or partially speciﬁed model,
where the full speciﬁcation of the model is made at
runtime, and may be unique to each instance. This
dimension of change is the focus of this paper.
Essentially, ﬂexible processes are characterized
by a lack of ability to completely predict and hence
deﬁne coordinative requirements. This could be
due to the limitations of a prescriptive, or an
explosive number of instance types. Greater
support for ﬂexibility using the prescriptive model
may be possible through extensions to the workﬂow deﬁnition language. Possibly as a response to
commercial concerns, work has been undertaken
to extend the modeling language to support more
complex routing and control primitives not
possible with the existing basic constructs [17].
For example, the basic OR-Join (merge) construct
could be extended to allow the subsequent activity
to activate once N paths of the M paths
converging into the merge have completed. Completion of the remaining paths would be ignored.
The various contemporary workﬂow management
systems support different levels of expressive
power in the workﬂow deﬁnition languages developed for them to capture the more complex
requirements that recur frequently in business
processes. Given the fundamental differences this
introduces to a workﬂow management system, use
of these language extensions will have implementation consequences resulting in the loss of
genericity and limited veriﬁcation support. The
work presented in this paper differs from the work
done on advanced patterns, where the goal is to
increase the expressability of the language. However, this paper proposes an approach that
advocates ﬂexibility through runtime modiﬁcation.
Another related area of research is the automated composition of process models. This can be
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speciﬁcally found in the context of automated
composition of web services (see e.g. [22–25]. To
position this work appropriately, we would like to
point out that automatically composing process
models is not the focus of this work since we do
not make any underlying assumptions on the
availability of contextual information required for
such automated activity requiring no or minimal
user intervention. Instead, in our approach, the
knowledge worker drives the process of dynamically composing the process to meet speciﬁc needs
of individual process instances. Although, the
work of the knowledge worker is supported by
establishing constraints which prevent the building
of disallowed compositions, the approach is still
end-user (human) centric. This approach is thus
distinct from related work reported for web
service, where the focus is on the automated
composition.
Perhaps the most relevant area of application
exists in CSCW, where signiﬁcant work already
exists, and workﬂow concepts have been used to
support non-coordinative (collaborative) processes. Ref. [1] speaks of ad hoc workﬂows, where
the process cannot be completely deﬁned prior to
execution. Ref. [26] also discusses the coordination
of collaboration intensive processes. Although, the
complete relaxation of coordination, to support ad
hoc processes is not conducive to the processes
targeted by our work, structured ad hoc workﬂows, which are identiﬁed as ad hoc workﬂows
where patterns can be derived from the activities in
the process as a result of underlying rules to
achieve certain goals, are the foundation for a
related workﬂow paradigm shift. The paradigm
shift allows the workﬂow system to derive the
workﬂow incrementally from workﬂow components and avoids the need to pre-deﬁne the process
prior to enactment [27]. The completion of a
structured ad hoc workﬂow instance allows ﬂows
to be derived for other instances of workﬂows that
share the same process rules. Although this work is
concerned with a connector facility to interconnect
workﬂows from manual and automated departments the concept of deﬁning parts of a process
incrementally rather than enacting on a predeﬁning process is worth mentioning. However,
the development of this concept to address the
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modeling of processes that cannot be eloquently
pre-deﬁned contains signiﬁcant differences as a
result of the rules being more explicit and
consistent across instances and the fragments
having a much smaller granularity.
Within well-deﬁned ﬁxed processes the need to
support dynamic change as the business process
evolves in response to competitive and regulatory
inﬂuence, still exists and so does the need to handle
exceptions to cater for instances that cannot be
anticipated. Another aspect of work in this area is
based on the concept that an exception may result
in a change in the level of speciﬁcity of the process.
For example, a highly speciﬁed process of processing customer orders may move to a highly
unspeciﬁed collaborative process involving emails
and consultations as a result of strike conditions at
a particular manufacturing plant [28]. The developments supporting these dimensions of change
are based on the underlying assumption that the
change is exceptional. In the processes under
discussion here the change is inherent in the
process. This is a fundamental difference. Consequently, the overheads of these developments are
too large to implement on a process that is to be
dominated by change that cannot be pre-deﬁned.
Below we present a summary of some work
reported along these lines.
The concept of using a rule-based method for
modeling workﬂows is described in [29]. The
approach takes a rule-based description of a
business process and transforms it, by applying
several reﬁnement steps, to a set of structured rules
which represent the business process at different
levels of abstraction that is a rule-based workﬂow
speciﬁcation. This approach is primarily directed
towards the development of coordinated processes
that span enterprise boundaries by providing a
layered approach that separates the transformation of business (sub-) processes and the derivation
of workﬂow speciﬁcations and does not address
the issue of catering for processes that cannot be
eloquently pre-deﬁned.
To accommodate change in organizational
procedures, tighter integration between the workﬂow speciﬁcation and the enactment modules is
recommended [30]. Under such a framework the
change itself can be treated as a process that can be

modeled and enacted. The modeling associated
with this work represents the elements of a
workﬂow such as the process and its activities
and rules as object classes. It also supports a
variety of pre-deﬁned change schemes, which
replace sections of the old version of the procedure
affected by the change. In particular, an ad hoc
scheme to support changes where the change
speciﬁcation is precisely completed after the
change process is enacted. However, the tighter
integration between speciﬁcation and enactment,
and the enactment on a partial speciﬁcation still
relies on a prescriptive deﬁnition of the processes
rather than a rule-based generation of valid
models.
The object-orientated paradigm also appears in
enterprise modeling where companies are restructured around a number of business operations and
processes to accommodate process design change
and facilitate the synthesize of business processes
out of components [31].

9. Conclusions
Inspite of many good results from the research
community, the issue of ﬂexibility in workﬂows
remains a problem in commercial solutions, and a
limiting factor in the wider scale applicability of
this technology.
It is apparent that change is an inherent
characteristic of today’s business processes. In this
paper, we present an approach that recognizes the
presence of change, and attempts to integrate the
process of deﬁning a change into the workﬂow
process itself. Our basic idea is to provide a
powerful means of capturing the logic of highly
ﬂexible processes without compromising the
simplicity and genericity of the workﬂow speciﬁcation language. This we accomplish through pockets of ﬂexibility in workﬂow speciﬁcations, which
allow workﬂow processes to be tailored to
individual instances at runtime. This approach is
human centric and empowers the knowledge
worker to dynamically adapt a workﬂow instance
in accordance with its requirements but under
some degree of control as dictated by the build
constraints.
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A fundamental feature of the pockets framework is speciﬁcation of build constraints which
essentially control dynamic building while maintaining a desirable degree of ﬂexibility. One can
observe that the design of an appropriate means to
facilitate the speciﬁcation of build constraints is an
interesting and challenging requirements engineering issue. This paper presents foundation concepts
on constraint speciﬁcation, conﬂicts, redundancy
and veriﬁcation. The set of ﬁve basic constraint
types identiﬁed can provide a ﬂexible means of
deﬁnition for a large number of business processes.
This set, by no means, claims to provide a means to
capture any business logic. Extensions to the set
may be envisaged, although it is arguable if such a
complete and generic set can be found, and
hence achieving ﬂexibility still remains a matter of
degree.
Although, this paper presents and applies the
concepts of constraints speciﬁcation and pockets
of ﬂexibility in the area of workﬂows involving
human and automated activities within an organization, the underlying principles are applicable
to a much wider domain of business process
management. Now, even more than before, there is
a need to provide conﬁgurable and ﬂexible
solutions to business process management in
light of emerging concepts such as dynamic
service composition, and process management in
e-business where outsourcing and changing market conditions is the norm. The challenge is to
come up with approaches that can satisfy
static and pre-deﬁned as well as dynamic and
ad hoc business process requirements within a
uniﬁed process management environment. We
believe the framework presented in this paper
can provide such a foundation to build next
generation ﬂexible business process management
solutions.
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Appendix A
Let G ¼ oN; F > be a graph where N: ﬁnite set
of nodes, F : ﬂow relation F DN N
8nAN; NodeType: n-{Coordinator, Task}
N ¼ C,T; C-T ¼ f where C: set of coordinator nodes, T: set of task nodes
8nAC; CoordType: n- {Fork, Synchronize,
Choice, Merge, Begin, End, Do, While}
Let P be a directed path in G; such that
P ¼ fn1; n2; y; nkg; ðni; ni þ 1ÞAF for i ¼
1; 2; y; k  1
Let Nat: set of natural numbers, NId: set of
node identiﬁers
8nAN; I : N-Nat; Iðn): number of incoming
ﬂows for node n
8nAN; O : N-Nat; OðnÞ: number of outgoing
ﬂows for node n
8nAN; ID : N-NId; ID(n): identiﬁer for node n
8f AF ; FromNode: F -N; FromNode(f ): from
node of f
8f AF ; ToNode: F -N; ToNode(f ): to node
of f
8nAN;
Inﬂow(n)={f
s.t.
f AF
and
ToNodeðf Þ ¼ n}
8nAN;
Outﬂow(n)={f
s.t.
f AF
and
FromNodeðf Þ ¼ n}
A workﬂow is a directed acyclic graph (DAG)
W ¼ oN; F > such that
(nAC; s.t. I(nÞ ¼ 04ð:(mAN; s:t: IðmÞ ¼
04manÞ; we call this Begin Node n0 and
CoordType (n0)=Begin
(nAC; s.t. O(nÞ ¼ 04ð:(mAN; s:t: OðmÞ ¼
04manÞ; we call this End Node nf and CoordType (nf )=End
8nAN; ( P; s.t. P ¼ fn0; yn; y; nf g
8nAC; IðnÞX23OðnÞX2 where nan0 and
nanf
8nAT; IðnÞ þ OðnÞ > 1 where nan0 and nanf
8nAT; TaskType: T-{Activity, SubProcess},
Activity represents a single task and SubProcess
represents nesting.
Fig. 17. gives the graphical representation of the
modeling constructs used in the above language.
The modeling constructs are further deﬁned in the
subsequent sections.
Sequence: Sequence execution takes place when
a task or coordinator in the workﬂow is triggered
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after the completion of another node. That is,
8nAN; IðnÞr13OðnÞr1; n is part of a sequential
order. Tasks T1 and T2 show a sequential
conﬁguration in the Fig. 17.
Fork: The fork coordinator or AND-SPLIT
facilitates the concurrent triggering of all nodes on
its outgoing ﬂows. A fork coordinator n will have
OðnÞZ2: In Fig. 17, the fork triggers tasks T3 and
T4. Note that, the concurrent triggering does not
necessarily indicate the concurrent execution or
completion of these tasks. In fact, the tasks that
reside on the multiple branches of a fork’s
outgoing ﬂows, represent a lack of control
dependency. That is, the tasks T3 and T4 have
no control ﬂow dependency on each other. In
other words, these tasks will be initiated at one
time, but the execution and completion of one, will
not impact on the execution and completion of the
other.
Synchronization: The synchronizer pairs with
the fork, and represents an AND-JOIN. The
synchronizer coordinator waits for all incoming
ﬂows to be triggered, before allowing the control
ﬂow to progress further. Thus, it synchronized
multiple parallel branches of control into a single
ﬂow. The synchronizer n will have IðnÞZ2: In
Fig. 17, the synchronizer waits for the task T4 on
one branch, and the tasks T3 followed by T5 or
(due to the choice-merge construct, see next
section) T3 followed by T6 on the other branch.
Choice: The choice coordinator or OR-SPLIT
represents alternative execution paths within the
process. For example in Fig. 17, only one of the
tasks T5 or T6 will be executed in a given instance
of the workﬂow. Like fork, a choice coordinator n
will also have OðnÞZ2: Generically speaking, the
choice construct represents a point in the workﬂow
process where one of several branches is chosen
based upon the results of a condition. Each

condition is a Boolean expression based on workﬂow relevant instance data. Exclusivity of the
conditions must be ensured by the workﬂow
designer.
Merge: The merge construct, also called ORJOIN, is the opposite of the choice construct, and
merges the multiple branches of a choice construct.
A merge thus allows the process to proceed when
any one of its incoming ﬂows is triggered. In other
words, it allow alternate branches to come
together without synchronization. Like a synchronizer, a merge will have IðnÞZ2:
Nesting: Nesting is used to simplify the workﬂow speciﬁcations through abstraction. For each
execution of the nested task T8, the underlying
workﬂow is executed. Nesting, or the use of subprocesses, also promotes reusability. Thus 8nAT;
TaskType(n)=SubProcess, n represents nesting.
Iteration: A set workﬂow tasks (T7) may be
executed repeatedly. Iterative structures are generally represented through a do–while or repeat–
until structure, and introduce cycles in the workﬂow graph.
Initiation: A workﬂow model in this language
will have a single begin. The begin node n0
is represented by the following: CoordType
(n0)¼ Begin4Iðn0Þ ¼ 04ð:(mAN; s:t:IðmÞ ¼ 04
man0Þ: Typically, the execution of the task(s)
immediately following the begin node (for example
task T1 in Fig. 17.) will represent the ﬁrst activity
in the process. The begin node is simply a
demarcation for the beginning of the process.
Termination: A process may have multiple
termination tasks due to the presence of choice
and/or fork. There are two approaches in this
regard: the ﬁrst one is where all multiple branches
of a process are joined (merge/synchronize) before
the end, thus resulting in a single termination node.
Another approach is to not merge/synchronize to

Fig. 17. Modelling constructs.
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these branches, thus resulting in multiple ending
tasks. Each approach has its advantages, but the
single end is preferred due to its simplicity and
ease of veriﬁcation, and will be used in
most examples in this thesis. Hence, the termination is represented by a coordinator node
nf, such that CoordType ðnf Þ ¼ End4Oðnf Þ ¼
04ð:(mAN; s:t: OðmÞ ¼ 04manf Þ:
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