Adaptive Workflow: An Approach Based on Inheritance
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Abstract

Today’s information systems do not support
adaptive workflow: either the information sys-
tem abstracts from the workflow processes at
hand and focuses on the management of data and
the execution of individual tasks via applications
or the workflow is supported by the information
system but it is hard to handle changes. This pa-
per addresses this problem by classifying the
types of changes. Based on this classification,
issues such as syntactic/semantic correctness,
case transfer, and management information are
discussed. It turns out that the trade-off between
flexibility and support raises challenging ques-
tions. Some of these questions can be answered
using advanced inheritance notions. This paper
provides four inheritance-preserving transfor-
mation rules which can be used to avoid the
typical problems related to change.

1 Introduction

Recently, many Workflow Management Systems
(WFMSs) have become available. These systems signify
that the term ‘workflow management’ is not just another
buzzword. The phenomenon workflow management will
have a large impact on the next generation of information
systems. As the workflow paradigm continues to infil-
trate organisations that need to cope with complex ad-
ministrative processes, the workflow management system
will become a fundamental building block [Koulopoulos,
1995; Jablonski and Bussler, 1996]. Therefore, the sub-
ject workflow management is of the utmost importance
for people involved in the (re)design of administrative
processes or the development of systems to support these
processes.

At the moment, there are more than 200 workflow
products commercially available [Lawrence, 1997] and
many organisations are introducing workflow technology
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to support their business processes. It is widely recog-
nised that workflow management systems should provide

flexibility [Van der Aalst et al., 1998; Van der Aalst et

al., 1999; Agostini and De Michelis, 1998; Casati et al.,

1998; Ellis et al., 1995; Ellis et al., 1998; Han and Sheth,

1998; Heinl et al., 1998; Klein et al., 1998; Voorhoeve

and Van der Aalst 1996; Wolf and Reimer 1996]. How-

ever, today’s workflow management systems have prob-
lems dealing with changes, e.g., new technology, new
laws, and new market requirements may lead to (struc-
tural) modifications of the workflow process definition at

hand. In addition, ad-hoc changes may be necessary, e.g.,

because of exceptions. The inability to deal with various

changes limits the application of today’s workflow man-
agement systems.

Adaptive workflow aims at providing process support
like normal workflow systems do, but in such a way that
the system is able to deal with certain changes. These
changes may range from ad-hoc changes such as chang-
ing the order of two tasks for an individual case (often
called exceptions) to the redesign of a workflow process
as the result of a Business Process Redesign (BPR) proj-
ect.

Typical issues related to adaptive workflow are:

e Correctness. What kind of changes are allowed and
is the resulting workflow process definition correct
with respect to the criteria specified? We distinguish
syntactic correctness (e.g., is it still a workflow?)
and semantic correctness (e.g., can existing cases in
the system be finished in a proper way?).

e  Dynamic change. What to do with running instances
(cases) of a workflow of which the definition has
been changed? The term dynamic change refers to
the problems that occur when running cases have to
migrate from one process definition to another.

e Management information. How to provide a manager
with aggregated information about the actual state of
the workflow processes?



Taking these issues into account, a classification of the
types of changes is presented. Based on this classifica-
tion, potential problems are identified and pointers to
solutions based on Petri-net theory are given. Moreover,
four inheritance-preserving transformation rules are
given. These rules can be used to facilitate the preserva-
tion of correctness (both syntactic and semantic), the
circumvention of dynamic change anomalies, and the
construction of aggregate management information.

2 Essence of workflow modeling

The term Workflow Management actually refers to the
“logistics” of business processes. Workflow management
does not focus on what information is being passed in a
business process, but more on the control of the activity
chain that is necessary to execute the business processes.
The Workflow Management Coalition (WfMC) defines a
workflow management system as follows: “A system that
completely defines, manages, and executes workflows
through the execution of software whose order of execu-
tion is driven by a computer representation of the
workflow logic” [Lawrence, 1997]. Workflows are case-
based, i.e., every piece of work is executed for a specific
case: an order, an insurance claim, a tax declaration, etc.
The objective of a workflow management system is to
handle these cases (by executing tasks) as efficiently and
effectively as possible. The workflow process definition
specifies which tasks need to be executed and in what
order. When a task is executed for a case, this is usually
done by using one or more resources, €.g., a machine, an

employee, etc.
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Figure . Three dimensions of workflow.

As can be seen in Figure I, we identify three dimensions

of a workflow [Van der Aalst, 1998b]:

o the case dimension, making clear that all cases are
dealt with independently,

o the process dimension, specifying the overall
workflow process, abstracting from individual cases,

® the resource dimension, depicting and classifying the
resources used in the process.

In our work, we use Petri nets to represent workflow

systems [Van der Aalst, 1998a; Van der Aalst, 1998b;

Ellis and Nutt, 1993]. A Petri net represents a workflow

if and only if it has exactly one starting place (source)

and exactly one end place (sink) and the net obtained by
adding a transition with the sink as the only input place
and the source as the only output place is strongly con-
nected. The latter is the case if for every two nodes x and
y in the net, there is a path from x to y. Petri nets with
this particular structure are called workflow nets. Figure
5 shows two workflow nets. The left-hand-side process
describes the sequential execution of four tasks (4, B, C,
and D). Each task is modelled by a transition. Tasks are
connected by places (represented by circles) to specify
the ordering of tasks. Places may contain tokens (repre-
sented by black dots). The state, often called marking, is
the distribution of tokens over places. A transition, i.e., a
task, is enabled if and only if each of the input places
contains a token. Enabled transitions can fire while re-
moving tokens from the input places and putting tokens
on the output places. In the sequential process shown in
Figure 5, transition C is enabled because there is a token
in the input place. Firing C will result in a situation
where D is enabled. In the right-hand-side process in
Figure 5 tasks B and C are in parallel, i.e., they can be
executed in any order. Note that 4 consumes one token
and produces two tokens and that D consumes two tokens
and produces one token. A detailed description of the
class of workflow nets is beyond the scope of this paper
and not needed for the remainder. However, some basic
knowledge of Petri nets is needed to fully understand the
concepts.

3 Classification of change

This section deals with the different kinds of changes and
their consequences. Some of the perspectives relevant for
change are:

e process perspective, e.g., tasks are added or deleted
or their ordering is changed,

e resource perspective, e.g., resources are classified in
a different way or new classes are introduced,

e control perspective, e.g., changing the way resources
are allocated to processes and tasks,

e task perspective, e.g., upgrading or downgrading
tasks,

e system perspective, e.g., changes to the infrastruc-
ture or the configuration of the engines in the enact-
ment service.

In this paper, we restrict ourselves to changes in the pro-

cess perspective as indicated in Figure 1.

Figure 2 shows that two kinds of change are identi-
fied:

e Individual (ad-hoc) changes, i.e., ad-hoc adaptation
of the workflow process: a single case (or a limited
set of cases) is affected. A good example is that of a
hospital: if someone enters the hospital with a car-
diac arrest, you are not going to ask him for his ID,
although the workflow process may prescribe this.
Figure 2 distinguishes entry time changes (changes
that occur when a case is not yet in the system) and
on-the-fly changes (while in the system, the process
definition for a case changes).



o Structural (evolutionary) changes, i.e., evolution of
the workflow process: all new cases benefit from the
adaptation. A structural change is typically the result
of a BPR effort. An example of such a change is the
change of a 4-year curriculum at a university to a 5-
year one.
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Figure 2. Classification of change.

On the left-hand side in Figure 2, we see the three dif-

ferent ways in which a workflow can be changed:

e the process definition is extended (e.g., by adding
new tasks to cover process extensions),

e tasks are replaced by other tasks (e.g., a task is re-
fined into a subprocess), and

e tasks in the process are re-ordered (e.g., two se-
quential tasks are put in parallel).

Figure 2 gives three possible alternatives for handling
existing cases in the system when a process definition
changes. Dealing with existing cases is only relevant
in the case of a structural change because individual
changes will always be (similar to) exceptions and, as
such, will be dealt with by the one who initiated the
change explicitly.
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Figure 3. How to handle running cases?

Figure 3 shows the three alternatives: (a) restart: running
cases are rolled back and restarted at the beginning of the
new process, (b) proceed: changes do not affect running
cases by allowing for multiple versions of the process,

and (c) transfer: a case is transferred to the new process.
The term dynamic change [Ellis et al., 1995] is used to
refer to the latter policy.

4 Correctness

In the previous section, we presented some of the possi-
bilities to change workflow specifications. In addition,
we have presented some alternatives for dealing with
cases that are somewhere in their workflow life-cycle the
moment that the workflow is being changed.

These changes actually only make sense when they can
be performed such that we can guarantee beforehand that
the transformation satisfies a certain set of correctness-
preservation properties. If we would not be able to make
any statements about correctness preservation, it would
mean that the new system would have no relationship
with the old one. Being interested in adaptive workflow,
this is obviously an undesired situation. Thus, it is very
important that verification techniques and supporting
tools are being developed that support such correctness-
preserving transformations.

Two different kinds of correctness notions can be dis-
tinguished, viz., syntactic and semantic correctness.

Syntactic correctness is independent of the context,
i.e., it refers to the minimal requirements any workflow
should satisfy. For example, there should be no tasks
without input places. Note that syntactic correctness not
only refers to the structure of the workflow but also to
the dynamic behaviour, e.g., potential deadlocks and
livelocks are not allowed. A very important correctness
criterion is the so-called soundness property that guar-
antees proper termination [Van der Aalst, 1998b]. Proper
termination means that the state is reached with a single
token in the sink place. Figure 4 shows an incorrect
workflow process definition. The execution of task E
before task B will result in a deadlock because the case
gets stuck in the state with just a token in p35. If task C is
executed, then it is possible to execute D but a livelock
is created because it is not possible to escape from the
cycle formed by B and F. The workflow can be corrected
by adding an arrow from E to p2, removing p7, and
adding an arrow from p4 to F. Today, Petri-net theory
provides adequate tools to verify syntactic correctness.
Nevertheless, such facilities are still missing in most of
the commercial workflow management systems.



Figure 4. An incorrect workflow process definition.

Semantic correctness is concerned with the context in
which the change occurs. Intuitively, semantic correct-
ness deals with similarities between the capabilities of
the old workflow and the capabilities of the new
workflow, e.g., it may be desirable that the new
workflow is able to handle cases the old way (but proba-
bly has some more functionality). Consider for example
the two process definitions shown in Figure 5: the right-
hand process can do more than the left-hand process but
not vice versa. A similar relation holds between the
right-hand process in Figure 5 and the corrected version
of the process shown in Figure 4. Comparing different
variants of the same workflow requires advanced inheri-
tance concepts [Basten, 1998; Van der Aalst and Basten,
1997; Voorhoeve and Van der Aalst, 1996]. In Section 7
four inheritance-preserving transformation rules are in-
troduced. These rules can be used to avoid both syntactic
and semantic errors.

S Dynamic change

We identified three ways to deal with running cases after
a structural process change: (a) restart, (b) proceed, and
(c) transfer. Restarting cases causes no real difficulties
except that it is often difficult to rollback the tasks that
have already been executed. The proceed policy causes
no problems. In fact, it is the only policy truly supported
by today’s commercial workflow management systems.
The only policy that causes serious theoretical and prac-
tical problems is the transfer of cases. The term dynamic
change refers to the problem of handling old cases in a
new process, e.g., how to transfer cases to a new, i.e.,
improved, version of the process.

Figure 5 illustrates the dynamic change problem. If the
sequential workflow process (left) is changed into the
workflow process where tasks B and C can be executed

in parallel (right) there are no problems, i.e., it is always
possible to transfer a case from the left to the right. The
sequential process has five possible states and each of
these states corresponds to a state in the parallel process.
For example, the state with a token in s3 is mapped onto
the state with a token in p3 and p4. In both cases, tasks A
and B have been executed and C and D still need to be
executed.

Figure 5. The dynamic change problem.

Now consider the situation where the parallel process is
changed into the sequential one, i.e., a case is moved
from the right-hand-side process to the left-hand-side
process. For most of the states of the right-hand-side
process this is no problem, e.g., a token in p/ is moved
to s/, a token in p3 and a token in p4 are mapped onto a
single token in s3, and a token in p4 and a token in p5
are mapped onto a single token in s4. However, the state
with a token in p2 and p5 (4 and C have been executed)
causes problems because there is no corresponding state
in the sequential process (it is not possible to execute C
before B). This simple example shows that it is not
straightforward to migrate old cases to the new process
after a change. Some authors have proposed a solution
for the dynamic change problem [Agostini and De Mich-
elis, 1998; Ellis et al., 1995; Ellis et al., 1998]. However,
these solutions either require human intervention or are
restricted to workflows with a particular structure. Note
that both changes in Figure 5 correspond to the reorder-
ing of tasks (see classification in Section 3).

6 Management information

Another problem of change is that it typically leads to
multiple variants of the same process. For evolutionary



(i.e., structural) change the number of variants is lim-
ited. Ad-hoc changes may lead to the situation where the
number of variants may be of the same order of magni-
tude as the number of cases. To manage a workflow pro-
cess with different variants it is desirable to have an ag-
gregated view of the work in progress. Note that in a
manufacturing process the manager can get a good im-
pression of the work in progress by walking through the
factory. For a workflow process handling digitized in-
formation, this is not possible. Therefore, it is of the ut-
most importance to supply the manager with tools to ob-
tain a condensed but accurate view of the workflow pro-
cesses. Figure 6 shows a workflow processes with two
variants: a sequential one (left) and a parallel one (mid-
dle). The numbers in the places indicate the number of
cases in a specific state, e.g., in the sequential process
there are 3 cases in-between task B and task C, and in the
parallel process there are 2 cases in-between 4 and B.
Since the manager requires an aggregated view rather
than a view for every variant of the workflow process,
the cases need to be mapped onto a generalized version
of the different processes. A solution is to find the
‘greatest common divisor’ (gcd) or the ‘least common

multiple’ (Icm) for the two processes shown. Since all
the states of the sequential process can be represented in
the parallel process, we choose the parallel process to
present management information. Figure 6 shows the
aggregated view of the two workflow processes (right).
For all places in the right-hand-side process except m3, it
is quite straightforward to verify that the numbers are
correct. The number of tokens in place m3 corresponds
to the number of cases in-between 4 and C. In the se-
quential process, there are 1+3=4 cases in-between 4 and
C. In the parallel process, there are also 4 cases in-
between 4 and C, which brings the total to 8. For this
small example, it may seem trivial to obtain this infor-
mation. However, in general there are many variants of
processes which may have up to 100 tasks and it is far
from trivial to present aggregated information to the
manager. The topic of generating management informa-
tion was addressed in [Voorhoeve and Van der Aalst,
1996; Voorhoeve and Van der Aalst, 1997]. Despite its
relevance for the next generation of workflow manage-
ment systems only few researchers seem to be working
on this topic.

Figure 6. Mapping cases in different processes onto one workflow processes.

7 Inheritance

Inheritance is one of the cornerstones of object-oriented
programming and object-oriented design. The basic idea
of inheritance is to provide mechanisms which allow for
constructing subclasses that inherit certain properties of
a given superclass. In our case a class corresponds to a
workflow process definition (i.e., a routing diagram) and

objects (i.e., instances of the class) correspond to cases.
In most object-oriented methods a class is characterized
by a set of attributes and a set of methods. Attributes are
used to describe properties of an object (i.e., an instance
of the class). Methods symbolize operations on objects
(e.g., create, destroy, and change attribute). The structure
of a class is specified by the attributes and methods of
that class. Note that the structure only refers to the static



aspects of the interface. The dynamic behavior of a class
is either hidden inside the methods or modeled explicitly
(in UML the life-cycle of a class is modeled in terms of
state machines). Although the dynamic behavior is an
intrinsic part of the class description (either explicit or
implicit), inheritance of dynamic behavior is not well-
understood. (See [Basten, 1998] for an elaborate discus-
sion on this topic and pointers to related work.) Given
the widespread use of inheritance concepts/mechanisms
for the static aspects, this is remarkable. Every object-
oriented programming language supports inheritance
with respect to the static structure of a class (i.e., the
interface consisting of attributes and methods). Since
workflow management aims at supporting business proc-
esses, these results are not very useful in this context.
However, the work presented in [Basten, 1998; Van der
Aalst and Basten, 1997] deals with inheritance of dy-
namic behavior in a comprehensive manner. This work is
based on a particular class of Petri nets: the so-called
sound workflow nets defined earlier. This class of Petri
nets corresponds to workflow processes without dead-
locks, livelocks, and other anomalies. Other inheritance-
based approaches abstract from the causal relations be-
tween tasks/methods, i.e., the control or routing structure
is not taken into account. Some of the workflow man-
agement systems available claim to be object-oriented
and thus provide some support for inheritance. For ex-
ample, the workflow management system [nConcert (In-
Concert, Inc, Cambridge, MA, USA) allows for building
workflow class hierarchies. Unfortunately, inheritance is
restricted to the attributes and the structure of the proc-
ess is not taken into account. Many workflow manage-
ment systems have been implemented using object-
oriented programming languages. However, these sys-
tems do not offer object-oriented mechanisms such as
inheritance to the workflow designer or the designer has
to program code to benefit from the object-oriented fea-
tures provided by the host language. Nevertheless, we
think that inheritance is a very useful concept for
workflow management. Therefore, we advocate the use
of the inheritance notions presented in [Basten, 1998;
Van der Aalst and Basten, 1997] for the problems indi-
cated in the previous two sections.

First we define four inheritance notions for workflow
processes (i.e., workflows specified by workflow nets).
Consider two workflow processes x and y. When is x a
subclass of y? x is a subclass of superclass y if x inherits
certain features of y. Intuitively, one could say that x is a
subclass of y if and only if x can do what y can do.

Clearly, all tasks present in y should also be present in x.
Moreover, x will typically add new tasks. Therefore, it is
reasonable to demand that x can do what y can do with
respect to the tasks present in y. In fact, the behavior
with respect to the existing tasks should be identical.

In [Basten, 1998; Van der Aalst and Basten, 1997] we
have identified four different notions of inheritance:
protocol inheritance, projection inheritance, proto-
col/projection inheritance, and life-cycle inheritance.
Protocol/projection inheritance is the most restrictive
form of inheritance. If x is a subclass of y with respect to
protocol/projection inheritance, then x is a subclass of y
with respect to protocol inheritance and projection in-
heritance. Life-cycle inheritance is the most liberal form
of inheritance, i.e., protocol and/or projection inheri-
tance implies life-cycle inheritance.

The notion of projection inheritance is based on ab-
straction: If it is not possible to distinguish x and y when
arbitrary tasks of x are executed, but when only the ef-
fects of tasks that are also present in y are considered,
then x is a subclass of y with respect to projection in-
heritance.

For distinguishing x and y under projection inheritance
we only consider the tasks present in both nets (i.e., in
y). All other tasks in x are renamed to 1. One can think of
these tasks as silent, internal, or not observable. Since
branching bisimulation [Basten, 1998] is used as an
equivalence notion, we abstract from transitions with a 1
label, i.e., for deciding whether x is a subclass of y only
the tasks with a label different from 1 are considered.
The behavior with respect to these tasks is called the
observable behavior. Added tasks (i.e., tasks present in x
but not in y) can be executed but are not observable by
the outside world, i.e., projection inheritance conforms
to hiding or abstracting from tasks new in x.

The notion of protocol inheritance is based on encap-
sulation (i.e., blocking of new tasks): If it is not possible
to distinguish x and y when only tasks of x that are also
present iny are executed, then x is a subclass of y.

For distinguishing x and y under protocol inheritance
all tasks present in x but not in y are blocked. The new
tasks are simply disallowed to be executed.

A formal definition of the four forms of inheritance is
beyond the scope of this paper. (The definition builds on
branching bisimulation equivalence and an abstraction
operator which renames a given set of tasks to 1.) The
interested reader is referred to [Basten, 1998; Van der
Aalst and Basten, 1997].
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Figure 7. Five routing diagrams describing variants of a simple workflow process.

Figure 7 shows five workflow processes modeled in
terms of workflow nets. Special symbols are used to in-
dicate the source place (i) and the sink place (o).
Workflow process (A) consists of three sequential tasks:
register, handle, and archive. Each of the other
workflow processes extends this process with one addi-
tional task: check. In workflow process (B) task check
can be executed arbitrarily many times between register
and handle. Workflow process (B) is a subclass of
workflow process (A) with respect to projection inheri-
tance; if task check is abstracted from, then the two proc-
esses behave equivalently (i.e., are branching bisimilar).
Workflow process (B) is also a subclass of workflow
process (A) with respect to protocol inheritance; block-
ing task check vyields two equivalent processes.

Workflow process (C) is not a subclass with respect to
projection inheritance; hiding task check introduces the
possibility to skip task sandle and thus change the actual
behavior. However, (C) is a subclass of (A) with respect
to protocol inheritance. Workflow process (D) is a sub-
class of workflow process (A) with respect to projection
inheritance; hiding this task results in two equivalent
processes. However, (D) is not a subclass of (A) with
respect to protocol inheritance; blocking task check re-
sults in a deadlock. Workflow process (E) is a subclass
of workflow process (A) with respect to projection in-
heritance; the detour via task check can be hidden thus
yielding an observable behavior identical to (A).
Workflow process (E) is not a subclass of workflow pro-
cess (A) with respect to protocol inheritance. All
workflow processes are a subclass of (A) with respect to



life-cycle inheritance. For life-cycle inheritance some of
the new tasks are blocked and others are hidden to obtain
two equivalent processes. Only workflow process (B) is a
subclass with respect to protocol/projection inheritance
and both (B) and (C) are subclasses of (A) with respect
to protocol inheritance.

In [Basten, 1998; Van der Aalst and Basten, 1997] we
proposed a number inheritance-preserving transformation
rules. These rules correspond to frequently used design
constructs and preserve one or more of the four inheri-
tance notions. A detailed description of these rules is
beyond the scope of this paper. Therefore, we give an
informal description of four inheritance rules: PP, PT,
PJ, and PJ3.

Protocol/projection inheritance-preserving transfor-
mation rule PP is illustrated by Figure 8. New transitions
(i.e., tasks) and places (i.e., conditions) are added to the
original workflow net such that tokens are only tempo-
rally removed from a place in the original net. The added
subnet may have any structure as long as it is guaranteed
that any token taken from place p will be returned even-
tually and no tokens are left in the subnet. Since the sub-
net only postpones behavior, the extended workflow net
(right) is a subclass of the original workflow net (left)
under both projection and protocol inheritance. If one
abstracts from the newly added tasks or blocks the newly
added tasks, one cannot find any differences between
both nets.

Figure 8. Inheritance-preserving transformation rule PP.

Figure 9 illustrates transformation rule PT. PT preserves
protocol inheritance and adds alternative behavior. The
added subnet removes tokens from the original net to
execute tasks not present in the original net. The added
subnet may have any structure as long as any token taken
from place p; will be returned in place p, eventually and
no tokens are left in the subnet. Other requirements are
that all new tasks consuming tokens from p; should not
appear in the original net and that the routes via the sub-
net do not create new states in the original net. It is easy
to see that PT preserves protocol inheritance; the added
subnet is never activated if all new tasks are blocked.
Note that PT does not preserve projection inheritance
since the subnet can be used to bypass parts of the origi-
nal net.

e

Figure 9. Inheritance-preserving transformation rule PT.

Figure 10 shows inheritance-preserving transformation
rule PJ. Rule PJ inserts new tasks in-between a task t,
and a place p in the original workflow net. In fact, rule
PJ can be used to insert an arbitrary subflow in-between
t, and p. The added subnet may have any structure as
long as it is guaranteed that once the subnet is activated
by firing t, eventually a token is put in place p and no
tokens are left behind. It is easy to see that the extended
workflow net (right) is a subclass of the original
workflow net (left) under projection inheritance: by ab-
stracting from the newly added tasks the observable be-
haviors coincide.

Tob

Figure 10. Inheritance-preserving transformation rule PJ.

Projection inheritance-preserving transformation rule PJ3
can be used to add parallel behavior. (The rule is named
PJ3 for historical reasons.) Figure 11 illustrates this rule.
The execution of task t; activates the subnet containing
new tasks to be executed in parallel. Task t, synchronizes
the original workflow net and the added subnet. The
added subnet may use arbitrary routing constructs as long
as (1) the execution of t; is always followed by the exe-
cution of t, in the original net and t, is always preceded
by t;, (2) activation of the subnet via firing t; is always
followed by a state which marks the input places of t, in
the subnet, and (3) no tokens are left behind in the subnet
after firing t,. If these three requirements are guaranteed,
then the extended workflow net (right) is a subclass of
the original workflow net (left) under projection inheri-
tance.



Figure 11. Inheritance-preserving transformation rule PJ3.

For a formal definition of these rules we refer to [Basten,
1998; Van der Aalst and Basten, 1997]. Details and sub-
tle requirements are omitted to simplify the presentation
of the main ideas. The workflow nets shown in Figure 7
illustrate the four rules. Rule PP introduces new tasks
which only postpone behavior. Workflow process (B)
shown in Figure 7 can be constructed from (A) by ap-
plying this rule; task check only postpones the execution
of handle. Rule PT introduces alternative behavior.
Workflow process (C) shown in Figure 7 can be con-
structed from (A) by applying PT. Rule PJ inserts new
tasks in-between existing tasks. Workflow process (A)
shown in Figure 7 can be extended to workflow process
(E) using this rule. The extension can be a single task but
also a complex subflow containing many tasks and all
kinds of causality relations. Rule PJ3 adds parallel be-
havior. Workflow process (A) shown in Figure 7 can be
extended to workflow process (D) using this rule. The
rules correspond to design constructs that are often used
in practice, namely iteration, sequential composition, and
parallel composition. If the designer sticks to these rules,
inheritance is guaranteed!

The inheritance-preserving rules can be used to avoid
the problems indicated in this paper. First of all, the four
rules enable the designer to establish syntactic and se-
mantic correctness in a compositional manner. For ex-
ample, soundness can be verified by analyzing the origi-
nal part and the extension separately. Second, if the de-
signer sticks to the inheritance-preserving transformation
rules, then it is possible to guarantee instant transfers
without the anomalies described in Section 5. Suppose
that x is a subclass of y constructed using the rules PP,
PT, PJ, and PJ3. For any state in workflow process y it is
possible to transfer a case to x such that the transfer is
instantaneous (i.e., no postponements needed) and does
not introduce syntactic errors (e.g., deadlocks, livelocks,
and improper termination) nor semantic errors (e.g., the
double execution of tasks or unnecessary skipping of
tasks). Moreover, it is also possible to transfer cases
from subclass x to superclass y without any problems.
Finally, the inheritance-preserving transformation rules
can be used to construct aggregate management informa-
tion automatically. States of the subclass can be mapped
onto states of the superclass and vice versa. Therefore,

all cases can be mapped onto one workflow process if all
variants/versions are related via the rules PP, PT, PJ, and
PJ3. Moreover, given a set of variants/versions of some
process, it is possible to define ‘greatest common divi-
sor’ (gcd) or the ‘least common multiple’ (Icm) using the
inheritance notions and thus create appropriate manage-
ment views. A detailed discussion and formal proofs of
these statements are beyond the scope of this paper. The
interested reader is referred to [Van der Aalst and Bas-
ten, 1999] for examples, formal definitions and proofs.

8 Conclusion

In this paper, we discussed some of the problems that
need to be solved to enable adaptive workflow. Most of
the problems stem from the fact that flexibility (the abil-
ity to handle changes) on the one hand and process sup-
port (enactment, control, and management information)
on the other hand impose (partially) conflicting con-
straints. We have classified the various forms of change.
Based on this classification we pointed out some solu-
tions for the problems identified. Future work in this area
will focus on verification (semantic correctness), relat-
ing different versions of a workflow process for sup-
porting dynamic change, and generating management
information.

This paper extends the results presented in [Van der
Aalst et al., 1999] with an approach based on inheri-
tance. It is our belief that the inheritance-preserving
transformation rules presented in Section 7 are a good
starting point for solving the problems identified. Each
of the rules corresponds to a design construct which is
often used in practice, namely choice, parallel composi-
tion, sequential composition, and iteration. The rules
preserve to some extent syntactic and semantic correct-
ness. Future research will focus on the application of
inheritance notions to deal with dynamic change and the
generation of useful management information.
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