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Abstract. Nowadays application systems are modeled in object-oriented
design languages like the Unified Modeling Language (UML). Although
workflow management has to deal with such environments, typically pro-
priatory modeling languages are used. We try to remedy the use of seper-
ate languages by proposing an extension of the UML to allow workflow
modeling, thereby providing a seamless integration of workflow function-
ality in object-oriented application systems.

1 Introduction

Workflow management is an important technology for modeling and controlling
the execution of business processes in commercial applications [4,9]. While the
construction of complex software systems nowadays uses object-oriented analysis
and design [1], workflow modeling is often performed separately, using different
methods, techniques, and tools. This situation is especially unfortunate because
automating workflows means implementing the needed processes in the environ-
ment at hand where the gap between application object modeling and workflow
modeling may lead to inadequate workflow support for object-oriented appli-
cations, both with respect to maintainability of the software and the reuse of
workflow schemas. Although organizations tend to be complex but strictly struc-
tured, the process-oriented view found in most workflow approaches declines to
use this fact as a means of structuring models which is close to the application do-
main and hence is highly useful, especially for managing overall complexity and
scalability of workflow specifications. This makes a workflow modeling method-
ology which is compatible to the used software engineering techniques even more
desirable. To overcome this unsatisfying situation, this paper proposes such an
integrated approach. As stated similarly in [12], one of the basic assumptions of
this work is that the problems arising in workflow modeling are similar to those
occurring with the analysis, design and implementation of complex sequential
and distributed software systems. Hence a compatible methodology for both
worlds is feasible. Our work is based on object-oriented notation. For modeling
static aspects, we use the UML [11]. Additionally, so-called Object Coordination



Nets (OCoNs) [5], a visual formalism for describing system dynamics are inte-
grated into the UML context. This leads to a set of notations which are suitable
to specify not only application objects, but also workflows.

2 Background and Rationale

Depending on the workflow language and on the workflow management system
employed, several dimensions are covered in workflow schemas; these dimen-
sions are also known as workflow aspects [7]: the functional aspect specifies
what has to be done within a workflow. The operational aspect determines how
it is done, i.e., which techniques and tools are used to perform the workflow.
The behavioral aspect defines when and under which conditions a workflow is
executed. The informational aspect specifies the data objects which are being
manipulated during workflow executions and the flow of data between workflow
activities. The organizational aspect describes the roles and personnel which are
involved in workflow executions. There are two conflicting goals regarding these
aspects, namely independence and consistency. At the first glance, the indepen-
dence of different aspects of a workflow schema has at lot of benefits. It makes
sure that changes w.r.t. one particular aspect do not involve the others. However,
in real-world workflow applications, aspects are normally not that independent
from each other, for instance due to interrelationships between the operational
aspect (external applications) and the informational aspect (data used by them).
Moreover, complete independence of aspects may not be desirable. Whereas the
different aspects of workflow applications are helpful to concentrate on specific
views separately when modeling workflows, afterwards questions of overall con-
sistency of the specification become important: which parts of an organization
are involved in a specific workflow, what are the roles of the organizational units,
are they capable of or really the best guess for performing their specific subtask
or is, for example, the flow of data consistent with the security policy of an orga-
nizational structure. Thus, the organizational aspect may give important hints
how to specify the functional and behavioural aspects or even place restrictions
on the operational aspect in a given context, e.g., if a task is performed in a
specific part of an organisation, a specific external application has to be used
which differs from those of other divisions due to a non-uniform software (ver-
sion) environment. On the other hand, during the restructuring of a complex
workflow environment, modeling the functional and behavioural aspects of the
most important workflow schemas first, provides the detailed specification for
use cases [11] needed to discuss the overall organizational design. Workflow lan-
guages typically allow the specification of workflow schemas in a manner which
puts its focus on the fact that the aspects are defined independently. The ap-
proach described in this paper employs object-oriented methods to deliver to
some extent a combination of both goals: focussing on the aspect currently at
hand in the well-defined context of a structured specification of all relevant as-
pects.



The use of object-oriented methods implies two additional benefits in the
workflow context. Traditionally, workflow schemas are described using specific
and often propriatory languages. These workflow languages often use formalisms
based on directed graphs [16] or Petri Nets [13] in a manner which does not fit
very well into the technical environment of modern information system infras-
tructures. Often, these systems are (and definitely will be in the future) devel-
oped using object-oriented methods. For the modeling of such systems, object-
oriented design languages and recently the quasi-standard of the Unified Model-
ing Language [11] are widely used. The usage of these notations when specifying
workflow applications helps to close the gap between both worlds and eases the
incorporation or adaption of off-the-shelf software as well as the implementation
of software. Describing, e.g., the informational aspect of a workflow in the same
language as the data interfaces of the applications permits the re-use of the data
format descriptions or at least provides a clear basis for the adaption of formats.
If no legacy code is available, the description of a specific task of a workflow
schema using UML diagrams provides an ideal starting point for implementing
the needed piece of software with state-of-the-art methods. The second benefit
comes for free and is due to the capabilities of OO methods for managing com-
plexity. Workflow systems are as complex as application software systems and
their development can make use of OOA and OOD to deal with the complex-
ity. Here, using structure modeling to capture the organizational aspect [7] of a
workflow system like, e.g., geographically distributed branches of an organiza-
tion with distinguished roles and permissions to perform (parts of) the work to
be done, can provide a basis for keeping an eye on the consistency w.r.t. all other
aspects from the very beginning. If all aspects of a workflow application are spec-
ified in an integrated design language, independence of aspects gets a new chance
by explicitly specifying dependencies and assumed independence may even be
checked in the model. More important, a different dimension of independence is
introduced which is of much more use: the means of structuring the design of
a workflow system using OO methodology into subsystems with interfaces and
specifying dependencies between subsystems explicitly deals much better with
managing overall complexity and change management for workflow applications
in-the-large than the abovementioned independence of aspects which is provided
to some extent by different diagrams when specifying workflow in-the-small.

In order to be close to the standard for OO applications, workflow specifica-
tions should also be described with the diagrams provided by the UML wherever
suitable. Although the UML subsumes a variety of techniques to model different
aspects of software systems, there remain some problems. First, there are simply
too many kinds of diagrams to be used in a specific application. Overlapping
aspects of behaviour may be described by annotating class diagrams in so-called
collaboration diagrams, sequence diagrams, activity diagrams or statechart dia-
grams. Second, there is no clear semantics for most of these diagrams regarding
the internal correspondence to other diagrams used in the same model. This is a
serious flaw in the UML because the really essential aspects of system dynamics
which are important especially for the functional and behavioural aspects of a



workflow system are not that well-covered. Using such notations would make the
intended notation of consistency hard to implement (for a detailed discussion see
[5]). In the context of workflow modeling, a pragmatic approach helps to over-
come the problems with the UML. In order to introduce as few new notation
as possible, only those notations of the UML which are used to describe static
structures like systems, subsystems, classes, associations and so on are utilized.
So-called Object Coordination Nets (OCoNs) [17] provide a high-level Petri-
Net [2] formalism for specifying system dynamics. To avoid the problems with
consistency, OCoNs are seamlessly integrated into the UML and have a formal
semantics. In contrast to most high-level net approaches working with complex
textual and formal annotations which are hard to use for the non-expert in
formal methods, the net dialect puts its focus on the visual expressiveness. Prin-
cipal different aspects of a workflow system are expressed in different diagrams
whereas related aspects are described in the same diagram but represented by
distinguishable graphical entities.

3 The Object Coordination Net Approach

We assume the reader to be familiar with place-transition nets [2] and the basic
concepts of object orientation. Transitions in our context are interpreted to be
actions which occur through calls to services provided by objects. For places
which are called pools, we distinguish between two principle entities: simple data
and control flow using untyped tokens and objects typed according to the type
system obtained by the informational aspects of workflows are stored in so-called
event pools (circles). More permanent objects which are in the object-oriented
view the carrier of activity or provider of services are interpreted as resources
the system uses to perform its work. Places which hold resources are represented
by resource pools (hexagons).

In order to support a method for workflow modeling as described in the
previous section, structuring a system into encapsulated subsystems and a well-
defined and expressive formalism to describe interfaces and interface-based inter-
action are crucial. The OCoN approach introduced in [17] fulfills these require-
ments by putting its focus on a system design which is ruled by the contract
principle [10]. Organisational aspects are used to obtain a coarse-grained struc-
ture of the context in which workflows are to be modeled. Using UML structure
diagrams this results in a set of (nested) subsystems providing services specified
in contracts to the outside and possibly using services from other subsystems
via their contracts to implement the provided functionality (see Fig. 5). A single
contract is a traditional signature specifying the names and required parame-
ters of all provided services which is extended by a state-machine-like protocol
net (PN) to specify externally visible behaviour if not all services are always
available. This kind of specification enhances the benefits of interfaces in case
of services which obtain nonuniform service availability as it is often found in
systems acting according to complex organizational rules. The example shown
in Fig. 1 specifies a simple contract to deal with an object of type Media like,



e.g., a book or CD using the services getout and putback. The PN adds important
usage information to the signature. Only if the required entity is in state [Free], is
the service getout available. Moreover, the contract requires that a getout which
brings the object to state [InUse] has to be followed definitely by a putback. Hence,
the contract specifies restrictions for its users. Finally, a hint that the object may
not be available for some (finite) time due to internal regulations of the imple-
mentation is specified by introducing a third state [Check] and an anonymous
step (shaded transition). However, the protocol guarantees that eventually the
object will be in state [Free| again. Using states as pre- and post-conditions for
service availability supports the abstract description of the behavioural workflow
aspect.

«contract» «implementation»
Media Medialmpl
) signa_tures signatures
getout(MedIaDe(s'\zzgit;o)r})Usagelnfo) + getout(MediaDescription): (Media),(Usagelnfo)
putback(Media)() ' + putback(Media)()
- checkQuality(MediaSpec): (),(MediaDesc)
[InUse] protocol net [Free] - repair(MediaDescription)()

- MediaSpec selfdescription_
LI more attribs

resource allocation net

[InUse] getout [Free] repair

putback [Check]
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putback [Check.1] checkQuality
[Check.2]
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Fig. 1. Media contract and its implementation Medialmpl

For decoupling subsystems properly, we distinguish clearly between the ex-
ternal information provided by a contract and its internal implementation. More-
over, we rigorously permit the usage of services by means of provided contracts
only. The internals of a subsystem itself may have a complex structure as well as
complicated rules of handling control and data. This leads in practice to a hier-
archical design of such systems. Besides the internal subsystem structure, there
are two aspects of special importance inside a single system: the internal details
of the implementation of the provided services and the overall management of
resources to accomplish that goal. The concepts needed to model these aspects
include two additional variants of Petri-nets, namely service nets (SN) for de-
scribing the detailed workflow when performing a single service and resource
allocation nets (RAN) for the resource management.

The interaction mechanism of the nets is visualized in Fig. 2: calling a pro-
vided service as described in the corresponding PN activates the RAN of the
instance which provides the call with the needed resources and delegates it to



the requested service (SN). If the service uses external services from other con-
tracts, parts of the work are delegated to instances of the used type. For the
Media example, the implementation Medialmpl in Fig. 1 (right) defines the local
attributes needed for the implementation, publishes the services to implement
getout and putback, but uses additional private services, e.g., checkQuality to con-
trol incoming Media whether they are ok to be used again or not. Moreover,
the RAN implements the protocol provided by the PN. It states that two ex-
ternal resources imported from other subsystems (shaded hexagons), namely
QualityMgmtUnit and ReportingUnit, are needed for the implementation of the con-
tract. The initial state of a new instance of Medialmpl is defined to be [Free] by
putting a token in the corresponding resource place. Compared to Media, the
possible states of Medialmpl are refined. Where [Free] and [InUse] are used to rep-
resent the corresponding states of the PN, [Check] is partitioned into [Check.1]
and [Check.2]. This reflects the fact that the work which has to be done inside
the implementation is splitted into two parts checkQuality and repair in the case
of incoming objects which are in bad shape. However, the only thing w.r.t. these
details which is of any interest for the contract, is the existence of internal work
which prevents Media in state [InUse] from becoming [Free] immediately after a
putback. Medialmpl fulfills the protocol because either checkQuality decides that
everything is ok and the object is put back in state [Free] or the object is put
into state [Check.2] and has to undergo a repair after which it is put back in state
[Free], too. Because this part of the behaviour depends on the object at hand,
the RAN uses a transition checkQuality with two possible alternative outcomes.

provided ( ) Instance used
conFract % contract

..... | }
N I e
SE et ML

Fig. 2. OCoN architecture and usage of Net types
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The usage of shaded transitions indicates that the net (PN or RAN) at hand
does not have complete control over the operation or how it is called. As well
as the implementation details are out of control of the anonymous transition in
the PN, are the number and time of calls to getout and putback from the outside
not under control of the implementation.

The detailed subworkflows implementing a service are specified in a service
net (SN). It adopts the object-oriented view of method invocation by supporting
an intuitive call semantics which is well-known from procedural programming
languages and remote procedure calls. Fig. 3 visualizes the concept: a transition
is interpreted to represent a call to a method-like service. As a precondition for
firing, a carrier of activity (here objl of type Resourcel), i.e., the object which
processes the call, is required as well as the parameters (here an object of type
InType) and a simple Event. Moreover, the carrier has to be not only of type



Resourcel but especially a resource in state [Statel]. If the call to fun fires, it
consumes all preconditions in the first step, performs some durable activity inside
the service fun and produces all postconditions afterwards in a second step. The
effect is an object of type ResultType in place resu and a state change for the
carrier which is afterwards in state [State2].

Resource1[State1] Resourcel[State2] Resourcel[Statel] Resourcel[State2] Resource1[State1] Resource1[State2]

fun ResultType resu
Event

Fig. 3. Steps during execution of resu = objl.fun(in)

The hierarchical design of the service nets allows for calls to other services
during firing inside a transition. Due to the synchronous nature of call and
return, this works across hierarchies and can also be used as a wrapper call
to services implemented by legacy code. The concept is explained by means
of the internal Medialmpl service checkQuality (see Fig. 4). In order to support
hierarchical abstraction but keep the essentials also on the abstract call level,
calling transitions visualize the signature of the service they call (see Fig. 4, left).
The transition here requires a single data parameter and produces an alternative
output to abstract from an internal decision.

<< service >>
Medialmpl::checkQuality

Qualitylnspector QualityControl

heck.1]

®

MediaSpec myinfo_

MediaDesc errorreport_
Med

inpt

jout

Medialmpl[Check.2] StateReand it
ateRecord info_

ReportingUnit

Fig. 4. Call semantics of OCoNs

In conformance with the RAN in Fig. 1, the operation can only be carried
out by instances of the resource Medialmpl in state [Check.1]. Because this is
specified in the RAN; it is not explicitly stated in the textual signature. The
signature requires an additional parameter of type MediaSpec which is represented
by the precondition pool mylnfo in the calling net. The result MediaDesc which
is expected only in one of the possible decision outcomes is handled in a similar
manner. Because both preconditions are fulfilled, the action is enabled to fire.
The unfolded version of the calling transition (see Fig. 4, right) uses two bars to
represent the input and output parameters. The figure shows the initial situation
after consuming the preconditions. Additional resources are present from the



QualityMgmtUnit and the ReportingUnit (cf. the RAN in Fig. 1) in order to carry
out the delegated work. The object is inspected, a status record is generated
and the QualityControl decides whether the object is ok (event to upper output
alternative) or a kind of error report has to be produced. Depending on the
decision taken, the final state of the object will be [Free] or [Check.2].

4 Usage of OCoNs for Workflow Modeling

A media store renting books, CDs, videos etc. and its surroundings are used for
the case study. These include normally the interaction with customers as well as
companies producing, advertising and selling new media via external business
partners like a transport agency and, of course, a banking service. Omitting cash
flow and explicit user modeling, in the simplest scenario there are three principle
business partners which are represented by different subsystems in the structural
model (see Fig. 5, left).
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Fig. 5. The MediaStore and its context

The subsystems are interconnected by providing and importing contracts
from each other. The MediaStore provides two different contracts. One is used
for management issues, e.g., ordering new media, filling the stock etc. via the
EnterpriseProd company whereas customers are served by the MediaStore contract.
Both contracts are implemented within the subsystem itself using an internal
subsystem MediaStoreCoord which coordinates and delegates all work which has
to be done to the different subsystems for member management, media renting
with reservation handling and so on. The subsystem imports two external con-
tracts, namely the MediaOffers for ordering new media and the TransService from
the TransportCmp subsystem for the shipment of rented media. Besides the de-
pendencies which are made explicit via the usage of local or imported contracts,




no other interaction between subsystems is allowed. This means, the structure
provides a coarse-grained description of the organizational aspect of all possible
workflows which may be performed in this system. More important, the different
contracts can be interpreted as a description of the different roles a subsystem
may play during workflow execution. It specifies all subworkflow schemas sup-
ported by a specific subsystem which are designed for external use and hence
supports encapsulation and re-use.

The description techniques for the static structure are also used to specify
the details of the complex data objects which represent entities like users, media,
and so on. Such type descriptions using attributes, methods, class diagrams etc.
provide the second part of the basis for all remaining aspects because these types
are used to type event and resource pools as well as the objects flowing through
edges and being consumed as matching typed actual parameters in actions. The
specification of this part of the informational aspect should be done in a manner
which is consistent with the usage of subsystems, i.e., defines classes as local as
possible and utilizes the visibility rules to avoid too much global information in
the system.

isMember MemberRecord ChoosenMedia Information about

Costs

CHOOSE-MEDIA InitiateMediaShipment

confirmOrder newOrder

browseCatalogs checkAvailabiti
ListOfMedia unavailable_

ReservationMgr

checkReservation

Fig. 6. Customer wants to rent some media

The remaining workflow aspects become more relevant when discussing a
specific workflow schema. This is done now by considering the situation that a
customer enters the MediaStore and wants to rent some CDs and a book. First
of all, it should be checked whether the person is a registered member; if so,
the member is able to browse catalogs, look into books and so on in order to
choose a list of media which he wants to rent. The sketch shown in Fig. 6 (a)
is rather incomplete and describes the needed functionality in an informal way
as well as the accompanied flow of control and some data aspects. The next
step in Fig. 6 (b) makes things more concrete. The informational aspect can be
made more clear when using the types derived from class diagrams to restrict
the type of items flowing through the net. More important is the decision which
parts of the system are used to perform the different steps. This is done by
explicitly stating which resources are needed to execute actions, i.e., who are
the carriers of activity for actions. The structure of the system (cf. Fig. 5) has



been designed in a manner which provides contracts implemented by subsystems
for the different kinds of functionality. Using these resources when specifying
a workflow schema introduces information about the operational aspect and
combines it with behavioural aspects. Additionally, the schema now deals with a
more complex situation: some of the wanted media may be not available because
they are in use by other customers and the member may require to be notified
when they become available. Because this is a special kind of service, it is not a
good idea to implement that in the RentalMgr. Instead, it is done in parallel by an
additional subsystem, namely the ReservationMgr, implementing a fair reservation
policy.

«service»

MediaShippinglmpl::processShipping
ShipmentOrder[Accepted] TransService[Free]
orders_ ansporters_
Event ShipmentData checkOut MediaPack Invoice pay Event

MediaStock

TransService[Delivefing]
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ShipmentOrder[Processing] /D
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ShipmentOrder[Accepted]
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orders_ getDebit Debit

ShipmentOrder[Done]|

Fig. 7. Service ProcessShipping uses external contract TransService

In order to keep the example manageable, we only go into some of the de-
tails of the shipment of rented media. The MediaShipment subsystem in Fig. 5
(right) offers this functionality by means of a simple contract using the same
name. Although the subsystem needs an external subworkflow, this is handled
much like using the local resources by importing the contract TransService which
is from a completely different subsystem in contrast to, e.g., the contracts Ac-
count or MediaStock which are in the same subsystem as MediaShipment itself. The
details of shipment orders and how they are handled are implemented locally in
the ShipmentOrderlmpl. The partial workflow using all these entities is encapsu-
lated within the service processShipping which performs the real work. Because
all details of the subsystem are hidden, the contract may well be re-used in a
completely different context. The service itself is specified using the service net
shown in Fig. 7. Only confirmed ShipmentOrders in state [Accepted] are processed,
the MediaStock is used to check out the ordered media which are delivered using
the TransService. Besides the real delivering, the state of this job (represented
by a ShipmentOrder) is observed in parallel in the subsystem. The contract Ac-
count is used to pay for the transport as well as to compute the shipping costs.
These are represented by a PaymentRecord (which is assumed to be specified as



a class in the informational aspect) and built the final output of this service.
The only thing of specific interest here is how the external subworkflow from
the contract TransService is used for handling the transport of media itself (see
highlighted area in Fig. 7). The contract is used as a shared resource, because
other systems may also use this contract. However, for performing the action,
only a [Free] resource can be used, and it has to be used exclusively, i.e. not
in parallel with other usages. This is because the action changes the state of
the resource to [Delivering] until the confirmDelivery has been executed, too. Af-
terwards, the resource state is changed again into [Free]. All this is easily done
in complete conformance with the contract TransService because its protocol net
(see Fig. 5, right) is visually embedded into the using service net which makes
the consistent usage of subworkflows even from different system parts an easy
manageable task.

5 Evaluation and Conclusions

UML diagrams are widely accepted nowadays and their use for the workflow as-
pects they are suited for eases the communication among all people involved in
workflow modeling, implementation, and monitoring. Moreover, the gap in lan-
guages and notations between workflow and application development is closed
to some extent. The presented example should illustrate that the Petri-Net for-
malism used permits the gradual change from informal descriptions to correct
nets including typing as a means of integrating workflow aspects consistently.
In the long term, there are strategic benefits w.r.t. the availability of important
management information: having specified a complex workflow system in the pro-
posed way, almost all important information about the organizational structure,
responsibilities, dependencies between subsystems and workflow schemas as well
as the resource usage and requirements present in the system are available in a
structured set of documents in a nearly formal language. Hence, there is a proper
basis for the overall analysis, consistency checking, and optimization of struc-
tures and processes. Moreover, possible effects of changes can be found in explicit
specifications which provides information crucial for local change management
as well as more advanced situations like, e.g., finding (subsystem) candidates for
outsourcing.

Although there are many approaches dealing with a diversity of graphi-
cal descriptions, the usage of Petri-Net variants in workflow management is
widespread, e.g. FUNSOFT Nets [3], HOON [6] and especially the work of van
der Aalst, e.g., [13] and colleguages. However, most of the work and even re-
cent approaches dealing with interorganizational workflows (e.g., [14]) put their
focus on the process aspect and fail to utilize structure to overcome scalability
and encapsulation problems. The approach described in [15] tries to combine
all aspects, but its puristic use of mechanisms based solely on nets and their
interaction makes the resulting models too complex for real-life applications.
Moreover, the underlying so-called reference nets [8] use the metaphor of nets
flowing through nets which seems to be too complicated for a non-expert in high-



level Petri-Nets. In the Mentor project [18], state-charts and activity-charts are
used to model workflows. The main focus of that project is distributed workflow
execution control based on persistent message queues. Whereas these description
techniques are close to some of the UML notations, workflow modeling is not
embedded in an object-oriented design in that project.

The method sketched in this paper has been used for two years now by
students in classes modeling distributed software systems but recently also to
describe workflow systems. At the moment, case studies of business processes
and workflows in companies are performed in order to evaluate the approach in
real-life business settings.
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