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Abstract. Object-oriented modelling is an established approach to doc-
ument the structure and behaviour of information systems. In an object
model, a system is captured in terms of object types and associations,
state machines, collaboration diagrams, etc. Process modeling on the
other hand, provides a different approach whereby behaviour is captured
in terms of tasks, flow dependencies, resources, etc. These two approaches
have their relative strengths and weaknesses. In object models, behaviour
is split across object types, whereas in process models, behaviour is seen
holistically along chains of logically related tasks. Also, object models
and process models lend themselves to different styles of implementa-
tion. There is an opportunity to leverage the relative advantages of ob-
ject models and process models by creating integrated meta-models and
transformations, so that modellers can switch between these views. In
this paper we define a transformation from a meta-model for object be-
havior modeling to a meta-model for process modeling. The transfor-
mation relies on the identification of elementary causal relations in the
object model. These relations are encoded in a heuristics net from which
a process model is derived.
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1 Introduction

The behaviour of an Information System can be modelled using a variety of dif-
ferent design approaches. Two well-known modelling approaches are the object-
oriented (OO) and process-oriented approaches [1]. Each approach is a different
perspective that has its own way of thinking. For example, modelling an Infor-
mation System in terms of the objects involved in the system results in a series
of object-oriented models often prepared using the UML notation.
Object-orientation is a programming paradigm that can be used in domains
other than programming, such as the design of Information Systems. The UML
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modelling notation [2] captures the behaviour of objects in an Information Sys-
tem. OO emphasises the definition of classes in a system, the data structures and
operations of those classes and the identification of message exchanges between
classes. The OO approach groups related data and operations into the same
class, allowing modularisation and encapsulation. Purported advantages of this
paradigm include improved reuse and maintainability.

A process model captures the control flow behaviour of a process. The prac-
tise of process modelling provides benefits such as task structuring in the form of
workflow and the ability to simulate processes prior to their execution. BPMN
[3], BPEL [4] and YAWL [5] are all examples of notations that model the be-
haviour of a process-oriented application. The advantages of process modelling
in Information Systems are well known which has given rise to a class of Infor-
mation System known as Process Aware Information System (PAIS) [6].

There is a need to reconcile object-oriented and process-oriented development
approaches to Information Systems engineering to gain the advantages from
either viewpoint. Either modelling approach captures information in profoundly
different models, thus information captured in one approach may be missing
from the alternative approach. For example, a class in an OO model can be
modelled to contain references to tasks (i.e. in a sequence chart), but objects are
predominately state-based and do not explicitly define tasks or the control flow
relations between them. Likewise, a process-oriented model contains references
to states (i.e. the work item lifecycle [7] is a state machine), but a process-
centric model is predominately task-based with no references to classes. Because
the foundations of these two approaches are different, neither approach directly
contains the information required to reconcile with the other. In this paper we
investigate the possibility of performing reconciliation between the deliverables
of the design phase of the object-oriented development approach (OODA) and
process-oriented development approach (PODA) as shown in Figure 1.
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Fig. 1. Reconciling Object-oriented and Process-oriented Development Approaches

This paper is organized as follows. Section 2 introduces an example to il-
lustrate the problem. In Section 3 we define a meta-model for a process aware
object-oriented information system. Section 4 introduces an algorithm to recon-
cile an object-oriented and process-oriented design and apply it to our example.
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Section 5 presents some related literature and Section 6 contains the conclusions
from this work.

2 An Illustrative Example

In this section we present an example of a process that we have used as a test
scenario for our approach and implementation. Using object-oriented modelling
analysis the problem domain is presented as a class diagram to capture the
classes and their high-level relationships as shown in Figure 2. Each class may
have one or more state machines, but for space reasons we have only presented
the classes. Our example is a process for inspection and maintenance of heavy
equipment such as open mine excavators and shipping container cranes. Such
equipment is subjected to inspections at regular intervals when a number of
issues requiring maintenance may be raised with the equipment. Depending on
the severity of an issue and the criticality of the equipment some issues will be
determined to be resolved with more urgency than others.

Equipment ltem

Inspection
0..n 1.1
0..n 0.1
o Follow-up
Critical Issue Inspection
J/ o.n 0.1
0..n
Issue Report Issue

Fig. 2. Illustrative Example - Maintenance Process

An inspection for a particular piece of equipment may uncover zero or more
issues to be resolved. These are added to the set of existing issues for that
piece of equipment so that the main inspection can only be completed after all
issues have been resolved and completed. A critical issue may also be detected
during an inspection or follow-up inspection. These critical issues are identified
separately due to the elevated need to have them resolved. An issue may raise
a number of follow-up inspections, which in turn may lead to new (critical)
issues being raised, and so on. The multiplicity between classes such as 1:1
and 0:n specifies the number of instances that a class interacts with runtime.
This identifies multiple instance relationships between classes. Resources that are
affected by a class such as an equipment item and an issue report are included in
the class diagram although from here onwards we will focus only on the control
flow perspective.
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3 Object-centric Meta-Model

In order to present our technique for deriving process models from object models,
we first need to adopt a meta-model for representing these models. To represent
process models, we use the YAWL language as discussed in the next section.
Meanwhile, to represent object models we adopt the meta-model supported by
FlowConnect [8], a system that supports the development of software applica-
tions based directly on executable object behaviour models. A subset of the
FlowConnect meta-model focusing on the control-flow aspects (i.e. leaving aside
data and resource modelling) is presented as an ORM [9] diagram in Figure 3.
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Fig. 3. Static Meta-Model of an Object-oriented PAIS

FlowConnect is an attractive source meta-model for our proposal for two
reasons. Firstly, FlowConnect seamlessly integrates concepts from UML state
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diagrams with concepts from UML sequence diagrams, allowing us to capture
both intra-object and inter-object behavior in the same model. Secondly, the
FlowConnect-based meta-model is a representative of other object-oriented meta-
models (e.g. Proclets [10], Merode [11], OCoN [12]), thus it is possible to gener-
alise the results presented here to other meta-models.

At the highest level an object model is a container for all classes in an
object-oriented PAIS. We define a class as a “cluster” of related states that share
some common context. An example of shared context are states that belong to
an inspection. Grouping these states together allows control flow associations to
be made between them and an inspection begins to take shape. The object model
contains one or more classes that contain one or more state machines. A state
machine contains one or more states. A state models a moment in a process
lifecycle where the context of the process can be distinguished and named, e.g.
Distribute Report, Load Data or Test Structural Strength.

A link connects the output of a state to the input of another state. There
are two types of link that can be used, which are a transition or a signal.
Both of these links have a single source and target state. A transition connects
two states in the same state machine and may have an Event-Condition-Action
(ECA) rule. The occurrence of an event will cause the transition labeled by that
event to be taken. A transition may also have one or more conditions attached
to it that must be satisfied before the transition can occur. When a transition is
taken it may also execute an action. We do not specify the exact details of an
ECA rule language since this is out of scope of this work. On the other hand, a
signal relates states belonging to different state machines as explained below.

Each state contains three sub-states; a pre-processing gateway, main
processing sub-state and post-processing gateway. The main processing
sub-state contains zero or more atomic tasks that needs to be completed. The
pre-processing and post-processing sub-states are known as gateways because
they are the entry and exit points for the main processing sub-state. A pre-
processing gateway may be entered through an incoming transition. This gate-
way may send signals to other states and receive (wait for) signals from other
states. Thus a gateway may have incoming and/or outgoing signals. The post-
processing gateway is similar, but is responsible for control flow synchronisation
after the main processing sub-state has terminated.

A signal enables a connection between the post-processing or pre-processing
gateways of two states. In contrast to a transition, a signal does not have an
ECA rule. There are three allowable types of signal: spawn (i.e. creates a new
state machine) indicated by ‘S’, finish (i.e. terminating) indicated by ‘F’ and
message (i.e. non-terminating) indicated by ‘M’.

Some signals occur in response to, or following another signal. For example,
a terminating signal S2 may occur following a spawn signal S1. Accordingly, the
meta-model allows signals to be paired then grouped into signal relationships
that consist of a spawn signal and a non-spawn signal. creates a new instance of
a child class. Messages exchanged between classes in a relationship are marked
on a link with a signal name (e.g. “Sig01”) followed by ‘M’. In this example
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each instance of the child indicates its completion to its parent by sending a
finish signal as the return link marked with a signal name followed by ‘F’. The
multiplicity of each relationship is indicated as a 1:1 or 0:n to indicate the lower
and upper bound for the number of times that the relationship may be invoked
by a parent class.

4 Reconciling the Approaches

In this section we introduce a proposal to map an object-oriented design to a
process-oriented design model. The method aims to enable the semi-automated
development of a process-oriented model from an object-oriented design. We
have used our maintenance process as a test scenario in an implementation of
the object-oriented meta-model and conversion algorithm of this proposal.

From Object Models to Process Models

To reconcile the object-oriented and process-oriented approach, we have fol-
lowed the procedure shown in Figure 4.

State Machine Annotation
1) Diagrams —b)> 3) Repository e)
[
a)
\
2) Heuristics Net —c)»> 4) PetriNet d)# 5) vAwL Model

Fig. 4. Overview of Reconciliation Procedure

The required steps in the procedure to convert between the deliverables
shown in Figure 4 are:

a) Heuristics Net Algorithm (Algorithm T).

b) Record Information in Annotation Repository (Algorithm I).
c) Petri Net from Heuristics Net (Algorithm IT).

d) Convert Petri Net to YAWL Model.

e) Apply Annotations to YAWL Model.

As defined in [13], a heuristics net is a representation of the control flow
behaviour of a process specification. In the Process Mining (ProM) framework?3
heuristics nets are used to convert between different representations of a process,
specifically from event logs to Petri Nets. In our case a heuristics net enables con-
version between object-oriented and process-oriented representations of a process
as it provides a “middle-ground” between either model, shown in Figure 5.

3 ProM is available at http://is.tm.tue.nl/~cgunther/dev/prom/
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Fig. 5. Reconciliation Using a Heuristics Net

Step a) involves the application of Algorithm I (see Figure 6) to an object
model. This algorithm provides a complete heuristics net as output.

Step b) involves capturing missing information in the form of annotations
that are stored in a repository. This is done as part of Algorithm I. Heuristics nets
focus on process control flow but there is low-level information expressible in an
object-oriented model that can not be expressed in a heuristics net. The result is
that a self-standing heuristics net does not give a complete view of process control
flow because the information listed below can not be captured in a heuristics
net. These annotations are looked up when converting the heuristics net into a
dedicated process-oriented modelling notation such as YAWL or BPMN so that
the information not expressible by the heuristics net is added to the process
model. Annotations are added to identify these elements:

1. Multiple instance tasks.
2. Structured loops.
3. Event, condition, action expressions (ECA Rules).
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For the object model.
For each class in the object model.
For each state machine in the class.
For each state in the state machine.

1. XOR-input check: Find input disjuncts for each incoming transition
and incoming signal. Add disjuncts to input set.

2. AND-input check: Find input conjuncts for each incoming transition
and incoming signal. Add conjuncts to input set.

3. XOR-output check: Find output disjuncts for each outgoing transition
and outgoing signal. Add disjuncts to output set.

4. AND-output check: Find output conjuncts for each outgoing
transition and outgoing signal. Add conjuncts to output set.

5. Tau transition check: Add a Tau transition to the input set if a spawn
signal is sent from the pre-processing gateway. Else add a Tau
transition to the output set if a finish signal is received by the post-
processing gateway.

6. Annotation check:

* Add “Multiple Instance container task” annotation if a spawn
signal is sent from the input or output gateway.

* Add “Multiple Instance task decomposition" annotation if the state
belongs to a child class in a relationship.

* Add “Structured loop entry point” annotation if looping script
exists on an input or output gateway.

* Add “Structured loop exit point” annotation if the target state of
one of the exiting transitions is a “structured loop entry point”.

* Add “ECA rule” annotation if an ECA rule exists on transition.

7. Insert input and output set: The complete input set is inserted as a
row and the complete output set is inserted as a column in the

heuristics net.

Fig. 6. Algorithm I

In Step c) the heuristics net is sent to the Heuristics Net tool* in ProM
to obtain a Petri Net. This is Algorithm II in Figure 5. This Petri Net gives
us insights into a process-oriented representation of what the control flow in an
inspection looks like. Step d) is now performed to create a skeleton structure of
a process-centric model that represents the “pure” control flow in terms of tasks
and their control flow relations. Here we can make use of existing conversion
plugins, such as the conversion plugins in ProM [14].

Step e) completes the process-centric model. The process-centric model is
parsed task-by-task. If an annotation is found for that task in the annotation
repository, the details in the repository are added to the process-centric model.
The application of this procedure to our example in Section 2 provides the exe-
cutable end-to-end process-centric model in Figure 7 of an inspection using the
YAWL modelling notation. In a process-oriented form we can now see the end-

4 The org.processmining.converting. HNet ToPetriNetConverter class
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to-end process from what was initially an object-oriented model. Importantly,
the control flow is now much clearer to follow than in an object-oriented model.

Attach Documents  Eval. Mat. Corr.

" Prep. Prod. Report
Critical Issue

Declare Eval. Complefé"‘-ftD/

Prep. Corr. Report

onclude Investigation

Fig. 7. YAWL Model of the Inspection Process

Implementation

The proposed conversion technique has been implemented as an Eclipse plu-
gin using the Eclipse Modeling Framework (EMF) [15] to implement the concepts
in our object-oriented meta-model (defined in Section 3). This EMF model is
used together with the Graphical Editing Framework (GEF) create an object-
oriented process modelling tool. The reconciliation procedure is implemented as
a series of functions that are called when parsing an object-oriented model to
create a heuristics net, from which a process-oriented model is created with all
captured annotations inserted into the model.

The modelling tool and reconciliation technique have been tested using our
maintenance example by implementing state machine models for the classes de-
scribed in Section 2. Following the steps described in our proposal a process-
oriented YAWL model is generated semi-automatically. Future plans for this
tool include expanding the kinds of annotations captured (e.g. timeouts) and
adding tool support and conversion techniques for the other process modelling
perspectives, i.e. data flow and resource allocation.

5 Related Work

Object-oriented design methodologies that use the UML to design and develop
PAISs have been proposed such as OCoN [12] and in [16]. These proposals
link UML diagrams to phases of the process development lifecycle to produce a
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schema as output at the conclusion of the lifecycle. Our proposed approach would
be an extension to these design methodologies and allow process analysts and
designers to produce a completely process-oriented view of an object-oriented
model. FlowConnect [8], the Business Modelling Language (BML) [17] and Pro-
clets [10] are examples of object-oriented systems and modelling notations. This
influences these kinds of systems and languages in a way that allows them to map
processes to an implementation in an object-oriented programming language.

Reijers et al. proposed a methodology for Product-Based Workflow Design
(PBWD) that presented an analytical clean-sheet approach for process design
specified by the bill-of-material for products that are affected by the process [18].
The focus on the bill-of-material for designing product manufacturing workflows
means that this modelling approach can be considered to be object-oriented. A
limitation of PBWD is there is no notion of object life-cycles, which is an area
covered by artefact-centric process modelling [19]. This approach unifies data and
process in an “Operational Specification” but does not consider the possibility
of converting this specification to alternative modelling representations.

There are many example of process-oriented systems, modelling languages
and standardisation efforts. Some examples include ADEPT [20], YAWL [5],
BPMN [3] and XPDL [21]. Due to the process-oriented way of thinking in each
of these examples, object-oriented design techniques are generally not available
to these approaches, making these approaches unsuitable for modelling object-
oriented applications.

An architecture for mapping between object-oriented and activity-oriented
process modelling approaches has been proposed by Snoeck et al. and imple-
mented as the MERODE project [11]. The developers of this architecture recog-
nised the advantages of mapping object-oriented development to process mod-
elling. Similar to our approach, an object-relationship diagram models object
associations and business rules and an object-event table models the behaviour
of domain objects. Consideration of the various kinds of control flow splits and
joins between objects appears to be missing from this architecture which we
consider is necessary for object-oriented design.

Bontemps et al. have presented an alternative approach to reconciling mod-
elling approaches [22]. Their approach focuses upon reconciling sequence charts
and state machines whereas we consider that process-oriented models such as
activity diagrams are the most relevant to kind of models for Information Sys-
tems. MENTOR [23] uses a design approach that combines state charts and
activity diagrams to develop a process specification. The presented method of
partitioning these diagrams and assigning activities to states is related to our
work but our approach attempts to reconcile modelling approaches rather than
combine them in a single model.

6 Conclusions and Future Work

Mainstream approaches to implement software systems in general, and Informa-
tion Systems in particular, are generally based on object-oriented technology.
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This predominance distills into mainstream analysis and design practices (e.g.
those based on UML), which are based on concepts of objects whose structure
is captured as classes and whose behavior and interactions are captured as state
machines, sequence diagrams and similar notations. On the other hand, recent
trends have seen an uptake of approaches to Information Systems engineering
that treat processes as a central concept throughout the development lifecycle.
These approaches, which naturally lead to “process-aware” systems rely on the
progressive refinement of high-level process models down to detailed executable
process definitions that can be deployed into process execution engines.

Unavoidably, the co-existence of these two approaches to Information System
engineering leads to situations where a project starts with a model correspond-
ing to one approach (e.g. an object-oriented design model) and needs to switch
to a model corresponding to the other approach (e.g. a process-oriented design
model). A number of issues arise during such handovers, which are natural to ex-
pect given that the object-oriented and process-oriented approaches correspond
to different ways of decomposing the business logic of a system. In this paper,
we have proposed an approach to bridge these differences in terms of the control
flow logic and discussed how the conversion technique has been implemented.

Future work will continue on the topic of transforming object-oriented mod-
els to process-oriented models and vice-versa. There is a need to cover not only
the control-flow aspects as outlined in this paper, but also data flow and resource
allocation. We also note that a similar problem arises in the opposite direction,
i.e. moving from a process-oriented to object-oriented design for the purpose of
implementing process-oriented design models using object-oriented technology.
Therefore another future challenge will be a proposal of a reverse transformation
from process-oriented to object-oriented models.
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