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Abstract: 3D technologies open up new possibilities for modeling business
processes. They provide higher plasticity and eliminate some deficits of conven-
tional 2D process modeling such as the limitation of the amount of information to
be integrated into a process model in an understandable way. The aim of this paper
is to show how the usage of an additional visual modeling dimension may support
users in compactly representing and animating business process models. For this
purpose, we propose an approach for 3D representation of business process models
based on Petri nets. The need for the third modeling dimension is pointed out with
three modeling scenarios for which we propose modeling improvements in 3D
space. Early evaluations indicate the effectiveness of our approach, which goes
beyond conventional modeling tools for business processes.

1 Introduction

The increasing interest in business process management by academia and industry has
resulted in a multitude of modeling languages and tools supporting business process
modeling. Modelers are frequently confronted with new modeling languages and sophis-
ticated tools which may overwhelm especially those users inexperienced in process
modeling. Most existing tool implementations disregard the fact that users need more
support for process modeling than just a repository of graphical symbols [KHGO08]. In
this context, it is an essential requirement to provide a user-friendly business process
visualization which facilitates a quick understanding and overview of a process model.
Nevertheless, current process modeling languages are limited in their visualization capa-
bilities because the amount of information to be integrated into a process model is usual-
ly much more than can be effectively displayed. To reduce the size of the language ele-
ments in order to integrate more information into a process model does not really solve
the problem. In contrast, this approach does not disburden the life of process modelers
(concerning learnability of the modeling language) or process stakeholders (concerning
understandability of the process model). Thus, some approaches (e.g. [JaBu96, Sch99,
MeS06, BRB07]) propose for instance different perspectives on a process model in order
to improve its comprehensibility.

A deficit of current process modeling languages is that they use only two modeling di-
mensions (x-axis and y-axis) for visualization. This limits the amount of information to
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be integrated into a process model in an understandable way. By introducing the third
dimension into business process modeling, we are able to represent information of a
process model more compactly than current process modeling languages allow. Addi-
tionally, 3D process model visualization allows the user to change her view-point. In this
paper, we extend the conventional “flat” representation of Petri nets with a concept for
spatial visualization of net diagrams. In order to improve the understandability of Petri
nets for novices, expressive icons may be used for places and transitions. For an easier
understandable visualization of the behavior of a Petri net, model animations using
graphical elements of the related application domain might be used [Ver00]. With our
approach, we intend not only to improve the layout of process models (e.g. by minimiz-
ing the number of crossings of arcs [Rei93, R6107]) but also to increase the information
content of a Petri net model. Despite the prejudice that 3D displays are prevalently re-
garded as “gimmicks” (nice layout, no additional value) [BES00], we are confident to
generate an added value with our approach — last but not least by considering the three-
dimensional grasp of humans. The integration of the third modeling dimension supports
a more clearly arranged representation of modeling concepts and simulation results of
Petri nets. This approach gains benefits for visualizing more compactly relevant informa-
tion of the process models and allows integrating new objects for user interactivity.

The remainder of the paper is structured as follows. In Section 2, we present related
work in the field of 3D visualization of business process models. Section 3 surveys some
deficiencies of 2D process modeling with an example. Within Section 4, we describe 3D
modeling of business processes including the modeling of roles, objects and hierarchies
as well as relationships between business processes. In Section 5, we depict an initial
implementation of our approach. The paper concludes with a summary and a critical
consideration of the results obtained so far and gives an outlook on future research.

2 Related Work

Existing work in 3D visualization of business process models can be differentiated in
three categories: (1) Business process modeling, (2) 3D modeling, and (3) Layout meth-
ods.

Several methods have been proposed to model business processes with complex objects
and respective events [DGB07, LHG07, LeO03], but with limited capabilities in their
visualization. These approaches lack features for effectively describing all relevant in-
formation integrated in one process model. Instead, large number of dependencies be-
tween activities and objects need to be hidden because the amount of information to be
integrated into a process model is usually much more than can be effectively displayed.
For instance, regarding a Petri net model (or an EPC model respectively) the user can
specify resources and objects, which are required for handling specific activities, on one
process level, but she needs to switch to another view in order to gain insight into the
dependencies between resources.

The relocation of relevant information on different views is a popular technique for
breaking down the complexity of business process models [JaBu96, Sch99, MeS06,
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BRBO07]. However, the switching between different views is a time-consuming task,
because with every switching the user needs to spend time on orienting herself in the
new view and comprehend the relationships between resources, roles and activities.
Some tools use the third dimension for business process modeling [KGM99, BES00,
KiP04, R6107] in order to support the integration of new objects and to allow user inter-
activity. Our approach, which uses three dimensions for a compact representation of
dependencies between objects, organization, and process models, builds on this existing
research work.

Layout methods for the design of diagrams have been a research focus for several years
[MaMO07, HaL08]. The current tool support for diagram layout is still evolving. Espe-
cially, in 3D modeling one deficit for layout methods are efficient algorithms for han-
dling a limited number of elements in all three dimensions. Therefore, we will use the
algorithm proposed in [KaK89] in order to draw graphs, which has been evaluated as an
effective technique in [Pur98].

3 Running Example

We will demonstrate benefits of 3D business process modeling by presenting a simple
example. Figure 1 shows a conventional 2D representation of a decision process for
flood crisis management. Precisely, the depicted process is part of a complex process of
controlling rehabilitation measures [Pla02, NeKO05].

This process is modeled with Petri nets where circles represent conditions and rectangles
represent actions. A transition box inscribed with two vertical bars indicates that the
respective transition is refined by another Petri net. Repeated refinement of transitions
leads to a hierarchical representation of a process.

To solve the decision problems concerning an efficient resources and action allocation,
the involvement of several organizational units (e.g. executive staff, administration
member) is required. The first part of the process handles the priority of the disaster
notifications, which are analyzed in the second part of the process. Before selecting an
action scenario concerning the selected notifications, the availability of resources needs
to be checked (e.g. manpower, technical and electrical equipment) where some specific
activities are performed by roles (e.g. executive staff as role / or PR and media staff as
role 2 in Figure 1). For comprehensibility reasons we annotated only few roles. Finally,
a decision will be made and the responsible persons and involved parties will be in-
formed.

Although this standard process model is on a high level of abstraction with a clearly
arranged number of roles and activities, the understandability is not satisfying. Addition-
ally, to gain insight into the relationship of roles and process hierarchies users need to
open another process or organization model, which requires spending time in order to
understand the relationships. In this context, the next section presents our approach of a
compact representation of relevant information between a business process model and an
organization model.
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Figure 1: Decision process for flood crisis management

4 Modeling Business Processes with 3 Dimensions

In this section we first introduce Petri net constructs, which are used in the following in
the three scenarios for 3D business process modeling with respect to modeling roles,
resources, semantic relationships and hierarchies of business processes. Naturally, other
processes or data resulting from process metrics (e.g. time, costs) can also be modeled as
3D objects. But in the initial stage of exploring 3D business process modeling, we re-
strict ourselves in this paper on the three scenarios mentioned before that will be ex-

plained in Section 4.2 to 4.4.

4.1 Petri nets

Petri nets are a widely accepted graphical language for the specification, simulation and
verification of information systems’ behavior. Formally, a Petri net is a directed bipartite
graph with two sets of nodes (places and transitions) and a set of arcs which can be de-
scribed by the triple N = (P, T, F), where P is the set of places, T is the set of transitions
(which is disjoint from P)and F < (P x T) U (T x P) is a flow relation. Elements of P
are graphically represented as circles (e.g. disaster operation prioritized in Figure 1),
elements of T as rectangles (e.g. prioritize disaster operation) and elements of F as di-
rected arcs between places and transitions. A place p is an input place of a transition ¢, if
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there exists an arc from p to ¢. A place p is an output place of a transition ¢, if there exists
an arc from ¢ to p. The set of all input places of a transition ¢ is denoted by ¢ and is
called pre-set. The set of all output places is denoted by #* and is called post-set. Numer-
ous Petri net variants have been proposed, which can be subsumed in elementary or
high-level Petri nets. In elementary Petri nets, places contain tokens (black dots), which
represent anonymous objects, whereas the flow of the tokens simulates the process flow.
In high-level Petri nets tokens represent identifiable objects.

In the following we will describe how users may benefit from the usage of the third
dimension for modeling business processes. Our approach is applicable for both elemen-
tary and high-level Petri nets.

4.2 Modeling Roles and Objects

Usually, activities and roles are stored in different models (process model and organiza-
tion model) and users manually insert a link between roles and activities. Roles may be
assigned to activities in the process model but an organization model is still required to
describe the relationships between organization units. Thus, the user needs to switch to
another view in order to gain a deeper insight into roles or resources. Activities represent
tasks, roles describe capabilities of a resource, which is an entity performing the as-
signed tasks in the business process.

With respect to the running example, the deficit of switching between different models is
overcome by using a third dimension for representing relationships between process and
organization model. Thus, users can easily catch the position of a specific role, e.g. al-
ways at the beginning/in the middle/at the end of a process or if the role appears in sev-
eral parts of the process. Additionally, our modeling technique supports the generation of
specific views on interesting details of relationships between activities and roles respec-
tively resources. This is not directly possible in the business process model shown in
Figure 1.

For this, we define the assignment of a role to an activity by a mapping mapToRoles:
A=> P(R) where R = {r;, ..., r,} is the set of all roles, m is the number of roles, A4 is the
set of activities and P(R) is the power set of R. This mapping can be visualized as shown
in Figure 2, where the task abandon action scenario is performed by two roles ("execu-
tion staff" and "PR and media staff"), which are modeled in a different dimension than
the process elements.

Additionally, the usage of the third dimension supports the aggregation or the generali-
zation of roles, respectively. In Figure 2 the role Execution staff and the role PR and
media staff are aggregated to the role Civil servants. The aggregation and generalization
of roles are differentiated by the type of arc. In a generalization relationship the arcs are
directed. For aggregation we use simple lines. The benefit of this representation is that
users do not need to switch to another view in order to orient themselves.
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Figure 2: Using the third dimension for representing the relationship between roles and activities

On business process instance level, activity instances require to be associated with re-
sources which can be used to perform the activities. Consequently, we define a mapping
from roles to capable and available resources mapRoleToResource : R 2 P(RES), where
RES = {res,, .., res,} is the set of all resources, # is the number of different resources and
P(RES) is the powerset of RES. The visualization of the combination of the mappings

mapToRoles and mapRoleToResource is shown in Figure 3, where, for instance, Anne
and Gina have the capability of the role Execution staff.

Figure 3: Representing the relationships between roles, resources and activities
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The two mappings support the generation of specific views of interesting activities, roles
or resources. Figure 3 shows a restricted view on a) roles performing specific activities,
b) involved resources of specific roles and c¢) activities which require specific
roles/resources. The benefit of this restriction is that users are able to see how frequently
specific roles are involved in the process (i.e. by counting the number of relationships
between specific roles and activities). With respect to the given example, this representa-
tion overcomes the limitation of switching between process and organizational models in

order to achieve this information.
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Figure 4: Using the third dimension for a view on a) roles, b) resources, and c) activities

4.3 Modeling Semantic Relationships between Business Processes

Besides 3D visualization of one single business process as described above, we will
focus in this section on relationships between several business processes. Relationships
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between two or more business processes increase the amount of information to be inte-
grated into a process model. In this modeling scenario, business processes are
represented in parallel planes and the third dimension is used to model relationships in
particular semantic relationships, which overcome the limitation of a controlled vocabu-
lary for process elements.

For this, we first calculate similarities between process elements according to [EKOO07].
Four different similarity measures are used, which operate on the syntactical, the linguis-
tic, the structural and the abstraction level of process element names. The syntactical
measure unveils typos in process element names and the linguistic similarity measure
detects synonyms by using the WordNet taxonomy'. Homonyms are revealed by the
structural measure, which considers a so-called context of process elements. The abstrac-
tion level similarity measure detects hyperonyms/hyponyms, which take into account the
depth of terms in lexical reference systems such as WordNet. The total similarity value
is calculated by a weighted sum of all four measures, which is only computed for the
same type of elements (e.g. places vs. places or transitions vs. transitions). If a certain
threshold of the total similarity value is reached’, these two elements are defined as simi-
lar and a connection will be shown in the modeling environment.
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Figure 5 : Representation of similarities between process elements

The value of similarity is visualized analogously to social network analysis tools
[WaF94, KRW06, SWS08], e.g., with thickness (more or less bold) or color of the con-
nection cylinders (e.g. scale from bright over gray to black or from green over yellow to
red). Users can visualize semantic similarities between places, transitions or both. Figure
5 shows only similarities between places visualized by more or less thick cylinders. The
actual similarity value is shown inside the connection bar.

With respect to the given example, when calculating the similarities between another
business process and the process from the example the insertion of semantic similarities

! http://wordnet.princeton.edu/
? Our experiments have shown that a threshold of 0.4 is a satisfying value.
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would graphically complicate the understandability of the process models. Therefore, we
regard a third dimension in this modeling scenario as effective for easily creating and
viewing relationships between process models.

The next section describes how users can efficiently navigate through a hierarchically
structured process model.

4.4 Modeling Hierarchies

For Petri nets, several formal net transformations such as refinement and coarsening
were proposed to realize a stepwise hierarchical design of processes [Pet73]. In a transi-
tion refinement, a transition is refined to a sub-process. It is useful to consider only tran-
sition refinements with distinguished input and output transitions [Des05]. Thus, the pre-
set of the input transition and the post-set of the output transition are equal to pre- and
post-set of the transition to be refined. Coarsening is inverse to refinement where more
specific process elements are subsequently linked together to coarse-grained process
models.

The current tool implementations support the navigation through the different modeling
levels of a business process. Continuing our running example, the navigation is a time
consuming task because users need to click inside each sub-concept manually and only
one single hierarchy level can be shown at one point of time. We use the third dimension
for an efficient navigation through a sequence of refinements. Additionally, through the
usage of the third dimension we can restrict the view of hierarchies on relevant refine-
ments and highlight interrelated border elements of the sequence of refinements.

To realize the navigation through a sequence of refinements, we first introduce the no-
tion of a sequence of refinements. A refinement (respectively a coarsening) is a surjec-
tive net morphism introduced by [Pet73]’. Let B,,...,B, be business process models with
disjoint sets of nodes and £, ...,f,.; mappings such that (B, B, f;), i=1,..., n-1 are quo-
tients. A net morphism (B,,B,,f) is called a quotient (B, is called a refinement of B)), iff
the mapping /> X, 2 X; denoted by B, B; is surjective on both the nodes and the arcs.
Then SR = (B, f,....f».1,B,) is called a sequence of refinements.

Next, we can highlight the same pre- and post-sets of all sequences of refinements. Thus,
users can easily catch the relationship between processes. To highlight the same pre- and
post-sets we consider a set of business processes and a sequence of refinements. If a
business process has a refined transition then we assign the same color to the pre-set of
the input transition to be refined and to the post-set of the output transition to be refined.

Figure 6 shows a sequence of refinements and the highlighted pre- and post-set of transi-
tions to be refined. When double clicking on a refined transition, the user can open the
next hierarchy level. Users can restrict the navigation through the sequence of refine-

* Roughly speaking, a net morphism is a mapping from elements of a source net to elements of a target net
which respects the bipartition and the flow relation of the source net [DeM91].

81



ments by moving processes in the background and thus processes appear “invisible”. In
Figure 6, the user opened four refinements and moved one refinement in the background.
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Figure 6: A sequence of refinements and highlighted pre- and post-sets of refined transitions

The next section presents some implementation aspects of our 3D process modeling
environment.

5 Implementation

The Petri net Markup Language (PNML) [JKWO00] is a standardized XML-based format
for persistently storing Petri net models and exchanging them among different tools. The
current version of PNML defines a large variety of concepts for describing Petri nets,
e.g., Core Model, Multisets, Partitions, High-level Core Structure, Symmetric Nets, etc.
Nevertheless, it still provides no means to specify properties for 3D representation of
Petri nets, e.g., graphical position and size of Petri net elements in 3D space. Therefore,
as the first step of implementing 3D visualization of Petri nets, we extend the PNML
grammar with 3D-specific concepts. The extension is limited within the element type
"toolspecific.element" that is abstractly defined in all versions of PNML Core Model to
store tool specific information. In this way, the concepts for 3D representation of Petri
nets are relatively independent from other standardized PNML definitions and can be
flexibly reused if the PNML used by a tool needs to be upgraded. By adhering to this
limitation, 3D Petri net models can also be interpreted and used as 2D models (despite
semantic loss) by other PNML-based tools if they provide no support for 3D visualiza-
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tion of Petri nets. To conform to standard PNML grammar, the concepts for 3D repre-
sentation of Petri nets are defined in RELAX NG [CIMO01], a simple schema language
for XML, which has in some aspects advantages over XML Schema, e.g., support for
unordered and non-deterministic content, ability to be algorithmically converted into
both XML Schema and DTD.

Figure 7 shows on the left side a UML class diagram that defines the package
"3DToollnfo" as an extension of the PNML Core Model. On the right side, a code frag-
ment of the corresponding RELAX NG schema is displayed. For simplification purpos-
es, we define in this package only 3D-specific concepts, which can be combined and
interleaved with other concepts defined elsewhere in the same-named type "toolspecif-
ic.element" by using the RELAX NG-specific attribute "combine" with the value "inter-
leave". The element "toolspecific" defined in "toolspecific.element" has the two child
elements "referenceNet" and "elementGraphicsContribution". The element "reference-
Net" is used to store reference relationships between Petri net models and contains in-
formation to identify and locate the reference net, e.g., ID and path of the reference net,
ID and reference ID of reference nodes in the net. In 3D space, these relationships can be
depicted by drawing for example dotted lines between nodes and corresponding refer-
ence nodes. The element "elementGraphicsContribution" contributes to Petri net element
graphics with dedicated properties defined on the third coordinate axis. For instance,
"zCoordinate" specifies the position of Petri net elements in the third dimension; "depth"
defines together with "width" and "height" the 3D size of the elements; "zOffset" is used
to position labels whose location is determined by the offset to the position of their own-
ers; "zScaling" specifies the scale of arrow heads of arcs or directed lines in the third
dimension.

<?xml version="1.0" encoding="UTF-8"?>
| <grammar xmIns="http://relaxng.org/ns/structure/1.0"
xmlns:a="http://relaxng.org/ns/compatibility/annotations/1.0"
PNML Core datatypeLibrary="http://www.w3.0rg/2001/XMLSchema-datatypes">
Model 5 <define name="toolspecific.element" combine="interleave">
<element name="toolspecific">
<attribute name="tool"><text/></attribute>
<attribute name="version"><text/></attribute>
<zeroOrMore>
10 <ref name="referenceNet"/>
<ref name="elementGraphicsContribution"/>
</zeroOrMore>
toolspecific </element>
-tool[1] </define>
-version[1] 15 <define name="referenceNet">
1 1 <element name="referenceNet">
<attribute name="id"><data type="1D"/></attribute>
<attribute name="path"><data type="anyURI"/></attribute>
referenceNet | |elementGraphicsContribution <oneOrMore><ref name="referenceNode"/></oneOrMore>
-id[1] -zCoordinate[0..1] 20 </element>
-path[1 -depth[0..1] </define>
1 -zOffset[0..1] <define name="referenceNode">
1 <element name="referenceNet">
0.1 <attribute name="id"><data type="ID"/></attribute>
i arrowhead 25 <attribute name="ref"><data type="IDREF"/></attribute>
-id[1] h </element>
-ref[1] -zScaling[0..1] </define>

)
<<merge>>

3DToollnfo

* *

1.
refer:

</grammar>

Figure 7: The package 3DToollnfo and corresponding RELAX NG schema
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Organization models, roles and resources are important process objects in business proc-
ess modeling. With our technique, they are persistently stored in separated XML files
typified by RELAX NG schemas and bound to PNML documents via links. To better
visualize these process objects in 3D space, 3D graphics and images are used whose
path, z-offset, depth and other properties like transparency are also specified in the re-
spective RELAX NG schemas.

Based on the extended PNML grammar and related RELAX NG definitions for process
objects, a prototype for the purposed 3D visualization of Petri net has been implemented.
Figure 8 shows a screenshot of a 3D business process modeled with our prototype.

Figure 8: Screenshot of the 3D modeling environment

6 Conclusion and Outlook

In this paper we presented a Petri net-based approach for the integration of a third di-
mension into the representation of business process models. We presented related work
in the areas of business process modeling, 3D modeling, and graphical layout methods.
Based on this, we discussed some deficits of current 2D process modeling and showed
how to improve layout and to increase information content of Petri net models by intro-
ducing a third modeling dimension. The need for a third modeling dimension was
pointed out in three different modeling scenarios: modeling relationships between roles,
resources and activities, modeling semantic relationships between business processes,
and modeling hierarchies. Within these scenarios we showed that the 3D representation
of processes facilitates the access to process-specific information. Whilst in conventional
2D representation process-specific information interfere with each other, in 3D the in-
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formation becomes straightforward. By turning the process model in its 3D environment,
one can examine different views and gather easily process-specific information. For the
implementation of our approach we extended the PNML grammar by defining concepts
for visualization of 3D Petri nets in RELAX NG.

Future work comprises the evaluation of our approach and the integration of the imple-
mented prototype into the Petri net-based process modeling framework INCOME2010
[KLOO08]. In addition, 3D visualization and animation of other process objects (e.g.
process metrics such as time, cost, etc.) will be explored in our future research. In this
contribution, we are focusing on a 3D representation concerning the control flow of
processes. A further step in the future will be a 3D representation concerning the data
flow of processes (e.g. XML documents in XML nets). Furthermore, for simulation
purposes we intend to introduce a dynamic third dimension for process elements (e.g.
places, symbolized as balls in 3D, change their volume and/or color according to the
number of tokens they contain).
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