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Abstract. A rapidly changing environment, in terms of technology and market,
forces companies to keep their business processes aligned with current and up-
coming requirements. This is still a major issue in modern process oriented in-
formation systems, where improvements on process models require considerable
effort to implement them in a technical infrastructure.

We address this problem by lifting technical details into BPMN 2.0
process models and present a configuration wizard for these process models in
the open-source modeling tool Oryx. This wizard includes a consistency check-
ing mechanism to automatically discover inconsistencies in the data dependencies
of a process model. Immediate feedback after changes to the model eliminates a
crucial source of errors when configuring or redesigning business process models,
leading to more efficient process implementation.

Keywords: consistency checking, business process redesign, business process
configuration, tool support.

1 Introduction

Within the last decade, business process management gained increasing impact on the
way organizations conduct their businesses. Business process management is the key
instrument to understanding and organizing the activities an organization undertakes to
produce goods or deliver services. As businesses and their environment undergo contin-
uous dynamics, the processes of an organization have to be steadily improved. However,
adopting changes is still one of the biggest issues of process oriented information sys-
tems [12] and process management tools provide only limited support.

In this paper we present a configuration wizard that uses a model driven approach to
leverage graphical process models, enrich them with technical details, and automatically
generate process representations that can be readily enacted by a process engine. The
wizard is built into the open-source modeling tool Oryx and includes a consistency
checker for data flow in the process. The focus of this approach is on graphical models,
since changes are most easily and consistently performed on a graphical representation.
This enables an easy configuration of process models and quick redesign of existing
process models.
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The remainder of the paper is organized as follows. Section 2 introduces preliminary
definitions. Section 3 elaborates on particular problems of the traditional approach to
business process configuration. Section 4 presents conceptual ideas to solve these issues.
In Section 5 we demonstrate a prototypical implementation of our approach. Section 6
compares our ideas with related work and finally, Section 7 concludes this paper and
outlines future work.

2 Preliminaries

Let us first review the lifecycle of processes that are enacted with the help of information
systems. Fig. 1 depicts the lifecycle’s four most prominent phases, c.f. [1].

Fig. 1. BPM lifecycle

In the design and analysis phase, business processes are elicited and captured in
graphical process models. These models need to be configured to be enacted on a pro-
cess engine, which is done in the configuration phase. The resulting artifacts are exe-
cutable process definitions. In the enactment phase, these process definitions are carried
out by a process engine. Usually human interaction is embedded in the process and ap-
plication services are called by the engine to integrate existing software systems. During
enactment, process engines produce logs containing execution details of the process in-
stances. The logs and runtime information can be analyzed in the evaluation phase. The
cycle is re-iterated when the results of this phase are fed back into the analysis and
design phase to improve the process.

Definition 1 (Process Model). A process model P is a connected, directed graph (N,E)
where N = T ∪ G ∪ {nin, nout} is a finite set of nodes, with tasks T, gateways G, with
T∩G = ∅, and exactly one start and end event nin and nout, and E ⊆ (N \ {nout})× (N \
{nin}) is a set of edges connecting the nodes.

In Definition 1, we capture process models as they are elicited in the design and analysis
phase. They define activities and control flow structure. However, if enactment of such
processes is desired, they need to be transformed into an executable format. This is done
in the configuration phase. The business process execution language (BPEL) [3] is an
industry standard that has clear execution semantics and can be executed by a process
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engine, e.g., Apache ODE1. A common method is to translate graphical process models,
e.g., defined as EPC [7] or BPMN [13] diagrams, into an executable representation, e.g.,
BPEL, cf. [21,14], and extend the generated code skeleton with execution details, as we
describe next.

User tasks enable users to interact with the process and thus need a user interface.
Usually these user interfaces are forms to display or enter data. Some activities in the
process can be executed automatically, for instance, through running a script, calling an
application or a Web service. This is realized through a service task that needs config-
uration to execute the corresponding logic. Both task types, user task and service task,
may access data objects during the enactment of the process. Further, process control
flow may diverge on databased exclusive gateways (XOR splits), depending on values
of data objects of process instances. The technical engineer needs to assign the proper
expressions at the XOR splits in the process model.

Definition 2 (Data Access). Let D be the set of data objects within a process model P.
A node can either read (r), optionally read (or), write (w), optionally write (ow), or not
process (n) a data object. The data access matrix of nodes to data objects is a function:
access : N ×D→ {or, r, ow,w, n, (or, ow), (or,w), (r, ow), (r,w)}
Roles need to be configured for each user task defined in the process. If the concept of
pools and lanes is used for role modeling, it is much easier for the technical engineer
to configure the roles on the lane level. This solution greatly speeds up configuration of
business processes with many user tasks. Likewise service tasks need to be configured
to call a specific service.

Definition 3 (Assignment). Let R be a set of roles that map to organizational functions
and S a set of application services of that organization. The assignment of task t ∈ T to
a role r ∈ R or a service s ∈ S is a function: assign : T → R ∪ S

The above steps yield a configured process model that can be executed on a process
engine.

Definition 4 (Configured Process Model). A configured process model Pcon f = (N,E,
D,R, access, assign) is a process model, where each user task TUser ⊆ T is assigned to a
role and each service task TService ⊆ T is assigned to a service, where TUser ∪ TService =
T
∧

TUser ∩ TService = ∅. GXOR ⊆ G is the set of data-based exclusive gateways that
define for each outgoing edge an expression based on data objects, which is captured
by the access function

3 Hardships in the Configuration of Processes

In traditional approaches, as we observe in many modern business process management
systems, both model types from Definition 1 and 4 are decoupled. Business experts
graphically design process models in the design and analysis phase and hand the results
to the IT-department, where these models are transformed into executable formats (see
above) and then need to be configured manually.

1 Apache ODE – http://ode.apache.org

http://ode.apache.org
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(a)

(b)

Fig. 2. Example process before (a) and after (b) redesign

Besides the error-proneness of this approach, this method has a major problem deal-
ing with changes in the process model. If changes are made in the process model, it is
a cumbersome task to keep the configured, executable process synchronized with the
model; if changes are required on the technical model, they would need to be incorpo-
rated into the graphical model, which rarely happens, because again, these are manual
tasks. The process models serve mainly for documentation purpose and quickly get out
of sync with the reality.

Another hardship is to keep track of all data dependencies in a process model that
need to be considered when configuring or redesigning a process model. While methods
to ensure control flow consistency of process models where introduced more than a
decade ago [2], dependencies between the data object access of nodes still expose a
high risk of inconsistencies, and may require great effort to disclose.

Consider the example depicted in Fig. 2. Note that it is not obvious, which data
dependencies exist in the model, i.e., upon changing the model with the intention of
improving the process, one may unintendedly destroy the data flow consistency.

The example (Fig. 2(a)) shows a simplified process of a manufacturer company,
where a sales representative stays in contact with a customer, who requested an offer.
The sales representative enters the data of the customer, e.g., name and address, as well
as the request of supplied goods. However, this person may not be authorized to create
a quote, this is the task of the sales director for which he needs only information about
the customer’s request. After all information is set, the sales representative can send the
offer to the customer.
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Based on the assumption that the configuration of the process model in Fig. 2(a) is
complete and error-free, to improve the runtime of this process, the tasks to enter the
customer’s data and request, and to create the quote could be conducted in parallel,
as they are user tasks that may take a considerable amount of time. However, the task
prepare quote requires the customer’s request data, i.e., they have causal data dependen-
cies. Any attempt to model them in parallel would lead to a missing data inconsistency.
Since the data dependencies of this process model are hidden in technical details and not
obvious, such violations wouldn’t be disclosed until the process becomes implemented.

A better solution is depicted in Fig. 2(b) and could only be proposed if one has de-
tailed insight into the data that is read and written by each task: Entering the customers
data does not require the customer’s request, nor does it require the prepared quote.
From that, it follows that the sales representative could enter the customer request first,
and while they enter & verify the customer’s data the sales director can prepare the
quote. Both concurrent paths modify distinct data objects and are synchronized before
the offer is sent to the customer. Thus, no data dependencies are violated and no incon-
sistencies occur and the process is correctly redesigned.

In the next sections we present a set of redesign patterns that guide the improve-
ment of business processes and the fundamentals of checking data flow consistency.
By means of a prototypical implementation we show how we addressed the hardships
identified above, i.e., manual configuration of technical details, poor support of data
flow consistency checking, and the lack of roundtrip support in the business process life
cycle.

4 Alleviating the Hardships

In the configuration phase of the business process lifecycle, tool support for changing
business processes is most important. To avoid the above mentioned synchronization
issues between process models and technical implementations, we merge them, i.e.,
we add technical details to the operational graphical models and generate executable
process definitions of these models. While this concept is not new and quite common
in model driven engineering [10], applied to process modeling it has to be altered in a
domain specific way.

To reduce possible errors in the configuration phase, we designed a wizard guiding
the technical engineer through these configuration steps. The first requirement to the
wizard is that instead of typing names of resource assignments in the process models,
the technical engineer should be able to select the resources from a list of available
ones. Besides making sure, that only existing resources can be assigned, it is important
for a process model to be executed correctly, that all data-dependencies in the process
model are satisfied. We go into the inner mechanics of the data-dependency check in
Section 4.2. But first, we discuss the impact of the consistency checker on business
process redesign.

4.1 Supported Redesign Patterns

Support for process model changes, e.g., redesign, is not sufficiently available in cur-
rent process aware information systems [12]. To better understand, what can be done
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to support these changes, it is necessary to know what types of changes should be sup-
ported. Addressing this question, Reijers et al. identified 29 general redesign patterns
for improving business processes [15]. Table 1 lists the patterns, that are reflected on the
process model layer. These redesign patterns can only be applied correctly under certain
preconditions regarding data flow. In the following, we define these preconditions and
provide examples of how we support these redesign patterns.

Table 1. List of supported process model redesign patterns [15]

Redesign pattern Support
operational patterns
Order types possible
Task elimination yes
Triage yes
Task-composition possible
behavior patterns
Resequencing yes
Parallelism yes
information patterns
Control addition yes
technology patterns
Task automation yes

Order types describes the problem of treating all instances in a process equally, even
though some instances do not require all process steps.

pre: none
example: The subprocess “Packaging” of an order process is split into two different

variants. One for single order positions and another one for multiple positions. The
subprocess for single positions does not need the extra task “Choose delivery op-
tions”, where the customer can choose whether to wait for all positions to be sent
in one package.

requirements to the wizard: 1) The wizard could be extended to find violations of data
consistency in process hierarchies. However, the link between parent and child
model must be bidirectional for consistency checks, when changing a child model,
that is referenced in many parents. 2) Dealing with variants can be implemented
similarly, the only difference is that the link between the “parent” and “child” is
horizontal instead of vertical.

Task elimination.
pre: A task t ∈ T to be deleted may only write data d ∈ D that is not read later in

the process, or that was already available in the process. This includes data that
contributes to the output of the process.

example: In a production process, there is a task “Check quality” at the end. It can be
eliminated to save cost, since it does not produce data. The external behavior of the
production process is still the same, however the non-functional property “quality”
may have been reduced by this pattern.
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support: The configuration wizard immediately gives feedback, if data produced by an
eliminated task is required somewhere in the process.

Triage refers to (a) splitting a general task into several alternatives based on the in-
stance data, to better utilize resources and make use of specialization. Also the
contrary is possible, i.e., to (b) combine alternative tasks to a general task.

pre: (a) none (to split a task into alternatives)
(b) none (to join alternatives)

example: The task “Check order” can be split into “Check high volume order” and
“Check low volume order”. Assigning these tasks to different people in the organi-
zation may improve performance of the process through specialization.

support: The wizard supports copy-&-paste for tasks, allowing to split a task easily.
After wiring the control flow and adding the data based routing gateway, the techni-
cal engineer needs to define the routing conditions of the gateway. The consistency
checker immediately warns, if the routing conditions are invalid.

Task composition (a) combines small task into composite tasks or (b) divides large
tasks into workable smaller tasks.

pre: (a) none (to split a task into several single steps)
(b) none (to merge tasks)

example: In a registration process, the two sequential tasks “Insert customer details”
and “choose password” can be merged. The two respective input forms will be
merged too and be assigned to the merged task.

requirements to the wizard: In order to properly support this redesign pattern, we plan
to have a graphical editing of user forms used in the configuration wizard. To sup-
port task splitting, the user should be able to mark specific input fields of a selected
task’s form. The system then can split the form into two parts. Where one contains
the marked input fields, and the other the remaining ones. The task itself will be
duplicated and added in the control flow right behind the first task. Task merging
would reverse this procedure, i.e., two sequential user tasks can be merged into one
by combining the respective forms of each and assigning it to the resulting task.

Resequencing.
pre: Task a and b are in sequence, i.e., b is done after a. Task b may not read data that

is produced only by a or later tasks in the process.
example: In the motivating example in Fig. 2(b), the tasks “enter customer request” and

“enter & verify customer data” are resequenced, because they do not share any data
dependency. However, they are conducted by the same person, which motivates to
keep them in sequence.

support: Process modelers can switch tasks in sequence and get notified, whether there
arise conflicts by doing so.

Parallelism.
pre: a) Additionally to the pre-condition of Resequencing, both tasks must not write

the same data element. (to make sequential tasks parallel)
b) none (to sequentialize two parallel tasks)
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example: In the motivating example in Fig. 2(b), the tasks “enter & verify customer
data” and “prepare quote” are made parallel, because they do not access data pro-
duced by one another nor do they write to the same data object.

support: After rearranging the control flow in the process, the process modeler gets
immediate feedback, if the data-dependencies still hold, and a successful execution
of the process is possible.

Control addition means adding an extra quality control task to check the results of
former tasks.

pre: none
example: After the “Approve credit” task performed by a clerk in a credit agency’s core

business process, a new “Verify credit approval” task is added. This new task will
be performed by the controlling department, which can review the decision of the
clerk and overrule it in case.

support: In the process modeler used by the wizard the task to be controlled can be
copy-&-pasted. The new copy of the task needs to be assigned to another functional
role that has the authorization to perform the quality control. Renaming the control
task and connecting the nodes completes this pattern.

Task automation.
pre: The user task u ∈ Tuser to be automated should have an equivalent service imple-

mentation s configured in the system. Service s has to write at least the subset of
written data from u, that is used in the process later on.

example: The “Send invoice” task of an order process is to be automated. This is done
by manually sending an email, and will be done by a service afterwards.

support: Once the service is implemented and configured, the technical engineer has to
change the type of the task to be automated from user- to service-task and select
the existing implementation from the list of configured services.

4.2 Consistency Checking

As indicated earlier, checking consistency of data dependencies and making sure that
no data anomalies will be manifested through execution is of utmost importance. For
instance, if some task within a process reads a data object that is not yet initialized, this
might lead to deadlocks in the process execution.

Data anomalies can be categorized into three basic categories: missing data, redun-
dant data, conflicting data [17]. As indicated above, a missing data anomaly occurs in
general when there is a chance for some task to be executed where it reads a data object
that was never written (initialized) before. Redundant data anomaly occurs when a data
object is written by some task but never read by any subsequent task. Finally conflicting
data anomaly occurs when a data object is written by two or more tasks concurrently.

Sun et al. in [17] have given a comprehensive description of such anomalies and how
to detect them, due to space limitations, we will discuss a core subset of such anomalies.
Basically, we need two pieces of information to detect such anomalies: The read/write
access taken by each node t against each data object d and the execution ordering, i.e.,
behavioral relationships, among nodes within the process model. In their work [17], the
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Table 2. Data anomalies

Anomaly Description
Missing data warning type 1 A task b reads an object that is optionally written by a preceding

task a
Missing data warning type 2 A task b optionally reads an object that was never written by any

preceding task
Missing data error A task b reads an object that was never written by any preceding

task
Redundant data warning A data object is written by a task a but it was never read after-

wards
Conflicting data warning Two concurrent tasks a,b write a data object where at least one

of them optionally writes the data object
Conflicting data error Two concurrent tasks a,b write a data object

authors did not specify an exact algorithm to build the behavioral relationship among
tasks. Therefore, we depend on the notion of behavioral profiles [20] to obtain the be-
havioral relationship among tasks within a process. A behavioral profile identifies the
behavioral relationship between any pair of nodes within the model. This relationship
is one of four values: (1) strict order�, (2) concurrent ‖, (3) exclusive # or (4) inverse
order�. Moreover, for each task, we need to know whether it is optional.

Definition 5 (Behavioral Profile). Let N be the set of nodes within a business process
model. The behavioral profile of a business process model is a function bhp : N ×N →
{�,�, ‖, #} that assigns a behavioral property, strict order, inverse order, parallel, or
exclusive, between each pair of nodes within the business process model.

If two tasks a, b appear in strict order, bhp(a, b) =�, then task a executes before task b.
Similarly, if two tasks are concurrent then they can be executed in any order. Exclusive-
ness means that at most one of the two tasks can execute within a process instance. A
node t ∈ N is optional, noted as opt(t) = true, if there is at least one other node s ∈ N
where s � t and bhp(s, t) = #. As the name indicates, the inverse order relation is the
inverse of the strict order relation, bhp(a, b) =� ⇒ bhp(b, a) =� and is defined for
readability reasons only.

The other input to check consistency of data dependencies and lack of anomalies is
the read/write relation among tasks and data objects. In Definition 2, it was shown that
reading/writing a data object by a node can be optional. This, in turn, allows to generate
finer grained levels of checks, e.g., warnings rather than errors. For instance, if a task
b reads a data object d and another task a, where bhp(a, b) =�, optionally writes d
then, the consistency checker will warn for a possible missing data anomaly. That is
because, at execution time of b the data object d might not have been written by task a.
On the other hand, if there was no task that writes d at all before b, an error is generated.
Table 2 informally describes the different anomalies that can be identified with our
approach. Also, it is possible to give hints to the user to help resolve such anomalies.
For instance, for a missing data error, it could be possible that the task a that first writes
a data object read by another task b executes after b, known as late initialization [17].
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Based on definitions 5 and 4, we can define the different types of data anomalies:
missing data, redundant data and conflicting data.

Definition 6 (Missing data Anomaly). Let N be the set of nodes and D be the set of
data objects within a business process model Pcon f respectively. Pcon f suffers from a
missing data anomaly iff:
∃t ∈ N ∃d ∈ D �s ∈ N : {r} ∈ access(t, d)∧bhp(s, t) =� ∧({w} ∈ access(s, d)∨{ow} ∈
access(s, d)) -Error.
∃t ∈ N ∃d ∈ D ∃s ∈ N : {r} ∈ access(t, d) ∧ bhp(s, t) =� ∧(opt(s) = true ∨ {ow} ∈
access(s, d)) -Warning type 1.
∃t ∈ N ∃d ∈ D �s ∈ N : {or} ∈ access(t, d)∧bhp(s, t) =� ∧({w} ∈ access(s, d)∨{ow} ∈
access(s, d)) -Warning type 2.

Definition 7 (Redundant data Anomaly). Let N be the set of nodes and D be the set
of data objects within a business process model Pcon f respectively. Pcon f suffers from a
redundant data anomaly iff:
∃t ∈ N ∃d ∈ D �s ∈ N : {w} ∈ access(t, d)∧ bhp(t, s) =� ∧({r} ∈ access(s, d)∨ {or} ∈
access(s, d)).

Definition 8 (Conflicting data Anomaly). Let N be the set of nodes and D be the set
of data objects within a business process model Pcon f respectively. Pcon f suffers from a
conflicting data anomaly iff:
∃t, s ∈ N ∃d ∈ D : {w} ∈ access(t, d)∧ bhp(s, t) =‖ ∧{w} ∈ access(s, d) -Error.
∃t, s ∈ N ∃d ∈ D : {w} ∈ access(t, d)∧bhp(s, t) =‖ ∧(opt(s) = true∨{ow} ∈ access(s, d))
-Warning .

5 Prototypical Implementation

To validate the concepts discussed above, we implemented a tool that supports the afore-
mentioned process model redesigns. It does not automatically identify deficiencies of a
process model and apply the adequate pattern to improve it, but rather supports process
experts, e.g., process engineers, to change the structure of the model according to these
patterns and verify whether the improved model’s data flow remains consistent.

This tool is based on Oryx2—an extensible process modeling platform that enables
users to easily and efficiently create process models on the Web and allows developers to
extend the tool’s modeling capabilities. New modeling languages or extensions thereof
can be added as stencil sets, new functionality can be made available to users through
an elaborate plugin infrastructure [9]. Fig. 3 shows the example process model before
redesign in Oryx.

As process definition language we resorted to a subset of BPMN 2.0 that suffices to
capture most of today’s process models, yet remains simple enough to be comprehended
by the majority of users [11]. This subset allows to define tasks, to be conducted through
software services or humans, control flow splits, either through exclusive choice or
parallel branches, as well as pools and swim lanes to group activities according to the
organizational role that conducts these tasks.

2 The Oryx Research Project – http://oryx-project.org/research

http://oryx-project.org/research
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To lift technical aspects of a process model implementation into the graphical model,
we extended the BPMN 2.0 stencil set with properties that capture the configuration
of roles, user tasks, system tasks, and XOR splits. Further, we implemented a wizard
plugin that assists the process engineer to configure the process in three steps.

1. Assign roles. This is done through accessing a directory service, e.g., LDAP, and
requesting the roles (user groups) of an organization. The technical engineer can
choose for each lane, which group is responsible to conduct the tasks contained in
the swim lane, cf. Definition 3.

2. Configure tasks and control flow. In this step, the main configuration takes place.
Data forms are assigned to user tasks, services are registered with service tasks,
and condition expressions of an XOR split are assigned. Data forms and services
have been set up before, i.e., they are stored in a repository along with metadata
that specifies input data, optional input data, and output data. By that metadata, the
data consistency checker can derive, which data is read and which is written by the
respective activity, cf. Definition 2.

The wizard offers a configuration interface for each activity, where the engineer
can select the data form or service, respectively. This is shown in Fig. 3. XOR splits
are configured through writing expressions that use variables, or specifying at most

Fig. 3. Screenshot of the Configuration Wizard with an example business process model. The
configuration wizard shows the user task “prepare quote”.
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one edge as the default edge chosen when no other condition evaluates to true, cf.
Definition 4

3. Deploy process. We implemented a deployment service, that transforms the process
from the stencil set model into a readily executable format and installs it on a run-
ning instance of the open source BPM platform Activiti3.

In the second step Configure tasks and control flow, every change triggers a (non-
blocking) consistency check: Data dependencies are computed from data access and
control flow, cf. Section 4.2, by deriving the behavioral profile for the nodes.

Any violations are displayed in the process model in the following way. If an activ-
ity or XOR split has not been configured sufficiently yet, it is highlighted in red. If it
has been configured and no violations have been detected, it is highlighted green. If a
task or XOR split has been configured, but consistency violations have been detected,
the corresponding element is highlighted orange, and in the configuration interface the
variables that caused the violations are shown in red along with the type of violation. In
Fig. 3, this is the case for the tasks prepare quote and send offer, because the task enter
customer request has not been configured yet, and thus the data object request is not
available. As soon as this task is configured correctly, the data flow within the process
will be consistent. Then, the process can be deployed to an engine.

6 Related Work

The first problem in configuring business process models is how to deal with the gap
between the graphical models and the implemented versions interpreted by a process
engine. As this problem is crucial in the popular research field of model driven engi-
neering, there exist many conceptual solutions already. The most direct way to bridge
the gap between models and implementation is to make models executable, by adding
the necessary details [10]. We use the very same concept and apply it to configuring
BPMN 2.0 models with necessary execution artifacts. Besides this method, also other
techniques such as round-trip engineering were applied to process models [22]. This
approach establishes associations between business workflow models and source code.
These can be used, when it is not possible to integrate all information into one model.

The second problem is the efficient support for changes in graph-based models. In
this area two simple refactorings for UML activity diagrams were introduced in [4],
i.e., making actions parallel and sequentializing parallel actions. More recently 11 con-
crete business process model refactorings were defined in the context of large process
repositories [19]. Tool support is still missing though, and these particular refactorings
are mainly applicable only to process trees or process models with variants. For graph-
based models, even automatic refactoring methods were proposed in [18]. These refac-
torings rearrange control-flow in the model, such that they get well-structured, i.e., can
be split into hierarchical singe-entry single-exit regions.

Similarly to our continuous consistency checking for data dependencies, the authors
in [8] present continous validation while modeling, but restrict the checks to structural
properties, i.e., soundness of process models.

3 Activiti BPM Platform – http://www.activiti.org/
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Related to the data dependency check we presented in this paper is [16], where the
authors identified a set of data anomalies as: redundant data, lost data, missing data,
mismatched data, inconsistent data, misdirected data, and insufficient data. However,
the paper just signaled these types of anomalies without an approach to detect them. A
refinement of the aforementioned set of data anomalies was given in [17]. Although the
authors in [17] provide algorithms to check such data anomalies, they do not discuss
how to build the behavioral relationship within a model. In comparison to our work, we
depend on the notion of behavioral profiles [20], which can be computed efficiently, to
get the behavioral relationships among tasks within a process model. Then, we build
a CRUD matrix to identify relationships among tasks and data items. Moreover, we
provide a finer grained level of feedback. That is, we distinguish between warnings
and errors. Recently, the authors in [6] presented an algorithm for efficient detection of
data anomalies in business processes. They also provide detailed feedback and produce
errors and warnings. However, they require the models to be structured to be able to
analyse them.

Van Hee et al. [5] present a case study on how consistency between models of dif-
ferent aspects of a system can be achieved. They model object life cycles derived from
CRUD matrices as workflow nets and later synchronized with the control flow. Their
approach, however, does not present strategies how inconsistencies between data flow
and control flow can be removed. Compared to our approach, we do not require the
knowledge of object life cycles before hand. Rather, we extract it from the model under
investigation.

7 Conclusion

Supporting changes in business processes is a major requirement in industry, that is
not yet sufficiently solved. In this paper, we addressed this problem by augmenting the
configuration and (re-)design phases of the BPM lifecycle with a configuration wizard
relying on a model driven approach. The configuration wizard is integrated in the open-
source modeling platform Oryx and builds on BPMN 2.0 process models. Continuous
consistency checks ensure that data-related modeling errors are detected immediately,
saving a lot of effort to detect potential errors manually. Thus, changes in the process
models are facilitated and encouraged.

We further identified seven redesign patterns in [15] and explained how they are
supported by the wizard. We introduced a fine grained definition of data-anomalies that
can occur in business processes and explained how consistency checks can detect them.
Finally, we compared our solution with existing work in these areas.

Future work includes providing support for the two redesign patterns we do not sup-
port yet, i.e., Order types and Task composition. Also, we want to integrate a recom-
mender system based on the consistency checking results. Cases of late instanciation,
mentioned in Section 4.2, that refer to read access to a process variable, that is written
later in the process can be detected and pointed out to the technical engineer. Other
suggestions, along the lines of “task A reads data d, which is missing in the process,
but provided by form f (or service s)” can also be provided to the technical engineer
configuring the process.
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As we mentioned in Section 5, the current approach is limited to a subset of the most
commonly used BPMN 2.0 modeling constructs, cf. [11]. As engines will support more
advanced process constructs, such as event-based gateways, timer events, etc, we shall
extend the wizard and data consistency checker with them.
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