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Abstract. We present the process modeling and execution tools iPM and iPE
that can dynamically be adjusted to domain specific requirements. While many
publications about iPM are focusing on its modeling flexibility, this paper con-
centrates on its capability to execute such customized process models. The iPM
execution environment (called iPE) is based upon a template driven generation
approach: for each domain specific process modeling language, templates are
provided which are compiled into a specialized execution environment.

1. Introduction

Gathering and organizing data is a major problem for many, especially complex ap-
plication domains like the clinical / medical application domain. Here, data from dif-
ferent medical devices have to be collected and prepared for various analyzing steps
such as diagnosis and reporting. We investigate such a clinical application currently in
a research project funded by the German Research Society [1] at the ophthalmic de-
partment of the University of Erlangen-Nuremberg. Our task is to integrate various
diagnostic data into a common database (the so called Glaucoma Register) and to
provide physicians and researchers with data and tools to effectively and efficiently
perform research in that medical realm.

Due to the dual purpose of the application — especially of the medical devices — as
medical research infrastructure on one hand side and as infrastructure for the normal
clinical consultation on the other hand side, the application scenarios for clinical de-
vices become very difficult and complex. Thus, clinical processes are chosen to de-
scribe and illustrate these scenarios. In another DFG funded research project we found
out that clinical processes are a powerful means to model complex application sys-
tems [2]. Some reasons foster this approach: first, (clinical) processes are recognized
to illustrate complex scenarios in a clear and concise way such that a user can easily
comprehend their content. Secondly, changes can easily be performed on process
models — we will see that changes are a challenge in our application.

In a first step we used standard process modeling tools (e.g. ARIS, VISIO) to de-
scribe the clinical processes. However, we were experiencing two major problems:

e The semantics to be described was so complex that the resulting process models
were hard to comprehend (Figure 1a, a VISIO example). The physicians could not
understand — and thus could not review — this complex process model. As a conse-
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quence from this observation, we created application specific process modeling
elements that describe application semantics in a compact and comprehensible way
which is a first contribution of this paper. Figure 1b depicts the resulting process
model. The grey process step comprises the same semantics as the process of
Figure 1a. By the way, for the purpose of this paper the content of the process de-
picted in Figure 1 it is not of interest; the comparison of the two representations in
Figure la and Figure 1b should rather illustrate that tailored, compact modeling
constructs facilitate the readability and comprehension of process models.

Another major challenge of the clinical domain is its constant change; this feature
is primarily due to the research character of the application. To meet this require-
ment we are also fostering process modeling to describe the application: thereby
changes in the application can be reconstructed quickly in the process model. A
challenge here is that such a change must not only be reflected in a process model
but must also be reflected in the process execution environment. A second major
contribution of this paper is to present the design and implementation of a process
execution infrastructure that perfectly matches this requirement.

Legende:

Fomatsche Entschoiig

,,,,,,,,,,,,, ; e
uuuuu P e
\

L=
=D

b) Eingang ) Entscheidung tiber Glaukomverdacht
‘ [Paple < 2.0mm2
Papille> 2.Tmm2
A [Papilenexcavation sichtbar *-| Glaukombehandlung
sup. RS < temp. RS L
Patientendaten _|inf RS < lemé RS
erfassen RIM < 1.4mm2

Y

]
- Weitere
Behandungsschritte
o

Figure 1: The advantage of domain specific modeling
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From the above discussion two components of our solution approach can be derived:

e The required use of specialized process modeling constructs needs a domain spe-
cific modeling language (Section 2).

e The implementation of clinical process requires a flexible process execution infra-
structure. This must be extremely adaptable, since it firstly must be able to inter-
pret domain specific constructs introduced "on the fly", and secondly to interpret,
i.e. to execute them in an efficient way. This is a demanding feature since adapta-
tion and flexibility are — in principle — mutually contradictory (Section 3).

If these two requirements can be met, we are able to provide a powerful process mod-

eling and execution environment for flexible process models.

2. Domain Specific Process Modeling

Domain-Specific Modeling is an approach that facilitates communication between
domain experts and software developers, as it uses modeling concepts directly con-
nected to the domain the software will be applied in [7]. This way errors caused by
misunderstandings between modeling experts and domain experts can be avoided or
can be detected earlier [6]. Consequently, for each domain a Domain Specific Lan-
guage (DSL) must be constructed that contains domain specific modeling elements.
However, in our case having a DSL is just the first step. Since modeled processes
must be executed subsequently, a domain, i.e. a DSL specific process execution facil-
ity must also be provided. The modeling elements contained in a DSL for Process
Modeling can be partitioned in two subcategories:
e FElements that are needed in every process model, independent of the cur-
rent application domain (common process modeling elements)
o Elements that are especially introduced for one application domain (spe-
cific process modeling elements)
At the end of this section we will present some examples for common and for specific
process modeling elements, respectively.

This partition and the flexibility demanded in Section 1 require a specific modeling
concept. We have developed an approach that is called perspective oriented process
modeling [2, 4]; this concept is implemented by our process modeling tool iPM (inte-
grated ProcessManager) that will be demonstrated. Its main idea is the following:
When a process model is needed that has to be adapted to new requirements fre-
quently, it must be divided into small “pieces” in order to better cope with such
changes. This is nothing but the well known principle of "divide and conquer", a
synonym for the term "modularization" in software engineering.

The only firm and static part of our perspective oriented process model is referred
to as the modeling construct skeleton. This skeleton knows that so-called perspectives
are defined; together these perspectives establish a (process) modeling construct. The
typical perspectives of a modeling construct for processes are [4]:

e The functional perspective describes the tasks of a process.

e The organizational perspective identifies the agents (e.g. physicians) re-
sponsible to perform a task.

e The operational aspect specifies applications needed to execute a process.
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e The control flow perspective defines the execution order between work-
flows.
e The data perspective defines both the in and out parameters of workflows
and how data flows between workflow steps.
In order to create a new modeling construct, each perspective must be customized.
Therefore, for each perspective a meta model is provided that facilitates customiza-
tion. Having the perspective oriented process model, (almost) arbitrary modeling lan-
guages can be constructed. Hereby, we use the following interpretation: a modeling
language is constituted through the modeling constructs it comprises. Thus, for each
application domain, a domain specific process modeling language can be provided.

It is out of the scope of this paper to present a complete set of modeling constructs
for process modeling, separated into common and specific constructs. However, some
examples should illustrate the meaning and purpose. The two major common model-
ing elements for the functional perspective are elementary and composite process
steps. Elementary process steps cannot be refined any more, while composite process
steps consist of elementary or other composite process steps. One of the major com-
mon modeling elements for the control flow perspective is the choice construct with
two or more exits. In the application depicted in Figure 1a, a medical decision has to
be made that determines whether a suspicion of Glaucoma must be confirmed or can
be abandoned. The whole process consists of two sorts of elements: in the choices
(diamonds) certain criteria are interrogated. Depending on the outcome of these ques-
tions, certain variables are increased (or decreased). Finally, a decision is taken. We
kind of summarize this whole decision into the compact, domain specific construct of
Figure 1b: the main criteria for this decision are depicted by the grey modeling con-
struct and can therefore be read and interpreted by a physician who immediately un-
derstands which criteria are relevant in the decision process. In order to get more de-
tailed information about the medical algorithm being executed, the physician can
zoom into the modeling construct.

The example of Figure 1 shows that compact, customized modeling constructs in-
crease the readability of process models: while the contents of Figure 1a and Figure
1b are the same, the physicians much easier and faster comprehend the meaning of the
process in Figure 1b and therefore accept process modeling much more. As we al-
ready stated in Section 1 the main challenge is to also provide an execution environ-
ment for such flexible modeling constructs. The next section introduces iPE, the exe-
cution environment for process models developed with the iPM process modeling
tool.

3. Executing Domain Specific Processes: iPE

3.1. Architecture of iPE

For each process model (defined in a domain specific process modeling language) a
so-called iPE (“integrated Process Execution”) application is generated by the iPE
compiler (Figure 2). The iPE application is a domain specific execution environment
for processes modeled in a domain specific process modeling language. There are two
main inputs for the iPE compiler: first, the process model that has to be executed, and
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second, a series of so called iPE templates. Among these iPE templates there is one

template defining the domain specific process language used to describe the process

model under consideration. Some other templates are needed to construct the compo-
nents of the generated iPE application as they are also shown in Figure 2 (e.g. Run-
time Persistence Service, Dynamic Navigation Service).

The generation of the iPE application starts with a transformation of the corre-
sponding process model into a language neutral representation which can be seen as a
superset of the modeling languages iPM can support principally. Secondly, the com-
ponents of the iPE application are generated from the iPE templates. By exchanging
the iPE templates different components can be created. For example, the Runtime
Persistence Service can be based on a database system or on a file system, respec-
tively.

The iPE application is based on a three tier architecture which separates the fron-
tend, the data manipulation and the data storage layer from each other by well defined
interfaces. The frontend of the iPE application implements the interface for the proc-
ess participants. Typically, the process users have to input data and interact with the
iPE application (e.g. determine the next steps to be executed). This input is then sent
to the process control layer. The process control layer forwards the incoming calls to
the attached services. According to the use of different iPE templates, different ser-
vices can be deployed. For instance, the frontend (i.e. the user interface) could be im-
plemented as a web application (running in a standard browser) or a stand-alone ap-
plication. The following list gives a glimpse on the function of each service shown in
Figure 2:

e Runtime Persistence Service: Stores the data of the process during execution in
such a way that the path along a process can be easily tracked back afterwards.

e Offline Persistence Service: According to strict regulations in the medical applica-
tion field, it is necessary to store some parts of the data into special databases for a
longer period of time. This service synchronizes such databases by transferring the
important data of a process from the Runtime Persistence Service to these storages

e Knowledge Management Service: This service supports the execution of one par-
ticular process by providing additional information from a knowledge management
system. In the clinical application field one can think of providing information
about medical treatment or diseases using this service.

e External Application Execution Service: Often it is necessary to execute external
applications like a word processor or retrieving data from a medical device (e.g. an
X-ray image, blood pressure).

e Dynamic Navigation Service: The path along a process is not fixed but will be de-
termined during runtime of the process depending on the data available in the
process and the process execution history.
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Figure 2: The iPE compiler generates the iPE application

We implemented prototypic templates for the frontend using JavaServer Faces [8].
The iPE compiler (implemented in Java 1.5) then generates a WAR file which can be
deployed to every Servlet Container.

3.2. Executing Processes

This section provides a short introduction into the execution of processes by an iPE
application. Therefore, we take a short process as example (Figure 3) and explain how
the components of the iPE application are used to execute this sample process.

In the step “Anamnesis” patient data (e.g. name and age) are entered. These data
are needed in the next step “Examination” as the tests are set up individually for pa-
tients of different age. In the last step, the finding of an examination is composed.
Consequently, all data used in the process up to now, are needed.

Name
N Sarnreno® | | pinging
i

Figure 3: A sample process

To execute a process, e.g. the sample process of (Figure 3), a user must log into the
iPE application using the frontend of the iPE application. In this example, we provide
a default frontend which runs in a standard web browser. In the step “Anamnesis”
some input fields like "name" and "age" are shown which have to be filled by the
process user. Another default frontend to enter examination data is used in the process
step "Examination". However, the third process step "Finding" is different: here, a
word processor (e.g. MS Word) must be called in order to fill out a template for find-
ings. In the following, we briefly show how the components of the iPE application are
interacting in order to execute the sample process.
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All data entered by the process users are collected by the Process Control Layer
(Figure 2) and subsequently forwarded to the underlying services of the iPE applica-
tion like Runtime Persistence Service (RPS), Knowledge Management Service
(KMS), and External Application Execution Service (EAES). After a process step was
executed, e.g. the step "Anamnesis", the data collected by the Process Control Layer
are stored in a database by the RPS. After having entered such data, the KMS could
be called to search for relevant information in the scope of interest (e.g. the glaucoma
disease). This search is depending on the data collected at the corresponding process
step. To call the KMS is optional whereas calling some other services like the RPS is
mandatory. It must be specified in the iPE templates whether service calls are optional
or mandatory. In the third step of our sample process model ("Finding"), the EAES
needs to be called. It is responsible to start the MS Word text processing system in or-
der to write the diagnostic findings. Hereby, a MS Word template for findings is used,
which is specified in the process model. The finding will then be stored in the data-
base (as "Medical Letter"). In order to accomplish this, the RPS is called. If in the
course of process execution, this finding must be revisited again, the two services
EAES and RPS are again responsible to present this finding to the process user.

The iPE application also assigns user or roles to process steps. For example, while
the first step in the process (Figure 3) must be executed by an Assistant Medical
Technician, the second and the third step must be performed by a physician.

According to the scenario presented above, the various services are called by the
Process Control Layer in order to execute process models. However, even this small
scenario depicts how flexible process execution can be organized. Consequently proc-
ess models (i.e. the process languages) and iPE templates can be customized in such a
way that they ideally fit the requirements of specific process execution semantics.

4. Demonstration: Presented Application Areas

While this paper mainly focuses on the medical domain, the iPE execution environ-
ment can also be used for other application scenarios. This is due to its Meta model-
ing approach and its modular architecture. To support another application domain
means to provide an alternative domain specific process modeling language. While
the process modeling language of our medical domain is called iPM4MED, we are
also able to provide the process modeling language iPM4QM for the quality man-
agement domain. This process language is compliant to the reference models of the
ISO 15504 quality standards [5]. In our demonstration we will present both modeling
domains, the medical domain (iPM4MED, cf. [3]) and the quality management do-
main (iPM4QM). For both domains we will demonstrate

e how to specify new modeling constructs,

¢ how to define and modify new process models, and

¢ how to execute such process models for different application domains.

Through these three demonstrations we can show how to extend a modeling language
and how to execute processes that are defined according to this customized modeling
language. That way, the whole flexibility of our two tools iPM (for process modeling)
and iPE (for process execution) will be shown. Below, you'll find a screenshot of the
iPE frontend. On the left hand side, the fields to input data for the process step "An-
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amneses" can be seen. On the right hand side, context information provided by the
KMS can be shown.
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