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Abstract
The optimization and redesign of business processes in hospitals is an important
challenge for the hospital information management who has to design and
implement a suitable HIS architecture. Nevertheless, there are no tools available
specializing in modeling information-driven business processes and the
consequences on the communication between information processing tools.
Therefore, we will present an approach which facilitates the representation and
analysis of business processes and resulting communication processes between
application components and their interdependencies. This approach aims not only to
visualize those processes, but also to evaluate if there are weaknesses concerning
the information processing infrastructure which hinder the smooth implementation
of the business processes.
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Introduction

The optimization and redesign of business processes in hospitals is an important challenge for hospitals in the next years. Although the support of business processes by
computer-based information processing tools is not the cure-all [1], the implementation of
business processes without them is not imaginable. This is where the hospital information
management must decide which application components suit best, which communication
interfaces and communication links are necessary, which communication standards and
which message types must be supported– in short: what is an optimal HIS architecture to
support the business processes and fulfill the resulting information needs. In particular, the
introduction of new application components and the replacement of legacy systems [2]
needs a detailed specification concerning the communication with other existing application
components. This applies especially for hospital information systems following an DBn architectural style, where we can find a great variety of application components of many
different vendors which all have their own database system. This leads not only to
distributed but also to redundant data storage which is rather the normality than the exception.
For business process modeling and simulation, there are a lot of useful tools available,
which concentrate on the domain layer where conceptual models can be built, considering
information processing tools as resources that don't have to be specified any more (see e. g.
[3], [4], [5]). There are no tools available which are specializing in modeling informationdriven business processes and the consequences on the communication between

information processing tools and, thus, can give answers to information management
questions arising in this context, like
•

On what paths can data, representing needed information, be transported from the
storing database system to the processing application component?
• On what paths can data, representing produced information, be transported from the
processing application component to the storing database system (or systems in case
there is redundant storing) ?
• Does the hospital information system of a certain hospital provide a suitable
infrastructure (communication links, interfaces, message types, application components
etc.) for transporting the data? Will some additionally planned components be
sufficient for constructing the needed infrastructure?
To overcome this problem we will present an approach which does not simply look at
the business processes at the domain layer but additionally at communication processes
between application components and their interdependencies. This approach aims not only
to visualize those processes, but also to evaluate if there are weaknesses concerning the
information processing infrastructure which hinder the smooth implementation of the
business processes.
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The three-layer graph-based meta model (3LGM2) for modeling hospital
information systems

The three layer graph-based meta model (3LGM2) for hospital information systems and
a corresponding 3LGM2 tool were designed to support the hospital information
management in its enterprise architecture planning (EAP) (see e.g. [6], [7]) activities.
Accordingly, it distinguishes three layers of information systems, which especially provide
a framework for describing both business processes at the domain layer and communication
processes between application components and their interdependencies:
The domain layer describes a hospital independently of its implementation by its
enterprise functions. Enterprise functions need information of a certain type about physical
or virtual things of the hospital. These types of information are represented as entity types.
The access of an enterprise function to an entity type can be in a using or an updating
manner.
The logical tool layer concentrates on application components supporting enterprise
functions. Application components are responsible for the processing, storage and
transportation of data representing entity types. Application components may have a local
database to store data. Component interfaces ensure the communication among application
components. A component interface can receive or send messages of a certain message
type. For the communication among application components communication links can be
defined as relations between two communication interfaces, one being the sender of a
message, the other one being the receiver. Each communication link is described by the
message types which in fact are communicated.
The physical tool layer consists of physical data processing components (like personal
computers, servers, switches, routers, etc), which are physically connected via data
transmission connections (e.g. data wires).
Between concepts of the different layers there exist so-called interlayer relationships,
which enable to describe the dependencies between model elements belonging to different
layers. In this paper, we use the following interlayer relationships:

• An enterprise function is supported by a set of application components.
• A certain database may be master for an entity type, and thus be responsible for the
storage of certain entity types. In case of redundant data storage, this particular
database will contain the current data.
• Entity types can logically be represented by a dataset type and a message type to
describe how they are stored and communicated. Dataset types describe what
information is stored in a database, message types describe what information is
transported by a communication link between two application components.
The description of 3LGM2 is simplified accordant to the concepts needed in this paper.
In particular, we focus on the domain layer and that part of the logical tool layer covering
computer-based information processing tools. Nevertheless, our approach can easily be
expanded to conventional, i. e. paper-based tools. There exists a comprehensive UMLbased description of the 3LGM2 in [8] or [9].
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3.1

Extending the 3LGM2 to model interdependencies between business and
communication processes
A 3LGM2 business process

We refer to a business process as a sequence of enterprise functions using and/or
updating information about entities of a certain domain. This definition restricts the
common interpretation of the concept 'business process' as we just look at the information
processing aspects of enterprise functions as well as information driven interdependencies
between enterprise functions. Other events like the availability of physical resources or the
termination of activities are not considered, because these kind of events are outside the
scope of our approach.
Looking at 3LGM2, a business process describes the dynamical aspects of the domain
layer. The meta model of a 3LGM2 business process looks as in figure 1.
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Figure 1: A UML-based meta model for 3LGM2 business processes.

A 3LGM2 business process consists of a sequence of enterprise functions and the entity
types accessed by those enterprise functions in an using or updating manner. Each
enterprise function may have at most one predecessor and one successor. The following
additional constraints have to be obtained:
• There exists exactly one enterprise function which has no predecessor. This enterprise
function is the starting point of our business process.
• There exists exactly one enterprise function which has no successor. This enterprise
function is the ending point of our business process.
• For each enterprise function one of its successors must at least have one using access to
an entity type which is accessed by that function in an updating manner. This condition
reflects the inner connectivity of a business process.

At this point we deliberately restrict us to rather elementary business processes to reduce
the complexity at the logical tool layer. If we want to examine more complex business
processes we just have to decompose them in to simpler ones. Figure 2 shows an
elementary example of a 3LGM2 business process.
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Figure 2: Example of a 3LGM2 business process. (Ovals: entity types; rectangles: enterprise functions). The
enterprise functions are taken from [10].

3.2

A 3LGM2 communication process

We refer to an communication process as a sequence of communication links between
application components necessary to satisfy the information needs given by business
process. Looking at 3LGM2 a communication process describes the dynamical aspects of
the logical tool layer. The meta model of a 3LGM2 communication process looks as in
figure 3.
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Figure 3: A UML-based meta model for a 3LGM2 communication process.

A 3LGM2 communication process consists of a sequence of communication links and
the appertaining application components and their component interfaces. Within the
sequence, a communication link may occur multiple times.
The following additional constraint has to be obtained: For each pair of communication
links cl1, cl2 where cl1 is the direct predecessor of cl2, the sender of cl1 must be
possessed by the same application component as the receiver of cl2. This condition ensures
that there is also a sequence of communicating application components. Figure 4 shows an
elementary example of a communication process.
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Figure 4: An example of a communication process (HCPW: healthcare professional workstation; LIS:
laboratory information system; DMAS: documents management and archiving system). Black circles
represent communication interfaces; arrows represent communication links; numbers in round brackets
represent the sequence of communication links, the labels of the arrows represent the message types
transmitted.

3.3

Mapping 3LGM2 business processes on 3LGM2 communication processes

If we understand a 3LGM2 business process as a kind of requirements specification for
the logical tool layer, it is not sufficient just to describe business and communication
processes independently. The more important aspect we have to look at is what kind of
communication between application components is necessary to enable the execution of a
business process. The structure of the resulting communication process depends on the
individual architecture of the logical tool layer, i.e. where data about entities are stored,
processed and communicated.
Given a 3LGM2 model of a hospital information system and a business process whose
enterprise functions and entity types are part of the domain layer of the 3LGM2 model, the
following algorithm will lead to a communication process at the logical tool layer. For each
enterprise function f of the given business process, the following algorithm must be carried
out:
(1) For each entity type et updated by f and used by one of its successors s1,…, sn:
determine all communication links which transport et.
(2) For each pair (f, si): Determine the set of application components ACf supporting
f and the set of application components ACsi supporting si.
(3) Find a shortest path of communication interfaces over which et can be
transported between the component interfaces belonging to elements of ACf and
the component interfaces belonging to elements of ACsi using the determined
communication links of (1). Result is a sequence of communication interfaces.
(4) Transform that sequence of communication interfaces into a sequence of
communication links.

According to the sequence of enterprise functions coming from the given business
process, all sequences of communication links found by that algorithm will be combined to
a communication process supporting the business process. If we again look at the examples
given in figure 2 and figure 4, it is the sequence of numbers which is derived. Applying that
algorithm, the following situations may occur:
For an entity type, there is no shortest path to be communicated from one application
component to the other. This is a very serious hint, that the infrastructure at the logical tool
layer is insufficient to support the considered business process.

There are several (shortest) paths available to communicate an entity type from one
application component to the other, indicating that the logical tool layer may contain
redundancies. It should be clarified if these redundancies are deliberate or not.
The shortest path to communicate an entity type from one application component to the
other is very long. In this case it should be asked, whether the infrastructure at the logical
tool layer does really sufficiently support the business process. It may be useful to
introduce additional component interfaces and communication links.
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Discussion

In this paper we presented an approach which can support information managers
modeling the architecture of their information system, focusing on the interdependencies
between business processes and communication processes. For a given 3LGM2 model of a
hospital information system and a given business process, this approach enables us to
evaluate if there are weaknesses at the logical tool layer, which hinder the implementation
of a business process. In this respect, it covers new features for information systems
modeling. Even if this approach originates in the scope of the 3LGM2 research activities it
may be applicable to other approaches if the necessary concepts can be modeled.
Particularly, for the answering of questions like those mentioned in the introduction, our
approach may be useful because the necessary analysis of the hospital information system
can be done automatically, provided that there is a tool available which implements the
algorithm. For this reason, the 3LGM2 tool which supports modeling of hospital
information systems will be extended.
In the future, the presented approach will be further extended considering also more
complex business processes, and the physical tool layer of information systems.
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