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Abstract. Workflow management systems reflect business structures in a sepa-
rate organizational model and a process model because these models describe
different aspects of business structures. The organizational model comprises
members of an organization and organizational relationships (organizational
structure) whereas the process model contains information about the tasks and
their dependencies (process structure). Linking both of these models becomes
more and more problematic because organizational models change much more
nowadays than they have before and so lead to orphaned references in the proc-
ess model. Moreover, organizational models should be unknown during process
modeling, and equivalent process models should run with different organiza-
tional structures. For this, we introduce conceptual graphs for specifying organ-
izationa structures in the organizational model and for specifying potential task
holders in the process model. We cover organizational knowledge and retrieve it
at runtime exploiting the benefits of these knowledge representation technique.
With this, it is possible to renounce name referencing and gain more degrees of
freedom for the linking process.

1 Introduction

Workflow management systems reflect business structures in a separate organizational
model and a process model because these models describe different aspects of busi-
ness structures [1]. The organizational model comprises members of an organization
and the organizational relationships (organizational structure) in order to be able to
support the overall goal of an organization efficiently. The process model contains
information about the tasks that have to be done, their dependencies (process struc-
ture) and the way how they are to be executed.

This separation aims to isolate changes in the organization from changes in the
processes and vice versa. For example, the transfer of employees from one position in
the organization to another does not need to be reflected in the process model, and a
modification of a process part does not need to be reflected in the organizational
model. Although both models cover independent aspects, they have to be linked up
with each other because in the end, the activities has to be performed [2].



However, thisact of linking becomes more and more problematic for two reasons:

1. Today, the enterprise environment is characterized in a stronger way by its turbu-
lent behavior and its rapidly changing markets than some years ago [3, 4]. This ten-
dency is caused by more demanding customer requests and economic conditions as
well as social, moral and political conditions. For example, a company’s division
structure has to change more and more often to adapt to new market situations:
scopes of duties are restructured and newly assigned to employees and obsolete
ones are omitted. Changes in the organizational structure leave organizational mod-
els obsolete and cause orphaned references in the process model. This leads to in-
consistent workflow specifications. Nowadays, the frequency of change is too high
for being able to adapt the process models to the new organizational model manu-
ally. Nevertheless, former specified process models should still be executable under
these circumstances to reduce the cost of changes.

2. Today, there is a tendency to more autonomous organization forms [5]. Company
divisions have more rights in organizing their own structures. For example, a head-
quarter specifies a process that should be executed in different branches. Each
branch has its own organizational structure that again is submitted to changes in the
environment. This means that it is necessary to keep own process models for each
branch organization even if the process specifies the same task structure. This han-
dling is clumsy and not efficient. There is a need for supporting process executions
on different organizational structures.

So far, existing approaches for organization modeling are based on singular concepts

with pre-defined entities for modeling specific organizational structures. For support-

ing a more suitable linking between organizational structure and process structure it is
necessary to cover organizational knowledge within the organizational model. We
apply knowledge management techniques to achieve a more sophisticated linking
process meeting the above aspects. We show how this can be done and how this
knowledge-based approach for organization modeling can be used by exploiting the
former implicit and now explicit knowledge. Additionally, a perpetual learning proc-

ess improves the expressiveness of the knowledge base and so ensures a continuous

corrective procedure within the knowledge management.

In section 2, we examine the problem domain of linking up between organizational
model with process model in more detail and illustrate this with the help of a scenario.
In section 3, we introduce conceptual graphs for specifying the organizational model
as well as the task holder queries in the process model. Conceptual graphs are very
suitable for knowledge representation. This knowledge is used for finding an eligible
task holder. With this, linking succeeds even for changed or unknown organizational
models. With the help of the scenario, we show a modeling as well as a linking and
learning process. An assessment of related work is covered in section 4. We finish by
giving a conclusion and an outlook in section 5.



2 Problem Domain

A process always runs against the background of a specific organizational structure.
Traditional organizational models specify the organizational structure in terms of role,

position, authority and organizational units [6—10]. According to specific organiza-
tional characteristics, existing organizational models differ in details for being able to
express these specifics. So, various priorities of company are reflected in the definition
and use of organizational elements and their interrelations. For instance, a basic ap-
proach for an existing traditional organizational models is shown in figure 1:
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Fig. 1. Basic Organizational Model

The process model covers information about the tasks that have to be done, their
dependencies and the way how they are to be solved. Nevertheless, information about
the potential task holder specified in the organizational model has to be tackled, too
[2]. This information is used for being able to assign tasks to a task holder.

In already existing systems and research approaches, the relationship between the
entities in the organizational model and the process model is hard-coded and very tight
and is therefore not suitable to handle turbulent environments. The organizational
model should not rely on specifying its entities in traditional singular terms of role,
group, authority and organizational unit models as found in classical role models like
[6, 10]. It should be possible to realize a more flexible detachment between the entities
in the organizational model and those in the process model by leaving out pure hame
referencing and specifying knowledge about process execution in the organizational
model.

Scenario

For illustrating this, we introduce the following scenario (figure 2): An enterprise
should be restructured in the way that its branches can be managed more autono-
mously.



The enterprise has the production domains PD,, PD, and PD,, and the production
locations PL,, PL, und PL . For the sake of simplicity, we assume that each production
domain is situated at each production location. So far, there has been a product man-
ager who was responsible for a production domain, independent of its production
locations. With this, rough planning results should have been put into action. Each
plant of a production location is headed by a plant leader who is responsible for the
operative execution and coordination of the production processes. The overall plan-
ning is taken over by an area product leader.

To reduce the coordination effort caused by orthogonal responsibility domains, the
company decides to restructure itself in a way that emphasizes more strongly the
autonomy of the several production locations. As aresult of this, the production man-
ager is abolished. Instead, the competency domain of the plant leader is extended by
specifics about the production location (plant management leader). So, a leaner man-
agement with more room for autonomous manoeuvre is the result. Furthermore, a
panel manager is installed who works in close cooperation with the different plant
management |eader for coordinating the autonomous branches.
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Fig. 2. Restructuring of an Organization



Supporting Frequent Change

Restructurings like these have also to be reflected in the organizational model for
keeping a specification up to date. Otherwise, the process models would not be execu-
table any more because they would still contain references to former model elements,
as for instance to the product manager (see figure 3). Existing workflow management
models require a recheck of the process definitions and to adapt successively to the
new references as panel management leader or panel manager in the restructured or-
ganizational model.
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Fig. 3. Linking between Organizational Model and Process Model

The claim of a separate modeling of different aspects that has been originally in-
tended by the separation of organizational model and process model is undermined
because of hard-coded references. So, a proper independence of organizational model
and process model is not given. This interweaving hampers an adequate behavior in
turbulent markets. With change occurring ever so often, a manual adaptation of the
process model cannot be done neither efficiently nor sufficiently.

Supporting Re-Use

The need for a dtricter independency of organizational model and process model is
aso important regarding the global tendency towards self-organizing company
branches. For instance, in the future a process should not be executed any more in the
head office but instead in a division. However, the process model should be re-used
and executed as usual because of cost and quality reasons. For example, the work has
to be done in the head office by a product manager or by a plant management |eader
whereas in the division, it is done by a simple branch manager because of the smaller



division size. It is the am to be able to model process definitions that can be re-used
and executed in different environments. Also in this case, the use of hard-coded refer-
ences proves to be a handicap. In order to be able to execute a process model on dif-
ferent organizational models, linking up with each other must not be done by referenc-
ing organizational model elements but by specifying knowledge about possibilities of
process execution in the organizational structure. Thus, the organizational model has
to be able to cover more information than purely the name of organizational elements.

3 Organization Modeling

In the following, we introduce a knowledge-based approach that makes a redesign
unnecessary after processes have changed and to alow for are-use of process models
for different organizational models. We propose an approach where the organization
modeling in workflow management systems can be done independently of the process
modeling. We achieve this by not considering the elements of the organizational
model as atomic entities any more but instead as complex structures in an overal
context. That means that we do not provide a pure name referencing. In our approach,
the process model contains a content description of the executable tasks. So, potential
task holders are defined by the characteristics of the task and, with this, are independ-
ent of a concrete organizational form.

In the organizational model, it is necessary to cover knowledge about the task char-
acteristics that a potential task holder needs to possess for being able to take over that
task. In principal, this knowledge is aready present: For instance, a department chief
knows from experience how to delegate tasks to his employees optimally concerning
capacity, qualification, authority and so on. So far, this knowledge exists only implicit
in hismind and is not explicitly specified. In some companies, it even exists as explicit
profile specifications of employees, but it is not suitable for automatic workflow task
assignment. It is necessary to develop an organizational model that is able to cover and
retrieve explicitly this former implicit knowledge.

In order to link up the two models, the task characteristics described in the process
model are compared to the described characteristics of the task holders in the organ-
izational model. The description is specified in amost natural language format. We
achieve independency between organizational model and process model by no more
specifying the who of required or offered task holders. Instead, we specify the what
that has to be performed.

If there is a counterpart in the organizational model to the characteristics described
in the process model, the linking process succeeds. Otherwise, two cases can occur:

1. No €ligible task holder can be found because there is no task holder that can fulfill
the specified characteristics. This problem is system immanent and has to be solved
ad hoc.

2. No €ligible task holder can be found although there is someone who could fulfill
the required characteristics. This case occurs because of the natural-language based
specification of the task characteristics in the process model: Another specification
was used than in the organization model.



For the second case, our approach offers the possibility of an evolutionary increase
of the knowledge base: A continuous corrective procedure of knowledge acquisition
(learning) can be initiated. With this, the task holder description included in the proc-
ess model will be inserted in the organizational model and the query handling will
succeed in future cases.

3.1 Organization Modeling with Conceptual Graphs

We use conceptual graphs for specifying task holder characteristics in the organiza-
tional model and task holder requirements in the process model. Conceptual graphs are
a well-known method for knowledge representation [11]. They allow for a specifica-
tion that follows human mind structures. They also have been developed to model the
semantics of natural language. The semantics of a conceptual graph can be defined
through mapping to a first order predicate formula. We use conceptual graphs for
capturing knowledge about task holders in the organizational model as well as for
specifying the request for a potential task holder in the process model.

We now briefly describe a conceptual graph. A more formal and detailed definition
can befound in [12].

A conceptual graph is afinite, connected, directed bipartite graph. The nodes of the
graph are either concept nodes or relation nodes. In our approach, a concept node
represents an organizational element type. A relation node represents the kind of rela-
tionship that is established between concepts. A conceptual graph represents a type
specification that stands in relation to other type specifications.

In our case, a concept node represents a concrete or abstract object of the organiza-
tional structure. Referring to the introduced scenario, an example for a concrete con-
cept is a task holder or a production location including derived instances (a concrete
person as instance for the concept task holder and PL, as instance for the concept
production location). An example for an abstract concept is a plant management leader
or a production domain with their instances PML, and PD, that have no physical
equivalent. A relation expresses a specific relationship between organizationa ele-
ments. In the visual representations, concept nodes are specified in the following as
rectangles (aternatively surrounded by square brackets) whereas relation nodes are
pictured as round ellipses. Concept instances are written within braces.

To illustrate the visual representation of a conceptual graph in our case, we describe
the changed organizational model of the scenario mentioned above in figure 4. The
natural language interpretation of this graph can be formulated as “A plant manage-
ment leader called PMLis responsible for the production domains FED,, and PQ
as well as for the production location PHe is a member of panel P. Panel Manager
PaM is head of panel P whereas the area product leader APL is superior to PaM.” This
is explained by the concepts “PRODUCTION DOMAIN", “PRODUCTION LOCA-
TION”, “PLANT MANAGEMENT LEADER”, “PANEL", “PANEL MANAGER”
and “AREA PRODUCT LEADER” and by the relations “IS RESPONSIBLE", “IS
MEMBER OF”, “IS HEAD OF” and “IS SUPERIOR TOQO". With this, it is possible to



refer to a plant management leader not only by declaring his name but also by ex-
plaining in terms of his environment.
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Fig. 4. Visua Representation of a Conceptual Graph Describing a Plant Management Leader

A concept node contains two parts. a concept type and a list of instances. For in-
stance, the concept type of the concept “[PLANT MANAGEMENT LEADER]” in
figure 4 is “PLANT MANAGEMENT LEADER” and has the instance “PNLin our
approach, we use concept types for modeling the different organizational structure
types.

All organizational elements of other approaches such as role, position, competency
and even authority can be described as concept types. Also, hew organizational struc-
ture types can be defined. With this, we embrace the expressiveness of all existing
approaches. Additionally, it is possible to specify any connection types between or-
ganizational elements.

For achieving a platform of a common understanding, concepts and relations have
to be well-defined. The use of ontologies for describing important concepts and the
relationships between these concepts is therefore essential [13]. For instance, [14]
presents a generally applicable ontology of business enterprises. It can be seen as a
base for our specification with conceptual graphs and can be used for determining a
basic vocabulary with a well-defined meaning for specifying the organizational model.

Concepts are set in relation to each other within a concept hierarchy. This hierarchy
expresses specialization. “SOMETHING” is a pre-defined type that is at the top of any
concept hierarchy. So, any concept type is derivable. For more details concerning
conceptual graphs ontologies, see [15].

In our approach, we can use it to express compatibilities between organizational
structure types. The concept hierarchy also contains concepts that are not part of an
actual organization form anymore. Because of that, obsolete requests can be handled.
These concept nodes are equal to the other ones, they differ only in not having in-
stances. They serve edrance points for navigating in the concept hierarchy



Analogously to the concept hierarchy, there is a relation hierarchy that alows for
specifying specializations between relations. This aspect will not be discussed here in

more detail.

Figure 5 shows an excerpt of the concept hierarchy for a production scenario:

SOMETHING

TASK HOLDER

PRODUCT MANAGER

PANEL MANAGER

PRODUCTION
DOMAIN

PRODUCTION
LOCATION

PLANT MANAGEMENT
LEADER

PLANT LEADER

NOTHING

AREA
PRODUCT
LEADER

Fig. 5. Concept Hierarchy Describing Specialization Relations in the Organization

Whereas in the organizational model, conceptual graphs are used to specify task
holder characteristics, in the process model, they are used to specify a query for a

required task holder.

To illustrate this, we consider once more our scenario: In the process model, it is
searched for potential task holders for several production domains and production

locations. One of such specifications could be “a task holder who is responsible for
production domain PPand for production location FL This statement can be trans-
lated into a conceptual graph whose visual representation is shown in figure 6. The
symbol “*” denotes a generic object that will match with any other object. For more
specification details of conceptual graphs, see [12].

‘ TASK HOLDER: *X ‘

|SRESPONSIBL

v

PRODUCTION
DOMAIN {PD,}

PRODUCTION
LOCATION {PLg}

Fig. 6. A Conceptual Graph Picturing a Query




3.2 Linking Palicy with Conceptual Graphs

After having presented the organization modeling with help of conceptual graphs, we
show how this can be used for assigning task holders by exploiting the covered knowl-
edge.

For matching an offered conceptual graph and a required conceptual graph, a type
conformity between conceptual graphs has to be defined [16]. In brief, two conceptual
graphs are type conform if their node sets and relation sets can be mapped injectively
to each other while keeping their structures. Extended type conformity uses additional
information about type hierarchy and relation hierarchy.

To illustrate type conformity, we reconsider our scenario again. The query concep-
tual graph depicted in figure 6 is compared to the conceptual graph of the organiza-
tional model depicted in figure 4. This query will match because the query conceptual
graph is extended type conform to the conceptual graph of the knowledge-base. That
means that they can be mapped injectively to each other while keeping their structures
when we consider that the type “PLANT MANAGEMENT LEADER” is a specializa-
tion of “TASK HOLDER”. With this, the product management leader PN be
found as task holder.

Conceptual graphs are not only useful for expressing the characteristics of potential
task holders; they can support a correct assignment even if obsolete organizational
model elements are used. For instance, a further process model contains a query for an
obsolete “product manager (who is responsible for production domairafmDfor
production location PJ)”. Since the concept type “PLANT MANAGEMENT
LEADER” is a specialization of the concept type “PRODUCT MANAGER”, ex-
tended type conformity is given and the plant management leadeydailbe found.

That way, we achieve an immense expressiveness: No corset in form of a restricting
meta model dictates the use of predefined model elements. The assignment at runtime
succeeds because knowledge about the task descriptions is sufficiently exploited. The
underlying ontology with its well-defined vocabulary and meaning [14] ensures that
the same characteristics are specified in both the organizational model and the process
model.

As an example for a learning process let us consider the query for “a task holder
who coordinates the production location /PIFigure 7 shows the visual representa-
tion of the corresponding conceptual graph. We assume that “COORDINATES” is a
pre-defined relation.

TASK HOLDER: *X

COORDINATES

h 4
PRODUCTION
LOCATION {PL}

Fig. 7. A Further Conceptua Graph Picturing a Query



This query cannot be resolved because there is no extended type conformity be-
tween the conceptual graph picturing a query and the conceptual graph representing
the organizational structure. Intuitively, it seems clear that only the Panel Manager
PaM could be assigned for this task. He is not found because this aspect has not been
covered in the knowledge base so far. If it is consensus, that this has been a query for
Panel Manager PaM, this information can be added to the organizational model. For
that, the query conceptual graph is inserted in the conceptual graph representing the
organizational structure. The visual presentation of the extended conceptual graph is
shown in figure 8. After having made this extension the query will match next time.
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Fig. 8. Enhanced Conceptual Graph after Having Learned

4 Reated Work

It is generally accepted that there is a need for providing a flexible execution mecha-
nism in the domain of workflow management [17]. Besides the need to support change
in the organizational model that this paper deals with, there is a crucial demand for
being able to support the change of workflow models and to allow for flexible control
and data flow. Work which supports workflow models uses versioning to control
changes and to ensure a consistent propagation of model changes to running instances
[18, 19]. Concerning flexible control and data flow execution, descriptive modeling
constructs like in [20], and flexible execution mechanisms like late binding of sub-
workflows [21] have been developed on the one hand. On the other hand, controlled
adaptations of running workflow instances have been examined [22].

Research on change of the organizational models has revealed that traditional work-
flow management systems (for instance InConcert [23] and COSA [24]) are not capa-
ble of addressing the requirements of an organization independent linking. Their as-
signment of potential task holders to processes is based on referencing names of or-
ganizational elements that hampers a more flexible coupling between organizational



model and process model. [25] provide a more flexible assignment between organiza-
tional model and process model in specifying agents that return a reference to poten-
tial task holders. With this, it is possible to express more complex assignment rules.
Nevertheless, their approach is based on name referencing and does not cover organ-
izational information.

Work in modeling the organizational aspect is done by [7, 8]. They extend in their
organization meta model the basic approach in [6] by introducing further organiza-
tional elements. [8] introduces new elements as “organization resource” whereas [7]
includes explicitly the substitute rule in his meta model. This allows them to define a
more detailed organizational model covering more aspects which results in more suit-
able assignments. Their meta models allow to derive all organizational elements that
they have foreseen. This is useful for many cases but not generic enough to define any
organizational structures.

[26] has recognized that there is not only the need for a powerful organizational
model but also for a powerful meta model with which to arrive at more flexibility in
organization modeling. He introduces a generic meta model that leaves out organiza-
tional specific elements and so allows to define any organizational model. His focus
lies on generality and less on the treatment of structural change.

Similar to our approach, [27-29] allow for more flexibility in the workflow domain
by using knowledge-based techniques. Organizational knowledge is covered in order
to provide an improved decision support during different process stages. Hence, their
approaches are mainly based on the use of ontologies [14, 30, 31]. They are able to
describe precisely relevant issues with their interrelations and gain a common under-
standing. As we do, they exploit the additionally captured knowledge for making
process mapping more sophisticated. The key feature of these approaches is the use of
a well-defined specification that includes a common understanding. Though they do
not offer the possibility to outline task holders in a query expressed in everyday lan-
guage neither they present a way to handle expressions which are so far unknown.
Furthermore, simple ontologies do not offer the resolution possibilities as conceptual
graphs do because of their closeness to predicate calculus [11].

Versioning approaches [32] deal with organizational restructurings as well. They
adapt assignment policies to the changed organizational model by focusing on consis-
tency preservation. Likewise, they cover organizational information in the process
model and are based on name referencing.

5 Conclusion and Outlook

In this paper we have introduced conceptual graphs for specifying task holder charac-
teristics in the organizational model and task holder requirements in the process
model. With this, organization modeling in workflow management systems can be

performed independently of process modeling.



We have motivated that there is a need for a stricter detachment between organiza-
tional model and process model: On the one hand, organizational structures change
more and more often than they did before. After having changed they leave orphaned
references in the process model because they refer to organizational elements by
names. Nowadays, the frequency of change is too high for being able to adapt process
models to the new organizational model manually. On the other hand, the tendency
towards self-organizing company branches increases. Organization branches can build
up and handle organizational structures more and more autonomously. Because of
name references to organizational elements in the process models, each branch re-
quires to keep an own process model even if the process specifies the same task struc-
ture. This becomes very inefficient; instead, a process model should be able to be
executed in different organization branches. Generally, we have seen that name refer-
encing hampers the linking between process model and organizational model and there
isaneed for astricter detachment and an alternative linking method.

We have shown how we can achieve this by using conceptual graphs. With concep-
tual graphs, we are able to make intuitive descriptions in a natural-language based way
and to consider organizational model elements not as atomic entities any more but
instead as complex structures embedded in an overall context. In the organizational
model, we use this for specifying a knowledge base that covers information about the
characteristics of the task holders. In the process model, we use this for specifying a
query for apotential task holder by describing the task requirements rather than simply
the task holder's name. With this, we achieve independency of a concrete organiza-
tion form.

We have presented how our approach enables the assignment between organiza-
tional model and process models. Furthermore, we have presented, how a continuous
corrective procedure can occur. We have described some scenarios and have shown
how we are able to deal with the identified requirements by applying the approach to
the introduced scenarios.

To demonstrate our concepts, we are about to develop a prototype that uses concep-
tual graphs for the specification of the organizational model. In order to follow up this
aim, we have to extend the commercial workflow management system HP Changen-
gine [33] by our own organizational component. This allows us to describe the organ-
izational elements in the way we have outlined in the course of this paper and to adapt
the assignment component. Changengine itself offers certain interfaces which are
appropriate for this purpose.

Because we cannot directly specify roles via conceptual graphs in Changengine, we
use the names of these roles as identifiers for the corresponding graphs, which them-
selves will be stored in a suitable database. As a straightforward means for generating
these non-ambiguous identifiers we use the linear notation of conceptual graphs [11].
By proceeding like this, the extended assignment component will be able to resolve
the role name and to match the requested conceptual graph with the one provided.
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