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A Fuzzy Oriented Approach

In business process management, decision situations are often characterized by fuzziness. This means that the
decision premises are not available in the form of mathematic models or numeric values, but rather as fuzzy condi-
tions, such as “low processing time” or “high quality”. This article will show how fuzzy conditions and vaguely for-
mulated goals in business process models can be considered using the fuzzy set theory. This fuzzy extension of
process modelling is carried out with the event-driven process chain.

1 Fuzziness in Business Process
Management

The goals in business engineering projects are the de-
sign of business processes and the analysis of re-
quirements for their IT-support with regard to
corporate strategies ([Sche94], [Meel94], [Tayl95],
[VVvVvsS98], [Dick06], [Oste07]). Process design must
follow a comprehensive approach, comprising plan-
ning and control, i.e. the management of operational
processes [BeKa03]. Modelling has proved helpful in
supporting systematic procedures in process design.
Modelling languages like the event-driven process
chain (EPC) [KeNS92] serve as an operationalised ap-
proach to model construction. Software tools for busi-
ness process modelling support the business engineer
by giving him system components for the analysis,
design and simulation of business process models
[BISiO6].

Many concepts that consider situation-specific prob-
lems have been developed for the collection and im-
provement of business processes ([MaSc89],
[Hamm9O], [Robs91], [Dave93], [DuAHO5],
[DTHSO07]), their generalization in reference models
([FeLo038], [ThSc06]) and their enterprise-specific
adaptation in customizing ([BrBuO6], [RoAaO7],
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[DeKnO7]).Many of these approaches focus on
theuser-friendly and intuitive usability of thinking.
More important however, for making the required de-
cisions are the exact quantification and formalization
of decision rules. Nevertheless, in many cases, only
uncertain, imprecise and vague information about the
often not technically determined procedures is availa-
ble for business processes ([ReTu96], [HelL099],
[VéWe00], [V6We02], [TALLO6E]). By the same token,
the underlying goal system for process design is usu-
ally characterized by imprecise formulations and im-
plicit interdependencies. An example for this is the
statement “the processing time for orders with the
priority ‘very high’ should be lowered ‘considerably’
while retaining a ‘high’ processing quality by ‘ade-
quately’ reducing processing intensity”. In this exam-
ple, neither the concrete specification of both of the
said goals regarding the processing time and quality,
nor the measures derived from it can be quantified
without loss of information and thus, operationalised.
Information models, especially reference models, as
well as methods for their enterprise-specific adapta-
tion do not consider these forms of fuzziness as they
should.

This shortcoming will be met here by extending proc-
ess modelling through the consideration and process-
ing of fuzziness with the Fuzzy-Set-Theory. This fuzzy
extension will be reproduced with the EPC. The EPC
was chosen as a process modelling language due sig-
nificantly to its popularity in modelling practice. Our
extension is however, not limited to the EPC or related
modelling languages, whereby the latter term refers
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to languages that, like the EPC for example, have no
formal semantics or follow the paradigm of structured
system development. The approach used here can
also be transferred to object-oriented modelling lan-
guages (for example: UML-activity diagram). We will
describe the steps and tools required for the
extension as follows: first, we will specify the term
“fuzziness” and motivate the consideration of fuzzy
data using the fuzzy set theory. Then, the EPC will be
introduced as a modelling language, formally defined
and extended by the language constructs necessary
for fuzzification. The introduction of the fuzzy-EPC,
based on an attributation of EPC-language constructs,
takes place in the next Section. After that, we will
present an application scenario for our concept. The
article ends with an analysis of related work and a dis-
cussion of our results.

2 From Crisp to Fuzzy Sets

There is no standard definition for the term “fuzzi-
ness” in literature — it seems as if the understanding
of the term itself must remain fuzzy. Fuzziness is usu-
ally defined by way of differentiation with determinis-
tic, stochastic and uncertain states of information
([DuPro7], [ZimmO01], [KIir05]). In this article, fuzzi-
ness is seen as uncertainty with regard to data and its
interdependencies. Different reasons for fuzziness
can be identified in the business context (cp.
Figure 1).

Vagueness

Vagueness due to the
Complexity of Terms

Vagueness in Human
Preferences and Goals

Vagueness due to the
Description of Reality

Vagueness due to the
Ascertainment of Reality

Figure 1: Fuzzy aspects

First, fuzziness occurs due to the complexity of the
environment and the limits in human perception when
comprehending reality. The resulting informational

fuzziness, determined by human language and
thought, can be ascribed to a surplus of information
([ZALW93], [Galio6]). This happens when terms with
a high level of abstraction are used (for example:
“credit worthiness”). Thus for example, knowledge in-
tensive processes contain short-lived information
from a number of sources, which results in the fact
that only one part of the total process can be covered
at one point in time. This part however, already be-
comes dated during the coverage of other sub-as-
pects. Many different attributes must be considered
for the description of such complex terms. Fuzziness
occurs because often, one is not capable of processing
all of the relevant information and because, perhaps
even the individual pieces of information themselves
are already fuzzy. The descriptive attributes of the
term are aggregated according to human information
processing using linguistic terms.

Fuzziness also exists in human preference and goal
conceptions. In many situations, human preference
orders cannot be exactly determined. This leads to
vagueness in the goal system, which is related to the
informational fuzziness. For example, the goal “signif-
icant reduction in processing time” implicates meas-
ures. Often however, no action can be taken because
of the inexplicit extent of the intended change and
vague interdependencies with other goals.

The description of reality in natural language gener-
ates intrinsic (also: linguistic) fuzziness. The creation
of a linguistic model and the context sensitivity of lin-
guistic statements contribute to the creation of this
fuzziness. The inaccuracy in linguistic comparisons is
closely connected with this. An example for this is the
statement “the object value is much higher than x”.
Here, the cause of fuzziness is not in the language it-
self, but rather in the limitation and subjectivity of hu-
man reality perception. The subjective conception of
a circumstance by the person describing is ex-
pressed using language and no uniform definition for
the terms used for the description exists.

Fuzziness when comprehending reality results from
the fact that data and relationships between data
can‘t or shouldn‘t be recorded exactly. The use of in-
accurate data can also be advantageous when suita-
ble measuring methods are lacking, the real-world is
characterized by high dynamics or dependencies exist
that cannot be determined accurately. Humans tend
to register reality with verbal descriptions, which is
another reason for the intrinsic fuzziness described
above.

The fuzzy set theory attempts to overcome the sepa-
ration between the necessary model and procedural
precision on the one hand and the empirically desira-
ble consideration of qualitative information on the
other hand and to tolerate a portion of the precision
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that is lacking, as well as the vagueness and uncer-
tainty in modelling processes.

The fuzzy set theory, today a branch of soft comput-
ing, was developed in the middle of the sixties
[Zade65]. The core of the fuzzy theory is not to exclu-
sively judge the status (of objects) with “true” or
“false”, but rather to allow intermediate stages. Based
on Zadeh”s idea, the classical set theory is extended
by the descriptions and linking of fuzzy sets. For each
element w of a given (crisp) basic set Q the grade of
membership to a subset A € Q is expressed through
the value p,(w) of a mapping p, :Q —[0;1]. y, is
called the “membership function” of the fuzzy set. The
higher the membership grade of an element regarding
a (fuzzy) set is, the more it belongs to this set.

Linguistic variables can be formulated with fuzzy sets
[Zade73], which take on expressions in natural lan-
guage — so-called linguistic terms — as values.
Figure 2 shows the linguistic variable “order value”.
It has the terms “low”, “medium” and “high”. The
membership of an object value to these fuzzy sets is
expressed by the membership functions y, , U.cqium
and U, - The object value 70,000 € belongs for ex-
ample, to 0.5 to the fuzzy-set “medium”, as well as to
the fuzzy set “high”. In a crisp context, it is only pos-
sible for example, to characterize an object value up
from 70,000 € as a “high” order value, while 69,999 €
would already pass for “medium”.

Hiow Hrmedium uh\gh
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Figure 2: Linguistic variable “order value”

A fuzzy system has a fixed set of input and output var-
iables, whose respective terms are connected with
fuzzy rules consisting of a condition and a conclusion
part, for example “WHEN customer assessment =
middle AND order value = very high THEN order as-
sessment = high”. The value domains of the (linguis-
tic) variables are partitioned by fuzzy sets, which
serve the representation of the linguistic terms. A
fuzzy rule can be represented formally as
WO, u®wvy . p®, L u™ are fuzzy sets over the
value domain of the input variables and v is a fuzzy
set over the value domain of the output variables. The
input and output variables are assigned to each other

by inference mechanisms. If X = X, x---x X is the in-
put space and Y the output space, then a fuzzy sys-
tem FS can be formally represented as a mapping
FS: X — Y [BKNKO3].

The fuzzy rule base defines the structure of the fuzzy
systems. Based on a vector of input entities
X = (Xy,...,X,) € X, the (crisp) default value of a typ-
ical fuzzy system y = FS(X) can be calculated in sev-
eral steps. First, the degree of performance for each
individual rule is found by determining the value of
the grade of membership to the corresponding fuzzy
set. Then the corresponding grades of membership
must be connected conjunctively with a suitable fuzzy
operator. Several fuzzy sets result from each individ-
ual rule. These must be combined disjunctively for the
determination of the output of the fuzzy system. A
crisp value for the output variable is required for an
executable action, for example “determine priority”.
A defuzzification step delivers this crisp value y eY
from the output fuzzy set.

If the output variable is not a continuous entity, but
rather a categorical variable that can take on any dis-
crete values (classes), then one speaks of a classifi-
cation problem. A rule-based classification can be
modelled with a fuzzy system by understanding each
class as a special fuzzy set and selecting the class
with the highest grade of membership as a default
value for the fuzzy system in a defuzzification step.

3 Process Modelling with the EPC

3.1 The Modelling Language EPC

Since the establishment of the process idea for the or-
ganization of businesses and the design of informa-
tion systems, a large number of modelling languages
for the description of business processes has been
used [DUAHO5]. The EPC has established itself for the
construction of business process models on a concep-
tual level because of its application orientation and
comprehensive tool support, especially in the Ger-
man-speaking community.

In graph-theoretical terminology an EPC-model is an
ordered and connected graph, whose nodes are
events, functions and logical connectors. Events are
the passive elements in the EPC. They describe the
arrival of a certain state und are represented by hex-
agons (for example: “Customer order (is) defined”,
cp. Figure 3). Functions, represented by rounded rec-
tangles, are the active elements in the EPC. The term
“function” is equated with a task in the EPC. Events
trigger functions and they are their result. Control
flow edges, symbolized by arrows, represent these
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Figure 3: An EPC-model for customer order processing

relationships between functions and events. Logical
connectors are used to express the fact that a
function is started by one or more events and can
generate one or more events as a result respectively.
One differentiates, in accordance with the terminolo-
gy of propositional logic, between conjunctive, ad-
junctive and disjunctive logical connectors (cp.
Figure 3). The corresponding connectors are re-
ferred to simply as AND, OR resp. XOR-connectors.

With this information, the following interpretation re-
sults for the process model in Figure 3: the model de-
scribes the procedure for the definition and execution
of test functions for a customer order. The decision as
to whether a customer order is accepted or rejected is
made through the parallel execution of various sub-
functions. The sales order is checked with reference
to technical feasibility and from a business view. In
addition, customer creditworthiness and product
availability are checked. Negative results, such as
for example “Sales order not technically feasible” or
“Customer not creditworthy” lead to the rejection of

the customer order through the function “Reject
sales order”.

3.2 Formalization of the EPC

A formal definition of the syntax and semantics of
models is necessary for consistency checks or the au-
tomated processing of EPC-models, for example, in
software tools for simulation or verification. Various
approaches to a formal syntax and semantics defini-
tion for the EPC have been suggested and discussed
in academic circles ([Aals99], [AaDKO02], [Kind04],
[Kind06], [RoAa07]). In the following, we will intro-
duce a formal definition for the syntax of EPC-models
according to Rosemann and van der Aalst [RoAaO7],
in order to then based upon this, precisely define a
fuzzy extension. The resulting set-theoretical specifi-
cation does not serve to illustrate behavioural aspects
of EPC-models. Based on the original definition of
EPC-models, semantic ambiguities especially arise in
the use of the OR-connector, because its control be-
haviour is not always locally determinable. Due to
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this, its use is discussed in literature ([LaSW98],
[DeRi01]). A joining OR-connector can synchronize or
not, i.e. it can operate or however, wait for several
events after it receives the first input. This ambiguity
must be accommodated for by increased technical
coordination between the creator of the model and
its user, whereby the further processing of the model
must occur in reference to the context. We end the
semantic discussion regarding the control flow se-
mantics of the EPC-method at this point and refer to
the articles mentioned.

In formal notation, an EPC-model is a quadruple
EPC = (E,F,C,A). E is thereby a finite (non-empty)
set of events, F a finite (non-empty) set of functions,
C =C,p YCor UC,or a finite set of logical connec-
tors, whereby C,,,Cy,; and C,,, are paired disjunc-
tive subsets of C and
Ac(ExF)U(FxE)U(ExC)u(CxE)

U(F xC)u(CxF)u(CxC)
is a set of edges. The relation A specifies the set of
ordered control flow edges (arcs), which connect
functions, events and connectors with each other.
V =EUF uC is the set of all nodes of the EPC-mod-
el.

To introduce the concept of the syntactic correctness
of EPC-models, we define the set of input nodes of a
node v eV with ev :={w eV |(w,Vv) € A} and the set
of its corresponding output nodes with
ve ={w e V|(v,w) € A} for an EPC-model. Further-
more, we write an ordered path from a node v, eV
toanode v, eV (l el )asasequence p=(v,,...,v,)
of nodes Vv,eV with (v,v,,)e A, whereby
1<i<l-1.We define

ce{v,,....,v,}
Cy =1 |3 path p =(v,,v,,...,v, ;,V,)

Vi
with v, e X AV,,...,v, ;e C AVvieY

for the set of tangent connectors on a path between
nodes from the sets X,Y € {E,F}.

On the syntactic level, some rules have established
themselves and serve the construction of syntactically
correct EPC-models [RoAa07]. With them, the con-
sistency of an EPC-model can be checked. To do so,
an EPC-model EPC = (E,F,C, A) must fulfil the follow-
ing conditions:

e (V,A) is an ordered and connected graph.
This means that no isolated objects exist in
EPC-models.

e Events have at most one incoming and at
most one outgoing edge:

VeeE:|leel<lalee<l.

e Functions have exactly one incoming and
exactly one outgoing control flow edge:

Vi eF:Jefl=1A|fe=1.

e There is at least one start and one end

event: JecE:lee=0AJdecE:|lee=0.

= Connectors either have several incoming and
one outgoing control flow edge (join) or one
incoming and several outgoing control flow
edges (split):

vceC:(Jecl=1nlce>1) v (Jecl>1n|ce|=1) .

We refer to C, ={c eC ||ec]> 1} as the set
of join-connectors and with

Cs ={c e C||c s> 1} the set of split-connec-
tors and C, nCg =& holds.

= The graph expanded by the EPC-model is
simple, i. e. it contains no loop (edge with the
same start and end nodes) and no multiple
edges between the individual nodes:

VV,,V, €V

HaeAla=(,v,)va=(v,v)}=<1.

e There is no ordered circle in the EPC graph,
which consists only of logical connectors:

C=C,uCyi and C,nNnCy =9, i.e. the
sets C.. and C.. partition C and a connec-

tor ¢ € C lies either on a path from an event
to a function or on a path from a function to
an event.

e  Functions are only connected with events (if
necessary, over logical connectors) and vice

versa: C, =OAC =0

e After events, no XOR or OR-split-connector
follows in the control flow:

ConCnCyg =0 = CsnCy NCypi .

The last rule ensures the exclusion of decision making
with events in accordance with the approved types of
connectors. We adhere to this important principle in
the fuzzy extension and rule out a determined branch
of process flows after events. The consistency of an
EPC-model can be checked using the rules mentioned
above. In the following, we will continue to speak of
EPC-models and in doing so, always refer to the set of
the syntactically correct EPC-models according to the
known rules.

Further statements result through the use of the EPC
as a central modelling language for the architecture of
integrated information systems (ARIS) [Sche99].
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Figure 4: Extension of the EPC with ARIS-language constructs [Sche98, 31]

These are based on the ARIS-view concept. They are
made through the annotation of other language con-
structs on EPC-functions [ScTAO5]. Thus, for exam-
ple, language constructs that represent the
environment data, news, manpower, machine re-
sources and computer hardware, application soft-
ware, outputs in the form of contributions in kind,
services and information services, financial resources,
organizational units or corporate goals are recom-
mended (cp. Figure 4).

The linkage of constructs that can only take place with
functions from the EPC is created with edges, which,
in addition to the control flow already introduced, can
be differentiated in organization or resource, informa-
tion, information services and contribution in kind, as
well as financial resources flow [Sche98, 31].

In this article, we chose the EPC elements of the or-
ganization, data and output view as additional arte-
facts for process modelling, added them to the formal

representation of the EPC and, in a next step, en-
riched them with attributes. This extension will be
consulted later for the demonstration of the exempla-
ry processing of fuzziness in business processes.

To do this, we introduce an EPC-model extended by
ARIS-language constructs as a tuple

EPCARIS =(E,F,C,A,O,D,L,R) .

(E,F,C,A) is an EPC-model with the set of control
flow nodes V =EUF UC and the set of control flow
edges A. The node set, which represents the arte-
facts of the organization, data and output view, are O
for the set of organizational units, D for the set of
data objects and L for the set of outputs. It is re-
quired that the sets O, D and L are pairwise dis-
joint. The set R contains sets of relations, which
assign the functions the various artefacts. The individ-
ual relations have different meanings and define the
type of relation between the elements from OxF,...
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,F x L. Exemplary practical relation types are “is input
for” or “is responsible for”.

An EPC-model extended with ARIS-language con-
structs EPC,.,s = (E,F,C, A 0,D,L,R) is then syntacti-
cally correct when (E,F,C,A) is a syntactically
correct EPC-model and in addition, each artefact is
connected with at least one node from the EPC-graph
(V,A), whereby only annotated artefacts on functions
are allowed here. Thus, we postulate that the ARIS-
extended graph G = (V,, AUR) with the set of nodes
V,=EUFuUCuUOuUDuUL and the set of edges
A UR is connected.

4 Fuzzy-Event-Driven Process
Chain

4.1 Extension of the EPC with attributes

The object types in EPC-models (for example: the in-
dividual data objects from D or organizational units
from O), understood as object sets of individual ob-
jects - one also speaks of instances of the respective
typel - are characterized by certain attributes. These
characteristics are used on the one hand, to describe
the individual objects and on the other, for their inter-
nal representation, for example, for storage in rela-
tional databases and are referred to as attributes.
While descriptive attributes represent technical char-
acteristics, so-called key attributes serve the clear-
cut identification of an object. A customer can for ex-
ample, be identified with his name, address and date
of birth, while his volume of sales or customer assess-
ment represent application-relevant characteristics.
In the following, only economically relevant attributes
will be consulted and considered in the fuzziness-con-
cept.

Each attribute has a value domain, which defines the
set of possible attribute values. For instance, the val-
ue domain for the attribute “Order value” of a data
object type “Order” can be defined as a set of natural
numbers. Similarly, the value set for the attribute
“Name” of the object type “Customer” can be defined
to the set of character strings composed of alphabet-
ical characters.

In most cases, one abstains from representing at-
tributes in conceptual EPC-models due to reasons of

1. Up to now, we have done without the difference between
the type and instance level in process models. At this point,
we will be more exact and speak of object types in EPC-
models and their instances. The function type “Check
customer credit worthiness” as an element of the set F can
for example, generate any number of instances during the
model’s runtime.

clearness and complexity. However, the following
fuzzy extension requires a specification of the concep-
tual model and thus, an explicit modelling of decision-
relevant attributes in the modelling process.

S is a set of objects, Dom(A) (i=1,...,n), nell,
sets of values and A (i =1,...,n) well-defined map-
pings of the form

A :S - Dom(A), (i=1,...,n) .

Then {A...., A} is a set of attributes on the objects
of the set S oron S. The set Dom(A) is called the
value domain of the attribute A and the elements
A(s) e Dom(A) are called the attributes of the object
s. If Dom(A) ={0,1} applies then A is called the bi-
nary attribute on S . Under the premises of this defi-
nition we have an (internal) representation of the
objects as the tuple (A(s),..., A,(s)) of attribute val-
ues, i.e. as elements of the set

Dom(A) x---x Dom(A)) = HDom(A) .

In an ARIS-EPC-model we create attributes on
events, functions, organizational units, data objects
and outputs.

Thus, in a conceptual EPC-model designed on the type
level each node element in the EPC-graph is assigned
its own attributes. This is made clear for example, by
the fact that a data object(-type) “Sales order” has an
attribute “Order size”, whereas this attribute does not
represent an attribute of a data object “Article”.

We define an ARIS-EPC-model extended with at-
tributes as a tuple

EPC s awe = (E,F,C,A,0,D,L,R,M) .

The individual events from E , functions from F , or-
ganizational units from O, data objects from D and
input from L are thereby assigned to attributes. At
this point, we will do without the assignment of at-
tributes for the set of control flow edges A and the
relations from R, because these descriptive at-
tributes are not consulted for fuzzification. The listed
attributes from elements from E,F,0,D and L are
combined in the set M.

Each object has its own identifying and application-
relevant attributes with their own value sets. Only at-
tributes relevant in the respective context are mod-
elled. Changes in the attributes of the artefacts are
therefore, only considered as far as it is apparent from
the EPC-model.

4.2 Fuzzy-extension of the EPC

We define a Fuzzy-EPC-model
FEPC = (E,F,C,A,O,D,L,R,M,FC)
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as an ARIS-EPC-model enriched with attributes with
the following properties:

- M is the set of fuzzy attributes of the Fuzzy-
EPC-model FEPC. The term “fuzzy attribute”
refers here to two aspects. First, one
assumes that the value domains of the
attributes are not necessarily crisp sets, but
rather may consist of fuzzy sets. And second,
the attributes can be interpreted as linguistic
variables. This implies that the name of the
linguistic variable corresponds with the name
of the attribute and that the value domain of
the attribute is, at the same time, the basic
set of the linguistic variable.

. O, D and L are sets of organizational units,
data objects resp. outputs, which contain the
fuzzy organizational units, fuzzy data objects
andfuzzy outputs. Here, fuzzy organizational
units, fuzzy data objects and fuzzy output are
organizational units, data objects and output
with fuzzy attributes.

- FC is a set of fuzzy systems. The possible
input and output quantities are restricted by
the function assigned to such a system.

- F is the set of fuzzy functions of the EPC-
model. A fuzzy function is characterized here
by either one or more fuzzy attributes or by

the assignment of a fuzzy system FS e FC
for decision support on the basis of fuzzy for-
mulated rules during process execution.
Thereby all of the organizational units, data
objects and outputs of the EPC-model,
whose attributes represent the input and
output quantities of the assigned fuzzy sys-
tem, must be connected with this fuzzy func-
tion via an edge. If the fuzzy system is used
directly as a classificator for the decision on
the further control flow, then only the follow-
ing events of this function may occur in the
conclusion part of the rules. In this case, the

fuzzy classification system FS can be for-
mally represented as a mapping

= Fs: [J] Dom(A)-P(E).where P(E)

is the power set of the set of events.

The detail of differentiation between fuzzy systems
and fuzzy classification systems is also motivated
through the following fact: while “fuzziness” could be
passed on through fuzzy systems to other process
functions which can use it, fuzzy classification sys-
tems lead to a crisp decision in the process flow.

The fuzzy-extension of the event-driven process chain
will be demonstrated in the following Section based
on an application scenario.

5 Application Scenario “Fuzzy
Customizing”

The construction of process models is often connected
with the demand to abstract from enterprise-specific
attributes in order to make the models reusable.
Therefore, one differentiates between enterprise-spe-
cific process models and reference process models.
The term “enterprise-specific” characterizes the indi-
vidual character of a respective model. In contrast to
this, a reference model represents a point of refer-
ence for the development of specific models, because
it stands for a class of applications ([ThomO06],
[RoAa07]). Prominent examples are the reference
model for industrial business processes (Y-CIM-Mod-
el) from Scheer [Sche94], as well as the Supply-Chain
Operations Reference-model [SCCO08].

Figure 3 shows a section of a reference process for
customer order processing in the form of an EPC. A
weak point in the modelling process not yet discussed
is recognizable here: each of the negative results
leads to the immediate rejection of the customer or-
der — irrespective of the check results from the other
functions. This is contradictory to business practice
where such absolute elimination criteria are only rare-
ly complied. In fact, decision-maker use implicit com-
pensation mechanisms, which counter-balance an
exceedance of limiting values in one area with better
values in another area. The rules for the interdepend-
ent impact are not documented here, but rather
based upon the decision-makers know-how. Further-
more, it is usually a case of simple rules, which estab-
lish only scale-related combinations and which orient
themselves on target systems with vague interde-
pendences.

In the present case, the decision as to whether a
product is available could be answered not only with
a crisp “yes” or “no”, but rather also be characterized
by the additional effort resulting from weighing things
up, so that the product could, for example be request-
ed from another warehouse, if all other inspections
turned out to be positive. This results in the challenge
of representing fuzziness in reference and procedure
models for their adaptation, in addition to the problem
of the development of implicit knowledge. Figure 5
shows the fuzzy extension of the reference process for
sales order processing — embedded in the graphic
user interface of a fuzzy modelling tool. The process
is represented in the main window in the form of a
Fuzzy-EPC. The fuzzy constructs of the EPC are char-
acterized by grey shading. After defining the
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Figure 5: Interface of the fuzzy-modelling tool

customer order, its acceptance is checked. The
checking of the individual functions in the “crisp”
processes is however, extended by way of inspections
pertaining to the size of the order and customer ap-
praisal. The functions are not modelled as “subordi-
nate” activities of the customer order check, but
rather as fuzzy object attributes of the respective data
object and input types in the form of linguistic varia-
bles (cp. Figure 5, Window “Attributes”). In the at-
tribute-explorer for example, the object attribute
“Order size” of the data object type “Sales order” is
activated. It has the linguistic variables “very low”,
“low”, “medium”, “high” and “very high” as terms (cp.
also Figure 5).

On the right side of the attribute window the user can
change the membership functions of the linguistic
terms with a variable editor. A variable assistant sup-
ports the user by way of an automated variable defi-
nition. A rule editor (cp. same window in Figure 5)
shows the rules for the function. In the example, a
rule set with the input variables “Customer rating”
and “Order size”, as well as the output variables “Cus-
tomer order rating” is given. The user creates the rule
sets in the table by for example, the automated adop-
tion of complete rule sets from a rule assistant

equipped with “consistency checks” (interface to the
fuzzy system)

The reference process consists — in accordance with
the formalization of the Fuzzy-EPC introduced — of two
levels in its extension. The modelling level (cp.
Figure 5, left) still shows the process model, in this
case a Fuzzy-EPC-model. On this level, the semi-for-
mal modelling is limited to the content necessary for
end-users to understand the business logic. In a fur-
ther level (cp. Figure 5, right), the decision-support-
ing rules are shown, which cause the acceptance or
rejection of a customer order. This level uses knowl-
edge from the fuzzy-set-theory to represent the char-
acteristics of calculative decisions.

The adaptation of such a process is now limited to the
expert knowledge stored in the decision rules and
does not affect the process logic of the process. By
considering fuzzy conditions and vaguely formulated
objectives with the help of approaches from the fuzzy
set theory, the user with expert knowledge can carry
out the adaptation of the reference model himself
with intuitive and simple linguistic evaluations.

Nevertheless, it must be mentioned that an evalua-
tion of the fuzzy-extended EPC is connected with the
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application scenario “Fuzzy Customizing”. In fact, the
application at hand serves to show that new require-
ments for technical built-time-modelling result from
the EPC-language extension. When designing the
process model, one must decide which situations can
now be described using rules from decision logic that,
up to now, were mapped in the crisp process logic of
the process model. Thus, as shown in our example,
the design procedure is changed for technical models,
as well as the construction results.

6 Related Work

There are few approaches that integrate fuzziness as-
pects in information resp. process modelling with the
Fuzzy-Set-Theory.

The fuzzy-extension of Entity-Relationship-Models
(ERM) was described by Zvieli, Chen [ZvCh86]. Here,
types of entities, relations and attribute sets can take
on fuzzy-values. The consideration of these fuzzified
data structures consequently leads to the processing
of fuzzy data in the respective business processes.
Fuzzy theory-based extensions of object-oriented
modelling methods for business processes can be
found in [BSVV98] and ([Cox99], [Cox02]). An ob-
ject-oriented approach based on the Fuzzy-Set-Theo-
ry for the simulation of business processes is
presented by Voélkner, Werners [VOWe02]. Among
others, Petri nets are used for the description of the
dynamic aspects information systems. The bivalent
behaviour of places and transitions in a Petri net is
however, a disadvantage when mapping knowledge
intensive and weakly structured processes. In order
to represent the system behaviour with fuzzy process
conditions or incomplete, vague information, Petri-
Nets were extended by fuzzy-concepts. The Fuzzy
Petri net [GULi93] is created by the projection of sev-
eral crisp Petri nets, in which the structural informa-
tion is mapped as fuzzy sets. Rehfeldt, Turowski
([ReTu96], [ReTu98]) demonstrate the consideration
of fuzzy data in business process modelling with the
event-driven process chain on the example of indus-
trial order processing. Vague sales information is seen
as important input data and transformed into tenta-
tive customer orders. This “fuzzy extension” of the
process is visualized by shaded objects. From a me-
thodical view, fuzzy and crisp model objects must not
be differentiated in the conceptual representation of a
business process. Moreover, rules and parameters
relevant for process execution should be mentioned in
early stages of process design. Thomas and Adam
[AdThO5] examine, in cooperation with other co-au-
thors, how fuzzy data can be used for the design of
knowledge-intensive and weakly structured business
processes and how their implementation can be used
in application systems.

The existing works on fuzzy EPCs have two essential
similarities: First, they deal with modelling aspects as
used in Business Process Reengineering or for the in-
troduction of ERP systems, i.e. aspects, which apply
to the build-time of the process models. Second, the
point in all of them is to embed the approaches suc-
cessful in fuzzy logic for the control and regulation of
the decision situations relevant for company process-
es. Thus, the latter applies to the runtime for process
models. Independent of the methodological basis of
the existing works, almost all of the authors target the
integration of two classes of tools: on the one hand,
process modelling tools and on the other, fuzzy sys-
tems. In doing so, their integration must be supported
by a suitable information technical design. Still, de-
spite the many studies available, up to now no formal-
ization exists for the Fuzzy EPC and was thus
addressed in this article.

7 Summary and Outlook

An approach for the integration of fuzzy aspects in
business process management was developed in this
article. The integration was carried out in two ways.
First, the fuzzy data was considered with the help of
the Fuzzy-Set-Theory. Second, it was carried out on
the example of an established modelling language for
business processes, the Event-driven Process Chain.
The concept corresponds in a figurative sense with a
“level extension” of the language: while the business
process models are limited to the content necessary
for the end user to understand the business logic, the
expert knowledge is stored for the decision-support of
individual model elements.

It was shown in the applications described that many
situations in business process management could be
described more exactly through the modelling of
vague knowledge with fuzzy logic. Therefore, rule-
based systems founded on fuzzy logic are well suited
for controlling processes. Because the rule base is
based on IF-THEN-rules, its functional behaviour can
be understood relatively easily and existing knowl-
edge can be integrated simply. This makes the con-
stant improvement of the process definitions in the
sense of a continuous process improvement easier.

The authors see a future challenge for their research
above all in answering the question, as to whether the
creation of adequate linguistic variables and rule bas-
es can occur economically in fuzzy-business process
management. Setting up a rule base proves to be es-
pecially problematic in practice. The developer must
analyze each undesired malfunction and correct it by
hand. By optimizing rule-based fuzzy-systems with
neural networks, fuzzy sets can be adapted and the
rule base learned resp. corrected. The capability of ar-
tificial neural networks to uncover business logic in
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processes (“Process Mining”), as well as to improve
business processes through learning are currently be-
ing discussed. A combination with fuzzy logic in this
context is seen as a promising field [TiTM08].

In this study, we considered vague information in
business process with fuzzy logic. This allowed an ad-
equate representation of operational processes and
improved decision support in the execution of busi-
ness processes. However, the services, activities and
data objects in business process management are
also subject to fuzzy interpretation. This takes place
during model construction when a business engineer
formulates the aspects of a business process that are
relevant for him in a process model. In doing so, he
assigns identifiers, used for communication with the
model users, to the model elements. The model users
then interpret the identifiers in the models and assign
corresponding terms or facts to them. Due to the
fuzziness inherent in natural language the benefits of
semiformal process models as a medium for commu-
nication between model designers and users are lim-
ited. Further problems result with regard to the
practicability of the process models. This is generally
not immediately clear, but rather requires yet another
interpretation during implementation activities.
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