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1. Introduction

During the last decade the technologies which emerged in the context of Semantic Web
research are developed to meet the challenges that are arising in the rapidly growing e-
business domain. The main intention of such approaches is to relieve humans of decision
making tasks requiring analysis and comparison of significant volumes of information (that
is often heterogeneous or badly structured).

This chapter introduces an approach to quality management of business process models. It
is focusing on the analysis of correspondences between process models and use cases that as
we believe should be considered as operational expression of requirements to the business
processes being modeled. The correspondences figured out in this procedure allow for
assumptions to be made about the process models quality which is defined with respect to
the requirement on business processes.

To facilitate the search for such correspondences an ontology describing both domains of
interest, the one of process models and one of use case descriptions, was developed. The
ontology when used as a common vocabulary facilitates homogeneous representation and
efficient comparison of process models and use cases originally represented in different
notations. This ontology together with the methodologies for converting process models and
use case descriptions into the ontology based notation form the focal point of this chapter.
The quality aspects of business processes such as compatibility of collaborating sub
processes or detection and avoiding of dead-locks in the process flow are addressed by
modern tools for process modeling and management as well as by modern technologies
such as Semantic Web Services. Yet the main question in the context of quality management
remains the assessment of process validity.

The validity of a business process is basically its ability to tackle the use cases that are
typically specified in the beginning of the business process development. At the same time
we believe that the validation of business processes should be carried out with respect to
their "life cycle" starting with the requirement definition, followed by business processes
design and proceeding further with selection, development and orchestration of (web)
services and finally ending with processing and testing. The earlier in the life cycle the
validation takes place, the easier it is to change the process being developed, and the more
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efficient is the development procedure. Therefore we think of the comparison of use cases
and business process models as key approach to the validation of business processes.

On this purpose use cases and process models should at first be specified using the same
notation. After this step their specifications must be mapped onto each other and compared
semantically, e. g. with respect to the meaning of terms expressed by relations between
them. Finally the inconsistencies or conflicts among them should be identified and assessed.

To carry out these three steps a framework dedicated to this task is required. Such a
framework includes the following components:

- An ontology defining the common vocabulary and relations between terms that occur in
use case descriptions and in process models. Though there isn't any formal standard for use
case descriptions they usually fulfill a kind of latent standard and hence use similar
vocabulary and structures. The vocabulary of process models on the other hand is restricted
by the notation used for modeling, e. g. BPMN.

- An information-extraction mechanism for informally described and tabular structured use
cases, whereby the information extraction is currently implemented using the semantic
annotation approach. The result of this process is a machine-readable data structure
referring to the common ontology mentioned above.

- A mechanism for transforming formally specified process models (e. g. with WS-BPEL)
into a machine-readable data structure again referring to the same ontology.

- A tool for mapping and comparing this kind of data structures, detection of inconsistencies
and conflicts and finally the graphic visualization of the comparison results.

In order not to go beyond the scope of this chapter we will concentrate on the first of the
above mentioned components. The other will be part of our further research.

2. Business process specification

2.1 Models for business processes

Non- or semi-formally a business process is often described as a set of activities or tasks
carried out by machines or humans and sequenced by a set of executive rules and
constraints. However such a description does not make any difference between activities
carried out in reality within very certain terms of time, e.g. from 12:00 to 12:15 on 19.04.2009,
by concrete actors, e.g. by a clerk Mr. Smith or by an application AXF#675 hosted on a
computer with [P 192.168.1.1, and those activities that are specified in the form of tasks,
directives or assignments for execution and used as a reference by concrete actors at a
specific time.

Yet, in a formal view on business processes such a distinction is taken into account: The
term Business Process Model is defined basically as a set of sequenced activity models or
tasks. A Business Process Instance consists basically of activity or task instances (in this paper
we use these terms as synonyms) and represents an application of a business process model
by specific actors and under concrete circumstances and terms of time.

Following the formal definition, every business process model consists of nodes and
directed edges. The latter expresses the relationship respectively the control flow between
the different nodes within process models, whereas every edge has a conjunction with
exactly two nodes and each node has at least one associated edge. According to (Weske,
2007 pp. 89) a node may describe an activity model, an event model or a gateway model.
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Activity models represent the work units that have to be performed to fulfill the goal of the
business process. They have always exactly one incoming and one outgoing edge.

Event Models stand for the occurrence of states relevant for the business process.

The control flow of activities, including sequences, split or join nodes, is expressed by
Gateway Models.

Business process models can be specified using different notations. One of them is Event-
driven Process Chains (EPC) (Tsai et al., 2006). EPC models are semi-formal and if used as
specifications for automated execution often need additional explanations. Petri Net is an
alternative notation that is more formal than EPC (Desel & Juhas, 2001). However Petri Net
notation may be less expressive for human actors, especially if a large business process is
specified. This special concept is described in greater detail in section 3.3.

In the last years however a comparatively new (developed 2002) Business Process Modeling
Notation BPMN (Allweyer, 2008) became highly popular. The reason for this is that BPMN
assembles a number of advantageous concepts known from preceding notations. One of the
main advantages of BPMN is that it provides of a good comprehensibility for both business
analysts who create processes and for technical developers who have to implement them.

- cancel reguest .

Requestor

decide to buy something

change or delete

y decline

Approver

checkmoneyin
budget

check price of
goods

complete request
for submisson

Fig. 1. Detail of a business process diagram created with Intalio Designer!

A sample business process model shown in figure 12 is specified by means of BPMN. It
contains each of the three different node types mentioned above as well as the edges

1 Intalio-Designer was one of the first implementations of BPMN, see
http:/ /www.intalio.com/products/designer/ for details.

2 The business process model displayed in figure 1 is a simplified implementation of a use
case developed by (Cockburn, 2001) using the BPMN. This specific use case example is
described in greater detail in the chapter “Use cases”.
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represented by directed lines between the nodes. The two circles in the upper part of the
picture specify event model nodes, whereas the left circle represents an initial event and the
right (bold) circle represents a final event. Gateway models are displayed by diamonds, in
this case used as XOR-splits, denoting the begin and the end of alternatively executed
activity sequences. Finally the rectangles with rounded edges represent activity models.
Another concept of BPMN are swimlanes modeling organizational aspects of a business
process. Swimlanes can contain one pool (representing whole organizations) and two or
more lanes (representing business entities like departments or single people). A pool can be
seen in the upper part of figure 1 displayed as a grey colored rectangle labeled with
“Requestor” at the left side of it. Lanes can split a pool in different parts by adding a
horizontal line. The upper part of a lane called “Approver” is shown in figure 1 as well.

2.2 WS-BPEL

To enable automation of complex tasks such as processing, comparison or evaluation of
business process models (the latter is strongly related to the approach described in this
chapter) a formal executable specification of such models is needed. In this context Web
Services Business Process Execution Language (WS-BPEL or short BPEL) developed
basically for execution of web services carrying out single activities within a business
process emerged as a de-facto standard. Furthermore there are a lot of BPM-tools and -IDEs
that support an automatic BPEL generation. For example the Eclipse-based Intalio Designer
(used to create figure 1) generates BPEL code out of BPMN based process models.

WS-BPEL was developed out of two other concepts: IBM's "Web Service Flow Language"
and Microsoft's "XLANG". Thus BPEL adopted the XML based part from the Web Service
Flow Language and the block structure part from XLANG. By now WS-BPEL has reached
version 2.0 (published in May 2007) enhanced by the OASIS3 group.

The different elements used in BPEL scripts can be divided into basic activities and structured
activities. Some of the basic activities are: Invoke, Receive, Reply, Assign and Empty. Sequence,
Flow, While and Switch are some structured activities. More information about WS-BPEL can
be found in (OASIS, 2007). Figure 6 on page 9 shows an example of a BPEL code.

3. Informal and semi-formal scenario descriptions

3.1 Aims and goals for the application of scenarios

In contrast to the formal representation of process models aiming at their automated
processing the scenarios” descriptions are kept usually informal. Often the general aim of
scenario development is to formulate requirements for business processes being developed
or to achieve a more thorough understanding of business processes by human actors. In the
projects for establishing of new and reengineering of existing business process scenarios are
usually described in the beginning phase, before specification of business process models.
(Beringer, 1997) defines scenarios as “... a sequence of interaction instances and/or state
changes of objects. Interaction and state changes are also called actions.” She writes
furthermore of triggering scenarios with “trigger events” and defines the latter as an

3 OASIS = Organization for the Advancement of Structured Information Standards
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interaction or another event. In our approach we also use the term trigger to stress the causal
or invoking role of events for actions or action sequences (see below).

In relation to business process models, scenarios represent one possible flow of activities or
operations carried out by interacting actors. So all alternative flows are composed in different
single scenarios. However usually scenarios reflect only the surface of interaction, and hence
contain only the actions seen by interacting actors. Therefore some actions that take place in
the background of interaction process may stay out of scenario, even though they are parts of
a corresponding business process model.

For the business process model shown in figure 1, a quiet simple and short scenario can be
specified as follows. Starting with the initial event (respectively trigger) labelled “decide to
buy something” this scenario would continue with the operation “cancel request” and end
after this step. An alternative more complex scenario for the same business process model
would be: “initiate a request”, “check money in budget”, “check price of goods” and
“complete request for submission”.

In the following sections we briefly describe most popular notations for the specification of
business scenarios.

3.2 Use Cases

Use Cases were developed for requirements engineering within the software development
process. First mentioned by Ivar Jacobsen (Jacobson et al., 1994), Use Cases became quite
popular especially in object-oriented Software Engineering. By using this concept an
interaction with a (computer) system is defined from a user’s point of view. Different steps
of activities have to be processed to reach a certain goal which was originally specified by
this user.

Use Case # Use Case 5 Buy Something

Primary Actor Requestar

Gaal In Context mequestar Buys something through & system, gets it. Does nat include paving for it
Preconditions nare

Pasteanditians Minimal Guarantees |Every nrder sent aut has been appraved by a valid autharizer
O wad Iracked o thal company can be Lilled only For
walid gocds received

Success Guorantee  |Arguestar has goads, correct hudget ready to be debited

Trigger wequestar decides to buy something
Main Success itep  |Astion
Ceanara 1 Reguesior, initale & requesl
Apprower: check maonsy in budget, check price of goods, complete regquest
2 far submission
3 Duyer: ceck contents of storage, find the best vendor for goods
5 Autharizer validate Approver's signature
5 Buyer. complele reguest far ardering, initiabe PO with Vendar
Extensions Step  |Sreaching Artion
1b AF any time pricr of receiving goods, Requestar can cancel reguest
2c Approer dedines. Serdd badk 1o Beguestor lor changes or delelion

Secandary Actor |vendor

Fig. 2. Example of a use case description in tabular format
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So the functional requirements of a system's behaviour can be specified in an objective and
simple way without any loss of semantics. A more specific formalism about how Use Cases
should be written and developed was given later by Alistair Cockburn (Cockburn, 2001). He
differentiates between so called "casual" and "fully dressed" use cases. In the latter all
possible requirements of a user-system-interaction are documented in detail. An example of
a typical fully dressed use case description (this one is a simplified version of a use case
originally created by (Cockburn, 2001)) is shown in extracts in figure 2.

Meanwhile the Object Management Group (OMG) has integrated the concept of Use Cases
as a standard notation by developing a special UML diagram for their graphical modeling
(see at e. g. OMG's http://www.uml.org). Although this diagram doesn’t have the same
detailed expressiveness as a fully dressed use case, UML can compensate this by an
additional use of activity diagrams.

Text-based use case descriptions (usually documented in a tabular format) still lack such a
widely approved formalism. However an analysis of text based use cases shows that such
descriptions usually follow very few patterns determining a common vocabulary and
structural principles. The set of such patterns can be generalized as a semi-formal latent
standard.

This fact is acknowledged by a number of approaches for transformation of graphical and
text based use case notation into each other (e. g. Pilarski & Knauss, 2008). In the approach
described in this chapter we also utilize this fact for structure analysis and semantic
annotation of text based use cases. Due to space limitation in this chapter we restrict the
definition of use case description to text-based ones. Nevertheless the mapping of use cases
and process models illustrated below can be applied as well for graphical use cases specified
with UML.

3.3 Other Concepts for scenario description

Within this section we want to give a brief introduction to other notations for informal or
semi-formal scenario descriptions. Even though these concepts differ from use cases in some
aspects of representation they might be used for the validation of business process models
in the way shown below.

Task Script

Ian Graham (Graham, 1995) created the concept of task scripts for modeling scenarios. A
task script describes the interaction between actors and external entities with the objective of
fulfilling the specified system's goal. In contrast to use cases, task scripts are implemented as
objects so they can be organized into composition, classification, and usage structures.
Among others Graham defines the following terms as parts of task scripts: Task Name, Task
Body, Supertasks, Component Tasks, Task Attributes, Exceptions, Rules, etc. Task scripts are
mainly used in the Financial Object-Oriented Rapid Analysis Method (FORAM) (Beringer,
1997).

Sequence diagram

The sequence diagram is part of the UML notation and a specialization of an interaction
diagram. Sometimes sequence diagrams are called event-trace diagrams and are closely
related to Message Sequence Charts (http://www.itu.int/rec/T-REC-Z.120). By using this
kind of scenario description an interaction and an interchange of messages is graphically
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defined. Each partner participating in an interaction is denoted by a vertical line called
lifeline. Messages are illustrated by horizontal arrows in the order in which they occur.
(Rupp et al., 2007)

Event diagram

Mathias Weske introduced in (Weske, 2007) a concept, called event diagram, which can be
used for scenario description. In these event diagrams the time flow is shown in arrows
going left to right whereas events are displayed by single bullets. Directed arcs represent the
relationship of these events. For example of this scenario describing concept is shown in
figure 3. Event diagrams may be used for representation of scenarios as well as process
instances.
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Fig. 3. Event Diagram example (see Weske, 2007, p. 95)

Petri net

Petri nets mentioned above can be used for specification of business process models as well
as for representation of scenarios. The latter is especially realized by token concept, an
approach for scenario-based modeling using Petri nets is introduced in (Fahland, 2008) for
example.

Petri nets are represented as bipartite graphs and are composed of transitions, places and
directed arcs which connect the places and transitions. Places can contain one or more token
which can change their position when a transition fires. The current state of the petri net
(thus the system or the process respectively that is modeled by this petri net) is represented
by the position of its token(s).

In figure 4 an example of a simple Petri net is shown before (left side) and after (right side) a
transition. While the token is at place p1 the transition t1 is enabled and may fire. After the
transition the token was removed from p1 and added to p2.

token transition place

; ‘ /

o4~ oo
2 1 2

p1 t1 P P t1 P

Fig. 4. Petri net example (Kashyap et al., 2008)
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4. Validation of business process models using use case descriptions

As stated in the introduction the primary goal of the approach described in this paper is the
validation of business process models. The validity of a business process model is assessed
by searching for correspondences to the requirements for business processes and hence to
the business scenarios, e. g. use case description, expressing these requirements.

Which correspondences are being searched for? When is a BPM valid? The formal definition
of validity will be given in section 6. For now we define it informally.

Definition: A business process is valid with respect to a use case if the following rules are
fulfilled:
1.) Steps described in the use case correspond to particular activity model(s) of a considered
business process
2.) The process flow connects these activity models to sub-processes corresponding to the Main
Success Scenario and its Extensions specified in the use case
3.) In the business process model the connection of sub-processes corresponding to the Main
Success Scenario and its Extensions is realized by means of gateway model(s) or event
models
4.) The actor(s) is(are) involved in the use case correspond to the actor(s) involved in the
business process being modeled

As the space in this chapter is limited we restrict the definition to the four points introduced
above. A definition of validity regarding other concepts that should be considered, for
example trigger, is left out of our theory’s demonstration but could be adopted analogous to
our concept.

We will illustrate this definition by means of two examples. As we described in section 2
quite a few different notations can be used for specification of business process models.
Figure 5 shows a sample of the mapping approach while BPMN is in use.

Use Case # Use Case 5: Buy Something
e —— Primary Actor Fequestor
_— Goal in Context  |Requestor buys something through a system, pet:

== = Preconditions  |none
[ L ) . Postconditions Afimima! Guarpntees [Every order sent ouf has be
‘ = (Order was tracked sothat:
O walid geads received
Suooess Guarantee  |Requesior hos goods, cormt

—— = — — |Trigger Reguestor decides to buy something

decdelnbuysomething
Main Success Step  |Action
= nitale arequest |lb— — — = 7 "1Scenario 1 Requestor initate a request

hpprover: check money in budpet, che
for submisgion
Buyer: cock contents of storage. find tf

O
!
oF
|

|

|

|
i

-_—
— —

-
— ]

uthorizer validate Approver's signat

EHECEE

—— — e
Buyer: comalete request for ardering.

-L,“‘_
chack moneyin chack prie of vMDel!lewM ~ Extensions Step  |Bronching Action
trrdgat Goods Icru:-'m:nn -

~ b At any time prior of receiving goods, B
T

—_— .
— Zc Approver decines: Send back to Reque

e B
—_—

Secondary Actor |vendor

Fig. 5. Mapping use case onto business process model (BPMN)
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1) As stated in the first rule of the definition above, all steps specified in the use case
description (right part of the figure) are realized as activity models (rectangle with
rounded edges). However, due to improvement of readability not all
correspondences are shown in figure 5.

2) The starting point (frigger) of the use case equates to the start event model shown in
the upper left part of figure 5 as a circle. The steps of the main success scenario
(which are displayed in the use case specification Scenario) correspond to the
activity models occurring in the process flow in the same sequence. This is true also
for the steps of the Extension-scenario.

3) The steps specified in the use case as Extension-scenario correspond to the activity
models of the sub-process started by a XOR-gateway (displayed as diamond).

4) The primary and secondary actors specified in the use case are mapped onto the pools
of the business process model: The primary author Requestor is realized by the
single pool in the upper part of the diagram and the secondary actor Vendor by
another pool beneath it.

Figure 6 shows another mapping sample. However, a business process model is specified
here using BPEL. Therefore the parts of the use case description have to be mapped to the
BPEL components, e.g. the connection of Main Success Scenario and an Extension concept is
realized by <bpel:if>- and <bpel:else>-constructs, while use case steps are represented by
<bpel:empty>-, <bpel:receive>- or <bpel:assign>-tags.

<bpel:sequence>
<bpel:receive ;u!':‘.";'. ="gompanyAndRequestorPlkVar™ portIype="!
check mondysJn budget" varisble= chhec-la_mglley in

Use Caze ¥ Use Case 5 Buy Somathing

create e=Tyes" tp Tebg 1="check money in budget” bpms Primary Actor Requestor
<bpal:assig ams="ipnit-var 1m1e9—"mugany"> (@oal in Context  |Recuesior buys something through a system, gets
«<bpel :copy bpmn:label="§reques torRec;i".nehiood_!Reques tHsg" > Preconditions none
<bpel: from> ) Py n Evtry oroer sent out has be
T a Crder was tracked sa that ¢
<bpel:literal> L valid goods received
<Hequestor:recel ve_ geodsRequest></Requestor:receive good 35—%&"\—“5— >/ Success Guovonter  |Requestor has goods, corre
</bpel:from> *u, s Trigger Reguestat decides tn buy samething
<bpel:to>$req Receive goodsR tMsg.body</bpel o> ™ ~|Main Success Sep | Acton
= 1 Aequestor initate & request

</bpelicopy>
</bpel:assign>
<bpeliempty bpmn:label="check price of goods" t‘_;m:mm‘"
<bpal:if>
<bpel : condi

Approver- check money in budget, chec
2 for submission

3 Buyer: ceck contents of staragpe, find
)

)

suthorizer validate Approver's signat

n>traeiTcipelcandic ion>
-
<bpelisequence>
<bpelrempty bpmn:label="declina” bp

seqguence> "' -

Buyer: complete request for crdering, |

idmn_XYriMBh BdedXpals: ™~

E i Step | Branching Action

b At sy time prior of recelving goods, A

Frana
T [ Approver decines: Send back to legue:

label="gcomplete request for submisson" b
label="check contants of storage" bpm ]
labe find best vendor for goods” bpmn:i:
label="validate Approver Gapos:s signatorn
"complete regquest for ordering® bpm

dary Actar_[vende

bel=

<bpel:empty

Fig. 6. Mapping use case onto business process model (BPEL)

label="initiate PO with Vendor" bpmm:id=*

The examples shown above demonstrate that the mapping of business process models onto
use cases can be applied to the effective validation of the former. People who have advanced
knowledge in the field of process modeling can carry out this, doubtless complex and
tedious work, in intuitive manner, even though business process models are often specified
in different notations.
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At the same time automation of this procedure promises to save significant resources while
solving quality management tasks. Yet for machines searching for correspondences between
use cases and business process models appears to be a big challenge. There are two reasons
for that. First of all the comparison of artifacts specified in different notations (e.g. tabular
use cases and graphical business process models) is difficult to formalize. Secondly use case
specifications are informal per se.

However if searching for exact correspondences is replaced by searching for similarities, the
automation of the mapping process becomes practicable. This idea is the foundation of the
approach described in this paper.

5. Ontologies for Representation of Knowledge Semantics

5.1 Semantic Interoperability and Ontologies
For the automated search for correspondences between specifications of complex artifacts,
e.g. between process models and use cases, a high level of semantic interoperability of these
specifications is substantial.
In colloquial language semantic interoperability may be interpreted as a requirement, that
terms or expressions occurring in different specification documents in equal form must have
equal meaning. From the formal point of view the semantic interoperability of specifications
facilitates avoiding of structural and semantic conflicts while interpreting. (Wache, 2003;
Wache & Stuckenschmidt, 2001) describe basically three structural and two semantic
conflicts.
To the category of structural conflicts belong;:
¢ Bilateral conflicts, when in different description systems different identifiers, names
or standard types (integer, float, string) for specification of the same world objects
or artifacts are in use
¢ Multilateral Conflicts, when information represented in one source a single element
can only partially be found in as a single element in another source.
¢ Meta-Level-Conflicts, when in different sources different modeling approaches are
applied for representation of the same kind of information, e.g. a web site can be
defined as a resource, as an entity or as an information unit

Semantic conflicts are:

e Data Conflicts, that appear when different metric systems or scales are used in
different sources; however the single values located in these sources may look
equal, in fact they should be distinguished with respect to the metric system
currently in use, e.g. temperature according to Celsius or Fahrenheit scale.

¢ Domain Conflicts are situations when relations between classes specified in
different classifications are not evident, e.g. overlapping: if a class of business tasks
and a class of activity models specified in two classifications have a shared set of
objects, however at the same time there are objects that belong to one class and do
not belong to another.

To achieve the semantic interoperability of specifications, e. g. to avoid the conflicts listed
above, the specifications” components, attributes and structure should be described using
the same syntax and vocabulary. It is also necessary that within the domain of interest an
agreement for the interpretation of expressions composed using the vocabulary is met. This
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means that each term of the vocabulary should represent a group or a class of domain
related objects sharing a well defined set of properties, whereby each of these properties is
associated with a well defined set or space of values.

Such classes of objects are called concepts while the process of concept definition is called
conceptualization. The explication of vocabulary shared by a group of specifications coming
along with conceptualization of specific domain knowledge is commonly known as a
Domain Ontology (compare to (Uschold & Gruninger 1996)). The descriptions of world
objects or artifacts which are based on a domain ontology will be “understood” by actors
(machines or humans) using the same ontology for the interpretation of the domain related
expressions and specifications.

5.2 Foundation Ontologies
The development and usage of independent domain ontologies however reveals a number
of drawbacks:

e Even within one specific domain the intention of ontology development is often a
solution of a single specific task. From perspectives of different tasks however
different conceptualization of the domain of interest may result. Therefore
semantic interoperability of expressionsand specifications based on different
ontologies of the same domain is not guaranteed.

e Due to incompatibilities, e.g. conflicts described above, the knowledge exposed in
different domain ontologies can’t be shared easily and hence can’t be taken into
account for the solution of specific tasks. A good illustration for that are two
ontologies developed in two strongly related projects aiming at the development of
frameworks  for semantic  Business Process  Management:  SemBiz
(http:/ /www.sembiz.org) and SUPER (http:/ /www.ip-super.org)+. Although the
need for synergetic use of ontologies is stated on the SemBiz’s web site, the lack of
semantic interoperability between ontologies prevents the developers from
achieving this goal.

e Extensions of domain ontologies to solve interdomain (mostly interdisciplinary)
tasks may need a significant revision of given conceptualization. The reason for
that is often the influence of the “other” domain, where the given conceptualization
might be incorrect.

e If overlapping of different domains occurs the work for conceptualization of the
overlapping parts may be carried out redundantly.

To address the problems listed above foundation ontologies (also known as upper-
ontologies or top-level-ontologies) are developed. “Foundational ontologies are
conceptualizations that contain specifications of domain independent concepts and relations
based on formal principles derived from linguistics, philosophy, and mathematics.” (Mika et
al., 2004). In other words, development of a foundation ontology is an attempt to state a
rough and abstract conceptualization of the world.

Domain ontologies usually use foundation ontologies as the “upper-level”. Domain
ontologies carry on the conceptualization started in a foundation ontology. Formally this

4 Both ontologies are called BPMO (=Business Process Modeling Ontology)
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means that in a domain ontology classes of objects or artifacts are defined as sub-classes of
those specified in a foundation ontology.

For example the class “Business Process” in an ontology for the e-business domain can be
specified as a sub-class of the class “Process” defined in a foundation ontology.

In spite of the fact that currently a number of foundation ontologies are known - e. g. Cyc
one of the oldest ontology being developed since 1985 (http://www.cyc.com), Basic Formal
Ontology that remarkably incorporates three-dimensional and four-dimensional (adding the
time dimension) perspectives on reality (http://www.ifomis.org/bfo), or Word Net which
exposes a set of psycholinguistic principles (http://wordnet.princeton.edu) - there is still no
common standard or the foundation ontology that would be used as a base for all domain
ontologies developed world wide. The question, if such an ontology will ever be developed
is difficult to answer. There is a spectacular debate about feasibility and applicability of such
common standard foundation ontology. The argumentation against such an ontology is
based on the idea that ontologies developed by humans always expose the cultural,
historical, linguistic and geographic context the developers live in. Hence the objective view
on the world that could be reflected by a common standard foundation ontology cannot be
stated by human beings. And vice versa: the feasibility of such an ontology comes close to
the question if God exists.

Having in mind the conceptualization of Business Process Modeling domain on the one
hand and use cases (UC) domain on the other hand we selected the Descriptive Ontology for
Linguistic and Cognitive Engineering DOLCE (http://www.loa-cnr.it/ DOLCE.html) as
basis for our approach. DOLCE consists of different modules that can be used separately,
e.g. Plans, SpatialRelations, TemporalRelations, DOLCE-Lite and ExtendedDnS. The latter
module developed by Aldo Gangemi (Mika et al., 2004) is the Description and Situation
ontology with an extended vocabulary for social reification. DOLCE-Lite which contains the
most fundamental part of DOLCE and ExtendedDnS serve as base for all other modules.
DOLCE is one of the most popular foundation ontologies especially in the domain of e-
Business that is related to Business Process Modeling and use cases as a super-domain to
sub-domains. One of the basic ideas propagated in DOLCE is the distinction between
perdurant and endurant objects. Perdurant objects such as processes, events or activities live in
time whereas endurant objects are specifications related to perdurant objects separated from
the time flow. Workflows, plans, situations or people belong to the endurant concepts (Magro &
Goy, 2008).

5.3 SclOn: Scenario and Business Process Model - Ontology

This paradigm of DOLCE corresponds well to the idea of business process specification. On
the one hand business processes should be qualified as perdurant objects, e. g. artifacts living
in time, artifacts that can be qualified by states achieved at certain moments described by
certain temporal values. On the other hand the specification of such states related to the
terms of time (that is a scenario) is endurant. The workflow specification (also known as a
process model) is also endurant.

The description of relations between scenarios and process models as well as between their
parts is the most important aim of the ScIOn (=Scenarlo Ontology) ontology developed by the
authors of this paper to facilitate semantic interoperability of use cases (that is a particular
form of scenario) and process model specifications.
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The SclOn that uses DOLCE as the upper-level ontology is shown in figure 7. All blue
coloured oval forms show concepts of the DOLCE2.1-Lite-Plus. The fact that these concepts
are specified in different sub-modules of DOLCE can be concluded from the name prefixes,
e.g. concepts labelled with "edns:..." belong to the ExtendedDnS module. 13 concepts without
prefixes belong to the core part of ScIOn. They all inherit properties of DOLCE concepts.
The inheritance is represented by edges ending with triangle arrows. For example the core
concept of ScIOn, Scenario is derived from the DOLCE concept edns:path that according to its
description is “a concept used to sequence perdurant phenomena as components of some
description”. In turn the concept Process Model inherits the concept sys:workflow of the
DOLCE module Systems.

SclOn specifies a Process Model, according to definition from the section 2 as an aggregation
(specified by diamond-ending arrows) of flow links (edges), gateways models, activity
models (in ScIOn called Operations) and events models (ScIOn: Triggers). The process model
elements are linked to each other using the DOLCE properties edns:successor and
edns:predecessor and to the Process Model itself by the ScIOn property elementOf. At the same
time Operation and Trigger are elements of the concept Scenario. In this case the relation is
also implemented by the property elementOf.

By this means SclOn facilitates direct mapping of process models (e. g. Business Process
Models) onto Scenarios, and hence onto use cases. The concept Use Case, in turn, is specified
as an aggregation of a set of scenarios, pre- and post-condition. By means of the DOLCE
property pla:main-goal that was inherited from its super class edns:plan use case is associated
with a certain goal, that should be reached after the use case is completed.
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Fig. 7. Ontology for scenarios and business process models®

If one (perdurant) business process is on the one hand described by a process model and if
there exists a set of scenarios federated in a use case, whose goal specifies one of the possible
process results, we assume that the four rules of business process validity formulated in
section 4 will be fulfilled.

5 The grey colored concept “Process Model” above the concept “Actor” is the same as in
the left part of figure 7 and was only added to not derange its clarity.
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To demonstrate the contribution of ScIOn to semantic interoperability of use case and
process model specifications we show a mapping of the use case and process model onto
each other intermediated by SclOn (compare to figure 5, showing the same mapping
however without the ScIOn intermediation). For the simplification in figure 8 we show only
14 concepts: the 13 SclOn core concepts and edns:goal, that is involved directly in the
mapping. In this example we use a business process model specified with BPMN. As direct
translation of BPMN to BPEL is proven to be feasible and even implemented in a number of
tools such as Intalio Designer we skip the example showing the same process model specified
in BPEL.

As shown in the example above ScIOn provides a common vocabulary for homogeneous
representation of both artifacts being mapped onto each other. Furthermore, if expressed
with ScIOn vocabulary the relations between artifacts’ components and their semantics
become explicitly and formally specified. The most important achievement of such
representation is the prospect/opportunity for automation of correspondences
identification, i. e. automation of validation process.
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Fig. 8. Mapping use case to business process model (BPMN) intermediated by ScIOn

On the basis of ScIOn, business process models as well as use case descriptions can be
semantically annotated or, in other terms, translated into ScIOn language. In this case their
single parts, e. g. triggers and operations, are represented as instances of corresponding
ScIOn concepts. Thus, machines or software programs respectively are now able to not only
understand the meaning of these parts and of entire specifications but also to compare them
effectively.

6. Automated validation of business processes using use case descriptions

6.1 Formal definition of business process model validity

To automate the validation of business process models the four validity rules defined in
section 4 should be formulated in a manner that is understandable for machines, i.e.
formally.

We will now formulate the four rules of business process models validity formally and with
respect to the concepts definition given by ScIOn ontology:
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An instance of the concept Process Model, pm:ProcessModel is valid with respect to an
instance of the concept Use Case uc:UseCase,

pm > uc
iff
1.) Each operation and trigger related to any scenario (that is related to the use case uc
by the property scenarioOf) by the elementOf property, is related to the process
model pm by the property elementOf.

(Trigger U Operation) [ 3elementOf. (Scenario [1 IscenarioOf. uc)
@
C JelementOf.pm

2.) The operations or triggers of scenarios participating in the use case uc keep their
transitive successor /predecessor relations in the process model pm.
successort & successor
predecessor™ E predecessor

e: (Trigger U Operation) I JelementOf.(Scenario 1 3scenarioOf. uc)

Jsuccessor™.e [N 3elementOf. (Scenario N Iscenario0f. uc) = )
Jsuccessort.e 1 (OperationUTriggerUGateway) N 3elementOf.pm

Ipredecessor™.e [13elementOf. (Scenario M IscenarioOf . uc) E
Ipredecessort.e [1 (OperationUTriggerliGateway) 1 3elementOf. pm

3.) In the process model pm the connection of sub-processes corresponding to the
Scenarios combined by the use case uc is realized by means of gateway model(s) or
by event models. This means that the operations starting a scenario are preceded
by a gateway or by a trigger in the process model pm.

Operation [1 3elementOf. (Scenario [13ScenarioOf. uc)
M Apredecessor. (IelementOf. (Scenario [13ScenarioOf.uc)) 3)
M 3Ipredecessor(IelementOf.pm) = (Trigger L Gateway)

4.) The actor(s) is(are) involved in the use case must be the actor(s) involved in the
business process being modeled.

(Actor [ 3actor0f.(Scenario [ 3scenario0f.uc)) E (Actor 1 Jactor0f. pm) (4)

To sum the four rules described above form a base for the successful automated validation
of business process models. These rules can be used as tasks for a semantic reasoner, a
software that infers logical consequences from given knowledge, a set of facts or rules, that
can carry out such validation, or be applied as axioms for specification of new process
models.
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6.2 Similarity and distance calculation

Yet, even if the analyzed instances don’t match entirely they may have sufficient similarity
to positively validate the business process under consideration. For example business
processes can sometimes contain other business processes as intermediary but still fulfill the
same function. Such a situation is illustrated by figure 9, where the middle activity of one
process model is represented as sub-process in the other one. But both, the replaced activity
and the more granular sub-process, realize the same task and thus both models are valid.

If the process model is changed as shown, a direct comparison with a use case could now
result in a less than 100% correspondence. However such variation in composition of
business processes needn’t lead to negative validation results.
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Fig. 9. Business process with sub-process

Consequently the new task arising in this context is to enrich the validation of process
models by taking into account similarities between process models and uses cases.
Comparing two ontology individuals (instances or objects respectively) to analyze their
similarity can be realized by a calculation of distance between this pair. An approach of such
a distance calculation is introduced in (Maedche & Zacharias, 2002). According to this
approach there are three dimensions of ontology-based similarity between objects: taxonomy
similarity (TS), relation similarity (RS) and attribute similarity (AS).

One possible approach® to calculate similarity within TS is mentioned in (Lula & Paliwoda-
Pekosz, 2008). There, similarity measures are based on path distance between concepts in
the hierarchical tree of the ontology as applied in the following equation:

6 There exist a couple of other approaches but describing all of them is out of the scope of
this chapter.
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, 2 X H
simy (C1,C3) = N.+ N, + 2xH ®)

N1 and N; are the quantity of edges counted from the concepts C; and C; to the most specific
common category C. H is the number of edges from this concept C to the root of the
considered ontology.

We effectively use taxonomy similarity when comparing an individual of the ScIOn concept
Actor with an individual of PrimaryActor. Although we deal with objects of two different
classes a calculation of their taxonomy similarity gives us a measure for comparison of such
objects.

In order to calculate similarity, the relation similarity RS dimension reflects the alikeness in
relation to other objects. So when two compared instances are supposed to be similar to each
other they should have relationships with concepts that are similar as well. For example if
two compared Operation individuals have the same successors represented with the
corresponding DOLCE property, they are considered to be similar Finally, using the attribute
similarity dimension AS for comparison of instances of the same concept enables us for
example to argue about similarity of operations by calculating distance between values of
their labels. If labels of two operations are equal e.g. “initiate a request” on the figure above,
there is high probability that we are dealing with two equal operations.

(Maedche & Zacharias, 2002) introduce the following formula for a calculation of similarity
combining all three dimensions:

t X TS(I, L)+ r x RS(I,I;) + a % AS(I., ;)
t+r+a

sim(I;, I;) = (©)

In this formula t, r, and a stand for weights that can be specified separately to represent the
potentially different importance of the similarity dimensions. I; and I; are the two instances
or objects being compared.

7. Related Work

Quite a number of approaches deal with ontological representation of business process
models. One of the most important of them is the EU funded research project called SUPER?
(http:/ /www.ip-super.org). It was aiming at the development of a framework for Semantic
Business Process Management. The Web Service Modeling Ontology WSMO is another
example. WSMO is used for ontologization of the BPM life cycle as well as concepts for
semantic annotation of BPEL (called "sBPEL") and BPMN (called "sBPMN") are introduced
(see for example in (Abramowicz, 2007)).

As mentioned in section 5.2 the Business Process Modeling Ontology (BPMO) was created
as one of the deliverables of the SUPER project, to fulfill the specific requirements in this
domain. Similar to the SUPER project a Business Process Modeling Ontology was developed

7 SUPER = Semantics Utilised for Process Management within and between Enterprises
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in the SemBiz workgroup. The intention of this project is the combination of the business
level perspective and the technical implementation level in Business Process Management
(BPM) using semantic descriptions of business processes.

To show parallels between the ScIOn approach and other projects in the related field on the
one hand and to demonstrate the principle of ontology construction using upper-level
ontologies on the other hand, we demonstrate two other options for ScIOn construction. The
first of them (figure 10) exploits the Business Process Modeling Ontology (BPMO) developed in
the SemBiz project.
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Fig. 10. Mapping to SemBiz BPMO

The second option demonstrates the use of SUPER BPMO in the role of an upper-level
ontology of ScIOn:

Although these two ontologies were developed especially for business process modeling,
we weren't able to find all required super-concepts for each of the 13 concepts of ScIOn.
Furthermore the super-concepts we could identify aren’t as suitable concerning semantical
precision as the corresponding DOLCE counterparts. This fact demonstrates again the
semantic expressiveness and role of foundation ontologies.

Therefore you can find some similarities between our approach and the one presented in
(Mahl et al., 2007). The latter describes a bidirectional transformation between a DOLCE
based reference ontology and BPEL. However, the approach is restricted to the support of
cross-domain engineering in an e-business environment whereas the collaboration between
different enterprises is improved by a common understanding supported by a specific
ontology. The ontology-based approach enables a transformation of services and processes
(developed in BPEL) into a standard representation so a cross-enterprise cooperation is
possible. Another example of research aiming at semantic description of business processes
is the one carried out at the Theory of Programming department8 of the Humboldt
University in Berlin .

8 See http:/ /www2.informatik.hu-berlin.de/top/index.php?language=EN
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Fig. 11. Mapping to SUPER BPMO

It basically deals with problems of controllability in business process collaborations. One of
the most interesting approaches generated in this context is introduced in (Lohmann et al.,
2008). It focuses on using Petri nets semantics to describe business processes with the
objective of transforming a BPEL into a Petri net model.

8. Conclusion and Future Work

This chapter described an approach addressing an important task in the context of quality
management for business processes modelling. The approach is aiming at validating
business process models with respect to the requirements on these models reflected in
corresponding scenarios, e.g. use case descriptions. The approach focuses on homogeneous
semantic-rich description of both issues (use cases and process models) followed by a
comparison of the resulting specification documents.

Such a homogenisation is achieved by specification of elements (tasks, actions and events)
used in the composition of business process models and use cases as individuals of concepts
combined in one single ontology. In other words business process models specified using
BPEL or BPMN and use cases basically written in text form are expressed using a common
vocabulary. Therefore their direct comparison becomes a feasible task.

The ScIOn ontology described in this chapter is dedicated to this task. It gains high
expressiveness from the DOLCE foundation ontology integrated by ScIOn as an upper level
ontology. Application of ScIOn facilitates two methods of validity assessment for business
process models. On the one hand a business process model is declared as completely valid
with respect to a use case if both fulfil a set of axioms defined in ScIOn. On the other hand
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ScIOn-based specification enables calculation of similarity between use cases and business
process models and hence the relative validation of the business process models with
respect to one particular use case.

Due to the lack of space this chapter does not cover the technology for automated
translation of use case and process model specifications into the ScIOn vocabulary. Such
technology is essential because the manual translation is highly complex and prone to
errors. In this context the authors are currently working in two directions: 1) ScIOn based
annotation of BPEL scripts and 2) ScIOn based information extraction from the tabular
structured use case descriptions.

As stated in section 2 of this chapter there is a number of notations for specification of
business process models. However during the last years the most popular notation became
Business Process Model Notation (BPMN). A huge number of business process models
developed recently was composed in BPMN. At the same time automated conversion of
BPMN diagrams into executable WS-BPEL scripts containing commands for Web Service
invocation is not a challenging task any more. It is widely applied and supported by a
number of modelling tools such as Intalio Designer, Eclipse SOA Tools, Process Modeller for
NS Visio, IBM Business Process Management (BPM) Suite, etc. Therefore, if technology for
translation of BPEL scripts into ScIOn vocabulary was available, it would be sufficient for
translation of a high number of business process models being developed in the close future.
Quite a different development can be observed concerning the notations for specification of
use cases. Currently a number of various notations are in use: UML use case notation,
tabular formatted text, activity diagrams, and some other notations (see section 3). To
facilitate highly efficient validation of business process models a number of converting
technologies should be developed: one for each existing notation. However tabular
formatted text appears to be the simplest and hence the most popular form for the use cases’
composition. Therefore the processing of use cases specified in this notation will be a future
task of the ScIOn project.

Text structure analysis research is an important field in the information extraction
technology. To the central works in this area belong among others (Tengli et al., 2004),
(Tijerino et al., 2005) and (Gatterbauer et al., 2007). The technology dedicated to the special
problem of structure analysis for use case specifications will incorporate some techniques
described in these works. However, in contrast to the domain independent approaches
presented in the papers mentioned above, structure analysis for use case specifications
should be rather classified as a domain dependent one. Therefore it may rely on some
document features, e. g. particular structural elements, typical for the domain of interest.
This consideration let us suppose that the task to be solved is significantly simpler than a
generic approach.
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