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Vorwort

Ereignisgesteuerte Prozessketten (EPK) haben sich in der Praxis als Beschreibungsmittel
fur betriebliche Ablaufe etabliert. Mit dem Aufbau der Arbeitsgruppe "Formalisierung
und Analyse Ereignisgesteuerter Prozessketten (EPK)™" im Jahre 1997 wurde ein erster
Schritt unternommen, einen organisatorischen Rahmen fir Interessenten und Autoren
wesentlicher  Forschungsarbeiten zu schaffen und regelméRige Arbeitstreffen
durchzufiihren (Organisatoren: Markus Nuttgens, Andreas Oberweis, Frank J. Rump).
Im Jahr 2002 wurden die Arbeiten der "informellen Arbeitsgruppe in den GI-
Arbeitskreis "Geschéaftsprozessmanagement mit Ereignisgesteuerten Prozessketten (WI-
EPK)" der Gl-Fachgruppe WI-MoblS (FB-WI) tberfihrt und inhaltlich erweitert. Der 1.
Workshop ,,EPK 2002* fand im November 2002 in Trier statt, der 2. Workshop ,,.EPK
2003* im Oktober 2003 in Bamberg im Vorfeld der 11. Fachtagung ,,MoblS 2003“, der
3. Workshop ,,EPK 2004 in Luxemburg im Rahmen der Gl-Fachtagung ,,.EMISA
2004“, der 4. Workshop ,,EPK 2005* in Hamburg statt.

Der Arbeitskreis soll Praktikern und Wissenschaftlern als Forum zur Kontaktaufnahme,
zur Diskussion und zum Informationsaustausch dienen. Die Aktivititen des
Arbeitskreises werden unter der Internetadresse http://www.epk-community.de
dokumentiert (aktuell: 250 Mitglieder).

Der vorliegende Tagungsband enthadlt 11 vom Programmkomitee ausgewdahlte und auf
dem Workshop présentierte Beitrdge. Jeder Beitrag wurde innerhalb der Kategorien
Fachbeitrage und Diskussionsbeitrage zweifach begutachtet.

Die Beitrage decken ein breites Spektrum zur Spezifikation und Anwendung Ereignis-
gesteuerter Prozessketten (EPK) ab:

EPK Konzepte

EPKs und Werkzeuge

EPKSs und andere Formalismen
Qualitatsaspekte von EPKs

Der Tagungsband wurde ausschlieBlich in digitaler Form publiziert und ist im Internet
frei verfligbar (CEUR Workshop Proceedings).

Wir danken der Wirtschaftsuniversitat Wien flr die Bereitstellung der R&umlichkeiten
und der Qualysoft GmbH (Wien) fiir die finanzielle Unterstiitzung und den Autorinnen
und Autoren und den Mitgliedern des Programmkomitees fiir die Beitrdge zur
Realisierung des Workshops.

Hamburg, Emden und Wien im November 2006 Markus Nuttgens
Frank J. Rump
Jan Mendling
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Semantische Integration von Ontologien
und Ereignisgesteuerten Prozessketten

Oliver Thomas, Michael Fellmann

Institut fiir Wirtschaftsinformatik (IW1)
im Deutschen Forschungszentrum fiir Kiinstliche Intelligenz (DFKI)
Universitét des Saarlandes
Stuhlsatzenhausweg 3, Geb. D3 2, D-66123 Saarbriicken
{oliver.thomas|michael.fellmann}@iwi.dfki.de

Abstract. Dieser Beitrag beschreibt eine Erweiterung der Ereignisgesteuerten Pro-
zesskette (EPK), mit deren Hilfe die in natiirlicher Sprache formulierte Semantik
der Bezeichner von EPK-Modellelementen durch formale Konzepte einer Ontolo-
gie représentiert werden kann. Hierfiir wird ein mehrschichtiger Ansatz entwickelt,
der eine Ontologieebene, eine Metadatenebene sowie eine Modellebene umfasst.
Durch den vorgestellten Ansatz, der am Beispiel der Web Ontology Language
(OWL) illustriert wird, konnen die Suche und Navigation in EPK-Modelldaten-
banken verbessert, eine fortgeschrittene semantische Validierung von EPK-Model-
len ermdglicht sowie die Ausfiihrbarkeit der Prozessmodelle erleichtert werden.

1 Semantik in EPK-Modellen

Sowohl die alltagssprachliche als auch die wissenschaftliche Verwendung des Begriffs
»Semantik® sind nicht einheitlich. In den verschiedenen Lebens- und Wissenschaftsbe-
reichen haben sich unterschiedliche Semantikdefinitionen entwickelt. Dies fiihrt insbe-
sondere in der Wissenschaft bei der Verwendung des Semantikbegriffs zu Kommunika-
tions- und Verstindnisproblemen. Wiahrend im alltagssprachlichen Sinne mit dem Beg-
riff der Semantik hiufig auf die Bedeutung oder den Inhalt eines Wortes oder Satzes
hingewiesen wird, stiitzt sich das wissenschaftliche Verstidndnis von Semantik haufig auf
die Begriffsbildung der Sprachwissenschaft (Linguistik) [z.B. Diirr06]. Innerhalb dieser
Disziplin bezeichnet die Semantik (auch: Bedeutungslehre) dasjenige sprachwissen-
schaftliche Teilgebiet, das sich mit dem Sinn und der Bedeutung von Sprache bezie-
hungsweise sprachlichen Zeichen befasst, mit anderen Worten: die Lehre von den Be-
deutungen und von der Beziehung der Zeichen zum gemeinten Gegenstand.

Ubertriigt man dieses Verstindnis im Allgemeinen auf Modellierungssprachen sowie im
Speziellen auf die Prozessbeschreibungssprache Ereignisgesteuerte Prozesskette (EPK)
und auf die mit Hilfe der Sprache explizierten EPK-Modelle, so kann unter der Semantik
eines Prozessmodells die Beziehung zwischen den Elementen des Modells (Zeichen) und
einem existierenden oder neu zu schaffenden betrieblichen Geschéftsprozess (Gegen-
standsbereich) verstanden werden. Diese Auffassung von Semantik entspricht im We-
sentlichen derjenigen, die von Keller, Niittgens und Scheer bereits im Ursprungspapier



»Semantische Prozefmodellierung auf der Grundlage ,Ereignisgesteuerter Prozessketten
(EPK)““‘ verwendet wurde [KeNS92]. Das Adjektiv ,,semantisch* gebrauchten die Auto-
ren insbesondere, um auf die Bedeutung der Modellierung von Ablaufen aus einer fach-
lichen, d.h. nicht-technischen, betriebswirtschaftlichen Perspektive hinzuweisen.

Bei genauerem Hinsehen zeigt sich allerdings, dass zwei verschiedene Arten der Seman-
tik fiir EPK-Modelle unterschieden werden miissen: eine iiber das Metamodell der EPK
bzw. mit logisch-mathematischen Methoden definierte formale Semantik der EPK-Spra-
che (im Sinne der exakten Bedeutung dieser kiinstlichen Sprache) und eine {iber die Be-
zeichner der EPK-Modellelemente definierte Semantik, die an die natiirliche Sprache
gebunden ist.

Die formale Semantik der EPK wird zum einen durch die festgelegte Bedeutung ihrer
Sprachkonstrukte, wie z. B. Ereignisse, Funktionen und Konnektoren bestimmt, zum an-
deren mit Hilfe einer abstrakten Syntax, die unabhéngig von der EPK-Notation vorgibt,
welche Beziehungen deren Sprachkonstrukte eingehen kdnnen. Diese Beziehungen kon-
nen entweder zwischen den Sprachkonstrukten der EPK selbst in Form eines Kontroll-
flusses bestehen oder zwischen Sprachkonstrukten der EPK und denen anderer Modellie-
rungssprachen der ARIS-Methode (z.B. Organigramm, Fachbegriffsmodell oder Leis-
tungsbaum). Aus der Sicht der formalen Semantik sind individuelle Modellelemente aus-
tauschbare Platzhalter, eine Bedeutung resultiert ausschlielich aus der Art der Verbin-
dung der Elemente, mithin also im systemtheoretischen Sinne aus der strukturalen Form
des Modells [Wies59, S. 12]. Untersuchungen zur Semantik der EPK haben sich bislang
hauptsichlich auf diese formale Semantik konzentriert [LaSWO9S8; Aals99; NiiRu02;
Kind06; RoAa06].

Gleichwohl die Diskussion der formalen Semantik zum Verstdndnis und zur Anwendung
der EPK aus modellierungssprachlicher Sicht notwendig erscheint, bleibt sie unvollstén-
dig in Bezug auf eine exakte Spezifikation der Semantik individueller Modellelemente.
Dies riihrt daher, dass ein wesentlicher Teil der Semantik eines individuellen Modell-
elementes auch an dessen Bezeichner gebunden ist, der mit Hilfe der natiirlichen Spra-
che vom Modellkonstrukteur formuliert wird. Dieser Umstand wurde bisher nur wenig
beachtet, obwohl die Wichtigkeit einer exakten Spezifikation der Semantik auf Modell-
elementebene bereits im Ursprungspapier von 1992 betont wurde. Hierin argumentieren
Keller, Niittgens und Scheer unter anderem, dass ,,im Rahmen der betrieblichen Informa-
tionsmodellierung [...] die eindeutige Definition des durch die Syntax représentierten
semantischen Inhalts eines Informationsobjekts eine besondere Rolle [spielt]” [KeNS92,
S. 8]. Diese Forderung sollte allerdings nicht nur fiir Informationsobjekte gelten, sondern
auch auf weitere Konstrukte der EPK wie Funktionen und Ereignisse iibertragen werden
(so kann z.B. eine Funktion ,,Auftrag priifen* unterschiedliche Aufgaben beinhalten, je
nachdem, ob es sich um die Bearbeitung von Entwicklungsauftrigen, Bestellauftrigen
oder Fertigungsauftrdgen handelt).

Insgesamt ist somit ein wesentlicher Teil der Semantik eines EPK-Modells an die natiir-
liche Sprache gebunden, die mit ihren Mehrdeutigkeiten ein hohes Maf3 an Interpretati-
onsspielrdumen zuldsst. Solange ein Modell nur von einem Individuum erstellt und gele-
sen wird, ist dies weniger problematisch. Werden jedoch Modelle verschiedener Model-



lierer zusammengefiihrt, durchsucht und iibersetzt, oder soll die in den Modellen enthal-
tene Semantik automatisch validiert und zur Konfiguration eines Informationssystems
herangezogen werden, ist eine klar definierte Semantik eines jeden Modellelementes er-
forderlich.

Diese Problemstellung kann durch eine Verkniipfung der Elemente eines EPK-Modells
mit Konzepten aus einer Ontologie gelost werden. Der vorliegende Beitrag beschreibt
die dazu erforderlichen Schritte und Werkzeuge. Er ist im weiteren Verlauf wie folgt
strukturiert: Zunédchst werden in Abschnitt 2 Ontologien und Ontologiekonstruktionen
fiir das semantische Geschéftsprozessmanagement skizziert. Nach diesen Einflihrungen
wird in Abschnitt 3 detailliert die semantische Erweiterung von EPK-Modellen be-
schrieben. Abschnitt 4 behandelt die Potenziale einer IT-Unterstiitzung der semantischen
Geschiéftsprozessmodellierung. Der Beitrag schliet mit der Analyse verwandter Arbei-
ten in Abschnitt 5 und der Diskussion der Ergebnisse in Abschnitt 6.

2 Ontologien fiir das semantische Geschaftsprozessmanagement

2.1  Prozessmodellierung im Kontext des semiotischen Dreiecks

Die aus der Verwendung der natiirlichen Sprache zur Bezeichnung von EPK-Modellele-
menten resultierenden Probleme lassen sich mit Hilfe des Semiotischen Dreiecks ver-
deutlichen. In seiner Grundform wurde dies bereits 1923 veroffentlicht [OgRi23]. Die
zentrale Idee des semiotischen Dreiecks ist eine Trennung von Ding, Begriff und Sym-
bol. Begriffe fungieren gleichsam als die ,,Griffe”, die Dinge (Objekte) begreifbar ma-
chen. Sie werden von Symbolen (Bezeichnungen, Benennungen) aktiviert. Somit stehen
die Symbole schlieBlich fiir die Dinge. Diesen Zusammenhang veranschaulicht
Abbildung 1.

aktiviert bezieht sich auf

Symbol e e————— > Ding
steht fir

Abbildung 1: Semiotisches Dreieck [Stef02]

Bezogen auf die Modellierung bedeutet dies, dass ein Modellkonstrukteur zunéchst
durch die Interpretation von Sinneseindriicken oder durch Uberlegung zu Begriffen ge-
langt, die Bestandteile seines internen, mentalen Modells sind. Wird dieses Modell
schlieBlich expliziert, so versieht ein Modellkonstrukteur seine Begriffe mit Benennun-
gen. Beide Vorgénge sind mit Problemen verbunden — die Begriffsbildung ist abhéngig
vom Vorwissen (Weltbild) und der Vorstellungskraft des Modellkonstrukteurs, die Be-



nennung der Begriffe von dessen Wortschatz und der zur Verfiigung stehenden natiirli-
chen Sprache. Solange ein Modell nur von einem Individuum erstellt und gelesen wird,
ist dies weniger problematisch. Werden jedoch Modelle verschiedener Modellierer zu-
sammengefiihrt, durchsucht und iibersetzt, oder soll die in den Modellen enthaltene Se-
mantik automatisch validiert und zur Konfiguration eines Informationssystems herange-
zogen werden, ist eine terminologische und konzeptuelle Vereinheitlichung dringend er-
forderlich. Dazu muss ein von allen beteiligten Akteuren geteiltes Verstdndnis der rele-
vanten Begriffe einer Doméne gefunden werden.

2.2 Ontologien und Ontologiesprachen

Im Bereich der Kiinstlichen Intelligenz und des Semantic Web wird eine solche Verein-
heitlichung von Begriffen und Konzepten iiber Ontologien seit Jahren erforscht. Eine
Ontologie ist nach Gruber [Grub95] ,,a formal, explicit specification of a shared concep-
tualisation®, frei Uibersetzt also das formal explizierte Verstindnis der von einer Gruppe
von Individuen geteilten Auffassung iiber bestimmte Sachverhalte einer Doméne. Mit
OWL (Web Ontology Language) steht eine durch das W3C (World Wide Web Consorti-
um) normierte Beschreibungssprache fiir Ontologien zur Verfiigung. Der Grundgedanke
des Semantic Web, die Bedeutung der im Web verfiigbaren Ressourcen durch das Hin-
zufligen von Metadaten fiir Menschen und Maschinen besser interpretierbar zu machen
[BeHLO1], wird im Rahmen dieser Arbeit auf das Gebiet der Geschéftsprozessmodellie-
rung iibertragen. Dies geschieht durch die Zuordnung von Konzepten aus formalen On-
tologien zu Modellelementen, womit die in den Modellelementbezeichnern enthaltene,
mit Hilfe der natiirlichen Sprache formulierte Semantik explizit spezifiziert werden
kann. Der Ansatz ist damit komplementér zur Betrachtung der Semantik auf Metaebene:
Die in einem Prozessmodell enthaltene, formale Semantik des Kontrollflusses wird um
eine formale Spezifikation der im Prozess involvierten Entitéten ergénzt.

Zur expliziten und formalen Reprisentation einer Ontologie existieren prinzipiell ver-
schiedene Sprachen, wie z.B. CML, Conceptual Representation, CycL, KIF, Loom, OIL
und OWL. Die Web Ontology Language (OWL) [SmWMO04] ist ein Standard des World
Wide Web Consortiums (W3C), der aus der Verschmelzung von DARPA und OIL her-
vorgegangen ist. Aufgrund der wachsenden Akzeptanz und damit verbunden der Unter-
stiitzung der Ontologiesprache durch Softwarebibliotheken und -werkzeuge wird im
Rahmen dieses Beitrags OWL als Sprache zur Représentation von Ontologien verwen-
det. OWL steht in drei Varianten zur Verfiigung: OWL Lite, OWL-DL und OWL Full.
Fiir die Zwecke des semantischen Geschiftsprozessmanagements werden hier Ontolo-
gien der Stufen ,,Lite” und ,,DL* verwendet, da somit im Gegensatz zu OWL Full die
Berechenbarkeit (,,computational completeness‘) erhalten bleibt.

Uber die reine Ontologiesprache hinaus existieren bereits fertige OWL-Ontologien, die
fiir das semantische Geschéftsprozessmanagement herangezogen werden kdnnen. Bezo-
gen auf ein gesamtes Unternehmen besteht mit BMO (Business Management Ontology)
bereits ein Ansatz [Jenz03]. Zur Klassifikation von Produkten und Dienstleistungen exis-
tiert mit eclassOWL eine Portierung des eCl@ss-Standards nach OWL Lite [Hepp05].
Es konnen weiter Ontologien herangezogen werden, die (noch) nicht in OWL vorliegen,
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wie beispielsweise die ,,Enterprise Ontology* [UKMZ98] und TOVE (TOronto Virtual
Enterprise) [Fox92]. Neben der Verwendung von Ontologien als Ganzem kdnnen auch
Teilbereiche bestehender Ontologien genutzt werden. So besitzt die Top-level Ontologie
CYC (abgeleitet vom englischen enCY Clopedia) u.a. einen Bereich ,,Business & Com-
merce*, der fiir Geschéftsprozesse relevante Konzepte enthidlt [MCWDO06].

Sind ein oder mehrere Ontologien gefunden, die dazu geeignet sind, die Semantik eines
Geschiftsprozesses zu beschreiben, so konnen diese durch einen Prozess der Ontologie-
konstruktion derart miteinander verschmolzen werden, dass sie schlieSlich als einheitli-
che Ontologie zur Verfiigung stehen. Zur Integration verschiedener Ontologien stellt
OWL vordefinierte Sprachkonstrukte bereit, wie etwa owl:imports oder zur Beschrei-
bung von Aquivalenzen oder Verschiedenheiten owl:equivalentclass, owl:equiva-
lentProperty, owl:sameAs, owl:differentFrom, sowie owl:al1Different (fiir weiter-
fiihrende Informationen sei auf den ,,OWL Guide* des W3C verwiesen [SmWMO04]).
Die (teil-) automatisierte Zusammenfiihrung von Ontologien ist dariiber hinaus ein etab-
lierter Forschungsgegenstand [MelG00; SSFI04; StGH04] (vgl. auch ein Portal zu die-
sem Thema unter der URL http://www.ontologymatching.org).

2.3 Grundgeriist einer Ontologie zur Annotation von Prozessmodellen

In den folgenden Ausfiihrungen wird ein einfaches Beispiel fiir eine Ontologie gezeigt
und anhand einer grafischen Darstellung veranschaulicht, die Abbildung 2 zeigt. Be-
schriftungen werden mit den durch rdfs:label-Elemente gegebenen Bezeichnern ge-
zeigt, die Konzepten einer Ontologie fiir die Anzeige in Editoren hinzugefiigt werden
konnen. Die XML-Reprisentationen hingegen enthalten die innerhalb der Ontologie ver-
gebenen Namen. Als Pfeil dargestellte Eigenschaften bezeichnen Objekteigenschaften
(ObjectProperties) in OWL, die Instanzen von Klassen zueinander in Beziehung setzen.
Vererbungsbezichungen beziehen sich auf das in OWL nutzbare Sprachkonstrukt
rdfs:subcClassof, das durch RDF Schema definiert wird.

Die Struktur der im Rahmen der weiteren Arbeit verwendeten Beispielontologie wird in
Abbildung 2 verdeutlicht (aus Darstellungsgriinden werden nicht alle in der Ontologie
enthaltenen Klassen grafisch repriasentiert). Die Ontologie enthélt exemplarisch Klassen
fiir Organisationseinheiten, Aufgaben, Ereignisse, Dienste und Regeln. Diese Klassen
konnen beliebige Spezialisierungen erfahren, beispielhaft wurden die Klassen Ereignis
und Dienst weiter spezialisiert. Neben Klassen enthélt die Beispielontologie Instanzen,
die Individuen oder konkrete Vertreter einer Klasse reprisentieren. Die Properties
istTeilvon und nutzt sind transitiv definiert, sodass bei Anfragen an die Ontologie mit
Hilfe von Anfragesprachen zusitzliche Fakten geschlossen werden konnen (vgl. dazu
auch Abschnitt 3.3). Im weiteren Verlauf wird diese Beispielontologie dazu benutzt, die
modellelementspezifische Semantik von Elementen eines EPK-Modells zu spezifizieren.
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Abbildung 2: Grundgeriist einer Unternehmensontologie

3 Semantische Erweiterung der EPK

Bevor der Beitrag auf eine semantische Erweiterung der EPK eingeht, wird zunéchst in
Abschnitt 3.1 das Erweiterungsprinzip erléutert. Der darauf folgende Abschnitt 3.2 exp-
liziert die zur Schaffung der Erweiterung bendtigten Grundlagen, Abschnitt 3.3 be-
schreibt die Erweiterung der EPK in Form der Verkniipfung von Modellelementen mit
Ontologieinstanzen. Abschnitt 3.4 zeigt dessen Operationalisierung auf Basis der EPK-
und Ontologierepréisentationsformate EPML/XML bzw. RDF/XML auf.

3.1 Erweiterungsprinzip

Zur semantischen Erweiterung von EPK-Modellen wurde ein mehrstufiger Ansatz ent-
wickelt, der drei separate Ebenen umfasst (vgl. Abbildung 3). Die oberste Ebene ,,Onto-
logie* enthilt eine Ontologie, die alle relevanten Konzepte eines Unternehmenskontextes
und deren Beziige untereinander als OWL-Klassen, Instanzen und Eigenschaften (Pro-
perties) enthidlt. Die im Rahmen dieses Beitrags beispielhaft verwendete Ontologie wur-
de bereits eingefiihrt. In der darunter liegenden Ebene ,,Metadaten werden Instanzen der
Ontologie dazu verwendet, die individuelle Semantik von EPK-Modellelementen zu
spezifizieren. Auf der untersten Ebene befindet sich das EPK-Modell, dessen Modellele-
mente mit Hilfe der Ontologie der obersten Schicht beschrieben werden sollen. Gestri-
chelte Linien zwischen den Ebenen deuten die Beziehungen der Elemente der verschie-
denen Ebenen an. EPK-Modellelemente werden durch diese Zuordnungsbeziehungen
Elementen der Metadatenebene zugeordnet und diese wiederum den Konzepten der On-
tologie.

Um die Verkniipfung von EPK-Modellelementen mit Ontologieinstanzen iiber eine Me-
tadatenebene zu realisieren, miissen die Elemente der EPK zunéchst innerhalb der Onto-
logie sichtbar bzw. referenzierbar sein. Wenn dies der Fall ist, kdnnen weitere Aussa-
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gen — in Abbildung 3 als gestrichelte Linien zwischen der Metadatenebene und der On-
tologiecebene dargestellt — iiber die zugrunde liegen Modellelemente getroffen werden.
Somit ist zunéchst eine Repréisentation der EPK in der Ontologie vonnédten, die Gegen-
stand des nédchsten Abschnitts ist.

OWL

Oyoglee/ N RDF

S
.,

1 ) \ v
1 \
I LY

XML

Metadatenebene

Modéllebene

Abbildung 3: Ebenenmodell zur semantischen Geschéftsprozessbeschreibung

3.2 Reprisentation der EPK in der Ontologie

Beziiglich der Représentation der EPK in der Ontologie ldsst sich eine Représentation
der EPK-Sprachkonstrukte und eine Représentation von EPK-Modellelementen unter-
scheiden.

Die Représentation der EPK-Sprachkonstrukte geschieht durch gleichnamige Klassen in
der Ontologie, wie beispielsweise Ereignis, Funktion oder Konnektor. Diese kdnnen als Spe-
zialisierung einer allgemeinen Klasse Modellelement angelegt werden. Der in EPK-Model-
len auftretende Kontrollfluss kann als Property fluss definiert werden. Zur Abbildung des
Kontrollflusses ist es ausreichend, diesen einmalig mit der Doméne Modellelement zu spe-
zifizieren. Kontrollflussrestriktionen, wie beispielsweise die Tatsache, dass EPK-Ereig-
nisse oder Funktionen jeweils nur maximal eine aus- und eingehende Kontrollflusskante
besitzen diirfen, konnten in der Ontologie ebenfalls angelegt werden. Allerdings sind
diese Restriktionen bereits Gegenstand des Metamodells der EPK und daher aus der Per-
spektive der hier verfolgten semantischen Erweiterung der EPK nicht relevant — es wird
vielmehr davon ausgegangen, dass bereits ein syntaktisch korrektes EPK-Modell vor-
liegt.
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Modellelemente sind weiter Bestandteil eines Modells, dies wird durch ein entsprechen-
des Property gehértZu mit der Doméne Modellelement und dem Wertebereich Modell beriick-
sichtigt. Da Funktionen in EPK-Modellen mit Funktionshinterlegungen detailliert wer-
den kdnnen, wird ein Property hatDetailModell mit der Doméne Funktion und dem Wertebe-
reich Modell definiert. Insgesamt wird somit die EPK-Sprache grundlegend in der Onto-
logie reprisentiert. Abbildung 4 zeigt im oberen Bereich diese Représentation der EPK-
Sprachkonstrukte in der Ontologie.

Detail-

modell 1 Modell 1

Ereignis 2

Auftrag ist Auftrag Auftrag ist
eingetroffen bearbeiten bearbeitet
Verbindungen:  zyordnungsbeziehung Instanziierung pezialisierung ~
Property———» ——EPK-Kontrollfluss——

Abbildung 4: Reprisentation der EPK in der Ontologie

Die Repriasentation von EPK-Modellelementen in der Ontologie erfolgt durch die In-
stanziierung der zuvor definierten Sprachkonstruktklassen. Abbildung 4 verdeutlicht die-
sen Zusammenhang anhand eines EPK-Beispiels. Das EPK-Ereignis Auftrag ist eingetroffen
wird als Ontologieinstanz Ereignis 1 der Ontologieklasse Ereignis angelegt. Die somit er-
zeugte Instanz fungiert nun als Stellvertreter fiir das betreffende Modellelement des
EPK-Modells in der Ontologie. Sie wird spéter dazu verwendet, eine Verkniipfung zu
einer weiteren Ontologieinstanz zu etablieren, welche die Semantik des Modellelementes
spezifiziert. Aus der Perspektive der Ontologie besitzen diese Stellvertreterinstanzen zu-
néichst noch keine weitere, iiber die Bedeutung des jeweiligen EPK-Sprachkonstrukts hi-
nausgehende Semantik.

Auch der Kontrollfluss der EPK wird in die Ontologiereprasentation iibernommen. Dies
ist zur spéteren Suche in Modellen relevant und ermdglicht Anfragen wie ,,Welche Er-
eignisse l16sen Funktionen aus, die einer bestimmten Organisationseinheit zugeordnet
sind?*“. Im Beispiel der Abbildung 4 wird der im EPK-Modell vorhandene Kontrollfluss
als Property fluss zwischen den entsprechenden Ontologieinstanzen ebenfalls abgebildet.
Das gesamte EPK-Beispiel der Abbildung 4 wird durch eine Ontologieinstanz Modell 1
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der Ontologieklasse Modell reprisentiert. Dieser werden die Ontologieinstanzen der im
EPK-Modell auftretenden Modellelemente iiber gehdrtZu-Properties zugeordnet. Ein Bei-
spiel fiir eine Funktionshinterlegung ist in Abbildung 4 durch die EPK-Funktion Auftrag
bearbeiten gegeben. Dieser Sachverhalt ist im EPK-Modell durch ein Funktionshinterle-
gungssymbol rechts unten am Funktionssymbol dargestellt. In der Ontologie wird dies
durch ein Property hatDetailModell der korrespondierenden Instanzen Funktion 1 und Detail-
modell 1 beriicksichtigt.

Damit ist anhand eines einfachen Beispiels verdeutlicht, wie ein EPK-Modell in der On-
tologie reprisentiert werden kann. Abbildung 5 zeigt ein (gegeniiber dem vorangegange-
nen Modell) ausfiihrlicheres Prozessmodell einer Kundenauftragsbearbeitung. Aus Uber-
sichtlichkeitsgriinden ist die zuvor beschriebene Représentation der EPK-Sprachkon-
strukte und damit verbunden die Typisierung der Stellvertreterinstanzen nicht wiederge-
geben. Elemente dieses Modells werden im Folgenden mit weiteren Instanzen der Onto-
logie verkniipft.

fluss:
Ereignis 2 Ereignis 3 tion 3
fluss —fluss- fluss- fluss-

7 \ Auftrags-
A;g;z%,l':: :n"' Bestatigung
senden

Ereignis 1 Funktion 1
fluss: flu:

Auftrag Auftrag
liegt vor priifen

Verbindungen: Zuordnungsbeziehung Instanziierung Spezialisierung
Property——» EPK-Kontrollfluss————

Ereignis 4

fluss

Riickmel-
dung erfolgt

Auftrags-
Ablehnung
senden

Auftrag ist
abgelehnt

=

Abbildung 5: Reprisentation eines Auftragsbearbeitungsprozesses in der Ontologie

3.3  Verkniipfung von EPK-Modellelementen mit Ontologieinstanzen

Die Verkniipfung von EPK-Modellelementen mit Ontologieinstanzen kann auch als
Vorgang der semantischen Annotation bezeichnet werden. Dabei werden die durch Stell-
vertreterinstanzen in der Ontologie reprisentierten EPK-Modellelemente mit weiteren
Instanzen der Ontologie in Verbindung gebracht, welche die modellelementspezifische
Semantik spezifizieren. Abbildung 6 zeigt diese Verkniipfung am Beispiel des in
Abbildung 5 gezeigten Beispielprozesses und der in Abbildung 2 gezeigten Beispielon-
tologie. Die Verkniipfung von Ontologie- und EPK-Modellelementinstanzen geschieht
liber Properties, In Abbildung 6 sind diese als semType-Properties dargestellt. Wie der
Name impliziert, spezifizieren bzw. typisieren diese Properties die Semantik eines EPK-
Modellelements durch eine Relation zu einer Ontologieinstanz, die eine durch die Onto-
logie definierte, formale Semantik besitzt.

Wesentliche Merkmale der Verkniipfung sind, dass zum einen individuelle Modellele-
mente mit der durch die Ontologie definierten Semantik ausgestattet werden, die geméal
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der Definition des Ontologiebegriffs von einer Gruppe von Individuen geteilt wird. So-
mit besitzt ein EPK-Modellelement nun eine explizit spezifizierte Bedeutung, die nicht
mehr an den Modellelementbezeichner gebunden ist.

istAbhangigVon

Klassen

Vertriebs-
Ereignis

Produktions-
Ereignis

2
)
o
]
€
[o]

Bonitéts-
Auskunft

teilVon Produkt-

Konfigurator|

Auftrags-
priifregel

teilVon

Auftrags-
eingang

Instanzen

Machbar-

keitspriifung

Priifung

semTyp  semTyp semTyp semTyp  semTyp semTyp

ﬁﬂuss
Ereignis 1 Funktion 1 KonneKlor Ereignis 2 Ereignis 3 non 3
fluss: flus: fluss? —fluss: flus: fluss:

/Auftrag ist an-\

Konnecktor]
XOR 2

Ereignis 4
flus:

Metadaten

Auftrags-

genommen 1 “eenden
e Auftrag Riickmel-
Modell prifen dung erfolgt
ode \/ Auftrag ist \ \ [
g
7\ abgelehnt [ o

o iehung Instanziierung Generalisierung/Spezialis.

Property—————» EPK-Kontrollfluss———>

=

Abbildung 6: Semantisch annotierter Auftragsbearbeitungsprozess

Zum anderen wird durch die Verkniipfung der Kontext eines Modellelementes genauer
spezifiziert. Dies geschieht indirekt {iber Relationen, die zwischen der ein EPK-Modelle-
lement reprisentierenden Ontologieinstanz und weiteren Instanzen der Ontologie beste-
hen. Prinzipiell ist eine solche Spezifikation von Beziehungen zu weiteren Elementen
wie Organisationseinheiten oder Ressourcen bereits mit den Konstrukten der ARIS-er-
weiterten EPK moglich. Im Unterschied zur ARIS-EPK und den weiteren Sprachen der
ARIS-Methode konnen zum einen jedoch die zwischen diesen weiteren Elementen be-
stehenden Beziehungen mit einer umfangreicheren formalen Semantik definiert werden.
Dies geschieht mit Hilfe der von OWL bereitgestellten Moglichkeiten wie die der Defi-
nition von Hierarchien oder transitiven, inversen oder symmetrische Eigenschaften. Zum
anderen stehen diese in der Ontologie enthaltenen Beziehungen bei Anfragen an ein Mo-
dell ausgehend vom semantisch annotierten EPK-Modellelement zur Verfiigung.

Im Beispiel der Abbildung 6 kann durch die transitive Definition des Properties teilVon
durch maschinelle Inferenz geschlossen werden, dass die Machbarkeitspriifung ein Teil
der Auftragsbearbeitung ist. Wird weiter ein Property hatTeilAufgabe in der Ontologie de-
finiert und dieses als invers in Bezug auf teilVon definiert, so kann auch in umgekehrter
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Richtung geschlossen werden, dass die Auftragsbearbeitung aus den Teilaufgaben Auf-
tragspriifung, Machbarkeitspriifung, Bonitétspriifung und Auftragsriickmeldung besteht.
In gleicher Weise kann bei einer transitiven Definition des Properties nutzt geschlossen
werden, dass die Bonitétspriifung eine Bonitétspriifregel benutzt.

Ein Beispiel fiir eine verkettete Anfrage ausgehend von einem EPK-Modellelement ist
im Beispiel der Abbildung 6 die Frage, von welchen Diensten die Funktion Auftragsbear-
beitung auBler den unmittelbar spezifizierten Diensten abhingt. Zunichst werden dazu die
Aufgabe Auftragsbearbeitung und deren Teilaufgaben auf benutzte Dienste untersucht. An-
schlieBend wird fiir alle diese Dienste untersucht, ob diese ein Property istAbhangigVon
besitzen und ggf. der entsprechende Dienste als Ergebnis der Anfrage zuriickgegeben.

Ein Beispiel fiir eine symmetrische Eigenschaft wére ein Property hatGeschaftsPartner
zwischen Organisationseinheiten. Wird fiir eine Organisationseinheit A eine Organisati-
onseinheit B als Geschéftspartner definiert, so kann auch gefolgert werden, dass Organi-
sationseinheit B einen Geschiftspartner Organisationseinheit A besitzt.

Insgesamt konnen sehr weit reichende Anfragen an die semantisch annotierten Ge-
schéftsprozessmodelle gerichtet werden. Obwohl sich Anfragesprachen fiir Ontologien
noch weiterhin in der Entwicklung befinden, existiert mit SPARQL [PrSe05] bereits eine
vom W3C vorgeschlagene Anfragesprache, mit Hilfe derer die oben beschriebenen An-
fragen durchgefiihrt werden kdnnen.

3.4 RDF-Reprisentation der semantischen EPK

In technischer Hinsicht wird die Verkniipfung von EPK-Modellelementen durch das Ein-
fiigen von Attributen in die XML-Reprisentation eines EPK-Modells realisiert. Diese
Attribute identifizieren die jeweils zu einem Modellelement zugehorige Ontologiein-
stanz, die das betreffende Element semantisch spezifiziert. Abbildung 7 veranschaulicht
dies sowohl grafisch als auch mit Hilfe der entsprechenden XML-Vokabulare
EPML/XML (Event Driven Process Markup Language) fiir die EPK-Repréasentation,
RDF/XML (Resource Description Framework) fiir eine semantische Reprisentation der
EPK — im Rahmen dieses Beitrags auch als sSEPK bezeichnet — und OWL/XML zur Rep-
rasentation der Ontologieklassen und -instanzen.

Wie in Abbildung 7 ebenfalls zu erkennen ist, geschieht eine Verkniipfung von EPK-
Modellelement und Ontologieinstanz in Ubereinstimmung zu Abbildung 3 iiber eine
Zwischenstufe in Form von Metadaten. Diese enthalten in Form eines semanticType-
Attributs (vgl. auch Abbildung 6) die mit dem EPK-Modellelement korrespondierende
Ontologieinstanz. Diese wird auch in der EPML-Repriasentation als Attribut hinterlegt.
Weiter werden die natiirlichsprachigen Bezeichner der EPK-Modellelemente als Be-
zeichner in den Metadaten im Feld rdfs:1abel verwendet. Beide Zuordnungsbeziehun-
gen sind grafisch auf der rechten Seite der Abbildung 7 mit Hilfe einer gestrichelten Li-
nie dargestellt.

Aus einer konzeptionellen Sicht ist der Sprachumfang von RDF fiir die Metadaten aus-
reichend, da keine Sprachkonstrukte aus OWL verwendet werden. Aus einer technischen
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Sicht ergibt sich dennoch OWL-DL als Sprachumfang, da die zur Annotation verwende-
ten Ontologieinstanzen beispielsweise bei Anfragen in die Metadaten importiert werden
missen.

Grafische Notation XML-Reprasentation

——————
- -

-% <tasksales rdf :ID="checkorder "> =~o

K] Auftrags- §' <rdfs: Tabel >Auftragsprifung </rdfs:label>"~

e priifung o 000 \\

< </tasksales > \

O \
\

semTyp

<sepc :function rdf :1ID="func.1.1">
<rdfs :1abel >Auftrag pruefen </rdfs :1abel>
<sepc :semanticType Irdf :resource ="“&enterprise ;checkorder "/>

———

Funktion 1
Auftrag
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Verbindungen:

RDF , OWL
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=
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<attribute typeRef ="semanticType " value="checkorder "/>
</function >

Zuordnung = ===«

Abbildung 7: Verkniipfung von EPK-Modellen mit Ontologien auf Reprisentationsbasis

Nachdem eine Verkniipfung von EPK-Modell und Ontologieinstanzen wie in Abbildung
7 gezeigt realisiert ist, kann auf Basis der Représentationsformate eine komplette Trans-
formation der EPK in eine sEPK-Reprisentation erfolgen. Diese besteht aus der XML-
Représentation der Metadaten, die beispielhaft bereits in der mittleren Ebene der
Abbildung 7 gezeigt wurde. Die Transformation ist in Abbildung 8 dargestellt.

EPML RDF

<epml :epm] xmlins :epml="http ://ww .epm] .de"> <rdf:RDF ... (Namespaces ) ... >

<owl :0ntology rdf :about="">
<owl :imports rdf :resource ="&ont;annotation "/>
</owl :ontology >

<directory name ="Root">
<epc epcId ="1" name="Auftragsbearbeitung ">
<event id="1">
< name>Auftrag Tiegt vor </name>
< attribute typeref ="semanticType "
value ="orderProcessingStartEvent
< /event >

<sepc:Model rdf :ID="model .1“>
/> < rdfs : label>Auftragsbearbeitung </rdfs :label>
</sepc :Model >
<sepc:Event rdf :ID="event .1.1">
< rdfs:1abel>Auftrag liegt vor </rdfs :label>
< sepc: semanticType
rdf : resource ="&ont ;orderpProcessingStartevent” />
< function id ="2"> <sepc: flow rdf : resource ="#function .1.2"/>
< name>Auftrag pruefen </name> XSLT < sepc:belongsTo rdf :resource ="#model .1“/>
< attribute typeref ="semanticType " Prozessor </sepc :Event>
value ="orderverificationFunction "/>
< /function >

<arc id="10">
< flow source ="1" target="2"/>
< /arc>

<sepc: Function rdf :ID=“function .1.2“>
< rdfs:1abel >Auftrag pruefen </rdfs:7label>
< sepc : semanticType

<arc id="11"> A e 3
rdf : resource =“&ont ;orderverificationFunction® />

< flow source ="2" target="100"/>

< /arc> <sepc: flow rdf : resource ="#xor .1.100"/>
... (Rest des EPK -Modells) ... < sepc:belongsTo rdf :resource ="#model .1“/>
</epc> </sepc :Function >

</directory >
</epm] : epml>

XSLT
N

... (Rest des SEPK -Modells) ...
</rdf :RDF>

Abbildung 8: Transformation von EPML nach RDF
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4 IT-Unterstiitzung der semantischen Geschiftsprozessmodellie-
rung

Eine IT-Unterstiitzung des hier vorgeschlagenen Ansatzes ist grundlegend in den Berei-
chen der Annotation von EPK-Modellelementen mit Instanzen der Ontologie, der Trans-
formation von EPK-Modellen in sEPK-Modelle und der Speicherung und Anfrage von
sEPK-Modellen notwendig.

Die Annotation betreffend miissen Werkzeuge zur Verfiigung stehen, die innerhalb der
EPK-Modellierungsumgebung die semantische Annotation von Modellelementen durch
einen Auswahlmechanismus flir Ontologieinstanzen unterstiitzen. Dies kann durch ge-
eignete Browsing-Verfahren und Visualisierungstechniken erfolgen, wobei die gesamte
Ontologie oder eine vereinfachte Version als Browsing-Struktur dienen kann. Viel ver-
sprechend erscheint hier eine Losung auf Basis der Entwicklungsumgebung Eclipse, da
bereits Eclipse-basierte Werkzeuge sowohl zur EPK-Modellierung in Form der ,,EPC
Tools* (http://wwwcs.uni-paderborn.de/cs/kindler/research/EPCTools) als auch zur On-
tologiemodellierung durch das ,,Integrated Ontology Development Toolkit™ von IBM e-
xistieren (http://www.alphaworks.ibm.com/tech/semanticstk).

Des Weiteren kann die Entwicklung einer zur Annotation geeigneten Ontologie unter-
stiitzt werden, indem aus bereits vorhandenen Prozessmodellen, die sich den Konstruk-
ten der ARIS-EPK bedienen, zur Annotation geeignete Instanzen in der Ontologie ange-
legt werden. Im Beispiel der Abbildung 9 wird aus einer EPK-Funktion, die mit einer
Organisationseinheit ,,Vertrieb® verbunden ist und als Ressource ,,Kundendaten“ bend-
tigt, eine korrespondierende Ontologieinstanz ,,Auftrag priifen* angelegt. Die Auswahl
geeigneter Properties ,,benotigt” und ,,istZugeordnet” erfolgt automatisiert aufgrund der
im Metamodell definierten Semantik der EPK-Sprachkonstrukte.

daten
\ benoetigt istZugeordnet
Kunden- Aufirag prif » Auftrag
daten . priifen
Automatisches Anlegen

Auftrag
liegt vor

Abbildung 9: Automatisches Anlegen einer Ontologieinstanz

Auftrag
liegt vor

Zur Transformation wurde bereits ein XSLT-basierter Ansatz am Institut fiir Wirt-
schaftsinformatik in Saarbriicken entwickelt, mit dem eine zuvor semantisch annotierte
EPK in eine sEPK iiberfiihrt werden kann.

Die Speicherung und Anfrage wurde ebenfalls bereits prototypisch mit Hilfe des RDF-
Rahmenwerks Jena und Tomcat als Server entwickelt. Anfragen an SEPK-Modelle sind
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mit der RDF-Anfragesprache SPARQL moglich, wobei die in Jena enthaltene Inferenz-
maschine benutzt wird. Weitere geplante Entwicklungen betreffen einen Query-Builder
fiir die interaktive Zusammenstellung von SPARQL-Anfragen sowie ein sEPK-Reposi-
tory. Dieses soll fiir die Anfrage, Transformation und Speicherung von Modellen iiber
web-services-basierte Schnittstellen verfligen sowie iiber Schnittstellen zu etablierten
Modellierungswerkzeugen.

5 Verwandte Arbeiten

Die EPK ist Gegenstand aktueller Forschungsbemiihungen. Die vorliegenden Arbeiten
widmen sich einerseits der Konstruktion von Prozessmodellen, andererseits werden mo-
dellierungssprachliche und -methodische Aspekte der Konstruktion von EPK-Modellen
untersucht. Hierbei werden vor allem die Mdglichkeiten einer formalen Spezifikation der
EPK-Syntax und -Semantik gepriift [Aals99; NiiRu02; Kind06; RoAa06]. Diese ist auch
im Hinblick auf eine Transformation der EPK in ausfiihrbare BPEL-Prozessdefinitionen
relevant. Zur Lektiire entsprechender Arbeiten wird ergénzend auf die umfangreiche Li-
teraturliste der EPK-Community verwiesen (vgl. URL http://epk.et-inf.tho-
emden.de/literatur.php).

Verwandte Arbeiten existieren ebenso hinsichtlich des semantischen Geschéftsprozess-
managements [Jenz03]. Bezogen auf das Geschéftsprozessmanagement im Zusammen-
spiel mit (Semantic) Web Services existiert mit eine Beschreibung der Potenziale einer
Kombination semantischer Prozessbeschreibungen mit semantischen Web Services ins-
besondere unter Beriicksichtigung der fachlichen Perspektive des Prozessmanagements
[HLDWOS]. Allerdings behandelt dieser Ansatz keine konkreten fachlichen Beschrei-
bungssprachen.

Die IT-Unterstiitzung betreffend existiert mit Semtalk bereits ein gut ausgebauter Ansatz
fiir die Verkniipfung von EPK-Modellen mit Ontologien auf der Basis des grafischen
Modellierungs- und Zeichenwerkzeugs Microsoft VISIO [FiWe04]. Die Semantik der
EPK-Modellelemente wird dabei objektorientiert als Zustinde und Aktionen von Objek-
ten aufgefasst, womit der Ansatz im Gegensatz zu diesem Beitrag eine objektorientierte
und eine prozessorientierte Abstraktion des unternehmerischen Geschehens erfordert.

6 Diskussion der Ergebnisse und Ausblick

Die genaue semantische Spezifikation von Modellelementen wurde zwar bereits bei der
Einfithrung der EPK gefordert [KeNS92], aber deren Durchfiihrung jedoch in der Folge
nicht aufgezeigt. Die erneute Betonung der Semantik von EPK-Modellen geschieht nun
vor dem Hintergrund der Ergebnisse des Semantic Web, das Sprachen, Techniken und
Werkzeuge zur Spezifikation und Verarbeitung von Semantik zur Verfiigung stellt. Mit
dessen Hilfe ist die Semantik betrieblicher Abldufe exakter spezifizierbar und damit
auch einer maschinellen Verarbeitung zugénglich.
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Die Vorteile der Transformation von Prozessmodellen in semantische Prozessmodelle
unter Verwendung von OWL sind im Wesentlichen:

— Anfragen an Prozessmodelle konnen auf semantischer Ebene erfolgen. Durch die
Verwendung von Inferenzmechanismen kénnen zum Anfragezeitpunkt neue Fakten
geschlossen werden, die nicht explizit in den Prozessmodellen gespeichert worden
sind. Uber einfache Vererbungsbeziehungen hinaus ergeben sich durch die von OWL
bereitgestellten Moglichkeiten wie transitiven, symmetrischen oder inversen Eigen-
schaften zusétzliche Mdglichkeiten der Schlussfolgerung und damit des Retrievals.

— Durch die Annotation von Ontologieinstanzen wird das Verstidndnis der Geschéfts-
prozesse erhoht, da Ontologien die von Individuen geteilten Konzeptionalisierungen
und Terminologie enthalten. Durch die Mdglichkeit, eine vorhandene Ontologie be-
liebig um weitere Aussagen zu erweitern, beispielsweise die relevanten gesetzlichen
Grundlagen in Bezug auf die Abwicklung einer betrieblichen Aufgabe, eignen sich
semantisch annotierte Prozessketten als Ausgangspunkt eines prozessorientierten
Wissensmanagements.

— Der Aufwand zur ,Internationalisierung” von Prozessmodellen wird reduziert, da
Ubersetzungsarbeiten der Bezeichner individueller Modellelemente aufgrund von in
der Ontologie mehrsprachig hinterlegbaren Bezeichnungen der Ontologieinstanzen
erleichtert oder teilautomatisiert werden konnen.

— Die Ausfiihrbarkeit von Prozessen kann erleichtert werden, da die Ontologie um
technische Details zur Ausfiihrung erweitert werden kann und somit aus einem
sEPK-Modell beispielsweise eine BPEL-Représentation generiert werden kann. Die
semantische Beschreibung von Prozessen aus einer fachlichen Perspektive erginzt
und komplettiert die aktuellen Bestrebungen der semantischen Beschreibung techni-
scher Prozesse, wie etwa WSMO [ACDF05], WSDL-S [AFMNO05], OWL-S
[MBLP04], KDSWS [HoKe04], METEOR-S [ASSV04] und IRS-II [MDCGO3].
Abbildungen fachlicher Sachverhalte auf technische erfolgen durch die zentrale
Speicherung von Geschiftsprozesselementen als Ontologieinstanzen redundanzfrei.

Weiterer Forschungsbedarf existiert hinsichtlich der Integration semantisch heterogener
Ontologien in eine zur Annotation geeigneten Ontologie, hinsichtlich der Abbildung von
Dynamik, d.h. Anderungen an der Ontologie, sowie der Verbindung des Ansatzes zu
Semantic Web Services oder Web Services Repositories.
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Abstract: The semantics of the OR-join have been discussed for some time, in the
context of EPCs, but also in the context of other business process modeling languages
like YAWL. In this paper, we show that the existing solutions are not satisfactory from
the intuition of the modeler. Furthermore, we present a novel approach towards the
definition of EPC semantics based on state and context. The approach uses two types
of annotations for arcs. Like in some of the other approaches, arcs are annotated with
positive and negative tokens. Moreover, each arc has a context status denoting whether
a positive token may still arrive. Using a four-phase approach tokens and statuses are
propagated thus yielding a new kind of semantics which overcomes some of the well-
known problems related to OR-joins in EPCs.

1 Introduction

The Event-driven Process Chain (EPC) is a business process modeling language for the
represention of temporal and logical dependencies of activities in a business process (see
[KNS92]). EPCs offer function type elements to capture the activities of a process and
event type elements describing pre- and post-conditions of functions. Some EPC defini-
tions also include process interface type elements. A process interface is a syntax element
that links two consecutive EPCs: at the end of the first EPC, a process interface points to
the second EPC, and the at beginning of the second, there is a process interface represent-
ing the preceding EPC. Furthermore, there are three kinds of connector types (i.e. AND,
OR, and XOR) for the definition of complex routing rules. Connectors have either multiple
incoming and one outgoing arc (join connectors) or one incoming and multiple outgoing
arcs (split connectors). As a syntax rule, functions and events have to alternate, either di-
rectly or indirectly when they are linked via one or more connectors. Moreover, OR- and
XOR-splits after events are not allowed, since events cannot make decisions. Control flow
arcs are used to link elements.

The informal (or intended) semantics of an EPC can be described as follows. The AND-
split activates all subsequent branches in a concurrent fashion. The XOR-split represents
a choice between one of alternative branches. The OR-split triggers one, two or up to
all of multiple branches based on conditions. In both cases of the XOR- and OR-split,
the activation conditions are given in events subsequent to the connector. Accordingly,
event-function-splits are forbidden with XOR and OR to avoid the situation where the
activation conditions do not become clear in the model. The AND-join waits for all in-
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coming branches to complete, then it propagates control to the subsequent EPC element.
The XOR-join merges alternative branches. The OR-join synchronizes all active incom-
ing branches, i.e., it needs to know whether the incoming branches may receive tokens in
the future. This feature is called non-locality since the state of all (transitive) predecessor
nodes has to be considered.

Several formal approaches were presented for the definition of EPC semantics. A partic-
ular problem of these semantics is that refining a function of an EPC with a structured
OR-block can yield unexpected behavior. We will illustrate this problem by the help of
an example. Against this background, we present a concept for the definition of EPC se-
mantics based on state and context. The remainder of the paper is structured as follows.
Section 2 provides a definition of EPC syntax. Section 3 discusses problems of exist-
ing EPC formalizations and an approach to formalize EPCs based on state and context.
Section 4 concludes the paper and gives an outlook on future research.

2 EPC Syntax

There is not only one, but there are several approaches towards the formalization of EPC
syntax. A reason for that is that the original EPC paper introduces them only in an informal
way (see [KNS92]). The subsequent syntax definition of flat EPCs essentially follows
the presentation in [NR02] and [MNO3]. If it is clear from the context that a flat EPC is
discussed, the term EPC will be used instead for brevity. Please note that an initial marking
as proposed in [Rum99, NRO2] is not included in the syntax definition, but discussed in
the context of soundness in Section 3.6.

Definition 1 (Flat EPC). A flat EPC = (E, F, P,C,l, A) consists of four pairwise dis-
joint and finite sets E, F, C, P, a mapping [ : C' — {and, or, zor}, and a binary relation
AC(EUFUPUCQC) x (EUFUPUC) such that

An element of E is called event. E # ().

An element of F is called function. F' # ().

— An element of P is called process interface.

An element of C'is called connector.

The mapping [ specifies the type of a connector ¢ € C as and, or, or zor.

A defines the control flow as a coherent, directed graph. An element of A is called
an arc. An element of the union N = E U F'U P U C'is called a node.

In order to allow for a more concise characterization of EPCs, notations are introduced
for preset and postset nodes, incoming and outgoing arcs, paths, transitive closure, corona,
and several subsets.

Definition 2 (Preset and Postset of Nodes). Let IV be a set of nodesand A C N x N a
binary relation over NV defining the arcs. For each node n € N, we define its preset en =
{z € N|(z,n) € A}, and its postset ne = {x € N|(n,z) € A}.

Definition 3 (Incoming and Outgoing Arcs). Let IV be a set of nodes and A C N x N
a binary relation over N defining the arcs. For each node n € N, we define the set
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of incoming arcs n;, = {(z,n)lx € N A (z,n) € A}, and the set of outgoing arcs
nout = {(n,y)ly € N A (n,y) € A}.

Definition 4 (Paths, Connector Chains, and Transitive Closure). Let a,b € N be two
nodes of an EPC. A path a — b refers to a sequence of nodes ny,...,ni € N witha = nq
and b = ny such thatforalls € 1,... kholds: (ny,n2),..., (ni,nit1),. .., (ngk—1,nk) €
A. This includes the empty path of length zero, i.e., for any node a : @ — a. If a,b € N
and no,...,ng_1 € C, the path a <% b is called connector chain. This includes the
empty connector chain, i.c., a < bif (a,b) € A. a,b. The transitive closure Ax contains
(n1,ng) if there is a non-empty path from ny to ng, i.e., there is a a non-empty set of
arcs of A leading from n; to no. For each node n € N, we define its transitive preset
xn = {x € N|(z,n) € Ax}, and its transitive postset nx = {x € N|(n,z) € Ax}.

Definition 5 (Upper Corona, Lower Corona). For a node n € N of an EPC, its upper
corona is defined as sn= {v € (E U F U P)|v <> n}. It includes those non-connector
nodes of the transitive preset that reach n via a connector chain. In analogy, its lower
corona is defined as n= {w € (EU F U P)|n <> w}.

Definition 6 (Subsets). For an EPC, we define the following subsets of its nodes and
arcs:

— E; ={e € E | |ee| = 0} being the set of start-events,
E;n: ={e € E | |ee| =1 A |ce| = 1} being the set of intermediate-events, and
E. ={e € E | |ee| = 0} being the set of end-events.

— P, ={p € P | |ep| = 0} being the set of start-process-interfaces and
P.={p € P||pe| = 0} being the set of end-process-interfaces.

- J={ce C||ec| >1and|ce| =1} as the set of join- and
S={ceC||ec/]=1and |ce|] > 1} as the set of split-connectors.

— Cyna = {c € C| (¢,and) € 1} being the set of and-connectors,
Cror = {c € C'| (¢c,zor) € 1} being the set of xor-connectors, and
Cor = {c € C'| (c,or) € l} being the set of or-connectors.

— Janda = {c € J | (¢, and) € I} being the set of and-join-connectors,
Jzor = {c € J | (¢, zor) € I} being the set of xor-join-connectors,
Jor = {c € J | (¢,or) € 1} being the set of or-join-connectors,

— Sanda = {c € 5| (¢,and) € 1} being the set of and-split-connectors,
Szor = {c € S| (c,zor) € I} being the set of xor-split-connectors, and
Sor = {c € S| (c,or) € I} being the set of or-split-connectors.

— Cpp ={ceC| % C EAcxC (F U P)} as the set of event-function-connectors
(ef-connectors) and
Crp = {c € C| % C (FUP)Ac«C E} as the set of function-event-connectors
(fe-connectors).

— Apr C(EUCEgr) x (FUPUCgp) as the set of event-function-arcs and
Arg C (FUPUCFg) x (EUCpg) as the set of function-event-arcs.

- As C{(z,y) € A| x € E,} as the set of start-arcs,
At C{(z,y) € A|x ¢ Es Ny & E.} as the set of intermediate-arcs, and
A, C{(z,y) € A|y € E.} as the set of end-arcs.
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Figure 1: An EPC (a) with labelled nodes and (b) its nodes related to the subsets of Definition 6.

Figure 1 illustrates the different subsets of an EPC. Consider for example the connector
AN D3. It is an event-function-connector since its upper corona, i.e. those non-connector
nodes from which there is a connector chain to AN D3, contains only events and its lower
corona contains functions only, in this case exactly one function. Furthermore, the arc
from ANDI1 to AND3 is an event-function-arc since it connects two event-function-
connectors. Note that arcs from events to event-function-connectors and arcs from event-
function-connectors to functions are event-function-arcs, too.

In the remainder we assume an EPC to satisfy the following requirements.

Definition 7 (Syntactically Correct EPC). An EPC = (E, F, P,C,l, A) is called syntac-
tically correct, if it fulfills the requirements:

I O R S R

)}

11.

. EPC is a simple, directed, coherent, and antisymmetric graph.

. There are no connector cycles, i.e. Va,b € C' :if a # band a < b, then jﬂb < a.
. |E| > 2. There are at least two events in an EPC.

. |F| > 1. There is at least one function in an EPC.

. Events have at most one incoming and one outgoing arc.

Vee€ E:|ee] <1Alee| <1.

. Functions have exactly one incoming and one outgoing arcs.

VieF:|lof|=1A|fe] =1.

. Process interfaces have one incoming or one outgoing arcs.

Vp e P (jop| = LA [ps| = 0) V (Jop| = 0 A |pe] = 1).

. Connectors have one incoming and multiple outgoing arcs or multiple incoming and

one outgoing arc. Vc € C': (|ec| =1 A|ce| > 1)V (Jec| > 1 A |ce| =1).

. Events must have function, process interface, and fe-connector nodes in the preset,

and function, process interface and ef-connector nodes in the postset.
Veec E:ee C(FUPUCFg)ANee C(FUPUCgR).

. Functions must have events and ef-connectors in the preset and events and fe-connectors

in the postset.

VfeF :of C (EUCEF)/\fO - (EUCFE).
Process interfaces are connected to events only.
Vpe P:epC EApe CE.
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12. Connectors must have either functions, process interfaces, and fe-connectors in the
preset and functions, process interfaces, and ef-connectors in the postset or events
and ef-connectors in the preset and events and fe-connectors in the postset.

Vee C:(ec C(FUPUCFg))Ace C(FUPUCER)V
(ec C(EUCEF)Ace C(EUCrER)).

13. Arcs either connect events and ef-connectors with functions, process interfaces, and
ef-connectors or functions, process interfaces, and fe-connectors with events and fe-
connectors.

Va e A: (a S (EUCEF) X (FUPUCEF))\/(CL € (FUPUCFE) X (EUCFE)).

3 EPC Semantics

In addition to related work on the syntax of EPCs, there are several contributions towards
the formalization of EPC semantics. This section first illustrates the semantical prob-
lems related to the OR join using an illustrative set of examples, then it gives a historical
overview of semantical definitions described in literature, and provides a formalization for
EPCs that is used throughout this thesis.

3.1 Informal Semantics as a Starting Point

Before discussing EPC formalization problems, we need to establish an informal under-
standing of state representation and state changes of an EPCs. Although we provide a
formal definition not before Section 3.4, the informal declaration of state concepts helps
to discuss formalization issues in this section. The state, or marking, of an EPC is defined
by assigning a number of tokens (or process folders) to its arcs.! The formal semantics of
an EPC define which state changes are possible for a given marking. These state changes
are formalized by a transition relation. A node is called enabled if there are enough to-
kens on its incoming arcs that it can fire, i.e., a state change defined by a transition can be
applied. This process is also called firing. A firing of a node n consumes tokens from its
input arcs n;, and produces tokens at its output arcs n,,;. The formalization of whether
an OR-join is enabled is a non-trivial issue since not only the incoming arcs have to be
considered. The sequence 7 = njns...n,, is called a firing sequence if it is possible to
execute a sequence of steps, i.e., after firing n; it is possible to fire ny, etc. Through a
sequence of firings the EPC moves from one reachable state to the next. The reachability
graph of an EPC represents how states can be reached from each other. A state that is not
a final state, but from which no other state can be reached is called a deadlock. The notion
of a final state will be formally defined in Section 3.6.

IThis state representation based on arcs reflects the formalization of Kindler [Kin06] and can be related to
arcs between tasks in YAWL that are interpreted as implicit conditions [AHOS5]. Other approaches assign tokens
to the nodes of an EPC, e.g., [Rum99].
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3.2 EPC Formalization Problems

We have briefly stated that the OR-join synchronizes all active incoming branches. This
bears a non-trivial problem: if there is a token on one incoming arc, does the OR-join
have to wait or not? Following the informal semantics of EPCs, it is only allowed to fire
if it is not possible that a token might arrive at the other incoming arcs (see [NRO2]). In
the following subsection, we will show what the formal implications of these intended
semantics are. Before that, we introduce some example EPCs. The discussion of them
raises some questions that are not answered yet. Instead, we revisit them afterwards to
illustrate the characteristics of the different formalization approaches.
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(a) One OR-Join Loop EPC (b) Two OR-Join Loop EPC
Figure 2: EPCs (a) with one OR-join and (b) with two OR-joins on the loop

Figure 2(a) shows an EPC with an OR-join on a loop. There is a token on arc a2 from
function f1 to the OR-join c1. The question is whether c1 can fire. If it could fire, then it
would be possible that a token may arrive at arc a9 from f3 to the join. This would imply
that it should wait and not fire. On the other hand, if it must wait, it is not possible that a
token might arrive at a9. Figure 2(b) depicts an EPC with two OR-joins, ¢3 and ¢5, on a
loop which are both enabled (cf. [ADKO02]). Here, the question is whether both can fire
or none of them. Since the situation is symmetric it seems not reasonable that only one
should be allowed to fire.

The situation might be even more complicated as Figure 3 illustrates (cf. [Kin06]). This
EPC includes a loop with three OR-joins: c1, ¢3, and ¢5. All of them are enabled. Follow-
ing the informal semantics the first OR-join cl is allowed to fire if it is not possible for a
token to arrive on arc a21 from the AND-split c6. To put it differently, if c1 is allowed to
fire, it is possible for a token to arrive on arc a7 that leads to the OR-join ¢3. Furthermore,
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Figure 3: EPCs with three OR-joins on the loop

the OR-join ¢5 could eventually fire. Finally, the first OR-join c1 would have to wait for
that token before firing. In short, if c1 could fire, it would have to wait. One can show
that this holds also the other way around: if it could not fire, it would not have to wait.
Furthermore, this observation also holds for the two other OR-joins. In the subsequent
section, we will discuss whether this problem can be resolved.

Refinement is another issue related to OR-joins. Figure 4 shows two versions of an EPC
process model. In Figure 4(a) there is a token on a7. The subsequent OR-join ¢2 must
wait for this token and synchronize it with the second token on a5 before firing. In Figure
4(b) the sequence e3-a7-f3 is refined with a block of two branches between an OR-split
c3a and an OR-join ¢3b. The OR-join ¢2 is enabled and should wait for the token on a7 f.
The question here is whether such a refinement might change the behavior of an OR-join.
Figure 4 is just one simple example. The answer to this question may be less obvious if
the refinement is introduced in a loop that already contains an OR-join. Figure 5 shows a
respective case of an OR-join c1 on a loop that is refined with an OR-Block c3a-c3b. One
would expect that the EPC of Figure 4(a) exhibits the same behavior as the one in (b). In
the following subsection, we will discuss these questions from the perspective of different
formalization approaches.

3.3 Approaches to EPC Semantics Formalization

The transformation to Petri nets plays an important role in early formalizations of EPC
semantics. In Chen and Scheer [CS94] the authors define a mapping to colored Petri nets
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(a) EPC with OR-join (b) Refinement of e3-f3 block

Figure 4: EPC refined with an OR-Block

and address the non-local synchronization behavior of OR-joins. This formalization builds
on the assumption that an OR-split always matches a corresponding OR-join. The colored
token that is propagated from the OR-split to the corresponding OR-join signals which
combination of branches is enabled. Furthermore, the authors describe the state space of
some example EPCs by giving reachability graphs. Yet, this first Petri net semantics for
EPCs has mainly two weaknesses. First, a formal algorithm to calculate the state space
is missing. Second, the approach is restricted to EPCs with matching OR-split and -join
pairs. Therefore, this approach does not provide semantics for the EPCs shown in figures
2 and 3. Even though the approach is not formalized in all its details, it should be able to
handle the refined EPC of Figure 4(b) and the inner OR-join ¢3b in Figure 4(b).

The transformation approach by Langner, Schneider, and Wehler [LSW98] maps EPCs to
Boolean nets in order to define formal semantics. Boolean nets are a variant of colored
Petri nets whose token colors are 0 (negative token) and 1 (positive token). Connectors
propagate both negative and positive tokens according to its logical type. This mechanism
is able to capture the non-local synchronization semantics of the OR-join similar to dead-
path elimination in workflow systems (see [LLA94]). The XOR-join only fires if there
is one positive token on incoming branches and a negative token on all other incoming
branches. Otherwise it blocks. A drawback of this semantics definition is that the EPC
syntax has to be restricted: arbitrary structures are not allowed. If there is a loop it must
have an XOR-join as entry point and an XOR-split as exit point. This pair of connectors in
a cyclic structure is mapped to one place in the resulting Boolean net. As a consequence,
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(a) EPC with OR-join on loop (b) Refinement of e3-f3 block

Figure 5: Cyclic EPC refined with an OR-Block

this approach does not provide semantics for the EPCs in Figures 2 and 3. Yet, it is able
to deal with any kind of OR-join that is not an entry or an exit to a loop. Accordingly, the
Boolean nets define the expected semantics of the refined EPC of Figure 4(b) and of the
inner OR-Block introduced as a refinement in Figure 4(b).

Van der Aalst [Aal99] presents an approach to derive Petri nets from EPCs, but he does not
give a mapping for OR-connectors because of the semantical problems illustrated in Sec-
tion 3.2. This mapping provides clear semantics for XOR- and AND-connectors as well as
for the OR-split, but since the OR-join is not formalized the approach does not provide se-
mantics for the EPCs of Figures 2 to 5. Dehnert presents an extension of this approach by
mapping the OR-join to a Petri net block [DAO4]. Since the resulting Petri net block may
or may not necessarily synchronize multiple tokens at runtime (i.e., a non-deterministic
choice), its state space is larger than the actual state space with synchronization. Based
on the so-called relaxed soundness criterion it is possible to check whether a join should
synchronize (cf. [DA04]).

In [Rit0O] Rittgen discusses the OR-join. He proposes to distinguish three types of OR-
joins already on the syntactic level: every-time, first-come, and wait-for-all. The every-
time OR-join basically reflects XOR-join behavior; the first-come OR-join passes the first
incoming token and blocks afterwards; and the wait-for-all OR-join depends on a matching
split similar to the approach of Chen and Scheer. This proposal could provide a semantics
for the example EPCs of Figures 2 to 5. If we assume an every-time semantics, all OR-
joins of the example EPCs could fire. While the loops would not block in this case, there
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would be no synchronization at all which contradicts the intended OR-join semantics. If
the OR-joins behave according to the first-come semantics, all OR-joins could fire. Yet,
there would also be no synchronization and the loops could be run only once. If the OR-
joins had wait-for-all semantics, we would have the same problems as before with the
loops. Altogether, the proposal by Rittgen does not provide a satisfactory solution to the
formalization problem.

Niittgens and Rump [NRO2] define a transition relation for EPCs that addresses also the
non-local semantics of the OR-join, yet with a problem: the transition relation for the
OR-join refers to itself under negation. Van der Aalst, Desel, and Kindler show, that a
fixed point for this transition relation does not always exist [ADKO02]. They present an
example to prove the opposite: an EPC with two OR-joins on a circle that wait for each
other as depicted in Figure 2(b). This vicious circle is the starting point for the work of
Kindler towards a sound mathematical framework for the definition of non-local seman-
tics for EPCs. In a series of papers [Kin06], Kindler elaborates on this problem in detail.
The technical problem is that for the OR-join transition relation R depends upon R itself
in negation. Instead of defining one transition relation, he considers a pair of transition
relations (P, @) on the state space ¥ of an EPC and a monotonously decreasing function
R : 28X NXE _, 9BXNXE Then, a function o((P,Q)) = (R(Q), R(P)) has a least fixed
point and a greatest fixed point. P is called pessimistic transition relation and @) optimistic
transition relation. An EPC is called clean, if P = (). For most EPCs, this is the case.
Some EPCs such as the vicious circle EPC are unclean since the pessimistic and the op-
timistic semantics do not coincide. Moreover, Cuntz provides an example of a clean EPC
which is refined with another clean EPC and becomes unclean [Cun04, p.45]. Kindler also
shows that there are even acyclic EPCs that are unclean (see [Kin06, p.38]). Furthermore,
Cuntz and Kindler present optimizations for an efficient calculation of the state space of
an EPC and a respective prototype implementation called EPC Tools [CK05]. EPC Tools
also offers a precise answer to the questions about the example EPCs of Figures 2 to 5.

e Figure 2(a): For the EPC with one OR-join on a loop, there is a fixed point and the
connector is allowed to fire.

e Figure 2(b): The EPC with two OR-joins on a loop is not clean. Therefore, it is not
clear whether the optimistic or the pessimistic semantics should be considered.

e Figure 3: The EPC with three OR-joins is also not clean, i.e., the pessimistic deviates

from the optimistic semantics.

Figure 4(a): The OR-join c2 must wait for the second token on a7.

Figure 4(b): The OR-join ¢2 must wait for the second token on a7 f.

Figure 5(a): The OR-join c1 must wait for the second token on a7.

Figure 5(b): The OR-join cl is allowed to fire, the second OR-join ¢2 in the OR-

block must wait.

Even though the approach by Kindler provides semantics for a large subclass of EPCs,
i.e. clean EPCs, there are some cases like the EPCs of Figure 2(b) and 3 that do not
have semantics. The theorem by Kindler proves that it is not possible to give these EPCs
semantics as long as the transition relation is defined with a self-reference under negation.
Furthermore, such a semantics definition may imply some unexpected results, e.g. if an
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EPC such as that of Figure 5(a) behaves differently than its refinement as given in Figure
5(b).

Van der Aalst and Ter Hofstede defined a workflow language called YAWL [AHOS5] which
also offers an OR-join with non-local semantics. As Mendling, Moser, and Neumann
propose a transformation semantics for EPCs based on YAWL [MMNO6], we discuss in
the following paragraph how the OR-join behavior is formalized in YAWL. In [AHO5], the
authors propose a definition of the transition relation R(P) with a reference to a second
transition relation P that ignores all OR-joins. A similar semantics that is calculated on
history-logs of the process is proposed by Van Hee, Oanea, Serebrenik, Sidorova, and
Voorhoeve in [HOS'06]. The consequence of this definition can be illustrated using the
example EPCs.

Figure 2(a): The single OR-join on the loop can fire.

Figure 2(b): The two OR-joins on the loop can fire.

Figure 3: The three OR-joins on the loop can fire.

Figure 4(a): The OR-join ¢2 must wait for the second token between e3 and f3.
Figure 4(b): Both OR-joins can fire.

Figure 5(a): The OR-join c1 must wait for the second token between e3 and f3.
Figure 5(b): Both OR-joins can fire.

Kindler criticizes that each choice for defining P “appears to be arbitrary or ad hoc in
some way” [Kin06] and uses the pair (P, Q) instead. The example EPCs illustrate that
the original YAWL semantics provide for a limited degree of synchronization. Consider
for example the vicious circle EPC with three OR-joins: all are allowed to fire, but if
one does so, the subsequent OR-join has to wait. Furthermore, the refined EPCs exhibit
different behavior than their unrefined counterparts since OR-joins are ignored, i.e., they
are considered to be not able to fire.

Wynn, Edmond, van der Aalst, and ter Hofstede illustrate that these OR-join semantics
in YAWL exhibit some non-intuitive behavior when OR-join depend upon each other
[WEAHOS]. Therefore, they present a novel approach based on a mapping to Reset nets.
If an OR-join can fire (i.e. R(P)) is decided depending on (a) a corresponding Reset net
(i.e. P) that treats all OR-joins as XOR—joins2 and (b) a predicate called superM that hin-
ders firing if an OR-join is on a directed path from another enabled OR-join. In particular,
the Reset net is evaluated using backward search techniques that grant coverability to be
decidable (see e.g. [FSO1]). A respective verification approach for YAWL nets is presented
in [WAHEOQ6]. Using these semantics, the example EPCs behave as follows:

e Figure 2(a): The single OR-join on the loop can fire since superM evaluates to false
and hence no more tokens can arrive at c;.

e Figure 2(b): The two OR-joins are not enabled since superM evaluates to true be-
cause if the respectively other OR-join is replaced by an XOR-join an additional
token may arrive.

2In fact, [WEAHOS5] proposes two alternative treatments for the “other OR-joins” when evaluating an OR-
joins: treat them either as XOR-joins (optimistic) or as AND-joins (pessimistic). However, the authors select
the optimistic variant because the XOR-join treatment of other OR-joins matches more closely the informal
semantics of the OR-join.
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Figure 3: The three OR-joins are not enabled because if one OR-join assumes the
other two to be XOR-joins then this OR-join has to wait.

Figure 4(a): The OR-join ¢2 must wait for the second token on a7.

Figure 4(b): The OR-join ¢2 must wait for the second token on a7f.

Figure 5(a): The OR-join ¢/ must wait for the token on a7.

Figure 5(b): The OR-join ¢/ must wait because if ¢3b is assumed to be an XOR-
join a token may arrive via a3. The OR-join ¢3b must also wait because if cl is an
XOR-join another token may move to a7c.

The novel approach based on Reset nets provides interesting semantics but in some cases
also leads to deadlocks.

OR-join semantics | Limitations

[CS94] OR-join must match OR-split
[LSWIS] Joins as loop entry undefined
[Rit00] every-time | missing synchronization

[Rit00] first-come OR-join can block

[Rit00] wait-for-all | OR-join as loop entry undefined

[Kin06] EPC can be unclean
[AHO5] limited synchronization
[WAHEO06] OR-join may block

Table 1: Overview of EPC semantics and their limitations

Table 1 summarizes existing work on the formalization of the OR-join. Several early
approaches define syntactical restrictions such as OR-splits to match corresponding OR-
joins or models to be acyclic (see [CS94, LSWI8, Rit00]). Newer approaches impose little
or even no restrictions (see [Kin06, AHO5, WAHEOG6]), but exhibit unexpected behavior for
OR-block refinements on loops with further OR-joins on it. The solution based on Reset
nets seems to be most promising from the intuition of its behavior. Yet, it requires extensive
calculation effort since it depends upon backward search to decide coverability (Note that
reachability is undecidable for reset nets illustrating the computational complexity of the
OR-join in the presence of advanced routing constructs). In the following subsection,
we propose a novel approach that addresses the refinement problems of the Reset nets
semantics and that provides a more efficient solution since all OR-join decisions can be
taken with local knowledge.

3.4 A Novel Approach towards EPC Semantics

In this subsection, we introduce a novel formalization of the EPC semantics. The prin-
cipal idea of these semantics lends some concepts from Langner, Schneider, and Wehler
[LSWO8] and adapts the idea of Boolean nets with true and false tokens in an appropri-
ate manner. Furthermore, we utilize the notations of Kindler [Kin06] whenever possible
and modify them where needed. The transition relation that we will formalize afterwards
depends on the state and the context of an EPC. The state of an EPC is basically an assign-
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ment of positive and negative tokens to the arcs. Positive tokens signal which functions
have to be carried out in the process, negative tokens indicate which functions are to be
ignored. The transition rules of AND- and OR-connectors are adopted from the Boolean
nets formalization which facilitates synchronization of OR-joins in structured blocks. In
order to allow for a more flexible utilization of XOR-connectors in cyclic structure, we
modify and extend the approach of Boolean nets in three ways:

1. XOR-splits produce positive tokens on their output arcs, but no negative tokens.
XOR-joins fire each time there is a positive token on an incoming arc. This mech-
anism provides the expected behavior in both structured XOR-loops and structured
XOR-blocks.

2. In order to signal OR-joins that it is not possible to have a positive token on an
incoming branch, we define the context of an EPC. The context assigns a status of
wait or dead to each arc of an EPC. A wait context indicates that it is still possible
that a positive token might arrive; a dead context status means that no positive token
can arrive anymore. For example, XOR-splits produce a dead context on those
output branches that are not taken and a wait context on the output branch that
receives a positive token. A dead context at an input arc is then used by an OR-join
to determine whether it has to synchronize with further positive tokens or not.

3. The propagation of context status and state tokens is arranged in a four phase cy-
cle: (a) dead context, (b) wait context, (c) negative token, and (d) positive token
propagation.

(a) In this phase, all dead context information is propagated in the EPC until no
new dead context can be derived.

(b) Then, all wait context information is propagated until no new wait context
can be derived. It is necessary to have two phases (i.e., first the dead context
propagation and then the wait context propagation) in order to avoid infinite
cycles of context changes (details below).

(c) After that, all negative tokens are propagated until no negative token can be
propag g
propagated anymore. This phase can neither run into an endless loop (details
below).

(d) Finally, one of the enabled nodes is selected and propagates positive tokens
leading to a new iteration of the four phase cycle.

In the following subsection, we first give an example to illustrate the behavior of the EPC
semantics before defining state, context, and the transition relation. Then, we define the
initialization of an EPC. After that, we present the transition relations for the two phases
of dead context and wait context propagation. Then, we discuss the termination of these
phases and why a separation in dead context and wait context propagation is necessary.
Subsequently, we define the transition relation for the phase of negative token propagation
and its termination. Finally, the positive token propagation is presented.

Revisiting the cyclic EPC refined with an OR-block Figure 6 revisits the example of
the cyclic EPC refined with an OR-block that we introduced as Figure 5 in Section 3.2.
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In Figure 6(a) there are two positive tokens on the arcs a2 and al12. The context status
is indicated by a letter next to the arc: w for wait and d for dead. In (a) all arcs are in
a wait context status which implies that the OR-join c1 is not allowed to fire, but has to
synchronize with positive and negative tokens that might arrive on arc a3. The XOR-join
is allowed to fire without considering the second arc a10. In (b) the OR-split c3a has
fired (following the execution of c3) and happened to produce a positive token on a7a
and a negative token on a7d. Accordingly, the context of a7d is changed to dead. This
dead context is propagated down to arc a7 f. The rest of the context remains unchanged.
The state shown in (b) is followed by (c) where the positive and the negative tokens are
synchronized at the connector ¢3b and one positive token is produced on the output arc aS.
Please note that the OR-join ¢3b does not synchronize with the other OR-join c1 that is
also on the loop. In the Kindler and the Reset nets semantics, c3b would have to wait for
the token from a2. Here, the wait context propagation is blocked by the negative token. In
(d) the XOR-split c2 produces a positive token on a9 and a dead context on ab. This dead
context is propagated to a3 in the dead context propagation phase, but not further. In the
wait context propagation phase, this dead context is changed to wait which is propagated
from c2. As a consequence, the OR-join cl is not enabled. This example permits two
observations. First, the context propagation blocks OR-joins that are entry points to a loop
in a wait position since the self-reference is not resolved. Second, the XOR-split produces
a dead context, but not a negative token. The disadvantage of producing negative tokens
would be that the EPC was flooded with negative tokens if an XOR-split was used as an
exit of a loop. These tokens would give downstream joins the wrong information about
the state of the loop since it would be still live. An OR-join could then synchronize with
a negative token while a positive token was still in the loop. In contrast to that, the XOR-
split as a loop exit produces a dead context. Since there is a positive token in the loop, it
is overwritten in the wait context propagation phase. Downstream OR-joins then have the
correct information that there are still tokens to wait for.

Definition of State and Context We define both state and context as an assignment
to the arcs. The EPC transition relation defines which state and/or context changes are
allowed for a given state/context. We will first illustrate this before defining state and
context formally. As we define the EPC semantics as a transition system based on state
and context, we refer to it as a state-context-system.

Definition 8 (State and Context). For an EPC = (E, F,C,l, A) the mapping 0 : A —
{—1,0,+1} is called a state (or marking) of an EPC. The positive token captures the
state as it is observed from outside the process. It is represented by a black circle. The
negative token depicted by a white circle with a minus on it has a similar semantics as the
negative token in the Boolean nets formalization. Arcs with no state tokens on them have
no circle depicted. Furthermore, the mapping x : A — {wait, dead} is called a context of
an EPC. A wait context is represented by a w and a dead context by a d next to the arc.

Initial and Final State The initial state is the starting point for applying an iteration of
the four phase cycle. In [Rum99] the initial state of an EPC is specified as a marking that
assigns tokens to one, some, or all start events. While such a definition contains enough

38



W |a7c

(c) Synchronizing (d) Exiting the loop

Figure 6: Example of EPC state changes
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information for verification purposes, e.g. by the bundling of start and end events with OR-
connectors as proposed in [MMNOG6], it does not provide executable semantics according
to the original definition of EPCs. As pointed out in [Rit00], it is not possible to equate the
triggering of a single start event with the instantiation of a new process. This is because
EPC start events do not only capture alternative instantiation, but also external events that
influence the execution of a running EPC (cf. [CS94]). In our approach, we assume that
state and context is known for each of the start arcs. A respective formalization of initial
and final state is given in Definitions 11 and 12. In the following, we describe the transition
relations of each node n € F'U F'UC in the phases of dead context, wait context, negative
and positive token propagation.

Phase 1: Transition Relation for Dead Context Propagation The transition relation
for dead context propagation defines rules for deriving a dead context if one or more input
arcs of a node have a dead context status. Figure 7 gives an illustration of the transition
relation. Please note that the figure does not depict the fact that the the rules for dead con-
text propagation can only be applied if the respective output arc does not hold a positive or
a negative token. Concrete tokens override context information, e.g., an arc with a positive
token will always have a wait context. Rules (a) and (b) indicate that if an input arc of
a function or an event is dead, then also the output arc has to have a dead context status.
Rule (c) represents that each split-connector propagates a dead context to its output arcs.
These transition relations formalize the observation that if an input arc cannot be reached
anymore, also its output arcs cannot be reached anymore (unless they already hold positive
of negative tokens). The AND-join requires only one dead context status at its input arcs
to replicate it at its output arc, see (d). XOR- and OR-joins propagate a dead context if all
input arcs are dead, see (e) and (f). It is important to note that a dead context is propagated
until it reaches a node where one of the output arcs holds a token or an (X)OR-join where
one of the inputs has a wait context.

Phase 2: Transition Relation for Wait Context Propagation The transition relation
for wait context propagation defines rules for deriving a wait context if one or more input
arcs of a node have a wait context status. Figure 8 gives an illustration of the transition
relation. All transitions can only be applied if the respective output arc does not hold a
positive or a negative token. Rules (a) and (b) show that if an input arc of a function or
an event has a wait context, then also the output arc has to have a wait context status.
Rule (c) represents that each split-connector propagates a wait context to its output arcs.
The AND-join requires all inputs to have a wait context status in order to reproduce it at
its output arc, see (d). XOR- and OR-joins propagate a wait context if one of their input
arcs has a wait context, see (e) and (f). Similar to the dead context propagation, the wait
context is propagated until it reaches a node where one of the output arcs holds a token or
an AND-join where one of the inputs has a dead context.

Observations on Context Propagation The transition relations of context propagation
permit the following observations:
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Figure 7: Transition relation for dead context propagation

o Context changes terminate: It is intuitive that context propagation cannot run into
an infinite loop. It is easy to verify that the first two phases indeed stop. The propa-
gation of dead context stops because the number of arcs is finite, i.e., the number of
arcs is an upper bound for the number of times the rules in Figure 7 can be applied.
A similar argument applies to the propagation of wait context. As a consequence,
the context change phase will always terminate and enable the consideration of new
state changes in the subsequent phase.

e State tokens block context propagation: The transition relations for context propa-
gation require that the output arcs to be changed do not hold any state token, i.e.,
arcs with a positive token always have a wait context and arcs with a negative token
always have a dead context.

e Context propagating elements: Functions, events, and split nodes reproduce the
context that they receive at their input arcs.

o OR- and XOR-joins: Both these connectors produce a wait context if at least one of
the input arcs has a wait context. A dead context is produced if all inputs are dead.

e AND-joins: AND-joins produce wait context status only if all inputs are wasit.
Otherwise, the output context is set to dead.

Figure 9 illustrates the need to perform context propagation in two separate phases and not
together in one phase. If there are context changes (a) at ¢1 to and 72 the current context
enables the firing of the transition rules for both connectors producing a dead context
status in al and a wait context status in a3. This leads to a new context in (b) with an
additional dead context status in a2 and a new wait context status in a4. Since both arcs
from outside the loop to the connectors are marked in such a way that incoming context
changes on the other arc is simply propagated, there is a new context in (c) with a wait
status in a1l and a dead context status in a3. Note that this new context can be propagated
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Figure 8: Transition relation for wait context propagation

and this way the initial situation is reached. This can be repeated again and again. Without
a sequence of two phases the transitions may continue infinitely and the result may be
non-defined.

w w w
— — —
i1 f i2 i1 % i2 i1 i2
a4 a3 / a4 a3 a4 a3
4

d w w w w d

(a) context changes at i1 and i2 (b) context changes propagated (c) context changes alternate

Figure 9: Situation of unstable context changes without two phases

Phase 3: Transition Relation for Negative Token Propagation Negative tokens can
result from branches that are not executed after OR-joins or start events. The transition
relation for negative token propagation includes four firing rules that consume and produce
negative tokens. Furthermore, the output arcs are set to a dead context. Figure 10 gives an
illustration of the transition relation. All transitions can only be applied if all input arcs
hold negative tokens and if there is no positive token on the output arc.

The propagation of negative tokens for an £ PC terminates. First, we have to note that the
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Figure 10: Transition Relation for Negative Token Propagation

number of negative and positive tokens on an arc is limited to one. It is a prerequisite for
an infinite propagation that there is a cyclic structure in the process in which the negative
token runs into an infinite loop. To this loop there must be an entry point, i.e. a join
connector that has an input arc from outside the cycle. According to the transition relation
of negative tokens, this join can only produce a negative token on its output arc if it has
negative tokens on all inputs. Since there is one arc from an acyclic structure, there is a
finite number a of arcs from one or multiple start arcs to this arc limiting the number of
negative tokens that can arrive to the number of arcs leading to the join. Therefore, the
negative token in the cyclic structure cannot pass the join more than a times.

Phase 4: Transition Relation for Positive Token Propagation The transition relation
for positive token propagation specifies firing rules that consume negative and positive
tokens from the input arcs of a node to produce positive tokens on its output arcs. Figure 11
gives an respective illustration. Rules (a) and (b) show that functions and events consume
positive tokens from the input arc and propagate them to the output arc. Furthermore, and
this holds for all rules, consuming a positive token from an arc implies setting this arc to
a dead context status. Rules (c) and (d) illustrate that AND-splits consume one positive
token and produce one on each output arc while AND-joins synchronize positive tokens
on all input arcs to produce one on the output arc. Rule (e) depict the fact that XOR-
splits forward positive tokens to one of their output arcs. In contrast to the Boolean net
formalization, they do not produce negative tokens, but a dead context on the output arcs
that do not receive the token. Correspondingly, XOR-joins (f) propagate each incoming
positive token to the output arc, no matter what the context or the state of the other input
arcs is. The OR-split (g) produces positive tokens on those output arcs that have to be
executed and negative tokens on those that are ignored. Note that the OR-join is the only
construct that may introduce negative tokens (apart from start events without an initial
token). Rule (h) shows that on OR-join can only fire either if it has full information about
the state of its input arcs, i.e., each input has a positive or a negative token, or all arcs that
do not hold a token are in a dead context. Finally, each output arc that receives a negative
token is set to a dead context and each that gets a positive token is set to a wait context.

This semantics definition based on state and context results in the following behavior for
the examples of Section 3.

e Figure 2(a): The single OR-join on the loop produces a wait context at a9. There-
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Figure 11: Transition Relation for Positive Token Propagation
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fore, it is blocked.
e Figure 2(b): The two OR-joins produce a wait context at a23 and a24. Therefore,
they are both blocked.
Figure 3: The three OR-joins are blocked due to a wait context at a7, a14, and a21.
Figure 4(a): The OR-join ¢2 must wait for the second token on a7.
Figure 4(b): The OR-join c2 must wait for the second token on a7f.
Figure 5(a): The OR-join ¢/ must wait for the token on a7.
Figure 5(b): The OR-join ¢/ must wait for the token on a7. The OR-split c3a
produces a negative token on a7c¢ such that c3b can fire.

3.5 Transition Relation of EPCs

We define the transition relation of EPCs based on state and context mappings o and «. In
contrast to Petri nets we distinguish the terms marking and state: the term marking refers
to state and context collectively.

Definition 9 (Marking of an EPC). For an EPC' the mapping m : A — {—1,0,+1} x
{wait, dead} is called a marking. The set of all markings M of an EPC is called marking
space with M C A x {—1,0,+1} x {wait, dead}. The projection of a given marking m
to a subset of arcs S C A is referred to as mg. The marking m, of an arc a can be written
asmg = (k(a) + o(a)) - a.

The marking of the arcs a1, as, a3 € A can then be written ase.g. (d — 1) - a1 + w - as +
(w4 1) - a3. Furthermore, we define the transition relation, the initial marking, and the
final marking of an EPC.

Definition 10 (Transition Relation of an EPC). For an EPC the transition relation is
atriple R = M — N x M where M refers to the marking space of the EPC. A single
transition (m,n, m’) € R represents a marking change of an EPC. Furthermore, we define
the following notations:

n . . . . . .
e m; — mg: node n is enabled in marking m; and its firing results in ms.
. n
e m; — mo: there exists a node n such that m; — ma.
T . .
e m; — my: the firing sequence 7 = n1n3...n, produces from marking m; the new

. ny ng g
state mgy with my — mg, mo — ... — my.
* . T . .
e m; — my: there exists a sequence 7 such that m; — my. In this case m, is called
reachable from m;.

Definition 11 (Initial Marking of an EPC). For an EPC' an initial marking ¢ € M is
defined as a state and context mapping that fulfills the following constraints>:

e Jda, € A, :o(as) = +1,

3Note that the state is given in terms of arcs. Intuitively, one can think of start event holding positive or
negative tokens. However, the corresponding arc will formally represent this token.
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o VYa, € Ay o(as) € {—1,+1},

e Va, € At k(as) = wait if o(as) = +1 and
k(as) = dead if o(as) = —1, and

o Va € At UA, : k(a) = wait and o(a) = 0.

The set of all initial markings is referred to as I C M.

Definition 12 (Final Marking of an EPC). For an FPC and a final marking o € M is
defined as a marking that fulfills the following constraints:

e Jda. € A.: o(a.) = +1 and
e Va€ A UAg:0(a) <0.

The set of all final markings is referred to as O C M.

3.6 Soundness of EPCs

Soundness is an important correctness criterion for business process models first intro-
duced in [Aal97]. The original soundness property is defined for a Workflow net, a Petri
net with one source and one sink, and requires that (i) for every state reachable from the
source, there exists a firing sequence to the sink (option to complete); (ii) the state with a
token in the sink is the only state reachable from the initial state with at least one token in
it (proper completion); and (iii) there are no dead transitions [Aal97]. For EPCs, this def-
inition cannot be used directly since EPCs may have multiple start and end events. Based
on the definitions of the initial and final state of an EPC, we define soundness of an EPC
analogously to soundness of Workflow nets [Aal97].

Definition 13 (Soundness of an EPC). An FPC is sound if there is a set of initial markings
I such that:

(i) For each start-arc ag there exists an initial marking ¢ € I where the arc (and hence

the corresponding start event) holds a positive token. Formally:
Vas € Ag: i € 1:0(as) =+1

(i1) For every marking m reachable from an initial state ¢ € I, there exists a firing
sequence leading from marking m to a final marking o € O. Formally:
VieI:YmeM(i>m)=3ocO (m-=>o)

(iii) The final markings o € O are the only markings reachable from a marking ¢ € [
such that there is no node that can fire. Formally:
Vme M :fm'(m —m')=meO0

Given this definition, the EPCs of Figures 2 and Figure 3 are not sound since the OR-joins

block each other. Both EPCs of Figure 4 are sound. Finally, both EPCs of Figure 5 are not
sound because if the token at a7 or a7 f, resp., exits the loop, the OR-join ¢l is blocked.
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4 Summary

In this paper, we revisited existing work on formalization of EPCs and OR-joins in general.
We found that one of the disadvantages of these solutions is that introducing an OR-block
in the process might yield unexpected behavior. Against this background, we presented a
concept for the definition of EPC semantics based on state and context. In future research,
we aim to provide formal semantics for the ideas presented in this paper. We also aim to
support it with efficient verification techniques and apply it to a range of real-life EPCs to
see if these semantics match the intuition of the modeler.
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Abstract: Im Geschiftsprozessmanagement sind Entscheidungssituationen héufig
durch Unschirfe geprégt. Dies bedeutet, dass auch die jeweiligen Entscheidungs-
préamissen nicht in Form mathematischer Modelle oder numerischer Werte vorlie-
gen, sondern in Form unscharfer Bedingungen, wie z.B. ,,geringe Durchlaufzeit®
oder ,.hohe Qualitét™. Der vorliegende Beitrag zeigt, wie unscharfe Bedingungen
und vage formulierte Zielvorstellungen mit Hilfe der Fuzzy-Set-Theorie in Ge-
schiftsprozessmodellen berticksichtigt werden kénnen. Diese Fuzzy-Erweiterung
der Prozessmodellierung erfolgt am Beispiel der Ereignisgesteuerten Prozesskette.

1 Unschiirfe im Geschiftsprozessmanagement

Die Ziele gegenwirtiger Business-Engineering-Projekte liegen in der Gestaltung der Ge-
schéftsprozesse sowie in der Analyse der Anforderungen an deren IT-Unterstiitzung un-
ter Beriicksichtigung von Unternehmensstrategien [OsWi03]. Die Prozessgestaltung
muss dabei einem umfassenden Ansatz folgen, der sowohl die Planung und Kontrolle als
auch die Steuerung, d.h. das Management, der betrieblichen Abldufe umfasst [BeKRO5].
Zur Unterstiitzung eines systematischen Vorgehens bei der Prozessgestaltung hat sich die
Modellierung als hilfreich erwiesen. Modellierungssprachen wie die Ereignisgesteuerte
Prozesskette (EPK) [KeNS92] dienen als operationalisierter Ansatz zur Modellkonstruk-
tion. Softwarewerkzeuge zur Geschiftsprozessmodellierung [BISi06] kénnen den Busi-
ness Engineer durch Systemkomponenten zur Erhebung, Erstellung, Analyse und Simu-
lation von Geschéftsprozessmodellen unterstiitzen.

Zur Erfassung und Verbesserung von Geschiftsprozessen, deren Generalisierung in
Referenzmodellen sowie zur unternehmensspezifischen Anpassung im Customizing
sind zahlreiche Konzepte erarbeitet worden, die situationsspezifische Problemstellun-
gen betrachten. Viele Ansidtze legen einen Schwerpunkt auf die nutzerfreundliche und
intuitive Verwendbarkeit der Methoden, indem diese an menschliche Denkweisen an-
gendhert werden. Dabei werden jedoch fiir notwendige Entscheidungen die exakte
Quantifizierung und Formalisierung der Entscheidungsregeln verlangt. Bei Geschéfts-

49



prozessen liegen jedoch vielfach nur unsichere, unpréizise und vage Informationen i-
ber die hdufig nicht technisch determinierten Ablaufe vor [V61k98; Fort02; Hiiss03].
Ebenso ist das der Prozessgestaltung zugrunde liegende Zielsystem in der Regel durch
ungenaue Formulierungen und implizite Interdependenzen gepragt. Dies demonstriert
beispielsweise die Aussage ,,die Durchlaufzeit von Auftrigen mit ,sehr hoher* Prioritét
soll unter Beibehaltung einer ,hohen Bearbeitungsqualitdt ,wesentlich® gesenkt wer-
den, indem die Bearbeitungsintensitdt ,angemessen‘ reduziert wird”. In diesem Bei-
spiel konnen weder die konkrete Ausprdgung der beiden genannten Ziele bzgl. Durch-
laufzeit und Bearbeitungsqualitit noch die abgeleitete MaBnahme ohne Informations-
verlust quantifiziert und damit operationalisiert werden. Informations-, insbesondere
Referenzmodelle, sowie Methoden zu deren unternehmensspezifischer Adaption be-
riicksichtigen diese Formen der Unschérfe nach wie vor unzureichend.

Diesem Umstand soll in diesem Beitrag durch die Erweiterung der Prozessmodellie-
rung zur Beriicksichtigung und Verarbeitung von Unschérfe mit Hilfe der Fuzzy-Set-
Theorie begegnet werden. Diese unscharfe Erweiterung wird am Beispiel der EPK
nachvollzogen.

Zunichst wird im folgenden Abschnitt 2 der Begriff ,,Unschérfe” prazisiert sowie die
Beriicksichtigung unscharfer Daten mit Hilfe der Fuzzy-Set-Theorie motiviert. An-
schlieBend wird in Abschnitt 3 die EPK als Modellierungssprache eingefiihrt, formal
definiert sowie um die zur Fuzzifizierung notwendigen Sprachkonstrukte erweitert.
Die Einfithrung der Fuzzy-EPK, die auf einer Attributierung der EPK-Sprachkonstruk-
te aufbaut, erfolgt in Abschnitt 4. In Abschnitt 5 wird ein Anwendungsszenario des
entwickelten Konzepts aufgezeigt. Der Beitrag schlieit mit der Analyse verwandter
Arbeiten in Abschnitt 6 und der Diskussion der Ergebnisse in Abschnitt 7.

2 Von scharfen zu unscharfen Mengen

In der Literatur existiert keine einheitliche Definition des Unschirfebegriffs — es
scheint so, als miisse das Verstidndnis dieses Begriffs selbst unscharf sein. Unschérfe
wird meist durch eine Abgrenzung gegeniiber deterministischen, stochastischen und
unsicheren Informationszustdnden definiert [Rehf98, S. 39]. Als Unschérfe wird in die-
sem Beitrag die Unsicherheit hinsichtlich von Daten und ihrer Interdependenzen ver-
standen. Im betriebswirtschaftlichen Kontext lassen sich verschiedene Ausloser von
Unschirfe identifizieren [Tiet99, S. 45ft.] (vgl. Abb. 1).

Zunichst entsteht Unschirfe bei der Erfassung der Realitdt durch die Komplexitit des
Umweltsystems und die Wahrnehmungsgrenzen des Menschen. Die resultierende infor-
mationale Unschirfe, bedingt durch die menschliche Sprache und das menschliche Den-
ken, wird auf ein Uberangebot an Informationen zuriickgefiihrt [ZALW93, S. 5]. Sie tritt
dann auf, wenn Begriffe verwendet werden, die aufgrund ihres hohen Abstraktionsni-
veaus Unschérfe enthalten (z.B. ,Kreditwiirdigkeit™). So enthalten beispielsweise wis-
sensintensive Prozesse kurzlebige Informationen aus einer Vielzahl von Quellen, sodass
zu einem festen Zeitpunkt nur ein Teil des Gesamtprozesses erfasst werden kann, der je-
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doch wihrend der Erfassung anderer Teilaspekte bereits veraltet. Zur Beschreibung sol-
cher komplexer Begriffe sind viele verschiedene Merkmale zu beriicksichtigen. Unschér-
fe entsteht, da der Mensch oft nicht in der Lage ist, sémtliche relevanten Informationen
zu verarbeiten und moglicherweise die einzelnen Informationen selbst schon unscharf
sind. Die beschreibenden Eigenschaften des Begriffs werden gemil3 der menschlichen
Informationsverarbeitung iiber sprachliche Termini aggregiert.

Unscharfe
I [ [ |
Unscharfe aufgrund Unscharfe in Unscharfe durch Unscharfe in der
der Komplexitat Praferenz- und die Beschreibung Erfassung der
von Begriffen Zielvorstellungen der Realitat Realitat

Abb. 1: Unschérfeaspekte

Ebenso existiert eine Unschérfe in den Préiferenz- und Zielvorstellungen des Menschen.
Menschliche Préferenzordnungen sind in vielen Situationen nicht exakt bestimmbar, so-
dass es zu einer mit der informationalen Unschérfe verwandten Vagheit des Zielsystems
kommt. So impliziert z.B. das Ziel ,,wesentliche Verminderung der Durchlaufzeit* zwar
MaBnahmen, jedoch lassen sich héufig wegen der nicht explizierten Hoéhe der angestreb-
ten Anderung und der unklaren Wertungsinterdependenzen mit anderen Zielen keine ex-
akten Handlungen ableiten.

Die Beschreibung der Realitdt mit natiirlicher Sprache erzeugt die intrinsische (auch:
verbale oder linguistische) Unschirfe. Sowohl die Bildung eines sprachlichen Modells
als auch die Kontextsensitivitdt von sprachlichen Aussagen tragen zur Entstehung dieser
Unschirfe bei. Hiermit ist auch die Ungenauigkeit in sprachlichen Vergleichen eng ver-
bunden. Die Aussage ,,der Objektwert ist viel hoher als x* ist ein Beispiel hierfiir. Hier-
bei liegt die Ursache der Unschirfe nicht in der Sprache, sondern ist vielmehr darin zu
sehen, dass das menschliche Wahrnehmungsvermogen der Realitit beschriankt und sub-
jektiv ist [Tiet99, S. 47]. Durch die Sprache werden also die subjektiven Vorstellungen
des Beschreibenden iiber den Sachverhalt ausgedriickt und es besteht keine einheitli-
che Definition der beschreibenden Begriffe.

Die Unschirfe in der Erfassung der Realitét resultiert daraus, dass Daten und Bezie-
hungen zwischen Gréflen nicht genau erfasst werden konnen oder sollen. Die Ver-
wendung ungenauer Daten kann jedoch vorteilhaft sein, wenn geeignete Messmetho-
den fehlen, der Realweltausschnitt von hoher Dynamik geprégt ist oder nicht exakt
ermittelbare Abhdngigkeiten bestehen. Beim fiir den Menschen iiblichen gréenord-
nungsmiBigen Erfassen der Realitdt wird in der Regel auf verbale Beschreibungen zu-
riickgegriffen, womit zusétzlich ein Zusammenhang zur beschriebenen intrinsischen
Unschérfe vorliegt.
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Die Fuzzy-Set-Theorie versucht die Trennung zwischen einer modell- und verfahrens-
technisch notwendigen Prézision einerseits sowie einer empirisch wiinschenswerten
Beriicksichtigung qualitativer Informationen andererseits zu iiberwinden und einen
Anteil an fehlender Préizision sowie Vagheit und Unsicherheit bei Modellierungspro-
zessen zu tolerieren.

Die Fuzzy-Set-Theorie als heutiges Teilgebiet des Soft Computing hat sich Mitte der
1960er-Jahre entwickelt [Zade65]. Kernpunkt der Fuzzy-Theorie ist es, Zustdnde (von
Objekten) nicht ausschlieBlich mit ,,wahr oder ,falsch® zu bewerten, sondern Zwi-
schenstufen zuzulassen. Der urspriinglichen Idee von Zadeh folgend, wird die klassische
Mengenlehre, d.h. die Theorie der scharfen Mengen, durch die Beschreibungen und Ver-
kniipfungen unscharfer Mengen (Fuzzy-Mengen) erweitert. Fiir jedes Element @ einer
vorgegebenen (scharfen) Grundmenge Q wird der Grad der Zugehdrigkeit zu einer
Teilmenge A4<Q durch einen Wert u,(w) einer Abbildung x,:Q —[0;1] ausge-
driickt. Man wéhlt diese Zugehorigkeitsgrade aus dem Intervall [0;1] und gibt folgende
Interpretation: Je grofer der Zugehorigkeitsgrad eines Elements bzgl. einer (unscharfen)
Menge ist, desto mehr gehort das Element zu dieser Menge. p, wird Zugehorigkeits-
funktion der unscharfen Menge (Fuzzy-Menge) {(o, 1,(®))|® € Q} genannt.

Mit Fuzzy-Mengen lassen sich linguistische Variablen [Zade73] formulieren, die natiir-
lichsprachliche Ausdriicke — so genannte linguistische Terme — als Werte annehmen.
Abb. 2 zeigt die linguistische Variable ,,Auftragswert”. Sie weist die Terme ,,gering*,
,mittel und ,,hoch* auf. Die Zugehorigkeiten eines Objektwerts zu diesen unscharfen
Mengen sind durch die Zugehorigkeitsfunktionen g4, » fa UNd 44, ausgedriickt.
Der Objektwert 70.000 € gehort z.B. zu 0.5 sowohl zur Fuzzy-Menge ,,mittel* als auch
zur Fuzzy-Menge ,,hoch“. Diese Abbildung scharfer Werte auf unscharfe Mengen heifit
Fuzzifizierung. In einem scharfen Kontext wire es nur moglich, z.B. einen Objektwert
ab 70.000 € als ,,hohen* Auftragswert zu charakterisieren, wiahrend 69.999 € bereits als
,.mittel” gelten wiirde.

:ugering Hrittel Mhoch

0.8

0.6 -

0.4

Auftrags-
wert w [€]

0.2

| 1 | I 1 1 | | |
10.000 20.000 30.000 40.000 50.000 60.000 70.000 80.000 90.000 100.000

ADbb. 2: Linguistische Variable ,,Auftragswert™
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Ein Fuzzy-System besitzt eine festgelegte Menge von Ein- und Ausgangsvariablen, de-
ren jeweilige Terme durch Fuzzy-Regeln, bestehend aus Pramissen- und Konklusionsteil,
z.B. in der Form ,,WENN Kundeneinschitzung = mittel UND Auftragsvolumen = sehr
hoch DANN Kundenauftragsbewertung = hoch®, miteinander verkniipft sind. Die Wer-
tebereiche der (linguistischen) Variablen sind durch Fuzzy-Mengen partitioniert, die
zur Représentation der linguistischen Terme dienen. Formal ldsst sich damit eine Fuz-
zy-Regel als Tupel (x",...,'”,v) darstellen. Dabei sind #",..., 4" Fuzzy-Mengen
iber dem Wertebereich der Eingangsvariablen und v eine Fuzzy-Menge iiber dem Wer-
tebereich der Ausgangsvariablen. Durch Inferenzverfahren werden die Eingangs- und
Ausgangsvariablen einander zugeordnet. Ist X = X, x---x X, der Eingaberaum und Y
der Ausgaberaum, so ldsst sich ein Fuzzy-System FS formal als Abbildung
FS: X — Y darstellen [BKNKO03, S. 162f].

Die Fuzzy-Regelbasis bestimmt die Struktur des Fuzzy-Systems. Basierend auf einem
Vektor von Eingangsgrofen X =(x,,...,x,) € X berechnet sich der (scharfe) Ausgangs-
wert eines typischen Fuzzy-Systems y = FS(X) in mehreren Schritten. Zunéchst wird
der Erfiillungsgrad jeder einzelnen Regel bestimmt, indem fiir jeden Messwert der Zuge-
hérigkeitsgrad zur korrespondierenden Fuzzy-Menge ermittelt wird. Die entsprechenden
Zugehdrigkeitsgrade miissen dann mit einem geeigneten Fuzzy-Operator konjunktiv
verkniipft werden. Aus jeder einzelnen Regel resultieren so Fuzzy-Mengen, die zur Be-
stimmung der Gesamtausgabe des Fuzzy-Systems noch geeignet disjunktiv verkniipft
werden miissen. Fiir eine ausfithrbare Aktion, z.B. ,,Prioritit festlegen®, wird ein schar-
fer Wert der Ausgangsvariablen bendtigt. Ein Defuzzifizierungsschritt liefert aus der
Ausgabe-Fuzzy-Menge diesen scharfen Wert yeY .

Ist die Ausgangsvariable keine kontinuierliche GroBe, sondern eine kategorielle Variab-
le, die einen von endlich vielen diskreten Werten (Klassen) annehmen kann, so spricht
man von einem Klassifikationsproblem. Eine regelbasierte Klassifikation 1dsst sich mit
einem Fuzzy-System modellieren, indem jede Klasse als spezielle Fuzzy-Menge aufge-
fasst wird und im Defuzzifizierungsschritt die Klasse mit dem grofiten Zugehorigkeits-
grad als Ausgangswert des Fuzzy-Systems gewéhlt wird.

3 Prozessmodellierung mit der EPK
3.1 Grundlegende Sprachkonstrukte der EPK

Seit der Etablierung des Prozessdenkens fiir die Organisation von Unternehmen und fiir
die Gestaltung von Informationssystemen wird eine Vielzahl von Modellierungssprachen
zur Beschreibung von Geschiftsprozessen eingesetzt [DuAHOS]. Zur Konstruktion von
Geschiftsprozessmodellen auf fachlicher Ebene hat sich aufgrund ihrer Anwendungsori-
entierung und umfassenden Werkzeugunterstiitzung insbesondere im deutschsprachigen
Raum die EPK etabliert. Sie wurde am Institut fiir Wirtschaftsinformatik (IW1), Univer-
sitdit des Saarlandes, Saarbriicken, in Zusammenarbeit mit der SAP AG entwickelt
[KeNS92].
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In graphentheoretischer Terminologie ist ein EPK-Modell ein gerichteter und zusam-
menhdngender Graph, dessen Knoten Ereignisse, Funktionen und Verkniipfungsoperato-
ren sind. Ereignisse sind die passiven Elemente der EPK. Sie beschreiben das Eingetre-
tensein eines Zustands und werden durch Sechsecke dargestellt. Funktionen, die durch
an den Ecken abgerundete Rechtecke reprasentiert werden, sind die aktiven Elemente
der EPK. Der Funktionsbegriff wird in der EPK mit dem der Aufgabe gleichgesetzt. Im
Gegensatz zu einer Funktion, die ein zeitverbrauchendes Geschehen ist, ist ein Ereignis
auf einen Zeitpunkt bezogen. Wahrend zur Bezeichnung der Funktionen in der Literatur
[z.B. HoKS92, S. 5] vorgeschlagen wird, das jeweilige Objekt der Bearbeitung und ein
Verb im Infinitiv zur Kennzeichnung der zu verrichtenden Tétigkeit zu verwenden (z.B.
,Kundenauftrag definieren®, vgl. Abb. 3), wird fiir Ereignisse empfohlen, das Objekt,
das eine Zustandsanderung erfahrt, mit einem Verb im Partizip Perfekt zu verbinden, das
die Art der Anderung beschreibt (z.B. , Kundenauftrag (ist) definiert®, vgl. Abb. 3).

Kunden-
auftrag
definieren

Kunden-
auftrag
definiert

Kundenauftrag

auf technische

Machbarkeit
prifen

Kunden- Kunden- Kunden-

auftrag auftrag nicht Kunden- auftrag kauf- Kunden- Kunden- Produkt Produkt nicht
technisch technisch auftrag kauf- mannisch bonitat bornitat nicht verfligbar verfligbar
machbar machbar ménnisch OK) nicht OK gegeben gegeben 9 9

,IL )\ ]

Produkt-
verfiigbarkeit
prifen

Kundenauftrag
kaufmannisch
prifen

Kundenbonitat
prifen

Kunden-
auftrag
ablehnen

Kunden-
auftrag
annehmen

Kunden-
auftrag
abgelehnt

Kunden-
auftrag ange-
nommen

Abb. 3: EPK-Modell der Kundenauftragsbearbeitung

Ereignisse losen Funktionen aus und sind deren Ergebnis. Diese beiden Beziehungen
zwischen Funktionen und Ereignissen werden durch Kontrollflusskanten, die durch Pfei-
le reprasentiert werden, dargestellt. Um auszudriicken, dass eine Funktion durch ein oder
mehrere Ereignisse gestartet werden bzw. eine Funktion ein oder mehrere Ereignisse als
Ergebnis erzeugen kann, werden Verkniipfungsoperatoren (Konnektoren) eingefiihrt.
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Dabei wird in Anlehnung an die Terminologie der Aussagenlogik zwischen konjunkti-
ven ,,@®%, adjunktiven ,,0* und disjunktiven Verkniipfungen ,,&* unterschieden (vgl.
Abb. 3). Die entsprechenden Konnektoren werden vereinfacht als AND-, OR- bzw.
XOR-Operatoren bezeichnet.

Mit diesen Informationen ergibt sich fiir das in Abb. 3 dargestellte Prozessmodell die
folgende Interpretation: Das Modell beschreibt den Ablauf zur Definition und Durchfiih-
rung von Priiffunktionen fiir einen Kundenauftrag. Die Entscheidung iiber die Annahme
oder die Ablehnung des Kundenauftrags wird durch die parallele Ausfiihrung ver-
schiedener Teilfunktionen getroffen. Der Kundenauftrag wird auf technische Mach-
barkeit und aus kaufménnischer Sicht gepriift, ferner werden die Kundenbonitdt und
die Verfiigbarkeit des Produkts ermittelt. Negativergebnisse, wie z.B. ,,Kundenauftrag
technisch nicht machbar oder ,,Kundenbonitit nicht gegeben®, fithren zur Ablehnung
des Kundenauftrags durch die Funktion ,,Kundenauftrag ablehnen®.

3.2 Formalisierung der EPK

Die von Keller, Niittgens und Scheer [KeNS92] eingefiihrte Notation der Ereignisge-
steuerten Prozesskette wurde zunéchst als eine nicht vollstindig formalisierte Notation
entwickelt und ohne eine feste formale Semantik benutzt. Zur Dokumentation von Pro-
zessen und zur Verwendung der Modelle als Diskussionsgrundlage ist dies ausreichend.
Fiir eine Konsistenzpriifung oder eine automatisierte Verarbeitung von EPK-Modellen,
z.B. in Werkzeugen zur Simulation oder Verifikation, ist jedoch eine formale Definition
der Syntax und Semantik der Modelle erforderlich. Im akademischen Umfeld werden
verschiedene Ansitze zur formalen Syntax- und Semantikdefinition der EPK vorge-
schlagen und diskutiert [Aals99; NiiRu02; AaDKO02; Kind04; Kind06; RoAa06]. Im Fol-
genden stellen wir eine formale Definition der grundlegenden EPK-Syntax in Anlehnung
an [RoAa06] vor, um darauf aufbauend eine syntaktisch prizise Definition einer un-
scharfen Erweiterung aufzeigen zu kénnen.

In formaler Schreibweise ist ein EPK-Modell ein 4-Tupel
EPC=(E,F,C,A).

Dabei ist £ eine endliche (nichtleere) Menge von Ereignissen (events), F eine endliche
(nichtleere) Menge von Funktionen (functions), C=C,,, U C,, UC,,, eine endliche
Menge logischer Konnektoren (connectors), wobei C,,,,,C,, und C, . paarweise dis-
junkte Teilmengen von C sind, und

AC(ExF)UFXE)YU(ExC)U(CXxEYU(FxC)U(CxF)u(CxC)

eine Menge von Kanten. Die Relation A spezifiziert die Menge der gerichteten Kon-
trollflusskanten (arcs), welche Funktionen, Ereignisse und Konnektoren zueinander in
Verbindung setzt. V' =E U F UC wird die Menge aller Knoten des EPK-Modells ge-
nannt.
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In Wissenschaft und Unternehmenspraxis haben sich einige Regeln etabliert, die der
Konstruktion syntaktisch korrekter EPK-Modelle dienen [KeTe99, S. 172—174; NiiRu02,
S. 68—70]. Unter Zuhilfenahme dieser Regeln kann die Konsistenz eines EPK-Modells
im Sinne einer Widerspruchsfreiheit und Stimmigkeit tiberpriift werden. Wir sprechen
im Folgenden weiter von EPK-Modellen und beziehen uns dabei immer auf die Menge
der gemiB den bekannten Regeln syntaktisch korrekten EPK-Modelle.

3.3  ARIS-Erweiterung der EPK

Aus der Ableitung der EPK als zentrale Modellierungssprache der Architektur integrier-
ter Informationssysteme (ARIS) [Sche01; Sche02] resultieren erweiterte Aussagen, die
auf dem ARIS-Sichtenkonzept aufbauen. Diese werden durch Annotation von zusitzli-
chen Sprachkonstrukten an EPK-Funktionen getroffen [ScTA05]. So werden u.a.
Sprachkonstrukte vorgeschlagen, die Umfelddaten, Nachrichten, menschliche Arbeits-
leistung, maschinelle Ressourcen und Computer-Hardware, Anwendungssoftware, Leis-
tungen in Form von Sach-, Dienst- und Informationsdienstleistungen, Finanzmittel, Or-
ganisationseinheiten oder Unternehmensziele reprasentieren (vgl. Abb. 4).

Informations- Informations-
" Umfeld- . .
dienst- . daten Ziel P dienst-
leistung . S leistung
/
\\\\ r\ i
. B K
. B ya
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leistung RN RS d L leistung
SN \\ /’ e
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S ™, - -

Sach- . \\ s i Sach-
leistung  [[>+ s N L 7| leistung
. <. N, . -
< Wwird ver-/bearbeitet wird erstellt K

~ - A S . 4 e
~. N \\ \\ -
N, DN e
Finanz- wird ver-/bearbeitet s v wird erstellt Finanz-
mittel [T~~~ '~ AN - _=7| mitel
~~a ~. R -
-~ ~. “~
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=~ -~ e ~
~._>X
~
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[0 e o T T
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o o 1 1
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————>  Kontrollfluss ———— > Sachleistungsfluss
cmvmsininenen > Informationsfluss — — = — — — > Finanzmittelfluss

ADbb. 4: Erweiterung der EPK um ARIS-Sprachkonstrukte [Sche02, S. 31]
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Die Verbindung der Konstrukte, die nur mit Funktionen der EPK erfolgen kann, wird
liber Kanten hergestellt, die neben dem bereits eingefiihrten Kontrollfluss in Organisati-
ons-/Ressourcen-, Informations-, Informationsdienstleistungs- und Sachleistungs- sowie
Finanzmittelfluss unterschieden werden [Sche02, S. 31].

Exemplarisch werden aus den in Abb. 4 vorgestellten ARIS-Sprachelementen die Kon-
strukte der Organisations-, Daten- und Leistungssicht als zusitzliche Artefakte mit den
entsprechenden Verbindungen dieser Konstrukte mit den Funktionen der EPK iiber Kan-
ten des Organisations-, Daten- bzw. Leistungsflusses in die formale Représentation des
EPK-Modells hinzugefiigt und in einem néchsten Schritt um Attribute angereichert. Die-
se Erweiterung wird anschlieBend fiir die Vorstellung der beispielhaften Verarbeitung
von Unschérfe in Geschéftsprozesse herangezogen.

Hierzu wird ein um ARIS-Sprachkonstrukte erweitertes EPK-Modell als ein Tupel
EPCAR]S = (E,F,C,A,O,D,L,R)

eingefiihrt. Dabei ist (E,F,C,4) ein EPK-Modell mit der Menge der Kontrollflusskno-
ten V=FEUFUC und der Menge der Kontrollflusskanten A . Die Knotenmengen,
welche die Artefakte der Organisations-, Daten bzw. Leistungssicht représentieren, sind
O fiir die Menge der Organisationseinheiten (organizational units), D fiir die Menge
der Datenobjekte (data objects) und L fiir die Menge der Leistungen (outputs). Fiir die
Mengen O, D und L wird gefordert, dass sie paarweise disjunkt sind. Die Menge R ent-
hilt Mengen von Relationen, die den Funktionen die unterschiedlichen Artefakte zuord-
nen. Sie wird definiert als Menge R = R” UR™ UR™ UR"™ UR™ , wobei

- RY :{RIOF,...,RZZ} ,mit R” (1<i<n,,), n,, €N, Relationen auf Ox F,
- RY :{RIDF,...,Rif},mit R’" (1<i<n,,), n,. €N, Relationen auf DxF ,
- RP :{RIFD,...,RWFF[;},mit R (1<i<n,,), n,, €N, Relationen auf FxD ,
- RY={R",.,R"},mit R (1<i<n,), n, €N, Relationen auf LxF und
- RT :{RfL,...,RfFLL},mit R (1<i<n,), n, €N, Relationen auf Fx L sind.

Die einzelnen Relationen aus den Mengen R“",R”,R™ R" und R tragen dabei
verschiedene Bedeutungen und bestimmen den Beziehungstyp zwischen den Elementen
aus OxF,...,Fx L. Eine Auswahl praxisnaher Beziehungstypen ist in Tab. 1 aufgelis-
tet.

Ein um ARIS-Sprachkonstrukte erweitertes EPK-Modell
EPC s =(E,F,C,4,0,D,L,R)

ist genau dann syntaktisch korrekt, wenn (E,F,C,A) ein syntaktisch korrektes EPK-
Modell ist und zusétzlich jedes Artefakt mit mindestens einem Knoten des EPK-Graphen
(V,A) verbunden ist, wobei wir hier nur anmodellierte Artefakte an Funktionen zulas-
sen. Wir fordern also, dass der durch die ARIS-Erweiterung aufgespannte Graph
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G=V,,AUR) mit der Knotenmenge V,=EUFUCUOUDUL und der Kante-
menge AU R zusammenhéngend sein soll.

Tab. 1: Beziehungstypen zwischen Funktionen und ARIS-Sprachkonstrukten

Quellobjekttyp Zielobjekttyp Mogliche Beziehungstypen

Organisationseinheit Funktion flihrt aus, entscheidet iiber, ist verantwortlich fiir, stimmt
zu, wirkt mit bei, muss informiert werden, muss infor-
mieren {iber Ergebnis von

Datenobjekt Funktion ist Input fiir, wird genehmigt von, wird gepriift von
Funktion Datenobjekt andert, hat Output, erzeugt

Leistung Funktion ist Input fiir, wird verbraucht von, wird verwendet von
Funktion Leistung hat Output, produziert

4 Fuzzy-Ereignisgesteuerte Prozesskette
4.1 Erweiterung der EPK um Attribute

Die Objekttypen in EPK-Modellen (z.B. die einzelnen Datenobjekte aus D oder Orga-
nisationseinheiten aus O ), aufgefasst als Objektmengen einzelner Objekte, man spricht
auch von Instanzen des jeweiligen Typs', zeichnen sich durch bestimmte Merkmale aus.
Diese Merkmale werden zur Beschreibung der einzelnen Objekte sowie zu deren inter-
ner Représentation, bspw. bei der Speicherung in relationalen Datenbanken, herangezo-
gen und als Attribute bezeichnet. Wihrend beschreibende Attribute fachliche Eigen-
schaften darstellen, dienen die so genannten Schliisselattribute zur eindeutigen Identifi-
kation eines Objekts. Ein Kunde kann bspw. iiber seinen Namen, seine Adresse und sein
Geburtsdatum identifiziert werden, wahrend sein Umsatz oder die Kundeneinschétzung
anwendungsrelevante Eigenschaften darstellen. Im Folgenden sollen nur fachlich rele-
vante Attribute herangezogen und im Unschérfekonzept beriicksichtigt werden.

Jedes Attribut hat einen Wertebereich, der die Menge der moglichen Attributwerte fest-
legt. Beispielsweise kann der Wertebereich des Attributs ,,Auftragssumme® eines Daten-
objekttyps ,,Auftrag® als Menge natiirlicher Zahlen festgelegt werden. Ebenso kann die
Wertemenge fiir das Attribut ,,Name* des Objekttyps ,,Kunde“ auf die Menge von Zei-
chenketten festgelegt werden, die aus alphabetischen Zeichen besteht.

! Bisher haben wir auf die Unterscheidung zwischen der Typ- und Instanzebene bei Prozessmodel-
len verzichtet. An dieser Stelle werden wir sprachlich exakter und sprechen von Objekttypen in
EPK-Modellen und ihren Instanzen. Der Funktionstyp ,,Kundenbonitét priifen” als Element der
Menge F kann bspw. zur Laufzeit des Modells beliebig viele Instanzen generieren. Auf Basis
moglicher Merkmalsauspragungen der Instanzen soll eine im Prozessmodell auf Typebene zu mo-
dellierende Entscheidungsunterstiitzung methodisch aufgebaut werden. Hierbei werden die Merk-
malsauspriagungen selbst wesentlich.
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Auf die Darstellung von Attributen wird in konzeptionellen EPK-Modellen aus Griinden
der Ubersichtlichkeit und Komplexitit in den meisten Fillen zunichst verzichtet. Aller-
dings erfordert die nachfolgend dargelegte Unschérfeerweiterung an dieser Stelle einer
Prézisierung des konzeptionellen Modells und daher eine explizite Modellierung ent-
scheidungsrelevanter Attribute bei der Prozessmodellierung.

Es seien S eine Menge von Objekten der Diskurswelt, Dom(A,.) (i=1,...,n), neN,
Mengen von Werten und 4; (i =1,...,n) wohldefinierte Abbildungen der Form

A 1S — Dom(4,) (i=1,...,n).

Dann heifit {4,...,4,} eine Menge von Attributen (attributes) auf den Objekten der
Menge S oder kurz auf S . Die Mengen Dom(A[) bezeichnet man als die Werteberei-
che (domain) der Attribute 4, und die Elemente 4,(s) € Dom(4;) werden die Attribute
der Objekte s genannt. Gilt Dom(4,)=1{0,1}, so wird 4, binires (binary) Attribut auf
S genannt. Unter den Voraussetzungen dieser Definition gibt es somit eine (interne)
Darstellung der Objekte als Tupel (4 (s),...,4,(s)) von Attribut-Werten, d.h. als Ele-
mente der Menge

Dom(Al)x---xDom(A”):ll[Dom(Ai) .

In einem ARIS-EPK-Modell B
EPC . = (E,F,C,4,0,D,L,R)

notieren wir die folgenden Attribute:
- 4',...,4, (n,eN)sinddie n, Attribute auf dem Ereignis e€ £,
- 4 ,...,Anf/ (n, eN)sind die n, Attribute auf der Funktion f € F,
- A,...,4, (n,eN)sind die n, Attribute auf der Organisationseinheit 0 € O,
— A',...,4; (n, eN)sinddie n, Attribute auf dem Datenobjekt d € D,

— Al,....4, (n,eN)sind die n, Attribute auf der Leistung /€ L .

Umgangssprachlich gesprochen werden damit in einem fachkonzeptionellen, auf Typ-
Ebene modellierten EPK-Modell jedem Knotenelement im EPK-Graph eigene Attribute
zugeordnet. Verdeutlicht wird dies beispielsweise durch die Tatsache, dass ein Datenob-
jekt(-typ) ,,Kundenauftrag® ein Attribut ,,Auftragssumme® besitzt, wohingegen dieses
Attribut kein Merkmal eines Datenobjektes ,,Artikel* darstellt.

Wir definieren ein um Attribute erweitertes ARIS-EPK-Modell als ein Tupel

EPC

ARIS ,attr

:(E’F)C’A’O)D’L)R’M) *

Dabei sind den einzelnen Ereignissen aus £, Funktionen aus F', Organisationseinheiten
aus O, Datenobjekten aus D und Leistungen aus L Attribute zugeordnet. Auf die Zu-
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ordnung von Attributen fiir die Menge der Kontrollflusskanten 4 und den Relationen
aus R wird an dieser Stelle verzichtet, da diese beschreibenden Attribute nicht zur Fuz-
zifizierung herangezogen werden. Die aufgezdhlten Attribute von Elementen aus
E,F,0,D und L werden in der Menge M zusammengefasst.

Jedes Objekt weist dabei eigene identifizierende und anwendungsrelevante Attribute mit
eigenen Wertemengen auf. Es sollen nur solche Attribute modelliert werden, die im je-
weiligen Kontext relevant werden. Verdnderungen der Attribute der Artefakte werden in
der Folge nur beriicksichtigt, soweit dies aus dem EPK-Modell heraus ersichtlich ist.

4.2  Fuzzy-Erweiterung der EPK
Wir definieren ein Fuzzy-EPK-Modell

FEPC =(E,F,C,4,0,D,L,R,M ,FC)
als ein um Attribute angereichertes ARIS-EPK-Modell

EPC

ARIS ,attr

=(E,F,C,4,0,D,L,R,M)
mit den folgenden Eigenschaften:

— M ist die Menge der unscharfen Attribute des Fuzzy-EPK-Modells FEPC. Die Be-
zeichnung ,unscharfes Attribut™ bezieht sich hierbei auf zwei Aspekte. Erstens wird
angenommen, dass die Wertebereiche der Attribute nicht notwendigerweise scharfe
Mengen sind, sondern aus Fuzzy-Mengen bestehen konnen. Zweitens konnen die
Attribute als linguistische Variablen interpretiert werden. Dies impliziert, dass der
Name der linguistischen Variable der Bezeichnung des Attributs entspricht und der
Wertebereich des Attributs zugleich die Grundmenge der linguistischen Variablen
ist.

— O, D bzw. L sind Mengen von Organisationseinheiten, Datenobjekten bzw. Leis-
tungen, die unscharfe Organisationseinheiten, unscharfe Datenobjekte bzw. unschar-
fe Leistungen enthalten. Eine unscharfe Organisationseinheit, ein unscharfes Daten-
objekt bzw. eine unscharfe Leistung ist hierbei eine Organisationseinheit, ein Daten-
objekt bzw. eine Leistung, welche unscharfe Attribute besitzt.

— FC ist eine Menge von Fuzzy-Systemen (vgl. Abschnitt 2). Die moglichen Input-
und Outputgrofen werden durch die Funktion restringiert, der ein solches System
zugeordnet wird.

— F ist die Menge der unscharfen Funktionen des EPK-Modells. Eine unscharfe Funk-
tion zeichnet sich dabei entweder durch ein oder mehrere unscharfe Attribute aus o-
der durch die Zuordnung eines Fuzzy-Systems FS e FC zur Entscheidungsunter-
stiitzung auf der Basis unscharf formulierter Regeln bei der Ausfithrung. Dabei miis-
sen alle Organisationseinheiten, Datenobjekte bzw. Leistungen des EPK-Modells, de-
ren Attribute Input- und OutputgroBen des zugeordneten Fuzzy-Systems darstellen,
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liber eine Kante mit dieser unscharfen Funktion verbunden sein. Wird das Fuzzy-
System direkt als Klassifikator zur Entscheidung iiber die weitere Verzweigung des
Kontrollflusses eingesetzt, diirfen nur die nachfolgenden Ereignisse dieser Funktion
im Konklusionsteil der Regeln vorkommen.

— Die Menge R enthilt Mengen von unscharfen Relationen” zwischen Kontrollfluss-
objekten und den unterschiedlichen Artefakten: R = {R*",R”" ,R™ R ,R™}  mit

— R” ={R”,..,R)"}, wobei R” (1<i<n,.), ny €N, unscharfe Relationen
auf Ox F sind.

- R™ ={R”,..,R)}, wobei R (1<i<n), ny €N, unscharfe Relationen
auf Dx F sind.

- R™={R"",.,R"}, wobei R™ (1<i<ng,), ngyeN, unscharfe Relationen
auf FxD sind.

- R" ={R/",...,R"}, wobei R/ (1<i<n,), n, €N, unscharfe Relationen auf
LxF sind.

— R™={R"™,..,R]"}, wobei R"* (1<i<n), ny €N, unscharfe Relationen auf
FxL sind.

Die im scharfen Modell vorkommenden Relationen kénnen somit im Sinne des Er-
weiterungsprinzips von Zadeh als Spezialfall des unscharfen Falls betrachtet werden.

Die Fuzzy-Erweiterung der Ereignisgesteuerten Prozesskette wird im nachfolgenden Ab-
schnitt durch ein Beispielszenario erldutert.

S  Anwendungsszenario ,,Fuzzy-Customizing*

Die Konstruktion von Prozessmodellen ist aus Griinden ihrer méglichen Wiederverwen-
dung vielfach mit dem Anspruch verbunden, von unternehmensspezifischen Eigenschaf-
ten zu abstrahieren. Sie werden daher in unternehmensspezifische Prozessmodelle und
Referenzprozessmodelle unterschieden. Der Begriff ,,unternehmensspezifisch® charakte-
risiert hierbei den individuellen Charakter des entsprechenden Modells. Im Gegensatz
dazu stellt ein Referenzmodell fiir die Entwicklung spezifischer Modelle einen Bezugs-
punkt dar, da es eine Klasse von Anwendungsfallen reprasentiert [Broc03; ThomO6].
Prominente Beispiele sind im wissenschaftlichen Umfeld das Referenzmodell fiir indus-
trielle Geschiftsprozesse (Y-CIM-Modell) von Scheer [Sche97] sowie das der Unter-
nehmenspraxis entstammende SAP R/3-Referenzmodell [KeTe99].

? Eine unscharfe Relation (Fuzzy-Relation) R iiber Grundmengen €,Q, ist eine Fuzzy-Menge
des kartesischen Produkts €, x€Q, , die iiber eine Zugehdrigkeitsfunktion s, : Q, xQ, —[0,1]
charakterisiert wird. Dabei ist jedem Element (w,,®,) als 2-stelliges Tupel in R ein Zugehorig-
keitsgrad u,(w,,0,) € [0,1] zugeordnet. Der Zugehorigkeitsgrad wird als Stérke der Fuzzy-Relati-
on R zwischen den Elementen des Tupels interpretiert.
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Abb. 3 stellt einen Ausschnitt eines Referenzprozesses zur Kundenauftragsabwicklung
in Form einer EPK dar. Ein Schwachpunkt des modellierten Prozesses, der in diesem
Beitrag bislang nicht diskutiert wurde, ist erkennbar: Jedes der Negativergebnisse fiihrt
zur unmittelbaren Ablehnung des Kundenauftrags — unabhéingig von den Priifergebnis-
sen der anderen Funktionen. Dies steht im Widerspruch zur Unternehmenspraxis, in
der solche absoluten Ausschlusskriterien nur selten scharf eingehalten werden. Viel-
mehr werden durch menschliche Entscheidungstriger Kompensationsmechanismen
angewendet, die eine Uberschreitung von Grenzwerten in einem Bereich durch bessere
Werte in anderen Bereichen ausgleichen. Hierbei sind die Regeln fiir die Wirkungszu-
sammenhénge nicht dokumentiert, sondern beruhen auf Erfahrungswissen der Ent-
scheidungstrager. Es handelt sich zudem meist um einfache Regeln, die nur groBen-
ordnungsmifige Verkniipfungen herstellen und sich an Zielsystemen mit vagen Inter-
dependenzen orientieren.

Im vorliegenden Fall konnte etwa die Entscheidung, ob das Produkt verfiigbar ist,
nicht nur mit einem scharfen ,Ja“ oder ,,Nein“ beantwortet werden, sondern auch
durch zuséitzlichen Beschaffungsaufwand von VerhiltnisméBigkeitsiiberlegungen ge-
prégt sein, sodass das Produkt z.B. aus einem anderen Lager angefordert wird, wenn
alle anderen Priifungen positiv ausfallen. Eine entsprechende Entscheidung orientiert
sich an einem Trade-off zwischen den Zielen der Vermeidung von Zusatzkosten und
der Ausrichtung an Kundenbediirfnissen. Hieraus ergibt sich neben dem Problemfeld
der ErschlieBung impliziten Wissens die Herausforderung der Abbildung von Unschér-
fe in Referenzmodellen und Vorgehensmodellen zu deren Anpassung.

Abb. 5 zeigt die unscharfe Erweiterung des Referenzprozesses der Kundenauftragsab-
wicklung — eingebettet in die grafische Benutzeroberfliche eines Fuzzy-Modellie-
rungswerkzeugs. Der Prozess ist im Hauptfenster in Form einer Fuzzy-EPK darge-
stellt. Die unscharfen Konstrukte der EPK sind durch graue Schattierung gekennzeich-
net.

Nach der Definition des Kundenauftrags wird unveridndert dessen Annahme gepriift.
Die Priifungen der einzelnen Funktionen des ,,scharfen” Prozesses werden jedoch um
Priifungen zum Auftragsvolumen und zur Kundeneinschétzung erweitert. Die Funktio-
nen sind dabei nicht als ,untergeordnete* Aktivititen der Kundenauftragspriifung,
sondern als unscharfe Objektattribute der entsprechenden Datenobjekt- und Leistungs-
typen in Form linguistischer Variablen modelliert (vgl. Abb. 5, Fenster ,,Attribute®).
Im Attribut-Explorer ist beispielsweise das Objektattribut ,,Auftragsvolumen® des Da-
tenobjekttyps ,,Kundenauftrag™ aktiviert. Es weist als linguistische Variable die Terme
,,sehr niedrig®, , niedrig®, , mittel”, ,,hoch* und ,,sehr hoch* auf (vgl. auch Abb. 2).

Im rechten Teil des Attributfensters kann der Benutzer iiber einen Variableneditor die
Zugehorigkeitsfunktionen der linguistischen Terme verdndern, z.B. durch ,,Zichen*
der durch kleine Quadrate dargestellten ,,Eckpunkte” der Funktionen. Ein Variablenas-
sistent unterstiitzt den Benutzer durch eine automatisierte Variablendefinition. Ein Re-
geleditor (vgl. gleichnamiges Fenster in Abb. 5) zeigt die der Funktion hinterlegten
Regeln an.
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Abb. 5: Benutzeroberfliache des Fuzzy-Modellierungswerkzeugs

Im Beispiel ist der Ausschnitt einer Regelmenge mit den Eingangsvariablen ,,Kunden-
einschitzung® und ,,Auftragsvolumen® sowie der Ausgangsvariablen , Kundenauf-
tragsbewertung* gegeben. Der Benutzer erzeugt die Regelmengen in der Tabelle z. B.
durch eine automatisierte Ubernahme vollstindiger Regelmengen aus einem mit ,,Kon-
sistenzchecks* ausgeriisteten Regelassistenten (Schnittstelle zum Fuzzy-System).

Der Referenzprozess besteht — entsprechend der in Abschnitt 4 vorgestellten Formali-
sierung der Fuzzy-EPK — in seiner Erweiterung aus zwei Ebenen. Die Modellierungs-
ebene (vgl. Abb. 5, links) zeigt nach wie vor das Prozessmodell, im dargestellten Fall
ein Fuzzy-EPK-Modell. In dieser Ebene ist die semi-formale Modellierung auf die zum
Verstehen der Geschéftslogik durch den Endanwender notwendigen Inhalte begrenzt.
In einer weiteren Ebene (vgl. Abb. 5, rechts) sind die entscheidungsunterstiitzenden
Regeln hinterlegt, welche im Ergebnis die Annahme oder Ablehnung des Kundenauf-
trags bewirken. Diese Ebene greift auf Erkenntnisse der Fuzzy-Set-Theorie zuriick, um
die Eigenschaften abwigender Entscheidungen abzubilden.

Die Adaption eines solchen Prozesses wird nun auf das in den Entscheidungsregeln
hinterlegte fachliche Wissen beschréinkt und lisst die Ablauflogik des Prozesses unbe-
rithrt. Durch die Beriicksichtigung unscharfer Bedingungen und vage formulierter
Zielvorstellungen mit Hilfe von Ansétzen der Fuzzy-Set-Theorie kann der Anwender,
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der iiber das fachliche Wissen verfiigt, durch intuitive und einfache linguistische Be-
wertungen selbst die Adaption des Referenzprozesses vornehmen.

Dies hat ebenfalls zur Folge, dass ein bereits adaptierter Prozess prinzipiell als Refe-
renzprozess aufgefasst werden kann — die Ablauflogik des Prozesses bleibt bei seiner
Adaption unverindert, lediglich die Art der Entscheidungsfindung muss angepasst
werden.

Gleichwohl ist darauf hinzuweisen, dass mit dem Anwendungsszenario ,,Fuzzy-Custo-
mizing® keine Evaluierung der unscharf erweiterten EPK verbunden ist. Hierzu wurde
am Institut fiir Wirtschaftsinformatik im DFKI, Saarbriicken, bereits eine werkzeugge-
stiitzte Simulation durchgefiihrt [AdTLO06]. Der vorliegende Anwendungsfall dient viel-
mehr dazu, aufzuzeigen, dass aus der EPK-Spracherweiterung neue Anforderungen fiir
die fachliche Built-Time-Modellierung resultieren. Beim Design der Prozessmodelle
sind Entscheidungen dariiber zu treffen, welche Situationen, die bisher in der scharfen
Ablauflogik des Prozessmodells selbst abgebildet werden mussten, nun mithilfe von
Regeln in der Entscheidungslogik beschrieben werden kdnnen. Somit &ndert sich die
Vorgehensweise beim Design der fachlichen Modelle und das Konstruktionsergebnis,
wie dies am Referenzprozess der Kundenauftragsabwicklung verdeutlicht wurde.

6 Verwandte Arbeiten

Es existieren nur wenige Ansitze, die Unschérfeaspekte in die Informations- bzw. Pro-
zessmodellierung mit Hilfe der Fuzzy-Set-Theorie integrieren.

Die Fuzzy-Erweiterung des Entity-Relationship-Modells (ERM) wurde von Zvieli,
Chen [ZvCh86] beschrieben. Hierbei konnen Entitytypen, Beziehungstypen und Attri-
butmengen Fuzzy-Werte annehmen. Die Beriicksichtigung dieser fuzzifizierten Daten-
strukturen fiihrt konsequent zur Verarbeitung der unscharfen Daten in den entspre-
chenden betrieblichen Geschaftsprozessen.

Fuzzy-Theorie-basierte Erweiterungen objektorientierter Modellierungsmethoden fiir
Geschiftsprozesse sind bei Benedicenti et al. [BSVV98] und Cox [Cox99; Cox02] zu
finden. Ein auf der Fuzzy-Set-Theorie basierender objektorientierter Ansatz zur Simu-
lation von Geschéftsprozessen wird durch Vélkner, Werners [V61k98; VoWe02] vorge-
stellt.

Zur Beschreibung dynamischer Aspekte betrieblicher Informationssysteme werden
u.a. Petri-Netze eingesetzt. Das zweiwertige Verhalten von Stellen und Transitionen
eines Petri-Netzes ist bei der Abbildung wissensintensiver und schwach strukturierter
Prozesse jedoch von Nachteil. Um das Systemverhalten auch bei unscharfen Prozess-
bedingungen oder unvollstindigen, vagen Informationen darstellen zu kdnnen, wurden
Petri-Netze durch Fuzzy-Konzepte erweitert. Das Fuzzy-Petri-Netz [Lipp82] entsteht
durch die Projektion mehrerer scharfer Petri-Netze, bei der die Strukturinformationen
als unscharfe Mengen abgebildet werden.
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Becker, Rehfeldt, Turowski [BeRT96; Rehf98] zeigen am Beispiel der industriellen
Auftragsabwicklung die Beriicksichtigung unscharfer Daten in der Geschéftsprozess-
modellierung mit Ereignisgesteuerten Prozessketten exemplarisch auf. Als wesentli-
che, mit Unschérfe in Form von Unsicherheit behaftete exogene Eingangsdaten wer-
den vage Vertriebsinformationen betrachtet, die in vorldufige Kundenauftrage umge-
wandelt werden. Diese ,,unscharfe Ergdnzung® der Prozesse wird durch schattierte Ob-
jekte visualisiert. Aus methodischer Sicht miissen unscharfe und scharfe Modellobjek-
te bei der fachkonzeptionellen Darstellung eines Geschiftsprozesses jedoch nicht un-
terschieden werden. Vielmehr sind auch die das Verhalten beschreibenden Regeln so-
wie bekannte Parameter (z.B. Partitionierungen) im Sinne eines umfassenden Wis-
sensmanagements unabhéngig von einem Implementierungsmodell bereits beim De-
sign der Prozesse auf der fachlichen Ebene zu erfassen.

Thomas und Adam [ThHAO02; AdTh05; AdTL06] untersuchen mit weiteren Co-Auto-
ren, wie unscharfe Daten zum Design wissensintensiver und schwach strukturierter
Geschiéftsprozesse und ihrer Implementierung in Anwendungssystemen genutzt wer-
den konnen. Die von den Autoren entwickelte Idee wurde in diesem Beitrag erweitert
und formalisiert.

7  Zusammenfassung und zukiinftige Forschungsfragen

In dem vorliegenden Beitrag wurde ein Ansatz zur Integration von Unschérfeaspekten in
das Geschéftsprozessmanagement entwickelt. Die Integration wurde in zweierlei Hin-
sicht beispielhaft vollzogen. Erstens erfolgte die Beriicksichtigung unscharfer Daten mit
Hilfe der Fuzzy-Set-Theorie als Teilgebiet des Soft Computing. Zweitens wurde sie am
Beispiel einer etablierten Modellierungssprache fiir Geschéftsprozesse, der Ereignisge-
steuerten Prozesskette, durchgefiihrt. Das Konzept entspricht im iibertragenen Sinne ei-
ner ,,Ebenenerweiterung® der Beschreibungssprache: Wéhrend die Geschiftsprozessmo-
delle auf die zum Verstehen der Geschiftslogik durch den Endanwender notwendigen
Inhalte begrenzt sind, wird das Fachwissen zur Entscheidungsunterstiitzung einzelnen
Modellelementen hinterlegt.

Insbesondere in den beschriebenen Anwendungen zeigte sich, dass durch die Modellie-
rung vagen Wissens mit Fuzzy Logic im Geschéftsprozessmanagement viele Situationen
exakter als bisher beschrieben werden kdnnen. Daher eignen sich auf Fuzzy-Logik auf-
bauende regelbasierte Systeme in hohem Malle zur Steuerung von Prozessen. Da die Re-
gelbasis auf Wenn-Dann-Regeln basiert, kann ihr funktionales Verhalten relativ leicht
nachvollzogen und vorhandenes Wissen relativ einfach integriert werden. Bei Modifika-
tion des zu steuernden Prozesses konnen alte Regeln direkt iibernommen oder miissen
nur geringfiigig modifiziert werden. Dies erleichtert die stédndige Verbesserung der Pro-
zessdefinitionen im Sinne eines Continuous Process Improvement [Robs91; Sche96].

Eine zukiinftige Herausforderung fiir ihre Forschungstitigkeiten sehen die Autoren vor
allem in der Beantwortung der Frage, ob im Fuzzy-Geschiftsprozessmanagement die Er-
stellung adiquater linguistischer Variablen und Regelbasen wirtschaftlich sinnvoll erfol-
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gen kann. Als problematisch erweist sich in der Praxis insbesondere das Aufstellen der
Regelbasis. Jedes ungewiinschte Fehlverhalten muss vom Entwickler analysiert und ent-
sprechend ,,von Hand" korrigiert werden. Durch die Optimierung regelbasierter Fuzzy-
Systeme mittels neuronaler Netze kdnnen Fuzzy-Mengen angepasst und die Regelbasis
erlernt bzw. korrigiert werden. Die Fahigkeit von kiinstlichen neuronalen Netzen zum
Aufdecken von Geschéftslogik in Prozessen (,,Process Mining*) sowie zur Verbesserung
von Geschéftsprozessen durch Lernen werden aktuell diskutiert [AdTLO6].

Danksagung. Das in diesem Beitrag présentierte Anwendungsszenario resultiert aus
dem Forschungsprojekt ,,Referenzmodell-gestiitztes Customizing unter Beriicksichti-
gung unscharfer Daten, Kennwort: Fuzzy-Customizing, Teilprojekt der Forschungsko-
horte ,,Betriebliche Referenz-Informationsmodellierung — Designtechniken und domi-
nenbezogene Anwendung® (BRID?), gefordert von der Deutschen Forschungsgemein-
schaft (Férderkennzeichen: SCHE 185/25-1). Die Autoren mochten den beiden anony-
men Gutachtern danken, deren duflerst wertvollen Hinwese zur Verbesserung einer frii-
heren Version dieses Artikels beigetragen haben.
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Abstract: Die XML-basierte Austauschsprache EPML[MNO4] fur Ereignisgesteuerte
Prozessketten wurde entwickelt, um eine Méglichkeit des Datenaustausches zwischen
Modellierungswerkzeugen zu schaffen. Wird ein EPML-Modell aus einer fremden
Quelle von einem Modellierungswerkzeug importiert, sollte zunéchst gepruft wer-
den, ob die importierte XML-Datei ein syntaktisch korrektes EPK-Modell darstellt.
Hierzu missen neben den syntaktischen Forderungen, die sich aus dem XML-Schema
der Sprache EPML ergeben, weitere Eigenschaften getestet werden. Diese Eigen-
schaften (beispielsweise die Forderung, dass sich Ereignisse und Funktionen im EPK-
Kontrollfluss abwechseln) sind in [Rum99], [Kel99] und [NR02] formalisiert. Mend-
ling und Niittgens zeigten in [MNO3b], wie der Uberwiegende Teil der in [NRO2] for-
malisierten Anforderungen mit Hilfe der Sprache Schematron validiert werden kann.
Neben der Tatsache, dass zwei der Anforderungen aus [NR02] auf diese Weise nicht
Uberprift werden kénnen, hat der Ansatz aus [MNO3b] einen weiteren Nachteil: Er
setzt voraus, dass das EPML-Modell zusatzliche Attribute zum Typ der Modellele-
mente enthdalt. Dies schafft jedoch Redundanz im EPML-Modell und vergréf3ert un-
nétig GroRe und Komplexitat der EPML-Austauschdateien. In unserem Beitrag zei-
gen wir, wie alle in [Rum99], [Kel99] und [NRO2] beschriebenen Eigenschaften recht
einfach mit Hilfe der Sprache PROLOG uberprift werden kdnnen, ohne die erwéhn-
ten zusatzlichen Attribute zu bendtigen. Damit wird eine 100%-ige Uberpriifung der
Eigenschaften bei gleichzeitiger Reduzierung der Komplexitat des Austauschformats
erreicht. Wir geben ferner Beispiele fir weitere Eigenschaften an, die mit unserem
Ansatz effizient Uberpruft werden kénnen.

1 EinfGhrung

Ereignisgesteuerte Prozessketten (EPK) sind eine verbreitete Sprache zur Modellierung
von Geschéftsprozessen. Obwohl diese Sprache von verschiedenen Werkzeugen unter-
stutzt wird, gestaltet sich der Austausch von Modellen zwischen den Werkzeugen oft
schwierig, da die Modelle in proprietaren Dateiformaten gespeichert werden.

Diese Tatsache veranlasste Mendling und Niittgens, EPML als XML-basierte Austausch-
sprache fur EPK-Modelle vorzuschlagen[MNO04]. Dies ermdglicht den Austausch von Mo-

*Der Lehrstuhl fur Angewandte Telematik und E-Business ist ein Stiftungslehrstuhl der Deutschen Telekom
AG
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Kundenanfrage
eingetroffen

Lieferstatus

priifen

Artikel ist Avrtikel nicht
lieferbar lieferbar

Artikel Absage an
versenden Kunden senden

Kundenanfrage
bearbeitet

Abbildung 1: Eine Beispiel-EPK

dellen zwischen verschiedenen Modellierungs-, Simulations-, Monitoring- und anderen
Werkzeugen.

Bevor ein Werkzeug eine EPML-Datei aus einer fremden Quelle importiert, sollte es si-
cherstellen, dass es sich bei der zu importierenden Datei tatsachlich um ein syntaktisch
korrektes EPK-Modell handelt.

Unser Beitrag befasst sich mit dieser Priifung von EPML-Modellen auf syntaktische Kor-
rektheit.

Nachdem im Abschnitt 2 kurz die Sprache EPML skizziert wird, werden im Abschnitt 3

die Anforderungen, die an ein korrektes EPK-Modell zu stellen sind, besprochen. In Ab-
schnitt 4 wird die in [MNO3b] veroffentlichte Losung fiir die Uberpriifung dieser Regeln
diskutiert. Im Abschnitt 5 prasentieren wir einen alternativen Ansatz und diskutieren in

6 dessen Vorteile gegentber bisherigen Ansatzen. Schliel3lich zeigen wir in Abschnitt 7,
dass das von uns vorgeschlagene Verfahren auch zum Testen anderer interessanter Eigen-
schaften genutzt werden kann.

2 Die EPC Markup Language (EPML)

Im Folgenden wird eine kurze skizzenhafte Einfilhrung in die Sprache EPML gegeben.
Diese ist bei weitem nicht vollstandig, reicht aber zum Verstandnis der in diesem Beitrag
beschriebenen Verfahren aus. Fur eine vollstandige Einfihrung in EPML verweisen wir
auf [MNO4] sowie auf die Websiteeww.epml.de .

Das unten gezeigte EPML-Fragment beschreibt den in Abb. 1 dargestellte EPK. Jeder
Funktion der EPK entspricht ein function-Element, jedem Ereignis ein event-Element und
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jedem Konnektor ein AND-, OR- oder XOR-Element. Jedes der genannten Elemente hat
ein Attribut namens id, durch das es eindeutig identifiziert ist. Der Kontrollfluss wird durch
arc-Elemente codiert. In unserem Beispiel bezeichnet das arc-Element mit dem Attribut
id=12 den Kontrollfluss-Pfeil zwischen dem Element mit id=1 und dem Element mit id=2,
also zwischen dem Ereignis ,Kundenanfrage eingetroffen” und der Funktion ,Lieferstatus
prufen”.

<?xml version="1.0" encoding="UTF-8"?>
<epml:epml xmins:epml="http://www.epml.de"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="epml_1_draft.xsd">
<epc Epcld="1" Name="EPC">
<event id="1">
<name>Kundenanfrage eingetroffen</name>
</event>

<name>Lieferstatus prifen</name>
</function>
<xor id="4">

<name/>
</xor>
<event id="5">

<name>Artikel ist lieferbar</name>
</event>
<event id="6">

<name>Artikel nicht lieferbar</name>
</event>
<function id="7">

<name>Artikel versenden</name>
</function>
<function id="8">

<name>Absage an Kunden senden</name>
</function>
<xor id="9">

<name/>
</xor>
<event id="10">

<name>Kundenanfrage bearbeitet</name>
</event>
<arc id="11">

</arc>
. sowie je ein weiteres <arc>-Element fir jeden Pfeil im Modell
</epc>
</epml:epm|>

3 Syntaktische Anforderungen an EPKs

Eine ausfihrliche formale Diskussion der Syntax von EPKs findet sich in [Rum99], [Kel99]
und [NRO2]. Im Unterschied zu diesen Arbeiten betrachten wir hier zur Vereinfachung nur
EPKs ohne Prozesswegweiser und hierarchische Funktionen.
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Der Grund hierfiir liegt darin, dass wir beabsichtigen, die in Abschnitt 5 gezeigten Syntax-
prifungen in das Werkzeug EPCTools[Cun04] zu integrieren, das Prozesswegweiser und
hierarchische Funktionen nicht darstellen kann. Grundsétzlich sollten aber mit dem vor-
gestellten Ansatz auch die syntaktischen Eigenschaften von EPKs mit Prozesswegweisern
und hierarchischen Funktionen problemlos tGberprift werden kénnen.

Ausgehend von [Rum99], [Kel99] und [NRO2] nennen wir im Folgenden die Eigenschaf-
ten, die ein Graph G erfillen muss, damit G eine syntaktisch korrekte EPK ist. Dabei
bezeichnen wir mit K die Knotenmenge und mitC K x K die Kantenmenge von G.

Die Knotenmenge V ist die Vereinigung der folgenden fiinf paarweise disjunkten Mengen:

F (Menge der Funktionen)

E (Menge der Ereignisse)

Veor (Menge der XOR-Verknlpfungsoperatoren)
V.~ (Menge der OR-Verknipfungsoperatoren)
Vana (Menge der AND-Verkniipfungsoperatoren)

Fir eine syntaktisch korrekte EPK missen die folgenden Eigenschaften erfullt sein:

A W N P

. Der Graph G ist gerichtet.
. Der Graph G ist zusammenhé&ngend.
. Der Graph G ist endlich.

. Enthélt der Graph G eine Kante von a nach b, so gibt es in G keine Kante von b nach

a und keine weitere Kante von a nach b

. Die Mengen E und F sind nicht leer, d.h. es gibt mindestens ein Ereignis und min-

destens eine Funktion.

. Funktionen besitzen genau eine eingehende und genau eine ausgehende Kante.

. Ereignisse besitzen genau eine eingehende oder genau eine ausgehende Kante. (Be-

sitzt ein Ereignis genau eine eingehende und keine ausgehende Kante, nennen wir
es Endereignis. Besitzt ein Ereignis keine eingehende und genau eine ausgehende
Kante, nennen wir es Startereignis.)

. Verkniipfungsoperatoren (also Knoten, die zur MeVigg U V,,. U V.4 gehoren)

haben entweder genau eine eingehende und mehr als eine ausgehende Kante (dann
heil3en sie Split) oder mehr als eine eingehende und genau eine ausgehenden Kante
(dann heifl3en sie Join).

. Der Graph G enthélt keinen gerichteten Zyklus, der nur aus Verknipfungsoperatoren

(also Knoten, die zur Mengg, .. U V,,. U V,..q gehéren) besteht.
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Abbildung 2: EPK, fir die nur Eigenschaft 14 verletzt ist

10. Auf ein Ereignis folgen im Graphen immer n Verkniipfungsoperatoren (n=0,1,...),
direkt gefolgt von einer Funktion.

11. Aufeine Funktion folgen im Graphenimmer n Verkniipfungsoperatoren (n=0,1,...),
direkt gefolgt von einem Ereignis.

12. Auf ein Ereignis folgen im Graphen nie n AND-Konnektoren (n=0,1,...), direkt
gefolgt von einem Split aus der Mengg,, U V.

13. Es gibt mindestens ein Start- und mindestens ein Endereignis.

14. Firjeden Knoten im Graphen gibt es einen gerichteten Pfad von einem Startereignis
zu diesem Knoten.

15. Fur jeden Knoten im Graphen gibt es einen gerichteten Pfad von diesem Knoten zu
einem Endereignis.

Die Eigenschaften 1 bis 15 sind im Wesentlichen [Rum99], [Kel99] und [NRO2] entnom-
men. Eigenschaft 3 wird in keiner der angegebenen Arbeiten ausdriicklich genannt, aber
stillschweigend vorausgesetzt. Die Eigenschaften 14 und 15 werden in [Kel99], nicht aber
in [Rum99] und [NRO2] erwéhnt. Da diese Eigenschaft keineswegs, wie man vielleicht
vermuten kénnte, aus den anderen Eigenschaften folgt (siehe Gegenbeispiel in Abb. 2), ist
es aber sinnvoll, diese Forderung zu stellen. Auf die in [MNO3b] genannte Forderung, dass
der Graph keine reflexive Kante enthalt (also eine Kante, die einen Knoten mit sich selbst
verbindet) verzichten wir, da sich diese Forderung als Folgerung aus den Forderungen 9,
10 und 11 ergibt.

4 Bekannte Losungsansatze

Mendling und Nuttgens untersuchten in [MNO3b], wie gut sich XML-Schemasprachen
dazu eignen, die im vorigen Abschnitt genannten Syntaxforderungen zu validieren. Es
wurde gezeigt, dass mit XML Schema [WorO1a, Wor01b] sowie Relax NG[CMO1] nur die
einfachsten Eigenschaften (Eigenschaften 1, 3, 4 und 5) validieren lassen. Daher sind die-
se Schemasprachen nicht geeignet, um die syntaktische Korrektheit von EPML-Dateien
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zu Uberprufen. Wesentlich bessere Resultate wurden in [MNO3b] bei Nutzung der Sprache
Schematron[Jel02] erzielt. Schematron gestattet es, erwiinschte Eigenschaften eines XML-
Dokuments unter Nutzung von XPath[Wor99] zu beschreiben. Diese Abfragesprache er-
laubt komplexe Operationen, z.B. logische Verknupfungen. Daher kann, wie in [MNO3b]
gezeigt, Schematron benutzt werden, um den grof3ten Teil der Forderungen fir syntaktisch
korrekte EPML-Dateien zu validieren. Allerdings kénnen auch durch den in [MNO3b] pra-
sentierten Ansatz nicht alle Eigenschaften validiert werden: Die Eigenschaften 2, 9, 14 und
15 kénnen nicht mit Schematron geprtift werden.

Um Schematron wie in [MNO3b] vorgeschlagen zur Syntaxvalidierung nutzen zu kénnen,
hat man allerdings einen gewissen Preis zu zahlen: Zu den Elementen der EPML-Datei
missen zusatzliche Attribute notiert werden, die Aussagen Uber die Knoten der EPK tref-
fen. Beispielsweise wird das Endereignis der in Abb. 1 dargestellten EPK statt

<event id="10">

<name>Kundenanfrage bearbeitet</name>
</event>
<arc id="11">

</arc>

jetzt notiert:

<event id="10" type="EventEnd">
<name>Kundenanfrage bearbeitet</name>

</event>

<arc id="11" type="EventFunctionArc">

</arc>

Damit wird angegeben, dass es sich beim Ereignis ,Kundenanfrage bearbeitet um ein
Endereignis handelt und die gerichtete Kante zwischen dem Startereignis (mit der id=1)
und der Funktion ,Lieferstatus priifen” (mit der id=2) den Typ ,Ereignis-Funktion-Kante*
hatfMNO03a]. Die zusatzlichen Attribute sind im XML Schema der Sprache EPML seit der
Anfangsversion 1.0 vorhanden. lhre Nutzung hat allerdings zwei Nachteile: Zum einen
werden die EPML-Dokumente gréRer und komplexer. Zum zweiten sind die Informatio-
nen, die aus diesen Attributen gewonnen werden kénnen, ausnahmediloslant Die

kurze Version der EPML-Datei (ohne zusatzliche Attribute) enthalt namlich schon alle In-
formationen, um beispielsweise festzustellen, dass es sich beim Ereignis ,Kundenanfrage
bearbeitet* um ein Endereignis handelt. Da eine Austauschsprache méglichst einfach und
ohne redundante Informationen sein sollte, halten wir einen Verzicht auf die zusatzlichen
Attribute fir winschenswert. Im kommenden Absatz werden wir ein Validierungsverfah-
ren vorstellen, das ohne die zusatzlichen ,type“-Attribute arbeitet.

Neben den bereits genannten Losungsanséatzen, die bereits in [MNO3b] auf ihre Eignung
zur Validierung von EPML-Dateien bewertet wurden, ist die Constraint Language in XML
(CLiXML)[DJO06] betrachtenswert. Diese Sprache wurde mit dem Ziel entwickelt, kom-
plexere Validierungen von XML-Dateien durchfiihren zu kénnen. Die Validierung der
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meisten Regeln aus Abschnitt 3 sollte mit CLiXML leicht moglich sein. Allerdings fuhrt
[DJO6] gerade XML-Darstellungen von gerichteten Graphen, bei denen Knoten und Kan-
ten analog zu EPML kodiert werden, als Beispiel an, bei dem Validierungen mit CLiXML
deutlich erschwert werden.

5 Eigenschaftstuberprifung mit PROLOG

Unser Ansatz zur Validierung der Eigenschaften nutzt das Programmierprinzip der logi-
schen Programmierung, um Eigenschaften von EPML-Dateien zu validieren. Die Grundi-
dee besteht darin, ein EPML-Dokument in eine Menge logischer Aussagen (z.B. ,Es gibt
eine Kante vom Knoten 1 zum Knoten 2“) zu Ubersetzen. Diese logischen Aussagen wer-
den als Fakten in der logischen Programmiersprache PROLOG dargestellt. Die PROLOG-
Fakten enthalten die selbe Information wie die urspriingliche EPML-Datei und bilden
einen Teil der PROLOG-Wissensbasis. Den zweiten Teil der PROLOG-Wissensbasis bil-
den Regeln, mit denen wir die ,Sprache der EPKs" in PROLOG ,erklaren®. Eine solche
Regel besagt beispielsweise, dass ein Ereignis Endereignis ist, wenn es keine ausgehenden
Kanten hat.

Die PROLOG-Wissensbasis enthélt somit alle Informationen der urspriinglichen EPML-
Datei und Regeln, die die Eigenschaften von EPK-Elementen beschreiben. Ausgehend von
dieser Wissensbasis kdnnen wir nun dem PROLOG-System Fragen stellen - etwa, ob es
mindestens ein Startereignis gibt. Insbesondere kdnnen wir fur jede der in Abschnitt 3
aufgefihrten Regeln erfragen, ob sie erfillt sind. Die einzelnen Schritte unseres Ansatzes
sind in den folgenden Unterabschnitten. dargestellit.

5.1 Ubersetzung von EPML in PROLOG-Fakten

Die in unserem durchgehenden Beispiel genutzte EPML-Datei enthélt Informationen zu
den Knoten und Kanten des Graphen, der die EPK darstellt. So enthélt der Abschnitt

<event id="10">
<name>Kundenanfrage bearbeitet</name>
</event>
<arc id="11">
<flow source="1" target="2"/>
<larc>

drei logische Aussagen:

1. Es gibtim Modell ein Ereignis mit id=10
2. Das Ereignis mit id=10 hat den Namen ,Kundenanfrage bearbeiten”

3. Es gibtim Modell eine Kante vom Element mit id=1 zum Element mit id=2.
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Im folgenden Listing sind die logischen Aussagen zu der in Abb. 1 dargestellten EPK, for-
muliert als Fakten der Sprache PROLOG, dargestellt. Die Bedeutung der Pradikate sollte
ohne weitere Erklarung verstandlich sein.

event(i_1).

elementname(i_1,'Kundenanfrage eingetroffen’).
event(i_5).

elementname(i_5, Artikel ist lieferbar’).
event(i_6).

elementname(i_6, Artikel nicht lieferbar’).
event(i_10).
elementname(i_10,'Kundenanfrage bearbeitet’).
function(i_2).

elementname(i_2, Lieferstatus prufen’).
function(i_7).

elementname(i_7,'Artikel versenden’).
function(i_8).

elementname(i_8,’Absage an Kunden senden’).
arc(i_1,i_2).

arc(i_2,i_4).

arc(i_4,i_5).

arc(i_4,i_6).

arc(i_5,i_7).

arc(i_6,i_8).

arc(i_7,i_9).

arc(i_8,i_9).

arc(i_9,i_10).

xor(i_4).

xor(i_9).

Diese Fakten enthalten die selben Informationen wie Abb. 1 bzw. die zugehdrige EPML-

Datei. Um die Fakten aus der EPML-Datei zu generieren, benutzen wir eine einfache
XSLT-Transformation, die wir im Anhang A angeben.

5.2 Die Regeln der Wissensbasis

Damit das PROLOG-System Schlussfolgerungen zu den aus der EPML-Datei gewonne-
nen Fakten ziehen kann, wird ihm ein gewisses ,Grundwissen“ Gber EPKs in Form von

logischen Regeln mitgeteilt. Die meisten dieser Regeln sind einfache Informationen zu

verwendeten Bezeichnungsweisen. Dies soll an einigen Beispielregeln gezeigt werden:

connector(l) :- clause(and(l),true) ; clause(or(l),true);
clause(xor(l),true).

besagt, dass wir unter einem Verknipfer einen AND-, XOR- oder OR-Verknipfer verste-
hen.

no_outgoing_arcs(X) :- not(arc(X,)).
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besagt, dass fir ein Element das Préadikat ,hat keine ausgehenden Kanten* erfillt ist, wenn
es keine Kante (d.h. kein arc-Element in der EPML-Datei) gibt, die von diesem Element
ausgeht.

endevent(X) :- event(X),no_outgoing_arcs(X).

definiert ein Ereignis als Endereignis, wenn es keine ausgehenden Kanten hat.

Die komplette Regelbasis ist in Anhang B aufgefuhrt. Hervorzuheben ist die Kirze der
Regeln: Lediglich die Regeln, die Aussagen zu Themen wie ,Erreichbarkeit* und ,Zu-
sammenhang"” treffen, benétigen mehr als eine einzelne Programmzeile, und auch diese
Regeln zur Erreichbarkeit umfassen gerade einmal 13 PROLOG-Zeilen.

5.3 Die Validierung der EPK-Korrektheitsregeln

Nachdem durch die im vorigen Abschnitt besprochenen Regeln die fiir EPKs definierten
Begriffe dem PROLOG-System ,erklart* wurden, kénnen wir nun Anfragen an das Sys-
tem stellen. Insbesondere kénnen wir fragen, ob die im Abschnitt 3 aufgefiihrten Regeln
fur eine vorliegende EPK erflllt sind. Dabei gehen wir davon aus, dass bereits geprift
wurde, dass die zu Grunde liegende EPML-Datei dem XML-Schema fir EPML[MNO4]
entspricht. Dadurch sind die Regeln 1, 3 und das Verbot mehrfacher Kanten zwischen zwei
Knoten (Teil von Regel 4) bereits ,automatisch” erfillt.

Die Anfragen, mit denen die im Abschnitt 3 genannten Syntaxregeln fir eine gegebene
EPK Uberprift werden kénnen, sind im Anhang C angegeben. In der Regel sind sie so
aufgebaut, dass dem PROLOG-System die Aufgabe gestellt wird, ein Beispiel zu finden,
das die entsprechende Regel verletzt. Somit erhalt der Benutzer nicht nur die Aussage,
dass eine Syntaxregel verletzt ist, sondern es wird auch gezeigt, wo dies der Fall ist.

Einige Beispiele sollen das verdeutlichen: Als Teil von Regel 4 ist zu zeigen, dass keine
Kante von a nach b existieren kann, wenn es schon eine Kante von b nach a gibt. Die
entsprechende Anfrage an das PROLOG-System lautet:

prop4(X,Y) :- arc(X,Y),arc(Y,X).

Das Komma steht in PROLOG fir die logische und-Verkniipfung, die angegebene Klausel
driickt also die Forderung ,finde zwei Elemente X und Y, firr die sowohl eine Kante von X
nach Y als auch eine Kante von Y nach X existiert” aus. Ist die entsprechende Eigenschaft
verletzt, werden die Knoten, die zur Verletzung flihren, ausgegeben. Bei einem korrekten
Modell antwortet das PROLOG-System auf die Anfrage prop4(X,Y) mit ,no“, was heif3t,
dass keine Verletzung gefunden werden kann.

Da mit der im vorigen Kapitel definierten Regelbasis grundlegende Sprechweisen wie ,ein
Element X ist mit einem Element Y (moglicherweise Uber Verknipfungsoperatoren) ver-
bunden? definiert wurden, gestalten sich die Anfragen nach Stellen, an denen eine Regel

1Diese Beziehung zwischen zwei Elementen X und Y ist im Préadikat successor definiert
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verletzt wurden, recht einfach. Um die in Eigenschaft 10 aufgestellte Forderung, dass ein
Ereignis immer (moglicherweise tUber Verknlipfungsoperatoren) mit einer Funktion ver-
bunden ist zu prifen, stellt man dem PROLOG-System die Frage:

prop10(X,Y) :- event(X),successor(X,Y),event(Y).

Damit wird das PROLOG-System veranlasst ein Gegenbeispiel zu suchen: Ein Ereignis,
dass (moglicherweise tber Verknlipfungsoperatoren) nicht mit einer Funktion, sondern
mit einem Ereignis verbunden ist. Wie immer, besagt auch hier die Antwort ,no"“ auf die
Anfrage prop10(X,Y), dass kein Gegenbeispiel gefunden werden kann, also die entspre-
chende Eigenschaft validiert werden konnte.

6 Bewertung

Der im vorangehenden Abschnitt vorgestellte Ansatz folgt einem ganzlich anderen Prinzip
als die in [MNO3b] diskutierten Schemasprachen. Indem die tatséchlich in der EPML-
Datei steckende Information in logische Aussagen Ubersetzt wird, kann eine logikbasierte
Sprache wie PROLOG komplexe Fragestellungen zum Modell leicht beantworten. Der
zu notierende Code ist dhnlich kurz wie die in [MNO3b] vorgeschlagenen Schematron-
Tests. Da die gangigen PROLOG-Systeme wie das von uns verwendete SWI-Prolog offene
Schnittstellen zu zahlreichen anderen Programmiersprachen bieten, kdnnen die Tests leicht
in andere Tools eingebunden werden.

Ein Vorteil unserer Losung ist, dass erstmalle im Abschnitt 3 aufgefiihrte Regeln vali-
diert werden kdnnen. Im Gegensatz dazu ist es mit dem Ansatz von [MNO3b] nicht mdg-
lich, die Regeln 2, 9, 14 und 15 zu validieren, da dies ein teilweises Durchlaufen des
Graphen erfordert.

Wir widersprechen der Aussage aus [MNO03a], dass dieses Durchlaufen des Graphen teuer
und folglich unperformant ist. Da EPK-Modelle in der Praxis wohl héchstens eine drei-
stellige Zahl von Elementen haben, erweisen sich die Tests auch der Regeln 2, 9, 14 und 15
selbst an relativ grofRen praktischen Modellen als hinreichend schnell, obwohl wir zuge-
ben missen, dass unsere Prolog-Regel zum Zusammenhang von Graphen nicht besonders
effizient programmiert ist. In unseren Tests wurden alle diese Eigenschaften in weniger als
einer Sekunde gepruft. Hinzu kommt, dass bei der in [MNO3a] vorgeschlagenen Nutzung
zusatzlicher type-Attribute fir die Elemente der EPML-Datei keineswegs auf das Durch-
laufen des Graphen verzichtet werden kann. Dieser muss zwar dank der type-Attribute
nicht mehr bei der Validierung der Syntaxregeln erfolgen, daftr aber beim Erzeugen der
EPML-Datei, da schliel3lich zu diesem Zeitpunkt bestimmt werden muss, wie die type-
Attribute zu belegen singél.

2Theoretisch kénnte man zwar beim Bauen eines EPK-Modells in einem Editor die type-Attribute immer
sofort in dem Moment bestimmen, in dem ein neues Element gezeichnet wird. Das setzt allerdings voraus, dass
beim Editieren immer nur ein Einzelelement mit dem schon modellierten Teil der EPK verbunden wird. Werden
Teile der EPK zunéchst unabhangig voneinander modelliert, um schlieRlich durch Kanten verbunden zu werden,
istim Allgemeinen ein Graph-Durchlauf zur Bestimmung der type-Attribute notwendig.
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Ein Vorteil unserer Losung ist es, dass in den Dateien des Austauschformats EPML auf
die zusatzlichen type-Attribute verzichtet werden kann. Dies fiihrt dazu, dass das Aus-
tauschformat einfacher wird und folglich seine Verwendung einfacher implementiert wer-
den kann. Generell halten wir die Notation der type-Attribute fur nicht erstrebenswert,
da diese Attribute (wenn sie denn korrekt sind, was in jedem Einzelfall ohnehin zunachst
gepruft werden muss) lediglich redundante Informationen liefern.

7 Weiterfuhrende Anwendungsmadglichkeiten unseres Ansatzes

Hauptziel dieses Beitrags ist es, die Nutzung logischer Programmierung zur Validierung
von Eigenschaften ereignisgesteuerter Prozessketten zu zeigen. Wir wollen aber noch dar-
auf hinweisen, dass sich die Anwendungsmadglichkeiten unserer Ideen keinesfalls auf die
in Abschnitt 3 genannten Eigenschaften beschrénken. Vielmehr kann man dem Prologsys-
tem auch weitere Fragen zu anderen (statischen) Eigenschaften einer EPK stellen.

Beispielsweise kann es beim Model Checking grol3er EPK-Modelle sinnvoll sein, diese
Modelle in kleinere Teilmodelle zu untergliedern, die dann getrennt im Model Checker
untersucht werden. Damit kann sich der zu untersuchende Zustandsraum erheblich verrin-
gern. Es entsteht die Frage, an welchen Stellen man ein EPK-Modell ,,zerschneiden* kann,
so dass die entstehenden Teilmodelle selbst syntaktisch korrekte EPKs sind (oder zumin-
dest durch das Hinzufligen der obligatorischen Start- und Endereignisse zu solchen erganzt
werden kénnen.) Offenbar ist ein solches ,Zerschneiden” an solchen Kanten moglich, die
die einzige Verbindung zwischen zwei Zusammenhangskomponenten des die EPK repréa-
sentierenden Graphen darstellen. Eine solche Kante hat die Eigenschaft, dass der Graph
nicht mehr zusammenhangend ist, wenn diese Kante entfernt wird. Ob das fir eine Kante
von X nach Y der Fall ist, prift man leicht mit der folgenden Prolog-Regel:

cut_here(X,Y) :- arc(X,Y),
(retract(arc(X,Y)),prop2,assertz(arc(X,Y));
(assertz(arc(X,Y),fail))).

In diesem Beispiel wird zunachst verlangt, dass zwischen X und Y tatséchlich eine Kan-
te existiert, dargestellt durch den Fakt arc(X,Y). Dann wird mittetsact ~ der Fakt,

dass diese Kante existiert, aus der Wissensbasis entfernt. Nun wird die Eigenschaft 2 aus
Abschnitt 3 (Zusammenhang des Graphen) fur die um die K&nte Y verminderte Wis-
senshasis getestet. Wie bei all unseren Tests, wird die Antwort ,yes" geliefert, wenn ein
Gegenbeispiel gefunden wurde, also der Graph nicht (mehr) zusammenhéngend ist. Die
anschlieBendenssertz -Befehle dienen dazu, anschliel3end den urspriinglichen Fakt,
dass es eine Kante von X nach Y gibt, wieder in die Wissensbasis aufzunehmen.

Weitere denkbare Anwendungsfalle sind das Erkennen von Modellfehlern (etwa nach dem
in [vDMvdAO06] vorgestellten Ansatz) oder das Aufspuren schlechten Modellierungsstils
(z.B. von Startereignissen, von denen aus direkt in einen durch einen Split-Konnektor
eingeleiteten Kontrollblock ,hineingesprungen wird).
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8 Zusammenfassung

In unserem Beitrag haben wir einen auf dem Prinzip der logischen Programmierung be-
ruhenden Ansatz zur Validierung der syntaktischen Korrektheit von EPML-Dateien vor-
gestellt. Dieser kann im Gegensatz zu bisherigen Lésungen[MNO3b] erstiegils der
LiteraturfRum99, Kel99, NR02] aufgestellten Forderungen an korrekte Syntax validie-
ren. Dabei kommt er mit einem knapperen, redundanzfreien Format der Austauschsprache
EPML aus, was deren Nutzung als Austauschformat erleichtern kann.
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A XSLT-Stylesheet zur Transformation der EPML-Datei in PROLOG-
Fakten

<?xml version="1.0" encoding="ISO-8859-1"?>
<xsl:stylesheet version="1.0"
xmins:xsl="http://www.w3.0rg/1999/XSL/Transform">

<xsl:template match="epc">
<xsl:apply-templates select="event"/>
<xsl:apply-templates select="function"/>
<xsl:apply-templates select="arc"/>
<xsl:apply-templates select="and"/>
<xsl:apply-templates select="or"/>
<xsl:apply-templates select="xor"/>

</xsl:template>

<xsl:template match="function">

function(i_<xsl:value-of select="@id"/>).

elementname(i_<xsl:value-of select="@id"/>,'<xsl:value-of select="name"/>’).
</xsl:template>

<xsl:template match="event">

event(i_<xsl:value-of select="@id"/>).

elementname(i_<xsl:value-of select="@id"/>,'<xsl:value-of select="name"/>’).
</xsl:template>

<xsl:template match="and">
and(i_<xsl:value-of select="@id"/>).
</xsl:template>

<xsl:template match="or">
or(i_<xsl:value-of select="@id"/>).
</xsl:template>

<xsl:template match="xor">
xor(i_<xsl:value-of select="@id"/>).
</xsl:template>

<xsl:template match="arc">
arc(i_<xsl:value-of select="flow/@source"/>,
i_<xsl:value-of select="flow/@target"/>).
</xsl:template>

</xsl:stylesheet>
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B PROLOG-Regeln

% some useful facts about arcs
uarc(X,Y) :- arc(X,Y);arc(Y,X).
more_than_one_incoming_arcs(X) :- arc(A,X),arc(B,X),A \==B.
more_than_one_outgoing_arcs(X) :- arc(X,A),arc(X,B),A \==B.
no_incoming_arcs(X) :- not(arc(_,X)).
no_outgoing_arcs(X) :- not(arc(X,_)).
% successor(X,Y) means that X is followed by Y (possibly via some connectors)
% (Note: prop9 must be tested before calling successor(X,Y) in order to avoid
% infinite cycles.)
successor(X,Y) :- arc(X,Y).
successor(X,Y) :- arc(X,C),connector(C),successor(C,Y).
% types of elements
connector(l) :- clause(and(l),true) ; clause(or(l),true) ; clause(xor(l),true).
element(l) :- event(l);function(l);connector(l).
startevent(X) :- event(X),no_incoming_arcs(X).
endevent(X) :- event(X),no_outgoing_arcs(X).
% When using split(X) and join(X), we assume that prop8 already has been tested.
split(X) :- connector(X),more_than_one_outgoing_arcs(X).
join(X) :- connector(X),more_than_one_incoming_arcs(X).
% paths and reachability
path(A,B,Path) :- travel(A,B,[A],Q),
reverse(Q,Path).

travel(A,B,P,[B|P]) :- arc(A,B).

travel(A,B,Visited,Path) :- arc(A,C),
C \== B,
\+member(C,Visited),
travel(C,B,[C|Visited],Path).

% Neighbourhood contains all elements of List and their neighbours.
neighbourhood(List,Neighbourhood) :-
findall(N,(member(X,List),uarc(X,N)),Neighbours),
union(List,Neighbours,List_And_Neighbours),
list_to_ord_set(List_And_Neighbours,Neighbourhood).

% Find the elements which are weakly connected to at least one element in List
connected_elements(List,X) :- neighbourhood(List,List), X = List.
connected_elements(List,X) :- neighbourhood(List,Neighbourhood),
connected_elements(Neighbourhood,X).
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C Anfragen zur Validierung der EPK-Syntaxregeln

% Property 1 - The EPC is a directed graph

% Property 2 - The EPC is a coherent graph

prop2 :- element(E1l),connected_elements([E1],Y),!,element(X),not(member(X,Y)).

% Property 3 - The EPC is finite

% Property 4 - There are no multiple arcs between two vertices

% (no need to check this, because they are already forbidden by the EPML Schema)

% The EPC is an antisymmetric graph

prop4(X,Y) :- arc(X,Y),arc(Y,X).

% Property 5 - The set of events is not empty and the set of functions is not empty

prop5 :- not(clause(event( ),true)).

prop5 :- not(clause(function(_),true)).

% Property 6 - Functions have exactly one incoming arc and exactly one outgoing arc.

prop6(X) :- function(X),
(more_than_one_outgoing_arcs(X);more_than_one_incoming_arcs(X);
no_incoming_arcs(X);no_outgoing_arcs(X)).

% Property 7 - Events have at most one incoming and at most one outgoing arc.

% (note: This would allow events with no incoming and no outgoing arc, but this

% would be detected when verifying prop 2)

prop7(X) :- event(X),
(more_than_one_incoming_arcs(X);more_than_one_outgoing_arcs(X)).

% Property 8 - Two kinds of connectors are allowed:

% split connectors with exactly one incoming arc and at least two outgoing arcs
% join connectors with at least two incoming arc and exactly one outgoing arc.
% (connectors with no incoming and no outgoing arcs are already detected

% when verifying prop 2)

prop8(X) :- connector(X),
more_than_one_outgoing_arcs(X),more_than_one_incoming_arcs(X).
% Property 9 - Cycles made up only of connectors are forbidden
connectors_only([L|Rest]) :- connector(L),!,connectors_only(Rest).
connectors_only([]).
prop9(Path) :- path(X,X,Path),connectors_only(Path).
% Property 10 - If an event has an outgoing arc, this arc connects the event
% (possibly via one or more connectors) to a function.
propl0(X,Y) :- event(X),successor(X,Y),event(Y).
% Property 11- The outgoing arc of a function connects this function
% (possibly via one or more connectors) to an event
prop11(X,Y) :- function(X),successor(X,Y),function(Y).
% Property 12 - If an event is followed by one or more connectors,
% none of these connectors is an XOR-split or OR-split
propl2(X) :- event(X),successor(X,Y) ,
(clause(or(Y),true) ; clause(xor(Y),true)).
% Property 13a - There is at least one start event
startevents(L) :- findall(X,startevent(X),L).
propl3a :- startevents( ) == [].
% Property 13b - There is at least one end event
endevents(L) :- findall(X,endevent(X),L).
prop13b :-endevents( ) == [].
% Property 14 - For every element X, there is a path from a start event to X
reachable_from_startevent(X) :- startevent(S),path(S,X,_ ).
propl4(X) :- element(X),not(startevent(X)),not(reachable_from_startevent(X)).
% Property 15 - For every element X, there is a path from X to an end event
reaches_endevent(X) :- endevent(E),path(X,E,_).
prop15(X) :- element(X),not(endevent(X)),not(reaches_endevent(X)).
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D Anmerkungen zum Programmcode

1. Der oben angefiihrte Code wurde mit SWI-Prolog, Version 5.2.13 getestet. Er soll-
te jedoch auch auf anderen PROLOG-Systemen lauffahig sein, ggf. miissen nicht
vorhandene Builtin-Pradikate wie list_to_ord_set zum System hinzugefiigt werden.

2. Prinzipiellist es auch problemlos realisierbar, dass das PROLOG-System die EPML-
Datei direkt einliest und verarbeitet. Das von uns verwendete System SWI-Prolog
stellt hierfur die Bibliothek sgml2p zur Verfiigung. Der Umweg Uber die XSLT-
Transformation kénnte dann entfallen. Wir haben in unserem Beitrag den Weg tber
die XSLT-Transformation gewahlt, da so der Code leichter lesbar wird.

3. Gelegentlich ist die Reihenfolge, in der die Regeln aufgerufen werden, wichtig. Dies
ist dann als Kommentar im Code vermerkt. Beispielsweise muss zunachst sicherge-
stellt werden, dass es mindestens ein Ereignis gibt (Property5), bevor das entspre-
chende Pradikagvent an anderer Stelle verwendet wird, um weitere Eigenschaf-
ten von Ereignissen zu prifen.
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Abstract: Nautilus Event-driven Process Chains (N-EPCs) are a variant of Event-
driven process chains allowing multiple events between functions. This allows
events to be used as transition conditions in a mapping to the Business Process
Execution Language for Web Services (BPEL). We will give a formal definition of
N-EPCs and show how they can be mapped to BPEL. A close look will be taken
how connectors can be eliminated while preserving their semantics.

1 Introduction

Event Driven Process Chains (EPCs) were introduced in 1992 as an intuitive metamodel
for process modeling [KNS92]. The business process modeling tool Nautilus [Ge064a] is
using a slightly modified version of EPCs, which we call Nautilus Event-Driven Process
Chains (N-EPCs). The main difference is that in N-EPCs functions and events need not
alternate, allowing multiple events between functions. This enables a more detailed
modeling of the control flow by allowing nested conditions such as “amount > 1 million
euros and premium customer”. Figure 1 illustrates this using a simplified process for
loan application processing. Surely, this can also be modeled using the traditional EPCs
of [KNS92] by adding functions that execute nothing. However, the N-EPC approach
makes this addition obsolete and eases reading the modeled EPCs.
v
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Figure 1: N-EPC describing a simplified process for loan application processing
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Enabling multiple events between functions allows a detailed modeling of conditions
between functions. N-EPCs are neither directly executable in BPEL compliant workflow
systems nor do BPEL modeling tools support the import of N-EPCs and EPCs. On the
other hand, a large number of workflow systems and modeling tools support the
Business Process Execution Language for Web Services (BPEL, [An03]). Thus, we map
N-EPCs to BPEL to enable both, their execution and import into BPEL tools.

In the following, we first describe the basics of N-EPCs, including their syntax and a
discussion of their semantics. The main sections of this paper are devoted to the mapping
to BPEL, covering in detail how events, connectors and functions get mapped.

2 Event-driven Process Chains in Nautilus

Nautilus Event-Driven Process Chains (N-EPCs) build the basis of the metamodel of
Nautilus. An N-EPC consists of three different types of nodes: events, functions, and
connectors. An event describes a state of the modeled process. A state is the result of a
previous step, can trigger next steps or both. A function describes a step in the process.
Connectors join or fork the control flow. A connector is either an AND, an OR, or an
XOR connector. For the labeling of functions and events, the concept of objects, verbs,
and states is introduced. A function is doing something with an object. After the
processing, the object is in a new state. Therefore, functions are labeled with a verb and
an object and events are labeled with a state and an object. Events and functions need not
to be alternating. Transition from one function to another may be via multiple events.
Figure 2 shows the elements of an N-EPC.

Verb Object Object State Object State /\ V X 7777777777 >
Connectors
Function Trivial Event Event (AND, OR, XOR) Control flow

Figure 2: Elements of an N-EPC

An event directly after a function is called “trivial event”, because it always occurs after
a function has been executed. The object of a trivial event is the same as in the preceding
function. It is a modeling convention to use the participle of the verb as the new state of
the object. For a detailed discussion of the convention see [Ge06b]. An event labeled
with (0,s) occurs, if the state of the object o changes to the state s.

2.1 Syntax
There are several approaches for formalizing the syntax of EPCs. [NR02] and [Ki04]
provide one of them. Since the metamodel of N-EPCs is different from the one

introduced in [KNS92], we have to introduce a new formal definition. This formalism
stays close to the one found in [Ki04].
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Notation 1 (Set of all sequences). Let T be any set. By T* we denote the set of all finite
sequences over elements of the set T, e.g. T={0,1}, then T'={0,1,00,01,10,...}.

Definition 1 (N-EPC). An N-EPC is a tuple M=(E,F,C,A,|,T,V,0,S) satisfying:

¢ E,F,Care disjoint sets

o Eisasetofevents

e Fisasetof functions

e Cisaset of connectors

e Alisasetof arcs, Ac(EUFUC)x(EUFUC).
e Tisasetof terms

e Visasetof verbs

e O isasetof objects

e Sisaset of states

o lis the labeling function: I: (EUFUCUVUOUS) — (VUOUSUTY),
OxS xeE

VxO xeF

{0,9,8} xeC

T+ xeVUOUS

I(x)=y, ye

To ease reading, we introduce following notations:

Notation 2 (Predecessors and successors). Let N be a set of nodes and let AcNxN be
the set of arcs. For each node neN, adj*(n)={m|(n,m)eA} denotes the successors of the
node and adj (n)={m|(m,n) A} denotes the predecessors of the node. If there is only one

successor, adj I (n) returns that successor and adj, (n) that predecessor:

L m,m € adj (n) |adj (n)|=1 . m,m € adjT(n) |adjT(n)] =1
i () () [adi”(u) it () — () Jadi* (o)
1 otherwise 1 otherwise

“1” indicates “undefined”. It is included in the definition to let adjf(n) and adj, (n)
return a value for all neN.

Notation 3 (Connected nodes). Let N be a set of nodes and let AcNxN be the set of
arcs. For each node neN, adj*(n) denotes the transitive closure, i.e. the set of all directly
or indirectly connected nodes including the node n itself.
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M is a valid N-EPC if it satisfies the following conditions:

1. Each function has exactly one successor. That successor is an event':
vfeF: adj*(f)|=1 and adj, (f)eE

2. Each function has at most one predecessor:
vieF: Jadj ()] <1

3. Each event has at most one predecessor and at most one successor:
VeeE: [adj (e)| <1 and |adj*(e)| <1

4. Events are connected by connectors, are triggered by functions or trigger
functions:

veeE: (jadj(e)|=1 = adj; (e) € FUC) and (Jadj’(e)|=1 = adj{' (e) e FLC)

5. Events and connectors are always directly or indirectly connected to a function:
VneEUC: Ifeadj*(n): feF.

6. There are no self loops®:
VvceC: (cc)gA

7. There has to be at least one event between an OR connector with more than one
successor and a function:
vwe{((No,n1),(N1,N2),-..,(Nj-1,;))| (NiNi1) €A, 0<i<j, noeC, I(ng)=, ladj"(no)|>1,
njEF, ngeEUC, 0<k<j}: an,: nkeE

8. There has to be at least one event between an XOR connector with more than
one successor and a function:
vwe{((No,n1),(N1,N2),-..,(Nj-1,y))| (NiuNi) €A, 0<i<j, noeC, I(Ng)=%), |adj"(ne)|>1,
njEF, ngeEUC, 0<k<j}: an,: nkeE

We call a connector with more than one successor a “fork” and a connector with more
than one predecessor a “join”. A connector can be a fork and a join if it has more than
one successor and more than one predecessor. In addition, we call a connector with @ as
label “AND connector”, with @ as label “OR connector”, and with & as label “XOR
connector”.

2.2 Semantics

[Ge06b] does not contain a formal semantics of N-EPCs, leaving room for mulitple
interpretations. For explaining the intended semantics, we use the process folders from
[VdADKO2]. Process folders are comparable to tokens in a Petri net. Process folders
mark the current active functions, events, connectors, and arcs in an N-EPC. An N-EPC

! The metamodel does not distinguish between trivial events and other events, since a trivial event is defined as
the event directly following a function.

2 |t is sufficient to add a constraint for ceC, because rules 1 to 4 ensure that events and functions cannot be
connected to themselves.

88



does not contain explicit start- or end-nodes. The initial state of an N-EPC is formed by a
non-empty sub-set of nodes without incoming arcs that are marked with a process folder.
The end of the processing of an N-EPC is formed by process folders that are only at
nodes without outgoing arcs. During execution, the process folder is passed by the nodes
of the N-EPC. A function takes the process folder on its incoming arc, executes and puts
the process folder on its outgoing arc. An event takes the process folder on its incoming
arc and owns the process folder. As soon as it occurs, it puts the process folder on its
outgoing arc. The arcs themselves do nothing with the process folder. Connectors fork
and join process folders. We will first explain the semantics of forks and afterwards the
semantics of joins.

Generally speaking, a fork connector ensures that the incoming process folder gets
propagated to the next join or function. If a fork connector has multiple incoming edges,
it is first treated as a join connector, which is explained below. If a fork connector has
one incoming arc, the process folder on the incoming arc is taken and put on its outgoing
arcs according to the label of the fork. If the connector is an AND fork, the folder is put
on all of its outgoing arcs. If the connector is an OR fork, the folder is put on at least one
of its outgoing arcs. If the connector is a XOR fork, the folder is put on one of its
outgoing arcs. For XOR and OR forks, the decision, which arc is taken depends on the
succeeding events. Therefore the semantics of XOR and OR forks is non-local. See
Figure 3 as example: Arc 1 is active. Since the XOR connector has only one predecessor,
it takes the process. If event el occurs, the XOR connector puts its process folder onto
arc 2. If event e2, event e3 or both events occur, the process folder is via arc 3. If el and
e2 occur, the behavior is non-deterministic: The following things can happen: An error is
raised to the outside®, the XOR connector doesn’t pass the process folder at all, the
process folder is passed at random to arc 2 or to arc 3 or even to both arcs.

2N e - - @ Arc’s name

Figure 3: N-EPC* illustrating multiple events between functions

If the events are chained, the evaluation gets more complicated. Figure 4 contains an
example. There, el and e2 can both occur. If €3 and e4 occur, the process folder gets
passed to arc 2, even if both event el and e2 occurred. If €3 and e4 do not occur, €5 or e6
will occur so that the process folder is passed to arc 3. Therefore, the decision cannot be
taken by solely looking at the first reachable events. All events on the path from the
XOR connector to each function have to be regarded. This is specific to N-EPCs, since
there possibly is more than one event between an XOR connector and a function.

% That means, the human reader (and executer) of the N-EPC is stopping executing the process and should talk
to his manager.
“ I the labeling with tuples is not important for the description, we omit that labeling and just use unique labels
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Figure 4: N-EPC illustrating multiple events between functions

We first describe the semantics informally, and then formalize it: An active XOR
connector triggers® if exactly one of its outgoing arcs can trigger. An activated OR
connector triggers if at least one of its outgoing arcs can trigger. An activated AND
connector triggers if all of its outgoing arcs can trigger. An arc triggers if its target
element can trigger. A function can always trigger. Finally, an event can trigger if it has
occurred and its successor can trigger. It is important that besides the occurrence of the
event its successor can trigger, since all the events on the way to the next function have
to be regarded. It is not always known in advance when a certain event occurs. A state
change of an object can happen because the object was modified by a function or
because the modification of the object was not modeled by the N-EPC. In the latter case
the event is called “external event”. An external event can be “temperature below 25°C”.
The change of the object “temperature” can be modeled by a function “get temperature”,
but the definition of N-EPC does not force that an object’s state can only be modified by
functions. This fact makes the evaluation of a function “canTrigger” time-dependent.
The formalization of this time-dependency is the subject of our current research. The
formal definition of canTrigger without considering the time-dependency is as follows:

Definition 2 (Function canTrigger): The function canTrigger(x) returns true if the
element x can trigger, false otherwise. The function eo returns true, if exactly one of its
parameters is true. An event e is true if it has occurred.

eo(canTrigger(n, ), ..., canTrigger(n;)) x € C and l(x)=®, adjt(x) = {n,...,n;}

V;(canTrigger(n;)) x€C and 1(x)=©,adj"(x) = {n;}
canTrigger(x)=4 A, (canTrigger(n;)) x € C and 1(x)=0,adj"(x) = {n;}

x A (canTrigger(adj; (x))) xeE

true xeF

The time-dependency has no influence on the verification of the N-EPCs, since every
possible execution path in an EPC is considered for the verification (see [Me06] for an
example of verification of EPCs). In the verification, a fork connector can always
trigger. Therefore, the connectors pass the process folders randomly to their successors,
according to the connector’s semantics. l.e. the XOR connector passes the process folder
to one of its successors, the OR connector passes the process folder to either one, two,

® We use the term “trigger” as a description for the situation that the element of the EPC is active and passes
the process folder to one or more outgoing arcs. An arc “triggers” if it is active and it passes the process folder
to its target element.
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..., or all of its successors and the AND connector passes to process folder to all of its
successors without evaluating canTrigger().

It is important to note, that there is a modeling convention that the first fork following a
function can always trigger. The semantics shown in [NR02] and [Ki04] share this
convention since these semantics assume that a fork will always trigger.

In EPCs, the semantics of XOR and OR joins is non-local [NR02], which also applies
for N-EPCs. Non-locality means that means that the XOR connector triggers if one
incoming arc is active and all other incoming arcs: (a) not active, and (b) cannot become
active if other elements of the EPC are triggering. The OR connector triggers if at least
one incoming arc is active and all other arcs cannot become active. This informal
description has been formalized in [NRO2] using a transition relation. The given
transition relation leads to problems in certain EPCs, first discussed in [vdADKO02] and
solved in [Ki04]. Figure 5 shows the sample from [vdADKO02] in N-EPC notation.

fla - tela X 19 S f25\ - teZa
3 i
B
g !
¥ I

fip [-» tey -»Xxr»l ey -- fop f-» teg

Figure 5: N-EPC showing a vicious circle

According to the semantics in [NRO2], if the two XOR connectors are active, they will
never propagate the process folder to their successors [VAADKO02]. The mapping to
BPEL will restrict the N-EPCs, preventing the occurring of any vicious circles.

Besides vicious circles, joins can be interpreted in two ways. We take the AND join as
an example to illustrate them. One interpretation can be that as soon as one incoming arc
becomes active, it is sure that all other incoming arcs will become active. If not, it is a
modeling error. The semantics introduced in [LSW97] uses this understanding. The
second interpretation of an AND join is, that it propagates the process folders if all
incoming arcs are active. In all other cases it does not propagate the process folder. In
particular, this case is not a modeling error. If a connector does not propagate a process
folder, all of its subsequent activities that are not reachable in other ways will not be
executed, too. This interpretation is shared by the semantics presented in [NR0O2] and
[Ki04], and the informal semantics of N-EPCs. Note that the interpretation in [Ge06b] is
equivalent to the semantics of the dead path elimination (DPE) if the N-EPC is acyclic.
DPE forces the process graph to be acyclic and eliminates activities that cannot be
reached during the execution of a BPEL process. The semantics of the DPE includes that
a join synchronizes on the incoming arcs. Therefore, an XOR join directly following an
AND fork will never propagate the process folders on its incoming arcs. We will give a
more detailed explanation of DPE in section 3.
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2.3 Extended Nautilus Event-driven Process Chains (N-eEPCs)

We have so far introduced the Nautilus Event-driven Process Chain, which contains
events, functions, connectors, the arcs connecting them, and the labels on them. Nautilus
also provides the possibility to model what information is sent and received by a
function and which tool performs a function. The general concept is based on the Entity-
Relationship Model [Ch76]. An entity can be a function, an information item, and a
tool°. “Relations” define the relationships between entities. Nautilus allows the modeler
to choose from a provided set of relation types. Table 1 lists the relation types important
for the mapping to BPEL.

Entity Relation Entity
function sends information item
function receives information item
function is executed by tool

Table 1: Relation types important for the mapping to BPEL

Relating a function to another entity is optional. Thus, a function may receive something
but not executed by a tool. The existence of the relation “is executed by” implies that the
function is not executed by the process, but by an executer. Figuratively speaking, the
function is not part of the process, but is instead called by the process. Therefore, “f
sends i” means that the function f sends the information i to the process. “f receives i”
means, that the process sends the information item i to the function f. If a function
receives and sends information items, the order should be interpreted as “first receive,
then send” [Ge06b]. It is important to note that there is no possibility for events to send
or receive data.

Definition 3 (N-eEPCs). An N-eEPC is a tuple Mx=(E,F,C,A I, T,V,0,S,1,P,s,r,x) and
has to satisfy following properties:

e M=(EFCANITV,0O,S) forms avalid N-EPC. I’ is derived from | by restricting
the preimage of | to (EUFUCUVUOUS). The image remains unchanged.

e |isthe labeling function:
I: (EUFUCUVUOUSUIUP) — (VUOUSUTY),

as defined in definition1] x€¢ EUFUCUVUOUS
I(X)ZY7 NAS +
T xeclUP

e | is the list of information items

e Pisthe list of tools

® Nautilus contains 25 more elements in addition to these. We concentrate on the ones that are important for the
mapping to BPEL. See [Ge06b] for a complete list of entities.
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e sis the function assigning the sent information items to functions':
s: F—2'

e ris the function assigning the received information items to functions:
r: F—2'

e X is the function assigning the executing tools to functions:
x: F—>2°

3 The Business Process Execution Language for Web Services

BPEL is currently the widest-spread language to support orchestration of Web Services.
It is implemented by several companies, including IBM, Microsoft, and Oracle. The
current version is 1.1. In this section, a brief overview will be presented of the subset of
BPEL 1.1 used by the mapping. A complete explanation of the language and its elements
can be found in [An03]. Additionally, [LRO5] illustrates the main concepts, and [Ou05]
and [HSS05] provide a formal description.

A BPEL process make use of Web Service(s) offered by partners and is itself offered as
one or more Web Service(s). These Web services are specified as port types®. The
connection with a partner is modeled using a partner link, typed by a partner link type
having one or two roles. Each role refers to a port type. If a BPEL process uses the
partner’s port type and does not offer a port type to the partner, the partner link type
contains a single role element and vice versa.

A BPEL process model may use different kinds of activities. An invoke activity is used
to invoke a partner’s Web Service operation, and consists of input/output variables, a
partner link and the name of the operation. If the operation is one-way, then the output
variable is not specified. A receive activity is used to handle incoming calls to the
process’s Web Service operations, and consists of a variable, a partner link, and the
name of the process’s operation. Variables are typed, usually with WSDL message types
[An03]. Such simple activities can be grouped into complex activities like flow,.

Activities inside a flow can be connected by links that have transition conditions. Every
activity with incoming links has a join condition, which as a logical operation on the
status of those links. When a flow starts, it enables all immediately enclosed activities
with no incoming links. Once an activity completes, the transition conditions on the
outgoing links get evaluated and the status of each link is set to the result of the
evaluation. The join condition of an activity is evaluated once all the incoming links
have fired. If it is true, then the activity executes. If it is false, the activity is skipped and
the status of its entire outgoing links is set to “false”. This procedure, formally defined in
[LROQ], is called “dead-path-elimination” (DPE).

2% is used to refer to the power set of a set S
& A port type is an interface defined with a WSDL file. For a complete description of WSDL see [Ch01].
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Besides modeling control flow using flat-graph process definition approach, control flow
can be modeled with a structural constructs approach or a combination of the two
approaches. Structural constructs are switch and sequence. A sequence executes the
containing activities sequentially in lexical order. A switch contains one or more
branches with conditions assigned, and optionally a default branch. The conditions are
evaluated in lexical order. As soon as a condition evaluates to true, the respective branch
is taken. If no condition evaluates to true, the default branch, if existing, is executed.

BPEL Version 2.0 has just reached the public review stage of standardization [Al06].
There are no major conceptual changes regarding the navigation from 1.1 to 2.0. Thus
this explanation and the presented mapping will remain valid with regards to BPEL 2.0.

4 Mapping N-eEPCs to BPEL

We will use the extended Nautilus Event-driven Process Chains for mapping to BPEL,
since they contain annotations showing which tool executes a function and what data is
needed and returned by each function. To get an idea of the mapping of N-eEPCs to
BPEL we give a rough overview at first. In the subsequent paragraphs, we will give a
detailed explanation of each step and a justification why the transformation was chosen
as such.

The elements of the N-eEPC are used as follows: The information about the executing
tools and sent and received information items is used to generate the partner’s WSDL
files® and the corresponding partner links. Each function becomes an operation in a port
type. In the generated BPEL process the generated activities are nested in a flow activity
to naturally reflect the structure of the structure of the EPC. Each function is transformed
into a receive, invoke Or empty activity, depending on the sent and received
information and whether an executing tool is assigned. Connectors get empty activities
having their label transformed into a join condition. The incoming and outgoing arc of
an event is mapped to a link connecting the mapped predecessor and mapped successor
using the event as transition condition. Events with no successor get mapped to an empty
activity.

Having provided the high level description of the mapping, we now introduce the
restrictions on the N-eEPCs which can be mapped to BPEL.

BPEL supports natural loops™ having the entry node as the only exit node and BPEL
does not support arbitrary cycles. On the other hand, N-eEPCs model loops implicitly.
Mendling et al. [MLZ06] showed what kind of loops can be made explicit and be
transformed to BPEL. Since loop detection is out of the focus of this paper, we require
that the N-eEPC used in the mapping be acyclic.

° Every tool becomes a partner in the BPEL process. For a complete description of WSDL and it’s relation to
BPEL see [Ch01] and [An03]
%0 Natural loops are loops with a single entry node [Mu97].
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Definition 4 (Acyclicity of an N-eEPC). A N-eEPC M.=(E,F,C,A,|,T,V,0,S,1,P,s,r,X) is
acyclic, if the N-EPC M=(E,F,C,A I, T,V,0,S) is acyclic.

Definition 5 (Acyclicity of an N-EPC). A N-EPC M=(E,F,C,A,I,T,V,0,S) is acyclic, if
there is no non-empty path from a connector ¢ to the same connector:
ﬂW: W:((n07n1))(n17n2)7- . 7(nj—17nj))7 Nog,n; GC) nj=no, (niani+l)€A) 0§1<J

In addition to the acyclicity we demand that the N-eEPC contains a single root and that
this root is a function. Handling multiple roots introduces special handling — e.g. the
detection of pick™ — and other syntactical restrictions, which are out of scope of this

paper.

Definition 6 (Roots of an N-eEPC). A N-eEPC M=(E,F,C,A,I,T,V,0,S,1,P,s,r,X) has
the same roots as the N-EPC M=(E,F,C,A,l,T,V,0,S): roots(Mc)=roots(M).

Definition 7 (Roots of an N-EPC). Roots of a N-EPC M=(E,F,C,A,l,T,V,0,S) are the
functions, events and connectors having no incoming arc: roots(M)={n | neEUFUC,
ladj (n)[=0%}

Information items are not annotated with a type. Therefore a fixed type has to be taken.
We chose string as type, because most types can be serialized to a string. This leads to
incompatibility if existing Web Services should be wired to the exported process. In that
case, we suggest using mediation. Interface maps and data maps are one way to do
mediation [IBMO6]. Interface maps can be used if the name and the signature of an
operation do not match. With an interface map, two different operations can be mapped
to each other. For mapping data types, the data mapping can be used. A data map maps
two data types to each other.

N-eEPCs allow multiple executers be related to a function. To get a clear mapping, we
demand that at most one executing tool is assigned for each function.

To formally explain the mapping, we need the definition of an intermediary N-eEPC
(IN-eEPC) that stores the current state of the transformation:

Definition 8 (Intermediary N-eEPC, IN-eEPC). An IN-eEPC |, is a tuple Iy, = (E,F,C,
A TV,0,S,1,Psrxjctc), where Me=(E,F,C,AIL T,V,0,S,I, P,s,r,x) is a N-eEPC, where
no syntactical restrictions apply. E.g. a function may have several successors. In addition
jc and tc are defined as follows:

e jcis a function assigning the join condition to a function and a connector:
je: FUC — {0, 0,®, L}

e tcis a function assigning an event (interpreted as transition condition) to an arc:
te: A— EU{L}

! See [An03] for an explanation
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We will first present the elementary steps of the mapping and combine them in a
complete algorithm at the end. First, we will explain the mapping of events, then the
mapping of connectors, and finally the mapping of functions from an N-eEPC to an IN-
eEPC. Then, we map the IN-eEPC to BPEL. We will take an arbitrary N-eEPC
Me=(Ee¢,Fe,Ce,Ac,le, Te, Ve, O¢, Se, le, Pe,Se, e, Xe) Satisfying the conditions above as the starting
point and map it to an IN-eEPC I, = (E,F,C,A I, T,V,0,S,1,P,s,rx,jc,tc). Iy is initialized
as follows:

E:=E,, F:=F,, C:=C,, A:=A,, l:=l,, T:=T,, V:=V,, 0:=0, S:=S,, l:=l, P:=P,, s:=S¢, I:=r,
I(x) xeC
1 otherwise

X:=Xe, t0(X):=L VXA, jc(x)z{

4.1 Mapping of events

Having an initial I, we can start with the transformation of events. Generally, events are
mapped to transition conditions. There are two exceptions: Trivial events and events
having no outgoing arcs*2. Trivial events always occur after the preceding function has
finished. Therefore, they do not bring additional semantics and can be removed from the
N-eEPC as shown in Algorithm 1.

Algorithm 1 Removal of trivial events
procedure REMOVETRIVIALEVENTS(I))
for all feF do
e + adji (f)
if Jadj™ ()] > 0 then
A e AN {(Ee), (e:adif (¢)} U {(Eadjf ()}
else
A — A\ {(fe)}
end if
E+ E\ {e}
end for
end procedure

Events having no outgoing arcs may be handled in two ways: Either remove them from
the graph or transform them to empty activities. We decided to keep them in the resulting
BPEL process instead of removing them. Empty activities do not lead to new partner
interaction, but take execution time. On the other hand, a form of documentation is lost if
they are removed. Thus it is an open discussion if removal is preferable to keep them.
During the modification of Iy events having no outgoing arcs are transformed to
functions with no executer and no information items assigned. They will get mapped to
empty activities during the transformation of functions.

%2 Events with no incoming arcs do not occur, since we demanded that M, has a single root which is a function.
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Algorithm 2 Transformation of events without outgoing arcs
procedure TRANSFORMLEAFEVENTS(In)
E+E
for all ecE’, |adj™ (e)|=0 do
E«+ E\ {e}
F <+ FU{e}
end for
end procedure

The remaining events have one incoming and one outgoing arc. They get transformed
into transition conditions. With this interpretation of events, only events occurring as a
result of a function can be mapped. We chose this mapping, because the metamodel of
N-eEPCs does not allow annotating events with “sends”, “receives”, or “executed by”
relations. The information items in N-eEPCs are not related to each other, too. E.g.
“address consists of street, postal code and city”** cannot be modeled. Assume a function
sending “address” and a succeeding event “(London, city)”. Without additional
information, an algorithm cannot decide whether the event belongs to the function.
Furthermore, we did not want to extend the metamodel, because events that receive
information are a completely new concept to business analysts that know the EPC
metamodel.

Algorithm 3 Transformation of events to transition conditions
procedure TRANSFORMEVENTSTOTRANSITIONCONDITIONS(Ip)
E+E
for all ecE’| |adj™ (e)|=1, |adj*(e)|=1 do
a « {(adjy (), adj{ (¢))}
A« A\ {(adjy (e), ), (e, adjf (e))} U {a}

E«+ E\ {e}
tc’ + tc
t?
te(x) () x#a
e X=a
end for

end procedure

The transition condition will be object = "state* in the resulting BPEL file. This is
sufficient for cases where the object and the information item can be identified and the
effective data type of the information item is string. One modeling convention used is
that an object and an information item describe the same entity if the label of the object
equals the label of the information item. If an information item cannot be identified with
an object, the transition conditions have to be edited manually after the transformation to
get a valid executable BPEL process.

3 We are aware of the fact that there are numerous variations of an address. E.g. an address can alternatively
contain the state, consist of a post-office box, etc.
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4.2 Mapping of connectors

Now all cases of the events are handled so we continue stating the handling of the
connectors. As explained in the beginning of this section, each connector gets mapped to
an empty activity. We will show that this is a straight forward mapping that can be
improved to reduce the amount of activities in the generated BPEL process.

First of all, connectors having a single incoming edge and a single outgoing edge can
safely be removed from Iy. As soon as their incoming arc is active, they can pass the
process folders to the outgoing arc. They do not have to wait for other incoming arcs or
to evaluate canTrigger() on the outgoing arc. If they are asked for canTrigger(), they can
just return the value of their outgoing arc. Therefore, we remove them®,

Algorithm 4 Removal of connectors not joining and not forking
procedure REMOVECONNECTORSNOTJOININGANDNOTFORKING(I)
while JceC: |adj~(c)|=1 A |adj*(c)|=1 do
A A\ {(adii (0)0), (cadit (9))} U {(adii (c)adif (c))}
C«+ C\{c}
end while
end procedure

BPEL does not provide any construct for “fork conditions”. A connector in EPCs has
such an implicit fork condition. E.g. an XOR fork states that only one outgoing arc can
be active. The only construct similar to a fork condition is the switch activity which
could be represented in N-EPCs using an XOR block™. See Figure 6 for an illustration.

Figure 6: N-EPC modeling a switch

y
X
A

X~

Instead of f; and f, there can be other EPC constructs allowing switches to be nested.
This is the only case where BPEL supports fork conditions. There is no similar BPEL
construct for AND or OR blocks. Furthermore, regarding arbitrary EPCs™ the XOR
block is just one of many cases. To avoid dealing with special cases, we do not use
switch. As a result, the semantics of fork connectors cannot be directly mapped to BPEL.
The semantics of a fork includes the assurance that an active fork will trigger at some
time. This implies that the events succeeding the fork will occur in a combination
allowing the fork to trigger. As a result, no fork condition is needed. Thus forks mapped
to empty activities do not bring additional semantics to the BPEL process. They can be
removed instead if following conditions apply:

 The removal is done before any events get mapped. Otherwise, transition conditions get lost.
%5 XOR blocks are formally defined in [Ru99]
%6 Called “unstructured process graph” in [MLZ06]



1. The fork c has a single incoming arc
2. Either

a. The incoming arc does not contain a transition condition and all
outgoing arcs do not contain a transition condition

b. The incoming arc contains a transition condition and all outgoing arcs
do not contain a transition condition

c. The incoming arc does not contain a transition condition and some of
the outgoing arcs contain a transition condition

3. If 2a does not apply, there is no arc connecting the predecessor to one of the
successors of ¢ having a transition condition.

The predecessor of the fork will be connected with all successors of the fork. Assume
{ai} is the set of generated arcs. If condition 2b is fulfilled, the transition condition of the
incoming arc is copied to each g;. If condition 2c is fulfilled, the transition condition of
each outgoing arc is copied to the corresponding arc g;. Because of these copying rules
the condition 3 is needed. BPEL does not allow multiple links between two activities.
This is assured in Iy by the definition of Ac(EwFUC)x(EUFUC) (cp. definitions 1,3,8).
There is the possibility to merge the transition condition of two arcs but we think the rule
“at most one event forms a transition condition” eases the understanding of the generated
BPEL process. The procedure is shown in algorithm 5.

BPEL supports join conditions on any activities with incoming links. Therefore, the label
of the connector is used as join condition, which is transformed to a XPATH statement
representing the join condition in BPEL. Using BPEL’s dead path elimination, activities
not reachable will not be executed during the execution of the BPEL process.

Similar to the handling of forks, joins with a single outgoing edge can be eliminated by
connecting the predecessors to the successor. The difference to the handling of the forks
is the join condition. The join condition of the join connector replaces the join condition
of the successor. Since the algorithm can be derived from algorithm 5, we give an
example of the transformation of joins in figure 7.

R - p/\ jc=®
S el R e !
——»IX)- (AL - > --»(AF-»
v ~a s
before transformation after transformation

Figure 7: lllustration of the elimination of join connectors
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Algorithm 5 Transformation of forks

function FORKSATISFIESCONDITIONS(c)
tei + te((adjy (c),¢))# L > For completeness: tc(L, ¢) := L
tco < Jseadjt(c): te(c,8)# L
arc < Js€adjt(c):JacA,a=(adj] (c), s): tc(a)# L
c1 « Jadj=|(c) =1
Caa + (—te; A —teo)
Caop + (tei A —tey)
Cac + (TteiAte,)
c3 + (C2a V —are)
return c;/A(CgaVeapVeae)Acs

end function

procedure TRANSFORMFORKS(In)
while JceC: (Jadjt(c)| >1) A FORKSATISFIESCONDITIONS(c) do
C+C\ {c}
p«adjy (c)
succ +adj*(c)
A=A {(po)}
for all sesucc do
a<(p,s)
A—A\ {(cs)}Ua
if tc; then
tc’ + tc
tc’(x) x#a
t((p.c) x=a
else if tc, then

te(x)

tc’ «+ tc
fe(x) « te’(x) x#a
tc'((c,8)) x=a
end if
end for
end while

end procedure

4.3 Mapping of functions

The mapping of the functions is the last step. We will also present the mapping of arcs,
information items and executers since all of them are closely related to functions.

Functions describe what is done by whom and which information is sent and received by
the executer. Therefore, functions sending or receiving something and being executed by
someone or something are mapped to receive and invoke activities. In all other cases,
functions are mapped to an empty activity. The incoming and outgoing arcs are mapped
to incoming and outgoing links. The outgoing link is additionally assigned a transition
condition if the belonging arc has a transition condition assigned. The join condition of
the generated activity depends on the value of jc. Assume f is the current function to be
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mapped. If je(f)=@ then no join condition is generated, since the OR join is the default
join behavior in BPEL. If jc(f)=0 then a logical and over all incoming links is generated.
If jc(f)=®, “exactly one” over all incoming links is expressed by logical and, or and not
connectors. Assume l;, I, and I3 are the incoming links. Then the join condition
expressed in XPATH representing XOR looks as follows:

(($11) and (not $12) and (not $13)) or
((not $I11) and ($12) and (not $13)) or
((not $I11) and (not $12) and ($13))

$1; is gets expanded to bpws:getLinkStatus("1i") as soon as it is written into the
BPEL file.

Let f be a function having an executer and incoming and outgoing information assigned.
f is mapped to a receive if sends something and does not receive anything. The reason
is that the function is not executed by the process itself but the executer assigned to the
function. If someone external sends something to the process but does not get something
from the process, the process has just to receive it. In all other cases, an invoke is
generated. Assume the function f sending information i; and receiving information i,.
Receive and send should be interpreted as “first receive, then send”*’. Thus mapping to
single invoke activity sending i; (using the input variable) and afterwards receiving i,
(using the output variable) is enough: The executer first receives i; and then the BPEL
process is ready to receive i,. If the function receives i and does not send anything, it is
mapped to an invoke activity sending i. The sent and received information is used to
generate the variables and message types. Assume r(f)={i,i,,is}. With this information, a
message type named il_i2_i3 and a variable named il_i2_i3 of the type il i2_i3 is
generated'®. The message type contains three parts named i1, i2, and i3 each of them
having the type string. The variable i1_i2_i3 is used as the input variable. The
generation of variables for s(f) follows the these rules, too.

The label of the function is used as the name for the operation: The concatenated verb
and object form the name of the operation. For the generation of the WSDL files, the
partner link types, the partner links and the port types, the tool executing a function is
used. Each generated port type is put in a separate WSDL file. If a function was mapped
to a receive activity, the operation is put into a port type named after the executer with
the suffix input. The partner link and the partner link type are named <tool>-to-
process. The generated port type is assigned to the partner link type and the partner link
as myRole. If a function was mapped to an invoke, the operation is put into a port type
named after the executer and assigned to the partner link <tool>-to-process as
partnerRole. The partner link and its partner link type are generated, if it they had not
already been generated by the mapping to an receive activity.

 ¢p. section 2.3
%8 If the message type has already been generated in a previous step, the message type and variable are not
generated again. For the ordering in the name alphabetical ordering is used.
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4.4 The complete algorithm

Using the previous descriptions, the complete algorithm is straight-forward. The
algorithm first initializes Iy, with M. Connectors not joining and not forking are removed
afterwards. Then the events are transformed according to section 4.1 “Mapping of
events”. After this transformation, the connectors are transformed as presented in section
4.2 “Mapping of connectors”. In the last step, a depth-first search (DFS) is started from
the root of ly. During the DFS functions and connectors can be found. Events are
transformed to transition conditions or to functions during the step “Mapping of events”.
A connector is mapped to an empty activity, where the links and the join conditions are
generated as stated in “Mapping of functions”. Each function gets mapped to an empty,
receive, Of invoke activity as descriped in section 4.3 “Mapping of functions”.

The algorithm presented in this paper was implemented in the BPEL module in Nautilus
[Ged06a] and is now commercially available. The BPEL file and WSDL files it
generates can be imported into a BPEL development environment like the IBM
WebSphere Integration Developer. Once in such an environment, the process can be
tweaked (transition conditions modified, interface and data maps added) to enable its
integration into an existing infrastructure.

5 Related work

Mendling et al. [MLZ06] categorized the approaches of mapping EPCs to BPEL. The
categorization includes a high level representation of the mapping, leaving out the
generation of the type of the basic activity and leaving out the generation of port types,
partner links and WSDL files. Additionally, they do not address allowing multiple events
between functions because the metamodel of EPCs does not allow that. Nevertheless,
our mapping falls into their “Element-Minimization” category.

Ziemann and Mendling [ZMO05] presented an approach using the labels of the functions
to generate receives and invokes. Our mapping derives the type of the activity from the
information sent and received.

6 Summary and outlook

We presented the syntax and semantics of Nautilus extended Event-driven Process
Chains (N-eEPCs). N-eEPCs in contrast to EPCs introduced in [KNS92], support
multiple events between functions. This allows a detailed modeling of conditions
between functions. We showed how multiple events between functions can be used to
generate transition conditions in BPEL. The class of external events was completely
dropped from the mapping, because the metamodel of N-EPCs does not offer assigning
sent and received information to an event. Special care was taken to eliminate connectors
to get a readable BPEL file. Another contribution of this paper is the use of “send”,
“receive” and “executed by” relations to generate partner links and port types. A
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commercially available implementation has been created. It produces BPEL files that
can be used in known BPEL tools and systems.

Future research directions include the investigating of possibilities to support external
events by N-eEPCs and the usage of function repositories to ease integration in an
existing infrastructure.
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Abstract: The heterogeneity of different formats for EPCs is a major problem for
model interchange between specialized tools in practice. In this paper, we compare
three different formats for storing EPCs, in particular, the proprietary formats of Mi-
crosoft Visio and ARIS Toolset as well as the tool-independent EPML format. Further-
more, we introduce the ProM framework and show using the case of a sales process
model expressed in terms of an EPC that ProM is able to serve as a mediator between
these formats. Beyond that, we demonstrate that the ProM framework can be used for
the analysis of EPCs and to translate EPCs into YAWL models for execution or for
further analysis.

1 Introduction

Heterogeneity of formats, tools, and notations is a notorious problem of business process
management. While the heterogeneity of notations is extensively discussed in literature
(see e.g. [MNNOS5]), there is only little attention paid to heterogeneity issues related to
a single process modeling language. In this context, the availability of XML-based in-
terchange formats plays an important role to facilitate interchange and conversion. EPCs
form an example of heterogeneity issues related to a single language: there are several
tools for modeling, analyzing, transforming, and managing EPCs using different repre-
sentations. In order to benefit from specialized functionality, there is a strong need to
exchange models between these tools.

Several of these EPC-related business process modeling tools support XML as an open
standard for interchange of structured information. Such tools include ARIS Toolset of
IDS Scheer AG, ADONIS of BOC GmbH, Visio of Microsoft Corp., Semtalk of Semtation
GmbH, or Bonapart by Pikos GmbH. The heterogeneity problem in this context arises
due to the fact that only some of these tools support the tool-independent EPC Markup
Language (EPML) interchange format [MNO6]. Most of them including e.g. ARIS and
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Visio use proprietary formats that stick close to the internal information model of the tool.
Therefore, an open and generic transformation platform is needed in order to facilitate the
interchange of EPC business process models between these tools.

Against this background, this paper aims to demonstrate how such a transformation based
integration of specialized tools can be provided in practice. As an example, we present
a case study that utilizes ProM for this purpose. Section 2 presents three frequently sup-
ported interchange formats for EPCs, i.e., VDX of Microsoft Visio, AML of ARIS Toolset,
and EPML as a tool-independent format. In Section 3 we give an overview of ProM. In
particular, we introduce the plug-in architecture of ProM and highlight which EPC-related
plug-ins are already available. Section 4 showcases a scenario involving multiple spe-
cialized tools. In this scenario, ProM will be used as an integration platform. Section 5
summarizes the paper and gives an outlook on future research.

2 EPC Interchange Formats

In this section, we first introduce the interchange formats of Visio (Section 2.1) and ARIS
(Section 2.2). We continue with presenting the tool-independent EPML format in Section
2.3. After that we compare the three formats in Section 2.4.

2.1 Visio and VDX

Microsoft Visio is a general drawing and modeling tool (see e.g. [WEO03]). It can be cus-
tomized to support any modeling language by defining a language specific stencil. EPCs
are supported by a dedicated stencil that is included in the standard distribution. Visio uses
the proprietary VDX XML format to store and read models.

Figure 1 gives an overview of the Visio metamodel that is the basis for the VDX format.
VisioDocument is the root element of a VDX file. It can contain multiple Pages and
Masters. A Page basically represents a Visio model. It is identified by an ID and a
NameU attribute. A page can contain multiple Shapes and Connects. A Shape describes
a visual object on a Visio page. It can be a simple object such as a rectangle or a composite
object such as a grouping of other shapes. A shape is identified by an ID and a NameU.
Furthermore, it can carry a reference to a Master. In Visio a Master provides the link
between a stencil and a page. The EPC stencil defines a master for each of the EPC element
types. Via the master attribute, a shape can be related to a logical object such as e.g. an
EPC event or an XOR-connector. Connect elements offer a mechanism to logically link
two shapes by referencing them in FromSheet and ToSheet attributes. Since arcs are
also shapes in Visio, a control flow sequence between two EPC elements maps to two
connects: one from the first object to the arc shape and another from the arc shape to the
second object.
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Figure 1: Visio metamodel.

2.2 ARIS and AML

ARIS is a specialized business process management tool that not only supports modeling,
but also offers support for simulation and other types of analysis. EPCs are one of the
modeling languages offered by ARIS. Individual models and a whole database of mod-
els can be written to a file in the proprietary ARIS Markup Language XML format. A
complete overview of AML is given in [IDS03].

An AML file starts with an AML element as the root element. General information like time
of creation, name of the ARIS database, language, and font style is stored in subelements
of AML. The Group element, also a subelement of AML, is a container for all model-related
information. In ARIS Toolset each Group element refers to a directory folder of the ARIS
Explorer. A Group must have a unique Group.ID attribute and it may have multiple
AttrDef, ObjDef, Model or further Group subelements as children. When the Group
and its related directory have a name, ARIS Toolset stores it in an AttrDef (attribute
definition) subelement whose AttrDef . Type attribute is set to AT_NAME. This is the typ-
ical mechanism used by AML to store model information. Every specific information of
objects is stored in AttrDef or AttrOcc subelements of these objects (see Figure 2).

Another principle idea of ARIS Toolset, which is reflected in AML, is the separation be-
tween definition and occurrence: each model element is first defined in an abstract way and
later referenced as an occurrence in a model. This allows one logical object to be included
as multiple occurrences in models. Accordingly, the Mode1 element contains ObjOcc (ob-
ject occurrence) elements that refer to ObjDef (object definition) elements. The ObjDef
element provides an abstract definition of an object. It has a unique ObjDef . ID attribute
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Figure 2: AML metamodel.

and a TypeNum attribute that refers to an object type, like e.g. EPC function or EPC event.
Its LinkedModels.IdRefs attribute provides a list of ID-references to linked models.
These can be used e.g. for hierarchical refinement of functions. ObjDef elements may
have multiple AttrDef and multiple CxnDef subelements. CxnDef elements represent
arcs between objects. Each cxnDef has a unique CxnDef . ID attribute, a CxnDef . Type
attribute, and a ToObjDe £ . IdRe £ attribute which represents the target of the arc. Depend-
ing on the CxnDe f . Type attribute the arc may represent control flow, information flow, or
different kinds of semantic association between the objects.

A Model has, among others, a unique Model . ID and a Model . Type attribute. The model
type, like e.g. EPC, refers to the allowed set of objects. The Model element may contain
AttrDef elements to store model specific information and Ob jOcc elements to represent
graphical elements in a visual model. An object occurrence has among others a unique
ObjOcc. ID attribute and a reference to an object definition via the ObjDef.IdRef at-
tribute. The SymbolNum attribute refers to a graphical icon that is used to represent the
object in the visual model. An EPC function would be e.g. represented by a green rect-
angle with radiused edges. An Objocc element may have subelements that describe its
size and its position in the visual model. Furthermore the AttrOcc element defines how
information attached via an AttrDef is visually represented in a model. It has a unique
AttrOcc.ID attribute and an AttrTypeNum attribute that refers to its type. This type
provides a syntactical link between an AttrOcc and an AttrDef element of two as-
sociated Obj0cc and ObjDef elements. Similar to object definitions ObjOcc may also
have multiple cxnOcc elements. Each of them has a unique CxnOcc. ID attribute and a
CxnDef . IdRef reference to an arc definition and a reference to the target of the arc via
an ObjOcc.IdRef attribute.
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2.3 EPML

EPML is a tool-independent interchange format for EPCs [MN06]. Mainly academic tools
use EPML, but there are also commercial tools like Semtalk that provide EPML interfaces.
Figure 3 gives an overview of EPML and its syntax elements. In EPML a hierarchy of EPC
processes can be organized in directories. A directory element has a name attribute and
it can contain other directories and/or EPC models. Each epc element is identified by
an epcId attribute and has a name attribute. The epc1d can be referenced by hierarchy
relations attached to functions or process interfaces. Since an EPC process element might
be used in two or more EPC models, there are definitions to establish the link be-
tween elements that are the same from a logical point of view. The attributeTypes
element provides a container for the definition of additional structured information. An
attribute references the type of the attribute and stores its value.

directory epml attributeType
name name typeld
description
contains contains
Y * *
epc definition defines
epcld defld * Y
name name "
_ attribute
defines contains
*y o typeRef
- value
<object>
contains
P id
* | defRef - arc
name -
f E id
fromld
function told

processinterface

’xor ’ ’and ’ ’or

Figure 3: EPML metamodel.

In EPML each epc element serves as a container for all elements of the model. For
each EPC element type there is a dedicated element. All elements no matter of their
type have an id and a name for identification purposes, and a defRef if the logical el-
ement is included at different places in the model. EPML supports event, function,
processInterface, xor, and, and or element types as well as some elements of ex-
tended EPCs (cf. [MNO6]). Functions and process interfaces can have a reference to a
linked EPC via a 1inkToEpcId attribute. All elements of an epc can be connected us-
ing arc elements with the fromId and toId attribute defining the direction. For further
details on EPML the reader is referred to [MNO6].
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Table 1: EPC interchange formats compared

Visio VDX ARIS AML EPML
EPC Model Page Model [Model.Type] | epc
Model Organization | Pages Group directory
Function Shape [Master] ObjOcc [SymbolNum] function
Event Shape [Master] ObjOcc [SymbolNum] event
XOR-connector Shape [Master] | ObjOcc[SymbolNum] | xor
AND-connector Shape [Master] | ObjOcc[SymbolNum] | and
OR-connector Shape [Master] | ObjOcc[SymbolNum] | or
Control flow arc Shape, Connect | CxnOcc arc
Logical element - ObjDef definition

2.4 Comparing the EPC Interchange Formats

Table 1 gives a comparison of the three discussed interchange formats Visio VDX, ARIS
AML, and EPML. It illustrates that EPML is the only one that directly addresses the meta-
model of EPCs. Both Visio and ARIS can store arbitrary graphical models; accordingly
the data about whether an element is e.g. an EPC function is not stored in the metadata
(as an XML element name), but in element and attribute values. In Visio such information
is represented in the master section, in ARIS it is encoded in TypeNum and SymbolNum
attributes. Beyond that, each of the interchange formats utilizes a different mechanism
to represent arcs between model elements. In Visio the arc is a graphical element. The
logical connection between shapes is established by a connect from the first shape to the
arc, and from the arc to the second shape. In ARIS, each arc is a subelement of the source
node holding a reference to the target node. In EPML, arcs are first class elements hav-
ing two references to other elements. EPML is also the most compact format of the three.
Since it does not include sophisticated layout and visual information, EPML files are much
smaller than the AML and VDX files of the same model. Furthermore, a transformation
from AML or EPML to Visio implies a certain loss of information since Visio is not able
to represent that two or more visual elements are logically the same.

In this section, we introduced and compared three different formats to store EPCs. In the
next section, we introduce the ProM framework, which is capable of reading and writing
all of these formats. Moreover, ProM facilitates a wide variety of analysis techniques for
EPCs (ranging from verification to process mining) and it is able to transform EPCs into
various alternative formats and vice versa.

3 The ProM Framework

In this paper, the focus is on interchanging the different EPC formats in the context of
the ProM (Process Mining) framework [DMV'05]. ProM has been developed as a tool
for the process mining domain. Process mining aims at extracting information from event
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Figure 4: Overview of the ProM framework.

logs to capture the business process as it is being executed. Process mining is particularly
useful in situations where events are recorded but there is no system enforcing people
to work in a particular way. Consider for example a hospital where the diagnosis and
treatment activities are recorded in the hospital information system, but where health-care
professionals determine the “careflow”. Many process mining algorithms were developed
[ADH03, AWMO04, AGL98, CW98, GBG04, GGMS05, GCC'04, Her00] and currently
a variety of these techniques are supported by ProM.

Although the initial focus of ProM was on process mining, over time the functionality of
ProM was extended to include other types of analysis, model conversions, model com-
parison, etc. This was enabled by the plug-able architecture of ProM (it is possible to
add new functionality without changing the framework itself) and the fact that ProM sup-
ported multiple modeling formalisms right from the start. By applying ProM in several
case studies, we got a lot of practical experiences with model interchange.

Figure 4 shows an overview of the functionality of the ProM framework. The figure shows
that ProM can interact with a variety of existing systems, e.g., workflow management
systems such as Staffware, Oracle BPEL, Eastman Workflow, WebSphere, InConcert,
FLOWer, Caramba, and YAWL, simulation tools such as ARIS, EPC Tools, Yasper, and
CPN Tools, ERP systems like PeopleSoft and SAP, analysis tools such as AGNA, Net-
Miner, Viscovery, AlphaMiner, and ARIS PPM. We have used more than 20 systems to
exchange process models and/or event logs with ProM. As Figure 4 shows there are ways
to directly import or export models or to load logs.
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ProM is open source and people can change or extend the code. Moreover, ProM offers
the so-called “plug-in” concept. Plug-ins allow for the addition of new functionality by
adding a plug-in rather than modifying the source code. Without knowing all details of the
framework, external parties can create their own plug-ins with ease. Currently there are
more than 130 plug-ins. ProM supports five kinds of plug-ins:

Mining plug-ins typically take a log and produce a model,

Import plug-ins typically import a model from file, and possibly use a log to identify the
relevant objects in the model,

Export plug-ins typically export a model to file,
Conversion plug-ins typically convert one model into another, and

Analysis plug-ins typically analyse a model, eventually in combination with a log.

In the paper, we cannot show each of the more than 130 plug-ins. Instead we focus on
EPCs, using a model for sales price calculation as reported in [BS04, p.427] as a running
example (see Figure 5). The process starts with one of alternative start events and leads
to a parallel execution to select articles for calculation, to select organization units, and to
check the sort of the calculation. After that, the relevant calculation is determined. If the
manual calculation is required, the sales price bandwidth is recorded and the sales price
is calculated within that. For both automatic calculation and automatic calculation with
manual confirmation, the sales price is calculated first, but in the second case it can be still
subject to change. After these alternative calculations, the sales price is stored. If there is
no listing process required, the price is modified for those retailers that use POS. Finally,
the order set is defined to complete the process.

4 A Case Study on Multiple Tool Integration with ProM

In this section, we take the model as shown in Figure 5 in the Visio VDX format and show
how we can utilize ProM, to enable the reuse of this model in other tools. Figure 6 shows
ProM as a mediator between several formats that we cover in this case.

To start our guided tour of ProM, we take the EPC from Figure 5, as modelled in Visio.
Figure 7 shows a screenshot of Visio, where the EPC is being modelled. After saving the
EPC to a Visio VDX file, we loaded the EPC in ProM, as shown in Figure 8. Note that
ProM loads files without their layout information. Therefore, ProM is able to generate
layout information for any imported model. Since ProM was originally designed as a
framework for discovering models from execution logs where the automatic generation of
a layout is of the utmost importance, this feature has been added.

Once the EPC is loaded into the framework, many plugins are available for future pro-
cessing of the EPC. As an example, we show a tailor-made verification approach, first
presented in [DVAOS]. This verification approach assumes that the process owner has
knowledge about the underlying process and therefore is capable of answering questions
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Figure 5: An EPC for sales price calculation taken from [BS04, p.427].
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about the possible initializations of the process. In our case, the process can be initialized
when either one of the initial events occur. Furthermore, we assume that these event cannot
occur simultaneously, since that would obviously lead to a problem. The result of the EPC
verification in ProM under this assumption is shown in Figure 9, where ProM indicates
that there are structural errors in the EPC and the erroneous part is highlighted.

Another option is to export the EPC to an EPML file and to do the verification with EPC
Tools [CKO04]. EPC Tools implements EPC semantics based on the framework of Kindler
[Kin03, Kin04, Kin06] which was defined to fix formal problems of the semantics reported
in [NRO2]. It provides a soundness check and interactive simulation capabilities. In left
control panel of EPC Tools (next to the very left event in Figure 10), there is a red light
indicating that the EPC is not sound. The modeler can then propagate process folders in
the EPC to detect that it will not complete properly whenever automatic calculation or
automatic calculation with manual confirmation is chosen. The error in this model, which
was indicated by ProM and EPC Tools, now has to be repaired. Since ProM is not a
modelling tool (although it does allow the user to change the type of each connector on
the fly), we can now export the EPC to Visio again, update the model there and load it
back into ProM. In fact, repairing the model is not so difficult, since it only requires us to
change the type of one connector: if the AND-split after sales price calculated becomes
and XOR, ProM now no longer indicates an error in the EPC.

Let us assume that a process designer at this point is satisfied with the model and therefore
wants to upload it into the ARIS toolset. The process for doing so is simple. First, in
ProM, we export the EPC to the AML format. Then, in the ARIS Toolset, we import the
EPC to the database. The result of this process is shown in Figure 11. Note that again the
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layout is slightly different since ARIS provides its own layout algorithms as well.

So far, we have shown that EPCs can be imported and exported in several formats. Further-
more, we have shown that ProM provides plugins for the analysis of EPCs. However, there
is one essential aspect of EPCs that we have not addressed yet, namely the execution of
EPCs. Due to the OR-join in an EPC, the execution of EPCs is not straightforward. How-
ever, EPCs can directly be translated to YAWL models, which are executable in YAWL.
ProM again provides a translation of EPCs to YAWL. These YAWL models can then be
loaded in the YAWL engine (see [AADHO04]). Figure 13 shows an activity of the sales
price calculation enabled in the YAWL engine for execution. Beyond that, YAWL mod-
els can also be analyzed using a verification tool called Wof YAWL regarding the relaxed
soundness criterion [DRO1]. The corrected example EPC is shown as a YAWL model
in Figure 13. This approach has been used to verify all 604 EPCs in the SAP reference
model, the results of which can be found in [MMN06].
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Figure 11: The corrected EPC uploaded into the ARIS Toolset

5 Conclusion and Future Work

The heterogeneity of different formats for EPCs is a major hinderance for model inter-
change between specialized tools in practice. In this paper, we compared three different
formats for storing EPCs, in particular, the proprietary formats of Microsoft Visio and
ARIS Toolset as well as the tool-independent EPML format. Furthermore, we introduced
the ProM framework and showed using a realistic example (sales price calculation) that
ProM is able to serve as a mediator between these formats. Beyond that, we demonstrated
that the ProM framework can be used for the analysis of EPCs and to translate EPCs into
YAWL models for execution or for further analysis. In future research, we aim to provide
further EPC plug-ins for the ProM framework. First, there are several other popular busi-
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ness process modeling tools that offer EPCs, but whose proprietary interchange formats

are not yet supported. Second, we aim to provide additional EPC analysis plug-ins, e.g.
for deriving EPCs from a configured C-EPC.
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Abstract: The paper discusses the usability concept of workflow services for event-
driven process chains. Usability is similar to controllability, known from Workflow
net based BPEL semantics theory. Based on the observation, that if business processes
interact (for instance because one of them is a service), it must be possible to check
whether this is structurally possible or not. In opposite to prior work, the focus is laid
on the exchange of information rather than on the integration of shared events and
functions. The theoretical outcome of the paper is applied to a German E-Government
(web) service.

1 Introduction

The definition and acceptance of the business process execution language for web-services
(BPEL4WS or BPEL for short, [ACD*03, Ju04]) by the key players in the software in-
dustry (especially in the field of workflow management systems) made this language a
de-facto standard for the specification of business processes and services. BPEL, however,
does not only standardise existing exchange languages but, moreover, puts a new concept
into the centre of the considerations: the development of service-oriented information sys-
tems’ architectures instead of monolithic ones. BPEL systems are highly distributed and
have to interact, i.e. communicate with each other. With the introduction of this paradigm,
also new challenges and questions concerning the modelling of such (distributed) systems
came up: (1) What are appropriate modelling languages for such systems? (2) Which
properties of such systems must be checked in order to validate their proper work.

One of the main difficulties in answering these questions is that the specification of BPEL
is given in natural language, i.e. no mathematical interpretation of BPEL processes exists.
Consequently, there does not exist a verification technique which can be derived from the
BPEL specification to verify the collaboration of BPEL services. A possible solution to
this is to define such a semantics after the event as discussed in Section 5. By introducing
- for instance - a Workflow net semantics it is possible to answer the question whether a
BPEL service can be controlled by another. An application of this approach obviously
makes sense, if the BPEL specifications are already given.
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Another possible starting point is a description of business processes which has not already
been translated into BPEL specifications. This is, for example the case, if an organisation
has to decide on shifting its information system to a service-oriented architecture (SOA).
At this moment, the services of this SOA must be identified, specified and their usability
must be guaranteed. Since event-driven process chain (EPC) is one of the most popular
business process modelling languages, it is both in theory and practice a highly relevant
problem to answer usability questions on the base of EPC models.

The automatic synthesis of an environment for a modelled dynamic system - a business
process or a machine - is a means to describe its controllability. This, however, demands
a formal state semantics of the system to be controlled which is usually not given for a
business environment. Nonetheless, many ideas and concepts of controllability - as shown
in this paper - can be transferred also to conceptual process models although they cannot
be mapped into a discrete finite state space. Since there are differences between the two
approaches, we use the term usability for our findings for conceptual process models.

Although the consideration of this problem makes use of prior work on the integration
of EPC models discussed in Section 4, this is not the ultimate solution. The integration
described there is based on merging events and functions with similar meaning in single
elements, i.e. the modelled processes are synchronised within these elements. A service,
however, is decoupled from its user and they might operate asynchronously. Then a mes-
sage passing mechanism is required rather than a synchronisation.

In order to explain the problem, to summarise the prior work, to develop a new theoretic
result, and to apply this to a modelling problem, this paper is organised as follows: after an
introduction to communicating workflow services in Section 2, prior work on giving a state
semantics to BPEL processes to demonstrate their controllability is discussed in Section
3. Afterwards, prior work on the integration of EPC models is discussed in Section 4 in
contrast to message passing between EPC models considered in Section 5. An application
of the approach is given in Section 6 before the paper ends with some concluding remarks.

2 Communicating Wor kflow Services

There exist various definitions of business processes, that all describe business processes
as interconnected activities to achieve a specific business goal [Ga83, Ja96, JB96, St01,
AHO02, Ga03, Ho04, SS04]. In a more specific extension of this definition, the fulfil-
ment of customer needs is seen as the ultimate goal [Da93, HC93, Po04]. The Workflow
Management Coalition (WfMC) defines in addition workflows as electronically supported
business processes [H095].

Workflows are increasingly used to specify the behaviour of services and especially of web
services [RSS05]. The use of services makes it possible to provide support for business
processes that must be executed in a distributed, heterogeneous environment. As pointed
out in [RSS05], the communication of services is no simple input/output relationship but
during service execution the service has to interact with its environment. Consequently,
the interface has a life-time and its structure might change during this time.
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Currently, one of the most widely discussed languages for the specification of business pro-
cesses is the business process execution language for web services (BPEL4WS or BPEL
for short) [ACD*03, Ju04]. The language is based on formerly defined languages such as
IBM’s WSDL [Le01] and Microsoft’s XLANG [Th01]. As the name indicates, BPEL sup-
ports the exchange of process information in web service environments. The focus lies on
actually running processes rather than on general process specifications. The specification
is currently under revision.

Interoperability is a topic in today’s business process area. Even if BPEL processes work
properly in isolation, their interaction may lead to problems like mutual waiting and thus
a deadlock of the entire collaborative process. Automatic verification of interoperabil-
ity correctness is crucial for guaranteeing proper behaviour of trans-organisational pro-
cesses. Two problems complicate verification of collaborative processes: the merged
process is usually too big to be analysed and the partners cannot be expected to pub-
lish their processes in entire detail. Thus, techniques are required to overcome these
problems. In [RSS05] the notion of controllability has been introduced. Intuitively, a
service is controllable if there exists a partner such that both can act and interact prop-
erly [LMSWO6]. There are several approaches for providing a formal semantics for BPEL
[FFKO04, FGV04, St04, VAO5]. Based upon these considerations, Hinz et. al. propose
a translation of BPEL specifications into workflow nets [HSS05]. The purpose of this
translation is less to provide a better comprehension or visualisation than to have a model
which supports model checking. The transformation result, however, is only an interpreta-
tion since the semantics of BPEL processes is not formally defined. Assuming a workflow
net semantics for BPEL, controllability can be proved automatically by constructing an au-
tomaton that describes the interaction of a workflow. This automaton contains all sufficient
information while preserving inner details of the process such that correct interoperability
with processes that act according to this automaton can be guaranteed. However, all these
approaches are based on an interpretation of the BPEL specification only.

3 Controllability of Workflow net I nter pretations of BPEL processes

The notion of controllability has been developed for BPEL processes on top of a workflow
net [AHO2] semantics for these processes [St04]. Using pattern for basic and structured
elements of BPEL processes they are transformed automatically following canonical build-
ing rules [HSSO05] into open workflow nets (0WFN) [MRS05]. oWFN are a more general
kind of workflow nets having a set of input places and a set of output places instead of
having exactly one each.

The composition [LMSWO06] of two oWFNs N and M (denoted as N & M) results in one
oWFN where the joint places and initial markings of both nets are merged. Joint places
are required to be input places of the one net and output places of the other, i.e. they do not
share input, output and inner places, respectively. In order to define controllability we first
describe what a proper (correct) behaviour of an oWFN means. Similar to the soundness
criterion for workflow nets, for o0WFN the criterion weak-soundness has been developed,
which intuitively states that every started process must terminate, no object within the
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process may remain ignored within the process after termination and there is no futile
activity within the process, i.e. for every activity there is at least one run of the process that
contains this activity. An oWFN is weak-sound [Ma03] if from every reachable marking
a final marking is reachable and if in every final marking only output places are marked.
Having defined composition and weak-soundness, a given oWFN N is controllable if there
exists an oWFN S such that V @ S is weak-sound. Then, S is also called a strategy of V.

For a given oWFN N, a strategy .S can be generated automatically by constructing an
interaction graph that represents the behaviour of .S [We04]. The interaction graph is a
directed graph where the arcs represent the incoming and outgoing messages from and to
N and each node of the graph represents the state(s) of V until V sends or receives a new
message. Any newly sent or received message leads to another node of the interaction
graph. If all terminal nodes of the interaction graph contain only terminal states of N
corresponding to the definition of weak-soundness, then N is controllable. In [MS05] it
has been shown how interaction graphs can be extended in order to represent not only
some but all strategies of N by using the concept of operating guidelines.

The disadvantage of this approach is that it makes use of the reachability set and not of the
structure of the synthesised workflow net. In opposite to this, the method introduced next
uses the original EPC models as input only.

4 EPC Model Integration

Any specification of communication between EPC models requires coupling the partici-
pating models in some form. A tight coupling by merging equally interpreted elements is
reported in [SM06, MS06]. Also the origins of the presented work - like for the discussed
controllability/usability - lie in the coupling of a kind of workflow nets called module nets
which might be explained here first to provide a better understanding of Section 5.

Formal integration of processes has been reported for Petri nets in general in [BDKO01] and
for Process Algebra in [BPS01, FoO0b]. The absence of a proper visualisation and some
restrictions concerning the semantics prohibits using Process Algebra for the modelling of
businesses [Aa05]. These limitations are solved by the Semantic Process Language (SPL)
which provides means for a formal specification of process sets that can be verified against
non-trivial process-like properties. Since the semantics of SPL formulas (called modules)
is defined via their Petri net implementation, their visualisation is implicitly given [Si06].
Consequently, it is also possible to simulate the models and verify their properties with
all existing Petri net analysing techniques. Moreover, the approach supports stepwise
development [Si05].

The formulas of SPL are built over elementary processes which specify the occurrence or
prohibition of an action. Elementary processes are linked to each other using operators for
sequence building, alternatives, concurrency and synchronisation, iteration, and negation.
Canonical building rules generate from modules module nets - Petri nets with explicit start
and goal transitions. Each firing sequence of such a net which reproduces the empty initial
marking by firing start and goal transitions exactly once is interpreted as a process of the
module net and, by definition, also of the original module.
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These definitions have some important similarities with the issues relevant for the transfor-
mation of BPEL processes into EPC models. The constructive operators of BPEL corre-
spond in many details to the operators of SPL. Moreover, proving in SPL makes use of the
original input models and does not depend on the reachability set. The methods developed
for SPL may therefore be applied to EPC models as well.

One central operator for proving in SPL is the synchronisation operator which defines the
co-execution of the operands’ processes such that they are merged in shared actions. This
operator is implemented in module nets by joining all equally interpreted transitions (i.e.
transitions which specify the occurrence or prohibition of the same action) and the start
and goal transitions. It yields, in principle, in the intersection of the process sets of the
participating modules concerning common actions.

Although the approach has been used already for the modelling, analysis and optimisation
of business processes in some practical cases, it is - in opposite to EPC models - not es-
tablished yet. It was therefore an aim to transfer the verification technique to EPC models
which is in principle possible since in both cases only the original models and not a reach-
ability analysis is used for verification. At the example of two EPC models taken from
the SAP reference model, the formal integration of such models is demonstrated. Both
processes describe how a customer inquiry about products is received, processed, and a
quotation is created from the inquiry (the first one is taken from the Project Management
branch of the SAP reference model, the second process EPC stems from the Sales and
Distribution branch). Figure 1 shows the exemplary processes.

\ Customer Document to
inquiries about be created from

Customer
inquiries about
products

products sales activity

Customer

inquiry
processing
Quotation must Quotation to
be created based be created Customer
on plan data from il mqu:ry - inquiry
processing
Resource Customer
related quotation
AND,
quotation processing _ w/
(xoR) XOR Customer Inquiry s
U mqu:r)_/ s created
transmitted

Quotation to
be created
from inquiry

Customer
project
required

Inquiry items
are rejected

Figure 1: Customer Inquiry (left) and Customer Inquiry and Quotation Processing (right)
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Indicated by equal names, the processes share two events and one function. Joined events
are caused by all previous functions and triggered by all follower functions of the original
EPC. Joined functions share their previous pre- and post-conditions (in terms of events).
Figure 2 shows the result of the join. Redundant connectors are drawn with grey lines and
can be omitted. The resulting EPC contains the intersection of the processes represented
by the operands’ EPCs.

5 Data Exchange between and Usability of EPC models

Within BPEL specifications, elementary and structured activities are distinguished. Invoke
(sending a message) and receive (receiving a message) are the most important elemen-
tary activities concerned with the exchange of information between services. They are
therefore in the centre of the following considerations.

A first approach to represent invoke and receive in EPC diagrams is by coupled combina-
tions of functions and events as demonstrated in Figure 3.

In principle, information sent successfully (event invoked) is the start event for an asyn-
chronous receive. However, as the implementation of the receive activity as an augmented
workflow net in [RSS05] demonstrates, this solution does not take into account the com-
plexity of both activities that must be operated in a workflow management system.

In a workflow management system, different instances of the same kind of process might
be executed in parallel which are distinguished with the aid of a correlation set variable.
A sent/received message must then include an identifier which enables a service to decide
on whether it is addressed by the message or not. If it is not addressed, the service should
return into its initial state. Before operating a received information, also a flag should be
set which indicates that the message has been received properly or whether a failure has
occurred. In case of a successful message transfer, also the received information should be
published in an interface. Figure 4 shows the implementation of this interpretation of the
processing of a receive as an extended EPC, i.e. besides the pure process structure also the
used information objects are shown. This implementation does not include a verification
of the port type which is the case in the example of the following section. Concerning
the model of Figure 4 a critical remark must be made: it probably is much too close to
an implementation of the receive activity than this is typical for an EPC model. On the
other hand, it is still on a more abstract level than the respective model shown in [RSS05]
which uncovers many internal details of this activity. Although this accuracy is required
for a formal verification, it is obviously over-specified if the possibility to couple business
processes must be discussed by modellers who want to use the service. For this purpose,
the shown EPC model seems to be more appropriate.

The presented EPC model of Figure 4 explains a modeller that for successfully using/con-
trolling the receive activity a proper correlation set selection is required. S/He can, more-
over, recognise that the acceptance of a transmitted message is based on a further check
routine which must be taken into account if the receive activity is used. The following
section applies these observations to a practical example.
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Figure 3: First implementation of invoke and receive

6 An E-Government Example

As a result of new political and economic agendas Public service provision in Europe has
been undergoing dramatic transformation for the last couple of years. Consequently, there
have been acute pressures caused by the swelling demand for both existing and new types
of public services. Challenging these changes, new information and communication tech-
nologies are now opening up new opportunities to the public sector and the promotion of
public services. The installation of information society applications to provide significant
increase in the public sector efficiency is sub-summarised under the term of E-Government
[FOO0a].

On the downside, the management of the organisational change often exceeds the abilities
of public institutions [SKHO03] - especially the ones of smaller institutions or municipal-
ities. On top of that, process reorganisation - necessary to offer the enhanced services in
the public sector - must often have to stop short of established structures [SZ97] or legal
constraints [AOO05].

The introduction of web services as a solution for the establishment of E-Government
could overcome those problems [SG01]. Precondition, of course, is that the technical
abilities are sufficiently provided and, correspondingly, the concept of business process
modelling is more and more accepted by the public authorities as well [WTO03]. As a
demonstration example, we analyse a web service that is currently in the evaluation period
(though fully available): issuing permission on importing/exporting goods by the German
federal exportation authority, the Bundesamt fir Wirtschaft und Ausfuhrkontrolle (BAFA).
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The BAFA is the executing authority in Germany for permissions on cross-border transac-
tions. It takes its decisions depending on the exported/imported goods and the country the
goods are exported/imported to. The BAFA does, however, not check these goods or their
shipping destination/origin itself (this is duty of the customs), but rather the information
on the product and whether exporting/importing of this certain item interferes with the
interests of the Federal Republic of Germany or any other European Union member state.
If not, an import/export certificate is issued.

To decide which products are permitted for importing/exporting from/to which country,
the BAFA uses several product and country lists. The content of these lists depends on
the current political debate in the European parliament and describes criteria on several
categories of items that are forbidden for import/export. For example, it is not permitted
to import goods to Europe that are preserved by European law (e.g. rare types of tropic
wood, corals, animals) and many types of weapons or chemicals are generally forbidden
for export (e.g. weapons of mass destruction). Some of these regulations might depend on
a certain country or region, for example if there is an international embargo.

Though these lists are quite voluminous and change frequently, the core permission pro-
cess at the BAFA is quite simple: either the applicant’s information is found on a list and
the import/export certificate is denied, or a specific good is free for import/export. The pro-
cess is extended, if the product is more complex - for instance, a milling machine can be
used to produce toys and guns as well. In case of a so called dual-use products, the process
is extended by checking the exact purpose of the product and the background of vendor
and buyer. For this, the BAFA cooperates with other institutions in various countries (i.e.
customs, police, financial offices). Since the extended process bares little potential for
automation, it is out of the scope of our analysis.

Already in the year 2000, the German E-Government Initiative BundOnline 2005 uncov-
ered the potential which lies in the automation of BAFA application processes and under-
lined the importance to electronically support these federal authorities’ processes [BMO01].
An electronic application system form (ELAN) was developed and published on the web
page of the BAFA.! Since then, an applicant is able to register via a web interface and fill
in the data. The procedure offers two major advantages: exporters do not have to fill in
similar data more than once anymore and the BAFA could automate a large amount of its
processes in the backoffice.

Yet, the information still needs to be typed in manually even though precise informa-
tion of product and destination/origin is mostly electronically available in the applicant’s
database. In order to automate the overall process, the BAFA recently created a web ser-
vice as an interface to its own electronically stored data which contains the regulations
(lists) on goods and countries.? Now, the (general) information on whether permission for
a specific product is needed can be answered via this web service immediately.

The class which implements the web service is called TransmissionService. For a user
of the web service, the public methods transferApplication() and submitApplication() are
of special interest. Each method requires a parameter on its call: transferApplication()

http://www.bafa.de
2The ELAN web service can be reached at https:/fg01.bafa.bund.de/elan/webservice.
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requires a string which contains the application itself as an XML file, submitApplication()
contains the user data. Since the correctness of the user data is checked before the web
service is invoked, we focus on modelling the TransmissionService, which belongs to the
implementation of receive. The receive activity is the one that differs from our theoretical
models. As Figure 5 illustrates, we can derive both, BPEL process and EPC usability
graph.

As explained in the previous paragraph, the invoke activity only occurs if the user is posi-
tively identified. Consequently, we can assume that, for the receive process to be usable,
it needs to check the port type, the correlation set and the applicant’s data (variables) as
demonstrated in Figure 4. The EPC diagrams of Figure 5 and Figure 4 differ slightly in
a way that every XOR operator in the BAFA’s model explicitly throws an exception of its
own and terminates the application. The more general defined BPEL model of receive
however, allows multiple options for the occurrence of exceptions.

We are currently negotiating with the BAFA concerning the terms of publishing our models
as part of their documentation of their web services on the web site of the BAFA.

7 Conclusion

In contrast to the concept of controllability which can be formally specified and proved
(see Section 3), we have discussed a less specific approach to support a modeller in pro-
viding interfaces of interacting workflows. In this paper, for important elementary BPEL
activities EPC models are presented that on the one hand show the core meaning of these
activities (e.g. message passing) and on the other hand explain details that may be observed
for correctly interacting workflows. In order to avoid confusion with the term controlla-
bility, we use the term usability which, intuitively, has a very similar meaning: there is
a partner or environment that satisfies the input and output of a workflow such that the
workflow runs and terminates correctly. Unlike the formal semantics, we have chosen a
rather model-based approach to discuss BPEL constructs and their proper use for correctly
interacting workflow models. As the example in Section 6 shows, the integration method
presented in Section 4 can be used to compose such interacting workflows.

The amount of research projects in the sector of inter-enterprise-process-integration shows
the relevance of the topic. One of these projects is the E-Justice concept of the European
Union which is part of the 6th Research Framework Program funded by the action plan
for eEurope 2005 by the European Commission [Co05]. Next, we plan to enhance the
user-interface management for Public Services [FZ06] by our method. Thus, we hope to
move closer to unified and transparent process sets over the European Union.
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Abstract: Within the requirements phase of many projects, functional requirements
are often documented as Use Cases. Within SOA projects, however, these Use Cases
are not sufficient since they do not represent a global control flow resembling the one
of a business process - an integral aspect of a SOA. Instead they are written from the
point of view of a single actor. This makes an additional step necessary: Converting
the Use Cases to business processes, which is — if done manually — a tremendous task.
To reduce this effort wasted on conversion, this paper proposes a method for generating
business processes — expressed as EPC — as from Use Cases. Thereby, the need for
extensive business process modelling after gathering the requirements is eliminated.

1 Introduction

Service-oriented Architecture (SOA) [EMPRO5] is an emerging architectural style for or-
ganising large information systems in enterprises. SOA aims to integrate software systems
by exposing functionality through so-called services which can be composed later on. The
composition reflects the business processes the enterprise wants to support. Therefore,
business process descriptions become an integral part of the requirements SOA projects
need. As has been shown [ZMO5], business processes in EPC notation can be used to
semi-automatically generate compositions modelled using the Business Process Execu-
tion Language (BPEL) [ACD™03]. Additionally, they can be annotated to automatically
derive user interfaces which can be used in SOA applications [LLSGO6].

However, prior to the project’s start, business processes might not have been described
yet, and if they will certainly lack specifics needed for implementing information systems
on top of them: Besides the control flow through an organisation, more information about
roles’ needs, e.g. information concerning their background, their interaction with the sys-
tem, is necessary for software development. Especially descriptions of user interaction
with the system are normally missing in business process descriptions.

The missing details, which are not documented in any business process, are normally
gathered in software projects using software engineering methods - more precisely re-
quirements engineering techniques. A common technique for describing requirements for
user interactive systems are Use Cases [Coc05]. Use Cases are freely-written text with
only some structure, like tabular templates. They can capture requirements from the point
of view of a main actor interacting with the system achieving one goal per Use Case.
Therefore, the system is decomposed into many small interaction scenarios. These scenar-
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ios together resemble the whole system’s functionality. However, requirements captured
this way are very detailed but at the same time spread over many Use Cases, making their
handling very difficult. UML Use Case Diagrams [Gro04] try to bring back overview by
graphically showing Use Cases and respective actors. Use Case Diagrams focus on the
relationships between Use Case and Actor and between several Use Cases by their include
and extend associations. However, Use Case Diagrams are not designed to illustrate the
control flow between Use Cases. As such they are not suited to close the gap to the busi-
ness processes. Thus, a direct business process-like and control flow centered notation is
not directly available.

In order to capture the details needed for describing user interface requirements Use Cases
are an appropriate option. However, to derive business processes they must be transformed
into a business process model. Therefore, this paper proposes a transformation of a number
of small but detailed Use Cases into a business process model. While the transformation is
possible to all business process languages, Event-driven Process Chains (EPCs) are used
in this paper because they can better express textual conditions using Events than UML
activity diagrams with transition conditions. Furthermore, transformation techniques for
converting EPC structures to BPEL compositions are available and user interface genera-
tion capabilities have been added.

In the next section of this paper Use Cases are introduced in more detail, defined and a
meta-model is constructed. Afterwards, the same is done for EPCs. The third section
describes the steps for transforming Use Cases to EPC models. Within the fourth section
a prototype implementation is shown before an example is presented. Finally, the paper
presents some related work and conclusions and an outlook is given.

2 Use Cases

2.1 Definition

According to Cockburn “a use case captures a contract between the stakeholders of a
system about its behaviour. The use case describes the system’s behavior under various
conditions as the system responds to a request from one of the stakeholders, called the
primary actor” [Coc05]. Therefore, Use Cases are part of system requirements, defined
as a (logical) contract and describe the system interaction with the main actor, i.e. a user.
However, this definition does not mention the structure of a Use Case.

Adolph and Bramble state that “Use Cases are simply stories about how people (or other
things) use a system to perform some task” [AB02, p. 1]. Moreover, they have the opinion
that the semi-formal nature helps structuring the requirements while at the same time not
forcing the Use Case writer into too much formalism. But this definition omits a concrete
Use Case structure, too.

This vagueness led to misconceptions what a Use Case actually is or looks like. Some
people think that a Use Case actually is a UML Use Case Diagram which is definitely
wrong. Normally, Use Cases are written in free text. This can be either without any form
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or - most commonly - in a tabular form which serves as a template for all relevant Use
Case attributes. An example Use Case in tabular form can be seen in figure 1.

Use Case #3: Thesis Supervizor hands out topic
Primary Actor Thesis Supervisor
Stakeholders Thesis Supervisor: wants to hand out topic easily and without much paperwork

Student: wants to receive topic quickly
Secretary: wants easy to use/read forms for completing registration

Minimal A topic 18 only handed out once at a time

Guarantees

Successs Student knows topic

Guarantees Supervisor knows all needed adminstrative information of the student
Preconditions Student has achieved at least 80% of credit points

Student has clearance from Academic Examination Office

Triggers Student wants to sign up for a topic

Main Success
Scenatio

. Supervizor checks whether the topic iz still available or not

. Supervisor reserves topic for student

. System updates list of current thesis

Supervisor confirms thesis topic and student's mformation to the Academic
Exammation Office

5. System sends confirmation to student, supervisor and Academic Exammation
Office

[N

=

Extensions 1a If topic 1z not available anymore, then EXIT

Figure 1: An Example Use Case

2.2 Usage of Use Cases

Use Cases are often used for specifying functional requirements of a software system
concerning the user interaction. Use Cases provide a very powerful mechanism for this
kind of usage due to the following reasons:

e Readability: Use Cases are written in normal language; graphical notations and
figures are only used for clarifying the text. Therefore, all kinds of users can read,
understand and comment on the requirements from their point of view. This is a
very important property of Use Cases since user feedback and collaboration is very
important in the requirements phase of a project.

e User centric: Use Cases are written from the point of view of an end-user of a
system. Therefore, specifics can be discussed independently and directly with the
corresponding person(s), e.g. in interviews, without being distracted by additional
details not relevant for the actual person.

e Template Support: Tabular Use Cases are in themselves a guidance what require-
ments must be specified: Necessary and helpful attributes, like preconditions, guar-
antees and extensions, which are often neglected in textual requirements documents,
are clearly visible and attracting the necessary attention.
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e Recognition of Error Conditions: Use Cases encourage thinking about error and
abnormal conditions [ABO2, p. 2]. These are often neglected areas within require-
ments specifications and Use Cases are a good way to close this gap.

However Use Cases can have some drawbacks if not embedded correctly into the project:

e Over-Specification of Requirements: Use Cases can be very detailed. This can
be beneficial for main functions of a system but can be wasted effort in non-critical
functions.

e Missing Overview and Global Control Flow: Use Cases themselves are not only
very detailed but also from the point of view of a single user. It can therefore be
a tremendous task to collect and arrange use cases based on their prerequisites in
an easy way which allows navigation and an explicit control flow between the Use
Cases.

e Missing Non-Functional Requirements: Use Cases only describe the behaviour of
a system, i.e. mainly the control flow. Non-functional properties, like performance
and security requirements cannot be efficiently dealt with, although there are ap-
proaches like Misuse Cases [Ale03] and aspects for integrating them into Use Cases
[ACO3].

Cockburn lists some template variation for all kinds of projects concerning different re-
quired detail levels. This includes a template for business process modelling. Although
Use Cases are often associated with object-oriented software development, they do not de-
pend on any architectural style. Thus, they can be beneficial within SOA projects as well,
as long as the system interacts with the user.

2.3 Meta Model

While Use Cases are a semi-formal technique which is normally used within word proces-
sors or spreadsheets, one can define a meta-model for a specific template.

People concerned with a specific functionality of a system in general can have two inter-
ests: They may be the users of the system in which they need to be obviously involved
in narrowing down the requirements because they are directly concerned. Such users are
called actors in a system. Furthermore, an actor can also be an involved computer system,
like the one to be developed. All actors directly interact with the system or are the system
itself.

Besides the actors other people are interested in the system: For example, the management
financing the system and optimising workflows may have completely different interests
than the users. Those people are called stakeholders. The difference between actors and
stakeholders is especially obvious (and extreme) in the case of new systems replacing
some of the existent workers. Stakeholders are written down with their interests in Use
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Cases as well, as has been shown in the example. Because all human actors have interests
in the system they operate (like usability etc.) all human actors are stakeholders for this
particular Use Case as well.

The functionality represented by a Use Case is modelled as a so-called main scenario
which is performed whenever the trigger occurs and if all preconditions are met. The
scenario itself consists of steps which are performed by an actor. The actor can do an
action which can influence or trigger other actors (like the system) or business objects
(like fill out an order). These elements are the objects of a step in the scenario.

The main scenario is the success case of a Use Case in which each step is completed
successfully. For error conditions and other exceptions the scenario can be split up.
Each step can therefore have extensions. Each extension in itself is a mini-scenario with
steps resulting in a recursive structure. If an extension has been performed it can either
exit the Use Case or jump back to a step in the upper scenario.

Steps can reference other Use Cases for improving clarity and partitioning the require-
ments. If a reference to a Use Case is made from the main scenario the Use Case is said
to include the other one. If it is referenced within an extension the Use Case is said to be
extended by the other one.

Furthermore, certain guarantees must be fulfilled by a Use Case even if something goes
wrong. These can be transactional guarantees, like “data is consistent all the time” or
other things which must be fulfilled at all times and even in case of failures. These are
modelled as minimal guarantees in contrast to the success guarantees (sometimes also
called postconditions) which are achieved by a successful execution of a Use Case.

Use Case’s precondition, minimal guarantee and success guarantee are given as a set of
expressions. All expressions are formulated as free text and are implicitly joined by a
logical and. If two expressions are given as a precondition the precondition is satisfied if
both conditions evaluate to true. In the context of this paper, it does not matter in which
form (e.g. as predicates) these expressions are given. They will only be compared for
equality and not for implication.

Popular templates match this meta-model. They can therefore not express parallel control
flow within a Use Case. Instead parallel activities must be modelled and written down in
different Use Cases. Some templates denote the actor of a step separately by having a field
for each the actor and the action. This shall encourage the usage of active sentences in
order to improve clarity. In the following, access to the step’s actor is assumed.

The complete meta-model modelled as a UML diagram is shown in figure 2.
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Figure 2: The Use Case meta model

3 Event-driven Process Chains
3.1 Definition

Event-driven Process Chains (EPCs) as defined in [NRO2] are a graphical model for rep-
resenting business processes from an organisational point of view.

While business processes do not contain information about non-functional requirements,
they do offer a coarser-grained, organisational view on the functions of a system. This
means that business processes actually have strengths (global control flow and organisa-
tional perspective) where Use Cases have some of their limitations. While personalised
views have been proposed [GRvdAOS], such views are not as detailed as Use Cases and
are not sufficient for software development. Therefore, EPCs profit as well from integra-
tion with Use Cases.

EPCs represent a business process using two main elements: events and functions. Events
are symbolising an organisational state. They trigger functions which represent an action
performed within the organisation. A function alters the organisational state and therefore
a function results in a new event which can trigger a new function and so on. To sym-
bolize which function results in which event and which event triggers each function these
elements are connected using arcs. For using the boolean operators AND, OR and XOR,
connectors can be placed in an EPC. They can be used as splits (one incoming arc and
many outgoing arcs) or as joins (many incoming arcs and one outgoing arc). Furthermore,
modelling many elements like organisational roles, business objects, other operators etc.
have been proposed in several EPC extensions.
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3.2 Meta Model

EPCs have been formalised by Niittgens and Rump in [NRO2]. There are certain elements
an EPC Process can consist of: Events, Functions, Process Indicators and Connectors.
Connectors are divided into Splits and Joins. Splits may only have one incoming but many
outgoing arcs, i.e. associations to other elements while joins may have many incoming but
only one outgoing arc. Additionally, functions can be refined by sub-processes.

A simplified meta-model is shown in figure 3. Prominently missing for conserving clarity
are the restrictions for the associations, e.g. functions may only be connected to events or
connectors which are ultimately followed by events. These restrictions are fully discussed
in [NRO2].

*

+successor
EPC + | EPCElement
.
0.1
decomposed into
Connector
Function Event Split | |Join Process Interface

Figure 3: Simplified EPC meta model

4 Transformation Guidelines

The transformation of a set of Use Cases to an EPC repository is done in two steps: First,
each Use Case is transformed to an EPC resulting in a set of EPCs. In the second step,
the EPCs must be joined to a system of connected EPCs representing the whole process.
While the first step is straight forward using some rules presented in section 4.2, there are
two strategies for joining the EPCs. These strategies are presented in section 4.3.

4.1 Use Case Constraints

The transformation approach outlined below will work for Use Case models satisfying
some constraints. Most important, our approach will not work with Use Cases having
cyclic include and extend relationships.

Furthermore, our approach requires pre- and postconditions to equal literally. Since Use
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Cases — including the pre- and postconditions — are written in natural language, no auto-
matic evaluation can be made whether conditions can be satisfied by other means. Formu-
lating conditions in a more formal way would run contrary to the Use Case goal of being
understandable both by the stakeholders and the developers. Therefore, conditions should
be formulated as small free text fragments. Use Case editors, like the Use Case DODE
[Chr06], can offer help in consistently editing Use Cases in this regard by offering already
used conditions e.g. in combo boxes. Thereby manual checks and typing errors are elimi-
nated. Additionally, checks for literal similarity of conditions can further improve the Use
Case model in this regard.

4.2 Use Case Transformation

For transforming Use Cases to EPCs, a set of rules is applied to the set of Use Cases (which
are illustrated in figure 4:

1. Include and extend relationships of Use Cases are removed by copying the scenario
and extensions of the referenced Use Case. Thereby, a flat Use Case model without
any relationships is derived.

2. Preconditions and triggers are realised as events since their conditions fulfill the
same role as events do. Because all preconditions must be met and the trigger must
occur in order to start the Use Case, all events are joined using an AND join in the
EPC if this rule results in more than one event. The first step in the main scenario is
inserted after the AND join as an EPC function.

3. All steps of the main scenario are mapped to a linear control flow in an EPC. Each
step is mapped to an EPC function. Functions are connected by using trivial OK-
events. The step’s actor becomes the role responsible for the created EPC function.
Objects normally cannot be easily extracted from the Use Case templates and are
therefore not handled by this algorithm.

4. Success Guarantees are like the preconditions and triggers conditions concerning
a system which are to achieved. They are mapped to EPC events which are inserted
after the last function of the main scenario. Since all guarantees must hold after
completion, all events (in case of multiple guarantees) are connected using an AND
split.

5. Minimal Guarantees are discarded. These guarantees normally represent non-
functional requirements which cannot be visualised using EPCs. Since they must
be valid before, during and after the Use Case they do not change the system at all.

6. Extensions are introduced using an XOR connector. After the proceeding function
an XOR split is introduced which splits into the OK-event and an start event for each
extension. A step with 2 extensions therefore becomes a function followed with an
XOR split to 3 paths.
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7. All Extension steps are handled like steps in the main scenario. Extensions to
extension steps are handled recursively using these rules.

8. Jumps typically occurring from one extension step to a step in the main scenario
are realised using XOR joins. A join is introduced before the function representing
the step which is the jump target.

Below the algorithm is presented in pseudo code. All possible joins and splits are intro-
duced first. If they are not used anywhere (e.g. by steps) these connectors are removed
afterwards. The EPC is supposed to create an element on the fly if one is accessed in the
EPC which is non-existent due to forward-jumps from the extensions back into the main
scenario in order to make the algorithm simpler:

function ConvertUseCaseToEpc (UseCase)
let EPC = new EPC(UseCase.Name);

let UseCase = MakeFlatUseCase (UseCase)

let LastElement = HandleTriggersAndPreconditions (
UseCase, EPC)
let LastElement = HandleScenario (

UseCase.Scenario, LastElement)
HandleGuarantees (UseCase, EPC, LastElement)
EPC.RemoveUnnecessaryConnectors ()

return EPC
end function

To make the algorithm better understandable, it is split up into subroutines. The triggers
and preconditions are processed first:

function HandleTriggersAndPreconditions (UseCase, EPC)
let AndJoin = EPC.CreateAndJoin (' TriggerAnd’)

for each C in UseCase.Preconditions
+ UseCase.Triggers
let Event = EPC.CreateEvent (C.Name)
Event .ConnectTo (AndJoin)
next C

return AndJoin
end function

Afterwards, the main scenario is converted. In this step, extensions are handled recur-
sively:
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function HandleScenario (Scenario, LastElement)
for each Step in Scenario
let XorJoin = EPC.CreateXorJoin (’Join’ +Step.Name)
LastElement .ConnectTo (XorJoin)
let Function = EPC.CreateFunction (Step.Name)
Function.AddRole (Step.Actor)
XorJoin.ConnectTo (Function)

let XorSplit = EPC.CreateXorSplit (’/Split’+Step.Name)

for each Extension in Step.Extensions
let Event = EPC.CreateEvent (
ExtensionStep.Condition)
XorSplit.ConnectTo (Event)

HandleScenario (Extension.Scenario, Event)

if Extension.Jumps then
Event .ConnectTo (
EPC.Element [’ Join’ +ExtensionStep.ReturnJump])
end if
next Extension
let LastElement = EPC.CreateEvent ("OK ’ + Step.Name)
XorSplit.ConnectTo (LastElement)
next Step
end function

Finally, the success guarantees are appended to the end of the main scenario. Because
each Use Case must achieve at least one user goal, each Use Case has at least one success
guarantee:

function HandleGuarantees (UseCase, EPC, LastElement)
let AndSplit =
EPC.CreateAndSplit (' SuccessGuaranteesSplit’)
LastElement.ConnectTo (AndSplit)

for each SG in UseCase.SuccessGuarantees
let Event = EPC.CreateEvent (SG.Name)
AndSplit.ConnectTo (Event)
next SG
end function
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4.3 Joining EPCs

After transforming each Use Case into an EPC, the transformation must proceed joining
the single EPCs to a comprehensive EPC model. For doing this, two options are avail-
able: Either a single, large EPC model is built or the processes are joined using process
interfaces.

The Use Cases are connected by using the preconditions and success guarantees. These are
expressed as a set of conditions. Both join strategies work by comparing these conditions
literally. A precondition can be satisfied by a literally matching success guarantee.

The first strategy joins the EPCs by looking for identically named events and constructing
one large EPC. For each event its occurrence as start and end events of EPCs is looked up.
All end events are replaced by an OR join, a single event and an AND split. The OR join
is connected with the arcs from the removed end events. Afterwards, all start events are
removed and their arcs connected to the AND split. The procedure is illustrated in figure
5.

The result of applying this strategy is a single and large EPC model. If it is not too large,
the model clearly shows the organisational control flow. However, it is hard to identify the
former Use Case model. Furthermore, the model can quickly become too complex. This
makes manual rework necessary, e.g. refactoring the EPC using hierarchical decomposi-
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Figure 5: Joining resulting EPCs to one EPC model by Events

3

The second possibility for joining the EPCs is to leave all the generated EPCs intact by
adding process interfaces. Thereby each process remains in an acceptable size. The pro-
cess interfaces are named after the original Use Cases. This is illustrated in figure 6.

Both strategies can be beneficial in different scenarios: For communicating with isolated
stakeholders and users, a small EPC with process interfaces shows only the details nec-
essary for visualizing one Use Case. However, the organisational control flow is not as
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Figure 6: Joining resulting EPCs using Process Interfaces

visible as process and composition designers might like it. The organisational control flow
is better visualised by a large model. Since both models are automatically (and therefore
with little effort) generated, both can be used for visualising the process to different stake-
holders as long as no changes are made which would render the two models inconsistent.

5 Prototype Implementation

Based on the outlined transformation rules, a prototype application has been developed
[Die06]. The prototype consists of an XSLT stylesheet and a Java GUI front-end. The
stylesheet transforms Use Cases stored within XML documents into EPCs stored in EPML
[MNO5].

Since there is no standardised XML format for storing Use Cases, an XML schema based
on the described meta-model has been developed. It can store multiple Use Cases in dif-
ferent sets accompanied with all relevant project information described in the meta model.

The main logic of the transformation tool is contained in the XSLT stylesheet which im-
plements the rules presented in section 4 and joins the EPC using process interfaces. The
stylesheet can be applied to a Use Case project and will generate EPML. However, no
“nice” layout of the EPCs is done; this task is left to other tools, in this case the Java
front-end. The benefit from this approach is that the stylesheet can be integrated into other
applications as well, which will need to lay out the Use Cases differently. For example,
direct integration into Use Case editors would be beneficial, which can show the EPC for
validation purposes in a small area of the screen.

The Java GUI makes using the XSLT stylesheet easy: After the user has opened a Use
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Case file, the Use Cases can be opened in a tabular view as illustrated in the left hand side
of the screenshot seen in figure 7. If the user chooses to transform a Use Case project, the
tool applies the XSLT stylesheet and generates an EPML file. The EPML file is loaded
and layouting mechanisms provided by JGraph and extended with own implementations
lay out the EPC file. Afterwards the EPCs can be displayed on the right hand side as can
be seen in the screenshot. The tool is able to track elements of an Use Case to elements of
an EPC: Whenever the user activates a Use Case element which is visible in the EPC, the
corresponding EPC element is highlighted.
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Figure 7: Screenshot of the Prototype Application

6 Example Use Cases

To illustrate the transformation, an example from a fictional university is presented in this
section. The to be developed software is a system supporting students’ theses registration.
The simple registration process is documented in four Use Cases as illustrated in figure 8:

1. Student applies for Thesis: This Use Case describes the step a student has to make
in order to apply for a thesis. The Use Case is triggered by the student’s wish to
write a thesis. As a result in case of success, the application is submitted to the
Academic Examination Office.
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Use Case

#1: Student applies for Thesis

Primary Actor

Student

Stakeholders

Student: wants to apply easily
Secretary (Academic Examination
Office): wants easy to use/read forms
for further handling registration

Minimal Guarantees

none

Use Case #2: Academic Examination Office
approves Thesis

Primary Actor Student

Stakeholders Secretary (Academic Examination

Office): wants easy to use/read forms
for further handling registration
Manager (Academic Examination
Office): wants short handling times

gucces?s Application is submitted Minimal Guarantees |Student's data are handled according
uarantees to regulations
Preconditions none Successs Student may write Thesis
Triggers Student wants to write thesis Guarantees
Main Success 1 | Student |fills out form with personal || Preconditions none
Scenario data Triggers Application is submitted
2 | Student SEme'.tS ftqrm(t)o"(-\cademlc Main Success 1 | Secretary | checks if student has
xamination Oftice Scenario 80% of Credit Points
Extensions none 2 | Secretary | approves application
Extensions 1a If Student has less than 80% of
Credit Points then
Secretary denies Application
Use Case #3: Student selects Topic Use Case #4: Supervisor approves Topic
Primary Actor Student Primary Actor Supervisor
Stakeholders Student: wants to have interesting Stakeholders Supervisor: wants no paperwork
topic Secretary (Academic Examination
Minimal Guarantess | none Office): wants easy to use/read forms
for further handling registration
Successs Student has picked a Topic Minimal Guarantees | none
Guarantees
Preconditions none Successs Student has Topic
Guarantees
Triggers Student wants to write thesis Preconditions Student may write Thesis
Main Success 1 | Student | looks trough list of Student has picked a Topic
Scenario available topics Triggers none
2 | Student tc(:wigses most interesting Main Success
P Scenario - -
3| Student | asks Supervisor to get the 1 | Supervisor | hands out Topic
topic
Extensions none -
Extensions (left out)

Figure 8: Use Cases for a Thesis Registration System

2. Academic Examination Office approves Thesis: In the next Use Case the Aca-
demic Examination Office checks if the student fulfills all prerequisites for writing a
thesis. In this case, 80% of Credit Points need to be already earned. If successfully,
the application is approved.

3. Student selects Topic: If the application is approved, the student has to choose a
department and a topic for his or her thesis.

4. Supervisor approves Topic: Finally, the supervisor has to approve the topic the
student wants to write in.

The Use Cases satisfy the given requirements: For simplification these Use Cases do not
have include or extend relationships (which are therefore not cyclic) and all conditions are
named consistently.

151



Therefore, these Use Cases can be transformed using the outlined rules. The first and
second Use Cases are connected by the “Application is submitted” event. The second and
forth Use Cases are connected by the “Student may write Thesis” event while the third and
forth Use Cases are connected by the “Student has picked a Topic” event. The resulting
EPC is shown in figure 9.

Use Cases as presented here are easy to write and similar ones have been used internally in
a student project. Using the generation capabilities, possible parallel execution paths have
been identified which the process participants were not aware of because they were used
to the (serialised) process they were part of for years.

7 Application Scenarios

The presented technique for transforming Use Cases to EPC models can be applied in
many contexts:

e The original motivation of the transformation was the Derivation of Business Pro-
cesses for SOA projects from Software Requirements: Since SOA projects build
upon defined business processes which are often not existent prior to the project’s
start, they need to be reconstructed from the requirements. If functional require-
ments have been documented as Use Cases the transformation saves times and ef-
fort.

e Validation of Use Cases: Generation of business processes can easily show non-
matching pre- and post-conditions by visualising the control flow. Thereby naming
inconsistencies, missing conditions and missing Use Cases providing needed post-
conditions can be detected, which leads to improved Use Cases.

¢ Interview Tool for Collecting Business Processes: Use Cases can be used by busi-
ness process engineers in order to discover “hidden”, unknown and new business
processes. For such Use Cases templates are available, e.g. [Coc05, p. 134]. Using
Use Case templates in interviews with some stakeholders and merging them after-
wards into business processes can be used as an efficient interview technique. Usage
of the described transformation technique can accelerate the mining, examination
and interpretation of the results. When using the generation capabilities within the
interview itself, they can also be beneficial for visualising the process in order to
improve and accelerate feedback as has been done with user interface sketches for
software requirements [Vol06].

Possibly, there are other scenarios, but these scenarios alone demonstrate that the presented
transformation technique can be handy in many situations.
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8 Related Work

Profiting from information contained in Use Cases for other models and development
phases has always been a goal in software development projects, which often deal with
business processes.

Cockburn himself only mentions the possibility of applying Use Cases for deriving busi-
ness processes. He offers a template in [Coc05] but no rules or advise how to proceed
from there.

The field of model-driven development has tried to combine the concept of Use Cases
with its models. Instead of tabular and textual descriptions, UML sequence diagrams
or similar models are used [Gro0O4]. A Use Case is consequently denoted in Use Case
diagrams and refined in other models thereby eliminating the textual description. This can
pose a problem when communicating with non-technical users. A process for UML-based
development of business processes is given in [OWS™03]. Missing from such approaches
are capabilities for expressing control flow between Use Cases and therefore the generation
of business process models.

Generation of other models is often inspired by the model-driven community and is often
based on UML models. The only way to achieve business process generation is to model
the control flow between Use Cases in at least one additional model. With the introduction
of Use Case Charts and their formalization [Whi06], it is possible to define control flow
dependencies between Use Cases and refine them in UML. From such descriptions other
models can be generated, e.g. Hierarchical State Machines [WJ06].

Our approach differs from the Use Case Charts by working with the textual description and
impose some limitations on these. Instead of explicitly modelling the control flow in other
graphical models, the control flow is expressed by the Use Cases’ conditions and triggers.
Therefore, we can keep the textual description in order to communicate with stakeholders
while still being able to generate business processes from these descriptions.

9 Conclusions & Outlook

Within this paper the transformation of Use Cases into EPC models has been shown. This
conversion can be automatic although manual editing for improving readability and im-
proving event names may be necessary. This approach can be used to gather requirements
for SOA projects with user interaction using well-known techniques which have proofed
their usefulness in many projects.

The described transformation rules have been implemented in a prototype application al-
lowing Use Cases to be transferred to EPC models using XSLT.

Besides the initial usage scenario in SOA-based development projects, the usage of EPCs
in conjunction with Use Cases allows better overview in projects with a huge number
of Use Cases, validation of pre- and post-conditions and interview support for business
process modelling.
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In contrast to personal business processes as described in [GRvdAO5] Use Cases carry
more details since they are written with exactly these details in mind and contain infor-
mation about other stakeholders. Both techniques could be combined if Use Cases are
connected to business functions during the generation of the business process. A user
could then switch between his or her process and the Use Cases he or she is interested in.

For better integration into development projects it remains an open research question how
to enable round-trip engineering. In order to achieve this goal, transformation rules from
EPCs to Use Cases are necessary. However, since EPCs can have arbitrary connectors not
matching the Use Case meta-model, this conversion is unlikely to be fully automatic. How-
ever, being able to do round-trips, it would be possible to map business process changes
and related comments, like those gathered using Experience Forums [LS06], not only back
to business processes but to Use Cases as well.

The given transformation of Use Cases to EPCs is one step for enabling the integration of
proven requirements engineering techniques and their related processes with the field of
business processes. Thereby, established requirements techniques can be used efficiently
in SOA projects. The given transformation techniques and the prototype application will
hopefully serve as a foundation for the open research questions.
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Verifying Properties of (Timed) Event Driven Process
Chains by Transformation to Hybrid Automata

Stefan Denne*
German Research Center for Artificial Intelligence
Stuhlsatzenhausweg 3
66123 Saarbriicken

Abstract: Event-driven Process Chains (EPCs) are a commonly used modelling tech-
nique for design and documentation of business processes. Although EPCs have
an easy-to-understand notation, specifying entire information systems leads to rather
large and complex models. Questions like for instance the termination of a process
(within some given time)—easy to answer for small EPCs—can hardly be answered
for those models. Nevertheless, questions like these can be vital for the execution of
the described business processes. Whereas simulation might be able to give a hint on
whether the process terminates, only verification can give such guarantees.

In this paper we introduce a method to verify properties of what we call Timed
EPCs (EPCs annotated with time attributes). We transform Timed EPC to (hybrid)
automata and thereby define EPCs formally. Based on the formal definition, properties
of EPCs (like e. g. is the ending event always reached within 20 time units) can be
verified by transforming these properties to corresponding properties of the resulting
automata. The transformation of EPCs and properties works fully automatic. The
ultimate verification takes place in utilising commonly available verification tools.

1 Introduction and Overview

Verification is a method to gain assertions on a system’s behaviour. As for EPCs, verifi-
cation is rarely used . And if at all, with a focus on the correctness of the EPCs. In our
approach verification enables the user to get information about the validity of the design
of the modelled EPC. Shortcomings can be revealed, quality as well as performance can
be assured at a desired level. With user defined properties in the sense of Rump [Rum98]
it becomes possible for the user to prove assertions ‘the account will always be checked
before any withdrawal is granted’. If the proof fails, a counter example in form of a path
in the EPC can be provided. Since we focus on Timed EPC the user will even be able
to verify time properties as, for instance, ‘the process chain always terminates within 30
seconds’.

In this paper we will introduce a method for the verification of properties of Timed EPCs.
Verification can be done in two ways. One is to define semantics on EPCs directly (as
it has been done by Niittgens and Rump [NRO02]). The second possibility is to utilise

*stefan.denne @dfki.de

157



transformation to models that are formally defined and for which it is well known how
verification is performed (even supported by tools). We chose the latter approach and give
a formal transformation of EPCs to hybrid automata. (Thereby formal semantics of EPCs
are defined indirectly.)

This paper will essentially concentrate on the basic transformation ideas even if this means
to somewhat restrict the EPCs under consideration. That is to say we define, in terms of
a context free grammar, a suitable subset of EPCs which covers a broad variety of models
without being meant to be comprehensive.

This work has been done formally (cp. [Den06]) but for this paper we will abstract from
technical details and illustrate the transformation of EPCs and corresponding properties
using figures and examples. By the transfer of Formal Methods to the field of business
processes and the use of ready-to-go tools, the verification—even of timed properties—is
possible with reasonable effort.

This paper is organised as follows: we first describe the restriction of the EPCs we use
and introduce the aspects of time we will consider. Then we formulate and classify the
properties we can verify by the transformation to automata. Afterwards we introduce the
grammar that we use for the representation of EPC. In the succeeding sections, we define
what we mean by automata. The transformation is described in several steps according
to the grammars used. We will not present the technical details but the overall plot using
examples to illustrate the transformation process and the results. We also show how to
describe and transform the properties of the EPCs. In Section 4 we give a brief glance at
some features not presented in this paper. The last but one section gives a brief overview
about related work. We conclude the paper with a summary about what has been achieved
and what can be done as future work.

2 Modelling

In this section, we introduce the different modelling techniques we use in our approach.
First, the EPCs that will be transformed are characterised. Then we introduce the automata
that are the target of the transformation.

2.1 Representation of EPCs

In the representation of the EPCs we use we try to be as close as possible to commonly used
EPCs. Nevertheless, we will use a restricted form of EPCs in order to minimise the number
of transformation rules necessary. We will not deal with open ends, this means, concurrent
chains join in any case. Likewise, we do not have joins without splits before, that means we
only have one starting event. Additionally the inner structure of concurrent and alternative
chains will not allow two (or a multiplicity of two) elements (functions or events). Further
we will only consider two different cases of connector combinations, namely XOR—XOR
and AND-AND connector pairs (we do not consider OR-OR connector pairs). We call
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EPCs with identical connector combinations regular.

Despite these restrictions the grammar introduced below fulfils the informal definition of
EPC given by [KNS92], and [HKS93].

2.1.1 The use of Time within EPCs

Initially, time has intentionally not been considered in EPC. By leaving out time, mod-
elling with EPCs does not have to consider problems that time involves. For example,
simultaneous functions and events do not occur,' since a (temporal) ‘before’ and ‘after’
does not exist.

The the simulation facility integrated in the ARIS Toolset? uses given time attributes to
calculate process ratios, for example the minimal and the maximal time to pass from the
starting to the ending event of the chain. Functions can be annotated with time slots de-
scribing a ‘stage’in the progress of a function. Setup time is the amount of time required to
get ready to execute a function, Process time is the time needed for its execution.> Look-
ing for example at a machine that heats metal before bending it, one can identify these two
stages; setup time: heating the metal and process time: bending it. The time attributes are

related to each other. For instance ‘setup time’ lies before ‘process time’.*

We call EPCs that have time attributes Timed Event-Driven Process Chains.

2.1.2 Properties of EPCs

Properties of an EPC can be described as situations (or as sequences of situations) that—in
terms of events and functions—occur or do not occur in the EPC.

Imagine a shop selling books. Before any order is processed it shall be checked whether
the book is in the stock to guarantee a delivery date. In order to guarantee this check, an
appropriate property must hold for the model. In other words: if one can verify that such
a property holds, the delivery date can be guaranteed. If the model is small, this might be
easy to check, but if the model is complex or it is large, it might not be obvious that this
check is performed in all cases.

As in Bernard et al. ((BBFT01, 79, 83, 91, 103]), properties can be classified in Reachabil-
ity properties: is a situation’® reachable under some circumstances? Safety properties: will
an undesirable situation never occur (under certain condition)? Liveness properties: will a

11f an event E; occurs and an event Es occurs, this ‘and’ is a logical ‘and’.

2The ARIS Toolset is part of the ARIS Design Platform. (IDS Scheer AG)

3Other time attributes are: Waiting time — the time that needs to pass before a function can be started (for
example because a machine is occupied before) and Transfer time — the time that is needed to enter a function
(for instance to pass some material to the current function). ‘Transfer time’ is an attribute that is assigned on arcs
leading to a function. Thus, we interpret ‘transfer time’ to belong to the (following) function.

4*Transfer time* lies before ‘waiting time’, ‘waiting time’ lies before ‘setup time’, ‘setup time” before ‘process
time’. “Waiting time’, ‘setup time’ and ‘process time’ are associated to a function.

5 A situation can be a (boolean) combination of some events or functions.
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situation ultimately occur? Fairness properties: will a situation, under certain conditions
occur (or fail to occur) infinitely often?

In general, properties of EPCs describe a behaviour that corresponds to certain sequences
of events and functions.

Accordingly to Rump ([Rum98, 120]) there are typical types of (user defined) properties
concerning elements (events and functions) of EPCs. The elements E; and E5 can either
be events or functions.

1. There is a concrete sequence represented by the EPC-schema, in which E; is acti-
vated.

2. E; is activated in any possible sequence.
3. If E; is activated in a sequence, then Es will sometime be activated.
4. E5 will never be activated, after E; has been activated.

5. In a sequence of the business process E; and E, will never be activated both, irre-
spective of their order

6. The element E; will only be activated once in one sequence.

Note that the first two questions are reachability properties and the following are liveness
properties. The term ‘activated’ corresponds to ‘reachable’ in our terminology.

In general, temporal logics are eligible to express properties of that kind. We use a CTL-
like® temporal logic to describe these properties (see Section 3.3).

For Timed EPCs, the properties above can be enriched by assertions about time. One may
ask for example: Is there a sequence where a situation E; is reached in less than five time
units? Or the property might be: E, is always reached within 20 time units. (See Section
3.9).

A formal description of CTL and TCTL is presented in [Den06].

Another type of property is the maximal and/or minimal time that is needed between some
elements (events or functions) within the EPC. In comparison to the properties described
so far, a question about the validity does not lead to a ‘yes’ or ‘no’, but to a parameter that
is the maximal or minimal time. For instance: ‘There is a sequence, where E; is reached
in less than P time units.” The parameter P then represents the maximum in focus.

2.1.3 A Grammar for Timed EPCs

The EPCs we use are syntactically defined by a context free grammar. Context free gram-
mars define (context free) languages using a set of derivation rules. This definition is
constructive. By the application of the rules of the grammar a sentence of the language
may be generated .

6CTL is an abbreviation for Computation Tree Logic
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The advantage of the constructive approach is that the rules of the grammar describe how
a proper EPC looks like. Only such EPCs can be constructed that were defined by the
grammar.

In this paper we focus on Timed EPCs. Every time attribute introduced in Section 2.1.1
represents a duration and is associated to a function. We introduce two different time
attributes only: ‘setup time* and ‘processing time’, as we only show how this is done in
principle. These time attributes appear in a fixed order: ‘setup time’ lies before ‘processing
time’. We will keep this order in the grammar. Only ‘processing time’ is mandatory,
therefore we need two rules; one that contains ‘processing time’ only (rule TS10) and a
second that contains both, ‘set-up time’ and ’processing time’ (rule TS9).

Of course there are many different grammars possible that have other or additional rules
that allow the construction of EPCs where different elements (like time attributes, organi-
sational units) are possible’

Grs = (N7s, Trs, Rrg, EPC) with Npg = {EPC, E-PART, F-PART, T-ATTR}, Trg =
{Event, Function, AND , XOR, (, ), Setuptime, Processtime, —} and

Rrs = {EPC == Event — F-PART — Event (TS1)
E-PART :== E-PART — F-PART — E-PART (TS2)
F-PART :== F-PART — E-PART — F-PART (TS3)
E-PART :== Event (TS4)
F-PART :== Function (T-ATTR) (TS5)
E-PART :== AND (E-PARTE-PART) (TS6)
F-PART :== AND (F-PART,F-PART) (TS7)
E-PART :== XOR (E-PART,E-PART) (TS8)
T-ATTR :== Setuptime, Processtime (TS9)
T-ATTR :== Processtime } (TS10)

The rules TS1 to TS3 allow the construction of linear chains of an arbitrary length. (TS1
assures hat each chain will start and end by an event.) Concurrent branches are introduced
by the rules TS6 and TS7, TS8 constructs alternative branches. Events are derived by TS4.
The rule TS5 extends a function with a list of time attributes.

2.2 Automata

Automata are finite graphs whose nodes correspond to global states. Such global states
represent some sort of general observational situation, as, for instance, the heater is on or
the the heater is off. Automata change there states by travelling along a transition that
connects two states.

In this section we only give a informal introduction to automata as far as they were used

7In [Den06] a grammar including organisational units and time attributes is defined and used for the transfor-
mation into timed automata.

161



for the transformation. Formal details can be found in [Den06].

2.2.1 Communicating Automata

We use communicating automata to model a system by modelling its components. Each
component is represented by an automaton and can be rather simple. But as the com-
ponents are able to communicate with each other the behaviour of one component can
depend on the behaviour of some other. Thus, the behaviour of the system is the result of
the composition of the behaviours of the components. Consequently, a system with simple
components can have a quite complicate behaviour.

We prefer a modular approach to keep the transformation straightforward. Each of the
rules of the context free grammars will be transformed into a small set of automata. All
sets are composed to a system representing the behaviour of the original EPC.

2.2.2 Composition of Communicating Automata

When building systems out of components we have to define if and how they interact. If
there is no interaction at all the behaviour of the resulting system is the combination of
the independent behaviours of the components and, as the behaviour of each component is
determined by the set of states, the system behaviour is the Cartesian product of the states
of the automata.

Automata can interact by synchronising their discrete steps. The synchronised automata
cannot perform a step without the other performing a corresponding step as well. With
the system behaviour being a combination of the components, the number of system states
is reduced compared to the non-synchronised system. If two automata .4 and B share
the same synchronisation label [, then a transition of 4 labelled with {! (or [?) must be
accompanied by a transition of B labelled with {7 (I!) too.

Figure 1 shows two automata that synchronise via a corresponding synchronisation label
[. Both of them start concurrently in their initial location (n; and ns). While automaton
A can travel from location n; to location ng, BB being in n5 cannot leave because it has to
synchronise with some partner having a corresponding label (/1!). So, A being in location
ns and B in ny, the two automata can only perform a common step leading from ns to ng
and from ny to ng. The subsequent transitions can be taken independently.

@) :

Figure 1: Two synchronising automata

Because we use binary synchronisation (one automaton sending a signal with one —out
of several other—receiving it), only two automata out of the set (of automata) can syn-
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chronise by a compatible label®. As our approach requires to synchronise more than two
automata we use label sets. When travelling along a transition all the labels in the label
sets have to be synchronised regardless of the number of automata to be synchronised.

Here a brief example for compatible label sets: the three label sets Ly = {I!}, Lo = {i?, m!}
and Ls = {m?} are compatible, because every label in the different label sets has a com-
patible partner.

The composition of two automata leads to a new automaton. Each location of the com-
posed automaton is a tupel combination of two locations of the original automata. The
starting location of the automaton C (n1,ns) is a combination of the automata A and B.
The following two steps of C are the only possible steps the combined composed system
can perform. (The first step is restricted as only the automaton .4 can perform a step,
the second step is the one that is synchronised via the label [). The labels are no longer
required after the composition.

C=A|B

Figure 2: Composition of two communicating automata

2.2.3 Timed Automata

Timed Automata (a special kind of hybrid automata) are an extension of the communicat-
ing automata. The global states of communicating automata were discrete. That means
after the entry into a state no further action happens while the automaton remains within
the state. Within the global states of timed automata some continuous activity takes place.
A clock (or chronometer or watch) defined in a location, rises continuously (by a rate of 1).
Depending on the value of that clock the automaton can change from one state to the other
travelling along a transition. These transitions are usually guarded with some constraint
formula® , that is required to hold if the transition is supposed to be taken. Similarly, nodes
have some attached constraint formula that describes an invariant for this very node, this
means, some property that has to be true while the system resides in this node. The dynam-
ics of the systems behaviour, on the other hand, is given by a description of how the data
changes with time. Additionally, transitions are annotated with a general assignment that

8Compatible labels have the same name and one has a exclamation mark and the other a question mark. The
exclamation mark has the meaning of ‘sending’and the question mark the meaning of ‘receiving’. If there is
more than a question mark as a possible partner, the exclamation mark can arbitrarily synchronise with one of
the question marks available.

9 A constraint formula is for instance a inequality that limits a clock to an certain value like ¢ < 5.
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is responsible for the discrete action to be performed by taking the transition (For example
resetting a clock to zero).

Timed automata can behave in two ways: (1) by the change of one state into another (by
passing a transition) or (2) by the passing of time, which changes the value of a clock.

Figure 3 shows an example of an timed automaton. The automaton has a clock ¢ that is set
to zero when passing the transition (nq,n2). The invariant ¢ < 5 forces that the location
has to be left when the clock has reached 5 time units and the guard ¢ > 4 hinders to leave
the location before the clock # is at least equal to 4 time units. Thus the location ny can be
left when the clock ¢ is at least 4 and must be left as soon as it is 5. The automaton does
not synchronise with other automata therefore the label set is empty and the transitions do
not have labels.

==

Figure 3: A timed automaton

2.2.4 Composition of Timed Automata

The composition of timed automata is similar to the composition of communicating au-
tomata. The transitions with labels are the synchronisation points of the automata. For the
composed location the invariant is the conjunction of the invariants of the location of the
original automata. In order that the new transition (that leads from the actual tupel of the
composed automaton to the following tupel) can be passed all guards of the transitions of
the original automata (for that step) have to be true. The actions for the new transition are
just the set of all actions of the original transitions (that would have been taken).

3 Transformation

The transformation of Event-driven Process Chains to automata is defined recursively on
the structure of EPCs by transformation rules. This structure is immediately introduced by
the grammar rules that allow to construct EPCs. The processing of a transformation rule
leads to a set of new automata or modifies an existing set of automata in order to model
the behaviour of the EPC.

Basically, functions are transformed into automata locations and events are transformed
into transitions. We keep information about which function or event is related to which
location or transition by a function.

We will not give the formal transformation rules and technical details of the transformation
here, they can be found in [Den06].
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3.1 Transformation of Linear Sequential Chains

To illustrate how the transformation works, we first show how sequential chains are trans-
formed. These chains are constructed using the rules TS1 to TS5 of the grammar Grg.

In the following, the transformation rule for the transformation of TS1 will be presented
in detail and an example will show the complete transformation of a sequential chain. The
examples used will have no time attributes!©.

We assume that the set of automata B is already transformed (see Figure 4 (1)). The
dashed arrow symbolises that the structure of the transformed set is not relevant (and not
available) for the transformation of the current transformation step.

The transformation rule for TS1 creates two automata (each of them in a created set)
that represent the starting and ending event and modifies the existing automata in a way
that the sets are ‘executed’linearly after each other. This is done by inserting compatible
synchronisation labels (Figure 4 (2)).

ey 2

Figure 4: Sketch of the transformation of the rule TS1

EXAMPLE 1 (TRANSFORMATION OF A SIMPLE SEQUENCE) As an example we transform
the following simple sequence (Figure 5) into automata.

Figure 5: A simple linear sequence

The following sequence shows how the example is constructed using the rules of the gram-
mar Grg.

10Formally this means that instead of the rule TS5 the following rule is used: F-PART :== Function.
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EPC =E; — F-PART; — E3 (rule TS1)
F-PART; =F-PART, — E-PART; — F-PART; (TS3)
F-PART, =F, (TS5) E-PART, =E, (TS4)  F-PART; =F, (TS5)

The transformed set of automata looks as follows:

El {c!

o——o—4 5

{a?) o
000

E2

Composing the set of automata , we get the following automaton:

El F1 E2 F2 E3

The sequence of referenced events and functions corresponds to the sequence of the origi-
nal EPC (of Figure 5).

3.2 Transformation of Concurrent and Alternative Chains

Concurrent and alternative chains occur when EPCs have AND and XOR branches. For
the transformation of these branches we introduce the concept of Schedulers. A scheduler
is a regular automaton, but its locations and transitions do not have a reference to any event
or function. Schedulers control other automata. A scheduler synchronises the starting and
the ending of the ‘underlying’ automata. In the case of concurrent chains the first and the
last location are to be synchronised by the scheduler; on alternative chains the scheduler
synchronises but one chain only.

Two concurrent branches of an EPC have to be started and ended synchronously. This be-
haviour is transferred to automata. The two sets of automata are controlled with a sched-
uler that synchronises both chains. Using two label sets {a!, ¢!} and {b!, d!} the scheduler

166



Sanp synchronises the resulting automata sets each representing the two branches. The
two scheduled sets 2 and B have correspondent labels. (Figure 6).

al, c! b, d!
Sen O {al, cl} 0 {o!,d!} O

{a?} {b?7}
oO—0--0—0

Figure 6: The scheduling of an AND-part

Each of the XOR-branches is an alternative path within the EPC. So, the scheduler must
alternatively synchronise with one of the transformed sets representing a branch of the
original EPC.

Let us suppose the scheduler has the label a! at the start (and b! at the end) and each of the
sets (2, B) has the same label a? (and b?). Then there is only one compatible pair a! and
a? at a time. Hence only one of the sets will by synchronised with the scheduler Sxor. A
sketch of the transformation is shown in Figure 7.

Sxor O tel) O i O

{a?} {7}
2 O—O-~-0——0

{a?} (b7}
3 O—O0--0——0

Figure 7: The scheduling of an XOR-part

EXAMPLE 2 (TRANSFORMATION OF CONCURRENT AND ALTERNATIVE CHAINS) Given
is the EPC shown in figure 8. We omit the details of the transformation here and show the
resulting set of automata in Figure 9. The named locations were used to show the transfor-
mation of properties (Section 3.3). The composition of the resulting automata is depicted
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in Figure 10. We omit the details but show the reference to the original EPC. The original
EPC ‘reappears * when travelling along the locations and transitions.

Figure 8: Example 2 — Concurrent Chains

3.3 Transformation of Properties of EPCs

In 2.1.2 we have raised several kinds of properties. With respect to EPCs these questions
can be expressed in CTL!!. Here an example.

EXAMPLE 3 (EXPRESSING PROPERTIES OF EPCS USING CTL) The properties described
in this example refer to the EPC of Figure 8.

Description CTL-formula
(1) | Is the event E3 reachable? EF Eg
(2) | Is the (end) event E, always | AFEy
reached?

(3) | If the (start) event E; is reached | AG(E; = AF(Ey))
then inevitably the (end) event E, is
reached too.

(4) | Either E, or E3 are reached (never | (AG((E; = AG(— E3) A
both) AG(E; = AG(— E1))))

Intuitively AF, EF, AG, EG, AU and EU, mean “inevitably”, “possibly”, “always”,

EEIT3

“possibly always”, “inevitably until” and “possibly until”.

As CTL is also used for describing the properties of automata, the transformation can
easily be done. Recall, that events and functions are related to transitions and locations.
Using that relation, a property of an EPC is transformed directly to a property of the
resulting automata.

"Here, we use a CTL-like language since we do not use all temporal qualifiers.
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Figure 9: Transformed set of automata of Example 2

Then this property can be proved or rejected (with a counterexample) using a model
checker like UPPAAL ([BLL195]) or HyTech ([HH95]).

The properties above are transformed to properties referring to transitions of the trans-
formed set of automata:

(1) EF <TL3, Tl4>

(2)  AF (nas,n26)

(3)  AG({n23,n24) = AF((nas,n2)))

@) (AG(((n1,n2) = AG(—(n3,n4))) A AG({n3,n4) = AG(— (n1,n2)))))

3.4 Transformation of Timed EPCs

In EPCs the time we are dealing with is represented by attributes attached to functions.

Timed automata use (reset) clocks, invariants and guards to deal with time. The time
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Figure 10: Composed automaton of Example 2

spent in each location can be restricted by defining how long to stay and when to leave a
location.

For the transformation of Timed EPC we use so-called Urgent Transitions. In general,
time can pass in a location when no time restriction is given. If no invariant forces to
leave a location it is possible to stay there infinitely (long). It is not mandatory to take a
transition. Urgent transitions change this behaviour. An urgent transition must be taken
‘as soon as possible’. This means, if a guard of an urgent transition is true (what is the
case if there is no guard given explicitly) it must be taken immediately. Thus, no time will
ever pass in a location with an urgent transition if no time restrictions are given.

Transformation of Functions Figure 11 (1) shows the transformation of a function F1
that has no time attributes. The transformation of such a function leads to (a set of automata
with) a single automaton having two locations and one transition. The second location is
associated with the corresponding function.

If the function F1 has a processing time p of 5 time units a clock c is inserted. The clock
is set to 0 when entering the location n (by the assign ¢ := 0). A guard (on an inserted
transition) hinders the location n to be left until 5 time units passed. An invariant forces
that the location n is left when more than 5 time units passed (see Figure 11 (2)).

F1 F1
: @ @ CZO‘@/\C:5‘O
5
(1) @ °°

Figure 11: Changes of the transformation when a has got a time attribute.

Transformation of Events There is no need to change the transformation of events. (As
we now use urgent transitions no time will pass in location that are not guarded.)
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Here is an example to show how an EPC with ‘setup-time’ (s) and ‘process time’ (p) is
transformed.

c:= d:=0 d=p
O - O X O
d<

c<s p

Figure 12: Transformation of ‘setup-time’ and ‘process time’

3.5 Transformation of Properties of Timed EPCs

A so-called Timed Property is a normal property provided with additional time constraints.
For example: ‘Ey is inevitably reached and the clock t is greater or equal to 20°. Timed
properties can be expressed using TCTL. In TCTL this property is expressed as: AF(E4 A
t > 20). t > 20 is a so-called Constraint Formula'?

The clock that is referred to, is not part of the system modelled. It can be imagined as a
‘global’ clock that is started at the beginning of the EPC. The time spent in the functions
of the EPC is then sum up in this ‘virtual’ clock.

Basically, this is also done when a timed property is transformed: A new clock is in-
troduced at the ‘very beginning’ and reset. The ‘very beginning’ is the transition that
corresponds to the transformed starting event. (If the property consists of several clocks
each of them must be inserted analogously.) After this preparatory work, the property can
be translated in terms of automata.

Minimum and Maximum Durations

Another kind of properties proposed are minimum and maximum durations. These dura-
tions refer to a selected starting and ending element in the EPC. In general, it is interesting
to know, how long an entire business process lasts at least and at most. We will consider
the starting event Eg,x and ending event E¢,q of the EPC for explaining the method.

First, a new automaton A with three locations and two transitions is created. This automa-
ton is synchronised with the (already transformed) set of automata. The first transition is
synchronised with the transformation that is associated with Eg,. The last transformation
is synchronised with the transformation that is associated with E¢q. A new clock is reset
travelling along the first transition. Figure 13 shows an example of a suchlike automaton,
having a clock ¢ and two labels z; and z5. (The compatible labels z1! and 25! are inserted
to the transitions associated with Eg and Eeyg.)

2A Constraint Formula is either T (truth) or L (falsity) or is an equality or inequality between constraint
terms. Examples: ¢t < 5, p = a 4 17, etc. A Constraint Term is either a variable (out of a fixed variable set) or a
real valued constant or some arithmetic operation (addition, subtraction and multiplication) of some (real valued)
constants. Examples: x, x + 5,17,174+9 — 144 %6, x * 5 — 3.
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Figure 13: The automaton for the determination of minimum and maximum durations

The property used to determine the maximum or minimum duration of the EPC contains
a parameter. Using an appropriate model checker (like for instance HyTech), the model
checker tries to find a value for the parameter, so that the property holds.

In general these properties have the following form: ‘Is it inevitably that a location n (or
transition (my,ms)) is reached and the clock ¢ < p’ (p then is the maximum), or ‘Is it
inevitably that a location n (or transition (mi,ms2)) is reached and the clock ¢t > p’ (p
then is the minimum). Since we consider the starting and ending event of the EPC, the
transition (mq, ma) of the property corresponds to the transformed ending event.

This method can be generalised to select arbitrary elements (functions and events) as start-
ing and ending points. The use of events has just been described and illustrated in the
upper example. When using functions there are two cases: (1) If the function is the start-
ing point then the left transition of the resulting automaton must be selected to synchronise
with. (2) Otherwise, if it is the ending point then the right transition must be selected.

4 Additional Features
4.1 Back-transformation of Automata to EPC

Back-transforming the transformed set of automata to an EPC provides a sort of valua-
tion or validation of the transformation and shows the modeller the ‘interpretation’ of the
transformed EPC. He/She can compare the original EPC with the back-transformed EPC
to compare the differences between the two models.

Because verification of some property can yield to some counter-example (provided by the
verification tool), back-transformation can be used to detect where the EPC has a possible
design flaws.

4.2 Actor Separation

We defined a process we called Actor Separation that utilises the annotation of EPCs with
organisational units to extract EPCs that describe the business process under consideration
from the perspective of selected organisational units. The resulting automaton is specific
to one organisational unit with all the advantages of simulation and verification.

Actor separation can be used in two ways: (1) It is often interesting to show that some prop-
erties are (still) valid for this ‘sub-model” of the original EPC. (2) By back-transforming
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such a local perspective to an EPC one gets a customised view that concerns the organisa-
tional unit(s) in focus alone. This tailored EPC can be used as guidance for the responsi-
bility of the actors (persons, offices, etc.) in the entire business process.

5 Related Work

To our knowledge there are only two approaches that use verification to get proven asser-
tions about EPCs.

Van der Aalst [vdA99], defines two properties regular and sound and claims soundness to
be a minimal requirement, because it guarantees that the process chain is free of potential
deadlocks and lifelocks. Further properties like well-structuredness (that is equivalent to
our restriction to regular EPCs without the OR-connector) may be used to indicate design
flaws of the EPC.

Rump ([Rum98]) distinguishes between general properties and user defined properties.
Whereas the first aim at the correctness of the EPC, also indicating the origin of the design
flaw, the latter allow to define arbitrary assertions that can be expressed using CTL. Pro-
vided with operational semantics, the defined EPC is transformed into a reachability graph
where general properties concerning the structure of the EPC are verified. User defined
properties are expressed using CTL and can be verified by the use of a model checker (for
instance SMV).

Commonly used is the transformation to Petri nets (e. g. [CS92], [Rod97] [MROO],[Rit99,
Rit00], [Deh02], [LSW98]). Elements and structures of an EPC are transformed into
elements and structures of Petri nets.

A problem that arises when transforming EPCs to Petri nets, namely the non-locality of
join-connectors, was presented in van der Aalst et al. ([vdADKO2]) and was solved by
Kindler ([Kin03]). Based on these semantics Cuntz built a tool ([Cun04]) that can be used
to simulate EPCs answering the questions of cleanness, contact-freeness and deadlock-
freeness.

Two other approaches are situated in the context of workflow management. The first ap-
proach transfers EPC to state and activity charts and focuses on the specification and ver-
ification of the workflows ((WWDT97]). The second approach ((CKSWO1]) transforms
extended EPCs (eEPC)"? to a language called Flow Definition Language, that is used to
specify workflows in the workflow management system MQSeries Workflow (IBM).

Operational semantics on EPCs have been defined by Niittgens and Rump ([NRO02]). They
use a state based approach with tokens travelling over the state graph.

3Extended EPC have various additional modelling elements and are extended by a lot of additional attributes.
eEPC are for instance provided by the ARIS Toolset.
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6 Conclusion and Future Work
6.1 Conclusion

In this paper we introduced a method for the verification of properties of (Timed) EPC.
Properties in this understanding are defined by the modeller and are a kind of quality
assurance needed in the real world process.

In a first step we take communicating automata as a target description language. Simple
linear chains, but also concurrent and alternative chains are then transformed into com-
municating automata. Properties on these EPCs can be expressed using a variant of CTL
(Computation Tree Logic), a temporal logic language. And the transformation into prop-
erties on communicating automata allows the verification of such properties within the
framework of EPCs.

Using the framework of timed automata the transformation and verification of timed EPCs
is realised. The time attributes in the EPC express real-time durations of the modelled sys-
tem. By an adequate transformation, properties such as maximal overall time and minimal
overall time of the process (chain) can be found and/or verified. A timed extension of
CTL, namely Timed CTL, is used to express these properties.

The presentation of the principle of the transformation (of EPCs and corresponding prop-
erties) is given priority over the completeness of the EPCs transformed.

A tool for the transformation of EPC and a (corresponding) tool for verification of au-
tomata are currently being developed. Using this tool the transformation of larger and
elaborated examples are possible.

6.2 Future Work

Although, we did not consider all the EPCs currently used in practice, the grammars used
allow to define a huge variety of EPCs. Nevertheless, there are obvious extensions that
will get the approach closer to practice. For instance the missing OR-connector or process
interfaces are elements that were commonly used. Missing structure are multiple starting
and ending events, multinary connections and hierarchical EPCs.'#

Beside these obvious extensions some more visionary extensions are possible. '

One idea is to extend EPC by arbitrary resources. We annotate functions with ‘effort’
instead of ‘time’ and add some role/position that can be adopted by several (different)
persons. Then we can calculate the time necessary to perform the function with respect
to the number of persons, as it is practised in project management. Or we can ask for
properties like: ‘How many persons are necessary to perform the business process in 20
time units?’ The extension to continuously changing arbitrary resources means that we

14Transforming this elements is work in progress. E. g. OR can easily be transformed in a similar way, using
its logical equivalent:  OR y = (x AND y) XOR (z XOR y).
I5More extensions can be found in [Den06].
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need to chose Hybrid Automata.'®

The extension of automata by Abstract Data Types introduces the possibility to specify
and verify properties regarding the content of information. Abstract Data Types can be
understood as a generalisation for Informational Objects already used to represent data in

EPCs.
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Abstract: In this paper, Event Process Chains (EPCs) and activity diagrams (ADs) of
the Unified Modeling Language (UML) are compared with respect to (1) their syntax
and its expressiveness, (2) their semantic domains and problems, and (3) their prag-
matics and application conditions. The comparison is based on industrial experience
and a survey of the research literature. Our conclusion is that while earlier versions of
the UML did not provide sufficient means for modeling of business processes, the cur-
rent version does. Since UML provides additional benefits over EPCs when it comes
to software development as a consequence of business process modeling, we predict
that for these applications, UML ADs will prevail over EPCs.

1 Introduction
1.1 Motivation

In the Unified Modeling Language version 1.x (UML 1.x, [OMGO03]), Activity diagrams
(ADs) have played a very limited role, since they were only an alternative notation for
the same concepts already defined for the state machine notation. With the recent version
2.0 of UML (UML 2, [OMGO05, St05]) this has changed. The concept (i. e., meta class)

of Activity has been introduced as a substrate for the semantics. The expressiveness of
ADs has been strongly increased, and their semantics has been upgraded from the run-to-
completion interleaving semantics of UML state machines to a "Petri-like” approach.

This change of the UML specification is motivated by the strong need for a notation within
the UML framework that allows the modeling of business processes. This, however, is the
main domain of Event Process Chains (EPCs, [Sch98, Sch95]), and one wonders how the
two notations actually compare—can ADs take the place of EPCs in real world applica-
tions?

1.2 Approach

To answer this question, the syntax and its expressiveness, the semantic domains and prob-
lems, and the pragmatics and application conditions are examined for both notations. We
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have not taken into account methodological aspects, in particular, the general approaches,
that is, the methodology of ARIS and the associated tool support by the ARIS toolset are

1.3 Related Work

To our knowledge, there is no systematic in-depth comparison of EPCs and UML 2 ADs
so far. Since UML 1.x is now obsolete, so are comparisons between EPCs and UML 1.x
ADs. There are superficial comparisons liked@®, p. 252], and there might be internal
concept papers in commercial organisations.

2 Syntax

EPCs are often considered an integral part of the ARIS method and toolset. The UML,
on the other hand, is just a notation, not a method (as it was the case for UML prede-
cessors like OMT and OOSE). By definition, methodological concerns are excluded from
the subject domain belonging to UML. This separation of concerns is considered a major
milestone in the UML community, since it allowed the standardized of the language inde-
pendent of other, more complex issues. These need to be addressed in real life work too,
of course, but focusing on one issue first has been helpful, as the tremendous success of
UML over the last decade underlines.

In this paper, thus, we disregard methodological aspects. In this section, we start by com-
paring ADs and EPCs by their respective notational elements. This section is structured
into basic syntax, data flow, exceptions, and complex nodes.

2.1 Basic Syntax

Both ADs and EPCs provide elementary actions, events, and parallel and optional control
flows. Both notations allow procedure-call-like refinements. See Figure 1 and 2 for a
tabular comparison of the basic syntax of ADs and EPCs.

Figures 1 and 2 makes it obvious, that ADs allow many more notational variants than
EPCs. For instance, AD forks/joins have not only the basic logical operators and, or,
xor, but arbitrary logical formulas. Similarly, arbitrary conditions may be imposed on
case distinctions (decision nodes). ADs distinguish between the opening and closing of
alternative and concurrent branches (though, unfortunately, the notation allows mixing the
two), which facilitates the definition of well-nestedness of operators, a notorious problem
for EPCs. In ADs, it is possible to distinguish between different kinds of final nodes
(terminating the whole action vs. terminating only on concurrent flow), and different kinds
of events (send, receive), while there is only the event-notion for start, stop, and all kinds
of events in EPCs.
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Elements of UML 2 Elements of

Activity Diagrams Event Process Chains
s ®©
InitialNode  FinalNode FlowFinalNode process interface
SendEventAction ReceiveEventAction event
Action function
ab
CallAction function
o s () ()
fork node join node and or
connectors

¢ : any logical formula

[v] [v'] @

Xor

decision node merge node connector

v, v : any logical condition

Figure 1: Comparing elementary ADs and EPCs: actions, events, and basic control nodes.

179



Figure 2: Comparing elementary ADs and eEPCs: actors, classes, and systems.
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2.2 Data Flow

Regular EPCs do not provide facilities to model data flow, but extended EPCs (eEPCs)
do, though only for the inputs and outputs of individual functions, not the flow as such.
In ADs, on the other hand, a confusing variety of alternative notations with identical se-
mantics is available (see Figure 3). Additionally, ADs provide means to model buffering
strategies, weights, selection criteria and transformation actions for the edges connecting
data and functions.

@okup Passengerj @okup Passengerj @okup Passengerj
Passenger
Passenger
[Iookup Account j [Iookup Account j [Iookup Account j

Figure 3: Notational variants fr data flow in UML 2 ADs: all three notations mean the same.

2.3 Exceptions

Probably the most novel feature of ADs are exceptions (see Figure 4), which are rather
similar to the programming language concept. In practice, there are sometimes ill formed
EPCs that misuse calls/refinements as a kind of GoTos (see Figure 5). This can and has
been used to simulate exception-like behavior in an unstructured way. Of course, such
models are very error-prone, and this kind of notational abuse should be prohibited.

2.4 Complex nodes

Another new concept of UML 2 ADs are so called structured activity nodes. They com-
prise structured nodes and expansion regions. Structured nodes correspond to some con-
structs of structured programming, most notably loops, and conditional. Expansion re-
gions provide notations for different kinds of concurrent execution of actions (60481).

There are no comparable concepts in the (e)EPC notation.
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scope of exception~ _ raising an exception ~ _

i N \
u: OrderHandling / / _

Ship Order

Make Accept
Payment Payment

Send
Invoice

\

~

~ — —data flow

Figure 4: An AD with an exception and with data flow (taken from [OMGO05]).

-- - I
(

\

\
goto target” < start B>
. ~goto call function 3

\ event 3

\
J sl ovent3>
event2> allBR T

Figure 5: Abusing refinement/procedure call as goto.

function 1 function 2] |,
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2.5 Syntax comparison summary

All EPC concepts are available in ADs, often even in different variants. On the other hand,
many AD concepts are not available in EPCs. The same is true for the annotations on
elements. Therefore, the AD notation is much richer and thus much more expressive than
the EPC notation.

3 Semantics

Both EPCs and ADs refer to the same semantic domain, namely Petri-nets. Both notations
are defined in an informal way only, so that a formal semantics has to be defined separately.
Many such approaches have been proposed for EPCs over the years (cf. e. g. [ADKO3,
DAVO05]). For UML 1.x ADs, there have been some approaches, which are now obsolete,
of course. For UML 2.0 ADs, not very much work has been done so far (in particular
[Sto04b, Sb04a, BGO4], or see e. g. the related work section i0Q&t] for a complete
summary).

Unfortunately, both notations imply a number of semantic problems, though this number is
probably smaller for EPCs due to the smaller number of concepts and notational variants,
which result in less trouble defining a formal semantics. Interestingly, some semantic
problems occur for both notations in a very similar way (cf. the analogous findings in
[CKO4] and [SHO5] on non-local semantics). It might be an interesting question to find
out, whether a solution for one notation also works for the other.

In terms of formality, there is not much difference—both notations are informal. While
the number of semantical issues seems to be smaller for EPCs, the syntax of ADs is more
precisely defined due to the UML's meta modeling approach. Unless adequate formal
semantics have been defined and generally agreed upon for both (e)EPCs and ADs, no
comparison of the semantics is complete.

4 Pragmatics
4.1 Transition from analysis to implementation

In the syntax comparison above, we have concluded that ADs are much more expressive
than EPCs. Concerning the pragmatics, notational variability is a mixed blessing, though:
on the one hand, great expressiveness certainly is helpful to capture a wide range of pro-
cesses more precisely. However, in the absence of a precise semantics, this might be a
false precision. Also, one might suspect that the plenitude of concepts and notations in
ADs make them more difficult to learn and comprehend. Whether this is an advantage
for EPCs or for ADs depends on the application area in which they are used. There are a
number of such potential application areas.
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e analysis tasks like business process modeling
e design tasks like workflow modeling

e implementation tasks like program modeling

Business process modeling is the application domain EPCs have been created for (see
[KNS92, LSW97]), and it has also been the most important driving force behind the en-
hancement and standardization of ADs in UML 2. Both notations have been used for this
purpose in practice, though there are not very many experience reports on using UML 2
ADs yet. It is obvious though, that the notational richness is more of a hindrance for this
type of task, due to the kind of people usually involved. However, it is of course possible to
tailor ADs such that only the expressive means of EPCs are available. In fact, initial prac-
tical experience in industrial projects suggeststhat there are some notions and notations of
UML 2 ADs that are quite natural for domain experts with little computer-science know
how, such as the concept of exception. This seems to be very intuitive for many people.

Both EPCs and ADs have also been applied successfully to workflow modeling. Here,
the notational richness of ADs is already an advantage, since there are design decisions
that can not be represented in EPCs—one would have to enhance the notation or rely on a
proprietary tool to support design tasks. Enhancements, of course, are much more difficult
than restrictions.

The notational richness of ADs turns into a strong advantage when it comes to program
modeling, that is, creating models on level of detail similar to programs. This could be
done either constructively in order to create a running system or analytically in order to
visualize programming language code such as BPEL, Java, and, of course, ABAP. Regular
EPCs or extended EPCs are definitely too weak to be useful for such applications. It is of
course possible to add more and more concepts and additional information to (e)EPCs, but
then, the simplicity and ease of use that is their particular advantage would be lost, too.

Obviously, it is easier to go from analysis to design and to implementation using only one
notation and only one toolset. This is the case for ADs which are a well integrated part of
the UML. Thus it is very easy to proceed from a pure process description into other views
concerned with data, domain architecture, software architecture and so on. Also, refining
analysis level processes into design level processes is easier when the same notation is
used for both.

Recent approaches to transform (e)EPCs into languages like the Business Process Exe-
cution Language (BPEL, [ACD03]) or workflow definition languages, suffer from the
same problem. While such approaches definitely improve the viability of using (e)EPCs
as a front end to implementing service oriented architectures, they also imply another lan-
guage interface with more opportunities for errors and more difficult traceability.

As a direct consequence of the previous considerations, it follows that ADs are better
suited for software development projects than (e)EPCs. For business process reengineering
purposes, on the other hand, using (e)EPCs has a small advantage in that no tailoring is
required. This section is summarized in Figure 6.
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NOTATION APPLICABILITY IN LIFECYCLE PHASE
ANALYSIS |  DESIGN | IMPLEMENTATION

(e)EPCs vV ) -

(requires extension

UML 2 ADs W) v v

(requires restriction

Figure 6: Comparing EPCs and ADs by the phases of the software life cycle in which they are
applicable.

4.2 Tools

Over the last 10 years, the number and quality of UML tools has increased dramatically.
Today, there is a broad range of several hundred tools, from open-source to high-end in-
dustrial tool suites, from mere drawing tools to integrated development environments with
team support, version and configuration control, code generation, consistency checkers,
report generators and so on.

For (e)EPCs, on the other hand, there are only a few tools, most notably of course the
ARIS toolset, but there is now also tE€C Tools open source initiative [CK]. Generally,

EPC tools tended to also provide more advanced functionality like simulation and analysis
of models which was absent in UML models.

With XMI, there has been a standardized data exchange format for many years. Even
though standard compliance has been less than perfect, effective data exchange between
different tools is a reality today for UML. The standardization of UML and its exchange
format XMl are primarily driven by the Object Management Group (OMG). Since the
OMG is just an industrial consortium its documents are not standards in the proper sense.
However, the previous version of the UML (1.4.2) and the accompanying XMI version
have been standardized by the International Standards Organisation (ISO) recently (ISO/IEC
19501:2005 and ISO/IEC 19503:2005), and the OMG also pursues the updating of these
standards to more recent versions of UML.

For (e)EPCs on the other hand, there have been far less tools so that data exchange has
not been as much of a problem as it had been for UML. Still, there has been demand for a
general exchange format, and with EPML (cf. [MNO4]), there is now a practical proposal,
including tool support. This format seems to be widely accepted, though so far it lacks
standardization even by the community or an industry consortium.
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NOTATION TOOL SUPPORT

NUMBER OF TOOLS | EXCHANGE STANDARDIZATION
FORMAT
(e)EPCs ~ 10 EPML proprietary
UML 2 ADs > 200 XMI UML 1.4.2 /1SO 19501:20085
XMI/1SO 19503:2005

Figure 7: Comparing EPCs and ADs by the available tool support.

5 Discussion

For projects restricted to domain analysis, EPCs and tailored (i. e., simplified) ADs are
about level-headed. Wherever code is to be produced at some point, however, ADs have
an edge over EPCs as they allow seamless integration of analysis with design and imple-
mentation.

There are a number of general advantages ADs have over EPCs:

e UML ADs are part of a standard that is internationally accepted and developed,
while EPCs are mainly used in Germany, and in particular in organisations using
SAP software.

e There are so much more tools for ADs than there are for EPCs, that there is a great
likeliness that there are better and cheaper UML tools than there are EPC tools.
The more advanced functionalities traditionally associated with some EPC tools (e.
g. simulation, model analysis, consistency checking and so on) are nowadays also
found and often superseded in UML tools.

e Since UML is the de facto lingua franca of software engineering, all professional
software engineers (and most computer scientists) will have had at least some ex-
posure to UML, but frequently none to (e)EPCs. Therefore, UML ADs are a more
viable choice in a software development project than (e)EPCs.

e Also, there is a much greater choice of books and commercial trainings, a larger
body of scientific work, industrial experiences, and best practices for ADs than there
is for EPCs.

None of these reasons is entirely compelling by itself—together, however, they make it
likely that ADs will supersede (e)EPCs in the long run. Even for specialties of EPCs,
where they currently still have advantages over ADs (certain tools, familiarity in certain
communities etc.), ADs will spread to become the standard notation. How long this pro-
cess may take remains to be seen.
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Abstract: Ereignisgesteuerte Prozessketten werden dazu eingesetzt, betriebliche Ab-
laufe zu modellieren. Der wohl wichtigste Anwendungsfall besteht darin, dass diese
Modelle zur Kommunikation zwischen verschiedenen Personen genutzt werden. Ziel
dieser Kommunikation ist es etwa, die modellierten Ablaufe zu verstehen oder Verbes-
serungspotential aufzudecken. Modelle, die von Menschen verstanden und ggf. geén-
dert werden miissen, sollten so beschaffen sein, dass sie leicht verstandlich sind. In den
vergangenen Monaten gab es zahlreiche Veréffentlichungen, die Komplexitatsmetri-
ken fiir Geschéaftsprozessmodelle vorschlugen, um zu definieren, wie man ,leichte Ver-
standlichkeit* messen kann[Car05b, GL06, MNMBB, ARGP06, CMNRO06, Car06].

In diesem Beitrag wird eine Auswahl der dort vorgeschlagenen Metriken kurz be-
schrieben und ein Werkzeug vorgestellt, mit dem Komplexitatsmetriken fiir EPKs ge-
messen werden kénnen.

1 Einfihrung und verwandte Literatur

Um die Arbeit mit ereignisgesteuerten Prozessketten (EPK) zu erleichtern und Fehler oder
Missversténdnisse auszuschliel3en, sollten die Modelle méglichst leicht verstéandlich sein.
Diese Forderung fuhrt zu dem Wunsch, Faktoren, die die Versténdlichkeit von Modellen
beeinflussen, zu messen. Mit anderen Worten: Gesucht sind Metriken, die eine Aussage
Uber die Komplexitat von Modellen liefern. Ein Modellierer kann aus den Messungen sol-
cher Metriken Hinweise darauf entnehmen, wann ein Modell vereinfacht werden sollte,
was beispielsweise durch das Zerlegen in mehrere Teilmodelle mdglich sein kann[RV04].
Wir betonen aber, dass aus den Ergebnissen der Metrikberechnungen keinesfalls schon
automatisch Vorgaben fur Modellverbesserungen abgeleitet werden konnen. Die berech-
neten Metriken kdnnen dem Modellierer lediglich Hinweise auf mégliche Verbesserungen
geben. Dieser muss dann auf Grund seiner Erfahrung insbesondere entscheiden, ob durch
die Metriken eine hohe Komplexitat des Prozesses selbst oder des Prozessmodells erkannt
wurde und die entsprechenden Schlussfolgerungen zur Verbesserung des Prozesses oder
des Prozessmodells ziehen. Ebenso betonen wir, dass keine noch so gute Komplexitatsme-

*Der Lehrstuhl fur Angewandte Telematik und E-Business ist ein Stiftungslehrstuhl der Deutschen Telekom
AG
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trik alle fur die Verstandlichkeit einer EPK notwendigen Aspekte messen kann; ein offen-
sichtliches Beispiel sind Verstandnisprobleme, die sich aus einer schlechten Benennung
von Funktionen und Ereignissen ergeben.

Fir Software in héheren Programmiersprachen sind zahlreiche Komplexitatsmetriken be-
kannt, die seit Jahren erfolgreich eingesetzt werden. Verschiedene Forschungsgruppen
untersuchten nun, wie sich diese bekannten und erfolgreich angewendeten Ansétze auf
Geschaftsprozessmodelle Ubertragen lassen. Cardoso[Car05b] schlug eine Verallgemeine-
rung der aus der Software-Komplexitdtsmessung bekannten zyklomatischen Komplexitét
[McC76] vor, die wir in Abschnitt 2.3 besprechen werden.

Gruhn und Laue [GLO06] sowie Cardoso et al. [CMNRO6] gaben eine Ubersicht liber Ansét-
ze zur Komplexitatsmessung von Software und ihre Ubertragung auf Geschéaftsprozessmo-
delle. Rol6n et al. [ARGPO06] schlagen verschiedene Zahl- und Verhaltnismetriken fiir die
Sprache BPMN vor. All diese Arbeiten entstanden unabhangig voneinander in verschie-
denen Forschergruppen in den vergangenen zwolf Monaten - sicher ein Zeichen daftir,
dass die Komplexitdtsmessung von Geschéaftsprozessmodellen ein aktuelles und relevan-
tes Thema ist.

Keine der bisher genannten Arbeiten liefert eine umfassende Validierung der Tauglich-
keit der vorgeschlagenen Metriken. Den ersten Schritt hierzu unternahmen Mendling et
al.[MMNT06], die EPK-Modelle des SAP R/3 Referenzmodells testeten und untersuch-
ten, welcher Zusammenhang zwischen verschiedenen Komplexitatsmetriken und Modell-
fehlern besteht.

Waéhrend bei allen bisher genannten Arbeiten zur Messung der Modellkomplexitat nahezu
ausschlieB3lich der Kontrollfluss eines Geschéftsprozessmodells betrachtet wurde, schlagt
[Car06] erstmals Metriken vor, die auch den Dokumentenfluss und die Nutzung von Res-
sourcen in die Betrachtungen einbeziehen.

Die wichtigsten der in den genannten Veréffentlichungen vorgeschlagenen Metriken wer-
den im Abschnitt 2 diskutiert.

Bisher sind unseres Wissens kaum Werkzeuge verfligbar, die Komplexitatsmetriken von
Geschéftsprozessmodellen messen kdnnen. Zu nennen ist in diesem Zusammenhang Ar-
go/ UML[RROO], das u.a. Layoutprobleme in UML-Diagrammen erkennt. Einen Ansatz
fur UML-Aktivitatsdiagramme présentiert [Gro04]; hier werden einerseits bekannte Stil-
probleme[Amb03] erkannt, andererseits einige Zahlmetriken sowie bei Aktivitdtsdiagram-
men die zyklomatische Komplexitat (siehe Abschnitt 2.3) berechnet.

In unserem Beitrag stellen wir das Werkzeug EPCMetrics vor, das verschiedene Komple-
xitatsmetriken fir EPK-Modelle berechnen kann.

2 Die Metriken

In diesem Abschnitt werden in der Literatur beschriebene Komplexitatsmetriken fur Ge-
schéftsprozessmodelle beschrieben sowie einige weitere eingefiihrt. Alle hier vorgestellten
Metriken wurden im Werkzeug EPCMetrics, das in den spéateren Abschnitten vorgestellt
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wird, implementiert. In diesem Abschnitt soll nur eine grobe Ubersicht iiber die Metri-
ken gegeben werden. Fir die Details mochten wir auf die jeweils angefuhrte Literatur
verweisen. Eine umfassende Bewertung der vorgeschlagenen Metriken ist nicht Gegen-
stand dieses Beitrags. Wir wollen jedoch das Werkzeug EPCMetrics in unserer weiteren
Forschung dazu nutzen, Untersuchungen zur Tauglichkeit der Metriken anzustellen.

2.1 Zahlmetriken

Das einfachste Komplexitatsmald fiir Software ist eine Zahlung der Lines of Code. Es
misst also einfach die Léange des Quelltextes oder die Zahl der ausfihrbaren Anweisun-
gen. Es liegt nahe, ein analoges GréfRenmal als einfache Metrik fur den Umfang einer
EPK zu nehmen. Als entsprechende Maf3e wurden die Zahl der Aktivitaten oder die Zahl
der Aktivitaten und Konnektoren vorgeschlagen[GL06, CMNRO6]. In [MM] wur-

den weitere Zahlmal3e untersucht und die Vermutung bestéatigt, dass eine hohe Zahl von
Join-Konnektoren und eine hohe Zahl von inneren Ereignissen (also solchen, die weder
Start- noch Endereignis sind) die Wahrscheinlichkeit fir Fehler im Modell erhdht.

2.2 \erhaltnismetriken

Man kann vermuten, dass eine hohe ,Konnektorendichte” im Modell das Verstandnis er-
schwert und die Wahrscheinlichkeit struktureller Fehler in EPKs (z.B. Deadlocks) erhoht.
Dies kann mit Metriken gemessen werden, die die Zahl der Konnektoren ins Verhaltnis
setzen zur Zahl der Funktionen bzw. zur Zahl der Funktionen und internen Ereignisse.
Ebenso kann es sinnvoll sein, die in den kommenden Abschnitten vorgestellten Metriken
fur die Zahl der Zyklen im Modell (siehe Abschnitt 2.4), der unstrukturierten Elemen-
te (siehe Abschnitt 2.5) oder zum Layout (siehe Abschnitt 2.7) ins Verhdltnis zur Zahl
der Funktionen [und der internen Ereignisse] zu setzen, um statt einer absoluten Zahl die
.Haufigkeit* von Zyklen etc. zu messen.

2.3 Kontrollflusskomplexitat

McCabe[McC76] schlug die zyklomatische Zahl als Komplexitatsmetrik fir Computer-
programme vor. Sie geht vom Kontrollflussgraphen aus und z&hlt die moglichen Wege,
die im Kontrollflussgraphen zurtickgelegt werden kénnen. Fur die exakte Definition dieser
Metrik verweisen wir auf die umfangreiche Literatur[McC76, Kan02]; informell reicht es

zu sagen, dass die zyklomatische Zahl eines Kontrollflussgraphen der Zahl der binaren
Entscheidungen (also diér -Statements in einer hdheren Programmiersprache) plus 1 ist.
Nicht-binare Entscheidungen (also eteedect odercase -Statements in einer hdheren
Programmiersprache) mit n méglichen Ausgéngen werden wie n-1 binédre Entscheidungen
behandelt. Die McCabe-Metrik gibt also Aufschluss tber die Zahl der Verzweigungen im
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Kontrollflussgraphen.

Cardoso[Car05b] leitete von der McCabe-Metrik eine analoge Metrik fur Geschéftspro-
zessmodelle ab. Um diese zu bestimmen, ist es lediglich notig, fur jeden Split im Modell
die Zahl der méglichen verschiedenen Kontrollflisse, die von diesem Split ausgehen kén-
nen, zu addieren.

Die Zahl der verschiedenen Kontrollfliisse ist

o fir einen AND-Split: 1 (Es mussen immer alle folgenden Pfade parallel bearbeitet
werden.)

o fiir einen XOR-Split mit n Ausgangen: n (Genau einer der n Pfade muss genommen
werden, daflr gibt es gerade n Auswahlmoglichkeiten.)

e flir einen OR-Split mit n Ausgangef — 1 (Das entspricht den Mdglichkeiten,
mindestens einen und héchstens n zu durchlaufende Pfade auszuwahlen.)

Ein erster (wenn auch wegen seines geringen Umfang noch wenig aussagekréaftiger) La-
bortest von Cardoso legt nahe, dass diese Metrik geeignet ist, die (subjektiv empfundene)
Komplexitat eines Geschéaftsprozessmodells zu messen[Car05b]. Unzulénglichkeiten die-
ser Metrik wurden in [MMNF-06] und [GLO6] diskutiert.

Analog zu der von Cardoso vorgeschlagenen Metrik betrachtet [M08Y eine Metrik,
die analog fir jeden Join-Konnektor die Zahl der mdglichen ankommenden Kontrollfliisse
bestimmt, die dieser Join-Konnektor verarbeiten kann.

2.4 Metriken fir Zyklen

Um untersuchen zu kdnnen, inwiefern Zyklen im Modell Einfluss auf Verstandlichkeit
und Fehlerrate haben, haben wir drei Metriken implementiert, die Zyklen im Modell un-
tersuchen. Die Metrik NCycles bestimmt einfach die Zahl der elementaren Zyklen[Joh75].
Diese Zahl ist allerdings wenig aussagekréaftig: In der in Abb. 1 gezeigten EPK etwa kann
der Zyklus auf vier verschiedene Arten durchlaufen werder» B — E1/E2 — C —

D — E — F1/F2 — A, so dass die Metrik vier elementare Zyklen z&hlt.

Dieses Manko ist in der Metrik NCycleSets behoben. Hierfir werden Zyklen, die die glei-
chen Einstiegs- und Ausstiegsknoten haben sowie deren Nachfolgermenge der Ausstiegs-
knoten Ubereinstimmen, zu einer Aquivalenzklasse zusammengefasst. NCycleSets zéhlt
diese Aquivalenzklassen, so dass z.B. die Zyklen im Modell in Abb. 1 die Metrik nur um

1 statt um 4 erhéhen. Schlief3lich versucht die Metrik CycleSetsComplexity, ,Unstruktu-
riertheit* in Zyklen zu messen: Fir jeden zusétzlichen Einstiegs- und Ausstiegsknoten in
einer Aquivalenzklasse von Zyklen wird ebenso 1 zur Metrik hinzugezahlt wie fiir jeden
Fall von Uberschneidungen zwischen Zyklen in verschiedenen Aquivalenzklassen.
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Abbildung 1: Beispiel fur Zyklen

2.5 Metrik zur Unstrukturiertheit

Strukturelle Fehler (wie Deadlocks) in einer EPK lassen sich stets auf fehlende Korre-
spondenz zwischen Split- und Join-Konnektoren zurtickfihren. Fiur EPKs, deren Split-
und Join-Konnektoren nur sauber verschachtelte Kontrollblécke bilden, kann gezeigt wer-
den, dass sie frei von solchen Fehlern sind[LSW97, SO00, CS94]. Allerdings schrénkt die
Forderung, nur wohlstrukturierte Modelle zu verwenden, den Modellierer in der Praxis
zu stark ein. Van der Aalst hebt in [van99] hervor, dass unstrukturierte Modellelemente
nicht notwendig zu Modellfehlern fihren, aber dennoch wenn mdglich vermieden wer-
den sollen. In [MMNF06] wurde vorgeschlagen, das Missverhaltnis zwischen Split- und
Join-Konnektoren durch den Quotientéahl der Joins/Zahl der Splitsu messen. Diese
Metrik ist in EPCMetrics als RJoinsSplits implementiert. Wir beflrchten allerdings, dass
sie in der Praxis von eher geringem Nutzen ist. Ein Grund dafur ist, dass der Typ der
Konnektoren, eine haufige Fehlerquelle, nicht beachtet wird. Noch schwerer wiegt, dass
man eine EPK mit einer lokalen Unstrukturiertheit, die sich in einem Join-Split-Verhaltnis
gréRer als 1 niederschlagt, ,verbessern* kann, indem man an anderer Stelle eine weiteres
unstrukturiertes Modellelement einfligt, das mehr Splits als Joins enthalt.

Wir haben in EPCMetrics eine Metrik implementiert, die zun&chst versucht, den zu einem
Split-Konnektor s passenden Join-Konnektor j(s) zu finden bzw. umgekehrt zu einem Join-
Konnektor den passenden Split-Konnektor. Aus Platzgriinden diskutieren wir hier nur die
Suche nach einem Join-Konnektor zu einem Split-Konnektor s, der nicht (wie dies in Abb.

2 a) der Fall ist) eine Iteration abschlie3t. Die anderen Félle werden von EPCMetrics ge-
sondert behandelt und sind im Quelltext der Klasse Unstructured ausfihrlich kommentiert.

Um j(s) zu bestimmen, suchen wir einen Knoten, der ausgehend von s auf mindestens zwei
Pfaden, die auBer s und j(s) keine gemeinsamen Knoten haben, erreichbar ist. AuRerdem
wird von diesen Pfaden gefordert, dass an keiner Stelle entlang des Pfades in einen Zyklus
eingetreten wird. Dann nennen wir die von s eingeleitete Kontrollflussstruktur (oder kir-
zer: s selberyinstrukturiert wenn das zugehdarige j(s) nicht oder nicht eindeutig bestimmt
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ist (vgl. Abb. 2 b) und 2 c)). Ebenso heif3t s unstrukturiert, wenn zwar j(s) eindeutig be-
stimmt ist, aber nicht alle der folgenden Aussagen gelten:

e Die Typen von s und j(s) stimmen Uberein.

¢ Alle Pfade von s zu einem Endereignis gehen durch j(s).
¢ Alle Pfade von einem Startereignis zu j(s) gehen durch s.
e Alle Pfade von s zu s gehen durch j(s).

e Alle Pfade von j(s) zu j(s) gehen durch s.

Es lasst sich leicht induktiv zeigen, dass fur EPKs, die It. [LSW97] oder [CS94] wohl-
strukturiert sind, die genannten Eigenschaften gelten, so dass fir solche EPKs die Zahl
der unstrukturierten Konnektoren nach unserer Metrik 0 ist.

Abbildung 2: Unstrukturiertheit

2.6 Verschachtelungstiefe

Harrison und Magel[HM81] schlugen ein Software-Komplexitatsmalf3 vor, dass berick-
sichtigt, dass verschachtelte Kontrollstrukturen schwerer verstandlich sind als lineare. Die
von ihnen vorgeschlagene Metrik z&éhlt zunachst einmal die Anweisungen im Programm.
Fur jede Entscheidungsanweisutifgtifien ) wird jedoch zusétzlich noch die Zahl der
Anweisungen, die im Einflussbereich des mit dieséthen beginnenden Kontroll-
blocks liegen, hinzugezahlt. Somit fallen Anweisungen innerhalb eines verschachtelten
Kontrollblocks stérker ins Gewicht. Fir die formale Definition der Metrik verweisen wir
auf [HM81]. Eine analoge Metrik fir EPKs wurde in EPCMetrics in der Klasse NestingLe-
vel implementiert: Hier werden jeweils die Split-Konnektoren, die im Einflussbereich ei-
nes anderen Split-Konnektors liegen, gezahit.
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2.7 Metriken zum grafischen Layout

Gutes Layout tragt maf3geblich zur Verstandlichkeit von grafischen Modellen wie EPKs
bei[AF06, Amb03]. Zwei Aspekte des grafischen Modelllayouts werden mit EPCMetrics
gemessen: Edgeslintersections zahlt, wie oft sich zwei Kanten in einem Modell Giberschnei-
den, was den Lesefluss behindern kann. WritingDirection zahlt, wie oft von der Hauptle-
serichtung (in EPKs ublicherweise von oben nach unten, seltener von links nach rechts)
abgewichen wird. Dies sind nur zwei Aspekte guten Layouts. Zahlreiche weitere kénnten
erganzt werden, etwa zur Ausrichtung der Kanten von Modellelementen oder zur Bestim-
mung dicht nebeneinander parallel verlaufender Kontrollflusspfeile, die den Leser verwir-
ren kénnen.

2.8 Zusammenfassung der vorgestellten Metriken

Tabelle 1 fasst die in den obigen Abschnitten aufgefihrten Komplexitéatsmetriken zusam-
men, nennt die Klassennamen, unter denen die jeweilige Metrik in unserem Werkzeug
EPCMetrics implementiert ist, und gibt weiterfihrende Literatur an.

3 Das Metrikwerkzeug

Zur Berechnung der in den vergangenen Abschnitten eingefihrten Komplexitatsmetriken
fur EPKs haben wir ein in der Sprache Java geschriebenes Werkzeug EPCMetrics ent-
wickelt. Dieses kann entweder alleinstehend als Batchprogramm aufgerufen werden oder
in die grafische Oberflache des EPK-Editors und -Simulators EPCTools[Cun04] integriert

werden. EPCMetrics steht unter der freien GNU General Public License und kann von

unserer Website[Lau06] heruntergeladen werden.

3.1 Installation und Benutzung

EPCMetrics kann in das Werkzeug EPCTools[Cun04] integriert werden. EPCTools ist ein
in der Sprache Java geschriebener Editor und Simulator fir EPK-Modelle, der als Erwei-
terung fur die Entwicklungsumgebung Eclipse entwickelt wurde.

Abb. 3 zeigt einen Screenshot der Integration der Metrikberechnung in die grafische Ober-
flache von EPCTools. Die Metriken werden fiir das im Editor dargestellte EPK-Modell
berechnet. Uberschreiten die berechneten Metriken vorgegebene Schwellwerte, wird dies
dem Modellierer mitgeteilt: Ein gelber Hintergrund steht fiir eine hohe, ein roter Hinter-
grund fur sehr hohe Komplexitéat der EPK, zu sehen in den ersten beiden Zeilen des rechten
unteren Fensters in Abb. 3. Dass verschiedene Metriken, wie in der Abbildung gezeigt, zu
unterschiedlichen Aussagen zum Grad der Komplexitédt kommen kdnnen, soll dabei nicht
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Klassenname | Metrik Literatur

NConnectors | Zahl der Konnektoren

NEdges Zahl der Kanten [MMN *06]

NEndEvents | Zahl der Endereignisse [MMN *06] [ARGPO06]

NEvents Zahl der inneren Ereignisse [MMN T06] [ARGP06]

NStartEvents | Zahl der Startereignisse [MMN *06] [ARGPO06]

NFunctions Zahl der Funktionen [GLO6] [CMNRO6]

[MMN T06] [ARGP06]

NFunctions Zahl der Funktionen und Konnektoren [CMNRO6] [MMN +06]

Connectors

NJoinAnd Zahl der And-Joins [MMN T06]

NJoinOr Zahl der Or-Joins [MMN +06]

NJoinXor Zahl der Xor-Joins [MMN *06]

NJoins Zahl der Join-Konnektoren [MMN *06]

NSplitAnd Zahl der And-Splits [MMN +06]

NSplitOr Zahl der Or-Splits [MMN T06]

NSplitXor Zahl der Xor-Splits [MMN +06]

NSplits Zahl der Split-Konnektoren [MMN *06]

RConnectors | Verhéltnis zwischen der Zahl der Kon-

EventsFuncti- | nektoren und der Zahl der Funktionen

ons und internen Ereignisse

RConnectors | Verhdltnis zwischen der Zahl der Kon-

Functions nektoren und der Zahl der Funktionen

RJoinsSplits | Verhaltnis zwischen der Zahl der JoindMMN +06]
und der Zahl der Splits

CFC Kontrollfluss-Komplexitat der Splity [McC76] [LK02] [GLO6]
Konnektoren [Car05b] [CMNRO6]

[MMN T06] [Car05a]

JC Kontrollfluss-Komplexitat der Joint [MMN T06]
Konnektoren

CycleSets siehe Abschn. 2.4

Complexity

NCycles Zahl der elementaren Zyklen [Joh75]

NCycleSets siehe Abschn. 2.4

NestingLevel

Zahl der Splits, die im Einflussbereigh[HM81]

eines anderen Splits liegen

Unstructured | siehe Abschn. 2.5

Edges Layout: Uberschneidungen von Kon-
Intersections | trollflusskanten

Writing Layout: Abweichungen von der Hautp-
Direction leserichtung

Tabelle 1: Komplexitatsmetriken
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Abbildung 3: Screenshot der erweiterten Version von EPCTools

verwundern, da sie verschiedene Aspekte der Komplexitat messen.

Die Schwellwerte werden, wie auch die Auswahl der Metriken selbst, Uber eine Konfi-
gurationsdateirfietrics_configuration.xmkonfiguriert, die sich im Rootverzeichnis des
Plugins befindet. Neben der Anzeige der berechneten Metriken sieht unser Werkzeug auch
vor, die Ergebnisse der Metrikberechnungen fir ein Modell in einer Reportdatei zu spei-
chern.

Neben der Verwendung innerhalb von EPCTools kann unser Werkzeug auch als Batch-
programm aufgerufen werden. Das ist nitzlich, wenn Komplexitatsmetriken flr mehrere
als gespeicherte Dateien vorliegende EPKs berechnet werden sollten. Die Ergebnisse der
Berechnungen sowie einige statistische Angaben tber das Modell werden dann wieder in
einer Reportdatei gespeichert. Die in Abschnitt 3.4 vorgestellten Schnittstellen zu Werk-
zeugen von Drittanbietern erlauben es ebenfalls, zuséatzlich semantische Analysen des Mo-
dells durchzufuhren und deren Ergebnisse ebenfalls in der Reportdatei abzuspeichern.
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Abbildung 4: Klassenstruktur des Datenmodells

3.2 Datenmodell

Die Struktur des internen Datenmodells von EPCMetrics ist in Abb. 4 dargestellt. Wie
aus der Abbildung ersichtlich, werden als Knotentypen Ereignisse, Funktionen, Verkniip-
fungsoperatoren, Prozesswegweiser sowie hierarchische Funktionen unteEstGigto-

delist die zentrale Klasse des Datenmodells. Sie stellt u.a. eine Reihe von Methoden zur
Verfigung, um auf bestimmte Mengen von Knoten des Modells wie Startknoten und Ver-
knUpfungsoperatoren zuzugreifen, die bei der Initialisierung der Datenstruktur berechnet
werden. An Informationen zum grafischen Layout eines EPK-Modells werden vom Da-
tenmodell zur Zeit nur Angaben zum Verlauf der Kontrollflusspfeile unterstitzt.

Das Datenmodell eines EPK-Modells wird in einer Containerklasse verwaltet. Diese ver-
waltet neben dem Datenmodell ein Objekt mit syntaktischen Eigenschaften des Modells,
die Resultate der Metriken fur das Modell sowie optional ein Objekt mit Informationen
Uber semantische Eigenschaften des Modells. Dargestellt ist die Architektur in Abb. 5.

3.3 Erweitern um eigene Metriken

Damit das Werkzeug leicht um weitere Metriken erweitert werden kann, wurde ein Inter-
face definiert, das von jeder Metrik implementiert werden muss. Die Vererbungshierarchie
ist in Abb. 6 dargestellt. Die abstrakte Klas&bstMetricimplementiert diverse get- und
set-Methoden und wird von allen instanziierbaren Metrikklassen geerbt. Hauptmethode
des Interfaces istalculateMetric(EPCModel): MetricResulDiese berechnet fir ein ge-
gebenes EPK-Modell die Metrik und liefert das Ergebnis in einer Containerklasse zurlick.
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MetricResult
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IModel SemanticProperties

&

| ModelSemanticProperties |

Abbildung 5: Klassenstruktur der internen Verwaltung eines Modells

winterfaces
IMetric

*

calculateMetric(EPCModel): MetricResult
setProperty(String, String)
getProperties(): Properties
getietricGroup(): String
setMetricGroupiString)
setComplexityLevelz(doublell)
getComplexityLevelz(): doublel]

’

i

*

+*

*

*

+*

*

| size::NEdges | | nesting::NestingLevel | | controlflow::CFC | | cycles::NCycle Sets |

Abbildung 6: Architektur der Metrikimplementation (Die Abbildung zeigt aus Ubersichtsgriinden
nur einen Ausschnitt der implementierten Metriken)
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winterfaces

IModelConstructor

+ constructiodels(File): Vector

:

EPCToolsModelConstructor EPMLModelConstructor
+ constructModels(EPC, String): Vector + constructModelz(File): Vector
+ constructiodelziFile). Vector

Abbildung 7: Architektur der Konstruktion der Datenmodelle

3.4 Schnittstellen zu anderen Werkzeugen

EPCMetrics wurde mit einer offenen Architektur entworfen, die Schnittstellen zu anderen
Werkzeugen erlaubt. Die entscheidende Rolle spielen hierbei die Konstruktionsklassen.
Diese sind dafir verantwortlich, EPK-Quelldateien zu lesen und in eine interne Daten-
struktur umzuwandeln. Derzeit kdnnen Dateien im Austauschformat EPML[MNO4] gele-
sen werden. Sollen weitere Dateiformate wie das vom ARIS Toolset verwendete XML-
Format AML gelesen werden, muss hierfur lediglich eine entsprechende Konstruktions-
klasse geschrieben werden.

Die Architektur der Modellkonstruktion ist in Abb. 7 dargestellt. Alle Konstruktionsklas-
sen implementieren das Interfa®dodelConstructor Dieses definiert die Method=n-
structFiles(File): Vector Die implementierenden Klassen bilden bei Aufruf dieser Me-
thode fur die EPK-Modelle aus dem Fileobjekt der Datenquelle die intern verwendeten
Datenmodelle sowie die zugehdrigen Container. Die Ruckgabe der Methode besteht aus
den Containern der konstruierten EPK-Modelle.

Zur Zeit sind zwei Konstruktionsklassen implementiert:

1. de.ulpz.ebus.epc.metrics.util.modelutils. EPMLModelConstructor
Diese Konstruktionsklasse ist fir Dateien im EPML-Format geeignet. Fir jedes
EPK-Modell in einer EPML-Datei wird ein eigenes Datenmodell konstruiert. Falls
die EPK-Modelle durch Prozesswegweiser und hierarchische Funktionen verbun-
den sind, werden nur die Metriken fiir jedes einzelne in der EPML-Datei definierte
Teilmodell berechnet. Eine Priufung semantischer Eigenschaften eines Modells ist
nicht maoglich.

2. de.ulpz.ebus.epc.metrics.util. modelutils. EPCToolsModelConstructor
Diese Konstruktionsklasse ist ebenfalls fir Dateien im EPML-Format geeignet. Als
Parser wird hier der Parser von EPCTools[Cun04] verwendet. Dadurch wird zu-
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nachst ein Modell der EPK in der von EPCTools verwendeten internen Datenstruk-
tur erzeugt. Aus dieser wird dann ein Modell der EPK in der von EPCMetrics
verwendeten Datenstruktur berechnet. Da die EPK in der EPCTools-Datenstruktur
vorliegt, kann der Model-Checker der EPCTools zum Testen semantische Eigen-
schaften der EPK (Sauberkeit, Soundness u.a., vgl. [Cun04]) benutzt werden. Da
EPCTools keine Prozesswegweiser und hierarchischen Funktionen unterstitzt, kann
diese Konstruktionsklasse nur mit EPML-Dateien verwendet werden, die nur ein
einziges EPK-Modell enthalten.

4 Zusammenfassung

In diesem Beitrag haben wir ein Werkzeug vorgestellt, mit dessen Hilfe verschiedene in
der Literatur vorgeschlagene Komplexitatsmetriken fir ereignisgesteuerte Prozessketten
berechnet werden kdnnen. Neben den wesentlichen in der Literatur vorgeschlagenen Me-
triken kbnnen auch eigene hinzugeflgt werden. Bei einer Anwendung eines solchen Werk-
zeuges in der Praxis sollte man sich sinnvollerweise auf die Berechnung weniger Metriken
beschranken. Uberschreiten diese einen gewissen Schwellwert, der von Anwendungsfall
zu Anwendungsfall durchaus variieren kann, sollte dies dem Modellierer signalisiert wer-
den. In unserer weiteren Forschung wollen wir das Werkzeug dazu nutzen, festzustellen,
wie Metriken voneinander abhangen und welchen Einfluss sie auf Fehler im Modell oder
das Verstehen von Modellen haben. Dadurch soll auch die in diesem Beitrag noch unbe-
antwortete Frage untersucht werden, welche der vorgestellten Metriken am geeignetsten
fur den Praxiseinsatz sind.
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