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A business process containing Discriminator, N-out-of-M, or Multiple 
Instances without Synchronization patterns (called the critical patterns), 
such as
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A, B, and C represent three web service 
interactions.

After two of them have completed, D is 
executed and thereafter the process is 
finished.

However, one of the activities is still active, and clean-up 
work like payment and documentation has to be done.

As the remaining activity contradicts the soundness definition, we can 
not use existing tools to verify the sample business process. Still, 
automated verification regarding deadlocks and livelocks is quite 
important even if you employ one of the critical patterns in your 
business process.

Lazy Soundness proves business processes 
containing the critical patterns (and all others) to 
be free of deadlocks and livelocks. Technically, it 
abstracts from all internals of the process and 
just considers the initial and final node. The 
abstracted process is verified using bisimulation 
techniques.

Demo Presentation:

Thursday, Sep 7 10:30am, Room EI10 

Lazy soundness has been implemented in a prototypical tool chain at 
our research group. We provide a graphical editing of business 
processes using BPMN, automatically formalize BPM diagrams into pi-
calculus expressions, and use existing tools to decide lazy soundness 
for a given business process.

The theoretical background of Lazy Soundness will be presented on 
Tuesday, September 5 16:30am, Room EI9.
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Das Pi-Kalkül Mobilität
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Lazy Soundness: Ein wohlgeformter Prozessgraph 
ist lazy sound, wenn in jedem Fall der finale Knoten 
genau einmal erreicht wird.
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Interaction Soundness: Ein Dienst ist interaction 
sound in Bezug auf eine Umgebung, wenn die 
Vereinigung aus Dienst und Umgebung lazy sound ist.



Ergebnisse



Diskussion des Pi-Kalküls als formale Grundlage

• Vorteile

• Direkte Darstellung von 
dynamischem Binden

• Unterstützung von 
Kompositionalität als ing.-
mäßige Vorgehensweise

• Unterstützung aller relevanten 
Konzepte

• Elegante Repräsentation von 
Invarianten zur Verifizierung

• „Prototypische“ Sichtweise
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• Nachteile

• Komplexe, mathematische 
Darstellung

• Hohe Aufwände für 
Bisimulationsprüfung

• Bisimulation nicht für 
Konformitätsprüfungen von 
Diensten geeignet

• Transitionssemantik (keine 
„Erzwingung“ einer Transition)

• „Prototypische“ Sichtweise



• Einheitliche, formale Sicht auf 
Daten, Prozesse und Interaktionen

• Formale Darstellung der 
dazugehörigen Pattern

• Algorithmen zur Abbildung von 
Prozess-/Interaktiongraphen auf 
das Pi-Kalkül

• BPMN Erweiterungen für 
dynamisches Binden

• Lazy Soundness

• Interaction Soundness

• Prototypische Werkzeugkette

Zusammenfassung

• Grundlagen

• Geschäftsprozessmanagement

• Pi-Kalkül

• Beitrag

• (Daten)

• Prozesse

• Interaktionen

• Ergebnisse

• Diskussion

• Zusammenfassung
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Publications based on this Thesis

Early ideas have been published and presented at national and international conferences during
the writing of this thesis. A starting point was a conference paper at the third conference on
business process management (BPM) in Nancy (France).1 It showed how the π-calculus might
be used to represent the workflow patterns. With this paper, a first draft of the pattern formal-
izations contained in chapter 5 (Processes) has been brought to a larger audience. While the
formalizations in most cases did not required advanced features of the π-calculus, such as link
passing mobility, a subsequent paper revealed the strengths of the π-calculus for representing
dynamic binding and correlation handling in service-oriented architectures.2 It laid the foun-
dations for section 6.1.1 (Correlations and Dynamic Binding). This paper has been presented
at a workshop covering dynamic web processes alongside the third international conference on
service-oriented computing (ICSOC) held in Amsterdam (The Netherlands). The investigation
continued with a conference paper that discussed shifting requirements for BPM.3 Beside the
investigation of state-of-the-art, new requirements regarding technical and theoretical founda-
tions have been found. Refined versions of these requirements are used to motivate the thesis
in chapter 1 (The Shifting Focus). The results have been presented at the ninth conference on
business information systems (BIS) in Klagenfurt (Austria). Thereafter the research focused
on soundness properties of business processes formalized in the π-calculus. In contrast to ex-
isting properties, the application of bisimulation equivalence for reasoning on deadlock and
livelock freedom has been investigated. Based on an extensive study of the workflow pattern
formalizations, it turned out that several of them constitute problems regarding soundness. The
problems have been overcome by a new soundness property that was named lazy soundness.
A refined version is contained in section 5.3 (Properties) of chapter 5 (Processes). The new
soundness property has been presented to the scientific community at the fourth conference on
business process management (BPM) in Vienna (Austria), where it has been published as part

1 Frank Puhlmann, Mathias Weske: Using the Pi-Calculus for Formalizing Workflow Patterns. In W.M.P. van der
Aalst, B. Benatallah, F. Casati, and F. Curbera (Eds.): Business Process Management, volume 3649 of LNCS,
Nancy, France, Springer-Verlag (2005) 153–168

2 Hagen Overdick, Frank Puhlmann, Mathias Weske: Towards a Formal Model for Agile Service Discovery and
Integration. In K. Verma, A. Sheth, M. Zaremba, and C. Bussler (Eds.): Proceedings of the International Work-
shop in Dynamic Web Processes (DWP 2005), Amsterdam, The Netherlands, IBM technical report RC23822
(2005)

3 Frank Puhlmann: Why do we actually need the Pi-Calculus for Business Process Management? In W.
Abramowicz and H. Mayr (Eds.): BIS 2006—Business Information Systems, volume P-85 of LNI, Klagenfurt,
Austria, Gesellschaft fuer Informatik (2006) 77–89
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of the conferenceproceedings.4 The practical feasibility of lazy soundnesshasbeenshown
in anadditionalpresentation,publishedaspartof thedemosessionproceedings.5 At thesame
conference,ashortpaper, writtentogetherwith astudentof mine,gaveaninsightonhow theser-
vice interactionpatternsmight beformalizedin theπ-calculus.6 While chapter6 (Interactions)
containsa differentapproachfor representingthesepatterns,the paperneverthelessprovided
valuableideas.Thepublicationseriescontinuedwith apaperpresentedatanationalconference
on service-orientedinformationsystems(EMISA) that took placein Hamburg (Germany).7 It
coveredtheuniÞcationof data,processes,andinteractionsto provideauniÞedformal represen-
tationof service-orientedarchitectures.Thediscussionhasbeenbasedon anexamplethatcan
befoundin anextendedversionin chapter7 (UniÞcation).In themeantime,a bookchapteron
thesuitability of theπ-calculusfor BPM hasbeenpublished.8 It basically containsanextended
andupdatedversionof the BIS paperpublishedearlier. Anotherpublicationcoversan exten-
sionof lazy soundnessto prove compatibility in interactions.9 Thenew compatibilityproperty,
denotedas interaction soundness, supportsdynamicbinding. To the knowledgeof the author,
thiswastheÞrstpaperthatintroducedcompatibilitywith dynamicbinding.Theupdatedresults
canbe found in section6.3 (InteractionSoundness)of chapter6 (Interactions).Thepaperhas
beenpresentedat the fourth internationalconferenceon service-orientedcomputing(ICSOC)
in Chicago(USA). Furthermore,duringthewriting of this thesis,theauthor superviseda mas-
ter thesis wherea graphicalenvironmentfor thesimulationof businessprocesseswith dynamic
bindingÑbasedon the ideasfound in thesecondandthird partof this workÑhas beenimple-
mented. The correspondingtool hasbeenpresentedat the open.BPMworkshopin Hamburg
(Germany).10

4 Frank Puhlmann, MathiasWeske: Investigations on Soundness Regarding Lazy Activities. In S. Dustdar, J.L.
FiadeiroandA. Sheth(Eds.):BusinessProcessManagement,volume4102of LNCS,Vienna,Austria,Springer-
Verlag(2006)145Ð160

5 Frank Puhlmann: A Tool Chain for Lazy Soundness. DemoSessionof the 4th InternationalConferenceon
BusinessProcessManagement,CEURWorkshopProceedingsVol. 203,Vienna,Austria(2006)9Ð16

6 GeroDecker, Frank Puhlmann, MathiasWeske: Formalizing Service Interactions. In S.Dustdar, J.L. Fiadeiro
andA. Sheth(Eds.): BusinessProcessManagement, volume4102of LNCS, Vienna,Austria,Springer-Verlag
(2006)414Ð419

7 Frank Puhlmann: A Unified Formal Foundation for Service Oriented Architectures. In M. Weske and M.
Nuettgens(Eds.):EMISA 2006,volumeP-95of LNI, Hamburg, Germany (2006)7Ð19

8 Frank Puhlmann: On the Suitability of the Pi-Calculus for Business Process Management. In Technologiesfor
BusinessInformationSystems.Springer-Verlag(2007)51Ð62

9 Frank Puhlmann, MathiasWeske: Interaction Soundness for Service Orchestrations. In A. DanandW. Lamers-
dorf (Eds.):Service-OrientedComputing,volume4294of LNCS, Chicago,USA, Springer-Verlag(2006)302Ð
313

10 Anja Bog,Frank Puhlmann: A Tool for theSimulationof Pi-CalculusSystems.In 1. GI-WorkshopOpenBPM
2006:Gesch¬aftsprozessmanagementmit OpenSource-Technologien,Hamburg, Germany (2006)
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Vielen Dank für Ihre Aufmerksamkeit!


