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Mapping Grahical
Notations

¥ The Pi-Calculus can be used asmarfal
foundation ér graphical notationse.g.

¥ UMLActivity Diagrams
¥ BPMN

¥ Allows for the execution,monitoring,and
anaysis of thes®inbrmalO notations



BPMNZ2PI Maping Step:
(Single Bols)

¥ Assign all Re objects an unique Pi-
Calculus agent identiber

¥Assign all sequence We an unique Pi-
Calculus name

¥ OExtendO the Pi-Calculus agents
corresponding to th&VorkR3ow patterns



BPMN Example (1)



A = (vcheck)(A1|A2)

W(2) A, =1 ,.check(v).[v= T]b.0
() Az =irg.t.check(l).0+ check(T).0
(¢c) B=h!g.B’

C = C.!C.C!

Eent-based Reawuting
(Simplaersion)



BPMN Example (2)



Cho

reograghies

¥Forma|ized business pcesses can be
combined to choeograghies

¥ Questions:

¥
¥
¥

owtore
owtore

owtore

present message As?

present dynamic binding?

nresent corelations?
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Dynamic Binding anc
Correlations
¥ldea:

¥ Pi-Calculus nameseaused to epresent
message 3es between a mmber of
processes

¥A combination of link passing mobility ar
scope extrusionseaalizes dynamic binding
directly



Correlations

¥ A can ivoke B seeral times

¥Correlations managedylihe restricted
name ch:

A€ “chbich".(ch(r).A'| A)

B %/ v Kch).(#ch!r".0 | B)



Send Interaction

Pattern

¥ Send:
A Y a5 chmsgs0

¥ Static binding:
| %€ 1 ch (A | E)
¥ Dynamic binding:

| < 1 lookup (lookup(ch).A | E)



Tool suppot

¥ BPMN to pi-calculus npger

¥ Graphical pi-calculus sirtator optimized
for the BPM domain (PiViodl)

¥ Reasoners
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Editor | Exporter Converter
} Advanced
. -7 ¢ Bisimulation
. Checker
: Struct. Sound.
[ Checker
| i
I BPMN Stencils PiVizTool

\
N

S e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e = = = = = = = = - = = = = = ——

Tool Chalin
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Veripbcation

¥Forma|ized business pcesses can be
checled accoding to

¥ Different kinds of soundness
¥ Compatibility
¥ Conformance
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Reasoning about Soundne:
using Bisimlation Equivalenc

¥ldea:

¥ Use bisirnlation to prove invariants of
the formalized BPDs

¥ Invariants ae denoted as atrivialO agen

¥ Question:
¥ Where to start?
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Observables

¥ What can ve obsere?
¥ Reductions
¥ Intra-actions
¥ Internal actions
¥ Interactions with the emronment?

¥ Stat Event,End Eent,Sewice Irvocations?
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Action Semantics

¥ Welr interested in obseving dcetainO names:
¥ All free names of a system

¥ These can interact with the @ironment via
matching input and output pbXs not contained
In the system

¥ Requies a diffrent semantics with a labeled
transition system
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The O SActions



Bisimulation

¥ Let P and Q be tw related agentsf P can
evolve to P'then also Q nust be able to
evolve to Q' such that P' and QQOeaagain
relatedlIf the same holdf the opposite
direction,starting from Q, the two agents
are called bisimilar or bisiatation
equivalent.
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Weak Bisimlation

¥A weak bisimlation relates moe agents b stating
that an action of P can bh&eaklyy mimicled by Q
(and vice grsa):

YIf
al

P has an action alphhen also Q has an actior

oha enclosed in sequences of tau

¥The length of the tau sequences can beoz@e. it
Includes the pevious debPnition)
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Structural Soundnes

¥ According to the depbnition of a arkRow
net:

¥ A business pcess is structural sound if
¥ there exists exacil one initial node
¥ there exists exacil one Pnal nodand

¥ each node is on a path in beten initial
and Pnal node
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Lazy Soundness

¥ Key concept:

¥ Each structural sound businesopess
should alvays be able to deler the
resultregadless of the internal actions

¥ Invariant:

def .
SAzy = |.7.0.0

23



Obselrvation of Lazy
Soundness

¥ |deaObservation of the Starand End-
E\ents:

¥ Questions:
¥ Waited long enough?

¥ Ceptured all possibilities?
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Proving Lazy Soundne

¥ Lazy soundness can beoped:

¥Map the coresponding businessqaress
to agents

¥Annotate the agentsepresenting the
initial and the Pnal node with aiO or ao
accodingy

¥ Decide weak bisirnlation equivalence
between S LAZY and the mpaing
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Notes

¥ Lazy Soundness does not coincidence with existi
soundness perties

¥ Allows activities to be actevafter the bnal node ha
been eached!

¥ These ae called clean-ypr lazyactivities
¥ Dead activities might be contained

¥ Requies the distinction beteen the point in time
where a business prcess deligrs the result vsthe
moment it terminates
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Example

Stock Broker

B4
e3 Bid at first Stock ed
B1 B2 Exchange B7 B8
) . e7 e8
Find & Bind B3 B6 Place
Stock Exchanges B5 Order
Bid at second
ed Stock Exchange e6
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EXxisting Soundness
Properties

¥ Weak Soundness:

¥ The deliery of the result denotes the termination of tt
business [@cess

¥ Invariant:The Pnal activity is obsexd exacty once and
no other activity can be obsged after the Pnal node

¥ Relaxd Soundness:
¥ All activities paticipate in the business pcess

¥ InvariantEach activity can be obsed at least once
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Extension of the Blac
Box

¥ The black ba has to be extended:

Enhanced Black Box

\l7z \l7
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Start Step Done

¥Bisirru|ation useddr weak soundness (nst)
¥Sinu|ation br relaved soundness (can)

¥ Soundness is a combination oféak/relaxed sound
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Further \eribcation

¥ Compatibility:

¥ Lazy soundness can be extended to alnteractio
Soundness@presenting a compatibility notion
with suppot for dynamic binding

¥ Conformance:

¥ Bisimulation can be used as a corthance notion
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The End.



