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What hgpens hee?

¥ We discuss themplication of a general
theory for the description of mobile
systems Into the aa of BPM and its wide
pars
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What are mobile
systems?

¥ Mobile systems armade of entities that
move In a cetain space
¥ Different kinds of mobility:

1. Links that mae in an abstract space of
linked processes

2. Processes that ne In an abstract space
of linked processes
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Dynamiclopologies

¥ Mobile systems describe betiar with
dynamic topologies.e.changing structas

¥ This is contray to static structues br the
description of behaor, I.e. Petri nets:
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Link Passing Mobility
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Outline Pi1-Calculus Pt

¥ Motivation

¥ TheTheory of the Pi-Calculus

¥ WorkRow and Data Patterns

¥ Application of the Pi-Calculus to BPM
¥ \eribcation
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Motivation

The Shifting écus



A Shift InTheoretical
Foundations

¥ From:Sequential systems

¥ Lambda-Calculus (Chetr,Kleene 11930)
¥ Over: Parallel systems

¥ Petri nets (Retri, 11960)
¥ To: Mobile systems

¥ Pi-Calculus (MilneParow,Waller 11990)
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The Lambda-Calculu

¥ Debned to inestigate the debnition of
functions which a used ér sequential
computing

¥ Precise debnition of a computable funct
¥ Recursion
¥ AlgebraCompositional Structue

¥Smal|est unersal pogramming language
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M

Sequential System
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Petrl nets

¥ Business mrcessesequire parallelism
¥ Split,bins
¥ Dependencies

¥ Petri nets build adundation 6r BPM
¥ Explicit states and structer

¥ Strong visualization
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Parallel System
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Petrl net dravbacks

¥ Good and BadStatic structue

¥ No advanced composition

¥ Regading behwioral workRow patterns:
¥ Excellent suppadrfor basic tasks
¥ Poor suppott for advanced tasks
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The Pi-Calculus

¥ Describes mobile systems
¥ Agents (pocesses) interactingyb
¥ Names with agile scopes

¥ s an algebra

(C) 2007 Frank Puhlmann

14



(C) 2007 Frank Puhlmann

Evolution

Mobile System
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The PiI-Calculus
Advantage

¥ Overcomes the limitations of static
structures

¥ Has the pos and cons of an algebra

¥Suppots all behwaioral workf3ow patterns
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Why mobile systems

¥ What®wrong with BPM ande®ri nets?

¥ Why do we need mobile instead of parall
systems?

¥ Strong discussion beten academics at
practitioners
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Why mobile systems

¥ We argueThree major shifts in BPM will
lead to mobile systems as a thedical
foundation
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BPM Shift 1:
From Static to Dynamic System:

¥ Traditional:Static state-based systems

¥ e.gWorkRow netsActivity Diagrams,
BPMN (Dken-Place concept)

¥ Today: Inter-organizational business
processes

¥ OHad to changeO
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Recelve and
Process Answer

Start Send
Request

Timeout

Sample Ricess
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Receive
eeeeeeeeeeeeeee

Corresponding Rycess
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Syl ol

Receive Send
Request Response
System
k Border
Requests . RESPONSES Myt

Recelve and
Process Answer

Start Send
Request

Timeout

Static Interaction
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Dynamic Systems

¥ No explicit state description
¥ Each task is npged to a sevice:

¥ Each task has er and postconditions
(l.e.In- and out@ing messages)

¥ All tasks ae OsvimmingO inside a séte-
oriented ervironment
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PN

Sewice
Repository

Sewice-orientedArchitecture
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Mublish
Sewice Bind | Sewice

Provider

~_
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Reason 1.

¥ Mobile systems arbased on the idea of
Interaction ly messagesyents instead of
state transitions

¥ Suppot for dynamic binding
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BPM Shift IFrom Central
Engines to Distributed Seices

¥ Follows direct from the last shift:

¥ No more centralized engine asrfintra-
organizationaDvorkf3owO

¥ Instead distributed seices of diffrent
grarularity
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Distributed Sevices
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Other space

@ Our space
Send
Response
Receive and
Process Answer
Recelve

Request Send
Request

Timeout
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Reason |l:

¥ Mobile systems suppbadvanced
composition and visibility of their pe

¥ Suppot distribution and the serice-
oriented ideadr BPM
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BPM Shift [IFrom Closec
to Open Ewironments

¥ The ervironment whee processes a executed
IS shifting stongly from closed to openwhich
means:

¥ Less accessibility
¥ More uncetainty
¥ Constant changeagadiless of us

¥ Number of possible interaction parers rises
fast
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Issues egading Open
Environments

¥ Constant changeequires dynamic agion
¥ Flexible disceery and integration

¥ More agile interaction
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Reasons lll:

¥ Mobile systems describe dynamiopess
structures

¥ Based on a mtotypical vievpoint

¥ Suppot ORexibilityGegading disceery
and interactiondr BPM
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Motivation In a Nutshe

¥ Mobile systems suppbadvanced &y
concepts of BPM:

¥ Dynamic Binding
¥ Composition and/isibility
¥ Change

¥ The Pi-Calculus is a pcess algebraf
mobile systems
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TheTheory of the PI-
Calculus

Syntax & Semantics



Informal Introduction

¥ The Pi-Calculus is based @wfconcepts:
¥ Agents (Pocesses)
¥ Names

¥ Synchonized Interactions
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(C) 2007 Frank Puhlmann
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TIM €' talk! message”.0

ToM < talk (message).7rowm -0

SYSTEM €' TIM | TOM

Basic Interaction
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talk %
TIM

| Evolution >

TIM = talk!print".0

TOM E' talk(print).print!ble".0
PRINTER C%f!print(ﬁle).! PRINT-O

SYSTEM € TIM | TOM | PRINTER

Advanced Interactior
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def

TIM = talkropr!message”.0+ talkrr! message”.0
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TIM & [Xx = I Jtalkt om "Message#.0+

[X =% ]tal KtiL "message#.O

Choice
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TIM <€ talkr om (message).0 | talky | (message).0

Concurency
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GENERATOR

GENERATOR € (1 x)get (x).0

Name Creation
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The PI-Calculus BNF

P:=M |PIP|!zP |IP
M:=0|'P|M+M

Lon= Xy [ x(2) [ T Ix =y
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Abbreviations

13
Composition: (P)=P|P|P
13 7
Summation: (P)=P+ P+ P

1

3
with index: » (d;.0) = d1.0 + d2.0 + d30
1=1
Sequence:{r}; = m.w.

(C) 2007 Frank Puhlmann

41



Bound and e names

¥ In each of
X(z).Pand!zP
the displgted occurence ofz Is bindingvith scopt
P

¥ An occurence of a name in an agenbigundf it
IS,or it lies within the scope ofa binding
occurence of the name

¥ An occurence of a name in an agenfiseif it is
not bound
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Substitution

¥ We write
P{y1/X11°°' ,yn /Xn}

¥ for the sinultaneous substitution of; Jor
all free occurences of xin Pwith the
change of bound names Iif necesstr
prevent ary of the nev names yfrom
becoming bound in P
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DebPnedAgent
ldentibers

¥ A debned agent identiPer is gjivby:

A(Xq, 884, X,,) “lp

¥ Then
A(y:,884a,Yy,) behavesas P{"'/ ., ,88a,”" | ,_}

¥ if x; are free names in P
¥ the debnition can be thought of as an agent
declaration with x, ..., xn as brmal parametersand

the identiPelA(ys, ...,yn) @s an imocation with
actual parametersiy.. yn

(C) 2007 Frank Puhlmann

44



? (s (W (5
X | Evolution > X

A | B =Db(x).A" | b(y).B’
bx"A" | y).B' |C#$ A" |B{*/y}|C

ExampleCommunication
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---.__ scope of x ,-----._ scope of x

bx"A'|C|(!x)(bz).B'|D)

—

A1 C | X)B LI 2} | D{* 1))

ExampleScope Intrusion
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scope of x P -
.. scope of x

(l x)(BIx".A" | C) | b(z).B'

—>

('x)(A" [ C | B{*/})

ExampleScope Extrusior
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A= DxmA+ A

M(z) € write(z). M(z) + read!z". M(x)

(!write,read)(M (z) | A)

ExampleRecursion
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The Polyadic PiI-
Calculus

¥How can we send messages consisting C
multiple names?
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The Polyadic
Pi-Calculus

¥ Syntactical enhancement:

¥a:'(z1, oo z2n) . P1# x(w)w(z)..... w(zy,). P
¥ Sequences:

¥ Empty messages:
¥x () — X il Y= 0,x(k) — x il £=0
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Reduction

¥ Evlution is brmally debned asaduction

¥ The essence ofeduction is cptured in two axioms:
¥(XIy".P1+ M1) | (X(2).P2+ M) #$ Py1 | P2{Y/ .}
YIP+MI" P

¥ and thee rules:
¥from P; — P, infer P1|P, — P{|P>
¥from P !" P'infer!zP!" 1zP!
¥from P—P and P =Q and P' = Q' infer Q — Q'
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Structural Congruenc

¥ The axioms of structural congruence (Paj:

¥ SC-MA: X = x]' .P !
¥ SC-SUM-ASSOC: M1+ (M, + M
¥ SC-SUM-COMM: M7 +M, !

¥ SC-SUM-INET: M +0 ! M
¥ SC-COMP-ASSOCP; |(P,|P5) !

P
3) ' (M1 + My)+ M3
Mo + M1

(P1|P2)|Ps

¥ SC-COMP-COMM:P,|P, | Py|P;

¥ SC-COMP-INET: P|O ! P
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Structural Congruenc

¥ The axioms of structural congruence (Paj:
¥ SC-RES: lzZiwP ! TwlzP
¥ SC-RES-INGT: vz 0=0
¥ sc-Res-comp: !z (P1|P2) ! P1|!z Py, If z "#in(P1)
¥ SC-REP P = P|IP
¥ UNFOLDING:  A(y) ! P{¥/,} if A(x) ¥/
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A= (! z)a(x,y).x!'z".y.0

B <€ a(c, b).bo

c® c(m).0

PY AIB|C

ExampleReduction
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