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Foundations

¥ The Prmalization oiNorkRow Patterns is
based on E@ rules
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ECA Rules

¥ ECA rules flom acti\e databases:
¥ (on) Eent,
¥ (if) Condition,
¥ (then)Action

¥ Different Coupling Modes

¥ DifferentTriggers
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ON Insenting a ow In course egistration table
|F over course caacity

THEN abot registration transaction

ExampleECA rule
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ON inserting a ow In course egistration table
IF over course caacity

THEN notify registrar about unmet demands

ON inserting a ow Iin course egistration table
IF over course caacity

THEN put on waiting list

ExampleECA Conl3icts
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CREAETRIGGER LimitSalgiRaise
AFTER UPBTE OF Salar ON Emploee

RE
FO

~FERENCING OLBS ONEWAS N
R EAH ROW

EN (N.Salay - O.Salay > 0.05*QSalay)

| UPDATE Emplgee
| SET Salgr=1.05 * QSalay
' 'Where Id = O.ld

!
|
!
I WH
!
!
!

Business Rule Earted with

AFTER trigger
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E\ent-based Routing

¥The ECQA goproach has been agted to
workf3ows:

¥ 1 Eent
¥ m Conditions
¥ nActions
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a) On | Event b) On | Event
Do | Action If | Condition
Do | Action
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On

Event

Condition

then
Do

Action

else

Do

alternative

Action
A —

ECA Notation



On e

Do aq Q
o [

Do | ...

ECA Sequence Fwo
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On e1

Do aq ee
On [ On e

Do | ... Do

ECA Parallel Fhoy
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ECA Choice
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MappingWorkf3ow
Activities toAgents

¥ Each wrkRow activity is maped to a
concurrent pi-calculus agent:

¥Each agent has @rand post-conditions
¥ Pre-condition = Eent and Condition
¥ Postcondition =Action
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x.Ja= b!.y.0

Basidctivities In the Pi-Calcult
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Basic Contol Flow
Patterns

¥The basic conwl Row patterns cature
elementay aspects of contl [3ow

(C) 2007 Frank Puhlmann

14



(C) 2007 Frank Puhlmann

()
(>)
o >
[l
2 »
W
m O

Sequence

15



(C) 2007 Frank Puhlmann

Parallel Spilit
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o B =15.0.0
= |
O d2 g: 'dC'((zljZ'lO D'
1.09.1 pD.

Synchonization
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Exclusie Choice
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d BZIBaO
(0)c = 1..d.0
© D = dl!p.D!

Simple Merge
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Advanced Branching a
Synchonization Pattern

¥ The advanced branching and
synchpnization patterns equire advanced
concepts and n@only patly to the basic
activity template
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A = (vexec)! A (A1|A2)

A1 = execlb'.0+
b
9 exec(c).0+

° exec!b'.exec!c".0
e A2 = Iexe(:(x) x.0
=b.!g.B
C = clc.C’

Multiple Choice
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5.d..0
c.ds.0
1.7p.D

B = |
C=
D=d

'+ dz.TD.D! + dl.dz.TD.D!

Synchonizing Merge

(C) 2007 Frank Puhlmann
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Multiple Merge
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TA.d_l.O B — 7B d_20 C = ch_gO
(vh, exec)(D4|D>)

di. 1.0 | d2.h.0 | d3.h.0

= h.exec.h.h.D | exec.7p .D’

A
D
D1
D>

Discriminator
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[m

D = (Vh,exec)((  di.h.0) | h.exzee.{ h}TI ' D | exec.mp D)
i=1

DiscriminatorTemplate

(C) 2007 Frank Puhlmann
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|m

D = (vh,exec)((  d;.h.0) | {h}}.exec{h}™, ,.D | exec.! p.D’)

1=1

N-out-of-M-din Template

(C) 2007 Frank Puhlmann
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Structural Patterns

¥ Structural patterns shw restrictions on
workf3ow languages

(C) 2007 Frank Puhlmann
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OaO0x 0RO

A =la.7a.b0
B =Ib!z.c0
C =lc!c.(a0+ d.0)
D=4d!p.D'

Arbitrary Cycles
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ImplicitTermination

¥ The implicit termination pattern terminate
a sub-pocess if no other activity can be
made actig

¥ Problem:Most engines terminate the
whole work3ow If a Pnal node isslached

¥ The pi-calculus contains the bnal synibo

(C) 2007 Frank Puhlmann
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Multiple Instance
Patterns

¥ Multiple instance patterns eate seeral
Instances (copies) ofavk3ow activities

(C) 2007 Frank Puhlmann
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MI without Synchonizatior

(C) 2007 Frank Puhlmann
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(D—CF—<

A = 15.bbb.0
B =lb.s.C.0
C = ccclo.C

A|B|C! I,{B?.0|!b!gzc0O|{c}.!c.C

MI with a priori Desigiime
Knowledge

(C) 2007 Frank Puhlmann
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A=1,.A(C)
Ai(x) = (vy)bly".y!Ix".A;(y) + X.0

B =1(y).y(x).!5.y.X.0
C = C.!C.C!

The pattern vorks like a dynamic lired-list:

OOz O OO

MI without a priori Runtime
Knowledge

(C) 2007 Frank Puhlmann
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A = (vrun)!a.Ag(c) | run.!start.0

A1(x) = (vy)bly".y!x".A1(y) + Tun.x.0
B =!Ib(y).y(x).start.!5.y.X.0
C=cl!c.C’

MI with a priori Runtime
Knowledge

(C) 2007 Frank Puhlmann
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State-based Pattern:

¥ State-based patterns pare implicit
behaior of processes that is not based o
the curent case rather than the
environment or other pats of the piocess
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benv

°(8) A=14.(b0[c.0)
B = b.(beny .kill.7g .B' + kill.0)

<) €= c(Geny-Kill.rc.C' + Kill.0)

Cenv

Deferred Choice
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(W y—o(s)—+c) A=!pXyxXyA
o B = XlBVO

() 0—) c=xicy0

Interleared Parallel Routir
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A = check(X).([x = ! 'a1. A"+ [x =
B=M(L)|bm(T).!z.m(L).B’
M (X) = m(x).M (x) + check !x" .M (x)

Milestone

(C) 2007 Frank Puhlmann

" ]!AZ-A//)
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Cancelation Patterns

¥ The cancelation patterns describe the
withdrawal of one or moe processes that
represent vworkf3ow activities

(C) 2007 Frank Puhlmann
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A|E! ala.A' +cancel.0 | !!g.cancel.0

CancelActivity

(C) 2007 Frank Puhlmann
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Cancel Case

¥ The cancel case pattern cancels a whole
workf3ow instance

¥ This is equal to Cancélctivity with the
exception that all emaining pscesses
receie a global cancel trigger

(C) 2007 Frank Puhlmann
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Data Repesentation



CELL %' 1 ccell%&(CELL (" ) | CELL)

CELL1(n) %' c&CELL 1 (n) + ¢(x).CELL 1 ()

Memory Cell

(C) 2007 Frank Puhlmann
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PAIR €' 1t pair 1t".(PAIR 1 (#,#) | PAIR)
PAIR 1 (m, n) € Tim, n".PAIR 1 (m, n) + t(x, y).PAIR 1 (X, y)

Pairs]Juples

(C) 2007 Frank Puhlmann
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STACK %' I 51 empty stack! s, empty”.(STACK | STACK )

STACKg = empty.STACK + s(newvalue).tripl e(next).
nextl# . #  newalue".STACK1 (next) ,

STACK ¢ (curr) © curr (prev, test, value).(s! value".
([test = $ |STACK (prev) + [test = # |STACKg )+
s(newvalue).tripl e(next).next! curr , $ , newalue".
STACK 1 (next)) .

Stack
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QUEUE L g! empty quete"q, empty#(QUEUE, | QUEUE)

QUEUE OI:efempty.QUEUEo + g(newvalue).tripl e(newtri ple).
newtri ple"$ ,$ , newalue#QUEUE{ (newtri ple, newtri ple)

QUEUE/ (Prst, last) «© brst(next, test, value).(q"value#
([test = ! ]JQUEUE] (next, last) + [test = $ JQUEUE()+

g(newvalue).tripl e(newtri ple).newtri ple"$ , $ , newalue#

last(oldnext, oldtest, oldvalue).last"newtri ple, ! , oldvalue#
QUEUE, (Prst, newtri ple) .

Queue
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= s(x)., .1 +empty.l'

Descructie Ilterator
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vl " S

TRUFE = true"#$.TRUE FALSE = false"%$FALSE

Booleans

(C) 2007 Frank Puhlmann
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AND % cell (v).and(b1, b2, rem).b1(x).b2(y).([x = #][y = #V"#$.AND; +
[X = %V"%$AND, + [y = %V"%$AND;)

AND; ¥ (rep"v&0 | AND) .

Conjunction

(C) 2007 Frank Puhlmann
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OR % cell (v).or (b1, b2, re).b1(x).b2(y).(x = ! ][y = ! [v"1# .OR; +
X = $V'$#.0Ry + [y = $|[V'$#.0R;)

OR; «© (rexp"v#£0 | OR) .

Disjunction

(C) 2007 Frank Puhlmann
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NEG %= neg(b, re) true (£).false( £).b(z).(
([b = {Jrep"falset0+ [b = frep true#0) | NEG)

Negation

(C) 2007 Frank Puhlmann
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BYTE 4» &
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(L, L, T,1,T,1,T,1)

byte42' ;1 [$,! ,$,! ,$,1# BYTE 42

Bytes
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Further structures

¥ More structures ae possible:

¥ Natural rumbers based on extended
queues

¥ Lists using naturalumbers as indices

(WhY”)

(C) 2007 Frank Puhlmann

53



Workf3ow Data
Patterns



Environment

Process

Complex Activity

Data Lgers

(C) 2007 Frank Puhlmann
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BPMS Data Environment
\ P

Process
Instance Data

Pi-Calculus
System

Activities

Activity Internal Data

Activities and Data
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Some Sample
Data Patterns

¥ Activity data

¥ Complex activity data

¥ Scope data

¥ BPMS data

¥ Data interactionActivity to Activity

¥ Data interactionComplex activities
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Activity Data

¥ Data elements can be debneg &ctivities
which ae accessible onlwithin the
context of individual egcution instances c
that activity:

A= 1x cell(6).".0

(C) 2007 Frank Puhlmann
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ComplexActivity Data

¥ Complex activities a@ able to debne data
elementswhich ae accessibleybeach of
their components:

c¥ quele(qg,e).(A | B)
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Scope Data

¥ Data elements can be debned whick ar
accessibleya subset of the activities in ¢
process instance:

| 2 (A|B|!z(C|D))

(C) 2007 Frank Puhlmann
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BPMS Data

¥Data elements a suppoted which ae
accessible to all components in each an
every process instance andewithin the
control of the business j@cess
management system (BPMS):

BPMS i stack(s, €).(Penact) @NA Pyt ief start.(P | Penact)
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Data Interaction:
Activity to Activity

¥ The ability to comrnicate data elements
between one activity instance and anoth
within the same pocess instance:

P £ vd (cell(a).7.d!a".0 | d(x).7.0)
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Data Interaction:
ComplexActivities

¥The ability to pass data elements tafin a
complex activity:

c % dx).(A | B)

CE 1c11eo (cell(u).".cI'u".0 | v ".c2Iv".0 | c1(X).c2(y).d!x, y".0)
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