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Managing Flexibility and Evolutlon Challenges in

Process-aware Information Systems
Scenarios, Technologies, Tools
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Part 1: Process-aware Information Systems

Part 2: Flexibility Issues

Part 3: Flexibility Support for Pre-specified Process Models

Part 4: Loosely-specified Process Models



Process-Aware Information Systems

Welcome Offer Bill Hand over
customer Clothes Clothes clothes

Mendling 2006
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A More Complex Process Scenario
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Business Process Lifecycle
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A Lower BPM adoption maturity Higher

Higher Process

Optimization

Transformation

Compliance &
Value to consistency

shareholders and - Process
competitiveness IT agility execution
Efficiency
Knowledge

Lower modeling i | :

Workers, supervisors, and managers  CIO CFO CXO CEO
Customers and partners ===~ == =7 s >
Stakeholders Forester 2007 BPM Market Overview




Process Composer

Create Process Schema
Modify Process Schema
Check Process Schema

— Process Repository

Ay I
A " Ay Application
v Components

Process Models

Process Engineer

Process-aware Information System (PAIS)

()
=

v‘}p) o
{

Users

Late Modeling Web Cint APl Modeling APl Dyn. Change API
Admin. API Validation Authorization Time Mgmt

Msg Queuing Exceptions Audit Trail

Process Execution Engine

Instance 11
Instance 4 Instance 10
Instance 3 Instance 9 Instance 14
| Instance 2 |Instance 6 | | Instance 8 Instance 13
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A Process Model and Related Instances

Process Schema S ( ]

:L Non Operative TherapyJ

]

Patient Anamnesis &
Admission Clinical Examination

Discharge &
Documentation

Non Operative Therapy 1 J

clinicalSuspicionOf
CruciateRupture = ,Yes*

E Activity
® XOR-Split/Join
<-|> AND-Split/Join

Process Model Correctness

Execution Trace:
0, = <,Patient Admission®, ,A

(=

Activity States: A Enabled v’ Completed X Skipped

cal Examination®, ,Non Operative
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=
File Wiew SeaFlows Window Help

Jfﬁ" P [ e Condition

Ta Templatel template (changeable) &2 l constraints.sfc

[a]cT

. Example

Prior to a CT, the patient
has to be inforrmed and
after the CT the results
have to be reported to
the patient.

Consequence Part

Inform patient

E Inform P atient
Report Result

Ll

E CT < |E| Report Results

"J—] Af'tercarﬂe

Mak: int t
ake appoin menﬂ= ‘

#F20

€

</

El Properties |[21 Problems | 5 TemplateManagerview | €3 SeaFlows Constraint Check Result &2

x:ﬁ =

Constraint check result for template Templatel from 31.08.2009 10:33:36;

0 pat.., = 08

» #3 A violation of constraint number 1 in constraints.sfc has been detected.
~ @ A violation of constraint number 2 in constraints.sfc has been detected.

w & The consequence of this rule consists of multiple subterms that shall all be fulfilled, but subterm 1 is not fulfilled.

@ Activities CT and Inform patient are on different branches of an XOR block

v #3 A violation of constraint number 3 in conStgaints.sfc has been detected.

v & There are 2 reasons for this problem:

v & Problem in subterm 1: An occurrence of activity CT in an execution trace doesn't imply an occurrence of activity Inform patient in the right order,

» & An occurrence of activity Discharge Patient in an

& There are execution traces in which activity S . . .
"N The activities CT and Inform patient are on different branches of an XOR-Block

B)|

L&

wom |



4 AristaFlow Process Template Editor

File Edit Wiew Run - Search - SeaFlows  Window  Help

- = B & §|Basic Modelling w| P &® i RunTemplate | 47 i Q4 - _
&- *example_process (Source: example_proc.,.. 54 | &7 Farmulaidentifisr &7 Formulaidentifier & Formulaidentifier Condition
=3
e Prior to an examination of
i ) a patient aged beyond 75,
=H | Patient. Age = 75 | an additional tolerance test
must be performed.
3 | Process model to be checked

E xarmination

|| Consequence Part

Patiant.Age = 75

| & | Tolerance Test E xarnination

@

i}

L)
J
o

age < &0

~ Data Manipulation

i ' InsertDataE
A

Generated counterexample:
Execution path and corresponding process context violating the constraint

Age Patient
21790 2! &Patient-2

b

O ) . Admit Patient Inform Patient age? age < 50
= =1

o= Cutline | #E Dal Start (1-2) (3-4) %] (5-6) (7-8)
Theorem Identifie =

Make_new_CDn
Formulaidentifie




Levels of Process Model Correctness

Discharge

patient

Compliance
9’* Violation

Admit
patient

Make next
appointment

Semantic

Correctness
(Business Process Compliance)

Behavioral Correctness

(Soundness)

Syntactical Correctness
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User Perspective

Joe

MRT

Process Instance 15 ( . ]
:L ’IeI on Operative TherapyJ
Patient v/ Anamnesis & v
Admission Clinical Examination Non Operative Therapy 1}

Initial Treatment &
Operation Planning

]-P[ Operative Treatment

Completed

[ =) |
[ Offered H Allocated % Started
— % —
r
it

-
f Withdrawn _J

Peter

Discharge &
Documentation
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Let‘s do
the MRT

User Perspective

Process Instance I5

[

Patient v/
Admission

Anamnesis & v
Clinical Examination

)

MRT

Peter

{ ’IeI on Operative TherapyJ

Non Operative Therapy 1

Discharge &
] Documentation

Initial Treatment &
Operation Planning

]-P[ Operative Treatment

[

t Offered

) ; )
H Allocated H Started

Completed

-

Withdrawn
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User Perspective

|

Process Instance I5

Joe

)

[

Patient v/
Admission

Anamnesis &

Clinical Examination

{ ’IeI on Operative TherapyJ

v

Non Operative Therapy 1

)
)

Initial Treatment &

Ciperaifion Plrmiee H Operative Treatment

[

1 [

t Offered

Completed

1 [ d
H Allocated % Started

-

Withdrawn

Peter

Discharge &
Documentation
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User Perspective

Peter

Process Instance I5

)

{ ’IeI on Operative TherapyJ

[ Patient v/ Anamnesis & v

Discharge & ]
Admission Clinical Examination

] Documentation
J

Non Operative Therapy 1

Initial Treatment &

Ciperaifion Plrmiee H Operative Treatment

[ ) , ~

1 . (
d ted
t Offered Allocated % Started H Completed

-

Withdrawn
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Flexibility Issues
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Process Spectrum and Flexibility Needs

vestigating a crime scene

Innovation processes
Many banking and ® ©
INSUraNCe Processas Healthcare processes  Call center processes

Fully predictable,
highly repetitive

» Processes on the right side of the spectrum are mostly know intensive
- Unpredictability: Course of action depends on situation-specific parameters
- Non-repeatability: Two process instances hardly look the same

- Emergence: Future course of action depends on knowledge gained through activity execution

© M. Reichert, 2015




Variability is typical for many domains and requires that
processes are handled differently depending on the
particular context

Drivers |
Product and service variability
Differences in regulations PR
Different customer groups """""""""""""""""""""
Temporal differences .



LLooseness

» Knowledge-intensive processes cannot be fully pre-
specified, but require loose specifications

» Drivers
o Unpredictability
> Non-Repeatability
o Emergence




Adaptation

» Ability to adapt the process and its structure to
temporary events

» Drivers
o Special Situations
o Exceptions

» Anticipation of Adaptation
o Planned
o Unanticipated

© M. Reichert, 2015




Ability of the implemented process to change when the
business process evolves

Drivers
represented in
External Internal
Changing Business Context
Changing Technological Context <Design S

Real-world
Process

Changing Legal Context Technical Problems

PAIS <

Organizational Learning

Poor Internal Quality
<

provide feedback to




Flexibility Issues along the Process Lifecycle

______

Traditional ® (Schema §ica,

Process Lifecycle | SchemaSicgy..

Support (ARl
- |

Q| . ¢
3
L c
88
| @ 0 £
Process engineer/ ™~
Process administrator N Process @
. : : [ F ,
i Exefutlon L Execution
\ i og f i Instance T <5 ) e 22
_______________________ h _____,I----‘ == ::.j 5
Process AP D G
Monitoring
Process
participant
[WRW+09]
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Flexibility Needs and Technological Requirements

Flexibility Technological Requirement
Need

Variability Configuration

Looseness Loosely-specified processes

Adaptation Planned Exception Handling
Unplanned Ad-hoc Changes

Evolution Deferred Evolution Versioning

Immediate Evolution  Process Instance Migration

Poor Internal Quality = Refactoring

Organizational Monitoring, Analysis and Mining
Learning

© M. Reichert, 2015




Flexibility-By-Design




Basic Control Flow Concepts & Patterns

Transition
Tep‘m\r\—‘ ___________________ Conditions
Request Spare
MeasList[ T T T T =

cond1: . 4: Order I

_Il‘ SparePartsList. Spare Parts r® Invoice |— — —

— Repair Estimated partsMissing="Yes" | |
| Order Duration x - x 5: Repair

Car |

|
|
|
|
|
|
|
¢ } [
1: Enter
Repair Order
F

2: Determine 3: Check
' befoct Availability of -|> cond2:
Spare Parts EstimatedDuration = 1

P Service
|
|
|
|
|
|

o l S
| .

|

|

|

|

6; Provide
= Replacement

e

_—

XOR-Split!Join Default Path Data Edge

AND

Default Path
Gateway

Atomic Activity § Sequence Flow

Gateway
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Basic Data Flow Concepts & Patterns

Data Edge —

Write Access

Repair b — — — — — — — — — — — — — — — — — — — — —
Service

| |
Request o Spare |
| = Parts List |
| | | BN
| | | cond1: - 4: Order | + Invoice L
| | | _-Il‘ SDHTEFTEI’TSU_S}. ) Spare Parts r -I
Estimated partsMissing="Yes |
| | | | | Duration x Y
| | N I
| y bl
. 3: Check
1: Ente 2: DetQymnine I
. \ Availability of > cond2: - -
. Repair O | Deft Spare Parts + EstimatedD UER 6. Provide
Replacement
Car

¥

] C — -
Activity OR-Split/Join AND-3) End Not Contral Edge Default Path Data Object
{with outgoing {Sequence Flow)

Transition

Data Edge — 4 End Message
Data Object S Condition g

Read Access references with Data Obejct
SparePartsList Invoice




Expressiveness and Flexibility-by-Design
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1IVveNness an

) Express

1ssing

(M

Flexibility by Design

Event-hased -9~
Gateway |

(1) Preheat Cven

{2) Heat Cil

{3} Add Mushroom Stems

{4) Add Onions

(S) Add Salt

(6) Add Pepper

{7) Cook

(8) Transfer to Bowl along with Spinach, Toss and Cool
{9) Arrange Mushroom Caps

(10} Add Feta to Spinach Mixture

{11) Add Salt to Spinach Mixture

{12) Add Pepper to Spinach Mixture

{13) Divide Filling between Mushrooms, Bake

—{ 10 -{
11

(10 {12
(12} +1 10

(11} b

®

Event-based Gateway

_Snli i
(Deferred-Choice) XOR-SplitiJoin




Configurable Process Models
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Main idea: Merging all possible behavior in on reference
model with configurable nodes

Extension of an existing process modeling language by adding
configurable elements (e.g., activities, control connectors)

Examples: C-EPC, C-YAWL, Provop

Configurable nodes represent variation points
associated with configuration alternatives

Possible combinations of configuration alternatives can
be restriceted through constraints



Configurable Activities

© M. Reichert, 2015



Configurable Control Connectors

¢ Configurable OR Can be configured
» Configurable XOR 103 CORRECIOR

equally restrictive

» Configurable AND or less restrictive

A) Configurabie Process Model B) Derived Process Variants

configurable

Tt o
) =) [ch[sMc :

o | o %1‘3% b

control connector OR; = OR= = 'OF" OR; = OR= = XOR' OR; = ORz ="'AND" OR; = OR: ="'SEQ¢’

© M. Reichert, 2015




Configuration Requirements and Guidelines

A) Configurable Process Model

B) Valid Process Variants

Requirement 1 @
XORy ='SEQqpy v XORy="SEQyy
N

Requirement 3
(XOR: = 'SEQ1s’ = XOR3= SEQz4)
fal
(XOR, = 'SEQyy’ = XOR;3= SEQz) S

XOR,="SEQ1b'

© M. Reichert, 2015



Example of a Configurable Model

XOR, = 'SEQuy =
(ORs = "AND" s ORs = ‘SEQa)

Requirement 4
XOR, = SEQw'
Inform pafient = "ON'

Requirement 5
XOR, = SEQ., —
Transport pafient = "ON'

Requirement 6
{XOR; = "5EQ., - ORy = ‘AND' »
(XOR, = 'SEQ,, = OR, = SEQy,)

Create medical
Requirement 7 report
Transport patient = ‘ON' <=
Transport patient (retum) = 0N
Y
walidate medical
e e p——
T D o Process Process
comouadie oR Variant 54 Variant S, Variant S; Variant Sy
[0 S

© M. Reichert, 2015




Exception Handling

Planned Unplanned

Exception

Handling Ad-hoc Changes

© M. Reichert, 2015



Handling Planned Exceptions in PAIS

I will skip techniques for handling planned
] execptions in this lecture and refer to my
text book instead!

Technical >emantical

Sources
Activity 7€s

1ordered

Add Behavior
Deferred Immediate

Fixing Fixing

Deadline Expiry
Resource Unavailability

Exception-

T driven Rework

" [ Specified Exception
Inconsistency real-world /

Hanlder
PAIS i
2 Suclltlabl'e Reject Compensate
Constraint Violations andieris
chosen

Resource Patterns

Cancelling Behavior

Delegate Escalate

© M. Reichert, 2015



Handling Unforeseen Exceptions

Enforcement:
Guardrails (on a road) prevent deviation, but
also prevent anything not predicted.




Handling Unforeseen Exceptions

“Planning is helpful. If you don’t know what you want, you’'ll seldom get it. But, no matter how
well you plan, you will fare better if you expect the unexpected. The unexpected, by nature,
comes unseen, unthought, unenvisioned. All you can do is plan to go unplanned, prepare to be
unprepared, make going with the flow part of your agenda, for the most successful among us
envision, plan, and prepare, but cast all aside as needed, while those who are unable to go
with the flow often suffer, if they survive.”

David W. Jones

I’m sorry Dr. House, | can't
allow you to do that. It would
make the process invalid.

This patient has a
combination of symptoms BREAK GLASS N EMERGENGY) |

R

that requires us to do
something that has never
been tried before!

K. Swenson, 2014




User View on an Ad-hoc Process Change

Exception —
L vV
Examinations o
Examination
U Wallace, Edgar l
Check
L v v
U Smith, Karl : Lab Test
X-Ray
U Jones, Isabelle |
Explanation |*—————
Operation RisKs
| |

—
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Behavioral Changes Require
Structural Process Model Adaptations

register

patient
treat

patient

© M. Reichert, 2015



Structurally Adapting

Pre-Specified Process Models

Change Primitives
© Add node
~ Remove node
© Add edge
© Remove edge
O ..

High-Level Change Operations
© Combines a set of change primitives
© Referred to as Adaptation Patterns in the following

© M. Reichert, 2015




Structurally Adapting
Pre-Specified Process Models

Pattern AP5: SWAP Process Fragment |

- - ) Pattern PP3: Late Composition of Process Fragments
Description Twao existing process fragments are swapped in process schema S,
Example Regarding a particular delivery process the order in which requested g Description At build-time a set of process fragments is defined from which the schema of a conerete
delivered 0 fwn rietamers hag o he caranned process instance can be composed during run time. This can be achieved by dynamically
[ by specifying the control dependencies between them on the fly.
Problem Pattern AP1: INSERT Process Fragment

cal examinations are accomplished in a hospital, The exact

Description A process fragment X is added o a process schema 8. Ii_ed toa particular parcient anc! the order _in which they are performed are
s individually depending on his'her medical problems.

Example For a particular patient an allergy test has to be added to his treatment process due to a drug )
incompatibility, ants of how process fragments can be composed. To reduce the number
Problem In a real world process a task has 1o be accomplished which has not been modeled m the process e specified by the process engmeer during build time, process instances

sed from a given set of fragments.
schema so far, g 2m

: building blocks for late modeling?
agments from the repository can be chosen.
pased subset of the process fragments from the repository can be

Design Choices C.  How is the new process fragment X embedded in the process schema?
S:s:rﬂj';ﬂoi':lf;i ih';s}e 1. X is inserted between two directly succeeding activities (serial insert)
g 2. X is inserted between two activity sets (insert between node sets)
a) without additional condition (parallel insert)
by with additional condition (conditional insert)

S s Schoma § ™ Pattern PP3

rocess Fragments Sat of Constraints

Implementation

s or process fragments can be defined.

.
J

Related Patterns

seriallnsert

A at most once

[EF] Awithout D
-]

How shall the meecution
of instance 1 procead?
D is mutwally exclusive
with A 5o maybe
fragment <B,C> would
be & good chece,

!

parallelinsert

i5 [nstance |1

v v v

AHEHFM?] [ S

:.. g E‘B :

conditionallnsert

XOR-Split XOR-Join

Implementation This adaptation pattern can be realized by transforming the high level insertion operation into a
sequence of low level change primitives (e.g., add node, add edge).

© M. Reichert, 2015




Structurally Adapting
Pre-Specified Process Models

Process Model S

-
O—+ AND-Split  AND-Join XOR-Split  XOR-Join
.

MOVE ACTIVITY C TO
POSITION BETWEEN A AND B

Process Model S’ @

Snapshot Difference (Change Primitives)

01: Delete edge from A toB 05: Delete edge from C to AND-J 0%: Delete node AND-Join 13: Add edge From D to XOR-Split
02: Delete edge from B to AND-Split 06: Delete edge from D to AND-Join 10: Add edge from A to C
03: Delete edge from AND-Splitto C  07: Delete edge from AND-Join to XOR-Split ~ 11: Add edge from C to B
04: Delete edge from AND-Splitto ' 08: Delete node AND-Split 12: Add edge from B to D

© M. Reichert, 2015



Behavioral Changes Must not Violate Process
Model Soundness and Proper Instance Execution

a) Process instance | after moving activity B to the position after D

Data flow error
caused by

______ﬁ S missing data

No Proper
b) Process instance | after moving activity B to the position before A Completion
N ensured.
““““““““““““ End node can be
! ’;H' ““““ reached while B
incu:;?;‘lnw @L’f | is still enabled
| | ‘f

© M. Reichert, 2015




Behavioral Changes Require
Adaptations of the Process Instance State

[ Sy STy VG S py VG Y BN

© M. Reichert, 2015



Behavioral Changes Require
Adaptations of the Process Instance State

Process instance | after placing e 2 e ————
activity C in parallel to activity B I

© M. Reichert, 2015



Behavioral Changes Require
Adaptations of the Process Instance State

Ensuring Dynamic Correctness

activated step

Schema S: Schema S°‘:
R ----- - -

make I _ _

invoice gend invoice

B v E > - A B Hi—p E
\ / \ S /

D

\ 4

May the depicted schema change be propagated to the process instance?

Need for general correctness criterion

= State Compliance

[ReDa98, RRW08a, RRD04a, RRD04b]

© M. Reichert, 2015




Ensuring Dynamic Correctness

activated step

Schema S: Schema S°‘:
R ----- - -

make I
i i slend invoice
C invoice C |
v v - N /-_’ N
A » B v E > A > B E F

Ny ol

<A>,<B>,<D> = Trace reproducible on new schema?

More complicated: loop backs

Further challenges: - How to efficiently check for compliance?
- How to efficiently migrate process instances? [RRDO4a, RRD04b]



Process Type Level

Process Schema S

Patient Anamnesis &
Admission Clinical Examination

clinicalSuspicionOf

CruciateRupture =,

C] Activity
® XOR-Split/Join
@ AND-Split/Join

,Yes*

( ]

A 4

A 4

Sonography

~—

:L Non Operative TherapyJ

A

Discharge &
Documentation

Non Operative Therapy

)

Initial Treatment &
Operation Planning

cruciateRupture = ,Yes" and
operationindicated = ,Yes*

H Operative Treatment

Process Instance Level

Process Instance 13

Execution Trace:
0, = < ,Patient Admission“, ,Anamnesis & Clinical Examination®, ,MRT*,
X-ray“, ,Sonography“>

13 Is not state compliant
with change
Delete (13, MRT)

[ReDa98]




a) ’—ﬁﬁjtj jumpForward(CFSinstance, G, J, ...)
v E ij\ N

Solution for many fundamental
research issues!

Formal foundation of the ADEPT [,
technology!

S_— /%A° B@ ND—M# K

Nsync

b)




... and its transfer to industrial practice
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Eie Edit View Window Help

|5+ & |[pascModeling <] | Run Template

& ar. [Elace 23S [ 2 B|[& o (Source: Ordering template) 52 | = ﬁ][@fe&eﬁe\ﬁew B =8 -H_""--_._-_-..-l-""'#-.
R &

S Echongeoperatons 4|
[Woresdecion

Working on revision 2 (latest)
Main “_Identifier | d
Neme =~ -

&l B Activity Repository

® de.aristafiow.db.SQL

© de.aristafiow.exe.EXE

@ de.aristafiow. form.Form Motivation Price Artide
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#-@ de.aristafiow. tools. FileI0
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8@ ce.aristafiow.tools.net.SF _ > Attribute =
- Siminas i _:JJ =lm
g 3 o EE|
[ properties 3 |24 [Oe tview| O view < | Approve
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Node Basics ¢
Input data
. Type  Null Value .
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i| Description: — Edit.
Motivation® STRING [ [Old one is too slow.. p—
E Price™ mreeer O [1s00 %) % [ﬁ ARlSTAFLOW
supervisor ¥ y )
st ‘ | | e e e e " NextGaveraion
Business Process Management
[Close the form and store its values
1 OrderingProcess (15.05:09 16:40) (4538 ead-foed482rb2b4-coces0fcsb72) 33| Arbeitsbereich | Receive customer request and collect data (FORM)
S e T e R AL Aufgaben (1) Requests data like customer's name, street and city, the ordered product and the amount.
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Application Example I

Flexible Support of Clinical
Pathways with AristaFlow
Partners:

Jan Neuhaus, Claudia Reuter
Fraunhoferinstitut Dortmund

g i

[f§ . Instance Cha... | [T Monitoring

=)
Reload | |Last refresh at: Tue Mar 31 10:53:51 CEST 2009 Running Bl = X =2 [ Autorefreshevery S s ‘«

Superworkil
Examination
Spot-test2 (¢
Iv-WBS (2b2]
spot-test1 (]
RU-Subwork|
spot-test2 (:
Diagnostik (
1

:‘ Angemeldet als: Dr. Peter M

DB
HAAAAAAA

Behandlungsplan bearbeiten

; |
._\

XA
i A
i ! Neuer Behandlungsplan Patientenverwaltung Konktakt

Behandlungsplantyp: "Rdckenleiden” Patient: Meier, Hans *28.05.14
Behandlungsabschnitt: "Ambulante Diagnostik”

Inr Behandlungsplan

&
:5POT

Behandlungsplan Rickenleiden

Anamnese und

Radiologische Prufung der

st L] i M"_““':e Untersuchung _| Befunde Hier erhalten Sie sine Ubersicht dber hren
Untersuchung 1 persénlichen O Behandlungsplan. Durch Aus-
Instance History: - - wilhlen einzelner Behandlungsschritte werden thnen
timestamp. [ statechange [ nodetiame. [nodemo [ iteration [ agentin [agentor detailliente Informationen angezeigt
2009-03-31 10:53:14.953  NODE_FINISHED Roentgenuntersuchung 13 o ‘supervisor (-1) supervis
2009-03-31 10:53: NODE_STARTED Roentgenuntersuchung 13 o supervisor (-1) supervis
2009-03-31 10: NODE_ACTIVATED 13 o . Py
NODE FINISHED Roentgenuntersuchung? 7 o swpervisor (1) swperis V@riante auswéhlen und auf Behandlungsplan anwenden
NODE_STARTED Roentgenuntersuchung? 7 o supervisor (-1) supervis
NoDE ACTIVATED 7 o Radiologische Untersuchung einfagen Grau markierts Behandiungsschiritte konnten Sio
3 i i infii t ich aBen!
NODE_ACTIVATED 3 0 Elektrophysiologische Untersuchung einfiigen bersits erfolgraich abschlieBen
202, NODE_FINISHED 18 o
« 3 || LB b ey - - a3 — - Ihr néchster Behandlungsschritt: Termin zur
Ubernehmen _|§§ Abbruch radiologischen Untersuchung am
30. September 2008 um 14:30 Uhr be|
Or. Schrader (0 mehr Informationen),

anagemen Arztsystem




Application Example I

®

Process-aware, Cooperative Emergency Management for Water Infrastructures
Partner: TU Darmstadt

ARISTAFLOW

Next Generasion
Business Process Mscagement
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Process Evolution

"It is not the strongest
of the species that
survives, nor the most
intelligent that survives.
It is the one that is the

most adaptable to
change."

Charles Darwin




Drivers

represented in

External

Internal
Changing Business Context

Changing Technological Context Design Errors

4,
Changing Legal Context Real-world Technical Problems

Process <+

Organizational Learning

Poor Internal Quality
4,

provide feedback to



Process Evolution

Schema S
standard customer |
» Create Offer

Enter
Check
Customer o
{ Request | Feasability

SC rez::l Request
gold Sffor Approval special offer

customer approved

opecial offer not approved

Submit
Tender

by applying change Ag with
S evolves to S’ AgS =<Delete (S, Create Special Offer),

\/ Delete (S, Request Approval)>

Schema §’
Enter Check Submit
(Iiéjesézgn;r Feasability Create Offer Tender
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Change Support Features

Schema Evolution, Version Control and Instance Migration

» Schema Evolution
o Changes at the process type level

» How to deal with running instances when adapting the
original process schema?
o Scenario 1: No version control
o Scenario 2: Co-existence of instances of old / new schema
o Scenario 3: Change propagation and instance migration

© M. Reichert, 2015




Schema is overwritten and instances are migrated

Type change overwrites schema S

Process Schema S

(B 1 o

< ( D }—IAND-Join1
AND-Split1

Insert X between A and B Process Schema S’
Insert Y between C and AND-Joinl

:> (AP (X (B

Schema Evolution

Process Instance 11

A
(B8] o"o
(D}
Process Instance 12 |:>

A

Change
v v is propagated to
(B ] 9"9 all running
(D]

process instances

Inconsistent
state




Co-existence of instances of different schema versions

Type change results into a new version of schema S

Process Schema S

(B .,
(D }—TAND-Join1

AND-Split1

Insert X between A and B Process Schema S’
Insert Y between C and AND-Joinl

Schema Evolution

Old instances remain with schema S

Instances created from S (before schema evolution) Instances created from S’ (after schema evolution)

Process Instance I1

Eéé

Process Instange 12

v v
okl D
(D]

Process Instance 14




Compliant instances are migrated to the new schema

Type change results into a new version of schema S

Process Schema S

-

Schema Evolution

Migration of compliant process instances to S’

Process Instance |11

moo |:>

Propagation
of compliant
process instances
to schema S’
(incl. state adaptations)

Process InstancAe 12

‘/ v
Sty
(D]

Insert X between A and B
Insert Y between C and AND-Joinl

Process Schema S¢

Process Instance |, not compliant with S’

[RRDO44]



Integrated Lifecycle Support for Adaptive and Dynamic Processes (1)

]
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Integrated Lifecycle Support for Adaptive and Dynamic Processes (2)
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Loosely Specified Processes

» To deal with unpredictability, non repeatability and emergence loosely
specified processes keep (parts) of the process unspecified during build-time

Naone

Degree of Freedom |  Selection

\ Modeling & Composition

Behavior

Plan-driven

Iterative | Planning Approach
Ad-hoc /

Pre-defined Regions

Organizational

Information

Function
Operational
i Time
System-supported | Degree of Automation

Automated /
Decision Making and Decision Support

taxonomy of decision deferral & Experience-based

User decision
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Process Perspective

Scope Decision Deferral

Entire Process

Manual

Goal-based

Rule-based




[ate Selection Pattern

Repository of Potential

Build-time Process Model S
Placeholder Implementations

“\

Fragment 2

Run-time

g -

4

Fragment 3

Fad
f
I
1
1
1
l*h

Selected Placeholder
Implementation
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Late Selection — The Worklets Approach

Admit Treat Discharge Casuality Treatment Process Model
Patient Patient Patient
1 )
Treat Feaver C_,._h.f_>/ default
Conclusion
Test Treat true

Fever Fever

Fever = True
Treat Wound Treat Fever

Treat Abdominal Pain Wound = True

Treat Wound

Treat Fracture AbdominalPain = True

Treat Abdominal Pain
W
= false N_‘e
g Treat Labor
% Fracture = True Pregnant = True
I 4*[:] Treat Fracture Treat Labor
2 fal
§ Treat Rash alse
“g Treat Rash Ripple Down Rules
£ Treat High Heart Rate true
]
o Treat High Heart Rate

[AHE+06]
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Late Modeling

Build-time Process Model S Repository of Process Fragments

hY
"

’

i I
| !
I l
; l
| 1

S

Composed
Fragment
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Late Modeling — Pockets of Flexibility

Log
Customer Solve > x
Problem
Request

Pocket of Flexibility

| Inform
Customer

Customer Relationship Management Assign Prowde Level 2 Document
Model S Level 2 Sup ort Results
Suppon
Order Test || Order Test Order Test Constraints
912 67 166 « Any of the tests may be done, but only
one at a time
& Approve Request is required to execute
Approve Conduct o . Y,
Request } { Site Visit ] activity Conduct Site Visit

Examples of Sub-Process Fragments Producible for Placeholder Activity

Order Test
166

Order Test Order Test + Conduct Order Test Order Test
912 Site Visit 912 67

Approve
Request
Approve

912 Request

[Order Test

Order Test ‘

Conduct
Site Visit

)




Ad-hoc Composition - Declare
A) Build-time Activity Templates Constraints
4 N\ N\ N\ N\
\ijQj\R)\SJ If Tno X
4 N N\ N 7 s )
\_TJ\U)\XJKY/
B) Run-time *—o
start(P) complete(P)
® @
start(X) complete(X)
® @
start(Y) complete(Y)
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Declarative Processes

» Instead of describing exactly how
a business process should be
executed, declarative processes

O

describe the activities to be
executed

constraints prohibiting undesired
behavior

forbidden
behavior

S

deviations from
the prescribed
model

IMPERATIVE

[PSSA07]




Declarative Process Model S

----------------

_______________

----------------

_______________

_______________

_______________

_______________

_______________

NOT CO-EXISTENCE
A and B are mutually exclusive

RESPONSE
If A Is executed, B needs to
executed afterwards

Activities A

- - 5 C

p Il g I &
Constraints C
) A B \Cl
o ¢ e

_______________________

______________________

Execution trace producible on S:

o, =<A,A, D, E, A>
0, =<B, C,F E, B>
o, =<B, E, F>

Execution trace not producible on S:
C2 x
C2 x
Cl x

o, =<AC EA>
os =<B,D,C>
o; =<A,D,B,F E>




Declarative Process Model S

CTTTTYL | T NOT CO-EXISTENCE
A —— B |, _
e .. and B are mutually exclusive
) VD A b—» B ______ RESPONSE
A B C A o If A'is executed, B needs to
"""""""""""" executed afterwards
D E | F
Partial Trace Set of Enabled Activities
Constraints € <> {A,B,C,D,E, F}
A e « B |c1 W {A,C,D,E, F}
_______________________ i B is not included since partial trace
______________________ <A, B> violates constraint C1
C o— F icCc2 i <AC> {A,C,D, E, F}
______________________ ' B is not included since partial trace

<A, B> violates constraint C1




Declarative Process Model S

Activities A
A B . C
D E | F

Constraints C

____________________________________________

A —f— B
C — F |

____________________________________________

Timeline

!

Execution
Termination
Process AiB/C/D E |F
Instantiation
"1~ Activities A, B, C, D, E,
F and G are enabled
Instance I can
terminate, i.e., no >
termination
Brocess constraints violated |
Termination I T O e




Declarative Process Model S

Activities A

A B . C

D E || F

Constraints C

____________________________________________

_____________________________________________

____________________________________________

______________________________________________

Timeline

Execution -
Termination
Process B/{C{D/E|F
e 0
A started As A is executed B
I Acompleted A cannot be executed
any longer

Process
$ Termination

i
i
i
i
i
[}
\
\.

-
__________________________ =

No termination
constraint violations,
1.e., I can terminate




Declarative Process Model S

Activities A
A - C
D . F

Constraints C

______________________

______________________

______________________

_______________________

______________________

_______________________

______________________

_______________________

Timeline

v

Executing Declarative Processes

Execution o
Termination
Process BIC/D/EF
Instantiation
A started

I Acompleted A

C started

I__Q__complel;ed _______ C_|

Process

Termination

-
-
Ptag
-

Constraint violations,
1.e., I cannot terminate




Executing Declarative Processes

Declarative Process Model S

Activities A

A B | C

D E || F

Constraints C

____________________________________________

_____________________________________________

____________________________________________

______________________________________________

Execution o
Termination
Process BIC/D/EF
Instantiation
A started

I Acompleted A

C started

I__Q__Qomplel;ed _______ C_|

Timeline

E _started
I E completed  E

Process

Termination

-
-
Ptag
-

Constraint violations,
1.e., I cannot terminate

v




Declarative Process Model S

Activities A
A . C
D . F

Constraints C

______________________

_______________________

______________________

A +—f— B

_______________________

Timeline

Execution

Process

B

Termination
C/IDIE!F

Instantiation

Acompleted A

i A started

C started

I__(:__compleied _______ C_|

E_completed E

violations, i.e., I can
terminate

I E started

F started

I F completed F

Process

$ Termination




The Declare System

n[)[l. LARE Designer

Model System Window Help Composing Declarative

Processes with Declare

~work | people | data |
(0] [Somoec] (8] % %] [Q]8]S]
[ ]

e +) | ZFractures Treatment 1
— surgery @ - - — 4 rehabilitation | " R — [va | o e S
‘ ’D surgery rehabiltation
precedence
x-ray fixation e | sling | pO | mecedence| ] >0 1004 >0
| e fxason sting
not
' not co-existence
medication .. >0
| tast
Joe Smith | input
26 | input
Executing Declarative o ol
Processes with Declare | s e

van der Aalst, Pesic and Schonenberg 2009 [APS09]
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