Enabling Flexibility in Process-

Aware Information Systems
Challenges, Paradigms, Technologies
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1. Introduction

¢ Current Situation in Many C@panies
O users interact with monolithic, function-oriented application systems
o processes only in the users’ minds — with only partial knowledge of the process

1. Introduction

* Vision of SOA

o individually callable application functions (“services”)
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1. Introduction

* Vision of SOA

individually callable application functions (“services™)

1. Introduction

* Vision of SOA

individually callable application functions (“services”)
combined by explicitly defined processes
whose execution is supported by a process management system




1. Introduction

* Goals of SOA

o improvement of process quality (reduction of errors, waste time, ...)
o increased flexibility

o ...
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1.1 Need for Process Flexibility

o ... that the on-the-fly exchange of a strategically important supplier can be
reduced to the substitution of its web services by other ones?

* Do we believe ...




1.1 Need for Process Flexibility

* Or do we really believe ...

o ... that process-aware information systems (PAIS) can prescribe to a pysician
how to treat his or her patients? (see Lenz & Reichert, 2007 [LeReQ7])

1.1 Need for Process Flexibility

o that long-running engineering processes can be completely pre-modeled?

* Or do we really believe ...

= Example: Release management for E/E-
systems in a car

= 200 - 300 control devices to be
systematically tested and released

= Requires the execution of hundreds up to
thousands of processes

Concurrent engineering > complex
dependencies have to be considered

Source: [MHH+06]
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1.2 Different Aspects of Process Flexibility

very important to discriminate

flexibility at build-time flexibility at run-time

How to quickly implement or How to deal with uncertainty and
configure new processes? exceptional cases during runtime?




1.2 Different Aspects of Process Flexibility

very important to discriminate

/\

flexibility at run-time

flexibility at build-time

TITETED @R

And: What can we learn in respect to process optimizations
from these built-time configurations and run-time adaptations?

1.2 Different Aspects of Process Flexibility

Important:

Process Process
ibili I t Impl tati
Flexibility Issues Need to be mprovemen pnen el

Considered for all Phases of
Process

the Process Lifecycle
Life
Cycle

Process
Execution

Process
Monitoring




Imperative Approaches Declarative Approaches
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Getting a clear picture of flexibility issues in PAIS

Obtaining an appreciation and understanding of the unique set
of challenges that flexible processes are faced with

Knowing the particular distinguishers of flexible processes in all
phases of the life cycle

Being aware of gaps in industry needs and existing solutions for
realizing flexible PAIS

Getting a better understanding of how to ideally cope with
process changes in process-aware information systems

Challenges and requirements for flexible PAIS.

Paradigms for realizing flexible processes; e.g., adaptive process,
declarative workflow, case handling, data-driven process, etc.

Analysis of the diversity of these paradigms and discussion along
characteristic scenarios

State-of-the-art technology for enabling process flexibility (e.g.,
ad-hoc changes, late modeling)

Implementing process changes through process schema evolution
(and change propagation)

Change patterns and change features in PAIS; pattern-based
comparison of state-of-the-art technology for flexible processes




Agenda

1. Introduction

2. Flexibility Issues of the Imperative Approach to
Business Process Management

3. Pattern-based evaluation of PAIS in respect to their
ability to provide process flexibility

4. Flexibility Issues of the Declarative Approach to
Business Process Management

Flexibility Issues in Data-driven Processes
6. Summary and Outlook

Chapter 2: Flexibility Issues of the Imperative Approach ...

2.1 The Imperative Approach to Business Process Management
2.2 Capturing Variability in Business Process Models

2.3 Dealing with Uncertainty: Late Binding & Late Modeling

2.4 Handling Expected Process Exceptions During Runtime

2.5 Enabling Ad-hoc Process Changes During Runtime

2.6 Monitoring & Analyzing Flexible and Dynamic Processes

2.7 Evolving Process Schemes and Migrating Process Instances
2.8 All-in-one: The ADEPT2 (AristaFlow BPM Suite) Technology

2.9 Integrated Lifecycle Support for Adaptive and Dynamic Processes




2.1 The Imperative Approach to BPM

Different Notations for Imperative Process Modeling

O ;ﬂ L0 Petri Nets\

2.1.1 The Traditional Process Lifecycle
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Source: [WRWRO09]
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2.1 The Imperative Approach to Business Process Management

2.2 Capturing Variability in Business Process Models

2.3 Dealing with Uncertainty: Late Binding & Late Modeling

2.4 Handling Expected Process Exceptions During Runtime

2.5 Enabling Ad-hoc Process Changes During Runtime

2.6 Monitoring & Analyzing Flexible and Dynamic Processes

2.7 Evolving Process Schemes and Migrating Process Instances
2.8 All-in-one: The ADEPT2 (AristaFlow BPM Suite) Technology

2.9 Integrated Lifecycle Support for Adaptive and Dynamic Processes




2.2.1 Motivation

Process variant I: Process variant II:

d) Process variant Ill: Low risk/ costs;

Develop-
ment

Production-
Planning (PP)

(Dev.)

4) Integration of Stm.
Project Leader

Example
Change Management

7) Completion
Responsible

Quality
Department
(QDept.)

4) Integration of Stm.
Project Leader

4) Integration of Stm.
Project Leader
6

! 6) Realization

Dev.

7) Completion

7) Completion
Responsible

Standard Quality issues affected Low risk/ costs; long to realize fast to realize; affects quality issues
1) Change request 1) Change request 1) Change request 1) Change request
Applier
2) Request for Statements 2) Request for Statements 2) Request for Statements 2) Request for Statements
(Stm. (Stm. (Stm. (Stm
Responsible Responsible Responsible Responsible

6b) Undo Realization

7) Completion
Responsible

2.2.1 Motivation

Standardized Process

i Wariant 1: i

Conclusion: Many processes with different variants,

depending on the process context.

Variant 3:
Fast Run and
Security Critical
Repair

y

A

Example:

Vehicle Repair Process




2.2.2 Configuring Process Variants in Existing BPM Tools

Multi—ModeE Solution

[d) Variant 3: Fast Run and security-critical Repair
i ¢} Variant 2: Security-critical Repair
|b) Variant 1: Fast Run
i Proces

Conclusion: Both approaches can be supported by commercial
BPM tools, but do not enable transparent and explicit
Sin management of process variants

Standard or
Variant 2 Variant 2 or

YVariant 3

Variant 1
or Variant 3

2.2.3 Parameter-driven Process Configuration (1)

Idea: Configuring variants by switching off paths in the master model

= Parameter driven

O o &) &

QO trip-category = “adv”

O duration < 2 weeks

O total cost <5K

Rosemann & Aalst [RoAa07]




2.2.3 Parameter-driven Process Configuration (2)

2.2.3 Parameter-driven Process Configuration (3)




2.2.3 Parameter-driven Process Configuration (4)

2.2.4 Questionnaire-driven Process Configuration

guestion
q. | Ors . a, ‘
[V]Fact 5 — . fi zl \__/'
cts

[V]Fact6

questions

actions configured system




2.2.5 Context-driven Process Configuration in Provop (1)

» Observation: Process variants can be created by
adapting a common reference model

Base process & S am

INSERT FRAGMENT DELETE FRAGMENTE
IF country = Austria IF brand = Smart

- e
Derived process >
rod pro -*_J*J-{:j?- e

J Variant specific
adjustments

2.2.5 Context-driven Process Configuration in Provop (2)

Hallerbach, Bauer & Reichert [HBR08, HBR09b, HBR09c]
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2.2.5.1 The Provop Approach: " Confext o ONBIE
. ) ontext variable Value range IE Security critical = , Yes
Context-aware Selection of Options

Maintenance Yes, No THEN Maintenance <> ,,No

Security critical [Yes, No

|Base Process with Options

Reception Diagnosis Repair Maintain

~ | DELETE Process fragment N [ INSERT

< c

£ m CONLEXIEELNRENCY ) CONTEXT DEPENDENCY:
g K PWIIF Maintenance = “No” g_ l? PPIF Security critical = “Yes”

selecting and applying

IProcess Family
Variant 1:
(Option 1)

change options

CURRENT CONTEXT:

Maintenance = “No”

Variant 3: CURRENT CONTEXT:

(base PI'OCQSS) Maintenance =“Yes”

Security critical = “No”

Security critical = “No”

Diagnosis Repair

Reception Diagnosis Repair

Variant 2: | CURRENT CONTEXT: Variant 4: CURRENT CONTEXT:
(Option 2) | Maintenance = “Yes” (Option 1, Maintenance = “No”
Security critical = “Yes” Option 2) Security critical = “Yes”

Reception Diagnosis Repair

Invalid context description

=> no process variant required

2.2.5.2 The Provop Approach: Constraining the Use of Options (1)

|Base Process with Options

Reception Diagnosis Repair Maintain Hand Over

DELETE Process fragment

INSERT  § Process fragment

Option 1

M < Option Constraint:

Apply 1 out of 2 Options <

Option 2

selecting and applying
change options

IProcess Family

Variant 1:
(Option 1)

Variant 2:
(Option 2)

Reception Diagnosis Repair Reception Diagnosis Repair

Non-compliant options => No process variants to be configured

Variant 3:

Variant 4:
(base process)

(Option 1 and Option 2)

Reception Diagnosis Repair

Diagnosis Repair




2.2.5.2 The Provop Approach: Constraining the Use of Options (2)

Select Options for graphical Constraint Definition |z| Graph of Constraints |X|
R . N\ .
Defined Dptions Selected DOptions Optlon 1 |« =) Optlon 5
Option 2 Option 1

Option 4 Option 3 Q Q
Option 8 select | Option 5 H Q'P H

2| | Option 7 [ option 3 |«-{ Option 6 |+-{ Option 7
deselect —
il C Palette of Constraints |£|

Implication Min. n out of m
1

Mutual Exclusion m:(ZE

Max. n out of m
1

Application Order m:@a

Hierarchy 4

—H— a(=»

2.2.5.3 Provop: Guaranteeing Soundness of Configured Variants (1)

Problems and Premises:

» Soundness of configurable process variants has to be ensured considering
» context dependencies

» option constraints
» syntactical correctness notions
» Several different process meta models with specific soundness and correctness criteria
» generic approach needed
» using existing verification techniques

Solution: Meta model independent framework to guarantee soundness of a process family

Step 1: Step 2: Step 3: Step 4: Step 5:
Identify Calculate Check whether Apply Check

valid context corresponding options comply option set soundness of
descriptions sets of options with constraints to base process variant models




2.2.5.3 Provop: Guaranteeing Soundness of Configured Variants (2)

Step 1: Step 2: Step 3: Step 4: Step 5:
Identify Calculate Check whether \\ Apply Check

valid context corresponding options comply // option set soundness of
descriptions sets of options with constrain to base process// variant models

Context model CONTEXT RULE:

Context variable Value range IF Security critical = ,,Yes”
Yes, No THEN Maintenance <> ,,No”

Maintenance

Security critical |Yes, No

Maintenance

@
@

$ Security critical

~e® wo
Hallerbach et al. [HBR09a]

2.2.5.3 Provop: Guaranteeing Soundness of Configured Variants (3)

Step 1: Step 2: Step 3: Step 4: Step 5:
Identify Calculate Check whether \\ Apply Check

valid context corresponding options comply // option set soundness of
descriptions sets of options with constrain to base process// variant models

Context model CONTEXT RULE:

Context variable Value range IF Security critical = ,,Yes”
Yes, No THEN Maintenance <>, No”

Maintenance

Security critical |Yes, No

Invatid

Maintenance ontext description

No Valid context descriptions

Yes
Security critical

~e® wo
Hallerbach et al. [HBR09a]




2.2.5.3 Provop: Guaranteeing Soundness of Configured Variants (4)

Step 1: Step 2: Step 3: Step 4: Step 5:
Identify Calculate Check whether \\ Apply Check

valid context corresponding options comply // option set soundness of
descriptions sets of options with constrain to base process// variant models

Option set 1: Option set 2: Context dependencles:
Option 2 Base process

CONTEXT DEPENDENCY:

Maintenance IF Maintenance = “No”

Option set 3:

No Option 1

CONTEXT DEPENDENCY:

IF Security critical = “Yes”

Yes

Security critical

~e® wo
Hallerbach et al. [HBR09a]

2.2.5.3 Provop: Guaranteeing Soundness of Configured Variants (5)

Step 1: Step 2: Step 3: Step 4: Step 5:
Identify Calculate Check whether Y\Wa\e]sl)% Check

valid context corresponding [o]olufe]aIYwe]0alo]\VA¥ / Option set Soundness of
descriptions sets of options WigRelaSielaly /  to base process// variant models

Option set 2:
Base process

Option set 1:
Option 2

Option constraints:

Option constraint:
Apply 1 out of 2 Options

Maintenance

Option set 3:

No Option 1

Yes

Security critical

~e® wo

Hallerbach et al. [HBR09a]




2.2.5.3 Provop: Guaranteeing Soundness of Configured Variants (6)

Step 1: Step 2: Step 3: Step 4: Step 5:
Identify Calculate Check whether Y\Wa\e]sl)% Check

valid context corresponding options comply Jae]eile]aRL:E soundness of
descriptions sets of options WigReaSielaly /  to base process// variant models

Option set 1: Option set 2:

Option constraints:

Option 1 Option constraint:
Mutual Exclusion

Option 2 Base process

Maintenance

No

Yes

Security critical

~e® wo

Hallerbach et al. [HBR09a]

2.2.5.3 Provop: Guaranteeing Soundness of Configured Variants (7)

Step 1: Step 2: Step 3: Step 4: Step 5:
Identify Calculate Check whether Y\Wa\e]sl)% Check

valid context corresponding [o]olufe]aIYwe]0alo]\VA¥ / Option set soundness of
descriptions sets of options WigRelaSielaly /  to base process// variant models

Option set 1: Option set 2:

Option constraints:

Option constraint:
Mutual Exclusion

Option 2 Base process

Maintenance

Option set 3:

No Option 1

Yes

Security critical

~e® wo

Hallerbach et al. [HBR09a]




2.2.5.3 Provop: Guaranteeing Soundness of Configured Variants (8)

Step 1: Step 2: Step 3:
Identify Calculate Check whether

valid context
descriptions

corresponding
sets of options

/——V Variant 1:

Option set 1: Option set 2: \

options comply
with constrain

Option 2 Base process

Variant 2:

Ne® Wo

Hallerbach et al. [HBR09a

Receptior

Step 4:

Apply

option set

to base process

Step 5:
Check

soundness of

variant models

Maintenance = “Yes”

CURRENT CONTEXT:

security critical = “Yes”

Receptiol Diagnosi Repair Maintai .

security critical = “No”

Repair

Diagnosis

Final
Check

Maintenance CURRENT CONTEXT:
Maintenance =“Yes”
Obtion set 3 security critical = “No”
Option set 5
Yes : .
o Variant 3: [ ) RRENT CONTEXT:
p Security critical Maintenance = “No”

Hand
Over

2.2.5.3 Provop: Guaranteeing Soundness of Configured Variants (9)

II Variant 1:

» Depends on soundness criteria of 75 Variant 2:
underlying process meta model @
» Using meta-model specific

soundness checking algorithms

Ii Variant 3:

Hallerbach et al. [HBR09a]

Step 1: Step 2: Step 3: Step 4:

Identify Calculate Check whether \\ Apply

valid context corresponding options comply // option set

descriptions sets of options with constraints/ to base process
CURRENT CONTEXT:

Maintenance = “Yes”
security critical = “Yes”

. ' . . o, | Final
Receptiol Diagnosigg Repair Maintai

CURRENT CONTEXT:
Maintenance =“Yes”
security critical = “No”

Receptio Diagnosi Repair Maintai

CURRENT CONTEXT:
Maintenance = “No”

security critical = “No”

Step 5:
Check

soundness of

variant models

Hand
Over

Hand

Over




2.2.5.4 The Provop Approach: Proof-of-Concept Prototype

Source: [RRH+09] T d—

A

Chapter 2: The Imperative Approach ...

2.1 The Imperative Approach to Business Process Management

2.2 Capturing Variability in Business Process Models

2.3 Dealing with Uncertainty: Late Binding & Late Modeling

2.4 Handling Expected Process Exceptions During Runtime

2.5 Enabling Ad-hoc Process Changes During Runtime

2.6 Monitoring & Analyzing Flexible and Dynamic Processes

2.7 Evolving Process Schemes and Migrating Process Instances
2.8 All-in-one: The ADEPT2 (AristaFlow BPM Suite) Technology

2.9 Integrated Lifecycle Support for Adaptive and Dynamic Processes




2.3 Dealing with Uncertainty

. placeholder activity, which
~ needs to be refined during |

run-time

During run-time process
fragment is selected based
on predefined rules or user

decisions




Process model contains
placeholder activity, which
needs to be refined during

Sadiq et al. 2005 [LuSa06, LuSa07a, LuSa07, SSO05] run-time
Process T
Type Process Schema § .. e Activity Template Repository
Level ,,:——:—’—“:f‘é’ C—/ P Q R
A B -+ +— E = F + S T U
L, D 1 X Y
Constraints
If T no X
Process C SN
Instance v - l [ P = Q —R ] ‘
Level A B X+ +—> E = F _ _ S
—————————— : |—> D —T - : \;
7 e L
P> Q—R oy | ) )
<. During run-time process |
Process fragment is - fragment is modeled out of |
‘ BN fragment 5 checked for correctness existing activity templates

by considering constraints

dynamically bound

2.1 The Imperative Approach to Business Process Management
2.2 Capturing Variability in Business Process Models

2.3 Dealing with Uncertainty: Late Binding & Late Modeling

2.4 Handling Expected Process Exceptions During Runtime

2.5 Enabling Ad-hoc Process Changes During Runtime

2.6 Monitoring & Analyzing Flexible and Dynamic Processes

2.7 Evolving Process Schemes and Migrating Process Instances
2.8 All-in-one: The ADEPT2 (AristaFlow BPM Suite) Technology

2.9 Integrated Lifecycle Support for Adaptive and Dynamic Processes




2.4 Handling Expected Process Exceptions During Runtime

2.4.1 Some Examples of Exception Types




2.4.2 Activity Failures

Failure!

Activity A Activity B Activity C

« During the execution of a process instance a corresponding activity might fail
(e.g., for semantical reasons or technical problems with an application service)

+ When such a failure occurs, usually, the process instance cannot be continued as
planned, but an exception handling is needed — Examples:

Controlled abortion of the process instance
Backward Forward Recovery (e.g., using compensation techniques)

« In the following we exemplarily discuss exception handling techniques provided in
WS-BPEL (Business Process Execution Languge for Web Services)

2.4.2.1 Dealing with Activity Failures through Compensation

Abort!

The SAGAS concept

normal processing

h~
h
Commlt

Commit Comm|t

Compensation 1
Information \
Be Cec
Abort Transaction
\ (Rollback Work)

: Compensation Compensation Compensation
ready! of A of B ) of C Rollback

-

<

Garcia-Molina & Salem 1987 [GaSa87]




57

Failure!

Activity A Activity B Activity C

N N J H_/

(optional) compensation of handling the
committed activites activity failure
CompensationHandler FaultHandler

58

Scopes provide a context Q
which influences the

=
execution behavior of its
enclosed activities 1| Sscope

Local declarations: partner
links, message exchanges, g
variables, correlation sets / [Slscope

Local handlers: event
handlers, fault handlers, a |
termination handler, and a \
compensation handler

7

process

BE

| scope

I

EE

primary activity

Isolated scopes provide
control of concurrent access

L=fscope
-
to shared resources

J

Termination handler to deal with

forced scope termination
(external faults)

Compensation handler to undo

persisted effects of already
completed activities




2.4.2.3 Fault and Compensation Handling in WS-BPEL

4 . N\
=4 process
~ ~ fault
@ scope | 4. Compensate 7 handler
Provioss it compansate
compensate
compensation ulr B
5. Propagate handigl
compensation 3. The fault triggers
handies the process-level
> fault handler
invoke compensation
.- 6. Undo work handler
. in reverse order
,::? invoke ( ) C? invoke
, : L
1. Do some work (successfully invoke two services) «o  invoke
A J
2. Invoke another service
(throws fault)
\_ J

1> This example shows the default compensation behavior supported by BPEL; i.e., a completed scope is com-

2.4.2.4 Nested Fault Handling and Compensation in WS-BPEL

52‘ Process

f \1
(— e N
fault
e = sequence N | handler
[ notify
manager
compensation fault
handler handler
ﬁ-“ compensate
m»  charge o refund
‘= credit card 7 customer
/ :
) ’
o J
J




Example: Events in ActiveBPEL

With an EventHandler the termination of a process
instance and the compensation activities required in
this context can be triggered!

1. When the event handler receives an order
cancellation message, it throws a fault to the fault
handler.

2. The fault handler executes a compensate activity
for the previously completed scope to which it is
linked.

3. The compensation handler for the completed

scope rolls back the work of the
InvokeOrderInventory Service.

Source: activebpel.org

2 Invoke

\ /) Scopelne

Y Fault Han 27 Ewvent

,‘) Compensate T ) Throw

Seguence

" ReceiveP0O

> IrvokeCrderlnventory

() scopednes

3

1) Compensation

Sequence

2 | Can celOrderlnventory

Reply/CancelOrder

2.1 The Imperative Approach to Business Process Management

2.2 Capturing Variability in Business Process Models

2.3 Dealing with Uncertainty: Late Binding & Late Modeling

2.4 Handling Expected Process Exceptions During Runtime

2.5 Enabling Ad-hoc Process Changes During Runtime

2.6 Monitoring & Analyzing Flexible and Dynamic Processes

2.7 Evolving Process Schemes and Migrating Process Instances
2.8 All-in-one: The ADEPT2 (AristaFlow BPM Suite) Technology

2.9 Integrated Lifecycle Support for Adaptive and Dynamic Processes




2.5 Enabling Ad-hoc Process Changes During Runtime

Expected Exceptions

i

P

i
HiipE

B
i i
e

i
i

i
i
i
i
i
i
i
i
i

B
i i

e
S

s
i

Exception Handler

i
i

[ReDa98, ReDa09]

2.5.1 User View on an Ad-hoc Process Change

Exception —

Wir need an additional
lab test !

Examinations

Examination

U Wallace, Edgar

Lab Test

U Smith, Karl

X-Ray

U Jones, Isabelle ‘

Explanation | +———
Operation Risks

User View on an Ad-hoc Change!




Process Type Level

Process Schema S

J 1

Patient

Anamnesis &
Admission Clinical Examination

e SEsEeer ™ |
CruciateRupture = ,Yes"
() Activity
® XOR-Split/Join
<"> AND-Split/Join

Sonography

H
[soragon

rLNon Operative TherapyJ

Discharge &
Documentation

1]

Non Operative Therapy

Initial Treatment &
i Operation Planning
cruciateRupture = ,Yes"“ and
operationIndicated = ,Yes*

]-{ Operative Treatment

Process Instance Level

Process Instance |1

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

Process Instance 12

Execution Trace:
0, = < Patient Admission“>

Process Type Level

Process Schema S

J 1

Patient
Admission

Anamnesis &
linical Examination|

e [

clinicalSuspicion0f
CruciateRupture = ,Yes"

() Activity
& xOR-Splitioin
&> AND-Spliitoin

Sonograpt

Process Instance Level

Process Instance |1

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

rLNon Operative Therapy

J

Non Operative Therapy

Discharge &
Documentation

1

)

For patient ,Miller the MRT
activity needs to be skipped
due to his cardiac pacemaker.

1 —T U P

Execution Trace:
0, = < Patient Admission“>




Process Type Level

Process Schema S {Non Operative Therapy}

Discharge &
Documentation

)

Non Operative Therapy J

CruciateRupture = ,Yes"

Patient Anamnesis &
Admission Clinical Examination
.'.'

clinicalSuspicionOf
Sonography

C] Remy Initial Treatment &
® XOR-Split/Join § Operation Planning
cruciateRupture = ,Yes"“ and

<"> AND-Split/Join operationindicated = ,Yes*

]-{ Operative Treatment

Process Instance Level

Process Instance |1 Process Instance 12

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

High level of abstraction

Correctness of instance changes

User assistance & change reuse

Controlling access to process change functions
Concurrency Control

Application Programming Interfaces




High-level vs. Low-level Change Operations

ST

»m)

High-level Change Operation

1 High-Level Change Operation

parallelInsert

[WeRR07, WeRRO08]

(S, B, A)

—)

Insert B parallel to A

Add Node
Move Edge
Add Edge

Change Primitives

9 Change Primitives

(3x)
(2x)
(4x)

S: original process model

D] AND-Split D XOR-Split
|]:| AND-Join 4:' XOR-Join

W=

S[A1>S1 ) A1=MOV8 (S, C, A, B

S1: model after change A;

Snapshot difference

Change Primitives
delEdge(A,B); delEdge(B,C); delEdge(B,D);
delEdge(C, 1); delEdge(D,T); delEdge(t,E);
delEdge(T, F}; deINode(T); addEdge(A,C);

addEdge(C,B); addEdge(B,D); addEdge(D,E);

addEdge(D,F); updateNodeType(D,
XorSplit); updateNodeType(B, empty);

So: model after change A,

Change Primitives

delEdge(StartFlow,A); delEdge(A,B);
delEdge(B,C); addEdge(B,A);
addEdge(A,C); addEdge(StartFlow,B)

High-level change operations guarantee soundness
High-level change operations provide richer syntactical meanings
The number of changes are more meaningful

;




2.5.3.1 Enabling Ad-hoc Changes at High Level of Abstraction (3)

Insert X between
Mbefore = {C, D} and Maﬂer = (F}

Step 2: Insert X parallel to this block

o x L
> X

NT= NULL NT= NULL

o
b T Ei?ll! P

Schritt 3: Insert sync edges

J v L
-J el - A

NT= NULL f NT= NULL

2.5.3.1 Enabling Ad-hoc Changes at High Level of Abstraction (4)
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Process Type Level

3

Non Operative TherapyJ
=B
..

Sonography

Process Schema S

Patient Anamnesis &
Admission Clinical Examination

clinicalSuspicionOf
CruciateRupture = ,Yes*

)

Discharge &
Documentation

|

Non Operative Therapy 1J

() Activity

Initial Treatment &
® XOR-Split/Join

5 Operation Planning
cruciateRupture = ,Yes" and
<"> AND-Split/Join operationindicated = ,Yes*

]0[ Operative Treatment

Process Instance Level

Process Instance 13

I3 is not compliant
with change
Delete (13, MRT)
03 = < ,Patient Admission®, ,Anamnesis & Clinical Examination®, ,MRT*,

JX-ray“, ,Sonography“> [Re D398]

Execution Trace:

Ensuring Dynamic Correctness

activated step

Sch S: Schema S*
ehema @ T  invoice B
[E—F |

A make i
v v
,

invoice s-':end invoice
1
— a
bl

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

> Need for general correctness criterion

> Trace Equivalence & Compliance
[ReDa98, RRW08a, RRD04a, RRD04b]




2.5.3.2 Correctness of Process Instance Changes (3)

Trace Equivalence & Compliance

Schema S: Schema S*:

------ invoice [EIEE
make !

1
| L
invoice s:end invoice

ém — |

execution log (trace) of instance | on S (simplified):

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

More complicated: loop backs (see: S. Rinderle, M. Reichert, P. Dadam: Flexible Support of Team Processes By
Adaptive Workflow Systems. Distributed and Parallel Databases, 16(1):91-116, 2004)

Further challenges: - How to efficiently check for compliance?
[RRDO04a, RRD04b]

- How to efficientli miirate irocess instances?

2.5.3.2 Correctness of Process Instance Changes (4)

How to efficiently Check For Compliance? — The ADEPT Approach

make , v send
invoice invoice

i Instance | compliant with
Modified Process Schema

Change Operation A ... ... and related compliance conditions




2.5.3.2 Correctness of Process Instance Changes (5)

2.5.3.2 Correctness of Process Instance Changes (6)




So far, we have only considered compliance of
(modified) process instances with syntactical

constraints

Also important: Ensuring compliance of
(modified) processes with semantical
constraints = SeaFlows [LRD+09]

SeaFlows: Supporting Semantic Constraints in Adaptive Process Management Systems

Semantic
constraints

%

Process composition

Assigning semantic
constraints to
process templates

Age:lnt  Toler:

SY Constraint violations:

high risk 2Pt nts Id r than 75:
patients lab test missing ..
— Age: 27 Tolerance: Boo
A ,i
v ql A/
~ Mﬂih

=
Process evaluation

Traceability and mining

—
Validation
log

lean

Process execution %

e

Age: 27 Tolerance: Boolean

Instance-specific
adaptations

E//J .'Elﬁiﬁ/ >
=)

[LRD+09]

Compliance validation for
process templates

Compliance monitoring
-'

¥
Compliance validation

for process changes
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The ProCycle (= ADEPT + CBRFlow) Approach for
Assisting Users in Defining and Reusing Changes:

» Annotate ad-hoc changes with information about the
reasons for their introduction

» Support users in retrieving past ad-hoc changes applied
in similar context

» Assist users in reusing a past ad-hoc change when
coping with an exceptional situation

[RWR+05, WRWR09m WRR+05, WRWO06, WWB04]

82
. . ) L Application Context Model
Memorization of instance deviations

: i ) i ) Object | Type [Min [z |
including their application context B
= Patient
age Integer 1 1
preble st Proble mlist 1 1
weight Integer i 1
= ProkksrList
diagoses Ciaghnsis 0 1000
hasPacemsker Bookan 0 1
Process Instance I, therapies Therapy 0 1000
Delete(l,,MRT) & Therapy

rL Non Operative Therapy J

Discharge &
Documentation

Patient v' Anamnesis & A
Admission Clinical Examination }

Non Operative Therapy 1

Initial Treatment & .
. . Operative Treatment
Operation Planning

pdcl = The treatment of cruciate ruptures routinely includes a magnetic resonance
tomography (MRT), an X-ray and a sonography. However, for a particular
patient the MRT may have to be skipped as the respective patient has a
cardiac pacemaker.

solcl = <Delete (S;,MRT) >

anetﬁ; { (Does the patient have a cardiac pacemaker?,
patient .problemList.hasPacemaker = ‘Yes')}

freqcl =1

Case c,




2.5.3.3 User Assistance & Change Reuse (3)

Semi-automated retrieval of similar instance deviations using

conversational case-based reasoning st
| CCBR Component

Initiate C Retri |
® nitiate Lase Refrieva @ Create List of Questions

with Possible Answers

! |

+

|

|

| @ Answer Questions with
I Answer Expressions
|

|

|

|

|

Exception for
Instance |

. |

@Add answered questions to
query qu

! |

@ Calculate Similarity and

@ Answer Question

@ Show Ranked Cases +

Process

participant <@ I Rank
List of Question with Possible Answers L\ Sl CTeER

2.5.3.3 User Assistance & Change Reuse (4)

Retrieving similar instance deviations based on the actual context

anetcl = {(Does the patient have a anetcz = {(Does the patient have fluid in the
cardiac pacemaker?, knee?, 'A significant amount'),
Patient.problemList .hasPacemaker (Does the patient have an acute
Case (o = 'Yes!)} Case C, effusion of the knee?, 'Yes')}

List of Questions with Possible Answers

Question Possible Answers
Does the patient have a cardiac pacemaker? {Patient.problemList.hasPacemaker = ,Yes‘, OTHERANSWER} ®
Does the patient have fluid in the knee? {A significant amount’, OTHERANSWER}

Does the patient have an acute effusion of the knee? | {Yes', OTHERANSWER}

Query qu’ List of Retrieved Cases for Query qu‘
Question Given Answer | () Case | Appl. Context Similarity
Does the patient have a cardiac pacemaker? | OTHERANSWER c2 B8%
Does the patient have fluid in the knee? LA significant amount' ct 0%

sim(qu, c) = 1, same(qu, gaSet,) —diff (qu, gaSet,) o
2 | gaSet |




2.5.3.3 User Assistance & Change Reuse (5)

Retrieving similar instance deviations based on the
actual context + status

List of Retrieved Cases
Case Similarity Are the instance deviations of these cases
c2 75% | c,does not have any effect, butis adjustable compliant with the process instance to be modified?
et Sg—t—eisrotcasecompitentarerotadiustate—
Process Instance |, Is Change
[ op— 3 A_ = <Delete (S;,MRT) >
Non Operative Therapy ] 1 . )
Fatent Is change r . applicable?
Adm? \lon Operative Therapy 1

Ac2=<Insert(SI, Follow-Up Examination,

Non Operative Therapy, XOR-Joinl),
Insert (S;, Puncture, Follow-Up

NO

Examination, XOR-Joinl> At;Zia;Ei:Eé H Operative Treatment
applicable?
Executiv..  YES, but no effect
Patient Admist viieeiew wnniical Examination, X-Ray, MRT

2.5.3.3 User Assistance & Change Reuse (6)

Deriving Type Changes from Frequently Occuring Instance Changes

Process Schema S

Patient Anamnesis &
Admission linical Examination

XOR-Split1

XOR-Join1

:LNon Operative Therapy J

76

Discharge &
Documentation

=

Non Operative Therapy 1

) XOR-Split2 XOR-Join2
clinicalSuspicionOf

CruciateRupture = ,Yes"

Challenge:
Position of change can vary

Initial Treatment &

i"( Operation Planning
cruciateRupture = ,Yes" and
operationindicated = ,Yes*

]O[ Operative Treatment

Case c;, freqy = 51
Case ¢, freq,, = 41
A = <Delete(S; MRT) >
Acz = «<Insert (S;, Follow-Up Examination,
_ Non Operative Therapy, XOR-Joinl),
Case 03 freq03 =35 Insert (S,, Puncture, Follow-Up
Examination, XOR-Joinl>
AC3 = «<Insert(S;, Follow-Up Examination,

Non Operative Therapyl, XOR-Join2),
Insert (S;, Puncture, Follow-Up
Examination, XOR-Join2>




2.5.3.3 User Assistance & Change Reuse (7)

Deriving Type Changes from Frequently Occuring Instance Changes

Casec, freq., = 41

anetC2 = {(Does the patient have fluid in the
knee?, 'A significant amount'),
(Does the patient have an acute
effusion of the knee?, 'Yes')}

Case ¢, freqe; = 35

anetC3 = { (Does the patient have fluid in the
knee?, 'A significant amount'),

" ; Does the patient have an acute
A, = <Insert (S;, Follow-Up Examination, ( . pati v U
: Non Operative Thera XOR-Joinl) effusion of the knee?, ‘Yes')}
p Py, ! A, = <Insert (S;, Follow-Up Examination,
Insert (S;, Puncture, Follow-Up 3 - = ti e 1, XOR-Join2)
Examination, XOR-Joinls> on Operative erapy-. ~ORTRAY 5
Insert (S;, Puncture, Follow-Up
Significant amount of fluid in knee and i ion, AOR-gelng>
acute effusion 1
Follow-Up Examination Puncture J

Process Schema S*

:LNon Operative Therapy J

Patient Anamnesis &
Admission Clinical Examination

Discharge &
Documentation

Non Operative Therapy 1

XOR-Split2 XOR-Join2

clinicalSuspicionOf
CruciateRupture = ,Yes|

Initial Treatment &
Operation Planning

H Operative Treatment

cruciateRupture = ,Yes" and
operationindicated = ,Yes*

AS = <CondInsert (S;, Follow-Up Examination, Anamnesis & Clinical Examination, Discharge & Documentation),
CondInsert (S;, Puncture, Follow-Up Examination, Discharge & Documentation>

2.5.3.3 User Assistance & Change Reuse (8)

CCBR-Tool Client ADEPT2 Client

ADEPT2 Server Interface

ADEPT2 Server

Execution Change
CCBR-Tool Server Manager Manager

Process Manager

Database Access

Proof-of-Concept Implementation

Developed as part of the ProCycle project

Case Base Process DB

funded by Tiroler Wissenschaftsfond




2.5.3.3 User Assistance & Change Reuse (9)

51, Tkl 1T - Dprestin Touslss, XCR-To0? |
1, Furcture, Eamraten, X03-Jnd

2.5.3.4 Controlling Access to Process Change Functions




Different ad-hoc changes by different users at same time
Prohibit concurrent changes
Optimistic concurrent change technigques
Pessimistic locking

Concurrency of process type and process instance
changes

[RJRO7, RRDO4c]

2.1 The Imperative Approach to Business Process Management
2.2 Capturing Variability in Business Process Models

2.3 Dealing with Uncertainty: Late Binding & Late Modeling

2.4 Handling Expected Process Exceptions During Runtime

2.5 Enabling Ad-hoc Process Changes During Runtime

2.6 Monitoring & Analyzing Flexible and Dynamic Processes

2.7 Evolving Process Schemes and Migrating Process Instances
2.8 All-in-one: The ADEPT2 (AristaFlow BPM Suite) Technology

2.9 Integrated Lifecycle Support for Adaptive and Dynamic Processes




2.6 Monitoring and Analyzing Flexible and Dynamic Processes

Schema S*:

Exception:
SkipD

Dynamic process instance |, with
Instance-specific change
a

Execution
Log

2.6.1 Execution and Change Logs

Instance 4711

Activity Event User Timestamp
Instance Started Garry 2007/09/08
Started Garry 2007/09/08
Completed Garry 2007/09/08
Started Helen 2007/09/10
Started Fritz 2007/09/11

Change Log Instance 4711 on Schema S

Change TX Applied Changes : User:Timestamp

001 InsertFragment[S;X,A,C]:Helen:2007/09/10 12:02

002 ReplaceFragment (S;C,Z):Jim:2007/09/11 09:31




Adaptive & Dynamic
Processes

Execution
Logs

Change
Logs

Process
Models

a A A

ﬁocess Mining

Example: ldentification of
typical or frequent instance
changes — pull up instance
changes to type level

> Change Analysis
i Integrated Analysis

Example: Context-dependent
Clustering of conducted changes
(Decision Mining)

Execution Analysis

Example: Remove unused

[AaWe94, ADH+03,
branches from process schema

ARW+07, AWMO04,

f'

GRR+06, GRR+08]

Lab taet

Prapara  Examine  Dallver
Potiant  patient  report

l:l Lab tast
cL(S)=(

ert(S, Lab test, Examine Patient, Deliver report),

Ny Ly
i op1 ),
-"_‘ ! El"_‘lzl“l '*'El op2:=move(S, Inform Patient, Prepare Patient, Examine Patient))

Example: Discover a meta change process
which covers all changes applied to dynamic
process instances fromégiven collection.

PNy I op3:=insert(S, xRay, Inform Patient, Prepare Patient),
[ereab= = F—[ ] opt-deletsis, xray.

Prspsra  Examins  Deliver  opS:=delete(S, Inform Patient),
patiant patient  rsport o h6:—insert(S, Inform Patient, Examine Patient, Deliver Report),
Lantsst op2 =move(S, Inform Patient, Prepare Patient, Examine Patient),
l:l op1 =insert(S, Lab Test, Examine Patient, Deliver Report))

— PN
v ~ 1l
L P e e Y
[ e=P ] L op2 =move(S, Inform Patient, Prepare Patient, Examine Patient),
op1 =insert(S, Lab test, Examine Patient, Deliver report))

Prapars  Examine  Dellver
Patisnt  patient  report

l:l Lab test

I el =(
op1 =inseri(S, Lab test, Examine Patient, Deliver report))
(oot J— ]

Prapara  Examins  Dellver
Pafiant  patiant

l:l Lab taet
cl,

6=
a op1 =insert(S, Lab test, Examine Patient, Deliver report,
opT:=delete(S, Deliver report))

Prapars  Examma  Delrve?
Patiant oatient  raoort

I:l Lab test
ol =1

Insert xRay Insert LabTest Delete Inform Pat.
(0p3) (op1) (opS5)

Insert Inform Pat.
(op6)

Delete xRay Delete Deliver report
(op4) (op7)

Dynamic processes with instance-specific changes:

20 g B o N e B e

E@—DU op1 =insert(S, Lab test, Examine Patient, Deliver report),
A

©p2 =move(S, Inform Patient, Prepare Patient, Examine
Bregars  Examine Patient),
Patent  patient  report | op7 delets(S, Deliver report))

W

I cL,{S) =
."’M "I:l op8:= insert(S, xRay, Examine Patient, Deliver report))

Prepare  Examine  Dellwer
Patient patient  regort

*Ray I:l Lab test

%j cly =1
E'_/_a\ ﬂ op2 =move(S, Inform Patient, Prepare Patient, EY Datient),
L = L op8 =insert(S, xRay, Examine patient, Deliver rep

e emme Sewre op9i=insert(S, Lab test, xRay, Deliver report))

xRay l:l Lab teat

clL,

Q
-l

nsert(S, Lab test, Examine Patient, Deliver report),

Prepare  Examine  Deilver
Patiant patient  report

Discover change process
op10:=insert(S, xRay, Examine patient, Lab test)) model from Change |Ogs

Move Inform Pat.
(op2)

[GRR+08]




2.6.4 MinAdept Project: Variant Mining

2.6.4.1 MinAdept: Basic Goal




Admitted —P>| register treatmen pay

I:I] AND-Split
[I:I AND-Join

t A=Move (S, register, admitted, pay)

e=<admitted, receive treatment, register, pay>
a) S: original process model b) S': final execution & change

» Process Bias: minimal set of change operations needed to transform a given process
model S into a model S’ -- Bias(S,S’) = {move (S, register, admitted, pay)}
» Process Distance Distance(S,S’) :
o # change operations of the bias between S and S’ -- Distance(S,S’) =1
o can measure the complexity for process change

o computation method available for ADEPT
[LRWO0Sc]

100

How to derive a reference process model by mining the a
collection of process (instance) variants which has
minimal average distance to the process variants?

O

O 0 O
When representing a process o © 0. 09 Z;vmants
(instance) variant as a “dot” in a 2- o %0 o o O,/
dimensional space, discovering a o 0 @959 oo ° 4
reference model logically 500 OO > OO o0
corresponds to finding the “center” ©5° o o
(for which the average distance is o o OO o d ©
minimal to all “dots”). o O O

Discovered
reference
model




U

[Al+{BI+C D {E] e
[AJ>{BJ+C DI+ E] Li, Reichert & Wombacher [LRW08a]

S: Original process model

@ Process Adaptations
Process Variants
(B}
su I*IEI Su: 20% |3|~|
(D]

o1=<Move (S, E, A, D) > o4=<Move (S, C, B, E) >

o]
scwA{EY 3] ssou [A1+{E] o]

il

05=< Move (S, D, E, End), Delete (S, C) >

Schema Evolution
S[A>S’ : A=Move (S, D, C, E)

o2=< Move (S, D, B, C), Move (S, E, B, C) >

S5 20 A (5] (D] s [A] 0]

o3=<Move (S, C, A, B), Move (S, E, B, D) > og=<Delete (S, B), Move (S, E, C, D)>

Average weighted distance: 1.5 changes / instance

Change Mining :
Biases after process evolution

11:30%| o' =< Move (S', E, A, D) >
(B} (D] 1< Hove (6.0.8,0)
12 15% Move (S', E, B, C) >
S’: Discovered process model

o'3=< Move (S', C, A, B) >

ve (', C, B, E) >

Is: 8% o's=<Delete (S', C) >
Is: 7% o's =<Delete (S', B)>
Average weighted distance:

When using process mining techniques, the average distances are larger: e.g., alpha,
alpha++ algorithm: 2.07; heuristic mining: 1.77; generic process mining: > 3

1.15 change!/ instance

Clustering approach does not consider the old reference model
when discovering the new one:

We cannot control the mining result, i.e., the new reference model might be
quite different from the old one.

Migration from the old to the new reference model becomes difficult!

Results can be Spagetti-like!

We would not know which change is more important than others.

Idea: old reference model may act as a “counterforce” to control
the result of our discovered model.




. , O
Original o © o
referénce- . O

Variants

e " Discovered
reference
model

Li, Reichert & Wombacher [LRW09]

Basic ldea:

1. Use current reference model as starting point

2. For all models with distance 1 to the current reference model, search for the
model fitting best to the given collection of variants!

3. If the process model found in Step 2 is “better” than the current reference
model, use it as reference model in the following

4. Repeat Steps 2 and 3 until either no better model can be found or the
allowed search distance is reached!

Needed:

e  Fitness function (How to evaluate the result?)
e Search method (How to generate the next search step?)

For details see [LRWO09]
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Possible starting point:

Can we find a model closer to
the variants by performing at
maximun two changes of the
old reference model?

[LRWOY]

2.1
2.2

2.3
2.4
2.5
2.6
2.7
2.8
2.9
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The Imperative Approach to Business Process Management
Capturing Variability in Business Process Models

Dealing with Uncertainty: Late Binding & Late Modeling
Handling Expected Process Exceptions During Runtime
Enabling Ad-hoc Process Changes During Runtime
Monitoring & Analyzing Flexible and Dynamic Processes
Evolving Process Schemes and Migrating Process Instances
All-in-one: The ADEPT2 (AristaFlow BPM Suite) Technology

Integrated Lifecycle Support for Adaptive and Dynamic Processes




Process schema has to be altered as response to changes
In the environment

Examples: regulatory changes, process improvement,
market evolution, changes in customer behavior

Process Schema S Insert X between A and B Process Schema S’

Insert Y between C and AND-Join1
[ o
7 (D J—IAND-Join1

=

AND-Spiitt .
? Schema Evolution

[ReDa08, RRD04a]

Schema is adapted to improve its maintainability, but
without altering its behavior = Process Refactoring

i Process
C > D~ E
i Schema S |_' _l

1A B B X X» G — H > |
1 :

' Le ; Process Model Smell

e LIetErR s . “Redundant Process Fragment”

' Process \

ESchemaS1|_'C_>D+E_l |_’X_>W_'V_l:

| Z KX XY —>+ e

i ) ] .

s L Lt ; Refactoring:

fCTTTTITTI T R Nttt S Extract Process Fragment

i Process \ | Process Schema S2 \

i Schema S* iil_,c_,D_,Eji

1
L A BS25G > H> 1! !
1 X X

- ¥ o i
l = F J Weber & Reichert 2008 [WeRe08]

______________________________________________________
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» Schema Evolution
Changes at the process type level

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

110

» Schema is overwritten and instances are migrated

Type change overwrites schema S

Process Schema S Insert X between A and B Process Schema S’

Insert Y between C and AND-Join1
§ o G
7 (D J—2JAND-Join1

AND-Split1

Schema Evolution

Process Instance I1 Process Instance 11

s N
(D] (D]
Process Instance 12 |:> Process Instance 12
A
Change

v v ted t v v
is propagated to Inconsistent
(A P{B] 0"0 LE (F] all running (A >X}{B ) o 0 LELE) state
(D] (D}

process instances




Co-existence of instances of different schema versions

Type change results into a new version of schema S

Process Schema S Insert X between A and B Process Schema S’
Insert Y between C and AND-Join1
AND-SpitT LD J——"AND-Joint Schema Evolution AND-Joint

Old instances remain with schema S

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

Process Instance I1 ! Process Instance 14 A

; v v v
" CECE) i (A X) H>(EP(F)
benf sl

Process Instange 12

iy, SeEre

Process Instance I5

.

v A

TN
(D}

Compliant instances are migrated to the new schema
Type change results into a new version of schema S

Process Schema S Insert X between A and B Process Schema S¢

Insert Y between C and AND-Join1
o
(D _}—TAND-Join1

o : _ AND-Join1
AND-Split1

Schema Evolution

Migration of compliant process instances to S’

Process Instance I1 Process Instance I1

A
: F N
-mogOB- |:> -

Propagation

Process Instance 12 of compliant
A process instances
AN o Process Instance |, not compliant with S’
(B <5 CoH»(E) (incl. state adaptations) 2
(D]

[RRDO4a]
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2.1 The Imperative Approach to Business Process Management
2.2 Capturing Variability in Business Process Models

2.3 Dealing with Uncertainty: Late Binding & Late Modeling

2.4 Handling Expected Process Exceptions During Runtime

2.5 Enabling Ad-hoc Process Changes During Runtime

2.6 Monitoring & Analyzing Flexible and Dynamic Processes

2.7 Evolving Process Schemes and Migrating Process Instances
2.8 All-in-one: The ADEPT2 (AristaFlow BPM Suite) Technology

2.9 Integrated Lifecycle Support for Adaptive and Dynamic Processes

114

ADEPT : Process Execution Engine
Process 11
Individually adaptable PProcesZ 4 LProcess 10 | Qe
rocess rocess
Process InStances Process 2 Process 6 Process 8 Process 13

Process 1 Process 5 Process 7 Process 12
. ! d
Process Instance i}
VAR AR

(individual) "Process Program"

[ReDa09, DaRe09, DRR+08, RDR+09, Reic00]




2.8.1 Ad-hoc Changes in ADEPT (2)

ADEPT : Process Execution Engine
Process 11
Individually adaptable Process & Process 10 rocess 14
Process Process 9
Process Instances Process 2 Process 6 Process 8 Process 13

Process 1 Process 5 Process 7 Process 12

Processl=lnstance % Y & % - ERE
4 o]

(individual) "Process Program"

Properties:

- Formal Process Meta Model (expressive + restricted enough)

- Formal Criteria for Change Correctness (incl. ,Theorems & Proofs")
- Efficient, build-in consistency checks (,no bad surprise")

- Support of a high number of change patterns

- API for accomplishing ad-hoc changes

2.8.2 Process Schema Evolution in ADEPT (1)

ADEPT Process Management System

Std Client APl Web Cint API Modeling APl Dyn. Change API
Admin. APl Role Mgmt  Authorization Time Mgmt
Msg Queuing Recovery Audit Trail

Process Execution Engine

Process 11 Create Process Template -
Process 4 Process 10 Modify Process Template N u H
Process 3 Process 9 Process 14 Check Process Template : 4
Process 2 Process 6 Process 8 Process 13 N
Process  Application
Process 1 Process 5 Process 7 Process 12 Templates Components

73

Users (5 ) R
{#ﬁ %WQ% %,}}@; @ @ Process Designer /
Process Administrator

[ReDa09, DaRe09, RRD04a]




2.8.2 Process Schema Evolution

in ADEPT (2)

ADEPT Process Management System

Std Client APl Web Cint API Modeling APl Dyn. Change API
Admin. APl Role Mgmt  Authorization Time Mgmt
Msg Queuing Recovery Audit Trail

Process Execution Engine
Process 11
Process 10
Process 9
Process 8
Process 7

Process 4
Process 3
Process 2
Process 1

Process 14
Process 13
Process 12

Process 6
Process 5

Users

SR e

Process Designer Checks Out
"Active" Process Template

Create Process Template 7
O

Modify Process Template

i P L

Check Process Template 4
Process  Application

Templates Components

Process Designer /
Process Administrator

2.8.2 Process Schema Evolution

in ADEPT (3)

ADEPT Process Management System

Std Client APl Web Cint API Modeling APl Dyn. Change API
Admin. APl Role Mgmt  Authorization Time Mgmt
Msg Queuing Recovery Audit Trail

Process Execution Engine
Process 11
Process 10
Process 9
Process 8
Process 7

Process 4

Process 3
Process 2
Process 1

Process 14
Process 13
Process 12

Process 6
Process 5

Users

¢ ¢ ¥ & &

Create Process Template

Modify Process Template
Check Process Template ol ",
Process  Application

Templates Components

Process Designer /
Process Administrator




2.8.2 Process Schema Evolution in ADEPT (4)

ADEPT Process Management System

Std Client APl Web Cint API Modeling APl Dyn. Change API
Admin. APl Role Mgmt  Authorization Time Mgmt
Msg Queuing Recovery Audit Trail

Process Execution Engine
Process 11
Process 10
Process 9
Process 8
Process 7

Process 4
Process 3
Process 2
Process 1

Process 14
Process 13
Process 12

Process 6
Process 5

Users

SR e

Process Designer Performs
Schema Changes

Create Process Template 7
O

Modify Process Template

i P L

Check Process Template 4
Process  Application

Templates Components

Process Designer /
Process Administrator

2.8.2 Process Schema Evolution

in ADEPT (5)

ADEPT Process Management System

Std Client APl Web Cint API Modeling APl Dyn. Change API
Admin. APl Role Mgmt  Authorization Time Mgmt
Msg Queuing Recovery Audit Trail

Process Execution Engine

Process 11
Process 10
Process 9
Process 8

Process 7

Process 4
Process 3
Process 2
Process 1

Process 14
Process 13
Process 12

Process 6
Process 5

Users

¢ ¢ ¥ & &

Create Process Template

Modify Process Template
Check Process Template ol ",
Process  Application

Templates Components

Process Designer /
Process Administrator




2.8.2 Process Schema Evolution in ADEPT (6)

ADEPT Process Management System

Std Client APl Web Cint API Modeling APl Dyn. Change API
Admin. APl Role Mgmt  Authorization Time Mgmt
Msg Queuing Recovery Audit Trail

Process Execution Engine

Process 11 Create Process Template -
Process 4 Process 10 Modify Process Template op u ﬂ
Process 3 Process 9 Process 14 Check Process Template J
Process 2 Process 6 Process 8 Process 13 -
Process  Application
Process 1 Process 5 Process 7 Process 12 Templates Components

R
espo"s
e

4.377 instances can be
automatically migrated

Users [ > 5 N ~ 1.117 instances have
{ﬁ?\& %WQ% {;}?@; {%?*’ @ proceeded too far Process Designer /
123 instances cannot be Process Administrator

automatically migrated

2.8.2 Process Schema Evolution in ADEPT (7)

ADEPT Process Management System

Std Client APl Web Cint API Modeling APl Dyn. Change API
Admin. APl Role Mgmt  Authorization Time Mgmt
Msg Queuing Recovery Audit Trail

Process Execution Engine
Process 11

Create Process Template - 7
Process 4 Process 10 Modify Process Template N ey

Process 3 Process 9 Process 14 Check Process Template ey

Process 2 Process 6 Process 8 Process 13 N
Process  Application
Process 1 Process 5 Process 7 Process 12 Templates Components

Users [ T N -
{#ﬁ %WQ% %,}}@; @ @ Process Designer /
Process Administrator
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ADEPT Process Management System

Std Client APl Web Cint API Modeling APl Dyn. Change API
Admin. APl Role Mgmt  Authorization Time Mgmt
Msg Queuing Recovery Audit Trail

Process Execution Engine

Process 11 Create Process Template -
Process 4 Process 10 Modify Process Template -

Process 3 Process 9 Process 14 Check Process Template L
Process 2 Process 6 Process 8 Process 13 f
Process  Application
Process 1 Process 5 Process 7 Process 12 Templates Components

Done!
4.377 instances

Users [ > R < <> have been migrated
{f?g'f %&gﬁ %,},@; %;;&f %fo to the new schema Process Designer /

Process Administrator
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Schema S: St e
confirm m:lc()‘iace i send
order ack goods i vl

I:I D—’lj_l/ confirm order
deliver goods TR GIEED co"ect\Al:I

compose order data

| =L —{ ]

deliver goods

get (g]ct\A

order data
compose order

l:
E]<é.>ﬂj By migrate E|]<: L

B B0 ?

instance not compliant with S’
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Efficient Migration of Compliant Flow Instances — Overall Picture ADEPT

> Many different

[RRDO04a, RRD09] 2 Cases
running

T GO straints

\migration not desired
migration desired

unchanged instances individually adapted instances
compliant uncompliant type and instance change are type and instance change
instances instances disjoint are overlapping

Important: compliant uncompliant compliant uncompliant

- "Reasonable" Rules instances instances instances instances

- Proper, formal Basis

- Efficient Algorithms
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ADEPT Vision: Next Generation Process Management Technology

O Shifting complexity to the process management system
O Reducing application development costs significantly

O Allowing for dynamic process changes

App.- App.- App.-
Fct. 1 Fct. 3 Fct. 4

App.-
BN E~—l Il BNiEs

| fzurrent Workflow Systoms

ADEPT2 Process Management System




2.8.4 ADEPT Architecture (Simplified)

RT
DataManager

LogManager
Persistence (DBMS)

2.8.5 ADEPT: Implementation & Spin-Off




2.8.6 Partner Projects: Spot (Fraunhofer Dortmund)

Flexible Support of
Clinical Pathways!

2.8.6 Partner Projects: Spot (Fraunhofer Dortmund)

(D Gy

Exami-

Anamnesis nation —b{ gsr:gg;r o g
La: Consider Susp!cion
specimen findings for urinary
delive 9 stone?
Labtest1 | Labtest2 I:U ) )
AND-Split D:I AND-Join

—(E&— O
|Urinary_8tone_Diagnosﬁc5 | D OR-Split (]:I OR-Join

—

Abdominal
I X-ray I

yes

——
Preparation Analysis Examination End
Uralogy Labaratory
10




2.8.6 Partner Projects: Spot (Fraunhofer Dortmund)

Patient is pregnant; Process (D,
variant ,pregnacy” is chosen yes F”b‘“c ‘“___{'g,_‘j,}’_‘,;f___f:
L e T@ i
o Anamnesis | naﬁ':: gr::; O ¥es p MRT 5— -
' u Gonskjer Susp!(:hn _____________
e fnangs [ L |)
! Labtest1 [-» Labtest2
§ & & Increased blood sugar
T : level; process variant
“_gluoose_ : ,Diabetes" is chosen

New process fragments
are inserted in parallel!

2.8.6 Partner Projects: Spot (Fraunhofer Dortmund)




2.8.7 Partner Projects: TU Darmstadt

Process-aware, Cooperative Emergency Management for Water Infrastructures

Chapter 2: The Imperative Approach ...

2.1 The Imperative Approach to Business Process Management

2.2 Capturing Variability in Business Process Models

2.3 Dealing with Uncertainty: Late Binding & Late Modeling

2.4 Handling Expected Process Exceptions During Runtime

2.5 Enabling Ad-hoc Process Changes During Runtime

2.6 Monitoring & Analyzing Flexible and Dynamic Processes

2.7 Evolving Process Schemes and Migrating Process Instances
2.8 All-in-one: The ADEPT2 (AristaFlow BPM Suite) Technology

2.9 Integrated Lifecycle Support for Adaptive and Dynamic Processes




2.9 Integrated Lifecycle Support for Adaptive and Dynamic Processes (1)

Traditional ®
Process
Lifecycle
Support

Process engineer /
Process administrator ) Process @
W Execution / Execution
L
og — —
Process
Monitoring Process

participant

2.9 Integrated Lifecycle Support for Adaptive and Dynamic Processes (2)

Lifecycle ®
Support in
adaptive PAISs

Exception:
Delete (1,, E)

Process engineer /
Process administrator ’ Process

Execution ' : ®
Execution
v; Log o Instancel, & | T a

Process

Monitoring
Change Log

Instance-
specific
Change

Process
participant




2.9 Integrated Lifecycle Support for Adaptive and Dynamic Processes (3)

............................. 7
Revised lifecycl ‘ '
evise itecycie ® Schema S*: i
. _ [
for dynamic Schema :
processes — The (A F)—>{E360->(E) :
ProCycle H I
Approach : 5 l
8 g 1
® - @ a Exception: 1
o = Delete (1,, E) 1
@ £ 1
2 = 1
Process engineer / o o 1
Process administrator ’ Process :
Execution ' :
Execution
A PN ba
N Log Instance I, ) I z :
v = 1
Process “ W ——
Monitoring / = é N ke ®  Process :
Change Log (D] (S:%Zﬂgz participant :
L-------_----------------------------------------------- ----1
@ Migrate Case Base
Memorization and
@ Derive Process Type Change B Change Reuse

ase < =

Base [WSR09, WRWR09]
Agenda

1. Introduction

2. Flexibility Issues of the Imperative Approach to
Business Process Management

3. Pattern-based evaluation of PAIS in respect to their
ability to provide process flexibility

4. Flexibility Issues of the Declarative Approach to
Business Process Management

Flexibility Issues in Data-driven Processes
6. Summary and Outlook
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» Ability to deal with process changes is among the critical

success factors for any process-aware information system
(Mutschler et al. 2008 [MRBO08])

» Several competing approaches to foster flexibility in
process-aware information systems
Adaptive workflows (e.g., [ReDa98])
Case handling (e.g., [GRAQS8])
Declarative processes (e.g., [AaPe06, PSSAQ7, )
Late binding / Late Modeling (e.g., [SSOO05])

& Unfortunate lack of methods for a systematic comparison

140

» Workflow Patterns
Control Flow Patterns (Aalst et al. 2003 [AHK+03] )
Data Patterns (Russell et al. 2004 [RHE+04])
Resource Patterns (Russell et al. 2004 [RHEAO04])

» Exception Handling Patterns (Russell et al. 2006 [RAHO06])




3.3. Qualitative Comparison of Change Frameworks

3.4 Research Methodology for Pattern Identification

« Patterns to effectively deal with exceptions,
 cope with the evolving nature of business processes and
 support users to better deal with uncertainty by deferring decisions to run-time

« Large case study in the healthcare domain including as-is and to-be models,
documentation on frequently occurring exceptions

* Process models from the automotive engineering domain with multiple model
versions

 Creation of candidate list based on literature study
» Analysis of data sources and refinement of candidate list of patterns
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Pattern AP5: SWAP Process Fragment

Pattern PP3: Late Composition of Process Fragments

rdical examinations are accomplished in a hospital. The exact

Description Two existing process fragments are swapped in process schema S.
Example Regarding a particular delivery process the arder in which requested goi| Peseription
delivered ta fwn cnetamers hae ta he swanned
Problem Pattern AP1: INSERT Process Fragment
Description A process fragment X is added to a process schema S
S Example For a particular patient an allergy test has to be added to his treatment process due to a drug

incompatibility

schema so far.

I}“’T% Problem

e — Design Choices €. How is the new process fragment X embedded in the process schema?
\ (in addition to those 1 r activities (serial insert

d hed in b X is inserted between two directly succeed
escribed in Fig. 6) N .
2. X is inserted between two activity sels (in

Implementation a)  without additional condition (paral

Related Patterns

seriallnsert

Implementation

In a real world process a task has 1o be accomplished which has not been modeled in the process

el insert
b)  with additional condition (conditional insert)

s 3 ) 8
Ca-xH{c ]

) T A witheut D
S X 5§ =
P —) Bzt
[a{BHc] parallelInsert LA (B (¢
ANDSplit ANDJois cess Instance |1
s s’ cond v v v
@ﬂ )Y CA-CE D
[A{B) conditionallnsert A {B]
XOR-Split XOR-Toin

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).

:nt individually depending on his/her medical problems,

posed from a given set of fragments

sic building blocks for late modeling?

fragments from the repository can be chosen,

)

lies or process fragments can be defined

At build-time a set of process fragments is defined from which the schema of a concrete
process instance can be composed during run time. This can be achieved by dynamically
nd by specifying the control dependencies between them on the fly.

aplied to a particular patient and the order in which they are performed are

ariants of how process fragments can be composed. To reduce the number
1 be specified by the process engineer during build time, process instances

it-based subset of the process fragments from the repository can be

cess Schema §

o Process Fragments

D[ e

Sat of Constraints

A at most once

™ Pattern PP3

Weber, Reichert & Rinderle-Ma . [WeRR08, WeRR07, RRWO08b])

Adaptation Patterns

Adding / Deleting Fragments

AP1: Insert Process Fragment
AP2: Delete Process Fragment

Moving / Replacing Fragments

AP3: Replace Process Fragment
AP4: Move Process Fragment
AP5: Swap Process Fragment
AP14: Copy Process Fragment

Adding / Removing Levels

APG6: Extract Sub Process
AP7: Inline Sub Process
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Adapting Control Dependencies

AP8: Embed Process Fragment in Loop

AP9: Parallelize Activities

AP10: Embed Process Fragment in
Conditional Branch

AP11: Add Control Dependency

AP12: Remove Control Dependency

Changing Transition Conditions
AP13: Update Condition

Decision Deferral Patterns (Patterns for Changes in Predefined Regions)

PP1: Late Selection of Pr. Fragments
PP2: Late Modeling of Pr. Fragments

PP3: Late Composition of Process Fragments
PP4: Multi-Instance Activities




3.6.1 Patterns for Decision Deferral
High = 77 T “ain
' Sp{’ Number of activity Late
o E instances can b_e specified g Composition
2 | at run-time P
@ e)\ ________________ A
S ]
& ! Late
t Modelin
2 .
] .. is i i
- Late Binding - Process model'ls |terat|yely
2 © composed during run-time
9 considering existing
z Traditional | Activities constraints
Workflow ~
Low
Low Degree of Decision Deferral High

3.7 Change Support Features

Schema Evolution, Version Control and Instance Migration
o v

Support for Instance-Specific Changes

o /

Correctness of Changes

AN

Traceability and Analysis of Changes

VAN

Access Control of Changes

Change Reuse, User Assistance

J\

Change Concurrency Control

o /

Refactoring Support for Process Models

\ v




Academic Commercial
Primitive / Pattern ADEPT2/ P YAWL +
CAKE2| HOON | MOVE | o WASA2 WIDE Worklets / Flower Staffware
CBRFlow
F Exlets
Change Primitives
PR1 - Add Node - + + + + + + + + +
PR2 — Remove Node - + + + + + + + + +
PR3 — Add Edge - + + + + + + + + +
PR4 — Remove Edge = + + + + + + + + +
PR5 — Move Edge - + - - - - - + — —
Adaptation Patterns
AlL, 2], B[1,2,3], C _ _ _ _ _ A[2], B[1], _ _ _
AP1 - Insert Fragment [L.2] C[L.2]
AP2 — Delete Fragment Al1, 2], B[1,2,3] - - - - - A[2], B[1] - - -
) A[L, 2], B[1,2.3], _ _ | _ _ _ _ _
AP3 - Move Fragment ClL2]
AP4 — Replace Fragment - - - = = = A[2], B[1] = - =
AP5 - Swap Fragment - - - - - — - - — —
AP6 — Extract Fragment A[1,2], B[3] - — - - = = - — _
AP7 — Inline Fragment A[1,2], B[2] - - - - = = = - —
AP8 — Embed Fragment in A[1,2], B[1,2,3] - - - - - - = = —
AP9 — Parallelize Activities Al1,2], B[1,2,3] - - - - - = = = —
AP10 - Embed Fragment in Conditional =
- - - - - A[2] - - -
Branch
AP11 — Add Control Dependency Al1,2] - - - - - - - - —
AP12 — Remove Control Dependencies Al1,2] — — — — - - - — —
AP13 — Update Condition A[1,.2] = = = = = Al2] = - -
AP14 — Copy Fragment - - - = = = = - - —
Academic Commercial
Primitive / Pattern ADEPT2/ P YAWL +
CAKE2| HOON | MOVE | o WASA2 WIDE Worklets / Flower Staffware
CBRFlow
F Exlets
Change Primitives
PR1 — Add Node - + + + + + + + + +
PR2 — Remove Node - + + + + + + + + +
PR3 — Add Edge - + o+ + + + + + + +
PR4 — Remove Edge - + |\ + + + + + + +
PR5 — Move Edge - + \ON = = - — + — _
Adapt, “atterns
AlL 2], B[L23,.C | _ J _ _ A[2], B[1], _ _ _
AP1 - Insert Fragment [ 2] - c1.2]

AP2 — Delete Fragment

AlL 2], B[1,2,3] —

Q

A1, 2], B[1,2,3],

APS - Move Fragment cl1.2] Most evaluated approaches

AP4 — Replace Fragment - - - - -
AP5 — Swap Fragment - - support process type level - - -
AP6 — Extract Fragment A[1,2], B[3] — — — —
AP7 — Inline Fragment AlL2], B[] - changes through change - - -
AP8 — Embed Fragment in A[1,2], B[1,2,3] - i it - - -
AP9 — Parallelize Activities A[1,2], B[1,2,3] - prl mitives - - -
AP10 - Embed Fragment in Conditional - S

Branch B T B B B
AP11 - Add Control Dependency A[1,2] - - - - - - - - -
AP12 — Remove Control Dependencies A[1,2] = = = = = = = = =
AP13 — Update Condition Al1,2] — - — — — Al2] - - —
AP14 — Copy Fragment - - - - = - - = - -




Academic Commercial

Primitive / Pattern ADEPT2/ P YAWL +
CAKE2| HOON | MOVE | o WASA2 WIDE Worklets / Flower Staffware
CBRFlow
F Exlets
Change Primitives
PR1 - Add Node - + + + + + + + + +
PR2 — Remove Node - + + + + + + + + +
PR3 — Add Edge - + + + + + + + + +
PR4 — Remove Edge - + + + + + + + + +
PR5 — Move Edge - * = = = = - + - -

Process type changes

AlL, 2], B[1,2,3], C A[2], B[1],
AP1 - Insert Fragment - - -
[L2] through change ClL.2]
AP2 — Delete Fragment Al1, 2], B[1,2,3] A[2], B[1] - - -
AP3 - Move Fragment Al Zé[lBSZS] patterns are on Iy = = - -
AP4 — Replace Fragment = \ Supported in ADEPT Al2], B[1] — _ _
AP5 - Swap Fragment - \ - - — —
AP6 — Extract Fragment A[1,2], B[3] i and WIDE Y. = - _ —
AP7 — Inline Fragment A[1,2], B[2] = = = = = = = - —
AP8 — Embed Fragment in A[1,2], B[1,2,3] - - - - - - = = —
AP9 — Parallelize Activities Al1,2], B[1,2,3] - - - - - = = = —
AP10 - Embed Fragment in Conditional - _ _ _ _ _ AL2] _ _ _
Branch
AP11 — Add Control Dependency Al1,2] - - - - - - - - —
AP12 — Remove Control Dependencies Al1,2] — — — — - - - — —
AP13 — Update Condition A[1,.2] = = = = = Al2] = - -
AP14 — Copy Fragment - - - = = = = - - —
Academic Commercial
Primitive / Pattern ADEPT2/ P YAWL +
CAKE2| HOON [ MOVE | o WASA2 WIDE Worklets / Flower Staffware
I F Exlets
Change Primitives
PR1 - Add Node - + - — = + = - - —
PR2 — Remove Node - + - - = + = - - —
PR3 - Add Edge - + - - - + - - — —
PR4 - Remove Edge - + - - - + = = = =
PR5 - Move Edge - + - - - - - — — —
Adaptation Patterns

AlL, 2], B[1,2,3], _ _ _ _ _ _ _ _ _
AP1 - Insert Fragment Cl1.2] -
AP2 — Delete Fragment A[1, 2], B[1,2,3] = - - - — - A[2], B[1] —

All, 2], B[1,2,3], _ _ _ _ _ _ _
AP3 - Move Fragment Cn2 i
AP4 — Replace Fragment - - e - = A[1], B[1] = = =
AP5 — Swap Fragment - - - ~= - = - - —
AP6 — Extract Fragment A[1,2], B[3] - = = —
AP7 - Inline Fragment A[1,2], B[2] - - — —
AP8 — Embed Fragment in A[1,2], B[1,2,3] - - — —
AP9 _ Parallelize Activities AlL2],B[L.23] | = Instance changes only - = -
AP10 - Embed Fragment in Conditional -
i - supported by few - - -
AP11 - Add Control Dependency A[L,2] = app roaches — — —
AP12 — Remove Control Dependencies A[1,2] - - - —
AP13 - Update Condition A[1,2] - \ ! = = —
AP14 — Copy Fragment = - T — : < - - =




Academic Commercial

Primitive / Pattern ADEPT2/ P YAWL +
CAKE2| HOON | MOVE | o WASA2 WIDE Worklets / Flower Staffware
CBRFlow
F Exlets
Change Primitives
PR1 - Add Node - + — = - + - - — —
PR2 — Remove Node - + - — - + - - — —
PR3 - Add Edge - + = = = + - - — —
PR4 — Remove Edge - + - - - + - - - -
PR5 - Move Edge - + DN - - - - - — —
Adaptation., “tferns
AP1 - Insert Fragment AlL, 2(;[:{3523] _ _ l— - - - = _
AP2 — Delete Fragment A[l, 2], B[1,2,3] - - - - — — A[2], B[1] —
_ AlL, 2], B[1,2,3], S .

AP3 - Move Fragment ClL2] - - - = = - = = =
AP4 — Replace Fragment - - - - - | A1l B[1] = = =
AP5 - Swap Fragment - - - - - = = = = -
AP6 — Extract Fragment Al1.2], B[3] - - - - i = = = =
AP7 — Inline Fragment Al1,2], B[2] - = = = e - N —
AP8 — Embed Fragment in A[1,2], B[1,2,3] = = = - =
AP9 — Parallelize Activities A[1,2], B[1,2,3] - - - - CAKE and WASAZ —
AP10 - Embed Fragment in Conditional - Support instance
Branch B B B - -
AP11 — Add Control Dependency AlL2] — _ = changes by means of -
AP12 — Remove Control Dependencies Al1.2] - - - - el —
AP13 — Update Condition AlL2] - — e change primitives =
AP14 — Copy Fragment - - - = = D= [ == 1 - [ — _

Academic Commercial
Primitive / Pattern ADEPT2/ P YAWL +

CAKE2| HOON | MOVE | o WASA2 WIDE Worklets / Flower Staffware
CBRFlow
F Exlets
Change Primitives
PR1 - Add Node - + — — - + - - — —
PR2 — Remove Node - + — - - + - - — —
PR3 - Add Edge - + - - - + - - — —
PR4 - Remove Edge - + - - - + = = = =
PR5 - Move Edge - + - - - - - — — —
Adaptation Patterns
AP1 - Insert Fragment AlL 2(2[15523] - - - = = = = - -
AP2 — Delete Fragment A[1, 2], B[1,2,3] - = - - - — - A[2], B[1] —
i A[L 2], B[1.2.3], _ _ | _ _ _ _ _

AP3 - Move Fragment ClL2] -
AP4 — Replace Fragment - v - - - = A[1], B[1] = = =
AP5 — Swap Fragment - = - - — - — — —
AP6 — Extract Fragment A[1,2], B[3] - ~l = = = = — — —
AP7 — Inline Fragment Al1,2], B[2] = = ] - - _
AP8 — Embed Fragment in A[1,2], B[1,2,3] - - ~ \ —
AP9 — Parallelize Activities A[1,2], B[1,2,3] - - - Ty —
AP10 - Embed Fragment in Conditional - _ _ _ _‘ i ADEPT al IOWS for _
Branch instance level changes
AP11 — Add Control Dependency Al1,2] - - - - —
AP12 — Remove Control Dependencies Al1,2] = = _ _ th rough Change patterns _
AP13 — Update Condition Al1,2] - - - I ) —
AP14 — Copy Fragment - - - = = e 1 s [ == 1 g —
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Academic Commercial
Primitive / Pattern ADEPT2 / YAWL +
CAKE2 HOON MOVE PoF WASA2 WIDE Worklets/ [ Flower | Staffware
CBRFlow
Exlets
PP1 - Late Selection of _ _ A[L,2], B B B _ A[1,2], B[1,2], B A[L,2],
Fragments B[1,2] C[2] C[2] B[1,2] C[2]
PP2 - Late Modeling of _ ALl B[], [ A[1], B[1], | A[L2], B[2], _ _ _ _ -
Fragments C[2,3], D[1] ST C[3], D[1,2] | C[2], D[1,2]
PP3 — Late Composition of B B N Tl a 5 B B 5 5
Fragments
PP4 — Multit \stance Activity = = = = = + = + +
5 Most systems only ;
; support one of the ;
§ decision deferral ;
o i patterns
. Declare supports Late i )
; Composition Alaska supports Late |
| Binding, Late Modeling |
and Late Composition
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Academic Commercial
Feature ADEPT2/ YAWL +
CAKE2 HOON MOVE PoF WASA2 WIDE Worklets / Flower Staffware
CBRFlow
Exlets
F1 - Schema Evolution, Version
Control and Instance Migration 48 1 1 1 1 82 42 S 123 &
F2 - Support for Instance-Specific | -, 1b,2b 2a 2a 2b 1b 2b lab,2ab | 1b2b 2b
Changes
F3 - Correctness of Changes + + + + + + + ° - -
F4 - Traceability & Analysis 1,23 1,2 1 1 1 1 1 1 1 1
F5 - Access Control for Changes 1,2,3 - 1,2,3 1,3 1,2,3 1 1,3 1,2,3 1,2,3* 1,2,3
F6 - Change Reuse + + = - + - - + - -
F7 - Change Concurrency Control 3,4 3 3 3 3 2 n.Ot 3 2 3
applicable

. Most advanced support for
change support features is
. provided by ADEPT2 / CBRFlow |

) Flower supports Option 2 and 3 of feature F4 only for process instance changes, but not for process type changes
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Chapter 4: Declarative Processes

» Highest degree of flexibility offered by Late Composition
as enabled by declarative approaches

» Advantages commonly attributed to declarative processes
Support for partial workflows (Wainer et al. 2004 [WBBO04])
Allow users to defer decisions to run-time (Weber et al. 2008 [WeRR08])
Absence of over-specification (Pesic et al. 2007 [PSSA07])
More maneuvering room for end users (Pesic et al. 2007 [PSSAQ7]),

4.1 Declarative Processes

» Instead of describing exactly how a business process
should be executed, declarative processes
describe the activities to be executed and

constraints prohibiting undesired behavior (e.g., selection
constraints, ordering constraints, resource constraints)

forbidden
behavior

IMPERATIVE
MODEL

Sy

deviations from
the prescribed
model

Pesic et al. 2007 [PSSAQ7]




4.2 Late Composition (1)

New Process Instance
I, is created

4.3 Late Composition (2)

As A is executed B
cannot be executed
any longer

No constraint
violations




4.3 Late Composition (3)

Constraints are
temporarily violated
as F must eventually

follow C

4.3 Late Composition (4)

No constraint
violations




4.3.1 Overriding Constraints (1)

Soft constraints can be
ignored during
process execution

4.3.1 Overriding Constraints (2)

Users terminating
process instance 11 is
informed about
constraint violation

Soft constraints can be
ignored during
process execution




4.3.2 Ad-hoc changes and Schema Evolution

| Modification may refer to
Declarative Process Model Process Instance I, = a single instance (ad-hoc |
i hange) or all process
instances (schema

- evolution)
Process Instance |, 7

rrrrr

Changes are only applied

. N - toinstances which are
: | . compliant with change
. Changed regulations L P g

require a .
] . . Pesic et al. 2007 [PSSA07]
| modification.

4.4 The Declare System
B DECLARE Designer

Model System Window Help

[ Gibprojectp k p TURES TREATMENT fractxm.. o° o [

“work [ poopl | vata |
[0 [=tcopec| m = u [a/qa]

Composing Declarative
Processes with Declare

Executing Declarative
Processes with Declare

van der Aalst, Pesic and Schonenberg 2009 [APS09]




4.5 Late Composition in Alaska Simulator (1)

New Process Instance
I, is created

P
~ User can partially

model the process
instance

4.5 Late Composition in Alaska Simulator (2)

Process Instance is
incrementally
validated




4.5 Late Composition in Alaska Simulator (3)

User resolves
problems

4.5 Late Composition in Alaska Simulator (4)

~ User starts execution
of Instance I,




4.5 Late Composition in Alaska Simulator (5)

Instance I, can be
altered at all times

4.5 Late Composition in Alaska Simulator (5)

. Execution of Instance
I, is proceeded




4.6 The Alaska Simulator

SCCOEIEEIE == == ==, ., s |s an interactive

uncertainty is

fundamental in both &8 = B I plannlng tool
domains g the plannlng ofa ' z ‘ upport

journey and the . . ..
. execution of a business ~ Selection, ordering and position
process is oriented resource constraints are

15 2k Cokmban Glacie....

o

Actions, towards a relevant in both settings
accommodations and coe i
routes correspond to I;;.,,.,.. ,_ e » Uses Journey as a
activities
- — . Information on benefits (i.e., I metaphor for

business value), cost and

duration are essential for g business [Processes

decision making

Ei : http:\\alaskasimulator.org

Weber, Zugal, Pinggera and Wild 2009 [WZP+09]

4.7 Assistance and Support for Declarative Workflows

» Declarative workflows provide a lot of flexibility to the end
user, but on the other hand require adequate user support

Process-aware

Information System Partial case,

enabled activities

Recommendation

(PAIS) i Service

<

Recommendation result
(ordered enabled activities)

uses

- Schonenberg, Weber, Aalst and
van Dongen 2008 [SWD+08]

logs




4.8 Discussion Imperative versus Declarative

Imperative Process Model (Workflow Net) Declarative Process Model (ConDec)

gWhich modelisbetter 1 1 1 1 1

e i e !

~~~~~~
<3

Lack of empirical evidence to establish

superiority

Which model is better
| understandable?

Fahland et al. 2009 [FMR+09a]
Fahland et al. 2009 [FLM+09b]

i i
i H
Y i
S ‘/

Agenda

1. Introduction

2. Flexibility Issues of the Imperative Approach to
Business Process Management

3. Pattern-based evaluation of PAIS in respect to their
ability to provide process flexibility

4. Flexibility Issues of the Declarative Approach to
Business Process Management

Flexibility Issues in Data-driven Processes
6. Summary and Outlook




Chapter 5: Flexibility Issues in Data-driven Processes

» Contemporary WfMS & Application Systems

» Case Handling

» ODbject-aware Process Management Systems

o Data-driven Process Structures

4. no control whether the

semantic goals are reached

3. no optional activites

rocess-oriented view

6. inadequate asynchronous
execution of sub-processes

make | make
reviews decision

5.1 Data Handling in Existing WfMS

2. missing or incomplete &
context information '

1. access on data only during

the execution of activities

review

. EEcover letter
generic functions 5. each process instance

is executed in isolation -

comprehensive lifecycle support

location

rating

submitted

missing data-oriented view comment
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Managing and accessing
data

Executing the right
tasks

at any point in time! at the right point in time!

hard-coded processes and ® .
hard-coded configuration facilities /
)/

0 , no (or hard coded) monitoring

g integrated access on data & processes

B no generic functions

processes dependonthe gl no comprehensive lifecycle support
underlying datastructure

of the specific domain } ]
high maintenance costs long development cycles

180

Integrated access on business data and business processes

Generic process support functions like in existing WfMS

Utilization of the relation between process and data in the
context of exception handling

independency from a predefined data structure

support of the full process lifecycle




5.4 Case Handling

v v v v
Data Data
Object 4 Object 5

Activity 3

Data Data
Object 2 Object 3

Data Data
Object 6 Object 7

Activity 1,/

mandatory data objects execute role

User 2
[AWG05, GRA08]

restricted data objects redo role

5.5 Object-aware Process Management (1)

decision confirm.
=,accept’® =true

= checked
application

applicant

Ccv decision

=,reject?
cover letter A

send

evaluation

decision

confirmation

location

comment

proposal submitted
! T : =true

review

rating
proposal
submitted




5.5 Object-aware Process Management (2)

Challenge 1:

Integrated View user Challenge 5:
Flexibili
ONo" ty
data view & process view
O
batch . O

activities
activities activities

data process

@),
Challenge 3: structure

Synchronization
object type process-type

O .
O Challenge 4:

Data-centered Paradig

Challenge 2:
Clear Granularity!

5.6 Data-driven Processes

Process




5.6.1 Data-driven Processes

: Motivation (1)
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5.6.2 Modeling & Execution (1)

Modellebene

TO

Datenmodell

Datenmodell

Life Cycle Coordination
Model

Object Life Cycles /
Life Cycle Coordination Model

Instanze

bene

Daten

Datenstruktur

struktur

Datengetriebene Prozessstruktur

Data-driven Process Structure




5.6.2 Modeling & Execution (2)

Modellebene

O

Gesamtsystem

hatSys

v

oordinatjon

Object Life Cycles /

hatKomp

nutztKomp

Datenmodell

A 4

Mddel

Life Cycle Coordination Model

v

Lije Cycle

Instanzebene

BR212, Rel. 02/08

hatSys

*
Telematik High V2.2

hatKo;np

nutztKomp

Datenstruktur

nutztKomp

Head—U{J Unit
V3.14

TV Tuner
V1.83

Data-driven Process Structure

Datengetriebene Prozessstruktur

5.6.2 Modeling & Execution (3)
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Data-driven Process Structure
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5.6.2 Modeling & Execution (4)
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5.6.4 COREPRO Proof-of-Concept Demonstrator
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