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1. Introduction

Current Situation in Many Companies

1. Introduction
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users interact with monolithic, function-oriented application systems

processes only in the users’ minds – with only partial knowledge of the process

1. Introduction

Vision of SOA

1. Introduction
4

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

Vision of SOA

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

Process Management System

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12



1. Introduction

Goals of SOA

1. Introduction
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improvement of process quality (reduction of errors, waste time, …)
increased flexibility
……

Process Management System

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12

1.1  Need for Process Flexibility1.1  Need for Process Flexibility

Do we believe 
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Do we believe …

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



1.1  Need for Process Flexibility1.1  Need for Process Flexibility

Or do we really believe 
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Or do we really believe …

… that process-aware information systems (PAIS) can prescribe to a pysician 
how to treat his or her patients?     (see Lenz & Reichert  2007 [LeRe07])how to treat his or her patients?     (see Lenz & Reichert, 2007 [LeRe07])

1.1  Need for Process Flexibility1.1  Need for Process Flexibility

Or do we really believe 
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Or do we really believe …

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

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

200 - 300 control devices to be 
systematically tested and released

R i  th  ti  f h d d   t  Requires the execution of hundreds up to 
thousands of processes

Concurrent engineering  complex g g p
dependencies have to be considered

Source: [MHH+06]



1.2  Different Aspects of Process Flexibility1.2  Different Aspects of Process Flexibility
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very important to discriminate

flexibility at build-time flexibility at run-time 

How to quickly implement or How to deal with uncertainty andq y p
configure new processes?

y
exceptional cases during runtime?



1.2  Different Aspects of Process Flexibility1.2  Different Aspects of Process Flexibility
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very important to discriminate

flexibility at build-time flexibility at run-time 

How to quickly implement or How to deal with uncertainty andAnd: What can we learn in respect to process optimizationsq y p
configure new processes?

y
exceptional cases during runtime?

p p p
from these built-time configurations and run-time  adaptations?

1.2  Different Aspects of Process Flexibility1.2  Different Aspects of Process Flexibility
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ProcessProcess

Important:
Process

Implementation
Process

Improvement
Flexibility Issues Need to be 
Considered for all Phases of 

Process
Life

Cycle

the Process Lifecycle

Process
E ti

Process
M it i

y

ExecutionMonitoring



1.3  Approaches for Process Modeling &  Execution (1)1.3  Approaches for Process Modeling &  Execution (1)

Imperative Approaches Declarative Approaches
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A

Imperative Approaches Declarative Approaches

B A B

C E

C D D

E

1.3  Approaches for Process Modeling &  Execution (2)1.3  Approaches for Process Modeling &  Execution (2)

Process
Process

Process

Data-/Product-Driven Approaches
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Process

Data-/Product-Driven Approaches

ProductProcess ProductProcess = Process
Process

How to utilize the close 
relation between product 

Process Process Process Process

relation between product 
data and process?



1.4  Teaching Objectives1.4  Teaching Objectives

G tti   l  i t  f fl ibilit  i  i  PAIS
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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 g p g b p
phases of the life cycle

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

G i   b  d di  f h   id ll   i h Getting a better understanding of how to ideally cope with 
process changes in process-aware information systems

1.5  Addressed Topics  1.5  Addressed Topics  

Ch ll  d q i t  f  fl ibl  PAIS  
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Challenges and requirements for flexible PAIS. 

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

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

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

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

Change patterns and change features in PAIS; pattern-based 
comparison of state-of-the-art technology for flexible processes
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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 Runtime4 g p p g

2.5   Enabling Ad-hoc Process Changes During Runtime

2 6   Monitoring & Analyzing Flexible and Dynamic Processes2.6   Monitoring & Analyzing Flexible and Dynamic Processes

2.7   Evolving Process Schemes and Migrating Process Instances

8   All i  h  A  (A i l   S i ) h l2.8   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 

Diff t N t ti  f  I ti  P  M d li

2.1  The Imperative Approach to BPM 
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Different Notations for Imperative Process Modeling

EPC
New 

Customer 
Request

Enter 
Customer 
Request

Journey
booked

Pay
journey

EPC

BPMN

Customer  
Req. Entered

Create 
Offer X

O

Customer likes 
offer

X
O
R

Book
journey

Petri Nets
R

Customer does 
not like offer

Revise 
Offer

Offer
revised

2.1.1  The Traditional Process Lifecycle 2.1.1  The Traditional Process Lifecycle 
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2.1.2  Some Flexibility Issues Along the Lifecycle 2.1.2  Some Flexibility Issues Along the Lifecycle 
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2.2.1  Motivation 2.2.1  Motivation 

Standard Process variant I: Process variant II: Process variant III: Low risk/ costs; d)
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Standardized Process

RepairDiagnosis Hand OverReception

Maintain

Variant 1:

Reception
Variant 2:
Security Critical RepairRepair Hand Over

Variant 1:
Fast Run

Diagnosis

Conclusion: Many processes with different variants,

depending on the process context.

Variant 3:
Fast Run and 

y p

Reception RepairDiagnosis Hand OverFinal Check

Example: 

Maintain
Security Critical 
Repair

p
Vehicle Repair Process Reception RepairDiagnosis Hand OverFinal Check



2.2.2  Configuring Process Variants in Existing BPM Tools2.2.2  Configuring Process Variants in Existing BPM Tools
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d) Variant 3: Fast Run and security-critical Repair

c) Variant 2: Security-critical Repair

Multi-Model Solution

Fzg.
Annahme

ReparaturDiagnose Fzg.
Übergabe

PrüfungFzg.
Annahme

ReparaturDiagnose

Wartung

Prüfung
Fzg.
Annahme

ReparaturDiagnose
Dauer = 2 Dauer = 2

b) Variant 1: Fast Run

Fzg.
Übergabe

a) Standardized Process

Reception RepairDiagnosis Hand Over

Maintain

Single-Model Solution St d d

Conclusion: Both approaches can be supported by commercial 
BPM tools, but do not enable transparent and explicit 
management of process variantsSingle-Model Solution

Diagnosis

Diagnosis Final Check

Variant 2 or
Variant 3

Repair

Variant 1

Standard or
Variant 2 or
Variant 3Standard or

Variant 2

g p

Reception
Hand Over

Maintain

Diagnosis
Shortened

Final Check

Standard or Variant 1
Standard or Variant 2

Variant 1
or Variant 3

Variant 1 or Variant 3

2.2.3  Parameter-driven Process Configuration (1)2.2.3  Parameter driven Process Configuration (1)

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

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

trip-category = “adv”

duration < 2 weeks

total cost <5K

Rosemann & Aalst  [RoAa07]



2.2.3  Parameter-driven Process Configuration (2)2.2.3  Parameter driven Process Configuration (2)

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

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

trip-category = “adv”

duration < 2 weeks

total cost <5K

A OA OffA On

B On

C On

D On

A Off

B On

C On

D OnD On

E On

F On

P Off

D On

E On

F Off

P Off

Q OffQ OffRosemann & Aalst  [RoAa07]

2.2.3  Parameter-driven Process Configuration (3)2.2.3  Parameter driven Process Configuration (3)

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

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

trip-category = “adv”

duration < 2 weeks

total cost <5K

A OA OffA On

B On

C On

D On

A Off

B On

C On

D OffD On

E On

F On

P Off

D Off

E On

F Off

P Off

Q OffQ OffRosemann & Aalst  [RoAa07]



2.2.3  Parameter-driven Process Configuration (4)2.2.3  Parameter driven Process Configuration (4)

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

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

trip-category = “adv”

duration < 2 weeks

total cost <5K

A OA OffA On

B On

C On

D On

A Off

B On

C On

D OnD On

E On

F On

P Off

D On

E On

F On

P On

Q OffQ OnRosemann & Aalst  [RoAa07]

2.2.4  Questionnaire-driven Process Configuration2.2.4  Questionnaire driven Process Configuration

Idea: Providing Configuration Support for End Users / Domain Experts
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Idea: Providing Configuration Support for End Users / Domain Experts

La Rosa et al. [LaRos09]



2.2.5  Context-driven Process Configuration in Provop (1)    2.2.5  Context driven Process Configuration in Provop (1)    
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Observation: Process variants can be created by 
adapting a common reference model

Base processp

DELETE FRAGMENT
IF brand = Smart

INSERT FRAGMENT
IF country = Austria

Variant specific IF brand  SmartIF country = Austria
adjustments 

Derived process 
variant

2.2.5  Context-driven Process Configuration in Provop (2)    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: Context model CONTEXT RULE:2.2.5.1   The Provop Approach: 
Context-aware Selection of Options 

Base Process with Options

Context variable Value range

Maintenance Yes, No

Security critical Yes, No

IF Security critical = „ Yes”
THEN Maintenance <> „No”

f

Reception Diagnosis Repair Maintain Hand Over

AMBM BH
Base Process with Options

CONTEXT DEPENDENCY:
IF Security critical = “Yes”

CONTEXT DEPENDENCY:
IF Maintenance = “No”AMBM

DELETE Process fragment

Final
Check

AM BH

INSERT Process fragment

O
p

ti
o

n
 2

O
p

ti
o

n
 1

Process Family

CURRENT CONTEXT:
M i t “Y ”

CURRENT CONTEXT:
Maintenance = “No”

selecting and applying 
change options

Variant 3:
(base process)

Variant 1:
(Option 1) Maintenance = Yes

Security critical = “No”
Maintenance = No
Security critical = “No”

Reception Diagnosis Repair Maintain Hand OverReception Diagnosis Repair Maintain Hand Over

(base process)( p )

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

CURRENT CONTEXT:
Maintenance = “Yes”
Security critical = “Yes”

Variant 2:
(Option 2)

Variant 4:
(Option 1,
Option 2)

Reception Diagnosis Repair Maintain Hand Over
Final
Check

Invalid context description
=> no process variant required

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

Base Process with Options

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

Reception Diagnosis Repair Maintain Hand Over

AMBM BH
Base Process with Options

AMBM

DELETE Process fragment

Final
Check

AM BH

INSERT Process fragment

O
p

ti
o

n
 2

O
p

ti
o

n
 1

Option Constraint:

Apply 1 out of 2 Options

Process Family
selecting and applying 

change options

Variant 1: Variant 2:

Reception Diagnosis Repair Maintain
Hand 
Over

Reception Diagnosis Repair Maintain
Hand 
Over

Final
Check

(Option 1) (Option 2)

Non-compliant options  => No process variants to be configured
Variant 4:
(Option 1 and Option 2)

Variant 3:
(base process)

Reception Diagnosis Repair Maintain
Hand 
Over

Reception Diagnosis Repair Maintain
Hand 
Over

Final
Check



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

a b

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

37

Option 1 Option 5

a b

Option 3 Option 6 Option 7

H H H X

2≤

c

2.2.5.3  Provop: Guaranteeing Soundness of Configured Variants (1)2.2.5.3  Provop: Guaranteeing Soundness of Configured Variants (1)

38

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 criteriaSeveral different process meta models with specific soundness and correctness criteria

generic approach needed

using existing verification techniques

Step 1: Step 2: Step 3: Step 5: Step 4: 

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

Step 1:
Identify
valid context
descriptions

Step 2:
Calculate
corresponding
sets of options

Step 3: 
Check whether
options comply
with constraints

Step 5: 
Check 
soundness of
variant models

Step 4: 
Apply
option set
to base process



2.2.5.3  Provop: Guaranteeing Soundness of Configured Variants (2)

Step 1: Step 2: Step 3: Step 5: Step 4: 

2.2.5.3  Provop: Guaranteeing Soundness of Configured Variants (2)
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Step 1:
Identify
valid context
descriptions

Step 2:
Calculate
corresponding
sets of options

Step 3: 
Check whether
options comply
with constraints

Step 5: 
Check
soundness of
variant models

Step 4: 
Apply
option set
to base process

Context model

Context variable Value range

M i t Y N

CONTEXT RULE:
IF Security critical = „Yes”
THEN Maintenance <> No”

Maintenance

Maintenance Yes, No

Security critical Yes, No

THEN Maintenance <> „No

3 4

Maintenance

No

1 2Yes

Security critical

Hallerbach et al. [HBR09a]

2.2.5.3  Provop: Guaranteeing Soundness of Configured Variants (3)

Step 1: Step 2: Step 3: Step 5: Step 4: 

2.2.5.3  Provop: Guaranteeing Soundness of Configured Variants (3)
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Step 1:
Identify
valid context
descriptions

Step 2:
Calculate
corresponding
sets of options

Step 3: 
Check whether
options comply
with constraints

Step 5: 
Check
soundness of
variant models

Step 4: 
Apply
option set
to base process

Context model

Context variable Value range

M i t Y N

CONTEXT RULE:
IF Security critical = „Yes”
THEN Maintenance <> No”

Maintenance

Maintenance Yes, No

Security critical Yes, No

THEN Maintenance <> „No

Invalid
context description

3 4

Maintenance

No Valid context descriptions 

context description

1 2Yes

Security critical

p

Hallerbach et al. [HBR09a]



2.2.5.3  Provop: Guaranteeing Soundness of Configured Variants (4)

Step 1: Step 2: Step 3: Step 5: Step 4: 

2.2.5.3  Provop: Guaranteeing Soundness of Configured Variants (4)
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Step 1:
Identify
valid context
descriptions

Step 2:
Calculate
corresponding
sets of options

Step 3: 
Check whether
options comply
with constraints

Step 5: 
Check
soundness of
variant models

Step 4: 
Apply
option set
to base process

Context dependencies:

Maintenance

Option set 1:
Option 2 

Option set 2:
Base process 

O ti 1

Context dependencies:

CONTEXT DEPENDENCY:

3 4

Maintenance

No
Option set 3:
Option 1 

Option 1

CONTEXT DEPENDENCY:

IF Maintenance = “No”

1 2Yes

Security critical

p
Option 2

CONTEXT DEPENDENCY:
IF Security critical = “Yes”

Hallerbach et al. [HBR09a]

2.2.5.3  Provop: Guaranteeing Soundness of Configured Variants (5)

Step 1: Step 2: Step 3: Step 5: Step 4: 

2.2.5.3  Provop: Guaranteeing Soundness of Configured Variants (5)
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Step 1:
Identify
valid context
descriptions

Step 2:
Calculate
corresponding
sets of options

Step 3:
Check whether
options comply
with constraints

Step 5: 
Check
Soundness of
variant models

Step 4: 
Apply
option set
to base process

Maintenance

Option set 1:
Option 2 

Option set 2:
Base process 

Option 1

Option constraints:

Option constraint:

Apply 1 out of 2 Options3 4

Maintenance

No
Option set 3:
Option 1 

Option 1

1 2Yes

Security critical

p

Option 2

Hallerbach et al. [HBR09a]



2.2.5.3  Provop: Guaranteeing Soundness of Configured Variants (6)

Step 1: Step 2: Step 3: Step 5: Step 4: 

2.2.5.3  Provop: Guaranteeing Soundness of Configured Variants (6)
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Step 1:
Identify
valid context
descriptions

Step 2:
Calculate
corresponding
sets of options

Step 3:
Check whether
options comply
with constraints

Step 5: 
Check
soundness of
variant models

Step 4: 
Apply
option set
to base process

Maintenance

Option set 1:
Option 2 

Option set 2:
Base process 

Option 1

Option constraints:

Option constraint:

Apply 1 out of 2 Options

3 4

Maintenance

No
Option set 3:
Option 1 Option constraint:

1 2Yes

Security critical

p

Option 2

Mutual Exclusion

Hallerbach et al. [HBR09a]

2.2.5.3  Provop: Guaranteeing Soundness of Configured Variants (7)

Step 1: Step 2: Step 3: Step 5: Step 4: 

2.2.5.3  Provop: Guaranteeing Soundness of Configured Variants (7)
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Step 1:
Identify
valid context
descriptions

Step 2:
Calculate
corresponding
sets of options

Step 3:
Check whether
options comply
with constraints

Step 5: 
Check
soundness of
variant models

Step 4: 
Apply
option set
to base process

Maintenance

Option set 1:
Option 2 

Option set 2:
Base process Option constraints:

Option 1

3 4

Maintenance

No
Option set 3:
Option 1 

Option constraint:

Apply 1 out of 2 Options

Option constraint:

1 2Yes

Security critical

p

Option 2

Mutual Exclusion

Hallerbach et al. [HBR09a]



2.2.5.3  Provop: Guaranteeing Soundness of Configured Variants (8)

Step 1: Step 2: Step 3: Step 5: Step 4:

2.2.5.3  Provop: Guaranteeing Soundness of Configured Variants (8)

45

Step 1:
Identify
valid context
descriptions

Step 2:
Calculate
corresponding
sets of options

Step 3:
Check whether
options comply
with constraints

Step 5: 
Check
soundness of
variant models

Step 4:
Apply
option set
to base process

CURRENT CONTEXT:
Maintenance = “Yes”
security critical = “Yes”

Variant 1:

Maintenance

Option set 1:
Option 2 

Option set 2:
Base process Reception Diagnosis Repair Maintain

Hand 
Over

Final
Check

Variant 2:

3 4

Maintenance

No
Option set 3:
Option 1 Reception Diagnosis Repair Maintain

Hand 

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

Variant 2:

1 2Yes

Security critical

p Reception Diagnosis Repair Maintain
Over

CURRENT CONTEXT:
Maintenance = “No”

it  iti l  “N ”

Variant 3:

Reception Diagnosis Repair Maintain
Hand 
Over

security critical = “No”

Hallerbach et al. [HBR09a]

2.2.5.3  Provop: Guaranteeing Soundness of Configured Variants (9)

Step 1: Step 2: Step 3: Step 5:Step 4:

2.2.5.3  Provop: Guaranteeing Soundness of Configured Variants (9)
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Step 1:
Identify
valid context
descriptions

Step 2:
Calculate
corresponding
sets of options

Step 3:
Check whether
options comply
with constraints

Step 5:
Check
soundness of
variant models

Step 4:
Apply
option set
to base process

HandFinal

CURRENT CONTEXT:
Maintenance = “Yes”
security critical = “Yes”

Variant 1:

?

Reception Diagnosis Repair Maintain
Hand 
Over

Final
Check

CURRENT CONTEXT:
M i  “Y ”

Variant 2:Depends on soundness criteria of 
underlying process meta model ?

Reception Diagnosis Repair Maintain
Hand 
Over

Maintenance =“Yes”
security critical = “No”

underlying process meta model

Using meta-model specific  
soundness checking algorithms

?

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

Variant 3:

?

Reception Diagnosis Repair Maintain
Hand 
Over

y

Hallerbach et al. [HBR09a]



2.2.5.4  The Provop Approach: Proof-of-Concept Prototype2.2.5.4  The Provop Approach: Proof of Concept Prototype
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Source: [RRH+09]

Chapter 2: The Imperative Approach …Chapter 2: The Imperative Approach …
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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 Runtime4 g p p g

2.5   Enabling Ad-hoc Process Changes During Runtime

2 6   Monitoring & Analyzing Flexible and Dynamic Processes2.6   Monitoring & Analyzing Flexible and Dynamic Processes

2.7   Evolving Process Schemes and Migrating Process Instances

8   All i  h  A  (A i l   S i ) h l2.8   All-in-one: The ADEPT2 (AristaFlow BPM Suite) Technology

2.9   Integrated Lifecycle Support for Adaptive and Dynamic Processes



2.3  Dealing with Uncertainty2.3  Dealing with Uncertainty

Irreversible decisions / High stakes constraints
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Irreversible decisions / High stakes constraints

Deferring decisions to the last responsible momentDeferring decisions to the last responsible moment

Easy to change decisionsEasy to change decisions

Probe and adaptp

Poppendieck & Poppendieck, 2006 [PoPo06] 

2.3.1  Late Binding Process model contains 2.3.1  Late Binding Process model contains 
placeholder activity, which 
needs to be refined during 

run-time

50

Process 
Type 
Level

Set of Process FragmentsC
Process Schema S

+
A

D

++ ++ E FB
P Q R

S T U

X Y

Process
Instance

X Y

C
Instance 
Level

IF …. THEN
ELSE IF
ELSE …

A

D

++ ++ E FB

P Q R S l dP Q R Selected 
Fragment During run-time process 

fragment is selected based 
on predefined rules or user o p ede ed u es o use

decisionsAdams et al. 2006  [AHE+06]



2.3.2  Late Modeling Process model contains 2.3.2  Late Modeling Process model contains 
placeholder activity, which 
needs to be refined during 

run-timeSadiq et al. 2005 [LuSa06, LuSa07a, LuSa07, SSO05]
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Process 
Type 
Level

Activity Template Repository

C
Process Schema S

P Q R

+A

D

++ ++ E FB

Q

S T U

X Y

Constraints

Process
Instance

C
P Q R

If T no X

Instance 
Level A

D

++ ++ E FB

P Q R

P Q R

During run-time process 
fragment is modeled out of 
existing activity templates 

P Q R

Process fragment is 
checked for correctnessP  f  i  

e st g act ty te p ates
by considering constraints

checked for correctnessProcess fragment is 
dynamically bound  

Chapter 2: The Imperative Approach …Chapter 2: The Imperative Approach …
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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 Runtime4 g p p g

2.5   Enabling Ad-hoc Process Changes During Runtime

2 6   Monitoring & Analyzing Flexible and Dynamic Processes2.6   Monitoring & Analyzing Flexible and Dynamic Processes

2.7   Evolving Process Schemes and Migrating Process Instances

8   All i  h  A  (A i l   S i ) h l2.8   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 Runtime2.4 Handling Expected Process Exceptions During Runtime
53

Expected Exceptions Unexpected ExceptionsExpected Exceptions Unexpected Exceptions

Exception Handler Ad-hoc Changesp g

[CaPo99, ICB+07, RDB03]

2 4 1  Some Examples of Exception Types2.4.1  Some Examples of Exception Types
54

Russel et al. 2006  [RAH06]



2.4.2  Activity Failures2.4.2  Activity Failures

Failure!
55

Activity A Activity B Activity C

During the execution of a process instance a corresponding activity might fail 

y y y

(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!

2.4.2.1 Dealing with Activity Failures through Compensation

56

normal processing
The SAGAS concept

A B C D

System
LB

Commit Commit Commit

Compensation
Information

LogBc CcAc

Abort Transaction
(Rollback Work)

Rollback

(Rollback Work)

Compensation
of C

Compensation
of B

Compensation
of Aready!

Garcia-Molina & Salem 1987 [GaSa87]



2.4.2.2  WS-BPEL Concepts for Coping with Activity Failures (1)

Failure!

2.4.2.2  WS BPEL Concepts for Coping with Activity Failures (1)
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Activity A Activity B Activity Cy y y

handling the 
activity failure

(optional) compensation of 
committed activites

CompensationHandler FaultHandler

2.4.2.2  WS-BPEL Concepts for Coping with Activity Failures (2)2.4.2.2  WS BPEL Concepts for Coping with Activity Failures (2)

58

process

scope

Scopes provide a context 
which influences the 
execution behavior of its 
enclosed activities 

scope

scopeLocal declarations: partner 
links, message exchanges, 
variables, correlation sets scope

scope

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

primary activity

scope
scope

scope

scope

Isolated scopes provide 
control of concurrent access 
to shared resources Termination handler to deal with 

forced scope termination scope

Compensation handler to undo 
persisted effects of already 

completed activities

(external faults)



2.4.2.3  Fault and Compensation Handling in WS-BPEL

process

2.4.2.3  Fault and Compensation Handling in WS BPEL
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process

scope
fault

handler

compensate
compensation

4. Compensate
previous work

compensation
handler

compensate

compensation
handler

3. The fault triggers
the process-level

5. Propagate
compensation

invoke

handler

compensation
handler

invoke

invoke

p
fault handler

6. Undo work
(in reverse order)

invoke

invoke

1. Do some work (successfully invoke two services)( y )

2. Invoke another service
(throws fault)

Thi  l  h  th  d f lt  ti  b h i  t d b  BPEL  i   l t d  i  This example shows the default  compensation behavior supported by BPEL; i.e., a completed scope is com-
pensated by invoking the compensation handlers of its  constituting activities in reverse order. How-ver, a 
more  specific compensation handler for a scope may be provided as well (e.g., only com-pensating some of 
the already completed activities or invoking a specific process dealing with the exception). 

2.4.2.4  Nested Fault Handling and Compensation in WS-BPEL2.4.2.4  Nested Fault Handling and Compensation in WS BPEL
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fault
handler

Process

sequence

notify
managerscopescope

compensation
handler

charge
credit card

refund
customer

ship
goods

compensate

fault
handler

rethrow



2.4.2.5  Reacting to Asynchronous Events

Example: Events in ActiveBPEL

2.4.2.5  Reacting to Asynchronous Events
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Example: Events in ActiveBPEL 

With an EventHandler the termination of a process 
instance and the compensation activities required in 
thi  t t  b  t i d!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 for the previously completed scope to which it is 
linked.

3. The compensation handler for the completed 
scope rolls back the work of the scope rolls back the work of the 
InvokeOrderInventory service.

Source: activebpel.org

Chapter 2: The Imperative Approach …Chapter 2: The Imperative Approach …
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2.2   Capturing Variability in Business Process Models
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2.5  Enabling Ad-hoc Process Changes During Runtime2.5  Enabling Ad hoc Process Changes During Runtime
63

Expected Exceptions Unexpected ExceptionsExpected Exceptions Unexpected Exceptions

Exception Handler Ad-hoc Changesp g

[ReDa98, ReDa09]

2.5.1  User View on an Ad-hoc Process Change2.5.1  User View on an Ad hoc Process Change

Exception

64

Examination
StartExaminations

U Wallace, Edgar

Exception –

Wir need an additional 
lab test !Examination

X-Ray

Check
Anesthesiology

E d

U Miller, Anne

U Smith, Karl

U Jones, Isabelle

Lab Test
X-Ray

Check
Anesthesiology

Explanation
Operation Risks

End
Explanation
Operation Risks

User View on an Ad-hoc Change!



2.5.2  System View on Ad-hoc Process Changes (1)

P T L l

2.5.2  System View on Ad hoc Process Changes (1)
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Process Type Level

Process Schema S

Patient 
Admission xAnamnesis &

Clinical Examination

Non Operative Therapy

X-ray Non Operative Therapy 1

Discharge & 
Documentationx

Activity

Admission Clinical Examination

Sonography

MRT

X ray

Initial Treatment &
O ti Pl i

Non Operative Therapy 1

Operative Treatment

+ + x x
clinicalSuspicionOf
CruciateRupture = „Yes“

Process Instance Level

XOR-Split/Join

AND-Split/Join

Sonography Operation Planning
p

x

+
cruciateRupture = „Yes“ and 
operationIndicated = „Yes“

x

Process Instance I1 Process Instance I2

x

+ + x x x

Execution Trace:
σ1 = < „Patient Admission“,  „Anamnesis & Clinical Examination“, „X-ray“>

Execution Trace:
σ2 = < „Patient Admission“>

+ + x x x

2

2.5.2  System View on Ad-hoc Process Changes (2)

P T L l

2.5.2  System View on Ad hoc Process Changes (2)
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Process Type Level

Process Schema S

Patient 
Admission xAnamnesis &

Clinical Examination

Non Operative Therapy

X-ray Non Operative Therapy 1

Discharge & 
Documentationx

Activity

Admission Clinical Examination

Sonography

MRT

X ray

Initial Treatment &
O ti Pl i

Non Operative Therapy 1

Operative Treatment

+ + x x
clinicalSuspicionOf
CruciateRupture = „Yes“

F ti t Mill “ th MRT

Process Instance Level

XOR-Split/Join

AND-Split/Join

Sonography Operation Planning
p

x

+
cruciateRupture = „Yes“ and 
operationIndicated = „Yes“

For patient „Miller“ the MRT
activity needs to be skipped 

due to his cardiac pacemaker

x

Process Instance I1 Process Instance I2

x

due to his cardiac pacemaker.

+ + x x x

Execution Trace:
σ1 = < „Patient Admission“,  „Anamnesis & Clinical Examination“, „X-ray“>

Execution Trace:
σ2 = < „Patient Admission“>

+ + x x x

2



2.5.2  System View on Ad-hoc Process Changes (3)

P T L l

2.5.2  System View on Ad hoc Process Changes (3)
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Process Type Level

Process Schema S

Patient 
Admission xAnamnesis &

Clinical Examination

Non Operative Therapy

X-ray Non Operative Therapy 1

Discharge & 
Documentationx

Activity

Admission Clinical Examination

Sonography

MRT

X ray

Initial Treatment &
O ti Pl i

Non Operative Therapy 1

Operative Treatment

+ + x x
clinicalSuspicionOf
CruciateRupture = „Yes“

Process Instance Level

XOR-Split/Join

AND-Split/Join

Sonography Operation Planning
p

x

+
cruciateRupture = „Yes“ and 
operationIndicated = „Yes“

x

Process Instance I1 Process Instance I2

x

+ + x x x

Execution Trace:
σ1 = < „Patient Admission“,  „Anamnesis & Clinical Examination“, „X-ray“>

Execution Trace:
σ2 = < „Patient Admission“>

+ + x x x

2

2.5.3   Fundamental Requirements for Ad-hoc Changes2.5.3   Fundamental Requirements for Ad hoc Changes

i h l l f b i

68

High level of abstraction

C t  f i t  hCorrectness of instance changes

User assistance & change reuseUser assistance & change reuse

Controlling access to process change functionsControlling access to process change functions

Concurrency Controly

Application Programming Interfaces



2.5.3.1  Enabling Ad-hoc Changes at High Level of Abstraction (1)

High level vs  Low level Change Operations

2.5.3.1  Enabling Ad hoc Changes at High Level of Abstraction (1)
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High-level vs. Low-level Change Operations

Insert B parallel to A

9 Change Primitives1 High-Level Change Operation

High-level Change Operation Change Primitives

Add Node (3x)
Move Edge (2x)
Add Edge (4 )

parallelInsert (S, B, A)

Add Edge (4x)
[WeRR07, WeRR08]

2.5.3.1  Enabling Ad-hoc Changes at High Level of Abstraction (2)2.5.3.1  Enabling Ad hoc Changes at High Level of Abstraction (2)
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C E

GBA

D F

S: original process modelS: original process model

AND-Split

AND-Join

XOR-Split

XOR-Join

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



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

Example of a High Level Change Operation in ADEPT
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2.5.3.1  Enabling Ad hoc Changes at High Level of Abstraction (3)

Example of a High-Level Change Operation in ADEPT

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

X

C   
A B 

C 

D 

F E G 

Step 1: Determine minimal block 
X 

Step 2: Insert X parallel to this block  

A B 

C 

F E G

D nbegin nend 

MinBlockCFS({C, D, F}) 

A B 

C

D 

F E G 

NT= NULL NT= NULL 

 
X X 

Schritt 3: Insert sync edges Schritt 4: Apply reduction rules 

A B 

C 

D 

F E G

NT= NULL NT= NULL

ET=SOFT_SYNC_E 

A B 

C

D 

F E G 

[ReDa98]

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

Support for Data Flow Adaptations 
d
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2.5.3.1  Enabling Ad hoc Changes at High Level of Abstraction (4)

Support for Data Flow Adaptations 
When Deleting an Activity

B C D EA

?

a) d

d

V
b)

C D EA A DC E

d)

d

c)

d

D ECAC D EA

NT=NULL

[ReDa98]



2 5 3 2  Correctness of Process Instance Changes (1) 

P T L l
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2.5.3.2  Correctness of Process Instance Changes (1) 

Process Type Level

Process Schema S

Patient 
Admission xAnamnesis &

Clinical Examination

Non Operative Therapy

X-ray Non Operative Therapy 1

Discharge & 
Documentationx

Activity

Admission Clinical Examination

Sonography

MRT

X ray

Initial Treatment &
O ti Pl i

Non Operative Therapy 1

Operative Treatment

+ + x x
clinicalSuspicionOf
CruciateRupture = „Yes“

Process Instance Level

XOR-Split/Join

AND-Split/Join

Sonography Operation Planning
Op

x

+
cruciateRupture = „Yes“ and 
operationIndicated = „Yes“

x

Process Instance I3

I3 is not compliant 
+ + x x x

Execution Trace:
σ3 = < „Patient Admission“,  „Anamnesis & Clinical Examination“, „MRT“, 
X-ray“ Sonography“>

with change 
Delete (I3, MRT)

[ReDa98]„X ray , „Sonography > [ReDa98]

2 5 3 2  Correctness of Process Instance Changes (2) 
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2.5.3.2  Correctness of Process Instance Changes (2) 

Ensuring Dynamic CorrectnessEnsuring Dynamic Correctness

Schema S‘:Schema S:

activated step

invoice
make 
invoice C

send invoice

Schema S:

A B

C

E F A B

D

E FA B

D

E F

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
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2.5.3.2  Correctness of Process Instance Changes (3) 

Schema S: Schema S‘:

Trace Equivalence & Compliance

Schema S:
invoice

make 
invoice

C C
send invoice

A B

D

E F A B

D

E F

execution log (trace) of instance I 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?Further challenges: - How to efficiently check for compliance?

- How to efficiently migrate process instances?
[RRD04a, RRD04b]

2 5 3 2  Correctness of Process Instance Changes (4) 

H   ffi i l  Ch k F  C li ? Th  ADEPT A h

2.5.3.2  Correctness of Process Instance Changes (4) 
76

invoice
make send 

How to efficiently Check For Compliance? – The ADEPT Approach

I on S:

invoice invoice

Instance I compliant with    
Modified Process Schema

2nd iterationChange Operation Δ ...   

addActivity(S, act, Preds, Succs)

... and related compliance conditions

[ ∀ n ∈ Preds: NS(n) = Disabled]  ∨
[∀ S[∀ n ∈ Succs: 

(NS(n) ∈ {NotActivated, Activated}) ∨
(NS(n) = Disabled ∧ ∀ m ∈ succ(S,n): 

NS(m) ∈ {NotActivated Activated Disabled})]NS(m) ∈ {NotActivated, Activated, Disabled})] 



2 5 3 2  Correctness of Process Instance Changes (5) 

How to efficiently migrate compliant flow instances?

2.5.3.2  Correctness of Process Instance Changes (5) 
77

y g p

... and one "solution" from the Petri Net world  (Ellis et al., 2000)

S

resulting new 
Token mapping ?

g
schema

(to be defined by the 
Process designer)

S'

2 5 3 2  Correctness of Process Instance Changes (6) 2.5.3.2  Correctness of Process Instance Changes (6) 
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How to efficiently migrate a process instance?  - The ADEPT Approach

invoice
make 
invoice

send 
invoice

y g p pp

- (Logical) application of the structural change
to running process instance (by system)

(running process instance)

to running process instance (by system)

- Reevaluation of instance state (by system)

- Ready!



2 5 3 2  Correctness of Process Instance Changes (7) 2.5.3.2  Correctness of Process Instance Changes (7) 

S  f   h  l  id d li  f 
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So far, we have only considered compliance of 
(modified) process instances with syntactical 
constraints

l l fAlso important: Ensuring compliance of 
(modified) processes with semantical ( ) p
constraints   SeaFlows  [LRD+09]

SeaFlows: Supporting Semantic Constraints in Adaptive Process Management Systems

Semantic 
constraints

Age: Int Tolerance: Boolean

Process composition

Compliance validation for 
[LRD+09]

!

Guidelines: 
high risk

!
Constraint violations:
c2: Patients older than 75:

Age: Int Tolerance: Boolean process templatesAssigning semantic 
constraints to 

process templates

high risk 
patients

c2: Patients older than 75: 
lab test missing ...

...
Age: Int Tolerance: Boolean

Execution 
log

Compliance monitoring

Process evaluation Process execution

Traceability and mining

!!

Compliance validation 
for process changes

Validation 
log

Instance-specific 
adaptations



2.5.3.3  User Assistance & Change Reuse (1)2.5.3.3  User Assistance & Change Reuse (1)
81

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 pp g p g pp
in similar context

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

[RWR+05, WRWR09m WRR+05, WRW06, WWB04]

2.5.3.3  User Assistance & Change Reuse (2)

Memorization of instance deviations 
Application Context Model

82

2.5.3.3  User Assistance & Change Reuse (2)

Memorization of instance deviations 
including their application context

Process Instance I1 Delete(I1,MRT)

Patient 
Admission

Anamnesis &
Clinical Examination

Non Operative Therapy

MRT

X-ray Non Operative Therapy 1

Discharge & 
Documentation

( 1, )

+

x x

+ x x

Sonography

MRT

Initial Treatment &
Operation Planning

Operative Treatment

d Th t t t f i t t ti l i l d ti

+ + x x

pdc1 = 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.

solc1 = <Delete(SI,MRT)> as
e 

c 1

1
qaSetc1= {(Does the patient have a cardiac pacemaker?,  

patient.problemList.hasPacemaker = ‘Yes‘)}
freqc1 = 1

C
a



2.5.3.3  User Assistance & Change Reuse (3)

Semi-automated retrieval of similar instance deviations using 

83

2.5.3.3  User Assistance & Change Reuse (3)

C t Li t f Q ti

Semi automated retrieval of similar instance deviations using 
conversational case-based reasoning

Initiate Case Retrieval

CCBR Component

Create List of Questions 
with Possible Answers

Answer Questions with 
Answer ExpressionsException for 

Instance I 

Answer Question

Arbeitsliste
Tätigkeit 1
Tätigkeit 2
Tätigkeit 3
Tätigkeit 4

Add answered questions to
query qu

Answer Question

List of Question with Possible Answers

Process 
participant

Tätigkeit 4

Calculate Similarity and 
Rank Cases

Show Ranked Cases +

List of Question with Possible Answers

2.5.3.3  User Assistance & Change Reuse (4)

Retrieving similar instance deviations based on the actual context
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2.5.3.3  User Assistance & Change Reuse (4)

qaSetc1 = {(Does the patient have a 
cardiac pacemaker?, 
Patient.problemList.hasPacemaker  

qaSetc2 = {(Does the patient have fluid in the 
knee?, 'A significant amount'),

(Does the patient have an acute   
Case c

Retrieving similar instance deviations based on the actual context

= 'Yes')}

List of Questions with Possible Answers

Question Possible Answers

effusion of the knee?, 'Yes')}Case c1
Case c2

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

Question Given Answer

Does the patient have a cardiac pacemaker? OTHERANSWER

List of Retrieved Cases for Query qu

Case Appl. Context Similarity

c2 50%

Query qu‘

Question Given Answer

Does the patient have a cardiac pacemaker? OTHERANSWER

List of Retrieved Cases for Query qu‘

Case Appl. Context Similarity

c2 75%

c1 0%

1
||

),(),(
*

2

1
),( +

−
= cc

S

qaSetqudiffqaSetqusame
cqusim

Does the patient have fluid in the knee? ‚A significant amount‘ c1 0%

||2
),(

cqaSet
q



2.5.3.3  User Assistance & Change Reuse (5)

Retrieving similar instance deviations based on the 
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2.5.3.3  User Assistance & Change Reuse (5)

List of Retrieved Cases

Retrieving similar instance deviations based on the 
actual context + status

Case Similarity

c2 75% c2 does not have any effect, but is adjustable

c1 0% c1 is not case compliant and not adjustable

Are the instance deviations of these cases 
compliant with the process instance to be modified?

Non Operative Therapy

Process Instance I1 Is change 
Δc1

= <Delete(SI,MRT)>

applicable?I hPatient 
Admission

x
Anamnesis &

Clinical Examination

MRT

X-ray Non Operative Therapy 1

Discharge & 
Documentation

+ + x

applicable?

NO

Is change 
Δc2=<Insert(SI, Follow-Up Examination,  
Non Operative Therapy, XOR-Join1),
Insert(SI, Puncture, Follow-Up

x

x

Execution Trace:

Sonography
Initial Treatment &
Operation Planning

Operative Treatment

Insert(SI, Puncture, Follow Up 
Examination, XOR-Join1>

applicable?
YES, but no effect

Patient Admission,  Anamnesis & Clinical Examination, X-Ray, MRT

2.5.3.3  User Assistance & Change Reuse (6)

Deriving Type Changes from Frequently Occuring Instance Changes
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2.5.3.3  User Assistance & Change Reuse (6)

Deriving Type Changes from Frequently Occuring Instance Changes

Process Schema S

Patient 
Ad i i

Anamnesis &
Cli i l E i ti

Non Operative Therapy

X ray

Discharge & 
Documentation

XOR-Split1 XOR-Join1

76
x x

Admission Clinical Examination

Sonography

MRT

X-ray

Initial Treatment &
Operation Planning

Non Operative Therapy 1

Operative Treatment

Documentation

XOR-Split2 XOR-Join2

clinicalSuspicionOf
CruciateRupture = „Yes“

Challenge:
Position of change can vary

+

x

+ x x

Case c1 freqc1 = 51
Case c freq = 41

g p y Operation Planning

cruciateRupture = „Yes“ and 
operationIndicated = „Yes“

Position of change can vary

Case c freq = 35

...
Δc1 = <Delete(SI,MRT)>

Case c2 freqc2
= 41

...

Δc2 =   <Insert(SI, Follow-Up Examination,  

Non Operative Therapy, XOR-Join1),
Case c3 freqc3

= 35

...
∆c3

=   <Insert(SI, Follow-Up Examination,  
Non Operative Therapy1, XOR-Join2),

Insert(S Puncture Follow Up

Insert(SI, Puncture, Follow-Up 
Examination, XOR-Join1>

Insert(SI, Puncture, Follow-Up 
Examination, XOR-Join2>
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2.5.3.3  User Assistance & Change Reuse (7)

Case c2 freqc2 = 41

qaSetc2 = {(Does the patient have fluid in the 
knee? 'A significant amount')

Case c3 freqc3 = 35

Deriving Type Changes from Frequently Occuring Instance Changes

knee?, A significant amount ),
(Does the patient have an acute  
effusion of the knee?, 'Yes')}

Δc2 =   <Insert(SI, Follow-Up Examination,  
Non Operative Therapy, XOR-Join1),

Insert(SI, Puncture, Follow-Up

qaSetc3 = {(Does the patient have fluid in the 
knee?, 'A significant amount'),
(Does the patient have an acute  
effusion of the knee?, 'Yes')}

Δc3 =   <Insert(SI, Follow-Up Examination,  

Follow-Up Examination Puncture

Significant amount of fluid in knee and
acute effusion

Insert(SI, Puncture, Follow Up 
Examination, XOR-Join1> Non Operative Therapy1, XOR-Join2),

Insert(SI, Puncture, Follow-Up 
Examination, XOR-Join2>

Process Schema S‘

Patient 
Admission

Anamnesis &
Clinical Examination

Non Operative Therapy

X-ray Non Operative Therapy 1

Discharge & 
Documentation

XOR-Split1
XOR-Join1

x x+

xx

+

Sonography

MRT

Initial Treatment &
Operation Planning

Operative Treatment

XOR-Split2 XOR-Join2

clinicalSuspicionOf
CruciateRupture = „Yes“

cruciateRupture = Yes“ and

+ + x x

Page 87
∆S = <CondInsert(SI, Follow-Up Examination, Anamnesis & Clinical Examination, Discharge & Documentation),

CondInsert(SI, Puncture, Follow-Up Examination, Discharge & Documentation>

cruciateRupture  „Yes  and 
operationIndicated = „Yes“

2.5.3.3  User Assistance & Change Reuse (8)
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2.5.3.3  User Assistance & Change Reuse (8)

at
io

n

CCBR-Tool Client ADEPT2 Client

p
le

m
en

t

ADEPT2 Server Interface

ADEPT2 Server

ce
p

t 
Im

p

Execution 
Manager

Change 
ManagerCCBR-Tool Server

-o
f-

C
on

c

Process Manager

Database Access

P
ro

of
-

Developed as part of the ProCycle project
funded by Tiroler Wissenschaftsfond

Case Base Process DB



2.5.3.3  User Assistance & Change Reuse (9)
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2.5.3.3  User Assistance & Change Reuse (9)

Proof-of-Concept Implementation

Developed as part of the ProCycle project
funded by Tiroler Wissenschaftsfond

2.5.3.4  Controlling Access to Process Change Functions2.5.3.4  Controlling Access to Process Change Functions

U  d d t  i ht

90

User dependent access rights
E.g., Physicians are authorized to insert X-ray activities

Process dependent access rights
E  A i i  i     b  i d i  di l E.g., Activity vacation request must not be inserted in medical 
treatment processes

[WRWR05]



2.5.3.5  Change Concurrency Control2.5.3.5  Change Concurrency Control

Diff t d h  h  b  diff t  t  ti

91

Different ad-hoc changes by different users at same time
Prohibit concurrent changes 

O ti i ti  t h  t h i  Optimistic concurrent change techniques 

Pessimistic locking

Concurrency of process type and process instance 
changeschanges

[RJR07, RRD04c]
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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 Runtime4 g p p g

2.5   Enabling Ad-hoc Process Changes During Runtime

2 6   Monitoring & Analyzing Flexible and Dynamic Processes2.6   Monitoring & Analyzing Flexible and Dynamic Processes

2.7   Evolving Process Schemes and Migrating Process Instances

8   All i  h  A  (A i l   S i ) h l2.8   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‘:

2.6  Monitoring and Analyzing Flexible and Dynamic Processes
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Examine
patient

Make 
appointmen

t

Enter 
order Inform 

patient

Make 
appointmen

t
A

B

D

EC

In
st

an
ce

s
C

re
at

e 

Process

Process designer /
Process administrator

Dynamic process instance I with

Exception:
SkipD

Instance I1
Execution

Log

Actor

Arbeitsliste
Tätigkeit 1
Tätigkeit 2
Tätigkeit 3
Tätigkeit 4

Process
Execution

Process
Monitoring

Dynamic process  instance I1 with 
Instance-specific change

Instance-A

B

EC
ActorMonitoring

Change Log /
Instance
Variants

specific
ChangeD

E

Application 
data

2.6.1  Execution and Change Logs  2.6.1  Execution and Change Logs  
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A B C

Original Schema S Instance 4711
Activity  Event            User    Timestamp

Instance Started Garry   2007/09/08 15:00
A         Started          Garry   2007/09/08 15:30
A         Completed        Garry   2007/09/08 15:45
B         Started          Helen   2007/09/10 11:00
X         Started          Fritz   2007/09/11 09:01

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 R l F t(S C Z) Ji 2007/09/11 09 31002 ReplaceFragment(S;C,Z):Jim:2007/09/11 09:31

2007/09/10 11:00 

Process Instance 4711

2007/09/10 13:00 2007/09/11 10:00 

A B C

Garry Helen

A

B

C

XGarry

Helen A

B

Z

XGarry

Helen

Garry Helen Garry Garry

Fritz



2.6.2  Execution & Change Analysis2.6.2  Execution & Change Analysis
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Adaptive & Dynamic 
Processes 

Execution
Logs

Change
Logs

Process 
Models

Change Process
Models

Process Mining Example: Identification of 
typical or frequent instance 
h ll i t

Change Analysis
changes – pull up instance 
changes to type level

Example: Context-dependent 
Clustering of conducted changes

Example: Remove unused 

Integrated Analysis
Clustering of conducted changes 
(Decision Mining)

[AaWe94 ADH+03
Execution Analysis

p
branches from process schema

[AaWe94, ADH+03,
ARW+07, AWM04, 
GRR+06, GRR+08]

2.6.3  Simple Change Analysis

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

c 
ch

an
ge

s:
nc

e-
sp

ec
ifi

c

Insert xRay
(op3)

Insert LabTest
(op1)

Delete Inform Pat.
(op5)

s 
w

ith
 in

st
a

n

Delete Deliver report
(op7)

Insert Inform Pat.
(op6)

Delete xRay
(op4)

c 
pr

oc
es

se
s

Move Inform Pat.
(op2)

D
yn

am
ic

Discover change process 
[GRR 08]model from change logs [GRR+08]



2.6.4  MinAdept Project: Variant Mining4 p j g
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1. Configurations are 
very costly 

2. Variants are difficult 
to maintain 

Derive a new reference process model from the
the variants such that: [LRW08b]the variants such that:
Less adaptations are needed in future!

[LRW08b]

2.6.4.1  MinAdept: Basic Goal4 p
98

How to discover a reference process model

by mining a collection of process (instance) variants

in order to  

reduce the need of future process configurations?



2.6.4.2  MinAdept: Bias and Distance4 p
99

Process Bias: minimal set of change operations needed to transform a given process 
d l S i t   d l S’  Bi (S S’)  {  (S  i t  d itt d  )}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’) = 1o # 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
[LRW08 ]

p
[LRW08c]

2.6.4.3  MinAdept:  Reformulating Basic Goal4 3 p g
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?

When representing a process 
(instance) variant as a “dot” in a 2-
dimensional space, discovering a 
reference model logically 
corresponds to finding the “center” 
(for which the average distance is 

i i l t ll “d t ”)minimal to all “dots”).



2.6.4.4  MinAdept:  Clustering Approach (1)4 4 p g pp ( )
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Li, Reichert & Wombacher  [LRW08a]

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

2.6.4.4  MinAdept:  Clustering Approach (2)

Cl t i  h d  t id  th  ld f  d l 

102

4 4 p g pp ( )

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

Results can be Spagetti-like!

ld k hi h h i i h hWe would not know which change is more important than others. 

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



2.6.4.5  MinAdept:  Heuristic Approach (1)4 5 p pp ( )
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Original 
reference 

model

d=1

d = 2

=
3

d 
= 

Li, Reichert & Wombacher  [LRW09]

2.6.4.5  MinAdept:  Heuristic Approach (2)

B i  Id

4 5 p pp ( )
104

Basic Idea:

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 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 
ll d h di  i  h d!allowed search distance is reached!

Needed: Needed: 
Fitness function (How to evaluate the result?)

Search method (How to generate the next search step?) ( g p )
For details see   [LRW09]



2.6.4.5  MinAdept:  Heuristic Approach (3)4 5 p pp (3)
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Process configuration

Possible starting point:

Can we find a model closer to 

A

FE B

Y

JE B

A

F

I

X J

D
C

the variants by performing at 
maximun two changes of the 
old reference model?

D I
C H

G
S1:25% S2:20%G

ID
H

E B
I

J

A

X

G
Y H

C D I

S3:15%

S4:10%

A

G
H

C D

JF

BE J

A

F

X

S5:20% S6:10%

E Y B J

G
I H

C Z D

A

F

X E

B

Y

J

G
I

A

F

X

S5:20% S6:10%

Average weighted distance = 4 change / instance

C Z D
H C D

[LRW09]
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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 Runtime4 g p p g

2.5   Enabling Ad-hoc Process Changes During Runtime

2 6   Monitoring & Analyzing Flexible and Dynamic Processes2.6   Monitoring & Analyzing Flexible and Dynamic Processes
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2.9   Integrated Lifecycle Support for Adaptive and Dynamic Processes



2.7.1  Scenarios for Process Schema Changes (1)2.7.1  Scenarios for Process Schema Changes (1)

P  h  h  t  b  lt d   t  h  

107

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

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

Process Schema S’Process Schema S Insert X between A and B
Insert Y between C and AND-Join1C

C Y

Schema Evolution
AND-Split1

AND-Join1

A B

D

+ + E F A B

D

+ + E FX

AND-Split1
AND-Join1

[ReDa08, RRD04a]

2.7.1  Scenarios for Process Schema Changes (2)

S h  i  d d   i   i  i i bili  b  

2.7.1  Scenarios for Process Schema Changes (2)
108

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

A B

C

xx x G

Process 
Schema S

D E

H I

 d l ll F

C
Process 
Schema S1 D E X W V

Process Model Smell 
“Redundant Process Fragment”

Z

F

x x Y

T

++ ++

Refactoring: 
Extract Process Fragment

C

x x

D E

Process Schema S2

A B G

Process 
Schema S‘

H I++
S2

Extract Process Fragment

Weber & Reichert 2008 [WeRe08]F



2.7.2  Change Support Features
Schema Evolution  Version Control and Instance MigrationSchema Evolution, Version Control and Instance Migration

109

Schema Evolution
Changes at the process type level Changes at the process type level 

How to deal with running instances when adapting the How to deal with running instances when adapting the 
original process schema?

Scenario 1: No version controlScenario 1: No version control

Scenario 2: Co-existence of instances of old / new schema

Scenario 3: Change propagation and instance migration3 g p p g g

2.7.2.1  Scenario 1 - No Version Control

Schema is overwritten and instances are migrated

2.7.2.1  Scenario 1 No Version Control
110

Schema is overwritten and instances are migrated

Type change overwrites schema S

Process Schema S’Process Schema S Insert X between A and B
Insert Y between C and AND-Join1

AND S lit1
AND-Join1

A B

D

C

+ + E F A B

D

C

+ + E FX

Y

AND S lit1
AND-Join1

C Y

Schema Evolution

Process Instance I1 Process Instance I1

AND-Split1
D

C

DAND-Split1

A B

D

+ + E FX

Process Instance I2 Process Instance I2

A B

D

C

+ + E F

A B

D

C

+ + E FX

YChange
is propagated to 

all running
process instances

A B

D

C

+ + E F
Inconsistent 

state



2.7.2.2  Scenario 2 - Version Control

Co existence of instances of different schema versions

2.7.2.2  Scenario 2 Version Control
111

Co-existence of instances of different schema versions
Type change results into a new version of schema S

P S h S’P S h S Process Schema S’

Schema Evolution

Process Schema S

AND-Split1
AND-Join1

A B

D

C

+ + E F A B

D

C

+ + E FX

Y
Insert X between A and B

Insert Y between C and AND-Join1

AND-Split1
AND-Join1

Old instances remain with schema S

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

A B

D

C

+ + E FX

Y

Process Instance I1 Process Instance I4

A B

D

C

+ + E F

Process Instance I2 Process Instance I5

A B

D

C

+ + E F
A B

C

+ + E FX

Y

D

2.7.2.3  Scenario 3 – Instance Migration

Compliant instances are migrated to the new schema

2.7.2.3  Scenario 3 Instance Migration
112

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

P S h S‘P S h S Process Schema S‘

Schema Evolution

Process Schema S

AND-Split1
AND-Join1

A B

D

C

+ + E F A B

D

C

+ + E FX

Y
Insert X between A and B

Insert Y between C and AND-Join1

AND-Split1
AND-Join1

Process Instance I1 Process Instance I1

Migration of compliant process instances to S’

C Y

Propagation
of compliant Process Instance I2

A B

D

C

+ + E F A B

D

C

+ + E FX

Y

process instances
to schema S’

(incl. state adaptations)A B

D

C

+ + E F
Process Instance I2 not compliant with S’

[RRD04a]
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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 Runtime4 g p p g

2.5   Enabling Ad-hoc Process Changes During Runtime

2 6   Monitoring & Analyzing Flexible and Dynamic Processes2.6   Monitoring & Analyzing Flexible and Dynamic Processes

2.7   Evolving Process Schemes and Migrating Process Instances

8   All i  h  A  (A i l   S i ) h l2.8   All-in-one: The ADEPT2 (AristaFlow BPM Suite) Technology

2.9   Integrated Lifecycle Support for Adaptive and Dynamic Processes

2.8.1  Ad-hoc Changes in ADEPT (1) 2.8.1  Ad hoc Changes in ADEPT (1) 

ADEPT Process Execution Engine

114

ADEPT :

Individually adaptable
Process Instances

Process Execution Engine

Process 11
Process 10

Process 9Process 9 Process 14

P 6

Process 4
Process 3

Process Instances

Process Instance

Process 8
Process 7

Process 13

Process 12

Process 6

Process 5

Process 2
Process 1Process 1 Process 5

Process Instance
=

(individual) "Process Program"

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



2.8.1  Ad-hoc Changes in ADEPT (2) 

Process Execution EngineADEPT

2.8.1  Ad hoc Changes in ADEPT (2) 
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Process Execution Engine

Process 11
Process 10

Process 9 Process 14

P 6

Process 4
Process 3

ADEPT :

Individually adaptable
Process Instances Process 8

Process 7
Process 13

Process 12

Process 6

Process 5

Process 2
Process 1

Process Instances

Process InstanceProcess Instance
=

(individual) "Process Program"

Properties:

- Formal Process Meta Model (expressive + restricted enough)( p g )

- Formal Criteria for Change Correctness (incl. „Theorems & Proofs")

- Efficient, build-in consistency checks („no bad surprise")

S t f hi h b f h tt- Support of a high number of change patterns

- API for accomplishing ad-hoc changes

2.8.2  Process Schema Evolution in ADEPT (1) 2.8.2  Process Schema Evolution in ADEPT (1) 
116

Need to Change a 
Business Process

ADEPT Process Management System

Time MgmtAuthorization
Std Client API Web Clnt API

Role Mgmt
Dyn. Change APIModeling API

Admin. API

Repository

Process 4
Process 11

Process 10

Process Execution Engine

Msg Queuing Recovery Audit Trail ...

ADEPT Process
Composer

Create Process Template

Modify Process Template

Process
Templates

Application
Components

Process 4
Process 3

Process 2
Process 1

Process 6
Process 5

Process 10
Process 9

Process 8
Process 7

Process 14
Process 13

Process 12

Modify Process Template

Check Process Template
...

...

Anwendungen / Application Server

Users
Process Designer /Process Designer /
Process Administrator

[ReDa09, DaRe09, RRD04a]



2.8.2  Process Schema Evolution in ADEPT (2) 2.8.2  Process Schema Evolution in ADEPT (2) 
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Process Designer Checks Out 
"Active" Process Template

ADEPT Process Management System

Time MgmtAuthorization
Std Client API Web Clnt API

Role Mgmt
Dyn. Change APIModeling API

Admin. API

Repository

Process 4
Process 11

Process 10

Process Execution Engine

Msg Queuing Recovery Audit Trail ...

ADEPT Process
Composer

Create Process Template

Modify Process Template

Process
Templates

Application
Components

Process 4
Process 3

Process 2
Process 1

Process 6
Process 5

Process 10
Process 9

Process 8
Process 7

Process 14
Process 13

Process 12

Modify Process Template

Check Process Template
...

...

Anwendungen / Application Server

Users
Process Designer /Process Designer /
Process Administrator

2.8.2  Process Schema Evolution in ADEPT (3) 2.8.2  Process Schema Evolution in ADEPT (3) 
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ADEPT Process Management System

Time MgmtAuthorization
Std Client API Web Clnt API

Role Mgmt
Dyn. Change APIModeling API

Admin. API

Repository

Process 4
Process 11

Process 10

Process Execution Engine

Msg Queuing Recovery Audit Trail ...

ADEPT Process
Composer

Create Process Template

Modify Process Template

Process
Templates

Application
Components

Process 4
Process 3

Process 2
Process 1

Process 6
Process 5

Process 10
Process 9

Process 8
Process 7

Process 14
Process 13

Process 12

Modify Process Template

Check Process Template
...

...

Anwendungen / Application Server

Users
Process Designer /Process Designer /
Process Administrator



2.8.2  Process Schema Evolution in ADEPT (4) 2.8.2  Process Schema Evolution in ADEPT (4) 
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Process Designer Performs 
Schema Changes

ADEPT Process Management System

Time MgmtAuthorization
Std Client API Web Clnt API

Role Mgmt
Dyn. Change APIModeling API

Admin. API

Repository

Process 4
Process 11

Process 10

Process Execution Engine

Msg Queuing Recovery Audit Trail ...

ADEPT Process
Composer

Create Process Template

Modify Process Template

Process
Templates

Application
Components

Process 4
Process 3

Process 2
Process 1

Process 6
Process 5

Process 10
Process 9

Process 8
Process 7

Process 14
Process 13

Process 12

Modify Process Template

Check Process Template
...

...

Anwendungen / Application Server

Users
Process Designer /Process Designer /
Process Administrator

2.8.2  Process Schema Evolution in ADEPT (5) 2.8.2  Process Schema Evolution in ADEPT (5) 
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ADEPT Process Management System

Time MgmtAuthorization
Std Client API Web Clnt API

Role Mgmt
Dyn. Change APIModeling API

Admin. API

Repository

Process 4
Process 11

Process 10

Process Execution Engine

Msg Queuing Recovery Audit Trail ...

ADEPT Process
Composer

Create Process Template

Modify Process Template

Process
Templates

Application
Components

Process 4
Process 3

Process 2
Process 1

Process 6
Process 5

Process 10
Process 9

Process 8
Process 7

Process 14
Process 13

Process 12

Modify Process Template

Check Process Template
...

...

Anwendungen / Application Server

Users
Process Designer /Process Designer /
Process Administrator



2.8.2  Process Schema Evolution in ADEPT (6) 2.8.2  Process Schema Evolution in ADEPT (6) 
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ADEPT Process Management System

Time MgmtAuthorization
Std Client API Web Clnt API

Role Mgmt
Dyn. Change APIModeling API

Admin. API

Repository

Process 4
Process 11

Process 10

Process Execution Engine

Msg Queuing Recovery Audit Trail ...

ADEPT Process
Composer

Create Process Template

Modify Process Template

Process
Templates

Application
Components

Process 4
Process 3

Process 2
Process 1

Process 6
Process 5

Process 10
Process 9

Process 8
Process 7

Process 14
Process 13

Process 12

Modify Process Template

Check Process Template
...

...

Anwendungen / Application Server

Users
Process Designer /

4.377 instances can be
automatically migrated

1.117 instances have
proceeded too far Process Designer /

Process Administrator
proceeded too far

123 instances cannot be
automatically migrated

2.8.2  Process Schema Evolution in ADEPT (7) 2.8.2  Process Schema Evolution in ADEPT (7) 
122

ADEPT Process Management System

Time MgmtAuthorization
Std Client API Web Clnt API

Role Mgmt
Dyn. Change APIModeling API

Admin. API

Repository

Process 4
Process 11

Process 10

Process Execution Engine

Msg Queuing Recovery Audit Trail ...

ADEPT Process
Composer

Create Process Template

Modify Process Template

Process
Templates

Application
Components

Process 4
Process 3

Process 2
Process 1

Process 6
Process 5

Process 10
Process 9

Process 8
Process 7

Process 14
Process 13

Process 12

Modify Process Template

Check Process Template
...

...

Anwendungen / Application Server

Users
Process Designer /Process Designer /
Process Administrator
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ADEPT Process Management System

Time MgmtAuthorization
Std Client API Web Clnt API

Role Mgmt
Dyn. Change APIModeling API

Admin. API

Repository

Process 4
Process 11

Process 10

Process Execution Engine

Msg Queuing Recovery Audit Trail ...

ADEPT Process
Composer

Create Process Template

Modify Process Template

Process
Templates

Application
Components

Process 4
Process 3

Process 2
Process 1

Process 6
Process 5

Process 10
Process 9

Process 8
Process 7

Process 14
Process 13

Process 12

Modify Process Template

Check Process Template
...

...

Anwendungen / Application Server

Users
Process Designer /

Done!
4.377 instances
have been migrated
to the new schema Process Designer /

Process Administrator

to the new schema

2.8.2  Process Schema Evolution in ADEPT (9) 2.8.2  Process Schema Evolution in ADEPT (9) 
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confirm 
order pack goods

Schema S:

confirm order
pack goods

send 
invoice

invoice

make 
invoice

S‘:

get 
order compose order

deliver goodscollect 
data

get order

compose order

deliver goodscollect 
data

I1:

migrate

I2:

?X XX
In:

instance not compliant with S'

?
ad-hoc change

X XX

instance not compliant with S'
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– Overall Picture ADEPTEfficient Migration of Compliant Flow Instances

userrunning

Many different 
Cases

g p

[RRD04a, RRD09]

constraints
running
instances 

migration not desired

migration desired

unchanged instances individually adapted instances

compliant
instances

uncompliant 
instances

type and instance change are 
disjoint

type and instance change 
are overlapping

compliant
instances

uncompliant
instances

compliant
instances

uncompliant
instances

Important:

- "Reasonable" Rules

- Proper, formal Basis

- Efficient Algorithms 

2.8.3  ADEPT Vision2.8.3  ADEPT Vision
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Shifting complexity to the process management system

ADEPT Vision: Next Generation Process Management Technology

g p y p g y

Reducing application development costs significantly

Allowing for dynamic process changes

Additional 
Efforts!

App.-
Fct. 1

App.-
Fct. 2

App.-
Fct. 3

App.-
Fct. 4

Current Workflow Systems

ad-hoc chg. graph transf.

schema evol.model checks

time mgmt.

instance migr.

ADEPT2 Process Management System



2.8.4  ADEPT Architecture (Simplified)2.8.4  ADEPT Architecture (Simplified)
127

[RDR+09, RRJ+06, ReBa07]

2.8.5  ADEPT: Implementation & Spin-Off2.8.5  ADEPT: Implementation & Spin Off
128

AristaFlow BPM Suite



2.8.6  Partner Projects: Spot (Fraunhofer Dortmund)2.8.6  Partner Projects: Spot (Fraunhofer Dortmund)
129

Flexible Support of 
Clinical Pathways!

2.8.6  Partner Projects: Spot (Fraunhofer Dortmund)
130

2.8.6  Partner Projects: Spot (Fraunhofer Dortmund)
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Patient is pregnant; Process 
variant „pregnacy“ is chosen

Increased blood sugar 
level; process variant 
„Diabetes“ is chosen

New process fragments 
are inserted in parallel!

2.8.6  Partner Projects: Spot (Fraunhofer Dortmund)2.8.6  Partner Projects: Spot (Fraunhofer Dortmund)
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… and the corresponding process tree



2.8.7  Partner Projects: TU Darmstadt

P C ti E M t f W t I f t t
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2.8.7  Partner Projects: TU Darmstadt

Process-aware, Cooperative Emergency Management for Water Infrastructures

Chapter 2: The Imperative Approach …Chapter 2: The Imperative Approach …
134

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 Runtime4 g p p g

2.5   Enabling Ad-hoc Process Changes During Runtime

2 6   Monitoring & Analyzing Flexible and Dynamic Processes2.6   Monitoring & Analyzing Flexible and Dynamic Processes

2.7   Evolving Process Schemes and Migrating Process Instances

8   All i  h  A  (A i l   S i ) h l2.8   All-in-one: The ADEPT2 (AristaFlow BPM Suite) Technology

2.9   Integrated Lifecycle Support for Adaptive and Dynamic Processes
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Schema S‘:

A

B

x xC

Traditional 
Process 
Lifecycle

Schema S:
B

DLifecycle 
Support

es

A

D

x x EC

C
re

at
e 

In
st

an
ce

Instance I1

A

B

x x EC

Instance I1

A

B

EC

C

Process
Execution

Process engineer /
Process administrator

Arbeitsliste
Tätigkeit 1
Tätigkeit 2
Tätigkeit 3
Tätigkeit 4

Instance I1 B

Execution 
Log

D

A

D

x x EC

Process 
participant

A

D

x x ECProcess
Monitoring

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

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

Schema S‘:

A

B

x xC

Lifecycle 
Support in 
adaptive PAISs

Schema S:

A

B

x x ECD
adapt e Ss

ce
s

ga
tio

n

A

D

x x EC

C
re

at
e 

In
st

an
c

Process engineer /

Exception:
Delete (I1, E)

C
ha

ng
e 

P
ro

pa

Instance I1

A

B

x x EC

Instance I1

A

B

x x EC

Process
Execution

Process engineer /
Process administrator

Process

Arbeitsliste
Tätigkeit 1
Tätigkeit 2
Tätigkeit 3
Tätigkeit 4

C

Instance I1
B

Execution 
Log

D

A

D

x xProcess
Monitoring

Change Log

Instance-
specific
Change

Process 
participant

A

D

x x EC



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

Schema S‘:
B

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

A

D

x xC
for dynamic 
processes – The 
ProCycle

Schema S:

A

D

B

x x EC

ProCycle
Approach 

ns
ta

nc
es

Exception:P
ro

pa
ga

tio
n

D

Instance I1I t I

C
re

at
e 

In

Process

Process engineer /
Process administrator

Exception:
Delete (I1, E)

C
ha

ng
e 

P

Execution 1

A

D

B

x x EC

Instance I1

A

D

B

x x EC

Execution

Process
Monitoring Instance-

specific Process 

Arbeitsliste
Tätigkeit 1
Tätigkeit 2
Tätigkeit 3
Tätigkeit 4

Instance I1

A

B

x x EC

Execution 
Log

D
Change Log specific

Change participant

M i ti d

D

Migrate Case Base

Memorization and 
Change Reuse

Case 
Base

Derive Process Type Change

[WSR09, WRWR09] 

AgendaAgenda

I t d ti
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1. Introduction

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

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

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

5 Flexibility Issues in Data-driven Processes5. Flexibility Issues in Data-driven Processes

6. Summary and Outlook



3.1.  Comparison of Change Frameworks3.1.  Comparison of Change Frameworks

Abilit  t  d l ith  h  i   th  iti l 
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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 [MRB08])(Mutschler et al. 2008 [MRB08])

Several competing approaches to foster flexibility in 
i f iprocess-aware information systems

Adaptive workflows (e.g., [ReDa98])

h dli ( [ ])Case handling (e.g., [GRA08])

Declarative processes (e.g., [AaPe06, PSSA07, )

L t  bi di  / L t  M d li  (  [SSO ])Late binding / Late Modeling (e.g., [SSO05])

Unfortunate lack of methods for a systematic comparisony p

3.2. Patterns-based Evaluation of PAIS Regarding Process Flexibility 3.2. Patterns based Evaluation of PAIS Regarding Process Flexibility 

W kfl  P tt  

140

Workflow Patterns 
Control Flow Patterns (Aalst et al. 2003 [AHK+03] )

D t  P tt  (R ll t l    [RHE ])Data Patterns (Russell et al. 2004  [RHE+04])

Resource Patterns (Russell et al. 2004  [RHEA04])

Exception Handling Patterns (Russell et al. 2006  [RAH06])



3.3.  Qualitative Comparison of Change Frameworks3.3.  Qualitative Comparison of Change Frameworks
141

Analysis of Comparison Framework Evaluation of y
Real-World 

Business 
Processes

p
Comprising 

Change Patterns and 
Change Features

Evaluation of 
Selected 

ApproachesProcesses Change Features

3.4  Research Methodology for Pattern Identification3.4  Research Methodology for Pattern Identification
142

• Patterns to effectively deal with exceptions  

Selection Criteria

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

d ll

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

Data Sources and Data Collection

documentation on frequently occurring exceptions
• Process models from the automotive engineering domain with multiple model 

versions

• Creation of candidate list based on literature study
A l i  f d t   d fi t f did t  li t f tt

Pattern Identification Procedure

• Analysis of data sources and refinement of candidate list of patterns



3.5  Systematic Description of Change Patterns3.5  Systematic Description of Change Patterns
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Weber, Reichert & Rinderle-Ma . [WeRR08, WeRR07, RRW08b])

3.6  Change Patterns3.6  Change Patterns
144

Adding / Deleting Fragments Adapting Control Dependencies

AP1: Insert Process Fragment

Adaptation PatternsAdaptation Patterns

AP8:   Embed Process Fragment in Loop
AP9:   Parallelize Activities
AP10: Embed Process Fragment in 

C diti l B h

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

Conditional Branch
AP11: Add Control Dependency
AP12: Remove Control Dependency

AP14: Copy Process Fragment

AP6: Extract Sub Process
AP7 Inline S b Process

Changing Transition Conditions

AP13: Update Condition
Adding / Removing Levels

PP3: Late Composition of Process Fragments

AP7: Inline Sub Process

PP1: Late Selection of Pr. Fragments

Decision Deferral Patterns (Patterns for Changes in Predefined Regions)

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

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

Specification needs to 

Process model can contain 
placeholders whose Number of activity Late 

Composition

er
ie

nc
e

Specification needs to 
be complet before 
execution can start

placeholders whose 
content is selected during 

run-time

y
instances can be specified 

at run-time

Late 
Modeling

U
se

r 
E

xp
e

Process model is iteratively 
Multi-

instance 
Activities

Late Binding

TraditionalN
ee

d 
fo

r 
U

Process model can contain 
placeholders whose content 

Process model is iteratively 
composed during run-time 

considering existing 
constraintsActivitiesTraditional

Workflow

Low HighDegree of Decision Deferral

Low

N

is modeled during run-time
constraints

Low HighDegree of Decision Deferral

3.7  Change Support Features3.7  Change Support Features
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Schema Evolution, Version Control and Instance Migration

Support for Instance-Specific Changespp p g

Correctness of Changes

Traceability and Analysis of Changes

Access Control of ChangesAccess Control of Changes

Change Reuse, User Assistance

Change Concurrency Control

Refactoring Support for Process ModelsRefactoring Support for Process Models



3.8  Change Patterns and Change Support Features 
in Practice – Process Type Level Changesin Practice Process Type Level Changes

A d i C i l
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Primitive / Pattern 

Academic Commercial

ADEPT2 / 
CBRFlow

CAKE2 HOON MOVE
P
o
F

WASA2 WIDE
YAWL + 

Worklets / 
Exlets

Flower Staffware

Change PrimitivesChange Primitives
PR1 – Add Node – + + + + + + + + +
PR2 – Remove Node – + + + + + + + + +
PR3 – Add Edge – + + + + + + + + +
PR4 – Remove Edge – + + + + + + + + +
PR5 – Move Edge – + – – – – – + – –g

Adaptation Patterns

AP1 – Insert Fragment
A[1, 2], B[1,2,3], C 

[1, 2]
– – – – –

A[2], B[1], 
C[1,2]

– – –

AP2 – Delete Fragment A[1, 2], B[1,2,3] – – – – – A[2], B[1] – – –

AP3 Move Fragment
A[1, 2], B[1,2,3], 

– – – – – – – – –AP3 - Move Fragment
C[1,2]

– – – – – – – – –

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]AP8 – Embed Fragment in A[1,2], B[1,2,3] – – – – – – – – –
AP9 – Parallelize Activities A[1,2], B[1,2,3] – – – – – – – – –
AP10 - Embed Fragment in Conditional 
Branch

–
– – – – – A[2] – – –

AP11 – Add Control Dependency A[1,2] – – – – – – – – –
AP12 – Remove Control Dependencies A[1,2] – – – – – – – – –AP12 Remove Control Dependencies [ , ]
AP13 – Update Condition A[1,2] – – – – – A[2] – – –
AP14 – Copy Fragment – – – – – – – – – –

3.8  Change Patterns and Change Support Features 
in Practice – Process Type Level Changes

A d i C i l

in Practice Process Type Level Changes
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Primitive / Pattern 

Academic Commercial

ADEPT2 / 
CBRFlow

CAKE2 HOON MOVE
P
o
F

WASA2 WIDE
YAWL + 

Worklets / 
Exlets

Flower Staffware

Change PrimitivesChange Primitives
PR1 – Add Node – + + + + + + + + +
PR2 – Remove Node – + + + + + + + + +
PR3 – Add Edge – + + + + + + + + +
PR4 – Remove Edge – + + + + + + + + +
PR5 – Move Edge – + – – – – – + – –g

Adaptation Patterns

AP1 – Insert Fragment
A[1, 2], B[1,2,3], C 

[1, 2]
– – – – –

A[2], B[1], 
C[1,2]

– – –

AP2 – Delete Fragment A[1, 2], B[1,2,3] – – – – – A[2], B[1] – – –

AP3 Move Fragment
A[1, 2], B[1,2,3], 

– – – – – – – – –l d hAP3 - Move Fragment
C[1,2]

– – – – – – – – –

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]

Most evaluated approaches 
support process type level 
changes through change 

i itiAP8 – Embed Fragment in A[1,2], B[1,2,3] – – – – – – – – –
AP9 – Parallelize Activities A[1,2], B[1,2,3] – – – – – – – – –
AP10 - Embed Fragment in Conditional 
Branch

–
– – – – – A[2] – – –

AP11 – Add Control Dependency A[1,2] – – – – – – – – –
AP12 – Remove Control Dependencies A[1,2] – – – – – – – – –

primitives

AP12 Remove Control Dependencies [ , ]
AP13 – Update Condition A[1,2] – – – – – A[2] – – –
AP14 – Copy Fragment – – – – – – – – – –
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Primitive / Pattern 

Academic Commercial

ADEPT2 / 
CBRFlow

CAKE2 HOON MOVE
P
o
F

WASA2 WIDE
YAWL + 

Worklets / 
Exlets

Flower Staffware

Change PrimitivesChange Primitives
PR1 – Add Node – + + + + + + + + +
PR2 – Remove Node – + + + + + + + + +
PR3 – Add Edge – + + + + + + + + +
PR4 – Remove Edge – + + + + + + + + +
PR5 – Move Edge – + – – – – – + – –g

Adaptation Patterns

AP1 – Insert Fragment
A[1, 2], B[1,2,3], C 

[1, 2]
– – – – –

A[2], B[1], 
C[1,2]

– – –

AP2 – Delete Fragment A[1, 2], B[1,2,3] – – – – – A[2], B[1] – – –

AP3 Move Fragment
A[1, 2], B[1,2,3], 

– – – – – – – – –

Process type changes 
through change 

patterns are only AP3 - Move Fragment
C[1,2]

– – – – – – – – –

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]

p y
supported in ADEPT 

and WIDE

AP8 – Embed Fragment in A[1,2], B[1,2,3] – – – – – – – – –
AP9 – Parallelize Activities A[1,2], B[1,2,3] – – – – – – – – –
AP10 - Embed Fragment in Conditional 
Branch

–
– – – – – A[2] – – –

AP11 – Add Control Dependency A[1,2] – – – – – – – – –
AP12 – Remove Control Dependencies A[1,2] – – – – – – – – –AP12 Remove Control Dependencies [ , ]
AP13 – Update Condition A[1,2] – – – – – A[2] – – –
AP14 – Copy Fragment – – – – – – – – – –

3.9  Change Patterns and Change Support Features 
in Practice – Process Instance Level Changesin Practice Process Instance Level Changes
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Primitive / Pattern 

Academic Commercial

ADEPT2 / 
CBRFlow

CAKE2 HOON MOVE
P
o
F

WASA2 WIDE
YAWL + 

Worklets / 
Exlets

Flower Staffware

Change PrimitivesChange Primitives
PR1 – Add Node – + – – – + – – – –
PR2 – Remove Node – + – – – + – – – –
PR3 – Add Edge – + – – – + – – – –
PR4 – Remove Edge – + – – – + – – – –
PR5 – Move Edge – + – – – – – – – –g

Adaptation Patterns

AP1 – Insert Fragment
A[1, 2], B[1,2,3], 

C[1,2]
– – – – – – – – –

AP2 – Delete Fragment A[1, 2], B[1,2,3] – – – – – – – A[2], B[1] –

AP3 Move Fragment
A[1, 2], B[1,2,3], 

AP3 - Move Fragment
C[1,2]

– – – – – – – – –

AP4 – Replace Fragment – – – – – – 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]AP8 – Embed Fragment in A[1,2], B[1,2,3] – – – – – – – – –
AP9 – Parallelize Activities A[1,2], B[1,2,3] – – – – – – – – –
AP10 - Embed Fragment in Conditional 
Branch

–
– – – – – – – – –

AP11 – Add Control Dependency A[1,2] – – – – – – – – –
AP12 – Remove Control Dependencies A[1,2] – – – – – – – – –

Instance changes only 
supported by few 

approaches
AP12 Remove Control Dependencies [ , ]
AP13 – Update Condition A[1,2] – – – – – – – – –
AP14 – Copy Fragment – – – – – – – – – –
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Primitive / Pattern 

Academic Commercial

ADEPT2 / 
CBRFlow

CAKE2 HOON MOVE
P
o
F

WASA2 WIDE
YAWL + 

Worklets / 
Exlets

Flower Staffware

Change PrimitivesChange Primitives
PR1 – Add Node – + – – – + – – – –
PR2 – Remove Node – + – – – + – – – –
PR3 – Add Edge – + – – – + – – – –
PR4 – Remove Edge – + – – – + – – – –
PR5 – Move Edge – + – – – – – – – –g

Adaptation Patterns

AP1 – Insert Fragment
A[1, 2], B[1,2,3], 

C[1,2]
– – – – – – – – –

AP2 – Delete Fragment A[1, 2], B[1,2,3] – – – – – – – A[2], B[1] –

AP3 Move Fragment
A[1, 2], B[1,2,3], 

AP3 - Move Fragment
C[1,2]

– – – – – – – – –

AP4 – Replace Fragment – – – – – – 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] CAKE d WASA  AP8 – Embed Fragment in A[1,2], B[1,2,3] – – – – – – – – –
AP9 – Parallelize Activities A[1,2], B[1,2,3] – – – – – – – – –
AP10 - Embed Fragment in Conditional 
Branch

–
– – – – – – – – –

AP11 – Add Control Dependency A[1,2] – – – – – – – – –
AP12 – Remove Control Dependencies A[1,2] – – – – – – – – –

CAKE and WASA2 
support instance 

changes by means of 
h  i itiAP12 Remove Control Dependencies [ , ]

AP13 – Update Condition A[1,2] – – – – – – – – –
AP14 – Copy Fragment – – – – – – – – – –

change primitives

3.9  Change Patterns and Change Support Features 
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Primitive / Pattern 

Academic Commercial

ADEPT2 / 
CBRFlow

CAKE2 HOON MOVE
P
o
F

WASA2 WIDE
YAWL + 

Worklets / 
Exlets

Flower Staffware

Change PrimitivesChange Primitives
PR1 – Add Node – + – – – + – – – –
PR2 – Remove Node – + – – – + – – – –
PR3 – Add Edge – + – – – + – – – –
PR4 – Remove Edge – + – – – + – – – –
PR5 – Move Edge – + – – – – – – – –g

Adaptation Patterns

AP1 – Insert Fragment
A[1, 2], B[1,2,3], 

C[1,2]
– – – – – – – – –

AP2 – Delete Fragment A[1, 2], B[1,2,3] – – – – – – – A[2], B[1] –

AP3 Move Fragment
A[1, 2], B[1,2,3], 

AP3 - Move Fragment
C[1,2]

– – – – – – – – –

AP4 – Replace Fragment – – – – – – 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]AP8 – Embed Fragment in A[1,2], B[1,2,3] – – – – – – – – –
AP9 – Parallelize Activities A[1,2], B[1,2,3] – – – – – – – – –
AP10 - Embed Fragment in Conditional 
Branch

–
– – – – – – – – –

AP11 – Add Control Dependency A[1,2] – – – – – – – – –
AP12 – Remove Control Dependencies A[1,2] – – – – – – – – –

ADEPT allows for 
instance level changes 

through change patternsAP12 Remove Control Dependencies [ , ]
AP13 – Update Condition A[1,2] – – – – – – – – –
AP14 – Copy Fragment – – – – – – – – – –

g g p



3.10  Change Patterns and Change Support Features 
in Practice – Decision Deferral Patternsin Practice Decision Deferral Patterns
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Primitive / Pattern

Academic Commercial

ADEPT2 / 
CBRFl

CAKE2 HOON MOVE PoF WASA2 WIDE
YAWL + 

Worklets / Flower Staffware
CBRFlow

Exlets
PP1 – Late Selection of 
Fragments

– –
A[1,2], 

B[1,2], C[2]
– – – –

A[1,2], B[1,2], 
C[2]

–
A[1,2], 

B[1,2], C[2]

PP2 – Late Modeling of 
Fragments

–
A[1], B[1], 

C[2,3], D[1]
–

A[1], B[1], 
C[3], D[1,2]

A[1,2], B[2], 
C[2], D[1,2]

– – – – –

PP3 L t C iti fPP3 – Late Composition of 
Fragments

– – – – – – – – – –

PP4 – Multi-Instance Activity – – – – – – + – + +

Most systems only 
support one of the 
decision deferral 

patterns

Declare supports Late 
Composition Alaska supports Late 

Binding, Late Modeling 
and Late Composition 

3.11  Change Patterns and Change Support Features 
in Practice – Change Support Featuresin Practice Change Support Features
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Feature

Academic Commercial

ADEPT2 / 
CBRFlow

CAKE2 HOON MOVE PoF WASA2 WIDE
YAWL + 

Worklets / 
Exlets

Flower Staffware
Exlets

F1 – Schema Evolution, Version 
Control and Instance Migration

3, 5 1 1 1 1 3,5 3,5 3 1,2,3 3,4

F2 – Support for Instance-Specific 
Changes

1a,b 1b, 2b 2a 2a 2b 1b 2b 1a,b, 2a,b 1b, 2b 2b
g

F3 – Correctness of Changes + + + + + + + ° – –

F4 - Traceability & Analysis 1, 2, 3 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 + + + +F6 - Change Reuse + + – – + – – + – –

F7 - Change Concurrency Control 3, 4 3 3 3 3 2
not 

applicable
3 2 3

Most advanced support for 
change support features is 

id d b  ADEPT  / CBRFl

(*) Flower supports Option 2 and 3 of feature F4 only for process instance changes, but not for process type changes

provided by ADEPT2 / CBRFlow



3.12  Empirical Evaluation of Process Flexibility
with Alaska Simulatorwith Alaska Simulator

P tt  f  d f i  d i i  b l
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Patterns for deferring decisions (Weber et al. 2008  [WZP+09])

L t  
High Process model can contain 

placeholders whose Late 
Composition

rie
nc

e

Specification needs to 
be complet before 
execution can start

placeholders whose 
content is selected during 

run-time

Late 
Modelingse

r 
E

xp
er

Plan-driven mode Agile mode

Late Binding

T diti l

g

N
ee

d 
fo

r 
U

Process model can contain 
placeholders whose content 

Process model is iteratively 
composed during run-time 

considering existing 
iTraditional

Workflow
Low

N placeholders whose content 
is modeled during run-time

constraints

Low HighDegree of Decision Deferral

AgendaAgenda
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5 Flexibility Issues in Data-driven Processes5. Flexibility Issues in Data-driven Processes

6. Summary and Outlook



Chapter 4: Declarative ProcessesChapter 4: Declarative Processes

Hi h t d  f fl ibilit  ff d b  L t  C iti  
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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  [WBB04]) 

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  [PSSA07]),

4.1  Declarative Processes4.1  Declarative Processes

I t d f d ibi  tl  h   b i   

158

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

d ib  th  ti iti  t  b  t d ddescribe the activities to be executed and

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

Pesic et al. 2007 [PSSA07]



4.2  Late Composition (1)4.2  Late Composition (1)
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Declarative Process Model Process Instance I1

New Process Instance A B New Process Instance 
I1 is created

C F

Possible Next Steps

D A C

D E F

Possible Next Steps

B

E

D E F

Pesic et al. 2007 [PSSA07]

4.3  Late Composition (2)4.3  Late Composition (2)
160

Declarative Process Model Process Instance I1
As A is executed B 
cannot be executed 

A

A B
cannot be executed 

any longer

C F

Possible Next Steps Can Instance I

D A C

D E F

Possible Next Steps Can Instance I1
terminate?

E

D E F

N  t i t No constraint 
violations

Pesic et al. 2007 [PSSA07]



4.3  Late Composition (3)4.3  Late Composition (3)
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Declarative Process Model Process Instance I1
Constraints are 

temporarily violated A C

A B as F must eventually 
follow C

C F

Possible Next Steps Can Instance I

D A C

D E F

Possible Next Steps Can Instance I1
terminate?

E

D E F

Pesic et al. 2007 [PSSA07]

4.3  Late Composition (4)4.3  Late Composition (4)
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Declarative Process Model Process Instance I1

A C F

A B

C F

Possible Next Steps Can Instance I

D A C

D E F

Possible Next Steps Can Instance I1
terminate?

E

D E F

N  t i t No constraint 
violations

Pesic et al. 2007 [PSSA07]



4.3.1  Overriding Constraints (1)4.3.1  Overriding Constraints (1)
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Declarative Process Model Process Instance I1

A C

A B

C F

Possible Next Steps Can Instance I

D A C

D E F

Possible Next Steps Can Instance I1
terminate?

Yes, with warning

E

D E F

Soft constraints can be 
ignored during ignored during 

process execution
Pesic et al. 2007 [PSSA07]

4.3.1 Overriding Constraints (2)4.3.1 Overriding Constraints (2)
164

Declarative Process Model Process Instance I1

A C Users terminating 
process instance I1 is A B process instance I1 is 

informed about 
constraint violation

C F

Possible Next Steps Can Instance I

D A C

D E F

Possible Next Steps Can Instance I1
terminate?

Yes, with warning

E

D E F

Soft constraints can be 
ignored during ignored during 

process execution
Pesic et al. 2007 [PSSA07]



4.3.2  Ad-hoc changes and Schema Evolution4.3.2  Ad hoc changes and Schema Evolution

Modification may refer to 

165

Declarative Process Model Process Instance I1

A C
1

Modification may refer to 
a single instance (ad-hoc 

change) or all process 
instances (schema 

Change

A B
Process Instance I2

A C A F D

instances (schema 
evolution)

No Change

C F

A C A F D

Process Instance I3

No Change

D

3

A E D

Changes are only applied 

Change

E Changed regulations 
require a 

Changes are only applied 
to instances which are 
compliant with change

require a 
modification.

Pesic et al. 2007 [PSSA07]

4.4  The Declare System4.4  The Declare System
166

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)4.5  Late Composition in Alaska Simulator (1)
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Declarative Process Model

Calendar

Process Instance I1

New Process Instance A B
Calendar New Process Instance 

I1 is created
A

C F
User can partially 

d l th   

D

model the process 
instance

E
A C

Available Actions

B

Current  Problems

D E F

4.5  Late Composition in Alaska Simulator (2)4.5  Late Composition in Alaska Simulator (2)
168

Declarative Process Model

Calendar

Process Instance I1

A B
Calendar

A

C F
Process Instance is 

i t ll  

C

D

incrementally 
validated

E
A C

Available Actions

B

Current  Problems

F must be executed

D E F



4.5  Late Composition in Alaska Simulator (3)
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4.5  Late Composition in Alaska Simulator (3)

Declarative Process Model

Calendar

Process Instance I1

A B
Calendar

User resolves 
problems A

C F C

D

F

E
A C

Available Actions

B

Current  Problems

D E F

4.5  Late Composition in Alaska Simulator (4)
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4.5  Late Composition in Alaska Simulator (4)

Declarative Process Model

Calendar

Process Instance I1

A B
Calendar

A
User starts execution 

of Instance I1

C F C

D

F

E
A C

Available Actions

B

Current  Problems

D E F



4.5  Late Composition in Alaska Simulator (5)
171

4.5  Late Composition in Alaska Simulator (5)

Declarative Process Model

Calendar

Process Instance I1

A B
Calendar

A
Instance I1 can be 

altered at all times

C F C

E

D
D F

E
A C

Available Actions

B

Current  Problems

E FD

4.5  Late Composition in Alaska Simulator (5)
172

4.5  Late Composition in Alaska Simulator (5)

Declarative Process Model

Calendar

Process Instance I1

A B
Calendar

A
Execution of Instance 

I1 is proceeded

C F C

E

D
D F

E
A C

Available Actions

B

Current  Problems

E FD



4.6  The Alaska Simulator4.6  The Alaska Simulator
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Is an interactive 
planning tool 

Effectively handling 
uncertainty is 

fundamental in both 
d i providing support 

for late compositionSelection, ordering and 
resource constraints are 

domains Both the planning of a 
journey and the 

execution of a business 
process is oriented 

Uses journey as a 

Actions, 
accommodations and 
routes correspond to 

ti iti

resource constraints are 
relevant in both settings

process is oriented 
towards a goal

j y
metaphor for 
business processes

activities
Information on benefits (i.e., 

business value), cost and 
duration are essential for 

decision making

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 

4.7  Assistance and Support for Declarative Workflows
174

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

Optimization 
Process-aware 
Information System 

R d i  

Partial case, 
enabled activities

Optimization 
Goal

(PAIS) Recommendation 
Service

enabled activities

Plugin

Plugin

Pl iProcess Engine
Recommendation result
(ordered enabled activities)

Plugin

Event Log

uses

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

Event Log
logs



4.8  Discussion Imperative versus Declarative4.8  Discussion Imperative versus Declarative

I ti P M d l (W kfl N t) D l ti P M d l (C D )

175

Imperative Process Model (Workflow Net)

1 1 1 1 1

Declarative Process Model (ConDec)

Which model is better 

A B C D E
maintainable?

Lack of empirical evidence to establish 
superiority

Which model is better 
understandable?

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

understandable?

AgendaAgenda

I t d ti
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Chapter 5: Flexibility Issues in Data-driven ProcessesChapter 5: Flexibility Issues in Data driven Processes
177

Contemporary WfMS & Application Systems

Case Handling

Object-aware Process Management Systems

Data-driven Process Structures

5.1  Data Handling in Existing WfMS

process-oriented view

5.1  Data Handling in Existing WfMS

2. missing or incomplete
context information

4. no control whether the
semantic goals are reached

6 i d t h

178

k kfill

OID

confirm

6. inadequate asynchronous
execution of sub-processes

submit
make

reviews
check CV

make
decision

fill out
form

decision

?

edit
data

data-oriented view

li ti

3. no optional activites

data

rating
review

cover letter

applicant
CV

d

application

generic functions 5. each process instance

1. access on data only during
the execution of activities

submitted

g
proposal

…

1 nsend
evaluation
decision

confirmation

generic functions

comprehensive lifecycle support

5. each process instance
is executed in isolation

location
comment

…

missing data-oriented view



5.2  Processes and Data in Application Systems5.2  Processes and Data in Application Systems
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Executing the right 
tasks 

at the right point in time!

Managing and accessing
data 

at any point in time!

hard-coded processes and
hard-coded configuration facilities

no (or hard coded) monitoring

g

integrated access on data & processes

no generic functions

no comprehensive lifecycle supportprocesses depend on the
underlying datastructureunderlying datastructure
of the specific domain

long development cycleshigh maintenance costs

5.3  What is needed?5.3  What is needed?
180

• Integrated access on business data and business processes

G i   t f ti  lik  i  i ti  WfMS• Generic process support functions like in existing WfMS

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

i d d  f   d fi d d t  t t• independency from a predefined data structure

• support of the full process lifecyclepp p y



5.4  Case Handling
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5.4  Case Handling

mandatory data objects execute role

[AWG05, GRA08]

restricted data objects redo role

181

5.5  Object-aware Process Management (1)

application

5.5  Object aware Process Management (1)

data-oriented view process-oriented view
182

application

fill out check

accept confirm

CV != null submit checked

decision
=‚accept‘

confirm.
=true

cover letter

applicant
CV

application
fill out 

form
submit

check 
CV

reject

CV != null
c.l.!=null

submit
!= null

checked
=true

decision
=‚reject‘

send
evaluation
decision

confirmation
location
comment

…
1 make reviews

review

n

make
proposal

submit
proposal
!=null

submitted
=true

proposal

…

rating

submitted

Künzle & Reichert [KuRe09a, KuRe09b]



5.5  Object-aware Process Management (2)

Challenge 1:
Integrated View Challenge 5:

Flexibilityuser

5.5  Object aware Process Management (2)
183

Flexibility

data view & process view

batch

optional
activities

mandatory
activities

batch
activities

data

structurestructure

process

Challenge 3: structure

object type

structure

process-type

g
Synchronization

attributes activities

Challenge 4:
Data-centered Paradigm

conditions

Challenge 2:
Clear Granularity!

5.6 Data-driven Processes5.6 Data driven Processes
184

ProductProcess ProductProcess =



5.6.1 Data-driven Processes: Motivation (1)

Brett Test

Prüfstand
Motor E/E-Klausur

Release

5.6.1 Data driven Processes: Motivation (1)
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Modeling
Brett-Test
Innenraum

Brett-Test
Komponente

Brett-Test
Telematik

Brett-Test
Motor

Execution

DynamicDynamic 
Adaptation

Exception
HandlingHandling

Brett-Test
K t Brett-Test B tt T t

Auswahl 
K tKomponente Brett Test

Komponente Brett-Test
Komponente

Komponenten
The Corepro Project  -- [Müller, Reichert & Herbst   [MRH07, MRH08]

5.6.1 Data-driven Processes: Motivation (2)

Brett Test

Prüfstand
Motor E/E-Klausur

ReleaseData-driven Process Structure

5.6.1 Data driven Processes: Motivation (2)
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Modeling
Brett-Test
Innenraum

Brett-Test
Komponente

Brett-Test
Telematik

Brett-Test
Motor

Execution

Dynamic

300 m

Dynamic 
Adaptation

Exception
HandlungHandlung

Brett-Test
K t Brett-Test B tt T t

Auswahl 
K t

Corepro: Integrated Support of Data-
driven Process Structures

Komponente Brett Test
Komponente Brett-Test

Komponente
Komponenten



5 6 2 Modeling & Execution (1)5.6.2 Modeling & Execution (1)
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Datenmodell
Object Life Cycles /

Life Cycle Coordination ModelLife Cycle Coordination Model

Datenstruktur Data-driven Process Structure

[Müller, Reichert & Herbst   [MRH07, MRH08]



5 6 2 Modeling & Execution (2)5.6.2 Modeling & Execution (2)
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g

a

Object Life Cycles /
Life Cycle Coordination ModelLife Cycle Coordination Model

gg

a

Data-driven Process Structure

[Müller, Reichert & Herbst   [MRH07, MRH08]

5 6 2 Modeling & Execution (3)5.6.2 Modeling & Execution (3)
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g

a

gg

a

Data-driven Process Structure

[Müller, Reichert & Herbst   [MRH07, MRH08]



5 6 2 Modeling & Execution (4)5.6.2 Modeling & Execution (4)
191

g

a

gg

a

[Müller, Reichert & Herbst   [MRH07, MRH08]

5.6.3 Dynamic Adaptation of Process Structures5.6.3 Dynamic Adaptation of Process Structures
192

Change Operation (Data Structure)
1) removeRelation(Telematik High 

Change Operation (Process Structure)
1) removeExtTrans(Telematik High V2.2 . 

V2.2, TV Tuner V1.83, nutztKomp);
2) removeObject(TV Tuner V1.83);

Muster Aufgebaut, Installieren, TV Tuner 
V1.83 . E);

2) removeOLC(Tuner V1.83);

[Müller, Reichert & Herbst   [MRH07, MRH08]



5.6.4 COREPRO  Proof-of-Concept Demonstrator

Graphical User Interface of COREPROSimAutomatic Creation and Execution of a Process StructureDynamic Adaptation and Exception HandlingSimulating Large Process StructuresDefining the Model Level with Correctness Checks

5.6.4 COREPRO  Proof of Concept Demonstrator

[Müller, Reichert & Herbst   [MRH07, MRH08]

5.6.5  Case Study  ISO 26262 „Road Vehicles – Functional Safety“

Process Description of the ISO NormData Model in COREPRO-SimOLC of Object Type "System"Life Cycle Coordination ModelInstance Level: Data Structure and Automatically Created Process Structure
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Cahpter 6: Summary & OutlookCahpter 6: Summary & Outlook

Diff t di  f  b i   t

196

Different paradigms for business process support
Imperative Processes

l iDeclarative Processes

Data-driven Processes

Continuous introduction of process modeling languages 
and tools associated with superiority claims

Empirical insights and theories missing



Chapter 6: Summary & OutlookChapter 6: Summary & Outlook

F th  Ch ll
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Further Challenges
Changes of other aspects (e.g., org. models)  
(e g  CEOSIS[RiRe08  RiRe09](e.g., CEOSIS[RiRe08, RiRe09]

Changes of mobile / distributed processes 
(e g  ADEPTdistribution  [ReBa07])(e.g., ADEPTdistribution  [ReBa07])

Changes in process choreographies  
(  DYCHOR  [RWR 6])(e.g., DYCHOR  [RWR06])

Chapter 6: Summary & Outlook
198

Chapter 6: Summary & Outlook

Thank you!
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