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Lifecycle Support for Dynamic ProcessesLifecycle Support for Dynamic Processes
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Lifecycle Support for Dynamic ProcessesLifecycle Support for Dynamic Processes

Schema S‘:

A

B

x xC
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Lifecycle Support for Dynamic ProcessesLifecycle Support for Dynamic Processes

assisting process  
Schema S‘:

A
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Schema S:
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designers through  

process model reuse

assisting process
D

ce
s

ga
tio

n

A

D

x x EC
implementing identified changes 

through schema evolution

assisting process 
implementers through

service reuse

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 x


Process
Monitoring

Change Log
Instance-
specific
Change

Process 
participant

A

D

x x EC
 assisting process engineers 

through change reuse in the large assisting end users through 
change reuse in the smallchange reuse in the small



rBPM‘10 Keynote | Fostering Reuse in the BP Lifecycle |13 September 2009Page 6

Lifecycle Support for Dynamic ProcessesLifecycle Support for Dynamic Processes

Schema S‘:

A

B

x xC
Schema S:

A

B

x x EC
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D
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Reusing Application Services in a Plug & Play“ like StyleReusing Application Services in a „Plug & Play -like Style

Repository

Process 
Templates

Application
Services
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Reusing Application Services in a Plug & Play“ like StyleReusing Application Services in a „Plug & Play -like Style

Repository
Can services be arranged 

in the desired order?

Process 
Templates

Application
Service

Composing process-oriented 
applications out of process templates 
and application services

with system-enabled consistencywith system enabled consistency 
checks
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Reusing Application Services in a Plug & Play“ like Style

Workflow Enactment Service

Reusing Application Services in a „Plug & Play -like Style

Distribution

Time MgmtAuthorization
Std Client API Web Clnt API Dyn. Change APIModeling API
Admin. API

Ad hoc Change Rollback

Msg Queuing Recovery Audit Trail

Schema Evolution

Worklist Mgmt.

...

RepositoryWorkflow
Composer

Create Process Template

Prozess 4
Prozess 3

Prozess 2
Prozess 1

Prozess 6
Prozess 5

Prozess 11
Prozess 10

Prozess 9
Prozess 8

Prozess 7

Prozess 14
Prozess 13

Prozess 12

Process Execution Engine

Workflow
Templates

Application
Components

Modify Process Template
Check Process Template

...
Go!

All checks 
ok?...

Application Server

Users

Workflow Designer
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R i A li ti S i i Pl & Pl “ lik St lReusing Application Services in a „Plug & Play“-like Style:
The Adept Approach

 “Classical” construction: Context-sensitive list of legal operations
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R i A li ti S i i Pl & Pl “ lik St lReusing Application Services in a „Plug & Play“-like Style:
The Adept Approach

 “Classical” construction: Context-sensitive list of legal operations
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R i A li ti S i i Pl & Pl “ lik St lReusing Application Services in a „Plug & Play“-like Style:
The Adept Approach

 “Classical” construction: Insertion of nodes …
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R i A li ti S i i Pl & Pl “ lik St lReusing Application Services in a „Plug & Play“-like Style:
The Adept Approach

 “Classical” construction: Insertion of data elements … with continuous 
correctness checks
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R i A li ti S i i Pl & Pl “ lik St lReusing Application Services in a „Plug & Play“-like Style:
The Adept Approach

 Construction of processes in plug & play fashion
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R i A li ti S i i Pl & Pl “ lik St lReusing Application Services in a „Plug & Play“-like Style:
The Adept Approach

 Construction of processes in plug & play fashion

+
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R i A li ti S i i Pl & Pl “ lik St lReusing Application Services in a „Plug & Play“-like Style:
The Adept Approach

 Construction of processes by plug & play fashion: A wizard is guiding …
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R i A li ti S i i Pl & Pl “ lik St lReusing Application Services in a „Plug & Play“-like Style:
The Adept Approach

 Construction of processes by plug & play fashion: A wizard is guiding …
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R i A li ti S i i Pl & Pl “ lik St lReusing Application Services in a „Plug & Play“-like Style:
The Adept Approach

 Construction of processes by plug & play fashion with continuous 
correctness checks
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R i A li ti S i i Pl & Pl “ lik St lReusing Application Services in a „Plug & Play“-like Style:
The Adept Approach

 Construction of processes by plug & play fashion Goal: No “bad 
surprises” at run-time!
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Introduction: Lifecycle Support for Dynamic ProcessesIntroduction: Lifecycle Support for Dynamic Processes

assisting process  
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Reuse Process Models through Configuration:

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

Motivation

2) Request for Statements

1) Change request
Applier

Standard Quality issues affected Low risk/ costs; long to realize

2) Request for Statements

1) Change request
Applier

fast to realize; affects quality issues
d)

2) Request for Statements

1) Change request
Applier
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Reuse Process Models through Configuration:

St d di d P

Motivation

Standardized Process

RepairDiagnosis Hand OverReception

Maintain

Variant 1:R f ti l d l i

Reception Variant 2:
Security Critical RepairRepair Hand Over

Variant 1:
Fast Run

Diagnosis

Reuse of a particular process model requires 
adaptation to the respective context 

L i t ll ti !
Variant 3:
Fast Run and 

y p

Reception RepairDiagnosis Hand OverFinal Check

 Large process variant collections!

Maintain
Security Critical 
Repair

Reception RepairDiagnosis Hand OverFinal CheckExample: Vehicle Repair
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Reuse Process Models through Configuration:

Multi-Model Solution

Configuring Variants in Existing BPM Tools

Fzg.
Annahme

ReparaturDiagnose

d) Variant 3: Fast Run and security-critical Repair

Fzg.
ÜbergabePrüfungFzg.

Annahme
ReparaturDiagnose

c) Variant 2: Security-critical Repair

Prüfung
Fzg

b) Variant 1: Fast Run
a) Standardized Process

Multi Model Solution

Wartung

Fzg.
Annahme

ReparaturDiagnose
Dauer = 2 Dauer = 2

Fzg.
ÜbergabeReception RepairDiagnosis Hand Over

Maintain

Single-Model Solution
R i

Standard or
Variant 2 or
Variant 3Standard or

Reception
Hand Over

Diagnosis

Diagnosis
Shortened

Final Check

Variant 2 or
Variant 3

Repair

Variant 1
or Variant 3

Standard or
Variant 2

Reception
Maintain

Standard or Variant 1

Variant 1 or Variant 3

Standard or Variant 2
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Reuse Process Models through Configuration: 
The Provop Approach

General observation: 
Process variants can be created by adapting a common reference model

Reference processp
(Base Process)

DELETE 
FRAGMENT
IF b d S t

INSERT 
FRAGMENTVariant specific 

IF brand = SmartIF country = Austriaadjustments 

Derived process 
variant
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Reuse Process Models through Configuration: 
The Provop Approach (Basic Elements)

Ref. Process

Options Option n
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O ti 1Options

...Delete
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...Move

Process 
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Workflow Model
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Context model CONTEXT RULE:The Provop Approach:

Base Process with Options

Context 
variable

Value range

Maintenance Yes, No

Security critical Yes, No

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

The Provop Approach: 
Context-aware selection of options!

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
pt

io
n 

2

O
pt

io
n 

1

Process Family

CURRENT CONTEXT:CURRENT CONTEXT:
M i t “N ”

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 OverFinal
Check

Invalid context description
=> no process variant required
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Reuse Process Models through Configuration: 

Base Process with Options

The Provop Approach (Constraining the Use of Options)

Reception Diagnosis Repair Maintain Hand Over

AMBM BH
Base Process with Options

AMBM

Final
Check

AM BH

INSERT Process fragment

O
pt

io
n 

2

O
pt

io
n 

1

Option Constraint:
Apply 1 out of 2 Options

DELETE Process fragment

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 
OverReception Diagnosis Repair Maintain Hand 

Over
Final

Check
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Reuse Process Models through Configuration: 

a b

The Provop Approach (Constraining the Use of Options)

Option 1 Option 5

a b

Option 3 Option 6 Option 7

H H H X

2

c
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Reuse Process Models through Configuration: 
The Provop Approach (Guaranteeing Soundness)

Issues:
 Soundness of configurable process variants has to be ensured considering

 context dependencies
 option constraints
 syntactical correctness notions

 Several different process meta models with specific soundness and correctness criteria Several 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
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Reuse Process Models through Configuration: 

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

The Provop Approach (Guaranteeing Soundness)

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

Maintenance

variable

Maintenance Yes, No

Security critical Yes, No

THEN Maintenance <> „No

3 4

Maintenance

No

1 2Yes

Security critical
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Reuse Process Models through Configuration: 

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

The Provop Approach (Guaranteeing Soundness)

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

Maintenance

variable

Maintenance Yes, No

Security critical Yes, No

THEN Maintenance <> „No

Invalid

3 4

Maintenance

No Valid context descriptions

context description

1 2Yes
Security critical

Valid context descriptions 
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Reuse Process Models through Configuration: 

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

The Provop Approach (Guaranteeing Soundness)

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 DEPENDENCY:

IF Security critical = “Yes”
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Reuse Process Models through Configuration: 

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

The Provop Approach (Guaranteeing Soundness)

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 3 4

Maintenance

No
Option set 3:
Option 1 

Option 1

Options

1 2Yes
Security critical

p

Option 2
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Reuse Process Models through Configuration: 

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

The Provop Approach (Guaranteeing Soundness)

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 constraint:

1 2Yes
Security critical

p

Option 2

Mutual Exclusion
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Reuse Process Models through Configuration: 

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

The Provop Approach (Guaranteeing Soundness)

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 
OptionsOption constraint:

1 2Yes
Security critical

p

Option 2

Mutual Exclusion
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Reuse Process Models through Configuration: 

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

The Provop Approach (Guaranteeing Soundness)

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”
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Reuse Process Models through Configuration: 

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

The Provop Approach (Guaranteeing Soundness)

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 t “Y ”

Variant 2:
 Depends on soundness 

criteria of underlying process 
meta model ?

Reception Diagnosis Repair Maintain Hand 
Over

Maintenance =“Yes”
security critical = “No”

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
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Reuse Process Models through Configuration: 
The Provop Approach (Proof-of-Concept Prototype)



rBPM‘10 Keynote | Fostering Reuse in the BP Lifecycle |13 September 2009Page 39

Introduction: Lifecycle Support for Dynamic ProcessesIntroduction: Lifecycle Support for Dynamic Processes

Schema S‘:

A

B

x xC
Schema S:

A

B

x x EC



D

ce
s

ga
tio

n

A

D

x x EC

Re-applying ad-hoc changes in similar context!

C
re

at
e 

In
st

an
c



Process engineer /


Exception:
Delete (I1, E)



C
ha

ng
e 

P
ro

pa

 REUSING PROCESS CHANGES in the small!

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 x


Process
Monitoring

Change Log
Instance-
specific
Change

Process 
participant

A

D

x x EC
 
assisting end users through 
change reuse in the smallchange reuse in the small



rBPM‘10 Keynote | Fostering Reuse in the BP Lifecycle |13 September 2009Page 40

A Short Tutorial on Ad-hoc Process Changes

Process Type Level

P S h S

System’s View

Process Schema S
Patient 
Admission xAnamnesis &

Clinical Examination

Non Operative Therapy

MRT

X-ray Non Operative Therapy 1

Discharge & 
Documentation

+ + x x

x

clinicalSuspicionOf
CruciateRupture Yes“

Activity

XOR-Split/Join

AND-Split/Join

Sonography

MRT

Initial Treatment &
Operation Planning Operative Treatment

+ + x x

x

+

CruciateRupture = „Yes“

cruciateRupture = „Yes“ and 
operationIndicated = „Yes“

Process Instance Level

Process Instance I1 Process Instance I2

p p „

x

+ + x x x

 



x

+ + x x x

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

Execution Trace:
σ2 = < „Patient Admission“>
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A Short Tutorial on Ad-hoc Process Changes

Process Type Level

P S h S

System’s View

Process Schema S
Patient 
Admission xAnamnesis &

Clinical Examination

Non Operative Therapy

MRT

X-ray Non Operative Therapy 1

Discharge & 
Documentation

+ + x x

x

clinicalSuspicionOf
CruciateRupture Yes“

Activity

XOR-Split/Join

AND-Split/Join

Sonography

MRT

Initial Treatment &
Operation Planning Operative Treatment

+ + x x

x

+

CruciateRupture = „Yes“

cruciateRupture = „Yes“ and 
operationIndicated = „Yes“

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

Process Instance Level

Process Instance I1 Process Instance I2

p p „ p

x

+ + x x x

 



x

+ + x x x

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

Execution Trace:
σ2 = < „Patient Admission“>
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A Short Tutorial on Ad-hoc Process Changes

Process Type Level

P S h S

System’s View

Process Schema S
Patient 
Admission xAnamnesis &

Clinical Examination

Non Operative Therapy

MRT

X-ray Non Operative Therapy 1

Discharge & 
Documentation

+ + x x

x

clinicalSuspicionOf
CruciateRupture Yes“

Activity

XOR-Split/Join

AND-Split/Join

Sonography

MRT

Initial Treatment &
Operation Planning Operative Treatment

+ + x x

x

+

CruciateRupture = „Yes“

cruciateRupture = „Yes“ and 
operationIndicated = „Yes“

Process Instance Level

Process Instance I1 Process Instance I2

p p „

x

+ + x x x

 



 x

+ + x x x

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

Execution Trace:
σ2 = < „Patient Admission“>
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A Short Tutorial on Ad-hoc Process Changes

Change PatternsChange Patterns
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Correctness Constraints

A Short Tutorial on Ad-hoc Process Changes

Process Type Level

Process Schema S
P ti t A i &

Non Operative Therapy

Discharge &

Correctness Constraints

Activity

Patient 
Admission xAnamnesis &

Clinical Examination

MRT

X-ray Non Operative Therapy 1

Discharge & 
Documentation

+ + x x

x

clinicalSuspicionOf
CruciateRupture = „Yes“

P I t L l

Activity

XOR-Split/Join

AND-Split/Join

Sonography
Initial Treatment &
Operation Planning Operative Treatmentx

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

 x


Process Instance I3

Process Instance Level

I3 i t li t x

+ + x x x

Execution Trace:









I3 is not compliant 
with change 
Delete (I3, MRT)

σ3 = < „Patient Admission“,  „Anamnesis & Clinical Examination“, 
„MRT“, „X-ray“, „Sonography“>
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A Short Tutorial on Ad-hoc Process Changes

ADEPT :

Individually adaptable

Adaptive Process Execution Engine

Process 11
Process 10

Process 9Process 9 Process 14
Process 4

Process 3
Process Instances

Process 9Process 9
Process 8

Process 7
Process 13
Process 12

Process 6
Process 5

Process 3
Process 2

Process 1Process 1 Process 5

Process Instance
=

(individual) "Process Program"( ) g
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A Short Tutorial on Ad-hoc Process Changes

Adaptive Process Execution Engine

Process 11
Process 10

Process 9 Process 14
Process 4

Process 3

ADEPT :

Individually adaptable
Process 9

Process 8
Process 7

Process 14
Process 13
Process 12

Process 6
Process 5

Process 3
Process 2

Process 1
Process Instances

Process Instance
=

(individual) "Process Program"

Achievements:
Formal process meta model (e pressi e + restricted eno gh)

( ) g

- Formal process meta model (expressive + restricted enough)

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

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

- Support of a high number of change patterns
- API for accomplishing ad-hoc changes
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A Short Tutorial on Ad-hoc Process Changes

Examinations

Exceptional case –
we need an additional lab 
test !Examinations

Wallace, Edgar

Miller, Anne

test !

Smith, Karl

Jones, Isabelle

Exception
Insert task?
Delete task?p
Shift task?

The Users' View
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A Short Tutorial on Ad-hoc Process Changes

Exceptional case –
we need an additional 
lab test !Examinations

Select Activity
Schedule counsel examination

Lab Test
Prepare patient for operation
Inform patient

lab test !Examinations

U Wallace, Edgar

U Miller, Anne
Inform patient
Wash patient
Schedule examination date
.........

U Smith, Karl

U Jones, Isabelle

The Users' View
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A Short Tutorial on Ad-hoc Process Changes

Start

, results are 
needed before explanation 
of operation risks

Start immediately,

Examinations

Check
Anesthesiology

Examination
Start of operation risksExaminations

U Wallace, Edgar

U Miller, Anne

Explanation
Operation Risks

X-Ray

End

U Smith, Karl

U Jones, Isabelle

The Users' View



rBPM‘10 Keynote | Fostering Reuse in the BP Lifecycle |13 September 2009Page 50

A Short Tutorial on Ad-hoc Process Changes

StartExaminations
Great !!

Check
Anesthesiology

Examination
StartExaminations

U Wallace, Edgar

U Miller, Anne
ADEPT

Checking if insertion
of step is possible

ADEPT
Insertion is possible!

Explanation
Operation Risks

X-Ray

End

U Smith, Karl

U Jones, Isabelle

p p
- Please wait -

The Users' View
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A Short Tutorial on Ad-hoc Process Changes

Examinations

OK, now let us continue 
with the examination !Examinations

U Wallace, Edgar

U Miller, Anne
Check
Anesthesiology

Examination

How to further assist users in accomplishing ad-hoc changes?
Lab TestU Smith, Karl

U Jones, Isabelle
Explanation
Operation Risks

X-Ray

How to further assist users in accomplishing ad hoc changes?

 REUSE CHANGES that were applied in similar problem context.

The Users' View
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Ad-hoc Changes: User Assistance and Change Reuse

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

 Annotate ad-hoc changes with information about their reasons Annotate ad hoc changes with information about their reasons

 Support users in retrieving past ad-hoc changes applied in similar 
problem contextproblem context

 Assist users in reusing (i.e., re-applying) a past ad-hoc change for a 
particular process instance when coping with an exceptional situationparticular process instance when coping with an exceptional situation
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Memorization of ad-hoc deviations
Application Context Model

Ad-hoc Changes: User Assistance and Change Reuse

Memorization of ad-hoc 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 as
e 

c 1

a 
cardiac pacemaker.

solc1 = <Delete(SI,MRT)> 
qaSetc1= {(Does the patient have a cardiac pacemaker?,  

patient.problemList.hasPacemaker = ‘Yes‘)}

C
a
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Semi-automated retrieval of similar instance deviations using

Ad-hoc Changes: User Assistance and Change Reuse
Semi automated retrieval of similar instance deviations using 
conversational case-based reasoning (CCBR)

Create List of Questions 
with Possible Answers

 Initiate Case Retrieval

CCBR Component

Answer Questions with 

with Possible Answers


Answer ExpressionsException for 

Instance I 


Add answered questions

Answer Question

Arbeitsliste
Tätigkeit 1
Tätigkeit 2
Tätigkeit 3
Tätigkeit 4



Add answered questions
to query qu

Sh R k d C

List of Questions with Possible Answers

Process 
participant

 Calculate Similarity and 
Rank Cases

Show Ranked Cases +
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Retrieving similar instance deviations based on the actual context

Ad-hoc Changes: User Assistance and Change Reuse

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

qaSetc2 = {(Does the patient have fluid in 
the 

knee?, 'A significant amount'),

Retrieving similar instance deviations based on the actual context

Patient.problemList.hasPacemaker  
= 'Yes')}

List of Questions with Possible Answers
Question Possible Answers

(Does the patient have an acute   
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 {‚Yes‘, OTHERANSWER}



knee?
{ }

Query qu

Question Given Answer
Does the patient have a cardiac 
pacemaker?

OTHERANSWER

List of Retrieved Cases for Query 
qu

Case Appl. Context Similarity
 

Query qu‘

Question Given Answer
Does the patient have a cardiac 
pacemaker?

OTHERANSWER

List of Retrieved Cases for Query 
qu‘

Case Appl. Context Similarity


pacemaker? c2 50%

c1 0%

pacemaker?

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

c2 75%

c1 0%

1
||

),(),(*
2
1),( 




c

cc

qaSet
qaSetqudiffqaSetqusamecqusim
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Retrieving similar instance deviations based on actual context + status

Ad-hoc Changes: User Assistance and Change Reuse

List of Retrieved Cases
Case Similarity

Retrieving similar instance deviations based on actual context  status

Are the instance de iations of these casesCase 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?

Patient xAnamnesis &
Non Operative Therapy

Discharge & 
D t ti

Process Instance I1

 




Is change 
Δc1

= <Delete(SI,MRT)>

applicable?
NOx

Admission xClinical Examination

Sonography

MRT

X-ray

Initial Treatment &

Non Operative Therapy 1

Operative Treatment

Documentation

+ + x

 



NOx

x

Is change 

Δ <Insert(S Follow Up ExaminationSonography Operation Planning Operative Treatment

Execution Trace:

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

Examination, XOR-Join1>

applicable?<Patient Admission,  Anamnesis & Clinical Examination, X-Ray, 
MRT>

applicable?
YES ,but no effect
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Deriving Type Changes from Frequently Occuring Instance Changes

Ad-hoc Changes: User Assistance and Change Reuse

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 76x 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

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

Insert(SI, Puncture, Follow-Up 
Examination, XOR-Join2>
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Deriving Type Changes from Frequently Occuring Instance Changes

Ad-hoc Changes: User Assistance and Change Reuse

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-Join1x x+

xx

+

Sonography

MRT

Initial Treatment &
Operation Planning Operative Treatment

XOR-Split2 XOR-Join2

clinicalSuspicionOf
CruciateRupture = „Yes“

cruciateRupture = Yes“ and

+ + x x

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

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

cruciateRupture  „Yes  and 
operationIndicated = „Yes“
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Schema S‘:
B

Ad-hoc Changes: User Assistance and Change Reuse

A

D

B

x xC
Schema S:

A

D

B

x x EC



st
an

ce
s

 E ti ro
pa

ga
tio

n

D

Instance I1

C
re

at
e 

In
s

Process
Process engineer /

Process administrator


Exception:
Delete (I1, E)



C
ha

ng
e 

P

Instance I1

A

D

B

x x EC




Instance I1

A

D

B

x x EC




Execution

Process
Monitoring Instance-

ifi Process

Arbeitsliste
Tätigkeit 1
Tätigkeit 2
Tätigkeit 3
Tätigkeit 4

Instance I1

A

B

x x EC




Execution 
Log

D
Change Log specific

Change

Process 
participantD



Migrate Case Base



 
Memorization and 

Change Reuse
Case 
Base

Derive Process Type 
Change
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Ad hoc Changes: User Assistance and Change ReuseAd-hoc Changes: User Assistance and Change Reuse

Proof-of-Concept Implementation

Developed as part of the ProCycle project
funded by Tiroler Wissenschaftsfond
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Introduction: Lifecycle Support for Dynamic ProcessesIntroduction: Lifecycle Support for Dynamic Processes

Schema S‘:

A

B

x xC
Schema S:

A

B

x x EC



D

ce
s

ga
tio

n

A

D

x x EC

Mining Process Changes and Process Variants

C
re

at
e 

In
st

an
c



Process engineer /


Exception:
Delete (I1, E)



C
ha

ng
e 

P
ro

pa

 REUSING PROCESS CHANGES in the large!

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 x


Process
Monitoring

Change Log
Instance-
specific
Change

Process 
participant

A

D

x x EC
 assisting process engineers 

through change reuse in the large
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Reuse Process Adaptations in the Large through Learning

Execution & Change Analysis
Adaptive & Dynamic 

Processes 

Execution
Logs

Change
Logs

Process 
Models

Change 
Process
Modelsg g

Process Mining

Models

Change Analysis

Integrated Analysis

Execution Analysis
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Reuse Process Adaptations in the Large through Learning

Execution & Change Analysis
Adaptive & Dynamic 

Processes 

Execution
Logs

Change
Logs

Process 
Models

Change 
Process
Modelsg g

Process Mining

Models

Change Analysis

Integrated Analysis

Execution Analysis
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Change Analysis: Applying Process Mining Techniques to Change Logs

Change Logs

Change Analysis: Applying Process Mining Techniques to Change Logs
e 

lo
gs

g g

ci
fic

 c
ha

ng
e

se
s

ta
nc

e-
sp

ec

Phase I

ge
 P

ro
ce

ss

s 
 w

ith
 in

st

C
ha

ng

Pr
oc

es
se

s
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Change Analysis: Applying Process Mining Techniques to Change LogsChange Analysis: Applying Process Mining Techniques to Change Logs
oc

es
se

s Insert xRay
(op3)

Insert LabTest
(op1)

Delete Inform Pat.
(op5)

Insert Inform Pat.
(op6)

C
ha

ng
e 

Pr
o

Phase II
Delete Deliver 

report
(op7)

Move Inform Pat.
(op2)

Delete xRay
(op4)

C

The discovered meta change process covers all changes 
applied to at least one of the given fluid process instances. 
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Change Analysis: Applying Process Mining Techniques to Change Logs

Change Mining Change Mining 

Change Analysis: Applying Process Mining Techniques to Change Logs

Plugin in ProMPlugin in ProM

Change Logs  
Imported from ADEPT
Change Logs  
Imported from ADEPT
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Reuse Process Adaptations in the Large through Learning

Execution & Change Analysis
Adaptive & Dynamic 

Processes 

Execution
Logs

Change
Logs

Process 
Models

Change 
Process
Modelsg g

Process Mining

Models

Change Analysis

Integrated Analysis

Execution Analysis
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Di i R f P M d l b Mi i P V i tDiscovering a Reference Process Model by Mining Process Variants



rBPM‘10 Keynote | Fostering Reuse in the BP Lifecycle |13 September 2009Page 69

Di i R f P M d l b Mi i P V i tDiscovering a Reference Process Model by Mining Process Variants

Basic Goal:

How to discover a reference process model

Basic Goal:

by mining a collection of process (instance) variants

in order toin order to  

reduce the amount of future process adaptations?
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Di i R f P M d l b Mi i P V i tDiscovering a Reference Process Model by Mining Process Variants

Bias and Distance

 Important measures:
 biasbias
 change distance  measure the complexity of process changes
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Di i R f P M d l b Mi i P V i tDiscovering a Reference Process Model by Mining Process Variants

Reformulated Basic Goal:
How to mine a collection of 

process variants such that theprocess variants such that the 

discovered reference process 

model has minimal averagemodel has minimal average 

distance to the variants?
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Process Variants Mining: A Cluster based ApproachProcess Variants Mining: A Cluster-based Approach

Change Mining
Biases after process evolution

A B C E D

S’: Discovered process model

I1: 30%

I2: 15%

I3: 20%

I4: 20%

I5: 8%

Biases after process evolution

σ'1 =< Move (S’, E, A, D) > 

σ'2 =< Move (S’, D, B, C), 
           Move (S’, E, B, C) > 

σ'3 =< Move (S’, C, A, B) > 

σ'4 =< Move (S’, C, B, E) > 

σ'5 =<Delete (S’, C) > 

Average weighted distance: 
1.15 change/ instance

I6: 7% σ'6 =<Delete (S’, B)> 
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Process Variants Mining: A Cluster based ApproachProcess Variants Mining: A Cluster-based Approach

 This 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 costly

– A spaghetti-like process structure may result

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

 Idea: old reference model may act as a “counterforce” to control 
the result of our discovered model.
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Process Variants Mining: A Heuristic ApproachProcess Variants Mining: A Heuristic Approach

Possible starting point:

Can we find a model 
closer to the variants by 
applying at maximum twoapplying at maximum two 
changes to the old 
reference model?
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Process Variants Mining: A Heuristic ApproachProcess Variants Mining: A Heuristic Approach
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P V i t Mi i A H i ti A hProcess Variants Mining: A Heuristic Approach

B i IdBasic Idea

B
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P V i t Mi i A H i ti A hProcess Variants Mining: A Heuristic Approach

Example:Example:

G

E B
A

F
G

I J
C D

H

S: reference model 1S: reference model 1
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Process Variants Mining: Automotive Case StudyProcess Variants Mining: Automotive Case Study



rBPM‘10 Keynote | Fostering Reuse in the BP Lifecycle |13 September 2009Page 79

Process Variants Mining: Healthcare Case StudyProcess Variants Mining: Healthcare Case Study
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Process Variants Mining: ScenariosProcess Variants Mining: Scenarios



rBPM‘10 Keynote | Fostering Reuse in the BP Lifecycle |13 September 2009Page 81

Introduction: Lifecycle Support for Dynamic ProcessesIntroduction: Lifecycle Support for Dynamic Processes

implementing the
Schema S‘:

A

B

x xC
Schema S:

A

B

x x EC


implementing the 

identified changes through 
schema evolution

D

ce
s

ga
tio

n

A

D

x x EC

Implementing Changes (at the Technical Level)

C
re

at
e 

In
st

an
c



Process engineer /


Exception:
Delete (I1, E)



C
ha

ng
e 

P
ro

pa

 Process Schema Evolution & Change Propagation!

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 x


Process
Monitoring

Change Log
Instance-
specific
Change

Process 
participant

A

D

x x EC
 



rBPM‘10 Keynote | Fostering Reuse in the BP Lifecycle |13 September 2009Page 82

Implementing Process Changes through Schema Evolution

Need to Change a 
Business Process

ADEPT Process Management System

Time MgmtAuthorization
Std Client APIWeb 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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Implementing Process Changes through Schema Evolution

Process Designer Checks Out 
"Active" Process Template

ADEPT Process Management System

Time MgmtAuthorization
Std Client APIWeb 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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Implementing Process Changes through Schema Evolution

ADEPT Process Management System

Time MgmtAuthorization
Std Client APIWeb 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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Implementing Process Changes through Schema Evolution

Process Designer Performs 
Schema Changes

ADEPT Process Management System

Time MgmtAuthorization
Std Client APIWeb 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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Implementing Process Changes through Schema Evolution

ADEPT Process Management System

Time MgmtAuthorization
Std Client APIWeb 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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Implementing Process Changes through Schema Evolution

ADEPT Process Management System

Time MgmtAuthorization
Std Client APIWeb 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
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Implementing Process Changes through Schema Evolution

ADEPT Process Management System

Time MgmtAuthorization
Std Client APIWeb 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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Implementing Process Changes through Schema Evolution

ADEPT Process Management System

Time MgmtAuthorization
Std Client APIWeb 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
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