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Motivation

Permanent new "trends" — require new or adapted services
... which must be integrated

o Mergers
regulations!

New Products
Compliance
Rules

Issues:

& How quickly can healthcare processes be implemented?
At which costs? — With which error risk?
How expensive will later process changes be? > Need for Process-awareness

* ¢ 0

How to avoid the "maintenance trap"?
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Motivation

Process Management System

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

Process Execution Engine

Process 11
Process 4 Process 10
Process 3 Process 9 Process 14
Process 2 Process 6 Process 8 Process 13
Process 1 Process 5 Process 7 Process 12

N
N

Users ~ k(3 ~ ~
{fg@ { @ @g Process Designer



EMISA'09 Keynote | A Thing Called “Fluid Process” |11 September 2009

Motivation
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Motivation

Today’s BPM tools are ill equipped to meet the aforementioned
challenges due of their inherent brittleness and inflexibility

Current tool generation implicitly embraces the “engineer — use
dichotomy inherited from traditional SE approaches; i.e., systems
are first “engineered” and then “used” (or “operated”)

Role of end users and process actors is not well understood!



dlm

Real-world processe e
are ”fluid”

Why process instances need to be dynamically adaptable?
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Why Process Instances Need to be Dynamically Adaptable?

Do we believe ...

1 that processes in the transportation domain can be completely pre-modeled?
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Why Process Instances Need to be Dynamically Adaptable?

Or do we really believe ...

J that process-aware information systems (PAIS) can prescribe to a
physician how to treat his or her patients?
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Why Process Instances Need to be Dynamically Adaptable?

Or do we really believe ...

1 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

Requires the execution of hundreds up to
thousands of processes

Concurrent engineering o> complex
dependencies have to be considered

Control Unit Control Unit  Control Unit
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Why Process Instances Need to be Dynamically Adaptable?

d The only feasible way to cope with these challenges is to dissolve the
fundamental distinction between “engineering” and “use”; i.e., end
users must be empowered to dynamically adapt or evolve processes

d This will lead us to a new class of processes — so called fluid
processes whose “engineering” and “use” is intervoven

J Fluid processes are continually being adapted and reformed to fit the
actual needs and constraints of the situation in hand and to fulfill the
overall goals of the involved organizations in the best possible way.




Adaptive Process Management Technology
for Enabling Fluid Processes at Runtime
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Ad-hoc Process Change

Ad-hoc Flexibility:
Process Type Level Deviations, Change

Process Schema S { Non Operative Therapy }

Patient Anamnesis & e D Discharge &‘
Admission Clinical Examination » X-ray Non Operative Therapy 1 1 Documentation
— J
clinicalSuspicionOf )
CruciateRupture = ,Ye P MRT

() Activity ——

» S h Initial Treatment & Operative Treatment
<> XOR-Split/Join ?| >onograpny Operation Planning
cruciateRupture = ,Yes* and
<> AND-Split/Join operationindicated = ,Yes"
Process Instance Level
Process Instance I1 Process Instance 12
Nemm!
"n__J
Execution Trace: Execution Trace:

0, = <,Patient Admission®, ,Anamnesis & Clinical Examination®, ,X-ray*> g, = < ,Patient Admission*>
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Ad-hoc Process Change

Ad-hoc Flexibility:
Process Type Level Deviations, Change
Process Schema S J Non Operative Therapy ]
Patient Anamnesis & 4 Y L J Discharge & ]
[ Admission H Clinical Examination » X-ray Non Operative Therapy 1 1 Documentation
......... S J 1
clinicalSuspicionOf )
CruciateRupture = ,Ye P MRT
] Activity — For patient ,Oberweis® the MRT
_ . » Sonography 00 .
G xorespiton ) activity needs to be skipped
<> AND-Split/Join Anna b Bie cacrdioms maeramva e e
auc o llls Ldlllal pdlcilidiAC].

Process Instance Level

Process Instance 11

_J

Execution Trace: Execution Trace:
0, = <,Patient Admission®, ,Anamnesis & Clinical Examination®, ,X-ray*> g, = < ,Patient Admission*>
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Ad-hoc Process Change

Ad-hoc Flexibility:
Process Type Level Deviations, Change

Process Schema S { Non Operative Therapy }

Patient Anamnesis & e D Discharge &‘
Admission Clinical Examination » X-ray Non Operative Therapy 1 1 Documentation
— J
clinicalSuspicionOf )
CruciateRupture = ,Ye P MRT

() Activity ——

» S h Initial Treatment & Operative Treatment
<> XOR-Split/Join ?| >onograpny Operation Planning
cruciateRupture = ,Yes* and
<> AND-Split/Join operationindicated = ,Yes"
Process Instance Level
Process Instance I1 Process Instance 12
Nemm!
"n__J
Execution Trace: Execution Trace:

0, = <,Patient Admission®, ,Anamnesis & Clinical Examination®, ,X-ray*> g, = < ,Patient Admission“>
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Ad-hoc Process Change (User's View)

Exceptional case —
we need an additional lab
test !

Examinations

‘ Wallace, Edgar ‘

4
a

Insert task?

N

Delete Yask?
Shift task?

The Users' View
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Ad-hoc Process Change (User's View)

Exceptional case —
we need an additional
lab test !

Examinations

Select Activit
U Wallace, Edgar elect Activity

Prepare patient for operation

. Inform patient
] Smlth, Karl Wash patient

Schedule examination date

U Jones, Isabelle

The Users' View
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Ad-hoc Process Change (User's View)

Start immediately, results are
needed before explanation
of operation risks

Examinations 'V <« Start

Examination

U Wallace, Edgar l

Check
_ Aresthosiooey

U Smith, Karl

U Jones, Isabelle

v < End

[Explanation
Operation Risks

The Users' View
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Ad-hoc Process Change (User's View)

Examinations 'tV <« Start

Examination

U Wallace, Edgar

[ ADEPT
_ " Insertion is possible!

£
U Smith, Karl i - Please wait -

U Jones, Isabelle ‘P
< End

Explanation
)

Operation Riskp

The Users' View




Page 20 EMISA'09 Keynote | A Thing Called “Fluid Process” [11 September 2009

Ad-hoc Process Change (User's View)

OK, now let us continue

. . [ —— with the examination !
Examinations e = Sl
R TR =
- | e T e ]
U Wallace, Edgar - EOE  eEe =
e — r TP
- | P ]
o i - - ——
U Smith, Karl —— | ]
U Jones, Isabelle S B —
= |
O = e e

The Users' View
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Ad-hoc Process Change: Correctness

Process Type Level

Process Schema S { Non Operative Therapy J
Patient Anamnesis & ( h
Admission Clinical Examination »  X-ray Non Operative Therapy 1 }
-
clinicalSuspicionOf ( )
CruciateRupture = ,Ye P MRT
|
(7 Activity —— "
» Sonography Initial Treatment & H Operative Treatment
<> XOR-SpIit/Join i Operation Planning
cruciateRupture = ,Yes“ and
<> AND-Split/Join operationindicated = ,Yes"

Discharge &
Documentation

)

Process Instance Level

Process Instance 13

I3 is not compliant
with change
Delete (13, MRT)

Execution Trace:

0, = < ,Patient Admission®, ,Anamnesis & Clinical Examination®,
»MRT*, X-ray“, ,Sonography“>
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Ad-hoc Process Change: User Assistance

1 Annotating changes with information about the reasons for the change
1 Retrieval of similar past changes based on context information

1 Reuse of changes through PAIS

Process Instance |, Delete(l,,MRT)

» Non Operative The}apy

[ Patient Anamnesis & A
Admissio Clinical Examinati

Discharge &

S Documentatio

Non Operative Thelapy 4

Initial Treatment

Operation Planni Operative Treatmerit

//' pdcl = The treatment of cruciate ruptures routinely includes a magnetzg\
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.
gaSetcl = {(Does the patient have a cardiac pacemaker?,

Patient.problemList.hasPacemaker = 'Yes')}
k sol <Delete(S;,MRT) > Case C1 /

1

I
freqCl
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The ADEPT Approach

(Formal)
Process Meta
Model

Propagation of
Response Process Type
Times Changes

User
Interface / API

Component-
orientied
Software

Development

Scalability /
Distributed
Process Mgmt
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The ADEPT Approach

(Formal)

Process Meta
Model

Propagation of
Response Process Type
Times Changes

User
Interface / API

Component-
orientied
Software

Development

Scalability /
Distributed
Process Mgmt
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The ADEPT Approach

(Formal) F':;()Cnf:; Architecture
Process Meta c 9 " And
Model omposition

Implementation
N

Propagation of
Process Type
Changes

Transactional
Support /
Semantic

Rollback

User
Interface / API

Component-
Efficient orientied
Execution Software
Development

Support of
Temporal
Constraints

Scalability /
Distributed
Process Mgmt
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The ADEPT Approach

ADEPT : Process Execution Engine
L. Process 11
Individually adaptable Lprocess 4 Proceces | | Process 14
Process Instances Process 2 Process 6 Process 8 Process 13
Process 1 Process 5 Process 7 Process 12
! 3 I ;
Process Instance
- »

(individual) "Process Program" EECEE BN
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The ADEPT Approach
ADEPT : Process Execution Engine
L. Process 11
Individually adaptable ey il
Process Instances Process 2 Process 6 Process 8 Process 13

l Process 1 Process 5 Process 7 Process 12

Eo
Process:Instance éo & i . &D

o]
(individual) "Process Program”

Achievements:

- 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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The ADEPT Approach
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Applying the ADEPT / AristaFlow
Technology in Practice
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Enabling “Fluid Processes” with ADEPT: The Spot Project

(1

Lab

specimen
delivery

Flexible Support of Clinical
Pathways with ADEPT

Partners:

Jan Neuhaus, Claudia Reuter
Fraunhoferinstitut Dortmund

D

©
yes Abdominal
m @ X-ray
findings stone? / no

(2 (3 (4
Anamnesis |—m| Exa_mi— Sono-
nation graphy
Labtest1 [~m» Labtest2
T P
3/ 6

Urinary_Stone_Diagnostics

End

) OR-Split

{

I:I:I AND-5plit I:I:I AMND-Join

OR-Join
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Enabling “Fluid Processes” with ADEPT: The Spot Project

Clinical pathways constitute “Fluid Processes” which need to be statically
and/or dynamically configured to fit to the patient’s current situation!

Patient is pregnant; process @/ gr'ni%
variant ,pregnacy” is chosen = "Hbm wggr.;;gc
© © (o) (D
. Exami- Sono- i i
m Anamnesis " ation — graphy m (E\) yes ] MRT i
&b’ - Suspicion R
specimen Ef‘:_og_silder —® for urinary
delivery inaings « Stone? no

Labtest1 % Labtest2

: P P
v A5 6 )

Increased blood sugar
" Bleod | level; process variant
| ,Diabetes" is chosen

:

|

I glucose
| -

G

New process fragments
are inserted in parallel!
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Enabling “Fluid Processes” with ADEPT: The Spot Project

The Process Structure Tree - Providing abstraction to end users

(2D (3) (4) (9D
: Exami- Sono- Abdominal
- Anamnesis W . _ yes
(” 1) nation graphy (' zﬁ (‘g‘j X-ray ﬁ {‘]‘\)
L;[} Consider SUSP!C'OH
specimen - for urinary End
. findings no
delivery stone?
]
Lab test 1 Lab test 2 I:I:I AND-Spii I:I:I AND-Join
5 —( 6 —
- “‘“ [ Jorson (]
Urinary_Stone_Diagnostics OR-Spiit OR-Join
Preparation Examination Analysis Examination End
A
| / \
/ \
Uralogy Labaoratory / .\
ll 1
o
/ \
DO () (D8 ) (10D
xi; (2 3 T L\% 8 ;}'GTJ (9 'L?J




The Process Structure Tree representing the patient-specific pathway!
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Enabling “Fluid Processes” with ADEPT: The Spot Project

Urinary_Stone_Diagnostics

Preparation

Examination

AN

Laboratory

Urology

Analysis

Examination

End
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Enabling “Fluid Processes” with ADEPT: The Spot Project

Proof-of-Concept Implementation Based on the ADEPT System
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I
Dr. Peter Miiller
Behandlungsplan bearbeiten
Patientenverwaltung Konktakt
Behandlungsplantyp Hans *28.05.1969
Behandlungsabschn
Uty | statmcharge [ roxiobiane [ rexaits [ owration [ agertivn 1 o
TOORTAL AR NODE_PINISHED e ————— 3 [ vasce (-1} x Anamn
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Enabling “Fluid Processes” with ADEPT: The MTCT Project

Possible unexpected
events: new client request
arrival, delayed venhicles,
technical problems

The MTCT System for
Managing Container
Transporation

Partners: University of Montreal
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Enabling “Fluid Processes” with ADEPT: The MTCT Project

The MTCT System for the Flexible Management of Container Transportation

1 Based on a transportation system framework

d Functionality:

O Modeling and enacting the processing of client requests for container
transportation (i.e., complex processes)

O Tracking and monitoring the progress of the processes accomplishing these
client requests

O ldentifying the activities to be (dynamically) composed and executed; e.g.,
attach/detach container to/from vehicle, move vehicle to location,
load/unload container, wait at location

1 Processing of client requests for container transportation

O Dynamic creation and adaptation of specific sequences of interdependent
activities; Use of ADEPT technology

O dynamic structural modifications of process instances, e.g., adding a transfer
to an already planned client request processing



EMISA‘09 Keynote | A Thing Called “Fluid Process” |11 September 2009

Enabling “Fluid Processes” with ADEPT: The MTCT Project

Proof-of-Concept Implementation Based on the ADEPT System

M

MTCT

E;] ADEPT-Client on ADEPT-Server 51 [localhost): MTCT_U [3483515136026191111)

Filz  Zoom “iew Help
) New Instantiation Mods state -1
|acTreaTED L
) Activity attribute value setting/updating
Actor assignrment
) Activity deletion | TR m—p =
) Activity insertion : | 0]
CIADEPT -Client on ADEPT-Server 51 (localhost): MTCT_R1 (3483515136031201111) =lof=]
#) Activity (re-)assignment ; =
File Foom Wiew Help
) Activity time settingiupdating |
— N e N e I e T e B e B [ s
=
£l | ) N | ,
Reservation of resources
g.?.g Reservation of the D Resource O] x]
& Activity [re-Jassignment 1 [=] Ditiver Starting Time shing Time Crigin Destination
Watson 2003-10-1510:30:00  [2003-10-15131500  |Quehec |Montreal
[atson | gﬁ Reservation of the Yehicle Resource _ O] x|
nggg Vehicle Starting Time Finishing Time Origin Destination
Process instance | MTCT_R1 - riateon 14202 2003-10-1510:30:00  [2003-10-15 13:15:00 |Cuebec [Mantreal
MecCain $§g§ & Reservation of the Container Resource I [=]
Activity MTCT Waiting =~ | Watzon a0 Container Starting Time Finishing Time Qrigin Destination
WWatson 202 C111 2003-10-15 10:30:00 2003-10-15 131500 |Quebec Mantreal
McCain, Wilson 202 C111 2003-10-15 10:00:00 2003-10-15 10:30:00  |Quebec
C111 2003-10-15 13:30:00 2003-10-1514:00:00  |Montreal
Crew membersdriver | Muller, Watson C111 2003-10-1513:15:.00 2003-10-15 13:30:00 !
Wilson. Bab C111 2003-10-15 14:00.00 2003-10-15 151500 |Montreal Crrummondyille
: 111 2003-10-1508:15:00 2003-10-1510:00:00 Crrummonclyille Guebec
£ Worklist of McCain — O] =]
Activity Origin Destination Container Wehicle W o State m o
[MTCT Unavailable  2003-10-14 18.00:00 20031016 08:00:00 WMTCT_LU RUNMIMG I-[ fanish
&Wolklisl of Watson =] E3
Activity LST LFT Qrigin Destination | Container | Yehicle | Workflow State

MTCT Unavailahle

2003-10-1518:00:00 2003-10-17 08:00:00

MTCT_L ACTIVATED

MTCT Move Wehicle to Origin Location 2003-10-15 08:15:00 2003-10-1510:00:00 Drummondville Quebec

111 V202

MTCT_R1 ACTIWATED

S. Bassil, R. Keller, P. Kropf: Workflow-oriented System for the Management of Container
Transportation: Challenges and Architecture. In: BPM’'04 Conference, Potsdam, 2004
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Enabling “Fluid Processes” with ADEPT: The Consensus Project

Company A Buy cement (Supplier)

(Buyer) —— i

Obtain all or none
Inter dependencies
Constraints
Preferences

The Consensus Approach for
Supporting E-Negotiations

Partners: University of Montreal
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Enabling “Fluid Processes” with ADEPT: The Consensus Project

Proof-of-Concept Implementation Based on the ADEPT System

1 Supports dynamism in (combined) e-negotiations; it is
possible to dynamically ...
O insert a new negotiation S. Bassil, M. Benyoucef, R. Keller, P. Kropf (2002). Addressing

Dynamism in E-negotiations by Workflow Management

O move a negotiation Systems. Proc. DEXA'02 Workshops

O remove already scheduled activities

O

START NOD EMPTY NO SUPPLIER 1 EWPTY NOD SEA SURFACE SURFACE [
SHIPMENT SHIP. 1 SHIP. 2

SUPPLIER 2—

—INSURANCE DRWARDING CARRY END NOOE
OUTDEALS
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Enabling “Fluid Processes” with ADEPT: Disaster Management

Process-aware, Cooperative Emergency Management for Water Infrastructures
Partner: TU Darmstadt
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w|El
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Eidote fufasten
Sansate
Laufende
Aufgaben
7 properties 3|1 problems | = Templatestanageriie | “='|:||§_’[q..s.:mm_._ vew 5| =n kb s
- 0 |t Data Ty Pk | UDT Mo
s Template Basics T B Lo Luptoms L [ p——
T 1 Reweds I N
e . 0 ot BOOLEAN "
i bestelen,und_sdnfen 12 Maweeheecemkhry  STRING N
retarcs Name Template: 13 ResrsatTask USERDEFBNED N v ol Result .
16 MassrishemeniD INTEGER
Destription: 3 HotAddress STRING
s am SRR N
o wEGR
— 7 ermmm et N
Teglate Supervior: et sefiameas T  cipostontimen'mparisor]) [T (0 Rl CE 4
- | g
I

A. Wagenknecht; U. Rippel: Improving Resource Management In Flood Response With Process Models and Web GIS. In: 16th TIEMS Conf., 2009
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Constraint modeling How to model semantic
constraints, such as
compliance rules, adequately?

Process design How to ensure that process
models meet compliance
requirements?

Supporting semantic constraints Process execution How to ensure that flexible ad-

hoc process adaptations do

in adaptive process management . ) :
P P g not introduce incompliance?

systems — Challenges

Process evaluation How to trace compliance
violations and benefit from
past process executions?

Ly, L.T. and Goser, K. and Rinderle-Ma, S. and Dadam, P. (2008) Compliance of Semantic Constraints - A Requirements Analysis for Process
Management Systems. In: Proc. 1st Int'l Workshop on Governance, Risk and Compliance GRCIS'08), Montpellier, France.
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some impressions
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[ @ O SeaFlows Graphical Editor @ @ ®

File Edt Diagram Window Help Walidate Wiew

©5. Project Explorer 53 ‘ E Activity Browser Sl @ InformP atient. sged @ ToleranceTest.sged =0
5 Al o
B <‘)==.=> = 2 | e Palette [
Condition N &~
&= Clinical Domain Constraints rh Rt
= After a surgery, an aftercare er an IE Consequence Part
|§ Aftercare.sge E Surgery appointment is necessary, before the
Aftercare.sged patient is discharged. (&= Condition -
InformP atient.sge [A] Activity Occurrence Condition
. “ariable
InformP atiert. sged
ndition
ToleranceTest. sgc
ToleranceTest. sged [2] Discharg - L
Condition
Prior to a CT, the patient
. has to be informed and
=] after the CT the results —
Consequent m cT <
— | have to be reported to
the patient. uence
[&] Surg
Consequence P art Condition

€

Prior to an exarmination of
a patient aged beyond 75,

[a] €T Patient.Age = 75 an additional tolerance test
rrust be perforrmed.

[&] Discharge | & Inform Patiert| <

E Examination

<l
(2L Problems 22 Consequence Part
0 termns
Description | Resource | Path | Location | Type

Patiert.Age > 75

EI Tolerance Test m Exarmination
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AristaFlow Process Template Editor

File Wiew SeaFlows Window Help

JF‘J’VB@;

o $ Templatel.template (changeable) 52 constraints.sfc

-J-] Aftercare

£

Condition

[a]cT

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

Consequence Part

|| Inform P atient

_ (&) - la] et (<) |A] Report Results

=l Properties | [2 Problerns | 5 TemnplateManagerview | €3 SeaFlows Constraint Check Result £2

X B=0

Constraint check result for template Templatel from 31.08.2008 10:33:36:

> 3 A violation of constraint number 1 in constraints sfc has been detected.
v €3 A violation of constraint number 2 in constraints sfc has been detected.

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

v €3 A violation of constraint number 3 in cohstraints.sfc has been detected.
w & There are 2 reasons for this problem:

w & An occurrence of activity Surgery in an exagutiontrace d

‘imnle an accnrrence of anv of the setivities Aftercare ar Male

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

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

introent in the r

> & An occurrence of activity Discharge Patientinan| | h€ activities CT and Inform patient are on different branches of an XOR-Block
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i4 AristaFlow Process Ti late Edit =

File Edit W%iew Run Search SeaFlows wWindow Help

Ti~=HS §|B°"5ic Modeliing "| C & RunTemplate 47 GG v Prior to an examination of
*example_process (Source: example_proc... &3 | &7 Formulaidentifier i Farmulaidentifier i Farmulaidentifier Generated ¢ . a patient aged beyond 75,
& 5o i b2 4 * * 5o Patient.Age = 75 an addtional tolerance test
o ! 1 rmust be perforrmed.
_, | Process model to be checked mumi——
Fir
|| Consequence Fart
Fatiert.Age = 75
?ﬁﬁEGER g?g‘?ﬁé | & Tolerance Test @ Exarmination
Tl SRSV Go VoSN :zj & !
S | P
age < 80
+ Data Manipulation
i ¥ Insert Data E
£y )
Generated counterexample:
Execution path and corresponding process context violating the constraint
&

% Outline | #: Data El

| - Iaentifier Admit Patient Inform Patient @ age? age < &0 Examination
Make new_Zonskra {1-2) {3-4) (5-6) {7-8) (-10)

Formulaidentifier M ;

Gl
iii
iii




ulm university universitat

ulm

Changes in the Jamuna river (a branch of the Brahmaputra) in Bangladesh between March 1987 H H HI
(shown in dark blue) and March 1989 (shown in light blue) and superimposed on a SPOT satellite Mon |t0 Il ng and M NI ng

basemap. Change monitoring made it possible to model the river's course and behaviour and to

undertake preliminary studies to control flooding. FI U |d PrOCeSSGS
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Monitoring and Mining “Fluid Processes”

Schema S':

(A > ¢ P> E

N
]
o
C
. 3
.~ @
B Dog £
( \j F\#‘j @ o Exception:
Ve ~ - ® i
[ J\;@/J o SkipD
- o
Process designer / |
Process administrator T : : .
Process instance |, with Instance- Process o
\ <y specific change Execution IR
Execution e—— :
Log | |
Process _
Monitoring Instance- Actor
specific
Change Log / Change

Instance

Variants

<y
Application
data
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Execution and Change Logs of “Fluid Processes”

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

Process Instance 4711
2007/09/10 11:00 2007/09/10 13:00 2007/09/11 10:00
>

>
. . J . =

IA]_>‘B_,[C][ mj_, [A Helen>?

Garry Helen - |—.
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Change Analysis — A Simple Approach

Fluid processes with instance-specific change logs

nstance - = R Change Logs

cly =
isert(S, Lab test, Examine Patient, Deliver report)

— /’\ I opi . \ \
" "I:I op2:=move(S, Inform Patient, Prepare Patient, Examine Patient))

Enter  Infarm Prapara Examing  Dellver
order  Patlent Patiant patiant report
Instance I, : . Lab tost
cLlS)=(

opd:=insert(5, xRay, Inform Patient, Prepare Patient),
_‘| i —D op4i=delete(S, xRay),

Enter Inform Prapara  Examina  Deliver  opS:=delete(S, Inform Patient),
order  Fatlent Patiant petiant  report o npinsert(S, Inform Patient, Examine Patient, Deliver Report),
Instance Iy - Lab teet  op2 =move(S, Inform Patient, Prepare Patient, Examine Patient),
- wprl =itesen (S, Lab Tesl, Examine Palient, Deliver Repaon L))

Enter  InToIT op2 =move{S, Inform Patient, Prepare Patient, Examine Patient),
ome[ Pnllsm l:;':f:rnf E;:ﬂ:: ?::::tr op1 =insert(S, Lab test, Examine Patient, Deliver report))

Instance I, - . Lab taat
el=(
_D __I:I op1 =insert(S, Lab test, Examine Patient, Deliver report))

Entar Inform Prapars Examina Dellver
order  Patlent patlant patiant report
Lab taat
Instance Iy -
clg=1(
El__l:l ﬂv op; =i‘|"|sle:n[% Il_jal:ln.tes‘t. Ex::line Patient, Deliver report,
opii=delete| ellver n
Enter  Inform Prapara Examing 2l P 1S, eport))
order  Patiant Patiant patiant raport
Instance I - Lab teat
clig=(

T '“‘~/\ 1 op1 =insert{S, Lab test, Examine Patient, Deliver report),
EL-'_'I:'_'I:'_ op2 =move(S, Inform Patient, Prepare Patient, Examine
Enter  Infarm Prepare  Examine sllvats, Patient),
order  Patient Patisnt patient  repot  op7 =delete(S, Deliver report))

Instance I : - xRay
ol (5) =
-'._'El_'l:l_'l:l_ D op8i= |nserh15 xRay, Examine Patient, Deliver report))

Enter  Inform Prepars Examine  Dellver
order  Patient Patlant jpatlent regart
Instance Iy Lan teat
\/,\ cly=(
op2 =move(S, Inform Patient, Prepare Patient, Examine Patient),
E“w Inmm s o D i op8 =insert(S, xRay, Examine patient, Deliver report),
order  Patient oy ;:lm'f r:p:;" op9:=insert(S, Lab test, xRay, Deliver report))
Instance Iy~ *Ray - Lab teat
-., o U‘ CLIB‘I:(' (S, Lab test, Examine Patient, Deli )
opi =insert(S, test, Examine Patient, Deliver report),
El_'l:l op1l:=insert($, xRay, Examine patient, Lab test))
Enter Inferm Pregars Examing Dellwar

order  Patlant Patlant jpatlent report

Phase |

Change Processes
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Change Analysis — A Simple Approach

3
W

g

o] [
opd

oph

opl

‘!'
" mm
(b}
7]
0
o
o
S
o
o
o 2
=
<
@)

[ept | [opz ]

opT

| op2 |

~{Effel-

Phase Il

[ Insert xRay
(op3)

J

)

E

Insert LabTest ]

(opl)

X

[ Delete xRay
(op4)

|

Delete Deliver report
(op7)

)

By

b

Delete Inform Pat.
(op5)

[ Insert Inform Pat.
(op6)

]

. P
> <

—

[ Move Inform Pat.
(op2)

)

The discovered meta change process covers all changes applied to

at least one of the given fluid process instances.

Gunther, C.W.; Rinderle, S.; Reichert, M.; van der Aalst, W.M.P (2006): Change Mining in

Adaptive Process Management Systems. Proc. CooplS’06, LNCS 4275.

Gunther, C.W.; Rinderle, S.; Reichert, M.; van der Aalst, W.M.P.; Recker, J. (2008): Using
Process Mining to Learn from Process Changes in Evolutionary Systems. Int'l J of Business

Process Integration and Management, 3(1):61-78
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Change Analysis — A Simple Approach (Proof-of-Concept Prototype)

Change Mining

866

a8e|@ Plugin in ProM

[ NaNE] Results - Settings for mining Filtered A%

WSS

-

Process Start ——|
a0
M i H
Change L
ange Logs
Imported from ADEPT
INSERT xR ay INSER T.Labtest IMSERT.Inform patient
complete comphete cormplete
40 1) 1.0 -
s B : /0) /(213) fﬂm
N " _:; r DELETE =R ay [ ELETE.Delhver r eport MOVE. Inform patient
Ve fon 3.0'Ze complete (2m complete (6.00 complete
1.0 20 50
¥ Choose filter:
v . (1.0 (20 (50
&) Oce Tests LogFiles V
@ XMl ImportExech Frocess End W L;
& Adept Demonstrator an I:

& CPN Tools
) FLOWer
i PeopleSoft
@ Apache 2 ol — = i
& MXML Pipe S -
NS ADcES S dlat oS Pf:)r;n;rnagmr:\:lgrltjllnitialized r
© Test Driver Start process mining. m
i Staffware Mining duration: 391 milliseconds

Process mining finished. 1

@ ASML Tests

— [ Normal | Warning  Error  Debug |
4.1 /5.6MB
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A More Advanced Approach: Process Variants Mining

1.  Configurations
are very costly
2. Variants are

<><§>@-’K O

Procese variant 1 Process variant 2 Process variant n d IffI.CU |’[. to
maintain
I I
__________________ _|_______________7_______
mining &learning /

7 7
_ ~Reference process

- template as learned
from process variants

Derive a new reference process model from the
the variants such that:
Li, C.; Reichert, M.; Wombacher, A. (2008): Mining Based on Less adaptations are needed in future!

Learning from Process Change Logs. Proc. 4th Int'l Workshop
on Business Process Intelligence, Milan, LNBIP 17
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Process Variants Mining: Basic Goal

How to discover a reference process model

by mining a collection of process (instance) variants

in order to

reduce the need of future process adaptations?
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Process Variants Mining: Bias and Distance

Admitted]

>

register

receive
treatment

pay

a) S: original process model

S[A>S')

register

admitted

receivel
treatmer

=N

pay

/

t

|:|:| AND-Split
H:I AND-Join

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

e=<admitted, receive treatment, register, pay>

b) S’: final execution & change

1 Process Bias: Minimal set of high-level change operations needed to

transform a given process model S into another model S’

1 Process Distance: # change operations of any bias between S and S’; can
be used to measure the complexity for process change

Li, C.; Reichert, M.; Wombacher, A. (2008) On Measuring

Process Model Similarity based on High-level Change

Operations. Proc. ER'08, Barcelona, LNCS 5231
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Process Variants Mining: Reformulated Basic Goal

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

O

O O O O
When representing a process (instance) o © o OO O o O/Variants
variant as a “dot” in a 2- dimensional o %0 o 590 o/
space, discovering a reference model o © %5 5 %%
logically corresponds to finding the 500 OO °6 @0
“center” (for which the average distance é) @ OO 0 o
is minimal to all “dots”). © 7O 0 9

o O O
Discovered

reference
model



EMISA‘'09 Keynote | A Thing Called “Fluid Process” |11 September 2009

Process Variants Mining: Clustering Algorithm (1)

Schema Evolution

—

[AF>B|»C»D>E|]

S: Original process model

@ Process Adaptations

Li, C.; Reichert, M.; Wombacher, A. (2008) Discovering
Reference Process Models by Mining Process Variants.
Proc. ICWS'08, Beijing, China. IEEE Computer Society
Press, pp. 45-53

m Process Variants
o
o
%)
(0]
8 M S,C,B,E)>
=< \' , G, B,
% [ ove (
<
. Ss: 8% B D]
é 05=< Move (S, D, E, End), Delete (S, C) >
@ o0,=< Move (S, D, B, C), Move (S, E, B, C) >
S5: 20 A (B} +{EJ+D] s (E}+{D]
o3=< Move (S, C, A, B), Move (S, E, B, D) > og=<Delete (S, B), Move (S, E, C, D)>
Average weighted distance: 1.5 changes / instance

@ Change Mining

[AI> B> C>E D]

S': Discovered process model

{1

Biases after process evolution

11:30%| o'y=<Move (S’ E, A,D)>

o)

o',=< Move (S, D, B, C),

I: 15% Move (S', E, B, C) >

I3: 20%
l4: 20%

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

o's=<Move (S’,C,B,E)>

Is: 8%
le: 7% o's=<Delete (S’, B)>
Average weighted distance:
1.15 change/ instance

o's=<Delete (S’, C) >
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Medical Guideline
(narrative)

Dissemination @

Example: Clinical Pathways

medical guideline G

Feedback

Change pathway

schema
Process

Engineer

ical pathwayv schema P* |

Create new pathway

schema ©
y |
Process
execution
ﬁ
Medical Staff

Process instances

Notify process engineer @

Medical pathway schema P

Site-specific
Adaptation ®

PR

O

=

O

| o
- Q
Disseminated c

> medical guideline G g
(=)

[P L BB ] ©
O

=

o

<]

o

¢

Process instantiation @ .*%

Actual treatment process for
patient pl

—D

Instance start ®

¢

Individual treatment plan
for patient p1

(with ad-hoc changes)

change logs

Process instance

Cth

patient treatment-specific
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y : b S
y / N

Process

i
/
J

The COREPRO Approach: Motivation

\

‘\\“

Product/

/
J
_ ,//

Process structure needs to
be adapted when product
structure changes!

Process
e Process

Process o5 T o

” | Process
ST ko

Process /|
el / ¥ )\ \y | Process
~ o o

Py b s s g b

Proces — L~ Process
e Progessy=o e
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The COREPRO Approach: Motivation

Modeling >

> Execution>

Dynamic
Adaptation

=

Exception
Handling

>

Brett-Test
Komponente

rett-Te

Brett-Test
Komponente

rufstan

I/

Brett-Test
Komponente

1

E/E-Klausur
Release

Brett-Test
Innenraum

=S irandile

Brett-Test
Telematik

TS o

Brett-Test
Komponente

Auswabhl
Komponenten
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The COREPRO Approach: Motivation

Modeling ::>>
::>> Execuﬁoﬁ::>>
Dynamic
Adaptation

Brett-Test
Komponente

Data-drivea“RPtoce

\

Exception
Handlung

Corepro: Integrated Support of

Data-driven Process Structures

Brett-Tekt | i
Motor

Prifstand

pongnte

Brett-Test
Komponente

Komponente /Komponente

Brett-Test
Innenraum

r =Sl

Brett-Test
Telematik

Brett-Test

Komponente Brett-Test

Komponente

Auswahl
Komponenten
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Datengetriebene Prozessstruktur
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The COREPRO A
UL o M
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Data
Model
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Data

Data-driven Process Structure
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= System iy > . . .
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D
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c System O3
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|
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I

hatSys

System
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Datenstruktur
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¥
Komponente nutztKomp

Komponente
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Datenaetriebene Prozessstruktur

Data-driven Process Structure
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The COREPRO A
1HC vunccirinu M

pproach:

Change Operation (Data Structure)

1) removeRelation(Telematik High
V2.2, TV Tuner V1.83,
nutztKomp) ;

2) removeObject(TV Tuner V1.83);

Change Operation (Process Structure)
1) removeExtTrans(Telematik High V2.2 .
Muster Aufgebaut, Installieren, TV
Tuner V1.83 . E);
2) removeOLC(Tuner V1.83);

Instanzebene

Gesamtsystem

BR212, Rel. 02/08
|

hatSys

System

Telematik High V2.2
7
hatKomp /

nutztKomp

Komponente

Datenstruktur

BR212, Rel. 02/08

Konfiguration
gebildet

Head-U‘P Unit
V3.14

Datengetriebene Prozessstruktur
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Data Handling in Existing WIMS
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business conditions vary with innovation pressure

business objectives vary with business conditions

business processes vary with business objectives

changing business processes will be a
common business process In the future
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Flexibility Support in most existing PAILS is like Teenager Sex!!

It's on everyone's mind all the time.
Everyone's talking about it all the time
Everyone's thinks everyone is doing it.

Almost no one is really doing it.
The few who are doing it:
Do it poorly
Think "sure it will be better the next time".
Are not practicing it safely

Everyone is bragging about their successes all the time, although very
few have actually had any success
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