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Motivation: The Clinical Workday

introduction to the
anaesthetist

hospitalization pre-/postoperative

diagnostics

— W21

admission

in-patient
treatment
recording of
services
ﬂ -

administration

intensive care

Operation
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Motivation: Some Problems

Who is responsible?
? ?

? ' Wasting all miy.,
;' time with making:
appointments!

This is the 3rd time

Which Menu? What happened

to my medicai
prders?

Why to enter the same data
once again

How to recover in
this chaos?
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Motivation: Fundamental Goals

Fundamental Goals:
1 Continuity of care
1 Patient-centered treatment
1 Integrated care

1 Process-awareness

provision of information and knowledge at the ,point of care”

Urgent need for IT support:
1 Frequent cause of medical errors = Missing information or knowledge

1 Example: Medication errors
* 29% due to missing patient-related information
* 19% due to missing medical knowledge

Leape LL. A systems analysis approach to medical errors.
J Eval Clin Pract 3: 213-22, 1997
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Motivation: Fundamental Goals

Fundamental Goals:
1 Continuity of care
1 Patient-centered treatment
1 Integrated care

1 Process-awareness

provision of information and knowledge at the ,point of care”

Committee on Quality of Healthcare in America (IoM)
Crossing the Quality Chasm: A New Health System for the 21st Century. IOM, 2001
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Motivation: Levels of Process Support

J Organizational processes

 Interdisciplinary cooperation among different
people and organizational units

» Example: Order entry and result reporting

] Patient treatment processes
» Guided by available patient information

» Dependent on medical knowledge

Lenz, Richard and Reichert, Manfred (2007) IT Support for Healthcare Processes - Premises, Challenges,
Perspectives.. Data and Knowledge Engineering, 61(1): 39-58, Elsevier.
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Motivation: Example of an Organizational Process

-
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\
/
Registration report Report
Repository
- patient Diagnosti
information Workstation
images
Orders Placed .
procedure — -
scheduled —— Film
Prefetch any relevant g Folder

examination orders ] prior studies Manager

it & Ar
g modality AU images
Orders Filled Worklist\ ™ g 4 stored

acquisition
acquisition __—"

completed
completed

Film
images
printed
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Motivation: Example of a Treatment Process

! f

prehospital poststationary
phase treatment

patient
admission

anamnesis and
clinical examination

clinical suspicion ward / ICU and
of proximal femor g ing el rosies operative treatment
fracture? - T <
initial treatment
h r ndin n no yes
td;aﬁzs‘i'se?i m ?o?n <V g S
g ymp operation planning

proximal femoral fracture &
operation indicated?

IT support in
routine use
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Motivation: Another Application Example

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

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

=~ Requires the execution of hundreds up to
thousands of processes

= Concurrent engineering > complex
dependencies have to be considered

= The overall process is long-running

Control Unit Control Unit

Mduller, D., Herbst, J., Hammori, M., Reichert, M. (2006) IT Support for Release
Management Processes in the Automotive Industry. In: 4th Int'l Conf. on Business
Process Management (BPM'06), Vienna, pp. 368-377.

Mdller, D., Reichert, M., Herbst, J. (2008) A New Paradigm for the Enactment and
Dynamic Adaptation of Data-driven Process Structures. In: 20th Int'l Conf. on
Advanced Information Systems Engineering (CAISE'08), Montpellier, pp. 48-63
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Motivation: Challenges

ve

1 Processes can become very large
and complex Example of

an Automot

1 Thousands of concurrently %Englneeﬁ%r;ng PrOCESS
executed process instances = N o D N o
1 High need for flexibility in all N %
phases of the process lifecycle
1 Support for application integration =it
Is fundamental =S dlly |
1 Correctness and robustness are ‘ S et
crucial features of any process- NI 2
aware inf. systems T \
O Integrated support of all phases of i <Al I
the process lifecycle required ! Healthcare
____Process
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Process-aware Inf. Systems (PAIS): Process Modeling

l NT=STARTLOOP
*14L
admit
patient
) ) Perform . emerg
collect physically instruct Examination | >
atient

atient data examline pat.

emergency W
check record —"Yes*
<
true false
ET=SOFT_SYNC_E
. Generate
order reg |_ster ;/» Short Summar
drug patient Generate |, -~
Report
Validate
calculate perform med. :
dosage examination Validate
Report
A
prepare Check
report

/

Document
Diagnosis

start therapy ET = LOOP E Q AND-Split @ XOR-Split

provide

aftercare E AND-Join If’ XOR-Join

\

discharge
patient

NT=ENDLOOP % Reichert, M., Weber, B.: Enabling Flexibility in Process-aware Information Systems —

Challenges, Methods, Technologies, Springer (to appear)
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Process-aware Inf. Systems (PAIS): Process Modeling

l NT=STARTLOOP
L
admit
patient
golle(t:jt physically instruct
atient data examine pat. atien - Y H H .
Ji l i e — Activity Specification:
check record  Automated or manual activity?
* Actor/Role assignment?
order register -
drug patient

e Form/serviceto beinvoked?
Coage. e e Input/output parameters

Check —

prepare
g report

start therapy
provide
aftercare
patient

ET = LOOP_E

NT=ENDLOOP

L



Process Modeling:
Ensuring Business Compliance (Semantic Constraints)
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Process Modeling:

Ensuring Business Compliance (Semantic Constraints)

2 * AristaFlow Process Template Editor

File Wiew SeaFlows Window Help Condition
|ty e

T fr Templatel.template (changeable) 52 l constraints.sfc | cT

Prior to a CT, the patiert
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Constraint check result for template Templatel from 31.08.2009 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.

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

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

<

&3 A violation of constraint number 3 in co
w & There are 2 reasons for this problem:

trace o Wirmanhe on accnrranca of anv af tha octivitias Affarcare ar Malg intrognt inthe v

» & An occurrence of activity Discharge Patient in an

The activities CT and Inform patient are on different branches of an XOR-Block
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Process Modeling:
Ensuring Business Compliance (Semantic Constraints)
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PAIS: Process Execution (End User Perspective)

Examinations
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PAIS: Process Execution (End User Perspective)

Scheduling o L
ﬁ Peters, Franz || ‘
___—

Admissions

Maier, Frida -___-_ )
Schmied, Udo _:_
Miiller, Heinz ||| ==
Peters, Franz

— |

Actor A Actor B

Medical Orders
Weber, Heinz
Schmidt, Ingo
Kramer, Ralf ﬁ .
[Peters, Franz
End User View

Actor C
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PAIS: Process Execution (System Perspective)

_and beneath the surface > Includes automated steps
p Important: application integration

28 3
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PAIS: The Process Lifecycle

\ Weber, B., Mutschler, B., Reichert,

M. (2010) Investigating the Effort of
Using Business Process
Management Technology: Results
from a Controlled Experiment.
Science of Computer Programming,
75(5): 292-310

rSchema S —
(S

Process engineer /
Process administrator

N——

Process
Monitoring

( Process
Execution

—

Execution
Log

Process
participant

Process Process Configuratio Process Process
Modeling & Implementation Execution Monitoring
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Adaptive PAIS: Need for Flexibility Support

(Schema S — \
(S

Need for
Process Variant
Configuration

Need for - g
Process .
Evolution

Process engineer /

Process administrator S——

Execution
\ Log

Need for Monitoring

Process
Execution

Process
jpant

and Analyzing Dynamic
Processes

Need for Ad-hoc

Deviations

Reichert, M., Rinderle-Ma, S., Dadam, P. (2010) Flexibility in Process-aware
Information Systems. LNCS Transactions on Petri Nets and Other Models of
Concurrency, Vol. 2, pp. 115-135
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Adaptive PAIS: Enabling Ad-hoc Changes

(Schema S — \
(S

Process engineer /
Process administrator

N——

Process
Monitoring

Process
Execution

Execution
Log

Process
jpant

Need for Ad-hoc

Deviations
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Adaptive PAIS: Enabling Ad-hoc Changes

Exceptional case —
we need an additional lab

o vV
Examinations — test !
Examination
U Wallace, Edgar l
Check
] o
U Smith, Karl : Lab Test
X-Ray
U Jones, Isabelle |
Explanation |4
Operation Risks
)
—— L—

The Users' View

Reichert, Manfred and Dadam, Peter (1998) ADEPTflex-Supporting Dynamic Changes
of Workflows Without Losing Control. Journal of Intelligent Information Systems,
Special Issue on Workflow Management Systems, 10(2): 93-129, Kluwer
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Adaptive PAIS: Enabling Ad-hoc Changes

Process Type Level

System’s View

Process Schema S
Patient Anamnesis &
Admission Clinical Examination

clinicalSuspicionOf
CruciateRupture = ,Ye

D Activity

@ XOR-Split/Join

<} AND-Split/Join

( )

#L Non Operative Therapy J

Sonography

~——o

Non Operative Therapy 1

]
J

Discharge &
Documentation

J

Operation Planning

Initial Treatment & H Operative Treatment

cruciateRupture = ,Yes" and
operationindicated = ,Yes"

Process Instance Level

Process Instance |11

Execution Trace:

Process Instance 12

Execution Trace:

o, =< ,Patient Admission“, ,Anamnesis & Clinical Examination®, ,X-ray“> 0, = < ,Patient Admission“>
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Adaptive PAIS: Enabling Ad-hoc Changes

—

gl

System’s View

Process Type Level

Process Schema S

Non Operative Therapy

Patient Anamnesis &
Admission Clinical Examination

D Activity
<}\’ XOR-Split/Join
<} AND-Split/Join

clinicalSuspicionOf
CruciateRupture = ,Ye

P N Discharge &
P X-ra 1 Documentation
> y } Non Operative Therapy 1J l
~——
)
>

——— For patient Mozart the MRT
" sorewmey [ gCtivity needs to be skipped 2
due to his cardiac pacemaker.

Process Instance Level

Process Instance |11

Process Instance 12 [ 2

Execution Trace:

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

L'
_J

Execution Trace:
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Adaptive PAIS: Enabling Ad-hoc Changes

Process Type Level

System’s View

Process Schema S (

#L Non Operative Therapy J

)

Patient Anamnesis & 1 0
Admission Clinical Examination P X-ray

~——

clinicalSuspicionOf ™~ ( )
CruciateRupture = ,Ye > MRT

(] Activity ——
@ ) . » Sonography
XOR-Split/Join \ )

<} AND-Split/Join

Non Operative Therapy 1}

Discharge &
Documentation

J

Initial Treatment & .
. . Operative Treatment
Operation Planning

cruciateRupture = ,Yes" and
operationindicated = ,Yes"

Process Instance Level

Process Instance |11

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

Process Instance 12

L'
_J

Execution Trace:
0, = < ,Patient Admission*>
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Adaptive PAIS: Enabling Ad-hoc Changes

Change Patterns

Pattern AP5: SWAP Process Fragment

T — — — ) . n Pattern PP3: Late Composition of Process Fragments
Description Two existing process fragments are swapped in process schema S.
Example Regarding a particular delivery process the order in which requested g Description At hui]d_—timc a set of process ﬁ'agmtn_is is dcﬁ_m:d fmr_n which the f:chcma ofa concrete
deliverad tn fan rnetnmers hag o he caanned process instance can be composed during run time. This can be achieved by dynamically
| by specifying the control dependencies between them on the fly.
Problem Pattern AP1: INSERT Process Fragment cal examinations are accomplished in a hospital. The exact
Description A process fragment X is added 1o a process schema 8. lied to a particular patient and the order in which they are performed are

. ) ) : individually depending on his‘her medical problems.
Example For a particular patient an allergy test has to be added to his treatment process due to a drug i ¥ P i ¢ P

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

Problem In a real world process a task has to be accomplished which has not been modeled i the process - T
sed from a given set of fragments.

schema so far,

. 1ld1 : for 1z a]q i
Design Choices C.  How is the new process fragment X embedded in the process schema? > building blocks for late modeling’

agments from the repository can be chosen,

(in addition to thase 1. X is inserted between two directly succeeding activities (serial insert) ; ) )
described in Fig. 6) 2. X is inserted between two activity sets (insert between node sets) based subset of the process fragments from the repository can be

Implementation a) without additional condition (parallel insert) . b )
b) with additional condition (conditional insert) § of process fragments can be defined,
S S’ ™ Pattern PP3
Related Patterns 09 :> is Schema §
e u “ n n rocess Fragments Sat of Constraints
seriallnsert

A at most once

[E}F] A wlthout D

How shall the execution
of instance 11 procead?
D iz mutwally exclusive
with & 50 maybe
fragment <B,C> would
be & good cholce,

R
!

parallellnsert

g

AMD-Split ANt 35 |nstance |1

S’ cond - v

v
Y A H{E HF K 7]
conditionallnsert E i B

KOR-Split XOR-Toin

:@ g LE%

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

Weber, Barbara and Reichert, Manfred and Rinderle-Ma, Stefanie (2008) Change Patterns and Change Support Features -
Enhancing Flexibility in Process-Aware Information Systems . Data and Knowledge Engineering, 66(3): 438-466, Elsevier Science
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Adaptive PAIS: Enabling Ad-hoc Changes

Correctness Constraints

Process Type Level

Process Schema S

Patient Anamnesis &
Admission Clinical Examination

[:] Activity
<}\’ XOR-Spilit/Join
<} AND-Split/Join

clinicalSuspicionOf
CruciateRupture = ,Ye

Y

v

Sonography

~—

Non Operative Therapy

]
)

Discharge &
Documentation

Non Operative Therapy 1}

Initial Treatment & .
h . Operative Treatment
Operation Planning

cruciateRupture = ,Yes" and
operationindicated = ,Yes"

Process Instance Level

Process Instance 13

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

|3 is not state compliant
with change Delete (13, MRT)

Rinderle, Stefanie and Reichert, Manfred and Dadam, Peter (2004) Correctness Criteria for Dynamic Changes in Workflow
Systems: A Survey. Data & Knowledge Engineering, 50(1): 9-34
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Adaptive PAIS: Enabling Ad-hoc Changes

jumpForward(CFSinstance, G, J, ...)

ERENEE N

Solution for many
” 1fundamental research issues!

N s Ml R W | A b SR R T

Formal foundation of the
‘) ADEPT technology!

ES = TRUE_SIGNALED
1
H‘ %_,‘ K %_> Reichert, Manfred and Dadam, Peter
and Bauer, Thomas (2003) Dealing
with forward and backward jumps in

workflow management systems. Int'l
Journal Software and Systems
Modeling (SOSYM), 2(1): 37-58
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Adaptive PAIS: Enabling Process Evolution

rSchema S — \
(S

Need for g
Process .

Evolution

Process engineer /

Process administrator (., Process
W, Execution Execution
Lo
Process
Monitoring Process

participant




I

Page 35 AIME'11| Keynote | 4 July 2011 \

Adaptive PAIS: Enabling Process Evolution

ADEPT 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 Engine

Process 11 Create Process Template , ]
Process 4 Process 10 Modify Process Template '; N e

LI
Process 3 Process 9 Process 14 Check Process Template ‘; - “
Process 2 Process 6 Process 8 Process 13 o
Process Application
Process 1 Process 5 Process 7 Process 12 Templates Components

4.377 instances can be

automatically migrated

Users ®3 N @ ] R (5 1.117 instances have
\;}’Qﬁ S = SO% \}V PIECEERIEE 1B I Process Designer /
‘ 123 instances cannot be Process Administrator

automatically migrated
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Adaptive PAIS: Enabling Process Evolution

Fundamental Question: Under Which Conditions is a Migration Possible?

Schema S: S" o LS |
confirm _mak_e l | send
order/ ack goods |nv0|ce/, > ackgoods 1 .
4 > - confirm order =
> > > > —
\ deliver goods
get collect / verg get order coIIect\A deliver goods
order data compose order data

compose order

migrate v o /
-

l,:

[
>

/

v 2|~

v

LN

>
/A

A\ 4
A\ 4

NS\

N
migrate v ° /
’ W

\

migr

Process instance not state compliant with S
(remains being executed according to S)

7S
\ /-

Rinderle, S., Reichert, M., Dadam, Peter (2004) Flexible Support of Team Processes
by Adaptive Workflow Systems. Distributed and Parallel Databases, 16(1): 91-116
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Adaptive PAIS: Enabling Process Evolution

Increased Complexity: Interplay with Ad-hoc Changes

Schema S: S T "inveree -+ i
confirm oo _rgag_ie ' ' send
ack goods Invol > !
order/ g / : ack goods ! invoice
. . = confirm order
> \ — > > —
i
get CO"eCt / de Iver gOOdS get Order CO”eCt\A de"ver goods
order data compose order data
compose order
l4:
el ™~ migrate . = el ~
v |4 > ) (v [— > >
l,: :
P $<\AAd-hoc Change iarate Indispensable:
v | > g- General, Formal
o~ - Correctness Criterion
o Analogy: DBMS Concurrency Control
Vi e > "Serializability Principle"
g migra . . o
1 b N~ - Process instance not compliant with S
d °

Rinderle, S., Reichert, M., Dadam, P. (2004) Disjoint and Overlapping Process Changes:
Challenges, Solutions, Applications. In: Proc. CooplS'04, Agia Napa, LNCS 3290,, pp. 101-121
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Adaptive PAIS: Extended Lifecycle Support

s

chema S‘: \
Schema S: )

.

Create Instances
Change Propagatlorr

Process engineer /
Process administrator

)

Process
Monitoring

Process
Execution

—

V

Instance |, &

v

specific
Change

Weber, B., Sadiq, S., Reichert, M. (2009) Beyond Rigidity - Dynamic Process Lifecycle Support: A Survey on Dynamic Changes
in Process-aware Information Systems. Computer Science - Research and Development, 23(2): 47-65, Springer.

Instance-
@ Process

participant
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Adaptive PAIS: 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

Dadam, Peter and Reichert, Manfred (2009) The ADEPT Project: A Decade of Research and Development for Robust and Flexible
Process Support - Challenges and Achievements. Computer Science - Research and Development, Vol. 23, No. 2, pp. 81-97.
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Adaptive PAIS: 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

Dadam, Peter and Reichert, Manfred (2009) The ADEPT Project: A Decade of Research and Development for Robust and Flexible
Process Support - Challenges and Achievements. Computer Science - Research and Development, Vol. 23, No. 2, pp. 81-97.
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Adaptive PAIS: The ADEPT Approach

(Formal) FProcesst Architecture
Process Meta c ragme_?_ And
Model omposition Implementation
N »

?’\ ~
Propagation of
/
Response )A. Process Type |nter;iir/APl
Times ’ Changes

v

Transactional
Support /
Semantic

Rollback

Component-
Efficient orientied
Execution Software

Development

Support of
Temporal
Constraints

Scalability /
Distributed
Process Mgmt

Dadam, Peter and Reichert, Manfred (2009) The ADEPT Project: A Decade of Research and Development for Robust and Flexible
Process Support - Challenges and Achievements. Computer Science - Research and Development, Vol. 23, No. 2, pp. 81-97.
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Adaptive PAIS: 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
l ; O

Process Instance
»

(individual) "Process Program" e

Reichert, M., Rinderle, S., Kreher, U., Dadam, P. (2005) Adaptive Process
Management with ADEPT2. In: Proc. ICDE'05, Tokyo,IEEE Comp. Press
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Adaptive PAIS: The ADEPT Approach

ADEPT : Process Execution Engine
L. Process 11
Individually adaptable  Process 4 |7pf;2222591° rocecs 14
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

of
(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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Reichert, M. et al. (2009) Enabling Poka-Yoke Workflows with the AristaFlow

BPM Suite. In: CEUR Workshop Proceedings 489.
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IT Support for Clinical Pathways

domain specific clinical require consensus
K | : . among medical experts
nowledge guidelines (and scientific evidence)

1

: o . require consensus
site specific clinical amqong SEEHEEING
knowledge pathways healthcare professionals

1

Individual patient treatment plan

1

actual patient treatment process

may deviate from
medical pathway

may deviate from
individual treatment plan



i

Medical Guideline
(narrative)

O

f ‘ Formalization @© g_

= n

Formalized Dissemination @ Disseminated %

medical guideline G > medical guideline G c

o

[PLPCRIPO | ———foadax (PP N
Change pathway Medical pathwav schema | Site-specific

schema P* | Medical pathway schema Adaptation @ o

Process p =

Engineer <4 D

[] o

— Soootoo g

e Process instantiation @ %

Create new pathway

schema ©
Process L L o
execution Individual treatment =
— Actual treatment process Instance start ® plan for patient p1 S
Medical Staff for patient pl ¢ Aj\ o
@
|| el D ||
Process instances ' §
(W|th ad_hoc Changes) PrOCGSS Instance 8
change ® =
. . =
Notify process engineer @ 2L
case base <

change logs
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Adaptive PAIS: User Assistance

rSchema S — \
(S

Exception:
Delete (I, E

Process engineer /

Process administrator Process
Execution Execution
\ Log ——
Process -
Monitoring Instance- @ Process
Change Log ‘

How to Assist

End Users?
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Adaptive PAIS: User Assistance

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

[ Annotate ad-hoc changes with information about their reasons

[0 Support users in retrieving past ad-hoc changes applied in similar
problem context

[ Assist users in reusing (i.e., re-applying) a past ad-hoc change for a
particular process instance when coping with an exceptional situation

Weber, B., Reichert, M., Rinderle-Ma, S. (2009) Providing Integrated Life Cycle Support in Process-Aware Information
Systems. Int'l Journal of Cooperative Information Systems , 18(1): 115-165



—

gl

Page 49 AIME'11| Keynote | 4 July 2011

Adaptive PAIS: User Assistance

. o Application Context Model
Memorizing ad-hoc deviations

) ) ) ) _ Ohject | Type [Min | M |
Including their application context S
= Fatient
age Integer L 1
preblemist Froblemlist i i
weight Integer L 1
= ProblerList
diagioses Caghosis 0 1000
hiesPacermsher Brokan 0 1
Process Instance |, therapies Therapy 0 10’0
Delete(l,,MRT) 1 & Therapy

:ﬁ\lon Operative Therap)J

Discharge &
Documentation

Patient Anamnesis & A
Admission linical Examinatio Non Operative Therapy 1

Initial Treatment &
Operation Planning

]D[Operative Treatment

Sonography

pdCl = The treatment of cruciate ruptures routinely includes a magnetic
resonance
t onography (MRT), an X-ray and a sonography. However, for a
particul ar
patient the MRT may have to be skipped as the respecti i ent has
a ‘19—7
cardi ac pacemnaker.
= <Del ete(S,, MRT) >
anet%= {(Does the patient have a cardi ac pacenaker ?,

nati ent . norohl enmli st . hasPacemaker = * Yes‘)

( Case c, )
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Adaptive PAIS: User Assistance

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

CCBR Component

@ Initiate Case Retrieval

Create List of Questions
with Possible Answers

@ Answer Questions with
Answer Expressions

(@ Answer Question

.0 @Add answered questions
Y to query qu

Process (® Show Ranked Cases + l @Calculate Similarity and
participant Rank Cases
List of Questions with Possible Answers
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Adaptive PAIS: User Assistance

Retrieving similar instance deviations based on the actual context

gaSet o = {(Does the patient have a gaSet ¢y = {(Does the patient have fluid in
cardi ac pacemaker ?, t he
knee?, "A significant anount'),
I@aggrdl. probl enii st . hasPacemaker Casec, (Does the patient have an acute
='Yes')} ef fusion of the knee?, 'Yes')}

List of Questions with Possible Answers

Question Possible Answers

Does the patient have a cardiac pacemaker? {Patient.problemList.nasPacemaker = ,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}

Query qu’ List of Retrieved Cases for Query
Question Given Answer | (3) e
Does the patient have a cardiac OTHERANSWER Case | Appl. Context Similarity
pacemaker? c2 5%
Does the patient have fluid in the knee? JA significant cl 0%
amount'

Sim(qu,c) :1*same(qu, gasSet ) —diff (qu, gaSet,) 1
2 |gaset |
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Adaptive PAIS: User Assistance

( \ Weber, B., Reichert, M., Rinderle-Ma, S.
Schema S': (2009) Providing Integrated Life Cycle
f \ Support in Process-Aware Information
Schema S: Systems. Int'l Journal of Cooperative

Information Systems , 18(1): 115-165

Change Propagatiorr
.

YV

Create Instances

Process engineer /
Process administrator

L

Process () [
>/

Execution
—

Instance |, &

v

Process ) <
. . A -
Monitoring Ig‘:‘)t:(:gﬁ @ Process
) Change participant

A

@ Migrate Case Base

i- Memorization and
O

Derive Process Type Change Reuse
e: Al IUC
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Adaptive PAIS: User Assistance

Il CBR Tool

Proof-of-Concept Implementation

“ ADEPTZ Process Template Editor

File  View ‘Window Help
It-ed

Togrde consok

O CER Toal &

Basic Informaten l Question-Bnswer Pairs | History |

- Special Casenformation

Mame  Fffusion of knee

Deseription Patient has & signifcant amont: of fluid in his knee and suffers from and scute effusion of the knee.

Walid from |200801—30 15:43:54 CET

CAsrear | Valid ta ‘2008—01—30 15:43:54 CET

Calerla |

Action
[ [ADEPT Chenge Operaton
: @ ADEPT P (Crenge Cperations [ Gperation Type | Detais
=0 | (5 Palette 52 | T MaruE | At Irsert 31, Follow-Ub Examination, Operative Treatment, XOR-Ton?
ﬂ P eoper: —_— Ireart 31, Puncture, Folow-Up Examnaton, XCR-Join2
primary pres
.pr\mary post 4 ‘

=] best2? bemplate B *Treatmert Process.template X
q ® [or-Operative Therapy
e MOn-Cpgratl
— 0
* MRT -
1 (R
1 Iritial Tr=atment & Cperation Flanning
- Sonography

K] .
[ Properties i3 lehIems| E B T =8
Property | value o
[= Info

Mame Treatment Process

Supervisor
[ Pararieters

Trpuk Parameters [

CukpUt Parameters [0
[= Templatz b

Terrplate 10 1] -
KTl W

Developed as part of the ProCycle project
funded by Tiroler Wissenschaftsfond

Il CBR Tool i
Toggle console

=0l

[ CBR Tool &

| b

=0
Please answer some of these questions
Question | Answer
Does the patient have a cardiac pacemaker? Other Answer
Does the patient have an acute effusion of the knee? ?

Does the patient have fluid in his knee? A significant arnount

Simiiar cases
Tite

Perform Puncture
Do not perform MRT

Execute Show Carcel
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Adaptive PAIS: Analyzing Process Logs

rSchema S — \
(S

Exception:
Delete (I, E

Process engineer /
Process administrator

Execution
&I Log

Process
Monitoring

Process (o]
Execution

—
— S
Instance-
specific
Change

Process
participant

Change Log J
Need for Monitoring

and Analyzing Dynamic
Processes
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Adaptive PAIS: Analyzing Process Logs

Original Schema S

a—a—{E

Process Instance 4711
2007/09/10 11:00

Instance 4711

Activity Event User Timestamp
Instance Started Garry 2007709708 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 :

001 InsertFragment[S;X,A,C]:Helen:2007/09/10 12:02
002 ReplaceFragment(S;C,Z):Jim:2007/09/11 09:31

User:Timestamp

2007/09/10 13:00
>

v

2007/09/11 10:00

v >
| A F__ﬁ B ___*[ C ]
Garry Helen

=l




Page 56 AIME'11| Keynote | 4 July 2011




Analyzing Process Logs:
Focussing on Execution Logs
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Source: www.processmining.org
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Analyzing Process Logs:
Applying Process Mining Techniques to Change Logs

Processes with instance—specific change logs

nstance - = Change Logs
/\ cly =

— J:L op isert|S, Lab test, Examine Patient, Deliver report), '
u / . " 'I:I op2:=move(S, Inform Patient, Prepare Patient, Examine Patient))
Entsr  Inform Prapare Examing Dellver i—-" ! i
order  Patlent Patiant patiant report m m
Instance Iy - . J—
cL.(S)=( | opd | | opk | | apd |

T "\/\\ ﬂ op3:=insert($, xRay, Inform Patient, Prepare Patient),
daP L =[] opu-deletes, xray.
Enter  Inform Prapare  Examina  Dellver  op5:=delete(S, Inform Patient),
order  Fatlent Patiant patisnt  report  oo6:—insert(S, Inform Patient, Examine Patient, Deliver Report),
Instance Iy : . Lantast op2 =move(S, Inform Patient, Prepare Patient, Examine Patient),

|~
op1 =insert(S, Lab Test, Examine Patient, Deliver Report)) m

op2 =move(S, Inform Patient, Prepare Patient, Examine Patient),

Enter  Inform
orna: pn“er«t ?:f:'n: E;:ﬂl:f EI::;:{ op1 =insert(S, Lab test, Examine Patient, Deliver report))
Instance I, Lab tast
opi
che =1
.I _D op1 =ingert(S, Lab test, Examine Patient, Deliver report))
EI“BI Inform Prapars Examing Dellver
order  Patlent Patiant patiant report

Lab tast 1
reeree B - Phase | =
-_l_,El_,l:I_D_ 0p1 =insert(S, Lab test, Examine Patient, Deliver report, opT

opT:=delete(S, Deliver report))

Enter  Inform Prapars Examing sl
order  Patiant Patient patiant raport

Instance I - - Lab teat opi m
— /\ clig=(
T D— op1 =insert(S, Lab test, Examine Patient, Deliver report),
EL.-_D_'D_ op2 =mowve(S, Inform Patient, Prepare Patient, Examine
Examing LAV

Enter  Inform Frepare Patient),

Change Processes

order  Patient Patiant patlent report opT =delete(S, Deliver report))

Instance I . *Ray
cL(S) =
-'._'El_D_D_ D op8i= |nserttS xRay, Examine Patient, Deliver report])

opT
Enter  Inform Prepare Examing  Dellvar
order  Patiant Patiant patlent report
Instance Iy Lab test m
/\ cLa=(
-_._' op2 =move(S, Inform Patient, Prepare Patient, Examine Patient),
opd =insert($, xRay, Examine patient, Deliver report),

Enter |l'lfD”I1 Prepare  Examing Dsllnr — .
order  Patlent patiant patient report op9:=insert{S, Lab test, xRay, Deliver report})

Instance Iy XRay - Lab teat
_U ol =1 opl
- -, . op1 =insert(S, Lab test, Examine Patient, Deliver report),
El—D oplli=insert(S, xRay, Examing patient, Lab test)) m
Enter Inform Pfﬂ-pil'ﬂ' Examing Dellvar
ordsr  Psfient  patient  patlent  report Page 58



Analyzing Process Logs:
Applying Process Mining Techniques to Change Logs

Change Processes

opd

o

d

opl

Phase Il [

[

Insert xRay
(op3)

J

)

+

Insert LabTest
(opl)

Delete xRay
(op4)

)

o P

L

Delete Deliver
report

J

(0p7)

P

T

Delete Inform Pat.

(op5)

L Insert Inform Pat.
(op6)

J

The discovered meta change process covers all changes
applied to at least one of the given fluid process instances.

- <

» <

e

t Move Inform Pat.

(op2)

)

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



Analyzing Process Logs:
Applying Process Mining Techniques to Change Logs

866

: Change Minin
a8e g€ J
rB 06 Results - Settings for mining Fi PI u g I n I n Pro M

Process Start | —
a0
'P '3 1
Change Logs
rnM INSERT xR ay IMSER T.Labtest IMSERT Inform patient
. . 5 complete comphete cormplete
import 5 an a0 10 -
/0) /213)
: \ “‘; .( - DELETE xR ay D ELETE.Dreliver r eport MOWE.Inform patient
Version 3.0 Zen complete (20 complete (6.0) complete
1.0 20 50
¥ Choose filter:
A a 1.0 (zm (50
il Oce Tests LogFiles T )
& XM ImporiExech Process End " =
% Adept Demonstrator b [h
& CPN Tools dl
bl Zoom: 127 %

& FLOWer

i PeopleSoft

i Apache 2

& MXML Pipe

i1 MS Access database
& Test Driver

Rl - . J A

S
* Starting main Ul
ProM Framework Initialized

Start process mining. m
& Staffware Mining duration: 391 milliseconds =
Process mining finished. Y

) ASML Tests

[ Normal | Warning  Error  Debug ]
4.1 /56MB )

%
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Analyzing Process Logs:
Process Variants Mining

:3: C reference process model

1. Configurations
>O—iX( are very costly
2. Variants are

Process variant 1 Process variant 2 Process variant n dlffI_Cult_ to
maintain
' /
___________ _|_______________7_______
mining &learning /
\

7
_ ~Reference process
template as learned
from process variants

Derive a new reference process model from the

the variants such that less adaptations are

Li, C., Reichert, M., Wombacher, A. (2011) Mining Business needed in future!
Process Variants: Challenges, Scenarios, Algorithms. Data &

Knowledge Engineering, Vol. 70, No. 5, pp. 409-434, Page 61



Analyzing Process Logs:
Process Variants Mining (Scenarios)

Scenario 1: No original Scenario 2: Original reference
reference process model process model known
available
Process variant S Process variant S» ystomization Q—Q—O
&| adaptation

N Original reference
process model S
Process
Discovered reference

— Process variant Sz Process variant S improvement
process model S -
Imining &
learning
Process variant Ss Process variant S, = = =

Discovered reference

mining &l
learning

process model S

Process Repository

Goal: Discover a (new) reference process model which requires less configuration efforts



Analyzing Process Logs:
Process Variants Mining (A Heuristics Mining Technique)

. ... force2: P force1:
! r close to reference close to variants’ O
S orginal . o O o ol° " Varants
; ;. refererce. o O O o
N : “model . ) . |No search O O O O/
. X ; : . * | distance 5 O O O
) : «d _ : . | comsiraint o® ©
: : " : : ' 0O O O O
" - 8 O O O
3 SN O~ 000 ®
; Sy O O O
: LD O @) O
/ e O O
o © &
e L Discovered
reference
model

Li, C., Reichert, M., Wombacher, A. (2009) Discovering Reference Models by
Mining Process Variants Using a Heuristic Approach. In: 7th Int'l Conference
on Business Process Management (BPM'09), LNCS 5701, pp. 344-362



Analyzing Process Logs:
Process Variants Mining (Healthcare Case Study)

Select Order " 0:;3; o Prepare Perform m;:?czl Read/validation
examinalion| ¥ examinalion croed palient P axamination oo medical ieport S -
grocedure rep Original reference model
| Process configuration
S~
Prepare Pregare
palient patient
(ward) \ iwarc) Prepare
cCon Selec] o  Outder Call ing patient AND
opinion by Order Callin examination examination patien ity | || .
sttier Examination patient [ | Inform patient "’ (exam urit -snlit
| physicien_| _ about
Inform patient procedurs AND
about I]:I ..
rocedure -join
Z Create Read )
“quick “quick
report” report’
P':t?:r:f | | Perform | |Aftercare for| '2;2?;; p| Readivaiidation Perform XOR
(e)?am unit examination patient report medical report examination -split
Aflercane fior Lyl E;Z?éil Readivalidation
81 10001 S patient “report | | edice! report
100020 Cl XOR
-join
. " Inform patiend ; . Infum pabenty -
Select Ocer register Prepare Select Order achedule P Frepare Callin
o o - about A i ol SR i g
~atior [ sn|—® 2lion [ procedure —®  patient T exzmination| ™ |examination| ™ ]examination| ] Dl:?eo:flfe Bd patient B patient > Contro
| Flow
,r\n.::_:;"e Aftercars Trarsport
? for p pafient back
patient \ patient from exam uni o—» Loop
. Read S Read/
Ca!i in Per _fmrr_: “quirk ..rallda_tnn Trars For‘t Petform _Re?ci valdabon
patient examination| report’ mediczl patient tv =P [ o oinatio GUICK medical
Cieae ort exam unit Tronte Teport report
"quick muigl
report’
o pe i
S202011 jreiey S e
feport 002111 report
80 more process variants
Tropare | Praocege variant mining
patient i/\—'
Select Order , Schedule e Callin Perform Aftercare , Create ) Read/validation
examination | examinati examination patient > examination | for patient m":':l medical report
Inform / e po
patient about

H
procedure S Discovered reference model Page 64
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Adaptive PAIS: Configuring Process Models

rSchema S — \
(S

Need for
Process Variant
Configuration

Exception:
Delete (I, E

Process engineer /
Process administrator

Execution
\ Log
Process
Monitoring

Process 0
Execution

—
— S
Instance-
specific
Change

Process
participant

Change Log
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Adaptive PAIS: Configuring Process Models

Standardized Process

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

i Large process variant collections!

:

E\/ariant 3:
§Fast Run and
| | Security Critical
| |Repair
/

. . p{ | Checkied
Example: Vehicle Repair ‘ ' ® ¥ 555
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Adaptive PAIS: Configuring Process

Models

Multi-Model Solution

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

[ ¢) Variant 2: Security-critical Repair

b) Variant 1: Fast Run

a) Standardized Process

Reception

‘Diagnosis I Repair ' @ Hand Over

Maintain

Slngle"MOdel SOlutlon Standard or

Variant 2 or

Standard or . . Variant 3
Variant 2 Diagnosis
Variant 1 Diagnosis

or Variant 3 Shortened |

Variant 2 or
Variant 3

Peceptio /\

Final Check

5 Hand Over |

Standard or Variant 2 Mainiain

Variant 1 or Variant 3

Standard or Variant 1




—

gl

Page 68 AIME'11| Keynote | 4 July 2011

Adaptive PAIS: Configuring Process Models

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

Reference process R
(Base Process) - -—{:

INSERT DELETE
FRAGMENT FRAGMENT

IF country = Austria

Variant specific
adjustments

Derived process -* \ | -,%
variant ‘ X )
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Adaptive PAIS: Configuring Process Models

Ref. Process

Options Option 1 Option n

Insert| ... |Delete]...|[Move|...|Modify

Process-
Modeling

Choosing and applying |

options
\EV// Process
O family
T 2
g =
S
==
=8 e
O o create instance of a
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Configuring Process Models: The Provop Approach
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Configuring Process Models: The Spot Approach
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Configuring Process Models: The Spot Approach
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Configuring Process Models: The Spot Approach

The Process Structure Tree representing the patient-specific pathway!
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Overview
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Summary

We are confronted with ... We need ...

Cross-departmental &

o » Integrated PAIS
-organizational Processes

Changing Processes

New Evidence » Evolutionary & Adaptive PAIS

Omanwann n ppclf!c

» Configurable & Adaptive PAIS
Processes

ciceEhd MQb'I'ty & Emergence » Mobile Services & Processes
of Smart Devices
High potential for Process Management Technology
when being adapted to the socio-technical context of HC organizations
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Outlook: Integrating PAIS with Mobile Devices
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Outlook: Integrating PAIS with Mobile Devices
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2010, LNBIP 72, Springer, pp. 150-165
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Outlook: Integrated View on Processes and Data
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References to DBIS Projects

ADEPT2/AristaFlow
SeaFlows

MinAdept

Provop

MARPLE
ENPROSO
MoDe4SLA
Proviado

niPRO

Corepro
PHILharmonic Flows
Q-Advice

Next Generation Prozess Management Technology)
Semantic Constraints in Prozess Management Systems
Mining Prozess Variants & Prozess Changes

Prozess Variants by Options

Managing Robust Mobile Prozesses in a Complex World
Enhanced Prozess Management through Service Orientation
Monitoring Dependencies for SLAS

Prozess Visualization in the Automotive Domain
Personalized and Intelligent Prozess Portals

Data-driven Prozess Structures

Linking Prozesses, Humans and Information

Quality ADVisory Infrastructure for Collaborative Engineering

Visit www.uni-ulm.de/dbis for more details!



