ﬁ

L]

A Decade of Research on
Next Generation Process Management Technology:
Challenges and Achievements

Manfred Reichert

www.uni-ulm.de/dbis

Manfred Reichert | SIKS Symposium | 26 June 2015 | Amsterdam



SIKS Symposium | 26 June 2015

Motivation

1 Processes can become very
large and complex

J Thousands of concurrently
executed process instances

1 High need for flexibility in all
phases of the process lifecycle

1 Support for application integration
Is fundamental

1 Correctness and robustness are
crucial features of any process-
aware information systems

1 Integrated support of all phases of
the process lifecycle required

Example of an Automotive
Engineering Process

= =
. E
L

0[0

Product Change
Management |}~




SIKS Symposium | 26 June 2015

Process Science at Ulm University

Adaptive &

. Healthcare
Flexible Processes

Human-Centric
Processes

Data- and Object-
Aware Processes

Handling Process
Variability

Mobile Process &

Task Support )
Methods, Concepts and Technologies for

Next Generation Process Management Technology
Smart Processes

Research Methods

Design Formal Innovative Empirical
Research Methods Prototypes Research
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Process Modeling: Quality Dimensions

Semantic
Quality

(Business Process Compliance)

Pragmatic Quality

Syntactical Quality +
Soundness
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SeaFlows: Business Process Compliance

& AristaFlow Process Template Editor ‘
File Edit View Run Search SeaFlows Window Help

if-reH® ?[BasicMudelh‘ng v| i &® i RunTemplate i 47 ¢ Q-
""" 3o *example_process (Source: example_proc... 53 | &7 formulaidentifier &7 Formulaidentifier &7 Formulaidentifier Fo- Gener |
- :
Y Process model to be checked
e

e dap

INTEGER STRING

s SN &

- "-\\ o " AT e

-----

P il
I Start '—-I Admit Patient

Examination

Condition

Patient.Age > 75

E xamination

|| Consequence Part

|A | Tolerance Test

Prior to an examination of
a patient aged beyond 75,
an addtional tolerance test
must be performed.

Patient.Age > 75

[A] Examination

Discharge Patient

¥ Mwoye nuues

— & ¥ SelectNode
E Al
age <80 ‘
Generated counterexample:
Execution path and corre&ptiding process context viokalig ttié constraint
2:79.0 2! &Patient-2
INTEGER, 3TRING ..
Py il _“____’::::M-.:: -----------------------------------------
.-‘.'_'_.: ----------------- e ~ K Seay e 3
-3‘:: w: (P;:in;u)t Patient %gf:;m Patient ) ':asg\s'&"‘:l age < 80 ok (E;.alr::rli;ation (D\islc-l'iazr)ge Patient ..
| Theorem 1 = = % = =

@Make_ne
|o'aFormulaid
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C3Pro: Extending Business Process
Compliance to Multiple Perspectives

Non-deterministic processing

T 17300 1527 cpao

of start-events

Initial marking

b To7 172013 1527 rwewe_124_ e

[ oeoosoaten aF aects o went 37

Waiting for
next request

TOZTETS 1445 resd 254 cuomar - W Sy

o et of wvert T8

by [P TS e 2 e

ropageton o shecs o eeri 74

W ATE0T 1527 wriw T34 mmcurt = 150006

# | date time | type id

details

37|1/7/2013 | 15:27 | receive (124
38/1/7/2013 | 15:27 | write 124
39(1/7/2013 | 15:27 | write 124
40|1/7/2013 | 15:27 | end 124

T7(2/7/2013 | 14:43 | start 234
78|2/7/2013 | 14:45 | read 234
79/2/7/2013 | 14:58 | write 234
80|2/7/2013 | 14:59 | end 234

85|2/7/2013 | 15:12 | start 258
86(2/7/2013 | 15:13 | read 258

91)3/7/2013 | 18:19 | start 277
92{3/7/2013 | 18:19 | read 277
93/3/7/2013 | 18:20 | read 277
94(3/7/2013 | 18:20 | read 277
953/7/2013 | 18:23 | end 277

Request
amount = 15.000€
customer = Mr.Smith
Request

SolvencyCheck (Mrs. Brown)
customer = Mr. Smith

rating = high

SolvencyCheck (Mrs. Brown)

SolvencyCheck (Mrs. Brown)
customer = Mrs. John

Approval (Mrs. Brown)
customer = Mr. Smith
amount = 15.000€
rating = high

Approval (Mrs. Brown)

Resource conﬂlct

80270013 1451 wd 734 ScivercyChed(Mis. Brown) ERO)

=

Processing
of data-events

Processing
of end-events

Multiple
|\ processing
4 of events

[N TATE v 390 SohvenoyCheds (Wa Browe)

W

T TR wan I77_iopeowsl (M Bowr +

| rrvcmpaton of whs ol et 51

Data éc;’nﬂiict'

0TS 1018 _reed 297 _cusiomer « e Sy
7G5 1820 reed 377 _amoun = 15.000¢
I+ heh

27 Approval M. Biown) +

+ propagaion|

* prpagmen
+ propaganion

Cohtrol-ﬂow
conflict

Y
P

= ol X
o

Time édnﬂic{ |

Processing
an update
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C3Pro: Ensuring Business Process Compliance in a
Cross-Organizational and Dynamic Setting

ross-Organizational
Processes

Business Pfocess Change / FlexiBility

Compliance

Process-aware Information System

Running Instances / Process Engine ~ Process Models  Process Logs

.@C-
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ATAPIS: Handling Temporal Constraints
along the Process Lifecycle

o

instruct

make

procedure ’ appointment

prepare
patient

.—/

-
e .-

‘:::__[TPS: Schedule-restricted Element

Monday till Friday from 8am to 4pm

TP2: Duration
{Imaximum duration 1h /

prepare
treatment

{TP1 :Time Lag between two Activities

exactly 1 day

_|TP10: Periodicity
_|TP4:Fixed Date Element /" |Drug A at 8am, 1pm and 6pm
- |appointment :  |Drug Bevery 2h

perform
after-care

~

create short

create
report

“...._|TP1:Time Lag between two Activities
maximum 1 week

e,

ATAPIS~

-

Lanz A., Weber B., Reichert, M. (2014): Time-Patterns for Process-Aware Information Systems. Requirements Engineering, 19(2): 113-141
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ATAPIS: Handling Temporal Constraints

&4

File Edit View Window Tools Help

9> @ | & |BasicModelling * RunTemplate - Check Consistency Show Time Model

inform patient s S
Curation: [[30m. £5m] 90m]) it
perform treatment

Curation: [[1h. £h] 6h)
Start Date: FixedDate

instruct procedure make appointment % - prepare treatment
Duration: [[Sm. 10m] 15m) Curation: [[1m. 5m] 15m) 2 Duration: [[10m, 60m] 60m]

prepare patient
Curation: [[15m, £5m] 60m]

<

ﬁr- *TreatmentProcess &3 l

‘StaticCSTNULayout v | [ show Implicit Constrz | Check Controllability | [¥] Show Implicit Constraints

y | ok
0.{S} 5.{S

o [1ﬂt[. 1 55] o: [176::)?1&] ®] B4E
04E}. - o
_ — % @: [Tmg [, ] ]

m:[1ml[,1 B Y k[ ] 2hOmo0s]

45 Reason:
: [5mOs |, ] 15m0s 7 :
- l’ ) - The constraint between the end of 'prepare patient' and the start of
"inform patient’ is not consistent.

® The process model is inconsistent!

Lanz A., Posenato R., Combi C., Reichert, M. (2014):
Controllability of Time-Aware Processes at Run-Time, Proc. CooplS’14, pp. 39-56

f OK || Details >>
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Provop: Coping with Process Variability
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Provop: Coping with Process Variability

Standard Process

o Diagnosis . e Variant 2:
. Shortened [ Z i & - Security Critical Repair
Docentio [&YigDiagno A Repair @*@ Variant 3:

aintain

| Variant 1:
Fast Diagnosis

Fast Diagnosis and
Security Critical
Repair

. Diagnosis . .
Reception Repair Final Checkip szl 8
e - R Ot
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ENPROSO: Business IT Alignment

;,Emm
f =
|

=

DO

-

] 2l
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Corepro: Data-Driven Process Structures

oS T o

i




SIKS Symposium | 26 June 2015

Corepro: Data-Driven Process Structures

Y i T T W=
a e Faittia
KRS

ETANU) T i

2 CODEDDA  Nale HWEARD, ation cmadal _Felinea Dlatfarm [ llm
~ = COREPRO - EE-Prozesskette/EE-Release_03_02_09__13Uhr-03_02_09-11_14.csimulate - Eclipse Platform ||=)%]
File Edit Navigate Search Project Run Window Help
3 (| L D= R A e C @ S 100% |v| B 8 £ |"e, corerro | »
1@, Prassentation.cmodel [ @ Prassentation.cstructure |6 EE-Release_03_02_09_13Uhr-03_02_09-11_26.csimdate | € EE-Release_03_02_09_13Uhr-03_02_09-11_td.csimulate £2 =8|
= o Inconsistency detected = s T [
@5 jectInstance 822 O Titing somvean 11 Taidaianyna an Siaarom angnssse [ vain [% lw-u-l—n:nu.m T e S 202G

Patch_%.0bj

; '%c ‘
ek P :1—*-\':]'"( AR

(J- i

(nel
&) . | (2]
Data Structure Editor | Process Structure Simulation |
1 o° : ="
| ‘7 ! |
= = |

s aB%
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ProView: Collobarative Process Modeling




ADEPT: Process Flexibility

Enforcement

Guardralils (on a road) prevent
deviation, but also prevent anythln .
not predlcted g

= _

hE "IT is not the sTr'ongesT
' of the species that
{survives, nor the most
mfelhgem‘ that survives.
R 4 It is the one that is the
fj-ff_:"f‘mos'r adaptable to
& change."

W Charles Darwin
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ADEPT: Process Flexibility

(. N Weber, B., Mutschler, B., Reichert,
S‘;’m- \ \ M. (2010) Investigating the Effort of
. Using Business Process
Schema S: Management Technology: Results
from a Controlled Experiment.
Science of Computer Programming,
\ 75(5): 292-310
\ y,
[%)]
Q
(&)
C
S
17
£
o
©
o
Process engineer / ©
Process administrator & \ Process
Execution
\\ Instance |, &
v
Process
Monitoring Process
Yy, participant

Process Configuratio Process Process
& Implementation Execution Monitoring
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ADEPT: Process Flexibility

rSchemaS Process Conflguratlon FReichert,
~ / SchemaS

/ Results
: I from a Controlled Experiment.
a((\na /N Crianra nf Camniitar Dranr qmm|ng
k Looseness N

Process Evolution

Process engineer /
Process administrator

Create Instances

Process

Arbei(sliq -

| - Execution
\ nstance I,
Dynamlc Process
Process
Monitoring
part|C|pant
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b)

ADEPT: Process Adaptation

v
o wmpnEonaard(CES. .. G 1

Many other fundamental issues:

Ensuring soundness of dynamic process
changes

Providing proper end user assistance

Enabling adaptations based on model
abstractions

Balancing process flexibility and security

Mining of process variants and deviants

Reichert, Manfred and

Dadam, Peter

and Bauer, Thomas (2p03) Dealing
= saptl oo dl ol bl ,ard jumpS in
workflow management systems. Int'l

Journal Software and Systems
Modeling (SOSYM), 2(1): 37-58
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ADEPT: Technology Development

(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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ADEPT: Technology Development

(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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ADEPT: Technology Development

(Formal) FProcesst Architecture
Process Meta c ragmgq And
Model omposition

Implementation

Propagation of Transactional
Pr%%?nsg'gs/pe Interface / API 222}2‘:‘?({
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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ADEPT: Technology Transfer

4 AristaFlow Process Template Editor = o) x| _ = . .
Fle Edt View Window Heb .
IrE-&[E |[e25ic todeling 7| | runTempiae

S (e Fe. | =0 I;;,-c g (Source: g template) 3 | = B[ @ palette view 32 | =0

> e - Ll

S £ Aristariow Test Clent i il x

Working on revision 2 (latest) TestClent Window Help

Main " identifier| 18 oo 5] e

Name -

e | Abaitsite AV v aAXRRELARE S —
5@ de.srstafow.db.SQL |
5@ dearistafion.exe.BXE
@ de.aristafiow. form.Form
#-@ de.aristafion. form.Gene
5@ de.aristafiow.java.Statc
@ de aristafiow.mal. Forme
5O de aristafiow.mal.Send!

9@ de aristafion.omaccess. | ¥ Attribute j

@ de.aristafiow openofhice o 2 —=

@ de sristafion.openoffice SAnstaHow-KliEnt - supervisor (supervisor) ;.Iﬂﬁl
5O de.zristzfon ies0R | Approve

= 1) XOR Predicate
B

ate

B % S 3 ARISTAFLOW

@ d i ] Parameter Type Null v = Next Ganerabion
® y 2 tools.net. %
=@ d:::taﬂ::.m:ls.n:t.l riide swre O Business Process Management
5 @ de.rstafionoorett | Mobiain”  STRING ar
i M Prie mrecer O [ 5 . =
= | Arbeitsbereich | Receive customer request and collect data (FORM)
[ Properties &3 |2 Problems| [ | [ Confm | [ Suspend -
%N de Basi [ e o i e Aufgaben (1 Requests data like customer's name, street and dity, the ordered product and the amount.
Basics ode Basi T
o " [ OrderingProcess (15.05.09 16:40 Sterthare Prozessvorlagen b
Bouting el Last refresh at: FriMay 15 16:42:00¢ | Erledhgte Aufgaben Customer name™ e —
ExrocHandiog | pescripton:

Startseite Manfred Reichert
— AR oS 2k R Barbara Weber

i Customer dty™ ,Ulm— " SN i
‘ CostomerReques &) Enabling Flexibility in
S Process-Aware

oy
2 Requested product™ Entera book name or DVD / CD title,
B B | ayfende shge

Aufgaben ) [The Ftdhker's Gude to the Ge | .
e | " _ Information SyStemS

Gonfm || Suspend || Raset ||Fgmwl Challenges, Methods, Technologies

<« »

21eMy-552014 U] &

@ Springer
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AristaFlow: Technology Application

Flexible Support of Clinical
Pathways

istaFlow Monitoring I =181
e Window Help

£~ | @ [ 2. Instance cha,.. |7 Monkoring

jm}

=5)
B+ — > X [ Agofreshevery 55

T Superworkdh
T Examination
T spot-test2 (}
T Iv-wes (b2
T spot-testi (:

[

IBehandlungsplantyp: "Rickenleiden” Patient: Meier, Hans *28.05.1§

Behandlungsabschnitt: "Ambulante Diagnostik”

¢ Willkommen, Herr Meier!

SPOT Ihr Behandlungsplan

Behandiungsplan Rickenleiden

Anamnese und

Radiologische Prifung der

- Kiinische untersuchung Befunde Hiar erhalten Sie sine Ubersicht dber Ihren
i Untersuchung 3 persénlichen © Behandlungsplan. Durch Aus-
Instance History: = - wihlen einzeiner Behandlungsschritte werden Ihnen
Trn = [nodetarss [ nodemn [ Reretion [ agemeiD Tagenion; detaillierte Informationen angezeigt
2009-03-31 10:53:14.963  NOOE_FINISMED. ‘Roentgenuntersuchung 13 0 supervisor (1) | supervist )
2009-03-31 10:53:13.437  NODE_STARTED Roentgenuntersuchung 13 o supervisor (-1) SUDETVISC Klinische
2009-03-31 1 08. NODE_ACTIVATED 13 0 . "
20090031 10:53:07.906  NODEFINISHED  Roentgenumtersuchung? 7 o spenisr (1) spenis VAriante auswahlen und auf Behandlungsplan anwenden
2009-03-31 1 & NODE_STARTED Roenkgenuntersuchung? 7 0 supervisor (-1) supervisc
2009-03- NODE_ACTIVATED 7 0 Radiologische Untersuchung einfiigen Grau markierte Behandlungsschritte konnten Sie
0020 OO ACTRATED i Elektrophysiologische Untersuchung einfiigen bereits erfolgreich abschlieBen!
2009-03- NODE_ACTIVATED 9 0
2009-03- NODE_FINISHED 18 o supervisor (-1, Supervise
. _>| s MamA AT Py - .”..”....E ,3 u?“ o Ihr ndchster Behandlungsschritt: Termin zur
Ubernehmen Abbruch radiologischen Untersuchung am
30. September 2008 um 14:30 Uhr bei
Or. Schréder (@ mehr Informationen)

Behandlungsmanagement - Arztsystem
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AristaFlow: Technology Application

Flexible Disaster Management

= =laix
= ARISTAFLOW
bh}smmpwmng— o =il el
s Frcens drssersed
4o el
aajoiie
Rertbare Presssersrlaoen
tdte dufasten
artiste
e v
RGN ST P
Legende Layers
P
Laufende © .
Aufgaben .
—_ = — = = = @ s—
) froperties 3 |[2. Problems | = TemcluteMansgertien | 7 =0 [B outine | 7 Dot et v 73 | a fadchen soosben
Cbs Template Basi T T [ TR
Basics. ‘emplate ics 0 R SCROEFPED N jevasdiend fesdebrgerosten e
Advanced 1 Requests el N e
0 Ot BOOLEAN "
Haere: besteden_und_sufnden b o 3
Iratance Name Template: 3 RenmseTod. USERLEF D N el Rend
* INTEGER N Kenareichen Di-UE I
s T - o - 2 F— i
3 - DUER X Rt S |
7 erstelfl e N
2 » ). = heschR] Wi N
"Il!dm!w-m Agert[id=1, .J = H e u "
|

A. Wagenknecht; U. Ruppel: Improving Resource Management In Flood Response With Process Models and Web GIS. In: 16th TIEMS Conf., 2009
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MARPLE: BPM Goes Mobile

Integrates with PAS, pathology,
microbiology and radiology

Nurse enters
patient data at
the bedside

Attends patient
and records
interventions

Idenﬁes high

patients

VitalPAC and other clinical data immediately
viewable throughout hospital on mobile and
desktop devices

A

w |
Escalation sent
to clinician if
appropriate

Nurse
immediately
informed

indicates plans
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My BPM Life with Hajo
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Our first joint paper ©

Computers in Industry 62 (2011) 467-486

e . . . L -
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Survey paper
Refactoring large process model repositories

Barbara Weber®*, Manfred Reichert®, Jan Mendling€, Hajo A. Reijers ¢

* Department of Computer Science, University of Innsbruck, Technikerstrafe 21a, 6020 Innsbruck, Austria
Y Institute of Databases and Information Systems, University of Ulm, Germany

© Humboldt-Universitdt zu Berlin, Germany

9 School of Industrial Engineering, Eindhoven University of Technology, The Netherlands

ARTICLE INFO
Abstract: With the increasing adoption of process-aware information systems, large process model
Article history: repositories have emerged. Typically, the models in such repositories are re-aligned to real-world events
Received 24 July 2010 and demands through adaptation on a day-to-day basis. This bears the risk of introducing model
Received in revised form 18 November 2010 redundancies and of unnecessarily increasing model complexity. If no continuous investment is made in
Accepted 17 December 2010 4 2 % 3 &
Available online 5 February 2011 keepmg'process mMels smp!e, dlanges‘wﬂl become more dlfﬁcultand error-prone over time. Although
refactoring techniques are widely used in software engineering to address similar problems, so far, no
comparable state-of-the-art has evolved in the business process management domain. Process designers
Process-aware iiformation syster eit!wr have to refactor process models by hand or are simply una_ble to a1_3p|y respect_ive techniqucfs_atall.
Process model quality Thls_ paper proposes a catalogue of process rnm?eI "smell_s" for identi fylng_ refactoring opportum_nes: In
Process model smell addition, it introduces a set of behavior-preserving techniques for refactoring large process repositories.
Process model refactoring The proposed refactorings enable process designers toeffectively deal with model complexity by making
process models better understandable and easier to maintain. The refactorings have been evaluated
using large process repositories from the healthcare and automotive domain. To demonstrate the
feasibility of the refactoring techniques, a proof-of-concept prototype has been implemented.
© 2010 Elsevier B.V. All rights reserved.
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... and Hajo celebrating its acceptance.




