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Motivation
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Motivation: Theses on the Digital Transformation

Thesis 1: Digital transformation is ubiquitous
— It goes over pervasively into our daily professional and private life.

Thesis 2: Digital transformation is unavoidable!
— Whatever can be digitalized will be digitalized in the long run.
— Customers will demand for digitally enabled services and business.

Thesis 3: Digital transformation not only concerns Industry 4.0 (i.e. industrial production)

— For service providers, there exist similar potentials, e.g.,if the (digital) services refer to physical
objects.

Thesis 4: Digital transformation is interdisciplinary and requires domain knowledge!

Thesis 5: Digital transformation is more than automation!

— Enterprises that only want to reduce media disruptions with their digitalization projects will miss
the real digitalization opportunities.
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Motivation: Theses on the Digital Transformation

Thesis 6: Digital transformation often leads to new business models

Thesis 7: Digital transformation leads to cyber-physical systems

— Real-world objects continously produce large amounts of data, notify the environment about their
state, and communicate with each other.

— As a result, cyber-physical systems are emerging whose interplay enables new (digital) services
and business models.

Thesis 8: Digital transformation drives mobile work, mobile work drives digital transformation

Thesis 9: Digital transformation requires comprehensive process knowledge and support
— Process knowledge is required in order to digitalize processes properly.

— The digital processes need to be continuously aligned with the real-world ones. Otherwise, any process
support will not be accepeted by the users!

— One should not solely focus on business processes, but consider any kind of structured actions!

Thesis 10: Digital transformation requires elastic infrastructures
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BPM
as Enabler for Digital Transformation?
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Scenario 1: Traditional Business Processes
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Scenario 2: Healthcare Processes & Application Integration
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Scenario 3: Mobile Processes — Here, There and Everywhere

Integrates with PAS, pathology,
microbiology and radiclogy
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patient data at
the bedside

Identifies high
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and records
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wviewable throughout hospital on mobile and
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The full potential of labor can be
utilized only if there is mobility in
labor. pau Hoffman
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Scenario 5: Large Collective Process Structures

Automotive Engineering

D. Miller, M. Reichert, J. Herbst: A New Paradigm for the Enactment and Dynamic
Adaptation of Data-Driven Process Structures. CAIiSE 2008: 48-63



Scenario 6:
Cyber-Physical Processes (Industry 4.0)
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Motivation

Business Process Management (BPM) is a discipline involving
any combination of
, eng”ring, aut“ation, e)”uion,
control, measurement, and optimization
of business processes,
in support of enterprise goals,
SPaNNiNg IT systems, employees, customers and partners Within and beyond

the enterprise boundaries.

Adopted from K. Swenson, BPM‘14 Keynote
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Industry has Understood ...
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Industry has Understood ...

... but does not always provide
mature BPM solutions reflecting the
state of the art!
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... Whereas the BPM Community is at a rather early stage
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loT Meets BPM

The Internet-of-Things Meets Business Process
Management: Mutual Benefits and Challenges

Christian Janiesch', Agnes Koschmider?, Massimo Mecella®*, Barbara Weber*, Andrea
Burattin®, Claudio Di Ciccio®, Avigdor Gal®, Udo Kannengiesser”, Felix Mannhardt®, Jan
Mendling®, Andreas Oberweis?, Manfred Reichert®, Stefanie Rinderle-Ma'®, WenZhan Song'!,
Jianwen Su'?, Victoria Torres', Matthias Weidlich'#, Liang Zhang'®

The Internet of Things (1oT) refers 1o a network of connected devices collecting and exchanging dala over the
Internet. These things can be artificial or natural, and inlerac! as autonomous agents lorming a complex system
of interactions. Business Process Management (EPM) was established to identily, discover, analyze, design,
implement. and monilor collaborative business processes within a single and across multipie crganizations.

Whaereas the loT and BPM have been so far regarded as separate topics in research and practice, we argue that
there are mulliple links 10 be explored. In this paper, we pose the question 1o what extent these two paradigms

can be combned and we detall the challenges of the muial combination, As a conciusion, RIS paper sugges!s
areas for future research.

Keywords
loT (Internet-of-Things) — BPM (Business Process Management) — Challenges — Manifesio



EEWZ] M. Reichert | BPM'18 Keynote | 11 September 2018

... Whereas the BPM Community is at a rather early stage
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Abstract
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How BPM research can foster Digital Transformation

Process Automation with
ADEPT / AristaFlow BPM Suite



ADEPT / AristaFlow — Enforcement vs. Guidance + Flexibility

Enforcement: Guardrails (on a road) prevent
deviation, but also prevent anything not predicted. , ey s
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ADEPT / AristaFlow:
Process Evolution

Ability to quickly change the
implemented process when
the business process evolves

”It is not the strongest of the species
that survives, not the most
intelligent that survives. It is the one
that is the most adaptable to
change.”

Charles Darwin




=ETe[ 4] M. Reichert | BPM'18 Keynote | 11 September 2018

ADEPT / AristaFlow — Basic Features
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ADEPT / AristaFlow — Basic Features
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ADEPT / AristaFlow — Engineering the Framework

» DINISO 9126
(software quality, product quality)
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ADEPT / AristaFlow — Engineering the Framework
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execution analysis Requirements changes
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ADEPT / AristaFlow — Industrial Transfer
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Enhancing AristaFlow BPM Suite with Advanced Features

Business Process Compliance Modeling
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A
Enhancing AristaFlow BPM Suite with Advanced Features C Pro

Business Process Compliance Monitoring
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D. Knuplesch, M. Reichert, A. Kumar (2015): Visually Monitoring Multiple Perspectives of Knuplesch, David and Reichert, Manfred (2017) A Visual Language for Modeling Business
Business Process Compliance. BPM 2015: 263-279 Process Compliance Rules. Software & Systems Modeling, Springer, Vol. 16, pp. 715-736

Knuplesch, David and Reichert, Manfred and Kumar, Akhil (2017) A framework for visually
monitoring business process compliance. Information Systems, Elsevier, Vol. 64, pp. 381-409
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Enhancing AristaFlow BPM Suite with Advanced Features
Integrating Temporal Constraints in the Process Lifecycle
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Enhancing AristaFlow BPM Suite with Advanced Features

Integrating Temporal Constraints in the Process Lifecycle
=4
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Advanced Applications of the AristaFlow BPM Suite
Clinical Pathway Support
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Advanced Applications of the AristaFlow BPM Suite

Process-driven Emergency Management for Water Infrastructures
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Advanced Applications of the AristaFlow BPM Suite

lloT-Driven Processes for Handling Malfunctions and Breakdowns in Plants with Industrial Furnaces
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Advanced Applications of the AristaFlow BPM Suite

Managing Freight Wagon / Car Management and Maintenance Processes
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Advanced Applications of the AristaFlow BPM Suite

Enabling Track & Trace in Pharmaceutical Packaging

Uhimann B1440 Blister Packaging Press Line

i Box
7 Input: Tablets N packing
\ Touch-sensitive HMI Deflection Pulley
Filling Station
Carton
packing

Forming Station

Input: Aluminium/PVC/PC Foil i
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Advanced Applications of the AristaFlow BPM Suite

Enabling Track & Trace in Pharmaceutical Packaging

Process

Data

Machines

Production Machine Blister Packaging Final Packaging

Electronic Batch Recording

User w
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Advanced Applications of the AristaFlow BPM Suite

Enabling Track & Trace in Pharmaceutical Packaging

it > Order

Tablet
Production

Blister
Packaging

Final
Packaging

Format
Change

_H _J [+

Packaging Completion

Cleaning

Prepare Provide Insert

. . . Check
Machine Packaging Folding Qualit
Station Material Boxes y

Finish
Preparation
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Advanced Applications of the AristaFlow BPM Suite

Enabling Track & Trace in Pharmaceutical Packaging

Process Editor

&« 0K |hltps:.-fmeartControl.FPrMS.-fEditor

\/ Close ( Main Process T Level 1 Level 2 Level 3 Order data

Format Change

( Format
O_’L Change

,E:I»—

| —p——

: Blister Packaging

{Packaging J—>[CompletionH Cleaning }—.O
(2] H (£

Prepare machine station Format Change ——=
Control elements comment [OJcompleted Packaging :
[ working step ] Prepare Provide Insert
- - - H Machi X . Run Check Finish
Provide packaging material Completion dachine Packaging Folding Test Quality Preparation
[ command label ]
Cleaning

Folding box [item number J
machine Package leaflet Iitem number —l :
attribute : | Add Process |

Insert folding boxes

machine

Dcompleted

sensor
comment

signature
[ ] Check quality based on the SOP

[ sop quality check

comment [Jcompleted

Complete electronic signature

Tablet Production & Packaging
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Advanced Applications of the AristaFlow BPM Suite

Enabling Track & Trace in Pharmaceutical Packaging

B 1330 f 144 0152

. 40 mg
.eFormingFilm » Heizstation s Heizkreis1 . 10er Stapel 40 > 70 »x 30
b I folarmFaultSystem S Batch:

- ©6.3. Folieneinzug

5.3.1. Formatwechselposition
anfahren

6.3.2. Folie entfernen

5.32.3. Formfolie formen

5.3.4. Folie siegeln

5.3.5. Folie in Stanze einfiddeln
Automatisch generierter Text far Schritt 3.1.2 6.3.6. Setup forming station

dazwischen

2. Autormatisch genenerter Text far Schrtt 2.1.2

#’n In" 6. Format einfahren 6.3 F{:l-ﬁene?m:-g

hMachine Acsistant




=ETe[X:yd M. Reichert | BPM'18 Keynote | 11 September 2018

Advanced Applications of the AristaFlow BPM Suite

Smart Process Guidance with AristaFlow BPM Suite
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Advanced Applications of the AristaFlow BPM Suite

Smart Process Guidance with AristaFlow BPM Suite

Input: " Maintenance & Service Processes:
Tablet - iti :
e \ TOUCh::Ar}S't'Ve Eelfl'eCt'O”  Triggered through events, e.g., timer,
ulle . .
. : y errors or wear indicators
Filling i o} " ‘ = MUUUL . dreds of task b d
Station N 4 - M Hundreds of tasks to be executed, e.g.

Output: Blisters — Cleaning 1(_,
ol fle — > — Replacing Spare Parts C* ;

— Adjusting configuration settings

= Uhlmann B1440 o
Blister Packaging * For each task, a specific handbook

Press Line and/or checklist exists

; * High process variability due to varying
Forming Station Input: Aluminium/PVC/PC Foil — assemblies of press lines
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Advanced Applications of the AristaFlow BPM Suite

Smart Process Guidance with AristaFlow BPM Suite

Target groups:

= Machine Operator

= Production Staff

= Maintenance Staff

= Service Technicans

= Quality Management

Smart Process
Guidance

= Error-prone = Digital process management and
= |nefficient and time consumable guidance with Augmented Reality
= Not available for everyone

= Complicated
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Advanced Applications of the AristaFlow BPM Suite

Smart Process Guidance with AristaFlow BPM Suite

DKALUNA

AR Client

= |nteractive process execution = Supports manual human tasks = Shows assets, task descriptions,
on HoloLens with augmented view SOP definitions

Modeler

D KALUNA ‘ ’

Dynamic & interactive Process/SOP Modelling

Machine and Point of Interest Setup

Asset Management & Assignment

User and Task Reporting
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Advanced Applications of the AristaFlow BPM Suite
Smart Process Guidance with AristaFlow BPM Suite: KALUNA Modeler

UHLMANN PROCESS EDITOR

> KALUNA

Maching

Process Template

= - ——
L - Processes

3% Machines §

@ Reports e Max Mustermann v

Line Clearance

2 2
O—P Check Hopper }—5{ Check Vibratory Chute }—PL

Check Formatparts Feeding system Check Feeding Area

—_ —

fa-ﬁk Description

Check Hopper

2 2 2
}—P{ Check Heating and Forming Area }—PL Check Sealing and Cooling Area }—b{ Check Compact

REMOVE HOPPER

Task PO

Remove the hopper from the

Hop
@SﬁbTasks j

Remove Hopper Sub Task Mame

machine

Check Outlet

Re-mount Hopper

To delete

Sub Task Description

CHECK OQUTLET
RE-MOUNT HOPPER

TO DELETE

Process Model Management
- Create process models (e.g., Line Clearance SOP

- Link assets, point of interests, organizational models,
and activities to process models m
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Advanced Applications of the AristaFlow BPM Suite
Smart Process Guidance with AristaFlow BPM Suite: KALUNA Modeler

UHLMANN PROCESS EDITOR

> KALUNA N @

# °= Processes @ Reports e Max Mustermann v

B1440
460 cm x 200 cm with 14 infopoints

Set Point Of N : s
Interests (POls) on

your machine for h
modelling -
R
processes < -
s p .9
.“? .

Management of holographic user management

—_— e 300%
- Define point of interests for machine Feeding System Format Parts

54

- Link process models to point of interest Bemm e
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Advanced Applications of the AristaFlow BPM Suite
Smart Process Guidance with AristaFlow BPM Suite: KALUNA AR Client

= Enriches the user’s view of the
physical environment with virtual
objects (e.g. checklists, videos).

=  Process-oriented assistance
supporting human tasks with an
augmented view:

. Digitalized Checklists

REMOVE 1 00LS

. Task guidance 1
e Displaying task-related assets - f —
(e.g. videos, SOPs) /o : . Ot
ope A irsl, remow g embossing oo,
) Full traceability / -( thern the perforating tool an:.

finally, the guide plate

«
¥ CHECK FOH LEFI-OVERS

CHECK TOOL &
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Advanced Applications of the AristaFlow BPM Suite
Smart Process Guidance with AristaFlow BPM Suite: KALUNA AR Client

There may be eft-over products
_iaths outiets, removo Ihem
evenkialy

e — |

I
v l REROUNT q0P=ER
|

E B =

____)_

-

TOOO ETE
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Advanced Applications of the AristaFlow BPM Suite
Smart Process Guidance with AristaFlow BPM Suite: KALUNA AR Client

There may he Ieit-ovar products
—. niha autlets, remnye tharn

- |
——
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Advanced Applications of the AristaFlow BPM Suite
Smart Process Guidance with AristaFlow BPM Suite: KALUNA AR Client

HO™ BEALING AMEA

]

Wariing: the saalinn area may he
hott

SFMOVE NRFY RALLFR

& e em—
\ :’{Erun LEF 10238 i
3  ——

—_
'\ I RF-MOLINT INDEX R LER I
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Advanced Applications of the AristaFlow BPM Suite
Smart Process Guidance with AristaFlow BPM Suite: KALUNA Reports

UHLMANN

D KALUNA

Templates

Line Clearance

Generate reports and evaluate
—»| results of your processes for

- individual analysis and

- process optimization

Instances

Line Clearance (30.05.18 15:28)

Report

Timestamp

5/30/2018 3:28:06 PM
5/30/2018 3:28:07 PM
5/30/2018 3:28:07 PM
5/30/2018 3:28:07 PM
5/30/2018 3:28:08 PM
5/30/2018 3:28:14 PM
5/30/2018 3:28:14 PM
5/30/2018 3:28:14 PM
5/30/2018 3:28:19 PM
5/30/2018 3:28:20 PM
5/30/2018 3:28:20 PM
5/30/2018 3:28:42 PM
5/30/2018 3:28:42 PM
5/30/2018 3:28:43 PM
5/30/2018 3:28:46 PM
5/30/2018 3:28:46 PM
5/30/2018 3:28:47 PM
5/30/2018 3:28:50 PM
5/30/2018 3:28:50 PM
5/30/2018 3:28:51 PM
5/30/2018 3:28:56 PM

5/30/2018 3:28:56 PM

Task Name

Start

Start

Check Hopper

Check Hopper

Check Hopper

Check Vibratory Chute
Check Vibratory Chute

Check Vibratory Chute

Check Formatparts Feeding system
Check Formatparts Feeding system

Check Formatparts Feeding system

Check Feeding Area
Check Feeding Area

Check Feeding Area

Check Heating and Forming Area
Check Heating and Forming Area
Check Heating and Forming Area
Check Sezling and Cooling Area
Check Sealing and Cooling Area
Check Sezling and Cooling Area

Check Compact Station Area

State Change

INSTANCE_STARTED
NODE_STARTED
NODE_FINISHED
NODE_ACTIVATED
NODE_STARTED
NODE_FINISHED
NODE_ACTIVATED
NODE_STARTED
NODE_FINISHED
NODE_ACTIVATED
NODE_STARTED
NODE_FINISHED
NODE_ACTIVATED
NODE_STARTED
NODE_FINISHED
NODE_ACTIVATED
NODE_STARTED
NODE_FINISHED
NODE_ACTIVATED
NODE_STARTED
NODE_FINISHED

NODE_ACTIVATED

User

Julia Allan
System

System

Julia Allan
Julia Allan
Julia Allan
Julia Allan
Julia Allan
Julia Allan
Julia Allan
Julia Allan
Julia Allan
Julia Allan
Julia Allan
Julia Allan
Julia Allan
Julia Allan
Julia Allan
Julia Allan
Julia Allan
Julia Allan

Julia Allan

B Assets 3 Machines

Task-based Report

Task Name

Check Formatparts Feeding system

Check Hopper

Check Compact Station Area
Check Vibratery Chute

Check Sealing and Cooling Area
Check Heating and Forming Area
Check Reject Bins

Check Feeding Area

Check BElister Transfer Area

Check Punching Station

Start Timestamp

5/30/2018 3:28:20 PM
5/30/2018 3:28:07 PM
5/30/2018 3:28:56 PM
5/30/2018 3:28:14 PM
5/30/2018 3:28:50 PM
5/30/2018 3:28:46 PM
5/30/2018 3:29:06 PM
5/30/2018 3:28:42 PM
5/30/2018 3:29:10 PM

5/30/2018 3:29:02 PM

—

Processe ('/ @ Reports  _

Task Duration

Check Blister Transfer Area

Check Reject Bins

Check Punching Station

Check Compact Station Area

Check Sealing and Cooling Area

Check Heating and Forming Area

e Max Mustermann v

Duration / Duration [%]
00:00:22 33.66
00:00:06 9.91
00:00:06 9.60
00:00:05 8.59
00:00:05 7.87
00:00:04 6.34
00:00:04 6.32
00:00:04 6.05
00:00:03 5.83
00:00:03 5.83
Check Hopper

‘ . Check Vibratory Chute
~ 859%

7.87%
‘ Check Formatparts Feeding system

Check Feeding Area
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Advanced Applications of the AristaFlow BPM Suite

Smart Process Guidance with AristaFlow BPM Suite: Process Variability

% Settings Sheet @ % Maintenance Plan
Rt ettt e T T O e
v

A1: Receive @ Case Study
: A3: Variable Part 1: AB:
Maintenance Plan A2: Ad: A6: Variable Part 2:
O_. and Settings Check Equipment ‘SMD and Releasa Conduct Cleaning oSS @ ! > Document

and el Execue Tost Fun [ Conatee clasning ), oment Maintenance Processes of a Press Line
Sheet

Situation S3: Situation S4:
Situation S1: Situation 52:

.

81 occurs and Printer Maschine stops with Situation S§5: Situation S6: ReqUIrementS & Cha"enges:
Poor Blister Pocket Forming Situation 1 occurs Device is present Error ,FormFoilEnd” Foil Dissolves On Edges Ssituation 4 occurs
Process Fragment: Process Fragment: fProcess Fragment: Process Fragment: | Process Fragment: [Process Fragment:
CalibrateFormingstation

DeactivateHeatingStation| CalibratePrintDevice | ReplaceRollMounting | AdjustFormFoilRoll

= ) , - .
oS ",5311"9:5"8“ High process variability requires context-

CleanMountingRoll

tati . .
S o B e = & = = dependent process configurations!
+ -4 -5: -6: A5-7: 5-8: AT-1:
AB-1: ) Deactivate Calibrate Printer Replace Roll 57 Adjust Form Foil Clean Roll
Remove Covers AS-SE Heating Station Device Mounting Get Setting Sheet Roll Mounting
Calibrate m 'T‘
Deflection Polley

Context is determined by both static factors
B 3 ' D eperis o I (e.g. press line variant) and dynamic ele-
_ ments (e.g., machine status, sensor data).
(Dynamic)

Configuration ) )
[ o Pian Process guidance with AR needs to be

AT heunsdutdutesigstsnaus vt s uunts o ot ot

w : 2 SR context-driven!

—— ¥
|
} \ ] | ! |
Al:Receive | . | L 3 : |
V [ t 1 A7) || Maintenance Plan | A2 o A3 | A4: ,f‘t‘: AB: o |
arlan = e ] i =4 Stop and Release —#| o Ly Document ot
Nk and Setlings } Check Equipment g | Conduct Cleaning g Execute Test Run Machine Che ol
Sheet | Machine | % achine Changes |
& | |
| J
) | ! J

aintenance Plan
Setngs Sheet T TTTTTTTTTT e T T T e e e e e e e
1
i

L ¥

e of - =
-

Al: Receive

| ] | | it
| | |
. o | A3 | E A5-5 : | AB:
f | Maintenance Plan | A2: | A4 | 5 A6 i
Varlant 2 r e  — . Stop and Release i H-#= Cali Printar -8 ace Roll ] . | > Document Common parts
o/ and Seitings 3 q 4 C o ; (
. E and :ul ngs i Check Equipment Machina | Conduct Cleaning E wice Mourfing Execute Test Run i Machine Changes

| Sheet | L i f T e i
A / J J \

Variable parts
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Advanced Applications of the AristaFlow BPM Suite

Smart Process Guidance with AristaFlow BPM Suite: Runtime Process Adaptation

Planned
process variant

Process variant
after ad-hoc change

A Roll Mount Error occured during Printer Calibration

Maintenance Plan
SemT«gTs_sﬁeE: __________________________ Ty Tttt T TTTTTTTTTTTTTS
- I I !
I | !
v v ™ 4 Vs ) Y ]
[4
A1: Receive . . 3
Maintshiange Plan A2y Stoj an?:faﬁelease G G l'bA?—sls' t Ag: Doé:?ﬁent
and Settings Check Equipment pMachine Conduct Cleaning <l éapf:’_srm e Execute Test Run Machine Changes
Sheet I_T

intenance Plan
[
]
]

Seltings Sheet |
| |
[
| B B 4 / 7§ e v
A1l: Receive =
g A3: A5-6: AB-5: A7-1: AB:
Maintenance Plan A2: Ad: . : A6:
) l—‘ F \—A Stop and Release 7 Replace Roll i‘ Calibrate Printer Clean Roll Document
O—.[ andsi?;?gs [Check Equipment [ Machine Conduct Cleaning { MOIL'“I.ing | Dﬁe Execute Test Run MU[LMT.HQ Machine Change:

Case Study
Maintenance Process of a Press Line

Requirments & Challenges:

Robust and flexible execution of
maintenance processes!

Enabling ad-hoc changes to handle
exceptions and errors.

Pharmaceutical packaging requires full
traceability of any process change to
comply with Title 21 Code of Federal
Regulations (CFR) Part 11

”
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Advanced Applications of the AristaFlow BPM Suite

Smart Process Guidance with AristaFlow BPM Suite: Context Modeling, Assessment and Adaptation

Data Extraction

Augmented Reality
Platform

Data Extraction

b ] ] |

Context Factor - Context Factor
StopReason UserPosition

AbS-3: e D RIS T TISMIGWG | 2 Agjust ronm ron wiedn ron
Calibrate Heating Station Device Mounting Get Seting Sheet Holl Mnunimg
Deflection Polley ITI m

=

PF..H

Case Study
Maintenance Process of a Press Line

Requirements & Challenges:

Determine contextual situation (CS) from
the current context model

Example of a CS: Occurence of production
error FormFoi lEnd (e)

Relevant CS should be describable and
assessable (b - e)

Requires sensor data integration

Core concept: Context-aware Process
Injection = Injection specifications (f)
control changes of running process
instances (h) based on evaluated CS

N. Mundbrod, G. Grambow, J. Kolb, M. Reichert (2015) Context-Aware
Process Injection: Enhancing Process Flexibility by Late Extension of
Process Instances. In: CooplS 2015, LNCS 9415, pp. 127-145.
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Advanced Applications of the AristaFlow BPM Suite

Smart Process Guidance with AristaFlow BPM Suite: Interaction, Attention, Mapping

Interaction

gestures gaze pointing location

speech

(head movement)  movement Action

Interaction

Pharma Packaging Machine

AR Device

Feedback flashing siren haptic visual
lights buttons elements

speech vibrations
sound on AR device

Attention

Task Fill Tablet Feeder with Sample Tablets
\

Task Replace Forming Station Spare Parts Task Calibrate Forward Feeder

Task Insert Missing Blister Container

Mapping

Detection

& Tracking !
! «—0
- _
e : c

Additional
Information

Mapping physical objects (i.e.
machine parts) to virtual counterparts
from the context graph

Enables AR device to present the
additional digial information in an AR
view or to automatically change
configuration settings of a machine to
fit the currently built-in format part

Shall enable precise interactions and
proper attention guidance

Marker-based (e.g., QR code) vs.
markerless object detection & tracking




The DBIS Factory

Exploring Processes
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The DBIS Factory — Exploring Cyber-Physical Processes in the Lab




“We tend to overestimate the efiectoi a
technology in the short run and

underestimate the efiect in the long run.’

AMARA'S LAW
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Large Process Structures &
Process Coordination
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Large Process Structures & Process Coordination
The Current Situation in many Companies

z}l - o t= = "zf e - — -
Business Level | tmtEm e i =
iv“;_-:- ﬂ; = — 1:‘:
Model created by % | e
domain expert ; =5t
; . i gy [ =
e | -

IT expert

0
Model created b
Yk\

IT Level
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Large Process Structures & Process Coordination
Challenge: Coordinate Execution of Multiple Interrelated Small Processes

o T o

o

D. Miller, M. Reichert, J. Herbst: A New Paradigm for the Enactment and Dynamic
Adaptation of Data-Driven Process Structures. CAIiSE 2008: 48-63
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Relational Process Structure Semantic Relationships

* Captures process types and their structural * Describes inherent patterns in the coordination
relations of processes

j/

Steinau S., Andrews K., Reichert M., The Relational Process Structure. In: Krogstie J., Reijers H. (eds) Advanced Information Systems Engineering. CAIiSE 2018. LNCS vol 10816. Springer, Cham
Steinau S., Kiinzle V., Andrews K, Reichert M., "Coordinating Business Processes Using Semantic Relationships," 2017 IEEE 19th Conference on Business Informatics (CBI), Thessaloniki, 2017, pp. 33-42.
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The PHILharmonicFlows Approach
An Object-Centric Approach to BPM
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The PHILharmonicFlows Approach
Object Lifecycle Process: Modeling

Vacation Request

Vacation Request Form Approved
Fiscal Year 2015-2016
Initialized From: Decision Pending D
— ~

A

| Approved J/ [
From Unti Comment 1 e

I Approved == true)/ | |
Rejected
Approved == false |
M-
B
Assignment: Employee = Assignment: Manager D
|
Lifecycle e | | /

L
ey o bt it
:_From: Date DII Until: Date DI :_Approved: Bool Dl :_Comment: StrinDI

Vacation Request FoMacation Request Process

(real-world business object)

[2] Klinzle, Vera
Object-Aware Process Management
PhD thesis, University of Ulm.

[1] Kiinzle, Vera and Reichert, Manfred
PHILharmonicFlows: towards a framework for object-aware process management

Journal of Software Maintenance and Evolution: Research and Practice
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The PHILharmonicFlows Approach

Object Lifecycle Process: Execution

Vacation Request

Llfecycle

Approved
Initialized Decision Pending D
7
e
| Approved |~
From Unti Comment 1
I R | Approved == true)’
Rejected
Approved == false)\ | :
P~ ~ J
Assignment: Employee Assignment: Manager /

Vacation Request — Decision

Vacation Request — Init From 28.05.2017 \
From 28.05.2017 Until 03.06.2017
U nt|| 03.06.2017 Approved /j true

Submit I Comment Ok. Fine with me.



EET W] M. Reichert | BPM'18 Keynote | 11 September 2018

The PHILharmonicFlows Approach

Object Lifecycle Process: Execution

V4

— \%atlon Re .
Initializeb@ et gt e e r.,/ Decision Pending

Until Comment

b

Approved
Approved == true )’

el f&se)\ i
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The PHILharmonicFlows Approach

Semantic Relationships

Kiinzle, V.and Reichert, M. (2011) PHILharmonicFlows: towards a
framework for object-aware process management. Journal of

e p\ N Software Maintenance and Evolution: Research and Practice,
Steinau, S., Kiinzle, V. and Andrews, K., and Reichert, M. (2017)
Coordinating Business Processes Using Semantic Relationships.

In: 19th IEEE Conference on Business Informatics (CBI 2017),
Claim File Thessaloniki, Greece, 24-26 July 2017, IEEE Computer Society

Press, pp. 33-42

Insurance
Claim

e

2 17 n

Insurance
Cover
Evaluation

Recourse Notification

Expert

Bank Details
Assessment

Witness _
E
Statement . Cost Estimate
~ _Z
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The PHILharmonicFlows Approach

Coordination Process

V reTETER G )
Insurance Cover
Evaluation

Cost Estimate

Insurance Cover Self Covered

Creation | f-self

i P ——
Evaluation

Evaluation

Self Insurance Cover

Transverse

\Transverse

Evaluation

Top-Down

Damage Claim

Not Covered

Report

Report

Insurance Claim

Personal Data Policy | | _gelf.
op-Down Holder
Initialized

Created

N ———

Transverse

Creation

Self-

Completed

__Comp\eted

Transverse

Top-Down

Bank Details

o |

Top-Down

Bank Details

Completed

Transverse

Expert Assessment

Claim Valid

Top-Down

Transverse
Transverse

Witness Statement)
‘ Creation | Fserof] |

-
nt)  Transverse Self Expert Assessment
|

-

Transverse

Transverse

Notification Notification
[ ceation | fseitof] [ sent |
Recourse Recourse
Demand Sell Completed

Bottom-Up

Bottom-Up

Insurance Claim



PHILharmonicFlows Modeling

< 1

Object Types

Lifecycle Process

Coordination Process

Permissions
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Object Type

MName

~—

User Type

R

MName

d N
L
Employee
\ EN/
d N
Job Offer
AN S
Application

Dissertation

Review

Interview

Attributes Permissions

Restricted to:

String Attribute

| Proposal

Restricted to:

| Invite

| Reject

Date Attribute

| Return Date

Restricted to | Min/Max Range |

Min Value

Max Value

| 6/11/2017 |

select a date |

String Attribute

| Urgency

Restricted to:

| High

| Medium

| Low
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PHILharmonicFlows Modeling O

é /I\ Displayed Object Type:  Review

State
3 Pending ]E
Object Types
Lifecycle Process o \\
Reference set to -~

Coordination Process Micro Step

Proposal
]ml [Proposal] == Reject
A

Reference set to

Reason

Permissions

-

T

Computation Step | I:m —) \ | . Reject Proposed m
i )

\ )
2

Predicate Step . M

Reference sst to

Finished
o
~

\ J

Reference set to

Alternative Job

:

_J
: II:_ | State Execution Permission (1) lIl |

Reference set to

Appraizal

State Execution Permission (1) |

Insert Black Box State I".



=Te[-W£e] M. Reichert | BPM'18 Keynote | 11 September 2018

PHILharmonicFlows Modeling

< 1

Coordination Step
Object Types

Lifecycle Process
Coordination Process

Permissions

Application

Displayed Object Type:

Reject Proposed

Invitation Proposed

Job Offer

Initialized
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PHILharmonicFlows Runtime

— O >
< 1 Dissertaton e e T N

Qv

Administrator WO rkl i St

4407658291381996482 Job Offer Closed 6/11/2017 4:55:26 PM v
@ 8288672291684580076 Review Reject Proposed 6/11/2017 4:55:26 PM v
A -3970306653706878424 Review Reject Proposed 6/11/2017 4:55:26 PM v
8671483088404099594 Review Reject Proposed 6/11/2017 4:55:26 PM v
’ -8419984937993741539 Review Initialized 6/11/2017 4:49:28 PM v
7630257585817070920 Review Pending 6/11/2017 4:55:26 PM v
4918915507557312524 Review Initialized 6/11/2017 4:49:29 PM v
4790065286363751117 Review Invitation Proposed 6/11/2017 4:55:26 PM J
-639893494739306410 Review Pending 6/11/2017 4:55:26 PM v
-6180318946247778032 Review Pending 6/11/2017 4:55:26 PM v
-4363376569576081433 Interview Planned 6/11/2017 4:55:26 PM v
-8932175026097589114 Review Pending 6/11/2017 4:55:26 PM v
-7285684711112844959 Interview Conducted 6/11/2017 4:55:26 PM v
3590480695781055469 Interview Conducted 6/11/2017 4:55:26 PM v
7388703511994963673 Interview Conducted 6/11/2017 4:55:26 PM v
5497268771763492786 Interview Conducted 6/11/2017 4:55:26 PM v
-3570444321314257539 Interview Planned 6/11/2017 4:55:26 PM v
-9097192747705590155 Interview Planned 6/11/2017 4:55:26 PM v
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PHILharmonicFlows Runtime

@link ¢ZEdit | [il] Delete Dissertation
{CD\ v .
Administrator O bJ ects Job Offer Do Review Do
Name State Status Changed Linked Revi Initialized Runni 6/11/2017 T
o— eview nitialize unning 1958 pM rue
E= Name Job Offer  Closed Running 2/5101{]210;; True 6.1 1' 2017
Application 6./‘] 1'/201? Review Pending  Running 4_/5 O'{J2 — True
State Job Offer Closed Running o005 bt True 6.1 1' 5017
Sent Job Offer Closed - 6./‘] 1'/201? e Review Initialized Running 4:/49:;9 PM True
A 9 45001 PM } Invitation } 6/11/2017
Status Review Running True
N B 6/11/2017 Proposed 4:50:03 PM
’ Running Job Offer Closed Running 2:50:02 PM True 6/11/2017
o Review Pending Running True
4:50:02 PM
Date Last Changed JobOffer  Closed  Running /1172017 True
6/11/2017 4:51:29 PM 4:50:02 PM ] - - 6/11/2017
6/11/2017 Review Pending Running 4:50:01 PM True
b | Job Offer Closed Running 2:50:02 PM False s
Attribute Values o Review Pending Running / _/ True
R . b e v iin 4 ovnminn B/11/2017 — 4:51:31 PM
eview
Qualification
| veMRDL | Interview X Application X
MName State Status Changed Linked MName State Status Changed Linked
AverageBreakTime Interview Planned Running 6/11/2017 False Application  Initialized Running 6/11/2017 True
4:49:56 PM 4:50:02 PM
‘ HHDXOW ‘ a2 =l
Interview  Conducted  Running 2/51 ;ézz[];;' True Application  Initialized Running 2/51 11_;290;; True
Immediately Available? 6./‘] 1'/201? =
Job Offer Interview  Conducted  Running 2/5101{]210;;’“ False Application  Initialized Running 2/51 11:/3220;;’“ True
‘ ~ ‘ Interview  Conducted  Running 2/5101{]%0;;1 True Application  Initialized Running 2/51 11_/3210;; True
MName Interview Planned Running iﬂ;f;;;' False Application Sent Running 2/51 11_/3230;;1 True
‘ AQRV ‘ Im#mrrimae Nlarmmad Diimmines 6/1 1/201? Calrn Armmlicratinn Imitinlizad Diimmina 6/1 1/201? Triim
Proficiencies
‘ IDITP ‘ Employee Do
@ ) MName State Status Changed Linked
o A11/2017
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PHILharmonicFlows Runtime

< 1

Dissertation

Qv

Administrator

o—
o—
Oo—

3

>

Review

Pending

Y

Employee

StariState
15

o
[

'gJJob Offer

Application Application

nitialized Initizlized

Review to egglrcar,im/ N N _— N
\
Review to Application /% Interview to Applicatign \
: \
ﬂéﬂ \
@
% \
k)
%
B, view to Application \
’ Interview to ication
Review to Applitatjion “‘HHHH
Review Interview Interview Review Interview
Initialized Conducted Initizlized Invitation Proposed Conducted
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PHILharmonicFlows Runtime

é /I\ Review Coordination Process Detail Level: Containers

Qv Review
Administrator Proposal i Proposal
Proposal == "Reject”
E— ‘ Reject v ‘ Uncenfirmed
o—
Reason / |E|
Unconfirmed
‘ u ‘ Initialized : Unconfirmed
ﬁ Urgency Return Date Finished
Alternative Job Alternative Job ) [ Finished == Trua™,_
‘ ‘ =y Waiting
-
9/3/2017 12:00:00 AM No Value
B (o ote
Confirmed Confirmed Waiting
Appraisal
‘ PP ‘ Confirmed Waiting E
Comment
Finished O
Application Application Review Job Offer
Remark TopDown: Inact Self: Active TopDown: Inactiv Initialized BottomUp: Completed,
‘ 3 Macro Steps 3 Macro Steps 4 Macro Steps 1 Macro Step
Completed Active nactive Completed
Return Date (>6/11/2017)
‘ September 3 2017 ‘
— /
. ]
Urgency o Review /g
. Reject P s |/ £
R = ject Propose / o
‘ High ~ ‘ H ¥
= 4 Macro Steps E
L =
Inactive E
———
//.
— Vi
Review S/
Invitation Proposed ||,/
Events
4 Macro Steps
e Transition to "Reject Proposed” Inactive
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The PHILharmonicFlows Approach

Are Scalable Object-Aware Processes Technically Feasible?
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The PHILharmonicFlows Approach

Are Scalable Object-Aware Processes Technically Feasible?

=5
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Mobile Processes
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Mobile Processes
Scenarios

Approach 1 Approach 2 Approach 3

Physical Process Fragmentation Logical Process Fragmentation Single Mobile Task Handling

migration : dynamically migration : dynamically

determined determined
% - .rT et -
- "\1.*
4 4
K [ i
i

!

statically 7 ; statically ¥ . X .
determined ,a'l i determined *.. migration : dynamically dynamically I' | dynamically
/ : “.  determined determined | , determined
) 5, I \
I : : k. i !
mobile rmobile @ mobile mobile
fragment fragment task task

central process : coordinating the fragments




ook,

e
e T

second Dl o
e

5
spesdant
nack knyrh

Mobile Process Su
for Therapeutic Inte
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Mobile Processes
Mobile Process Support for Therapeutic Interventions: Motivation

At Home

“Mhmww
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Mobile Processes
Mobile Process Support for Therapeutic Interventions: Homework Characteristics

Stretching Strengthening Stabilization

70% Stretch ¥ Extra aids Max. Stretch

Hold for 25 sec. ® 80% of HF, Hold for 25 sec.

" Con

Qy u]
X X
® 3 times each side ® 3 sets / 25 repet. @ 1 time each side
& Pre- ALercises

¥ Dependencies between exercises
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Mobile Processes
Mobile Process Support for Therapeutic Interventions: Key Points

O Hierarchical Information Exchange

S L
. Therapist-Patient-Researcher Relationship @

New source Applying new

of income ) o therapies
/N
- mgm / <
@' Expectations & Opportunities
v & % N
Efficient treatment & @“D{‘ \\ Gathering raw
and therapies Existing N expert data

E o e e

Innovative therapies Gathering raw
in future patient data
m Increasing usage of smart mobile devices

Smartphone Tahlet AR & VR Smartwatch & Smart TV

@ new concepts & Methods f e 3

‘"“ Increasing number of complex sensors

200000005

A Compass p Heart rate Skin Activity
& Gyroscope & Humidity conductivity

@ Integration of Smart Mobile Devices

Q Use of internal and external Sensors
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Mobile Processes
Mobile Process Support for Therapeutic Interventions: Rehab Traninig

| | |
| TREATMENT SESSION | AT HOME | TREATMENT SESSION [
| Ll i Intitiai trealmentapr]ntment ................ | ............................. Da“yhomework .............................. | ..................... T ream'.]em ap.pOIntm.ent .................... |
| | Y ) |
| | @ @>—> e 1E <« <4y <«p 1k Bl i o >—< > |
: EAnammtESIS, Mlanumal ‘S;‘ Explanation of RE Patella Careful knee Mobhilization of | © E Homework | | M i@ 4 Explda_nattlog of
| | it et homework T | mobilization bends knee joint : feedback [t i e |
.| Therapy plan therapy : E 3 ; homework i -
E . 1 : . Therapy
| | : Suffer pain? : | : " finished? I
| | b | : | i |
approx. 20 to 30 minutes 2 minutes 10 repetitions 10 repetitions approx. 20 to 30 minutes |
| - Used materials & tools - | ;" Used materials & tools E Used materials & tools - | i Used materials & tools : |
] . . : ; - _ : { _ . : - . ]
(m) D {=2) e i (m (=3 =)
| . \H) < | (&) 0 & P W | . =) =4 |
| - llustrations Manual | * llustrations. Manual  : . lllustrations Manual Tools | * llustrations Manual |
‘. IR, L T —— P | I, :
Physiotherapist ‘" Patient

<«p

Example: Follow-up Treatment after Cruciate Ligament Reconstruction
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n Albatros Framework

Mobile Processes
Mobile Process Support for Therapeutic Interventions: Common Homework Application Procedure

homework
adjustments

assignment

remember
instructions

Homework adjusments only
at personal meetings

Exchange of feedback only
at personal meetings

Time-consuming feedback /

discussion & evaluation

(4 -

Context of homework cannot

- be controlled by therapists
. performing

@  homework I

X : : ils

(5)

., Homework outcome cannot
be monitored by therapists

{
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Meta Model

getting up

Meta Model
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Model

Evary day after
gerting up

At home

Home WiFi

After lunch break

Atwork Work Wifi GPS
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Mobile Processes
Mobile Process Support for Therapeutic Interventions: Basic Approach

How to enable domain experts to flexibly
create and remotely change homework?

Mobile Process Schickler, Pryss, Schobel, and Reichert (2017) Supporting
Remote Therapeutic Interventions with Mobile Processes.
In: IEEE Int Conf on Al & Mobile Services (IEEE AIMS 2017).
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Mobile Processes
Mobile Process Support for Therapeutic Interventions: Modeling & Configuration

How to assist domain experts during
therapeutic homework configuration?

Peter Maier Hauptprozessmodell:
Funktionen

4= Zuriick -
Subprozessmodelle:

Physical Activities IR G ~ ~ ~ = T T T T T T T T T T T ST s o - ———--
1

Exercise
Level

Sensing Activities

IVILILIG 1TV VY UL

Assigments |G il L L LR Sub-Process
STl 0900 T~ e Level
& Exclusive & Parallel o o o
Connections

Therapeutic Intervention & Homework Configurator
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Mobile Processes

Mobile Process Support for Therapeutic Interventions: Execution

How to realize appropriate monitoring and
feedback concepts for therapeutic homework?

Cool down

Mobile Process Instance

Schobel, Pryss, Schickler, Reichert (2016) A Lightweight
Process Engine for Enabling Advanced Mobile Applications. In:
CooplS 16, LNCS 10033, Springer, pp. 552-69.

S 38

Mobile Process
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Mobile Processes

Mobile Data Collection — The QuestionSys Framework

-

S-Simulatar < iPad [ iS5 5.1 (SR176)

HOG-Simulalur — iPad [ 05 5.1 (3B176)
10:17 FM

105-5imulator - IPad [ 105 5.1 (9B176)

Questlonsys

il ry— e
Over the last two weeks, how often have you been bothered by any of . “‘\“%
the following:

1. Little interest or pleasure in doing things?
[ 0| 11 131 OO
2. Fecling down, depressed, or hopeless?

o1 il 121 131

Questionnaire
Lifecycle (&

3. Trouble falling or staying aslaep. or sleeping oo much?

[0] ] 12] 13

Evaluation

4. Feeling tired or having little energy?
0] ] [2] [

5. Poor appetite of overeating?

2
&
V
o
N
o) (m 2 @) ° JJQI /] 03

A Model-Driven Framework for Enabling Flexible
and Robust Mobile Data Collection Applications

[0] Not &t all [1] Several days [2] Mare than half the days [3] Nearly every day

D
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Mobile Processes
The QuestionSys Framework: Mobile Data Collection Instruments
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Mobile Processes
The QuestionSys Framework: Mobile Data Collection Instruments

| Scenario Country Logic Releases Instances

Tinnitus Research World-Wide o 3 > 25.000
Supporting Parents after Accidents of Children  Europe o 5 >2.500
Risk Factors during Pregnancy Germany © 5 >1.300
Risk Factors after Pregnancy Germany o 1 > 100
PTSD in War Regions Burundi ° 5 >2.200
PTSD in War Regions Uganda o 1 > 200
Adverse Childhood Experiences Germany ° 3 > 100
Learning Deficits among Medical Students Germany ° 3 >200
Airline Catering Germany ¢} 3 > 500
Diabetes Diary Germany ° 2 > 200

.
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BPM wneeds good theories, methods, and
technolgies for contributing to the digital
transformation!

*  Tocreate an bwpact in the digital era, a
stronger focus on process automation (L.e.
engineering and runtime) is needeo!

*  We need to rethink BPM applying Lt tn a
broader scope!

Emerging technologies (e.9. RBA, Block-
chain, smart Devices) will open up

opportunities to totaLL5 rethinle processes '



_

Flextble BPM platforms deliver the ability to
manage work while dynamically adapting
processes according to a contextual awareness
anol understanding of content, data, business
and events.

*  This is the basts of tntelligent automation,
making BPM technologies the appropriate
platform for digital transformation.

* But: True digital transformation reguires
wmore thaw just digitizing back end processes!

i I
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