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About Wil

* AVH professor @RWTH

* Chair of the PADS group @ RWTH,
before 30 years at TU/e.

* Chief scientist @ Celonis.

* Board of Governors Tilburg University
& Scientific Advisor Fraunhofer FIT.

- “Godfather of Process Mining”

* Founder of conference series like BPM
and ICPM, and the IEEE TFPM. PlgD}
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About PADS

» 30+ researchers (excluding HiWis).

* Leading group In process mining.

* Leading role in Al Center, Internet of
Production, and around 15 projects.

» Courses In process and data science.
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Process Mining as the glue between

data and processes

Traditionally, not
data-driven and a
focus on modeling
(languages) and
automation.

data mining g tictics

data warehousing

simulation
operations research

workflow management

unsupervised learning

low-code automation

process
discovery

Artificial

_ Business Process
Intelligence (Al) Management (BPM)

data | process| process
science | mining | science

Machine Process
Learning (ML) Process Modeling
Analysis

operations management

conformance checking

Traditionally, not supervised leaming
process-centric and
a focus on specific

tasks or decisions.

data management

industrial engineering
planning and control

business intelligence
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eneric as a spreadsheet

Home Insert Page Layout Formulas Data Review

View

Acrobat

PersonalManthlyBudget1 - Excel

F N P M A R W B p_—
&% cu Cambria -lw -] KK == = 2 General D L_‘.‘l (E-SED E)( SLETECY %Y p
. By copy - . , " P . $ o , o » FCnnm:t\nnalv Fn_rrr:‘at'as SCEH‘ et Delete Fﬂrrnat Fill ~ Snrtﬁf Fmdﬁi
' Format Painter 2T A = = = £ 3= iy T % % s ormatting = Table~  Styles g e ¢ Cenr- Fiter = Select
Clipboard [+ Fant [+ Alignment [+ Number [+ Styles Cells Editing ~

B2 o I Personal Monthly Budget hd
P A B C D E G H I J K L M N 1=
4 | Income 1 $2,500

a 5 PROJECTED BALANCE (Projected income minus expenses) $940
5 PROJECTED MONTHLY INCOME Extra income $500
6 | Total monthly income $3,000

o ACTUAL BALANCE (Actual income minus expenses) $960
7 Income 1 $2,500
8 | ACTUAL MONTHLY INCOME Extra income $500

o 5 DIFFERENCE (Actual minus projected) $20
g Total monthly income $3,000
10 |
11 HOUSING ~|Projected Cost |~|Actual Cost |- Difference |- ENTERTAINMENT ~ | Projected Co:
12 Mortgage or rent $1,500 51,400 @ $100 Video/DVD
13 |Phone $60 $100 9 540 |CDs
14 Electricity $50 $60 /7 -$10  Movies
15 | |Gas $200 s180 @ $20 |concerts
16  Water and sewer . $0 Sporting events -
17 |Cable (] S0 |Live theater a n t I n
18  Waste removal @ S0 Other
19 | Maintenance or repairs . S0 Other
20 Supplies @ S0 Other
21 | Other (] S0 Total . " A h Q r Q w
22 |Total $1,810 $1,7a0 @ $70, l I u I I l N v
23 | LOANS - Projected Cos
24 | TRANSPORTATION - | Projected Cost | -|Actual Cost |- Difference |- Personal
25 Vehicle payment $250 $250 . S0 Student . S0
26 |Bus/taxifare [ ] S0 | Creditcard @ S0
27 Insurance @ S0 Credit card @

Personal Monthly Budget *®

Ready .lj
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information

systems
extract
process align conformance predictions
- models replay =+ performance apply + Improvements
’ b 7 diagnostics compare T R
event ﬁ — (s ﬁ g Bt é N o =
data discover [¥my
21 E’r\

EL?

explore select
filter show show act
clean model interpret
Jra— adapt drill down

ﬂ
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." transform
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Starting point: Event data

© Wil van der Aalst (use only with permission & acknowledgements)

Case ID Activity Resource Timestamp product prod-price quantity address
6350 place order Aiden 2018/02/13 14:29:45.000 APPLE iPhone 6 16 GB 639,00 € 5 NL-7751DG-21 even t
6283 pay Lily 2018/02/13 14:39:25.000 SAMSUNG Galaxy S6 32 GB 543.99 3 NL-7828AM-11a
6253 | prepare delivery Sophia 2018/02/13 15:01:33.000 APPLE iPhone 6 16 GB 639,00 € 3 NL-7887AC-13
6257 | prepare delivery Aiden 2018/02/13 15:03:43.000 SAMSUNG Galaxy S6 32 GB 543.99 1 NL-9521KJ-34
6185 | confirm payment Emily 2018/02/13 15:05:36.000 SAMSUNG Galaxy S4 329,00 € 1 NL-9521GC-32
6218 [ confirm payment Emily 2018/02/13 15:08:11.000 APPLE iPhone 6s Plus 64 GB 969,00 € 2 NL-7948BX-10
6245 make delivery Michael 2018/02/13 15:14:04.000 APPLE iPhone 6 16 GB 639,00 € 3 NL-7905AX-38
6272 pay Emily 2018/02/13 15:20:36.000 APPLE iPhone 6 16 GB 639,00 € 1 NL-7821AC-3
6269 pay Charlotte 2018/02/13 15:25:21.000 SAMSUNG Galaxy S4 329,00 € 1 NL-7907EJ-42
6212 prepare delivery Sophia 2018/02/13 15:43:39.000 HUAWEI P8 Lite 234,00 € 1 NL-7905AX-38
6323 send invoice Alexander 2018/02/13 15:46:08.000 APPLE iPhone 6 16 GB 639,00 € 1 NL-7833HT-15
6246 | confirm payment Jack 2018/02/13 15:56:03.000 SAMSUNG Galaxy S4 329,00 € 3 NL-7833HT-15
6347 send invoice Jack 2018/02/13 15:57:42.000 SAMSUNG Galaxy S4 329,00 € 3 NL-7905AX-38
6351 place order Zoe 2018/02/13 16:17:37.000 APPLE iPhone 5s 16 GB 449,00 € 3 NL-9521GC-32
6204 | prepare delivery Sophia 2018/02/13 16:31:28.000 SAMSUNG Core Prime G361 135,00 € 1 NL-7828AM-11a
6204 | make delivery Kaylee 2018/02/13 16:51:54.000 | SAMSUNG Core Prime G361 135,00 € 1 NL-7828AM-11a 71,043 events
6265 | confirm payment Lily 2018/02/13 16:55:55.000 SAMSUNG Galaxy S4 329,00 € 4 NL-9521GC-32 12 ’ 666 cases
6250 | confirm payment Jack 2018/02/13 17:03:26.000 MOTOROLA Moto G 199,00 € 4 NL-7942GT-2 L.
6328 send invoice Lily 2018/02/13 17:30:16.000 APPLE iPhone 6s 64 GB 858,00 € 4 NL-9514BV-16 [ activities
6352 place order Aiden 2018/02/13 17:53:22.000 APPLE iPhone 6 16 GB 639,00 € 2 NL-9514BV-16
6317 send invoice Jack 2018/02/13 18:45:30.000 APPLE iPhone 6s 64 GB 858,00 € 5 NL-7907EJ-42
6353 place order Sophia 2018/02/13 20:16:20.000 APPLE iPhone 5s 16 GB 449,00 € 4 NL-7751AR-19 EI ’E
J |
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Starting point: Event data

Case ID Activity Timestamp

6350 place order 2018/02/13 14:29:45.000

6283 pay 2018/02/13 14:39:25.000

6253 | prepare delivery 2018/02/13 15:01:33.000 eve:lj:
6257 | prepare delivery 2018/02/13 15:03:43.000

6185 |confirm payment 2018/02/13 15:05:36.000

6218 |confirm payment 2018/02/13 15:08:11.000

6245 | make delivery 2018/02/13 15:14:04.000 m
6272 pay 2018/02/13 15:20:36.000

6269 pay 2018/02/13 15:25:21.000

6212 | prepare delivery 2018/02/13 15:43:39.000

6323 | send invoice 2018/02/13 15:46:08.000 m
6246 |confirm payment 2018/02/13 15:56:03.000

6347 send invoice 2018/02/13 15:57:42.000

6351 place order 2018/02/13 16:17:37.000

6204 | prepare delivery 2018/02/13 16:31:28.000

6204 make delivery 2018/02/13 16:51:54.000

6265 |confirm payment 2018/02/13 16:55:55.000

6250 |confirm payment 2018/02/13 17:03:26.000

6328 send invoice 2018/02/13 17:30:16.000

6352 place order 2018/02/13 17:53:22.000

6317 send invoice 2018/02/13 18:45:30.000

6353 place order 2018/02/13 20:16:20.000

© Wil van der Aalst (use only with permission & acknowledgements)
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Let’s look at orders 6350, 6351, and 6352

Case ID Activity Timestamp
6350 place order 2018/02/13 14:29:45.000
6351 place order 2018/02/13 16:17:37.000
6352 place order 2018/02/13 17:53:22.000
6352 send invoice | 2018/02/19 09:20:28.000
6351 send invoice 2018/02/19 16:08:07.000
6350 send invoice 2018/02/21 09:38:16.000
6350 pay 2018/03/02 12:39:37.000
6352 pay 2018/03/05 15:46:47.000
6351 cancel order | 2018/03/06 10:17:01.000
6350 |prepare delivery| 2018/03/07 13:50:35.000
6350 make delivery | 2018/03/07 16:41:01.000
6350 [confirm payment| 2018/03/07 16:53:00.000
6352 |prepare delivery| 2018/03/07 17:05:59.000
6352 |confirm payment| 2018/03/07 17:59:55.000
6352 make delivery | 2018/03/08 09:54:36.000

© Wil van der Aalst (use only with permission & acknowledgements)
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Let’s look at orders 6350, 6351, and 6352

Case ID Activity Timestamp Ol’d er 6350

6350 place order | 2018/02/13 14:29:45.000
6351 place order | 2018/02/13 16:17:37.000 order invoice delivery delivery payment

6352 place order 2018/02/13 17:53:22.000
6352 send invoice 2018/02/19 09:20:28.000
6351 send invoice 2018/02/19 16:08:07.000
6350 send invoice 2018/02/21 09:38:16.000
6350 pay 2018/03/02 12:39:37.000
6352 pay 2018/03/05 15:46:47.000
6351 cancel order 2018/03/06 10:17:01.000
6350 | prepare delivery | 2018/03/07 13:50:35.000
6350 | make delivery | 2018/03/07 16:41:01.000
6350 |confirm payment| 2018/03/07 16:53:00.000
6352 | prepare delivery | 2018/03/07 17:05:59.000
6352 |confirm payment| 2018/03/07 17:59:55.000
6352 make delivery | 2018/03/08 09:54:36.000

i mg Chair of Process
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Let’s look at orders 6350, 6351, and 6352

Case ID Activity Timestamp
6350 place order 2018/02/13 14:29:45.000
6351 place order |2018/02/13 16:17:37.000
6352 place order 2018/02/13 17:53:22.000
6352 send invoice 2018/02/19 09:20:28.000
6351 send invoice |2018/02/19 16:08:07.000
6350 send invoice 2018/02/21 09:38:16.000
6350 pay 2018/03/02 12:39:37.000
6352 pay 2018/03/05 15:46:47.000
6351 cancel order |2018/03/06 10:17:01.000
6350 |prepare delivery| 2018/03/07 13:50:35.000
6350 make delivery | 2018/03/07 16:41:01.000
6350 |confirm payment| 2018/03/07 16:53:00.000
6352 |prepare delivery| 2018/03/07 17:05:59.000
6352 |confirm payment| 2018/03/07 17:59:55.000
6352 make delivery [ 2018/03/08 09:54:36.000

© Wil van der Aalst (use only with permission & acknowledgements)
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Let’s look at orders 6350, 6351, and 6352

Case ID Activity Timestamp
6350 place order 2018/02/13 14:29:45.000
6351 place order 2018/02/13 16:17:37.000
6352 place order 2018/02/13 17:53:22.000
6352 send invoice 2018/02/19 09:20:28.000
6351 send invoice 2018/02/19 16:08:07.000
6350 send invoice 2018/02/21 09:38:16.000
6350 pay 2018/03/02 12:39:37.000
6352 pay 2018/03/05 15:46:47.000
6351 cancel order 2018/03/06 10:17:01.000
6350 | prepare delivery | 2018/03/07 13:50:35.000
6350 make delivery | 2018/03/07 16:41:01.000
6350 |confirm payment| 2018/03/07 16:53:00.000
6352 | prepare delivery | 2018/03/07 17:05:59.000
6352 |[confirm payment| 2018/03/07 17:59:55.000
6352 make delivery |2018/03/08 09:54:36.000

© Wil van der Aalst (use only with permission & acknowledgements)

Order 6350
place send prepare make confirm
order invoice delivery delivery payment
Order 6351

place send cancel
order invoice order

Order 6352

place send prepare confirm make
order invoice delivery payment delivery
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Let’s look at orders 6350, 6351, and 6352

Case ID Activity Timestamp
6350 place order 2018/02/13 14:29:45.000
6351 place order 2018/02/13 16:17:37.000
6352 place order 2018/02/13 17:53:22.000
6352 send invoice 2018/02/19 09:20:28.000
6351 send invoice | 2018/02/19 16:08:07.000
6350 send invoice 2018/02/21 09:38:16.000
6350 pay 2018/03/02 12:39:37.000
6352 pay 2018/03/05 15:46:47.000
6351 cancel order |2018/03/06 10:17:01.000
6350 | prepare delivery | 2018/03/07 13:50:35.000
6350 | make delivery | 2018/03/07 16:41:01.000
6350 |confirm payment| 2018/03/07 16:53:00.000
6352 | prepare delivery | 2018/03/07 17:05:59.000
6352 |[confirm payment| 2018/03/07 17:59:55.000
6352 make delivery |2018/03/08 09:54:36.000

© Wil van der Aalst (use only with permission & acknowledgements)
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order invoice delivery delivery payment
Order 6351

place send cancel
order invoice order
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Let’s look at the whole event log again

71,043 events
12,666 cases
7 activities

place send prepare make confirm

8016 x invoice delivery delivery payment
place send cancel

place send prepare confirm make

2962 X invoice » delivery payment delivery
30 X place 7 N send N\ preparé make confirm
X order invoice delivery delivery payment

7 X place send prepare confirm make
order invoice delivery payment delivery

b r'é Chair of Process
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Using the whole event log

place send prepare make confirm

801 6 X payment
place send cancel

place send prepare confirm make

2962 x
30 place send prepare make confirm
X order invoice delivery delivery payment

7 place send prepare confirm make
X order invoice delivery payment delivery

make delivery

confirm payment

prepare delivery
5 11015

11015

send invoice
12666

place order
12666

cancel order 1651
1651

pay
11015

11015 - 11015

- 12666 11015 - e ’ e @ e - e <+> thors
12666 12666 12666 12666
12666 . 12666 12666 & 12666 2D R " o - )

12666 1651

11015 11015

cancel order

© Wil van der Aalst (use only with permission & acknowledgements)
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Performance and Compliance

make delivery

prepare delivery

C()Ilflg}l] payment
o @ 11015 5

11015

send invoice
oo o
000

1L

/000 nlace order
GY‘I‘}..I“)) 90))))))9))))))
126060

Q av
DRG0 001 40

11015

What happens?

11015 - 11015
11015 11015 11015 11015
12666 11015 - ? % - S 101
12666 12666 s

1651

cancel order
7d 18:13:00:71

12666
12666 12666 12666 & > s
0 S 12666
. ) & 12666 1651 ot

3 2

11015 11015

Where are the bottlenecks?

37
A’
pay 11015 sy 11015 11015 11015 confirm payment
—- Y A—— 11015 11015 - > 11015 11015
place order A ‘-T§629 126.2.9.. X

12666

1651

cancel order
1651

send invoice
12629

>
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Reality Is not so simple

Create Purc Irder Item

Create Purchase Order Item

254

Send Purchase Order (eMail)

Send Purchase Order (eOrder)

Print and Send Purchase Order (Paper)

1,034

Receive Order Confirmation

Record Ga

Vendor creates Invoice

Record Invoice Receipt

Record Goods Receipt

E:['fgfu

i “;.f' Chair of Process
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Reality Is not so simple

Sond Parchase Onder Upddase | 42

It IS common to fi}nd thousands of
different variants for simple core
processes like PZP and O2C!

Send Purchase Ordet (cOnbr)

Caused by hand-offs, rework, duplication,

Ineffective communication, etc.

e ‘




Process mining helps organizations to address
compliance and performance problems

2992 o o © @ o
600 0o o @ ©° © 0 o 358

4860 o0& 1868 Dun Order Confir®iation
o 00 © 18 02:42:02:333

755 ° ° 755
s e o 15
&) 5;1%) 16
o°°|32
o () Reveal performance and conformance

° Gmten) Issues and suggest actions.

m Chair of Process
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High-Level Research Questions

information
systems

8: Responsible
Process Mining 9: Scalability of
Process Mining

extract 1: Data Extraction

and Transformation

process
models

conformance
performance
agnostics

_predictions
Improvements

e

5: Comparative S W =

event o Mini
rocess Mining
data 2: Process
Discovery =0 4: Performance - C—
Analysis 6: Predictive Process
explore select Mining
filter
. act
clean interpret

drill dog
7: Action-Oriented

IT_.—“‘ iy Process Mining
] ¥

Qv
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Objects: 1 driver, 1 car, 4+4 , -
15+ pit crew members, 1 race, etc.

LN

TN

-4

e — — \ -

——— Tradltl_onal process mining Is Ilke —
= following one object, e.g., one tire. ©
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ASTON MARTIN

Convergence problem: b
Y © Assume we have a high-level event g
|  “pitstop” involving 20+ objects.

« Taking tires as a case perspective,
each pitstop occurs 8 times.

v
\ { ..

{9 )
~ | ) -
-
." k
[

Divergence problem:
« Assume we consider low-level events like
“remove tire (rt)” and “mount tire (mt)”

| and driver as a case notion.
« We may see ... rt-rt-mt-rt-mt-rt-mt-mt ...

= . Causalities get lost.

T e ——




Object-Centric Process Mining (OCPM)

1 |activity time applications offers recruiters

2492 check references 2019-07-15 10:06:54 {1 {Application[770294]} i i {lana Kershaw,Simon Keane} {t

2493 |assign recruiter 2019-07-15 10:10:54 {1 {Application[770432]} i i 1Ed Kershaw,Ed Geisler,Simon Geisler} i

2494 |assign recruiter 2019-07-15 10:22:34 {1 {Application[770483]} i i {lana Meister,Ed Meister,Ed Geisler} i

2495| send rejection 2019-07-15 10:24:35 {Jorge Neumann} {Application[770256]} i i {lana Hense} {t

2496|invite for interview 2019-07-15 10:31:02 {Andre Lemmens} {Application[770241]} 3 {Vacancy[550039] - Programmer} {Simon Geisler,Simon Meister} {t

2497 |assign recruiter 2019-07-15 10:46:54 {1 {Application[770485]} i i {Simon Geisler,Dionne Geisler,Simon Hense} i

2498| submit application 2019-07-15 11:04:06 {Dave Brown} {Application[770489]} i {Vacancy[550048] - Programmer} {t {t

2499| send rejection 2019-07-15 11:06:01 {Mary Li} {Application[770297]} 3 3 {Ed Kershaw} {t

2500|assign vacancy 2019-07-15 11:07:32 {1 {Application[770444]} i {Vacancy[550048] - Programmer} i i

2501|assign recruiter 2019-07-1511:12:18 {1 {Application[770417]} i i {Dionne Keane,Jana Keane,Ed Kershaw} it

2502| check references 2019-07-15 11:37:25 {1 {Application[770390]} 3 3 {Dionne Keane,Siman Hense} {t

2503 |conduct interview 2019-07-15 11:41:15 {Johan Wagner} {Application[770291]} i {Vacancy[550013] - Manager} {)ana Hense} {Alexander Rinke}

2504 assign recruiter 2019-07-15 11:42:04 {1 {Application[770473]} i i {Ed Geisler,Dionne Kershaw,Ed Meister} it

2505| submit application 2019-07-15 11:48:25 {Pete Jones} {Application[770490]} 3 3 {t {t

2506 |assign vacancy 2019-07-15 12:00:50 {1 {Application[770328]} i {Vacancy[550051] - Programmer} i i

2507 |send rejection 2019-07-15 12:01:44 {Pete Park} {Application[770319]} i i {lana Geisler} it

2508|invite for interview 2019-07-15 12:04:17 {Angela Wagner} {Application[770223]} 3 {Vacancy[550034] - Programmer} {lana Hense,Dionne Geisler} {t

2508 | send rejection 2019-07-1512:10:01 {Lisa Jansen} {Application[770141]} i i {Dionne Geisler} i

2510|offer accepted and hired 2019-07-15 12:17:05 {Detlef Pietersen} {Application[770120]} {Offer[[990016]]} {Vacancy[550011] - Programmer} {Ed Keane} it

2511|send rejection 2019-07-15 12:21:53 {Johan Taylor} {Application[770336]} 3 3 {Dionne Meister} {t

2512_assig ecryite 019.07_ 24, Apglication[770274 Dignne K & Si

2513|

2514|

2515|

2516fi

2517|

gais| 2013 07 643 place order 2019-06-0115:50:48 {990081} {880329,880330,880331,880332} 14 {wil van der Aalst} {iPad mini,Echo Show 5,Kindle,Echo} 723.97

2519|assign recruiter 2019-07-1 544 p1ace order 2019-06-02 16:35:30 {990082) {880333,860334,880335) il {Anahita Farhang Ghahfarokhi} {Kindle,Fire Stick 4K iPhone 11 Pro} 132338

2520|submit application 2018-07-1 45| pjace order 2019-06-03 08:44:59 {990083} {380336,830337} n {seran uysal} {iPad Air,Echo Plus} 530.99

2521 first screening 2019-07-1 g4 package delivered  2013-06-03 08:50:06 {} {880190,880219,880195,880220,380192, 880242, 380221, 880265,880272,880241,880197,880267,8 {660027)  {Mahnaz Qafari} {Echo Show 5,Kindle Paperwhite,iPhone 8,Fire Stick 4K, Fire Stick,MacBook Pro, Fire Stick 4K,16373.94

2522|invite for interview 2013-07-1.647| pay arder 2019-06-03 09:40:39 {990074} {} I {Tobias Brockhoff} {Kindle,Echo,iPad,Kindle Paperwhite} 802.98

2523 |assign vacancy 2013-07-1 648 confirm order 2019-06-03 09:51:39 {990083} {} 4 {Seran Uysal} {iPad Air,Echo Plus} 630.99

T 649|pick item 2019-06-03 10:08:21 {} {880325} o i+ {Kindle} 79.99

650 create package 2019-06-03 10:08:21 {} 1880245,880244} 1660031} {Luis Santos} {iPhone X,iPhone 11} 1498.0
651|reorder item 2019-06-03 10:14:55 {} {880285} i it {iPad mini} 449.0
652 |pick item 2013-06-03 10:15:37 {} {880294} i i {iPhone X} 699.0
653| pick item 2019-06-03 10:19:07 {} {8s0321} 14} i {iPhone 11 Pro} 1149.0
654 create package 2019-06-03 10:19:07 {} {880132,880187,880147} {660032} {Seran Uysal} {Echo Show 5,iPhone 11 Pro,iPad} 1733.99
655|pick item 2019-06-03 10:27:22 {} {880319} I o {Echo Plus} 149,99
656 | pay order 2019-06-03 10:32:50 {990054} {} I {Christine Dobbert} {Echo Studio,Kindle Paperwhite,Echo Studio} 533.98
657 reorder item 2019-06-03 10:50:41 {} 1830090} 1 1 {iPhone 11} 799.0
658 | place order 2019-06-03 10:57:16 {930084} {880338,880339,880340} I {Mohammadreza Fani Sani} {Kindle Paperwhite,iPad Air,Echo Dot} 639.99
659 | pick item 2013-06-03 11:03:04 {} {880283} i i {iPad mini} 4439.0
660| pick item 2019-06-03 11:11:23 {} {880254} 14 i {iPad Ai 476.0
661 | create package 2019-06-03 11:11:23 {} {880234,880238,880076,880205,880210,880233,880235,880236,880298,880237} {660033} {Claudia Graf} {Fire Stick 4K,Echo Plus,iPad,iPhone X,Echo Show 5,MacBook Pro,iPad mini,Echo Plus,iPhone 6300.96
662|pick item 2019-06-03 11:24:44 {} (880337} I o+ {Echo Plus} 149,99
663 |pay order 2019-06-03 11:30:13  {990059} {} [t} {Tobias Brockhoff} {Echo Dot,iPhone 8,iPhone 11,Kindle Paperwhite} 1491.99
664 | confirm order 2019-06-03 11:32:14 {930078} {} 1 1Mahsa Bafrani} 1{Echo Plus,iPad Pro,iPhone 11 Pro,Echo Show 8} 2532.98
665|send package 2019-06-03 11:33:10 {} i {660030} {Christina Rensinghof} i 10155.94
666 pick item 2019-06-03 11:34:04 {} {220316} 0 o {Echo Studia} 199.99
667|pick item 2019-06-03 11:35:07 {} (880328} I o+ {iPad Air} 476.0
668 confirm order 2019-06-03 11:45:40 {990079} {} I {Christina Rensinghof} {Kindle Paperwhite,Kindle} 213.99

© Wil van der Aalst (use only with permission & acknowledgements)

2.423
0.951
172
5.713
2.241
1.72
0.433
0.338
0.28
0.172
0.188
1.551
1.28
3.455
0.166
1.315
0.28
0.44
6.423
1.28
1.251
2.931
11.479
1.48
0.44
0.978

@
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Fl Ve ObJ eCt Typ eS (packages, items, orders, customers, and products)

®." Process Schema € Events £ Objects B8 Network Analysis ¥ Machine Learning & Advanced Filtering ¢® Statistics A Conformance & Downioad Logv

& Optionsw Y Filters~

OCPM (Alessandro Berti) is implemented in ProM and Web/Python, see www.ocpm.info

— Y= o

Statistics
N. Events:

21801,21801
N. Unique Objects:

1121911219
N. Total Objects:

108787/108787

Sliders

% of Activities

E=————°]

% of Paths:

)

Chair of Process
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Th fee ObJ eCt TypeS (packages, items, and orders)

%" Frocass Schema €@ Events = Objects B Metwork Analysis ¥ Machine Learning B Advancad Filtering @ Statistics A Conformance & Download Logw

& Optionsw T Filtersw~

confirm

orders

failed Q=287 | y
R delivery 2 v ?4.

Statistics AN U0=284

N. Events:

21801,21801
N. Unigue Objects:

1118211219
N. Total Objects:

45531/108787

Sliders

% of Activities:

% of Paths: BLTLT payment

o~ order L » reminder |
pay

e 0=2000 | Up=386 »". o
w3 “@—E—@- N )| oier )
Apply Sliders @_ - S — royens e - B __". P L0=2000
L f———————— _—
wems O > O O
C______:D Ny itertn D, D Q — ~
| 2; reorder Y - B 5 /.

stock item
0=1584 UO=1584

il

failed
delivery (=

cJ

m Chair of Process
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Exploring variants usSing OCTT e s

obj-centr-log.jsonocel ~ LIGELGIENETARLE Datei auswahlen [sligehiig el Nfelplole|

Object-Centric Petri Net Log Settings

. @@ orders
o items

1 customers

-
v = products Coh Ob) Leading Object T
oherent Objects eadin ject e
@@ packages ' s
Activity Filter Variant Filter Selected Object Types Execution Extraction

[ ] Variant Explorer

g

-
create package 3.8%
&
send package

1
2.8%
1.9%

confirm order

payment reminder

package delivered

v E':’@T

i “;.f' é Chair of Process
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Another example (handling applications)

obj-centr-log.jsonocel ~ WVGEGERCIIGLE Datei auswahlen entr-log.jsonocel
Object-Centric Petri Net Log Settings
(@ vacancies
o vacancies . .
‘1" B managers O applications
‘ I applicants O recruiters
@@ applications O offers
I recruiters
Coherent Objects = Leading Object Type
= @ offers .
Variant Explorer
[ ] — — — p— =
applications_2
applications_3 : E = =
applications_4 S|
‘ 4 EETr
applications_6
I applications_7 sub o o invj.
0.7% -

[ehange marag: e forimeriew

~

applications_8

m Chair of Process
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Celonis Process Sphere

‘ u 1

Apprave Quotation @ Sales Order (;) Sales Order Item

| |

| [ ppppp———"

|

| L

L (O S
s

o""’"/ee
.o ere
Change Ship To Remove Credit Block =02 @ Change Sales Order Item

» ) Delivery Item

Remove Delivery Block

Create Delivery

/@) Execute Picking

|

Insufficient Material Found

Chair of Process
and Data Science
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Process discovery is not a solved problem!

» Challenges:

— Only example observations, typically covering a negligible fraction of possible
process executions.

— No negative observations.
— Infrequent behavior.

* Dimensions:

— Concurrency and loops
— Skip activities

— Duplicate activities

- Long term-dependencies
— Multiple object types

- Etc.

AvEL

? “ r’é Chair of Process
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Timeline of Process Mining

first process
mining book
I
I "Process Mining in PADS @ 40+ process mining tools and
: Healthcare" book RWTH acquisitions by IBM, SAP, MS, etc.
I
I I I . I
Heuristic mining Organization : Alignment-based Inductive process : : First PM market :
algorithm mining | conformance checking mining | Jl guide by Gartner |
I I I | I I | I
| | | | | |
: : Decision : I IEEE Task Force on : Decomposed "Process Mining: Data ] ICPM 2019: First ] Process mining
| | mining | : Process Mining : process mining Science in Action" book : PM conference :
| | | | | | | |
| [ | '
start of process mining I : Token-based I :
reserach at TU/e | | conformance checking | |
! I ! I ! I |
| | | | |
| I I | |
| | | |

handbook
I
| I
| |
I I

I I
[ ' : . —
| Coursera process : Celonis becomes First process mining
: mining MOOC | a Unicorn summer school

I | I I I

| |
| I
| |

Alpha mining
algorithm

I I | I I
I I | I I
I I | I I
— ° ® ® ° ® ° - ® ° ® ° ® ° o ® ° ° ° ® ® ° ° ® ° o—
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

E:['fgfu
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Timeline of Process Mining

Focus on

control-flow

discovery

Adding perspectives

and conformance
checking

~

-

Alpha mining

Heuristic mining
algorithm

Organization
mining

~N

ProM 1.1

Decision
mining

Dissemination: IEEE Task Force,
books, courses, software, etc.

Emergence of a
new discipline
(ICPM,PMSS, etc.)

|
|

ProM 5.2 ml
|

|

Alignment-based

conformance checking
I I

Il EE Task Force on

first process
mining book

"Process Mining in

Healthcare" book
I
Inductive process :
mining |
I

Decomposed
process mining
I

"Process Mining: Dat:

~

40+ process mining tools and
acquisitions by IBM, SAP, MS, etc.
First PM market
guide by Gartner
Process mining
handbook

ICPM 2019: First
PM conference

I I
I I
algorithm : : Process Mining Science in Action" boo ¢
| | | | |
I ! I I !
start of process mining I : Tc ken-based I Fluxicon I Coursera process : Celonis becomes First process mining
reserach at TU/e : | con' or.nance checking : : mining MOOC | a Unicorn summer school
| | | | | | (] | I |
\ | | . | L . L . [ | | ' | | [ ' [
! | | ! | i i | ! | T o
! | | | ! | | | : P | b ) ! ! | ' Ly | Loy
—e . . . . . . .- . . . . . . . = . . . . ® o @ . * @ o
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
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Timeline of Process Mining

The large software vendors are trying to catch up, and today

many see the symbiosis between mining and automation.
Growing number of

commercial tools

From ad_hoc first process
mining book
tools to ProM |
Futura Pl m I
I
r .
Heuristic mining Organizatior
algorithm mining
I
Alpha mining l Decision
algorithm : mining
I

| |
| |
| |
| |
| ! |
| |
stari of process mining I : Token-based I
r.serach at TU/e | | conformance checking |
| [
l . L l
| | |

40+ process mining tools anc
acquisitions by IBM, SAP, MS, ¢ tc.

First PM market
guide by Gartner

"Process Mining in
Healthcare" book

Inductive process |
mining |

Alignment-based

conformance checking

I I | I
IEEE Task Force on : De~_.nposed "Process Mining: Data
Process Mining | process mining Science in Action" book
I I
I P
Fluxicon

Process mining
handbook

ICPM 2019: First
PM conference
Celonis becomes
a Unicorn
I

Celonis Coursera process
mining MOOC
I

First process minig
summer school

| |
| I
A | A A : L | A
—o ° P PS P PS PS P PS PS 'S S L P P PS P PS PS PS PS P oo P oo o
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
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Many process mining tools are available

Vendor Tool ‘Website Acad.
VEL
Abbyy ABBYY Timeline www . abbyy.com No
Appian (Lana Labs) [LANA Process Mining lanalabs.com No
Apromore Apromore Enterprise Edition |apromore.org Yes
bupaR bupaR bupar.net Yes
businessOptix businessOptix businessoptix.com Yes
Celonis Celonis EMS celonis. com Yes
Datricks Datricks datricks.com Yes
DCR DCR Portal www .dcrsolutions. net Yes
Deloitte Process X-ray processxray.deloitte. com|No
EverFlow EverFlow everflow.ai No
Fluxicon Disco fluxicon.com Yes
FortressIQ Fortress1Q fortressiqg.com No
Fraunhofer FIT PM4Py pmdpy.fit.fraunhofer.de |Yes
Hyland Onbase www . hyland. com No
IBM (myInvenio)  |myInvenio my-invenioc.com No
Integris Explora Process integris.it No
Kofax Kofax Insight www . kofax.com No
livejourney livejourney www . live journey.com No
Logpickr Logpickr Process Explorer 360 |www . logpickr. com No
Mavim Mavim WWW .Mavim. co No
Mehrwerk GmbH  [MPM mpm-processmining. com No
Mindzie mindzie mindzie.com Yes
Minit (Microsoft)  [Minit www .minit.io Yes
Nintex UK Itd Nintex WwWw .nintex.com No
Onig QA wwW .onig.com No
PAFnow (Celonis) [PAFnow pafnow.com No
Process.science process.science WWW .process. science No
ProcessDiamond ProcessDiamond processdiamond.com Yes
ProcessM PmBI processm.com Yes
Puzzle Data ProDiscovery www .puzzledata.com No
QPR Software QPR ProcessAnalyzer WWW . DL . COM No
SAP (Signavio) SAP Signavio www . signavio. com Yes
Skan Al Skan www . skan.ai No
Software AG Aris aris-process-mining.com |Yes
Soroco Scout Platform SCroco.Ccom No
StereoLogic StereoLogic Process Mining  |www . stereclogic.com No
TUfe ProM www .promtools.org Yes
TUk RapidProM www . rapidprom.org Yes
UI Path UT Path Process Mining www .uipath.com Yes
Ultimate Suite UltimateSuite TM/RPA www .ultimatesuite .com No
Upflux Upflux upflux.net No
forksoft Worksoft www .worksoft. com No

© Wil van der Aalst (use only with permission & acknowledgements)

ProcessMining

Process Mining

Introduction Overview ~ Publications Courses Event Data

~ The bridge bet

WWW.processmining.org

ABBYY

ABBYY Timeline
By ABBYY

Academic licanse
available

bupaR

bupaR
By th Business
Informatics research
group-Hasselt
University

Open source

)

DCR Portal
8y DCR Solutions
Open source

Academic license
available

Software Links

- apromore

Apromore
By Apromore Py Ltd

Open source

Academic liconse
available

BusinessOptix

By BusinessOptix

Coursos available

G) Disco

Disco

By Flurican BV

Acadernic license
available

ARIS

Process Mining
ARIS Process
Mining

By Software AG

Academic licanse
available

celonis

Celonis

By Colanis $E
Academic license
available

Coursos available

S

eDromos

By Synesa Solutions

Open source

Acagemic license
available

Tuterial avalable

Fe g
b |

. v
1A Llg

®

Behfalab
ByBenta

Acadermic licanse
available

Explora mora

1) datricks

Datricks

By Botricks

 everriow

EverFlow

By Everflow
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Timeline of Process Mining

Adoption in industry

first process
mining book
I
: "Process Mining in PADS @ 40+ process mining tools i nd
| Healthcare" book RWTH acquisitions by IBM, SAP, M¢, etc.
I
I |
Heuristic mining Organization Inductive process : P rirst PM market
algorithm mining mining | guide by Gartner
I
I I I
: : Decision : : Decomposed "Process M..aing: Data
| ] mining | : process mining Sci~.,ce in Action" book
I I I I |
| [ | '
start of process mining I : Token-based I
reserach at TU/e | | conformance checking |
I I I I I I
I ! I
I I I
| |

Alignment-based
conformance checking

I
I

I

I

I I I
I

| IEEE Task Force on

: Process Mining

I I [
I

I

I

I

I

I

I

|

|

|
- 1 ICPM 2019: First
i : PM conference

Alpha mining
algorithm

Process r ining
handbc ok

I
I
Zodrsera process : Celonis becomes First process m ning
mining MOOC | a Unicorn summer sch¢ ol
I I
I
I
I

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
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Process mining is used in all domains

- finance and insurance (Rabobank, Wells Fargo, Hypovereinsbank, Caixa General,
ADAC, APG, Suncorp, VTB, etc.),

« logistics and transport (Uber, Deutsche Bahn, Lufthansa, Airbus, Schukat,
Vanderlande, etc.),

 production (ABB, Siemens, BMW, Fiat, Bosch, AkzoNobel, Bayer, Neste, etc.),

« healthcare, biomedicine, and pharmacy (Uniklinik RWTH Aachen, Charite University
Hospital, GE Healthcare, Philips, Medtronic, Pfizer, Bayer, AstraZeneca, etc.),

- telecom (Deutsche Telekom, Vodafone, A1 Telekom Austria, Telekom ltalia, etc.),
- food and retail (Edeka, MediaMarkt, Globus, Zalando, AB InBev, etc.),

« energy (Uniper, Chevron, Shell, BP, E.ON, etc.), You can do
- |T services (Dell, Xerox, IBM, Nokia, ServiceNow, etc.), and
« consultancy (Deloitte, Ernst & Young, KPMG, PwC, etc.)!

anything with
numearse eventy

Q)

i “ r’é Chair of Process
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Example:

some of Celonis’s customers

Technology
Qualcomm I=FE  servicenow
7\ atlea],

Uber workday. cisco

INRAMI! NOKIA  splunk>

> ©

Manufacturing

Financial Services
& Insurance

P
Crnd
citi FARMERS  Deutache Bank
%) WELLS
ING FARGO e
PostFinance'h R

HomeEquity Bank =

Telecommunications
& Media

Life Sciences &
Chemicals

© Celonis

SIEMENS molex’ 3M
AIRBUS (X))  Whirgool
Honeywell ABB V¥smex
m BOSCH

o pa——
D Q i 2
-y JOHN DEERE

Thousands of large organizations are using Celonis (approx. 50% of Fortune 500) and
In some of these there are thousands of active users (e.g., Siemens, BMW, etc.)

() vodafone  VIACOMCBS

A
COMCAST EF - @
Felefonica 9

g Telia

lyondellbasell ~ SIGroup & chemours:

osoenis  Aascexo ) novartis

MHEXION  Astrazeneca 2 ) [oesews

T

AkzoNobel

Energy & Utilities

WAEN ENERGIE

WHRETAON « WIENOAS + FEANEARNE W

2) statkraft

enel GENERAC QEWAG

Feauans  'Bor  gnBuw

ki SaskPower

Powering the future

eon

Consumer & Retail

Thhe Ceately ff//goa/ly LOREAL

e fotmonfotmon &5
#ellrggs MARS CAMPARI

€3 Kimberly-Clark ABInBevs‘—-

reckitt

Oil & Gas

Ex¢onMobil  Schiumberger

NESTE & REPFOL

P gD}
Bon
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For any process In the organization!

DiO

Inventory Turnover
Material [ Labor Availability
Out-of-Stock Rate

% Managed Spend
Spend/Revenue

Supplier Metrics

Lead Times

Warranty Costs

R&D Productivity
R&DExpenses
Time-to-Commercialize
Throughput

Machine Downtime
On-Time Production

ESG Rating

Sourcing Lead-to-Quote

Purchase-to-Pay Quote-to-Order

Product Allocation ‘puﬁnn Order-to-Cuash
Supply Chain Mgmt \5‘5\ o(,a Opportunity Mgmt
Y,
o
Inventory Management 9) Account Management
%
Warehouse Operations Customer Service Mgmt
Dropshipments Maintenance Mgmt
Other Other
Product Development Accounts Payable
c
Product Lifecycle Mgmt :..? Accounts Receivable
2 o
Engineer-to-Order 2] o~ Treasury Mgmt
g o & y Mg
< -~
Make-to-Stock [ Stock :‘f @ Financial Reporting

Production Planning Record-to-Report

Maintenance and Repair IT Service Mgmt

Other Other

OTIF Ratio

Order Cycle Time
Conversion Rate
Automation
Customer Satisfaction
Resolution Times

# Replies per Request

Resolution Rates

Working Capital
Operating Cash Flow
AP/AR Turnover

DPO & DSO

Employee Satisfaction
Resolution Time
Multi-Hop Incidents

Compliance



My personal journey

Aachen 2022 - ...

celo

I U/ TECHNOLOGY
mining book -
1984 - 2017 g 2018 -
I
: "Process Mining in PADS @ 40+ process mining tools i nd
| Healthcare" book RWTH acquisitions by IBM, SAP, M¢, etc.
I
I I |
Heuristic mining Organization { Inductive process | P rirst PM market
algorithm mining | conformance checking mining | guide by Gartner
I I I | I |
! I
: Decision I IEEE Task Force on : Decomposed "Process M..aing: Data Process rr ining
] mining : Process Mining : process mining Sci~.,ce in Action" book
| | | | | |
| |
I
I
I
I
I
I

I
| I
I
: ] ICPM 2019: First
| | PM conference handbc ok
I I I
| | |
: Token-based I Zoursera process : Celonis becomes First process m ning
| conformance checking : mining MOOC | a Unicorn summer schc ol
| H | | R I | |
I I | I
I | I | : | I
| L | | L [

Alignment-based

Alpha mining
algorithm
start of process mining
reserach at TU/e
I

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

celffhis [Ulpath @ Disco paf  minit

_MEV Y MEHRWES

ot 0 softwarer wy @ nvenio Gyupflux

¢ apromore & sevy Timeline ) EverrLOW logpiclice E-‘[ Jbgql

)SIGNAVIO ('1“‘“ Skan. P rrocsss [E5ic ¢ “ r'é Chair of Process
% b4
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information
systems

extract

process align conformance predictions
- models replay | 4 | Performance apply | improvements
| enrich diagnostics compare et —
event ﬂ — — p—— e ﬁ 5 i X =
data discover @_ﬁ & () . * EL5
il | E)f\ e
kt,D =
explore select
filter show o act
clean model interpret
adapt drill down

‘ g
.w transform

ML, Al, Automation

EVEn

“ | Chair of Process
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Machine Learning =

Learning based on examples
without being programmed.

Neural networks: First a failure Focus on specific tasks
now the dominating paradigm ki (speech, images, etc.).



How about managing and
Improving operational

processes?

4

*. a.t'

We need process
models that are
understandableI

We are interested in improving
end-to-end performance and
compliance (not a single task)!

We do not have Iabeled data, we have SAP
Salesforce, Oracle, Microsoft, Infor, etc.
(holding thousands of tables)!



Link to ML

information
systems

extract

process align conformance predictions

- models replay =+ performance apply + |mprovements
£— ansich diagnostics compare :i'_ =

data discover

explore Se|ect ML
filter show show —— act
clean model interpret

adapt drill down

= gy
Hf

« ldentify situations (case, choice, stage, etc.)
« Extract features:

— onhe target feature

— one or more input features

* Build a model explaining the target feature in terms of E. g—
the input features. 5 _
"“’*—' Chair of Process

and Data Science

'+
ig‘ “
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information
systems

extract 1

/p:ess.\a“gn

i models | replay +
Le enrich
event e B T
data discover 9

> How long will this case take?
Will this case deviate?
Will this case be rejected?
What is the next activity?
Will there be a bottleneck tomorrow?
Should | accept new cases?
Should | reallocate people?

Etc.

© Wil van der Aalst (use only with permission & acknowledgments)

conformance
performance
diagnostics

T

Sy e

transform

g ﬂ The enabler of AI/ML In a business context!

_predictions
improvements

act

Fe -
AVE)
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Link to Automation

information
systems

extract

process align conformance predictions

- models erformance apply
repla pe _ |mprovements
f en?ic% + diagnostics compare + & i =
data discover iy E)f\ [
E,D

explore Se|ect
filter show show act
clean model interpret

drill down

transt;m

= Wi

g
H

'+
ig‘ “

]
l.o

/

“ > Chair of Process
> U and Data Science
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@ TryCelonis X () Smart Order Prioritization | Studi X +

! Your Celonis Verification Token - X o summerschool-action | Studio 4

& c 0N 8 3zsiSrsroo58foczgm.try.celonis.cloud, 1-44

@’:} @ Default v Qi ‘ Action Flows (1.0.1) v ‘| E

Ba0 o Craabe Packaga ’ Sma rt Order Prioritization 42 smart-order-prioritization y
:::: - r@ Action Flows [Bl save | U version Control  [@ Explain Flow =% Auto-Align (3 Help 5! Settings w Blueprint =

{B | f-} Smart Order Prioritization :

:.\ ,:: » " Automation Monitor C iS

L
il

d®

A SAP

Confirm Delivery Date

B

Data

JP “F"“‘-’ e
g

Gr_.-;,}

)---(c P

Studio
Celonis [3] Celonis Salesforce Customer Priority [¢] #

Get Customer Priority

Watch Sales Orders Analyze Pattern

Marketplace

—o-
-o—

Admin &

Settings
SAP

Action-oriented process mining

Send

Feadback

@ Tools Favorites
f-} Automation »
n ﬂ E + !
H

» £«




About Automation

It Is very naive to replace existing software with
something “fresh” (cf. # applications and # tables).

* Process mining helps to see the main problems and
can trigger actions/workflows.

* Focus on the “pain points” and not on the whole to
ensure a good ROI.

- Low-code automation (e.g., Make/Integromat) and
Robotic Process Automation (RPA) help to interface

with existing systems.

i “ r’é Chair of Process
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information
systems

extract l
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Towards a Digital Twin of an

Organization (DTO

Examples: business
process modeling,
discrete event simulation,

etc.

digital
model

i mg Chair of Process
and Data Science



Towards a Digital Twin of an

Organization (DTO

Process mining is a key
technology to create a
digital shadow. 15 years
ago we were already able
to automatically create
simulation models based
on event data only!

digital digital

shadow

model
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Towards a Digital Twin of an
Organization (DTO

digital digital
model shadow




Process mining as the enabler of DTOs

information

systems
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models performance apply improvements
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|nterpret
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ompare Autonomous Automation to
Autonomous Driving ...

=
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SE
LEVEL O

SE
LEVEL 1

SE
LEVEL 2

SE
LEVEL 3

SE
LEVEL 4

SE
LEVEL 5

You are driving whenever these driver support features
are engaged - even if your feet are off the pedals and
you are not steering

You must constantly supervise these support features;
you must steer, brake or accelerate as needed to

You are not driving when these automated driving
features are engaged - even if you are seated in
“the driver’s seat”

These automated driving features
will not require you to take
over driving

When the feature
requests,

. These features

O are limited
- . to providing
s R S warnings and
e - momentary
assistance

+automatic
emergency
braking

+blind spot
warning

+lane departure
warning

maintain safety

These features
provide
steering

OR brake/
acceleration
support to
the driver

«lane centering
OR

+adaptive cruise
control

These features
provide
steering
AND brake/
acceleration
support to
the driver

*lane centering
AND

«adaptive cruise
control at the
same time

you must drive

These features can drive the vehicle
under limited conditions and will
not operate unless all required
conditions are met

« traffic jam «local driverless
chauffeur taxi

» pedals/
steering
wheel may or
may not be
installed

This feature

can drive the
vehicle under
all conditions

*same as
level 4,
but feature
can drive
everywhere
inall
conditions




A human is driving, and features are limited to
breaking assistance, blind-spot warning, lane
departure warning, etc.

Wil van der Aalst, Six Levels of Autonomous Process Execution

Management (APEM), 2022, https://arxiv.org/abs/2204.11328

There is no PEMS. All orchestration and management are done by humans.
Features are limited to dashboards, reporting, key performance indicators,
hard-coded workflows, and manually created simulations to conduct
what-if analysis.

A human is driving, but the car provides steering
or brake/ acceleration support, e.g., lane centering
or adaptive cruise control.

The PEMS is able to detect and quantify known and unknown performance
and compliance problems. Features include process discovery and
conformance checking. The PEMS may create alerts. However, humans
need to interpret the diagnostics and, if needed, select appropriate
actions.

A human is driving, but the car provides steering
and brake/ acceleration support. The difference
with Level 1is the combination of systems.

The PEMS is able to detect and quantify known and unknown performance
and compliance problems. Moreover, the PEMS is able to recommend
actions in case of detected known performance and compliance problems
(execution gaps) and support the user in triggering corresponding actions.
These actions may be automated, but in-the-end a human decides.

Under selected circumstances, the car is driving.
However, the driver needs to be alert and ready to
take over control at any time.

The PEMS automatically responds to performance and compliance
problems by taking appropriate actions. However, this is limited to a
subset of problems and humans need to be alert and ready to take over
control.

Under selected circumstances, the car is driving. If
the conditions are not met, the vehicle stops. The
driver does not need to constantly monitor the
situation.

The PEMS automatically responds to performance and compliance
problems by taking appropriate actions. In principle, allmanagement and
orchestration decisions are made by the PEMS. Humans do not need to
constantly monitor the PEMS, but the system may decide to call on the help
of humans in case of diverging or unexpected behaviors.

The car can drive itself under all circumstances
(comparable to a human driver).

The PEMS functions fully autonomous also under diverging or unexpected
circumstances.

© Wil van der Aalst (use only with permission & acknowledgements)
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Yet a log way to go

1925: first “driverless” car by Houdina 2022: Tesla is still at level 2

A humun s driving, and features are limited to|There is no PEMS. All orchestration and management are domby humuns.
blind-spot ing. are limited to reporting, kcy,m

hard-coded and y created i to

what-if analysis.

A human is driving, but the car provides steeri ing The PEMS is uhl- to detect and quantify known and unknown performance
or brake/ acceleration support, e.g., lane g and p Features include process discovery and
or adaptive cruise control. conformance ehn:king The PEMS may create alerts. However, humans
m.d to interpret the diagnostics and, if needed, select appropriate

departul rclm:rnlng etc.

Level 5 Autonomous Process Execution
Management (APEM) will take a few years,
but the lower levels are already in reach.

A human is driving, but the car provides steering|The PEMS is able to detect and quantify known and unknown performance
and brake/ IID(:D'!ﬂI“ﬂﬂ nlppurL The P ', the PEMS i able h recommend
i Tis the y iin case of known p

(uxwulmn gaps) and support the uur intriggering eormponding actions.
These actions may be automated, but in-the-end a human decides.

Under selected circumstances, the car is driving.|The PEMS automatically responds to performance and compliance
However, the driver needs to be alert and ready to problems by taking appropriate actions. However, this is Ilmiltd to a

take over control at any time. subset of problems and humans need to be alert and ready to take over

control.
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Websites

* WWW.processmining.org

* WWW.process-mining-summer-school.org
- www.tf-pm.org

* Www.promtools.org

* www.celonis.com/academic-signup

» Xes-standard.org

» ocel-standard.org

- www.pads.rwth-aachen.de

. daalst.com
WWW.V :
m Chair of Process
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Online courses

« Coursera course
“Process Mining: Data
science in Action”

Register via coursera.org/learn/process-mining
(152.345 participants since 2015).

* Celonis/RWTH course
“Process Mining: From
Theory to Execution”

Register via www.celonis.com/wils-process-
mining-class.

bt r’é Chair of Process
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SPRINGER BRIEFS IN
BUSINESS PROCESS MANAGEMENT
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Conclusion

o | * Process mining as the
] f\(\ —  enabler for ML/Al in
_., = =8 — s business!

E’% s —

H ST ”m |- | ° Needs to be combined

drill down

S M‘“l @' with automation to be
\ S — "/ most effective!

— * Towards Autonomous
oty e w«u Process Execution

ML, Al, Automation
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