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Automatisierte Beantwortung
Kundenanfrage

Automatisierte Buchung von
Zahlungen

isoptimierung
Planung von Transportrouten
Vorausschauende Wartung

ahl von Bewerbern
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Entwicklung neuer Produkte
B Einschatzung der Blirger
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“... we are probably only a month away from having
autonomous driving at least for highways and for
relatively simple roads. My guess for when we will
have full autonomy is approximately three years.”

(Elon Musk, 2015)




The magical black box
of deep learning ...
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First a failure, now the dominating paradigm



How about managing and k-
improving operational T
processes? ' =
We are interested in improving
end-to-end performance and

8 compliance (not a single task)!

We need process
models that are
understandable' o T R 1, 8 . A

’ We do not have Iabeled data, we have SAP

Salesforce, Oracle, Microsoft, Infor, etc.
(holding thousands of tables)!






P2P: 80%

= ;;}i}&\ ;
[ X < ‘ jﬁb;‘
|

& —a

/
¥ \‘
Chgage ‘\) Change
Approval | Vendor

N/
Create

Purchase
(o] [-14

/ /

I Print

+ The remaining 20% of the cases account for Purchase | | purciase | |IEETN
(eOrder) (eMail) Order

(GEED)

80% of the variants.
 The remaining 20% of the cases account for
80% the friction (rework, complaints, etc.).

Vendor
creates
Invoice

« 80% of the cases are described by
20% of the variants.

L

ecor Delete
- 80% of the cases cause only 20% of invoice Forder

the friction (rework, complaints, etc.). / -




We have all been here as
a customer (dozens of
e-mails, phone calls) ...
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Starting point: Event data
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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 event

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 1 2,666 cases
6250 | confirm payment Jack 2018/02/13 17:03:26.000 MOTOROLA Moto G 199,00 € 4 NL-7942GT-2 e ea
6328 send invoice Lily 2018/02/13 17:30:16.000 APPLE iPhone 6s 64 GB 858,00 € 4 NL-9514BV-16 7 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 >
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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 { |
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 % +
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 u u
6323 send invoice 2018/02/13 15:46:08.000
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 ol B
6353 place order 2018/02/13 20:16:20.000

Wil van der Aalst (use only with permission & acknowledgments)
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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 & acknowledgments)
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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 & acknowledgments)
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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 & acknowledgments)
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b place send \, prepare N mak Ny confirm
order invoice delivery delivery payment
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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 & acknowledgments)
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place send cancel
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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 & acknowledgments)
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order invoice delivery delivery payment
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place send cancel
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a5

Let’s look at the whole event log again
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71,043 events
12,666 cases
7 activities

8016 ) place N send N, prepare N, confirm
X order invoice delivery delivery payment
place send cancel
1651 x invoice order
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

© Wil van der Aalst (use only with permission & acknowledgments)
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Using the whole event log

plac; a send prepa}e make confirm
8016 x delivery delivery payment
place send cancel
1651 x invoice order
place send prepare confirm make
2962 x delivery payment delivery
30 place send prepare make confirm
X order invoice delivery delivery payment
7 place send prepare confirm make
X order invoice delivery payment delivery

No
modeling
needed!

11018

prepare delivery

11015 11015 11015

send invoice
12666

place order
12666

1651

pay
11015
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11015 11015 11015 11015 4,
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12666 s > 12000, 12660 L 12606 g
12666 ¢

>
1651

12666 12666 12666 >
2 Y
. . & nasss 1651 165
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11015 11015

11015

cancel order
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a5

Performance and Compliance
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prepare delivery o e
o ¢ 11015 ’ Tk

0006 nlace order
() 000, 05 000)) 5590000 )
12660

What happens?

make delivery
11015 d 21:22:59:93; 11015

11015 11015 11015 (conﬁrmpayment) 11015 4,
12666 - 12666 1015 - ’ <+> L) EHETEDEY ® 1013
12666 12666 12666
12666 12666 12666 & > > 5 9
& 12666
© . ’ & raess 1651 1651 Z 1651
2 2

11015 11015

Where are the bottlenecks?

make delivery

11015 L1015 11015
7
pay 11015 :"' 11015 repare delivery 11015 11015 <+> 11015 u(mﬁrm(;));\gnwnl 11015 <+> 11015

11015

RS T 11015 11015
- ..--.. 12666 12666 ‘

12666 5 e~ 13629 12659 3 1651 — st
( cancel order l
send invoice T 1651 o
12629
E‘ Ve g
v

Where do we deviate from the happy path? : “
I ™ Chair of Process

and Data Science
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Reality

Print and Send Purchase Order (Paper)

Receive Order Confirmation

Record Invoice Receipt

© Wil van der Aalst (use only with permission & acknowledgments)
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Create Purchase Order Item

254

Send Purchase Order (eMail) Print and Send Purchase Order ( Send Purchase Order (eOrder)

Receive Order Confirmation

245

304

133

Vendor creates Invoice

AV,
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Reality is not so simple

[—r—

It is common tc flnd thousands of
different variants for simple core
processes like P2P and O2C!

[——

Caused by nand-offs, rework, duplication,
ineffective communication, etc.

:
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Process mining helps organizations to address
compliance and performance problems

ALISHANNN
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%o 132
- Reveal performance and conformance
) issues and suggest actions.

EvE
i “ r’d Chair of Process
> g and Data Science



faaa

Example: Process Mining @ Siemens

(thanks to Lars Reinkemeyer, former head of process mining Siemens)

NIHIYYHLNM

ALISHANNN

> 6000 active Celonis users
(P2P, 02C, etc.)

Millions of savings by reducing
rework, process unification, etc.

Improved reliability and
responsiveness.

,f,,ﬁ‘ﬁ L!Zﬁ* boksel it At an amazing scale, e.g., Order
A touches per year to Cash (O2C) process with
>30M cases, >300M events, and

>900K variants.

AV,

i “ > Chair of Process
> g and Data Science
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systems
extract A
process align conformance predictions
mogels replay = performance apply + |mprovements
ﬁ— amenl diagnostics compare ”
event S
data dlscover """ = e
- £
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explore select
filter show show act
clean model mterpret
g adapt drill down

“q

." transform
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commercial tools

ICPM 2019 First PM conference
first process mining book 30+ process mining companies
first process mining company (Futura P1) founding of Celonis Celonis becomes a Unicom
heuristic miner organization mining alignment-based conformance checking Market Guide for Process Mining by Gartner
Alpha miner decision mining IEEE Task Force on Process Mining “Process Mining: Data Science in Action” book

start of process mining research at TU/e foken-based conformance checking founding Fluxicon, ProcessGold, ... Coursera process mining MOOC

= e e e e e e e e e e e e e e e e e e e e e

1997 1% 199 2000 2001 20 2008 2004 2005 2006 a0 208 20 2010 1 b 13 4 215 06 a7 08 9 2020

adoption




Over 35 process mining vendors today

(all PM results shown were created using ProM)

[UiJpath @) Disco marr

& @ o
MPM@S PROCESSMINING mlmt wny o nvenio B)gs;f

.’é} apromore G software ABBYY' Timeline @ EVERFLOW

logpiclce A sicnavio Skan. (|t @ erocess
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Example Process Mining Software: Celonis

5t

[2018] process discovery
based on the inductive

= linitn..
e miner (2013)

24.4 6.4 [2017] process-
based root cause
analysis (2006)

[2012] process
discovery inspired by
heuristic miner (2002)
and fuzzy miner (2006) 2=

[2013] token
animation and
sliders (2006)

[2017] token-based
conformance
checking (2005)

BUILDING A
UNICORN OUT
OF MUNICH

 Germany’s youngest most promising IT
company (valued > 2.5 billion $).
= B /-h BN E R E « Successfully adopted many ideas from
-~ 2 ol ¢ [® = e o - - research a decade earlier.
o g e (R owa Q Fe (D R (R me ) we () we YD W (R e .. . . .
N ffw'” R Y ¢ Combining analytics with actions. Py ,,g_

i “ Ia Chair of Process
> b and Data Science
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@ Action-Oriented Process Mining (AOPM)

GJ ?g{;gess Start

‘ initial examination
e 556

integromat

2 days

-  Zoom + L & @ Activities

b tests
256
1days davs 1days 1days
1days 2 days 0 days 1days @ order medicine 1days
1 561 I r
o
2 days yaQs
25
® ?amimsler medicine 1 days 0 days 0 days O

OWNA‘J ays 1days n-days 1days

......

If we don’t discover at least $10 million in trapped
capacity, we’ll donate $100,000 to a good cause.




Many of the larger organizations in Europe are

already using process MINING (anawe sre justat the beginningy

Deloitte. SIEMENS (-) BOSCH  AkzoNobel §,./”
KPMG © PHILIPS  ppedesitakt L'OREAL

BY coornie M ~© Lufthansa Medtronic

B pzalndo E ABB 2 Uber

FRAWE ,45Bus

pwc EDEKA . "
VANDERLANDE w I. EE ELE

vodafone PIGDY

' Chair of Process
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botic Process Automatio

Unlike PM initiated from industry
Keep original system
Bottom-up / quick wins
Complements o _cess mining

- task level
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RPA: The Poor man’s WFM system

5t

user user user user user user user
interface ‘ interface . interface interface interface . interface . interface interface

)

I - s| s
5 5 S1 & |8 | s 5 5 S1 81818
8 8 sl & | 8|8 8 8 sl & | 8| B
3 3 3|3 3 3 ° 13| =
8 g AN S & g AN | ®
application application
database Y database y database system database Y database y g o E-I g
system system system system Y g i

1 “ > Chair of Process
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process mining is able to diagnose the full process spectrum

from high-frequent to low-frequent and from automated to manual

RPA shifts the boundary of
cost-effective automation

—)

candidates for RPA
(traditional automation
is not cost effective) I

traditional

automation
low-frequent process variants

that cannot be automated and
still require human involvement

frequency acopy-

process variants sorted in frequency —-

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



Human Intelligence

people and experiences

flexible

creative
emphatic
instinctive
commonsensical

—— efficient
—— = cheap

| _lntelligence = ~ scalable

_consistent

data and algorithms

Machine Intelligence
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Hybrid Intelligence [aif&

ALISHANNN
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aiconomix.com
eoe 1 ece 2 eoe 3

SHIPPING INFORMATION SHIPPING INFORMATION SHIPPING INFORMATION

Feedback loop

Hyblfl d > Shipping Method Shipping Method Shipping Method
. i Fici [— - - ] DHL DHL
Human Intelligence Artificial rar] [soect .
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Process mining helps to

detect operational friction VSN . :
and can be used to trigger /- 7;

corrective actions, o -

workflows, or redesigns : " Process mining helps to
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detect repetitive tasks
P " and guide RPA initiatives.
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