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Connecting data and process science

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

statistics simulation

data warehousing i
operations research

datamining
workflow management

artificial intelligence

process discovery concurrency theory

uns upervised learning

data
science

machine learning

business process management

process
sclence

operations management

process
mining

conforman ce checking

. . industrial engineering
supervised leaming

Traditionally, not
process-centric and
a focus on specific

]
tasks or decisions. E" g—
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process modeling

data management

business intelligence planning and control




Timeline of Process Mining
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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.)

|
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|
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Alignment-based
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Timeline of Process Mining

Growing number of
commercial tools

From ad_hoc first process
mining book
tools to ProM | M
Futura Pl I "Process Mining in
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Timeline of Process Mining

Adoption in industry

first process
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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 eve nt
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 ..
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)

Qv

1A Ty

S

Chair of Process
and Data Science



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

Qv
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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
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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
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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 the whole event log again

71,043 events
12,666 cases
7 activities

place SEe
place send

cancel
order

prepare
delivery

make
delivery

confirm
payment

place send
y place 7
place
7 X

send
invoice

send

invoice

prepare
delivery

preparé
delivery

prepare
delivery

confirm
payment

make
delivery

confirm
payment

make
delivery

confirmﬁ
payment

make
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

11015 11015 11015 11015 4,
12686 - 12666 666 12666 - a © - O 12666
12666 . 12666 12666 & 2666 B> 5 " 1651 5

12666 1651 cancel order 1651

3 2 7d 18:

11015 11015

cancel order

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

make delivery

prepare delivery

confirm payment
_ o oo ‘
o ® 11015

11015

send invoice

oo e
0 * 7606

Q av
DG 001 409

11015

What happens?

11015 - 11015
11015 11015 11015 11015 *,
12666 11015 - ° % - S 1015
12666 12666 s

12666
12666 12666 12666 45 5 5 5
O . ? @ 12666 1651 12666 O 1651 g‘anc'el 0fdg 1651 '

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

>

© Wil van der Aalst (use only with permission & acknowledgements) > o
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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
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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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Six types of process mining

information
systems

extract

process conformance predictions
- models performance |mprovements

p— 2: Cg:fo;mance - l;: Comp:ft.lve '

ecking rocess Mining
data 1: Process ”
Discovery 3 ; \ 3: Performance 5
5: Predictive Process

Mining

. act
Interpret

drill dog

Analysis
explore select
filter show
clean

6: Action-Oriented
Process Mining

e

transform
P LU0 ¥
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To start: Let’s keep it simple!

- For now we focus on control-flow and discovery and (a bit of)
conformance checking.
- Later other perspectives and types will follow!

- We start with introducing process models and event logs.
———— o ‘ ‘_I'w =
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Running example

(yes, process mining is related to Italian food)




A BPMN model

add cheese
(ac)
buy ) . . .
. : create base add tomato bake in oven eat pizza clean kitchen
ingredients
(bi) (cb) (at) (bo) (ep) (ck)
start o end
N
add salami
(as)
/
start end
event event

[ a J activity
parallel exclusive
(AND) choice (XOR)
gateway gateway

Qv

i “ r’é Chair of Process
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Same process now as a Petri net

Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato (at),
add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck).

aC

. O Ao -O-a -0

as

OFrINORE

Jor

Q place

transition
(often representing an activity)

e P lgD}

token .
® ? “ > Chair of Process
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One execution of the Petri net (1/9)

O

(@6 | e [ = oo |-+ = e [ O[O
ROST

S O ) D

:I..-__ y
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato Ef%

(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). L“f Chair of Process

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



One execution of the Petri net (2/9)

O
(Or{o @)~ e | ) = oo |-+ = e [ O[O
ROST
> >

:I..-__ y
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato Ef%

(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). L“f Chair of Process
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One execution of the Petri net (3/9)

Jos
So-

acC

as

OO

p bi > cb 3

:I..-__ ,
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato ﬂ,’@‘.
(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). {,E‘Jé

/" /" /" /" /

Chair of Process
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One execution of the Petri net (4/9)

OO0

/ / / /

:I..-__ y
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato Ef%

(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). L“f Chair of Process
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One execution of the Petri net (5/9)

A

p bi ) cb > at ) as SN

:I..-__ ,
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato ﬂ,’@‘.
(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). {,E‘Jé

Chair of Process
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One execution of the Petri net (6/9)

A=

p bi > cb > at ) as ) ac DA

:I..-__ ,
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato ﬂ,’@‘.
(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). {,E‘Jé

Chair of Process
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One execution of the Petri net (7/9)

A=

p bi D cb > at ) as ) ac ) bo SN

:I..-__ ,
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato ﬂ,’@‘.
(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). {,E‘Jé

Chair of Process
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One execution of the Petri net (8/9)

A=

p bi > cb > at > as ) ac ) bo ) ep S

:I..-__ ,
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato ﬂ,’@‘.
(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). {,E‘Jé

Chair of Process
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One execution of the Petri net (9/9)

acC

das

:I..-__ ,
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato ﬂ,’@‘.
(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). {,E‘Jé

Chair of Process
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An accepting Petri net has an initial and

final markinc

aC

as

OO

Jor

i Process Mining
E| Handbook

Definition 14 (Accepting Petri Net). An accepting Petri net is a triplet AN = (N,
Minity M finar) where N = (P,T., F.l) is a labeled Petri net, M,;,;; € B(P) is the
initial marking, and Mg, € B(P) is the final marking. Uasn < Uy is the set of
accepting Petri nets.

Chair of Process

:.l': 1
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An accepting Petri net defines a set of

traces

OO

OO0

3! = 3x2x1 = 6 possible traces P40}
B T U B s,




A process tree

root node
sequence

N —(bi , cb,A(ac, at, as), bo, ep, ck)

parallel

activity >\

Four types of operators: — (sequential composition), x (exclusive
choice), A (parallel composition), and O (redo loop).

Chair of Process
and Data Science

Lf
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E ,’E‘.
(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). :,“Lf'é
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The semantics of a process tree

Direct or in terms of
accepting Petri nets. at as

(o)

:

oloe
N Eid
.
.
O

i “ r’é Chair of Process
© Wil van der Aalst (use only with permission & acknowledgements ) > o and Data Science




Directly-Follows Graph (DFG)

« A one-to-one correspondence between activities and nodes (except for start and end). E'
« One can think of the “state” as the last activity executed, i.e., just one token. J’E—'

i “ r’é Chair of Process
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One execution of the DFG (1/9)

2 2 A A A A 4

Lf
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E :%

(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). »“J' Chair of Process
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One execution of the DFG (2/9)

S g

Lf
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E :%

(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). »“J' Chair of Process
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One execution of the DFG (3/9)

YA A A A A 4

Lf
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E :%

(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). »“J' Chair of Process
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One execution of the DFG (4/9)

/ /. / /- /

Lf
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E :%

(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). »“J' Chair of Process
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One execution of the DFG(5/9)

N hY

/. / /- /

Lf
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E :%

(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). »“J' Chair of Process
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One execution of the DFG (6/9)

N,

/ /- /

Lf
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E :%

(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). »“J' Chair of Process
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One execution of the DFG (7/9)

/- /

Lf
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E :%

(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). »“J' Chair of Process
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One execution of the DFG (8/9)

p bi > cb > at > as ) ac ) bo ) ep S

Lf
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E "g—'
(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). ;“Jé

Chair of Process
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One execution of the DFG (9/9)

Lf
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E :%

(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). »“J' Chair of Process
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One complete execution of the DFG

Lf
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato E :%

(at), add salami (as), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). »“tf Chair of Process
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The DFG allows for many more traces

p bi > cb > at » as » at Y as ) at » bo ) ep ) ck 4
Qv

Infinitely many possible traces! sk

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



g

Differences: (1) choice between salami and
mushrooms, (2) cheese can be added multiple
. times, and (3) one can skip eating the pizza.




Alternative BPMN model

add cheese

(ac)
XOR XOR
split join

bake in oven clean kitchen
(bo) (ck)
end
eat pizza
(ep)

add tomato
(at)

) buy create base
ingredients
(bi) (cb)
start

add salami
(as)

add
mushrooms

XO
split

join

start end
. (am) J Q event O event

Differences: (1) choice between salami and mushrooms, (2) cheese can be <4>9§353y®m3§3ﬁ3m
added multiple times, and (3) one can skip eating the pizza. P E

J 1

i “ r’é Chair of Process
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Alternative BPMN model

(22) (;OR XO;\
(3)

join
(XOR XOR\

) split join

buy N 4 N 4 ]
ingredients create base add tomato bake in oven clean kitchen
(bi) (cb) (at) (bo) (ck)
start - AND ~ - AND end

(spm p N JU”’\

add cheese
(ac)

add salami eat pizza
(as) (eF:a)
\_ J
( add ) \ )
XOR XOR
(1) split mushrooms join
k \_ (am) J )

Differences: (1) choice between salami and mushrooms, (2) cheese can be
added multiple times, and (3) one can skip eating the pizza. E.;@—,

i “ r’é Chair of Process
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How many traces?

buy
ingredients

(bi)

start

create base
(cb)

split

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

add cheese
(ac)

add tomato
(at)

add salami
(as)

add
mushrooms
(am)

join

bake in oven clean kitchen
(bo) (ck)
end

eat pizza
(ep)

v
* “ r’é Chair of Process
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Corresponding Petri net

silent activity (also
called t transition)

silent activity (also
called t transition)

OO

nve

am

Same differences: (1) choice between salami and mushrooms, (2) cheese can be added E'
multiple times, and (3) one can skip eating the pizza. "gq'

i “ r’é Chair of Process
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Corresponding process tree

Four types of operators:

 — (sequential composition),
« X (exclusive choice),

* A (parallel composition), and
« O (redo loop).

Same differences. EI”@

i “ r’é Chair of Process
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Semantics




The corresponding DFG

The goal was to add a choice between
salami and mushrooms, allow for

cheese to be added multiple times, and
to skip eating the pizza.

Like the previous DFG, also this DFG is
underfitting and allowing for more
traces than intended.

EVEn
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato (at), add . “ f'é
S o

salami (as), add mushrooms (am), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). Chair of Process

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



What are differences in behavior?

,,@

Same behavior as the process
am tree and BPMN model

Chair of Process
and Data Science

E"!ﬁ'f@
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato (at), add
salami (as), add mushrooms (am), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). -'t,“l_,"
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What are differences in behavior?

A
y
at | bo &- k @ > bi cb at bo ep ck ]

The DFG also allows for:

* Not adding cheese.

* Not adding tomato.

* Adding both salami and mushrooms.

« Adding tomato, salami, and mushrooms multiple times.

Chair of Process
and Data Science

EvE
Using short names: buy ingredients (bi), create base (cb), add cheese (ac), add tomato (at), add .
salami (as), add mushrooms (am), bake in oven (bo), eat pizza (ep), and clean kitchen (ck). L“&f

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



Four types of basic process models

BPMN: The industry Process trees: Frequently
standard (here we just use  used In process mining
a subset) because it is block structured

and sound by construction
Petri nets: The oldest

model for concurrent DFGs: Supported by all
Processes and_the de process mining tools (simple,
facto standard in process but no concurrency)

mining research
PLFDY

i PE Chair of Process
© Wil van der Aalst (use only with permission & acknowledgements ) > o and Data Science
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Two basic representations

Normal event log and simplified event log

case activity timestamp resource customer
pizza-56 buy ingredients (bz) 18:10 Stefano Valentina
pizza-57 buy ingredients (bi) 18:12 Stefano Giulia
pizza-57 create base (¢bh) 18:16 Mario Giulia
pizza-56 create base (cbh) 18:19 Mario Valentina
pizza-57 add tomato (at) 18:21 Mario Giulia
pizza-57 add cheese (ac) 18:27 Mario Giulia
pizza-56 add cheese (ac) 18:34 Mario Valentina
pizza-56 add tomato (at) 18:44 Mario Valentina
pizza-56 add salami (as) 18:45 Mario Valentina
pizza-56 bake in oven (bo) 18:48 Stefano Valentina
pizza-57 add salami (as) 18:50 Mario Giulia
pizza-56 eat pizza (ep) 19:10 Valentina Valentina
pizza-58 buy ingredients (bz) 19:17 Stefano Laura
pizza-57 bake in oven (bo) 19:23 Stefano Giulia
pizza-57 eat pizza (ep) 19:27 Giulia Giulia
pizza-57 clean kitchen (ck) 19:44 Mario Giulia
pizza-58 create base (¢bh) 19:48 Mario Laura
pizza-58 add salami (as) 19:49 Mario Laura
pizza-58 add tomato (at) 19:55 Mario Laura
pizza_‘;ﬁ Arlaan Litrhan (-1 MN-NY MM arin \!ulentina
rizza- normal event log (events with case, aura
via. ACtivity, time, etc. attributes) o
pizza-58 clean kitchen (ck) ‘ 20:51 ‘ Mario ‘ Laura

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

case: pizza-56

p bi > cb p ac )y at » as » bo » ep ) ck 2
case: pizza-57

p bi > cb > as > at » ac ) bo > ep ) ck 4

simplified event log (cases are represented as
seqguences of activities, ignoring all other attributes)

v
* “ r’é Chair of Process
S O and Data Science



Formalization: Normal event log

Definition 1 (Universes). U/, is the universe of events, U,.; is the universe of ac-
tivities, U,z 1s the universe of cases, Ui, 1S the universe of timestamps, U, = e
{act, case, time, ...} is the universe of attributes, U, is the universe of values, and
Unap = Uarr 7 Uyar s the universe of attribute-value mappings. We assume that
Z/{act chase Uutz’me C u’ua,lr 1 %/ Mva,lr andfor any f < umap-' f(CLCt) S Z/{a,ct U {J_},
f(case) € Uegse U{ L}, and f(time) € Upipme U{L}.

Process Mining
Handbook

LNBIP 448

Definition 2 (Event Log). An event log is a tuple L = (E, #, <) consisting of a set of
events I/ C U, a mapping # € I — U4y, and a strict partial ordering < C ' x I
on events.

Foranye € FE and att € dom(#(e)): #a41:(€) = #(e)(att) is the value of attribute
att for event e. For example, # ,ct(€), #case(€), and Fime(€) are the activity, case,
and timestamp of an event e.

The ordering of events respects time, i.e., if €1,e2 € E, #1ime(€1) # L, #time(€2)
# 1, and #tz'me(€1) < #tz'me(ez), then eo A e.

events have case, activity, time,
and possibly other attributes TN oo ocess
© Wil van der Aalst (use only with permission & acknowledgements) and Data Science




Formalization: Simple event log

Definition 3 (Simplified Event Log). A simplified event log L € B(U,.+™) is a multiset
of traces. A trace 0 = {(ay,as,...a,) € Uyer” is a sequence of activities. L(o) is the
number of times trace o appears in event log L.

P bi ) cb ) as » at > ac ) bo ) ep ) ck 4

Wil M. P. van der Aalst
Josep Carmona (Eds.)

Process Mining
Handbook

LNBIP 448

OPEN ACCESS

« Multiset: the same trace may appear any number of times!
« See Definition 4 for the conversion of normal event logs to simple event logs. ?V%

© Wil van der Aalst (use only with permission & acknowledgements)
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XES (eXtensible Event Stream)

© Wil van der Aalst (use only

with permission & acknow

edgements

« Official IEEE standard since 2016
(development started in 2010).

» Supported by 15+ tools (e.g., ProM)
 Compared to normal event logs:

— Case attributes

— Lifecycle information (start, complete, etc.)
— Classifiers

— Resources, roles, and groups

— Costs

- Etc.

@V,
] “ r’é Chair of Process
A g o and Data Science



Not enough: Object-Centric Event Data

activity timestamp pizza resource customer location
s {pizza-56, ‘ {Valentina,
buy ingredients (bz)| 18:10 pizza-57, {Stefano Giulia, {supermarket}
pizza-58} Laura}

create base (cb) 18.16 {pizza-57} Sf;g;‘;’} {Giulia} | {kitchen-1}
create base (cb) 18.19 {pizza-56} S{tﬂzggi {Valentina} | {kitchen-1}
add tomato (at) 18.21 {pizza-57} {Mario} {Giulia} {kitchen-1}
add cheese (ac) 18.27 {pizza-57} {Mario} {Giulia} {kitchen-1}
add cheese (ac) 18.34 {pizza-56} {Mario} {Valentina} | {kitchen-1}
add tomato (at) 18.44 {pizza-56} {Mario} {Valentina} | {kitchen-1}
add salami (as) 18.45 {pizza-56} {Mario} {Valentina} | {kitchen-1}
bake in oven (bo) 18.48 {pizza-56} {Stefano} | {Valentina} | {kitchen-1}
add salami (as) 18.50 {pizza-57} {Mario} {Giulia} {kitchen-1}
eat pizza (ep) 19.10 {pizza-56} | {Valentina} | {Valentina} | {restaurant}
bake in oven (bo) 19.23 {pizza-57} {Stefano} {Giulia} {kitchen-1}
eat pizza (ep) 19.27 {pizza-57} {Giulia} {Giulia} {restaurant}
create base (cb) 19.48 {pizza-58} Sf;:gg"} {Laura} {kitchen-2}
add salami (as) 19.49 {pizza-58} {Mario} {Laura} {kitchen-2}
add tomato (at) 19.55 {pizza-58} {Mario} {Laura} {kitchen-2}
clean kitchen (ck) 20.08 0 {Mario} 0 {kitchen-1}
add cheese (ac) 20.13 {pizza-58} {Mario} {Laura} {kitchen-2}
bake in oven (bo) 20.29 {pizza-58} {Stefano} {Laura} {kitchen-2}
eat pizza (ep) 20.48 {pizza-58} {Laura} {Laura} {restaurant }
clean kitchen (ck) 20.51 0 {Mario} 0 {kitchen-2}

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

* Events may involve multiple
objects of different types.

 This lecture: 1 room, 1
lecturer, 1 summer school,
130 participants, 150 chairs,
10 tweets (#pmschool22), etc.

* One can always flatten into a
normal event |Og (see Definition 5, Chapter 1)

PS03
] “ r’é Chair of Process
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More examples

* Place order: 1 order, 5 items, 1 customer, 1 payment.

* Deliver package: 1 package, 2 orders, 4 items, 1
customer,

 PhD defense: 1 candidate, 4 professors, 1 thesis.

 Check-in: 1 passenger, 2 suitcases, 1 flight, 1
employee.

* EtcC.
This I1s the normal situation!

i mg Chair of Process
© Wil van der Aalst (use only with permission & acknowledgements ) and Data Science



Pushing an elephant through a keyhole
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80% of time Is spent on data ... to create a single
extraction and transformation ... viewpoint

Fe g
IJ |
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i “ | Chair of Process
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Interested in Object-Centric Process Mining?

&J@F} extract from Each row comesponds to an event which
=1 data sources refers to one activity and any number of
Y- \ objects of (possibly many) different types.

Fundamenta Informaticae 175 (2020) I-40
Introduction Format Event Logs Tool Support Contact DOI10.3233/F1-2020-1946
103 Press
S TAN DA R D Discovering Object-Centric Petri Nets

The purpose of the OCEL standard is to provide a general standard to interchange object-centric

One of the 21887 events:
Wil MLE. van der Aalst®, Alessandro Berti < *activity: pacags deliverd

event data with multiple case notions. We set the following goals for the standard: & [ Sima: 20191224 24687
* Interoperabi : with the provision of the OCEL standard and JSON/XML serializations of Process and Data Science (PADS), RWTH Aachen University \ putomatically .S:i.ta.ff:ﬂl o st s 3349354
OCEL, we want to support a widespread collection of languages and systems. Aachen, Germany ZHE e ff.f’iiiii‘?ﬁff;fi‘i’{?gé‘?;'ff"ms’ )
Generalization: the standard supports the storage of events, objects, and their attributes. Fraunhaofer Institute for Applied Information Technology 5 :::dzn;r‘sni:::;;iﬁ;:jxlsDmsi’m‘M“BMk
Furth_ermore, the .slam:!ard can be extended. ) ) Sankt Augustin, Germany L ::ﬁ;::m:\;)Panewme.wvadA-r.waa Pro,
Provision of a collection of examples: example logs, extracted from information systems (wvdaalsta. berti} @pads. rwrh-aachen.de : el 5:?;.?33?3.’22

supporting some widespread business processes, are provided for the OCEL standard.
* Tool/Library Support: to support the implementation of OCEL in custom applications,
tool/library support shall be provided.

\hstract. Techniques to discover Petri nets from event data assume precisely one case identifier
per event. These case identifiers are used to correlate events, and the resulting discovered Petri net
aims to describe the life-cycle of individual cases. In reality, there is not one possible case notion,
but multiple intertwined case notions. For example, events may refer to mixtures of orders, items,

Making process mining tools and technigues future proof!

that may consume and produce collections of objects of different types. Object-centric Petri nets
visualize the complex relationships among objects from different types. This paper discusses a
novel process discovery approach implemented in PM4Py. As will be demonstrated, it is indeed
feasible to discover holistic process models that can be used to drill-down into specific viewpoints
if needed.

http://ocel-standard.org/ https://doi.org/10.3233/FI-2020-1946

A
LS |

' v
Several PhDs in the PADS groups are working on this! LS Crairof Process

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



Four levels of event logs

Simple event log:
Multiset of traces.

XES logs: Various
extensions (e.g.,
case attributes) but
still a single case
notion.

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

Normal event log: Events
with attributes (e.g., stored
as a CSV file).

Object-centric event logs:
Any number of objects per
event.
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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
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1) datricks
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 everriow

EverFlow

By Everflow
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Two example tools used to

Illustrate the concepts

process mining workbench

open source
academic

local installation
single user

focus on experts

ce@is

closed source
commercial
cloud based
multiple users
also for non-experts
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Example of an open-source tool: ProM

- Download from www.promtools.org.

* ProM 1.1, released in 2004, had 29 plug-ins.

* ProM 6.11 has over 1500 plug-ins.

* Created to avoid reinventing the wheel In science.

 Different flavors: ProM, ProM Lite, Nightly Builds,
RapidProM.

 GNU Public License (GPL) for core and Lesser GNU
Public License (L-GPL) for most of the plug-ins.

i “ r’é Chair of Process
© Wil van der Aalst (use only with permission & acknowledgements ) hg o and Data Science
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ProM
XES Event Log

Deselect all
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15.36% of the log initial examination fcheckup (HEEREE final examination
260 traces

14.01% of the log initial examination /fcheckup [REERCESR CT scan (RiLEREEEILED
139 traces

7.49% of the log initial examination ) checkup JJCT scan (RECEECSSETNEIRSELILEEN
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7.38% of the log i | examination JELEELS final examination

124 traces
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Select all Sort by Count {(Descending)

113 traces

5.00% of the log initial examination

initial examination mchenkuﬂ> lab tests | final examinati

T2 traces
3.88% of the log
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1.5G% of the log
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27 traces
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Events per Trace
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lor by Event
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Trace Sorting

Sort on time:startTime of trace.
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Event: time:timestamp
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¥ legend
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Hfinal examination
initial examination
lab tests
order medicine
@®all

00 % rendered
n 0.01 sec.




L% proM UlTopia

__Prow|

Petrinet

lab tests

CT scan

initial examination
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>O—> final examination

order medicine
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Inductive visual Miner

Animation on top of
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0.8
concept:name
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£ trace view - visual Miner

100

1000

1001

1002

1003

1004

1005

1008

1007

05-01-2015 09:00:07 05-01-2015 10:47:51 06-01-2015 12:54:17 07-01-2015 14:00:43 12.01.2015 17:46:24

xamination F-ray lab tests final examination

complete complete complete complete complete complete complete
only in model anly in model
06-01-2015 10:08:51 07-01-2015 10:14:15 07-01-2015 14:33:48 09-01-2015 12:40:18 09-01-2015 12:50:14
xamination lab tests final examination ‘ O I l I O I | I l a n ‘ e
complete complete complete complete complete complete complete
only in model only in model
21-01-2015 02:41:54 21-01-2015 13:48:07 22-01-2015 11:30:17 26-01-2015 20:24:22 28-01-2015 11:57:06 n
xamination lab tests CT scan final examination h k I n
complete complete complete complete complete complete complete
only in model only in model
13-07-2015 10:18:33 14-07-2015 11:41:31 16-07-2015 12:11:45 17-07-2015 17:55:18 23-07-2015 14:23:47
xamination 1 0 CT scan lab tests final examination
complete complete complete complete complete complete complete
only in model anly in model

13-07-2015 11:55:13 16-07-2015 11:13:51 16-07-2015 16:55:06 20-07-2015 12:19:16 21-07-2015 12:20:53 21-07-2015 13:51:40 21-07-2015 17:28:45 23-07-2015 13:41:26

xamination lab tests order medicine administer medicine final examination
complete complete complete complete complete complete complete complete
only in log
13-07-2015 14:08:34 1407-2015 14:14:43 16-07-2015 16:59:03 23-07-2015 16:24:19 27-07-2015 12:54:58
xamination CT scan final examination
complete complete complete complete complete complete complete
only in model only in model
13-07-2015 15:35:15 15-07-2015 08:45:50 20-07-2015 09:24:40 20-07-2015 18:37:43 23-07-2015 16:14:26
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complete complets complete complete complete complete complets
only in model only in model
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only in model only in model

13-07-2015 10:16:21 17-07-2015 10:54:50 20-07-2015 14:44:54 20-07-2015 18:01 21-07-2015 14:57:20 21-07-2015 18:45:20 22-07-2015 11:50:20 22-07-2015 14:50:36 23-07-2015 17:50:30 24-07-2015 11:37:3§ 27-07-20156 15:26:54 28-07-2015 11:32:16 28-07-2015 16:31:37 30-07-2015 11:07:40

aminaen -_-

complete complets complete complete complete complete complete complets complete complete complete complets complete complete
only in log only in log only in log only in log only in log only in log anly in log

lab tests order medicine administer medicine xamination

13-07-2015 22:08:57 14-07-2015 11:07:34 15.07-2015 12:14:37 15.07-2015 14:54.37 15.07-2015 18:00:25 18-07-2015 10:11:53 18-07-2015 11:42:12 22.07-2015 10:18:40

xamination order medicine administer medicine G final examination

complete complete complete complete complete complete complete complete
only in log

14-07-2015 07:42:54 16-07-2015 11:66:26 17-07-2015 153467 17-07-2015 17:51:45 17-07-2015 19:17:08 20-07-2015 08:35:27 20-07-2015 11:33:44 20-07-2015 15:34:11  21-07-201%5 19:22 23-07-2015 20:32:33 28-07-2015 11:35:51

xamination lab tests order medicine administer medicine CT scan final examination
complete complete complete complete complete complete complete complete complete complete complete
only in log only in log only in log only in log
14-07-2015 10:20:18 15-07-2015 15:40:33 17-07-2015 12:31:16 22-07-2015 15:35:58 24-07-2015 14:28:58
T W, T, T T
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INPUT: TRACES

Using 1,856/1,856 traces, 1547315473 events
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designed by " fluxicon

Base Model +

INPUT: TRACES

Using 1,856/1,856 traces, 15473115473 events

OUTPUT: PROCESS MODEL

SELECTED HEURISTICS

Dependency Heuristic

i i i Conditional Heuristic
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Bindings Heuristic

exa m i n a t i o n Conformance Heuristic
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¥ K\
checkup CT scan lab tests X-ray
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examination |
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ProM Lite 1.3 ProM 6.11 ProM 6 rightly build RapidProM Proi 5.2 Documentation Free online courses

Windows ProM Tools

ProM Lite 1.3 with 64-bit JRES
Proh Lite 1.3 with 32-bit JRES Frocesses are an integral part of today's world, driving services and internal functionalities in businesses, governmental bodies, and
ProM Lite 1.3 without JRES organizations around the globe. While there are plenty of systems available for supporting the execution of such processes, the

current practices for monitoring and analyzing this execution in the organizational reality still leaves a lot to be desired. Process

PIOM ST with B4-Dit JRES Mining is able to fill that gap, providing revolutionary means for the analysis and monitoring of reallife processes.

ProM 6.11 with 32-bit JRES
ProM 6.11 without JRES
RapidProM

Process Mining research is concemed with the extraction of knowledge about a (business) process from its process
execution logs. Process Mining strives to gain insight into various perspectives, such as the process (or control flow) perspective,
the performance, data, and organizational perspective (The processmining.org web site has more in-depth information and scientific
Proi 5.2 publications available).

Other platforms _ _ _ _ o _ _ ) _ _
ProM is an extensible framework that supports a wide variety of process mining technigues in the form of plug-ins. It is platform

These were just 5 of 1500 plug- Il
INs, just try some more yourself.

Frol & framework license

Prol & package licenses . .
Documents Ask Eric Verbeek and/or PADS members if you get stuck.

Example log files

ProM 6 getting started S =
ProM & tutorial




Example of a commercial tool: Celonis

* Most successful commercial process mining tool.
» Celonis was founded in 2011 by Alex, Basti, and Martin.

 Characteristics:

— The first process mining tool aiming at non data-
scientists (using dashboards, cloud, apps, adapters).

— Highly scalable (SaolaDB in-memory database).
— Process Query Language (PQL) Is at the core.

— The first to support action-oriented process mining
(Integromat/Make connects to 1000+ systems). avE:

i “ r’é Chair of Process
© Wil van der Aalst (use only with permission & acknowledgements ) hg o and Data Science
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Celonis Execution Management System Login

Go to www.celonis.com/academic-signup and register
for free with your academic / work e-mail address. Also
note the Celonis free plan.

The Celonis EMS
Gain immediate access to the Celonis Execution Start for free

Managemen tem, including the world's #1 process

mining technology.
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Secure

World-class security comes standard

If you get stuck, ask Eduardo Goulart Rocha
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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.),

- |IT services (Dell, Xerox, IBM, Nokia, ServiceNow, etc.), and

« consultancy (Deloitte, Ernst & Young, KPMG, PwC, etc.)!
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Bigger picture: Not just process mining

telecom energy ITservices mobility auditing insurance e-learning

healthcare logistics production sales procurement finance
change machine learning / automation
management simulation (e.g. RPA and WFM)

process process process conformance
exploration discovery models checking

event data
data extraction, loading, and transformation |
SAP, BE \icrosoft servicecnow ORACLE" H
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Trend: From insights to actions

insights actions

e s
EVEh
X ¥
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Trend: Scaling process mining

-project

NS

project-based continuous, company-wide
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Summary

information
systems

extract‘

event
data 1: Process
Discovery
explore select
filter
clean
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conformance
performance

2: Conformance 4: Comparative

Checking i 88 Process Mining

show
interpret
drill dopggs

6: Action-Oriented
Process Mining

3: Performance
Analysis

predictions
|mprovements

act

Four types of process models:
BPMN, Petri nets, DFGs, and
process trees.

Four types of event data:
simplified event logs, standard

event logs, XES, and object-
centric event logs.
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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.
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