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What is Process Mining? r:tr!;

information || « Events (case, activity, time) are
systems

everywhere!
extract « Generic, widely applicable, technology
/?L;%Z?E\WA conformance oredictions « True integration of processes and data
- Rl | RS  Robust (from descriptive to predictive
— - - and prescriptive)
i ' « Very different from traditional “model &
e e Showl' 1 oM automate” BPM
. dell o - Very different from traditional BI, Al,
ML, etc.
-',Q‘._ — « Enabler for ML, complementing
@R s automation, process modeling, RPA,
etc.

* Rapidly growing (now at 1%)
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Normal Event data

Case ID Activity

6350 place order

6283 pay

6253 prepare delivery
6257 prepare delivery
6185 confirm payment
6218 confirm payment
6245 make delivery
6272 pay

6269 pay

6212 prepare delivery
6323 send invoice
6246 confirm payment
6347 send invoice
6351 place order

6204 prepare delivery
6204 make delivery
6265 confirm payment
6250 confirm payment
6328 send invoice
6352 place order

6317 send invoice
6353 place order

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

Timestamp

2018/02/13 14:29:45.000

2018/02/13 14:39:25.000

2018/02/13 15:01:33.000

2018/02/13 15:03:43.000

2018/02/13 15:05:36.000

2018/02/13 15:08:11.000

2018/02/13 15:14:04.000

2018/02/13 15:20:36.000

2018/02/13 15:25:21.000

2018/02/13 15:43:39.000

2018/02/13 15:46:08.000

2018/02/13 15:56:03.000

2018/02/13 15:57:42.000

2018/02/13 16:17:37.000

2018/02/13 16:31:28.000

2018/02/13 16:51:54.000

2018/02/13 16:55:55.000

2018/02/13 17:03:26.000

2018/02/13 17:30:16.000

2018/02/13 17:53:22.000

2018/02/13 18:45:30.000

2018/02/13 20:16:20.000

event =
case +
activity +
timestamp +




What is Process Mining?

normative i
@ actions

The EMS is an execution
management system.
Action Flows allow you to
easily automate tasks, as
well as, implement more
advanced automations by
infusing real-time analytics
through process mining.

Where are
our execution
gaps?
What are our
performance and
compliance problems?

How to create full
transparency?

change?
What is really doing What will happen @
on? next?

predictive

What should we

. servicenaw ORACLE . ' BB Microsoft

descriptive
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Object-Centric Process Mining
Look at processes from different angles
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We tend to look at a
process from just one
angle

Why?
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‘ prepare delivery
Preps
8,040
‘ make delivery
s
2,046
‘ confirm payment
11,015
8,046

Process End
12,666
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History and Uptake of Process Mining L5

research

commercial tools

ICPM 2019: first PM conference
first process mining book 35+ process mining companies
v 1

first process mining book company (Futura PI) founding of Celonis
\ 4

v v 1
alignment-based conformance checking Market guide for process mining by Gartner
v A4 1 A4 1 v 1 1
1 1
Alpha miner : IEEE task force on process mining “Process Mining: Data Science in Action” book :
v v 1 1 |

v 1 1 \ 4 |

1 1
1 )
start of process mining research at TU/e token-based conformance checking founding Fluxicon, ProcessGold,... Coursera process mining MOOC : Celonis becomes a Decacorn
1 1 1 1 1 1 1 1 1

1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 M
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 M
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 H
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 )
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .
L L @ L L @ @ L L @ L L L L @ L L @ @ L \ 4 \ 4 L 4 >
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

adaption
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Over 40

process mining
vendors today

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

of the larger
organizations in
Europe are using
process mining
already

(And we are just at
the beginning!)

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

But, ...



Challenges

Finding the data
Extracting the data
Understand the meaning
Dealing with quality
problems

Scalability

Picking a case identifier

© Wil van der Aalst (use only with permission & acknowledgements)
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Pushing an elephant through a keyhole

D comtemapsormen ]
1. [
8 process case evant timestarmp
; /
8 1 1
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80% of time is spent on data extraction ... to create a single
and transformation ... viewpoint

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




Example: Amazon

I WORKFLOW PATTERNS

1-to-many many-to-1 many-to-many
order — item 1 package route
1 1% L1 1.¥1.%

| - o
‘L amazon amazon

package route
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Example objects

order 1

order 2

order 3

route 1

route 2

VANV

route 3

item 1
package 1

item 2
item 3 package 2

item 4

item 5
package 3

item 6
/ package 4

item7

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

‘L amazon

4 packages

N

amazon
3 routes




Example objects

order 1

order 2

order 3

item 1

item 2

package 1

item 3

package 2

route 1

item 4

item 5

route 2

item 6

package 3

VANV

item 7

NN/

package 4

route 3

ltems of order 1 end up in
packages 1 and 2

Package 1 contains items of
orders 1 and 2

Etc.

What is a suitable case
notion?




Let’s make the following assumption

L i

Activity Time Orders Items Packages Customers Products Price Weight
pick item 2019/12/26 12:04:46 {991224} {884803} {} {Wil van der Aalst} {iPhone 8} 529.0 0.21
reorder item 2019/12/2612:27:26 {991271} {885002} {} {Mohammanadreza Fani Sani} {Kindle Paperwhite} 129.0 0.495
place order 2019/12/2612:44:23 {991283} {885038, 885039} {} {Luis Santos} {MacBook Air, iPad} 2700.0 1.733
pick item 2019/12/26 14:01:16 {991266} {884983} {} {Marco Pegoraro} {Macbook Air} 2200.0 1.25
create package 2019/12/26 14:01:16 {991264} {884975, 884974, 884978, 884971,884970, 884973) {660798} {Seran Uysal} {Fire Stick 4K, iPad Pro, iPad Pro, iPad Pro, Fire Stick, 3506.97 2.412
Kindle}
send package 2019/12/2614:16:11 {991264} {884975, 884974, 884978, 884971, 884970, 884973} {660798} {Seran Uysal} {Fire Stick 4K, iPad Pro, iPad Pro, iPad Pro, Fire Stick, 3506.97 2412
Kindle}
pick item 2019/12/26 14:16:48 {991279} {885027} { {Claudia Graf} {iPhone 11} 799.0 0.166
confirm order 2019/12/26 14:26:01 {991283} {885038, 885039} = —— L - Book Air, iPad} 2700.0 1.733
reorder item 2019/12/26 14:32:43 {991251} {884912} Stick} 39.99 0.2
.
confirm order 2019/12/26 14:32:44 {991272} {885036, 885037} [ d t [ I t , Echo Dot} 134.98 116
pick item 2019/12/26 14:33:28 {885024} {885024} p ro u C S O C a I O n S Book Pro} 2500.0 1.37
place order 2019/12/26 14:48:33 {991284} {885040, 885041, 885042, 885( ne, Fire Stick, MacBook Air, Echo Show 8, iPhone 11 4222.98 2.79
. tom . k
failed delivery 2019/12/26 15:04:53 {991240,991168} {884879, 884561, 884873, 8849 C u S O e r S a C a e S Air, Echo Studio, Echo Studio, Kindle, Kindkle Echo, 5982.95 7.642
mini, iPad Pro, iPad Pro}
. .
pick item 2019/12/26 15:20:05 {991278} {885025} 'Y m h Y t t ne 8} 699.0 0.172
confirm order 2019/12/26 15:25:00 {991248} {884938, 884939, 884940, 8849 a C I n e S p a I e n S le Paperwhite} 3247.98 2.666
send package 2019/12/26 15:26:49 {991247, 881253} {884902, 884922, 834923, 885( Book Air, iPad} 8496.0 4.054
failed delivery 2019/12/26 15:36:16 {991264} {884975, 884974, 884978,884 @ p a rt S o O rd e r S book Air} 3506.97 2.412
confirm order 2019/12/26 15:40:51 {991274} {885008, 885009, 885010, 885( le, iPhone X, Fire Stick, iPhone 8} 1352.98 1.065
failed delivery 2019/12/26 15:46:21 {991128, 991255} {884426, 884932, 834999, 885( Show 8, Kindle Paperwhite, iPad mini, Kindle, 2145.97 3.6
iPhone X, iPhone 8, Echo Show}
playment reminder 2019/12/26 15:54:44 {991169} {884565, 884566, 884567, 884568} {} {Gyunam Park} {iPhone 8, Echo Plus, iPad Air, iPad mini} 1608.99 2.21
pick item 2019/12/26 15:55:38 {991201} {884717} {} {Seran Uysal} {Echo Show 8} 129.99 0.98
pick item 2019/12/26 16:00:38 {991251} {884912} {} {Tobias Brockhoff} {Fire Stick} 39.99 0.2
reoder item 2019/12/26 16:04:42 {991265} {884977} {} {Seran Uysal} {Fire Stick 4K} 89.99 0.28
payment reminder 2019/12/2616:11:39 {991164} {884542, 884543, 884544, 884545, 884546, 884547} {} {Junxiong Gao} {Kindle Paperwhite, iPad Air, iPhone 11, MacbBook Air, 4087.99 3.011
iPad mini, Echo Dot}
pick item 2019/12/26 16:22:04 {991241} {884882} {} {Lisa Mannel} {iPhone 8} 529.0 0.21
create package 2019/12/26 16:22:04 {991263, 99162} {884967, 884964, 884966} {660799} {Luis Santos} {iPad Air, iPhone 8, iPad} 1500.0 1.133

event = activity +timestamp  +objects + attributes

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



Let’s make the following assumption

L i

Activity Time Orders Items Packages Customers Products Price Weight
pick item 2019/12/26 12:04:46 {991224} {884803} : .
reorder item 2019/12/2612:27:26 {991271} {885002}
place order 2019/12/26 12:44:23 {991283} {885038, 88503
pick item 2019/12/26 14:01:16 {991266} (8sags3)
create package 2019/12/26 14:01:16 {991264} {884975, 884974, 884978, 884971,884970, 884973) {660798} 3506.97
send package 2019/12/26 14:16:11 {991264} {884975, 884974, 884978, 884971, 884970, 884973} {660798} 3506.97
pick item 2019/12/26 14:16:48 {991279} {} {Claudia Graf} {iPhone 11} 799.0
confirm order 2019/12/26 14:26:01 {991283} {} {Luis Santos} {MacBook Air, iPad} 2700.0 1.733
reorder item 2019/12/2614:32:43 {991251} {} {Tobias Brockhoff} {Fire Stick} 39.99 0.2
confirm order 2019/12/2614:32:44 {991272} {} {Lisa Mannel} {Echo, Echo Dot} 134.98 1.16
pick item 2019/12/26 14:33:28 {885024} {} {lunxiong Gao} {MacBook Pro} 2500.0 1.37
i — 35043, 885044) [} {Christine Dobbert) {iPhone, Fire Stick, MacBook Air, Echo Show 8, iPhone 11 422298 279
Pro}
84913, 884876, 884938, 884914, 884941, ...} {660790} {Tobias Brockhoff} {iPad Air, Echo Studio, Echo Studio, Kindle, Kindkle Echo, 5982.95 7.642
iPad mini, iPad Pro, iPad Pro}
{} {Junxiong Gao} i
84941, 884942, 884943} {} {Tobias Brockhoff}
85004, 885005, 884901} {660796} {Mohammadreza Fani Sani
— . . M831971, 884970, 884973} {660798} {Seran Uysal} i

confirm order 2019/12/26 15:40:51 {991274} {885008, 885009, 885010, 885011} {} Junx i
failed delivery 2019/12/26 15:46:21 {991128, 991255} {884426, 884932, 834999, 885008, 885009, 885011, 884903} {660797}
playment reminder 2019/12/26 15:54:44 {991169} {884565, 884566, 884567, 884568} {} {Gyunam Park}
pick item 2019/12/26 15:55:38 {991201} {884717} {} {Seran Uysal}
pick item 2019/12/26 16:00:38 {991251} {884912} {} {Tobias Brockhoff}
reoder item 2019/12/26 16:04:42 {991265} {884977} {} {Seran Uysal}
payment reminder 2019/12/26 16:11:39 {991164} {884542, 884543, 884544, 884545, 884546, 884547} {} {Junxiong Gao}
pick item 2019/12/26 16:22:04 {991241} {884882} {} {Lisa Mannel} {iPhone 8} 529.0 0.21
create package 2019/12/26 16:22:04 {991263, 99162} {884967, 884964, 884966} {660799} {Luis Santos} {iPad Air, iPhone 8, iPad} 1500.0 1.133

event = + attributes

activity +timestamp  + objects

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



No case notion BvE

Activity Time Orders Items Packages Customers Products Price Weight
pick item 2019/12/26 12:04:46 {991224} {884803} {} {Wil van der Aalst} {iPhone 8} 529.0 0.21
reorder item 2019/12/2612:27:26 {991271} {885002} {} {Mohammanadreza Fani Sani} {Kindle Paperwhite} 129.0 0.495
place order 2019/12/2612:44:23 {991283} {885038, 885039} {} {Luis Santos} {MacBook Air, iPad} 2700.0 1.733
pick item 2019/12/26 14:01:16 {991266} {884983} {} {Marco Pegoraro} {Macbook Air} 22000
create package 2019/12/26 14:01:16 {991264} {884975, 884974, 884978, 884971,884970, 884973) {660798} {Seran Uy:
send package 2019/12/26 14:16:11 {991264} {884975, 884974, 884978, 884971, 884970, 884973} {660798} {Seran Uy F i V e O bj e Ct ty p e S L] 412
pick item 2019/12/26 14:16:48 {991279} {885027} { {Claudia G| ¢
confirm order 2019/12/26 14:26:01 {991283} {885038, 885039} i) {Luis Sant 7
reorder item 2019/12/2614:32:43 {991251} {884912} { {Tobias Bri O r d e r‘S
confirm order 2019/12/2614:32:44 {991272} {885036, 885037} {} {Lisa Man ’
pick item 2019/12/26 14:33:28 {885024} {885024} {} {Junxiong
place order 2019/12/26 14:48:33 {991284} {885040, 885041, 885042, 885043, 885044} {} {Christine
failed delivery 2019/12/26 15:04:53 {991240,991168} {884879, 884561, 884873, 884913, 884876, 884938, 884914, 884941, ...} {660790} {Tobias Brf I t e I I l S ’
pick item 2019/12/26 15:20:05 {991278} {885025} {} {Junxiong
confirm order 2019/12/26 15:25:00 {991248) {884938, 834939, 884940, 884941, 884942, 884943} i} {Tobias Br P a C k a e S
send package 2019/12/26 15:26:49 {991247, 881253} {884902, 884922, 884923, 885004, 885005, 884901} {660796} {Mohamn g ’
failed delivery 2019/12/26 15:36:16 {991264} {884975, 884974, 884978, 884971, 884970, 884973} {660798} {Seran Uy:
confirm order 2019/12/26 15:40:51 {991274} {885008, 885009, 885010, 885011} i) {Junxiong
failed delivery 2019/12/26 15:46:21 {991128, 991255} {884426, 884932, 834999, 885008, 885009, 885011, 884903} {660797} {lunxiong C u S t O m e r S a n d
playment reminder 2019/12/26 15:54:44 {991169} {884565, 884566, 884567, 884568} {} {Gyunam ’ .....
pick item 2019/12/26 15:55:38 {991201} {884717} {} {Seran Uy:
pick item 2019/12/26 16:00:38 {991251} {884912} {} {Tobias Brf P r O d u Ct S
reoder item 2019/12/26 16:04:42 {991265} {884977} {} {Seran Uy: °
payment reminder 2019/12/26 16:11:39 {991164} {884542, 884543, 884544, 884545, 884546, 884547} {} {Junxiong
iPad mini, Echo Dot}
pick item 2019/12/26 16:22:04 {991241} {884882} {} {Lisa Mannel} {iPhone 8} 529.0 0.21
create package 2019/12/26 16:22:04 {991263, 99162} {884967, 884964, 884966} {660799} {Luis Santos} {iPad Air, iPhone 8, iPad} 1500.0 1.133

event = activity +timestamp  +objects + attributes

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



Creating a conventional event log

Activity Time Orders Items Packages Customers Products Price Weight
pick item 2019/12/26 12:04:46 {991224} {884803} {} {Wil van der Aalst} {iPhone 8} 529.0 0.21
reorder item 2019/12/2612:27:26 {991271} {885002} {} {Mohammanadreza Fani Sani} {Kindle Paperwhite} 129.0 0.495
place order 2019/12/2612:44:23 {991283} {885038, 885039} {} {Luis Santos} {MacBook Air, iPad} 2700.0 1.733
pick item 2019/12/26 14:01:16 {991266} {884983} {} {Marco Pegoraro} {Macbook Air} 2200.0 1.25
create package 2019/12/26 14:01:16 {991264} {884975, 884974, 884978, 884971,884970, 884973) {660798} {Seran Uysal} {Fire Stick 4K, iPad Pro, iPad Pro, iPad Pro, Fire Stick, 3506.97 2.412
Kindle}
send package 2019/12/2614:16:11 {991264} {884975, 884974, 884978, 884971, 884970, 884973} {660798} {Seran Uysal} {Fire Stick 4K, iPad Pro, iPad Pro, iPad Pro, Fire Stick, 3506.97 2412
Kindle}
pick item 2019/12/26 14:16:48 {991279} {885027} { {Claudia Graf} {iPhone 11} 799.0 0.166
confirm order 2019/12/26 14:26:01 {991283} 885038, 885039} {} {Luis Santos} MacBook Air, iPad 2700.0 WEE]
reorder item 2019/12/26 14:32:43 {991251} 39.99 0.2
confirm order 2019/12/26 14:32:44 1991272} d H k H d H f H | 134.98 116
pick item 2019/12/26 14:33:28 {885024} N e e t O p I c a Ca Se I e n t I I e r ¢ 2500.0 1.37
place order 2019/12/26 14:48:33 {991284} how 8, iPhone 11 4222.98 2.79
failed delivery 2019/12/26 15:04:53 {991240,991168} ' dle, Kindkle Echo, 5982.95 7.642
pick item 2019/12/26 15:20:05 {991278} O w 699.0 0.172
confirm order 2019/12/26 15:25:00 {991248} . 3247.98 2.666
send package 2019/12/26 15:26:49 {991247, 881253} 8496.0 4.054
failed delivery 2019/12/26 15:36:16 {991264} 3506.97 2.412
confirm order 2019/12/26 15:40:51 {991274} {885008, 885009, 885010, 885011} {} {Junxiong Gao} {Kindle, iPhone X, Fire Stick, iPhone 8} 1352.98 1.065
failed delivery 2019/12/26 15:46:21 {991128, 991255} {884426, 884932, 834999, 885008, 885009, 885011, 884903} {660797} {lunxiong Gao} {Echo Show 8, Kindle Paperwhite, iPad mini, Kindle, 2145.97 3.6
iPhone X, iPhone 8, Echo Show}
playment reminder 2019/12/26 15:54:44 {991169} {884565, 884566, 884567, 884568} {} {Gyunam Park} {iPhone 8, Echo Plus, iPad Air, iPad mini} 1608.99 2.21
pick item 2019/12/26 15:55:38 {991201} {884717} {} {Seran Uysal} {Echo Show 8} 129.99 0.98
pick item 2019/12/26 16:00:38 {991251} {884912} {} {Tobias Brockhoff} {Fire Stick} 39.99 0.2
reoder item 2019/12/26 16:04:42 {991265} {884977} {} {Seran Uysal} {Fire Stick 4K} 89.99 0.28
payment reminder 2019/12/2616:11:39 {991164} {884542, 884543, 884544, 884545, 884546, 884547} {} {Junxiong Gao} {Kindle Paperwhite, iPad Air, iPhone 11, MacbBook Air, 4087.99 3.011
iPad mini, Echo Dot}
pick item 2019/12/26 16:22:04 {991241} {884882} {} {Lisa Mannel} {iPhone 8} 529.0 0.21
create package 1. :22:04 , 4967, 884964, 884 )7/ Luis Santos| iPad Air, iPhone 8, iPai 500.1 .
ki 2019/12/26 16:22:0: {991263, 99162} {884967, 884964, 884966} {660799} {Luis S: } {iPad Air, iPh 8, iPad} 1500.0 1.133

event =

© Wil van der Aalst (use only with permission & acknowledgements)
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Need to flatten the event data when using a conventional !lvl
process mining technique

activity time orders items packages
Place Order 2020-6-20 09001} @ ||(s8001, 83002y @ |0 @
Pick an object type as the
case notion.
Replicate each event for v
each object of the
corresponding type. 0 one event if order is used as a case notion

e two events if item is used as a case notion

Q no event if package is used as a case notion

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



Order as a case notion avE

activity time orders items packages
place order 2020-6-20 {99001} {88001, 88002} i
pick items 2020-6-22 {99001} {88001} i) case
ick item 2022-6-23 99001 88002 . . .
P ¢ ! ¢ ! U activity time orders items packages
88002, 88003,

send package 2020-6-25 {99001, 99002} ésoo 4 {66001} place order 2020-6-20 99001 {88001, 88002} {1

’ pick item 2022-6-22 99001 {88001} It}

pick item 2022-6-23 99001 {88002} It}

{88002, 88003,

send package 2020-6-25 99001 88004} {66001}
Eve nts m a y be send package 2020-6-25 99002 ggggi; 88003, {66001}

duplicated

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



ltem as a case notion

activity time orders items packages
place order 2020-6-20 {99001} {88001, 83002 It
pick items 2020-6-22 {99001} {88001} I
pick item 2022-6-23 {99001} {88002} It
|
send package 2020-6-25 {99001, 99002} (A0, (5008 {66001}

88004}

Events may be

duplicated

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

case

activity time orders items packages
place order 2020-6-20 {99001} 88001 {}

place order 2020-6-20 {99001} 88002 {}

pick item 2022-6-22 {99001} 88001 {

pick item 2022-6-23 {99001} 88002 {}

send package 2020-6-25 {99001, 99002}' 88002 {66001}
send package 2020-6-25 {99001, 99002)I 88003 {66001}
send package 2020-6-25 {99001, 99002}' 88004 {66001}




Package as a case notion

activity time orders items packages
place order 2020-6-20 {99001} {88001, 83002} {}
pick items 2020-6-22 {99001} {88001} {
pick item 2022-6-23 {99001} {88002} I}
{88002, 88003,
send package 2020-6-25 {99001, 99002} 88004} {66001}
Events may
disappear

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

)

case
activity time orders items packages
send package 2020-6-25 99002 88002 66001




Possible problems

Deficiency

Events in the original event log that have no corresponding events in the
flattened event log may unintentionally disappear from the data set.

Convergence

Events referring to multiple objects of the selected type are replicated, reates Invoice
possibly leading to unintentional duplication.

cord Invoice Receipt

Divergence

Two events referring to two different objects of a type not selected as ; o0ds Receit
the case notion many be considered to be causally related but are not.

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



Visualizing objects and events

Wil van der Aalst (use on

ly with permission

& acknowledgements)
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Object flows
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Three DFGs
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Multi-Object DFG
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Bigger example

Object types:

« 2000 orders

« 8003 items

* 1297 packages
Activities:

* co = confirm order

* Cp = create package

« fd = failed delivery

* Is =item out of stock

* pd = package delivered
* po = place order

* pr=payment reminder
*  pi=pick item

* py = pay order

* ri=reorder item

* sp =send package

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

Object types:

. 2000 orders

. 8003 items

. 1297 packages
Activities:

. co = confirm order

. cp = create package

. fd = failed delivery

. is = item out of stock

. pd = package delivered
. po = place order

. pr = payment reminder
. pi = pick item

. py = pay order

. ri = reorder item

. sp = send package
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More Sophisticated Solutions

e Store data without limiting yourself to a single
view.

* Check out the Object-Centric Event Log (OCEL)
standard: ocel-standard.org

* Read up on research on Object-Centric Process
Mining: vdaalst.com

e Check out our software @PADS

e Check out the Multi-Event Log (MEL) solution in
the current Celonis EMIS.




Object-Centric Accepting Petri Nets !Itfl

e Directly-Follows Graphs (DFGs) are simple but also very problematic.

* If two activities a and b occuras< ... ,a,b, ..>and < ... ,b,a, ...>, there will be a
loop.

e DFGs are too low level.

* People model in languages such as BPMN (Business Process Model and
Notation, an OMG standard) which are Petri nets in disguise © Process
mining need to use such notations also.

 Allideas discussed can be lifted to Petri nets and BPMN!



Compare the following two models

<a,b,c,d,f>
<a,c,b,d,f>
<a,b,d,e,d,e,d,c,f>
<a,b,d,c,f>
<a,c,d,e,d,b,f>
<a,d,e,b,d,c,f>
<a,d,e,d,c,b,f>
<a,c,d,b,f>
<a,d,b,c,f>
<a,c,b,d,e,d,f>
<a,d,c,b,f>
<a,b,c,d,e,d,f>
<a,b,d,e,c,d,f>

* The DFGis unable to
express this.

* Many loops are
added.

e starts with a and ends
with f

* b, candthe loop
involving d and e are in
parallel.

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



ck

Compare the following two models

<a,b,c,d>
<a,c,b,d>
<a,b,d,e,d,d,c>
<a,b,d,c>
<a,c,d,d,b>
<a,d,b,d,c>
<a,d,d,c,b>
<a,c,d,b>
<a,d,b,c>
<a,c,b,d,d>
<a,d,c,b>
<a,b,c,d,d>

<a,b,d,c,d>
* b,c,and dcan

happen in any

order.
b, c,and.d can * b,c,and dcan be
happen in any skipped.

order.
* dcan happen
multiple times

* b, c,and de can all
happen 0 or more
times
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Example of an Object-Centric Event Log Iw!;

e; activity time orders | items packages price ‘ weight
13226 | pick item 2022-09-27 17:08:09 |{} {884875} € 129,99 0,98

{}

13227 item out of stock
13228 pick item

13229 pick item
13230 create package {884826,884790,884827,884824,884914,884913,884915,884916,884822) (660768} | € 10.231,99 | 581
660763} € 192496

£84858)
884950,884951,884952} }
} € 3.46398 0
884788,884004,884880,384002,884903,384886,384887,334885,884787)
884953 884954884955} }

13237 pick item 2022-09-27 20:24:50 884923} . 99,99

13238 send package 2022-09-27 21:47:44 884826,384790,884827,884824,884914,884913,884915,884916,884822) - 10.231,99
13239 place order 2022-09-27 23:07:38 884956) . 134,00

13240 confirm order 2022-09-28 08:54:07 2.674,98
13241|place order 2022-00-28 08:57:24 |{991225)
13242 pick item 2022-09-28 09:13:17 884905} € 29,99

13243 pick item 2022-09-28 09:17:41 884817

13244 pick item 2022-09-28 09:25:34 884851 € 49500

— =

13231 package delivered |2022-09-27 17:34:30 |{ {884828,884834,884830,884832,884829,884833}
13232 pick item 2022-09-27 17:40:24

13233 place order 2022-09-27 17:53:09
13234/ pay order 2022-09-27 17:55:19

——

II

Py
=
—

{
13235/send package 2022-09-27 19:05:09
13236|place order 022-09-27 20:15:42 |{991223}

— [

I’_‘H
=

660768}

—_

== ==
% 1=
[o]
B
o0
[o]
B
w
]
o0
00
[o]
B
w
]

,884960,884961}

——

‘
foin I f oo e [ B [ e i i fon i e
[w]

——

Small fragment of a larger object-centric event log with 22080 events and 11300 objects
(200 orders, 8003 items, and 1297 packages).
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Flatten the event log for each object type and learn the
accepting Petri nets

package .
co = confirm order

1297 cp = create package

fd = failed delivery

is = item out of stock
1297 | cp pd = package delivered
po = place order
pr = payment reminder
pi = pick item
py = pay order
ri = reorder item
sp = send package




Fold the three accepting Petri nets into an Object-Centric lv!;

Accepting Petri Net

package

item package
8003

co = confirm order pr = payment reminder
cp = create package pi = pick item

fd = failed delivery py = pay order

is = item out of stock ri = reorder item

pd = package delivered sp = send package
po = place order

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



Fold the three accepting Petri nets into an Object-Centric r:v!;
Accepting Petri Net

item package co = confirm order

cp = create package
fd = failed delivery

Is = item out of stock
pd = package delivered
po = place order

pr = payment reminder
pi = pick item

py = pay order

ri = reorder item

sp = send package




Fold the three accepting Petri nets into an Object-Centric r:v!;

Accepting Petri Net

cp = create package
po = place order

order item package

1297

1]6.17]19

min mean max

2000 1297

8003 | Sp

11297 D(\ 53811




“Make as simple as
possible, but not
simpler!”

We are on a journey towards
uncovering the true fabric of
operational processes ...

ek



Tooling @ PADS, e.g., www.ocpm.info

" Process Schema B8 Network Analysis ¥ Machine Learning @ Advanced Filtering @& Statistics A Conformance

£ Options ~ O Object Types «

DOCTYPE_Delivery Create
WMS
transfer
o ) order
0774077 UO=1148
N. Unique Objects:
4084/4084
N. Total Objects:
8274/8274

Statistics

DOCTYPE_Order

Create
DOCTYPE_Quotation ot Gl

Sliders UO=662

% of Activities

% of Paths

Apply Changes

Alessandro Berti, Niklas Adams, Gyunam Park, Anahita Farhang, Benedikt Knopp, and many more.
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A few
recommendations



N . rv!}
Process mining is not a project, but should be used B
continuously and company-wide !

2010-2020 2020-2030

project
. .
project
© _
project
©

continuous, company-wide



Do not forget:
The goal is to turn insights into actions !

insights actions
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Create a Process Mining Center of Expertise (CoE)

Process Mining needs scale!

No business case needed!
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To Conclude ...
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Amazing adoption, and we are just getting started

cefonis [Uilpath @) Disco Bl PR minit
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) SIGNAVIO a LaNA Skan. < PROCESS
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stereo

ogic
mavim

== pUZZ'GDGtCI change it

Compound Annual Growth Rate (CAGR)
of more than 50%
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> 40 vendors, acquisitions by Microsoft, IBM,
SAP, Appian, etc.

> 50% of Fortune 500 companies is
already using process mining
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Process Mining: Many more challenges

Finding, extracting, and transforming event data is still
taking up to 80% of the time.

information “ Most techniques focus on a single case notion (i.e., a single
systems process), whereas problems may be caused by interacting or

competing processes.

Process discovery is not a solved problem despite powerful

conformance redictions . S . .. .
e apply Sl techniques like inductive mining. Concurrency is hard to

diagnostics compale R discover from event data that provide only a sample.

P ——

(e.g., user-guided discovery).

show Conformance checking is time-consuming and diagnostics
|nterpret e agt tend to be non-deterministic.
There is a need for techniques recommending process

-_I:l. changes (i.e., moving beyond diagnostics).

< Machine Learning (ML) techniques tend to perform poorly
.a transform . .
because essential aspects are missed (e.g., system load).

:_;: - @ _ ¢ é_? e There is a need to better integrate mining and modeling
ELD

@ Process mining results need to trigger automated actions
(e.g., start a corrective workflow).
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In this talk: Object-Centric Process Mining

package
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Learn More?

ek

Visit www.processmining.org, www.celonis.com, www.vdaalst.com, read the “process

mining bible”, and take one of the courses “Process Mining: From Theory to Execution” and
“Process Mining: Data Science in Action”.

Wilyan der alst

I Process i applications, including the way it's being used today by a large number of Fortune 500

Mining

Second Efeion

Process Mining: From
Theory to Execution

Professor Wil van der Aalst pi the field of ps mining in the 1990s, describing it
as the missing link b data sci and real-life p Enter an entirely new
academic discipline, which has since the industry for better

process execution. Learn about the sci behind the logy and its real-life

companies, during this self-paced, virtual course.

Watch the trailer
D springer

https://www.celonis.com/wils-process-mining-class/




