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History and Origins of BPM until 2003
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Observations
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« Shift from to
to data and process mining.

* Adoption of WFM/BPM technology was limited.
* Process modeling turned out to be a waste of time.

« SAP, Oracle, Salesforce, Microsoft, Infor, etc. are
data-driven and not process-centric.

 Robotic Process Automation (RPA) and Process
Mining are driving innovations in BPM.

- Here, we focus on the latter. v
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Object-Centric Process Mining

¢ Object-Centric Process Mining aims to learn from the
faillures in the past:
— Subjective oversimplified models lead to problems.
— Need to combine data-driven and process-centric.

- BPM needs to be cost-effective and provide real
Improvements.

- Reality # BPMN !

 An event can refer to any number of objects and
rocesses are intertwined.
P A,
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High-level view on
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1999 start of process mining research at TU/e
2000-2002 Alpha and Heuristic miner

2004 first version of ProM

2004-2006 token-based conformance checking,
organization mining, decision mining, etc.

2007 first process mining company (Futura PI)
2009 IEEE Task Force on Process Mining

2009 founding Fluxicon, ProcessGold, ...

2010 alignment-based conformance checking
2011 founding of Celonis

2011 first process mining book

2014 Coursera process mining MOOC

2016 Process Mining: Data Science in Action book
2018 Market Guide for Process Mining by Gartner
2018 30+ process mining companies

2018 Celonis becomes a Unicorn

2019 ICPM 2019: First PM conference

2020 ICPM 2020 has 2000 participants



commercial tools

[CPM 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
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& IEEE TASK FORCE ON PROCESS MINING

www.tf-pm.org

Over >700 members and

supported by >80 organizations.
Chair of Process
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Over 30 process mining vendors today
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Often 80% of time Is spent to data extraction
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(different questions require different extractions)

n from https://github.com/samozturk/

T

thousands of tables
and thousands of
. different attributes
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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 711043 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 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 >

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:ﬂ:
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 Phone 6s Plus 64 GB_
6245 | make delivery 2018/02/13 15:14:04.000 eas_e
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
6323 send invoice 2018/02/13 15:46:08.000 ﬁ
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 J
6204 | prepare delivery 2018/02/13 16:31:28.000 o=
6204 make delivery 2018/02/13 16:51:54.000 l
6265 |confirm payment 2018/02/13 16:55:55.000 VIS
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 ¥ipPort
6353 place order 2018/02/13 20:16:20.000
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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 & 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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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 the whole event log again
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71,043 events
12,666 cases
7 activities

- place N send - prepare" - make N confirm
place send cancel
place send prepare confirm make
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
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Performance and Compliance
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Commercial tools also support many of these

Ideas developed around 15-20 years ago!
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raditional Process Models Assume a
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Ingle Case Notion!

11015
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Example illustrating object-centric PM

5t

Process
Mining

1”*
e TR TSty item iEng Ee .:j!§OW|
Jetzt Amazon-Konto aufladen < .

1.*

Apple iPhorse 11 (64 GB) - [PRODUCTJRED 755,59 €

SR many-to-1

package

GH.65 ¢

Autst, W Mindeling niness Frocmes {Conperetive Information Systam) wen 4555€ 1%

Syenime 4 Artikel): 914,80 €
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Example illustrating object-centric PM
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(No activities, just describing the relationships among objects)

iteml W item2 W item3 W item4 W item5 W

| Process
item6 item?7 Mining

J

packagel package2 package3 package4

route3
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Goal: One model showing multiple object types
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store load
-
package package package
A /
item package
‘ send ‘ check failed
invoice availability delivery

package package

package

deliver
package

§ package

package

package

pack unload
T— items \item package

receive order
payment

V. o
@vE
» v
i “ > Chair of Process
> g and Data Science

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



a5

Let’'s make the following assumption
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activity Btime orders packag: 5 products price weight
pick item 2019-12-26 12:04:46 §991224} } {Wil van der Aalst} {iPhone 8} 529.0 0.21
reorder item 2019-12-26 12:37:26 §991271} T {Mohammadreza Fani Sani} {Kindle Paperwhit, 129.0 0.495
place order 2019-12-26 12:44:23 §9931283} } {Luis Santos} {MacBook Air, |Pp 2700.0 1.733
pick item 2019-12.2814:01:16 §991266} } {Marco Pegoraro} {MacBook Air} d 2200.0 1.25
create package  2019-14(26 1):01:16 [f9s1265} ol {F

send package 2019-12-J0 14:16: 991265} { 1

660798} {Seran Uysal} ire Stick 4K,iPad Pro,iPad Pro,iPad i @ 3506.97 12
66079 Seran Uysa Fire Stick 4K,iPad Pro,iPad Pro,iPad Pro,Fire Stick,Ki S 3506.97 2412
thines:

2019-1 991279} $ 799.0 0166
2019-1. :26:01 §991283} Air,iPad} 2700.0 ®33
i 2019-1: :32:43 §991251} } {Toblas Brockhoff} {Fire Stick} 39.99 I O.i
i 2019-1: 991282} } {Lisa Mannel} {Echo,Echo Dot} 134.98 1.16
pick tem 2019-1m: 991278} | {Junxmng Gaa} {MacBook Pro} 2500.0 3;
plac% Zﬂlﬁ-w 9931284} { IPhaone X, Fire Stick, MacBook #F, ¥ 4222.98 =
failed®@elivery 2019-12.2645:04:53 §991240,99116! { ff} {iPad Air,Echo Studio,Echo Studio,Kindle, i i,iPad Pro,iPad Pl 5982.95 2
pick iTEm— 2019-1: 991278} { { ‘t ne X} s’ 599.0 ng
conﬁl—ler 2019-12 :25:00 §991258} {884938,884939,884940, 884941,884542,884943} {Tak o, Fire Stick,iPad mini,iPad Pro,iPad Pro,iPad Air} 3267.93 mmdnd00
send gackge 2019-1 991247,99125: {884902,884922,884923,885004,885005,384901} 66079 {Mohammadreza Fani Sani} MacBook Air,iPad mini,iPad Pro,iPhone 11 Pro,iPad Pro,MacBook Pro} 8496.0 4.054
faile ey 2019-12- :36: 991265} {884975,884974,884978,884971,884970,884973} 660798} {Seran Uysal} Fire Stick 4K,iPad Pro,iPad Pro,iPad Pro,Fire Stick,Kindle} 3506.97 412
991274} { {Junxiong Gao}

confil er 2019-1.
faile ry 2013-1.

{ i
{ i
B885008,885009,885010,885011} i {Kindle,iPhone X,Fire Stic ne 8} 1352.9 65
991128,99125! (884424, w93kagesmsos} {60797} {lunxiong Gao} {Echo Show 8 Kindle p:ﬁ&n’lwle ,iPhone X,iPhone 8,Echo Shofl 2145.5 i)
payment reminder §2019-1 991169 {t {Gyuggm Park} {iPhone 8,Echo Plus,iPa@ail 1608.99 1
pick item 20190 Iepeen:55:38 §991201 aﬁ ke!s {Echo Show 8} /e 129.99 @
pick item 2019- igfadiiald:00:38 [§991251 [884912} @ r i {Fire stick} 0 [ 39.99 0.2
reorder item 2019-12-26 16:04:42 §991265 {884977} {Seran Uysal} {Fire Stick 4K} 89.99 0.28
payment reminder §2019-12-26 16:11:39 §991164} {884542, 884543, 884544, 884545,884546,884547} {t {Junxiong Gao} {Kindle Paperwhite,iPad Air,iPhone 11,MacBook Air,iPad mini, c 4087.99 3.011
pick item 2019-12-26 16:22:04 931241} {BB4882} {+ {Lisa Mannel} {iPhone 8} 529.0 0.21
create package 2019-12-26 16:22:04 §991263,99126. {384967,884964,884966} {660799} {Luis Santos} {iPad Air,iPhone 8,iPad} 1500.0 1.133

event = activity + timestamp + objects + attributes B

i “ | Chair of Process
© Wil van der Aalst (use only with permission & acknowledgments) ha g and Data Science



a “place order”
event may refer to
multiple items

ftime
2019-12-26 12:04:46
2019-12-2612:37:26
2019-12-26 12

activity
pick item
reorder item

ke
99123
991271}
991283}
991266}
991265}
send package 991265}
pick ikgQ 9912
confirmgeet
reorder iteg
' —

002}
885038,885039}
{884983}
975,884974,884578,884971,884970,884973}
575,884974,884578, 884971, 884970,884573

place order
pick item
create package 2019-1.

a “pick item” event
refers to one item

4939,884540,854941,884542,834943}
4922 884923,885004,385005,884901}
84574,884978,884971,884970,884973}
B85008,885009,885010,885011}

customers
{wil van der Aalst}
{Mohammadreza Fani Sanij
{Luis Santos}
{Marco Pegoraro}

660798} {Seran Uysal}
{
{
{
{

Seran Uysal}
Claudia Graf}

Luis Santos}
Tobias Brockhoff}
Lisa Mannel}
Junxiong Gao}
Christine Dobbert}
Tobias Brockhoff]

{
1

1
1

278 Fani Sani}
alt
Xiong Gao}

llowing assumption

a “failed delivery”

event refers to one
package, one or

more items, one or

more orders, etc.

. Fire Stick, MacBook Air,Echo Show 8,iPhone 11 Pro}
Pad Air,Echo Studio,Echo Studio,Kindle,Kindle,Echo,iPad mini,iPad Pro,iPad P
{iPhone X}

Echo,Fire Stick,iPad mini,iPad Pro,iPad Pro,iPad Alr}

MacBook Air,iP pibats
Fire Stick 4K,iP4
Kindle,iPhone

price weight
529.0 0.21
129.0 0.495
2700.0 1.733
2200.0 1.25

3506.97 12
3506.97 2912

799.0

. :57
4222.98 El
4

5982.95

let’s simplify to focus

1

1

i

{
failedygd h bry 2019-1: 991128,99125' {884424, 884932,884599, 885008, 385009,885011, 884503} 660797} {Junxiong Gao} {Echo Show 8,Ki
payment reminder §2019-1 991169} {884565,884566,884567,884568} T {Gyunam Park} {iPhone 8,Echo t h
pick item 2019w peme:55:38 §931201} {88417} } {Seran Uysal} {Echo Show 8} O n e eS S e n C e
pick item 2019—“:00:38 991251} {884912} {T(#JIES Brockhoff} {Fire Stick}
reorder item 2019-12-26 16:04:42 §991265} {884977} {5 {Fire Stick 4K}
payment reminder §2019-12-26 16:11:39 §991164} {884542, 884543, 884544, 884545,884546, 884547} i {Kindle Paperwhite,iPad Air,iPhone 11,MacBook Air,iPad mini,Echo Dot}
pick item 2019-12-26 16:22:04 §991241} {884882} {iPhone 8} 0.21
create package 2019-12-26 16:22:04 §991263,99126. {384967,834964,884966} 660799}— 5 Santos} {iPad Air,iPhone 8,iPad} 1.133

Objects are typed and events may have any number of objects. PYT @
Chair of Process

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

Iltime

orders items packages

pick item 2019-12-26 12:04:46 |{991224} 1884803} it
Ireorder item P019-12-26 12:37:26 |{991271} {835002} it
Iplace order P019-12-26 12:44:23 |{991283} {BB5038,8835039} it
Hpick item 2019-12-26 14:01:16 }{991266} {84983} it
fcreate package 2019-12-26 14:01:16 |{991265} {884975,884974 884978,884971,884970,884973} 1660798}
Jsend package 2019-12-26 14:16:11 }{991265} {BB4975,884974,384978,884971,884970,884973} 1660798}
Ipick item 2019-12- :16:48 |{991279} {BB5027}
Hconfirmerder 2019-12 4:26:01 {885038,885039}
r renrde% 2{]19—12%4:32:43 1884912}
confirm aeder 2019—12—@4:32:44 {85036,

pick iten> 2019-12-L824:33:28
Iplace ordes 2019-12¢f)4:48:
[failed deliyery 20 99116: {8848
pick it$
Jconfirm r :
lsend package P019-12-26.15:26:49 }{991247,99125; {384902,884922,884923,885004,385005,3384901 }
‘Ifailed delivery p019-174015:36:16 19912 975, 74 BRA9TH BRA9T 970 731 1660798}
Jconfirm order 2019-12-26 15:40:51 {991221 h ﬁﬁéﬁyﬁégmﬁ‘? 666] e C t S i)
ifailed delivery 2019-12-26 15:46:21 }{991123,99125! {334424,884932,8384999,335008,385009,8385011,834903} 1660797}
Ipayment reminder 2019-12-26 15:54:44 991169} {884565,884566,884567,884568} it

pick item 2019-12-26 15:55:38 |{991201} 1884717} it




© Disco - New project

pick item | 2019-05-27 15:04:22 [990039} 18801454}
pick item | 2019-05-27 15:04:51 1990033) 8801213
| 2019-05-27 15:14:58 {990036] 880131,880132,580133,880134] ]
| 2019-05-27 15:17:22 1990038} 88071473
| 2019-05-27 15:17:22 {990007] 880023,880025.880024 BRO022) i
50 | reorder item | 2019-05-27 15:43:45 1990038} 9801463
send package | 2019-05-27 15:49:53 1990007) 390023,880025.880024 BIO022) 660010}
> | pick item | 2019-05-27 16:07:59 1900005} 1280014} a b | |
pick item | 2019-05-27 16:08:21 [930030} 80107 0 }’ F Uxicon
place order | 2019-05-27 16:12:18 19900461 {880173,880174,880175.880176) a
pick item | 2019-05-27 16:14:56 [990013] £3300473 g
| item out of stack | 2019-05-27 16:17:26 19900413 1613 a
pick item | 2019-05-27 16:18:58 {990033] 23 g
9 | create package | 2019-05-27 16:18:58 1990018,990039% 66,880070,880069,830067,850154,880071} 1660011}
| send package | 2019-05-27 16:24:47 [990016,990014,00003 1} 50,880051,530050 880056,580059,880040, 880058 830057 850117.880. | {660007)
| pick item | 2019-05-27 16:45:33 1990020} 04133 g
71 | reorder item | 2019-05-27 16:50:50 {9490043) 880168} o
pick item | 2019-05-27 16:51:02 19900211 880080} g
pay order | 2019-05-27 16:56:23 {990023] 390089.880090) g
74 | item out of stock | 2019-05-27 17:10:55 1990037} . 88041433 g
pay order | 2019-05-27 17:14:22 1990034} 990125 880126,880127,880128) g
6 | confirm order | 2019-05-27 17:14:43 1900029} {380150,880151,880152,280153,880154 880155.820156) g
item out of stock | 2019-05-27 17:19:33 {990039} 880155} g
| confirm order | 2019-05-27 17:21:37 1990043) £880165,880166,860167 380168,880169} a
9 | pick item | 2019-05-27 17:21:57 [990029} 880105} g
| send package | 2019-05-27 17:32:16 1990009,990015,090024} £950032.880052,880055 830031,830092,880091,850030} 1660005}
281 | pick item | 2019-05-27 17:40:09 1990037) 950139} f
) | place order | 2019-05-27 17:44:23 1990047} £880477.880178,880179,880180} 4
reorder item | 2019-05-27 17:58:16 [990032} 80118 0
-
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o OCEL / OCEL data model & Help

@ Map activity table columns

For Process Mining to function, we need to find out which columns contain the necessary data.

@ Select Case ID column
Click on the column that contains your case IDs. Case ID is a usually a numeric value that is unigue and identifies each case in your process.

activity

place order
pick item
place order
confirm order
place order
place order
confirm order
place order
pick item
place order
pick item
place order

—rorfiim erder

orders
(990001
{990001)
{990002]
(990002]
(990003]
(990004}
{990003)
(990005]
(990001
{990006]
{990002]

(990007]

[920002]

items packages
{880001,880002,880003 8800...
{850002)

{880006,8380007.880008}

(8B001T

(880006)

[880022,88[!,880024.8800...

[380012,320013,330014.330015

Cancel

customers

{Christina Rensinghof}
{Christina Rensinghof}
{Christine Dobbert}
{Christine Dobbert}
{Mohammadreza Fani Sani}
{Majid Rafiei]
{Mohammadreza Fani Sani}
{Gyunam Park])

{Christina Rensinghof}
{Marco Pegorarc}

{Christine Dobbert}

{Anahita Farhang Ghahfarokhi}

{Gvunam Park)

products

{iPad mini,iPhone 1.Kin:
{iPhone 11}

{iPad.iPad Pro,Echo Shoj
{iPad.iPad Pro,Echo Sho|
{iPhone 8 Echo Show 5§

{iPad)

{iPhone 8 Echo Show 5]
{iPad Pro Kindle,iPhone
{Fire Stick]

{Echo Show 8,iPhone X,
{iPad)

{Kindle Echo Studio,Echi

{iPad Pro.Kindle.iPhone

This is not my activity table




Map columns Upload file Data Analysis

@ Map event_log-all.csv # Open New ABBYY@ Tl II
To upload data you must first map the fields (columns) of your data file. I m e I n e

« Map required fields (Timeline ID, Timestamp and Event Name) by dragging the corresponding label to the desired column
« Map optional fields (columns) that you want to use for filtering your timelines by dragging the New Attribute label to the desired column.
« Once you have completed your mapping press the 'Confirm and start upload button'.

More...

activity time packages customers products price

Sani}

place order 2019-05-20 16:01:22 {90005} {880012,380013,830014,88 {Gyunam Park} {iPad Pro,Kindle,iPhone 3260.98
0015,880016,880017} X,Echo,iPhone 11

Pro,Kindle Paperwhite}

pick item 2019-05-20 16:35:33 {990001} {880004} {Christina Rensinghof} {Fire Stick} 39.99

lace order 2019-05-2017:22:31 990006 880018,880019,880020,88 Marco Pegoraro) Echo Show 8,iPhone 5233.99
P s ) g
0021} X,MacBook Air,MacBook
Air}

pick item 2019-05-20 18:30:53 {990002} {880006} {Christine Dobbert} {iPad}

place order 2019-05-20 19:04:49 {90007} {880022,880023,830024,38 {Anahita Farhang {Kindle,Echo Studio,Echo
0025} Ghahfarokhi} Dot,Echo Studio}

confirm order 2019-05-20 19:59:41 {990005} {880012,880013,880014,88 {Gyunam Park} {iPad Pro,Kindle,iPhone 3260.98
0015,880016,880017} X,Echo,iPhone 11

Pro,Kindle Paperwhite}

(D Please make sure that Timeline 1D is mapped
0 Help

Cancel




Configure CSV Parser Settings

CSV Parser: Settings

Charset

Separator Character Configure the character that is used by the CSV

Configure the character encoding that is used Configure the character that is used by the CSV. file that is used fo quofe values if they contain

by the CSV file.

file to separate two fislds the separator character or 2 pewline

windows-1252

place order
confirm or.
place order
place or
confirm or.

Cancel

» DOUBLE QUOTE (")



Configure Conversion from CSV to XES

Mapping to Standard XES Attributes

Case Column (Optional)
Groups events into traces, and is mapped io ‘concept:name’ of the frace.
Select one or more columns, re-order by drag & drop.

Start Time (Optional)
Mapped io time timestamp” of @ separate siart svent

Event Column {Optional)
Mapped to ‘conceptname’ of the event. Select one or more columns;
re-order by drag & drop.

S -

Selected event column

Completion Time (Optional)
Mapped to time:timestamp’

Could not auto-detect the used date format, Please provide a

yyyy-M-d H:mmiss

[m|

uy % fluxicon
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Need to flatten the event data when using

ALISHANNN
NIHIYYHLNM

a conventional process mining technique

* Pick an object type as the case notion.
* Replicate each event for each object of the
corresponding type.

activity time orders items packages

place order | 2019-12-26 | {991283} | {885038,885039}

no event if package is
used as a case notion ,’g‘.
v

™ Chair of Process
> g and Data Science

one event if order is used two events if item is used
as a case notion as a case notion
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Order as a case notion

ALISHANNN
NIHIYYHLNM

activity time orders items packages

place order 2020-6-20 | {99001} |{88001, |{}

88002} activity time orders items packages
pick item 2020-6-22 | {99001} |{88001} |[{}
pick item 2020-6-23 | {99001} |{88002} ({} place order 2020-6-20 | 99001 {88001, |{}
88002}
send package |2020-6-25 | {99001, [{88002, |{66001} e Sl 2020622 il (°°000) |t}
99002} 88003, pick item 2020-6-23 | 99001 {88002} |{}
88004}
send package |2020-6-25 99001 {88002, |{66001}
88003,
88004}
) send package |2020-6-25 |99002 {88002, |{66001}
Events may be duplicated 88003,

88004}

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



faaa

ltem as a case notion

ALISHANNN
NIHIYYHLNM

activity time orders items packages :ﬁ

place order 2020-6-20 | {99001} |{88001, |{}

88002} activity time orders items packages
pick item 2020-6-22 | {99001} {88001} |[{} .
. . . . place order 2020-6-20 | {99001} |88002 {}
send package |2020-6-25 {99001, |{88002, |{66001} pick item 2020-6-22 | {99001} 88001  |{}
99002} | 88003, pick item 2020-6-23 {99001} | 88002 {}
88004}
send package |2020-6-25 |{99001, 88002 {66001}
99002}
send package |2020-6-25 |{99001, 88003 {66001}
99002}

Events may be dupllcated send package |2020-6-25 |{99001, 88004 {66001}

99002}

Wil van der Aalst (use only with permission & acknowledgments)
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Package as a case notion

ALISHANNN
NIHIYYHLNM

activity time orders items packages

place order 2020-6-20 | {99001} |{88001, |{}

88002}
pick item 2020-6-22 ({99001} [{88001} |{}
pick item 2020-6-23 ({99001} [{88002} |{}
activity time orders items packages
send package |[2020-6-25 |{99001, {88002, ({66001}
99002} | 88003,
88004} send package |2020-6-25 | 99002 {88002, |[66001
88003,
88004}
Events may disappear @
Ly 1
D}

i “ > Chair of Process
> g and Data Science

Wil van der Aalst (use only with permission & acknowledgments)
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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, possibly leading to
unintentional duplication.

* Divergence: Events referring to different objects of a
type not selected as the case notion are considered

to be causally related.
P I D 3

i PB Chair of Process
> g and Data Science

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



faaa

Convergence

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

activity time orders items packages :@

place order 2020-6-20 | {99001} |{88001, |{}

5t

88002} activity time orders items packages
pick item 2020-6-22 | {99001} {88001} |{} o
place order 2020-6-20 | {99001} |88002 {}
send package |2020-6-25 {99001, |{88002, |{66001} pick item 2020-6-22 | {99001} 88001  |{}
99002} | 88003, pick item 2020-6-23 {99001} | 88002 {}
88004}
send package |2020-6-25 |{99001, 88002 {66001}
99002}
How to compute costs, times, send package |2020-6-25 {99001, |88003 {66001}
frequencies, etc. when 99002}
events are replicated? send package |2020-6-25 {99001, |88004  |{66001}

99002}

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



faaa

Divergence

Events referring to different objects of a type not selected as the case notion are
considered to be causally related

ALISHANNN

NIHIYYHLNM

activity time orders items packages
place order 2020-6-20 | {99001} |{88001, |{}
88002,
A0, activity time orders items packages
pick item 2020-6-22 | {99001} |{88001} |{}
S e 2020-6-23 [[EEEEIN 193002} [{} place order  |2020-6-20 (99001 {88001, |[{}
pack item 2020-6-22 | {99001} |{88002} ({} 88002,
pack item 2020-6-23 | {99001} |{88001} |{} 88003}
pick item 2020-6-22 [{99001} |{88003} |[{} e Sl 2020622 R il (05000 |t}
pack item 2020-6-23 [{99001} |{88003} |[{} pick item 2020-6-23 199001  |{88002} |{}
pack item 2020-6-22 | 99001 {88002} |{}
pack item 2020-6-23 | 99001 {88001} |{}
pick item 2020-6-22 | 99001 {88003} |{}
pack item 2020-6-23 | 99001 {88003} |{}
Wil van der Aalst (use only with permission & acknowledgments)




Divergence

Events referring to different objects of a type not selected as the case notion are

considered to be causally related

|

place order

faaa

ALISHANNN

A 4 i

A 4

A 4

pick item pack item

J

|

Things happen in a fixed
order but this is not visible!

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

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

88002,

88003}
pick item 2020-6-22 | 99001 {88001} 1}
pick item 2020-6-23 | 99001 {88002} :j‘
pack item 2020-6-22 | 99001 {88002} ;1} v
pack item 2020-6-23 | 99001 {88001} |{}
pick item 2020-6-22 | 99001 {88003} = 1

1

pack item 2020-6-23 | 99001 {88003} |;

NIHIYYHLNM




faaa

Divergence

Events referring to different objects of a type not selected as the case notion are
considered to be causally related

ALISHANNN
NIHIYYHLNM

|

place order
activity time orders items packages
v
| place order 2020-6-20 | 99001 {88001, |{}
88002,
pick item 88003}
pick item 2020-6-22 | 99001 {88001} |{}
il pick item 2020-6-23 | 99001 {88002} |{}
pac k item pack item 2020-6-22 | 99001 {88002} |{}
B pack item 2020-6-23 | 99001 {88001} |{}
l pick item 2020-6-22 | 99001 {88003} |{}
pack item 2020-6-23 | 99001 {88003} |{}
Wil van der Aalst (use only with permission & acknowledgments) Concurrency and causality!




diagnoses

- [rcase number N logging for VIP patients
complications [+sequence number of diagnosis health problems

+patient [-sequence number of movement [heaith problem O +usar name
+case number |-diagnosis coding catalog | patient +patient
i patien -current date
. +id complication registration [-diagnosis code hesith problems catalog

| DRG diagnosis current time

-sequence number of movement DRG0 | heaith problem e
q q q -service saquence number I | health problem free text | 1 . i
! problem frestext | o -relation with patient
(Chen notation, Crow’s foot notation, UML class diagrams) sequence number [date when record crested [ver e v
-registering org. unit |time when record created -rezson
s 8 ore: i rend date -transaction code
_speciaity |-disgnosing person
_cub specialty Lreferral diagnosis indicator
-group id -treatment diagnosis indicator 0.*
rtem |-admission diagnasis indicator 1
_coding -discharge diagnosis indicater patient
one-to-man y eserption Lsepartment main aragnosis indicator
+
_axis 1 pathalogy |-hospital main diagnosis indicator "“‘ez‘ .
Ten eenes -sex indicator
i | surgery diagnesis indicator
axis 2a parts of the body gerydizgness ndh e
-axis 2b organ systems and organs reomment on diagnosis iact name.
. -axis 2c general systems and characterization tissue | [disgnosis certainty e e
order item order e 24 by surtoces
1 M -anis 3 external factors and other characteristics oationt s deceased
-reporting physician 1
J " 1 |-case of death
-tm?tl‘ng physician . 1 religion [ |1
-aetiology ol
seriousness case -day of death
-setting -time of death
-status +case number organ donor indicator
-date complication Y i 10 |1 indicator -
-time observation -patis
t e status s 1
man y' Oo-man y -emergency admission indicator person to ba contacte:
ante of dalivery -talephone number of person to be contacted
-start date of case
-end date of case
order package order BbH——— n coee crvaton .
N 1 1 +case number
M so [remticnton category —
+classification type patient risk factors
+validity end date _
. -validity end time patisnt
0 -validity start date +risk factor
validity start time. +id risk factor
-comment
assignment of a case to a person 0.* 0.* -person number
- drug allergy - route of administration
0 n e-t O 'O n e Fease number assignment of a case to another case g2 SrEY
+person number _drug allergy - organ affected
+sequence number of case-to-person assignment [ [*e358 number 1 -probability of drug allergy
-sequence number of movement [+case number 2 -drug allergy - reaction yype
_function of case-to-person assignment -comment [-medical allert exists
d t d valid-to date of record +valid-to date of record -date when record created
oraer paymen oraer et from ds o record \alifrom dte of record time when record craated
1 0.1 -external function case-to-case assignment 1
. -external function case-to-case assignment 2

Very few relations are one-to-one!
Hence, a single case notion is not enough!

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



How to deal with this?

ALISHANNN S E
NIHIYYHLNM iﬁﬂ%

. Directly extracting one or more conventional event
| logs (e.g. XES) realizing that there are may be
- convergence and divergence problems.

)) Extracting one object-centric event log and creating
wwe /- conventional event logs (e.g. XES) on demand.

Extracting one object-centric event log and using
process mining techniques directly working on
object-centric event logs.

RvE

I ™ Chair of Process
> g and Data Science

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



event log

(e.g. XES)

event log
(e.g. XES)

)

MEDIUM
LEVEL

object-centric
event log

ORACLE
AMi ccccc ft Dynarmics

dedicated

process mining
techniques

A Y ! v
LEVEL 1 ' Chair of Process
8 hg b and Data Science




a5

Object-Centric Process Mining

ALISHANNN
NIHIYYHLNM

extract from Each row corresponds to an event which automatically
data sources refers to one activity and any number of discovered object-
00 ‘ objects of (possibly many) different types. centric Petri net
[OAD) 7/
B T R —— i s
asss) e e Paparsh)

A
A
P

2019.12.28 1750 {9l var 1 Fie Stick 4K
EfhpEe:  Object-centric event log 8 — st e vtk ik o il
2019-12-24 18:18:30 1991237 [BEAEGA] i {Mahrue Qaf [ Paperwhite}

2019-12.24 183953 [991182) (s84623) it {Chii
2019-12-24 183393 lomn ) faneosy {rakias
2019-12-24 18:47.07 1991261) [884956 884357, 854956 564959 884960 854961 B84352]

:

20191124 193423 1991290) 584399 4 {urong Gaok

2019-12-24 2039:01 (99 227) fss4s03) a ol van cer Aaist] 1

2019-12-24 2046 {ustang v {1P3 Al Ech Dot Mackack Pra 17ad Ae Kindls Pacerwhits, Fad AlriPas €

2019.12.24 220821 (391271) (825000 255001 855002 585003} a ¢

2019.12.24 2212:24 j991239) fasasr a «

2019-12.25 030800 1991272 [ 4 «

2019-12-25 082259 1991273) - 4 € a2sam 087

2019.12.25 09:13:08 [991249) [ ] © 3w 083,00
: s o) ieorse) ¢ 300097 200500

(o]
One of the 21887 events:

e activity: package delivered
e time: 2019-12-24 20:46:47 —_—
e orders involved: {991119,991030,991209,991254, I
991213,991206}
e items involved: {884386,884020,884749,884930, L
I
I
I
I
I
I
I

884926,884925,884766,884927,884736}

* packages involved: {660784}

» customers involved: {Kefang Ding}

¢ products involved: {iPad Air,Echo Dot,MacBook
Pro,iPad Air,Kindle Paperwhite,iPad Air,iPad Pro,
iPad,iPhone 11 Pro}

* total price: € 6.829,99

* total weight: 4,719 KG

st mean6. 1| ;\

migobj=75 14

erf. meciar=1h mean=10h

rMarY(

package delivered
1296

freaq mediarr=5 mean=s |
=129 Lniqobym7 514

AV,

i “ r’é Chair of Process
© Wil van der Aalst (use only with permission & acknowledgments) ha g and Data Science




Flatten log per 100 500 10

object type and
discover process .
models with ol > » i1 @ rl

unique activity
names. Order Item route
02 po | 100 500 | po i2
Order place place Item
order order
send . ick
o in |100 P
Invoice item

50 500
send start start
. Sr o3 st 10 st
reminder route route
Order Item
pay
100 2
order pa '
mark as mark as tem route
completed completed i5

04 co {100 500 | co <—©+— en | 10 | en | "
route route

Order Item 500
o5 (i B s r3 E
Ve
Order Item route

“ > Chair of Process
> g and Data Science
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Merge the
different models
using the original
frequencies.

> i @rl

ol ( P
Order Item route
02 po i2
Order place Item
order
send . pick
. . N
invoice item
send
. sr 03 ©=> st
reminder
Order Item
pay
order pa
mark as tem
completed i5
o4 co 4=@<= en
Order
o5 ( i6
route

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

Order

start
route

r2

route

end
route

r3 I:Iq !;g—

m" > Chair of Process
> g and Data Science



Example for the
object type item.

500 Activity place order consumed 100 Ther.e e 590 lte.m objects
times a variable number of item flowing from i1 to i6.

> i1 objects from i1. On average, 5 item } il

o objects were consumed per round. 100x5 — 500

Activity place order produced 100

times a variable number of item
500 | po i2 Activity place order 100 objects from i1. On average, 5 item
occured 100 times. objects were produced per round.
place Item
order
pick
item Activity pick item occurred Activity start route occurred 10 times.

Each time a variable number of item

10 objects was consumed from i3 and the
start 4 same number was produced for i4. On

st route average, 50 item objects were

produced/consumed per round.

500 times each time
500 consuming and producing
e start precisely one item object.
route
Item
mark as ftem mark as
completed i5 completed

500] co 4—@— en rf):(tje 100 \ y r:):?e

rem 500 frem 10 Activity end route occurred 10 times.

Activity mark as completed occurred 100x5 Each time a variable number of item
B s 100 times. Each time a variable number B is objects was consumed from i4 and the
— of item objects was consumed from i5 —500 same number was produced for i5. On

and the same number was produced for average, 50 item objects were
i6. On average, 5 item objects were produced/consumed per round.
produced/consumed per round.

Qv
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“H CPM Tools (Version 4.0.1, February 2015) — O pd

>l e object-centric-petri-net Bindar 0
= Help
- Options The resulting model can be seen
¥ object-centric-petri-net.con as a Colored Petri Net (CPN).
Step: 8
Time: 0
» Options

» History
Route.all()

¥Declarations Order.all() Item.all()
» Standard priorities i
» Standard declarations -

¥ Types and Defs Item izt iz
¥colset Order = int with 99001..992100;
¥colset Itemn = int with 88001..88500; 1 1" 93002
¥colset Route = int with 66001,.66010;
¥colset Orders = list Order;
¥ colset Items = list Item;
¥ colset Routes = list Route;
Tvar or:Qrder;
Tvar ors:0rders; sand pick
¥war it:Item; invoice item
Tvar its:Items;
¥var rt:Route;
¥var rts:Routes;
»fun eJ=iny sand |
= fun oi reminderf— :
»fun ri ar

= Monitors
obiject-cantric-peatri-net

TBBO0Z2++
TEB003++
TBBO0T7++
TBBO0B++
TB8010

[its=ai{or)]

place its 5
order

1
1
1
1
1

Itam

it

its start | [its=ri(rt)]
route

Item

[its=woi(or)]

mark as its . L
complatad

[its=ri(rt]

w.'w' M

b b

Itam Route

None
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Not so new: ExSpect (1988-2000)

" template - ExSpect 1% practicum - ExSpect - [main [System Animation]]
PL File Edit Smulation window Help N

File Edit Object Components: Tool: Window Help RIS »I—"m@ EILIEI!I|£|A|V|”|E|M||@|EIQQEE
D || % 2@ Ss|sp|sF|sr| Bl £]
[k @] old|=|o|g|s|s|ole]e] alals| Wikl gy

ALISHANNN
NIHIYYHLNM

=@

too_late

——(

cust_order

repl_order_t

ustomer

W (P -
1% fCustomers 1% Supplier Foctory cust_gel
| @]
i @ 1 nof_prodijcdd_products repl_cel_f ry cust mo_del
@] —® i Y CE : QO
rzeed totsl_costs
cust_order +
generate_cuftomer_order, - e et
nof_supplied_products "
®-¢—b— _._Q not_supplied_batches
rancdom . | 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00
courter iR
start_suppl endJzupl
repl
(@ {s)
cust_no_del too_lal g v om | U oo
- = - oo b 0o nm o
courit + /Factory 4500 920,00 21.00 210,00 341.00 53.00

!IEI E lied_hatched
& —{(1) i

randam
staﬂjrofuctioﬁepl—order—f

O
nofJaroduch_hatches v*p

nof_produced_batches  nof_p;

nof_supplied_products 4
|
B

(@

repl_del_f

TTITTIIIL

end_production

9 er s repl |

nof_produced_products
-
ol > |_/I




Not so new: Design/CPN (1989-2000) and

CPN T

CPN Tools (Version d Edition,

¥Tool box
Auxiliary
Create
Declare
Hierarchy
Manitaring
Net
Simulation
State space

main

work center (1)

Style
View

» Help
» Options
¥ kanban.cpn
Step: O
Time: 0.0
¥ Options
B Real Timestamp
oBinding Element Fairness
OGlobal BE Fairness
Qutput directory : <same as model
»Performance report statistics
»Extensions
»Debugger
»Daclare
» Histary
wDaclarations
» Standard pricrities
¥ Standard declarations
wcolset UNIT
wcolset BOOL
wcolset INT
W colset INTINF
»colset TIME
»colset REAL
»colset STRING
¥ colset Prod = string;
¥ colset PT = product Prod * INT;
¥ colset PTimed = Prod timed;
¥ colset PTTimed = PT timed;
Tyar p:Prod;
¥yar tINT;
FyariiINT;
» Monitars
¥main
work canter (1)
customer
supplier
work canter (2]
work center (3)

None |

customer

supplier

ools (2000- )

work center (2)  work center(3)

Sim | View

«(Hpo| M | b, o)

S

resources

process

time wel

d
++
o
Prod

Y

process
time wc2

Dz s

Prod

resources
W

kanban4

product4

Prod

ustome|

customer

faaa
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) 17 (Me0.0
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But now we can connect it to data & reality!

ALISHANNN
NIHIYYHLNM

00 ;
(O extract from Each row corresponds to an event which automatically
data sources refers to one activity and any number of discovered object-
00 ‘ objects of (possibly many) different types. centric Petri net
(O] 7/
. R AR SR A s S
= Y e e P s
n N /,// ' ck 2K) o
: ; a0 on
object-centric event log 8 1 T o
B1237] (8545 L] 050
1 i852623] [ L
- fraen
st 1057 s s massossasaisv 3 suatn
o103 2 3420 a0 sssom 3 i o
019-12-24 20:33:01 991224) (B84803) 4 AWl wan der Aalst] € CHY
2019-12-24 20:46: {xefang Ding) ho Dot.MacBack Pro IPad Alr.Kindle Paperwhite, iPad AiriPac € 4T19.00
03 124 22wt oz ssoooasso0 stz 35003} 3 <
o 12 pa2A ) asarn H
i soousssocst 1
ot 1528 e a7 it ) % isie a1
i i : s Seoren C ames  ames

One of the 21887 events: r =}

e activity: package delivered
s time: 2019-12-24 20:46:47 s
e orders involved: {991119,991030,991209,991254, I
991213,991206}
« items involved: {884386,884020,884749,884930, L.
I
I
I
I
I
I
I

884926,884925,884766,884927,884736}

» packages involved: {660784}

» customers involved: {Kefang Ding}

¢ products involved: {iPad Air,Echo Dot,MacBook
Pro,iPad Air,Kindle Paperwhite,iPad Air,iPad Pro,
iPad,iPhone 11 Pro}

 total price: € 6.829,99

¢ total weight: 4,719 KG

orf: mediar=1 h mearr=10h

package delivered

AV,

B et et e s e ool LY ctooroess
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Some pointers
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W.M.P. van der Aalst. Object-Centric Process Mining: Dealing With Divergence and Convergence in Event Data.
In Software Engineering and Formal Methods (SEFM 2019), LNCS 11724, 3-25. Springer-Verlag, Berlin, 2019.
W.M.P. van der Aalst and A. Berti. Discovering Object-Centric Petri Nets. Fundamenta Informaticae, vol. 175,
no. 1-4, pp. 1-40, 2020

A. Berti and W.M.P. van der Aalst. Discovering Multiple Viewpoint Models from Relational Databases. In
International Symposium on Data-driven Process Discovery and Analysis, volume 379 of Lecture Notes in
Business Information Processing, pages 24-51. Springer-Verlag, Berlin, 2020.

W.M.P. van der Aalst, A. Artale, M. Montali, and S. Tritini. Object-Centric Behavioral Constraints: Integrating
Data and Declarative Process Modelling. In Proceedings of the 30th International Workshop on Description
Logics (DL 2017), volume 1879 of CEUR Workshop Proceedings. CEUR-WS.org, 2017.

D. Fahland. Describing Behavior of Processes with Many-to-Many Interactions. In S. Donatelli and S. Haar,
editors, Applications and Theory of Petri Nets 2019, volume 11522 of Lecture Notes in Computer Science,
pages 3-24. Springer-Verlag, Berlin, 2019.

D. Fahland, M. De Leoni, B. van Dongen, and W.M.P. van der Aalst. Many-to-Many: Some Observations on
Interactions in Artifact Choreographies. In Proceedings of the 3rd Central-European Workshop on Services

and their Composition (ZEUS 2011), pages 9-15. CEUR-WS.org, 2011.

G. Li, R. Medeiros de Carvalho, and W.M.P. van der Aalst. Automatic Discovery of Object-Centric Behavioral

Constraint Models. In Business Information Systems (BIS 2017), LNBIP 288, 2017. E' »g_
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a "place order™

: #
; nining s the following assumption
_ _ multiple items a “falled delivery”

S aranlds

AT l iz = =
. v d 5 4|  package, one or
e - -3 more tems, one or

IS mod X armanc d b [m = Pp— - O — .
— o omp 3 t . T —— more orders, etc.
avent LB
- . - = g i e, | 2
¥ i - P - ve Pereset

explare " _. a “pick item” event
e Siter g refers to one item

filter £y show
claan Interpret
drill down

many-te-many

Possible problems g

- Deficiency: Events in the original event log that have
no corresponding events in the flattened event log
may L N3 rom the data set.

- Convergence: Events referring to multiple objects of

the selected type are replicated, possibly leading to

abject-centric

tsofa

+ Divergence: Events referring to different object
type not selected as the case notion are considered
to be ¢

=]

?glfg} and baa Science ‘ RwU“Nlll\l.’\eggll%\l
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L earn more”?
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prof.dr.ir. Wil van der Aalst
"PM Bible” RWTH Aachen University
W: vdaalst.com T:@wvdaalst

Wil van der Aalst
Over 128.000

ProceSS participants COUTSEIa
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Action

Example Revisited [l

Second Edition

~ Fraunhofer

2 Springer R FIT
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