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History and Origins of BPM until 2003
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Observations
• Shift from formalisms and modeling to enactment 

and systems 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.
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Object-Centric Process Mining

• Object-Centric Process Mining aims to learn from the 
failures 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 
processes are intertwined.
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Let’s talk about 
process mining
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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
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www.tf-pm.org

Over >700 members and 
supported by >80 organizations.
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International Conference on
Process Mining (ICPM 2020)
4-9 October 2020

icpmconference.org

Over 2000 participants
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Over 30 process mining vendors today
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Often 80% of time is spent to data extraction
(different questions require different extractions)

--DECLARE @CURR AS VARCHAR(3)
--SELECT @CURR = 'TRY';
-- Set date format to day/month/year.  
SET DATEFORMAT dmy;  
GO  
DECLARE @datevar datetime2 = '31/12/2008 09:01:01.1234567';  
SELECT @datevar;  

GO

INSERT INTO [TR_Demo-DB].[dbo].[P2P_TEST]
---------------------------------------PURCHASE REQUISTION-------------------------------------------------
------------------------------------------------------------------------------------------------------

SELECT
CASE WHEN [TR_Demo-DB].[dbo].[EBAN].EBELN = '' AND [TR_Demo-DB].[dbo].[EBAN].EBELN = 0
THEN [TR_Demo-DB].[dbo].[EBAN].BANFN + '-' + CAST([TR_Demo-DB].[dbo].[EBAN].BNFPO AS varchar) /* PR - Purchase Requisition Number (PR) - Item Number of Purchase Requisition -> EBAN */
ELSE [TR_Demo-DB].[dbo].[EBAN].EBELN + '-' + CAST([TR_Demo-DB].[dbo].[EBAN].EBELP AS varchar)   /* PO - Purchase Order Number (PO) - Item Number of Purchase Order  -> EKPO (Purchasing Document Item) */
END AS [CASE]
,  'Purchase requisition' AS [EVENT]
, CONVERT(datetime, [TR_Demo-DB].[dbo].[EBAN].BADAT, 103) AS [CREATION_DATE]
, YEAR([TR_Demo-DB].[dbo].[EBAN].BADAT) AS [Year]
, [TR_Demo-DB].[dbo].[EBAN].BSART AS [DOCUMENT_TYPE]/* Purchase Requisition Document Type */
, CASE WHEN [TR_Demo-DB].[dbo].[EBAN].BUKRS is not NULL 
THEN [TR_Demo-DB].[dbo].[EBAN].BUKRS 
ELSE 'Purchase requisiton company code not set'
END AS [CompanyCodeDesc]

, CASE WHEN [TR_Demo-DB].[dbo].[EBAN].ERNAM is not NULL THEN [TR_Demo-DB].[dbo].[EBAN].ERNAM  ELSE 'Not set' END AS [UserName] -- Name of person who created the object
, CASE WHEN [TR_Demo-DB].[dbo].[EBAN].LIFNR is not NULL THEN [TR_Demo-DB].[dbo].[LFA1].NAME1  ELSE 'Not set' END AS [VendorName]
, CASE WHEN ([TR_Demo-DB].[dbo].[EBAN].LIFNR is not NULL) AND ([TR_Demo-DB].[dbo].[EBAN].LIFNR = '') THEN [TR_Demo-DB].[dbo].[EBAN].LIFNR  ELSE 'Not set' END AS [VendorCode]
, CASE WHEN ([TR_Demo-DB].[dbo].[EBAN].MATNR is not NULL) AND ([TR_Demo-DB].[dbo].[MAKT].MAKTX = ' ' )
THEN upper([TR_Demo-DB].[dbo].[MAKT].MAKTX)  ELSE 'Not set' END AS [MaterialName]
, [TR_Demo-DB].[dbo].[EBAN].PREIS AS [AMOUNT]
, [TR_Demo-DB].[dbo].[EBAN].BSTYP AS [DOCUMENT_CATEGORY]
, CASE WHEN [TR_Demo-DB].[dbo].[EBAN].MATNR is not NULL THEN [TR_Demo-DB].[dbo].[EBAN].MATNR  ELSE 'Not set' END AS [MaterialCode]
, [TR_Demo-DB].[dbo].[EBAN].EKORG AS [PurchasingOrg] 
, [TR_Demo-DB].[dbo].[EBAN].MENGE AS [Quantity]
, [TR_Demo-DB].[dbo].[EKKO].WAERS [Currency] --need a safe switch--
, 1 AS [SORTING]

FROM [TR_Demo-DB].[dbo].[EBAN]
LEFT OUTER JOIN [TR_Demo-DB].[dbo].[EKKO] ON [TR_Demo-DB].[dbo].[EBAN].EBELN = [TR_Demo-DB].[dbo].[EKKO].EBELN
LEFT OUTER JOIN [TR_Demo-DB].[dbo].[T161T] ON [TR_Demo-DB].[dbo].[EBAN].BSART = [TR_Demo-DB].[dbo].[T161T].BSART AND [TR_Demo-DB].[dbo].[EBAN].BSTYP = [TR_Demo-DB].[dbo].[T161T].BSTYP AND [TR_Demo-DB].[dbo].[T161T].SPRAS = 'T'
LEFT OUTER JOIN [TR_Demo-DB].[dbo].[LFA1] ON [TR_Demo-DB].[dbo].[EBAN].LIFNR = [TR_Demo-DB].[dbo].[LFA1].LIFNR AND [TR_Demo-DB].[dbo].[EBAN].LIFNR is not NULL-- Vendor Master data
LEFT OUTER JOIN [TR_Demo-DB].[dbo].[MAKT] ON [TR_Demo-DB].[dbo].[EBAN].MATNR = [TR_Demo-DB].[dbo].[MAKT].MATNR

UNION ALL

-------------------------------------PURCHASE ORDER-----------------------------------------------------------
SELECT
[TR_Demo-DB].[dbo].[EKPO].EBELN + '-' + CAST([TR_Demo-DB].[dbo].[EKPO].EBELP AS varchar) AS [CASE]
, 'Purchasing Order' AS [EVENT]
, [TR_Demo-DB].[dbo].[EKKO].AEDAT AS [CREATION_DATE]
, YEAR([TR_Demo-DB].[dbo].[EKKO].AEDAT) AS [Year]
, [TR_Demo-DB].[dbo].[EKKO].BSART AS [DOCUMENT_TYPE]
, [TR_Demo-DB].[dbo].[EKKO].BUKRS AS [CompanyCodeDesc]
, CASE WHEN [TR_Demo-DB].[dbo].[EKKO].ERNAM is not NULL THEN [TR_Demo-DB].[dbo].[EKKO].ERNAM ELSE 'Not set' END AS [UserName]
, CASE WHEN [TR_Demo-DB].[dbo].[EKKO].LIFNR is not NULL THEN [TR_Demo-DB].[dbo].[LFA1].NAME1 ELSE 'Not set' END AS [VendorName]
,  CASE WHEN ([TR_Demo-DB].[dbo].[EKKO].LIFNR is not NULL) AND ([TR_Demo-DB].[dbo].[EKKO].LIFNR = '') THEN [TR_Demo-DB].[dbo].[EKKO].LIFNR  ELSE 'Not set' END AS [VendorCode]
, CASE WHEN [TR_Demo-DB].[dbo].[EKPO].MATNR is not NULL THEN [TR_Demo-DB].[dbo].[MAKT].MAKTX ELSE 'Not set' END AS [MaterialName]
, CAST([TR_Demo-DB].[dbo].[EKPO].NETWR AS DECIMAL(12,2)) * CAST([TR_Demo-DB].[dbo].[EKKO].WKURS AS DECIMAL(12,2)) AS [AMOUNT] --kontrol gerekli
, [TR_Demo-DB].[dbo].[EKKO].BSTYP AS [DOCUMENT_CATEGORY]
, CASE WHEN [TR_Demo-DB].[dbo].[EKPO].MATNR is not NULL THEN [TR_Demo-DB].[dbo].[EKPO].MATNR ELSE 'Not set' END AS [MaterialCode]
, CASE WHEN [TR_Demo-DB].[dbo].[EKKO].EKORG is not NULL THEN LTRIM(RTRIM([TR_Demo-DB].[dbo].[EKKO].EKORG)) ELSE 'Not set' END AS [PurchasingOrg] 
, [TR_Demo-DB].[dbo].[EKPO].MENGE AS [Quantity]
--# Comment out 7-- ,CASE 
--WHEN [TR_Demo-DB].[dbo].[EKPO].RETPO IS NOT NULL THEN -1 
--ELSE 1 
--END * 
--CASE 

--WHEN [TR_Demo-DB].[dbo].[EKPO].BSTYP IN ('A', 'F') THEN [TR_Demo-DB].[dbo].[EKPO].MENGE 
--ELSE [TR_Demo-DB].[dbo].[EKPO].KTMNG 
--END AS [Quantity]

, [TR_Demo-DB].[dbo].[EKKO].WAERS AS [Currency]
, 23 AS [SORTING]
FROM [TR_Demo-DB].[dbo].[EKKO]

INNER JOIN [TR_Demo-DB].[dbo].[EKPO] ON [TR_Demo-DB].[dbo].[EKKO].EBELN = [TR_Demo-DB].[dbo].[EKPO].EBELN /*AND dbo.EKKO.BUKRS = dbo.EKPO.BUKRS*/ -- changed with release 7
LEFT OUTER JOIN [TR_Demo-DB].[dbo].[T001] ON [TR_Demo-DB].[dbo].[EKKO].BUKRS = [TR_Demo-DB].[dbo].[T001].BUKRS
--LEFT OUTER JOIN [TR_Demo-DB].[dbo].[T161T] ON [TR_Demo-DB].[dbo].[EKKO].BSART = [TR_Demo-DB].[dbo].[T161T].BSART AND [TR_Demo-DB].[dbo].[EKKO].BSTYP = [TR_Demo-DB].[dbo].[T161T].BSTYP AND [TR_Demo-DB].[dbo].[T161T].SPRAS = 'E'
LEFT OUTER JOIN [TR_Demo-DB].[dbo].[LFA1] ON [TR_Demo-DB].[dbo].[EKKO].LIFNR = [TR_Demo-DB].[dbo].[LFA1].LIFNR AND [TR_Demo-DB].[dbo].[EKKO].LIFNR is not NULL 
LEFT OUTER JOIN [TR_Demo-DB].[dbo].[MAKT] ON [TR_Demo-DB].[dbo].[EKPO].MATNR = [TR_Demo-DB].[dbo].[MAKT].MATNR AND [TR_Demo-DB].[dbo].[MAKT].SPRAS = 'E'

UNION ALL

----------------------------------------- GOODS RECEIPT------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------

SELECT [TR_Demo-DB].[dbo].[MSEG].EBELN + '-' + CAST([TR_Demo-DB].[dbo].[MSEG].EBELP AS varchar) AS [CASE]
,CASE WHEN [TR_Demo-DB].[dbo].[MSEG].SHKZG = 'S' THEN 'Goods Receipt'
WHEN [TR_Demo-DB].[dbo].[MSEG].SHKZG = 'H' THEN 'Goods Return'
ELSE '(' + [TR_Demo-DB].[dbo].[MSEG].SHKZG + ')'
END AS [EVENT]

,CAST(CONVERT(VARCHAR, CONCAT(CONVERT(varchar,[TR_Demo-DB].[dbo].[MKPF].CPUDT, 103), ' ',[TR_Demo-DB].[dbo].[MKPF].CPUTM), 103) AS datetime) AS [CREATION DATE]

,[TR_Demo-DB].[dbo].[MSEG].MJAHR AS [Year]
,[TR_Demo-DB].[dbo].[MKPF].BLART AS [Document Type]
,CASE WHEN [TR_Demo-DB].[dbo].[MSEG].BUKRS is not NULL THEN [TR_Demo-DB].[dbo].[MSEG].BUKRS ELSE 'Not set' END AS [CompanyCodeDesc]
,CASE WHEN [TR_Demo-DB].[dbo].[MKPF].USNAM is not NULL THEN [TR_Demo-DB].[dbo].[MKPF].USNAM ELSE 'Not set' END AS [UserName]
,CASE WHEN [TR_Demo-DB].[dbo].[MSEG].LIFNR is not NULL THEN [TR_Demo-DB].[dbo].[LFA1].NAME1 ELSE 'Not set' END AS [VendorName]
,CASE WHEN [TR_Demo-DB].[dbo].[MSEG].LIFNR is not NULL THEN [TR_Demo-DB].[dbo].[MSEG].LIFNR ELSE 'Not set' END AS [VendorCode]
,CASE WHEN [TR_Demo-DB].[dbo].[MSEG].MATNR is not NULL THEN [TR_Demo-DB].[dbo].[MAKT].MAKTX ELSE 'Not set' END AS [MaterialName]
,CASE WHEN [TR_Demo-DB].[dbo].[MSEG].SHKZG = 'S' THEN 1 ELSE - 1 END 
* CAST([TR_Demo-DB].[dbo].[MSEG].DMBTR AS float) AS [AMOUNT]
,[TR_Demo-DB].[dbo].[MKPF].VGART AS [DOCUMENT_CATEGORY]
,CASE WHEN [TR_Demo-DB].[dbo].[MSEG].MATNR is not NULL THEN [TR_Demo-DB].[dbo].[MSEG].MATNR ELSE 'Not set' END AS [MaterialCode]

,[TR_Demo-DB].[dbo].[EKKO].EKORG AS [PurchasingOrg] 
,CASE WHEN [TR_Demo-DB].[dbo].[MSEG].SHKZG = 'S' THEN 1 ELSE - 1 END
* [TR_Demo-DB].[dbo].[MSEG].ERFMG AS [Quantity]
,[TR_Demo-DB].[dbo].[MSEG].WAERS AS [Currency]
,CASE WHEN [TR_Demo-DB].[dbo].[MSEG].SHKZG = 'S' THEN 49
WHEN [TR_Demo-DB].[dbo].[MSEG].SHKZG = 'H' THEN 50 END AS [SORTING]

FROM [TR_Demo-DB].[dbo].[MKPF] 
JOIN [TR_Demo-DB].[dbo].[MSEG] ON [TR_Demo-DB].[dbo].[MKPF].MBLNR = [TR_Demo-DB].[dbo].[MSEG].MBLNR AND [TR_Demo-DB].[dbo].[MKPF].MJAHR = [TR_Demo-DB].[dbo].[MSEG].MJAHR
JOIN [TR_Demo-DB].[dbo].[EKPO] ON [TR_Demo-DB].[dbo].[EKPO].EBELN = [TR_Demo-DB].[dbo].[MSEG].EBELN AND [TR_Demo-DB].[dbo].[EKPO].EBELP = [TR_Demo-DB].[dbo].[MSEG].EBELP
JOIN [TR_Demo-DB].[dbo].[EKKO] ON [TR_Demo-DB].[dbo].[EKKO].EBELN = [TR_Demo-DB].[dbo].[EKPO].EBELN
LEFT OUTER JOIN [TR_Demo-DB].[dbo].[T001] ON [TR_Demo-DB].[dbo].[MSEG].BUKRS = [TR_Demo-DB].[dbo].[T001].BUKRS
LEFT OUTER JOIN [TR_Demo-DB].[dbo].[LFA1] ON [TR_Demo-DB].[dbo].[MSEG].LIFNR = [TR_Demo-DB].[dbo].[LFA1].LIFNR 
LEFT OUTER JOIN [TR_Demo-DB].[dbo].[MAKT] ON [TR_Demo-DB].[dbo].[MSEG].MATNR = [TR_Demo-DB].[dbo].[MAKT].MATNR

UNION ALL
----------------------------------BILLING--------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------

SELECT 
[TR_Demo-DB].[dbo].[RSEG].EBELN + '-' + CAST([TR_Demo-DB].[dbo].[RSEG].EBELP AS varchar) AS [CASE]
,CASE WHEN [TR_Demo-DB].[dbo].[RSEG].SHKZG = 'S' THEN 'Invoice Receipt'
WHEN [TR_Demo-DB].[dbo].[RSEG].SHKZG = 'H' THEN 'Credit Note' END AS [EVENT]  
,CAST(CONVERT(DATETIME, CONCAT(CONVERT(varchar,[TR_Demo-DB].[dbo].[RBKP].CPUDT, 103), ' ',[TR_Demo-DB].[dbo].[RBKP].CPUTM), 103) AS datetime) AS [CREATION_DATE]
,[TR_Demo-DB].[dbo].[RBKP].GJAHR AS [Year]
,CASE WHEN [TR_Demo-DB].[dbo].[RBKP].BUKRS is not NULL THEN [TR_Demo-DB].[dbo].[RBKP].BUKRS ELSE 'Not set' END AS [CompanyCodeDesc]
,[TR_Demo-DB].[dbo].[RBKP].BLART AS [DOCUMENT_TYPE]
,CASE WHEN [TR_Demo-DB].[dbo].[RBKP].USNAM is not NULL THEN [TR_Demo-DB].[dbo].[RBKP].USNAM ELSE 'Not set' END AS [UserName]
,CASE WHEN [TR_Demo-DB].[dbo].[RBKP].LIFNR is not NULL THEN [TR_Demo-DB].[dbo].[LFA1].NAME1 ELSE 'Not set' END AS [VendorName]
,CASE WHEN [TR_Demo-DB].[dbo].[RBKP].LIFNR is not NULL THEN [TR_Demo-DB].[dbo].[RBKP].LIFNR ELSE 'Not set' END AS [VendorCode]
,CASE WHEN [TR_Demo-DB].[dbo].[RSEG].MATNR is not NULL THEN [TR_Demo-DB].[dbo].[MAKT].MAKTX ELSE 'Not set' END AS [MaterialName]
,CASE WHEN [TR_Demo-DB].[dbo].[RSEG].SHKZG = 'S' THEN (1.0) WHEN [TR_Demo-DB].[dbo].[RSEG].SHKZG = 'H' THEN (-1.0) END 
* CAST([TR_Demo-DB].[dbo].[RSEG].WRBTR AS DECIMAL(10,2)) AS [AMOUNT]--Currency rate ile çarpmamýz gerkeiyor mu?
,[TR_Demo-DB].[dbo].[RBKP].VGART AS [Document Category]
,CASE WHEN ([TR_Demo-DB].[dbo].[RSEG].MATNR is not NULL) AND ([TR_Demo-DB].[dbo].[RSEG].MATNR = '') 
THEN [TR_Demo-DB].[dbo].[RSEG].MATNR ELSE 'Not set' END AS [MaterialCode]
,[TR_Demo-DB].[dbo].[EKKO].EKORG AS [PurchasingOrg]
,CASE WHEN [TR_Demo-DB].[dbo].[RSEG].SHKZG = 'S' THEN 1 ELSE - 1 END
* [TR_Demo-DB].[dbo].[RSEG].MENGE AS [Quantity]
,[TR_Demo-DB].[dbo].[RBKP].WAERS AS [Currency]
,CASE WHEN [TR_Demo-DB].[dbo].[RSEG].SHKZG = 'S' THEN 51
WHEN [TR_Demo-DB].[dbo].[RSEG].SHKZG = 'H' THEN 52 END AS [SORTING]

FROM
[TR_Demo-DB].[dbo].[RBKP]
JOIN [TR_Demo-DB].[dbo].[RSEG] ON [TR_Demo-DB].[dbo].[RBKP].BELNR = [TR_Demo-DB].[dbo].[RSEG].BELNR AND [TR_Demo-DB].[dbo].[RBKP].GJAHR = [TR_Demo-DB].[dbo].[RSEG].GJAHR
LEFT OUTER JOIN [TR_Demo-DB].[dbo].[LFA1] ON [TR_Demo-DB].[dbo].[RBKP].LIFNR = [TR_Demo-DB].[dbo].[LFA1].LIFNR
LEFT OUTER JOIN [TR_Demo-DB].[dbo].[MAKT] ON [TR_Demo-DB].[dbo].[RSEG].MATNR = [TR_Demo-DB].[dbo].[MAKT].MATNR
JOIN [TR_Demo-DB].[dbo].[EKPO] ON [TR_Demo-DB].[dbo].[EKPO].EBELN = [TR_Demo-DB].[dbo].[RSEG].EBELN AND [TR_Demo-DB].[dbo].[EKPO].EBELP = [TR_Demo-DB].[dbo].[RSEG].EBELP
JOIN [TR_Demo-DB].[dbo].[EKKO] ON [TR_Demo-DB].[dbo].[EKKO].EBELN = [TR_Demo-DB].[dbo].[EKPO].EBELN

170 lines of SQL 
statements 

needed to extract 
data from SAP for 
the P2P process

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

thousands of tables 
and thousands of 
different attributes 
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“Flat” 
Processes & Event Data

“using a single case notion”
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Starting point: Event data

event

71,043 events
12,666 cases

7 activities

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
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
6265 confirm payment Lily 2018/02/13 16:55:55.000 SAMSUNG Galaxy S4 329,00 € 4 NL-9521GC-32
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
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

… … …. … … … … …
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Starting point: Event data
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
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
6265 confirm payment Lily 2018/02/13 16:55:55.000 SAMSUNG Galaxy S4 329,00 € 4 NL-9521GC-32
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
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

… … …. … … … … …

event =
case + 
activity + 
timestamp +
…
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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

place 
order

send 
invoice pay prepare 

delivery
make 

delivery
confirm 
payment

Order 6350
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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

place 
order

send 
invoice pay prepare 

delivery
make 

delivery
confirm 
payment

Order 6350

place 
order

send 
invoice

cancel 
order

Order 6351
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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

place 
order

send 
invoice pay prepare 

delivery
make 

delivery
confirm 
payment

Order 6350

place 
order

send 
invoice

cancel 
order

Order 6351

place 
order

send 
invoice pay prepare 

delivery
confirm 
payment

make 
delivery

Order 6352
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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

place 
order

send 
invoice pay prepare 

delivery
make 

delivery
confirm 
payment

Order 6350

place 
order

send 
invoice

cancel 
order

Order 6351

place 
order

send 
invoice pay prepare 

delivery
confirm 
payment

make 
delivery

Order 6352
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Let’s look at the whole event log again

place 
order

send 
invoice pay prepare 

delivery
make 

delivery
confirm 
payment8016 x

place 
order

send 
invoice

cancel 
order1651 x

place 
order

send 
invoice pay prepare 

delivery
confirm 
payment

make 
delivery2962 x

71,043 events
12,666 cases

7 activities

place 
order pay send 

invoice
prepare 
delivery

make 
delivery

confirm 
payment

place 
order pay send 

invoice
prepare 
delivery

confirm 
payment

make 
delivery

30 x

7 x
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Using the whole event log

No 
modeling
needed!
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Performance and Compliance

What happens?

Where are the bottlenecks?

Where do we deviate from the happy path?
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Commercial tools also support many of these 
ideas developed around 15-20 years ago!
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Traditional Process Models Assume a 
Single Case Notion!

case in case out

case in

case in

case out

case out

Also BPMN, UML ADs, EPCs, etc.
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Object-Centric 
Process Mining

“event data and processes are not flat”
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Example illustrating object-centric PM

1..*

1..*

1..*

1

1

1..*

order

item

package

route

1-to-many

many-to-1

many-to-many

order

package

route

item
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Example illustrating object-centric PM
(No activities, just describing the relationships among objects)

order1

item3

package2

route1

order2 order3

item4 item5 item7item1 item6item2

package1 package3 package4

route2 route3
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Goal: One model showing multiple object types

See Wil van der Aalst: Object-Centric Process Mining: Dealing with Divergence and 
Convergence in Event Data. SEFM 2019, 3-25 https://doi.org/10.1007/978-3-030-30446-1_1

unload
package

failed
delivery

deliver 
package

load
package

store
package

send
invoice

receive
payment

place
order

check
availability

pick
item

pack
items

order

order

order

order

item

item

item

item item

package

package

package

package

package

package

package

package
deliver 

package

load
package

send
invoice

receive
payment

place
order

check
availability

pick
item

pack
items

store
package

failed
delivery

unload
package
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Let’s make the following assumption

event = activity + timestamp + objects + attributes 

ac
tiv

ity

tim
es

ta
m

p

at
tr

ib
ut

es

objects
machines

See Wil van der Aalst: Object-Centric Process Mining: Dealing with Divergence and 
Convergence in Event Data. SEFM 2019, 3-25 https://doi.org/10.1007/978-3-030-30446-1_1
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Let’s make the following assumption
ac

tiv
ity

tim
es

ta
m

p

at
tr

ib
ut

es

objects
Objects are typed and events may have any number of objects.

a “place order” 
event may refer to 

multiple items

a “pick item” event 
refers to one item

a “failed delivery” 
event refers to one 

package, one or 
more items, one or 
more orders, etc.

let’s simplify to focus 
on the essence
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tim
es

ta
m

p

three types of objects

ac
tiv

ity

orders items packages
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?
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?
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?
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Need to flatten the event data when using 
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} { }

… … … … …

one event if order is used 
as a case notion

two events if item is used 
as a case notion

no event if package is 
used as a case notion
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Order as a case notion
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} { }

… … … … …

send package 2020-6-25 {99001,
99002}

{88002,
88003,
88004}

{66001}

… … … … …

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} { }

… … … … …

send package 2020-6-25 99001 {88002,
88003,
88004}

{66001}

send package 2020-6-25 99002 {88002,
88003,
88004}

{66001}

… … … … …

Events may be duplicated
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Item as a case notion
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} { }

… … … … …

send package 2020-6-25 {99001,
99002}

{88002,
88003,
88004}

{66001}

… … … … …

activity time orders items packages

… … … … …

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

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

pick item 2020-6-22 {99001} 88001 { }

pick item 2020-6-23 {99001} 88002 { }

… … … … …

send package 2020-6-25 {99001,
99002}

88002 {66001}

send package 2020-6-25 {99001,
99002}

88003 {66001}

send package 2020-6-25 {99001,
99002}

88004 {66001}
Events may be duplicated
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Package as a case notion
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} { }

… … … … …

send package 2020-6-25 {99001,
99002}

{88002,
88003,
88004}

{66001}

… … … … …

activity time orders items packages

… … … … …

send package 2020-6-25 99002 {88002,
88003,
88004}

66001

… … … … …

Events may disappear
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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. 

See Wil van der Aalst: Object-Centric Process Mining: Dealing with Divergence and 
Convergence in Event Data. SEFM 2019, 3-25 https://doi.org/10.1007/978-3-030-30446-1_1
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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,
88002}

{ }

pick item 2020-6-22 {99001} {88001} { }

pick item 2020-6-23 {99001} {88002} { }

… … … … …

send package 2020-6-25 {99001,
99002}

{88002,
88003,
88004}

{66001}

… … … … …

activity time orders items packages

… … … … …

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

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

pick item 2020-6-22 {99001} 88001 { }

pick item 2020-6-23 {99001} 88002 { }

… … … … …

send package 2020-6-25 {99001,
99002}

88002 {66001}

send package 2020-6-25 {99001,
99002}

88003 {66001}

send package 2020-6-25 {99001,
99002}

88004 {66001}

How to compute costs, times, 
frequencies, etc. when 
events are replicated?



© 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 

activity time orders items packages

… … … … …

place order 2020-6-20 {99001} {88001,
88002,
88003}

{ }

pick item 2020-6-22 {99001} {88001} { }

pick item 2020-6-23 {99001} {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} { }

… … … … …

activity time orders items packages

… … … … …

place order 2020-6-20 99001 {88001,
88002,
88003}

{ }

pick item 2020-6-22 99001 {88001} { }

pick item 2020-6-23 99001 {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} { }

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

activity time orders items packages

… … … … …

place order 2020-6-20 99001 {88001,
88002,
88003}

{ }

pick item 2020-6-22 99001 {88001} { }

pick item 2020-6-23 99001 {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} { }

… … … … …

place order

pick item pack item

Things happen in a fixed 
order but this is not visible!
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Divergence
Events referring to different objects of a type not selected as the case notion are 
considered to be causally related 

activity time orders items packages

… … … … …

place order 2020-6-20 99001 {88001,
88002,
88003}

{ }

pick item 2020-6-22 99001 {88001} { }

pick item 2020-6-23 99001 {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} { }

… … … … …

place order

pick item

pack item

Concurrency and causality!
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Relevance? See any data model!
(Chen notation, Crow’s foot notation, UML class diagrams) 

order item order order item

one-to-many

order package order package

many-to-many

order payment order payment order payment

one-to-one

1 M

M N

1 0..1

item

packageorder

0..11

1..*1..*

1..*1

Hence, a single case notion is not enough!
Very few relations are one-to-one!
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How to deal with this?

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 
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.
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event log 
(e.g. XES)

event log 
(e.g. XES)

conventional process 
mining techniques

object-centric 
event log

dedicated 
process mining 

techniques

extract 
(on demand)

event log 
(e.g. XES)
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Object-Centric Process Mining
Everything should be 

made as simple as 
possible, but no simpler.
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po

pi

co

place 
order

pick 
item

mark as 
completed

i2

i3

i5

i1

i6

Item

Item

Item

Item

Item

st start 
route

en end 
route

Item

i4

st start 
route

en end 
route

r3

route

route

route

r1

r2

po

in

sr

pa

co

place 
order

send 
invoice

pay 
order 

send 
reminder

mark as 
completed

o2

o1

o3

o4

o5

Order

Order

Order

Order

Order

100

100

100

100

50

100 500

500

500

500

500 10

10

10

500

Flatten log per 
object type and 
discover process 
models with 
unique activity 
names.

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
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po

in pi

sr

pa

co

place 
order

pick 
item

send 
invoice

pay 
order 

send 
reminder

mark as 
completed

o2

o1

i2

o3

i3

o4

i5

o5

i1

Order

Order

Order

Order

Order

i6

Item

Item

Item

Item

Item

st start 
route

en end 
route

r3

route

Item route

route

r1

r2i4

Merge the 
different models 
using the original 
frequencies.

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



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

po

pi

co

place 
order

pick 
item

mark as 
completed

i2

i3

i5

i1

i6

Item

Item

Item

Item

Item

st start 
route

en end 
route

Item

i4

500

500

500

500

500

500

po

pi

co

place 
order

pick 
item

mark as 
completed

i2

i3

i5

i1

i6

Item

Item

Item

Item

Item

st start 
route

en end 
route

Item

i4

100

100x5

100x5 10x50

10x50

10

10x50

10x50

500

500

500

100

100x5

100x5

10

500

500

500

500

500

500

There were 500 item objects 
flowing from i1 to i6.

Activity place order 
occured 100 times.

Activity place order consumed 100 
times a variable number of  item 

objects from i1. On average, 5 item 
objects were consumed per round. Activity place order produced 100 

times a variable number of  item 
objects from i1. On average, 5 item 
objects were produced per round. 

Activity pick item occurred 
500 times each time 

consuming and producing 
precisely one item object.  

Activity start route occurred 10 times. 
Each time a variable number of item 
objects was consumed from i3 and the 
same number was produced for i4. On 
average, 50 item objects were 
produced/consumed per round. 

Activity end route occurred 10 times. 
Each time a variable number of item 
objects was consumed from i4 and the 
same number was produced for i5. On 
average, 50 item objects were 
produced/consumed per round. 

Activity mark as completed occurred 
100 times. Each time a variable number 

of item objects was consumed from i5 
and the same number was produced for 

i6. On average, 5 item objects were 
produced/consumed per round. 

Example for the 
object type item.

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
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The resulting model can be seen 
as a Colored Petri Net (CPN).
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Not so new: ExSpect (1988-2000) 
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Not so new: Design/CPN (1989-2000) and 
CPN Tools (2000- ) 



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

But now we can connect it to data & reality! 
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Some pointers
• 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.
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Conclusion
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Learn more?
prof.dr.ir. Wil van der Aalst

RWTH Aachen University
W: vdaalst.com T:@wvdaalst

“PM Bible”

Over 128.000 
participants

https://www.coursera.org/learn/process-mining
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