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Adopted as an IEEE standard in
2016, but this started in 2009
with a first draft of XES as input

IEEE STANDARDS ASSOCIATION % IEEE

IEEE Standard for eXtensible

Event Stream (XES) for Achieving for the TFPM.

Inte bility in Event L

ar:ldl:\!”eel:;as;l‘:!l'll:‘s ventLogs From the Minutes of the Meeting of the IEEE Task Force on Process Mining,

September 15th 2010, Stevens Institute of Technology, Hoboken NJ: “... All
participants agree with using the format in the future. ... The task force adopts
the XES standard and will use it as a tool to promote the topic.”

Participants
At the time this |EEE standard was completed, the XES Working Group had the following membership

Wil van der Aalst, Chair

IEEE Computational Intelligence Society Christian Giinther, e Chair
I Bose Teemu Lehto Amne Rocinat
Josep Carmona Felx Mannhardt Pmina Soffer

Sponsored by "he_ Marlon Dumas Marco Montali Mmzeok Sang

Standards Committee Frank van Gefen Michael zur Muehlen Keith Swensen
Sudorits Goel Fhigniew Passkiewice Walter Vanherle
Amtone]la (o Hajo Retjers Eric Verheck
Rani Khalaf Alexander Rimke Liyie Wemn
Rudalf Kuhn Michal Rosk Moe Winn

The following members of the individual balloting committee voled on this standard Balloters may have
voted for approval, disapproval, or abstention.

IEEE IEEE Std 1849™-2016

3 Park Avenue

New York, NY 10016-5897 Giovanmi Acampars Werner Hiskd Fhigniew Passiewicz

USA Michael Bauer Wariyuki leuchi Michal Rosik
IC Bose Pratr Kamcki Christopher Tumer
Keith Chow Akhil Kumar Wil vam der Aalst
Randall (eroves Edward McCall Enic Verheck
Christian Gonther Bjpam Mokitor Liyie Wen

Amtone]la (o Takahide Nogayvama Oren Yuen
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Focus on XES syntax was unintended
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name >
0.n | |
Extension prefix
<declares> i ! !
| |
URI | |
i | |
| |
<trace-clossifier> <defines> | |
X , 0.n | |
n
<defines> | |
L 0.n | |
event-classifier> <orders> } }
/_-._J A ! case 1
<trace-global>  0.n R I“J: I attribute I
<event-glabal> - ) | |
=== . p——
<contains> sdatelime S | ! 1 ! timestamp
— = = ! !
] 1 I * I
= ) S rocess cas! event -~
R G = | pocess || <o ‘ positon
<contains> = s : 1 ! ! 1
= ‘ tansacton
| = | |
y S | * | * type
o | |
o - G I ! activity ! event
0. e . .
- P — y I instance |1 | attribute resource
<contains> - | | =
U—; " .- e process } case/instance } event e
<contains> — model level ! level ! level
 E— | |
—_— | |
| |

In hindsight a few things were
probably over-engineered.

Diagram in process mining book.

>
Piling
. y v
See also alternative XES storage formats, | “ »W Chair of Process
Wil van der Aalst (use only with permission & acknowledgments) e_g_, JXES (JSON-based XES)_ ha g and Data Science
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Example realization in Celonis
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Case table . N — —

| . |
: —{ caseid :
| |
| |
| H description |
| |
| ees |
| |
| | o
: —| any data : =
| | >
I v I == -7 ~
| . Activity table
! attribute ! RN N
| I N oo
: * : \\ b LFB1
\, MANDT
! | i . MANm\\ ® BUKRS
: 1 : timestamp . LhR TSl seunic
* 1 \‘ __N:w Foreign Key [, \ / New Foreign Ke,
process ' case ! event L AN N g o
' | position . ) ,
| - | 4 N MANDT ,’l
1 | | * 1 | BUKRS /
| 1 i ' BELNR @ !
: : rar;;ac lon © CELAPACTIV... : i B ;
* * * pe | manDT @ )
| | W LIFNR b
. I %[ activit I event / Bk ANDT
activity . acivity | : e L per J NPT
| instance | attribute K———— resource suzel BUKRS [
| | e
! ] ! (e roreign oy | BUKRS
process | case/instance | event e — gl @
model level : level : level BUzEl
! | any data
| |

AV,

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



We need more “event producers”

Tools supporting XES
Tool name Version Vendor
Import, Export: Al, B1, C1, D1
Apromore 7.16 Apromore PDF, 7,462 K8)
- - o Import: Al, B1, C1, D1 (PDF,
Cel P M 4.2 Cel SE
elonis Process Mining elonis 0,277 kB)
. . Import, Export: A-D, X (PDF,
Di 2.9 Fli
isco uxicon 10,746 K2)
Tari - -
cris Process Mining 1 Leris
Factory —
MEHRWERK Process Import, Export: A-D, X (PDF,
i vz MEHRWERK GmbH 21,515 KB)
Minit 1 Gradient ECM
myInvenio 1 Cognitive Technology
Import, Export: A-D, X (PDF,
PM4KNIME 1.0.0 0 5 by PADS, RWTH
Open Source by 2,202 KB)
Import, Export: A-D, X (PDF,
Pm4 0.1 0 5 by PADS, RWTH
m4py Open Source by 3,006 KB)
PMLab-Lite 0.4.5 Community, including Polytechnic University of Catalonia, Technical Import, Export: A-D, X (PDF,
o University of Denmark, Humboldt-Universitat zu Berlin 2,857 KB)
Process Diamond N Import, Export: Al, B1, C1, D1,
T e 1.6.0708 Process Diamond Pty Ltd X1 (PDF, 8,607 KB)
ProcessGold Enterprise . .
Platform 14 Processgold International B.\. Import: A-D, X (PDF, 6,109 KB)
ProM 6.7 Open Source hosted at TU/e :T;z:':g;gm 2B P (PDES
ProM Lite 1.2 Open Source hosted at TU/e
QPR ProcessAnalyzer 2018.6 QPR Iﬁr:’l%‘;rt};l:}l’ B1, C1, D1 (POF,
RapidProM 4.0.1 Open Source by PADS, RWTH and TU/e i(lgpurt, (ExwiE -0 (s 2AHD
Rialto Process 1.5 Exeura
SNP Business Process 15.27 SNP Schneider-Neureither 8 Partner AG

Analysis

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

et
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Why are not all vendors supporting
this although it is 2 days of work?

* End-users are not demanding this.

« Most XES data sets are for scientific

competitions.

Game will change when ERP/CRM
vendors start to export event data

in XES format.

 How to make that happen?

QAvEn
A A (g

Chair of Process
and Data Science
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Activity instances: Important, but rarely
used (not logged and not used in tools

7.1 Concept extension

5t

The Concept extension defines, for all kevels of the XES type hierarchy, an antribute which stores the gemerally 1 i 1
understood name of tvpe hierarchy elements : r| caseid :
| |
| |
LY f e
ime Frefic Ll ! H description !
Concept concepl Bittp:/fwww nes-standard ong/concept. xesext | |
| |
| |
| |
7.1.1 Attributes | —| any data !
| |
| |
Name Ky Componenis Darwaype Descripiion 1 v 1
MName [ Log, Trace, XESiring Stores a generally undersiood name for any : case :
Evem companent type. For streams and logs, the name | attribute |
attribuie may siore the mame of the process hav- : * :
ing been execuied. Fortraces, the name aiiribuie | |
usamlly siores the case I For events, the name | | timestamp
attribuie represents the name of the event, e.g | 1 |
the: name of the exeouled activity represented by : * 1 : *
the event process . case . event sesiien
Instance instance Event XESiring This represents an identifier of the activity m- : : %
stance whose execution has generated the event 1 | 1 1 -
This way, multiple instances (occurnences) of | | transaction
the: same activity can he told apant * : * : * type
p activity | * | activity : event
. " " »gnu 1 . 1 ;
Instance: “This represents an identifier ' | Linstance | Latiribute j¢——— resource
- - - - | . |
of the activity instance whose execution Pl ovel | | @oCnstance § 1 event
model level ! level ! level
| | any data
| |

has generated the event. This way,
multiple instances (occurrences) of the
same activity can be told apart.” E"%

1 “ > Chair of Process
© Wil van der Aalst (use only with permission & acknowledgments) » e

and Data Science



Cost Extension: Also rarely used (
logged and not used In tools

7.7 Costextension

The cost extension defines a nested element to store information about the cost associated with activities
within a log. The objective of this extension is to provide semantics to cost aspects that can be associated with
events in a log. The definition associates three data elements with a particular cost element: the amount associ-
ated with the cost element as well as the cost driver that is responsible for incurring that cost and the cost type.
As it is possible for more than one cost element to be associated with an event, the cost incurred per event is
summarized using the total attribute. The currency element is also recorded once per event. Cost information
can be recorded at the trace level (for instance. to be able to say that it costs $20 when a case is started). Cost
information can also be recorded at the event level (for instance, for certain event types such as complete or
canceled events) to capture the cost incurred in undertaking the activity by a resource.

Name Prefix URI

http://www.xes-standard. org/cost xesext

Cost cost

7.7.1 Attributes

faaa

5t

Name Key Components | Datatype Description

Total total Trace,Event | xs:double Total cost incurred for a trace or an event. The
value represents the sum of all the cost amounts
within the element.

Currency currency Trace,Event | xs:string The currency (using the ISO 4217:2008 stan-
dard) of all costs of this element.

Drivers drivers Trace,Event | List A detailed list containing cost driver details.

Yet, process mining dashboards show

financial results all the time!

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

Name Key Components | Datatype Description

Amount amount Meta xs:double The value contains the cost amount for a cost
driver.

Driver driver Meta xs:string The value contains the id for the cost driver.

Type npe Meta Xs.string The value contains the cost type (e.g., Fixed,
Overhead, Materials).

The drivers attribute shall contain any number of driver attributes, and every driver attribute shall contain the
amount and type attribute, like follows:

<event>
<string key="cost:currency" value="AUD" />
<string key="cost:total" value="123.50" />
<list key="cost:drivers">

<values>
<string key="driver" value="d2fiee27">
<float key="amount" walue="21_40" />
<string key="type" valus="Labour" />
</string>

<string key="driver" valus="abcl24">
<float key="amount" value="102.10" />
"Variable Overhsad" />

<string key="type" valus=
</string>
</values>
</list>
</event>

V. o
EvE
i “ r’é Chair of Process
> g and Data Science
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Missing in XES: Object-centricity

=
E
g
0.n :
EEVE”Y
0.n
og <event-global>
* 0.n
t <contains>
Ca S e ev e I I <contains>
0.n
<contains>
<contains>
0.n 0.n
<contains>
—

Each event refers to a single case and events are only related through cases!

object - *1  event

QL

1 ™ Chair of Process
Wil van der Aalst (use only with permission & acknowledgments; ) ha g and Data Science




More Realistic:

Object-Centric Event Data

a5

ALISHANNN
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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 2019-1: 991266} {+ {Marco Pegoraro} {MacBook Air} d 2200.0 1.25
create package 2019-1: 991265} {660798} {Seran Uysal} {Fire Stick 4K,iPad Pro,iPad Pro,iPad i @ 3506.97 12
send package 2019-12-J0 991265} {660793} {Seran Uysal {Fire Stick 4K,iPad Pro,iPad Pro,iPad Pro,Fire Stick, Ki S 3506.97 wu
9019-1- 991279} m h l n es 799.0 66
2019-1. :26:01 §991283} { Air,iPad} 2700.0 @33
2019-1: :32:43 §991251} {+ Toblas Brockhoff} {Fire Stick} 39.99 H
i 2019-1: :32:44 W991282} {+ {Lisa Mannel} {Echo,Echo Dot} 134.98 1.16
pICE 201‘3-1m33:28 991278} {t Junxiong Gao} {MacBook Pro} 2500.0 %7
place o 201‘3“48:33 9931284} Chri e Dobb IPhone X, Fire Stick, MacBook &F, 4222.98 »
failedtelivery 2019-1: 204 991240,99116¢ 913,884876,884938, i Air,Echo Studio,Echo Studio,Kindle, i i,iPad Pro,iPad Pl 5982.95 2
picH - £015-1; 991278} { & ﬁ ne X} £99.0 gz
“ 2019-12 991258} {884938,834939,884940,884941,884342,834943} '0,Fire Stick,iPad mini,iPad Pro,iPad Pro,iPad Air} 3267.95 mmilalict
send e 2019-1 991247,99125: {884902,884922,884923,885004,885005,384901} {660 Mohammadreza Fani Sani} {MacBook Air,iPad mini,iPad Pro,iPhone 11 Pro,iPad Pro,MacBook Pro} 8496.0 4.054
falleuw 2019-12- 991265} {884975,884974,884978,884971,884970,884973} {660798} {Seran Uysal} {Fire Stick 4K,iPad Pro,iPad Pro,iPad Pro,Fire Stick,Kindle} 3506.97 E12
confi 2019-1: 991274} {885008,885009,885010,885011} {+ {Junxiong Gao} {Kindle,iPhone X,Fire Sticl ne 8} 1352.9 65
fallemr\! 2019-1. '991128,99125! {384424,, mﬁ3kagesﬂo3} {660797} {Junxiong Gao} {Echo Show 8,Kindle PW&H’lWlE iPhone X,iPhone §,Echo Sho 2145.9“
payment reminder §2019-1 : 991169 { {Gyuggm Park} {iPhone 8,Echo Plus,iPa@Ail 1608.99 1
pick item 2019 S5 5: 35 991201 aﬁ xexs {Echo Show 8} /e 129.99
pick item 2019 :00:38 §991251 {884912} @ r 1 {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} { {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
u ] ] ] u
event = activity + timestamp + objects + attributes
—
P D F
Chair of Process

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

ALISHANNN
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order item package

* If item is the case id, then activities at the order and
package level get replicated (convergence problem).

- place_order (order1,item1,item2,item3) becomes place_order(item1), place_order(item2),
place_order(item3)

* If order is the case id, then causal relations at the level
of items get lost (divergence problem).

pick_item (order1,item1), pick_item (order1,item2), pack_item (order1,item1), pack_item (order1,item2),
becomes pick_item (order1), pick_item (order1), pack_item (order1), pack_item (order1) »g_
Ly |
v

i ™ Chair of Process
> g and Data Science
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0 C E L Introduction Format Event Logs Tool Support Contact -

STANDARD

The purpose of the OCEL standard is to provide a general standard to interchange object-centric event data with
multiple case notions. We set the following goals for the standard:
* Interoperability: with the provision of the OCEL standard and JSON/XML serializations of OCEL we want to
support a widespread collection of languages and systems.
* Generalization: the standard supports the storage of events, objects, and their attributes. Furthermore, the
standard can be extended.
* Provision of a collection of examples: example logs, extracted from information systems supporting some
widespread business processes, are provided for the OCEL standard.
* Tool/Library Support: to support the implementation of OCEL in custom applications, tool/library support
shall be provided.

< >
< >
< key="id" value="el"/>
< key="activity"” value="place_order"/>
< key="timestamp" value="2020-87-09T08:20:01.527+01:080"/>
£ key="omap">
< key="object-id" value="i1"/>
< key="object-id" value="01"/>
< key="object-id" value="i2"/>
</ >
< key="vmap"”>
< key="resource" wvalue="Alessandro"/>
< key="prepaid-amount”™ value="200.8"/>
</ >
<) >
< >
< key="id" value="e2"/>
< key="activity"” value="check_availability"/>

key="timestamp"” value="2020-87-89T08:21:01.527+01:80"/>

http: llocel-standard. org/

Version 1.0. Copyright © 2021 Process and Data Science Group (PADS) of the RWTH Aachen University. All rights reserved.



event log

(e.g. XES)

event log
(e.g. XES)

)

MEDIUM
LEVEL

object-centric
event log

ORACLE

A.Micmsoﬂ Dynarrics

dedicated

5 OCEL

STANDARD process mining

techniques

™ Chair of Process
> b and Data Science



Conclusion

Lessons Learned

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



Lessons Learned

ALISHANNN S E
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+ Keep it simple, but not too simple.
* Learn to crawl before you can walk (i.e., use XES first).

- Be clear about the core concepts, e.g., is an event
atomic or not (if so, you need activity instances).

* Need to be able to relate events in a flexible manner.
* Need to be able to relate events and objects (see A).

- We need domain specific ontologies instead of
standard extensions, e.g., the P2P and O2C ontology.

« Concepts first: Multiple exchange formats. P gD}

1 ™ Chair of Process
Wil van der Aalst (use only with permission & acknowledgments ) hg g and Data Science
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