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Getting the Data

Not so easy, but the key
to success

Process mining:
From Theory to Execution

prof.dr.ir. Wil van der Aalst
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Remember: Eventdata

CaselD Activity

Timestamp

6350 place order

2018/02/13 14:29:45.000

2018/02/13 14:39:25.000

2018/02/13 15:01:33.000

2018/02/13 15:03:43.000

2018/02/13 15:05:36.000

2018/02/13 15:08:11.000

2018/02/13 15:14:04.000

2018/02/13 15:20:36.000

2018/02/13 15:25:21.000

2018/02/13 15:43:39.000

2018/02/13 15:46:08.000

2018/02/13 15:56:03.000

2018/02/13 15:57:42.000

2018/02/13 16:17:37.000

2018/02/13 16:31:28.000

2018/02/13 16:51:54.000

2018/02/13 16:55:55.000

2018/02/13 17:03:26.000

2018/02/13 17:30:16.000

2018/02/13 17:53:22.000

6283 pay

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

6269 pay

6212 prepare delivery
6323 send invoice
6246 confirm payment
6347 send invoice

6351 place order

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

6317 send invoice
6353 place order

2018/02/13 18:45:30.000

2018/02/13 20:16:20.000
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event =
case +
activity +
timestamp +
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A more refined view

event

model level
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1 *
process case
1
* *
1 *
activity activity instance

timestamp

resource

instance level

attribute

event level
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Process — case - event

timestamp

resource

1 * 1 *
process case event
1 * 1
* * *
1 *
activity activity instance |, attribute
model level instance level eventlevel
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Events have attributes

Time of event: Crucial for the ordering of
events and performance analysis

Resource associated to event (person, |~
machine, department, organization):
Crucial for analyzing bottlenecks and
social aspects

Transactional information (start, suspend,
complete, etc.): Activities are often non-atomic
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Activity instances

event

1 *
process case
1
* *
1 *
activity activity instance

timestamp

resource

attribute

One activity instance may involve multiple events
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Transactional model for activities

reassign suspend

schedule N assign /@
N /

start

resume

autoskip manualskip complete abort_activity

withdraw abort_case

successful unsuccessful
termination termination
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Atomic activities

reassign suspend

schedule N assign /@
N / start

resume

autoskip manualskip complete abort_activity

withdraw abort_case

successful unsuccessful
termination termination
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Activities that have a duration

reassign suspend

) 4

schedule N assign /@
N / start

resume

autoskip manualskip complete abort_activity

withdraw abort_case

successful unsuccessful
termination termination
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XES

IXES

Extensible Event Stream

xes-standard.org

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

A grammar for a tag-based language whose aim is to provide designers of information systems with a unified and extensible methodology for
capturing systems behaviors by means of event logs and event streams is defined in the XES standard. An XML Schema describing the structure of
an XES event log/stream and a XML Schema describing the structure of an extension of such a log/stream are included in this standard. Moreover,
a basic collection of so-called XES extension prototypes that provide semantics to certain attributes as recorded in the event log/stream is included
in this standard

Scope:



Challenges

Finding the data
Extracting the data
Understand the
meaning

Dealing with quality
problems
Scalability

Picking a case
identifier

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

servicenow

ORACLE

process LI case
1
* *
activity LI ig::i;itcye
model level instance level

Hundreds

of systems

Thousands

of tables

timestamp

resource

e

attribute costs

eventlevel

transaction




Example: Amazon )

1-to- many- many-to-
many to-1 many

order item ackage route
1 L Ly P g 11

| - o ol 4
‘L amazon amazon

package route
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Example objects

orderl

order 2

order 3

route 1

route 2

VANV

route 3

item1
package
1
item 2
item 3 pacgage
item 4
item 5
package
3
item 6
package
4
item 7 /////
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Example objects

order 2

order 3

routel

route 2

VANV

item1
package
1
item 2
item 3 pqczqge
item 4
item5
package
3
item 6
package
4
item?7 /////

route 3
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Items of order 1end up
in packages 1and 2

Package 1 contains
items of orders 1and 2

Etc.

What is a suitable
case hotion?




Let’s make the following assumption

Activity Time Orders Items Packages Customers Products Price Weight
pickitem 2019/12/2612:04:46 || (991224} 884803} Wil van der Aalst iPhone 8 529.0 0.21
reorderitem 2019/12/2612:27:26 991271} 885002} MohammanadrezaFaniSani  Kindle Paperwhite 129.0 0.495
place order 2019/12/2612:44:23 {991283} 885038, 885039} Luis Santos MacBook Air, iPad 2700.0 1733
pick item 2019/12/2614:01:16 {991266} 884983} Marco Pegoraro Macbook Air 2200.0 1.25
create package 2019/12/2614:01:16 991264} 884975, 884974, 884978, 884971,884970, 884973) 660798} SeranUysal Fire Stick 4K, iPad Pro, iPad Pro, iPad Pro, Fire 3506.97 2.412
P g Y
Stick, Kindle
send package 2019/12/2614:16:11 {991264} {884975, 884974, 884978, 884971, 884970, 884973} {660798} SeranUysal Fire Stick 4K, iPad Pro, iPad Pro, iPad Pro, Fire 3506.97 2.412
p g Y
Stick, Kindle
ick item 2019/12/2614:16:48 991279 885027 Claudia Graf iPhone 11 799.0 0.166
p
confirm order 2019/12/2614:26:01 991283} 885038, 885039} Jil Luic Sant, Air, iPad 2700.0 1.733
reorderitem 2019/12/2614:32:43 991251} 884912} ° Stick 39.99 0.2
confirmorder 2019/12/2614:32:44 {991272} 885036, 885037} PY r od u c t s PY I o c a t I o n s b, Echo Dot 134.98 116
pick item 2019/12]2614:33:28 || {885024} 885024} Book Pro 2500.0 1.37
place order 2019/12/2614:48:33 991284} 885040, 885041, 885044 ne, Fire Stick, MacBook Air, Echo Show 8, 4222.98 2.79
« customers < packages =
S 2019/12]2615:04:53 || {991240,991168}]  {884879, 884561, 884873 li Air, Echo Studio, Echo Studio, Kindie, 5982.95 7.642
.} ° ° Hikle Echo, iPad mini, iPad Pro, iPad Pro
pick item 2019/12]2615:20:05 991278 885025} ° m a c h I n e s ° q t I e n t s bne8 699.0 0.172
confirm order 2019/12/2615:25:00 991248} 884938, 884939, 88494( Hie Paperwhite 3247.98 2.666
send package 2019/12/26 15:26:49 991247, 881253} 884902, 884922, 884929 Book Air, iPad 8496.0 4.054
failed delivery 2019/12/2615:36:16 991264} 884975,884974,88497 @ a rt s ) o rd e r s book Air 3506.97 2.412
confirmorder 991274} 885008, 885009, 88501( Hle, iPhone X, Fire Stick, iPhone 8 1352.98 1.065
failed delivery 991128, 991255} 884426, 884932, 884994 b show 8, Kindle Paperwhite, iPad mini, 2145.97 3.6
Kindle, iPhone X, iPhone 8, Echo Show
playmentreminder 2019/12/2615:54:44 991169 884565, 884566, 884567, 884568} GyunamPark iPhone 8, Echo Plus, iPad Air, iPad mini 1608.99 2.21
pickitem 2019/12/2615:55:38 991201 884717} Seran Uysal Echo Show 8 129.99 0.98
pick item 2019/12/2616:00:38 991251 884912} Tobias Brockhoff Fire Stick 39.99 0.2
reoderitem 2019/12/2616:04:42 {991265} 884977} Seran Uysal Fire Stick 4K 89.99 0.28
paymentreminder | | 2019/12/2616:11:39 991164} 884542, 884543, 884544, 884545, 884546, 884547} Junxiong Gao Kindle Paperwhite, iPad Air, iPhone 11, 4087.99 3.01n
MacbBook Air, iPad mini, Echo Dot
pick item 2019/12]2616:22:04 || {991241} {884882] {¥ Lisa Mannel iPhone 8 529.0 0.21
create package 2019/12/2616:22:04 {991263, 99162} {884967, 884964, 884966} {660799} Luis Santos iPad Air, iPhone 8, iPad 1500.0 1.133

event = activity + timestamp + objects + attributes
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Let’s make the following assumption

Activity Time Orders Items Packages Customers Products Price Weight
pick item 2019/12/2612:04:46 Too122a} 884803} {} —WiluandarAglet _ iDhana® _ 529.0 0.21
reorder item 50191226 1:37-26 961571} 385002} i t h IS “ Ia ceo rd er n” 136.0 0,495
place order 2019/12/2612:44:23 {991283} 885038, 885039} 2700.0 1.733
pick item 2019/12/2614:01:16 {991266} 884983} i8] f 2200.0 1.25
create package 2019/12/2614:01:16 991264} 884975, 884974, 884978, 884971,884970, 884973) {660798} eve n t re e r to two e 3506.97 2.412
send package 2019/12/2614:16:11 {991264} {884975, 884974, 884978, 884971, 884970, 884973} {660798} it e m s e 3506.97 2.412
pick item 2019/12/2614:16:48 991279} {885027} Claudia Graf iPhone 11 799.0 0.166
confirm order 2019/12/2614:26:01 991283} ,{»/ ,bsa, 885039} Luis Santos MacBook Air, iPad 2700.0 1.733
reorderitem 2019/12/2614:32:43 991251} ,islz} Tobias Brockhoff Fire Stick 39.99 0.2
confirmorder 2019/12/2614:32:44 {991272} /5036, 885037} Lisa Mannel Echo, Echo Dot 134.98 116
pickitem 2019/12/2614:33:28 8850~ /85024} Junxiong Gao MacBook Pro 2500.0 1.37
pl eve r V77 ic k ite 173 41, 885042, 885043, 885044} Christine Dobbert iPhone, Fire Stick, MacBook Air, Echo Show 8, 4222.98 279
' ' ‘ iPhone 11 Pro
fal y p 61, 884873, 884913, 884876, 884938, 884914, 884941, {660790} Tobias Brockhoff iPad Air, Echo Studio, Echo Studi 5982.95 7.642
Kindkle Echo, iPad mini, iPad Pro, iPad Pro
{ eventreferstoone j e e —
cg . 39, 884940, 884941, 884942, 884943} i Tobias Brockhoff | t h | s fa | Ied d e I |ve ry
se Ite m 22, 884923, 885004, 885005, 884901} 660796} Mohammadreza Fani Sani )
fa 74, 884978, 884971, 884970, 884973} 660798} Seran Uysal t f t
T v v .
confirmorder {991274} {885008, 885009, 885010, 885011} } Junxiong Gao eve n re e rs o o n e
failed delivery {991128,991255}  {884426, 884932, 884999, 885008, 885009, 885011, 884903} 660797} Junxiong Gao V k
playmentreminder| | 2019/12/2615:54:44 991169 884565, 884566, 884567, 884568} Gyunam Park pa c q g el s eve n
pick item 2019/12/2615:55:38 991201 884717} SeranUysal .
pick item 2019/12/2616:00:38 991251 884912} Tobias Brockhoff lte m s 7 two o rd e rs 7
reoderitem 2019/12/2616:04:42 {991265} 884977} Seran Uysal
paymentreminder | | 2019/12/2616:11:39 991164} 884542, 884543, 884544, 884545, 884546, 884547} Junxiong Gao etc
[ ]
pick item 2019/12/2616:22:04 || {991241} {884882} {} Lisa Mannel iPhone 8 529.0 0.21
create package 2019/12/2616:22:04 {991263, 99162} {884967, 884964, 884966} {660799} Luis Santos iPad Air, iPhone 8, iPad 1500.0 1.133

event = activity + timestamp + objects + attributes
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No case notion

Activity Time Orders Items Packages Customers Products Price Weight
pickitem 2019/12]2612:04:46 || (991224} 884803] Wil van der Aalst iPhone 8 529.0 0.21
reorderitem 2019/12/2612:27:26 991271} 885002} MohammanadrezaFaniSani  Kindle Paperwhite 129.0 0.495
place order 2019/12/2612:44:23 {991283} 885038, 885039} Luis Santos MacBook Air, iPad 2700.0 1733
pick item 2019/12/2614:01:16 {991266} 884983} Marco Pegoraro
create package 2019/12]26 14:0116 991264} 884975, 884974, 884978, 884971,884970, 884973) 660798} Seran Uysal I ve o j e
send package 2019/12/2614:16:11 {991264} {884975, 884974, 884978, 884971, 884970, 884973} {660798} Seran Uysal
pickitem 2019/12/2614:16:48 991279} 885027} Claudia Graf t e s L4
confirm order 2019/12/2614:26:01 991283} 885038, 885039} Luis Santos [ )
reorderitem 2019/12/2614:32:43 991251} 884912} Tobias Brockhoff
confirm order 2019/12/2614:32:44 || {991272} 885036, 885037) Lisa Mannel
pick item 2019/12/2614:33:28 {885024} 885024} Junxiong Gao o r e r s
place order 2019/12/2614:48:33 991284} 885040, 885041, 885042, 885043, 885044} Christine Dobbert] 4
failed delivery 2019/12/2615:04:53 | | "{991240,991168} {8}84879, 884561, 884873, 884913, 884876, 884938, 884914, 884941, {660790] Tobias Brockhoff I t
pick item 2019/12/26 15:20:05 991278} 885025} } Junxiong Gao e m s '
confirm order 991248} 884938, 884939, 884940, 884941, 884942, 884943} } Tobias Brockhoff
send package 2019/12/26115: 991247, 881253} 884902, 884922, 884923, 885004, 885005, 884901} 660796} Moh Li
failed delivery 2019/12/2615: 991264} 884975, 884974, 884978, 884971, 884970, 884973} 660798} SeranUysal P a c a e s
confirmorder 2019/12/2615: 991274} 885008, 885009, 885010, 885011} } Junxiong Gao
failed delivery 2019[12/25 15:46:21 991128, 99]255) 884426, 884932, 884999, 885008, 885009, 885011, 384903} 560797} Junxiong Gao
playmentreminder 2019/12/26 15:54:44 991169 884565,884566,884567, 884568’ Gyunam Park c u s t o m e r s a n d
pick item 2019/12/2615:55:38 991201 884717} Seran Uysai 1 4
pick item 2019/12/2616:00:38 991251 884912} Tobias Brockhoff
reoderitem 2019/12/2616:04:42 {991265} 884977} Seran Uysal
paymentreminder | | 2019/12/2616:11:39 991164} 884542, 884543, 884544, 884545, 884546, 884547} Junxiong Gao
ac i¥, IPad Mini,
pick item 2019/12]2616:22:04 || {991241] {884882] (i} Lisa Mannel iPhone 8 529.0 0.21
create package 2019/12/2616:22:04 {991263, 99162} {884967, 884964, 884966} {660799} Luis Santos iPad Air, iPhone 8, iPad 1500.0 1.133

event = activity + timestamp + objects + attributes

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



Creating a conventional event log

Activity Time Orders Items Packages Customers Products Price Weight
pickitem 2019/12/2612:04:46 || (991224} 884803} Wil van der Aalst iPhone 8 529.0 0.21
reorderitem 2019/12/2612:27:26 991271} 885002} MohammanadrezaFaniSani  Kindle Paperwhite 129.0 0.495
place order 2019/12/2612:44:23 {991283} 885038, 885039} Luis Santos MacBook Air, iPad 2700.0 1733
pick item 2019/12/2614:01:16 {991266} 884983} Marco Pegoraro Macbook Air 2200.0 1.25
create package 2019/12/2614:01:16 991264} 884975, 884974, 884978, 884971,884970, 884973) 660798} SeranUysal Fire Stick 4K, iPad Pro, iPad Pro, iPad Pro, Fire 3506.97 2.412
Stick, Kindle
send package 2019/12/2614:16:11 {991264} {884975, 884974, 884978, 884971, 884970, 884973} {660798} Seran Uysal Fire Stick 4K, iPad Pro, iPad Pro, iPad Pro, Fire 3506.97 2.412
Stick, Kindle
pick item 2019/12/2614:16:48 991279} {885027} {} Claudia Graf iPhone 11 799.0 0.166
confirm order 2019/12/2614:26:01 991283} {885038, 885039} {} Luis Santos MacBook Air, iPad 2700.0 1.733
reorderitem 2019/12/2614:32:43 991251} 39.99 0.2
confirmorder 2019/12/2614:32:44 {991272} Need to ick a cq se identifierl 134.98 116
pick item 2019/12]2614:33:28 || {885024} p d 2500.0 1.37
piace order 2019/12]2614:48:33 991284} Echo Show 8, 422298 279
S 2019/12]2615:04:53 || {991240,991168} io, Kindie, 5982.95 7.642
0, iPad Pro
pick item 2019/12]2615:20:05 991278 699.0 0.172
confirmorder 2019/12/2615:25:00 991248} . 3247.98 2.666
send package 2019/12/2615:26:49 991247, 881253} 8496.0 4.054
failed delivery 2019/12/2615:36:16 991264} 3506.97 2.412
confirm order 991274} {885008, 885009, 885010, 885011} {} Junxiong Gao Kindle, iPhone X, Fire Stick, iPhone 8 1352.98 1.065
failed delivery 991128, 991255} {884426, 884932, 884999, 885008, 885009, 885011, 884903} {660797} Junxiong Gao Echo Show 8, Kindle Paperwhite, iPad mini, 2145.97 3.6
Kindle, iPhone X, iPhone 8, Echo Show
playmentreminder 2019/12/2615:54:44 991169 884565, 884566, 884567, 884568} GyunamPark iPhone 8, Echo Plus, iPad Air, iPad mini 1608.99 2.21
pickitem 2019/12/2615:55:38 991201 884717} Seran Uysal Echo Show 8 129.99 0.98
pick item 2019/12/2616:00:38 991251 884912} Tobias Brockhoff Fire Stick 39.99 0.2
reoderitem 2019/12/2616:04:42 {991265} 884977} Seran Uysal Fire Stick 4K 89.99 0.28
paymentreminder | | 2019/12/2616:11:39 991164} 884542, 884543, 884544, 884545, 884546, 884547} Junxiong Gao Kindle Paperwhite, iPad Air, iPhone 11, 4087.99 3.01n
MacbBook Air, iPad mini, Echo Dot
pick item 2019/12]2616:22:04 || {991241} {884882] {¥ Lisa Mannel iPhone 8 529.0 0.21
create package 2019/12/2616:22:04 {991263, 99162} {884967, 884964, 884966} {660799} Luis Santos iPad Air, iPhone 8, iPad 1500.0 1.133

event = activity + timestamp + objects + attributes

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




Need to flatten the event data when using a c)
conventional process mining technique

activity time orders items packages

Place Order ~ 2020-6-20 (99001 (@) | {88001,88002}@) |{} @

Pick an object type

as the case notion.

Replicate each event A

for each object of the

corre8ponding type. o one event if order is used as a case notion

e two events if item is used as a case hotion

G no event if package is used as a case notion

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



Order as a case notion

activity time orders items packages
place order 2020-6-20 {99001} ?3?)?)21}' {}
case
pick items 2020-6-22 {99001} {ssoo1} {}
pick item 2022-6-23 {99001} {88002} i activity time orders items packages
{99001 {88002, place order 2020-6-20 | 99001 {gsool {}
send package  2020-6-25 v 88003, {ee001} }
99002} 88004}
pick item 2022-6-22 99001 {ss001} {}
pick item 2022-6-23 99001 {88002} {}
{88002,
send package  2020-6-25 99001 88003, {es001}
Events may be 88004}
d I' d 88002,
u p icate send package  2020-6-25 99002 88003, {s6001}
88004)

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



Item as a case notion

activity time orders items packages
e {8sso01,

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

pick items 2020-6-22 {99001} {88001} {3

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

sendpackage  2020-6-25 gg%%g'}' 88003, {66001}
88004}

Events may be
duplicated

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

case
activity time orders items packages
place order 2020-6-20 {99001} 88001 {}
place order 2020-6-20 {99001} 88002 {
pick item 2022-6-22 {99001} 88001 {
pick item 2022-6-23 {99001} 88002 {
. {99001,
send package 2020-6-25 99002} 88002 {e6001}
e {99001,
send package 2020-6-25 99002} 88003 {e6001}
. {99001,
send package 2020-6-25 99002} 88004 {e6001}




Package as a case notion @)

activity time orders items packages
{sso01,
place order 2020-6-20 {99001} {}
88002} case
pick items 2020-6-22 {99001} {8soo01} {}
pick item 2022-6-23 {99001} {88002} i activity time orders items packages
{88002, send package 2020-6-25 99002 88002 66001
sendpackage  2020-6-25 gg%%g'}' 88003, {66001}
88004} - e

Events may
disappear

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



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

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

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

Two events referring to two different objects of a type not
selected as the case notion many be considered to be

causally related but are not.

© Wil van der Aalst (use only with permission & acknowledgements)
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. Vendor creates Invoice
58252

50,476
. Record Invoice Receipt
55717
s
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s
s
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s
s
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e
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@ Ergesene

(» Process Start
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: 36,005
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4
30,071 Create Purchase Requisition Item
! 36,272
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. Create Purchase Order Item
| 67,023
45
f!‘?!aa”d Send Purchase Order (Paper)

22833

Receive Order Confirmation
34709

17,495

24,473

Record Goods Receipt
47,302



conventional process

eventlog
(e.g., XES)

ad hoc

salesforce m

ORACLE
1 Micrasaft Dynamics 365

xes-standard.org
ocel-standard.org

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

> eventlo
(e.g., XES

object-centric
eventlogs
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Importing data into Celonis

Supports XES
and CSV formats

Complexdata
models possible

Connectors & Apps for a
range of systems (SAP,
Salesforce, servicenow,
Oracle, etc.)

Multi-eventlog
aims to connect
different processes

Generic or process
specific (02C, P2P, etc.)

Real-time data
ingestion
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Excellent scalability
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