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Current PhDs & Postdocs PADS (The keywords do not do justice to the work done!)

Wissenschafilicher Mitarbeiter
Harry Beyel M.Sc.
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Wissenschafilicher Mitarbeiter
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FIT
Humam Kourani M.Sc.
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Tsung-Hao Huang M.Sc.
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New PhDs:
Cameron Pitsch
Rudo Mtengwa
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Two recent PADS PhD theses worth reading

Object-Centric Process Mining
Concepts and Advancements

Der Fakultit fiir Mathematik, Informatik und Naturwissenschaften der
RWTH Aachen University vorgelegte Dissertation zur Erlangung des
akademischen Grades eines Doktors der Naturwissenschaften von

Jan Niklas Adams, M. Sc.

aus Aachen

Incremental Process Discovery

Der Fakultiit fiir Mathematik, Informatik und Naturwissenschaften der RW TH Aachen
bj < issertation zur Erlangung des akademischen Grades eines
Doktors der Naturwissenschaften von

Presnts e

Daniel Schuster, M. Sc. Best PhD Thesis

aus Kassel 3
Daniel Schuster

Incremental Process Discovery
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Human-in-the-loop: Query, Explore, Understand, Interact, Use Knowledge, ...
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Cortado

Thanks to Daniel Schuster
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Related approaches (most related is the work of Alok Dixit using FCN)
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Original software publicatic

interactive process discovery

Daniel Schuster & &, Sebastiaan J. van Zelst & , Wil M.P. van der Aalst &

Show more

+ Addto Mendeley o Share 99 Cite

ortado: A dedicated process mining tool for

https:/fdoi.org/10.1016/j.s0ftx.2023.101373 2

Under a Creative Commons license

Abstract

Get rights and content 2

Open access

Process discovery is an essential discipline within process mining, which deals with the
data-driven generation of insights into operational processes. From event data that
capture historical process executions, process discovery algorithms learn a process model
describing the execution of the various activities involved. Such discovered models are

crucial artifacts used by many process mining techniques. Most existing process
discovery approaches can be classified as conventional—they function like a black-box
approach and often learn models of poor quality from event data. Cortado is a software

Cortado

Cortado is a process mining tool dedicated for interactive/incremental process discovery

Overview Functionality

Import event logs .xes and initial process medels .ptml

Visually explore event logs with the variant explorer

Discover initial process models from user-selected process behavior
Incrementally extend process models by user-selected process behavior
Manually edit process models under construction any time

Export discovered process models as .ptml or .pnml files

Temporal perfoermance analysis, both model-based and model-independent

Downloads

Standalone builds for Windows 10/11, Linux, and macOS$ (Apple Silicon only) are available from the GitHub Releases

Page.

https://github.com/cortado-tool/cortado
https://doi.org/10.1016 /j.softx.2023.101373
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It all starts with event data
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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

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

2018/02/13 17:53:22.000

6353 place order

2018/02/13 18:45:30.000

2018/02/13 20:16:20.000

event =
case +
activity +
timestamp +



It all starts with event data

Activity

send invoice

Timestamp

2018/02/13 14:29:45.000

2018/02/13 14:39:25.000

2018/02/13 15:01:33.000

2018/02/13 15:03:43.000

2018/02/13 15:05:36.000

2018/02/13 15:08:11.000

2018/02/13 15:14:04.000

2018/02/13 15:20:36.000

2018/02/13 15:25:21.000

2018/02/13 15:43:39.000

2018/02/13 15:46:08.000

2018/02/13 15:56:03.000

2018/02/13 15:57:42.000

2018/02/13 16:17:37.000

2018/02/13 16:31:28.000

2018/02/13 16:51:54.000

2018/02/13 16:55:55.000

2018/02/13 17:03:26.000

2018/02/13 17:30:16.000

2018/02/13 17:53:22.000

2018/02/13 18:45:30.000

2018/02/13 20:16:20.000

event =
objects +
activity +
timestamp +

customers
items

orders

suppliers
invoices
machines

shipments






Minimal Example: On Time In Full (OTIF) Score?




Object Types

| B ‘ package \



Object Types and Event Types (Activities)

order

place
order

confirm
order

payment
reminder

pay
order

1

item out
of stock

reorder
item

pick
item

package

create
package

send
package

package
delivered

— Activities




Relating Object Types and Event Types

E20

place
order

confirm
order

order
payment

reminder

pay
order

1.%
item out

O O . of stock
2 | item
reorder

1.* item

pick
item

create
package package

send
package

package
delivered




OCEL 2.0

event type |1 * event object 1 * object
(activity) has attrib. attribute type has attrib. attribute
1 1 1 1
has type has name has type has name
* %k * *
1 * event 1 «| object
event — attribute object E— attribute
or even or obje
value = value
* * * from * to *
has objects related
' '
[} ]
[ 1"
qualifier qualifier
has timestamp has timestamp
time
1 1

https://www.ocel-standard.org/



Discovering a Traditional Process Model Per Object Type

order

2000

place
order

2000

Y

confirm
order

item

8003

place
order

item out
of stock

1645

Y

reorder
item

payment
reminder

pay
order

2000

package

1297

create
package

1297

\4

pick
item

send
package

8003l

create
package

8003l

1297

Y

send
package

package
delivered

80031

package

delivered

8003

1297

) 4

O




Misalignment Due To Flattening

order item

package
8003
2000 %
-=" place 1297
-7 order
place -
order - y
item out create
of stock / package
2000 /
1645 /
v Y /
confirm reorder / 1297
item /
order y
/ v
/ send
pick / , "
i / / package
item , /
payment Sooal / //
reminder create ; 1297
package //
80031 /
/ \ 4
send % package
pay package - 7 | delivered
order 8003l -
_ 7
package 1297
2000 delivered
8003
v

O



Correcting Frequencies Before Merging

order

2000

Y

place
order

2000

‘ item out
of stock

1645

Y.
reorder
item

payment
reminder

item

create
package

package

package
delivered

package

1297

A
create
package

1297

\4
send
package

1297

v
package
delivered

1297




Discovered Object-Centric Process Model

order item package

2000 8003

item out
of stock

1645

1645 A 4
reorder

item

payment
reminder

create

package
8003 y 1297
A 4 A 4
send
package
8003 ¥ 1297
A4 \ 4

package
delivered

8003



Why Object-Centric Process Mining?

O1 02 03

Avoid repeatedly Avoid distortions due See and understand the
going back to your to the single-case interactions between
source systems assumption different object types
+ Offers a single system- + Squeezing reality into simple * Problems live at the
agnostic source of truth event logs creates distortions intersections of processes
+ Saves time and helps to + This includes the unintentional and organizational entities
capture real-live events and replication of events « E.g.low On-Time-In-Full (OTIF)
objects (convergence) and loss of scores may be caused by
causal relations (divergence) sales, production,

procurement, logistics, etc.



OCPQ

Thanks to Aaron Kusters



Motivation

Querying case-centric event data is already challenging, but
querying object-centric event data is much more complicated!

Execute /
Check

Query / Query Results
Constraints (e.g., Instances
violating a
constraint




Querying and Constraint Checking Are Related

@ Disco - New project.

- a x

Active filters

Click here Lo
stard becilding
your fog Filter.

Cancel

? Log filter

In this view you can configure a set of filters that will be applied to your log. Log filters
are an essential tool for cleaning up data errors or inconsistencies, or to better focus
your event log data for analysis.

On the left, you can build and edit your list of filters.

Here are some suggestions for filters that Disco thinks may work well for cleaning up
your log:

@ Timeframe filter
Your log has events with very old timestamps, which is.a sign for logging

errors. Use the tmeframe fiter to remove events with incorrect timestamps.,

Variation filter

‘our log has a high variation of case benavior, which leads to large and
complex process models. This fiter can help you streamine some of this.
variation.

» Endpoint filter

Your log has & large number of start and end activities, which may be due to
incomplete cases. The endpoint fiter can help you to remove these
incomplete cases.

Q © T rance

Add all recommended filiers

Disco

@ Disco - New project — o x 1

Disco

&

L @]

s s

Active filiers

@ Performance >

Filters cases by perfoimance

Follower

Filters by subsequences

£ Atiibute > - -
Removes events by attribute Filter by: | Activity 5 Reference eventmustbe | eventually followed 4 | byafollower event.

Followsr
bd
L e by subssquences | Reference eventvalues: (1 of 16 selected) [1x1"] Follower event values: (1 of 16 selected) [ 1x]"]

O e > @ Admission IC @ Admission IC
e cases by performance
oy, Variation N € Admission NC
Filtrs variznts
CRP CRP
D Attribute >

Removes evens by atribute ER Registration ER Registration

ER Sepsis Triage ER Sepsis Triage

[x]
[x]
Q
[x]

ER Triage

ER Triage

€ IV Antibiotics

Copy and filter

@ v Liguid

@ LacticAcid

IV Licuid

LacticAcid

€ Leucocytes Leucocytes

Release A

0000

€@ Release A

€ ReleaseB € Release B

[ Require [ thesamevalue | or [Actiy % | foreach pair of events matched above

[ Time between matching events mustbe | shorter % | than | 0mills

| Cancel | Gopyand fiter | |

Apply filter



Inspiration: Z notation

BirthdayBook
knoumn 'AME
birthday : NAME —+ DATE

The Z Notation:

A Reference Manual

T SR R UPr: (USgNUSE, [ O, 1, et
knouwn = dom birthday Second Edition

J. M. Spivey

date? : DATE

Based on the work of
name? ¢ known

birthday' = birthday U {name? — date?}

 Initially introduced by Jean-Raymond Abrial in the 1970s, it evolved
into an ISO standard, but few people today are still familiar with it.

- Ideas reused: explicit variables, constraints over these variables,
nesting/reusing Z schemata.



Example from [1]

®
Object Variables + #24
@01 customers

o2 orders

Event Variables +

If a third payment reminder for an ord

issenttoa custgmer, no (other) order
by this customer should be confirmed

afterwards

p 31 e1: payment reminder

Filters +
@ol &«
Beld mo
|A]l =3

Constraints +

[1] Kusters, A., van der Aalst, W.M.P. (2025). OCPQ: Object-Centric Process Querying and
Constraints. In: Grabis, J., Vos, T.E.J., Escalona, M.J., Pastor, O. (eds) Research Challenges in
Information Science. RCIS 2025. Lecture Notes in Business Information Processing, vol 547.
Springer, Cham. https://doi.org/10.1007/978-3-031-92474-3_23

83.33%
|B| =0 20
®
A B
-~
Object Variables + #75 Object Variables + #1021
. @ 03 orders
Event Variables + _
[ e2: payment reminder Event Variables +
[ e2: confirm order
Filters +
Rez @ G oz Filters +
Blels Me? oo Pols @o3
Hez2 @03

Constraints + Bel> ez -«

Constraints +



& ocra (app)

OCEL Info Number of Event Types: 11
Number of Events: 21008
General : .
o8 £ Number of Object Types: 6
vents Number of Objects: 10840
OoCPQ 10840 Objects
Backend online
OCEL loaded Event Types 11
21008 Ev.ents pay order  package delivered place order create package  confirm order  item out of stock
10840 Objects
OCEL Info pickitem  send package  payment reminder reorderitem failed delivery
Graph

Queries & Constraints

Object Types 6

Back orders items packages customers  products employees
ac
price (float) weight (float) weight (float) weight (float) role (string)
price (float) price (float)

Backend Mode: local



@ ocra tapp)

OCEL Graph

Root ID 0-990003 Object  Event O C P Q

Max Distance 2

omq
support

Backend online Spanning Tree (]
OCEL loaded

Apply
21008 Events

10840 Objects

OCEL Info

Graph

Queries & Constraints

Back .
Backend Mode: local Y =



Jan Miklas...

0-990003

orders (Object) ®
= a
st R |

FEE0012
items

p-GE0003
packapgas




Let’'s focus on orders and items

Object Types

count object relations

count co-occurrences in events

2000

orders

float price

4000

2297 4————

products 7659
float weight
float price
290105

20976——

2519"/

13960

customers

//,”,fﬁdd_-——————15318

items

float weight
float price

A

/ 2000

5121
packages 4823
7659
= float weight
3384
51062
24997

30

2000

employees

string role




Let’s focus on just orders

pay order

7659

package delivered

7659

place order

create package

— 7659

and items
pay order
2000
place order

2000
™ orders
float price

confirm order A
2000

payment reminder
—566

confirm order

———7659

item out of stock

items

I

N

item out of stock

items

——1544—>

pick item

send package

float weight
float price

—— 7659

—"7659

payment reminder

——1344—>

float weight
float price

D T

reorder item

failed delivery

1544

2020




@ ocra tapp)

OCPQ

Backend online

OCEL loaded
21008 Events
10840 Objects

QCEL Info
Graph

Queries & Constraints

Back

Backend Mode: local

Selected Query
w |, query test
I} ' Description
) e
Object Variables + #7659
@ ol: orders
:items

Event Variables +
t3 el: place order

(3 e2: package delivered

Filters +
Bel P Qol
Bez2
Qo1

Labels +

Constraints + PN

3.08%

el > (fe2 -« - 4w 236
@

Query Info
1 Nodes, 0 Edges
3.08% @ Violations
(236 of 7659)

0 & :D_+ D+ Filter

>

3% of the
items are
delivered
too late




@ ocra tapp)

Qutput Bindings

7659 Bindings
236 Violations

@ol
Search... Search...

0-990001 i-880002
0-990001 i-880003
0-990001 i-880001
0-990002 i-880004
5-990002 i-880005
5-990002 i-880006
0-090003 i-880012
0-090003 i-880007
0-090003 i-880011
©-990003 i-880008

Rowsperpage 10 °

Mel
Search...

place_a-990001
place_a-990001
place_o-990001
place_o-990002
place_0-990002
place_0-990002
place_0-990003
place_0-990003
place_0-990003

place 0-990003

Re2
Search...

deliver_p-660001
deliver_p-660001
deliver_p-660001
deliver_p-660001
deliver_p-660001
deliver_p-660001
deliver_p-660003
deliver p-660018
deliver_p-660003

deliver_p-660003

Page 10of 766

Violation

Hany

% m & Selected Query

w |, query test

] ' Description
v

@
Object Variables + #7659
@ ol: orders

:items
Event Variables +
t3 el: place order
(3 e2: package delivered

Filters +
Bel P Qol
Bez2
Qo1

Labels +

Constraints + PN

3.08%

el > (fe2 -« - 4w 236
@

1 Nodes, 0 Edges
3.08% @ Violations

i

Query Info

(236 of 7659)

=

Dy

O+

Filter

S



@ ocra app) — a

* m & Selected Query Query Info
Qutput Bindings Y query test 1 Nodes, 0 Edges
a
7659 Bindings i 3.08% @ Violations
236 Violations 1G] ' Description (236 of 7659)
4
v
&
@o1 Bel Be2 Violation Filter
Search... Search... Search... Search... Vio\. 9 E :D'+ D+ ’
0-990026 i-880114 place_0-990026  deliver_p-660065 Hel > Be2 5]
0-990031 i-880135 place_0-990031  deliver_p-660091 Hel > Be2 ®
0-090026 -880157 place_0-990036  deliver_p-650074 Hel > Be2 ObJECt Variables + #7659
0-990047 i-880202 place_0-990047  deliver_p-660121 Bel > Qe2 @ ol: Orders
2-990061 i-880262 place 0-390061  deliver_p-660108 el > Be2 :items
0-990061 i-880261 place 0-990061  deliver p-660108 Bel > Qe2 E\Ient Variables +
2-990078 i-880330 place 0990078 deliver p-660120 Hel > @e2 m el place order
0-090085 i-880361 place 0-990085  deliver p-660132 Bel > Qe2 G c
e2: package delivered
0-090087 i-880377 place 0-990087  deliver p-660165 Bel > Qe2
©-990084 i-880408 place 0-990094  deliver p-660147 fel > ez . Filters +
0-000103 i-880434 place 0-990103  deliver p-660136 Bel > @ez - Beld Qol
2-990109 -880469 place 0-990109  deliver_p-660146 Gel > @e2 - m e2 C:->
0-990114 i-880484 place 0-990114  deliver_p-660149 Hel > @e2 - @ ol CO
0-990114 i-880488 place_ 0-990114  deliver_p-660169 el > Be2
Labels +
0-990133 i-880545 place 0-990133  deliver_p-660152 el > Be2
2-990153 -880626 place_ 0-990153  deliver_p-660169 Bel > [e2 - Constraints + &
2-990153 i-880627 place 0-990153  deliver_p-660185 el > Me2 - m 3.08%
el—)mez -co - 4w 236
0-990160 i-880662 place 0-990160  deliver_p-660175 el > Be2 . .
0-990183 i-880733 place_ 0-990183  deliver_p-660196 el > Be2
.................. - s ¥

Rows per page Page 10of 8 < >




nline

ded
ents
jects

straints

L4
Object Variables + #2000
@ ol: orders
Event Variables +
(3 e1: place order

Filters +

Mel® @ol
Labels +

Constraints +
[ ]

/

(]
Object Variables + #1544
: items
Event Variables +
(4 e2: item out of stock

Filters +
Be2d
Qo1

Labels +

Constraints +
[ ]

1455 items were
out of stock

\B

(]
Object Variables + #7659

: items

Event Variables +

there are
7659 items

Filters +
Qo1

Labels +

Constraints +
( ]

\c

—

[ ]
Object Variables + #2020

Event Variables +
(9 e2: failed delivery

2020 failed
deliveries

Filters +
He2 @

Labels +

Constraints +




Fa
La

a

Event Variables +
(3 el: place order

Filters +
Meld Qol

Labels +

Constraints +
[ ]

\B

o
Object Variables + #1544
: items

Event Variables +
(3 e2: item out of stock

Filters +
Be2 @
@ol &

Labels +

Constraints +
e

Ty

o
Object Variables +
: items

Event Variables +

# 468

Filters +
@ole
IClz2

Labels +

Constraints +
(]

468 items
had at least
two failed
deliveries

\\c

—

[J
Object Variables +

Event Variables +
(3 e2: failed delivery

#1122

Filters +
Qe2 @

Labels +

Constraints +
( ]



Labels +

Constraints +

Object Variables + #7659
: items

Event Variables +

Filters +

Qo1 -
Labels + 6% have multiple
Constraints + Iy failed deliveries
Il =1 468

——y
—

[ ]
Object Variables + #2020

Event Variables =+
{3 e2: failed delivery

Filters +
Be2
Labels +

Constraints +
[ ]



[
Object Variables + #1544
: items
Event Variables +
(3 e2: item out of stock

Filters +
Me2 P
pol &

Labels +

Constraints +
]

[ ]
Object Variables + #1081
ol orders

Event Variables +
(3 el: place order

Filters +
Meld ol
Al =1

Labels +

Constraints +
Bl <1 66

&

6% of orders having
an item out of stock
have multiple failed

deliveries

n/ H"‘“———s\'

®
Object Variables + #292
: items

Dy

Event Variables +

Filters +
Qo1
IClz2

Labels +

Constraints +

items with
multiple failed
deliveries

\"'---c

—

o
Object Variables + #728

Event Variables &
(2 e2: failed delivery

Filters +
Me2 &

Labels +

Constraints +
]

Filt



After an Application
was accepted, there

should be at least one
associated Offer
accepted afterwards

®
Object Variables + #31509 WITH

& o1: Application AcceptedOffers AS (
Event Variables + SELECT DISTINCT .
(2 e1: A_Accepted 020. ocel__source_ld,
E2.0cel_id,
Filters + E2.ocel_time
BHeld @ol FROM
" object_object AS 020
SrliBiEl L R INNER JOIN object_Offer AS A2 ON 020.ocel_target_id = A2.ocel_id
|A| =1 142810 INNER JOIN event_object AS E202 ON E202.ocel_object_id = A2.ocel_id
® INNER JOIN event_0_Accepted AS E2 ON E202.ocel_event_id = E2.ocel_i
| )
A SELECT
Al.ocel_id,
¢ El.ocel_id,
. (
Object Variables + 117228 SELECT
- Offer COUNT (*)
- FROM
nai el o AcceptedDffers AS AD
3 e2: O_Accepted WHERE
Filters + AD.ocel_source_id = Al.ocel_id
Qo1 @ AND AOD.ocel_source_id = Al.ocel_id
He2 @ ) ) AgND fj...;)t.:e;_time <= AQ0.ocel_time
>= satisfie
el > [Ee2 0 - o e
Constraints + object_Application AS Al
® INNER JOIN event_object AS E20 ON E20.ocel_object_id = Al.ocel_id
INNER JOIN event_A_Accepted AS E1 ON E20.ocel_event_id = El.ocel_id;
(a) Q4 in OCPQ (b) Q4 in SQL

MATCH (ol:Entity { EntityType: "Application" }) <-[:CORR]- (el:Event {Activity:

— "A_Accepted"})

OPTIONAL MATCH (e2:Event { Activity: "O_Accepted" }) -[:CORR]-> (o2:Entity {EntityType:
< "Offer"}) -[:REL]-> (ol)

WHERE el.timestamp <= e2.timestamp

WITH ol, COUNT(e2) AS e2_c, COUNT(o2) AS o2_c

WHERE e2_c < 1 OR 02_c < 1

RETURN COUNT(ol1) AS violationCount

(¢) Q4 in Cypher (violation count only)




Approach

DECLARE
OCCG
OCBC
Neo4J
SQLite

DuckDB
OCPQ

4
903ms
328ms

46ms

37ms

ol 1400
v v 1200
v v v 1000
800
600
400
200

1058ms 1093ms 1334ms B25mMS N 1530ms
ST G Cl  672ms 678ms X 860ms

73ms 67ms

58ms 23ms

Duration (ms)

Comparison as fair as possible, e.g., for SQLite, the OCEL 2.0 database was completely loaded into memory, to be

a more accurate compadrison to OCPQ, and it was ensured that appropriate table indexes were created.
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Exploring object-centric process data made easy.
Abstract. Process querying is used to extract information and insights
from process ntion data. Similarly, process constraints can be
chocked against input data, yielding information on which proce Download
insta them. Traditionally ining techni
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