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Process Data

Event Data

ID Activity Time Case
place order |01.05.25 10:30

™ | confirm order | 02.05.25 08:42

™| place order |10.05.25 07:45| W

| payorder |12.05.25 12:54

™| pick item |[13.05.25 06:54 ?

™ | confirm order | 13.05.25 08:31| ™

| pickitem |13.05.25 06:54 ?
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Process Data

Event Data

ID Activity Time Case
place order |01.05.25 10:30

™ | confirm order | 02.05.25 08:42

™| place order |10.05.25 07:45| W

™| payorder |12.05.25 12:54

™| pick item |[13.05.25 06:54 ?

™ | confirm order | 13.05.25 08:31| ™

| pickitem |13.05.25 06:54 ?
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Process Data

Object-Centric Event Data: Events

ID|  Activity Time |Objects (E20)
place order |01.05.25 10:30 { - }

™ | confirm order | ©2.05.25 08:42 (=, }

| place order |10.05.25 07:45 { = )

| payorder |12.05.25 12:54 )

™| pick item |[13.05.25 06:54 {1}

™ | confirm order | 13.05.25 08:31 {w

| pick item |[13.05.25 06:54 {1}
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Process Data

Object-Centric Event Data: Events

ID Activity Time Objects (E20)
place order |01.05.25 10:30| {& = & @}

™ | confirm order | ©2.05.25 ©8:42 {= & &

U p]_ace order 10.05.25 @7:45 {g, - &

U pay order 12.05.25 12:54 { }

™ pick item 13.05.25 06:54 {=}

™ | confirm order | 13.05.25 08:31 {w &

™ pick item 13.05.25 06:54 {@}
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Process Data

Object-Centric Event Data: Objects

ID Type

Objects (020)

Other Attributes

2 | customers

1=, =}

Name: Wil, Age: 59

orders {=,@} Total: 112.41
W | orders {@} Total: 43.95

items {} Weight: 316
£5 items {} Weight: 574
3 items Weight: 413

U
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Process Data

Object-Centric Event Data: Objects

ID| Type |Objects (020) | Other Attributes
= | customers {w wl Name: Wil, Age: 59
orders {=,@} Total: 112.41
W | orders {@} Total: 43.95

items {} Weight: 316
£ items {} Weight: 574
£ items {} Weight: 413

OCEL 2.0 Specification: https://www.ocel-standard.org/
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https://www.ocel-standard.org/

Process Data

Queries & Constraints

e Identify interesting scenarios
+ Traditional: Events, Cases
+ Object-centric: Objects, Events, “Cases”
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Process Data

Queries & Constraints

e Identify interesting scenarios
+ Traditional: Events, Cases
+ Object-centric: Objects, Events, “Cases”

e Querying & Constraints closely connected
* interesting ¢« violated
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Process Data

Queries & Constraints

e Identify interesting scenarios
+ Traditional: Events, Cases ﬁ ﬁ
+ Object-centric: Objects, Events, “Cases”

e Querying & Constraints closely connected
* interesting ¢« violated

Goal: Enable stakeholders to analyze & gain insights themselves ‘

QRN
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Process Data

Queries & Constraints

e Identify interesting scenarios
+ Traditional: Events, Cases ﬁ ﬁ
+ Object-centric: Objects, Events, “Cases”

e Querying & Constraints closely connected
* interesting ¢« violated

A
Goal: Enable stakeholders to analyze & gain insights themselves i
ala#
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Related Work

Related Work

Traditional approaches

aaaaaaaaaaa

Create Case
| B og | |Schedule Meeting Upload Document
L 1 -
ol
] % +’/ \+

DECLARE (Pesic et al., 2007)

eeeeeeeee

DCR Graphs (Hildebrandt and Mukkamala, 2010)
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Related Work

Related Work

Object-centric approaches

a

OCCG Constraints (Park and van der Aalst, 2022)

pay order

causal
Order,0

payment
reminder

b

confirm
order

0..0
0
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Related Work

Related Work

Object-centric approaches

e EIEmE I RO
OCCG Constraints (Park and van der Aalst, 2022)

0..0 0..*] payment confirm 1--*‘
a | pay order “| reminder b order
c payment 0.3 q payment (0,1,weeks) q
reminder reminder |first ast| P2Y Order
e | payment 2 4 days Waiting
reminder Time

OCCM Constraints (Li et al., 2023)

OCPQ: Object-Centric Process Querying & Constraints — Aaron Kiisters & Wil van der Aalst ﬁ'@i ’ RWNTH 1

i “ g Chair of Proces
> e and Data Scienc

a | pay order

2V




Related Work

Related Work

Object-centric approaches

causal
Order,0

payment

a | pay order reminder

b

confirm
order

0..0
0

OCCG Constraints (Park and van der Aalst, 2022)

4 Multi-Object
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0..0 0..*] payment confirm
pay order “| reminder b order
payment payment (0,1,weeks)

reminder

reminder |first

0.3
d
2 4 days Waiting
Time

payment

e .
reminder

la

2V

pay order

OCCM Constraints (Li et al., 2023)
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Related Work
Expressiveness

o "Another Offer for a (Loan) Application should be only sent after
the previous one was returned/rejected/cancelled”

e "Two orders by the same customer should be confirmed in the
same order they are placed in.”

e "Either an order should be paid fast or a payment reminder should
be sent out for it."

® Not expressible in previous work (Declare, OCCG, OCCM, ...)

OCPQ: Object-Centric Process Querying & Constraints — Aaron Kusters & Wil van der Aalst E"l’é; RWTH 12
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Related Work

Code

1 SELECT

2 Al0.ocel_id AS o0,

3 Al.ocel_id AS ol,

4 A2.ocel_id AS o2,

5 El.ocel_id AS el,

& E2.ocel_id AS e2

7 FROM

& object AS A0,

9 object AS Al,

10 object AS A2,

n event AS E1,

. event AS B2 , _ ‘ | MATCH (o:Entity {EntityType: 'Offer'}) <-[:CORR]- (el:Event) -[:DF*
13 INNER JOIN object_object AS 020 ON 020.ocel_ source_id = A0.ocel_id

1 AND 020.ocel target id = Al.ocel id — {EntityType: 'Offer'}]-> (e2:Event)

15 INNER JOIN object_object AS 0202 ON 0202.ocel source_id = A0.ocel id : WHERE el.Activity = "O Created" AND e2.Activity = "O Cancelled"
16 AND 0202.ocel_target id = AZ2.ocel id - -

17 INNER JOIN event object AS E20 ON E20.ocel event id = El.ocel id 3 RETURN el,e2

15 AND E20.ocel_object_id = Al.ocel_id

1 INNER JOIN event object AS E202 ON E202.ocel event_id = E2.ocel_id

El AND E202.ocel_object id = AZ.ocel id

2 INNER JOIN event PlaceOrder AS E PO ON E_PO.ocel_id = el Cyp h e r (Esser a nd Fa h |a nd 20 21)
22 INNER JOIN event PlaceOrder AS E_PO2 ON E PD2.ocel id = el I
23 AND E_PO.ocel time < E_PO2.ocel_time

24 WHERE

25 Al.ocel type = 'customers'

26 AND Al.ocel type = 'orders’

27 AND A2.ocel type = 'orders’

28 AND El.ocel type = 'place order’

29 AND E2.ocel type = 'place order’

30 AND ol != o2

31 AND E_PO.ocel time < E_PO2.ocel_time

= SQL

OCPQ: Object-Centric Process Querying & Constraints — Aaron Kiisters & Wil van der Aalst ,E"’g—; R\WNTH 13
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Related Work
What is missing?

N Lacking expressiveness (OCCG, OCCM)
A Hard to use (SQL, Cypher)

OCPQ: Object-Centric Process Querying & Constraints — Aaron Kusters & Wil van der Aalst E'@i
A 17 S Bl

’R\NTH

14



Related Work
What is missing?

N Lacking expressiveness (OCCG, OCCM)
A Hard to use (SQL, Cypher)

Our approach (OCPQ)
£ Flexible and extremely expressive

em Easy-to-use & visual representation

@ Very fast runtime
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OCPQ
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OCPQ
Query Tree Constraint

(J
Object Variables + #2000
@ o1: orders

Event Variables + Output Bindings

(3 e1: place order

Filters + 2000 Bindings
goreBe 43 Violations

Constraints + -
OR(A,B) 23

° Pol Bel

Violation
A Search... Search... = any
v/ :
Object Variable.s + #7659 \ 0-890501 place_o-990501

: items

SRS Object Variables + #2000 0-990502 place_o-990502
Event Variables + Event Variables +
- 0-980503 place_o-990503
Filters + Filters +
Qo1
©03 @ Constraints + 0-990504 place_o-990504
|Out Of Stock Items| = 1 459'?3%
Constraints + o * 0-890505 place_o-990505
|Quick Deliveries| = 1 968
| Out Of Stock Items 0-990506 place_0-990506 (2] OR(A,B)
Quick Deliveries
l 0-980507 place_o-990507
- —e

Object Variables + 46691 ObJe?‘it‘;‘:;':b'es * #1544 0-990508 place_o-990508
Event Variables * Event Variables +

83 e2: package delivered £ e2: item out of stock 0-980509 place_o-990509

Filters +
Qo3P Me2
Bel-> Me2 0 - 2w

Constraints +

Filters +
Qo1 P
@ Be2

Constraints +

0-990510

Rows per page

place_o-990510

- Page 51 of 200
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OCPQ
Idea: Explicit Quantifiers

“Every order should be paid exactly once.”
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OCPQ
Idea: Explicit Quantifiers

“Every order should be paid exactly once.”

e For OCED L with objects O and events E + helper functions type and obj

voEO/\type(o): order ’ie c kb ’ type(e) = pay order Ao € obj (e)l‘ =1

| - 4
—

Quantifier for o Nested Quantifier for e (based on 0)
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OCPQ

Variable Bindings

e Combinations of objects & events

e "Two orders by the same customer should ..."
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OCPQ

Variable Bindings

Combinations of objects & events

"Two orders by the same customer should ..."

. blz{01|—>;,02|—>!,03|—> }
¢ by={ol &, 02— ¥ o3~ ™}

ol | 02 | 03
- | =
- -
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OCPQ

Variable Bindings

. b,

e by, =

Combinations of objects & events

"Two orders by the same customer should ..."

{fot &,02— ™ 03+ ¥}

{o1 - &, 02

,oBI—)E}

01

02

03

-

-

Output Bindings

133555 Bindings
0 Violations

All output bindings are shown.

Qo1

Search...
AlpenTech Innovati...
AlpenTech Innovati...
AlpenTech Innovati...
AlpenTech Innovati...
AlpenTech Innovati...

AlpenTech Innovati...

Vesta Fashion Hous...

Celtica Green Farm...

AlpenTech Innovati...

AlpenTech Innovati...

Rows per page 10

OCPQ: Object-Centric Process Querying & Constraints — Aaron Kusters & Wil van der Aalst E"»g—;
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Search...

0-990001

0-990002

0-990001

0-990005

0-990002

0-990001

0-990009

0-990003

0-990005

0-990008

Undo

@o3

Search...

0-990002
0-990005
0-990005
0-990008
0-990008
0-990008
0-990010
0-990014
0-990018

0-990018

Page 10f 13356

RWTH

Chair of Process
and Data Science

Re2
Search...

place_o-990001
place_0-990002
place_o-990001
place_0-990005
place_0-990002
place_o-990001
place_o-990009
place_o-990003
place_o-990005

place_o-990008

Be3
Search...

place_0-990002
place_0-990005
place_0-990005
place_0-990008
place_0-990008
place_0-990008
place_0-990010
place_0-990014
place_0-990018

place_0-990018
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OCPQ
Binding BOX: Query Bindings ObjectVariabIe.s + #2000

Q@ ol: orders
b —_ V P d Event Variables +
° T ( ar, rre ) (3 e1: place order
* Var = {ol i {orders}, el — {place order}} Frtore +
* Pred = {E20(e1,01)} @o1Q el
Constraints +
e
OCPQ: Object-Centric Process Querying & Constraints — Aaron Kusters & Wil van der Aalst ﬁ"»g—; ’ RWNTH 19
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OCPQ

Binding Box: Query Bindings

[ J
Object Variables +

@ o1 ord #2000
+ b = (Var, Pred e
* Var = {ol i {orders}, el — {place order}} Frtore +
* Pred = {E20(el,01)} poreBe
Constraints +
o Output: °
+ {o1 > W o1 |—>U}
* {o1 = F el [}
. ol | e
w0
19
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OCPQ

Binding Box: Query Bindings

Output Bindings
2000 Bindings

Object Variable’s + #2000 O Vilations
@ o1l: orders ®ol Bel
Search... Search...
Event Variables + 0-990001 place_0-990001
m el: place order 0-990002 place_0-990002
0-990003 place_0-990003
FilterS + 0-990004 place_0-990004
@ o1l CD B el 0-990005 place_0-990005
0-990006 place_0-990006
0-990007 place_o0-990007
Constraints + 0-990008 place_0-990008
® 0-990009 place_0-990009
0-990010 place_0-990010
Rows perpage 10 ¢ Page 1 of 200
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OCPQ

Query Tree: Nested Querying of Bindings

o
Object Variables +

« Query Tree cvent v « o
+ Rooted tree of binding boxes T
+ Variables & Predicates are ‘propagated down'’ o
o Intuitively: For one binding of parent node ST
+ Query set of child bindings A i
SRR, S——
cvent varaes <
;;':f;z;
OCPQ: Object-Centric Process Querying & Constraints — Aaron Kiisters & Wil van der Aalst EVEE] RWTH
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OCPQ
Example of Nested Querying

@ o1: orders

Event Variables +
(3 el: place order

o1l Bel i
Filters +
>-990001 Search... Qo1 Bel
|A] =3
0-990001 place_o-990001

Constraints +
@
|
A i
()
Object.VariabIes + #7659
@ . m el :items

Event Variables +

>-990001 Search... Search...
Filters +
0-990001 i-880002 place_0-990001 Qo1
0-990001 i-880003 place_0-9290001 Constraints +
([ )
0-990001 i-880001 place_0-990001
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OCPQ
Adding Constraints

“Every placed order with < 3 items should be confirmed within a day”

[ J
Object Variables + #1008
@ o1: orders
Event Variables +
(3 e1: place order

Filters +
Qol1@ Mel
|Al =3

Constraints +

Bl =1 370

- Ny

[
(] Object Variables +
Object Variables + #7659 l #1293
:items Event Variables +
Event Variables + (3 e2: confirm order
- Filters +
Filters + Dol @e2
Qo1 &

fel->Mme2 0 - 1d

Constraints + .
P Constraints +
{
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OCPQ

Adding Constraints

“Every placed order with < 3 items should be confirmed within a day”

v

o
Object Variables +
:items

Event Variables +

[
Object Variables + #1008
@ o1: orders
Event Variables +
(3 el: place order

Filters +
Qo1 Mmel
Al =3
Constraints +
36.71%
|B| =1 370

A/\B\

(]
Object Variables + #1293
#7659
Event Variables +

(3 e2: confirm order

Filters +
Qo1

Filters +
Qo1 P Me2
Bel> M@e2 0 - 1d

Constraints +
L ]

Constraints +
e

Output Bindings

1008 Bindings
370 Violations

pol el
Search... Search...

0-980001 place_o-990001
0-990002 place_o-990002
0-990011 place_0-990011
0-980014 place_o-990014
0-990015 place_o-990015
0-9390019 place_0-990019
0-980020 place_o0-990020
0-990021 place_o-990021
0-980024 place_o0-990024
0-980025 place_o0-990025
Rows per page 10 z Page 10f 101

OCPQ: Object-Centric Process Querying & Constraints - Aaron Kusters & Wil van der Aalst E"»g—i
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OCPQ

OCPQ Tool
e https://ocpg.aarkue.eu/

e https://github.com/aarkue/OCPQ

o Installer (Desktop App), Docker (Web App)

ocpPQ e omiend soameraton ot () )

OCPQ
Object-Centric
rocess Querying

Exploring object-centric process data made easy.

[—

Explore, Query, Filter, Constrain, and Label OCED

Focus on high
expressiveness and
high performance

Get results in less than a second.
Handle large datasets.

Quickly import and export data.
Model complex queries
Capture interactions between

®

objects of
the same type.

e

OCPQ: Object-Centric Process Querying & Constraints -

Download

You can download and install the current version v0.7.5 using the installer links below.

m O & @&
Windows I:inux macOS Silicon macOS Intel

.exe Applmage aarch&4.dmg x64.dmg

See https://github.com/aarkue/OCPQ/releases for more releases and installer versions.

Aaron Kiisters & Wil van der Aalst E"'g—; RWNTH
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https://ocpq.aarkue.eu/
https://github.com/aarkue/OCPQ

OCPQ
Qualitative & Quantiative Evaluation

DECLARE v v 1400
OCCG v v 1200
5 OCBC v v v 1000
© 800
O Neo4J 903ms 1058ms 1093ms 1334ms 1530ms
% _ 600
< SJOIMIGH 328ms  508ms = 360ms X 860ms 400

DuckDB G 73ms 67ms 81ms 139ms  130ms  152ms 200

OCPQ BEIUS 58ms 23ms 67ms 69ms 84ms 80ms
Ql Q2 Q3 Q4 Q5 Q6 Q7
Query

OCPQ: Object-Centric Process Querying & Constraints — Aaron Kiisters & Wil van der Aalst E"’g—; RWNTH
A A 179 S Farftiticond
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OCPQ

OCPQ vs SQL & Cypher

?

Query Q4

After an Application was accepted,
there should be at least one
associated Offer accepted
afterwards.

®
Object Variables + 431509
@ o1: Application

Event Variables +
[ e1: A_Accepted

Filters +

Hel@ @ol

Constraints +

|A‘ =1 45.32%
= 14281

®
A
®
Object Variables + #17228

Offer

Event Variables +
B e2: O_Accepted

Filters +
Qol&
Be2d
Bel> Hez 0 -

Constraints +

(a) Q4 in OCPQ

WITH
AcceptedOffers AS (
SELECT DISTINCT
020.0cel_source_id,
E2.o0cel_id,
E2.ocel_time
FROM
object_object AS 020
INNER JOIN object_Dffer AS A2 ON 020.ocel_target_id = A2.ocel_id
INNER JOIN event_cbject AS E202 ON E202.ocel_cbject_id = A2.ocel_id
INNER JOIN event_0_Accepted AS E2 ON E202.ocel_event_id = E2.ocel_id
)
SELECT
Al.ocel_id,
El.ocel_id,
(
SELECT
COUNT (%)
FROM
AcceptedOffers AS AQ
WHERE
AD.ocel_source_id = Al.ccel_id
AND AO.ocel_source_id = Al.ocel_id
AND El.ocel_time <= AD.ocel_time
) »= 1 AS satisfied
FROM
object_Application AS Al
INNER JOTN event_object AS E20 ON E20.ocel_object_id = Al.ocel_id
INNER JOIN event_A_Accepted AS El ON E20.ocel_event_id = El.ocel_id;

(b) Q4 in SQL

MATCH (o1: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 o02_c

WHERE e2_c < 1 OR 02_c < 1

RETURN COUNT(ol1) AS violationCount

(¢) Q4 in Cypher (violation count only)

Fig. 8. Constraint Q4 formulated in OCPQ, SQL, and Cypher.

OCPQ: Object-Centric Process Querying & Constraints — Aaron Kiisters & Wil van der Aalst Y EE} RWNTH 26
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OCPQ
Conclusion

ooooooo

. OCPQ Approach & Tool T

aaaaaaaaaaaa

e Beyond “multi-object”, to full object-centricity

e Modeling Nested Queries & Constraints I

\\\\\
eeeeeeeeeeeeeeeeee

FFFFFFFFFFFFFFF
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Usability Analysis & User Study

Case Study showing real-life business usage
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