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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 

 𝚙𝚊𝚢 𝚘𝚛𝚍𝚎𝚛 12.05.25 12:54 

 𝚙𝚒𝚌𝚔 𝚒𝚝𝚎𝚖 13.05.25 06:54  ?
 𝚌𝚘𝚗𝚏𝚒𝚛𝚖 𝚘𝚛𝚍𝚎𝚛 13.05.25 08:31 

 𝚙𝚒𝚌𝚔 𝚒𝚝𝚎𝚖 13.05.25 06:54  ?
… … … …
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𝚙𝚕𝚊𝚌𝚎 𝚘𝚛𝚍𝚎𝚛
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𝚌𝚘𝚗𝚏𝚒𝚛𝚖 𝚘𝚛𝚍𝚎𝚛
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Process Data

Object-Centric Event Data: Events
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Process Data

Object-Centric Event Data: Objects
ID Type Objects (O2O) Other Attributes
 𝚌𝚞𝚜𝚝𝚘𝚖𝚎𝚛𝚜 {,} Name: Wil, Age: 59

 𝚘𝚛𝚍𝚎𝚛𝚜 {,} Total: 112.41

 𝚘𝚛𝚍𝚎𝚛𝚜 {} Total: 43.95

 𝚒𝚝𝚎𝚖𝚜 {} Weight: 316

 𝚒𝚝𝚎𝚖𝚜 {} Weight: 574

 𝚒𝚝𝚎𝚖𝚜 {} Weight: 413

… … …
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Object-Centric Event Data: Objects
ID Type Objects (O2O) Other Attributes
 𝚌𝚞𝚜𝚝𝚘𝚖𝚎𝚛𝚜 {,} Name: Wil, Age: 59

 𝚘𝚛𝚍𝚎𝚛𝚜 {,} Total: 112.41

 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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Process Data

Queries & Constraints
⦁ Identify interesting scenarios
⬩ Traditional: Events, Cases
⬩ Object-centric: Objects, Events, “Cases”

 


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Related Work

Related Work
Traditional approaches

DECLARE (Pesic et al., 2007)

DCR Graphs (Hildebrandt and Mukkamala, 2010)
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Related Work

Related Work
Object-centric approaches

OCCG Constraints (Park and van der Aalst, 2022)
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Related Work

Related Work
Object-centric approaches

OCCG Constraints (Park and van der Aalst, 2022)

OCCM Constraints (Li et al., 2023)

↯ Multi-Object

OCPQ: Object-Centric Process Querying & Constraints –  Aaron Küsters & Wil van der Aalst 11



Related Work

Expressiveness
⦁ “Another Offer for a (Loan) Application should be only sent after

the previous one was returned/rejected/cancelled”
⦁ “Two orders by the same customer should be confirmed in the

same order they are placed in.”
⦁ “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, …)
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Related Work

Code

 Cypher (Esser and Fahland, 2021)

 SQL
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Related Work

 What is missing?
 Lacking expressiveness (OCCG, OCCM)

 Hard to use (SQL, Cypher)
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Related Work

 What is missing?
 Lacking expressiveness (OCCG, OCCM)

 Hard to use (SQL, Cypher)

Our approach (OCPQ)

 Flexible and extremely expressive

 Easy-to-use & visual representation

 Very fast runtime
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OCPQ

Query Tree Constraint
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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.”

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

∀𝑜∈𝑂∧type(𝑜)= 𝚘𝚛𝚍𝚎𝚛⏟⏟⏟⏟⏟⏟⏟
Quantifier for 𝑜

|{𝑒 ∈ 𝐸 | type(𝑒) = 𝚙𝚊𝚢 𝚘𝚛𝚍𝚎𝚛 ∧ 𝑜 ∈ obj(𝑒)}⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟
Nested Quantifier for 𝑒 (based on 𝑜)

| = 1
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OCPQ

Variable Bindings
⦁ Combinations of objects & events

⦁ “Two orders by the same customer should …”

o1 o2 o3

  

  
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  

⦁ 𝑏1 = {𝚘𝟷 ↦ , 𝚘𝟸 ↦ , 𝚘𝟹 ↦ }
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OCPQ: Object-Centric Process Querying & Constraints –  Aaron Küsters & Wil van der Aalst 18



OCPQ

Variable Bindings
⦁ Combinations of objects & events

⦁ “Two orders by the same customer should …”

o1 o2 o3

  

  

⦁ 𝑏1 = {𝚘𝟷 ↦ , 𝚘𝟸 ↦ , 𝚘𝟹 ↦ }
⦁ 𝑏2 = {𝚘𝟷 ↦ , 𝚘𝟸 ↦ , 𝚘𝟹 ↦ }

OCPQ: Object-Centric Process Querying & Constraints –  Aaron Küsters & Wil van der Aalst 18



OCPQ

Binding Box: Query Bindings
⦁ 𝔟 = (Var, Pred)
⬩ Var = {𝚘𝟷 ↦ {𝚘𝚛𝚍𝚎𝚛𝚜}, 𝚎𝟷 ↦ {𝚙𝚕𝚊𝚌𝚎 𝚘𝚛𝚍𝚎𝚛}}
⬩ Pred = {E2O(𝚎𝟷, 𝚘𝟷)}

o1 e1

 

 
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OCPQ

Binding Box: Query Bindings
⦁ 𝔟 = (Var, Pred)
⬩ Var = {𝚘𝟷 ↦ {𝚘𝚛𝚍𝚎𝚛𝚜}, 𝚎𝟷 ↦ {𝚙𝚕𝚊𝚌𝚎 𝚘𝚛𝚍𝚎𝚛}}
⬩ Pred = {E2O(𝚎𝟷, 𝚘𝟷)}

o1 e1

 

 

⦁ Output:
⬩ {𝚘𝟷 ↦ , 𝚎𝟷 ↦ }
⬩ {𝚘𝟷 ↦ , 𝚎𝟷 ↦ }
⬩ …
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OCPQ

Binding Box: Query Bindings
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OCPQ

Query Tree: Nested Querying of Bindings
⦁ Query Tree
⬩ Rooted tree of binding boxes
⬩ Variables & Predicates are ‘propagated down’

⦁ Intuitively: For one binding of parent node
⬩ Query set of child bindings A
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OCPQ

Example of Nested Querying

↓ 𝙰
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OCPQ

Adding Constraints
“Every placed order with ≤ 3 items should be confirmed within a day”
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OCPQ

OCPQ Tool
⦁ https://ocpq.aarkue.eu/
⦁ https://github.com/aarkue/OCPQ
⦁ Installer (Desktop App), Docker (Web App)
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OCPQ

Qualitative & Quantiative Evaluation
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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.
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OCPQ

Conclusion
⦁ OCPQ Approach & Tool

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

⦁ Modeling Nested Queries & Constraints
 High Expressiveness
 Easy-to-use
 Fully-featured & efficient tool implementation
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OCPQ

Outlook & Future Work

   OCPQ for Filtering OCED

   Extensions of binding-based approach
→ General annotations (e.g., KPI)

  Interoperatability with existing databases

  Usability Analysis & User Study

  Case Study showing real-life business usage
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Thanks!
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