
Collaborative Forgetting for Engineering Design

1. Cascade Forgetting using Metaproperties, OWL-DL, and SPARQL [17, 19, 20]

DELETE Subfunction(measuring_friction)
DELETE givesSupportTo(measuring_friction, measuring_forces)

Function(measuring_forces)
Subfunction(measuring_friction)
givesSupportTo(measuring_friction, measuring_forces)

DELETE Function(measuring_forces)

Forgetting because of a redesign

Cascade forgetting

2. Concept Contraction for the Description Logic EL [16]

3. Argumentation used to resolve design inconsistencies [3, 5, 6, 8, 10, 11, 14, 15]

4. Semantic annotations enabling variant design [1, 4, 12, 13, 22, 23] 5. Inferring schema constraints from
     knowledge graph data mappings [24]

Metaproperties "rigid" and "depends on" describe 
which components are forgotten after updating an 
engineering design.

dependsOn Function w.r.t. givesSupportTo Rigid

Subfunction FunctiongivesSupportTo

Given two concepts C and D 
with C ⊑ D,
C is generalized as a concept C ⊖ D 
that must be as similar as possible 
to C, and do not be subsumed by D.

NonElectric

Bicycle

Bicycle ⊖ NonElectric

Designers must forget that bicycles 
are non-electric to design with a 
more general concept of bicycle.

Bipolar argumentation
  Attack (-):
      arguments contradicting a statement.
  Support (+):
      arguments supporting a statement.

The previous bicycle design assumes 
human traction only.

An electrical traction is added.
Components must be redesigned.
Assumptions must be revised.

1. How to forget design property values?
2. How to forget concept inclusions?
3. How to resolve design inconsistencies?
4. How to enable variant design with semantic annotations?
5. How to forget and infer new constraints?

LCS concept contraction:
    - Subtraction between concepts
    - Reformulates AGM postulates for first-order theory revision

If D ≡ D' then C ⊖ D ≡ C ⊖ D'.
If D ≢ ⊤ then C ⊖ D ⋢ D.
C ⊑ C ⊖ D.
C ⊖ ⊤ ≡ C.
If C ⊑ X and C ⊖ D ⋢ X then there is a Y such that
C ⊏ Y ⊑ C ⊖ D,  Y ⋢ D,  and Y ⊓ X ⊑ D.

Postulates
Preservation:
Success:
Inclusion:
Failure:
Relevance:

Strengths of arguments
based on weights allow
for learning to assign levels
of acceptance for statements.
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Pseudo-Riemannian graph 
convolutional neural network 
for description logics ABoxes 
and argumentation graphs.

Lack of established formal knowledge 
models as prerequisite for ontology-based 
intentional forgetting operations can be 
overcome by semantic annotation 
techniques based on the Structure-
Behavior-Function model and design 
rationales explaining the decision-making 
process in design.

Structure
What?

Behavior
How?

Function
Why?

CONSTRUCT {
    hasFrame(x, y), hasGears(x, z)
}
WHERE {
    Bicycle(x), component(x, y), component(x, z),
    Frame(y), Gears(z)
}

Bicycle ⊑ ∃component.Frame ⊓
∃component.Gears

∃hasFrame.⊤ ≡ ∃hasGears.⊤

Methodology
1. Axiomatize the input, graph, the input graph, and the query.
2. Check what restrictions are entailed by the axiomatization.

References
Kügler, P., Dworschak, F., Schleich, B., and Wartzack, S. (2023). The evolution of knowledge-based engineering from a design research perspective: Literature review 2012–2021. Advanced Engineering Informatics, 55, 101892. 
Galárraga, L., Hernández, D. Katim, A., and Hose, K. (2023). Visualizing How-Provenance Explanations for SPARQL Queries. WWW '23: Companion Proceedings of the ACM Web Conference 2023, Austin, Texas, USA, April 30 - May 4, 2023. ACM. 
Gregucci, C., Nayyeri, M., Hernández, D., and Staab, S. (2023). Link Prediction with Attention Applied on Multiple Knowledge Graph Embedding Models. WWW '23: Proceedings of the ACM Web Conference 2023, Austin, Texas, USA, April 30 - May 4, 2023. ACM. 
Kügler, P., Marian, M., Dorsch, R., Schleich, B., and Wartzack, S. (2022). A Semantic Annotation Pipeline towards the Generation of Knowledge Graphs in Tribology. Lubricants 2022, 10, 18. Machine Learning in Tribology, 87. 
Xiong, B., Potyka, N., Tran, T.-K., Nayyeri, M., and Staab, S. (2022). Faithful Embedding for EL++ Knowledge Bases. Proceedings of the 21st International Semantic Web Conference (ISWC 2022), 1–16. 
Potyka, N., Bazo, M., Spieler, J., and Staab, S. (2022). Learning Gradual Argumentation Frameworks using Meta-heuristics. In Proceedings of the 1st Workshop on Argumentation & Machine Learning co-located with 9th International Conference on Computational Models of 
Argument (COMMA 2022), Cardiff, Wales, September 13th, 2022 (Vol. 3208, pp. 96–108). CEUR-WS.org.
Elshani, D., Lombardi, A., Fisher, A., Staab, S., Hernández, D., and Wortmann, T. (2022). Inferential Reasoning in Co-Design Using Semantic Web Standards alongside BHoM. Proceedings of 33. Forum Bauinformatik. 
Xiong, B., Zhu, S., Potyka, N., Pan, S., Zhou, C., and Staab, S. (2022). Pseudo-Riemannian Graph Convolutional Networks. Advances in Neural Information Processing Systems. 
Elshani, D., Lombardi, A., Fisher, A., Staab, S., Hernández, D., and Wortmann, T. (2022). Knowledge Graphs for Multidisciplinary Co-Design: Introducing RDF to BHoM. In Proceedings of LDAC2022 - 10th Linked Data in Architecture and Construction Workshop. LDAC2022 - 10th 
Linked Data in Architecture and Construction Workshop, Hersonissos, Greece. 
Potyka, N. (2021). Generalizing Complete Semantics to Bipolar Argumentation Frameworks. In Symbolic and Quantitative Approaches to Reasoning with Uncertainty: 16th European Conference, ECSQARU 2021 Prague, Czech Republic, September 21-24, 2021, Proceedings (No. 
12897; Issue 12897, pp. 130–143). Springer. 
Potyka, N. (2021). Interpreting Neural Networks as Quantitative Argumentation Frameworks. Proceedings of the AAAI Conference on Artificial Intelligence, 35, 7, 6463–6470. 
Kügler, P., Marian, M., Schleich, B., Tremmel, S., Wartzack, S. (2020). tribAIn: an ontology for knowledge representation in the domain of tribology. 
Kügler, P., Marian, M., Schleich, B., Tremmel, S., and Wartzack, S. (2020). tribAIn—Towards an explicit specification of shared tribological understanding. Applied Sciences, 10(13), 4421. 
Potyka, N. (2020). Bipolar Abstract Argumentation with Dual Attacks and Supports. In Proceedings of the 17th International Conference on Principles of Knowledge Representation and Reasoning (pp. 677–686). IJCAI Organization. 
Potyka, N. (2020). Abstract Argumentation with Markov Networks. European Conference on Artificial Intelligence (ECAI), 865–872. 
Rienstra, T., Schon, C., & Staab, S. (2020, July). Concept contraction in the description logic EL. In Proceedings of the International Conference on Principles of Knowledge Representation and Reasoning (Vol. 17, No. 1, pp. 723-732). 
Schon, C., Staab, S., Kügler, P., Kestel, P., Schleich, B., and Wartzack, S. (2018). “Metaproperty-Guided Deletion from the Instance-Level of a Knowledge Base.” In: Knowledge Engineering and Knowledge Management - 21st International Conference, EKAW 2018, Nancy, France, 
November 12-16.  Ed. by Faron-Zucker, C., Ghidini, C., Napoli, A., and Toussaint, Y. Springer, pp. 407–423. 
Kestel, P., Luft, T., Schon, C., Kügler, P., Bayer, T., Schleich, B., Staab, S., and Wartzack, S. (2018). Konzept zur zielgerichteten, ontologiebasierten Wiederverwendung von Produktmodellen. In Design for X. Beiträge zum 28. DfX-Symposium. Hamburg: TuTech Verlag. 
Kügler, P., Kestel, P., Schon, C., Marian, M., Schleich, B., and Staab, S., Wartzack, S. (2018) Ontology-based approach for the use of intentional forgetting in product development. In Proceedings of the DESIGN 2018 / 15th International Design Conference, Croatia Dubrovnik, May 
21-24 2018, The Design Society, Glasgow. 
Schon, C., and Staab, S. (2018). Towards SPARQL instance-level Update in the Presence of OWL-DL TBoxes. In  Proceedings of the Joint Ontology Workshops 2017 Episode 3: The Tyrolean Autumn of Ontology, Bozen-Bolzano, Italy, 2017. (Vol. 2050). CEUR-WS.org. 
Timm, I. J., Staab, S., Siebers, M., Schon, C., Schmid, U., Sauerwald, K., Reuter, L., Ragni, M., Niederée, C., Maus, H., Kern-Isberner, G., Jilek, C., Friemann, P., Eiter, T., Dengel, A., Dames, H., Bock, T., Berndt, J. O., and Beierle, C. (2018). Intentional forgetting in artificial intelligence 
systems: Perspectives and challenges. In Proceedings of the Joint German/Austrian Conference on Artificial Intelligence (Künstliche Intelligenz) (pp. 357-365). 
Kügler, P., Schleich, B., and Wartzack, S. (2018). “Consistent digitalization of engineering design – an ontology-based approach.” In: Proceedings of NordDesign 2018. 
Sauer, C., Kügler, P., Kestel, P., Graf, M., Göbel, K., Niessen, C., Schleich, B., and Wartzack, S. (2018). “Ein ontologiebasierter Ansatz zur Wissensrepräsentation für die smarte Produktentwicklung.” In: Tagungsband 16. Gemeinsames Kolloquium Konstruktionstechnik. pp. 294–305. 
Seifer P. Hernández. D. Lämmel R., and Staab S. From Shapes to Shapes: Inferring SHACL Shapes for Results of SPARQL CONSTRUCT Queries. Submitted in 2023.

1.
2.
3.
4.
5.
6.

7.
8.
9.

10.

11.
12.
13.
14.
15.
16.
17.

18.
19.

20.
21.

22.
23.
24.

Submanifolds of a
pseudo-hyperboloid

If C ⋢ D then C ⊖ D ≡ C.
If C ⊑ X and C ⊖ D ⋢ X then (C ⊖ D) ⊓ X ⊑ D.

Redundant Postulates
Vacuity:
Fullness:

(inferred from Fullness and Inclusion  
(inferred from Relevance)

Unsuitable Postulate
Recovery:         (C ⊖ D) ⊓ D ⊑ C.

Recovery contradicts the lattice. 

∃r.⊤

∃r.(X⊓Y)

∃r.X ∃r.Y

∃r.(X⊓Y) ⊖ ∃r.X ≡ ∃r.Y

but

∃r.Y ⊓ ∃r.X ⋢ ∃r.(X⊓Y) 

INTENTIONAL
FORGETTING
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