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● Knowledge graph completion (KGC)
○ Automatically infer missing triples

● Knowledge graph embedding models (KGEs)
○ Embed knowledge graphs into vector spaces 
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Knowledge Graph Embedding Models

● Functional Models
○ TransE (Bordes et al., 2013), RotatE (Sun et al., 2019)

● Spatial Models
○ BoxE (Abboud et al., 2020)

● Bilinear Models
○ ComplEx (Trouillon et al., 2016), TuckER (Balazevic et al., 2019)

● Neural Models
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● Generalization capabilities
○ Analyzing inference patterns that can be captured by a model
○ Hierarchy and composition are fundamental patterns that have been extensively studied:

■ (Bordes et al., 2013; Sun et al., 2019; Zhang et al., 2019; Lu & Hu, 2020, Yang et al., 2015a; Trouillon 
et al., 2016; Kazemi & Poole, 2018; Abboud et al., 2020)
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Inference Patterns

● Functional Models
○ Can represent a limited notion of composition (Zhang et al., 2019; 

Abboud et al., 2020; Lu & Hu, 2020; Gao et al., 2020) 

○ Cannot represent any notion of hierarchy (Abboud et al., 2020)
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Challenge: Expressiveness

● Spatial and Bilinear Models
○ Are fully expressive (except DistMult (Yang et al., 2015a))

● Functional Models
○ Not fully expressive, i.e., cannot represent any arbitrary knowledge graph
○ Struggle with one-to-many, many-to-one, and many-to-many relations

● Challenge 3: 
○ Model that is fully expressive
○ Can handle one-to-many, many-to-one, and many-to-many relations
○ While keeping the ability of functional models to capture composition 
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X mother_of Y ∧ Y parent_of Z ⇒ X grand_parent_of Z
X father_of Y ∧ Y parent_of Z ⇒ X grand_parent_of Z 

grand_mother_ofgrand_father_of grand_parent_of

Representing relations as regions naturally allows for one-to-many, many-to-one, and many-to-many relations
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Summary

● ExpressivE: A spatio-functional KGE that
○ is fully expressive (first among functional KGEs)
○ captures composition and hierarchy jointly
○ captures general composition

● Additionally, ExpressivE
○ allows for an intuitive geometric interpretation
○ can handle one-to-many, many-to-one, and many-to-many relations
○ achieves very strong performance on KGC, while solely using half the 

number of parameters of its closest relatives
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