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[Rosso et al] Beyond Triplets: Hyper-Relational Knowledge Graph Embedding for Link Prediction. WWW 2020
[Hartig et al] Foundations of rdf* and sparql* (an alternative approach to statement-level metadata in RDF) 

Statements with Qualifiers in Wikidata
Entity-relation Edge Attributes

Edge Instances
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Graph Representation Learning Pipeline
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Graph
Encoder

Original Graph Embeddings Downstream Task

Node classification

Graph classification

Link prediction

Often Rare Almost never 👀

educated ateducated at

Albert Einstein

Q937

ETH Zurich
University of 

Zurich 

P69P69

Q206702Q11942

Academic degree (P512): 
      Bachelor (Q787674)

Academic major (P812): 
         Mathematics (Q853077)

Academic degree (P512):
      Doctorate (Q849697)

Academic major (P812): 
      Physics (Q413)



 EMNLP 2020

Multirelational GNN Encoders for KGs
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[1] Kipf et al. Semi-supervised Classification with Graph Convolutional Networks. ICLR 2017
[2] Schlichtkrull et al. Modeling Relational Data with Graph Convolutional Networks. ESWC 2018
[3] Vashishth et al. Composition-Based Multi-Relational Graph Convolutional Networks. ICLR 2020

Vanilla GCN [1]: no relations

R-GCN [2]: a whole matrix W per relation

CompGCN [3]:  a vector z_r per relation +
  composition of (h,r)        +

       only 3 different W: input/output/self-loop   
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?
● Qualifying relations and entities can 

be used as main terms in other facts

● Not all facts might have qualifiers
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StarE: Qualifiers Aggregation
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Wq is any entity-relation composition 
function like
● TransE
● HolE
● RotatE

etc

★
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Combining Main Relation w/ Qualifiers
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Encoding Hyper-Relational KGs
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1. Do qualifiers improve the accuracy of subject / object prediction of a fact? 

2. How many qualifiers do you need? Academic degree (P512):
      Doctorate (Q849697)

Academic major (P812): 
      Physics (Q413)
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Q937, P69, ?
Q937, P69, ?, P512, Q849697, P812, Q413

?, P69, Q206702
?, P69, Q206702, P512, Q849697, P812, Q413

● In the whole KG

● Per fact
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Decoders for Downstream Tasks
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← A decoder for link prediction

● Datasets issue:
○ No such graphs in the 

Open Graph Benchmark

○ Very few LP datasets
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Datasets Issue
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WikiPeople

● Most statements contain datetime 
literals (usually dropped in LP)

● After cleaning: only ~3% of facts 
have qualifiers 
○ 80% of which have 1 qualifier

JF17K

● Obtained from discontinued Freebase

● Test set leakages: ~45% of test facts 
have the same (h, r, t) in train

● Triple-only models can exploit the leak
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WD50K: a Family of Hyper-Relational Datasets
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Hyper-Relational KGs: Link Prediction
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★ Hyper-relational models effectively leverage qualifiers to improve predictions

★ The more hyper-relational facts - the better are predictions

★ The improvement upon triple-only models grows with the ratio of hyper-relational 
edges in the KG 
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Hyper-Relational KGs: Link Prediction
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★ As few as two qualifiers per fact yield an observable improvement

★ StarE + decoder ensure the performance slowly grows or remains stable while 
decoder-only model shows degradation in performance
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TL;DR
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1. Hyper-relational KGs are much more informative than vanilla KGs
2. Contribution: StarE - a GNN encoder for hyper-relational KGs (RDF* and LPG)
3. Contribution: WD50K - a new family of hyper-relational datasets for LP
4. Experiments: hyper-relational models drastically outperform triple baselines

Future work: design datasets for node and graph classification, and probe StarE 

https://github.com/migalkin/StarE 
mikhail.galkin@tu-dresden.de
@michael_galkin

Code & Data

Contact

Socials

https://github.com/migalkin/StarE
mailto:mikhail.galkin@tu-dresden.de
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