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On representation of Knowledge Graphs
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Vanilla Triples

RDJ dbp:resides SF .
RDJ dbp:born NY .
Sherlock_Holmes dbp:studio WB .
Sherlock_Holmes dbp:starring RDJ.

Avengers dbp:studio Marvel .
Avengers dbp:starring RDJ .
Iron_Man dbp:studio Marvel .
Iron_Man dbp:starring RDJ .
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KGs in Graph ML
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Often Rare Almost never 👀
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KGs in Graph ML: Big Picture in ℝ5
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Hyper-Relational KGs
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Hyper-Relational KGs: RDF* and 
SPARQL*
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role: Sherlock_Holmes

role: Iron_Man

The_Avengers dbp:starring RDJ.
<< The_Avengers dbp:starring RDJ >> role Iron_Man .
<< RDJ dbp:nominated_for Oscar >> for_work Tropic_Thunder;
                                  at       Oscars_2008 .

dbp:nominated for

for work: Tropic Thunder
at:       Oscars 2008
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Hyper-Relational != Hypergraphs
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Immediate loss of the fine-grained predicates & e-r attribution
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Multirelational GNN Encoders for KGs
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[1] Schlichtkrull et al. Modeling Relational Data with Graph Convolutional Networks. ESWC 2018
[2] Vashishth et al. Composition-Based Multi-Relational Graph Convolutional Networks. ICLR 2020

Vanilla GCN: no relations

R-GCN [1]: a whole matrix W per relation

CompGCN [2]:  a vector z_r per relation +
  composition of (h,r)        +

       only 3 different W: input/output/self-loop   



 03.03.2021

Embedding Hyper-Relational KGs
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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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Embedding Hyper-Relational KGs
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Embedding Hyper-Relational KGs
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Encoding Hyper-Relational KGs
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Decoders for Downstream Tasks
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← A decoder for link prediction

● Datasets issue:
○ No such graphs in OGB

○ Very few LP datasets
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Hyper-Relational KGs: Link Prediction
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Inductive Scenarios
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Big Picture in ℝ5
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Big Picture in ℝ5 - Scaling Up
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The ImageNet Moment for KGs
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The ImageNet Moment for KGs
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Self-supervised 
pre-training on 

LARGE KGs

Fine-tuning on a 
downstream task

NLP

Vision

Graph ML
Wikidata: 100M nodes
Embs:  [100M, dim]  ?

~200 GB 
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OGB WikiKG: Just 2.5M nodes

BERT-Large is ~340M params
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Explicit embeddings in LMs
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Fevry et al. Entities as Experts:  Sparse Memory Access with Entity Supervision. EMNLP 2020

Wikidata-scale (100M nodes, 2B edges): 

[100M, 200d]
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Sparsifying / Tokenizing KGs

BERT-Large (340M) KGE (1250M)

Vocab: 30K x 1024d

Transformer
~300M Vocab: 

2.5M x 500d
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Sparsifying / Tokenizing KGs

BERT-Large (340M) KGE (1250M)

Vocab: 30K x 1024d

Transformer
~300M Vocab: 

2.5M x 500d

Tokenized KG (100M)

Vocab: 30K entities, 
All relations

Encoder
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Sparsifying / Tokenizing KGs
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Sparsifying / Tokenizing KGs
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Sparsifying / Tokenizing KGs
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Sparsifying / Tokenizing KGs
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Sparsifying / Tokenizing KGs
a3 r3 ⋀ a1 r1 r5 ⋀ a2 r3 r5 r2i

[CLS] | a3 r3 | [MASK] r1 r5 | a2 r3 r5 r2i [CLS] | a3 r3 | a1 r1 r5 | a2 r3 r5 r2i

[CLS] | a1 r1 r5 | a3 r3 | a2 r3 r5 r2i

Transformer / GNN BYOL

MLM loss BYOL loss
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Fine-tuning decoders

[CLS] | a3 r3 | a1 r1 r5 | a2 r3 r5 r2i

r2

[CLS] | a3 r4 r1 | a2 r1

[h] + r2 - [t]Old TransE

New Cosine

[CLS] | a3 r3 r2 | a1 r1 r5 r2 | a2 r3 r5 r2i r2 [CLS] | a3 r4 r1 | a2 r1hr
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Positional encodings r2

[CLS] | a3 r3 r2 | a1 r1 r5 r2 | a2 r3 r5 r2i r2
       0     1    2  3    1   2  3  4    1   2   3   4  5
       0     1    1  1    2   2  2  2    3   3   3   3   3
       0     2    p  p    3    p  p  p    4   p   p   p  p
       0     1    2  3    4    5  6  7    8  9   10 11 12 

hr

Op1
Op2
Op3
Op4



 03.03.2021

Even more!
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➢ The ImageNet moment for KGs

➢ Compositional generalization with approximate query embedding

➢ KGs + links to the spectral theory 

➢ Logical expressiveness of triple-based and hyper-relational KGs


