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The ImageNet Moment for KGs

3

Self-supervised 
pre-training

Fine-tuning on a 
downstream task

NLP

Vision

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

~200 GB 
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Shallow Embedding
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Transductive vs Inductive
Transductive

Training
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Vocab

Inductive

New, unseen nodes (entities)
● Added to the seen graph
● Completely new 

inference graph
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Transductive vs Inductive
Transductive

Training

Inference

Vocab

Inductive

New, unseen nodes (entities)
● Added to the seen graph
● Completely new 

inference graph

Shallow 
embeddings
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OGB WikiKG: Just 2.5M nodes

BERT-Large is ~340M params
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Life beyond shallow embedding?

BERT (340M params) - disruption in NLP ✅ 
KG embs (>1B params) - 🥴 

Do we really need to learn & store the 
whole shallow embedding matrix |E| x dim

Trying to fit a 100M x 200 tensor on a Tesla V100 ->



 14.12.2021
9

Back to 2014

Source: The Illustrated Word2vec by Jay Alammar

Unseen words = [OOV] (out-of-vocabulary)

https://jalammar.github.io/illustrated-word2vec/
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Byte-Pair Encoding  / WordPiece

Byte-Pair Encoding vocabulary. Source: Sennrich et al and CS224N

https://www.aclweb.org/anthology/P16-1162.pdf
http://web.stanford.edu/class/cs224n/readings/cs224n-2019-notes06-NMT_seq2seq_attention.pdf
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Byte-Pair Encoding  / WordPiece

"I love tacos, apples, and tea!"

i love tacos , app ##les , and t ##e ##a !

6 7 8 5 10 11 5 9 30 41 37 3
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Byte-Pair Encoding  / WordPiece

"I love tacos, apples, and tea!"

i love tacos , app ##les , and t ##e ##a !

6 7 8 5 10 11 5 9 30 41 37 3

● Fixed-size vocab of subword units (30-50K)
● We can tokenize any unseen word
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Tokenizing KGs

BERT-Large 
(340M)

KG Embedding 
(1250M)

Vocabulary
30K x 1024d

Encoder
(Transformer)

~300M Vocabulary 
2.5M x 500d
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Tokenization + Graphs?

If nodes in a graph are 
"words", 

can we design a fixed-size 
vocab of 

"sub-word" units?



 14.12.2021
15

Tokenizing KGs

BERT-Large 
(340M)

KG Embedding 
(1250M)

Vocabulary
30K x 1024d

Encoder
(Transformer)

~300M Vocabulary 
2.5M x 500d

NodePiece

Vocab: K anchors, 
All relations

Encoder
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Tokenizing KGs

Shallow embedding, only 
known words, otherwise 

OOV

Compositional 
representations, 
subword units

Language Word2vec, GloVe Byte-Pair Encoding, 
WordPiece

Graphs All KG embedding 
algorithms (TransE, etc) NodePiece
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NodePiece - “subword units” for KGs

r1 r3

r7

r1_inv r3_inv

a1

a2

a3

a3 a1 a2

Closest anchors
+

Anchor distances

1

Relational context

2 3

r1_inv r3_inv r7

Encoder

Target node

Target node

Vocabulary = Anchors + Relation types
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NodePiece - “subword units” for KGs

r1 r3

r7

r1_inv r3_inv

a1

a2

a3

a3 a1 a2

Closest anchors
+

Anchor distances

1

Relational context

2 3

r1_inv r3_inv r7

Encoder

Target node

Target node

Inductive out-of-the-box: unseen nodes are “tokenized” with the same Vocab
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Anchor Node Selection

a1

a2

a3

Current strategy:
40% top degrees
40% top PPR
20% random
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Tokenization

r1 r3

r7

a1

a2

a3

a3

1

Target node

BFS from the target node until we reach |K| anchors
● Can be done in forward pass
● Can be pre-processed and saved
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Tokenization
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BFS from the target node until we reach |K| anchors
● Can be done in forward pass
● Can be pre-processed and saved
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Tokenization

r1 r3

r7

a1

a2

a3

a3 a1 a2

Closest anchors
+

Anchor distances

1 2 3

Target node

BFS from the target node until we reach |K| anchors
● Can be done in forward pass
● Can be pre-processed and saved
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Tokenization
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Tokenization
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BFS from the target node until we reach |K| anchors
● Can be done in forward pass
● Can be pre-processed and saved
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Tokenizing Einstein

3 nearest anchors 4 unique outgoing relations in the context
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Unseen Node Tokenization

a1

a2

a3

a2 a1 a3

Closest anchors
+

Anchor distances

1

Relational context

2 3

r4 r3_inv

Encoder

new node

new node
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Tokenization Speed

15K nodes, 
270K edges 

40K nodes, 
80K edges

120K nodes, 
1M edges

2.5M nodes,
16M edges

5M nodes,
40M edges

Time 8 sec 30 sec 4.5 min 2-8 hours 3-9 hours

Size 7.5 MB 20 MB 40 MB 700 MB 1 GB

METIS partitioning

Parallel pre-processing
Single core, laptop CPU
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Set Encoder
Set Encoder (injective)

avg() MLP Vanilla 
Transformer

Mixture of 
Experts Perceiver NystromformerSet 

Transformer
<your fav 

architecture>
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Tasks

TransE

RotatE

...

Link Prediction / Relation Prediction Any GNN works, too!

GNN+
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Transductive Link Prediction
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Transductive Link Prediction
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Transductive Link Prediction
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WN18RR anchors + entities
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FB15k-237 anchors + entities
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Transductive Link Prediction
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Out-of-sample (inductive) LP

Encoder: Transformer
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Relation Prediction
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Node Classification
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OGB WikiKG 2 : New SOTA
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OGB WikiKG 2 : New SOTA

Input graph: 2.5M nodes, 16M edges

● 20K anchors (< 1% total nodes) -> 4M params
○ 0 anchors / 0 node embeddings -> 0.47 MRR (Top-4)

● 1070 relation types (535 x2 with inverses) -> 200K params
● “Word length” - 32 tokens

○ 20 anchors per node
○ 12 relations in context
○ Tokenization in pre-processing (METIS + igraph) ~ 8 hours

● 2-layer MLP encoder -> ~2M params
● 250K training steps, 1 Tesla V100, 15 hours overall

Total: 6.8M params
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Inductive Link Prediction

Inference graphs are disjoint with training (new nodes) 
NodePiece + CompGCN encoder = SOTA on many tasks on relation-rich graphs
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https://github.com/migalkin/NodePiece

mikhail.galkin@mila.quebec

@michael_galkin

Code & Data

Contact

Socials

📜> Paper PDF 
<📜

https://github.com/migalkin/NodePiece
mailto:mikhail.galkin@tu-dresden.de
https://arxiv.org/pdf/2106.12144.pdf
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https://ods.ai/tracks/kgcourse2021
https://migalkin.github.io/kgcourse2021/  

https://ods.ai/tracks/kgcourse2021
https://migalkin.github.io/kgcourse2021/
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KGs + NLP chair

https://www.knowledgegraph.tech/kgc-2022-call-for-presentations/

