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Introduction
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◼ A knowledge graph (KG) is a multi-relational graph, whose 
nodes denote entities and directed edges are associated with 
types indicating the specific relations between entities.
⚫ Each edge denotes a relational triple which represents a fact.

◼ A KG = (ℰ,ℛ, 𝒯)
⚫ ℰ: the set of entities (nodes)

⚫ ℛ: the set of relations (edge types)

⚫ 𝒯 = ℰ × ℛ × ℰ: 
the set of relational triples (edges)
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Knowledge Graphs

(𝐹𝑟𝑜𝑚 𝐷𝑢𝑠𝑘 𝑇𝑖𝑙𝑙 𝐷𝑎𝑤𝑛, 𝑑𝑖𝑟𝑒𝑐𝑡𝑜𝑟, 𝑅𝑜𝑏𝑒𝑟𝑡 𝑅𝑜𝑑𝑟𝑖𝑔𝑢𝑒𝑠)



◼ KG embedding (KGE) techniques seek to encode entities and 
relations into vector spaces, and capture semantics by the geometric 
structure of embeddings.

◼ Translational KGE models

⚫ TransE: for a relational triple (ℎ, 𝑟, 𝑡), the vectors of ℎ and 𝑡 are connected 
by a translation vector of 𝑟, i.e., 𝐡 + 𝐫 ≈ 𝐭 (where the boldfaced letters
denote the embeddings of entities and relations). The energy function of 
TransE is 𝑓 ℎ, 𝑟, 𝑡 = 𝐡 + 𝐫 − 𝐭 𝐿1/𝐿2.

◼ Tasks

⚫ Link prediction, entity alignment, …
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Knowledge Graph Embedding

(𝐴𝑢𝑐𝑘𝑙𝑎𝑛𝑑, 𝑙𝑜𝑐𝑎𝑡𝑒𝑑𝐼𝑛, 𝑁𝑒𝑤_𝑍𝑒𝑎𝑙𝑎𝑛𝑑) 𝐴𝑢𝑐𝑘𝑙𝑎𝑛𝑑

𝑁𝑒𝑤_𝑍𝑒𝑎𝑙𝑎𝑛𝑑

TransE

𝐡 + 𝐫 ≈ 𝐭



◼ The relation-level translation cannot model the complex relational 
structure of KGs.

⚫ One entity pair with multiple relations

⚫ Multiple entity pairs with one relation
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Weakness of Translational KGE

TransE

𝐡 + 𝐫 ≈ 𝐭



◼ The energy function of TransX can be rewritten as:
𝑓 𝜏 = 𝑔1,𝑟(𝐡) + 𝐫 − 𝑔2,𝑟(𝐭) 𝐿1/𝐿2
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Existing Approaches

However, such projections divest KG embeddings of relational structures 

by injecting ambiguity into entity embeddings.



◼ Motivation

⚫ It is intuitive that 

– entities should have explicit embeddings,

– relations should have contextualized

representations as different edge

embeddings.
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Our Approach - TransEdge
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Our Approach - TransEdge
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◼ Edge-Centric Knowledge Graph Embedding
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TransEdge



◼ Formulation
𝑓 ℎ, 𝑟, 𝑡 = ||𝐡 + 𝜓 𝐡𝑐 , 𝐭𝑐 , 𝐫 − 𝐭||

where

⚫ 𝐫 is the relation embedding for relation 𝑟,

⚫ 𝐡 and 𝐭 are the general embeddings for entity ℎ and 𝑡.

– The general embeddings capture the geometric positions and
the relational semantics.

⚫ 𝐡𝑐 and 𝐭𝑐 are the interaction embeddings for entity ℎ and 𝑡.

– The interaction embeddings are used to encode their
participation in the calculation of edge embeddings.
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TransEdge - Formulation

Table 1. Complexity comparisonEdge embedding which generated by

contextualization operation



◼ Context compression (CC)

⚫ uses multilayer perceptrons (MLPs) 
to compress the embeddings of the 
edge direction and label
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TransEdge - Contextualization Operation 𝜓 𝐡𝑐 , 𝐭𝑐 , 𝐫



◼ Context projection (CP)

⚫ TransH: project entity onto
hyperplanes

⚫ TransEdge: project relation
𝑟 onto hyperplanes
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TransEdge - Contextualization Operation 𝜓 𝐡𝑐 , 𝐭𝑐 , 𝐫



◼ Conventional marginal ranking loss
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TransEdge – Loss Function



◼ Entity alignment aims to find entities in different KGs referring to 
the same real-world identity

◼ Implementation: minimize ℒ + ℒ𝑠𝑒𝑚𝑖

⚫ Semi-supervised: use bootstrapping

strategy to select the likely-aligned

entity pairs 𝒟, and minimize the following

loss function.

ℒ𝑠𝑒𝑚𝑖 = 

𝐞1,𝐞2 ∈𝒟

||𝐞1 − 𝐞2||

where 𝒟 = 𝐞1, 𝐞2 cos 𝐞1, 𝐞2 > 𝑠}
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Task 1: Entity Alignment

Image source: (Liberty 

Enlightening the 

World), 1886, New 

York City



◼ Link prediction is the task of inferring the missing head or tail 
entities when given incomplete relational triples.

⚫ e.g., given (__, 𝑐𝑎𝑝𝑖𝑡𝑎𝑙𝑂𝑓, 𝑁𝑒𝑤_𝑍𝑒𝑎𝑙𝑎𝑛𝑑), the link prediction
models are expected to rank the right head entity Wellington at
the first place.

◼ Implementation: minimize ℒ
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Task 2: Link Prediction



Experiments
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◼ Datasets: DBP15K, DWY100K

◼ Competitors:

⚫ Embedding-Based EA

⚫ Embedding Models + EA loss function

◼ Metrics:

⚫ Hits@k

⚫ MR (mean rank)

⚫ MRR (mean reciprocal rank)
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Experiments – Entity Alignment



◼ Datasets:

FB15K-237, WN18RR

◼ Competitors

⚫ Translational Models

⚫ Bilinear Models

⚫ Neural Models

◼ Metrics:

⚫ Hits@k

⚫ MR

⚫ MRR
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Experiments – Link Prediction



◼ One Entity Pair with Multiple Relations

⚫ Synthesize KG with double relations

– Create a dummy relation 𝑟′ for each relation 𝑟, and create a dummy triple (ℎ, 𝑟′, 𝑡) for
each triple (ℎ, 𝑟, 𝑡).

⚫ Results

– TransEdge shows less variation than MTransE
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Experiments - Analysis



◼ Multiple Entity Pairs with One Relation

⚫ Triples w.r.t. relation 𝑐𝑎𝑝𝑖𝑡𝑎𝑙

⚫ Translation vectors are

– flexible and robust in

TransEdge,

– parallel in MTransE
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Experiments - Analysis



◼ TransEdge vs LogMap vs Comb.

⚫ Comb. combines results from TransEdge and LogMap by voting based on
the predicted similarity.

◼ Datasets (monolingual): DBP-WD, DBP-YG
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Experiments – Conventional Entity Alignment



Conclusion
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◼ TransEdge is a novel translational KGE model, which translating the 
edge embeddings rather than relation embeddings.

◼ To the best of our knowledge, TransEdge is the first KGE model that 
achieves the state-of-the-art (Hits@1) performance on both entity 
alignment and link prediction.

◼ For future work, we plan to study techniques like language models 
to represent multi-hop relation contexts. We also want to incorporate 
other proximity measures into the preserved KG structures, such as 
attribute similarity.
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Conclusion



Thank you for your time!
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◼ Source code: https://github.com/nju-websoft/TransEdge

https://github.com/nju-websoft/TransEdge

