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Knowledge Graph

Knowledge Graph (KG): a labeled and 
directed multi-graph of statements (called 
triples) about the world

Problem: incompleteness and sparsity



Knowledge Graph Embedding
Knowledge Graph Embedding (KGE): project entities and relations in a KG onto 
a continuous vector space while preserving the inherent structure of the KG

Illustrations for several well-known knowledge graph embedding models (Wang et al., 2017)



Problems of Knowledge Graph Embedding
● Incompleteness and sparsity problems affect the performance of downstream 

tasks such as question answering (QA) since missing triples result in certain 
questions becoming unanswerable

● Neglected spatial aspects, e.g., the spatial footprints of geographic entities 
despite the fact that they are important for many KG downstream tasks:

○ Geographic knowledge graph completion (Qiu et al., 2019)
○ Geographic ontology alignment (Zhu et al., 2016)
○ Geographic entity alignment (Trisedya et al., 2019)
○ Geographic question answering (Mai et al., 2019b)
○ Geographic knowledge graph summarization (Yan et al., 2019)
○ ….



SE-KGE: A Location-Aware KG Embedding Model
A novel KGE model which directly encodes spatial footprints, namely point 
coordinates and bounding boxes, thereby making them available while learning 
knowledge graph embeddings.

Encoding spatial footprints of geographic entities:

● Location encoder (Mai et al., 2020): the neural network models which 
encode a pair of coordinates into a high dimensional embedding which can be 
used in multi downstream tasks



Challenges of SE-KGE
1. Location encoding can handle point-wise metric relations (e.g., 

dbo:nearestCity) and directional relations (e.g., dbp:north) in KGs, but it is 
not easy to encode containment relations (e.g., dbo:isPartOf).

○ Represent geographic entities as regions instead of points in the embedding space

2. How to seamlessly handle geographic and non-geographic entities?

3. How to capture the spatial and other semantic aspects at the same time?

4. Spatial Semantic Lifting: How to design a KGE model so that it can be used 
to infer new relations between entities in a KG and any arbitrary location in 
the study area?



Method: GeoKG Definition

Given a geographic knowledge graph

● V : the set of entities/nodes
● E : the set of directed edges 
●              :  the geographic entity set
●          : entity                =>                       where
●                  : the set of large-scale geographic entity
●          : entity                =>                                          where   



Method: CQG Definition

●          : a set of all conjunctive graph queries that can be asked over G
●      : the target variable of query q (target node)
●                    : existentially quantified bound variables (bound nodes)
●      : a basic graph pattern in this CGQ
●      : the entity node appeared in the question (anchor node)

The dependency graph of Query q is a directed acyclic graph (DAG)

Geographic CGQ: the answer entity is a geographic entity



Method: CQG Example

Which city in Alameda County, California is the assembly place of Chevrolet Eagle 
and the nearest city to San Francisco Bay?



Method: Three Components for GeoQA
There major components of SE-KGE:

● Entity encoder              
● Projection operator            
● Intersection operator          



Method: Space Semantic Lifting 
Use entity encoder               and projection operator           for spatial semantic 
lifting:

Note that location encoder is one component of entity encoder



Method: Location-Aware Entity Encoder
● Semantic Aspect:

● Space Aspect:



Method: Location-Aware Entity Encoder
● Entity Feature Encoder

● Entity Space Encoder

Encoding results are concatenated 
as the final output



Method: Location-Aware Projection Operator



Method: Location-Aware Projection Operator



Method: GeoQA and Spatial Semantic Lifting
● GeoQA

● Spatial Semantic Lifting



Experiment
Evaluate SE-KGE using the DBGeo dataset which is built based on a subgraph of 
DBpedia



Geographic Question Answering



Geographic Question Answering

(b) Census Bureau-designated regions of United States(a) Clustering result of location embeddings produced 
by the location encoder in SE-KGEspace

(c) The community detection (Shuffled 
Louvain) results of KG



Spatial Semantic Lifting



Conclusion
● We develop a spatially-explicit knowledge graph embedding model, SE-KGE, 

which applies a location encoder to incorporate spatial information 
(coordinates and spatial extents) of geographic entities.

● SE-KGE is extended as end-to-end models for two tasks: geographic 
question answering and spatial semantic lifting (a new task).

● Evaluation results show that SE-KGE can outperform multiple baselines on 
two tasks.

● Visualization shows that SE-KGE can successfully capture the spatial 
proximity information as well as the semantics of relations.

Future work:

● We want to explore a more concise way to encode the spatial footprints of 
geographic entities in a KG
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