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Named Entity Disambiguation
Linking mentions to knowledge base entities

What we 
will cover  

Conclusions
Understanding advantages of a KG-based approach

Empowerment with Knowledge Graphs
Enabling a virtuous circle around NED systems

Context & Background
Building intelligent systems in healthcare domain
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Context & Background
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Intelligent Advisory 

Systems (IAS)

● Support different stakeholders:
○ Clinicians
○ Researchers
○ Insurance companies
○ Patients

● Requirements for interactivity:
○ Meaningful entities detection
○ Background context definition
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Question Answering
Systems

● Meaningful entities detection in 
questions and answers

● Background context to drive the 
conversational flow
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IAS requirements
  

● Meaningful entities
○ Reference knowledge focused on

the application domain

● Background context
○ Additional knowledge extracted & 

organized from multiple sources
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Knowledge 
Graph
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IAS requirements
  

● Meaningful entities
○ Reference knowledge focused on

the application domain

● Background context
○ Additional knowledge extracted and 

organized from multiple sources
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How to link detected 
entities to a

reference knowledge?
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Named Entity 
Disambiguation
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“Glitazones may be used for 
treating this type of diabetes that 

is mainly related to lifestyle”



12

G
ra

ph
A

w
ar

e.
   

  |
   

   
  H

um
e

© 2022 All Rights Reserved  |  GraphAware

Linking to the Unified 
Medical Language System

● Named Entity Recognition (NER)
○ “glitazones” is a substance
○ “diabetes” is a disease

● Named Entity Disambiguation (NED)
○ “glitazones” linked to C1257987
○ “diabetes” linked to C0011860
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Named Entity Disambiguation (NED)

Annotated
mentions

in the document

NED 
Candidates 
Selection

Reference knowledge

Multiple
candidates

for each mention

NED 
Candidates

Ranking

Disambiguated
entities

for each mention
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NED - Candidates Selection

Input: 
“Glitazones may be used for treating this type of diabetes that is mainly related to lifestyle”

Output candidates:
- Diabetes Mellitus, Non-Insulin-Dependent (Type II) - UMLS id: C0011860
- Diabetes Mellitus, Insulin-Dependent (Type I) - UMLS id: C0011854
- Gestational Diabetes - UMLS id: C0085207

NED 
Candidates

Ranking

Disambiguated
entities

for each mention

Annotated
mentions

in the document

NED 
Candidates 
Selection

Reference knowledge

Multiple
candidates

for each mention
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NED - Candidates Ranking

Input:  
“Glitazones may be used for treating this type of diabetes that is mainly related to lifestyle” + mention candidates

Output: 
1. Type II Diabetes - C0011860 - Score: 0.87 →  "glitazones" and "lifestyle" commonly refer to T2D
2. Type I - Diabetes - C0011854 - Score: 0.74
3. Gestational Diabetes - C0085207 - Score: 0:53

Annotated
mentions

in the document

NED 
Candidates 
Selection

Reference knowledge

Multiple
candidates

for each mention

NED 
Candidates

Ranking

Disambiguated
entities

for each mention
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NED Challenges

● Same terms with different meanings:
○ “diabetes” (T2 Diabetes)
○ “diabetes” (T1 Diabetes)
○ “diabetes” (Gestational Diabetes)

● Distinct terms with close meaning (TD2):
○ “Type 2 Diabetes”
○ “Non-insulin-dependent diabetes”
○ “Ketosis-Resistant diabetes”
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Pre-trained Models
● Contextual information encoded in BERT-like models

● Learning mentions and candidates representation

Word-Embedding Representation
● Candidates description

● Candidates structured metadata

Current Limitations
● Incomplete resources 

● Low coverage of most entities

● Integration of huge annotated datasets 

Common 
Approaches

Language Models leveraging 
Transformer-Based Architectures
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1. How to address 
such limitations?
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IAS requirements
  

● Meaningful entities
○ Reference knowledge focused on

the application domain

● Background context
○ Additional knowledge extracted and 

organized from multiple sources
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2.  How to enrich data 
with contextual 

knowledge?
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Empowerment with 
Knowledge Graphs
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A Knowledge 
Graph-based 

Approach

 

KG embedding representation
● Graph structural representation of candidate 

entities and related relationships

From KB to KGs
● Candidate entities semantically 

connected into a graph structure

Ontology-based enrichment
● Target entities as entry points for more 

tailored information

Explainability and refinement
● Graph-based visualization and interaction
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NED Systems allow to 

build and enrich 

extended KGs

KGs empower 

NED Systems

for entity linking 
The KG 
Virtuous Circle
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NED Systems allow to 

build and enrich 

extended KGs

KGs empower 

NED Systems

for entity linking 
The KG 
Virtuous Circle
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Annotated
mentions

in the document

NED 
Candidates 
Selection

Reference knowledge

Multiple
candidates

for each mention

NED 
Candidates

Ranking

Disambiguated
entities

for each mention
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KG embeddings combined
 with contextualized mention

embeddings

Knowledge Graph

Annotated
mentions

in the document

NED 
Candidates 
Selection

Reference knowledge

Multiple
candidates

for each mention

NED 
Candidates

Ranking

Disambiguated
entities

for each mention
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Glitazones may be used for treating this 
type of diabetes that is mainly related to 

lifestyle

[T2 Diabetes, T1 Diabetes, 
Gestational Diabetes]
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Glitazones may be used for treating this 
type of diabetes that is mainly related to 

lifestyle

Word 
Embedding 

Layer

[w1, w2, w3]

Bidirectional 
LSTM model

[T2 Diabetes, T1 Diabetes, 
Gestational Diabetes]

Knowledge 
Graph 

Embedding 
Layer

[k1, k2, k3]

LSTM output
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Glitazones may be used for treating this 
type of diabetes that is mainly related to 

lifestyle

Word 
Embedding 

Layer

[w1, w2, w3]

Bidirectional 
LSTM model

[T2 Diabetes, T1 Diabetes, 
Gestational Diabetes]

Knowledge 
Graph 

Embedding 
Layer

[k1, k2, k3]

LSTM output
[LSTM output, 

k_n]
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Glitazones may be used for treating this 
type of diabetes that is mainly related to 

lifestyle

Word 
Embedding 

Layer

[w1, w2, w3]

Bidirectional 
LSTM model

[T2 Diabetes, T1 Diabetes, 
Gestational Diabetes]

Knowledge 
Graph 

Embedding 
Layer

[k1, k2, k3]

LSTM output
[LSTM output, 

k_n]

[0.87, 0.74, 0.53]
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NED Systems allow to 

build and enrich 

extended KGs

KGs empower 

NED Systems

for entity linking 
The KG 
Virtuous Circle
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Annotated
mentions

in the document

NED 
Candidates 
Selection

Multiple
candidates

for each mention

NED 
Candidates

Ranking

Disambiguated
entities

for each mention
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Knowledge Graph

Annotated
mentions

in the document

NED 
Candidates 
Selection

Multiple
candidates

for each mention

NED 
Candidates

Ranking

Disambiguated
entities

for each mention

NED System Outputs



36

G
ra

ph
A

w
ar

e.
   

  |
   

   
  H

um
e

© 2022 All Rights Reserved  |  GraphAware

Knowledge Graph

Annotated
mentions

in the document

NED 
Candidates 
Selection

Multiple
candidates

for each mention

NED 
Candidates

Ranking

Disambiguated
entities

for each mention

NED System Outputs

Domain Ontologies

Ontology-based
Enrichment
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Knowledge Graph

Annotated
mentions

in the document

NED 
Candidates 
Selection

Multiple
candidates

for each mention

NED 
Candidates

Ranking

Disambiguated
entities

for each mention

NED System Outputs

Domain Ontologies

Ontology-based
Enrichment

Background knowledge:
● Glitazones treats Type 2 Diabetes
● T2D - Long-term (chronic) condition
● T2D - Onset in adulthood
● T2D - Under control with healthy life
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Conclusions 
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Advantages in using a 
KG-based approach

● Graph structural representation of the 
entities (KG embeddings)

● Human in the loop to improve the KG and 
the NED performance

● More transparency and explainability then 
the traditional black-box models
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Book

● Negro A., Kůs V., Futia G., Montagna F., 
Knowledge Graph Applied 
(Manning MEAP)
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Thank You
Mission Critical Graph Analytics

Giuseppe Futia - giuseppe.futia@graphaware.com

GraphAware | Web: graphaware.com | Twitter: @graph_aware 


