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Overview
● Motivations + Recap of Prev. Work

○ NKB RDF (https://doi.org/10.12688/f1000research.141056.1)

○ OntoSearcher 

● Updates
○ CPSC RDF Creation

○ Large Language Model(LLM) assisted querying across NKB, 
CPSC, and NIOSH graphs 

○ Link Prediction for missing links in NKB Graph

● Future Work
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Motivations: Integrating New Data + AI with NanoEHS Data  

• Continuing to build a network of related federal partner data sources 

• Leverage EPA OntoSearcher tool to create new knowledge graphs with similar 
semantic definitions 

• Build integrations with existing artificial intelligence technologies to make data 
access easier 

• Generate possible new directions for R&D based on existing research 
connections/link as nanoinformatics is still a growing field 
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Technical Challenges…

● How to Build Off of Previous RDF Creation

● How to Get From Natural Language to SPARQL/Cypher(Depending On 

Database)

● How to Convert RDF Structure into Feasible Format for Graph-based ML tasks
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Key Terms/ Ideas 
• Semantic mapping is a way of representing information (concepts or data) as a graph
• NKB Semantic mapping:
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CPSC RDF Creation ⇒ Why?

• Resource Description Frameworks(RDFs) are a great way to represent relational 
data even when predicates(column names) are not the same but are similar in 
concept

• Using the inherent integrated nature of the RDF, we can now re-use existing 
vocabulary to query across related graphs and extract related information 
about nanoparticles/ products in various domains/ scopes
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CPSC RDF Creation 
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CPSC RDF - 2 Creation 

● Subject -> Predicate -> Object (SPO) triple

● We often write it as Subject has Predicate of value Object
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CPSC RDF Creation - 3
Subject(Row ID) Predicate(Column)

Object(Actual Value)
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CPSC RDF Creation - 4
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Cypher Queries across CPSC Graph 
• Why Cypher instead of 

SPARQL

○ Neo4j supports RDF 
graphs, easier to set 
up than SPARQL 
endpoint 

○ Cypher is more 
widespread than 
SPARQL and there is 
more up-to-date 
resources/document
ation  
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Queries Across CPSC and NIOSH Graphs 
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But what is the issue? Learning how to write queries takes time!

Can we use AI to make query 
writing/data access easier?

YES!
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• Large Language Models can serve as an assistant to break down a query in 
natural language(NL) and then identify what parts of the graph database should 
be accessed

• Uses context about the graph database and the contents within each graph to 
help it create said query
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So now we can access data easier! But there is a catch!

We can only get extracted outputs depending on how 
semantically rich our graphs actually are!
(which leads us to the next problem)

How can we manage missingness/inconsistencies in data?
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Link Prediction From Existing Graphs 

• Non-Established nomenclature as well as missingness present in data often 
leads to an incomplete picture of nanotoxicology data

• As a result, scientists in collaboration with one another might have differing 
opinions on what the missing data values would be

• What if there was a way to learn the graph structure and predict missing links 
between entities to enrich our data?
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What is Link Prediction?
• How can we use existing graph structure and links to predict potential links 

between nodes?

• Procedure

○ Map Knowledge Graph into embedding space → Calculate probability of 
new links based on existing graph structure → Score Predictions 
→Evaluate Performance 

○ There are 2 main types of embedding techniques: Shallow Embeddings 
& Deep Embeddings

■ Shallow Embeddings use a direct lookup for each entity/relation

■ Deep Embeddings use neural networks to generate embeddings 
based on node features and neighborhood structure
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Link Prediction in the NKB RDF 

• Deep Embeddings are more computationally taxing but are able to generate 
novel predictions which can help us indicate potential new directions of 
research!

• Shallow Embeddings are good for efficient prediction but are only able to 
predict relations it has already seen, leading to overconfidence in potentially 
faulty predictions
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Embeddings for the NKB Graph 
• We can apply these two approaches to identify subgraph/neighborhood structure in our larger graphs rather than trying to visualize everything all at once 
• To visualize these embeddings, we will use something called t-SNE(t-distributed stochastic neighbor embedding) for dimensionality reduction
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Deep Embeddings & Link Prediction with NKB Graph 

20



Takeaways

• Graph databases and storage present merits that we can leverage for data 
aggregation 

• We can make querying across these databases easier so that scientists can 
actually focus on the science

• We can using the new graph structure that we have created for analysis and 
prediction tasks which would not have been possible with just a relational 
database
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