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DYNAMIC DATABASE WITH KNOWLEDGE GRAPH AND

INTRODUCTION OF CONCEPTS

¢ What even is knowledge?
> Facts & statements about entities
> How to do something (skills)

% - o
> What happened or did not happen ¢_YVhat Is a graph

> A mathematical model
> A set of nodes and edges

Knowledge Graph: a set of statements/facts/results about an
entity or entities that can be represented as a set of nodes and
edges and can be reasoned on to infer new knowledge

 Ontology unifies the logical relations & definitions of domain information
> Provides a schema layer to KGs that enables semantic reasoning

> Must be connected to top and mid-level ontologies for interoperability
> Enables more understanding of workings “under-the-hood” for humans

KNOWLEDGE o GRAPH NEURAL
GRAPH NETWORK

* GNN lacks semantics supplied by ontology
<+ Knowledge base or knowledge repository is required
> Storage of large number of RESULTS for KG semantic reasoning
“* Knowledge graph is capable of extracting insights from hundreds or more
results in high dimensional design space
> Humans have traditionally done the reasoning (cognition);
m However, we are limited to low dimensional space
m Deductive, inductive, and abductive reasoning.
% Information Theory (IT) provides model-independent
> Uncertainty quantification, noise rejection
> And compact knowledge representation, latent space manifolds
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W3C, schema.org (SKOS)

INFORMATION THEORY

 Dynamic Knowledge Graphs facilitate forming relationships,

> increasing knowledge.

“* New knowledge inferred from KG

> (Can be stored back into the knowledge base

“ Uncertainty quantification can be determined from hundreds of results

* Information Theory can further

Data Analysis + Modeling KﬂOWledge Graph i m p rove reaSO n i n g &
accumulation of knowledge.
( FAIR + ONTOLOGY ( FAIR + ONTOLOGY ) REASONING
« Semantics: variable names with « Semantics: terms + concepts « Deductive: explicit statements
relationships understood by with relationships understood « Inductive: implicit statements
machines. FAIR analysis + modelling by machines

Information & | Information

Results + Uncertainty
Noise + Variance Quantification
Confidence Interval

Meaningful connections
and insights enabled by
semantics |

:>)

Knowledge

Uncertainty Quantification via | \.
Information Theory . :
Noise = Noise

CONCLUSIONS

 To build a knowledge graph, these are the essential components:
> FAIR (Findable, Accessible, Interoperable, Reusable) data practices
ensure proper assembly of large datasets, analyses, models, & results

> Ontology equips semantics for organization and management
> Knowledge base or knowledge repository
> Agraph compute engine W3C, schema.org (SKOS)

m For computing with a dataframe ;. el: Basic Formal
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Fig1: MDS-Onto, ontologies of subdomains at MDS?, is . - .
connected to mid-level and top-level (BFO) ontologies to Fig.2: An example of a knowledge graph describing the funding

) . source and location of NNSA, LLNL, MDS3-COE and its students
ensure interoperability.
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