Neurosymbolic Ontology and
Knowledge Graph Creation

Cogan Shimizu

cogan.shimizu@wright.edu
coganshimizu.com

Knowledge and Semantic Technologies Lab
Wright State University




Cogan Shimizu

Assistant Professor
Department of Computer Science & Engineering
Wright State University

LT Dhonped?
WRIGHT STATE H ASTLE

UNIVERSITY




LrRAPHICAL

MODEUN({ E XPer2, M;C’loug

Vevacoe 1) I Lt \ /NTE&;ZA;%Q
ey co/ \ . OUNEDEE j
RICH
e O aw‘,gOC:ﬁ e~ Enanee@N
%

=~ 3 N
\/ ,6§Q»N’60'D¢K

A(Sliced) Map of KASTLE ===~



LrRAPHICAL

Moogune

\/ ,6§Q»N’60'D¢K

A(Sliced) Map of KASTLE ===~



Outline
& Objectives




Outline
& Objectives

Neurosymbolic Ontology
& KG Creation (NOK)

NOK's Next Steps

A Conversational Ontologist




Overview: Knowledge Engineering

Some Examples...

(

Schema Development / ' Knowledge Alignment

Integrate knowledge fragments
O modeled in conceptually distinct

Develop a schema for a KG with a
methodology, using available data and O

subject matter expertise ways into a singular KG
Schema Learning KG Deployment
Automatically generate a schema Q O Understand the technology stack

for knowledge extracted from for efficiently deploying and
unstructured text corpora exposing a knowledge graph



Overview: Neurosymbolic Artificial Intelligence

‘Neurosymbolic Al is an emerging field of Al aiming to build

rich computational Al models, systems and applications by Neurosymbolic
Artificial
Intelligence

combining neural and symbolic learning and reasoning.”

The Spaghetti Monster



Overview: NOK

Neurosymbolic Ontology & KG Creation

Pt e NOK Investigations
- Based off of a proposal —_— |y e ' < Narrower ~ Bronder > _
1o D, GRS |2
e D e I sy N (T el
- Spurred by the hype cycle and an B I L e Mg mmmm . g
obvious understanding that this should N — g
be next! f
3
g

- Use the power and “speed” of DL
systems to create symbolic systems
(and other combinations)
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Meme Interlude

*record scratch”

*freeze frame*

Yup, that's me. You're probably wondering how | ended up in this situation ...

- Thisis also my face
the last few days
staring at this
presentation...




Modular Ontology Modeling

Define the use case

Make competency questions
Identify key notions

Match patterns to key notions
Instantiate the patterns
Systematic axiomatization
Assemble the modules
Review final product

Produce artifacts

e

Modular Ontology Medeling (MOMo) is
a well-documented, iterative
methodology that emphasizes the use
of modules as the primary component
for creating a knowledge graph
schema

Divide and conquer approach



NOK: Redux

Neurosymbolic Ontology & KG Creation

e |
. () ——— ~--{r] 2]
Take MOMo and automate it § : Ek;,//, : /-
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- Integrate with ML/DL techniques <, T




NOK: Knowledge Components

Axiom Patterns
Common axiomatic structure

i - 1. ACB 7. ACR.B
independent of meaning ey s BL B-A ii Eiﬁ_z
. . 3.3JRTCA 9, TC:IRT % L e e
Lexico-syntactic Patterns 4 3RBLC A 10. TC <1RB L5. lle j—;? fJ |
Common axiomatic structure 5. TCVR.B 11. AC<IRT 12 1 E ;10;1, ;
6. ACYR.B 12. AC<IR.B .t ’

Ontology Design Patterns
Domain-invariant modeling solutions



NOK: Knowledge Components

Axiom Patterns
Common axiomatic structure
independent of meaning

NL Formulation

= Engineering project managers participate in writing specifications, researching, and selecting suppliers and materials.

Lexico-syntactic Patterns Ui
Common axiomatic structure  Wpcobject participate/take part inbe involved in (Weevents ) and] Wheevents

Reusable JAPE code: PA_1 jape

Ontology Design Patterns

Domain-invariant modeling solutions




NOK: Knowledge Components

Axiom Patterns

Common axiomatic structure (quaresy!

independent of meaning NN
asGeometry \ hasValue

Lexico-syntactic Patterns *contains | S*’a“a'Re'a“""S _.

Common axiomatic structure

hasGeometry
hasAttribute

lProvenance|

Ontology Design Patterns
Domain-invariant modeling solutions



NOK: Al Components

LLMs & ML/DL

Topic Modeling, Keyword extraction : T — ___;,_':
o N4y : /
| e 4 | /
NLP & SS g i [Match KeyNotimstoPathems}—————a\;&,f/ | /////
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& I // \Strln I \ ¥
E b dd' g | ISystematlcallyAxlomrtze each Module]————Ef | \ :@
T aras s . =
Co-reference resolution, de-duplication, _ A AR !

link prediction



NOK: Implementation Overview

- “The Devil'sin the Details” === rmrmrmmemeee -
- Pascal |

- Making the components |
work in concert |

- Lots of pairwise
augmentations |

- improving NER with L

CKG entities !

- Fine tuning LLMs Y = G
- PoSto LSPs B

Pattern




NOK: Implementation Thoughts

- Draft aninitial naive KG

:
E.g., one with no schema The (quick][browrﬂlfox}{jumps ovexﬂ the

- Using word sense, frame - :
semantics, ontolemon An1ma1

(ontolex), NER, N.LP to [(qumk Fo;ﬂ ; \

guess at key notions from | NER

/

“instance data”

4’{1
- Rearrange triples _Sense? U‘bum“ry J

according to patterns




NOK: Implementation Thoughts

role?
- LSPs can be used to bl

Catalyst Process
match sentences to ' Mateiial P CTrans-Formationj

fragments of ODPs. \ \

!Palladium”is a“%elective catalysf)For(ﬁ&droggnatioa.

- Looking at missing data
from a pattern might help
extract more from the
text.
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NOK: More Patterns

- Need more patterns at
different levels of
abstraction

- Need more modular
ontologies - modules are
just (very) specific
patterns ;)

O

Concep® ual
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Moolu\ es

Category

Patterns

Metapatterns

Explicit Typing
Property Reification
Stubs

Organization of Data

Ageregation, Bag. Collection
Sequence. List
Tree

Space, Time. and Movement

Spatiotemporal Extent
Spatial Extent
Temporal Extent
Trajectory

Event

Agents and Roles

AgentRole
Participant Role
Name Stub

Description and Details

Quantities and Units
Partonymy /Meronyvmy
Provenance

Identifier

ONE DAY We'n #ave Moo 2,0




NOK: More LSPs and APLs and ...

- Current crop of LSPs are - Can we have
very basic. ‘pre-embeddings” of data
- Set of LSPs for each structured to a pattern?
pattern

- Shapes for every pattern.
- APLs need more

investigation - Can we have word
- Are there domains embeddings of data
with significantly which conforms to these
different axiom patterns?

representation?
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ConvOnto: Overview

- Layering an interactive
LLM agent over the NOK
process as an additional,
dynamic input of natural
language to NOK

- Can we replace
ourselves?

ConvOnto

)




ConvOnto: Interface

Data View

e

- Shapes(e.qg., SHACL)
- R2RML/ Foundry

B e

- LLM Agent
- Question Answering
- Ontology Drafting

Schema View

P —

- Current
epistemological
view of ConvOnto



ConvOnto: Integrations

ink-browser

Earthquakes
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Search Lookup Schema

Hewark

1. http://stko-k ucsb.

hitp: ature
http://stko-kwg.geog.ucsb.edu/lod/ontology/Hazard
http://www.w3.org/ns/sosa/FeatureOfinterest
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Sollection
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http/A i
http://www.w3.0rg/2006/time#Instant
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SPemNoaseN

—
Active ontology x| Entiies x | Individuals by class x| DL Query x| CoModIDE x|

CoModIDE Renderer
Core constructs | XSD datatypes |

7

Class  Property| Subclass

232,563

CoModIDE Pattern Selector: IEEE

Pattern Library

Any

Patterns:

Name
Agent Role
Aggregation, Bag,
Eventt

Explicit Typi
Identifier

Name Stub
Participant Rol
Property Reification
Provenance
Quantities and Units
Sequence, List
Spatial Extent
Spatiotemporal Ex...

Temporal Extent

Documentation
Documentation
ocumentation
umentation
umentation
umentation
cumentation
_Documentation
Documentation
Documentation
Documentation

Documentation

Pattern Category Selec.

CoModIDE Configuration: IS ®E

(© Use target namespace
Keep pattern namespace
Module annotations placement:
g parent onto...

External
© internal|
Edge creati
RDFS Rang
RDFS Domain

ology)

AllValuesFrom constraint

SomeValuesFrom constraint

Manually adjust the model
with a CoModIDE style
interface?

- Explore produced instance =
data & relations with InK
Browser?
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Cogan Shimizu
cogan.shimizu@wright.edu
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Knowledge and Semantic Technologies Laboratory



Structured Knowledge to Latent Space

CW\BCAJM9

'3///[;tent

First, start with a KG and embed it into a
latent space.



Structured Knowledge to Natural Language

Then, using a library of LSPs, convert the
KG into an NL corpus.




Natural Language to Latent Space

Take the NL Corpus and embed that into
its own latent space.



Fixed-Point Mapping

Now, train some model to map between

) 3
o, . ———— the fixed points in the latent spaces.
o qtt%t"‘oz« Lo povrt




Follow-up

So what does this get us?

Extended domain transferability and augmentation
Describe an image in Natural Language, do we
then have structured knowledge about it?

An “easy” way to translate natural language back into
structured knowledge
Leverage metadata and ontology once there?

What else? (discuss!)

From iStock photos




Nesycule 4

What even is this thing? Prompt

Engineering

Imagining relations P ERAYS)

between an Al/ML/DL o
Model in anintuitve | K& |77 ‘,
“spatial” dimension

KG “over” a model
KG “alongside” a model Embeddings
Model “over” a KG

Explainability




Nesycule 4: Fencing

Symbolic Post-processing

The process by which output from an \

LLM (or some model) is fact-checked background
(common-sense, domain knowledge) , knowledge
for correctness ™\ \

Bridging structured knowledge to o
natural language

Lexico-syntactic patterns?

Controlled english?

Both!?

I'Symbohc Pos‘tpf‘oce_ssof‘"



Nesycule 4: !Fencing

Flip it on its head? @

text /

knuo’\e)bné

33%3 haonot

/4 £ 2
=—Iugtuo 5

"‘\ozzsomq:rzoq piloJMYZ"




Nesycule 4: NOK

Symbolic Post-processing

The process by which output from an
LLM (or some model) is fact-checked

(common-sense, domain knowledge) background

for correctness knowledge

/

Bridging structured knowledge to
natural language
Lexico-syntactic patterns?
Controlled english?
Both!?




