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What Is Ontology …2018 Spring Technology Summit

Robert Arp, Ph.D.

The word ‘ontology’ can refer to a branch of Western 

philosophy—having its origins in ancient Greece with 

philosophers such as Parmenides, Heraclitus, Plato, 

and Aristotle—the concern of which is the study of 

what is, of the kinds and structures of objects, 

properties, events, processes, and relations in every 

area of reality.

From this philosophical perspective, ontology seeks 

to provide a definitive and exhaustive classification of 

entities in all spheres or domains of being. As a 

theoretical discipline concerned with accurately 

describing the taxonomy of all things that exist, 

philosophical ontology is synonymous with classical 

metaphysics.

Dr. Barry Smith, Ph.D. 
SUNNY Award – Applied Ontology

ontology = def. a representational artifact, 

comprising a taxonomy as proper part, whose 

representations are intended to designate some 

combination of universals, de-fined classes, and 

certain relations between them.

• Universal = type, kind of thing or Entity
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taxonomy = def. a hierarchy consisting of terms 

denoting types (or universals or class-es) linked 

by subtype relations

By “ types ” or “ universals ” we mean the entities 

in the world referred to by the nodes (appearing 

here as boxes) in a hierarchy; in the case of 

figure 1.1 , biological phyla, classes, and orders.

entity = def. anything that exists, including 

objects, processes, and qualities “ Entity ” thus 

comprehends also representations, models, 

images, beliefs, utterances, documents, 

observations, and so on. 

Building

Residential 
Building

House

Single-
family

Individual 
House
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Apartment Duplex

A building, or edifice, is a structure

with a roof and walls standing more or 

less permanently in one place.

Fragment of a simple 

taxonomy of 

Residential Building

https://en.wikipedia.org/wiki/Built_structure
https://en.wikipedia.org/wiki/Roof
https://en.wikipedia.org/wiki/Wall
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What must an 

Ontology contain
Visualizations in Graph Theoretic form

• Terms (represent types in reality)

o Preferred labels

o Synonyms

• Unique IDs

o Alphanumeric identifiers for each term

o Namespace ID

• Nodes - terms

o Complex collections of things

o Noun or noun phrases

• Edges

o relations

• Definitions

• Axioms

o Governs how the terms are to be understood
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The Vision of the Semantic 

Web powered by Ontology

Tim Berners-Lee, inventor of the internet:

“sees a more powerful Web emerging, one 

where documents and data will be annotated 

with special codes allowing computers to search 

and analyze the Web automatically. The codes 

… are designed to add meaning to the global 

network in ways that make sense to computers”
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Why do we need Ontology

Tim Berners-Lee:

hyperlinked vocabularies, called ‘ontologies’ will 

be used by Web authors “to explicitly define their 

words and concepts as they post their stuff 

online. 

“The idea is the codes would let software ‘agents’ 

analyze the Web on our behalf, making smart 

inferences that go far beyond the simple linguistic 

analyses performed by today's search engines.”
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Working together: W3C Standards 

for the Semantic Web
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NextGen Information Systems –

Powered by Ontology: The OBO 

Foundry
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Modern Information System 

Design moving to Ontology
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Project ORREO Foundry

The Open Residential Real Estate Ontology (ORREO) Foundry is a collective of 

ontology developers that are committed to collaboration and adherence to shared 

principles. The mission of the Foundry is to develop a family of interoperable 

ontologies that are both logically well-formed and scientifically accurate. To 

achieve this, ORREO Foundry participants voluntarily adhere to and contribute to 

the development of an evolving set of principles including open use, collaborative 

development, non-overlapping and strictly-scoped content, and common syntax

and relations, based on ontology models that work well, such as the Gene 

Ontology (GO).

The ORREO Foundry is overseen by an Operations Committee with Editorial, 

Technical and Outreach working groups. The processes of the Editorial working 

group are modelled on the journal refereeing process. A complete treatment of the 

ORREO Foundry is given in "The ORREO Foundry: coordinated evolution of 

ontologies to support residential real estate data integration".

http://www.obofoundry.org/principles/fp-001-open.html
http://www.obofoundry.org/principles/fp-010-collaboration.html
http://www.obofoundry.org/principles/fp-005-delineated-content.html
http://www.obofoundry.org/principles/fp-002-format.html
http://www.obofoundry.org/principles/fp-007-relations.html
http://www.obofoundry.org/docs/EditorialWG.html
http://www.obofoundry.org/docs/TechnicalWG.html
http://www.obofoundry.org/docs/OutreachWG.html
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2814061/
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Project ORREO Foundry 

Resources
● ORREO Foundry @ Github.com

○ MIT Commons License

● Website: http://www.orreofoudry.org

○ Tools

○ Ontological Browser

○ Protégé Support

● OWL 2 DL

○ OWL/XML, RDF/XML, JSON-LD, Turtle 

serialization

○ DL Reasoners

○ Common Logic Reasoner

○ DL Expression Explorer

● BFO and IAO Upper Ontologies

● Modular Design pioneered by Dr. Barry 

Smith (Ontological Engineering)

● Autodesk BIM Integration

○ Building Information Model Integration

● MS Azure IoT

● Smart City Collaboration

http://www.orreofoudry.org/
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Project ORREO Foundry 

and RESO
● ORREO Foundry is about Real Estate and 

should be collaborative in it workings

● Ontology Development effort is never 

considered to reach a complete state but 

Ontology do come to a “good-enough” state

● RESO will play an important role providing 

guidance and experience and insights

● RESO+ORREO will bring many more Real 

Estate professionals to the party; thus 

expanding reach of knowledge, learnings, 

experience and drive new business and 

technological innovation

● People Ontology

● Email Ontology

● Emotion Ontology

● Material Ontology

● Geographical Ontology

● Many others

● ORREO will create new ontologies that 

span all aspects of reality where real 

estate is applicable
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Project ORREO Foundry:  

Multidisciplinary Teams
● Building Architects

● Home Builders

● Landscape Designers and Engineers

● Interior Decorates

● Appliance Manufactures

● Power Utility (Gas, Water, Electric, Solar)

● Heating and Cooling

● Home & Property Insurance

● Mortgage Lending (FIBO – Financial Industry 

Business Ontology)

● Semantic Bank Compliance Ontology + Legal 

Knowledge Interchange Format (LKIF)

● Construction

● Home Security

● Whole-House Systems Approach 

Ontology @ Energy.gov

● More..
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Protégé Demo
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Start with BFO and IAO Upper 

Ontology
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We will be able to use 

ontologies to help us share data 

only if

● they are ontologically coherent (intelligible to a 

human user)

● and logically coherent

● and computationally tractable

● and work well together

○ evolve together

○ created according to the tested rules
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Data Model - Purpose

● To provide a consistent and efficiently 

functioning data store for a particular 

business application(s)

○ Represents specific business 

concepts in a way that determines 

organization of data in the store

○ Commonly used representations are 

relational and graph; they are 

supported by data management 

technologies, e.g. relational

○ Oracle and MySQL, graph – Neoj4, 

RDF/OWL stores.

● Efficiency requires

○ Application-specific representations

○ Store only data needed by the 

application

○ Objective (shared) representation 

of the domain is not the purpose –

multiple data models for the same 

domain to accommodate different 

business applications
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Ontology - Purpose

● Objectivity of representation of reality

● Commonly used representation is graph, it is supported 

by RDF-based semantic technologies 

● Objective (shared) representation of the domain

○ one authoritative ontology for the domain of 

reality meant for re-use

● Storing vast volumes of data is not the purpose
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Ontology - Organization

• Each type appears only once in the ontology hierarchy. 

• The ontology view of reality is synoptic – it represents in 

non-redundant fashion an entire hierarchy of types at 

different levels of generality.  Each term is associated in an 

intelligible way with its subsuming and subsumed terms 

(and thus with the ancestor and descendant types) in the 

hierarchy of more and less general

• Representation is more flexible, changes are easier to 

make, and changes are  not as disruptive 
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Knowledge Designed for Human 

Understanding
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Knowledge Designed for Machine 

Understanding

MKVSDRRKFEKANFDEFESALNNKNDLVHCPSITLFESIPTEVRSFY
EDEKSGLIKVVKFRTGAMDRKRSFEKVVISVMVGKNVKKFLTFVED
EPDFQGGPISKYLIPKKINLMVYTLFQVHTLKFNRKDYDTLSLFYLNR
GYYNELSFRVLERCHEIASARPNDSSTMRTFTDFVSGAPIVRSLQK
STIRKYGYNLAPYMFLLLHVDELSIFSAYQASLPGEKKVDTERLKRD
LCPRKPIEIKYFSQICNDMMNKKDRLGDILHIILRACALNFGAGPRGG
AGDEEDRSITNEEPIIPSVDEHGLKVCKLRSPNTPRRLRKTLDAVKA
LLVSSCACTARDLDIFDDNNGVAMWKWIKILYHEVAQETTLKDSYRIT
LVPSSDGISLLAFAGPQRNVYVDDTTRRIQLYTDYNKNGSSEPRLKT
LDGLTSDYVFYFVTVLRQMQICALGNSYDAFNHDPWMDVVGFEDP
NQVTNRDISRIVLYSYMFLNTAKGCLVEYATFRQYMRELPKNAPQKL
NFREMRQGLIALGRHCVGSRFETDLYESATSELMANHSVQTGRNIY
GVDFSLTSVSGTTATLLQERASERWIQWLGLESDYHCSFSSTRNAE
DVDISRIVLYSYMFLNTAKGCLVEYATFRQYMRELPKNAPQKLNFRE
MRQGLIALGRHCVGSRFETDLYESATSELMANHSVQTGRNIYGVDF
SLTSVSGTTATLLQERASERWIQWLGLESDYHCSFSSTRNAEDV
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Semantic Enhancement of Data 

Models by Ontology

● Semantic Enhancement (SE) is realized 

with the help of ontologies that are used to 

explicate data models and annotate data 

instances 

○ Vocabulary of ontologies used for 

explications and annotations provides agile 

horizontal integration

○ Ontologies, by virtue of their nature and 

organization,  provide semantic 

enhancement of data
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The Meaning of ‘Enhancement’

● Semantic enhancement/enrichment of 

data = arm’s length approach (no change 

to data) – through simple explication we 

associate an entire knowledge system 

with a database field 

○ enables analytics to process data, e.g. 

about computer skills, “vertically” along the 

Skill hierarchy, as well as “horizontally” via 

relations between Skill and Education. 

○ and further… while data in the database 

does not change, its analysis can be richer 

and richer as our understanding of the 

reality changes

● For this richness to be leveraged by 

different communities, persons, and 

applications it needs to have the 

properties mentioned above and be 

constructed in accordance with the 

principles of the SE (see References)
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Semantic Enhancement and Data 

Integration

● Traditional integration approaches involve 

creation of a new model in

○ A new physical store (data warehouse)

○ Another data store – rigid (potential data 

silo), interoperable with other stores

○ Querying the data sources via it

■ Fragile

○ Both entail loss and or distortion of data 

and semantics, and provide only ‘local’ 

integration (do not lead to interoperability 

with other sources)

● SE of a store

○ Does not require data reorganization and 

creation of another store

○ Changes to it are non-intrusive

○ Leads to integration of the store with other 

stores, enhanced previously or in the 

future
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LIKQ Demo
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The Languages of Ontology, 

Knowledge and Reasoning

OWL 2 DL, 
Common Logic

RDFS, SKOS

RDF
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The Languages of Ontology, 

Knowledge and Reasoning
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Reasoning with Description Logics
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Reasoning with Description Logics
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Reasoning with Description Logics

● The purpose of authoring ontologies is 

also reusing of knowledge. Once ontology 

is created for a domain, it should be (at 

least to some degree) reusable for other 

applications in the same domain. To 

simplify both ontology development and 

reuse, modular design is beneficial. The 

modular design uses inheritance of 

ontologies - upper ontologies describe 

general knowledge, and application 

ontologies describe knowledge for a 

particular application



2018 Spring Technology Summit

Questions?
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Thank You,

Everyone!


